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NUMERICAL ANALYSIS OF MULTIPHASE FLOW BY NUFLEX

Taejin Yu, Youngho Suh, Gihun Son™ and Nahmkeon Hur’

A general purpose program NUFLEX has been extended for two-phase flows with topologically complex
interface and cavitation flows with liquid-vapor phase change caused by large pressure drop. In analysis of
two-phase flow, the phase interfaces are tracked by employing a LS(Level Set) method. Compared with the
VOF(Volume-of-Fluid} method based on a non-smooth volume-fraction function, the LS method can calculate an
interfacial curvature more accurately by using a smooth distance function. Also, it is quite straightforward to
implement for 3-D irregular meshes compared with the VOF method requiring much more complicated geometric
calculations. Also, the cavitation process is computed by including the effects of evaporation and condensation for
bubble formation and collapse as well as turbulence in flows. The volume-faction and continuity equations are
adapted for cavitation models with phase change. The LS and cavitation formulation are implemented into a general
purpose program for 3-D flows and verified through several test problems.
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Fig. 1 Contact angle hysteresis.
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Fig. 2 Comparison of droplet shapes obtained from NUFLEX and
STAR-CD at (a) »=30" and (b) o =90
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Fig. 3 Comparison of droplet motion obtained from (a) NUFLEX

and (b) STAR-CD at ¢ =90 " and Fr=0.2
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Fig. 4 Droplet motion for ¢,,, =90°, ¢,,, =30 " and Fr=0.1
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Fig. 5 3-D droplet motion for ¢_,, =¢,.. =90 " and Fr=0.1
W NUFLEXQ] 7% vz
2 otg—% % 4 sl gEze] 4
AEe) o) Fake] Wl o ghS 7= d(contact angle
hysteresis)oll th&h =X WAL Axl= Fig 49} 2ok 27] 24

(t:())gf—_‘f 59 oA =609 7ol A F3
Aeje] AAPAS o] &HTE Fr 012 3192 Fig 4
oA t<02°ﬂ*1 HEZO] 0, =90° % o, =30 Atold
& fe 7A-AA- 24 FHLe oA S B 5 3
oh o] & o] olFel wet HEAS Ao M2
Gty =90° 5 FPE ¢, =30" & A3 RS & F
Atk Fig. 5+ AAR uAHolAM Ao AFE 3xYo=
FAE)Mg Aotk AMYPIL 0<zr<4, 0<2<2



24 /

d-3d A

FLUENT

NUFLEX
(a)

FLUENT

NUFLEX
(b)

Fig. 6 Comparison of pressure field obtained from FLUENT and
NUFLEX: (a) without cavitation and (b) with cavitation
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Fig. 7 Comparison of cavity shapes obtained from (a) FLUENT
and (b) NUFLEX
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Table 1 Comparison of the maximum and the minimum pressure
obtained from FLUENT and NUFLEX

FLUENT | NUFLEX | FLUENT | NUFLEX
without without with with

cavitation | cavitation | cavitation | cavitation
pnmx 3 > o
(kPa) 116 116 116 116
Prin ( 7 B, =y
(kPa) 70.9 71.0 72.4 72.7

Table 2 Comparison of the maximum vapor fraction and the total
vapor volume obtained from FLUENT and NUFLEX

FLUENT NUFLEX
(1—H) o 2.03x10™ 2 2.31 %10 2

Vapor volume 74410 "m 8.09% 10 "m
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