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Introduction
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Goal of present study

« Evaluate commercial CFD codes for interfacial simulation
of gas-liquid flows in small channels
— STAR-CD 4.0
— ANSYS CFX 10.0
— FLUENT 6.2.16

* Perform simulations of bubble-train flow in a square
mini-channel were surface tension forces are predominant

* Compare results with those of in-house code TURBIT-VOF
which is already verified by experimental data* for BTF of
silicon oil and air

*Thulasidas et al. Chem Eng Sci 52 (1995) 183-199



Governing Equations

» for =1 the mesh cellis [+~ \

entirely filled with liquid ~ >~ Basedonfvalue, ty = F g+ (= )t
(continuous phase) -~ %" mixture density

- for =0 it is entirely © o om e and viscosity and > P = S, +U0=1)p;
filled with|gas © »® # center-of-mass

- for 0<f<1 both phases velocity can be v =PV TAZ)peVe
coexist defined )7 P

*Continuous liquid volume fraction conversation @+ V-f =0
Ot
Vv =0

«Continuity or mass conservation

‘Momentum Equation

%(pmvm)+ VPV, ==VP+V.u, (Y, +(Vv,))+(p, - p)g—f, +f,




Surface
Problems
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Problem of difference scheme methods for f-equation:

Artificial smearing of interface
by numerical diffusion
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. . Top: periodic b.c.
« Consideration of

lone unit cell|in
fixed frame of
reference

« Use of periodic
boundary y
conditions at top
and bottom

+ Ly=L,=1L,

=2 mm Side walls: o
no slip b.c. Bottom: periodic b.c.

F

Ghidersa, Woérner, Cacuci: Chem. Eng. J. 101 (2003) 285-294




- Numerical setup for FLUENT (4

FLUENT does not allow to use
VOF method in combination with
periodic boundary conditions

Therefore simulations are
performed in moving frame of
reference

Domain: 1 mm x 10 mm x 1 mm

Downward wall velocity
corresponds to terminal bubble
velocity of TURBIT-VOF

Symmetry|
planes ~

Top: velocity inlet b.c.

C/Side walls:
> moving wall,
no slip b.c.

g

y
Zz X

Bottom: outflow b.c.




Test Conditions

Physical properties Gas void fraction
 Silicon oil p,=957kg/m>  w, =0.048Pas 1%
£ = Gas
+ (Gas pe =11.7kg/m’ u, =1.85x107 Pa.s |24
_ UnitCell
o Surface tension o=0.02218N/m

Case 1: Buoyancy driven flow (05 -p.)g=92734N/m’
High gas void fraction £~33% (H) , Low gas void fraction £¢~30% (L)

Ca=uU,/0=0.065 Re,=p DU,/ c=1.205

Case 2: Pressure driven flow (o, — p, ) =9273.4AN / m’
High gas void fraction £~33% (H) Ap =—18Pa
Ca =0.204 Rey =3.75

Ghidersa, Worner, Cacuci: Chem. Eng. J. 101 (2003) 285-294



TURBIT-VOF

STAR-CD

FLUENT

CFX

0,04

0,03 |

0,01

0,00
0,00

For FLUENT pressure drop is output and its value is -0.7 Pa

For other codes periodic pressure is input and its value is -0 Pa

TUEEIT-VOF H "
STAR-CD R High 64
CFX Buovatcy L F
128
FLUENT Low Full
———— UB
—— TURBIT-VOF (TBH64F)
---- STAR-CD (SBH64F) -
————— CFX (CBHB4Q-T)
---- FLUENT  (FBH64Q-T-G)
UL
Terminal Bubble
CODES Diameter DB (mm)
TURBIT-VOF 1.711 0,03
STAR-CD 1.756
CFX 1.704
FLUENT 1.709
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0,03 -

0,01
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—— TURBIT-VOF s ~ 33% (TBH48F) ?

- — - STARCD £~33%  (SBHA48F) ]
STAR-CD £ ~30%  (SBL4S8F)
CFX ¢ ~ 34% (CBH48Q-T)
CFX £ ~ 31% (CBL48Q-T)| U

TURBIT-VOF ¢ ~30% (TBL48F)

0,01 0,02 0,03

33% (H)

30%(L).

Due to decreasing initial void
fraction, terminal bubble
velocity should decrease.

STAR-CD: bubble terminal velocity is almost the same for low and high void fraction
CFX: low void fraction results in higher bubble velocity than high void fraction (unphysical)
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/48 full domain

(SBL4SF)
/64 full domain (SBL64F)

/128 quarter of domain (SBL128Q)

—_—t A A

* Results do slightly
depend on mesh
size

* Refining the grid
results in stronger
underestimation of
bubble velocity as
compared to
FLUENT and
TURBIT-VOF
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* Results
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0,04

0,03 |

At =7.57 us (tenfold)

FLUENT I

0.02 Geo-reconstruct (FBH64Q-T-G)
’ ------- Donor-acceptor (FBH64Q-T-D)

————— Euler-explicit  (FBH64Q-T-E)

- - - - Euler-implicit  (FBH64Q-T-I) U,
Y e T i A s uriin
0,00 . L .

0,00 0,01 0,02
t[s]

y [mm]

T T

FLUENT I

—— Geo-reconstruct
————— Donor-acceptor
------- Euler-explicit

-------- Implicit

Z [mm]

* ,Geo-reconstruct” scheme is almost independent from Ax und At
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TURBIT-VOF

STAR-CD

c)

FLUENT

For FLUENT Periodic pressure is output and its value is -21.5 Pa
For rest of codes Periodic pressure is input and its value is -18 Pa

CFX

U,,U, [m/s]

0,10 -

TURBIT-VOF o I Q
STAR-CD Buoyancy@ | High 23 Quarter
OFY E}S‘IE rnal I 128 [F _
FLUENT TESSULE Low Full
UB
" 1_/ /. -

..........

e - ——— =
- -

—— TURBIT-VOF (TPH64F)
- - - STAR-CD (SPH64Q)
—-=- CFX h*=1/64 (CPH64Q)
o059 ] e CFX h*=1/48 (CPH48Q-T) —
—--=+ FLUENT (FPH64Q-T-G)
e e L e
Terminal Bubble
CODES Diameter DB (mm)
0,00 ! .| TURBIT-VOF 1.629
0,00 0,01 STAR-CD 1.693 0,05
CFX 1.641
FLUENT 1.634
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S o5l | T Euler-explicit  (FPH64Q-E) i
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U, \\
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* Only VOF methods with reconstruction result in "bubble train flow"
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Conclusions

VOF methods based on piecewise linear interface
reconstruction (PLIC) give consistent results

Difference scheme methods have deficiencies

— unphysical results for decrease of gas holdup (CFX,STAR-CD)
— strong influence time step width (CFX)

— influence of grid size (CFX, STAR-CD)

— numerical diffusion may lead to artificial coalescence (all codes)

For the commercial CFD codes the recommended PLIC
reconstruction scheme is only available in FLUENT
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For more information see paper in
“International Journal for Numerical

Methods in Fluids®
(in press, but already available online)

Thanks for your
attention...
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