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BASTC PERFORMANCE CHARACTERISTICS OF SEVERAL
SUBSONIC-DIFFUSER—BYPASS-DUCT COMBINATTIONS
FOR USE WITH SUPERSONIC INLETS

By Charles C. Wood
SUMMARY

In comnmection with the problem of matching inlet and engine air
flows, the basic performance cheracteristics of several types of designs
of subsonic-diffuser—bypass-duct combinatlions were determined for bypass
flows up to one-third of the total flow. The models were of the directly
connected type wherein the desired boundary-lsyer condition upstream
from the bypass was obtained by controlling the Mach number of the shock
downstream from the diffuser throat. It was found that a bypass-duct
design procedure, whereby a hole is cut in one side wall of a diffuser
and a scoop iEEerted, ig greatly oversimplified and that satisfactory
performance cannot be obtained because of the extreme adverse pressure
gradient downstream from the scoop established by sudden removal of
relstively lerge quantities of air combined with the diverging wall on
the downstream face of the scoop. A bypass arrangement designed to pro-
duce at maximum bypass f16% a minimum of adverse pressure gradient
between the scoop lip and the engine face station produced substantially
better performance. The performance for such a design was found to be
satisfactory for the various inlet boundary-layer conditions examined.

INTRODUCTION

The thrust and general operation of turbojet propulsion systems are
directly dependent on the performance of the inlet and associated ducting.
The performance or relative efficiency of such duct systems 1s usually -
gaged by the drag, pressure recovery, uniformity of the exit veloclty
distribution, and stebility of the flow. A current problem in the design
of internal-flow systems which significantly effects these performance
indices is that of matching the inlet and compressor ailr flows. One
solution to this problem is the use of a bypass duct. The inlet is sized
for the maximum required engine silr flow, and for operating conditions
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where surplus alr flow is taken in by the inlet, the excess ls bypassed
around the engine and discharged elsewhere. This procedure permits high
pressure recovery and low drag by malntaining a normal shock position
Just downstream from the minimum ares section.

Data on the bypass subject are avallable in references 1 to 4. Ref-
erences 1 to 3 contaln total-pressure loss and drag date on complete
inlet—bypass-duct configurations. The models were conlical spike-type
supersonic inlets which differed in design princlpslly in the direction
of dlscharge of the bhypass air and in the circumferential location of the
bypass. Concluslons from these investigetions, for which flow was removed
through elther one or two limited area sectors located upstream from the
diffuser exit, are that significant drag reductions relative to other
matching techniques are possible without reducing the total pressure '
recovery. Detail design of the ducts in the region where the air-flow
division occurs was not considered. Reference 4 is a preliminary report
on part of the data contained herein. Additional information on total-
pressure losses in branch ducts is evallable in reference 5.

The purpose of the present report is to present comprehensive date
showing the effects on both totel-pressure loss and giffuser exit veloc-
ity distribution resulting from bypassing slr flow from a subsonic
diffuser. Other factors of interest to be treated herein concern the
effects on bypass diffuser performence of shock——boundary-lasyer inter-
action and the estasblishment of the basic performence cheracteristics of
several genersal types of bypass-duct designs. A1l date are from directly
connected duct tests with some important effects of supersonic inlet
operation obtained by operation with & standing normsl shock in the sub-
sonic diffuser. Up to 35 percent of the total flow was bypassed from
one of the side walls near the diffuser exit. Maximum Mach number in
the plane of the bypass was 0.55. The corresponding Reynolds number

based on the hydraulic dismeter was 1.97 x 105.

