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Present State of Top Gas Pressure Recovery Turbine Plants

Yozo SASAKI

Synopsis:

Recently, top gas pressure recovery turbine plants have been installed in some steel making plants
for energy saving. Eleven turbine plants have been operated including two test plants in Japan.

Total operation time of the first plant (Kawasaki Steel Coorp. Mizushima Works No. 2 B. F) was
approximately 26 400 hours.

There are two basic types of turbines for energy recovery; wet and dry. A radial flow turbine is
of the wet type, and an axial flow turbine is of the dry type. Each turbine has special devices design-
ed for prevention of corrosion, erosion and clogging of the turbine by dust and moisture-laden gas.
These turbine systems have had no effect in any way on the blast furnace operation. Recovery turbine
output of the first plant reaches 20 to 309 of blast blower input energy and its availability, approxi-
mately 859, is over the average of self-thermal power plants in steel making plants.

In the future, economical plants will be developed for further improvement of turbine output and

higher reliability of turbine systems including gas cleaning equipment.
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Photo. 1. General view of the top gas pressure
recovery turbine plant at Mizushima

works.
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Fig. 1. Blast furnace gas energy recuperation.
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Table 1. Reference list of top gas pressure turbine plants in Japan.

LA

Blast furnace

Blast funace

Turbine Turbine Turbine
Type Plants Turbine type| inlet press. | inlet temp. | gas flow Rated output Date of
( kg/cm?) (°CG) (Nms3/h) (kW) instalation
& Mizushima 2BF | KSR-90 2.34 55 360 000 8 000 Oct. 1974
2 Fukuyama 4BF | KSR-90 2.41 50 460 000 9 500 Dec. 1975
5 Mizushima 4BF | KSR-130 2.42 55 610 000 13 000 Oct. 1976
s Kure 1BF | KSR-90 2.32 60 437 000 9 600 Nov. 1976
.8 Kakogawa 3BF | KSR-130 2.61 55 679 000 14 500 May 1978
g Kashima 3BF | KSR-60 2.25 55 675 000 12 500 June 1978
4 Mizushima 3BF | KSR-90 2.36 55 445 000 9 500 Sep. 1978
.g Nagoya 3BF | GoBT-12 2.1 120 360 000 11 300 Sep. 1976
— 2 | Chiba 6BF | GUBT-12 2.8 140 340 000 12 000 April 1978
-;-‘-; 2 (2 plants)
< Kashima 2BF | GUBT-12 1.75 140 300 000 8 200 July 1978
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Fig. 2. Top gas pressure recovery turbine gas flow
of K.S.R with septum valve in parallel.
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Fig. 3. Top gas pressure recovery turbine gas flow
with R.S.W. in series.
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Fig. 4. Top gas pressure recovery turbine gas flow
of GUBT type.
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Fig. 5. Cross section of KSR type turbine.
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Fig. 6. Cross section through the assembled
turbine.
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Fig. 7. Cross section of GUBT type turbine.
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Fig. 8. Top gas pressure recovery turbine perfor—
mance of gas flow vs. inlet gas pressure.
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Fig. 9. Top gas pressure recovery turbine perform-
ance of gas flow vs. output.
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Fig. 10. Control diagram of KSR type turbine plant.
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Table 2. Test running results.
Items Mizushima 2BF | Mizushima 4BF | Chiba 6BF Nagoya 3BF
Turbine type : KSR-90 KSR-130 GUBTI12x2 GUBT-12
Top gas pressure ( kg/cm?) 1.9 2.4 2.5 2.6
Inlet gas pressure ( kg/cm?) 1.74 2.23 2.15 2.2
Inlet gas flow (Nms3/h) 340 000 558 000 608 700 350 000
Inlet gas temperature °C 54.6 54.4 120 126
Outlet gas pressure ( kg/cm?) 0.1 0.08 0.1 0.1
Output _ kW 6 540 10950 19940 10 800
Rated output (kW) 8000 13 000 24 000 11 300
yRejection Table 8. Full load rejection test results
(10 950kW).
12430 V(138 %) Generator current Tt Test Speed | Speed
ems |initiated] peak | recovery
Speed (rpm) | 1800 1928 1 800
Generator voltage Speed increase (%) — 7.1 0
Time (sec) — 1.3 15.6
s 197A(638%) Excitor current Voltage (V) |10920 |12430 |11 330
gé%;%) 928rpm(71%e) peyolution Voltage increase (%) — 13.8 3.78
13dec. Generator current (A) 665 0 0
] o i I le Frequency (Hz) 60 74.6 69
1800]rpm Reguiating valve ang Frequency current (%) — 7.67 0
08sec. Excitor current (A) | 5.45 1.97 3.20
Power factor (%) | 0.87 1.0 1.0
Fig. 11. Full load rejection test record(10950kW). Turbine inlet pressure 2.23 2.34 2.34
’ ‘ (kg/cm?)
Turbine outlet pressure 830 400 600
& (mmH,0)
) Turbine gas flow 558 143 143
T 0.20 (< 103Nm3/h)
8 Regulating valve angle 42.8 0 4
0.5 (deg-)
8 //wnwfeedforward Top gas pressure 2.4 2.41 2.4
[ ( kg/ sz)
§°~’° : Septum valve opening 54 67.5 —
(%)
S0 d (Control valve)
% with feed forward | Septum valve opening 0 1.2 —
To Ll i o (%)
0 5000 T 1q000 (Range valve)
Generator autput (KW) Septum valve opening 15 — 100
0,
Fig. 12. Test results of load rejection with and (Manual. valve) %)
without feed forward control. Control oil pressure 29.8 28.2 30
( kg/cm?)

ve 75 7% Fig. 1l ¥, AfER I b 0.8sT
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1.3s 7%k 1928 rpm FCLEL, 15.6s %ok
1800rpm #5835, RS LA 7.19% CRBEHER
el 1% v LHaRmakEoTuwb. Table 31
B TR ORI R B B oV CHRERYC R L. B
TEF Y 2.40 kg/cm? ) b 2.41 kg/cm? & 0.01 kg/cm?
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72— VHAF ABRDEGC LR TSY, 74— &
7 o — FHBEETIE > 0B THYERT S, Fig. 121c
TR L AHPEERC LD BOENT — x%2mT. H
PrikEx b E, RETACHTE L - EVRANA

BRI TA7280, 74— Nk 75— FEETART
R DR L IO T 5.
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K C13 max 99.9%, min 41.89% ThHDH. KFMEIL
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Fig. 13. Actual data of the first plant.
(Mizushima No. 2 BF)
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Fig. 14. Dust adhesion of first stage impeller,
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