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1, To report the results of an investigation of power plant selection
for six engine heavy bombardment type aircraft,

2, This study was made as a further effort to determine the effect of
varlous parameters on long range alrcraft,

5. This study also fulfills the request of TSESAZ in Routing and
Record Sheet dated 13 August 1946 for this type investigation,

( B, FACTUAL DATA:

1, The XB-52 airplane, which has a design groas weight of 360,000
pounds, a wing loading of 110 pounds per sq, ft., at design gross weight, and
is powered with aix ¥right T35-1 turbo propeller engines appears to have a
very high gross welght for the range it achievea because of the combination
of high apeed and range requirements, There ia no improvement in range in
this airplans over other contemuorary bombers which are of & much lower gross
weight, The rangs of the XBe52 airplane is 8,300 miles with 10,000 pounds of
bombs at design greas weight,

2, Performance studies were made based on the XIB-52 airplane with
various types of power plants, The power plantg used in this study were the
¥iright T35-1 turbo propeller engine, the Lycoming R7795-3 engine, and the
Pratt and Whitney RL360-C two-stage compound engine with dual feedback turbines,
The ratings of theas power plants are given in Table 1, Appendix XI. Further
power plants details are discussed in item 7 of the discussion,

4 3. A performancd study was made of the XB-52 airplane, keeping the
same design grose weight lof 360,000 pounds and wing loading of 110 pounds per
aq, ft., with six Lycoming R7759=3 engines turbo-supercharged to 35,000 feet
in lieu of six Wright T35-1 turbo-propeller engines.

M
(

""'\.""—1“

No, of pages 21 ’

V-584.5



% T
iy R A DOWNGT} : U\U’.\ﬂ A 20
M.R.No,TSEACL-1261~10-1 K. "uéb' i"?’-{ i m'pniw ALB! m @ ¥
30 Yeptember 1946 Eﬂow e e

L, In an effort to get better range characteristics by virtue of
lower cruising speeds, further performance studies were made for a reduced
wing loading of 75 pounds per sq.ft. &8 campared to ths original wing load-
ing of 110 pounds per sq.ft, The same design grose waight of 360,000 pounde
and a six engine airplane were used in this phase of the study, This in-
vestigation was made for the thipee different type power plants referred to
in paragraph B-g,

5, Further studies were made with a wing loading of 75 pounde per sq,
ft, for a six engine airplane W th the different type power plants to determine
the effect of crulsing speed and gross weight on range, Thias was accomplishsd
by maintaining a constant design range of &,000 miles and determiping the gross
weight of the airplanes necessary to achleve this range for various average
cruising speeds,

6, All range figures quoted are based on a bomb load of 10,000 pounds,
The range figures do not include allowances for takeoff, olimb, reserve, etc,
All high speeds are at design gross weight less one-half fuel unless otherwise
specified, All range and speed figures ars at 35,000 feet altitude,

7. Appendix I is a general discussion of this study,

o

8, Appendix II, Table 1 gives the power plant ratings.

9, Appendix II, Table 2 showa the comparative performance of the
airplanes,

10, Appendix I, Table 3 is a group weight statement for this study,

11, Appendix III contains & list of refersnced reports of previous
sBtudies made for long range. heavy bombardment type aircraft,

12, Appendix IV containa the performance curves of the study.
C. - CONCLUSIONS:

l, It is concluded that the use of six Lycoming R7755-3 engines, turbo
supercharged to 35,000 feet altitude in lieu of the six Bright 735-1 turbo-
propeller engines in the XB-52 type airplane with a wing loading of 110 poungds
per 8q.ft, and a design gross weight of 360,000 peunds, resulted in a slight
decrease in range frou 8,300 to £,000 miles and an increase in high speed from
450 to LX7 miles per hour, The average crulsing speed decreased fram L10 to
325 miles per hour,

- 2= V-5d4.%
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2, Reducing the wing loading of the XB-52 type airplane from 110 \\t w
pounds per sq, ft, to 75 pounds ver sq, ft, for the design gross weight o \({
360,000 pounds, the range is greatly iacreased with both the Iycoming and Y

Pratt and Whitney engines, The range increases from 8,300 miles with thel/

T35-1 to 9,530 miles with the R7755-3 and to 10,800 miles with the RL360-C, (]

