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ABSTRACT: The effects of overtaking disturbances have been included in CCW?! 3 predictions to improve their accuracy for the
motion of diverging cylindrical hydro magnetic shock waves through in an ideal gas under its own gravitating and rotating gas in the
presence of constant axial magnetic field .Assuming an initial density distribution p, =p'r™,where p’, is the density at the axis of
symmetry and w , is constant, the analytical expression for flow variables representing both the situations via; weak and strong cases
of shock have been obtained .Their numerical estimates only at permissible shock front location have been computed with the results
describing free propagation.
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1. INTRODUCTION: Study of propagation of hydro-magnetic shock waves has proved its importance in different branches of
Science and Technology. In recent past Kumar* ¢; and Kumar and Prakash” ® have assuming initial density distribution p, =p'r™"
have investigated the propagation of hydro magnetic cylindrical shock waves through axial magnetic field for both cases of weak and
strong shock using CCW method . J.B. Singh and S.K.Pandey® have studied the propagation of magnetogasdynamics cylindrical shock
waves in self gravitating and rotating gas on the presence of constant axial magnetic field for both cases of weak and strong shock
using CCW method. Assumption of any arbitrary initial density distribution of the form p, =p'r™" or p, =p’exp(ZAr) impose
restriction values of propagation distance r, which are permitted by the fulfillment of initial entropy distribution condition i.e. pop,”
=c*. Thus such study by CCW method already have two limitations viz. (i)as it takes care of state just behind the shock and (ii) for
any arbitrary choice of the initial density distribution ,the computational of numerical estimates of flow variables only at (psfl).
Yousaf'®*? has further ,established the need to including the effect of overtaking disturbances behind the flow on the motion of shock
waves, in general, has helped to Rankin interest in problems investigated before to include it to make earlier results reliable
Jparticularly in absence of purely developed experimental basis. In this paper ,the EOD on motion of diverging cylindrical hydro
magnetic shock waves through an ideal gas under its own gravitation and rotation in presence of constant axial magnetic field
simultaneously , for both (i) weak and (ii) strong cases of shock ,assuming an initial density decrease of the unperturbed medium as p,
=p'r™ ,the modified form of analytical expressions for flow variable have been derived. Their numerical estimates only at permissible
shock front location have been computed and compared with results describing free propagation (FP). Correction percentages have
also been computed.

2. BASIC EQUATIONS: The equations governing the flow of gas enclosed by the shock front are
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Where r is the radial coordinate and r, v are the radial and azimuthal components of the particle velocity. P,p, H, u and m denote
respectively ,the pressure, the density, the axial magnetic field ,the magnetic permeability of the gas and mass inside the cylinder of
unit cross- section of length r

3. BOUNDARY CONDITIONS: The magneto-hydrodynamic shock condition can be written in terms of single parameter é=p/ p,as

p=pot, H=Het , u="7U )
2_ 2% 2 bles
U= oot [ao +5-{@2 y)§+y}] and

_ 2p,(§-1) 2, Y"1y 2.0 4N2
P= P°+(y+1)-(y—1)é’ " +7mbo (¢~ 1) ]

Where 0 stands for the states immediately ahead of the shock, U is the shock velocity. a, is the sound speed./yP,/p, and b, is

the alfven speed+/uH,2/po.

STRONG SHOCK: For the strong shock, p/p, is large. Now consider the two cases of weak and strong magnetic field.

