AD=A062 275 NIELSEN ENGINEERING AND RESEARCH INC MOUNTAIN VIEW CALIF F/6 1/3

DATA REPORT FOR A TEST PROGRAM TO STUDY TRANSONIC FLOW FIELDS A==ETC(U)

JUL 77 S C PERKINS» S S STAHARA» M J HEMSCH Fu4620=75=C-0047 !
UNCLASSIFIED NEAR=TR=138=VOL=6 AFOSR=TR=78-1490

SR

.




AOGRR 7

-
1




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DDC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




"IlIIl-l---'N"""F'-FU'F“““'F-!-U-'ﬂ-'ﬂﬂ-‘- Y -

> - e e A .
g

SLcuun\ CLALSIFICATION OF THIS PAGE (mu-n hmu lnlnlml) - 2
B I READ INSTRUCTIONS
k . REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
1 AFOSR-TR- 78-1490
; . MILE (e Subllile) DATA REPORT FOR A TEST PROGRAM TO | ® TYPEOF REPORTA RERIGD COVERER
STUDY TRANSONIC FLOW FIELDS ABOUT AIRCRAFT WITH INTERIM 4 i i ELARE
APPLICATION TO EXTERNAL STORES g
VOLUME VI-16T WIND TUNNEL TESTS £ FERADRMING 08 NERCET SHMENR
NEAR TR 138
7. AUTHOR(s) B. CONTRACT OR GRANT NUMBER(S) ’
STANLEY C PERKINS, JR
STEPHEN S STAHARA F44620-75-C-0047
MICHAEL J HEMSCH
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT TASK
NIELSEN ENGINEERING & RESEARCH, INC SREA B WORE UNLE NUBBeH
v 2307A1
510 CLYDE AVE 61102F i
MOUNTAIN VIEW, CA 94043 7
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
AIR FORCE OFFICE OF SCIENTIFIC RESEARCH/NA July 1977 .
BLDG 410 13. NUMBER OF PAGES
BOLLING AIR FORCE BASE, D C 20332 102
14. MONITORING AGENCY NAME & ADDRESS(if dilferent from Controlling Olfice) 15. SECURITY CLASS. (of this report)
UNCLASSIFIED .
15a. DECL ASSIFICATION/DOWNGRADING i
* SCHEDULE
16. DISTRIBUTION STATEMENT (of this Report) m '. '
NTIS White Section
; A - : iy 1] 09C Buff Section
Approved for public release; distribution unlimited. il yMaARNOUNCED o
] JSTIFICATION i
3 : .
17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report) ;' S :L
ol - e i e i
' b
i1 DISTRIBUTION/AVALABIITY CODES

Dist.  AVAIL and,‘or SPECIAL §
18. SUPPLEMENTARY NOTES -{’3
/‘? Cjki?

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

TRANSONIC FLOW WIND TUNNEL MEASUREMENTS »
STORES WALL INTLERFERENCE H
STORE CARRIAGE ]
FLOW FIELD MEASUREMENTS
EXTERNAL STORES
20. ABSTRACT (Conunue on reverse side If necessary and identify by block number)
A test program was conducted to obtain measurements of flow velocities and
static pressurcs in the vicinity of wing-body-store model (representative of a
fighter-type aircraft) as well as surface pressures, forces, and moments on the
model. Flow velocities and static pressures were also measured near the tunnel
walls to provide outer flow field information. This report presents the data s
obtained during the test program conducted in the 4T and 16T Wind Tunnels at ﬁ
Arnold Enginecring Development Center. The Flow-field data were obtained at Mac
numbers 0.925, 0.975, and 1.025 and constitute the major part of the data. (cont

| DD 521" 1473
|
'

—r
£

TINIAT AT TEN




SSNCLRSMAEEI o
SEQU!!\TY CLASSIFICATION OF THIS PAGE(Whan Data Entered)

_—

Volume I is a summary report which gives detailed information on the test programﬂ
and presents uncertaintics associated with the various typcs of data taken in the
AT Wind Tunncl. The volume also presents tunncl-emply and Mach-number surveys,
as well as tabulated force and moment and pressure data for the Mach number

range 0.80 to 1.15 and angles of attack -20, =59, 0°, 2°, and 5°. Volumes 11,
IIT, and IV present the tabulated flowfield data for the 4-percent thick wing
model at Mach numbers 0.925, 0.975 and 1.025, respectively. Volume V presents
the tabulated flow-field data for the 6-percent thick wing model, and Volume VI
presents data obtained for the 4-percent thick wing model in the 16T Wind Tunnel.

