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Numerical simulation of boiling has always been a challenging problem in terms of the variety and
effectiveness of two-phase models. Moreover, choosing an appropriate heat and mass transfer model
increases the complexity of the solution. Problem of film boiling of saturated liquid is numerically
simulated in this investigation by use of VOF (volume of fluid) model together with the geo-
reconstruction of interface. Three phase change models of sharp interface model, Lee model and
Tanasawa model are used at the same time on a single problem in order to calculate the rate of phase
change and source terms. One-dimensional Stephan benchmark is solved for verification the numerical
solver. The periodic Nusselt, flow pattern, bubble form and its detachment time have been studied in
mentioned various phase change models. Also, empirical coefficients used in both models of Lee and
Tanasawa are presented. The results of Nusselt number obtained from simulation is compared with two
empirical Nusselt correlations of Berenson and Klimenko. The results show good agreement with the
Klimenko’s Nusselt. The results reveal although the Lee model is dependent on empirical coefficient, it
is more accurate than the two other models for prediction of film boiling on flat plate.
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! Interface Tracking

2 VOF (Volume of Fluid)

® Simple Line Interface Calculation

* Piecewise Linear Interface Construction

® Least squares Volume-of-fluid Interface Reconstruction Algorithm
® Parabolic Reconstruction of Surface Tension
" Interface Capturing

® Level Set

° Continuous Phase

1 pispersed Phase

' CLSVOF

170


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.9.0
https://mme.modares.ac.ir/article-15-2102-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-20 ]

[ DOR: 20.1001.1.10275940.1395.16.5.9.0 ]

FS GBS (ael) 9 awa Ld) el S

OT 23 5 a3 alize Lo S pili 9 cacks o $9) old Ylbga oyl YUl (65w dgus

o b OYale -3
9 B g gl 3B sl prr il SVl 5o Jlw e Jos ]
(o oebige 0dliinl 5 95 oy JUEI Gl dralne (rizren
Cowl oals atdisi (4,3) Ll jo ol 51 SO yo sl 4 (Kiwsa dloles S

[17]
a —
§(afpf) + V- (aspsitg) = S ©)
4 —
E(agpg) +7- (agpgug) =S, (4)
Ny oo bayo SouSs @ (5) alal,y sub ag g ap Ll opl jo
a+a; =1 (5)

2 e g mle B cuS i (See Jlw (lp 55 g pitege SYolas
J17] el oas 00,51 (7,6) Lails,

d -
- (mj) +V- (puu) = -vp
at
+V - (Vi + VI + pg + F )
a
5 (E) + V- (@(pE + P)) =V (ke VT) + 5, @
alaly 5l oS ol (0/kg) 92y b Jlw o2 a2ly 2 @551 E Lslyy ool 5o
[17] 25 g0 iy 55 (8)
aepeEs + a,p,E,
E = tPfLf gpg g (8)
4474 + agpg
Jeke y y0 a5 ol o g @le Jlow 65l w5 5 @ Eg g Er alaily (] o
95 358 sn drlxe Jlw )L Sudib s Jobe sles o fel>
pr 9 g mle oy dadz slapyd i f 4 oSl CYolas 55, 9 S,
s sladae (i 0 o5 alis 5B i Sl GA6 655 dedy
g oo drmlma (9) Lasly 5l alive jgkay 4ty 565 s
p = amps+ AgPg s

U= agie+ aglig (9)

3B S Jao-4
SO s ol Jlewo (gilusads o mily 5B s Joo aw (i (ol o
g oo Byme W g idsr

3 e Jae-1-4

"o Jl L s mle 50 5y 2 S5 ASlee ig 5l aST Joe cnl o
Ol )l dawgs e a oud e &l > (alod 45 358 0 (58 090
2 e g mle S e 5 Sl cpl )0 0gd e S8 s Bro S
L (1) alal) )3 o> dede Sjbe aiboios (Bb Togr glossl culi sloo
[11] 255 o analons (10) alay 50 (5551 (55l 4 4255

q, = —kegVT; - 11 = 0 hy, (10)
ket(Va - VT) 1)

hyg
Jopfi=Va/lVal g 50 59, 2 B petd oz gAMLy, cnl o
Calin Sse card ke el mlo s iy sl Siie gl Jloy
(12) abaly Gaybo 5ol 51 SG 58 (cozm> oS 4 425 L &S ol ()l
S5 0 dlono
kegr = aghy + (1 — ag)ke (12)

%)
|

= —S; = m |Va,| =

ol dslzme B8 (13) abasly 3, 51 (65,0 deiiz Ojle oS 5 oy

171

T S5 oS gl e 5 b 0dg e ez dilee S o

1545 jslim Ll 6 lubl ol samlie LB 1 S5 0 a5 jsblen
s mble s JBu Siie e 50 65MLL G 0500 Slml el
S3de ol 655 2 palite (Zge ol

