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B;y Walter A.  B a r t l e t t ,  Jr. and Edwin B . G o m l  

An investigation bas been conducted In the TLangley propeller- 
research tmnel t o  develcp wlq-leadfng-eQe W e t s  for locatfon 
between the inboard and outbowd nacelles an each wing af.-a 
four-engine alqlene  for  the Axmy A i r  Forcee. The investuation 
included aemciymmic t e s t s  of the barsic wing and the original inlet, 
and t he  developmnt by the NACA of wing inlets f o r  h-o  versions of 
t h e  airplane. 

The origfnal inlet  was found- t o  decrease the maximum lift 
coefficients as& to have c r i t i c a l  Mach lluzdbers below those of th0 
w i n g  with the  baaic nose fnstalled.  The total-pressure recovery in 
the of1 cooler dusk  was poor regmdle88 & t h e   i n l e t  inst&llatIon. 
A s  the shzrp exp€uxiiq bend in t h f s  duct m o t  be avoided, it 18 
recoamnsnaed that the ofl-cooler air be induced through the cowlfng 
or from some source other than the subject w i n g  I n l e t .  

TWO hhte (noe. 3 and 6) vere developed that aho~ld be satis- 
factory fo r  the airplane. The mimum l i f t  coefficients  for t h e  
model with inlets  5 6 installed were about 1.21 and 1.22, 
reepectAvely,  with 0 w i n g  flaps and 1.e and 2.00,. respectively, 
with 65 wing flqm compared to C o r r e e p o n a F n g  values of 1.20 and 2.01 
f& the -el equipped Kith t he  feired baefc nose. The predicted 
c r f t i c a l  Mach numbers for  inlets 5 and 6 f o r  the cr-itical U t a r y -  
power high-speed condition for an altitude of h,OOO feet were 0.63 
and 0.64, respectively, 88 'compared to 0.64 far the thickest section 
of the basic wing. Propeller operatfon (either rQht or l e f t  hand) 
caused appreciable  increases in rraaximum 1M-b coefficients and i n  the 
t o t a l  preesures in the ducting. 

A n  investigation h m  been conducted fn the T;engley propeller- 
research tunnel to develop eatisfactory wing-lsading-edge inlets f o r  
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location between the inboard and cnxtbo&rd naceUee on each wing of a 
four -engine ~tirp!-ane f o r  the Army A i r  Forces. This high -speed, l a g -  
rmqe a-rrplane is powered by four Pra t t  & Whikey R -4360 enginea 
which drive four-b'Lade right-hand tractor propellers. O i l  -cooler, 
intercooler-amline;, and c h a r s  air are eupplied to the e q l n e  
instal la t ion +&row& ducta leading from wfng-leadFng-edge i n l e t s  
located between t h e  inboard and outboard nacellee ; the cooling afr 
fs ephueted through flapped exits on the lower surface of eech 
mcelle while the engine exhaust is dischmded Wough  the nacelle 
tail. To amid penalizing . t h e . p e r f o m c e  of the airplane, it %a8 
considered emsn t i a l   t ha t  the w i n g  W e t s  ueed should not reduce the  
maximum lift coefffcieate o r   c r i t i c a l  Mach numbers below those of 
the baste ~rLzl::.,, should have low paraeite drag, and should provide. 
a hi& preEsu.  recovery over the c q l e t e  w e  of flight condltiona. 

Tho canfigwationa were compmed, by lift measurements, stat ic-  
presaure eurveys o n t h e  duct lips, total-preemre s m e g e  in the 
internal flow, and profile drag meaaured by the wake survey method. 
Additional. tea ts  were conducted to d e b m i n e  t h e  pressure dietzibutione 
on khe uTper and lower surface of the ou tboad  nacelle, the effec3' 
of the  end p k t e  on the lift charac-brist ica,  and the ef fec t  of 
propelj-er operation (for both right- left-hand. rotation) on the 
lift characterist ics m d  on the internal total-preesure coefficlente. 

C d 

CL 

TC 

The symbols used in thie report  are:  

section drag coefficient (a/%c> 

l i f t  coefficient ( L / q s  ) 

thrust disk-loading coef2icient (T/Z!qd)*) 
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propeller thrust, pounds 

projected f’ranhl axe& of 
portion of inlet under 
perpendicular to chard 
divider vane8 ) 

Inboard oil cooler 
Inboard intercooler 
Inboard carburator 
Outboard cmbure  tor 

0.1% - 453 
.228 
.219 

total p r e a m e ,  pounds per square foot  

p r e d i c t e d   c r i t i c a l   h c h  number 

static preasure, pounds per square fog% 

quantity rate of flow, cubic feet per second 

velocity, feet per seccmd 

angle OZ attack of roo t  chord, degrees,  corrected f o r  Jet 
boundary by the relation a = a 

t e s t  
- 1.O52CL 

wing-flap .deflection with respect to the root chord, 
degrees 
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flow coefficient 

.. vi _." inlet-velocity ratio 
V 
0 

Subscript@ : 
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". . . . 

I intercooler 

0 o i l  cooler 

A bar over a symbol denotes an average  value. 

Piodel. - Drawings of t he  model and a general vlew of the  model 
mounted i n  the tunnel are presented a~ figure 1; photographa of the 
double slot ted wing flaps in the eeveml t e a t  poeitione are shown 
in figure 2. 

The wing inlet w i t h  which the present InvestAgation ia. concerned 
wae located between tho inboard and outboard nacellas. Thie in le t  wae 
divided by vanee into six separate ducts that sirmiLated those of the 
airplane forward of the f ront  epar; theee Cucts are  identified in 
figure 1. Behind the.front apar .nonscsle  ducts cmveyed the 
internal flaw to suitable exits beneath the m o l l e s .  Shutters were 
provided in the duct8 juet upstream of the exits to permit c m t r o l  
of the internal flow. 

Cross-sectional sketchee of the six inlet conf&-atione teeted 
are shown in figure 3 superingosed M outlines of the basic a f r f o i l  
contour. Ordimtea f o r  these inlets f o r  wing a t a t i o n s  35.123 
and 90. I25 a r e  given in tables I through VI. Tho' I n l e t  lipe were 
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developed by cannectlq  with a s t ra ight  l ine the ord inatee  at equal 
percent chorda at them two wing, e t a t f m s .  Ordlnatee of the Pmic 
a i r f o i l  sections ued i n  the vitg are given in table VII. met lntoliber 1 
'2.- the original inlet furnished  with the model; camideratiom 
whlch led to t h e   d e v e l o p n t  of the remaining inlets me,discussed 
under the section of the report ent i t led  'liesults and DfBmsion".  

