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INTRODUCTION 

During the past few years the Army Missile Command has become in¬ 

creasingly Involved with the adverse effects of the propulsive jet plume 

on missile aerodynamics. These effects are associated with the large 

jet plume on the flow immediately ahead of the missile base. In this 

region, either flow separation or change in the flow field can result in 

catastrophic pitch up or loss in accuracy of missiles because of loss in 

stability or degradation of control effectiveness. Other effects that 

can occur are excessive control hinge moments, loss in roll rate, unsym- 

metrical lift forces, and hysteresis in the variation of aerodynamic 

forces and moments with angle of attack. Because of the large number of 

experimental development programs consisting of high Impulse free-rockets, 

one of the primary concerns presently is the adverse plume effect on 

longitudinal stability. A research program was established years ago by 

the Army Missile Command investigate thrust effects on missile aero¬ 

dynamics (see reference 1). The ultimate objective of this research is 

to establish an understanding of the flow phenomena sufficiently to allow 

prediction of critical flight environments and to allow knowledgeable 

design tradeoffs between aerodynamics and propulsion. 

The present investigation can be divided into two parts One part is 

concerned with an in-house high-impulse free rocket technology flight 

demonstration program (LONGBOW). The objective of this part of the inves¬ 

tigation was to insure that the effectiveness of stabilizing fins could 

be maintained by attaching them at a location forward of the missile base. 
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Fins were tested at three longitudinal positions. Because of the lack of 

available test time, thrust was simulated primarily at the level to be 

encountered during flight. The second part of the investigation was more 

general. One fin-body configuration was investigated at various levels 

of thrust in order to determine the onset of adverse plume effects on 

missile stability. 

The LONGBOW Missile is the flight demonstration vehicle for an 

artillery rocket experimental research program. The missile is a high 

acceleration, fin-stabilized free rocket. Using the prediction technique 

of reference 1, it was estimated that the LONGBOW stability characteris¬ 

tics would be severely affected by the jet plume. A method previously 

used (see references 2 and 3) to alleviate adverse effects was the location 

of the stabilizing fins a distance ahead of the missile base. In this 

case, the missile body is still affected by the plume but the forward 

located fin retains enough effectiveness for longitudinal stability. 

A previous wind tunne1« test has been made of the LONGBOW afterbody 

configuration using a strut-mounted model (see reference 4). In this 

test the 3-in diameter model consisted of a metric afterbody with the 

plume simulated with an axial jet using unheated air. Fins having an 

aspect ratio of 2 were located at three longitudinal positions: fin 

trailing edge at zero, 1/2, and 1 1/2 calibers ahead of the base. In 

the first part of the present test the same afterbody fin configurations 

were investigated using a 5-in diameter sting-mounted model. For the 

second part of the investigation a fin having an aspect ratio of one 
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and with its trailing edge located flush with the base was tested at 

various thrust levels and roll positions. A normal jet plume simulator 

similar to the one reported in references 5, 6, and 7 was used. The 

investigation was conducted over a Mach number range from 0.40 to 1.25. 

Model angle of attack was varied from -4 to 12 deg. The tunnel was oper¬ 

ated at a wind-off static pressure of 0.5 atmospheres for all Mach num¬ 

bers. Effect of thrust level was varied by changing the plume simulator 

chamber pressures. 

APPARATUS AND TESTS 

The basic sting-mounted model used for these tests was 52 inches in 

length, 5 inches in diameter, and consisted of a 3-caliber tangent ogive 

nose and a cylindrical afterbody. The model was tested in combination 

with 2 different sets of cruciform rectangular fins with each fin having 

a 3-component strain gage balance. The model had a 6-component main 

balance. The plume simulator consisted of 24 normal sonic jets arranged 

circumferentially in 2 rows with a common air chamber. For this test 

the simulator was located 2.5 inches aft of the base. The combined exit 

area of the 24 jets represented 6 per cent of the model base (reference) 

area. 

The LONGBOW fins (Tl), which were tested at 3 longitudinal locations, 

had an exposed semispan of 4 inches and a chord of 4 inches. The fins had 

an aspect ratio of 2. The second set of fins (T2) were tested at one 

longitudinal location (trailing edge flush with the base) but were tested 
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at roll positions of 0o, 22.5°, and 45°. These fins had an exposed semi¬ 

span of 2.5 inches, a chord of 5 inches, and an aspect ratio of one. 

