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LL,. 
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

f o r  the  

Bureau of Aeronautics, Navy Department 

ALTITUDE-WIND-TLTNLVEL INVESTIGATION OF R-4360-18 

POWER-PLANT INSTALLATION FOR XR60 AIRPLANE 

TI1 - PERFORMANCE OF I?JDUCTION AND EXHAUST SYSTEMS 

By David T. D~xpree and W. Kent Hawkins 

A study h.as been made of the perfomance of %he induction and 
the  exhaust systems on the XR60 power-plant ins ta l - l a t ion  a s  par t  
of an invest igat ion conducted i n  the  Cleveland a l t i t ~ t d e  wind 
tunnel. Alt i tude f l i g h t  conditions from 5000 -to 30,000 fee t  were 
simulated f o r  a range of engine powers from 750 t o  3000 brake 
h.orsepower . 

Slipstream ro t a t i on  prevented normal pressure recoveries i n  
the  r i g h t  side of the main duct i n  the region of the r i g h t  i n t e r -  
cooler cooling-air  duct i n l e t ,  Total-pressure losses  i n  the  
charge-air flow between the turbosupercharger and the in tercoolers  
were a s  hlgh a s  2.1 inches of mercury. The to ta l -pressure  d i s t r i -  
bution of the  charge a i r  a t  the in tercooler  i n l e t s  was i r regu la r  
and varied a s  much a s  1.0 inch of mercury from the  average value a t  
extreme conditions, Total-pressure surveys a t  the  carburetor top 
deck showed a var ia t ion  from the  average value of 0.3 inch of 
mercury a t  take-off power and 0.05 inch of mercury a t  maximum 
cruisiLag power, The carburetor preheater system increased the  tem- 
perature of the  engine charge a l r  a maximum of about 8Z0 F a t  an 
average cowl-inlet a i r  temperature of go F, a pressure a l t i t u d e  of 
5000 f e e t ,  and a brake horsepower of 1240. 

INTRODUC TIOM 

An extensive imestiga-t i .on was conducted i n  the NACA Cleveland 
a l t i t u d e  wind tunnel a t  th.e r e q ~ ~ e s t  of the  Bureau of Aeronautics, 
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Navy Department, t o  determine the performance ch.aracterist ics of the  
R-4360-18 engine i n s t a l l a t i o n  i n  the  XR60 a i rp l aae ,  Altibude f l i g h t  
conditions from 5000 t o  30,000 f e e t  were simulated f o r  a range of' 
mgine powers from 750 t o  3000 brake horsepower and airspeeds from 
100 t o  175 miles per hour, The cooling cha rac t e r i s t i c s  and the  per- 
formance of the  engine are  yresented i n  references 1 and 2, respcc- 
t i v e l y .  The perfo~maace of the  main duct, the charge-air  system, 
the in te rcoo le r  cooling-air  system, and the  exhaust system is d i s -  
cussed i n  t h i s  repor t .  

Data f o r  these duct systems were analyzed t o  determine the 
pressure &nd temperature gradients  and t o  determine the pressure 
d i s t r i bu t i on  a t  various cross sect ions  of each duct. The perform- 
ance of the  in te rcoo le r  cool ing-ai r  system was invest igs ted t o  
determine i f  a carburetor top-deck a i r  temperature l e s s  than 100° F 
could be maintained with reasonable values of in te rcoo le r  f l a ?  
def lec t ions  and of cooling-nir  and charge-air pressure drops, The 
temperature-rise range of the  >reheater  syitem f o r  the  charge a i r  
was a l s o  analyzed, 

DESCRIPTION OF FOWER-PLANT INSTALLATION 

An XR60 nacel le  mounted i n  a wing sect ion was i n s t a l l e d  i n  the  
a l t i t u d e  wind tunnel ,  a s  shown i n  f igure  l., Ths R.-4360-18 engine 
was equipped with a Genera'l E l e c t r i c  Type BH-3 turbosupercharger 
and w i t h .  a standard 19-f oot f ow-blade Curtiss E l e c t r i c  propel ler  
with 1 foo t  cut   fro^ the t i p  of each. blade t o  give the  necessary 
clearance i n  the turmel, A more complete descr ip t ion of the engine 
and i n s t a l l a t i o n  i s  given i n  references 1 and 2 ,  

E.ngine charge ~ i r  and in te rcoo le r  cooling a i r  entered a main 
duct a t  the lower f r on t  of the  engine cowling, a s  shown i n  f i gu re s  1 
and 2. Approximately 5 f e e t  behind t h i s  entrance the main duct was 
divided i n to  a group of smaller ducts ,  

