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A. 
LLY 

Pl,nJ>OSE: 0.10 

1. To report the results or an inYestigation of power plant selection 
for siJc engine heavy bombardmant type aircrart • 

2. This study was made as a further eti'ort to determine the ei't'ect ot 
various paruetera on long rqe aircraft. 

3, Thia atuey also tulfilla the request of TSESA.2 in Routing and 
Record Sheet dated 13 Aug\let 1946 for thi• type investigation. 

Bo FACTUAL DJ.TAr 

lo The XB-52 airplane, which hu a design groae weight of }f1),ooo 
pounds, a wing loading or 110 pounds per eq, rt. at deai3n gross weight, and 
1s powered nth six Jiright T,5-1 turbo propeller engines appears to haYe a 
very high gross wei,ht for the range it achieves becauae or the c0111bination 
of high speed and range requirements. There is no imprOYement in range in 
thio airplane over other contelllf,iorar.r bombers which are ot • much lowet' gross 
weight, The range of the XB-52 airplane 1s 8,300 miles with 10,000 pounds ot 
bombs at design gross weight. 

2. Pert'ormance atudiea were iu.de baaed on the x~,2 aiiplane witn 
various types or power plants. The power plants used in this study were the 
t-7right r,;-1 turbo propeller engine, the lv"coadn& R7755-3 engine, and the 
Pratt and Whitney ll436o-c two-stage compound engine "1th dual feedback turbines. 
The ratinas or these power plant.a are e;i ven in Table l, Appendix II. Further 
power plants detail• are discussed in item 7 of the diacue1ion. 

f' 
3. A perfonaancs study wu made or the IB-52 airplane, keeping the 

same design groaa n1ght 1of 360,ooo pounda and wing loading or 110 potmda per 
sq, n., wit.n 8ix lqcOlli1f6 R7755-' engines turbo-supercharged to 35.ooo teat 
1n lieu of six W'ri&h:t T35-l turbi:>-propeller engines. 

No. of pa&es 2l ' 
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4o In an e.rtort to get better range charaet.er1st1cs by- virtue ot 
l01fller cruising ■peed.a, turther pel'tonaance studies were made tor a reduced 
wine loading or 75 pounds per sq.rte as caa~ared to the original wing load­
ing ot 110 pounds per sq. rt o The same design gross night or :,6o, 000 pounde 
and a six engine airplane 11era used in this phase ot the study, Thia in­
veati&ation was nade ror the thkee di!terent type power plants referred to 
in paragraph B-2o 

5o Further etudiea nre made with a wing loading ot 75 pounds per eq. 
rt. for a sis engine a:i.,plane-,t th the dUterent type power plant.s to det.enaine 1~ 
the eftect. ot cruising speed and gross weight on range 0 This was accomplished 
b,Y maintaining a constant design range at 8,000 miles and detendging the gross 
we~ht. o! the airplanes ner.essary to achie'\'e this range tor various average 
cruising speeds, 

60 All range figures quoted are based on a bomb load ot 101000 pounds. 
The range figures do not include allOlfances £or takeort, ollmb, reserve, etc. 
All high speeds an at design gross weight leas one-halt tu.al wu.esa otherwise 
apecifiedo All range and speed figures are at 35,000 feet altitudea 

7, Appendix I is a general discussion ot this etudy. 

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

9co Append.ix II, Table 2 showa the comparative performance ot the 
ai rpl&.nea o 

lOo Appendix II, Table 3 ia a group we_ight statement for thia etudy • 

11. Appendix III contains a list of referenced report.a or previous 
studies made tor long range. heavy baubardment type airoratt 0 , 

12. J.ppendix IV contains the per!orun~e curve■ ot tbe study. 
; 

c. · CONCLUSIORSr 

l. It 18 concluded that t.ha \189 o! eix ty,coming R7755-3 engines, turbo 
1upercharged to 35,000 tee't altitude in lieu of the six firight T35-l turbo­
propeller engines in the XB-52 type airplane with a Wing loading of llO pounsis 
per sq.rt. and a design gross weight. of ,&>,coo pounds, resulted 1n a alight 
decrease in range from 8,300 t.o g,ooo miles and an increase in high speed from 
450 to ~7 mil.ea per hour. The average cruising speed decreaeed trom 41.0 to 4 
32S miles per hour• 

-2-
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2. Reducing the wing loadi11£ ot the XB-52 tn>e airplane troa 110 1' t ~ 
pounds per 81• rt. to 75 poanda !,)er aq • .rt. fol" the design crosa •1.&ht of\,7~ '., 
3(Jo,ooo pounds, the rana• is ir;reatly 1.acreasecl with both the la"oomng and. i 
Pratt and Ylhitney engines. Th• range increuea trm 8,300 mile■ with the~ 
T35-l to 9,530 miles With tha R775~3 m1 to 10,800 milaa With tbe ~360,..c. \ 
The high speeds are 4lie witb th9'-.I,-0011ina, W..5 with the Yratt aid Whitney 
and 430 nth the Wript. 