The model installation and assembly drawings are shown in figures 

2 and 4. Fin geometry is shown in figure 3 (sketch). A photograph of 

the model mounted in the tunnel is shown in figure 5. The model and plume 

simulator with the LONGBOW Fin (Tl) mounted in the three test positions 

is presented in figure 6. The second fin (T2) in the 45 degree roll 

position is shown in figure 7. The preceding two figures also show the 

plume simulator and the base pressure orifices. (The same model and 

tunnel entry were also used to investigate canard controls. The canard 

tests used various nose bluntnesses and had the plume simulator stored 

in a position 19 inches aft of the base.) 

PLUME SIMULATION 

In the past, the Army Missile Command has used base pressure Pb/p» 

as an indication of the onset and the severity of plume effects on missile 

aerodynamics (see reference 1). One of the parameters that can be con¬ 

veniently used to correlate base pressure is thrust coefficient, Cj, 

where Cj is axial thrust non-dimensionalized by dynamic pressure (q) and 

body cross-sectional area, (Sref). For the normal jet simulator a simi¬ 

lar parameter is radial thrust coefficient, Cpj, where 

r__ = Radial Thrust 
Crt q Sref 

Crt can be considered as the thrust component normal to the axial jet 
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plume. The ratio of radial to axial thrust required for similar base 

pressure characteristics depends upon the axial jet nozzle geometry and 

the free stream Mach number. For example, the axial jet nozzle tested 

with the Longbow configuration in reference 4 had a jet Mach number of 

2.7, a jet to base diameter ratio of .833, and an exit half-angle of 20 

degrees. In this case, a radial thrust coefficient of one is equivalent 

to a thrust coefficient of 10 for an axial jet at a free stream Mach 

number of one. For other Mach numbers fnd nozzle characteristics this 

ratio varies. Having a general idea of this ratio is helpful in test 

planning, especially when trying to match flight conditions. However, 

further research is needed in order to determine accurate relationships 

between axial and normal .jet plurre simulators. 

TEST CONDITIONS 

The tests were conducted in the Cal span Corporation 8-foot Transonic 

Wind Tunnel. A detailed description of this facility is presented in 

reference 8. The test was conducted at Mach numbers of 0.4 to 1.25 with 

the amount of air in the tunnel circuit equivalent to a wind-off static 

pressure of 0.5 atmospheres. Plume effect or value of Cri was varied by 

changing simulator chamber pressure. Normally, angle of attack varied 

during a run while keeping configuration, Crj, and tunnel operating con¬ 

ditions constant. For the LONGBOW configurations (B1N1T1) values of Crj 

varied from a maximum of 37.5 at a Mach number of 0.4 to a maximum of 5 

at a Mach number of 1.25 in an attempt to match expected flight levels. 
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Variations in Crj for the LONGBOW were restricted because of the lack of 

test time available. For the configuration with fins with aspect ratio 

of one (B1N1T2) more values of Crt were tested at each Mach number and 

values of Crt were generally constant through'the Mach number range. Air 

was supplied to the plume simulator at flow rates up to 15 lbs. per sec. 

and at chamber pressures up to 6000 psi. 

PRESENTATION OF DATA 

Data have been tabulated in reference 9 (available from Defense 

Documentation Center). In the plots presented aerodynamic moments were 

transferred to station 26.500 for the LONGBOW CONFIGURATION so that moment 

characteristics would appear more representative for a long missile. For 

the E1N1T2 configuration, the moment center remained at station 32.500. 

Body alone (B1N1) data are presented referenced for both moment centers. 

Coefficients from the main balance and the fins are based on body dia¬ 

meter (LREF = 5.0 IN) and body cross-sectional area (SREF = 19.635 IN2). 

