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FO REWORD 

This document :f.s the final technical. report on a four
month conceptual design and analysis study of several day
fighter aircraft configurations (F33615-71-C-1564, Project
B101). The study was performed by the Convair Aerospace 
Division of General Dynamics and sponsored by the Deputy 
for Development Planning (ASD/XRL), Wright-Patterson Air 
Force Base, Ohio. Thecontract study covered the period 
15 April to 15 August 1971. Mr. Howard K, Gerritzen (ASD/ 
XRL) was the Program Manager, The General Dynamics Project
Engineer was Mr, H. J. Hillaker; the Program Study Leader 
was Mr.. D. Lobrecht, 

The objectives of the four-month study were (l) to de
fine day-fighter configurations that represent an optimum 
combination of air€to-air capability (performance and handl-
ing qualities and weight and (2) to generate data that 
will permit credible performance tradeoffs and cost analyses 
to be conducted by the Air Force. 

Data 'presented in the Convair Mid-Term 'R&D Contract 
Status Report (FZM-5726, dated 25 June 1971) are included 
in this final report. The report is submitted in fulfill
ment of the requirements of Contract Item 0002 in accordance 
with Exhibit A (DD Form 1423) to the subject contract as 
specified by Sequence Number A002. 

This report contains no classified information ex
tracted from other classified documents, with the exception 
of Fl00-PW€l00 engine data resulting from the P&WA F-14B/ 
Fl-.5- engine contract· (F33657-70-C-0600), These data are 
Confidential, Group 4, and carry the NOFORNclassification 
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U N C L A S S I F I E D ABSTRACT 

A number of air-superiority day-fighter concepts are 
synthesized so that low unit cost and high transonic ma
neuverability are paramount, the basic approach used to 
maximize fighting qualities while minimizing size and cost 
was to employ _only minimum or mission-essential equipment 
and to optimize only on those capabilities that contribute 
directlyand demonstratably to the visual. air-to-air combat 
environment. The primary configuration tradeoff issues 
addressed are (1) single-engine versus twin-engine concepts, 
(2) aircraft size versus performance, and (3) effects of 
recent technology advancements in aerodynamic€design and 
structural materials, Study results show that visual air
to-air day fighters utilizing current technology can be de
veloped to have superior maneuvering performance, with 
adequate range and combat fuel allowance, at gross weights 
less than one-half that of current air-superiority fighters. 
Single-engine concepts provide greater maneuverability and 
5000-'pound lower gross weights than twin-engine concepts, 
when using presently identified engines. The use of smaller 
engines in the single-engine concepts to further reduce air" 
craft size results in prohibitive reductions in maneuver
.ability or insufficient mission range •• Composite materials 
can be utilized to increase combat maneuverability sign_ifi
cantly. , As an example , if it is desired to utilize all of 
the benefits of composites to increase turning capability 
(within constraints of equal acceleration capability and 
equal mission radius), airplane sustained turn rates can be 
increased over an aluminum airplane by 12 percent with a 
composite wing and 36 percent with maximum composite usage, 
Supercritical airfoils used on fixed.wing supersonic air" 
craft can be utilized to improve transonic capability but 
at the expenseof supersonic capability. 
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SECTION l 

INTRODUCTION 
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,, 

: 1 

f {.
I 

(U) The purpose of this study is to define a number of 
baseline air-superiority day-fighter concepts that are 
synthesized so that low unit cost and high transonic 
maneuverability are paramount. Thus. the trend toward 
achieving high unit effectiveness through sophistication 
and attendant high unit cost that results in reductions in 
force levels will be reversed, and the basic need.for 
larger numbers of aircraft with high unit effectiveness 
will be fulfilled. The basic approach used to maximize 
fighting qualities• while minimizing size and cost> was to 
use only miniml;llll or mission-essential equipment and to 
optimize the design only fo~ those capabilities that con
tribute directly and demonstratably to the visual alr-to
air combat environment. The weight saving from thia 
approach aliows a tradeoff for more optimum wing loading 
and a significant increase in thrust/weight ratio. It is 
thie use of design discipline and emphasis on simplicity
that provide the greatest achievements in superior maneuver
ing performance higher reliability, reduced maintenance, 
increased utilizationrate, and lower procurement and 
operating costs, 

(U) The principal issue addressed is whether a: light-
weight fighter can have superior maneuvering performance 
and still have adequate range and combat fuel allowance. 
If it can, a.t less than one-half the weight of current air 
superiority fighters, it must then be determined whether 
it can. be built for one-half the coat or less. The primary 
conf.iguration tradeoff issues studied.to assess these 
issues are: (1) single-engine versus twin-engine concepts,
(2) aircraft size versus performance capability, and (3) 
recent technology advancements in aerodynamic design and 
structural·materials versus conventional technology and 
materials. 

1, l STUDY tasks 

(U) Three different aircraft concepts were designed around 
two different engines: Concept 1, a single engine aircraft •.
using the high•thrust FlOO•PW-100 engine (see Section 3); 
Concept 2, a single-engine aircraft using a smaller, J101 
GE•lOO engine (see Section 4); and Concept 3, a twin-engine
aircraft using the J101-GE-100engines (see Section 5), 
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oneaircraft version of the larger, single-engine con-
cept · (Concept l) was designed with a specified wing geometry: 

SECwing loading of 60 psf, aspect ratio of 3,0, taper ratio of 
0.4, thickness/chord ratio of 4 percent, .fixed leading-edge i · 
s~eep of JS degrees~ straight leading and trailing edges 
and selectable single-hinge leading-edge high-lift 
devices {see Section 6), The selected wing used on the 
Concept l, 2, and 3 designs is the. same except that the 
tapet ratio is .20 and the wing leading edge ls faired in-
board and rounded at the tip!;) 

(U) In addition, two new technology developments were 
evaluated on Concept l to identify the potential of appli
cation to this type of aircraft. The new developments are 
advanced transonic aerodynamics (supercritical wing design) 
and advanced composite materials• which can be utilized to 
provide a smaller aircraft or significantly enhance tran
sonic maneuverability by allowing greater freedom in opti• 
mizing the aerodynamic design, The supercritical wing 
study is presented in.Section 7 and the composite material 
study in Section 8, 

(U) ALso an inlet trade study was accomplished to deter
mine the impact and implications of other fixed and 
variable-inlet types for comparison with the basic nomal 
shock inlet (see Section 9). 

(U) Other tradeoffa (wing geometry, tail hook, self'-sealing 
fuel tanks structural criteria, and mission rules) were 
also conducted during the course of the study, These are 
presented in Section 10, 

1,2 AlRCRAFTDESIGN OBJECTIVES 

(U) Certain specific aspects of an aircraft cannot be com
promised if a truly superior fighter 1s to be achieved. 
The design ground rules, constraints, and parformance ob• 
jectives used in the study are identified below, 

l • 2 , l Performancece 

Two combat missions, short range and long range, were'iST 
used for sizing the aircraft, On both missions, the out
bound and return legs are optimum speed and altitude,with 
combat at 30,000 feet consisting of one acceleration from 
Mach 0.9 to 1,5, two 360-degree turns at Mach·l,2, and 

2 

SECRET 

~ 

88th ABW/IPI 
FOIA (b)(1) 
E/0.13526
1.4. (a)(g) f'YLL .ll' ,'it½ d 

,-, hi a., 'l}•c ),l I · b~,,..1s- .1~- ~- .. 
fJrtl'.• I, 1 
Jj 

. 



..... 

SECRET 

three 360-degree turns at Mach 0.8. (Specific mission 
rules are presented in Sectioti 3,2 .) 'Foi:- the Short-Range 
Air-Superiority Mission (SRASM) the desired radius of 
act_ion is not less than 225 n.mi, using. internal fuel only. E.0.135 
For the Long-Range Air-Superiority Mission (LRASM) the de- (bJ~ . · 
sired radius of action is 750 n.mi, using ex_ternal fuel .for 

fuel requirements prior_ too combat so that combat starts 
with full fuel. A non-r.efueled ferry ranse of c, r•'..., 
2600 .mi is desired, using external fuel tanks (retained 

Maneuvering perfomance (energy rate and turn rate) is 
the essential prerequisite for success la visual air-to-air 
engagements, Used in defense, it allows the aircraft to · 
counter enemy missile and gun attacks, In offense,· it ·1s 
t:he means for is successful missile or gun-firing 
position, No predeter-mined maneuverability goals were 
specified for the study; however, the objective .of the study 
was to determine-the maximum maneuverability that the tech-
nology can provide within the .constraints of the design 88th ABW./IP],,. 
problem, FOIA (b)(1) 

No compromises are made~ speeds out:dde .the pro- E.O. 13526 Sec 3.3 
jected air combat arena (Mach 0.6 to 1.6). The placard · ·(.!·
speed is Mach 1,2 at sea level {no overspeed criteria). 1.4(a)(g) ·1:,.

fl l,JijaJdmum speed at altitude is the maxinum attainable with 1 •· 
fixed geometry inlets and with no maneuv e_ ring, stability • 

and tracking qualities required of flight: above Mach 1.6 

(U) Special attention has been given· to configuration de 

FOIA (b)(1 
f@;. 3,-4. 9)

(b)(4)1 

l u(Ci.J..4 

sign features that will provide excellent handling quali-
ties, i,e.,controllability at all aircraft angles of attack 
and rotational rates, good tracking qualities, high response 
rates, no pitch-up characteristics, no post~stall departure, 
no adverse yaw up to stall, and controllability in stall. . . 

1,2,2 Armament 

One of the essential features that contributes to 
fighter excellence is credible, lethal ordnance. .The arma
ment consists of guns. and usable, reliable low cost 
missiles, Although an improved gun is necessary this 
study is based on two 20-mm M-39 guns with 500 rounds of 
ammunition for weight and space allocations . The aircraft 
are configured to carry up to four AIM-9X missiles. The 
design missions are quoted for two AIN-9X missiles onboard, 
which are considered expended at the·end of'combat, 
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ln addition to the missile hardpoints there are three 

hard points for bomb or fuel-tank carriage, The outboard 
cruise leg of the Long Range Air superiority Mission re-
quires two extemal fuel tanks (JOO or 450 gallons depend· 
ing on the design. For Ferry missions the configurations 
are capable of carrying two 600-gallon fueltanks and one __ centerline tank, FRD 
~'" • ~~- •I 

~ 

- -------- ------; , f 
1.2,3 Crew Station and Escape System 

(U) One of the basic requirements of a superior fighter is 
outstanding visibility, Vision constraints for design are 
15 degrees over the nose, 195 degrees vertical, full 360 
degrees horizontal and 40 degrees over the shoulder with 
minimum restrictions due to seats, ducts, bowframes wing, 
etc, 

88th ABW/PI • • 
FOIA (b)(1) 

Cs I 

. ~2, 
('- ,S ~3>(~.~t ~ •( 

t ill' ! 

The seat should be optimized for simplicity, low weight, 
and high _vlsibility. The YANKEE 705 seat is used in this 
study, The HIAD cockpit does noc apply, and the cockpit 
can be narrower than that described ia HIAD, There are no 
requirements fer pressure suits or powered canopy. 

1,2,4 Propulsion 

(U) Only presently identified engines that have undergone 
full-scale demonstration, or alternate derivatives utiliz• 
ing the basic core engines, are considered. Thebasic 

· single-engine concept is designed around the F100-PW-100 
engine, and the twin-engine concept is designed around two 
smaller JlOl-GE-100 engines The tradeoff of size versus 
performance is accomplished by designing a small single• 
engine concept around the JlOl•Gl-100 engine for compari• 
son to the larger single.engine concept. 

(U) All aircraft designs have fixed, normal-shock inlets; 
howevec 1 trade studies are presented on the effect of other 
ffixed-andvariable-geo try inlets 

1.2.5 Structuresand Materials 

(s) .The aircraft are designed for a limit load factor of 
6, 5g at 80 percenl: internal fuel weight with two AlM·9X · 
missiles and full ammunition (without external fuel tanks 
The limit load factor witlt external tanks is 3.5g 
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' 
(U) The aircra£t and landing gear are designed to accept a 

maximum of 10 fps rate of sink at 40 percent internal fuel, 
no external stores, and gun empty. No requirement exists

f· 
~~ for nose wheel steering or special soft-field landing 

capability. .~t (s) (!he• placard structural and flutter limit is Mach 1..2 
at sea level (full maneuver capability). No overspecd 
criteria is required, No maneuvering capabilities are re
quired for flight above Mach 1.6, Safe level flight is~ 

$ possible beyond Mach 1,6 up to the muimum-speed thrust 
limit 

88th · 
FOIA (bli.H ' I fj(t.t1 

{ 4 fb~1i" :'(l.{,, ~ 
i 3{c;.) 

~c- J l.j 

-:,~-~· ,.. 
(U) Conventional alumimum construction .is used on the basic 

designs A trade study of composite material usage is pre
sented. 

.. 
,... 
. 

(U) · There are no requirements for foam or self-sealing fuel 
tanks in the wings, Fuselage fuel tanks are self~sealing, 
There are three hard points for external fuel tanks. In
flight refueling capabllity is provided. 

t 

.. 
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1.2 • 6 Avionics 

· Only mission-essential avionic equipment needed for a 
visual day fighter is provided. Items that may be poten
tially attractive but that have substantial development 
risks are left for retrofit or growth versions. It is 
assumed that any functions pilots perform.in combat today 
without strain need not be automated, The avionics equip
ment for the purposes of this study comprises (1) a fire 
control system consisting of a snap-shoot gunsight, range
ortly radar simp lified armament t panel, 20-mm gun , and AlM-
9X missile provisions; (2) a navigation system consisting
of an inertial 3•mph system (lightweight, low-cost, LN-30 
type sys tem) • TACAN, and ILS (no autopilot requirements 
(3) a communication system consisting 0£ a primary UHF 
radio with direction finding, a back-up UHF radio, and an 
air-to-ground IFF; and (4) an APR-36 radar warning system
and an APX•72 identification system. 
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SUMMARY 

(U) The specific results of this study show that visual air 
to-air day fighters at weights .l.ess than one-half of cur.rent 
air-superiority fighters can be developed to have superior 
maneuvering yerformance and adequate mission range and com
bat fup 1 allowance without: the use of advanced technologies, 
lt is the miusioP•essential/combat-relevant/design-discipline 
approach to the concept that ?rovides the superior maneuver• 
ability necessary to win air battles against future threats. 
The nature of the concept -- small size and simplicity -
will ensure low procurement and operating costs. Each of 
the many requirements that could be added to the concept 
(e.g., sophisticated inlets for better high-Mach capability, 
higher structural load factor, self-sealing fuel tanks I tail 
books speed brakes, autopilot, nose wheel steering etc,) 
does not by itself add a significant penalty to the aircraft 
to perform the design mission or markedly reduce its ma
euverability however, taken collectively, they destroy the 
feasibility of providing a truly superior maneuvering 
fighter and increase the procurement and operating costs. 
The. greatest achievements are attained by excluding each 
design criterion and specification that does not contribute 
directly to winning the air-to-air engagement through 
superior maneuverability in the primary air battle arena. 

(U) A brief summary of each configuration concept and trade 
study is presented in the following subsections. 

2,1 LARGE SINGLE-ENGINE CONCEPT 
(401B/Fl00-PW-l00) 

(S)The 401B aircraft (Concept 1) is a single-place, single-
engine, fixed-wing design concept utilizing the FlOO-PW-100 
engine and a blended lifting-body configuration {Figures 
2, 1-1l and 2. l-2), The primary dis tinguishing features of 

·Configuration 40lB are (l) wing/body blending for lift at 
high angles of attack, and cross-sectional area shaping; 
(2) mid-wing with thickened wing root; (3) forward engine 
location with aft fuselage extensions to obtain a balanced 
airplane with reasonable tail arms; (4) twin vertical tails; 
(5) bottom, aft no:rmal-shock.-inlet location; and (6) bubble 
canopy. 
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• Gross weight_ 115 lbs 
•W/s 60 psf 
• TMJ J .37 
• Overall length______ 
• Span 30'-5' 
• Overall ·height 11'-1'' 

0 
-00-, F f.gure 2.1-L Single - Engine 401B, Top and Side Views (lJ) 
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(S)Gross weight (full-up internal fuel plus mission pay-
load) of the initial design is 16, 800 lb. Growth data for.,. 

i aircraft weights of 15,600 lb to 18,000 lb,holding constant 
wing loading and enginesize,were obtained for final sizing 
of the aircraft, The 23 1470-lb rated thrust of the engine 
provides a thrust weight ratio spread of l.5 to 1.3 for the 
growth curve. The aircraft, when sized to perform the Long
Range Air-Superiority Mission (750 a.mi) and designed with 
sufficient overload capability to meet the ferry range (2600 
n ,mi), requires a gross weight of 17,1115 lb I which results 
in a thrust/weight ratio of 1.37. The LRASM requires two 
300-gal external fuel tanks for the outbound· portion of the 
mission. The Short-Range Air-Superiority Mission capability, 
which is performed without external fuel tanks, has a radius 
of 239 n,mi. The ferry mission requires the use of two 600-
gal, fuel tanks and one, 150-gal, tank to achieve the desired 
2600-n,mi range with tanks retained. 

-iSr- . If the airciaft were sized Jior the LRASM only, without 
the additional overload penalties associated with the ferry 
objective, the gross weight: would be approximately 16,800 
lb 1 with a corresponding thruat/weight ratio of 1.4. Summary 88thABW/ 
mission capabilities of 1.7,115-lb version are tabulated FOIA ,ti 
below, Det:.ailed design data and rationale, and performance, E.O. 13526 

handling qualities weight, and propulsion /l (.,yl 
data are presented Section 3 f.41-o)491 ·~II 

~ . ~ vi if v 
401B MISSION Summary 

(17 115-lb A/P) 

Range Radius M.8 ML.2 Accel,Time 
Mission (n.mi) (n.mi) (deg/sec) (deg/sec) (sec)

35.5 lLRASM 750 9.8 8,1 
SRASM 239 10,9 9,l 32~Ferry 2614 

Silhouettes of the 17,115-lb version of 401B are super
imposed on equal-scale outlines of the F-4 and MIG-21 Air
e.raft in Figures 2.1-3 and 2.1-4 to show relative sizes, 

2.2 SMALL SINGLE-ENGINE CONCEPT 
(403/Jl0l•GE•l00) .. (S) same configu•The •403 aircraft (Concept 2) utilizes the 

ration concept as the 401B except that it is designed around 
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-rtSt a single- J101-GE-100 engine (rated ,thrust of.. 14,295 lb), 
The bas ic point-design layout was made ·at II size of 13 000 
lb, and design data were also generated for a 10,000 lb and 
a 16 ,800 lb version. This provided a T/W ·variation of 1.43 
1.10 _and 0.85 

(u) the. results show that no airplane size. within the con-
straints of the ,design objective can be made ~o perform the 
design mission when using only one of these small engines • 
.At _the smaller sizes 10,000 and 13,000 lb) the basic prob -
lem is simply insufficient fuel A• the size is increased 
"to achieve higher fuel fractions the combat fuel. allowance 
required increases disproportionately because of the re-
duced 'T/W. Finally, at about 18,500 1b there is insuffi 
cient thrust ·to perform the acceleration requirement·. of the. 
mission. Technical data for this concept are presented in 
Section 4. 4. 

. 23 Large TWIN-ENGINE' CONCEPT 
(501A/Jl01--GE-100)_ 

--{st-- . The 501.A aircraft Concept 3) is a. single-place, twin;., 
engine fixed-wing design:· that- utilizes J101-GE-100 engines 
and as many of the design features of the single-engine 88th 
concepts as possible that are consistent with good· twin FOIA{ 
engine design {Figures 2.3-1 and 2.3-2) .. The gross weight ~~r:i~~~J- FOIA 
of the initial design is 19,000 lb Growth data for final 
sizing are also established by use of design gross weights 1.4. .. 
of 16,800 22,000,· and 24000 lb resulting in a T/W varia- (a)(g) 
tion of 1.7 to 1.2 rated thrustis 14,295 lb per engine 

-ESt- the aircraft when sized to perform the LRASM (750 
n.mi -requires a gross weight of 22,680 lb, resulting in a 
T./W of 1..26. The LRASMrequires two450-gal external fuel. 
tanks for the outbound portion ·of the, mission. The LSRASM 
capability (no external fµ~l tanks) has a radius of 2.44. n.mi 
The Ferry mission capability when carrying .a reasonable 
upper lil!iit of :external fuel (two 600-gal and one 150-gal 
tanks) is only 2166 n mi .with tanks retained Summary 
mission capabilities of the ·22, 680-lb twin-engine aircraft 
are tabulated_ below. Detailed design, performance aero 
dynamics t handling qualities I weight , and. propulsion data 
are _pr~!iented presented_}].section 
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CONFIGURATION 501A 

•Gross weight 22,680 lbs
W/S _________--@ psf 

T/W . .. 1.26 
• Overall 52'5 
·•Span____ 35'0 
• Overal Iheight-------13:'5" 
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501A Mission ..Summary 
22, 600~ lb A/P).. . 

Range M.8 8MI 2 Acce1.· Time 
Mission (n.mi) . .(deg/sec} (deg/sec) · (sec) 

t.RASM 750 9,.5 6,9. 51.4 
SRASM 2.44 10,5· 7,6 46.1 
Ferry. 

Silhouettes of the 22,680-lb version of 501A are super
imposed .on equal-scale/outlines of ·the- F~4 and .MIG_.21 air 
craft in Figure 2.3-3 and 2,3.-4 .to .show relative sizes 

.2 .4 0,4• taper ratio wing ON 401B 

"'i5:r The Concept l aircraft the large single-engine 401B 
concept was also 'designed· with acontract-specified wing 
geometry wing loading of 60 ..ps f · aspect t; rat io of 3.•0. taper 
ratio of 0.4 thickness/chord-ratio o.f• 4 ·percent fixed · 
leading-edge sweep of .35 degrees ·straight leading and trail 
ing edges, and· manually selectable single-hinge leading-edge 
high-lift devices, This wing differs from the selected wing 
used. on the Concept 2, and .3 designs in two respects:· 
tape; ratio of 0,4 versus .0.20', .and...squared-·rather than 
rounded ·wing tips. 

(S)if the wing t/c is a ccnstant 4 percent the configura 
tion when sized for a 16,800 lb airplane .haa a dry-weight 
penalty of 270 lb as compared to the concept l 401B T.his 
is primarily due- to taper ratio. However becauseof ·the 
higher taper. ratio a tapered t/c can be utilized 'to· mini 
mize the weight penalty; therefore _the wing was redefined 
to have ·a 'tip·· t/c of 2.5 percent and an inboard t/c (at
beginning -of thickened wing root) of 4.84 percent, which 
results· in an exposed RMS t/c of· 4. 0 percent. This . change 
reduces the dry-weight penalty from 270 lb to 1191[J 

-Es+- Whensized to meet the LRASMthis airplane has a gross 
weight of 17,735 ¼9 Summary capabilities at thismission 
weight ar:e tabulated below. Detailed technical data are 
presented in Section 6, 
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401B ,1 ,4, MISSION SUMMARY 
17,735-lb A/P). 

• 
Range · .Radius OM 8 JM..-1.2 Accel, time 

Mission {n mi (n mi (deg/sec) deg/sec · (sec) 

LRASM 750 .8.0· 38.6
SRASM 244 8.7 35.2 
Ferry 2478 . 

2·•.5. Supercritical. . . WlNG STUDY ON 401B... 

(U) Effective utilization of the supercritical airfoil is 
attained only. through prop.er selection of the wing platform 
Merely to replace _the biconvex airfoil with a supercritical 
airfoil on. the concept 1. platform is ·not sufficient .For 
example, a blunt~nosed airfoil on the :Concept 1 platform is 
expected t:o have high wave drag that can be considerably re-
duced by· increasing the wing sweep. Also, since the payoff· 
of a supercritical airfoil is proportional to t/c 1 · .a alight.
ly· higher thickness .o.f 6 percent was choosen to. provide a 
useful supercritical payoff. . 

The planform selec•tion was made non-arbitrary by .per
forming -an abbreviated parametric study The planform para-
.meters. investigated were wing sweep wing_. loading, and ·· 
aspect- ratio•. The effects of weight ·as well _as aerodynamics 
were considered, From· a weight ·standpoint .the thicker wing 
a,long_ with the elimination of leading-edge ·flaps provides a· 
weight savings that c.an be translated into higher sweep • 
higher aspect ratioratio, .or lower wing loading The basis for
comparison in the planform study was two representative
maneuverability parameters: maximum. sustained load factor 
between Mach o·.a. and 1.2 at 30,000 ft, and energy rate :at 
Mach0.9/10,000 ft/lg . 

. The results of the parametric study reveal that: ·no· 
single planform will be best for ·all. flight conditions andand

(S)

the fiual selected planform must necessarily be a compromise • 
Two planforms were selected for detailed analysis and mission 
performance one favoring sustained turn .rates and .one favor 
ing acceleration capabillity Both have a leading-edge ·sweep·. 
of 45 degrees wing: loading of 60. pse and thickness/chord 
ratio .of 6 percent The selected ·aspect ratios were 3 0 and 
3.75€ based on span of the average tip chord (or .aspect ratios 
of 3.2 and 4 0 based on overall span where the tip: is rounded 
in such -a way as to hold constant wing_area · 

18· 

. 

SECRET 

: I· 



lSECRET 

The SRASM-radius objective was more critical than that 
of the LRASM and was therefore chosen as the arizingcriterion 

The higher-aspect-ratio wing requires .a gross weight of 
17,115lb (coincidentally the same as the basic. 40IB}, The 
lower-aspect ratio wing requires a gross weight of 16.,640 lb • 
summary mission capabilities are tabulated below 

401 S/C AR 3, 75 MISSION 51):MMARY
17 115-lb A/P) 

:, 

Range Radius PM-8 M 1.2 Accel. Time 
Mission (n.ml} (n.mi) (deg/sec) (deg/sec) (sec) 

LRASM 794 11.0 7.6 62 .6 
SRASM 22.5 11.7 8.3 57.2 
Ferry 3252 - ·• 

401 S/C AR 3.0 MissionSummarySUMMARY 
16,640-lb A/P). 

Range Radius M=8 M=1.2 Accel, Time 
Mission (n.mi) (n.mi) deg/sec deg/sec (sec) 

LRASM 767 10.6 7.5 55.8 
SRASM .225 11.4 8.2 51.1 
Ferry 3571 

(S) The general conclusions from these data are that super-. 
critical airfoils when used on. fixed-wing supersonic air 
planes can be utilized to provide. approximately 10-perceot 
higher Mach. 9,8 .sustained turn rates but at the expense of 
reduced supersonic capability (10 - percent lower Mach 1.2 
sustained turn rate, and 70-percent. or 25-second higher 
acceleration time from Mach 0.9 to. 1.5) However, for 
speeds closer to the critical region such as Mach 0.9 the 
sustained turn rate advantage become larger (13 percent 
over t:he Concept 1) and significant improvements ln buffet 
limits are attained in the critical · region, A side payof~ 
of the supercritical wing designs is greatly improved ferry 
range A side penalty of the supercritical wing designs is 
greatly reduced maximum speeds (from Mach 2.2 to 1.8) De~ 
tailed design data and performance handling qualities, and 
weight .data for the supercritical wing study are presented 
in ·Section 2ZJ. · . 
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(U) Through additional configuration shaping and develop-
ment of thin-wing supercritical design it is believed that 
the supersonic penalties can ·be reduced .Such .studies were 
not . possible within the scope of .this study, 

· 2 .6. COMPOSITE MATERIAL STUDY ON .401,B 

--f;&t- A matrix of wing design variables were evaluated to 
determine whether the weight reductions •attained through the 
use of composite materials should. be used for increased 
aspect ratio reduced.wing loading reduced aircraft size 
higher T./W), or a. combination of the three to maximize the 
maneuver capabilities. The matrix ·:of· variables .evaluated 
were (1) aspect ratios of 3,. 4, 5, and 6.; (2) wing load.
ings of 45 50, 55 and, 60 psf; and (3) gross weights of 
15,600 16,800, and 18,000 .lb, with corresponding thrust/ 
weight ratios of 1.5 44, and 1,3 when µsing the fixed 
size F100-PW-100 engine., This matrix of variables wa11 
evaluated for four levels of composite usage: (i) none all 
aluminum (2) composite wing (3) composite wing, tails, 
and duct, and (4) all composite. . . 

(S).For each level of composite ·usage and for each combing 
tion of aspect ratio ·and· wing loading the aircraft wM sized 
to perform the 750 n.mi-radius LRASM Two types ·of energy 
maneuverability were.selected to show Che ,payoff of composite 
usage (1) sustained turn rate at Mach 0.8 and 30,000 ft aa 
being representative of a h~g~-lHt turning condition and 

accderatioo time from Mach 0.9 to 1.5 at30,000 ft.: as 
being representative of .a low-lift accelerating capability 88th ABM 
or energy rate .The Mach. 0'.8 turn rate then .plotted FOIA (B)(1)') 
versus,acceleration time for.. the matrix of AR and W/S to E O 13521 b3 (t:>-) 
establish the maximum capabilities ·for each level of com (4) · C · · 

usage . •• • ~ 
. , l, ,L "i·)~ composite trade st:udy resuLts along with backup · 

data ·.are presented in section 8., ,As an ' example •.if it :is 
desired to utilize .all of the benefits of composites to in-
crense subsonic turning capability within constraints of • 
~q.u.aJ equal capability and..equal mission radius) 

airplane sustained turn -rates at mach O.8 .'can be increased 
over a.n aluminum airplane by 12 percent with a composite 
wing .or 36 percent wit:h maximum composite usage energy 
maneuverability plots, including maximum maneuver diagrams 
for various selected combinations of variables are needed· 
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to allow compa.risons over the whole maneuvering flight 
spectrum before the optimum combinations of variables can 
be selected. 

INLET TRADE STUDY ON 401B 

Four inlet designs were evaluated during the study to 
assess tne payoff and penalties associated with inlet sophi. 
trication The inlet configurations selected and evaluated 
are: 

Design Capture Area Variable 
. A (in.2)MachInlet Geometry Bypass 

-

(1) Open'-nose 1.6 740 ijo No 
401B basic 

(2) Half-axisym 2.0 ·1020 No Yes 
metric, fixed 
spike 

(3) Half-axisym- 2 • .2 890 Yes· No 
metric • vari-
able-diameter 

(4) Two-dimen- 2.2 840 Yes No 
aional, vari-
able-ramp 

(U) The inlet designs were. evaluated against Concept l as .,;;;,;, 
the basic vehicle,. Each inlet was incorporated into the 
401B airframe and lines were generated in sufficient .detail 
to determine aircraft cross-sectional and. wetted-area 
changes structural and control system weights, lnlet 
pressure recoveries and draga 

(S) A performance comparison in terms LRASM radius·, aircraft 
gross weight required to .achieve a 750-n.mi radius,' mi ssion 

·maneuver capability, supersonic Pg, and Mach 2 .2 ceiling was 
made between each in let configuration. The variable-geometry 
inlets have significantly better performance above Mach 1.6 
as expected, but with a significant degradation in mission 
radius which .requires reas ing the aircraft size. · for , 
example,the 2-0 variable-ramp-inlet airplane achieves 136 

n. mi less mission radius, which requires resizing to 17,790 .
lb from the basic 17,115-lb airplane :At speeds less than 
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(s) 1.2, the aircraft with .the basic open-nose inlet has 
maneuver capabilities slightLy better than aircraft with any 

·of .the alternate in lets This is a result primarily of: the 
4 percent higher TlW of the smaller airplane size, (U) 

(U). ·The fixed-spike inlet with bypass was not competitive 
with the variable geometry inlets in terms .of either energy 
maneuverabili li ty or mis s ion radius. • · · 

(U) Configuration layouts, performance comparisons and 
supporting data are presented in section 9., 

1.8 .OTHER TRADES AND CONSIDERATIONS 

(s)The various tradeoff effects established during the. 
course .of the stu.dy. are presented in Sec tion 10 .. Someof 
the summary results are listed below in .terms of aircraft 
size required to• perform .the 750-n.mi mission 

Gross· Weight lb)Trade. 

Concept :l (40.lB) 17 .• 115 

Addition. of· tail hook 17,320 

Self sealing ·of 100% fuel rather 
thanonly fuselaga ·.fuel 17277 

increasing design load factor from 
6.5g to 8·.0g at 80% fuel · 17,693 

Increasing design load factor from 
6.5g ·to .8,0g at. constant nw 17, 191 
increasing landing R/S from 10 fps 
to 15 fps (fuselage structure only) 17,196 

Applying. 1.05factor to fuel flows 17 ,520: 

Applying 1.05 factor to fuel flows 18,075 
and adding 5% ·fuel reserve 
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2 ..9- ENERGY Maneuverability Plots 

One of the purposes of this study is. to provide data. for 
.use. in validating the integration of Col. J. R Boyd s · . 
advanced energy-maneuverability Theory with tradeoff analyses. 
The me thods used with, Col, Boyd'ss theory _for displaying and 
comparing the capabilities of different design concepts are. 
described in Armament Memorandum Report 7:J; 2,* examples of 
.t,he. energy maneuverability plots generated by Convair µnder· 
this s tudy are- presented .in Figure 2.9-1 through 2.9- 3. These 
data. are for Configuration 401B ·-the- single-engine. concept 
with the Fl00.-PW~l0O engine ·and having a mission weight of 
17,115 lb .

(S) The combat arena plot (figure 2 ,9. - 1) displays the region 
of· the ·flight; ·envelope for various types- of maximum maneuver· 
capabilities·: 

1.. The. top line .is the basic 1-g ceiling 

I· 
2.. Tne quickest/tightest turn line is the highest 

altitude for· limit load factor (i.e., the 
corner velocity of v-n diagrams To the 
left of this line, maximum turn rates- are aero 
dynamically limited to the right structurally 
limited . 

.3. The top line of the Maximum Maneuver Corridor 
is .. the Best Energy climb path for the- maximum 
l-g energy rate (1s) for each level of energy
(Eg) 

4. the bottom line· of· the Maximum Maneuver corri-
dor is the.. maximumenergy rate for each level 
of an ergy while turning at astructural limit
load ·factor, 

5, Iha The maneuver corridor is the regionof
maximum turn rate for any energy rate. or the. 
maximum energy rate: for any turn rate 

*Boyd,- J·, R,; Cal. USAF·• Christie T. P., and Drabant "R•; E., 
Capt. I USAF~ Maximum Maneuver· Concept: f Armament -Memorandum, 
Report 71-2., August 1971• . 
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The maximum sustained maneuver region is identi• 
fied by the contour line of ·zero -energy rate 
at limit·· load factor, 

7, The zero-energy-rate (P., 0) line for maximum 
excess L/D· bounds :the transient maneuver :region. 
where the. most efficient turns may be. sustained 
Manevering combat outside .this region will most 
likely "be hit-and~run attacks These data show 
the configuration 401B to have efficient maneu 
vering ·capability- up to the upperlimits of the 
anticipated air-to-air combat region (Mach 1. 6). 

(U) The Maximum Maneuver Diagrams Figures 2. 9-2 and 2.9.3 ----------- -------
for configuration 401B,display dateof the same type - one· 
displaying turn rate versus energylevel (Eg) with energy-
rate contours the· other displaying energy rate versus 
energy level with turn-rate contours _As shown in Figure 
2.. 9-2., the quickest/tightest turn boundary h the top line 
The Mach/altitude combination for- this boundary at cy eaergy 
·level can be obtained from Flgure· 2.9-l. Energy rates_ asso 
ciated with the BJS.t Energy Climb_ are located on. the longi 
tudinal. axis . The energy-rate (Ps) contours represent the . 
maximum-energy rate for any turn rate available. for any 
energy-rate/energy-level combination. 
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Horizontal Atti Tude 
NOrE: 50% Fuel 

Mission Payload 

••· 
.U 211 

co:Sec. 
.-t.!> . . 

. 
·O. 

ENERGY RATE 
P.5 FT/SEC 

--400 
. . 

I· 

•. 

Quickest/Tightest ·roittf 

--· · 40 60 80 ·-· 100 

ENERGY LEVEL Cti-tO!JS~NO.S. Of FEET) 

(S)Figure ._2. 9•,2. Configuration -401B Max. Maneuver Diagram
Turn Rate vs Energy level (U) 
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MAX MANEUVER Diagram DC.1 Max PWR horizontal attitudeISOO .. . . 
. . Note: 50% Fuel 

""' 

' 

0 

-240D 

quickest/tightest TURN 

Mission Payload 

Turn Rate 
(sec) 

'. I 

I 
. . 

·. 

4800 O ·20 40. 60 80 100 

Energy LEVEL Thousands OF "FEET~ 

-'!il'Figure 2.9-3 configuration401B MaxManeuver-Diagram 
- Energy Rate vs· Energy Level -(U) ___, 
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SECTION 3 

LARGE S I N ·G L E. - E:· N· .G I. N ·E c·· o ·N ·c E P T 
. 401B/F100-PW-100) 

3. 1 VEHICLE DESIGN 

(U) ln this .subsection, a description is presented of the 
large ·single-engine concept a brief explanation is •given:
of the overall configuration rationale and ··the configuration 
tion growth data that· we.re generated to provide t.he basics 
for s tructure aerodynamic and performance analyses re
quired to size the vehicle .are summarized•. 

3•. 1. l vehicle description 

(S) . The large single-engine fighter concept concept 1) 
has been designated Configuration 401B•. ,The general arrange 
ment of the point design aircraft 'a. vehicle .with .a 17,115-
lb mission. weight is presented in figure 3, 1-1 The basic 
lines inboard profile, and general arrangement of the 
401B-type vehicle at a mission weight of 16,800 lb are 
shown in figures ·3.• 1-2 -3,. a\14 -4, respectively; This 
vehicle size was initially developed and used as a data 
point "in generating the. growth data which formed the basis 
·:for sizing the final point-design aircraft The data 
sheets on which the basic geometry characteristics area 
distribution, etc~, are defined for Configuration 401B (at 
16,800 lb.) are presented along with the growth data in 
Subsection . 3.11.3.,

' 
2. · 

. . . 

(S) Configuration 401B. is :a small high-performance ·fighter· with a wing loading of 60 psf and a. thrust-to-weight ratio 
of 1.37 (uninstalled). The basic features of the configura 
ration arrangement are summarized in Figure 3.1.5 · · 

Four major elements comprise the ·401B configuration 
(l) the fuselage, (2) t"!Ja wing, (3) the empennage and (4) 
the landing gear, These components are- described briefly 
in the following subsections .along with a description of 
the external stores capability of the airplane., 

(U) 3 l, l.1 fuselage: 

The fuselage' of 401B contains the cockpit equipment 
bay··, armament, fuel tanks, and propulsion system.
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ti) The cockpit is arranged to provide excellent visibility 

with special consideration given to the. avoidance, where 
practical of features which tend to restrict vision such 
as seats, .inlet ducts ,. wing, etc. The following basic 
Vision limits apply on 401B.: ·I 

1. 15° down vision over the nose (o0 · azimuth) 

2. .40° down vision_ over the side (90° azmuth) 

3. o0 down vision. aft (180° azimuth). 

(U) The canopy consists of a one piece. transparent bubble· 
with full vision capability (no bowframe vision obstruction .• 
The ·canopy is hinged about the right€hand side and is manu 
ally operated for normal ingress and .egress canopy jetti 
son for pilot ejection .is accomplished by a thruster which 
rotates the canopy .and frame about a hinge ..at the aft end 
as in most coventional fighter aircraft A head-up .dis~ 
play utilizes a thick transparent shield that· provides 
blast protection for the pilot upon canopy ejection. A 
"snapshoot" sight is integrated with the. head•up· display~ 
Configuration 401B employs the' "Yankee 705 seat which 
provides ·a simple, lightweight escape system, The cockpit 
dimensions· are held to .a. minimum to provide a· crew ·Station 
envelope. which is ··adequate without compromising cockpit · 
visibility. The. cockpit is pressurized and .no provision 
is made for a pressure ·:,ure sui.t. 

. Equipment compartments are located forward .and aft of 
the crew station, The forward (nose) bay contains ·tne· 
range radar navigation, and communicationsequipment in 
compartments which are accessible through hinged· panels 
located at eye level ..for ease of .maintenance ... · ?ne upper 
portion of. the nose compartment contains the inflight re 
fueling: receptacle which is compatible with the USAF· 
flying Boom'.': tanker· refueling system. The aft equipment 
bay is divided .into .two sections. T~ The section 
provides .space .for the environmental control system, the 
sight: ·and .weapon control units and miscellaneous .equip-
ment, ,The aft section houses the ammunition drums for two 
20mm cannons, 

(S) ··The basic armament consists- of two ,20mm cannons ·.and 
twoAIM-9X missiles. 'A single-barrel 20mm cannon is located 
on either .side of the forward fuselage -in 'the glove· section 
of the body. The guns are situated aft and above the 
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(S)inlet the muzzleengine to preclude any adverse effect from 
blast. Access · to the guns· for loading.and maintenance is 
provided through hinged fuselage panels at shoulder level, 

·within easy ·reach by ground personnel. 

(U) Fuel is contained in thre~. three a forward fuselage 
tank and wing root tanks, located on either side of the 
engine in the thickened rQ.Ot· section where. the wing 
blends into the fuselage. The forward tank is located 
above and below the inlet duct between r:he aft equipment 
bay ·and the engine firewall bulkhead. 

(U) 'The fuselage tank is of ;the self-sesling bladder type 
and is so :arranged that the engine fuel 'supply is taken 
from· the lower section check valves are provided 1n the 
interconnect lines to ensure a full tankfor all flight · 
conditions This portion of' thetank also contains the 
single point ground refuel receptacle, which is within 
easy reach of ground personnel · 

(S)The power plant ·for Configuration ·40lB is a single 
Pratt & Whitney Aiirciraft JTF22A-27 engine USAF designation 

·F100-PW€100) with a rated thrust of 23,471rpourad·s on maxi-
mum -power.. Engine accessories· are mounted on the engine.• 
and engine-driven aircraft accessories are airframe 

.mounted.- in t;he lower fuselage forward of the firewall bulk
head. A' power take-off from :the engine drives .these 
accessories and is· disconnected for. engine · removal. .The .. 
engine is removed by sliding the unit aft along rails The 
lower .fuselage in the region aft: of the ·rear: spar bulkhead 
ls hinged to allow, for engine installation :and removal., 
primary air for the engine -is :supplied througha duct 
from_ an elliptically shaped, fixed, normal-shock inlet 
which is located benea.th the crew station region of the 
forward· fuselage-. The inlet is positioned slightly away 
from the fusslage -by a diverter that: allows boundary layer
air to be plowed off A portion of this air is taken on-
board by ·an inlet in the diverter leading _edge to supply. 
air for · the environmentalcontrol system The inlet lip 
is also shaped i;i profile in a manner designed to provide 
proper control of the inlet shock system throughout the 
operational envelope 88th ABW/1 

--w- 3.1,1.2 wins FOIA l 
40.lB is .a fixed-, mid-wing airplanewith ;~~':)~,~;j,.1/ 

a wing loading of 6Q psf, an· aspect ratio of 3.00, a caper ·~',t, 
9 · 
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ratio of 0.20 and t leading-edge sweep ,of 35.0 degrees. 
The wing tip is rounded in a manner tha.t maintains constant 
wing area 280 sq·. ft for the 16,800-lb design) and ·results 
in an aspect ratio of 3.2 the wing employs a- 4•percent 
biconvex •airfoil with leading and trailing-edge flaps 
lhe·. full-span leading edge both duringedge. flap is utilized 
landing and .in maneuvering flight to provide the particular 
lift-drag characteristics required of chase· two portions 
of the operating envelope For maneuvering flight I the 
leading-edge flap is a manually operated, ·three .position,. 
flap, Amaximum setting of 25 degrees (leading edge down 
·is provided for the landing configuration The outboard 
trailing-edge control· surface is a.. flaperon which provides 
for both the roll control ·and· landing flap functions·. A 
simple flap is also provided on the inboard section to 
provide -lift augmentation for landing operations 

Four hardpoints are provided on •.the wing for external l 
stores The: external stores capability is described in 
subsection ·3.. 1.1.55. 

(U} As described in the previous subsection the wing 
employs ·a thickened root section that blends into the 
fuselage centerbody For the· most ·part this root section 
containsthe aft fuel tanks, These wing-.root tanks are of 
of the integral type ·and· are located outboard of the engine 
compartment so that a double-wall section is provided .to 
separate the fuel ·and. engine compartments 

(U) Wing structural loads are distributed into the .fuselage 
through four. major spar bulkheads that. are continuous 
around the fu.selage~ 

(U) 3. i. 1.3 Empennage 

Configuration 401B utilizes twin vertical tails and 
ventral fins with and all movable horizontal tail 
arrangement The. horizontal and vertical tails are 
.staggered longitudinally with respect to each other to 
·provide ,a. favorable area distribution effect and to gain 
maximum permissible tail. moment arms · 

(U) the -vertical ta.il surface planform bas a leading 
edge sweep of 45 degrees an aspect ratio of 1.33 and a· 
taper ratio .of 0.40 Each tall has a .Planform area _.of 
22. 12 ft2 for a total of· 44 24 ft~ per airplane. ·The 
rudder comprises ·the-' af.t. 25 percent tail chord on each 
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(U) surface. The vertical surfaces are canted 7 degrees ·out• 
board to provide separation between them and ·to allow a 
proper relationship with- the vortex which emanates from 
the wing-fuselage intersection at .the wing leading edge 

·The vertical tails are -located at the outer extremely of 
the· aft outer body extension, 

(U) ventral fins located immediately beneath the .upper 
vertical tails, also. have .a leading-edge sweep .of 45 de• 
grees The- exposed .ventral fin aspect ratio is 0.37 and 
the taper ratio is 0.60 

·The horizontal rail is an all-movable control surface: 
which provides trim -and pitch control for .the- airplane 
For tail sizing purposes the surface is defined with a 
leading-edge sweep of 35 degrees an aspect ratio of 3.00 
and a taper ratio of 0.20. The portion of the horizontal 
tail out_board of the vertical tail. has a negative dihedral 
angle of 7 degrees to maximumallow vertical separation 
distance between the wing and horizontal surface chord 
planes • .This. separation is important in the design of an 
airplane to provide linear. pitch, characteristics The aft 
portion of the fuselage- outer.--body extension forms the in.. 
board section of the horizontal tail. This feature allows 
for ·a maximum effective momentarm and-, thus a minimum 
surface-area requirement The forward portion of· the 
horizontal tail pivots about Fuselage $t:.a.t-ion 502 and fits 
'flush .alongside. the outer surface of the -vertical tail 
and ventral s.o that clean lines ·are' maintained· as- the tati 
rotates through its deflection envelope thus insuring · · · 
good airflow over the surfaces under these conditions 

(U) .3. 1.-1. 4 landing Gear 

configuration 401B utilize a conventional tricycle
landiqg gear arrangement, the main gearemploys ·a_ si,tlgle
tire configuration which retracts up and forward into the 
wing ro.ot section just ahead of the front spar ·bulkhead-. 
The· wheels rotate approximately 90 degrees during_ the 
retraction sequence- to ·fit flush within thewheel well 
when the gear is _in the retracted position :the'. struts 
are housed 41- the lower root fairing beneath the primary 
wing structure · The riose gear retracts up and forward. 
into the lower fuselage section just afr: .of_ the engine in 
let~ The strut is compressed ·and· the nose wheel is a,lso 
rotated 90 degrees upon retraction to allow the nose gear 
to be stowed in. the nose, wheelwell 
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(S) 3.'.l. 1 1.5 ·External stores 

capability is Provided at the wing inboard. hardpoints 
.for· pylons to accomodate two •external fuel .tanks up :to a 
maximum of 600 gallonslon.s each ferry mission , capability 
at these hardpoints is also provided to carry two nuclear 
weapons· As an alternate. The wing outboard hardpoints 
.are designed to accomodatethe basic missile c.omplement. 
of two AIM€9X weapons Each outboard hardpoint is also 
capable of accommodating two AIM-9X weapons f.or a maximum 
·of four missiles per airplane.. selected arrangements of 
the external stores capabilities ·are shown in figures 
3·~..1--6, ·7 1 and -8, An alternate approach for carrying 
four AlM-9X:. missiles atong with the .twi;, basic 300-gallon 
wing-mounted. fuel. ranks is shown in Figure 3. .• 1-9 ·. 

3. 1.2 Overall, design Rationale 

(U} -The overall design rationale _for conftguration 401B 
is described in. the followingparagraphs details of the 
rationale .for· selected s.pec.:lfi~ features such as wing, 
inlet etc are. covered .. in the subsequent sections of 
this report The distinguishing features of configuration 
401Bs as outlined in figure 3.1-10, are 

1. forward engine location 

2. mid-wing 

3. Outer blended body 

4. Twin. vertical tails 

5,. under-fuselage 'inlet. location 

6. Bubble canopy 

(U) . results of design studies conducted prior to the con• 
tractural period. indicated that for all configurations 
it was necessary to place the engine as far forward with 
rttspect· t:o the wing as possible in order tp provide appropri 
ate balance characteristics and .still maintain ·a reasonable 
tail· ·moment arm. This situation results primarily from 
the nature of the dry-weight distribution 'inherent in this 
particular typeof airplane (i.e., the dry weight .forward 
consists primarily of crew station.and armament since 
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virtually no avionics systems are ,required). The combina
tion of this la,;;k of weight in the nose and the resultant 
engine/wing relationship leads to the. conclusion that 
some kind: of overhang beyond the engine nozzle is necessary 
so as to achieve .a satisfactory balance arrangement. 

The- three basic approaches· that can be. employed to 
provide _such an overhang arrangement are 

l, ..sing le fuselage extension above the nozzle 

2. single fuselage extension below the nozzle. 

3. Twin fuselage extensions on either side ·of the 
nozzle. 

(U) Approach l lends itself best to single vertical tail 
designs. the- over-the-nozzle body extension also can incor 
porate cross-section shape variations anywhere from circular 
or elliptical to .a -wide-shelf· arrangement and thus can also 
be adapted for twin vertical tail arrangements Approach 
2 has .the· potential for allowing increased horizontal arms 
however . the vertical tail arm would still be: limited by 
the nozzle and it would require a single vertical tail con 
cept:._ In this· case :the horizontal tail ground clearance 
envelope at takeoff· and landing would impose a· cons traint 
having considerable effect on. gear length (i.e.; -weight). 
In addition the· lower-shelf structure ·would tend to make 
engine removal provisionscomplex or vice· versa. Approach 
3. allows the cleanest aft-end design in terms of providing 
a .. favorable flow field around the engine nozzle. This 
arrangement also has the capability to allow vertical 

separation between the wing and horizontal tail. such a. 
relationship has been shown by. test and experience to be 
necessary to achieve the best· handling qualities Of the 
three approaches considered concerning fuselage overhang 
extension the third_ approach offers the best arrangement. 

•The selection of such an overhang_ concept with the 
horizontal tails mounted on side fuselage extensions re 
quires. that these extension elements be faired forward 
making a mid-wing concept most logical. To make a. mid-
wing concept 'feasible (since loads must be carried around 
tlie engine and duct ·through bulkheads theremust be 
.significant·. root thickening to allow a favorable structural 
load distribution from .the wing to the fuselage .A think 
wing wing_ root thus affords a natural situation for fairing 
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(U) the contour aft into the outer body to which the horizontal 
tail is. attached. likewise, the thickened root, if incor-
porated I must be: faired forward either in the form of a 
thick glove or a wide blended fuselage, 

(U) The incorporation of ,the outer-body concept with its 
attendant wing ·root: thickening forwardblended fuselage 
(or glove •.and aft fuselage extensions thus provides many 
advantages· from the standpoint of equipment arrangement. 
For example t;he mid-wing concept allows a reasonably . 
·short landing· gear that can be retracted into· the thickened 
wing root region just forward of the: front spar bulkhead. . 
Theretraction envelope traced ·by this arrangement allows 
the ·lower fuselage and a considerable portion: of the wing 
to befree for ·the accommodation of external stores•. The 
forward blended body (or glove) contributes a cross-sect 
ional area. fill at ·a region which enhances ··the transonic 
aerodynamic characteristics of the configuration It also 

·provides an ideal location for the two20mm guns~ the gun 
-muzzles are· thus positioned aft: and above the inlet to· pre 
clude inlet: .ingestion· problems accessibility to .the gun 
compartments is at shoulder level, whichaffords an excellent 
arrangement for loading and maintenance operations The ·I 
aft portion of tbe outer body provides space for aft 
located fuel to balance that of the forward fuselagetanks, 
This distribution arrangementis-necessary to minimize 
e.g. shift during_ fuel burn .thus,. proper e.g. control .can 
be maintained with a minimum of :trim. At the same time, 
this arrangement eliminates the need for the incorporation 
of ·self€sealing proviations in this portion .of the fuel 
tankage. The aft portion of the outer .body provides an 
ideal ·space for .tail actuators (rudder and stabilizer in 
.that it affords sufficient volume and excellent accessi 
bility 

A_ configuration -with after body extensions· on either. 
side of the fuselage also lends itself .quite readily .to 
the twin-vertical tail concept, The adaptation 0£ this 
tail arrangement geometry on Configuration 401B provides
several primary 'advantages, First, it allows .a reasonable 
tail moment armand acts in concert with the after bodies 
to allow a clean flow field- around the engine nozzle The 
outboard placement enhances tail affectiveness at high 
angles of attack. since .the .tails are· essentially not 
blanked out by t.he fuselage forebody as a.. centerline tail 
would be. The outboard location also provides .a relation 
:ship with !:be atleron. which enhances neutral aileronyaw· 
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(U) characteristic for the airplane a highly desirable feature 
for an aircraft requiring good handling qualities. -The 88th ABWIP 
outward cant ,of the vertical tails on 401B provides maximuin.- FOIA (b)(1) 
separation between the twosurfaces and positions them E.O. 't 3.3 

In relation to the wing/fuselage vortex flow, ( ( r, 
· Redundance and inherent I.R. shielding .capability are also 

features which accrue from the· twin vertical tail and · 
matching ventrals.) . Sec 

(S) inlet location, below the forward fuselage was 
selected to. provide the most favorable flow field for the 
engine air supply. This placement provides the best inlet 
performance at high angles of Attack and yaw;- which is o.f 
paramount importance for a highly maneuverable -fighter, :A 
fixed-geometry inlet is employed to give the best .perfor"' 
mance in the combat .arena (Mach 0 ..6 to .1,6) for the .utmost 
in simplicity reliability. and light weight, The. aft .lo
cation minimizes duct length (i.e,. weight and allows a 
fuselage · forebody shape that enhances the directional 
stability of the configuration. J 

(U) A one-piece transparent bubble canopy with full vision 
capability- (no bcw€frame vision obstruction is utilized on 
configuration 401B. Thi$ feature allows 'excellent pilot 
vision which is so absolutely necessary for .a highly maneu 
verable air-superiority fighter. · 

3. 1. 3 configuration Growth Data 

Configuration 401B was developed and sized originally 
on the basis of preliminary growthstudies conducted some 
time prior to the initiation of the contractual effort. 
A number of minor modifications to various elements of 
the configuration were made .during the time between the 
development of the growth study data and the final comple
tion of. the configuration. In order ·to ensure that the 
selected single•engine concept sizing was still valid a 
new growth curve was generated.around 401B, 

(U) The approach utilized to develop the configuration 
size variations is outlined below, Abo the basic para-
metric configuration design data generated to support the 
structure, aerodynamic, andpefromance analysis are summarrized . .. 

so 
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"iSr 3 1. 3, l Aircraft Sizing Approach 

Mission weight of tlle 401B conftguration ·was. established 
at 16,800 pounds ,during 1:he beginnings of the contractual 
e·J:'.fort,. The verification study was conducted by examining 
a gross-weight range-extending 1200 _pounds on ~itliei side 
of -the baseline 16,800-pound value configuration data 
were developed by varying the airplane a basic ·component 
geometry as outlined in figures 3 l-11 and 3. 1-12 

(S) loading was held constant _at 60_psf and a family 
.. wing loading washeld in which the wingtall 

for all surfaces was held constant as. 
shown, and surfaces were scaled. according_ co theground 
rules In addition to ·these basic ground rules and ,· information on basic wing and tail. dimensional 

:. constants and key ratios are also shown In the diagram of. 
t figure 3. 1-11 All dimensional relationships used- in the 
,. 

. development of the data are referenced -to. th.e· quartar-.chord 

:-· point of the- wing mean-aerodynamic chord . . 

·f~
1 

(U) The scaling process utilized for the fuselage involved 
.!r.." basically variation in length since the engine size was 

· fixed and '401B constituted a minimum .attainable ·fuselage-~ cross section In figure 3. 1-12\ the basic elements of 
:{!'· the fuselage are outlined and the key constants and vari•~-
,-:; ables are shown Crewstation and equipment compartments
t~ remained fixed in size as· did the engine accessories ~-'l~. and landing gear. Inlet location was held at a constant 
:i: distance .from the nose to retain the same geometric re 

I 
f. lationship between the nose, _canopy, inlet, and nose gear. 

The basic fuselage variation then consisted of a lqth·. 
change in t:he center fuselage., which adjusted fuel tank· 
volume and air inlet duct length. As shown in. Figure 

•· 
3. 1-12 the variations were referenced to the quarter-chord· 
position of t;he wing mean-aerodynamic-chord Thenose ·wast... lengthened and the engine was moved aft to provide appro.•I priete ·balance characterictics with the total linear 
increase sized to be proportional to the square root of 
the gross-weight ratio In addition .the portion of the 
wing:-root· ·that blends· into the_ fuselage was increased inf f•. 

i'.! 
..,_ 

widthin order- to maintain ·a conatant ·percent: of wing span. 
for this boundary. This relationship provided· a. change in 
wing root fuel€tank volume, which balances that added in 

6 the fuselage fuel-tank length,_ increase and,. thereby main-
tains the appropriate full-up balance· characteristics .•f 

,S.l 
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SBth-ABW/IPJ 
FOIA (b)(1} . :. 
EO 13526 sec 
3:3.(b)(4) .. Fuselage . Wc ·.. 
1.4-(a)(g) Boy fuel Bladder . 

' . -· . 
. 

Wing Root 
.Fuel .- Engine 

Integral 

138 

I 

Basic Scaling .Ground Rules · · 
·• Fuselage Centerbody length is scaledas Function GW2/Gw1 

fuselage outer body length is a function of hours tail location • 
• wf contraints percentage of reference wing 3pm (wf= 28% 
• w is constand percentage of reference wingspan =31% span 
• wc is constant dimension ti' engine size 

Sectioin A-A 

-------,,-----------· -If 
__ 

. 

. . 

•. 

10 in 

.. 136 in 

I:-\ 

parametric configuration scaling fuselage criteria (U) 
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(u) 3 1.3 •.2 Growth Data 

the configuration design ·data that were generated in, 
the growth study. to support the structure •. aerodynamic 
..and performance· analyses are summarized in figures 3. 1-13 
through. 3.1-24 "n,e -variation· of airplanewetted area. 
with airplane size (mission weight and a definition -of 
the major airplane components contributing ·to the wetted 
area to.tal. are shown in figure J., 1-13 The breakoutof 
wetted areaversus mission weigth for: the various major· 
components is -shown in "Figure 3-. 1-14 The manner in which 
selected ·key characteristic fuselage dimensions vary with 
airplane size·-in the growth airplane family are plotted 
in figure 3. 1-15 similar variations of selected key 
characteristics surface dimensions for the growth family 
are plotted in, figure 3·, 1-16 In Figures 231-17 through 
3 •1-22 general airplane geometric data are summarized 
for the data points at the three gross weights used to 
establish the growth family A, normalarea distribution 
curve and fue1. distribution plot are presented for the 
basic 4O1B_ configuration 16,800 lb mission weight) in 
figures 3.1 - 23 and 3.1-24 respectively 

54 
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includes length 

wing ref. area Surfaces 

SPAN 

airfoil 

d 

X 

z 
· 

• 

d = average buried semi-span . 
x = .Diatance aft· from fuselage nose to body· nose ·or surface fuselage

intersection point · · . 
= Distance outbd from fuselage ref line to body ref line or· vertical 

surface chord• 'line. WL-92 
_z = distance ue (+) or .down = from fuselage ref, line tobody or 

-6t- figure 3.1- 17 Basic Description Data Sheet - Configuration 401B Type at 
15,600 lb Mission weight (U). 

'SECRET 
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S-EURET 
, ,:;, 1,00 Basic descriptions 

T/W 1.504 uninstalled 
engine 

] i 

... 

., surface ref line . · 

88th ABW/IPI 

FOIA (b)(1} 
E.0.13526.SEC 
3.3.(b)(4) 
1.4. (a)(g) 

I 
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FOIA (b)(1} 
E.O:13526 SEC. 
3.3.(b)(4)
1.4. (a)(g) 

_ Secret 
BASIC Descriptions

GW = 16800 lbs 
W/S = '° lbsW/S 1 3 f 7 ( Uninstalled 

Engine - Pew JTF 224-27 
-(ADesignation 100 PW-100 

.4 = Average buried s · - . .~.. · ow · 
x = distance aft from fuselage nose to body nose or surfacefuselage

intersection point _ . 
y = distance outbd fromfuselage ref. line to body re£-. line or vertical 

surface chord line; ·· ....!!!U3:. · 
z = distance up (+) or down {-) from fuselage ref. line/to

surface ref line · · 
(S) figureBasic Description Data Sheet - configuration-Figure· 3.1-18 

. 16,800 lb mission weight (U)_ 
. 60 

Secret 

body or· 

401B Type at 
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88th ABW/IPI 
FOIA:(b)(.1) 
E.0."13526 SEC. 
3.3(b)(4)SECRET 1.4. (a)(g)BASIC DescriptionsG W= If000lbs 

w/s = 60 1!>', /ff s.-
TW= 1 11#, uninstalled 

engine pew jtf 22a-27 
( AF Design F100 PW-100 

Airfoil 

d = Average buried a = n • 
x distance aft from fuselage nose to body. nose or surface fuselage

intersection point. ·· · . . · · · 
y = distance outbd fromfuaelage ref line to body ref line or vertical 

surface chord line · . wl92.0 
z - distance ·up (+) or down (-) .fro&1 fuselage ref line to body or 

surface ref line
(S) Figure 3.1-19 basic description Data sheet - Configuration 401b 'type at 

18,000 lb mission weight (U)· 
. 61 ..... . 
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88th ABW 
/FOIA (b)(1)' 
E.O. 13526 sec 
3.3(b)(4) 
1.4(a)(g) 

friction drag data Secret 
GW 15,600 lbs 
w/s = 60 lbs 
T/W = /. S'P4 uninstalled 

·engine - Pew jtf 22a27 . . . 
bodies Design .. F100-PW-100 

BODY TOTAL· 
.Surfaces 

SURFACE 

.basic wing 

Area (FT 

·aspect 

Taper Rati 
leading-edge 

Surface 471.2 
airplane total I f 

GEOMETRY 

IO 
0 

. SWEEP 

1166.3

basic ref
. 

3.00 

0.20 

35.0 

~~•:"i,wing 
263.114 

3.20 

0.1687 
". 

35.0(Dec) .. 
(S)Figure 3.1-20 Friction drag data Sheet - configuration 401B Type 

at 15,600lb mission weight (U) 
52 
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friction dra DATA, secret 
GW 16 100 lbs 
W/S = 60 lbs/ft
t/w -= 1.397 unilateral 
engine • ft w jk 22A-27 

BODIES. 

88thABW/IPI 

FOIA (b)(1) 
E.0.13526 SEC 3.3(b) 
(4) 
1;4. (a){g) 

I: 

..~,. . 
· ·body total 

·SURFACES 

' ' 

Exposed
TTED Area ·(FT2) MAC length 

. In 

Surface Total 5073 ·5073 
airplane Total 1243.3 · Trade 2010 

. forbasi1 ref.. burned 
· · tipwing burned tip winggeometry . 

AREA. ft2 280,000 

Aspect Ratio 300, 320 

Taper Ratio0.20, 0.1689 
Leading EDGE SWEEP Deg 350 

(S) Figure3-1-21 Friction Drag Data sheet •· Configuration 401B Type 
at 16,800,-lb Mission Weight (U) 

. 63 
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. 319 

3.00 

.. 

11:D AREA · 

Surface total .. 54- ,543.4 
Airplane Total .·. 

Basic wing geometry 

AspectRatio 
TAPER Ratio 0.20/0.1689 

Leading Edge ·SWEEP ·(DEG.•) o 
(S) Figure3.1-22 Friction Drag Data Sheet configuration 401B Type 

at 18,000-lb Mission Weight(U)
64 . 
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Friction DRAG DATA. SECRET
Gw 18,000 lbs 
W/S 60 lbs 
TW 1.304 uninstalled' 
engine - PW JTF 

.BODIES F100 PW 100 

Body ·Total 

88th ABW/1.PI 
FOIA (b)(1) 
E.0:13526 SEC .. 3.3..(b) 
(4} 
1.4 (a)(g) 

Surfaces 

Area (ft) 4000,00 

L 
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3.3(b)(4) 
1.4.. (a)(g} 
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I ·I '· 
· ·•• ,_.;.~ ;••.!• ,I . . • .. ! 