3. For a &be11 desi~ rqe, relatively high cru1a1ng 1peed1 
reault in oorr.sponding large eiH •1rplanea. 

4. For range charaeteristice and also .tor high speed at. a tactical , 
operetina altitude ot .55,000 teet, bot.h the. R7755-~ and R4360-C enginea ar.- " / 
superior to the T35--l t.urbc>-propeller tOtt' • aix engine installation in an "')'1 
airplane 1d tb a de 1ign wing loading of 75 pound e per •Cl, rt , -<,: 

• 5. For ranae oharact.er.1atics only the Rli,60-c two-stage compound ~ \ 
which haa a muoh lighter 1.natalled night than the R7755-3 with comparable .f 
apecitic tu.el oonaumptiona, a shown superior to the R7755-3 e~ine. 

R>:C\llOIGHD.A.TIOHS J 

It 1a recommended that r 

lo Thie 1tud,y be uaed as an aid in the preparation o! future 
Milital"Y Characteristic• for bcabardlatint type aircraft• .. . 

•, 

2., Since the aerodynamic art determines tbe relationship betllMft hich 
apeed, cnieing apted1 .range, and weight, care lllUSt be taken in preparing 
.milit.•!'J' requiNl!lente ot aircraft to eotabllsb the primary !actor and indicate 
the range ot deeirabllitiee !or tbe others. Unlees this is dcme, undul,y large 
camprom:l..ses result in thl per!'onrance o! the airplane. 

5 0 Thie atudy be revitnn1d by the Power Plant Laborator,- with particv.lar 
regard to ettect or tne pc,wer plants etudied herein on speed, range and aise 
0~ future bollbarommt type aircrat'to . y 

·4. The development ot the Pratt aAd llbitnq R4,6o-c two-atace compmJ .,)'· () 
engine with dual t'eedb&ek turbinee be expedited• --1 0 ~ ~ 

• ' • l i • ' ~ l f v!' 
i1·t ,,, ,:1, • . l\ 
• cMr • uL' • 
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r 
, .• 

5. The development ot oom.pouodine t.he B:/755-} engine be more strongl;y 
urged so ~t much lower apeci!ic fuel consumptions may be real.bed with a 
amall increase 1n engine ftight. 

6, Emphasis be placed an the developmant or lo. apecitio tuel con- • 
sumption engines with low epeei!ic installed engine weights rather than iD, 
creased powor tor lol18 range heavy bombardment type aircraf't.o 

Di!ltt'ibution: 

TSING 
f.;iS6SA (Bomb Proj) 

TS&.PP lJ'Ccning O!!ice 
TS&PP P & ~ 0!!1ce 
TST::.PP WAC otrice 
Pr~. Labo 
AC/AS-' (2 eye)) Thru 
AC/AS--4 (2 era) TSE.Ac:4 

V-51!645 
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~pendix I 

Discussion 

• 

1. Thia stuc:Jt wu made to detemine the etrect or pertol'm8Doe with 
varl.oua type ponr plant• bued on the X&-52 type airplane. The follow1.na 
performance atudies weN Mdel 

a, Perto:mance ot t.he XB-52 aiit>lane with 1',comin& R7755-3 
engine• in lieu of the Wright T35-l turbo propeller engines, 

• 
b. Per:tormanoe Gt the XB-52 airplane, redu.cin& tbe wiAg ioad-

ing fl'Om llO pound, peir sq, rt. to 75 powida per sq, rt._, 111.th the 
T35-l, R7755-3 and R4360-C •1'16ines. 

o, For a d.eeip mns• or l!l,ooo 111.laa, ri.DC loading ot 75 powida 
per 8<h tt,~tha best cru1a:1ag speed for rauceJ the site airplane 
neceeea17 wu ciloitatid0 -- -- - • 

d. For 't.he ea• i1Yen dee1gn range ot 81000 miles and wi~ 
loading ot 75 pounde per 8Cl• rt., but f1x1n& the oruiainc apeedJ t.he 
size airplam neaeaaar,r was calculated. 

