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AJl 'iJ Al-TCE RESTRICTED REPORT 

i'lnm-TU!)TNEL UrVESTIGATION OF REAR U1VDZR SLUUG 

FUSELAGE ,DUCTS 

By K. R. Czarnecki and W. J. Nels o n 

SU£.iIHARY 

A g eneral investi ga tio n of co ol i ng duc t s loca t ed a t 
v a rious p ositions on a model of a typ ical pursuit air
p l a ne h a s been conducted in t h e NA CA full - Gcale tunnel . 
R08ult G are g iven in the pre s ent repor t for R duct located 
on the bott on of t h e fusela g e wit h it s inle t behind the 
le a din g ed g e of the win g . This i nstal lation is designated 
a rear underslun g fusel age duct. 

Be c ause of t he t h ick bo u ndar;{ layers that existed <1 t 
t h e inlets of rear underslun g fus e l age ducts , serious 
losses i n total pres s ure occurred ahead. of the hea t ex
ch a n g er . In order to oliminate t hes e lOSSGB , tests were 
ma de with s p ecial v a nB inst a ll a ti ons d esigned to avoid 
boun d a r y-lay er sBp a ration an d wit h du c ts to bypasS the 
bound a ry l ay er awa y fr~m the main co oling duc t. 

Go od p ressur e recoveri es wer e obta i ned in tho ducts 
"\"l ith t h o use of eit __ er the inlet {~ui(1"o-vane installation 
or th o bound a r y-l ay er byp a ss duct. Be s t efficiencies 
wore measur e d, ho wever, wit h in s t a l lati ons that had vanes 
i n t h e diffuser a nd i n the cl~ ct ou t let . The r atio of 
duct in l et velocity to the strea~ vel oc i ty vaR sh01n to 
bo th o most important p, ram e tor affe c t i nG tho duct per
for mance; a value of this paramet e r of about 0 . 6 was 
s h own to be a g ood desi~n v a lue fo r the ~uct 11 th or with
out Van es and 0.35 was a good valu e f or the instal l ation 
\'lith t h e "oo"mdary-l a yer byp a ss. At vnlues some~·lhC1.t Jelo.' 
0.6 and 0 . 3 5 , sep a rati on occurred ah e a d of the duct and , 
nt ~ i gh or v a lues. t h ere was Rome tenden cy for t ho duct 
losse s to incre a s e . 
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INTR ODUCT I ON 

An investigat i on h~s b ee n co ndu cted in the NA CA 
full - s cale tunnel of e ng i n e-chD.rge-~ir . ana. coo·ling- a ir 
ducts loc a ted a t seve r al po siti ons on t he fusela ~ e and 
i n the wing o f a model of a pur sui t ei r pl~ne . The re
sults of the in~es ti£ati on rel at in g to ca~buretor-a ir 

c.'J.cts on the top o f the fuse l age and to coolint':,'-a ir ducts 
in th e wing have been repo rte d i n references 1 a nd 2 . 
I n the p re s e nt report , results a re g i v en fo r tests of a 
c ooling duct inst a lled on the bottom of th e fuselage 
wit h the i n let b eh ind t h e leadin g edGe o f the wi ng . Thi s 
inst a ll a tio n is desifnatod a ~e ~r underslun~ fuselage 

, duct . 

The te st s we re d ir e c ted tow a r d the development of a 
duc t having t he fo llowin g des ir ~bl e char acteristics : 

(1 ) ilax i m-o.ffi conyersiol" .. of the t o tal press·u.re ahead 
of t hedlct to tot a l p r essur e ~lead of the hea t exchanger 

( 2 ) S u tisfactor y re gul a t ion of a ir-flow qua~tity 
over ' t hQ r ange of ai rpl ane f l i gh t co nd ition s 

( 3 ) 10111 du ct (trag , pflrt i c-~ larly in t he h i gh- spned 
fliG~t c ondit i on 

( 4 ) High critic a l spoed 

A s in g le b as ic Chl ct c onf i gur a ti on 'NaS t es~~ec'1.. 'It'd: sevel'al 
modif ied inlets an d o~ tlet s . I n order to inve3tigate 
methocts 0 ';: p r event i ng bouno.a.r y- la.yer n epal' 2. tion, vanes \«1: 

we r e added in t h e d i ffuser and o~tlet sections of t he 
duct an d a b oun da r y- l ay er bypas s due t VTas in stal l ed . T~!e 

re s i s t a nce of a n orifice p lat e simu l ~tin g a heat exch ang
er \laS vari e d ov.er a wide ra.ng e of value s to r epr e sent 
d if fe ren t typ e s of co o ler . 

An in7estigation iRS made of the af_Bcts of inlet
v elocity r at io and a ir p l ane angle of at t ac~ on t~e duc t 
characterist ic s . I n order t o i nves ti gate t h e effects of 
p ro pe l le r sl ipstre am on the flow into the d~ct , tests 
wer e ~ade wi th the propel J.er re~oved a n d with the p r o
pell e r operating at th ru st coe fficien~s sinul a ting hig_
speed and climbi ng fli ght . Cri ti c a l sp eed s for the 
v a rious duct i nstal l a tion s were estimated for diff er ent 

--------- ---,I 
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rates of air flow through the duct inlet by means of 
pressure-distribution measurements along the duct inlet 
lips a nd the duct-fuselage fille t. 

SYliBOLS 

lift coeffici on t 

increment of drag coefficient due to duct 
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calculated increment of internal-drag coefficient 

increment of drag coefficient due to external drag 
(bOD - bOD i) 

p itching-moment co eff icient 

increment of d r ag du e t o duct 

surface static-pressure coefficient 

bp/qa pr es sure-dro p coef f icient 

p static pres sur e (ref ere~ced to atmospheric pressure ) 

q dyn am ic p ressure 

bp pressure drop a cros s orifice plate 

H tot al pre ssure (refer enc ed to ntmos?~eric pressure ) 

~H loss in total p ressure 

Q ~uantity rate of flo w 

Q)Vo a ir-flo ,,1 parameter 

' Vl/V O inlet-velocity r a tio 

u local velocity 

T propeller thrust 
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V/nD advance- diameter ra tio 

n duct efficiency (Q~p/6DV o) 

a ang le of attack of thrust axis rel at ive to free-
stream direction 

~ pr opeller bla~e setting at 0.75 radius 

D propeller diameter 

A duct area 

S 1.'ring a1' Sa 

Subscripts deno te ave r age conditions : 

o in free stream 

1 in du ct inlet 

2 at front face of orifice plate 

3 in outlet of main duct 

4 in outlet of boundar y- l ayer bypass duct 

5 belo\·! trailing edge of outlet guide vane 

APPARATUS AND TESTS 

A description of the NACA full-scale tunnel and the 
equipment used for the tes ts is given in reference 3. The 
model is shown mounted in the test section in figu r es 1 
and 2 , a nd a three-view draw~ng is giv e n in figure 3 . The 
model was equipped with a Curtiss-Wright controllable
pit ch prope ller th nt was driven by an electric noto r . The 
prope ller had 614Ccl . 5- 24 blad es , which were fitted with 
the metal cuffs shown in figure 4. 

The g eneral a rran g emen t and the principal dimensions 
of the basic duct installation and the modifications are 
s 4.0Vlll in figure.s 5 and 6 . The duct varied in cross sec
tion fro m a segment of a circle at the inlet to a circl e 
at the orifice p l ate and to a crescent at the out let. The ~ 
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Y"ar:iati..c>n . orf the dif:(u.Sf;l~ , (3'1' -Q ss-s ecti cma1 area -wit'h c1.i~
·t 9-n c.o '.fre L'l ,the ,in1et .. i$· sho"\nfn i ,R' ,figwe 7t. _" The t,h;re-e -

:~. ' v 'allt1 'a:r:(Q.~gem, ent. s tested . ''ier~: '. 
, 

.' ( 1) .A hQrizo~ta1 and· a. vel"t ical vane in the, in:L,e-t 
't hat qiv·iC!: eo. · the duct at th;G ~or .ifice p l ate iIlto quadTa,n;,ts 

Or;' ""~. • _. t 

(2)" A h orizont a l outl et vane that eJ;tended fro~ t::h-e 
re a r face of the orifice p l at e alm o st to the outlet, 

. . ( ,3,) ' A ·com·p ,ina t i on 0:( teh,e in1 at al1 d ou t 1 E;t V'lln.e.s. · " 

", For some .of the tests 'v i 'th va nes, the duct iItlet "Ta.s ex
tended forward 5 inch e s and reduced in area from 1.1 0 
s q u a re feet to 0.91 square foot. F i gur es 8 and 9 are 
ph otog r a 9 b s of the ducts instel Jod on the mod el and dis
assembled. S e ctio n ~ through the duct inl ~t liDS on tho 

.. c e n.ter .line of tho duct an.d . through the -d'\:lct.-f;sc In. c: c 
fillot at tho inle ts ar e given i n figure 10. 

F or the tests in which the byuass ,as installpd. 
.. 1. 

the upper surface of the duct was lo,,,ered 13' incher. a t 
t he inlet and the contour of the outlet section was 
modified. The sections of the byp ass duct "/ ere rectangu
l a r a t the inlet and approximately crescent shape above 
t h e orifice pla te; the a rea of the inlet section was · ap
pro;o-:imately one-third the area a,bove the orifice plate . 

An aluminum orifi c 'e ' p l at e ,'lit h holes 3/4-inch in 
diameter (fi g . 9(a)) ' was used to represent the heat ex
changer s '. In order to s imula t e di ff er en t tY J? es of he at 

. ex c~ an ger, the pr e ssure dro p ' across the resistance plate 
~a s va~ied by' p lugging some of t~e holes in accordance 
with the technique of reference 4. 