UINCT.ASSTFTED

C -

oy




B m’t‘m

I CoPY No, o
L

DATA REPORT FOR A TEST PROGRAM TO STUDY
TRANSONIC FLOW FIELDS ABOUT AIRCRAFT
WITH APPLICATION TO EXTERNAL STORES

VOLUME VI.- 16T WIND TUNNEL TESTS

By Stanley C. Perkins, Jr.,
Stephen S. Stahara and
Michael J. Hemsch

NEAR TR 138
f July 1977

Prepared Under Contract No. F44620-75~C-0047

by

NIELSEN ENGINEERING & RESEARCH, INC.
Mountain View, California

fof

AIR FORCE OFFICE OF SCIENTIFIC RESEARCH
Bolling Air Force Base
Washington, D.C.

”g -90+.1 038




TABLE OF CONTENTS

Section

NOMENCLATURE

1.
2.

INTRODUCTION
DESCRIPTION OF TESTS
2.1 Tunnel-Empty Surveys

2.2 Force and Moment and Pressure Distribution Tests
2.3 Flow-Field Survey Tests

3. DESCRIPTION OF DATA
3.1 Tunnel-Empty Surveys
3.2 Force and Moment and Pressure Distribution Tests
3.3 Flow-Field Survey Tests

4. DATA UNCERTAINTIES

REFERENCES

TABLES I THROUGH VIII

FIGURES 1 THROUGH 6

DATA

iii

S P ReTr S S et el e BIESSS S

Page

No.

vIi-1
vVI-1
VI-2
vI-2
vIi-2
VIi-3
vVi-3
vVIi-4
Vi-5
VI-6
VIi-7

VI-8

VI-16

P ST—




P -
3
e
NOMENCLATURE
This section provides a list of symbols which identify
various aerodynamic parameters, axis designations, subscripts,
and tabulated data nomenclature.
SYMBOLS
A, planform area of both wings (does not include body),
0.4444 ft’
-1 WL/VM
AAL local upwash angle, deg; tan (ﬁf§Vﬁ)
b wing span, 16 in.
c reference length for pitching moment, 5.3444 in.
CA axial force coefficient, axial force/quw
CriL rolling-moment coefficient, rolling moment/quwb
{ Crm pitching-moment coefficient, pitching moment/quwE
‘ CLN yawing-moment coefficient, yawing moment/quwb
' CN normal-force coefficient, normal force/quw |
P Cp local pressure coefficient, (pz-p)/q°°
Cy side-force coefficient, side force/quw
CPS model surface pressure coefficient, (PS-P)/Q ‘
M Mach number
pP.P free-stream static pressure, psfa |
PS model local surface pressure, psfa %
q dynamic pressure, % sz; psfa
r radius of the body, in.
Re/ft free-stream Reynolds number per foot, ft @
SWL local sidewash angle, deq; tan ' (gi hi )
UL,VL,WL local velocity components, positive along the positive
X, ¥, and 2 directions; respectively, ft/sec
v total velocity, ft/sec ‘
VM free-stream velocity, ft/sec ! ‘i
v