2. Using the NM design groa■ wight ot 360,ooo poUllda and a wing 
loadill8 of 110 pound43 per •4• tt. at deei&n ~roH weight, a performance ,,uc11 
was made of the IB-52 ai~lana with sh R7755-3 911&inea, turbo-su~rcbaraed . 
to 35,000 feet altitude, in lieu of the aix T35-l turbo-propeller eng!n••• 
The 1.nstallation ot tbs R7755-3 engines r-eeulted 1n a decrease 1n f'uel load of -, ... 
approxill.ateq ,5,000 pound• due to the increase 1D wtal.led power pl.alV. n1Sht. t 
HOW8'f'er, the range was ~ decreased !rm a,300 to 8#000 miles. The hTgq, __ 
speed, howver, was iaanued trOIA 450 to 4tr7 Iii.lea per hour because the R7755- •-;, 
3 e°"ine maintailut tw.l power at 351000 feet altitude whereas the T,5-1 pc,nr 
drops ott at the ~er altitudes, The ~00-C engine waa not uNd 1n t.hie 
part of the etwt,- becauae -ihe high wirJg oad1Ji4: biicess1 a • • o ~ 
.fP98da and thi.1 enaine does not .ba,ve autticien~ ~rm.ee power for these h.14ih 
crutauc sped " t1ii '11111i•r i roae nlihts~. . -

3. To improve the ranee cbaraotel"ietioa by virtue ot lower W1W1ing 
apeed1, the wing- load1ng was arbitrariq decreased tra 110 pound• per sq.tt. 
t.o 75 pounds per eq, .tt, usi.J:ll the aame des1sn groes 1Mi&ht ot ,6o,ooo pounda 
far the three di.tteNnt power plants, With the 12!11'. cruieiDC epeecle, lower 
1pecif'ic fU!l_conaumptiona with the l"•c1procating eqiinee'iiN otlttnd, -­
Amioug"h the we~bt 9itpt7--~ the airpl.uw 1d. th the 75 ~wnd sq.ft, ftD8 loading 
was increased ner that with the llO pound per sq. 'tt. 111.ng loading du to 110:ra· .., 
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Discussion (Continued) 
, 

struct\l.l'al ••!Ght !or the :a rger wing am therefore a lesser Cuel load, the 
range with the R7755-3 and R436o-C engines was far greater than the original. 
range ot the XB-52. i'Hth the T35-l the ra~ .~.ruul the oame, g,300 Ddle• 0 

With the R7755-' e~inee the rangeffireased from l!!,000 to 9,S;o 111me ana 
with six R436o-C en&ines the range was turthflr increaeod to 10,soo miles. 
HOllev-ar, with these increases 1n range, there is a eorrespondi~g decrease in 
high speod dua to the added drag ot the larger wi11i O The high epeed is 
reduced trom 4S7 to 462 with the R7755-}, 450 to !~30 with the 'r35-l and is 
~5 miles per hour 1d th tho IV+360-~ a 

4, Using a constant desi&n range of 81◊00 milos and a wing load1ng 
of 75 poW1ds per sq. ft• and u1.,illz1.ng tho best cruising spP.ed tor rante w1th1 
the three dirterent type power plants, the groas night:, ot t ho ldrplanes 
necessary to '\Ccomplish the range 'Qre calculated. The following table Bhowa 
the r-.sultat 

Pr11tt & 
Lyoondn . flhitnq Wrtght 

R7755-3 :1436o-c T3z:1 

Design Grose Weight (lbs) ,00,000 256,000 345,000 
1:--1 

V cruiae (mph) ~90 ,oo 325 "' 

V .mar (mph) 475 462 435 

Fuel (lbs). 96,500 90,6oo 154,000 

Dosign Range (Mi) g,ooo s,ooo 8,000 

The R7755-3 and B4360-C are both far superior to the T35-l bftC&\.lse of their 
lwer tuel consumptions. As far as range charaoteristioa are cone~rned, the 
R4360-C compounded is better than the 'P7755-3 beuusfl it hae a lower installed 
engine "91ght and has comparable specii'ic !uel consumptions. A.tter obtaining 
the above results, the effect of cruising speed on range wao calculated £or 
the above airploneso From Fig'lll'8 9, Appendix III, it can readil;r be seen that 
by changing the cru1s~ speed to eitht1r a higher or lower value from the 
optilllWI the range decreaeH. llh•n cruising at the lower speeds, full advantage 
1a not taken of the cruise l)O'W9r available tor low spec1!1o fuel conm.wption 0 

