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Numerical simulation of heat transfer

process in kiln of grate-kiln system

Abstract

Grate-kiln system is a kind of advanced advice for pellet calcination, and develops fast
in China recently. There are many problems to be solved in grate kilns in commission. But it
is a new technology in China presently. Coherent research in theery and mechanic is rare. So
it is necessary to make further research about grate kiln system.

This paper focuses on the thermal engineering feathers of grate kiln. Through the
analysis of heat transfer of grate kiln, a one-dimension heat transfer model of grate kiln
system is buili; After defining conditions and programming in MATLAB, heat transfer
numerical calculation of raw bed, gas and wall is completed. Applied the mathematic model
to grate kiln in Angang and Shougang, it shows: value from calculation watches that tested.
Maximum deviation is less than 15%. So it can be concluded that the mathematic model is
right, and value from calculation is reasonable.

On the basis of numerical calculation, the law of heat transfer in kiln is achieved: in the
low-temperature section, the main resource of heat to pellet is heat transferred between
pellet bed and covered wall of kiln; in the high-temperature section, the main resource of
heat to pellet is radiation of gas. Analyze effecting factors of heat transfer in kiln, it can be
concluded that: amount of coal to kiln is the basic condition to complete gas-solid heat
transfer, Peilet could not achieve requirement of calcination. Increment of rotary speed of
kin can enhance the heat transfer between stuff bed and covered wall; the length of kiln
defines how long pellet can stay in kiln. So time could not be enough if L is small. The
diameter of kiln D is another factor that can enhance convection among gas, stuff bed and

wall if it decreases.
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S TIEEEE, YR sEsheE mrBatn R 2, = p/2m, W
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B =22k, pyC 0 1] B a7
Schlinder 44 % (8 T8 T HEBIAAES . BT SEMmEM0HES U RS

H5R T RER A, RETEMHMEL 1, BHER:

R, ho HEREFESH T RGBS AR, hy WEESAN TR RAR
B BE, AEFEVRRIEN TRAMHEAMARA, =k, (). Schitnder I

1=0.1-058% y =0.02871-yp) ¥,

4 LALE, HEBREARKZ 6 BERARE L, o
By =11/ By 41/ B +1/ 1)

. 18
= o, 1y + QT B Y ()
3.54 BAMEHBAMRK
XFESERNE, B 5E AR T ATRITRKOAR, — R NE
BHHERANH, B BANSESERK. BAEHTHORATA BB FRT

PR AR B5MEE I B (RS B ARSI X B AR E A5 A
b =08u(T =TTy ~T,) (a9

#, . =0.1105Re, 2+ Gr)P[ *k, /D, 20)

3.6 ERARMIARFHEHHL

3.6.1 BRI AEEHL

Z’hgcp,x dz =Hy e Ayt ~t )y Ay g _tb)"'ZﬁfAHs e2))
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c r
h g-eb hg-eb+hg—eb 3

Aew RO B HIE R,
A TR MITEHRRI I
BB,

a~f .
2hgCpg L IAZ . =hgew Ay g =10 ) ¥y Ay (1 ~ty)+ 2 H,AH, (22)

WHEAE:
T R RIS Y RIATO YA NS @3
BARA 2), 1B
Y,y =L =y Ay by ) o oy Ao =) F Ry Ay (6, — 1)+ LA AH, 24)
yae 1IN R
S, M%_M4N . ) op Ao Ui —15:) i o Aoy (i =155+ SAAH, (25)

UAEECE

Ly = Z T Hgous Ay Uy~ 1)+ Py A (g =1y )+ Py Ay (s — 1)+ L AAH, ]+, (26)
myc pb

.62 RFHERML

MAZEME, N (5) #ATIHUBA:

1 wmAr tm Ir‘Rl_hb_m (tb, twi)"'h;-ew'( i )+ g—ew (t '-twi) (27)
% (6) BEATIEARIEA:

o . i w1+1 i II"RI"_hcb cw(tb —t ) (28)

® (7)) #TIERENS.
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3T EFRER

BHENEAEIEFXAMATLABSES, BFaIEFAETFEFER. &
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h J

BRI LRAR A& ANEFRE

A TemperaQF E L, #TERHE

'

BT

=

SR

A4

. END

HHATERBUEBIAMEESRE, FHEMRE, —HREHZREE, 5—
MREEAKREE. REFTENSRIREEH NN ERH AT ESREREELH
MR, EMEAKREENSETETRI ZHNA. IR AGHRunge—Kutta®
BERATRE R

-33-



AL XFAEFERE =% esfadAdaiusgy

3.8 1 RIS

B 3.1 AENST —T NEEN—RHERFENEESERER, XRANEIEXH
HASY T HEN—EEREREEARBETEMNETeHENIHY. REESNE
6.1m, M1% 5.54m (BEEHMAFMBEHIR) , 2K 40m, F=EH 20077 va. ERHAE
s, BRASEEARAYRER. UHARESREN. BETHEELE
3.1, 32 ABARS AT

B 34 AEHT LV ARREN—RHERENREZENER. XAMNEEXER
BB AT S AU, ERESME 4Tm, B 35m, PEER 100 5 ta. BRE
WEREDRES, BRKEEARSNERR. W ABEREY . ﬂ%lﬁ%ﬁﬂlﬁ
3.4, K35 BB T

ERAMENETETIR THEERRENT 3.3 3.6.

