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wn~D-TU~TKEL 'rESTS OF A SUB .!ERGED-ENG IliE FUSELAGE DES IGU 

By John V. Becker Bn d Donald D. Baals 

SU i,HfARY 

Touts wore conduct Ad i n the 8 -f on t hi~h-Rpeed wind 
tun ~c l 0f a 1 / 5 - sc~le-mndel ~ursuit -ty~e fu~e l a~e with n 
practicqole i L t e rn a l duct ~rrRn~cnent iec i~ ~ed to nea t ~ ll 
of t he ~ir roq irA~ents of ~ l OOO - ~o rs opowe r radi a l cn~ino 
submer··; ,~d. at t1:o maxill:ul'1 section . Air inl et 0pen inA;s '\t 
th e n090 ~nd out l o t n~Gnin~s a t th o sides and a t the t a il 
woro i ~v~st i ~~ t od . Th e internn l-flo~ c~ar~cteristics Ne ro 
d c t crrin~d an~ dr a~ force and ~ re ssure- d i s tri but ion d~t~ 
obt <:'. i nec1. 

T~o rer~lt G showed tha t t he r equir ed interna l flow 
c ~n be obtained wit h ne~ li~ible ductin~ lassos p r o vided 
t h~t b~Jic prin ci ples nrc ob~orved in de~i~ninA; th e a ir 
pns~n~eG . Tho dra~ incr ea se Q ne~~ured with interna l ~low 
\V8ro less th,rtn tho d.rf.l.~ clUE) to tho int e rn ."). l lassos ; i . e ., 
th o effocts nf n ir inlot ~nd outlet on the 0xtorn~l flo~ 
'vore 00. efi ci'!.l. 

T~c over-all dra~ of tho best a rran~ement t oste d with ­
out s i ~ulqted en~ in p re s i stan c e , but with ade quat e int or ­
n a l flo~ for the en~inc requirements at 400 n il es pe r hour, 
rae lASS th'\n th o dra~ of a stro~mlino body of sinilar s iz e . 
The ~axi~um local-velocity increne~ ts over the noses of 
the ~orlels wer e lo w ; t~er efore , the critical-comnre ss ibil ­
ity spoed of the fusela,e would be det0rninAd by t ho cock­
pit fairin~ or the win~-fusela~e juncture . 

I T!:'ROD- C='I02-r 

The optinum pursuit - ty?o fuselage ne8 1 ,n fro~ an aero ­
dynam ic Jo i nt of vi ~w Dust ~~ve ~ ~ore r- p l an t in s talla­
ti on "'hich doeR not ne c e:'Ri t ate B·.~:'J reciable c1epar turon 
fro ~ an i de~lly streamline fo r m. The location of thp en ­
~ino i n puch a fusel~ ~e would ~e n~nr th e ~ax i mum cro r s 
section, and n n extension chaft drive to a tra ctor or 
pusher p r ope ll e r, or t o two }rnpol lors o~ th e \V iu~ ~ould 
be ne c e~sary . In addition to t ~c ~c ch~n ic~l d if f icultios 
involv ed , lack of data on the n0r~dynamic charact ~ ricticG 
of suj.t".olo n ir inlet nu d outlet openin!;s nnd the ques ­
tion of uho thor adoqunte ni r flow could be maintain e d 
wit~out l~rse ductin~ lo ssGe ~npe~r to have discouru~ed 
sub~er ~ed- en~ine deGi~ns . 
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Recent tosts (rofer rn ce 1) have shown that the exter ­
nal dra~ of a streamline fusela~e with suitaole nose-inlot 
and tail-outlet openin~s is no hi~hcr than that of tho 
oasic streamline oody. The critical compressibility sp~cd 
with tho8e oPQnin~s was as hi~h as that of tho streamline 
shape . The promising nature of t~e3e r08ults prompted an 
extonsion of tho investi~nti on to include tho developmo~t 
of a pr~ctic~ole internal system to operate in conjunc ­
tion with the officient openin~s . The ~eneral nrran~ement 
arrived at is shown in figuro 1 . It was the principal 
purpose of this invepti~ution to study the internal flow 
characteristics of this dosi~n. Force and pressure-dis ­
tribution d~ta were also obtained in order to determine 
thn oxtGr nn l char~cteristics of tho inlet and outlet open­
in~s tested and to corroborate the conclusions of rofer ­
ence 1. 

SYMBOLS 

V fr,'!C f;treaT. velocity 

Po fre~ ptre~M density 

q free ptrean dynamic pressure , i Po V8 

P density in duct 

v ue~n velocity in duct 

6H (froe stream totnl prossure) - (duct total pressure) 

Q volune of flow throu~h duct, cuoic feet por second 

F muxigum cross-sectional aroa of fusola~e, 0 . 595 sq ft 

A duct cr08~-sectional area 

8 wettod area of duct 

a velocity of sound in air 

M MRC~ nUD o e r Via 

R ~uRola~o Reynolds nurn~or, .Yi.1Q~5j;_~L'<2f_f:!!'§Ql~5Q.2 
v 



? pr8~GUre coefficient, (Plocal - Pstream)/q . 

CD
F 

ef:ective fusel~~e drag coefficient , 

(dra~ of combination) - (dra~ of ~in~ ~lone) 
----------- ------------------ ------------------

qF 

effect ive a.rea. C area coefficient for outlets , 
.;>;eor.letric area 

cf turbulent-flow $kin friction coefficient . 

. ;l·in iriction!sq ft 
- --------"':\-----'--;. ........ --_ ... -

~ p v<.l 

APPARATUS AND MET~OrS 

ThA ~ACA 8 -foot hi~h-speea wind tunnel in which the 
t ests ~ere carried out is a si~~le-return, circular­
section, closed-throat tun~el. The air speed is continu ­
ously controllable from about 75 to 550 miles pe r hour . 
The turbulence of the air stream as indicated by transi­
tion cea8ure~ents on airfoils is unusually low but so~e ­
what h i ~~er than i n free a ir. 

