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NATIONAL ADVI SORY COMMI TTEE FOR AERONAUTICS 

_CEMORAiWUrvr REPORT 

for the 

Bureau of Aeronautics , Navy Department 

AN IlNESTIGATI ON OF THE RANGER V - 770-8 ENGINE 

INSTALL-4.TION FOR THE EDO XOSE··1 AIRPLANE 

II - AERODYNM.'I CS 

B7,T ~,~ark R. Ficho l s and John S. Dennard 

An investigatton ba s been conducted in, the Langley 
propeller-research tunne l t o deterrrine the cowling and 
cooling requirements of the Ranger V-770-8 engine instal­
lation for the Edo XOSE-l ai rplane . The 9re sent renort 
summarizes the aerodynamic data obtained in the testing . 

Sxtensive model cbanges includinE, alternate baffles, 
exhaust stacks , cooling- ai r exits , and oil-cooler ducts 
were tested in attem~ts to increase t h e cooling capacity 
of the cowling and t o reduce the d r ag . Final cowl con­
figurations possessed sufficient engine and oil-cooler 
uressure drops in the critical normal -~ower climb condi­
tion to cool the cyl inde r s and the oil below the specified 
temgerature limits with any of the three baffle configura­
tions tested. Drag clean- up tests indicated minor chal~es 
which will resul t at sea leve l in approximate incresses 
of 5 miles per hour in high speed , 34 feet per minute 1n 
rat.e of climb , and 7 pe r cent. in mG.ximuw ranfje. The inc11-
cated cri tical I\~ach number of the cowling was found to 
be 0.70 as determined by the p r essures on the lower lip 
of the inlet . 

Pressure data are pr esented for wide ranses of exit 
area, angle of at tack, and thrus t disk-loading co effi ci ent. 
Sample applications of the data to the estimation of the 
required exit area are shown . 

8 956.1 
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INTRODUCTION 

At the request of the Bureau of Aeronautics , 1avy 
Department, &n investi ga tion of the aerodynamic and 
cooling characteristics of the Ranger V-770-B engine 
installation for the Edo XOSL-l airp l an e h as been con­
ducted in the Lang ley propeller-research tunne l. The 
objects of the inve sti ga tion were (1) to determine the 
cooling characteristics a nd requiremen ts of th e en gine , 
(2) to determine the aerod~lami c characteristics of the 
cowling, and (3) to de velop a cowl ing ~ith adequate 
cooling-pressure drop and low dra g c The present repo:.. ... t, 
part II, summari ze s air flow, pr e ssure, and force data 
obtained in tests of a number of model configurations; 
part I, reference I p presents corresponding temp erature 
data and engine cooling corr elat ionso 

The ·8";0.0 XOSE-l airplane is a single - engine scout ­
observation seaplane wi th a normal gross weigh t of 
5200 pounds , a wing area of 233 square feet , and a wing 
span of 38 feet . As es timated by the manufactu r er , the 
high 3)eed of this ai:;"111ane at sea level wi tb mili t8.ry 
powel" is 192 mile:.:; per hour and the r ate of climb at 
this altitude and power is lLt.60 feet p er minute at a 
climbing speed of 103 mi l es per hour . Because of these 
low f l ight speeds, soecia l emphasis has been directed 
t o ard the reductio n of the p ressure drops required t o 
c oo l and increasing the pressure drops available . 

The wind-tunne l investig&tion included p r opeller­
removed and p ro pAl ler - operating measurements to determir..e 
d rag and co oli ng- a ir-flow characteristics . Cha nges to 
the original conf:t.gu r ation included alte r nate baff l es , 
exb.aust stacks , coo l ing- air exits, and rrodifications to 
the oil-cooler ducts . For the more ~ro~is ~ng configura ­
tions , extensive p ressure surveys were made in the 
internal f l ow and on the external cowl surface over wide 
r anges of cooling- exit area , angle of at t ack , and thrust 
disk- loading coefficient . 

The flow - resistance characte r istics of the engine , 
the oil cooler, the cowl l eakage area, the generator, 
and the generator b la s t tube were determined from ground­
stand calibration tests . 
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S- :mOLS 

a speed of soupd, feet pe r second 

A crcsR - sect~onal area of d~ct, square feet 

drag ccefficie~t, 

increme nt of drag coe.:'ficiont 

coefficient of internal d:ag, 

D pro;e ller diarreter, 9 feet 

Internal dr~ 
qos 

g acceleration due to gravity , 32.2 feet per sec~nd 
per s'3cond 

H total pressure , pounds per 8quare foot or inches 
of 'JI:ater 

6q 5ncrement of tot a l pressure, in~hes of water 

T'~cr cri tt cal Mach number , verla 

n rotationa l spe8d , revolu ti cl.S :,Jer se~op.d 

p 9tatic preAsure , pounds per square foot or incheD 
of Vl f'J. ter 

6P c cooling- air pressure drop RcrOJS oil cosIer 

3 

(:Jf - P r ), pounds re I" b(~Ua re foot 0 r inchE;s of 
water 

!,'P 
L.l_ e c ooling- air pressure drop ac ross indIvidual e~gine 

r;v-- lj nde::" (Hf - Pr) ' po" nGS Del' squc_re Loot or 
i nche s of w8ter 

q dynal(!ic pres:sure , pounds 'ger sq-u.are foot 

~ vnlume rate of flow , cubic feet per minute 

S wing area , 238 square fe e t 

T '3ffec t:'i.ve thrust, p ounds 
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t rus t disl{- lo adl~ g ~oeff'i cient, 
T 

v Velo ity , feet Dcr second 

free - s trea,'1 veloci ty at w~1ich local surface veloci ty 
reaches speed of sound , feet pe r saco~d 

weight rate of flow , POUDC s per h our- or- pe r minute 

a ang le of attack of thrus t ax:Ls, degrees 

l:") ropeller bl ade ang l e at 0.75 r ad ius, degrees 

6 cooling- ai r fl af) ar,gle f r om flush posi ti on , degr ee s 

9 design ang le of propeller blade e lement , degrees 

P mass density of ai r , slugs per cubi~ foot 

o relative density of air, p/O .002378 

SubscriT,)ts: 

b &t f ront of cyl: nde r b&rrels 

c oi l cooler 

e engine 

f at front :ace of oi l co a l ar or b6tw89n fins of 
c:rlin ~r he ads 

1 at Q~wl inle t 

1c a t in l e t of oil - cooler duct 

o in free stream 

r a t rear 0f oi l cooler or engine 

x at ooling- ai r exit 

Double subscripts indicate tha t both app l y . A bar 
above a symbol i s used to denote an arithrnet i c ave r age. 
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MODEL, PO'iiJER- PLAl T INSTALLATION, 

The model consisted of B. complete power-plal1.t 
installation mounted on a mocl-\"-UD of the forward part 
of tDe airplane. A 15.2l-foot stub wtng was fitt~d to 
the rnck-up; the tai 1 surfaces and floats were not 
installed. The general arrangement and principal dimen­
sions of tbe rrodel are pr'esented tn fi gure 1 ; general 
vie JS Df th0 nodel are sho-m in figure 2 . 1'he vB-rious 
model configurations are identified and assie;ned symbols 
in table I. (As received , the wodel was in the config'.lrB­
tion designated Ia . ) Sienificant duct areas arc listed 
in table II. 

The Range r V-770-8 engine (fig . 3) is a 12 - cylinder 
inverted-If-type air- cooled engine vd. th a propeller gear 
ratio of 3:2 . It has a C10rmal power rating of 500 horse­
power at 3150 rpm from sea level to 8000 feet and a 
mili tary rating of 550 horsepower at 3300 rDJ"I1 fr':nu sea 
level to 4500 feet . The propeller used for these tests, a 
t WO -blade, 9 -foot - diameter , const ant - slJeed, B[unilton . 
St andard propeller (blade number 61CIA-12), i::: described 
in figure ~ .. 

Sketches and photogrsphl3 of the baff les tested on 
the en3ine are uresented as figures 5 and 6, res~Bctively. 
The convBntionB.l baffles 'ere installed on the outboard 
side of the barrels . The turbulent - fl o,' baffles \~Ie re 
ins taIled on both sIdes of the beads 8nd barrels ana had 
severo l turbulence striDS extending fro:r.1 the baffle shell 
to the cylinder fins . The NACA designed baffles, ir.stalled 
on the barrels only , fitted t ightly against the barrel 
f ins over an arc of about 3000 and had inlets alined with 
the flow and diffuser- t ai l exits designed to reduce pres­
sure losses at the baff le exit . A more comnle te discrip ­
ti on of the baffles is contai.ned in r eferenCe 1. 

Exhaust - staclc detai l s are shown in figur e s 7 
through 10 . The stacks were manifolded in groups of 
th:ree except fo r the mocked-up incH vidu.al stacks of con­
fiGuration IVc . All stacks except those used in con­
figur a tions IVb , IVd, and IVe were equip-:Jed with shrouds 
intended to rAduce heatlng of the engine and oil-cooler 
air. Shroud coo l ing was effected by cooling air which 
entered at the top of the shrouds and exhausted at the 
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surface of the cowl. (8 e~ fig . 9.) Extern a l configu r a ­
tion variables for tbe rrani folc'led stac~s included 
" vert :l.c8.1 1T and t'horLzont&l it 1'1 s11 tai I - type f lame dampers , 
short stack s , and flush stacks . 'The ~11.od: -up indio vidual 
st8.cl{s wer e equlu1Jed wi th h orlzont c: .. l fIsh tail f12J.:1e 
dampers . The fl ame damper s we r e not used extensive ly i n 
tbe rOlive r - oJ. testing because of recurrJ.ng structuru. l 
failure ( f ig. 10 ). 

Views of the inlet duct configur a tion and coordi ­
nates of tbe i nl e t lips a r e ~resent ed in fi gure 3 and 
table III , respec ti vely. All coo:!..ing and charge ~.u r was 
take n lnt o the tri anguls.r - shaped 1;1ain inlet . Oil - cooling 
and carburetor air v'as taken from the be.c k of the inl et 
section by duc t s below the left cam cover and between the 
exhaust stacks , r e spect:Lve l y . The engine coo l ing air 
was exhausted from the cylinder exi t.s i nto the exi t 8.nd 
accesso r~' compartrr.ent wl:..ich extended froIT. t he spirner 
bulkhead t o the firewall 8...11d was open to the rear of 
both b an~s of cylinders . 

.A speci ally bui 1 t Uni ted Ai rc-raft P rod~_1v ts ellipti cal 
oil co o l e r , des i gn a ted u - 840 713 , \~S installed in the 
mode l. (See fi g . 11.) It h ad 0 . 21 - inch-diam ter tubes , 
a face area of 74 square inches , and a co re depth of 
9 inche. . Confieurations of the oil - coo l e r duct a r e 
shown i n figure 12 . Installat:Lcm vari8.bles i ncluded 
exit ducts , exi t flaps , and guide V8n::s . ( See fig . 13 . ) 

A pLotograph of the carburetor duct is 9resented 
as figure l~; installation detai10 are shown in figure G(b ) . 
The hot - air cooY' In the bottom of the duct closed off the 
passage to the pressure box when opened and caused a ll 
the carou retor a:.r t o be t a1:een frof1 the accessory com­
p a rtment. 