-: i l J.~. - -· .... 

- I .,. • .. -·' 
I .. . I. 

. 

·~-: 
·• 

.• 

·• 

• -
. . . I Tail 

", ... I •• I -~ ••. I ·"· i' ·y' 
. I. •. • • : 

·' • I • I ' ' __ , • ' ••. . . . 
Fuselage Station ES · 

(S) Area Curve configuration 401B TypeFigure. 3.1-23 Distribution 
. 16,800 lb MissionWeight (U)•• - ·· • · r. 
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·· 3 . .-2 Performance 

Both basic performance and sensitivity data are pre-
(U) sented in this section for the .la.rge single-engine concept 

configuration 401B), performance data are presented in 
the form of maneuver data (i.e.) energy rate VS ·turn rate 
persistence plots, and thrust required) ··for the .aircraft 
with 50 percent. fuel and in the form of mission ·data .for 
the three missions specified in the Statement. of. work and 
described below • 

.3 2. 2 Mission 'Definitions 

three representative air-superiority fighter missions 
were used for. aircraft performance evaluations These are 
short.- · and long-range· air superiority missions and a ferry 
mission (The ferry mission is important for deployment 
considerations ..) · 

1. short-range air superiority mission (SRASM.)' ·
This is .. a radius mission without· external .. 
tanks Theminimum desired radius is 225 
n.mi. •The. payload is two AIM-.9X missiles 
and 500 rounds of. ammunition. the missiles 
and one half. of the munition are expended 
at the end of combat The mission rules· are 
as follows . . 

a.. Ground operation 

six minutes at power setting of
T/W - 0.2 

b, Takeoff and Acceleration: 

Fuel - W1V1 
, g(T-D)1 

O· =. Sea- level static 

l = Climb Speed (M. = 0. 5) 

W = Takeoff Gross Weight lb 

W= Maximum Power Fuel Flow lb/sec 

67 
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T ... Thrust. lb 

D '!' Drag, lb. 

V, • Velocity fps 

c. Climb is caculated from sea level 
at' bestclimb speed to.· best cruise 
spee.d and altitute Range accumu 
lated is_ credited to radius. 

d. outbound -and ~et:u:rn legs .. are qp·ttmum · 
speed and altitude (no dash 

e, combat fuel allowance ls that re
quired to achieve _the following. maxi 
mum power· -maneuvers at the 30,00 ft 
altitude at the average combat. weight: 
,average combat weight equals. weight 
.at: start of combat - 1/2 combat fuel). 

(1)constant altitude acceleration 
· from Mach o. .9 to 1.55·,. 

(2) three (Ps = 0) tur.11s: at Mach O. 8 

(3) two ·(Ps = .0) .turn, a:t Mach 1.-2-. 

missiles and one ·half: of ammunition 
are- expended at the end of combat 

f. Descent·: No fuel used no range _gained, 

g_. Landing 20-minute sea-level endurance 

2. Long-Range Air-Superiority Mission (LRASM) 
This isa radius mission in which all fuel 
required prior· to combat is external .fuel so 
thatcombat starts with. full internal f\ld·. 
Tanks .are: dropped' a.t: start of combat. All 
other mission rules are the same as speci 
filed for the SRASM.'the- desired ·radius is 
750 n.mi. · 

3.- ..Ferry Mission- A non- - ~elueled ferry range
·of: 2·600 n.mi is desired externalfuel 
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.tanks are used a11d· retained ·and· full ammunition 
tion (500 rounds) ·but no missiles ·are carried •. 
Fuel allowances for takeofff and landing are 
.the same as for the SRASM plus a fuel reserve 
of S· percent initial fuel initial fuel in 
c ludes external tankage 

3.2.2 Thrust-Drag Bookkeeping System 

In the. system of- thrust-drag bookkeeping employed all 
components of draf that do not varywith power setting are 
included in .the aerodynamic drag_ data presented in section 
3.3.• 3 The .aerodynamic· data ..of section 3.3 are for ·.a capture 
ratio of 1.0 .a reference exhaust nozzle: position (40-inch 
diameterat the exit plane and a refetence nozzle pressure 
ratio. which is defined in section 3.6 Any effects ·due to 
changes in power setting are included in the propulsion data 
presented in sections 3.6 · 

3.2.3 Basic performance Data 

(S) Configuration 401Bperformance data are presented for 88th ABW 
the aircraft sized. to meet the LRASM required radius ofof 750 FOIA · ') 
·n,mi. The siz.e aircraft required has a mission weight of .5. · . · 
17,115 lb i.e. .full-up_.weight with mission payload and 1. · 
without external tanks which is. the SRASM takeoffgross 1·· · 
weight as- well asthe LRASM initial .combat weight •. This · 
is ·an· increase of 315 lb over the aircraft size ·(16·•800 lb) . · 
used for the initial layout and evaluation-. This increase 
is caused primarily by the ferry-range requirement. 

The variation of ferry range with external fuel for. a 
16,8000-pound aircraft Figure 3 •.2-1 shows that a takeoff 
.grossweight of nearly 27,000 lb is required to obtain the' 
2 600-n. m-i desired ferry range with external tanks reta iried, 
This is ·a 60-percent overload above the basic mission weight 
without tanks (16 800 .lb) The initial structural weight 
evaluation considered an overload capability of 40 percent 
above the full-up clean airplane weight which approximately 
corresponds to the takeoff (i.e.)grossweight for the LRASM 
the maximum ·overload condition specified in the Statement of· 
work The additional 20-percent overload capability.- for 
the fer:,:y- mission resulted i(l a 101-lb increase in the dry 
weight· of the 16,800 lb aircraft forlarger tires and struc 
tural beefup. This 1.01-lb increase due to increased overload 
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(S) capability together with a 36-lb increase 'due. to revised 
weight estimates resulted in a 61-n,mi teduetiori in tbe LRASM 
radius An increase in size to. 17 .-115 lb was required to -regain the lost radius. Thus while the. aircraft was pri 
marily sized for the LRASM, the sizing was also influenced 
·.by t:he ferry-mission requirements. 

(U) · The performance data presented in this section are ·for 
standard-day conditions and are based on the following basic 
data · · · · 

l, Aerodynamic
' 

data presented j,n section 3 3 :,. 
.2. stability and control data presented in 

Section 3.•.4, 

3. .Weight data, presented in section 3 5 

4, propulsion data presented 'in section 3.6 

(U) The following corrections obtained from the growth data 
presented in subsec t ion 3 • 3 1.33 , were added· to the basic 
aerodynamic data .of Sec tion 3 ,3 ·to account for· increased 
aircraft si,ze andwing area change. The reference wing area; 
increased from 280 sq ft t·o 285.2· sq ft 'to maintain a can• 
stant wing loading cf 60 psf, 

}\CpMach No. 

0.6 0.00013 
0.8 - 0.00013 

· 0;·9 0.00013 
1.2 0.00059 
1.5 -0 •.00045 

(U)_ The weight data presented in. section 3 ,5 were corrected 
·for the .change in aircraft size The growth datapresented 
in Section 3 ,5 were used to make the corrections. A· summary 
of the corrected weight data is presented in-Table· 3.2.1 

(U) The ·engine size was, maintained fixed .at a·. scale, of. 110%•. 
and the propulsion data from section 3 .6 were used without 
modification 

The summary .of (:t'\e resized configuration 401B s mission 
capabilities is presented in Figure· -3.2•2. tabulations of 
the pertinent data. for each segment of the three missions 
are presented in Tables 3.-2~2 through 3.2-4 
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(U) . General peformance data are presented· in. support of 
the tabulated data These included 

1. takeoff performance figure 3.2-3 

2. landing performance figure 3.2-4 

·3 .- initial-climb performance Figure 3.2-5) 

4, Climb after combat Figure 3.2 - 6 

5. Cruise Performance .(Figure 3 2-7 

6. Combat Fuel Allowance Figure .3 2-8 

7. Sea-Level Loiter Perfo rmance Figure 3.2-9 

(U) . Maneuver performance data in the form of energy rate 
v.er&us turnrate persistence plot and thrust required are·. 
,presented· in Figures 3.2-10 through .3.;2-12-, respectively.. · 

('U) . . Sensitivity to weight empty variations is shown in . 
Figure 3.2-13 sensitivity is shown for two methods- of air-
craft growth One is for the case where engine size wing 
area, andfuselage size are fixed The mission weight (i.e.) • 
full-up weight with mission payload and without external 
tanks changes by the amount of weight-empty chaqge and the 
amount of internal fuel change required to maintain the LRASM 
radius In the other method a. constant wing loading i.~ 

maintained while the engine size is held fixed.-.. Mission 
weight changes by the amount of· weight-empty .change and the 
amount :of internal fuel and . structural weight .change assoc 
ciated with the change in aircraft size. Therelationship 
of internal fuel- and structural weight change with the change 
in aircraft size maintaining constantwing loading is dis--
cussed in Section 3 .S. = 

(U) performance sensitivities for the case where the engine 
size is fixed and the_ wing loading is maintained at 60 psf 
are shown in .Figures 3.2-14 through 3.2-20. The size varia 
tions of the fuselage , tails • etc. for th is cas e are as 
discussed in section 3.1 
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(S)Table 3.2-1 Configuration 401B Weight 

(17,115-lb Airplane without tanks 
.. 

, Item · weight
lb 

1. SRASMand LRASM' 

-Basic operating weight 12,225 
Ammunition (500 rounds ·-285· 
Two AIM · J XMissiles 348 
Fuel . 4,257 
SRASM Takeoff Gross weight 17,115

' 
Two Full 300-Gallon Tanks& Pylons . 4,838 
LRASM Takeoff Gross Weight 21i 953 

. ·Basic Operating Weight 12,225 
One Half Ammunition 142 
Fuel ··for 20-Minute Sea-Level Loiter 447 
SRASM ·and· LRASM Landing Weight 12,814 

. 2 .• FerryMission 
Basic Operating Weight 12,225 
Missile Pylon Removed · - 124 
Aumm~ition 500 Rounds 285 
Zero Fuel Weight 12·,386. 
Internal Fuel .. • ·4_.2!;7 
Two Full 600 - GallonTanks and Pylons 9,348 
One Full 150-Gallon Tank and· Pylon 1,309 
Takeoff Gross Weight 27,300 

Zero Fuel Weight 12,386 
Two Empty 600-Gallon Tanks & Pylons 1,506 
One Empty 150-Gallon Tank& Pylon 308 
-Five-Percent Initial Fuel 506 
Twenty-Minute Sea - Level Loiter · 554 

· Landing Weight 15,409 

. 73 
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17,115 LB A/P W/OTanks 
LONG RANGE AIR superiority Mission FERRY'MISSION. 

50,540 M B6 48,600I . ., M- 80 = 45 43041,00038,210 M-80 
36 I130r· - ·- AltALT CRUISE' with I . ' external ·tanks ,. cruise with external tanks I 

Start Combat
1 ·(2). 300 GAL 

(2) 600 GAL +· (1) 150 Galr with FullInternal 
Fuel ·NO Tanks - I·• I 2614 ?:I Mi. 

·750. N.Mi ... TANKS Retainedf 
•· mission 'RANGEMISSION Radius 

. 7 
,i,,-, long ·RANGE Air Superior ity MissionShortRange AIR Superiority Mission 

. takeoff Gross weight 21,953 lb 
Takeoff Distance over SO 50 1, 970 ft 

50,070 landing distance over 50 ft 3,330 ft 
47.000' accel time M-0.9 to 1.5 35.5 sec 

ALT Turn Rate @ M-0.8 9. B Deg/sec 
Turn Rate @M-1.2 6.1 deg/sec 

. COMBAT@· 30,000 Short Range Air superiority mission 
with missiles 1.7 115 lbTakeoff Gross Weight . ·•·.(3) turns @ M-0-8 Takeoff Distance over 50 ft.· 1,330 ft 
(2) turns (f ·. M-1. -2° Landing Distance over SO .ft: · 3,330 .fi;.
Accel M- 0.99 to 1.5 Accel Time M-D'9 to 1.• 5 32.4 sec 

Turn Rate @ M-20.8 10.9 deg sec239 ..N .MI. Turn Race @ M- 1.2t 9. .1 deg/sec 
Mission RADIUS 

(S)Figure 3.2 Figure-1 Configuration 401B ·Mission Performance Summary (U) 
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3.2-2 Configuration 401B LRASM Mission Tabulation (U) 

· . · · · · Weight InitialInitial =· 
= Phase .. No. Ft Weight Time D ._;. ··Initial 

weight ) ) 21,953· •· ' 
Ground Operation . . . 32·7 o · · 1 !· 

· 21,626 · . . I· 
Accel to Climb Speed . . . 249 . . · 0 =' ..11 I. · I __ l___. 

• 500 0 21377 1 2718 · I .875 . 7.10 1 .1• . 21377506 ' 38 . 08 1 · · . . . . .. 
. .80 38212 20871 . 2250 827 9.35 

OutboundCruise 2711 712 1 1.54 ·1 · . , 
... 0.8041000 18160 · .. T . T .. .., I 

Drop Tanks · . 1045 1D 
.18474 Tanks + 198/Fuel .80. ·4100 0.7115 _· l. I 

Combat .., . .. 1887 066 · I 

Mo 741 > 30000 340... 01.D . . 
(2) Mi.2Turns 1. .2 30000 ·O ·. 025 ___ .490 ! 5 48.~ 

• (2)Mo 8 Turns I 0.8 30000 716 o· 0.31 .·880· 4 37 :~ 
I 0.86 30000 15228 . . . . '· I 1 Secret 

· PI91! Payload I 348· I 0 O . I · I
I0.86Drop and Ammo 30000 1 ... 143 . o.. o. ,

0.86 ..30000 14737· 2208 .875
Climb to cruise Alt •149 26 054, L . I· 

I . 74Returncruise I -• ·' I 2 
.875 

· 0.86 30000 14880 ·_ . . . , , ·,130000 . . 1· 
. 6.40 
I . _ ,.,,, I6.40 

LandingReserved _=_= ' 119010.79I .; ; 
Qi' m 
(g)12814, 12367

I 

l: . 
I r 

zero-fuel weightI • I ' 
S P 
m -I. 

I 3I 12367 · I 3.3 

-....- •. 
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(S)Table 3.2-3 Configuration 401B SRASMMission Tabulation (U)
MissionPhase Mach Alt, Weight, Dist, Time, Initial, CombatMission Phase· .No. (lb) (n.mi) (hr) Initial .•. , .. 

--· · ..... l f -·-----·. ..• Initial•.• I 0 17115 · . . • .·· · · 
•- --•• ---

Ground Operation . 238 0 j 0 · ·--·-·---
. 77 . I . ___ 

· . 190 o ·. 10 . ,. 
. · · , .504 16,687 · ___ 2254 875 618 
Climb Cruise Alt I 450 42 .,10 I •. 

, 0.86 · 86 1621652377 1 • · 1690 .855 I 9.73 
.,.2.P.!;bPlwd Cruise I 563 197 l .39 1· , 

0.86 147001 15674 : 
Combat (1722· I (·-.06) ·1 • .I 

. I·. i i ., 
Accel MD 9-MI ,:; 9-1.5 30000 . 309 .0 I .·ot I · ·1 
(2) MI. 2 Turns 1.2 30000 . 754 ·o 02. i .1.. . .. I 490 5.98 
(3) MO 8 Turns 08 3uuuu = = 0 I .02 I . •8804.77

I 0.86 30000 13952 · · · · · · ··· 

· Drop load .Pay 348SecretD;r;tjp·1/2 Ammo . . 143 . . 0 0 . . I . • 
.. · 0.86 3000 13461 · · · 2189 875 5.86 

climb to cruise Alt . 145 26 .. 06 I · climb. . . . .0.86 13316 065 I 9.85 ·.---. 50069 . 1358 ..•870 . 
. return cruise .• · 502 2133 · _ 43 . . . -. 

___ 0.8686 50539 I 12814 . . ... · I 

Descend · ·· .· · 0 . 0 · n . · 1 
. 27 0 12814 · 1190 1 14.J 10 79 

. Landing Re1t-rves . · I 1. ·I •· I •. 
120 Min ·• SS L ' . . 447 0 .·33 I I. 

. . I . 
Zero-Fuel ·Weight 12367 1· , 88th88th 

.I 1 1 1 '.. -. . -
_ 1 ,. I .. 6:i 

. I I. 
. . 1· 

., .I 

.. ·· ,·· 1· · Sec 
'9i3.(b) 
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QI) ·'l'he aerodynamic ~1:'l•rac1;erbtle11 ol! the _b•seline a:j.r- . 
l_il•t!-~·, r,:oilfigura-~(on 40.111 1. ar;:e pres1n1t~d. ln tbl~ s,ctiQn:. · 
·The 'da,ta !1-X:• ~et-i~e~ ·f.~om t\l!!Dl'~~ical aJtd ~pi.ri_cal methp~· 
and from 'fa'.tn'd.' t~11Q·~ :da_t4. for ·a 1~1d,l1:1: c~flgut'a.tion, 
a~vel~ed durfog Convalr 1s 1'X ·pro_ponl .effot-t :(FX-132).·; 

·Tile· ·tota-i d't'ag of' t_he -,J.·rplan• -i~ de'fftu~d .by 

Cn .,; c + A<:r T .Cb + ( A.Ci, . ) +· 4Cu· 
. tD'tal ~at:ln . 0stol"ea I, . Iii.lo 8ttr t.ri111 

Eac~ of tih'e a·bovo .te~. :f,& .dis.c~sae~· .Jn. tpe ..fo;Low,ing.
subs~ct~ons •. 

~ ~ )·, l. .M'.i-nimµm Dr.e,g 

3,-3-.-l, l Basic Mfni111Ulli Drag 

(U) .The. minimum dra:g at' subsb~ic speed& is defined by 

Co~... Pnfd.c;i:~n + CDform +AC~canap:,. + dCnnozzle· 

+ ~.Q . + 4,C,n . + ,A¢D . .. -~ 4Cn 
Ddi.ver.cer COJl,1 · -sec-cmdai.y missile 

systems pylQii1 

+.i'C ,.· ~P.TI>~b~ranc~s 

:The ·eqWt.t-io11 is. the, aali1e .for. ,\lUpeirlionic speeds· .u;ci;,pt t;bat
Co i's :rep l~c~4 ~Y Cn ., . 

.f9~ ' tf!l.'!8 

(U) Configurat!ou ,401.B tc;,1;:a.l, minf:111l,1Ul. drag- (or drag.·at· zero-. 
.ttft) 1-1 .pl~t:teil tn,. Figure 3-,.3.•.t ·for var:1.o!,Ss aitiit:pdea, '?li'E( 

-nae·t:hod use(1 to dete.:m:l,ne ·th"!,!· minimum:-~rag .buUctup i& pon
;;i.&tent with COJ\Vl:\1S::·1·a exp~rience J.q QDl:'tel'ating_ ana~yt:iQ~l
metfl.odology with. wlnd .tunnel and 'flight ·te·111t .data·. Uje qf 
this metb<td ~ssute~ that -t~e. drag levels .are reJ1U.stic!. . 

(11) .tba fr.i.a·t:1011 _-and &ubeonic fcma -d~.t are .compu~d, by--the 
-met~o~s .C,octiaented ·,t;~ •llfl!J;erBl'lc-a 1, and: t~- zera-l!'ft: wav..e 
drag ·is -o.bc.ained· f~~ ·.the Co?-ira-ir: ·~ei:ospace ~tipera0111'c area--
rule me tho~ ·(slig1.tal .eoniputi:r pi"oceikJi:-e K35). -'l'he' pJ:11!.• 
di~ted .~f.fect of··C\1-~~d wing ~[-pe w. ?inis!t1:1m ·dra_g :t11 based. 
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on an empirical correlation ot .w.l.ng tunnel data on 
effects of tip shape reference 2).. It is estimated .that 
·the tip curvature of 401B reducesthe minimum drag coeffi 
client ·by .0005 at· subsonic speeds and by .0015 at supersonic 
speeds These arethe incrementsapplied to the form and 
wave drag components respectively in the minimum ·drag. 
buildup-,. 

(U) The ..remaining incrementsin the ·above equation require 
special treatment and are discussed in the following para 
graphs •.. The incremental minimum drag variations· wlth Mach. 
number for the effects of canopy, nozzle diverter cowl,. 
secondary systems missile pylons and protuberances are 
plotted in Figures 3 3-2 

' .. 
(U) Canopy The canopy drag is derived from Convair -FX 

wind tunnel test CA.L. 316-133 Thetest canopy is similar 
to the canopy on. configuration 401B As a result, the .4.0lB 
canopy ·o/q: is obtained from the test data by rationingthe 
canopy frontal areas and then basing the drag coefficient 
on the 401B. wing reference ·area. · 

(U) Nozzle The reference nozzle drag is the boattail 
pressue drag on the installed nozz le. An average maximum 
power nozzle position (40 inch exit- diameter was used as 
the reference nozzle position for all (-both subsonic and 
supersonic calculations .of. the reference nozzle drag. 
variations in nozzle drag due to eqaizla. powersetting are 
included ln the. thrust reference nozzle drag is estimated 
by use of the McDonald Hughes Method," as describedrevised 

in Reference 3. Additional discussion of. the nozzle, drag 
is given in .section 3.6 

Diverter "This drag increment is the pressure drag on 
the inlet boundary-layer diverter. It is detetmined· from a 
computationof theaverage·· wedge pressure coefficient 
accounting for the: total pressure · loss through the boundary
layer when significant 

(U) Cowl. accounts for the compressionThis drag. increment 
due to the locally high slopes in the first ·30 inches of the. 
inlet cowl when operating at a A0 /A1 of 1,0 (i::he basic · drag 
equation applies at .A-0 /A1 1 .0 only) , A second-order shock 
expansion method applicable to bodies o! revolution reference 
4.). was used to. predict this increment Cowl. drag- variation 
with reduced A0/Ai are included in the prrropulsion data 
section ··3. 6), . . . 
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(U) Secondary Systems. This drag increment accounts for 
momentum losses due to the aircraft auxiliary air systems 
These systems encompass all functions other than the engine 
requiring externalair. included are ECS ram-air system, 

.. the gun-compartmentpurging system -the· oil-cooler air system 
and the engine-compartment air system The drag coefficient 
increment app lied for these systems .on 401B is .-0002. at both 
subsonic and supersonic speeds A momentum-loss analysis 
for the secondary-air sytem is the basis for this estimate 

.Additional discussion is provided in Section 3.6 

(U). Missile Pylons This drag increment Accounts for the 
two AIM-9X misssile pylons. It is based on test data 
reported ln references 5 and ·6· adjusted for pylong size 

differences •. 

protuberances This is an estimate of the drag due to 
antennae air-data probes ram-air scooops navigation lights .• 
and, static dischargers ,. This drag term is based on data 
provided..in· Reference 1, 

3.,J 1.2 External S.tare Drag 

(U) The external store drags used in mission performance 
calculations are shown in Figure 3 3-1 The increments are 
derived fromF-111 test data documented in References 5 and 6. 

3. 3·.•1 •3 Airplane Growth Effects. 

(U) The variation of minimum drag drag coefficient with 
· aircraft size (gross weight) at constant wing loading is 

presented in Figure 3.3-4 The basic form and friction 
drag were computed for two other gross-weight airplanes 
15-,60.0 and '18 ,·ooo lb canopy I· nozzle cowl, diverter, 
secondary systems, missile pylons. and protuberances are 
assumed to have constant D/q 1 (i.e •• are constant size and 
independent of air lane size-) •. Also, .•.It is assumed that 
the ratio of· tail and ventral area to wing area is approxi 
mately independent of airplane size and, therefore, the 
wave drag coefficient of the wing tails, and ventrals is 
constant the fuselage wave drag coefficient based on 
frontal area is considered to be inversely proportional to 
the· square of the fineness ratio therefore, 

CD i . (A frontal 
wave fuselage FR2Sref 
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(U) If an estimate of the length and frontal areavariation with 

aircraft size is given the variation of fuselagewave drag 
can be computed. 88th ABW/IPI 

(S) The minimum drag presented above in subsection 3.3 .• 1.1l FOIA .SEC 
is for the initial design gross weight of 16,800 lb, The . · · r;~·· 
final gross weight required for mission performance is · · h 
slightly higher 17,115 lb and the minimum drag can be 
adjusted accordingly from the data of figure 3.3-4 ,_(..,-6.,. 

.uT,,(,,, •. ISec 
3 3.2 drag Due to Lift 

The drag polar shape, including the effects of leading 
edge flaps, are based on convairAerospace FXwind tunnel 
tests at the Cornell Aeronautical Laboratory .(C .•.A.L. Test 
316-113 and C.A.L. test G52-423 •. The validity of this 
data for application to configuration 401B is readily 
seen in Fi.gure 3 3-5 when· the platforms of the FX-132 wind 
tunnel model and configuration 401B..are compared 

.. 
-(U) The leading-edge-flap 'design on the :wind tunnel model 

Cf/C = 18% at the root 

Cf./C = 30% at the tip 

This is. identical to the leading-edge maneuver flap designed 
-for configuration 401B 

The only adjustments made to the test data are 

1. An aspect ratio correction of 3.0 to 3.2 ... 

2. A t/c correction of .035 to ,040, 

(U) The drag - due to lift polars are presented for specific· 
Mach numbers at the pertinent leading edge· flap. .settings in 
in Figures 3.3-6 through 3.3-10 The minimum-drag increment 
due to leading-edge flap deflection is defined _in Figure
3.3-11 . 

0(U) Trim drag· is defined to be the drag increment at .. con 
stant cl between the ..polar and the ~H • htrim polar 
as shown by the sketch below 
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(U) The longitudinal stability characteristics and hori 
. zental ·tall deflections required to trim are· discussed in 
section 3 .4 Thesse required deflections at various perti 
nent flight conditions are pltted in Figµre. J., 3- 12-. 

The estimated drag due to these deflections shown in 
Figure J,3-13 is based on wind tunnel data (from C.A.L 
Test G52-423) for an FX-132' configuration with .an aspect
ratio 3.0 planform differing only slightly = 3-l, 50 
instead of 350 A= 0.3 instead of· 0.2) from the one .shown 
in· Figure 3.3-5 "The airfoil .035 biconvex and leading 
edge flap are identical 

{U) As indicated it) Figures 3; 3-12 'and. -13 all performance 
calculations are made for a center of gravity of 27% MAC 
which was selected to provide a minimum of 35 -static;i margin 
within the combat\ envelope. 

3.,3.,4 Trimmed Drag Polars 

(U) .The trimmed drag pola rs used in the perfom ance calcu 
lations are shown in Figures 3.3- - 14 through 3 .3-19 The 
high ·cL drag polars used for the energy-maneuverability plots 
are given in Figure 3 .3-18. The· trimmed drag polars used ·· 
in takeoff and landing calculations are given in 3.3-19 
In Figures 3.3-20 through 3.3 ..24 the same data are plotted 
on the basis of CL/(W/S) versus: CD/W/S 
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Trimmed (L/D max) versus Mach number is presented · in 
figure 3~3•25 for various leading-edge flap deflections It 
is seen that the leading-edge flap design of configuration 

401B is .a very effective cambering device A deflection of 
10. degrees increases the (L/D) max by 20 percent to 10 •.8~ 

This is only about 12.·percent less than the (L/D) x expected 
for a blunt-nosed cambered airfoil, -and the variable flap 
· eliminates the off-design penalties associated with fixed 
camber · · 

3 3.5 lift and Buffet characteristics 

(U) trimmed and untrimmed CLvs curves for configuration 
401B are shown In Figures 3.3-26 through 3.3-29 The trimmed 
CL·vs_-a curves 
J ,3--30. These 
CL vs H from 

The method 

for takeoff and landing are shown in Figure 
lift predictions are based on CL vs and 
C.A.L. Test G52-423 mentioned earlier 

used for predicting buffet characteristics 
is based pm an analysis of the CL~vs- x curves in the non-· 
linear region 'This method has been checked through com
parason with available -flight data, and reasonable ·agreement;' 
has been obtained derivation and·· documentation of the 
methodis contained in reference .8, · 

(U) The following boundaries are def ined in terms. of pre 
dicte~. flight buffet acceleration 

heavy buffet: 

(U) These buffet boundaries are shown in Figure 3 3-31 as.-
·.a function of Mach number. It is readily seen that the 
leading-edge flap design for configuration 401B raises the 

buffet boundaries to a highly desirable ..level for buffet 
free sustained turns at Mach- 0.8/3O,OOO-ft altitude 

(U) Configuration planforms of the 401B and FX-132 type 
generate large amounts of vortex lift after the mainwing 
has stalled and the maximum CL is limited only by. tail 
power The control limit CL for configuration 401Bis 
shown as the upper boundaryin Figure 3. 3 ..3t also see 
section 3 .• 4). 
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3,4 STABlLltY, co~_QL, .ND. -~QI.:l~- QUAL:I'rlE_S I 
! 

(Ul ~dlirtg qu~l_!t:i~/s.tabi.~ity .and ccnc-rol s:tudies, have: 
been p-rliiu1dly direct~d ·t:oward -ident.:l,fying des;Lp -feat~es. f 

I 
necusar.y to p"rovide e~ceUen~ ·han_dlti,g.·qu_~l~tias. ~• .I 
ve~y d~•~~;i.ng .goal, ia b11.sica-l.ly .ac:Mevable· through proper 
ae~.odynmqic· cQntigurat-ion t:ail~r:log ·to euua:._ superio~ i~-
hetec1t lotig~tudlniil and 1ater,l~direc.t10lUli 1't1biUty !lnd 1·ciJntrot. Pert:in~n·~ ·~sut~ii qf the: .stability and_ cootrol 
~ea;l.gn. tecb~iq_ue.s anA the approach· fo~icwe'd in support ·;,£ ·.1 
thia de)llandtng goal of -~eelletit· fi~ter· ba,11clli,ng qu~lttt..es: fa-re. presented ·@·cl· dis.cu&S.e~ Jn thia -,.ection-. .I 

J.3, 4.1 ·ttand1:Ln,1t ctu~l,lttea "Design 'R•t;:·:Looale 

.Specific stabiU_ty. and con.trol daSigg o~j~ctives i:ba_t;: 
werJ: -~c:i~l.~-~d _in .'the a~e~~m~·~ oi Configµration lioU for . 
~ce~l~.a~ handling· qualitlea in :the co~t.t 'reg/.~n are list,d: 
itl -Tab1.ti 3 .4-1.. The ~ey factor~ in. conf.!pra.t~ _des-~gn 
·deveiopnu1l\t a.re ~s:ted in the. tabl• for ·ea.ch .of ·the-. obje1r• 
tives. ~~jor b_enef:f..i:~. co be· derived ·.fo.r each. obj_ei:,ti.ve are. 
also trCJ1:.ed, . . l 

In .addit~on ·to the gbj-ectives l.isted in -t~e ta.ble, -.10!1 
inertiaa,,re·desirab.le fo~ !mp~ov~d maneu.v•~ respa~&e ~i~h 
-1ilµIiMU;111•d.&e.~ c.ontro1 .and. -a tabi~tzi11g s.u_rfaces· .. ] 

3 ,4 ,2 Stability ·8'1d ~oni;:ro\ Des~gn. i'ecrud._qµes. J 
(U) ~•!lBJ;"aJ. i,les·i,gtl g~~~es· to pri;,vii!e s_µp~r'Lo:r: ~~erent 

·!Stability· an_d _cont_ro.l cbar4'1t·l!datf.cl!' were eatab.Ul!ihecl·.· 
~etie ~eilign gui~ea .a.re. related· t~ pit;chup, pitc~ c9~trol. 
d1r~ct1onal stahill.ty, arad. a11,eran .yaw and ai:e dlir~UBsed 
below· in: rel·ation to· "I.rig_ pUnfoi:ui1. horizontal. tail 1.~
tion, fuselage· cios.~ .SJiaP!!I,· ve>:t.~al s~bilizing sm:f.Jc~•• Iand ai~e.1;on-· dad;gn_, · •. .f 

(U) Wing• Praa:form • ··fitch~p ·c~it!!tia_ -from.- }\e~r:ence lO 
I. 
I 

-are presented ~- .l'f.gµ~e ·3,4-1. 'nle·l4ng _pli.nforin pitchup.· •
~dary is ,g'iven .a:a a funct: iOP .,o:I: t:he. wins 11:l!P•~t r~tiP.. ' laarJ. !iuarte"I! ·cbord !iweep iJ.1 the ~pper pl~t of i'-i.gure·. -~ •.4-1 ■ f·
Qonflguraeioq 40'~» falls pear the bouoduy -in ·the sa.ci,s
t:ic~ort. ·regio.n.,· ·-P.ro~11_1ity to_~~ ~~c1u;, :in ·-~he s4tia- { 
~ac.tor, rogfon- is dea!tatita in L:teil af l&l'ge 'displacement· t 
below "the ·boundary-~ In, genet'al t "ttie severity· of tb.• a.table_. i 

i
i~3 I' 

\· 

j. 
t 

---· .. _., .._______ 
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I i.JJ.KaJ.ls@J;lLJli. .L.IIIJ.. ll..ii•.!W LIU.$ I)mAli.££c1&.LU.@L.L ..J!Ji.).. J #IL •.MIi..I . . UUfaQ 
·1· 

(ir) Table .3 •.4-1 RA.,ND~ING-QUALITIES .DES:I:~N .RATiOttALE 

llENEF1TS DERIVEDCONFIG. DESIGN APPROACH.OBJECTlVE 

•WING GEOMETRY (A~ Yli. A RElAT!ONSHIP) etNCREASED .COMBAT A~i!.ITYNO PITCl:IUP 
•TAllJ.00,TION (LOW) •FlA.L MA.NEI.IV'ERING POTENHAL 

AND PENETRATION INTO HEAvY BUFFET 
WfrH NO PllO.T fl:AR OF NOSE UP
TE~D~NCIES . , . . . . .. 

'---------f----...;._-- --------- ---+---------------------
NO AILERON YAW i • AILERON LdCATiON (AIL .N.T. RELATIONSHlP e RAPID COORDINATED ROLL

! FOR Cn 8<1 = 0) . . . . • PREtisE TRACKING . .. 

! •VE~TlcAL STABILIZING Sl,IRFACES (Hi v.~T. Vol.) • ANTI SPIN 
l------------"---------------'----'---+-~~-~-'-'--'---'--'--------

NO WING ROCK \ oWJNGPANEL GEOMETRY (O\MBER,. TWIST, •POSITIVE EFFECTIVE DIHEDRAL 
I L.E. DEVICE) . . . . •STALLING OF LEADING WING PANE.L 
I, own~.GPLA.NFO!Wi (HiCL a: fOR ·INHERENT DURING SIDESUP .At HJGH ANGLE~ OF 

t:: ! ROLL .DAMPING) W ATTACK ELIMINATED . . 
~ 1------'------'-'-'-"•~------------------,--+------'---'-----,....,-----,------l 

1iN.O DIRECTIONAL . • VERTICAL TAIL GEOMETRY AND.LOCATION ·• 1NC~EASED COM.BAT AGlLITY AND 
DIVERGENCE . (Hi V.T. VoL, ARy,-, V.T./WING/BODY SIDEWASH .MANEUV.ERABI\.ITY ' 

! RELATIONSHIP.) •ANTi SPlN.i •FUSi:lAGE FORESODY CROS$ Sl:CTlON ~POStTIVE DYNNAI<:: DIRECTIONAL STABILrri 
, •VENTRAL · •NOSE SLlCE ELtMINATED! .. . 

j . .. . . . ' . 

CONTROL IN STALL i • TAIL LOCATION (BELOW WING QtORD PLANE GPOSITIVE CONTROL IN STAll 
; tN LOW DOWNWASHREGIONAND BELOW.WING • iNCREASED COM1tAT AGILITY 
I WAKE) .
I . . . . . . . •All./H.L ROLL INTERFERENCE MINIMIZEDl 11AILER.ON LQ(:ATl◊N (MID SPAN/OUT~OAR0) •SPIN S0$CEPTiBILlTY MININ.iZED . . 

. .. ' . 
INHERENT DAMPING ' OAEROD'l'NAMICSTABlllZINCSUR. (HI TAIL. Vol,) II FASJ ~ETTllNG TlME 
{FREE AIRFRAME) . '. •WING P!.ANFORM (Hi CL a.W) e. STA!llE GUNNERY PL~TFORM · 

• P~EOSE TRAO:IN(,'; CONTROL 
'"------~-. .,__._.,,_i___·.~•-'•---·... .:~--·---·---•----'- . -·~--- ----,------------" 
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break b the ·wl~g/body •P..i~ching moaient- ts- propor.tio~l t:o· 
the dbpace111ot1t :v-a"L":i..at:-f,.on·, bel.ow t:he ·boundary: .Severe 
s·ta..biU.dng b.re~ks· ~•v~ a det'rimental. effeci: in re.du~ing 
the -¥.n.euvering cont;;rol power, el!!pepi~J,ly. for a low horl
zonta-1 ttail location. 

·(o) Low ilorbonh.l Tail • Horlz<,ntai ta.11 p-~aceme,il;_ o"f: tJ}e 
401B C(?~figu~at:lon- fails. in ~h_e low-tail ,:egiQn 1to11 in- the 
-lower -plot· o"f Figure. 3,4-~. ·Th~B- low tati posit-ion,. in- cqm.-.:
biriation with_ ~he goo~··wing planform p:Ltchup ch~r-.c~ed.1tics,. 
a~s1,Jr~s- near l:inear pitclting 1ilolilent cb4'racte1'.is·1:;1c-s ;ar; S.'Jb
stinic arid tr-an ■.op~t: E!Peeds. 'IJII! horizqntal tail- :b.eiow- ~be 
wiog c~or_d pla_n~ :is in the low downwaah: r.esior& -to .proYld~-
-tq~ 4e,:t:rable aft aerodyn~mic'"c~t;.er .p~1t!on at low. aub• 
·s(?nic speeds·, The low· tail. ·re\lll&ins in t~ ~ow· ciow.~as&
regian: as the airp-i_ap~ rota.tes to )dgh angles of attack ana, 
Ill~ t. _pr;ecludes ·its .pasi'i,rag. dt;ern~tely,· ~rQD!: h~~ t::a· lOl\1 
d0wa1Wa1ib .x,egtons as it. passes -tllr~h -the·--~ng wake.. The. 
res!J.1.t· ~s a des-:i..rable .near. .linear pit~li£ng· ilioli1el\t: C1Jrve to. 
.high a,ng_les of- att•clt ■- ·the hoi;i.z~ri\:at ta:t-is·. moun-t.~d low 

'and.aft on th~ fuse14ga exten~io~a alsQ provide high trim• 
•iiJi~ eff.~ctben_e,s., ~nother iuipor~ant aspect -of the low 
tai1 is tha.t ·it .111~~imize• the ·trausoni.c- •ft aerodynami~
·c.~~t~:r i.;rav.el-, . the; low ·br:ri;~ontal tail ~" -~ key feature ii) --
co1;1£tguratio',1 ta,~1; of ·aa air -•u-pedority ·Ughter, 

(U) Fuselage· tfose Elliptic!tt " $:tat1,c: di~~ction_a._l a_tab"ility 
i.s tJie most sigpiflcant aerodynam~· ded.vatit,e affeC"ting. . · 
14"1;eral-dtr.ec:ti(jaa..l. lt~4U.-ng qualities·. Mai.rlt:af..n!Jis .ja posi.. 
ti,re ·1~val of ci:t.recitional sta)>f.-li;t.y at_ ye:i:;y l:il~ angles :of 
attack .is a- in&ttJ!!t' :0f·.majo1: !l~_iP, lmpo.~•nce •. ·A cont:n.b.~t::
ing fact9r to th~ ·<l!rectioqal ·stabilit;y le'V'.el. ia the ins_c,... 
b.i.lj.ty of ..t:1'e :fuselage, Proper tailoring· Qf t;he fµs.elJge_..-· ~ose· forebody seccion·can hav~ a pronou~ed ~f~ect in .reduc
i:ng ~el,age· instability· ~t higb angles 0£ atuok (.Ref~re.n~~
u_:··. :~nd 12 "). ~tiselage .foreb.ody,. ellipci~ity_ with th~ 111_41.j~r . 
axis i.Jl thGJ lior~o_ntal.. plane can .gl'~c;y influe(!ce the o~rall 
improvement in ·fighter .d.ir.e~tiona-l sta};~lity at high -,.ng_le11· 
o~. -atta.ck, .as :c.ep.resen,:.ed in F-1,a,i:re 3 .4-2. .?or~ody-sbape 
dlipt!ci~ baa:been .inte_~tated ii;lto the 4,0lJ5 ·des.lgn, 

·(U.) .Ho~el. t~s t data on the .P•:5 (l~f.e3:'.en0;e. l3) and· l'•l;~O 
(R~fe'l:'eniie- it,) airpl'-_ne,t a~~a.t:antiate tl.;1e i.nfluenc.e of' .8';1. 
~ll~pl:':j.cal c~oss -~e~.dcn sl'lap·e .on the·. futol•ge nose. ~-p~~rd: 
imp:,;ov.ing the d-i.J;~tioriil s.t4bili~y at _big~· ~gl~.li of attack.· 
Tail~~ff directloiial .. ~t•bllity del'i~e<i ·from_ the- F.•5 iii P.te·
sented as a fuJ?ct.ion of a_ngle. oi a-i:t~k-.in tbe :upJie_t· pl!>!; 0£ 

13.6 
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l 
F.igure -3 .4.3, Abov..e ~n· ang}e c,f a-tta:e:k. df ~Qc,µt: ~6 degr~es 

•· -&here ·i~ ,.. de_c:id.ed itiip-i:-ovement -~~ st:abi.U.t.y vi.th in(!"i!~dng 
'-ng).e 9f at-ta~_k.,_ This improvement i;.p- ~tt;ribu_ted· to the F•5 
n.ose e~lipt1c1t'y.. 

-. 
Supe~so-nie di.rec.tion•11:l s.tab:j.Utty. data· at Mach l.6 for 

die P-.100 with. -1,he verticnl :ta!L off is ala"o shown in this. 
p.iot,_ A~ an i[!S·le -o·~ a.tt&i:k of .app.rox~t,iy 16. ci_egr.ee~; 
tbere iis .a .de.fi~ite. ac-,blU..zlt\g_ trend tp. _tb,-1-!,t-gh_•angie-o.~ 

-~-1;.~l?k range, s~~- i!D-F.~oVlllltl~t b~ _s-~abili·ty :-l~el for ·the, 
F·lO(;>:·-is- als.~- att~ibuted ·to· ·tlia fmiela~·e nose ellipi:i"Clt.f, 

u·!Jo in :J:i.gar!it= 3-_.4-3. (lWtt ·_plot), a colilparison is 
:!iven of Cbe nose. ·ctUp~:Lc"ity p"f ehe- 401B _c:on':igurat::i~ ·with._ 
·t1u1t. of .the F.-j -.~o~: ,._19p. 'J!h•· nose ,UJptici_fy. is shown 
a~ -a func~t._1;>1'.1 ,of- percen.~ -·fuselage. li;_ngti.f and it. ·111. e,,idenc 
~hat Rll- thr,e.· ~Jve· es.sentta-lly the •sinie·· 1evel of e-~liptidty. ~ 
Con~eq!lent.ly-, .ft· is. pl;!oj-ec~~d tat!). ~he uppe1: plot (dash~d..I ;ine) ·tt;at .Ccnfi~:c•~•icn 40.l• -ril.l pcsse.sil the same. fi.vor:able
improvmaent. itt diract~onal stab:f.Ui::y-- at. h!:gh .-angles- .of att,ai;Jt. 

(U)- . Twi-n Fibs. and ·ventrals. - An~ther tmp9rtant. design . • 
aspect fo,llowed 1a _provJ;iling: good· dlrectiorutl iftabilil::y_ tp
~P. angles of· ·attaclt ·ls tbe location of th111 ve;,:S.c;al sta-
bil_1ztng ~ur~•~-~ the ~t i.mp.orta;nt ,single p41i:ainet:er -ln 
defin~g i:atl. ·13ffectiveriass ·Rt high -angle_s· of .e,tt;o!!lc;k :l.s the 
amaun.t o_f ver;tic~J surf!lce .area ,-bove- an,d clear ot· destfi .. 
bU~ing yQr~i.c.es g_~,rated )>y tbe .fuselagia nOse-1 the· eanopy., 
·and the :wi.i,r;/bo4y i~f:ers@tion.. On tli,Ej..basis· of .these con~ 
·s.ider.atiori_s, -outboard -tw"i:li fins on aft f1iseltge e~_tensiona 
~ith veritra.ls ~rojecting .dir~atiy ~~low.ond iA -t~e pl~~ of 
·ueper fins- have ·been selected ~o ·H!tve _as ·dfect;ive s.tab_il1_~-.. 
in& surfaces ·.to '!ei.y..high angte·a oJ; -~e;ca~.k:., 

(U)., Ml'd-01.1tboard Ailerons ._. Configura~ion. fac~ors'.whicb 
inf·l~n-c• a_ll~ron yaw h.-ve .been ":lnvesti,gated ~en: pre-t~~n-ary 
d~_dgn ·gu:f;~el:l;nea. lt has been. found t:hat· a:l.leron defle.c
ti.on pi-oduceii. y.ii,wing aitim~t pd.i1Jaz."~ly ~Y-. two effecta.1_ aaraely·J 
.si~e ~orces· j,11duee:d ~n t"'e vartic&;l ~~11/a.(t -fuselage and 
·dU(a.ren,ees. in .d-rag_ inc·rements foi' the up:"7goi.ng.··~nd.· 4awn-
. gain$ colt·t:cills. tori the. -case of _an air' ri.upcsC'iodt)' fighter, 
.niajo'L' µcf;~r,r in o~dei:: of itapo:r!t,n.~~- a.i,-: , 

l. Vertical ·tau •l<lCCl.tioq w-it;b. teapec_t; tp, d~-e:t_a~s-

2. Win~ height ·on the fus~laJe 

138 

.. -------------

--------------------------------- ----------------~----

https://ri.upeC'io:d.ty
https://veritra.ls
https://vQrtlc.es
https://p:..1.00
https://decid.ed
https://ci_egr.ee


• • 

f 

I 
! 

'l 
-··· 

,_,-

..r 
!- t.
I· 

-t 
1-

l 
L 

-\ 
J 
! 

!".ooz 
o_ ,f 8 )Z 16 zo -24 _za 

·tt -- hP.'•~· 

l -_,-:-., 
I 

' QT l
.- ' . ·:...L. 

-- ' ~ 4'\.-A. 
:1 i_l.f .., -

I 
I l(,. 

11
I 

r 
! 
I .-

'(U) _F~~e ·3~_4'.'3 ·ruselage .. !(oae '.Bl'.U.ptict'ty-· .. - __ .,, ..---·--- . - : ·.... · - ..... - -·---·-· .. -
., 

139. 

I,.. 



.rr---··-·-
1 ' 

.(U) 

' 

.L 
. ; 

.I 
\ 

l., .Drag _clf.ffiirrantial of the--up•gc>ing ve.1:1Jua: 
the" d~u~gaiqs; C~l!t:roh. 

raetor:s l and Z are. b1111icaiiy re.lated ~o- tb_e inc1."ffll,11ed pi:e~
sute field i"duced aQov:~. t.~, up-dtfl~ted .surface, iit1d ate 
pa.rticula"t'.:ly pote~l at t):~nsod.c and supera.on.ie ;ipeeds 
because_ of th.e presence of a1:·rong nbock·wa:veii.• Generally,, . 
v.ert:1.cal tati l-ccation detem,1m~s th_e Jevel o_f ,awing !119iJlent 
due} to •ilercm. Prag vai-iat:fons with, Qontrol d~flection ari 
the chief- source 0f_ adv~rse· yaw. Facto~ 3 'would be dOlid.nant. 
.only for lrlgh-a_S.pect~rat.io wings_ with outb.oard ailet'_ons. In 
:f&ct,: u~h of the factor~ b. inf.luenc:.ed by wtng planforiu .and 
.~ect;i,<11r geo_a,etry,_ wi~h sweep: a~l~- being of'. pa;-ticui.:c· im
pol:'tancl':" tci 1.~c-,:pr!i. 1 ·aud: 2 •. 

on i:he basis of the..aileron yaw invesl;i&a.t:~Qn_ resui~, 
a configuration ~edgrr gui:cl.e.line pr,ov,ldillg ,.des-ii-able· verd
cal tail loc~tlons baae(l Ol'.\ ·ail_eron yaw characteri.$.tic,s· ha.a 
been -devetop~d and is :preseDted iD .F·igull:"e 3-.·4.,._4. Vert_:Lc-.,l 
ta:U loc:a.tion. relative to· the aileron !a speci'fie-d io. "t::erms 
oi" profile angie in the vertical plane ·and pillllview' i~ngle: 
fo the ·hox::l~atitiJl plane .•. -ibe destr~'J,le ~~io1" a_f vertii!al 
ta;l. loe.ation· indi_eated in- F:tgitre 3~4..4 is baaed upon: tran:-
sonic aileron-control yawii'ig~oillent· datll .for the- numbe~- of 
,.;pecUic cqz:tf·igut:a!;ion.s listed:, Con_figurat:1-ons- wi~h 1~-rge 
planview angles t!,toa· to. have -strong. adv.ei'&C! yaw and '_thus·. 

-woul~ be susceptible ·to atl~rQn_~in.tluced 11plna. ~onfigur.a
ti(!a.s with ex.treme·l,y lQW plan-view angles should a-ts·o. b.~ 
avoided, sinee exce1i"siv.e p1:0verse. yaw i_a a p1'i.1u contr_ibµ-.. 
tor to 1-te·ra_I,-dire.~tioqfl p1l9t-ir:a~ed osc!.llatiott.s. In 
gl!ri.er.al, the_latter.·configurations woul.il n~rmal_ly .have -in,
board aileroas· ;l.n clo11e pJ:Qximity .t'Q ~ho. horlzont~L .ta_:t.l. 
Such_ an arra11gl;iment may.. g~ve-·l~rge ro_ll~control power losses 
d~e to b~dtoq~l tail int:erfe:i:enc·e effecte, It is :seen 
~b"'-t··t:ti.e ppnfigµ;-ation 4_0111 e,il~ron/vertical ~ail:arra~e.111ent 
is i:a the accephµle -region, 

A low wing :height. p0uitio11 on the. fuselage ~Jso cOJJ-
tributea. _t0 proverse aileron yaw··due to lnduc~d aileron- e:ld.e-: 

·-wash on the aft .b·ooy. 'l!he opposite effect1 pr ~dv.et".ae ye.-,, 
oc~ui:-e with· 11 hlgh win.g on· t;;he .body. tor·~ _mi_d_-wing on i:he. 
body sue!:} ae con.f.!gur~~ion 401Bt. a neuttal e.ffect from ·the 
bod;Y conti:.ibution· due to aileron sidewash is· experienced, 
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S-EORET 

3·. 4: 3 Stability ilnd C:ont;o~ )1de. Data· 

St:41,b!,ift.y a,11d .-~~ntrol ,a.haractel;'i;st·tcs -ara the fimda• 
mental ~ontrf.b~t-ioa to handiil'lg q'1alit1es~ In tll11 ~ub• 
sec:d,on,· ttie J.1Nd1ct:eir basic. atat,'.Ultr,· _,-.ad. -~~J:i:C!l dei1,v~w 
·t:1.ves uHd lri devel.0~1,l'ig· 1:l;le· pr~1c.1::,a ~aliag qualities, 
llf the 40Jll ~onfig,u~~~.io~· are pre~epte!,1~ 111 g~ne11al,.' 
·st&t'U~~d: N~s,\ :B)'lllhq.l~ and· det~nitions ·~·· emplQyed, 'Witl). 
.the- forces ·referred to the ·W:ind Jnc:ei and the. mom.ents ~e•• 
_:ierre~ t~- ~Jle ~tabil~ty axeil- exce1t 1n the ·c-sea for.. the 
d_ynamic -.dire~tion•l. &.t'abiU.ty· an~·lat,ral eont~L tfp.in. p&fa
met~,:-s·, •~~4.h &J."e .r:e.f'err.ed to· ·the &ady axes s_yst~ •. 

-3-.4-.3,l Longitudinai -Stability· and :contiol 

The two prime ·basic ,s~J:i'ilit-y oh~$.:t.E!r!lftica, D811!elJi 
·attradynamic center. and d~;r,(lto.r. ~on.t~.1 e!fectiveness ·a-re 
-pi:epent:ed aa ~nc.tieins of·'Mach number in :n~es. 3.•.4•5· .a~d· 
·3 ,4-6. Straig~t~fon,aril ianalytic.a.l techniqua, ~ceil&Jfu11y 
.usad and·_ prov~ teli~b'l~ ~~- the paet tor simUar wins pl~n
.f9m .conf.t.gure,ttons- ana tula, _have :b-een .emp.toy•d to develop
.tb~s~ cl,iar~e~t;trj.st.ic.s, .. 'lbQ. effeo.ta of aer.oaiaat:i.cJ.~y, ·bas~~ 
on f1xed~ih~ rx. elit:lmatea., hav• .ti.ea~ inc_l~d.ecl~ 

CU) . We1pt. Glad balanc~.char&c;tterta~s ~ Cpnfig'lir:a~.f.DQ 
·401B are ·ust:ed ii\ 'Tab.l,e 3 .4-2. 

-00- Table ·3.• 4-2; :WIGH'l'. &.· BALANCE 
<$RAC.rDIStICS 

(Jr9.•htf1~~ C,G:, 
l% MAci 

1~1 800 (full ·up.) . 
ii, 6.14. (~er9 fu_el) • 
1,l',:~~ 0,li.!lic .oplii:-at:ing• w.eight) 
11,58% (wei~ht ,~pt;y) 

24 •.9 
:u.·z 
2~~4 
:24 .•·7 

Wi.th. a tow..,sveed a.erQdyna\l_lia a~~ca,:· of 301 ·MAC t :a~~quate 
iii ta.tii:. ill.llt-g:lu .ia p rovid_ed £01:' ~he t:aka"Off •~c!I 1.an·dio,, cond,f. ~ 
·e:Lops, Siiai-la.~l.y 1 posil;ive •~•tu: ma~gin, are available 
.th;-ou~~ tb.~ ..flight: .f.!nvel_ope_. A deta'il sUlllinatj of ~eight 
11nd'.:~alao,:_e itJ p_res~n.ted in Section 5. 5 • 
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(u)· EHima~ea pltc.h -damping: 1,s, p,;esen~~d. ,as II tµn:e,t:io.n -Q( 
Hsch -J\umbe.r 'in figure. 3 ,#-7· an~ ·a· fun!it.iOT\ o.f ang_le· of 
~tt'ac-~ _iµ· yt:g~re S.4-8,: 'P.ltc.... dynamic-model teat r!a~• (ii~~ 
Paper 4 .of ·.aefete.nce lt) subsc.lin't.iatei that the. ·blencle:d ·wf.J.lg/
bo~y :of Configuration 4018 will mainl;:d,n a -goo.&\ p.odtlv:e 
Level of p·!.tch· 4amp.ln:g. lit higlts ~ngies of :at:~act ~eai- tlie 
stall, 

3 ;4 ,3.,2 t.at~t:a'l-l>~_rB(:.ti:Q.nal Stability :and ~ont·r~l 

(U). Sta.tic d~rectionaL -stability' ts e;h_e inos-t ·signUicant 
st.ability ·der~va.Uve .that ·a-ffec,tS' lai:etd-dit-ec·tlonal 
·handlin,g quaL-i.tie1. P-redicted· directional s.tabil.t.ty 0·~ ~he 
twin.;_fi'ri/yel'i~ral. ar.r~nge.l!,l~t;. ls. .shs,~ :for_ ~~.r:.o '.8-ngle 9~ 
41:t!lck. !IS a 'f~nctian .of Mach numbe·r in. F:igure 3·.4.-9 and for· 
.a. Mach number ·of o·.s as a fUnc.tioiJ ·of ang1e·J1f at;t;a~k in 
J'-lgur~ 3. ,4.:10. St~ndad pre~ic..~Q_tl· t.echrµ.q~es. for -ve·i;tical 
·t~H ·ef(~c~!~ne11a ~~~e -empl_oyed. The ·varµtioo 'in vertical 
tcl!il .stabq:tzing effect:.iveaesif with a,ngle· 0f att:a.ck.-. ba:s '!>~~l'\ 
p·aute_rned .after t~e rx- !:~.fu-f~n moc;le·l ··a:at.Jl, Veaitical ta:l.l 
aer0e.las-tic effec_ts shawn are baHd up~a FX. estimatea.. T.li.e· 
.et-fec-tiv.enes.s !if the ventrals ·u, prQviding tl:J;recdOJ:1.al. st;a.-

. bility. was d~~ved· tttr~gh -pl'Qp_er vent.ra'.l volum.e -c.~ffic·tent 
·co~rec.tJ.~1f •pplled ~a. rx mode! vent~1 tes't'. data·. ·sody·· 
-insi;ablUty at 1.o~ ·angles ·of 'Att..iclc:'wils estimated- accotd1ng· 
'to ·Mul'tbQpp I s- .m.e ~od. · 

< 
', (l!? The. hf:gh- levels .of ditec~i~,l &tab~U.~ ·iflili.cat~ _goi:,d 

la~~ral~dir~t:iQraal l\andling qualittea to· ~agies pf ·,;:tt:aelc 
~e.11 ·above. limit. 9u~fet: -and· well past m'anliluve~- lilliit"1 -~~ 
shown in Figure .. 3 • 4-~10, 'Elie imp·rovemen~ in ·c!t~~~:tiona1 sta..

•' 'biU.~y' at. ·tha· very nigh lµlg;Les o.f atf;:ack. in·"F-igu.re ·3..,4 ..10. iS' 
·att-rib~hd. to_· _1:he .fGrebO~Y. 11·0se ellipi:tcity,· as describe~ · 
ia $ubsect:fon 3-.4 .2'. "This favdrable forebo~y .i:.or1tributi~~-
to· improve body ·-instability- at-. h~gh, angles _Bt 11t.tack: ls. 

,, based on F-·s &i1d F-100 body ditectio~al s.tabi:lit;y ~ata as 
~hown i~ Figµre l...4-l;_· 

(U) ·.Stad:-c. iate~a:l •·~ablti~y- irl' te.ms of effea~ve-. dihed,;-a-1 
is prese'l;\t:ed a·s a. ~nc.tion of Macih .riumbili!r irt Figure 3,.;-1_1. 
,and as .a function of aogl.~ of ai:t:ac)c iiJ,. rtgure·.3.•4•12-,. The· 
p-~ed'ii;tad yar.i~~~o.n~ -a~!!I. p,atte~r:1ecl aft:lt!Z: si:miliit· tl'ata 'for· 
the p ..5 a_i_i:pl.ane-.: Positive dihedral effect. is ~pp~ent .ev«;;J 
to {!igh ·angleB of ·attack, the po~1.tive l!lJy-E!l .of· effec;tive 
dihe~r.:al sh9.Wll ac hig~ a~gl~s of. a·ttack pre,clJ.ideti t;~ presence 
of· ~i.'R'g roc,k •. 

l~ 
-----·--·-·..·•-..- -- ...,_,.__________,_______________ 
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r 
'(U) The vadafion's__ of aileton cont:-ro-1 e#ect;iven~as ~it}.\ 

Mi!:h. numl>ei:" -ai,d- aagle of· att;,ck __ !1,l't!! s~own in F-iJ~i'es 3-.~.--1_-3. 
an4· 3·.4-14, resp.act!.v.ely, 'tl_\e_!le da-~ are ba~ed •directly 
upon tran11onic toll re,.ea-rch -m_oilel tests· (Re-fijrenc;e J,S..)_. 
Adequate aileron ·c·ont.ro~ effect:i:v,enes.·s; i.- provided to .hi_gb 
•ll&l:es of ~t:~aek. ~sti~_tQ.d _aer~elas'tic E!ffecbr· on -aiieron 
cc;>nt;r~l a~e ·M1c l~ded ·and show.. ~hat ade-quate ai-ler00- roll .. 
!=cmtrol effecciveness ··:l:s. mairitalued t'hr.ougn.out t.be .-flight 
envel~pe_, '.the m_id·~1nJr deatg~ .concept all.ow; a hilJhl1 
e.fticiel!t, tM_ck 1 wt-ng· r_9ot:. ·st:~ture, which, ,-in. _cortjunct:l.on 
wft;tr t~~ lot.1 .-•~:~~i::-ui:al =·a,spec:.t. ratia of 'the wing, provides . 
a ·Mgh1y. rigid wing air.£1.:ame ·t.Q P.r~J-.i~e ,_e'r:~l_a(:1-tic- a,il.eron 
roll reyersal. •. 

(U) ·The ·predicte~ yaw due to ailer,10 ·.deflection, cQnpatib1e· 
witb. the roll e·ffec.t-1veoesa j:ir.~d.1c~io.tis_1 ~s p~e_sen.ted _as ~ 
flmcl.io_n ~£ -~c•~ number .in F~gu-re 3,t·4•~ llnd aa _a- function 
of angle ·of attack in F·igilre :3 .4-·16.,.- Thes~-- p~edl,c:te~ para
metei::s -·are· based- ·on ~he resul.ts of analy.~es o.f a:va:Llah.le 
!:e11t- ~~ta -fo_r. sl•ila_r C'~!iguratlons.- The pi:-imary_ c"i,rifigura,• 
tiori e-ffect:s were ·isolat!3d.. arid· t:he vq;tues- were e_-s-1,:ima..ted for 
th!= ~Ol_B •rr.al'Jgeijlei'lt:, K~te~ :p,artic~larly,- ~hat_ ~If .·.demon• 
s~rates: a· relative·ly nsll V•r;-;i.ation- with- angle- .of~&- ilt:tiac:k 
and ·does J\OJ:: fis·sume :li'e_ry .large- .,it.dvetjle or pi'oversa Lerels_ 
eyep at veiy ·h:!,.g~ ·f_U.ght attitud~s. 

(U:) R.uadar aff'r!ct!~enes-~ is .pres.ei_,ted ~s: 4_.fµact(qn· of Mach 
11:Ui!lber 1-l.'I- F.ig~r.e 3-(4-:-17. /.er~~last;ic eff,cts O'i\ rud~er 
~£.fectl-veneas ·at'-e based .~n r.x_·.e·eti111at~s.- A:deq~•t~· dtrec.
t!gn~l. ~on~ral µ .~vaila~~e ~h-t£?CJ_ghou~ the Mac::h..,.lt-itJ.J.c;le, 
~l:lghc _-env.e.lope·, · 

"(U) Esti.inaces of ·yaw~ ao.d .roli•ra.t¢ damp"ing P.!lr~J:;ers· ar~ 
p-r~,IJEint_~d .as ·• fµ1:1ct1on _c,! Ma.ch nUl?.~er in_- F:igures 3 .4•1~ and. 
3 ,4.,19., respectively.. 'l'bese _parameters are used in ea tli.:blis.b
ini ·the la,teral ..;"tre,c t_i9na.-t ~t:ee.-ir.irp l11ne dy~41!lics .•. 

J.,=4,lf Handl-;J._nl.',-. Quitlttiei; 

A- :limited anal-ys_ts of ··the free. a1-tplane h~:nd:ii1'& qµaU
t:;i;_ss_ o_f cci~figul."adon 401:B-. (igh·ter- baa bee_n co.ad.uc ted; In 
s~. ~ases,.appro.priat:e f(IL-F-8785& ·epeci~ications- ate. 
ii't'dic«ted for• comparative _purp9ses • · 
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SECRET 

(tJ)· . ·Pert-1:.n~t;· ~an.dJ.igg qua-liHea _for ~tie pr-imary. operating_ 
.condl.t:io.ns ·in--tbe- i::ombat rsg;hm, showa in -Fi&uZ'.e 3.•4:'."20., 
have been fnvestig•te~. to ~~ab-Li~~ the p~edict~d-comba.t 
.flight cbar..acter:i,s.ti!?S of. ~he frea· airplane., 'these. 
charact~~tsd~s Wi-11 ~ .eu~a11ced .by a simple. ·stab:Uity an~ 
c011m1and .aug~tat:Lcui- s.y.st:em.,•. . . . 

G.ross W~igb.t 
C~nte~ ot ~ravity, 
Pi·t:*h Inertia 
!aw Inerti.1 
Joll laertia 
w_;n_g Ref. Area 
MAC 
·tUng ·R~f •. s·p~n 

3 .4·-. 4-.1 Dnl&JlliCS. 

