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Simulation analysis of the influence of working medium
pressure of dust removal system on dust deposition
characteristics in butterfly valve region

WANG Lixin, WANG Bin
(School of Mechanical Engineering, Hebei University of Science and Technology, Shijiazhuang, Hebei 050018, China)

Abstract : Dust of blast furnace gas deposits easily on the bottom of seat sealing surface of the tri-eccentric butterfly valve,
which causes serious stuck and damage of the valve plate, thereby affects blast furnace product and brings great economic loss.
To reduce the dust deposition, a kind of automatic dust removal system is designed and its efficacy is simulated. Based on FLU-
ENT module of ANSYS Workbench, as well as standard % turbulence model and DPM model, simulation analysis of the influ-
ence of 3 inlet pressures (0., 25,0. 30,0, 35 ) of working medium (N;) in dust removal system and 2 different valve plate jaw
openings (45°,90°) on the dust deposition trajectory in butterfly valve region are conducted, and the influence mechanism of
inlet pressure on the dust deposition is analyzed. The results show that the dust removal system can reduce the dust deposition

under five combined conditions except under the condition of a valve plate jaw opening of 45°and an inlet pressure of 0. 25 MPa,
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The dust removal system has much better effect under the following conditions: valve plate jaw opening of 45° and inlet pres-

sure of 0, 30 MPa, or valve plate jaw opening of 90° and inlet pressure of 0. 25 MPa,

Keywords: computer simulation; working medium pressure; valve plate jaw opening; dust deposition characteristics;

tri-eccentric butterfly valve
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Gk DR ATHNIE R £ RAR . EBUTERN ST HL. #0 ERBEERITENEZ R, &I T BFG
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AL DN600 = {04 J& % 3 BE BRI e B B Bk AT O o . BRAEBIR BT RK, AL F s Ly m
P B I JE 2 Al ) LM TED 106, 7 mm AL, BEEREE i OB KB LB XL R 35 5 4 R R AR AR, O
] 45 1B A A R R N 5 00 S5 HR) DX 38R 3 3 R 3 TR 5 T 2 JURE S B AR 3 8 BEL L 20 U R IR JRE
HHERMH RUOBR R . HP 0B RE R E R0 E R 290 mm, 8 N AMES 518 20 1 26 mm; R
LERHA 8 mm, 3k 8 A, [ FF 15°, 35 4343 F 908 K& B 5K X3 FR 18 35 00 B XE NS4 718 18 F1 24
mm, 553 R, I TR ER A Ny o ] Pro/E 58 BN 38 B 2 25 B 50 8 iR K H: X 3837 37 B4 JL A 2
B, 43 A& 1—& 3 fras , Fo e, O AR B AR AR 3R 3K 15 M, B 3 D 0 U AR AR AR 4F R B R AR AE Y R BB AR
B, 40 BITE 457 90 IR I FE LU T #AT 5 B, 37 43 B I 5 45 (3 000 mm) F1 10 A% (6 000 mm) B4
(610 mm) & JF 1 Ak AR 1 T 9 (LA BR)JAE 2 b A28 i) o 00 T SR 269D W3 8 LB A B O R
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Fig.1 Geometry model of the butterfly valve B2 BREFEEIUMEAR
with a dust removal system Fig.2 Geometry model of the dust removal system
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BB LT 6—BR R R T— L8 —HE,

k. $5E A B (2 500 mom) 7y BRLAR 0 T I A R < B3 SRR RS TR OB 3)
0. 015 mm, F2h % B IR e 55 5 T S R ~F Y Fig.3 Flow field geometry model of the
0. 005 mm , At 7 1 7 FAS R 514 0. 03 mm, 4] 4 butterfly valve region (part)
BN .
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Fig. 4 Flow field mesh of the butterfly

valve region (part)
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¥ 7 #2 % Fl Navier-Stokes 772, 3£ 5% F§ LAUNDER #1 SPALDING 32 H 9 b7 ¥ 19 35 45 78 % 540 1
THAT R BFG A DB EBWRE R 10 g/m® T, G353 F 7 3 1R X 38 A9 AR AR A3 506 /N T 10 %, Wiows 4 35
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BE R FHHL A% B H B 8t (discrete phase model, DPM) ## ; 22 5 2 37 WSCER[13—14], EERBSRMHE SR
FRABBHEHEITHEEREITE.
1.4 HREH

