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# 1.1 300kW £ 7 2 v 7 HAX—E L OFEERE O HiE

(a) Ceramic Gas Turbine

Items Goals
Thermal Efficiency of Engine 42 % or higher
Turbine Inlet Temperature 1,350 'C
Output Power 300 kW Class
Emission Characteristics Meet present regulations

(b) Ceramic Components

Items Goals
Mlnl.mum Guaranteed Strengoth 400 MPa or higher
at High Temperature (1,500 C)
Weibull Modulus (Reference Value) 20 or higher

Fracture Toughness

8 MPa-m'” or higher
(at Room Temperature)

BEERE TEEMR—1—Y Y v EHEHERES
Agency of Industrial Science and Technology, MITI
ﬂ-\l—-_“-——r: TP TR R SR
FLILH— BEREGHSHEN L
New Energy and Industrial Technology
Development Organization (NEDO) Sobtdls

CGT301 |

-iﬁm- CGT303

JIRET R YU —F—tILR A
‘Kawasathavylndnsmqud. Yanmar Diesel Engine Co., Ltd.
Sumitomo Pmmon Products Niigata Engineering Co., Ltd.
Co., Lid. i a: ;
BFEHEREIAT : ﬁg& : NGK Spark Plug Co., Ltd.
NGK Spark Plug Co., Ltd. gy?cfm Corporation _puk %
SR RESHRAH
Kyocera Corporation
ST e R R Lﬁcﬂ?s".,:iﬂ'.-mi’—fl-‘.:~

X 1.1 300kW 7 2 w7 HRAEZ— ¥ O RS
(E7 2 v HAEZ— B RFIES, 1999)
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I Exhaust Gas

Heat Exchanger

_ Preheated Air

Exhaust Gas

] Fuel Gas
Output Shaft — & :
' 3 Combustor
Reduction High Temperature Air
Gear Compressor || Turbine

X 1.2 300kW 7 2 w7 HAHZ—E L CGT301 DA

2nd Stage 1st Stage Ceramic Blade
Rotor Nozzle  Rotor Nozzle Metallic Disk

1y i

(@) Zy FETN b) " TV y FEZ—E R

1.3 CGT301 B v bEF N EHZ— Y
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Heat Exchanger

Exhaust

: \f Compressed Air

Power Turbine ﬂ . 2

- . - ~
‘1‘,‘ ‘ Gas Generator Turbine
g \-r_ﬁ.. NN \3E="% | Compressor
A, _’Airlntake
AL O Il N
Exhaust P wf- P
i ; "
., ; -3
% ,—} . . "\
bl Scroll |
cro
Combustor

1.4 300kW £7 2 w7 HAZ—E L CGT302 D&

Turbin otor

Gas to heat
exchanger

Air

. Air to heat
Turbine exchanger :
Air from exchanger | Turbine Nozzle
(@) By hETN (b) EZ Iy F— HEF

1.5 CGT302 DAy hET N EZ—ERF
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FT1E % Hi ]
Combustor
Compressor
Gas Generator Turbine
Air Intake
Power Turbine
Scroll

% 1.6 300kWt T 3w 7 HAZ—EL CGT303 DA

Turbine Rotor _, -

(a) HARES—EY (FVTNEF—EY) (b)) HAF—Er (#fKEF—E)

X 1.7 CGT303 D Z —E L EF|
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#1.2 300kW 7 X v 7 HARAZ—E U DfEkk

(a) Specifications of CGT301

Engine Speed

56,000 rpm

Compressor Axial + Centrifugal Type
Turbine Two-Stage Axial Flow Type
Combustor Single Can Type

Heat Exchanger

Shell-and-Tube Type

(b) Specifications of CGT302

Engine Speed (Gas Generator Turbine)

64,000 rpm

Engine Speed (Power Turbine)

47,800 rpm

Compressor Centrifugal Type
Turbine Two-Stage Axial Flow Type
Combustor Single Can Type

Heat Exchanger

Plate-Fin Type

(c) Specifications of CGT303

Engine Speed (Gas Generator Turbine)

55,000 rpm

Engine Speed (Power Turbine)

39,000 rpm

Compressor

Centrifugal Type

Gas Generator Turbine

Radial Inflow Flow Type

Power Turbine

Single-Stage Axial Flow Type

Combustor

Single Can Type

Heat Exchanger

Rotary Regenerator Type

17
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300kWETZ7 I v I HAZ—EL DL A )V

(@) Reynolds Number Based on Blade Inlet Flow Condition Re;,

Gas Generator Turbine,
High pressure Turbine,

Power Turbine,
Low pressure Turbine,

1st Stage Turbine 2nd Stage Turbine
Nozzle Rotor Nozzle Rotor
CGT301 6.8 x 10* 8.9x 10* 8.3x 10* 4.1x10*
CGT302 12.8 x 10* 6.9 x 10 5.4x 10 5.4x10*
CGT303 Radial Turbine 45x%10* 4.1x10*