(U). . . :Lo:a,.gi.~udiaal shart..-pe,;to:d frequea~y 9haract:er:f;st"ia• are· 
·presented ill figure 3 .4~2l tor the free a-1:i:p_lai:ie ~ J(eq~~.. 
ments .of--. M~L-F-8_7$~B ire ~ndlcaJelJ for_· compa;tat:t.ve pµrpos~ 
·ool,: to 5.how ·t~t: al.l of the ·eombat fl_ight. conditions . 
iaves·tig~tad fall it1 th.e slitisfactQr,"-Level l .t"~gio~.~ Un• 
:augmented ah,i"r.t:•"j>eri.Dd •pitc)l'!!damp~p.g ·ratios .f.o-,: ·tile c~_rra• 
s_po_nd;lng; ·£light c·onditiona are ·t~bnlat:el:I :L'n the legend· in 
_Ftgu,:e 3.4-U, ~-iod freA!'aii:plana ·damp~ ras;ios-· are e.vl~ent-; 
·however, tJ:le a~gaiesita.~ion 11y&te&11 will,. ~thH ·enhance tlie.ie 
cbaracb!~is~i.ca, 'J:bei·e data ar_e. in:di~'1tiva. af· ~ -~~_J,lent 
.long_i.tudli,a.l, :short-perj,od· dymand.c. char4c~er~~ic;• t_nherntiy· 
deaign~d-in~a th~- ~QD fighta~. . 
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36,228 . ■ 1ug..ft2. 
6,727 _sl-ug.:.f~2
2-80 _f'i;2· ,. 
13-3 in. 
29 ft. 
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(U)_ F'"t'ee aicpl~tUt Dutch i-oU. freq\.lenc_y as·_a function .or: 
dampin.s- r.atio -ts p-re_sent·ed_in F-igur&_ ~.4_-2.2. ,-tit--F:-878.51! 
re(1ulre111EH}ts- foe: a,tegpry .A (-c_pm1).._t) f Ugh,: pha,~ _ar~- irupet
-~l'!IJ>Osed. for re.feren'ce pur-poses, The arlily.i~d flight ··c~ijk 
tions tdl ~" the Leve-1 2 .requ:l.t~en.is ~eai.on. L~v1:!l 2 
'E:¢pr.es.ent_S,· hand ting qµa~it;l:-e~ ~d.equa.te· i:i>· ·accomplish the 
misslon hut -wi'tll SQl!le incre-asf!- i.~- work· load_-,_ C~nseq~•nt.ly_, 
&~hie.veiu~li of ·.J,.:ev·e-1 Z :1.atei='o.i-dir¢c;tional ~~•m~c::s ·:wtth the 
'free:· al:rplan.e· demonstrates the results of the saine. c•r"fµl 
-d~dgl"l tiij!_c ·p,r(!d))ceci th.~ so.Pd longitud_inal- dynamic!!, ln 
_both l(?ngi·tudlnal .a~d- la:r:etill-dl.·rectiond, 1119.dea- 1 i;h~ ,~ln,_a,1 
,augmented hand Ung_ quq:litie- of. Con!:f-8"-r.•t::ion 40l'S· ~ill bJ 
tu.r1:fi~r enha,nced b_y t_he sta~i~it:1- a-nd c.ollimand· augmi!nt;11t·lon· 
sy.st'em. · 

·:J ,4 ,4 .2, Trim Conti:ol Power •· 

(U). ~- a.11-mov.~ble hori.zontal ta.it -11urface .is ·used to 
maxµu_he ·c!)lltrc.i". e-ffect:i.ven~ss· !l_t- supersonic .i;pe_l!d. .uas.e~· 
1.1po11· ·an _f.nflight ·afc;· i: ,.g. :o.f 2n'.KAC~ ad_eqUat·e -longitudinal 
~aneuve·ring-.resp,,_ns.e co.~_t;_rol power .Ls avdliib'le· I& d,emon

--_, 
st1:a_t~d' qy t_he t.r:l.111 ~ilpabilicy s\.inunari.21J~--1~ -~&~le ·3_.~4.-4~ 
Tr.im deftect-ifins. havf;! abo been f!stimated "to estaJ,lii,h trim. 
-drag polars for the ~~tforman~e analysis tn su~e~t!9n ).4. 

TRIK-EL-ev.Atoa ,oa:_LI'MI';l' 
LOAD FAC1'Ql 

All:-, (C,L)d ~"l.. 
t ~~ 

30,000 •.8 1.-3 ~6.S 

J0.000 1.6 ,3:26 -6·,_6 

The tt'f..n! d'-f.lections noced .above- have been es.eimated for ~ 
typical: combat: wing toadlng. 

_(U). Ombai: 111anoo~er cti'terla ·dic,t~te. gopd -han.dlln&: qu,-l!ue, 
lip to ·lsl1e .max:f.mwn ·w.tng ,11~g-le "of_ ~t:tac~. as· determined by. . 
·.a1u:-od11.·u1111ic stall or airf.r_ame stri.,ict:.utal -limits. :.Crbu l.i;ft 
·chat:il~te.:ri!irt.icB' a~- t~e ~~h o.~, 30,.000-fo..ce c:_o_ndit<i.cin. are 
.i:111~1.ent~d in Figura ~ .,~·-23. The- p!.t'ch contro-1 power .is _ 
_si:ffi-c.tent to deve lDp angles 0f att,·ck ,~~.r.espt?nQ:l.1'g t~ ~he 

'm•xiaum 1ift ca~bility ~f the-~~rp~n~ within the opera
r:.ion~l envelope_. ~~.fe-renc.e to Figure :3,,4--l.O ··shows ·tM1: • 

15,6 

l 
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gooµ i.eyel cf· stadi: ·dl.rec:ti:ond st:.-~bflitJ is cqaintatned 
·thro\igboui: chis angle-of•~ttack; range. F~het,; .a, discussed 
_1:i.elcw· ii'! Si.4J;;~etf~"i0~ 3~4,4,5,. in the ,~ynim~c db'ecti0nd .sta
·:billt.Y and J;he l&Utal con.trol •pin ·-pa.tame.ts~ qe111Qn,~a,ate 
high positive leveis Iii: ,the ·1;1gli :angl_e& of 4ttaeit-, t~t can 
·be deve.lop.ed, .These pod~ivQ"_ ·r.;ll~e~. preclud~ _yaw· ,d1:veri·~nce 
aad ·1n41_ca~e tr;e pn~nc~ of- high· spin :cesis:tanoe •. 

3.i:4.4.l .Maneuver Gradients_ 

(U.) Elevator :ma_neuv.~·r gt~dient,\i {IH/g.). h11.ve beel} ,estl,m~te~f 
for i:he ~amb-at flight ·cooclit:ions ·and art;! lisl:ed· 1~, ·-Table 
J;4-S~ . 

table· 3 , 4 ~, ELEVATOR :-HANEOVEl GRADI~rs 

ow .. i6,800· iti 00 .@ :2·!$% "MAC ., 

I 

l 

Di;iri,ng .Elig~t:: oa: the ,:leek•._the· man~ver- .gradiei:lta -are. rela~ 
d.v~ly· low~ De~igo of· a. coaimand -~gaiim~~t:l.o.n system. -Will 

.lll!is~ :~he· ef°f~cts 0~ ;i:~ :l!·a/g .v.\l·.1.ues· fro11L the- p"ilot:· ;and. 
prpyide- ri~a; con·s.tant attc~- for(}e per tf c~i:'.actar:istic;,i •• 
Al,s"o, the ·11,t.ic"k forQe _gttut~~nt (~-H.18) is\1p_P.lied by i:~e pi~h 
·col)'lmalld augmenta.t!oil b.,;low ~ g· wi-11 b11 .de~2,111ed fo~ 3 i:o· S 
1),/g w:tth 11: naar\y ._conai::.aqt; r:e)..,1/ltioaship. In add1Uon, the 
a tick- £:ore a gi:ad:1.en_t wl,11 \\e.". inq~c11Fed· -above 6 .S-. to· t;bree 
\;iin~s the n·otma} va\\._le,. 

. 3,4.4.,.4 1loit ·Response· 

{U) The 401B fighter is ·h;.tgb,ly resppnsJve t.o· pilo,t roll 
c.o~d as: evidi!QCe~ ~n 'E~ble 3,.~.-~ ~y .tne··bank.ang-1~ 
actlieved in -1. second for -full ·ttic;:.~ ·tJJ,~cn,·.~.t the.· cOll!b.ac 

~s~ 

,, 
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fl~ghc condittons. The r9ll n•pon~e -~oted· in Table l.4~6 
is ~epre'~en~tliJ'~ pf ,he uqaugmented f·ledbie airpl.aae. an.<$ 
:f.nq_lca.t~s- amp:le- .ruu.:co'nbiol powet~ •v•"Uab~lity. i. roli• 
_co11i:rol c~acid au;caenta"t:iOJl 'system c_a"- b-e ;Ln~orpo:,;a.ted to 
moderate -the ·exceedingly btgh .. roll i.a~~• .il)>~~e, 200 degrees 
per second. a,,~ will tend t~ hold" constant nsporiu1 -withf ·iraryi-o.g dy'!am:l,c p1:.es.•Y.rcu1, 

r 
_{U) As: 1nention·ed .prevlo~~lYi tbe- mid-wing :plac-em~t ·ti,. ~Qd

jµnction .wi~h th.i=_ ·lcm- .;tnict:l't&:l-wing .asp~c;t- ratiQ ..i;lff.c:ir~s 
a ·relath"ely. rig-id i'lt-rilct:u~al wing -ftame_. ·tbla..•·:U~ 
aile~i to be·used ·eh~ougho~t the -(~igh~ envelope without 
encou~~a~ing ~e~o~lastic rot~ ~ve~sat •. 

.'J:aJ>.J.e ·a .-_4-6 rut:At~~ ~S)Lt..."RE_SPONSE 

Mach A.lt_i-tude 
lit.) 

BiU'!k ~ng~~- in · 
l, Seca~d (dei:i:\ 

~8 ·sL .16:& 
,8 ~-51.00.0. 199 
::8 

1.2 
30,.000

st. 196 
101-

1.2 15,000 269· 
l,2 ~-~1.Dt>O l.6J. 

~-.4.-.4. 5 ·spin Resistapc~ 

.j . . Two iu!P.Orta~t para11ieter11 tb~t: .ai-e pdllie ia,di~11t~r~ of 
sp_in su~c~ptib!l:lity (o.~ .degree ·1,1f spin ,;eaiata~ce) are_ the 
d1.11emic.:""directiDI!Jl•stabilitr paiameter and· the. 1ater~l· 

.con~~ol. ·spin· parame~~r (~P). Each has bee·n. ev1(.l:ga;ect·a~ 
-~he .Mach· 0,8, :~o.ooo..,foo.t conai~±on. and· are pres~nted. aa· a 
function o( _linsie .. of •~1=~ i~ l.';1,.-gure- ~.4 ..24. :li'lcr.easi_ni!i 
:positive· valu,os of these two. perimeter, .are _l'ep_re&entatlv,-· 
of· iricteasing·sp_in ·;-esistanc.l!i; ·'.rhe .curves of Pigura 3-,4-24 
-.iniiic!Bte ttu,~ posit.~n leve1a 4re." maini:a.ined. to Vi!t'y ~j.g~ 
angles of ac:cack.~- .such levels -indi,Qate. t;ha_t •t\lez:-~ wUl J,e· 
~ "high ·spin r.es-istano.a and -t.hat t~er.e- will be- no post-stail 

··yaw: depar~~e. Tb\1,8 1 ~he- fighte:i:- ptlo.t .. ~an IUHUYer :tne. 
401B conf-ig.uraticm .to its maxiinuDi ·pi;,t~n~ia.1 with ·fuU ccmf·i• 
det1~e tbae ·it nai ao pit~h up o~ yaw· divargence·and is 
high~y s_p~a res.1·,ta11,t, · · 

16°.o· 
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structures 

structural 

AND weights 

Detiin· rationale 

(U) considerable emphasis has been given to the structural 
design during the development of the study· configuration 
One of the 'key features of the configuration ..is an expanded 
wing-root section which provides the following effects: 
(I) a reduction of axial forces due to bending awsa result 
.of the deeper section; (2) the elimination of potential 
aileron reversal and other dynamic problems because of the 
stiffer wing (3) a reduction of structural weight and (4) 
an increase in ·fuel capacity 

(U) Other structural design features include the following 

l. relatively deep fuselage rings that provide 
load paths for the wing carry-through moment 
and permit control system routing through ·the 
frames Spar -caps areattached direct ..tly to 
these frames for continuity of the basic wing.
load paths. · 

2. Mainlanding gearstowage forward of .the. basic 
wing box that permits minimum interruption of 
the basic· wing load,· paths. 

3 •. 
.• 

-A relatively deep mid-fuselage that provides
for minimum longeron area requirements 

l.. A twin-vertical-tail/aft-fuselage 
configuration that minimizes 
and acoustical problems 

engine heating 

:5. A relatively low-aspect-ratio wing. that rew 
sults in a reduced wing bending moment because 
of the shorter span 

6·. ·Ii relatively low-taper ratio wing that' results 
in a long root chord which distributes the
wing root forces to- several ring bulkheads ta 
provide a multi load path. structure · 

7 engine removal from the 1;1ft end of the air 
plane that permits a fixed structure, there 
by maintaining continuity of load paths. 
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8. ·A 6-percent thickness-to-chord ratio at the 
roots of the vertical and horizontal tails 
and a, 4-percent ratio at the tips thatpro 
vide better stiffness characteristics than 
·a constant thickness-to-chord ratio 

1 

.(U-) . These features have evolved through many trade.- studied 
and illustrate to some extent ·the impact of structural de 
design and analysis and the ·study configurations 

•5 .-2 ·Weight and balance3 

(_U) the weights .for configuration 401`Bwere calculated 
through the use of analytical-statistical methods developed 
over several yearsunder corporate-sponsored independent 
Research. and Development IRAD programs. These methods 
documented in convair Aerospace division reports ERR FW-242 
aircraft structural weightestimating methods reference 
-16 )., ·and ERR FW 613 Aircraft Propulsion and Fixed Equip 
ment weight estimating methods reference 17), Thesere 
ports are or file: at ASD for- reference purposes The de 
tailed weight analysesare not presented as a part of this 
technical report .because the detailed weight calculations 
.as defined in· the ERR FW 242- and ERR FW 613 reports are 
quite voluminous in nature theseHowever, -calculations 
are available for review. 

(S)Threegross weights were selected for \ growth study 
on configuration 401B The points selected for study and 
'the various .gross-weight conditions (in pounds) for each 

are- as follows: .oint

RASM ·. 80% Fuel '· LRASM Ferry Mission 
. IQ!aL Struct DGW -Overload GW. overload .GW 

15600 14920 2043B .. 25800 
16800· 15960 21638. 27000 
18000 17000 23838 28200 

Input data fat ·the weigth equations were derived from 
the scaling data presented in section 3. l .together with . 
layouts as required ·to develop specific area and dimensional 
data considerable emphasis was given to •th.fl. definition of 
weighing paremeters to assure the validity of the resulting 
growthth ·. curve for the. three select ted air·.A weight: summary for 

planes is presented in Table 3.5.1 It. should ·be noted 
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Table J ,5-1 weigth summary configuration 
· 401B growth study pounds '(U) 

airplane size 
( gross weightitem 

. . . . 15,600 16 .800 18-000 
5744 Struct:ure (5133) 5426 ·.·

wing ... 1443 1576 -1716 

, 

2666 ·Fuselage- 2485 2572
346 .382. horizontal Tail. 3:18'

292 316 344 vertical tail 
636 landing gear 616

3530 3603 propulsion Sy.stem (3459.)
2737 2737 engine F100-PW 100 :27.37
296 322 349 Air induction . 421 467'Fuel System 377·

22 22 Engine Controls 21 
28 starting System 28 28

(2699) 2751 (1804)systems andequipment 566 · 593 621 -Surface controls 
118 LandingGear controls 112 115 ·94instruments · 94. 94 118, 94,286 Hydraulics and Pneumatics 271 

370· 376 electrical 363:
460 460 . avionics 460

. 238 238 furnishings 238·
,142 142 Air Conditioning 142.

·453. 453 453 · Armament 

 302 

12,151 weight empty 11,291 11,707
(400) 405 useful load 395

loo -200 200 crew 28 unusable fuel 18 23
17 17 , :~ngine Oil . -17 

124 124 Missile Racks and Pylons 124 
36 Miscellaneous . 3636 

. 12,107 12,556 Basic Operating Weight 11,686 
. 633 (633-) 633Payload 

Ammo _(S00 · rounds) 285 28S 285 . 348 Missiles (2') · 348 348,

12,740 13,189 Zero -Fuel Weigth 12 319
4060 4811 Fuel 3281

15,600 16,800 . 18 000 Gross Weight 
.. 
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that the fixed-inlet structure has been coded as air-induc 
tion .weight· under propulsion system Since this structure 
is an integral part of the fuselage It performs the duel 
function of resisting inle pressure loads together with 
resistting the bas ic body loads. A :plot of weigth variation 
versus mission design weight is shown in Figure 3 .5 1 The 
center-of-gravity and inertia properties are summarized be 
low for the ·16 800 SRASM- pound-gross-weight configuration 

Basic 
operating Zero Gross 

Properties- ·weight_ Fuel Weigth Weight 
. 

Weight lb 12,107 12,740 16,800 

Horiz CG (% MAC) 23.9 23.2 20.5 
l 4932. 5701 6727 
xx 

30,130 30,515 31,8861yy 

Izz 32,988 34,058 36,226 

(S).T.be. maximum overload condition is defined by the ferry 
mission requirements. -A weight summary for the LRASMand 
the Ferry mission fer· the 16,800 pound-designgross-weight 
configuration is shown in Table '3 5-2 A center .o.f gravity 
summary for theseconditions is asfollows : 

Ferry Mission . 
Weight C G ,· 

Itim lb I {%. MAC)

Basic-.. Operating Weight 21.5 13,797 21.5 
Zero F.uel Waight· 20.9 14,082 20.5 
Weightweigth 19.9 ·27 ,'000 •.2.0.• 7 

When sized to meet LRASM requirements the design gross 
weight of configuration 401B is 17115 pounds there ,is no 
significant center-of-gravity difference between the 16,800 
poundconfiguration and the. 17,115 pound configuration. A 
-weight summary for this configuration is given in table · 
·3 •5-3 •. 
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(S)Table 3.5-2 weight summary: 
Configuration 401B LRASM AND Ferry Mission -(U.)

(pounds) 

16,800 b·.. Airplane 
LRASM Ferry Mission 

Item Weight Weight 

weight empty 11, 707 11,707 
1,248 2,090.Useful Load 

200 200crew 23 23unusable Fuel-Internal
engine Oil .. 17 17 

Missi le Racks & Pylons 124 
Miscellaneous 36 36 
(-2) 300€.Gal Tanks 848 --.

308· .(t) 150-Gal tank 
1,506(2) 600-Gal Tanks 

12,955 13,797Basic Operating Weigth 
Payload d 633 285 
Ammo 285(500 rounds) 285 

348(2) AIM 9--X. 

13,588 .14,082Ze1'o· Fuel Weight 
·Fuel 8,050 12,918 

Internal 4,060 4,060 
External 
(2) 300-Gali. Tanks 3,990 
{l) 150-Gal •.tank 1,016

7,842(2) 600-Gal Tanks 

Gross Weigh 21,638 27,000 
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(S) Table 3.-5 3 weight summary configuration 401B 

. sized to MEET LRASM ·requirements (U)
pounds 

Weight 
. 5510structure 1612

wing 2600fuselage 355horizontal tail 322
vertical tail 621landing Gear 

3548propulsion system 
2737engine (F-100-PW 100) 328Air induction · 

-·Fuel system 433 
22engine controls 28 ..starting system 

sy stems: and equipment 2766 
601surface controls 116.landing gear controls -94·

instruments 
290hydraulics and pneumatics 
372electrical .460'avionics 
238furnishings 142air conditioning system 
453Armament 

11,824Weight 

401Useful· load 
200. crew 24unuseable fuel

Engine oil . 17 
124. missile racks and pylons ·36·

miscellaneous 

12,225basic operating weight 

·(633)payload
·, ·285.r\iinlo 500 rounds 

missiles (2) 348 

12,858Zero Fuel weight 
4,257-Fuel 

17,115 

SEBRET 

L 



3.6 Propulsion 401B/F100-PW-100) 

{U) Th engine installed in Configuration 401B is essen.;· 
tially the F100-PW-100. certain accessories and attachments 
unique to the· F-15 airplane installation are deioted, The
Pratt & Whitney Aircraft designation for .this study deriva 
tive engine is JTF22A-27 Reference 18). In. this :report i:he 
engine will be referred to as the Fl00-PW.-100. Engine per 
formance .data are furnished by P&WA ln their: customer com 
puter deck CCD. 1025 reference 19) •. A more recent deck was 
receive.d ·on April 1971 ·from P&WA However, time•did not 
permit revision of the installed-propulsion-system perfor 
mance data package. The fuel control schedule selected for 
the engine performance data presented tn this report ls that 
which provides near-optimum engine thrust during afterburn 
ing (Reference 20 ). but exhibits an: undesirable airflow 
schedule at some flight conditions A brief investigation
showed thatpropulsion performance datafrom the new deck 
'for. the F100-PW-100 design airflow are different from those 
contained ln this report only at altitudes above 50,000 feet 
maximum thrust. reduction of..25% occurs. at low supersonic 
Mach numbers , Perperformance·below. intermediate power is not 
affected. 

(U) The engine is- located in the .aircraft aft fuselage 
with primary air flow supplied by a single. open-nose inlet· 
located under the forward fuselage A full description of 
the inlet is given in 'subsec tion 3 6 ., 2. 

(U) the exhaust nozzle is. :the F100 engine balanced-beam 
nozzle BBN , which is exposed aft of: the ccustomercon-
nect.. The nozzle exhaust area Varies sl.ightly during non-
after burning operation and is, fully modulating from minimum 
to maximum after burning. At Mach number below about 1.1 
the nozzle area ratio is approximately 1.3 At about Mach 
1.1 the nozzle exit area is shifted. open to give· an in 
crease area ratio approximately 1.6 at. higher· Mach. numbers 
This increased area ratio is referred .t o as high gear"
A more. detailed description of, and .data for, the nozzle is 
given in subsection 3 ,6.3 · 

(U) A smallamount of. ventilation air flows through the 
nacelle. The drag for nacelle ventilation is not ·included 
:in the engine performance data but is accounted for in the 
airplane drag see subsection 3.6.4 
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High Pressure air is b led from the high-pres sure-com-(U) 
pressor discharge port provided on the engine .fo operation 
of the enviromental control system. shaft power · is ] 
tracted from the high-pressure-compressor rotor · 'o generate 

e lectrical and hydraulic power for the airplane, 

3.·6. 1 Propulsion system performance 

(U) The ins talled thrust t specific fuel consumpt ion · (TSFCS.) 
and propulsion net thrust (FNs) of the F100-PW-1 0 are 
plotted in figures 3.. 6-1 through 3.6-14 The da. ta shown 
comprise a. complete .package needed for airplane nergy · 
maneuverability analysis .. · The. installed net thr st presented 
F.Ns., accounts .for all drag changes that occur wi thpower 
setting changes., The installed net thrust is de· ined as· 
follows: · 

where.: 

is the installed net thrust of the propulsion 
system for aircraft performance an lysis.. 

is· :the CCD 1025-.1. l computer progr m net 
thrust which accounts for (1.) inlet pressure 
recovery (see subsection 3.6.2 (2) shaft 
power extraction and high-pressure compressor 
airbleed .(see ·subsection 3. 6. 5) ,. a d (3) ex
haust. nozzle· internal performance contained 
in. :P&WA CC'D 1025-0 1). 

is. the inlet spillage. drag which: ccounts· .for 
the· inlet drag when capture -area r tios are 
other ·than 1,-0. {sea subsection ·3 .6 2), 

accounts for drag changes associatedd with 
power setting when the nozzle is. a. ·other ·than 
.the maximum open posi.tion (se.e Sub ection ..3·. 6 .3).• 

Therefore, airplane .drag levels used in. conjunct on with the 
installed thrust•. FNs I are for the inlet operatti g ·at. a 
capture area ratio of 1.0 and .the engine exhaust nozzle in. 
the maximum open high gear") position •. 
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CONflDENTfAL. 

The thl'llB~ s ~~ifie ·fue.t. consumpJ:ion, 'rS.FC~.. iii the . 
ratio af the in!lltaUe.~ ~otal ~~- f-iow ,a_od insta1led·pr:opul-
~1.on sy11tB111. net ·chn:isr, FNs-~ · · · · ·· ... 

(U) At Mach .1.l tbe p-.irf,>~ttce· ~ib~t~ a .~Ugh_t;_ dlscontl-
•nui"ty. °'thi~ ~f"fect :t.i;.-from t~e .~h-ift in ttie· exhiusi: 11oza-le 
o_P.e~ti~g mOde-1. de~crlbed eul_iers from th~ ic;,w.. ~-_the. ~lgh-
4re",-rad.a 1110de of :qpe.i.-ation (l~w gear ~~ higq gear) above. 
Mach· 1.1. 

I. 
In- ~h~ ·~at,i Qi.1rv•11" of :l!'-ipte 3;·6.;·7, ncite .t:ne s.haded

areas· .~e~"in.ed a_s· •.,11timated CV! ·Shift A~eall_, 'fhis va'diition 
in performilncef at the "low exno11t.•nt1il111le _p~e.11ux-e :n·t·.lo~ ~ 
~.b.t•:l.necl 'f,:!J!D ~e· engine c.omp!.!,t~~ -~k;; ~l!,e ~fected para
mat"e~ 1, CVP ·(eihiJu.ii-t nozzle lntetnal .~ost;..dml.1t ·coeffi• 
c:Let(t) •. The .change ~- .t:;:.YP ta· caus:ed: by ~~ •~P.•Ht~ 4' 
the n~a-ie. ·d·tyerg~nt section when tbs nozrr.-te is l>pei'atllig, at 
_low 1_pressure liatios., . . 

-~ · 3 • .6;~ lnl,e~ · 

-E61- ·The ba.sa.1.1.ne- il:i·leit ¢onf1gurat:1on .1- Qf the:-.fixed-
. ··· l~l!letr.y o~,:nose ._-~ype.t _µi1tiat~y elUp~f.cal in oroas see

tiotJ,. connected -to the _engine face ~y'··a sµbsAD:I.~ du.Qt about 
·4·.05 co_q1reaaqto-£aca ~i-ame4:er1 . ~- 1,,,~gth-i T(\a :t~let and . 
engiue -~_ac;, centerlines· il1'e oftaet approximate.ly ·14·.o .inch!i'• 
oi o·.10 ·t1ma"II · tbe ·a~t · 1ength~ -Tbtf ininiiaum aepuat~ 
·between tbe· l.ll-let .&'1d ~wer:· :M~laa~ surface· iB-1,.9 ine~ 
s_o tljat: tow ..enei:gy fuselage bound4rj,~!a;e:i: ;.tr will u.ot -~.e 
_ingeat:ed_ ·bY -the .iple~~ . ~'1e inlet uppen:-U.p leact~ edge 
ts ~eqd~d 10,0 inches ahead· af the l-ow1n::--lip -lcad~g e4ge 
to isolat~ · tne :1Dle.i; l\DEDl&.1 -•~k .fr9111 the fuaelagC' boundary 
l;ayer, ·'l:b_e i~let upper~lip ·l,.eadiiig .. ~ge .i, re1•.1;ively sharp 
.to p~odude ·shoc1t :detaabmElnt.abead··.Qf th!! lip, -'l'he. lower· 
lip ~ ll!Qdei.tel-y b'l.un_t· ;o, P+OVi~a ;good itp .aµctio,:i cbUac
:tenstlcii ~nd ~o 1;ed~ intet:aal lip ftOfi ·,ep~ratl:o.n ·at low 
.11paed9- and dtu:i-qg 'h:l,gh•angle--qf•at~~k. opefa~_ion. 'tb.e "J;tp 
bluntn.uss used g1veil aa inte:m·a.1 .a:r=-ea ·c:011,tr:1.ctic>n Rf 4.•0-
pe"ent, -

-fer A ~ilWll\iill •IQO~; of uppe:i: eQN'1;U.P e~~ena;Lo_n -is .wt~cl 
tQ iaol•~~ t~~ in-let 1hock f~ ·.t~ ::6uael,aga bo\1ndarJ ·tayer:·i. 

. tb:!,s m!n$mb1:e1· bnunc1Ar1-llyer buildup on the,.1Dlet aide of · 
~he. upper ,:owl ;ip. A~ &~g~ .a'l_lp.~rs'?Qic-•spe.ed~-, (Magh 1·;9· tD 
l.2.); pi.ode.rati;t °b:DUnd1u~y.~1ayer control in tl.Uf fom :of vor.~· 
gen~1:ator1, ·and/or blee.~ -~•y· b~ .r,q~re~ ii;t the -~l~t th:~•i:._ 
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~ · redu¢~ the shock/bo1.md&ry~layer·!.nd1.lced separation (turbu
lence) to an a~ceptal>1e level fo~ ~qgine/Jnl~~. ~Clfflpatibility. 

. . 

~ The .inle~ .is sized to Jccept maximum.engine ..correctt?d 
airflow (227 lbn/eec) at a throa.t ~sch numbet of 0,70 ~ased 
on geometric thro.at t.:r~a. the .resQlti~g inle.t .captur.e area 
ia 740 s<1, in , , wi~h a: t.hroat: area of 7iO sq in. . _._ _ . ·-

(0) . . la.let total pt'eSS\ir~ recovl!ry for Co11figuratio~ 40113/ 
FlOO-PW-100 ts pre11eri.ted in Figure ) .6•15, 'these data are 
baaed on normlil..:.ab9ek total pressure ·recovery aria subsonic 
duct loi!ses correlated 4s· a function of initial boundary
layer displ~c·emenc ttlickn~u, t'.hrQ4lt Mach ~umber;-, e:icpf.ntion 
angle, area ·ratio (inl.et;-to-exit) i and engine-to-inlet ·off.a. 
set:, Thu method of an&lyats is dot;um~nted in SEG ..TR-67 .. l 
(Refe~ence 21). A .J;"e:vifled duct•ofbet losa fa.ctor. ii timed 
tll&t is b1u1ed on e:x;pcrilnent:al da.ta. reported ln kFFI>L•TR.;..69~ 
21 (Reference 22) and recent ,Convai~ Aerospace teat:a (Proj11ct 
Ta.iloio;.MAt:e, Re:ferenc.e 23). 

·The takeoff and ld:w-speed inlet tot4l . p.raaitute ,rtacpvety 
is prueDted in Flguri l ..6-16. The method of. analyais 18 
from s.~•TR-:-61~1 in whi!!h takeof'f and low-111peet1 preaaura 
rec~very .are correbted i~ t.eima of~• lip~bluntneu p.a2:a- . 
mtitet and. 1nu flow ratio, No au:id.U ,a::y inlets &t'e iu1U111ed •. 

. (iJ) Predicted inlet apillage drag d1~11 are ·plotted in 
11gure 3 ,6:..1?, These dat:a are b1111tid on op•tN\OU inla.t 
additive dr,1.g·anc! the. lip 11uetlon ,cMr1cterht:ic1 plotted 
1n Figure 3 ,6-18. The technique for: pi;-edicii:ina lip. iucdtm 1 
reported in lteferenc!il 24 U!i8:J. iaolatc,d inlet-cowl i'i)odol. .tHt 
d•t• •• a badu and presen~a cowl afftcieney in tem.111 of · 
c~l laading-edg1 radiu, ~ 1.ri:t.tid i:owl al0pc, •~ternal cam.. 
ber, Mach number, and level of a.dditiva drag, P1ct0r1 &re. i 

, . incrlude.d to ~ocO\lnt fr:>r non,-~xi•y=uatr~c g•~,ttz:1••,,, 
! 
j 
r 3 , 6 ,3 Ninri1\e 

i l 
l 
I (U) Thi adeoted nonie ls th11 l,61/l, i bd1&t'tCt~b11ffl ocn• 

figu:r&tton, whtoh _b the priiu.ry optiQ\'\ Qff11.•1111d fer: tl-.ii ·I ena1ne by FWA, Thia ia a non-ajcceor, con~argent/dtvs~a1nt 
, .. tI nozzle 1 having moda1 of operation 11 1hown in th• Jigur• 

,. 1113,.6•l9 1ketch, Tho 111;6_ .r~f1u:11 to tht1 internal exp~nlliiJn .. 
I A;r:ea rat:io wh&li the noulii it! in. tha ~ida-()plll'i postt!.cn ltt!d
' thtt.:111,111. c.orreilpond• to thh .araa.-ra.t10 wti:h the noula . in 

the minimum-area pouitie>n, 
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(IJ) A pre~sure d~ig analysis. was liiad11: .of: the npz~le t!),; neh 
mode. of i;>p~rl!-.tion :. ~ha .estimated drags are sh~~ .in Figures 
l ..ij ~20. through. 3·. ~ ..-23'. The. nomil')s.'1 ,v..afoes of .ex.ft d:i.&01e~er 
.for mu.dmum• aug111entation !'lnii ·fot d.ry pot.l'e·r are show in" · 
Figure. 3.6·-19, '.t'heH ·v4tues are; used .£or es:t;;t.mat1ng the 
ao~zle dr41g-. Also shown in Figure 3·.6•·19 £11 tbe baseline 
no;izle diameter ~sed· to ·derive· the basd.it:u~ npzzle drag. . 
.sli'own ·1.n Ugure: 3,'6-20, The ba,eliue configuration is ·the· 
same as tlie .m•xit!iwa au~l'ted•·PQlk~r.. c~~fl~raHon at Mach 
l, l and above ('re.ferred ·to ei 11h1.gh 8'•r"). ').'h.e· baae.li~e 1 
noc:r.le tn:e11ure ratio is: ahmm· in F:lgu~e ·3·;6~~: · 

. . . . . ...,_. 

{U) The ·bueline nozzl,e drag. is influde.d .in the .airplaae 
~ra:g data., and an')" increment in tioule. drag .cause.d. by .cha1,1g~ 
ittg engine power s~·tting, from t:he bas eli~~ • appeaz:s J,o •thi,,, 
pr.opuls.ion· da.ta.. The m4ximum augment:at.ion noliile drags• sho~ 
1n Figur.e J.-.6~2:l are included in the· prppuls-iott data and ~-re 
·actµally r:h~r .inere-111,ept in .d,rs:g between ·)>a~el4ne and ~he true , 
op~ri.tti.~g c: 01:1dtHona {nozzle pressure rat:J.o and nozzle. geo
l!W-tfy). . Ti.is il'!erement ·ls z~o ·a:t "!'ach 1. :i, •n4 a~9.v.e ..si~ce 
the .~sei.il'le r~fi.l!!c~s l:l)e t:·r.ue op.era.ting ge.~ry .and also 
is .n~t influe'1ce,d ·by .~l}.i.~gii;i~ no:i.~1e.· .p:w:ess\ire. rat:io, 

(U) The ch'.Y••powe~ nozzle. drag~; inclu4ed in the! propulsion. 
datll are p:i.-eaented, ui 'Figures· 3 .-6.-22 atid -.23. .'these data: 
are ;l:ncreroen~.s .f;rQm ~he hseline .~ ·de:Sj::~ibed above, 

(!J) Thes:e data., reflecting the specifii'l. installation, 'l.(ere. 
1,1sed for l;:he veh;l.c.le .performance .anal.yd' 2:ather thiln th.a 
uninstalled:-q.ozzle d2;ag .data ·ptovidBd in the engine pedor•. 
mance ,da!=.a• dee.~.• cm, 102.~. • 

'3-, 6.. 4 Au~iliary· Ail'. 

~ti) . The ;audtiary,'rlr system a.e~~~ .pni.y ·to ventilate th~· 
nacelle and prevep.t ~he accuniulati-orr. of 'flama~le fluids and 
vapor.s, The ·,y.a~em consist:s of· a. forwardpme>u~t:~d flush i~l.,et 
(near the ~ng:l.ne :f1:ont::"!'fX'llnie.) s.nd .aftpmo:1,1nted. flush exits 
(near t.be nozzle cus.tomer~connect)., 9nly a IUl!&ll' quao_tity of 
air ie req~ired to fulflll th~ aytt~m function «nd ..the drag, 
penalty is est;i111at~d .to. bi: 2; S ·eQJJµts (~~0-isq fi: :i;-e·f~re~ce 
are.a). .. 

· .. 3,..6,S ~l1aft .Pow~r and C0111_Preijaor Bleed Extr.action·· 

(U)' "l'Owe,r {s exttacted through. the. engine ·gear•:box power• 
take"!'o'ff shaft.to ·drive the aiqi1ane electric·generatot and 

.. 192·I 

I 
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https://shaft.to
https://veh;l.c.le
https://noc:r.le


..... ••--•~-••-•••I~-•■,•-,._ ■ •·•--•-•-:-•~~•• ■••I•"!'-'•'•--

., ··r. 
• l 

; 

--~;,ia,~•llfi-ii~aeoiil1~-ll!")PNF.llP•"lliffi!ii'llfSi_.,~ii5rve:m5~~»,l!lii:liiil':l@i:~ 

-0:"!c'-"!:w,M:CCMau.• =·t·z«,--.,· ··-•"' ,,. •. t ·:, r ...;,,,. 1k·•cUsihh'->rl1:e::C:ietU_1l•tsw..,..,~WrlDiMi'11tS,$:w,;;;,,--rt•&r!i+ae:t:ii:ei·•,r:1t-.r .. ,,.,,,t:··•► .... tru, .,.,,,.,,. ,•:et•Ntfl¥3r'...•• .. , • ·,···•· •zr,;, e:w·,tS¥zn ;1::ar11M;euv:r(:1f:fzrr 
.J 



r·.T 

._..,.. ·._ 



·····-·--........_._. ____.__________________________ 
. ,,., .;,___...,:_____,_____________...,.l~.· 

r 
: ·. 

..... 

.', 



Jfd Cl 4_.JJ&..4$..i!M...+& 

7 



r 
'··1 

'··1 

.•. 

.,._ 

'i .I. 

;l ·! I i·1 
;:. 

I i t 
'.l

·r :-f· 

l 
.. 

_
_

_
_

_
_

_
_

_
,__'i

·-t 
..L

··------
.f .I . 

-----
!· 

' 

·-------·--···--·-·-··--
...--.,--,------------



r 
hydrau.Uc pump1r. An .estimated value of the total power ex
~r•~tion is 70 hp,. The installed propuldon system pe~~O.t"• 
mance dat.a a,;:c::ouiltt1 for ·70 hp at dl £iight ctmditt.cns an.d .~ 
power aettin$a; · 

.11!.g~-pressure: bl.e~d air ts extracte4 from. the c0111p~~119r !
discharge· fot ·op~rating: the environ!ll~mtal- c.ont;o], sy.s.tens-. In ,· 
flight.,. the· 'f>l.e.ed· a;tr;.;flQw i:.ate is appr.o~d.ll!at:dy o,·4 lbl!l/sec. 
Th!iJ ins~a:ll~d· ptopuisi<ll'I system performance data accountii' 

. ; ·to·t ·0.4 lbm/sec at; all flight· .condition, aM pow~~ s.~ttingi;i • 
•·. 
:.(U)· l>w;ing .ground operation (a;.rplane weight ·resting .on the 

landi~g ge~rh a awt"tch on. the· landing ge·ar· provides." signals 
t0 valves that .!ij.1;ec.t tho f-l~~ ~f high:.pHHu:i:e ·bleed II.it' ttS i 

•Jaddit.ional eyst•ms sue~ a~-:nacelle-vendiatlon and oU,-co.~le~ 
,.ejec~ars. The total ai:t!flow ·fc,.r. weight•i;:u:i-ge,-r operatio11 ts 

j1U:iqlate4 to be aboµt ·1.20 J;bm/s~ ~or. the· airplane. The 
·1n1~1ll~.d takeoft" thrust and fuel flow· are corrected. for· ' ' 
this. weight-on"'.'gear bleed flow ·rate. l· 

!; 
! .. 
'· 
; 
i 
I 
I 
I· 
I, 

I 
i 

i 
I 

.t 
l 
l 
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------------·-···---····-·---·------ -···-·•-···-···-··············---·-------··-·······················••···········-·•-··-··--·--·-····--······-·----------······---· 

https://f%3El.e.ed
https://hydrau.Uc


SECRET 

4 

S.M Al. L S -t N G" L :_g • E N G I .N E 

(4.03:/JlOl~GE'!"1.00)
.: ·, . 

4.·.l VEHlCU: DESIGN 

Ii). ·-:eh:1s· aubse.ctii;,n. a <lescdpUon is presented of" tiie 
'I ,small single ..engine :concept, a brief· expl-.ation t,a -giv~n
l of :tbe·overaJi confi1¢.ratio~-ratton.a1e. and the -coofigura
r :i;ion growt1' d_~t& that wer" generated for. aircraft dti(lg 

purpcise,s ai:'e. &Ulllg!4t:ized-.,
{ J 
; 
; ·,' 1 "4.l.1 Vehicle Desc~l11ticn 

l 
t -tsf- ,~h.e. .s1U.ll·si:ngle-engine £J11ht~r conaept (Oonce:pt 2"h 
j ·des:t.gna:t:~d Configuration ,403.., ts present~d ln Ftgurea ,4_, i-1I. and· :4-."1-2, ~hioh show tne· generai a.rdngement an4 baa-ic 
J 

.lI,n~~ 4r.range111~·t: respectLveiy. 'this dedgri .was devel.opedl. as, one of a family o~· tb~_e"e config11rat~0.,_s g~t\erate~ .to 
l• -es_t~bluh g:row_th ·r;tata. for. .the ai_rp1ane powe~ed by -the smaU 

G~l..S••l/.JlA'- engii:),e (USAF :de.signatlori Jl0l-GE•l00),f. 
! --tSr- CQ~#gur~tion ·4Q3" is enentially t~e. sam_e ail the Con-

figuration 401B -concept (see -Subsection .3. Ll) excep_t f!>~ 

1. 
f ita. acai_ed•dowti" .size· and 1:"banges ln ·s_cme int;e:i:nd ret~Uo11-

_{ shipa whi,cb result .frC>il\ the vad-at.i.on- in •ng1ne-to-airplaiie 
; . prop:c,r"tions broughi: about :by ·the engine di.fte-,;-e~ces, Thek 

·403 desig~ shown ..in r-1.gu~es "4.1,-1 and· lt-.~1--2 has a g_rqas 
weight of 13,000 po°"_ds(i wing loading -of _60 pd-1 aitd ·a 
thrust-to•we:!.ghc ratio of l.'01 {i.lrtinatalle~

.,i 
Since .ao aircraft: could. not be p;-ope:i:ly :sized. for ~heI: d~sign- inbdon __in· this ca1(e1 an. exampl.cf 403· type_ at the 

1~ jOO.O-lb !Bi?_sioo weight: :1,11 pi-esented. Further explana.• 
t_t·on ·concernipg ·a:treraft ·ai;,:ing iB giverJ, in. t;be per£0-.11ce·..f cmicuaai,on gf Subsection 4,,2,

l 
4 .1.J D"e11f,g~ R_atJonale 

. ~- ·f. . ,. ! -(U) 'the ,::a:tion&le ·for -Oonfigur4ti-on -403. l.s .t~ ·sali!_e _as .ttiat 
! 

.,··I· of the· 401:s· concep_t (se.e··~u}11i~ct:ion 3~1.2)., . 

t 
~ 

...
·1 
{ ..·1 
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4. ~ ,.3 Gtowtb Dll.t/J.. 

f {0) Th~ ll,ircraf~ sJdng app~•cb :ta, outlined· and the design. 
d11ta. developed ·far· t:ti.e g~cwth s::udy. a~e summadz·ed tn the 
following par-agr:aphrL . . 

l 'l'.hre!) aa·t.a poi:J'ts we.te i-'veistiga~ed t<i ituppiy t.he ne~
l!s·suy des.ign' informat.~on ·to den.1c;,p the _:growth c_u,;,yes • ~-

,: . cotaplete layout w-.s ma4e. of· the. 4Q3 c0E1figura.tiop (lJ ,.ooo~ 
lb 'lllill$J~on ·~elgpt) .• whfoh ·serve.d as a focal poin'.t o.f the 
gr_~tll -family. A smdL- 10.,000-pcund· configur~t~i?n: layout 
was 11ls~ de.v~l,C!pad altjng. with .a, 16,.800~:po.\!n_d ·design that. 

.. wa9. defined by- 11\Pdifi~atJ_on: cf· th·e orig-J;nal 401B configura
tion to· a sm·all-engino· version. A .£atnli;,· o~ drplicte dat_a 
was t;hµi• gen~~a~ed fo. wh~h th!? data. from the. two layouts
and tf-!e-modlfied 40iB inforiuaticn·were..ui:ilized to p:~ovide 
growth data_·t:urvea fo:r the grr.,s~-,wdght. i;a~ge ;rom_ l0,000 
po~nds to l6,BQ,0 pou,~c:ls. We_ight; ·e.:nd balance cons1dera"t1on&i 1. 

and internal ·fuel -t.equirem~tita .fo~ this w:i~e:r c-ang;r;, .of grgss 
weight c.Ol!lbin~d. ·1:0 alter t:he fus1;1J;age scaling factors. from 
tb.~se u.t1,lu.ed ln i:he o"rigiil_al 401B Btowth,. study. However~ 

·r ' V·il:·tually all other scaling pare.meters s·uch !lS -~u·rfac.e are.a 
rat;f.t1S-. t_a:il vo.ti,Jme coef.~ident:s.., aspect rat::l,os, taper
;:.ati.os, etc·,·,. remained intact.. ?he ba·sic landJ.ag g!!ar 
dimHsioris· ahd ti~c· si::es w:ere· vari!!d. ·for .tb.e 11U1tn ·gear· but 
r~malned ~µe .aa111e -for the nose gear. 

(U) 'th~ vadat.fon of ~irp.lane. wett:ed arei llitb &irpi.ane. 
3i,ze. (misai,o~ weight) is shown 1.n ·r1gure 4-.1-3. A breakout 
of weti:ei:l. area v•~-i;~ .111iss-iori we.i..gh:: for t:he. v•r.ious ii;a.j.ot 
~i_rplane: co111ponea:ts· i1r. gfven ~. ~isure 4;;1-4. T~e varia,-. 
i;foq ot· several lt~Y' coqfJ,guration cha:rac_te·ristf.c"- dimenaio.1111 
ta plotted ~s- a. function of mission :weight in ngurH -4 ,}-.S 
and 4.1-6 ior cha fqs~lage •,!!ncl s11r_f4c;:_e.s, tespectiv~ly, In·. 
F_.f,gures- 4_,.1•7 thro~g~ 4.1«12, da_t• sh~~ts .are present::ed .on.· 
which "friction drlig d.esign '1~t4 &Jld ·}!uic gc.0111e,"td.c, des~ril'
ti1;,ns. are '!:«b\Jlat~d _fot: -,ll;irp1&:nes at each of the th~ee 
s_el_ected ·g~oss-wa~ght ·data .pcli:1.ts. /\ n·orm!ll-.a~.a dJs.crl':' 
hudon curve and fuel disttibution plot· a.re presente,d for . 
t:he °4Q3. ~0n:f~guta~ioi:, (13.,000-lb ioisa~Dll weisht)- in Fi~ras. 
4,l•U and. 4.-1-14 1 reap·ectivel.y. · · 
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. LENGTH (t~ ' .)(. fIN. y 
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IT-II · 2 . 
FUSELi\Ci&· C'iPTR&oo.J * 

•. 
.d:U~,.~ 0. O· D 

~;,.;.... ., ·o..~.. boJ..- ."1.'fl- :~ ·'I?_,,"} .. + :aA... ·~ 

ti ..~... ,.., '· , ,,_~· 0 . ··A.s.o .r,, ·.4~'1,l) 
I 

.. 
.. . . . 

... 

.~ 4·1•·••1·U, i II&- lu.&11t.· ·-,.,.,~ .ht .o~ tos..~t•~) . 
. 'WiNG REF AR,F.A {IN,!;) j .......·- -•·~ -~ .r.,;,.i 11!klc.~'5W('oc~.

J JI 
~I ."l..aCJ .·a.·A Ii.,·· ~•.lin!I P911t~ s•.11,1111•11-. .·"~.!;-",l~(f'} .u~_t-~~d.t·! .... 

SURFA~ J, 
U\"t.11! '''--•··-·· ,,...,~ ·~11:l-• 

AREA. cn·2) ·2-1'-,£."f · Gtlt-:u...· 1'7 ;_~ . ~·.ct·n 
·Pi{ - ... :.ao1>...,, .,..,'PTO '.3,00 ·3. .-4j I·,?·; n.-;77,,;· 

?,. ·._ ;,.uiDD -il.oi•~Tn n •.7.o. ·o, 1i·1A O·,® l'i....:,:!.,4 

pzj~ei.(t) 
·E!s +ss• +uo· +A,'5'0 · .i 45 ~· 
£:i..-. -Ho.0 411 +.1011JJ' ~,q•.-a.~ ·"'-:•qi~•n.\ 

.Q..• .CUTOIJT =1f~~ 
1.~11. - ROOT CHORD (I!t. ) J(,'t ,qr;7 . \IO,%'i. (,,7.,'J,I.-.' ·al .4.,-.Li 

l"'T - TIJ:'·· CHORD ,(IN. l ·,t'-1~ Jii,.Z7.Cl Z:4,,4U ~.t.'11:i 
b - SPA~ (IN.) ~.~.14t ~1,.·,n. 5:8,0S& ·12.-,s, 

.·4~. •rtAP·•at-ff-'• ......t t.,•.{.1& ....+ ,~ 
~11\FOIL e,1~oi,1e,;. ~e.J1i,.. , ...,,~ .,,,.. 

~1co,.hl~ll·anuu.-e,ii. · •l!fCDlJJ"" . 

d fl'N· ) 41.s· A4,'5'.!. 0 0 
ll .. fiN i :Z.'.l.it:.·S" . '3R·:5.b a, it,; q :?.•if. 'L 
t_ JIN.) .o·. t> ± 41,t·\ ·±..d.4,'l. 

z (IN l o·: .;, IJ,D ·o. -7,0 
•. . . n• ~ . ;•11r a.. ~- r . ::IL..-

d .. ii.Yerag~ ~i.trl.ed s "'""-"l'p" . · 
x .. ·1>1s·1:ance aft .-from• fus-el4ge .oose ·c;o bOdy ··it01',e oX' aurfacc f•.111clage. 

, !ntaneatl°" f.Oil'lt·, . · · · . · 
Y- ~ D~a,tanCt! out.bd. fron1 fµadag·e. raf, • line to body. :ref, .1.iue. ·or:. vertical. 

surf.a-ca chord line . Cwi: ·:'I ·f•e (a~r-~ lln·~, 
z .. i>is tance l~'I,; .{+) or. dawn• .(- ·) frO\i\ .. fuada.se· .re-f·, uh to. body or 

·. s.urface re£.. 1~.i;e.,,. · 
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·T,/W, ·= I,,o9'i'- {\11.t•11~:atk.i) 

$.~ine. ;,; ~11\.~'4~; !IA~ . 
AF .Cu,j~lti1r °;ldf-Gf.;101> 

.• 

BODIES 

., 

. 

> AI\A>·-~1. ... 
~Fi,gure 4,1-8 Basie Desc-r.iptie?n ils,t:a: Sheet - :configuration '403· ..

'type at: ..13,.000-lb Misa•ion 'ffaight (U) 

210 

S·EC-RET 

I 
----··•·•········-·-······-- ···········-············---·---•·---···•·..···• .......--....,......,..............,,,...................... ____ ···-·····---···-····-·········--·--··,,--.. 

https://fuada.se
https://i.trl.ed


I 

l 
J 
I 

f 
i 

~ 

·AlllFOIL 

d 

IC 

t 

".i,. 
JASIC.. ll!SCRIPTION sEC RET · I 

r 
6-1).1,· •· ,,, \00 "'~ r 
.v.J/~ .a l,o ~•~·/ Fl"'° I 

T.(~ :::.. 0, v-so,, f 

I. 
· 

l:;iVj"ll~&, -v :tMa· J l·A) 

. (/\L'.' i),,,,1-1*t..,.. ;r 1017 #,Ci- • u:io I
: 

IWttfG ·Jt::::: (t;~) l~iv.:z~=--r-~==~:,-;.;-?c==--,-=-z:=i::"I""""-, 

i=~----==--4----~+-......i.:.u.:1~-=...:--+----=~,as~ABl~,\~
~~-~~-+--~~1---~.u...£..1.-+--.-.:r:~-~~ fFtiil{~) •t,)'il.\..lJ 

....,__-+-__._,~-1--~-+----"""--,...f-__...=------1 j~;,q:~ .~~EC; 
U::::====!.!.:!.-J-.!;.:J:...-1---1.!~-1----t:.l!LJH.:.....i--=-i~~_;~ia.:..,.i·lS:t~Mc, 'cxi'. ·)