Case | : For weak magnetic field b,? < a,® ,using this condition the boundary conditions (2) become:

p=p°§,H=HOE,u=E_T1U

Pi =1+ {}xa.+ A’boz}:—i , where 3)

X =yE-D/E, A =2 -DE-D? - 22 - i+
Case II: For strong magnetic field at b, > a,? using this condition, the boundary condition (2) becomes
-1

p=poE;H=HoE ,U=TU

U2

pz =1+ X{boz Ar Aaoz}m , Where (4)
_ Yr—DE-1° _ 4 __ 2
262-NE+y) ¥-DE-1)?  @2-y)é+y

4. CHARACTERISTIC EQUATIONS: The characteristic form of the system of equation (1) is easily obtained by forming a linear
combination of first and third equation of system of equation (1) an only one direction in (r, t) plane can be written as

pc*udr . pcGmdr pev? dr (5)
(u+o)r = (u+c) r? (u+c) r

dP + pHdH + pcdu +

In order to estimate the strength of overtaking disturbance an independent characteristic is considered .The differential relation valid
across C. disturbance is written by replacing ¢ by —c in equation (5) we get
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pc*udr | pcGmdr pcv? dr

dP + pHdH — pcdu + =0 (6)

u-or (u-c)r?  (u-¢) r

Where ¢ = a? 4+ b2 = Y2 BT
P p
5. ANALYTICAL RELATION FOR FLOW VARIABLES:

The equilibrium state of the gas is assumed to be specified by the condition d/dt =0 and Hz, = constant.

(7)

Using (7) the first equation of the system of the equation (1) the equilibrium prevailing condition in front of the shock can be written
as
1dp, om_ Vg ®)

po dr r2 r

Assuming an initial density distribution law as p, =p'r™ ,where p’ is the density at the axis of symmetry and w is constant.
Using p, =p'r™ , from the forth equation of the system of equation (1) we get
m = 2mp'r*"/(2-w) ©)

From equation (7) and (8) we get

i—j = K + K12+ Kort 2" (10)
da, 1/dP, dr
v (Gt w?) ()
. . . K 9.2 _ 2my —
Where K' is constant of integration e = K, K; = o K, = e 2w w2} ,v=Q.rand

D =a'?/Gp'P’ s the pressure at the axis and a’ is the sound velocity at the axis .
5(a). STRONG SHOCK WITH WEAK MAGNETIC FIELD (SSWMF):

By substituting the shock conditions (3) in to equation (5) and respective values of various quantities, we get

d_+U2[ + M BZ 1- W+M Bz 2W+M BZ 32W+M Bz 23W+M Bz 14W]+M7I‘

+Mgr +MoB2r =M, ,r**"+ My, 82r?'= 0 (12)
- (¥ 2 X = —(E_l) . PG = W
Where M= [v T2 \/;]N [(E—l)h/ﬁ v] m [ =N-RK

ArKy _ AK
MyK? ! ~ MyK?

M= [3 = 2(1 — w)| 22 [Gw-1)+ —]
M4= ZA’Klz(Z - W)/MYK3 y M5= 6K1K2(1 - W)/MYKS,
M6= 2K22(1 - ZW)AI/MYK3 , M7= N2—N3 ) M3= N5—N4,

Mg= NszA’/MYKz y M10= N4.A,/MYK2 ,
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M11= A’(NzKl - N4K2)/MYKZ

— §XE ] oz
No= D(2-w)M {(5_1)‘*@} 1], Na= B A NZ/MyK ,

_o 5 /xE _ ] — p2p’
N4— M 7{(5—1)‘*‘%} 1 y N5 B AN4/MYK y

On integration equation (27) we get

u? . - R R R X . . . -

E — [Kpr Ml_M12r1 W—Mlgr 2—M14B21‘2 3W+M1582r4 3W_M1682r3 ZW—M17BZI'5 3w _M1882r4 4W—M19821‘3 5W_M20r4 w+

M, B2r’—2w = 0 (13)

EXP.{ B2( Mazr®"+Masr 2+ My ur™ 2+ M,sr™ "+ Mer®*™)} where K, is constant of integration and My,........Mys are other
constants.