WREAD 1GnletD f# F#EBE A T,10 m/s; A O 2(nlet2) ff I E 5 A O, 4033 # 0. 25,0. 30,0. 35
MPa; th A Coutlet) f# F H J7 5 01, 0. 25 MPa; ff F 85 2] 8] J2 25 3 SRR 5 2 Al 18 (O -7 D AR ok AR UL AR I
DPM i1 A 4% trap,
1.5 SHKE

WERAEESL inlet2 M EE WG EARE N.. BFG T KRS 8HE KK 3 FlsHk CO, (4
20%6).COZy 25270 Ml N, (&4 55901 H, MIAKZEK G ER D, MG EmE /N, P H, {Ud 1%~
4%, FE.{UEH CO.,CO fl N, #ATHFE ST . 2F 293 KM 1 3 KET BFG M4 K AR 4
%, 34k 4 NIST-REFPROP $#% & , SAHTE 773 K, 0. 25 MPa T F R HAMSEINR 1 fin. B RGE
H2HKH0.1s,

21 &AEK

Tab.1 Parameters of gas phase

Ak wE/(kgem™?) /T (kg e KD RFHE XL/ (We (m K7D FHREEXL0°/(kg+ (m+ )7 FTHEIE MEXNFHE

CO. 1.711 6 1159.1 5.476 6 3.419 5 0.28 44,010
CO 1.0850 1129.9 5.574 2 3.416 6 0.22 28.010
N; 1.088 6 1116.0 5.414 9 3.508 5 0. 50 28.013

BB AR BURLH) 1R B 5 SAHEEA O BFG WBAHE , ZEA O HE AT = 07 10 81535 8 585 30 s;
RIEEEER SHEADREMN BFG A& 8, WEEEA F 42 55 & 2 (ALRHE N2 A B A
W R RE) R 0.029 2 kg/s. BRFW) BFG HAERAESHFIT MK 2 Fin. WA £ T3
WHE SR EYER , ] Rosin-Rammler 437 R 4 AT BFG ¥ 42 BURDRL AR 43 7 40460, pifg BR S Hn &
3. WE N AUk B BE B [B] 25 K o track with fluid flow time step,

A2 BFGHhLEEZENSH
Tab. 2 Dust particle size distribution of BFG

Bif%/um 0~80 80~100 100~140 140~160 160~180 >180
HE/% 5 3 23 38 2 29
RS/ (kg + m™3) 3000

% 3 BFG # 4+ # % %42 Rosin-Rammler 4 # £ 4
Tab.3 Rosin-Rammler distribution parameters for sizes of dust particles in BFG
B/PNEA/ pm BRARBZ/ pm FHER/ pm Iy E HERHAK
99 204 168 4.287 1 22

2 HBRE5SH

2.1 #R

SRIRE T KRB AN RARE R FE AR TEAN KA DE S . 25,0.30,0. 35 MPa) &4F,2
b R AR B (45°F01 90°) T4t ik 1) X SR UL AR | BFG MW UIAR R, InF 4 i, THREEERNTIHAE
B, H 90°HH KT 45°mF; N2EBR A2 B 5 VLA & KIEMEAR A RA O B &4 T 45 i ViR &/ K
F 90°At.
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%4 BFGHLRRRE
Tab.4 Dust deposition mass of BFG

UUR B /g
1 B T B HERbgE
Tk b E
0. 25 MPa 0. 30 MPa 0. 35 MPa
45° 32.2 20.1 18.2 22.6
90° 32.7 6.3 10.7 12.2

2.2 &

BT BFG & &/KKUKA KA KT A EREHAE TEKKWERT 45 78 5 & U TE UK I Ak
g5, MR E LA ) 8 IR X SRR 3 R R R N, B R IR X B BFG W3 Rtk 72 A AR TR AR AR A A
I FIHE E T BFG 4 51 i iz 78 DRy AR 6 72 1R 1] T 3, 3 — 20 38 30 90 ) 3¢ W 0 AR T Ak by AR DL AR A9 B
1. BRAZEE TAEMNB (N EIREB R R EBRICR , E XD ER HBRAEBOR, JF B e i g
TE R X 3R, BFG H AR EWEN; IR KRERIZIARAEEHB, BB % BFG B4 AR F
BFG 7 25 B4 1Y R A

SR EE SR EFRE s EBEEmE R, i TR 535 5 i IR B S W
FEARRRBUTREE AR, shB& AR, 455 8 513 s REN Z W5 5% 0 8 e 1 CRHED B AN R 5 I 0 0 3 B
TE A 3T 16 5 4 2 5 R kL Y e