SYMBOLS
H total pressure
jol static pressure
M mean Mach number (see section entitled "Performance Parameters')
My Mach number of the flow in the diffuser at which the shock occurs
u local stream velocity
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U meximum velocity in a velocity distribution at a given duct
station

X distance from the diffuser wall opposite the bypass side

w duct width in the same plene as dimension.x

AP pressure difference between a specific wall orifice end a wall

orifice et station 1ls
A bar over a symbol indicates that the quantity is mass weighted.
Subscripts:
0 reference station at inlet bell
la, 1b survey statlons upstream from bypass locatlon

2, 2a, 2b survey stations at locations corresponding to engine face

statlion
3 survey station for total-pressure recovery of engine air flow
)3 survey statlion for total-pressure recovery of bypass alr flow

APPARATUS

Test Equipment

A diagrem of the test setup is shown in figure 1. Ailr flow from a
blower passed into a 30-inch-diameter duet, an inlet bell, and the dif-
fuser model, where it was divided into two streams (the engine air stream
and the bypass stream). Venturli meters (stations 3 and 4) followed by
discharge diffusers were located at the end of the engine air and bypass
ducts. -

Diffuser model I was simply a conventional straight-walled diffuser
with & low expansion angle and with the bypass scoop mounted on one side
wall near the diffuser exlt. The diffuser cross sectlion was rectangular
at. the inlet, and the top and bottom walls were paralliel. The side walls
each diverged at an angle of 3.1° to produce between stations O and 2 en
area ratio of 2.0:1. Interception of the bypass-duct center line with
the diffuser center line occurred et a 30° angle at a point 61 percent
of the total diffuser length from the diffuser throst. The bypass-duct
height and width were constent, and the bypass-duct height was equal to
the diffuser height.
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Four different scoop extensions were tested (fig. 2) varying from
the flush type (number 1) to the type (number 4) extending a sufficient
distance to intercept spproximately one-third of the diffuser flow at
an inlet velocity ratio of 1. Scoops number 2 end 3 intercepted in a
similer menmer 10 and 20 percent of the flow, respectively.

Efforts were made to improve the diffuser flow of model I by the
use of various flow control devices; e typlcal configuration 1s shown in
figure 3. This configuration conslsts of two sheet-metal vanes located
in the immediste vieinity of the scoop (number 2) and four vortex gener-

ators located 12% inches upstream and on the divergent wall opposite the

scoop side. This configuration, performsncewise, was the best of three
which were tested. Vane spacing was the only varilable.

Drawings of a second model tested (model II) are shown in figure L,
Model II was obtalned by altering model I and differs in the following
respects:

(1) Two interchangesble duct sections were located downstream from
the inlet bell in order to provide different minimum areas and, conse-
quently, two nominal Mach number levels at station 2b of 0.4 and 0.7
for models IIs and ITb, respectively. These Mach numbers bracket current
opergting Mach numbers for turbojet compressors.

(2) The ducting was altered downstream from the scoop leading edge
so that (a) the diffuser exit, station 1b, (station 2 for model I) was
located Jjust upstream from the scoop lip and the diffuser exlt area
included the scoop inlet area, thus producing a splitter-type configu-~
ration; and (b) the engine air duct contracted slightly downstream from
the scoop leading edge Iinstead of expanding rapldly as for model I.

Proportions of models I, ITa, and ITb may be compared in figure 5, which
consists of scale drawings of the three models. The diffuser exit area
for models ITa and ITb was about 50 percent of that for model I.

Instrumentation

Wall static orifices were located along the diffuser well opposite
the bypass gide, and at the midpoints of the top, bottom, and two side
walls at stations O, 1lb, 3, and 4 (figs. 1 and 4). The reference total
pressure and temperature were measured in the 30-inch duct upstream of
the inlet bell. Total-pressure . traverses from each wall were made at
station 1b for the purpose of calibrating flow conditions lmmediately
upstream from the bypass. These survey tubes were removed for downstream
surveys. Similar measurements were made at stetion 3 to determine the
engine duct recovery. A single total-pressure traverse on the horizontal
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center line at station 2 for model I and stations 2a and 2b for

models ITa and IIb was made to obtain flow distributions. Three total-
pressure traverses were made across the narrow dimension of the duct at
station % to obtain bypass-duct recovery. All survey data were recorded
by using commercial transducer pressure cells in conjunction with elec-
tronic data plotters which limited the frequency response to 10 cycles
or less and gave a conbinuous plot of the pressure. Data In all cases
were obtained to within 0.05 inch of each wall.

