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Numerical Investigation of Gas Flow in Vertical Tank for
Recovering Sinter Waste Heat
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Abstract: Based on the porous media model, the mathematical model of the gas flow in sinter
vertical tank was established according to the gas solid packed beds dynamic theory, and the
boundary conditions of the mathematical model were determined. This model was conducted on the
platform of FLUENT software. The radial voidage distribution of tank material layer was defined
through the user defined functions (UDF). The basic law of the gas flow in vertical tank was
studied and the main factors and influence rules influencing the gas flow distribution were
discussed. The results showed that in the cooling section, the gas flow rate gradually increases
from the tank center to the inner wall along the radial, and finally increases suddenly near the
inner wall. The main factors that influence the gas flow distribution in vertical tank are the radial
voidage distribution of bed layer and the pre-stored segment diameter. The more serious the
voidage radial segregation is, and the larger the pre-stored segment diameter is, the more uneven
the gas flow distribution in vertical tank is.

Key words: sinter; waste heat recovery; voidage; gas flow; numerical simulation

Bedt R TG IR A4 e ORI R H TR AR

23 B AT SR IR Bl R I PSS i) 32

SETIFREFETI 2B TP RN F LR
— B e AR O A7 3 ME L S IR
ey 2 S TR BRI E A T2, S I AE
BFFE/NELAR T T PR e RE R R T R e A
A e e R A ) AR TR — BRI 5 Ji h s2
B E POBeah i 5 e W2 R RS e R

W EHEA: 2014 -09 -29

PR DRI, WS (A P9 20 A L, o i A e
PRBHZ RS e i e e 2 A [l AL R
HA -y 2L

T TBE4s T R 2 N AR S HLER A 52 2 kA
AFEENE , R AE T2 A B I 3l AR I
B RGBT 5 70 M, W 13 he 45 R SLis 1y

BE4H: ERAKRBEEARIIH (51274065) ; i TABHE #1215 H (2013020191 -301)

TEZ R WA ME(1988 - ) T LRUIERA  RIEIA L0 A

WE(1969 - ) 53 LTI, AL R 2807,



%58

R RS B LR A A R S MO HE W AR B 0 Bt S 661

WERILTLE M= i LAYiES. Han, A X
SR EE R NS S TR I fef
A SCHRGE . 3T heah B 2 AR g5k LA PR IE
o IREIUTHF(REZEES PR Y E HRZ
L) B8R ORE RS B T HJ IR PR35 /N 4
RSO 4 A T A4 A O [ 5 PRI 3 B A
SRS TT RAN W IE. A SCAE B AA
A’k FLUENT, [a]ihid it B o X pRi%k UDF XFEHZ
18 ) 23 R A3 A S BH 7 o3 A eRABGEEA T 0 S, TR
HEA TR 22 N B S F1 1 35, AL A3 T IR 2 IR
it o3 AT R S 5 e A, Sy i Ak A A
RN 5 % AR TR B8 R LA,

1 AR ST

1.1 YEEREHERIEEYE

Bezh R A RLISCRER P, ¥ H1 23 R (R AR Ik
) 230 1RV B RTRE AR IS ER B AN N, 5N
SR ZE T HEA T A SR RE HHEHS 5>k A
TRV b gs 0™ F WEAR TR SE AN, A
FAETZE TR, 5N A s T I i
MA5 AR A e Je P ARSI HE . AR SO XA
R FEA R ST W BRI | PR T IR RELE A R BRI
TR RS ) — - VR IS X 52, g ST e & RS —
At JUAI RN | A A TE SS 8 AR A (R i 2 e A
P9 22 FL A B DX 3R it AR X3k, 49 R T4 B L R
X R HBL, Mg R NE 1 PR,

fijipeaiy
EXL O
Pt A
LHIE
SEAD

1 REZENE RS
Fig. 1 Grid of sinter vertical tank

AT RJZ AR S 84w 7% 3l R
JEPN AR SR | {825 & 30 A% 3l R = A B A
R Bh AR B SR A A7 A6 6 BERMESEE | SO W 50 K5
PRINBELS 252 N IESER Z AL A0 o DX [l
G TSR KRG B B GR 249 mT A AW b ) XS, HL

P RR AT BN, I, KR4 R 1 4y PR A
DU JEAABR R . ORER P IR JZ 3018 45 1] ] 44 11
ZALA BT, ZWEBREET A B () Z2 L1 WS4 5
QFER NS A A AT 4R A, 2006 F Xt 2%
ARSI 5 B IR )27 25 B35 B AR 1) J5 ] |
(A5 Ak, 5 (@2 < [ FASE S AR B iy s i, B
K S
1.2 HHRAEROREH

HRAE DL 385 0 ] AR 15, 3 T Darcy -
Brinkman — Forchheimer #5 %Y~ ity 3 14 i 2
(i EE I

SRR
d(ptty) 1 9(pervy)
ax ' r ar =0 (1)

