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AERODYNAMIC CHARACTERISTICS IN PITCH OF A 1/7-SCALE MODEL

OF A TWO- AND THREE-STAGE ROCKET CONFIGURATION

AT MACH NUMBERS OF 0.4 TO 4.63

By William F. Hinson, Richard A. Langhans,

and Roger H. Fournier

Langley Research Center

SUMMARY

An investigation has been conducted to determine the longitudinal stability charac-

teristics of the upper two- and three-stage combinations of a four-stage solid-propellant

unguided rocket research vehicle. The stages tested were stabilized by trapezoidal cru-

ciform fins. Test Mach number range for the three-stage configuration was 0.4 to 1.0;

for the two-stage configuration, 0.4 to 4.63. Angle-of-attack range was approximately

-4 to 14. Reynolds number ranged from 1.5 X 1Q6 to 3.4 X 1Q6 per foot (4.92 x 106 to

11.14 x 106 per meter). The general aerodynamic characteristics of normal-force,

pitching-moment, and drag coefficients as a function of angle of attack and Mach number

are presented.

INTRODUCTION

In the past decade several flight experiments have been conducted with an unguided

solid-propellant rocket research vehicle which consisted of an Honest John, Nike, and

TX-77 rocket motors as stages 1, 2, and 3, respectively. Vehicle geometry and number

of stages above stage 3 have varied depending upon the particular flight experiment. At

present a four-stage version of the vehicle is being utilized in the Pacemaker flight proj-

ect to study spacecraft heat-shield materials. The fourth stage consists of a Recruit

solid-propellant rocket motor and spacecraft.

Several flights have been conducted in the project; two of the experiments are

reported in references 1 and 2. During these and other flights of this vehicle, some

trajectory deviations were noted during the flight of the upper three stages. These devia-

tions were not critical to the experiment but did cause some changes from the desired-

test-phase environmental conditions. Therefore, to exercise more control of the condi-

tions during the test phase for follow-on flights, it was found necessary to ignite the third

stage by ground command. Ground command procedures had to be generated by preflight

computer trajectory analysis which required the use of aerodynamic coefficients over the



particular flight regime. Experimental aerodynamic coefficients for the present vehicle

geometry in this flight regime were not available for the computer study. Since some of

the aforementioned trajectory deviations could be attributable to aerodynamic anomalies,
it was required that experimental aerodynamic coefficients be obtained for the upper

three- and two-stage configurations through the speed ranges which these stages would

experience in flight. References 3 and 4 present experimental supersonic aerodynamic

coefficients for similar configurations; however, the fourth-stage geometry differs mark-

edly from that reported herein.

A 1/7-scale model of the present upper two stages was tested over a Mach number

range of 0.4 to 4.63, the upper three stages being tested over a Mach number range of 0.4

to 1.0. Angles of attack were approximately -4 to 14. Reynolds number, depending

upon Mach number, varied between 1.5 x 106 and 3.4 x 106 per foot [4.92 x 106 and

11.14 x 106 per meter).

SYMBOLS

The aerodynamic force and moment data are referred to the body-axis system with

the moment reference center located at body station 36 for model 1 and station 57 for

model 2. (See fig. 1.)

A cross-sectional area of model maximum cylinder diameter

( \ AyiFll "fOTPP
CA axial-force coefficient does not include CA b) ----A--

’CO

CA h base axial-force coefficient.
Base axial force

A’" q A
’oo

CA o axial-force coefficient at a 0

Pitching moment ^.\,
Cm pitching-moment coefficient,

loo""

Cmru slope of pitching-moment curve through a 0

CN normal-force coefficient,
Normal force

^^
CN/Y slope of normal-force curve through a 0

d maximum cylinder diameter of particular model
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Moo free-stream Mach number

q free-stream dynamic pressure

cr angle of attack of model center line

Xcp center of pressure measured from model base,
^p xmoment reference Cmg

d CNQ, ^o

Fin designations:

FI fins for rear stage of model 2, represents a full-scale area of 2.75 ff2
(0.255 m2) exposed area per panel

Fg fins for rear stage of model 2, represents a full-scale area of 3.25 ft2
(0.302 m2) exposed area per panel

F3 fins for rear stage of model 1, represents a full-scale area of 2.0 ft2

(0.186 m2) exposed area per panel

F4 fins for rear stage of model 1, represents a full-scale area of 2.5 ft2
(0.232 m2) exposed area per panel

APPARATUS AND METHODS

Models

A sketch of the models tested, the model designations, and detailed dimensions are

shown in figures 1 and 2. Model photographs are presented in figure 3. The model body
was constructed from aluminum; the fins were constructed from stainless steel. Model 1
represents the upper two stages and spacecraft of the operational four-stage solid propel-
lant Pacemaker unguided rocket vehicle. Model 2 represents the upper three stages and

spacecraft of the same vehicle. For purposes of clarity, the model stages are labeled 1,
2, and 3, stage 3 being the uppermost stage with the scaled spacecraft attached. (See
fig. 1.) The spacecraft nose is a hemisphere segment tangent to a 6 half-angle cone
frustum which is followed by a short cylinder. The cylinder diameter is larger than the

stage 3 diameter; therefore, an inverse cone frustum with half-angle of about 3 is used

3
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to connect the spacecraft to stage 3. Stage 3 is stabilized by a 10 half-angle flare and

is attached to stage 2 by an inverse cone frustum of approximately 5 half-angle.

