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Abstract: In order to reveal the laws of heat and mass transfer of competitive adsorption of CO,
and H,O in the adsorption layers of vertical radial flow adsorber, based on the existing
experimental data of CO, and H,0O adsorption of alumina and molecular sieve, CFD
(Computational Fluid Dynamics) technology is used to study the binary adsorption process of CO,
and H,O in the adsorption layers. A mathematical model of heat and mass transfer of competitive
adsorption of CO, and H,O in the adsorption layer is established, the relationship between flow
uniformity and adsorption performance is analyzed, and the adsorption performance of four types
of adsorbers is compared. The results show that the flow uniformity in the adsorption process is a
parameter reflecting the flow field distribution in the adsorbers, which has a similar change law
with the adsorption performance and can be used to reflect the adsorbent utilization rate and

adsorption performance of vertical radial flow adsorbers. The CO, and H, O penetration regions of
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centripetal Z-type are different, while those of the other three structures are the same. The CO,

penetration region and main adsorption region of centripetal n-type are the adsorption layer near

the inlet side, and those of the other three structures are the adsorption layer opposite to the inlet

side. In terms of the adsorber performance, the centrifugal =-type has the best performance, the

pressure drop is 12. 0% lower than that of centripetal Z-type, and the adsorption time is 2. 34

times that of centripetal Z-type. The research results provide a theoretical reference for the

selection and design of vertical radial flow adsorber.

Keywords: vertical radial flow adsorber; heat and mass transfer; adsorption performance; flow

uniformity; numerical simulation
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Fig. 1 Model structures of vertical radial flow adsorber
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Table 1 Structural parameters of vertical radial flow

adsorber
ZH Iia] > . B BT B
Hh5EEHAE Do /m 0. 840 0. 840
iR 1 42 Dy /m 0. 760 0. 760
KR 2 H4#E D, /m 0. 680 0.434
WM 3 H4& D;/m 0.270 0.270
AN HE%# D, /m 0. 200 0. 200
W Bt R K L/m 1. 600 1. 600
Pite 1 KEE Ly /m 0.261 0. 261
Pt 2 KEE L, /m 0.224 0.224
Pit 3 KB Ly /m 0. 204 0. 204

i, I LR B ARy o L AS B T 32 A8 Ak 5 ) [ ol iz
2 B SEURL AT L W BRI 0RE B AR RN FLBR R AR A, 3
T UL AR, W B2 P AR A% 0T 0 R 1 A% 5 3 6
T T IAE R 453 7 R i) SR FH e 1k 3K B 55 A (LDF) Al
P D-A BRI

LDF & 54
aqi _ x
2 = ki (g q:) (D
5 D-A B
- N & m
V—Voexp|: (Kln P ) ] (2)

PLEFR g R i 405 10 W B i, mol/kgs ¢ ki
] o3k A% T 2R 50, 55 W B 70 I 82 A A i 28
AR T2 B R RS s g7 AT 15010
S 2 B mol/ kg s VR W B A SRR R, m? kg5
Vo Sk W B 5500 383 02 A 1) e R AR AR B m® kg s pa
RWHE F1, Pas p K50 FE 7, Pas K Rlm RS2 56 40l
B B0 5 B R SO R B AR A
i T S W
Wewod) 4 g (eppuy ) —

at
V(S()‘O{Dm,[vY,):_Sm,, (3)
d
S = (1 —ep. M, 2L 4

at
SNINI: S R e

KD 4G+ o) = 5, (5)

S, = Z;S (6)

X eg IALBAR o0 R EE kg/m* Y, A4
Jt o3 8 u A . m/s5 D ALY @RS K

http: // zkxb. xjtu. edu. cn

ZE.m® /s S, M 4y BRI, kg/ (m® . $) 50 bl
u&l}ﬁﬁu%ﬁigakg/ms;M,‘ ﬁiﬁﬁ@efﬁﬁﬁi,kg/mol,
Sm y‘jl%‘\ﬁ@ﬁ‘iﬁlﬁ 7kg/(n'1g . S)o

B Jr
d
Q(SZL)Jr(pfu cVu) =—Vp+Vrtopg+S$
(D
kJi R

o) + V- (o) = v[(#ﬂ:—;)w}

Gy + Gy —pre — Yu + Si (3
e TR
d !
a(p[e)Jr Voo (preu) = V[(#+i)v€}+

Cie 3G+ G —Cupe -+ S (9)

Khee AN Jy5k e, Pa; S gl & PR 001, kg/(m” -
s ) sk MTRBENRE L T s e M e 0 B A 45 E B RN i O
FBEPa s sso Moo, 430010 B R e B It 0 B 47
B Gy NP RS SR 0 im i s BE s G, RTE )
77 W BN B s e i Bl REFE R s Y R AT R 4
it Vi T % i R SRR IR B TTRR s S S, 43R R
e WIRIT; C (Coo F1 Co W 8. R Z AL g
RUE] Al A PR BN 2 N B . X T SRR A 1 0 B
2.8 g RIS Rk Ul

S =— (#%TL%CI{O[ \u\u) (10)

KXfia NBER.m*;C ABEE R .m ', «
C MamAX""h

23
p€o

= ——"Q 11
a 150(1*8())2 ( )
< 3.5(1_5())
C, =——7— (12
1 d,e )

o ed, MR R BURE BLAS . e X T AR B A 3 B
TR RN

1
S =— <?C2‘0{ | u | u) (13)
C, & A=h
C2:=—f%f%£%§ll (14)

Ko AR 0 A MARIZEE . m; C &8

B, 5 HWE Re AAREFLIZLL 6/D A% (6/D>1.6

H Re>>4 0008}, C B 0. 98, HAhE HLHL 0. 62)
At TN

S leoprEr+ (1 —ep.E ]+ VuteprE + p] =




20 W% & @ Ok ¥ ¥ R %56 %
Ve [AVT+ (m)]+S.; (15) H,O fil CO,, = H MR kR 99.76% =

0.20%:0. 04 % . R 4 X Fx 5 2Qak 4746 A g 2t
K Fluent 5 H Iy 09 SR fife #5% T It A5 ) 34 56 A 14
K E SRR EAR MR ]/ kg E. NEREH W ke LAY SR FH b o BE THT bR A5 Ak B ST RE T AR 4 3 B
REHE.J/kgsd. WIREABEMAL. W/ (m « K); T g5 B 1 R A 20 R B 5 28 ALk R B A T i
U BE VK AH, S AR R, T /mol, SRR B ih B, B AR B R 0 o UDF i

W B J2 AR A AR B S5 R R e RE S Mcin & 2 e BB Fluent Wi 7B s 2000 PRESTOL, #5707
Ne WEBH 82 1T & i 2 000 m*/h, BT K 1A T ORI R o s U = W Bl a2 3
101 325 Pa, AR EH 293 K, B N as K. 1X10°°,

2 SRR A R AR G 45 My A b B A

Table 2 Structural and performance parameters of adsorption layers and grid plate
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Table 4 A comparison of flow nonuniformities
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Fig. 17 Temperature distribution in adsorption process of

969.8 s

centrifugal n-type
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Table 5 A comparison of adsorption performance of four

structures
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