UNCLASSIFIED

AD NUMBER
AD385284
CLASSIFICATION CHANGES
TO: UNCLASSI FI ED
FROM: SECRET

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies

only; Adm nistrative/ Qperational Use; NOV 1967.
O her requests shall be referred to Arnold

Engi neeri ng Devel opnent Center, Arnold AFB, TN.

AUTHORITY
ASD Itr 28 Nov 1972 ; ASD Itr 16 Aug 1977

THISPAGE ISUNCLASSIFIED




= DECLASSIFIED / UNCLASSIFIED _—
—— o AEDC-TR-67-231 ... DOCUMENT CONTROL
— I ARCHIVE COPY

No __ 16-678-343

DO NOT LOAN copy _£__oF _4

SERIES _A__ PAGES _81 _
WAUMQW-J'DA IR

Joo #£38
WIND TUNNEL INVESTIGATION OF A 1/9-SCALE

Q BOEING COMPANY AMSA AIRPLANE-INLET MODEL AT
TRANSQNIC AND SUPERSONIC MACH NUMBE
e

a1l

prohibited by l:u\.

v :

AEDC TECHNICAL LIBRARY

A

[l

[l
5 0720 DOO3)

Il

TNTAOE

RS (U)
S P&QJ)‘ 908
= % “ N ‘5/3196@
w D JUU
g %_ D. C. Baker L~
T
5 ? ARG, Inc. PROZERTS S 41569
_23%8 @y November 1967 o JUN S 19T
I8 8 %% ¢ 191
N0 Ze
% V" j:_-! P - . JU %
: {\ 3 3T Nete: L
=y, 8 s S
b 3T rep eES
i SR 95 MITED
. B =3 3/? ““V‘
& 6%" > Y
Y
%q N
NI
AY

w

'PROPULSION WIND TUNNEL FACILITY
ARNOLD ENGINEERING DEVELOPMENT CENTER
AIR FORCE SYSTEMS COMMAND .

ARNOLD AIR FORCE STATION, TENNESSEE ™
PROPERTY OF 1) & AIR FORCE

GROUP 3
Downgraded at 12 year intervals;
-~ ey Not automatically declasslfied.
prnn 0T IRY DOD DIR 5200.10 °
AF 40(600)1200

DECLASSIFIED / UNCLASSIFIED



WTICES

When U. S. Government drawings specifications, or other data are used for any purposc other than a
definitely related Government procurement operation, the Government thereby incurs no responsibility
nor any obligation whatsoever, and the fact that the Government may have formulated, furnished, or in
any way supplicd the suid drawings, specifications, or other data, is not to be regarded by implication
or otherwise, or in any manner licensing the holder or any other person or corporation, or conveying

any rights or permission to manufacture, usc, or sell any patented invention that may in any way be
related thercto.

Qualilied users may obtain copies of this report from the Defense Documentation Center.

References to ramed commercial products in this report are not to be considered in any sensc as an
endorsement of the product by the United States Air Force or the Government.

Do not return this copy. When not necded, destroy in accordance with pertinent sceurity rcgulations.




ECLASS\F\ED | UNCLASSIFEY
D

e

‘o

AEDC-TR-67-231

WIND TUNNEL INVESTIGATION OF A 1/9-SCALE
BOEING COMPANY AMSA AIRPLANE-INLET MODEL AT
TRANSONIC AND SUPERSONIC MACH NUMBERS (U)

D. C. Baker
ARQO, Inc.

@ oo

' N ::-.

This material contains information affecting the £
national defense of the United States within the V-
- )

meaning of the Espionage Laws {Title 18, [1.5.C.,
sections 793 and 794) the transmission or revelation
of which in any manner to an unauthorized person is
prohibited by law.

d

g . . g ¥ . _ Y
on tofs€curity feQuirements whidhh applya todl
: ) X B ol
cdinent jand: mustfbebmet Feack tag
Bepartmént _of ZRasll

P i

e A

B5on Al B§Ohi ok

JETMATLG O 1GNS0 4 NUR AU

AR QAN R8T

o7 WA Y gy ¢

7 P 2
Distribution limited to U. S } e 2 0 ©
only; Test and Evalua : c DT
requests for th = QN
to Command \i S N
Attn; right-Patterson AFB, Chio 45433. i@ N L
Per 3-2, dated 15 January, 1973. 4 t E‘
i .