The aerodynamic data for the fin balances were resolved in individual 

body axis systems, having origins located at the intersection of the 

fin hinge lines and the balance centerlines. Fin axis systems and sign 

conventions are shown in figure 1. 
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NOMENCLATURE 

General 

PLOT 
SYMBOL DEFINITION 

MACH Mach number; V/a 

pressure, psf 

Q(PSF) dynamic pressure; l/2pV2, psf 

LREF reference length 

SREF body cross-sectional area or 
reference area; m2, ft2 

MRP moment reference point 

XMRP moment reference point on X axis 

YMRP moment reference point on Y axis 

ZMRP moment reference point on Z axis 

ALPHA angle of attack, degrees 

SYMBOL 

M 

P 

q 

*REF 

Sref 
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SYMBOL 

CA 

CAb 

CA|n 

CY 

Cy, 

Cn 

C 

m 

m 

m 

'n 

CA 

C» 
*1 

CNr 

s. 

MISSILE-PRIME 
AXIS SYMBOL 

CA 

CYP 

CYNP 

CBL 

CNFX 

CLMHX 

NOMENCLATURE 
(Continued) 

DEFINITION 

total axial force coefficient in the body 
axis system 

base axial force coefficient (same in both 
missile and body axis systems) 

total axial force coefficient in the missile 
axis system, F^/q^ Sref 

side force coefficient in the body axis 
system 

side force coefficient in the missile axis 
system, Sref 

yawing moment coefficient in the body axis 
system 

yawing moment coefficient in the missile 
axis system, M_ /q S . 1 ^ 

Zjj, » ref ref 

rolling moment coefficient in the body 
axis system 

rolling moir,ant coefficient in the missile 
axis system, Sref tref 

fin normal force coefficient, 

fin normal force 

qSref 

fin hinge moment coefficient, 

fin hinge moment 

^ref Aref 

Î 
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NOMENCLATURE 

(Continued) 

SYMBOL 

♦ 

♦c 

♦T 

SYMBOL 

CN 

% 

PLOT 

SYMBOL DEFINITION 

PHI roll angle, i.e., angle between the uilsslle 

Ym-axls and the body Y-axis (from a pilot's 

viewpoint In an airplane, a positive roll 

angle is a clockwise rotation) 

PHICND angle of roll of canards relative to body, 

degrees 

PHITAL angle of roll of tall relative to body, 

degrees (for this test ¢=+7) 

TALPOS fin longitudinal location 

TALPOS = 1.0, fin trailing edge flush with base 

TALPOS = 2.0, fin trailing edge 0.75 calibers 

from base 

TALPOS = 3.0, fin trailing edge 1.5 calibers 

from base 

MISSILE-PRIME AXIS SYSTEM 

DEFINED IN TERMS OF BODY AXIS 

MISSILE-PRIME 

AXIS SYMBOL DEFINITION 

normal force coefficient In the body axis 

system 

CNP normal force coefficient In the missile axis 

system, FNn/q. Sref 

C m pitching moment coefficient In the body axis 

system 

s, CLHP pitching moment coefficient In the missile 

axis system, MYin/q. Sref *ref 
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MISSILE-PRIME 
SYMBOL AXIS SYMBOL 

S 

Cmj 

CN 
I 

CNc 

CT 

CRT 

PB/P. 

CLMRX 

CLMI 

CNI 

CNFT 

DCNIFT 

CT 

CU 

PB/PF 

(PB/p.)a,0 PPPAFO 

FY, m 

NOMENCLATURE 
(Continued) 

DEFINITION 

root bending moment coefficient, 

Fin Root Bending Moment 

qSref tref 

fin-body interference pitching moment 
coefficient, Cm-. _ . - Cm- ^ 

^"Fin-Body ^"Body 

fin-body interference normal force 
coefficient, - CNBody 

total fin-normal force coefficient, 

cNft ■ XÇ, cnFx 

normal force coefficient difference 
between fin-body Interference and total 
fin normal force coefficient, Cj^ - C^ 

thrust coefficient, 
qSref 

radial thrust coef f 1 ei ent, ---1 a1 -tllrust 
qSref 

ratio of base pressure to freestream 
pressure 

base pressure ratio at zero ingle of attack 

side force in the missile axis system, 
positive in the positive direction of Ym lb 

total axial force in the missile axis 
system, positive in the negative 
direction of X,,, lb 



NOMENCLATURE 
(Concluded) 

