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Effect of boundary condition and system structure on
gas-solids flow characteristics in riser

ZHOU Xinyu, GAO Jinsen, XU Chunming, LAN Xingying
(State Key Laboratory of Heavy Oil Processing » China University of Petroleum , Beijing 102249, China)

Abstract; A drag model based on energy minimization multi-scale (EMMS) approach was used in the
numerical simulation for fast fluidized bed (FFB) containing Geldart A particles. The Johnson and Jackson
boundary conditions (BCs) were used for solids phase. The experimental conditions of Li and Kwauk were
adopted in the simulation and two inlet BCs were used to evaluate its impact on the predicted gas-solids
two-phase flow characteristics in term of axial voidage profile, outlet solids flux and solids holdup. Axial
voidage profile was also investigated with different bed diameters and outlet constraints. It was found that
it needed less simulation time, and could diminish the cost of simulation for cycle inlet BC than velocity
inlet BC. Increasing bed diameter could result in weakened wall influence, and decrease in bed density and
heterogeneity of axial profile. The enhancement of outlet constraint could lead to an increase in bed

density.
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Fig. 1 Schematic diagram of simulation system
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IEIZEF‘FFJ G T B A S 2 RSP 2 [ 5 e R 5 H

L, —Jﬂﬂ—t(7) k /ﬂ\:':':" o= x1s Yo = 03
x,=x,1s ya—H %% Bt 1) 25 B R A 2K
%%@ﬁ%ﬂﬁﬂmW%ﬁﬁﬁ%ﬁﬁﬁﬁﬂéf
G R T L e W 7 ) B i S £ R S R S P TG T
SR PR 1 5 3 2 A B 2 A1 PR 25 4 R
e 57 R 2 g UM A s UKL AR R O 2R A H 5 5
I o SRR 8 9 AR A 2 AR 25 D B A . L. AR

SCFHE T R ORI S 6 T I 0 R TH A N R
& 37t Bl M A S2
A=ecH= 2[ iiiiﬁ}%fwn %

&l 3 Fen 1 BURLAE A 145 4 X I 2l i) 2 i R
Sy AR . R  S I s HEAT T O . A3
AL DL, BERVEE B AN ORLAR A S8R B Rl ) 2
B R o0 A Y R LA S B ST A A . 24 Uk A R
HEEA D7 e 5IEAE e, THRE R )
A AR o T S 0 T D) W R /DS o > ORE A SR
PEAA B J7 20, RO SSE AR b, I RE T M) &
L@ SR SR 11 VA N o191 2 € 7y N Y G (R = N U EA
FW], IR R SORLAR A 45 1T #B 8 % 5 HE 1
b TTOI PR PN JEC S A . TRES S A AH L R O 2o i
FH AR

4 2R T URLAT A 10 4% 1 ot R 1k J3E 4 PR Ib%
I A 2 20 A B S . TR 4 Ca) Sy BURLAR A N 5
JEE N T B 1 4 R URE VR 2 R s RN B 3 4 A, 1B 4
(b) S RURLAR A A 6 B AT B 1 4 PR J00RE Ve J3E
Wbt AT 2 20 A . B R 4 W 0L, BERROA O U g



%5 W JART T RSN GE Rt 5 T P R 2 T R « 1401 -
10.5 Usa/Mes! 105
@  experiment 10.00
- - - - velocity inlet
velocity 1nle 200 i
cycle inlet
s4r 6.00
75
4.00
L 2.00 6.0+
6.3 %
=
£ ol 3
= 45
H -2.00
421
—4.00 3.0+
—6.00
.
! 1.5+
2.1 X ~8.00
°
~10.00 ok
. (a) velocity (b) cycle
inlet inlet
0 |
0.7 08 1.0 B5 URCH A I 4 (1 08 i 1) ke g
voidage .
g S BRI 4316 1 B

P 3 JBURLAR A T 25 {2 o) ) 45 il 1) 225 B 46 43 A1 119 52 il

Es

0.350

0.315

0.280

0.245

0.210

0.175

0.140

0.105

0.070

0.035

Fig. 3 Effect of solids inlet condition on

time-averaged axial voidage profile

height/m

P4 JURLAR A T 460 T JORL IR J3E 4 PR 9% I

Fig. 4 Effect of solids inlet condition on

instantaneous and time-averaged profiles

10.5 1

7.5 - P

6.0 —

height/m

45 |4

30—

(a) velocity inlet

TS 249 3 413 1) 5 )

of solids concentration

0.5

9.0

7.5

6.0

45

3.0

1.5

0

Fig. 5 Effect of solids inlet condition on time-averaged

profiles of solids axial velocity

TH WA SRR N 2 ROBE K 208 25 70 A i AR 2 5] 454
3 AL FE IO 9 R AR A o RS 1
AR AN AR D 5 B 2 JURE Ve D 55 B Ay 340 BE Y ey
B AR AS . 5 45 8 7 WA UKL A A B 5% 1
T RSURL 1) B BE A 4 DR B 38 43 A il ) 3RS Oy O
T 3N Al 1 ) I A [ 1 A ) R A
3. mES AT, 7R R ol XOBEUBURE S ) R
Bl A BE T DX BOBURL 16 N s, AT U
FBLAE R NG R s, B 4 I 5 it A g ik
BY. ST N AT R B A AR A5 R 2 B B Ry
“HAZT T A .

