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Tutorials for a better understanding of Gas-Liquid multiphase simulation with
OpenFOAM

Extension of capillary phenomena tutorial capillaryRise

Nana YOSHIDA™ Shinji NAKAGAWA™"
*Toyama Prefectural University

Abstract
OpenFOAM is powerful toolkit for simulating multiphase flow. It is quite useful but difficult to
understand and use correctly for beginners. We developed a series of tutorials which will teach beginners
how to setup cases with gas-liquid multiphase flow using VOF method. A standard tutorial capillaryRise
is modified and extended. The relation between pressure boundary conditions without hydrostatic
pressure and liquid height on the outside of simulation region is discussed. Capillary phenomena with
non-wettable condition is simulated and a downward movement is reproduced.
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1. LI

OpenFOAM TIIZIRIBFHVE DTN ATRE TH 0, BIFE/AAEH STV D, i b FA 7o KUK IRAR T AT
F Y v % interFoam T, VOF {EIZ &0 FERFME 2 A2y, RimE ) & BEm CoORfMmEEET 52 &
MWTEDH. Lol, BRAGKEE L TENZEEG 2 TICHENOFKERDERELIEE2 52 508N S
H72E, WIDENELSBBEL THEI ZENHELWVWZ ENDD.

A TlX OpenFOAM O interFoam Y /L NDFEAERIRE CTH 5 capillaryRise FilfE (BEHG) #H0 EF, =
a2 R ST EROFEZ ®ET 5. 728, FHEICIX, OpenFOAM 7 Z#fifl7 %. capillaryRise i
EZ TR A \CRIE ST EHEOFIE A T - 92 2 L1250, OpenFOAM D% E DB K 2 #0383
HE L3 b 2 HIET. &51Z, OpenFOAM TOR A MLVER BB T 1E S BIEICHLAGA R, & Off
WEBRFERDZEDET S,

2. capillaryRise HIRE[Z DLV T
2.1. capillaryRise {FIREDHHE

Z ZClX, OpenFOAM DIEHEFIRECd 5 capillaryRise (FBE L&) BIEHIZOWTHAT 5. HE p DK
OHBEBHRICMEZSL T, MENOBHBEmITIREEN o I2k->T, AEoBHREXmDEIY L EH
(F72IETFH) 5. Z0LHI2B%2TEHS L VY. MEMEE BhEmE OBfA 055 90° LV /h
S () BEiE EA, 900 L REW () HBAICIETRT 5.

B 1@ it xS oA, X 1(b)ICEEREO4FZ T, 7ok, X 1) Tk, #HHEMER RO CH
ATETEIR) DISMTJEIBE OWRAL (R & SR E O R mOArE) REbRR LI, AHTIE, 3.3 ST+ 2
EIIZSWEHREOBFEHRICOLIIETED L9, MEREKEIZEFETLHHGER Lz, RESLT LK
TN & D, KALTEZRLS RN W) SHEEZEHT 5. capillaryRise BT, P77 2 DK
ZMME W=1mm CY. C/REZEEL TWD. T (I WX &S H XBRITEA4Z) 13 1X20X1 mm3 D
EHRECH Y, BATHMICIEE CRENHS 2 ol Th b, Zo& &, EHCE D ERERIC
XD 7LD AV D, SR O JE K E D S OB 72 EAEE b IR DR END.
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hy, = 20c0s8/pWg @Y

FEVEFIE CIE, WRIKZ/KE LT p=1000 kg/m3, FHHIERE g =10 m/s2, 0= 0.070711 N/m, #=45° L L
TWLZ s, ERIDHEOE ST h=0010m &85, 2B, [RIIEKTHY, p=1.0kg/m3, @)
HEPELRH v = 148X 105 m2/s & LT 5.
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Fig. 1 Schematic diagrams of OpenFOAM standard tutorial capillaryRise.

F1ICERSEMEZ/RT. FHAD (nlet) TIX, JES p_rgh 1Z 0 kg/m/s2 THEESN TS, ZZ TRET
HENZE > THEBOERE S (DWW, inlet 2N E KT DILAAATTIRE) ZHETHZ LI 5.
WAL (inlet) TiX, WMIKIZEHRICHAY TX 25D, alphawater @ VOF fEHN 1 [IZHEINLTWDH W), Wit
AT DR OFREEEITAKE R D.

