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Table 1 Laser powder bed melting process parameters for

lattice structures of different materials

316L TC4 B30

Paramet .
arameter stainless steel  alloy alloy

Scanning strategy Angle between layers is 67°

Laser power /W 285 340 242
Scanning speed /(mm/min) 960 1250 600
Spot diameter /mm 0.08 0.08  0.08
Thickness /mm 0.04 0.04 0.04
Scanning interval /mm 0.10 0.12  0.08

%2 316LFELHMCT 25
Table 2 CT parameters of 316L lattice structure

Parameter Value
Tube voltage /kV 160
Tube current /pA 100
Integral time /ms 334

Resolution ratio /pm 10
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Fig. 1 Metallographic structures of specimens prepared by different materials. (a) TC4 alloy; (b) 316L stainless steel; (¢) B30 alloy
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Fig. 3 Lattice structures of different materials and their micro-nano CT 3D images. (a) TC4 alloy; (b) 316L stainless steel ; (¢) B30 alloy
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Table 3 Heat exchange efficiencies of different material lattice structures

Parameter TC4 alloy 316L stainless steel B30 alloy
Simulated heat exchange efficiency /(m*/m’) 1270. 1 1270. 1 1270.1
Measured heat exchange efficiency /(m*/m?) 1263. 1 1415.1 1491.0
Deviation / % —0.6 11.4 17. 4
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Fig.4 Micro-nano CT nondestructive test results of different material lattice structures. (a) 316L stainless steel; (b) TC4 alloy;
(¢)B30 alloy
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Fig.5 Structural diagrams of standard plate-fin heat exchanger. (a) Schematic of splitting; (b) schematic diagram of assembly
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Fig.6 Conventional plate-fin heat exchanger core. (a) Model; (b) part formed by laser powder bed melting
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Fig.7 Heat exchanger core with lattice structure. (a) Model; (b) part formed by laser powder bed melting
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Table4 Comparison of conventional plate-fin heat exchanger

and TC4 alloy lattice structure heat exchanger

Plate-fin Lattice  Deviation /
Parameter 0
structure structure %

Heat exchange efficiency /

) 875 963 +10.1
Volume /cm’ 900 676 —24.9
Mass /g 1870.1 624.7 —66.6
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Fig. 8 Comparison of surface morphology of laser selective melting part before and after sandblasting. (a) Before sandblasting; (b) after

sandblasting
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Fig.9 316L stainless lattice structure heat exchanger core. (a) Model; (b) part formed by laser powder bed melting
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Table 5 Size, surface roughness, dimensional accuracy of 3161 stainless lattice structure heat exchanger core

Parameter Designed value Measured value Deviation /mm
Length /mm 150 149. 94 —0.03
Width /mm 150 150. 02 +0.02
Height /mm 21 20.95 —0.05
Average surface roughness /pm 2.35
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Fig.10 TC4 alloy lattice structure heat exchanger formed by laser powder bed melting. (a) Model; (b) physical picture
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Table 6 Size, surface roughness, dimensional accuracy of TC4 alloy lattice structure heat exchanger core

40 mm

Parameter Designed value Measured value Deviation / mm
Length /mm 150 149.94 —0.06
Width /mm 150 150. 03 +0.03
Height /mm 40 39.97 —0.03
Average surface roughness /pm 4.334
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Fig.11 B30 alloy lattice structure heat exchanger formed by laser powder bed melting. (a) Model; (b) physical picture
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Table7 Size, surface roughness, dimensional accuracy of B30 alloy lattice structure heat exchanger core

Parameter Designed value Measured value Deviation / mm
Length /mm 150 149.95 —0.05
Width /mm 150 149.99 —0.01
Height /mm 40 40.02 +0.02
Average surface roughness /pum 7.611
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Fig. 12 Heat exchange performance evaluation device for heat
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Fig.13 Heat exchange curves of lattice structures. (a) 316L stainless steel lattice structure; (b) TC4 alloy lattice structure; (¢) B30

alloy lattice structure
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Laser Additive Manufacturing and Heat Transfer Performance
Measurement of Lattice Structure Heat Exchanger

Liang Jiayu , Zhang Wenyang, Liu Wei, Chen Bingqing

Institute of Welding and Plastic Forming,AECC Beijing Institute of Aeronautical Material, Beijing 100095, China

Abstract

Objective

Traditional radiators have a large volume, heavy weight, and low dissipation efficiency. Using the laser-

additive manufacturing technology, the volume and weight of the heat sink with lattice structure significantly reduce under
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the same heat dissipation efficiency of the traditional radiator . Therefore, laser-additive manufacturing of heat sinks with

lattice structures is a promising technology. In this study, three types of radiators with lattice structures are fabricated
using laser-additive manufacturing technology with 3161., TC4, and B30 powder materials and compared with traditional
radiators.

