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 NOMENCLATURE .

This section provides a list of symbols which identify _
various aerodynamic parameters, axis designations, subscripts,
and tabulated data nomenclature. o

symbols

AAL local upwash angle, deg; tan ![(WL/VM)/(UL/VM)]

Ay ; planform area of yoth wings (does not include
body) , 0.4444 ft : :

b wing span, 16 in.

c local wing chord

c : reference lengtﬁ for pitching moment, 5.3444 in.

CA axial-force coefficient, positive in the positive

: X direction, axial force/q Ay

C, . rolling-moment coefficient, positive left wing
down as seen by pilot, rdlling mament/quWb.

cm pitching-moment coefficient, positive nose up as
seen by pilot, pitching moment/quwc

cN : ‘normal-force coefficient, positive in the positive
Z direction, normal force/quw

Cn yawing-moment coefficient, positive nose left as

- seen by pilot, yawing moment/qwhwb
local pressure coefficient, (P, - P)/q,

side~-force coefficient, positive in the positive
Y direction, side force/q“Aw

Lo

probe'diameter, in.
. Mach number

free-stream static pressure, psfa

Q W =2 ©

"dynamic pressure, %-pv’, psf

oo i She s &bt S o~ v ; y )




Re/ft
SWL

UL'vIl’wI‘

X,Y,2

XT, YT, 2T

NOMENCLATURE (Continued)

faaius of the body, in.

free-stream Reynolds number per foot, £t !

local sidewash angle, deg; tan ![(VL/VM)/(UL/VM)]
airfoil thickness, see figure 3

local velocity components positive in the positive
X, Y, and 2z directions, respectively, ft/sec _

total velocity, ft/sec

free-stream velocity, ft/sec

body-fixed Cartesian coordinates with origin
coincident with the aircraft model nose at all
angles of attack, see figure 6(a)

tunnel-fixed Cartesian coordinates with origin
coincident with the aircraft model nose at zero
angle of attack, see figure 6(b)

coordinates of wing trailing edgeAat the wing -
root, in.; see figure 10

coordinates of wing trailing edge at the wing tip,
in.; see figure 10

angle of attack of model, angle between body axis
and tunnel axis as defined in figure 7

angle of attack of probe, angle between probe axis
‘and tunnel axis :

increment along XT, YT, or 4T . axis, see Table II

azimuthal angle in the Y-Z plane, deg; measured
from the positive Y axis as shown in figure 6

mass density, slugs/ft'

Subscripts

-local conditions

free-stream conditions

vi
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AATL

ALFA

PART

PL

POINT

PT

REX10-6

RUN
SURVEY
SWTL

TEST

NOMENCLATURE (Continued)

Tunhel-Empty Survey Data Tabulations

upwash angle referenced to tunnel-axis cooxdi-
nates, calculated from probe measurements,
deg; tan ! (WT/VT)

aircraft-model angle of attack, positive nose up
as seen by the pilot (nose down in tunnel), deg

. local pressure coefficient calculated from probe

measurements, (PL - P)/Q
calendar time at which data were recorded
wind tunnel free-stream Mach number

local Mach number calculated fram probe measure-
ments

wind tunnel free-stream static pressure, psfa

sequential indexing number for referencing data; a
constant throughout each survey

local static pressure calculated from probe measure-
ments, psfa

sequential indexing number for referencing data
obtained during one part; indexes each time a new
set of data inputs is obtained

wind tunnel free-stream total pressure, psfa

local total pressure measufed by probe, psfa

wind tunnel free-stream dynamic pressure, psf

wind tunnel free-stream unit Reynoldé number,
millions per foot

identifier for specific user test type

identifier for specific user grid-survey combination
sidewash angle referenced to tunnel-axis coordi-
nates, calculated from probe measurements,

deg; tan ! (VT/UT)

alpha-numeric notatidn for referencing a specific
test program in a specific test unit

vii




ur,VvT,WT

aT

ALFA

CPL

DATE

PART

PL

NOMENCLATURE (Continued)

wind tunnel free-stream total temperature, Op

velocity components in the tunnel-axis X, Y,
and Z directions, respectively, calculated
from probe measurements, ft/sec

wind tunnel free-stream velocity, ft/sec

local velocity calculated from probe measurements,
ft/sec

wing designation used for a specific part number

location of the probe in the tunnel-axis X
direction ' SRy

location of the probe in the tunnel-axis Y
direction

location of the probe in the tunnel-axis 2
direction

Mach-Number Survey Data Tabulations

local upwash angle referenced to body-axis coordi-
nates, calculated from probe measurements,

dey; tan ! (WL/UL)

aircraft-model angle of attack, positive nose up
as seen by the pilot (nose down in tunnel), deg