S i
3 PelUele 9 PelVellg

e . 1 & _ _9d(eP) e N

ax r ar B 0x P8
9 u, 1 9 ou, [Mﬁ
ax(“ axj T ar("‘ ar ) Ll
p:Cre
P =y ) | )
5 PlUVe P PilViVye

e . 1 & _ _d(eP) N

0x r ar B ar
0 v 1 9 oV, ne piCre
o 9 10 Vo) _|H4&, | TiEe
ax(“ axJ T ar("‘ ar K" JK 8
J(uf_us>2+ V?Vf] : (3)

A u, R SR x (Bl ) O 1) 1Y I B ) i
m-s~' v, HEARWE r (A2 7 a) B9 I 43 i
mes ™ sp HAMERE kg -m T P AR T,
Pasu AW AURBN I FE B Pa-s; e NZSBAR C M
PEREGK HBERE,m g HEIIMEE, A
9.8 m-s’.
PR C. I RN K (WFRIK 5510
B

CF: ’ 4
/A83/2 ( )
_(¢d,)’s’

K‘A(l-g)z‘ (5)

Xrfrod, AL EAR, m;e NBURIEIR R AL, 505
W73 ;A , B 2 Ergun %40, 1Ty SC AR
IR AR A R AR
HERIRT u, = Uit s Vi = Vi 3 KUBE 1T s u, =

o ou, Jv; N
Ui Ve = Vf,inz;%‘hiﬁ H 2% = % =0,p =p0;ﬁf2|§



662 FAXFFHR(BAFAFR)

% 36 %

. o0u;
L:J‘JXL[I]E'&I\EI%:Mf :Vf :O;Xd‘%iﬁgf;ai; ZO’Vf :0_

Hos ug v 0 E RIS B MR A TR
mes ™5 ug Ve K XUIE AL SR IS M R R
mes ™ s R B ANE LR T 1.
1.3 HEXE# UDF

228 B2 5 M JE T R N A 3 Bl S AL A
A FE BN R Z—. HAT, Y — 5B ok
PRI 128 BRI A R — 280 B7E S BRI IR 2 285
P, 28 BRI R A R AR JE TS RN
R BUE T AR BRI R 2. T I, BIF9E
ANGLE L SR E IR TS PR & INE IRIE R ]
J5 1) bR oA R A

AN R C. B IEREK Nl
R VRITE ) ZR 50, P ol 22 B30 B 4 i s B R R
ANEAE, FLPF R O P SRR SRS i e

PERZE. L, R H 2 X R4t UDF $RHZ 25 IR
R RE C. FNB S REK TERER N ZS 8]
(78 A 2 1% 2 FLUENT 5% 9, B AR ] 25
B R 2s (8]0 A R SR T s A
1.4 ERIINHE

3 A DX sl A PR S 2 X R
JEE = AR R 7E AR TE M IR AR S,
Xof Y Y AT SR AT B0 . AR SCRR[ 10 ] P B BHL
FIRRPESCRG R B AR A A T80 F A REZ B 7 460
&R R A BT e S B0 18 £ AN [R) T2
N AYBH A5 Al I A 4 R I 4 SR A T e
DA 3 oang SN EY e

Ko as o B H KRR 1000 m*/h(Hr
A RHE BB Fe WA H R 1. 92 m/s) IEREHZ FE 745
RAHME S IR E M LB a2 1 fiis.

x1 BAREENEBESIUNERILE

Table 1 Comparison between simulation and measuring values of per unit layer resistance

AR 0.5 m RHZHAAHL I /Pa 0.3 m BUZBABE I /Pa 0.8 m BHZEAALFH 452K/ Pa
SLEG{E 1339.33 1117.20 1.200. 50
LEDRIER 1283.33 1 080. 00 1156.25
RE/% 4.18 3.33 3.69

M AT SR AR B A SR =
FHLITR R E S LR A I A W) &, IR 22 1E 5%
LA, DRIHCAS ST S RS R W 5 £,

2 BEULARS b

MR JZ NSRS ) RN FEA 3 Jrim .
YIRHE TR, R TR S R 45 5 K2 T LA
PR, WPRZ U R R JZ =A% b RUIE A 55 5 I
A G PE NSRRI FhPESE. Hod K2
235 BRI A A G BN S R T U R P A HE
FERFE LR G R IR 5 V2 20 B RN AR T
FERZILA N FRER L BN R, LTI, A
SCHIR IR )Z 25 B o A REAR AR (BRI 20 B
P N AR B VE L ) | XUIE 7 B 55 DR 38 X <A
T B 5.

R AT G2 % A Il S B 44, 1047 B N AR
7.94m, HAABEENTm; BHBENERN
8.99 m, A B BE Sl 7.1 my KU H RHIE = R
1.5 m, 0 KGE BHAE A 3 m, RIEKIE HEHR
1 m. JIEEBA F 5 b KU KU LR 3. 1. SO e

AU B A R 2 LR WL .
2.1 BENSERIHNE

P2 S S PR T 00 T WA P R TR S LN 25
FeONE 2 AT UE s (1) WA ] Lk
B, RE LRI Ve MBS BEARHE , WoRHE 1
EARHEN DT A T B 32 1) Bk
JEBL I3 a], i e 2RHE 1 HEH i T RE
(B ARSI 1) B AR i) DY BE T %, 72 A%E
Qb S R TR B KL (2) AR Y AL A A T AR

B2 EBERENSREST
Fig. 2 Gas flow distribution in vertical tank
(a) —HEFELE R (b) —HERERE;
(¢)—iiZk .