Engine charge a i r  flowed from a duct i n  the upper center  of 
t h i s  group t o  the turbosupercharger i n l e t ,  from the  turbosuper- 
charger 'through two ducts t o  in te rcoo le r s  on each s ide  of the  
nacel le ,  then through two ducts leading t o  and joiued a t  t3e carbu- 
r e t o r  top  deck, A i r  was bled from the r i g h t  dcct  a t  a locat ion 
immediately a f t e r  the turbosupercharger ou t l e t  f o r  use i n  a cabin- 
a i r  pressur iza t ion system. The f low from t h j s  cabin-,?ir o u t l e t  ~ : r s  
maintained a t  approxim~tely  1800 pounds per hour is, order t o  s:mu- 
l a t e  the  design flow. The ducts between the in te rcoo le r s  and -the 
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carburetor top deck were equipped with spring-loaded pressure-relief 
doors tha t  were designed t o  open inward when the duct s t a t i c  pres- 
sure was lower than s t a t i c  pressure i n  the nacelle; t h i s  condition 
was anticipated a t  take-off power because the turbosupercharger i s  
then windmilling. 

Cooling a i r  was supplied t o  the intercoolers by ducts located 
a t  opposite sides of the duct group and was discharged from the 
intercoolers t o  the f r ee  s t r e m  through out le t s  equipped with 
adjustable f laps ,  

Auxiliary ducts carried hot a i r  from the exhaust collector- 
r ing  shrouds t o  the intercooler cooling-air ducts, Valves were 
provided t o  change from cooling a i r  t o  hot a i r  when he8 t i . q  of the 
~ h . ~ r g e  a i r  was desired. I n  figure 2 these valves are sh.own se t  
f o r  admission of hot a i r .  

In the exhaust system ( f ig ,  3) ,  gas from the individual c;rl- 
inders of each bank was collected by a manifold and taken t o  the 
collector ring. Two ducts connected the col lector  r ing t o  the 
turbosupercharger in le t s ,  where by-pass pipes branched off t o  the 
out let  of the turbosupercha;*ger. blechanically interconnected 
waste gates were instal led i n  the by-pass pipes t o  control the 
flow through the turbosupercharger, Behind the tu rboa~percha rge~  
the exhaust gas was collected i n  a single duct and taken through 
the heat exchanger t o  the out le t ,  This heat exchmger was designed 
t o  provide heat f o r  the wing de-icing and cabin-air systems, The 
exhaust out let  was a s t raight  pipe directed t o  the rear  of the 
nacelle and did not extend beyond the outer surface. 

PROCEDURE 

Pressure and temperature measurements were obtained a t  the 
various s ta t ions  outlined i n  the following table: 
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Location 

----- -- 
Plain duct i n l e t  

Charge-air system 
1nl.e t duct 
I n l e t  of turbosuperchmger 
Outlet of turbosuyercharger (I, a.nd R )  
I n l e t  of in tercooler  (L an& R )  
Outlet of in tercooler  (L and R )  
Carburetor top deck 

pressure pressure couples 
tubes -- ! tubes 1 

The power-plant i n s t a l l a t i o n  was o2erated under simulated f l i g h t  
con6itions of a l t i t u d e s  from 500C t o  30,000 f e e t  and indicated a i r -  
speeds from 109 t o  175 miles per hour. Most of the runs were made 
a t  an indie%-ted airspeed of 150 miles per nour. Because the Znstal- 
la-tion model was large  r e l a t i v e  t o  the  20-foot diameter of the  tunnel 
t e s t  section,  a l l  runs were made a t  zn inc l ina t ion  of the th rus t  
ax i s  of 00. 

In tercooler  cooling-air  system 
I n l e t  duct ( L  and R )  
I n l e t  of in tercooler  (L and R )  
Outlet of in tercooler  (I, and R )  

Exhaust s  ys tem 
Each cylinder port 
Col lector  r i n g  
Gas i n l e t  of turbosuperckarger 

(L and R) 
Gas i n l e t  of heat exc'mnber 
Gas ou t l e t  of heat exchanger 

The engine was operatzd over 'awe of brake h.orsepowers from 
750 t o  3000. Emphasis was placed on t h e  following condi"cl.ons: ta.ke- 
of2 Tower, 3000 brake h.orseyower at an engine speed of 2700 rpm; 
normal r a t ed  power, 2500 brake horsepower. a t  2550 r9m; and maximum 
c r u i s i . ~  nowe?, 1675 bralie horsepower a t  2230 rpm . Power-off t e s t s  
were a l s o  made a t  an e l t i t u d e  of 10,000 f e e t  f o r  a range of indi-  
cated airspeeds from 103 t o  175 miles per hour wit11 the  propelier  
removed t o  i so l a t e  tlie e f f e c t s  of the propel ler  sl ipstream. 