- ——

This page is ‘Uagl;ssifi

SSIFIED

DECLA



AEDC-TR-67-231

DECLASSIFIED 1 UNCLASSIFIED

FOREWORD

(U) The work reported herein was done at the request of the Aero-
nautical Systems Division (ASD), Air Force Systems Command (AFSC),
for the Boeing Company, under Program Element 6340683F/139A.

(U) The results of the test were obtained by ARO, Inc. (a sub-
sidiary of Sverdrup & Parcel and Associates, Inc.), contract operator
of the Arnold Engineering Development Center (AEDC), AFSC, Arnold
Air Force Station, Tennessee, under Contiract AF40(600)-1200. The
test was conducted from June 19 to August 4, 1967, under ARO Project

No. PT0743, and the manuscript was submitted for publication on
October 2, 1967,

(U) This report contains no classified information extracted from
other classified documents.

(U) This technical report has been reviewed and is approved.

Richard W. Bradley Leonard T. Glaser
Lt Col, USAF Colonel, USAF
AF Representative, PWT Director of Test

Directorate of Test
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QR ABSTRACT

(8) Test results are presented for a 1/9-scale inlet model of the
AMSA air induction system at free-stream Mach numbers from 0.6
to 2. 3. Inlet performance was determined for various inlet locations
and is presented as a function of free-stream Mach number, inlet
mass-flow ratio, angle of attack, angle of yaw, and bypass flow rate.
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SECTION |
INTRODUCTION

(l) The Advanced Manned Strategic Aircraft {AMSA) is under
development as a manned weapon system with long range and large load
carrying capability. A series of alternative configuration requirements
have been investigated with all configurations being designed for the
primary mission of penetrating at low altitude from the enemy's warn-
ing line to the target and exit at subsonic {Mach 0. 85) speeds. The
configuration requirements include a design capable of subsonic low
altitude and Mach 2. 2 high altitude operation. The AMSA will utilize
variable geometry wings to provide optimum flight characteristics for
both low and high altitude flight.

(#) A 1/9-scale model of the AMSA was tested in the Propulsion
Wind Tunnel, Transonic (16T) and Propulsion Wind Tunnel, Super-
sonic (16S) of the Propulsion Wind Tunnel Facility (PWT). The test
vehicle consisted of an airplane model and two pressure-instrumented
inlet nacelles.

(ﬂ Airplane model variations representing three-engine and four-
engine configurations were tested with the two engine nacelles repre-
senting either two-thirds or one-half of the full airplane configuration.
The three-engine configuration consisted of one pylon-mounted nacelle
under the left wing and one tail-mounted nacelle above the fuselage on
the airplane vertical centerline. The symmetrical four-engine configu-
rations had either two adjacent nacelles suspefnided under the left wing
or one forward nacelle under the left wing and one nacelle mounted aft
on the left side of the fuselage near the tail.

(ﬂ Data were obtained at free-stream Mach numbers from 0.60
to 2. 30 to determine the performance characteristics of the inlets, and
the effects of mutual interactions of inlets and airplane surfaces. The
model attitude was varied throughout an angle-of-attack range of —4‘1; to
+11 deg and yaw angles of +4 deg.

SECTION I
APPARATUS

2.1 TEST FACILITIES

(U) Tunnel 16T is a closed-circuit, continuous flow wind tunnel
that can be operated at Mach numbers from 0.55 to 1.60. The tunnel

L
Pl
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can be operated over a stagnation pressure range from approximately
160 to 4000 psfa and over a stagnation temperature range from 80 to
160°F. The tunnel specific humidity is controlled by removing tunnel
air and supplying conditioned makeup air from an atmospheric dryer,
Perforated walls in the test section allow continuous operation through
the Mach number range with a minimum of wall interference.