Th e :uselage models were suppo rted bv a 15-i nch -chord 
a irfoil of NACA 0012 section ,phich spanned t~e jet Cr'i~ . 

2) . The relatively lar~e int e rfer en ce dra~ of the hi~h­
win~ Fet-up was accepted in view of the co~venience of 
this rran~ement. A fillet imilar to that emplo~cd in 
combination No . 14~ of rAference 2 ITas used . The ~in~ 
was fufficiently far removed from t~e various openin~s to 
preclude the uoss ibilit , of ~oasurable interference ef­
fects on the flow at the openin~s . 

Gener~l Arran~eDent 

Tho fusela~es ~e r o des i ~ned around a 1000-horse~ower , 
48 - inch-~iameter en~ ine located at the maxiDu~ section . 
A total-nir requirecent of 21 , 000 cubic feet per ~~nute at 
rated power was aSGuned . At a fli~~t s~eed of 400 niles 
per hour this quantity of flow correspo~ds to a flow co ­
efficient, Q/FV , of about 0.040 . The models were de ­
si~ned for this value of the flow coefficient . 
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The fuse1~ge desi~n :nvesti~ated (fig. 1) is cons i d­
ered the ~ost ?racticnble , and the most efficient froD nn 
aerodyn~nic viewpoint, o~ severnl possible arrangecents . 
A pusher p ropeller was ossu~ed bec~use of the impro7ed 
propalsi78 efficiency possible, Rnd the resulting s i~pli ­

fic~tion o~ t~e inst a llation o~ a~ efficient ~ir inlet 
ope~i~~ and a for~ard-firing canno n . Air fro~ the nose 
i~let is led on either side of the , ilot I S cock~ it thro~~h 

t~in eX~R~din~ channels rhich rcu~ite in front of the e~­

~ine . A clear ~idth of 27 in~hes ~~s allowed for t~e pi -
lot . Behind the en~ine the duct uas necked down su~fi -

ciently to pern it th e instal1a~ion of a bleuer necessary 
for ~round coolin~ in an ~ ctu~l ins~Rllation . Aft of the 
blo ~e r st~tion tho c~Bnnel ~ns divided and c ontracted to 
form t~o partial-annular outlet openin~s. 

Exter~nl Sh ape 

~1~~~~!l~~_~~d.y .- Th e thickness d i stribution up to 
the 24- inch s tation (~i~ . 3) was that of the modified YACA 
III stre~Dline body (reference 1 ) . A fineness r a tio cf 
6.35 was u3ed i~ deriving the ordi~ates . 3ehi~d the 24-
inch Gtntio~ the shape of the ~ody ~as ~overned by con sid­
e ra t io~s o~ sPace requiremen ts ~nd propeller spi~~or size . 
Th a ~i~e~e~8 ratio of the ~esultin~ streamline body is 
6 . 79 , tne lo~~th bei~~ 7 0 . 95 inchos a~d the d i amete r 10 . 44 
i~choG . 

~QE~_l . - Tne desi~n recomQecdations 0: reference 1 
were followed in developing the li&es of the noses . It 
was found t nat an inl et oDening 2 . 80 inch9s in diameter 
(fi~ . ~) p~rmitted a p rofile (derive d from the da ta o~ 
ref e r sn c e 1) sinilar to that of the streamline body , a 
satisfacto~y inlet v e locity ratio , and an efficient 1uct 
expansion to tho Are a aynilable a t the pilot t s station . 
A cock~it enclosure which ~nired into the de vel oned nese 
profil~ (side vie~) a t the 4 . 5-inch station was ~ddpd . 

J~£~_~ .- In desi~nin~ nos e 2 (fi~ . 4) a sac~ifice in 
external shap e was ~ade in o rder to allow the use of 
l arger i n te~nal ducts and thereby to reduce the i~ternal 

lo sse s . ~h8 p rofile ordinates were deri v ed from the data 
of ref erence 1 for an inlet diameter of 3 . 50 inches a~d 
mer~e ~ it~ the cockpit e~closure fairi~~ at the 2 . 50- inch 
station . 
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~~i!~.- The outlet o~enin~s were desi~ned for applica­
tion to the basic streamline afterbody shape. 

Tail 1 (figs. 3 and 5) was an annular-outlet o,enin~ 
of conventional design. Tail I-a (fi~. 6) was a modifica­
tion of tail I, in which the body behind the opening was 
undercut ~s recommended in refAr en ce 1 to relieve the 
static ~re8sure peak occurrin~ with the conve~tional out ­
let. SincD it was shown in reference 1 th~t an outlet at 
the tail ~ight be superior to the radial type, it was de ­
cided to i~clude two tail outlets in this investi~at~on 
even thou~h they could obviously not be used with a ? usher . 
propeller . T~c externRl shape of tail 2 wes identic ~ l 

with that of the streamli~e body (fig . 4). Tail 2-a (fi~s . 
4 an~ 6) was a cusped version of tail 2, dosi~ned accord­
ing to the recommendations of reference 1. 

INTERNAL DUCT DESIGN 

Dnta from references ~. 4, and 5, uere applied in de ­
si~nin~ the internal flow systetl. The area expansions 
~ lon~ the nose ducts ( apex an~les of equivalent con es) , 
and the velocity distributions for the desi~n flow coeffi­
cient, 0 . 040 , nre shown in fi~ure 7 f or both noses. 