NOMENCLATURE (Continued)
4
X. X2 body-fixed Cartesian coordinates with origin
coincident with the aircraft model nose at all
angles of attack, see figure 5(a)
XT,YT, 2T tunnel-fixed Cartesian coordinates with origin
coincident with the aircraft model nose at zero
angle of attack, see figure 5 (b)
o angle of attack of the model, deg; angle between
body axis and tunnel axis, as defined in figure 5
“probe angle of attack of probe, angle between probe axis
and tunnel axis
) azimuthal angle in tl2 Y-2 plane, deg; measured
from the positive Y axis as shown in figure 5
o mass density, slugs/ft’
Subscripts
o free-stream conditions :
. L local conditions '3
" Force and Moment and Pressure Data Tabulations
Ab area of model base, .038785 fe?
Ay planform area of both wings (does not include
body), .4444 f£t’
i ALFWM model angle of attack, positive nose up as seen by
the pilot (nose down in the tunnel), deg.
b wing span, 16 in.
c reference length for pitching moment, 5.3444 in.
CA axial-force coefficient measured by balance, in
body coordinates, axial force/QAw
CAB base axial-force coefficient in body coordinates,
e = §S)Ab/QAW
CAF axial-force coefficient corrected for base effects,

in body coordinates, CA-CAB
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CLL

CLM

CLN

CPS N
(N = 1,25)

o YR

PART
PT
REX10~
RUN

SURVEY

VM
WING

AATL

ALFBM
CPL

NOMENCLATURE (Continued)

rolling-moment coefficient in unrolled body coordi-
nates, rolling moment/QAwb

pitching-moment coefficient in unrolled body coordi-
nates, pitching moment/QAWE

yawing-moment coefficient in unrolled body coordi-
nates, yawing moment/QAwb

normal-force coefficient in unrolled body coordi-
nates, normal force/QAw

model surface-pressure coefficients at orifice
number N, (PS - P)/Q .
side-force coefficient in unrolled body coordinates,
side force/QAw

free-stream Mach number
free-stream static pressure, psfa
average base pressure, psfa

test part number

model local surface pressure, psfa
free-stream total pressure, psfa
free-stream dynamic pressure, psfa
free-stream unit Reynolds number, 1l/ft
run number

survey number

stagnation chamber total temperature, OF
free-stream velocity, ft/sec

wing type

Tunnel Empty Survey Data Tabulations

local upwash angle in tunnel-axis coordinates,
deg; tan~' (WT/VT) :
model angle of attack, deg i*
local pressure coefficient, (PS - P)/Q

vii
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M
ML
P

PART
POINT
PS

PT
PTL/PT

Q
REX10~
RUN
SURVEY
SWTL

TEST
TT
uT/vM

VM
vT/VM

VTL/VM
WING

WT/VM

b 4
2T
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NOMENCLATURE (Continued)

grid point number

free-stream Mach number

local Mach number

tunnel free-stream static pressure, psfa

test part number

part point number

local static pressure, psfa

stagnation tunnel chamber pressure, primary, psfa

ratio of probe stagnation pressure to tunnel
chamber stagnation pressure

free-stream dynamic pressure, psfa

free-stream unit Reynolds number, l1/ft

run number

survey number

local sidewash angle in tunnel-axis coordinates,
deg; tan™' (VT/UT)

test number

stagnation chamber total temperature, primary, °F
ratio of velocity component in the tunnel-axis X
direction to tunnel free-stream velocity

tunnel free-stream velocity, ft/sec

ratio of velocity component in the tunnel-axis Y
direction to tunnel free-stream velocity

ratio of local velocity vector in tunnel-axis system
to free-stream velocity vector

wing type

ratio of velocity component in the tunnel-axis 2
direction to tunnel free-stream velocity

location of the probe in the tunnel-axis X direction
location of the probe in the tunnel-axis Y direction
location of the probe in the tunnel-axis 2 direction

Flow-Field Survey Data Tabulations

local upwash angle in body-axis coordinates, deg;

tan”! (WL/UL)
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NOMENCLATURE (Continued)

local upwash angle in tunnel-axis coordinates,
' (wr/uUT)

model angle of attack, deg

local pressure coefficient, (PS - P)/Q

deg; tan~

grid point number

free-stream Mach number

local Mach nurber

tunnel free-stream static pressure, psfa

test part number

part point number

local static pressure, psfa

stagnation tunnel chamber pressure, primary; psfa

ratio of probe stagnation pressure to tunnel
chamber stagnation pressure

free-stream dynamic pressure, psfa

free-stream unit Reynolds number, 1l/ft

run number

survey number

local sidewash angle in body-axis coordinates,
deg; tan~! (VL/UL)

local sidewash angle in tunnel-axis coordinates,
deg; tan~ ! (VT/UT)

test number

stagnation chamber total temperature, primary °F
ratio of probe X axis local velocity component
to tunnel free-stream velocity

ratio of velocity component in the tunnel-axis X
direction to tunnel free-stream velocity

tunnel free-stream velocity, ft/sec

ratio of local velocity vector in the body-axis
system to free-stream velocity vector

ratio of probe Y axis local velocity component
to tunnel free-stream velocity
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VT/VM

