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Using the general form of the equat,ion of state, the t,hermodynanlic parameters have been studied 
across a shock wave in a dusty medium. 

Carrier1 studied shock wave in a dusty medium and since the solution of the problem 
of interest was described by a many 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 Misbra2 obtained the Rankine Hugoniots equations across the shock waves 
in a dusty medium and then using the perfect gas equations obtained the jump in 
entropy, enthalphy etc. The purpose of the present paper is to 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. 

F U N D A M E N T A L  EQUATIONS 

Hirschfelder, Bird and Spotz3 gave the general form of the gas equation as 

PIPRT = 1 f bp -I- cp2 f .. ... . ...... .. etc. (1) 

where p, p , T denote pressure, density and absolute temperature, R is the universal 
gas constant and b, c, . . . . . . . .are functions of temperature and are small quantities. We 
take the above equation in the form " 

Following Srivastava and Mishra2, the R8&0 Hugoniots equations are 

where Ui are the components of velicity; p * == p+ mIt, where na is the mass 
transfer and n is the number of dust particles in unit space ; is the density shock 
strengtb ; X i  the components of the unit normal directed away from the surface and [ 1 
denotes the difference of value on the two sides of the shock surface of the quantity en- 
closed. Thus, iff  be any flow parameter then 



Tho i~lternal energy pcr unit inass E is given by 

B = ( ?ng C, T + ??Id Cd T )/( + n l d  ) 

where 
p = p'% (1 + hp*) R T 
R = C, - C, 

and x is a dimensionless quaut,itjy defineti as 

X 'ej  ( n%g + c d  I cB )/( 1'~ -k md ) (9) 
and ~2~ , C, ( BIG Cb ) are the mass transfer and specific heah of gas (dust) particles. 

R E S U L T S  

Theorem-The equation of st,ntc can be. written as 

where 

Proof : The first law of thermodynamics states that 

dQ == C, dT -f- pdlp*) (11) 
dQ is the amount of heat added, C, is the spccific heat of the medium (the mixture of 
gas and dust particles) defined as 

4 

- deJ 
Cm - ( FC'~ j ~nnCd )lp* 

= XC, 

where 
A = ( y  +mnCd / G , ) / p $ <  

(2) gives 

Eliminate T between (11) and (12) and using 
R = C, (y -1 )  

as = d Q I T  

where X is entropy, we get 

which on intepation, yields (10) 
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Theorem-911e velocity of souncl a i given by 

Proof : Taking logarithm of both the sides of (1) and using a" P" 
we get (13). Neglecting small order term ( y  - 1) b2 p'F2, me <. qet (14). 

Theom-The density shock streilgth is givcn by 

A 8F1 + B $1 + C = 0 

where 

C =  (z + 1. ) 86,, + {(A + y 1 ) j h  $M2,y(2 bp*,, + 
Y-1 

(18) 

lvln/ = Uln/ /all 
as defined by TruesdeP. 
Proof : The energy equation is given in the form2 

+(md 4% v21/ - u22/ - nag Cg - " d  C d  [TI - [p]pr] ( 9 ~ 1 ~  + ??td ) 
which, by virtue of (6) and (7), is reduced to 

Equation (3) yields 
J 

or 
U2/ U,, a - 4 ( 2 f S * p ~  ) 1 (1 f )' h UlzTb/ (20) 

using (14) in the form 

p = a2p* (1 + lip*)/{ ( A  + y - l ) / A ]  (1 -t 2 bpi*) 
and (2) in (19) and cancelling / ( 1 + fro111 both the sides, me get (15). 

Theorem-The jump in enthalphy h is given by 

[ Ib 1 = 8*p/ (1 + 8*~/ 12) / (1 + Pp l  )? UIzn/ 
Proof : The enthaIpy 7z is defined as 

h = E + plp* 

using (7) and (19) in the above equation, we get (2 1) REiVA RILS : It is striking to not P that 
the jump in enthalpy as obtained in ternla of the shock strength, is in the  s:me fol-in as 
was obtained by Srivastma and illishr.z" using p -=- p* R T.  IIomevcr tho differenoo 
lies in the fact that using here has got diffcrcnt value than tho used by tlleem. 
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Theore?n-Thc velocity of sou~id a i given by 
r r 

a2= 1 p ]  Ap* (1 + b p * ) )  I (y-- l )b2p*2--2  ( A  + y - l)bp* - (A - y -  l i  (13) j 

Proof : Taking logarithm of both the sides of (I) and using ccS = P" 
we get (13). Neglecting sma4 order telm (? - 1) b"':" , me. get (14). 

Theom-The density shock strength is givcn by 

A 6;/ + B + C = 0 

where 

2x * c=  (- + 1 ) "1, I- + y - ~ ) j h  t ~ ~ l n / ( 2  b pX1/ + 1)2 (18) 

JflT&/ = Ul%/ /a11 
as defined by TruesdeU4. 
Proof : The energy equation is given in the form2 

4 ( fid + mg ) (U21/ - U2a/ - Cg [TI - md C d  [TI = ['Jlp*] (?fly + +,,j ) 
which, by virtue of (6) and (7), is reduced to 

3 

Equation (3) yields 

or 

&I = UII - 1 S$j ( 2 f ) / (I + 8$'pl )z $ U12n/ (20) 
using (14) in the form 

* 5 A + y - 1 ) / A ]  (1 -: 2 b p P )  P = a2p* (1 + bp 11 ( ( 
and (2) in (19) and cancelling / ( 1 + 6*p!)Vrom both thc sides, me gnt, (15). 
Theorem-The jump in enthalphy h is given by 

[ 7~ ] = $*pi (1 + S*pl 12) / (1 -1- 8*pl )2j  UIzn, (21) 
Proof : The enthalpy 7~ is defined as 

12 = E + pip* 
using (7) and (19) in the above equation, we get (21) REXA RIIS : It, is striliing to not c t h t  
the jump in enthnlpy as obtained in terms of the shock streiz@,h, is in tlic snnle form as 
was obtained by Srivssta~~a, and nilish~a~ usinn p --- p* R 2'. IComever tiis difference h 
lies in the fact that using here has got d1fRrent value than tlic used by them. 



Theorem-The jump in entropy S is given by 

i 8 k  P * ~ I  U2n/ 
+ I + ~ P /  [S] = A c, log PI -(r-I) Cg bpi/ 8e/ (22) 

h+y--1 
1 + BPI h 

"" 8pl ) 
Proof : Writing (10) in the form 

( [S] / A  c, ) + (Y - 1) I = [lo6 {PP* 
(A 4- Y - 1)IA (1 + p*) 11 

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