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1 CFD-DEM 444

CFD-DEM /& CFD J5i:5 DEM #9454 M H.
£ DEM Hr JBekiz shizdil r 2 = (1) #1(2).

dUF n; ‘
m = ZF;.+F[+F;, (1)
j=1
F;=F +F,, (2)
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(a) MRS HRORE RS R LA (b) JiLAA RA% 55 50k R A 2
(a) The fluid cell size is larger (b) The fluid cell size is equivalent
than the particle size to the particle size

B 1 CFD-DEM A Jii i o i 5 50K RS 19 96 3R
Fig. 1 Fluid cells and particles in CFD-DEM
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W T4 B Delaunay PIA% B0, — & B o XHBIC R, W 3 PR JHJEA CIFEAS K F Delaunay
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B2 — Voronoi *.oT
Fig. 2 A Voronoi cell

Delaunay

B 3  Voronoi BAICHN Delaunay T H NAHME G R

Fig. 3 The dual relationship between Voronoi and Delaunay diagrams
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FENIRBIREHER AR, FLBR & 185 0.39, 31X 5 H ST 4 R /NERBEDLIE B 10 LR
£ FUISH

Table 1 Parameters in the case study

parameters value
cylinder height AH /m 2.0
cylinder diameter D /m 1.8
sphere diameter d /m 0.06

number of spheres N 27 569
porosity & 0.39

5N Voronoi Z2 A FAIG /BB AN ERAA , ANE 4 (a) IR —A>/INBRFT B — 1~ Voronoi
FRITALE, GnlE 2 s BEAE AR A FLB R A AR A 4 (b) s, BT UL L B3R 4 A 7 BE 1 B
A AR (MBI ) (HIRAE 48R40 DI P 18 70 A7 2 e se Y ST 1.

(a) #&{K Voronoi BHITHI /> (b) FLBRZRA> AL
(a) The tessellation of the Voronoi diagram (b) The top view of the packing fraction
4 ZAA ik

Fig. 4 The construction of the porous media
2.2 CFD-DEM it#
L

VA4
.
X Y Joutlet

by

B 5 HpilhR R E
Fig. 5 The schema of the boundary condition
N CFD-DEM #47 it [ #8535 B A A B an &l 5 fik 2 s 2 inlet 1
outlet HIF W ] T discrete element barrier 1 8- 251 1310 B4 BHES ZNER I H 21 L AEL X 3 Ak
TeAEATVEH.
2 inlet I FTEEE N 1 m/s B, BIAERE 1.5 m A Z 7 3 S = R E 6 B, w] i
CFD-DEM RE % %] il Z £ 47 Bt 37 O A WL 4.
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Table 2 Boundary conditions for the case study

boundary condition detail
fluid water, density 1 000 kg/m?
flow model laminar flow
inlet velocity inlet, discrete element barrier
outlet pressure outlet,0 Pa, discrete element barrier
other boundary wall
velocity V/(m/s)
-0.76
—0.86
£ 097
B~
-1.05
-05 -1.06
-1.20
1 !
.5

-0.5 0 0. 1.0
X/m

6 FIRERIE 1.5 m 4bY 2 7 FAIE S E I (V, = 1 w/s)
Fig. 6 The velocity contour for Z = 1.5m (V,, = 1m/s)
Xt inlet $1FRBE AN B, AT LATS RIS W] R S D RS SR ISR 3 B,
R 3 A S WA I 5 R (CFD-DEM)
Table 3 The relationship between the boundary velocity and the pressure drop ( CFD-DEM)

velocity inlet V,, /(m/s) pressure drop AP /Pa

1 1435
6 106
12 268
23 480
34 778
52 680
69 826
91 935
111 232
143 094

O 0 N AN W R WN

—_
(=]

38 o fie /N AR AUA AT LIS B

AP = 139 31 + 205.3V - 95,
R4 CFD /4 FLUENT Z LA BRI B 12328, T
1
2

AP = (“v +C—p] VV]-AH,
(64

(9)

(10)
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Horp AH JE IR B 0 K BIBPE R B, 1o LA R ) R 5L, C 2 AL Bk L
T ZBC B (9) FI(10) , 1T, 1/a = 104 468,C = 1.418.
2.3 CFD &L/ miEs!

