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Motivations

Hydrogen/air mixture: detonable gas

Detonation: shock induced combustion
-Pressure behind detonation increases
about 10 times ambient pressure

Closed environment such as a tunnel causes
serious accident.




What Is Detonation?
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What Is Detonation?

Detonation Wave IS combustion Wave
lRducedl by Sheck Wave

Combustion - =———————

Detonation velocity:

80%H2 20% O2 : 3,400m/s
66%H?2 33.3%02 : 2,850m/s

25%H2 75%02 : 1,750m/s
CH4 + O2 : 2,600m/s




Wihat Is Detonation?
ZND(Zeldevich-Neumann:-[Deerng) moedel

Pun
7 : Propagating
P2=Pc; direction

i /A —
, cf / 7k Initial state
Stati /

9aS  Rarefaction wave (premixed gas)
CJ state
Exothermic
zone Shock wave

Detonation wave
(ZND model)

Induction zone




What Is Detonation?

Pas
v
t
o Contact surface
™ \
t ~~
h £




Histoery: and Numerical
Simulation
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Initial and Betindarn Conditiens




Initial Conditions

1D : one wall Is the boundary at a stationary coordinate
system and a high pressure and temperature for ignition
IS Initially imposed near the wall.

2D

-ZND or 1D results are used

-Unburned premixed gas behind the detonation front
3D :

-ZND or 1D results are used

-Unburned premixed gas behind the detonation front

-Optional initial condition Is given to get a desired
detonation pattern (square tube)
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Boeundary Conaitions
(2ID,3D)

Siock Wave coerdinate: system for the constant
tUIPE Cress Section

Upstream beundany/ : A premixed gas: filews wiii
CJIVelociby,

Doewnstrean BouRdary:

-A CJ pressure-fixed BC (transverse wave: are
[efiects; slight everdriven detonation)

-Aniexpansion BC preoposed by Gamezo
(eExpansion; boundany: reflection’ of transyverse
Wave cam e weaken)
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Effects of Grid Resolutions
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Effects ofi Grid Resolutions on
1D Detonation

The important index for grid resolutions is the
grid number in the half reaction length of fuel.

The half reaction length iIs calculated by ZND
profile.

Its value for stoichiometric H2/Air 1s about 160
micron and it is dependent on the (detailed)
reaction model.

At least 30 points are better.
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Effects of Grid Resolutions on
1D’ Detonation Velogcity

sDetonation velocity oscillates near CJ velocity for fine grid.
*\Weakly “stable” overdriven detonation for coarse grid due to
numerical dissipation.

Stoichiometric H2/Air,
latm, 300K
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Effects of Grid Resolutions on
1D Instantaneous Pressure

sDetonation oscillates near CJ velocity for fine grid because combustion
front separate or catch up with the shock periodically.

*\Weakly “stable” overdriven detonation for coarse grid due to numerical
dissipation
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Eflects ol Griad Reselutions on
2D Detenation
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PDetonation: Structure: by Numerical
Simulations:
2D Detenation’ Structure

17




2D Detonation Structure
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2D Detonation Structure

Keystone: strlcture Was: elaserved
expernmentally by Pintgen et al.
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2D Detonation Structure

he schematic figure of the basic two-dimensional
detonation: propoesed by Lefenvie et al.
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Petonation: Structure: by Numerical
SImulatiens:
3D [Detenation Structure
(Sguare Tuke)
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Simulation Conditiens (Hali Cell)

Computational grids

AX=5; Ay, Az=10 [um]

Grid points :601x101x101(uniform grid)
Total . 6 millions

Numerical conditions
* Gas| composition: Steichiometriec H2/AIr

* Pressure > 014 [IMPa)
Jlemperature : 298.15 [K]

 [niial condition” @ 1-Drsimulation results
* [teration . 57,000

' CPU time: about: 140rours: (on SX-6 (1nede, s CPU))
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Initial Conditiens (Half Cell)
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Maximum; Pressure History: (Halif Cell))
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Instantaneous H2 Massfraction Contours (Half Cell)