TEST PROCEDURE AND BASIS OF DATA COMPARISON

Test Procedure

Total-pressure surveys at station 1b were made for the purpose of
calibrating pressure recovery and flow distribution at station 1b with
the diffuser inlet choked and shocks in the diffuser in the Mach number
range from 1.0 to 1.6. For these tests, the scoops were removed and the
bypass duct closed and faired smooth. Similar measurements were obtained
with various spoiler configurations upstream. With a normsl shock of
sufficient strength standing in the diffuser, the flow separated naturally,
from one or the other of the diverging walls. Furthermore, for a given
configuration the sepasration alwsys occurred on the same wall. This
result may have been due to small construction insccuracies. Inasmuch
as the configurations under investigation were asymmetrical because the
bypass was on one side wall, in certain instances it was desirable to
force separation on the well opposite to that chosen naturally by the
flow. Spollers located downstream of a standing normal shock were used
in these instances to f£ix the separstion. After completing the calibration
at station 1b, the survey rekes were moved to downstream stations and
similar messurements performed to obtain basic pressure recoveries and
flow distributions without the bypaess scoops in place. Scoops were then
inserted and tests made while bypassing air. Butterfly valves (figs. 1
and 4) were used to regulate the flow and permitted testing at a constant
reference total pressure.

Performance Parameters

Parameters of interest in this investigation are exit-velocity dis-
tributions, total-pressure loss in both the engine air and bypass ducts,
exit total-pressure distortions, longltudinal-wall stabtic-pressure dis-
tributions, bypass alr flow, and Mach number. Velocity distributions of
most interest are those at the diffuser exit which would correspond to
the compressor inlet, statlon 2 for model I, and station 2a or 2b for
model II. Surveys were obtained at two exit stations for model II to
evaluate the effect of a constant area duct at the exit. Distributions
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are presented as the ratio of local velocity to meximum velocity. Total-

pressure-loss data are presented as a coefficient éﬁ; which is the ratio
Hip .

of the difference in mass-weighted total pressure between station 1b and

some downstream station to the mass-weighted total pressure at station 1b.

It is possible to obtain negative values of thils coefficient for either

the engine air or the bypass ducts under certain conditions but not in -

both simultaneously. A negetive value may occur when a disproportilonate

share of high-energy air at station 1b passes through either the bypass

or the engine air duct. Total-pressure-loss data are also presented as

Ay, 3,4

a coefficient which is obtalned by mass weighting the engine

Hip
air- and bypass-duct-loss coefficients. This coefficient should be
positive; otherwise an increase in total pressure is indiceted. The
total-pressure distortion factor is the ratio of the difference between
the maximum and minimum total pressure for & given distribution at

Hp mex - Ez,min>

station 2, 2a, or 2b to the mass-weighted total pressure =

at station 3. In determining this factor, 5 percent of the cross§sectional
area adjacent to the two side walls was ignored in order to allow for a
nominal boundary-layer thickness. Static pressure distributions are pre-

sented as a coefficilent :—Jgi———- which is the ratio of the difference

Hip - P1g
in pressure between a wall orifice at stations downstream of station la
and the wall orifice at station la to the difference between the masas-
weighted total pressure at station 1b and the static pressure at station la.
Bypass air-flow is expressed as & ratio of the mass flow through the bypass
duct as determined from surveys at station 4 to the total air flow passing
through the diffuser throet as determined from the inlet bell. Mean Mach
numbers presented herein were determined from a one-dimensional relation-
ship utilizing the mass flow, duct cross-sectional area, the total tempera-
ture, and the statlc pressure of the flow. N . e

RESUILTS AND DISCUSSION

Model I Results

Inlet conditions.- Velocity profiles at stetion 1b are presented
in figure 6 for three different operating conditions intended to simulste
both on and off design inlet operation. Measurements presented were in
the midplane of the diverging side walls and perpendiculer to the vertical
plane through the model center. Boundary-layer condition 1 was estab-
lished by choking the diffuser throat and possessed the following = .
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characteristics: symmetrical flow, & boundary-layer thickness st each
wall equal to 20 percent of the diffuser width, velocity ratios of 0.k
in proximity of the walls, values of My, end M, of 0.39 and 0.31,

respectively. Boundary-layer condition 2 was established by choking the
diffuser throat and establishing s shock in the diffuser at a Msch number
of 1.43. Boundary lasyer 2 possessed the following cheracteristics: a
badly distorted velocity distribution with zero flow in a region extending
over 10 percent of the duct area adjacent to the wall opposite the bypass,
thin boundary layer and high velocity air in proximity of the bypass wall,
My, and M, values of 0.55 and 0.40, respectively, and significantly

higher local Mach numbers than M;y near the diffuser center at station 1b.