Because the external surfaces of in le te  3 and 6 were thicker 
than the basic airfoil at the point where the inlets detached f r o m  
the r e s t  of the wing, they were faired with mdeUng clax f r o m  that 
point to  the section of mrwcimuIil t h i c b e s e  of the *. Disconthui t ies  
exiated i n  the i n t e r n  lines .of i n ~ e t s  4 and 5 just in front of 
the point of detachment because it was necessmy to  maentain a 
reasonable init ial  d i f f w e r  angle. These discontinuities vere not 
faired because of d i f f i cu l t i e s  fncw~ed in  obtaining access to the 
inner por t iom of the model. A deta i l  &etch &owing the position 
of this dlsccntinufty for inlet 5 re la t ive  to  the pressure tubes 
a t  the measuring station ie given in figure 4. 

A n  e lec t r i c  motor of 1oG horsepower x&s installed i n  each 
nacelle to   d r ive  the model propellere. A view of the right-hand 
set  of model propellem installed i e  presea-ted 83 figure 5; ident ical  
left-hand propellers were ueed'in aome tests to duplicate the 
slipstream  conditions fol* the ri&t w i n g .  A ccmparisoll of a e  
blade-form chamcterfstlcs for these propellers  with those f o r  the 
~ u r t ~ e s  1016 propeller  (epec~fied ae full-scale ai rp lane equirpplent 
a t  the s t a r t  of the teeking) $8 given In ffgure 6 .  With the test 
blade angle set at 27' at the ?5"percent radiue statim, computations 
ahowed th%t the thru8t -torque rela%ianship and t he  radial l a d  
dist r ibut ion for the model propellers very nearly Wplicated those 
f o r  the full-ecals propellere. The progeller hubs were enclosed 
in  sg5nnere of ellfgt1ca.l 8 ~ c t . f m a .  
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cooling-air  .ducts of the several i n l e t a  (gee fig. 1) Grid8 
of total-pressure tubes were also installed in t h e  oil-cooler  ducts 
domtream of the duct bends a t  the entrances of these duct8 to the 
nacellee. Total- ana atatIc-preesure tubes were in8taYed In the 
inlet aectiaa of t he  oil-cooler ducts only far inlet number 1. 
Pressures in t h e  wake of the model were measured by a survey rake 
(fig. 2 {a)) located at a distance of 20 percent of the chord 
behind the trailing edge of the wing. Pree~ure belt6 (fig. 7 and 
reference 2) were used t o  meaeure the   s ta t ic  pressure dietributions 
on t h e  nacelle  surface. Pressures in  the internal cowling flow 
vere measured by meane of total- and static-pL.eseur9 tube8 mounted 
at four equally spaced stations in the cowl- exit. 

A l l .  preesures over the inlet lips and within tple w- ducts 
were recorded simulbneously by photographing a multitube ma;ncmeter; 
other preesureB w e r e  obtained visuall3 frm a second multitube 
manometer. The average total preesuree a t  each measuring statim 
In  t h e  internal duct- were obtained through 8,veraging by integration 
the faired curves of the local  valuee In both t he  horizontal and 
vertical directiom. Internal. flow quantities were obtained through 
averwing by integration the l o c a l  flow velocitfes calculated from 
the preeeures measured in the ducts. The value of flow coef- 
ficiant -- gfvcn for individual oil-cooler, intercooler and 

carburetor  ducts, is f o r  that sepen t  of the i n l e t  being COn8idered, 
and m y  be highor OF Lower than the total f l o w  coefficient for the 
complete fnlet .  To aid in the fnteqretat ion of tho  data, curvee 
fo r  bonvarting  tnlet-veloclty  ratio 3 to t o t a l  f low coef- 

ficfent -- - are given in figure 8 fo r  a ~ .  the b l e t e . t e e t e d .  

L i f t  lrsasuremente were Gbtained by means of the recording tunnel- 
balance system. 

Q 
*O 

Qt v* 
FtVo 

Preliminary tests were cmducted w i t h  the number l.fnlet 
installed to de temine  settfnge for t h e  wing duct exit ehuttsre that 
would provide approximately uniform entrance velocitfes RCP'OBB the 
duct W e t .  The exi t   shut ter   cal ibrat ians  thue detarmjned were used 
to set the  lnlet-velocity ratio8 fo r  all other wi1~3-inlet configurations. 
As the quantity of flcw through the oil cooler 5llcts m a  nmJ3Wed 
only for the number 1 in le t ,  t he  flow quantities through the o i l  
cooler ducts of the  other c o n f i g m a t i m a  were obtained f r a m  the exit-  
shutter calibmtim; t h i a  procedure appeared -&Y be j ue t i f i ed  an the 

M 
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basis of the observed canstmcy of the flow through -@e other ducts 
for given shutter sett ings despite changes the inlet configu- 
ration.. . 

In t e s t s  t o  0btaj.n aer-c data  on the basic w-; a solid 
leading edge replacea  the  duct m e t  and  the duct exits were eealed- 
The l i f t  characterfstice of the model were determined through a 
geometric angle-of-attack range from -8O to 23' for w i n g  flap 
deflections of oO, 20°, 6501 and 6 5 O  w i t h  fbp ca t inued  under 
nacelles. The nacelle surface-prees~me dietributfons were maeured 
simultaneously wi-th the l i f t  at geometzic angles of attack 
of Oo, 3 , 10 , +d 15 . Wake surveys, for the determination of 
the section clxw coefficients, w e r e  obtained a t  a.geomstric =le 
of. attack of -2O behind model w i n g  stat ion 72.25. 

0 0 0 

The lift and section drag characterfetfca of the model with the 
vwious inle.ts Fnetalled were determined In the eame mnner BB ' 

described in the preceding paragraph over e rmge of flow 
qua.n%itieer through  the varic;us ducts. 

Total-preseure recoveries and surface-preseure dfRtrfbutions 
w i t h  the various inleta installed on t h e  model were lileasured over 
a range of f low an& l i f t  ccefficients +hat would. a l l o w  t he  coverage 
of t h e  r s q e  of flrght opemtione. T o t a l - p r e ~ ~ t ~ ? e  recoveriea were 
ale0 measured In the propelhr-Installed  condltiane over a xdde 
range of f.2n-us-k coeffLcients. 

