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Abstract
Detonation is a combustion phenomenon characterized by a shock wave propagating at approximately five times the speed
of sound and sustained by combustion induced behind the shock wave. The Deflagration to Detonation Transition (DDT)
is one form of detonation occurrence, however, there are many unknowns about the mechanism. In this study, DDT in a
hydrogen-oxygen premixed gas was numerically investigated under variations in water vapor addition, the application of
the Artificial Thickening Flame (ATF) method, and simulation dimensionality. The ATF method reproduced physically
valid flame propagation behavior, confirming its effectiveness in DDT simulations. Water vapor addition had little effect
on flame speed, and 3D simulations showed delayed detonation onset compared to 2D, while the detonation wave velocity

remained consistent.
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BT 570, MrViEE 2RV RTET b
F—arERZADZENREETHY, L3
WIROFHEATITERRHE A NEET L. 20
ME % g9 2 —22 & LT, ATFIE (Artificial
Thickening Flame Method) [3][4] & FEIZ 5 7LD
5.

ATF#E &%, HEG T & % Navier-Stokes 7 72
KOKEfH] & BAFIZ R T A =2 Fa 722 LT, A
TS ZIEL T, AW E R 7 C
Ho THDDTERZ D Z ENAETHSH. ATFIET
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2. BEMENTFIE

S REAUT8 OO FFE (H, Oz O, H,
OH, HO;, H,0,, H,0) OEEMRIFE EGTe2RITD
JEA#EM:Navier-Stokes 52 TH 5. ®FRIED T ML
HLLC/LLF A % — 2z My, HilFRBI%IZminmod
limiter & i 72 200KE BEMUSCLYE LS & > T2 RS
Zm EEE TS, RFEFE I3 EETVD Runge-
Kuttal, AEPEIIZ2UOGEE LA, AR
Point ImplicitizZ iV T\ 5. FUGE T MIZiTofk
FAE (Hy,, O, O, H, OH, HO2, H,0, H,0,
N2) D2LER)E % RO E N ET LV Th D
UT-JAXAE T V[6]% AV 7=,

ATF %3 A L 72 Navier-Stokes 52203k o &L 9

ZRING.
9 v =0 1
3t (pw) = €]
dp
£+V(pu-u+p6—7—‘r)=0 2

oE
E+V[(E+p)u+7’r-u+7—"q]=0 3)

ap; .
57 + V(o — pFDVY) = &/ F (4)
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: density & : unit tensor
: time E :energy
: velocity vector T : viscous stress tensor

: pressure q : heat flux vector
: mass fraction of chemical species i
;- diffusion coefficient of chemical species i
®; : production rate of chemical species i

OXNXT K *©

Z Z CFiZflame sensor & FEIL AL, KRE I ZRET
HBRGA—=EThA. F=1Thiu, @FD
Navier-Stokes 52 & 72 5. FIZLL T ORIC TEHE
Eha.

F = max(aFy, 1) (5)

Fi =1+ (Fnax — DO (©)

Q= 16[c(1 - )12, ¢ = Yo/ Y, @
max(h ,0

a = tanh (ﬁ) (8)

Frnax = Max (%) C)]

L

6, : laminar flame thickness

N : number of grid points in the laminar flame
thickness

A : grid width
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Fig. 1 Geometry of the experiment by Dzieminska et al. Unit is mm.
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Fig. 2 Computational grid (4378x85).

Table 1 Calculation conditions.

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Dimension 2D 3D
ATF parameter w/o atf N=10 w/o atf N=10 w/o atf N=10
Relative Humidity 0% 0% 100 % 100 % 0% 0%
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41 DDTDAH=RXA

Case 1OEEY = V) — L v ZK3ITRT. k&N
I L7=Dh, JRTERIIREEY3 L 4D TRA
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KRIIEEY Z@md 5 - ONhE - 0 727- %
A, REFEOBMIZE- TREOME (FA: Flame
Acceleration) 234U %. Z OFATIX, Rayleigh-
Taylor R 2 & PE=PRichtmyer—Meshkov R~ 22 E 1,
Kelvin— Helmholtz R Z2 E M2 & - TREDELTAL A
RSN 5. 0.293 msTIL A KR I HER I DS TR
SNTWVOERT PR T, Z OERH130.298 ms
CREEYIORER IZHEZET 5 (X5, 6) . ZD&

&, RFTRNCIRESIENN EH L, m R X =24
H 5 2 ETRETEENBEL, T hxr—Tar~
LERLEEEZOND.
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LU 7= 5422 Goodwin & O FHHL[2] TOAAFFE &
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D, DDTO A B =X NP AN R OND Z &h
5, HEIZ X 5 FTDDTD A H = X A IBR~DIKTFME
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TIEHENEZMET DITIEIATH5THY, B2 DMK
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Fig. 3 Density gradient contours of Case 1.

Fig. 4 Enlarged view near 3rd obstacle at t=0.293 ms.
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Local explosion
Fig. 5 Pressure contours (enlarged view near 3rd
obstacle) at t=0.298 ms

Local explosion
Fig. 6 Temperature contours (enlarged view near 3rd
obstacle) at t=0.298 ms
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Fig. 7 Comparison of flame tip speed Time [s]
for Case 1 to Case 4. Fig. 10 Pressure history of Case 1 and Case 5.
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Fig. 11 Location of pressure measurement point
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Fig. 8 Comparison of laminar flame speeds for H./O- .
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