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Synopsis :

Two types of special equipment to recover energy on the process of the blast furnace
operation are reported in this paper. LjungstrOm type air preheater which heats up the
hot stove combustion air by hot stove waste gas recovers the heat at the rate of 8x10
6kacl/h, increasing the hot stove efficiency by 4%. Blast furnace energy recovery turbine,
GUBT, imported from USSR has started its operation in April, 1978. Total heat recovery
by both air preheater and GUBT will be expected to be 280x10 9kcal annually, that is,
0.7% of a total energy consumption at Chiba Works.

(c)JFE Steel Corporation, 2003

AIIROR—VnbEETEET,




174

UDC 658, 274:620.97:669. 162. 2
66.042. 88+-621. 313. 12:621. 438

T 6 HIF o0 x4 )L X — U

Energy Recovery Equipment of No.6 Blast Furnace at Chiba Works
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Synopsis:
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Tssei Kikuchi

Two types of special equipment to recover energy on the process of the blast furnace operation are reported in this paper.

Ljungstrdm type air preheater which heats up the hot stove combustion air by hot stove waste gas recovers the heat at

the rate of §x 10%cal/h, increasing the hot stove efficiency by 4%.

Blast furnace energy recovery turbine, GUBT, imported from USSR has started its operation in april, 1978,

Total heat

recovery by both air preheater and GUBT will be expected to be 280 10%cal annually, that is, 0.7% of a total energy

consumption at Chiba Works.

1. @UHILIC

BEEEHFNEL AN T XL, ~—F, V7
PRI 2 i TR T D, Rk 2 IEEE
e KEIbds & OSRH BRI, SEl B~
L AFEAKEOFM, BRER7 7 i, Ka
AABRMBATEEAITHA T 54, REETHR
T E IR LE RO KRE WIOnEE, T
P HBBAPEE Y 2 O F oL — F EIT B
HiER L ali o0 Bl L Eig %, By 2 oEdE) e
FNX— 2T SPTEES 25— iz DnT
ik A T BET 5,

R OB SRS FR I FEE LT,
w7 M TS, BAE O SRR AT~ 80%
THBIERHEETLE, 1%EENME LAY
PRETH Y, KELHMEEZEHHFTE Ly, BER
BN LHE, Thb by 2g, i AREK

TxbEon 9§ 1, SCHERT BT 2 O
LEF—MINEHNE L HERETH L.

—%, EFEoXEE, FlEEOFELL #0e,
FEIEA AN L DL 3 LX — 0 EI A BAKE) /AT
ENbd LS5 e, IO FAF—OYLERNL
BRE 7 - s L HREMN L U T10FI AN
HHLOBRBIZA D, HATIRI9TES S350
BB RAATIC N E-Soflair & BH#E L 72,

TEMGFORPCL LWLV FHY YR Y
-~V EFEATLIHETCREL, BEEHRLL
THEEOH L /EAMBL L RAT L I LI L,

VLV HEE P T196941C 8 000 kW 1 A0k
gL, Foig 12000kW DiiE £ Toh KL HEE
ERTwved, O, BIRTH L HIZEER
FROAZEH PP LFEEFNELA LY —IIK
ECHEKTALOLEFER TS,

AR EEFEE LSBT E 6 S RER

* FHRUBM I ALY —Biod L ¥ ST ESD
(PRHIS3% 5 A17 BEESZ{4)

47 —



75 : (IR T Y 3 - 1978

ERRL, 1978F 4 ARICEETE LML,

2. BAF#IZHRE

ﬂllrg

2.1 EHE

B ERIF BRI

# 6 miFBERIZ, SEEMEONE, SiE~
OEIEEEAS B X LT, THES —, #i
FORBIER - 72, 5T (R EATH E1 EE
YO T A RERIC B | TR 12%F R 4T,
L7, Table 1 = B ELEES T8,

2-1+1

2:1-2 REBRB|OLH

B s LTk, KHRE, K4 5—7%
FTEHEN L BAKER ) OEREEA K E
KAv7 P LEEErETL 72 n—203

Rator

Connecting duct/

Rotar suppert bearing (hot side}-

Rotor housing\
Inspection hole for seal-.