, Me~surements of total pr essure and velocity distri-' 
"b u tion ,'/ere mad e 1 foo t ahead of the duct inlet and. a t 
seyeral s ta.ti ons \·rithin the du ct and ,dthin the boundary
l ayer bypass to determine the thickn ess of the boundary 
l a;7er, the du ct l osses , G.nd the air-f lo "l qUd.ntities. 
St a tic-p ressure me a sureoents on the duct inlet lip and on 
t he eli ct-fuselag e fi ll e t were made to estimate the criti
c o,l speed. 

Te""ts \-lith p ro p eller operating to Gioulate high.:..~sp eed 
arid climbing flight were made to determine the effects of 
Slipstream . ' The p r ope ller blade angle at the 0.75 radius 
~, t h e adv a~ ce-diamet er r atio V/nD and the thrust coef-
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fic~eut Tc . whicb were estimated for an a irpl a ne 

eq'L1.iIl~ed \vith a 160Q-hor sepo1J!er en g ine, vlerC calcula tod 
to b, GOo , 2 . 96, ana 0 . 02, respectively, a t the high
spee~ lift coefficient of 0 . 1 . In the cli~bing condi
tion .p.t a lift cocffi..cient of 0.5, the calculated values 

~ 0 
of ~ t V/nD, a nd ~o were 40 , 1.22, and 0.11, resp e c-
tively . ~h e test airspeeds wero 63 n iles pe~ ~our f or 
the hi€h-~peed condition and 45 miles p er c ou l' f or tho 
climbing o~ndition . 

The e£fect of the various duct i n st a ll a ti ons on t he 
drag, tho maximum lift, <"'1.nc1. the p itch in~ TtHOL1 e-nt of the 
model was ascertained by force t e sts. The drag of e a c h 
duct insta\lation wa s determine d aG the d iffer ence be
h l een the drag of t h e ,. od01 'lithout duc "\is ( f ig. 1) a nd 
the drag of the mo d e~ with the v a rious du ct arr a ng ements 
installed . The dr a g tests war e made f or v alue s of the 
lift coefficient fro m -0.2 to 0.5 a t a t un ne l a i~ spe ed 
of 100 miles per hour . The ef f ect s of t h o d~ot ~ on the 
maximum lift and th e ]! itching momen t s wero dct,-erm.in e d 
from tests at a tunnel airspeed of 63 miles per ho u r. 

RESULTG AND DISCuSSION 

The results of the tests are discus sed in S1 ~ sections. 
The first two sections treat th e f a ctor s t ha t affect t ~ e 
pressures ahea d of ane). behind the h e a t e:cc h an g er. Includ ed 
in these sections arc discussion s of t b c air-flo~ ch a r a c
tar i s t i ·cs t the duct conf igura t ions, a nd th e h oat-ex ch a n g er 
characteristics . Tho pressures availab le for cooling, th e 
drag of tho ducting system , and t he duct efficiency, v,-h ich 
are tho p arameters for o:;:pressin g du ct performanc e , are 
discussed in the third and fourth s ections. The effects 
of the various duct install a tions on maximum lift, pitch
ing moments, and critical speeds a re discuss e d i n the 
final sect ion s. 

]factors Affecting Pressures a he a d of Hoat Ex'changer 

Values of tho total pressure at t h e face of the heat 
exchanger that are less tha n th e total pre ssure of t h o 
air stream ahead of the duct may bo attributed to losses 
which occur ahead of the duct inlet and in t h e duct d if
fuser . For the typ e of fuselage duct te s te d in t h i s in
vestiga.tion, the boundary layer on tfle fusela g e ah ead of t h e 

~--~--~ 
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duc·;:; h a s b een sho ~,.rn to be t h e T!l ost impo!"tant factor de
term:ning the ·losses that occur ahead of the inlet and 
in the diffuser (reference 1). The boundary layer tends 
to separate from the fuselage ~urf a ce ahead of the duct 
inlet; this tendency is greatly increased by the adverse 
pressure gradient that results fro m deceler ation of the 
flow as it ap~roaches the duct inlet. The lower the in
let velocity, the greater is the adverse p res sure gradi
ent and the stronger i~ the tendency to ward separation. 
As Do corollar:r~ the thicker and more depleted the boundary 
l ayer, the greater is the tendency toward separation under 
sli ght adverse pressure gradients. The pr im a ry problen 
in obtainin g high p ressure recov e r ies at the face of the 
heat exch anger therofore becomes t he control of the flo~ 
to avoid 1loundary-la~~er separation or til e provision of a 
way to ~ revent the boundary layer from disturbing the 
flo w in the entire duct. Separati on may u sually be . 
av oided by correct choice of the duct inle t velocity, al
though guide vanes or a . "boundary-layer ·oypass may ·oe 
necess~ry for thick boundary l a yer s (re:er en ce 5). 

Ail- flow into d'L:ct.- As previousl- discussed , the 
air flo,,, into a rear underslung f u selage (I.u.ct is serious
ly a ffected by the fuselage boundary layer ahead of the 
duct _ iieasurements of total and static pressures (fig. 
11) showed th a t, for the ~roneller-remo~ed condition at - ... ~ 
a = 0.2 ° , ·the thickness of the boundary layer was 1~ 
inches at the center line of the fuselage 1 foot ahead 
of the inlet of the rear underslung fuselage duct and 
decreased a~proxim ately 1/4 inch for each i ncre~se of 50 
in angle of attack . 

T~e separation of the f lo w a~ the duct inlet that 
results from the boundary lay er is shown by the velocity 
profiles of fi gure 12 for several values of V l/Y o' At 

t~e low inlet-vel ocity ratios, t he separation is accom
panied. .'oy flo,,/ rev el'sa.ls that a re incl i cated. by the nega
tive val'.1.es of velocity adjacent to the fuselage. The 
exist. er~ce of flow reversals \'las verif ie d b:v tuft observa
tions. The extent of the area o f flow sep~ration was 
r.e lh.ced :;>.5 the -alue of the inle t-v eloci ty ratio was in
creased and , at il l/YO = 0 . 61 , the flo\.,- entered. the duct 
inlet s :'i1 oothly. 

IncreaSing t he angle of att a.ck of the fuselage re
sults in a timil a r im p rov em ent of the fl01 into the inlet . 
A narrower region of . separation at angles of attac~ of 

'"----- ------- -
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4 . 8 0 an d 10.40 (fig . 13) results from the decrease in 
the b ou nd a ry-l aye r thickness ( fig . 11 ) and from the 
smaller adv erse p ress u re grad ient immediately ahead of 
t he du ct inlet . 

The dependen ce of the f lo"T separation at the du ct 
inlet on the resi s t an ce of t he heat exchan ge r was in
vestigated by var ying t he p ressure drop across the re-
si s t an ce p late ~p/q fro m 4 . 0 to 46 . 5 . The tests 

-;0 

vTere made ",i t h 10 vT -inlet- vel oci ty r at ios, and f lo w sepa
ration an d r ever s als o ccurred in all cases (fig . 14) . 

The elimination of separation ahead of the duct in
let no t only reduces the los ses before the cooling a ir 
enters t he duct inlet bu t a l so enables the duct diffuser 
to operate a t a higher ef fi rii~ncy . · The improvement in 
the flo\-! condition a t the inlet v,h ich occurred when a, 

was increased from 0 . 2 0 to 10 . 4 0 (fig. 13), increased the 
av-e'r a g e total p ressure at the face of the orifice plate 
from 0 . 69'10 to 0 . 84'1

0 
(fig. 15( a )). The averag e total 

pr e ssure of 0 . 69'1
0 

a t the or ifice plate for the low angl e 

of atta c k ( a = 0 . 2° ) is co ns ider ably lo wer than wou l d b e 
c a lculate d f r om the losses t ha t occurred a head of the 
inlet - an indic a tion th a t further flow breakdown and 
energy diss i pati on o c curred in tne diffuser . 

The effects of varying t he inlet- velocity r atio on 
the tot a l pressure at th e face of the orifice p l a te a re 
sho wn in figure 1 6 for tests with vanes installed in the 
di ffus er an d with the p ro pell er removed . At low ang l e 
of att a c ~ , that i s , at high-speed at titude, the pressure 
at the p l a te incr eas es with the vnlue of v1/vo a nd a 
max imum is indicated abov e the highest test condition, 
Y1/v o = 0 . 61 . At the high ang l es of at t a ck, a = 4.8 0 

and 10.40 , the maximu m pressure re c overy is re a lized a t 
lo w~r values of .Vl/VO a nd the losses in total pre ssure, 

\-,hi ch occur particularly at lo w values of V1/'v' O ' a re 
o 

much smaller than fo r angl es of attBck l ess than 4.8 . 
Beyond an inlet-ve lpci~y ~ atio of O.SO , the total pres
sures a t the plate be lo w the horizont a l vane began to 
decrease owing to iri cre nse d skin-friction losses. 

