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Using thegeneral form of theequation of state, the thermodynamic parameters have been studied
across a shock wave in a dusty medium.

Carriert studied shock wave in a dusty medium and since the solution of the problem
d interest was described by amany parameter family of functions, no attempt was
made to compile comprehensively the approximate number. Instead a few examples
were worked out and the integration, which lead to the detailed results, were specified.
Srivastava and Mishra2 obtained the Rankine Hugoniotsequations across the shock waves
in a dusty medium and then using the perfect gas equationsobtained the jump in
entropy, enthalphy etc. The purpose of the present paper isto obtain the equation of
state, the velocity of sound, the shock strength, the jump in entropy, enthalpy etc. using
the general form of the gas equation.

FUNDAMENTAL EQUATI ONS

Hirschfelder, Bird and Spotz® gave the genera form o the gas equation as
PRI =1+4bp+cp® 4+ i, etc. (1)

where p, p , T denote pressure, density and absolute temperature, R is the universal
gas constant and b, ¢,........ are functionsd temperature and are small quantities. We

take the above equation in the form
p = p (1 + bp) BT 2)
Following Srivastava and Mishra?, the Rankine Hugoniots equations are

[UF ] = — Boupy XF [ (1 + &) (3)
[p] = & pyf Uy (14 8)) (4)
[p] = & pf (5)

where U¢ are the components of velicity; p * p+ mn, wherem is the mass
transfer and n isthe number o dust particlesin unit space ; &: is the densty shock
strengtb ; X¢ thecomponentsaf the unit normal directed away from the surfaceand [ 1
denotes the differenced value on the two sides of the shock surface of the quantity en-

closed. Thus, iff beany flow parameter then
[f1=Ja — Jy
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Tho internal energy per unit mass Z is given by

E=(m C T + mg Cg T)H)(my <= my ) (6)
E=xp|[(y—1)p*(1+b*) (7)
where
p— " (L+ ") BRI ®
R _— O_p - Gg }
and y IiSadimensionless quantity defined as
x % (my -+ ma Cg [ Cy)[(my —+ my) (9)

and m, , Cy (mg Cyz ) are the mass transfer and specific heat of gas (dust) particles.

RESULTS
Theorem—The equation of state can be written as

L AEyx—D10 . ) _ C . “l
P = { (1 4 bp *) & k exp. [ (S —80) [ACy %
J L J

- (p—1) (p* — %) bm] (10)
where

Proof : The first law of thermodynamics states that
dQ — CndT - pd/p*) (11)

d@ isthe amount of heat added, C,, isthe specific heat o the medium (the mixture of
gas and dust particles) defined as

Cn (o0, 4 mnCy)fp*

= A0,
where
= (p+mnCy [ Cy)[p*
(2) gives
RidT = {rlp [p*(1 + Lp)”} -+ pd/p* (1 + b p*) (12)
Eliminate T between (11) and (12) and using
R=0GC(y—1
S =dQ | T

where S iS entropy, we get

*(: —' Y — ]l [ A

r_
dS |AC; = d 4 ]0}_-'(-'; | o (1 +b p* ) b —d2 (y —1) b p* J\l
9 | P ( f ’L y / |

which on integration, yields (10)
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Theorem—The velocity of sound ai given by

f B _ 1
= ij?/f\ p¥ (140 P::‘)} i(r--—l}ﬁgp“ F2A4+y—1bp* 4+ A+ y— 1‘)5(15-’%'3

{( -y —1), Al{p +2b0%) [ ¢* (L+bp¥) ¢ (14)
ot

Proof : Taking logarithm of both the sides of (1) and using o = 8 o
we get (13). Neglecting small order term (y — 1) b2 p*2, me get (14). '
Theom— The density shock strength 3., IS given by

Ady +Bsy to=o .
where
4 bpf’{{( o[y —1)+1F+{A+y—1)/A }M2[1 4205l )} (16)
. X 1 1 $ Ny 1 U2 (022 T
B = 1yl 41 j: bpi) +{ A+ y —1)/A; M2, (60%%, + 4bpi) + 1) 7
C= ( yzi1 +1 ) boy, T LA +y— DAL I 20 py 1) a9