The high speeds are L,&2 with the Lycoming, LL5 with the ratt and Whitney

and L,30 with the Wright,

-

3. For a given design range, relatively high cruising speeds
result in corresponding large size airplanes,

Ls For range characteristics and also for high speed at a tactical -
operating altitude of 35,000 feet, both the R7755-3 and RL360-C engines are— - /
superior to the T35~1 turbo-propeiler for a six engine installation in an 5
airplane with a design wing loading of 75 pounds per sq, £t, %)

£
5¢ For range characteristics only the RL360-C two-stege compound \g\\é
which has a muoh lighter installed weight than the R7755-3 with comparable {
specific fuel consumptions, is showm superior to the R7755-3 enigine,

RECOMMENDATIONS 2
It is recommsnded that:

d¢ This study be used as an aid in the preparation of future
Military Characteristics for bambardment type eircraft,

2, Since the aerodynamic art determines the relationship between high
speed, cruising speed, range, and weight, care must be taken in preparing
military requirements of aircraft to establish the primary factor and indicate
the range of desirabilities for the others, Unless this is done, unduly large
compromises result in the performance of the airplanse,

3., This atudy be reviewed by the Power Plant Laboratory with particular
regard to affect of type power plants studied herein on speed, range and sige
of future bombardment type aircraft,

| 0f
L, The dsvelopment of the Pratt and Whitney RL360-C two-stage coupmm{ ‘&j“ 6)

A

{ ;}J"”\

" engine with dual feedback turbines be expedited,

ek V~-584,5
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F-2

5. The development of compounding the R7755-) engine be more strongly
urged so that much lower apecific fuel consumptions may be realised with a

emall increase in engine weight,

6, Baphasis be placed on the development of low specifis fusl con- -
sumption engines with low epecific installed engine weights rather than imp
eroassd power for long range heavy bombardment type aireraft,

Distribution:
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PSEPP P & ¥ Office
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Appendix I ®
Discussicn

1. This study was made to determine the effect of performance with
various type power plants based on the XB-52 type airplane, The following
performance studies were mades

a, Performance of the XB~52 airplans with Lycoming R7755-3
engines in 1ieu of the Wright 735-1 turbo propeller snglnes,

b, Performange of the XB-52 airplana, veducing the wing load-
ing from 110 pounds par 84, ft. to 75 pounds per sq, ft., with the
735-1, R7755-3 and 60-C engines,

¢, For a design range of &,000 miles, wing loading of 75 pounds
per 8q, ft, apd the best cruising speed for range; the size alrplane
necessary was calculated, e r

d, Por ths same given design range of &,000 miles and wing
loading of 75 pounds per #q, ft., but fixing the cruising speedj the
pige sirplans necessary was caleulated,

2, Using the same design gross weight of 360,000 pounds and a wing
loading of 110 pounds per sqe ft. at design grose weight, a performance study
wag made of the XB-52 airplens with six R7755~3 engines, turbo-sguporcharged
to 35,000 feet altitude, in lieu of the six T35-1 turbo-propeller engines,

The installation of the R7755-3 engines resulted in a decreass in fuel load of
approximately 35,000 pounda due to the increase in installed power p weight,
However, the range was only dscreased from 8,300 to 8,000 miles, The high

speed, however, wasg inoreased from ;50 to L&7 miles per hour because the §7755- ‘5

2 engine maintains full power at 35,000 feet altlituds whereas the T35-1 power
drops off at the higher altitudes, The RL360-C engins waa not used in this
part of the study bscause the high wing loading nscessiiab gh o1 '

4]
gg_eda and this engine does not have sufficiend cruise power for these high
crdteing-spesis EU The Miglier gross weights, . =

3, To imptove the range charscteristics by virtue of lower cruising
speeds, the wing loading was arbltrarily decreased fron 110 pounds per sq.ft,
to 7% pounds per sq. ft. using the same design gross weight of 360,000 pounds
for the three different power plants, With the lgwar cruising speeds, lawer
specific fuel consumptions with the reciprocating engines were ufilged,
AIthough the weight wmpty of the mirplane with the 75 pound sq.ft, wing loading
was increased over that with the 110 pound per sq. Tt, wing loading dus to more

L

=5 = (App.I) V-586.5
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Discussion (Continued)

structural weight for the Xk rger wing and thercfore a lesser fuelload, the
rangs with the R7755-3 and RL360~C engines was far greater than the original
range of the XB-52, With the T35-1 the range resained the came, &,300 miles,
With the R7755-3 engines the rangeincreased from %,000 to 9,530 milsw =
with six R4360-C engines the range was further increased to 10,800 milee,
However, with these increases in range, there is a corresponding dscrease in
high speed due %o the added drag of the larger wing, The high speed is
reduced from L&7 to 462 with the R7755-3, L50 to L30 with the T35~1 and ie
LLS miles per hour with the WL360-C,

