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ABSTRACT

Stability coefficients obtained from tests conducted at
the Sandia Corporation 3-inch open-Jjet wind tunrel are pre-
sented and compared with stability coefficients obtained from
tests conducted at three larger wind tunnels. A satisfactory
aerodynamic shape is recommended.
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SUMMARY

Eight basic body shapes (proposed for the Short 7 ballistic case)
with vaiious fin end spoiler-band configurations wvere tegted in the Sandia
~ Teruorailicn 3-inch opéin-Jév wind Lunnel. Jue siavility Guue volaloed in-
dicatel thet three of the shapes showed sufficient promise to warrant
additioncl investigation. Stability data obtained with the 3-inch Jet
agree ol'iatively with data obteined at CAL, CWT, and IAL. The wind-
tunnel dewa indicate the TX-14 {CARRIE) shape with the retractable fin
conTignration exhiiblts satisfactory stability characteristics.
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RESULTS OF WIND~-TUNNEL TESTS OF THE SECOND SERIES
OF AERODYNAMIC SHAPES PROPOSED FOR USE AS A SHORT 77 WEAFOM

A INTRCDUCTION

In July 1954 it was learned that the proposed shape for the Shoyt 7
weapon was not aerodynamically satisfactory. A completely new study™ was

then fw‘n-rv\cnﬂ with cavevrel hoois bode -\.‘apva consiacred.

The models were fabricated for testing in the Sandia Co§poration
Aerodynamic Research Facility (hereinafter called SCARF II).“ The first
run vas made on August 31, 1954. PFrom the SCARF II dete it was determined
that only three of these models showed sufficient promise to warrant fur-
ther investigation.

Two of these models were tested at Cooperative Wind Tunne& (CWT);3
the third was tested at Cornell Aeronautical laboratory (CAL).”? In addi-
tion to these three models, a more reliable "fix" ,ves sought by the adap-
ticn of rotraciable-iype £inms om the vasic TX-i% (CARRIE) shape. The

TX-lh shape was tested et a larger wind tunnel (CWT) only.
" The purpose of this memorandum is to present the stability data

obtained frem SCARF II, ccmpare thege data with data obtained from three
larger wind tunnels, and to recommend a satisfactory aerodynamic shape.

AERODYNAMIC SYMBOIS

e

of attack, 55?, per degree

o) Rate of change of pitching moment coefficient with pitching
q N~
W

velocity, per rad.an

d}
=
1 Cm Rate of change of pitching moment coefficient with rate of

& 3¢
m
,» per radiar

&3
o7

change of angle of attack,

C Pitching moment ccefficient =
n
qsd
C Rate of chagge of pitching moment coefficient with angle
ii
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a Maximum Alameter of model, ft
> M Model pitching moment sbout store center of gravity, ft-1b
. 2]
- Pa Ambient or freés-stream pressure, 1b/ft”
L)
q Pitching velocity, rad/sec
q Dynamic pressure = % pV2 ='% PaMa, lb/ft2
d2 2
S Store frontal ares = EE—, ft
t Time, seconds
v Velocity, ft/sec
o4 Angle of attack, degrees
& Rete of cha x, 9 a/
nge of angle of attack, b rad/sec
y Ratio of specific heets, taken as 1.4 for air
. p “or.3ity of free-stream air, slugs/ft3
3 DISCUSSION
Genersl
)

The obstacle which presented the grestest challenge in developing
an aerodynamically stable Short 7 was the stipulation, predicated on air-
craft compatability, that the fins could not extend beyond the maximum
diameter of the body. In the event that no satisfactory ballistic shape
could be found with this restriction, a more positive "fix" was sought
through the use of retractable-type fins on the TX-14 (CARRIE) shape.
This type fin would be least desirable from an engineering standpoint
because of the added complexity.

Eight bvasic body shapes (Figs. la and b) were tested at SCARF II.

Various fins (Fig. 2), noses (Fig. 3), and spoiler bands were txied on
these basic shapes in an effort to find a steble configuration. Refer
to Appendices A and B for medel noménciature and run list.

considered promising enough to warrant further investigation at larger
wind tunnels.

