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ABSTRACT

Cornsiderable numerical calculations are necessary to obtain equilibrium compositions for
complex chemical systems. This requires a computer program to do the calculations and the
numerical method for this program is described in detail. The complex chemical equilibrium
compositions are calculated by a free-energy mininization technique. The program calcula-
tions of chemical equilibrium compositions for assigned thermodynamic states such as (T,P)
(H,P), (5,P), (T,V), (U, V), or (5,V), The program considers condensed species as well as
gaseous species and permits calculations of other thermodynamic properties (T,P,p,M,h,s,c,
and so on) for any chemical system. These results can be applied to the fundamental de-
sign and analysis of equipment such as compressors, turbines, nozzles, engines, shock tubes,

heat exchangers, and chemical processing equipment.
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Table 1. Iteration Equations to Determine Equilibrium Compositions for Either Assigned
Temperature and Pressure, Enthalpy and Pressure, or Entropy and Pressure
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NOMENCLATURE

a . velocity of sound, m/sec.

ai; : stochiometric coefficient, kg-atoms of
element i per kg-mole of reactant j, (kg-
atom):/(kg-mole);.

a; (=1 to 7) : least squares coefficients.

a; : activity of spcies j.

b; : kg-atoms of element ¢ per kg of mixtu-
re. (kg-atom)./k3.

b0 : assigned kg-atoms of element 7 per kg
of total reactant, (kg-atom):/kg.

(Cp"); : standard state constant pressure
specific heat for species or reactant j,
J/(kg-mole); (K).

(C"); : standard state constant pressure
specific heat for species or reactant j,
J/(kg-mole); (K).

(C.°);:standard state constant volume spei-
fic heat for species j,7/(kg-mole); (K).
C, : constant pressure specific heat of total

reactant, kg-mole/kg.

C; 1 (CY /R, dimensionless.
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(Cn);: (CY;/R, dimensionless.

¢s | constant pressure specific heat of mix-
ture, J/(kg) (K).

¢, constant volume specific heat of mix-
ture, J/(kg) (K).

F - Helmholtz free energy of mixture with
constraints, J/kg.

f : Helmholtz freeenergy of mixture, J/kg.

fi : partial fugacity of species j, dimen-
sionless.

fi°: standard state fugacity of species j,
dimensionless.

G : Gibbs free energy of mixture with con-
straints, J/kg.

Gj: pi/RT, dimensionless.

g - Gibbs free energy of mixture, J/kg.

(H1%); : standard state enthalpy for species
J.» J/(kg-mole);.

(H:%)r : heat of formation at temperature
T, J/(kg-mole).

H : h/RT, dimensionless.

H; : (H®)/RT, dimensionless.

H, : enthalpy of total reactants, kg-mole/
kg.

k : enthalpy of mixture, J/kg.

ko ¢ enthalpy of total reactants, J/kg.

M : molecular weight of mixture, kg/kg-
mole.

M: : atomic weight of chemical element i,
(kg/kg-atom)..

# : moles of mixture, kg-moel/kg.

»; : kg-moles of species 7 per kg of mix-
tures, (kg-mole);/kg.

P : pressure, N/m2

P, : pressure, atm.

P, : assigned or initial pressure, N/m2

R - universal gas constant, 8314.3]/(kg-
mole) (K).

S; : entropy of species 7, J/(kg-mole);(K).

(St%); : standard state entropy for species
7, J/(kg-mole) (K).

J
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U

: s/R, enjropy of mixture, (kg-mole)/kg.

S;:S,;/R, dimensionless.

S, : entropy of total reactants, (kg-mole)/
kg.

s : entropy of mixture, J/(kg)(K).

So : entropy of total reactants, J/(kg)(K).

T : temperature, K.

(Uzr"); : standard state internal energy for
species 7, J/(kg-mole);.

U;: (Ur*;/RT, dimensionless.

U, : internal energy of total reactants, (k
g-mole) /kg.

u : internal energy of mixture, J/kg.

#, : internal energy of total reactants, J/k

7 ratio of specific heats.

7s . isentropic exponent.

2,41, 22 : control factors.

2: » Lagrangian multiplier for chemical ele~
ment 7, (J)/(kg-mole)..

p; < chemical potential of species 7, J/(kg-
mole);.

i : standard state chemical potential for
species 7, J/(kg-mole);.

z: . — A/RT, Lagrangian multipliers for
chemical element ;, kg-mole/(kg-atom);.

p : density of mixture, kg/m?.
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