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RESEARCH MEMORANDUM :

HIGH-SUBSONIC PZRFORMANCE CHARACTERISTICS
AND BOUNDARY-LAYER INVESTIGATIONS
OF A 12° 10~INCE-INLET-DIAMETER
CONICAL DIFFUSER

By B. H. Little, Jr. and Stafford W. Wilbur
SUMMARY

Performance and boundary-layer data were taken in a 12° 10-inch—
inlet-diameter conical diffuser of 2:1 exit— to inlet—area ratio. These
data were teken for two inlet-toundary—layer conditions. The first
condition was that of a thinmer inlet boundary layer (boundary-layer
displacement thickness, &#* 22 0.034) produced by an inlet section approxi—
mately 1 inlet dlameter in length between the entrance bell and the
diffuser. The second condition was a thicker inlet boundary layer
(5% % 0.120) produced by an additional inlet section length of approxi—
mately 6 diameters.

Longltudinal static-pressure distributions were measured from wall
static orifices. Transverse total— and static-pressure surveys were
made at the inlet and exit stations. Boundary—layer velocity distri-—
butions were measured at seven stations between the inlet and exit.
These data were obtained for a Reynolds mumber (based on inlet diameter)

range of 1 X 106 to 3.9 X 106. The corresponding Mach number range W&s
from M = 0,2 to choking. At the maximm-power—avallable condition
supersonic flow was obtained as far as 4.5 inches downstream from the
diffuser inlet with a maximum Mach number of M % 1.5.

The total-pressure loss through the diffuser in percentage of inlet
dynamic pressure was approximately 2.5 percent for the thinner inlet
boundary layer and 5.5 percent for the thicker inlet boundary layer over
the lower subsonic range. These values increased with increasing flow
rate — the values for the thicker inlet boundary layer more than those
for the thimmer inlet boundary layer. The diffuser effectiveness,
expressed as the ratio of the actual static—pressure rise to the 1deal
static—pressure rise, was about 85 percent for the thinne: inlet boundary
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layer and about 67 percont for the thicker inlet boundary layer in:the
lower subsonic range. These values decrease with increasing flow rate.

Separated flow was observed for both inlet—boundary-layer conditions
in the region of adverse pressure gradient just downstream of the tran—
sition curvature from inlet section to diffuser. The flow for the
thinner-inlet—boundary—layer condition did not fully re-establish itself
along the diffuser walls. The thicker inlet-boundary-layer flow, while
not campletely re-establishing the normal fiow pattern downstream of the
separated region, did re—establish more successfully than the thinner
inlet boundary layer.

INTRODUCTION

The design of diffusers to meet the specifications of Jet power
plants operating at high—subsonic Mach numbers and correspondingly high
Reynolds numbers 1s hindered somewhat by a lack of knowledge of the
relation of boundary-layer growth to performance characteristics.
Although much has been done 1n the study of diffuser performance and
boundary—layer action 1n diffusers, the applicability of this work to
present—day alrcraft is limlited somewhat because most of the investi—
gations were made at low Mach numbers and/or Reynolds numbers.

For example, Gibson's (reference 1) classic experiments in 1909
determining pressure losses of water flow in conical diffusers ranged

only up to Reynolds numbers of approximately 2 X 103 at velocitles up
to 23 feet per second, and no attempt was made to control inlet boundary
layer. Squire (reference 2) investigated diffuser performance using a

constant—inlet—length configuration at a Reynolds number of 1 X 106 and
Mach number of approximately O.4. Straight-walled conical diffusers
with inner bodies and with negligible inlet-boundary—layer thickmess
vere investigated by Bohm and Koppe (reference 3) for Mach numbers up

to choking and Reynolds numbers up to 1.k X 105. Naumann (reference 4)

studied low-angle conical diffusers with inlet lengths of 1.2 diameters

for Mach numbers up to choking and Reynolds numbers up to 2 X 106.
Peters (reference 5) who studied the effects of varying the inlet boundary
layer and the diffusion angle, reached a maximum Reynolds number

of 2 X 105 at a Mach number of approximately 0.12, The inlet toundary
layer was varied by adding straight pipe 6 to 64 inlet diumeters long
to the diffuser entrance. References 6 and 7 summarize a large portion
of the earlier avallable data on diffuser performance.

