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Cheng (1) has solved the problem of flow past a cone in a hypersonic
stream of gas at angle of attack by the method of expansion in the small
parameters € = (y — 1)/(y + 1) and o = sin o/sin 71, where y is the ratio
of specific heats, o« the angle

of attack, and T the semi-vertex
angle of the cone. In the present
note we solve the same problem,
by the same method. We obtain the
first approximation for the solu-
tion and its correction in the
vicinity of the cone surface, and
the second approximation for the
pressure. However, the results
are different from those of [1].

1. We consider flow past a circular cone of semi-vertex angle T of a
uniform hypersonic gas stream at angle of attack «, using a spherical
coordinate system r, &, o with the axis coinciding with the axis of the
cone (see figure).

Ve denote by u,, v,, w, the components of the velocity vector in the
directions of increasing r, &, ® and by py and p, the pressure and
density. We introduce dimensionless variables in the form

s o, v= —t— w=—t
u, gu sin T u, sin a 1.1)
_ Ps __ EP+ __sin® —sin<t ’
P= b u Psin®t’ P= o b= "sin~
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We retain the notation of [1]. The equations of momentum, continuity,
and energy take the form

I ﬁ ___w_i — sin?t [¢202 3,2
”oe+°1+eeam u = sin®t [¢20? 4 s%w?)
op w? o w 9 u
20 "°P1+ee v60+51(1+50)8(o+7_]v
€ ap
Gp[IVa—e+cma—6+u]w:—m[%—}—dpvw :'

2(1 + 0) o + 1 2 [(1 4 <0) o] + 52 (pw) = 0

a w0 P\ _
[’”sa“mé‘a](;v)*o

(1.2)

Here
I = cos ® = [1 — sin? T (1 + €0)2] "2
At the surface of the cone we have the tangency condition
=0 faor 6=0

On the surface of the shock wave § = B+(m) we have the conditions of

conservation of mass
9 +
I[pv — Issino + (1 4 €0*) cos a] -—61 5 [pw — & cos @]

of momentum

1+ 0" ot

0, 2
——EP[II;—GL_—F?OTW] 1.3)

€0 * \? 0.+ 2
[12+(_2__) ](p—ke):[I(i-{-sﬂ*)cosa-—l’csinm —i—cs1_*in coso)] —

of energy

+ 2 P . I 90+ 2_
[12+(1+80+) ](_p —k)(1+e)+s [ Vo ter w] =
+ 3

0
= [1(1 + e0t) cos a — I2s sin w 4- 651—}—:6* cosm]

and of the tangential components

Is(w —cosw)-+ ¢ [V —Issin® + (1 + e0*)cosa] =0

0%
1 4 bt
u—Icosa=sin?t{l +c0*)ssinw



Hypersonic flow past a circular cone 283

Here

T o+ 0@
Ty (r—1) M tBsin’t ? o T do

2. We seek a solution as a series in € and o of the form

P = Poo + P1o€ + porS + pue® + pues + pexs® + --- 2.1)

We also seek the function 6+(w) that describes the location of the
shock wave in the form

6+ = 600 - 0108 + 0015 + O208% + 61166 + Ogec® A - -+ (2.2)
The quantity k is assumed to be bounded.

Substituting expansions such as (2.1) and (2.2) into the equations
and boundary conditions, we collect terms with like powers of & and o,
and obtain equations for the coefficients of the series (2.1) and (2.2).
The solutions of the resulting equations are found in terms of element-
ary functions. We give the solution for the first approximation

14k . .
"=°05"7—E( )sm'run-r+csm21:sm(o

u:—2e+8[0(1+k)m21+02(1_m2r)__&]+

. , SATH
oS00 [1“;k(1i‘_’k)”—2esinzr] 2.3)

u~=cosm<1i(_, ) +scosm{2(1+k)+<1+k)/'[2(1k_:k) — k4
+ Foar _%(1+k)—1—_25““2']+(1i?k>/'[1_§_'£““2'_'g'(1+k)]_
(] ) et L ) (2 2

p=1+e(1+45k )—chosrsmm
pzi_j-_k+e[%+(1j—k)2 (1_?_ )2]—5(1_2l__.’ik.)icosrsin<o
o+ — 1‘2“‘ e [(1+") (7 + 3uan? v) — "7] sin © [kcos’t—ij'?’_k]

Higher-order approximations are found without difficulty in the same

way. In particular, the second approximation for the pressure has the
form

_ 145k 6 \ . 3 R
p= 1+e( Z 1+k) csZcosrsmco—l—1',2[5-(14—1:)2 T+

wan® T (202 Ok \* (200 , 5(20)°
—_— (1 2 o an?2r — () Y o Y\eY)
T R St (1+k) 6 %A+
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From (2.4) we obtain the coefficients of normal and longitudinal
force

_ 2N e 4 sin®t _ k&
CN_W_sm a{2cos’r+e _3_(1+k) 5 ._2_]}
_ 2X o 1+ 5k (2.5)
Cx ﬁ;ﬁ;ﬁﬁﬁ§ﬁﬁ?“ Zmn”t{1+—s( 7 )4—
3cos? v k2 | an?T
o (25— ) He g prr— L rE et an])

3. The entropy calculated from the results of the first approximation
assumes non-constant values at the surface of the cone, which means that
the solution obtained by the given method is not valid in the vicinity
of the cone surface [2,3].

It is shown in [l] that to a first approximation the entropy can be
represented by

S = 8¢+ &S50+ aSm (§) + 0 (3%

Here

¢ =6 (14-k) sec < tan(‘—%" © 4 _}k_ J'() 3.1)

The constants So' Slo and the function sm<g) can be found from the
boundary conditions for the entropy. Calculation gives

1_ 2
%=1+k+e[k+2(1+k)m(1+k)]+2scosrﬁ; 3.2)

As shown in [3], the expressions for v, and v, are valid even in the
vicinity of the cone surface. The expression (2.4) for the pressure p

is valid to the first order of small quantities. Then from (3.2) and
(2.3) we have

ko[ ke (e ] B i ] oo
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Using the Bernoulli integral we can obtain

u::cost—_;_(1+k)sin1:un1:—-csin’ti;§: 3.4)

Outside the vicinity of the cone surface the expressions (3.3) and
(3.4) go over to their counterparts in (2.3). Thus we obtain the first
approximation to the solution of the problem of flow past a circular
cone at angle of attack in a hypersonic gas stream. In the expressions
obtained here for the density, shock wave shape, peripheral velocity,
and pressure, terms in 1ln (1 + k) are absent; they thus differ basically
from the results of [1], and at the same time this term is present in
the expression for entropy whereas it is absent from the result of Cheng.

In the special case o0 = 0 the first approximation obtained corresponds
to the result of Chernyi [4]. The error in Cheng’s result probably arose
from incorrect calculation of the entropy.

In conclusion I thank B.M. Bulakh for posing the problem and dis-
cussing the results.
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