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), Compact heat exchangers (E1% Hw2t7|), Additive manufacturing (X5 XI=x),

Boolean operation (E2|21 &4-4At), Three-dimensional flow pattern (3x+2 .= THE)

This paper describes a new design method for constructing a heat exchanger computational model comprising TPMS
(Triply Periodic Minimal Surface) core structures. These TPMS-Based core structures cannot be designed using the existing
CAD systems, especially for heat exchangers with a high level of geometric complexity. This paper introduces a new
implicit design algorithm based on the VDF (Volumetric Distance Field) calculation. All geometric components, including the
TPMS-based core structures, heat exchanger exterior shapes, a set of parts for inlets and outlets, are represented by the
VDF in a given design area. This enables the efficient design of computational models for the arbitrary-complex heat
exchangers. The proposed design method extends the 2D flow pattern of the existing CHE into the 3D flow pattern,
providing high heat transfer efficiency and low-pressure drop. Investigation of the design results and manufactured
prototypes using the AM (Additive Manufacturing) technology showed that the proposed TPMS CHE design method can
open a new paradigm for generating high-performance next-generation CHEs which cannot be designed and manufactured

with the existing CAD and CAM technologies.
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Cold fluid flow

Hot fluid flow

(a) Conventional plate CHE of 2D flow
Cold fluid flow

Hot fluid flow

(b) TPMS CHE of 3D flow
Fig. 1 Comparison of the conventional plate CHE and TPMS CHE
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Fig. 2 An overview of the CHE computational model construction
process
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(c) P surface

Fig. 3 TPMS-based channel topologies of CHEs

@6(x, ¥, z) : Gyroid-surface

= sin(X) cos(Y) + sin(Z) cos(X) + sin(Y) cos(Z) + K
@p(x, y, z) : Diamond-surface

= cos(X) cos(Y) cos(Z) — sin(X) sin(Y) sin(Z) + K 1)
@p(x, y, z) . Primitive-surface

= cos(X) + cos(Y) + cos(Z) + K

07|, X=2a¢N; Y =2manN,, Z=27ENo|tt. AFAZLEA
G m, &= TPMS 1o} ol wha} cheksh o] g2 %3
g 4 ik Al(DellA ghehuE K= TPMS 339 27|18 23
8L, Alo] A= Ny Ny, Nz 339 A5 Wshi)7le deg
it

Fig. 404 Hi= ulel Zro] TPMSo|| olate] g g7k = 74
o] BEzro g Uylojx=d], o] £ o] RF7 F fAVL
HojEe] 35 4 Qe 5 AR ol8EiL, TPMS AA=
CHE®] M8 o8 ARREL) 7|4 9> 02 &o] & 3 &=
(Solid)yZ, ¢<0& F=(Pore)S, =02 TPMS AAE Jufgict.
Fig. 49| ©h9|x7} 7|20 & vhEgjo] AA¥ CHEQ o

| r:0=0
(TPMS)
|
(Spacel)
<0

(Space2)

Fig. 4 A schematic view representing a TPMS that separates a space
into two sub-spaces
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(a) Two-dimensional flow behavior of traditional plate CHEs

Resell

(b) Three-dimensional flow behavior of TPMS-based CHEs

Fig. 5 Differences in flow behaviors between the traditional plate
CHE and newly proposed TPMS-based CHE
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(@) ®rpMs_core1 (©) PcHE core

(b) (PTPMS_core_Z

(d) An assembled view of (a), (b), and (c)

Fig. 6 The core structure construction process

(b) Top view

(d) Front view

(c) Side view

Fig. 7 Computational models for the TPMS-based CHE core
structures
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Cold inlet

Hot inlet

Cold outlet Hot outlet

Create pipes

\ 4

Fig. 9 A complete CHE model with inlet and outlet pipes
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Table 1 Specifications of 3D printer

Property Value

Printing technology SLA
Build size [mm] 600 x 600 x 500

Temperature[°C] 22-26

Layer thickness[mm] 0.05-0.25
Laser type Solid-state laser Nd: YVO,
Laser wavelength [nm] 354.7
¥

G-surface CHE D-surface CHE P-surface CHE

[ Prototypes built by SLA3D printer |

Fig. 12 CHE:s prototypes fabricated using 3D Printer
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523 113_171_ ;(HH SA X 1();(1—4 ;qoﬂ,q._o_ z HJgFo 2 A= ]_
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z WO 2 16 x 8 x 472 AA5}4c}. Plate CHE
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Table 2 Geometric specifications and computational results of four

CHE prototypes
Model Plate-CHE = G-CHE D-CHE P-CHE
Size [mm] 150 x 75 x 60
Unit cell 10 16 x 8 x 4
Area [m?] 0.147 0.157 0.146 0.104
Triangle 5,090,168 8,692,744 8,300,576 6,626,664
Vertex 2,544,904 4,335,882 4,140,984 3,310,020
Time [s] 1391 1392 1295 1113
.STL [KB] 248,544 424,451 405,302 323,568

1. Hot fluid tank

2. Cold fluid tank

3. Pump for hot fluid

4. Pump for cold fluid

5. Valve for hot fluid

6. Valve for cold fluid

7. Flow meter for hot fluid

8. Flow meter for cold fluid

9. TPMS heat exchangers

10. 11. 12. 13. hot fluid inlet, hot fluid outlet,
cold fluid inlet, cold fluid outlet

Fig. 13 Schematic diagram of experimental apparatus
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(M) [21p4 a2 fsuvay vaf] O

m [Water Flow rate] (nm’/s)
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-8B Q. TPMS P-surface CHX =M+« U

: Plate CHX

: TPMS G-surface CHX
: TPMS D-surface CHX
: TPMS P-surface CHX

U [Overall heat transfer coefficients] (W/m*K)

=

ig. 14 Heat flow rate versus mass flow rate
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