Coo l ing- a ir· exi t details a re shown in fiG1)res 15 
through 17 . A flClw - d.:i..recting vane was used in the oi l­
co o ler - Gxit duct of confi gurati on Ie; two vanes wore 
u sed in each of the engine - cooling- tli r exi ts of' a ll con­
fi gu..rations except IVe; an NAC!. desi gned fairing strip 
(fig . 17 ) was insts-lled in the accessory compc:rtment 
ex]. t of configurations I a and Ib . cool:'Lng- air shutt.er 
and f l ap dirl1ensi ons were as follows: 

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

l 



i c~ oliYlr:; - I 
i ai r C 'J.C t I 
i----- r- - ---- --+--

I Engine i 

I :m:: I 
I coo13r I 

rlyoe of e:-:i t Hei ··t t I V3nr.: th -~ ··oJ J 
control ( . ) ( "1 ) \ ::.n. \ ~.t. 0 

Shutter 17.56 I Cl.!. 0 

::<'lap 17·75 
I 

11. 9h 
Shutte::' 1,2. t!7 L~. 25 

Flu:::> 13·31 '7 ;;:0. 
( O.,.,/V 

--_.- .----------~--.--- .. 

Uariations of t}}e coolirJg- air' eXl t area wi t h shutter or 
fl . h' f" 1("\ 2.p openlng ar;3 IJ O~i'n 1 D .• J.gure (; . 

A l~-ineh-dlameter b l ast tube (fig. S(b)) was usec't 
to sup-rly cooling ai r to t1:1G generQtol~ located. at; the 
top of the '3ngine . Configure.ti on8 we-:.:'e tested in v:h1.c.h 
the inlet vms loc ated a t the to·) of the cO'Nl inlet (fig. 
at the rear wall of the pressure box beneath the right 
ca~1 cnver (fig . 3(b )) , at the refir wall of ths 'Jl'("SSllre 

box abo~e the csrburetor duat , and in the oil-aooler 
inlet duct 1t.U"t upstremr of the 01 1 c:ooler (Ltg. 13) . 
Pr'orr: 3 'LO 5 feet of tubing and a number of '')ends v.'er'e 
required in Bach of the above conr~gureti0ns . 

7 

The Gi1e;5.ne ')['.nel incor'.')or&tec'i re-rr.ote in6Lc9.ti:1.g 
tnstrwants and an electric actu~t;or 3~ste~ for o0srating 
t1J.e enzin8 contr01s and flaps. FOI'ces were read on the six­
c mpoj)':3nt wind-hlnnel bala:'1ce s~~sten:. Press'.),res v,ere 
me~'.su:t"ec1 by th - total end sts.tic tubes itemized in 
table IiT. Il"e thods end instrl.'.:r.6ntstion for obte'i.n5_r.G 
temperatures and ather engine o~erEting data are dis­
cusEed in reference 1 . 

Ground - stand f l ow-resistance c&11or&tiorls of' several 
compon.:mts f ths installation were made as 9. pr31iminary 
to the anal-y s1 s of the VIi no.·-tunnel tes t re suI ts. Experi­
Plantal setups are shown in i'it;ures 20 and 21. Special 
instrUlilentation consisted of the calibrated ventu:r'i, iil 
the forrr:er se tl1P and the c D.li bnt ted contr8.c t lon cOLO 

and grids of total pressure tubes at both ends o:t the 
bls.s t tube of the latter set1x!), 
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En€"ine - baffle combinaUol1.s and oi.l cooler .- Propel l e r­
rel'~ov8C cO::lling - f.:lir - f low cali b r at:Lons of the thre e engi ne­
baffle co'nbina tions are Dresent ed in ::· .. tgu re 22; c orre ­
sponding comp ari 8 on s of the 8verage p res ~'.lre dro"?s 8..C'-'OS s 
the l ef t and rig~t banks a re sn:)'Nl1 in fie-ure 2 3. E.ffec -

Vi ti ve orifice a r e':..lS, ----- (exp re ssed in foot- pounJ. -
r--- .-

g .. v'2 pt.? e 
s econd uni.ts) , were ab01.1 .. t '') .75 , 0,68 , and 0 .73 square 
fo ot for t he conventi~nal , turbulent - f l ow , WId d1tfuser­
baff l e j.nstallat :ons , r espe c ti v ely. ~~e l atte r value 
is for an installa.tion wi th dJ.ff:lser ':,aff l es on all 
c ylin:'l..ers . 

A 9ropelle r - removee c oolin3 - pi r - :low c alibrqt10n of 
t:1e oil cooler is p r esented [',s figure 2~. . The effecti ve 
o l .... if i c e area and. t he pressure - drop coo:£" i a1 ent 

(

-6. 1? \ 
--) fer the cooler were ap9roxiMa tely 0.26 square foot 
qf.l 

ani ~ . o, r esnectively . 

It is emphas:"zed that the c;.;Jove ca:ibra~Jl ons dre 
for t he cold con-::1.i tion nnl y; the pres8'lre 0..1'01:' I"ru.st be 
corrected fen' cool:1 .. ng - air- density cnanzes due to heat 
dissipation and alti tude bef'JY'6 bGing ;~.r"'\p lL;d t.o 60wer ­
on ope I' Ettir:m . 'I~-:8 ne2-essar7 coy--['ect~ ons ere di scussed 
extensi vely j n references 2 "Chro~.lgh 4. Reference 4 
in~icates tbat a very close approximation of the engi n e ­
c oo l ing-all' flow in a l titude 0geratlon ~8y be obtained 
from a cold cali bration by b~9ing 0 on the ~6nsity of 
t he cooling air jus t dO'lf:nstr2arr 01 tt:.e engine . 

Leab:l i~ e. - 'Ine combined l eaK2.jL e t:1.:r'ouc·h tne e};:haust -__ ---'~.1_.. ~ 0 

stack shrouds and t..YJ.e pressLlr e - box Sea"l!l S foJ:' the calibra­
t io n conci t j .. Ol1 is presented as a functio n of" the2n...gine 
front p r essure and the e ngine pre ssure d rop in figure 25 . 
At a baffle p re ssure drop of [ jnches of wate r, the leak­
a~e flow is about 60JO pounds per hour or aDproxi~ately 
15 ;)ercent of' the cool::"r~L' - ai r flo ~J through the eng :Lne. 
Attentj.on Is call ed to t he fact that chese ~ata are of 
a strictly qua l itatlve nature as the 9xternal surface 
pre S SUI'e s, the 011-·c oole r flo'll, and t he cb arge - 2,::"r f low 
for the fli ght conc.H tions 'wers not dU,:) l :!.ca t ed; the 8.ctual 
l eakege flow wo u l d p robably be gI'eater for the high­
s"08ed condi tion and lese for the c lir,;b and c r:.1isi .. ng con­
ditio ns . 
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The l eak8ge throllgh the c01n,1 seaTS downstream of the 
erwi.ne (·~tl1 re s :)ect to th8 cooling- ai!' f l o"') "n'":!. fr\~' 
the t-:'1.·) between the c oiVling t..nd the fireva1.: fL . ..>8, l~:b) 
,(DC'l. 17) for t.he flush - f l e.D caJ..lb::'E..tio'1. ,0n'iL i_on 5 S 3'l---,m 

l.n f1.t~nle 26 as a funJUon of the e ngine r e8.r DreCS\:re . 
AJ tJ"olJ.rjh th~8e data are a l so o f a qua l i tati ve natL..Y'e , tbey 
1'1('1 .... ate tbc.t the l ea1.{age was a large ;:Jercent·'.g'3 of t116 

e~. t flr~,', f'Jr the high- ::.need I li~3l~t CCl.0i tl :-n. ;<',e 
r;l? aralle e g&P be tv'een tbe r;ovv'l 2:1.d the sf)inner was fou:nd 
to be the source 01 8 18r68 an'ou~d:; of nc'lditlone.l lea\.a.ge . 

Gone~ator a~d tlqst t~b9. - In alr -f]o~ ~elLbratio~ 

nf the~~E,lleratQr is ·p.l'esentecC :i. n figure 27 . '1'be pres-
SUTe rl::'('O~CT'OSS the ger.er8.tJI' 18 ~ho 'lin to oe 8. :T)re 
importl;lrt variable th3.:l the Jot8 ·r:·.L!)r.8l e~)eed in C.~ter'11injng 
the corling- ai.r flov:,; tlle bulJt ·-:.ll feu DDJ3;:~rs to be ro318 -
t;ivel',jt .L.neffectlve at l £or'2:e flow q:J.8ntities . .t.t e16 r':l_i'ed 
8'ltdne 31) 2e':: of 315G .::'<)r:. a '91'8':: 8u:"-e drf'l') of '<'''JY'ox:rr.J. tol y 
3 < 3 1 nehe 3 of water '.'2S sui'f' c~ ent to sm)") ly t :rL:~ 7~ C'lV:l.C 

feet 01' cool~.n€: air ).:lr rrlnute sD0cif1.eo bv U~e .. :ml.ine 
rH:1.!'ufqctursr. 1~D.vy sDsci fi (;ati ODS (rel'ere:'1CG 5), LO'wever , 
ariJ :r:ot be-.. sed on tr.e lJre2SUre droJ but stioulat3 ~hEt the 
r,,rrl at t1-·e :;ererator f18ng-~ Q,:r~811 be 3.t l east 6 lnCfles 
of v'ater in flight at tl-.e best cl~rrb s~"t.;ed at SGfl If-jV01. 

As the 8ccessory cam?!:1rtment pr8ssure :ts be loY" atY'lOs..)heri c 
DJ:'GSSUl'e in the c limb concH tion tD1S requj reJ"1en t is con­
servat1.ve . 

A pressure - drop callhration of the generator blast 
tube 1.8 L'r'eser t ed [.S f.i.gure 2S . ::arge ir:creO.ses in t:r-~e 
Pl'ASsu.re losses accurred when ei t~:e r the tube len.:<;th or 
the b'~lld anl"le 1jvere incre.2S0l2. . At.. e'l8 f'ir flow recLuired 
fo ··.., O":>'"lpr' "o'r C O'Jl in" " ('7C, ,'b-' c f.op t .,~ ..., rr; ·1·I1.te ) tbo _ r:: J J. -' C) U __ ,/-,..... \ 1./ -' YL l _ '..I ~ , ..... v.l ___ .1 .Lv 

1')0s "throt.,.:{h B. t y-oi.c'81 J.ns t :1119.t:on wier. a J6.5-:i.D.cr 
01 ,2t tube "lavi"6 a ta t 81 b8nd 8.11[le of 27):'> W0..11d be 
bJtv:een '( a:ld S inches of y-at.er . 'J:.b.is lsrge 108 J could 
moct '3:-1.9-,-ly oe r educed ~ir: th0 J:'re:-er..t 'nstal1otion by 
US:11g H. 12 .. rger~ o.i a!118ter bl~3st tuho , 

,!,be lni tial 1')ort:i.on of th(-~ 'C'.mne l tpst:'ne: COl1f'j. sted 
of p::,'.:' )elJ.er- re11'lovec;. p:rt'3ssure and ciras stUd.~AS at cl. 

bmnel s:'Je-3d nf aoout lC}O ml lr.:s DElr l-:our -::='rected toward 
the dev~]opment of n cO ' ~f li::1Z'·lith nde-:-::.uate G·)olln: '1res­
sare drop anJ low drFg . ProDsller - j ' stalled testJ of the 
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b8st cov-l arrangement were then conducted to deternine 
the cooltng characteristics of the several engine-D~ffle 
configurgtions and thoS8 of the oil - cooler (referenoe 1), 
8nd tee 8vailable cooling preSS"lAr3 over the range of 
fli sht conditions . Several final configurations were 
checl"red at the end of the test pro~ram . 