Radial sealing plale _ ~

Heating element (hot side} ™~

Axial seaiing plate .

Adjustment device of axial sealing plate-- *

Rotor driving equipment

Adjustment device of radial sealing plate

Fig. 1

Pin rack
Axial seal .
By pass senlin){ring Heating element feold side)

Table 1 Hat stove specification

Type Keppers (external combustion)
Number of hot stoves 4 in staggerd paraiell use
Heating area per a

stove fmt) ¥ 110 000

Blast temperature (°C) | Max. 1300

Dome temperature ('C} | Max. 1470

Wast .

tu:z e wgas tempera Max. 350

Burner type Ceramic

Fuel B gas + C gas

Burner capacity per

a stove (Nm®/h) 147 000

Air preheater type | Ljungstrom

BIESR L PR TR LTHAL ., Fig. 1z
Gadelius # Bl > 772 b w— 2 KBTI B2 0 B0
K%, Table 2 |z #hicifion 0 ke 4 w3, @
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Table 2 Specification and performance of combustion air
preheater for hot stoves

Specification | Performance

Type Ljungstrom (Gadelius)
Surface area for heating air (m) 7580
Diameter of heat transfer rotor (m} 8.46
Tatal 850
Heating Height | Hot side 350
element Cold side 300
size {mm) | Hot side 0.6
ness Cold side 1.2
Number of heat C.A 2.149
transfer unit W.G. 1.047
C.A. 200 000 143000
Flow rate (Nm%h)
Ww.G. 350000 284 600
Inlet 20 33.5
C.A.
Gas Outlet 202 191.4
temperature
ore Tniet 250 221.1
e Ww.G.
Qutlet 149 132.0
Temperature efficiency C.A 79.4 84.2
(*C) W.G. 9.7 47.5
C.A 20 10
Pressure loss (mmAq)
w.G 63 30
Leak air ratio (%) 81 11

C.A. . Combustion air for two stoves

W.G.: Waste gas from two stoves
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Fig.2 Schematic diagram of combustion air
preheating system
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Table 3 Hot stove performance
Flow rate (Nm/min) 5805
Blast Inlet 198
Temperature (°C)
Outlet| 1233
Mixed | Flow rate* (Nm%*/h) 80050
fuel
gas Calorific value (kcal /Nm®) | 1034

* Per a stove
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Table 4 Heat balance of hot stove operation

(10%keal /h)
Heat input Heat cutput
Potenniai 154507 Waste 20144
heat Fuel gas 5
(840%) || o o0 (10.9%)
Cold 21586 || "eal | Hot 151 505
Sensible| blast ® | (11.7%) blast @& (82.3%)
h
| Combus-| 7996 12440
. R Heat loss
tion air (4.3%) (6.8%)
184 089 184 089
Total Total
(100%) (100%)
©-®

X100=284.1 (%)

Efficiency of hot stove =

@
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during hot stove heating
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Table 5 Specification of GUBT

ENTEBINE-BischoffA! 4% L 72, Table 6

Turhine IZF Dt EsmT,
Z-stage axial expanssion
Type turbine
Number of cylinder 1
out o Capacity (kW) 12000 Table 6 Speciiicat_ions of blast furnace gas
ut pu
P oficial (W) 10000 scrubber
) Max. 340107
Flow rate (Nm'h) Nor. 300 % 10° Scrubber
i T; K ki-Bischoff
fnlet gas |Pressure (kg/em®) Design 2.8 ype awasaki-Bi
Nor. 2.05 Max 3.0
e Max, 146 BF t ressure - :
Temperature {C) Nor. 120 op P Nor. 25
(kg /em®)
Cutlet gas pressure (kgfem®) | 0.1 Min. 0.3
Revolution (rpm) 3000 Gas flow rate Max, | 800x10° —
Blast furnace gas heater (Nm®/h) Nor. 750 10% | 400 % 10°
Direct mixing with
Type combustion-gas BF top pressure (kg/cm®)
Gas temperature | Inlet 50 Differential pressure at 2.5 1.5
o) Outlet 120~140 scrubbing throat (mmH;0})
Generator 3000 2000
A.C. synchronous
Type enerat ;
generator Scrubbing water flow rate L 600
Capacity (kVA) 15000 (/M)
Voltage (V) 10500 Dust content in outlet gas
i 5 max.
Number of poles 2 (mg,/Nm")
Power factor 80% (lag} Mist separator
Txeiting method Exciter coupled with Type Cyelone
generator rotor Mist content in outlet gas
. 4 5 max.
Exeiter {g/Nm")
Type D.C. generator
Capacity (kW) 75