3 
9 
9 

I 

The following coefi'icients a r e  used i n  t3e invest igat ion of the  
various duct systems: 

----- ---------- -- 
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H- pO - pressure-recovery coef f i c ien t  
qc 

AH - pressure-drop coef f i c ien t  
9-c 

- AD incremental-drag coeff i c i e n t  of the f l a p s  
90 

where 

H l o c a l  t o t a l  pressure, pounds per square f o o t  

Po free-stream s t a t i c  pressure, pounds Ter square foo t  

qc free-stream impact pressure a s  measured by p i t o t - s t a t i c  
tube, pounds per square foo t  

AH to ta l -pressure  drop, pounds per squsre f o o t  

AD increment of drag between minimum drag pos i t ion  of f l a p s  
and any other  f l a p  posi t ion,  pounds 

90 
pvL free-stream dynamic pressure,  - pounds per  square foo t  

2 '  

P a i r  density,  s lugs  per  cubic f oo t  

V t r ue  airspeed,  f e e t  pe r  second 

RBSULTS AND DISCUSSION 

Main duct, - Pat te rns  of pressure recovery a t  the main-duct 
i n l e t  a r e  sh.orn i n  f i gu re  4 .  A s l i g h t  tendency toward a recovery 
high.er than th.e average e x i s t s  along the lower l i p  of the  duct f o r  
both propeller-removed and propel ler -operat ing conditions. 

Variat ion of the totd-pressure recovery a t  the  main-duct 
i n l e t  with. brake horsepower, a l t f  tude, and indicated ~ i r s p e e d  a re  
shorn in figure 5. An increase i n  the  brake horsepower and n 
corresponding increase i n  propel ler  boost wh i l e  th.e a l . t i  tude and 
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the  airspeed a re  held constent ( f  i.g, 5(a) ) resulted.  i n  an increase 
i n  th.e pressure-recovery coef f i c ien t s  a t  th.e main-duct i n l e t .  An 
increase i n  a l t i t u d e  a t  c o n s t a ~ t  values of engine power and indicated 
airspeed ( f i g .  5 ( b ) )  increased t h s  t r ue  airspeed and consequently 
reduced the e f f e c t  of p rope l le r  boost on the t o t a l  pressures a t  the  
main-duct i n l e t ,  The ac tua l  and r e l a t i v e  values of the  p rope l le r  
boost decreased a s  the  a i rspeed increased a t  constant  a l t i t u d e  and 
power ( f i g ,  5 ( c ) ) .  

Th.e pa t t e rns  of pressure recoveries a t  the  entrance t o  the 
separate i n l e t  ducts a r e  shown i n  f i gu re  6 ,  The pressure recoveries 
obi;ained with the  propel ler  reraoved were uniform across  the  duct 
entrances , When the propel ler  waz opernt ing , the  pressure recovery 
on the  r i g h t  s ide  of the ducts was r e l a t i v e l y  poor. This unbalance 
i s  a t t r i b u t e d  t o  the  r o t a t i o n a l  component of the propel ler  s l ips t ream,  

The pressure recovery a t  the  r i g h t  intercooler-duct  i n l e t  was 
mate r ia l ly  reduced by the  unbalance i n  the main duct .  The pressure- 
drop coef f i c ien t s  between the main-duct i n l e t  and the  in tercooler-  
duct i n l e t s  a r e  shown i n  f i gu re  7. A t  high charge-air  flows (high 
engine powers), the pressure-&op coef f ic ien t  f o r  the  main duct i n  
f r o n t  of the  r i g h t  in te rcoo le r  ranged between 0,2 and 0.3, whereas 
the  l o s s  encountered i n  the  main duct i n  f r o n t  of the  l e f t  i n t e r -  
cool-er duct was neg l ig ib le ,  

Charge-air system. - The d i s t r i bu t i on  of pressure recovery a t  
the  charge-air duct i n l e t  i s  sl~cwn i n  f igure  8 t o  be qui te  uniforrfl. 
This duct i n l e t  i s  located i n  the  upper center  of the  duct group and 
is unaffected by the  i ne f f i c i en t  pressure recovery on the r i g h t  s ide .  

Pressure and temperature gradients  through the  engine charge- 
a i r  system a r e  shown i n  f i gu re s  9 end 10, which give an ovey-all  
p ic tu re  of the  e f f e c t  of engine power and a l t i t u d e  on pressures nnd 
temperatures i n  the  various p a r t s  of the system, These data a re  
useful  only f o r  t h e i r  r e l a t i v e  value because the  magnitude of the 
pressure o r  temperature a t  any s t a t i o n  dawnstream of the turbosuper- 
charger i s  dependent on the  adjustment of the waste-gate r e g ~ ~ l a t o r ,  
the operation of which was qui te  e r r a t i c  throughout the inves t iga t ion ,  