l1~4. ~., "'" · 
~~~~~-----"'.:---:t-------t---~-----+----,--------1 I \ i 4.Q .:)lCr-\ 

' j ,. 

·----------------..........--.,..·-·----··..·· ..-·•-···----···----------·"-·'-----·------·--- ...._. .,,...._ ........................................ ---····-----



.i:'R-lCTiON DRAG' DATA SEC-RET 
1$.W, ;,· '"i"OO ~S.$., 
""'I.~··= i,o i.F;~ I i:,,-i-

T /V\I :.. ·-\; 41.'\ft 'Ulllll"1TiliU,1:~) 
-'E-~tr.(iJ~:_.,, ..:.~ r,i "'Jl/1':i (~F- ·D",~;1, ~JOl•C,E.•.100) 

~ 

'iTED·:Af!.~ (FT2) LENGTH {IN) WIDTH· (.IN) KE-ICHT .(-IN) 

~·opy TOTAL 

SURFACES 
. . 

· .EXPOSED MAX THICK.• 
E'lT!o ARu (FT.2>·Mli.c. tENGTli :titss· sm:e-· .Am101L 

. . . . IN DEG •. 

--~•(Oil"~,., 

• : •·: i. (\ 

. l'(B, 

. ' 

ASPECT.RATIO _____-t-_ _.----i,-,.~=----1 

TAP21t RAT-10, ....-~---+-~::;_i-,~::LL..-1 s-re-REr / 
LfiADIK.G EDGE SWEEP (DElh)_ , . 

. . . · · ·io,r--,a
Friction Drag Data Sl:!eet "'· Cfonfigutat:i0n 4o3· 

·-rype at: 10 100~-1~- iji~_siol). Weig_ht CU.) 
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~n . . . . ·.· 
(~11'4U I 2,, 

l()DY TOTAL 

SURJ'.\CES 

SUO'AC.£ TOTAI.. .-1~-.f.:1===~:::;::~,· 
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J!ASIC WIWO -~EOMBDY: t · . -1,. 

.ARM (F'l'.2> ---------+---,Z..,-f--'~=~-.- ei.11.,c.+·~ s.al' · 

:.= ·::r:;~0-----1-~=--+-xu..ir.c,.L,"" j
L~Ili'G EDGE ;~P (i>EQ.) !5,0· · 5,0 .. . . 

. . ~ ·. __..- f06';r,-
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·'type 4t ·13.000~lb·~s.sioll.ffeiglat.. (U); 
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4:.,2 PWQ~NCE

f ~ Baiio per;fomance data computed for cbe small. dngle• 

I 
I -~gine conce~t;. Ci:>nfig1.0:ati~ii" 403, a.r~ ·b~aed Ql\ t.t~e. aaaie,. 

mission de.finitions,~nd ~erfogian~e rµles aa pres:ented .i~ 
Section- .:3, 2 -{!?.~ Copftguratj,;0n. 4QlB;,· C&~ul.at1.ont were made 
·on 4:l.rcraft· a,f ~ht:ee s:L~n. 'ihei,e·were. ,a -13.000..-lb JiH· 
:uaed· ·for the dasigri layout ani:I ·two .g_rowth veraiops-'·dts.c:0.tsed. 
in .Sec_tion .4,-1,· ·the: ~-1:c: ~~ used tn:.t:liJ per.(oQnam;e ca_\
c-qlation.B· '"re .presen.~~ in ~•s:dans_ 4.• ~ thiiough ·4.6, 

~ TM. mission pei:foxmanee .c-ap·&bt~ities .of C~nft!:ra"ti.~n 
· 4Q3. at 1:,.000 ~b •~e· s~al'i,zed ln f~g1.1n lt.l•:L, Tlia p,r... 

·foi:,aaace 0£ -Conf:l,zuration 403 at 13·,-000· lb··1s far . •···altt
ia-fJatory. the- ~RA~M·-r,it~i-ua_ .is _only 14.6 ~ .m~ ,. and· the .S'RlSM 
~a. not _po~•ibt.e· under :~he ·e~s~ing _p-9und..rules becau.-e ·the 
·(J.ae~ alli;maDC~• fyx tak~~f.•. c.iimb_,. c0111batr- and -landing 
~geed the ·fltel o~pa_city-.~ Evel_l growing. th.e- airc:t'af~,. ~ 

--~J;i~tfll_in rtgure._4.2..;;2 .. will np~,accomp~•h .t;he. d~jred·· 
m1.ss:1on·. r"a.dius ·.f_ar eitbe-r the LKASM. ot t;he .SBAS_H.· ·."J:.ha prqti
leat with the 1-i:ser-sized aircraf:t.. ·~s. tile small thnJat. excess .,.. 
during •~~e.le-raciqn. G.J,'owiqg the- aj.rplane •.in. size (without. 
lncreas-illg engine dze)" result:& in lower-acce:ler~tion !=JP·t .. ., abUitie•·• ~hiob -1:'iilq\li-re.. ff!i:>r.e. ;!me. ~4 ~uei fo~ th.~ ac~ele~ 
·racion portie>n -of the combat .al-loTrl&nce.. When tile a:trcJ:-~aft 
is grown ·co approximat;:e-ly 18.,·soo lb it· f.a. 1:w:ap.ib"l~f '?.f l 
ace.el°erating ti> ~ch 1., ~- aqd oll)not pe_~fotm. th~ 111~~-

(U) . ·the -s~ll. single-~gine..c..oi'lc'l!pt. W4B ~oppe·d ..frcm fur-
ther' constderation. . 
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I4.• 3· AERODYNAMICS 

(U) . . For the small single-engine airplane configuration I 
\ the overall configuration planform as well as. the 

t 

wing. itself it geometrically similar to, the large singel j
engine airplane (401B) of Section 3. .Furthermore., the wing 
airfoil section t/c 0.4 biconvex and leading-edge-flap 
geometry are identical to that for the large single-engine 
airplane It is therefore· assumed that the. aerodynamic 
characteristics of the two are also identical exceptfor 
the minimum drag. 

(U) The minimum drag for Configuration .403 is predicted by 
use of .the same methodology as wasused on Configuration 
401B (Section 3.3), 

The total mird.mum dr/lg: :h presented in.J?.i.gure 4,·3-1 r.or 
vadous altitµde.a. The iJ/q 1s for thi•·canc-py., aiiilsile pyloPO·t 
aad Pr<?,t~l>eranc.es. ·are the salli.e as those. fer 40.i~~ .However, 
thcte· a"i:·e st111ill ·dLEfer•n1::e1,f in th.e :nozzl~, cowl, and diverht 
di:ags. These drag components at'e. shown ;in Figur.e 4.~..a-~, ·~he 
effect of airplaae sb:e· Qn min.imUIJI di;~g ..is sl:!own t.n Figure
4 .~-;i ~9r this COtl~.,pt.~ . 

(U) .The trinuned drag polars and triiruµe~ c9n~igurlltion 110).ar.a. 
•te presented in F1gµ.res, 4 .3-4 through 4,3-~·.- ..The drag due,. 
to li;ft;, leading-edgl;!•flap •drag.. and t:cin drag ax:e ,the a~e
as those for the 403 Configur.!ition, g:1,.ven iu F~g1;res ;J.3-6 
1;~1:ough 3,3-'l-3 pf $ection , •.3 · 

Th~ tririmed (-t/D.). ijate. for th!$ c~ofig_urat,:l.o" a.:re. 
plctteq 1:a Figui:e 4.3"-10, i .comiui:riaol\ or t1'esa max data· 

·with those of·Ftgu~e 3.3-25. shows that the 493· ~pnfjgurati~Q 
has 5 per:cen.t :lees (L/D) ta.alt tl:).an the 401B c.orifig~~at-ion. 

Since the p-lanfoi:in·:an~ wing l~ad!ng ar.e the same as for 
the 40.1& i:ionfiguratidn:; t;hi! lift cu't'vea, butfet boundar:t~s, 
a~d oontr~l-liini,:t Ct."'S: sl\OW~ ~n Figur!!! 3;3-1·6 througJI 3.3-31 
of Secti.o~ 3:.• 3 also. apply. to '.the 403 config'l,1:ration. 
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SECRET 
.(.lh_l.s Page Is .~L~SSl"FIED) 

ft .4 .STABILl'rY i ·OONTR04, .AND IIAND~JNG QtlAJJfl_E$, 

· In the case .of tha.sinll.il-si~gle~engine destgQ c~n~ 
c:epc: (C'onl:f:gurlicton· 403}. Ct\~ s·am~~ b:au, f9r b,11_n~ling
qualitie, ·d.~=i--~gn- aspec►I •• pw,ioudy·:present:ed; tn Section 
3-.4 for the 4.01,B_ c.!lnfig~-r.lti.Qn has, been followed. The. 
oqer.all·con£igutatiorts of· the 4016 ~d the-401 eQncepts a:re 
ve,rt sitl'11•lar. I~ ·tli~e ~Jign ·.s"tu~ias., ·tpe •r~speo~1ve 
~i\lllle .~oeff!cients ~f the hori11Qntal, !!Qd -.,ert:Lcd ta{ls 
hi.ve b_een Mut.tained equal foi- the· coafigurati~n layouts-, 
Ci:inse·qu~ntl.y' • .the st'°biiity .and co1Jtto.t .chaµ"~c·t.e#~\":ic11 of 
the :s.ma}.l __ dedBI'! w~~-1. be :basically.. ~1"!,:i sa.m~ as· thoa_e ·pr~• 
sented _in Subsection. 3;4.,3. A smal-1 diffe-renc~.. may·.eki:at 
i"n the han,dling -qu!l,U.·_ties -of the. two ·delligns. with the ad. 
vantqe. in_favo~ ol the· smalle~ d~si;gn_becausa of its 
correspeqd!nglj lowel= IIICll!IGtl,tll. of i~e.t_t:La-. 
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https://c.!lnfig%7E-r.lti.Qn


SEORIT --

~- ,-5 STR.UCl'URES - WEIGHTS* w~~gh~ analyiis ·tor th~ Configur~t10r1403- gi~w* cµrve 
waa. perfotjued-in tne s-.me manner .ai for the -ConfiiuratiQn 
4011\ -grow.th· curve, .Th.tee •t-rp~e!I were -aele~t;e;d_ for 
analysts: at- do1ti:&n -g_l'HI! wet.ghts {i,;i. p.ou~s.)- as shown below. 

(8.0X-'1.lel) Fe.tty Mµs_lQn 
TOGW Struc:t DCW Overload· ml 

.10·,_090 20,~00 
13 ,_0tl0- 2.a,-~00 

27.-,000161800 

(U) I-nput ·data 'far: weig_ht ·e.quat.itms Wl)!r,· d~r~ve~ _-£;rpm. the 
.si:1a·Ung dat.a ,p-resented: J.n s~~~:ton: 4_.i ·toge~~er-- Jiftb :.~ayouts 
-. ·re·q~1-red ~9 de~e1op- spec.Hie area And. d!lmendonal data. 

i&.)- , A weig_ht ··iuimliai:')' for- e_.,ch of the thr~~ s_eliac.~i;;d air-
planes la pre:sented.- ~n- Tab.le 4.}Ml. .A piot of :wef.ght ~1a-.., 
ti~ -Vet'8U8: gross .weight is slJ,own in Figure ·4 .-s-L·. A 
lliiiaa~, of .the ·centier·-of-gravity ·cond,lt:l:pns__ .-fQr_ ~-- '1~.:C>QO
pound·-gr.QSs~tght c~.f~gui:-a-ti011 is showa bebw • 

.• 

Weight.· :c,G. 
.-it:em (lb.) _Jf. MAC) 

Basic _Qp~ta.tl~ ·weight -9 ,611 t5,5 
~~ro Fu.el Weig~t :10.304. 25,'3. 
·Groaa .Weigl_lt. 1.3 .oo.o ·2s .1,. 
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SECRET 

-t6"r ?abl¢ 4S·t WEIGHT S~Y:·CONFI(;\IRA'J:"J;()N 
~O.l GRO~il ~i'UJ;IY (pouncla) (U) 

_urplane Size 
l8to1n1 Web.lit,Item 

.-16.800. 13--000' 10-000 
(52:63)(433t).(3662)StJ;Uetut'e 
l59.51193,.886Wing 23762145·aoo6i'.uselage. 

-3622-so176Ri>rb:antal Tall 
.242.. 31~186·vertical "rail 6145.02..·408Landing.Gear 

(25_2-~:).(2422)(2333)p,:op_w.l~1!,o!,'l-· Sysf:em "1790. 1190p~oEitgincf (G,E, lS~l/JtA5} 
2442~1223Air Induc:.tiol'! . 

:364 449t83Fuel System 19,l717Eng,:ile- Conqiols .. - 2.1)20 29S1:a-r-t:ing Sy/fl:~~-
(27()3.)c2s,6),'{i4-12)Systems and Equipment 

563.4754U·:surf~e Cont"r.ols· 
1159781Landing G~ar Controls ' 

949.494"J;i:ia tmnetits 
2672l818·5Hyd:r;aulics a~d Pne.um!ll,tics. 
371359347Elect;r£cit1. 4604.604.60Avion'i,::.s· 
238-'2:38 iJs·F~rnishings 
142l42~4i:Air tonclii;ionlng _453·453453Aruiainent 

tO-.:4889290~ti01-
(381) 

We:lgllt Empty 
.(387)(37S) 

200 
Us'efu-1 .Lo~d 

2002.00Crew . 23-11llUllusable ·tuel 
l(f10· 10Eng;l.neOil 

124124 
20-

i,24_Missile Racks- and -Pylon_ 
2.02.0·Stc;artar cartridge -(2, 

l.Q.1010 
10,8:7S 

M~sciiitll,S:neous_ 

967187~2 . Basic Operat-ing Weight: ... 
(6;i;}J :(li33)(633Jla.yload . 2a,285?8..5· Aml!lo. (50Q roqnds) 
. 348 348348 

ip,304 
M:ts~nes (l) 

il/5089415Zero Fuel -Weight 
.52922.696585ir~al 

16_.800u,ooo:10,00.0Grou. 'Wej,.ght 
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(U) A single• Gene.r~J t:ie~t:t:i<;;: cootinuous ..b Leed turbojet, 
J"-l0l-OE·l00 1 Ls i.n;mi.l_led .1.n t;he Coi:II:Lgu,tation 403". -61.r.pllitie•. 
·T~ General. Elei:;t~i.~ ·cl~dgt,.!ltion• f~r. :c:his· engine -is GEl5/ 
J tAS (lle fer-eri~ e Z.5 ) • ln cbls- rep.ore the e~gine will be 
.referred to as the J.LCil-GE-100·. J.ie.rfonuince dat4. were 
f1,1~ishe.~ by C~nei-ill, ~lec:tr:l,c. (Referen-ce ~6 ) accO\lnting. 
f"~r C·ciwair :1!stima1;es of ii'llet ·pressure ·recovery, engine 
~lee4 aqd •6haft powe.t:" ex!,:r.-~~tloq. · 

(U) in ~hi.s ~ection., the JlOl-GE-WO'.ptopulsion syittem _ 
performance data are· presented for ·.the engine .1nsta-1led in 
a. mJnner ·.similar to. that of .~h.~ ·con.figuration 40~B engiqe 
inst..alla.tioa. described iri SecdoY1 3·.ii. The 1hune· amol.ll\ts 
9£ :);tigh-presstil.'e aii; blaed and sli.aft p-o~er art,? extrac.ted,

'·· 
(U) The exh.aus.t Doz:,;l.e is .. a contou.re~ 1:z;anslating-fl.ap 

convergent=-d.iv"ergent ('.I'FCD') configur~tion. The n~Je 
t;,xhauilt area .is f\Jlly moduiated duri·n! aft.er.burning ope.ra-, 
tiqn and va.)':'.ies tc a les.~er• e~tent: whe~ ·t:ne engin~ (s 
operating .tri iron-afcertiurn1ng power setting!i. · 

4, 6.,·l Pr.opuls:ion System Pedo.tmanc1f 

(U) the installed thruli.t specifio .fuel consumpcil'>n, 'fSFCS, 
and propu l,s.:fon ay~.tl/,m rier; ttitl:!s t I tNs 1 of. th1a J.lOl•Glt·-: ioo 
a·re preaented 1n·Ti1ble 4,6•1 a.11d F::a.gure 4,6-1 t:hro~gh·4.6-7, 
The ~ii.ta sht>wn comprise a flii.tiimum package ·needed .(0¢ th~ 
Cor1,figu~aticn 4Ql ai-i:plane de~:ign an.d mission anal,ys~s. 

(U) . The definit:i,.on of ·the ·in$.l!~llad p-ropulsio~. sy.£te!ft- net 
thr:ust. F~s• is similat- to· t.bat given•• in Subsection 3.6, l 

(!J) · tt ..should be not:c-~· that. somti! differen~.es ~xis t· betw~:n 
· the p.r~pulslon syste;· .oei:fonnan·ee: dat~ ~ontained in this . 

section· of· ·the repo~t; atjd ·those snow·~ ii'\ s.ubsec;!:=1Dil. $-, 6. ~ 
fo.r the• twin-engine ·au-plane.. Subs~ci:i.on .5·,6, 1 c·on..t:dns 
later en·g1ne de.ta· from. Geti~rU• Uectr1.c:, · ·th.e. dilt~ oon
taineci ·in .this sect.ion are tt)e· SA1!l8 liS those reported in 
the Con\i'a•ir interim ·report (FZM-5726)., . A ctt-,ri~e in· the 
propulsfoli sy.atem per.f~nnanc;e. dat:111 •~O t1'e 1.ater a.et. of dat~ 
will no~ af.fec·t th~ ·conc-l~sions made on the s inSle.-~t:1·g1rie 
airpl~ne-. Therefore no ·ef°fori:: .was m.ade to up~at;e tl:ie' 
s ingl~-errg-lne pi:-opu Loio~· per,foZU1ar.ica. 

\ -

• I 

-------------····"-·- ·---·-··--·--·····......________ ..•......•,,...-....-,•..--.... __.... ,_.___._,_.,...... _. ·······---··-····..···-..·••·..·-····-······•···-···--··-·--·-·····............._.____. 
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·I. 

"{U)· Table· 4.6-l ·403/JlOl-GE-lOO -MAXIMUM A,FTERBURNING 
-AtJP XN~EplA'I:EJ'QWE~ PROPUtS,tON 
SY51.'.6"i fERF.OliMA~OE ~TA ·.(U) 

... .. ' .. I 
Altitude ·Mach FNS TSFCS 

: .(lb.f) (lbm/hi:/lbfl... ::lfc) Numbe.r. 
. I I ~ 

.;. P.owe'r-Se,t.ting Maxb1um A"fttrbu-r1:rlng 

112·9.-,., 0 Q ~:.()47
.o .s 1j2·s4-; 2·.202

10000.• .,6 11130-, 2.088
1_p900._ -9 12_611, t •.22.9"

·3QQOO., 6442, 2,0_53-~ 
.j 70U!, 2._051

t.o. 7.~a. 2 .• 053
l-.l e·ns.. ...i_.~~3
-i-.2 81!11; 2,093
i.3 :92:12. -2, 147-
1.;4: ·95_()9, -~·.,:il.-.9

.. : ·1 .-.5 9953-. ·2:,173
.. ·35000,· J·,.(j_. 8-787 • 2·127·!>.

. 1 •.~ 8447"• 2-,.46_7 
z-.• o 7"41+0. 2,821

40000, 1;6· 7-0-13 •. -~·.-in 
1.8 6.tr6·. .2.457· 
2 ,ci' 6.06(1. 2" .• 791 

'Powe·J:1 ·-.set:Uns • l~tei;m~diat~ ?owe~ 

.Q. 0 16.69 . ,8.93" 
.0 •.s eo93_._ ·1.021 

10000·, .6 ~~-s1 •. 1.·o:J°6 
lQOOO, .9 7031:, ·1.090·· 

.- ,113 .s~si3. .1,;i)j2 2.0000. 
2,SOOO, .78! 4538. "l;Cl:$5 
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OONFIDENTIAL ~ 
la~.1 I/ i:· 
,.v l. 

'.t\'i,,l;
. 4.!>.2 Inle·e ~ 

~h~ 1nle-c i,ys.tem ·~or .c~ot.tgurat'ion 4O.J/J i'Ol-GE:..:10O ·iii 
•· · \:~•~en t-ta lly ~t\.e sa~e- ~..s ~~an: de.s ~ r ibed in Su~se-c cion -3. '6 ,2, 

· but se-al.ed ·t:o rna:tch tl\t- -a fr.flm;r re-quiremen t'!I of the J10 l
·cE·-.100 englne. · Tl\e ·resuldng lnle:t captu,t'e -are$.,, 423 ·sq iii, 
is .based on·. a 111axi111l:JIP cng,ine cor.rec:r;,itd ah flow of '1~9 ,8 ·1'.b'.l!'l/ 

.iie.e .. ·'I';1e. inlet .p.~'rfonnaric;o· dat.a ptes·e~ ceiJ :tn· Subsec't#m 
;,.,6·.? .i's· 111ade •!Jpplic::,ble .t!l' tbe _J:l(.l_l~E;;lQO engine ~Y ·R!uli:i
ptying: che engine oorrec.ted -air.flow sc.fil.e by .the ,;.aeio of' 
~a:d~ .st~nd~rd•day· •i'tg.ine _c.orr:ei:'t.ed ai;rfi-~ws: . 

il9.8 ... ,.; .22-7 .. 0,, .. 72 

·4. 6-,.3 }!'~z~le j 
(U) 'l'.he n.ozi.h employed .fo,; .i:nis -engi'ae is• a tt&TISJ,iating•. 

f'J.ap'-type c:onv~rgen.t/dive~gi!i:,c_. ·rl'on-ej'ector n.oz:de ~• de'! 
·picted i~ (:_l'le Fig!,.lr~- 4~ 6:'-'8 ·.s.ket:ch, i\ ·pr~S.Sure-d;ag 
·.mal,f.S.i:s .:was· made I and .1:b.e data are shown. in Figures 4. 6-9· 
at1d 4 •.6·.10. 

(U) The .drag baokkeepil'.'& ays.tem ·empI:oyed is the ·same' ·aii 
t:ha t ~efined·. in Subs ecr;ion -~ ,:6. 1,. _Tb.~ 'max;l,iµu"· a~Snaeil t.ation 
drag g!ven ln F.igui:e 4,, 6-9 •is t·he baseline) aad · the -dry:'." · 
_pawer ·drac. gi_ve11 ii') figure_ 4,6-lO is the: inQreme:11t .1,ijclude.ci 
in the _propi.ll~i.011 dat!l, l\lric., noz.il;e/aft:-fusel~ge -f.low.. 
fiel.d inC!!r~!l(i'OIJ~ a~e. a.~cO\!~C.ed for as. defin.Jd .tn- S~b··. 
sect·ion 3-.~ ...3, the. baseline noz.1.lt;" pressute ~atio is shOWil 
in P'lg'1fre. 4-.6-ll~ · · 

2~7 
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! 
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s:;cT·IQN 5 ,.. 

LA'R_GE ·T W I ij -,. E N G .I N 8 

(501A/Jl0l-GE;;.1QO) 
·, 

5 •. t VEHICLE DESIGN 

tU) In thin subsection: a descdp_tLon if. pri$'ented of the 
large t"'i.n-~ag-ine con·cep~, a brief eKpl&JUl:t.io~ is given of 
t_he .ccnf:l,.gura.ti1:in i-ado~al.1h CLnd ttie· cQ~figuratlbn grow.th. 
data that were·_ generjllted for s·:i;zing tb..i.,· p:piqt-desig~- vehicle 
are. s~rized .. 

.S, l. ~ ·v~}l~de Descript~·on 

~ . The ·large twin-etigine fighter con~li\pt (Concept ·3) delilig .. 
a&t~d Con-figuration 501A, is presented in Pl~re .s.1-1 1 · 

_which sl)ows the genera~ arrangement of tha polrit-deaign 
•tq,lane (2.2-,680.;lb mi,ilion weight), An itlboard p~·fUe 
and, basic lines ari:-arigem~~t ,o~ ~ S()lA-~ype_ ~lrp·\•ne ·are 
sh.own in F:tgure!J 5 .1.2 and s.1..;3 at a mission ·weight of 
t9. .·ooo· poj.irids. The airplan~ depicte4 -i1r tb•Se cwo· figu~11:s
wlia dedgu~d for a gross wei~t of l~:,oOQ·pounda and· was 
u~ed a~ ,a· ba_s;La. :foJi deve1c;ipnient' of the. gt·0vt;h· ~,;~ generateil OO!~~~M-t--7 
to determine the stud airplane. of Figure s . .i~1, Seti 

. ~~{ 

-EB-t- Canfig1,Jration SOU. ia _a l:!'&-9-pe~fomance f~ght:er with a ~~1., · . C.: 3.3. 
gross weight of 22,680 pounds ·a wing loading of GO psf and (b)(1)~:Jd, 1..Jt.) 
a th:ruet .. t~•'We°fght nt:lo ·of 1.26 (uninstalled) ~\ . '. ..4. ( · , ,c.,(

__.:..:.J ..,.~ . 'I •j 
(U) Carif;ig1_1rado.11_ :501A ia- basically vety sillliiar -~o Conf~- $. ~i,} . 

utationa 40-l.B and 403. Ovet.all charao.teri11t.ics i.uch- as wi~g. ·····-----·--,. ---····-------~ 
and corttrQr ·;;1u.rfac,e planfotlll ·ii.nd anangement._geomet:j;"y., crew 
s.tatian·, fuel. -tan:kage, and equipment arrangement are essen·M 
Uallt the same. -lrhe major .differenc·es. o~cur 1.n _t:he eggin,/ 
11:_\'let .eysl;em, ttl~ la~d_i_ng ·geat'. 1 -Jtl~ t~e gun instaUat:iori. 
Thea~ ·differ~nce~ are de11odbed ·btiefl.y in the f.ol lowing· 
'aubseitions-. 

· 5,. 1. i ., i Engine/Inlet 

; . In configµra.t!.cn ~01.A,_ the two JlOl..GE_.,100 engines. arel' 
cl\l_&tere~ c:J,ose.ly toge~her 4l th¢ -.aft fuselage section. 0.£i. '.~

·i ~ t~e atrp}.ane. trlm1::y· ab:' ie supplied t.o ~•ch engiJle hy a r .. i49 
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separate duct whlch ·incorpo~at;es ·• s_Qnd.-D-shape~t ti~. 
normal-shoc-~· l11lj!t.,._. ·the t\1_1ets a;e ·10c~ted j_u.a.t .forwatd ·of 
th~ ·nose gear: _on -e-i;he,: a.1de of tha ·futDlage ·center.line ancf 

. l sp~ed ..:approx·i111&tely' one _e-ngine. diameUr .apart,. Th·~ fus~-
·• lage :ta. contoute·d· fotwiltd of- tli~ i_nlets, ln. a manner· ~e~lgned 

to provide_ 4il'! :tnt;g;rated fcn:ebody/inlet· ge•t:r:y _thac; .will 
allow good_. ai--r ·~;tet c:har,actez:Jat~a:s. ~h~ughout t,:be maneuver 
eJlv..elope. · · 

s•.1.1.·2 I.anding Gear.··- .,.• 
·(Q) A c.onvendonal··tric-yc.1e I.a~ding .gear·· ai-~~ng~~ 48 ~m-· 

ployed on -Config_urati(i1r .5.0lA, -The lllµn: g•r 1,r J.oc41tad in .... the' fu••iage. in. t~e- regi,a~ j1111t ah!tad of ~e engine c.oaipart. m~11t an~ reµ-a,~.ts fon,a~d into a ba.y on- -eit:h.cu:· ··side beiieatb 
the-engine inlpt ·duct•~ The nose_gear ls.a •-1~•nf.culated. 
design ·wit:h a -fre~-castedng.,. s:tas.4--~heel arrapgerneot, Ic 
is; toc1~~4· j_uit afl; and. be.twe~ the engine. inljt■ ~nd .re
:tnc,t.·s fo~ra .. int J ·a bar. in the ·lower -center fuselage I 

S-,J,,.1,.3_ .<fun lnst.aliatton 

-Eet- .-. The guri in.st..allation ~f coaf:!,surat.:lori 501A ia similar 
.to that: of. Configuration 4011 eJCCept. that- ~ha' ~ton 
c1PRi1t~i.-a at.e ~o¢a~ed_in a lltQr~ ta,o:ab~~ area for.ea~y

i a~cea.s ·as a .r,ault qt the· mn inlet arrangement. A 20mm 
gun j,fl lc~•~ed on· ei~tJr s-ide Qf· :the- airplane· in_ the· giQve
·tegian provtdi!.d· b,- tha·. foriara ·exeta.aion· o~ ·tbe, tlitckeu~!,I 
1'UII rQo.t. as j.11 th'e :'40.lB cpncep't_. ·in.• gun .aompar.tment. -ts 
t.Ji,u.s· aituated ~bove. .tlie in'le.t ·duct •·on eith•r· Jiide -.~d I.• 
acfouilible thrcugh h1,.nged p'1,lld,a .in )~he .u.p~r ~et~ge 'i\dU.• 
A s_epara.t~: •~ni-=ion ,carm·i~ttsr-1.a.- pi:o'lided fa~ each gun in 
a c·im~er-fJ&ae1-ge hl!,Y. between i:h~ gµn ·compartin:et\ta. ailcl' jus_t· 
fotwa"td of. the .fuselag~ ·£ue·1- tank. ?he a,mm~i~Q~. caaniat,era 
a~e .!lllsi-ly removab~e· ~1;c'llgh ilacf!!H ·P.~.e.la· :l.n· Cb• lawe't• 
-fu,ael.ag~. 

, ,.1 .:z: Dea~ Bat_tQ'n,19: 

(11) ~st. of. the ov,i!,ra,l,1 ~e,sign ~•t:Lpnate ·t~t. ·sppUe"&. to 
~he-:~ingl.a-eagine aonc~pt (40lll). d"o «pp-11~ to. the ·,ou 
c:onc.tii;,.t.· ·ln_. ol'.~er to· provide- the fait'e".t c~pariaon b..e.tween .,the twia-engiue ·ap.d •.~-ngJ;.e":engig.e .eqnce.pu I the pri•tY ,fea• 
tµrea· ~f ~e 4!)µ1 ..c.0£1,cept were aaopted iaso.tar' au pos:i:-lble,. 
o·f tlie 1iz=·ujor d:lar::1:n~iahlrig ·~e.atu.res of· the 40l.B gan~ap·t., ..' 

·: 
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. ' 

.. 
~Thfr. f>a9'- h UNCl.A$SIFIEPl I 

a,tl but .one· were· reca1ned4 ·Tile .lon.e .ex.~ept:;i~ tayolved the. 
inlet toeat.t~li.1 ...and· .e~~n· th-1,a f~atui.-e did: not depart· 2;adi,0 

cal~)' ft.91~ ~hat. of the. f.o•r dedgn coneept.• f 
(U) :t,o. rj_lterate, the diati.Qguisbing. -teatui:;-ea ~f Conf1guta-

t~ 501A -~i:il essen~i-.li1 . t:1,,~ ·,.a,ae ·a.a ~hQae of: 4.01='8 (d.elJ• 
cribed ··t\1- Se~tf.an .3.).. 'l'~!flY •~ as follmoa·: 

l.. forr,a·td -~ngine·. loc:a,~ion:
-J-; Mi'd-wing_ · 
·,.. ·outer- f~_il:ed. Qody' 
.4. Twin vertical 'tails 
S •. Unoer-·fuse lli&I!!:: i.rilet loca:.t:t.on. 

I•·6.. Jki,b~te: canopy~ t 
(u) A•brief cliacuss~on: -~f..ttl:e!Jil: featu~ea, ·as they nlate .to the .. 

I501A c~niept: 11n.i:I -di~fer .wtr;b t .. e. 401.B .cq~~ep:t., 1a pr:esen.ted. 
r •i.in= ~he .follotdng; paragrtP.h·s·, · 
I 

., I 'the ~o:r::ward engine. relationship .lt'eq\d.~ed. iu. tha 4.o.J,B·'(U) 
concept to· p'tcivlcle· ~ppropd,at~ J>alf!oc~ cta•~•e::te~•~ic_s ean: 
ail.tetlt witb. r~-..l!aab~C!I· tail n:iament· ams i.a. also a .bulcI. I 
~acte:rbtic neqeas,aq- ~n th~ :SOlA arrangement. In fa~t;. 

·.•" this. ,tfect ls even 11\bre prouowced in th~ 'tlf$.n-engi11e
deaign. ·:J>ecaoae th~- combi~ed ,ieight of -the. ~o small. eil'giaeS 
1$ mor_, ~~an ~t -of .the singl~ targe engin.e "'1a. -t~ d:L• ... ... ·tanca from thl no.-.de. to. the engine :c.g~•of. the. s_ma1:1 engi;te· 
f.1i abol"ter-. the,i.~ t,f'9 ·f~ton. 0001bine to· i~cJ!eao'e ·tlie tail 
overhaqg t~~den~y· ~- ~• 5.0U .arr•iigement. In: the devetpp.. 
inent- of tbe SOlA ca.ncept1 · acljustaierita ware ma4ie. in :iorwa1:d 
fuselage 1~ng~b 1 tail_ ov:e~h~g• and engia~ 1Qc&tion. to p~o•
.vide a -reasonable e0111p~0mise in a1~p1iine gedsiletry ,~ stil~ 
:retain the bali.nae charactE!rilit~p.1 ,;.,ired·. 

·(U.) The mid-wlng ·and wfog..b'9dy bbndingi featilrell· ate··_essen-
;µl.I.Y' the .a~!Be in both· th:e. Bing_le·-engine and tw~-~~ine 
concepts-. '?lie fore .and 41ft· !)Xtenai.91i ·o.f. tbe, wlng•b.r;,dy •~P• 
·in& an:&JLgt1111~n.t aerve the s-. basic l:unctionil cm 50-lA ai. · 
·011 4oi-.. ·~• major dl'ffei:encei of. sou lie- tn. thei :i:~t ·~t 
•th~ ·oeritet b'o6y seption- 111Ust ,1ns ·two e.pg:Lne.• :1n11.tead of· 1me 
~a.d that the SQlA :~•rlU\geiQleq~ •.~110 ·~ends ltaelf'·'betf-et: t9_ &. 
~se-Lage--u,.oun¢e4 main._g~ar deslgn., In· the -!att:e~ c4se .the 
volume provided by fairi~_g ~~- iitlet auct- .1~to· tlu! aft fuse• 
lage ls atie~ate .for-'lltQWii::ig the- i:e~r•c.t.ed gear -and alsc;, . .. 
allows ll r~uonably short ·,gea:r len~th (1;-a.,. , r:f!d!J~~d ~•ial;tt), 

.. 
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(U) The cwia: ve;tic.a1 tail ·feature of 4"011 Ns ·retain~d Qd 

t~e !iOlA.·c.o~o~pr:A 4nd- the -~ame ·r.at1Qoal.e "4!,pp1.lea hare:. .A 
·&light inote1.H ti& the .. widt:J1. of. l:)le aft r90.~ t!St,nsiol:' was.. 
required ~o.,allow .a ~ea•pa~~te sttuc-t~al o.~lilS ·SeQt"iOll fl)r:
·th_t~ elemea..t _a-~ong,ide the pl!opot-i:ionally wider· twi.,i•engin"e 
in~tiali~tion,. Tb_:l.s re·2ull:s ·fa a .alight~; hig_he.t ~rc:i,or.tio11al 
rel~i:1onah1P between the hadzontal t_liil an~ _wing •pa~- on . 
S.OlA than -t~t" af··the ·sil.\Sle-engln• o°'"'cep·t·. 

"'tsr -~he ~~j o~ ~via~~on ;i,:n tjl~ two cQ~~eftl 11~11. :Ln :-~- . 
inlet:./eogine 'uransemen"i:. -rftie ·i"n"l:et/.foreb.Qdy .c.once.pt. of ·SOlA 
1,s -~ased· lai:gelj PG- :expe:r;ieac!!! decived froa,. ~~!It teat work. 
l:?.OQducted by. General Qynami"cs on· varia"us inle1;/fiiE'.frame ·-tn!,:8-
.gration c·(>il~~-pts J9-r· qighlj _Jlllllie~v~rable.:ai,~craf'~.. _--~h_e lnlet 
·ar::r.aagement ·tnci,rp.oro.t~ -o~ t;be S.OlA -co~f!.pt is i~tepded to 

. provit;le :f.or go~.d f:1,QW ~r~l.eriat;*c• a.t-bo.th h(gh mgl:e. of 
att·a.ck ¥,d ra~ c"o!!ditioruL ·1ilsent:ial:ly. tbe· same.. n•l...•h~lt, 
J;ijted-.geoai~t:1:y inle~ (eatur.~s, f!f ~~ ·491B ~~nc;ep_~ are ate·o 
:empioyed. to g~ve the ·best parforma&1~e :l:n ·the ~olibat '!I.tel)&· J 
(Mileti, 0,.6, to L6) °'ltli .a a-imp_~, reliable., l:Lght-weig_ht $YS!i:am, 

. •. 

(U·) . the tr11.~spa11ent bubble_ .cap_qpy- 'Witli the· fuil~vi~~~ c.•P· 
ib,{,ltty ·re!14·t.n• u,nc:hanged froqs-_ t~~ .of CD#~•tl.on -4-0lll, 

·5.1.3 Configuration Growth ·Data 

CV) ·_.Iri tliil aubs~tioi\", .the. ap_p~ach utilized· _to .dev.ei.op 
the ~onj:igu~~lrin dze-~ariatlons in the gi:~ ·1tuc1.y· ls. 
QUtl·.t,ne~-. ancJ -(;~: h~ic' p_u11111e~r.ic. ~~nfigu_ra~:l:on- deslp .4"~a: 
~hat ~as gei;ierJ~-d ta aupport _the 1J~tuctu.1:e•.aerodynamic, 
and per-formanc6 analyses ·a1::e· ,summarized-. 

s~ 1,3.-l Aircra-f't Sizing·Aj>proacb 

~ -Layouts were d•v~laped -f.a,:. t~ _SOJA c~cept at .a-,gl'olrll 
..weight of 19 j00O .p011Dds·. ·this configura.t1an famed. tile" 
basi,... for, tbt; :srowt~ scud;.. A1rp~~e .g~q:ietrt wa1· ecale~r 
~rem: -th~ baitc · 1!1'·,000·~~ ~J!'& 1'.QD ·by-use of ~sea_ttaliy._ 
the same. s~ling_ .relatio,:whipa developed ··for -the 401B ccn"!-

·~•pi:. ·xn genera.l, .s,u:fl"~e area.a wei:.e. scali.¥J aa a £\:iac._ti_ozi 
of··_gr9u~we:(;ght ,;~do •~ cb•ract,u:~•ti<' ·1:e~gt~ were 
-a.ca.led as' a- func:t~ori· of· the 1.quare rcot of ~he· _gs:oas.-w,1&.ht 
ratio,•. !fbaae 1_13altng ri!.~t1QrtBl_iip1 were uae_d·. t~ d~v,-tP.p: 
a~itiond ~a;a- p~i,;ieaa_or.:grqas wc;i.g~ta ·of 16,600, .~; 1_QOO;; 
and 24,000 pounds in_or~er to p~ovide g~wthcurves for·,air~ 
.c~•ft sizing. Pol:' all. ca,~•-• wi~g 1c,adinJ ,,a1 hetd con-
stant .-at 60: psf and the. famU_y b£ aiuraft oonf:t,iurati~s J 

:258, · · 

.. 
( 

I 
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r:: developed throug~--usj,. of- the -~-4I$ ~j_ t·dl si_zlng r:rtQ. \ ~;tla 41,scus_se~ .pl'e<r1_ously in .See-tiQ_~ ,3. 

·S.1.3·•.2 Gt'owth-Data 

- J'rea~~.tl!!d .ir;, tti:f.$' $u,~·so<:tf c;m ":Ls a s~_ilry of" ~he coli~ 
,igur.at-1.un. des lgn data ·that -,.,ei:e g~aer.ated· in the- growth
-.a"tudy- to· support· the· litruc.tuie-1 aerodynamic:,. and perfo~nce· 
·.analyses. ·-The varia);ioif of. a_ii:plane· Ye.tt_ed area w:tth afr
p_lane siiz-e (~i~ s.1.on ~eigl).t:) agd a ~efini~ion b.f t:h,e me;JO't
·airpla-ne co~pon_~n~_s, cont;lbu_t:l.ng:- to th~ .~etted;..4rea. total 
a~e .s.h:~n in, Figure S-. l-4. ·The ft'8j.or- co!l)pogent breakdown 
.af wetcie:d are-a ve~,sus., ·miss"iori" weight ia ~hOJiri -1.- neut• 
5:,_t..s:. -Th~ pianner ln w_hich. s~rected key chara~teristic 
fuselage "imens!ons. vary'w1;i:ll.4i-rp_lisrie· _fi!:ize' in: the, g~wch 
i.lirp_l~n~ f~;J..ly are: plotte;id. :!n Fi:g,u-~ 5.• J-6. Simil(l.r varia
~;Qn.11 of tt~te.c;-t~d key _c~aractetis·t:ic iu_r~ilce dimen~.u,ps· ·for 
·th.e gro_wth, · ~amUy -ar~ _plol;:~d in •F:i,gu·re 5 ~ 1..7. In ·r1gu·res· 
5, 1~e· tht'.i:iugh .5 .l-15:t•·.genera.l ai-tplane· geometric ,dat_a :are 
s~~~t.r.e~ t~r th~ da~4:pPtnts_ a~- t~e four gro~s ~ight• 

~ used t6 estab·llah 'the growth ·faml-1-;. A" hoxmal atea diift;rJ.
b:111:ion ¢u,;ve_ ·and fu,1 dis.1:ri.~~~on' plQt ar.e p~esent_e4 ;or. 
i:he _l)~s-ic SO.l;A c_oi1f~gµra:t.icn (19 ,Ooo..-tb l!lissio_t1 we.igh~) ~-I- 0- F-~g1,1~es "S, 1~16 and .s •1-17, respectivetr.- . 
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5.2: i°U,OWNCE 

. The -~·a.don performance :~apabUltiea· of CQnf!S~'-,ticm._ 
,501A were ev.aLuated at ,t.li~ J.9.1 0QO-lb_-.eia:e. 41-rcraft, us.ed. £.or 
the d~slgn layoU,t and· 11t a,-,ma~ler .and a ~rge;- ~:lz'e •. ·The· 
111i~sion ·~ffLi..tt.fons ind. pei:ifo.~nee rutes · of s·ectlon 3 .; 
(C.oafigu,:a~tQn ·~o~IS-) ·lilere .u:9~d-i Thai£.·iult~. ~-f · the eyalua• 

_.t.i,.an .~re: pre.~en(;.ed in r~aur~ ·:s.•2..1.. · 'The perfoi:mance data . 
pr~septed .ln t~b ·se.ci.:lo'1 -~re tor C rat-Ion SOU ·a~4:1d. 
,to awret ··c.he· qelked 'r.lO-q .-~ 'LIASM r~d:f.~11' ~ l!he· ·resulting.· 
,Dli,aiaiO.l'I 1i1:eight f_or-. tM.- ,diatanqe: lS· 22-,~8D lb.. fhis -con;. 
Jigur,tton, can be r:OD!p&L"ed ·to ·401s as. fo:1~01(&:: 

501:A -:401~ ~i :Change 

'W1t\g l,oad~ng 1 lb./B"q :~ .. 60. (iO 'lfon~ 

'Ih'rust Loa:~_in& 1.26 1 •.37 -8-•.0 

?akeoff :Grosa Weight, lb .22680 l.711.5, ·'' +3.2,.·2 
.·

ilasic ·Qperfl'tia•g Weight~.. lb ·157"12· -123,;.7 +26.4. 

''SRA5~ ~ius-~ n:,mi 240 239 Neg~! 

LB4SM 'Rildiuii-. a.,m1' r,so 7J0 ~one. 

·Far.ry ·KaQgie,. n.•mi 2,166 :26:14 -.11~t .; 
; 

. 
'turr, ~te' - ws~, :1_e-c: 9.45 ·9.,9. -4.6 

Accel. T.ime. - WSM, J.e4 s1.o· 1s..s ·-t-43.• 6. 

.iJ:he majo.2:- ca.use fot the· larg4! :size of -.the 5O1,A-. twin!" 
eng·ine· drc'taft :compal'.ed. ·to the 40l"A a ingl,e~engin41 ,,1tcra;t 
,i~ 0tijti !Jift~r~ce in ~~gJ.o_e _c_ycle-, -~he TSF(J·'• fot 9~ -engines · 
used- _in '.the .tw~-eng:lne .-.ircraft ·are. approx~tely. 20·-p.-rcent 
higher_ than those· of ·thJ.=P~ engine.·u•·~a i'n ·tne !l~.Pt~•ei;sgine 
~~rc:i:a:.tt. Altro., -when si~p.a,red.. a~- J:.he &am.a. 11t1ina-ta~led: tbtuil!;: 
loadirig (1~'$.1), t~e ew-in-eligine. a:l;~.af;t: w.eig~t-~pr;:y ·i.s 2,1~ 
).~ ·gre.lit~ :~~n th~ l!ingle•engi~e ·aircraft, 'rhiJ, ai..~.!lB that 
ti: 'ha.1 257-!i lb l_ess fu~~ for· 41 ·c:ori!(~ant ~a,·icx,: wei-~ 

_'the perform11nc1· data prei'ent:ed .itJ, ·this ,section ar.: £or 
ac,an~a;:~.;.day c:'r;i0cli~ioi;i1r a-q.d ~e. baae.d oa. · • 
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S6CHET' 

J... ~erodyn81\\lc data ~resented ·in Sect1Qn S.,3·. 

2. -Stabi-i1ty and Ca~tr_ol. 4at_a pr~aesi~e9 :i:11 Section 5.4•. 

·3. Weight dat_a pr.eientad. ~n. Section'5,,!j,. ,. 

4. l'ropul-Joa d:ata ·presen~ed ~n ~ec:!ti~-" 5.6._ 

.Th~. fo-Uow$.ng ccirrec.t..iotjs; .olit41j,.e'd frolli t~_e ·g_rowth data 
P.l'e.1~ted in S.~tio~ .!;·.·~. weH .ickled: to the -~&ic__aerodftiamic
data o_~ ·-section .3·,3 ,. tog!S~her wit~- ~~ iac:_i:~~at for dlffet.• 
~o.s:ea ·i,~!'t~eeD.-C~~figUrat:ibn SQlA -~a 40111 frol!l Section -~.3:, 
.ti><account .for- ~!_\e coi:ifigurat:f,90 -4.iffetence~t~--~;~rcraf!: _and 
·the· incre1,1s~d -•Jtc:,;-af_t. aiz~•:al"d. wing 11-re_a. (Tho. relerel\Ce 
w~ 4_re4· of Conngura.tion SOU. changed: froll'I. 16:.7 ilq f-t •~
-lj.1•000 lb to 378 !·o sq ft. at. ··_2zl-~Q .µs to piain~ain a .e011&_~t

j. .. .w_ing loading c{ 6p_psf,) 

AC ~qD _.A(:n
Mach lfo. l>ltOl! .to SOU· . .Sf.ze . ~tail 

a., -0.• 000.0.5 .:o,op112 ~D.OO'J._17 

0 . .:8 0.00010 -O.Q01J1 -Q.QOl~~ 

o•.9 0 •. 0003S ..0 ..00125 -o·.00095 

i~z c-.oos3-s --0.•.00600 -b,OQ065 

l~5 O. D036S -::o-.op~ao -o·.-®215 

~ ?be wtd.ght. datil for the·. i2-.,.GB0-i'J) aitcra.Et;. ~re t,le.~-
. miae4 :from th~ 3r0wth d•bt.- pi:esent,sd tn ~eet:t0Ji- 5:,-S. A 

BUIIIIUl:Y- of tha we~g~~ data use~~ th~ e.erfoniance calc~la-
·tl.onil is .1~sent•d· in 'table .5~~:!:J . 

fU) . The :engin~ size .was main·t:ained fi-xed-1 arid tbe pr.op~ld.on 
-data f~olli S~tloQ 5 ,·6 ~~-e- \Ul~a wt~Q~t Dlodlf:lc,r,~ion •. 

. . 
~ . 'l:he baa~c ~eaipn peti1n:1aai1,~e 0f··c0nfi~at:t.0~ ;otA 

slaed .to 22.,680. lb is •~"-z.ed· in l'igltta -5~2-2, Mis·s-!oo 
t•bulated data:11-re ·pte.aented in Table■· ~.2-2 throu~ 5 .~~ •. 
Qen'!r&l. per(ota\&lnce _data are ·shown in 1101,.,.es ·.5 ,2-·3 _.th-•""'
5,.2-12.. . O~ . . •v--r 

(.U) '?he 11.ens-l:.tiv::t.~y of ai,:c.taft .aiza ti:> Tl•ight-emp~y va~ia-
t10r! 18 a~n i~ Fi~re- ,.2·--1.J; '. 
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5.~ A~ROPYNAHics 

L-Lke Co[!f~gur4'C'i~ .4-0l, ·the twi:n•tl)gine airplane. (soi~)(.U) 
~•- geom!'!trleaity siini_lar: ~o c~af'lguratto,n 4·0.u,. a'ticl-a the're .. 
·fcir.~ i the. on 11. aerodyn~l!d.c ~t'fere~ces. are in t:hi! :adnimtim 
·dr~&• . 

j,~g•.~I'!, tJ:ie i:netho:dpiogy and ·as.sWD?tion& •.outlined. Lri(11-) 
:Section 3. 3 were- applied eonslscim;ly ti;J tht.,- i:ooi:igur~~i-on.i I·
·F1sures 5;3..:1, -z 1 ·.and -J ·s=wmna.L1"zed· .~he ·ro•niuium -dr:Jg dat.a.:i 
The .mo!Jt· :significaqt ·differ~n<i_e. betw~~u, (:oij-f:lgurat~oris 50lA· 
arid- -401B is :in ··i;be. ·wa.ve ·dr~g - 50~A ha• a coefff.c'i~nt: .,.OOS4-
higher•·a1; ~ .,. 1.2. and ,0034 htghe:t at M; .. 1.·6. ',l'hi~ .is d~e: 
ro the -i.ncfl:"e~.!f.e.d. fr~tt.tal -•rea ·and_ ·s:1:eeper a-ft slopes.,. as la
se.en by -~ontpartritg the no~l- iir.ea ~--istri,bpt,i'on ou.rvea !5hown 
in Figures. 3-.1 . .-2·3 ·anil 5-,1"".~6. 

Th~ ~rimme<t dng_polar~ and trtmmed conftgµra'tion . 
polars -for Configuration. ~OU .~:i:e: ·p1:.e.!11mte4"· ln PigQtllB 5:; 3-4 
~hrough. 5 !3 -13. · 'l'be (L/J>)ma,~ data- are. :plotted in :J!'J,&,ure 
5•.3-14., ·A. eompariaw. of· the.se-. !!a.ta 111.th those 9f ·ngure
3.3~zs· shows that ac .sub.sonic Bpeeds .Canfigu~a~ion~ 5blA and, 
401B ar~ ~quiv11.l.ent,. l)ut·, at' Mach· 1,Z·, C1mfigur.ation S'OlA 
has a. 6:•pe_rc.e.n t tower (x.:ID)max ,. · 

(U) ~t.nce· .the pl~nfom a~d \il'ing loa"dirig al'.e the same-· as .fol'. 
the. 40LB configuration, t.li.e- l.~ft cJ1tv.es., b_1,1,f.J;et l?DU1"1da>:"-ie111., 
and coiltrol•til!iU: ~L's shown· in. ~j.gu;i:"es 3 .3#2~ -~h'r.ougb· 
3 ,3-3·1 -of ;sec.ti.on 3-..3 also ap_ply :to the. 5.0U. oonff;gurilti"Qn. 
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SECRET 
('Tli!s P.age Is UNCLASSIFIED) 

5..4 S,i'ABl;LJ;TY., CO.NTROJ.,., AND· lfA~PLlNG ·Q.UALlTIES 

(U)·· The sam~ ·bas.ic. s·rability 'a.rid c.onr.~ol artd handling 
quaUti~s .design phUo.sQphy prev:l:ot.iS'l.Y .reported for. tht? 
siggle-er.ig'-iQe:. 40.J;B· 1,onfJg~&l:i,or:i· ha'ii' be.~n ·f~ll0wed· J.n.. 
d~ve1opment of th~: larg~ twiri~engine cancept: 501A c.or:ifigu
t":.!ltiori·... Overall,. the bade.: config\lfations are. s.iiµla.z

.s.i.nc:e ~he ·.reapec~ive .~~p ~.~.lume coef,fic:L1;mts ha.ye be.en 
.k.ept equivalen~ for the 401B sil'!gle-·~ngine !In~· tihe SOU 
two ·~ng.ine <J~s.ign, .Th\'!. ~t~l>Hity and .control char~ct:eriS•· 
ti.cs <if th~ !i'Oi.A will be basic::tilly ttie0 saro,l a·s· those pt·i!!'
.s~qted .for the 401B in ~!:,section 3.4.3. I.n ganer~l., no 
maj er. ·difference. can be =eKpected :f.n the: handling qualitfes 
· bet:wei;n the two designs as a .result of the higher .mciment o{ 
U1.e1rtbs .. of ~he. la.:i;ge.r two•engitie p1:1n·J;;lgur."t1t;l,on •. Tqe 
t;l.ynandc dlreq~~onal. s.tahility para11!e!:,et for. ~onfigur&ticn 
501A. ·is pfotted. iii: Figure S,4..;l dong w.ith th~ lKC:e.ral
t,o!ltra-1 spi~ par~ti;t:,. ·Wh11:11 ccmpar.ed; witJ,i .s'imilar. c~rves 
.for the 4.0lB eonflgurai:ion (Figt.1re .3 .4-·24)l the 501'\ 
exhibits higher· dynamic dir.ectionaJ stability ·and, henc~J 
bi&lufr spin ~esistance tba~ the 401B, The ·higher apl.q re• 
s'i~t.a'1ce ~f. eonft,gur•ti:pn !iOlA i,s at.tributed to t:h.e hi3he~ 

·.ratio· of yawing moment of .lnert1a· to rolling _moment ·of. 
inertia, · 
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SECRET 

5. 5. STR.\JCIUllES· . ....ANb WEIGR'l.'S,•.. _· 

Weight ·analysis for the· Configutat:io~. 50tA. gr~t!l curye 
w·air petform.ed irt: the same manne:.- a·s for th~ .C.onfigµr~~i1:m 
40lB growth· curve. F~ui: .att;"pla,nes, t~eX"e 11111.lected for 
1,iilalyais at 4.esi&n 'gl;"qsi, ·wftir,hts (:l.11 pt1u11ds), .~a shown··below. 

SRASM (80-Z, Fuel) Ferry~Lesion 
TOGW s·t:ruct oow dverloa1f GW. 

:·16,800 l5,940 27',.000 
19;000 13 ~.1,00 .29·;200. ·i 
22'·,000 21.040 .3:Z.-,200 
24.000 h,oo.Q. 34,200 

Input data fl>r weight equatfons we;e deriv~d 'f~oll),. scat.. 
int ~·t:a. p,:.e'S~rited itl See:tio:n 5, +together W'i!:'1 layout;~ as 
.c:equired t:0 ·develop ·spe.cific: area.·a.nd dimensional data:. 

~ · A. weigbt sumt1!14ry £Qi' ~ach of •the .four set,i;:ced afr-
platies t~: pres.a~~d::i.n· 'i'~ble 5·.S•l~ .J. plo~ of ·we.igbt varl;a
tio.n ,ren1,1s .~ross: ii\tei$ht is shown .in•.Figure .5.5-L. .The . 
ce'1ter-of-gravl,.ty' an·q. i~ert:!,a ptoperl:1.-e.s a.re SUffllllBdiZ.,d · 
•be'J;~w ,f.or the l!J ~·ooO-pound·-gross •weight ..SBASM .c.pnftg~ai:i.ot).• 

Basic. 
·oper.atlng Zero :aroaa. 

Proee'r-tle:r Weight .. Fuel Weight Weight i 
weight: (ib) 14 •.107 14.740 19,00.0 i 

! 
I 

•'· 
Hodz, c.~. ·(%. MAC) ·22..1 21.Z. 2().6 f 

I .. 
j 
i 

j 
I· 

J;:.cx (slug: fi::2) ·7543 .8044 9104 I 
t 

( ' . ., ('!lug. ft2 ) 49,,oi1 S0,317 53 ,953.:'1:11 
lu (S1Jlg fc2) .s.3.,676: .55..,444 ·!1'9;952 

!· .·1· -f6t" A S'Wlll!lil:'Y of ;be ·center-of~gravity conditions f'.o::Jr·the 
J;.RAsM ·and ~e:t"ry· .mi.as ion. for the• l?., QQO.-poun.d-g;-01,ni-waight · 
configui::atiop. ia as follows: 

J 
! 
r 

I 
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LRASM Ferry Mission 
Wei,.'ght. c;a. Weigbt C·,Q. 

____I_t...em__..-'--- , (lb) {% MAC) ·(lb) (% :MAC). 

.B~sic ~perating Weight 14.,.95.5 22..3 
iei-0 Fuel Weight ' 1S,°$8.~ 20.9 
Grc;)sa W~igh~ . 23 ;_8;38 l9,8 

' 

i 

I 
·I 

I 

•l 
:•" 

3.11 
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.(.St-Tabl~ S,5•.1 '.J¢1CKT SUHHAIY·t 

COld'lGUll.ATI~ SOlA GROWTH ·STUDY (U),
(Pounds} · · · 

.Alrelane Size1 . 
!LSOOOWItem 
rs;404)Struttute l,.,414Via~ .. ·2,;-604F!1aei11.e ·372Horizontal '?all 

334· Vert·icai Td.1 
L111tding Gear 620 

(4.'t58)rlliion Syi- .
ng1n91. (2). '(JlDl•Qt.-10O) 3,.,s.o 

4$8ir .lrJduc:tion 
. Juel Syitem ' 364 

36•nas:~• con.nob 
&taning Syacea 40. 

., 
Syateu and .!quipm_ent (2.,a20) 

61~·s~f~• Cont~~l• . 
·LJndlng.Cear Coftti"oll 1/J,6 

109t,a1t::rwaent:a
Hydraulic•· & "hewu.t!c8 296 

l 386.·llActd~•l 
.460Av..ianica 
245,Fui:nilt\ill&• 

Air Conditlora1-n; 142 
4.53ArlilU.11t 

Weight lmpty. 12,~82 

··(389.)Vi•~~ ·Load 
i1,n)·Craw 
15Unuaab1c hel 

Eng!ne Oi-l• . . ·20 
..., ·Miasilfl Jtaclc■ ■nd P7-lcin1 12.4 

t M1-c:dhneoua :so 
~••ic Op•~•ting Waight 1-3,07-1 

(633)nlo-d .Amiio {500 ·r:oundi) 2BS 
~• Missiles. (1) ~46 

iaTo Fuel Weight 13,7Q4 
F11el 3.;·096 
QraH Weight· 16.;800 

; 312 
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.l9i000Cli. 22.oooow
c6·.on5 (6:1992) 
l,_725 21~56 
·2,.832 ~.1·52 

4.38 S.3·a 
380• 4·43 
100 796 

(.4,617') .(4~1,"92) 
3,S.80 3,580 

501 ,eo·
4;e ·552 

38 40 
40, 40 

(2,933). (3,072., 
.u1. ·n•· 
128 143. 
109 109 
327 361. 
408 428 

4·60.4~0 
245: 245 
:142. -.42 
453 l+Sl. 

i);.625 14·•.856 . 

(396) (4P6) 
~00' ·~oo:· 
22. 3:Z:. 
20 io 

124 124
•30:3.0 

·14,02t 15,26~ 

(6)3): (fi3~)"
.2s, · Z85"

34a·,:348 

·14,654 15.~~~ 
4{346 .6.105 

J,9,.000 22,0.00. 

24,DDOGW 
0;657) 
2,·3o!l 
3,381 

.606 · 
119.6. 
.871 

(4 1881,~ 
3,·580 

59-5:
H~.41 
40 

__,. 

l88tl 

.Jt,;01,o.flc,'ft 

l,SEC. «.
' ·.(f

--J-)(j~ 

{),158) 
762· 
154 
109 
395 
438 
460
·245 
i42 
453 

15,696 

(410) 
200 

·36 
20 

124 
90 

u·,1,0& 

(~33)
28S 

_:.48 J 11, 
· lf, 73!1 
. 7,261 
24,0QO 

f' I .,t1r·11•• _ C, '1.1-• , 

I 
r.y· F..,. '\
5tl~(:9 

j 
~f .. 
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l ·stCREF. 

-E5t Tabl.-.: 5. 5.-2 WEiGHT sUMMA,RY! CON'1.QURATION 5OlA- SIZED 
TO 1'1EJ;T ,LRASH REQUIREMBt:ITS (pounds) (tJ) 

I
- L.. 

s'cruci:u·re· 
_wing 
Fu11elage
Horhorital Tail 
Vertical Tail 

. •Land!ilg Gear 

~puls~on Syst:einI --.Engine· (2) (J.lQl·GE-100} 
.Air 1.Tld~cti.on 
Fuel. Rys•tem 
Eng•ine. Co1't1,"o;i.s 
$::ia.rtirig System 

I 

h..fir"tlems .and Eqllipment 
Su~fac~ Controls 
i.and:L-ng. Qear Controls 
!n~tJ;Umenta · 
Ry.dl'tt~l,ics and Pneumatic.a 
El~~trtca-:1 · · 
Avio1).10e 
FUtnishlngs 
Ai..r ~o~d-$.do~ing ~ysteoi. 
An\anient 

w.eig~t Empty 

useful l,oad 
crw 
u~us&bl!:' 
Engine Oil . 

· Mbsile Racka and.· f.ylons 
Miaco~la11e:·ous 

.:iasi.c Operatlag Weight 

.-r;ay1oad
l -· ~. (S00 · rounds) 

11'.i~,~{les..(2) · 

zero· Fuel Weight 
Fuel -

Uro.ae Weight 
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ife-ight 

(7.209.) 
2145 
·3233 

545 
4:63 
82$ 

(4822) 
3580 
595 
.567 

JlJ 
(31iz., 

740 
145 
109 
)SO 
438 
'460 

,:Z45
142 
1is3 

u.i43 
(406) 
ZOO: 

32· 
·20 

1~4 
.30 

l.5·,549 

(6~')3)
285 
34,3 

16,182 

-6498 

zi.6110 
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S. ~ PROP.U.LSION .(:S.OiA/JlOl-GE•lOO) 

'tf,.lo General Electric con:t.iriuou11-bleed ~urbojets, J.l.Ol,-. 
GE-100, are installed. in the ·CQi)ft~ratJ9.n SOl a,.i:rpl·~mi, 
·Thia is geome.tr~catiy the same engine, tnc;J,U:dtng· the exhaust 

. noide I that is instalie.d $.n the Conf!guratfon 4"03 aitpl:ane 
(see Se~Uqn· 4·.6). However. the engine performance data 
furnished· ljy ·Gene:i:-al E~ectric: ~re mot!'- rec~t. t.ha1,1 those 
used in ene &fl&ly&~s. i;,f.. C~11#gurat!o'1 ·403. . 

{tJ) In this section. the JlOl-G~.-100 pi:opul~ion system per• 
fo.cinance dat~ .are .Pre,ented tp.r th~· e~g:l:nes installed 111, the 
;iirplane. tlle effec;tf pf° in.s.taUat:_ion are aecoiirtted for in 
th~ da'ta e~plained below. 

(Q) S~bseque~t t:o th.e analyds: of ~h~ JlOl-GE-100, Oenet~l 
Ele1:tric 'dtlsci-!.bed a lower":we_;l.gtit JlOl having· ~ revised 
cycle (.referred t.o ,s. the ·712:~ =~ycle). The i:hr.u.st is in.
·cre•sed: and the specific .fu~l consumptio!l is ~educed. The 

. l"!ew -weight is 4,8% lowct', and th~ sa,a-;.l,.evel-stli.ti~ rate.~. 
·1::hru.st =I.-&·4,.3% higher,. Oruise 'ISFC is about: 41. tower. 
S-ince ·this .information -only" became- known, at the ead .o.£ t.he 
i:-epordng period; ti111e dicl not p~rmit .evaluad.o.n• of. the 7 /2"3

·' I cycle. · · · 

(U) · The engfoes are locate·d uide t,y iide. in the· «ircraft 
aff.fu:selago, ~ith·pritl'!!!lrY a:f,.rE11JW deUvi!,red to each engine 
~Y an Clp~q-p.ose inlet~ T1'e ·airplane 'has: two independent · 
inl.ets and ducts, one for -each 'en~;l.11e·,: 

(U)· A small amount of ventilation..dr flows into ..:nd out .of 
the. ,ni,i~e.Ues ii'! ·a mann~r simillir to that. of the dilgle-engi'l'le 
c·oof1glirati0n; The •drag for this .airflow is asswed to be 
·~be s·ame 1;1-s th~.t .for t!Je s.i-ngle-ongin"e conli:gurat.i.on and is• 
-acc6u~ted for in the air~lane drag.•: 

5. 6.; l -Propulsion system ·P.erf.ormani;:e 

(U) Tp.e ins.tailed th-rust spe~ific:.· fuel consump.ti011, 'I'SFC~, 
and propulsion .system net thrust, FNS • ;a~e presented in . 
·FigurJ!.S ,5,6·..1 tl!,i'oug{1 5,6·-l~ tol'. eacb engine. of the Configu• 
rat!011 5QL airplarie, The. data shown ceimpria.e a eoinpleh. 
p.ackage ~eeded for airplane .enci's)'-nllll,l&,?Verability ~alysta·. 

(U) The ,dcfipitj,O(I 0£ FNs is !;be ·llB.QII! as tha:t given ill Sub,-
-~ec.tton 3, 6,·l.1 except tot the sources 0£ e;he data einplored.-
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The. installed net...thnut·'valu~, ?N,· &re ·t'ake~ frCllll d~ta 
supplied by GE in Ref'er~nce~ ·2.7 audi 28. The· GE daU 
take;i. :i,nto. accol.ln~ th~ inlet prC;!as'ure i;ecovery-, compressor 
bleed for.ECS, and po\iei:.extraction. specified by Convair~ 
The exhaust· nozzle drag.·, per englne, i's as11µ~d to be the 
.same as that £or the ci;;rU:fguratJon 403 a.j.rplane, (see 
··Supse~ti9n ·4 .. 6,3) 

· The Configuratlon · 501 inlet ·11ys tem cons J,ata. of ·two. 
separate inlet~ loc~t.ed O!\ .eithet:' siqe of the :fuselage wttl'l 
separate ducts to each engine. The inlet .s;t..z:l,t18 ·criteria 

'-~d per.formance di1.ta -are. the S&JJ~. ~~ des~rf;b~d in $ubsection 
·4.,6.,2 for conf-iguratton 40~/JlOl•GE•lOO, Tbe fnle~·:dea1gn· . 
rationale. ·is essentla11y the same a& far Conflgur..ttiim -40lB/ 

·Fl00•PW.-100 (Subs.ec~J,.oo ·3 ..,6 ..2)-,. D-shaped inl9.t·s wer~ ch~~e'1 
for. <;qnfiguratio11 ,01 (as oppq11ed to elliptical•} to .mi.liimi~e. 
~he boundarf-lay~r diver-tei'. . . 

5.tt,S Sh.aft Fov,er and ,comi;,ressot Bleed: Bxtrao.i;ion. 

(U) · . P9wer is• ~tracted througti the- engine ge-ar~box power~ 
· · ·tak.e~oif s~ft ta ,!tive.. the aifplape·.alectri~ generator·.and 

hydr~Hc p1,.Qps. 'rhe est:lmat;_ed· valua· of .total power ex.trac
i . tion is 70 :hp-. for the airplane·, or 35 hp from ea.c~ engine,
I 'The ·1nsta,ll~d propulsion sys_tem p~rfort!\flQC:e data. (each1 engin~) ,ac¢~unt:s for 35 hp: at all. f.iJ.ght. ~ol'.ld:i,t:Lans and 

:! _power settings- •. 
i 
I 
! (U) Higb...;.presa.~:t'e bie~d 'a.it is .extracted frOl!l the ClllDP:tesaoi:'a 

for aper.ting the environmental- r;ootrol afiil:eni• . 'The' .hleed 
·i air-flow:: rate. is e.stimated: t<> b~ 0:,4 1bm/s!!c £<1r the ai~.. 
.,i plane, or q·•. 2 Ibm/s!!c :froi:n. each. eng:Ll_le, The i.nsta1ied pro

I p~:1ai1Jn eyJte.ai perfonttllnce ~t.• (eac:.h..engine) accounts- tor 
0,2 lbm/.sec at alt. fliglit aomHt::Lpns '~nd pcwe,: settings ..i 

I
·••I (U) During groood, operati.cn the 'bleed flow j.e est,i-mated to 
' be. 1;2. lbm/,~c for. the :&Jr.plane.. _Th~ .. ~natalled prppulsf;o,n .i 

-l!·y~tf,lm_ performance .dat;!I. ~1.1ri1:1g, t•keoff ,11c1;16unts fol: 0,6 lbm/.1 
l sec· 'from each ·:engine• . 
I 
'I
.i 

-~ 

·i•. 
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o.• ·4 T A P B i a.~ i 1 o 

~.l ,,.HlCLB.:plSl.GR 

~ The C0nae.pt._ l aircl'.&E~ O:he J.t~i• liagle.-iagina .. ·4.0iil. 
.,·con~ept.) w~a-lao ~f!l•i,itie"d ~th _a.coo.t·r:ac~-•P-~ifi:e_d wing_-•· _geomet;y: .'-!..ng load.~g of_ 6Q pa_t1· ·••p~cc r~t.,_o of 3 ,Q; 
:ti!,per ra~-i.o o~ Q,·h t\d,cknHa/diotd a:-atio o·f 4 .percet1t{ 
.fixei:1 · leadi-ng-edge aweep ·of·· 3~. de.gteel[I ~- at~•~ght_ lea~i'1g 
and· tra11in1 edges,. aod·••n~atiy ~etac~bl~ •~ngle~htnge
l~ding-c_4,ge. -~-lift-. devices! Tbiil wlna::·dlffer,s. from· ~b~ ------'¼-----' 
-,s~lec:ted- wing .used .on ttie Co,!U:e:pt. :1,. l-, an~ 3· .dei,ig_n_• ·1n 
two i:e~pe,ct:s-: ~per rati_a of 0,1._: 'Veraua ·o ,-2 Dt ·-1111~ sciuarea 
~•t~r than -~ounded: w.i-ng, ·tip~ · 

• •I' 

~ ... .A vers_i,oii' o, t;iia "l~rge s~ntl,•t!ngine· .at~l~e. conce~t 
(MJ."'Ql) ..w~th the :stai:l!lllent of Work (B.,O~W) wing ·piatnfona 111 

.presented in the t;ene'r-al ari:artgement iir.awins. of. ·-,-1.g~re -6_._1·..:i.. 
ln t~ 9~awing 1 ·~ri ~ple ,aircralt .is ahowri a.~ &· J!liBSioa\_ {. . 
w~i~bt ~-f ·1,,~;1!0~ pounds_., -~n~ch ·was one of the· .data· points· 
u~ei:1 .in g~r:ating· .the· gr~h cur;,i"e,, ·'the point.•deaign 
~aa1·011 w~ight _of 'the·· airplane· vith the s.~.V-, m._1• ,;aa 
de_term_ined· _by (:l;\e per-foraia,;i~ -&ndl"•i• .to ·be 1,-;,,·s p."OUJ'd&!:,. 
T:tte· ftn.1 pbint~deB-igi:I atraqement ia not p~a~n~erl .&'inc.a 
the. .changes- ia d~i:i;sior:as: 11.re v,ery .small .~"d ean .be det-er~ 
min~· by ·appl.ying -the ~ppropr!ate. s·eale- -factors· described. 
in Sect~n -~: · · 

l 
T~:l:a_ cpnfigan;.a~icm f:i. ·the .-aate a~ -40.iB- exte1;nai1y eir;:

capt for i:he .w1p·i planform., ~-- thi~kr;iesa ~i•ttj.but~og, .,and.. 
hori1··a1t·a1 tai1 -a1z·e.. -tnt.~l!'.na.1 1tw~t,ure-- :1.!J a.lightly re.~ 
a~rangs_d ~o &c;c_oam_oaate. ·t~e. change in W'i1'g· box structuzral 
ge0111et:y-, 'but the ·Jiti.bayatem. 4,:rang·ement teina.~1 euan~~•l-lY. 

l 
unchanged , . 

·6.1,~ ~~~gn Ra~ionale 
i 

-@r ?:he -x::ation.al.~; f.01: tl,.e s·.Q,-W. wing- ln1~al,l1!1,tion :lat 
· ~•~t-~a::!,._ly id~tical ~o :(:bat_ df the·_ basJc 40:J.B co_neep~. 

J,trirnal'Y: dif·ferancea inv0.1v, duign -~~ the . ..,ing, aad ho_d_:-on/
~•l t•il~ Tbe wing· iR locate,d l0~gftµdtnai1_y -•~ fhe same · 
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(S) quarter-chordlocation on the mean aerodynamic chord.as the.· 
401B wing planform. ·wing thickness ratio .was also modified 
on theS.•·O .. W,. wing to provide an offsetting effect to the 
weigth penalty imposed by. tlle difference in taper ratio 
"between the s·.o.w. wing(0.40) and the401B wing .(0.20). A . . ·biconvex wing with a t/c .of .• 04· RMS based on· exposed plan 

F 

.....•form was used instead, of a constant t/c •.•Qtt to allow the ( . . . ·. : 
structural weight reduction necessary for minimizing·the. 
weight difference. between the two wings this rationale is . -.( . . "!I
explainedin more details in subsection 6.5 .. . 

• I • -

new horizontal tail whichwas sized to· .the· same 
tail volume coefficient as 401B (0.26) is so located that 
the tail moment arm remains the same u that of the basic 
401B horizontal tail wing. and tail relationship wasThis 
established to maintain the original balance characteristics 
of 401B as nearly as possible on the modified configuration 
The planform of the originalhorizontal tail is also re- . 
tained. A comparison of the tow wing planformssuperimposed 
on the airplane is presented in figure 6.1-2 for. ·a gross
weigthof 16, 800 pounds. 

_6 1. 4 Design Data 

A Summary of. basis configuration .data for the S.O.W. 
aircraft at a mission weight of 16,800 pounds is presented 
·in figures 6 1-3 -4) and.. -5 basic geometric description 
·data. are.· given in figure -6.. 1-3_.. friction drag design dat:a. 
for the ·airplane are given in figure 6.1-4 the normal, area 
distribution for the airplane with the s.o.w wing is pre 
·sented in ·Figure. 6.1-5 

. 

.· .. 

. ............ 
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_x 

z 
d. buried 

. Secret __ 
basic description 

lbs 
W/S 60 l bs ft2 
GW 16,800 Project -f'lli'I, 

configuration adfT/VS 1.397 uninstalled 

engine P&W )iF 
DATE• · AF F1000 PW-100 

f. 

j 

· = Average sem = 
x = Dlstance aft from fuselage nose to body nose or -surface .fuselage 

intersection point . . 
y distance outbd from fuselage ref, line to body ref. line or vertical 

surface chord line . WL92 
_z = distance up ·.(+) or down (-) from .fuselage ref, line to body or 

surface ref line · 
- - _ 

(S) Figure 6 l-3 Basic. Description Data Sheet = Configuration 401B 
with S.O.W Wing (U)

335 

\ 



---

. ,. 

Friction Drag Data project adv day fighter 
= 16,800 lbs 

configuration 401b saw wing= 60 lbs . 
· T/W• I397 C(uninstalled) .date 22 june 7

engine P&W 
bodies 

.body TOTAL 

SURFACES 

surface total 327.8 
airplane total __ . _I263.8 . 
basic wing geometry 

areaft2 

aspect ratio 0 

(S) Sheet: - Configuration 401B 6061-13Figure 6.1-4friction Drag data 
with s.o.w. Wing (U) 

traffic .
basic 

.. 
3.0 

0.4 

35 (deg) 35trading edge 
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.6. ·2 -performance 

Toe; performancecharacteristics of configuration 401B 
with the O.•4 taper rati wing are basedon the same mission 
definitionsand performance as presented in sectionrules 
3. 2 .for configuration 401B with the 0.2 taper-ratio wing. 

--$- the LRASMperformance capabilities of configuration 
.. 401B withthe 0.4 taper-ratio wing are compared with the 

I 
I basic 401B configurationin. figure6.2-1 the comparison is 

for the 16,800 1b size ·used for the design -layout described 
in section .6, l, the mission radius with the .o .•_4 taper ratio
is 115n.mi less than that·with· the basic wing which has a
0.22 taper ratio for. ·.the. theoreticaltrapezoidal 'fl'.ln& (i•.e • ., 
withoutcurved approximately onetips half of the radius 
loss is dueto the 119-lb heavier weigth of·. the 0,4· taper 
ratio design . this is ·a resulting 119-lb loss of fu;el when 
the analysis is made at a constant mission weight as is. the 
case in this analysis the remainder of ·the: radius loss is 
due to the lower L/D of the 0.4 taper ratio ·•wing, 

..l.:it- . when tl!e 0.4 taper wing design is sized to meet 
the 750-n.mi LRASM radius it is 620-lb heavier than the 
basic design (This) is the reason for. having chosen the 
baseline design the sizing .of· configuration 401B with .a 
0.;4 t:apu•ratlo wing to meet: the W&'M. .~i.u9. re.q_\iireu.ie!ll:;& 
·was don., by uae .0£ co_rrect;ions obtalltl!d. ~ ·tb~ growth dat4 
pr«aeuted· !it Sect:.ii;iria. 3.• 3 .. ana 3;.5. . 
• I 

-ffr- Th~..fotiowil.1g cocre¢tions 1 .obtained ·from••the Sec~ion . 
· · 3·,•3. growth .d~t!I•. ~~ acJ.de~ to ~he- ba_sio aet~d~:Lci data 9f 

Se~t1-on ·o.,3 to a~coqnt for tnc~aed 11':Lrcr,aft size. anil··wigg
area change: . . . . . . . . 

.0,6 -o.o.oon 
o•.a.. -0:;0.·ooil 

0.9 -0,00D15 

1. :,· ..;.-0.• 00017 

1.·.5 -0.:0004.5-
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., ~ 1¥fi_a 1 .;:,: "' .i; · ~; ,... -" -.· .\ . _.ilS I t c. _j }:t :,,, ~- ·:~a 11,:: ~···· ... : ... ,, ..,w, ,. ,...;: ¼.p.. 03:t.:H. ·"' ..; CI 21 .¥:0~.§ ! ri";"J hi{!( .Ji r: t..:z •• t~ l!!t J t .... Jtt]J. lib!,. 

..•. .. .. • . .·1"'"'·-- --~ .. _.--. 

t.6 ,'800~lb AIF t~ Jo Tanks 

.0 .• 04 .08. .u .1..6 -'llS' ::--.. .C"\,1'... . \.-. ......·eu ~ ~·'-,,.) 
,..,.~ r,.. ~ 
pt:tv -::=::

-Est- Figure 6.2-i Cc,mp~rbon of .0,.4 Tapei-Rat:ia W'tng and Ba.i!'i.c 4018 ~·~ ~ V~g ~M .Perfc~aqce· (U)· ....,_,~ 
x· 
)',," 
,..,_r,,. 
i.'...~ 

,t:l WEJ:t;Ht": :WI.MG, ''A 11 "'.', ·w.1no· ,;F ] 

Ss;:i;,u~r.lire
• W~~g 111 lb 
..,. ·r.useia.ge ·i.~ 
.• Horfaont:a.l • 'l:ail -·24 

103 lb 

co.~aols 
Sµr;ace co~~rois ~9 ·tb 

~ Hyd & -Pn~u. -3 . ii' ., 'Tot.al Ua9. J,b 
. ..,.~ 
.... .!-0 

fA@OD'lNAMlC~ARISON j 
l.,Or-.....,..----~--:...--,.._.;,.,__.:.:_..., 

. _.,a 

.·.6 
CL 

.4 

.2 

0. 

- - i.::too ""'~-~ ____: WING ·nn•~ 
- . - --~ . -.,-1-. 

#~ 
Max l."W. · 

Reserve ·vuel 4·7.3 ·. 44'6 ' .:..11.1 ·C'Q ~~~ ·=o•, .-, . Weight 119· 6 ·Sl. f' t'< ,_.':."Q -

\IJNC 

TIP: ,._ 

WING· ''S'' 

"-'\.. 

(. PERFORMANCE .COMPARlSO'N ·FOR WSM, J. ~. 
·vtNC ~NG ~QUIVJ't.t:,t ~ ".A" 1'»" 'MD N.Mt 

Col!lbat Fuel -~ mli' -h · 
.. •Accel' ..Time; sec 36.l. 34.8 . 
-~ Tum llat.e @ M"':0. S ·9·~.1 9 ·• 8 
•"Nm Ra.t:e @ 11--1.2 .. 8~2 &.3 

c:'l~b Di111c/Fuel. . 25/144 25/144 0 ··--· ..---·:·-- ·~-·m·,··oo 
!'1\ . ~l"'I (X)Ct,a.se R~nge C0~~111i1: .~?Bl. 556.J ~30 ..... ~.'-'(';' ....
'"lli...l; • =::r.•.L/D· ·9~226 ~- 82.~ c=-Ol . ►·H. .·8'70 .; 863 ,...._·~ ·co 

,.TSf'.C, ' •.872 ~ 870 ½~~ :~ 

...- at- 3.(),00.0'
~=l.-2 

https://r.useia.ge
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~.J:;e ,rafere~ce ·wtng area wa, ch~ed ~~ 2$Q. ll!q,.f~,. -t~ . 
. Jiis, 6 -lq-• f.t.. to· -!Dil.l'l1~Ul _a. CO!ljt~lit. ir_f,ng. ~p_&dt:ng ~f 60 J.>~f ~ 1 

{t9 The ~1.g_ht data preaet)ted. i.n- Sec~tan 6. 5 ~re eometed 
fQi:' -~b•w·- in ·au:c·raft •·-ue.· Tlj.e .'--Offi.cj_tiona winre made ·by 1 

-ufae,tohf the .gro~d~ d:.~ p_dn!&t_ente_ d ,tu S•~~~t 3T_;s_b,.l A6II.UIIU .j1 f!!Y1 2 . ~-o. 11! -(:arreata. · -~~.t a: .a s preaent~ :n :l e •' .• • 

-fU) The .engine· a.:lz'e· was maiut.d.ned ftxed,a. and the p·ropul• 
·•~~ da.ta from· Section:'3."6 were- used- without ·modif':l.cat.f.an·•.. 

(P' · ·A i~y of' the ~~• iDn· caP.•b~Uttea of the reat.zed-
Conft.gurat'J,on 401B with- a 0.• 4. tli~,m:-rat-ia wing· 11· pr■-ented: 
tn,. ·rii"te -6.,2-1.~ 'l'libulat'f.Qn~ q( the_. ~~inent; dat-~ ~ ~ 
a~gmant ~f the ~~e .mia&f;?m are p~uented ·lg. ~~les o·.2~2-

·tbr011gh. 6.·2.4,, Oe~r"l. ~formanae da~a are ·presented ·tn 
·rtgutea 6.2•-3' through "6:•. z..iif Seiisttiviiy to ·we1g111:;-.pty 
vadat;lo~ te p~eael)ted ·ln 'F~ ~-•.~-13: • 

. I 

t 
. ,;,. 
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""tS'}- Table 6•..2-1 ·.CQNfIGJJBAT.I9N 401~ WITH o.4. TA"P.ER 
RAUO ·W:l;NG WEiGJJ? ~\TMMARt 

(17.73s.;µ, ~irplan~ Wtehoi,¢ fank•) 

l.. SRASM ·a~.d ~.SM . 

B~.ic Operat:l,ilg :Weight J2,:566 
~ition (soo roundi) 285 
'J.woAIM 9-X·Miss:tles 348 

··Fua-1 . ~;,s36 
·s~ Takeoff.: GrQH W~isht 17 ,7·~"5 
·.Two FL1l,l ~0O•G,ililr:m Tania. and Pylona 4,838 
"LlWIM ·xueQff Grosa Wei.&ht · 2Z 1S.7J 

'.Basic·.-Operat~ Weight 12~566 
.Qne. Ha-lf. Ammunition · _ i42 
F.uel for iO.:.Minut~... Sea-Level Loiter 
Sll(\SM and l,Ri..SM ~Gllding Weight 

' i. ·F.•? MtSSlO~ 

B~aic Operat:{,ng Weight_. 12,566 
Mis-site. J'y.tcn (Remove4). -124 
Amnuiiition (500 Ro\1oda ). . 285 
Zero :Fuel. Weight · U,1i1 
Internal ·Fuel · 4,536 
iwo Full 6·oo~Gal.lon '.ranks and Pylons 9,348 
Oi:ie 'Fu11 tSO•Ga).1on ,anli: and·. Pylon li309. 
Takeoff Graaa We~ght. · · · i1p-9io.i 

t. ·zero· .Fiiel Weight· ti·,1.'J.7
. f Two Empty ·60O..Ga,llon. Tanks and. :Pyloga 1,,0.G., 

On.e Emp.ty UO·Gallon Tank and Pylon 308i Five Per.ce.nt Initial Fuel 6~9 
l',f~ty.-Mi~ute: Sea~iay~l Loiter s·84 

· 1;.anding.weight . 15:,794 

476 
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(lt·.-73.5.'.""~~ ~/-P r,•/o-Tanks_) 

I.ptl~-ll.AH.GE AIJl:- SUPERI.Otn:n KISSI.ON 

.Al.T 

750 N.-:MI. 

~HJ f;OMBA't 
-WITH t.VLL "IlttER~ 

FUEL-. HO: ~ARKJ 

SROltt-RAHGE AIR..,SU1?'~01liTY HI.SSIO'N. . . . .. 

~ @· 30 .ooor 
· -:w1~- ill:Ls.slles 

(3} ~7:1'.'S!@ H•O •. ~ 
(2) t:~r,na· @·. K•J,. 2 . 

·Ace.el x~Cl. ~ ~ l,.5. 

'244 :111.m.. 

MlS'1,0N ·'RADIUS 

'f~t ~S.fQ.O_N 

--7 
. H-.so _ ·- - ·-44 •.710.' . 

-~. . J
G6 090• .

·•: l-/. QIJX:pt "1.TH. EJa'IRlW. '.TARS·, 
l (~) '60~ GAi. + .(l)' i.50. CAL 

, 
_2418 N.ln,., 

T.AlUCS .~,:fti:INED 

HISSION'RAi;ct 

T'iilkeeiff tr.cis.s ·ve~gh~ 
Takeof1: .Df.9t;ance over so· .fe
iand°tnc ·Dtst:arice over-,. so ·. ft 
Acc::el 711111!.., K•Q.9· to. 1.·s . 
Turn .Kate @- K-D. 8 
·.Tcrl) Rat!&\ @' 'K,..l.·2 

Tak.eo~f -~~oaa Weight: 
·.Takeof~ 'l>laJi:.nc.~ over 50 .f~ 
·LB:-adi1tg Dls~ance ~- so·. f't 
~.cc:el 'r'i'll'le 1 -K""°••9:. to 1.5 
Turn .Ratl ·t· .M-20.B 

.. ~UTI\ Rate·@ .~1.2· 

~F~_gure 6·.Z-2 ~nf~~at:iqn. _4DU- ~th 0.4 'l'ap.e~-~ti.o. W.i,ng ,Missign
Perfm:mance SUmmary CU) 

-----·~ ~-

.22 .S,73 .l.'b 
2..060 ft: 
-~.;,z.o f.r. 

'38.6 -·-~ 
9,.:2 ·d~g-lse,o 
a.·o·· deg/He 

17,79,S lb 
1 • .)7() ft: 
.3~:320 ·ft: 

)5,.2 ff8C: 
10. l deg/-iiiee
.8.7. dei'lsec 

,I 
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0 0 
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6,3 A~OD.'iNAMIC$ 

(U) The: aei'~d·ynaniic cha-ractert·irt.ics .f.)r Configuratiqn 401B· 
..,with ·the 0,.4 tapcn:-ratio wil)g. were g~_«rated ·through· use of 
·the ·same iae~Ji;ods· and wine ·turine.1 da,ta. as we l:'e used for the 
:bade 401B ~.Q.1lMg1.1r~ti011. pf Se~.ticm, .), . . . 

·-rh~ i;:o~aL "'1.n~um drag is plot.tee .:1n :Figure 6,3;.l -;for. 
.varip\ia al:t'itudes, .The ni1'nimum: dr•g coe-ff~cle{l.t is. hi.&h,J;" 
at supersonic speeds because 'Qf· a higher ~ic wave drag 
a~d 1i'o drag redui::c'lon ~~ ti:Q c~e i::Lps ,. as' discussed ':Ln 
Subs·":c~ion· 3,3; l.- .J!iie net· wave.' drag coefficient -i:il ,OQlP 
hi~h.e-r ·l!Jt ·Hach ·1,2- an!i .~0.43 ·.highf:r a_t !14ch ·1.j,;J 

(li) Ther ~rag c.omp·oneD.t aQd= growth: curves of :Figures 3 • ~ -? 
a.od· 3·.3.4 .a-re applicilbl:e to ~his configuration, 

~.•3 .z Prag_ Due to J.ift 

_(µ) The drag due ·eo l'if't :shown £n.·F'J.gure.s -6 •.3.-2 th-rol,lgh· 
6.3·-6 _also 1s: dei.,!yl;ld £:r1:1m·,tb~ F-X •win~ -tu,;ipel. · t~.s~s ~i~~~sed 
i'!\ Seqtlon· 3,3.•. Uhe 41cJuc,d .drag fo_r- t;he Q,4- ta:per-ra · : 
win~ _is higher ·fQr the .fcill6wing rea~ons:: .. ;i'fl~f.f~ --~ 

1, Xbe · tncu:e~s.ed wing c,utot1t (i.e. ~ µ1cr.eased· ~~~; 3 3, 
trai],.in_g edge swee_P,)' causes a _reducti_~· in (~)90 /';$:! 7& , ,lo! 
CLa and t:herefore a );edtic.tion in .sp&ll effi- 1.4J.($)):(gB,a( .k'l 
ciency· &:Ln'1e l/.e ~ 1/Ct~ 

.2.. Tbe trape1.o:Ldal. t:Lp·s · ha'ir• le11.1 a.plln thaq 
flie :C1,1rv.e<1.· .t.lpf,l i Alt • :L-.0 instead_ of·· 3 • i: 

?be net result i's that the 0;4 ta-per;.Prati.o .wing has ab9ut 
lQ.•earcent· higher ·induced drag llt 11ubsonic. ~pee~s. amf at· 
ttach l~. 

(U') Tbe· _a.ssoc:i,t;ed .lead4lg-~~e"'l:~~p·.drag ..·if .P~tt~. in 
F·igur."'° 6.,3.-7. It. is esnrittallr the same a~ tha.c for t:b.e 
~sic 40_1B ai~lane. 
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·6.• 3~3 ·-r.~iin Dta$ .-

T.h.e 'ttl!ii ,drag shown ',in :f~gu.re ;,.3-ll £9.r .Config~ratlon 
401B also ·applles ·to· the. Q,·4· ~pe~-ra~ia wing.,= 

6.,3 .. 4 ·T·dlllPIBd.Drag .P.,Ql.a.ts. 

(U) The trimmed d.rag polars .an.cl con·(~gutati°" polars·· .for 
~Q.Uh~i:t~: the! .0. 4. ~aper-!'.atio ,ring. lire g!ven iil Fi~ure· 6. l,•8 
through· 6. 3.-17 ~ ,:?e (~/D)ma:ie ~ata plotted in Figure ~.3-~8 
&·i.'ei, as expec r:ed, l'pwei: t~n :..imil.Ji:- da:ta for. tjle ·ba11.i,i;: 4:01B 
c.onf'.lgur,t;f,on (s.,c1· tlgure 3 .3-2'S). .. · 

. ,• 6~3;i· 'Li.ft and Quf'fet .Da):~ 

The .q1;-vs~ CUrl!'U,. control 1tmit Cj/.S.·, a~· quffet. .(11). 
~ri•s: .show11 .in F·tgu;e-" 6,!-19 through 6.,3·-23 are de .. 
dV'ed f~m 'chi!! sam~ wbu! :tunnel data as was u.se<f ·for the 

.haei~ 4.0.l~,·. Howe."{•:r, an ad~ustme~t ~o.r the t;h,arig~·· if! ta:Jl!l-r 
ratio wu .ma~~•. This car~ctian is· smal,l, 1 since Cta 1~ 
re.d~ed only .~bout 3-percent fr0111 th~.t of. t~tt1 basic 40:1B. : 

. . . : 

3·.58 
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.wi~g tap·fir· ratio fr:o.m Ci-. 2- to O. ~, Since the leading;.edge· 
:swe~p- ~ngte- and -~!Jp~t ~tio ifere h~ld -const:aat-,_ ,th~- i.i.'1.
ci~ased taper· i:aHo shiftjd- the· wing_.a-eea--·Jft, --i:he -ll~t: change 
in l9~gJt11dina1 ·stabi~tty -was -very. small., li_(?wever-, ~ecause-
tbe traUins"edge.- sweap ang.l"e changed with taper. 1".Btio .and 
thl!I _cp.,scquen-t. ch"~l)ge i,n cut_ou~. fae.tor was compeasa_i:ory .•-

-· $i.nitl:a,i:ly_, since- i:he ~011figurat!on was e1;1s.entb.:lJy ide~ticd
i· in or.her· resP.·acts, t.bel.'.e a.ts·. rid ch,ange·s· i.11· l;ateral-direcd011al 

.stability li.tcdbu~a,ble tQ: the _fiµcr.~sed· ta,per ratio•. As a 
['Bsul:c-, · thf! stabU'i.ty and control cpa~terlstics !U\d handl
·ing. qualt;Hes reported tn-·SE!ction- 3.4.f!or the ~isic 4.01-B 
.coallg~ra·tton ar:-¢ also. di~ee_tiy. appliQ&_b_le i:_o the ·0.4 taper•· 
~at~q- fi:gh~er~ _ 
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the·· basJ,c sta~iiU:y. and handling qtialitie~1 pf Con-t·.f;gu:
ration 4O1,.B wer.t! t10t sig_nif1cantly. al-tered by th~ .. cbaijge in 
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6.5 ST~~TURBS·~ W.t:I.GH1'S 

C::- Weight ·.andysi-s f~r ·t:he 0.4 taper.•rat;to ·wJ.ng :on ·ocn• 
\ ...._~ figurat:l:o!l 4P.1B waa p~rf.omed in t:he ilatlie· acmer •i the.: 

:!,'eight ana~y,es ,dHcribed ·1n pHViaua aectf.~s (ue s,ctl.~ 
· 3,5). Tbe, l61800•pban4 c0~.f~r(lt1on w~• ~••d to·- evJl\illte· 

t~i. w~g with a._.11t-~,rtu~~- design grl)~• w,1.1tat (8.~- ~l) 
~'f" is:, 9~Q -po~z,.~ &l\d· .a ~ertj .ui~11-~.on ov,-i:load gtoas weight
of 27 ,.o·oo ,pounds·. 

~ ·In~t d·il.t!l-: (or -.the ·weight ~4"'-~i~•· -1!1'ere d~r1ved ·-from. , e~ data, preaent;:ed il'I Sectto.n. 6.1-. .the: stat·eme:nt of..worlt 
spec~fieli a 41· .tiu.c.lcnesa·,;._to ..c:l)c:!rd rat;~~ f~~ ·c;hi,1 ~1:\8-, .l~ 

·-9~.d.ei. tCi. ,chieve., 11!,ii,.~ ~ight_, t~ia 4'1. thiekne,·ir Jiaa . 
interpreted ,l:o be au ·RMS tblc.lcneae' of 4i.· ·which reauit;• :tn. 
a 'th!ckitess-t~"'.chOrd rati~ ·o( 2!'-2. ·•~ ~~e: •t.:l:p ·and 4.94~·..ai;: 
·Bu~~gg_k Line si.. ~. ~ta~- .of tbe-.exp_ilrided· J!'Oot •~Hon, 
This 1n·t.erprcitat!~.n reaulted· la:• :wing ,structural 11etght 
deqremen't .of ·1~1 pounds.• 

~ . A w~-~glt.t;; •~ 'for ~h:le c~iguratlo11 ·ia shown. in. 
-T~)le: ~.5•1.. ·A summary: o~ ·the c.eate:,-of•&r.~V.ity ccmdi:tions. 
for t:ne. vadCIWI ·iai1uri1?~ ,is 'l!lilpWn bei!)W' •. 

.. B4-ic 
OpeJ,'.at;ing· Zexo G'rosa 

Cbn~ilJ:ian ·w1_1ght, Fue1·. Wet:ght lieyht 

SRASM 
Weigh.t·..(lb).
C,G, '(%. MAC). 

·U·.·226 
23~9 

12,859 
13.·1 

16.,•8:00 
20 •.Q' 

~SM-
Weigh~ (lb). 
C,Q •.(t MA~) 

~3,.074. 
24,0' 

1:S:,101. 
23.3 

'21,638 
u:i 

.. 
F.i!ir'tjl M:f.lilai~n 

Weight. (lb)
d ,Q • (% MA<i) 

13~916 
2$.,9. 

14,201 
n .. 1 

27.'.00I> 
2L7 
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./M._ Ta.ble 6,5,.1, WEIGHT ·SUMMARY: CONFIGURATION. t.0lB--.,;r',--
WITH ·.o .4 TAI>U :AAi'io W~ij(,;" (po~nds_) 

l~e111 

.S.ttuc~1.11:~ 
Wing 
-Fuselage 
Horizontal faii 
Vertical 'l'.'··a:ll" 
Landtng ·c~ar-

P.ropulsicr;t 
Engine 
A:b:-· lrid\lction 
Fud S.ya_telli 
Bn,gin~ Coritrola 

) Starting System. 

Sy,11.telJ!S and Equ:Lpmen!=-
:surface Contrc;ili 
Landing .Gear Coat.:!=Olll 
Instruments 
Hydrii.ulics and-Pneumatics . Electtid!ll 
Ayi.i;,nic,s
Furnisldpga 
Air .Conditioning·. Sy~tein-
Armament; 

Wdght: &np.ty 

Useful Load 
., 

=Crew 
unusea'ble fuel 
Engi~e. "t)iL
Missile Racks· aud Pylcins 
~"-s~ell~n~c:n.t~ 

iasic Operating, Weight 

P~yloa.d-.o (500- •olina,)
.Missiies (_2:) •. 

Zero Fu~l :We:Lpit 
·• 

.Fuel 
Gros$ Weight 

~84" 

SECRET 

We1,ght 

( 5}29.) 
l,687 
2588 
·322 
·:{Ui 
"616. 

( 3;30) 
21-:n 

322" 
421 

22 
2.~.: 

(. 2_76-7) 
612 
ll5: 
94 

28:) 
-370 
460.-
'238 
142 
4.53: 

11;"826 

( 400) 
200 
23
17 

'.!,24 
3.6' 

1.2 ,226 

( ·63_3:) 
~85 
_348 

-_·i2. ,85.9 . 

3941 
16,8.00 
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lfij:P &RCRI.TtCAL STUDY 

The sup•rcr!tical win&1 ~hicb. is an.outgrow~. of ta~ent 
a4vanc.~s tn· transonic aercidyrialliic t:echno1ogy, ht111 be~ ·~vaiu·..; 
.•ted on Configuration 40lB fo detet'11!irte· ~t~ ·potl!ndal for
il!lproved --transonic maneu.verability, the supercd~ical wing 
a.tudy was conduc.~.ec, iq two pha,s.es; · 

1. An abbrevt.ated wing-.planform· p-e.r:ame~dc 
11:tudy wa.s cpn~u(;l~~d to seiec:t .the pia~
. forlll$ h'1vtng the mtjst potential on a· · 
highl.y macu!uvei=able .fight.er. 

2. l)etatie4 iayouts .of ~he 1etect: ·planforms 
were t'1el'!--ude'• and .point-deiign ·struc
tural weight, aerodynamic, and pe:i:fomaace 
s.aa.'lysea ·W~I;'~ .~arri.ed ~~t,, 

7. l WING P~ORM. ~~RIC ·STUDY 

) '-""~- . In· :fh~~e ~• of the stJJ.dy~ the wing·p..lanform •e·electi'on:, 
'l:lirig loa~.tng, asp~t ,at;lo" aud leading-edge .sweep .a~gle 
were varied,· The Dlllt#X of w.ing sizes :aaW ltiadiog ~dge 
sweep angle, is ~~fin•d as· follows.: 

Wiog. 1 (WlH Ai ioo: 3.0;· w/s ·•· 60 psf; A .. 35° •.4o0 • 45°. 1 50° 

Wi,t,g i (W2): AR • ~-~J. W/S • 70 paf; A.• 35°.·, 40°.,. 45°. soo· 

Wing :3· (W3).: AR "' 4.0; W/S • 80 pil.fJ ,A. 35° •. 40°·~ 45°' 5(iO 

Wing. 4 (W4}: AR • 4.5: W/S • 90 pd.; A·• 35°, 40°, 45.9' so0 · 

Airplane pla.nform..,compa,risonil,are shown in Figure 7 .1-1 
~n·r~ugh 1.'1-4 ·at the four· wing sweeJ)' angles tot ·-wing~ l 1 2, 
·:l. and 4 ·of .the ·matriX, (The· let~(;li;-~ A., B; c·, .. D tn tb,:s 
figures signify wing sweeps at 35-, 40,. 4.S, and s·o degrees, 
~esp~cti,vely • .) A coii,~adson ·b shown ·1n F!~r-e.J. l-5. for 
the 35-deg.ree;.witig-..sweep cail:~· wi,th. ~J,,e four· diff~rent wings 
delineated :abov.e .and the tail sizes aseociate~ with each,. 
Bli!>l~Or d~ta ..... ,&...;· in ngo.. 7•. 1-6 ••• th0 45-.,.s••~-~ 
ving.-aweep caee at a cons.tan:t. 6!)-paf wing loa~ing. · : 

. . . 
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. A .wing ~1:,-iclcnesii' rat-~o 0.£ O.Q6 was uaed for all plan".' 

8:Sth ABWIIPI 

fotJpB ~onsld~~ed, ·.~peti"ence •gained .in tlJ,e· appl.tca.~ion of 
superi::dti~al .a~rfoila to wlli.git. o.f ·:sevaJ."al typ1u1.• (il'.lcludi11g 
F•Ul, r~111 'tACr 1 ·a~L, F.X) i~di«)at~s tltat the potential 
·pay~ff .t.~ducea as ~4lg .tJc •.r~d\icea.-. As a r-~ault of this 
exp~rl:ence .and t~ ~ansul!tabion wlt:h Dr, .R.- T. Whitcomb· of 
·lw,iA La.ngley,. it WAB decided to limit th~ tie of this· st;u~y 
to ..0 ,·06. Ct' .Si:eateJ:', 

~ Tile _following· uat aumnarizea. tlu.t ground. .-.rul~• i.:Mt 
were es·tab1ished ..ln conjtinc~lon with tbe. ·matrl; .o.£ va.dab.les 
prqy:l.oiis1,- d~lfcribed for genet•ti~g the req,µ::l.r~d: aJrcra.ft 
design dat;a. t .. 

2. ·'I:he e/4 of all ·r.eferen~~ wings i~ .locai:;e~ al_: 
a c~nlit.tit fuse1agi .s.tat:l.oa. 

3,. Tne hcirbontal :taU moment .arm b· held. ·con•tant 
(17.l,·3 .in.)... · · · · 

4. The wing thickness and· .t•per ratios.. a~e h~ld 
constant ·(tic • o.,0.6 1 ~- 0~1). 

s.. ·'the veJ.'tical tail -ge.ometi! And 'POS·it~oµ ~~ ·~eld 
c;.onsta~t ·(su.T "" U.l~. f~ .~ AA. • l.3.2.6.$, :A..• 0,4,:. 

1/\Lg • 45P). . • ,. 

·6. · The ··"d".- distance to the fl!JCI)o11,d wing rJ>ot !;lhord 
h h.~Ld ~otiet;ani: (54· in·.• measured ·from .air.., 
plane cieote:rUn~). . . 

7-, .rh.e .sizing: hodzpat6l · ta;l l g~0p1etz:y chai:ac.ter~ 
i11t11::-s· (~ - 3.·o~ >.."' 0.2. and Au - 35°) 
te~ constant·. 

8 ·.. 1be 11d11 4ista~ce t0 tl\e exposed horizonta-1 tail 
roi;,t: .chord teP.1id.n♦ const•nt (Sl,,5 ia, ,. 111easur•d 
from. ai~plane. centerline)". 

i' 
.39.2 
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, liAa'JWIP 
J FOIA (b)(1) r /E.0,13526·SEC; 3.3; 
!(b)(4}S.ECR-EJ !1.4. (a)(g) 
' 

I1'L...-·----············.................____ -·------·-·--·--; 

9. Thf! ratio ·of th.e exposed ..horizontl!l tail area 
lo the aidng :.h~r,i,:ont,1 ·tail ·&!';'ea remains 
const&l'lt: {.0.• 866), 

to. An ini"t.ial ii.zing· horizonta.l t:&ii -i'-' d~!;:er
mined by a h);,rizontal t.ail vcilUIDe coefficient· 
of 0.26· alld by "ing geometry def.f.n"ed ~Y. Ai. • 
3 •. oi: A .. o.. i- _. W/S. ..,. 6.0· ps:f •. · 1'hi.s e~ tobt~she.s 
a· hori1ontal-t~U.~af~a/wlng..a~e.1,1. ratio of. 
0.202. As t~e w.ing g~ometry ch4nges because 
of variationu .. in aspect ratiQ e.n!,1 wing load., 
ing, the. sizing .hori.z1mtal .tail area is · 
es·tabliahed by· keeping ;he ~r~a r.atio ot 
o•.202const~rit, ' 

(0) · Sin.ce the primary ,tnterest ia· in man~uverobUU;y, t;h~· 
p•i:-•tr.t~ ~Qmpa.risq~'f pl;CJts were eonstruct~d otl the :basis of 
l:wo ·mane'UVEl~ ()4l'aiteurs ,. 

t. Maxillll,1111 s:us ~ained load· f'ac t..or a 1; Mach ,. 8 , • 9 , 
.9S., ano· l ;2 at Jo..-000 ft.. . 

2. Ene,;gy rate· for .!•g ·fltght at ~ch 0.9 at. 
10,QOO ft. 

(U) Thl!f .weight and a¢tody11ailli.c· ·data. used .11pd tl;le performan~e 
re~ul.ts. <!b.ta:in.ed are· -pre,,.nted in ~e following subsectlons: 

i:·.. i 
f: ! 

t .l.l Structures 
• 

and Weights
••.• ., ' 

i 
(-tl) 'Ihe weight analy.sis £pr .the param~tr:lc s.tu:dy W&$· pet•. I 

.,· ·f1:Jrm9:/;l ,-,,ith .the sllln.e- tec~.n;f.ques 4iscus11ed in ,section J ;5 , . 
The re1n.ilt,a ,of t.his ar;:udy a:i;-e. shotin ia Figures 7·. 1-7. and .-a·. 
I.t "is .notE\d tbat ·t:ne leacU.ng ..edge. maneuver. Uap. baa: be"n reJ placed·by a. .. fixed leac!itig ·edg~ and· that the w~ights .reflect 
tliis• change , · 

I 
i 

t. 1.2 Ae·rodyn•ies 

(U). The miri·~ cir~g l\nd drag .di.le. t.o lift ar,e computed by 
the methodology dacumt:nt:ed in·.ae.tareMe 1,:, . rJie pr:im,aryr :, 

< 
:. 

impact· of. the. supercdt:1~ai o.1rfoU 1.11 1I11tnifee.ted ia ·tb::J 
inc;e~se in drag div~zgence Maoh numbet',, which is dete·i:mined •. 

~ 
i f f~pm ~he ·~ollowtng equa~ion :. · 

1 ·1 ~· ..: 

I 
J 

t 
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(U) AM00 •· (AMno)ite-f :t- (tic·..:. Q._082) 

·The C*~im>Re'f' shown in _Fig~ra ·z:; l-9· is_ derive~ :from_ 
Lang.l,E!y· Rese~rcn Center wind tuanel. tests of ~"e -F.-1,11,/-TACT. 
111ocle.l with auperc-ritic,1 ail"fo.U.a. -~he seaon.d t~i:m of the 
eq~t:.f:'o'n c:.or'rects .for· d.t#.er.eocl.! in thicknt!.~• _1;&t.l,0 be·tween 
the wings ·-c.onsidered ia :thi_.s -s.tu4y and. t~e wj.~g_s .thJ1t. were 
l:est~d~· 

(U) l!'.I addi~:r.c~ to 1,ncrea-,!!tng ~e drag· div:erge~c.e Mach _ 
numb~f, the supercritii;:~l atrfo·H also·. ruui _the: a.dv•~tas~ Q_f 
obtaining high I/D t-§ .wiGb01,1t ·.t;~ -use. of a l~~~ng--edge fl;~p 
b·~caus~ ~f. t!i,e Muni; lead!~ ·e4g~·· ··.An super~ritica-1 wing 
~on(_t_gu·rations- ha.ve· a fix~d. lea'dint e'dge ·and i:hurdore offer 
aa, a.ddit:ion-at ·w,f!.ght savings. · 

. (U) ·1'1'th regard- tid- trim d·rag. c-ei:tll°in.-si111plifyirit as.s~p-
1:l'ons ar.e ·made -in. th~- de.a.tan Jn4 dev.fill\C?.pm.1:i!ni: ·of~ fiaJite;·~· 
Cons,iderable :e.ffort is dir-ected tOl(a:ccl mtniuu.aa-tion of trim 
drag 1_. aQd. J:t: ·1a rJa.sonable ·to· .~ssume thiit -levels· of t,dll! 
dt~g: cOllipa.tt•ble t,o t.\'lo~e· f.ci- ~'! :t,l\stc b-leoQ_v~, ai1::f0i.~ are 

. a ti::a,inable fo.t toe ·superc ri~i.cal will&; Tn·e ·criat cl-rag. is 
~ompuc-ed· by ;akirJg ·the· r•tti> ~f 1:::ri,mm.ed t-D· ~ntdmed. c'lr11g 
due to lift !~om c~~ C~nftgu~~t~on. 401B' aDd 'applyi,ng thJs 
.r.atio. ~o ·(!.be uatpµmne~ d_rag· due to lift· for the supercriel.~
cal conf'i,gutationa , · · 

7,1,3 .~er.f~rt1'~Th~~ 

.(U) ~~ali.~_d.c es~bates. o! the ~l$neU\~e-r p~rfotmance .p_s.ra
metel's must.- include ...botb ·aerody.n~mics •nd -'til~lght~_. '»ha.~. is 

(a:z.)1'118X· =: Uf~ @ max. tbrus.t 
. ,t:Olllbat. weight-

and 

combat wt·, ., (c~bat wt}4018. . + b.comhat Wt. 
· Baseline 
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o·eN'FIBENHAL 
(Thi,. Poa,e Is ·UNC l.-\~lflEO) 

rrevit:!US· .s·tud le9· sho}'I that .the change .in c:·ombli.t weight Pk')' 
be a.ppr01d:nia.ted. ·by the simple ,eguadon · 

i1C9!11b.a.t wt· • .2..-?S x Ast~cc;ura·~ w~, 
{U.) tbe 11ea-ults of ·thi's parametric st:i,uly. are .aummai:~11:ed• .la.. 

F·igw.:-es · 7~l-).0 tl)rougt\ 1.·•.1-13 ·in ·the:· £oi;ip .of:ccmpada.un~ of 
th~ se.l:e1;:ted maneuv.er p.aramet:et1. 

(U) ~ effect of ·sweep· at ·Cd~ta.nt aspect ~•da (l.O) is . ~at~~~f.!ft-PJ i
J~~~~ :P t-J~ur.e 7.• l--10.,. '!fh~re .it i!J ~~en tJaal:. 1,n~r.,asiug I"-~~ .3 3 {b) 
. sweep. s;enera.lty improves bo·th .~ and 18 ~P .. :t.o ·about 4S · ·. j~·s·ct, 

· 
: 

· · · · 
.degrees. This is P,. fDl?c.! ·e~illpl~ o.t t;~ 'b:!lld~ofj; be~~ : . . .~ ( 
w~~bt ~ntl a.~ro4yn-.i1cs, l',r:fom11.11c:.e- da·ca f~r CQJt:figu.rati.on, '1S'~~~J_. "J .. 
4'01:B (witti.bic:onvex wiag) are shown in the .f~re·foi:' refet•· ..St'-,l,'-A 
ence. ;rhe tuperti.titiclil wlng pr~v-td,s .larger load.:-factor 

.:v~lue.s. a~ stibs.oni.(! ,gp,e-e~s an'd :Sligh!;ly Sll!&ller 1/'&~ta~B at.· 
Mach l,:2- The S\lpe~rl:tf.cal a:tefail also haa·.a -lowe-r energy 
rate (Ps> at ·~hl!·.Ka~h 0.9 l·s·.co~~itlon •.~ .a w~•·.1.'i"adf."~g · 
e~g.e .11~ee~ of ·.3~ degrees.. This is due. J:o the his.tier=· mln:lmuia 
·dt"~~ of .the b-lun~ sup.ercritical 11ing ·a.8 cmapared t:o ·the ;sJ,atp 
.~i;c'!>nv~ wiqg.... As w~ng- }.:ead.ing,-.l!il~&e sw,r~p .,is :f.nc~eued~ tbe . 

. ·minimum... drag is. ·ie.ducad· ao· that the. energy rate fox' t~e sµ.i?•r
.c: citi~•l:. aix,fotl. e.~ceil5',11· ·tl-ia,t: ~Qr ·tpe..·bL::onvex w:l:ng:-at,sweep. ., 
ari.gles above· 40 degn,5 .• 

.. (~) '.fhg ~~~(:;j:S of v~11ying wi~.g iaad1':\, at 1.1.0Nl~t ~p,an,. b,JBB~·i 
I ne sh~q. l.n ·FigP.rE_!I! 7 ;l•ll :-and·· -12.. Obv~ously,,~ans:Lng:' I l~I.L1$.. loading with· r.pan .. held constaQt ucjuir·es·' aspect :r:a.ti.o. ~~1)3
l 

:((bl/$) to v,4ry al9~g ~~th :~d.ug ;tua~:ln~. (W/.S) ~ ·xhe ~e1;.µl~. i,s 
·~~:keep..~aduced ~~ag ~Cn1;), cons.tan~ (fol: ·(l :Sivea li(t) ·sc1-. 
.thal: the,2pure .effect: of: wing s.ise .C~.) can. be abs.erved, .f..e·,.., 
CD • C:r; hr (~2/s) e.. ~t j.s :s.een ·tjlat io.C't!tali~g.·wiog 1oa~
ini improv·ea. the; eust:il;nep· load,-fa~tor caeabilitt .and ·degr~ides 
th.e L-g ene.~gy rate. ~ J:nc.re4!1-Se4 turn ra~ (higher nz) f0r 
the. W/S '"' 60.' psf .superc•ri'tical. wing ccmfigural:ions ( /\ .,. .],5Cl 

;i,l\d. 4~.C!) ·~t-' subsonic ·.~p·101d• 1 ..tdat::l,va ·to t.P!e. baa't.c, 4,011·, . 
1.ndlcatea· a 1r.ca~II!~ lif~ pe~ uait· •t:ea .fo.r the •~pe1!'Cri1:~al 
wing sec·r::1:on~ '.fbe· 4·S•degl'ae•swee~ superc.d:tfoa.l. w.iag 9011~ 
f igure.tioa .of 1'ig~re 7, ~ 1-:-12· !.lllto· -sh~s ·.a bigbei:- eHJ.gj rate 
(.Ps )- •tba~ t.h.e btJsic 4.01~ ring confi,gur~1.t'i,oa. · 

(U) T-h.e /\• 45~, ·w,s ... 60 psf :CM ... 3·,0) p.l~fa:cm was. )le.... 
. l.~cted a~· J:~J bf!st· c~pS:DJ1!i.~~. £or- tbe. :aapect-rat.:l.o °"'ariati.on • 
. 'rliis: effect° ii s.L11marized -ii\ :Figute. 7 .'1~13. :At suh.!!ionlc- . 
speed~· tt is aiten tha:t ·:inc;reasiag· i\R. imi;i!:ov.es. i:iz but i;legrad.e.s 
·t1te.1..g f.11 at. J'iach' ~·.·2; .~z reaches ai) (!!pt~ at &'bout All • 

·3;:} 398 
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.(U) l~ be.comes .readily: ~pp~re~t ~hilt oo one pl.an~ot'rii is 
best- for .all conditio~s-; •thei,ef'ore, the seleci:ed p-larrfcir111s 
wfll ne~~ssai;.~ly .be a cqmpr9mis"e. Two planforms were se• 
.lecte~ for r,Ieta-Ued a:nalyiils , · 

( l} AR .. 3. 75: (/lR "' 4. O wt.ch curved t'fips). 

A .. 1,,.50-

W/-S = ·60 psf 

(2.} li'R. .. 3 .o· (AR; .. ,3.• 2 'w:J;th c;ut:vad'. .tips.) 

.A ... ~,;o. 

W/S .• :60 psf· 
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~ J.:ayout~· for th~. two ,s.e.Le~.ti,d aup_ercl:'ii;-.,C~l -~ configu.-: 
r&ti011.s were developj!~- _.for a detailed. ~alys:lli. r'tlie aele~tad: 
d1!$ '!gn p9i"nts ~f;'l~e fo~ wi,ng .IJ&pect ratios af· :3 , 00 -and _3 •. 75. 
·a~d an •~laoe. mi11s:bm ·weight ·of 16.;aoo l.h. ~,•e. aspect 
1;4t{os lire 'based on a tbeoi:etl~a-1 t9.;p~1~i-dal _planfoni~ the 
't~e aspect ratios,1 .based -~ ~.ng~·- with -curved ti~•·•. ai:e 3.. 2. 
:and. 4.:0 1 re·spectively. ~c;h· c~llfigu.·ation· i!I easen;ially 
the- ••· as ·1:h, ba11ic 401& arrangement ~cept-: fol;' ·tll• wt~g· 
_planf;orm and ·the ,associated tail· li:b.e ~hanges·. Each pol.a~ .. 
de·sign WB tecoilfigute~ t~· pr?V-ide ..app.~rµti:.e _b~lance 
.c:ih,at'act:etiati~a, •&l\d bo_t}l. horizontal and var.ti.cal tail ~t,~• 
Wt!ra zu!just~l;t' aa th'at :tb'e tail 'volu111e. ;r■11U1l:ned t:}le. •am!J 

(U) . The- lines ia,yout .qf the larg._, &lngle~~ng1,~e ~~rp_la~e 
.(~91J) with iL a.ul)'ec-c.dt:~a·l wing: ta pres.en;e~ in· rig13re
7.2-l .for ~~ a•p.~ct ra.t-io_ ·of. 3.00, The bas-le- descripti~ . 

·dijt4. &t).cl ~ric~lon diag data are SUllllNr~~ .in. Figu-rei 7.z..;z I 
and ~s; resp·eat:l.ve,ly·t, -I.or Che ~ ~ 3, 00 deaig~:• ·'lhe ncima'l:. 
ard d-i~tt-tb._.~~ J;or t~e- AR • 3,00 arraDgeme~t -ta ·shown in I 
f'isu.+•: V•-2-4' 

(U) . The lines· ~ayo,_~t of .~e· l.a·rge d'ngl~•engine airc~af-t· 
Fftb a sl!~ri;,r-_itlcal wing ..ts p~sente-d 1.n J~gµre, 7 ,·.2•5: fpr .. 
.an. ·asl,)ace ratio cf. 3 .• 75 ~ ~he ~as:tc_ 4.e~crip•~j,QP dat, -~nd. 

· · ~r::1,cti:~n dr~s da~a lire, ·!JUimiUi:,zad. i~ :F~~s ·7 .2.-6 and_ -7, 
.respec t:l.v~ly, :for thfi! AR • 3, 7~ d.es_;a;gn•~: 'the n~~l area 

. dili!tdb~t-ion. for -the. A~ •· '3'. 75 arr&t11JB111ent is shown in. 
· -,~gu;-e. 7.,-2-_!j 

"fSt- The~-.. -~~nee ~va1~ation (See,tion 7,4) resulted in a 
mi:s~io~ e. ght· ofll,.640 .lb Jor.. the aspisct-rat,is>· S.O design 
and .a "m I:\ we·uti.t of· l,7··1ll:,5 lb for the as.p.ect•ratlo l.7.5 
·design. A gene:ra:l .arl;'Jtns~t: ~ra.wi~g- of tht airpl,'a~e· with 
a w~~g asp~ct a:at_io oi· -~. 7s at a naia s:ioo' weight; pf ';t.~- ,:gs l'b 
'!-5. -a_~R ill Figurt 1-.2-,,· _Tb~ :se~ra1 ar"°~einen~ of the 
aJ;rp lane lfieh a. wtng- aap•~t rati·o of :t .·.O· is•. baaic#lllY .the · 
•~!! ~ stlo'(ffl in Se~tion. 3., 1 (Pi,gure ,3 ..l.-.ll') ,· The· •lliAll · 
.di.ff~ten~e ·in ~.in ~m1.'H:l.o~ ,re~aht:~_;" l.h6/+0 lb collipared-. to··. 
.17.~lls 1~) do~• noc ~rrant ·a· ne~ layout. 
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FOIA(b)(1) 
~.C);1~526 $.EC. 
3.3~(b)(4) 
1.4. (~)(g) 

.G:w • J.G.800 Jt,.5. 
VV/S •GO 164./Jt. • .CDlfFIGURAtION; 40/6 WJ7il 
rt.w· ,; 1.3'/i.c-,;,,,,,~l".11w;J SJ.IF'F.kt'1<1_11eAA mNG.Jf':-.:r.i:> 
Ens• fr.w.11.;r/r~:2~,11,,~7 . 'D!'tJ-zil/i1,15· 7/ . · · 

C/IFrk'tf'ldfl.ilf.t:,/et)f'rAX>J ~:i.:Atf •>W71MIIP· 

arr••-d • ·Avur•ge :bi:id.ed .r, P'· ~ l9"': :.!.. ..:. • ;.I 

.k .... Diritance ·aft fi:-~ fuaaiO:ae ~oa-. 1:11 1,qdy i,.011a or surface fuselage 
·.1:nt:a?r.sli!=ti.on po~n.t,

i "' Distance .out:bd ·fr01n fuselage·ref~ Urie to body ref. Hn!l or vettic:a).
sul."face c.hcird .11.ne, . · . ,-V.( '1.:t,() . 

·2 • ~hta.nte up (+) 0~ pown (·) froni fuaeiage re~. ~1ne11..to. body or 
.11~rfac,r ~el U.ne.- .. , 

Jaati:.. Description· ·nat11 ·sheet ~ CO~tg~a.-at:bn: 4011J: 
with Supero:d.tlca~ W:l:ag·. of A&pect 'Rado = 3.00 (U)
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·r E.O; 1.3526.SEC•.3;3.(b)(4} 
·1 .. 4; (a)(g) ' 
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7,3 ~OD~CS 

._•. · CY) . The derivadOfl of _1;_he- terodyp.~m.ic ch·aracceris-ctcs_ ln 
this ,ec'c·ion ar-e ba,!led on tile· t·rue ailpec.t: r4ttos, .of. ··3'.,2-,a~d. 
~-.-o· for tihc t:#0 supercfrit~c~.l ~ings w_ith .. ca~.v•~-- wing -~ips. 
\!OW/!VCI:'. I -~o:r co·n~,l.stlnc:-y- w.i.ch th~ preceeding scctiontr ,. ·l:h_ese 
wUl be ·r,eferred to as ::,-.-_o: and ·3.7.5, ·r~p,t_c.t,J.veiy.J th,:ough• 
out thi:s sec-t-1.on. 

1.-:i·. i. Mlllim'Ulll. Drag: 

(U) The minim\1111 drags ·:for toe two .1;1up,er.c,:-it~~fil \f:lpg. 
a-1~ara.ft: -are. ~fiaei;t in ~gm:ea 1.j-1,A_ •n~ -,-b. Tbe d~•s 
build1,1p -~.\i the 5,~111e ·as ·i.s d•fineci in Section 3', 3, l_; •11<t
the -a~di_~fopa l dr-ag cOl)ieonentil (.canopy 1 ~ivert'er • e,;c,) 
11re. ~he· aaaie. as sno~ in _v1.gur~ -~•.J-2.:. 

(!J). The ·s,upers(!n-lc wa:v.e drag "Was .computed ·by· ·che supe~aoni~ 
area-rule proced,&"re {K3S:)., This- cal.culation c)oes- Qot include 
~amber d:r;ag_, wbi~h- :ta .i~'l,:ud~d- il'I tbe .drag -due ta J.~fc d$..s-
~u~s ed ·in the ·followi~g·s~baeetioP, · 

7,3;2 Drag Du~ ea Lift 

. Tt\, drag due to· Hfc is 's.hown i'n ·rigµres 7 .3-2a through 
~~-• \rhe ~a~e~ dc-ag. is- pi:esentec;I i,_n FiP,_re 7 ,3.,·s. Ar: sub·
s onic ~peec:ls, the incrl!tnent was. :caµi.uJ•~et:l :b.Y. ,an -a~s,lytJ~al,. 
pr,•d~ct:i:on,; ~t super{S~ic ·spee~s i tqe ·1nr:remcn.t wa& dedv.ecl 
ft'.om··wi?d: t:UQO.d ~e.st of.' an AR. • 3.0 sli_pez::c:.i:it'ica.l mg·. 

7.• 3. 3 .Tr-tm- DrlL&· 

_(U) .As .t;:cr ·th~ pas:.il_,11etr;l.'c :'!tudy:, it Ls. ptesUirled_.that ~aJ.gn ... 
refiri·emen_r::s "CO _thq:- supQrcritic..fl -Wil'!S conf~.r;~tion w.iil ·r,,_- ,. 
mov~ t.no tr.i.Jn Plilll.11 l ~, inqciat:ed. :w!'t:ll -~he dt~oil. ,. and the 
l.e.vel.s of edm drag will ba Q.Omparable ·t·o tha bae·:Lo 4018 
c-onf·igura·t-~ori.-. Yot a col'_ls-i.scent cDillparhon; thfr.ef~re., the 
~rim d~~8 inc.~e~"~ts :used foi;- -.the ·baa~~ ~cmtig\l.ra~ion ~iete 
u.od f"t .tbe.-·supe·rct'iti.cd wiag· coriflg'urat:iona., (Sea Fig-
ure :3 •. 3•1~)-. · 
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(11) ·Tile ~r.1111m~d drag_p~l•n uaed:~n-mtssion·perfo~41ice !or 
th.a 1iupe-ror-lti~al~"'il\8 aS.-rcra=ft- a-re ·pre-aented in ,FlguJ;_es 

·1 .3-6• ·through -8b, The ·tr.immed ¢01J-!igu~aU0n -polars· are 
pr~1Jen~ed -in F.ig~r·e$ 7..~---9a -t:h~g~ -11~; 

(Dl . Tr-imnled {L/D) ·ax· ls shown _in. -F~,:e 7 ,3•-11- ~lo_ng wj,.tl;J 
v.a:luea _f.or ·the 4011--coo.f!gu~atton •.. 'l'h~ aspe~t·t♦t~o ·3,;Q. 
and. -~. 7_5. superc~idcal ·wil)g c~i&l.:lrat'.ion .sh"w higher (L/D.)DNiJC 
levels ·at .s.u'1sontc. spee-ds· as coinp•t:-~i:1- i:o the:- hcde 401B- ci>n
.figµration (~ica,.\"11.ex wing: with l-e~:dirg.""edge ·i1ap) 1 l;>u.t ·t~e 
:i,nverse' 1~ 1-0liicated. Jt· ·aµperso1_1ic speed1_1 1 . d~e .priJu,ar:L.ly_ to 
·supiu:c.rtcica-l.. a.irloi-i tbic.ki.iess and -ca.mbeir i:lra~ eff~&:s. 

7 .J .5" ·Lift and Buffet: Data 

(~) Tne pred~=ted ~ntr~ed·CL-vs-a~u~s. ai-e show~ in 
·F-1.gu.ces -7 ,.3·"~• ·ai:id ·-l3b. A-oa-~yt:·!.c.al !l!lltimat•a :Qf:ti\~ 
crl,~o Ci,-VS•(I data w~re nc;>t .1114de:, 

(U) l'he- aup·~rerlt.:tcal w"ipg ·i.Ji -~pt=~ted :to h.11:v., super!or 
buf'.fet cbarac'.t.~ristios ~ttr•nsonic speed.a.. '.fhis is- a·h~a 
b.y the data of Fi_su.re 1.2-i.4 i,n 1.1hieh i:he· buffid: oniet C-t 's 
·of the- ,F-UlA are compa-red-: w.ith those of. the ·F-J.ll./'l'AP.'t'· 
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7 ,4 PERFORMANCE 

(U) The perfor!llance c:apabi.Lit:.l,.es of <,ohfigur11tion 401~ with 
th~ . two sup~.t'crftic~l airfoils (AR • 3 ,O_D!Jd J.J~) ~ere. evalu

·iit(!d .for the s~me m.isaions and gtciund rules. as s~t forth ln 
.Sectioo 3.4. _Both w'ings have a wing lo4di:ng of 60 rsf and a 
leading-edge a,~eep of 45 degrees. · · · 

,- -fG,- The LRASM i;!.nd SRASM mission radius ca:pabiU:ties for tbe 
CWCI design concepts ~i'~ sho!-ln below fo~ cbe 16iaoo-lb ver~ . 
sicins descdbed in Sect.ion 7 .2, BBthABW/IPf ····· · ·- · 

----- g Acc~l- F~(~ _- ) · (?l)jg
11s.pect Radius MO,.B Hl.2 Time E. · 3 .. tr.3.3 
.Ratio Mission (ti .ini) . ~de5lsecl (deg/aec) (sec:) r:.~~"'f./t,X,/0 

-

:Lo LRASM 807. 10,65 7,42 56.9 $tc. ,3..,t,,~ )·. 
SRASM 244 11..50 8'.10 52.1 ";:,"r;.t:../,t/{a£J 

3,7.5 iRAS~t 726 - tLlO 7.88 59;9 
SRASM 1g:,3 ii.93 8s42 55.3 

After the supei'¢.ritical dE!slgns were.evaluated at a 
fixe;d design weight of 16 ,BOO 11', , both cledgns we.re re.~_ized 
to meet the 225-n .mi ·SRA.SM. radJus re.quir.ement rather than 
tjle 75D•n,mi LRASM rl\dius requirement. This was· dor,,e be• 
cause of the poor SUP,ersonic performa~ce of th~; supercrit::tcal 
di:foil design, whi~b results in m~r.e fuel requlred for COjllb4t. 

The SRAS~ d~es riot have enough cruise distance for · the better . 
cruise L/D of'feret! b,y tg,e supercritical .wing to. compensate for , · 
adde_d ceirtbat: £ue1 requirement. as is the c11se with the LRASM. 

. . . 1 . 
. ·, -~ --

T·ha reterence areas of the supercritic~l wings changed~ -, . froru 280 sq ft to. 277 .3 aq_ ft for th_e aspect-ratio 3,0.. wing 
and . to 385 .2. sq. ft for the aspect ratio 3, 75 wfog, The 

r following i;;ori:-e1;tiot1s I obtained fr.an t!l,e growth pa.ta pre
sented fo Seed.on 3.J, were added to thi? basic aerodynamic 
data of Section 7 .3 to account for thii ch~uge in aircraft 
dze ancl 1-iing a:i:eli _, 

Mach . No.;; 6.Cp AK 3.o 6.Cn AR 3,75 
0;6 . .00008 •.00015 
0.8 
0,9 
1.2 
(.5 

. 00008 

.ooooa. 
,0.0034 
,00031 

~ ,.00015 
~, 00017 
~ .00062 
.-.00056 
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(U) '!fhe. 'lo1Efi~hc da;~-- 1_>res.ei;1te~ ~n Secti~an· 1.• ~ were ~or~~ted 
fin; .~hanga la al-rerJf~ 1-ize through· us.. of the· grow.~ d.aca· 
presented in -Sei: tiQfl 3. S ~ A s_,_ry of tb,~t ·carz:ec:~;eo wel"ght 
data la -pre,ented tn 'tab1• 7.__;4.1· for the aapeci:-:ta.tio 3'.0 
wing: .and in. ia~le 7.4~2. for. -the as_pe.ctwi:'a.tio ~-• 7~ -w_ipg •. 

"\ 

.CU) . '?:he· engine .size- w~s imain~a~:ed fixed·, ..~d the propul~~C!P. 
data (rau -Section ~ •.6 -~ere 'U&~d. ·wttbilUt mQdificat!.on, 

•. 4.Sr ·Summaries. of the ,~tl!l.a:ton- c.a~s.!:,~U.ties .Qf ·ttae res~~d. 
a.ttcJ::aft are pre.sented .in Flgur.-ea -7 ,.4-1 .and -2.,:. .A CCII\P.f!d.-. 
soa w,ith the bade: :1+01B cj:io~igura,tioi:'I -~ preae~t;•~- :J,el~: 88th~W/IP;l 

l' 
WSM~··:;-,:~ Radiua 9M0.8· eM0.=9 ,9 Ml.2 

~i.&,.:.. (th") (n.ml) (deg/Sec·) .(deg/sec_)._ ,(cl11g/sec) ~~-. ~(.6~~ 
·!Jade: 401B -17 i-US ·750: ·g,a 10·•.2 8.1 s~~l. YCa..~) 
All ~;•.0 l:~-• 640 767· ·10.6 il.;3" 1'.s 
41'· ·5,7·5· :lttl_l~ ' 794 ll-,"O 11:.a 7".-7 

Accei. time. 
ccnf:Lg, (~ec.) Max. Mach Nb-~-

Jiaaic. -4011 35.~S 2 .-35"
A,- :,-~o 55;3 1_.._79_:_________,-1 ' Al .3,7-S 62,_6 i.n I ,,. 
Mia.ai:ora weight .U:s~e:h1boye •1-• .ful.1.•up wetg}I.~ wi~h mi~a:l.on 
.PO.tload- ~nrJ wi?out taa~.. ;hi,. i~- the S~M -takeoff. gross· 
.wei.tf\ •~cl the ~USM .weiglJ.~

! 
•t start 

. 
p~ combat. · 

(i1) the supercrid:Qai ~-rfoil _deaJgn nth .an .aspect tati-o · 
o.f 3·._75 i!I tl?,e ■ allle".'aize aircraft: as the bairJc. 401a col.:l~i,glml• 
l:~on an.a h8(1 a .l.:lwdeg/&.!IP ~~r.eaae. in aub,anic tuin. rate 
(app.ro:d.mately -~o percent, inctease") •.. fhe: super~ontc. ch1sign 
with an._ ••pect 'ratio tif 3.,.0 ii of ,u.ghtly. :~l_l.e~ aiJ!e t~l,'I 
t.he b.a11ic 401) -and ha11- an- 0,8~deg/se~ 'f,.nc.rea ■ e •in .aubsonic. 
·curp l'a.tc-.. Both IJ\!.p•i-orit;Lca;-1 au:-faj;l c.oaft3~•.!;icm.a. pcu:·~om. 
~tse •t auP.e~s-~nic .--a~ee~ ··than doea. tile baa:Lc 1t.ois.·configura
·t~. "Tbi:a ii. cauatid b7. the in¢r~·i-aed ·wo11ve drag .asaoc.1~t~d . 
. 'lfit;b· t~ thi.~lr;er air-foil sec.tion- and blunt~r lea,dJ,ng· edge-. 

(U) Tabulation• of the -perti~ent· :dAta fcf:i; .·J!•c~ ,regment·_.of 
l:he t;bree. ml,ssi~-~ ~re= P.~Jaented· i=n. 'l'~blea_ 7 ,.4.3 through. . 
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7 .,4·&, Gene;al pe:,:f'o~c~ data are··p.tes.E!liU~ tn. Fi,gu~e~ 
t._4-3 through. 7.,.4·.2~·. .sensitivit.y of 1111,s..:i.CI~ W:Jigt1t r;o 
~lght•eaipt:.y: vati!'ltlc.>DB 18' PJ:.C!~B~\tec!. in_ Figu_re 7 ,4•13 for 
t.h• asp·ecc--rati,o 3-.:o wing and .ln .Pigure 7 .4-24 .for ,t\}e 
asp~ct· ratio -3. 75 wil'ig, .. 

., 
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SE£RET 1 
~ 'table 7;.4..t l:iONFIGURAT-IOH. 4QlB WI'ffl.A$PEC:r AA-TIO. 

'3 ~ o. SUPERCRITICAL .wnm.. WEIGHT s~y 

.(l."6·, 640:-L'o Airpla~e Withal¢. Tari\ca) 

.\ 

o l
.

.SJWIM -and· I,.RASM 

ea,;1c _0p:.,ating Weignt' 
Almmmi~io~ (SOO. ~9unCUJ)·· 
Tir,o AIM ·9"',iC"Missila1 
Fuel 
~RIJJ~: tt4~f~ :aro~• -w~_i&ht 
~a _Jbll 30<Hiall0l'l .Taaks •11~ Pyloris·
LRASM.fakeoff Gross ·Wei~h~ 

... 
J!Ui~ ·0p~ra~ng. W~:l.-ghJ; 
One ·Half lirnutiii::lan 
fuel for 20~M~ute :Se~~Leve.l ·ioiter 
s~ a~d-~M ~cl1,~g W~tgb.t -12,318 

~. F~~ ~SION 

Ba&ic_Operating.W.ei~ht
~,s-~1~ Pylon (ilemoved) 
AmmUniti:on- (;iOO ·a.olmda). 
z~ro Fuel.Weight · 
Ipterni.l l.1'1.1el. •• 
·'l'wo lull :OOO•Galion T-.s -~~, Pylons 
One -FUll l50~Ga110Jl, Tank and· ·Pylon· 
~a~ff·.GX'oa_s 'l_i.eight 

z~cr Fuel Weig\l't 
fyg illqity 600~0ai~on 1-. -~d Pyl~n•
One Empey 150-q&llon 'l:nk- and ·.-Pylon 
fiv• P~~t ~nj.tial -Fuel · 
hent7-M1nute Sea-Level i.of:tu 
·UDding .: Weight 

·sEOREr 

,11.~779 
·124 
-285' 

11,940 
.4,,2_28 
-9,34,8 
,l.309

2,,e~·-

11,~ 
l,~6 
. 308 

6"54, 

·i4,1ti · 

-----------·---~----··-----······--·----------



Ir ·-,, 

·-

--E8t'1'able __ 7.4.~2 COMFUURAtION 401B WITH ASPECT RATIO 
3~ 1:i SUPiRCJUUC.A,l. Wilie WEtGH!.:SUHMARY 

(17,115•1.b Airplane Witho~t Tanks} 

Weightt.tesa 
_ (lb) 

1: SRASH and LRASM . 

BUiiie Oper_ating Weight; 
Am;u~n.ition (~00 R<Jwtdi) 
;rwo .AIM 9..x "1:sd-les 
Fuel 
SRASM Takeoff ¢oils W~ight .. 
Two l'ull 300"'.'~llon rank.:, an~ Pyi_ons 
~K ·fake.off ·arcs.a tJetght 

'B~•ia. Operattrig. Weight 
One natf' .Alm~i~ion i 

Fb.el for .20.:.Ml.nute Set-Level t.o:1:1:er 
SBASM and LEASH Landiug-. Weight_ 

'2. FERRY MissioN. 

:sasic Operating. Weight:._ 
Missile Pylon (Re'snQved) 
.Atiimunidon c,oo Roun~)
Zero Puel Weight 
tnt~a,l ·fuel . 
'l'lr'o Full 6~0-Gallon- 1anks ·and Py.1.Qni 
one Full lSO•Ga-l:.lon 'ta_nk ~d ·fylon 
'I'~eofj; Grosi ·weight 

Zero Fu.el WeigJ:i,t..
Two 'Empty 600..~allon ~anks .and Pylons
One 1:lnpty ·l50•Qa11ob _Ta~ a~d- Pylon
F.iv~ ~ercent. Initial Fuel 
TWenty..;Minutu •. Se~~Levei Loit:e:t 
Lan.ding_ Weight · 

-.12,249.
···2as 
j4a 

•.4,23~ . 
17 ;ll?-. 
4 •.838 

u.-953 

12.,2.4.9 
142 

·j79: 
U,770 

;t..2,249 
-124. 
2s·s _ 

1~;410 
4,,233 
9~-348 
l.!309 

27,3.00 

~Z,4.10 
1,506-

,308' 
654 
470 

15,348 -

·-
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~ 

