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- - 7 INTRODUCTION

In view of the questionable availability of sat- I

isfactory fully rated J46-WE-2 engines for the
- F7U-3, a study has been made of an installation
of a single J57-F-1 power plant (with A/B) in the \ r
airplane.

A significant advantage of a single engine ver-

sion of the airplane is the wide choice of alternate

' power plants that would be available. These are

; _ the J40-WE-10, J35-A-23, J67-W- , and J47-GE-

’ 21. All these engines currently have most active
development programs scheduled. This report has
been prepared to show both the characteristics and

e performance of the airplane with single engine in-
stallations.

"REVISION DATE:
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, SUMMARY
A discussion of the necessary modifications to the basic F7U-3 i

fuselage to accomodate single engine installations is given in Section

I. Figure #1 is a three view of the modified airplane with the portion

of the fuselage requiring redesipn so indicated. Figure #2 is an in-

| board profile of the airplane without power plant installation. Each

power plant, with a matched tail fairing, is on a separate transparent

| overlay, and can be compared individually by unfolding the intoard
profile page and inserting it successively under cach overlay.

Section II covers the assumptions made in arriving at the perfor-
mance and weights shown. The comparative performance and weichts f
are shown on Tables I and II respectively, Lapse rate vs speed cur-
: ves for the various enpines, at both sea level and 35, 000 feet, are
i given in Figure #3. Figure #4 shows the wind required over the deck
{or catapulting each of the five single engine airplanes considered, as
a function of gross weigl:t.

Section IIl discusses eaci: of the alternate power plants in some do-
tail. Comparative engine characteristics are given in 'l'able III. The
= desired airvlane accessory provisions are shown in table IV and the
: available pads on each engine, based on the latest information {rom the
manufacturers is given in Table V.

Section IV covers tiie latest information on engine availability.
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Becsuse of the centerline {irewall in the Lasie U7U-2, the aft fusc-
lase must' e redesipned to satisfy 2 single enpine installation. Refer-
ring to Vigures #1 and #2, the fuselane is unchanged (rom the bacic
#7U-3 forward of station #2645 (uetw; en main and forward {usclage fuci
cells), and the pun installation, engine ducts {orward of station #2465,
and the main bheam hulithead {orgings remain unchanged. U ith the ex-
ceplion of the items mentioned aove, a new fusclace is required aft
of station #205. This new fuselage is designed for aft engine removal,
with engine accessory service access still provided on the bottom cen-
terline of the fuselage. A new main fuel cell i:= euuired as well as
two new side saddle tanks te replace the top ¢ nterline saddle tank ou
the cresent airplane.

34" main wheels are incorporated in place of the 30 ls onthe
bavic F7U-2, Since space provisions have been incorporated int o

basic airplane for 34" wheels, this does not involve any change in b
tail f:—lll"ltlpu-\u. It is acsumed that the main rear struts and supporting
structure will be able to take tie ro;;oriionateiv higher ‘spin-uyp loade
and bending moment imposed by L.v larper wheels, on the assumplion
that the take-olf weight of the Lasic I 7U-3 ’xlrplflne will bhe reduced.

Any reduction in ta e oif Weig?;t of the basic FTU-3 soould apply dirsc
to the various sinple engine configurations,

In order lo maintain the 25° catapultreleacze attitude of the airplane
without lengthening of the main landing gear and stay within acceptaile
limits of unswee;: to the rear fu"-‘e‘l'lr*’* hm,,., the afterburner lens
tirce of the power plants liave been shortened. “The J57-! -1 las been
shoriened 10,06", the J40-.E-10 has been sloriecned 21", and the J47-

-21 has been shortened §,6", The 35-A-23, with its short alterburo-
er, must actually be lenpthened 27" to keep Lhe drag due to fuselae
"tumble-home', 'in plan view, within acceptable lirmits. A slight bend
has been-incorporated in each afterburner near the exit, in ordertopass
the thrust line throuph the airplane CC., "hese minor changes are not
considered to reflect any measurable change in airplane performance.

i

th of
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II. IPERFORMANCE AND WEIGHET

(a) Performance

The comparative performance of the five single engine versions of
the F7U-3 airplane is shown in Table I. Qualifying notes on sources of
engine data and installation loss estimates are given on the face of the
table. The lower thrust of the J35-A-23 and J47-CGE-21 is somewhat
compensated for Ly the fact that these two installations have boundary
layer removal ducts, whereas the three larger thrust engines do not.
This is covered in detail in Section III.