When cruising at the higher speeds, the be(lt cr-..i1ee power is exceeded re.ulting 
in high speci!ic tuel cmawapt.iona, • 

5. Again using a constant cle:,ign range of s,ooo miles and a design 

t/4t.J 
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w1ng loadia& ot 75 pounds per •ct• rt. but now !ixing the neraae cruising 
apeed at 350 ~ 1n one caae ond. 400 mph in another caae, the groaa ••iahta 
ot th• airplanes neceaear;y to achuve the rM119 •re caloulateclo The follow­
ing tables ehow the result• 1 

Ranae• 8,000 milesJ AT•• Ver•''° mph 

Pratt & 
1.,-cOlliDI Whitney WJ'i&ht 
R775~' R4}6o-C T~l 

Deaip Oroee Weight (lbs) 325,000 2&0,000 ,~,000 

"1•1 (lbs) 1og,ooo 105,000 163, 

Vmax (mph) 470 460 

- - - - - - - - - - - -t'-

Bange • S,ooo lllileeJ AYe. Ver • 400 aph 

De■i&n ttroea Weight (lbs) 3&;,000 }65,000 

Fuel (lbe) 129,500 148,~ JS6,ooo 

Yau (mph) 465 IA5 425 
From tba aboY• table it can readil,y be seen that tor a given design range and 
an airplane with a given ponr plant, higher cruisiag apeeds will result in· 
relativaq larger size airplallea • Thi• etlect is caused b7' the high cruise 
POlfW required tor ~h•• hisber apeeda whioh result 1n high specific tuel 
o.?n8Ullpt,1ona. Theratore, £or a Ki,ven design range with a 01Yen power plant, 
the higher apeeitic fuel ccmndl)tiGIUI neoeseitat• areate:r fuel loads result­
ing in greater dt9sipi groas W81gbte tor the airplane. 

' . 6. Compa~g tire R7755-3 and R43W-C engines, this stutb" has indicated 
• the 114,60-c aornpouaded to be auper.1.or to the R7755-3 ae tar u rarw• character­
ietice aN cooceme4. Both have oamparable specific r•l 0onaumpt1ons, but the 
R4'60-0 has a web light.er 1Datalled wight, approximt11.Y4,ooo pounds HTinge 
peAt engine. Therefore, tor a given design groes Wff!iht, more tuel can ba 
oarrad when using the R436o-C e~ines and as a result JllOre range• Ronver, 
the R7755-3 has better speed chan.cterietioa bftcause ot its great.r power 

. an.ilable. Both, the R7755-5 md R4,6o-c engine,, are far superio:<- to the 
r,5-1 tor h1gh epeed and range characterietics at a tactical operation altitude 
ot 35,000 teet, 

- 7 - (Aoo .. r, 
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Discussion (Continued) 

r 

7, In this atud;y it sboQl.d be bome in mind that coq,ariaon was 
made betw"n a Pra\t. and t»bitne7 R4~6o-c compounded engine and a ~coning 
n7755-3 uncompounded e1:1&i.ne whose power fi«;ures are Wtiall,- conaerYative 
tor the first engineo Single 07lind.er testina ot the 'R"/755-, predicts 
6,000 horsepower military nt1nso In addition compounding atudiee• are 
being initiated 01' I¥oominl ,midi will f'u.rther ino:reaae the power and imprOV'e 
fuel Aconoiv, No definite figures are yet availabl• fro• these compoWldilJI 
etud1ee. When the !1.&uree are available further per!'ormance atudiee will be 
made wbieh will giYe a more exact1.bi comparison between the Prat.t and Whitne;y 
R4j6o,..c COll,POUnded engi.Qe and the lgcaaing R7755•3 compounded engineo, 

• 

- 8 - (Appol) 
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Appendix II 

'1'ab1- 1 

Ponr Plaat. Bat!51 

• 

Pz-att and Whi~~ ho-Stage CGllllll)OUlld with Dual 1eedback 'l'urbinae 
Ll'erence Repo T dated 19 Juq l~~ 

Takeott . 

Jlllit.aey - wet 

W.litarJ' - dl7 

tlorul Rated 

Tmof't 

Jftlltar,­

lonnal 

BHP/RPI/ALT 

• • " 
" " • 
" n " 
- - - -

BllP/RPM/M:t 

" .. .. 

... -

4,000/2,soo/s.1. ; 

4,:,oo/a,soo/35,000 

, ,soo/2, eoo/,5, ooo· ,,. 