local-pressure coefficient calculated from probe
measurements, (PL - P)/Q

calendar time at which data were recorded
wind tunnel free-stream Mach number

local Mach number calculated from probe measure-
ments

sequential indexing number for referencing data;
a constant throughout each survey

wind tunnel free-stream static pressure, psfa

local static pressure calculated from probe
measurements, psfa

viii
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POINT

PT

PTL

REX10-6

RUN

SURVEY

SWL

TEST

UL,VL,WL

Force

ALFA

NOMENCLATURE (Continued)

sequential indexing number for referencing
data obtained during one part; indexes each
time a new set of data inputs is obtained
wind tunnel free-stream total pressure, psfa
local total pressure measured by probe, psfa f
wind tunnel free-stream dynamic pressure, psf

wind tunnel free-stream unit Reynolds number,
millions per foot

idéntifier for specific user test type :

identifier for specific user grid-survey combina-
tion .

local sidewash angle referenced to body-axis
coordinates, calculated from probe measurements,
deg; tan ! (VL/UL)

alpha-numeric notation for referencing a specific.
test program in a specific test unit

(]

wind tunnel free-stream total temperature, “F

velocity components in the body-axis X, ¥, and 2
directions, respectively, calculated from probe
measurements, ft/sec

wind tunnel free-stream velocity, ft/sec

local velocity calculated from probe measurements,
ft/sec .

wing designation used for a specific part number
location of the probe in the body-axis X direction
location of the probe in the body-axis Y direction

location of the probe in the body-axis 2 direction

and Moment and Pressure Data Tabulations

aircraft-model angle of attack, positive nose up as
seen by the pilot (nose down in tunnel), deg

ix
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£

CaB

CLL

CLMF

CLN

CPS N
(N = 1,25)

CY
M
P

b

NOMENCLATURE (Continued)

area of model base, .038785 ft’

planform area of hoth wings (does not include
body) , 0.4444 ft

wing span, 16 in.
reference length for'pitching moment, 5.3444 in.

axial-force coefficient measured by balance, .in
body coordinates, axial force/QAW

base axial-force coefficient in body coordinates,

(P - B,)A /OA,

axial-force coefficient corrected for base effects,
in body coordinates, CA - CAB

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

pitching-moment coefficient_in unrolled body coordi-
nates, pitching moment/QA.c

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

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

surface-pressure coefficient at orifice N,
(Ps - P)/Q

side-force coefficient, side force/QAW

wind tunnel free-stream Mach number
wind tunnel free-stream static pressure, psfa

average base pressure, psfa

sequential indexing number for referencing data; a
constant throughout each sweep

aircraft-model local surface pressure, psfa

wind tunnel free-stream total pressure, psfa

Pose T
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REX10-6

RUN

- SURVEY

TEST

WING

NOMENCLATURE (Concluded)

wind tunnel free-stream dynamic pressure, psf

wind tunnel free-stream unit Reynolds number,
millions pexr foot

identifier for specific user test type

identifier for specific user grid-survey combina-
tion : |

alpha-numeric notation for referencing a specific
test program in a specific test unit

wind tunnel free-stream total temperature, Op
wind tunnel free-stream velocity, ft/sec :

wing designation used for a speéific part number
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DATA REPORT FOR A TEST PROGRAM TO STUDY
TRANSONIC FLOW FIELDS ABOUT AIRCRAFT
WITH APPLICATION TO EXTERNAL STORES

VOLUME I. - SUMMARY REPORT, TUNNEL-EMPTY
AND MACH-NUMBER SURVEY DATA, FORCE AND
MOMENT DATA, AND PRESSURE DATA

l. INTRODUCTION

The test program described in this report, authorized under
Air Force Contract No. F44620-75-C-0047, was conducted for the i
purpose of obtaining experimental measurements of flow velocities
and static pressures in the vicinity of wing-body models in 3
addition to body surface pressures and forces and moments on the
models. Flow velocities and static pressures were also heasured
near the tunnel walls to provide outer flow field information.
The test program was conducted in the 4T and 16T Wind Tunnels at
Arnold Engineering Development Center at Mach numbers ranging 1
from 0.80 to 1.15. The flow-field data were obtained at Mach . ]
numbers 0.925, 0.975, and 1.025 and constitute the major part of i
the data.

This report presents the data obtained during the test program.
This volume, Volume I, is a summary report which gives detailed

information on the test program and presents uncertainties associ-
ated with the various types of data taken in the 4T Wind Tunnel.
This volume also presents tunnel-empty 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 -2°. -5°, 0°,
2° ana 5°. Volumes II, III, and IV present the tabulated flow-
field 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. :

A summary of the test data contained in each volume is
presented below.