(U) Tunnel 16S is a closed-circuit, continuous flow wind tunnel
that can be operated at Mach numbers from 1.65 to 3. 20. The tunnel
can be operated over a stagnation pressure range from 100 to approxi-
mately 1600 psfa. The test section stagnation temperature can be con-
trolled through the range of 100 to 650°F., The tunnel specific humidity
is controlled by removing tunnel air and supplying conditioned makeup
air from an atmospheric dryer,

(U) Details of the test sections showing the model location and the
sting support arrangement are presented in Figs. 1 and 2, A more
extensive description of each tunnel and its operating characteristics
is contained in the Test Facilities Handbook. 1

2.2 TEST ARTICLE

2,2.1 Airplane Model

(l) The model was a 1/9-scale general configuration of the basic
AMSA airplane with the variable swept wings in the full-retracted posi-
tion. The wing tips, aft of the aft inlet cowl lip station, and horizontal
stabilizer were removed to reduce aerodynamic loads on the wind tun-
nel model. Photographs of the three basic model configurations investi-
gated are shown in Fig. 3.

2.2,2 lInlet Nacelles

(ﬁ) The two identical inlet nacelle models simulate an axisym-
metric, mixed compression, variable diameter centerbody inlet with
centerbody supporting struts. Four interchangeable, fixed-geometry
centerbodies were provided. The centerbody contours were selected to
provide inlet contraction ratios for high inlet performance at nominal
Mach numbers of 1.60, 1,80, 2.20, and 2. 35. The centerbodies were
remotely translatable to facilitate inlet starting, and had boundary-layer

1Test Facilities Handbook (6th Edition). "Propulsion Wind Tunnel

Facility, Vol. 5." Arnold Engineering Development Center, November
1966.
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bleed flow provisions. The fixed-geometry cowl also had provisions
for boundary-layer bleed flow. Both the cowl and centerbodies had.
vortex generators with the exception of the 1. 6 centerbody which had
too small a diameter to allow satisfactory installation of the vortex
assemblies. Engine bypass flow was removed through perforations in
the cowl inner surface immediately in front of the compressor-face
station. A calibrated flow tube for measuring engine mass flow and a
remotely controlled exhaust nozzle plug valve for varying the engine
mass flow were provided in each inlet nacelle model. A cross-
sectional view of the inlet nacelle, including tables of cowl and center-
body contours, is shown in Fig. 4.

(’, The various inlet locations on the airplane model are shown
in Fig, 5. All model stations locating the inlets are given for the inlet
cowl lip centerline. The two-inlet under-wing configuration was tested
with and without splitter plates. The installation of the inlets and 'i
splitter plates is shown in Fig. 6, and a sketch of the primary inlet-
splitter plate configuration is shown in Fig. 7.

2,3 INSTRUMENTATION

(U) Inlet performance in terms of total-pressure recovery and
flow distortion were obtained from total-pressure rakes located at.the
compressor face. The compressor-face pressure orifices were located
on centers of equal areas as shown in Fig. 8. Two model-mounted
dynamic transducers also located at the compressor face were moni-
tored on oscilloscopes to determine inlet stability. Total-pressure
measurements from a sixteen-tube total-pressure rake located in a
calibrated flow tube were used to calculate compressor-face mass flow.
The locations of the flow tube orifices are shown in Fig. 9.

SECTION Il ¥
PROCEDURE

(ﬂ After the tunnel free-stream total pressure and Mach number
were established, the model was positioned to the desired angle of
attack and/or yaw angle. At each test Mach number and model attitude
the optimum inlet setting (maximum compressor-face total-pressure
recovery) was determined by closing the remotely controlled plug valve
until the inlet unstarted. Inlet unstarts were detected by monitoring
both compressor-face dynamic pressure and a twenty-tube compressor-
face pressure averager which displayed average compressor-face total
pressure versus plug position on an x-y plotter.

' DECLASSIFIED L UNCLASSIFIED
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(!) Inlet restarts with the fixed-geometry centerbodies were
accomplished by both opening the plug valve and translating the center-
body forward to increase the minimum inlet throat area.