. [ N . .

i
I ? Of the eight shapes tested at SCARF II, only three shapes were
i'
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3CARF I Test Program Results

' Mod 1 stability curves (Figs. ba and 4b) show two configurations
statically unstable, three configurations statically stable, and all
configurations dynamically stable through the Mach number range. The
configuration tested in run No. 16 had such a high degree of static in-
stability that the date were not plotted in Figs. 4a or 4b. (Such sta-
tically unstable configurations occurred throughout the SCARF II program.
These configurations are tabulated on plots according to their respective
“Mod numbers", but the data are not plotted.)

Mod 2 was one of the basic body shapes selected to be tested in the
larger tunnels. Figure 5a shows that two of the Mod 2 configurations
were statlically stable and two wvere staticelly unstable or showed mar-
ginal static stability.

Figure 5b shows that four of the Mod 2 configurations tested pos-
geased good dynamic stability in the lower and intermedlate Mach number
range. Thesa four configurations showed decreasing dynamic stability
near the upper end of the Mach nurber range.

Figures 6a and 6b reveal that two configurations of Mod 3 became
statically unstable near the upper portion of the Mach number range.
These same "o configurations were dynamically stable throughout the
Mach number range.

Mod 4 was the second of the three shapes chosen to be tested in
the larger tunnels. Static stability curves (Fig. Ta) for three con-
figurations of Mod L indicate stability up to M = 0.83 for one configura-

ticn while two configurativas Lad warginal static stabiiity.

These three Mod 4 configurations were dynamically stable throughout
the Mach number range (Fig. Tb).

Three configurations of Mod 5 possessed static stability as shown
in Figs. &a end 8b. All nine configurations of Mod 5 had good dynamic
stability characteristics (Figs. 8c and &3).

The Mod 5 stability data from SCARF II seem to indicate that this
body shape shnuld have been chosen as one of the shapes to be further
iavestigaled al a Jarger tunnel. However, it was discovered that the
volume of this shape was insufficlen! to coutain the necessary weapon
componentis.

Two cenfigurations of Mod 6 were statically stable up to M = 0.90
(FPig. Sa). Tuese same Hod 6 configurations were dynamically stable
throughout, the Mach number range (Fig. 9b).

The date from one Mod 7 configuration plotted in Figs. 10s and
10b shows this configuration to be both statically ard dynamically stable.

. N ‘ . p A
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Mod 8 static stability data (Fig. 1la) show the model unstable above
M = 0.62. Mod 8 dynamic stability data (Fig. 11b) indicate the model is
stable throughout the Ma~: pumber range. Mod 8 was the third model chosen
to be tested at a larger tunnel.

Comparison of SCARF II Date with CAL, CWT, and IAL Data

The trend of SCARF II static stability data for Mod b (Fig. 12a) com-
pares favorably with the trend of stetic stability data for Mod 4 as ob-
tained from CWT (Fig. 12a). However, the magnitudes of the static stability
coefficisnts from the two tunnels vary greatly throughout the Mach number

range.

Dynamic stability curves for Mod 4t (Fig. 12b) compare well up Lo
M= 0.86. Above M = 0.86 CWT data show the model becoming dynamically un-
gtable, while the SCARF II data indicate that the model remains dynamically
stable through the upper end of the Mach number range.

Figure 13 shows thet SCARF II static stability data for Mod 8 follow
the static stability data from CAL closely up to M = 0.8. Above M = 0.8
SCARF II data disagree vwith CAL data as to the degree of static instability.

Stetic and dynamic stability data on the original Short T shape are
conteineéd in Figs. iz zond 1w, Static stability data from CAL agree with
static stability data from IAL. Both of these tests show the model remain-
ing statically stable thrcughout the Mach number range, bt additional
tests (data which sre not contained in this report) indicate static insta-
bility above M = 0,95, SCARF II data for the same conflguration show the
model becoming statically unstable at M = 0.86.

