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Abstract: Venturi scrubbers are widely applied in gas adsorption and - —
industrial dedusting fields as they have advantages of simple structure, high
efficiency and convenient operation. Nowadays, computational fluid o
dynamics (CFD) method has become a more efficient and useful tool to §
explore the gas liquid flow characteristics and mass transfer process in g: \P/
Venturi scrubbers as the development of computing ability. Based on the g
process of hydrogen sulfide gas absorption by sodium hydroxide solution in %
a self-priming Venturi scrubber, the injection ability, mixing degree as well ;

S

suonnqLsIp prmby erpex

as scrubbing efficiency at different operation conditions were studied by | |
using the two fluid models, the RNG k—¢ turbulent model and the species T
transport model in CFD method. The accuracy of simulated injection flow o I _____ o

rates were verified by the experimental data. The simulation results showed !
that, with increase of gas velocity, the injection flow rate increased, but the
homogeneity of radial liquid dispersion in the diffuser became worse. The

liquid phase was inclined to flow near the wall, which did not benefit for the

NaOH
solution W

NaOH

hydrogen sulfide absorption process. With the increase of the distance above o
solutnon

J

the throat, the velocities of gas and liquid decreased, resulting in more

uniform radial liquid dispersion. In the hydrogen sulfide absorption process,
the interphase chemical reaction mainly occurred in one fifth of the diffuser A H,Sgas

above the throat. In this area, the interphase chemical reaction rate increased and then decreased with the increasing
distance above the throat. Therefore, the highest chemical reaction rate did not occur at the throat, but at nearly 5% of
the diffuser above the throat. As the gas velocity increased, the interphase chemical reaction rate and scrubbing
efficiency became higher, while the hydrogen sulfide concentration and scrubbing time decreased. The research
findings provided the basis for the optimization of structure parameters and operation conditions in self-priming
Venturi scrubbers.
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Table 1

Chemical reaction parameters setup

Arrhenius rate

Equation of Chemical reaction

Chemical reaction Pre-exponential Activation Temperature
rate/[mol/(L-s)] 3
factor/[m’/(kmol-s)] energy/[J/(kg-mol)] exponent
H2S+NaOH=NaHS+HzO V=k1 CH;SCN::OH 27><109 0 1
NaHS+NaOH=Na,S+H,0 r=ky Cxatis CNaoH 1x10'° 0 1
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Table 2 Boundary conditions and initial conditions

Parameter Value
782.5 Pa (7.5 m/s)
1853.52 Pa (11.25 m/s)
3253.2 Pa (15 m/s)
4074 Pa (16.87 m/s)
4895.2 Pa (18.75 m/s)

Boundary condition Gas pressure inlet

Liquid pressure inlet 1862 Pa

Pressure outlet 0 Pa
Initial condition H,S concentration 0.2vol%

Concentration
4wt?
of NaOH solution wito
Dist: bet 1

istance between water 0.19m

surface and liquid inlet
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Table 3 Numerical simulation parameters

Parameter Value

Restitution coefficient 0.9

between solid particle

0.3 for pressure, 0.2 for momentum, 0.2 for
volume fraction and turbulent kinetic energy

Under relaxation factor

Time step size/s 0.001
Max number of iterations 30
per time step

Convergence criteria 0.001
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Fig.6 Contours of liquid volume fraction distributions in central cross-section of the Venturi scrubber under different gas velocities



108 ORI R

7 I 318 %

0.6

0.2

Injection flow rate/(kg/s)

o0 ™

Gas velocity/(m/s)

B 7 AFESET 51 R EUE S SR E X E
Fig.7 Comparison of simulation results and experimental data
of injection flow rate in the Venturi scrubber
under different gas velocities