L, Using a constant design range of 8,000 miles and a wing loading
of 75 pounds per sq, ft, and ulilizing the best crulsing speed for range with’/
the three different type power plants, the gross weights oI The hirplanes
necessary to accomplish the range were calculated, The following table shows
the rasults;

Pratt &

Lycomin: Mmitney Yirtght

(77553 U360-C 135~1 3
Design Gross Weight (lbs) 300,000 256,000 345,000 A Lé“
V cruise (mph) 290 300 325~
V max (mph) L75 Lé2 L35
Fusl (1lbs). 96,500 90,600 154,000
Degign Range (Mi) 8,000 8,000 8,000

The R7755-3 and BL360-C are both far superior to the T35-1 bacause of their
lower fuel consumptions, As far as range characteristics are concerned, the
R4360-C compounded is better than the P7755-3 becausa it has a lower installed
engine weight and has comparable specific fuel consumptions. After obtaining
the above rasults, the effect of eruleing spead on range was calculated for
the above airplanes, From Figure 9, Appendix III, it can readily be seen that
by changing the cruising speed to either & higher or lower value from the
optimum the range decreases, When crulasing at the lower gpeeds, full advantage
is not taken of the crulse power available for low specific fuel consumption,
When crulsing at the higher speeds, the best crulse power is exceeded resulting
in high specific fuel consumptions, y

5¢ Again uwaing a constant deslgn range of 5,000 miles and a design

= 6 = (App.I) V-586,5
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wing loading of 75 pounds per sq, ft, but now fixing the average cruising
speed at 350 mph in one case and LOO mph in another case, the gross weights
of the airplanes nscessary to achieve the range were caloulated, The follow-
ing tables show the resultss

Range = 8,000 miles; Ave, Ver = 350 mph |

Pratt &
Lycoming Whitney Wright
RI755-3 Ris360-C 135-1
Design Oross Weight (1lbs) 325,000 280,000 3€,,000
Fuel (1bs) 108,000 105,000 163, —
Vmax (mph) 470 460 425
- - - - - - - — - = - -" -

Range = 8,000 miles; Ave, Ver = L,0O mph

Design #ross Weight (1ba) 365,000 365,000 100,00
Fusl (1bs) 129,500 148,000 186,000
Vmax (mph) Lés L5 425

From the above table it can readily be seen that for a given design range and
an airplane with s given powsr plant, higher cruising speeds will result in
relatively larger size alrplanes, This effect is caused by the high sruise
power required for these higher speeds whioh result in high specific fuel
wnsumptions, Therefore, for a given design range with a given power plant,
the higher spacific fuel consugptions neceseitate greater fuel loads result-
ing in greater design gross weights for the airplane,

L]

6y Comparing the R7755-3 and RL3&0-C engines, this study has indicated

- the RL360-C compounded to be superior to the R7755-3 as far as range character-

istice are concerned, Both have comparable specific fusl consumptions, but the
RL360-C has a much lighter installed weight, approximately l,000 pounds savings

engine, Thérefore, for a given design gross weight, more fusl can be
carried when using the R4360-C engines and as & result more range, However,
the R7755-3 has better speed characteristics because of its greater power
available, Both, the R7755~3 and R4360-C engines, are far superior to the
T35~1 for high speed and range charscteristics at a tactical operation altitude
of 35,000 fest, :
—————pe T
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. Discussion (Continued)

7. In this study it should be borne in mind that comparison was
made between a Pratt and Whitney R360=-C compounded engine and a Lycoming
R7755=3 uncoampounded engine whose power figures are initially conservative
for the first engins. Single cylinder testing of the R7755-3 predicta
6,000 horsepower military rating. In addition compounding studies are
being initlated by lycoming which will further inorease the power and improve
fuel aconomy, No definite figures ars yeot available from thess compounding
studies, ¥When the figures are avallable further performance studies will be
made which will give s more exacting comparison between the Pratt and Whitney
RL360-C compounded engine and the Lycoming R7755-3 compounded engine, -

- 8 - (app.I1) ' V-586,5
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Table 1
Powar Plant Ratings