F31 ETREMENESH

Table3.1 Run conditions and relevant physical properties
wu RRNE ERAE  HRE *"ﬂzt&j (ELY; # HEHE REE  RE

kg/s Lis % C C pm
15 1.25 8015.67 8 1000 ' 700 1.1
e b BREN RAEZER  Cp
ot ’ mm wm k! kg-m'3 kg-m'3 ’ Kk K
A 8-15 0.268 2110 4290 0.214
EE — 0.4 1334 — 1.0~1.4
R=3.2 ARG R
Table3.2 Compesition analysis for pellet
TFe FeO Si0, CaQ R
66.59 027 5.57 0.32 0.055
F33I BRI EAINERARE (WM K)
Table3.3 Calculated heat transfer coefficients
! h: —ar h:.,g hrh'rb h:fl—ﬂ
HARY ~8.2 ~29.4 ~127 4.8-8.3
, b hems -~ L
BAAR 8.1-38.9 6.1-39.4 7.9-174.5 5.2-8.4
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FEAUNETIRRAXYESS
Table3.4 Run conditions and relevant physical properties
Wy ARAE ZRAE ARE SHLOAE  YHEDRE 0 HE

TR kg/s Lis % C C pm

0.7 4000.65 8 1005 710 1.3
i3 k BREE HELEHA Cp :
ot mm_ owm'k ke’ kgm®  Kg'K

E: 37| 8-15 0.253 2120 4310 0.214
EE — 0.42 1353 — 1.0~1.4
3.5 AR 24
Table3.5 Composition analysis for peliet
TFe FeO 510, Ca0 R
67.13 0.29 4.98 034 0.055

3.6 BT EBANEHRARE (WM K)

Table3.6 Calculated heat transfer coefficients

’ L. LI L - By
HAFH ~7.8 ~27.1 ~119 49-8.2
hr hr hr hr
gjg\ L g-oh ew-eb e
® A 8.0-37.9 5.5-38.3 77-171.7 5.3-8.7

500" i [l n 1 1 ] il
0 5 10 15 20 25

L{m)

3IFERES T (BRE)

Fig3.3 Axial temperature profile (Angang)
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Fig3.4 Axial temperature profile (Shougang)
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FNE OEENEASEEANERTZWER

BEZRTRAMXRAN, EEELEASEBRESHOTLEREEEANE
#, AEBENXHTEHE, FERRERBEANSHSENRESE, RIEZIHH
HEAARERL, RtEmEEEARngnBEE.

4.1 EREARBRIERELRZ

B 41 AENSVBREA—T EERRERENEEAMREES A TEE. &
Yrebid O EhE B B4 R KT SWEL B TR ORNERN. WE 41 i,
ERAEFN SR, REARE RS EEERE « BFHA S, BERRESTEL, &
TR, AUBEDRZEEKY 15Sm EEBEARIA—RENAR, WEEE
P EER R « REAH: 2704, RARKEE HEERE  BERX, BEKTS
M, WEEBEZFH . £ z=15m~40m XER, BEEEKTREKSEREREA
BREZHHE, BEYHBESESRRERERD, RARE & FEIERER t 0
. REABREES =1180CH, BITAAEKHRBECLSERTEEEE, WH 41
7R, 7E z=25m &b, 4=1180°C, BREABIEERE.

1400
1300}
1200 -

O'1100}

£ 1000

’é 900

0 5 10 15 20 25 30 35 40
L{m)
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A 4.1 BAREENRE A

Figd.1 Temperature field in kiln of Angang

- B4 EREHERBEREITH

Fig4.2 Temperature field in kiln of Sougang

EFERSHERAREHEER, TURBYRNSRAQ, . Bl BEOBHAR%
0, VHERLEARBRNEMO, , « BUOTHKNHERA O, - MIXHIK
KBS O, MROTTE BRI RIRIBA B 0L, , -

WA 43 FiF, BEKTH, EREOEHENEETERE, WERERH0, R
BEREFBTIEE, & 03~1L1kWm BRI 50, FHEE, BREEENRK
MO, EYREOREA, BEETRER. W0, WEEKEH ARG,
EYR B OB, Q,BiE 4Wm, KAETQ,. dMkTH, EYELEO%ARETE
BA, DEARRKAR, BEGRRASE, X58 41 FrOREELERRE—K
i MESGREKERR, EdEENEmG RN CRTHKIRA, Pt
BOSERE. B, EEEENRTS, TIZERTEENRARILOTE
t, BERESHREEER, SRR EEANKER MERESEHANERT
BB, TE—AA LR IEERAR.
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Fig4.3 Heat transfer rates as function of axial position
HTESRARMNE, BAXENRVEESAOMARFHELR. SE—Sai
REZREHE RS 5 AR L FREESL, S AN SHEE TS SRR
HATHT. B 44 AHARLEYR SRR, TARGRTHRATL, B 45 HEERA
BT RHR O, BT,
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Fig4.4 Predicted heat transfer rates to burden bed
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Ralative Contribution %

