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Development of Supercritical CO, Closed Cycle Gas Turbines

—Development of Regenerative Heat Exchanger—
Motoaki UTAMURA(Tokyo Tech), Rina KAJITA (Ted) , Takashi YAMAMOTO(Ted)
and Hiroshi HASUIKE(IAE)

ABSTRACT

Since an optimal design point of regenerative cycle exists on the side of lower pressure ratio, heat transfer
surface used in regenerative heat exchangers is requested to be those of low pressure drop type. In particular, for
supercritical CO, gas turbine, its cycle efficiency is enhanced with the heat exchangers whose regeneration
efficiency is over 0.95. Hence, the requirement of low pressure drop heat exchangers is of critical importance in
the system. To this end, the microchannel heat exchanger with the advanced heat transfer surface is fabricated
and tested by using supercritical CO, demonstration loop. The thermo-fluid correlations developed based on
numerical experiments generally agree well with the test results. The heat exchangers demonstrated regenerative
efficiency over 0.98 under design temperature and pressure operating conditions.
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1. [XL®HIC

A A 2 L O BB ESITIRE AT & 5 |
DT, FAEBATHIOEEAE IR EECH D = X-fin S
LAEE L. o, BEERC O, 2Bk L+ | -
LA 7MW TIE, BAERIRN 0.95 DL EOH F.ow@ f f
T A 2 VB RORERIE 128 RAD 5 D DT, = > LN f"
WkOFLV— R 7400 L) —Bar s Nl <> \ -

EBROGEVENEEND. SEEELIIEACE
D =— K FLUENT % fW 740 E 28 X v #iiz
GARZIRE L. 280N mEGRENERY
AZEHNWTR U TF R — VGBI H WS FA

Bociin e lE L, FERERMG TiaBRE R % . . L \ .

_Unit cell

Fig. 1 X_fin (left) vs. existing S_fin (right)
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Table 2 Thermal performance test results of regenerative heat exchanger

DF— 413 Fig8, 9, 10 [=e THm L1-.

IEH =fiv Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Eiy
AORE [K 480.9 480.9 481.8|  483.55 482.3 486.4 483.1 483.2 482.8
HOEE |K 317.7 317.8 318.5 3174 317.9 317.1 317.6 3115 31717
RE kg/s 1.10 1.08 1.08 1.08 1.09 1.05 1.09 1.05 1.08

=Rl |AOFEH [MPa 7.76 7.75 7.76 7.76 7.75 1.77 7.74 7.74 7.15
HOFEAH |[MPa 7.1 7.71 7.2 7.1 7.70 773 7.69 7.70 7.71

[£18 kPa 53.3 46.1 43.3 50.2 48.7 44.2 55.4 44.6 48.2
THEE kW 241.1 237.0 238.3 2423 2405 241.0 241.0 235.2 2396
ADRE |K 317.0 316.7 316.8 316.5 316.9 315.8 317.1 316.4 316.7
HOEBE [K 425.9 426.3 426.3 427.8 421.9 430.9 429.3 429.1 427.9

RE kg/s 0.99 0.96 0.96 0.97 0.97 0.94 0.98 0.94 0.96

KRB |(AOEH |MPa 10.6 10.4 10.5 10.5 10.5 104 10.5 10.3 10.5
HOFEH |MPa 10.5 104 10.5 10.5 10.5 10.3 10.5 10.3 10.4

[£i8 kPa 20.2 17.6 16.4 19.0 18.5 17.0 21.0 17.1 18.4

XS kW 242.7 237.0 237.1 2435 241.1 240.9 243.4 235.4 240.1
BENE % 0.66 0.00 0.51 0.49 0.25 0.04 0.99 0.08 0.38
oo ol |% 99.27 99.27 99.21 99.25 99.24 99.27 99.22 99.28 99.25
BENE o h 1R % 66.43 66.75 66.33 66.60 67.11 67.46 67.58 67.54 66.97
0w %%ﬁ W/m2K 2152 1780 1569 2035 1865 1782 2298 1769 1906
™ iE W/m2K 1928 1846 1793 1906 1860 1848 1937 1832 1869
BAE |FER % 98.44 98.42 98.30 98.36 98.38 98.33 98.35 98.43 98.38
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Fig. 11 Thermal parameter trend during quasi-steady state power operation and sampling time
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