Fin dimensions and designations are presented in figure 2. For stage 1 fins FI
and Fg were sized to represent a full-scale area of 2.75 ft2 (0.255 m2) and 3.25 ft2
(0.302 m2) exposed area per panel. For stage 2, fins F3 and F4 were sized to represent

a full-scale area of 2 ft2 (0.186 m2) and 2.5 ft2 (0.232 m2) of exposed area per panel.

For model 2 the fins were interdigitated. Fins FI and F3 were scaled from standard

flight fins used with the Nike and TX-77 rocket motor, respectively. The larger fins Fg

and F4 were scaled from proposed full-scale fins which represents an area increase of

1/2 square foot per panel over the standard fins.

Tunnels

The investigation was conducted in the Langley Unitary Plan wind tunnel and also

in the Langley 8-foot transonic pressure tunnel. Because of model length, model 2 was

tested only in the Langley 8-foot transonic pressure tunnel. Both tunnels are variable-

pressure continuous-flow tunnels. A more detailed description of the facilities is pre-

sented in reference 5.

Test Conditions

Model 1 was tested over a Mach number range from 0.4 to 4.63. No data were

obtained between Mach 1 and 2 because the bow shock was reflecting off the tunnel wall

back to the model body in front of the stabilizing fins. Model 2 was tested over a Mach

number range of 0.4 to 1.0. Both models with various fin configurations and with no fins

were tested through an angle-of-attack range of about -4 to 14. In all tests the models

had a fixed transition strip attached approximately 1 inch back from the nose and 1/4 inch

back from the leading edge of each fin panel. The strip was approximately 0.1 inch wide

and was composed of No. 60 carborundum grains set in an adhesive. Free-stream

Reynolds number per foot for the test range was from 1.5 x 106 to 3.4 x 106 per foot

(4.92 x 106 to 11.14 x 10^ per meter). Figure 4 shows the Reynolds number range as

a function of Mach number.

Measurements

Aerodynamic forces and moments were measured by means of a six-component

electrical strain-gage balance mounted within the model shell. The balance was rigidly

fastened to a sting support which was in turn fastened to the tunnel support system.

Two base-pressure measurements were made, one approximately one-half the distance

between the sting surface and the outside of the model shell, and one close to the outside

surface of the model shell. These two measurements were averaged to obtain the base

pressure.
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PRESENTATION OF RESULTS

Figure

Longitudinal characteristics:

Effect of Mach number variation and fin size for model 1 5

Effect of Mach number variation and fin size for model 2 6

Summary of longitudinal aerodynamic characteristics 7

Base axial-force coefficients for models 1 and 2 8

RESULTS AND DISCUSSION

The basic aerodynamic characteristics for the configurations tested are presented

in figures 5 and 6. Summarization of the basic data is presented in faired curve form in

figure 7. The pitching-moment data are presented about the balance pitch center for each

configuration which is 66.6 and 76.6 percent of body length measured from the model nose

for models 1 and 2, respectively. These pitch centers were selected to facilitate model

design and do not indicate a realistic flight moment reference; this reference would be the

flight-vehicle center of gravity which is approximately 60 percent of body length measured

from the nose.

Variations to model configurations were restricted to changes in fin size. The

results presented in figures 5 and 6 show that the addition of fins to the model body and/or
increasing fin areas resulted in appreciable increments of normal force and pitching

moment. In general, the normal-force data are linear up to about 2 for both models at

all Mach numbers. Above 2 in most cases, small increases occur in the slope of the

CN curve. This trend is characteristic of long slender bodies and is associated with

viscous body lift as presented in reference 6. The pitching-moment-coefficient curves

are also linear to about 2. With model 1 in figures 5(b), 5(c), and 5(g) to 5(k) at Mach

numbers of 0.6, 0.8, and 2.0 to 4.63, the pitching-moment slope changes from negative

to positive at about a 8. This slope change is partly due to the placement of the pitch-

moment center too far rearward and at supersonic speeds partly due to loss of fin effec-

tiveness with Mach number increase. With model 2, figure 6 at M^ 0.4 to 1.0, the

slope change of Cm is due to the fins not being adequate to provide a stabilizing moment

about the balance moment center.

