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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM
' i for the o

U.. S. A1r Force

INVESTIGATION OF STATIC STABILITY AND DRAG CHARACTERISTICS
OF A l/lO—SCALE MODEL OF 'THE AVCO BOOSTER VEHICLE
AT MACH NUMBERS OF 1.60 AND 2.00°
COORD. NO. AF-AM-58
By James D. Church and Lawrence M. Sista

SUMMARY

- An investigation has been eonducted in the Langley Unitary Plan w1nd :
tunnel to determine the static stability and drag characteristics of a'
1/10-scale model of the AVCO booster vehicle. The tests were made at a

constant Reynolds number, based on maximum nose diameter, of 1.09 x 106
at Mach numbers of 1.60 and 2.00.

INTRODUCTION

At the request of the U. S. Air Force, an 1nvest1gat10n of the static
stability and drag characterlstlcs of a l/lO—scale model of the AVCO

- booster vehicle has been conducted by the National Advisory Committee

for Aeronsutics. The purpose of the full-scale’ AVCO tests is to accel-
erate various nose shapes to supersonic ‘Mach numbers, at which point, - -the
nose is to be separated from the booster: Inasmuch as previous transonic-

" wind-tunnel results. indicated thet the two bodies might not separate
'pos1tively, additional wind-tunnel tests were urgently needed to deter-
mine the separation forces at expected flight velOC1t1es and attltudes.

[ APRLST AN u,h y ey i: Thea ;u,,n FR T

The present results were obtained at Mach ‘Himbers of 1. 60 and 2,00

e ey,

for angles of" attack from -4° %0 12° and for various distances separating

‘the nose and the booster. Also included are some effects of Reynolds
number, roll position of the stablllzlng,flns, and booster drag scoops.
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. SYMBOLS

‘ "~ The results of ~these ‘tests are. presented, as coefficients of forces .
~ and moments referred to the body-axis system. The moments are taken
abont the center-of-gravity locations _illustrated in figure 1. .

Cap ‘ a.xia,l-force coefficient of complete“’model, Wﬂm
CAE;r : "”-:axial-force coefficient of booster in presence of nose, ‘
: Bogsjez: Q,xigl"fgpce‘ : :
LA

Cay ‘ axial-force coefficient of nose in presence of booster B

Nose axial force -
C1 rolling-moment coefflcient of complete model,

Total rolling moment ‘ ‘

. gSD

Cm C pitchlng-moment coefficient of  complete model about center

Total pitching moment
‘ 'aSh

of gravity of comblnation;

CmB pitching-moment coefficient of booster in presence of nose
Booster pitching moment

qSD

about booster center of gravity,

CmN : pitching—moment coefficient of nose in presence of booster

‘about nose center of gravity, So8€ Pi;ggi?g moment

' Total normal force

CN nomal—force-.coefficient of ctxnplete .model‘, S

CNB normal-force coefflcient of booster in presence of nose,

Boostel; nmg,l force
as .

CNN § «.normal-force. coefficient, of nose m:i&n Dresence of booster y
- Nose normal force .

as -
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k,,Subscrlpt"

meas..

:booSter fear5cavity pressure coeffiCieﬂt,
"bqester forward-cavity pressure coefficient,

nose-cavity pressure coefficient,

-‘395‘— 0

e |
D, - P
—q

YPE -
q

nose-cone static-pressure coefficient,

nose-shoulder base-pressure coefficient,

maximum.diesmeter of nose, 6.00 in.

‘distance separating nose and booster (see fig. 1), in.

Mach number
free-stream static pressure, lb/sq £t

free stream dynamlc pressure, O "(pM2 Ib/sq £t

Reynolds number based on maximum nose’ diameter
erax1mum cross-sectional area of nose, ﬁDE/h 0. 1964 sq ft
' angle of attack of model center llne, deg

roll angle of stab111z1ng flns (zero angle is pbéitlon where

fins are at 450 with respect to the model normal-force

, plane), deg

e TSR

measured value
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 APPARATUS AND MODETL,

D L Tunnel . _ »
The tests were conducted in the low Mach number test section of the
Langley Unitary Plan wind tunnel. This tunnel is of the varisble-
- pressure, continuous-flow type w1th a test section measuring L feet square
and approximately 7 feet in length. Mach number may be varied continu-

ously from about 1.5 to 2.9 by means of an asymmetrlc sliding-block nozzle;_

Model"and Support System

The l/lO-scale model was constructed of steel and aluminum and was '
supplied by the Beech Aircraft Corporation. A sketch of the model is
presented in figure l. A photograph of the model with open scoqps
d = 0.52 inch, and ¢ = Q° 1s presented as figure 2.

S The nose of the model was fastened to the booster by an internally
#}mf : mounted, NACA three-component, electrical strain-gage balance. The ’

' booster-nose ‘assembly was in turn comnected to a sting by means of a
similar NACA: four-component balance. Finally the sting was attached to

a remotely operated adjustable-angle coupling. This adjustable coupling,‘
which was mounted in the tunnel central support system, was used in this
test to vary the model angle. of -attack.

