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EFFECT OF YAW AND ANGIE OF ATTACK ON PRESSURE RECOVERY
AND MASS-FIOW CHARACTERISTICS OF A RECTANGUIAR |
SUPERSONIC SCOOP INIET AT A MACH
NUMBER OF 2.71

By Raymond J. Comenzo and Ernest A. Mackley
SUMMARY

An investigation has been conducted of the effect of yaw and angle
of attack on the total-pressure recovery and mass-flow characteristics
of a rectangular supersonic scoop inlet designed to have 10w external
drag at a Mach number of 2.7 and an angle of attack of 0°. Total-
pressure recovery and mass- flow data are presented for a Mach number
of 2.71 at angles of yaw of 0°, 2. 5 , and 5 and angles of attack of
0° and 5 Total-pressure recovery, static pressure, and Mach number
distributions at the subsonic diffuser exit are presented.

An increase in angle of yaw caused small decreases in maximm
total—pressureorecovery at both angles of atgack tesged At an angle
of attack of 0" and angles of yaw of 0° , 2.5, and 57, the maximum
total-pressure recoveries obtained were O. 76 0.71, and O, 68 respec-
tively. The mass-flow ratio of the inlet for both angles of-attack
at maximum total-pressure recovery increased for a yaw angle of 265
and then decreased slightly upon increasing the angle of yaw to 5.
The total-pressure and static-pressure distributions at maximm average
total-pressure recovery were generally uniform for all angles of yaw
and attack. The small variations in total pressure which did exist,
however, caused fairly large variations in local Mach number at the
rake station.

INTRODUCTION

A rectangular supersonic scoop inlet designed for low drag at an
angle of attack of 0° and a Mach number of 2. I and reported in
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reference 1 was found to give high total-pressure recovery. Applica-
tions of this type of inlet will obviously require operatioh at angles
of pitch and yaw; therefore, it was considered important to obtain
experimental results of the effects of these variables on the mass-
flow and total-pressure-recovery characteristics of the inlet.

This investigation was performed in a blow-down jet at .a Mach
number of 2.71 for angles of attack of 0° and 5 and angles of yaw of
o° , 2. 5 , and 5 A simulated fuselage of semicircular cross section
having a diameter equal to the inlet width was used in conjunction
with the inlet. In reference 1, the highest wvalue of pressure recovery
was obtained with this inlet-fuselage configuration. Mach number and
total-pressure distributions as well as the mass-flow and total-pressure-
recovery characteristics are presented for the conditions mentioned.

SYMBOLS
Mg free-stream Mach mumber
My subsonic diffuser exit Mach number
<?/Pé) ratio of integrated average total pressure at exit of
av subsonic diffuser to free-stream total pressure (the

pressure-recovery ratio was calculated on a weighted
mass-flow basis)

(f/Pé) ratio of local or point value of total pressure at exit of
L subsonic diffuser to free-stream total pressure

(b/Pé) ratio of average static pressure at subsonic diffuser exit
av to free-stream total pressure

(P/Po 1 ratio of local static pressure at subsonic diffuser exit
to free-stream total pressure

mm/mO ratio of measured mass flow to mass flow through a
= 2.71 free-stream tube of cross-sectional area
equal to inlet frontal area
o angle of attack, deg

¥ angle of yaw, deg
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MODEL AND TESTS

The investigation was conducted at M = 2.71 -in a blow-down.jet
using low-humidity air from large pressurized tanks. The Reynolds
number of this investigation was 2.55 X 10° per inch.

Model.~ The model tested was the circular-fuselage configuration
of reference 1 and is shown in figure 1. For this configuration, the
fuselage diameter is the same as the inlet width (2 inches) which,
although not generally representative of the relative fuselage-inlet
size in an actual configurgtion, does simulate a local shape which may
be used to prevent the boundary layer from entering at the inlet upper
lip. The subsonic diffuser consisted of a 3-inch constant-aresa
minimum section followed by a diverging section having an 8° included
angle. Only the upper and lower surfaces of the inlet diverged.

Tests.- The test setup (fig. 2) and test procedure were, in
general, the same as those of reference 1. In order to obtain the
three angles of yaw tested, the flat rear portion of the upper nozzle
block was made in replaceable sections. The model and retaining slot
(fig. 3) were varied in angle relative to the free-stream direction
and translated across the tunnel when necessary to assure starting of
the tunnel. The angle-of-attack variation was accomplished by pivoting
the model gbout point A (fig. 2).