The slopes of Cm ^d CN through a 0 were used to compute the center of

pressure Xcp values which are presented in figures 7(b) and 7(d). For model 1 with the

fins on, the Xgp movement toward the model base was greatest at subsonic speeds. As

usual, an increase in Mach number above 1 results in a forward movement in x^p. With

the standard fin F3 for model 1, the forward movement of Xgp from 0.4 to 4.63 was

about 30 percent of the body length. (See fig. 7(b).)
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The base drag coefficient CA b (ln this case the axial force) has been subtracted

from the total-drag measurements, that is, CA. As would be expected, the addition

of fins and/or increased fin area results in appreciable increases in CA. In general,

the CA values show a small increase with increasing angle of attack. As usual, the

CA o values indicate a sharp rise in the transonic region with a gradual decrease with

increasing Mach number as shown in figure 7(a) with model 1.

Base drag coefficients are presented in figure 8. The subsonic data suggest that

the fins cause boundary-layer and/or wake conditions which result in a reduction of base

drag. At supersonic Mach numbers the fins cause flow conditions which result in an

increase in base drag. In figure 8(a) with model 1, it is shown that the fin effect on base

drag diminishes with increasing Mach number.

CONCLUDING REMARKS

An investigation has been conducted to determine the longitudinal stability charac-

teristics of the upper two- and three-stage combinations of a four-stage solid-propellant

unguided rocket research vehicle. The stages tested were stabilized by trapezoidal cru-

ciform fins. Test Mach number range for the three-stage configuration was 0.4 to 1.0;
for the two-stage configuration, 0.4 to 4.63. The angle-of-attack range was approximately

-4 to 14. Reynolds number ranged from 1.5 x 1Q6 to 3.4 x 1Q6 per foot (4.92 x 106 to

11.14 x 106 per meter).
The addition of fins to the body and/or increasing fin areas resulted in appreciable

increments of normal force and pitching moment. This condition also results in apprecia-

ble increases in the axial-force coefficients. In general, the axial-force coefficients show

a small increase with increasing angle of attack. The subsonic data suggest that the fins

cause boundary-layer and/or wake conditions which result in a reduction of base drag. At

supersonic Mach numbers the fins cause flow conditions which result in an increase in

base drag. The fin effect on base drag diminishes with increasing Mach number.

Langley Research Center,
National Aeronautics and Space Administration,

Langley Station, Hampton, Va., June 5, 1969,
709-09-00-01-23.
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Recrui TX-7? Nike

Spacecraft

Model________ ^_______________Model______
<"--------""’------------^Tap^e ~Slage ^ta^e________________

J^ ______________________J
h-^o /

(140,43) ^/
15.470) 55.29 (5.970) /TTv /

":4l,) W ^ ^________^ yi-.r ^ /I |\ V/
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(lO:^) (^:0?) (78:4|) t^W <.32.20)1 (,40.00) (,44.8) (18207),^,

SI..O (137:00) UW.S2)

Figure 1.- Sketch of test models. Linear dimensions are given in inches and parenthetically in centimeters.



U2.61DJ (o.i37)
1-028 "1 __^ ,o54

-’^OO^ ^
\

/ \ A

^~^ ~L._ k-

^-- c

Stage 1 Stage 2

_____F1________F2_ ^ F^-
A 3.228 3.828 2;?57 S.O^

(8.20) (9.720) (6.490) (7.729)
B 3.471 3.842 3.071 3.357

(8.82) (9.760) (7.800) (8.526)
C 1.486 .1.557 1’^ 1.457

_(3.770)^ ^3.95) (3_.520) (3.70)
D .214 .211-3 .178 .2oo

(.544)__(.617) (.453) (.508)

Figure 2.- Model fin dimensions and designations. Dimensions are given in inches and parenthetically in centimeters.
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4 x 106 13.12 x 106

^ 3==_-^ ^E^------_ 9’84 s
^ ’^===^^====^==L----____=----____ ^S! :^==-EJ------------ -s
a --i-_______-------------- h

,: . ’" I
0 ^ 1-------------------------------------------------------------------------------------------------------------------- -0
C I--------------------------------------------------------------------------------------------------------------------- ,-)
> _________________________________---------------------------------------------------------------------------- 0
(R) C
tfi ,__________--------------------------------------- >-

1 ^^^Z=^====--==^=^==--------===^==^=Z===^=^=^ 3.28 &

:^:::::::::::::::::::::::::::::::: :::::::::::::::::::::::!: ::::::::::S::::::::::::::::::::::::::: o
0 1 2 3 ^ 5

"CO

Figure 4.- Variation of test Reynolds number per foot with Mach number.
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II! \\ \ III ^

^ ’I i’l !’’ P11 S ti
1 :1 m |i| ^ ti’i! ni 3 ^ i11!;:!! .i;;iluu ^ t

c N tt l4 m U ^Ili ill1!;! !! !i.:1! kU ^ ^ i ^A s r’ ii? ;" ^ mi p11 ^.^
0, I iiiiiilli iil iil ilf^ l llli ii’ iiliii1!!^
-1,. -2 0 2 ’< 6 8 10 12 lit 16

i deg

(f) M 1.0.