L6 43 51 o PR RN BURLAR A 1 25 10 4 R [ 5 32
A FSURL G 24 BRI R A2 . L 6 AT, Y
UL AR SR TR B2 T 1 73U, A R[5 B 5T
BF ] 3G i A TG i 3H5 18 min J5. &
PARIURE 9 i et B AS R B RS AR A, LI 4 AR T 5%
ok 0.1185, RFSLIGMH 0.0947, 4 Ok AH >R A
TEIAE 2T, E ORI 2R o BE T 58 B ] 7
BRMAW N T8RS s J5. $RTHE 0BG
i SR PR AR RS . L O ORI A
H12.67 kg e m™? « s, NFELEH 14.3 kg »
mC s BUETTR A SRR, BURLIE P A D



o 1402 & T Eiid % 63 %
0.15 10.5
Hou=0.07m
=% £=0.1185 L
S 0.09r 84 D/m:
[=}
< - - - - 0.045
=
g 006F 0.090
—-—10.186
6.3
0.03F =
=
=
.20
. . . 2
0 24 36 48 60
time/min 421
(a) velocity inlet
120
T 96F 21rF
g
on
&< 72K
%
=
o 0
5 48 0.7 1.0
S voidage
3 G=12.67kg.m 2.5 . ) .
T 24 BT RJZ B AR KT I 389 %l 1w 2 B0 38 43 A1 14 5 )
Af[\ﬂ\,\[\\//\«\,f/\/\/']\[/\zd\/\/v’\.,l\’\ﬁ\“/\/ Fig. 7 Effect of bed diameter on time-averaged
0 10 20 30 20 30 axial voidage profile

time/s
(b) cycle inlet

&6 4 PR [ 3R Y 1040 2 5 B ] 1 A2 4k
Fig. 6 Solids holdup and outlet solids flux with time

T3 ZUARRT T3 B2 A 111 77 2R A5 AR IO B b 4 JL 1155
10 51 2 i R 1
3.2 KEEZRMHORSTHEmME

B 7 Fm T IRIZE BLAR X I X8 A 1) 45 B R A0 A 1Y
e, PURLAHA DX 1) Frs. mE 7 A
W TERMAHEAPORAE IR 505 1.52 m« s !
M14.3 kgem * s "WERAERMT. YKEZER
HD=0.045 m K E D=0.090 m I}, SIHH
B s AR AL P A 8 m A TR R 4 m
Ab. HIKZHRGEHKZE D=0. 186 m B,
Wi R AL SRR B NHLE, 2K
B RS, K8 EaRMmMIK)ZEHTEA
[7) IR 1o A ) B 387 JURE A il 1) R 9 A AN 1 AR ) Ay
fii, Bl 1Ca) i ALY 1 i Ely r/R=1,
Tia) 3 B Sy IF (B R 7R UKL ] L sl . il e R O T
FONORL ] S . B 8 AT UL, 7R IR H L DX 8
A 1 ) P 1 2 1T RS T Yy ) B ) RN
T B BUBURLZE IR N B FR i 8l . K2 B i D=

0.090 m 3 K2 D=0.18 m I, H=2 m Fl
H=7 m4b %  FSURL ) R 930 /Y s 49 13 [
S AlH 0.65~1.0 F1 0. 75~1.0 45/NZE 0.8~1.0
MO0.8~1.0, B EITHEEE KLY, KEH K,
FECGHRERCV I . MR 2 5 BE A, i) o A
) AN 341 5] PR 555 o

B9 FEk 143l 3on 1 1 RS R g 245 % ) =3
Wit 238 7 A7 R T A TO0 0 8 1A g JURE S R Y 5 )
HE 9 fER 1 ara, TS A RS He H
0.07 m Jf/NZE 0. 035 m B, PR JZ T00 58§00 A vk & I
SPGB SA ORL R R O . AR,
RLARA 7 0 1) Frs, A R ASURL R B
DUAE . Y4 11 350k 2 A 11 25 0 A0k 3
FHAFER . BUA R IR BRIk . Horb, f 1B0RE
g W, SR MOR% B oo WURLAHVR BE e 5 1 A0URE
P B EE e, A RS Ho 1 R G 7] 20 (8)
E- YN

W. = e.ptten Hon )

X8 mIH, X TE A UL E &,
BN R AN G S L 5 e O S M LN 2
A 3 DX 353 UL Ve 0 S FEE 1 W AR R DT e
LA R R AE



95 JUR T ARG Al RO X 5 A8 P Bl R T R R + 1403 -
10 10.5
D/m: _
“ ——0.09 H=10.5m
£ D=0.045m
B
§ 8.4 Hom/m:
L
> ’
< 0.07
2
5 —-—0.035
Q.
=
5 6.3
£
=10 1 1 | £
-1.0 -0.5 0 0.5 1.0 g
r/R
(a) H=2m 40k
10
D/m
o ——0.090
= SP—-—0.186
S ) 2.1
> .
S
2
2 0
]
e
E, 0 | |
g sl 07 0.8 0.9 1.0
é voidage
-10 | ! ! B9t E RS X e 347 il o) 23 B 23 43 A 1 5 M)
1o -0 0 05 1.0 Fig. 9 Effect of outlet constraint on time-averaged
"R axial voide fil
(b) H=7Tm axial voidage profile

8 JRJZ B AR XA [ T L A 347 %
T UL 2 B 73 A1 9 5
Fig. 8 Effect of bed diameter on time-averaged axial

particle velocity profile at two cross sections

F 1 HORSEXR - 10 AR B A 24 5 AR B A R
Table 1 Effect of outlet constraint on time-averaged

particle velocity profile

1

H/m How/m Time-averaged particle velocity/m « s

9. 00 0.07 1.37
0. 035 1.83
9.25 0.07 1. 31
0. 035 1. 74
9. 50 0.07 1.23
0. 035 1. 65
9.75 0.07 1. 22
0. 035 1. 56
10. 00 0.07 1.25
0. 035 1.45
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