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PREFACE 

The work reported herein was done by the Arnold Engineering Development Center 
(AEDC) and was sponsored by the Air Force Armament Laboratory (AFATL/DLJC), Air 
Force Systems Command (AFSC), under Program Element 27121F, Project 5221. 

The test results presented were obtained by ARO, Inc. (a subsidiary of Sverdrup 
& Parcel and Associates, Inc.), contract operator of the AEDC, AFSC, Arnold Air Force 
Station, Tennessee. The tests were conducted from October 9 through 15, 1974, under 
ARC) Project No. P41C-58A. The manuscript (ARO Control No. ARO-PWT-TR-74-127) 
was submitted for publication on December 19, 1974. 
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1.0 INTRODUCTION 

Flow-angularity measurements were obtained in the flow field of the A-7D aircraft 
using a 40-deg conical probe attached to a six-degree-of-freedom captive trajectory store 

separation system (CTS). Local flow angle velocities were measured beneath the inboard, 

center, and outboard pylons of both wings of the parent aircraft to determine the effects 

of external store configuration on flow-field characteristics. The data were recorded at 
Math numbers 0.7 and 0.95 in the Aerodynamic Wind Tunnel (4T) of the Propulsion 

Wind Tunnel Facility (PWT) using 0.05-scale models. The probe was positioned at selected 

axial, lateral, and vertical positions in the aircraft flow field for parent-aircraft angles of 
attack of 2, 6, and 10 deg at zero sideslip. 

2.0 APPARATUS 

2.1 TEST FACILITY 

The Aerodynamic Wind Tunnel (4T) is a closed-loop, continuous flow, variable-density 
tunnel in which the Math number can be varied from 0.1 to 1.3. At all Math numbers, 

the stagnation pressure can be varied from 300 to 3700 psfa. The test section is 4 ft 
square and 12.5 ft long with perforated, variable porosity (0.5- to 10-percent open) walls. 
It is completely enclosed in a plenum chamber from which the air can be evacuated, 
allowing part of the tunnel airflow to be removed through the perforated walls of the 

test section. 

Two separate and independent support systems were used to support the models. 

The parent aircraft model was inverted in the test section and supported by an offset 

sting attached to the main pitch sector. The flow-field survey probe Was supported by 
the CTS which extends down from the tunnel top wall and provides probe movement 

(six degreees of freedom) independent of the parent-aircraft model. An isometric drawing 
of a typical installation is shown in Fig. 1. 

Also shown in Fig. 1 is a block diagram of the computer control loop used during 

testing. The analog system and the digital computer work as an integrated unit and, utilizing 
required input information, control the probe movement. Positioning is accomplished by 
use of six individual d-c electric motors. Maximum translational travel of  the CTS is -+ 15 

in. from the tunnel centerline in the lateral and vertical directions and 36 in. in the. axial 
direction. Maximum angular displacements are +45 deg in pitch and yaw and +360 deg 
in roll. A schematic showing the test section details and the location of the models in the 
tunnel is shown in Fig. 2. 
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2.2 TEST ARTICLE 

The probe used to obtain flow-field measurements was attached directly to the CTS 
and consisted of a single cone-cylinder with a 40-deg included tip angle (Fig. 3). There 

were four equally spaced static pressure orifices on the cone surface and a total pressure 
orifice at the cone apex. 

The basic details of the 0.05-scale A-7D parent model are presented in Fig. 4. The 

parent model is geometrically similar to the full-scale airplane except for the faired 

nose/inlet geometry. The horizontal tail surfaces were removed to minimize interference 
with the CTS support movement. Details of the A-7 pylons, multiple ejection rack (MER), 

and triple ejection rack (TER) are shown in Figs. 5, 6, and 7, respectively. Details of 
the external store models are given as follows: 300-gal fuel tank (Fig. 8), MK-82GP (Fig. 

9), MK-82SE (Fig. 10), SUU-30H/B (Fig. 1 l), MK-20 ')Rockeye" (Fig. 12), MK-84EOGB 
(Fig. 13), and QRC-335A ECM Pod (Fig. 14). The orientation of the suspension lugs 
on the MER and TER are shown in Fig. 15. A typical tunnel installation photograph 
showing parent aircraft, probe, and CTS is presented in Fig. 16. 