Figure 5.- Continued.
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5It^illl’ii liElMlllllIIElMllil’lll’lll1!! Illi Hliiriilli’illl1 ;!!!|l11 lii’l.ll irillli’l.llll^lllHlllirillllp

^ ^ L^ ^_^A^JI: ^ U iR. ^IlL’l :!i; rli!" ^il 0 Body alone

t ^l^^ilfj ^^t n^i ^ ^ip^^^ ^

^ S ( | F5|iiaSHFp
""i ll ^l^Nfe itllN^ (R) ’I I11 i 111

ll |?;^ 3t^^^ nll’l tl!!^ Ij| r’ ’i!!!!.!!:’,!! !!! ^I’rl i!: ’il r,
-i |l lA^ ^L^^^. i ^ ^J{j r ^;i!i;,i ’’ill:;!!!!,!!! :!! 1,!!!!;.!! i;l! hi

Ii L ^^ ^p^ !.! ^l’i HI! i!l!’!ll!:i I;’I! ’.’INI.i ihl 1;;

1 J ^l lHi^ J^l im ill ilr’li r’ l ^il^l 1 | I
6 |^ ,.Ii^4^Hi ^^iS^ I ’^i ^l iii ^l l!
1, |a t ai^ ik ^E ltf ^ ^lliijiJ liiii|iiii i+wn[i^ liliih jii ’i

a ti1:’ ilLlV^!^ ’.H" I!’ !I;|’T!: !l’:!i’lll|iii!l;IN^ V l;lli!l|ll!l !!’
2 :J ^^M^^_^ r ^^11 h1! Ijiili ^ !|illl:ili|; !i’

.: ^11 ffi^ NJI
, ^ r^aiiSI E^^^ MI!
, jj |HI|i:fe BM

^-a tilliliijtiliiilliilu Li^iiiiii ill !:’ 1 iini ^ tt’i^jj jij ili !il Jiilj iij
-10 ^ L^l, ^^ ^yjiliJIhii!* lilMl!l^’i |)ri l
12 l^ S’i |^ f ^ ^^ ^^’l’^ il’[|il!!j ^ i!l ^ ’u! 1 ip

,, tdi l^^^uilJl^lli;, :,!li,l!ii .nl!ll: ^ll’il ill ^lill’i, lh|ll!; i:lii:i ii|i|;i,;| ;1| iii
I1 i^ r!!:!!"!;’ !l!!!:’rlll!!!’’l|l:; liil "il1"’;!! 1^ ’i11:1 ih !’! ll!| !ll: h!
i: ^1!! s iiiit^ t ^^’i^jM^ n Hii ’^i1 li!^ lil! h^1 u

/ ii 8 Ni^|||iI|iit| (R) w^ .1^1 | l;i 1 1!
\ :| :^i|!;!i^ ifi |N|| !ll !; !!|jfllli | !!|l!!l ^ M-^ -2 0 2 !(. 6 8 10 12 14 16

a, deg

(g) IV1 2.0.

Figure 5.- Continued.
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3 "rk^-- -----^-^--i-^"----1-------!?’-- ’--i2 l lO ""dy ^lone
!^ ’; 1.; ;;; .1:’ L ^- ^-^;^S- ^-Hii i| a ’3

1 rHT^n F^^ ^t^^^^l^^tt^^F^r^^f i’^^-^^rtIt
o L .L’liL; ^ iliJ ^^^;e^aS^:T::^n;;^^!Lt__L;LLZ^Z: L;_[;_L^Ll:3; |

4 ;ii h1 t| U lt! ^ i i :::
2

ff ^i ^ ^i ti’ i: ;: m ftf^ iiTi niyi ^n r [- r’ ^ ^^’t s i
o ii’T E ff ^ ’" IrC n ll \’.W ILl^ .Jl ^lll i!!iil i_ L L1! d v ^^ S

’r ^ ^ ’} ^ k U| ^ !r 1: ^ T!l!1 ^i;’ "iil !’! 1;: ’17 !;1; ^"’ n^ U s h j i Ti jt tl j jNi il j l N^^^

^ ^ ^^i fe ^ t,L<| ^ ^ !^ ^ ,|:|n:" Ll^ i ^l ij |

-4 -2 0 2 4 6 8 10 12 14 16

a, deg

(h) M 2.36.

Figure 5.- Continued.
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’I/

^^, /y
,1

^ r

4̂ I I i^illiil^ ^’i’ h! r’i !"; i111 ;i! ^ ^;1! ;;i !|11 i11’ \\ ! .1! [\ ;;!1!’ :1 0 BdY alne

\ ’ S IIp illl ^N^ lj llli !111!1!!^^
^

’ l ^1?l! l|!lj! !:!!i !!’ Ij j !:li!li?^ j rI|l l! !!:! i!!!! il !’ J; ^l llliltsFlll J latSt jI llJ ll li!! { ’Hi

8 ! ji1 ^ i" JNi J|| ^ ii’ Hi H i ^[ i ]; 1 i n | ni l
t ii j iill l ? 1 1| | i 11 11 ! ^ ’ti l !11 !

| H i ljii| i’Jli |j |ii | |i| |l i!| |l!ij i| IMIH j;
i J i; iii iii;!i ^i! iil Ilii i’il iliiiiiii lili

^ 4 t1 PI’ II!’ IINI’ ll’ll ilil M ;11 I!’
CA | Ui ^ i ^M ^ u 4 ^^ ^ ;’;: li! !^^:;; hi ;^ !’’! t’ ^ t J1^? ^ ^ ^ !!! ’’I! P^! !:i ^’i’li !!i 1!!! ^^ !’