The data obta i ned wit h different p ressure drops 
a cr oss t he or~fice p l e. te ( f i gs . lS and 17) shoiv that the 



pressure recovery is highest for 
gr eat est res i stan c e; the rat e 0 f 
recovery with increasing V1/V o • 
same in a ll cases, 

t he p l ates with the 
increase of pressure 
howev er, is about the 

9 

Q~lde_va~.- In order to decr ease the losses in the 
diffuser that result from t he flo w breakdown which oc
curred wi th partly separat ed inlet flows, several guide
vane install a tions were investi gated. The installation 
of vanes on the horizonta l and the vertical center lines 
of the duct diffuser (fi g . 5) increased the average total 
pressure at the f a ce of the orifice plate 0.09Qo at 

a, = 0.2 0 and C. 04qo a t a, = 10 . . 4° Gfig. 15(b)) . .. With 

this a rr ang ement, the s epar ated flow 'laS confined to the 
half of the diffuser a bove the horizontal Vane and the 
tot a l p ressure belo w the vane averaged about O.95Qo for 

all angle 3 of attack~ Above the vane, however, the total 
pressure at t h e plate varied with angle of attack from 
abou t 0.61Qo a t a = 0.2 0 to 0.81Qo at a = 10.4°. 

The same effect i s shown by the results of other tests in 
f i gur e 1 8 . 

Because the st at ic pressure s behind the upper and 
the lower halves of the orifice p l ate are about the same, 
the high total pressure in the lo wer half of the plate 
caused a l arg e fraction of the air to flo\1 through this 
area , This ph enomenon had been observed previously in 
tests of ducts 'lith inlet vanes and a method of over
comi ng this difficulty waS developed (reference 5). 

Vanes were added in the duct outlet to restrict the 
flow of air through the lower half of the duct and to 
diver t it through the upper half adjacent to the fuselage. 
The yart of the f10\;" that pas s ed thr ough th e upper half 
of the duct for various outlet-van e arrangements is shown 
i n figure 19. The flow may be e~enly divided in the dif
fuser by correct outlet-vane location, as in test 3. 

The attain~ent of l a rger flows through the upper 
than through the lower half of the diffuser results in 
incre as ed total pressures at the face of the heat ex
changer (fig. 20 ) . }' or duct installations ~'fith inlet 
8.-1'ld outlet vanes , the total pressure at 10\'/ a.ngles of at
t a ck ,"ras about 13 p ercent higher tha,Il, for the duct vlith-
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out Vanes and a bout 8 p erc ent hi gh er than for the duct 
wi th on l y inlet vanes . Wi th on ly an outlet vane , the 
flow in the upper and in t he lo wer halves of the duct 
could be regul a ted (te s t 7, fig. 19); however , the total 
pressur e at the f a ce of the r a di a tor was only 0.03q 
higher t h an for t h e duct without vanes. q 

~v'h en t he inlet-veloci ty r at io is 101;1 - f or examp le, 
when V1/Vo ran g es from 0.35 to 0.40 an d when extensive 

flo,,, separation occurs a t the duct ~nlet - full cor1'ec
tiOll of t he duct flow by mean s of the outlet vane may 
require c ons i de r ab le detail investigation. An example of 
the effe ct of · incorrect out let-vane sett in g on the divi
s i on ·of tile flow' in a cLu ct of thi c t y p e is sho\vn in t es t 
5 ( fig . 19) . Reducing the inlet a rea and lncreasing the 
i nlet - velocit y r at i o fro~ 0 . 4 1 to 0 . 60 (t es t 6 , fig . 1 9 ) 
pr ov ided a much more unif orm f l ow . A method of calcula
ting outlet- vane locations is outli~ed . in referen c e 5 . 

~QJ,2,M.9.~x-l aY6.r._.Q~Gl.a.SS.- As an a lt e rn ate meth.od of 
elimin a ting the p ressure losses due to boundary-layer 
sep aration , . a separate duct waS p rovide& for bypassing 
the fusel ag e bO"l.1.ndar y lay er a r ound the heat exchanger 
( fig . 6) . With this a rran g ement, the a ir entered the 
c ooling duct inlet at fr e e-stream to~al pressure and the 
flow reversal s usually observed a t low inlet v elocities 
did not occur . Be c ause the difficulties with the flow 
through t h e in let were ~lim in a te d and no init ial boundary 
layer existed on th e upper surface of t~e duct , the du6t 
diffuser p erformed efficientl y and tot a l pressures as 
high as 0 . 97qo were me asUred a t the 'face of the orifice 

p late (figs . 21 and 22 ). The tot al- pressure re coveries 
were dependent both on the locat io n of the nose of the 
dividing -vane and. on the division of floH be t\"Tee·n the 
bypass and t~e main duct (t able I) . 

Th e h i ghes t p ress u res were obt a ined with the nose 
of the dividing vane slightly behind the duct inle t 
( tests 10 to 13 , figs . 21 a nd 22 an d table I), although 
good results ~ere a l s o obtain e d with the nose of the Vane 
in t he ·p l ane of t h e i n let (tests 8 and 9 , fig . . 21 an d 
table I) . When the v an e was extended 4 inches ahead of 
the duct entrance, the av erage total pr e ssures a t the 
plate decr eased abou t 0 . 06Qo ( tests 3 and 5, fig . 21 and 
table 1) a lthou gh the Sam e flo\'/ .throue;h the b oundary
layer bYPaSS waS ma ~ntained . 
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A value of ~/V o = 0.08 in the seco ndary passage 

waS sufficient to remove the boundar y layer completel y 
at V1/V o = 0.3 for the entire duc t entrance (test 10, 

fig. 21(d) a nd table I). It appears li kely that a 
smaller bypass flow may have suffic ed inasmuch as Ha/qo 
= 0.93 wa s measured in test 8 (t able r) \"ith Q./Vo = 0.03 
for the bypass. 

KKQ:QJ2l1er Ql1.Q1:~tion . - Th,e ef fects of the propeller 

slipstream Oll the fuselage bound.ar ;)r-Iayer ::,>rofiles and on 
the inlet velocity distributions are shown in figures 
ll(b), 23 , and 24 . At 'Ta = 0 . 2, p ropeller operation 

h ad a negligible effect both on t he boundary-layer charac
teristics (fig. ll(b» and on t he inlet velocity distri
bution ( f i g . 23) . Operat 'ion of the propeller in the 
clinb illg cond iti on a t Tc = 0.11 , however, increased the 
thickness of the bo un d. ary laye r ,'),bout 3/8 inch (fig. 11(b». 

As a result of the in~re ased total presD~re in the 
slip stre am , the aver ag e total pressures at the faco of 
the or i fice plate increase d both in the high-speed and in 
the climb in g co nd i ,ti ons, as sh o\'111 in figure 25 for the 
arrangement with vanes in the diffuser. In the climbing 
condition and with flaps inst a lled on the duct outlet, 
the i n creas es in total pressur e due to l1ropelJ.er opera
ti on were about 0 . 30qo and average total pressures at 

the orifice p l ate of about 1.15Qo were measured at inlet

velocity r a tio s r a n g i ng fro m 0 . 60 to 0.90. Below these 
values of V1/VO ' the pressures at the ~late were lower 

because of inlet losses. Average total pressures as 
hi gh as 1 .3 0Qo were me a sured ~t t~e section of the plate 

below the horizontal gu ide van e ( figs. 26(c) and 26(d». 
Average t otal pressur e s of t h is magnitude nay be obtained 
over the entire r a dio.tor by the insto.llati on of a boundary
layer bypass. 

In simUlated climb , t h e p rop eller slipstream reduced 
the symmetry of t he pr es sure pa tt erns at the fnce of the 
orifice p l a te a bo v e the horizont[l.l vane (figs. 26(c) o.nd 
26 ( d ». Slightly lo' .. ;er pl'es sures \-,ore measured on tho 
right-h an d than on the left-hand side of the plate owing 
to asymm etrica~ slipstream effects. 
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Factors Affecting Pressure~ behind Heat Ex changer 

The total pressure at the duct outlet is dependent 
up on the total-pressure l osses that occur a head of tho 
duct inlet , the losses that occur within t h e diffuser, 
and the pressure drop that rosults fro m the air flow 
t h rough the -heat exchanger. The outlet static pressure 
i s a function of the external static pressure near the 
outlet a nd of th o shape of the outlet section of the 
duct . Th e external static pressure in the re~~on of the 
outl e t opening is dete r mined by outlet-fl ap deflection, 
angl e of a ttack of the model , and propeller-operating 
co nditi ons . 

TLe sh ape of the outlet sect~o n of the o.uct affects 
the out l et st a tic pressure throu gh i ts i nf luence on t h e 
contr a ction of t he eT.hausting air " strea.w a nd t h rough its 
ef fect o~ the angle at w~ i ch t h e a ir is di s ch ar g ed into 
t h e main stream . If the outlet section is too short and 
the angle of convergence too hi gh, t h e jet of air leaving 
the duct continues to cont r ac t in cross section and to 
increase i n velo ci ty ;fc- r some di s t a nce dO\lTll strea.m and t h e 
st a ti9 piessure does not reach a v a lue equal to t h at of 
th e free stream until SOL'le dist a nce behind the outlet 
opening . If t h e flow is dis char g ed a t an a n gle to the 
ext ernal str eam , an effective t :l ickening of the body oc
curs behin~ the outlet openin g . Th e magnitude of this 
thick ening is dependent upon t h e a ngle-of-flo \., disch a r g e 
wlth refe:..'cnce to the externa l s tream an(l "L'.p on the total 
pressure a t the outlet . As a result of t his effectiv e 
thick enin g of the body , t h e velocity of the ex ternal 
stream over t h i s part of the body incre a ses and the e x
ter nal static pressure corres po ndi ngl y decre a ses . 

.Qut1.~onfip;~tr§tion.- The outlet op e n i ngs tested 
( ~ig . 5 ) were r ep r esent a tive of present desi gn practice . 
The l ar~er exi t s Band C were formed f rom exit A by pro
gressively cutting back t ~ e lo wer surf a ce of the duct a t 
t h e outlet . Because no modif ica ti ons were made in ~ h e 
contours of the upper surface of the outlet secti on , this 
cut ting back of the lo wer surface caused the flow to dis
cha rge fro m outlet C at a gr eater angle relative to t h e 
e~tern a l stream than from outlet s A or B . 

