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Pressure drop characteristics of large particle ash interceptor

in SCR flue gas denitrification system

MENG Lei' ,LEI Yu®,CHEN Sheng’, LIU Xiaowei’, YUE Pujie' ,GU Xiaobing'
(1.Datang Environment Indusiry Group Co. ,Lid. ,Betjing 100097, China ;2.State Key Laboraiory of Coal Combustion ,Huazhong University
of Science and Technology ,Wuhan 430074, China)
Abstract : The large ash particles in the flue gas from coal combustion would lead to severe blockage and wear problems of the catalyst in a
selective catalytic reduction ( SCR) denitrification system,which affects the service life and denitration performance of SCR catalyst. This
problem can be effectively solved by installing an interception net device in the flue to intercept large particle ash. The design of intercep-
tor mainly depends on experimental measurement and engineering experience , which lacks general design criteria and theoretical basis, and
the research on influence factors of pressure drop is not deeply explored. It is of significance for developing an effective and low—cost inter-
ceptor to calculate accurately the pressure drop of the flow across the interceptor with different pore structures. The influences of pore struc-
ture, flue gas velocity, interceptor porosity and thickness on the pressure drop were investigated based on computational fluid dynamics
by construct the calculation model of interceptor mesh. The simulation results show that controlling parameters on pressure drop are the
flow velocity and the porosity. The pressure drop is a quadratic power function of the flow velocity within the range of 5-20 m/s and in-
versely proportional to the third power of the porosity when the porosity of the interception network is 409%-65%. It is also found that, giv-
en the same porosity, the pore structure has negligible effect on the pressure drop. And the strip interceptor has the minimum pressure drop
under the condition of the same critical size. The pressure drop increases quasi—linearly with the thickness of interceptor increase in the
range 6—18 mm. Based on a large number of simulation data, A correlation is then proposed to predict the pressure drop and the empirical

expression of the equivalent porous medium permeability of the interception network is further deduced, which can be feasibly applied to
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full-scale CFD simulation of SCR denitrification system.
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Fig.2  Velocity and pressure distribution of interceptor

with different pore structures
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of interceptor with different pore structures

I3 BTk Ay 3 A S B 422 A8 T i s ) it PR
THALARE o LR 5E SO R FLRIER S, 54200
SR S TR, BB A 2 S8, H3RGA
EW)
S

ngo (5>

OB 3 R B T AL AR (3R 1) R, ZE A [R]

FEESSCR (B FUBRL RO R RD) T3 T, KRB
BT LR e, U= IERIIE  IE DT B B/ X
SRR R — 2 SR TRAAESEIM BT
FLARGHARGE AR, PR T A i — PR T
AR FE e (P FLAR) T B S 23800 1 F B 1
DL 3 AEWT R AR A T R Bt K 9 L (TF
FLA) T IBl )N
®3 KERKEEWAARRERENZD
Table 3 Influence of length—to—width ratio on porosity

and pressure drop

i H 37 mmXx5 mm 30 mmX5 mm 20 mmX5 mm 10 mmX5 mm

FFFLE/ % 57.8 56.8 54.3 48.1
JE [/ Pa 145.67 155.33 185.53 291.56

SR, ITFLAR 5 M U R ) s o )
FNER, LIRS R 04 52 0 m] RE VR 1 T FL R 9
AR, T SCORERT T FL 238 B 0 A 5 e R4 T E B
filiids
2.2 FRELEFNMESTRIEN ERER I

BT 2.1 WEE, 2 — PR TIT LA X He
RO T I AR T FL AL AR AR AT R L B B S 55 T
P ) FF LR X BT AR 3 b fL L 2
PFEAS ] AL AR (o i B8 i 5 RSS2 B ) (AN TR
T YRR B, aniEl 4 PR,

1 000

o IENIIEAZIM
ETT A=

O~ PN
o~ o KATHEM

o

500 P~

i & /Pa

100
T 10.0m/s
50 ’\O\O\M i

T

S5.1m/s
—_

1?).40 0.215 O.I50 O.I55 O.I60 0.I65 0.70
THLE
K4 EZHAEKLIFILEHE AR

Fig.4 Relationship between interceptor pressure drop and porosity

A P 8 R OO AR ) i A9BSR AT
HAR

AP =CX*?, (6)