0 t N| itl ^ lii’ llh’i^ j1!!!!! Hi 11 I’ll l’’i l l 11 illi | \
-1, -2 0 2 8 10 12 1’t 16

a, deg

(i) M 2.86.

Figure 5.- Continued.
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5 I’lillh^’N^’11!!^!^^1!1!1!!^’!1’1 ’\:.’ ^ il’:: jl":T!:;;l i1’:h :!’ll’!i ^j^^^jl O’1’ Bo’dy’alon’e’

CN ^’liii’ii1 11! : 11’ ’: I1’ ^^^^^^^’^F^U^.-^^-^^B
-l l 1^ ’’. ’ / ,i. ^-----------^-:| ! l|

2
ll! i’ ^ ’ ^’\"’W :,11 ii’’ ’pi r! 1;| ill !, jh-"f’’f Ffr?""’"!77777^ Ii^ t^ ^ r^1’1 ^ -^ ^B- lr.iLl i! ^r^-’-’ i,’ ^-4"" i1-"11 ’: .u,^ r;"i’;’ ’.i ..i.:,c p

o iFI ^^at^-^gsaar’.t;1- ,’.___ ’.’;-^ 4-..-3" T^"^ i_Bt’w "-tt’’ltr7^ ^-r- Tr^-- i1-!^

-1 i;i hj:.’! :;;."1 .: ,i1 |i; ^\\ ’^ ’.I ^ll .illll1 !^ ^\[^\ II1 ip!^! ^ jHl t^ tt^l J
-14 ^ ^ ;; 1;1 :;:’ Jl1 ’. ^;^: !;: "! ’’\ ^-r-^-^^g

-20 ’! :li ’, .’ ’H’^ "}’ ’. ’^ ’:[ ’ ^ i’ ’’\ i’. ;.’1;1 ’’i’’1’", ’.’ ^’^^11 1

CA i;[^-a,i^^^!:a4-i’^; i!l ’^^ ^ ’^\^.’’"^r~^ ^^"^^’ril I

-4 -2 0 2 4. 6 8 10 12 14 16

a, deg

(j) M 3.95.

Figure 5.- Continued.
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Q Body alone

c ^t IS-^ t^ i^ ^.h^^^^^’cp-r^"’^’^ :;1
CN liiin:" i’’. l^ jl^^’L^^"1l: -l ^:i :i-: il;,

|^!I------,-. ;_^U^f^L4--^ ^!. ;ill;! ’i; -!1 ^ ;!: :!: 1.:

o IiE_l_, ^^^^^^^-r-’-’P-’ii1 ^:’ ;l;; ^l :1 IT J I.

^ l--- :, / ’:

-^ li:’

-24 Sl^r"’ ’:; i ’ : ,li:! l;:^i l:: .i: 1^ ;

CA ^==--^>=:^?-3^.^)-^fe,,>-m.>--^Sl.o----+sl^---: ~3 (I.;-1’1.. ^a,^ ,’:\

’il----^ ^ 1:1! { t’ ^ " :!:
-4 -2 0 2 4 6 8 10 12 I’t 16

a, deg

(k) M 4.63.

Figure 5.- Concluded.
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I

!-h^L___. sli I o s0^ ’i0^ .---^j
,: i’^l: ;,^- H|| | 0 F^(rear),^(forward) ’^ ^ .-^

8 ’[ "^ ’--’-^’^ | 0 Fg(rear),F^(forward) T;

;i’|’ ’^ ’!!"-7ia^ A _J__I: l .-l .i, .;. i--- - A^A ^^^^,A.\ :A \ ::! ’ ^ ’r -^ ------1
CN

>t

’’I :|/l!.l:i ’". i[.,’ [ :. ^^^J-’’’cil:^F ’: ’""""^ l

^ iii hi ii:!!! iiili^l iit^^ ^^lili::! .lili,;!^!!1.^!^ ^ ^ i-^i^.jii^i^ .J!i;!| I’! pili^ ^T^ ’li1’1 ’i’l’!!1!’;!’’i *^!l^ ^^i^ r^1nli’.1^^
-i ! r 1 1 i I |l j1 j i,’1 f [^ .I ll llii |i; I ^i t’!’; Ii 11 j: t’ ;!’ I’,’’ i,’ k Ii! ’{i’^^

1’ i11 \mi I ilil il il:! ;’" ^ i N:’!’^ ^ii ii’lNilU^ ^ i

I : ||i||||j|S|H?i^?^^-7^
CA ^’||l ti’l|!’’!!^E^y’!;i:i|:’l! ll!!"i;’|"^"L’ [N|’^’’ :11’/:;; t^^l^’’ ^^-4 -2 0 2 4 6 8 10 12 14 16

a, deg

(a) M 0.4.