2.3 INSTRUMENTATION 

Static and total pressures on the cone probe were measured with 5-psid transducers. 
Translational and angular positions of the probe were obtained from digital computer 

commands during flow-field testing. The parent-model angle of attack was determined using 
an internal, gravimetric angular position indicator. The pylons contained a touch wire 

system which enabled the probe to be accurately positioned initially with respect to the 
parent aircraft. The system was also wired to automatically stop the CTS motion and 
give visual indication should the probe or sting support make contact with any surface 
other than the touch wire. 

3.0 TEST DESCRIPTION 

3.1 TEST CONDITIONS 

The nominal wind tunnel test conditions are given below: 

M Pt Tt q= p .  V R e  x 10 -6 

0.70 1200 560 300 870 770 2.1 

0.95 1200 560 420 670 lOlO 2.4 

A complete test summary is given in Tables 1 and 2. 

6 
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3.2 DATA ACQUISITION 

All flow-field measurements were obtained in the pylon-axis system. Definitions of 

the positive directions of the flow-field velocity vectors and probe displacements are given 
in Fig. 17. During testing, tunnel conditions were established and the probe tip was 

positioned at a known coordinate point relative to the parent aircraft. At this position, 
initial-point data were obtained which oriented the computer program controlling CTS 
movement (see block diagram, Fig. 1). After the initital data were recorded, the computer 

automatically positioned the probe at preselected locations (see Tables 1 and 2) where 

tunnel conditions and probe tip pressures were recorded. Using predetermined probe 

calibration data, the probe pressure measurements were reduced to flow-angularity data, 

and these were tabulated point-by-point with the same digital computer which controlled 

the CTS movement. 

3.3 CORRECTIONS 

Probe free-stream calibration data were used to obtain corrections to account for 
any minor misalignment in the probe pitch or yaw orientation. However, no attempt was 
made to correct the measured flow angles for deflections resulting from aerodynamic 

loading on the probe. 

3.4 PRECISION OF DATA 

Uncertainties in the basio tunnel parameters, Pt, Tt, and M ,  Were estimated from 

repeat calibrations of the instrumentation and from repeatability and uniformity of the 
test section flow during tunnel calibration. These uncertainties were then used to estimate 

the uncertainties in other free-stream properties, using the Taylor Series method of error 

propagation (Ref. 1). 

Uncertainty~ percent 

Free-Stream 
Mach Number A M  Apt ATt Aq.  Ap.  A V  A R e  

0.70 +0.3 +0.I +0.4 +-0.4 -+0.2 +-0.3 +-0.6 

0.95 +-0.3 +-0.I +0.4 +-0.3 +0.4 -+0.4 +0.5 

The estimated uncertainties in probe positioning from the ability of  the CTS to set 

on a specified value were ±0.08 ft (full-scale equivalent) in Xp, Yp, and Zp, -+0.15 deg 
in pitch and yaw, and + 1.0 deg in roll. The estimated uncertainty in parent-aircraft angle 

of attack is ±0.1 deg and the estimated uncertainty in Vyz,p is +5 ft/sec. 
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4.0 RESULTS AND DISCUSSION 

Data obtained during the test consisted of basic flow angularity measurements in 
the flow field o f  the A-7D aircraft with several different external store Ioadings. A test 

summary and a definition of  the survey regions are listed in Tables 1 and 2, and aircraft 
loading configurations are given in Table 3. Because of the large volume of data obtained, 
only representative data are presented herein. 

The data (Figs. 18 through 25) are presented as the projection of  the velocity vector 

(Vy z,P) in the pylon axis Yp-Zp plane, with the tails of  the vectors plotted at the Yp,Zp 

position of  the measurement for the Xp location indicated. The magnitudes of the velocities 

are given by the length of the vectors, and flow directions are as shown. Note that when 

data at the same Xp location are presented for adjacent pylons, a truly planar flow field 

is not represented since the fuselage stations and the waterlines of  the origins are different. 

However, since the spanwise vector distribution is in true perspective, a reasonably good 

quantitative representation of the flow field is still obtained. 

Flow-field measurements under the left wing of  the A-7D aircraft with no external 

stores are shown in Fig. 18. An examination of  these data showed that the transverse 
velocities varied with vertical distance from the pylons, spanwise distance from and axial 

distance along the aircraft centerline, parent aircraft angle of attack, and free-stream Math 

number. For the test conditions shown, the flow-field patterns generally changed in an 
orderly fashion and the flow field essentially returned to free-stream conditions at 20 
ft below the pylons. 