All teats were conducted in  w i n d  velocit iee of about 10 miles 
per hour with Oooand 20' wing flag deflectlone; and 80 miles per 
how w i t h  the 65 deflection. Cor re spond i~  Reynolds ntrmbefs b a e d  
an the mean aerodgnamic chord were about 3,OOO,cx>o .and 2,400,000, 
I ' e 8 ~ C t i T e l y .  . .  



Basic model.- !T!he maximum l i f t  coefficiente f o r  the basic model 
with the  duct exits sealed and faired were 1.20, 1.9, and 2.01 f o r  
wing f l ap  def lectiana of Oo, 20°, and 65O. (See fig. 9 .  Extending 
the flap under the nacelles 8 8  slpm in figure 2(d) decreaced the 
max1uw.m lift coefficient w i t h  65 flap deflections to 1.94. A 
simil~m decreaae w a ~  reported in reference 3 .  

In the couree of additional testa of this model Fn t h e  
Langley 19 -foot presaure tunnel, a maximm lift coefficient of 1.39 
was obtainoil fo r  the  basic model w i ~  Oo f l a p s  at a b e t  Reynolds 
nuhe r  of about 1),5UO,OOO. A Peflectian pLEllle WBB used in these 
b e t a  in place of t he  end plate uaed in tibe present investigation. 
D a t a  a v e n  in reference 4 indicate that t;he difference in end 
conditione would account for  differences in m a x l m ~ m  U f <  coefficient 
of the arder sham. An end-condition  correction eupplementary to 
the standard corrections must be applied to the lift data in %hie 
report  if these data me t o  be used f o r  G t h e r  than c m p r a t i v e  
purposes. 

The section drag coefficients f o r  t he  basic wing at  a = -2,4O, 
computed from wake survep by the method of reference 3, were 0.0077 
at w i n g  station 72.25 midway between t h e  nacelles and 0.00'72 at 
w i n g  station 113.75 outboard of the outbomd nacelle. (See f i g .  12.) 

Distributions of s t a t i c  presaure on the top end bottom surface 
of the outboard  nacelle are shown in figure 13.  T h e m  data show 
that a greator pressure difference acr08~ the cooling ducts  could 
be obtained in crnising m d  cllmblng flight by locating -the duct 
exits on the  top of t he  nacelles rather than on t h e  bottom where 
they a m  located a t  present. 

In l e t  number 1. - Inlet number 1, the G r i m 1  ink t  furnished 
with t he  model, had. a large r a t i o  of inlet height t o  maximum wing 
t h i c k n e s ~ ,  a lip-stagger angle of 16. So, and a lower l i p  vhich 
sxtanded well below the contour of the  basic airfoil. (See fig. 3. ) 

L i f t  charaoteristics of the model with the rimer 1 inlet 
installed are presented as a Functian of w e  of a t tack  in 
figures lo(a) and U ( b )  for flap deflections of 0' snd 6 5 O .  Increasee 
in the rate of flaw caused cansfstent increams cL :for 

the 0' wing f lap  configuration, but had l i t t l e  o r  no effect an 
Ill&x 

C for the 6g0 wlng f lap  configuration. A t  the naaximm rate of 
Lmax 
intelmal flow Fnvesti%a*d, substitution of inlet number 1 for the 
basic n08e caused large reductians i n  CL as  ahown Jn the 
following tab 3.8 : maX 
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from about 0.0107 a t  A= 0.06 to about 0.Wgj'at -- = Oil30 

as compared t o  the value of 0 .OO7? for Ghe baeic -+ring. 
A representative static-pressure  distribution over the surface 

of i n l e t  number 1 at w f n g  statim 69 .+j'5 (fig. 14) showe that a high 
peak negative preaeure occurredon the lowex- =.et U p  a t  
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To.t;al”press~re distzlbutiona at the measuring etatione i n  the 
internal ducting of inlet 1 are eham for highwpeed and climb 
flight cortftguratfans (propeller removed) III figurea 17 and 18, 
respectively. The total-preeeure recoveries were satiefactory 
at t he  low flaw and l i f t  coefficient (fig. 17); but at  the higher 
flow and lift coefficient (f lg. 181, while the  recoveriea in 
the carburetor  duct were satisfactury,  coneiderable losses 
occurred Fn the lower half of the remaining ducts and throughout 
the oil-cooler ducta. The losses i n  the fntercooler duct are 
at t r ibuted to separation of the flow from t h e  lower l i p  of the 
W e t ,  while the low recoveries in the oil-cooler ducte were 
caused by exceesive loaees through the goo bends ehown in  figure 1. 
To~l-presaure msasurements along the sides of the nacelles a t  
the inlet shoved that the boundary layer entering the oil-cooler 
ducte was capara t ive ly  thin and &id not appear Go be direct ly  
responsible f o r  losses of t h e  magnitude ehown. 

Lines of constant  total-preasure  recovery at the meamring 
e ta t ian   in  the number 1 i n l e t  are plotted as flmcti~ne of 

FTo and CL fn figure 19 (a) for the individual d u c b  . 
Superimposed on these curvea m e  the operaticma1 flow limits 
required by airplane specificatlone. It is pointed out that the 
operati& flow of the oil- cooler duct8 w a ~  not covered, a8 

1osma p r e e a t  in these dicta .  The remaining ducts had fairly 
satisfactory total-pressure recoveries - PO oTer m e t  of the 

operatianal range, except at cdbimtians of high value8 of CL 
Po 

* 

w e t  rimer 2. - III in le t  rimer 2 (fig 3 ) , &e u p  
w a ~  brought nearer t o  the chord lwe and the height of the inlet 
wae reduced by about Lo percent below that of in le t  3. (thereby 
increasing the deaign i n l e t v e l o c i t y   r a t i o s )  in an attemp:t to 
increaee the critical EI eda f o r  the inlet; the stagger angle 
wa8 increased from 16 I? to 26O. in an attempt to improve the 
pressure recoveq at high anglee of attack. 