'the ostimated sea- level fl:!g-ht cO}'1dj_ tions used as 
a b~sis f r the orooeller- installsd tests were as follows: 

F'lie;ht 
condi tion 

'_00 1<;\ - I'-Q--T l' I 'I V 
liar ee -I' !:>C1.glne jl ! LC I a 0 

power (P)IT')j (deg) 1 (:leg) 'I(ft/sec) 

-H-i~-l-'--ST)-~-e-;---+----+----i"--1--- I --
I\Jormo_l no,ve l' 500 13150 22 IjO . u57 - 1.3 1 274 
;,~ -:-" li "-ar:' nower 550 I 3300 22 I . ~) 62 - 1.6: 282 

r"a XiIT'U]ll-f;Ud'.lrance- I Ii 

~ruise at 30 .6 
De r cent normal I 
nowa r 153 I 1800 2L~.5 . 15 11. 2 132 

r'!lin"b: 
Nor mal power 500 3150 17 . 5 . 26 7 . 51 158 

~_::I_;i_1_i_t_R_ry ___ po_w_e_r_~_5_5_0_~_3_3_0_0_~_16_'_.5~ __ ._2_8~ __ 7 . 51~_1_5_9 ___ ~ 

The climb and maximum- endurance - cJ'uise conditions were 
ao -o roxirr!8. te ly duplicated in the b:nnel F3 t the -o ro-per 
ai~speed~ ~ilitary )o~er could not be qu te attained 
in nost CB2es b a calS9 of 108 ses in manifold pressure 
occas ioned by the charge - air measuring venturi ~nstal l ed 
in the c8.::.-buretor cue (reference 1) . 'Ti1e high- s p eed 
condi tion Vias i __ ul3.ted at a tunne l speed of 100 mlles 
De r hour by du-:)licating the fli cht value of Vo/nD 
vi th the flight blade arlgle of 220 • 

'IUN:r~EL TEST RESULTS 

The resu l ts of the tunne l tests are LJresented in 
sections w~ich dea l vlilth c01)l 1 deve l o"Dment , internal 
flovv, required exit area , dr8.g, and surface pressures . 
rrhe tYl::es of data presented for each -'1odel configura­
tion along vit~ the conf iguration identifications are 
listed in table T. 



Modifica t ions to Installation 

Prel:imina:ry 910peller- re""-oved pressure surveys 
indicated that the available Jressure drops across t~e 
eng:tne, oil cooler} and generator of the or:i.c;1nal con­
figuration (Ia) wo l Id be el.ther rr.arginal or l;· .... suf'f-:cjant 
for 0001:1.11 £ in t ne normal - power cl:J.r;:b cO"1di ti on. r8st:tng 
of this confi6nrat ~on was discor,.t~Lnued lm~edi2.tely and 
a series of modifications to the cowling were investigated . 

F.n6ir...~ and ~il:c..s:ol§r_."d~ct~ . - I.l. SU.tN'l8.I'Y of cor"para­
t ive data. pertinent to the devel09 li:ent of ti1e en6ine and 
oil-co oler dnct s 1.3 presented in table '/. T!:1.e available 
engine and oi l - cooler p r essur e dro·?s at a = 7.5 and 
with prop61ler re moved vere increased O.2lq~ qnd o.5Lqo' 
respecti vely , by substi tutlng the fleo:Jed exi ts for the 
shutter exics . (Compere results for configurations Ie 
and IIa.) For t~e normal-po wer climb condi tion, rerl'loving 
the e:Xhaust - st.2ck shro uds (configurations IVa and P ,:b) 
increesed the engine and oi l- coo l er pL'essure dro ? s by 
O. o8qo and O. 09Qo' by redlcin6 leakage and re'iovin:; 
obstructions fTom the p re ssure box, but also :;'n're3sed 
th~ cooling- ai r and c arburetor - all' te~)3r8turea by UO F . 
"S"or the s 8}'l"e te s t condi t::. on.. rerrov:'ng the vanes fran 
the engine - cooling'-air e:d ts and. 33aling the accessory­
comnartment exit gap (conf:igu:eatians TITb ~nd 1"l"e) 
decreaseo" the englne .:,ressur3 ero ::) bS only 0 . ')Lqe. but 
increased the ac c8ssory- com::;::rt.""'ent ten'perature by 150 B'. 
The flap9sd exi ts , [;11e e.xhau s ·:; - stack s·,rrouds, and the 
unsealed G cco8sory '- ~ rr.:)artrr;ent ex.i t gao were cOttJ.1'Jonents 
of the series II and series III ~olflgurationo tested 
most extp,ns:tvely and for which c0011ng adequacy v,'as 
established. (See reference 1 . ) 

Generator blast tUbe . - J 3nerator cooling-pressu re 
data for four blast - tube inl et lo·-;atlons are smrmarized 
in table VI . The highe st p r essu re re20very for the 
climb-e.t - norma l - powe r· condltion, 0 . 56'10 = 3.) lnciles 
of water, was obtained w5_ th the blast-tube 11'11e t located 
at the rear wal l · of the pressure box above the carburetor 
duct. The p re ssure drop' for this ~onfiguration , ~. inches 
of vlater $ is shown by f1 gure 28 tr) be more than suffiei ant 
t o furnish the 75 8ubi c feet of cOJllng ::lir pe r '1'Lll1ute 
s)ecified by t~e engine ~anuf9c turer . 

._--., 
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Exten81. ve Dr es sure surveJs '[.'ere condt:_c t ed -in tho 
ser~es IT and series III conf:gurations , cqns~dere~ to 
be f,l os t 'lromising, to de termine t:1e avai latle co011n6 
pressures and the e ffects of the se·~repal flig:lt an1 
model var:tables on the internal flow. 

Pr8ssure distFi butions . - Preesure s r>']eas~r8d thl~ough· ­

out be.sic c onfig'L'Y B. t io n l:a are pre e.ented in fie; 1' 0 29 
for the high - sneed and clirrob atti tudes wi th prr pe l ler 
remo ved . These data indic a te excellen t flo~ into the 
c0 1'111ng wi th pr~ssu::.'e re~overies 1n the inle t and at the 
end of the diffuser (benea th .~'>linders 6R and 6L) nesr1y 
equal to 1, Oqo ' pecove.cies at tb e front of the c y linder 
barrels va.1'ied between 'J . g lqo and O.99qQ; but corre ­
s p onf 1ng pressures s. t the f r ont of the c-linde r he ads 
were ~uch lower due in oart to flow obstructions ~re ­
sented by the ignitio~ har~ess (fig. 3). Pressur~8 
measured between the fins of the cy1~nder beB~s (used 
as the fron t Dressures in the de t er~i~at:on of the 
cylinder pres slJ.r·e drons ) 1>'.-e re ap -9rox~ !r.8 te ly e :;'11.&1 co 
t h se measured in front of th3 heads. Re coveries a t 
t'nv f ace of the 011 coole r were about O. 95Qo and ') . 76qo 
for the ~l.ish - s;Jeed and cl-:rr..b a:,tituc'.es , respe~tively. 

T'JT)i('>p.l '~:)Y'0':''31ler - ():)e r atinE pressurer (fig . 30) E!hO'PI 
substBnti~1 inereas3s In rET over thJse obtained in the 
9 rOPG Jler - re~0ved tests. At the tnlet , totol ~ressures 
re a0hed Yl'J8ximum values of 1 .3 Jio arlll. 2 .3 3Qo in the high­
speed and climb c on(H tio:1~, r· e3PG~Jively . 'Ir.~ oc e r­
rence of these pe8~ p re ssures iI'" the lowe r 8.nd right 
parts of the inlet are i ndic atjve of increased loadIng 
of the p r ope l ler - b l ade sections in front o f these r egions 
due 9 in the for!Y'er case , to tDe increased pro~e ller 
radi us and. ,]]ore effective airfoil section and., in the 
l attsl' c'3.se , to tbe ")1 tched att : tv __ e of the -o:;'0:)e 119r. 
Pressure recoveries a the left- bB~k c~li nde~s and i n 
the l e ft side of the p r es s u re box were higher than 
corre spondin g p re ssuref in tha ri~ht tal! of the co~ling 
bec a ua e of sliostrerul r otetion. Preseure distributlons 
at the r ear of- the engine , at the oil-coJler face , and 
at tbe c arbureto r decl< were near ly mii'orm . 

The r an' in the carb·t.J.retor cuc t vii th both normal .a-ld 
a l ternate i nlets is sr~o wn i n figuY'e 31. rrhese data, 
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taken in tl-J.e maxilJ1um - endurance con(Jition , indi0ate thet 
the flor at the carburetor dec~ w8S unifor~ ~ith eit~ r 
2_nlet confip-uration i t he av er8.ge r-&ill with the slter _ ... '~e 
lnlet, hO'..-8ver, \~las approxitilB.te l y 1.2Qo belo - t:lat v'I_~th 
tl:e YlOrJ:1lal inlet. 

s~, 1 ind e r pres sure and pre s sure - drop di s trl butions 
for moael. cor.figura t ions -ith th'3 three tj'JeE' of baffles 
are shown in figures 32 and 3~ for t he pro,el l er-rem0ved 
ar..d propeller - ope r a t ing conditio is, reSfectivelJ . 'The 
front 9ressures varied by as ~uch as 0 .5 q be t ween 
individua l cy l inder s ; h~t, as pre~lously goted, the rear 
preSSl~res were nearly uni form . 'lh.e 10vrest front rressures 
and con0equently the sDal l ~st pr~E'sure d r ops were con -
Sl st·ently l.1ea:::u r ed at the forv'-ard cylinders of 3€:~ch bank. 
Substltutlng the NACA designed diffuser baffles for the 
turb~lent -flo~ baffles on the 19ft~bank cylinders increased 
the preesure drop acr08S th8se cylinders and caused sub­
st9.ntial redus-tions l.n outboard b&rr el teF'peratures (ref ­
erence 1), b(;,t at the S8.>:ne titre c8used small r~ductions 
in the rresslJ.re droDs across the right cy l inc.ers. 

Averag,= C:uc t pre s sur e~ . - Pressure data obtained in 
the fli[;h-c-8irnulation te"'ts are sur;"marized in .... q'ule VII . 
The r~F1 pre::::sureil1 the inl et. for the II and IITseries 
confignratlons ave ra~eQ 1 . 3"JQo in the normal-power high­
s~Jeed cor.:)i tion and 2 . l~_q:) in the norme l - pov"er c lirr..b 
condition . Par'1S at the carburetor deck f or these flight 
cor"ditions and configurv.ttons (1. 35Qo snc. 2 . 01q ; respec-

,J 

tively~ correspond to ai r plane critical a l titudes of 
jO()O feet and. 'noo feet based on the engine cr! tica l 
altitude of 20"J0 feet . It should be noted th~t the 
el1['ine charge - air flow was not si-,iUl ated exStctly tor the 
>J.i£h- c :~eed condi tioD as this Bir flow :1.8 not ~ro;;ortional 
to Tn' Fa:;." the norlral - power climb concijtion (configura-
ti Oli s TIc and 1118.) , S t8 ti core S SU11 es in the en6i r.e and 
oil-coole r coo l i:lg- air exit S v"ere aboJ. t - 0 . Lt3Qo and - 0. 28Qo; 
corres)or::ting engine and. oll-cooler -9res8ure drops 
avera2~ed 1. .5DQo and 1. 86Qo ane!. vvere suffic.ir:mt t o cool 
the engine and. the oi l be lo1 . the s~)ecif'ied temoerature 
l:!.rn.i ts. Pressur e drol)s for t t.Le series IV configurations 
wi th the mixed baff l es v:ere of the same order and were 
l ikevllse adequa t e for cooling in this critical flight 
co!'.r-;ition. Tt is no t ed that the ,·'easured L~rust coef ­
ficients for the climb cond"ltion tests 'Jere consistently 
l es8 at military Dowe r than at non~al power 90ssijl y 
because of effici ency 10 SRSS incurred by the r..igh I.C,c.ch 
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number and high loading of the propeller tips or by the 
decrease in Vo/nD; increasing the gear rat io or ITodifying 
the propeller mi ght resul t in over~ll increases i n ai r­
plane p erfo rmance at military power. 

