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By Herbert N. Cohen 

Results of pressure-loss  neasuremnts are p s e n t e d   f o r   f u l l - s c a l e  
models of two  alternate  ducts under consideration  for use in  the 
induction  system of an expcrjmental  jet-propelled  airglane  designed for  
f l i g h t  at high subsonic  speeds.  Supplementary presswe-loss measure- 
ments were made on the better of the two ducts, designated  duct 11, 
first v d t h  carborndm  grains  i n  the duct i n l e t  and then with a 
spoiler i n  order to obtain an indication of the importance of i n l e t  
roughness and s u r f a c e   d i s c o n t i d t i s s  A Adctitionel measurements were 
made of duct If incorporatSng a horizontal l lspl i t ter t l  vane which was 
under  considerGtion f o r  structural  reasons, 

For standard  sea-level inlet conclitions,'the  presske loss f o r  
duct I1 a t  the maximum test air-flow rete of 27 pounds per second v.=s 
about 8 pounds yxr square foot o r  only 37 percent of the loss for 
duct I. The pressure losses of duct I1 were increased  a?proidm+kly 
50 percent by the Lmtal la t ion of the sp l l t t e r  van6 :o r  Yne' use of t he  
car5omdu;n grains and  about 700 percent by the use of the spoiler. 

I n  the  design of an experimental  jet-propelled  airplane  intended 
for f l i g h t  a t  high  subsonic s-weds, several alternate duct  geometries 
f o r  use in  the  air-induction systern have bean under consider-t' e. 10R. 
Pressure losses of full-scale models of the propqsed ducts were there- 
fore  measured i n  order that their s u i t n b i l i t a   t o  the requ5rements of 
the  airplane might be evaluated. The airplane, which has a j s t  engine 
located i n  the fuselsge directly behind the pilot's seat, i s  i l lust .rated 
&s f igure 1. The atr-induction  system haa a single nose in le t ,  ~hmedi- 
ately bt.hind  which the duct divides t o  Fass around the pilot's seat and 
w h e e l  well a d  joins agzin a t  the inlet t o  the j e t  engine. Wind-tunnel 
t e s t s  of a similar arrangepent mre prsviously reported i n  reference 1. 
The dust  designated  duct I m s  designed t o  minimize the frontal area of 
the  airplane and necessarily  oprzted a t  high internal  flow velocities. 
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EstlmEItes of the performance o f - t h i e  ducVbaaed on data such as thoee 
of reference 2 indicated Qat- the intezmal losses would be exceesive. 
Duct II wae therefore designed t o  incorporate larger internal passag-, 
wherever possiblg In order to roduce  the  ducting lossea .  This .increEtee 
i n  duct area wa8 a c c q l i e h e d  a t  the expenee of a Xlpercant increase 
i n  fuselage frontal area3 it wa6 believed, hmever, that this increase 
c o u l d  be  effected without-iring the psrformanco of the airplane. 

The presm-e losses f o r b o t h  ducts were measured over a range of 
weight rate of air flow. In order to obtain an indication of the effects  
of flnish and workmmship on -&e ducts, pressure lossoe of the second 
duct were ale0 measured first xdth carborundwn grain8 and then with a 
spoiler i n  t he  h o t - i n l e t .  Meamramonta of the E3econd duct were then 
repeated aftor instal l ing a long hori  zgn.t;al. %pl i t t e r "  vane which was 
under cmeideratlon fors t ructural  reasons * 

The inveatigation wa8 conductod a t  the L&ay induction 
aeroayaamfcs laboratory of the NACA; - .  