FP AP R ERE, Pa; C LG REL, Pa; B WK
WL

AR 3 AN T B4 R s AR
0.994 .0.998 .0.992, [a]— i T A [ TFFLIE AR 19 %
I8 s X A3 AT [R) — 2% i 2 BT ik 42 8 0 s R
B TFFLAAE I, IT AL A i SR BB/, 7R AH )T
ST TFALIE RO 238 00 T 8 4 52 e JLF- 7 L 228
171



2022 4F55 6 1A

E A4 H K 5508 %

W, ANTRII T 9 e 4 Bl L 3 A8 fb R 25 0L, T
ISR RS

HRAE LS55 RT AHEWT 3 SE BRI BT
FERRAR P ERRCR AT T, R R BOTFL R = i L
RICRIARIE ) | [RIBS W 256 7% IS5 A8 3 B2 | i T i
AR R G TR,
2.3 EEHNEEEREAZIT

SRER A AR JEE T L R 1 5 T el A A
RJEERE o, A T 5.1 m/s F 3 FpfL 125 M0
AL T B EREAE O, an & 5 prs (it B
R EARRIERE 2500 6,12 18 mm) , HIZE K n=
6 mm [ EFERIG ML, Al S Al B R R3S
AH R FLAR A0 ) Fe B 2 /NG . A 1 ST I
JEAREAR S EE (R 2 e SR ERUTFLR A 0.51 2R
I, 22 1] F R Bl J B2 AR A G &R (81 6) o AT R Bl ) B
B R R S L I, AESERR TR Y, A2 R
TN AR RE NG R i 3 A 42 A ) IR B A AL Y T A
BEL, 5 0T ORI AL R AR L, 422 A 0 B X e o

W%/
80 s i
o NIV
60 o IEJT AR

& KA

40t

JE F%/Pa

20+

0 1 1 1 1 1
040 045 050 055 060 065 0.70
THLE
Bs5 ERAERESLEESNXR
Fig.5 Relationship between pressure drop and thickness

of interceptor

42
—— IE NI
—a— EJ LA

40

JE & /Pa
w
oo
T

36

34 L L

JE % /mm

M6 FIEH 051w, ERBEEENL
Fig.6  Change of pressure drop with thickness
at the porosity of 0.51

2.4 EREREERXEKR
FEAN T AL A JEE B AR L 0 2 48 0 T e )
172

SR AT RS T Xk i Ak, DR I 42 4B I e
S NE{ e
AP = (An + B)uX*® | (7)
Forp w0 DX S, m/s A B Lo 1
HEKH R, A BN Pa - s* - m™ ', B B\ NPa -
s e m™, X RN [ AL T A B AT
155,
AP = (2.12n + 0.24) u"*x*% | (8)
A (8) MG T e R A 0.996, - 3448 X
B tRE R 3.4% , BAFR R, EAFIEHRE
FER B 7 5 AL R A 3 R 5 AR LB, R
APocx™ X 53 (8) AT, oiF Tl A4
BT EENE . EHL 110 ASARFEIFFFLIER I8 TF
FLER DL B A4 A R JE B 21 A T, DAL 53 45 21 1Y
JERE AR AR R | LASCHRE (8) Tl I e e Sy A A e, Kt
B il T 7, S BERSAALT y=x SR B, R
B TR0 S A ZE RV &, T B S
F+10%1R 2L HN (E 7 BL) , iE FIRSCEA
KAEWH 5~20 m/s  F2H M TF LR 40% ~ 65% | JZ
JE 6~18 mm [ T-50 T AT LAZEG I e =5 % 1Y

=
R

400 R
. .
.7 /O,/
300 F <
£ s
£ 200 o
P e
100 |
1 1 1 1
0 100 200 300 400
HEHE/Pa

M7 EBEAKXFAMR(8)) 5HME R
Fig.7 Prediction of pressure drop (Eq.(8))versus
simulation results

SF92BR SCR &G4 T CFD %315, il % R
ZALA OSB3 A T A5 OB, BIR 2 4L
A ARG 45 40 29 5 B T2 4 R I L 2R A0
B AR M ST VISR At i 480 £ 48U 1 R
R, BER kIR E R TR ER, B
h

QuL
T APA,C (9)