Th e results of t h e tests s h ow th a t a n appro x im a tely 
linear relationshi p exi nts between t~e tot a l and the 
st a tic pressure at'- the outlet (fi g s . 27 to 29 ). When- no 
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out l et £ l aps were instal l e d , the static pressures at t~e 
outlet opening wer e al~lays posit i ve and increased linear
ly with t h e out l et total p r essures. The rate of chan~e 
of outlet stati c pressure with outlet total pressure waS 
greatest for the l argest exit C. 

A compari son of th e cu r ves of figures 27 to 29 
S1:..0\'!8 that the vanes and the boundary-layer bypass also 
affect the outlet static pressures be cause of their in
fluence on the characteristics of the flow in the outlot 
section of t h e duct . No rule for the prediction of any 
of these effects cou l d be establi shed , however, because 
of t h e many variables involved . 

An examp le of t~G effect of the f l ow through the 
boundar y-la~Ter b ypas S 0_1 the ve l 0 city dis tr i OU t i on at 
the elu ct Qutlet is shawn in figure 30 . At tl .... e top of the 
duct ex it , t .lere is a re g ion of lou velocity that re
sulted f rom the bypass flow wh ich is depleted in total 
p ressure . As the flow through the bypasS is decreased 
( f i G. 30) or a s the ang l e of attack of the model is in
creased (fi g . 31) , this area of l ow velocity becomes 
smaller and finally disappears. Figure 32, 'Thich she.;s 
typic n l ve locity distribution s obServed in most cases, 
is i n clude d for comparison . The air q:Ltantities computed 
fro m the ou tlet velocity distributions are g iven in fig
ures 33 and 34 and in table I . 

Nith t h e insta l l a tion of outl et f l a~s set at 45 0
, 

t he st a tic p re s sures a t the out l et openines were de
creased to about - 0 . 20Qo for outle t B and to -0.30Qo for 

outlet C and the depe nd ency of the stat ic pressure UpOL 
the outlet total p ressure was practically eliminated 
( fig . 27) . In fi gure 33 , it is shown that t~e installa
tion of a flap on outlet B increased the flow through 

t he cluct by ..5l 0.20 
Vo 

at 6P/qz ::: lO!9, 

6P/q~ ::: 19 . 6 , but by on ly 
'" 

o.cs/f- at 
o 

o 16 ~ at • V' 
o 

by 

6p/Cl ::: 46.5. 
-2 

s ample of the velocity distributio n at t~e duct outlet 
,dth fla.:p s installeo. is g iven i n figure 35. 

PrQ2.§.ller Q.J2..Q1:Ililon . - Operation of the propeller in 
tho h i gh- speed co n dition ~lad littl e effect on the average 
outle t static pressu~e (fi g . 27) and on the air-fl~w quan
tity ( fi g . 33) . . In the cl i mb1n g condition, with flaps 
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installed on outlet B , propeller operation d ecreased the 
aver ag e outlet static pressure by O.lOqo (fig. 27) and 

i n creased the flow t hrough the duct by Q/Vo = 0.09 

( a ppro x . ) at p ressure-drop cioefficients of 10 . 9 and 19 . 6 . 
Typ i ca l velooity distributions obtained at outlet B t it h 
the p ro p eller op erat i ng ar~ shown for the h igh-speed co n 
diti on in figure 36 and for the climbin g condition in 
f i g ure 37 . 

Pressures Avail a ble for Coolin g 

The p res s ure av a il a b le for co oling is defined a s t . . e 
dif f e r e n ce bet ween th e total p res sure a t t he f a ce of the 
h e at e x ch a nger H2 and the st a tic p r e ssure ['. t th e duct 

outlet p~ and may be exp ress e d ~ o n di~ en si o n ~lly a s 

H ;a- P3 
--~--

qo 
The ef f e ct cf ch a nges i n Quct c onf iguration an d 

a ir-f low characteristics on the s e quan ti t ies have been 
di s cussed in previous sections a nd the resultin g coolin g 
p re ssures a re p resented in fi gure s 38 an d 39, and in 
t a ble I . 

Increases in p r e s sur e avail a ble for coolin g we r e o b
t a in e d by in cr oasing t he p res s u r e drop across t h e orifice 
p l a te eit ler by varyin g the r esist a nce o f t h e pl a te or by 
varyin g the air flow through the duct (fi g . 38) . At a 
press'U.re- o.ro p coefficient 10 . 9, averag e cooling p re s s u re s 
of 1 . Olqo at an a ngle of a ttack of 0 . 2 0 and l.llqo at a n 

angle of attac~ of 1 0 . 4 ° were measured for the duct wit h 
vanes in the diffu s er and with flap s in s talled on outlet B. 
The p ressures avcilable for cooiin g i n cre as ed i n a ll i n
s t an ces with the an~ le of attac k of the mod el. 

In fi ~ure 39 is ·s h own the i n cre a se i n a ver ag e p res
su~e . av ail abl e for coolin g , whic h resulte d fro m the hi gher 
tot a l ~r e ssure obtaine d at the f a c e of the orifice p l a te 
by the insto.llation of guide vanes in t h e d iffus er . Th e 
a d d iti on of . an outlet v a ne to t he duct wit h outl e t B had 
no eff e ct ( fig . 39 ) beca use the s~ all incre a se in tot a l 
pres s ure ah ead of the p l a te ( fig . 20) was comp ens a ted for 
by a corre sp ondin g incre a se i h t h e outl e t s t a tic pressure. 
With t h e outl ot a rea r educed f ro m 0 , 9 1 t o 0 . 50 squa re 
fo ot (outlet B to oulet A) , ho wev e r , the a d d ition of a n 
ou tlet vane increase d the coolin g ~res Bur es b y about 
0 .05Qo ( figs . 38 a nd 39) . 
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The hi gh e st pressures available for cooling were ob
t o. i n ec1. for the duct dth the boundary-layer bypass. At 
inlet- ve l ocity r atios of about 0.33, coo ling pressures as 
hi~h a s 0 . ~8qo ~ere measur ed for some of the best bypass 

a.rrar:.gs11ents, (table r) as c ompared with the highest value 
6f 0 . 59q obtained f or the hi g h-speed co nditi~n by the 

o 
use 0 f g u i d e Van e s (f i g . 39) . A t an in 1 e t - vel 0 city r c. t i 0 

of a. bo u t 0 . 50 , t he p r essur es a vailable for cooli ne de
cre a.s ed slightly and were approximately equal to those 
meRsur ed for the a rrangement with ~uide Vanes. When the 
total pressure at the face of t~e orifice p l ate decreased, 
t h . .o cool in g pre s sur e a 1 sod e ere a sed an e.. , fo r the cas e in 
which there was n6 f l ow th r o~gh t he bypass and the total 
pressure a t the orifice p l a te was 0.71qo (test 2, table I), 

tho ill e ~ sured coolin g pressure was only 0.48qo' 

O~erating t~e propel l er increased the pressures aVai l
able for c oo ling about 0 . 02Qo to 0 . 05Qo in the high-speed 

cO l:cl it ion. and a bout 0.40Qo in t he climbing condition vrith 

outlet flaps instal led (fi g . 36) . ~or the arro.n~ement 
with Vanes in th o di f fus er , ffio.x i mum pressures available 
for cooling th ~ t ran~ed from 1. 42Qo to 1.5lQo were meaS-

ured in tle climbi ng condition and were i~dicative of very 
good outlet- flap effect~veness. 

Drag and Duct Efficie ncy 

~.Q.ii11 __ drag-A1l,JLiLQ,~t in.§..i§ll nt ior..- .\. summary of 
the total drag of t he various inst~llations investigated 
is p r esen t ed i n fiGure 40 a nd i n tables I and II. T~e 
ir.croment of drag due to t~e d~ct systen 6Cn is the 

d if f e1' en C0 bet ~Te en t 11 e dr D.g of t he model 'Ii th ou t th 0 c.l.!. ct 
and t lle drag of the model \>l ith t he various eluct arra!1ge-
monts ins t a lled , Tho drag due to the intornal and t~e 
extern c.. l flol,,, are includecl i n this increment. 

