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Abstract: The large number of high—temperature dust—containing gases produced in the production of industrial furnaces carry a lot of
waste heat and energy. If they can be reasonably recycled, it will create great economic and environmental value. Therefore ,the purification
and dust removal of high—temperature gas is a key technology to realize the effective utilization of resources and environmental protection.
The new metal porous material has excellent applicability and superiority in high—temperature flue gas dust removal due to its good temper-
ature resistance ,mechanical properties,and thermal conductivity. In this paper, the metal wirework ash bag filter was selected as the re-
search object. Through the combination of experiment and numerical simulation, the influences of the inlet air flow rate ,dust concentration,
and inlet temperature on the pressure drop of the dust removal system were explored. The experimental results show that the pressure drop
of the system increases with the increase of the inlet air flow rate. When the inlet clean air flow rate increases from 0.4 Nm®/h to
34.3 Nm’/h, the pressure drop increases rapidly from 12.6 Pa to 1 989 Pa. The system pressure drop of dusty gas is higher than that

of clean air under the same gas flow rate and the pressure drop increases with the increase of ash concentration in gas. When the dust con-
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centration is higher than 53 g¢/m’ the pressure drop decreases. The higher the inlet temperature is, the higher the average pressure drop of

the system is. When the inlet temperature rises from 13 “C to 202 °C , the pressure rises from 520.5 Pa to 941.5 Pa. The simulated pressure

drops and outlet temperatures are in good agreement with the experimental results. Under the conditions of lower inlet temperatures( <300

°C ) ,the system pressure drop of dust collector is mainly affected by the surface pressure drop of the metal wirework filter bag. When the

inlet temperatures increases,the pressure drop increases significantly. The pressure drop is approximately 3 000 Pa for the inlet tempera-

ture of 600 °C , greatly higher than thesurface pressure drop of the bag filter. And thus the pressure drop of the structure of dust collector

needs to be considered during the design of bag filter.

Key words: sintered metal wirework filter;high temperature gas filter; gas—solid two—phase flow; numerical simulation ; pressure drop
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Fig.1 Experimental system flowchart
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Table 1 Inlet air flow under different conditions
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Fig.3 System pressure drop of dust collector for clean gas
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Table 2 Dust concentration under different conditions
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Fig.4 Change of system pressure drop with

time under the first condition
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Table 3 Inlet air temperature under different conditions

T 1 2 3 4 5

PRI/ C 13 43 84 141 202

B 135 3) IR GE T FEBEI [a] ZEfL 4n P 6 iy
o ATRIZR G T Ik 1] 728 £l ot 2k 52 ] 30 7 R
5, BKIPIREERR 5 min HEAT— U K, (i R G0
R A, T KA AU, R G IR R ER T, e
T, RGUERERG LT 25 R 5 4 2501, FEHERE
Pz R Bt -2 Hh it e ) e IR e/ MBI A 4%
2. [R5 A T 006 45 2 B0 R 50080 1 B ~F- 2
1B, 22 3 G2 V- 24 TR B I T] g 28 f it 2, an &) 7
Bis

600
£ 500F
4001
—— Upper envelope of AP
------ Lower envelope of AP
300 : . :

0 300 600 900 1200 1500
Time/s
He6 Il ALEMEHMEZN
Fig.6  Change of system pressure drop with

time under the first condition

1100 —13C ---1417C
—43°C 202 C
—-84 T e
< ‘
&
% 700 e k R N
[‘,"/_A‘, - ’/’/"/\\w o~ (W
500+ W
300

(‘) 360 660 9(.)0 1 2I00
Time/s
B 7 SRR R G TR R R
Fig.7 Change of system pressure drop with

time under different inlet temperatures
F P 7 Al SR A ) A A e R AR O Y
ZEPE BEGRLE B R, RGP R, HaE S