Boundary-layer condition 3 was practically a reflection of boundary-layer
condition 2. The switch in flow was induced by mounting a spoiler on the
bypass wall. Station 1b velocity profiles made perpendicular to the
parallel walls of the diffuser were symmetrical for the three boundary-
layer conditions tested and velocity ratios immedistely adjacent to the
walls were 0.5 or greater.

Longitudinal wall static-pressure distribution.- Static-pressure dis-
tributions are presented in figure 7 for boundary-leyer condition 1. The
static-pressure rise between stations la and 2 obtained with the flush
scoop and the theoretical rise as determined by one-dimensional relations
are presented in figure 8 as a function of percent of total air flow by-
passed. The basic condition with scoop removed and bypass opening sealed
produced a static-pressure rise coefficient of about 0.4 between station la
and station 2. (Sée fig. T7.) This value is about 89 percent of the ideal
pressure rise indicated in figure 8 and is typicael for diffusers of this
area ratio, expansion rate, and inlet distribution. The blockage effects
resulting from the presence of the scoops are indiceted by the reductions
in pressure rise in figure 7 and depend on the amount of flow bypassed
and the scoop projection. The extreme condition in this respect was
obtalned with scoop 4, which choked the flow with no bypass flow (data
not shown). At design bypass flow (32 percent) blockage effects were
minimized and the pressure rise was gbout the same as for the basic con-
dition, yet the ideal pressure rise is 65 percent greater thaen for the
O-percent bypass condition. Bypassing air flow from a diffuser subjects
the downstream diffuser section to additional adverse pressure gradients,
the magnitude of such pressure gradients depending upon the percentege
of the flow bypassed. .

Exit velocity distributions and total-pressure distortions.- Stetion 2
velocity distributions and totel-pressure distortions are present in fig-
ures 9 and 10, respectively. For boundary-layer condition 1 the model
with scoop removed and opening sesled produced at station 2 a veloecity
distribution almost identical to the distribution at station 1b (fig. 6)
indicating the pressure rise between stations 1b and 2 noted in figure 7
had little effect on the relative size of the boundery layer. The
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distribution for the flush scoop end no bypass flow is relatively uniform;
however, flow does not exist in proximity of the bypsss wall. Progressive
increases in flow distortion occcur on the scoop side with increasing acoop
extension and no bypass flow, probably due to the increasing angle of
attack at the scoop leading edge and high diffusion angles on the back
side of the scoop. For intermediate bypass flows (18 percent) low-energy
air on the bypass side is removed, and high angle of attack at the scoop
1lip is relieved; thus, no velocity deficlency exlsts on the scoop side
except for scoop 4. Scoops 1, 2, and 3 have large deficiency regions on
the opposite wall resulting from large adverse pressure gradients set up
by bypassing flow as noted in figure 8. For approximstely 3l-percent
bypass flow, distributions for the four scoops are practically identical;
regions of veloclty deficiency are on the diffuser wall opposite the bypass
end occupy about one-half the duct area. Practically no flow exists adja-
cent to the wall. It is to be concluded for this type of configuration
thet uniform and acceptable distributions cannot be obtained for the bypass-
flow range desired because of the blockage effects from projected scoops
and the high adverse pressure gradients set up by bypassing flow. Pro-
files obtained with boundary layers 2 and 3 show similer trends as pro-
files obtained with boundary layer 1 but, in general, are somewhat more
distorted.

