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The performance prediction and grain burn-back analysis of rocket motor are important steps in the designing of a solid
propellant rocket motor. The grain burn-back analysis of the solid grain identifies the burning surface area at each burning
step in order to predict pressure-time history of the rocket motor. In this study, the shape of propellant grains was
conveniently designed based on a solid modeling program of conventional purpose and the internal ballistics analysis was
performed using a Matlab code which was developed to analyze the grain burn-back for this shape model. Upon carrying
several analyses for rocket motors, it was confirmed that the developed code is suitable and useful.
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NOMENCLATURE SRM = Solid Rocket Motor
T = Temperature
Z,Z = Edge Vector V = Volume
A = Burning Area X, ¥, z= Coordinates
F = Interface Propagation Speed Y = Specific Heat Ratio
GDB = Grain Design and Ballistics ©  =Level Set Function

HTPB = Hydroxyl-Terminated Polybutadiene

i,j,k =Node for x,y, and z Directions

j = Mass Flow R
m ass. ow Rate 1 A‘|E
n = Burning Rate Pressure Exponent
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Fig. 1 Transformation of front motion into initial value problem
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Fig. 3 Mesh generation of the STL file for the solid propellant grain
model

Fig. 4 Geometry example of combustion case configuration by
Solidworks®
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Fig. 5 Grid point and mesh edge vector for the calculation of the
burning area
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Fig. 6 Flow chart for the performance analysis by using Matlab®
code
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Fig. 8 3D Solid model for the propellant grain
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Fig. 11 Schematic of an experimental rocket motor (Upper: Test
motor, Lower left: Charged propellant of the motor, Lower
right: Feature of ground test)
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Fig. 14 Comparison of the analysis (Predict) and experimental
results (Upper: Pressure time history, Lower: thrust time

history)
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Fig. 17 Grain burning surface evolution of LIG 2.75 inch rocket motor

(a) Photograph of static test equipment for the performance test

(b) Photograph captured during the performance test

Fig. 18 Ground test for the performance of 2.75 inch rocket motor
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10049

Fig. 20 160 mm rocket motor configuration with a propellant grain
core

%Propellant! bumn rate and density
al  =0.01987+0.0254
nl =04
rthopl = 1780.

%basice parameters
Pa  =101325.
Tref=293:
Tini=293:
phik=0.18/100:
sigp=phik+(1-n1):

%Propellant! combustion products
T_adil =2993.667

MW1  =27.153

R =8314./MW1
cpl =4170.89
gammal =1.1422
cvl  =cpl/gammal
Wp =326

%Nozzle and chamber
d_throat = 36.5/1000
d_exit =97.5/1000
A_throat = (d_throat"2.)/4.#pi

: % BURNING RATE EXPNT.
+ % BURNING RATE CONST
: % PROPELLNAT DENSITY (kg/m3)

: % AMBIENT PRESSURE

% 0.18%

; %Adiabatic flame temp.

5 %Molecular weight

: %Gas constant

: %specific heat(const. press.)

; %specific heat ratio

5 %specific heat(const. vol.)
% propellant weight (kg)

: % Nozzle diameter, m
: % Nozzle exit diameter, m
: % Nozzle throat area, m2

Aexit = (d_exit"2.)/4.+pi 3 % Nozzle exit area, m2

epsil = A_exit/A_throat 3 % expansion ratio

theta =155 : % Nozzle diverging half angle (deg)

V.0 = 24514766.39+1.e-09 : % Empty chamber volume (m3)  0.25+pi*dp”2+Lc

V.o =2557472.85+1.e-09: % port volume (core volume) (m3)

V_ch  =V.0-V_c % V_0-(0.05"2-0.03"2)/4+pi*0.015 ; % COMB CHB Initial YOL (m3)
Fig. 22 Input data of propellant characteristics and nozzle data
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Fig. 23 Change of the grain burning surface with each time for the finocyl grain rocket motor
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160 mm Class Rocket Motor
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Fig. 24 Performance curves for 160 mm rocket motor
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Performance Results for 160 mm Rocket Motor

Total Burn Time: 5.73 sec
Maximum Pressure: 1,383 psi
Average Pressure: 1,255 psi
Maximum Thrust: 16,931 N
Average Thrust: 14,756 N
Total Impulse: 79,760 N sec
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