Shown in Figs. 19 to 25 are flow-field data for configurations 2 through 8. The 

regions surveyed around the outboard pylons (with the exception of configuration 8, right 

wing) mapped the flow field at the nose and tail of the installed MK-82 store that would 

next separate from the armament station of  the MER or TER in the normal ejection 

sequence. Note that the data presented cover all the normal release possibilities from either 

wing. Except for the right wing of configuration 8, external store Ioadings on both center 
pylons for these configurations consisted of an MER with a full complement of  MK-82 
stores, whereas the inboard pylons were empty. 

The portion of  the basic A-7D flow field within 10 ft of  the pylons was substantially 

perturbed by the presence of  external stores. The degree of  disturbance was a function 

of  parent-aircraft attitude, free-stream Mach number, and, of  course, external store load 

configuation. For the present test conditions, the flow-field data for the aft MER release 

positions 1, 3, and 5 (Figs. 19, 20, and 23) were quite similar as were the data for the 

forward MER release positions 2, 4, and 6 (Figs. 19, 21, and 22) and TER release positions 

I, 2, and 3 (Figs. 23 and 24). Also, the flow on the left and right wings for the 
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nonsymmetric bIER release positions 4, 5, and 6 (Figs. 19, 20, 21, and 23) and TER 

release position 3 (Figs. 24 and 25) were similar. Therefore, for the present test conditions, 

it can be concluded that different store loadings on the MER or TER did not appreciably 

alter the flow field at the points where the data were obtained. However, these consistencies 

should not  be assumed true at another flight condition or for an MER or TER in another 

aircraft load configuration. 

The effect of  large pylon-mounted stores on the flow field can be seen by comparing 

the right wing data of configuration 8 (Fig. 25) with the empty-aircraft data (Fig. 18). 

The Xp survey positions for these data correspond to the nose and tail positions of the 

biK-84 EOGB stores mounted on the pylons. 

Initial separation tendencies of  the respective stores would be difficult to predict 
from the present flow-field data because the near flow field around the stores in the 

carriage position is unknown, and ejector force effects would have to be accounted for. 
However, these data would certainly help to explain a store motion once it reached the 

position in the flow field where the data were obtained. A comparison of  MK-82 separation 

trajectories of  Refs. 2 and 3 for comparative configurations with the present flow-field 

measurements showed reasonably good correlation once the store had moved a foot or 

so away from the MER or TER carriage position. 

REFERENCES 

1. Beers, Yardley. Introduction to the Theory of  Error. Addision-Wesley Publishing 

Company, Inc., Reading, Massachusetts, 1957, pp. 26-36. 

. Kukainis, Janis and Roberts, Robert H. "Separation Characteristics of  Six Stores from 

the A-7D Aircraft at Mach Numbers from 0.42 to 0.95." AEDC-TR-70-19 

(AD864651), January 1970. 

. Roberts, Robert H. "Separation Characteristics of  Eight Stores from the A-7D Aircraft 

at Mach Numbers from 0.42 to 0.95." AEDC-TR-70-127 (AD869970), June 
1970. 
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AEDC-TR-75-15 

Figure 16. Tunnel installation photograph showing parent aircraft, probe, and CTS. 
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Note: Pylon axis system origin 
(Xp = Yp = Zp = 0) at forward 30-in. 

suspension point of each pylon (see Fig. 5). 

Figure 17. Axis system defining directions and velocity vectors 
for flow-field measurements. 
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Flow-field measurements under the left wing of the A - 7 D  with no external stores, 
configuration 1. 
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Flow-field measurements under the left and right wings of the A-7D with external stores, 
configuration 2. 
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Table 1. Test Summary 

O~ 
~D 

Config. Moo 

0 .70  
1 

0 . 9 5  

0 . 7 0  
2 

0 . 9 5  

0.70 
3 

O. 95 

O. 70 
4 

0 . 9 5  

0 .70  
5 

O. 95 

0 .70  
6 

O. 95 

0 .70  
7 

0 . 9 5  

0 . 7 0  
8 

O. 95 

0 . 7 0  
9 

0 .95  

0 .70  
10 

0 . 9 5  

*See T a b l e  2 fo r  X p ,  Y p ,  

o/ 

6 10 
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D D D 

D D 

E E E 

E E 

C C C 

C C 

F F F 

F F 

G G G 

G G 

H H H H 

H H H 

F 

D 

D 

Zp locations. 

o '  