For boundary-layer condition 1, total-pressure distortions (fig. 10)
produced by scoop 4 were extremely high at low bypass flows due to the
high blockage effect and resulting poor velocity distribution. Distor-
tions for the other scoops are fairly small (ebout 7 to 10 percent);
these smaller distortions are due to superior velocity dlstributions as
well as lower Mach number levels. Distortions for boundary layers 2 and
3 are larger (about 15 to 27 percent) than for boundary lasyer 1, due to
less uniform veloclty distributions and higher Mach number levels.

Total-pressure loss.- Total-pressure-loss data are shown in fig-
ures 11 to 13. Iosses in the engine air duct (fig. 11) indicate, for
inlet boundery-layexr condition 1, thet scoops which projected the greatest
distances into the diffuser produced the highest losses, scoop 4 producing
about 20-percent loss with no bypass Tlow and scoops 1 and 2 only sbout
1- to 2-percent loss. The basic diffuser loss with no scoop and the bypass
opening sealed was about 1 percent. The adverse effects of increasing
emounts of bypassed flow on performance (noted in fig. 9 for station 2
velocity distributions) are not particularly noticeable because the act of
bypessing the boundary layer or low-energy pert of the flow at station 1b
in effect increases the mean totael pressure.of the air entering the engine

air duct | an effect not accounted for by QE%QZE . In addition, as the
1b

bypass flow increases the engine-duct dynemic pressure decreaszes, thus

tending to reduce the absolute losses. Higher losses were observed for
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boundary-layer conditions 2 and 3 than for boundary layer 1 as would be
expected from the higher basic loss velues. Trends with increasing bypass
flow were affected by the location of the retarded velocity region at
station 1b. Por instance, for boundary lsyer 3 the total-pressure defi-
clency was on the bypass side; therefore, increasing the bypass flow
raised ﬁ3.

Total-pressure-loss data in the bypass duct (fig. 12) show that for
AHyp_k
Hyp
the total pressure of the air entering the bypass duct; thus, bypass-duct

losses are influenced by the following factors in the menner noted:
(1) The losses (Hlb - Hh) decrease with increasing bypass flow because

the proportion of air taken from the higher energy part of the boundary
layer is increasing; (2) the losses decrease with increasing bypass flow
because the adverse pressure gradient upstream from the scoop decreases
as bypass flow approaches the design value; (3) the losses increase with
increasing totel-pressure distortlon of the flow at station 1b. Ram
recovery was observed to lmprove as the scoop extension was increased,
especially for distorted upstream-flow distributions.

a glven scoop the losses (indicated by are entirely dependent on

Mean total-pressure losses for the engine alr- and bypass-duct flows

A3,

combined are shown in figure 13. The loss factor is a true

H
1b
measure of the total-pressure losses between stetion 1b and stations 3
and 4. The magnitude and trends of the loss curves exre, in general, the
same a8 for the engine air duct previously dilscussed.

Effect of flow control devices on engine air-duct performsnce.- The
effects of control devices on station 2 velocity distributions and engine
air-duct total-pressure losses are shown in figure 14 for boundary layer 1.
Improvements in velocity distributions were realized in regions adjacent
to the diffuser wall opposite the scoop, especilally at high bypass flows;
however, the improvements were at the expense of the losgs coefficient,
which more thar doubled. Velocity distributions obtained were not suffi-
ciently uniform for practical considerastions; also, the vane spacing and
locations were found to be critical and the performance would be affected
significantly if the inlet-boundary-layer conditions changed.

Methods of Elimineting Model I Design Deficiencies

The model T design, which consisted essentially of a conventionsal
diffuser which was modified by cutting a hole in one wall nesr the exit




10 NACA RM I56J31

end mounting projecting scoops on the well, produced & performance which
indicates the following basic characteristics:

(1) A scoop projecting into the diffuser produces unsatisfactory
performaence et low bypass flows due to the high angle of attack on the
scoop lip and the rapid expansion caused by the diverging wall on the
downstream face of the scoop.

(2) Bypassing spprecisble amounts of flow (20 to 35 percent) from
one wall of the diffuser produces unsatisfactory performence because the
adverse pressure gradients set up by bypassing the flow distort the boundary
layer on the opposite wall.