H BFG My AEBRZ A O# ARG IR 0.5 s ZHWMBHC K T E , ULARTE Ml iz 1t 37 B B 18] 728 4k 35
Ao LARRARISUREFE A G 5 s BF A, 4 B 37 T 08 S R JAE 5 B AR HhO T (L 3, DU R ARTE 1D RA K
Xof FR - T Cyz P18 LAR AR 2) b YT AR B i 3% 3 B2 5 108 45 4 R AE BEAT 4 A U B R 4 T, SR B IR 9%
BERBESMTHME 5. K 6 fra. Ho, i TRRIFER 45°, TEMRABES R 0. 25 MPa B, R %
BENRMGEERES MIgEA D 2(nlet2) , R FMHEG TR BB ERGED B g, &4 ()
WHE . TENMFEEIDHAE T BREEEN TAENMFEN) EARBHRE, XA NS NEREERN
B E AR AT B0 . B W A B AR R BB UR T K B9 AR IR AR R B/ B R R 32 B ORI
WAZ Q20 mm) 1, E MBS BRI =4, ZRAERE B HZEWEL L BFG BB RS ME M, R4 E TIEN
JO B 3 e 3 R A R ) R AT A TE 3 B T BV K TR K R REAIR , 4EHFHE 60 m/s DAF

BARGHmT.

DR B, AR E R 45°5 90°% T, 1 1 LHRGHEERBELSHAEIHSHMEM. Hit—5
ST UTRE R R R — R AT 2 AT 4 X L - DTRR IED B T 9 R 3 A AR E W B A IR 45 B 5 DT AR
A —E He i, B IR0 A TR A R 2 UORR T8 09 8 B O T B O 3 38 T ) 3 R - % 5 45° B DU AR THT RS
Vi FE WG R T 90° B, ly TASURL X it 3% o R B BR BE T By AR ORI B B K, i3 SR S B ER B . X B
THD 4 R 3R S 3 45° B 0 2R JORE ) UL AR T 32 30 B9 48 1 B /N T 90° B, BRUT AR & A /N T 90°RT

2) FRRA A BER, BRI AR (2 MRS, | 1 _EARE TAEAN A B EJ7 &4 T VORI MR 35 3
BER B T5 1 K E A 2 I IR VIR E V) a5 R R 2, B B AT B UURE NS, A F TR m it
Rz 30, VLA T B 8 TC FR A 26 B s 2D

3 IR I BE Ky 45°0F: ADEEJ3 2R 0.30 MPa 5 0. 35 MPa &4 F , i 1 E 3% 3 FE R &4 i AHIE; E
0.35 MPa &4 T 2 FUTARTE MHE B GAEREHE, 2R LB ER BRI &GS, IRRE
BK.

4) AR FFBE Ry 90°HT :0. 25 MPa 57,1 1 LU EMHEZ ML BERERE S ME S IURE, AR F
W<k 1 YRR 3 3, (E UTRUR B R IE 4> 50. 30 MPa &4 F , 1 1 _b UTRR 1T B I 3 B 4% 8 0 1) 75 S UL AR T A9
BB, IR EM K;0.35 MPa KT, 1 LRFHHEERESM S 0.30 MPa &4 FAHIE,HE 2 |
UURTEMHE B MG AR REH, 2R B ER 2R mMESE  IRREE X,

Sy et TEE EE R X BFG A O WE A 10 m/s, \EH 773 K, EJ1 24 0. 25 MPa &4 T, I/
MR FFBE A A5, B 26 B TAEN B (R I (A E 1) 4 0. 30 MPa B i 42 85 58 A8 X 35 45 5 BRI AR I BE
90°mt, b3 B THEN R (KRB JE ST (A D JEF) N 0. 25 MPa B ER28C R AN 84 .
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Fig.5 Velocity vector distribution near the deposition surface (surface 1)
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Ry BR A2 2 B TAR A B A B R 3% BFG 4 18 8 B X 30 B U0 B 45 4k i S i ML B2 T ANSYS
Workbench 2 f % FLUENT 83, B2 FI 45 o i AL 2L A0 DPM A5 3047 R 52 2540 (6] R84 » X BR 2 2% B R )
TAEABRA BRI 248 T BFG 18 % 1R DX 3ok AR PR R 04T 705 AR . SR BIm - RARTT B 45° A
HEFH 0.25 MPa 844 T, BRI BN WA 0], BATTIRAEHR; KA 5 M FHE TRAEFEYEE
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