MISSILE-PRIME 
SYMBOL AXIS SYMBOL DEFINITION 

normal force in the missile axis system, 
positive ir. the negative direction of Zm 

rolling moment in the missile axis system, 
i.e., moment about the Xm-axis (a positive 

rolling moment tends to rotate the oositive 
Yfl-axis toward the positive Zm-axis) ii 

pitching moment in the missile axis system 
i.e., moment about the Ym-axis (a positive 
pitching moment tends to rotate the positive 
Zm-axis toward the positive Xm-axis) in.-lb 

CAC 

CAF 

CPC 

CPBX 

yawing moment in the missile axis system, 
i.e., moment about the Zm-axis (a positive 
yawing moment tends to rotate the positive 
Xm-axis toward the positive Ym-axis) in.-lb 

corrected axial force coefficient in the 

body axis system 

forebody axial force coefficient in the 

body axis system 

balance cavity pressure coefficient 

base pressure coefficient at location X 

WA flow weight of air, lb/sec 

A - 17 



1 

Vl8 



r 

F ■ 

L 

00 

? 3 

C 
O 
o 

s 

o 

TE ST «UN NUM BER s 

Ui 
J 
GO 
< 

in 
CNJ O 

r— 
CM CM 

CM 
r— 
CM 

CO 

CM CvJ 

in 
CO 
CM 

lO 
CO 
CM 

CO 
CM 

CM 

CM 

;0 

CM 
5 
CM 

CM 
CO 

Õ. 
< 
> 

f- 

- f*. 

CM 

lO 

?3 

CO 
CM 
CT» 

in 

CM 

in 

cn 

CM 

3 

00 
CM 

M 
0 
z 
UJ 
a 

ID 
O 1-^ 

o! 
CM 
av 

CM 
CM 
o> 

r- 
CM 
a* 

Ui 
Û 
z 

UJ 
K 
< 
z 
z 
UJ 

J 
< 

a 
0 

*/> 
z 
UJ 
0 
2 
D 
Z 

Z 
u 
< 
2 

o CO 
CVJ 
CVJ 

CM 
CM 
CM 

CM 
CM 

o 
CM 
CM 

cr» 

CM 

00 

CM 

o> 
CO 
CM 

o 
CM 

s 
CM 

in 

CM 

VO 

CM 

r** 
«cr 
CM 

m 
o> 

in 
r> 
oi 

00 

55 

o 
CO 
CTV 

CO 
Ok 

o*» 
CM 
<T> 

in 
a. vo 

Ch 

Cv 

<y> 

O 
CM 
o> 

in 
CO 
a* 

CO 
<Ti 

in 
CO 
CT» 

CT> ^r 
CVJ 
CVJ 

in 
CM 
CM 

VO 
CM 
CM 

CM 
CM 

ID 
CO o\ 00 

CM 
CM 

r*. 

Ov 

00 

s 

O m 
av 

«a- 

55 

m 
CM 

00 CO 
CM 

CO 
a» 

o 
CO 
CM 

S 
o> 

CTv 
CM 
CM 

r— 
m 
a» 

CM 
in 
o> 

s 
a» 

o 
CO 

CM 
CO 
CM 

CJv 
CO 
a» 

CO 
CO 
CM 

in 
in 
o> 

lO m 
cr> 

in 
av 

CTv 
CM 

CJ Ï CM CM CM in 

CM 

in 
O 

CM 

h* 

in 

CM 
o 

CM in 

CM 
o 

in 

i< 
CO 

00 

Ö 
in 

00* 

CM 

r-% 

O 

VO 

o 

m 
'W 

UJ 
3 
J 
< 

1 

UJ 
K 
y 

5 
B 

6 

$ - - - - - - - - - - - - - 

à . 1 i 1 i 1 1 i 1 i i i i 
• 

i i 1 i 

► 
o o o O o o o o o o o o o o o o o o 

o o o o o o 
CM 

LA 
CM CM 

in in 
Af 

in o o o o o o 

1 
S

C
M

O
.I

 

Oft o o o o o o O o o o o o o o o o o o 

a o o o o Q o CJ CJ CJ CJ CJ CJ CJ CJ CJ CJ CJ CJ 

C
O

N
F

IG
U

R
A

T
IO

N
 

CM 
►— 

z 
GO 

z 

CQ 

t- « 
U W 
* IL 

it 

a» 

UJ 

o 
in m 

CM 
m 

CO 
m m in 

in 
r— 

vo m 
r-v 
in 

00 m o> 
in 

o 
VO VO 

CM 
VO 

CO 
VO s 

m 
VO 

»»-t 
u. 
UD 

ST 
o 

. + 

< Joo 

^ 5 

5 S 
0 5 

/) 19 

( 
T 

Se
e 

pa
ge
 

18
 
fo

r 
c
o
e
ff

ic
ie

n
ts

. 







