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ABSTRACT- The effect of variable rotation on the propagation of weak spherical shock wave in
non uniform medium has been derived shock strength and shock velocity have been derived for two
case (i) when shock is not effected by disturbances behind the shock and (ii) when the shock is
effected by the overtaking disturbances in presence of rotating gas change angular velocity.
Keywords - Study, Propagation, Weak, Spherical, Shock, Wave, Through, Rotating, Gas, Change,
Angular, Velocity.

INTRODUCTION - The field of shock waves has tremendous potential for the researcher. Therefore, it
has been receiving considerable attention of many workers, for example, Sedov (1959), Taylor (1950),
Sakurai (1953), Chester (1954), Chinsnell (1958), Whitham (1958), Prasad (1990), Yadav (1992) etc. and
many other. Considering the effect of overtaking disturbances on the propagation of strong diverging
shock in non-uniform medium, the temperature variation behind shock front has been computed by
Yadav et.al. (2001) have studied the propagation of spherical converging strong shock in uniform medium
and obtained the change in entropy and temperature of medium due to propagation of spherical
converging strong shock wave Yadav and Gangwar (2002) as studied the propagation of spherical
converging strong shock in non-uniform medium. Recently, Yadav and Gangwar (2003) have studied
freely propagation of strong spherical diverging shock in non-uniform medium. Very recently, neglecting
the effect of rotation of the medium, Yadav and Singh (2004), have studied the propagation of strong
spherical and cylindrical shock wave in the non-uniform medium for density distribution (i) po=pr" ,
po=p’e" and (iii) po=p’ log r, where p’ and w are the constants. The effect of variable rotation on the
propagation of spherical weak shock waves in non-uniform medium has been investigated in this paper.
Assuming an initial angular velocity Qo =0’ r* and initial density po=p’r™ , where Q' , p’, w and A are
constants, analytical expression for shock velocity and shock strength have been derived for two cases viz.
(i) when shock is not affected by the disturbances behind the shock, and (ii) when the shock in affected by
the overtaking disturbance.

The relations for flow variables (pressure, particle velocity and density) are obtained and computed. The
flow variables so obtained are discussed through figures. Results obtained are compared with those

obtained for constant rotation.
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BASIC EQUATION

The equations governing the flow of gas enclosed by the shock front are
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where, r is the radial co-ordinate u (r, t), p (r, t) and p(r, t) are respectively
the particle velocity, pressure and density at distance r from the origin at time
t and vy 1s the specific heat ratio of the gas while v is the radial component of
velocity.

BOUNDRY CONDITIONS

Let p, and p, denote undisturbed values of pressure and density in front
of the stock wave and u, p and p, be the values of respective quantities at
any point immediately after the passage of shock, then the well-know Rankine-
Hugoniet conditions permit as to express u,, p, and p, in terms of the undisturbed

values of these quantities by means of the following equations.
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where, M- U/a, U being the shock velocity, a | 1s the sound velocity (N/yp“/'p“)

m undisturbed medium. M is the mach number.
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WEAK SHOCK WAVE
we take mach number M

asM=1+¢e ' ...(6)
where, ¢ is parameter and negligible in comparision to unity (1.€. €<<[)
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THEORY

The characteristic form of the system of the basic equations 3.1) and 3.3) is,

apa’udr  pav’ dr =

dp+padu4 ——— - ——=0
(u+a)r (u+a)r -4 &
: s c .
The equilibrium of the gas 1s assumed to specified by the conditions —— =0=1u
2

and P =Py, V=V, =T1£), asthe consequence of hydrostatic equilibrium prevailing

m front of the shock, equation (.. 1) gives

b odpyy Ve

ol :O sy | dp[, :pﬂv’:ldr/r

o, dr 9

Assuming the initial density distribution p =p” r*, and Q =Q’ r*, Q'=constant,

equation (..9), reduces to

dp, =p’ Q*r™**ldr - 10)
Integrating,
pl ler w+2342

where, K is the constant of integration

Therefore,

ag =YPo/Py

_ 12,2042
a; = lVZEr‘“' +———yQ g 1
p’ (W+2A+2)
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Weak shock in absence of overtaking disturbances

substituting condition ( 7) in equation ( 8) and simplifying, we get
SHOCK VELOCITY
- —(a-wi2)?2 el 5
U :[1 e s exp{A.frz““}'+4 — B, 1" H

K g0
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where,
3 12_(214 3 ;Q;Z
A.{ = ) p B‘/ = p
4K (W +20+2)2w +4h +4) | AK(w + 24 +2)
SHOCK STRENGTH
‘[J_ - [l + I\rr—(tl—w‘?.:}/? erIA r2w+47.+4 _ B l.\‘;+27.+21]
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Weak Shock in presence of overtaking disturbances
For overtaking disturbances, we have taken differential equation
apa‘udr pav’ dr
dp—padu+ —r —=0 (14

(u—a)r (u-a)r
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Substituting Condition ( 7) in equation ( 14) and simplifying, we get

. D rw+2).+2 E rg“q;ﬂ
£ = K + logr-w"' +log r"‘ + 1 — y .
(W+2h+2) (2w+4)+4) .(15)
where,
_U5-8 D0 o -1y + pre
TOAR(wWa+2) T T K (W 2h42)
From ecuation ( 7), we get
...[4]...
u':i‘-z}ﬁ = du, = 43, de
(y+1) y+1

In presence of overtaking disturbances, the fluid velocity increment, will be

du=du, +du_

4&1(,—(—1—E = iaid € +-ﬁd €.

y+l_y+] Yoyl
Simplifying, we get
e*=€, +e_+K - ...(16)
and €_ in equation (16), we get,

Substituting the value of €,

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)

448



SHOCK VELOCITY
U' — [] . K Kr-(u—\\ 2)"2 exp{Ayr2\\+4),+4 _ B_’r\\+2;"+2}
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Therefore, expression for shock strength in presence of overtaking disturbances,
can be written as

i — » "
Bl _ [] +2K +Kr (—wi2)/2 exp{Aer\qu _ B,r \+2l.+2}
a, ' :
| D WH+2A+2 E. I_2\\'+4}_+4
+logr—((1—\\/2) + { s 4 8
(W+2A+2) 2w+4A+4 -(18)
RESULT AND DISCUSSION

The expressions for shock velocity (12) & (16) and shock strength (13) and (17) are derived for the
weak spherical shock propagation in non-uniform medium having distance depended angular
velocity (Qo oc ). Initially, taking U/ao = 1.753 at r = 2.502 for y=1.21, )’ =1.0025, A = 1.2 and w =
0.004, profiled of the shock velocity, and shock strength are obtained represented graphically
(Fig.- 1-10). It is observed that shock velocity continuously increases with propagation distance r.
(Fig.-1) specific Heat Gas Ratio y (Fig.-2), Density Parameter w (Fig.-3) and Constant A (Fig.-4) and
angular velocity Q' (Fig.-5) Shock strength inceases with distance r (Fig.-6), w (Fig.-8) , A (Fig.-9)
and O’ (Fig.-10) Freely Propagation Schock Strength is independedt of specific heat gas ratio y
(Fig.-7) whereas it increases continuously when effect of overtaking disturbance is taking into

account.

Finally, expressions for the pressure and the particle velocity immediately behind the shock are

obtained as .
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These flow variables are numerically computed and presented in graph (Fig.-11-25).
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