~~~j\lJtll!~i?,~~~,,.,IW.ipl-"'.:"l'!'li">t'..::•~~:o<""t'-•\~•..;......_.-'M,.......-,i;.,,c,i; f;_l'lliffl~1~1~..,~f~~---

i} 
. 

C: t 
. .. !rt ,.,. 

. (\l:'i640--1b .AfP·v/0·i:aaka) 

-LONO-RABGE AD~SUPEIJ.mttn.. KISS%0H 
~~of£ Groas V'eigaat . 21,471 i.b' 
Takea££ Dtst:'&ul!,\e lwer 50 ~I: .1,94.0 £1:: 
t.and!:ng i,taea~ over 50 .ft 3,3 oo fc 
.Ac:c::~1 'E.ille. ll~•-' ·.to 1,-.S SS-,.8 aec 
Turn Rate.<@ 11!"0.B lQ.6. a~g/aec
!turn ~ta @ -ll--i.2 7-.S ·deg/rjec .iJz 

COHBAr ca ·Jo,ooo·! 
with ldesiles Sll~IIMIGE .Alll....SO,Jlll101ltrt 'IPSSIOK 
(~) ~.aa ;@ )t•O.,. Ta~aff: r:roaa -'W~lpt.. ~6,.640 ·111 
(2.). l:\IXOS @ H-1.z: .Taqaff:Di~canc:t1 ·av:~r 5D ~~-· 1.:'UQ ft 
Acce;i_ l(-0.;;_9 -~" .l'!'S La~lD& n~·taccie--.~er: so ft: .3.•)N ~t ·· 

.Accel .n.. ~-~ to i .. :s .$1.•,i •ec· .tis .n!.x:c. nim 11,at:e Cl 11-Z0.8 . 11.4 d~s/.q~c
'iui:a Bat• :G 11-1,2 li2' d.eglsec10.SSIOM JIADIUS 

~naui, 7 .4-1: COii.figuration 401.B wit:b Aspe~. llatio 3.0 SU.peroric:t.ca·L Ying 
. . ~1pjp~ Pe_~~o~~c:e:·~:,:y ~O) 

.. 

r<'s_;-"·rn--n: 
~ . 

