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RK(1)~(6), p HHEEE (kg/m®); ¢ FEHE(s); P HEH(Pa); i i,7 BV 1,2,3; u, WEALIRRS
FAEE(m/s); x; HNEALIRR] HEGLET; m, NHIHFEELI (%) ; R, BY BOAKBE T £ &
(TS, ARBBEIT(W/B) 5 p0 B FEHERE (Pars); puy IMHANNBEREB (Pars); o, =
peak?/e JEH o, HRY, c,=0.09; u N A E RN BB (Pars), pu=po+ pr3k FHIMAENEE: e I
WMEREK;C, =1.44, C,=1.92.

1.2 iHITAR

I TILHRRASH RS Z S HIRA K A, B BE P RBES K55 F RBRE= %
M. B FRICRAGRZMOR Y, FEEOBXRS, W OmES, T EN R RASHRRR
ERAR, AREFHNZ SRS TR, R TU LR EREH A RANEN. HE TR B EEs
B 650 mm, FEBE W O 8] BE % 450 mm, ZSFMEE X 800 C, MK FHBERE N 800 C, KRS HRH 5=
K RIBAIFT AR 0" ~50°.

2 LHREMEILREL

2.1 THHEBINET

PURBET RABRZSRERARUEFHEARXMBP AT RN R, BEZEGERKE N
4.2m, FH4.2 m, BHER3.6 m, FURF WS H77 B 2 H0euE, W L2 0 388 19 217 W0 SN HEAE, el At
AERR[EEN 759.02 m’/h, BiR BT & 09 BIMR 22 R 47 796.91 m®/h. B2 W 201758 T B0 IRl AU,
BERATLRRR, EERSH CH,, HFHRERIS k/m®. BFRRSEIRESHERY 9.4, 7T 8
SESM O K, B HRER 3 MO, PEBEOEXRL, ERY 240 mm, HUMOMES, ERHY
360 mm, ZSWE 05K AR O W R — 52 T A, A AR E 01 A — MR BE BT, K S ) 3 BUTE BURR DL, 1A
BARP R ARERS. Fat, 2 MR 0K P LR, AR TERSUASES, BRI ABE
PEAMIE. BiEMPAPETSELE 1.

¥1 BRENAPTIESN
Table 1 The major of parameters of forge heating furnace

BEPER/ BRREFES/ - 1 ihE/ PIRMRRE/ BAREHEER/ =St
T (kg-h™") ) (K'm™?) (GI*m~2-h1) (km*+h™1) FEK
1300 300 KRR, 35 1.506 760 1.02

2.2 B TGREIFIRIS %

TH X =X, B H AT, BRSA OHMP TR, Mg kst A o2 & /3
BB E AR, M ER KB EE X, T HMRIER, AXRAEEEXHIENSME,
FEARVETE O 40 I 45 FESEAYRTAR T, IR B K /N TE SEE 37 5% F1BE 0 29 30 mm AL #F#7K 4 100 mm £ 300
mm A%, $LE R L9117 8914 . M4 BUSHi i 3D ¥ AY mesh Xf4.

2.3 LFERHEHILE
B R R IR, 8 5 B0 A B R R R A b A9 1, R Fluent {8 I B PR EE A — I
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®2 HRADDRKRGE
Table 2 The boundary condition of the inlets

AQ H#2/mm w(CH,)/ % w(0,)/ % w(N;)/ %
gasinlet _ 1 240 1 0 0
gasinlet _2 240 1 0 0

airinlet-1 360 0 0.2201 0.7299
airinlet-2 360 0 0.2201 0.7299
airinlet-3 360 0 0.2201 0.7299
airinlet-4 360 0 0.2201 0.7299

3 PREESMESH

E1~3 MPReREEE FHRE BREESFHREZ ZMZ GRS RRT R A X
BB, T WREEE; TN THERE; « ARASH NS5 B I A (BIBUH fRE). Lu
St A SOOI SOCRY, B N A B R I B UL T RARVERE R, B T4 R B I B R B AR LSRR
B/ s MW AR AL T 200~ 35° B X BLAG 4 P 9 -1 R BB ; MMEGT A AL T 25° ~ 40" B R iR K 5 ¥
HEEMERD. XEFERRAIRRSMESRE AN DN R, FEENPRATRA RS, £EA
PE AT R & R, MEBS AELK, RRSMZIRSHE, BEEXR, #R5e X S0 0 R,
KA B B AR AR A5 B 4P R R SR K A ALY B IR B 4 A R 50 IR A M b, RRSLERER
KT FE SR AR B O IR R M A & 5@ 3, BT A S5 A FE /D B KA & i LA P IR BE A A A
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Fig.1 The T, of the furnace in every a Fig.2 The T, of the furnace in every a
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Fig.3 The T u-Tave of the furnace in every a Fig.4 The temperature distribution along the

fuel burners’ Geometry axis
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RR[UBRREBFERA NO, F,NO & 0% EH, KA R NOVH, HitA s as g%
BT NO, iR A %8 NO,. B S EESHREIMBHMESSTRERRKH R AL, 7K, 7Nk
FHEEEFRRP, 0 ~5" BT IR SRR, AR, 5 5 /)N 3 B 64 3 Ay, X TR B & SR 00 3R
B R BEM R RS KR H I, S SRR ERIESE. B L R 0~ XEFR
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Fig.5 The average mass fraction of different flue gas in the burners’ outlet
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Fig.6 The velocity distribution of flow in the burners’ sectional surface with differnet «