V veloci-, f e e t  per second 

W weight r a t e  af air flow, gounds por second -. 

i at duct i n l e - t  

2 any local point in a duct  section 
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0 for  standard sea-level conciitions (29.92 in. Hg absolute 
presswe am3 6Cf' F teuperature) 

ITEX rn*" 

3 

Lines of the  orig5nal  duct.  (duct I) &ad the redesigned  duct 
(duct 11) zre shown i n  figures 2(a) and 2(b>,  respectively. Only the 
r ight  half.' of th? symnctrical  ducts was reproduced f o r  the tests. 
Views af  the i d b t s  fgr both ducts an6 of the exit for duct I an? 
shown i n   f i g r u e s  3 and h, .respectively. The short  rear s p l i t t e r  vane 
f o r  duct I, indicsted i n  f L g r e  2 (a), is sham also in figure 4. The 
long ho r i zon td   sp l i t t e r  vsne that was consi2erad f o r  use with duct I1 
is indicated by the short  deshed ldnes in figure 2(b) -and is shorn i n  
a disassen3led view of the &Jet l.n.figure 5 .  Zrass-sectional areas 
and hydraXLic d ime te r s  for soveral stations of duct I, duct 11, and 
duct I1 with t h e  s p l i t t e r  vane are given in table I, 

The tes t   se tup is  shmm i n  s d i q r a m B t i c  ske3ch in figure 6(a> 
end i n  a photograph fn   f igure  6<b).. T h e  apparatus, i n  general, con- 
s i s ted  of a blower, an air-flow symmetry control apparatus, 2 bleed 
arrangerent t o  eliminate boundary l q e r  at the inlet,. a calibrated. 
ventur i   mter ,  and adapter ducts. A d1uanlg duct on t h e  left side m%th 
an i n l e t  the sane as that f o r  the  test duct p~a9 used 50 obtain a 
s p n e t r i c a l   i n l e t  flow. E. resistor  control v217e -.?as provided a t  
the exit of t h e  d m  duct t o   r a g d a t e  the f i o w .  (See fig. 6(a). 1 

Rakes used for measuring duct-inlet ern duct-outlet total and 
static  pressures  are shmm i n  fi,ms b, 5,  a d  7. The reference 
pressure f o r  use in   cor re lz t ing  the  rake data WES! obtained f o r  
duct I by use of a total-pressure t&e located upstream f r o x  the air 
intake. The re3ersnce pressure f o r  duct I1 YES obtained f r o m  a 
shielded  total-pressure tube placed i n  the d-mqyauct inlet. (See 
fi'g. 3 ( L ) . )  X a l l  stp-tic-pressure  openings placed symxetrically i n  
the  ~ W L W  duct and in the  tes t  duct a short &stance dovmstream from 
the i n l e t s  were used as a guide i n  estzblishfng syrnetry of flow i n  
the conbined in le t s .  (See figs.  3( a) and 5. ) Addi5ional h s t m e n -  
ta t ion  consisted of  two U-tube  manomet,ers mmected  diffemntial.ly to 
each pair of wall static-pressure open5.nqs, a calibrated  vsnturi mzter, 
a multiple-tube manometer, and a camera a r r a n p 2  t o  photograph the  
mvlometer. 
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Tests were made f i r s t t o  determine the s i z c  of t h e  blecdor 
necessary  to reiqove the boundary layer ahead of. the  test  duct. The 
bleed  width m a  increased  until t'ne defisiency i n  t o t a l  prsssure of 
the air f l o w  near the  duct IVU was reduced t o  a  negligible qwmtity 
throughout  the  entire floK range. The bleed mi.dtl1 so determined was 
used t.hroughout the  pressure-loss tests. 

After the  bleed  setting was  determined,-the  resistor  control 
was adjusted for flow symmetry, which wa.s indicated by nu l l  readings 
on the U-tube manometers. Pressure lOSSe8 in the  test   ducts were then 
measured oyer a range of air-flow rate ext-eilsive enough t o  include 
lmportant  scale  .efr"ects.  In  these tests, pressures were measured 
first at  the  duct  inlet;  the inlet rakes =re then mmoved before 
pressures were masured .at  . the  exit  t o  avoid including  the Take 
losses of the inlet rakesin  the result-s. ResuLts were put on a c o m n  
basis by the use of .the refeFence  pressures. 