The ave rag e pressur es in the englne and oil-coole r 
ducts are p resentej in figur e s 3h and 35 as functions of 
Vj'/Vo and a for the propelle r - rernoved tests and as a 
function of Tc for the pro pe ller -installed te sts . 
Va riations of the exit total pressure are o~itted from 
tr.Le figures as these p ressures were very nearly equal to 
and conflicted wi th the presentation of t he rear p r e s ­
sures. Some of the rear pressures, in turn, have been 
omitted from the centra l portio::18of t he fi gure s for the 
sake of clarity . Prope lle r-removed data are used as the 
end p oint s of the curve s in which Tc is the independent 
vari able because the model with pro"gelle r inst a lled was 
not tested at this condition. 

I nle t total pressures for the p rope lJ.e r - re>11.oved con­
dition we re nearly uni ty over the comple te Vi/Vo and 
a r anges tested . Propeller oDe ration increased these 
p res sures to a much g reater extent t han would be expec t e d 
'from considera ti on of' the simp le momentus theory (from 
which the inlet pressure rise would be rrTc) ' Analysis 
of the p r opeller - operating c onditions i ndicates that thi s 
r esult was attributable to the inc re ased l oading of the 
prope ller cuff sections caus ed b y r educ tion of' the 
eff ective Vo/nD in the low v e locity fie l d in front of 
t he inlet . 

Pressure l osses between the inlet and the front of 
e ither the en£i ne or oil-c oo ler (figs . 34 and 35) 
increased appreci ably between the limi t i ng propeller-­
remo ved t e st inlet velocity ratios of 0. 4 and 0.7 and 
were essentially independen t of angle of attack, pro ­
peller remo ved . Attention is c a lled to the fact that 
the sloDes of the curves of front, rear, and exit p res ­
sures versus Tc are influenced by the chang es in Vi /Va 
which acc orco any increases in T as these curves are 
presented for constant outlet c8nfigura tions . 

Static pressures at the r ear of the engine or oi l 
co oler and in the cowl exits generally decreased with 
increases in a, p r ope lle r removed . Wi th propeller 
installed , the exit s tatic pre ssure increased with Tc 
with undef l ec t ed extt flaps but decrea sed wi t h Tc 
wi th f ully extended flaps . 

____ ~_~.J 
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rrhe pressur e losses ahead of the engine and oil 
cooler are shown in figure 36 as a function of inlet­
veloc1.ty ratio . The cor.tinuity of the curves for the 
propeller-removed and pro~eller -installed conditions 
indicates that losses causBd by misaline;rent of tne. 
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inlet with the inco~ing flow were smal far tte prope~ler­
installed condi tlor.. J.'he greeter 1033e 8 v'lith the 
turbulent-flow baffles than with tbe conventional bafi'les 
were probably caused by the obstructir:ms to tLe flow in 
the vee presented by the inboard parts of the turbulent ­
flo w b.qffles . The magnitude of the losses at the higher 
inlet-veloclty ratios emohaslze tLe ne e d for large i.nlets 
for installatians of this engine in low- s~eed aircraft. 
Losses ahead of the oil cooler could be reduced by using 
larger ducts . 

~lctinE efficiency. - The ducting ef:'ic:Lency of the 
co ling expres sed as the rele tionsQi·9 of the )ressure 
drop across the heEt exchanger (6P ) to the ? re ssure 
drop across the cowling (Hi - Hx·) is 8ho'!.'11 in figure 37 
for ranges of engine and oil-cooler ?ressure cr00 . Con ­
figurations Ie, IIa , and IIc with the conventianol ~a:f les 
had maximum engine/duct -aressure - dro ;J ratios of about 0 . 8) 
cowpared to 0.78 for configuration lIla with the turbulent­
flow baffles. The maxl.wum oll - cooler-duct pressure-drop 
ratio was 9pc roxim a tely 0 . 95. 

Outlet effect1vene~s .- The static pressure depressiom 
in the COVill ex! ts caused ·by opening the flaps and shutters 
are shovm in figure 38. Ope .1ing the engine and 011-
cooler fla9s reduced the exit static p ressures by approxi­
rna tely C. 57Qo and () . 65qo ' respec ti vely . rrhe ad TJ9.nt@.ge 
of uSJ.ng a fla';l·'-,ed exi t is shown b~· cOYflp arisons of: the 
f lapped-exi t and shutter - ext t J urves; at the rr,8.ximu;n 
shvtter - exit areas the static pressures in the fl~pped 
engine and oi l-cooler exits with the sa~e a reas were 
0.26q end O.21qo less than the correspond'ng uressures 
in th~ shutter exi ts . The incre ased effecti veness of 
the flapoed exits is further indicated (fig . 39) by the 
larger inlet - velocity ratio f o r any given outlet area. 
The rapid _ncra qse in inl et - velocity ratio with Tc is 
noted i~ thie figure . 

Charts for Predicting Exit Are as 

To fac i ljtate application of the pressure d ata , 
engine and oil - c oole r oressure drops are p re sent ed in 
figures ho c.nd 41 as functions of' Ax ' a, and Tc' 
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All availaole nropeller- instal10d data were plot ed in 
the right Dortions of tt.e i'igures rega rd less of angle of 
attac~ as this va~iati n was obv~ously of second - order 
iropo rtB.TIC e; the 12.ne s shown were fai red through tr-~e 
a = '"7.5 0 points and wou l d be s b ifted ~lP or c"O!IiD by 
ch8.Dges in a , but would not be charlged apPl'ecle.t)l-y in 
slone. The exi. t Breas and flap 8Dgle s requi red !.'or en~ine 
and oil cooling ~n tbe steady flight c ondit~on3 of this 
a:i.rp l ne may be esti'1lated :;:'~OJ11 these flgur8s by the f01-
lowin~ Bethod as !ndicated on figJre 40: 

/..'.p 
1. Lor;ate the value of requj red fo)' cooling B.t 

go 
the Tc f ) r the flight cond·.Ltion in the ri gb..t - hand )or -

tP tion of the figure and deterrni ne 
qo 

at r.' - 0 ·l-e - b-y 

constructing a straight line through th~. s Doint parallel 
to the tv-'o tes t line s or through this Doint and the 
intersections of these lines. 

2 . Locate the above - obtained value (~p 1'0"':' 
qo 

at the f light angle of at t ac k 8.nd deter!, ' ne 6P fer 
Qo 

a = 7_5 0 by constructlr:g a line througn th:.8 po.;.nt 
Dar allGl to adjacent test lines. 

3. Fro~ the value of 6P for a = 7. 50 ~ead the 
qn 

flap ang le and. exi t are~ from the curves in the left 
portion of the fi gure. As indicated on the chart , 
allovmnce must be ;'rade for loss in fla;:) effect! veness 
caused by deflection of flGrs x"Jead of ·01' behlnd the 
outlet under consideration. 

EstinJe.tes of the required flap an~~le8 and ex.:t 
areas ·!.)8.8 ed on t::J.e coo ling- requi re:llen t predic tions 
9resented ln reference 1 are sh:)1Nn =.n ts.ble VIII . 
It is noted ·that wi th the auto -ri ch rr:lxture setting , 
flap def.'lections of 6° or 13S8 vdll be I:'ufficj ent to 
cool the engine cylind-.;rs with e:.ther tYge of baffling 
in the high - speed , clirr.b , and cruise COL di ti ons; opening 
the flaps wil l rocuce suffici ent additional oressure 
drop to cool the conventlonal1-s baffled englne with the 
auto - lean mixtu r e . The negative engine- cooling- air 
exi t areas shown for the ITctxi "l Uo.'1J - er:.duranc e - crui se con­
di tion indicate that l eal;age t.hrough the c o"l joints 
wi 11 be TInre than adequ3. -Le to coo 1 the engi ne at thi s 
10V'! pO'fle r. 

- --- - - - - - - ---------- --------~~) 
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;)r~lt'::; s tudi GEl bas ed on .:'or' c e ar::.d ;;J r6 S S-cl.re rr:.g asure ­
':;.:)nts '·:;e'8 conGucte.d throughout tt.e invest ::'gs.tion to 
as~ist 'J.::" the deve1oD'l"Ont of an optlrrum eng:~ ne lnstal1a­
tion. 

Force measur eo::ents .- A SUl!"·trary of U-!6 ·':1'ope 1ler-·remo ved 
foroe data , t able IX, shnw s that substa~tia'~ reductions 
in d.rc:;g for t.heh-:g·[". - speed attitude r,-.ay b3 realized. by 
min.)r :(1lOdif.l cstt :")!!S to the i. .ns t 2.l1atLn:-:. . (;:-·ig-..;.res illus -
tr8tin;' the te s t 0 c:n0.i Eons of tr18 nl(lcie l a re i1 sted in 
t~e ta~le.) v~t~ thB exhaust st Gck s~Touds sealed drag 
,~oeff"~cient increr;;en ts che r 1;e&bl f3 to t}}8 i::lstallation of 
the "i :l"~·';'.vidua l and ~anifo lded exhaust st ac !:t~s v::l th hori ­
zontal £la':18 da:11,;)8 rs wer e 0 . 0021 ana c . 00 1 5 , respectively , 
co~~ared to 0 .0007, 0.oooh , 2nd 0. 0003 for the manifolded 
st&c1-rs wit}': vertica l flame d 8.r:::)ers, t;:Je .. ')L1..fo lded short 
st aclfs , Dud tl-,e l11aDl folded n. ·.)'~3 t s·1-o9.c1("8 . Leake-ge from 
the ext':lrnal pre:".s1J.re- box an). 00'1:1 joint.s and from the 
acce s sory- camOaT'bi18nt 6 ):1 t ~ap at tr.:e cov.' l - i'l rewall 
juncture increased the d r ag coeffic ient by 0 .0005. 
P.emovi ng the I\A SA designed f(:d rin~ s t r i l! frii-, the 
accessorY-C01nD8 r t'y;ent exit gap (flg . : 17) tn~reased the 
drag coefflc1ent "by 0 . 0006 thereby j nd-i cutlng the 
e ffectiveness of this fairing in reduc lng end directing 
the ac ee ss OY" ,'l -c o:'11p8.rt:(Ient flow . Subs ti tuti n[; the flap 
extts Lor ttJ6 sht1.tter ey,:i ts de cre8.s e d the GJ' ;," g coeffi­
cient by 0 . 000 7 in the ful ly c l osed c OFlditlon without 
decrear.1inf the pressure c]ro ')s a.cross t .':"6 0!JEi:!G or 011 
cooler: this draG increlY'ent 1s attribut.ed in Dart to 
the Y'10TO effectl VEl ~~e8. 1s a r ound the ed·~es of the fl aps 
and in Dart to th3 e l Lri nat .Lor; of t:hc I'F:ccsp,e0. sU)~fc;.ce 
a t the shutte rs . 