VTL/VM

WING
WL/VM

WT/VM

XT

YT

T

NOMENCLATURE (Concluded)

ratio of velocity component in the tunnel-axis Y
direction to tunnel free-stream velocity

ratio of local velocity vector in the tunnel-axis
system to free-stream velocity vector
wing type
ratio of velocity component in the tunnel-axis 2
direction to tunnel free-stream velocity
ratio of probe Z axis local velocity component
to tunnel free-stream velocity
location of the probe in the body-axis X direction
location of the probe in the tunnel-axis X direction
location of the probe in the body-axis Y direction
location of the probe in the tunnel-axis Y direction
location of the probe in the body-axis Z direction
location of the probe in the tunnel-axis 2 direction




DATA REPORT FOR A TEST PROGRAM TO STUDY
TRANSONIC FLOW FIELDS ABOUT AIRCRAFT
WITH APPLICATION TO EXTERNAL STORES

VOLUME VI. - 16T WIND TUNNEL TESTS

1. INTRODUCTION

This volume of the data report presents the data obtained
in the 16T Wind Tunnel at Arnold Engineering and Development
Center. Tunnel-empty survey data and flow-field survey data are
presented for M = 0.925, 0.975, and 1.025 and force and moment
and pressure data are presented at M_ = 0.80, 0.85, 0.90, 0.925,
0.95, 0.975, 1.0, 1.025, 1.05, 1.10 and 1.15. All tests are
for the 4-percent thick wing-body model and were performed at a
nominal Reynolds number per foot of 3.0XIO§. These tests are
outlined in Tables I through VI of thié volume. The tabulated
data are at the end of this volume beginning on page number 1.

2. DESCRIPTION OF TESTS

The details of the test hardware and coordinate systems, as
well as an overview of the purpose and scope of the test program,
are provided in Volume I of this data report. The purpose of
the 16T tests is to study the effects of wall interference by
comparing data obtained in the 4T and 16T tests. Figure 1 of
this volume shows the entire grid layout used for the inner flow-
field measurements. The general grid layout used for the outer
flow-field measurements is shown in figure 2. Some layouts use
only a portion of these patterns, depending on Mach number and
angle of attack. The grid layout is designed to give outer flow-
field data at a constant radial distance from the tunnel centerline
for various values of 6, the aximuthal angle, as shown in figure 3.
A sketch of the wing-body combination is shown in figure 4. Fig-
ure 5 shows the 4-~-percent wing-~body combination in the 16T Tunnel
with the conical flow-field probe supported on the captive trajec-
tory system (CTS).

The 16T tests are summarized in Table I. Columns one through
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three indicate the table number,

the type of test data presented

(tunnel-empty survey, force and moment and pressure or flow-field

survey), and the page numbers, respectively, for each set of data.

2.1 Tunnel-Empty Surveys

Table II contains the test condition grids for the tunnel-

empty surveys. Columns one and

two of these tests indicate the

page number and part number, respectively, of the tabulated data.
Columns four through seven indicate the Mach number, the initial
and final positions and the incremental change in the axial
coordinate, the tunnel-axis X direction, of the probe static-

pressure orifices. Columns nine and ten indicate the lateral

and vertical positions, the tunnel-axis Y and 2 directions,

respectively, of the probe longitudinal centerline.

2.2 Force and Moment and Pressure Distribution Tests

Table III contains the test condition grids for the force

and moment and pressure distribution tests. Columns one and two
of these tests indicate the page number and part number, respec-

tively, of the tabulated data.

and moment and pressure tests indicate the Mach number and type of

Columns four and six of the force

data given on each page; F &M indicates force and moment data

and P indicates pressure data.