At 6 p /Q = 10. 9 , at Q/Vo = 0 . 51 , 
:3 

t he i~cremcnt of t otal duct draG without vanes or boundar~ 
l aye r bY9nGS was 0 , 0020 . This value waS not matorially 
challgecL b;yr t he installation of iillet -(anes (table II) . 
Wit h both the inlet and tle outle t vanes , the drag incre
mon t wa S 0 . 0016 a t Q/Yo = 0 . 54 and 0 . 0012 a.t Q/'lo= 0 . 37. 
''f:'18se values' \'1ere the lowest total-drag coefficients meas
ured for any of the duct insta l l ations . With vanes in 
t he diffus 0r , in cr O .9. S in g tho a ir-f 1 0\'1 qUC1n t i ty or the pr es
sure- drop coefficient i n creasod the in~rement of total 



16 

Those values were the lowest total-drag coefficients meas
ured for any of the duct installations. With vanes in the 
d.iffuser , increasing the air- flow quantity or the pressure
dro~ coefficient increased the increment of total d.rag 
(fiC. 40) . For the range of values of 6P/qz and Q/-o 

te ste~ , the increment of total- drag 
from 0 . 0 018 at 6p/qa = 1 0 . 9 and 

0 . 0024 a t 6 p /q_ = 19 . 6 and ~/Vo 
'" 