(3) The extended scoops produced apprecisble gains in the ram recovery
of the bypassed alr, especlally for distorted upstream-flow distributions.

(4) Some improvements in the engine face velocity distributlons are
obtaingble through use of vanes and vortex generators; however, the
investigation indicated that vene placement and elinement were critical.

The adverse characteristics of the model I design could be reduced
by bypessing flow from the entire periphery of the diffuser. Such a
design would be complicated mechanicelly and structurally, but would
offer no internal serodynamic problems for the following reasons:

(1) The angle of attack at the scoop leading edge and expansion _
engle on the back side of the scoop would be automatically reduced because
the scoop inlet area would be spread over a longer linear distance.

(2) With sppreciable bypass flow, all the boundary layer would be
removed by the bypass duct; thus, the engine face velocity distributions
would be less affected by adverse pressure gradients set up by bypaseing
the flow.

Another solution to the problem, which avoids the complexity of
bypassing from the entire periphery, consists of using & design simllar
to model IT. The characteristlics expected from such a design follow:

(1) The blockage effects of the extended scoop would be eliminated
by moving the scoop inlet back to the diffuser exit and increasing the
diffuser exit area by the amount of the scoop inlet area; thus, no diffu-
sion would occur in the engine duct downstreem from the scoop lip. In
fact, model IT was designed with a small amount of conftraction in the
engine air duct to permit the scoop 1ip to handle high angle- of-attack
flow at low bypass flows.

(2) Adverse pressure gradients over and above those of the basic
diffuser design would be eliminated except for bypass flows corresponding
to bypass-inlet-velocity ratios greater than 1.0.

3.z
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(3) The bypass ram recovery would be a maximm.

(4) Other factors being equal, the model IT designs would require
more diffuser length due to lincreasing the diffuser exit area by an
amount equal to the bypass inlet area.

Model ITI Results

Inlet condition.- Velocity profiles at station 1b are presented for
models ITa and ITb in figure 15. The measurements presented were taken
in the midplene of the diverging side walls and perpendicular to the
vertical plane through the model center for three different boundary-
layer conditions. The flow conditions were established in a manner
similar to that for model I. For boundery layer 1 for both models the
flow was symmetrical with the boundary layer at each wall occupying
epproximately 30 percent of the duct area. A velocity ratio of approxi-
mately 40 was present in proximity to the diffuser walls. The values of
Mech number Ml were Q.25 and 0.31 for models IIa and ITb, respectively.
For boundary layer 2, the flow was badly distorted by shock—boundary-
layer interaction with a low veloclity reglon adjacent to the bypass wall
for model ITIa and edjacent to the opposite wall for model IIb. A thin
boundary layer and high velocity flow existed in proximity to the walls
opposite those having low velocity flow. The values of Mach number Mlb

were 0.34 and 0.43 for models IIa and ITb, respectively. Model center
line Mach numbers at station 1b were greater than the My values. For

boundary layer 3, the flow was again distorted with the low-velocity region
on the side of the spoliler, the bypass side for both models ITa and IIb.

Similar flow distortions and Mech numbers as for boundary layer 2 were
observed. In the case of model ITIs, the spoiler was on the diffuser wall
from which natural separation occurred, which permitted a compsrison of
the results with shock—boundary-layer interaction with and without a
spoiler. Measurements perpendicular to the pasrsllel diffuser wells indi-
cated symmetrical flow with veloecity ratios adjacent to the walls of 0.5
or gresater.

Results of total-pressure surveys at station 1b with the scoop
installed are presented in figure 16. Data were obtained for botk
models IIa and ITb for boundery layer 2 for various bypass flows. The
total-pressure distribution for model ITa, the model with low-energy air
initially on the bypass side, was not significantly affected by the scoop
or by bypassing flow. For model ITb, the model with the low-energy air
initially on the side opposite the scoop, the presence of the scoop for
low bypass flows forced the main flow to 1lift off the bypass side wall
and attach on the opposite wall, thus the scoop significantly affected
the distribution as well as the quantity of air bypassed. The distri-
butions for the scoop installed and 30-percent bypass flow and for the
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scoop removed are aepproximately the same. Mass-weighted total pressures
for station 1b were not appreclably affected by these changes in :
distribution.