The maximum lift coefficients 6 = 0’ were not obhined Kith 

the nmber 2 i n l e t  installed (fig. lO(c)) ae td~e gecanetzic -le 
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of attack could not be increase& above 23'. The highest values 
of obtained were of the 883118 order ae those of inlet 1 f o r  
cmpzable flow coefficients. m e  cr-i t ical  epeeda for t h i s  inlet 
even after development were of the same order as of t h e  modified 
ntrmher 1 M e t  over the range of desired airplane performance 
and flow ratios. (See f igs .  14  and 15.) meee testa indicated 
that even major modifications to t h i s  i n l e t  would. n o t  improve the 
l i f t  characteristica o r  c r i t i c a l  epee&; consequently tests  of 
t h i s  irrlet were terminated in favor of eubsequent de82gm. 

ll 
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the order of 0.0081 aa compmd to  0.0077 f o r  the basic wing and 
were t h e  lmst of any i n l e t  configuration tested.  The c r i t i c a l  
speeds for this inlet (fige. 14, 15, end 16) were higher than 
those for the other inlet8 teated  over the more importaut portian 
of the  operating range. 

Inlet  number 5. - In inlet riper 3 ( f ig .  3 )  t h e  -previoueLy 
employed l i p  stagger angle of 31 was retained but the l i p  
extension wae reduced fmm 1 . 4  inchee t o  0.9 iach . The inlet. 
height m a  40 percent below that of inlet 1 to e v e  inlet-velocity 
ratios a p p r a l m t e l y  equal to those f o r  Wet 4, and the center of 
the nose redlua of the  upper l i p  was located on the chord line 
to further increase the camber. To obtain a8 high a c r f t i c a l  o p e d  
&a possible w i t h  t he  added camber, the w e l l  established  high-crit ical-  
speed inlet ordinatea of reference 7 were apgUed to the upper l i p  
by u e i q  the chord line of the a i r f o i l  BB the reference line and 
the distance f'rm the nom of t h e  lip to t h e  p0fi.l-t of maximum a i r f o i l  
thickness ae the length o f . t h e  eection. Except for a greater  ratio 
of inlet hei&t t o  mafdmum w i n g  thickneser, this inlet canfigwatian 
closely resembled the beet  inlets  reported in reference 1. 

The maximum l i f t  cceff ic iente   for  the model w i t h  inlet 5 
installed and with propaliere removed, f igwee  U(a) and U(c)  EuTe 
compared in the following tabie with correspmdkq data for the 
b w i c  model an& for  the model w i t h  in le t  1 Fnetalled: 

The winrum lift coer"f1cfent for the model w i t h  M e t  5 ins$alled 
m e  slightly higher tharn that for the basic model for the 0 wing 
flap conditio:, but wae a till 0.14 less than that f o r  the basico 
model with 65 wing f h p a  . A eimilar  incream Fn CT f o r  0 

f lap  deflection, and decrease with 65' f l a p  deflection W t h  an inlet 
instal led from that of the baaic airfoil i e  presented i n  reference 1. 
The maxlmum lift coefficfents for W e t  5 ,  however, were considerably 
higher than thoee measured f o r  the original inlet. 

lnax 
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.The c r l t i c a l  speeds f o r  N e t  5(fige. 14, 13, ana 16) were 
cnneiatently higher than those f o r  inlet 1 but in general were 
lower than those for inlet 4, the hi,&3et cri t ical-speed canfigu- 
ration tested. For a ty-gical  high-speed, - high-altitude flight 

Tota l -pessure  s m e g e  at the neaaurin& station in the internal 
ducting cf i n l e t  3 m e  &om for high-speed and clinib flight 
conditfans (propeller removed) in figures 17 and ~8~ reapectively. 
Attention is a g a i x c d l e d  to  the dlscont fmi t ies  in the internal 
lines of %hie I n l e t  a8 ehown in f igurea 3 and 4. The postt ian ‘of 
these  surface  discontinuities are shown by dotted l ines  on the 
erose-sectional views of the d x c t ~ ~  in figurea 17 and 18 t o  shox 
that total-pressure masuremsnta behjnd t hem ledgee ehould not be 
taken a8 indicatione of the total-pressure recovery; in  most 
caaes these tub& appeared toraeaeme the static proserne of the 
stream at t h i s  stat lon.  Total-pressure recoverLes were  re la t ive ly  
hL& over most of tihe duct, area8 for  the high-speed configuration 

ducts in the climb configuratfon (fig. 18) because cf We abrupt 90’ 
e m - ’  bend. For the clinib condition, regions of low to-1- 
praseure recouew a r e  noted also at the inboard  sidas of both parts 
of the inboard  intercooler duct; these loesee were probably caueed 
by sewation of the f l c r ,  from the adjecent vanes. AB there was 
no a p p e n t  means of obtaining  satfafactory pressure recoveries 
at the of1  cooler with the present duct arrw5mnt, it LB suggestea 
that tbe ofl-cooler cooling air be  Inducted through 8cime eource other 
than the Xing inlet. It is apparent that Purther study i a  neceseazy 

(fig. 17); but eXCt3SSiVe l O E S 8 B  still 0cC-d in the O i l - C O O l e r  
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on the problem of designing mnee f o r  l n l e t a  of . t h i s  type when 
vmea appear to be necesaary f r a n  e t reng th  caas idera t ik .  

Lime of constant total-pressure recoveriee at t h e  mearmring 
stations of inlet  5 are e h m  in figure 19(b) at3 a f’unction of 
flow coefficient and lift  ccefficient. The higher desired ratea 
of flow through the o i l  cooler ducte could not be obtained became 
of excaseive  duct Loeeea a8 waa the case with a l l  other in l e ta .  
The total-pressure  recoveldes in both carburetor ductcl and a t  the  
outboard intercooler duct were of t he  8 a m  order of magnitude ae 
those for inlet 1 except in d e  climb r&11(;8 where 6a.w improvement 
W&B realized Kith M e t  5 .  

s e t  number 4. - Inlet ntrmber 6 m8 designed f o r  an alternate 
lcnger-range version of t h e  airplane w i t h  edditianal h e 1  tanks 
between the  naceUe8 aft of the front w i n g  m. Thia installatian 
involved the elimination of the intercooler and carburo+%or ducte 
aft of the front epar and the  re locat lm of theca ducts t o  enter 
the nacelle in f’ront of the qar. To a l l o w  for the relocation of 
%he ducting, the top lip vas extend& about 1.86 bches f orwEtlld. 
of the top l i p  f o r  i n l e t  5. Be&uee smELlle’r. flow quantities were 
required, it wa8 posaible to reduce the inlet height approximately 
1.5 -percent below that of inlet 5 by raising the l m r  lip Sn 
other r e q e c t s  the ded&of %e wet (fig. 3 )  wae generazy 
eimilas to that of in le t  5 .  For these b e t s ,  %a ducting forward 
of the e w  w m  not simulated; the oil-cooler duct entzmcea ta 
the nacelle were eealed off and the internal l f n s o  were Paired to 
the  measuring stations In the cerrburetor and Intercooler ducts BB 
shown in figure 5 .  