3,200/2,6oo/35,00P 

-

5,000/2,6oo/a.1, 

5,000/2,600/35,ooo 

4,000/2,300/,5,000 

" 

Wright. T3~l T\ll'bo-Propeller 
Referenaepeo1.t1aation N'o. AC-105& daifll J. Decuber 1~5 

Xakeott 

Rated 

lqui D Shatt HP 

5,000 

5,000lt 

Prop. RPM 

800 

800 

- 9 - (.&pp.II) 

.27,000 

.. 

.. 
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Table 2 

COlll9!!:at.ive Pertormmce 

W/S • 75 

r 

w/s • no 
XD-52 

Wright qeolllin& p & 11 Iyo~ Wright 

O.sigR Oroea Weight - lbs. 

Fuel - lbs• 

Range/I/ er - Mi/mph 

Vux - mph 
I 

Rate or Climb - fp111 

:,6o,ooo ;6o,ooo ;60,ooo 36o;ooo 

~6'2,724 127,!60 146,460 l~,934 

8270/325 9530/}00 l.OS00/290 8000/350 

4~0V' 462 V 1.45 _.. 487,.,....,- h50 ,,__--

1,950 1,2so 740. 1,035 1,590 

Takeof'.t Distance O'ler 50' • tt,. 4,000 4,300 

10,000 

5,500 

10,000 

6,100 

10,000 

5,500 

10,000 Bomb Load - lblo 10,000 

- - - - -- - - - ... -- - ~ - .. -- .. - - - - - - - - - - - - - - - - - - -- .. .. 
Alternate Oros■ Weight - lb.., 400,000 400,000 400,000 400,000 

Fuel - lbs. 195,400 - 1~1000 

' aan,.a/V er - Ki/mph 

Takeott t.>istanoe over 50•-tt • 5,250 

Rate ot Climb - rpm 1,1,0 

Bomb Load - lbso 101000 

5,6oo 

1,080 

10,000 

l.Sl,600 170,000 

7,600 

590 

10,000 

8,750 

800 

10,000 

400,000 

205,000 

1,200 

1,250 

10,000 

• ov.rloaded cmdition at D.o.w. • 36o,ooo lbs and w/s .. 75 lbe per ltqo rt • 
• 

- 10 - (App, II) 
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Appendix II 

Tabla 3 

Weight Data 

w/s • 75 w/s • 110 

W~ht IqcoJld.Da p & ti ~0!15 Wr!,e~ 

l'1ng 55,000 55,000 55,000 46,520 46,5,0 

Tall 4,5~ 4,S(ro 4,580 z.,260 .4,26o 

Fuaela.s• 16,91SO 16,980 16,980 16,980 16,960 

( 4liihting Oear lS,890 U,890 u,i90 18,890 l!l,d90 

laoell• 10,000 10,000 .10,000 10,000 10,000 

Power Plant, Gr'oup 53,j5()tt 78,5~ 5~,439 79,725 53,35()if 

Fiad Equipment 19,870 l.9,870 19,eno 19,it!0 19,870 

Weight &Rpty 178,950 20},9l4 18),759 196,245 170,160 

Crew 2,500 2,500 2,500 2,500 2,500 

J\1el 162,724 l27,86o l46,46o 134,934 171,514 

-011 750 10,{,ljo 12,205 ll,245 750 

Guns and Ammunition 4,536 4,536 4.,536 4,536 4,536 

BoJ8b 10.540 10,540 10,540 10,540 10,540 

Useful Lo4d 181,050 156,086 176,241 163,755 1g9,et40 

arose Weight 360,000 ,6o,ooo 36o,ooo .:IP0,000 360,000 

-----T-~---~------------------~----•~---~ 
l * I11eludas 2,200 powida tor bOlllb bay tank installation. 

~ -

,, ,. _._ .... , .. _ _,_,. -
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• Appen.11.x III 

Re.terenee1 

500,000 Pound Long Range, Heavr BoJDbardant Type Aircratt.. 
12 liq 191A. Bm-51-4261-,-.4. 

2~ Long Range, lle&VT BOllbardment Type "(craft, 29 June l9q4. 
ENG-51-4261-3-5. • 

,. Prelim1nar;y studiee ot Heavy BoJlbera, ATSC I>eaisna 535A.and 
5}5B. 20 Jla7 l9h6• 'fB~6l-6-2. 

4. Swnmar1zation Report of Stw:li.es on Med11111 Bombers, ,USC Desipa 
902, 903, 904 and 9()5. 20 lfq l946o TSIAC4..J.a26L-.5-llo 
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