Fratt and Whi €0-C Two-Stage Oompe with Dual Peedback Turbines
Reference Ripoﬁ T%% dated 19 July 196

Takeoff BHF/RPH/AL? 4,000/2,800/8.1, °
Military - wet “ n = L,300/2,800/35,000
Mlitary ~ dry LR  3,800/2,800/35,600
Hormal Rsted nin Sige 3,200/2,600/35,000

R77 Single Stage Turbe Supercharged
erence Specification No, 2031-A dated L June 16L5

Takeoff BRP/RPM/ALT 5,000/2,600/8,1,
Military LA B 5,000/2,600/35,000
Normal LI R i L, 000/2,300/35, 000

. VWright TZ%I Turbo-Propeller
erenca Specification No, AC-105a datell L December 19I5

Rqui, Shaft HP Prop, RPM - Altitude
Takeoff 5,000 : 800 8.1.
Rated §, 000 800 - 87,000

- - e d - - L] - L -
¢

# At 500 MPE true and 1,500°F

. AONRDENTEL
CONFIDRNEIAL
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Comparative Pexformace

/S =715 ﬁ/s = 110
xp-52

Wright Iycoming P& ¥ Iycaming  Wright

Design Gross Weight - 1lbs, 360,000 560,000 360,000 360,000 360, 000

Fuel - lbs, 16,78l 127,860  U6,L60  13L,93L 171,514

' Range/Ver - Wi/aph 8270/325  9530/300 10800/290 8000/350 £300/L10
Vmax - mph - L3V Lse v W5+ L87—"  L50 &

Rate of Climd - fpm‘ 1,950 1,280 ) o 1,035 1,590

Takeoff Distance over 50! « ft. L,000 L,300 5,500 6,700 5,500

Boxb Load - 1bs, 10,000 10,000 10,000 10,000 10,000

Alternate Oross Weight - lbew# [00,000  L0O,000 400,000 400,000  L00,000

Pusl - lba, 195,400 163,000 . 181,600 170,000 | 205,000

" Range/Vgy - Mi/mph 9870/330  11330/305 12,30/295 9300/355  9500/L10

Takeoff Distence over 50t'-ft, 5,250 5,600 7,600 8,750 7,200

Rate of Climb - fpm 1,750 1,080 590 800 1,250

Bomb Load ~ 1bs, 10,000 10,000 10,000 10,000 10,000

# Overlosded cendition of D.GW. = 360,000 lbs and W/S = 75 lbe per sq, ft,

CONF ID.

~ 10 - (&pp, I1)

V5865
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Wing

Tail

Fuselsge
Alighting Qear
Nacelle

Power Plant Group
Fixsd Equipment
Woight Gmpty
Crew

Fuel

0il

Guns and Ammunition
Boub

Useful Load
Gross Weight

®
Appendix II
Table 3
Weight Data
¥/ =T W/S = 110

Wright  Iycomlaz P&V Iycoming _ Wright
55,000 55,000 55,000 146,520 L6,580
1,580 11,580 1,560 4,260 4,260
16,980 16, 980 16,980 16,980 16,980
16,890 18,890 18,890 18,890 12, 8%
10,000 10,000 10,000 10,000 10,000
53,3508 78,59 58,439 79,725 53, 350%
10,670 15,870 19,870 . 19,70 19,870
178,950 203,91 183,759 196,25 170,160
2,500 2,500 2,500 2,500 2,500
162,72, 127,860 146,460  13L,53, 17,51,
750 10,650 12,205 11,215 750
14,536 L,536 ks, 536 k4,536 1,536
10,540 10,540 10,840 10,540 10,540
181,050 156,086 176,241 163,755 149, 8,0
360,000 360,000 360,000 §60,000 360,000

# Includes 2,200 pounds for bomb bay tamk installation,

CM

9 faa. wwy
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1.
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3
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¢
Apperdix III

Rhefereness
500,000 Pound Long Range, Heavy Bombardment Type Adrcraft,
12 May 19LL. RNG=51-4261-3l,

Long Range, Heavy Bombardment Type Aj’rcraﬁ. 29 June 194k,
m—‘il-h261-}-5. -

Preliminary Studles of Heavy Bombers, ATSC Designs 5354 and
5358, 20 May 1946, TSRACL-261-6-2,

Summarigzation Report of Studies on Madiuz Bombers, ATSC Designs
902, 993, 904 and 905. 20 Bay 1946, TSEACL-YL61~3-11,

= 12 ~ (App.III) v-584,5
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