The performance of the  in te rcoo le r  system -in maintaining the 
charge a i r  a t  reasonable temperatures i s  bes t  sho~,m a t  more s tab le  
conditions than those of f igures  9 and 10, Under more s tab le  con- 
d i t ions ,  the  in te rcoo le r  system maintained the  carburetor-deck tem- 
perature below 1000 F with f l ap s  Paired a t  the following conditions: 
take-off power a t  a standard a l t i t u d e  of 5000 f e e t ,  and nomal r a t ed  
power a t  a standard a l t i t u d e  of 20,000 f e e t .  
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Losses of t o t a l  pressure i n  various p a r t s  of the charge-air  
ducting a re  shown i n  f i gu re  11. The grea tes t  l o s s  occurred i n  the 
ducts between the  turbosupercharger and the  in tercoolers .  This 
l o s s  ,mounted t o  about 1.1 inches of mercurgr a t  a maximum cruis ing 
power and 2.1 inches of mercury a t  take-off power. Pressure d i s -  
t r i b u t i o n  across the face of each in te rcoo le r  entrance varie+- a 
maximum of about 1 , O  inch of mercury from the average value. (See 
f i g ,  12 , )  The sharp bends i n  these  ducts probably 2rod~1csd a 
s t r a t  if i c a t  ion of the a i r  flow, which caused t h i s  large  gyessure 
l o s s  and poor pressure d i s t r ibu t ion .  The p o s s i b i l i t y  t h a t  the  
large pressure l o s s  was caused by the  bleoding of a i r  from the  r i g h t  
duct f o r  the  cabin-air  system was not  substant ia ted  by the data.  
Average t o t a l  pressures a t  the  r i g h t  end tile l e f t  in te rcoo le r  faces  
were usual ly  almost equal, and -the l e f t  tmbos~zperciiarger-outiet 
pressure was higher than  tlze r i g h t  by only 0.3 t o  0.5 inch of 
mercury. 

The d i s t r i bu t i on  of t o t a l  pressure a t  the  carburetor tog dock 
i s  sh.o%ni i n  f igure  13, A t  the  high e i r  flow encountered a t  t8ke- 
off  power, the  t o t a l  pressure varied a s  much a s  0.3 inch of mercury 
from the  average value ( f i g .  13(a)  ) . A t  cruis ing powers, t h s  t o t a l -  
pressure d i s t r i bu t i on  was reasonably uniform, varying about 
0.05 inch of mercury as 8ee.n i n  f i gu re  13 (b ) ,  

In te rcoo le r  - system, - Fressure gradients  t h r o w h  the in te rcoo le r  
cooling-air  system a r e  shown I n  f i gu re  14, T'ne pressure drop 
through the  system was not  ma t e r i a l l y  af fected by changes i n - a l t i -  
tu&e nor engine power but increased with in te rcoo le r  f l o p  def lec t ion.  
The pressure recovery was lower a t  the r i g h t  in te rcoo le r  than a t  
the  l e f t ,  caused by the  unbalanced flow pa t t e rn  i n  the main duct 
ahead of the  coollng-air  duct entrances. 

Temperature gradients  through the in te rcoo le r  cooling-air  sys- 
tem a r e  shorn i n  f i gu re  15, inasmuch as  the  d.ifference i n  the tem- 
pera tures  of the  a i r  i n  the two branches of the system was 
negl ig ible ,  the  average values were p lo t t ed .  An increase i n  a l t i t u d e  
o r  brake horsepower caused an increase i n  temperature r l s e  through 
the  system. 

Th.e va r i a t i on  of in te rcoo le r - f l ap  defl-ection from f a i r e d  posi- 
t i o n  t o  a de f lec t ion  of 34" produced very I - i t t l e  change iil tcrilpey- 
a tu re  r i s e  of the  cooling a i r  a s  it passed through %lie in te rcoo le r s ,  

The pressure-recovery pa t t e rn  of the  cooling a i r  a t  %he 
in te rcoo le r - in le t  f ace  i n  f i gu re  16 shows t h a t  the  highest  values 
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of the  pressure-recovery coef l ic ient  occurred on the  outer  edge of 
each in tercooler  with the propeller  e i t h e r  removed or  operating, 
This e f f ec t  was probably caused by the configuration of the  ducts fn 
f ron t  of the intiercoolers, With the  propel ler  removed, the  l e f t  and 
the r i g h t  in tercoolers  had approximately the same average pressure 
recovery; a t  r a ted  power, the recovery a t  the l e f t  in te rcoo le r  wtis 
higher than t ha t  a t  the r i g h t  in tercooler .  

Cooling-air pressure d ~ o p  through the in te rcoo le r  i s  shown i n  
f ieure 17. L i t t l e  diffei-ence was indicated between p r o ~ e l l e r -  
removed and maximum-cruising conditions except a t  large  f l a p  open- 
ings where large a i r  flows occurred. The decrease i n  the  slope of 
the  curves shows t ha t  the  in tercooler  f l a p s  became increasingly 
l e s s  e f f ec t i ve  a t  large d-eflections, a condition tha t  waa qui te  
noticeable t o  the engine operator i n  the  adjustment of, carburetor- 
deck temperature. 

The e f f e c t  of intercool-er-flap opening on the  incremental-drag 
coeff ic ient  Is a l so  shown i n  f igure  17. The in tercooler  f l a p s  give 
the l ens t  amount of a t  the f a i r ed  posi t ion,  The e f f e c t  of o i l -  
cooler-flap and cowl-flap posit ion8 on the pressure drop through the  
in tercoolers  was found t o  be negl igible ,  which showed tha t  the  
in tercooler  f l a p s  a re  located i n  a posi t ion where there i s  no inter- 
ference from the other  f l a p  sys tem~.  

