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INVSSTIGATION OF INTAKE DUCTS FOR A HIGH-SFZED
SUBSONIC JET-PROPELLED ATRPLANE

By Herbsrt N. Cohen
SULMARY

Results of pressure-loss measurements are presented for full-scale
models of two alternate ducts under consideration for use in the
induction system of an experimental jet-propelled airplane designed for
flight at high subsonic speeds. Supplementary pressure-loss measure-
ments were made on the better of the two ducts, designated duct II,
first with carborundum grains in the duct inlet and then with a
spoiler in order to obtain an indication of the importance of inlet
roughness and surface discontinuities. Additional measurements were
made of duct II incorporating a horizontal "gplittert! vane which was
under considerztion for structural reasons.

Por standard sea-level inlet conditions, the pressire loss for
duct II gt the maximum test air-flow rate of 27 pounds per second vas
about 8 pounds per square foot or only 37 percent of the loss for
duct I. The pressure loases of cduct II were increased approximately
50 percent by the installation of the splitter vane ‘or the use of the
carborundum grains and about 700 percent by the use of the spoiler.

INTRODUCTION

In the design of an experimental Jjet-propelled airplane intended
for flight at high subsonic speeds, several alternate duct geometries
for use in the air-induction system have been under considerstion.
Pressure losses of full-scale models of the proposed ducts were there-
fore measured in order that their suitability to the requirements of
the airplane might be evaluated. The airplane, which has a Jet engine
located in the fuselsge directly behind the pilot's seat, is illustrated
as figure 1, The ailr-~induction system has a single nose inlet, immedi-
ately behind which the duct divides to pass around the pilot's seat and
wheel well and Joins again at the inlet to the jet engine., Wind-tunnel
tests of a similar arrangement were previously reported in reference 1l.
The duct designated duct I was designed to minimize the frontal area of
the airplane and necessarily operated at high internal flow velocities.
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Bgtimates of the performance of. this duct based on data such as those
of reference 2 indicated that the internal losses would be excessive.
Duct IT was therefore designed to incorporate larger internal passages,
wherever possiblg in order to reduce the ducting losses. Thisz Increase
in duct area was accomplished at the expense of a 20-percent increase
1n fuselage frontal areaj; it was believed, however, that this increase
could be effected without—lmpasiring the performsnce of the airplane.

The pressure losses for both ducts were measured over a range of
welght rate of alr flow. In order to obtaln an indication of the effects
of finish and workmenship on the ducts, pressure losses of the second
duct wore also measursd first with carborundum graine and then with a
spoller in the duot-dinlet. Measurements of the second duct were then
repeated afteor instelling a long horizontal Ysplitter' vane which was
under consideration for. structurel reascna.

The investigation was conducted at the Langley ind.uction
aerodynamics laborstory of the NACA.

SYMBOLS

H totul pressure, pounds per square foot -

x|

average total pressure , pounds per square foot

q dynamic pressure, pounds per square foot / l-_W2>
2

v velocity, feet per secomnd
W weolght rate of air flow, pounds per second

P mass denslty of air, sluge per cubic foot

o35 relative demsity, that is, ratio of. demnsity of air at duct inlet
to standard density (Pi/PO‘)

Subscripits:

e et. duct exlt
1 at duct inlet

A any local point in a duct section
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0 for standard sea-level conditions (29.92 in. Hg absolute
pressure and 60 F teuperature)

msx maximum
MODELS AND APPARATUS

Lines of the original duct. (duct I) and the redesigned duct
{(duct II) are shown in fizures 2(a) and 2(b), respeetively. Only the
right hslf of the symmcitrical ducts was reproduced for the tests.
Views of the inlé&ts for both ducts and of the exit for duckt I are
shown in figures 23 and L, respectively. The short rear splitter vane
for duct I, indicated in figure 2(a), is shown alsc in figure L4. The
long horizontal splitter wane that was cousicered for use with duct II
is indicated by the short dashed lines in figure 2{b) and is shown in
a disassembled view of the duct in-figure 5. Cross-sectional areas
and hydraulic diameters for several stations of duet I, duct II, and
duct II with the splitter vane are given in table I.

The test setup is shown in & diagramuatic sketch in fizure 6(a)
and in a photograph in figure 6{b). The apparatus, in general, con-
sisted of a blower, an air-flow symmetry control apparatus, a vleed
arrangement to eliminate boundary layer at the inlet, a cslibrated
venturi meter, and adapter ducts. A dummy duct on the left side with
an inlet the same as that for the test duct was used to obtain a
symmetrical inlet flow. & resistor control velve -ras provided at
the exit of the dummy duct to rsgulate the flow. (See fig. 6(a).)