coeffici ent varied 
~/V 0 = 0.30 to 
= .· 0.49. The drag of 

the installation ,dth the boundary-layer bypass generally 
e~ceeded that of the opt imum vane arrangement by from 17 
to 33 percont at . Q,/V o · = 0.35 ( approx . ) an cl by · from 25 to 
56 per cent at Q,/Vo = 0 . 55 (t ab les I and II). 

~~~i_illt~~l-~~~effl£l~llt.- In addition to the 
total drag , figure 40 an d tab l es I and. II show the incre
ment of internal- d.r ag coefficient calculated from the 
exp r es s ion 

wh ich waG derived from the momentum loss of 
sible fluid flowing through the system. At 

an incompres-
6p/q ;:: 10.9, 

;; 

a t Q, / Vo =- 0 . 51 , and at CL = 0 . 1, the internal-d.rag 

coeff icient waS 0 . 0009 for the duct without Vanes or by
paBS (t ab le II) . The additio n of vanes in the diffuser 
alone increased the int ern a l-drag coefficient to 0.0011, 
but the a ddition of inlet and outlet vanes together or 
the ad.dition of an outlet vane alone decreased the coef
ficient to about 0 . 0008 , althoug h the flow WaS also d.e
creasod b:r·the acldition of the outlet vane alone . 'men 
t he flow for the fully vaned. installation was decreased 
to Q/Vo = 0 . 3i , the incremont of internal-d.rag coeffi- · 
cient waS reduced to 0 . 0002 . An increase in the air
flow quant ity or in the p ressure-drop coef f icient rapidly 
increase d the intern a l-dr aG coef ficient (fi g . 40) . 

. ~uc1~xt~~nal=~iQE-QQeff~ci~nt.~ The duct e x ternal
drag c oe f· lcient, \1hich is equal to the difference be
tween the total- and the internal-drag .coefficients , waS 
0 . 0011 for the inst a lldtion wi t hout vanes and varied be
tween 0 , 0008 and 0 .0010 for the duct with the variou~ 
vane a rran gements a t 6p/q a ;:: 1 0 .9 and at Q,/~o = O.~O 
( app ro x . ) (t able 11) . With vanes in the diffuse r , the 
external-drag coefficient v a ried f~om 0 .0 019 with the 
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inlet and the out l et seal ed to 0.0005 at 6p/q_ = 19. 6 
"" 

and 10 . 9 a nd Q/Vo = 0 . 49 and 0.59, respectively, · 

(fi g . 40) . The high eAternal drag measured ~ith smal l 
~ a ir qu nntities is attributed to flo w sep arat ion a t the 
~ duct- fusel ag e fillet . The addition of a -Dypas s to the 
~ inst all a t~on wi thout vanes resulted in external-dr ag 

coeffi c ients that were 0 . 0004 to 0.0010 hisher than 
those obt a ined for the vaned installations at the same 
values o~ 6p /qa and Q/Vo (tabl es I and II) . Tufts 

indic a ted that the f low at t he duct f usel nge fillet with 
the bypass installed g enerally waS not smooth. 

~.l..'£~_.~ f fie ~ e n .£il • - Th e due t e f fie i en c y i s de fin e d as 
the r a tio of useful pow er expended in forcing air through 
the o:;"ifl c e p late to the total po re:: rea..uired to over-· 
come the d r ag due to the duct; t hat is , 

" = Qt. p 
6DYo 

I n &ccor dan ce 1ith th i s definiti on , only t~e a i r flowing 
through t he resistence p l at e 1aS considered to do any 
useful 00 rk for the tests with the boundary-layer bYP~SD 
L~stalled . 

~or 6P/q~ c 10 . 9 and Q/7 0 = 0 . 51, 
'" 

the duct ef-

ficiency of the install a tion· without vanes or bypass vas 
0 . 42 (t ab l e -1) . O,dng to the poor f lo \! clistl'ibution be
twe en th e u~per and lo v er se c t i ons of the duct , ~he use 
of i nlet vanes a lo n e decreased the duct efficiency to 
O. Go . The use of both inlet a nd outlet vanes , ho~over , 
incre a sed the efficiency to about 0 . 55 ~ ith both the 
ori g in a l and the mod ifie& inlets. Th ese efficiencies 
fere the hi ghest measure& for any of thc Quct arrange
ments . Th e rel a ti v el y low d~ct efficie~cy of 0.28 ob-
t a i n ad f or the full ,' v a ned · D.UC t · at V 1 /7 0 = 0 .34 ,·raS 
tho · resu~t of h i gh extern~l drag ( table II), which usual
l y o ccurs with low a ir flows (fi g . 40) . 

Fo r t ~ e duct wi th tle v a nes in the diffuser, the 
duct efficienc· incre ~ sed r a~ i dly as e it her the air-flo w 
Clua ntity o r the p re ssure- dro ) coefficienJG ,·raB increased; 
the l atest duct ef~i ci an cy was about 0 . 10 for ~p!Cl~ 

= 10 . 9 and Q/7 0 = 6 . 30 a nd the high est were 0 .5 6 a n d 

0 . 5 7 a t 6p/Q2 = 19 . 6 an d 10.9 and Q/7 0 = 0 .49 and 
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0 . 59 , ' respeotively , ( fig . 41) . The efficiency of the du ct 
with the boundary- layer bypass r anged from 0 . 06 to 0 ' ~09 
at Q/V o = 0 . 35 ( approx .) and from 0.09 to 0 . 13 a t Q/V o 
= 0 . 55 (table I) . It is believed that higher efficien
cies c a n be attained while high pressure recoveries a re 
still ma intained by sim~l taneously decreasing the inlet 
area of the b oundary-layer bypass and the air-flow ~uan
tity instead of by restri c ting tho flow throu gh the bypa ss 
a lone . 

Maximum Lift and Pitching Moment s 

The installRtion of the duct system h a d n o ' effect on 
the max im 1m lift but incre ased the n~gQtive slope of tho 
p itc~1 ing-;noment curve . An analysis of the results of 
figure 42 indicates t ha t the incr ements of p itching-m oment 
coeffici ent due to the duct are g re a ter than c a n be esti
mated from the drag of the duct a lone . 

Crit i cal Speed 

3y the mothou of refer Bn ce 6, th e crit i c a l spoeds of 
the duct inlet wore estimated fro m p re ssure-distribution 
measuromonts on the surface of the inl t lip and the duct
fusel a8 9 fillet a t a tunnel Bir spoed o f 63 miles per hour. 
The max i mu m neg3 tive pressures we r e e x trapol a ted to higher 
Bach num be:cs a s in figure 43, 11nd the critical s p eeds fere 
found from t ~e intersection of th e ex~r ap ol ~tod pre~aure , 
curves wi t h t h e 6ur1o of M~ ch number f 6r th e loca l speod 
of sound . 

At ~Le high- s p eed angle of attack of 0 . 2° , the high
e s t critical ~ach n u mbers c a lcul ated for the duct inlet 
lip a~ d foi the duct- fuselage fillet were 0. 55 , and 0 . 49 , 
res l) ecti ' elY i t h ese v a lues corre spond t o s ea-level criti
c a l sp e eds of '420 a nd 374 miles per ho~r . Th ese 6ritical 
speec"s ... -rere und.esirably l o'w a nd indic a ted th a t modifica
tions i n the sh ap e of the inlet lip an d t h e fillet '·Tere 
desirable . As shown in reference 1, t h ese modifications 
should include increases in the c am~er a nd t h e thickness 
oft h e in 1 e t 1 i P an d t 11 e due t - f use I ' . g e f ill e t top r 0 v ide 
a more uniform p ressure dis tTi bution . 

The critical s pe eds of the duct inlet decreased with 
t h e inlet- velocity r a tio . The reductions in critic D. l 
speed. a l' e inclicate d in figures 44 <,1.n d 45' by th 'e increased 
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maximum neg a tivo pressures ri t the lo v values of 7 1 /7 0 , 

For the duct-fuselag~ f illet, the peak nogative pressure 
increased from -1 . 78Qo to -2.3 4q~ for a variat i on in the 

ro inl et- vel ocit y r a tio from 0.53 to 0.37; this result corre-
~ s ponds to ~ decre a se in critical Mach number from 0.49 to 

I 
H 0 . 4/1. 

The p res s ure d istributions varied with changes in 
angl e of ~tt a ck of the model (fi gs. 46 to 43) ; reductions 
in p e ~k negative p r essures of 0.5 5Qo to 0 .6 0Q o on the 

inlet lip and of O. 35Q o .to 0. 8 0Qo on the duct-fuselaee 

fillet WerD mensured wh en t he angle of att~ck was incre a sed 
fro~ 0 . 2 0 to 10 . 4° . Th ese reducti ons in peak negative 
pressures ~ ith increases in angle of att~c~ are att r ibuted 
principall y to the fact tha t the duct inle t is located 
on the lo wer surface of the wing. As t~e angle -~f-ittack 
of the a ir p lane is increased, the stat ic. pressure be~eath 
the wing is increase d and , for the Same maSs flow of air 
t h roagh t ~ e duct inlet, the a ir enters the du ct at a 
hi gh er . ve l oc it y re l a tive to t he flow in the region of the 
duct inl et . The angl es of at t a c ~: of the L:l et 1 ip ar..d of 
the du ct-fuRel ag e fi llet, which a re determined by the 
i r..let-rel o cit y r at io (r eference 1), 'l.re decreased. and the 
i nduced velocities over t he surft aces are ~educed . At ar.. 
inl et- v elocity ratio of O ~ 4 0, an incre~se in the angle 
of a tt a c k from 0 . 2 0 to 10.40 incre ased. the sea-level 
critic a l s ~ eed of th e duct- fuse l age fi l let from 350 to 
374 miles per hour an d the critical sp eed 01 the inlot 
lip fron 412 to 4 96 miles p er h our. 

Operation of t h e p ropell e r in the high- speed condi
~~on had littl e effect on the inlet-lip pressures but 
i ncre',sed the ne a tive p resGul'es at tJle fills.t about 0.40Q'O 

at an i nlet v elocit y r a tio of 0. 2G and 0 . 30Qo at an inlet

velocit y r at io of 0 . 44 ( fig . 49 ). As in the propeller
remov ed tests, sep a r at i on ~aS present at the duct-fuselnge 
fill e t a t 10 1 inlet-~elocity r at io s (fig. 50 ). 

su··nB.R YO}' RESULTS 

The r esu l ts of the general i nv e st i rntion of rear 
underslung f uselage du ct s rep orte d herein are summarized 
as i'0110",G: 
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1 . The r a tio of the du ct i nlet velocity to the' st re am 
v elocity was the most i mportant parameter affe cting the 
perfo r mance of re ar underslung fusel ag e ducts . An inlet
velocity ratio of a bout 0. 6 wa s found to b e a s ood design 
value fo r su ch an i ns tallation with or wit hout vanes a nd 
11 v'a l u e of 0.35 \"as p ermis s ible for the du ct with t ,h e 
bounda ry-l ay er bypass . 

2 . Because of t h e t hickn ess of t he bound11ry lay er a t 
the inlet o f rear unders lung fusela ge ducts , serious 
los o e s in tot a l pressure 8,he a d of the h e a t e x changer oc
