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ABSTRACT

Propellant grains with embedded metal wires have been used for enhancement of burning rate
while maintaining high loading density. For the performance design of a solid rocket motor using
propellant grain with embedded metal wires, burn-back analysis is required according to number,
location, arrangement angle of metal wires, and augmentation ratio of the propellant burning rate
near a wire region. In this study, a numerical method to quickly calculate a burning surface area
was developed in response to the design change of the propellant grain with embedded metal
wires. The burning surface area derived from the developed method was compared with the
results of a CAD program. Error rate decreased as the radial size of the grid decreased. Analysis
for characteristics of burning surface area was performed according to the number and location
of metal wires, the initial and final phases were shortened and the steady-state phase was
increased when the number of metal wires increased. When arranging the metal wires at different
radii, the burning surface area rapidly increased in the initial phase and sharply decreased in the
final phase compared to the case where the metal wires were disposed in the same radius.
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Fig. 1 Schematic diagrams for burning process of solid
propellant  grains (a:  end-buming grain, b
perforated grain, ¢ grain with embedded a
metal wire).
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calculate burning surface area of a propellant

Fig. 4 Schematic diagrams to explain a method which
grain with embedded metal wires.
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Fig. 3 Schematic diagrams to explain a method which

predict burning surface of a propellant grain

with embedded metal wires.
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250 Table 2. Results of grid dependence test.
/‘ . .\\\ d, Grain € €2 €3 €4
Sttt i (mm) | configuration | (%) | (%) | (%) | (%)
\ ’ ‘.:.‘ ./
Fig. 5 Configuration of a propellant grain with metal 14 0.18910.601 | 3.329 | 5.420
wires for grid test.
Table 1. Test cases for number and location of metal
wires.
28 0.002 | 0.002 | 0.002 | 0.002
Locations Locations
Case . Case .
of metal wires of metal wires
c 42 0.002 | 0.002 | 0.002 | 0.002
5 \ / 7 L] ° L] ° L]
/ \ / \ 56 % :g;, 0.141 | 0.356 | 1.515 | 2.118
6 8 L] l
\ / \ dy: burning distance
e, error rate at case N
n = number of metal wires &Moo afele] YdHE HAWEoe w7 12%
2ot SEE GdoA FEHAdANe dAxFat
A Axshe PR =29 AAHA7E wge] FYUstnz FRdE AT Ae
MlaE ek ANLE PES MATLABS °l83t  Sasigde ISHE ddd 588 48 33
Al o™, CAD 2130 2= SOLIDWORKS o F ALAWAHL Ao},
& M-St FEA AYE YA e FAA o
Fig. 5& AAYTEAE E4dA Argd T#<d 27271 mm XPE o mirp ALHHS A
otk 552 T@Qle dde] HAgdFe UEE shon, Are A7]E 0125 mmY-E
E 12580 Hi ¥4l 35E°] HES 2470 4R ZTIAA E 47FA] Aol 2o TE AL
b WX E AT FHA T#E/de] dad 4 TP AT D A Lo AFRE gl
Zo] 250 mm, ¥4 50 mm<l Ur1EelH F4& Eik=g
Ao dagx F7H= 52 AASAT ooz Z&Mo JfE L 9o s A
FA 28 23 AR AAES =9 A EA BAS Fgayrt. sgEAdAR
o} simel oyt $YSFES MAHAL AA  FxMe dasm Zrpulel x4 19
A7gel WAWFe] A7N(Ar)7h SATNER A Azxd A AAEY H2EY 5I)
Ag Ak AREAT FEHA A P o] w 4vt
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Fig. 6 Burning surface area results according to grid size.

Table 3. Computational details for grid test.

Case | Ar(mm) Number Execution
of cells time(msec)
1 0.125 83,600 18,351
2 0.5 5,200 1,114
3 325 73
4 8 18 9
LAHE2 0.189%74A] EoA= As #AA &

AN,
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