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Study on the Main Steam Pressure of Modified Oxygen-blow Rankine-cycle Turbine
(MORIT) for CCS

ABSTRACT

wg BN

MORITSUKA Hideto

We are facing the global warming. The main green house effect gas is carbon dioxide from fossil power generating

stations. In addition, in the event of the nuclear power station accident, we must burn more natural gas and coal

instead of nuclear energy. A lot of carbon dioxide will be exhausted. Using the chemical absorption or the oxygen and

coal fired furnace, the studies to recover CO; of flue gas of coal-fired power stations and to separate recovered CO>

under deep land (Carbon Capture and Separation/CCS) have been developed. But it will be difficult to achieve CCS

economically. In order to achieve economical CCS, it will be necessary to develop the new power generating system.

Last year, the author proposed the modified oxygen-blow rankine-cycle turbine (MORIT). Fuel is combusted with

oxygen. Heat exchanges from the exhaust gas and high concentration CO, will be gained. The heat and mass balance

calculation with biomass derived fuel (BDF) secondary product (glycerol). In this paper, using natural gas as fuel, the

author calculate the heat and mass balance changing main steam pressure 66-125 kg/cm?.

Key words : CCS, Oxygen-blow, Turbine, Rankine-cycle
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Fig.3-1 Heat and mass balance of the modified oxygen-blow
rankine-cycle turbine (MORIT) at 80kg/cm*A
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Fig4-2 Heat exchange diagram on HRSG at 100kg/cm?A
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Fig7 Conceptual figure of the modified oxygen-blow rankine-
cycle turbine (MORIT)
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Fig.6 Relationship between main steam pressure and thermal
efficiency

Table. 1 Heat and mass balance of the modified oxygen-blow rankine-cycle turbine (MORIT) at 64kg/cm?A

E 5 1 2 3 4 5 6 7 8
1H H PRFL [FE FER |[MEEEAST| AR (ZEZR+C02|ZZ5+C02 |7 5 +C02
= E(°C) 40 20 510 395 395 1,650 970 97
£ Hkg/cm2)| 31.25 31.25 64 25 25 24.25 1.03 1.03
CH4(mol/s) 638 0 0 0 0 0 0 0
H2(mol/s) 0 0 0 0 0 0 0 0
CO(mol/s) 0 0 0 0 0 0 0 0
H20(mol/s) 12 0 6,448 5,803 645 7,091 7,736 7,736
CO2(mol/s) 0 0 0 0 0 638 638 638
N2+Ar(mol/s) 0 68 0 0 0 68 68 68
02(mol/s) 0 1,290 0 0 0 13 13 13
Tz (kg/s) 10.2 432 116.2 104.5 11.6 158.2 169.8 169.8
HEE(MW) 569 0 395 329 37 862 657 364
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Table. 2 Heat and mass balance of the modified oxygen-blow rankine-cycle turbine (MORIT) at 80kg/cm?A

& B 1 2 3 4 5 6 7 8
7 H PR [(FES FET |MRERER AHIZER [ER+C02|2Z5+C02|7& X+C02
m E(C) 40 20 535 370 370 1,650 970 97
£ Hkg/cm2)| 31.25 31.25 80 25 25 24.25 1.03 1.03
CH4(mol/s) 624 0 0 0 0 0 0 0
H2(mol/s) 0 0 0 0 0 0 0 0
CO(mol/s) 0 0 0 0 0 0 0 0
H20(mol/s) 11 0 6,196 5576 620 6,836 7,455 7,455
CO2(mol/s) 0 0 0 0 0 624 624 624
N2+Ar(mol/s) 0 66 0 0 0 66 66 66
02(mol/s) 0 1,260 0 0 0 12 12 12
iz (kg/s) 10 422 111.6 100.5 11.2 152.9 164 164
HaZE(MW) 556 0 380 311 35 833 634 351
Table. 3 Heat and mass balance of the modified oxygen-blow rankine-cycle turbine (MORIT) at 100kg/cm?A
E 5 1 2 3 4 3 6 7 8
IH B AR [iFE FEI |ABRREAR FEIRK BR+C02| 2K +C02|7& X +C0O2
m E(CC) 40 20 540 355 355 1,650 970 97
E Hkeg/cm2)| 31.25 31.25 100 25 25 24.25 1.03 1.03
CH4(mol/s) 610 0 0 0 0 0 0 0
H2(mol/s) 0 0 0 0 0 0 0 0
CO(mol/s) 0 0 0 0 0 0 0 0
H20(mol/s) 11 0 5,974 5,376 597 6,607 7,204 7,204
C0O2(mol/s) 0 0 0 0 0 610 610 610
N2+Ar(mol/s) 0 65 0 0 0 65 65 65
02(mol/s) 0 1,231 0 0 0 12 12 12
Tr=E(ke/s) 9.8 41.2 107.6 96.9 10.8 148.0 158.8 158.8
HaEE(MW) 543 0 366 295 33 805 613 339
Table. 4 Heat and mass balance of the modified oxygen-blow rankine-cycle turbine (MORIT) at 125kg/cm?A
& B 1 2 3 4 5 6 7 8
1H H PRF € FERR ABERAR| AHIZER PEX+C02 &5 +C02|7K X +C02
= ECC) 40 20 550 330 330 1,650 970 97
£ Hkeg/cm2)| 31.25 31.25 125 25 25 24.25 1.03 1.03
CH4(mol/s) 604 0 0 0 0 0 0 0
H2(mol/s) 0 0 0 0 0 0 0 0
CO(mol/s) 0 0 0 0 0 0 0 0
H20(mol/s) 11 0 5,863 5277 586 6,497 7,083 7,083
CO2(mol/s) 0 0 0 0 0 604 604 604
N2+Ar(mol/s) 0 64 0 0 0 64 64 64
02(mol/s) 0 1,221 0 0 0 12 12 12
Ti=(ke/s) 9.7 40.9 105.6 95.1 10.6 145.8 156.4 156.4
HEEMW) 539 0 359 285 32 791 602 333
a4
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Fig.8 Conceptual figure of CCS using proposed modified oxygen-blow rankine-cycle turbine (MORIT)
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Effect of Jet Shape of Square Array of Multi-impinging Jets on Heat Transfer