93



2020 4F55 5 1A

www.chinacaj.net

E A g B K 5526 %

T EE B, R R KA S e, AT RS
T T i T SO B, 3 ) R K WUk AR
UEAEIRTH A RE B G 5 | T BOE 4 3R H AL BR8]
IEAS R EIE T = . MRS ARGEIERETZORA T
UEAS SR TH I, P I 2R a0 R Rt B A E ORI
K
it 3 UMk i IR JE I S 2R 40 e R e R AR
1A AR S8 305k 3 Bt s =k B 7 A8 b AR o 22 1l
AL 8, ATEISEIREEM 13 °C _EFFF] 202 CHE, R
[ 520.5 Pa 715 941.5 Pa, ZRGEEEAEIS IR
FERARET T LU e8| Bl <R B i T, RS0
FERER B, B 8 g5 thBR-R AR 1S
PRI L AR RS B0, 1 AR 7 24188 5 <R
JERE LR, MEHFEEN T, TR
TELRE BT (ELE 1 AR B L 25 I S 9 K,
SRR K
1 000

—a— AP
900 |- —e— Outlet temperature

800
700 -

System AP/Pa

600
500 -

0 40 80 120 160 200
Inlet temperature/'C
K8 AZEBRRABM#IBELNEL
Fig.8 Change of maximum system pressure drop

with time under different inlet temperatures

3 HEHEMER

3.1 YBEERSHERE

A T 5250 25 R BR i 48 AR IR s 3
200 C A AT, TS BR Tl 28 14 v AR T DLk 3]
500 °C LA I, IR CED 8%t 745 8 22 M 5 2h
A HEAT T AE AL ARE I 2 0T 4 22 R A
I B XA T AR R 4y, AN 9 i, 221
RS0 AR BRI ZE A IE A i AR AR

B9 RERLBNZHER
Fig.9 3-D model of bag filter
94

FHAEZE A AL PR B A% S ECH 11 548, 28 Fluent
ARSI, E i R TR

42 )& 22 W Ak Z2 LA A A | R FH 2 FLBk R
254 (porous jump ) , % ] ALY AT DAL 4 i
IR B AR 349 SRy L 00 10 S L 50 8 1 22 LAY oA
RUTE A 5E TS Gy OB, K 3 o e ) R ) AR Ak e
XK Darcy 58 13 FUFH i oo 3 458 2% T (4 45 4, BE I
(BLFEFCAR RRASICHR ) i R BETH , 2880 oI5,
R AR RE AT R, UK 31 (4R T HRUAY Sif s S
A (reflect ) , 75 52 U8 A BT 2 18 B Ry 4 3K 4% 1
(trap) , 5 FVHU R 6 3% 25 7 (escape ) . be4h 4 )@ 22
W 318 F AT RS-l SSW=005, JEFE N 2 mm, L L
ZHUS wm, FLERR N 35% , 018 15 R — K HUN 2.2
107" m? , JEAS N TR A, B A8 i e AR A ik
AT,
3.2 HiEEEREN

BRAR 82 AT H A E A AR 9 B 2 5 i )
BB AR A () O R IR 3R 3 Bk Ay o i i ot
U R S R AR B AT T AR R g

T SN R 15 °C B gs N g8
JEFE 1.0 ~ 5.0 m/min, X} B i S & AE 4.9 ~24.5
Nm'/h B}, BT BR2B 2% R G R BE A AR AL Rt AR
P25 5 U B s o BN E] 10 Firs , A e
LAY 22 290 s o Bl A S 184 RT3 K, AR AR R AR
PG5 R 0y h 2 B T it 42, (AT e i b s ik
TR0 ZR G0 R B ) AR AR LA

2000f —=—AP
—e— Experiment AP

(I) 5 1|0 1|5 Zb 2|5 3‘0 3‘5
0, /(m* + h™)
B10 #4XATHhABNERLER
Fig.10  Pressure drop of dust collector for clean air
3.3 NOREZAMNEERNRI
TR AR, BT I8 A4S 1 18 5 FE AL 2.2 %
107" m?, 3 E N 2.0 m/min, %R SRR B
9.8 Nm’/h, A SRR EETE 100 ~600 C B, 345 T
F YRR BE RO B ) A8 AR, O SRS B Y
FEREMZEHEF TR b, 5 R an & 11 Fras , ol H i )
G, FEEAOREE BT, SRR R
LRPEIENYG AR B  HE I ORI 25K
b 2% 2 G0 I Bt i <R R i A2 Ak an 181 12



www.chinacaj.net

2020 455 5 H

) —=—Simulation outlet temperature
= 120 [ —e—Experiment outlet temperature
:

=

g 80f

=

i)

