BRI

)1 ey S Bk 7
KAWASAKI STEEL GIHO
Vol.14 (1982) No.4

e BT REL R A IR 0D B BRI oD 5,
Improvement of Thermal Efficiency of Pusher Type Reheating Furnace by Reinforcing
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Synopsis :

In the 6-zone pusher type reheating furnace at the hot strip mill of Mizushima Works,
recovery of weste gas sensible heat was intensified by enhancing preheating efficiency
of combustion air and by preheating the combustion gas. The object of this modification
was to obtain thermal efficiency equal to or better than that obtained by the
energy-saving-type reheating furnace, which employed the walking beam and increased
the furnace length, resulting in reduction of the unit consumption of fuel. Through this
modification, preheated air temperature reached 650°C and fuel gas temperature 280°C.
Thus heat recovery intensification from the waste gas to the critical limit temperature
under the stack for the natural draft has been successfully achieved, thereby reducing a
fuel unit consumption of 50x10**3kcal/t (about 15%), and the thermal efficiency of the

furnace as a whole has reached 72%.
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In the 6-zone pusher type reheating furnace at the hot strip mill of Mizushima Works, recovery of waste gas

sensible heat was intensified by enhancing preheating efficiency of combustion air and by preheating the com-

bustion gas. The object of this modification was to obtain thermal efficiency equal 1o or better than that obtained

by the energy-saving-type reheating furnace, which employed the walking beam and increased the furnace

length, resulting in reduction of the unit consumption of fuel. Through this modification, preheated air tem-

perature reached 650°C and fuel gas temperature 280°C. Thus heat recovery intensification from the waste gas

to the eritical limit temperature under the stack for the natural draft has been successlully achieved, thereby

reducing a fuel unit consumption of 50 x 10 kcal/t (about 15%), and the thermal efficiency of the furnace as a

whole has reached 72%,
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Extension of furnace length
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32m I 42m
ltem X 10%cal/t | % Ttem % 10%cal/t | %
Heat of fuel combustion 285.2 79 Heat of fuel combustion 286.5 83
Input Sensible heat of air and gas 63.6 18 Input Sensible heat of air 49.3 14
Heat of scale formation 10.7 3 Heat of scale formation 10.7 3
Total 359.5 100 Total 346.5 100
Sensible heat of discharged slab 198.5 55 Sensible heat of discharged siah 198.5 57
Output | Heat loss of waste gas 102.9 29 Heat loss of waste gas 79.9 23
Cutput
Others 58.1 16 Others 68.1 20

Fig. 1

Effect of furnace profile on energy saving
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Fig. 2 Estimation of natural draft head and pressure drop of waste gas
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Fig. 7 Comparison of original and newly designed recuperator
Table 1 Comparison of original and newly designed recuperator specifications
Criginal air recuperator New air recuperator
Volume 78 000 Nm'/h Volume 78 000 Nm?¥/h
Waste gas Inlet temperature 750 °C Waste gas Inlet temperature 750 C
side Outlet temperature 500 "C side Outlet temperature 375 C
Pressure drop ] mmH,0 Pressure drop 12 mmH,0
Volume 52 600 Nm*/h Volume 52 400 Nm*/b
Combustion Inlet temperature 20 °C Comhbustion [ Inlet temperature 20 C
air side Qutlet temperature 354 °C air side Qutlet temperature 650 'C
Pressure drop 25 mmH»0 Pressure drop 160 mmH,0
Hiz, AN

2T, MAREEHIMCERT » RAIENIE,
3,91 kgf/mm? & EHE 2, HISERICHAT 2R
L¥dsvEd e, 4.5mmiEn 2 ENHT,
28mmLl L OEBEENLBEL I EFHIEE D -

IEEREAFNC L 5 EHR S PRESRG 2L
T, BEOEHEDLHEL, BERIOTELT

WEEIZ AL, WEEIEETEL ZERL,

— 142 —

e et 4 MRl 72,



Vol. 14 No. 4

BRI ER O BEE B D i L

547

B

Longitudinal skid

s
V4 —
—\_r\ Post pipe
Cross pipe
u M M 1 M B
I~ r ]
.......... T T IY T i
B | 1188 |4 | T
T ) —— O I | |
T1
Furnace center
Fig. 8 Original skid layout
% H =
— — _ — -
i i
. e={ T IC I I
T
£
=
-+ S T I I T ILITIT
ImIE -
5.6m
| | A S PO ] 1] |
L L L \ U

