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Numerical Simulation of Mass and Heat Transfer in Iron
Ore Sintering Process
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Abstract: Taking the sintering material in a single pallet of a 360 m? belt sintering machine in a
steel plant as the research object, based on the porous media model and sintering theory,
combined with local non-equilibrium thermodynamic theory, component transport theory and the
kinetic equation of various key sub-models, a two-dimensional transient mathematical model of
mass and heat transfer in the sintering process of sintering material was established. The main
factors and laws affecting the mass and heat transfer in the sintering process were simulated and
studied, and the material bed temperature, the specific distribution of the main flue gas
components in the material layer were obtained. The results show that, an increase in negative
pressure of the exhaust caused a rise of overall temperature in the material layer, an increase in
oxygen content and a decrease in carbon dioxide content in the material layer. The increase in
thickness of the material layer leads to a rise of overall temperature, a decrease in oxygen
content, and an increase in carbon dioxide content in the material layer. The appropriate exhaust
negative pressure at the bottom of the trolley and material layer thickness are 12 kPa and 0. 6 m,
respectively. The temperature of the combustion zone is close to 1 500 K, and the volume fractions
of oxygen and carbon dioxide in the combustion zone are about 11% and 10%, respectively.
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Fig. 1 Physical model of sintering process of
sintering material

AR SCEE X BT 5 A bR AR X B AT R AR
Q1 5y  AEHR PR RN R A RTER T, O T R e AR
by JSORTSCSACHE JEE , R 1T 70 Bk = A A X 33
SHEAT RS 30 3, A A% AL B A X It A R
A R4, HAtl DI P 50 5 14 A . B4 RHR
RA% R GEANIE 2 BT

B2 REMEMIERS
Fig.2 Sintering bed grid system

TR gl i FRAL AL T 2 Pk XE A A T
TN B I GRG0 =8 o= R B T
I REHEAT R AL IFVELL T Bk

1) HZ Ik ) 4% 57 1 20T DA 22005

2) ZWhest il FE v (4R AL R LG
SR EE AL

3) ARSI AR A B SR AR AL
T A A S MOR TS T B, Bl Bl R 45 A1 R 1 i 22
i

4) BEg IR R ANAE IR A, AN R
BHZ WA
1.2 #pEaR

BRATVEHR A I B AL AL A R AT .

D) RER TR . HXT B AR A RS K2
() 9 A At A, D SR AR B0 T 21 Al XL £
R FERET H A TR A, B2 S0 ST be 2 R R A
(1 BE 7

‘+J

J

VorEaey SHEIch = o

(1-¢,) p.c, TT -V ((1-¢,)x,V -T,) =
(1-¢,) 0.~ 0+ 0. (1)

R

0
«sppfcp‘thf +pc, uV T—

V - (e,kV  T)) =£,00+ 0+ O, (2)
e, WRGTEHIURL LIRS s ¢, Fl ¢, o3 3 R e
LR S S L R AEE  Jikg - °C); V R BREE
A u N RRE K &, m/s; e, Bl i 4351 R ]
KM FEE, Wim -°C); T, F1 T, 53 5 4 [ SR
BE K p, Ml p 4050 A [ A% B kg/m? s O, RO, 4%
R SARFEE , Wim?; O, Fl1 O, 4 ) Ry et
T R AP OGBSO Y R R, W/m'



F 14 FF

SRR G KR 2R S AR A T R BE A 37

O MBRAS L AL AL AR rh 2 S e 4R Z TR Y

68 (1-¢,)

Qfs:(Tf_Ts) d s (3)
p= ?(2 +0.75Re"* Pr**®). (4)

Hovb o d, e BHBURL BLAS , ms Re 8 W KL Pr
SRR
2) BT R . BRATRHT T e

p,
5 =- ZRksMk.s’ (5)
BTN
0
8"% +V -(eppfu)zng,fM“. (6)

PR, R R, R e SRR [ A A AL
R mol/(m® «s); M, Kl M, K [ KA P45
2H 4 WY BE R i, kg/mol s kA0 e Be gl ok B v 45 Fh
KA

3) ALt T iR

ow,
Sl

A w3 B TR 5B 5j,  EH  JBREH
A, mol/(m? +s),j,=—(p; DY)V *w,, D 53 T4
HARE, m?/s.

4) ST RN
%(sppfu)+v . (eppfuu)z—V . (epP)+F+ zRHu.