It will be noted that the performance of the airplane with a J57-}-1
is not significantly different from the basic airplane with two J46-WE-2
engines. The low altitude performance is slightly lower and the high
altitude performance is slightly better. The radius of action, however, -
is significantly improved with the J57-F-1. In comparing the relative
performance of the airplane with one J57-F-1 engine and the airplane
with 2 J46-WE-2 engines it should be kept in mind that the J57-F -1 is
a new engine with a considerable development program already planned
= for it.

The performance of the airplane is approximately the same with each
of the other single engine installations considered (with the exception of
the radius of action with a J67-W- ), thus assuring a maximum avail-
‘ability of power plants for the airplane at no significant change in over-
all performance. The considerable increase in radius of action with a
J6T-10 - results from the low engine weight, low specific fuel consump-
tions and lower afterburner boost ratio, based on the limited preliminary
information available on the engine at this time.

For general comparison purposes the lapse rate vs speed is shown
for the five power plants considered on Figure 3. Curves are shown for
both sea level and 35,000 feet. TIigure #4 shows wind required across
deck as a function of take-off weight for each of the airplanes considered.
The 114-1 and 18 are the only catapults shown, since the CIO is not critical.

(b) “eights

The weights of the five single engine airplanes considered are shown
in Table Il. It will be noted that the "basic'" F7U-3 used as a base for
ooth weight and performance calculations weighs 29,286 pounds. Any
reduction in weight of the basic F7U-3 airplane will be reflected directly
in the single engine versions.

L

’ REVISION DATE:




PERFORMANCE COMPARISON -

TABLE I

SINCLE ENGINE VERSTONS OF THE FTU-3 ATRPLANE

Report No. 8472
Page No. 9

(1) Includes 5 knot margin
_(2) _5_07_/ .920 neglecting engine cut-off limit.