Wind

Volume Tunnel
I 4T
II 4T
III AT
IV 4T
v 4T
VI 16T

Wing
None

4-percent

4-percent
and
6~percent

4-percent

~ 4-percent

4-~percent

6-percent

None

4-peréent

4-percent

R T o

I-2

Test Data

Tunnel-empty surveys at M_ = .80, .85,
.90, .95, 1.0, 1.025, 1,05, 1.10, 1.15

Mach-number surveys at M_= .80, .85,
.90, .95, 1.0, 1.025, 1.85, 1.10, 1.15
and a = 0° ,

Force and Moment and Pressure data at

''M_=0.80, 0.85, 0.90, 0.925, 0.95,

0>975, 1.0, 1.025, 1.05, 1.10, 1.15

Flow-field survey data at M_ = 0.925
and o = 0°, + 20, + 5°

Flow-field survey data at

M, = 0.975.
and o = 0°, + 2°, + 5°

Flow-field survey data at M_ = 1.025

and a = 0°, + 2°, + 5°

Flow-field survey data at M = 0.925,
.975, 1.025, and a = 0%, + 2°, + 5°

Tunnel-empty surveys at M = ,925,
.975, 1.025

Force and Moment and Pressure data
at M_ = .80, .85, .90, .925, .95
.975, 1.0, 1.025, 1'056 1.10, 1.15
and a = 0%, + 29, +5

Flow-field survey data at M, = 0.925,
0.975, 1.025 and’ o = 00, +'5°
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References 1 and 2 are reports prepared by AEDC describing
data reduction procedures used in the 4T and 16T Wind Tunnel
facilities, respectively, to determine force and moment, pressure,
and flow-field data. The data uncertainties given in this report
were provided by AEDC and meet the data guality requirements that
were outlined in reference 3.

2. PURPOSE AND SCOPE OF TEST PROGRAM

The purpose of the test program is to obtain experimental . ;
data which will aid in the development and evaluation of a theoreti- i
cal method for predicting flow fields about three-dimensional con- 3
figurations characteristic of modern fighter/bombers flying in the ?
transonic range. The scope of the test program is to obtain data
on a simplified wing~body combination with two different sets of
wings at subcritical, supercritical, and supersonic speeds for
several values of angle of attack. The effects of wall interference
in the 4T Tunnel will also be studied by repeating several of the
test conditions in the 16T Propulsion Wind Tunnel. Detailed infor-
mation regarding these wind tunnels can be found in reference 4.
The bulk of the testing was done in the 4T Tunnel and the data
obtained from these tests comprise the major part of this data

report. This volume, Volume I, summarizes the data, presents
the 4T Tunnel-empty and Mach-number surveys, and presents some
uncertainties associated with the data. Also, the force and
moment and pressure data obtained in the 4T Tunnel are presented
in this volume. The 4T Tunnel flow-field survey data are
presented in Volumes II through V and all data obtained in the

16T Tunnel are presented in Volume VI.
3. TEST HARDWARE

The test installation consisted of a wing-body combination in
whose proximity a flow-field survey.probe was located. Flow-field
survey, pressure distribution, and force -and moment data were
obtained for two wing-body combinations during the test program.

it
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The flow-field survey data was obtained using the AEDC 0.25-inch
diameter conical probe with a 20° semi-apex angle. The body is
an aluminum fuselage which was bored out and mounted on the
1.5-inch, 500 1lb. AEDC 6-1.50~1.12 M-A balance. The force and
moment data on the wing-body combinations were obtained using
this balance. The entire body contained 25 axially-aligned pres-
sure orifices, 6 on the nose portion and 19 on the fuselage
section, from which pressure data on the body surface were obtained.
Figure 1 shows the wing-body combination with the 4-percent
wing in the 4T Tunnel with the conical flow-field probe supported
on the captive trajectory system (CTS, see ref. 4). Figure 2 is
a drawing of the wing-body model which includes the posiiions of
the 25 pressure orifices along the body centerline. Sketches and
coordinates of the 4-percent and 6-percent thick airfoils which
were used to obtain data are given in figure 3. A detailed sketch
of the entire conical flow-field probe and of the probe tip are
shown in figure 4. It is also noted that 0.0035-inch, #150
Carbolum grit was used on the nose tip and wing leading edges to
trip the boundary layer. Figure 5 shows the positions and width
of the grit for both the body nose and wings.

4, DEFINITION OF AXES

A conventional set of orthogonal body-fixed axzes is used as
a frame of reference for the inner flow-field surveys near the
body. The origin of the wing-body combination system is at the
tip of the nose, as shown in figure 6(a). The pressure orifices
are on the same side that probe measurements are taken, which is
on the negative 2 axis side. As seen by a person positioned on
the pressure orifices and looking toward the nose, the X axis is
positive aft, the Y axis is positive to the left and the 2 axis
is positive down.