M 1] = U 1n/ ,9’-:&11
asdefined by Truesdell*.
Proof : The energy equation is given in the form2
3 (ma 4mg ) (U —T% ) —my Cy [T1—mg Cq [T] — [pfp] (my F my)
which, by virtue of (6) and (7), isreduced to

2

Uy — Uy s { - }Ua-’p* (1 + %) 1+ p/p* (1
Equation (3) yields

or ,
Uy 2= Uy 2—1§ 8% (24 &%) [ (L4 5%)2 3 Up%y (20)
using (14) in the form
p=apr (LT 09/ {0+ y — DA} (14 2 bpf*)
and (2) in (19) and cancelling &%/ (1 &%/)* from both the sides, meget (15).
Theorem—The jump in enthal phy k is given by

[h] = &% (14 &% [2)] (1 8% )2} Uy (21)
Proof : The enthalpy 7 is defined as
h=E + plp*

using (7) and (19)in theabove equation, weget (21) REM ARKS : 1t is striking to note that
the jump in enthalpy as obtained in terms o the shock strength, isin the same form as
was obtained by Srivastava and Mishra® using 9 = p* R7. However the difference
liesin thefact that &% usinghere has got different value than the 5% used by them.
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Theoo'em——The velocity of sound a1 given by
. 3
az,_i}?//\p 1+bP }inl)b)fﬁg;‘2(A+7_1)bP*‘!“(A’l‘y‘—].\}'."(lS)

2
a? = {(, +y—1)/2 ]lf {p (L4+2bp% [ ¢*(1-bp*) b (14)
Poof : Taking logarithm o both the sides o (1) and usng a? = 8 p
we get (13). Neglecting small order term (y — 1) 0% p*2, we  get (14).
Theorem—The density shock strength 3, IS given by
Asy +B3y TC=o0 (15)
where
* j- \ ‘L | f | [ 7 a9 ) * 1 ’
A = bpy {1( %[y —1+1p+A+y—1) /A pM2,[(1 4 2 b piy )f (16)
B = A ‘Pg—l— o | ‘ 20p1) + { A+ y —1)[A 3 My (60%%) - 4bpl) + 3) (17)
& P
v= (”y:i“f T ) boy, |- 10T b M2 (20 p%y 1 (18)
My = Uy /{&1/
as defined by Truesdell,
Proof : The energy equation is given in the formz2
3 (mg +my ) (Ut —U% )~ my Gy [T]—mg Cy [T] = [p/p*] (myg -+ my )
WhICh, by virtue of (6) and (7), |sreduced to
_ 2 2 ¥ . o
Oy — Uy )z = { p—1J }[ﬁ!p*(l + bg*) ] + p/p* (19

Bquation (3) yields
i i 3 _
Uz;" - Uy — ( i pb }’)} -—)F"rl n|

Ug #= Uy * g 8% (24 5%/) [ (1 8% )2 } U2 (20)
using (14) in the form

p =a* (L+ b/ {A+y — DAL (L + 200/
and (2) in (19) and cancelling &%/ [ (1 -+ 8%)* from hoth the sides, me get (15).
Theorem—The jump in enthalphy 7 is given by

or

[h]= &% (14 8%y [2) ] (1 8% )2} U2y (21)
Proof : The enthalpy 7 is defined as
h = E 4+ p/p*

using (7) and (19)intheabove equation, weget (21) REMARKS : It,is striking t0 note that
the jump in enthalpy as obtained in terms of the shock strength, isin the same form as
was obtained by Srivastava and Mishra? using 9 = p* R 7. However the difference
liesin thefact that &*;) using here has got different value than the §%;) used by them.
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Theorem—The jump in entropy S is given by

81 p*y Uy
[ =2 C, log 158 D1 —(r—1) Cg bpy; 3¢ (22)
Ly, Ayl (L by g )
P/ A ( i by b_'p“' P/
Rof : Writing (10) in the form
ok A — 1 //\ —+ %
([S1/2C )+ (y—1) | z[log{p.p‘( ty—1) (1 pr)}]

and using (14) and (15), we get (22)
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