0.012

0.010

U/(ms)
—75 Vs
----11.25 A

0.008 |-
0.006

0.004

Liquid volume fraction

0.002

0000 L1 v 10w
-10 -08 -0.6 -04 -02 00 02 04 06 08 10

r/R

0.012

U J(ms)
—75
—--- 1125

0.010

0.008

0.006

0.004

Liquid volume fraction

0.002

0000 L1 v 101w
-1.0 -08 -0.6 -04 -02 00 02 04 06 08 10

r/R

S LR AR R B A AR A ) 2 S PR e
RMEBEARFEW, e ST KRB
AU R, JE B R = Y H=0.1, 0.2, 0.3 11 0.4 m
AR TR KPR, 0 AT AN TR VR AR AR 43 HA%: 17) 9341 45
Rl 8 Arux. B RTA,  RARAARAR 2 HE S KT
BOK, BRI ARSI B AR 2, SEEE 15 m/s
Ja, FHISVEARAR /N, PR MRS EE B3N, AR AR
BRI AT AR A A), R RLE T AGEE N, KB
HRR AR I BE AR IR ) AR o AR (R B 33K, YR AR B A 1) B
I K BOABERZ). PRk, BN EAAER, AR
RS, WA I 2 B 5.

0.012
(b)) =0.2m U /(m/s)
o 0010 - ¢ 75
g i 1125
§ 0.008 '
g
3 0.006 |- T
o N
> L
o
H 0.004
2 |
0.002 |
0_000\\\\\\\\\\\\\\\\\\\
-1.0 -0.8 0.6 —04 —02 00 02 04 06 08 1.0
/R
0.012
b (d) H=0.4 m
0.010 L Ug/(m/s)
- | 75
2 0.008 L -----11.25
s L e 15
£ |
e 18.75
g 0.006 -
] L
E} 3
Z 0.004
= |
g
4 0.002 -
0'000\\\\\\\\\\\\\\\\\

-1.0 -0.8 -0.6 -04 -02 00 02 04 06 08 1.0
r/R

B8 AN B AN [R] g B AR AR AR 70 042 1 2 A

Fig.8 Radial liquid volume fraction distributions at different distance above the throat under different gas velocities

42 BIRAXEETERA[RUFE R T

Pl 9 S0 B R A L 1 A H S AUV BE B I AR )
AR AR, FEREIEIN, AR RS T SO Bk AR
AP35 HoS WREEEWED. T #EE HoS AR
E, URTTEIGIN, BRI HoS SR, T Ak
H,S WL BE T AU/, 2RI R B U KT

K. AN 1125 m/s I, HoS MR EEREIE AR ZE ik
FRME, AHETHE 15 m/s JEIZIBRIER, JRE R
AR I VRS 51 S 2 i e ) 2 fk b QA A (ST 3 vt
MEPZIR), 15BN, HS kR 0EH
NaOH BRI, K7y I Dk, 2 1B HoS
AR R IR



AR

W5 S B e 2 A A S AR SO R ¥ CFD A5 109

0.0020
U /(mls)
— 1125
0.0015 - e 15
------- 18.75

0.0010 -

0.0005 -

Mass fraction of H,S at outlet

0.0000 - A e ) 0 A A TP

T H R N
0 50000 100000 150000 200000 250000 300000

Tteration
9 CIT HPRERA H FIAL HoS IR BEIE AR AR AL
Fig.9 H2S mass fraction at the outlet across iterations under
different gas velocities

Chemical reaction rate
/[kmol/(m*-s)]

1.00e+00
9.50e-01
9.00e-01
| 8.50e-01
8.00e-01
7.50e-01
7.00e-01
6.50e-01
6.00e-01
5.50e-01
5.00e-01
F 4.50e-01
4.00-01
3.50e-01
3.00e-01
2.50e-01
2.00e-01
1.50e-01
1.00e-01
5.00e-02 N P

e 22
0.00e#00 Ug=11.25m/s Ug=15m/s Ug=18.75 m/s

10 AN[RIAUE T S I Bk A% B L 27 S L s 22
Fig.10 Gas-liquid chemical reaction rate distributions in the
Venturi scrubber under different gas velocities