!~-
~ 
J)' 
~w -.!\!Sl,"' - .,\_,.•Ul ~-· I 
.. '' :\J'- i

e<· I
·-·-¾_u

\:.-' 

LOllO-~ A1&-Slll'Ell:Ol.%ff.~~ci- . 
ss,.ooo M-.,o. -s..2~-s~ 

_,4~.,,,~...41,460' ](...so . __ -~.&T ,--·--:--
,~~~ABQ. 
/ (2)' 300. GAi . STIil\'? COHIAT ., wmt rm.t. DmltKAL· 

~La·N0~-
767 H.;.111.I 

'XISSIOR~BliDzus· 

~~ 
·;1♦.a.."'E

I 5:hPOQ · 
AIJL-.SURilIOJi.DY HISSJOif';~· 

'IEltll.Y ·lllSS'I~· 

·- -1· 
-11.... ao . ----4ayo• · 

. - . a.. 'Ir.s-,;ijo, 
I

I cau:r,t Wl'Dl lm:llW. ..,
·1 -~. (2) :600 ·GAL + 

./· .(1:). lSO ~' f . 
'3071 H..ia~ 

I %AR$..J&EtA1•· 

ICl&SiQ!( ·J\A~· 

____......... . 
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/iLT. 

m,.~
$'~ 

JtJ.T 

:--,,· 

(17;,'11,,--lb. 'Al• W/O T~11aic11) 
.z:.om..~,;t :AD-~~'Iff·III~:IOIJ• ·: 
·• ll00_:1· -~-- lt•.90 . . 54,. ~O • 

AJ:r,· 

,-- - ---. ---- -- ..-

I :~x~ 
,. (~)·.~ ~1. swt· catPA'l'' ·wm ruu. -licJ;EaWLi nn;r.•._m ·nns,. 7'4,-.H.~ 

-mss:m■. UDms· 

'l'ED.Y ~S~ __ ...,
H• .,80. 

:.-- -. ~ - 50~2001 f 
·r'l,.99q• 
/ CKOISI 1fi1'H EXtEl.iW. I 
t -mu.. <z>. •oo cw..+ <~>- 1 

-1'5D'GAL . I·/ 
· 3~52 ·,.m.
I . TADS .IEl'Al)JEP' 

•s•_~i: 
SBOU.:..aoGli: ffl•~EU.ORP:Y "HtsSXOH r.at~'iA.Na Au.~aI011ir.. ·mss1w 

rakm~ 00•• 'veigbc .11:.-i-'3 l'b.S:S'-Q®' ra"-eff!:.J>ilf.1;S,;ice ~r· ,~ ·ft 1,,,10. 'Et; 
·J..aa.Uag· Dub~ ~er ·s.o. fl:·. ~.J:10 ft. 

S,%,370' i'c~ U.1. ~.•9 ·m 1.:5 6'2.6 -aec. 
~- uu {!- ac-20.•1 1,1.0 d4!sf•ec· 

.-

'fun Jt.a.1:e ct K .. 1.2 ·,,.1 deg/■~ 

SBQR~UR~ -AJ8,-$1HRIDB:t'ff IIISSIOII _. r.l"l ·"Tl(:Olai.A:r-g ·30,·oo()' .. 
T&'lceoff.Gnil• irelgbt: . L7.H$ .J;b. ~-1··,2

wl,t.h, -••i~•· •'.fakeDff; D~1:nc_e over ·,so ft 1 1330 Jt: t!ii: ··&,
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I,.. ...,.,.. 7 • 5 ·STABiLiTY Alm CONTROL1· ~.;, 
t· (U) Other than.an.eval~at~~n ~f t~e aerodynamic-canter. 

l 
... -loca.tioq, •Lnce .there had been J~. alteration of wuig~sweeo 

.a1'gl~. Jn_d ispeet r~iio• no itt.e111p.t WH' mAde .to ea~ablish 

.spec:.tfic;- st:abtli~y and ca&'l'ti:ol c~rac-~erb~ic• f~r tt.Je 
,f !IUJ>erci:itii:al :wing study, Th~ vad~t:ion of •e~_dynamf.c:• 
,. -cente-=- loc~Uon with Mach .itu•~ ts prea_eQted_ in. f~gµr,.
l 

\ ·1 ..s-1 fot .tbe l;lD~n~ des!~..ab::pl•~'!I~-' ·Alao •~ -in ·this 
:f.tgµre .for camp._r.,tive puqioses ~• ·tbe. predicted ~ri;,4~amic• · ., ceater iocat'ion fot tl:le·- l!uic' 40U acin,f~urad.01.h.. ·. 

' ,. 
(ij_) ·wttb the a~ception of'.tbe aerodyncc-aiintet'· location 

~oted a}ipyJ,, dj.e· ba,to stability' and ·-.control par-.ters fo_r 
the: aele~tecl.J1uper.erlt;l.c~l ,ring _poln_t-.-d_edsn ~on~~ratioas 
are -•~~lar ·to ~9a~ pz:es_e~ted·. :i.n Sectian 3.4 for the 40J.J 
QO'nfi,suration. . . . 
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7 , 6- ~llUO'tUR.ES AND·· "WEIGHTS-

~ The -t~o. ,4.lt'plane.a: -s~t._e:cte.d· from th~ ptr.am.eta:!c: sb.t~y 
· weTe. exuine~ i~ Qetail by µs.e of· the -~ame technl~ues disr 

cussed: in Se.cc.ion 31-5.- 'rhe"ae -airp.1aries haver an up.ct ·r~tio r 
of: J-.-0 ·and· , •7-5.-. Ilii'lat ·411ca for w.eigh:l:ng. theae· a:l_r:pl•n~ 
:w.etie obt•S;ne4 from= t~e' "des~g~ layouts ~ho:wn in Section 7-;'l •. 
The resulting weight :~~ea~~~~ are _1_1ho~n tn ·Tab.le 7,_6-t•.A 
s~ry· of: ~ha ~enter-of-gravl-t:y -condi-tion!J .-for the various 
minion- -ioadi"ri$!1 is- as folJows -:- · · 

)lade. 
Dperat;l,ng. :.zero C,:-o·s11 

Ci:,ndi--t-lon. Weight - Fu&l Welgbt. Weight 

Ai:-3.• 0. 

• SRASM 
. Wej.gh~ (lp) il,8-35- 12,468 16.8(]"0 

C.,G •..(% MAC} 26 •.6 ·u.s 23.L 

tRASM 
·.Weight. (lb) 
_0,G;. (; -~~) 

·12_,S63 
26, 7 

l~,316
Z6,0 

21.638 
:24;1 

~,t525 U,810 27,000 
26·;:fii 25·.6- 24.-8" 

AR 3,75 

SRASM" 
W~igh'f;:_. (ib) 12.~1~.1 i~i764 1.6,800 
C;g. (o/.. MAC.) 3.1.-9. 31.l 2-a·.• 9 

wsn 
We1ght (lb) ·(2·,979 ~-;612 2.1;638 
C,G., (%.MAC)· -a.1.5· 30,.8 28,_1. 

ll•I_Bft. 14,106 27,.QOO 
31.-2 .)0.-O 27 •.7 

..-
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.. Webbt' 
Item ·, AR~3,0 All•3, 75 .. 

( -S3"02) ( s~:61)Stt\11;tur.e 
1400 i67t· tUt1g 
2608 2636. J'u!l.elage 
368 336 ·Horizontt1.:~ Tail. :no 3·02. Ver·t-ical Tail 
616 616 :Landi.~g ·cear 

( 3530) ( 3530) Prc,puls~~n 
2737 2737 E_rigine~ 

32:Z 3i2 .il\tr· Ind\lc_tion 
Fuel _Sy~tem 421 4~1. 

22 22 Engine Controls 
-28 28 Starting Sys tell! 

' 2603) { -2"641} . S.ys·tem and Equipmen~ -c 
.Surfa-ce c·ontr.cils 468 48.l .. "tandirig Gear Controls ·115 11~ 

·.94 94 Iiis.tnuilei')ts· 
2H .288 .Hydraulics .and· Pneum.11ti~• 

·Electrical · 36i 3.70 
Avio_nics 460- 460 
lr.1,1rnishuigs. 238 '23$. 

142 142· Air Conditioning 
453 453· Al'."!lllLUlent 

U1_435 11,732 'Wei:$ht· hpty 
( 400) ( 399) Usefol. Load 

200 200 Crew ., ·23 22. Unusable Fuel 
ii 17 Eng~e.91'1, 

,Miifsile ·li.iicics .and P.ylons 124 .. 1~4 
"36 3.6. Misc.e llaoe01JS . 11,8~5 u,_131 B4ts1c. Operat1n·g Weight 

( 6.33) ( 633) "'faylaad 
~o (500 i:'ounds.) 285 285 
Misdle_S. (2) 348 346 

Zero Fuel Weight 12,468 J2;164 
..4332 Fuel .4036 

\ 

16-_,800.Cro~s :Weight 

484 
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-,. d~sign :trade:off s.tudy Wil!I cQ,1d~~t~Jl ·.1:~ dt!t.-~:l.ne ·how 
th~ .pctentia.l weight reduction fi:0111 -th~ u.ae o·t ~OJDPosite 
liiilteria.ls should bia used· to:.iilax·ilµ.ze. the -.n~°"er capabUU:ies, 
t~e: study tietded, the .foli.owir;tg ~~stilts: 

-~-- The weight: reducti.QD sho1Jld be- .ua.ed to chaoga 
&spec~ radoi 1.'l.i~g- ~oadin&t- and ai_i'i:re:ft size 
simultaneously .racher than. ·any one·. vill'iabl~ 
separately. · 

. 
2·. 'iite degr~e of· change ·of· -each yar,iable· b de.

·pendent upon .t::he· ~gree· ·ot;_. c~~i~ .~ted~t-
-~·a•ge in th~ ·:ai~J:::aft co~ati::µc~lon. · · 

3. ·T,tie best c'oml>in&t;lQrt of" variables :ts· clepeudtint 
UP.Q.~ ·.the aspect of the 111aneuver capabU-ic·y
ttiat is to be m.s,,c;imbecl. (i:,e., inc·rease1f •ub-
8.all:l.c t.urn· t11..te r~qultes. ·:!:nor~as.ed w_fng -aspeat
t!l-1:id ~nd :sJ;z_e, whUe inc:-reaaed acceleration 
~ap•b:l~ 1 ty require.ii the oppos-i.t:e. ) · 

'?he foll,owing setiction 'qf·-var!aples· ls for· 
the tas~· whf!re turn :r~te· 11.. max·lmii~d whtte· 
SCi?t!!leradon ·tl:aie ·between Mil~h '.0.'9 a~cJ· l,5. 

: :ta· ·held c;.ons~•~t, .Qoth--t;~m r~t:e •~d .ae.ce·~
et:ation a-r~ -for ·n!Bd111um power and 30.o.oo~ft: .. 

;

i a;t1~ude ·conditions. . . 
•'' 
? 

..~ ,. ·C:Ompos(te -Oo111pQ11_i~e .All 
f.-aramete.i- Al11Cl'linum W1ng .W~ng, 'i'4U; :.CCJll!posi~e... .. and Inlet .. .. 

Ac~~l "Tiule, sec 35.5- .l5,5 ~s-_.s: 3S.5 
ij,B· de1/sec !hY 11.-~ .il.8 u,s 

.. 
Mi.s:l.eill Wt, 1~ 17,.115 16.s!fo. 16,2.70 1...s,·~00 

~pect gac10 3 •. o. 3.3 3.-4 ,· 3-8 
w-is psf .60 54 47 4S· 

11:W .. l-.37 1.42. : L4.5 1;50 

' 

' f 
1:. 
I 
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8.J. 'STU~'/ .P~, ~o n,;siGN iJ~rA 

8:,·l.,·l St;.~~y ·r:--.an 
.The.:plan foltoweil in the c~poslt• niliterial .:study- on.{U) 

..Configura~io1t :4-OiB sought ~o.· ~etemiae the ·bea.t· way tQ. u•~ 
the ·weJ.ght. redu~_tionJ -:re ■ u;tt!?,g. ft'OJII u.s,e· ~-f cmpodte 
'IU.tl!lrlals to ~ilBize .maneuver. c·apabilities ,: .Th·e ~ire't •~~P.· 
vu the establtsbnient o.f .a matrix of variables: tQ be con• 
Jide~~. The .secDli:d· step .was ih.e .a~iectton of ~Qeµv~r. 
condltlons -t·o use fo.r' t~.e evalua.tl~. 

:S..1:,.-1.~l )fat.i,ix of Variables 

(CO A m~trix ~f v•n.a~les ~as J~lec~e~ to de~eradne ~be.tile~ 
.the. weight; r~~ct~ona· :fr0111 c_h~ use- q(· ~omposite matedala,. 
·s'hou:ld. be• used• f~t increased .wi'l'!g ~pect: .ra:t:5.0 (All)., r.~du~~d 
;,1ng loihU,ng· {ll/S) •. i:-e~!l'4 ·af:i:-~~•·ft. size, o~ a. .::0111l>i~at;!qn 
.Qf· the. t~~e· to m~x~e 'i:he m•neuv.er •cilpa.bilitiea.. 'lha.t: f.a, 

. 1~~:\1:· ).__... ·l-J4li"iraum ·t~rn Rat:_e 
·tow~r ·w~igh_t· - · Smalle·r Stz~· Minirii!ae Ac.eel, 

• (~igher •'li./W) 

r;;) ·The. mattix of -va~tabl,es, seie<lted is.: 

Mission ~¢igh~ (Ai~c~aft
·sf:ze)~ 1b. .• 15";_600 ~ 16:;BOO·; 

Wijlg i.oacling.i _ps f: 4.5., SO~ SS,· 60 

Asf?ect· Ra.tlo 3j 4.,. s. 6' 

COll!posite .Mater-id Cante11t i. ~~M. (di .ai\1111,t.t1~},
2 • Wing an ly, j ,. W'ing , 
.tail and in-l~t: :duct, . 
an~ 4-, Max~m\111\ .usable 

:'the: .othe't ei;m·f~guiation. var.tab-lea· _(i.. e .,., -w~g t~a:a~.s
edge .sweep s;tigle,. thickd_f!ss -r•t~ 1 ·•s:td ~~per. ra.ti.o) ,a,:e hetd · 

-~p.n•~~nt: to kt:1ep tli1e:-·mat;r;ix of va.r-iabl.-a within a :reasonabla 
size·, .atso, the p-res-ent value·s are. felt to be near o_pt~UII!-· 
Jlyi1:1g qualit::f.es and. lift .an:d- dtag cc~si~a.rationr :have ...ihow:ii 
the l-5-degr_ee i~adl..ng-edg!!.- sweep t:o·be dedrabl.e =for- an i&b~ _j 
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·•·~·uperiorii:y ~ighter, Th~. requirement fcrr -su~,r!!~nic aper,.. 
tion restdc·es the wirig thickness ra~·io ~ci a lo:w value. ·The 
t:hickna:i;i ratio. o.f D. 04 an~ th~ tap.er rati~ of Ci ;2 were held 
~ons,tant ae ·practj~_al valuea, j. 

' 8.., l, L 2 ManeuverCondltione . 

(U) Two c·O'n'ditions ·w.ere s:el~cted for. evaluaUng the. ma~euver 
c_a'p4biUt;J:es of the vadous cOlllbination of viu'}.abl~,,._ Both 
CQ,:tditl'ws a-re fot' \Ufix.l.111~ power operation at ~p.ooo ·f~ei:. 
Ope..eoti.diticin is ·the 111aidl!lt1m sust,:t.rre.d -turn rate at Mach o·,a. 
which is representative. o:( the ~tgl:t-11ubson:lc,~speed turning
p,or,ticn c!' air-to-air cp!!!b&~. The second condition is a: 
l!!v.~l acceleration from. -Maob 0 .. 9 t:o l. S-1 ·which gi'\'o :an 
:ins·ight. into· tbe supe.rsOlliC..c·ap~~ilities • . ·- .._. 

Maneuver capabiH.ties attained wb:h .. the -vado~s ~ombina-· 
tlomi wete coroj,arec;l ·at .the· i;oi_d-~oi;ibat:. :weight for- t.he ·tong-, 
Range Ait'•$uper;odty M_iss.fon (LRASM) wit.h a 750.~n;mi radius, 
The -r~s,ilts ,are pr.esent~d· -.S pl;_ot;is qf t\lra r~te versus ~cc~l
erati.On tj,me for. e_acb level o'f comJ)odte niater'J:.ii.l usage. 

In this:. sub.section, the maciu~r i~. which: the dea.ig_n dat« 
wer~. deriv~4 ia,· dBllC.J.":1.ped., \;he grou.t'ld ·:i:'u}.es which .go'ie:ined 
t:he <Jevelopment· of the data are defined_, and th¢·· g~~etr~c 
data tluit formed the basis- for .the.a~lyti,cal o~dies ~re 
sumiD,.rlzed, 

The matrix Qf 48 airpian.es described a.bove in ·Subsection. -
.Ii., i. l wa.~ develop~ around the -three srowth data points 
d·eriv.ed- hi the ·401B growth. study· (Sub·eecti;'C)n 3, 1.1). The. 
da-ta £tom th~ three gro~~ .data p0in.t11. a~ ·111iss1on. weights ot 
J:S,60Q., 16t80().1 and la;:0OO pounds wer~. •xp&1'.1ded -to ·include 
the fou:r aspoct· ratios and four wing 'loaduigs ·tg. dev:e,lop 
the desired lll&tr.ix.. for the. par!lniflt,:-io invest.{gatf,.on.. Vt;iri.a
.t:l.on{l in fu,~t,ge., · wing,. ~n.d tO:'f.l rnidacea w~re govenied ·by 
the 119 t ·at ground ristes·1 wlii~h a-r.e: -summadzed briefly ~·s 
followu 

rl, °i.he vaiu41a ~/c =. ,04,. ALE •· 35° and A •.0..2.. __\.. 
remain cone,ta.nt fo't an· wings. j 

--~-~~=-----I--,B~b AB"Ctf!P) ••"7"hr1r 
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f2. ,rbe C/4 of an reference Wini!&. ~• loca.tod ·•~ 
a. constant; fliolage: ~ tat,iou .• 

,_. 'tl)e norbcmtal aud ve-rtical tail moment. a~ .(4·1~.
tance from ~/4 wing- to c/4 ·of t~e tails) is. cons·tant 
ac a gtven a\rcraf-t_ miin; ~on weigh·t. 

4. The st~ing_ nc,,diontal tail planfcm geometr.y 
_rems.ins constant. (AR. • 3.0, · A "' O. 2, ~1:ld ALB • 35°}, 

.5:. The veri;:tca.~ tatl planf~m g!3omet-ry re111ai11s. _0 _ 
111cqns ta11 t: (Alt • l. 3 265 • ).. 0 • 4:1 and Au:: • 4.S- ) , .· 

fi.. ·Th, hor-b;ontal .:tatl __and :v,ert;i"cal taiJ ~oment, 
arms vary a:s :aircraft· miss iQl'). =weight -vaties 
(scaled acc9rdf;i_g 1;0 the square ·root of· th•· 
liircrafl: gTaas·-weight-:catiq) •. · 

• 1. The i1d 11 -dist~c~~: ta the ex.posed- wing toot· chord 
expo_sed h9rizonta1 taU chord\ (measured -from 
airpl411e cent;ed-inl!!) remat1f const~t for ~ given 
air-era.ft· rd.s:siou weight. Thls 11~ 11 ~i-~nc~
vades as a- function· of .aircraft miss·:t.011 ·weight 
(scaled° ~c,i'o.rd~ng to the. square· 1:oot of the . · 
gr·0n-weight l'llt19), · 

8·. The r~tio of· the exposed horizonta.i tail area 
to ttie. sizing. tail :at-e_a r~•iui, .·consi:ant a:t a 
v&tue of O~ 866.. · 

-9.• , 'the vertical tail &iz~ _.11! C.Ons.t;ant .for a g~ven 
miuion. weight; apd· ii dJtermined- by a vertical 
tllil coefficient of O.OJJ (per tail) at1d, a 
wing geometry defined by A~_•.3.0 end 
W/S· .. !>Q psf, . 

10. r.or G given «.iTc:s:aft ·:'!!1int~a weight, ~-
S.nitia.l, sid~g horizontal tail ·1s· determined 
by· i horizontal. tail v.oli:Jme: coef.ficient- Of · 
o. i 26 aod- a: willg _geo1111rt;ry tJefi_ne-~ by AR s· 3 , 0 
!l~d w_/s -~ 60 ·paf., thh establis_h~e a h.oTi-
zont:al .tail &rea t;o wing_ 11.J;"ea. Ta_t:f..q. O.f O, 202-~ 
As wing· gepinetry cbangea bec_auae of-. co~ea
ponding v~r.ia-t:i.ons .in asp-ect -tad:o and wing 
loading, ·the -sizing· horizontal tail area ~. 
·deterDlined- by k:eeping the arf!a r11.tio of o.• 20_2_J-
cone tanc~ . 

4~8 . · 
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ll,. F-use;lage.. leng·t;h .is ~onstant· £.or a gJ.ven alt-

·•. 

:cra:ft d:eJJ'.ign miss-1,gn w-eight:. As niia&ion . _ 
weigh'~ ·$.a ·var;Led, the f'use·lage lengr;~ :l,s sc"·~ed· 
as. .a ·£UMtioa .of° the squate 'root-of .t;h~ groqa
we1Jht tat.ip. 

(U)' ~t.ernal a.-J,rplape comparisons that- ind1~at;e t~~ ~f~.ct 
of aelec~ed variation ■: of th~ ~.tr:lx 011 the..ai"np~e i.rrnge"'. 
ment:·. ate .pi'esent.ed' ~ F.~&\1~4! 8. l-1., •2, ~nd -:3.,· These .com
padsl't\a $.hQW t;hi! ~(feet of v~ryf.rjg aapec;~ ra.ti.o -!lt a .cqn,·t:an¢
w~g. lo.a~ing·.aad ._ai~C'i:'aft ,miss.ion welght (J'i&ur~ 8.. 1-1), t~ 
ef~e~t of" v.a:cying.·wi:ng loa,ding at a c0J1s.t~.t ,wing u,pec·t 
ratio :and...give;i mia.sion· we~ght. (F.igure •8., 1,-2), -.118 ef.fec.ts-
o~- yary~g: &irc;raft ·ms.s,tcm wei,abt a~ a corui t.an.t. w;lnz. aapeci: 
r.~Cio and.. wing ·loaduir; j (Hgur.e a. l-~).. 

... T~~ g~ometry for each refererice .wing ·of the 48.-~i.ne 
uia.~:\.x ii, ·de(ined in :Figured 8•.1-4·, •S• -~d -6. The· ge_olietry 
of. uch pf tbe .si:aifitg h!)risonta.l taf.:1. pl&nfo1:J11S ut:ilis4ld .f.n· 
tha ·study .is r;lef~ed i:n i~gun. 8.,1-·7.. TJ:w. gaame~y ·(or !!l&!(!h. 
of "the .-yerti.caL tfti;lil° and ·vent:ral finis of .tha·-m&ti:-ix -is 
.defin~d :tn· Figu;e· ·8, 1.-8:~. · 

~ The rfil!ference wing ·area vadat;.19n -I.$. p.ia~ted a~ a ~iJ ... 
tion of i411g loading fo~ 1;h4! t~e!!l .misslon wej.gh~s in Figure 
~ .. i,-9. The ·vad!i"ti.on of- total tiet:ced ar·ea. for ~ af:rtµ;:~t 
con£:!gurat1on is plo~~ed, aJ ~ ~~tion of. wing ~•p~ci ~ati~ 
and ·Wing• ·1oadi-qg ia ftsur~• .8:.1-tl>-;- •U, and -:12· for .a:l,rplane. 
111i1118':f.on weigqta of- 15.,600.t 16.1 800, -aiid 18 •000. paunch~, 
reepecU:v~ly. W,ettecl..:U~a va~_iaticms fbr the various· c;om• 
poneqt:s ~ the· matrix are •~tin·· plQtt:ed. -ir:i fi;gur_es. B.:1-13 
t:hrough ·$.J... ~8:,, F'U~tber ~plariat:l_on of the defirt:l.tioli ·~f 
-these .c0111Ponent"s aa · they. relate· td. w,et_t,d-~ea :~ild\lp -~ 
p~~ent.ed in the .!towth· a·t:1.idy a.ppr~ch ~on.tab\ed: :f.n 
Subsed.tioo 3-,.lJ, L 
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8·,2 l'EilFORMANCE 

~ l..ong.,-r-~nge_ itlr-sup_er.ior1t-y -~S!ioos- ·(Ll>~M) we_re c~m-
puted =fo.t: ~(Li •th~- ccm.~ina_ti~ns -of aspect r_,uq, -wi&'!g_ .l9aa1Jig, 
m_ts15.fon we~g!l,tir, .and cOl!Jposlt~ conterit -. a t~t•1 o.f 192_ .-~~-r.t;,_n_t.¼i~,~~h 

·con_figu~a_cions. Vor·•e4ch eon_'fi_gur"J_tl~n 1J]. rds_~-1~_-~eight • ~ 11 _-t:,[ \. 
.wa.s determin•ed tu yiel~ l;lte. desired .7~..,-~_.mi -~SM_· radius. ~()Jt 2~ SEC, -3,.3. 
1:-~r jfac~ camp.osite. e~t:eni. ,. ·t.h.e· aap~_t·-r&tio/w-ing-.loading, (6X41: · 
c01nbj.natJ.a~~ w_~re -opc;i~lzed to ·gtv.e the·iliaximuiu "t:u~n rat.t . 1.~.:~)(Q') 
a,t ~en· o·. 8.., 3:0,.000 f~_et:J... 

.I
L......C...---'-.1-==------1 

~ · . I~ ~igu~e,s- 8,'2"'.:1 thr®S!'l ~-~-4,..the var-lat-~an of -tl~~SM 
r1.1dius witll 11_1issiori .we-ighl: is olocc·ed .fi>r .each ,~g-lpa..db.1_g/ 
compQdte:...c(?n_1;ent; colllf in!l~ion for e~~h 11,Spect ra-tio. The · 
missl~- w~~gbt f~i:-. ·th~ ·1.s0-n .mi ~8":· ra,U,us £.or each con-
_figum_tion· was_ d_ec·~rm.-.it1,ed. ·frD111 ·.these-.curv.e·s., ·· 88th·AB, · 

~ ();.n Fig~re.~ 8,-2-5 a_nd a.2_-fi •. -ti~~ tu_rn -r~te· at Mach ·o_.8, l:91i .. -- . ,Yit~~B~: 
· · · 

'3ot900 feai:.-•.and. accele·rati!)n tim~ fr0tl\ l'J,acb__ o·.9 ·t9. _LS: at t~~~:{J §EE;~ {J) 
·30_100.0 ~.c._ a.re p-,:_esen_ted·. The m:~ssi~n weight~ for, tbe. _750- · :l~J IS ..; 1/. l <;;e 
n !~11i. LBASM r-adiu~ --are marked for each: c.onfi,u2:~tion'. Qf -c.'fs (~µ ' 
apsec t ratio, wing 10&1.ding-1 a:nd coillpqi;i.t~- ciontent ;-_J· ,..._..,._...;..·---1----_J 

· · · ·1:ne ll)iilSioo. -wei:ghe~ :de"· 
t;ermi'led from F.iguree 8,2-1 

!ur-n .rate. a.~tht:augh 8;_2-.4. ·and· the. ·tur~ 
constan~ ·w/s W/Sr.ates _and ac~eler~~ion times 

d¢t;e~!:(ed tr~lli ,Fi"giµ-es -8-.-2,.,5 
\ . 

~•t.con~tant . 
miu;l,:on 
_weight--

._·.1/ 

·"BEST TtJlUf. ~T!;1 Its°and 8 ;2-.,.5- ar~ •presented in 
Figuns e;2-..7 thro1,1gh 8_.2.,3:0 
(or e~c.h ,level ~f- co~pos.it.e · 
c.onte.nt. A cOlllbination of· 
up_ec.t .:c-adio-, .1-ii~g· loading-, 
and )ll;µasi~ w:eigh"t · -for·.~es-~ 
turn rate was det1m11ln:e,d bj 'l'urn 

·platting: lines of oonstant Rate 
·miss:Lo~ we;tght on t:be. aspec"t.!" 
·ra tio-v.s:-turo-rate cl'tai:t and 

. tff.cktng the peak-. val'l_,le_- ot" 
turn tate .for- e.2eh miss-ion 

:Wei-gbt ~. as illu·sfa:lr.ted. in th.~ 
s,Jc:etch_ __o!l th~ •r:ight:.. .• The 
~~st conibiriatioa--~: ·noted ·i,y _--ru.rn -rate ..at const-ant-

· a line labeled ·,!»£ST TURN ndsliion weight: ~ /
RAT.!11 O!:i eaqh . of ~:igurea e.-2"-

.. 1- th~gh ·s.. i-~o-. · As.peo.t'JJ..a~ 
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.[~be c.olifigura.tion$ f.or· ~-~s.-t turn rat;~·at eac;h tevel ~f 
CDf!lpos:i.te. c.1>n-t·enc: ·are P..l!e_s.ented "irt F.igure :a .2-ll, 'this 
.fiGUre- prea.entif wi~g loading, -aspect ratio, ilncl misB'iQn
we~ghc· for bes't turn rau vei:sus the reilul~ine; acce.l~ratf;.cef 
tiiaes ·for each compo~'ite- cQlitent. seties. 'lhe ..cqrt of ~n 
rate: v.ersus acc~lerafton dme ·sho~.s · im:;i;-eas"i.ag ·time to;. act:e-ler.•~e £.or ~creJs:~ ·_in ·tum rate ·foe- each_'· coillpoi,ite coo• 

.. 'tel'\t series-_, As. tu:rn rate is ·increased, the 1ai'i1sioii' :weight . 
arid -aspect ·ratii, increase and wing loading decre&s.es. Com
pa·ring_ composite conte,;i.t series --~ ·a. aelec.te~ ·.a.cc:.eiera·t$.-op 
time: shows. 1111 in~r~a·s_ing tUrn ra~!!, misdon··,,eight• incl · 
asp-qc.t a::atlo with de~~eas.ina wing· loiading. :1r-or e,c:a1npte., at· 
.ii 35 Jr-,recand .ecelerat.~on ·c1nie:1· a: -~Qmpariai:011 of the 11;11• 
alwnlnum 11.tid all.-compoa"itci c.1?n.fig~:i,a~ions is. :aei foUows :· 

Aluminum .m:imecsit:e %'Change 

Turn :Ra~e, deg/aec;i. 9_•.9 I~.; + ·36 •.) 

.Mission Waight, lb ·17.,.1,15· u~·6oo -· 8 .8'. 
Aspe~:t -Ra-~io s·•.o 3;"8 + 26.1 

.w/s., ·ps.t 60 ·45· .. ~,.oj 

l_ 
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8 _. 3: A,ERODY.NAM'ICS-

(O )· ,With. res_pect to ae-i:oayna111ic$ the~~ i~ :,t mi.~~ix- of 48-
·airc.raft coi'lfigu-ratl.on$: 

A~ ~- 3 •.0.,: 4, O·, 5 .O"" 6,. O: 

Wls "!' -45 •· 50 r s-s, a:c:1d _6() psf 

·G.,'lf,· • 15,60'0, 16,800, an.cl -lS-t'.000. 1~ 

rhe app'roach ·1s !=O gener:ate compl~t·e aero~)'llaaiics d.a,t~ ~o~ 
·e:_ach ~f-· t:he- .a-specc ratios at· a· refer~ce 8~0.?• ~igbt·.-an~ 
·wing -loa-a1og, · va,:iat:tons ~n g~os• ~isht: and wing 1oaain_g 
f~om- "the_ reference --B;J;-~- -~lien gi~en $S increc'llents. in -minimwit 
dr~g_, The·: fund~entsi ~sumpi:ion here. is thac:-,1 to a-. firs~
order. aud1sis-, :changes :l.n ~itpl~ne ,s1z, or .,,:1,n8 loading ·do 
·not; a;ff~ct:- the ·ind_~CIJ-d:,;dr~g ·caeffi.o:Leri·c·... . . 

(U) . The refe~enee· ~ss. weigbl:·.a~d.w;ns l0&4iE!,g_ ,re '16,800 
lb ancJ .60 ·psf· r_aspectively. l'he ·refe.t-ence All • 3.. 0-.da.ta ls 
that of the 4Dt»· Co~1gurati!)~ _d.1.sc.uas~q in_ ~e.ction 3-. ~1.1 
pla"n.fQ~• --~_ve c:ur-ved U,p_s sim~lar to ·1:~ 40lli' .airplane; 
:::~~-f~re~ th._e ·true •~P,ect :ratios. are 3:.2·, 4.~.7., s.3.:,, a~ 

r 

B-.3 .1 _MinLn~m,.-Drag 

(Ul · In .P'i-gure 8·;3•-l 1 .~Diain ·versu111 MG4lh number· is. plott~. 
fo.~ ·the i:-ef!l,renc:e :co~figura~ions at sea levet. The: metlioda 
~d p_rccedµi:es .&J:'~: the same· as· .thou· descri\,e.d in S~ti~-
3.3, ·1:be aiiNHiule· prodeciure· (IC3'S) was usei;i. to cpmpute· wave 

.drag· for each of the· conf-ig\µ:'a.t:io1oi sltowa. l'.lie minilllUll'i.,.cJrag 
c:~e~fict~'t. at other aititudes. i,iia.y be inc-re111eiited· by· t~41-. 
~n~a.shmm- in Figure 3.3~1 of Secei~ 3.1. 

·The ~r~at;io_n. il)-minimwn :dr•g -,s a. .-func.t:i~n.- of gro,s_s· 
weight and ~ing. loading ia plotted 1,n r.-J.gure 8·, 3•2... The! 
incr~e~'ts_ s'Ji:~wn ar, f-r~ the -hfe1:_e~c~ ijO-ps~ wins _ll>idfiig 
ani.:I_ ... l._6,800-ll>: grosa wci.gl\t and are appti®b.te t? e'l-1 aa~t 
-ratios, · · · ., 

~-._3.,2 »:rag ~J.&e ~0 Li~t 

{U) :riie drag dl.le ti;, lift for the. All .•:4 ..o, s...o/ ~nd 6-.0 
w.i.r:lgs· wu ·obt!!i,f.n~d. by a~--plyf,ttg -a:spact-:cado -C01'.~ecd00s to 
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the. drag. !Jue to lift of th~ Configuration 401B air.plane 
(AR:;, 3·,o). i\t subsonic_ speeds, the· ccit"rectioii ·is_ !!limply 

(U) At. s11pe.rsonie. speeds. the lnduc~d. d~ag fa~tar, 
K (=. CD /cL'l), b predicted· by. t;be [!ietl'\od $iv.en in· the USAF 
StabUi~y .zmd Cotttrol Datccm (Refer_enc:e 9), -this me'tt:iod :1s 
al-so _given in R~ff,!r.enc~· L TM ·ratio of the 1ndu¢ed-<ira•g 
factor is ipp.Ue~ tp the t,Olil drag..d.ue.to•lift de.ta given. in 

·£ec~i?n 3 .• -3: 

s,·j .~ Trim ··nraa.. 
(u) 's.tnc.e tri111 drag is laz:gely· a functia~. of i:;ap Jo~d. J;E!• 

quired ·to trim. and wing-span -efficiency., i~ is as~_waed that 
trlm drag is prdport19nal, ·t.o.i~duced drag~ The same .r.ati._os 
tip.plied tfJ th_e ind~ced d~ag ar.e also applied ta the b:aselif!e 
trim drag .. 

8. 3,4 Tr.i.nlned Drag Polars · 

(U) The subsonic an4· S'IJP1ilrsonic drag polars for the .aspec.t 
ratio ·4.O·i, 5.0, imd 6,0 wings..•:t the reference groes weight 
a_nd wi~g loa~ing are presented in -Figui;ea 8,,3R.3 ·c::µr®gh
8 ,_3•8 ! .. 
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SECRET 
(This Page Ji ONCLAS~IFIED} 

6 ,4 STABILITY·, c;6t,17!'{0L, ·.AND ~NDLI~G QUALI-'I'tES 

(U) For the coniposite-mace-cial li.ircraft "'8tdx study, 
similar seriet:al guidel"ines were g-iven for reillifit_;ic dzing 
of the ho-i:-iz0q~al ~nd v.~r.t;ic41 stabl.liz:f.ng $-urfa(:°es ·li.s was 
~one .for the SUfler.~ri~ic~i wing parametde st:ucy (Sect;l.ori 
7,5); Ground rules .fo.l.towedin sizing t.hf! tai_ls_ are 
specified·.. in Subsection 8.-1.~. No speci(ic .stabilit_y and: 
control parameters w~re g!,ln~rated for. .-this St\ldy. 
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· $ • 5 SD.UCT.URES ANO WEIGH'!S 

ffl- For t;he c;:omposit"e materials $tu\'.ly I a l!l,ltr:_ix of 48 a.ir-
plarte-1! wa~ selei::-.ted· with th~ v-~riaples of gr_oss w~ight, . 
·alipecc· rai:10. _and wing- loading. The 3 x. 4 x 4 ""'trix for 
the s ~dy i.s .shown bel~: 

GW AR .sJL 
15600 3 45 
1611()0 4 50 
1$000 s 55 

6 60 

(U) Weight an~J;y1es ~er.c performed £0:r ~ll afrp).anes t w_ith 
alurainµai serving a~ th,;_, basJ,c ·strµctura,l m.atedal- .to pro• 
vld.e a b~seU,.~~- the aluminum.-weigh.ts were c;lilculated_by 
the- ~na1ytic:a:l~sc·acisticlil 11\etbo.ds previously desc:ribed_ (see 

·Sec.tion J.1). · Welgfi;ts wer¢ d.~vdoped for. three lev.els of 
¢0111pq~:l;t'e usa~e : . . . .. 

t, ·All .cOTllpos-tte.' .,. 

2. Composi;ee wing o~ly 

3 •. Ccmi;ios:l.te-wing, ta.i1s, _arid inlet duct, 

In the: study• ,all ·of the ·structu~d 111at.eri1,11 wa1 not 
~hanged to compo8ite in the ;Lndiv-idual co111poµerits:. In 
regions ·of high~load -introducnoa and high-.lo&d incerac:t~n 
.slich as the w1ng•fui~l,age _int:eraction •. lJ1ndipg gJJar. ~ulk· 
bea4s > an.1;1 gun 'support structure, there was rio attempt t·o 
u11e· composites. 

(U) Conversion fac·tors were. developed "from d~ta. generated
~~ring comp(,lsite· materla\~ i:e~e.arch Qan<tuctod over .the· past 
decade·. The borcn•epoxy and gnphl.te~fipoxy· systems p.a~ 
.adi/anced £rpm ··'Q~sic: m~µ!dals testing ·tbi-ough flight tee~
a,nd limited prod11ct~on j,n certain applkttiona. With.the 
data from thes~ studies$ an assessmeot of rea.list.io weight 
savings was ma"e, ·an'.d ·weight .eonve~aion· :Eaceors. were derived. 
The. fe,c·t:Qi;os were. then appl!ed to the. va:r:ioua st:cuctur:a:t 
item°i1 -ort:he alumin\2lll ce>111p0nen_t weighta. to ~e'tendne the. 

. compcutf.t11 w:dght:s • 
.•' 
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~ The fuaabge ,we.i.gh.t: savfog ii b1a.ed on t:he engineeri.flg 
· ariatyais for ti)¢. 'F"".5 COIIIPOIJite f1,ll!le!age. presently being 

hbrt:cate(,1 by Conv-air Aerospace. The horizontal tail data 
wer.e obtained £ram the F-111:A cO!llposite pro!litction t:Ail, 
Several ·prevloua sttidies were ~sed ;s,s a basis .fot' the verti
cal. tail faer:ors. St:1•ength•dendty factors were applied to 
the theoretical :Ii kins of the wing· struciu,tal box., ·and .s1tvlns, · 
on sec.ondar:y structure 1'lere haeed i:,n exhting ~r<h.7are. NQ 
cQlllpQsit.e :1avin88 were .~t:temp~ed for the landing gear, 

