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ABSTRACT

By depicting the transfer of heat and combustion reaction to take place within thin gas layers:
close to the propellant burring in a steady-state fashion, a new theoretical relationship has been
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deduced to describe the burring rates of solid propellants as a function of initial grain temper-
ature and chamber pressure. The proposed equation is BR = krmexp( — E.7) (P/Z)* where BR
= burning rate, r = 1/R(T: + C), k,n = constants, E, = activation energy, 7 = initial grain
temperature, C = effective temperature rise, P = Combustion chamber pressure and Z = mean

Compressibility faotor.

The proposed model was tested and evaluated visa vis strand .burner data and it was found
that the deviation of the computed burning rates from the measured ones ranged zero to 2%.
This leads to the conclusion that the model proposed herein, both physical and mathematical,
correctly represents the reality of combustion process of solid propellants, thus proving to be
useful in design and performance analysis of propulsion system,
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Table 1. Critical Pressures, Reduced Temperatures,.
and n-Values of Propellant Types L and N

Term Critical Reduced n-Value in
Typx Pressure Temperature Eq(11)
(atm) (T
L 130 Higher than 3 0.348
N 131 1.30 0.407
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Table 2. Combustion Characteristics of Each Type
of Propellant

“~.___Term . N
Type k CCK) Ea(cal/g-mol)
L 190 2,040 23,959
N 117 1,530 18,174
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Nomenclature

A, Burring surface area of propellant, in%
A; Area of nozzle throat, in?

BR Burring rate, in/sec

C Effective temperature difference, °K
C-P Chemical formulation of propellant

E. Activation energy of gas reaction in rea-
ction zone

G Propellant grain shape factor

k, k” Constants of Combustion characteristics

K, Area ratio

n Constant of Combustion characteristics

O/F Oxidizer-fuel mixture ratio

O-P Oxidizer particle size

P Combustion chamber pressure, psia

R Universal gas constant, cal/g-mol°’K

Tr Combustion flame temperature, °K

T: Initial grain temperature, “K

Tr Average gas temperature of reaction zo-
ne, °K

Ve Transverse velocity of combustion gases
across burning surface, in/sec

Z Compressibility factor

oy Burning rate temperature coefficient, %/
°K

7r Temperature sensitivity of pressure, %/
°K
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