~rom the proce6j.ng items it arpears th~t an over-
all reduction in drag coeffici ent of &~prOxi~Dtely 0 . 0033 
can be o'Jta5_n6(~ Ln the )::Jgh- speec.. com~ :: tion "by~ substi­
tut iJ.!.g the short exho.us t stI'1C~'<s .f0r ths i.nf:lj v 'Ldual stacks, 
seal-ing all e xternal cO'lJl j o t nts exc c;Jt t.h8.t 8t the fire ­
wall, inst.al ling the fairing st. r ip 11.1 th6 8.0Cessor·,:'­
cor.lpartment 8xi t , and subs t :i. tut:1.ng th8 flap or)G. cxi ts for 
the s1:n.ltte r Gxi ts. Tn:l.s r e duction in 1":\1'l:tg ~oefflci6nt 
c ')r~'esponds to an :l. ncrease ~_n hig,a. S 98f3 C o~' 5 miles per 
hour at se a level; reductions 0t ~~ 18s of attac~ of 

10 . .-
7~ and 30 corre8~ond re sn6c tlve l v to ; .D ~nJ~ease 2 - u 

:] n the j."c:.te of ~l .ilrlb of apo .ro xi'E~. tely 3!-~ £' ,3et per '::linute 
and an increase :i.n ~&ximum r ange , according to Diehl's 
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r ange fo1'r1ula , of about 7 percent. As i ndi c ~ t ed by the 
cali bre.tion results, si zeable addi t :l. onal drag r educ tions 
can 'orobably be obtained by sealing the front bulkhead 
of the covil l to e li !11inate the l a r ge amount. of l eakage from 
the clea rance be tween the spinne r and .the cowl. 

Ti th the flush fla pped ext ts , the short a:xhaust 
stacks , all seals r eTI1o ved, and the f1reiNa ll fai r i ng strip 
removed, the oVer - 8.l1 d r ag coe ffici ent :tncre:c1J8 n t s above 
the s eal ed. and rairad cond i tton were 0 .0022, 0 . 0029, ani 
0.0025 for-' conL\ 2;'J. rations IIc, IlIa , a nd IVa with the 
convent:lonal, b;.rbulent-flo w, aDd mixed b8.Lfles$ respec ­
t i v e I s ·. '::1 th open f I Eip s correspond.ing ov.er - all i ncre ­
ment s were 0 . 0068 , 0 . 0073, and 0 . 0071. Since the avai l­
able engine 'J r essure dro-ps fo r t :l" e tr..re e baffle configu_ra­
ti ons were of the sa~e order , ' the sele c tion of the baffles 
for this airp l ane should be b ased exclu 8:'ve1y on cooling 
considerati ons. 

Internal .j r e.g . - Int'3 rn a l ccol~Lng. drag ·~ ()e fficients 

(fig. )-1.2) 1Nere--Co ;-!~ ruted f rom the total· ';)r ·3ssur e lo s s 
through tl;e cov.; ling and .t!1.S wp,~L ght f l ow of c ·:).) ling air 
by the fo l lowing e xp l~8 s ·sion r ear ranged f-!:"Ci [~ .~~·o:rm 'o re ­
sented i n refe r ence 0 : 

The diffe r enc es in ov er- all ]ressuI'e 1088 ''; 8 fo r the t h ree 
ba.ffle confi gura tions we r e couxlterbalanced. to such an 
extent by change s i n t he internal f l ow that on .ly one l ine 
could be ,( a1 r ed t hrough tbe calcula t ed. ~)oint s. At the 
high- speed condit t on , Tc = 0 . 057 , the int e rna l d r ag 
c oeffic 4_ ents fo r the e ngine and oi I - cool er duc ts we r e 
0 . 0021 and. 0 'c'002, r 6 s pe c ti v e l ·y· . Ijo rr e S rJonr:: i LlS in~ernal 
d r . ",',. • t t t j,., ,, }. :) • t - m ~ ' 1 6 rag c oelJ . .LClen s a ,.,e CJ..Pl'Ju - oon'.-ll,'J_on .. L e = J • .:::. , 

were 0 . 0112 and J . 003 1. I t is inter e st J.ng to note tha t 
the s um of t he c alcu_1 8.ted inter nal d r ag eoef i'i. oi ants 
f or t l'e closed- f l ap condition (C . J023) .'N~;;.:3 (')1' the 3ame 
order 8.S tbe p ro pe lle r-remover:' oj fferances in drag coefw, 
f:te l ant b etween the cou:o l e t s instal l a tions and the 
s ealed and faired basic shao 6 . 

I . ____ __ ----.J 



CO)1'lP 1?ri sons of the rr.e8.sured and. ~alcula tec. drag 
increTsnts caused b~ op e~i~~ the Rx1ts to increase the 
Cf)OllLl':; - 8ir preSSU!,8 d- ' ')ps are ::H'esent-;d l.n fiEure l,-3, 
Th'? calculated internal Q:-ag coef! ic i sn te weY's S Cln'w"ba t 
higher than the n88.sured oVG~ - all i~cra~ent3 ~BrtlJ 
because of the de ,I'ease -:i.n 1 ·~fl·.8.~e v 'l:~ .. ch to()l:( pl ':'.~0 8.'3 

th~ inter~al static prsssur 08 de~rf~s8d ~ith ircre~s ~s 
in the ~nternB l f lo w. For a &5Vdn increase in pr8ss~re 
drop, the inc re ase in drag coeffLc~ent w8S near l y the 
s ame for exi ts e -=Iu::, "9ped "vi th shut-'.:;e rs 0 r f'la::ls. 

Surface Pressures 

Surfece pre s su res i'e r e >ne8.s11red at the ri b~1t ~lde 
and a t the inlet of the co wling PY'.itnaril·y to obtain data. 
on the air londs and on the stc.tic ~res!'"ure s at c.<1e c o'")ling-­
aiy' exi ts . Extra;Jolatlons of the pressures to high ""'aC!l 
n'Yl.bers were me-de by use of t~ e V,)~ rrir':lE~n .r elE'tion,shi) 
given 11": J'eference 7 . 

Pressures measured along the rJght side )fche sealeo 
and faired .J()wlin,'!, are presented :i n fi:;;ur-e ~~j.I.. TiH; 
stat-tc '")ressu-re at the eng-:i.ne-coolin€:-- air ·ex'· t V,as less 
thnD the free - "'tream static pressnre "iNhereas at the 011 -
c,,()ler aJ.r c:;xi t , :. twas equa 1 to Or' sli:J'1tly f'reater t::lai.1 
t ).-, 1 '" nre'" 8'" r''''' 0'" nn,'; n'-' the an,-· l e O.L·r , ;:> t.' t "C 1{ fro~ - j 5° _J. .J.l.) I:.: .~U _ ...... " . .../1J..:,.).::_ u "'0-- '-;J. .. ...... • .I.....L.~ 

to 11.2(.) C9. ~J.SG(J. 1i tt l e ch~,rg '3 i!"! the :Jyessures at the 
exi ts . I(ov'[ "-i!.: i-11.8 'Ning 2C iEc:~e:> fort.Ii:\J"d to c;ou:Z-or::;~ 
with a ~eslgn cha~ge ~Boe su ore~lent to construction of 
thc((1odel would causs on l y s"':"l1£:ll .:;.1-:-:.8Ef-8S in t:l,,:, stati c 
pres surGf'l at the 371 t S Rno GO:1SB'::':l'.ent1 y "lO ul ,1 Lot .?fi'ec t 
the a~')ltc8tjon of the test ~0 Pults. 

Surface press~re dlst ri o~tions a t tIe cowl inlet 
wi th p r o'')e ller retroved are shO'Nn 9~) f1.c!,ure Lr.5; ind'Lcated 
crl ti a 1 YB0b ntl!';'l>-Jers corres')oncUn2 to these c.&ta are 
"9res~mted i n fig~.l re lJ6 . Pea1{ ne.!ati ve pressl.lres 0~1 the 
lips (Jecreased wj th j ncre ase ~ i.n botl'J. ln1 et - \~81o,~·).ty 

r atio and anc1'3 of att a ,-,l-- . Pressure oeaks .)n S6:;t1.0r.. C C 
reacr-'cd f;( !f1D.ximum of - 1.05Qo at a :-: -.1.1. . 5° v.d th 
Vi/Vo = 0.46 but were only - O . ~ lqo for the hlgh- s)eed 
attitude , a = - 1.50; 'lj/Vo = 8 . 54 . These ')reSSLl!'es 
corre::: pond t o cri t :l cal r-,~ach nurr:uers of o. ~7 and J . 70 
and crJ. ti. c a l snee d. i n sea - level sta.nd:..'.rd air 'n' lLL2 
and 533 m5 1es -oe r hour , res["l0ctively. Such hLgh ind.Ica.ted 
c r J.ti cal e~\eeds show t"t.lat t'18 cowl lip shaDe (ta.b l e III ) 
mi6ht be app l ied s"tL0essfully to a hlgh - s';.IL"3d air'ls.ne . 
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'l'he effec ts of prope ller opera ti on on the su :.--f'BCA 

nressures at the c(~l inlet for the closed-fla~ ~0nditio~ 
a~e shown in fi~lre 47 . Positive pressure ~e8ks ~Lcreased 
wl tll. 'I'c and a130 moved toward the right s::'de of the air­
Dl sne . Fega tive ':) reSSlJ.re pee.vs on t118 right and bottom 
sides of the inlet decreesed wJ.th incr-ea.ses in Tc ;8.rtJ:y 
becE'-1.J.se of the pressure rise throu§.,h tne D"-'opellsr b~lt 
rnain l :y bee 811se 0 f tr~e s. t tender:.t inc r ease in Vi/Vo ' ' 
corEpsriso:::1 :Ln fi gures 1..f.5(c) and LL7 of the pressur::;s on 
c ritical section C-C (for the hiBh - speed inlet velocity 
ra t ., 0 of 0 ')1) C:'hA,,·S FI-, r r nrorr.1ler O"~, ;:>r"'tjon r'll·d nnt __ _ III ')__ to.... . ...; '1J u .! _Ci ~4 _ .f.-· v..l.. . "."' -.....; c ..... J _ l.). _ L ) 

r esult in ~ressure changes l arge ~pou3h to a l ter the 
critical Eacb n'-l'1Jbe r as predicteci from the ,ropellsr ­
remov ed tests . 

\ 

':f'1}e nore i m?ort9-.,."Y}t results oEthe ir..ves t:ig ::l.tion ai"e 
surnrnari7..ed. E18 follows: 

1. Avai 1a b l e Dre s sure dro~s acros s the ensL18 . . ;:'ld 
oil coo l e r of orj6ina l cO'wl 80nflgl'..ration Ta "'ere ir:.S'lf ­
ftcient for adequat.e cooling j n the n,)Y':orw l-no1ner cl t.-rb 
condi t':'on . Final cOlNl l-,:oDf:;,gurqt~_ons of th.3 II , I~T., 
and IV series , h:)wever , p03se2sed a!:-ple engine and oi1 -
cooler pressure d~ocs (about 1 . 5qn and 1 . 9Qo) for cooling 
in thts cr.i. tiC8 l .fli~'ht conn.i tieD'wi th each of th3 i-tJr =) 8 
baff l s corfigurations tested th8r~in . 