(U) Weight su1mn11rie11 tot' the various levels .i)f comp¢>eite 
usage and for the aluminUJii baseline are given in T4bles 
8 .5~1 through 8 .. 5-4 • . The resulting zero-ft.tei-weight-vS"
aspe~.t:-ratio curves are sho{llfl in Figures 8.5•1 thrci.ugh 8.5:·3, 
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	wing ref. area Surfaces 
	d = average buried semi-span . x = .Diatance aft· from fuselage nose to body· nose ·or surface fuselageintersection point · · . 
	= Distance outbd from fuselage ref line to body ref line or· vertical surface chord� 'line. WL-92 _z = distance ue (+) or .down = from fuselage ref, line tobody or 
	-6t-figure 3.1-17 Basic Description Data Sheet -Configuration 401B Type at 15,600 lb Mission weight (U)
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	�. 
	S-EURET 
	,,:;,1,00 Basic descriptions 
	T/W 1.504 uninstalled 
	engine ] i 
	... 
	., 
	surface ref line . · 
	88th ABW/IPI FOIA (b)(1} 
	E.0.13526.SEC 
	3.3.(b)(4) 
	-,
	... 
	. 
	FOIA (b)(1} 
	E.O:13526 SEC. 3.3.(b)(4)
	_ Secret 
	BASIC DescriptionsGW= 800 lbs W/S = '° lbs
	f 7 ( Uninstalled Engine -Pew JTF 224-27 -(ADesignation 100 PW-100 
	x= distance aft from fuselage nose to body nose or surfacefuselageintersection point _ . 
	y = distance outbd fromfuselage ref. line to body re£-. line or vertical surface chord line; ·· ....!!!U3:. · 
	z = distance up (+) or down {-) from fuselage ref. line/tosurface ref line · · 
	(S) figureBasic Description Data Sheet -configuration
	-Figure· 3.1-18 . 16,800 lb mission weight (U)_ 
	. 60 
	Secret 
	body or· 401B Type at 
	···-___ __ 
	.............. 
	88th ABW/IPI 
	FOIA:(b)(.1) E.0."13526 SEC. 
	3.3(b)(4)
	SECRET 
	BASIC Descriptions
	G W=If000lbs 
	w/s = 1!>', /ff s.
	TW= 1 11#, uninstalled 
	engine pew jtf 22a-27 
	( AF Design F100 PW-100 
	. 61 ..... . 
	z -distance ·up (+) or down (-) .fro&1 fuselage ref line to body or 
	surface ref line
	(S) Figure 3.1-19 basic description Data sheet -Configuration 401b 'type at 18,000 lb mission weight (U)· 
	SECRET 
	, 
	bodies Design .. F100-PW-100 
	.Surfaces 
	.basic wing Area (FT 
	·aspect 
	Taper Rati leading-edge 
	Surface 471.2 airplane 
	total 
	(S)Figure 3.1-20 Friction drag data Sheet -configuration 401B Type at 15,600lb mission weight (U) 52 
	SECRET 
	... 
	friction dra DATA, secret 
	GW 16 100 lbs 
	W/S = 60 lbs/ft
	t/w -= 1.397 unilateral 
	engine � ft w jk 22A-27 
	BODIES
	. 
	88thABW/IPI 
	FOIA (b)(1) E.0.13526 SEC 3.3(b) (4) 1;4. (a){g) 
	I: 
	..~,. . 
	' ' 
	Surface Total 5073 ·
	5073 
	airplane Total 1243.3 ·Trade 2010 
	. for
	1 ref
	.. burned 
	· · tipwing burned tip wing
	geometry . AREA. ft2 280,000 
	Aspect Ratio 300, 320 
	Taper , 0.1689 Leading EDGE SWEEP Deg 
	(S) Figure3-1-21 Friction Drag Data sheet �· Configuration 401B Type at 16,800,-lb Mission Weight (U) 
	. 63 
	Surface total .. 54-,
	543.4 
	Airplane Total .·
	. 
	Basic wing geometry 
	Aspect
	Ratio TAPER Ratio 0.20/0.1689 Leading Edge ·
	SWEEP ·(DEG.�) o 
	(S) Figure3.1-22 Friction Drag Data Sheet configuration 401B Type at 18,000-lb Mission Weight(U)
	64 . 
	Secret 
	·r· 
	Friction DRAG DATA. 
	SECRET
	Gw 18,000 lbs W/S 60 lbs 
	TW 1.304 uninstalled' 
	engine -PW JTF 
	.BODIES F100 PW 100 
	Body ·Total 
	88th FOIA (b)(1) 
	E.0:13526 SEC.. 3.3..(b) 
	(4} 
	1.4 (a)(g) 
	Surfaces 
	4000,00 
	L 
	3.3(b)(4) 
	SECRET 
	. 
	t 
	1 , I 
	, � ' ��. . . . 
	Fuselage Station ES · 
	(S) Area Curve configuration 401B Type
	Figure. 3.1-23 Distribution . 16,800 lb MissionWeight (U)
	r. 
	Secret 
	88th ABW/IPI
	FOIA (b.)(1) E.O. 13526 sec 
	3.3(b)(4) 
	. 
	.. 
	Secret 
	·· 3 . .-2 Performance 
	Both basic performance and sensitivity data are pre
	(U) sented in this section for the .la.rge single-engine concept configuration 401B), performance data are presented in the form of maneuver data (i.e.) energy rate VS ·turn rate persistence plots, and thrust required) ··for the .aircraft 
	with 50 percent. fuel and in the form of mission ·data .for the three missions specified in the Statement. of. work and described below � 
	2. Mission 'Definitions 
	three representative air-superiority fighter missions were used for. aircraft performance evaluations These are short.-· and long-range· air superiority missions and a ferry mission (The ferry mission is important for deployment considerations ..) · 
	1. short-range air superiority mission (SRASM.)' ·This is.. a radius mission without· external .. tanks Theminimum desired radius is 225 n.mi. •The. payload is two AIM-.9X missiles and 500 rounds of. ammunition. the missiles and one half. of the munition are expended 
	at the end of combat The mission rules· are 
	as follows . . a.. Ground operation six minutes at power setting of
	T/W -0.2 
	b, Takeoff and Acceleration: Fuel -W1V1 
	, g(T-D)1 
	O· =. Sea-level static l = Climb Speed (M. = 0. 5) W= Takeoff Gross Weight lb W= Maximum Power Fuel Flow lb/sec 
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	l 
	......................_..................·-·-..--------·-···..-··-···"-···"---· ........... , ___________________ 
	,
	··SECRET 
	T ... Thrust. lb 
	'!' Drag, lb. 
	V, � Velocity fps 
	c. Climb is caculated from sea level 
	at' bestclimb speed to.· best cruise spee.d and altitute Range accumu lated is_ credited to radius. 
	d. outbound -and ~et:u:rn legs .. are qp·ttmum · speed and altitude (no dash 
	e, combat fuel allowance ls that re
	quired to achieve _the following. maxi mum power· -maneuvers at the 30,00 ft altitude at the average combat. weight: ,average combat weight equals. weight .at: start of combat -1/2 combat fuel). 
	(1)constant altitude acceleration · from Mach o. .9 to 1.55·,. 
	missiles and one ·half: of ammunition are-expended at the end of combat 
	f. Descent·: No fuel used no range _gained, 
	g_. Landing 20-minute sea-level endurance 
	2. Long-Range Air-Superiority Mission (LRASM) This isa radius mission in which all fuel required prior· to combat is external .fuel so thatcombat starts with. full internal f\ld·. Tanks .are: dropped' a.t: start of combat. All 
	other mission rules are the same as speci filed for the SRASM.'the-desired ·radius is 750 n.mi. · 
	3.-..Ferry Mission-A non--~elueled ferry range·of: 2·600 n.mi is desired externalfuel 
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	.tanks are used a11d· retained ·and· full ammunition tion (500 rounds) ·but no missiles ·are carried�. Fuel allowances for takeofff and landing are .the same as for the SRASM plus a fuel reserve of S· percent initial fuel initial fuel in cludes external tankage 
	3.2.2 Thrust-Drag Bookkeeping System 
	In the. system of-thrust-drag bookkeeping employed all components of draf that do not varywith power setting are included in .the aerodynamic drag_ data presented in section 3.3.� 3 The .aerodynamic· data ..of section 3.3 are for ·.a capture ratio of 1.0 .a reference exhaust nozzle: position (40-inch diameterat the exit plane and a refetence nozzle pressure ratio. which is defined in section 3.6 Any effects ·due to changes in power setting are included in the propulsion data presented in sections 3.6 · 
	(S) Configuration 401Bperformance data are presented for 88th ABW 
	the aircraft sized. to meet the LRASM required radius ofof 750 FOIA · ') ·n,mi. The siz.e aircraft required has a mission weight of .5. · . · 17,115 lb i.e. .full-up_.weight with mission payload and 1. · without external tanks which is. the SRASM takeoffgross 1·· · weight as-well asthe LRASM initial .combat weight �. This · is ·an· increase of 315 lb over the aircraft size ·(16·�800 lb) . · used for the initial layout and evaluation-. This increase is caused primarily by the ferry-range requirement. 
	The variation of ferry range with external fuel for. a 16,8000-pound aircraft Figure 3�.2-1 shows that a takeoff .grossweight of nearly 27,000 lb is required to obtain the' 2 600-n. m-i desired ferry range with external tanks retairied, 
	This is ·a 60-percent overload above the basic mission weight without tanks (16 800 .lb) The initial structural weight evaluation considered an overload capability of 40 percent above the full-up clean airplane weight which approximately corresponds to the takeoff (i.e.)
	grossweight for the LRASM the maximum ·overload condition specified in the Statement of· work The additional 20-percent overload capability.-for the fer:,:y-mission resulted i(l a 101-lb increase in the dry 
	weight· of the 16,800 lb aircraft forlarger tires and struc 
	tural beefup. This 1.01-lb increase due to increased overload 
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	(S) capabilitytogether with a 36-lb increase 'due. to revised weight estimates resulted in a 61-n,mi teduetiori in tbe LRASM radius An increase in size to. 17 .-115 lb was required to 
	-
	regain the lost radius. Thus while the. aircraft was pri 
	marily sized for the LRASM, the sizing was also influenced 
	·.by t:he ferry-mission requirements. 
	(U) · The performance data presented in this section are ·for 
	standard-day conditions and are based on the following basic data· · · · 
	data presentedj,n section 3 3 :,
	. 
	.2. stability and control data presented in Section 3.�.4, 
	3. .Weight data, presented in section 3 5 
	4, propulsion data presented 'in section 3.6 
	(U) The following corrections obtained from the growth data presented in subsec t ion 3 � 3 1.33 , were added· to the basic aerodynamic data.of Sec tion 3,3 ·to account for· increased aircraft si,ze andwing area change. The reference wing area; increased from 280 sq ft t·o 285.2· sq ft 'to maintain a can� 
	stant wing loading cf 60 psf, 
	}\Cp
	Mach No. 
	0.6 0.00013 
	0.8 -0.00013 
	· 0;·9 0.00013 
	1.2 0.00059 1.5 -0 �.00045 
	(U)_ The weight data presented in. section e corrected ·for the .change in aircraft size The growth datapresented in Section 3 ,5 were used to make the corrections. A· summary of the corrected weight data is presented in-Table· 3.2.1 
	(U) The ·engine size was, maintained fixed .at a·. scale, of. 110%�. and the propulsion data from section 3 .6 were used without modification 
	The summary .of (:t'\e resized configuration 401B s mission capabilities is presented in Figure· -3.2�2. tabulations of the pertinent data. for each segment of the three missions are presented in Tables 3.-2~2 through 3.2-4 
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	(U) . General peformance data are presented· in. support of the tabulated data These included 
	1. takeoff performance figure 3.2-3 
	2. landing performance figure 3.2-4 
	·3 .-initial-climb performance Figure 3.2-5) 
	4, Climb after combat Figure 3.2 -6 
	(U) . Maneuver performance datain the form of energy rate v.er&us turnrate persistence plot and thrust required are·. ,presented· in Figures 3.2-10 through .3.;2-12-, respectively.. · 
	('U) . . Sensitivity to weight empty variations is shown in . Figure 3.2-13 sensitivity is shown for two methods-of aircraft growth One is for the case where engine size wing area, andfuselage size are fixed The mission weight (i.e.) � full-up weight with mission payload and without external tanks changes by the amount of weight-empty chaqge and the amount of internal fuel change required to maintain the LRASM radius In the other method a. constant wingloading i.~ 
	maintained while the engine size is held fixed.-.. Mission weight changes by the amount of· weight-empty .change and the amount :of internal fuel and . structural weight .change assoc ciated with the change in aircraft size. Therelationship of internal fuel-and structural weight change with the change in aircraft size maintaining constantwing loading is dis-cussed in Section 3.S. = 
	(U) performance sensitivities for the case where the engine sizeis fixed and the_ wing loading is maintained at 60 psf are shown in .Figures 3.2-14 through 3.2-20. The size varia tions of the fuselage , tails � etc. for this cas e are as discussed in section 3.1 
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	17,115 LB A/P W/OTanks LONG RANGE AIR superiority Mission FERRY'MISSION. 
	50,540 M B6 48,600
	I . ., 
	M-80 = 45 
	41,000
	38,210 M-80 
	36 I
	130
	Alt
	ALT 
	CRUISE' with 
	I . ' 
	external ·tanks 
	,. cruise with external tanks I Start Combat
	·(2). 300 GAL 
	(2) 600 GAL +· (1) 150 Galwith FullInternal 
	Fuel ·NO Tanks 
	·� I 2614 ?:I Mi. 
	·750. N.Mi ... 
	TANKS Retained
	f 
	�· 
	mission 'RANGE
	MISSION Radius 
	,i,,-, long ·RANGE Air Superior ity Mission
	Range AIR Superiority Mission 
	. 
	takeoff Gross weight 21,953 lb Takeoff Distance over SO 50 1, 970 ft 
	landing distance over 50 ft 3,330 ft 
	47.000' accel time M-0.9 to 1.5 35.5 sec ALT Turn Rate @ M-0.8 9. B Deg/sec Turn Rate @M-1.2 6.1 deg/sec 
	. COMBAT@· 30,000 Short Range Air superiority mission with missiles 1.7 115 lb
	Takeoff Gross Weight . ·�·.
	(3) turns @ M-0-8 
	Takeoff Distance over 50 ft.· 1,330 ft 
	(2) turns (f·. M-1. -2° 
	Landing Distance over SO .ft: · 3,330 .fi;.
	Accel M-0.99 to 
	1.5 Accel Time M-D'9 to 1.� 5 32.4 sec Turn Rate @ M-20.8 10.9 deg sec
	Race @ M-1.2t 9. .1 deg/sec Mission RADIUS 
	(S)Figure 3.2 Figure-1 Configuration 401B ·Mission Performance Summary (U) 
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	3.2-2 Configuration 401B LRASM Mission Tabulation (U) 
	· . · · · · Weight InitialInitial =· = Phase .. No. Ft Weight Time D ._;. ··
	Initial 
	weight ) ) 21,953· �· ' 
	Ground Operation . . . 32·7 o · · 1 !· 
	· 21,626 · . . I· Accel to Climb Speed . . . . . · 0 =' ..11 I. · I __l___. 
	� 500 0 21377 1 2718 · I .875 . 7.10 1 .1
	� . 21377' 38 . 08 1 · · 
	. . . . .. 
	. .80 20871 . 2250 827 9.35 OutboundCruise 2711 712 11.54 ·1 · . , 
	... 
	0.8041000 18160 · .. T . T .. 
	I Drop Tanks 
	· . 1
	D 
	.1
	8474 Tanks + 198/Fuel 
	.80. ·4100 0.7115 _· l. 
	I 
	Combat .., . .. 1887 066 · I 
	Mo 741 > 30000 340... 01.D . . 
	(2) Mi.2Turns 1. .2 30000 ·O ·. 025 ___ .490 ! 5 48.~ � 
	(2)Mo 8 Turns I 0.8 30000 716 o· 0.31 .·880· 4 37 :~ I 0.86 30000 15228 . . . . '· I 1 
	Secret 
	· PI91! Payload I 348· 
	I 0 . I · I
	· 0.86 30000 14880 ·_ . . . , , ·,1
	30000 . . 
	1· 
	. 6.40 
	I . 
	_ 
	,.,,, I6.40 LandingReserved _=_= ' 10.79
	.; ; 
	Qi' 
	m (g)
	12814, 12367
	l: 
	zero-fuel weightI � I ' 
	SP 
	m 
	I. 
	I 
	I 12367· I 
	3.3 
	-....-�. 
	, 
	(S)Table 3.2-3 Configuration 401B SRASMMission Tabulation (U)
	Phase Mach Alt, Weight, Dist, Time, Initial, Combat
	No. (lb) (n.mi) (hr) Initial .�. , .
	. 
	--· · ..... l f -·-----·. .
	.� Initial�.� I 0 17115· . . � .·· · · 
	�---�� --
	Ground Operation . 238 0 j · ·--·-·--
	. 77 . I . ___ 
	· . 190 o ·. 10 . ,. . · · , .504 16,687 · ___ 2254 875 618 Climb Cruise Alt I 450 42 .,10 I �. 
	, 0.86 · 86 1652371 � · 1690 .855 I 9.73 .,.2.P.!;bPlwd Cruise I 197 l .39 1· , 0.86 147001 15674 : Combat (1722· I (·-.06) ·1 � .I . I·. i i ., Accel MD 9-MI ,:; 9-1.5 30000 . 309 .0 I .·ot I · ·1 
	4.77
	I 0.86 13952 · · · · · · ··· 
	· Drop load .
	Pay 348
	Secret
	D;r;tjp·1/2 Ammo . . 143 . . 00 . . I . � .. · 0.86 3000 13461 · · · 2189 875 5.86 climb to cruise Alt . 145 26 .. 06 I · 
	climb. . . . .0.86 13316 065I 9.85 ·.--
	. . ..�870 . 
	. return cruise .� · 502 2133· _ 43 . . . -. ___ 0.8686 50539 I. . ... · I Descend · ·· .· · 0 . 0 · n . · 1 
	. 27 0 12814 · 1190 1 14.J 10 79 
	Re1t-rves . · I 1. ·I �· I �. 120 Min ·� SS L' . . 447 0 .·33 I I. 
	. . I . Zero-Fuel ·Weight 12367 1· , 88th
	88th 
	.I 1 1 1 '.. 
	. . 
	_ 1 ,. I .. 6:i 
	. I I. 
	. . 1· .I 
	.. ·· ,·· 1· · Sec 
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	3.(b) 
	Table 3.2-4 Configuration 401B FerryMission Tabulation (U) .· .-Missi Weight Weigh Initial ·· 
	Missi . ,_ Alt . � ................ 
	� I � 1· � 1 � 
	--I . . . � . 
	.. . ... ,..; ...... b~ 0 0 . 1 . � { . . I
	Initial 
	. .
	. Ground Operation ·1 · ._1_ 394· ·_ 0 =' o. · 
	D I ·11 Accelto·C S e . . _. . 11 . . 
	590 . 1 3063 1. 0.875 8.11.I ·-··--· 
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	Pnfd.c;i:~n + CDform +AC~canap:,. +dCnnozzle· 
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	Ddi.ver.cer COJl,1 · -sec-cmdai.y missile 
	systems pylQii1 
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	.ttft) 1-1 .pl~t:teil tn,. Figure 3-,.3.•.t ·for var:1.o!,Ss aitiit:pdea, '?li'E( -nae·t:hod use(1 to dete.:m:l,ne ·th"!,!· minimum:-~rag .buUctup i& pon;;i.&tent with COJ\Vl:\1S::·1·a exp~rience J.q QDl:'tel'ating_ ana~yt:iQ~lmetfl.odology with. wlnd .tunnel and 'flight ·te·111t .data·. Uje qf this metb<td ~ssute~ that -t~e. drag levels .are reJ1U.stic!
	. 
	(11) .tba fr.i.a·t:1011 _-and &ubeonic fcma -d~.t are .compu~d, by--the -met~o~s .C,octiaented ·,t;~ �llfl!J;erBl'lc-a 1, and: t~-zera-l!'ft: wav..e drag ·is -o.bc.ained· f~~ ·.the Co?-ira-ir: ·~ei:ospace ~tipera0111'c area-
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	on an empirical Correlation of wing tunneldata on the effects of tip shape Reference 2).. It is estimated that the tip curvature of 401B reduces the minimum drag coeffi cient·by �.0005·. at· subsonic speeds and by ._0015 at supersonic speeds·. These are the increments applied to the· form and wave drag components respectively, in ,the minimum ·drag.
	buildup 
	(tl) The ..remaining increments in the ·above equation require 
	special :treatment· and are discussed -in the following para graphs . The incremental minimum drag variations with Mach number for the effects of canopy, nozzle diverter , cowl secondary systems , missile pylons, and protuberances are plotted in figures 3.3-2 · 
	' .. 
	(.U) Canopy The canopy drag is derived from Convair -FX wind tunnel test C.A.L..� 316·-133., The test canopy is similar to the canopy on configuration 401B As a result,, the .4.0lB canopy 0/q is obtained from the -test data by rationingthe canopy frontal areas and then basingthe drag coefficient on the 401B. 'wing reference ·area·_. 
	nozzle. The reference nozzle drag is the boattail pressure dragon, the installed nozzle An average maximum power nozzle position 40-inch exit diameter) was used as the reference nozzle position for all (-both subsonic and supersonic calculatioins .of. the reference nozzle drag. variations in nozzle drag due to engine power setting are included ln the thrust reference nozzle drag is estimated by use of the McDonald HughesMethod as described in Reference 3. Additional discussion of. the nozzle, drag is given 
	Diverter this drag increment is the pressure drag on the inlet boundary-layer diverter. It isis determined from ·a computation of the average-· wedge pressure coefficient accounting for the: total pressure· loss through the boundary layer, when significant 
	(U) Cowl. for
	This drag. increment accounts the compression due to the locally high slopes in the firat ·30 inches of the inlet cowl when operating at. a, Ao/A1 of 1.0 (the basic · drag equation applies at Ao/A1 1 ,.o. only). A second-order shock expansion method applicable to dodies ofrevolution reference 4). was -used. to-predict this increment , drag-variation with reduced A0/Ai are included .i-n the propulsion data (section ··3. 6). · 
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	(U) &tic:ondary Synems·, T·his. cir11g Ln,re.ment account.s .for monieriiun loss-e·s ~u1f t.o: tlia, a;!rc·taf.t aux_il.ia:ry air .sy.st~111s. These ·systems encQil!p«"&s a"t-i ·_functions, oth·et than th·e engine_, r-e<i~ii:.ing_ Hteroal air. lnclu"ded ar�: thJ. ECS r.am~air sr-,stem, 
	.. the gun-c0!l\part111cnt sy:irtem, · the 0i_l-cool\;Jr air syifte111:, -and the engine-compartment :air systt!l)h The drag. cceffi¢1enc. ·lncr~m.erit appiied fo~ .·these syst1ms on 401B l~ .0002_ a,c· bot!) s·ubs.on"lc a.nd supersonic speeds; A 111~c:ntui:i-1~~~ 11nslys-is "Cor tho ·secondary-air system ls the ba~"i.s £or this estimat·e, .Ai:ldit1on_al 4~s·cu:S!li_on _is -prodded in. Section ·:L6. 
	(U). Mi$sile Pylons·. Tl:11s drag increme·nc ·-a~counts _fo-r t:he t,;�o AIM�9X mi~_sile ·pylons. It, is b~se!d: 011 c:es-t da·t:a' _. tn Reh.rences 5 and -6· adj:usted for .pylpn _sJz~ 
	··dLlfenaces �. 
	P.rnruberances.; Theis is an-estimate ~f ~he drag d_ue .to ·anc.ennae i air-data prohes, i::s.1P·-.a.1r-~coops, nav.ig,ation ilgnfs.� and-s·C:atic d_1,s·ch·arg!i1rs. ,::hts ·drag r.erm 1.& ""based on daca provided..in R-et"-erence 7. 
	3,3 ..l.~ EKternai Store Drag· 
	.(.U) The external s·to·re d,;ae;s us,e~ l:n miss icm perforinanc:e· cakuUt-i-orts -~re shown in F.fgure j,3.j., ·Ilie· i"nerements·· are de~~ve(l from F-111 i:est data dacumentad 1~-Re~e:-11:nc:es_ 5 an.d 6. 
	'.L '.LL.J Airplane Growth Effects. 
	(U) -T~e variation: of mintmuni dr.ag di-ag· c~effi_~:iet1t wit~ 
	· a-1:rcraft si-:z:e ·(g_rosli w1fight) at ·c0nst11,nt wing .loading is p1;t!sented �i-n Figure 3 ,3-4, the basic form _·and fi:'J,c d!:)n drag were .c;:Or,lpu·ced for two (lt;he-r grcss�\f.eight _-ait;p:lanes.� 15,60.0 .l[li:_,d 18 ,·ooo ~b.. .C1111opy 1 n~ule . cow1 1 dive.rt·er, . sec.Q"i,dary system-,, mts::i1e pylons. and·. prptub~rance~ Are ~s~µmed "to have t;:onstant D/q, (i.e., tr;e ~~st.ant s"ize_ and independent !>,£ ·airplane. she),. _.A_lsu,� .it is assumed cha.t.. the r.a~f,.o of t_ail 11nd .ve
	(A-ft'oni:&1)· ;ef. 
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	Th.e drag pol~r-sha-pe, inc ~udlng· t.h~ .e·f£e1;!'ts of ·1,iaadl.n_g
	·�.. 
	ease. Ha.ps, a-rC?, 'b.aired on C~va!i -Ae-r1)space ·rx_.wtnd .tunnel t:e11t:a at the C0rt1~ll Aerona.u~i~al La~Qra.tory .(c.�.~;L,. Test .316-,-ll3! and .C ,A, t. 'l!�Jt G.52':..423:) �. Th.e-·va'li.dtty o·f th!~data foi· ~pplicatfon. to Ci>h.fig1:1r.atic:in 401:~: is. reacllly Hen:· in Fi.gure l .~-5, wtiere· ~h·e plaJJ·forms· o~ the FX~ll2 ~nc,1 tunnel :lliOdel afl4 ton,fj,gura~n: 401»..a-re CQiapare.d, · 
	.. ·(U) The leacH.ng_-edgea--.f:la~ 'design on .tn~ .wind tunnel model 
	Cf/C ~ 18% at the ~opt 
	Cf./C .. :3~ a~ the .:tip 
	'!:'his:. is. identical .~o _:the le!idi~g--:ecise llian~uver f~p d.e,tgned -for °Con,fig~r.a~ion 4~lB. . 
	'l!h~ oniy 4dj~~ments made. to the· te,t data a~e· 
	L Ao lsp·e-ct itatio corre(lt'iori of J .0 to 3 ,2 ... 
	2. A ~Jc ~orrection of .035 to .040, 
	(~). ~h~ .dr,s;..due.-to,.·ll!t poiars 1tte·:pi"esented Eor specific' Mach nuiabers at the· pertin~rit leading-edge· f-lap .aettings in in Figures ,3-,3~6· through 3 .3.-l0.. The lliin'i.aiu!n-!!-r�g"·:tnc:~eilie~t due -to ·1ead1Dg�edg,a fl.AP. .d,fieci;-ian :ta :~e.finca~ .in J'.igure
	3.3-11. . 
	Trilli_ drag· is: def'ined ta be· Che d~a'g. i~reme1;1t at.. c;on� 
	�~an·t Ct betweea tbe·.~a ., ? .. poLar· aa~ the ~H � 6Htriia· polJr 
	.as shown by the -ske.tch. below �. 103 
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	(U) Tile_ .longii::udin~l ~.ta.b'iUty ch~ra.~ter:i,sl;:ics-. and hor'.1
	. zcnt.a.1 ·tall :t!1:;flec-t..iPns .r:equt_re6 _t:P tri111 ate dhcussed. in 5,ec·tion 3 -~ _. The_n i::e·qui.l.'ed de·f.l'ecti.011s .aJ; _va1.-io1.1.s -per~,i~ nent flight cqndit;!.ons are plott~d 1n Fi&µre. 3., 3-12-. 
	The. es-t:_imated drag due to· _these d1!flect:ions, showa· in Flguri: J.-3~13, -i.s bas:ed -on wind tunne1 ;dat:a (from C,J\,L--.· T.i:!!I t G52~42°3) foJ:" an FX-132. con.figtiration with .an aspec.;ra·t:i.o. 3.-.0 dif:fering only .etig~tly (-.\ .. 31.5° in11tead 9f 350-1 /,;.= O,J inst.~aQ of· 0.-,Z-) from che o[ui ·shown in·FigJl~e j:,J--5, ·the a-Lr.foil (.035 "biton_vex} and .l.4l!~ding
	ed$e f-l.ap ·a,.-e idencical-. 
	{U} -As in4ica.te!I i~ Figures ·3;~~12 .-and ..13" all pe_t�fotiilant:Jf calculations are a c'en.ter .of . of 27% MAC·, which,: w~.s ~ele_cted to_· p:i:-ov1de a inin-imum of" 3% static miU:gin. w.ithi"n t:h~ comba,t" e:nve_-lope. 
	3., j ,4 Trimmed llrag t'olars 
	l'h.~ =t.E"iflll!lr.d drag-polars 1.1sed. in the ·perfon..a~c:e C::.li"~~l~t:tons· are shown in Fig1,1~es 3.3.l,4 th,:oug1:i. 3.3-"-_19. The hi:gb CL dtilg pola:t!i used. f_ar t:'1e -~e.rg-y-maneuverability plots are given .in Fig,ure 3.3-l8. The·ti:immed dr.ag p·Q.l'1n used · in tak~Q"ff 1111d 1-an.diag ·c-alcU:].~t~.ons !l~e gtve.n-in ·3,3~19 •. In Figu~<,is 3. 3 ..-20 ~hl!'.QUgh 3 .3-24, t;he same data are -plott:ed on th_e b.aiii:s of CL)(W/$)" versus: _tp/(W'/S), · 
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	l. 
	heavy buffe·t.: 
	{U�) ·1ne·ae buf.fet bound1trie.s-u~ ··.s.hDlilD in Jig\lra 3.3-3'1. n ·.a · o_f Ma~h number. �i-~ ia readily --seen ·c:hac ,:he· . lif~ditig�edge :nap des-ign far-Cq.nJ;ignr~tiim.. 40llJ. ra~,._ee ·the ·-bu·fret ·boU:n!!�~~.P.S t:o a high_ly de&il'.able..level· fori-b.uffet
	f.ree s.1,1stdnttd -i:urns_ at alC::l;t:µde, 
	On. _.. ·.co~:fj;gurattQp pianforms. of -the 401B aad.FX-ll~ tY9!1. ·. lars.e .amounu of vo-rtex -:),ift_ after th_e· main wing hu: ~-ta~'.!,cd, en~ t"e "'axi111111R Ci. is-l~~!=ed on_ly by. ~U .po~~_X::�: The coptl:'ol l_~lt CL fo'l: Configutat.f;Ol'l "401A ·-11 
	· showil as. the ·ill)Pff bouadart in ·.riguf~ -.3 ~3..,31 (a.\so.-�-~~ 
	·-Secti'->n-3.� 4). 
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	3,4 STABILITY, CON'.P.\.QL1 ~'ND ·~PI.:I;~ QUAL:I'rIES 
	1 
	(u). Handling qu~l.itie~/stabillty aad cont-rol s:tudies, have: been prliiiarily directed ·t:oward -ident.:l,fying des~pi ·featur.:es.· 
	I 
	necessary t:ci provide e~cellen~ ·handltng. qu.~lities. T~ia .I very d~an<iing .goal, _is b11.sic:al_ly .achievable through proper 
	. .. aet.odynamic ·cqnflguration tailodng to ensur~ sup.erior i~-· 
	l . 
	: hereof loi:ig~cudlniil a.nd 1ater~l:-d1rec.tional 1J'tabiUty and
	.J
	·control. Pertin(int results of the stability and control d~.s~gn. techqlque$ and' the. app~oach ·fo;J,~cwd in support 6£ this deµianding goal of .imcellent' fighter· ba1tdl'l,ng ·qu~lttles: 
	f
	are. presented -.pd· dis.cussed J,n this �.ection-, 
	.J 
	J 
	.3, 4. 1 ·ttandlio~ <l!,l~litte1:1 ·Design Rii,t;;l..onale 
	(U) Specific stabiUty imd control desi~ cl>jl!ctives tba_t;: wet'."' -fc:ill,ow¢d in. the iie.vel(!?me~·t: c~ 401.B for . ~cel.l«:!.n~. handling qualitles in :the coin~t reg!~n are list~d: in Tab1.~ 3 .4-l.. The ~ey fac:torl!l in. conf.igtl.l'at1o1' des-;gn devel,op111ept are listed in the. tab'l~ for ·ea.ch of ·the· obje~~ tives. tlajor b_enefi.i:s .co be derived fo.r each. objec~ive are. also ,ricted. . . 
	l 
	(U) In .addit~o'n ·to the 0bi:ectives listed in -t~e ta.ble, ·.loll inertias :ar~ ·desirable fol!'. !mp,rov'1ld maoeuv~r response wi~h 1ilini1UU1D�flize.4 c.ontro1 .and atabiliiing su_rfaces·, 
	I 
	.1 
	3 ,4 ,2 Stability and ~on~ro\ Desi,gn Tech'cd,_q!,les. 
	r· 
	(U) Gejlel;'aJ. desi,g,.,. iu~~es· to prc'.'ide s_µp~J:<ior ~n~erent 
	t
	·st:abil:Lty· an.d .cont.ro1 charact·eds.tf.c11 we~e established. These design guides .lire. related· 1:Q pit;chup, pitcn c1;>~trol, directi.on:al s tabill,ty I aod. aneron .yaw and are dili'(:UBlled below in• rel'ation to· ~ing_ pUnfol:lll. horizontal. tail l.o.c~
	j
	tion I fuselage nos.~ .sflap~,· vert.ii;:al s~bilizjng au:rf,11.c~s,
	and ililerop.· diud:gn_, · � 
	. '· 
	1
	(U) Wins� Pl'an:form � f:ltcbup cdt:eria fr:om. }\efer:ence l-0 I .are presented 1n :Figure ·3 ,4�1. The ··wl.ng _planforin pitchup: ; bO\lndl!lry iG :given .4'8. a' functioi:i ... o:E t:he. wins alipee.t: rati.!)_ � acid-quarte~ ·chord sweep ,-,, the µpper plpt of ·F-:1.gure l ..4-1, 
	f·
	i;;onfi.guraeioq 40'1.i» falls s:iecr the bouoduy -in ·the a~ci,sf.act.or1. ·region.,· ·P.ro~mity to t;f!~ b1>1,1,fld~y ._in ·1:he s-.t:is~ f ~actor.y rogi•on is des1ra~le in lieu at· ]4rge 'displac:eme1l't l below ·the bou11dar.y-~ In, gener'al. ·the severity· of tb.~ stable,. i 
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	(ir) Table .3 .4-1 RA.,ND~ING-QUALITIES DES::t:(;N .RATIOttALE 
	llENEF1TS DERIVED
	CONFIG. DESIGN APPROACH
	OBJECTlVE 
	�WING GEOMETRY (A~ vs. A RELATIONSHIP) 
	e!NCREASED .COMSAT A~il..!TY
	NO PITCl:l\JP 
	�TAllJ;OCATION (LOW) 
	�FULL MANEUVERING POTENHAL AND PENETRATION INTO HEAVY BUFFET 
	wir'H NO PILOT rEAR oF NosE Lir
	TEND~NCIES . '. . . . . .
	1---------f----...;.__--------------+--------------------
	NO AILERON YAW \ � AILERON LOCATiON (AIL ./It.T. RELATIONSHlP 
	e RAPID COORDINATED ROLL! FOR Cn 8,c = 0) . . . . ~ PREtisE TRACKING . .. 
	�VERTlcAL ST.A.BILIZ.lt',IG.SlJRFACES (Hi v.~T. Vol.) � ANTI SPIN 
	l--..--------=--------------'-----'---+---~-~-'-'-'--~------
	NO WING ROCK : oWINGPANEL GEOMETRY (~MBER, TWIST, �POSITIVE EFFECTIVE DIHEDRAL 
	I L.E. DEVICE) . . . . . �STALLING OF LEADING WING PANE.L
	�wn~G PLA.NFOAA't (HrcL a: fOR ,INJ-tERENT ouRtNG s10EsUP .At HJGH ANGLE~ oF t:;· 
	! ROLL .DAMPING) W ATTACK ELIMINATED . . 
	'4'" 1-----'------'--'-'""�~---------.........------,--+----'-'---'-----,--,-----,------l 
	N.0 DIRECTIONAL i. � VERTICAL TAIL GEOMETRY AND.LOCATION ·� INCREASED COMBAT AGlLITY AND 
	DIVERGENCE 1. (Hi V.T. Vol �., ARyr, V..J./WING/BODY SIDEWASH MANEUVERABILITY . . ! RELATIONSHIP-) �ANTI SPIN.�FllSElAGE FORESODY CR.0~$ SE.C~Tl9N °POS1T\VE DYNNld<:: DIRECTIONAL STABILll:--i 
	; 111VENTM-l · �NCiSE SLIC!: ELtMINATED 
	j . .. . . . . � . 
	CONTROL IN STALL [ � TAIL LOCATION (BELOW WING QIORD PLANE $ POSITIVE CONTROL IN STAll ; IN LOW DOWNWASH Rl:GION AND BELOW WING � iNCREASED COM1'AT AG!(ITYl WAKE) .
	I . . . . . . •All./H.r. ROLL INTERFERENCE MINIMIZEDL◊~TION (MID SPAN/OUT~OARO) •SPIN S0$CEPTiBILlTY MINIMIZED . . 
	.. 
	INHERENT DAMPING. OAE:RODYNAM[CSTABlllZINCSUR. (HI TAIL. Vol,) II FASJ SETIUNG TlME {FREE AIRFRAME) . '. � WING P!.ANFORM (Hi CL a. W) &. STA!lLE. GUNNERY PL~TF0RM . 0 P~EOSE TRA.O:ING CONTROL 
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	break in the ·wlng/body p#ching moment-'is propor:tion~.l to the d:lsplacel!lcllt :v.a1::l..ai:i,.on, bel,ow t:he boundary: .Severe s·ta..bUizirig b.reaks· have a detdmental_ effect in re.du~in,g the -~o.euvering cont;;rol pow.er, e!!Jiepi~l,ly. for a low horizontal tail location. 
	(U) Low ilorbontal Tail • HarlzQntal ta.11 placeme,nl;, O'f tile 401B cot:ifigut•ation• fails. in ~lle low-ta.U, region 1to11 in-the lower -plot o'f Figure. 3 ,4-1. ·This low taii posit·ion,. in cqm,.. bitiation with. tbe goofwing planform pi.tchup cli'8r•.eteri!Jtics J. ass1,1r"s· near linear pitching moment ch~ractet'.!s·tics ;ar; s.1.1b·stini.c Brid trans_O!liC E!peeda. 'Ille. horizqntd tai1-.b.elow the wing· c~or.d plant'! ,is in the low downwaah. region to .provide· ·tll~ 4ed:rable aft aerodyn~mie•cl,
	dcwa\walili .regions as it passes tl,ar!)Ugh -the·..~ng wake.. The. res~l,t· ~s a .near .linear pitcihing· iljomeq~ curve to. .high 11,ngJ:es of att~ci; 'rhe hor:i.z~ti~ai taiis·. moun:t~d low and .aft on the fuselage-ext~nsio~a als9 prov,ide high trim• mitlg eff.~ctivene$s., ;.nother important aspe:ct .of the low t.ai1 ts tha.t ·it: 1t1:l.riim:1zes the trai:isord.c a.ft aerodynami~
	-.
	·c.e~t#r tr&v.el·, _ The: low bQ~i.zon·tal tail is -~ key feature in 
	co~figuratio~ la,yout; of ·an air -~upedority fighter, 
	(U) Fuselage Nose Ellipticity ~ $:tat:f.c: dil.'e~tion_al s_tability. 
	i.s tJie most sigpificant aarodynami~· de~ivati\,e affecting. _ · 14tera'l-dir.ec:ti~no._l llan~Hng qualities·. MidJ'ltaini,:ig .ja post.. t~:ve ·t~vel of directional sta)>fll;t.y at. v.e:i::y 1:iig~ angles :of attack .is a inatt!;!r 'of·.ma.joJ:' PE!ll,igJl 'importance. A cont:ribµ1;:ing fact~r to tb~ 4irectioqal stabilit;y le'V'el. is ~he ins.u-b.il;i.~y of .the :fuselage·, Proper · Qf the f\ls.elage ~OSf!· forebody section. can have a p:r:onoun~e9 ef;rect :l.n .teduci'ng fu'!el,age instabil1,·ty 11t h
	·(U.) Model t~st: data on the .F•:5 (RE!f.e3:'.entte 13) and·1-:u:i9 (R~ferenae· 14) airpl~,ne$ s~'l:!s.tantiate t~e "i.nfluenc.e of: .811. ~ll~ptJ.cal cross -~e~.ticn snatre .on: the·. fusel"-ge nose. ~·pwo(lrd: imp,;ovil'lg the d-:l,l;'ectiorial s.t~bilf~y at .big~· ~gl~s: of attack.· Tail-off direct'iof!al.stJ.bllity deriveQ from the-F.•5 b pte-sented as a fu'1ct:ion of angle. of attack .in the .upJie.t p19~ of 
	13~ 
	-------------------·--·--·----·--·-·-·-·-·-·--·-------
	i··-=--:-,-. � 
	....
	! 
	I
	' 
	. 
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	.(U) ;Figm:e ~.4~2 Effect of rusela,ge Forebody on t>irect::f.onal si:s.b,ilitt 
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	Figure .3 .4.3, Abov..e ~n· ang:);e of a:ttac_k. of aQc:,µt: 16 degrees -there ·is. i, imp'!='ovemenl: -~~ st:abi.U.t.y 'Iii.th in(!'tUdng ~ng~e 9f a~ta(:l_k,_ This improvement :I;.~· att;ribu_ted to the F-5 nose elliptich'y. 
	(U) Supe~sonie di.rectionwl s,tabiu1:y data-at Mach l.6 for die 'F-.100 with. -the vertic.ftl :taiL off is alao shown il'I thb. plot_. A~ (l.n ~~g·le ·o·f a.~tai:k of app.:r:ox4"at~l,.y 16. degr.ee~; t:here is .a .definite. stt1,b'1lt.zing_ tre~d J.!l. _th,-lii"gh_-angie-0.~ ·i11:.~.ac.k range, Su~h i~pr:0vemept 1.n 111.tability :-l~vel for the, F--100:�:is· als.e>· attributed ·to· 'tlte fmie.'.l.age nose elliptfoit,y.. . .' 
	(U} Al$o in :F:I.gure= 3_.4:--3. (l~er. _plot) ; a comparison is .given r,f the nose. -ellipticity pf th& 401R c:oni;igurad~n with ··t1,at, of .the F-5 .an~. 1h~ nose ,Hipd.ci_t:y is shown · as. ·Ii functi.c;,t:1 ,of' perceJ'.)~ .·fuselage l~pgtnt and it. ·ts evident ~hat d). thr~e.· ~five· essentially the ·s1111ie· level of ellipticity. , ft· i.s. p~oJec~~d lato. ~he upper plot (dash~d line) ·tfiat .Conf=i,gurai:lon 40.l~ -will posse.sil the same favorable· improvement. J.n direct1;ona.l stability-at. high
	. Twin Fibs. and -Ventrals. -An~ther ~m~Qrtant design aspect fo.llowcd in p~ovJ;ding: good· directional stability_ tp hig!l angles cf· ·attack is the loc·ation of th'\\ ver~ic;al stab:ll,iztng ~urfac~~-The most imp.orta;nt single p~rainet·er -in defining i:af.l. effectiveness •llt high -ang:l'e_s· of a,tt:,\1¢k is i:he anu:iun.t o_f ver;tico!IJ aur:f!lce .area ~bove an,d clear ot dest:a.bU~in~ g_en~rated )>y tbe .fuselage riose-~ the eanopy., 
	·and the :wu,g/bogy i~f:erse.ction, On the. -b·asis of .these con~ ·s_idetatiori.s, ·outboard -twlri fins on aft fuselage e~tens:Lons w,lth i>tojecting .direct,ly .!;lei.ow .ond :I.~ -t:1:le pl.~n~ ot' 
	·upper fins-have ·been selected ~o ·serve .as ·dfeci;ivu s.tab_il1~-
	ing_ surfaces :to yety .high angles oj; -~~ta~k:. 
	Mfd-Outboard Afleron·s .. Confi.guraf;ion. fac!:ors which influen'Cli a_ili:tron yaw h~e .been ·investigated !OT pre-1.i¢nary d~s!g~ ·gu:J,~eli;nes. J.'t has been. found t:hat· a:l.leron defle.ct:iun pl,"oducei;. y.a,wing nitim~nt pr~rily by_ two effects., aamely·• .si~e torces .induce:cl on t~,e vartica:l ·-t;~il/a.(t -fuselage and dU(e.ren,ces. in .d·rag_ increments for the up:.;going ..~nd 4awn
	.going for the. -case of _an air' 'fighter,
	.maj:or f~ctQr1r· in o~dea:: of impo:r!t41!-'I~~ a.1'~-: 
	. . 
	L Vertical ·tau ··lt>ca.tloq w-ia;b. tespec.t t9. dlet_ans
	2. Wing height ·on the fus~1a,e 
	1.38 
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	l., .Drag .clf,ffei'ential of the·-Up�going. Via.!:IJU&·. the" down~iatqs; C~l!t:roh. 
	raetocs l and 2 ·are. b1111icaiiy re.lated ~o-th.e .incre~u,ed p::es"' sute· field ln.duced .abov:,. i;~~ up-d~ll~ced .autfaee, iit1d are· pa:r:ticula·~Ly poteg"t; at t:.i~nsonic and ;ipeeds bec:auae_ of the presence of st·r:mi.g ilbock·wa.veii.� Generally,, vert:-ical taU l-c,:ation detem.im~a ·tb.e Jevel ~-£ ,awing !119iJ1enl: du� to ailercm. Prag· va:;J.at:ion·s wit~ oon~rol d~flection ·are the cbief-.swrce of. adv~rse· yaw. Faotor 3 'would be dOlid.nant . .only for wings_ with aite·t'.(ins. tn :f&ct,: u
	on 1:ne basis· of the..aileron y.aw .lnvest;iga_t~qn resul-t~, 
	a configuration !leeign· gu!-d.e:line px;.ov~4'1g ..des-ii-able· verd
	cal i:ail "lQC�t!ons baae4 oi, ·ail_eton yaw cbaiacteri.$.tic,!S· ha.a 
	been -develop~d and ··is :presei:,ted in .F-igure 3._-4_.,._4. Vert.:Lc-.,l 
	htl loc~~iM r~lative to· the. a.tle~cn, ta flpe~i#e-d. f,p. l::erru 
	of profile ·.angle in the vertic~l plane:. and .planview' ,~ngle· 
	fo the ·ho~c:itit.-1 pl!lne.. r1:ie deatr~},le ,l;'iet!;;J.o~ af vertii!al 
	ta;l. loe.at:lan· incli.c:ated in· F:Cgitre 3·;4,.4 ii baaed· upon: tran
	sonic aileron•control yawii'ig~oille~t:· datll fot the· number of ,.;pecUic CQl_lf·igur:a~ion.s listed:• con_figurat:1-ons wi~h t~rge planview angl.es t,~d-to. have -strong. ,adv.era~ yaw and '_thus · -woul~ be susceptible ·to atl~rQn_~in.~uced ~Jiin,. ponfigur.a
	ti(!a.s with ex.tre�e·l,y lQW plan-view angles should a.1s·o. b~ 
	avoided-. sinee exce1f1iv.e ptoverse. y~w i.11 a pi:'1111Q cont-r:ibµ.. 
	tor to 1-tera_I,-411:i~tioqft p119t-in~c:-ec! osc!llations. In 
	gEi[!.eral, t~e.latter.·configuratione would Q();cmlll_ly .have -in,
	baa.rd ailercfos· in clo11~ p~ximity .tQ -~ho. ho;rizont~L .ta_:t.l. 
	Such_ an_ a:cra11g~ent· may.. h~v.e-·1arge ro.ll�conti;ol power losses 
	dqe to :fit?:i:"itol)_~l tail int:e"tfe:i:ence effects, It is :seen 
	~n~t··tJLe Oonfigµ;ation -4_01i ~il~ron/vertical ~a-fl:arra~e.f!lent 
	is i:a the acceph)jle -region, 
	A lo-w wing :height. p0uitio11 on the. fuselage ~Jso contributea. _t0 proverse aileron yaw··due to lnduc~d-aile·ron-s:l.d_e..-. 
	··wash on the aft b"pdy. 'l!he opposite effect·, pr ~dv.er:ae ya~ 
	oc~Ut'B with· a hlgb win.g on· t;;he: .bod)', t~i:-~ id._d-wing on i:he. 
	body sucl) as con.f.!_gur',IUon 4·01.Bt. a· ne~tta:l e,ffect from ·the 
	bod? conti:.ibation· due .to aileron-sidawash 1s· experienced. 
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	S.ECRET 
	S-EORET 
	3·. 4: 3 Stability ilnd C:ont;o~ )1de. Data· 
	St:41,b!,ift.y a,11d .-~~ntrol ,a.haractel;'i;st·tcs -ara the fimda� mental ~ontrf.b~t-ioa to handiil'lg q'1alit1es~ In tll11 ~ub� sec:d,on,· ttie J.1Nd1ct:eir basic. atat,'.Ultr,· _,-.ad. -~~J:i:C!l dei1,v~w ·t:1.ves uHd lri devel.0~1,l'ig· 1:l;le· pr~1c.1::,a ~aliag qualities, llf the 40Jll are pre~epte!,1~ 111 g~ne11al,.' ·st&t'U~~d: N~s,\ :B)'lllhq.l~ and· det~nitions ·~·· emplQyed, 'Witl). 
	.the-forces ·referred to the ·W:ind Jnc:ei and the. mom.ents ~e�� 
	_:ierre~ t~-~Jle ~tabil~ty axeil-exce1t 1n the ·c-sea for.. the 
	d_ynamic -.dire~tion•l. &.· an~·lat,ral eont~L tfp.in. p&fa
	met~,:-s·, �~~4.h &J."e .r:e.f'err.ed to· ·the &ady axes s_yst~ �. 
	-3-.4-.3,l Longitudinai -Stability· and :contiol 
	The two prime ·basic ,s~J:i'ilit-y oh~$.:t.E!r!lftica, D811!elJi ·attradynamic center. and d~;r,(lto.r. ~on.t~.1 e!fectiveness ·a-re -pi:epent:ed aa ~nc.tieins of·'Mach number in :n~es. 3.•.4•5· .a~d· ·3 ,4-6. Straig~t~fon,aril ianalytic.a.l techniqua, ~ceil&Jfu11y .usad and·_ prov~ teli~b'l~ ~~-the paet tor simUar wins pl~n.f9m .conf.t.gure,ttons-ana tula, _have :b-een .emp.toy•d to develop.tb~s~ cl,iar~e~t;trj.st.ic.s, .. 'lbQ. of aer.oaiaat:i.cJ.~y, ·bas~~ on f1xed~ih~ rx. elit:lmatea., hav• .ti.ea~ in
	CU) . We1pt. Glad balanc~.char&c;tterta~s ~ ·401B are ·ust:ed ii\ 'Tab.l,e 3 .4-2. 
	-00-Table ·3.� 4-2; :WIGH'l'. &.· BALANCE 
	<$RAC.rDIStICS 
	Wi.th. a tow..,sveed a.erQdyna\l_lia a~~ca,:· of 301 ·MAC t :a~~quate iii ta.tii:. ill.llt-g:lu .ia p rovid_ed £01:' ~he t:aka"Off �~c!I 1.an·dio,, cond,f. ~ ·e:Lops, posil;ive �~�tu: ma~gin, are available .th;-ou~~ tb.~ ..flight: .f.!nvel_ope_. A deta'il sUlllinatj of ~eight 11nd'.:~alao,:_e itJ p_res~n.ted in Section 5. 5 � 
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	(U) Es cimateii pitch �damping: i,s. pl;esen~ed ,u a tµnat:io.n .of Mach -.numbe.r ln figure. 3,4:-7-and ·a fun~t.ion, of angle· of att'ac�~ .it1 Fi;gure S ~4-8 ,: Pitch dyriamic�mociel test l!at� {se~ Paper-4 of .Refe"t.eoce 11) substantiatei that the. b,lenQe:d wiog/ bo~y· :o-f Conffguration 4018 will maint;d,n a ·goo.d p.odtlve level of pitch· ~amp.in:g. ilt hign~ angles of :at~ack near tlie stall, 
	3 ,4 ,J.,2 t.atet'al-Di.rectiQ.nal Stability :and Contrql 
	(U). . Stad.c d.irectionaL �stability ts ch.e inos�t significant stability ·de.r~va.tive that ··a:ifects lat:eta-1-dit-ectianal ·handling quali.t:ie-s. Predicted directional sts.bil;ty 0£ t:be t·wtn..;:fin/vent·i:al. ar.r-a,ngement;. ·1s..sb9wn :fer zc.r..o angle of 1!,l:t!lck. as a ·~t,lnction of Mach number in. Flgure 3:,4.�9 and for .a Mach number of o·.s as a function of anglc.n>f ut;i;a.~k in ·F-igur~. 3 ,4_.10. Sta·nda~d · t.echrµques. for �Ve·,;tical ·t·l(IH ·eff~c�~:Lv¢neEfS v~re �empl.oyacL The ·va
	.effec•tiveness .of the ventrals ·1n prQv:~ding st:~bility. was tl~~ived· t~r-ough •PrQper vent.ra.1 volume c.Qef°ficletit co~recc:ioi:is. ~pplied ~0. FX modet vent~1 test data. .Body· .ins~abiUty at 1o~ ·angles of ·attaclcivils estimated•· according· 
	to Mul°tbQpp's�.m.eth-od, · 
	The. hlgh levels of direc~io1;u~l stab~U,ty indi.cal:'5 go!)d la~eral-direct:iQpa-l l!andling qualiti:"ea fo aitgies pf ·,!fttack we.11 ·above. limit. 9uffet and well past maneuver liniit"1 ·as shown in Figure.� 3 � 4·,-10. ·The imp·rovemen1;. in ·dtr~c:ticna1 s ta..bilit.Y-a:1: tha very high ~agies o.f attack in F�igure "3.,4..10. is' at.td.buhr.l to..the .forebody ·nose ell°ipi:-ici~y, as des·cdbe~ · in $ubsection 3.,4 .2·. '!his £uvdrable fotebo~y .c.on·tt'i.bution to· impr6ve body ·�instability-at, higl
	(U) ·.S.tatic iate~al stability :j.fl te.rms \lf ef.fecl;ive,. dihedral is prese~ted as .a filnc.tiori of Mach riuiiib~r in.. Figu.re 3 ,;-11 --o11nd as .a function of angl.i= of a!:taclc in, Figure·.3.�4�12�,. The· p.redir:;ted a~e patter-r::ied aft:l[!r similiit· data 'for· 
	the F-5 l>ositli,e dihedral e·ffec:t !s appa,:tent .ev~ to bigh-angle·s of ·attack, the po!Jitive l~'lel .of" effec;ttve sh~wn ac Mg~ .angl~s of. attack precl.l.1des t:~ presence of ...i.1.-g roc_k. · 
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	J.,=4-,lf. Handllng.. Qualttte~ 
	,-. :limited of ··tbe free. aJ.-tplan.e ha_ncS:iiµg qµalio.f coi;ifigura"tion 4011. f;igh.ter-has bee.n co.aducted; In s~. ~~es J .appr0.prlal:e f[IL•V-87 8 SB ·11peci~:l,cations-ate. ii'Cdic«ted for• comparati.v.e putpQaes • 
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	(U). Free a.irpl~ne Dutch roll. freq1.1enc:y as. a futµ;tion of dan1pini rai:.io ·is present·ecl in F-lgure. 3.4.-2.2. MlL·'F:-87858 rc£1i.ifre!DeOtS for C~teg~ry .A (comb11t) i:Ligh~ phai,e .ar~ i,upet� ~l'!IJ>Osed toe re.ference purposes. The .irialyi~d flight· c<>µdk tions fall in the L1hre,l 2 .iequ!.teiiiel\ts tegi.on. L~v~l 2 te.pr.es.ent..s, handling qµali~t-e:i ~d.equate· i::i> ·accomplish the mission hut wi·tll SQ[!le incrc·as~ i.n work· load:,. C~nseq\,\~ntly, a.~hieveine~t of .J,i:ev·e1 2 :1atet4
	.both. l(?ngitudinal .a~d· :la:tetal-di·rec:tional.. tllc;>_i'les, i;h~ ·.~i.~.al .augmented· he11d li:ns. qudities of. CGnft~r.a.tion 40l'S· t.!'i11 bJ fui:tj'ier enh~nced by t.he stabilitf and command· augmi!nt;atlon sy.st·em. 
	·:! ,4 ,.4.2. Trim Power �' 
	(U). /j.n· al.l•mo_-v.~blo horizontal tail ·IIUr'face .is ·used to maxira.ize ·c~t1i:rol. e·ffectiveness· !IC supersonic $pe.ed. Bas.e4 1.1po11 an inflight afr;· c ,.g. :O.f 27%.. MAC, ad.equat·e .longitudinal 11\aneuvering-.resp,,.ns,e co~t..rol power .Ls avalhble· aa d.emonstr;ate.a by t.he t.r:Lrn surrunartzJ~ i\l •"!'.able 3.• 4.-4. Tr.im deflecHdns. havl;! abo bee:n ~stimated to esta:t,lii,h trim. 
	�d-rag po].ars for the '1>.edorroal:'11::e analysis :in ~ �.4. 
	'Iable 3 ,4..4. TRIM: ELlWATOa FO~ LIMIT
	LOAD FACTQK . . .. 
	0 
	Al/:·, (C.L)o ~ni.. _!ill . Mach t 12!&1 
	30,000 �.8 1.3 -,.6.S 
	.10.000 1,6 ,326 ·6·,.8 
	The t:rim d~flect:ion·11 n<1t:ed ab-ave. have been esJ�imated for ~ 
	typicai. combil~ wing toadlng, 
	(U). Cornbai: 1naa~liver c.dtei:'1a dic,tat"e.gopd han.dUng qu~litieli up co ·I.lie .miximum ·wing .arigle ·oI_ ai.:tacl_(. as· determined by. . .ael:'odyt1ainic atall or a:l.·rf.r.ame stri.lct.u;al -limits. :trim l:.i;ft ·chai:ac.te.:n.~cics· at· t~e M~~h o.s, 30,°CIOO-fo,ot c.o.Dditicin. are p.r-~s ent'?!d in Figure 3 .,4·-23. 'J'l;le pitch control pow,,r .is . suf.fi-ci;ent r:o deve l0p angles of a·ttii:ck i;Qr.r.esp~n4i~g t" ~he 
	·-m•ximu,n life cap.nbi,lity of the• ~iq,lan~ withta the operat:ional envelope.. ~e.fe:renc.e to. Figul'e ,:3,,4-10 shows ·th~\t a 
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	goo~ i.twel cf· stat-ii: cfirect:ionj.l, st~bflity is maintained thro\ighoui: chis angle-of-attack range. F~_het,; .as discussed b.etcw in S~l;i~ec"t'lo~ 3~4.,Li .!),. in the -~ynamf;c dire.ctfond .sta
	;_billt:Y and the iaterat." con.trol ~pin ·-pa-.-ameter. lie111on~~a:ate high positive levels at: ,the high .angt_es of-a.ttaek that c:an ·be , These pod~ivQ y;d:ues,. preclude yaw·:dhericnce aad "in<Iic:aie the pres:enc~ o.f. high· spin resis'.tance �. 
	3.'.:4.4. ~ .Maneuver Gradients 
	(U.) Elevator gradients {6H/g:). have beeJJ ,est:4nate~ for the 1rombat flight con4it:ions ·1l"nd ar~ Ust:ed· i(I: ·-Table J.:4-S. 
	Table 3 ,4~-5 ELEVATOR MANEUVER GRADIE~TS 
	i:.w .. °16,800· io CG .@ :2·~% MAC 
	·'· 
	I I 
	~ri.ng .flight; oa: the peck, ._the· man~ver .grad.i:ei:lts -are. i:ela~ civ~ly low.; De~ign of· a. cOI\JIDlltid ~ugm~nt:~t:l.o_il syst:em. :will _llijis~ :~he· ef°f~cts 0f ;[ow :~·a/g .v,11li,ie1, froni the p"ili>e· and prwide-Jtea; cona.tant stick· ftn:~e per tf cha.r.ac:tedsti<;11 ,. Al_ao, the ·a..t;id"k fcir~e _gradil3nt (FH/g) ~upp,Hed by the pitch ·col)imand augment:a.tioil b.,dow 9 g· will be .designed for 3 i:o 5 1:0/&, w;;th a. nearl,_y r:onai:.ant; i:e+.:Jltiol.'i·ship. In additlon, the stick-£'.
	.3,4:.4-,.4 1toit ·Response· 
	(U) The 401.B fighter is -~gb.ly resppnsive t;o pilo.t roll. c.011_1111and as· evideQced in table ·3A-~ by .the··bank. angles acb.ieved in l. second for -full ·stic.k ·ehe· comb.at
	. . . . . . . 
	~5~ 
	f-U,ght-condlt,ions. T.he rpl_l re•pon~e (Noted· in Tible 3.•4"."6 is reptcls.enca,Uv~ pl the uqaugmented f·le,d.bie airpJaae. 1111.Q inq_Lc11.t1:1s-111ple-.rou.:cafo·tr-ol-power •v~llab~Uty. A roli
	_coni:rol command au;menta"tiOJt '~.ystem c_a~. b-e ;Lni;:orpo1;,u~ed to 
	lliadet'ate -the ·exceedingly btgh .. roll Ell¢~� .il.bove, 200 degrees per s~cond a,;i·"' will tend t~ bolo· constant respons� -with
	-varying dy~ami_c pT.611.SU.J;"OS , r 
	(U) As.· mention·ed .pe:-evt~~lYi the-mid-wing ,plac-enien.t ·(n ~Qt'l� jµqctlon wi~h th.e. ·tQW-,:enictutal�wing .aap~t-ratic;:> .,df.Qrds a ·relatively. rigiil itructui:-al wlri& -f~ame_, ·Thia. _a-itows . aile~/i to be· us-ed ·eh~oughol,Jt the -ti_1gh.~ envelope w.ithout encO\,ll\t:a~~g l!-�~oe_lastie roll rev~sal,
	i.
	. 
	.'J:at>-Je ·3 ,:4-6 FREi::.AJ'.~~E R~Ll...'RE_Sl'ONSB 
	~-.4.-.4.5 ·spin Resfs'tanc~ 
	(Dj . . Two :lniporta~t-parameter.& tb~t .ai-i: p.x:J.m:e i~i~"t~r~ ~f sp~n au~c~ptib!lity (0r_degree vf are_the ~jn11111c.~direc~Dr1~~-sta1?ili_~ patameter ancl the. Later.-1• _ . con~~al. 11i;tn· parame~9r (~P). Each bas been. eva-;l."Qated· a~ -i:he :Ma~-0,8~ :~o~oOO-,foo.t condi~i~ and· are pres!:)nted. as: a function 0~ _,i.ngie_ .of 8~!=1!,Ck ir;i nsure-~-4•2.4, ;[nc~easi_nl!j :positive· valu,cs of thasa two. pattin\eter, .ara _r:ep_resentativ~-of· ·,:-esistanc.i:;, -~~e .curves of Figure 3-,4-24 -in
	---_______,. 
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	(S) Figure 3.4-24 Dynamic Directional Stability and 
	i Lateral Control Spin Parameter (U) . ·I 
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	8. ·A 6-percent thickness-to-chord ratio at the roots of the vertical and horizontal tails and a, 4-percent ratio at the tips thatpro vide better stiffness characteristics than ·a constant thickness-to-chord ratio 
	1 
	.(U-) . These features have evolved through many trade.-studied and illustrate to some extent ·the impact of structural de design and analysis and the ·study configurations 
	�5 .-2 ·Weight and balance3 
	(_U) the weights .for configuration 401`Bwere calculated through the use of analytical-statistical methods developed over several yearsunder corporate-sponsored independent Research. and Development IRAD programs. These methods documented in convair Aerospace division reports ERR FW-242 
	aircraft 
	structural weightestimating methods reference -16 )., ·and ERR FW 613 Aircraft Propulsion and Fixed Equip ment weight estimating methods reference 17), Thesere ports are or file: at ASD for-reference purposes The de tailed weight analysesare not presented as a part of this technical report .because the detailed weight calculations .as defined in· the ERR FW 242-and ERR FW 613 reports are quite voluminous in nature these
	However, -calculations are available for review. 
	(S)Threegross weights were selected for \ growth study on configuration 401B The points selected for study and 'the various .gross-weight conditions (in pounds) for each 
	are-as follows: .
	RASM ·. 80% Fuel '· LRASM Ferry Mission . IQ!aL Struct DGW -Overload GW. overload .GW 
	15600 14920 2043B .. 25800 16800· 15960 21638. 27000 18000 17000 23838 28200 
	Input data fat ·the weigth equations were derived from the scaling data presented in section 3. l .together with . layouts as required ·to develop specific area and dimensional data considerable emphasis was given to �th.fl. definition of weighing paremeters to assure the validity of the resulting growthth ·. curve for the. three select ted air
	·.A weight: summary for planes is presented in Table 3.5.1 It. should ·be noted 
	163 
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	Table J ,5-1 weigth summary configuration · 401B growth study pounds '(U) 
	airplane size ( 
	gross weight
	item 
	. 18 000 
	. . 
	16 .800
	15,600
	. . 
	: 
	(5133) 
	5426 ·.·
	Struct:ure 
	1576
	wing ... 
	1443 
	2485
	·Fuselage
	346
	3:18'
	horizontal Tail. 
	292 
	316
	vertical tail landing gear 
	616
	3530
	(3459.)
	propulsion Sy.stem 
	2737 
	:27.37
	engine F100-PW 100 
	296 
	322
	Air induction 
	421
	. 
	377·
	Fuel System 
	Engine Controls starting System 
	28
	28 
	2751
	(2699)
	systemsandequipment 
	566 · 
	593
	-Surface controls 
	112 
	115
	Gear controls 
	94
	94. and Pneumatics 
	instruments · 
	271 286 
	370·
	electrical 
	460
	460
	avionics , . 
	238
	238·
	furnishings 
	,142
	142.
	Air Conditioning 
	·453. 
	453
	· Armament 
	11,707
	11,291
	weight empty 
	(400)
	395
	useful load 
	-200
	loo
	crew 
	23
	18
	unusable fuel 
	17
	-17 124
	, :~ngine Oil . 
	124 Miscellaneous . 
	Missile Racks and Pylons 
	36
	36 
	. 12,107
	11,686 . 
	Basic Operating Weight 
	633
	(633-)
	Payload 
	28S
	285
	Ammo _(S00 · rounds) 
	. 
	348,
	348 12,740 
	Missiles (2') · 
	12 319
	Zero -Fuel Weigth 
	4060
	3281
	Fuel 
	15,600 
	16,800
	Gross Weight 
	164 
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	18-000 
	5744 
	-1716 2666 
	.382. 344 636 
	3603 
	2737 
	349 467'
	28 
	(1804)621 118 
	·94
	118, 94, 302 
	376 
	460 
	238 
	142 453 
	12,151 405 
	200 
	28 
	17 124 36 
	12,556 
	633 
	285 
	348 
	13,189 
	4811 
	.. 
	that the fixed-inlet structure has been coded as air-induc tion .weight· under propulsion system Since this structure is an integral part of the fuselage It performs the duel function of resisting inle pressure loads together with resistting the bas ic body loads. A :plot of weigth variation versus mission design weight is shown in Figure 3 .5 The center-of-gravity and inertia properties are summarized be low for the ·16 800 SRASM
	-pound-gross-weight configuration 
	Basic operating Zero Gross Properties-·weight_ Fuel Weigth Weight 
	. 
	Weight lb 12,107 12,740 16,800 
	Horiz CG (% MAC) 23.9 23.2 20.5 
	l 4932. 5701 6727 
	xx 
	30,130 30,515 31,886
	1yy 
	32,988 34,058 36,226 
	(S).T.be. maximum overload condition is defined by the ferry mission requirements. -A weight summary for the LRASMand the Ferry mission fer· the 16,800 pound-designgross-weight configuration is shown in Table '3 5-2 A center .o.f gravity summary for theseconditions is asfollows : 
	Ferry Mission . Weight C G ,· Itim lb {%. MAC)
	I 
	Basic-.. Operating Weight 21.5 13,797 21.5 Zero F.uel Waight· 20.9 14,082 20.5 Weightweigth 19.9 ·27 ,'000 �.2.0.� 7 When sized to meet LRASM requirements the design gross weight of configuration 401B is 17115 pounds there ,is no significant center-of-gravity difference between the 16,800 poundconfiguration and the. 17,115 pound configuration. A 
	-weight summary for this configuration is given in table · ·3 �5-3 �. 
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	Table 3.5-2 weight summary: Configuration 401B LRASM AND Ferry Mission -(U.)
	(pounds) 
	16,800 b·.. Airplane LRASM Ferry Mission Weight Weight 
	weight empty 
	1,248 2,090
	.Useful Load 
	200 200
	crew unusable Fuel-Internal
	engine Oil .. 17 Missi le Racks & Pylons 124 Miscellaneous 36 
	(-2) 300 .Gal Tanks 848 --.
	308· 
	.(t) 150-Gal tank 
	1,506
	(2) 600-Gal Tanks 
	12,955 13,797
	Basic Operating Weigth Payload d 633 Ammo 
	(500 rounds) 285 
	348
	(2) AIM 9--X. 
	13,588 .14,082
	Ze1'o· Fuel Weight ·Fuel 
	4,060 4,060 
	External (2) 300-Gali. Tanks 3,990 {l) 150-Gal �.tank 
	7,842
	(2) 600-Gal Tanks 
	Gross Weigh 
	Secret 
	88th ABW/IPI 
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	(S) Table 3.-5 3 weight summary configuration 401B . sized to MEET LRASM ·requirements (U)
	pounds 
	Weight 
	structure 
	1612
	wing 
	2600
	fuselage 
	355
	horizontal tail 
	322
	vertical tail 
	621
	landing Gear 
	2737
	328
	Air induction · -·Fuel system 
	22
	engine controls 
	28 
	..starting system sy stems: and equipment 
	601
	116.
	-94·
	instruments 
	290
	372
	.460'
	238
	furnishings 
	142
	air conditioning system 
	453
	11,824
	Weight 
	401
	Useful· load 
	200. 
	crew 
	24
	unuseable fuel
	Engine oil . 
	124. 
	missile racks and pylons miscellaneous 
	12,225
	basic operating weight 
	·(633)
	·, ·285
	.r\iinlo 500 rounds missiles (2) 
	12,858
	Zero Fuel weight 4,257
	-Fuel 17,115 
	SEBRET 
	L 
	3.6 Propulsion 401B/F100-PW-100) 
	{U) Th engine installed in Configuration 401B is essen.;· tially the F100-PW-100. certain accessories and attachments unique to the· F-15airplane installation are deioted, ThePratt & Whitney Aircraft designation for .this study deriva tive engine is JTF22A-27 Reference 18). In. this :report i:he engine will be referred to as the Fl00-PW.-100. Engine per formance .data are furnished by P&WA ln their: customer com puter deck CCD. 1025 reference 19) •. A more recent deck was receive.d ·on April 1971 ·from P&W
	·169. 
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	High Pressure air is b led from the high-pres sure-com
	(U) 
	pressor discharge port provided on the engine .fo operation of the enviromental control system. shaft power · is ] tracted from the high-pressure-compressor rotor · 'o generate 
	e lectrical and hydraulic power for the airplane, 
	3.·6. Propulsion system performance 
	(U) The ins talled thrust t specific fuel consumpt ion ·(TSFCS.) and propulsion net thrust (FNs) of the F100-PW-1 0 are plotted in figures 3.. 6-1 through 3.6-14 The da. ta shown comprise a. complete .package needed for airplane nergy · maneuverability analysis .. · The. installed net thr st presented F.Ns., accounts .for all drag changes that occur wi thpower setting changes., The installed net thrust is de· ined as· follows: · 
	where.: 
	is the installed net thrust of the propulsion system for aircraft performance an lysis.. 
	is· :the CCD 1025-.1. l computer progr m net 
	thrust which accounts for (1.) inlet pressure 
	recovery (see subsection 3.6.2 (2) shaft 
	power extraction and high-pressure compressor 
	airbleed .(see ·subsection 3. 6. 5) ,. a d (3) ex
	haust. nozzle· internal performance contained 
	in. :P&WA CC'D 1025-0 1). 
	is. the inlet spillage. drag which: ccounts· .for the· inlet drag when capture -area r tios are 
	other ·than 1,-0. {sea subsection ·3 .6 2), 
	accounts for drag changes associatedd with power setting when the nozzle is. a. ·other ·than .the maximum open posi.tion (se.e Sub ection ..3·. 6.3).� 
	Therefore, airplane .drag levels used in. conjunct on with the 
	installed thrust�. FNs I are for the inlet operatti g ·at. a 
	capture area ratio of 1.0 and .the engine exhaust nozzle in. the maximum open high gear") position �. 
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	CONflDENTfAL. 
	The thl'llB~ s ~~ifie ·fue.t. consumpJ:ion, 'rS.FC~.. iii the . ratio af the in!lltaUe.~ ~otal ~~-f-iow ,a_od insta1led·pr:opul~1.on sy11tB111. net ·chn:isr, FNs-~ · · · · ·· 
	... 
	(U) At Mach .1.l tbe p-.irf,>~ttce· ~ib~t~ a .~Ugh_t;_ dlscontl
	�nui"ty. °'thi~ ~f"fect :t.i;.-from t~e .~h-ift in ttie· exhiusi: 11oza-le o_P.e~ti~g mOde-. de~crlbed eul_iers from th~ ic;,w.. ~-_the. ~lgh4re",-rad.a 1110de of :qpe.i.-ation (l~w gear ~~ higq gear) above. Mach· 1.1. 
	I. 
	In-~h~ ·~at,i Qi.1rv•11" of :l!'-ipte 3;·6.;·7, ncite .t:ne s.hadedareas· .~e~"in.ed a_s· •.,11timated CV! ·Shift A~eall_, 'fhis va'diition in performilncef at the "low exno11t.•nt1il111le _p~e.11ux-e :n·t·.lo~ ~ ~.b.t•:l.necl 'f,:!J!D ~e· engine c.omp!.!,t~~ -~k;; ~l!,e ~fected paramat"e~ 1, CVP ·(eihiJu.ii-t nozzle lntetnal .~ost;..dml.1t ·coeffi• c:Let(t) •. The .change ~-.t:;:.YP ta· caus:ed: by ~~ •~P.•Ht~ 4' the n~a-ie.·d·tyerg~nt section when tbs nozrr.-te is l>pei'atllig, at 
	_low 1_pressure liatios., . . 
	-~ · 3 � .6;~ lnl,e~ · 
	-E61-·The ba.sa.1.1.ne-il:i·leit ¢onf1gurat:1on .1-Qf the:-.fixed
	. ··· l~l!letr.y o~,:nose ._-~ype.t _µi1tiat~y elUp~f.cal in oroas seetiotJ,. connected -to the _engine face ~y'··a sµbsAD:I.~ du.Qt about ·4·.05 co_q1reaaqto-£aca ~i-ame4:er1 . ~-1,,,~gth-i T(\a :t~let and . engiue -~_ac;, centerlines· il1'e oftaet ·14·.o .inch!i'• oi o·.10 ·t1ma"II· tbe ·a~t · 1ength~ -Tbtf ininiiaum aepuat~ ·between tbe· l.ll-let .&'1d ~wer:· :M~laa~ surface· iB-1,.9 ine~ s_o tljat: tow..enei:gy fuselage bound4rj,~!a;e:i: ;.tr will u.ot -~.e _ingeat:ed_ ·bY -the .iple~~ . ~'1e inlet upp
	.11paed9-and dtu:i-qg 'h:l,gh�angle--qf�at~~k. opefa~_ion. 'tb.e "J;tp 
	bluntn.uss used g1veil aa inte:m·a.1 .a:r=-ea ·c:011,tr:1.ctic>n Rf 4.�0
	pe"ent, 
	-fer A ~ilWll\iill �IQO~; of uppe:i: eQN'1;U.P e~~ena;Lo_n -is .wt~cl tQ iaol�~~ t~~ in-let 1hock f~ ·.t~ ::6uael,aga bo\1ndarJ ·tayer:·i. 
	. tb:!,s m!n$mb1:e1· bnunc1Ar1-llyer buildup on the,.1Dlet aide of · ~he. upper ,:owl ;ip. A~ &~g~ .a'l_lp.~rs'?Qic-�spe.ed~-, (Magh 1·;9· tD 
	l.2.); pi.ode.rati;t °b:DUnd1u~y.~1ayer control in tl.Uf fom :of vor.~· gen~1:ator1, ·and/or blee.~ -~�y· b~ .r,q~re~ ii;t the -~l~t th:~�i:._ 
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	I 
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	r 
	CONFIDENTIAL 
	~ · redu¢~ the shock/bo1.md&ry~layer·!.nd1.lced separation (turbulence) to an a~ceptal>1e level fo~ ~qgine/Jnl~~~Clfflpatibility. 
	. . 
	~ The .inle~ .is sized to Jccept maximum.engine..correctt?d airflow (227 lbn/eec) at a throa.t ~sch numbet of 0,70 ~ased on geometric thro.at t.:r~a. the .resQlti~g inle.t .captur.e area 
	ia 740 s<1, in , , wi~h a: t.hroat: area of 7iO sq in.. _._ _ . ·
	(0) . . la.let total pt'eSS\ir~ recovl!ry for Co11figuratio~ 40113/ FlOO-PW-100 ts pre11eri.ted in Figure ) .6•15, 'these data are baaed on normlil..:.ab9ek total pressure ·recovery aria subsonic duct loi!ses correlated 4s· a function of initial boundarylayer displ~c·emenc ttlickn~u, t'.hrQ4lt Mach ~umber;-, e:icpf.ntion angle, area ·ratio (inl.et;-to-exit) i and engine-to-inlet ·off.a. set:, Thu method of an&lyats is dot;um~nted in SEG..TR-67 .. l (Refe~ence 21). A .J;"e:vifled duct•ofbet losa fa.ctor. ii
	·The takeoff and ld:w-speed inlet tot4l. p.raaitute ,rtacpvety is prueDted in Flguri l ..6-16. The method of. analyais 18 from s.~�TR-:-61~1 in whi!!h takeof'f and low-111peet1 preaaura rec~very .are correbted i~ t.eima of~� lip~bluntneu p.a2:a-. mtitet and. 1nu flow ratio, No au:id.U,a::y inlets &t'e iu1U111ed �. 
	. (iJ) Predicted inlet apillage drag d1~11 are ·plotted in 11gure 3,6:..1?, These dat:a are b1111tid on op�tN\OU inla.t additive dr,1.g·anc! the. lip 11uetlon ,cMr1cterht:ic1 plotted 1n Figure 3 ,6-18. The technique for: pi;-edicii:ina lip. iucdtm 1 reported in lteferenc!il 24 U!i8:J. iaolatc,d inlet-cowl i'i)odol. .tHt d�t� �� a badu and presen~a cowl afftcieney in tem.111 of · c~l laading-edg1 radiu, ~ 1.ri:t.tid i:owl al0pc, �~ternal cam.. ber, Mach number, and level of a.dditiva drag, P1ct0r1 &re. i 
	,. incrlude.d to ~ocO\lnt fr:>r non,-~xi�y=uatr~c g�~,ttz:1��,
	,, 
	j 
	r 
	3 ,6 ,3 Ninri1\e 
	i 
	l 
	(U) Thi adeoted nonie ls th11 l,61/l, i bd1&t'tCt~b11ffl ocn� figu:r&tton, whtoh _b the optiQ\'\ Qff11.�1111d fer: tl-.ii ·ena1ne by FWA, Thia ia a non-ajcceor, con~argent/dtvs~a1nt , .. I nozzle1 having moda1 of operation 11 1hown in th� Jigur� 
	,. 11
	3,.6�l9 1ketch, Tho 1;6_ .r~f1u:11 to tht1 internal exp~nlliiJn.. I A;r:ea rat:io wh&li the noulii it! in. tha ~ida-()plll'i ltt!d
	' 
	thtt.:1,1. c.orreilpond� to thh .araa.-ra.t10 wti:h the noula .in the minimum-area pouitie>n, 
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	(IJ) A pre~sure d~ig analysis. was liiad11: .of: the npz~le t!),; neh mode. of i;>p~rl!-.tion :. ~ha .estimated drags are sh~~ .in Figures l ..ij ~20. through. 3·. ~ ..-23'. The. nomil')s.'1 ,v..afoes of .ex.ft d:i.&01e~er .for mu.dmum� aug111entation !'lnii ·fot d.ry pot.l'e·r are show in" · Figure. 3.6·-19, '.t'heH ·v4tues are; used .£or es:t;;t.mat1ng the ao~zle dr41g-. Also shown in Figure 3·.6�·19 £11 tbe baseline no;izle diameter ~sed· to ·derive· the basd.it:u~ npzzle drag. . .sli'own ·1.n Ugure: 3,'
	. . . . . ...,_. 
	{U) The ·bueline nozzl,e drag. is influde.d .in the .airplaae ~ra:g data., and an')" increment in tioule. drag .cause.d. by .cha1,1g~ ittg engine power s~·tting, from t:he bas eli~~ • appeaz:s J,o •thi,,, pr.opuls.ion· da.ta.. The m4ximum augment:at.ion noliile drags• sho~ 1n Figur.e J.-.6~2:l are included in the· prppuls-iott data and ~-re ·actµally r:h~r .inere-111,ept in .d,rs:g between ·)>a~el4ne and ~he true , op~ri.tti.~g c: 01:1dtHona {nozzle pressure rat:J.o and nozzle. geol!W-tfy). . Ti.is il'!ere
	(U) The ch'.Y��powe~ nozzle. drag~; inclu4ed in the! propulsion. datll are p:i.-eaented, ui 'Figures· 3.-6.-22 atid -.23. .'these data: are ;l:ncreroen~.s .f;rQm ~he hseline .~ ·de:Sj::~ibed above, 
	(!J) Thes:e data., reflecting the specifii'l. installation, 'l.(ere. 1,1sed for l;:he .performance .anal.yd' 2:ather thiln th.a uninstalled:-q.ozzle d2;ag .data ·ptovidBd in the engine pedor�. mance ,da!=.a� dee.~.� cm, 102.~. � 
	'3-, 6.. 4 Au~iliary· Ail'. 
	~ti) . The ;audtiary,'rlr system a.e~~~ .pni.y ·to ventilate th~· nacelle and prevep.t ~he accuniulati-orr. of 'flama~le fluids and vapor.s, The ·,y.a~em consist:s of· a. forwardpme>u~t:~d flush i~l.,et (near the ~ng:l.ne :f1:ont::"!'fX'llnie.) s.nd .aftpmo:1,1nted. flush exits (near t.be nozzle cus.tomer~connect)., 9nly a IUl!&ll' quao_tity of air ie req~ired to fulflll th~ aytt~m function «nd ..the drag, penalty is est;i111at~d .to. bi: 2; S ·eQJJµts (~~0-isq fi: :i;-e·f~re~ce are.a). .. 
	· .. 3,..6,S ~l1aft .Pow~r and C0111_Preijaor Bleed Extr.action·· 
	(U)' "l'Owe,r {s exttacted through. the. engine ·gear�:box power� take"!'o'ff ·drive the aiqi1ane electric·generatot and 
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	pump1r. An .estimated value of the total power ex~r•~tion is 70 hp,. The installed propuldon system pe~~O.t"• mance dat.a a,;:c::ouiltt1 for ·70 hp at dl £iight ctmditt.cns an.d .~ 
	power aettin$a; · 
	.11!.g~-pressure: bl.e~d air ts extracte4 from. the c0111p~~119r 
	!
	discharge· fot ·op~rating: the environ!ll~mtal-c.ont;o], sy.s.tens-. In ,· flight.,. the· a;tr;.;flQw i:.ate is appr.o~d.ll!at:dy o,·4 lbl!l/sec. Th!iJ ins~a:ll~d· ptopuisi<ll'I system performance data accountii' 
	. ; ·to·t ·0.4 lbm/sec at; all flight· .condition, aM pow~~ s.~ttingi;i � �·
	. 
	:.
	(U)· l>w;ing .ground operation (a;.rplane weight ·resting .on the landi~g ge~rh a awt"tch on. the· landing ge·ar· provides." signals t0 valves that .!ij.1;ec.t tho f-l~~ ~f high:.pHHu:i:e ·bleed II.it' ttS 
	i 
	J
	addit.ional eyst�ms sue~ a~-:nacelle-vendiatlon and oU,-co.~le~ 
	,.
	ejec~ars. The total ai:t!flow ·fc,.r. weight�i;:u:i-ge,-r operatio11 ts j1U:iqlate4 to be aboµt ·1.20 J;bm/s~ ~or. the· airplane. The 
	·1n1~1ll~.d takeoft" thrust and fuel flow· are corrected. for· ' ' this. weight-on"'.'gear bleed flow ·rate. 
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	S.M Al. L S -t N G" L :_g � E N G I .N E 
	(4.03:/JlOl~GE'!"1.00)
	.: ·, . 
	4.·.l VEHlCU: DESIGN 
	Ii). ·-:eh:1s· aubse.ctii;,n. a <lescdpUon is presented of" tiie 'I ,small single..engine :concept, a brief· expl-.ation t,a -giv~nof :tbe·overaJi confi1¢.ratio~-ratton.a1e. and the -coofigura:i;ion growt1' d_~t& that wer" generated for. aircraft dti(lg 
	purpcise,s ai:'e. &Ulllg!4t:ized-.,
	{ J 
	; 
	; 
	·,
	' 
	1 "4.l.1 Vehicle Desc~l11ticn l t -tsf-,~h.e. .s1U.ll·si:ngle-engine £J11ht~r conaept (Oonce:pt 2"h ·des:t.gna:t:~d Configuration ,403.., ts present~d ln Ftgurea ,4_, i-1
	I
	and· :4-."1-2, ~hioh show tne· generai a.rdngement an4 baa-ic .lI,n~~ 4r.range111~·t: respectLveiy. 'this dedgri .was devel.oped
	l. as, one of a family o~· tb~_e"e config11rat~0.,_s g~t\erate~ .to 
	-es_t~bluh g:row_th ·r;tata. for. .the ai_rp1ane powe~ed by -the smaU G~l..S��l/.JlA'-engii:),e (USAF :de.signatlori Jl0l-GE�l00),
	f. 
	--tSr-CQ~#gur~tion ·4Q3" is enentially t~e. sam_e ail the Con
	figuration 401B -concept (see -Subsection .3. Ll) excep_t f!>~ 
	1. ita. acai_ed�dowti" .size· and 1:"banges ln ·s_cme int;e:i:nd ret~Uo11
	_{ shipa whi,cb result .frC>il\ the vad-at.i.on-in �ng1ne-to-airplaiie . prop:c,r"tions broughi: about :by ·the engine di.fte-,;-e~ces, The·403 desig~ shown ..in r-1.gu~es "4.1,-1 and· lt-.~1--2 has a g_rqas 
	weight of 13,000 po°"_ds(i wing loading -of _60 pd-1 aitd ·a thrust-to�we:!.ghc ratio of l.'01 {i.lrtinatalle~
	.,
	Since .ao aircraft: could. not be p;-ope:i:ly :sized. for ~he
	I: d~sign-inbdon __in· this ca1(e1 an. 403· type_ at the 1~ jOO.O-lb !Bi?_sioo weight: :1,11 pi-esented. Further explana.� t_t·on ·concernipg ·a:treraft ·ai;,:ing iB giverJ, in. t;be per£0-.11ce·
	..f cmicuaai,on gf Subsection 4,,2,
	l 
	4 .1.J D"e11f,g~ R_atJonale 
	. 
	·f. ! -(U) 'the ,::a:tion&le ·for -Oonfigur4ti-on -403. l.s .t~ ·sali!_e _as .ttiat .,··of the· 401:s· concep_t (se.e··~u}11i~ct:ion 3~1.2)., . 
	~ 
	...
	·1 { 
	..
	;: 
	1 
	--...:...--·.,;.
	~EGRET 
	(.Th_h Pagiii Is IJNCt.ASSIFI ED) 
	4. ~ ,.3 Gtowtb Dll.t/J.. 
	{0) Th~ ll,ircraf~ sJdng app~�cb :ta, outlined· and the design. d11ta. developed ·far· t:ti.e g~cwth s::udy. a~e summadz·ed tn the 
	following par-agr:aphrL . . 
	'l'.hre!) aa·t.a poi:J'ts we.te i-'veistiga~ed t<i ituppiy t.he ne~l!s·suy des.ign' informat.~on ·to den.1c;,p the _:growth c_u,;,yes • ~
	,: . cotaplete layout w-.s ma4e. of· the. 4Q3 c0E1figura.tiop (lJ ,.ooo~ lb 'lllill$J~on ·~elgpt).� whfoh ·serve.d as a focal poin'.t o.f the gr_~tll -family. A smdL-10.,000-pcund· configur~t~i?n: layout was 11ls~ de.v~l,C!pad altjng. with .a, 16,.800~:po.\!n_d ·design that. 
	.. wa9. defined by-11\Pdifi~atJ_on: cf· th·e orig-J;nal 401B configuration to· a sm·all-engino· version. A.£atnli;,· o~ drplicte dat_a was t;hµi• gen~~a~ed fo. wh~h th!? data. from the. two layoutsand tf-!e-modlfied 40iB inforiuaticn·were..ui:ilized to p:~ovide growth data_·t:urvea fo:r the grr.,s~-,wdght. i;a~ge ;rom_ l0,000 po~nds to l6,BQ,0 pou,~c:ls. We_ight; ·e.:nd balance cons1dera"t1on&i 1. and internal ·fuel -t.equirem~tita .fo~ this w:i~e:r c-ang;r;, .of grgss weight c.Ol!lbin~d. ·1:0 alter t:he f
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	�nas:~� con.nob 
	&taning Syacea 40. 
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	Weight lmpty. 12,~82 
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	i1,n)·
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	Unuaab1c hel 
	Eng!ne Oi-l� . . ·20 
	..., ·Miasilfl Jtaclc■ ■nd P7-lcin1 12.4 t M1-c:dhneoua :so 
	~��ic Op�~�ting Waight 
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	nlo-d .
	Amiio {500 ·r:oundi) 2BS 
	~
	� Missiles. (1) ~46 
	iaTo Fuel Weight 13,7Q4 F11el 
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	4.38 S.3·a 
	380� 4·43 
	100 796 
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	40, 40 
	(2,933). (3,072., 
	.u1. ·n�· 
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	�30:
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	34a·,:
	348 
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	Tabl.-.: 5. 5.-2 WEiGHT sUMMA,RY! CON'1.QURATION 5OlA-SIZED TO 1'1EJ;T ,LRASH REQUIREMBt:ITS (pounds) (tJ) 
	I
	-L.. 
	s'cruci:u·re· _wing Fu11elage
	Horhorital Tail Vertical Tail . �Land!ilg Gear 
	~puls~on Syst:ein
	I --.Engine· (2) (J.lQl·GE-100} .Air Fuel. Rys�tem Eng�ine. Co1't1,"o;i.s 
	$::ia.rtirig System 
	I 
	h..fir"tlems .and Eqllipment 
	Su~fac~ Controls i.and:L-ng. Qear Controls !n~tJ;Umenta · Ry.dl'tt~l,ics and Pneumatic.a El~~trtca-:1 · · Avio1).10e FUtnishlngs Ai..r ~o~d-$.do~ing ~ysteoi. An\anient 
	w.eig~t Empty 
	useful l,oad crw u~us&bl!:' Engine Oil . 
	· Mbsile Racka and.· f.ylons Miaco~la11e:·ous 
	.:iasi.c Operatlag Weight 
	.-r;ay1oad(S00 · rounds) 11'.i~,~{les..(2) · zero· Fuel Weight Fuel Uro.ae Weight 314 
	SECRET 
	ife-ight 
	(7.209.) 2145 
	·3233 
	545 
	4:63 
	82$ 
	(4822) 
	3580 595 .567 
	JlJ 
	(31iz., 740 145 109 )SO 
	438 
	'460 
	,:Z45142 
	1is3 
	u.i43 
	(406) 
	ZOO: 
	32· 
	·20 
	1~4 
	.30 
	l.5·,549 
	(6~')3)
	285 
	34,3 
	16,182 -6498 zi.6110 
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	r
	.. 
	·, 
	S. ~ PROP.U.LSION .(:S.OiA/JlOl-GE�lOO) 
	'tf,.lo General Electric con:t.iriuou11-bleed ~urbojets, J.l.Ol,-. GE-100, are installed. in the ·CQi)ft~ratJ9.n SOl a,.i:rpl·~mi, ·Thia is geome.tr~catiy the same engine, tnc;J,U:dtng· the exhaust 
	. noide I that is instalie.d $.n the Conf!guratfon 4"03 aitpl:ane (see Se~Uqn· 4·.6). However. the engine performance data furnished· ljy ·Gene:i:-al E~ectric: ~re mot!'-rec~t. t.ha1,1 those used in ene &fl&ly&~s. i;,f.. C~11#gurat!o'1 ·403. . 
	{tJ) In this section. the JlOl-G~.-100 pi:opul~ion system per� fo.cinance dat~ .are .Pre,ented tp.r th~· e~g:l:nes installed 111, the ;iirplane. tlle effec;tf pf° in.s.taUat:_ion are aecoiirtted for in th~ da'ta e~plained below. 
	(Q) S~bseque~t t:o th.e analyds: of ~h~ JlOl-GE-100, Oenet~l Ele1:tric 'dtlsci-!.bed a lower":we_;l.gtit JlOl having· ~ revised cycle (.referred t.o ,s. the ·712:~ =~ycle). The is in.·cre•sed: and the specific .fu~l consumptio!l is ~educed. The 
	. l"!ew -weight is 4,8% lowct', and th~ ~ rate.~. =I.-&·4,.3% higher,. Oruise 'ISFC is about: 41. tower. S-ince ·this .information -only" became-known, at the ead .o.£ t.he i:-epordng period; ti111e dicl not p~rmit .evaluad.o.n� of. the 7/2"3
	·' I cycle. · · · 
	(U) · The engfoes are locate·d uide t,y iide. in the· «ircraft aff.fu:selago, ~ith·pritl'!!!lrY a:f,.rE11JW deUvi!,red to each engine ~Y an Clp~q-p.ose inlet~ T1'e ·airplane 'has: two independent · inl.ets and ducts, one for -each 'en~;l.11e·,: 
	(U)· A small amount of ventilation..dr flows into ..:nd out .of the. ,ni,i~e.Ues ii'! ·a mann~r simillir to that. of the dilgle-engi'l'le c·oof1glirati0n; The �drag for this .airflow is asswed to be ·~be s·ame 1;1-s th~.t .for t!Je s.i-ngle-ongin"e and is� -acc6u~ted for in the air~lane drag.�: 
	5. 6.; l -Propulsion system ·P.erf.ormani;:e 
	°315 
	. i 
	------·--·--···· ........... -· ...,..., ..-......-...............-...-···--·----···-···---··--
	.r
	� 
	The. installed net...thnut·'valu~, ?N,· &re ·t'ake~ frCllll d~ta supplied by GE in Ref'er~nce~ ·2.7 audi 28. The· GE daU take;i. :i,nto. ~ th~ inlet prC;!as'ure i;ecovery-, compressor bleed for.ECS, and po\iei:.extraction. specified by Convair~ 
	The exhaust· nozzle drag.·, per englne, i's as11µ~d to be the 
	.same as that £or the ci;;rU:fguratJon 403 a.j.rplane, (see 
	··Supse~ti9n ·4.. 6,3) 
	· The Configuratlon · 501 inlet ·11ys tem consJ,ata. of ·two. separate inlet~ O!\ .eithet:' siqe of the :fuselage wttl'l separate ducts to each engine. The inlet .s;t..z:l,t18 ·criteria 
	'-~d per.formance di1.ta -are. the S&JJ~. ~~ des~rf;b~d in $ubsection ·4.,6.,2 for conf-iguratton 40~/JlOl�GE�lOO, Tbe fnle~·:dea1gn· . rationale. ·is essentla11y the same a& far Conflgur..ttiim -40lB/ 
	·Fl00�PW.-100 ·3..,6..2)-,. D-shaped inl9.t·s wer~ ch~~e'1 for. <;qnfiguratio11 ,01 (as oppq11ed to elliptical�} to .mi.liimi~e. ~he boundarf-lay~r diver-tei'. . . 
	5.tt,S Sh.aft Fov,er and ,comi;,ressot Bleed: Bxtrao.i;ion. 
	(U) · . P9wer is� ~tracted througti the-engine ge-ar~box power~ 
	· · ·tak.e~oif s~ft ta ,!tive.. the aifplape·.alectri~ generator·.and hydr~Hc p1,.Qps. 'rhe est:lmat;_ed· valua· of .total power ex.trac
	i . tion is 70 :hp-. for the airplane·, or 35 hp from ea.c~ engine,'The ·1nsta,ll~d propulsion sys_tem p~rfort!\flQC:e data. (eachengin~) ,ac¢~unt:s for 35 hp: at all. f.iJ.ght. ~ol'.ld:i,t:Lans and :! _power settings-�. 
	i I 
	! (U) Higb...;.presa.~:t'e bie~d 'a.it is .extracted frOl!l the ClllDP:tesaoi:'a 
	for aper.ting the environmental-r;ootrol afiil:eni• . 'The' .hleed ·i air-flow:: rate. is e.stimated: t<> b~ 0:,4 1bm/s!!c £<1r the ai~.. .,i plane, or q·•. 2 Ibm/s!!c :froi:n. each. eng:Ll_le, The i.nsta1ied prop~:1ai1Jn perfonttllnce ~t.• (eac:.h..engine) accounts-tor 
	0,2 lbm/.sec at alt. fliglit aomHt::Lpns '~nd pcwe,: settings..
	i 
	I
	(U) the 'bleed flow j.e est,i-mated to ' be. 1;2. lbm/,~c for. the :&Jr.plane.. _Th~ .. ~natalled prppulsf;o,n .
	i 
	-l!·y~tf,lm_ performance .dat;!I. ~1.1ri1:1g, t�keoff ,11c1;16unts fol: 0,6 lbm/
	.1 
	l sec· 'from each ·:engine� . 
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	·-rh~ i;:o~aL "'1.n~um drag is plot.tee .:1n :Figure 6,3;.l -;for. .varip\ia al:t'itudes, .The ni1'nimum: dr�g coe-ff~cle{l.t is. hi.&h,J;" at supersonic speeds because 'Qf· a higher ~ic wave drag 
	a~d 1i'o drag redui::c'lon ~~ ti:Q c~e i::Lps ,. as' discussed ':Ln Subs·":c~ion· 3,3; l.-.J!iie net· wave.' drag coefficient -i:il ,OQlP hi~h.e-r ·l!Jt ·Hach ·1,2-an!i .~0.43 ·.highf:r a_t !14ch ·1.j,;J 
	(li) Ther ~rag c.omp·oneD.t aQd= growth: curves of :Figures 3 � ~ -? a.od· 3·.3.4 .a-re applicilbl:e to ~his configuration, 
	~.�3 .z Prag_ Due to J.ift 
	_(µ) The drag due ·eo l'if't :shown £n.·F'J.gure.s -6 �.3.-2 th-rol,lgh· 6.3·-6 _also 1s: dei.,!yl;ld £:r1:1m·,tb~ F-X �win~ -tu,;ipel. · t~.s~s ~i~~~sed i'!\ Seqtlon· 3,3.�. Uhe 41cJuc,d .drag fo_r-t;he Q,4-ta:per-ra · 
	win~ _is higher ·fQr the .fcill6wing rea~ons:: .. ;i'fl~f.f~ --~ 
	1, Xbe wing c,utot1t (i.e. ~ µ1cr.eased· ~~~; 3 3, trai],.in_g edge swee_P,)' causes a _reducti_~· in (~)90 /';$:! 7& , ,lo! CLa and t:herefore a );edtic.tion in .sp&ll effi-1.4J.($)):(gB,a( .k'l ciency· &:Ln'1e l/.e ~ 1/Ct~ 
	.2.. Tbe trape1.o:Ldal. t:Lp·s · ha'ir� le11.1 a.plln thaq flie :C1,1rv.e<1.· .t.lpf,l i Alt � :L-.0 instead_ of·· 3 � i: 
	?be net result i's that the 0;4 ta-per;.Prati.o .wing has ab9ut lQ.�earcent· higher ·induced drag llt 11ubsonic. ~pee~s. amf at· ttach l~. 
	(U') Tbe· _a.ssoc:i,t;ed .lead4lg-~~e"'l:~~p·.drag..·if .P~tt~. in F·igur."'° 6.,3.-7. It. is esnrittallr the same a~ tha.c for t:b.e ~sic 40_1B ai~lane. 
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	·6.� 3~3 ·-r.~iin Dta$ .
	T.h.e 'ttl!ii ,drag shown ',in :f~gu.re ;,.3-ll £9.r .Config~ratlon 401B also ·applles ·to· the. Q,·4· ~pe~-ra~ia wing.,= 
	6.,3 .. 4 ·T·dlllPIBd.Drag 
	(U) The trimmed d.rag polars .an.cl con·(~gutati°" polars·· .for ~Q.Uh~i:t~: the! .0. 4. ~aper-!'.atio ,ring. lire g!ven iil Fi~ure· 6.l,�8 through· 6. 3.-17 ~ ,:?e (~/D)ma:ie ~ata plotted in Figure ~.3-~8 
	&·i.'ei, as expec r:ed, l'pwei: t~n :..imil.Ji:-da:ta for. tjle ·ba11.i,i;: 4:01B c.onf'.lgur,t;f,on (s.,c1· tlgure 3 .3-2'S). .. · 
	6~3;i· 'Li.ft and Quf'fet .Da):~ 
	The .q1;-vs~ CUrl!'U,. control 1tmit Cj/.S.·, a~· quffet. 
	.(11). 
	~ri�s: .show11 .in F·tgu;e-" 6,!-19 through 6.,3·-23 are de.. dV'ed f~m 'chi!! sam~ wbu! :tunnel data as was u.se<f ·for the .4.0.l~,·. Howe."{�:r, an ad~ustme~t ~o.r the t;h,arig~·· if! ta:Jl!l-r 
	ratio wu .ma~~�. This car~ctian is· smal,l, 1 since Cta 1~ re.d~ed only .~bout 3-percent fr0111 th~.t of. t~tt1 basic 40:1B. : 
	. . . : 
	3·.58 
	---·-----------.. --·-·-·-·-.._.._.. ____ ---------··..--..............·-··-··-·-·-------·----
	fl 
	11· 
	z 
	, I 
	l 
	88thABW/IPI ·-----------------,.~-~lr,~)(11+)-;._--,+-----~l!BB
	E.0.1.3526 S!=C., 3.,3.(b)(4J1,.4. (a)'(g) ·.. · 
	!-� �I 
	...
	.... 
	1)1 
	. I 
	,......____ , ___···-·�-" ---·-·---�-""""''"""""""''_______......, ..--·-··---·-·-
	,_,, 
	::a u � JZ4 ©l � 4.:a it! .�PJB.1
	: : _: ..� t I �. C!_ .!-..
	--~,....,.---� ,___,_..,...,..._..,......,.._,....,.,1'!_1,....,_,-._~ 
	~Zl'l!II 
	! 
	.....
	i 
	,.
	t 
	.!~~t. ~ ttt:t-1 ,:.~...-�;·-."!: :l�>.1 
	.......,.,...,_.i. 
	i 
	i 
	l 
	i ' 
	\ 
	I 
	I 