Figure 6.- Longitudinal characteristics of model 2 with fin variations.
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10 I- t^l ^ t^1 i ^SI ^^! i^
’S1- ^’ ^- ^ A Fa(rear),F (forward) i-! ’i" l!;^ Ii1 III

9 | iVl1--; ^ t^ F^(rear),Forward) ^. ^illi |- ^ ^8 I l i ^ ii^lp lin ir ^l ^i; Il l II I7 I ’I i’ r1 l^11!11)^) :’ ;(1 I’11 !;’ ij^! Ji11!^ Jf
6 ^ I rH ^a lIilS^ i li lil l h ^tfi j ’1? ffiiili H D I^: !!lli!^ ’,1 .; !;. ,’!: \i ^ ^ :11 ;1; |!;| I,

^
g i^m L.U ^ ^ ^ !" ^ g ii! ill ,11 ill

<= m i ’A^’. -,:. 1,11; r: i11, ^ ’11 r,
3 1 a J ^^ iM ^^ ^. ^ [ iii, Hi,1 p ^i^ n - !1! n

li I |3 ^ i!!!1 I r; Ij l^i lliS i I | [

-4 j | ^ 1^1 SF ^ |"i II J’i ’lj p
1 111^1 ^ 11 l l l i l ’I E^ 1 i

s J l^iii l^ ti^ ^ ^ M i! !! i1’

c
6 ^ ii^s^^i i i iii j i in; un
\ j^^jy^F ^

b ^, |;i{ d^^ ’i !i; hih !l:
2 ^1 ^ ^ IIH t ^ [M ^ n wi1’

5} ? 3is Eri ii1 !" il ^ ’!l il ilii .ll.. j ,t ^. ^ r :j^ t !. i^i ^-4 ll 11 ^1 ^l | Illl ^

1 i: j!E!i ^ 11 N } <
Hr ^ Hlli "i’!;!!!’’ K "i H’!!! rini1! llll i;ii 111 ’i;

CA ^1 "N^ "^i^ ^t ^ ^ !;illl ^ w ^ ^N j’i’l’j"1!^ ^’’ I ^|
-4 -2 0 2 1)- 6 8 10 12 14. 16

a, deg

(a) M 0.4. Concluded.

Figure 6.- Continued.
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11 ini ^ s. jiWI’iiillllilliriHIiiilli’rili ’’^i ^li^Ji i; ^Ti^ ^S
j- ^ I 0 3’^ alone .: ’!: ’il ’’’’"’iK

9 -[;- ^- ^ E D F,(rear),F,(forward) JT T i’7
:ii;-’t ^ h N | 0 Fat rear), FH.( forward) |1; 3 Z-

4 i:i ^ ’ii’ :lii.:l!liil ^ "i1 ..rrt’ ^r" ’i! x: ^ ’^ i1

^ 1| h ?! RSJ l !!: 1!!:!! || i

^i d c ff i^’1 t|

\ | ]

10 li ’r!

cm 6, N 1 I J J 4 !iiil | S
E I I 1^ j

1 ^ 3 1 il! til1 |1

\ l H h i ll i i l a
-4 -2 0 2 4- 6 8 10 12 14 16

, deg

(b) Mco 0.6.

Figure 6.- Continued.
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Jl 1 ^^; ’~V A ^ear),^(forward) \\ | R JT ^[T 7 ^ ’’[
9 It lir^M^iL ^ Fi(rear),Fi/forward) I IT I7; Hi ^1 r I T 3 ’T ^ll lii;
s si r :i ^____^^ ;! ffls ffiiia^n: iiii Ir

|g ,1 i^!_ L^^ ^.i;i-i n^^ 1^ i;: ’; li"!!’; !,: !i: i’m ;!,

: I ^ IIWNilj iil iffi11 ^!! !’!
’"3 i; i |fc |^^Jj JK] | ^ ffl|;, | l!Li|!,N:i|^ ]

^ t ^l! ^ ^: ^l1^’1 ^?;!i ^ L ^l1’1^1 l;i ^N’T^ lli i1’!"’: jj t||, |j; ji || | i ij ||y i| || ii! ! |

-4 Ij’ N 1 H^ ^j 1!!1 illjll/ ’iiiii’ljl^ ’ji^ji ^ ’li i11

^ ^^^^^M^^^ ji^^i ^iiihi^ii’i" !!1 mr.ii
^ .l ^p ^l ^^ ^ _1 ?4 ijjilii;; lll|;llll[l 1|! l!!|l ilIlN

4 | ^ |i1 ^ ^ ^1 ^i^tllj^ ^tNii!’^^ ^Il|ij

’jl ’[}? ^iiTtft^f51! rjif^ ift^ijijij! i:! !’’!!!!! ’MH,!!^!!^ ii^ij raiiNijii i|||iil
-^ -2 0 2 4 6 8 10 12 14 16, deg

(b) Mco 0.6. Concluded.