The cha rac t e r i s t i c s  of the  in tercoolers  with the carburetor 
preheater  system i n  operation are  sho%m i n  f i gu re  18, A s  sho~m by 
the low pressure recovery a t  the face  of the in tercoolers ,  most of 
the  pressure drop across the in tercoolers  was induced by the  ac t ion  
of the f l aps .  The aveyage temperature r i s e  of the  engine charge a i r  
a t  G brake horsepower of 1240, an a l t i t u d e  of 5000 f e e t ,  and an 
average cowl-inlet a i r  temperature of F ( a  possible i c ing  condi- 
t ion) was about 76O F a t  the  i n i t i a l  f l a p  def l e c t t on  of 15O from 
f a i r e d  posit ion,  and 82' F w i t h  wide open f l aps .  

Exhaust system, - S t a t i c  pressures i n  th.e exhaust system were 
measured with tubes connected t o  s t a t l c  wall o r i f i c e s .  The values 
obtained were undoubtedly affected by pressure pulsat ions  and 
occasionally by leaks i n  the  tubing, 

Variat ion of s t a t i c  pressure a t  individual  cylinder exhaust 
por ts  i s  shorn i n  f igure  19, the  g rea tes t  difference being about 
5,5 inches of mercury a t  take-off power. Sta t ic-pressure  gradients  
through the exhaust system are  shopm i n  f igure  20 f o r  a range of 
engine powers and a l t i t udes .  No noticeable s ta t ic-pressure  drop 
occurred i n  the  duct from the ou t l e t  of the heat exchanger t o  f r ee -  
stream conditions, a s  shown by the  s l i g h t l y  negative s t ~ t i c  pressure 
a t  the  heat-exchanger o u t l e t ,  

CONFIDENTIAL 
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SUMMARY OF RESULTS 

The following re su l t s  were obtained from an investigation of 
the intake and the exhaust systems of tlie XR60 power-plarit ins ta l -  
la t ion  i n  tlze Cleveland a l t i tude  wind tunnel: 

1. Slipstream rotat ion reduced pressure recoveries i n  the 
r ight  side of the ma.in duct i n  the region of the righ.t intercooler 
cooling-air duct i n l e t .  

2. Total-pressure losses i n  the charge-air flow were a maximum 
of 2,1 inches of mercury a t  take-off power i n  the ducting between 
the turbosupercharger and the intercoolers,  

3. Total-pressure surveys of the charge a i r  a t  the intercooler 
in l e t s  showed a maximum variation from the average value of about 
1.0 inch of mercury. 

4 ,  Total-pressure svxveys a t  the carburetor top deck sh.o>~ed a 
variation from th.e average value of 0.3 inch. of mercury a t  take-off 
power and 0,05 a t  maximum cruising power. 

5? The carburetor preheater sgstem inc~eased  the temperature 
of the charge a i r  a msximum of 82O F a t  1240 b r ~ k e  horsepower, a 
pressure a l t i tude  of 5000 f e e t ,  and an average cowl-inlet a i r  tem- 
perature of I?. 

Aircraft  Engine Research Laboratory, 
National Advisory Committee f o r  Aeronau.tics, 
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,/ .,,. . / ,,,..L" -. 
David T, Dupre6, 
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W, Kent Ila~~lzins, 
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Figure 1. - Power-plant i n s t a l l a t i o n  of XRGO a i rplane i n  a l t i t u d e  
wind tunnel. 

Figure 2. - Induction system of power-plant i n s t a l l a t i o n  f o r  XR60 
ai rplane,  

Figure 3. - Exhaust system of power-plant i n s t a l l a t i o n  f o r  XR60 
ai rplane,  

Figure 4. - Pressure-recovery pa t te rn  a t  main-duct i n l e t .  Alt i tude,  
10,000 f e e t ;  in tercooler- f lap def lect ion,  00 t o  lo from f a i r e d  
posit ion;  indicated airspeed, 150 miles per hour. 
( a )  Propel ler  removed. 
(b )  Propel ler  operating: brake horsepower, 1675; engine speed, 

2230 rpm, 
( c )  Propel ler  operating: brnke horsepower, 2500; engine speed, 

2550 rpm. 

Figure 5. - Variation of average to ta l -pressure  recovery a t  main- 
duct i n l e t  f o r  various f l i g h t  conditions, 
( a )  Ef fec t  of brake horse-oower. A l t i t ~ ~ d e ,  15,000 f e e t ;  indicated 

airspeed, 150 miles Ter hour, 
(b) Ef fec t  of a l t i t u d e  a t  various Srake horsepowers, Indicated 

airspeed, 150 miles per hour. 
( c )  Ef fec t  of indicated airspeed.  Al t i tude,  15,000 f e e t ;  brake 

horsepower, 1675; engine speed, 2230 rpm, 

Figure 6 ,  - Pressure-recovery pa t te rns  a t  entrance t o  separate 
intake ducts. Alt i tude,  10,000 f e e t ;  indicated airspeed,  
150 miles per  hour. 

