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Fig. 1 Schematic diagram of a supercritical CO, receiver tube
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Table 1  parameter setting for creep-fatigue analysis
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Fig. 3 Allowable strain range and corresponding accumulated

creep and fatigue damage under different Temperature
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Table 2 Parameter setting for numerical calculation of

temperature field and stress strain field
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Table 3 Allowable flux density, h and R, under different mass flow rate and different inner diameter

EARmm T kesT A RK/m o fERLE A B AR BUW K m? R AW-m® HE T R%
0.14 7.8 3770 259 0.5
10 0.19 9.2 4828 295 1.0
0.25 10.9 6113 331 2.0
0.2 10.3 3573 231 0.5
12 0.27 12.1 4568 261 1.0
0.35 14.4 5781 293 2.0
0.26 12.9 3421 210 0.5
14 0.35 15.2 4353 236 1.0
0.47 18.1 5534 264 2.0

Nz 3 P, WA o i e BRI, PR XA A
TR BE N, VF R RE VR B L B 3 (ELR
A R, R ERE 2 38OK, BB A e 12 5 R Y
R INFEW BRI WIE 6 Frs , BEE R (Y
RV FHRE AL 6 A1 s R I S ek 2, R 1 >4 o i
UL R 38— R B N, 9 DA BRI x4 R
REFLA AP A B R 5 A A D RE s i

24 BEAERNTREREENMN

e 3 s  AEARTE RE T, BEE & AR Y
R, R R BN T AR R
20 MPa, iy Rl — U R L 7 A9 R/ (BB A BE
ESENEN AT 025, HILE NER KK
7 Fof 8 5| A7 B T2 0 O, DT 4 DA BE ARH
PRI , 7/ FH AIE U7 285 58 B AL AR )3 T Dl )



1 BHURAE : BIR F COLKBHBEM AR F RE IR 2 FEF 7T 49

3401
-« 320f
g

= 3000
z

5 280¢
£ 260}

=2
E 240
220

20070706 08 1.0 12 14 1.6 1.8 2.0 22
R
El6 AR N T RENR % 2R R E AL
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RESEARCH ON ALLOWABLE FLUX DENSITY OF SUPERCRITICAL
CO, SOLAR RECEIVER

Huang Kaixin, Rao Zhenghua, Liao Shengming
(School of Energy Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Supercritical CO, Brayton cycle has potential to increase thermal efficiency of solar power plant, and flux
density on the solar receiver is a determining factor of its performance. It operates under high temperature and high
pressure condition. Start-up, shutdown and cloud cover induce cyclic loading on the receiver. Therefore creep-fatigue
analysis of the receiver is needed in order to determine a reasonable heat flux level on it. In this paper, temperature and
stress-strain field of a single receiver tube was calculated in ANSYS. Creep-fatigue analysis was then conducted using
method in ASME BPVC III NH. Circumferentially varying heat flux causes local high temperature at the crown where
considerable strain range is spotted due to inhibition of thermal expansion. The significance of the increase of allowable
flux density by increase of the mass flow and decrease of tube diameter are also investigated.

Keywords: supercritical CO,; solar receiver; heat flux density ; thermal stress



