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Reheating Furnace with Waste Gas Jet Preheating Equipment

for Saving Energy
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Fig. 1. Temperature curve in reheating furnace,

Fdky 2 BEIRE X F 1100°C 2 HE 0Tk 1200
PORHRHAZ T
450~500 kcal/kg L IEEI HUWMEXTRT. Zhiextl
20% FRIEEOEKATE (MEB) Tk, ®ARFO
AN B CHMIRED 210°C, FRBE» AEEMS 1150
°C ThHoted Dpg) 1030°C & TF L, BZhE»E X
F 20% dEIhD. KR (C) ik, FREIDIIE
ElLiborMY L, MMEE, PRy ARE & bl
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eI TER VL, T, RBROBRCL D
Temss. Lichh 2> THEEIROUBEERR L BRFE & DR
DT, WEDHRD I VCFERERDDLEIR D DD, b
N ORE R L IUEFOfEL S ARIFEEDL.3~1.4
BOFEETH D L2y . ZO%E, MBEFEO
PRBHEE 713 340~360 keal/kg TH b, AFOHEKBE
BAFEENE 0 A7l L, BHIRCRT %2 &REOEE)
BERTE A AFRMBYE 25, LEHDT, &
HL PR ogELY By, WERS TS ESh
CWBHEF A BOBER Y, A b0 OFECTH
TNCAT O BB S
3. BRTPREBORBIEREHRE

3.1 ERFHREEDORE

AEBQBEMIL, FobHHIhsEEOBEy A LM
Bl osdgst, HEBRC X SECEEEEEZFIRL
THETHED D THOT, TTREHRERIC X
BEESERIC OV TIREE RS Ih WY, (Fig. 2
(1)Z8)

Fhuc g, 2 AAVEHEE We=42m/s DL ¥,
) RAHE T OERBRERIC I B OB VR 2 R
13, ap=210kcal/m2h°C &IEFICHMEERRTY . LD
BB o RETME R IR 1L, 2 AL DO r Ll b
Bt s o EREE LTS, MR PHRREREK

wall surface oj\smgmﬁm point

(1) Coordinate of impinging jet (2) Model of jet nozzles

Fig. 2. Coordinate of impinging jet and model
of jet nozzles.
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Photo. 1. General view of test furnace.
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Fig. 3. Relation between Reynolds and Nusselt
number (1).
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Tig. 4. Relation between Reynolds and Nusselt
number (2).

ay = coefficient of heat transfer at H exclusive
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Fig. 5. Coeflicient of heat transfer of jet (1)
Effest of distance between nozzle and
slab.
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Fig. 6. Combination type furnace and its instrumentation.
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Fig. 7. Separate type furnace and its instrumentation.
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CbofilcEnd &, FRENN LT, Thik
TERBIDE 7 b & VAR E VAR
TLLERDD. —J, BARTFEIEBEOEA, L
LA CTEBENDOENN ER LIz b &, Zha FHX
BHDIIL, X7+ R wAFACEET S, b
LS REE L v AR BET 5D ER DS, Lo
HIE 7 b F R EAB R TE, BEr A s Py
THZ K Iz, MBFEHNOENN LR LEFESH~0
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DOFRENHEECH LT, £27 £ vBEY, i
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Fig. 8. Example of layout of exhaust gas heat
recovering apparatus of reheating furnace
with preheating equipment.
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Fig. 9. Temperature curve in 300 t/h walking
beam type furnace,

BL, FhERBOHEREEFMTS 2L TH5.
Pk, MBYRDBEF AE, 3 X% 1100~1200°C &
e E W RECHER L D Sh, LoRVF Y
— A T—BEIR I DD, WER 600~700°C &5
%bﬁﬁ@@%#&&ﬁ%hfv%.:hmﬂbxﬁﬁ
BT IUE, T T EGEE COAREE S 180~250°C
EFEE R DD, —BCABRT DRy bF vy =¥
aﬁﬁmﬁ%f,m%@iw@@ﬂ&lﬁﬁﬁch%
%, —F, FRPEy AREDL 800~900°C &< 78D,
= ASREEFIZER 3 X OSSR TRV R Sh, R
@3m~wm0@ﬁ§f@%m6mmémé.:hum
%ﬁoﬁ%%ﬁmﬁ¥%5&1v5ﬁﬁ%ﬁ%%§®M
it h, BEEAKECHEIRDLZ LTS,

Table 1. Heat balance of 300t/h walking beam type furnace.