2 6 10 2 

II H H H 

H H H 

]': E 

E 

D D 

D 

Pylon  

6 

ot 

6 I0 2 

A* 

A 

H 

3 2 1 

ot 

6 10 2 6 10 

A A A A A 

A A A 
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B B 

D D 

D D 

E E 

E E 

E 

E 

E 

E 

D 

D 

G 

G 

G 

G 

D 

E 

2 6 10 

A A A 

A A 

B B B 

B B 

D D D 

D D 

E E 

E 

E E 

E 

D D 

D 

G G 
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G G 
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Table 1. Continued > 
m 
0 

Conflg. M m 

0.70 
II 

0 . 9 5  

O. 70 
12 

O. 95 

O, 70 
13 

O. 95 

0 . 7 0  
14 

O. 95 

0 . 7 0  
15 

O. 95 

16 0.70 

O. 95 

0 . 7 0  17 
O. 95 

0 . 7 0  
18 

O. 95 

O. 70 
19 

O. 95 

0 . 7 0  
20 

O. 95 

Q 

2 6 10 

Q 

2 6 10 

E* E E 

E E 

C C C 

C C 

F F F 

F F 

G G G 

G G 

C C C 

C C 

E E E 

E E 

C C C 

C C 

E E E 

E E 

*See T a b l e  2 f o r  X p ,  y p ,  Z p  l oca t i ons .  
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Table 1. Concluded 

-,.1 

Config. Moo 

0 .70 
21 

O. 95 

O. 70 
22 

0. 95 

0. 70. 

O. 95 

0.70 

0. 95 

O. 70 

0.95  

O. 70 

O. 95 

O. 70 

0.95  

O. 70 

O. 95 

O. 70 

O. 95 

0.70 

0 .95 

*See Table 2 fo r  
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AE DC-TR-75-15 

Table 2. Survey Positions 

Set Xp Yp 

+1.83 
A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

5.33, -7.00 

-2.00, -9.33 

6.00, -1.50 

-2.00, -9.33 

6.00, -1.50 

1.83, -5.50 

1.83, -5.50 

5.33, -7.00 

6.67, -12.00 

1.83, -5.50 

±2.33 

±2.33 

+2. 33 

+2. 33 

0 

~2.33 

0 

±2.33 

0 

, 1 . 8 3  

±2.00 

+2. O0 

Zp 

0. 83, 3.33, 5 

0. 83, 3.33, 5, 10, 15, 20 

2. 33, 3.50, 5 

3.50, 5, I0, 15, 20 

2.33, 3.50, 5 

3.50, 5, 10, 15, 20 

0.83", 2.50, 5 

2.50, 5, 10, 15, 20 

0.83",  2. 50, 5 

2.50, 5, 10, 15, 20 

2.33, 3.50, 5 

3.50, 5, 10, 15, 20 

0.83",  2.50, 5 

2.50, 5, i0, 15, 20 

0.83 =, 3.33, 5 

3.33, 5, 10, 15, 20 

0.83*, 3.00, 5 

3.00, 5, 10, 15, 20 

2.33, 3.50, 5 

3.50, 5, 10, 15, 20 

±2. 00 0.83*, 2.50, 5 
1.83, -5.50 

0 2. 50, 5, 10, 15, 20 

*This point somet imes  not obtained because of adjacent store 
in ter ference .  
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AE D C-T R-7 5-15 

Table 3. A-7D Load Configurations 

Pylon 

Config. Left Wing Left Wing Left Wing Right Wing Right Wing Right Wing 
Outboard (I) Center (2) Inboard (3) Inboard (6) Center (7) Outboard (8) 

Empty* Empty Empty Empty 

I I 
Empty Empty 

MK-82GP MK-82SE MK-82GP,SE MK-82GP 

MK-82GP MK-82GP 

MK-82GP MK-82GP 

V 
bIK-82GP MK-82GP 

MK-82GP MK-82GP 

MK-82GP MK-82GP 

V 
Denotes MER 

! 

Denotes TER 

*Denotes no store on pylon. 
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AEDC-TR-75-15 

Table 3. Continued 

Pylon 

Config. 
Left Wing Left Wing Left Wing Right Wing Right Wing Right Wing 

Outboard (1) Center (2} Inboard (3) inboard (6) Center (7) Outboard (8) 

MK-82GP 

© 
QRC-335A 

ECM 

MK-84 MK-84 MK-84 
MK-82SE EOGB EOGB EOGB 

© 
- ~  ~.mpty V 

' QRC-335A 
MK-82GP MK-82GP E~M 

10 ~ 

MK-82GP MK-82GP 

11 ~ ~ ) -  

12 V 

MK-82GP MK-82GP 

13 

MK-82GP MK-82GP 

14 

MK-82GP MK-82GP 

~z 

V 

Denotes MER 

Denotes TER 

*Denotes no store on pylon. 
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AEDC-TR-75-15 

Table 3. Continued 

l~y|on 

Config. 