Rakes used for measuring duct-inlet and duct-outlet total and
static pressures are shown in figures L, 5, and 7. The reference
pressure for use in correlzting the rake data was obtained for
duct I by use of a total-pressure tube located upstream from the air
intake. The refersnce pressure for duct I wes obtained from a
shielded total-pressurc tube placed in the dummmy-duct inlet. (See
fig. 3(L).) Wall static-pressure openings placed symmetrically in
the dummy duct and in the test duct a short distance downstream from
the inlets were used as a guide in estzblishing symmetry of flow in
the combined inlets. (See figs. 3(a) and 5.) Additional instrumen-
tation consisted of two U-tube manomehers connected differentially to
each palr of wall static-pressure openings, a calibrated venturi meter,
a multiple~tube manometer, and a camera arrangec to photograrh the
manometer.,
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TESTS AND METHODS

Tests were made first—to determine the size of the Llecdeor
necessary to remove the boundary layer ahead of the test duct. The
bleed width was increased until the deficiency in total pressure of
the air flow near the duct wall was reduced to a negligible guantity
throughout the entire flow range., The bleed width so determined was
used throughout the pressure-loss tests.

After the bleed setting was determined, the resistor control
was adjusted for flow symmetry, which was indicated by null readings
on the U-~tube manometers. Pressure losses in the test ducts were then
measured over a range of alr~flow rate exteusive enough to include
important scale effects. In these tests, pressures were measured
first at the duct inlet; the inlet rakes were then renoved before
pressures were measured at the exit to avoid including the wake
losses of the inlet rakesin the resulbts. Results were put on a common
basis by the use of the reference pressures.

Duet II was tested also with simulated manufucturing roughness
in the inlet. This roughness was obtained by a hL-inch coating of
No. 60 (0.01l2-inch average diameter)} carborundum grains attached to
the surface with shellac. (See fig. 3(b).)} After the carborundum
was removed, the warst conceivable construction defect was simulated

by a brass~rod spoiler of f%:—inch—square gection placed in the
inlet. (See fig. 3(c).)

RESULTS AND DISCUSSION

Because of the characteristics of the setup, the entry condi-
tions correspond to those for an installation operating with the
airplane in level flight 2t an inlet-velociiy ratio near 1. Although
the inflow for these tests does not simulate any flight conditions
for this airplane, the pressure-loss resulis are believed to be con-
gervative for the high-speed condition at which the divergence of the
entering streamlines would tend to aid the internal diffusion. No
serious decrease in duct performance ls expocted over the very limited
range of angle of attack for which high performance is required for
such an airplene. -~ -~ T ; o o T ’
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. Total Pressure. anﬁ Veloclty Distribution of Duct Exits

A representative distribution of veloclty and total-pressure
deficiency in the duct exit is shown in figure B(a) for duct I &and
in figure 8(b) for duct II. The velocity distribution ls presented
in terms of the ratio of local velocity to maximm velocity measured

V-e 1

V.ema:::

in the form of a local pressure-loss coeffi¢ilent based on the duct-

Hy - H . y .
inlet total end dynamic pressures —;‘EE-an ‘The reductions in
local velocity and increases in local prossure- loss coefficients that
occur near the wall of the duct appeaxr to, be somewhat less for duet IT
than for duct I.

at the duct exit . The total-pressure deficiency 1s presented

Preasure Losses

The pressure-loss resulﬁs are presented in the form of duct
Hi - Ha
" and absolute pressure losses

pfessure~loss coefficients a
i

corrected to standard conditioms Ui(Hi - 0). -The pressure-loss

coefficient has the advantage of becoming approximately independent

of air flow at the high retes of flow. The corrected duct pressure

lose is necessary to permit direct ccmparisons of losses for ducts

that differ in Inlet area:

Duct pressure-loss coefficients based on average presgures are
given in figure 9 over a ranges of slr-flow rate for duct I, for duct II,
and for duct ITI with splitter vene, with carborundum grains,and wilth
spoiler. Pressure-loss coefficients for duct I ranged from zbout
0.52 at en air-flow rate of 4 pounds per second to about 0.19 at.an
alr-flow rate of 27 pounds per second. ‘Above an air-flow rate of
10 pounds per second, the curve tends to flatten out. Because of the
slow decreass in pressure-losa coefficient at the high rates of flow,
it 1is bellieved that this curve may be extrapolated with 1Little ‘error.

The pressure-loss coefficients for duct IT (fig. 9) renge from
0.17 at an air-flow rate of 4 pounds per second to 0.06 at an air-flow
rate of 27 pounds per second. In general, the variation of pressuvre-~
loss coefficient with air-flow rate is similar in character for duct IT
end duct I. Beceuse the inlet areas of the two ducts are not the
same, the ratio of pressure-loss coefficients will differ from the
ratio of absolute pressure losses at any given alr-flow rate.
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An increase in presfure-loss coefficient was obtained when the
eplitter vane was inserted in duct II. At 27 pounds of alr flow per
second, the pressure-loss coefficient increased fyrom 0.06 without the
gplitter vane to 0.09 with the vene - a 50-percent increase. (See
fig. 9.) This large increasse in loss can be attriduted to the
increase in wetted aresa and slight decrease in cross-sectional area
that resulted from insertion of tlie vane.

The curve of pressure-loss coefficient obtained for duct II with
carborundum grains in the inlet—closely approximates thual which was
obtained for duct II with the splitter vene. (See fig. 5.)