ENGINES hfwo P71 Notes - FT7U-3 Single Engine Performance
36 wE-2 57-P-1 L[ho—m:-lo J35-A-23 | J67-W__ |J47-GE-21
Spec, : Engine Ratings:
Sea static ,~combat, lbs 12200 . 15000 13750 13000 14000 13050 Eetimated Development of the J57 Engine, Pratt and Whitney
g o owih A3 prov 1%%0 9900 {u, i 3 40Q Wl qgps | Installation Memo Report No. 149, dated April 11, 1950, revised
WEIGHT, 1bs, "' No AJa prov. M1y 3 oo 208 2702 70us] Merch 23, 1951, -
o With AR : [$000 12700 iq 200 3ofp )
e " . 286-D, USAF Model J35-A-23
| Take-ofs | 29286 30275|  29503]  29965|  20082]  2ques el Spectiiont o Bog 200,
1) 25608 26637 26005 26377 2540k 25837 Twrbo-Jet Engine, dated April 29, ].91&9, revised December lb, 1950.
Landing (4% fuel) 2390k 24803] 24211}  2h583]  23700]  2hok3 Westinghouse Model Specification XJ40-WE-10 Turbo-Jet
‘ . Engine, dated June 7, 1950. ’
| BUEL 10AD, 1ha, : 8a70 L8970 8970 8970 8970 8970 '
ENGINe \MSST‘ I0¢.. Alp o '+7Q’m 3941 B 4300 B dove Estimated Average Performance of General Electric J47-GE-21
| PERFORMANCE Sfe, dry wil " oy S g AL .49 92| Turbo-Jet Engine with Reheat Afterburner, Bulletin No. R50GT106,
wil B @ L 1.5 2.0 1/4p| dated November 2, 1950.
L Take-off Weight ' G
Radins of Action, Na. Mi. 460 h Duct Losses:
N 21 90 ‘leO 230 ’QO The air flows of the J35-A-23 and J47-GE-21 are such that the
-3 ducts (including boundary layer ducts) are useable; duct
| Stalling speed, power-off, Knots : : 5] ¥ru-3
Ill:;g i‘;‘z 1’:%- 117.3 J‘;f 2 M loasses were estimated accordingly. To provide the greater airflows
__ﬂhmnzjmﬂ,rnmhn_m,_m‘ 1 107 104.5 106 required by the J57-, J40, and J67 engines, the boundary layer ducts
R \red : () were oliminated and the losses were inoreased accordingly.
_ Eh-1 Catapult 33 36.5 35 37.5 3k.5 36.5] Weight: :
HB8 Catapult 30 33 31.5 3k 30.5 33 The weight of each single engine veraion of the F7U-3 is
Cl0 Catapult None None None None None None | based on a take-off weight of 30,275 1b. for the J57-P-1 airplane
and reflects differences in engines. (In the "Study of Possible
{2\ Improvements to the FTU Airplane", the take-off weight of the
614/.931 525;'5@ 6] 609/.923 | 603/.91k | 606/.018 | minimum change J57-P-1 airplane was quoted as 30,545 but this has
600/, 942 595/.934 | 596/.935 | 590/.926 [ 591/.928 | 591/.928 | been revised on the basis of a new engine spec.) The comparable
543/, k5 Sy gy |1 sko/ 939 | B39) .03 Tiowo/.959 1538/.955] [ RRE=el welehtaf's Saln enalne JR5SURSE veradon of  fhe B-3) wonld
e 29, .
17800 14550 16000 13900 13730 13630
5700 6260 5330 4310 Eoh 0 960 Clpay 18 1.2 based on best estimates,
Drag ve Mach Number:
—Celling for 500 fym rata of olimb ftf 48300 49700 49000 47800 k9200 48700 A low speed drag coefficient of 01Tl 1'b/mph2 was used. The
variation of Kx with MN was taken from CVA Report 8478, Performance
| Time to olimb to 35000 ft.; min, 3.3 3.7 3.6 4.3 3.8 k.1 ] pata Report, dated June 19, 1950. g o e
v J . p » Poirm PR aapd Wi ARt
¥ o F“‘ ) ; Qi AR A L { i "
— X petaed 20" L 0} .
| Stalling speed, power-off, knots 105 107.5 106 106.5 16,5 105.5 |
| Mark V arresting gear limit -10 kts.[>) 103,5 101.5| 102.5 102 | 103.5| 102.5
| Mark VIT arresting gear limit-lokts,}3/ 120 120 120 12¢ 120 120
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CALCULATED ST*E%"EE(;; REPONRT ®o. 872
PAGE NO. . 10

DATE F7U-3 SINGLE ENGINE VERSIONS

MODEL WEIGHT BREAKDOWN

—————— e e e e e e e 2 e ;*.;:i-:m

R A A e |
~ENGINE-FYPE—— — ?thﬁ“—WEEfI/‘JS‘TP—'-IT 1/JWOWELO 1/J335823  1/367W [1/‘.7‘1;7@21
s - . — T PR ..f_._ . * - S A /R e S
_ ( 12%,4! @ _(_1}_)______{'% (e} (5) (6)
L SIRUCTURE | (8626)  (8888) | (8388) ! (8888) (8883) | (8888)
* =

—2 POWER PLIANT . | (589k) | (672h) = (6ob2) |  (6MAh) . (5531) | (587%4) |
| % Tngine 1 3783 . kés0 .. 3968 _; L3ho . 3457 | 3800 |
3 Fuel Syatem | 1721 ; 1755 | SO L o v S SO 1 s o S SO Y 5 SO WS 1 5 > O

Accessoriea Ete, J 39 ; 319 | 319 | 319 : 319 319

]

6
o DQUIPMENT . | (4519) | (4416) . (4h16) |
0

(8416)  (WM16) | (4416) |

+

A WETGHT RMPTY | (19039) . (20028) (19346) _ (19718) = (18835) [(19178)

13 Fuel . | %70 . 8no , 870 , 890 . 8970 | 8970 |

2 1. L. less Fuel . | 1277 . 1277 . 1277 | 1277 , 12?7.....%- 1277
) .