15 

Left Wing 
Outboard (I) 

| 

Empty 

Left Wing 
Center (2) 

MK-20 

Left Wing 
Inboard (3) 

Right Wing 
Inboard (6) 

s00-gal 
Fuel Fank Fuel Tank 

Right Wing 
Center (7) 

MK-20 

16 

I 

MK-20 

MK-20 MK-20 

V 
MK-20 

~ "  Empty 

MK-20 [ 

Right Wing 
Outboard (8) 

E mpty 

] 

MK-20 

QRC-335A 
ECM SUU-30H/B 

,.o " ~  
SUU-30H/B 

21 Empty 

MK-82GP 

MK-20 

o 
300-gsl QRC-335A 

Fuel Tank SUU-30H/B ECM 

V 
SUU-30H/B 

MK-82GP 

Empty 

~v I Denotes MER 

V ) 

Denotes TER 

*Denotes no store on pylon. 
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AEDC-TR-75-15 

Table 3. Concluded 

Pylon 

Config. 
Left Wing Left Wing Left Wing Right Wing Right Wing Right Wing 

Outboard (1) Center (2) Inboard (3) Inboard (4) Center (5) Outboard (6) 

22 Empty 

MK-82GP 

© 
300-gal 

Fuel Tank 
300-gal 

Fuel Tank 

V 
MK-82GP 

Empty 

V 

V 

Denotes MER 

Denotes TER 

*Denotes no store on pylon. 
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AEOC-TR-75-15 

NOMENCLATURE 

Aircraft buttock line from plane of symmetry, in., model scale 

Aircraft fuselage station, in., model scale 

Free-stream Mach number 

Free-stream total pressure, psfa 

Free-stream static pressure, psfa 

Free-stream dynamic pressure, psf 

Free-stream unit Reynolds number, per ft 

Free-strdam total temperature, °R 

Local velocity vector, ft/sec (see Fig. 17) 

Compo'nent of local velocity along probe Xp axis, ft/sec (see Fig. 17) 

Component of local velocity along probe Yp axis, ft/sec (see Fig. 17) 

Component of local velocity in probe Yp-Zp plane, ft/sec (see Fig. 17) 

Component of local velocity along probe Zp axis, ft/sec (see Fig. 17) 

Free-stream velocity, ft/sec 

Aircraft waterline from reference horizontal plane, in., model scale 

Location of the probe in the pylon-axis system Xp direction, ft, full scale 
measured from the reference position 

Location of the probe in the pylon-axis system Yp direction, ft, full scale 
measured from the reference position 

Location of the probe in the pylon-axis system Zp direction, ft, full scale 
measured from the reference position 

Parent-aircraft model angle of attack relative to the free-stream velocity 
vector, deg 

Parent-aircraft model sideslip angle relative to the free-stream velocity 
vector, deg 
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AEDC-TR-75-15 

FLIGHT-AXIS SYSTEM COORDINATES 

Directions 

XF Parallel to the free-stream wind vector, positive direction is forward as seen 
by the pilot 

YF Perpendicular to the XF and ZF directions, positive direction is to the right 
as seen by the pilot 

ZF In the aircraft plane of symmetry, perpendicular to the free-stream wind 
vector, positive direction is downward 

The flight-axis system origin is coincident with the aircraft cg and remains fixed with 

respect to the parent aircraft during a survey. The XF, YF, and ZF coordinate axes do 
not rotate with respect to the initial flight direction and attitude. 

PYLON-AXIS SYSTEM COORDINATES 

Directions 

Xp Parallel to the probe longitudinal axis and the lower surface of the pylon, 
positive direction is forward as seen by the pilot 

Yp Perpendicular to the Xp axis and parallel to the flight-axis system XF-YF 
i 

plane, positive direction is to the right as seen by the pilot 

Zp Perpendicular to both the Xp and Yp axes, positive direction is downward 

The pylon-axis system origin is defined as the forward 30-in. suspension point on 
the lower surface of each respective pylon. The axes are rotated with respect to the 

flight-axis system by the initial yaw and pitch angles of the probe. Both the origin and 
the direction of the coordinate axes remain fixed with respect to the flight-axis system 
throughout the survey. 
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