Dynamic stability data from SCARF II, CAL, and IAL (Fig. 1ib) agree
closely and indicate this configuration is stable throughout the Mach

number range.
Recommended Shape

Static stability deta for the TX-14 (CARRIE) shape (Fig. 15a) show
the retractable fin configurations (Runs 24 and 31) are more stable than
the fixed-fin configurations. These retractable fin configurations are
also dynamically more stable than the fixed-fin configurations (Fig. 15b).

CONCLUSIONS

1. DNone of the new Short 7 configurations are aeroaynamically ac-
ceptable 1f the engineering standards dicuvating fin span, etc., are met.
2. The shape that is most desirable from an aerodynamic viewpoint
hot of the TX-1l {CARRIE) body, nose, snd spoiler bands with retractable-
fins (see Fig. 16) (CWT Run 24, Figs. 15a and 15b).

L m 4
FR <Y
e

S. S. MILDWRIGHT - 51k2
R. L. BILACK - 51L2

Case No. LOQ.OI
June 25, 1957
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APPENDIX A
CONFIGURATION NOMENCIATURE

xNz Nose section; x is model maximum diameter in inches; y is
nose type (y = 54 indicates Mark V nose, y = C indicates
CARRIE nose, y = T indicates 1/3 ogive nose); z is the nose
length to diameter (x) ratio.

E® Cylindrical midsection; z is the extension length to diameter
ratio. -
BZ Afterbody section; y is budy type (y = C indicates Mod 3
y body, ¥ = 40 indicates Short 7 body) or model number; z is

the body length to diameter reatio.

G2 Center of gravity or rotation; z is center of grevity position
in per cent of model length.

(P - Q) Mcdel stetions in decimal fractions of model length where

A

afterbody taper begins (P) and ends (Q) (Mod 5 only).

NP Fins; N is number of fins, for N = 6, six fins, when N does
Xy not appear, 4 fines are indicated; x is the type of fin, i.e.,
WF (wedge flat), DW édouble wedge) or the wedge angles in
degrees, i.e., 5-25 (5° - 25° double wedge), 82-0 (82° - o°
wedge flat); y is additional information, i.e., L(long),
T(thick), R(retractabdle), S(short); 2 is the tip-to-tip span
of diametyrically copesed fins In terma of model maximum di-

ameter; M indicates the fin tip is raked, modified, etc.

“yza Spoiler bands - complete circumferential rings; x, y, and 2z
Y indicate, respectively, the number of bands on the nose
section, cylindrical midsection, and afterbody <ection.
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APPENDIX B
CONFIGURATIONS TESTED

Basic
body
Facility Run No. Configuration shape Remarks

l Scarf 2-3 1 N; L 5 WE
Scarf 2-3 2 .SN%'ISE'uBé'72G38'2F%§O Mod 2

.05..4 1.47.39.2.1.08
1% 5 o ERWFL Mod 4

Scarf 2-3 3 5N

i i

.OSE.hBi.h7G39.2Fl.08 Mod b

Scarf 2-3 oW

;,
W
A

. Scarf 2-3 5 .5N§L05E'u3i'h7639'2F1ﬁ8 Mod b
Scarf 2-3 6 5N+ 13g: hBl -91635- lFé %\Syopn  Mod 3
Scarf 2-3 7 .SNéiosE’hB%‘h7G39'2F$§ge Mod 4

