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Development and validation of high-fidelity unstructured-grid numerical model
for interfacial multiphase flows toward engineering applications
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This research project aims at the substantial improvement of accuracy and
robustness of numerical model for interfacial multiphase flows in unstructured-grids for engineering
@pﬁlications. Major efforts have been made on the development and validation of novel
high-performance numerical model. The following main achievements have been obtained. (1) A
third-order numerical dynamic core for unstructured grids with arbitrary shape elements and mixed
elements has been constructed. (2) An accurate numerical method for capturing moving interface has
been developed for unstructured grids of hybrid elements. (3) A high-fidelity general-purpose
numerical framework for interfacial multiphase flows in unstructured grids has been developed. (4)
An experimental data set for validating numerical models has been prepared and used to validate the
numerical model developed in the project. This research project has established a high-performance
numerical model with great practical significance.
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Fig.1 The basic elements of hybrid
unstructured meshes for CFD codes.
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Fig.2 Definition of the computational
moments for the multi-moment finite
volume method (MMFVM).

MWEW ¥ T, Fig. 2 (&R T X918, 1tk
ROFRBFEIEOETNVERTHDL A v
2 BIVIZRIT DR EAE (VIA) 2Nz,
TAEIRORMEPY) bEFTICET AVER L
LCTHYHES, -, AT DR LEZD
Mz L CHEEN T D 2 X Mg AT v
MZBWTEKRMMEEZ#BET L LN TE
Do tEx IRBERIIRITIB VD TEER AT & B i
FEERO W O TS AR L, mEE
MO N MEE RO FAERBEE LK OE R
FEDDHIZDDO LT « T— A MilKISAE
ZRHT, &5 MFW 2 W THEx-
A b= AR HE S < — I F5
EMENTET V2 BRI T 5,

3.2 FEREIES 71231 B mERE B S if i
15O B

B O FEAEZIC IS < VOF 1%, il
Ry FrEHNTHR R Z IS 5729,
S OVERR DT 0 B OV 3 O FH R B MK <,
FHEDOFHEBREIZL D RETKANAET
HRIESN S D, T2, BMEBERE2RVED
HEITEMECTH D720, (EKD VOF IEa s
WP ~JEET D Z EDRRETHSH, AT
X, THINC(Tangent of Hyperbola Interface
Capturing) ¥E% vy, B H 5w o &HoE &®
IENTAIRE /B S A B L CREMICERHHT S
LI E o TEERROEFEEICEWNT
i KA B R EEELITO, i
F CTIZIFEER 12 81F D 2k st THINC #ifH]
BB D FAEEE 21T 5 BRICA i B W\ Tk
B E BRSO LT, RIS T



(X, W E SRR ER 5720, BUERisy
WD,

3.3 H B A )T T L DR

AR OAFZEIHE O % &2, FEREER
FIZBT 2 AR N ESHEEE T VAT
%, ZARRO R T B 28O K Z W
NICHEA T 57012, AIREREEOERAIIZ
Fo < JEBY BB A O R R E AR 1L &
BRT L, ZHICL o TEEEDRKE VL
MEEOFFEREEZ RES%ETDHZ L&
Mo, £7o, REENSCE 2 E41OFE
2> T Balanced force ERALZBHIT 5,

3.4 BEET VHRAEM ERT — 2> bD
REFE K OB FE L 75l E 7 /v D SERE

ERERLHEA . _
G EkEHAT

(0D ey Wl !
QAL S

©Flow-Focus®!
2AIO0F %K)

bk =2 /PN WA |

Fig.3 The configuration of
experimental system for multiphase
interfacial flows in microchannel.
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3604 Elements 14362 Elements 57670 Elements

Ly error of ju] 2219 x 102 6.920 x 103 1.642 x 103
Rate 1.69 2.07

FVM [, errorof p 2436 x 107! 6.743 x 1072 2.582 x 1072
Rate 186 138
Time(s) 12.43 47.78 226.32

L; error of ju]  8.837 x 107% 1.265 x 107* 1.780 x 10~

Rate 281 282
MM-FVM [, errorof p 5.941 x 1072 1.075 x 1073 2,623 x 1074

Rate 247 203

Time(s) 13.04 5722 28125

Tab.1 Comparison between conven-
tional FVM and MMFVM (Taylor
vortex benchmark test).

Re =100 Re = 500

Fig.4 Lid-driven viscous flow in a
triangular cavity with different
Reynolds numbers. Top: experiment
results; Bottom: numerical results of
MMFVM.

Fig.5 The vortical structure of a
viscous flow pass a sphere (Re=300).



4.2 FEREIFMEERTIZ
&L

EEIRESR - REER LR OIS T
IR OBEHAEAELETH D THINC/QQ
(THINC method with quadratic surface
representation and Gaussian quadrature)

1<V | 1V
TAS | ] ‘&g/\\%'
N
\J ": /Z”S>3

(b) N, = 100

B L mtkee H B HE

>§)
v/

Fig.6 Solid-rotation of an asterisk
moving interface computed by
schemes using plane (top) and
quadratic goottom) interface
representations.

Fig.7 Vortical shearing transport of
moving interface.

Fig.8 3D deformational transport
test on hybrid unstructured grid.
Displayed are computational grid

(left), deformed moving interface
(middle) and reversed sphere of the
interface surface (right).
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Fig.9 Numerical results for Young-
Laplace problem. Velocity fields
computed from the unbalanced-force
(left) and the balanced force (right)
formulations.
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Fig.10 Drop rising through an
expanded/constricted channel.
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Fig.11 The characteristic length and

width of the rising drop in comp-
arison with experimental results.
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Fig.12 Surface instability of liquid
jets of different velocities.
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Fig.13 Plateau-Rayleigh instability.

Fig.14 The primary breakup of liquid
jet in a transverse wind field.
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Fig.15 The experimental and
numerical results of droplet of
different regimes in micro-channel.
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Fig.16 Validation for the position and
size of generated droplet.
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