The purpose of the present investligation 1s to study the influence
of inlet-boundary-layer conditions upon boundary-layer action in the
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boundary—layer momentum thiclmess, inches
6'
u (1 - E)dy
JC U U,
b* /6 boundary—layer—shape parameter
AH/q1 loss coefficient

Op /g pressure efficiency

Aqlaqideal diffusion factor
AplApideal diffuser effectiveness

Subscripts:

o reference stagnation conditions
i diffuser inlet conditions

e diffuser exit conditions

Boundary—layer stations numbered from 1 to 7.
APPARATUS

The apparatus, as shown in the line diagram of figure 1, consists
of the entrance bell, the variable~length, constant—-diameter inlet
section, the conical diffuser, and the taillpipe or exit section. The
diffuser itself is constructed in two parts. The first part consists
of an inlet length of 9 inches leading to the diffuser, a transition
region between the straight inlet and the conical diffuser section, and
the first 9 inches of the diffuser. The cther part is a truncated cone
section 10.6 inches long which completes the diffuser. The diffuser has
a 10—inch—diumeter inlet and 1k.l—inch—diameter exit to give an exit—
to inlet—erea ratio of 2:1. The included conical angle is 12°.

All sections were formed from én—inch cold—rolled steel and all

jmner surfaces except those of the tailpipe were machined, painted, and
then finished with No. 600 wot or dry sandpaper. All joints were sealed
with pyroxylin and sanded smooth.
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For the thinner—inlet~boundary-layer condition, only the 9 inches
of inlet pipe integral with the diffuser was used. For the thicker
inlet boundary layer, a 59—-inch inlet section was added to make a total
of 68 inches. The short inlet configuration is shown in figure 2 and
the long inlet configuration in figure 3.

Static~pressure orifices were installed along a generatrix of the
conical diffuser and in the inlet pipe at convenient increments of dis—
tance. Six additional static-pressure orifices were equally spaced
circumferentially at the inlet and exit stations of the diffuser. In
the transition region, six static—pressure orifices were very closely
spaced (see inset, fig. 1) in order to measure accurately the pressure
changes through this region. Since these orifices were located at such
small longitudinal increments of distance, 1t was necessary to stugger

them circumferentially over a distance of about l-;-' inches.

Alr was supplied by two centrifugal blowers in series which could
deliver 22,000 cubic feet per minute at approximately l.4 atmospheres
to the diffuser entrance bell. Tn order to obtaln temperatures high
enough to avold condensation, alr was recirculated in a semiclosed
circult system.

Stagnation temperature and pressure measurements were made upstream
of the entrance bell. Temperature was measured with an iron—constantan
thermocouple and potentiometer pyrometer, and total pressure was measured
with a shielded total-pressure tube. All pressure measurements were made
with multitube manometers containing tetrabramoethans.

Boundary—layer total-pressure measurements were made with the ruke
shown in figure 4. The tubes varied in size from 0.030—inch outside
diameter at the wall to 0.050—=inch outside diameter farther out. A
static-pressure tube was mounted on the rake to measure static pressures
at the same longltudinal station as the total pressures were measured.
In some cases, near the diffuser exit the boundary layer was so thick
that the rake did not entirely cover whe distance & and supplementary
measurements were made with a movable pitot—etatic tube. This movable H
pitot-etatic tube was designed to survey total and static pressures
across the inlet and exit statione. As shown in figure 5, it was tele—

scoped from ;8L—1nch outeide dlameter at the upstream end to g-—inch

outside diemeter at the downstream end. In the tallpipe it was rigidly
attached to a streamline tube strut which could be moved transversely
to survey from wall to wall. By substituting tubes of various lengths
it was possible to survey pressures at any station in the diffuser.
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Although the movable piltot-static tube used to obtain velocity
values to supplement those read by the boundary—layer rake was alwsys
directed parallel to the diffuser axis, such errors as would be intro—
duced by the 1inclination of the flow to the tube at any point in the
diffuser are negligible. The maximum inclination would probably be
less than 6%, and 1n reference 10 it 1s shown that for a similar pltot—
static tube the error in measured velocity at such angles of flow incli-—
nation is less than 1 percent.

