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Fig.2 Comparison of the radius distribution of internal perfo-
ration obtained by simulated calculation (this work) and the

experimental results in ref.[ 10]
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Table 1

merical calculation ones of gas pressure outside the tube and

Comparison of the theoretical values and the nu-

the thickness of propellant

p/MPa ((D-d)/2)/mm

U theory  this absolute  relative end
; . ] symmetry

valuel'® paper difference difference/% face
0 10 10 0 0 0.630 0.630
0.3 65.5 64.4 1.1 1.7 0.450 0.416
0.5 103.6 1019 1.7 1.6 0.325 0.290
0.9 183.3 180.8 2.5 1.4 0.070 0.040
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c. internal and external max pressure difference
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Fig.8 Effect of length of tubular propellant on gas velocity,

erosive burning and pressure difference
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Fig.9 Distribution along the axis direction for erosive burn-

ing coefficient with different propellant length when ¢ = 0.20
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c. theinternal and external max pressure difference
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Effect of internal perforation diameter of tubular pro-

ence

CHINESE JOURNAL OF ENERGETIC MATERIALS

53 EEZBEXANFLAKENZM

Ry T T L R X AR 24 O L AR Tl R e Y
Wi, 148 T 126,140 kg-m™7 F1 154 kg-m™ = Fl e 5%
FETT R BRRNG B0 o AN [7) 2B JHL %85 o I /AR e R
v, i TR R R B e M NANE 1 22 Ap 5B E
SYHOCRWME TR, HE 1 1afE 11b ) I, e 351
5 R 1 i T AR R R R AR R R R K )N
R AR5 /0N 5 B 11 en] D 2R U B RN I A R
22 W W BN ¢ = 0.20 BF, 4 N A0 2243 B3 I T
0.34,0.49 MPa 1 0.56 MPa, X AJ g J& f1 T 255 S5 % JiF
B, K MR SARTE T AR R K ATARAE N LA ZE 5

4751 3
450 —=— 126 kg:m
I —e— 140 kg-m*
4251 — s 154 kgm®
<, 400F
E 35t
S o
7] S
355
00p R o o
27 : . : :
8.00 0.05 0.10 0.15 0.20
74
a. end face max gas velocity distribution
20r
—=—126kgm®
19r —e— 140 kgm®
18t —a— 154 kg-m*
17
o
16+
15¢
141
.00 0.05 0.10 0.15 0.20
74
b. end face erosive burning distribution
200 e 126 kg
—e—140kgm’ N
18F ——154kgm® 56
© -
o
s 5 0i49
=) 0.34
141
16 ::::I
.00 0.05 0.10 0.15 0.20

74

c. internal and external max pressure difference
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Table 2 Comparison of the end face erosive burning coefficient ¢, at the different ratio of burning surface to port area
#=0.05 #=0.10 #=0.20
X I/mm d/mm
Py AD RD/% &y AD RD/% &y AD RD/%
10 0.560 1.00 1.00 1.00
35.8 0 0 0 0 0 0
50 2.800 1.00 1.00 1.00
20 0.560 1.11 1.05 1.00
71.4 0.01 0.89 0.02 1.90 0 0
50 1.400 1.12 1.03 1.00
40 0.560 1.58 1.44 1.27
142.8 0.01 0.64 0.01 0.69 0.03 2.30
50 0.700 1.57 1.45 1.30
60 0.560 2.04 1.80 1.53
214.3 0.02 0.97 0.01 0.56 0.02 0.13
50 0.467 2.06 1.79 1.51
Note: AD represents for absolute difference; RD represents for relative difference.
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Internal Perforation Erosive Burning and Flow Characteristics of Tubular Propellant

ZHAO Xiao-liang, ZHANG Xiao-bing
(School of Energy and Power Engineering , Nanjing University of Science and Technology , Nanjing 210094, China)

Abstract: To study the characteristics of erosive burning and gas flow in internal perforation of a tubular propellant, an interior
ballistic model of a closed bomb was established considering the gas phase region inside the tube, gas phase region outside the
tube and solid propellant region. The accuracy of the interior ballistic model and calculation method of the closed bomb was ver-
ified through comparing the numerical simulation results with the experimental data in the literature. On this basis, the effects of
different length, internal diameter and loading density of propellant on the erosive burning of internal perforation were discussed
respectively. Results show that for the tubular propellant with d=0.56 mm, /=50 mm, when 0.016 <¢ < 0.80 (¢ is the burned
percentage) , the maximum pressure difference of internal and external perforation increases from 1.23 MPa to 2.00 MPa, the
maximum gas velocity on the end face decreases from 430 m-s™ to 200 m-s™', the erosive burning coefficient on the end face
decreases from 1.98 to 1.10, the erosive burning critical point of internal perforation moves from 7mm away from the symmetri-
cal plane to 20 mm, the erosive burning area decreases by 65%. The ratio of burning surface to port area is an important factor
affecting the erosive burning of internal perforation. The erosive burning does not occur when the ratio of burning surface to port
area is less than 71.4. The erosive burning intensity becomes stronger with the increase of length and decrease of internal diame-
ter, i.e. with the increase of the ratio of burning surface to port area, the erosive burning occurs evidently when the ratio of burn-
ing surface to port area is larger than 142.8. The maximum gas velocity on the end face and the erosive burning coefficient de-
crease slightly as the loading density increases, while the gas pressure difference of internal and external perforation increases ob-
viously.

Key words: tubular propellant;closed bomb;gas flow in internal perforation;erosive burning;numerical simulation
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