SHEREIR A, W mE - BATEX RIS ENEN (20,400, 1) IZEDEILTA v v a2 ERKT S, Ayvia
IZ blockMesh (2 X 0 A %9 5.

Table 1 Boundary conditions of standard tutorial capillaryRise.

boundary U p_rgh alpha.water
type pressurelnletOutletVelocity; | type fixedValue; type inletOutlet;
inlet value uniform (0 0 0); value uniform 0; value uniform 1;
inletValue uniform 1;
atmosphere type pre§sureInletOutletVeloc1ty; type flxe.dValue; type zeroGradient;
value uniform (0 0 0); value uniform 0;
type noSlip; type type
fixedFluxPressure; | constantAlphaContactAngle;
walls theta0 45;
limit gradient;
value uniform 0;
frontAndBack type empty; type empty; type empty;

2 |2, OpenFOAM DIEHERIRE capillaryRise DGR D —6] (FiZ] 0.5 B) %/~ A B R N EENN
TOKIESYH alphawater D 2 WILHATTH 5. KOKFESY R (VOF {# ; alphawater) 1 GR) 13K, 0

(F) 3K ThDZLE2rd. REOEBREDNITL T, a2k LK EZDHET 5. #
fitf % 45° L L TWAHT®, KUK mEIL Pz it e 72 5. 2(b)D 77 71, FHRMEEPLTOES
FRIOKDEFE A THY, Y=92mm (HTICRIERAEBTFET D Enb, KEIENIC L 2 E R
MHEDOEHEBER=92mm &5, HiGLO EFEITm=10mm THDZ &5, FHiH LEOKED Y EE Y
=10mm & 72 %, HIREICHRD L, I a2l —2 g URERTIIRBENNC L D RE OB /N E V.

2(0)%, FHEMEIPOICE T D ET p B L OEKERS ZBRE LTZJET) prgh D& S HRAGATH 5.
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T2 KIR A E D FAET 5720, EEHozERics LT, Rzl LmENOENMETFT5. 0K TFL
TIEDE, MEPNNESLRDIEE, FKEOHREICE > THEBIZHEML C\E&, FHEERKH T 0
kg/m/s2 L7025, FAKEERELEIENS, HERASKTHEEL TV -0 REKE Tk 0 kg/m/s2 Th
5.

FHRTENORMIE—E L e BT, ETFREIAGT 2. 2ok 2X 3 2R3, Zhix, mEEmls IO
B % 4 07 D E CORMORIFELERT.
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Fig. 2 Simulation result of standard tutorial capillaryRise; profiles at x = 0.50mm (center).
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Fig. 3 Simulation result of standard tutorial capillaryRise; history of liquid height at various X locations.

2.2. capillaryRise {FIREDERE

b HRRE ORI DN RIBZ T EFIRBICET 2137 CTH 528, ¥ 3 TIIRE P IREY ZHtli) D873l &
ATz, SEATWFFE[1]1TIE, OpenFOAM [ZBE W TR A IREIZHET 5 Z L3 HE I TV D, Z OIRE)IIFFH]
5y 7 7 A ddtScheme @ fvcDdtPhiCoeff 2 V' v REZHRE T 5[2]Z & TSN D Z L 2B L. LaL,
KIBNEDD ERBEEICRDZENDDHID, V—Aa— F~OHENRY HSNZ[3]. Z0EBEORME
WZOWTIE, A%OKBIZE > TEENLZ T, AR CTIXED HFb7u.

B 1(a)Tidk, FHAEMEEL RO TR A ZZ8EIR) DIAMZJEB O 2 E 2 FRx Lz, LasL, FHEEES
ERICAFAET DIRALIZ O W TEBIEIZIZIH R S TRV ®), FILEIZ IS ORI ZHMEICER L T\
W2 ERDHD. BDHWE, REE AN FEBERETICH 200G TERNWZ LD D, AR TIEE
PRI & BE Rtk & OBIR A AR T2 Z L2 ER AN E T 5.

