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Numerical simulation on propagation of hydrocarbon
flame in a deformable tube

Mincheol Gwak* - Jai-ick Yoh*'

ABSTRACT

This paper presents a numerical investigation on propagation of hydrocarbon (ethylene-air
mixture) detonation in a deformable copper tube. In this study, we deal with interactions of
multi-materials, gas and solid. In gas phase, the model consists of the reactive compressible
Navier-Stokes equations and one step chemical reaction. Also we use Inviscid Euler equations in
solid. In order to the interface tracking and the determination of boundary values, our model
handle level-set and ghost fluid method. Through the numerical simulation results, we identify
generations of expansion waves and interferences by the wall deformation. In addition, we

predict the minimum copper tube thickness that ensures safety under an incident detonation.
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Table 1. Initial conditions and parameters of
ethylene—air mixture

Initial temperature Ty 293
Initial pressure Py 1.33X10*
Initial density 2 0.158
Adiabatic index v 1.15

Molecular weight M 29X10°

Pre-exponential factor A 3.2X10°

Activation energy E, | 35.35RT,/M

Chemical energy release Q 48.82RT)

Table 17 2& w}&
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Table 2. Parameters of copper tube model

p 8930 kg/m’
E 117 GPa
P H Yy 0.35
roperties c 3835 W/mK
k 401 J/kg K
T 1358 K
Mie-Gruneisen EOS I 2.0
Co 3940 m/s
parameters S 149
Yo 0.09 GPa
Constitutive B 0.1 GPa
(Jonson-Cook Z(\j] 010'25
model) parameters [ 1'.09
G 43.33 GPa

Symmetric boundary condition

2. eonation  Combustible mixture £ é §
£5 nation e mi Copper tube E 3=
é £ > (Ethylene-air mmre)/a_s. 125 1mm) |2 % 'g
i £°
€ l Void o

f 250 mm '

Zero gradient condition

Fig. 1 Schematic of numerical setup of parallel tube
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Material 1
‘ (Combustible gas)
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Interfice

N
@ : Ghost node of material 1, G
\ © : the mirror point E,, E;
—
Material 2 ‘ @ : Neighbor node of Ey
(Copper)

@ : Neighbor node of E,

Fig. 2 Explanatory diagram of extrapolation process
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Fig. 3 Snapshots of density fields in thin wall tube

A7, At 99 Wl Hx 255 9 A
sto ols #e] BF BRI tlBo] AF F7}

— 306 —



g PRl Y9 g
stk Az AR o 2
o] Azl BEol weh BFsrh A
FEF W Y AFte) By @YE

3R

gt & 7S =2 3 radial velocityE AT
, 25 Sl A% 4E dFe] Ty
e AAS 7IEer 43 S
T A=, ot Fig. 4= A7l
radial velocity®] Z7]1E& RolFETh 1o

FUAG & 9%l 60 us (B BYHE

L S I

ﬁiﬁﬂ?ﬂoﬂ’,}-ﬂi

et
3
S~
I
ki
L
tlo
dot
ro
ok
4
30,
o
a
=l

0.2 0.2f
015} 015}

01| 0.1

005 0.05

0

—0.05
60 pus

80 us

100 ps

. E ' & 3
(unit: M/s) o 125 25 315 s0
Fig. 4 Snapshots of radial velocity fields in thin

wall tube
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