A conventional set of orthogonal tunnel-fixed axes is used
as a frame of ieference for the outer flow-field surveys near the

’ 4
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tunnel walls and is shown in figure 6(b). The origin of this
,reference frame is the nose of the model body when the wing-body

is at an angle of attack of 0°. It is at this position that

the body-fixed axes and tunnel-fixed axes coincide. '

The sign convention adopted fo; the upwash and sidewash angles

is shown in figure 7. In the figure, the wing-body is shown in

the tunnel at a negative angle of attack to show the flow components :
with respect to the walls of the tunnel. In the body-axis system,
positive angular values of sidewash and upwash correspond to positive
values of their respective velocity components. 'As seen by a

person positioned on the pressure orifices and looking forward,
positive upwash is a downward flow and positive sidewash is an

G G S
-y

outward flow along the left wing panel.

Slahon S A

5. DESCRIPTION OF TESTS

Tests for which experimental data are reported herein are of
three general types: (1) flow-field survey tests, (2) pressure-
distribution tests and (3) force and moment tests. The tests have
been conducted at nominal free-stream Mach numbers of 0.80 to 1.15
and at a nominal Reynolds number per foot of 3.0x10°. Tests were

l conducted with a 4-percent thick and a 6-percent thick airfoil to

investigate thickness effects on the flow field generated by the
wing-body combination.

A note is made here with respect to the positioning of the
probe. The X and XT coordinates given in the tabulated data | |
are the axial positions of the probe static pressure orifices in |
the body-axis and tunnel-axis systems, respectively. The Y and :
Z coordinates indicate the lateral and vertical positions of the
probe longitudinal axis in the body-axis coordinate systems, while
YT and 2T indicate the lateral and vertical positions of the
probe longitudinal axis in the tunnel-axis coordinate system.
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5.1 Flow-Field Survey Tests

Flow-field survey tests were conducted with the tunnel empty
and with two wing-body configurations at several angles of attack.
The conical probe used in the tests was calibrated at nominal Mach
numbers of 0.80, 0.85, 0.90, 1.0, 1.025, 1.05, 1.10, and 1.15.
Tunnel-empty surveys were made at the same Mach numbers to investi-
gate the uniformity of the free-stream conditions in the region of
the wing-body model. Mach-number surveys were also taken in regions
of particular interest with the wing-body model in the tunnel. The
aforementioned conical probe was used to obtain flow-field velocity
components and upwash and sidewash angles, as well as other quantities,
at various locations of interest. The velocities and angles were
calculated using five pressures measured with the probe. One is a
total pressure, located on the tip of the probe, and the other four
consist of two orthogonal pairs of static pressures located on the
surface of the conical probe. These pressures have also been used
to deduce other local-flow quantities, such as Mach number and total
pressure. Flow-field surveys were obtained at Mach numbers 0.925,
0.975, and 1.025 for both the 4-percent thick and 6-percent thick
wing-body combinations. Data were taken at specified spanwise and
chordwise positions for angles of attack of 0°, + 2%, ana + 5°.

The specific flow-field survey tests which were performed and
the final data which were obtained are presented in Volumes I
through VI of this report. Velumes I through V contain the data
obtained in the 4T Tunnel and Volume VI contains data obtained in
the 16T Tunrel. Volume I contains Tunnel-empty and Mach-number
survey data at Mach numbers 0.80, 0.85, 0.90, 0.95, 1.0, 1.025, 1.05,
1.10 and 1.15. Volumes II, III, and IV contain data for the 4-percent
thick wing-body combination at Mach numbers 0.925, 0.975, and 1.025,
respectively, and Volume V contains data at the same Mach numbers
for the 6-percent thick wing-body combination. Volume VI contains
data for the 4-percent thick wing-body combination at the same
Mach numbers.

|
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5.2 Pressure Distribution Tests

Axial pressure distributions were obtained along the body
surface for Mach numbers 0.80, 0.85, 0.90, 0.925, 0.95, 0.975,
1.0, 1.025, 1.05, 1.10 and 1.15 with the 4-percent thick wing-
body combination and for Mach numbers 0.925, 0.975, and 1.025
with the 6-percent thick wing-body combination. The pressure
distributions were obtained along the bottom of the body (a = 0°,
2°, and 5°) and along the top of the body (a = -2° and--5°).

The specific pressure distribution tests which were performed
and the final data which were obtained are presented in this
volume, Volume I, for the 4T Tunnel and in Volume VI for the 16T
Tunnel.

5.3 PForce and Moment Tests

Force and moment data were obtained for the 4-percent thick
wing-body combination at Mach numbers 0.80, 0.85, 0.90, 0.925,
0.95, 0.975, 1.0, 1.025, 1.05, 1.10 and 1.15 and for the 6-percent
thick wing-body combination at Mach numbers 0.925, 0.975, and
1.025. These data were obtained for a = 0°, + 2°, and + 59,

The specific force and moment tests which were performed and
the final data which were obtained are presented in this volume,
Volume I, for the 4T Tunnel  and in Volume VI for the 16T Tunnel.