JEPRIAL & B Rt & OBMR A AREICT 5 2 L1, oy (i) fETtoy I —va v
ZEBTDHEOICRL ZENTERY., LML, capillaryRise FIEDOYMERE & Bfilifa 7710 2EFLTH, B
NEENGEOBMERLEZHIT D2 LIXTEX R, 2T, FEEN & BEREM L OB EZHMEIC L%
(2, WP KD KERICE R U CHIBEAER T2 & Lz,

p & p_rgh OEURMECKNE DA 2 TR L2 WEAIS, K2, 3D X7 T 7T 52 & TX 0 EMERY
W72 0 AR R A TR L9V, L L, capillaryRise $EICIZZ T 7 ZHEMER CT& 5227 ) 7 b
FHEESNTWRY., RMICERZERTEL LTI, ZOXH7AA MUEEEZAEMET S 2 &
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EL7=. 2o X5 7HEMEIL OpenFOAM Z{EH T H7-OIZIXTEETH DM, PILEITITEMENFHE L. &
BORA N GEEFERT 2 HEE2FEICED D 2 LT, UOLEOFEE L SFIEIC L.

3. capillaryRise Bl Z HE S == G HIEDIER

FI IR LT IO 2 2 (RS, KA MLBE FENET 5 &\ 5 BB e, FHASA 0K
fir 2 SER LI C £ 0 X DI RIET 5 0% SR 5 IR & AR LT

3.1. RR FRLEDBENLE

BEOFIEEZ FAT LN OREREZ HE L, OpenFOAM OEMEZBET 2 7-0121%, DR REZF = v
I HHMAE DL DT ENEEND. DD, FEROMERITESLOHEROMM & 7 F 7 x2 F 7T 51t
MApEO oz, 21HTRLIES 771, ZOHMAMIE > TER LI LD THS.

FIH L 7= OpenFOAM DOF4HE (function objects) (%, FEENLE TOo3AiE 4 B3 sampling, FFHE AN
DEIDOIRFERE /) % 92473 % vollntegrate (volFieldValue & H OFAED 1 -0), FHE PN O &I F H OALE
% B ¥ interfaceHeight TH 5.

INDOOMRRICEY, FEMEENS 7T TR ERT =2 7 7 ANVBEREND. 2O 7 7 A VE
gnuplot (2K VW 77 7{bFT A7 V7 MEEKR L. 8k A IZARA NMUBEAEMLO =D ORET 7 A VAR
7.

Table 2 List of developed tutorials.

classification summary

Average liquid height in domain is automatically obtained and
(A) | automatic post-process its history is shown as a graph. User can learn how to use
functionObjects.

Symmetric boundary condition is used to reduce computational

(B) | symmetry boundary condition time.

(C) | mesh Effect of mesh number and coarseness is examined.

Boundary conditions are changed to manipulate a liquid height
(D) | liquid height on the outside of domain | on the outside of a simulation region.
This is needed when non-wetting condition is considered.

The value of p_rgh at the boundary depends on the definition of

(E) | coordinate and p_rgh condition coordinate.

Contact angle is changed from wetting condition to non-wetting
(F) | contactangle condition. Liquid height will be compared with the theoretical
value.

3.2. EEfE L p rgh DREER

2.1 fHilZBWT, HiA D (inlet) THES p_rgh % 0kg/m/s2 [ZHRE L2 & T, FAMHOKHE S (HDHW
1%, inlet [E2NEPIKE D GILAAATEIRE) ZIEETHZ L2 D L@ L. & 2 CHEENPLERDIL,
0 kg/m/s? &\ AT TRFOIRNM AR E 2D TIX2<, EEOHRY FITIKGFETHZ L ThHhD. JEEDE
0I5 & prgh DEMRZ MRS D=0 OBIREZVER L=, AE T 26EI3#£ 2(D)TH 5. ZOFIETIT,
JEAH O @ E ONEZ DT, s 90° IFRE Lo, #ilA % 90° 1T§ 252 & T, RmiEHhmn
Th, FATERMOEOE SIZEABE ER USR5, 207, FHEEBRNOEAL D, TR DAL Z N
HTENTED.

