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Table 1 Performance parameters of 310S stainless steel

density elasticity modulus . . shear modulus bulk modulus yield stress tensile strength
5 Poisson’s ratio

/g cm / GPa / GPa / GPa / MPa / MPa

7.89 193 0.29 77 154 =205 =515
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Table 2 Comparison of calculation results between dynamic
coefficient method and AWE method

method w/ kg R/ m 8,/ mm
0.09 0.25 86.56
0.09 0.35 41.87
dynamic coefficient method
0.18 0.25 193.79
0.18 0.35 86.31
0.09 0.25 43.02
0.09 0.35 29.62
AWE
0.18 0.25 75.31
0.18 0.35 48.78
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Fig.1 Schematic diagram of vertical incinerator shell
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Fig.2 Hexahedral meshes of incinerator shell
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Table 3 Contrast scheme with or without exhaust gas outlet

. TNT mass  outlet diameter outlet center
No.  TNT position .
g / mm position
1* lower 45 none none
2% middle 90 none none
3* upper 90 none none
4" lower 45 160 Y-980
5* middle 90 160 Y-980
6* upper 90 160 Y-980

(1)

B3 BT R
Fig.3 Schematic diagram of numerical simulation
3.2.2 ARESHOEMERDH

AL T 6T J5 578 M 1 d RSO ) (CF 3C
A PR 5 KN A7) o B o ph 3R 4 AT R E AT 5 1Y
WAL TEAR 90 g e 2 23 TR K 7 AR B S AR T B 3 A 5
PRAARE S N, 45 g 26 24 75 WP Ml T A48 0 7™ A Y
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B4 310S7E4K 1~26 gauge Wil & (14037
Fig.4 Position of the 1-26 gauge points for 310S shell
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Table 4 Maximal stress and corresponding position of shell

maximal stress  gauge

No. o remark
/ MPa position
. the maximal stress except
B reach yield .
1 1,2 the bottom is 145.99 MPa

stress(205 MPa) .
at gauge position 26

2* 42.78 24 -
3" 79.47 24 -
the maximal stress except
) the bottom is 115.05 MPa
B reach yield .
4 1,2 at gauge position 26;
stress(205MPa) .
the maximal stress at gauge
position 23 is 99.07 MPa
5" 147.86 23 -
6" 194.75 23 -
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1) Gauge# 1
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mis.stress / kPa
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a. effective stress

—— (1) Gauge# 1

displ. Y/ mm
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time / ms

b. displacement

B 5 Gauge 1 4R ) Ko i 78 i £k
Fig.5 The von mises effective stress and displacement histo-
ries of gauge 1

displ. Y/ mm
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B 6 Gauge1.24b7
Fig.6 Deformation of gauges 1 and 2
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Fig.7 Comparison of internal pressure contours
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L& I 275 5 R AR N ) = B BE A AR AL . (B AE
1.0 msJ5 , R 7 58 S AE B IR 1 7o IR S5 40 1 %
LMk BT N ) = B 5 5 %6 20 AR AR K, N
JE 7725 B 6 1 8 208 3R, DI S B0 s E Ak e AR
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ARG E Y INT A& B A, gauge23 4b ™ A4 i
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JE 1 2545 T FL B AR B, I T 4 v 0 G ™ E ) 4

®5 MOHBEXNETR

Table 5 Contrast Scheme of outlet diameters

. TNT mass outlet diameter  outlet center
No.  TNT position .
g / mm position

7% lower 45 80 Y-980

8" middle 90 80 Y-980

9*  upper 90 80 Y-980
10" lower 45 100 Y-980
11" middle 90 100 Y-980
12 upper 90 100 Y-980
13" lower 45 120 Y-980
14" middle 90 120 Y-980
15%  upper 90 120 Y-980
16"  lower 45 140 Y-980
17 middle 90 140 Y-980
18" upper 90 140 Y-980
19*  lower 45 180 Y-980
20" middle 90 180 Y-980
21%  upper 90 180 Y-980

N XK 2022 4% H 304 H 148 (34-42)
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Fig.8 Influence of outlet diameters on maximal stresses of
shell
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Table 6 Contrast scheme of outlet positions

No. TNT position TNT mass outlet diameter outl.e't center
g / mm position

22% lower 45 120 Y-960

23*  middle 90 120 Y-960

24%  upper 90 120 Y-960

25* lower 45 120 Y-1000

26" middle 90 120 Y-1000

27%  upper 90 120 Y-1000

2004 —=— lower, gauge26
—e— |ower, gauge23
1604 —4—middle, gauge23

§ —~— upper, gauge23

2 120

o

3

x

g 80 /
40

80 120-20 120 120+20 160

outlet position
9 AL X 5 AR A KR g 1 R
Fig.9 Influence of outlet positions on maximal stresses of
shell
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Application of Numerical Simulation in the Design of Energetic Material Incinerator

JIN Guo-rui'?, LIU Jun’, ZHANG Chao’, WANG Mo-ru'*, ZHANG Jian-wei'*, HE Wei-dong'**, LIAO Xin'*

(1. School of Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China; 2. Key Laboratory of Special Energetic
Matertals , Nanjing University of Science and Technology  Ministry of Education, Nanjing 210094, China; 3. Luzhou North Chemical Indusiries Co ., Lid . ,
Luzhou 646605, China)

Abstract: In order to ensure the safety of the incineration process, the incinerator must be able to withstand the impact of acci-
dental explosion when the waste energetic materials are incinerated. The dynamic coefficient method and the method proposed
by Atomic Weapons Establishment (AWE Method) were used to design the shell of vertical incinerator for waste energetic materi-
als. Then, three-dimensional numerical simulation of the shell stress of the designed incinerator under detonation of energetic
materials was carried out using AUTODYN software. The influence of exhaust gas outlet, outlet position and detonation position
of energetic materials on the anti-explosion performance of the incinerator was analyzed. Numerical simulation results show that
the existence of the outlet destroys the continuity of the shell, therefore, the stress concentration occurs near the outlet, and the
maximal stress appears at the upper edge of the outlet. Besides, as the diameter of the outlet increases, as the center of the outlet
is closer to the shell cover, and as the detonation position of energetic materials is closer to the outlet, the stress concentration at
the upper edge of the outlet becomes more serious. When the energetic material is close to the incinerator shell, the explosion
will cause plastic deformation of the shell. Hence, when the diameter of outlet is determined, some measures can be taken to en-
sure the safety of the incineration process, such as keeping the outlet away from the seal plate, setting a stiffening ring at the out-
let and keeping a certain distance between energetic materials and the shell.

Key words: waste energetic materials;incinerator;numerical simulation;detonation location ;exhaust gas outlet
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