B 0 s .§ __ 1. - The duct W!'l.S made cyli ndri CD-I fo r a sho rt 
distance be~ind the inlet in an effort to avoid p o ssible 
int e rfer en ce effects b etw~Qn the internal and oxternnl 
flows. It 7QS then divided into two identical chnnnels 
(fi~s. 3 ~nd 8) ~hich eXDBnded unifornly nt an eauivalent 
an~lo of 5 .8 0 until the i9-inch (p!lotl~) statio~ w~s 
reached. At t~is po int tho moaL velocity ( fi~ . 7) had 
been ~ecre~scd from ~ vnlue of O.56V at the inlet to about 
0 .19V. With tho duct velocity at this low value, a less 
eff ici ent cx~ansion an~le co~ld be owploycd with ne~li~ible 
loss; Rn 8Xpnnsi0n 0~ about 20 0 was required between the 
19-inch and maximun sections . A cylindrical f~irin~ for 
the cn;ine crankcaso was ner~cd into tho wall of t~o ~i ­
lot's compnrt~eLt (f!g . 9) . 

I!:.Q..§.Q_£ .- The inlet 7eloci '~;V for nose 2 was O. 05Y, a 
value low enou~h to permit a relatively lar~e expansion 
angl e to be used efficiently near the inlet, due to t~G 
natural spreadin~ of the streamlines at low inlet velocity 
ratios. The results of reference 5 indicated that an an­
gle of at least 1 0 0 could be cm~loyod for nbout 2 inchos 
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bGh~ nd t~o inlet (!i~ . 7) . The nre~ a v ai l able ~t ~ne 19 -
inc~ stn~ion requi red ~ ~ . 7° u~ifo r rn ex~nnsion froD thn 2 -
inc~ station, ~nd n~Droxim~telv ~ 17 0 cxu~nsinn to t~G 
cyli~dric~l ~n~ine ;~ c tion . (~oe ~i~s . ~ ~n1 E. ) 

1'§.l1:Ll __ .JI:f_l.::~ ·- The chief consirtoratio!:s ~_ n c.i--i"c­
i n~ end contr~ctins the ducts leadin~ ~0 t~e annular ou~ ­
lets (~~~S . ~ end 10) were to ~vo i d ~harp be~ds and ex­
ten~ c d ~e~ ioas of ~i~h v e !ocity . The outlet areas ~ere 
c alculatod !ron estireatoR of the avai l able pra~sure drop 
across t~G intrrnal system f::lr ths c.8s i -E;n flo~ coo!f i ci ' rt . 

1~il~_~_§~~_g.::~ .- ~~o duct aroa a~ the ~:ower stat ~ on 
~as ~~ i ~t~in ~d to ~~e 55 - inch stat~on . ~~o ch~nnol waG 
cylindric~l for ~ inches ahead of the outlets . (Soo f i ~D . 
4 nr. d. 1) . ) 

.§i 'J.Y--2..Q.1_~.9:_~1lg :i,J~;.sL.I~.Qi§.'t.g~ ~~ • - An 0 I" if i c 8 p I ate P' n che d 
wi~h 20~ l/~- inch ~oles was ornpl0~od to ro~resent a ba! ­
fInd en~~n8 a~ conductance 0 . 10 . ~n orifice coe~ficiont 
of 0 . 70 W~8 used in (esi~n i n~ the plat e in vioIT 0f t~0 
closo Guac!ng of the ~olnE . 

Flo~ and Prossure Uaasuroncnt 

The rates of flow vere ~easurod b y surve~s of th8 ~n ­
t al and .t~tic p r easuro at the blo7e r se c t i on . A ~~ilt -
i n rake of 5 tctGl -~re~sure tubes ~nd a r i n~ of 4 static ­
prossure rrificcs spacei 90 0 3part ~ r ound tho duct raIl 
woro ~"o1 f~r this purpnso . ~onaur8~on t s of tot21 pros ­
sure ~r . rls0 ~adG nt the 2~ . 7 - ~nd ~0 -i ~ch Rtatir~8 b~ 
i neertin~ ~dditionel 5 - ~ube rRkes ~nto t~e duc t s frG~ t~q 
ou~side ~f tho Lodel . ~otal -~ressure t r averses st t~e out ­
l ets 7' 02'8 racte by ;::eD-ns of si?:.<sle ':Cc::~, ::-t,. ":)lo iI'!pact tU -')Ofl . 

Static -~rassuro c ri!~c~s over the top 0f the nores 
and ccc~~ ! t !~irin~s re~e installed to pernit the cst i ~~­
tior.. r.f criticr-tl s.,?oecls . Stntic prc,:su r es O'To r thG r'. :'lLU­

l ar out10ts 7oro si~ i l~rly ~e~surcd to furnish ad~iticn~l 
datq on tho outlet charaotcri8t~cs. 

20undar~-L~yer vor..~itio~s 

It ~~S b 10 n !ound ncccRs~r~ i= t~e 8 -fo~t hi~~- Bpoed 
wind tu~ncl ~o f i x the lecation of boundary- la~er trnnsi -
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tio~ LC~r t~c ~ose of fusol~~8 nodols in order to secure 
results s~~ni~ic~n t for ~i~~ Rov~olds ~unbor nnnlicntio~s . 
This was accomplished by 1/4-i~~h -w~de rin~s o~~No . 6J 
carboru~1um ~rai~s ~lued to t~e suriace at the 0/4 - inr~ 
statio~ of noses 1 and 2 Rnd at the corres~ond~n~ s~~Li on 
on ~~~ streamline nose. Asi1e ~rOffi the carborundum str ~ )s . 

the surf"cos of the models (both external and intern~l) -
~ere ~rro~y~amic Rlly smooth and ~air. 