6. SYMMETRY OF TESTS

This section of the data report contains an assessment of

the symmetry of the flow-field survey tests previously described

in this report. Specifically, this refers to comparisons of déta
taken at points whose 2Z values are identical, but whose Y loca-
tions differ in sign only. These comparisons are a good measure of
the exactness of positioning the wing-body configuration and probe
with respect to one another, the symmetry of the configuration and
flow field, and a check of the data reduction procedure.
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Figure 8 shows comparisons of pressure (Cp), upwash (AAL),

and sidewash (SWL) for positions (4, -1), (-4, -1) and (7, -1),

(-7, -1) at a = 0° and M_ = 0.925 (4-percent thick wing).

| Figure 9 shows the same comparisons at M_ = 1.025. These compari-
3 sons were carried out for all Mach numbers and angles of attack

: and for both wings. With the exception of the upwash comparisons

% ! at the outboard positions, all comparisons for pressure, upwash

5 and sidewash were very good. Several explanations for the poor
upwash comparisons at the outboard positions are offered. PFirst,
the regions in which the comparisons are poor are regions in which
the measured angle is very small, and the difference in the measure-
ments is usually within the accuracy of the data (1.0.4Q°, see

DATA UNCERTAINTIES section). Second, the wings on either side of
the fuselage have slightly different maximum thickness at the tips.
Also, the difference between the vertical coordinates of the wing
trailing edge at the tip and root is not the same on both sides, wi
These differences, which are given in figure 10, could effect upwash ;
measurements, although it is felt that it would be a very small E
effect. It is also possible that the flow field of the tunnel is l
not symmetric in the region of interest, as is shown in reference 5. E
A small difference in tunnel-empty upwash in the region of interest
could easily cause the differences seen ip upwash at the outboard q
wing position.

The overall good agreement shown in the comparisons indicates
accurate positioning of the wing-body configuration in the tunnel
and of the probe with respect to the wing-body model, and lends
confidence to both the test procedures and data reduction schemes .
: used to obtain this data. {

T §
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7. DATA UNCERTAINTIES

F ! Uncertainties in the aerodynamic coefficients, local conditibns,
flow angles, and probe position for the 4T Wind Tunnel were provided |
by ARO and are presented below.
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Force and Moment Data

s Uncertainty (+), Absolute

f: b S & Cm ‘n o
: 0.004 0.002  0.004  0.004 0.001  0.003

Probe Position

Uncertainty (+), Absolute

x, ino Y’ in. z' in. aprObe' dego R
0.05 0.05 0.05 0.15
~ Flow Angles

S s S Sel ek

Uncertainty (+), Absolute

AAL, deg ' SWL, deg
0.25 0.25

Local Conditions

Uncertainty (+), Absolute

%

0.03

Examining the uncertainties associated with'brobevanglé i
(@ robe) and upwash angle (AAL), there exists a maximum possible 1
uncertainty of + 0.40°; This is the uncertainty mentioned in
Section 6 that could account for the disagreement of upwash angle
at the outboard position.

L g
o




8. TUNNEL-EMPTY SURVEYS

Figure 11 shows the grids used in the tunnel-empty surveys,
which were taken at Mach numbers 0.80, 0.85, 0.90, 0.95, 1.0,
1.025, 1.05 and 1.10 and at a nominal free-stream Reynolds number
per foot of 3.0x10° to ascertain the quality of the tunnel-empty
flow field.

An example of the type of results derived from the tunnel-
empty surveys is the XT traverse at YT = 0.0 ZT = «14.14. °
The sidewash at this particular location should aiways be zero,
since it lies in the plane of symmetry of the configuratioh.
Examining the sidewash at M_ = 0.90 and 0.95, as shown in figure 12,
it is seen to be nonzero-. It could be argued at first that the
"nonzero" sidewash is due to probe error, but closer inspection
shows a consistent nonzero sidewash throughout the Mach number
range. With the model in the tunnel, the same nonzero sidewash
distribution is present throughout the Mach number and angle of
attack range, as shown in figure 12. The consistency of these
results offers reasonable proof that the tunnei—empty flow field
has a slightly positive sidewash angle along (YT,2T) = (0.0, -14.14).
The nonzero sidewash is relatively small, however, and will there-
fore have very little effect on the data taken in this region. 1In
this same manner, the tunnel-empty upwash and sidewash in other parts
of the flow field can be examined to determine their effects on the
data taken in those regions.

The tunnel-empty surveys at M_ = 0.80, 0.85, 0.90, 0.95, 1.0,
1.025, 1.05 and 1.10 are summarized in Table II. Columns one and
two indicate the page number and part number, respectively, of the
tabulated data for each tunnel-empty survey. Column four indicates
the free-stream Mach number. Columns five, six and seven indicate
the XT, YT, and 2T ranges, respectively, for each traverse.
Column nine indicates the increment for the axis alon§ which the
traverse is being carried out. All positions are relative to the
tunnel origin, which is located at the tip of the wing-body model
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when the model is at a = 0°.