B FORIGIUE 2.2 /N AR Z LA H ) RERE S W T CFD ZHLA A AL F CFD
B FLUENT #2537 =4k 22 FL A i) J64 2.2 /N 15 2 (0 Z2 LA 3R Bk B R 350R 1R BE
J1 FZBWE R FLUENT [ 24U AR S 80L d B] 7 o] WL, CFD-DEM A 115 2 FLAv 5 40 0 i &
FIREST, I CFD 24147 BT A X Fl g

velocity V/(m/s) velocity V/(m/s)
-0.997 | -0.74
-0.998 0.5 I—o,g4
-0.999 ~70.94
—-1.02
§ 1.000 § ) i_]los
F-1.06
\ Y
-0.5r N -0.5p b1 5
-1.20
-0.5 0 0.5 l.t)
X/m X/m
(a) CFD ZALA Bikiny (b) CFD-DEM #&
(a) The porous media model of CFD (b) The CFD-DEM model
7 PR 1 m AL Z TG R EM I (V, = 1m/s)
Fig. 7 The comparison of velocity contours for Z = 1m (V;, = 1 m/s)
X inlet 1 ABCE AR RYHUEE AT AT BN R R R SR B R Ik 4 Fis.
R4 DHEIE SR T BI KR (CFD 2L Biia)
Table 4 The relationship between the boundary velocity and the pressure drop (the CFD porous media model )
velocity inlet V,, /(m/s) pressure drop AP /Pa difference from CFD-DEM & /%

1 1 560 8.7

2 6 000 1.7

3 13 165 7.3

4 23 129 1.5

5 35 880 3.2

6 51 420 2.4

7 69 748 0.1

8 90 862 1.2

9 114 766 3.2

10 141 456 1.1

M2 4 AL R T CFD-DEM 42481 Z LA B 2B I, CFD Z LA iRl 5
CFD-DEM FJ3H5 25 AR ZETE 10% AN,

5 51 T 3.0 GHz CPU/4 B AL A FHHE ) B B2 9481t , 7T W CFD-DEM fyit
R TE I TAESE CFD WA A% J5 3 1 LB-DEM , {H 25 CFD ZFLA BRI AL L, 38 J& BEAIL
R Hk, 76 TR, o LG CFD-DEM 72358/ I 8l X 3k 3545 22 FL A i Bl v BHL T &
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BORMEERE 1 28, SR JG N CFD Z LA R R 1350 0 R (1) 3 8 [X 3k
x5 IHEFERIX L

Table 5 Comparison of computation performances

method problem scale time consumption
CFD mesh 100 spheres 72 h
LB-DEM 1 000 spheres 24 h
CFD-DEM 1 000 spheres 2h
CFD porous media model 200 000 mesh cells 10 min
3 4% ik

ARSI A EFF K =4 CFD-DEM #%:, 454 Voronoi Z iR BT, fif v T 14 % CFD-
DEM Hokg 52 M BT FL B % 1 DR, AR b A1 1 37 1R A 100 3 B0 B8 R 3380 L
Rz 25 24U BUi A8 45 R £ W CFD-DEM HAG %11 £ LA J5 40 VL7 37 14 T BE.
WSR2, AT AT, IRAS Z AL R B B ) R BCRBEVERE D A28, IR T CFD £
LA AR AT 38 o X PRI i B R aEA X B, R B CFD-DEM #8471 CFD £ L4y
JEAR AP AL AR A BE ) 2R, X TR TRE | 3B U B i o 3 R PR S0k E RS 1 2 LA
A ARG T AR R FH A (AL
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Numerical Simulation of Flow Fields in Porous
Media Based on the 3D CFD-DEM

REN Shi-lei', HAN Fei-peng’, XIE Bin*, HUANG Bo’, HAO Peng-fei’
(1. Institute of Nuclear and New Energy Technology, Tsinghua University,
Beijing 100084, P.R.China;

2. Engineering Institute of Xingiang Oilfield, PetroChina Co. Ltd. ,
Karamay , Xingiang 834000, P.R.China;

3. School of Aerospace Engineering, Tsinghua University,

Beijing 100084, P.R.China)

Abstract: In numerical simulation the microscopic flow in porous media was combined with
the macroscopic porous media model based on the Darcy law. The 3D CFD-DEM was applied to
the microstructure of porous media to figure out the inertial resistance and the viscous resist-
ance. Then, the resistances obtained with the CFD-DEM were introduced in the porous media
model based on the Darcy law. The Voronoi polyhedron was used in mesh generation, so the
porosity of each mesh cell was calculated precisely. In this way, larger-scale fluid fields in por-
ous media can be computed efficiently. For engineering applications, the proposed method bal-
ances between accuracy and efficiency of multi-scale methods, effectively saving the experi-

ment cost and improving the computation reliability.

Key words: porous medium; Darcy law; DEM; numerical simulation; multi-scale
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