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3 general



Goue sl gy 0 y900-T-)

LIS 1y 15 dapad dw wyls S g5ldae |y 5 it b 5 oym JUl 5 &l JUES Gl Sls 45 soae s,

sl
WS s, 1y S it e )

&S o |y b 225 Y

Dgds go AN 5 idu dw (ol 5l S 0 sad plaul Gladllas 4y aslsl o

o 2L sl 09,-1-Y-)
5 [Y]' %o Jae 5l lsiion Somnd slago 5 cosl aidl anmugs 05T 590 Sl oz Sy (5t o
abiip 53 5lg3 Jae nl o el B9 sz oy Je Fosle (Ren Joe o pb Teost L3 Tsoue 4t Jaa
Sy ks Jow cpl I¥]oces S B oo 5l 5890 b, 50 Smge B 90 5 atted HlSs oo 5 ey lylo
S 5 998 oo wad s g3 rm Sen j3 45 4e 0l bl b ermes B Gl 5l (ols Slae),
Sedon > 3 So sl b Ll Volae 0095 LA Jus j3 awd o0 J5d BB slaclsz wls (Ko bolie (gxen
dslome Sy 5 55 G (s S Sl 00lal b s 0 Sy (225 bl S 5156 99 (i (oo S
Pl S5 Jos s Tl 53 Joe ligs glyz iz sladue 0980 dnslne pgs 8 sl Sy s3ue S 5l oas
ol s, 5l G ramwy Godgame ;o g im0 ALyl (651 g0 L > (g0,L )0 (6 Ay Dledl Jaw g0 cpl asis
S et gl &8 > 5l sz o B Sl 50 Joe 4 Cod Sl S5 Jae aied oo a1 Jg8 LB slacls> g0
S Jon ol 53 15 IVTosicn 03, 6l 5 53 ol 58 s JS8 s Taiitee Jor & gy (ol 51 S o 1)
b 99 Jae 50 &5 Conl o 50 (nl ogdioo e (088 i 455558 (g g JU! glslas Jo 5l S piue o
Gorb 35BS (ol g piies oy JUD G 2005 o Jie D j9 590 1o sl jlly SVolae B ol 5ls
Joe oS e g Cudsn i Gy Sl g Lai e o aidgme )l Le g, 4 g aiten 025 LI o5 el

A . v ‘ . ” . .
e 2b0) gy opzes e ) et slagty; b Sl eud ools (LS VY Joaz o oS pshiles Jlw S

1 Homogenous Model

2 Semi-numerical

3 Drift flux

4 Two Fluid Method

5 One Fluid Method

6 Direct Numerical Solution (DNS)
7 Interface Tracking Method
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1 Level Set

2 Volume of Fluid

3 Phase Field

4 Sharp Interface Method (SIM)
5 Diffuse Interface Method (DIM)
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Abstract

In the present simulation, a solver called phaseChangeHeatFoam is implemented under open source
CFD code OpenFOAM to consider boiling and condensation. The solver is capturing interface among two
immiscible phases using a color function volume of fluid. The two fluids (vapor and liquid) are assumed
Newtonian and incompressible. The surface tension between liquid-vapor phases is accounted using
continuous surface force (CSF) model. The spurious current in CSF model is reducing using filter and s-
CLSVOF method. The mass flux rate across the interface is determined by Lee, Tanasawa or Fourier mass
transfer models in the present attempt. Additionally, the variation of saturation temperature with local
pressure is considered with Clausius-Clapeyron relation. The coupled velocity pressure equation is solved
using PISO algorithm.

Our studies show the spurious current is reduced up to 1 order in the simulation of stagnant bubble
problem using present implemented methods. These methods also increase the accuracy of pressure
jump calculation. Additionally, the present comparison shows not only filter method is simple to
implement but also it is as efficient as s-CLSVOF method in calculation of curvature and reducing spurious
current. The new solver is validating with (i) Stefan problem, (ii) two-dimensional film boiling, (iii) the
film condensation on horizontal plate, (iv) the laminar film condensation over vertical plate. To estimate
the accuracy of present solver in different conditions, saturation water at different saturation pressures
are chosen up to high density ratio of 1000. The comparison between present numerical simulations and
analytical solutions and previous sharp interface method simulations shows present solver has a high
accuracy in simulation of phase change flow despite of using diffuse interface method (DIM). Then phase
change phenomena in vapor bubble rising in subcooled and saturated liquid are studied and compared
with available experimental data. Our numerical studies show bubble life time has linear relation with
bubble size but it is not dependent on initial bubble shape in subcooled fluid. There is a non-linear
relation between bubble life time and subcooled temperature which is consistent with sudhoff
correlation. Moreover, bubble survives longer in bubble swarm condensation due to being placed in the
thermal boundary layer of up-front bubbles. The simulation of superheat vapor bubble in saturated water
shows bubble size increases due to evaporation at first. However, it collapses finally due to condensation.
Here, the bubble life time is proportional with vapor bubble superheat temperature. The present study
shows the capability of diffuse interface method in accurate simulation of phase change process and gives
some fundamental information about vapor bubble rising which is expected to be instructive for further
applications.
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