Hrfr Q MEAIET R R, m*/s; L HB K
BE m AR i 2 A LA R E AL, mP IR
AR TR P B 5T K 22 LA o Fe A
IR o W EREAXACATE T IRVEE RN B B R E

ky




di ECF SCR LA HE IR KA 18 00 F Bk

2022 4E%F 6 1)

XA R ERL AN BB R kN

_ pn

C(2.12n + 0.24) 28 °
PL A28 3K R T 22 485 ) s 2 D R 4% 8 R

CFD SFRUBRHEIERS B —E S %R TR X,

3 & &

1) S0 12 48 0 (9 i = 8 DR 26 oy A A
PRI ALE, W 5~20 m/s JFFLEK 40% ~65%
A, 322 0 R R 24 S5 0 S Y 2 KO LE HE, S5
FLERAY 3 R R L,

2) FEER K 5 LI IR TG At SG I | AN TR] 422
TP A LIR AR 422 B D e o8 114 5 Wi = 23 2 L%
ARSI, AERR IR EBOR AT EE T, R ik U
LR LA (IR KK ATE) |

) PEENEEE N 6~ 18 mm ] JE [ [ 5L 3 14
T LR R I, (A7 PR T TRESE PRI, 24980 0 5
JEE AT ARG /N BOH R R 5 it 45/

4) FEFRHUEIE , 45 T 7 R 0P 20 K R
DA HER R R S L Tk R 22 ] ) DG
HiE— 4 5 TR MER SN TSR LR
FERa, MR A e R 4 RO R AR
PSR

S 3UHf ( References) :

(10)

ky

(1] Z=FM.IRE T SCR MRS AR F KN HERAR[T].
RETRFR R (R4, 2015,29(5) -8~ 12.

LI Chunyu. Investigation and engineering application about denitri-
fication technology with selective catalytic reduction [ J . Energy
and Environmental Protection,2015,29(5) :8-12.

[2]  BRigfh, D, Timds, S b CORXT SCR RS Ak iy
R BTG AGEL T ] SRBeR 1R, 2017,23(3) :200-21 1.
CHEN Hongwei, LUO Min, WANG Yuanxin, et al. Influence
of coal—fired boiler fly ash on SCR denitration catalysts and pre-
ventive measures| J |. Journal of Combustion Science and Technol-
ogy,2017,23(3) :200-211.

[3] EFZ R, WZREE.SCR B Al A0 57 14 HOR 59 % J S ni
LI A EER G =, 2014(4) :22-25.

WANG Chunlan,SONG Hao,HAN Dongqin. Development and ap-
plication of recycling technology of SCR denitration catalytic agent
[J]. China Environmental Protection Industry,2014(4) :22-25.

[4] ikbg, e, s, S R L SCR A B AN Bl T2 ¢
FERARTY]PIE T J7,2015,48(4) :32-35.

ZHANG Yang, YANG Yonglong, FENG Qianwei, et al. Key
technical issues of SCR denitrification from coal — fired boiler
flue gas [J]. Electric Power,2015,48(4) ;32-35.

(5] fardese, G0, KB, S8 R vl SCR AR SUMLAN R BB 1T
AT S W[ 1] [ H 7,2016,49(8) 1 148-153.

HE Jinliang, JIN Lipeng, LU Chengzheng, et al. Diagnosis of

[6]