4 % B

KH CFD J5iFxt F WS b B e 48 PO ISR
SR PE SRRSO RE A TR T, AR EIDUR &

(1) H 7.5~18.75 m/s T B M0 e B 1) 5]
SRR AT S RGO, AN T 11.25 mys)i 5] o
R BE R 2 bk sh AL,

(2) F KRB HARATR o Eaz ) o A 3 S 5 A0E
SRR, SRR SRR R

(3) A A1 2 Je B 32 BEAE v T M0 ZR M by
T RBARE 1/5 X3RN, o v T 26 i P gk 0 2 2 384 o o
TG K.

10 93 Fr BLPe 5 4 P U T 4k 27 S B d 2R 7
Az B, A S B T B rp S A M A _E 5 KB
& 1/5 T A, LSO TR B Mk e 4 e T v
BEAR.  ER T P K e, TUARAR A AN K 5T
W S AT Ao S NI A I F AN . R MR B A,
BN, ARAR R 7 ATIEET I 5], R AR R AL
i, AL RNGE RGN, SRR K E R E R
RN, HoS SRIREERE(R, NaOH IR B PR,
P S N RN T R AR R S T R
Ko TR TR NG BE R BN 3 B I [R]— 48 i _E 300 B ) < igUAr 18]
2 R SR B T L XL ARTE 10 H e
SR A AL R R, HoS IR EAEY K B PAY i B e
FRERES G ANIZ A, A 11 .

H,S mass fraction

3.00e-03
l 2.85e-03
2.70e-03

2.55¢-03
2.40e-03
2.25¢-03
2.10e-03
1.95¢-03
1.80e-03
1.65e-03
- 1.50e-03
1.35¢-03
1.20e-03
1.05e-03
9.00e-04
7.50e-04
6.00e-04
4.50e-04
3.00e-04
1.50e-04
0.00e+00

U=1125m/s U=15m/s U=18.75 m/s

B11 SRR S B4 N HaS WRFE 0 A
Fig.11 HaS mass fraction distribution in the Venturi scrubber
under different gas velocities

(4) ok, A IR R BT TR A 7 s B
i, AR HoS IR, el el

SE 3k

[1] Rudnick S N, Koehler J, Martin K P, et al. Particle collection
efficiency in a Venturi scrubber: comparison of experiments with
theory [J]. Environmental Science & Technology, 1986, 20(3):
237-242.

[21 AR, #bo, B, S BT YRS T SR
KILFEm R [J]. LR, 2015, 66(1): 99-104.
Zhou Y M, Sun Z N, Gu H F, et al. Injection performance and
influencing factors in self-priming Venturi scrubber [J]. CIESC
Journal, 2015, 66(1): 99-104.

[31 EH, b, wigE, S5 B REOCE BUK RS B R s
WREFL [J]. BT ReRFEHEIR, 2012, 46(11): 1353-1356.



110

o TR ¥

i

18 %

[4]

(3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

Wang M, Sun Z N, Gu H F, et al. Experimental study of pressure
drop characteristics of Venturi scrubber working at self-priming
mode [J]. Atomic Energy Science and Technology, 2012, 46(11):
1353-1356.

BARYE, #lehs, s, 5. RS L AR
A [J]. KRR, 2004, 37(10): 863-867.

Duan Z Y, Hu J B, Zong R K, et al. Prediction model for pressure
drop in Venturi scrubbers [J]. Journal of Tianjin University, 2004,
37(10): 863-867.

BURIE, kMg, skM. SCh BBt Mm s U1 A
AL LB, 2008, 37(1): 24-27.

Duan Z Y, Zhang J M, Zhang W X. Experimental investigation on
the desulfurization characteristics of Venturi scrubbers [J].
Petro-chemical Equipment, 2008, 37(1): 24-27.