(8)

+V 'jk-i-appf(u “V)w,= sz,f~ (7)
k

A P RIE S N/m® s F ORI

R R, 5 PR ds RN 5 Z LAY
|G Wik 2y & 3~ I ¥ o Y S Rt )
S, SO Bl i 7 R R R i — AR F,
T F PR FEPERE T AME R D 20 B J505 F 3Rk

F:—(’Zu+;pr2umagu). (9)
K WA I EEEE  Pa -ssu,,,, W ARG S

B s o M1 C 730 R 22 AL A T ) B v RE T R 5
FIBERE 7 285, R ] Ergun 5 271157

1150 (1-¢,)

FEE g’ (10
35 (1-¢,)
CZ_TS o (11)
5) AR T RN
Wit
P=p.R,T L (12)
P fZMH

A R, Dl MR B, I (mol K5 w,  ABEAS

TR A 2 A3 1 T AR
1.3 XEFEE

Be Gl RHpe 2 o TR A% A% B O H - A R A
FEIK G 1078 RS, A1 IRAT Ol 1 2 AT IS
BESE I (1 A0 AN BE [ Bl S N 2k S Ak A 3 R 45
B

1) KA W78 K FNEEL, . Be st B vp , B4kl
HROK G323 M 758 R R 4 | K o3 78 % sl B 4 IR
A AT LS i RN ZE TR pr o R

TR Z8 VK pro KT AR T i 280500
Puo» BEB R K 43 Ab F 2 ROR A X Tk 4y 28
S, 38 H A WA B B E G R R B BRI [
AR R BB Y Be R T K A3 T A3 Bow,, o K
TG T K w,,, KAk R AR R B
X — B B S R
ko Wio@,( Pio—Pio)

R,T, '
K a, REEGTRHBOR Y LR T, m ™5 &y o WK
ZEANIE TR m/s.

MGG RL K 53 SR B wy, o /D TIG
KA w, B KGR TR B R R R B B X — B
B S i A
HhoWioa( Pio—Puo)

R, 4= (13)

R, .= (14)
By Rqu
Hrr
y=1-(1-0)(1-1.7960 +1.059 3e?),
_ Wh,0
o

MRV pry o TSR 2RI o o
BF, B2t oK o3 kb FEESS IR X — B B
ko W0, Piio—Pio)

R.T;

2) KA A KA RS R i E b
SEIGR GEE SO, M 873 K, BEgs
W KA TR o A IR BEAE 1173 K MHITE, A K
A1 i BN IR B A2l I SO IR A TE RS L 7R
oh— T DLSE A R K A O RN A
CaCO, — CaO + CO.,.

AT IRAT 53 S SNy
hpaCaCOzUll(Tf_ T, )

AI_ICaCO3 .
Hroh, A SEREEL, WM - K); acyeo, B
ghikbrhoa AR LR E R, m T U, o S A K

Rconden = ( 15 )

(16)

RCaCO, =



38 AR FFR(A RAFR)

A R FE AR S R B T A KA S g vl bR TR
JE K AH o0, A JRAT 53 BN A
3) A Al B A5, s At be
S0 EOR TR . 1 = A BB SN AN 32 N HE
BRI, T L8 235 2o A v A0 A A bR T LA
AR AL TR A BB B RIS R A, B
HARE FEPREL W . A= A BN
CaMg(CO, ), > CaO+MgO +2CO.,.
I 25 A0 JBUGE S N R0
hPaCaMg(COK)ZUIZ( T—Ty)
> AH '

CaMg(CO;)

R (17)

CaMg(CO,)

R degeo,, HHEGE R 240 BORLAY R T
H.om U, NS A=A REG T, N
= A A TR IR L K AH cpggeo,, W = A
JBEA I K

4) BEABHN I AL FNEE [ . a2 k) 4 Ak Fn Bk
R AE L R B R S PR e gt ad R
i, GRS Y Al IR [ R R A, WD K B I
i FLBRZRMUE SRS V2 R Y
B LR T AR R TR A R A S IR B I e
R IR e Ak 5 YU AR TR A Rk Y IR B
B, e 4t L LR BE [ . 56 [T T A0 A 4 Ak 3 2o 2
{HA AR IR VE . pe sl s AL ol 5 [ 4

Q=—%(¢AHpS). (18)
@ NIREERHGE R 35
_(1-T1,)

0= 7(Tmax—Tm)' (19)

A AERE R SFE T R A I 0, MO, TP L 0ok
figp 0 e P B T AR 5 AH R A sl BE 1% 5 T,
NBRETRHEA AR IR L 5 T, A BE &S 1 72 b i
[

5) B LIV . A S L R Jpe 4 ae i v e A
N7 GRS | U AR RO, 7 AR TR
e — b, — ALkt = 55 URER
VS - R U R I e N A 3 A A
C+0,—C0,,C+C0,—2C0,2CO0+0,—2CO0.,.

FEIRAIRGE S e M A A o ORI 3 1 A 7
BRBERSERUAN Ay R S B AZ A A6 5, 2 7 ) S %
AR A% BRI A T A2 S e

BRI I SRR S N
c.d, Feo~Tc

+
T
ShDCOZ.eff g€ reo I()DOZ

(20)

Rc1=4“”cchCoz/(§Lk + ).
1

% 46 %
Hp,

Sh=2+0.75c"* Re"’, (21)

(7222820)
k,=589T¢e" ™"/ (22)

03333
rc:rc.o(;c ) . (23)

