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NUMERICAL REQUIREMENTS FOR THE SIMULATION OF DETONATION CELL STRUCTURES

Jeong-Yeol Choi,' Deok-Rae Cho” and Su-Han Lec’

Present study examines the numerical issues of cell structure simulation for various regimes of detonation
phenomena ranging from weakly unstable 1o highly unstable detonations. Inviscid fluid dynamics equations with variable-
v formulation and one-step Arrhenius reaction model are solved by a MUSCL-type TVD scheme and 4th order accurate
Runge-Kutta time integration scheme. A series of numerical studies are carried out for the different regimes of the
detonation phenomena 1o investigate the computational requirements for the simulation of the detonation wave cell
structure by varying the reaction constants and grid resolutions. The computational results are investigated by comparing
the solution of steady ZND structure fo draw out the minimum grid resolutions and the size of the computational
domain for the capturing cell structures of the different regimes of the detonation phenomena.
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Fig. I Reaction progress within ZND structure
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Table 1 Summary of computational cases

Weakly unstable detonation

§=52 | 2HFOFDAr | 7, =1602 | 5, =1.288

Moderately unstable detonation

0=69 | 2H+056N; | 7y=1405 [ y5=1185

Highly unstable detonation
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)
ok
Y
2’1_'4
e
i)
o

32} A o] MUSCL-type TVD 71L& o] &3k
ZF Runge-Kutta A7+ & 7]1HE o] &5t tH2,3).

24 oM x=AH

A TE HUS A5l W g S5 2 $48 o

UA(G = B/ RTyy) sk vidd 2 7ledzkee] vgu@ o
A BeE 47*0}01 Table 1o] A2}3l%
klacs E—T*g dolg #5% F%(lw), TE FHLw) 22
Hhkg 2 ](le TR A A4 PdHellxe] ZIND Fx
o #4] Axtz 4L g 1YL Fig 1o YERARITH
25 AMHY E7|xH, HAAXH ¥ 122 94 [A}
249 A7 AAE ol4sdn ALY P Ade

i e AN A
& 2] Sliel A2z
C-) Aeolf g3l -3
de eI A 42
17} Feisl ol %9 2

L o2
i

rlo

&

o

N

o

o

2

&l

s
_9(_',

N 08‘.'

2= ] ‘H IND &9} AHYE, 30% i
o] A|ZHg Y3l BE £ e Az A4S upe) FAgaEe
2 71ZoAA ALsidnk 4 AAZRAL CJ gEMolA

rkesla A= g?oﬂﬁ—l o= A 55 427 2

rlo

31 sl M=A

g Ao RiZEg BEsh] 9ste] k=500, 1000, 2,000,
5,000, 10,000 22 20,0009 S0 thate] AsPFEE01 x
101), ZHAFE(501 x201), 23] THAE(901 x401) “HAS
ol-g3to] ofgt BQHA WEUlo|d AAtolA] 734 B HE

o] A47HA] sj4dskict
Table 2 S’ummary of computational grids
Grid system Minimum spacing Domain size
301 x 101 Axmin=Ay=0.01 518 x1.0

30,000 cells, uniform 201 x 101 + 2% stretching 100 x 101
501x201 | Axew=Ay=0005 | 513x1.0
100,000 cells, uniform 401 x 201 +3% stretching 100 x 201
901 x401 | Axma=Ay=00025 | 522x10
360,000 cells, uniform 801 x 401 +3% stretching 100-x 401
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Fig. 2 Front structure of weakly unstable detonation wave from
901x401 grid with the numerical smoked-foil records
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Fig. 3 Von Neumann peak pressure history along the
centerline of computational domain for weakly
unstable detonation for k=1,000 with different exit
boundary conditions.
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Fig. 4 Section of numerical smoke&-foil records for the-néase of
k =2,000 with different CFL numbers

k~5.000

Fig. 5 Front structure of moderately unstable detonation wave
from 901x401 grid with the numerical smoked-foil records

Fig. 6 Front structures of hlghly unstable detonation wave from
901x401 gridwith the numerical smoked-foil records
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Table 3 Maximum possible reaction constants for each grid
system that produce the detonation cell structures and
number of grid points within reaction zone of steady
ZND structure

grids | yrids
L1/2 Lﬂﬂ

Grid system “ - Case

Weakly unstable detonation (6 = 5.2)
301x101 (AXmin=Ay=0.01) k=5,000 <3 ] <5
501x201 (AXmin=Ay=0.005) k=10,000 | <3 | <5
901x401 (AXmin=Ay=0.0025) k=20,000 | <3 | <5

Moderately unstable detonation (6 = 6.9)
301x101 (AXmin=Ay=0.01) k=10,000 | <3 | <§
501x201 (AXmin=Ay=0.005) k=20,000 | <3 | <5
901x401 (Axmin=Ay=0.0025) k=20,000 | <3 | <5

Highly unstable detonation (0 = 12.7)
301x101 (AXmin=Ay=0.01)
501x201 (AXmin=Ay=0.005)
901x401 (AXpin=Ay=0.0025)

cell structure N/A
k=400,000 | <14 | <35
k=1,000,000 | <12 | <5




dRRA AT

N 4 2HY 181

WS o] el EFY AR 7 AReA o,
B HUY AReR A A 57}61{— W,
A

Vsl oot vl ®, Aol o P e
A% o5 4 e 2 Aol wolx wstni

.2 =
ofe] o] UEeld Byl cste] 4 T2 LAY
F g A% AE 8T 20S SIS 98 A7 54
Stk M &% 45st A% HIRS wioltel el
#4259 S, A BT A% WARE 47 B
o RK4 70l SI3 A4 el IND Pk AR g )
w3k Ak 99 99, L of oF 5749) Aol Wawe o

QT ol 71Ee] QA Lip A 24 A9 AR}
fElths HRols A% Aolz el 2
245 el B2 e 725 3
F wot a9 e} 39 0 og o ‘EH?J“ 2
4% detie Aol U8 YA F1%0) 92 ¢ 4 92
o olefd AT sAgel ol 2 (AU A4 4
IND 72z HNe Az HAE
S EHEYL L 4 AYT

l°i°1 57H :

$ Ae odRwe wel Foth AW A P& TR U

£ FFAN O 202 WEAV|L, 0] zUoRRE Y

1 9i5je] dlEE A 2olnd 2 5 A g 2ol

hege & 5 U

gnEstyl

[1] Fickett, W., and Davis, W.C., 2000, Detonation: Theory and
Experiment, Dover Publication, New York.

[2] Choi, J-Y., Jeung, [-S. and Yoon, Y. July 2000,
"Computational Fluid Dynamics Algorithms for Unsteady
Shock-Induced Combustion, Part 1. Validation," AI44
Journal, Vol.38, No.7, pp.1179-1187.

[3] Choi, Y., Jeung, I-S. and Yoon, Y., July 2000,
"Computational Fluid Dynamics Algorithms for Unsteady
Shock-Induced Combustion, Part 2: Comparison," AI44
Journal, Vol 38, No.7, pp.1188-1195.

[4] Choi, JY., Ma, F, and Yang, V. Jan. 10-13, 2005,
"Numerical ~ Simulation of  Cellular  Structure  of
Two-Dimensional ~ Detonation ~ Waves," Al44  Paper

2005-1174, 43rd AIAA Aerospace Sciences Meeting and
Exhibit.



