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Development of Super-critical CO, Closed Cycle Gas Turbine

— 4th Report: Results of Power Generation Experiments in Bench Scale Test Facility —
*Hiroshi HASUIKE, Kiichiro OGAWA(IAE), Motoaki UTAMURA((Tokyo Tech),
Takashi YAMAMOTO and Toshihiko FUKUSHIMA(TED)

ABSTRACT

Power generation with supercritical CO, closed cycle gas turbine was successfully demonstrated using a

bench scale test facility. 60 minutes self-sustaining operation including 40 minutes of continuous power

generation was realized. Compressor work reduction depending on decrease in compressibility factor at the

compressor inlet was experimentally confirmed. The typical continuous power output was 200W, which was

much smaller than the designed specification of the test plant.

The main reason of small generated power was

estimated to be low adiabatic efficiency of the turbo machineries, windage around the generator rotor, and the

presence of leak flow from the compressor outlet to the turbine inlet through the inside of generator.
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Fig.1 Flow Diagram of CO, Loop for Brayton Cycle

Table 1 Design Specifications of CO, Loop

Pressure Temp. Mass Flow
(MPa) (C) (kg/s)
Compressor inlet 8.23 35 1.2
Compressor outlet 12.0 67 1.2
Turbine inlet 11.8 277 1.2
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Fig.2 Cross Section of Gas Turbine Power Generator
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Table 2  Specification of Recuperators

Item Specification
MCHE] Temp. efficiency ‘ 0.98 .
Heat exchange capacity 153kW X 2 units
MCHE2 Temp. efficiency ' 0.98 .
Heat exchange capacity 26kW X 1 unit
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Fig.3 Trend of Operation Data in Inverter Input Reduction
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Fig.4 Trend of Operation Data in Stable Generation
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Fig.5 Morrier Diagram of Plant Operations at
Maximum Speed and Stable Power Generation

RXEME & i LT, Wi — R &b A 1SR
PEREER ST WA A > M2 o TV D, RS
DOUTFFITERERE D N = < ﬁﬁﬁlﬁd<@8

JEREE MBI S LD, — 7, BRI SRR T
DY D LA BRI 72 V) « FEREREPY CHELLER

Rz @35 X 5782 LR Z o =GAITE,
JEAES A AR ESEB L, BRI A —V%
B2 5800855, ZDi=s, REFBERE TILE R
BINBA UBEN =R A > b & EREREN D SRR
E LTz, Loy L7and BIEiR R O@fE T, AR
WD IEWERIETH - TH R < JEMiE 2
BT D EMARETHD Z BN LI (3.4
HEM), ZO7=, Z 2R LIz Tl
AN O EEER RISV E ZAICRE LTz,

Ho 1 A REHE R TWDoNn, lr—2A
EH A —EUHAODLT 2NN E—ZERNERE &
DREL RS TNDZETHD, —FHFTHREHN
hERELMMELONTELT., 2 —E v

T I 24T > TRV ATREME Z 7R 2 L T U
5o ZORRIL, HBiET D &0 ITEMEE 02D

BN A2 @R L THX—E U AQICAD Y —7
DFELTWVWAIZHT, 20V — 7 iOMREITZ
—E U ADRE XD ENKL, FENRY—F
YNHREITEHIME L VRS oo TV D EHEE S
s,

3.3 EfEk L ¥ — v OBk
R OJEHERE & ¥ — v OWEVhEy, En &

(DHXBLTQRT LV EHE L., R e (3)0)
kL Ty hLT,
_ hey (Pey»Se) = he (P> Ter) ()
© ho(PeosTeo) = he (Pers Ter)
_ (P Te) =P (Po.Te) @
t htl(metl)_htz(pt2>st1)
$=" AU (3)

ZZT h: = 40— s: = hab’—
p:ES T:REE
m : BB, o BE
A : FEHAME O P
U @ 328
IRRTF c: Efikg t: ¥—Evv
1: AQ@ 2: B

Z—E U NDIREEX 3.5 THIZHRRD U —7 D
WL B0, UV — 7RO E EEEE AW
THIE L7, FEMGEREORIET — & b DR
#E 9% Fig.6 k F1g7 2R,

TEHAFEF TlX, TREMRE ORI A D 72,
%%@(E%%Qw\& B 0.65) 2% LT 0.05
~0.15 &V, ZoHEMBmE L, M TH D
DI TREEEORENOHERENMET LT WD &
W& <, @I OBREZRITH7-0F v 77 )
T I UAERDICHE LI ENRFEEL TS &
EzbNb,

0.6
XS ®
05 | ¢ o,
" *
. +10%
0‘00 - °
* s
*
0.4 . -10%

y =-7336.5x2 + 2406.4x - 196.83

Comp. adiabatic efficiency (-)

03 |
7.48<pcl1<7.50MPa * Experimental Data
02 7%1.3<Tcl<31.4deg | —+10% |
—-10%
0.1 — Quadratic regression |
0
0.163 0.164 0.165 0.166 0.167 0.168

Flow coefficient (-)

Fig.6 Adiabatic Efficiency of Compressor
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Fig.9 Work Balance in Gas Turbine Generator
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Fig.10 Trend of Windage and Leak Flow Heating
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