Wi, EEFE LT %00t/h OREER BBl
Ly, roBgELy vy ra A ERRELTARS.
InsdgE o ik

FGELE:W iRy o —F VIS E— AT

n#ksE 300t/h

R 11.0mig x 45mE:

BER:y PR 250mm x 1 900mm x 10 300mm
TEISELRR

HEEAR A PIREAZY

BEE~E 11.0mig x 6m$E

A » A{ERE 550°C, 7 AEE 75m/s

Fig. 91 IO MBYFADF R e — F o3 & — V&R
g, EA—FEAR, BAMND6mO Lz HIE
P RIEB R AZOAA R MBI 0 b ORRR TR
7z.

W, [FE 6 moOME CHEFY KT 5 &, WMERE
PMEALFT 130°C, HEMEGE Tk 200°C k£ 70
CCE < b, — IRy ARE b, EARF T 990°C
A nEgE CIz 890°C L4 100°CHEL /b, VTR D
(i & FRINEE N B EHEE RN BEILO T D 2 &
Bidoind. SDb— kotx— ik, BYEOBEG, W
B OENRERELR—& L, @ TRREC LT
FREDLDBEINS DL LTRDT.

R INBE OB E DM, R 6 mUBEOFARE
OB TEZ T I Lo, ERTREEROKS
B4, FEERBIBL AR K XERT HRENR . S
Bie, FEFIEEEOHBRIKR & WEAE 5D T T8k
AFEEA DO EH LH%D, Ar— MEOEELHE

Hu : 4430 kcal/Nm3

== Turnace type and capacity Full capacity (300t/h) Half capacity (150t/h)
—
T Low heat in- With preheating| Low heat in- With preheating
Ttem \\ tensity furnace | equipment tensity furnace | equipment
Net heat quantity required to \kmuh 57.0% 108 50.8% 108 98.65% 108 95.8 108
heat the materials
Slab temperature » °C (20~1 250) (200~1 250) (20~1 250) (180~1 250)
Heat quantity due to water
cooling skid, released through | kcal/h 16.2%x 108 12.6x 108 14.5x 108 11.0x 10¢
walls and etc.,
Heat quantity of exhaust gas “ 52.0x 108 \ 41.2x 108 24.5x 108 18.7 % 108
Waste gas temperature \ °C \ (900) ‘ (890) (780) (760)
Heat quantity recovered with kcal/h 4 —17.8x 108 \ —15.1x 108 —8.45x 108 —7.0x10s
recuperator
Preheating air temperature °C (20~450) l (20~480) (20~-390) (20~420)
Total heat quantity kcal/h 107.4x 108 89.5x 108 59.2x 108 48.5x 108
Fuel quantity Nm3/h 24 250 20 200 13 360 10950
Fuel consumption rate kcal/mg 360 298 395 323
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Table 2. Capital cost comparison.

Low heat intensity furnace With preheating equipment
Heating capacity 300 t/h 300 t/h
Fuel consumption rate 360 kcal/ kg 298 kcal/ kg
. Running cost . Running cost
v Yen Consumption (million yen) Consumption (millig ng ycen)
» Fuel 13.3/Nms| 24250 Nm3/h 1935 20 200 1612
- Compressed air 91/ms3 105m3/h 57 105 57
Em
Recirculating water| 18/m3 680ms3/h 74 680 74
: Fresh water 52/m3 0.5m3/h — 1.5 —
o Electric power 10/kwh 1 150kwh 69 1870 112
L Total running cost 2135 1855
Differential running cost 280 million yen/year
*  Annual operating hour : 6 000 h
: THZER IV KRBRBEAIRDLENTEBIE, W
! BYF o FEEABED TNTR EBRHR BB5 L1 1100} " l ‘
5. Table. 1 oz oBEIERRERT. | ™
A%, SAMIF &L FHMBE OGS 300t/h 1000 L %
AL
DEHEDO LD L, 1/2 ATEO S OXFR I R L < B s 57
] fo. ZDOER I E, EATTIEOBEHEEAL A 360kcal/ ggm_//>f;% wﬁ“
kg 1k L, FEMBECLE 298keal/kg &K 179150 R e WV
; U, 1/2 BEECHTS 18% OERTHSD. Lioh s s00]
* T, B HERIR A TE b b SR R ey
< D X\ IREYE 22 5. Table. 2 i3, EROBEIERE R 4 Y, : optimum length of jet zone -
b Lic, EREEER 6000h L LT v=yvran 400 — |
FREE LI b 0Ch %, 8 s
FRMBIF T, WR 7, VOREROBIRSE  C 0 RS>
FHMTBH, 5v=vraibOxEixdOREE @ /ﬂ,ffﬁ/%{
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Fig. 11. Longitudinal section of reheating furnace.

with waste gas jet preheating equipment.
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Fig. 12. Example of layout.
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Fig. 13. Layout of rotary hearth furnace with wast
gas jet preheating equipment separately,
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