The maximum lift coeff iciente for the model with m e t  6 
installed ff iga . l O ( f  1 and lO(g) 1 are compared in the following 
table wfth corresponding valms for  tihe basic nom and Fnlet 
number 5: 

Basic nom 
No. 5 
NO. 6 



t 

NACA RM No. L6Lll 

The maximum  lfft  coefficients w i t h  inlet nuaiber 6 installed were 
higher than those far inlet 5 and were approximately equal to  
those for the basic nom installatton. The sectian drag coef- 
ficients f o r  inlet 6 (fig. 1 2 )  were higher .than those f o r  inlet 5, 
how~~er ,  possible 'because of unavoidable rouglrtmss on the large 
m a 6  of the modeling clar fairing required wlth this-inlet. 
~urface-pressure  distributions (fig. 14) indicate that the 
friction drag for i n l e t  6 should. not be aspreciablg higher than 
that for inlet 5. The predicted crttfcal  Mcch n&ers for inlet  6 
(figs. 15 a d  1-6) were apyroximately equal to those for inlet 5 .  

Representative pressure m e y 8  in the  intern81 flow fo r  
inlet 6 are compared in figures 17 and 18 w i t h  t h o ~ e  for M e t e  1 
and 5 .  The total-yressure recoverleer for inlet 6 were higher than 
tl?oee for M e t  5, and In the c u b  c a d i t i o n  there was no 
indication of flow s e w a t i o n  f r o m  either tlre lower l f p  of the 
inlet OF from the divider vanes - (See fig. 18.) Average total- 
pressure recoveries at the meamring s ta t ione  fn the ducting of m e t  6 
are spotted on *As pressure reccvery charts for - M e t e  1 and 5 
in figure 1-9. These recoveries appeared to be somewhat higher 
than those f o r  the other  inlet^ in the intercooler ducts and of the 
same magnitude 88 those for the other Fnletfl ip the cerburetor ducts. 
The improved total-pressure recoverlee in t h e  inboard intercooler 
duct of inlet 6 are  attributed to the elimimtfan of the inboard 
oil-cooler duct w i t h  i t e  dividel* vane. 

Effect of mmlle r  owration. - Supplemanta1 %eta were 
conducted d-th t he  nuzYiber 5 inlet installed to study the  effects 
of propeller operation on the aerodpmnio characteristics of +&e 
model. In additian  to tests  w l t h  right-hand propellers a8 ueed 
on the airplane, tes ts  were canducted w i t h  left-hand propellere 
to  simulate the elipstrean canftguration f o r  t he  right w i n g  of the 
airplane. 

The effects of propeller 0pratian.m the lfft characteristics 
of the mdel  we presented in figure U . .  The maxfmum l e t  



Increases in thrust coefficient gave increasea fn C, for 

the left-hand propeller Fnetallation but the quantf~tive valuee 
obtained were not as great &B thoso for the rfght-hand propeller 
inetal la t ion.  

Lmax 

The total-preseure recoveries at the measuring a ta t ion  in 
the inboard intercooler duct of inlet 5 e m  presented in figwe 20 
a8 a function of f h w  coefficient and lift coefficient f o r  both 
right - and l e f t  -hmd mode8 of propeller. rotat ic jn .  These total 
pressuree were higher then those f o r  the propellerremoved 
condition (fig. l g (b ) ) .  In most caeca, the increasrea were a 
larp percentage of the theoretical totalpressure rise through 

a lmformalu loaded prapeuer disk (. :Tc). meas theoretical 

total-pressure rises a r e  a8 f o l l m :  
i 



4. %le predicted critlcai Mach nuDibers for “ L a  5 and 6 for 
the c r i t i c a l  milr-te3a-ver high-speed cordition for 89 al.titG‘_e 
of a,OOO f ee t  were 0.63 and O.&, respectively, 88 c-xed. w i t h  e,& 
f o r  the thickest  eection of the basic w3ng. 

, 
5-  Propeller operatim {either r fght-  er left-hand) caused 

appreciable increases in maximum lift csefficients and in t he  btal 
pressures ia the ducting 
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1 Raciaz, Stanlag F. : Cevelopmnt of Wing Inlete * 
NACA ACR No. ~6318, 1946. 

RM No. L 6 U l  

i 
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I Wing Station 66.125 i W i n g  Station 90.125 

I 1 yl I y2 

09 661 
1.121 
2.242 
3.363 
4.483 
6.725 
7.599 
7 . 696 
8.130 
8 148 

1 130 
1.662 
2.168 
2 021 
2 . 907 
3.547 "_ 
" - 
3.818* 
"- 

0.231. 
"- 
.337 
616* 

1 m 4 8 4  
" - -" "- 

.833 in. ] 
Lorer L i p  

0.317 

[Baslo ohora = 

Upper Lip  

Y1 y2 
I 

1 0.492 0.962 
-986 

.300 1.867 lo970 
0.213  1.340 
"- 

2.964 
2.576 3 -939 

S48* 2.259 

6.908 

-" --- 7.300 
-" --- 6.876 
1.561 --- 6,780 

3.063 

7.345 --- 3.334- 

0.382 

9 721 -2 s 163 616 -1.842 

Leading-edge 
radius a f t  
of 0-peroent 
ohord 

9800 1 0347 . 877 1.598 

NATIONAL ADVtSORY 
COMMITTEE FOR AERONAUTKS 

Faira  t o  next  ordinate rith straight line 

fHe Faira with airfoil oontour 
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TABLE 11.- O R D I H A W  FOR THY NUlfBgR 2 IHLLET 

(See figure 3 f o r  sgmbol c l e f l n l t l o m ]  

All ordinates in lnaheu 

T Hodel Wlng S t a t l o n  66.126 

[BSSlC ahord = 44.833 In. ] 
Upper Llp 

T" 
Lorer Lip - 

X 
- 
y3 

-1 -768 
-1 683 
-1.838 
-1 -686 
-1 .E= 
-1.485 
-1 416 
-1 570 
-1.337 
-1.812! 
-1 .e96 
-1 281 

-1.285 
-1.270 

-1.264 
-1  -264 
-1.264 "- -" 

0.153 

X y4 y4 =a 

"- 
-1 e 131 

-1 a391 
-1 571 

-1.  ss1 

-1 -305 
-1.229 
-1.18l 
-1.1+3 
-1.095 
-1 .om 
-1.062 
-1.050 

-1.063 
-1 -086 
-1.116 

-1.187 
-1 188 

-" 
"- 
".. 