3 40t

=]

o

0

0 50 100 150 200
Inlet temperature/C

A1l BRABEHOBEE

Fig.11  Outlet temperature of dust collector

1 000

—a— AP
900} —e— Experiment AP

8001
700

System AP/Pa

600

500¢

0 50 100 150 200

Inlet temperature/'C
B12 AREEETHRAEER
Fig.12  Pressure drop of dust collector for different temperatures
7N, A HEEASCALL ) 28 490 1 Ik i A A< T BE F 34 K
LR IS 7R G s AR R AR A
AN P3N, X rl g i Tl ol AR 2 5 AR
TS AR BEAAAE N Bl MU b el H B & 4
WEERYSZ N, X015 200 R th 2T DAUL& S 2tk
ik (H LG 5 Y R R it 2 L0 RS (RS H0L A ith 2
R, ULHHE A R SRR R G0 R B R EE 1)
AL TR,

PR BBER 9. 1x107"° m?, L IEEFE 1.0
m/min (X SRR 4.9 Nm®/h) B, BR2b 25 JE &
BEA F IR FE (100 ~ 600 C) #9228 f R an il 13
7, Hoh R4S R I (R ) AR PSR T A R
BEE A AR 0 TH iR, R G R S IR AR AR T Ik
Ree 0 25 B R, B A SRR B 1) FF v S B SR 2
AR HIUPN EB A =

3000f = AP
- - Porous-jump AP

2500F
2000

AP/Pa

1500F
1 000

500

100 200 300 400 500 660
Inlet temperature/C

B13 FRABEBEEN TR R U

Fig.13  Change of pressure drop of dust

collector with the inlet temperatures

13 AT, A R BEAIG (<300 °C) B, &

25 ] W8 B B A 0 T R R A, A T AR TR B A
1 (>300 °C) B, REG0 R R = T U848 3 1w e f% vl
K 3 000 Pa, A 75 2225 B 5k 20 25 45 1) e B i ok 1)
M, BEAh, SR G R /N T 4 08 22 N B Bt e i
JERR R PR, Tk 2 il A A AR 4
J& 22 AL S A LA T AT

4 & &

1) &% 4 I 22 W ik 2 i, 3 e 3 565 B A A 4
WFFE T bR as it O a R S A g RRA
CHRE X T RRA R GRS, BEE PR R
Hhn, KRR T RS, B s R, TR
P ASER AR R K, e B8 4 2 55 1B ST O A7 7R IE A G

2) RYERERE B AW B S T G R, B
WEETHR 2 53 ¢/m’ J& , BT # 42 J5 B B o 5 34
DTS 5 EFLBR I I, R TR

3) RG0 R b AT R B3 i T, B
PR 5 28 40 1 [ A UL 45 SR S5 00 45 SR W & 5%
U, TR B (<300 °C) W AL 5T, BR
DM AR EE R A SR 22 W IE4E 1) R
JERE

4) MNBCE BRI Rl 0, K &, & iR
(>300 C) FARWE L )R M, KRG
FEAE 3 000 Pa A2 AT, 2 i T UE 48 3R 1T R B, X
B ERR AR 45 4 e B SR (R s )

5% Lk ( References) :

(1] EHR RFL. Hp R A HoR [ M. st A Tl i
#1,2008.

WANG Shebin, SONG Xiuan. Production technology of converter
steelmaking [ M]. Beijing:Chemical Industry Press,2008.

[2] F5E, 2068 EESME &5, Tk e soR [ M]. Jext.
A Toll i i, 2015,

WANG Guan, AN Dengfei, ZHUANG Jianheng, et al. Energy
saving and emission reduction technology for industrial furnaces
and kilns [ M]. Beijing: Chemical Industry Press,2015.

[3] ZBig3e XA, kB, Rl RBRAEH AL ]. ThE,
2018,37(10) :119-122.

LI Haiying, LIU Dong, ZHANG Chunqi. Research progress in
high—temperature gas dust removal technology [ J]. Energy Con-
servation,2018,37(10) ; 119-122.

[4] XIAO G,WANG X H,ZHANG J P,et al. Granular bed filter; A
promising technology for hot gas clean—up [ J]. Powder Technolo-
2y,2013,244.93-99.