C0

FEIRMRIPE A B — A ARl S 3 38 hy
109217 >N Peo,

R, = . (24)
224T ¢ (1 + 3 )
e kg repeEnk,
— SR ARt A A S N R Ry
[
Reo=3.25x107cochpct’e 1 (25)

i, o, Coo T ey o 539 R AR AT
— SR FKZE SR EE , mol/m®; N kg B (A FH
B IR TUREB, 1/me s re , AL e 43 SR B4 bk v g5
TORE) R AR TR SN 53248 ms pe, Al pe 57
S SR 400 iy e AR % R AR A 2 g S 43 A i B0k
W kg/m®; ShO i RARTEEL ; Se AT B RREL; ¢
R E B F 5 o N fE R URLIE IR K F 5 D, B
Do o 53 R ST HED T HICR BIOR — AR A AL
FEit T MR, m? /s k, Tk, Rl 5207 A —AE AL
e \— SR ) N ET, m? /(kg * 8); P oo, AR
g AR P A B CO, I FRIE 15 E RN A 8RB
ko PEEBIRIFA W — S A Y PR A% BT R 88, s,

6) BREAL B JF N bedt i R b Bk AL
KRR SRR N R AL 32 B Ak AR R, AR
BRA 5 — S AR B I A A AN AR, LR
A Fe,0,+3C0O — 2Fe +3CO,.

SN R

1092777, o Nye.o.Cco
0T T 02 AT o, /

i . ds((l _f)71/3_ 1) . (1 _f)mk}
ke 2D, 1+ UK

. (26)

s ro, ARG RE IR BT UR AR, m;
Nieo, HEARTRIR R WORLEL , 1/m’; ¢y 0, N IR
BRI IR IR T 5 ke AR ERT 5 — S AL I
I A GRS Ak Y B B R B, m/s s D,
R — AR T BR R, mP /s NIRRT IR )
BE s ky R R AT — A A i Y B N R R,
m’/(kg *s); K N IRERAT S48 3 %K .
1.4 BREH

FE XRG4, 1o B AL B AL A TR, 1
B S B 1 TR RN G AR 2R



%18 FPEF A B

25T AR AR A S AAAAE D 39

& SRR A AHLIRHZ TR, 22802 2
55 1L AL Pt B MR EHE T BRI 2= A1
e Ibid - WNREUR I S L WNRE S B3 I3
H1 S PR TOUHAE 5 BHZ RS U DB R
R SR R TR ) AR b S PR T
B5E A BBE AR 00 B R BE AN IE T H

1.5 #REVIIE

A5 Y 55 I 0 Ao AL 45 SR S B AT
X B S 0 d ) BCH A FE J 2 ao AR R U2 R R
TR E XS e R AR FR R 1]
UL, SR IZ B RS H 0k J2 T 3 R S 0 v
IREHUE 5 S PR E A AR, e KR 254 9.7%, H.

T i FRAT TE 10% 5l A 50T LATA AR SO ST AR HY ] 5
FR1 BREAEREIESY
Table 1 Process parameters of sintering bed
b T AR B % A ARRIATR MU %

BME/K SEBRE/K  3R25/%  BHUE  SEBR(E R B SEBRE PR

sty 393 434 9.4 21.04 21.52 2.2 0.028 0.03 6.7

JRIpeHy 1500 1425 5.3 11.22 12.35 9.1 9.630 10. 45 7.8

TRy 865 953 9.5 15.24 16.72 8.8 6.730 7.45 9.7

T2 S 329 354 7.1 20. 35 21.36 4.7 0.029 0.03 3.3
AR AR BE , D o 5 22 IR e XL 7 1 0 v i
2 BRAUESR S XS5 S R 5 9, W3 T
ey, WA PR 8 A R Ul A T e T %
2.1 KEETEHERE UESE T RHZ AR AP AE SRR . a4 i 7 vh BB
GRS R P Y HOE R DL ARG B KR A B A AR A RE G AR S
BRI B AR B S R AL DAL AT R T BeSE B REA AR BRI SR

R, & 3 s & e [ bk B s N e bt
T A ] A XL B e 4 i R R 2 TR 0 A 1)
Mg oL . 30T I [ S JGR, okl 2 T

Il 0 3 B 7 45 7 A AN 32 3 00 D PR
BHZ AP AP SR A Y BB & PR
Pl XU B B R S B

ﬁ 0.6
0.4
iy JEHE x 107K
z 0.2 [
R .
=1000s
1.2
1.0
=200 s +=1400s 0.8
M 0.4 0.6
é_((\: 0.2 0.4
— 1
%ﬂi’:ﬁ/m %ﬂ&)ﬁ/m
=600 s =1600s
(b)

E3 HR G E R R E S E

g 0.6
0.4
e 02 1 x 10°K
2o B
§ .
=0s =1000s

g 0.6 ; 1.2
0.4
% 0.2 - 1'0
|

5 2 =200's +=1400s 0.8
E .
% 0.4 0.6
& 02 0.4
| L

0 0.5 1.00 0.5 1.0
YpHL B /m YrBHS B /m
=600 s =1600s
(a)
Fig. 3

Influence of exhaust pressure on the temperature distribution in sintering bed

(a)—J KB HE 10 kPa; (b)— XU e 12 kPa.
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Influence of bed thickness on the distribution of oxygen volume fraction in sintering bed

(a)—HHZJZI 0.6 m; (b)—FHZJEE 0.7 m.
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Influence of exhaust negative pressure on the distribution of carbon dioxide volume fraction in sintering bed
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