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Numerical Study of Detonation Wave Structure and
Dynamics in a Circular Tube

Deok-Rae Cho* - Jong-Kwan Kim* - Keun-Jin Jang* - Jeong-Yeol Choi*"

ABSTRACT

Numerical studies were performed to investigate the three-dimensional front structure and dynamics
features of detonation wave propagating in a circular tube such as Pulse Detonation Engine (PDE). By
carrying out a series of parametric study using one step irreversible Arrhenius kinetics model,
mechanisms of the three-dimensional front structure were investigated for two-, three-, four and
six-cell mode detonations. A comparison with two-dimensional results, the effects of slapping
transverse waves in radial direction were confirmed. In the all muti-cell modes, the detonation front
structures and smoked-records on the wall are formed by the propagation of transverse waves along
the wall in clockwise and counter-clockwise while the slapping move in radial direction. And the
strength of reflected waves on the curved wall is changed by the multi-dimensional confinement effect.

= =

Hx g EYelAd ARz} Zo] ¥4y BUE Adste "EYOIA o Axd I3d 2 2 53
EAQS oty 93 £ M-S FAstETh HI7MY  Arrhenius §HE 2RS o] &3l d@eo
pre-exponential #tell g A& Fad3te] 2-4,3-4, 4.4 9 64 HEYoH T MY utH
Tz & A4 MAUESES ARt 23 A et vluste W WA slapping ¥ o
9 a3E gRlstdon, BE te-Ad Rooi HEdgqAY HEVeA B Fxo IS I IF
2 B4 WO R glapping 7t 22 ol& 50} AA D gE A A EFe R FAole el 9
sl gAEHY, FolF HHAgA WALE = Addl= oY confinement £330 oste] ZF=rt W)

Key Words: Detonation Wave (HEU|c]Ad 3}), Cell Structure(d =), Circular-tube(¥3d ),

Multi-Cell Detonation(th5-4 ] EWl©] ), Numerical Simulation(5X] 3l41)

LM 2 2 Roks Ad o Ad F9 HEYE AT
AN F& BA Bok F sttt HlEY ol
X o

gogEdold e MR dEdoM = a5y} Akse] A Asdsel olge] §
ARoE Aol A o] FE dEWold Ww
O Tzot £4 BHL dEdold ssd FAol

+ 221 A2}, E-mail: aerochoi@pusan.ac.kr



#3 AF FAAT. ¥lE Smoked-foil 7] F0]
tEVold 13 F2E ALY 98ty Foi3
221 " EVold EAE AlASstE 7HOR
Z1BA o7 ALgEo]l gAvH1], ARtd Fzol
3 Az BFe HEYolAY FaHd
3 £ 8l A4Ed g 9
A 32 o]t} Penyazkov S& A3
Ay FoA 7t HEY o] A9
= ‘345]'9]' z7] 449 F5=E &
ATE Fot] ZARSEATH3 AL

= ﬂELﬂO]M 3 Tz THER
ol §&% saolth o|H A9 &
A d4de mpRS AFE 5
oF T2 54 st zAls)

;

o

£ p
=T
o o lo

nﬂﬁrﬁgﬂrlme’é
o
_&

> o ot
5 ox mu

41 BN

rr

ﬁﬂl
oﬂﬂgﬂrﬁﬂﬂ—ﬂ

£ o e
o o
i
K-
gﬂ

i
by

rr

w2 X e

o
o

2. Salx Dent A% KDY

21 24 e} A i

T sl gloiA %i}ﬂ;‘* N HFE
Austine 52 A7 o] &EHIH F}ES AHE
RTH1]. ol ATolA =T H}Q]' Zo] Ht
o wWE ¥E &5 A (pre-exponential

factor) k= AA =St AeAl AAH

Lo o o

ouvg Fozl Az HEE WA A FERE
Z22 @ F e @S g5 A 598
WA f§3 AF cell-vertex 7ol <]l
o4kl st om, A AANAY FXH FH

8o MUSCL-type TVD 7|®Heol <]
gkl Roed] <A Wtk sipo = A4bstsitie].
olarsl WA e 43 3= Runge-Kutta 7]
HE o] 83t 2™ MPI (The Message Passing
Interface standard) E& ol B E o] &3t
Ast 99 £ 7Mooz HHIE F3PSATh
g 2
of AHgE F AAE 326201 x4l
&) X164(4F43F) 7t Choi[5] & &
q Aol7} HEYH 4 FE BAE 9
g A4 EAE 2ASkEE olA Ak

N
N
4
N
by
=

|

R
st

oX X

H} A H

gl

o

—~

2

£ o2

K
s

MNEFEE SAsted o AATS BEAdoh 18
& AFE wgk A FxE 2R S Qe Ha
A LGl Ha 57 ol FdE 2AE
WAtk ;A Pre-exponetial &t k=1,0001 4]
200074 o] Az A F2E EFs=H F
Bateh AR k=2,5000 A& 71E AxEE §)
FE7t BFE SRR AAE 634(2UF)X
12 L) XRUHEFHHE st ALtstsl
=3

31 Twocell ZE HEYo)A

Figure 12 two-cell 2= TlEUWo]HoA ¢
Aol AZbeAd WE HEYeld w3z dF
#He] FdHE AAAY HEE & Faxe)
A HEo A2 X3 smoked-foil 7]&S

lolty. FAlolA e S5 F Foxl

A
T}

°l

fr

£33 I slapping HEEA wASHA Hoh
Slapping 2] &2 b EUolH e Hurt
#EH = ALY FolAet mig fFAbsioh &
AT 8 A2 AEL A7 AAAE Bl R
o9 o Folsvs Zelth olzlo] A oA
wol o] HAAY HoArn Az I
@ 3E ¢ ZAeA s dFEARE ¢ Hol
=

[’I[ EI -Il' *Ii}illll

Fig. 1 Numerical smoked-foil record and a time
sequence of detonation wave front for
two—cell mode
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Fig. 2 Comparison of instantaneous pressure
distributions of two-dimensional simulation

Fig. 3 Comparison of pressure variations in two— and
three—dimensional simulations
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Fig. 4 Numerical smoked-foil record and a time
sequence of detonation wave front for
three—cell mode
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Fig. 5 Numerical smoked-foil record and a time
sequence of detonation wave front for
Four—cell mode
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Fig. 6 Numerical smoked-foil record and a time
sequence of detonation wave front for six—cell
mode
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