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where ~ is defined as the mass fraction of the second 

phase and vi is specific volume of the i-th phase at 

p and T. 

Conditions 4 and 5 imply that the total internal energy 

of a mass element is the sum of the internal energies of the two 

phases: 

(3.7) 

where E. is specific internal energy of the i-th phase 
~ 

at p and T. 

In order to obtain a suitable constitutive relation when 

the phase transition has a finite reaction rate, we assume first 

that the p,v,E surfaces in each phase can be extended smoothly 

into metastable regions overlapping the equilibrium region of 

mixed phase, as in Fig. 3.1. 

Then we have the following functional forms: 

vI = vl(p,T) 

Vz = vZ(p,T) 

El = E1(p,T) 

EZ = EZ(p,T) • (3.8) 

Then from Eqs. (3.6) and (3.7) we have 

(3.9) 

dE = (1-~)dEI + ~dEZ + (Ez-El)da. (3.10) 

From Eq. (3.8): 

= (3.11) 

i = 1 or 2. 
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~.;rith E a function of T and p we have: 

dE. = 
~ 

= (Cpi - P(oVi/oT)p)dT - (T(ovi/oT)p + p(ovi/oP)T)dp 
(3.12) 

i = 1 or 2 

where Cpi = specific heat of i-th phase at constant pressure. 

Substituting (3.11) and (3.12) into (3.9) and (3.10), we get 

where 

and 

(3.13) 

(3.14) 

(3.15) 

(3.16) 

(3.17) 

L2 = -(I-a) (T(nv1/oT)p + p(ov1/oP)T) 

- a (T(OV2/~T)p + P(ov2/oP)T) (3.18) 

m2 = (I-a) (Cp1 - P(~v1/oT)p) + a(Cp2 P(ov2/oT)p) 
(3.19) 

n2 = E 2 - E 1 (3.20) 

cE = -(p+q)dv from Eq. (3.5). (3.21) 

Therefore, in principle, (3.13) and (3.14) can be solved for dp 

and dT if da is given. 

Now we assume the following relaxation 