Installation of & epoiler arcund the perimster of the Inlet of duet I
produced large increases in the pressure-loss coefficient at all but
the very lowest air-flow rate and changed the character of tho variation
of loss coefficient with air flow. At the highest air flows the
pressure-loss coefficlent of duct II increased about TOO percent with
the addltlion of the spoiler. The rise In pressure-loss coefficlent
with increasing ailr flow, in contrast to the decreasing characteristic
obtained without the spoller, may be indicative of the occurrence of
separation and the formstion of a flow puttern similar to a vena
contracta. On the basis of these results it is desirable to avoid
roughness or discontinuities (such as a faulty Joint) at the diot inlet.

An arithmetic meun of the pressures was used ln computing the
pressure-losa coefficients of figure § in order to facllitate compu-
tation of the urgently needed comparative data. Thoe pressure-loss
coefficients for duct II and duct IT with splitter vane, tho more
importent ducts, wore also ccmputed by flow-weighted integratiocn
methods. (See fig. 10.) The pressurc-~loss cocfficients obtained by
the integration method for duct II and duct II with splitter vane are
about 10 percent greater than those obtained by the arithmetic average.

The variatlons of corrected duct pressurse loss ai (ﬁi - E;)

with weight rate of air flow are shown in figure 11, which was derived
from the date presented in figure 9. Since the ordinate of figure 11
represonts absolute lossss instead of coefficients involving the
gecmotry of the inlet, the relative merits of the test &onfigurations
can beo determined directly from thie figure. Duct IT 1s shown to have
the lowest losses throughout the entlre range of alr-flow rate. At

27 pounds of aly flow per second, the muximum flow rate tested, the
loas in duct I for standard sea-level denslity at the duct inlet was
about 21.5 pounds per square foot,compared with a value of about

8 pounds per square foot for duct II.
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CONCLUSIONS

An investigetion to determine the pressurs losses of intake
ducts for a high-speed subsonic jJjet-propelled airplane indicated
the following results expressed in the foxm of arithmetic pressure
averages: ' .

l. The pressure losses for ducts I and II at an alr-flow rate
of 27 pounds per second were 19 percent and 6 percent, respectively,
of the dynemic pressure at the inlet.

2. For standard sea-level inlet condlitions, the pressure loss
for duct II at the maximum test a:r-flow rate of 27 pounds per second
was about 8 pounds per square foot or only 37 percent of the loss for:
duct I. This percentage is not the same as the ratio of the loases
expressed in percent of the inlet dynamic pressure because of inegual -
ity of the duct-inlet arsas. ' ' o S ’

3. The pressiire losd Tor dict IT with the eplitter vane at -- -.
en alr~-flcw rate of 27 pounds per second was 9 percent of the dynamic -
Dressure at the inlet, a value 50 percent greater than the loss for
duct II. I . C : -

k. It is highly desirable to avold roughness or discontinuities
(such as a Paulty- joint) at the duct inlet. A moderaste :amount of .
roughness at the inlet increased the duct prsssure loss by 50 percent;
a sufficiently large inlet discontimity incréaséd the duct pressure
loss by about 70O peréent.- - - - .

. N 1
Langley Memorial’ Aercneutical Leboratory
Rational Advisory Committse for Aeronsutics
Langley Field, Va.
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TABLE T.- CROSS-SECTIONAL AREAS AND
BEYDRAULIC DIAMETERS OF DUCTS

. ' Hydraulic dlemeter
Stetlon Cross s?c;;iﬁﬁ. area (in.)
(a)
Duct T _
10.5 168 9.06
15.0 151 - 8.28
55.0 151 8.16
9k.5 150 T.72
167.0 21k 8.4
Duct IT
10.438 151 11.97
15.0 164 12.55
60.0 259 16.42
91.0 284 15.03
167.0 220 11.05
Duct IX with splitter wvane
10.438 151 11.97
15.0 156 9.64
60 .0 250 10.90
91.0 278 11.10
160.0 ook ] 10.40
167.0 200 11.05

8The hydraulic diameter 1s & times the cross-sectionsl ares.
divided by the wetted perimeter.

NATTONAL ADVISORY
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) Figure 1.- High-speed subsonic jet-propelled airplane with a proposed
duct for the alr~induction system.
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. %i Dummy-duct g
- B3 inlet
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spots indicate grains)

Reference total-
rressure tube

(b) Inlet of duct II showing carborundum grains onsurface.

Figure 3.- Continued.
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(é) Inlet of duct IT with spoiler.

Figure 3.- Concluded.



Figure 4.~ Exit of duct I showing rakes and splitter vane.
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(a) Duct I: (b} Duot II.

Figure 7.~ Locations of totel-prespure and static-pressure tubes In inlets and exits
of ducts. (Observer looking downstwyesm,)
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(2) Duct I. W = 249 pownds per secomd; 43 = 96.3 pounds per squere fooi;
Vomax = 207 Teet per second; Hy - 2355 pounds per squsre foob.

Figure 8.- Representative velocity-end total-pressure profiles of the exits of the ducts.
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(b) Duct TI. ¥ = 25.7 pounds per gecomd; gy = 122.4 pounds per squdre foot;
Vorar = 243 feet per mecond; Hy = 2336 pounds per square foot,

Figure B,- Concluded.
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