Measurements.- The total- and static-pressure distributions in the
subsonic diffuser were obtained by 17 total-pressure tubes and 8 static
orifices at the diffuser exit or rake station as indicated in figure 4.
The mass flow through the model was measured by a calibrated orifice
located between the raeke station and the throttling valves (fig. 2).
Total temperature was measured in the settling chamber and immediately
ghead of the orifice plate. Pressures were measured on calibrated
gages and were recorded photographically. Instrument error contributed
an error of 2 percent to the integrated average fotal-pressure
recovery (weighted mass-flow basis, stepwise integration). The mass-
flow ratios are also estimated to be accurate within ?2 percent.

RESUITS AND DISCUSSION

Although the configuration used in these tests may not duplicate
actual fuselage-inlet interference, crossflow effects, and other
boundary-layer conditions, the results presented herein are comnsidered
generally indicative of the effects of yaw and angle of attack on the
inlet performance. A good comparison of results between the model and
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A

actual configurations could be assured only by the use of a local shape
ghead of the inlet upper lip (for boundary-layer control) similar to
the fuselage used in the present investigation.

Total-pressure distribution.- The effect of increasing back
pressure (moving normal shock nearer minimum section) on the total-
pressure distribution along the vertical center line of the duct at
the diffuser exit is shown in figure 5 for a = ¥ = 0°. Because all
the rakes (A, B, C, D, E of fig. 4) indicated the same general pressure
distribution for each particular test condition, only the values of
rake C are presented in figure 5. The arithmetic-average static-
pressure ratio (P/Po)av is used as a measure of the back pressure.
For the lowest back pressure, (p/P,) = 0.27, the total-pressure
recovery was highest near the fuselaggvor inboard side of the subsonic
diffuser as a result of separation on the outboard wall; however, upon
increasing the back pressure to (p/Pg) v = 0.4k, the highest values
of total-pressure recovery shifted to tﬁe opposite or outboard side.
For the highest (buzz limited) back pressure obtained for o = ¥ = OO,
(p/PO)hv = 0.72, a condition corresponding to the condition of meximum
total-pressure recovery, the total-pressure distribution was more
nearly symmetrical about the horizontal center line of the duct. This
movement of the high-total-pressure region in the duct with increasing
back pressure appears typical of this type of inlet as test results
(unpublished data) of a similar inlet indicated like effects.

The total-pressure distribution at the diffuser exit for the con-
dition of maximum average total-pressure recovery (maximum back
pressure, buzz limited) is presented in figure 6. In general, the
total-pressure distributions at each rake were similar for all angles
of yaw and attack. The value of local-total-pressure recovery (P/Po)L

decreases with increasing angles of yaw for o = 0° (fig. 6(a)). For
an angle of attack of 5° (§$g. 6(b)), the pressure distributions are
similar for ¥ = Q° and 2.57; however, an increase in yaw angle from

2.5° to 5.0° resulted in decreases in local-total-pressure recovery up
to 8 percent.

Static-pressure distributions.- The local static pressure around
the subsonic diffuser exit for maximum average total-pressure recovery
was nearly constant at eath condition of yaw and angle of attack
(fig. 7). For a = 0°, the decrease (approximetely 10 percent) in
local-static~-pressure ratio for the increase in yaw angle from
0° to 2.5° is approximately three times the decrease for the change
in yaw angle from 2.5° to 5°. This trend is reversed for o = 5° with
almost no change in (P/PO)L from 0° to 2.5° yaw angle and a decrease

of approximately 5 percent for a change in yaw angle from 2.5° to 5°.
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Mach number distributions.- Contour plots of the local subsonic
diffuser exit Mach number Mz_ for the maximum total-pressure-recovery
condition (maximum back pressure, buzz limited) and for each angle of
yvaw and attack tested are presented in figure 8. The maximum average
total-pressure recovery at each test condition is shown below each plot
and the maximum point value of M; measured is indicated. Although a
nearly constant static-pressure distribution was attained (fig. 7) it
can be noted that a small variation in local total-pressure recovery
(fig. 6) causes a fairly large variation in local Mach number (fig. 8).
At o= V¥ =0°(fig. 8(a)) the Mach number distribution at the diffuser
exit was nearly symmetrical around the center of the duct. The effect
of increasing angle of yaw at both o = 0° and o = 5° was to move
the high Mach number portion of the flow from the center of the duct
to the right and toward the outboard side. Comparison of figures 8(a)
and 8(b) indicate the effect of increased angle of attack was to shift
the high Mach pmumber region to the outboard side of the duct at the
rake station and to increase the rightward movement in the distribution
caused by increasing angle of yaw.

