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Abstract

In order to improve efficiency, an outdoor unit using a refrigerant cooling method is designed into many air conditioner
systems. The heat exchanger is composed of a Cu tube and an plate. The optimal design for the cold plate is very important
because the efficiency of the heat transfer depends on the contact area between the Cu tube and the cold plate. The current
study focused on the design of the cold plate to obtain a uniform contact between the Cu tube and the cold plate. Both
FE(finite element) analysis and optimization were used in the design. The contact area between the tube and plate was
predicted and improved by 16% through the press forming simulations. The springback after press forming was also
reduced when the optimized design parameters were used. To verify the validity of the optimal cold plate design, a
verification test was conducted. As a result, the performance of the heat exchanger improved by 34% when compared to
benchmarked products.
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(a) Screw fixation (b) Pressing Fixation
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2D Plane Strain

Fig. 3 FE modeling for 2D press forming
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Fig. 4 True stress-true strain curve for the Cu tube

d>10 Omm /

Fig. 5 Comparison of deformation between FE- simulation
and experimental results
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Y-Displacement [mm]
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(b) Springback

(a) Y-displacement
Fig. 6 Simulation results from 3D press forming and
springback caused by elastic recover
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Object Function

Minimize springback After forming and
Maximize contact nodes between tube and die

Contact

Non contact

Design Variables

WPunch: HPunch: HDie: Rdie

Constraints

Reduction of tube thickness (Crack) : Max 3%

1ER

Fig. 7 Optimization process and design parameters

Table 1 The result of optimization

Optimized o _
Optimization Benchmarking
Shape (mm)
Rpie 5.07
—
HDie 145 m;\rea T
RPunch 9-84
vl
HPunch -8.81 ‘ Esc
Contact
116 100
rate (%)
Springback
0.021 0.025
(mm)

A 0.7mm, A& 9.52mmo|t}. =g k=]
T TR AYEHE BRoEA FHEIZF AEEA

CAAQ - BAE

A3 Qs WA fE FHO AFERT TA
Al slloF stH, FH & 5 old WA E 9 o
T (undercut) F3S FAoF gt o] g o -ul
Fds A7 HEl Hpes 9% P wh

ghot, wheba] A QkE H A s) A A WS (design variable)
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Full contact

(a) Feasibility test
(Press forming)

Optimized shape

(b) Result of Measurement
(Section scanning)

126 kgf I Before the optimization I

(c) Breakaway test of tube from cold plate

Fig. 9 Verification of (a) optimized geometry for tube
press forming, (b) measurement of contact area
and (c) breakaway test of tube from cold plate
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