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Numerical analysis of mechanical and thermal stress in
thin cylindrical tube under internal gaseous detonation
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Abstract- Gaseous detonation in tubes produces moving pressure-thermal waves. A gaseous detonation
consists of a shock wave and a reaction zone that are tightly coupled. The speed, pressure, and temperature of
the products of detonation depend on the type and amount of the initial mixture. The maximum pressure of
mechanical wave caused by detonation can be as high as 20-30 times the ambient pressure and temperature of
gas in detonation may exceed 2000°C. The mechanical shock waves can cause oscillating strains in the tube
wall, which can be several times higher than the equivalent static strains. On the other hand, the passage of the
hot wave duo to sequential internal gaseous detonation produces thermal stresses in the tube wall. In the
current study the resulting mechanical and thermal stresses have been assessed using numerical simulations. In
practice, the mechanical and thermal displacements have been computed separately. Finally, the combined
effects of mechanical and thermal stresses caused by gaseous detonation have been simulated.
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1. Detonation

2. Flexural Wave

3. Shock Tubes

4. Pulse Detonation Engine
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2. Detonation Front

A\RIN

Ll 0l V Jgaz j0 ol olal g Slasein g cal Yo F oS

by sln G e IY] 2 ol il b
w5y el VFOe mM/S Ll Y Jeaz 0 ol S8 Slaskine
35 S3dise myn o o Wyl Slojle Fuly &5 ey
ol b sl il sbml gl a5 el Gl L e
IV] sgi o0 oolinul 15 g bglo 5l aasuin

2H, + O, + 6.85Ar

ham 58 Slogas Vb oS5 b o sm bl sl
Y Jgo> @lhae CEA' (6 50uals o5 5l eolinwl b ol
Al Sy

o jlade pln IV g G pals ol 56
Joges a5 Ll el odd a8, L o FIVF <)
Conl mSGop Jlowyl clo 4y ) pgo isn jo Lid Ol s
g 5l pgs B sln s Joe 5 (025 Cend ls 1
Gy Ay BaSEIf] ar o 3l Y] sgn 0 355
aS odlaid F L s oolw BT g4 3l (gone (gilwans
s X Sqz 0 Jy cul jho Y caz 0 glelr ol o
g 9512 j5mme S5 50 g Sl sl
(helos Joo (028 Sl @l eSS 4 B LY la S s
Joe 5o e Glugi sl S lr v sileant
odd odalice B! oy yiin Wload anlio po L O &5
g gl 50 @S il sops ¥l mls om
Axd dgb oo odnlive a5 job les o)l Aol +/VA m
Llod 51 5 oo j0 W gl sl go0e siloans
9 elod @b L clleg (uls 3 5 asle e J55
Syls Sletran oz Cond

0.0002
\_’_;11 0,000
%
4 o
_qﬂ 0.0001 -
-0.0002 . . . i
o 0002 [T E LT
(45B) sl

0 w5 Jowe j0 ol g p e (155 Joges ¥ S

O (5225 o)

1. Chemical Equilibrium Application
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3. Surface Heat Flux
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1. Conduction
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