6 4it

1) ERHR G RRSH R —E B A WS RS, AT LU RR A2 RRIZVR &, T EL AT A
3B S5 e I UL o O TR 4 3, 4R S AP B R

2) Y RAREGH G 2SS K A el SN DY S0°H, 4 P Y B I BE A i 1 AR A9 T R R L
R RE AR, 4 P9 T4 6B A 0K i 2070 Ak 0 8 KPR B/ DS, 3 ELYP I P 1 780 1 DX AR S G R T 4L

3) & LA D | m ZAXEIRFEE, HAREELRX, WECFR. BFTLAERREMA
B, RS W B AR RTR O 1 m DUSMALE.

4) GEBFEME R, 4RRHZ G I AR 3578, A MEERE R E RS, A
NO HE R i /0, %42 26 A SR A 4 5 e A R R B 05 e 3 AR B A



e * & % RAERA NP PHREHRII N 1095

£

(1] Fith. HAREHLBERARGKBEL]. HERAWLH, 2005, 13(1): 30-33.
TANG Lian. Global Energy supply versus demand: current status and growth curve[]]. International Petroleum Economics,
2005, 13(1): 30-33. (in Chinese)

{2] RAFIDI N, BLASIAK W. Heat transfer characteristics of HTAC heating furnace using regenerative burners{J]. Applied
Thermal Engineering, 2006, 26: 2027-2034.

[3] ZHANGC, ISHH T, HINO Y, et al. The numerical and experimental study of non-premixed combustion flames in
regenerative furnaces[J]. Journal of Heat Transfer, 2000, 122(2): 287-293.

[4] GUPTA A K, BOLZS. Effect of air pre-heat temperature and oxygen concentration on the flame structure and emission[J].
Journal of Energy Resources Technology, 1999, 121(3): 209-216.

(5] MER, N7, BAK, & BURHFT AN HRESREENRABROBEBEB]. R kLR, QAR
W, 2003, 24(3): 276-279.
HAO Yu-ling, ZOU Zong-shu, CAI Jiu-ju, et al. numerical simulation of furnace-flow properties effected by fuel injection in
high temperature air combustion furnace[J]. Journal of Northeastern University: Natural Science, 2003, 24(3): 276-279.
(in Chinese)

(6] Wi, BEmMMAREIM]. JLF. LM T AR, 1989: 525, 51-59.

(71 HE). WBZSMBH LRAREMUBTRID]. L. AFKEHRESHETERRFT, 2003,
SU Zheng-chuan. High temperature air combustion experiment and numerical simulation research[D]. Shanghai: Institute of
Thermal & Environmental Engineering, Tongji University, 2003. (in Chinese)

(8] ERERK. i Ml BPCEMA)]. ELWEFERFEMR, 1999, 18(4); 424-424.
REN Yan-qiu. Mathematical model methods of thermal process in reheating furnace[J]. Journal of Bautou University of Iron

and Steel Technology, 1999, 18(4): 424-424. (in Chinese)

Flow Analysis of Combustion Gas Flow in High
Temperature Regenerative Heating Furnace

LI Jian, ZHAO Bo-ning
(1. School of Materials Science, Northwestern Polytechnical University, Xi’an 710072, China;
2. Liu Zhou Transportation Technology College, Liuzhou 545007, Guangxi, China)

Abstract: Numerical simulation of temperature field in high temperature regenerative heating furnace by
Fluent software. This paper compares and analyzes main factors of the gas flow and characteristics of
temperature distribution in the furnace. Temperature field and flow field are simulated in the furnace when
changing the direction of the natural gas and air. The results show that when the preheating temperature of
natural gas and the air is constant, changing the angle between natural gas and air jet, the temperature and
flow field have changed. The maximum temperature and the average temperature curves nearly assume the
linearity to be reduced, the average temperature curve becomes the conic section change, and the high
temperature area approaches the nozzle place. When the angle of burners is at 35°, temperature in furnace and
surface on steel billet is relatively uniform. Moreover, amount of formation of NO is less, which is a favorable

factor for heating quality and reducing environmental pollution of steel billet.

Key words: natural gas; flow field; temperature field; concentration field
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