COMPUTATI ONAL METHODS

The ratio of the veloclity inside the boundary layer to the velocity
at the edge of the boundary layer wes determined by the following
formila:

H —py
Hpex = Px

It was found that the error in values of H caused by using this
incompressible formula was less than -5 percent up to local Mach numbers
of about 0.7. Beyoni this point the error increased gradually up to
about —~20 percent at local M = 1.0. Since most of the data presented
are in the range where the local M < 0,7, the simplified incompressible
equation was used throughout.

Only incompressible values of the parameters &%, 6, and &*/6
ore presented. It was found that these values are adequate for compari-
son of profile shapes under the conditlons of thls investigation. Also,
since much of the avallable data are presented iIn the incompressible
form, comparison with these data is made easler.

The graphical integration uged to obtaln ®* and 6 from velocity
profiles di1d not include the area bounded by the reversed-flow portion
of the separated—flow profile and the u/U axis because the instrumen—
tation used was not able to measure negative velocitles. Therefore the
values of ®* and 6 for the separated profiles will be in error by
gsome negative amount, depending upon the severity of the separation.

The ratio of the inlet reference static pressure to the stagnation
pressure pref/Ho is used as a correlating parameter for the performance

and boundary-layer curves. Decreasing values of pwef/Ho Indicate

increasing rate of flow. The position of the orifice used for Prof is
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shown in figure 1. The parameter ’rof/no is plotted againot mean
inlet Mach number and inlet Reynolds number in figure 6.

The total-pressure losses through the diffuser were determined from
wvelghted averages of pressure surveys at the inlet and exit by the method
explained in reference 9:

The change of impact pressure then could be obtalned fram the equation:

N 4 _O&p
H H H
[o] [+] [o]

DISCUSSION

Performance

Four parameters are used to present the performance data. These
are the loss coefficlent AH[q,, the pressure efficiency Op/hq, the

diffusion factor Aq!Aq1 deals 20 the diffuser effectiveness Ap/Aqideal'

The ratio Axlqi 18 a convenient measure of pressure loss because

it possesses the tendency to remain constant with varying density and
flow rate as long as the flow pattern doee not change.

The pressure efficlency and diffusion factor are measures of
different components of diffuser effectiveness, and each 1s useful In
analyzing diffuser performance.

The pressure effilciency Ap/Aq measures how much of the impact—
pressure drop through the diffuser is converted to static pressure and
depends upon friction and shock losses.

The diffusion factor &q lAq

measures how much of the ometric
ideald &e

expansion is utilized to convert impact pressure to static pressure.
Anything, such as thickening boundary layer, which reduces the effective
expansion ratio will reduce AqIAqide&l'
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An over-all measure of the ability of a diffuser to convert th:e
entering impact pressure to static pressure at the exit is the ratio
Apactual/Apideal vhich 1s the product of the pressure efficiency and

diffusion factor, since

A5 eal ™ Praeal

APa.c*t‘.ua.l % 4
MPgen1r D Mygea

This ratio is called diffuser effectiveness.

Loas coefficient.— The loss coefficient AH/q1 i1s plotted against
pre fIHo for beth the thinner and thicker inlet boundary layers in
figure 7. For the thinner inlet boundary layer AH /q1 is practically

constant at 0.025 through most of the subsonic range. The value increases
8lightly in the high-subsonic range and increases sharply when super—
sonlc flow, with subsequent shock losses, 1s obtained. For the thicker—

inlet=boundary—layer condition ﬁ—H = 0.055 through the low-subsonic
1

H

o a3

P
ref LH
range. In the range above M = 0.7 (tha.t is, % 0-7), —

increases much more rapidly with increasing flow rate than was the case
for the thimner inlet boundary layer. At flow rates where supersonic
flow was attailned, the curve breaks upward rapldly as in the case of
the thinner inlet boundary layer.