Figure 7. - Variation of pressure-drop coef f ic ien t  between main- 
duct i n l e t  and intercooler-duct i n l e t s  w i t h  charge-air flow. 
Alt i tude,  15,000 f ee t ;  intercooleq-f l ap  deflection,  00 t o  lo from 
f a i r e d  posit ion;  indicated airspeed,  150 miles per hour. 
( a )  Engine speed, 2700 rpm, 
(b) Engine speed, 2400 r p m .  
( c )  Engine speed, 2230 rpm. 

Figure 8, - Pressure-recovery ?a t te rns  a t  charge-air duct i n l e t ,  
Front view; a l t i t ude ,  10,000 f e e t ;  indicated airspeed,  150 miles 
per h.our . 
( a )  Propel ler  removed, 
(b) Propel ler  operating: brake horsepower, 2500; engine speed, 

2550 rpm. 
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Figure 9. - Total-pressure gradient  of engine charge a i r  tinrough 
induction system. Intercooler- f lap deflection,  O0 t o  lo from 
f a i r e d  position; indicated airspeed,  150 miles per hour. 
( a )  Ef fec t  of brake horsepower. Alt i tude,  15,000 f e e t ,  
(b)  Ef fec t  of a l t i t ude .  Brake horsepower, 1675; e.ngine speed, 

2230 rpm. 

Figure 10. - Temperature gradient  of engine charge a i r  through 
induction system. Intercooler- f lap def lect ion,  O0 t o  lo' from 
f a i r e d  posit ion;  indlcated airs-peed, 150 miles per  hour. 
(a)  Effect  of brake horsepower, Al t i tude,  15,000 f e e t .  
(b)  Ef fec t  of altitucie. Brake horsepower, 1675; engine speed, 

2250 rpm. 

Figure 11, - Variation of to ta l -pressure  l o s s  th.roughout ch.nrge-air 
system with brake horsepower. Al t i tude,  15,000 f e e t ;  indicated 
airspeed,  150 miles per h.our. 

Figure 12. - Charge-air pressure d i s t r i bu t i on  a t  in tercooler  i n l e t ,  
Bottom view; a l t i t ude ,  15,000 f e e t ;  brake horsepower, 2950; engine 
speed, 2690 rpm, 
( a )  Left  in tercooler ,  
(b)  Right intercooler,  

Figure 13, - Total-pressure distr i 'oution a t  carburetor top declc, 
Alt i tude,  15,000 f e e t ;  indicated airspeed, 150 miles per h.our. 
( a )  Brake horsepower, 3000; engine speed, 2700 rpm. 
(b) Brake horsepower, 1.680; engine speed, 2230 rpm, 

Figure 14, - Pressure-recovery gradients  of in tercooler  cooling a i r .  
Indicated airspeed,  150 miles per hour. 
(a) Effect  of brake horsepower. Alt i tude,  15,000 f ee t ;  in tercooler-  

f l a p  def lect ion,  O0 t o  lo from f a i r e d  posit ion.  
(b)  Ef fec t  of a l t i t ude .  Brake horsepower, 16r(5; engine speed, 

2230 rpm; in tercooler- f lap def lect ion,  O0 t o  lo from f a i r e d  
posi t ion,  

( c )  Ef fec t  of intercooler-f  l ap  deflection.  Alt i tude,  10,000 f e e t ;  
brake horsepower, 1675; engine speed, 2230 rpm. 

Figure 15. - Temperature gradients  of in tercooler  cooling air.  Indi-  
cated airspeed, 150 miles per  hour.  
( a )  Effect  of brake horsepower. Alt i tude,  15,000 f e e t ;  in tercooler-  

f l a p  def lect ion,  O0 t o  10 from f a i r e d  posit ion.  
( b )  Ef fec t  of a l t i t u d e ,  Brake housepower, 1675; engine speed, 

2230 r2m; in tercooler- f lap def lect ioa ,  0' t o  lo from f a i r e d  posi t ion,  
( c )  Ef fec t  of in tercooler- f lap deflection.  Al t i tude,  10,000 f e e t ;  

brake horsepower, 1675; engine speed, 2230 rpm. 
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Figure 16. - Pressure-recovery pa t te rn  of cooling a i r  a t  in tercooler-  
i n l e t  face.  Alt i tude,  10,000 f ee t ;  indicated airspeed,  150 miles 
per  hour, 

, ( a )  Left  in tercooler .  
(b )  Right in tercooler .  