2.3 Flow-Field Survey Tests

Tables IV through VI contain the test condition grids for

the flow-field survey tests at

M, = 0.925, 0.975, and 1.025,

respectively. Columns one and two of these tests indicate the
page number and part number, respectively, of the tabulated data.
Columns four through seven of the flow-field survey tests indi-
cate the angle of attack, the initial and final positions and

incremental change in the axial

coordinate, the body-axis X

S e v
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direction, of the probe static-pressure orifices. Columns
nine and ten indicate the lateral and vertical coordinates,
the body-axis Y and 2Z directions, respectively, of the
probe longitudinal centerline. These coordinates indicate

- the various inner flow-field surveys. The outer flow-field

surveys follow the inner flow-field surveys. Columns five,

six and seven of these surveys indicate the initial and final
positions and incremental change, respectively, of the axial
coordinate, the tunnel-axis X direction, of the probe static-
pressure orifices. Columns nine and ten indicate the lateral -
and vertical coordinates, the tunnel-axis Y and Z directions,
respectively, of the probe longitudinal centerline.

3. DESCRIPTION OF DATA

This section presents a description of the tunnel-empty
survey data, force and moment and pressure data, and flow-field
survey data obtained in the 16T Wind Tunnel. These tests were
conducted with the 4-percent thick wing-body model at a nominal
Reynolds number per foot of 3.OXl06.

3.1 Tunnel-Empty Surveys

The tunnel-empty survey data are presented in tabular form
on pages 1 through 10 at the end of this volume. The heading
on each page contains the test number, the part number, the
Reynolds number per foot, the angle of attack of the model,
the type of wing attached to the model (no wing for tunnel-
empty surveys), and the Y and 2 (or YT and 2T) coordi-
nates at which the X (or XT) traverse is carried out. Also
included are the run and survey numbers and the date on which
data were recorded.

Below the heading information are the tunnel-empty survey
data obtained during each test. Column one indicates the
sequential indexing number for referencing data obtained during

B T S R R R
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one part (POINT). Column two indicates the grid point number and
column three indicates the location of the probe static-pressure i
, orifices in the tunnel-axis X direction (XT). Columns four

L, through eight indicate wind tunnel free-stream guantities. These
are Mach number (M), velocity (VM, ft/sec), total pressure

(PT, psfa), dynamic pressure (Q, psfa), and total temperature

(TT, °F). Columns nine through seventeen indicate local quanti-
ties which were either measured by the probe or calculated from
probe measurements. Columns nine through twelve contain the local
Mach number (ML), the ratio of local to free-stream velocity
(VTL/VM) , the ratio of local to free-stream total pressure (PTL/PT),
and the local pressure coefficient (CPL). Columns thirteen

through seventeen contain the ratio of local velocity components

in the tunnel-axis X, Y, and Z directions, respectively, to

the free-stream velocity (UT/VM, VT/VM, and WT/VM, respectively) i
and the local upwash and sidewash angles (AATL and SWTL, respec- %

tively) referenced to tunnel-axis coordinates.

1 3.2 Force and Moment and Pressure Distribution Data

The force and moment and pressure data are presented in
tabular form on pages 11 through 32 at the end of this volume.

Each Mach number has two pages of data associated with it.

4 The first page contains force and moment data and the second

contains pressure data. The heading on both pages is identical

and contains the test number, the part number, the free-stream

Mach number (M), total pressure (PT, psfa), static pressure (P, psfa),
Reynolds number per foot (RExlO-G, ft-l), velocity (VM, ft/sec),
dynamic pressure (Q, psfa), and stagnation chamber total tempera-
ture (TT, °F). Also included are wing type (4-percent thick for
these tests), the run and survey numbers, and the date on which

the data were recorded.

M bl S Wintas bttt v i

Below the heading on the first page of each Mach number
section are the data obtained during each force and moment test. i
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The results for the force and moment tests include the model

angle of attack (ALFWM), the normal-force coefficient (CN),
side-force coefficient (CY), axial-force coefficient (CA),
pitching-moment coefficient (CLM), yawing-moment coefficient
(CLN), rolling-moment coefficient (CLL), axial-force coeffi-

cient corrected for base effects (CAF), and base axial-force
coefficient (CAB). The positive sense of these forces and moments
is shown in figure 6.