Scarf 2-3 8 . N; O5g: Bl 47439- 2Féw0 soop  Mod b

Scarf 2-3 9

.SN;LOBE'th'OlGes'zE&§OM Mod 1

Scarf 2-3 10 .SNé89E'hBé‘67G33'3Fé§g Mod 2

.89,..4.1.67.33.3,1.0
Scarf 2-3 11 58 7E" B, G Fou Med 2

1.01 hB3.OlG25.2E&gOMS Mod 1

.p - P
Scar? 2-3 12 . NSh E’ 200C

Scarf 2-3 13 Nie1lp-452.91,27. 4. 80M Mod 1

N,

3

. =

. Pbi

3 | a

. ‘ E?
ot ol ¥ mpaco o Foo T S0 SRR
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' Facility Run No. Configuration shape _Remarks
. Scarf 2-3 1l .SN%'113'“3%'°1c25'2R¢§°M5002D Mod 1
scarf 2.3 15 .sip e e %P A tMs, o M
Scarf 2-3 16 .5N§&OIE'hBi'OlG25'2FﬁSOM8202F Mod 1
Scarf 2-3 17 .5N&89E'hBlé67G33'3F%§08103G Mod 2
Searf 2.3 18 .5N&89E°hBé’67G33'3E¢ig81036 Mod 2
Searf 23 19 .SNéagE'hB;’67G33'3F$§33003H Mod 2
s Scarf 2-3 20 .5N%89E'haé°67c33‘3E$§gsoozl Mod 2
. Scarf 2.3 21 .5N557E'hBi6h7G39'3F;:gg651130 Short T
scart 2-3 22 5w Ppr el 10390, Mod 3
Scarf 2-3 23 .5N;83E'hBi'7OG3h'9Fé:2hS3C:J Mod 3
Scarf 2-3 24 .5N;L°lg'hng'9hces'6F%%°M Mod 6
Scarf 2-3 25 .SN;&OIE'th'9hG25'6F%§OM Mod 5
Scarf 2-3 26 .5N§L01E‘hB2'9MG25'6F%ﬁ0MSQOOC Mod 6
Scarf 2-3 27 .BN;iOIE'th’thZS'GFééonéaooc Mod 5
) Scarf 2-3 28 .5 SLOIE'h_$‘9h325'6-é&°”saooc Mod 7
) Scarf 2-3 29 .SN;AOIE'uas'9hG25'6Eé%OM3200C Mod 7




-15- Ref. Sym: 51k2 (159)
Basic

Facility  Run No. Configuration :ggge Remarks
Scarf 2-3 30 .5N1u01 “37 9h625'6F$%0M Mod T
Searf 2-3 31 .5N; Olg. hBT 9h025'6FééOM Mod 7
Searf 2.3 30 .sn;LOIE'hB§'9h325'6Fé&°M Med
Scarf 2-3 33 'sth Olg. hse 256 pe O Mod 6 AL nose
Scarf 2-3 3k .SN;'{&O]'E'L;BS' % 6 %WOM Mod 6 Brass nose
Scarf 2-3 35 _ NT 11Uy L 2 9h 25. 6 1 oM Mod 5
Scarf 2-3 36 .5m§ﬁ°lE'&B§'9bGE5'6F%ﬁ°“ Mod 5 (.34-.45)
Scarf 2-3 37 .GN;uOIE Bg -9g25.6 P Mod 5 (.64-.6L)
Scarf 2-3 38 .SN;LOIE'th'guG25'6Fé&OM Mod 5 (.53-.64)
Scarf 2-3 39 .5 ;hUlE “Bg 9&025.6Fé¢OM Mod 5 (.53-.53)
Scarf 2-3 40 '5“%u01” Bg Shg2y. 6FéQOM Mod 5 (.45-.53)
Scarf 2-3 k1 .sr%hO]n hag 9h025'6FéQ°M Mod 5 (.45-.15)
Scarf 2-3 L2 SN;&OlE'hB§'9hG25'6Fé&OM Mod 5 (.L1-.45)
Scarf 2-3 U3 5N§h01 kg §A58G27 9rD83 Spon Mod 8
CwT 460 2 35w TE 25753 25500 Mod
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Basic
body
! Facility  Run No. Configuration shape Remarks
‘ .67,2.28,35,1.0 o
R CWL 460 22 35w 0TRe BP0 e 2
.91,.2.69.57.1.52M o
cwr Lo 2 3.08;7'8% %% Flan 0)r 308 CARRIE If%i.:;zactable
. .91.2.69,37.1.52M .
WADC 126 2 30878 P TR0 Sg00n  CARRIE Retractable
91,269,421, 52 .
WADC 126 3 308 8% Fléa-0)R%3028 CARRIE f;zz;actame
.91_2.69.32_1.52M
WADC 126 v 3.0m 7% %% 2F(82 0)R 3024 CARRIE Retractsble
.67.3.33 98
CAL 3-21 3.5% '8, % 8,0 Mod 8

846-005*

*Data from strain-gage helence - 5o dynumic stability obtained.
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