[5] DAHLIN R S,LANDHAM E C,GUAN X F. Corrosion and flow re-
sistance of metal filter elements used in the cleanup of syngas from

the transport gasifier at the power systems development facility

95



www.chinacaj.net

-’/o %}%&*

%26 &

2020 42 5 3
[C]// 7" International Symposium on Gas Cleaning at High Tem-
perature. Newcastle, Australia; [ s.n. ] ,2008.
ZRACTHE TR, SR IR R AR R A Fe R Y ] A R U R

(11]

[12]

[13]

96

PE[T]. AL TA44,2019,70( 1) :336-344.
LI Dongyan, WEI Wei, HAN Feng. Preparation and corrosion re-
sistance of SiC membrane using for dust removal in high
temperature [ J]. CIESC Journal ,2019,70( 1) ;336-344.
HEIDENREICH S. Hot gas filtration—A review [ J]. Fuel,2013,
104.:83-94.
PRABHANSU, KARMAKAR M K,CHANDRA P,et al. A review
on the fuel gas cleaning technologies in gasification process [ J].
Journal of Environmental Chemical Engineering, 2015, 3 (2) .
689-702.
LUPION M, NAVARRETE B, ALONSO - FARINAS B, et al.
Hot gas filters for coal-based power generation systems: Operating
experiences [ J]. Fuel ,2013,108,24-30.
BE W, 2T, INVEWR, . 2 AL &) U BRI 5T ot
[J]. AR ,2010,24(S2) :448-452,456.
HUANG Guotao, ZUO Xiaoqing, SUN Yanlin, et al. Progress in
porous metal filtration materials [ J]. Materials Reports,2010,24
(S2) .448-452,456.
%, wRER AR IR AR FSE [T ]
(2):1-4.
XING Yi. Development of filter elements for high—temperature gas
filtration [ J]. Journal of Filtration & Separation,2004,14(2) ;
1-4.
FAN X,HE Z,LIN P,et al. Microstructure, texture and hardness

g5 53 85,2004, 14

of Al-Cu-Li alloy sheet during hot gas forming with integrated
heat treatment [ J]. Materials & Design,2016,94 :449-456.
SLEBODA T,KANE J, WRIGHT R N, et al. The effect of thermo-

[14]

[15]

[16]

[17]

[18]

mechanical processing on the properties of Fe—40 at.% Al alloy
[J]. Materials Science and Engineering: A, 2004, 368 (1) .
332-336.

CAGNA M, BOEHLE M. Application of CFD methods for the
simulation of the flow through a filter in dependency of the oper-
ating time[ C]//Rohatgi,U S E. Proceedings of the 2002 ASME
Joint US — European Fluids Engineering Conference. Montreal
Quebec, Canada; [ s.n ] 2002.

e B TR I5R 2 48 48 2 A IS B oA 08 A 11 7R AR VAL 3
TESTHT[T]. ;wc@jtiéiém,zooo,mx .50-54.

GAO Hui, GUO Liejin. Characteristics of gas—solid two - phase
flow for filter dust collector with low entry [ J]. Journal of Xi‘an
Jiaotong University,2000,33(5) ;:50-54.
SRR K. P 4 B AR B AR A BIF 5T 3k
#HiAR,2004(5) :10-14.

WU Xiaofeng, SHEN Laihong. Research progress of sintered metal

JE[T]. 1%

dust removal technology [ J]. Chemical Equipment Technology,
2004(5) :10-14.
ikl HEE, BRIEF, L R a8 2 LR
H‘Jﬁ@%«l}([ﬂ. FiAT & @Ak T2 ,2006( S2) :438-441.
ZHANG Jian, TANG Huiping, XI Zhengping, et al. Current situa-
tion of porous metal used in high temperature dust removal [ J].
Rare Metal Materials and Engineering,2006(S2) ;:438-441.
FRISF SRS, B i =2 A, B Jm 22 I i i 2 B A 30 B
JETIREPERIBITE )], 3885908 ,2009,19(4) :1-4, 16.
DAI  Guangping, ZHANG Bosong, LUO Xiaolan, et al.
Experimental study on pressure characteristics of the wirework
filter during beginning period [ J]. Journal of Filtration & Separa-
tion,2009,19(4) :1-4,16.