Diffusion factor.— The diffusion factor is plotted in figure 8. 1In
the low-subsonic—flow range, for the thinner inlet boundary layer

2q % 0.86, and for the thicker inlet boundary layer =0 ~ 0.73.
ideal Aqidea.l
Camparison with the values of Aq/Aq1 Al in reference 8 shows that for

each condition the values for this 10-inch-diameter diffuser are about
0.10 lower than for the 2l1—inch—diameter diffuser of that reference.
Further comparison, however, leads to an explanation of this, for in

o»
each inlet-boundary—layer condition, the values of are
Diemeter/ 4

higher for the smaller diffuser.
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Pressure efficlency.— The pressure efficiency Ap/Aq 1is Pplotted

in figure 9. This parameter, since 1t measures the ability of the
diffuser to convert the change in impact pressure through the diffuser
to static pressure, will be largely dependent upon pressure losses
through the system and therefore can be expected to vary similarly to
AH /q 1 It is seen therefore that for the thin—inlet—boundary-—layer

condition O&p/Aq 1s practically constant at approximately 0.96 until
shock losses cause a sharp downward trend. when the system chokes. For
the thicker inlet boundary layer Ap/Aq 1s fairly constant over the
lower subsonic range at about 0.90 but in the higher subsonic flow
range the values drop off much more rapidly with increasing flow rate
than the thinner—inlet—boundary~layer curve.

Diffuser effectiveness.— The diffuser effectiveness

8Py5ea1  Migear ¢

the thinner inlet boundary layer L2 __ 15 constant at about 0.825
2P1g0a1

in the lower subsonic flow range and decreases slowly with increasing

flow rate until choking condition is reached, at which point the values

Py
( | é1’-) 1s plotted against p . [E In figure 10. For

Ja
drop rapidly. For the thicker 1lnlet boundary layer — 2 0.67 at

Pideal
low flow rates and the curve behaves in a manner simllar to that of the
thinner inlet boundary layer.

In the unchoked condition the performance of the thimmer—inlet—
boundary—layer configuration appears to be better in every respect.
The effectiveness of the thicker—inlet-boundary—layer configuration
appears to have been affected more by the decreese in effective expansion

ratio { as represented by the decrease in &g IAqid. al) than by the
e

increase in pressure losses in the thicker boundary layer (as represented
by Op/Aq).

STATIC-PRESSURE DISTRIBUTION

In reference 11 it is pointed out that one of the variables that
control the development of turbulent boundary layer is the exlsting
preisv-e gradient. A good visuallzation of the pressure gradients
existing in the two diffuser configurations can be obtained from the
plots of the ratio of absolute static pressure measured along the wall
to the reference total pressure p ,Ho for the thinner inlet boundary

layer in figure 11 and for the thicker inlet boundary lzyer in figure 12.
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The point x = O in these figures and all subsequent discussion
is the point where the inlet pire is tangent to the transition region
curvature.,

Certain general characteristics of these static—prossure—distribution
curves are comon to both thinner— and thicker—inlet-boundary—layer cases.
For both there exists a favorable pressure gradient through the converging
entrance bell, the inlet pipe that is effectively converging due to
boundary—layer growth, and into the diffuser transition region where local
acceleration is created. It is of interest to note that for both the
thinner— and thicker-boundary—layer cases at all subcritical flow rates
the point of minimum static pressure is located at x = 0.60 which is
about 0.10 inch downstream of the point where the transition curvature
ends.

At the subcritical flow rates a strong adverse gradient begins at
about x = 0.6 inch for bothL cases. The adverse gradient is maintained
throughout the diffuser but the iIntensity decreases with increasing
distance downstream.

At supercritical flow rates the flow expands supersonically in the
diverging passage and the favorable pressure gradient is extended until
terminated by shock waves. These shock waves produce strong nonisen—
tropic compressions which restore the flow to subsonic state with strong
adverse pressure gradients as in the subcritical inlet—velocity case.

A comparison of the relative strengths and positions of the pressure
gradients is presented in figure 13 where p/Ho curves corresponding to
roleo are plotted for the thinner— and thicker—
inlet—boundary—layer conditions.

the same values of p

To obtain the curves of figure 13 at the same values of pref/Ho

for each inlet—boundary—layer condition, the following procedure was
used.

