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TWO-PHASE WAVE PROPAGATIONS PREDICTED BY HLL SCHEME
WITH INTERFACIAL FRICTION TERMS

G.S. Yeom,' K.S. Chang” and M.S. Chung’

We numerically investigated propagation of various waves in the two-phase flows such as sound wave, shock
wave, rarefaction wave, and contact discontinuity in terms of pressure, void fraction, velocity and density of the two
phases. The waves have been generated by a hydrodynamic shock tube, a pair of symmetric impulsive expansion,
impulsive pressure and impulsive void waves. The six compressible two-fluid two-phase conservation laws with
interfacial friction terms have been solved in two fractional steps. The first PDE Operator is solved by the HLL
scheme and the second Source Operator by the semi-implicit stiff ODE solver. In the HLL scheme, the fastest wave
speeds were estimated by the analvtic eigenvalues of an approximate Jacobian matrix. We have discussed how the
interfacial friction terms affect the wave structures in the numerical solution.
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Total Sonic Speed in Two-Phase Flows

Total Sonic Speed (m/s)

Fig. 1 Total Sonic Speed in Air-Water Two-Phase Flows as a
Function of Pressure and Void Fraction.
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Fig. 2 Wave Propagation in the Two-Phase Shock Tube.

Gy 0.2 0.1
p 20MPa 15MPa
REaN 0m/s | Om/s
W= w || Om/s | We=|  om/s
p,| |170-5kg/m’ 97.6kg/m”
p) \490.2kg/m® 603.5kg/m®

B AXelA 100070e] AL CFL=04 %S ARSSHAH
T ARG RN AT 72 =38 AHESIAH.

Fig. 2 43} 71389 ARl we g5 A% Bgd
BojZr) o] aReN Q2% 0z Ay FH%RG dFL
2 AgEEe 330 29n 9 AEEASE A9t v
42429 W% D overshot 5ol §lo] ZAFHA & e
B Zx|rdo] ¢tAA el o 4 9tk

33 O|AMREOIM o EA 3 J|3E EA

oJ7| A o] AfrEolAe] A9l B mHo] Hutel o
a4 AR} F9 gkEe] | MPaolx, 71889 a,=0.1
ol AAH EFANA 100 m Zo]e] o] Fooll 1.5 MPa
o ¢t FAE Rysle] o] Hx 75 s FAHo=

10:

Pressure (MPa)

Void Fraction

\“‘"\

10 "\6\

(b) 713 &

Fig. 3 Pressure Pulse Propagation in the Two-Phase Flows.
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Fig. 4 Void Pulse Propagation in the Two-Phase Flows.

2

/ Py
A =u,ta | ————
‘ 9 2y 2
APyl TP

2

Py
Ay = ST . %
ap,a, o pa;

2
P .fla!l

2 2
Qp,a, + o Py

(19)

Ay = taq

2
/ ).(/ a!/

Ay =u—aq — % 5
]

Fig. 5% A7+ 05 ms 2 1.8 msollA 9] AxtAnts HolFE
tf AdupEEe] ¢ls We F /e 2 B3t Jehd
o, AHvpEo] glow g o F AT} vEpdth
o Avpaele g AREEE A werh oA
Aupgge] F Ao £& zto|7t YT AXe & e
o8k 317] wjiolok T3k Nguyeno| Edly} dxjo] RdlS
Hugs o dA mdo] Fx|gito] Ao ATt 55
& F Sl

2 Ao M= AunbEds n2d AEHA olf A Rds
AHESle ol dfrEollrle dE ATl BEAS FAAeRE B
Alstith Aujag Al F e AR Ure] Elom, A
WA Aol E ol f Al BedR S HLL 7|9
of Ak, F A dACME w39l 743-0DE
e Agsle] 2288 A HLL 71¥olA A5
= 7P e 959 Augsis A} 829l Jacobian Matrix
oA T3t A AFAE ARt AN oldrE
oAle] F&2 XA LFAE o83t 71FEN e
2 ARtelioH, 249, B3s, J1F3ES, 4 g2
7188 B2 AiE FRHOR HALE ”P‘]‘lhi &

l ASsE

Interfacial Friction

o
o

No Interfacial Friction

Pressure (MPa)
o

Present Model
- Nguyen's Model

=3
o
&

=05 ms

o

74 6 T8 H] 22 27

Distance (m)

o
N

[

Interfacial Frig ion

o
@

No Interfacial Friction

Present Model
- Nguyen's Model

Pressure (MPa)
5y

e
o
o

S = 18ms

< 1 1 L L =0
14 16 18 2 22 24
Distance (m)

Fig. 5 Effect of the Interfacial Friction and Comparison of the
present model with Nguyen's Model for Strong
Rarefaction Wave Propagation Problem.
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