Ol 50 e sa et (1) Slidie ala)ly Jagy oo STyl cwls
5,8 W 15320/2 10 A olal b il oz S olile sl 3eios
58 el e ol i 5 455 5e sl (5 53 B o 00
D5 0 dmline (2) dlal,

0= 2—04 <4 + cos <2;Tx>> (1)
Jo =2 [ —2 ()
(oL — pg)g

Sl @ g D9l o Lad (nl ) oo bals wgrge ()W Jdo 4
Glad iy opay el oad eoly G () g5 byd (goges
Ll 2l 5re el rass BB (881 slinl) po sl ok (Sloslone
Ot 9, bsesie plo (go50e DLIIS 5 Sl (295 L8 (550 b0 S
Gl pae bri L s o)les cnn e Senl ond i8S A0 )s Jho e
ol YL mle gltl slas 5 AT (e & 45 ol ooli Las

gLl slos ;o > 9,5 adgl alazd o )l b ()] S e 0 9 wle
U o 59, Tsar + AT slos 5l 5w a¥ (glos abasd by 0)ls 1,8 Ty
Pl S (e st b3 e B g SAe e ) Taar sles
Lo I el oud 00,51 1 Jgaz 0 gy p 3y90 S (Sojudge s
10 o ojlgss sles g (pslS 500 Jluw glosl sles 5 pg =5 kg/m?
sl oas a2 5515 5 Jlow Lol (slod 51 5VL cnglS

Outlet
Physical Domain

¢ B B

: :

& &

Computational

Domain Q
o

Liquid

Taylor wave length ()

Vapor layer 4

Heater

Fig. 1 Geometry and boundary conditions of film boiling
old Gdez 55 650 Lulpd g awaia 1SS

Jbwr (Sosdse 5 olom 1 Jgux
Table 1 Thermo-physical properties of the fluid

56 b lge olg>
pL/pg =10  p. =200 (kg/m?) J&=
pL/pg = 100

pL/pg = 1000
kg =1 ky =40 (W/MK) s, colsa g o
Cpg = 200 €, = 400 (/KgK) &) cud b
ftg = 0.005 u, =01 (Pas) ax595ns
=01 (N/M) xbas S
hyg = 10* (0/Kg) yosess il
5 oplois 16 0,95 1395 s po urde Suille Suwdise


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.9.0
https://mme.modares.ac.ir/article-15-2102-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-20 ]

[ DOR: 20.1001.1.10275940.1395.16.5.9.0 ]

FS GBS (el 9 awa Ld) el S

OT 235 a3 alize Lo S pili 9 cacks mhoww $9) olad Yldbga o)l Yl 6 U dguds

P 5 oSt ol Gl (mizen 5 Glyx awais 5 Lalid 4w
etz Sile lyie o F ) Gileaned ol e [l e s Sl
oud ooliul wle 5B (sl ooy deixr plpie @ =L 5l 5 55 (6l (o0
(19) akl, Gk 5w Gl Ol S sox deiz oralols e
5o gl Al W/M? axls b (655l pom> dnir ©le
Se = —T heg (19)

S (S lodmds -5
g el 00 ooliiul ol c3sls goue Sl 5 allas ol g5lodnd 4o
Qloads (25 UDF (slaaS & jguay 3B 5o 3l 00 dei slop s (olod
ouds 031 gy )0 5 jre B e e S I st cised sl oS
GIRaSLD b gom 99 (095 ez dwiia Sl ol goae o o ol
Sl el o osliial _aye sl Jsles Lawsgs il Lslu g oloslos b
g aSeb I Plitul Gide o (gilwand 0 caslie o sl sloss
59y 3l G5l g9 piiege Yolae slap i (gilwatn o ol oad ools
s pge adpe s gl Gl Ll 5l a5 caul sus eslid QUICK?
B ey el (63 90 Jlaws ol Jol e s slils oy Ll
OB g S i 50 g lajye 55y 2 Logas ol S 58 aulne
S Jlaw ol a5 Ll 5lg ol 5B s 75 o anulxe jo ol
by 5l oslittal axtus 2 (28, Cowd jlamel )3 5 609 (isnd
Silodtan ;5 Sl Coeal Bl b Vb a8 L gileainns
B sty sl &2 o 5Vl 285 51 a5 "y Jilim 29, 3l Lagilol S
pidage dolae ;o (Lid o3 (g5l ol o oolaiwl cunl lo e
ool olanlb,> )0 (dg, ol 5l el oo aloul PRESTO® g, 4
500 Sy 2 s8] asile ail ol bl b g ,lid e glyls a5 04 e
e ey s Vol Jgl e Sypa 5l alslas 35 3525 ol
o5 e (§ilueditand Sl oud (ludtanS (ed ol 450 O g
St (3l oy 5 e Sga (Khuge SVolas 3 par
@edsle 595 2 hogs® o by, rl 0 el 009 B 93 S yide 50
Sy b Jobo cnl ;0 50 5 0ud pll axiws 58 93 S it 550 Jold a5
St Ol S 1S e emal (sl duloe Sy (S glasS
Sz Gl i Gy ol sl 00 00liul PISO? g, 4y )Lt
ar o ghiie 4 goue Sload o 0l Calys el plej L 1,38
MalS Lol grzms sl oSl cal 995000 50 1S5 gy o5 Sk
ol 0als 03,5l 2 Jauz j0 Cewl Lo ye calite Pluwe J> a,mi w
Tt 2l e @Ko e JLad 5 eege LSS ulpd o SzeS