In the unchoked condition, a cross plot of figure 12 was obtained
by plotting static pressure at each orifice against p fIHo' Then for
re

any value of prefIHo for which a pressure—distribution curve was avail—

able for the thinner—-inlet-boundary—layer condition, a faired curve could
be obtained for the thicker—inlet-boundary-layer condition. When the
diffuser choked, however, a situation arose which made 1t Impossible to
continue this method of comparison. The thicker inlet boundary layer

was affected by the negative pressure gradient existing in the transition
region farther upstream than the thinner inlet boundary layer. For the
thicker—inlet-boundary—layer case a thinning of the boundary layer
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occwrred farther upstream in the Inlet section. Thls process 4id two
thingg: (l) It crected an effective throat upstream of that found In
the thinner—inlet—bounduary—luyer case, and (2) 1t increased the effec—
tive radius of curvature in the transitlion region. If the point where

5 = 0.528 (M = 1.0) I8 considered to be the effective throat it can

o
be seen in figure 13 that for the thicker—inlet-boundary-—layer case the
throat is displaced approximately 2 inches upstream of that for the
thinner—inlet—boundary—layer case and approximately 3 inches upstream
of the point where the transitlon region begins. Therefore, when the
system was choked, the thicker—inlet-boundary—layer case attalned values
of pref’Ho as low ag 0.528, whereas the thinner—inlet—boundary—layer

P
case could not attain values lower than —ﬁﬂﬁ = 0.56. This made it
o
impossible to compare static-prespsure—distribution curves from the two
cases with equal values of prefIH0 for the choked condition. Therefore,

two arbltrary curves were seclected from each case — one being the first
choked point obtalned, and the second being at the maximum—power—available
condition.

In figure 13 1t can be seen that the pressure gradients throughout
the diffuser are not as great for the thicker inlet boundary layer as
for the thinner inlet boundary layer. In the transitlon curvature region
this 15 caused by the difference 1n effective radil of curvature created
by the cushioning effect of the thicker boundary layer, and in the
diffuser by the decreasing of eoffective expansion aren created by the
thicker boundary layer.

Radlal distributions of static prescure, plotted as the ratio of
abgolute static pressure to reference stagnatlion pressure, at the inlet
and exit statlonc sre shown for the thinner inlet boundary layer in
figure 1k and for the thicker inlet boundary layer in figure 15. Some
radial surveys of statlc precsure (not shown) were also made at statlons 5
and 6 for the thicker inlet boundary layer. At subcritical velocities
the nmaximum variation of local static pressure from the value at mid—
otream was lecs than 3 percent. The flrst profiles to show a variation

P
greater than 3 percent occurred at -ggf-z 0.57. At the highest flow
o .
rates, however, varlations as great as 30 percent were found.

It was also found that reference stagnation pressure existed at
the diffuser center line in all cases except where shock loaoses occurred.
Fer the subcritical flow rates, therefore, the values plotted of p/Ho

In figures 11 and 12 can be taken as the local midotream values of p/E
and the local Mach number obtalned accordingly.
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Boundary Layer

Thinner inlet boundary layer.— Representative boundary—layer velocity
Profiles at each survey station are plotted for the thinner inlet boundary
layer in figures 16(a) to 16(g). The boundery-layer thickness, b, 1s
plotted against pref/Ho in figure 17; ®* 1s plotted against prof,Ho
in figure 18 and against x in figure 19; 6 is plotted against pref,Ho

in figure 20 and against x 1n figure 21; and ®*/6 1s plctted against
pref,Ho in figure 22 and against x 1in figure 23.

In some cases certaln deflciencies in the data exist which require

some explanation prior to an enalysis of these figures. Near the diffuser
ff)) the data taken were incomplete in that the boundary—

exit (see fig. 16
layer thickness was greater than the 2-inch span of the boundary-layer

survey rake. In these casep 1t was believed that the veloclty distribu—
tions within the rake's span were of enough significance to present the
data using H, as the value of total pressure at the edge of the boundery
layer. When this was done, solid lines were used to connect only the
actual data points, and broken lines were used to represent the fairing

of the profile to the midstream veloclity as computed from the Ho values.

At the high flow rates where supersonic flow existed near the dif-

fuser inlet, total-pressure surveys downstream of thls region showed a
deficiency from the reference value which was caused hy shock losses.

P

;—“ = 0.561 1n figure 16(g).
o]

In these cases it is 1mpossible to determine at what point the boundary—

layer pressure loss ends, so U was camputed at the point where the

maximm total pressure was measured. No attempt was made to determine
 or 6 except in those cases where the maximm total pressure was

equal to Ho.