Duct I1 v;as tested a l s o  r:-fth simulated  manufacturing  roughness 
in the  inlet .  This  roughness was obtained. by a L-inch coating of 
No. 60 (0,012-inch average diameter) carborundum grains  aktached t o  
the surface wi th  she1la.c. (See fig.   3(b).)  Mter the carborndun 
wzs removed, t -he  w a r s t  conceivable  construction  defect was simulated 
by a brass-rod spoiler of -imh-squars section  placed i n  the  

in le t .  (See fig.  3(c).) 

a. .. 
3 

RE;SL!LTS 

Because of the  cha.ractcristics -of the setup, the  entry condi- 
t ions correspond to t h m e  for an install?-tion  Dperating  with t i o  
airplane i n  level flight et an inlet-velocity  ratio  near 1. Although 
the in f low f o r  these  tes ts  does not simulate any f l i gh t  conditions 
f o r  this airplane, t h e  pressure-loss resul ts  are believed to be con- 
servative for the high-speed condition a t  which the  divergene of tho 
entering  streamlines would tend to aLd the internal  diffusion. No 
serious..decrease in- duct performance is expecCvcd over the very l i d t e d  
range of angle of a t tack   for  which high pcr_"omance is  requirad f o r  
such  an airplane. - .  - . 

. .  - . . . . . . . - .  
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Total Pressure. and Velocity  Dietribption of Duct Exits 

- r  " 

I .  Preesure Losses 

The pressure-loss resate are presented in the form of duct 

correcte'd to standard conditions 01 (El - ,Eo) . . The pl.eseure-loss 
coefficient haa the advantage .of becoming approximately inaependmt 
of. a i r  flow a t  t he  high ratea of flow. m e  corrected  duct pressure 
loss is necessary tm permit direct comparisonB of losses for ducts 
that  differ in inlet area; 

Duct pressura-loas coeff ic1ent.s based on average presaures are 
given in figure 9 over a ran&e of air-flow rate f o r  duct I, for duct 11, 
and for duct I1 with s p l i t t e r  vane, with carbormndum p i n s ,  and with 
spoi ler .  Pressure-loss coefficients f o r  duct I ranged from &out 
0 a t  an a i r - f lov  r a t e  of 4 pounda per socmd to about 0 .I9 at. an 
air-flow rate of 27 porn& per second. ,Above an air-flow r a t e  of 
10 pounds per second, t he  c m e  tends to f la t ten  out .  Because of the 
slow decrease in presetre-loss coefficfent a t  the hi& ra tes  of flow, 
it is believed that this curve may be extrapolated with l i t t l e  'kwror. 

- .  

The pressure-loss coefficients for duct II (fig. 9) range from 
0.17 at an air-flow rate of 4 pounds per sacasid to 0.06 a t  831 air-flow 
ra te  of 27 pounds per -second. In general,; the  -variation of preseure- 
106s coefficient with air-f low  ra te  is similar jn charactsi  f o r  duct I1 
and duct I. Because t he  i n l e t  areas of the two ducts are not the 
same, the r a t i o  of pressure-loss coefficients wi l l  dFffer from the 
r a t i o  of absolute pressure losseB a t  amy given air-flow r a t e .  
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A n  increase in preaBure-loas  coefficient was obtained when the 
s p l i t t e r  yano WLZS inserted in duck 11; A t  E7 pounda of air flow per 
eeconcl, the preaewe-lose coefficient  incram& from 0.06 without t h o  
splitter vane t o  o .09 wi"cb the vane - a %-percent increase. ( B o  
f i g  . 9 .) !This large  hcroase in loss catl be at t r ibuted t o  the 
increase in wetted. area.-nd alight  decrease  in  cross-sectiona area 
that resdted from insertion of. the v d e .  

