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INTRODUCTION 

During the past few years the Army Missile Command has been interested 

in the adverse effects of the propulsive jet plume on missile aerodynamics. 

Of particular importance are the effects on missile longitudinal sta¬ 

bility. A research program has been established as a means of obtaining 

the understanding necessary for the proper design of advanced missiles 

and rockets (see Reference 1). 

Wind tunnel investigations have been conducted recently to determine 

effect of thrust level on missile longitudinal stability and to assess 

the effectiveness of locating fins some distance forward of the base as 

a means of alleviating adverse effects on stability (see References 2 & 3). 

Results of these tests indicated that fin effectiveness (when affected by 

the plume) improved as the distance from the base was increased. These 

results also showed a smooth and repeatable variation in stability 

parameters with thrust. These characteristics appeared to suggest that 

the plume induced stability degradation could be used to advantage as a 

means of tailoring the static margin variation with Mach number. In- 

house studies in support of a free rocket technology program have indi¬ 

cated the desirability of an unstable vehicle during the transonic portion 

of the boast phase as a means of reducing wind sensitivity. The purpose 

of the present investigation is to obtain design information for use in 

static margin tailoring and to continue in development of a correlation 

between thrust level and plume induced stability effects. 



The model and plume simulator used for this test was the same as 

reported in Reference 3. Fins of various planforms were tested in each 

of 3 longitudinal positions. The investigation was conducted over a 

Mach number range from 0.40 to 1.25 and at angles of attack between -4 

degrees to 12 degrees. The tunnel was operated at a wind-off static pres¬ 

sure of 0.5 atmospheres. Effects of thrust level were obtained by chang¬ 

ing plume simulator chamber pressure from zero to 600 psia. 

APPARATUS AND TESTS 

The basic sting mounted model used for this test was 52 inches in 

length and 5 inches in diameter. It had a 3-caliber tangent ogive nose 

and a cylindrical body. The model was tested in combination with 4 sets 

of cruciform rectangular fins with each fin panel having a 3-component 

strain gage balance. The plume simulator consisted of 24 normal sonic 

jets arranged circumferentially in 2 rows with a common air chamber. The 

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

of the 24 jets represented 6 percent of the model base (reference area). 

The following model components were used during the test: 

B Body, includes sharp nose N-|. 

F] Tail fins with 5 inch chord and 2.5 inch semi-span. 

Calspan Ref. Dwg. W19-1316-2. 

F2 Tail fins with 3 inch chord and 2.5 inch semi-span. 

Calspan Ref. Dwg. W19-1321-1. 

F3 Tail fins with 3 inch chord end 2.0 inch semi-span. 

Calspan Ref. Dwg. W19-1321-2. 

6 



Tai1 fins with 3 inch chord, 2.5 inch semi-span and a 

.25 inch gap between the fuselage and the root chord. 

Calspan Ref. Dwg. W19-1321-3. 

Tail fin positions: 

Aft Hinge line at M.S. 49.750 

Mid Hinge line at M.S. 46.000 

Fwd Hinge line at M.S. 42.250 

The model assembly drawing is shown In Figure 3 and the model Instal¬ 

lation drawing is shown In Figure 4. A description of fin F,, F2, F3 and 

F4 3e0TOt^ is t" F'gores 5a and 5b. Photographs of the model with 

various fin configurations are shown in Figures 6 through 10. 

TEST CONDITIONS 

The tests were conducted in the Calspan Corporation 8-foot Transonic 

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

Reference 5. The test was conducted at Mach numbers of 0.4 to 1.25 with 

the amount of air in the tunnel circuit eq.,aient to a wind-off static 

pressure of 0.5 atmospheres. Plume effect of value of CRT was varied by 

changing simulator chamber pressure, Pc. Normallv, angle of attack is 

varied during a run while keeping configuration, CRT, and tunnel operating 

conditions constant. Air was supplied to the plume simulator at flow 

rates up to 15 lbs per sec. and at chamber pressures to 600 psi. Angles 

of attack varied from -4 degrees to 12 degrees. 

All fins were tested at three longitudinal positions with the 

7 
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exception of F-l which was tested in the forward and mid positions only. 

This fin was tested in the rear position in a previous test which is re¬ 

ported in Reference 3. (This configuration was denoted B1N1T2 in Refer¬ 

ence 3.). All fins were tested in the 0° roll position (+). F2 and F4 

were also tested in the 45° roll position (x). 

The model aerodynamic data were resolved in the body axis system 

with the origin located at model station 26.5 on the model centerline. 

The aerodynamic data from the tail fin balances were resolved in indi¬ 

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

tail fin hinge lines and th'j balance centerlines. The axis system and 

sign conventions are shown in Figures 1 and 2. 

PLUME SIMULATION 

Base pressure ratio pb/Poo is a good measure of plume effects on 

missile aerodynamics (see Reference 1). One of the parameters convenient 

to use with base pressure is thrust coefficient Cj, where Cy is axial 

thrust non-dimensionalized by dynamic pressure and body cross sectional 

area A. For the normal jet simulator, a similar parameter is radial 

thrust coefficient CRT, where 

C = Radial Thrust 
RT qA 

For an axial jet, base pressure appears to be primarily influenced by the 

portion of the jet plume in the vicinity of the jet boundary where it 

interacts with the freestream flow. Where Cy can be considered to repre¬ 

sent the axial component of the effective jet, it can be assumed that 

8 
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Crj represents the normal component. 

For the plume size of interest in the present investigation a value 

of Cj several times the value of Crj is required for matching base pres¬ 

sures. The exact Cj/Crj ratio will depend on a comparison of flight base 

pressures with base pressure value for the normal jet simulator. Where 

flight base pressures are unavailable, methods exist which allow simula¬ 

tion of flight rockets with cold air axial jets (see, for example Refer¬ 

ence 4). An estimate of the Cj/Crj ratio (although crude) is valuable 

for use in preliminary design and insuring that the range of Crj values 

planned for wind tunnel tests is sufficient. 