(i) After determining the optimum inlet setting, steady-state
pressure data were obtained for both optimum and supercritical
settings of the plug valve. (A steady-state data point was also obtained
just after inlet unstart when applicable. )

SECTION IV
RESULTS AND DISCUSSION

(Q) Inlet performance in terms of compressor-face total-pressure
recovery (Ng2) and distortion (Dg) is presented as a function of free-
stream Mach number, inlet mass-flow ratio, angle of attack, angle of
yaw, and bypass flow. With the exception of inlet performance as a
function of mass-flow ratio and inlet unstart conditions, all data are
presented for the maximum inlet recovery at the Mach number and inlet
setting indicated.

(ﬁ) The predicted cruise attitude of the AMSA model as discussed
in this report is defined as follows: At free-stream Mach numbers up
to and including Mach number 1. 60, the cruise attitude is assumed to
be +3-deg angle of attack and 0-deg angle of yaw; at free-stream Mach
numbers greater than 1. 60, the cruise attitude is assumed to be +5-deg
angle of attack and 0-deg angle of yaw.

4.1 INLET PERFORMANCE

(‘) Inlet performance data are presented in Fig. 10 for the five
basic inlet locations investigated. The inlet at location VI was investi-
gated only briefly and will be discussed later in the report under
Section 4. 2. The various inlet locations, shown in Fig. 5, were in-
vestigated in pairs as shown in Fig. 3. At the various inlet locations,
fixed-geometry centerbodies representing different operating points of
a variable-diameter centerbody inlet were investigated to determine
inlet performance as a function of free-stream Mach number. As shown
in Fig. 10, for a given centerbody, the compressor-face total-pressure
recovery decreased at all inlet locations as the free-stream Mach num-
ber was increased. This decrease in inlet recovery would be expected,
because, as the free-stream Mach number increases the losses across
the inlet shock system are greater. The unstart Mach number for each

: 'DEéLr:ciss'se?FoED ! uggﬁs’suﬂéﬁ
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centerbody and for each inlet location was not precisely defined during
this test; however, the maximum compressor-face total-pressure re-
covery shown in Fig. 10, for the 2.20 and 2. 35 centerbodies, was
obtained at a free-stream Mach number within 0. 1 Mach number of
unstart. Comparison of the recovery data at the various inlet locations
with the 2. 20 centerbody installed, shows that the maximum compressor-
face total-pressure recovery (93 percent) was obtained with the inlet
pylon mounted under the wing (inlet locationI). The maximum recovery
obtained at inlet location I was 2.5 percent greater than the maximum
recovery obtained for the tail-mounted inlet (inlet location II) with the

2. 2 centerbody installed. Comparison of the data at various inlet loca-
tions with the 1. 60 centerbody, representing the fully collapsed position
of the variable geometry centerbody, shows that better recovery was
obtained at all Mach numbers investigated with the inlet either pylon
mounted or installed under the wing (inlet locations I, IV, and V) com-
pared to the tail-mounted inlets (inlet locations II and III). These
variations in inlet performance at the various inlet locations represent
the effects of the local Mach number and local flow disturbances
associated with inlet location.

(#) As shown in Fig. 10, the variation of compressor-face total-
pressure distortion with free-stream Mach number showed the same
trend for all inlet locations with the distortion varying from approxi-
mately 0. 15 at Mach number 2. 30 to approximately 0. 05 at Mach num-
ber 0.60. The tail-mounted configurations (inlet locations II and III),
however, had noticeably higher distortion levels at Mach number 1. 40
than the other inlet locations investigated.

4,1,1 Inlet Mass-Flow Ratio

(#) Inlet performance is presented in Fig. 11 as a function of inlet
mass-flow ratios for inlet locations I through V., These data represent
typical model cruise performance for a given centerbody at selected
free-stream Mach numbers; however, for the 2. 20 and 2. 35 center-
bodies the data are presented at a free-stream Mach number close to
the unstart conditions of the inlet for each respective centerbody. In-
tentional inlet unstarts were obtained at the higher Mach numbers (1. 80
and above) and were accompanied by a large decrease in recovery and,
in general, an increase in distortion, as shown by the solid symbols in
Fig. 11. At the higher Mach numbers, with the inlet operating at the
Mach number close to unstart for the respective centerbody, operating
the inlet supercritical resulted in an abrupt decrease in compressor-
face total-pressure recovery and an increase in distortion.

iiii..- E ‘ o
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4,1.2 Angle of Attack

