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Abstract The article describes the airflow distribution numetlisamulation process of wet electric precipitator
(WEPS). The numerical simulation used the SIMPLgoathm and turbulence model as the model. The moni
toring section of the airflow distribution is sdtthe 100mm distance from the top plane of the artale bun-
dle. It can analyzed the internal air flowing cdimhi. By means of the reasonable arrangement afegplate
and the circular hole rate of distribution platiee airflow distribution on the monitoring sectioreet the re-
quirements. The results of numerical simulation ganvide suggestions for the design of WESP.
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1. Foreword 2. Numerical Simulation

Along with the continuous progress of science and has illustrated the application of the numerical-
technology and the rapid development of social ecogulation of airflow distribution by the computatiin
omy, a series of environmental problems have afluid dynamics (CFD) software FLUENT. The calcu-
peared. Cement, metallurgy, electric power, pdation process is shown in figure 1:

permaking, and chemical industry are all over china

environmental pollution problems are becoming more . ,
serious [1]. The national introduced more stringent PEEES IR A
standards of the e mission of atmospheric pollstant \[,
more stringent standards [2], and the wet electtinst Model modification, build
precipitator is an important means to solve thebpro > boundary conditions, meshing
lem of low emission. It will be used more and more |c.don’t meet | by ANSA
Widely_ requirements. \l/
The uniformity of air distribution is an important C=30%: | Parameter setting, analysis
factor affecting the efficiency of dust removal for “|_and calculations by Fluent.
WESP [3]. Usually, the electrostatic wind speed is Set « coﬁr"érigggﬁm
homogeneous in the shell. But if the air into thells port: \ velocity date.
is not well distributed, the electrostatic wind sge ——| Access point & arrange point.
will be deviated greatly from the design averagadwi \J/
speed, even no air flow in some places, thus reduci
the specific surface area of the anode tube buacHe Calculate standard deviation Cu.
tually. And the flow rate is too fast in the anadée C.meet
bundle at the higher velocity zone, so the chaage ¢ requirementss
taining fog droplets can't adsorbed onto the anode Dost processing & Repoct
tube timely and effectively. These two factors will

greatly affect the efficiency of WESP. Figure 1. The calculation process
Currently, there are two kinds of methods to re-

search the distribution of air flow are mainly mbdes 1 Computational model

test and numerical simulation at domestic and abroaTaking the WESP which after the desulfurization of
Model tests can display the airflow distribution 0fs10: poiler for example. The anode plate of the WES
electric field profile clearly and the result isedible. adopted the hexagonal tube type, inlet port is npgpe

But numerical simulation can obtain the numerieal s take, the horn import is from round change to sear
lution of the flow field and the result is intuiey o qimension of round mouth 33800 mm. the size

Therefore, the numerical simulation of airflow imet f square shell is 11000x11000 mm, the Height ef th
scheme design process can avoid the blindnessof ‘ﬁgn import is 3200 mm. The monitoring section of

descljgn process and enSlrJ]re th_e Iperfo;mzncz_ j()]f airflow distribution is arranged at the 100mis+d
product. In recent years, the mainly met 10d WNEN T tance from the plane of the anode tube bundle én th
searched on the dust collector at domestic is COPUghe i After several sets of numerical simulatiame

t|0n(;;1I _ﬂu't?] dynamics. IAno: glretz_;\t pr?%r]ess_r;las l3;.’9;5‘arison, taking into account the requirements @f th
made In the humerca’ calculation ot the alrflow-dl . erall resistance of the device, the size & ™ -

tribution of the WESP [4-6]. shaped guide platend the circular hole type distribu-
tion plate combination structure are determined- Fi
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ure 2 shows the numerical calculation model o2.4. Solve

WESP. The convergence of the calculation can be observed
by the residual curve. When the iterative resicuedr

is less than the 19 it is regarded as the convergence,
and the FLUENT stop calculation.

3. Post-processing

Currently, the evaluation parameter of airflow dist
bution is relative root-mean-squasethe following is
the evaluation standard of the uniformity of partamne

1)

Figure 2. Numerical model

In formula:

, ) V; — flow rate on the measuring point (m/s);

2'2'. Controlling equations - V — average velocity of cross section (m/s);

During the numerical simulation, it is assumed that n — the number of points on the cross section

fluid is incompressible and steady flow, the whole  cgicyjated the relative standard deviation of each
process is constant temperature. The controllingaeq test sectiors, and then according to the table 1 look

tlons_ of_ the CFI_D with mass conservanon_ equat|0[]p the values obW (Reaching speed deviation), when
(continuity equation), momentum conservation €qUaH v < 1205 as qualified

tion, energy conservation equatidat@rbulent kinetic
energy equation andturbulent kinetic energy disper- Table 1
sion rate equation). -
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2.3. Model processing and boundary conditions
It's preprocessed the model by ANSA, the geometfidw | 0.5| 1.3| 25 44 7.1 1p 12 15 18
model and the actual WESP geometry size ratiohf :
In order to reduce the influence of the pipelinetiom

inlet flow, a complete inlet pipeline model was Ibui
and the partial FGD absorbing tower model was add
QSﬁZazi (;dr:]eplg?gv egggj: p?éaetﬁnéorggggyo:‘hfh ea "gh% eand the circular hole rate of round distributiomtpl