IT
E

S
T

: 
C

A
L
 

T
17

-Û
93
 

(T
H

R
U

S
T

) 
1 

D
A

T
A
 S

E
T

/R
U

N
 N

U
M

B
E

R
 C

O
L

L
A

T
IO

N
 

S
U

M
M

A
R

Y
 

|D
A

T
E
 
: 

H
ay
 

1
8
, 

19
73

 oi 
J 
ID 
4 
2 
< 
> 

►- 
Z 
UJ 
0 
z 
UJ 
a 
u 
o 
z 

Ui 
►- 
4 
Z 
2 
y 
► 
j 
4 

2 
0 

2 
y 
0 
2 
D 
Z 

1 
U 
4 
2 

T1 EST RUN NU* ABEF ÏS 
! 

« 

« 

> 
Û 
z 

Ñ 

2 
4 
> 
o 

2 

5 
Û 

Q 
UJ 
00 
oc 
UJ 
> 
UJ 
oc 

0 
00 CM 

t K 
II 

0 
4t ro 

• h- 

UJ 

m 
1- 
Z 
y 
y 

u 0 

ut t 

0 0 
4J- 4J- 

1 1 

LJ O 

0 
CM o 
r— 4f 

t t 

0 0 
ro ro 

i i 

< 00 

m 
«a -j 

§s 

» 5 
in 

ID 
CM in 

os 
00 

o 
OS 

r“ 
4T 
OS r* 

y 

vo 
os 
00 

os 
00 OS 

5 
Os 

in 
o 

o> 
00 

r 

00 
OS 
00 

OS 
os 
00 

o 
o 
OS 

O 
OS 

z 

o 
r— 

— 

CM 
o 
os 

vo 
«d- 
OS 

in 
CTi 

CM 
C . 
CO 

ro 
o 
OS § 

in 
o 
OS 

VO 
O 
OS 

— -- 

•n 
in 

in 
o> 

o 
Os 
CO 

p'-' 
a 
00 

r 
Os 
00 

r». 
O 
os 

? 
os 

OS 
O 
OS 

ns 
o 
OS 

Os 

Os 

h 

CO 
r~ 

os 
CM 

os 
CO 
in 
os 

r- 
<n 

ro 

Os 

— 

CJ k 
CM 

CM CM in 

CM 

in 
r— O 

in O 
N 
m 

y 
D 
J 
4 
> 
V 
V) 
2 

JO 

- - - - - - r— - r—“ 

n 

m 
N 

0> 

n 

OA 
1 • 1 i i 1 1 • 1 

►- 
y 
2 

h- 
e- o O O o o o o 

in 

i 

m 

2 
4 
1 

o 
e- o o O o o o o o 

° 
1 -1 

Û 
X 

o o O o o o o o o 

« 0 a o Q o o o o o o — 

C
O

N
F

IG
U

R
A

T
IO

N
 

CO 
»— 
r— 
z 

CÛ 

CM 
h- 

z 

c5" 

CM 
F- 

Z 

CO 

D
A

T
A
 
S

E
T

 

ID
E

N
T

IF
IE

R
 

S 

UJ 

•*£ 

m 
o 
on 

VO 
o 
ro 

1^ 
o 
ro 

§ 
ro 

OS 
o 
ro 

o 
ro ro 

CM 

ro 
UJ 

/)- 22 

..... .. ■MUHabM 

( 
) 

S
ee
 

pa
ge
 

18
 
fo

r 
c
o
e
ff
ic

ie
n
ts

. 





IfiPVHIPRfW'P.IRIi.: I V ,1 4M' ' Ü1'1" 

TAIL FINS 

Figure lb. - Axis System and Positive Sign Convention for Fins 
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Figure 6. - Photograph of LONGBOW at Three Tail Positions
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PLOTTED DATA 

Tabulations cf the plotted data and corresponding source data are 
available from Data Management Services Operations. 
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