(§) The effect of angle of attack on inlet performance at 0-deg yaw
angle is presented in Fig. 12 for inlets at locations I through V. In
general, for all inlet locations, the maximum compressor-face total-
pressure recovery and minimum distortion occurred at or close to the
cruise angle of attack for a given centerbody and free-stream Mach
number, indicating good inlet alignment with the local flow direction.
It should also be noted that small changes in angle of attack near the
cruise attitude of the airplane had little effect on the inlet performance
at all inlet locations. At the higher Mach numbers (M, = 1.80 and
above), however, the angle-of-attack range was restricted by inlet un-
starts to within the limits shown by the dashed lines in Fig. 12. As
mentioned previously, the unstart Mach number for a given centerbody
was not determined precisely; therefore, these data do not necessarily
represent the angle-of-attack limits of the inlet operating at maximum
performance.

4.1.3 Angle of Yaw

(‘) The effect of angle of yaw on inlet performance at the cruise
angle of attack is presented in Fig. 13 for inlets at locations I thrdbugh V.
In general, for all inlet locations, the maximum compressor-face total-
pressure recovery and the minimum distortion occurred at or near
zero-deg yaw angle for a given centerbody and free-stream Mach num-
ber, indicating good inlet alignment in the yaw plane with local flow
direction. At the higher Mach numbers (M, = 1.80 and above), the
angle-of-yaw range was restricted by inlet unstarts to within the limits
shown by the dashed lines in Fig. 13. From a comparison of the angle-
of-yaw and the angle-of-attack data, at a given inlet location, it is
apparent that the inlet performance is affected more by small changes
in yaw angle than for the same change in angle of attack. Again if
should be noted that the yaw limits do not necessarily represent the
limits of the inlet operating at maximum performance.

4,1.4 Bypass Flow

($) The effect of bypass flow on inlet performance at the model
cruise attitude is presented in Fig. 14 for inlets at locations I throughV.
The data-indicate that, for all inlet locations, with the 2.2 centerbody
operating near the unstart Mach number, good control of the bypass
flow was available with essentially no loss in inlet performance. At
lower free-stream Mach numbers (M, = 1. 20 and below), however, the
pressure drop across the bypass system was inadequate, resulting in
only small changes in inlet mass-flow ratios for bypass door openings
up to 80 percent of full open.

DECLASSIFIED / UNCLASSIFIED
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4.2 MUTUAL INLET INTERACTION

(§) The two-inlet, under-wing configuration was tested with various
combinations of splitter plates, splitter plate locations, and inlet loca-
tions. The under-wing model configuration with inlets at locations IV
and VI and no splitter plate installed was tested initially. With this in-
stallation an intentional unstart of either the inboard or outboard inlet
caused the adjacent inlet to unstart. A short splitter plate, shown in
Figs. 6b and 7, was then installed, but there was no improvement in
inlet unstart interactions. The short splitter plate was then replaced
with a long splitter plate shown in Fig. 6c. With this installation there
was no interaction between inlets when either inlet unstarted; however,
the inlet performance was degraded at some model attitudes because of
the forward extension of the splitter plate.

(‘) The inboard inlet was then moved farther inboard resulting in
inlet location V., With the short splitter plate installed between the
inlets and the inlets at locations IV and V, as shown in Fig. 7, there
was no interaction between either the two adjacent inlets or between
splitter plate and inlet.

SECTION i
CONCLUSIONS

(i) Based on the results of this investigation of a 1/9-scale AMSA,
the following conclusions were reached:

(¥) 1. Inlet performance was affected by the local flow conditions
at the various inlet locations. In general, better inlet per-
formance was obtained at the pylon and under-wing inlet
locations (inlet locations I, IV, and V) than at the tail-
mounted locations (inlet locations II and III).

(4) 2. In general, maximum inlet performance occurred at pre-
dicted airplane cruise attitude for all inlet locations.

(i) 3. At the higher free-stream Mach numbers, good bypass
flow control was available with little effect on inlet per-
formance.

(g) 4. The two-inlet, under-wing configuration with inlet loca-
tions IV and V had no mutual inlet interaction with a
splitter plate installed between the inlets.

7
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