Dyl

eiss ol,o 2 Jgux

Table 2 Under relaxation factors

S c -
SiAl piege S JLad
Cacad

1.0 0.5 1.0 1.0 0.5

* Quadratic Upwind Interpolation for Convective Kinetics
® Least Squares Cell Based

® PREssure STaggering Option

" Upwind

® Geo-Reconstruction

® Pressure Implicit Splitting of Operators

% Under Relaxation Factor

5 o)leiis 16 095 1395 s o (yurde Suilse wiie

Se = —Sg hgg (13)
2 il A Syiie Spe 55, b 33 arelne &Syl 4 axy b
5 sl Jae 5l atws ol o s Jae ol I ojls 5B s £ 4wl
Olpln il ead aile CBo 4 Gy AT wBd e o Olex (558
olyed 4 Jlow o2 536 53 Joo JLS 50 56 s o cnl Sl eslanad
B 5 i 5 008 @omlS Sl Tl e gilojl slapsilSe

255 Jel labl 50 (390 55 gl 53 5 550 (o

lwlil Joo -2-4
L g 5595 &l 5 51953 Jlo o [13] 515 bags lazl 5o Jao ol
9y 2 oz oL (14) aly Gl ad &l b g 1 550 (59, 2 5LES
Dy sn dralons Jlu 4 mle g le 4 )bl oad i 2 di3lge 51 55
S 990 sl ;o plul sla)lid o929 Lo 4 a5 col Jb o ()l
Solase by o jo gLl slod b msle o (0 500 glLSl gloo 50

_L/ﬂ BB (14)
L y—— ZHR[YCJTTE “\/ﬁ]

B a6 Sl s (b oS cul la JoS0se Sl (6 mS Y alady ol o
4 Sy b o e L slaJsSye oS ¥ I8 g e Jiie S
2l 5B s pbe sl JsSae Sl 6pmS Ve 5 Ssdisr o b 5
Jlo oI5l S 4 alaz 51 b iy 51 (6 kom0 «Consl yuied (yar
. . 2 .

S5 ke or M 5Tl oo lsie 4y =1 =y [14] 1991
9 &b sy I Gl Toar gled) <l glos (28 b Ll 1090 0o (20
o L jle by S j3 e (o Slnis (28 b uizmen 5 510

ols @] (15) alaly &g 1, (14) alay], 4o

m" = 2)/ ipghfg(’r - Tsat) (15)
2—vy.2nR T2

Dgdse iy 25 (17,16) Lulg) 5o ol 5 & (55, 9 oy deidr Dl )Le

Sy = =S, = m |[Vay| (16)
Se = _Sg hfg (17)
o Jwe-3-4

3 a8l 5B s ey 25 Al g 1980 JLo yo J bwg Jae ol
ol b Jae ol 18] s ol wle 5 jl5u 550 (595 5 IS 5 s
ol ah baylys o g col jlad G cou B s oS col Hlanl 508
(kg/m3s) axlg b s > ded Ojle ~[11] a3 0 $9y Sl
o | d..d)f )|).9 oolaw! 3,90 )L@ ).o_o_ﬂ.l SYle )| 9 U)-Ja ) as

sl 0] (18) alal,

L= {lvpfaf i ;STS) Ty = T

0 T <T, (18)
N JaS cawlsT asly b Sley candss el Ay J Joe akaly o
coye ol 4 [12] (6,508 gz ye o [15] sl a3 5 ks 3 0.1 1) T 055
o)l 2oy Jlisil ad LS ol 4 02 MalS iy Sy i o
1.0x10" 1 0.1 ;I calises polie ey 05b @l ladoes .Conl 00,5

e slagl,m jo Jlade oplwilad,F s s cops ol lp |y (S'l)

! Geometric Reconstruction Scheme
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® Mass Transfer Intensity Factor
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