[7]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

typical operation faults of SCR flue gas denitrification system
in coal = fired power plants [ J]. Electric Power,2016,49(8) .
148-153.
VENKATAHARIBABU C,DAVID W M,HENG B, et al. Aerody-
namic characteristics of popcorn ash particles [ J]. Particulate Sci-
ence & Technology,2007,25(3) .275-287.
ARG , PRI X, 25 BRI X6 fH A 30 3 2 1) R i 512
BT[] I RE S TR, 2017,33 (6) :55-59.
DENG Huaiming, CHEN Hongwei,ZHAO Chao, et al.Experimental
study on the effect of deposited ash collapse on catalyst blockage
[J]. Electric Power Science and Engineering, 2017,33 (6) .
55-59.
XU Y,ZHANG Y,LIU F,et al. CFD analysis on the catalyst layer
breakage failure of an SCR—-DeNO, system for a 350 MW coal -
fired power plant[J]. Computers & Chemical Engineering, 2014
(69) :119-127.
T sy, B WRm i, 55 E NS SCR AL A% 22
BEFE[ ). iRk 5 T, 2016,32(6) :63-67.
WANG Yuanxin, ZHAI Jianjun, CHEN Hongwei, et al. Study
on SCR catalyst grid blockage of a power plant in China[ J]. Elec-
tric Power Science and Engineering,2016,32(6) :63-67.
HWE W, EAA:, S5 R LLL SCR ¢ B AR HE i 2k
BWAIALL )] A EREEAR  2021,27(5) (212-217.
ZHENG Yan, YAO Xuan, WANG Dongsheng, et al. Flow field op-
timization of SCR system in large size coal—fired units NO, ultra—
low emission modification[ J]. Clean Coal Technology,2021,27
(5):212-217.
TN RS BT, % SCR RS0 5 10 1k 250 (8 A5 0L 1
FELT]. R ,2020,26(4) 1 147-153.
WANG Haichuan,ZENG Xianghao,LIAO Yanfen,et al. Study on
the numerical simulation of flow field optimization in SCR system
[J]. Clean Coal Technology,2020,26(4) :147-153.
PhE W, E 5, B, %5350 MW HLALHY SCR LAY RSk
L)) A 2020,26 (1) :221-227.
SUN Xuefeng, WANG Qiang, YAN Shijian, et al. Optimization
of SCR denitrification system for 350 MW unit boiler[ J].Clean
Coal Technology,2020,26( 1) :221-227.
EPRI. Large particle ash mitigation measures : Preliminary findin-
gs from CFD modeling[ R]. Palo Alto: EPRI,2005.
TEVE WIACHE. BALE H bl e 426 1 A JE I il 2 9 T3 ) Rt
BRBIERIITEL 1], SRR 2013,35(2) :66-72.
WANG Yang, HU Yongfeng. Methods to prevent blockage fault
of SCR deNO, system caused by large particles ash in coal—fired
power plant[ J]. Huadian technology,2013,35(2) :66-72.
RYAN Anthony Michael ,JOHN Bryce St. SCR system design con-
siderations for " popcorn" ash [ C]//Combined Power Plant Air
Pollutant Control Mega Symposium. Washington DC: [ s. n.],
2003:1-8.
X, A, R ATE, S R G SUPLAL SCR LN 2 48 Wt
KRS R[] R 504 ,2019,33(2) : 112-114,
LIU Xinian, TANG Jing,ZHANG Jiakuan,et al.Interception tech-
nology for large particles from flue gas of SCR denitrification sys-

tems in supercritical units[ J]. Power Equipment,2019,33(2) .

173



2022 4E45 6 0] & H K 928 %

112-114. (191 BRIH, VFSCR, Al , 45 A R K31 H 1 A T2 R X R

[17]  BASCHY, XUZ2 B, 28 T8, S5 SR L) SCR R SUBLAN B 45 K KPR BRI SR BT ()] S BE 3l ) T A2, 2017, 32
TURL AR B B TR S [ J]. i R 5 R R, 2018, 34 (12) :96-101.
(2):20-23. CHEN Hongwei, XU Wenliang, YANG Xin, et al. Experimental
SHAN Wenpan, LIU Anyang, LI Dinghui, et al. Application research on the trapping efficiency of large particle ash screen in-
research of large particle ash intercepting technology in SCR stalled at the economizer hoppers’ outlet [ J]. Engineering for
flue gas denitrification equipment of coal—fired power plant [ J]. Thermal Energy and Power,2017,32(12) :96-101.
Power Technology and Environmental Protection,2018,34(2) . [20] MXKJE,ZERME, FRICT, S5 AR AR TR X B v e R

[18]

174

20-23.

S ERMG R, BT S SCR A ke B ORI A AR
YRFFE [ T].H A ,2018,51(2) ;156-161.

JIN Lipeng,XIE Xinhua, HUANG Fei, et al. Experimental study
on interception technology of large particle ash in SCR denitrifica-

tion plant [J]. Electric Power,2018,51(2) ;156-161.

e BRI T ] A58 TR2 254k ,2017,11(9) :5104-5108.

ZHAO Dazhou,LI Yunchao,ZHENG Wenguang, et al. Numerical
simulation on effect of ash removal by adding baffle at outlet of
economizer[ J ]. Chinese Journal of Environmental Engineering,

2017,11(9) :5104-5108.