'.i'ESTS 

Drn~-force tests of the ~in~ a lono , oi th~ Btrcn~lino ­
-ood;:r com-::;inc:.tion, and of'). t;rpicnl cor'iDin'ltion '! ith intar ­
nal flo~ . ~oro carri~d to n ~').c~ nUMber of 0 . 67 (~b~ut 500 
T'.ilr)S YJE'r ._our). ?Qr tho other cOffi"Jinations it v;c.S ~CCG~: ­
s~ry only to obtBin dr~~ cOEp~ri~ons ~t a node r~te G~eed . 
A valu8 of ~ of 1.30 ~as selected fron considcra~inn of 
the force required for ade~uate precision o~ measure~en t. 

Actu~lly, the tests ~cre made at a series of s? e eds brack­
etin~ tho dGFi r ed ~a ~ nunber . Tho forco tests wern rado 
both '.: i t~ -oou:'l.dRJ'~~ - layor tr;::ns:.tioD i' ix od r:rar tu::: EO.8 0f 
t :'10 n G ~ 0 1 s ::' n d -, i t h t r &n sit:' 0 n a::; ito c cur red n 3. t , . J' a ~.l Y 0 ':-:' 

t~0 s[oat~ rodol" . 

'.i'~ 1 3~atic pressure and i~t prnal - flo~ roasuro~c~ts 

~;crc rlE .. do s~:e.,ratol~r fro; tt.o ~"'( ; rcc t('sts becPl,use c: .l~~e 
necu~sity 0~ r~~ni~~ t~o 9ro"s~ro tubin~ alon~ t~0 t0P of 
tho ',· i n.::; . ':::It.eso tests ":-ore 'la·ie at a .~~['..ch nun-ocr of f.'..'j ­

proxi~~t0ly 0 . 30 . 

~uit s~rvey ru~s rcrc rado fo r t~e stroa~li~o bo~y 

( f ix ed tra~sition) at s~cedr, up ~o 260 .iles per ~O~T . 

RES"JL'l:S 

T::c ;:~Gt~od of cor.:::?utin~ velocit~T, i:ach r-u:::b;]r, :1!:-(1 

Re3r~olds .. uDber in t~c S-f o:-:t ~i:;~l- S:poGd '.,inr. tUY::lol is 
descri~ ~ d in r 6for~n c 8 6 . Cocpro3sibility effoctc a r e i r. ­
dicqtoi firoct ly sinco t~e tru~ , rather thRn the indic~tod . 

dyn~nic p r o2suro ~&8 ~sGd i n cn~puti~~ the coefficionts . 
T~o off0ctiv0 ius81n~o ~ ra~ cnofficie~t CD

7 
i~cludcs the 

unfRvnr~blo interforo~ce of t~o ~i~h-~in~ ~rran~ercr-t . 
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~~0 r~te of i~tnrnal 
i~ tcr~s nf t~o flou 

f10u is c·:T)rc.3~nd. Eo:c.c i c0!:f'io:'1 -
c 0 C f:." i c i 0:: t , ~/ F V • The L: t (3 Y' -

nal r.uct losses are S~O\7n :!l tt rr::~ of t:-,,) strca::: It:'r.nr:ic: 
pro~~urc ~ocause of t~c signi!ic&nco of t~o roculti~~ Dr ­
r? .. -:(l~cr i::" t:-~(> iLtnrnal ('trL"2; cQuat::'or: . Ac, s>.or'Cl L:. r('f~3r­
(' r.. c '" 1 , t' ~ (' i '1 t (' r:::. <:.1 cL r a ~ c () C f i 1 C i c z: t c'. 8?,) c r:. d S 0 r.. t :'1 \1 1 1 f) ,.: 
cooL'~icil'r.Jc a:.c1. t~.,.c tot.'l.l ~cacl lces a£', fr'110',7R : 