(16 USEFUL TOAD . | (loeh7) . (10eb7) (102h7) | (1oeb7)  (1oek7) (10247) |
e sl pa g i |
By o o | | ; | A

19 GROGS WEIGHT TAKE-OFF . (29286) (30275) (29593) | (29965) (29082) (29425)
20 ] , S ; ; R
O Lo : L N

+

TErTes ST
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II1.

POWER PLANTS

‘he bas haraclteristics—o e-live smgle engines considered are
shown in Table III with 2 J46-WE-2 engines shown for comparison pur-
poses. The desired airplane accessory provisions are tabulated in
Table IV, and the available accessory drives on each of the engines con-
sidered are shown in Table V. Each engine installation is covered in-
dividually in the balance of this section,

(a) J57-F-1

The high compression ratio of the J57-F -1 engine accounts for the
superior high altitude performance and lower cruise SEC, the latter
being reflected in the improvement in radius of action. From an oper-
ational standpoint, however, probably the most significant advantage of
the high compression ratio is in maintaining dependable afterburner com-
bustion at or near service ceiling.

From the airflow data in Table III it may be seen that the airflow
for the J57-F-1 is higher than that for two J46 engines. As a result,
it was necessary to remove the boundary layer ducts provided for the
J46 installation in order to provide sufficient duct inlet area. It should
be noted that the duct inlets will thus be identical to those on the interim
F7U-3 with two J35-A-29 engines. This increases the duct pressure
losses, particularly at high speed, and the airplane performance shown
in Table I reflects these higher losses.,

In order to satisfy the desired accessory requirements of the F7U-3
airplane, three of the presently proposed pads on the J57-I"-1 engine
would have to be changed. The two AND20002 Type XII E pads would
have to be converted to Type XII F or K pads to accomodate the power
control hydraulic pumps. The AND20002 Type XII D pad would have to
be converted to a Type XII I pad for the DC generator. The AC gen-
erator could be driven by an air turbine motor if a constant speed drive
Wwere not provided on the engine.

(b) J40-WE-10

e it

The J40-WE-10 is the longest of the engines considered, primarily
due to the front-mounted accessories. Consequently it required the
greatest reduction in afterburner length (21") to keep it within the air-
plane limits without lengthening of the main landing gear. The front-
mounted accessories will not be as readily accessiblefor servicing as
on the other engines where the accessories are on the bottom centerline
under the compressor section. Similar to the J57-F-1, the airflows for
the JE0-WE-10 are higher than for the two J46 engines and therefore,
the boundary layer ducts are removed. Here again the performance

shown in Table I reflects the increased duct losses due to lack of bound-
ary layer ducts,

One additional AND20002 Type XII K or F pad is required for a power
control hydraulic pump to satisfy the requirements of Table IV on the
J40-WE-10. This engine is the only one which provides a constant
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speed drive on the engine, permitting the AC generator to be mounted
directly on the engine.

(c) J35-A=23

The J35-A-23 engine with afterburner is the shortest of the five en-
gines considered, due to the use of a short afterburner. The location
of the engine is dictated by balance considerations, and, in order to
keep the "boat-tail" drag of this version comparable to the other engine
studies, a segment of tailpipe has to be inserted in the afterburner.

It will be noted in Table III that the airflow requirements of the J35-A-
21 are nearly identical to those for two J46-WE-2 engines. Thus, the
duct inlets and boundary layer ducts of the basic F7U-3 can be retained.
The duct pressure losses are consequently kept to a minimum at high
speeds, and the resulting overall reduction in installation losses tends
to compensate for the lower thrust ratings of the engine.

One additional AND20002 Type XII E, ¥, J or K pad is needed on
the J35-A-23 engine for either the utility pump or DC generator, to
satisfy the requirements of Table IV. This might possibly be supplied
by conversion or adaptation of the AND20007 Type XVII F pad which is
presently supplied. The AC generator requirements can be satisfied by
a constant speed engine pad, a Sundstrand system or an air turbine motor.