2. The flap - flush exi t area WBS s~.lffi cie:r..t to co') l 
the ens::'ne in the hig,h-sr'eed con(~~.tion ir:. any ccni'i{Jura­
t ion te~ted; le a~age alone would furnish adeq~ete cooling 
in the Y11axin:1.ll'Yl - endurance- ,:)ruiee cr' ilcii tion . 

3. 'rhe raTl1S at the carburetor dec 1
( of the s'?::'ies II 

c onfig',lra ti ons 11'ere 1. 35q and 2 . Olq" for the norm8.1 -
po~er, high - speed, and cl i~b condttlo5s, res~ectivel~; 
correspondins critical alt itudes iJf the air::>lw18 in 
stendard air a re abou t 0900 feet and ~OOO feet based 
on the ene,lr~e cri.tical altitude of c):"OO feet . 

L!. The fl.apped exI. t.s ~ r ')(hlced hjghe r ore.5sure ClY'O')S 

and had lov'<:; r drags at eq'.lal rressure ~ rops t('"an the 
shutter exi ts . 
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5. I n the normal- power cli~b condition (fl n~s o~en): 

(a) Pemoving the exlJS\lst - stf.l.C"V 3fll 01JcJS Jr. ~l'GJ.RCd 

the engine and oi l - c ')ole1' pres sure dro9~ by O. O.Jqo 

anc! O . 09q , res "Ject lvely , but increas ed both the 

charge-ai~ and cooling - air tempera tur es by 8° F. 

(b) Sealing the s~ce3sory - ~o~partment exit gao 

pt the fi r 8wall increased the acce ssory -co>;;~)8rtr:18rt 

tet'1peratur e by 15° F . 

( c) Removing the v anes f'ro:'l1. t.he eY'gine -c 001:l.ns ­

air exl ts c'lLlsed 11 ttle, .1 J.' qo:)·, ('ec.reQ~:,e 

in en~ine oressure d rop. 

I) . A :"6.m of 3.3 inches o f wDter at the gener ,:,toY.' 

b12st-tube f 1 [lnoe was attained 1n t he cli''TIb-[;t-:lOrmal­

pnwer condit~on by locatine the b l a st- ube inlet &t ·the 

rear I)f t"Je 9ressuX'e box 8 1)OVe the C2.::cburetor duct . 

AlttlCl'lSh th~. s r,'i.Ytl v;as les 8 th an 1,1'e NCvy re(:i.'J.ire .tent , 

the ')ree sure dY',}o a cros s the r;elleret'»)'" f urn.!. shed air 

fIc'w ·!.D excess of thdt s08 ci fieo. by the en6ine ';181:uf"lc ­

turer. 

7. As 1nc.lcated by g rolmci -st r.<nd cali br8tiorls, lea'~age 

from tr'e eyternal c owl joints in the high - speed flj.~ht 

con~ition noul d be B 18r'ga'er~~rtaee uf tho e~:ine 

cOQl~ns - a\r flow . 

8. At a =-1. 50 , a o ropell e r - remo v e d drag-coefftci8nt 

increl1"ent ,)f 0 . 001 1 waf> cau s ed "uy le3.knge through. the 

uressure - box jo1nts, the cowl joints , and the co~l - firewal l 

cl earan'~G . Thi s j ncren~en t was I'GQlJCed. to 0 . 0005 by an 

FACA desisr.ec. raj rin~' stri p whi ch blocked t-.art of Ul'3 

flow ~rl directed t he re~aind.er mara nB&rly par~lle l to 

tr8 fuse l age . 

<) . At a = - 1. 5 a.11d wi th the eJ<..:baust - stack shrouds 

se81p.o., t:.18 dr g coefficients for exl:,.aust stac.cs "ith 

indi vidua l 8nd mar:ifo 1c .. ed horizontal - fish t oil - tvoe flame 

dampers INerfJ o. J021 and 0.0015 c on'pa r ed to o. oooL. for 

maniPolded shor t stac~s and 0 . 0007 for ~anifo lrted stacks 

e(~ui,)Jed 1"r) th vertical - fishtf'il - tspe flame d.amDcrs . 

10. ~inor mode l modifications indicated by the d r ag 

tests w0ul d result a t sea l eve l in ao~roxiITat e :ncrease s 

of 5 ~nlles pe r hour in high speed , 3h i ee t oe r r>llnut'3 i n 

r a te of c l iTYlb , and 7 pe rc ent i n rLF.I}_L;T~um range. 
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11. The over-all drag coefficient !as essentially 

indel;)en.d.ent of baffle configuration. 

12. In the uropelle r - r emoved condition at a = -1.5 0
, 

the drag coefficients for configurations IIc, IlIa , and 

IVa wL th closed fla p s, sho rt eY.haus t stac ks , and r.o seals 

WAre 0.0022 to 0 . 0029 greater than that for t~e s e e10d 

ana fs.ired l)asi c shape . These in-::re ·'11ents W'3re of t, e 

same order 8.8 tho se for the calculp-ted internal drags. 

13 . r·r:easured thrust coeffi c."_ents for the cl.lrnb 

condition tests ere consistently l ess at military powe r 

than B.t normal power possibly becBuse of propeller til) 

los ses or the decrease in V o/nD . Increeses in the pro ­

peller gear ratio or mod] flc <'.::.tions to the propeller mi ~<;ht 

resul t in ove r - 8.11 increases in airp l ane perfor!l1ance at 

mill tary pOVt1e r. 

l}.~ . YOI' the high- speed condi tion, the In6icated 

cri tical ~ r. a~h nU.:lb9r of the ins -Calla ti on as de terrrined 

by the llegBtlve OB9.K T,Jressure on the lower li9 O~~ the 

1nlet -'~[lS 0 . 70 . 

Ls.ngley ~.:em0ria l Aeronautl c al Trabora to ry 

National Advisory CO!ll.'111ttee f0I' AeI'ona1lt:.cs 

LEinsley Fie Id, ';a . 

r· 

--~--~ 
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TABLE I. - KEY TO MODEL CONFIGURATION AND DATA PRESENTED 

aData 
Config- Sym-

Distinctive engine and 
cowling components installed presented 

uration bol 

I 

II 

III 

IV 

Substituted component. Pressure Force 

Conventional baffles 
Shutter exit. 

a Exhaust stacks with horizontal flame ---- X 
damper. and shrouds 

Orieinal oil-cooler ducts 

b b.. Exhaust stacks with vertical flame 
X X dampers and shrouds 

c Modified oil-eooler-exit duct X X 

d Modified oil-eooler-exit duet with X ----vane omitted 

e 0 Modified oil-cooler-exit duet, vanes X X 
installed in oil-cooler-inlet duct 

Conventional baffles 

0 Flapped exits 
a Exhaust staeks with vertical flame X, y X, Y 

dampers and shrouds 
~aned oil-eooler-inlet duct 

b Flush exhaust stacks with shrouds ---- X 

e 6. Short exh..,ust stacks with shrouds Y Y 

Turbulent flow baffles 
a X Flapped exit. X, y X, Y Short exhaust stacks with shrouds 

Vaned oil-eooler-inlet duct 

Turbulent flow baffles onr1~ht bank mixed 

<> 
NACA-deslgned baffles on left bank baffle!! 

a Flapped exits X, Y X, Y 
Short exhaust staoks with shrouds 
Vaned oil-eooler-inlet duct 

b + Short exhaust stacks without shrouds Y Y 

c Individual stacks with horizontal ---- X 
flame dampers and shroud. 

d Exhaust staoks with vertioal flame ---- X 
dampers and without shrouds 

Short exhaust stacks without shrouds 
e \l Flapped engine-cooling-air exite Y y 

without vanes 

ax Propeller removed. 
Y Propeller installed. 

NATIONAL ADVISORY 
COMMITTEE FOR AEBONAUTICS 
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T ABLE It. - SUMMARY OF DU CT AREAS. 

(Measured pe rpendlcular to flow) 

Item 

Cowl inlet 

Carburetor-duct lnlet 

Carburetor deck 

01l-cooler-duct inlet 

011-cooler faoe 

Oil-cooler-duct exit: 

(a) Original shutter exit (configurations la, Ib) 

shutter closed 

shutter open 

(b) Modlfled ehutter exit (configurations Ic, Id, Ie) 

shutter closed 

shutter open 

(c) Flapped exit (configurations II, III, IV) 

flap closed 

flap open 

Engine-cooling air ex1ts: 

(a) Shutter exits (conf1gurat1on I) 

shutters closed 

shutters open 

(b) Flapped exlts (configurations II, III, IV) 

flaps clOsed 

flaps open 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Area 
(sq ft) 

1.4g0 

0.222 

.219 

·357 

·51~ 

.006 

.253 

.019 

.200 

.(}j0 

.410 

.400 

1.420 
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TABLE III.- ORIFICE LOCATIONS AND COWL 

CONTOURS AT INLET. 

-~-f-~--+Y 

9./3 9.26 

x rt X Left 

I
I Is/de 

- --+y 
. .J8R 

SectIon B-B 

x 
f--C8.T4-1 

it. Thrust I 
I 

SecI/OI7 C-C ....IL--+Y 
.40R 

Section A-A 7ection B~~ 
X I y Ie ft "ide 

22·92 19.43 X r y 

16.21 16.82 1.89 -0.17 
13 ·87 15·97 · 98 -.31 
11.96 15 .05 .40 - ·39 
7.72 12 .M .17 -. 31 
6 . 02 11·94 .01 - .04 
4.38 10·79 .11 -.26 
2·94 9 ·49 ·34 .63 
1.68 7·87 1.04 1. 38 

. 76 6.12 1. 76 2.03 

. 20 4.19 2.61 2.62 
0 2.19 4.42 3·59 
0 .17 6.32 4·34 
0 -1. 82 7.76 4.74 

.14- -3·84 12.~1 6J~ .-g5 -5"· 77 16. 4 
1. 9 -7 .51 
2.96 -9·09 Section C-C 
4.42 -10·35 X I y 

6 .13 -11.40 1.63 -0. 15 
7. 89 -12·35 .63 -·39 

11.26 -13. 88 .15 -· 35 
13 ·24 -14·74 .02 -.14 
15·53 -15. 65 .02 .08 
22.21 -17. 15 ·33 ·54 

. 69 .85 
1~ction B-~) 1. 05 1.10 
right side 1.41 1. 30 
X I y 1. 92 1.55 

1.82 0. 07 2 · 35 1. 75 
·93 - .21 3 ·26 2.08 
.45 -·36 5·21 2·58 
.15 - .29 7·19 2·93 
.01 -.06 11.66 3·59 
.08 ·34 15·88 4.12 
.30 · 78 19·40 4.42 
·93 1.59 

1.65 2.29 
2.47 2.89 Note: All 

4.25 3 . 91 dimensions in 

6.06 4.70 inches. Each 
coord inate locates 

7·99 5 .3 0 a pressure tube. 
11.83 6.14 
Hi .76 6 . 78 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

---- -----
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TABLE IV.- PRESSURE TUBE INSTRUMENTATION 

Location 

cowl inlet 

pressure box (in plane of 
~umber 6 cylinders) 

engine vee (in front of 
barrels and heads) 

between head fins 

behind barrel baffles 

engine-cooling-air exits 

generator-blast tube flange 

carburetor-duct inlet 

carburetor screen 

oi l cooler : 

duct inlet 

front face 

rear face 

duct exit 

inlet lips 

r ight flank of cowl 

Number 
of 

tubes 

19 
9 
6 

28 

24 

14 

14 

18 
12 
38 
6 

1 

12 
3 
6 

16 

15 
3 
6 

16 

8 

9 
3 
6 

71 

31 

Type of 
pressure tube 

shieldeci total 
static 
surface or j f i ce 

total 

-do-

-do-

total facing baffle 

shielded t otal 
total 
stati c 
surface orifice 

total . 
-do-

static 
surface orifice 

t otal 

-do-
stat j c 
surface orif i ce 

t otal 

open end facing rear 

total 
static 
surface orifi ce 

-do-

-do-

Reference 
figures 

and tabl. 