-1.148 

"- 
0.125 

I 

1.460 

1.660 
1.550 

1.760 
2.OOO 
2 .e50 
2.760 
3.em 
3 -760 

4.750 
4.260 

6 260 
5.960 
6.260 
6.760 

7 696 
7.250 

7.7w 
8.130 

- 

-1.977 
-2.055 
-2.102 
-2.161 
-2.257 
-2.343 
-2  -492 
-2.608 
-2  -702 
-2.783 
-e.843 
-e .a90 

-Z.9@6 
-e -886 

-2.980 
-3 .m1 

-3.019 
-a.U28* 

-" 

0.229 
e237 

.a47 
-280 

.S80 

600 
.MO 

780 
lio00 
f -850 
1.760 
2 .e60 
S -260 
2.760 

3.760 
4.260 
4.760 
6.250 
5.750 

7 250 
0.760 

7.699 
7 -760 
8.141 

6.260 

Leodh 
lTldlUr 

0.989 --- *-- 

--- 1.149 

.608 "- 
0.529 

"- .469 

"- -429 

1.437 342 
1.264 .4@ 

1.577 .?I19 

1.981 .352 
1.757 .3U 

2.l.94 .376 
2.385 e437 
2.688 .El8 
2.736 -596 
2.889 -684 

s.167 .Bas 
3.096 a783 

3.EQl -989 
3.408  1.102 
3.6L32 1.228 
3.651 1.56g --- 1.484 
S.786 --- 
3.818* --- 
-*e 0.23s 

-1 668 

-1.629 
"- 
-" 

-1. 6?l 

-1.710 
-1.737 
-1 844 
-1 -941 
-e .006 

-2 -225 
-2.129 

-2  -297 

-2.396 
-2.362 

-2.4a81 
4-46? 

-2.BOl 

-" 
-" 

-2.433 

-" 
-2.520+ 

1.m 1.477 
1.2m 1.605 
1.780 1.824 

2.780 e.f?ql 
2.260 2.024 

3.250 8.366 
5.760 2.498 
4.260 2.634 
4.760 2.787 
5.260 2.876 

Leading-edge 

ohord line 
radius off 0.724 I 
Leading-eQe 
radlus aft 0.384 
o r  0-wraent 1 .6Bo 

Falra rlth a i r f o i l  aontour 
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Yodel Wing Station 66.1e6 Y o d e l  . W i n g  S trt ion 9O.l.25 

[Basic  chord - 44.833 in. ] [Baalc ohard = 39.389 In. 3 
Lcuer Lip - 

Y l  

0.575 

.a5 . 643 
-756 
,847 
,925 

1 .OB0 
. 944 

1.101 
1.237 
1.382 
1.476 

1.678 
1.680 

1.866 
2.m 
2 -168 
2 . m  
2.438 
2.568 
2.678 

2.891 
2.788 

2.982 
3.088 

3.274 
3.361 
f.440 
3.513 

-" 

3.185 

-" 

X 
1 

-1.969 
-1.966 
-1 -917 
-1.914 
-1.887 
-1.864 
-1 -817 
-1.797 
-1.747 
-1.500 
-1.260 
-1.OOO - .760 - .600 
0 .mu 
1.000 
1.600 
e.ooo 
2.600 
3.000 
3.500 
4.000 
4.500 
5.000 
6.600 
6 m o o 0  

6.600 
7.000 
5.876 "- 
7.300 
"- 

-2 e 718 
-2 6l.8 
-2.518 

-Q -318 
-2 .U8 

-2.000 
-2.260 

-1.750 
-I .MK) 
-1 .om 
-1 .EM) 

- .500 
0 .Mx) 
1.000 
1.W 
2 . m  

S.Oo0 
2.- 

3.600 
4.000 
4.600 
5.ooO 
6.500 
6.000 
8 . W  
7 -000 
6.780 

-1.784 
-1.850 
-1.600 
-1.250 
-1 .om - .Ea 
0 
0.500 
1.OOO 
1.m 
2.ooo 

3.000 
2.600 

3.500 
4.000 
4.600 
5.OW 
5 -600 
6.000 

7.000 

T.896 
8.1SO 

6.500 

7.600 

-1.504 

-1 -436 
-1.500 
-1.367 
-1 - 3 l l  
-1.280 
-1.262 
-1 -252 
-1.247 

-1 241 
-1 -244 

-1 a241 
-1.24l 
-1 -243 
-I .e44 
-1 247 
-1 248 
-1.262 
-1.256 
-1.260 

-1.264 

-1.471 

-" 
-" 

0.153 

-2.101 
-2 -001 

-2.152 
-2.246 

-2.468 
-2.673 
-2.6!58 
-2.727 
-2 -781 

- e . w  
-2.837 

-e.. 894 

-2 947 
-2.866 
-2.9e21 
-2.987 
-3 .ole 
-3.027 
-5.040 
3 .os1 
-3.066 

-2 .am 

-a .922 

-" 

0 .e38 

L -1 780 

. -1.888 -2 667 
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1 
1 T T Lower Lip 

i X 11 X y3 ye X 

-0.189 - -177 - .L68 - .128 - .078 - .os9 

.m 

.os9 

.118 .us 

.197 

.296 

.E91 

.Ya4 

1.182 
.788 

1.969 
1.676 

2.30s 
2.757 
3.161 
3.645 
3.939 
4 . s m  
4.787 
5.120 
6.614 
6.800 
5.908 
0.3- 
6.400 
6.896 

7 .ofm 6.8B5 

0 

7 .am 

ye 
- 1 . m  
-1 .mo 
-1 .a67 
-1. a46 
-1 .zoo 
-1. e66 
-1. It10 

-1 .le1 
-1 -166 

-1 .os1 - .e97 - ,785 
- "0 - .448 - .e24 

.44a 

1.3M 
-897 

1.795 

2.690 
2.24E 

s.130 
8.S87 
4.036 
4.485 
4.932 
6.5tio 
6.828 
6.277 
6.7E6 
7.175 
7.900 
7.6W 
7.605 