(d) J67-w-

The data available on this engine is not comparable to those avail-
able on the other four engines considered in this study. 7The available
data indicate that the engine is basically similar to the J57-F-1 in per-
formance, however, the combat thrust is 1000 pounds lower, due to the
lower afterburner boost ratio. The current quoted weight for the J67-
W+ plus afterburner is significantly lower than that for the other four
engines studied, thus just about balancing out the thrust difference. The
airflow requirements are similar to those for the J57-F-1 and the J40-
WE-10, requiring elimination of the boundary layer removal ducts, with
the ensuing increase in duct pressure losses.

Changes in accessory drive provisions, if any, cannot be estimated
at this time, since the basic engine accessory drive Wovisions are not
known, e

(e) J47-GE-21

The installation of the J47-GE-21 is very similar to the J35-A-23
except for the longer basic afterburner on the J47 engine. Like the
J35-A-23 it will be noted that the airflow requirements for this engine

are nearly identical to those for two J46-WE-2 engines. 7The duct in-

lets and boundary layer ducts of the basic F7U-3 can he retained, thus,
reducing the duct pressure losses with this installation. This is reflected
in the airplane performance shown in Table I.

T
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The accessory situation on the J47-GE-21 is also similar to that

on the J35-A-23 in that one additional pad is required for the utility
pUMmp0 DEpe ator. Here again the AND20007 Type XVII E
pad which is supplied might be converted or adapted to satisfy this

requirement. The AC generator requirement can be satisfied by a

constant speed engine pad or an air turbine motor,
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TABLE IV

ATRPLANE ACCESSORIES DESIRED

Accessory Number Manufacturer AND Drive Pad Aﬁ&q'uj,{ed.

= Power Control §. Y KiF Brake — AND 20002 —Type XII K
| Eydraulic Pump Hemilton Standard AND 20002 Type XII F

Utility Pump N. Y. Air Breske AND 20002 Type XII J or K
Hamilton Standard AND 20002 Type XITI E or F

D.C. Generator AND 20002 Type XII BE or F
4} (400 amp)

*Alternator ‘ Special Constant Speed Drive.

#The constant speed drive may be supplied in any of three waye:
1. On the engine similar to J4O-WE-10.

2. Sundetrand system which requires an AND 20002 XII F pad on engine
for the hydraulic pump, but which removes the need for a utility

pump paed on the engine.

S— Air Turbine motor.

'REVISION DATE: |
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AIRPLANE ACCESSORY PADS FROPOSED OR SUPPLIED ON EACH ENGINE

Engine Accessory Nﬁmber AND Pad & Type Continuous Torque Rating
A7)
| J57-P-1 Starter AND 20002, Type X1I-B L2no

Generator AND 200n2, Type XII-E 600

Generator 2onc?, Type XIX D
- Hydraulic 20002, Type XII J
: JLo-WE-10  Starter ] AND 20n02, Type XII F
! Generator enor2, Type XII E
*— #)1ternator 20006, Type XVI D
{ *CGenorator 1 AND 20002, Type XII1 E
Hydraulic ;3 AND 20102, Type XII K
#Special constant speed drive pads

Starter 1 AND 20000, Type XVI-S

0

|
L Generator 1 AND 20007, Type XVII F

Genarator 1 AND 20002, Type XII F 1500.

Hydranlic 2 AND 20002, Type XII K 1000

7 There 18 no apecific information on the acceasory neda
on this engine evallable.

Starter 1 AND 20006, Type XVI-S 4200
Genersator 1 AND 20007, Type XVII-E Loro
? ! Generator AND 20002, Type XII F
k Eydraulic AND 20Nn02, Type XII K

Hydraulic 20002, Type XIT J

REVISION DATE: |
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1V. ENGINE AVAILABILITY

- The following tabulation gives the current best estimate on the
availability for installation in a prototype airplane of each of the
five engines considered in this study:

Availability for

Engine I'rototype Airplane
; J57-P-1 - July 1952
| J40-WE-10 March 1953
: J35-A-23 January 1953
- J67-W March 1953
— J47-GE-21 March 1952

T'rom this table it may be seen that the J47-GE-21 offers the
earliest probable availability for prototype installation in an airplane,
followed closely by the J57-F-1. The availability of the other engines
is later but certainly in time to be realistically considered as alternate
engines beyond the prototype installation.

[
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