Below the heading on the second page of each Mach number
section are the data obtained during each pressure test. Column
one indicates the orifice at which the pressure coefficient
was measured. Columns two through six indicate the pressure
coefficient at o = -5°, -2°, 0°, 29, and 59, respectively, at
each orifice location. The locations of the pressure orifices
are shown in figure 4. :

3.3 Flow-Field Survey Tests

The flow-field survey data at Mach numbers 0.925, 0.975
and 1.025 are presented in tabular form on pages 33 through 70
at the end of this volume. The heading on each page contains the
test number, the part number, the Reynolds number per foot, the
angle of attack of the model, the type of wing attached to the
model (4-percent thick for this volume), and the Y and 2
(or ¥YT or ZT) coordinates at which the X (or XT) traverse
is carried out. Also included are the run and survey numbers
and the date on which data were recorded.

Below the heading information are the flow-field survey
data obtained during each test. Columns one and two indicate
the sequential indexing number for referencing data obtained
during one part (POINT) and the grid point number, respectively.
Column three indicates the location of the probe static-pressure
orifices in the body-axis direction (X) for the inner flow-field
surveys or in the tunnel-axis direction (XT) for the outer flow-
field surveys. Columns four through eight indicate wind tunnel
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free-stream quantities. These are Mach number (M), velocity
(vM, ft/sec), total pressure (PT, psfa), dynamic pressure

(Q, psfa), and total temperature (TT, °F). Columns nine through
seventeen indicate local quantities which were either measured
by the probe or calculated from probe measurements. Columns
nine through twelve contain the local Mach number (ML), the
ratio of local to free-stream velocity (VML/VM or VTL/VM),

the ratio of local to free-stream total pressure (PTL/PT),

and the local pressure coefficient (CPL). For the inner flow-
field surveys, columns thirteen through seventeen contain the

ratio of local velocity components in the body-axis X, Y, and

Z directions, respectively, to the free-stream velocity (UL/VM,
VL/VM, and WL/VM, respectively) and the local upwash and side-
wash angles (AAL and SWL, respectively) referenced to body-axis
coordinates. For the outer flow-field surveys, columns thirteen
through seventeen contain these same local quantities as deter-
mined in the tunnel-axis system. The positive sense of the
velocity components is along the positive X, Y, and 2 direc-
tions. A positive local upwash angle indicates downward flow
away from the wing-body combination, the positive 2 or 2T
direction, see figure 7. A positive local sidewash angle indi-
cates flow along the positive Y or YT axis, see figure 7.

4. DATA UNCERTAINTIES

Uncertainties in the aerodynamic coefficients, local condi-
tions, flow angles, and probe position for the 16T Wind Tunnel
were provided by ARO and are presented in Table VII.

The uncertainties in probe positions were particularly
difficult to obtain. ‘The values given in Table VII are estimates
only. An optical test for one probe position was conducted with
the wind on and with the wind off. For these tests, a reflective
band was painted on the model body aft of the trailing edge of
the wing. The Z-position of the probe in the Y = 0 plane was

x-S e T
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measured optically and compared with the nominal (requested) and
computed (tabulated) values. For the wind-off cases, an additional
check was made by hand using a ruler. Some typical results are
given in Table VIII. For all the calibration tests made, the
tabulated probe positions were more accurate for the o = -5°

cases than for the a = +5° cases.

It is noted here that the center of rotation for pitch in
the 16T tunnel was located a considerable distance behind the
base of the model. Consequently, the wing-body combination at
angle of attack was displaced from its tunnel position at o = 0°.
At o = 0%, the nose was located at X =0, 2 = 0 and was 3.75
inches below the tunnel centerline. For o = -5°, the nose was at
X = ,385, 2Z -8.53, while at o = +59, the nose was located at
X .513, Z = 11.52. Such a change in model position with respect
to the tunnel centerline for various angles of attack could
have an effect on the results obtained for these angles of attack.