8.070 
7.622 

8.141 

- .ma 

0 

0.847 
.364 
,420 

.6W 

.460 

-687 
.641 
.a1 
.728 
.e11 
-916 
.885 
1.078 
1.14s 
1.2l3 
1 A41 
1.468 

1 .878 
1.688 

2.066 
2.21s 
2.3w 
8.614 

2.785 
2.682 

3.030 
3.145 
3.2w 
3.340 
3.460 
3.661 
3.641 

a . w  

"- 
-" 

a .788 
5.808 
3.818rr 

-1.770 
-1.888 
-1 e 6 4 6  
-1 e884 
-1 .Mo 
-1.600 
-1 a.471 
-1.442 
-1.180 

~~ 

"- -1.SOl 
-1.457 
-1.896 
-1 A 4 0  
-l.W 
-1me70 
-1 -847 
-1 e224 
-1 .lee 
- 1 . m  
-1.166 
-1.14V 
-1 A14 
-1.- 
-1.054 
-0.988 - . a 0  

- .a20 
- .E66 
- .7sc 

- .780 

- . T i m  

"- 
" 

- .7&? -" "- - .a2l  
- .a89 
"- 
"- -" 

-0.216 - .am - ,179 - .x54 - .OB0 - .045 

.046 

.OS0 . IS4 

.179 

.S36 

.e24 

. -672 
. U S  

.a97 
1 .a45 
1.78s 
2.242 

5.136 
2.mo 
3.587 
4.m6 
4.483 
4.938 
6 .S80 
6.620 
6.277 
6.7E8 
7.175 
7.240 
7.. 400 
7.800 
7.622 
7.686 

8 . l g O  
8.070 

0 

-1.257 

-1 .eel 
-1.m 
-1.182 

-1.105 
-1 A42 

-1 a024 
-1.083 

-0.888 

- -788 
- .SO8 

- a689 - .Hl - .49e - .394 - .le7 
n 

-1.8Bc 
-1 .oeo 
-8 .'/e3 
-1.- 

-8,068 - ..Os0 
P .lee 

-8 rn l4S 
-2.170 
-t 195 
-e .ew 
-2.884 
-B.dlO 
-8.388 
-B.480 
-e. 668 
-8.63s 
-e. 6U4 

4.793 
-2.890 
-2.864 
-2.888 
-2.9l2 
-e .936 
-2 .e64 
-2.9Sg 
-2.988 -3.005 

"- 

-a.748 

-" -" 
-3.oi7 

-" 