(b) Reynolds Number Based on Blade Outlet Flow Condition Rey

Gas Generator Turbine,
High pressure Turbine,

Power Turbine,
Low pressure Turbine,

1st Stage Turbine 2nd Stage Turbine
Nozzle Rotor Nozzle Rotor
CGT301 28.6x10* 14.6 x 10* 14.1x10* 6.4 x 10*
CGT302 39.4x 10* 19.0 x 10* 16.5x 10* 8.2 x 10
CGT303 Radial Turbine 15.8 x 10* 7.7x10*
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28
2:6
2-4
2:2
STAGE LOADING AH
FACTOR U2
1-8
-6 r/
B
1-4 ’}
l' 2 / 7
1-O —%“-3
08
O: 6I
03 04 o5 06 07 08 09 -0 Il -3
STAGE FLOW FACTOR~Va/u
(a) Smith Chart
(Curves give stage efficiency at zero tip leakage)
Efficiency calculated from optical torquemeter readings.
[ , | .
92 t |
o ' o °o 1 ° ! o' o @ [ 90
8 [o 2 o
&° 01— °© ! ? | 88
{
o 88 No change l
é | | CGT of efficiency LConventionaI GT |
Q( ————— ————— —_—
u. r
ul W ‘ EFFICIENCY ,__CAI.:CULATED FROM 92
92 ( DYNAMOMETER _POWER %
90 | S ;
>l o

:

150,000 200,000
REYNOLDS NUMBER

100.000

250,000 300 000

(BASED ON AXIAL CHORD OF ROTOR BLADES)

(b) Effect of Reynolds Number on turbine efficiency

(Turbine : Rolls-Royce Conway engine)

1.8
(Smith, 1965)

AIAF ¥ —RFrBLOREZ = U FIRBA~D LA ) IV DOEE
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Passage
Vorticity

Secondary
streamlines—_ |
(¥) R A2
Il

— : <%;’
\ b ' o o
Inlet e
Vorticity ( Trailing Filament x<7

Vorticity
(a) Hawthorne (1955) (b) Horlock (1973)

LAMINAR SEPARATION

// BUBBLE

- —

STAGNATION PQINT

Passage vortex

Counter vortex

PASSAGE VORTEX

() Klein (1966) (d) Langston (1980)
Passage vortex — FLOW FROM
= INNER REGION
SUCTION SIDE muv?l;:a':ﬁnven

LEG HORSESHOE

VORTEX

o
INLET BOUNDARY <7
LAYER FLOW 4 VRTEX

"/SUCTION SIDE

LEG HORSESHOE
iy VORTEX
SUCTION SIDE -
> PRESSURE SIDE
P LEG cg:.ls_eesuoe ‘\N LEG HORSESHOE VORTEX
(BECOMES PASSAGE VORTEX)
(e) Sieverding and Bosche (1983) () Sharma and Butler (1987)

% 1.9 Z—UE RO _RBENOMER (Fo1)
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HORSESHOE VORTEX
INLET PASSAGE
BOUNDARY VORTEX
LAYER

Anachment Line

1. Leading edge pressure side vortex
2. Leading edge suction side vortex
3. Passage vortex

4. Suction side comer vortices

S. Pressure side corner vortex

6. Pressure side leading edge comer vortex

7. Suction side leading 80ge comer voriax

8. Downward velocity component on pressure side

(g) Goldstein and Spores (1988)

1.9

— =

Tip endwal

Hub endwall

SEPARATION
LINE
ROSSFLOW “B"

SADDLE
POINT

(h) Takeishi et al. (1990)

D00~ OB W N

R

S1
S2
S3

ES::

(1) Yamamoto et al. (1995)

Z— LRI ZRTh O

: Inlet boundary layer

: Leading-edge horseshoe vortex

: Pressure-side leg of 2 (Hp)

: Suction-side leg of 2 (Hs)

: Reverse flow region near LE

: Comer flow on PS

: Flow on PS

: Endwall boundary layer flow

: Passage vortex (PV)

: Comer vortex near SS

: Convergent flow on SS

: Leakage vortex (LV)

: Reverse flow in TE corner region
: Flow in dead flow region

: Outer edge of 1

: Boundary layer on SS

: Boundary layer on PS

: Freestream outside of 8

: Outlet boundary layer

: Separation point of 1

: Separation point of 2

: Stagnation point of 1

: Reattachment line

: Separation line corresponding to Al
: Separation line corresponding to A2
: Separation line due to 10
Limiting streamline

(FD2)
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periodically varying Endwall Endwall
A-A c-C

: Suction side leg of horseshoe vortex system
Vph : Pressure side leg of horseshoe vortex system
Vp  : Passage vortex

V,,ip : Wall vortex induced by the passage vortex
Vi  Suction side leading edge comer vortex
Vpu : Pressure side leading edge comer vortex

: Suction side corner vortex

v . Pressure side comer vortex

(G) Wang et al. (1997)

Dividing Stream Surface

Tipwall Passage Vortex Tip-Leakage Vortex

Inlet Flow

R

Direction of Rotation

ﬁgmts‘gj:\lf:ge:f Hubwall Passage Vortex

(k) Sjolander (1997)

X 1.9 #— b URIIO RN OMEE (£D 3)
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