Step vp transformer

Oil-immersed and
forced -air—cooled
{domestic-produced)

15000

Primary 10500
Secondary 22 000

Type

Capacity (kVA)
Voltage (V)
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Table 7 Estimated data for GUBT operation

Waste gas Outflow rate (Nm’/h) 600 % 10°
from BF Top pressure (kg/em®) 2.5
BF gas temperature | Inlet 45
BF gas e Outlet | 120
heater Gas flow rate for Fuel 18.6 % 10°
combustion {Nm®/h) Air 12.0 % 10°
Inlet 2.15
Pressure (kg/cm?) e
. QOutlet 0.1
BF gas at
i Inflow rate {Nm®/h) 608.7 < 10°
turbine
Calorific value Inlet 780
(keal/Nm’) | Qutlet | 745
Generated electric power (MW) 19.94.




183 LTI S VI 1978

EIZGUBT R R R 28 T2 - Table § & F
Wb, DIT, EFEAMBSTEATLS
WP A DG, HR%EE 2 450kcal /kWh

Table 8 Calculation for econemical appraisal

of GUBT
Investment cost {10°yen) | 24000A
Annual electric output
127 620
(MWh/year) @
. Dx0.l
Annual fixed cost (10%yen/ @
yeniyear) | @ 2400 A
Combustion heat
Energy con- of fuel gas @ | 37900
sumption for (MWh.year)
heating B gas Sensible heat of
{as 2 450keal /kWh) | combustion air @ 3 B840
{MWh/year}
Annual net electric output ® @D-H-5
{(MWh/year} 85 880
. ®xB-@
R fi 10°
ough profit (10%yen/year) | @D 858805 — 2400 A
Recovery term of initial cost D
{year) . a000A
85 830B -2 400A

Assumption for the above calculation
Operating hours 8 000 h/year
Annual loading facter: 80%

Fixed cost rate : 10%
Unit cost : AX10%en
Reserving power price : Byen/kWh

BITHEE S L, g, HGEEH 62 57 1 /kW,
BEGAN 8 H/kWh & LT, AE{ oo [0l L &
ATETEE 28FI 2,

—7, BERAT E L T34 280 X 10%kcal/ year 9
HEAAF—E40, Bt H 01 7L 5 —
PRI TRI0.T%IZFL T 2,

F 7z Table 7 oy @4 43 3612 058 7 g 07 5 il e o)
FRESN 24939 000kW & 7% H, GUBTiz 1 W %
DBHRENENERL T Bk,

4. F & o

T-IERIERATHE 6 SF BB It E L 7 2
Fa— 2 AR T 0T E, 8¢ 10%keal/h &
VG BER BT R L X — AL ER AR S L, B
WEOKEIEHELNORESHLAINTY o F
GLTvi%, FHFPREREDRFNELC L
5 F—LiBESEENT 2R C A RAERHIC LY
mHcE 2,

— 7, HTEEEY 25— > GUBTIC Tk
ELRMTH L 5P A NS A b B L
M H 54, BEmOELALX—IZAKE50™
ITA M ERLAHEZLOEHTFA NS, 2 BIEHIGE
4R EVEEL 2ZH ) 0T, BRSO GTIE
Ao sic#lET 2,
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