Figure 17. - Variation i n  to ta l -pressure  drop of ccol.ing a i r  through 
intercooley and incremental drag with in tercooler- f lap def lect ion.  
Alt i tude,  10,000 f e e t ;  cowl f l a p  and o i l -coo le r  f l a p  f u l l  open, 

Figure 18. - Effect  of in tercooler- f lap def lec t ion  on in te rcoo le r  
cha rac t e r i s t i c s  with. carburetor preheater  system, Alt i tude,  
5000 f e e t ;  brake horse>ower, 1240; engine speed, 2000 rpm; Indi-  
cated airspeed, 150 miles per  hour; average cowl-inlet a4r  tem- 
perature,  go F. 

Figure 19. - Variation of exhaust back pressure a t  engine cylinder 
por ts  w i t h .  brake horsepower. Al t i tude,  5000 f e e t ,  

Figure 20. - Stat ic-pressure  gradients through exhaust system. 
Indicated airspeed, 150 miles per  hour, 
( a )  Ef fec t  of brake horsepower. Alt i tude,  15,000 f e e t ,  
(b)  Effect  of a l t i t u d e .  Brake h.orsepower, 1675; engine speed., 

2230 rpm, 
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F i g ,  4 

N A T I O N A L  A D V  l SORY 
COMMITTEE FOR A E R O M A U T I C S  

(a) & o p e l l e ~  ~em39aowe4, 

(b) Pfopel lep operating: b ~ a k e  horsepswe~, 1675; 
engfne speed, 2238 rpa, 

[ o  $ Wapellep opesa t fw  : brake b ~ e c p s w c r ,  2500; 
engfne speed, 2850 v m a  

Figme 4, - Presswe-~eeovesy  pattern at m i n 4 u c t  
in le t ,  Altitude, 18,888 f e e t ;  in%eressle~-f2ap 
d&?%i'lection, 0@ to 1' from f a l r e d  position; 
i a d % a % e d  a f p s p e d ,  350 miles pep bw,  

C O N F l  D E N T I A L  



COMMITTEE FOR 

(a) Effect o r  brake horsepower. AItltude. 15,000 Feet; 
indicated a i r speed ,  150 r%les per hour. 

CON F l DEN T l AL  F i g .  

P,20 

1,oo l I I 
zoo 120 140 %gig IBO 

IndPeated ai rspeed,  miles pep how 
( 0 1  ErPeet or indicated airspeed. Altitude, 15,000 rest; 

brake horsepower, 1675; englne speed, 2230 rpm. 

Figure 5,- Varlatfon-of average total-pressure ~ e c o v e r g  at 
naln-duet I n l e t  f o r  various Tlgght eondltions. 
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C O N  F l  D E N T I  AL F i g .  6 

PXgure 6,- P~essure-~ecoverg pa t t e rns  at entfance to separate 
l a l e t  due ls ,  Altftude, 10,000 feet; lndlcated a"Lspeed, 150 
miles per hour, 
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(a) Engine speed, 2700 rpm, 

(b) Engfne speed, 2400 rpm, 

6 3 

* 2 

. % 

0 

-*  B 
6,000 8,OOQ 10,000 ,12,000 P4,OOO 16,000 

Charge-af~ flow, l b / b  

( e )  Ehgfne speed, 2230 rpm, 
Figure 7,- V a ~ S a t %  on of pressure-drop coef f f  cient between 

mfn-duc t  inlet and fnlercooPer-duct I n l e t s  ~ 4 t h  charge- 
alp f l o w ,  Ablltude 15,000 feet; 1ntercoole~-fla 
deflection O0 to 16 f rom faired position; ~ndicaxed 
abrsgeed, 150 mfbes pep h o w ,  

C O N F I D E N T I A L  



N A C A  RM N o .  E 7 C 2 6 a  

HAT l ONAL ADV l SORY 
C W M I  TTEE FOR AERONAUT I CS 

C O N F I  D E N T 1  A L  f i g .  C3 

(a) H%.opePSe~ ~emoved, 

(b) PropelPe~ operatfng: brake hopsepower, 2500; 
englne speed, 2550 Ppm, 

Figure 8,- hessu~e-.b..ecove~y patterns at cha rge -a i~  
duct fnhe t ,  Front view; alt%tude, 10,000 feet; 
i n d f  ea ted air speed, 150 rnf Pe s pep h o u ~ ,  

C O N F I D E N T I A L  
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aD x (a) Effect of brake horsepower, Altitude, 15,000 f e e t ,  

( b )  Effectof altitude, 'B~ake hossepowe~, 1675; engfne 
speed,  2230 rpm, 

T Presswe tube 

-3b 

Ffgure 9,- Total--pressu~e g~adfent of engine chapge air 
though induction system, htereoo%e~b.Flap.dePaection~ 
o0 to 1' f ~ o m  f a f r e d  positfon; indicated afrspeed,  158 
mf l e  s per hour, 
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-e 

8) 
(a) E f f e c t  of brake horsepower. A l t f tude ,  15,000 f e e t ,  

( b )  E f fec t  off a l t f t u d e ,  Bpake horsepower, 1675; engine 
speed, 2230 rpn, 

t o r  

Figure 10,- Temperature g rad fen t  of engfne charge aPr 
through fnductfon system, In%erocooPes-flap d e f l e c t f o n ,  
O0 t o  lo from f 'afred p o s i t i o n ;  fnd9.cated a i r speed ,  150 
rnfles per  hour, 
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P i g w e  11,- Va~iatfon of total-p~essure l o s s  throughout 
e h a ~ g e - a f ~  system w f t h  brake horscpowep, Alltbtude, 
15,000 feet; Indicated afrapeed,  150 miles per  how,  

C O N F I D E N T I A L  



(a) L e f t  %n$ereooler, 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

G. 