longitudinal wall static-pressure distribution.- Static-pressure
distributions for model ITa for boundary layers 1 and 2 are presented in
figures 17(a) and 17(b), respectively. Since, with no bypass flow, the
flow must contract from the full diffuser exit area to the engine duect
area, s large pressure-drop coefficient for boundary layer 1 (favorsable
for producing uniform distributions) of about 1.1 was obtained. As the
bypass flow approached design value (32 percent), the pressure coefficient
gpproached zero. Thus, for the range of bypass flows exsmined, no net
pressure rise between statlions la and 2a was obtained. Distributions
for boundary-layer conditions 1 and 2 were similer, but boundary-layer
condition 2 produced somewhat less pressure drop (flow accelerstion) and
& net pressure rise for bypass flows in excess of about 16 percent. Thus,
a retarded-veloclity reglon on the bypass slde caused the area contraction
to be less effective. Data fcr model IIb, not included herein, followed
gimilar trends and lead to the same general conclusions.

Exit velocity distribution and totel-pressure distortions.- Velocity
distributions at station 2a are presented in figure 18, and total-pressure
distortions at stations 2a and 2b for models IIa and TIb are presented in
figure 19. For model ITe and boundsry lsyer 1, the profile for zero
bypass flow is symmetrical, the boundary-layer thickness, less than 25 per-
cent of the duct width and the velocity retio near the walls, grester than
0.80. The distribution was substentlally better then et station 1b.
Bypassing flow removed the boundary layer on the scoop side; the boundary
layer on the opposite wall thickened due to the reduction in fevorsble
pressure gradient (fig. 17) and the velocity near the opposite wall
decreased. For 3l-percent bypass flow, the distribution was still
superior to the distribution at station 1b and vastly improved relastive
to model I (fig. 9). Distorted flows at station 1b, boundary-lsyer con-
ditions 2 and 3, had little effect on the distribution at station 2a.
Velocity distributions at stations 1b and 2a for boundery layer 2 were
similer to those obtalned for boundary-layer condition 3, indlicating that
the presence of the spoiler had little effect. The velocity distribu-
tions at station 2a for models ITa and ITb were similar for all three
boundery-layer conditions. Even the test condition having distorted
flow on the diffuser wall opposite the bypass side (boundary-lsyer con-
dition 2) did not materially affect station 2a velocity distributions.

It is to be concluded from the foregoing discussion that the velocity
distributions for model ITI were vastly superior to those of model I, and
that the effects of distorted flows and engine alr-duct Mach number
level on the distributions were not signiflicant. Further refinements in
the bypass-duct design should be possible in spplications to specific
configuretions; for instance, providing a smaell amount of area contrac-
tion on the wall opposite the scoop or favoring the wall opposite the
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scoop by accounting for the majority of the required wall divergence with
the remaining walls or a combinatlion of both. Veloecity distributions at
station 2b for the same test conditions as for the data of figure 18
lead to identical conclusions. Velocity distributions were slightly more
uniform at station 2b due to natural mixing in the duct section between
the two stations.

Several trends are spparent from the total-pressure-distortion data
of figure 19. Bypassing flow, distortions of the flow upstream of the
scoop, engine air-duct Mach number, and the station of measurement
(stations 2a and 2b) all influenced the magnitude of the total-pressure
distortions. For example, boundary-layer total-pressure distortions at
station 2a were approximately 4 and 7 percent for models ITe and ITb,
respectively, as compared with distortions of 8 to 10 percent for model I
which was at a lower Mach number level. For distorted flow conditions
in the upstream diffuser, model ITa distortions vary from 8 percent at
zero bypass flow to 12 percent at 33-percent bypass flow. In e like
manner, distortions for model ITIb vary from 11 to 18 percent. The dis-
tortions for model ITb were higher then for model ITs becsuse of the
higher Mach number level in the engine air duct of model ITb. Distor-
tions at station 2b were less than distortions ab station 2a for identi-
cal upstream conditions because of natural mixing in'the short approxi-
mately constant-srea duct section separating the two stations.