Figure 6.- Continued.
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";! P" t-^ 4} ^jl 0 Body alone 1 |ii;4_-^ ,).
9 Ilii3[E i[il [iIt’B a I:l<rea’r)’F3(for"’Td)^Tl’^~--^~~~,~~~~~~~[][T.~].
g ill! _^i_lLl- 111 IIJS! 0 F^rear), F^( forward) _ll__ ^-_-;__

5 li g 4^^^n iLlL^ii^^ ^L^J.^ ^L^^^^^^^irGL-LL.-iL. Ziiiul;^ ]

2 i l^ ii ^l ^iil^f^jttrlllH nii^^i^i^^^^i^yy ^^ liiMfehl^ i^i^i^li^H i H. 1 i,I E i ^IJ ll^ HI ^ Ni^rtp^II’^

1 1^ ^ i^l .’I ^Ml’ li|i:ii ’ili.liii ^’ [^ ii^^iy p ^ l’’] I J

0 N ^^ I^pff ^t^wNtei^^^^ ^^^^^^^^^^^i"^^
-2 ^r ij i:!!? I’i l’lj ^tj^^lT^nh^-ii’- ii’^^^i i^

\ l ^iti S ^R^IIiil Sl^
-^ -2 0 2 4 6 8 10 12 14 16

(i deg

(c) N\o, 0.8.

Figure 6.- Continued.
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^1 ii ^I^dl A F;,(rear),^(forward) ||| | gj| ||.; ,n ]]; ||| |;,i
9

i| jl ^JI ^, F1 ’^ "". I S^ ^^n^ l p
|1 |1| H ^^iriji ^i i;i;i: I’.ili; !! ni i’!i.’! I’iillil i^i i^ !^ II 1^ 1^; i^’i S I;

^ li Jii l l i^ij ^Fi^ l t^ll ^il:; ! !! ^^ ^5 S it In ShilA^J^ijiJ’i ^ ^||ii!M|^|!’!^ i;|fe | iil ii li; \ |jji ^I II iirFnhiiLi^’il’^ ^HI i’i ill ii1
c,, S lillj ^^ii;:;! ri il’1 ’1’^1 ’i!1! ^ii.’!1 11! ’Ii "lilj. ^^’1:; I’i1’1! ’’i; ^lii^

2 S li i^ li liil ’I’iiiili^ ^ i i^^^ ’il ii ’i! ’i! ^’ iu1
l l felt^- i^-Mi ^UN lil l!! !; i;! I jii! |j || |!| h
ii lilli il!;^’!! 17!!7; ^^^!’! "!’’" ’!! !MINI i!! ^il m ’n ’lin in i1! !’i !i ii!

14 ||^ jfct^|^:’;!u!!^l! Uh;1 iHl ilN:! i!!!! ’M1!1! ’i

^ it^ ^^W ll:^;.!!"’ l’’1111:!! ’i’i !;!| ^ iiilili l^i.l I!’ i!|i ii!
a i lf N^.y^^lj ll’ ^lNli ll’l ll I"! Nil

lt ti ^i^^^^F^^^^i7^’^’’’^’;’’^^’^;!!^^^^^ i’^ijii1!! Il

I til ^^^^^Jill;7^^^^^’!1’:!!’!!!!:’’1 I’l!!!^!^! rl ’^l!!1" Jii iiilli’l li111! !111!
-2 I S l’ l^^ ^ j^^^l pill^ j.^

j ^ |7^^r7’ ITT’!H’Pi!ji’il!lli’’;illl! ir’lii ilii Ipiili’;! |i’ iii ii1 liii lii li’i |ii ij

CA I^^ ^^^^N ^ ii’^’’1!’’!^’!!’^’ :i!!,’!];!!’ til li1 il.iii j^i’ii Ilii ii’l!!^ ^ Ii ^i iJ!
-4 -2 0 2 4. 6 8 10 12 lit 16

a, deg

(c) Ma, 0.8. Concluded.

Figure 6.- Continued.
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!i!!!il !i^_ p . niirririi-.i’riii’i"11!-1 ir’ iii. 1’!"1"^’ i;’ ^^r^^:?^ 1

ti!r t^h N^ Pi 0 aody "i0"’" ’’;; 1:’ ’^ir --tt
9 n" nl F 1:] ’it"").^""-"’) " -----o
’M^l IJI IS <> ^""W^1-1"’"10 li’ ii’iip ^1 ^ Lii^_]^

6 ll|hi|h.l il;l |Nii ,.; lli, |llH ;,,lil1 ;i! -ii |i i.1!!! :ii|,- Jil.i,i1 r ^^"’’f^"^:: ^ ;!
5 ill .1!!1’ !l.:! ’i! ,’1 ^ 11;,’^’ i.1! ^ i1; ^’ ./<^._LL^^_^ u