The data are presented in tabular form on pages 1 through 36
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 (not applicable for these tests), the
type of wing attached to the model (none for these tests), and the
(YT,2T), (XT,¥YT), or (XT,2T) coordinates at which the probe traverse
is carried out. Also included are the run and survey numbers and
the date on which the data were recorded.

Below the heading information are the data obtained during
each test. The first two columns indicate the sequential indexing
number for referencing data obtained during one part (POINT) and
the location of the probe in the tunnel axis XT; YT, or 2T direc-
tion. The wind tunnel free-stream quantities are in columns three
through seven, and are Mach number (M), velocity (VM, ft/sec), total
pressure (PT, psfa), dynamic pressure (Q, psf), and total tempera-
ture (TT, °F). Following these quantities are local quantities as
measured by the probe or calculated from probe measurements. These
local quantities are Mach number (ML), the ratio of local to free-
stream velocity (VML/VM), the ratio of local to free-stream total
pressure (PTL/PT), pressure coefficient (CPL), the ratio of local
velocity components in the tunnel axis X, ¥, and 2 directions,
respectively, to the free-stream velocity (UT/VM, VT/VM and WT/VM,
respectively), and the upwash and sidewash angles referenced to
tunnel-axis coordinates (AATL and SWTL, respectively). The positive
sense of the upwash and sidewash is shown in figure 7.

9. MACH-NUMBER SURVEYS

The Mach-number surveys were taken at Mach numbers 0.80, 0.85,
0.90, 0.95, 1.0, 1.025, 1.05, 1.10 and 1.15 at a nominal Reynolds
number per foot of 3.0x10°. These tests were taken with the
4-percent thick wing-body configuration at o = 0° along an-

X traverse at Y = 3,0, Z = -2.0 and =-1.0. The purpose of these

F
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tests was to establish appropriate subcritical and supercritical
test conditions for the flow-field surveys.

The data are'presented in tabular form on pages 37 through
56 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 wing for the Mach-number surveys), and the Y
and 2 coordinates at which the X 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 data obtained during
each test. The first two columns indicate the sequential indexing
number for referencing data obtained during one part (POINT) and
the location of the probe in the body-axis X direction. The
wind tunnel free-stream quantities are in columns three through
seven and are Mach number (M), velocity (VM, ft/sec), total pres-
sure (PT, psfa), dynamic pressure (Q, psf), and total temperatuie
(TT, °F). columns eight through sixteen contain local quantities
which were either measured by the probe or calculated from probe
measurements. These local quantities are Mach number (ML), the
ratio of local to free-stream velocity (VML/VM), the ratio of
local to free-stream total pressure (PTL/PT), the pressure coef-
ficient (CPL), the ratio of the 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 ﬁhé
upwash and sidewash angles referenced to body-axis coordinates
(AAL and SWL, respectively). The positive sense of the upwash
and sidewash is shown in figure 7.

10. FORCE AND MOMENT AND PRESSURE TESTS

This section presents the force and moment and pressure data
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 for the 4-percent thick wing-body and at M, = 0.925,
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0.975 and 1.025 for the 6-percent thick wing-body. Data for both
wings is presented at a =v0°, + 2°, + 5°. These tests, performed
at a nominal Reynolds number per foot of 3.0XIO‘, are outlined in
Table IV of this volume. The tabulated data are at the end of this
volume beginning on the page numbered 57.

10.1 Description of Tests

The aerodynamic coefficients on the wing-body models were
obtained during the force and moment tests using the 1l.5-inch,
500 1b. AEDC balance #6-1.50-0.50-1.12 M-A. The fuselage was
bored out and mounted on this balance. The surface-pressure data
_were obtained from the 25 pressure orifices on the body surface.
The orifices are labeled 1 through 25 with number 1 being closest
to the nose tip. The data are arranged such that there are two
pages for each Mach number. The first presents the force and ;
moment data for the angle-of-attack range (Oo, t_2°, + 5% and the
second presents the pressure data obtained at each angle of attack.

The force and moment and pressure tests are summarized in
Table IV. Columns one and two indicate the page and part numbers,
respectively, of the tabulated data. Column four indicates the
Mach number. Column six indicates the type of data given on each
page; F &M indicates force and moment data and P indicates
pressure data. Column eight indicates which wing (4-percent thick
or 6-percent thick) was attached to the body for each particular
run.

