St2HaUZSHS|X| M 41 H M 7E pp. 541-550 July 2024 / 541
J. Korean Soc. Precis. Eng., Vol. 41, No. 7, pp. 541-550 http://doi.org/10.7736/JKSPE.024.034
ISSN 1225-9071 (Print) / 2287-8769 (Online)

'i) Check for updates

A3tx TEj2l 7|HE TPMS Snsh| S5 EM JjM o3

A Study on Improvement of Flow Characteristics of TPMS Heat Exchanger
based on Mathematical Filtering

=41 ol o 2 =2 1,2 x 1,2 1,2,#
QMB, UHS!, BXIM2, =R, LWL, wHa'? u

Seo-Hyeon Oh', Jeong Eun Kim', Ji Seong Yun? Do Ryun Kim?, Jungwoo Kim"? Chang Yong Park"? and Keun Park"?*

1 M2V lathstu 7| A|AA 225 Skt (Department of Mechanical Design and Robot Engineering, Seoul National University of Science and Technology)
2 M2atsh7latistn 7| AAARIC|X IR I=Z Sk} (Department of Mechanical System Design Engineering, Seoul National University of Science and Technology)
# Corresponding Author / E-mail: kpark@seoultech.ac.kr, TEL: +82-2-970-6358

ORCID: 0000-0003-3823-0672

KEYWORDS: Triply period minimal surface (&&53=7|X Z%|A =), Heat exchanger (212 2t7(), Mathematical filtering (~&H4 ZE{R!),
Additive manufacturing (Z1& M|=), Computational fluid dynamics (FIAH S| 5HAT)

Recent advancements in additive manufacturing (AM) have made it possible to create compact heat exchangers (HXs) with
complex geometries. This study introduces a new approach that uses Triply Periodic Minimal Surface (TPMS)-based
designs for HXs. Mathematical filtering techniques are incorporated to optimize the local morphology changes. The goal of
the proposed mathematical filtering method is to improve the flow characteristics and heat exchange capability of TPMS
HXs by modifying the structure's morphology at the inlet and outlet regions. This modification facilitates flow selection and
reduces pressure drop. The HX design includes cylindrical flow domains at the inlet and outlet regions. Three different HX
designs with varying inlet/outlet domains (through-hole, half-hole, and taper-hole) were fabricated using polymer AM and
DLP 3D printing. These designs were then tested for pressure drop. Among the three designs, the taper-hole configuration
showed the best flow characteristics, with a 50% reduction in pressure drop compared to previous studies. The taper-hole
design was then replicated using metal AM technology, resulting in a 70-125% improvement in heat exchange capacity
compared to previous studies.
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NOMENCLATURE (x,,y.) = Center Position of Cylindrical Filtering Domain
) ) (X, Y.) = Center Position of Tapered Filtering Domain
?g = Gyroid-type TPMS Surface Function . . o .
R(z) = Radius Function of Tapered Filtering Domain
' = Filtered Gyroid- TPMS Functi
Y Htered Gyroid-type Hnetion D, = Hydraulic Diameter of TPMS Channels
C = Level-set Constant for TPMS Structure
F(x,y,z) = Sigmoid-based Filtering Function
=
G(x,y,z) = Filtering Function for Inlet and Outlet Domains 1. ME
k. ky, k, = Directional Sigmoid Coefficients
. L . < W 37| (Heat Exchanger, HX)= A2 T2 2%9] 27H o Af
p = Magnitude of Sigmoid Function )
. . . o] A 7koll oA E wdalr] flgt Baow AREE I
(x,,¥,,2,) = Threshold Position of Sigmoid Function o gRjolth AW WA, B W AY A AL EoRe
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Fig. 1 Description of TPMS heat exchanger (HX): (a) design
configuration (unit: mm), (b) gyroid unit cell, (c) gyroid unit
cell with colored fluids, and (d) signed distance fields (SDF)
for the top view (XY-plane) and side view (XZ-plane)
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Fig. 2 Mathematical filtering of a TPMS HX for fluid selection: (a)
definition of the filtering domain (b) masked model for fluid
selection, (¢) SDF distribution for selection filtering, and (d)
filtered model for fluid selection
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Table 1 Design parameters for the through-hole type filtering

i Description  x, [mm] Ve [mm] yij
1 Hot inlet -40 21 22
2 Hot outlet 40 21 22
3 Cold inlet 40 21 22
4 Cold outlet -40 21 22
(a) j (b) L1 Solid wall Cold fluid

(c)
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Fig. 3 Design modification of a TPMS HX with the through-hole
selection filtering: (a) definition of the filtering domain, (b)
SDF distribution for selection filter (Top View), (¢) SDF

distribution after filtering (Section A-A’), and (d) SDF
distribution after filtering (Top View)
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Fig. 4 Design modification of a TPMS HX with the half-hole
selection filtering: (a) definition of the filtering domain, (b)
SDF distribution of half-hole filtering, and (c) SDF
distribution after filtering (Section A-A”)
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Fig. 5 Design modification of a TPMS HX with the taper-hole
selection filtering: (a) definition of the filtering domain, (b)
SDF distribution of taper-hole filtering, and (c) SDF
distribution after filtering (Section A-A’)

Table 2 Center positions of the taper-hole type filtering domains

1 Description x5, y1, 21) (3 V2 22)

1 Hot inlet (-40, 21, 22) (-43, 24, -16)

2 Hot outlet (40, -21, 22) (43, -24, -16)

3 Cold inlet (40, 21, 22) (43, 24, -16)

4 Cold outlet (-40, -21, 22) (-43,-24, -16)
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Table 3 Comparison of hydraulic diameters for three HX designs

Description £[%] A [mm™] Dj, [mm]
Through-hole 43.2 0.272 6.34
Half-hole 42.7 0.290 5.89
Taper-hole 42.8 0.287 5.96
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Fig. 6 Pressure drop tests for various HX designs: (a) experimental
setup, and (b) comparison of pressure drops
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Fig. 7 Comparison of streamlines across section B-B’ for various
inlet/outlet designs: (a) through-hole filtering, (b) half-hole
filtering, and (c) taper-hole filtering
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Fig. 8 Comparison of sectional velocity distributions for various
inlet/outlet designs (Section B-B’): (a) through-hole filtering,
(b) half-hole filtering, and (c) taper-hole filtering
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Fig. 9 Micro-CT images of additively manufactured TPMS HX at
different cross sections: (a) Section C-C’, (b) Section D-D’,
and (c) Section E-E’
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