FEAEGIRE & [R] CHHAMEIRO K& STt LT, YEEORY FRR2DIGE2EZD. 4|2 3 FHDJHEEZED
EFRAETT. WTNLOHE S EFAOWRKE D & S B EH RSO H RIALE T 5 L BEX DM, TD Y JEEE Yier 1T
Rp %, EYEFETIE, FHARSEEGR TE RABER) O YEIEN 0 Tho7z. ¥4 o) 6(3)TiE, Wt
IR IR CTH DN, YV EEDFENZ LD, ZOXHITBELZEE LI5S, BEGBETE 2 A
N COEENEME (prgh = 0 kg/m/s?) THEEZFTT DL, FEIMIET S, Fiux, BEEOKERMAIEL <
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BETERWEDTHD.
JE B DFETE % IEMEIZ T 2 72DIIE, prgh DEFRICOWTHMIZT 20 E R H S, p_rgh 13K(2) TR
ODHIENTESD.

p_rgh=p—pgh @)

h 1 ZHEE > OE ) F R OB Y 5. SROFETIE, EAOORZILY#OADFRE LTS,
4 D@Q)MNPH(E)D 3 DDHFAHEITHONT, h& LTHZDEE, I 6ERE L porgh 2% 31277, X
(Z)Ct V) N %‘I‘%ﬁEij%T%BTO)Eﬁ li%%ﬁﬁfﬁﬂf@{ﬁﬁfﬁlﬁ Yref éf % :T@Ejj pref éf 75)%:

p_rgh = Pres — PGYrer 3)

TRDODDHZEMTED., ENFIRGEZEAEL LTEZXTEL, prt=0kg/m/sz & LTS, ZOFETIL,
33 B CAAT 2IENICS WHHAOBERGUCHL MG TE D L 5, FMKREKBICEF L, BEEZKEOME p=
13546 kg/m3 & L7=. ZOXIITHERAFMEHRETHI LT, ELLKHENETTEL L 2ERT LD
DR ZAER LT,

K 5 ICRHERBRO—FIE LT, @S FROENGAEZRT. WIhoREY, FHEEE oKy T
WZIESIA 0 kg/m/s? &7 5. Bz 0° L LTWA®, KURAEITEHETICKELRD. ZO72DIZ,
R DS R A FFOEYEGIRE & (3R 720, Kl COBMRIENEITAE LY. [URMm O E GHEFIRO
HRO®EE) K0 T, B p RS &INTHBITEIN L, FHEMEEE T i Tl p = pgh = 1354.6 kg/m/s?
LD, ZOfENE, FHEESINTICAGE LR E OME S HAEE SN DEESE L.

B 5 TR L7-#KIEZBRSE LT ES) porgh 1%, JEREDELY 12X - THENRZR S, UL LW DN
B Y EEOF S 2 bt (b)DO%GA I, EEGIRE &[RRI, WRAKNE T prgh 3 0 kg/m/s?2 & 72 5. L
ML, £ THROWEEIDE, BENE T HRMEEZ L2000, TOMIZ0 IR LRV SIZEENME
Thd.
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Fig. 4 Various coordinate system with same simulation object. Yin and Yaim are the Y-coordinates of inlet and
atmosphere boundary.

Table 3 Height used in boundary value calculation and resulting p_rgh at inlet boundary.

(a) (b) ()
Yoot [m] -5.0X 103 0 15.0 X 10-3
P-rgh = Drer = pg¥rer -677.3 0 2031.9
[kg/m/s?]
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Fig. 5 p and p_rgh profiles with various coordinate system.

33. BNIZK WMEEDEEBERZR (capillarySink)

KEFNZE DI KBE AT ERZ N THEEEE 25, WEKIRFH & OEfA 1357 THY
90° LW REWET DL, PRMOEEITEMELD bIK< b, ZZ2TIE, ZoXk9RRELZHBLT %4
AR L7z, AEICHBT 2 0IZE 2(F)TH S, p=13546kg/m3, 0=04821N/m & L7=. ZD k7
AR 72O, AIEiCHIALZL91C, HEBEBIN OB A(TEEICIEET 2 BP0 EL R 5.

JEREDE Y S IIEEFE L R U (inlet BERTY=0mm) & L, JAPHDIENLE Yer= 10 mm & L728E D4
Bae LX 7 IR, WIHIOWEALIE 10 mm & U722y, K& ZRBEAIC K - THRALD TR 5 2 & D3RR
TE5.