curl' ed \"/:len n o van es n or boundary- l a ;rer by}?as s \"a9 us ed. 

3 . Lowe s t d r ags and highest duct efficiencies in 
co mb i na ti on with g o o d p r essu r e recoveries ah e a d of the 
heat e;;.;: cho.n6er were measurecl f or t he rea. r unclerslung fuse
l ag e du ct wi t h b ot h inl e t and ou tlet v a nes . The Use of 
eit h er inlet or ou tlet va~e~ alon e , did not g reatly i mp rove 
t he over-a ll duct performan ce. 

4 . Best tot a l p r e s sur e rec ovories, but generally 
'hi gh er dr ag a nd 10 \'le r CLuct effi c~. 8n cies, . ere measur ed 
for t h e duct arrangemen t with t '18 uO 'B,dary-l ayer bypass . 

5. Propelle~ operat i on incr9 ~sed the total pre ssures 
at t l:.e f&c8 of t ~le h eat e xe" a.'nbci:' . I n the hi gh- speed. 
co ~d itio n ( at a thrust c oeffi cient Tc of 0 . 0 2 ) , the in-

crea~e s i n tot a l p r e isure ahe n d of the heat cxc~ang or 
we r e smal l; whereas , in t he cJ imtlng condition ( at Tc 
= 0 . 11) , a ver .ge increas es of a~oat O. 30Qo ( where qo is 

th o free- s tream d ynan ic pressur e ) ve r o measured. 

6 . The stat ic p r e s s u r es at the duct ou tlet were 
po s itive for the ins t a l latio ns without o ~ tlet flap s. The 
,adG. i t i on of out let flaps r edu c ed the static p ressures to 
a s lo w a s - 0 . 30Qo 1ith t he p r opoller removod and to as 

low a s - 0 . 4 0q o with th e prope l ler op erating in t he climb-

ing co nd ition . 

7. The pos iti v e v a l ues of t he out let stat ic pres
sures were redu c ed by dischar gin g the coo l in g a ir paral
lel to t ho external stream and by decreas ing t he a n gle 
of conver gen c e of t h e ou tl e t sect i on of t~e duct . 

8 . 01,.!±n ~> t o tll0 insuf f icient amount o f c ambo r an d 
t hi ckness at t he duct-fuselag e fillet e..llG. a t tho inle t 
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lip, t he criti cal speed of the duct installation was 1mdesira.bly 
low. The value of the cri t ical speed i ncreased with increases in 
the i nlet -velocity r atio and in t he an51e of a ttack of the model. 

H Langley Memor i al Aeronautical Laborator y, 
Nat i onal Advisory Committee f or AeronautiCS, 

Langley Fleld, Va. 
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," A~O/'W~ i1J;fy .~ 
1 !t I 

A 1.10 sq ft Out1etA) 

2 
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3 
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''1 

~L"~N 4 

A=0.96 sq ft 

" / /LJ-LL~ 
5 ~/ I 

1"A=1.10 sq ft 

6 I~ 

7 
I~f//D~/I~ 
A=0 . 39 sq ft~ 

TABLE I 
SUMMARY OF DATA FOR DUCT 

I NSTALLATION WITH BOUNDARY-LAYER BYPASS 
1.::..- -- - -- . - - -. - c- - - - - - ---- -. ~ 

Q/Vo V1/Vo 
I ncrement of drag coefficient 

Entire Co o1inE H2 ~ 
at CT - 0.1 

a '1'1 Ent ire -
L\.CDe set-up du ct 

set- up qo qo ~CD .dCDi 

0 . 2 ... - .... - T- 0 .71 -- -- -- -- --
4. 8 -- -- -- .79 -- -- -- -- --

.. 

0.2 0.27 0 . 27 0 . 25 .71 0.48 -- 0.0006 -- --
4. 8 . 30 .30 .27 .77 .53 -- -- -- --

J 
0.2 0·35 0.25 0·32 0.g8 0.62 -- 0. 0002 -- J --

I 

4.8 .36 .89 .63 
I 

.23 · 33 -- -- -----J--==--j ._ .. -
0.2 0.34 0.23 0· 35 0.89 0.62 -- 0.0002 -- -- I 

._-
-~- -

0.2 0·35 0.25 0.3 2 0. 90 0.59 0.0016 0.0001 0 .0015 0.06 
4 . 8 . 36 . 23 · 33 .9a . 65 -- -- -- --10.4 .36 .22 · 33 .9 .65 -- -- -- --

.~.- r-- ""'" 
0.2 0·35 0.27 0.32 0.95 0.68 0. 0014 0.0002 0 . 0012 0.09 

4.8 ·37 . 25 . 34 . 97 . 68 -- -- -- --
0.2 0.34 0. 29 0·33 0. 87 0.59 -- 0. 0002 -- --
4 . ~ · 35 . 29 .34 · 92 . 69 -- -- -- --
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TABLE I (Continued) 

I 
Increment of drag coefficient 

-4-> H at .QL. :: a ] I 
~ Configur a tion a ~ ~ ~~~_=l~~_TICDe _u __ : 

'T1 

0.2 0.35 0.3 2 10. 33 0.93 0.63 -- I 0.0002 I -- 1 __ 

1--+-==-=:":"-=-:=--::":~~~~~t--4_. 8-+ • 36 ~~.~_~ 34 
__ ~2: -. __ ~_66 .=---.----+---=-,.- t-:--

0.2 0. 36

1 

0.27 10. 32 0. 95 0. 65 -- I 0.0001 \ ! --

4.8 .37 .26 1 .33 .95 .69 I ! I --
---·---t--------t-------+---

I '-J.! / 0.2 [ 0.36 0.28 ! 0.}1 10.96 

4.8 

0.68 0.0016 ; 0.0001 ! 0.0015 10.10 

~:~~:~:-;~ -t,.~:o~- ~-o ~:~~ ~~ 
. I , 

.63 ; 

0.2 10.55 0.32 1°.50 \°. 97 

----LOu-t-l-et...JB 4.8 . 56 ·30 I .51 .96 

0.0007 I 0.21 0.56 I 0·38 10.51 10.97 1 0.64 1 0.0025 : 0.0007 0.0018 

i-:=-+35 .50 ~:2.2..I_-~~--=-.---.-.~ -- ... ---+-__ -+_ ..... 
2 1 

I r'\ ,...,1. I I ,.... ,.."" .... .... 
IV. -- J I - W

/'\ , - ....... - .... ./ 

0.13 

'+.0 --, 
I 

I-+------==-=:..:...=.L...::....:!..-~--+--_t---"t_- .-+----;-.. -- ---.-.---~.--_-----' ---- .. ---i 
0.2 0.52 0.37 0.47 0.89 0.58 0.0022 i 0.0009 ' 0.0013 0.13 

4.8 .51 .32 .46 .87 .56 

A=0.33 sq ft 
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3 ~ L:;j , 

---:'=0. 1 sq ft 

4 ttL~ A=o.51 sq ft 

5 ~ 
Outlet A 

6 '~~ 
Outlet B 

7 ~ 

TABLE II 
8UNMARY OF DRAG DATA 

FOR VARIOUS GUIDE-V J.NE ARRANGEMEN~8 
.-----_ .. _- - ....... .., - - -- .... --- - - ........ -- .. , .. 

Air-flow In1et- Increment of drag coefficient, 
parameter, velocity CL = 0.1 

ratio, Q,/Vo .6C D V1 /Vo 6 CD 6CD1 e 

0.51 0.46 0.0020 0.0009 0.0011 

.47 .42 .0021 .0011 .0010 

.53 .4S -- .0007 --

.54 .49 .0016 .oooe .OOOg 

· 37 .34 .0012 .0002 .0010 

-

. 54 .60 .0016 .0007 .0009 

-.---- . 

.49 .45 -- .0008 --
I I 

I I 

Duct 
I efficiency, ! 

"'l 
, 

0.42 

.33 

I ----

--
- J 

.65 I 

I 

.2S 
I 

! 

.66 

I 
I 

--
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Figure 1.- Model in basic condition a8 mounted in the NACA full-scale tunnel. 
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") 'J .- Side view of model as mounted in the NACA full-scale tunnel. 
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NACA Fig. 3 

~~---------------29J'----------------~ 

I , I 
B.5S ' t.. 6.1 Z ---..,J 

I 

• 1.41 -II") 

.41' ~ 
I t _ 
I 

Wing a rea = 170 sq. ft 

11--. .-------------------31•1 ' ------------------~ 
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Figure 3.- General arrangemen t of model. 
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Section A 

x Yu Y1 
0 0 0 
0.116 0.280 0.250 

.232 ·390 .~5 

.~~ .5~5 • 5 .69 .6 5 .4-65 

.425 .74-5 .510 
1. g7 .~90 .565 
1.850 .990 .595 
2.315 1.065 .600 
2.775 1.110 .595 
~.700 1.135 ·575 

.625 1.095 .~40 
5.~60 1.000 • 65 
6. 75 .84-0 .385 
7.4-10 .625 .280 
8.330 .360 .165 
9.250 0 0 

RL.E. = 0·335 
RT.E. = 0.058 

Section B 
x YU=YL 

0 0 
0.194- 0.4-30 

·38g .625 
·775 .930 

1.163 1.160 
1.550 1.340 
2·330 1.°25 
3·100 1.g 5 
~.S80 2.000 

.650 2.110 
6.200 2.190 
7.750 2.100 
9.300 1.g4-0 

10.g50 1.4-65 
12.4-00 1.025 
13·950 .535 
15.500 0 

R L.E. = 0.520 
R T.E. = 0 

Section A ' 

~ 

t, 
A 

Fig. 4 
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I 
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Figure 4. - Dimensions of propeller cuff. 
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--- T H RUST <t 

DUCT OU T L C T I 

B OUNDARY - L AYER B YPA,5-5 DUCT-",,/ 

INLET 
AREA = 1.10 5Q F1 

/"-.,: 

DIA M.- 2 4-

ORIFICE 

3 1 

141 ~ 

DUCT SECTION ON <t O F AIRPLANE 
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BYPA55 DUCT OUTLET I 
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Figure 7.- Variation of diffuser cross-sectional 
area witn di •. tance from inlet. 
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(a) As installed on model. 

(b) Outlet C. (c) Original inlet. 
Figure 8.- General and detail views of rear underslung fuselage duct. 

z 
~ 
o 
~ 

'2:j 
~ 

(JQ . 
ro 

I 



(a) I nternal duct s ystem and orifioe plate (b) Inlet seal. 

l c) Outlet A. (d) Flap on outlet C. 

Figure 9.- Typical details of duct i~9tallation. 
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Station 
x, A 
In. Upper lower 

0 O.~7 ~0.46 
· .25 • 5 -.61 
.50 .4g -.7~ 
·75 . 50 -.s 

1.00 ·50 -.93 
1.25 .50 ~1.01 
1.50 .50 ~1. 09. 
1.75 .50 r-1.1b 
2.00 .50 r-1.23 
2.50 ·50 r-1.34 
3.00 .50 r-1.43 
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4.00 ~1·57 
4.50 -1.62 
5. 00 -1.66 
6.00 -1.71 
7.00 -1.75 
8.00 -1.g0 
9.00 -1.82 

10.00 -1.S4 
12.00 -1.84 
14.00 -1.82 
16.00 1-1.80 
RL,1n. 0.37 
~-.... --.. -. -. -... '.- ... ,. _ .... _._-.--a, deg 20 
1----.. __ ., .. ... __ __ . . 
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B C 
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.4~ -l.gl :~ .4 -1.90 

.44- -1.95 -.01 
-2.04 -.10 
-2.12 -.lS 
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-2.29 -.47 
-2.35 -. 3 
-2.42 -.51 
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-2.69 
-2.7S 

-.70 
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-2.91 
-3.05 
-3.21 

Lowp.'r 
-0.55 
-·79 
-.95 

-1.08 
-1.21 
-1.34 
-1.45 
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-1.g2 
-1.98 
-2.12 
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-2.4 -2. 3 
-2.59 
-2.71 
-2.89 
-2.87 
-2.94 
-3.04 
-3.11 
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30 --- . __ ._-- --
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Figure 10.- Sections through inlet lips 
on center line of duct and 

through duct-fuselage fillet. 
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Figure 11.- Total-and static-pressure profiles 1 foot 
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/ . ---;fJ .~~ .b7 .83 +.7
3 

-t.73 .83 
£>3 .~ .~7 + 
. 1.73 +13 

.b3 .82 ·83 4h 
+.73 (J '3.66 /r;t 't o 

.83 t.73 +.73 t.73 +.12 
.83 .83 .83 .83 \ 

.72 .72 (,'3 bS 1 (f 
+.7(, t .

74 
~'7s +.13 .(,7 .71 I Le 

.86 .83 .83 .az +~ t.
n 

.14.;t,4 . ?AI 
+.79 .78 + 
.~ .B6 
. .73 .7Z 
'---+.80 +.go / 

Test 1 ~,~/ 
Q/Vo v,/Vo Ifzho or.,deg 

