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Numerical Requirements for the Simulation of
Detonation Cell Structures

Jeong-Yeol Choi* - Deok-Rae Cho**

ABSTRACT

Present study examines the numerical issues of cell structure simulation for various regimes of
detonation phenomena ranging from weakly unstable to highly unstable detonations. Inviscid fluid
dynamics equations with variable-y 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 to 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 to 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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Table 1. Survey of numerical studies on cellular structure of detonation waves

reference | reactants | kinetics | domain size grid size s(i:reer I:itzeg perturbation
Taki and 2-step ) ) .
Fujiwara | Hy/O2/Ar |induction 1(80 g’g;SZ(znmL"‘)d Ling/4 ~10 Lina hot sp Orililfmug burned
(1981) parameter| VT~ r
Oran et al 1-step 2
(1981) ‘| Hz/Air |induction-| 8.25X0.45 cm 0.15 mm 0.9 cm | inclined initial shock
parameter
Oran et al.| 4 /0y/ Ar 48-step H=6 cm j‘ x:()021355 IEIIIIL 3 cm | rectangular unreacted
(1988) 2 8-species (benchmark) pocket
Gamezo et 1-step 2 -
al. (1999) H,/ 0> Arrhenius 12 X3 mm 0.01 mm 0.08 cm none
Singh et al. 1-step H=10 Ly, . N sinusoidal
1999) ——  |Arrhenius| (L;;~5.4 pm) [[L12/247L1n/2) ~10 Lip perturbation
Nikolic 1-step B " - sinusoidal density
et al. (1999)) —— |Arrhenius H=05~100 Lyz [L1n/40~L1p/20) ~10 Lip perturbation at shock
Gavrikov 1-step >100/ per cell
et al(2000)] —— |Arrhenius] N/A with N/A none
Sharpe 1-step |, - - density perturbation
(200I1)) ——  |Arthenius[ 400 L12X10 Lig Lo/ 64~Lip/4| ~10 Lip | "5 600t of shock
Hu et al. 19-step - random perturbed
(2004) H>/ O/ Ar 9-species N/A 0.025~01 mm| 8 mm specific energy
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Fig. 1 An example of ZND structure calculation for
the case of #=6.9 and k=1,000 with
Az =0.01
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Table 2. Summary of computational cases

Weakly unstable detonation

§=52 | 2Hy+Ox+12Ar |7, =1602 |y, =1288
Moderately unstable detonation

8=69 | 2HytOx5.6N; |75=1.405 |y, =1.185
Highly unstable detonation

0 =12.7 | CsHg+50,+9N; | v, = 1.336 |y, = 1.161
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Fig. 2 Reaction progress within ZND structure
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Fig. 3 Pressure profiles of ZND structures depending
on reaction constant k for 8=6.9 with
Az =0.01
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Table 3. Summary of computational grids

Grid system| Minimum spacing |Domain size
301 x101 Axpmin=0Ay=0.01 518 x1.0
30,000 cells, uniform 201 x101 + 2% stretching 100 x 101

501 x 201 I Axpmin=Ay=0.005 513 x1.0
100,000 cells, uniform 401 x 201 + 3% stretching 100 x 201

901 x401 | Axun=Ay=0.0025 | 522x1.0
360,000 cells, uniform 801 x401 + 3% stretching 100 x 401
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Table 4. Maximum possible reaction constants for
each orid system that produce the
detonation cell structures and number of
grid points within reaction zone of steady
ZND structure |

. grids | grids
Grid system Case T | Tun

Weakly unstable detonation (0 =5.2)
301x101 (Axp=Ay=0.01) k=5000 |<3]<5
501x201 (Axmin=Ay=0.005) k=10,000 | <3{<5
901x401 (Axwin=Ay=0.0025) k=20,000 | <3| <5
Moderately unstable detonation (6 =6.9)
301x101 {Axumin=Ay=0.01) k=10,000 | <3| <5
501%201 (Ax=Ay=0.005) | k=20,000 | <3 | <5
901x401 (Axin=Ay=0.0025) k=20,000 { <3| <5
Highly unstable detonation (§ =12.7)
301x101 (Axpin=Ay=0.01) cell structure N/A
5013201 (Axuir=Ay=0.005) | k=400,000 |< 14] < 5
901x401 (Axwmin=Ay=0.0025) |k=1,000,000|< 12| <5
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Fig. 26 History of shock wave location along the
centerline  of computational domain  for
weakly unstable detonation with 301 x 101
grid

Table 5. Detonation run-up distances and detonation

cell sizes measured or estimated from the
present computations

case | cell size | Run-up distance
Weakly unstable detonation (6 =15.2)
k=100 ~ 20 > 5
k=200 ~ 10 2.8
k=500 5.5 1.22
k=1,000 2.74 0.68
k=2,000 1.70 0.36
k=5,000 0.67 0.15
k=10,000 0.37 0.05
k=20,000 0.19 -
Moderately unstable detonation (8 =6.9)
k=500 ~ 15 > 5
k=1,000 ~ 15 4.6
k=2,000 7.5 2.3
k=5,000 1~3 0.85
k=10,000 05~ 2 0.45
k=20,000 03 ~1 0.20
Highly unstable detonation (6 =12.7)
k=100,000 ~ 10 > 5
k=200,000 1~5 4.18
k=400,000 05 ~5 2.97
k=1,000,000 02 ~2 0.35
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