The curve of preseure-lose  ,coefficient obtained f o r  duct I1 with 
carborun&um grains in the Inlet-closely approximatee that which was 
obtained f o r  duct 11 with tho s p l i t t e r  vane. (See f ig .  9 - )  
InstalLatlon of a spo i l e r  around the gitrimir-tsr cf the inlet  of duct P 
producad large increaeea- in thp pmsaure-lo&  coefficient at all bul; 
the very lowst air-flow rate and chaw& the character of tlio vwiatXon 
of lose coefficient with a i r  flow. A t  the  highest .air flows tho 
pressure-lo88  coefficient 0% duct I1 increased about TOO percent w i t h  
the a m t i o n  of tho spoiler. "he r iee  in pressure-loss coofficient 
with increasing air flow, in   cont ras t   to  the decreasing  characteristic 
obtalnod without t h e  spoiler, m y  be i nuca t ive  of tha occurrence of 
eepttration a d  the formstion of o flow puttern simllar to a vena 
contracta. On the basis of these results i t  is  desirable to avoid 
rou@UlesE or discmt iwik iea  (such as a fadty  joint) at the &kat in le t .  

An arithuetfc m e a n  of the pressures -8 used in computing the 
pressure-loss cgefficients of f igwe 3 In order to  f a c i l i t a t e  ccmpu- 
ta t ion of the urgeni2.y noeded comgarakLve htn, Tho pceeEture-loss 
coefficients for duct I1 an9 duct I1 with ep l i t t o r  vane, the more 
important  duats, ware also ccqutad  by Zlow-weighted integratfm 

the integration method fo r  duct I1 a d  duct I1 with s p l i t t o r  vane are 
about 10 percent gr0ater than those obtrziqed by tho arithmetic average 

m8khode. (SOO f ig .  10 .) Tho preS6ur~-l06kl  C03ffiCient6 obtained by 

n o  variationn of corrected duct preasura lose a i  - 
wit& w 0 1 g h t  rate of air flow are s h m  in  figure II, which m8 derived 
from the data presenixd in figure 9 .  Sincu tho ordinate of figuro U. 
represcmte absolute losses lnsteaa of coefficients involving the 
geonmtry of tho i n l e t ,  the r e h t i v e  merits of tho t e a t  &onfigurationa 
can bo dotemined directly frm this figure. Duct- I1 l e  8hown to have 
tho loweet loaaes throughout, ths ent1r.e r-e of ai??-flov rate. A t  
2'7 pounds of air flow  per second, tho wirmun f l o w  re to  teated, the 
loss in duct I for  standard sea-love1 &amity a t  -the duct inlet wan 
about 21.5 pounds per square foot, compared wikh a value of about 
8 pow& per square foot  for duct IT 



A n  investi&tian to determine the pressure losses of I n t a k e  
ducts for a high-speed BubSORiC jetpropelled airplane Fndicated 
the following results. expressed in the form of arithmetic pressure 
averages : . . .  

1. ,The pressure losses for ducts I and I3 at an air-flow rate . 
of 2'7 pounds per secom? were 19 percent and 6 percent, respectively, 
of the dynamic pressure a t  the inlet. 
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. EYgure 1.- High-speed subsonic jet-propelled airplane with a proposed 
duct for the &-induction system. 

. .  . . . .  
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(a) Duet I. 
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(a) Inlet of duct I. 

Rgure 3.- Duct inlets. 
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(b) Inlet of duct II showing carborundum grains onsurface. 

Figure 3.- Continued. 
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(c)  Inlet of duct 11 with spoiler- 

Figure 3. - Concluded. 
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Figure 4. - Exit of duct I showing rakes and splitter vane. 
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Figure 5.- Disassembled view of duct P: with splitter vane 
Installed, Duct lying on ita side. 
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(a) General view. 

Figure 6.- Concluded. 
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Weight rate of uLr fCow, W, Ib/.ec 

Figure ll.- Variation of corrected duct preesure loss with weight 
rate of air flaw. Slopes maeured above 12 pounds per eecond. 
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