In order to reduce the number of meshes and shortgggjlatt?oen atlrr1evz\l/0ecr:1y ed\'lsetlr(')?:lijt“oir:] %’2'?\;;@? r;h;eEily
the computing time, all the mesh size should not b ’ 9 Y

less than 200 mm except on both sides of the rou 52 mys, the root mean square value of the vgloci

il _ . tribution is 21.7%, It indicates the airflow tlibu-
hole distribution plate must be refining. Inletsiseed Istr ’ o ;
inlet and outlet is pressure outlet; the shell #od/ tion is good. The structure of *#" - shaped flowdgu

quide plate are treated with no slip wall. The iing plate and circular holes type distribution plateeme

pressure plane of the shell is considered to ‘lioter the requirement of air .dIStI’_Ibu.tIOI’I.. T"%b'e 2 shane
value of air flow velocity distribution in the plarof

face”. The numerical calculation used the SIMPLE al .
orithm and the turbulence modekig two equation a_bove the anode tube_burjdle 100 mm. Figure 4 r_:md
9 Figure 5 show the longitudinal and transverse sacti

models. The grid section is shown in figure 3. . . .
velocity cloud picture respectively.
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After adjust the import pipeline guide plate, the
hé)rn mouth inlet airflow uniform distribution; reae
& adjustment the size of#™ - shaped guide plate

Figure 3. Grid section

Figure 4. Longitudinal section velocity cloud picu



Figure 5. Transverse section velocity cloud picture
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Table 2. Air flow velocity distribution in the
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Figure 6 is the outlet horn streamline diagram.
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Figure 6.0utlet horn streamline diagram

plerof above the anode tube 100mm

Left Section Velocity (m's) Lateest 4a Relative Standard DeviationSr 21.70%
Chamber! [ Row1 [ Row2 | Row3 | Row4 | Row3 | Row6 [ Row7 | Rows | Row? | Row10 | Rowll | Rowl2 [Mean Value
Linel |[2346 12836 1893 2353 1762 1780 1597 1777 1594 2576 2307 1.802 2.052
Line2 | 1.615 2470 2047 2145 1981 1941 1810 1896 2208 1783 1514 1.615 1919
Line3 | 1653 1944 2444 2004 2368 2782 2138 2126 1839 2150 1673 1.761 2.081
Lined | 1950 2307 2448 2050 1971 [3003| 1621 1991 2182 2101 1768 2.138 2.128
LineS | 1465 1432 1634 2158 1811 1659 1266 1609 1414 1038 1404 1479 1.531
Line6 | 1348 1946 1994 1967 1385 1426 1460 1598 1501 = 0952  1.002 0.847 1452
Line7 | 1620 1676 1887 1740 1242 1373 1402 1514 1631 | 0991 1038 1243 1.446
Line§ | 1.667 1313 1673 2504 2347 2483 2154 1601 1474 1519 1579 1.847 1.847
Lined | 1804 1956 2521 2332 2116 2324 1815 1472 2171 1941 1330 1.523 1.942
Linel0 [ 1340 1832 1869 2166 1938 2555 1820 1943 1948 2262 1624 1.837 1.928
Linell | 1468 1935 1872 2074 1587 1776 1649 1754 1651 1613 1730 1.965 1.756
Linel2 | 1.805 12435 2140 2428 2113 2140 1640 1975 1770 | 2661 2605 1.966 2.140
Mean value| 1.674 [2.007 [2.035 [2.168 [1.885 [2.104 [1.698 [1.771 [1.782 | 1.799 | 1631 | 1.669 1.852

It can be seen from the outlet horn streamline didRefer ences

gram, the streamlines are smooth, transition vldsi
uniform, the whole resistance in the shell and Ipipe

requirements, so there is no need to add guide plat

[1]

is 316 Pa, conforms to the resistance of the eqaiipm [2]

the outlet horn.

(3]

4. Conclusion

By way of CFD numerical simulation, we can ge{4]
basic physical quantity distribution on various lo-
cations in very complicated flow field (such as thd5]
distribution of velocity, pressure, temperature,
concentration, etc.), and these physical quantities
changed with time, determine the vortex distribuf6]
tion characteristics, cavitation characteristicsl an
flow separation zone etc. CFD can visually display
the flow field of the precipitator. For the high-re
quirements of airflow distribution of the WESP,
CFD calculation can avoid the blindness of design
and provided the basis for design of the airflow
distribution device.

CFD numerical simulation technology had become
increasingly concerned as a new method to study
the air flow. With the continuous improvement of
technology, CFD will become an important ways
to research on the gas flow in the WESP.

Qi Juntian. etc., Modern flue gas dust removal
technology [M]. Chemical Industry Press, 2008.
GB13223-2012 Emission standard of air pollu-
tants for thermal power plants.

Gao Jianbin, Main influencing factors of wet
electrostatic precipitator .Vinylon communica-
tion 2009.

Wang Fuju, Computational fluid dynamic analy-
sis [M]. By W.H.Inmon, 2004.

Han Zhanzong, Example and application of
FLUENT fluid engineering simulation. Beijing
Institute of Technology press, 2010.

Dang Xiaoqing, Li Qianjing, etc., Research on
numerical calculation method of air distribution
of electric dust collector . Proceedings of thetfir
meeting of the Fourth Committee of the envi-
ronmental protection branch of China Mechani-
cal Engineering Society[C], 2008.



