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Experimental analysis of heat exchanger performance produced
by laser 3D printing technique
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Abstract 3D printing is an additive manufacturing technology that can produce complex shapes in a
single process for a range of materials, such as polymers, ceramics, and metals. Recent 3D printing
technology has developed to a level that enables the mass-production through an improvement of the
printing speed and the continuous development of applicable materials. In this study, 3D printing
technology using a laser was applied to manufacture a heat exchanger for an air compressor in a railway
vehicle. First, the optimal design of the heat exchanger was carried out by focusing on weight reduction
and compactness as a shape suitable for 3D printing. Based on the design derived, heat exchanger
prototypes were made of AlSilOMg alloy material by applying the SLM technique. Moreover, the
manufactured prototypes were attached to an existing air compressor, and the heat exchange
performance of the compressed air was tested. The test results of the 3D printed prototypes showed a
heat exchange performance of approximately 80% and 85% at low and high-pressure, respectively,
compared to the existing heat exchanger. From the e-NTU method results with an external cooling air
condition similar to that of the existing heat exchanger, the calculated heat transfer amount of 3D
printed parts showed similar performance compared to the existing heat exchanger. As a result, the 3D

printed heat exchanger is lightweight with good performance.
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Fig. 1. Air compressor for railroad vehicle [8]
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Fig. 2. Schematic diagram of (a) side cross section
and (b) upper cross section of rib-turbulator
inside tube and (c) wavy fin out of tube [9]
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Table 1. Specifications of current and 3D printed
heat exchangers

Current HE 3D printed HE

Material Aluminum AlSil0Mg

Size 570mm x 420mm x| 160mm x 360mm x
(including 1% & 2™ 63mm 90mm
Weight 13kg 7.6ke

(including 1% & 2™
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Fig. 4. Schematic to measure flow velocity and
compressed air temperature
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Fig. 5. Experiment of the current heat exchanger and
external flow velocity field
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Fig. 6. Experiment of 3D printed heat exchanger and
external flow velocity field

Table 2. Temperature results of current and 3D
printed heat exchangers

Current HE 3D printed HE
Inlet temperature of
1" HE 465.3K 457.9K
Outlet ters?perature of 337.5K 3563K
1" HE
Inlet temperature of
o HE 481.7K 477.5K
Outlet temperature of
2 4R 327.1K 345.1K
External air temperature 293.2K 303K
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Table 3. Heat transfer results of test and e-NTU of
current and 3D printed heat exchangers

Case heat transfer

Test result of current HE 5377.4W

&e-NTU result of current HE 6130.3W

Test result of 3D printed HE 4711.6W

e-NTU result of 3D printed HE 4623.0W

&-NTU result of 3D printed.HE with 6196.9%

new external flow condition
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