== 2QjFV i 1 - (1 - [:,~/q)'~ 1 
L ~ 

~~~C e:-:'fc·~t r.f :/lo..cl1 r..'lli:.b-;r 01_ :;10 (ira!.:; coci"£icio~t8 of 
th8 r.Jvrea:11i~H~ God;.' ar.<'t of the r:oze 1 - tail 1 cOr.1'~i:c..,tio:c. 

is sho~:c. in figuro 11. T~e 107 ~ra~ v~luoc for the :c.at ­
ur~l tr~~~itio~ co~ditio~ ~ro~ably could ~ot ~o roali7ci 
Ht fli~;::t :?.c;rn()lc:f~ ·'~-1r.:-b8rs c":;ir-(.~ to n rD..IJ:'o.. (~eCrC2,s8 i:~ 

the oztC!lt of l",:.i:'.;lr :10';7 ns -<';' e ~8~rno1d.~ r.unbcr i': L'l -
c r 0 '1, seC. ( :r 0 r t::l:'::' I' r;, ::: 0:1 i t \7'1. C f 01 t r.o t '" 0 r t ~ ,,':t i 1 p t 0 

inc:ludo ~n this rc,o=t tho nntur~l trar.sition rosult~ for 
the oth~r c(nbiL~tions . Ir.. ~o~or~l , the dra~ i~crc~cr.ts 
bptw?en ~~o n~tural a~d fi=cd. tra:c.3i~ion cond.itinns ~A~C 

_ J,.,,':' 
v .: ... .1..J. 

in ~i:ur0 11 frr t~~ 
dr;-""; clat" obttd.:1.od. ,·it:.,. 

:'i;:cJ trc,·r.:::iJ.ior:. "!t a :[>.c~ rur.1:J,::'r ()f lo::/J) 8.rr: ~i"T('n ; .. ,..~ 
t~~le : ~o~8thor ~it~ the !low coefficients, 07nr - ~1: -:ct 
loss~s, and internal dra~ ~Ltn for all of the conlina~ion~ 
tcst-Jd . 

Tllc r0!11.:1ts of thc' cx~.;:r:1'l.l st'l.tic T.lrC-::!~Ur0 !"E.'a:F.ro ­
nents o~er tho ~ores and nnrul~r outlets arc qh~~n i~ f~~­

ures l~ a~d l~ t rcr~octive17. 

A~ analysiz of the duct lo~scs f0r t~e nose 1 - tsi l 1 
cOTIbi~ation pr.d ~or t~p ~o~e 2 - tail 2 con~inat~on i~ ~iven 
in fi~ure~ 14 a:1d 15 , res,ectively . 

~~e data sho~n i:: the !i~areB and tables are ~!v~n for 
an an~:e 01 attack of zero r9~r2e cnly . Jo ~ea~~ra~le 
fu~ela~e drG~ increase ~8S found throu~h the test ~~gle - nf ­
att~ck ran;e of _ ?0 ~o +~.5c. 
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flo'" conditio:1.s about tile tail of the st_oamline b'Jc.~" . 

Ne~r the tuil of the fillet. horovor, thoro was a re~ion 
of d~sturbc~ flou. ~his u~favorablG interforenco ~rt~~G~ 
the ~i~:n. ~in~ and t~e body resulted ~n an effective ~ra~ 
coefficient for t~e body of 0.J92 at the test Reyno:(s 
r_umber 0: 11,2')0,0)0 C.1 = O.~O). ':':~e reSllts of re:"GT ­
ence 2 for a sinilar ~oiel arran~ement (cocbi~Rtio~ :4~) 
indicatod a decre~s0 in offoctive fusel~~e dr~~ of ~7 9:r­
cent bct~ en :n.i~h a~d ~idwin~ nrran~~nents . ~hus, q ~r~~ 

c08f~iciont of nbou~ (.030 is i=dicnted for tbc strGn~l i no 

l::od~ if tho o::?tiJ:ium !.!id.7in£; "..rr::.r_';G':1ont '.70ro 11Gcd . :'ho 
intorf cr'~ co 0~focts at ~ho ~i~~ fillet ~oro local , ~s 7~R 

c.cmor..strn.tcQ -b~.r tuft survo~"s, ~!:d could hnve :10 nc['.s':;.r"..blo 
infl eDco on t~o c~"..r~ct2r~st~~3 of t~D inlet or outlet 
opcDin~s 01' tnc int~rn~l :lou . 

Critic"..l s-::Jccds.- 'I'h'"' nrO"Guro cno:::lcientc ov~r tho 
lo"..di;: ,?;::lT2-i~-;h-=-~ of nroG~ 1 ru:d 2 - 1/2 inches of nr:RO 2 
(portions of t~G nnGO profilos dcrivod ~ro~ t~o shnDc8 ~f 
refor en ce 1; ~~ro low ;~d tho ~radicnts favorable (~i~ . 
12) ; these ~csirnblo ch~rncteri~tics ~ro the snne as inii ­
c~t o d i~ rcfere~co I , a~d tho !.!othod rf doriva~ion of tho 

'p rc~i~ cs ~"r ~ ~ivon inlet size is ~~us vcr if~ cd . It is 
sho~n in reference 1 t~~t t~e criticBl spa ed of n stren~ ­

line fusAlc~e e~ployin~ openin~3 of this ~izc and ~rofilo 
Rh~90 is rs hi;h as t~~t of t~e basi c stron~line body 
Thic~, for t~e F~ape t2stcd, i~ estimated (re!crc~c0 7) ~s 
?'lcr = r'.S7 ':'h.-:- addition of coc]::?it fn.irin~s would ro du ce 

th'J critis",l ;;"..c1". ::.umsc>.T te· <"pproxip<'tcly G. 77 (ostil!:r.t~1d 
by th8 rothcd of rofcr ~ncD 7 from tho ~8~k prosc~ro3 ~ho~~ 

in ~i~ . 12 ' . The ra~id incro~so i n dr~~ coefficient not1d 
in t~~ force t':sts at a i:a ch nUMber o:~ ,,':lout 0.60 (':i<?; . 
11) for all of the con~ination3. is attributed to the oc­
currence o~ tho cornpres~i~ilit7 burJle at the win~ fillet . 
It is 8v~dent that the critical speed of furela~os ~~~l o~­
in~ thE ~o~e I or nose 2 uro~ilcs will bo fixed ty so~e 

point of :n.i~h local velocity other t~an the no.o itself . 
The i~portance of car eful desi~n of t~e ~in~-fusela~o ~unc ­
ture is also auparent. 

~£?~_~Qm~~Ii~QQ~ .- =he cock~it ~Biri~~ 2nd the nose 1 
inlet shupp caused onl~ small i~Cre8SeG in dr~~ above t~3t 
of the 8troa~li~e body (t ab le I, er ran~8ments I, 2, "..nd 3) . 
With t~o ~ntcrnal duct o~en , but with no i~ ~e rnn: ~low , 
the cirr..s; "as n-!)out tho s"..mc ns '.,i th t::'e d ...... ·::t cloeoe.. r,~ the 
