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ABSTRACT: In order to improve the comprehensive flow and
heat transfer performance of the printed circuit heat exchanger
(PCHE) in the supercritica carbon dioxide (S-CO,) Brayton
cycle system, a mathematic-physical model of the heat exchange
unit with hot and cold channels is established, based on a
new-type rectangular section PCHE manufactured by full etching
technology in this paper. The influence mechanism and law of
the grid spacing in the channels on the flow and heat transfer
characteristics of S-CO, under different operation conditions are
numerically investigated. The results show that the flow velocity
of S-CO, in hot channels with different grid spacings decreases
gradually along the channel, while that in cold channels increases
gradually aong the channel. At the same time, the flow frictional
resistance coefficient (f) and Nusselt number (Nu) in hot and cold
channels are both increased with the increasing grid spacing.
Besides, f and Nu in cold channel are always larger than those in
hot channel. When the grid spacing is 5.97 mm, the rectangular
section channel has relatively optimal  comprehensive
performance, which can achieve enhanced heat transfer with
small resistance loss. The research results can provide theoretical
and data support for the performance improvement and structure
optimization of rectangular section PCHE manufactured by full
etching technology.
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Fig.1 Sructurediagram of plate diffusion welded
rectangular micro-channel heat exchanger
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Fig.2 Sructurediagram of heat exchange unit with
rectangular section straight channel
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Fig. 3 Sideviewsof rectangular micro-channel heat
exchange unit with different grid spacings
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Welded Rectangular Micro-channel Heat Exchanger
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comprehensive heat transfer enhancement factor

Heat exchange equipment is an important part of
supercritical carbon dioxide (S-CO,) Brayton cycle
system, which directly affects the performance of the
whole system. Improving the flow and heat transfer
characteristics of printed circuit heat exchanger (PCHE)
is one of the key problems to be solved in S-CO,
Brayton cycle system.

Based on a new-type plate diffusion welded
rectangular micro-channel heat exchanger with full
etching technology (as shown in Fig. 1), the flow and
heat transfer characteristics of S-CO, in hot and cold
channels are numerically studied in this paper.

Hot-sideinlet Cold-sideinlet

Cold-side outlet

Hot-side outlet
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(a) Photo of heat exchanger (b) Different plates
Hot-sideinlet LGdei
— confluenceaea = rorchama | ¥ Cold-sideinlet

= Cold channel

== Diversion hole

Cold-side outlet Hot-side outlet

(c) Arrangement mode of different (d) Flow mode of working fluid
plates
Fig. 1 Structure diagram of plate diffusion welded rectangular
micro-channel heat exchanger

By comparing the flow frictional resistance
coefficient (f), Nusselt number (Nu), comprehensive heat
transfer enhancement factor (6) and field-synergy angle
(@) of the channels, shown as (1)—(4), the influence
mechanism and law of adding turbulence grid on the
flow and heat transfer in the channels are analyzed, and

the optimal grid spacing is explored, providing a

S20

theoretical basis for the structural design of fully etched
rectangular heat exchanger channel.
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The physica model of numerical smulation in this
paper is shown in Fig. 2. And the thermo-physical
parameters of S-CO, are derived from REFPROP and are
dynamically solved by introducing NIST actua gas model
and SST k-e turbulence model.

Hot-side
outlet

Cold-side
inlet

Steady flow section — i

Fig. 2 Structure diagram of heat exchange unit with rectangular
section straight channel

It can be seen that the simulation results agree well
with the experimental data, and by qualitative anaysis,
the simulation error is ranging from 0.29% to 12.44%
and the average error is 4.95%, meeting the accuracy
requirement. Besides, f and Nu in both cold and hot
channels will increase with increasing grid spacing. And
f and Nu in the cold channel with different grid spacing
are adways greater than those in the corresponding hot
channel. By comparing with the results when the grid
spacing is 11.2mm, it can be found that when the grid
spacing is 5.97 mm, the comprehensive flow and heat
transfer performance of the channel will reach the best,
and the enhanced heat transfer is realized when the flow
resistance loss is taken into account.
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