Wedge shaped tabs were mounted on the booster fins to provide spin
for stabilization. These stabilizing fins were in turn fastened to the
booster shell, Rotation of the fins from their normal (§ = 0°) position
was accomplished by rolling the booster shell with respect to the booster-
nose assembly. Separatlon distance was varied by a spring loaded device
whlch translated the. booster shell downstream with respect to the nose.

Further detalls of the tunnel and model support systems may be found
" in reference 1. v S

' MEASUREMENTS AND' ACCURACY -

Measurements

Stability tests were made through an angle- of-attack range from
approximately -40 Xo 120 for the complete model with closed scoops ‘
(@ = o. ol inch) and from -4 o 86 For the open-scoop separation studies.
All angles of attack were corrected for deflection of “the: sting and _
balance under static load condltlons. The completeemodel stability tests

"ﬂﬂﬂiﬂiﬁiﬂﬂiﬁB
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o4 were conducted for two roll positions of the stabilizing fins, whereas
' the separation investigation utilized ‘the ¢ = Q9 poSition only.
Measurements for all confi > d ‘ubu numbers
of 1.60 and 2.00 for a Re eynolds number of 1. 09 X 1 6._ In addltlon, data.
for the open-scoop (d = 0.0k inch) configuration at M = 2.00 were .
obtained for a Reynolds number of 0.29 X 106, The force- and moment-
coefficient. 1ncrements caused by changing the Reynolds number from ,
0.29 X 106 10 1.09 X 106 at M = 2,00 for the open-scoop: conflguratlon
(fig. 3(a)) were assumed to apply to the closed-scoop configuration. In-
this menner, an approximation of the effect .of Reynolds number on the ‘
complete—model summary data was obtained.

Stagnatlon pressure was varled from 8 pounds per square inch to
9% pounds per square inch in ordér to malntaln constant Reynolds numbers‘

at a stagnatlon temperature of approximately 125° F,

* ' At the request of the contractor, the nose-balance axial-force data.
. have been adjusted to correspond to the zero balance-chamber axlal—force
coefficient as follows: :

SR . 0.0108,
'CAN = «UmOmeas t =5 p3

This adjustment results in a conservatlve estunate of QAB - CAN, since

the pressure acting at the rear of the nose Cp produces a nose thrusting

force if the cavity is partly or completely closed off on the full-scale
- configuration..

_ Asstudy of the force data in. conjunction w1th the schlieren photo< .
graphs indicates wall-reflected shock waves striking the model at . S

M =1.60 for angles of attack larger than 50 and for all separation .
dlstances equal to or less than 0.5 1nch . These data indicate that, for
separation distances of O. Oh or 0,08 inch, the: results are questionable
because of the effect of these shock reflections.' However, these data
have been presented (as flagged symbols) in instances where these effects
appeared relatively minor.»

BT mar e iyt - P, Co
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Accuracy

. The tunnel as yet,‘has not been completely calibrated and hence,
‘any flow angularlty that might exist in the test section has not been
determined.- Tunnel pressure gradlents in the region of the model have

o
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been determlned and are sufflciently small so as not to induce any
buoyancy effect on the model.

RS L LN

The accuracy of the presented data based on a knowledge of balance
calibratlon, reproducibility of data, and tunnel calibratlon is estimated
to be within the following lunlts-

o - o. o. e o o o & o ‘o' o e o & o &= . L) .‘ o . i0.015
Xy deg e e oj-.: e o s.8 8 s s o s e b8 o "...'-' e 8’8 o o e o PR io.l
’ CN, ' CNB . ,.- r" - ’ . - . ',. s o e ‘. . - e e - o oo o« ¢ s o a @ o . 10.02
CA, CA‘B ‘e ‘.. .."o" ". o. e s @ ‘-_ e e s v .. . ’- ‘.‘} e ‘s e o o c ,’» . ‘-. ol i0.02
Cm, CmB « o o - ¢ o s o o 0 no o‘;:o c « o o . o o . ..'.‘ o o o ‘-.' ionoll'
Cl -. e e . ® ®» ® o o e v.' s o e . -. I 0. c . a . .‘.v « @ o o o ‘ 1’0.0014-
CNN - . " '. ¢« s o © o ‘o e An e o o bo s e s o ».‘ - . o o e o o c ' i0.02

-M,.....v...