REFERENCES

1. Reichenau, D. E.: AFFDL Wing-Body Flow-Field Study Test.
PWT 16T Facility Project Criteria, Project No. P41T~M4A,
Test No. TF-445, Mar. 10, 1977.




TABLE I.- SUMMARY OF
TABULATED DATA IN VOLUME VI

Re/ft = 3.0x10°

Table Test Pages
(1) (2) (3)
I1I Tunnel-Empty l1-10

Surveys
I1I Force and Moment 11 - 32
and Pressure Tests

Iv Flow-Field Surveys 33 - 45
At M, = 0.925

\'4 Flow-Field Surveys 45 - 57
At M_ = 0.975

VI Flow-Field Surveys 58 - 70

At M_ = 1.025
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TABLE II,- TUNNEL-EMPTY SURVEYS

1 2 3 4 5 6 7 8 9 10
Page Part Mach [Initial| Final | AXT YT 2T
No. No. No. XT XT
inches | inches|inches inches |inches
1 102 .925 -6.0 24.0 2.0 0,0 -14.%
2 103 -40.0 1 0'9
3 104 -6,0 14.1
| 4 106 Y f * * 0.0 8.3
! 5 97 .975 -6.0 24,0 2,0 0.0 -14.2
6 96 4 -42.0 4, 0.0 0.0
7 98 -6.0 14.1 0.0]
8 101 1.025 -6.0 24,0 2.0 0.0 -14.2
9 100 + -40.0 { 1L 0.0 0.0
10 99 -6.0 14.1 0.0
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TABLE III. - FORCE AND MOMENT AND PRESSURE TESTS
1 2 3 4 3 6 7 8 =} 10
Page Part Mach Type l
No. No. No. of
Data 3
: ]
11 3 .8%0 F&M
12 P J
]
13 10 850 FaM
14 Y P y
f / ]
15 11 7900 Fa M
16 [ ] P 1
%
17 12 923 Fs M :
18 ¥ ¥ P ¥
|
19 b .9%0 Fe M
20 P 1
|
21 14 974 FaM ,
' 22 Y | P |
* 23 15 1.001 ' FaM
24 Y v P |
25 16 1.025 FaM |
26 Y Y P 3
27 17 1.051 F&M : |
28 ! ' P
29 18 1.100 F&M ]
30 Y Y P
4
31 1€ 1.1{1 FaM
32 P
%
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TABLE IV. - FLOW-FIELD SURVEYS AT Mm = 0.925
1 2 3 4 s 6 7 8 9 10
Page | Part Angle of[Initial |Final Y 2
No. No. Attack, X X AX
degreesuinches incheq inches inches |inches
33 59 0.0 10.0 19,0 33 4,0 | -1.0 |
34 77 5.0 11.0 ; | -.9
35 92 ~5.1 P
36 62 0.0 AR BT =2.0 | -1.0
Initial |Final '
XT XT AXT YT ZT
inches |inches | inche inches linches
37, 38 44, 45 0,0 -5.8 24.0 .50 0.0 -14.2
39, 40 |57, 58 \ -5.4 ‘; 14.2 0.0
41, 42 |72, 73 5.0 -5,0 0,0 -14.0
43 78 } 1.Q00 | -13.2
44 84 Y * | 14,2 0.0
45 91 i =5.0 -6.0 0.0 | -14.1

aprobe

= 50 for parts 72 and 73

NIV SR S




TABLE V.- FLOW-FIELD SURVEYS AT M_ = 0.975

vI-12

] 3

1 2 3 4 5 6 7 8 ) o &
Page Part ﬁngle offfnitial (Final Y Z
No. No. Attack, X X AX l
degrees| inches [inches [inches inches |inches
|
46 60 0.0 11,0 | 19.0 .33 4.0 | -1.0 '
47 76 5.0 4_ -.9
48 87 ~5.1 -1.1 |
49 61 0.0 Y 1,33 ~4.0 | ~-1.0 '
nitial |Final
XT XT AXT YT 2T
inches {inches |inches inches [inches
50, 51 |46, 47 B0 1 SB.0 ] 84.0 | .50 0.0 | -14.2 |
52 56 T -5,4 14.2 0.0
* |53, 54 |74, 75 5.0 0.0 -14.1
55 79 -5,0 1.00 ! -13.2 |
56 83 I 14.2 0.0
57 85 =5.1 0.0 -14,lgi~
e |
*
®5robe = 50 for parts 74 and 75
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VI-13