10.2 Description of Data

The data are presented in tabular form on pages 57 through 84
of this volume. As previously mentioned, each Mach number has two
pages of data associated with it. 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
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number, the free-stream Mach number, total pressure, static pres-
sure, Reynolds number per foot, velocity, dynamic pressure, and
total temperature. Also included are the type of wing attached to
the body (4-percent thick or 6-percent thick), the run number and
the survey number.

Below the heading on the first page of each Mach number section

are the data obtained dufing each force and moment test. The results

for the force and moment tests include the wing-body model angle
of attack, the normal-force coefficient (CNF), the side-force
coefficient (CY), the axial-force coefficient corrected for base
effects (CAF), the pitching-moment coefficient (CLMF), the yawing-
moment coefficient (CLN), the rolling-moment coefficient (CLL),
and the base axial-force coefficient (CAB). The positive sense of
these forces and moments is shown in figure 13.

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 a = -5°, -2°, 0°, 2° and 5°, respectively, at each orifice
location. The locations of the pressure orifices are shown in
figure 2.

abiabibdon




b
; s : dg = T P TAT T & zan et G il e e R - Sk " i y " .
1

2.

3.

I-15

REFERENCES

Rittenhouse, L. E. and Kaupp, H.: Procedures and Computer
Program for Conducting Force Tests in the PWT 4T Facility.
Revised Sept. 5, 1973.

Reichenau, D. E.: AFFDL Wing-Body Flowfield Study Test.
PWT 16T Facility Project Criteria, Project No. P41T-M9A,
Test No. TF-445, Mar. 10, 1977. :

AEDC 4T Wind Tunnel Test Plan for the Study of Transonic
Flow Fields About Aircraft with Application to External
Stores. AFOSR Contract No. F44620-75-C-0047, Project No.
9781-01, Nov. 1976.

Test Facilities Handbook, Tenth Edition, Arnold Engineering
Development Center, Arnold Air Force Station, TN, May 1974.

Luchuk, W.: Flow Angle Measurements Using a 2-Inch Span
Cruciform-Wing Force Model. Presented at the 45th Semi-
Annual Supersonic Tunnel Association, Albuquerque, New
Mexico, Apr. 13-14, 1976.




I-16

TABLE I.- SUMMARY OF TABULATED
 DATA IN VOLUME I

Re/ft = 3,0x10°

Table Test - Pages
(1) (). oo (3)
Tunnel-empty ¥ ;
11 surveys e AT y
' Mach-number
IIr surveys -
Force and moment
v and pressure data 57-8¢
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1 2 3 4 5 6 7 o 10
XT YT ZT
Page P;;t l;a:h Range | Range | Range &
No. . Q inches |inches | inches inches
1 34 0.80 |-6.000] .0,000F14.142 2.000
to
24.000
Bt ) 34 -6.000| 0,004 0,000
e -Eg———
24.000
3 34 -6.000}| 14.143 0.000 2.000
e
24.000
4 33 14,000 14.000 0,000 2,000
to
-14.00
5 33 14,000] 0,000} 14,00( 2.000
to
‘* ~14.,00
6 37 0.85 |-6.000| 0,000}14.149 2,000
to
24,000
7 37 -6.000] 0.000 | 0.000 _2,000
to
24.000
] 37 -6,000 114,142 | 0,000 2.000
to
24.000
9 36 14.000 | 314 00d ©0.000 2,000
to
-14, 000
10 36 14,000] 0.000[ 14,000 2. 000
to
Y 14,000

e
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TABLE II,.~- CONTINUED

i Gt kg e i

1 2 4 5 6 7 8 9 10
XT YT Z7T
!;:oge I;?t ’:;:h Range | Range | Range 8
3 5 * | inches|inches | inches inches]
11 39 0,90 1-6.000 {. 0.000¢14,142f 2, 000
to
24,000
12 -6,000} 0,000] 0,000 2,000
to
24.000
13 39 -6,000 | 14.142] 0.000} 2,000
to
24,000
14 38 14.000 | 14.000] 0.000 2.000
; to
-14.000
15 38 14.000 | 0.000] 14. 000] 2,000
to
‘Y’ 14, 000
16 41 0.95 |-6.000 | 0.000}14.142 2,000
to
.000
17 41 -6,000 { 0,000 0,000 2. 000
to
24,000
18 41 ~6.000 | 14.142] 0.000 2,000
to
24,000
19 40 14,000 | 14.00 . 2,000
to
_20 40 14,000 | 0.000 14,000] — 2,000
to
"" 14, 000]
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TABLE II.- CONTINUED