For the C. disturbance generated by the shock ,the fluid velocity increment using may be expressed as

du. = S [UCE + Mo+ M B2+ My B2 MsB2r* 4 M)+ 5 (Mor™

+Magr +MoB2r =M, r* "+ My, B2r*?")]dr (14)
Substituting the shock condition (3) in to equation (6) and using the shock condition (3), we get

du. = — S [UCE + HoB2r' "+ HaB?r ™+ HaB?r '+ HoB2r* M4 HoB2r )]+ 5 (Hor ™

+Hgr +HoB2r" 3" —H, or**"+Hy, B2r*2Y)]dr (15)
Now in presence of both C, and C_disturbances the fluid velocity increment behind the shock will be related as
du_ +du, :“"Tl du (16)
using equation (14),(15) and relation(16) we get

SEAU2S + S,B2r 4 o B2 24 S, B P Sy B 4 SR M 45,

+Sgr +SoB2r =S o1+, B2 = 0 17)

Where S; =H;+M;, $;=My+H; , S5=MstH3 ,S,;=M+Hj,, Ss=Ms+Hs ,Se=Met+Hs ,S;=M7+H; ,Sg=Mg+Hs, Se=Mg+Hg , S10=M1o+Hy0 ,
S11=My;+Hj; on integration , we get

U%eop = [Kp 13! =Spor ™ =81 312 —S 14 B2 "+, 5 B2r" 2" —S, 6 B2r° V=S, , f2r"
—S18B%r ™ —S1oBr* M =S,0r '+ S4B r°—2wlexp.{ B%( Sazr”"+Sar
+S241" 48,517+ Sy )}
where Kp* is constant of integration and Sis........ S, are other constants. (18)
5(b). STRONG SHOCK WITH STRONG MAGNETIC FIELD (SSSMF):

By substituting the shock conditions (4) in to equation (5) and respective values of various quantities, we get

ddlr+u2[81 + BoB2r 2+ By 2t |+ Bar "+ Bsr — BgB2r " +B, 72

r
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+BgB2r22"= 0 (19)

_x 1 x| o x&-1) xw _[xw _ J]xABK L
Where B= [y+ - \ﬁ],z_ [—B{(E—1)+Jx_'} el 2= [YB z] S Bi= L+

_AxKe| o wX _ xG-D xw _ ZaxAB’K
B2~ 5y [(1 3w)+yB B(E-D+/x&  By|”"® By

_AxK [ WX xG-D xw _ ZaXAB’K
By [(2 2w B{(z—nwﬁ}J’Bv]’Zr By

ZzXAKz B, = Z,XAK, B _ XA[Z4K,-Z,K,]
7= T . ! 8~ L.

B4: Zz'Zgy B5: 25'24 Be— By By By

p AL [ X —1], 24:“—2[f—x—1]
D(2-w)B |[{(E-1D+/x} B |{E-D+/x5}

On integration equation(19) ,we get
lFJ—; = [KrB=Bor'™—B, o1’ —B11B2r7 " —B1,B2r* "= B3 72r*?"]
exp.{ B?(Buar "+Busr™)} (20)
where K; is constant of integration and Bs........ Bjs are other constants.
For the C_ disturbances generated by the shock ,the fluid velocity increment using may be expressed as
du.= — («E 1) [( + B, 2W+838'2r1'W)U+% + (Bar "+Bsr — Bgp2r 1-3w

+B,B2r*" 4+ BB 2r?2%)]dr (21)

Substituted the shock condition(3) in to equation(6) and again using shock condition(3), we get

du, = “2‘;’ [(2* + Bo2r 2"+ BB ?r ") U+ = + (Bar "+Bsr — BoB2r ™

+B,B2r4+BgB2r22Y)]dr (22)

Now in presence of both C. and C_disturbances the fluid velocity increment behind the shock will be related as

du. +du, :E‘T1 du

using equation(21),(22) and (23) we get

dU

o [ + hoB2r 2 +hy 2 U +har Y+hsr — hef2r? +h, 27"