Methods Based on the confirmation of the powder characteristics, the laser-forming process parameters of the 3161
stainless steel, TC4 titanium alloy, and B30 copper alloy are investigated. Alloy specimens with different metallographic
parameters are formed, and their internal metallurgical properties are analyzed. Process parameters with good forming
quality are selected as optimized technological parameters. Previous studies have shown that the Kagome lattice has a
good heat dissipation effect, and the central vertex of the Kagome lattice acts as a vortex generator, which disrupts the
basic flow and causes stillness and separation of media . The complex flow behavior simultaneously strengthens the
conduction of the wall and connecting rod. In this study, the size of the Kagome lattice is optimized for laser
manufacturing. Using laser selective melting, lattice-structured heat exchangers are fabricated with 316L stainless steel,
TC4, and Cu alloys. A three-dimensional image of the lattice structure is reconstructed using computed tomography
(CT), the heat exchange area value of the structure is also calculated, the core body size and the surface roughness of the
laser-selective manufactured lattice structure are measured, and a self-made device is used to evaluate the heat transfer
performance of the heat exchanger.

Results and Discussions The size of the three heat exchange cores with different materials reaches 150 mm X 150 mm,
the heat exchange efficiencies are all greater than 1000 m®/m® (Table 3), the dimensional accuracy is controlled within
40.1 mm, and the surface roughness is less than 10 pm (Tables 5, 6, and 7). Compared with the traditional plate-fin heat
exchanger with a heat exchange efficiency of 875 m”*/m’, which has the same size as that of the heat exchange core, the
volume and weight of the lattice heat exchange structure decrease by 24. 9% and 66. 6% , respectively (Table 4), and the
heat exchange efficiency increase by 10%. However, because single cells used have the same size, the simulated heat
exchange efficiencies of the three material lattice structures are the same, but the values measured by micro-nano CT 3D
imaging are different. This study demonstrates that the simulated value, compared with the measured heat exchange
efficiency of the TC4 alloy lattice structure heat exchanger, has the smallest deviation. The deviation between the
simulated and actual heat exchange efficiency values is primarily caused by the difference between the actual value and
digital model obtained by printing. Currently, TC4 alloy is the most mature material in laser-selective melting formation,
and it has good adaptability to laser-selective melting formation; therefore, the component obtained by printing is closer to
the digital model. For the B30 copper alloy, owing to the high reflectivity of the laser, high thermal conductivity, and
other factors, the difference between its laser-manufacturing components and mathematical models is significant. The
316L alloy case is intermediate between those of the TC4 and copper alloys.

Conclusions In this study, based on the Kagome lattice, the size suitable of lattice cell structure for additive
manufacturing heat exchangers is optimized. Compared to the traditional plate-fin heat exchange structure with a heat
exchange efficiency of 875 m®/m’, the volume and weight of lattice structure decrease by 24.9% and 66.6%,
respectively, when the heat exchange efficiency is increased by 10%. The lattice-structured heat exchanger cores with
316L stainless steel, TC4 titanium alloy, and copper alloy are prepared by laser-powder selective melting. The size of the
heat exchange core reaches 150 mm > 150 mm, and the heat exchange efficiency is greater than 1000 m®/m®. The
dimensional accuracy is controlled within #=0. 1 mm, and the surface roughness is less than 10 pm. The lattice-structured
heat exchanger achieves high performance and precision for all three different materials. The evaluation formula of the heat
exchange efficiency should comprehensively consider the influence of physical parameters and other factors to improve
further.

Key words laser technique; additive manufacturing; lattice structure; heat exchanger; heat transfer performance
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