1 2 4 5 6 7 -] 10
Page Part XT YT ZT
!Mi ;g: 1;fh Range | Range| Range o
* | inches| inches|inches inche
21 43 1.00 |-6,000 |- 0,000+14.1
to
4.000
22 43 -6,.000 | 14.142 0,000
to
I 24.000
23 43 -6,000 | 14.142] 0.00 2.000
_to
2 00
24 42 14.000 | 14,000 0.000] 2,000
to
14,000
14.000 0.000] 14, 000] 2,000
to
-14. 00
-6.000 0.0001-14. 14 2,000

to

24.000

-6.000

0. 000j

0.000

2,000

to

000

~6.000

14.142

0.00

2,000

_to

24.000

14,000
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TABLE II.- CONCLUDED

YT

1 2 4 3 6 7 o
XT YT 2T
l;aog ” l;a:t !;Ia:h Range | Range | Range A
’ i s inches jinches jinches inches!
31 47 1.05 -6.000f 0,000 }14.142 2.000
to ;
24,000
32 47 -6.000} 0,000 0. 000} 2.000 |
to
24,000
33 47 -6.000]14.142] 0.000] 2.000
o
2
S B
34 46 14.000] 14.000] 0.000] 2,000 ?
to
-14. 000 4
35 © 46 14,000] 0.000] 14.000j 2,000
to 3
Y 14,000 k
36 48 1.10 14,00 0.0001 14,0001 _2.000 ]
t < |
14, 00 t




TABLE III.- MACH-NUMBER SURVEYS

‘ 1 2 3 4 S 6 7 8 -] 10

Initial Final

§ = Page | Part _ Mach X X AX Y A
" No. No. o, | tiitesl Inkhas incheq inches| inches
37 85 .80 110.333] 19,000 0,333 3 ~2,000 |




TABLE IV,- FORCE AND MOMENT AND PRESSURE TESTS

1 2 3 4 s 6 7 8 )
Page Part Mach Ty;;e Wi
No No No. . o ng
3 e : Data

57 73 0. 80 F &M 4%
58 ¥ ¥ P

59 74 0.85 F &M

60 K P

61 75 0. 90 F &M

62 ¥ F -

63 938 0,925 F &M

64 & ; { P

65 76 0.95 F &M

66 ¥ Y P

67 939 0.975 F &M

68 [ [ P

59 77 1.00 F &M

70 [ y P

71 78 1,025 F &M

72 Y Y p

73 79 1.08 F &M

74 1] P

75 80 1.10 F &M

76 _ v ¥ P

77 81 1,15 F &M

78 v [ P Y

79 945 0.925| F &M 6%

80 Y Y P

81 946 0.975 F &M

82 Y ¥ p

83 947 1,025 F &M
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o <L _ By . ;-l
o Leading edge

t£2¢, %'

0

0.

0.

0.

0.

1.
$1.399
..
8
8
1.
8
X
1.
™
1.
-
1.
1.
0.
0.

Figure

tmax = 2(7.6) (0.01998)
325
548
736

900 ; i -
= ]
175 0.080 e tip

= 0.304"_ @ root

.

t .. = 2(2) (0.01998)

::: Leading-edge radius{*‘ail'percent,:9"7
837 ‘ ' 5
921 Trailing-edge radius: 0.01 percent C
974 ' '
998

989

955

885

777

620

406

085

738

369 -

(a) 4-percent thick airfoil

3.-Coordinates of airfoil sections.




t(ch $

0.5 :.464 (1“ Cou ‘ _"1 _- o _ E
_ ~ g

0.75 0.563 Leading edge

1.25 0.718
0.981

1.313
; 7.5 1.591 :
| Ao 3 ke ' £ - 2(7.5)\(2.936T>
§ 15.0 © 2,194 = 0.455" @ root
? 20,0 2.474 . ‘
| 25.0 . 2.687 t oo = 2(2) (2.996)
i 30.0 2,842 . .= 0,120" - @ tip - #
: 35.0 2.945 i
| 40.0 © 2,996 _
; 45.0 ; 2.992 Leading-edge radius: 0.229 percent ¢
I o b Trailing-edge radius: 0.014 percent ¢C
} 55.0 2.793
!, 60.0 | 2.602
| 65.0 ; 2.364

2,087
1.775

80.0 ; 1.437 ! 3
85.0 1.083 e : , | l
90.0 0.727

95.0 - 0.370

(b) 6~percent thick airfoil (NACA 65A006)

Figure 3.-Concluded.
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flow field surveys.
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- Concluded.
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TOP WALL OF TUNNEL

\L'Positivé upwash velocity
Positive upwash angle, AAL

BOTTOM WALL OF TUNNEL

(a) Side view of tunnel.

ositive sidewash velocity _ ‘

Positive \\\<§S

sidewash angle, SWL

WALL OF TUNNEL

(b) Plan view of tunnel from top.

; Figure 7.-Pictorial sign convention for 2 4
L upwash and sidewash angles.
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- Figure 8.-Symmetry comparisons for 4-percent thick wing-body
combination at 2 = -1.0 in., a = 0°, M_ = 0.925.
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Pigure 8.-Continued.
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Figure 9.-Symmetry comparisons for 4-percent thick wing-
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