Fig. 3 New skid layout

-7, BEHCAT L2, EENs LU
Az, COE=F—#BEL, VYARNLEHRE
WEBFIz L7z, 3512, Rk EIEE —
UL, EEOHZETARLPIRENETLZ L
L7,

4. HWEHER

4.1 BEAMEUNOEERR

BERIS4E12 A0 b, #UFIC 1 RT D, BRH
BROTFHREELED, 2LICHHTAETRY
ZHAEBAL, BC, A% Fe7 FOduE

FEM®L 2,
BOEBIEOBE A BN, TRERRE, Tay
AIBENERFERZ Fig. 13077, BEIC LY,
TS LAE A AR, 500°C A0 0 275°C ~ R F
L, FERISAEIE L 350°C 4 b 650°C ~, T
ZiBEIZ20°CH 5 280°C~ERL T d,
EAhE L ¥ 2L - 7 —OEER Fig. 14 (TR
T, HMENHERKT, FHEE & REFTEETHE
L, 3t X B D e TH D Z RIS N
72,

Table 2 (- 2l #5512 08, dudic & %%
B EA KIGIm B L, PSRRI S LT,
#960 X 10%kcal/t DR BALHIRKAIR LN TEHE D, B

— 143 —



548 Iy g ﬁg # ﬁ m 1982
!
Lo AN OO /}d_\.
305\.1\ "
£
=1
[
LY
3 Shifted skid paint
o
=
u
W
O————C Original skid layout
O—-— A New skid layont {2.6m shifted)
O—--—C New skid layout {(5.6m shifted) Skid point
Slab length
Fig. 10 Comparison of calculated slab temperature between conventional and new furnace
T T T T T [ I R A A T T T T T
- 2 ¢ Wo/ W ]
{:j%%g]ﬁﬁ*\\\%\ Py
& L 3 0 % i
E 2 Wy Penetration depth o %\ we | A W= ¢ .5mm
3 o~
= 55% | D
¥ 10 —
N 10~ A 8% | O m
&= E N
w | 4
&
2 sk ]
< -
ur
o
L - —
]
0
2F N
el R Ry | gl L1t
10.4 10.5 16.6 10.7

Number of cycles te failure

Fig. 11 Experimental data of relation between stress on gas pipe and number of cycles to failure by the change

of penetration depth

BETT2%ICh - Twah,
42 ¥y F7 b ORERMK

B, BIETHOEIERR IS MEE 3 RBE T
RCEINBMFREN ISR S N B e A X B

T L oshEE, MBEES THEL 2, Fig 1512,
B —OIMHEEE 2% Fe—2 %835 X512

BB, INEWVEET XmEar AR A o B
PUGERT R THE L TR, FEsRIE 180t /h T g
FHHREEIZE-THEY, hllbomh Bk
TAHEAE, TRHAAYKLETH -2, Yk
i, FEEHEAOEET, 200t/hETmEL Tw
52 EMERENS, Fig 16103488 EN, &
HEEEHERS 2oRT, HESRIZ540t/h (180t/hx 3 )

— 144 —



Vol. 14 No. 4 il (U R S B 1 I Al o BE A LR e i L 549
W= 540 10%cycles S % U dwe Tw=ssom

o

=}

E

A

=

w O

° Maximum stress

0

<

n

\ | ! | !

00,0 1.0

2.0 3.0

{W— W) Non penetration depth (mm)

4.0

I ' l '

3.0 2.0

Wa - TPenetration depth (mm}

Fig. 12 Estimation of required penetration depth under the stress on gas pipe at the fixed number of repetitions
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Table 2 Comgarison of original and new heat balance by measured values
Original furnace New furnace
Item % 10%keal/t % ltem X 10%keal i
Heat of fuel combustion 31740 87.8 Heat of fuel combustion 259.2 78.6
In put | Sensible heat of air 375 10.4 In put Sensible heat of air and gas 63.9 i 194
Heat of scale formation 6.7 1.8 Heat of scale formation 6.5 2.0
Total 361.2 100 Total 320.6 100
Sensible heat of discharged slab 190.3 52.7 Sensible heat of discharged slab 186.6 56.6
Out put Heat loss of waste gas 125.3 34.7 Out put | Heat loss of waste gas 103.5 3.4
Others 45.6 12.6 Others 395 12.¢
Furnace efficiency 60% Furnace efficiency 72;’;k
Heat recovery ralio 29% Heat recovery ralio 62%

Atmospheric temperature
at heating zone ("C)

Rolling efficiency (t/h)

Sensible heat of discharged slab

Furnace efficiency=

Sensible heat of air (and pas)

Heat of fuel combustion

Heat recovery ratio=

1400

Maximum temperature .~
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Fig. 15 Comparison of original and new heating
temperature by measured valuves
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