0.140 
.lo8 .081 .010 
.me 

' mu13 
' . O M  
' .Q58 
' .ODs 
.llQ 

' .150 
' -18'7 

a 3 4  
"0 
.118 

.059 

.oBB 

.om 

.1m 
-10s 

.em 

.ase* 

"- 

1.100 
1.146 
1.179 "- "- "- 

-1.m 
-1.W 
-1.680 
-1 ~ 7 1 6  
-1 ,746 
-1.770 
-1.792 
-1.816 
-1.856 
-1 e 8 6 7  
-1.878 
-1.923 
-1.960 
-2.026 
-2.080 
-2.168 
-e ,238 
-2.lpT8 
-8.35c 
-2.5Eo 
-2.sao 

~~~ 

-a. ut01 
-a .420 
-e ,432 
-2.460 
-3.461 

-1. ser 
-1 A 7 8  

-1.lOB 
-1 .os0 
-1. os0 
-0.980 - .Sle - .9ao - .sa3 - .9eo - .sa* 

-3.02S 
-3.088H 

L 

*Fairs  to next ordinate w i t h  straight line 

Pairs with a i r f o i l  oontour 



NACA RM No. L6Lll  23 
i 

t 

t T upper Lip m e r  Lip L o a e r  Lip 
I 

4 ! = t - 
X - 

0.205 
-216 
.e41 
-288 .sa0 
-420 
.S76 

.465 

.510 

.564 

.589 .. e44 
-758 .e63 

1 .og2 
1.317 
1.765 
2.- 
2.662 
2 -690 
3.158 
3.587 
4.055 +..Le3 
4 . 4 2  
5.380 
5.528 
6.277 
6.726 
7.173 
7 -240 
7 . m  
7.800 
7.622 
7.695 
8 ,070 

T i 
- 
=1 - 

).OS0 

-128 
. a 2  

.172 

.Po8 .238 .%!e3 
-323 
.364 
.I44 

-628 
-612 

,823 

1.142 
.sa 

1.278 
1.- 
1.525 
1.642 
1.747 
L . E M  
1.942 
2.032 
2.198 
2 . 3 8 7  
2.566 
2 .732 
2 .  878 
5.037 
3.292 
5.597 
5 . 5 0 0  
3.608 

5.704 

5.798' 

"- 

-" 

T = I y3 y4 =S 

-1 .MU 
-1.748 
-lam5 
-1 .sa4 
-1.590 
-1 .bW 
-1 -521 

-1.470 
-1 -492 

-1 -444 
-1.422 

-1.564 
-1.404 

-1 .sab 
-1 -266 
-1.2L.s 
-1.14a 
-1 .os0 
-1.032 
-1 * m a  - .€+€I8 - .9a2 - .972' 

- ,965 - -962 - . 9 a  

-1 .ooo "- 
"- 

y e .  

0.030 - . a 4  - .043 - -076 - -086 

L 

3 .085 
.I22 
.I&? . lB0 
-222 .2Ea 
3 7 s  
.E83 
.SZ8 
-414 

.E67 
*4& 

.66n .=I! 

.9W 
1 .I22 
1.245 
1.S82 
1.472 
1.678 
1.m 
1.990 
a .162 
2.310 
2.448 
2.582 
2.842 
2.875 
? -870 

5.060 

5.141 

I .218 

" 

" 

-1.646 
-" 

-1.g40 - ,786 --- -0.7Q1 

-1.878 - .780 
-2.039 - -770 
-2.075 - .760 

-2.138 - .740 
-2.108 - .7sa 

-2.172 - -730 
-2.193 - -720 

-8.245 - -640 -2.220 - .700 

-2.S14 - -500 -2.270 - .Boo 
-0.3gu - .4m 
-2.438 - -200 -2.500 
-2.602 
-2.683 

-2.748- 
-e. 744 

-2.795 
-2.830 
-2.864 

- .os3 - .t48 - -076 - .088 - ,105 
. - -112 - .le0 - .lea - -143 - ,178 - -195 - .a6 - .E16 - .eo5 - .180 - .la - ,138 - -105 - .M2  - -085 

0 

.058* 

t 

1 

-1.678 
-1.72S 
-1.757 - .e60 - .8+0 - .E20 - .800 - .750 

- .goo - .7m 

- .m - .# - -200 
-200 
.400 .IMo 
&XI 

1.2m 
1 .om 
1.400 
1.600 

2.500 
2.000 

5.ooo 
3.500 
4 . m  
4.800 
5.560 
6.033 
8.500 
7.000 
7" 
7.500 

8 . m  
7.605 

&.la 

0 

- .n5 - .w9 - .15a - -172 - .202 - .223 - .248 - -252 - .250 - .e39 - .e23 - .Zoo' - -172 

-1.787 
-1 -81s 
-I. 821 
-1.858 

-1.826 
-1.903 

-1.988 
- 2 . U  
-2.a70 
-2.125 
-2.212 
-E 276 
9 .a8 
,-e.s19 

-e '380 
-8.350 

- 2 , w  
-8.4001 
-$?.43e 

-e.'r7s 

-1.888 

2% 

- .is6 
- .om 
- ,102 

- .ox)' 
- a . m  
-2.9U 

-e. 954 
-2.935 

"2 -968 
-2.969 
-3.005 

" 

-2 480 -a,aO 
-2.608 
"" 

1.100 
1.145 
1.179 
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TABLE VI.- ORDINATIS FOE THE KUMEEFt 6 IHLlcT 

(See f igure  3 for symbol definitions) 

A 1 1  ordinates i n  inches 

Model Wing Station 55.125 

Upper Lip Lower Lfp 

I I 1 

-2.607 
-2.477 
-2.346 
-1.955 
-1 692 
-1 430 
-1.1% 
-0.907 - ,646 - .383 
.926 
Z 233 
4.860 
7.467 
10.083 

Leading-edge 
radius off' 
chord line 

-1 734 0 

I chorcl- 

Model nine  Stat ion 90.125 I 

[.marc chord = 39.388 in. ] i 

-2 648 
-2 526 
-2.298 
-2.061 
-1.828 
-1 -563 
-1 -368 
-1 124 
-0. B89 - ,655 

.SI7 

0.330 
.484 
.61O 

1.073 
1.213 

a 0 0 0  

1 351 

1.601 
1.715 
2,170 
2.530 

1.480 

=-. I -" 

0 -1.445 

1 -t 
-2.678 
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1.759 
2 .o& 
*2.609 
3 -595 
4 -967 
5 -993 
6.813 
8.089 
9 -023 
9 -707 
10.183 
10.482 
10.6og 

-569 XI. 365 
9 0991 
9 -447 
8.742 
7.8s 
6.869 
5 -733 
4.494 
3 *141 
1.663 

.017 

Lower 

1 .ng  
1.412 
1.885 
2.700 
3.768 . 
4.520 
5 -103 
5 -972 
6.569 
6.986 
7.248 
7 379 
7-36 
7.281 
7 -052 
6.698 
6.220 
5 - 625 

3.285 

1 534 
-677 
.017 

4 . P O  
4 -129 

2.419 

0.234 

2.025 

~~ 

T i p  lsection (theoretical) 
~~ 

Lower 
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(b) Detal le  of end plate. 

' Flgure 1.- Continued. 
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(c) Photograph of model mounted in the Langley propeller-research tunnel; basic nose installed. 

Figure 1.- Concluded. 
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(a) Three-quarter rear view 8 = Ooj wake survey rake shown jn position 

Figure 2. - Photographs of model with various flap confi@;ufations installad. 4 
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NACA RM No. L6Lll Fig. 2b,c 

(b) Three-quarter rear view ; 6 = 20 . 0 



NACA RM No. L6Lll Fig. 2d,e 

(a) Front view 8 = 65'; continuous flap. 
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Fig. 4 NACA RM No. L6Lll  
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F i g u r e 4 . -  Sketch showing p o s i t i o n  of discontifiuity In diffitser f a i r i n g  
of  inlet 5 relative to preseure tube6 at measuring station. 



. .  

Figure 5.- General view of model with right-hand propellers and inlet number 5 installed. 6 r 
cn 



NACA R M  No. L6Lll Fig. 6 

Figure 6.- Blade-form curves for model propeller and Curtias 1016 
propeller. D, diameter; R, radius to tip; r, station radius; 
by section chord; h, section t h i h e a s ;  p , blade angle, degrees. 



ICACA RM No. L6Lll  
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Figure 7.- Pressure belt installation on lower 
surface of outboard nacelle; duct exits 
sealed and faired. 

Fig. 7 



Figure 8.- Relationship of inlet-velocity ratio to 
total f l o w  coefficient f o r  the several inlcts.  



Fig. 9 NACA RM No. L6Lll 
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Fig. 10b NACA RM No. L6Lll 

(b) In le t  number 1; 6, 65'. 
Figure  10.- Continued 



( 0 )  I n l e t  number 2; 8 , O ' .  

Flyas 10.- Oontlnud. 
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Fig. 10d NACA RM No. L6Lll 

Figure 10.- Continued. 
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NACA RM No. L6Lll  i Fig. llb 



Fig. llc NACA R " 0 .  L6Lll  
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NACA RM No. L6L11 I Fig. 12 

Figure 12.- Section drag coefflciente for the several 
w i n g  ducts at wing station 72.25, a8 a function of 
flow coefficient. a, -2.4*. 



Fig. 13 
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NACA RM No. L6Lll Fig. 15 

F m e  X.- V u l a t l o n  of the predlated er1tlo.l uah n w e r a  w i t h  lift coefficient. 
for the uppr and lower l l p a  o f  the aererrl inlet oonff@xratlonr. 



Fig. 16 NACA RM No. L6Lll 
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Figure 16.- Indfcrated orltloal Mach number8 for several 
Inlet oonfiguratiuns as ftmction of lift coefficient. 
Qt/FtV, 0.096. 



NACA RM NO. L e L n  Fig. 17a . 
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Fig. 17b NACA RM No. L6Ll l  1 
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Fig. 17d NACA RM No. L6Lll b 

8 

9 86 0 9 5  

S 8 6  406 

P a 5  9% 

497 993 

0.96 0,94 

0.96 997 498 0.93 & 
9 96 0.93 

9 97 ?94 
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NACA RM No. L6Lll Fig. 18a 
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Fig. 18b NACA RM No. L6L11 
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NACA RM No. L6Ll l  Fig. 1& 
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Fig. 18d NACA R.M No. L6Lll k 
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