3(a), 19, ~ 
Do. 
Do. 

3(a), 29 

3(b), 6Ql), 29 

5, 29 

5, 6, 29 

l6(c), 29 
29 

16(c), 29 
Do. 

21 

3(b), 14, 29 
Do. 
Do. 

Do. 

3(b), 29 
Do. 
Do. 

11, 29 

Do. 

16(c), 29 
Do. 
Do. 

table III , 45 

44 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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1"""'-uration 

, Ib 
i 
I 

I Ic 

j 
Id 

Ie 

IIa 

IVa 

!Vb 

IVe 

~-

TABLE V.- ·SUMMARY OF COMPARATIVE DATA PERTINENT TO THE 

DEVELOPMENT OF THE ENGINE AND OIL-GOOLER DUCTS. 0<: 7.50 • 

Ref. Test Type Flap or shutter 
Model Description fig. condi- of _~9stt on ~ tiotl exits Engine 011 

cooler qo 

Same as Ia except that vertical .propel-
flame dampers were substituted 7 ler re-
for horizontal flame dampers moved shutter oloeed open --
(See table I) 

Same as Ib except that modified 
oil cooler exit duct incorpor-
ating a vane and more gradual 12 -do- -de- -do- -do- --
exit fairing was installed . 

Same as Ic except that vane was 
removed from oil-cooler-exit -do- -do- -do- -do- -do- --
duct 

~ame as Id except that cascade 12 -do- -do- 0.48 
vanes were installed in oil- -do- -do- I 

cooler inlet duct 13 open closed .69 
Same as Ie except that Piapped 15 close:i open .49 

exits were subst ituted for ·16 -do- f lap open closed .90 
shutter exit s 12 -do- open .80 

See table I normal-
-- power flap open open 1.54 

climb 

Same as IVa except that exhaust 
stack shrouds ~ere removed 9 -do- -do- -do- -do- 1.62 

~ame as !Vb except that vanes 
were removed from engine-eoaling 16(0) 
air exit and accessory-compart- -do- -do- -do- -do- 1.58 
ment exit gap at firewall was 17 
"ealed 

L-562 

a 
6Pc ACD REMARKS -
qo 

0.49 -- --

.38 -0.0004 --

.40 -- --

.41 -- ~ 

.09 -- --

.95 .000l. __ 20 0020 A 

.91 --
1.86 -- --

1.95 I --- B 

I I 1.94 l -- C 
I 
1 

aIncrement of drag coefficient caused by the modification. 
A - Modification adopted for all succeeding configurations. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

B - Modification undesirable as air temperature was increased SO F at the rear of the engine vee, at the carburetor, 
and at the face of the oil cooler. 

C - Vane removal is considered desirable as smallness of decrease in pressure drop is .ttributed to increased effective­
ness of exit. Accessory compartment exit-gap 4eal is undesirable as accessory compartment temperature was in­
creased 150 F by the modifications. 

:s: 
::0 

z 
o 

l' 
(1l .... 
~ 

r-.:l 
tr 



TABLE VI. - SUIlMARY OF GENERATOR COOLING-PRESSURE DATA 

Pressure 
Flap or reoovery 

Looation of Reference Operating oondition (l shutter at 
blast-tube inlet figure (deg) position generator 

H - Po 
qo 

propeller removed -1.5 clOsed 0.71 

-do- 7·5 -do- ·73 
At top of cowl lnlet, 

19 -do- -1.5 .30 conflguratlon Ia open 

-do- 7·5 -do- ·32 

-do- -1.5 closed .61 

-do- 7·5 -do- .62 

At right-rear wall of -do- -1.5 open . 23 
pressure box, 8b 
conflgurations IIa and lIc -do- 7·5 -do- .21 

high speed at normal power -1.5 closed .66 

max1mum endurance orulse 11 . 2 -do. . 80 at 30.6 percent normal power 

olimb at normal power 7·5 open .2g 

propeller removed -1.5 closed ·57 

-do- 7·5 -do- ·53 

-do- -1. 5 open .25 
At rear wall of pre S8U re 

-do- .22 box above carburetor- 7·5 -do-
nuct 1nlet, --
conf1guratloQ IlIa high speed at normal power -1. 5 olosed . 74-

maximum endurance oru1se 11.2 -do- 1.38 
at 30.6 peroent normal power 

c11mb at normal power 7·5 open ·58 

At downstream end of 011- propel.ler removed 7 ·5 olosed ·50 
cooler lnlet duct, 13 
conflguratlons IVc 011mb at normal power 7·5 open ·36 
and IVe 

'----- --- -

L~ 

Generator 
Downstream pre ssure drop 
pressure H - Pre tr - Pre 
Pre - Po qo at flight 

qo .peed 
(In. water) 

0.46 0.25 ----

.4a .25 ----

.17 ·.l3 ----

. .la . .l4- ----

.q.7 . .l4- ----

.4-7 ·.l5 ----

- .04 .27 ----

-.og .29 ----

·55 .11 1.89 

·59 .21 . 84-

-.02 .30 1. 71 

·39 .18 ----

· 39 . .l4- ----

-.09 ·34- ----

-.10 . 32 ----

.4-5 .29 4-·98 

.65 ·73 2·91 

-.12 .70 4-.00 

.4-4- .06 ----

- . (1) .4-1 2 · 34-
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TABLE nr 

S\JIIIWtY OF PROPELL!R-IIISTALlJID PIIISSCR!: DAU PeR PLIGlIr SOOlUnOI COBnrnOKS 

\ 
Flap "nab -:-r bhp 0 Vo qo Te 

V1 
\"odel ( from (dog) 

a 
~ Fl!..ght 

coong- engine BaIfles -:"nf\! tlcn Ul'otton 3PMlf1- 011 (rt/ooe) ( lb/.q rt) (dog) 
cations) 

Eng!ne cooler 

High- Ira · Iconventtonal 0 0 149 0.908 24.1 0. 054 -1. 5 .0·51 
speed 
normal rnn 1 Turbulent 0 0 147 0 ·951 24· 2 0.055 -1.5 power · flow 

=~ - -
High-
speed 

ITR · lconventlond 0 0 149 0 .908 2~·9 0.059 -1. 5 

mlHtary 
lIIR · Turbulent 0 0 146 0·9~8 2~ · 7 \1_06~ -1. 5 power tlow 

=-- = 
~axlmum He 148 conventional 0 0 129 0.908 17·9 0.1~4 11. 2 

endurane -oru1 se tIIo 14~ 
Turbulent 0 0 119 0· 900 15·0 0 . 141 11.2 flow 

TIe 500 Convent i onal 27 ·7 ~o. 6 156 0 · 900 25·9 0.258 7 · 5 
!::ltmb 

nl)lTIal !Ila 500 
Turbulen t 

flow 27.7 ~0 . 6 158 0 . 900 26.b 0 .251 7,5 
power 

_ . 
~o. 6 IV> 500 Mixed 27 ·7 157 0.900 26·5 0_251 7· 5 

1 Vb 500 Mixed 27 ·7 ~0 . 6 158 0·900 26.7 0.249 7·5 
IV . 500 Mixed 27 ·7 ~O. 6 157 0 .880 26 .1 0.250 7 · 5 

b5~0 ~ Con yen t 10nal 27.7 ~0 .6 159 0.879 26.4 0 .250 7·5 
Cltmb 

Turbulent mil1tary IITs b508 27 · 7 ~O. 6 157 0·911 26.8 0 . 2~~ 7· 5 
powe r flow 

I IV> b522 ~xed 27· 7 ~0.6 157 0·911 26.7 0.240 7· 5 
- - .....J_ 

aS1m~ht10n oondltlon oowerj Tc wee duplioated uatng a propeller blade angle of 22° , 

bH1eheat power obtainable -tth auxillary nnturl ln carburetor duct . 

0.46 

0·52 

0.46 

9·6~ 

0 . 56 

0.98 

0.85 

0·90 

0 . 92 
0·91 

0·99 

0 .86 

0.89 

lli. - Po 
qo Ii( - Po 

qo 

1.27 1.18 

1. ~2 1.12 

1.~8 1.20 

1. ~5 1.14 

1.77 1. 5~ 

1.99 1.~5 

2.14 1. 5~ 

2.14 1.41 
'AJ t ! Ri2ht 2.18 1.5 1.~9 

2.17 1.62 1.45 
2.2~ 1. 62 1.4~ 

2_18 1_51 

2.15 1.4~ 

2.16 1.5511..,., 

Engine duct Oil - cooler duct 

~ 
~ 

0 , 55 

0.45 

O. 5~ 

0.46 

0·59 

0.65 

-0.02 

- 0.12 

'~I "'labt 
-0.0 -0.08 

-0.09 -0 .06 
-0.04 - 0.06 

-0·07 

-0.11 

-0 .07 ro.OI 

~x -Po !:i:.3. ~ ~ 
qo qo ~ q. 

0.28 0· 50 1.27 1.0~ 

0 . ~ 1 0 · 46 1.28 L06 

0_28 0 · 50 1.29 1.04 

o . ~o 0.4~ 1.29 1.07 

O·H 0. 60 1. 66 1.~8 

0. 40 0.62 1.86 1. 50 

-0 .47 -0 . 02 1.68 0 . 12 

-0·~9 -0_07 1. 66 0.26 

-0 .44 -0:05 1. 61 0.25 

-0 ·~7 -0 . 09 1. 70 0.25 
-0. 41 -0. 1~ 1.68 0. 26 

-0 .45 -0_01 1. 65 - 0 .24 

-0. 40 -0.08 1. 65 -0 .25 

-o · 4~ -0_06 1.45 -0.2< 

NATIONAL ADVISORY 
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~ 11;, - Pp 
qo q. 

0.69 0 · 99 

o. 6611.0~ 

0.64 1.00 

0.66 1.0~ 

1.01 1. ~9 

1.04 1. 55 

-.-- 0.20 

- 0. 28 0.21 

-0.27 0 . 08 

-0. ~~ 0·09 
-0. ~2 0.07 

---- 0. 15 

-0. ~1 0.18 

-O.~O 0.08 

Carburetor 
duct 

~ lld - Po 
qo qo 

1. ~6 1.~5 

---. . ---

1.40 1.~9 

---- ----

1. 78 1. 77 

---- ----

2 . 05 2 . 01 

---- ----
.--- ----
---- ----
---- _.!.- .. 

