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Minimum ballistic factor for slender axisymmetric power law bodies have been obtained by taking a variable skin.
friction coefficient for the cases when any two of the three quantities length, diameter and surface area have been
pre-prescribed.

In all the analyses devoted to the problem of determination of slender axisymmetric —power law
bodies having minimum ballistic factor, the skin-friction coefficient was assumed to be constant!-5. Assum-
ing that the distribution of skin-friction coefficient versus the abscissa is represented by _power law, the
author has studied here the effect of the variable skin-friction on shapes of missiles of minimum ballistic
factor using both Newtonian drag law and Newton-Busemann drag law for the cases when length-thickness,
surface area-thickness and surface area-length are given and has compared these results with those obtained
earliert-5.

 PROBLEM FORMULATION

Assuming the distribution of skin-friction coefficient as
Of = A4 / %
where 4 and a bemg constant*®, the expressmn for drag of an axisymmetric body in hypersonic flow at zero
angle of attack® is given by
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Here Oy, denotes the average value of the skm-fnctlon coefficient over the entire length of the body and
k = 0 for Newtonian law and & = 1 for Newton-Busemann law.

The volume and surface area of a body are given by
!

0 |
]
s=21rfydw ' ' (3)
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_and the power law body to be investigated is given by

o y=(a2) (s N @
where 7 is a constant. :

*Typical values of the constant a are > 0 for the idealized mode] in whieh the skin-friction coefficient is constant, 1/5 for the
turbulent flow model, and 1/2 for the laminar flow model,
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The balhstm factor of a mlssﬂe is propermonal to the ratio D/qv Whlch will be represented by Cc. 1
three cases to be conmdered the expressions for ¢ are

B b (nS 2
¢= +1>["j<2‘f )”+4Cfa)p
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gy S (21 1) 2Rk (13 —m2)] | 4Cu(1—a)(2n+1) gl
S 4s (rF 1R (2m—1) T d(atl=a)

_ (s:4) given (b)
and A R
sy, (2 1) (012 [2m8 K (13—n?)] 7l(2n4+1)(1—a)

0—(3«/4"21,5) (2n—1) + 40 S(%+ 1)(”+1*ﬂ)
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(s, l, glven (c)

In order that C be minimum

o ; ’ SOLUTION OF THF PROBLEM o
Fov Presmbed Dzamter and Length -
“ From 5(a) and (6) we have

o 24 nt — Sn -6n2+k(12n4——~12n3+%~—|-2n) ~ o8 (1—a) 0
. ' (4n—2)2 n+1—a) ~
where .

Knowzmg the values of n for glveuvaﬁxes

~ obtained and from 5( (f: A
Table 1. Fig. 1and F1g 2 glve the relatlon Iy <x) fork = 0 and k= -1 réspectavely, When a=0,-2-5anl
ca=0,1,2 i - S =

TABLE 1.

VALUE OF n AND I FOR GIVEN- v&unzs ot:r & A‘E‘D o m 1 ems ks:() k;;’l‘ e

k’:’O-X(N'ewtdn’ Izﬁw)" I e e
a=0 —= | =
: a=0 a=02  a=05  a=0 T a0 by
‘ “‘0-6937 " 0-6780 06776 0-6775 . P, : ;0.6162 0.616’3‘1 G
A A0 24354 23066 20314 12-1738 11-2122 91245 _

=1 (NewtOE?B.llf.. S0R Lawt.,,:; e . I

a=0 a=1 ‘ = I , a=2‘ * -
e=0  a=02  a=05 =0 402
Cm 063120628 0-6244 To62is . :'-’;,";/'0.582'2' T 0-5805
J 07670 21537 2-0323 13 wemer 10869
& — SR _
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Fig. 1—a Versus I.
For given Surface Area and Diameter
From 5(b) and (6), we obtain.

- b B s

" where

s+1)

- w dz o " 7 . i

The values of » can be caloulated from (8) for different values of o and zg_ia,nd therefore Jccrreéi)onding values
1 can be-obtained as shown in Table 2. The corresponding shape'is then known from ().

& = (4 Cpapt

e TA-BL EQ2 ‘

N

VALUE OF n AND I FOR GIVEN VADUE OF o AND @ FOR THE OABES b=0, k=1

- e o~ - k=0 (Newton Law) - . k

n 09114 0-8402 0:8663  0-0114 . 0-6558 0-6992  0:9114
I 1-2087 26250 25244

22087 12-2147 11-2676 9-2087

k=1 (Newton—Busem;a,ﬁn Law) .
- a==1 a=g - -

n 07300 0-6939 . 0-7067 07309 . 0-5993 . 06222  q.7309
108492 2:21l4-  2-0978 18492 117909 108702 g.gup




Dx#. Ser. 3., Vor. 23, Ocrossr 1978

14:04 ‘ o 140 -

- (d,s) GIVEN S o : v
12-04 ; k=0 - 12-04 -~ {d,$) GIVEN

- T ' /

. /

10°0]
8'0-
604
«0q

270+

o os  vo rs '2:0
o :
Fig, 3—a Versus I, : : Fig, 4—a Versus I.

Fig. 3 & 4 compare the values of I(«)in the two cases k=0and k=1 respectively ywhen a=0, 0.2 and 05 e
For given Surface Area and Length

Using 5(c) and (6) we obtained

=0 (9

L5 1678 — 1875 — 6P b (2005 — Bt —13m0 4- B+ 2n) _ 4ad @0+ 3n--o) (1)
\ @2n—1)2 - m+1—ap

where '

a2
“= 0O S E

With the help of (9) and (6) relationship between %(oc)V and («) has been obtained as shown in Table 3.
Optimum shape profile is then known from (4). Fig. b and Fig. 6 show corresponding relationship I(«) for
¢ =0-2and 0:5 for the cases k=0, k=1, o e e

TasLe 3
VALUES OF 7 AND I FOR a=0, 1, 2 AND a=0, 0'2, 0-5 WHEN 8, ! ARE KNOWN

k=0 (Newton Law)

a==0 a==1] ) - L oa=2
a=0 a=0:2 . a=0:5 a=0 . . a=0:2. a=0:5
n 06402 06633 0-6447 06852 1.000 10135 0-9968 -

I 1-0538 2-4382 2-3276 2:0468 13-5000 122169 9:4920
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(TapLze 3—Conid,)
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- Fig. 5—a Versus I. Fig. 6—a Versus I,

CONCLUSION

It can be observed that for given (I, d), given the values of the power law exponent decrease with
the increasing values of a. For given (s, d), the values of n decrease with increasing values of @, but ia.
independent of & when a = 0-5. Also in the case when (s, 1) is given, the values of # first decrease and them,
increage with increasing values of @. Finally in all the three cases the ballistic factor I decreases with
increasing values of the constant @ corresponding to the same value of «.' ‘
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