	C:\Users\paul\Downloads\GD 401 501\GD 401 501\2011-093-doc-1-part-10.pdf
	Structure Bookmarks
	88th ABW/IPl FOIA (b)(1) 
	EO 13526 Sec 
	3'.3.(b)(4) 
	-.. 
	.i 
	-
	,.
	��· 
	I. 
	I 
	'i 
	\
	. ...:.... 
	I 
	I 
	Secret 
	. 
	... 
	.i' 
	·' 
	I 
	...... ,. .... ,
	I 11►■ •
	l 
	..:,,,1 , � .
	· , · ·�· · � r'tti:Hitiztt re, 
	.,r,;; ..ce .. ... :.. t.:.s-,,:;4,.c:.; ·:� .1:s:s..d:4: WJll'I. 
	_l '· '·· .;: , .. .... ~Sil.iii._:,:: I, ..$. · ))!~,� 
	�t 
	. 
	. 
	9 I -� �
	I ' � .� I � -··~·--=--· 
	I � �i .t,_ -1. ,.' 
	..... 
	~.� 
	-,,
	-+---: -'" 
	I 
	. 1 .1 --� --·� ' -.... r·� ... ···-� �.. . . ---·~-I 
	' --, --I I ' -��. , �� ' ! 1··-· i, "·tI ., : �· r " �. , � ··-�·.
	I J·-_� l..: , -;,--~�280 _ --�_.;,;� -~
	�I -· · I ··'·I ..JR,.r ; .'. ··· ···i� � . ~ 
	. . . ; -.,__ _,_ ,-r. -.-.,' ' -..:,.;,: 
	.. JI:· _,_J,�· . � . � I . ·:! I.I ' 
	I.I I . .� ....
	�. .�. I ~ t�-... I ·-
	I ~ ~ 
	. -·· 
	--',. I '."·i �� ~~� 
	'!_.:.__ 
	-.-�� -,
	,;.. '-L I .• ··•: . -.✓.' ,. 
	. -~i ___ _.,_i_! w.,."'1/;.,,' 
	"' . . 
	--r:.. 
	. r . ~-~ . 
	� ' . 
	__ .. .MAUL
	! . ,_ _,,.,,,.' -......! Q~ 
	-·1
	·� ' -t-·to�·
	I, 
	., , ·� . .
	·' : 
	.lO" 
	~-"'--,. -__:
	·.,. :� ·· r' --l __ ___ --,--' ~--· 
	.... o· 
	; ·.1 ~ ·=-1 
	l 9· 
	·.. 
	-
	� t l .�'2. i .t!i: (" .4 .s-I 
	·'-·
	.'�-.1.-,.. ..-1 :.. ) .... _.tr-:-·� --~~--~L: . � ' ,_ _2'~ .. !. ---. ·-·�,
	� . · 1 I . . I � �, � � I f . ·� �.! � ..:.�.� : . �.� .f .. I �1 ·. . .r . -· 
	I I �. I ·; . : . . ' 'I � � . 
	ii
	~ -~ .-~~-·~-f-·-J-_.--:... .• ~. ~ .,.. ... -•· --.· -■ · ~ ·f :_ Ft.-mtt.~ 6.3-6 Drag Due to Lift at High CL Configuration401B • .. I I 0.4 Taper Ratio Wing (U)
	----·-·----(U) 
	1.4(a)(g)
	{a)(g) 
	.. . . 
	·1 ' 
	. ·· �. i I . .. 
	\ 
	. I ' . · :. · I . . : . ·
	'"!" 
	. 
	1 ,· · · 1 � .: ·1 · 1 
	. 
	�..���1 1. .� ,. � _ � � j ��·� ! . 1-,. 1. J . , · I I
	�-. --�
	·j : . . I . ' I � . : . . .� . . · 
	� � � � � ���-� � �:�. 1�· �' ' � 
	� . I. I
	f----4-. --, ... .. I I... ': . .� .�. ·: .I _. . . .�.� ' �� .
	.....I· 
	. 
	� ! 
	I � . ' I .. ' �.. I· ·I
	. ��� .. ·' .. ...... I· . . � . ........ -·
	·. . · 1 · · i I.·' 
	.m 
	I 
	�· . � I �· 
	. � ·�· . I � . r .. 
	.. r -· ~ -.... .. � . � -· f .. ,:. :· : i . 
	� ... ·-----
	l : ' J . · ; i i � 1 : � !
	I 
	I� 1,-:·,-� ... �.' -1 �1 � � .,........ .., .... .� ·-�
	j
	'· 2, I .� ' 
	-..· ,·.Of---.. . .-,·-!...... :..... I �-I 1. :�-�I·~ 1 � � ·-, :. ... · ~�.:.�. .. ] �. -! ·: ,-·-~ L.l ,_.L:~ 
	, .. 1. i . , · I
	---i.� I . 
	-. , . -
	� 
	I ., � � ' 
	-·� Iii :_..., . , .I... =:1�1.d." '·. I -·-· .· .. !.].�·--+·' 
	. l I ' ' I .
	_,!.J~�-oo.f .. -i� -}--� �~�-�---� f--~, I ; 
	~. ? ! : 1 I �. I i l ·� .:;. "'. 
	· --~-_,, ··;� · ·:·· ·-,----···· ·i·· ·· :-· ··-·1·-r··--: · · ·, ~ --··--·
	I .
	,"I-.,_ I � � �. ' . .t ..___, --, --� '1'�1'9' l -:-'
	:.1.: 
	L�. .L. --j.... _j_ -'· I ���JJ:.... -:......i:.. '.·J 
	I : .� I I � I '· I 
	· . · · � / I , -I I ,. 
	. . ! "I . . . I I 1 · I I 
	; ' I ' 1· I .4 I : � : I I ,'8 I 1 .o,. .
	:--T"' 'T'"" ,..-,--. ---··. ,_... 1 -r .,.. , ... �·-· -, ·-·1-"'--1-:-:
	tt.... ;" · 
	~'-....... t::.~ --+----1~· !-� .·
	u.M 
	1
	: , � , .-, 1· ! .. 1 I. i" � id·
	-· ··--· -......., ---,-··· .... --·-.··-· -·, -1·.. -....... �.....I-...���!...:.:J: 
	· · � : · ' · 1 I � I . ., . l I ��.: 
	�.� l .. I -: ····�· . � -L --_j'' � 
	.. · :~ ·i . : . ; .. . ! �·, i 1 . ~ ~: ~ � j I .. 
	!-��---___ ,.. -·---....,~-...1, �· ....... ·--L-··'"'·· .·-·· ........ ..... .. ..1 ... ·-·· -1.,....,�-·· 
	, .i _.. .I. ·1 .· ! .., ? �.·; 'lt! ·I !-i · � 
	�'o:""--::--�-.-. . . --:� . 
	I 
	: . ! I �· : l .. !I: 
	�-.1----!~ ·t r:-.J,-, . ' . l , I I· � ' .I . .....1 ,. 
	;. I �.. i .. ! !: . . l l . j ! I ..
	-1-:--"i-... -r--.......... -·· .... �.... I .. �·"""!"-·-~ -... .,. . . ---s� --···r
	1 -: �. '· � � . I ,· ' . �·
	··c··· . '" I ' I . � I � � , � ,·' ,., .. ,��� ,. +-: 
	;· .-!-. -..+·· "; ': /.1. 1__ .-~ r.. -·.··--f-::,..~_~ .L..._; --~-j � 
	!-;-,-:7 ·,·l·--:-·--1--~ ,...._---:· I · . . . ·I ; i ,-, .� ' �·1-�J
	I.. I 
	I ., I ' I ' . . I.. . . I. 
	-~ F·isure 6. 3.;.7 MinL:tiwii Or_ag.. Incre11Lenl; pue to, l>efl~ct:~on of · .. ,.:.;:--Leading-~~ge Flnp, configuration--401.B with ___J_.i :i O.4 Tapet.,.Ratlo. ~i_-µg (U). \� . .;j .:' --36~ 
	SECRET 
	._;.;...,,;,.,;,...,..·----
	\ 
	·-...... -......--.. ---_;.. ,. .-···"1·· 
	. i 
	��.1
	_! ·I 
	� .. 
	I 
	.J. f· 
	I
	·-. 
	. f 
	i 
	.;
	,. I 
	r 
	·o i 
	:.... i 
	�.,
	,· : 
	·:. : 
	i> 
	.. -.·· 
	:1.
	·'I:· 
	i·
	. 
	I 
	I '-· 
	-~ I. 
	.. 
	,. 
	1-,-· I 
	��&. -----,:·-... ---··
	SEC.RET 
	l 
	----···----'------'-----:-.......-----------------
	�· '. 
	'
	-~ 
	Mti,;pjOJ !1' ·; ¢::; Oett:r 1 I 11; J l1 . I I" 1 D ·:·, (· 'l I 
	..,, 
	,.
	"' ""'I". I, ill4-i_::: e:.-�uw=.... �= .44 !l'liif ii.A, 
	r -
	JI
	t 
	.i1 .~� .: t.a-..:.. ,,...,., c:� �~c; ~.. )·f 
	~~........ iii ���� ··"' 
	-�--.---...--·----.. 
	! 
	-1
	. -fa .. -.:. .. 1· .�. l :\ 
	,. I 1· 
	,;
	.i-----
	! .....IM-=0-.9~1 ·1 
	r .. :. t,Q-·i� I; _j ~ -.. -----........ .;·...;.__ .. 
	., 
	' . 
	I 
	..PREF"eeo FT 2.. t :; ; 
	i 
	1 O.G.REJ,::27'7c! �... � .� -·---.
	;_ 
	----~--·
	� . i . i ' . ' 
	_j -·-ln:Jt.r :: ,o,.
	Lr:-__ ..
	I �
	-·---·--i& 
	'r'"
	i � �.·f
	I 
	. -�.-, 'i . ~ . . . i . rl:. ---..; . (' 
	. 
	.,.,,,.,-~~ a,~; �-5; 
	·.;. . . .. 
	· s :1 l . ,
	;"'" ·..,:.:·w· 
	-"!HO O �-...-! I J" , ��·
	-r� .. -� 
	:a, 
	I I i -. 
	. CCI 
	·�·, . ; 
	·CL 
	-I-.... !_-T---y : . : r .: .. ! , ~-f-:-.4 
	.�-.--:·-.. .! .-.·---7-' ,/L; '--i--7-~-r-� ·�·-�.� .. 
	' . : . ' v·· . 
	.. 
	_... .... .. A~ 
	J ~-j I ~ <I .· t. 
	~ • ! ~ .1 ! · I !-. ◄• i I I ! . . . I· .• ' ' •• l 
	:; . I ,.t . . � � � ' ' 
	L.-.�-·-·/2:. -��·�� ··-I° 7::--·:-�f��-�·. ·'--�.. ·-�--
	. ! ·: ! . r t . I 
	J , ·i l . . ·f � � ' 1 . �. i
	!� � _:,.__~�.. � -~ � ~-1 �� -� -:-_;.;. -~ ---!:---�· I �-��: -J.
	-�i ·{�� 
	I I 1 :-. f. i. .�� !-.. : . i �. :� ! ·1· 
	·-· __.:g. : .. : ·' �·. : � .
	11 J . · � .
	"'T ' � ' I
	'LI ...L_.; _f.t_ ·J·. .~.9~~ . I· .t�9,4 .,_ J;>l,. ' .-~8. .1,0 : .1.2. : _.14-.,\~
	1 1· � i · i 1 : '+D . . . 1 1 I 
	-���.����,---I�--~�--,--,:-, .-~ �--.�,-�,-� ,�-�·� � --~ -����-�·�-_.___ ..J .� ., -~·��·�� .-�
	� � � �· .1 r . l . t . I .... · . · � .
	1·-Q➔.. Figure S~.3=-10 Tr·ilfflled Drag Polar ·at: 1;1=0.9, Configuration -401B· 1 I· · with Q .4· '.Iap~_..;.R.at:1_~_o_w_1._·11--'·g""·-"('-lJ)-.-__....,.____.,..__ 
	·hte;n,· · I ,. < ,, 
	.,.,..,.._---;:--,._-~......~--,"""'!'l!"l'-"'!"!'IJlll'"""""'---...,...........,,,.__.....,~,lll!lllllll!l.l!llllllll---
	4i. � . '···� .�. ).� I. . HQ 
	_, 
	. ::~'. :~ ...:..-· ..... ~·~1 
	".os ���4.oll:e N'"-"-'� 
	.·~. 
	... 
	. 
	. 
	�,~~~ ·~:'! :M:,.&-.'·'tt;t,a�.~~g: :I�>I 
	...; .........~.,.,~ 
	.,...-----
	a: 
	~
	< 
	.t::. 
	iii 
	co 
	--~-"'" ..~~Mo�~-~·,.
	·J<.•~ :.,.•_._.,t;~ '""'• .. ;.o ;;,!~ • 1&1ii1111101·.ill?!liZlll11111lilllll11flilll·t1s11n11e111ttilllllmtllllr...,...--..-,..;.;,__....,__....,,ii,;...,.·,":'...;,,_,r;,_,..,,;;,·--•?1111....01,1·::.·-..i►-..,!Ot:-,IGl!i::llilir..:1..,,1,e,..:,.•.., "-".,_;...i.,.,...,..,...........,__.,_.............=~· 
	I .)
	z '"·:·" . :. ; . : :: , , C: . ; . , I 1iJ $.. IRt! 
	. 
	~ ~
	.... ,
	rl .I .\J ' .t � ! : -:-! -;--I .! '., . ---:~--r .·· 1 ---· �1·-. ·-r·-~T-:~:-: ;;;;---:-,-----:-.--,�·~-;~.'""l __ ; ! i·: ; :~--1 
	·""·· (:."'"_Jei· · ~ _! __;lli:_~ -·· ..!.. . . "-.1 ~......;.1...L __:_J : i .I ; L.~,~~--: _ 
	.. , , l . .i S· _·_2s'o· -FT2. . , i i : I . l , i i : I 
	� I "'.:�· i : --; -� . 'F{EF-. ~ . :.; : j. . i.
	I -i. l
	l 
	·' � · 1 CG --:::27':J. · . ·· ! � I ; , '· . . .
	·-··· -~---·-·;·· . ·, � . -P.r:F· . � . --·-, ·-� �-· ··-i -... ·' -,--. -. � ------:---+----···--····-. :----· . ·--:�-·1 
	·1 ! J j . ' � I : : ~ ; I � ~ I" t 
	·-.. · ! · -l015· ·--. -: · : : ' : · : · I , ·:· I � ---'. · · : : ; ;___: !' -~· I _____ ,__ -··--·.: . _: : __j. ---~ l : -~_ .� 2Ju:r�JD "--__ _1.____ 
	-1 11 7 · ,. , : , I , , t � ! : , � ·:
	1 
	.... :.,...1· :....j �. ' .!. --· -'-·--f--· ----' ...1.. . i-·:-~--=J·--·· .. I. 1---: : ..
	I --i ·l I: 
	.t. . ' t J I � : I ; : .. l . � .. ' ; i . . i ~ . I : i . 
	1------'-'--'--'-,____;,.'---.0f.-Z.. ---. -----r--------. -----. ..... -~ -... s-:--t----·--.-,------,-. 
	1 
	-,t-!i·_;o_~~-~t-·:·---\ -~:·:.t~~;---'.--~:-1·r-_,iIJj :~-~'.J: J-<-_kL!~jj·· 
	~ ' I ( ' l : i . . . . I i I � I . 1 . l . I I . !' . 
	1 
	-~ -· ;-� ·-r ---.-·-:--~---:---c -· ---_ :-·-·7--r--=·-; '. : · '. _: .r . ! -. 1 i 
	i : ·-: · ---·--~ ----~ � · : · · �� -i · -· ··· ~ -1· � -·-'""t i � � ·r :-_·· 
	--· 3 _}()(¼--· __: __ ---·-· ✓✓ ---.:__ __ --------~~---➔_:.___!____.;.. -~-1__r_:_ 
	,-l . -; , ' . ;.... : ' · . j � I � , , 1 i . 1 i f , , --·
	. ..... ---l----"--i-�-1----'. --l----�-� /-) , ---� -· � �� �: -. �.\. ' -· '--~--'I ·-, -1--�· --__...:.. -4 ~ ro rn 171 oo 
	· ·1 '. ! ! : ; ' : ; ' -r ' t � 1 t I. : · , I � l · i : 1 '!>-ma O -~ 
	. --·--. --·-.. ,---·.·-·--·-·-··~·-----..,---1---------·-·----r-7--r----t ,(1 .
	----j::J'
	1
	! ~ ! : . · ; , , : _r ! ? , : : , ~ � ! ! I � , _:. J m. · ~ . )S 
	_,___: . ';0Q~· . I-·" : :-~: .: · : !·: ·, -~ ;s -,.,.. ; �.: ~ ~<JI CD 
	1
	I ! �~ ·! I . . : � : � · ~ i 1 ' J 1: _" -~N) . ~ 
	.--. -. -::�--r--·�.----,1---.-·-i· ·-·_:··~--------·---:· . ~--·----,'-....,..-..---~-.-.--.-,,~= er m . :::: -l I -· ; -i-·: ·1 ; ·· ~
	1 -· · · -u 
	.. -:..,.+-·· ~o ;. ._.. JOO C -150 . '2..<pp ! t~9; . -3-00 ·----·
	. ·' .-'. . . D · ··-z./· · S . : ! r , ·
	i--· ··.----· 1·. , --i--~---;---·:-w; · = F1" . . L5.XtQ . __..;..,--1--·--,--,--+.,.......! -:--T�:--!__ . ··: __:_ .; _ L _ -\.. -~---i _ .: --·-I -~ .,-'--~--!--> !~:C '.l -:·''"l _.; -i ·-;__ 
	--'· . :b . ! . ---. -+--~·!--;---�~~--l ; I .i . -~~--: __ : __l.....:+. 
	~F~. 6. 3-15 'l'd.11:~ecf Configi.u::.i.t:ion .Poiat s at M"'O. 9 ,· Conf i go.ration 4'.0lB wi'.t:h 0.4 Ta.per-Ratio Wing {U) · 
	r 
	.. 
	.! 
	.·
	� 
	I
	, I 
	, ,.. .,. 
	. 'l. � 
	"· :!~~ ~t .~A~~ -~°'t~~� �.f! ~�>t
	.1111,VP 
	'!'.""'="'-~�4~r,ff'I.J ....,,.._t!'-"9411~....,,,,.i......,,......, 
	·.:_T' 
	.. 
	; 
	~ 
	! 
	-~ 
	r 
	··; 
	I 
	.;' 
	.,
	·, 
	i·. 
	l 
	l 
	t
	-~· 
	~ 
	i
	'
	l 
	.. 
	. 
	·-------·-----··---�-·..···--··�·"-"'______________ 
	....:,_...,.-------..-.,..,.---_,-FOl'A""
	E.0.13526 SEC. 3,~.(b)(4).
	i i
	1;4.. (a)(g) 
	i 
	j 
	�. .. .,-~.,-· .....r·· ~. I ,SfC:R·fT·r··-: . ·:r~--�·
	. I � �� I I � I ,. . . ..� ' . .
	�
	:·· J..,."·�·1 I .� 1· -:-�·j �.� I.. ,....1. :··· .., ' I· I �� ·7··-·b1 
	�� 1 � � · -.. � I · ·j·-· = ' .,7.
	·1-""''··�.-l.-~-:-~-�.. -· -~ ----...,.. -,�.�-��·.�· r: -·.~ --i-----.
	, ; � � � . :� -t . . .
	i--! :. �.�. !, I. ..! . I � I I.!.. ; ,.. . , �. -1 .. ,... . .·�� !.......-; ,;,k .,. 
	: I i . M:=0.9 .. I I I (' . -~,,,.. �..
	I
	J--r,-�-r'ib ~·· ,..., . � .. ' ~ ... ·-+--·.---... _;._ ---·rr·OJr~--=-J~ --.~-i
	1·~180.'··f"Z.1 : I ' .. I I·'·:.,., ,....
	· · · · ·· -A~ ' I �� �· :., -1· ·,--· --·-1-···� ..,
	� ,l t .,�� 1 �· ·.' ,I '� ;-� 1· r � ~ :� 
	.. .,, �...J.,....,_,. -_..__ -]..... -'"·-,· �..: .. ·~ ..I .....,».+-····-...,.~~ ·1
	.,.. ) I . .. -·! • • • • I ·•, . I . .. ·• ✓ • I • •i 1.......J... .. .
	. I �. ·�y·-~ 1 · 
	� : � \ ~1.J;.., ' '· . l . . , :� I I 
	i:-, �' ·-��t.:i4-... 0111-~ MMEO-i'o-. ~ � -,-...,.., -·-· :r-. . --·-
	. . l . I l .. ! . 1 · . : . I. . �� : '·:'.; 1-.·1.. 1· : 
	..,.[... ._., .�� §···--1.... ...,.. ·I �'i �.� . ., ....., ��,.... � . ·····----· 1· H.---i--:-1-;·.·· 
	I. .��., ... L'' I I. ·�: I � I ··,,I; Mi,.:....I�--� ..j..;�� -� -j--,:r.'=r.-~.1---i-,~_;;._/.,; .. r""_.,°"--, . ·1 ·� .f;·~ �:� I ]:;
	. . . . . . . . . . . ... 
	. ~. 
	I
	., I .-,. -,_. ...... !........ ,1:_(. ·r-~Tl=l~"'Et\�·~·-., ..,o:,j,:--....;�,... -..... ,,..;;
	G!. 
	' 
	., .�� I � I-11-·· . . ,. I � � . � I 
	j.'
	i-! I 
	-;c ·.!--;r•~'. ,'·,·-........"r.·1-ir~--♦-.
	,_ .... -t';.,~ ..... ----~ �� ..., ;--' �. '""71,
	t;il 
	I , --l .. 
	f
	l ··' . .. ' .. 1"; .... -·.: ,l,M· _::,.;;
	-;:I.~ 
	1-:,,.. . � ' I ' .. I !. � I .�
	. 
	-·r ~-·· 1· ~· ·_ ca...;. --��� _ ..~ -· --:· -~ · -.--�1-·--..··.: ,,..;.;_~ .....,,-. , ;,--·t.. ·<: i 
	t i 
	; ' :[.t; ·1' '... ,............\l~-~ :~~ ·· 1f_., .:�.;.--.-Ir.-. -~... -i .r:t~, ... "" ·-:-~ 
	I . :-. ..�.:�I .1· � :1· '"~,:~ .�� .� � ·1
	r /r'-..
	,i r :t' 
	.,,-. l.-. _,_.._, 1·', ...---,--7 . . . .... ,.... r -, . . ..
	ii:·· 
	.... 
	·_~-....... 
	;.:c· ; -.·,_ ·f---.1,,.:...... -·-.1...:: 1::-:. --·�----~:.. .::r.:..:1. 
	·!_._ ::....,.:.... ---i--· ..!. � -r--··l··.:,..1.
	. � I � � . _J . �·� . I � . ��
	·1. � . . � . I � . : ,· � �::: .�� ' ·t.' ,.:.. f ' 
	. l
	f 
	. L' �. --:----'.-·-:i · .·-r~'.""'" ""T""� · r.... =· ., .. ·. T 
	. j
	1
	...J .. -j-.! -.L .-I f_ J ........,._ ,-......,�� I. ._,... -+·--r,1!.-l.! .:!... --1 . · .1.-: 
	r
	~ r : ~-·1.., .r,j ·· ... _:.. · -.·t ~ \ '.~::;:,,; __ i~ · i ; ,... ! 
	I
	~-~.-I . . ·� �� � . � I � ·� �· · ,.,., ...,,, � ·� � -~,.. , 
	·~
	J. '.,._ 
	� \ � · · � "I. . � �1� :-' ~ ~ � � � , '· i �t·�� �· :� �� u:. �� i H � :1 : :.,
	:."l t--·!-;..; ~ . .. -,-. .--:-: :.ic: !J._. -� --t~~-~. -""' i-·-r~ ;--J;.. 1,._ ..L. .: ..,..;.; 
	;=
	i . 
	·· 
	:~�:, -'., '.: t-l; :,; ~: ,..' :L·· . L;_ _., ~ ~ -~·,,; :,, ·J. .· 7 
	:-r-;--... 1--� .....r· . · Jf---:. ~1-:-r;-; ;:-:: ..... "' �i-r· -=--; =-·~ -·-::-:· r._�� :-;-:-; '"i"r -T .. 7-;; 
	. .. , j"/; . I)-, ..1.(/ ,�, .. ,: j 1HI ��· , �· 1�·� ~., :_ �. �· ��; .,:1 ,ll" j:, � , : , ,._. : 
	·� �� � .� �� �. <� .� � � ·��� � I>� .ooo� ��-·. ��
	�1 
	: ; :, ,; ~-: . " · r; :'.; )li: :;_:;:ii::·:_::;· C;·b: :·:�; ,. ·:.... ·:, ~~i1l �:: ij:;p~ i'.~ -:i. 
	� .���.� ~a"l�.·ol,1 ;{ 
	I -H:-''ij'"'C. ii~-.-·~ �. .-~··. ':':-:"i":-1 .���:;.-...,, �� ;;.�,-:: 
	.... :. ·.di!�:-.� �. i I ~~ ;.' ~!J ~:·. .;·� 1.J :/� .. ·1· . ,� .~~: � �~-,i :r�� i.-:· i 1: i�r�. ! :· )l, t!. � : ·· · 1 111 �· ·� �· ··�·· 1�� � � � .. � �� .. � � � � � .,.. 'Lr! ........ .. �
	0 
	. ' I � � ·J= :,. I;.� �· I . .,,·:.,.,:,I:�:;�,::'. ,1.~ ·, : ,�.��I 1,i. : .·.r: � :.� h. ·,.: �,-11,1. ·.-;;. ., ~I 
	i!::. ~ ;:.·!~-.►• ~ ,,,-l¥, ·i:: :... ··Y *~i: 'i ?: : :i•i 1::: ~::-.':-;~:h!..:;: ~::.;I'.:::·:•.·.:• :~, 
	l 
	,..,. • 1• • f I •••· •'I .. ■• ' J • • • • • •• • • • • • • 4• '" 
	:· 4 � ~ i::· .�. ~ ~.-� :i�, ..� :�. /.: .. · -:~~ :. �. ;·· : � �·. ;._: �'. :: i:l; �1iu q~ r;: ' :ift 
	,.....,..... F~iJ .... 11�� , ���� 1., ...... .� � � �· :.!.;l·, . ..c'..!!. 
	----~ -··r. ......~--·--· "t:r:'"' ..... _ -... --:1· ...-,-.----~
	1,,....,;,
	!;~:!:~~~_. .·.' ·:.·:~1:;i~i,~·::t:.l!! ·:~;::::.�;:1�:1:�:~.-: :~' :'.:·~:,1' .~·t�:i. ·~=~·.·;~~i:~.:. ~: -·ff-~ ~~ ~.; ~-; µ ~ ':,i ::; -~f:,_ :~ ·~: .....~~ ~.: .;_ ~:. ~· ~~ .!:: :!: ··' .:, 
	I
	:>.;;:.:/;;:;: ... �. :. .' . i .��� :·:·
	;,; 
	1 
	b.· ·-:... -·· ,��...:... :~ --!.... ··"l;.;J. -.. ......:1. ; .. . .. ---...,... ~--i_·. ---· 
	11 
	f.
	~-~ i -I a· '� · :£, ~ : .!,~
	~j---~. -.:..-::---r 
	·�:' ;, � '· ·.;�.' .: ·� � � 
	·· 1···· :·--i:-~· '-·1···· .. r:--~..,r·· ·-·. ,. !,...:;-... .; ..... ~
	:1�· t . . ..'. .; I I . . l I ... ·,:
	I 
	l
	II ... �":"'~� ��� ...14 9 "'i�: o � ��� ": � " I' �� � J � I I� 1· I I ! f "''~ ,I 
	·� :n: 
	i:. ... . . . I I J. i· ,·. i ' ; ·: I
	.:·. � ,4:,,. . I:· .' .... : I ·1· ' .. ,.. ·· 1·�· .., . ·� , ...
	.. E1 
	1 � .. �� I · 1 � 210 . 1 .;3o . . · ·: ..� ':!\
	-· -:--· ~-=-----·[':.--J~\-... ·o<. y: ·:... N,.,.1:-!~-r-:, -:�~-"7l-~? ~ . ,: ..
	fl; .. 
	l
	-1-, . . · ·� � · � ,. , . ~1··=~·'D'F~e£S. I� .. , _. :. ,;�. ,;,..
	·1""=
	�"' .....'i-;I:,..... .. . .,:·,.. 1·1··.1 :.-.-� -: ���-,_-· �..,. d ; . : .;,: . : .. .,_-0T1···· ,,! ''° ..� :.-r:
	I ·1 
	:'• 1 · r~fisute 6,.3.. CL va a· a~ n-o...., .conJ:iguraUoii ":t . B :" .. ,;. ; ♦:,.
	::?iE·!i · .with o.4 Taper;.R.at'!.o ·w1,t.,g (U) .;::. ::r ..:. ~ml
	1r: 
	.... -·· . 3.7.9.~ -..,.. . . ,,, . . . 
	� 
	SEC.RET 
	4 ~-~----·-···· ___:. .4'<00,~ -· 
	I
	f
	I. 
	----··-·-----·----"·-·····----------~----------------------------
	r: 
	l 
	l 
	88th· ABW!!.llu..P.!..I_7··1------'------, 
	....__......____........______-'-t.~t~~~? . . .I 
	.$.EC.. ·3.3,{b.).(4) '1A. (a},w) 
	.·SECRET 
	~ 
	f. 
	t 
	=t ..
	' 
	;.f 
	t 
	..
	. I 
	.�. 
	..,,,;; 
	I 
	l 
	----··-..·-·· .....,_.,_,, ____ ,,,,_,,_,,,_,_____________ 
	� I 
	.wi~g tap·fir· ratio fr:o.m Ci-. 2-to O. ~, Since the leading;.edge· :swe~p-~ngte-and -~!Jp~t ~tio ifere h~ld -const:aat-,_ ,th~-i.i.'1.ci~ased taper· i:aHo shiftjd-the· wing_.a-eea--·Jft, --i:he -ll~t: change in l9~gJt11dina1 ·stabi~tty -was -very. small., li_(?wever-, ~ecausetbe traUins"edge.-sweap ang.l"e changed with taper. 1".Btio .and thl!I _cp.,scquen-t. ch"~l)ge i,n cut_ou~. fae.tor was compeasa_i:ory.•
	-· $i.nitl:a,i:ly_, since-i:he ~011figurat!on was e1;1s.entb.:lJy ide~ticd
	i· 
	in or.her· resP.·acts, t.bel.'.e a.ts·. rid ch,ange·s· i.11· l;ateral-direcd011al .stability li.tcdbu~a,ble tQ: the _fiµcr.~sed· ta,per ratio•. As a ['Bsul:c-, · thf! and control cpa~terlstics !U\d handl·ing. qualt;Hes reported tn-·SE!ction-3.4.f!or the ~isic 4.01-B .coallg~ra·tton ar:-¢ also. di~ee_tiy. appliQ&_b_le i:_o the ·0.4 taper•· 
	~at~q-fi:gh~er~ _ 
	'i 
	' 
	i 
	·1 
	' 
	�' 
	.. 
	982 
	S.tCR_ET 
	tThfs Page Is 
	f 
	_:L. 
	SECRET 
	t·TM,.i>case 1_, uN~LAss1FiE'o> 6.. 4 STABlLI'TY_,. AND :QA~DL1NG QUAi.IT-lES the·· basJ,c sta~iiU:y. and handling qtialitie~1 pf Con-t·.f;gu:ration 4O1,.B wer.t! t10t sig_nif1cantly. al-tered by th~ .. cbaijge in 
	! 
	I 
	-I:' 
	. 
	.!
	--i 
	,. 
	·, 
	~ 
	-------------·-····--··---·---------
	.......... 
	S~RET 
	6.5 ST~~TURBS·~ W.t:I.GH1'S 
	Weight ·.andysi-s f~r ·t:he 0.4 taper.�rat;to ·wJ.ng :on ·ocn� \ ...._~ figurat:l:o!l 4P.1B waa p~rf.omed in t:he ilatlie· acmer �i the.: :!,'eight ana~y,es ,dHcribed ·1n pHViaua aectf.~s (ue s,ctl.~ 
	· 3,5). Tbe, l6800�pban4 c0~.f~r(lt1on w~� ~��d to·-evJl\illte· t~i. w~g with a._.11t-~,rtu~~-design grl)~� w,1.1tat (8.~-~l) ~'f" is:, 9~Q -po~z,.~ &l\d· .a ~ertj .ui~11-~.on ov,-i:load gtoas weight
	of 27 ,.o·oo ,pounds·. 
	~ ·In~t d·il.t!l-: (or -.the ·weight ~4"'-~i~�· -1!1'ere d~r1ved ·-from
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	.S.ttuc~1.11:~ 
	Wing 
	-Fuselage 
	Horizontal faii Vertical 'l'.'··a:ll" Landtng ·c~ar
	P.ropulsicr;t Engine A:b:-· lrid\lction Fud S.ya_telli Bn,gin~ Coritrola 
	) Starting System. 
	Sy,11.telJ!S and Equ:Lpmen!=
	:surface Contrc;ili Landing .Gear Coat.:!=Olll Instruments 
	Hydrii.ulics and-Pneumatics 
	. 
	Electtid!ll Ayi.i;,nic,sFurnisldpga Air .Conditioning·. Sy~tein-
	Armament; 
	Wdght: &np.ty 
	Useful Load 
	=Crew 
	unusea'ble fuel Engi~e. "t)iLMissile Racks· aud Pylcins ~"-s~ell~n~c:n.t~ 
	iasic Operating, Weight 
	P~yloa.d
	(500-�olina,)
	.Missiies (_2:) 
	�. 
	Zero Fu~l :We:Lpit 
	·� 
	.Fuel Gros$ Weight 
	~84" 
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	We1,ght 
	( 5}29.) l,687 
	2588 
	·322 ·:{Ui "616. 
	( 3;30) 21-:n 
	322" 
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	(. 2_76-7) 612 ll5: 
	94 
	28:) 
	-370 
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	( 400) 200 23
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	lfij:P &RCRI.TtCAL STUDY 
	The sup•rcr!tical win&1 ~hicb. is an.outgrow~. of ta~ent a4vanc.~s tn· transonic aercidyrialliic t:echno1ogy, ht111 be~ ·~vaiu·..; .•ted on Configuration 40lB fo detet'11!irte· ~t~ ·potl!ndal foril!lproved --transonic maneu.verability, the supercd~ical wing a.tudy was iq two ; · 
	1. An abbrevt.ated wing-.planform· p-e.r:ame~dc 11:tudy wa.s cpn~u(;l~~d to seiec:t .the pia~. forlll$ h'1vtng the mtjst potential on a· · highl.y macu!uvei=able .. 
	2. l)etatie4 iayouts .of ~he 1etect: ·planforms were t'1el'!--ude'• and .point-deiign ·structural weight, aerodynamic, and pe:i:fomaace s.aa.'lysea ·W~I;'~ .~arri.ed ~~t,, 
	7. l WING P~ORM. ~~RIC ·STUDY 
	'-""~-. In· :fh~~e ~� of the stJJ.dy~ the wing·p..lanform �e·electi'on:, 'l:lirig loa~.tng, asp~t ,at;lo" aud leading-edge .sweep .a~gle were varied,· The Dlllt#X of w.ing sizes :aaW ltiadiog ~dge sweep angle, is ~~fin�d as· follows.: 
	Wiog. 1 (WlH Ai ioo: 3.0;· w/s ·�· 60 psf; A .. 35° �.4o0� 45°.1 50° 
	Wi,t,g i (W2): AR � ~-~J. W/S � 70 paf; A.� 35°.·, 40°.,. 45°. soo· 
	Wing :3· (W3).: AR "' 4.0; W/S � 80 pil.fJ ,A. 35°�. 40°·~ 45°' 5(iO 
	Wing. 4 (W4}: AR � 4.5: W/S � 90 pd.; A·� 35°, 40°, 45.9' so0 · 
	Airplane pla.nform..,compa,risonil,are shown in Figure 7.1-1 ~n·r~ugh 1.'1-4 ·at the four· wing sweeJ)' angles tot ·-wing~ l 1 2, ·:l. and 4 ·of .the ·matriX, (The· let~(;li;-~ A., B; c·,.. D tn tb,:s figures signify wing sweeps at 35-, 40,. 4.S, and s·o degrees, ~esp~cti,vely � .) A coii,~adson ·b shown ·1n F!~r-e.J. l-5. for 
	the 35-deg.ree;.witig-..sweep cail:~· wi,th. ~J,,e four· diff~rent wings 
	delineated :abov.e .and the tail sizes aseociate~ with each,. 
	Bli!>l~Or d~ta ..... ,&...;· in ngo.. 7�. 1-6 ��� th0 45-.,.s��~-~ 
	ving.-aweep caee at a cons.tan:t. 6!)-paf wing loa~ing. · : 
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	SEG.RET 
	8:Sth ABWIIPI 
	fotJpB ~onsld~~ed, ·.~peti"ence �gained .in tlJ,e· appl.tca.~ion of superi::dti~al .a~rfoila to wlli.git. o.f ·:sevaJ."al typ1u1.� (il'.lcludi11g F�Ul, r~111 'tACr 1 ·a~L, F.X) i~di«)at~s tltat the potential ·pay~ff .t.~ducea as ~4lg .tJc �.r~d\icea.-. As a r-~ault of this exp~rl:ence .and t~ ~ansul!tabion wlt:h Dr, .R.-T. Whitcomb· of ·lw,iA La.ngley,. it WAB decided to limit th~ tie of this· st;u~y to ..0 ,·06. Ct' .Si:eateJ:', 
	~ Tile _following· uat aumnarizea. tlu.t ground. .-.rul~� i.:Mt were es·tab1ished ..ln conjtinc~lon with tbe. ·matrl; .o.£ va.dab.les prqy:l.oiis1,-d~lfcribed for genet�ti~g the req,µ::l.r~d: design dat;a.t .. 
	2. ·'I:he e/4 of all ·r.eferen~~ wings i~ .locai:;e~ al_: c~nlit.tit fuse1agi .. 
	3,. Tne hcirbontal :taU moment .arm b· held. ·con�tant (17.l,·3 .in.)... · · · · 
	4. The wing thickness and· .t�per ratios.. a~e h~ld 1 ~-0~1). 
	·'the veJ.'tical tail -ge.ometi! And 'POS·it~oµ ~~ ·~eld c;.onsta~t ·(su.T "" U.l~. f~ .~ AA. � l.3.2.6.$, :A..� 0,4,:. 
	1
	/\Lg � 45P). . � ,. 
	·6. · The ··"d".-distance to the fl!JCI)o11,d wing rJ>ot !;lhord h h.~Ld ~otiet;ani: (54· in·.� measured ·from .air.., plane cieote:rUn~). . . 
	7-, .rh.e .sizing: hodzpat6l · ta;l l g~0p1etz:y chai:ac.ter~ i11t11::-s· (~ -3.·o~ >.."' 0.2. and Au -35°) te~ constant·. 
	8·.. 1be 11d11 4ista~ce t0 tl\e exposed horizonta-1 tail roi;,t: .chord teP.1id.n♦ const•nt (Sl,,5 ia, ,. 111easur•d from. ai~plane. centerline)". 
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	, liAa'JWIP J FOIA (b)(1) 
	/E.0,13526·SEC; 3.3; 
	!(b)(4}!1.4. (a)(g) 
	' 
	I
	'L...-·----············.................____ -·------·-·--·--; 
	9. Thf! ratio ·of th.e exposed ..horizontl!l tail area lo the aidng :.h~r,i,:ont,1 ·tail ·&!';'ea remains const&l'lt: {.0.� 866), 
	to. An ini"t.ial ii.zing· horizonta.l t:&ii -i'-' d~!;:ermined by a h);,rizontal t.ail vcilUIDe coefficient· of 0.26· alld by "ing geometry def.f.n"ed ~Y. Ai. • 3•. oi: A .. o.. i-_. W/S. ..,. 6.0· ps:f •. · 1'hi.s e~ tobt~she.s a· hori1ontal-t~U.~af~a/wlng..a~e.1,1. ratio of. 
	0.202. As t~e w.ing g~ometry ch4nges because of variationu.. in aspect ratiQ e.n!,1 wing load., ing, the. sizing .hori.z1mtal .tail area is · es·tabliahed by· keeping ;he ~r~a r.atio ot o�.202const~rit, ' 
	(0) · Sin.ce the primary ,tnterest ia· in man~uverobUU;y, t;h~· p�i:-�tr.t~ ~Qmpa.risq~'f pl;CJts were eonstruct~d otl the :basis of l:wo ·mane'UVEl~ ()4l'aiteurs ,. 
	t. Maxillll,1111 s:us ~ained load· f'act..or a1; Mach ,. 8 , � 9 , .9S., ano· l ;2 at Jo..-000 ft.. . 
	2. Ene,;gy rate· for .!�g ·fltght at ~ch 0.9 at. 10,QOO ft. 
	(U) Thl!f .weight and a¢tody11ailli.c· ·data. used .11pd tl;le performan~e 
	. are· -pre,,.nted in ~e following subsectlons: i
	:·
	.. 
	i 
	f: t .l.l Structures and Weights
	.� ., ' 
	i 
	(-tl) 'Ihe weight analy.sis £pr .the param~tr:lc s.tu:dy W&$· pet�. I .,· ·f1:Jrm9:/;l ,-,,ith .the sllln.e-tec~.n;f.ques 4iscus11ed in ,section J ;5 , . The re1n.ilt,a ,of t.his ar;:udy a:i;-e. shotin ia Figures 7·. 1-7. and .-a·. 
	I.t "is .notE\d tbat ·t:ne ..edge. maneuver. Uap. baa: be"n re
	J 
	placed·by a. .. fixed leac!itig ·edg~ and· that the w~ights .reflect tliis� change , · 
	i 
	1.2 Ae·rodyn�ies 
	(U). The miri·~ cir~g l\nd drag .di.le. t.o lift ar,e computed by the methodology dacumt:nt:ed in·.ae.tareMe 1,:, . rJie pr:im,ary
	:, 
	< impact· of. the. supercdt:1~ai o.1rfoU 1.11 1I11tnifee.ted ia ·tb::J inc;e~se in drag div~zgence Maoh numbet',, which is dete·i:mined �. ~ f f~pm ~he ·~ollowtng equa~ion :. · 
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	{Thh..Puga_ Ii UNC.LASSt:FlE~.) 
	(U) AM�· (AMno)ite-f :t-(tic·..:. Q._082) 
	·The C*~im>Re'f' shown in _Fig~ra ·z:; l-9· is_ derive~ :from_ Lang.l,E!y· Rese~rcn Center wind tuanel. tests of ~"e -F.-1,11,/-TACT. 111ocle.l with auperc-ritic,1 ail"fo.U.a. -~he seaon.d t~i:m of the eq~t:.f:'o'n c:.or'rects .for· d.t#.er.eocl.! in thicknt!.~� _1;&t.l,0 be·tween the wings ·-c.onsidered ia :thi_.s -s.tu4y and. t~e wj.~g_s .thJ1t. were l:est~d~· 
	(U) l!'.I addi~:r.c~ to 1,ncrea-,!!tng ~e drag· div:erge~c.e Mach _ numb~f, the supercritii;:~l atrfo·H also·. ruui _the: a.dv�~tas~ Q_f obtaining high I/D t-§ .wiGb01,1t ·.t;~ -use. of a l~~~ng--edge fl;~p b·~caus~ ~f. t!i,e Muni; lead!~ ·e4g~·· ··.An super~ritica-1 wing ~a fix~d. lea'dint e'dge ·and i:hurdore offer aa, a.ddit:ion-at ·w,f!.ght savings. · 
	. (U) ·1'1'th regard-tid-trim d·rag. c-ei:tll°in.-si111plifyirit as.s~p1:l'ons ar.e ·made -in. th~-de.a.tan Jn4 dev.fill\C?.pm.1:i!ni: ·of~ fiaJite;·~· Cons,iderable :e.ffort is dir-ected tOl(a:ccl mtniuu.aa-tion of trim drag_. aQd. J:t: ·1a rJa.sonable ·to· .~ssume thiit -levels· of t,dll! dt~g: cOllipa.tt�ble t,o t.\'lo~e· f.ci-~'! :t,l\stc b-leoQ_v~, ai1::f0i.~ are . a ti::a,inable fo.t toe ·superc ri~i.cal will&; Tn·e ·criat cl-rag. is ~ompuc-ed· by ;akirJg ·the· r�tti> ~f t-D· ~ntdmed. c'lr11g due to l
	7,1,3 .~er.f~rt1'~Th~~ 
	.(U) ~~ali.~_d.c es~bates. o! the ~l$neU\~e-r p~rfotmance .p_s.rametel's must.-include...botb ·aerody.n~mics •nd -'til~lght~_. '»ha.~. is 
	(a:z.)1'118X· =: Uf~ @ max. tbrus.t 
	. ,t:Olllbat. weight-
	and 
	combat wt·, ., (c~bat wt}4018. . + b.comhat Wt. · Baseline 
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	o·eN'FIBENHAL 
	(Thi,. Poa,e Is ·UNC l.-\~lflEO) 
	rrevit:!US· .s·tud le9· sho}'I that .the change .in c:·ombli.t weight Pk')' 
	be a.ppr01d:nia.ted. ·by the simple ,eguadon · 
	i1C9!11b.a.t wt· � .2..-?S x Ast~cc;ura·~ w~, 
	{U.) tbe 11ea-ults of ·thi's parametric st:i,uly. are .aummai:~11:ed� .la.. F·igw.:-es · 7~l-).0 tl)rougt\ 1.·�.1-13 ·in ·the:· £oi;ip .of:ccmpada.un~ of th~ se.l:e1;:ted p.aramet:et1. 
	(U) ~ effect of ·sweep· at ·aspect ~�da (l.O) is . ~at~~~f.!ft-PJ iJ~~~~ :P t-J~ur.e 7.� l--10.,. '!fh~re .it i!J ~~en tJaal:. 1,n~r.,asiug I"-~~.3 3 {b) . sweep. s;enera.lty improves bo·th .~ and 18 ~P.. :t.o ·about 4S · ·. j~·s·ct, · · · · .degrees. This is P,. fDl?c.! ·e~illpl~ o.t t;~ 'b:!lld~ofj; be~~ : . . .~ ( 
	w~~bt ~ntl a.~ro4yn-.i1cs, l',r:fom11.11c:.e-da·ca f~r '1S'~~~J_. "J .. 4'01:B (witti.bic:onvex wiag) are shown in the .f~re·foi:' refet�· ..St'-,l,'-A ence. ;rhe tuperti.titiclil wlng pr~v-td,s .larger load.:-factor 
	.:v~lue.s. a~ stibs.oni.(! ,gp,e-e~s an'd :Sligh!;ly Sll!&ller 1/'&~ta~B at.· Mach l,:2-The S\lpe~rl:tf.cal a:tefail also haa·.a -lowe-r energy rate (Ps> at ·~hl!·.Ka~h 0.9 l·s·.co~~itlon �.~ .a w~�·.1.'i"adf."~g · e~g.e .11~ee~ of ·.3~ degrees.. This is due. J:o the his.tier=· mln:lmuia ·dt"~~ of .the b-lun~ sup.ercritical 11ing ·a.8 cmapared t:o ·the ;sJ,atp 
	.~i;c'!>nv~ wiqg.... As w~ng-}.:ead.ing,-.l!il~&e sw,r~p .,is :f.nc~eued~ tbe. 
	. ·minimum... drag is. ·ie.ducad· ao· that the. energy rate fox' t~e sµ.i?•r.c: citi~•l:. aix,fotl. e.~ceil5',11· ·tl-ia,t: ~Qr ·tpe..·bL::onvex w:l:ng:-at,sweep. ari.gles above· 40 degn,5 .• 
	.. (~) '.fhg ~~~(:;j:S of v~11ying wi~.g iaad1':\, at 1.1.0Nl~t ~p,an,. b,JBB~·i ne sh~q. l.n ·FigP.rE_!I! 7 ;l�ll :-and·· -12.. Obv~ously,,~ans:Lng:
	' 
	l~I.L1$.. loading with· r.pan .. held constaQt ucjuir·es·' aspect :r:a.ti.o. ~~1)3
	l 
	:((bl/$) to v,4ry al9~g ~~th :~d.ug ;tua~:ln~. (W/.S) ~ ·xhe ~e1;.µl~. i,s ·~~:keep..~aduced ~~ag ~Cn1;), cons.tan~ (fol: ·(l :Sivea li(t) ·sc1-. .thal: the,2pure .effect: of: wing s.ise .C~.) can. be abs.erved, .f..e·,.., 
	CD • C:r; hr (~2/s) e.. ~t j.s :s.een ·tjlat io.C't!tali~g.·wiog 1oa~ini improv·ea. the; eust:il;nep· load,-fa~tor caeabilitt .and ·degr~ides th.e L-g ene.~gy rate. ~ J:nc.re4!1-Se4 turn ra~ (higher nz) f0r the. W/S '"' 60.' psf .superc•ri'tical. wing ccmfigural:ions ( /\ .,. .],5Cl ;i,l\d. 4~.C!) ·~t-' subsonic ·.~p·101d• 1 ..tdat::l,va ·to t.P!e. baa't.c, 4,011·, . 
	1.ndlcatea· a 1r.ca~II!~ lif~ pe~ uait· �t:ea .fo.r the �~pe1!'Cri1:~al wing sec·r::1:on~ '.fbe· 4·S�degl'ae�swee~ superc.d:tfoa.l. w.iag 9011~ figure.tioa .of 1'ig~re 7, ~ 1-:-12· !.lllto· -sh~s ·.a rate (.Ps)-�tba~ t.h.e btJsic 4.01~ ring confi,gur~1.t'i,oa. · 
	(U) T-h.e /\� 45~, ·w,s ... 60 psf :CM ... 3·,0) p.l~fa:cm was. )le.... 
	. l.~cted a~· J:~J bf!st· c~pS:DJ1!i.~~. £or-tbe. :aapect-rat.:l.o °"'. 'rliis: effect° ii s.L11marized -ii\ :Figute. 7.'1~13. :At suh.!!ionlc-. speed~· tt is aiten tha:t ·:inc;reasiag· i\R. i:iz but i;legrad.e.s ·t1te.1..g f.11 at. J'iach' ~·.·2; .~z reaches ai) (!!pt~ at &'bout All � 
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	.(U) l~ be.comes .readily: ~pp~re~t ~hilt oo one pl.an~ot'rii is best-for .all conditio~s-; �thei,ef'ore, the seleci:ed p-larrfcir111s wfll ne~~ssai;.~ly .be a cqmpr9mis"e. Two planforms were se� .lecte~ for r,Ieta-Ued a:nalyiils , · 
	( l} AR .. 3. 75: (/lR "' 4. O wt.ch curved t'fips). 
	1,,.50
	W/-S = ·60 psf 
	(2.} li'R. .. 3.o· (AR; .. ,3.� 2 'w:J;th c;ut:vad'. .tips.) 
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