CAN. LI . 0.0 e e o I."‘ e ® & ® e o ® & e © & & & * o o m.ol

“kﬂ CmN e e s e« @ ® e ® o 8 8 * o .‘ e o o o . . l L] . « o @ . s e e io.ol

PRESENTATION OF RESULTS

The results of the investigation arevpreSented in the'followihgd
figures: ' s

Figure

Effect of Reynolds number at M =2.00; open scoop,
= 0.04 inch, and¢—0°.......‘...‘....‘......-.
Effect of roll p051tion of stabilizing fins. for .
" complete model; scoops closed and R = 1. 09 X 100 ... ...
Variation with Mach number of complete-model pltch S
characteristicsj closed scoops and § =0° ¢ c.o v o ¢ @ o o o
Effect of separation dlstance on booster characteristics; .
scoops open, ¢ = 0°, and R = 1. ,09 X 106 . . e v e e e s e e
Effect .of separation distance on nose characteristics; - . ‘
scoops open, § = 0°, and R = 1.09 X 106 0 v e e i e e e e
Varlatlon with separation -distance of zero-angle-of—attack
axial-force coefficients; @ =02 & v ¢ o o o o o o o o o o o o
“*Variation with-engle. of. attack of pressure coefficients; e
. =00amdR=1.09X100 . L . i it e e e e e 9
' Veriatlon with separation distance of zero—angle—of-attack ' -
pressure coefficients; § =0 ¢ ¢ v v w s ¢ ¢ o « o o o o o0 s 10

o F W

® =~

| Lo
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- o .;Schlieren photographs of model ‘at two Madh numbers ; )

:5. v, OO ¢ OO : L., . 9 ‘. o . e o s o o o & “o oo o o 11
cee® } Schlieren photographs of model at two ‘Mdch numbers; B ‘
.._:.."‘ uv 80¢ OO.......--...v.._....;.....' ’ 12

 RESWLTS

» - The results are presented without analys:Ls H however ’ some genera.l
. observations relative to the data are as follows- :

1. The complete model (closed scoops) is statically stable at Mach
numbers of 1.6 and 2.0. The stability is relatively unaffected by roll
position of the stabiliung fins. '

L . p. At M = 2.00, a Reynolds mumber change from 0.29 X 106 to
e 1.09 X lO6 materially alters the zero—a.ngle-of-attack drag (CAo, =O) and

- rolling-moment coefficients, whereas the longitudinal ‘stability appears .
unaffected. Other low Reynolds number data indicate that the effect on
CAd, =0 may exist over the entlre supersonlc Mach number ra.nge.

5 Opening the booster scoops appreciably increases the booster drag
minus the nose drag for the minimum separation distance at M = 1. 60
and: 2.00.

}. The static value of the booster drag minus the nose drag becomes
negative for separation distances larger than 2.3 inches for both Mach
numbers tested. However, the dymamic separation characteristics may be
materially different from the static condition because of a proposed

nose thrust ejector and.existing mass differences between nose and booster. .

.La.ngley Aeronautical Laboratory R
National Advisory Camittee for Aerona.utics 5

Langley Field, Va., April 10, 1957
. - /. Jemes D Church

Aeronaut 1 Research Engineer e
/ m‘/‘/gf-SM' Lo
a.-u,/fra‘fw';Ence M. Sista. ...

Aeronautical Research Engineer

KR o gm at L e Lt S ewa g pevanile g -
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' Approved :

Herbert A.’ Wilson ‘
Chief of Uhitary Plan Wind Tunnel ‘
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1
Open Scoop
Booster C.9.
- N |- IS i . ).
Y
A LF o 8.47
b 2152 +p—3.39 —+. : 17.72
L rh-d—j
A 2 S
7N / ,
-/ > | 20 Sting
l/ ] >Bg|u6ce T ;fr -E;la_t;c—;_'_— j {
cg of
) \ - Combination
6.63
: 18.09
2065

0 o 030 O

. te -

;... : :‘5..:')’
e e o O

'Y} o ;o0 .

Fins and Roll Tabs

le——— .20 ———

Figure l.}‘SketCh of 1/10-scale model of the AVCO bboster vehicle. All
-dimensions -axe in inches and the circled numbers indicate locations
of -static-pressure orifices. Vehicle is shown in @ = 0° .position.
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_tenth-scale model of the AVCO booster vehicle.

Figure 2.- One
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INVESTIGATION OF STATIC STABILITY AND DRAG CHARACTERISTICS
OF A l/lO SCALE MODEL OF THE AVCO BOOSTER VEHICLE

AT MACH NUMBERS OF 1. 60 AND 2 .00 -

LCOORDa’No; AF-AM-58

By James D. Church and Lawrence M. Sista
. ABSTRACT

- An 1nvest1gatlon has been conducted in the Langley Uhltary Plan
Y wind tunnel to determine- “the static stablllty and drag characteristics
o of a 1/10-sc¢ale model of the AVCO booster vehicle. The tests were made
at a constant Reynolds number, based on maximum nose dismeter, of
- 1.09 X lO6 at Mach numbers. of 1.60 and 2.00. Results were obtained for
- angles of attack from -4© to0 12° and for various separation distances of
the nose from the booster. Also included are some effects of Reynolds
number, roll position of the stabilizing fins, and booster drag scoops..
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