Mass-flow and total-pressure recovery variation.- The average
total-pressure recovery Increased and the mass-flow ratio decreased
s1lightly with increasing back pressure (fig. 9). The variation of
total-pressure recovery relastive to the mass-flow ratio.was linear at
¥ =0° «=0° and o = 5°, whereas at V¥ = 2.5° and V¥ = 5° and
a =0° and o = 5°, the rate of total-pressure-recovery increase with
decreasing mass flow was variesble. The slight decrease in mass flow
with increasing back pressure is attributed to the spillage allowed
by a small amount of boundary-layer separation just ghead of the inlet
sidewall~fuselage Jjuncture. The rate of spillage was increased for
a=5° at both ¥ =2.5° and V¥ = 5°.

The increase of average total-pressure recovery with increasing
back pressure is considered to be the result of a decrease in losses
in the subsonic diffuser as the internal shock waves were forced
upstream toward the inlet upper lip. The maximim total-pressure
recovery was obtalned just prior to the onset of inlet buzz; the
corresponding mass-flow ratio, as indicated by the uppermost points
?n the %ndividual curves, decreased with Increasing angle of attack

Pig. 9).

Figure 10 presents the geometric details of the free-stream-tube
reference areas, I and IT, used in the calculation of mass-flow data
of reference 1 and the present report, respectively. In order to make
a comparison of the data of reference 1 for the circular-fuselage
configuration with the present data, 1t was necessary that the mass-
flow ratios in both cases be based on the same free-stream-tube
reference area. In order to accomplish this, the mass-flow data of
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the reference report were multiplied by the ratio of reference area I
to reference area IT (0.937). Data from reference 1 are plotted
(dashed lines, solid symbols) in figure 9 at V¥V = 0° for o = 0° and
a = 5° and represent integrated average total-pressure recovery values
for rake C only. The near-maximum average total-pressure recovery
points, for rake C only (ref. 1), appear to be in good agreement with
comparable average values for all rakes. The discrepancies that exist
at the low total-pressure recoveries between the data of reference 1
and the present data at V¥V = 0° may be accounted for by the fact that
the greater number of total-pressure tubes at the rake station (present
data) gives a more nearly correct value of integrated average (weighted
mass-flow basis) total-pressure recovery in the presence of flow
separation.

As shown in figure 11, the maximum total-pressure recovery
obtained decreased with increasing yaw angle. At a = O° an increase
in yaw angle from 0° to 5° resulted in a decrease of approximately
10 percent in maximum total-pressure recovery. For o = 59, however,
the same increase in yaw angle caused a decrease in maximum total-
pressure recovery of 5 percent. The losses in total-pressure recovery -
for yawed-inlet operation may be attributed to the system of shock and
expansion waves originating on the swept sidewalls of the inlet.
Although the leading edges of the inlet swept sidewalls were sharp, no
separation on the internal portion of the sidewalls was notéd at the
rake station for any condition investigated.

Inasmich as an increase in yaw angle causes a decrease in inlet
projected frontal area, the entering mass flow was also expected to
decrease. However, the mass-flow ratios, correspondlng to the maximum
pressure recoveries, for angles of attack of 0° and 5° , increase with
variation in yaw angle from 0° to 2.5° (fig. 11) and fall off slightly
upon increasing the yaw angle from 2.5° to 5. 0°. Repetition of tests
confirmed these results. The increase in mm/‘mO indicated from
¥=0° to V¥ =2.5° may have been a result of the high pressure on
one side of the fuselage when the model is yawed. In addition, the
crossflow effects may have resulted in some change of the flow condi-
tions at the junction of the inlet sidewalls and fuselage; however,
because of the location of the sidewall-fuselage Jjuncture, it was
impossible to observe the flow with a schlieren system.

SUMMARY OF RESULTS

An investigation has been made to determine the effect of yaw on
the mass-flow and pressure-recovery characteristics of a rectangular
supersonic scoop inlet designed to have low external drag and high

S;fgkﬁ

o T




NACA RM I5hg22

pressure recovery at a Mach number of 2.7 and angle of attack and yaw
of 0°. The inlet was tested at Mach number 2.7l and angles of yaw of
O°, 2.50, and 5° for angles of attack of 0° and 5°. A simulated fuse-
lage of circular cross section having a dismeter (2 inches) equal to
the inlet width was utilized in this investigation. The following
results were obtained:

(1) The general effect of increasing angle of yaw was to decrease ,
the maximum average total-pressure recovery. For yaw angle of 0°, 2.59,
and 5°, the values of maximum average total-pressure recovery were: 0.76,
0.71, and 0.68, respectively, for an angle of attack of 0° and 0.73,
0.72, and 0.69, respectively, for an angle of attack of 5°.

