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Abstract—By assuming an effective, rate determing “reaction layer” between the decomposition and flame
zones, a new theoretical relation for burning rate of the form, BR = k(%)n exp(—%) (—5—)“, has been deduced
where BR = burnirg rate, k, n = constants, Ea = activation energy, Z = mean compresibility factor, P = combustion
chamber pressure and T = temperature of reaction zone. Inclusion of compresibility factor in the equation permitted
the application of the concept to real situations prevailing in actual design and analysis of propulsion systems.

The proposed model was tested visa vis experimental data and it was concluded that the burning rates predicted by

the proposes model is in excellent agreement with the measured values at high as well as low combustion chamber
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pressures. It was also shown that this model is indeed superior to the conventional empirical model, BR = ap™ where

a, m = constants, and the semiempirical model, 1/BR = A/P + B/P* where A = chemical reaction time parameter and

B = diffusicn time parameter, particularly in the region where the combustion chamber pressures exceed 1,000 psia.
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% Nomenclature *

A . Chemical reaction parameter, psia-sec+in !

a . Constant of burning characteristic, in-sec ™’
psia™™

B : Diffusion Parameter, psia®-sec-in~'

Ci : Mole concentration, moles/in®

Ea  Activation energy of gas reaction in reaction
zone, cal/g-mole

k, k; k; . Constants of furning characteristic

k: : Reaction constant

I Length, in

Mg : Average molecular weight of decomposed gas
mix ture, grams

Mz . Average molecular weight of reaction gas
mixture, grams

m . Constant of burning characteristics, dimens-

ionle ss

@ Az B4 BAYARE 57

n . Constant of burning characteristics, dimens-

ionless

N Total number of moles of reaction gases in

reaction zone

Ni : Number of moles of each gas component in

reaction zone

Ne& : Number of moles of decomposed gases

Nr : Number of moles of reaction gas in react-

ion zone

P; : Partial pressure of reaction gas in reaction

zone, psia

P ! Combustion chamber pressure, psia

R [ Universal gas constant, cal g'mole ' oK'

r . Chemical reaction rate, moles-sec ™’

Se : Propellant burning surface, in®

T : Average gas temperature of reaction zone,

oK

t . Time, sec

Ve . Volume, in?

We | Weight, grams

Z,Z; . Compressibility factor, dimensionless

a,f, 8 . Order of reaction with respect to each

component, dimensionless

or . Solid propellant densityJ, grams +in~°
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