ABSTRACT

YAMANE Yoshisaburo

MOTOSUKE Masahiro

WA = ! LIF S A

YAMAMOTO Makoto

AR B SR IR

HONAMI Shinji

Ut B

The effect of jet injection shape on the enhancement of heat transfer has been investigated. Experiments on 3x3

square arrays of circular, cross-shaped and oblique cross-shaped jets were conducted at jet diameter Reynolds

number of 4,680. Injection distance is from 2 to 6 jet diameters, and jet-to-jet spacing is 6 jet diameters. Steady state

thermochromic liquid crystal technique has been employed to measure local Nusselt number. Flow visualization

and micro flow sensor were used to clarify the characteristics of flow structure. Some changes due to the flow

intermittency and the local turbulence intensity induced by the effect of jet shape were observed among adjacent

impinging jets. These phenomena contribute to the enhancement of the heat transfer at the intermediate area enclosed

by surrounding impinging jets.

Key words : Impinging jet, Heat transfer, Jet shape, Flow intermittency, Micro flow sensor, Thermochromic liquid

crystal
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Table 1 Uncertainty Analysis for Nusselt Number

Parameters Typical value Typical error  Error in Nu

gwW/m’ 11048 1.85 0.2 %
Ty [°C] 38.0 0.51 7.9 %
T;[°C] 32.0 0.52 9.4 %
D [m] 0.004 1.0x107° 0.2 %
A Tm’1 0.0156 2.0x10°* 0.0 %
k [WmvK]  0.0272 7.4x10™ 2.6 %
RSS error 12.6 %
Max error 20.4 %
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Design Method of the High-Reaction-Type Supersonic Turbine Cascades
for Long Blades in Steam Turbines

ABSTRACT

AN

ONO Hideki

bRFE R

SENOO Shigeki

The purpose of this paper is development of the design method for high-reaction-type supersonic turbine cascades.

First, an allowable design space between the pitch-to-chord ratio and the axial-chord-to-pitch ratio is clarified by

formulating three geometrical constraints to accelerate supersonic flow smoothly. Second, when there is no solution

in the theoretically allowable design space because of the large pitch-to-chord ratio, methods to reduce shock

wave losses are proposed. Increasing the outlet metal angle of the pressure surface by around 10 degrees from the

theoretical outlet flow angle reduces the loss caused by the trailing shock wave. The physical mechanism for this is as

follows: the increased outlet metal angle increases the outlet flow passage area so that the overexpansion is suppressed

downstream from the flow passage. Third, both a cusped leading edge and an upstream pressure surface which has

both an angle corresponded to the inflow angle and near-zero curvature can reduce the loss caused by the leading

shock wave and satisfy the unique incidence relation. Finally, the aerodynamic performance of supersonic turbine

cascades and the design concept are validated by supersonic cascade wind tunnel tests.

Key words : Turbine, Steam turbine, Blade, Design method, Supersonic flow, Shock wave
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