0..51 0.46 0.69 0.2 

.53 .18 .75 4. 8 

.56 .51 .84 10.4-

------:(;Y - (; 

+:~ +io~3 +:~~ + 
.~ .. .73 +'73 

.66 .(J,.80 :80 (J, 

1.14 +.12 ']1 .(,2 +)1 
83 .BO +79 +.71 .80 

, --- ·,y;----;77,----
.% .95 ijl t·93 

+.$ +.95 '')7, 3z. 
.% .95 . 1 93 

.% {~ +.% 
t.'34 91 'i 

.~ 4 .'11 .38 
+:~] I +~.7 
~b 

Test z 
~ - -
Q/Vo vjVo ~ho 
---~-

0. 4 7 0.43 . 78 

.48 .44- .az 

.4-8 44 .88 

or. de~l 
0.2 

4 .8 

/0.,4-

Inlef: 
vane 

-----r 
.bl> .G 

/ / 0 +.17 -t 
.OJ III .8 +:~ '.~? .~~ 

+.1b I +.7b 
.(J, .82. . .8Z 

+.16 .~ (;S ,bS ;'1 
.81 t. +]3 +.74 t.80 

. , 80 .BZ .87 

94- .93, 91 +:95 +[.9' -+:95 .98 .'.lS ~3 . .'33 -t.97 +~ 
/.00 + I. 1.00 ·

9G ~8 
'" +1.00 1I + .'j') .~/ 

" .99 .'39 .98 +. 
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Test 3 - ' .'3(",/ 

-a/vo VI /VO H../<; o r:', d~q 
0.53 0. 48 0..812 0..2 
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.55 .50 87 4.8 
-

.58 .53 .90. 10.4 
- --- - -- -

(0) No 9uide vones ; Ol./t let 8. (b) Jhnes Jr//nletonlY)·outlet B. (c) lhne5 In inlet and outlet-; 
A."0. 6IsCf.!t: i outlet B . 
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.38 .35 .84 4.8 

.38- ,35 .88 10.4-
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As=o.!jl 5'1 ft; j out let "1 . 

~·t'~ +~ +.7 
70 . .6 3 6'1\ 

-+:78 .(,7 .69 + = 
85 .. .7G +.77 
. .gz .83 66 
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+:~ -i% T~ .8Z 
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.9"1 .95 ·.9 
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Test 6 

Q/V. I <IV. I>lq'1~'''''9 
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.58 .64 .90. 10..4 
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.70 "7i 
+.76 +:77 

.70 .82. .62-
+.76 .69 70 

Outlet! .82 t:~~ +:76 
7 70 .82 67 7'1 

vane~ + 76 .69 .69 + '76 -t'75' 
.62. ... ~~ +.~~ .51 .83 

--- ------- ------------
7<4 .71 tJj +:~~ 73 H 

+.80 t 17 B3 .81 +.80 + 
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+'80 +.~ .74 
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!"-4JO 
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lZ .84 85 

+:81 .(,9 :b~ + 
.~7 +]7 +.78 
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.84 ~&I -t~~ .& 
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.'37 

-1-.% 
.9b 

1.00 
+1.00 
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,.% 
T.97 
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.97 

+9{, 

:95 
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Test 4 
Q/ Vo 
~ 

vjVo 

054 0..49 

.57 .52 
.58 .53 

H.zho 0., deq 

0.83 0.2 
.87 4.8 
.91 10. 4-

(d)Vone.s in inlet and outlet; A., = 
0.5/05'1 R; outlet B . 

Q.51..5/jt"t j ovtlet: B; /nlet 
reduced to 0.90. s9ft. 

Ft9VYQ 15. - SI./mmary oF press{)re dlstnbutlon atonhce plqte -Por I1:1rlol./$ gVlde-vone arrangements. Power oAf ApR%) 10.9; 
n o ol./tlet f'lqps. (Excel 10colla/7 or fuhe des'!?nqfed + ) 

z 
» 
o 
» 

." 
ill-

tr1 



(X) 
("\ 

! 

NACA 

/.00 
0 

~ t .90 
. 

"\ 

~ iJ .80 

~ 
~ .70 
OJ .Z-O 

.0 
)::: 
~ 
() 

~ /.00 

Q) 
U .90 
~ -
iJ 
(J .80 -
QJ 
\... 
:) .70 
U) .zo 
V) 
Q) 
~ 
~ 

'-..., 

t:) 
"W 1.00 
0 

'iJ 

Q) .90 
\)) 

e 
.80 QJ 

). 

"( 

·70 

0 

+ 
x 
n 

?,------ ---./T" 
~+~ "'" 

...- ::=;---r-o--
ff 

V '(a) 0( = 0 .2 ~ 
I I 1 I 

lJp/q,2 
f 

10.9 
19.6 

'465 
iO.9 

Fig.16 

o fief 
ojJS 

(j 

r~ 

f'f' 
ff 
ff 
n 

0 
0 
0 
0 

40 .60 .80 1.00 

Inlet-velocity ra t/oJ V;/vo 

_x--
-+- - - '7' 

-+ 
~ 

(1) o..=4.8~ 
I I I 1 

.:Y. 
IJ 

o 
..0 

.40 .60 .80 /.00 
Inlet-velocity ra tio ) V;/Vo 
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.311~ ~31~ -j.68 +:67 ~.75 -t.74 
.81 ..,.., ,,~ RO .80 

H/'1o / .65 

._-
.66 

+.74 +72-
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.UN .// 

' ~i ·Zs. .11 ADI Left .7e .F'll 

,
86

1 ,,:96/ --' 0.4-t.97 .g.q .95 

qI~ If/Vo Ii/~o o<,deg 

-- -- 0..72 0.2 
-- -- .79 4.8 I 

-- -- .79 /0.4-

{a)Outlet 8; LJp/qR., : 4 .0. 

+ 

a/vo ~/Vo 
aS9 0.5+ 
.60 .55 

.61 .55 

t·67 
.75 
.82 

HJ'lo 
~-=--

0.80. 

.83 

.88 

ex, cie9 /-. -
0..2 

4.8 
10.4 
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(e) Outle t C j Llp/q~ " /0.9. 

, .63 .80 

q, 

~ ,':ill t:9V +.97 
0.., 96 

Q/Vo V;/Va ~/'lo 
r-

o<,deg 

0. 47 0.43 0.78 0..2 

.48 .44 BE:. 4.8 

.48 .44 .88 ,10.4 

(bJ Out.le t B j LJpjq.z " 10.9 . 

.5 
+:68 
.75 
.54 + 

t·68 
.7.5 .56 

.52. +.69 
+.66 .76 .n 
+~~ .88 
.92. +.93 
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Q/Vo v,/Yo I ~/((o 
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(f) Outlet A; Llp/'l2. =/0..9 . 
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.66 + 
-t.7 1 

.78 .67 
.66 t·71 

t ·7O .78 .77 

+.93 94 
:§~ +:94 

.9.q 
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.93 

~ .~~ 
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t.97 11 Q" 

Qjvo v,/Vo .. !!zjfjo o<, deq 

0.42 0.38 0.7B 0.2 
43 .39 .82 4.8 ._-

.43 . .3 9 .8 7 10.4 

(C)Outlei:- B ; Ap/f/2. : /9.6. 

.68\ €.-+.76 +'.76 
.69 .84 .83 

+.79 
.85 + 

V,/v~o' H.tRo to(' deg 
0.49f.4e . 0.80. 0. . . 2 

.50. .46 .83 4.8 

.52 .47 .90 ,104-

q/vo 

(91o.utlet C ; LJp!92 = /9.6. 
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.67 

+.78 
·82. .66 

.66 t.78 
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97 .97 -+:97 

.97 +.97 
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+.97 
.97 
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+.'31 
.9'1 
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0. 33 0.30. 0.80. 0.2. 

.33 .30. .83 4.8 .- -- --
~JJ 30 . ~ / DA 

'---
{i)Outle t B jAP!'lz =46.5'. 

Fiqure /7.- Svmmory of' prilssvre dIstributiOns oiortrtce p/Qte For vQrious o/'/9les oFattQck, air-flow C/uantities, and pressvre-ttrop 
coefflcient:s. Power orr; no outlet. rlapsj mlet 9ulde vones in. (E'Jfoct local/on ot< tube destjl7aled +.) 
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Figure 18.- E:fect of angle of attack on avera[ e total pressure at 
orifice plate above horizontal gui i e vane . Power off; 

inlet guide vanes in. 

"" lJ;! 
~ 

!oj 
~. 

Oq 

-I-' 
(Xl 



-w 
o 
~ 

"'d 1. 0 0 

~ 
~ 
.~ 
'I...l 

.I..... 
C) 

~ 
~ 

.80 

9.. .60 
§: 
.~ 

~ ~O 
~ 

6 
~ .20 

.~ 
'I...l 
CJ 
tj 

~ 0 

1-438 

t---t----j--t---t--l---+-+--t--+----l---+---ll (I block = 10/ 30 ,,) 

Test::. Con.figurot jon 

- -x-- -3 ~ 0.48 
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Angle or atta ck.l 0<) deg 

Ftg(Jre 19.-£frecL or gUIde - vane arrangement 017 011" -/10 /IV divis/on J:>et.wee.n upper and lower 
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Fisvre .20.- Eff"ec-c or guide.-vClne Clrrangement: 017 tott:ll pressure at rgee or 
orilice plate. Powe, orr,; LJP/9/l, , 10.9. 
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Right .91 
+.94 
.9 '1 

.92 d.)da-q 

.30 +94 ~o.Z +.94 :8"'1 +.31 4.B 
.9 "'1 .90 .95 10.1-

.91 ":9.3 -+.91 .94 .90 -+'9
9 

A fI/a 9 +.93 . , Y~o 
50 530+~~ .94 .95 

-t.93 -t.93 .!:YI 89 t~3 
.9"1 .9"1 '1'.90 {93 .94t eff 

.~2 ;9"1 

. 90 
+.93 
.95 

. "'19 0 .90 
t:. 93 -+.92 . 
.95 .9 

.90 +:§£ 
~ /94 

Q/Vo v,/Vo H..!qo O<, deg 

0.35 0.32- 0. 9 0 0.2 

. .36 . .33 .95 4 .8 

. .36 .33 ,94 10.4-

95 +.95 
+.97 .97 +:§7 

+.94 
+.96 .9 7 9"1 of'9 
. 97 of .97 

.96 .95 +.9"1 .96 
+37 +97 .96 
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.J7 . ..54 .9 7 4. 8 --

(a) Test .!5 (See fabler) (b) kist 6. -+.87 
+.87 .87 
.87 

88 +.87 
~90 .59 

+:~8 

a/vo v,/Yo H.J~o 
Q3S 0.32 Q B8 

-
. .36 .3.3 .89 

(e) Test J. 

()(, 

c 
4 =1 

-tB 7 
+.86 .92 -l;B6 
.92 ... 86 .9 1 
1'.88 .92 86 

.9"'1 86 +:92 
+.88 +.57 +:92 +.86 

+.89 .9"'1 .93 .86 1.86 .90 
.9"'1 +92 .91 

+.55 86 .85 
+138 .93 +:92 +.91 
.9"'1 

Q/Vo 111,/VO-
0..34 0..3 1 

.35.32 

,.88 
.9"1 

~/SZo 
0..87 

.92 

(f) Test 7. 

o<,de<j 

0. 2 

-9.8 

+,94 
+31 ;95 +.93 
.96 9 .95 

+. 4 
+.96 .95 .94 +.93' 
.96 +95 .94 

96 +.9"1 . 
97 +.97 +96 .95 .93' 

+97 .97' '1'95 +.94 +.9'1 
.96 .9"1 

+.97 +:~~ +.95 +.93 
.96 .95 .93, 

+.95 
+.96 .9 
.95 

a/yo v,/Vo H;/'lo 0< deg 

0.:56 0.:53 0..95 o.z 
.37 . 34 .95 4.8 

(c ) 'lest 9 . 

+.90 
*89 -+.90 

+.89 
1:90 ~88 

+.90 +.88 

.;;8 

jclVo 
0.34 

(g) ?est 4 . 
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+.95 
+.95 .9 7 -t-95 
.97 95 .97 

t- . 
+.97 .97 +.95 +.97 
.97 96 .97 

.95 +.96 +:97 +9 
+.98 .98 96 .95 .9 

+:97 +.97 

+.97 
+-96 .98 
.97 

Q/ Vc, 
0.36 

.37 

v./Vo 
0.33 

.34 

+.96 
.97 

ft,./<lo 
0. % 

.97 

(d) k st / 0. 

()(, dE9 
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4.8 

Fi91.1re 21.- Summar y of rota/-pressure disrnbvr/on a f orifiCe. plate for Installcdlon w ith boundary- layer bYPCi5S 
duct. power off; LJp/Q2 J /O.9j outlet 8 . (Drt7c/ loca lt'on or It/be des'7nafcd +) 
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+.95 
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-t'39 
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+ 1.00 +:98 .95 
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.'35 

+.'35 
.95 

/.00 t .97 '1'.% 
.'37 .% 

-t 1.00 
1.00 +-98 +97 

.98 .:1 

T·9~ 
+.98 .99 

.97 

IIzj~o O(Jde.? 1 
0.97 oz. 

.55 . .50 . 97 -/.8 

+.92 
.90 

ofvo 
0.5 :2 

.51 

(.6) 7est I 2. . 

t ·es 
.86 

.57 
~.8G 

V·93 
+.33 .81 
.90 

V;/Vo ~/r;o "'7 cleg .--
0.47 0.89 0..:2 

.-16 .87 4.8 

(d/ Test 14. 

Fiqure 2 :!.-Summary 01' p ressure d istr i b l/t ionsaton-fice plate For installation wdh 
bovndary - IC/y e r bypass duct . Power 01'1) LJp/tt.u 10 .9; outlet B j no outle t flaps. 
(E.xocf Iocofton of' II/be des&nctfe d +.) 
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