RESULTS 

Data presented in the plots consists of base pressure, total normal 

force and pitching moment, and fin normal force. The remainder of the 

main balance components and fin hinge moment and bending moment are not 

presented but are tabulated in Reference 6 (available from Defense Docu¬ 

mentation Center). These missing coefficients were presented for a 

similar investigation in Reference 3 and should show typical character¬ 

istics with plume effects. Body alone data were not obtained to match 

all of the body-fin data since body data were obtained on the same model 

in Reference 3. Initial slopes of total configuration normal force and 

pitching moment coefficients are presented as a function of Crj. Initial 

slopes of fin No. 2 and fin No. 4 normal force coefficient with Crj are 

also shown. 
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NOMENCLATURE 

'PW ..... 

SYMBOL 

RN/L 

V 

a 

B 

P 

Ab 

b 

c.g. 

£REF’ c 

S 

SUBSCRIPTS 

b 
1 
S 
t 

PLOT 
SYMBOL DEFINITION 

RN/L unit Reynolds number; per ft 

velocity; ft/sec 

ALPHA angle of attack, degrees 

BETA angle of sideslip, degrees 

PSI angle of yaw, degrees 

PHI angle of roll, degrees 

mass density; slugs/ft3 

Rcfprpnrp & C.G. Definitions 

base area; m2, in2 

bref wing span or reference span; m, in 

center of gravity 

LREF reference length or wing mean 
aerodynamic chord; m, in 

^RLP reference area based on body diameter 

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 

base 
local 
static conditions 
total conditions 
free stream 
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SYMBOL 

CN 

CA 

CAb 

CAu 

cy 

Cn 

CÂ 

cntx 

NOMENCLATURE (Continued) 

PLOT 

SYMBOL 

CN 

CA 

CAB 

CAU 

CLM 

CY 

CYN 

CBL 

CNTX 

CNFX 

CLMHX 

CLMRX 

Body Axis System 

DEFINITION 

normal force coefficient; Ffj/qS 

axial force coefficient; F^/qS 

base axial force coefficient; 

(-1) . [(Pb - Pj/q] (Ab/S) 

unconnected axial force coefficient 

pitching moment coefficient; My/qS £ref 

side force coefficient; Fy/qS 

yawing moment coefficient; Mz/qS bref 

rolling moment coefficient; My/qS bref 

fin normal force coefficient for fin 
number X 

Fin Normal Force 

qS 

fin number X corrected normal force 

coefficient, 

CNF1 = CNT1 

CNF2 = CNT2 

CNF3 = (-1.0) CNT3 

CNF4 = (-1.0) CNT4 

fin hinge moment coefficient, 

Fin Hinge Moment 

^ *ref 

root bending moment coefficient, 

Fin Root Bending Moment 

qS Vef 
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NOMENCLATURE (Continued) 

SYMBOL 

CT 

CRT 

CN 
’’a 

CNF Xa 

Pbl/Po 

vp. 

PLOT 
SYMBOL 

CPB1 

CPB2 

CPC 

CPXT1 

CPYT1 

CT 

CRT 

CNALFA 

CNFXALFA 

DELCAB 

DELCAC 

PB1/P 

PB2/P 

(Pb1/p»+pb2/p») PB'AVG 
T 

F.P. FINPOS 

DEFINITION 

base pressure coefficient at tap 1 

base pressure coefficient at tap 2 

cavity pressure coefficient 

tail fin number 1 center of pressure 
location 

tail fin number 1 lateral center of 
pressure location 

thrust coefficient, axial thrust/qS 

radial thrust coefficient, radial 
thrust/qS 

normal force coefficient derivative 
with respect to angle of attack 

fin normal force coefficient derivative 
with respect to angle of attack 

incremental axial force due to model 
base pressure effects 

incremental axial force due to balance 
cavity pressure effects 

base pressure tap 1 ratio to freestream 
pressure 

base pressure tap 2 ratio to freestream 
pressure 

average of two base pressure tap ratios 

fin position on body: 

1. AFT; Fin Hinge line at M.S. 49.750 

2. MID; Fin Hinge line at M.S. 46.000 

3. FWD; Fin Hinge line at M.S. 42.250 
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SYMBOL 

NOMENCLATURE (Concluded) 

PLOT 
SYMBOL DEFINITION 

PL air supply pressure upstream of 

orifice, psi 

WA air supply flow rate, Ib/sec 

CLMALF pitching moment coefficient derivative 

with respect to angle of attack 

speed of sound; ft/sec 

CP pressure coefficient; (pi - PoJ/q 

MACH Mach number; V/a 

pressure; psf 

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

Q(PSF) 
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FIGURE 2. TAIL FIN AXIS SYSTEMS , POSITIVE SIGN CONVENTION 

AND CENTER OF PRESSURE LOCATION 
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FIGURE 6. PHOTOGRAPH OF TUNNEL INSTALLATION, BODY ALONE
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FIGURE 7. PHOTOGRAPH OF TUNNEL INSTALLATION, FINS Fi IN FORWARD 
(3) POSITION
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FIGURE 8. PHOTOGRAPH OF TUNNEL INSTALLATION. FINS F2 IN MID (2) HOSnO'l
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FIGURE 9. PHOTOGRAPH OF TUNNEL INSTALLATION, FINS F3 IN MID (2) 
POSITION
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FIGURE 10. PHOTOGRAPH OF TUNNEL INSTALLATION, FINS F4 IN AFT (1) POSITION
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PLOTTED DATA 

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