Total-pressure loss.- Figure 20 shows that for model ITa the loss
in the engine air and bypass ducts decreased with increasing bypass flow.
Reasong for the decreasse in loss are the same as for model I discussed
previocusly. The engine air-duct losses were smsll; loss values for the
three test conditions ranged between 0.002 and 0.02 at zero bypass flow
and between O and -0.04 at 27-percent bypass flow. For ressons discussed
previously, data presented in this form msy have negative values. The
small differences in the veloclity profiles at station 1b for boundary-
layer condition 2 (natural distorted diffuser flow) and 3 (artificially
distorted diffuser flow) were responsible for the small differences in
total-pressure loss of the engine air duct for the two conditions. The
lerge variastions in bypass duct losses for the three boundary-lsyer con-
ditions result from lerge differences in total-pressure levels of alr
on the bypass side wall of the diffuser. (See fig. 15.)

Losses in botal pressure in the engine and bypass ducts for model ITb
(fig. 21) are similar to losses in figure 20 for model. ITa. Engine air-
duct losses were small, ranging for the three boundary-lasyer conditions
from 0.006 to 0.015 at zero bypass to values from 0.02 to -0.03 at approxi-
mately 30-percent bypass flow. An exception to the usuwal trend of
decreasing loss with increasing bypass flow is the engine duect loss for
boundary layer 2 which increased with increasing bypass flow in the range
from 10- to 30-percent bypass. This result was obtained because the total-
pressure deficiency was on the diffuser wall opposite the bypass, the
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reverse from other test conditlons. The loss undoubtedly was also
affected by changes in the station 1b total-pressure distribution caused
by the scoop and shown on figure 16. These factors would likewise affect
bypess-duct losses.

Mean total-pressure losses for the engine and bypass-duct air flows
combined are shown on figure 22. These data are a messure of total- .
pressure losses for the entlre flow. The losses for both modele IIa and

ITh were small, generally less than l% percent of the station 1b total

pressure, and they represent approximstely a T5~percent reduction rela-~
tive to model 1, scoop 1 (the scoop producing lowest loss). Bypassing
air had a favoraeble effect on losses due to the following factors; a
reductlon in angle of attack at the scoop lip, the elimination of the
dead air and turbulent regions in front of the bypass and scoop, and
the eliminstion of the adverse pressure gradient in the bypass flow in
the vicinity of the scoop.

CONCIUSIONS

In comnection with the problem of matching inlet and engine alr
flows, the basic performance characteristics of several types of designs
of subsonic diffuser—bypass-duct combinations were determined for bypass
flows up to one-third of the total flow. Direct connected duct models
were employed with the important effects of supersonic inlet operation
( shock—~boundsry-layer interaction) obtained by positioning normal shocks
in the subsonic diffuser. The Mach number level in the engine alr duct
ranged from approximstely 0.2 to 0.8. The following conclusions were
derived:

1. A bypass-duct design procedure whereby a hole is cut in one side
of a diffuser and a projecting scoop inserted is greatly oversimplified.
For such a design, regerdless of scoop extension, it was impossible to
obtain setisfactory diffuser-exit velocity distributions over the range
of bypass flows. Total-pressure losses were also excesslive.

2. Extreme adverse pressure gradients downstream from the scoops
established by sudden removal of relatively large quantities of air com-
bined with the diverging wall on the downstreem face of the scoops were
responsible for the performance deficiencies.

3. A bypess srrengement designed to produce at maximum bypass flow
a minimum of adverse pressure gradlent between the scoop lip and the
engine face station produced substantielly better performsnce. Exit
velocity distributlions were reasonsbly uniform, and total-pressure losses
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of the engine air duct for all test conditions were less than 2 percent
of the total pressure.

k. Velocity distributions for the latter design were found to be
relatively unaffected by distorted flow obtained by shock—boundary-
lsyer interaction in the upstream diffuser and to be unsffected by changes
in the engine air duct Mach number level from 0.27 to 0.81.

Langley Aeronsutical Isboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., October 16, 1956.
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