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Investigation on the application of microtube and shell heat
exchanger in energy conversion cycle

Gao Jiao, Ding Wenjie, Huang Hongwen,  Guo Haibing, = Ma Jimin, = Wang Shaohua
(Institute of Nuclear Physics and Chemistry, CAEP, Mianyang 621999, China)

Abstract: Print circuit heat exchanger (PCHE) is widely used in the present supercritical carbon dioxide (S-
CO,) Brayton cycle to support its superiority in compactness when compared with other energy conversion cycles. The
maintenance and overhaul of PCHE are hard to be carried out when leakage and fouling appear because of the integral
structure of the core. A microtube and shell heat exchanger (MSTE) is proposed in this research. The structure of the
MSTE is similar to that of the conventional shell-and-tube heat exchanger except that the tube diameter is reduced to
microchannel level. The cross-section area of the flow channel in MSTE takes more counts than that in PCHE, thus the
volume and weight of MSTE can be reduced by more than 30% when compared with PCHE under typical design
conditions of recuperator and precooler. Sensitivity analysis results show that if the designed recuperator and precooler
with MSTE structure are adopted, the inlet temperature of compressor changes less than 1 “C when the hot or cold inlet
temperature of recuperator increased by about 20 °C. It can be concluded from the analysis results that the heat transfer
capacity of MSTE is sufficient to adjust the general working condition fluctuations of the energy conversion cycle.
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Table 1 Design parameters of the heat exchangers

component hot outlet pressure/MPa  hot inlet temperature/°C  hot outlet temperature/°C  cold outlet pressure/MPa  cold inlet temperature/ C
recuperator 8.09 450 118 19.91 102
precooler 8 118 38 0.1 25

2 WERXBAFIZITAZE
H1 T S-CO, B 1 2 BBt I B A A 2, AR e ) 58 W PR e AR B O iR A IS T . PRI, S-CO, A4 IAER BT
Ry B it, A S-CO, Wi 75 1A Ff e #4858 20 AL 86 2 A~/ LG, A B SO I PR IR AU 22, ilT—
A A TT PR A H R BE 55 v U TR TR BE D i — R BT 0 A O A A T Sl B ARV R MR T R E o AR SO
He PR AR I3 AT B T IR, ) B e BA TR P 2 IR 22 1 (LMTD %) #EAT B3, A 3 i
LMTD ¥ 2 fic i I e AR B ik 22—, DARRGETE A 115 1) iy A, A B 48 P B 0 AV T 1 113 B, e -
PR R VA S A T JRLIE , P ) ) P v AT T - 45 3R B AR IBONS L B P 2, SRAT R AR B e B, O 2k

116001-2



wrW. e PR S U H AR RE IR I ARG 3E b B R

guess a set of
channel number,
spacing, and
diameter

guess a hot outlet
temperature, and solve

the heat transfer area by/ )

LMTD method

the hot outlet temperature of the
Is the pre-node is taken as the hot inlet
calculated hot outlet™ temperature, the cold inlet
tempeature consistent with temperature of the pre-node is taken

i s as the cold outlet temperature

value?
no —T

no

yes

|

sum with the heat
transfer area of the
pre-nodes

solve the size and
yes —»  weight of the heat
exchanger

Is the hot outlet
emperature satisfied?

Fig. 3 Design approch of the microtube and shell heat exchanger
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Fig. 4 Geometry model of the microtube and shell heat exchanger
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Fig. 5 One-dimensional design model test results
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Fig. 6 Thermo-hydraulic characteristics under different hot inlet temperatures
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Fig. 8 Thermo-hydraulic characteristics under different cold inlet temperatures
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Fig. 10 Thermo-hydraulic characteristics under different CO, inlet temperatures
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Fig. 11 Thermo-hydraulic characteristics under different cooling water inlet temperatures
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