/4427.92msec. /26.32msec.
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(c)Rectangular mode partially out of phase(spin mode) o.0 0.029
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Maximum Pressure History (One Cell)
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Instantaneous Pressure Contours (One: cell)
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Petonation: Structure: by Numerical
SImulatiens:
3D [Detenation Structure
(Circwiar Tuke)
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Diagram; of Motion of Erents in Plane of Cross
Section

@ One-head spin
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AX=5; Ar=10-20, rA6=15 [ u m]
(5 4 m=1/33 of half reaction length of H2

(167.3um)) R
Grid points . 601x41x213(max)
Total . 5.2 millions(max)
/R .0, 0.2

Simulation Conditions

Gas composition: Stoichiometric H2/air

Pressure
Temperature
Initial condition
CPU time (max)

iy 7 ﬁ.—ﬂ;«“@:v:}-.
i et
e m e
e

0.1 [MPa]

298.15 [K]

1-D simulation results

200 hours (on SX-6 (1node,8 CPU))
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Initial Conditions

<mmmm 1930m/s(CJ value)
A

Unburned —_ / % <« Deftonation
gas pocket ; | PN front
. 1.0mm
1-D simulation result UnburRed gas
v
< >
3.0 or 4.0 mm

Initial conditions: the result of 1-D simulation.
Initial disturbance: unburned gas pocket
asymmetrically added on the radial directign.




Jnstantaneous Pressure Contours
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Instantaneous Pressure Contours on Wall
(Spinning Mode)
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|nstantaneous Pressure Contours on \Wall
(Spinning| Mode: Circle vs. Sguare)
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Shock Structure on \Wall
(Spinning Mede: Circle vs. S
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Shock Angle oni Wall
(Spinning Mode: Circle vs. Sguare Vs. Exp)
C\ufar IU be |\/|

Table 1. The flow incident angle of the Mach stem ®3 —~ -

using the experimental value of the flow e {/;i///
angle of the incident shock ®1; — \& .'@3&./,’
~a Nikolaev et al, *b Voytsekhovsky et al; (2 ~
~c Huang et al., *d Ul'yanitski, s

*f Bone et al., *g Lee et al, h” This work(Square). e

Mixture

C2H2 + 1.502 + 12.5Ar"a
2H2 + 02"a

2H2 + 02 + 3Ar"a

2C0O + 02 + 5%H2"a

2C0O + 02 + 3%H2"b

1.5H2 + 1.502 +7Ar ¢
C2H2 + 7.5802 + 34.3 Ar'c
H2+Air(Stoich.)"d

2H2 + 02 + 3.76N2 e
2C0+02°f

C2H2 + 1.4302 + 59Ar g
2H2 + 02 + 3.76N2"h




Max. Pressure IHistory.

(Spinning Mode: Circle vs. Sguare vs. Exp.)

C2H2 + 1.502 + 12.5Ar a
2H2 + 02"a

2H2 + 02 + 3Ar"a

2CO + 02 + 5%H2"a

2CO + 02 + 3%H2"b

1.5H2 + 1.502 +7Ar"c
C2H2 +7.5802 + 34.3 Ar’c
H2+Air(Stoich.)"d

2H2 + 02 + 3.76N2"e

——[2C0+02°f
" C2H2 + 1.4302 + 59Ar g

AU o 4 00 + 3.76N2"h

Square tube:

'PID'=2.65




B T ple line
A L Incident

| Transverse
Mach detonation

39



Instantaneous Pressure Contours on Wall
(Two-headed Mode)
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Jnburned € e POCKet
(Spinning vs. Iwo-neadea Mode)

29.6usec 30.1pusec

reacted gas pocket

Two-headed mode
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Max. Pressure IHistory.
(Spinning Vs. Two-headed)

h/Diam eter=3.14

(a)rllR 0 : Single Splnnlng mode (Periodically Irregular)

42




Summany. of: 3D SImulations

Numerical results about Spinning| detenation: can
9 comparanle:withr expernmental data.

SPINRING| detenation has
Norunburnmed gas; pockets
Complex: Viach refliection
Wo headed detonatieon has
Unburned gas pockets
Single, double; and complex Mach reflections
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Remaining Tlask and Summary.

3D pRERGIENA exXcEpt for speciall cases

IHIgh grd reselutien; and Stifi: proprlems; for
detalled reaction models

Chemical reaction moedel including ngh
Pressure dependence

liurbulent effects and DD
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