JFER, b, g, 55 B MRS BUKEE & 51 SR
BESE [J]. R TR BOR, 2015, 49(6): 1075-1079.

Zhou Y M, Sun Z N, Gu H F, et al. Research on injection
characteristics of Venturi scrubber worked in self-priming mode [J].
Atomic Energy Science and Technology, 2015, 49(6): 1075-1079.
Zhou Y M, Sun Z N, Gu H F, et al. Structure design on improving
injection performance for Venturi scrubber working in self-priming
mode [J]. Progress in Nuclear Energy, 2015, 80: 7-16.

Zhou Y M, Sun Z N, Gu H F, et al. Experimental research on
aerosols collection performance of self-priming Venturi scrubber in
FCVS [J]. Progress in Nuclear Energy, 2015, 85: 771-777.

TR SR BB IEEREHE AT [D]. PARIE: FARIE TR
K2, 2012: 25-38.

Wang M. Research on filtering characteristics of the Venturi
scrubber [D]. Harbin: Harbin Engineering University, 2012: 25-38.
Gulhane N P, Landge A D, Shukla D S, et al. Experimental study of
iodine removal efficiency in self-priming Venturi scrubber [J].
Annals of Nuclear Energy, 2015, 78: 152—159.

Mayinger F, Lehner M. Operating results and aerosol deposition of
a Venturi of a scrubber in self-priming operation [J]. Chemical
Engineering and Processing: Process Intensification, 1995, 34:
283-288.

Horiguchi N, Yoshida H, Abe Y. Numerical simulation of two-phase
flow behavior in Venturi scrubber by interface tracking method [J].

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Nuclear Engineering and Design, 2016, 210: 580-586.

Mohebbi A, Taheri M, Fathikaljahi J, et al. Simulation of an orifice
scrubber performance based on Eulerian/Lagrangian method [J].
Journal of Hazardous Materials, 2003, 100(1/3): 13-25.

Majid A, Yan C Q, Sun Z N, et al. CFD simulation of dust particle
removal efficiency of a Venturi scrubber in CFX [J]. Nuclear
Engineering and Design, 2013, 256: 169—-177.

ASLTE . R SC b BLGRVRAS  BUE A P AT [D]. YRS
LB TR, 2016: 34,

Zhu L B. Research on numerical simulation of rectangular section
Venturi scrubber [D]. Huainan: Anhui University of Science and
Technology, 2016: 3—4.

Ahmadvand F, Talaie M R. CFD modeling of droplet dispersion in
a Venturi scrubber [J]. Chemical Engineering Journal, 2010, 160:
423-431.

WHINE, EEP, XK, F. SR BRERES AU
W BAE R SR T (0], 40l TR 23, 2012, 28(21):
186-192.

Chang J F, Dong Y P, Liu Q L, et al. Experimental study and
numerical simulation on flow field of Venturi scrubber purifying
biomass gas [J]. Transactions of the Chinese Society of Agricultural
Engineering, 2012, 28(21): 186-192.

JWIR Y. S SR % AU FA B — BRI B AR [D].
LR ARAEKEE, 2014: 11-18.

Fan X D. Numerical simulation of sodium hydroxide absorbing
carbon dioxide gas in bubble column [D]. Shenyang: Northeastern
University, 2014: 11-18.

M=, s, BA, S5 RIIRIEIR TR CO, A HaS J7ik
SRR (1] B AETR, 2003, 28(1): 64-68.

Yang L H, Liu S Q, Liang J, et al. Study on the method of
absorbing CO, and H,S simultaneously via waste alkali liquor and
the mass transfer model [J]. Journal of China Coal Society, 2003,
28(1): 64-68.

WRBE R, BrAl U AE BT A B R S S BB AN E) 732 [J]. R
SR L, 1983, (1): 50-58.

Chen G L. Reaction mechanism and dynamics of absorption of
hydrogen sulphide in alkaline medium [J]. Natural Gas Industry,
1983, (1): 50-58.



