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Study on Flow and Heat Transfer Characteristics of Air-fuel Heat
Exchanger based on TPMS
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Abstract: In order to meet the design requirements of aero-engine heat exchanger with high heat transfer
characteristics and low drag variations, the exploration of triple periodic minimal surface ( TPMS) heat
exchanger structure under aero-engine operating conditions was carried out. In this paper, five TPMS
heat exchanger structures with high potential were selected for study, namely, Gyroid, I-WP, Diamond,
Primitive and Fischer-Koch S. Numerical simulation was used to study the flow and heat transfer charac-
teristics of the five TPMS heat exchangers under the operating conditions of the aero-engine, analyse the
effects of mass flow change on the heat transfer coefficient and the pressure drop, summarise the friction
coefficients of the air side and the fuel side and the correlations between Nusselt and Reynolds numbers,
and make a comparative analysis with that of the tube-in-tube helical coil (TTHC) heat exchanger. The
results show that the heat transfer coefficient of the TPMS heat exchanger varies periodically along the
structure lateral distance; and the Nusselt number of the TPMS heat exchanger is ranked in the order

Primitive > I-WP > Gyroid > Diamond > Fischer-Koch S on the cold side; the [-WP heat exchanger exhib-

I FS HEA.2023 08 -25; {&ITHHEA:2023 -10 -09

ELTE . R g m A AR L 45 2% 1 (3122019187)

Fund-supported Project: Fundamental Research Funds for the Central Universities, Civil Aviation University of China (3122019187)
EBEB T BIREE (1980 - ), 5, E AT HUR.



. 124 - #Hoofe

B o TR

2024 4

ites the lowest friction coefficient and pressure drop loss in terms of resistance performance. Compared

with TTHC heat exchanger, the five TPMS heat exchangers have more complex flow conditions and im-

prove Nusselt numbers and friction coefficients, in which the I-WP heat exchanger has the lowest friction

coefficient enhancement of 0. 705 ; the Primitive heat exchanger has the highest Nusselt number enhance-

ment of 833. 66.
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Tab. 2 Structural parameters of cold fluid domain

of 5 types of heat exchangers

e AER/mm®  REAB/mm®  KIIEHAE/ mm
Gyroid 479.11 579.83 3.31
I-WP 443.50 656.05 2.70
Diamond 478.21 716.32 2.67
Primitive 474.65 437.17 4.34
Fischer-Koch S 476.39 1013.15 1.88
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Tab. 3 Grid independence verification

O OBMWER RWER BRKE SRR
[ %5/ T3
kPa kPa K K
280 146.90 1.46 46.715 24.414
380 151.05 1.47 47.276 24.638
480 154.07 1.47 47.246 24.822
580 156.33 1.47 47.278 24.928
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Tab.5 Cold side Nu and Re fitting correlation equation

AR IR PS50 Re 11l
Gyroid Nu =26.77TRe %% 300 < Re <1 500
I-WP Nu =27.53Re % 300 < Re <1 400
Diamond Nu =30. 50Re = # 280 < Re <1 400
Primitive Nu =259. 38Re =" 500 < Re <2 800
Fischer-Koch S Nu =20. 45Re "' 200 < Re <900

F6 M Nu 5 Re #l& KB

Tab. 6 Hot side Nu and Re fitting correlation equation
R I KHRAX Re {5 [H
Gyroid Nu =0. 47Re =% 87 600 < Re <110 000
I-WP Nu=4.5Re "% 55 300 < Re <66 000
Diamond Nu=2.78Re "% 74 200 < Re <89 100
Primitive Nu=0.17Re "7 141 000 < Re <170 000
Fischer-Koch S Nu =3.09Re "4 47 300 < Re <57 100
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Fig. 13 Change of hot side pressure drop with mass flow rate
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Tab.7 Cold side f and Re fitting correlation equation

e KFEK Re Jti[F
Gyroid f=13.73Re ** 300 < Re <1 500
WP f=13.86Re~** 300 < Re < 1 400
Diamond f=12.11Re~*3! 280 < Re < 1 400
Primitive f=5.92Re % 500 < Re <2 800
Fischer-Koch S f=18.33Re -0.43 200 < Re <900

F8 WM f5 Re UG KB
Tab. 8 Hot side f and Re fitting correlation equation

e KFEAX Re 10

Gyroid f=0.06Re " 87 600 < Re < 110 000

I-WP f=0.44Re =001 55 300 < Re <66 000

Diamond f=0.32Re %7 74 200 < Re <89 100

Primitive S=0.005Re ~0-4 141 000 < Re <170 000

Fischer-Koch S f=0.22Re "' 47 300 < Re <57 100
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Fig. 15 Changes in turbulence intensity
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Tab.9 Comparison of cold side friction coefficients of

TPMS and TTHC heat exchangers

WL T TTHC #e 8%, f WS B T RE B4R T, [emmsnn Fischer-

. . o . Gyroid I-WP Diamond Primitive TTHC
Gyroid , I-WP, Diamond , Primitive F Fischer-Koch S m,/gs! Koch S
oA B (9 152 5 AR KO0 0 B TTHC 48 24t B fIE v 1 2,02 1.26 215 145  1.91  0.033
1.255,0. 705, 1. 385, 1. 035 Fl 1. 045, Gyroid, 2 156 0.95 1.67 1.19 140 0.029
I-WP, Diamond , Primitive Al Fischer-Koch S i # #% 3 L3l 0.80 1.49 1 118 0.026

H4R B S oy L e/ 2

925 28 JR Bt w53 3 L TTHC e JA 45 = 735, 1, 4 1.28 0.73 1.4 1.06 1.07  0.025

403.42,575. 83,833. 66 1 366.48, FE 5K 2,
JLARTE TTHC e 2425 N 09 It 3l A 3ok it 22 09 42
b, M 7E TPMS 4 A28 2544 h ) i 32 2l 22 AN [
RS A 4%, ANAE Gyroid e # A% rf i 4 22 30
R E s IE =

16 J& 5 Fft TPMS i A 58-43 () 1 i it £
K, NEZET, FREHEMNS. 1 g/s BT 6.1 o/s,
Bl 17 IR E T, TTHC # a8 B (1) 5 3
ML,

F 10 TPMS ##EE5 TTHC M AM B /RE Nu 3T LE
Tab. 10 Comparison of hot side Nusselt numbers of TPMS and TTHC heat exchangers

P i my /s ! Gyroid I-WP Diamond Primitive Fischer-Koch S TTHC

5.1 779.69 529.26 662.63 836.71 487.44 141.84

5.3 793.81 527.37 682.39 786.20 493.69 146.24

5.6 857.63 552.68 676.28 986. 43 508. 65 152.77

5.9 820. 45 562.65 692.27 888.00 525.59 159.23

6.1 898. 61 566. 82 739.34 972. 60 529.99 163.51
Primitive
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16 TPMS AR E B iR 2k
Fig. 16 Velocity streamlines on hot side of TPMS heat exchanger
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Fig. 17 Velocity streamlines of TTHC heat exchanger

at different mass flow rates
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