<
T

200 7T

0 4 8 12 16 20 24 28 32 36 40 44
L (m)

B 4.5 ZHAFMT D EHFRADE TR
Fig4.5 Ralative contribution of heat transfer rates to burden bed

EESENRER, O, Ak SEREE AR 0L, £ Q, PARKAL
Bl 4512 45.5%%1 41.5%; TOHEA BTN, SRMMHEESFRIE, 5B
HEFTEHAED, Db 13%. sTFEHRKSEEMNANREY, EHAEHHE
FE, BERAREREI S, k. SERERETZ MEN SRR RER D,
SESTRIAE O, PO ELRET B ARXITIS, Sl MR R B S AR
B RALENE DTN AN, AR RMRE RS, FlnE
45FFR Oop oy MQ.FEQ, PHILLBIBMEE, HEL MY FE B KA,

LEHEATEGENTR. #E. RERERTEN, SANERTRAEER
BRI, U EHEEREY, ATEHMESRARERBER AT RMOERNE, &
WA A BRI, PR R G KIE.

42 BIREARASERHER
RENLHSERYMASENREATNRATERE. FRSTREHELH

AMRESHEERENERTENER, HESENRTURIE REEEHS HR
2R RERMUERERM. DERSYRE— #EEN—BSERE .
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EWOEERNRES SRS

(1) Bk L;

(2) EFERD;

(3) EHEEMHA o

EwERERESMHRESES:

(1) AEMEE My

(2) HHHEAL R Queas

(3) BEEHNAEE o

(4) [HEHFEZ,

AEFEREMSHPESK L NEHER D, URBESHIAEREE
Myy MR EZE o EAERGER.

ZREMSENEBEITHEZMEE, ARFEESHER: TEERESEHERE
RIEmE, wARREEHSHIEE.

422 NBREE X EIRENREFHMEMN

B 46 HREEXNEHEARBAEEOERTEE. AERKEE M0 10%
&F, BB 4.6 ATA, & z=0~13m K[EKN, KAS—RENHBE, BPVEEE o EE
ERR, BEMERERK. £ =24m LREREIEZ 1180C, RERBILFEEE
BEREY;: RABXLRBEHEMT 9C. ARIRTHLBIRALRE, WHAEE
HSERENE, ATTRMERSRENEENRR: ARRERRD 10%, @i 4.6 T4,
KRENRE t EFEERE, HZAENFER, & 2284m &b, BREBEAED 1180°C,
RIEFRBERE ALY, RABLXEHRREREDT 86CEA, TRABHRER My AR
HrEEEmEE, A RNEGRENETERE.

EHEAR ERSEERRATESE, ARRESRIINSEEHR, REBRFE
SEfEREAEFNEE, BEARD, BREAXIEERE SHE, ERBIREARE
(RAE)  MEARKX, HREARISFRERE SR, WERHIEREALRE.
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4.6 BE R EEEAFRRFENER

Figd.6 Impact of coal amount on temperature of pellet in kiln

423 EHEHENERERNEREFHNEMN

B 47 AEHEHEE o NERSRBREREYHTIEE, HESHE o BN 10%
wt, BE 4.7 T4, F z=24.7m LEFBEEET] 1180C; BREABRBEFEEA T
n: BI#ESEE o B/ 10%, BB 47 T4, % z=268m &, HREAREAEET
1180°C, REABKEREFERDST 7CEA.

HEEHEEEEHEREAREARE N SHEES MR TRSEY, T8N
ERATRE AR AR THR, BRTEUTEFRBECIENERA L
HidHE, MAEHEEE o, I TRESEHOERNAMERM, AEL TR
S¥EBEMERSRTHARSZ AHER. —BkH, o BEUE—RE 0916 £
B, B—ERE LIRWEREANELE.
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Fig4.7 Impact of rotational speed on temperature of pellet in kiln

424 ARERMEEENREIHHEM

B 48 HEHEENKBARENEZRRER. EHEEK LEX 10%6, BHE 4.8
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L3/ 10%, BE 4804, % z=27.8m &b, BREABEAES 1180°C, BRABRRELE
BT 3T,

REERSEEA SRS ERFTERBERMERLEZ —. ZRRESEE o &~
T, MREE—EN, RAEREEANSENEELTEESK L. #XEEEK
L, K THRANSEENE, AMEKTHRESHMERNEE, RARLEEREREH
B RZ, MAaFBERAETE LB ML BTESREAXE (HARE) . At
REKSHAEEENAR, HEMMELHERE.

-43-



FARFALFLERL Fou¥ aiEatAdfL AERYHEX

700 —
600 [ 11
sool cerees Q9L
0 5 10 15 20 25 30 35 40 45
L{m)
B 4.8 FEESKMREBRENTMH

Fig4.8 Impact of length on temperature of pellet in kiln
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B 49 ARBEERMNBRARENERNEE EHEER (B D¥KX10%
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Fig4.9 Impact of diameter on temperature of pellet in kiln
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