PRER I 72 SRR R i O 8 BEIR I 20 B O BB he 131 TRE TS, ZOHBIETIXEDOMEE 2D, T,
JEPHOWRE R S ONE Yeer 205 hen PR S TAVLEIWCIRIENRSH D Z L Z2nT. Lo T, Y = Yeer+ hn = 0.010 -
0.00503 =0.00497 m M EEFG EOWRE O Y LS Yo L7225, X 7 OWRNLIZE B Z i), ZOMME Y DSBEGHIE Y=
5mm XV HREWVEFFAZ . Y BREWT &L, FHIENZE > TREDBENT 5 HEEh ORKE IH)
SWZEEBEWRT D, (Y=Yer+h THY, WITADEE72D.) 2.1 HiOBEEFRETH [AERICREIRIICE D
BEEN/NSWERTH-7-. ZOMBEIC OV TIE, OpenFOAM TOREDEI LR ENERTH S & HE
HWLTWD.
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Fig. 6 Simulation result of tutorial capillarySink.
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Fig. 7 Simulation result of capillarySink. Average liquid height is obtained from liquid volume in the region by dividing
by bottom area.

4. F£E®

OpenFOAM D {XZ )7 /LN interFoam (211 )& 3 % B capillaryRise # %[5t & LT, TN E2HRxICHRES
B OBBEEER L., BREIEL LTUENZEHES 2 TICHENOHEKER S ZRELZEEZ 522
VR D D72, FILEITITEEIEH UWESMEREICER L, TOEMEHET -0 0FjEe, 77 X
AENOKBOE X 2T DI ZER L7=. fllicH, OpenFOAM TO7R A NMLELH L AL S FIEICH
FrikFr, ZOFENTTRERD B A VERL L7z

AR TN LIZLSNC b, RIFMEE B8 L3 RE T A OIERTIER, A v v 2 ORI IEE % 2 -l
BAERC LTz, IO OBIEZ F & O TART 5[4].

& Xk
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AR FLEBENED-HDERET 7ML
ARA ML A BB T2 72OIBIMMLEREY 7 A /L% Codel 7»5 Code 3 127K,

Code 1 Setting file for interfaceHeight.

1 type interfaceHeight;

2 libs ("libfieldFunctionObjects.so");
3 alpha alpha.water;

4 // width x ©-0.001; height 0-0.02; depth z 0-0.001
5 locations (

6 (0 0 0.0005) //xMin wall
7 (0.00025 0 0.0005) //

8 (0.0005 © 0.0005) //center

9 (0.00075 0 0.0005) //

10 (0.001 0 0.0005) //xMax wall
11 )5

12

13  writeControl adjustableRunTime; //writeTime;

14 writeInterval 0.01; // this entry is needed for runTime/adjustableRunTime

Code 2 Setting file for volFieldValue.

1 volIntegralAlpha
2 A
3 //type volRegion; // for OpenFOAM 4
4 type volFieldValue; // for OpenFOAM 6, v1806
5 libs ("libfieldFunctionObjects.so");
6 enabled true;
7
8 writeControl adjustableRunTime; //writeTime;
9 writeInterval ©.01; // this entry is needed for runTime/adjustableRunTime
10
11 log true; //false;
12 writeFields false; //true;
13
14 regionType all; //cellZone;
15 //name outlet; // this entry is needed for cellZone regionType.
16
17 operation volIntegrate;
18 //sum, weightedSum, sumMag, average, weightedAverage;
19 //volAverage, weightedVolAverage, volIntegrate, min, max CoV
20
21 //weightField rhoPhi;
22
23 fields
24 (
25 alpha.water
26 )5
27 %}
Code 3 Setting file for sample.
1 type sets;
2 libs ("libsampling.so");
3
4 interpolationScheme cellPointFace;
5
6 setFormat raw;
7
8 sets
9
10 Xx05mm
11 {
12 type lineFace;
13 axis Xyz;
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14
15
16
17
18
19
20
21
22
23
24
25

start
end
}
)
fields
(
U
alpha.water
p
p_rgh

)5

(0.0005 8  ©.0005);
(0.0005 0.02 0.0005);
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