An extreme example of this 1s shown for

For the separated profiles (in the present discussion, a separated
u
==0 18

profile 1s arbitrarily defined as one in which the point T

displaced a measurable distance from the vall) some significance of the
boundary—layer parameters 1s lost, particularly in the case of b&*/6,
for the single-—parameter’representation (reference 11) is no longer
applicable. These parameters do retaln some value, however, for compara-—
tive purposes and therefore are presented. All points on the boundary-—

layer curves that were obtalned from separated proflles are indicated
No attempt is made to fair curves through these points.

in each figure.
They are connected with dotted lines and are presented merely to show
the points at which separation was observed.
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P
At subsonic inlet velocities where ;ef > 0.65, the flow pdttern
o

appears as a well-established flow except near the diffuser exit. At
station 5 one separated profile was observed at the lowest flow rates.

At stations 6 and 7, however, the flow pattern is very unstable and
appears to follow no definite trends throughout the flow range. -Wwhen

the inlet velocity approached the point where local sonic velocity is
attained in the transition curvature, separated profiles were observed

at station 3, but the flow was reattached at station 5. When supersonic
velocitlies were attained, all the profiles downstream of the shock termi-—
nating the supersonic reglion were separated.

As shown in figure 17, ® remains practically invariant at stations 1
and 2 with increasing velocity. In the diffuser 1tself, however, &
varies directly as a function of distance downstream from the inlet and
inlet velocity. Figures 18, 19, 20, and 21 show that &% and 6 vary
in a manner similar to that of B&.

From the plots of figure 20 1t appears that 1t is irmpossible to fix
a value of 5%/0 where separation will occur. In agreement with the
findings of reference 11, however, separated profiles were not observed
*
at % < 1.8 nor attached profiles at % > 2.6 except for one or two
isolated cases. Filgure 23 provides a good picture of the regions in the
diffuser where separation troubles occur for any flow rate. In general,
at low flow rates, separation trouble begins nsar the diffuser exit, and
at high flow rates near the diffuser inlet.

Thicker inlet boundary layer.— Boundary—layer profiles at station 1

for the thinner— and the thicker—inlet—boundary—layer conditions are
plotted nondimensionelly in figure 24k. This plot offers a good comparison
of the two inlet—boundary—layer conditions. This comparison shows that,
in the case of the thicker inlet boundary layer, higher velocity air

from midstream has mixed with the lower velocity alr near the wall more
completely than for the thinner inlet boundary layer. Thus 1t appears
that the thicker—inlet—boundary-layer flow should offer more resistance

to separation than the thinmner—inlet—boundary-—layer flow. This obser—
vation is borne out by data which will be discussed later.

Boundary—layer profiles in the diffuser are plotted for the thicker—
inlet-boundary—layer condition in figure 25. At the extreme low flow
rates, separation occurred at stations 3, 6, and 7. Through most of the
subsonic—flow range, however, the flow remained attached throughout the

p

f
diffuser. At station 3 at < 0.65, a small region of separated

(o]
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flow was observed. The flow was reattached at station L. At super—
critical velocities, shock—produced separation occurred as in the case
of the thinner inlet boundary layer.

Boundary-layer thickness ® 1is plotted against p in

ref/Ho
figure 26. At stations 1 and 2, in the region of favorable pressure
gradient, ® decreases with increasing flow rate but in the diffuser
increases with increasing flow rate and distance from the inlet. The
Plots of ®* against PrefIHo in figure 27, 5 against x 1in fig-

ure 28, 6 against p f/Ho in figure 29, and 9 against x in fig—
ro .

ure 30 show about the same type variation as ©® except at the lowest
flow rates where the separated flow occurs. It 1s of interest to note
the correlation between ©* (fig. 27) and the performance parameter
Aqlaqideal (f1g. 8). For the thicker inlet boundary layer it can be

seen that when &% is high and the effective area of the diffuser 1is

reduced at the lowest flow rates, Aq/éqideal is also reduced below the

Pref
peak value. The minimum values of O* at " 2 0.92 are accompaznied
o

by the meximum value of Aqlaqideal' Similar correlation can be observed

for the thimmer—inlet-boundary-layer condition (fig. 18).