nose (Brrnn~emcnt 4) . In comur..ri~~ t~o v~riou ~ ~ rr"..n;8 -
mente ~ith intern::.l air flo~ 1t.ble I) , ncccunt ~us~ ~e 
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t~ken of the dra~ due to the internal as ~cll as the exter­
na l flo~ . TLe ex~ernal drR~ increment of a combination m~y 
be obt~insd by subtractin~ t~e internal dras increment from 
the ov ' r-al! dra~ inc~eEc~t . It ~ill be seon that t~c 0X ­

tcrn ~ l dra~ for ~.ost of the combiLations with intcrnR: flo~ 
~as 108s than t~e d~~~ of the basic streamline body . This 
effect results from a benoficial action of the Ri r inlet 
and outlet proceSGes on thn external flow and is disc~ ~ei 
nore ~ully in reference 1. 

COEp~riEons of tho extcrn~l drag chRracteristics of the 
opcnin~D s~ould be c~dc at the snme vRlue of tho fl o w coef ­
f i cient o~in~ to n vRri~tion with flow coefficient of t~e 
interference effects bet~een external and internal fl o ws . 
Because the rate of flu~ varied some~hat for the various 
arran~e~8nts, it is possible only to make qualitative com­
parisons by direct use of the tent data ~iven in table I . 
Ho wever, tho results obtained ~ith 3nd wi thout the simu­
lated An~ine resistance provide a means o f interpolatin~ the 
data to a ~iven flow coefficient . Thus. at the degi~n ~lorr 

c oefficiont of 0.040 the follo~in~ cJmna r ison bet~~en nO~2S 
1 and 2 ~s tested v.ith tail 2-a (duct ;nonstructcd) was ob­
tainod : 

Dra~ incremo~ts in p~rcent of streamline bO~7 ~ra~ 

Internal dra~ ~xternal dra~ Over - all dra~ 

Nose 1 0 . 1 - 4 . ~ - 1 . 4 

Nose 2 1 . 7 -. 1 1 . 6 

It ip seen that the nose I arran~ement is t~e better of 
the two in spite of t~e hi~her ductin~ losses . 

~he followin~ ord~r of merit ~as obtained for tha four 
outlets in combination with nose I. correctod to a flow co ­
efficient 0: 0 . 040 : 

0~tlot Extornal dra~ increment . percent 

I - 0 . 2 

I-a 

2 - 1 . 0 

2 - a - 4 . 5 



, , 
.l.-"-

T~e internel drags were approx i mately tne sa~e for all 0: 
tile outlGts. 

The dra~ increnents sho~n above a~d in table I ue ~e 

base d o~ the stream!ine ~ody d~a~ for t~e hi~h-wi~~ s t - ,:p 
(0 . J92) . If the o pt imuM midwing arran~emcnt ~ere use~ , 
the inc~e~ent3 wou!a be increared jy about 5J percel t, o~ ­

i ng to ~ decrease in dra~ of t~e basic streamline body to 
abo1..i.t O~')60 . 

~ot only ~as t~e e~tornal dra~ less for the ~ o~ifi 0d 

outlets , but the rate of fl07 for a ~ iven outlet area was 
con~id e~~bly i ncre~88d . (Cf. arran~em~nts 5 Rnd 7. 8 and 
9, table I.) Area coef:icients showin~ the effect iveness 
o f tho outlets and u3eful for desi~n pur poses were der ived 
as l' 0 11 o· ~:", : 

" v = 
o~foctivo OUtl0t a~ea Asf : 
----------------------- --- = 
~co~ctric outlot a~ea 1· 1 

Th o 0ffective ~~8a , as a fr~ct,ion 0: tho maxicum sec­
tion area, is ~iv0n by 

Q,1 
(Subsc.ipt ~ t -1-' t' 1 re!ers 0 ouv~e I 

Q,1 is known , it remains t o compute fr::>Jl 

Be rno ull i r ~ equation for the internal flow in order to de -
t erl1 i ne AEf : . AS'3ue:i.71.'S tb9t frt,g -s treal'1 total precC!'ue 

is a'73,i'.aolp at -'-:io inlet, tb.'1t tile c.ensity q,t ~fJ.e c·,.tlo t 
is dec~eaGed due to the '1ddit~on o~ heat , ani neglecti~~ 
sec 0 n d. -" 0 r c:. ere:. :: ('; c t s , 

P .1. 
= (_~.)2 

P1 

~s the prersure coe:ficie~t obt ain ing at t~e 

outlet stat ~on wi th the o~enin~ faired 07e r. 
fective area i s 

and 

, 
~~ = 
F FY 

1 
----------------T 
(1 - 6Rl/ q - ?1)2 

Th ;.n the cf -



1 2 

c = 
1 --------- - - -i 

(1 - ~~l/q - ?l)~ 

~·o:, r'esign pUI'poses t1:!e seoIT!etr'ic outlet area I!1:::';C -oe 
cO.'1u';.te :l :roD. 

it ). 1 
--------------, 

..: "..- I -::> ).;:' - L;...'"1 1,q - ':'1 G 

The ::"&st equat ion S~07S ~~~t for conctsnt ~a~3 ~ la~ 

the outle~ ~re~ ren~i~ed dene!l~s on the denF it7 ratio 
(L,3., 0': ~::e ',f"OU~-;; 0: ::e~t 3.·-d.E'd to the i r..te'rr..al flo\:) 
as '."c::"l 3.8 on tl:..e ,,,, 'v-c,,i lab::"c pr8s£ure et r o:? acrORS the i n -
tell n 1 G. S t e Ie • : ~ 0 "1' c: 1"'J. ~ S c f C 0 ~ t a i ned. fo r t 1'"'L e 0 l!. -: 1 :'3 t s 
test od 7i~h both nO~08 a~d th3 ~allas o f ?l used in 

their co~puta~icn ~re ~s foilo~s: 

? 

1 - 0 , ')55 O, '?l 

: -a . 33 

. OGO . 84 

2-a . 050 Q~ 
• ~ 0 