(2) The mass-flow ratios of the inlet corresponding to the maximum
pressure-recovery conditions, for the angles of attack tested (0° and
5°), increased upon changing the angle of yaw from 0° to 2.5° and
decreased slightly when the angle of yaw varied from 2.5° to 5°. Values
of mass-flow ratios (my, corresponding to the maximum average total-
pressure-recovery values given above for angles of yaw of Oo, 2.5°, and
50 were 0.85, 0.97, and 0.96, respectively, for an angle of attack of 0°
and 0.8%, 0.93, and 0.91, respectively, for an angle of attack of 5°.

(3) For each of the three angles of yaw tested, the total pressure
distribution at the reke station, for maximum average total-pressure
recovery, was generally uniform at angles of attack of 0° and 5°.
Although the static-pressure distributions were fairly uniform at angles
of attack of 0  and 5° for each angle of yaw, the small variations in
total pressure caused large variations in local Mach number at the rake
station.

Langley Aeronautical Lsboratory,
National Advisory Committee for Aeronautics,
langley Field, Va., July 1, 195k.
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Constant inlet width = 2.0

Figure 1.- Details of model with circular fuselage. All dimensions are
in inches.



BAANI

S

‘ JI E-J
L

Ng

SSOMGT KT VOYN

/

M‘I‘hoﬁliﬂg valves

£
|
3

Rake location or subsonlc diffuser
pressure megsiring station

Nozzle blocks

Figure 2.~ Schematic drawing of test installation. All.dimensions are
in inches. \0



L

o E‘t '\51‘.‘ ol ":.diﬁﬂ‘ﬁg.r [t

NACA RM 154ge2

! ,L-K/\ —_—W:;Nozﬂe-bbck extensions ] | | N

Nozza "b}ocL*

AN
x ﬁ%\\
| _——Tunne! sidewalls —_|

4
- Flow / %
1 T

BRUETE I

Aa—

| (L

»

- -] o
Section A-A,y=Q°, a=0 Rear view and section C-C
e
177/ N~ N7
i Nozzle block-extensions ——
Tunnel windows f/r_/n’_—
_d 1
l Flow l1 lI _ 1 _i__ i
4 Nozzle block X 8 Tunnel sidewalls 1
S ———
(778 > B L YL
Section B-B, =0 Rear view and section D-D, y=0°
/4 IS < N \ Y7771 —
e o N
: ' V77
L. ([ 1 “—1.—‘ ! { | YA_ /74
4 — &
TI'”/'- A > > Y Y/Z.
Section B-B, y=25° Rear view and section E-E, ¢=25°
T ——— 7
T —_—_——

Section B-B, =5° Rear view and section F-F, y=5°

Figure 3.- Schematic drewing of the method of yaw-angle variation.



NACA RM L5hWG22

NN
Flow S
T 070

e &

o
NN

%5:5?: Q}? h33—L.33-l-.33-'-.33’,;.3-3-|-.33,%/_.
' %
i {/ ///ﬁ Statics
Y./
7
B 7
Z
= I
7
%
o &

This side of model is
domnstream when model
is yawed.

/7"
7 N B
h %

Total-pressure rakes

7
Yl v

Section B-B

Figure k.- Rake-tube and static-orifice location in subsonic diffuser.
All dimensions are in inches.

R

D)




Inboard side of subsonic diffuser 7
... -

P ,I
e
-
4 Fuseloge \ s -
. - d -~ -

Q ‘\\F‘
AN

ST o
Y

in.

0.72
60
44
36

[\T-) 2T
N
]

:

height,

n
rdr2odule)

AN
LY

Diffuser
™~

( \
77
NI
Oé"\\\\\i\\\\4 ANNN \\\}\\\\\ \\\“E\\\\\‘\\‘Q\\

Pressure recovery, (P/R)_

Figure 5.- Effect of back pressure on locel total-pressure distribution.
Rake C: a« = 0% ¢ = O9; My = 2.71.

2
g
3
£
5
8



CEMECLEAN0R N

in,

height,

no

Diffuser

w

‘‘‘‘‘‘‘‘

phhb LA

<;\9
R
!

