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One-dimensional Numerical Modeling of Wet Flue Gas Desulfurization Process
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ABSTRACT: Theoretical model of absorption process inner a
spray tower is important for design optimization of limestone-
gypsum wet flue gas desulphurization (FGD) system. The
variations of materials’ concentration in the absorption zone are
simplified to be one dimensional. The computation space is
discretized into control volumes. Based on the discretization,
and employing control volume equations of material and
chemical reaction equilibrium, a numerical calculation model is
established. An example computation of the spray tower of a
domestic 200 MW class unit’s wet FGD system is introduced.
The results show that this numerical model is helpful for design
optimization and system simulation.
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Fig. 1 One dimension discretization of the rain zone
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Fig. 2 Vertical concentration variation of different components in gas and droplets
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Fig. 3 Relationship between tower height and SO, efficiency

=it

AR SO W A s AR B I B REAT
TG, R BT Z T o A 2 S R 47 il
BRUTRE, AL T WIS ERE T SRR, R
FSE B AR TR H B Es Re AT 2 80847 15
THELEERRN], A v SRS, A B R A
S VB R R AR S BN, R SR
TWEMEE K TR w2 R R0 AN tiE
G T RGIH.

5



%14 1 TRIGEARSE: YRR I — 4 T R 19

Sk [9] 2k, Tik, 2. B URGIVHIS PRI RN ). FREE
THIGPIEOR 5 ¥4, 2004, 5(10): 89-91.

[1] B, e, s, O0 BB mEikss SO SO AL L[] R Li Yintang, Yu Tao, LiJun. Residence time of droplets in a spray

[2

3]

4]

[5]

(6]

[]

8l

Ui ARG, 2006, 22(4): 4-6

Chen Hongwei, Niu Zhiguo, Gao Jiangiang. Study on real-time
simulation model of spray scrubber[J]. Power System Engineering,
2006, 22(4): 4-6(in Chinese).
FRoE, SAFc, WH, & AKA-A BRI UG R A
W], #EESh I TRE, 2007, 22(2): 216-220.

Du Qian, Ma Chunyuan, Dong Yong, etal. Experimental study of
limestone/gypsum based wet process flue gas desulfuration
[J]. Journal of Engineering for Thermal Energy & Power, 2007,
22(2): 216-220(in Chinese).

Wit AURATUER AR S S ) J) 22 AR SR A [0]. TR
WAl 5HF5¢, 2006, 120(12): 25-28.

Yang Yunhua. Dynamic mathematic model and it’s solution of
limestone WFGD reaction[J]. Engineering Design and Research,
2006, 120(12): 25-28(in Chinese).
B B, AL S MU TR B T A AR R R 25 o
JERE BRI, PP TRE2R, 2004, 24(8): 215-218.
Zhao Yi, Hua Wei, Wang Xiaoming, et al. Numerical simulation of
pressure drop at a vane type mist eliminator in wet FGD system
[J]. Proceedings of the CSEE, 2004, 24(8): 215-218 (in Chinese).
Brogren C, Karlsson H T. Modeling the absorption of SO, in a spray
scrubber using the penetration theory[J]. Chemical Engineering
Science, 1997, 52(18): 3085-3099.

Akbar M K, Ghiaasiaan S M. Modeling the gas absorption in a spray
scrubber with dissolving reactive particles[J]. Chemical Engineering
Science, 2004, 59(5): 967-976.

Soren Kiil, Helle Nygaard, JohnssonJ E. Simulation studies of the
influence of HCI absorption on the performance of a wet flue gas
desulphurisation pilot plant[J]. Chemical Engineering Science, 2002,
57(3): 347-354.

R, RS, BTPRM, A. Js UM B BIBER T P B BoE
BAURFAI]. HEE5 QBB AR 554, 2005, 6(5): 16-20.
Zhao Zhe, Tian Hezhong, A Qingxing, etal. Numerical simulation
of wet flue gas desulfurization spray tower[J]. Techniques and
Equipment for Environmental Pollution Control, 2005, 6(5): 16-20(in
Chinese).

scrubber for FGD[J]. Techniques and Equipment for Environmental
Pollution Control, 2004, 5(10): 89-91(in Chinese).

[10] Sander R. Compilation of henry's law constants for inorganic and

organic species of potential importance in environmental chemistry
(version 3)[M/OL]. Mainz: Max-Planck Institute of Chemistry,
1999. http: /Awww. henrys-law.org.

[11] Mondal M K. Experimental determination of dissociation constant,

[12]

[13]

[14]

[15]

[16]

Henry’s constant, heat of reactions, SO, absorbed and gas bubble-
liquid interfacial area for dilute sulphur dioxide absorption into
water[J]. Fluid Phase Equilibria, 2007, 253(2): 98-107.

B A RAT G AR PR RORT e ok PR M e T R R BT
[D]. MM WK%, 2006.

Wang Jun. Research on limestone activity & flow field and
desulphurization characteristics of liquid column impinging tower
[D]. Hangzhou: Zhejiang University, 2006(in Chinese).

FRATE, FICTK, ZEEE. FEF TR T SO 15 Ol I R 1
— S NRERI[]. A LAR, 2001, 52(11): 1021-1025.

Zhang Xinya, Wu Yuanxin, Li Dinghuo. Model of simultaneous
absorption of sulfur dioxide and oxygen in aqueous solution
containing mn®* in rotating packed bed[J]. Journal of Chemical
Industry and Engineering, 2001, 52(11): 1021-1025(in Chinese).

Baehr H D, Stephan K. Heat and mass transfer, Second, revised
edition[M]. Berlin: Springer, 2006.

Perry RH, Green D W, Maloney J O. Perry’s chemical engineers’
handbook, 7th edition[M]. NY: MeGraw-Hill, 1999.

Desch W, Horn K, Propst G. Computation of equilibrium in models
of flue gas washer plants[J]. Computers and Chemical Engineering,

2006, 30(6-7): 1169-1177.

YrFs HER: 2007-12-20.
TEEE N

HKIBEAR(1969—), Y, T+, mldaR, EENFRNRGIRYIE

ATVPAS S LG PROR LA B 3t B 5 384T 75 2 M I 45 7 T PO 90 R LA,
zxd@ncepu.edu.cn.

(RfEHE F£3)