TABLE VI.- FLOW-FIELD SURVEYS AT Mm = 1,025
1 2 3 4 s 6 7 8 9 10
Page Part Angle of[Initial|Final Y Z
No. No. Attack, X X AX
degrees| inches|inches |inches inches |inches
58 25 0,0 10,5 19.0 .50 4.1 -1,0_ |
59 27 5.0 ¥ g
60 31 -5.0 11.0 -1.1
61 63 0,0 10.0 1.00 -~4.0 =-1,0
62 64 0.0 " V' 33 2.0 ‘T
nitial |Final
XT XT AXT YT 2T
inches |inches | inche inches |inches
63, 64 )48, 49 0,0 -5.8 24.0 50 0.0
65, 66150, 51 TT’ =5,0 14.2
67 80 5.0 -5,5 0.0
68 82 i 14.2
69 81 19.5 :I
70 89 -5.0 -5.5 ' 0.0
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TABLE VII.- UNCERTAINTIES FOR THE 16T WIND TUNNEL TESTS.

FORCE AND MOMENT DATA
Uncertainty (+), Absolute

N Cy Ca Cor Cim Crn £es

.0041 .0015 .0026 .0004 .0051 .0001 .0091

WIND TUNNEL FREE-STREAM PARAMETERS

Uncertainty (+), Absolute

M Q, psf P, psf
.0033 2.243 2.566

PROBE POSITION
Uncertainty (+), Absolute

X, in. Y, in. Z, in. deg

?probe'

0.150 0.150 0.250 0.25

FLOW AND MODEL ANGLES

Uncertainty (+), Absolute

AAL, deg  SWL, deg
0.229 0.229

LOCAL CONDITIONS
Uncertainty (+), Absolute

My Cp

0.018 0.030

r—
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TOP OF TUNNEL
o MLLLLLLLLLLL LI LIL LI LG LI LLLLLLLLLLLLLLLLLLLLLLILIL o —
31-12
—J—
-6 24 XT, IN.
12
24 SiE
"-"'5’7777777777777777777777777u?7777777777777777777777777777771
ZT, IN.

(a) XT traverse in XT, ZT plane.

TOP OF TUNNEL

NLLLLLLLLLLLLLLLLLLLL L L LL L L L L L
-24

iE*lZ

1
YT, IN, 24 =12 ~24

7777777777777777777777777777//7777777.

24
N
I/ 777777777777777 £7///777////77/// /

2T, IN.
(b) XT traverse in YT, ZT plane.
Figure 2,- General grids for outer flow-field surveys.
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(c)

-6 12 24 XT, IN.

YT, 1IN,

XT traverse in XT, YT plane.

Figure 2.- Concluded.
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Pressure orifices on body
centerline

Tunnel top wall
direction

f

(a) Body-fixed system for inner
flow field surveys.

Figure 3.-Coordinate systems.
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Figure 5,- Conical flow-field survey probe on CTS and
wing-body combination with 4-percent thick airfoil.
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Figure g.-Sketch of the wing-body configuration in !

the tunnel showing positive sense of forces and moments, ]
| :

= T —

- 4




VI-24

TOP WALL OF TUNNEL

Positive upwash velocity
Positive upwash angle, AAL

S7777777777777777777777I77777777777777777777777777777777777777777 7777777
BOTTOM WALL OF TUNNEL .

(a) Side view of tunnel.

s;l///l//[/////////[///l//////[///ll////[//////Il///l[/[LI[I)I/IL[//ll//l,

ositive sidewash velocity

Positive
sidewash angle, SWL

r77777///7//7///77l//////7///76§/4{4éé{//77///777/////7//////////////l

(b) Plan view of tunnel from top.

Figure 7.-Pictorial sign convention for
upwash and sidewash angles.
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