!
/

o1 ale]

Rake A

AN RN NN

.6 .8

Figure 6.- Local total-pressure distribution at rake station in subsonic
diffuser at meximm (P/Po)av for yaw angles of 0°, 2.5%, and 5°.

Qo

Yaw
angle, ¥

tAanm)
AWy

@ o
O,

\\\\\\\\\

Inboard

b o

-

Rake B

SO

M, = 2.TL.

N

8
Total — pressure recovery, (P/P)

side

fa) o =0°
V= M ~

—
Lo

| e

]

i

[ /]

Mo/
@ d

Rake C

s
6 8

of subsonic diffuser

P U

SN

L Y T

\A

l

3

&S

\
)
|
|
|

[ . ~~

Roke D

6

SANNNNAN

.8

\\\\\\\\\\

ANOVNNNISNNN

T I

____—-"O

|
| )
SO

—

Rake E

TSR
8

ZZONGT W VOVN

eT

Ll it AR Y



Diffuser height, in.

w

n

0

DSOS

S

S

1
X.
3

Rake A

INERAARNANNRN

6 .8

Yaw

angle,y
(deg)

SO0
amp o
ow

SONNNNRNNN

]

\

I

T
|
s
|

Rake B

SO

B

L]

N - P =
1ae 01T sUDsSoOnIC

OONSIRRNNR

I

\

3
\

|
i

8o

Roke C
SRR AR R AN

el

.8 .8
Total-pressure recavery, (P/PO)L

(b) o = 5°.

—t

Figure 6.~ Concluded.

diffuser
ANV

- R
L_.-r—”é.

>[g5

Rake D
=

6 .8

SN SN

A

&
&

Rake E
AR R

.6 .8

1T

:
2
[
4
R



e - ———

% .‘\AM l}&

Diffuser height, in.

[ 8
ino

PAARLALLLRAY

4

10

(9]

n

& o

Left wall

6 NN,

Figure T.- Variation of the ratio of the static

~oe
UudrJ

e of subsanic diffuser

ORI AMLALLRRRS
¢ J)
&b
Right wall

L by

SRR ANANN R

& 8 6 B

Pressure ratio,(p/R,)

Dif fuser height,in.

Inboard si
NN
4
1 Yaw
angle
3 (de
O 0
o 2
AN -
JL-I, ¢ B
2
!
oo
Laft wall
0]

ANNANN AN
.6 . B

of subsonlic dif fuser
\%\ﬁ?\\\\ NN NN

$

Right wall

Pressure ratio,

(b) a= 50.

resgure to free-stream

total pressure with diffuser height at the ra.ke station for mexi-

mam

(P/Po)

and for angles of yaw of o°, 2.5°, and 5°.

My = 2.71.

% NRRANNNNS
8 8

SR LR RN
8

SeHOHGT W VOVN

oY



Inboard

Ll L L L L

Mach number

AV A AT LA LA

side of subsonic diffuser

Mach number
Q.10

]
Y=2.5;

(=
&

)

(P/Py)qy.= 0.7

(88 ~ e

LLL L Ll

Mach number
10

.20

@N

W=5";5 (P/Pylgy= 068

Figure 8.- Contour plote of the Mach mumber M; at the subsonic diffuser
exit at maximm total-pressure recovery for engles of yaw of 0°, 2.59,

and 5°. M, = 2.T1.

9T

2
:
2
&



AL L L L L LS

Inboard

VTGV TEIZION

Mach number

Mach
number

Q.10

.538

Y=0 ; (P/R)g, =073

(b) a = 50.
Figure 8.- Concluded.

side of subsonic diffuser

i

L LS LSSl

Mach number

0.Q

=
&
4
o
Fy
N

LT



recovery ,

Total- pressure

(P/%)qv.

'8 9 10 9 10 .9 10

@ M Reference | (rake C only)
Mass-flow ratios, reference area IL, figure 9

a, deg
0
5

g
1%
\

s

"}
a1
/

\
i

&=

AT

O
o
O

(

Mass-flow ratic, mpg /m, Mass —flow ratio, mg/m, Mass-flow ratio, m,/m,

Figure 9.- Variation of total-pressure recovery with maes-flow ratlo for
various angles of attack and yaw end comparison with data of refer-
ence 1. Mgy = 2.71.

8T

2
=
&
2
N



NACA RM L5hG22

This side of model is
_—"—— downstream when model
is yawed

Sharp leading edges

.~

Reference area I = ab 1
Reference area II = ac - —nr2
Reference area I 2
Reference area 11 0.937
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