Figures 31 and 32, in which the shape factor 5*/9 is plotted
against pref’Ho and x, respectively, show that the thicker inlet

boundary layer is more stable than the thinner inlet boundery layer (see
fig. 23) except at the lowest flow rates. At high—subsonic flow rates

p
L5 <0.7 there is the same region of separated flow at station 3 that

(o}

was observed for the thinner inlet boundary layer, but the flow appears
to have re—established its normal pattern at station 5.

There are two regions in the plot of ©*/0 against x where the
thicker—inlet-~boundsry—layer flow appears notably different from the
thinner—inlet—boundary—layer flow. At station 3 there is no sharp
increase in values of ©®*/8 at the high flow rates (fig. 32) as there
was for the thinner—inlet-boundary-—lasyer flow (fig. 23). This is due
to two things: (1) the thicker—inlet-boundary-layer profile appears
rmore fully developed at the entrance of the diffuser (fig. 2L); and
(2) the adveroe pressure gradients in the reglon Just downstream of the
tranaition curvature are not as severe f'or the thicker inlet boundary
layer as for the thinner inlet boundary layer. At station 6, where at
the low flow rates for the thinner inlet boundary layer there were high
values of ©*/6, the variation of ©®*/6 with x for the thicker inlet
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It appoars that the transfer of
energy from the central flow core into tho boundary layer is' moro nearly

eufficlent to malntaln flow in the thicker inlst boundary layer than in
the case of the thinner inlet boundary layer at these flow rates.

bourdary layer 1s comparatively steady.

CONCLUSIONS

For the two lnlet-boundary—layer thicknesses (boundary-iayer dis~
placement thicknoss, ®* % 0,034 and ©* % 0,120) investigatod in «

12° 10-inch—inlet—diameter conical diffuser of 2:1 aroa ratlo, the
following concluslions are drawn:

(1) For the thinner inlet boundary layer the total—pressuro loss
is practically constant with varying flow rate at 2.5 percent of inlot
dynamic pressure through the subsonic—flow range up to a mean inlet

Mach number of about 0.8. When the diffuser is choked, shock losses
cause a sharp Increase in this value.

(2) For the thicker inlet boundary layer the total-pressure losses
are about 5.5 porcont of inlet dynamic pressure at low—subsonic flow
rates. Increasing flow rate causes an increase to about 9.5 percent
before the conflguration chokes. After choking, this value increases

sharply.

(3) For the thinner inlet boundary layer, diffuser effectiveness,
expressed as the ratlo of actual-to—ldeal statlic—pressure rise, 1s

about 82.5 percent at low flow rates and decreases gradually with
increasing flow rate to about 72.0 percent before choking. After choking,
this value drops sharply.

(4) For the thicker inlet boundary leyer, diffuser effectiveness
13 about 67.0 percent at low flow rates and decreases to about 55 per—
cent beforo choking. After choking, this value drops sharply.

(5) Diffuser effectiveness, for both inlet boundary layers, 1s
reduced riore by fallure to reallze the theoretically possible drop 1n
dynamic pressure than by losses incurred in converting the avallable
change 1n dynamic pressure to change 1n statlc pressure. This is

caused by the action of the boundery layer 1n reducing the effectlve
expansion of the diffuser geometry.

(6) The boundary layer separates neer the diffuser exit at very
low flow rates for both inlet-boundary—layer configurations.

The
thicker—inlet-boundary—layer flow pattern is completely attachod at
mean inlet Mach number of about 0.25 and remains ettached until local
separation in the high velocity flow nround the traznsition curvature
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disturbs the flow pattern at a mean inlet Mach number of about 0'80‘.
The thinner—inlet—boundary—layer flow near the diffuser exit appears
very unstable throughout the entire flow range, and some separation is
present at all inlet Mach numbers. '

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va.
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Figure 11.- Static-pressure distribution - thinner inlet boundary layer.
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(f) Station 6.
Figure 25.- Continued.
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Figure 26.- Variation of boundary-layer thickness with pressure ratio -
thicker inlet boundary layer.
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thicker inlet boundary layer.
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Figure 31.- Variation of boundary-layer-shape parameter with pressure
ratio - thicker inlet boundary layer.
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