~~~38 outlot c0c£~ 1 ~~ents , [s ~C~ "00 F(8n fro' L~e 
met he C ' ,r i 8 ..:- i "T'" ~"~ O!. j 'il. ci i C'~, t e t :'..1. e C Q :..! "0 i :1 e C:. E': :' 8 (; t::; r:: t lJ. e 
s1:!~p~ (f ~hc c?~~in~G and '~e _~t~rferen c c ~ct~~en i~7Dr ­
n~l a~cI extlrnal flO~G . T~e hi~h Talues of tho coeffi­
cie~ts for tho ~odified outlet chapes are ccmp3.ti"ole ~~t~ 
the lo~ exte r~al dra;s obtai~e~ ~it~ these c~apes . 

sure 
soen 

Det~~ln of t~c a~nular outl o t opcLin~~ and the prcs -
distr i but ~o~s ootainot 
t~~t ~lthou~h t~il I-a 

~ r e sho~~ in figure 13. It is 
re s~1tad in n considor~bl e i~-

pro"Te~c~t. :urt~c r u~ie~cu~tin~ is des ired to reduce t~e 
pressures to tho 7alu83 obtaini~~ ~it~ the cutlot fair ed . 
A fu~ther ~odificati o~ 0: the c on tour desi~ncd to ~chie7e 
t~ e dos ir Jd result i s eh0wn . 

Th~se ccnsi de r nt ions of relntivc exter~~l dra~ , ~ren 
co pff i c i oL~ , ~~d presG~re distri"oution, fully cOLfirm the 



c,):lclus ~_ons of refcronC3 1 re':>;e,_riing t~e optir.:mm o-i.tle~ 

O~)811~.n:; 8~-ctJ.les. 

I~ternal-Flow Characteristics 

~_Y~~-:::L~~_lQ'§.f:~_~ .- In c0:n~o2.ri:1p,; the :'nter::lal l-u.ct C'-!:l.~· ­

act0ristics it shc~ld be ~orne in ~:':1d t~ct the to~~l u=ss ­
sure lOSE varies ac?roxi~atoly ~s ~hc squ~re of t~a flo~ 
coei::.'icic:lt, a: ... 0_ t".;.o int.J'·: ... al ~_:c~-:; :'LP:;?!'::J:::'mately as t1'e 
cubo of ~~r flo~ cQJ!fic:'0nt. E~~Gt comp~risoa~ of tho 
inter~al a~rB~~cmentc must t~e~e~ore te ~ace ~t a ~i7Fn 
flou co~:ficic~t . Cc~pa~in~ ~rra:1~O~e~t3 7 a~d 14 (table 
I) 9~ich ~a7e ~bout tJB snme fl07 coeffinient~ , it is 
seen that t~e oVFr-all int~rna~ 103s ~ith nose 1 ~aS about 
twice t~at with nose 2 . T~e ef~ect of a s~arp-odged ~un 

at ~ho noso 1 inlet -~s to add abou~ 2~ ncrcent to ~~c :.~­

tarnal duct loqse~. (C~ . arran~e:n8nts 5 a~d 5, table I . ) 

It ~~s b00n pointed o~t prcviouply t~at t~o internal 
dra~ due ~o the total ductin~ less93 at t~c desi~n ~lo; 
coe~f~cicnt ~~D only 3~_ ~6rcent wit~ ~oso 1 aad 1.7 p~r­
cen~ ~it~ nos~ 2 (corre~n0ndi~~ tn nv€r- ~il duct 103"oS of 
0 . 070 a~d 0.038 , ~ospectivoly). The Da~nitude of ~~cse 
losses ma~ be considered n8~li~~~le in co~pari80n ryit~ ~he 
actual coo!:ng loss , particular:y in vie~ o~ the ap~~eci ­
atle 6ecreeses in external dra~ ~hich accompany the inter­
n 3.1 flo \': . 

~n connec~ion ~ith the sinulateQ coolin~ loss i~ 

sh oul~ be yointed out that in t~ese tests all o~ the in ­
tern~l air flow ~esset thr~u~h the e~~ine resistanco 
~her0~B in ~~ a~tual i=stallation ~ l~r~c ~nrt of t~r ~ir 
,",ould (\ d:"'72rtoO. to t}:-lc cr, rbur c-r;or . ~hc intorr_al d!' ./';;s 
sho-;rn i,~ -::;8.·~):c : for '1rranf-;cDc:lte 10,11,12, 16 , "'..~_(~_ 17 
arc thorc~o~o ~i~hGr thnn ~ould act~"l~v bc inc~rrcd ~t 
the der-i,sl1. r':pe:;d of 4JO miles ~J ('r :~O'tr. Tr..e prcf'curc drop 
pcross tho cn~ino rosist'1nC8 in tho tests corresponds to 
nbout 66 pounds 9cr squ~ro foot ~t 400 miles por heur . 

~.r"1.1~.!}.i.!:LQ';;: 1._Q _:U~.fL§.- The losses t!1rou·~hout the Llte r­
nel sycte~s wore co~p~~ed on t~e b~s~s of oxistin~ inter­
n~l flo~ d~ta in orde~ to aid in ann!yzin~ the measured 
109GBC. R0fcrc~ccs~ , 4, a~d 5 ,ere used in oGt:m~ti~g 
the bond a~d CX28Ls i on lassos . Owin; to the rolatively 
l ar~o ~ro~urtion of ~ottod area to cross - sectional area in 
t he ~e3i~ns orn?loyed , skin friction lo~soc ~ere en ~~ure ­
ciable ~ractiorr of the total IDsses . Tho s~in friction 
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10s:::;88 "'ore cor.:putcd e,S folloi7s by equatin-s t!J.El sU~!lr'.tio~ 

of the loc~l cncr~y losses to the total oner~y Ions : 

or 

r:ho r-c 

dS 

q 
(

7\3 
y) C-<, ciS 

.I. 