!li. Hi’;l l!]!;!!!"!!!,1!!’ l,i:!’l1. ll!..i;!.’ i:ila^i...,..iitnT’ .!| -: i;1 ^ .;i..;;u li

CN i’ ^ lil 1^’ ;i’ i^’ il^’^’ ^T. ^ l:i: ^.\__ ^l^L- -!
3 I’l ih’il F’’ 11",; li.iM^i^ ’f !1! ’H’1’ il!l:;:’!;" ;"1 "i’1’ ’111’- ^^
i i^ iN ^iii fMW i1" i;1 ^i’ii;^ L ^ES CJ ii

o ,i N S u 4: ^ M TTrn ctt lIi ^^ ’1 ^ ’i1^1 L i1 1
_^

lil I ffl jl| III iillli I!!’ Ilii I’i |l’i|i|li!li;i| 1^ NiildliLij i illhli. ^ j

, I’ ll ’ h’ ! i ’i ll l l^ i ’lli ii lil ^ii;^ !^^l ];1 |li Ji 111 [|’!1[1 ^ Il:i|h r| ^ H. ij ;ri ^ |i||

12 ^ ’^’ il’il l ^ hl1 l ^ip /i 1? F^ r

8 i’i ^1 i’i li1 ^ i’l "i ^^^ yk- ^ ^^
6 u|i| ;i| i.u’ i’; i’n; lilii’lLi l in!^; ^Ci| liiiJiii ^^ii i^.k ^

^i l^ l ^ l^ ii^il; !^^^1^^ I

^ l ^n WAH hl i^^i ^^:! !^11"^1!? ^! i

^
-4 I’l ’\\ ill li; i|i i;!,i iilliliiil.’lL ^i^iii’lll^ G

c il i" \ i ^ lli’liii!^ ^i 11;; ili, iS ii! i^ ^i i-’ iriiH! ’i^^^ ^A

^ ftii ^ y. VH "^ i’i ^;!^ r. ui:1 ’mv. ^ "’ ii. "i^ M ri ,.; ^o Hill li’ \\\\\ iiii ii! iii 11 nil lii Iliill^ii lit l-i 11!. i.’liiii in Mlii niiii L i.IMm
-4 -2 0 2 4 6 g 10 .1.2 14 14

a, deg

(d) M 0.9.

Figure 6.- Continued.
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"h---- A F2(rear),F,(forward) iu-" -^ ’, ’!:" :i!
9 }jJ^-l---_U_^ F^(a^),F^(forwa^d) | |f------- -^---J-^-lll^-^7111ttl4^
8 IJ:^Z_^________’. I"’! 1’-""";11 ^i1’’ ^[’"^^^ :.]: ’[[1^

, i^^_^^j^. .^^^i_L^ i ^mxmi
’1 t; ^:"T^’^---^------i^f---4^T: ;’,:: .:,.j’\l:; ;lill’’^:’ ’’i. ’’,’ ’i’ ^.i^,’!’’

-4 -2 0 2 4 6 8 10 12 14 16

a, deg

(d) Ma, 0.9. Concluded.

Figure 6.- Continued.
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^ r’tt7 ’ityr" f^ttr | ig | 0 Body alone !|. n1 ^’ ,\ ^’:| ’’:’ ’’’"’ n tl | 0 F,(rear),F-,(forward) ,,r ^s ’’,[ ’^^--] ttl’jl 0 F3(rear),F^(forward) l-^,-’’’ ,til I]

^h !1: ^. jr ^ . ’^ ’, I: ’11-

^^ ^ ^^ "’ ^LS

4 ’;, I- ’. ’\ li1 ’’f’’ sl^’’’ "’’--~~\~

^3 ^^ :1; !’! 11 .’I ’i^’ ’’ji’’ ^^i^nf ’l;’1!: ij’ ^ !1. :i ’ii, l^ lll,:^-i^

^ i i l ii ll lll il lilll ?1!^!^^^^^^
j nll il lj ji ll iiiji milll ^^
: il|ii | |i i||ii ^
^iii l|iyiiJlili ^N
^

l!! ^^ ^ ^^K^^^;-^ ^^^!^!1-^^^ ;’, ;: ;!, ^--^
^ ^ ^ll |i lli^ Il.tt ^1 ^ ^^^ I’AjI’^^’^li’i.^l ^^J |l| ll !!l i l!:l^i | ;liili iil|^

^ il l l’lili i lli^i-^ ttiiti l^ l ?^
-4 -2 0 2 4 6 8 10 12 14 16

a,deg

(e) Mo, 0.95.

Figure 6.- Continued.
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^^ ^ ^ j’li ’Ml1’1!11’11 ^ ’i’ il.lf^ m \ N !:1 !’ ^1
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Figure 6.- Continued.
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Figure 7.- Variation of longitudinal aerodynamic parameters with Mach number, a 0.
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Figure 8.- Base axial-force coefficient as a function of angle of attack for the various model configurations and test Macn numbers. I^B^^^I
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