2·14 2.08 

---- -- --
---- ----

L-562 

--' 
~ 'Po 

T." qo 

0.6~ p .24 

0 . 67 p.22 

0.67 0.25 

0.68 0.22 

0·94 0.26 

1.00 o.~E 

1. 55 1. 80 
-

I . 5~ 1.92 
Ler Riaht 1.86 1.60 1.47 

1. 71 1. 5~ 1.9 r _ 

1. 66 1.4'1 1.94 
: 

1. 56 1.89 

1.54 1.90, 

1_6a\1 ..45 1. 67 1 

3: 
::0 

z 
o 

l' 
(]'I 
..... 
....... 
~ 
r:::r 



Nominal 
condition 

Bigh-
.peed 

Climb 

lIaximum-
endurance 
cruise 

Bigh-
.peed 

Climb 

Maximum-
endurance 
cruise 

TABLE VI II • - ESI'IIIATIONS OF THE FLAP ANGLES AIID 

FLUSH EXIT AREAS REQUIRED FOR COOLiliG IN NAVY AIR 

A •• umed night condition. a Required Required nap 
pressure drop angles, degree! 

Horae- Altitude Vo Tc (f,. b Auto - rich b Auto - lean Aut. - rich Auto - lean 
power (teet) m11e. (deg) ~ hour qo 

550 0 192 0.064 -1.6 0.39 
10,000 203 .072 -1.0 .42 

550 0 lOS .2S1 7.5 1.1S 
9,000 122 .275 7.9 1.09 

153 1,500 90 .147 U.S ---.. 

550 0 192 0.064 -1.6 0.46 
10,000 203 .072 -1.0 .57 

550 0 lOS .2S1 7.5 1.42 
9,000 122 .275 7.9 1.49 

153 1,500 90 .147 U.S ----

a Obtained trom cooling prediction. in reterence 1. 

b Carburetor mixture oettings. 

~ 
qo 

Configuration 

0.53 
.43 

1.46 
1.17 

----

Configuration 

0.53 
.43 

1.46 
1.17 

----

---- --

c Negative e:x1t area indicates that leakage through cO'll'l joints i_ 
.utficient to cool engine. 

~ 
qo 

IIc 

0.53 
.57 

1.62 
1.55 

.25 

IlIa 

0.60 
.n 

1.S4 
l.S9 

.39 

d -
Value 01' .0 P /qo is too tar above teot range to permit oxtrapolation. 

~ 0. 6c 6 e <lc 
qo 

(Conventional batne.) 

0.53 0 S 0 S 
.43 0 3 0 3 

1.46 0 14 IS 14 
1.17 0 9 13 9 

.17 --- -- 0 0 

(Turbulent-now barne.) 

0.53 0 S 0 S 
.43 0 3 2 3 

1.46 3 14 
d __ 

14 
1.17 6 9 

d __ 
9 

.17 --- -- 0 0 

--------- - - -

Required nuoh e:x1 t 
area., eq f't 

Auto - rich Auto - lean 

Axe 

0.16 
.16 

.24 
.17 

----

0.22 
.31 

.59 

.75 

----

Axe Axe Axc 

0.155 0.31 0.16 
.090 .32 .09 

d ____ 
1.30 

d __ 
d ____ 

".J.O 
d __ 

- ... -- "-.10 .01 

0.155 0.40 0.16 
.090 .51 .09 

cf ____ d ___ d ___ 
d ____ d ___ d ___ 

... _-- c-.03 .01 
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MR No. 1. 5 112 b 

TABLE IX . - SUMMARY OF PROPELLER- REIIOVED DRAG DATA . 

(Measured a t a Reynolds numbe r of 5.3 x 106 based on the me a n ae r odynamic cbord) 

Suocessive modi f i c at1ons to model Con!1g- I llu s-
a A CD 

uration t r a t1ve a = -1. 5 0 
a = 3

0 Ia = 7 . 5
0 

Q = 11.20 

f 1gu r es (H1gh - (climb (Max. endur 
speed Ilttitude ) IOnce crui se 
att 1tude) atti t ude ) 

Uodel ~omDletely sealed and f a ired (conven tiona l 
baffles on cylinder s) - - 2(a) - -- - ---- ---- -- --

Inlet opened and seal s removed fr om e nglne -
cooling-air exits ( s hut ter t ype) 

J(a) 
-- 16(a) o.ooos 0.0009 0.0010 0.0011 

Seals removed from oi l - cooler ex1t ( shu t te r 
type) -- 16(8) . 0000 . 0000 .0001 .0002 

Exhaust stacks wi th horizontal flam e dampe rs 
installed Ia 8(a) . 0015 .0009 .0007 .0005 

Exhaust stacks with ve rtical fl ame dampe r s 
i nstalled Ib 8(b) - .ooos - .0003 -.00t>2 .0000 

Seals between exhaust stac ks a nd shr ouds rem oved -- 9 .0002 . 0001 .0000 .0000 

Seals removed from ex t e r nal pre.s s ur e-box j o i nts -- 8(.) .0001 . 0001 .0000 .0000 

Seals removed f r om e x ternal cowl j01nts except 
at spinne r , fire wall , a nd e dges o f s hutters -- 2(8) .0002 .0001 .0001 . 0001 

Seal between cowl and f ire wall removed - - 16(b) , 17 . 0002 .0002 .0001 .0001 

Fa1rinK strip removed fr om firewa l l clea r a nce -- 17 .0006 .0006 .00Q<; .000~ 
01l-coole r-exlt shutte r opened (5eals 

removed f r om edge s) -- 15 .OOO~ .OOO~ .0005 .OOO~ 

Mod1f1ed 011- cool e r-exi t duct i nstalled 
with shutte r ope n Ic 12 - . 0003 - .0003 - .OOO~ - .ooo~ 

Vane removed from o11-coole r-e xlt duc t , vane s 
1nstalled in oll-cooler-in le t duc t , seal . 
removed f r om edges of e nglne ~alr snutters : 

I e . 0004 o11-coo~er snut t er c~o8ed 12,lJ .0002 .0001 . 0001 
All snut t e r s opene d Ie 15 . 0017 .00lS . 0016 . 001~ 

Flapped e xlts installed ( flaps clo s ed) IIa 16(b) -. 0007 - .0006 -.0003 -.0003 
·1 All flaps opsned IIa 16( , .OO~ .OO~ .0045 .00~5 

Flush exhaus t stacks i nsta lled , flaps closed IIb 7 -. OOO~ -. OOO~ -.0003 - . OOO~ 

Model restored to or1 g1na l cond1tion , tu r bulen t- 2(a), 5, 
flow baffles 1nstalled on cyl i nders -- 6 ---- -- - - ---- -- - -

Inlet opened , all seals removed e xcept a t 
sp1nner and exhaust stacks, f i re wal l fa1ring 
st r ip removed - - 9, 17 .00f!3 . 0019 .0019 .0021 

Short exhau at stacks 1nstalled , s hr oud seals 
removed IlIa 8( . ) . 0006 . 0006 .0006 .0006 

·TAll flaps oosned IlIa 16(.) . OO~~ . 00~2 .0039 . 0039 

N.~CA-des1gned d1ffuse r baffle s i nsta l led on left 
bank cy11nders, exhaust - s t ack s hr ouds seal ed , 6 (d), 
flaps closed IVa 6( . ) - .0006 - .0004 - .0004 - .OOO~ 

-,All flaps oDe ned IVa 16(0) .OO~ .00~4 .0043 .OO~3 

Mocked-up 1nd1v1dual stacks w1th hori zontal 
8(d) flame dampe r s 1nstalled , fl ap s clos ed I Vc .0017 .0017 .0017 .0015 

Exooust stacks w1th vert1cal fl ame dampers 
1nstalled IVd 7, 8(b) - .001~ -. 001~ -.0015 - .0013 

a Non- 1ndented values are the drag c oe ffi c1e nt i nc rem ents be t ween success 1ve non-1ndented model condit1ons. 
Indented values are based on the r espe c ttve pre ced i ng mode l cond 1tion s. 

" 
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(a) Side view; sealed and faired condition. 

Figure 2.~. General views of modeL __ 
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(b) Side view of configuration Ib; shutter exits and vertical-flame-damping exhaust 
stacks installed. 

Figure 2. - Continued. 
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MR No. L5I12b 

(c) Front view; propeller installed. 

Figure 2. - Concluded. 





L.5b::L 

(a) As tested in configurations IVa and IVc. 

Figure 3. - Engine and inlet duct. 
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(0) Conventional baffles. 

Figure 5 

Air flow 

Intake 

(b) Turbulent -flow bafrles. (C) N"lCA - designed ba f{les . 

Tjp icol bofne and pressure tube installafions. 
Linear dil77ensian.s in inches . 
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MR No. L5I12b 

(a) Conventional baffles (installed on outboard s ide of cylinder only). 

Figure 6. - Baffle installations. 





(b) Turbulent-flow baffles, inboard view. 

Figure 6. - Continued. 
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Manifolded 

~--~------~---.-~--~--

Manifolded vertical-flame­
damping exhaust stacks 

Manifolded horilontal-flame­
damping exhaust stocks 

Manifolded 

MR N0. L5I12b 

short exhaust stacks flush exhaust stocks --------' 

Individual exhaust stacks with 
horizontal flame dampers 

NATIONAL ADVI ORY 
COMMITHl FO AlRONAUliC 

FIGURE 7 - EXHAUST STACK CONFIGURATIONS 
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(a) Manifolded horizontal-name-damping exhaust stacks. 

Figure 8. - Exhaust s~ack details. 
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(b) Manifolded vertical-flame -damping exhaust staGks, 

Figure 8, - Continued, 
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(d) Mocked-up individual exhaust stacks with horizontal flame dampers. 

Figure 8. - Concluded. 
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Removable 
pla~t/cine seal 
u.s&d durIng 
dro9 tes ts,-----i 

L-562 

~ 5hroud 

\l- Exhaust Srack. 

~ ,tY Asbe.5to5 gO.5 ket 

NATIONAL ADVISORY 
COMMITTEE fOR AERONAUTICS 

Fiqure 9. -Derails of exhaust-stock-shroud ~xit. 
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(a) Mild-steel stacks. 

(b) Stainless- steel stacks; flame dampers stiffened with beads and 
braced by cross struts. 

Figure 10. - Views of vertical flame dampers which failed during testing. 
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Figure 11. - View of rear face of oil cooler. 
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Oil cooler installation 

Or glOol duct for shutter eXIt ModIfIed duct for shutter eXIt 

FIGURE 12 -OIL-COOLER DUCT CONFIGURATIONS 
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Oil cooler inlet duct 

Duct for flop eXit 
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Figure /3. - Oi/-cooler-inlef duct 
showin9 vanes and 
9 (?n era tor- bios t-tube 
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Shutter eXits 

(Configuration 1a) 

Flop exits 

(Configuration nc) 

I'v1R No. L5I12b 

NATIONAL AOVISO/fY 
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FIGURE 15.- COOLING-AIR-EXIT CONFIGURATIONS 





(a) Closed shutter exits. 

Figure 16.- Cooling-air exits. 
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Cowl SkinZ 

Removable NACA 
foir/nq strip used 
in drag test.s~ 

Figure 17. - Derails or 
exit 90P af 

~F/rewo// 
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Figure 19. - Generator blast-tube inlet at top of 
cowl inlet; configuration I a. 
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Figure 20. - Setup for air-flow calibration of engine, oil cooler, and cowl leakage areas. 
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Figure 21. - Setup for air-flow calibrations of generator and blast tube. 
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