+hgB2r¥2"= 0 (24)
Where h; =By+L; , hy=B,+L, , hy=Bs+Ls ,h,=B,+Ly, hs=Bs+Ls ,he=Bg+Lg ,n;=B+L; ,hg=Bg+Ls
On integration (24) we get
U%op = [Ks 1™ —hor'™—hy or*—hy1 8217+ hy, 72" 2 —hy 57215
exp.{ B2(huar*?"+hysr™™)} (25)

where K, is constant of integration and
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hg:h4/1+h1'W, h102h5/(2+h1), hllz[h2h4/(1'2W)'h6]/2+hl'3W, h12:[h3h5/(2'W)+h7]/4+h1'W
h13:[h2h5/(1'2W)+h3h4/(2'W)+hg]/3+h1'2W, hl4:h2/(2W'1), h15:h3/(W'2)

The flow variable expressions F.P. and EOD can be written by substituting (13,20) and (18,25) respectively in (3) and (4) and use for
computation.

Permissible Shock Front Location (psIf): The pressure and the density in unperturbed state given by expression (13) and p, =p'r™"
must fulfill the initial entropy distribution condition i.e. Pop,” —c” where C” is constant, substituting the respective expression for P,
and p,,we get

xprY
K™ 4 Ko™ 094 Kort W () p—" =0 (26)

This is an equation in different powers depending upon the value of w and y of propagation distance r it may have number of roots
equal to highest powers of r, in general. The roots have been evaluated by expression (26). Hit and trial method.
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RESULT AND DISCUSSION: Numerical estimates of flow variables for both F.P. and having included the EOD have been
computed only at those locations of the shock front which are permitted by the initial entropy distribution condition in the unperturbed
state. The results have also shown the comparison with F.P. predictions (a)(i) taking U/a,=5098543, 6.38539, 6.583945, 6.78935,
7.01525 at r= 0.55, 2=0.1, 0.15 0?=10, 15 w=1.0, 1.05 y=1.4, D=0.2, 0.3, 0.4, £=1.5 (ii) taking U/a,=12.5436 at r=0.55, B2=1.5
,y=1.4, w=1.0 ,D=0,2 , £=3 (iii) taking U/a;=20.0568 at r=0.55, $2=1.5, y=1.4, w=1.0 , D=0,2 £=4.5 (iv) taking U/a;=120.3856 at
r=0.55, f2=1.5, y=1.4, w=1.0 , D=0,2 £=5.9 SSWMF (b)(i) taking U/a,=7.80538, 9.5869, 9.58685, 9.78345, 9.98523 at r=0.55
£2=10,15 0*=10,15 w=1.0,1.05 ,y=1.4, D=0.2,0.3,0.4, £=1.5 (ii) taking U/ay;=17.54369 at r=0.55, =15, y=1.4, w=1.0 D=0,2,
&=3 (iii) taking U/aq=35.89546 at r=0.55, =15, y=1.4, w=1.0 D=0,2, {=4.5 (iv) taking U/ay=140.58395 at r=0.55, $2=15, y=1.4,
w=1.0 , D=0,2 £=5.9 SSSWF, numerical estimates of flow variables have been computed at permissible propagation distance for
both F.P. and having included the EOD. It is observed from comparison those numerical values of flow variables, representing free
propagation with the present values of flow variables included the EOD that the EOD over all retains the qualitative variation with
parameter r, 52, 2, £,w and D unchanged. However,the reverse trend of variation with propagation distance have been observed for
(i) the flow variables in the pressure and density (ii) the shock velocity and pressure, SSWMF (iii) the shock strength except(¢=3.0)
particle velocity in case of SSSMF as compared to F.P. cases. It is very useful to mention that the present analysis gives description of
shock propagation with better degree of accuracy by applying the corrections due to EOD behind the flow. Quantitatively the values
of variables have increaced/decreased 1.32% to -0.853%, -0.59% to 1.12% respectively in case of SSWMF and SSSMF.
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