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Coupling Analysis of Mechanical Stress and Thermal Stress of Printed Circuit Heat

Exchanger Core in Supercritical Carbon Dioxide Power Cycle
WU Jiarong, LI Hongzhi", YANG Yu, ZHANG Xuwei, QIAO Yonggiang
(Xi’an Thermal Power Research Institute Co., Ltd., Xi’an 710054, ShaanXi Province, China)

ABSTRACT: The high temperature and pressure conditions of
printed circuit heat exchanger(PCHE) in supercritical carbon
dioxide power cycle may lead to core material failure and
structure destruction, so it is necessary to analyze the stresses
in PCHEs to optimize channel structures, and thus ensure the
long-term safe and stable operation of the system. In this paper,
the thermal, mechanical and total stresses of the specific paths
of the hot and cold channels of the printed circuit heat
exchanger core were analyzed by the finite element method.
The thermal stress was compared in the range of 487.6~
537.1°C. The effect of the tip radius of the semi-circular
channel on the stress change was analyzed. The results indicate
that the stresses are the combined effect of the pressure loading
and temperature gradient and the total stress of the cold channel
is greater than that of the hot channel; the stress concentration
occurs owing to the sharp tips of semi-circular channels of the
core, and the large temperature gradient in the middle of the
semi-circular leads to the large thermal stress. Increasing rounded
tip radius of the core can reduce thermal and mechanical stresses
effectively in stress concentration regions, and the mechanical
stress decreases more dramatically. Finally, it is pointed out that
the stress concentration at the sharp tips should be relieved, and
the etching depth should be controlled when the channel
structures are designed. With the same hydraulic diameter, the
maximum thermal stress, mechanical stress and total stress can
be significantly reduced when circular cross section channels are

adopted.

KEY WORDS: supercritical carbon dioxide; printed circuit
heat exchanger; thermal stress; mechanical stress; stress
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Fig. 2 Boundary condition of
PCHE core stress calculation
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Table 1 Maximum allowable stress intensity of
316L(00Cr17Nil4Mo2) at different temperatures
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Coupling Analysis of Mechanical Stress and Thermal Stress of Printed

Circuit Heat Exchanger Core in Supercritical Carbon Dioxide Power Cycle
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The high temperature and pressure conditions of
printed circuit heat exchanger(PCHE) in supercritical
carbon dioxide power cycle may lead to core material
failure and structure destruction, so it is necessary to
analyze the stresses in PCHEs to optimize channel
structures, and thus ensure the long-term safe and
stable operation of the system. In this work, the finite
element method is employed to simulate stress field of
PCHE channel model with semi-circular cross section
by using CAE software. The thermal, mechanical and
total stresses of the hot and cold channels are
presented in Fig. 1. In general, the stresses are the
combined effect of the pressure loading and
temperature gradient, and the mechanical stress of the
cold channel is greater than that of the hot channel

because of its high pressure loading but the thermal

stress distributions are similar at most positions.

The effect of the temperature parameters on the
thermal stress is studied in the range of 487.6~
537.1°C. Fig. 2 shows the thermal stress distributions
when the temperatures of hot or cold channels change.
The thermal

differences between hot and cold

with temperature
The

rounded tip radius can effectively reduce thermal and

stress increases

channels.

mechanical stress in stress concentration regions, and
the mechanical stress decreases more dramatically. So
circular cross section PCHE channels with no sharp
tips are compared with semi-circular cross section
channels in terms of stress. The results show that the
maximum thermal stress, mechanical stress and total
stress are significantly reduced when circular cross

section channels are adopted.
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