(b) Right f n t e r e o o l e r ,  

e $2,- Charge-air pyesswe distrfbutfon at 
Pntercooler  i n l e t ,  IBottorn $few; altitude, 15,000 
feet; brake horsepowes, 2950; engine speed, 2698 
P P ,  

C O N  F l D E N T  l A L 
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NAT IONAL ADV ISORY 
COMMITTEE FOR AERONAUTICS 

b )  Brake horsepower, 1680; englne speed. 2230 rpm. 
Flgure 13.- Total-pressure d l s t r l b u t l o n  a t  carburetbr top 

deck .  Altitude, 15.000 f e e t ;  l nd l ca t ed  a i r speed ,  150 
if l e i  per hour, 
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Figure 14,- Fpessure-recove~y gradients of intercooler cooling 
afr, Indicated afrspeed, 150 miles per how. 

CON F l D E N  T l A L 
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(e) Effect of Pntereooler-flap deflectfon, Altftude, 
10,000 feet; brake k o ~ s e p o w e ~ ,  1 6 9 5 ;  engfne speed, 
2230 rpm, 

m e m o -  1 eaupBe- 

Ffgure 15,- Temperature gradfents of fn&e~eooler eooxfng 
air. DiAfeated afrspeed, 100 mfles per how, 
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MAT l ONAL ADV I SORY 

c o e f f i c f e n t ,  M I T T E E  FOR AERONAUT I C S  
H-PO -- 0  

Brake h o r s e p o w e ~ ,  
2500; engfne 
speed,  2550 rpm 

P P ~ S S U P ~  - recovery  MAT l ONAL ADV I SORY 
M I T T E t  FOR AERONAUT l C S  

-- 
8 P r o p e l l e r  removed 

"9% Brake h o r s e p o w e ~ ,  
2500; engfne 
speed,  2550 rpm 

( a )  L e f t  i n t e r c o o l e r .  

( b )  R P g h t  i n t e r c o o l e r .  

F fgure  16,-  b e s s u r e - r e c o v e r y  p a t t e r n  of c o o l i n g  a i ~  a t  
i n t e r c o o l e r - f n l e t  f a c e .  A l t i t u d e ,  10,000 f e e t ;  fn- 
d f e a t e d  a l ~ s p e e d ,  150 miles pep hour-, 

C O N F I D E N T  l A L  



N A C A  RM No.. E 7 C 2 6 a  C O M F I  D E N T I  AL F i g .  1'7 

I n t e r c o o l e ~  

-10 0 10 20 30 40 
I n t e r c o o l e r - f l a p  d e f l e c t t o n  from $a i r ed  pos%t ion ,  deg 

P f g w e  17,- Varfatfon i n  t o t a l -p re s su re  &pop of  coolfng air 
t h ~ o u g h  i n t e r c o o l e r  and f n c ~ e m e n t a l  dfag w f t h  1 n t e r c o o l e ~ - f l a p  
de%"'%ect¶.on, A%tftildie, 10,000 f e e t ;  cowl f l a p  and a f l - e o o % e ~  
f l ag  fu l l  open, 

C O N F I D E N T I A L  
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1 n t e r c o o l e ~ - i l a p  d e i l e c t i o n  f ~ o m  fafred posf t fon ,  deg 
F f g u e  18.- E f f e c t  of 1 n t e r c o o l e ~ - f l a p  defbectfon on inter- 

c o o l e ~  c h a ~ a c t e r i s t l c s  wfth ca rbu re to r  psehea ter  system, 
A l t i t u d e ,  5000 f e e t ;  brake horsepower, 1240; engine spee&, 
2000 rpmg  Bndf ca ted  a%rpspeed kt30 miles  per how;  average 
cowl-inlet  a i r  temperatwe, 60 F, 
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-- 
.Q 
w (a) Effect of brake horsepowe~, Altitude, 15,000 feet, 
I 
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(b) Effect of' altitude, B ~ a k e  horsepower, 1675; engine 

r1PPesswe tube 

L R a s t e  gates 

Ffgupe 20,- Static-pressure gradients thssough exhaust 
system. Indfeated ai~speed, I50 miles per hour, 

Restriction/Classification Cancelled

Restriction/Classification Cancelled