63: 
(fr~cTion) = 42.0 

-~ = 
FTJ 

p = p 
o 

:;, 
" 

cf' fro~ 70n ~~r!l~n tur~~lcnt bound~r~ ­
la~cr theory for t~e local duct 
Re~nolds numbers 

~ne rCRulta of the duct-loAS calculati~ns are 8how~ 

in fi~ure~ 14 and 15 to~et~er TIith thc measured losses 
(cor~ e c~ed to Q/FV = O.~40) . The a~reem9nt between ~~e 
measured and co~puted tota~ losses at the 7arious stations 
is satisfactory In ~e~eral , tbs calculated losses aro 
somewhat ~~ ~ hcr than t~e me a sure~ v~lues. This is prob~­
bly dUA to t ' e fact that tho bend and expansion 10Gsc3 , 
as o-,)t[',in e o froD the 7ario-J.S references , i~:cl -.1de 80 '~P :'ri c ­
tion less c E. In adii~ion , e f~70r~b1e scale effoc~ (rcf ­
erencq 8 ) ~~y have s~i~htly reduced the measured 10388s. 

In ordr r to detor~ine ~hothcr the assunption of n tur ­
bulent boune ~ry la~er was justified in cODputin~ the ~uct 

, . .," t· ~ d . t' 1 /2' '!.. . , sr::;.n-_rlC _lcn .lopses, a r'U.:l .. as a Le 1':1 n ~ _ -lLC~j, ,'[lQe 
strip of ~o. 60 carborunduL nrcuna th n wall of the ~uet 
1-1/2 inc~ : 3 back fro~ t~e nosc. T~~ ~ co Clfication result ­
ed in no incrc~8e in internrl ~oss, thus i~dicntin~ thct 
no appreciable ~aninnr flow existed. 

A stud,:- of fic;ures 7 , 14, and 15 l"il1 er:1:p:2asize the 
irportance of kecpin~ the ~uct velocities low, Slnca nearly 
nIl of the losses occurred ht st~tion8 r~Gre t~e velocity 
was ~roat c r t~nn O.25V. C~re shruld be taken to avoid cx-
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t~~Ccd re~ion~ of hi~h velocity near the outl e ts _ ~he 
cyli~dr~c~l section ahead of the tail 2 and 2-a outlets , 
for examule, in consi~ered longer then ne~essary . 

Apuarputly no unGx,ecte~ bend or ex~ansiDn lossen oc ­
currn~_ No ~eacurable ontrance 1093 existed , and no flow 
pUlsations could be ~etected. 

TLO loss across the simul~t8d en~i~e re3i8tance~r8GC 
well rit~ the compnted v~lue~ (fi~s . l~ and l~) and corre ­
Gpondr to ~ c0~ductance 0= 0.106 RS compared pith t~e da ­
si~n val~e of O.lGJ. The resjstance plate caused no mean ­
urable c~8~~es in t~e ch~racteristics of t~e internal flow 
near -bY . 

~~ 9 total-pressure surve~a at all of the ntatione in­
vesti~ated showed th~t t~o ~is~ribution of total pressure 
acrO~G t~0 channels ~as s~tisfQctorily uniform . To vit~in 

1/8 inc~ from the 7~: ls t~e ~otal p=0~curo ~as nev~r wore 
than O . ~ 2q di!fc~e~t fr?~ the ~oan value . 

1. ~he air requirements 0= n porror plant submersed 
near tho Daximu~ section of a 3troa~!ino furela~e c~n be 
Eat with n0~~i~ible 1ucti~~ losses provid3d the funaaEcn ­
tals of e~ficient duct design ~re followed . 

2 . T~e effect of air inlet Et the nose and cutlet at 
the ~~il is benefici~l to the external flow . Owing ~o 
this e:·~ect. the over-all drag of the bes~ arrange~ent 
tested ~it~out sirulnted en~ine Tes~stance but ~ith a~e ­
qu~te internal flow for the 40J-~ilc-per-~cur condition 
WaS less th~n the drag of the basic streanlinc ~ody . 

~. 38c~use of t~e low loc ~ l velocities over the nose 
Ahape~ t83~od, tho critic~l conpre~sibility RpOOJ of the 
fusel~ge -culd ~e deter~inod by the cockpit fairin~ or the 
win~ - fucolnge juncture rnt~or th~n by the ~ose sh~po . 

4. ~~e duct losses Chn be co~putod ~ith 8uffici~nt 
accu~~cy fer desi~n purposes . ~o un_xpBctod elltrn~co 
losses GT :lcTI pulsatiGns were ~pparont . 

5 . Tic conclusions of refor~nce 1 re~~rdin~ the op -
of outlot ope~in~s ~erG c(rro~cratod . 

Lnn~le~ ~enorinl Aeronn~tic a l L~boratory . 
Nation~l A~visory Co~rnittee for Aoro~n~t i cs. 

L ~n~ley Field , V~ . 
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CDr 1;r~) cyTV LJ;y1 
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dr0'l 

(percenr) 
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4 ~---(~ 
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0985 
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.0.946 

.0.929 

.0.955 

3.B .0.85 4.3 

.0.57 ,2.2 

- /. 6 .0.394 I .06B 2.9 

7.3 .D3 8G .20.2 I 8.9 
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Figure 2. General v1ew ot set-up 1n S-foot h1gh speed w1nd tunnel. 
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HACA Fig. 5. 





Figure 9.- Duct details showing crankcase fairing. 
Wall cut at 22.5-inch station. Nose 1. 

Figure S.- Comparison of external shape 
of tails l-a and 2-a. 

Figure 8.- Comparis?n of internal ducts. 
Nose 1 (bottom) and nose 2. 
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Figure 15. - D.t~i1e of radi al out le t o~i~ and pre s 3ure di str i but i ons for Q/FV=O .042. 





Figura 10. Comparlson ot lnternal ducts. 
Tall l-a (bottom) and tall 2-a • 
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Figures 14 and 15.- Analysis of duct lo sses and comparison of computed and meaeured total losses. Q/FV=O.040. 
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