%58

R PR, B LE B A BRI A N AR R B 8 B 663

Tia] XS Bt o 28 AL BE A SEfin | 4R, AR
AR R, AR EE N2, Jr . XS
EEMR T A BRI AR 0 A AN ST R B (3)
M JEE S 2 PR AT LA Y, DTl 80 R A PR B
AT S L P TR D LSS R R R
S R IX — 0 SR 3 e ] LA 22 AR R AR
TE | 2 R AR ORI R N BE X

DL R4 e A T LA T 2 PR v A (R )

FEBE ] LA H ARG 5 55 , 25 P BT , S

SR, HL7EBE T A 18 B0

2.2 RBEZBRERSHIFSERINZN
PEBUREAR = E 71 1.5,3.5 A6 m 3 A

[FIAR AT, WEERAN [FRE AR 45 1 T AR ) 3 8 A AR5

L. AT EE R ANE 3 FR.

8 8 8
(a) —=— d=15mm (b) —=—d,=15mm (c) —=—d,=15mm
Tr —e—d =25 mm Tr —e— d,=25mm T e d,=25 mm
T’: 6k —a—d,=35mm 6 F —a—d,=35mm 6+ ——d=35mm
Csl R AR i N sl e RO
o 4T 4t 4t
i
3 3 3r
2r 2r 2
1 : : y 1 : - y 1 . : y
0 1 2 3 4 5 0 1 2 3 B 5 °0 1 2 3 4 5
12 17 FEBE /m 21w FEBE /m 210 FEE /m

B3 AREESHEZEEESH
Fig. 3 Radial velocity distribution at different high cross section
(a)—I1.5m; (b)—3.5m; (¢c)—6m.

MIEL3 ATV 4T 1.5 mom 9 , i
U TR PO XU A, 0 A A A 10 9 JEE
3 m PN AR O A - A AT R AR AN ) 5 A
TR SERE 3 m Z i, U AR R, HE R
55 A P A T B AAH ] P 1B 2 SR IR AT A T
JERFBA B, AR A XU 11 1 o
PR RS, SO B 1.5 m Ak S
MIBLAR. BEFERZ w5 B A3 , iUk sh
AW R 25 B R Al M 9 S W, ST AR 1)
A N BEAL AL | 5 BORE AR O Ak B8 0 A
W e, A T R A BE A SO R RS M. T3 A

X 3 FlAS ) g B A, 00k R K ZE AR 1)
I b 300 R X
2.3 BERAENSERINEMR

R T PRUEA: ;) S e G A B R AR A
WAATREAT BUFE B . FERHE 55— B LT, BiLfE
BENAR RN B He o 5 BHE K E SR B,
T2 M 38 149 3 ) AR A /N, S o S AR 1) A7 Bt
A2 N 7.94 m, VLIE] 4b. 555 A7 B i AN S %
B NI/ INE 5. 94 m 34N % 8. 99 m (45
TEHBIN) , HatE 4535 WK 4a, 8 4c.

B4 FREBFRARSEEESEZZEMRELZZE
Fig. 4 Velocity contour maps and vector maps of gas flow under different pre-chamber inner diameters
(a)—5.94m; (b)—7.94m; (¢c)—=8.99 m.

M 4 JHURE 2 AT LA B, v A B 9 A<
FER N4 5) B BEE BAT B AR RO, AT
AR ) AR AR 2] JF B B Rk o

Ess

/N B T ELBCRE T RbE H, 33k A I A
ARG B . 8] 4 LR 2 IR AT LLSE I B0
WLEERIIE £ BE 5 5 B X AL 1) R0 , 791 1t



664 FAXFFHR(BAFAFR)

% 36 %

ELAABERIN ARG 1) AT ™

ML 4 AT LR BB N AR BN B R
S W1 1N PO FAX K O = B TP S 2 IR 0 0 NN 2
TEANRHVE 5 025 5 HE R B P BE A | 3 A2 B i
Mr LG o0 5. R A BETTHREUR 45 4 S 50, 20
R U S B0 5 AR 5 AP AS G B ) 8, I3
1 AR A Ry XK e R B ) R AT
2.4 XUBHLE X ST BRI

FESEMR Y RIS — M LA AR R HE T IR
] XUNE S B 0T 4 e v HD SR R AR R 25 0
o 113 R I s AR E B A L A T % R KU
A7 BRI B0 1 52 W K AU A7 7 D ok A
R Im, B R ANE 5 R,

iy
5 FREREBAESEERES
BE&zEMRE=E
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flow under different wind cap position
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