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Abstract . The topologies of 3D lattice structures were reviewed and their overall heat transfer and heat dissipa-
tion performances compared, under the fixed mass flow rate, pressure drop and pumping power conditions, re-
spectively. In total 12 lattice structures, with 6 different materials and in 2 orientations, were compared. The

conjugate heat transfer in the lattice structures was solved with validated numerical models. Numerical results
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indicate that, the lattice topology, the lattice material and the operating conditions significantly affect the heat
transfer and cooling performances. The optimal lattice differs under different comparison conditions. Under the
fixed mass flow rate condition, the shifted X-lattice in orientation A and the octet lattice in orientation A exhibit
the best heat transfer performance; the shifted X-lattice in orientation 4 also has the best cooling performance.
Under the fixed pressure drop condition, the shifted X-lattices in both orientations A and B exhibit the best heat
transfer performance; while the cubic lattice in orientation B and the shifted X-lattice in orientation B show the
best cooling performance. Under the fixed pumping power condition, the shifted X-lattice in orientation A and
the rectangular pyramid lattice in orientation B exhibit the best heat transfer performance; the shifted X-lattice
in orientation B and the rectangular pyramid lattice in orientation B show the best cooling performance. The heat
transfer and cooling performance database under a given lattice porosity and A characteristic length was presen-
ted as the benchmark for performance comparison of newly developed lattice structures. In addition, the data-

base can benefit various engineering designs in selecting the appropriate lattice structures.

Key words; periodic cellular material; convective heat transfer; pressure drop; performance comparison
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Fig. 1 Potential applications of lattice structures in the fields of convective heat transfer and thermal management
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Fig. 2 Schematic illustration of the 3D periodic lattice structures reported in the literatures
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Fig. 3 Schematic illustration of morphology parameters of

lattice structures with circular ligaments
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Fig. 4 Schematic illustration of morphology parameters of lattice structures with rectangular ligaments
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Table 1 Morphological parameters of lattice structures with circular ligaments
value
parameter
CL FCCL BCCL OL TL KL CTL CPL
d /mm 1.872 1.271 1.032 0.788 1.124 1.927 1.927 1.746
H /mm 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66
[ /mm 9.66 9.66 9.66 9.66 9.66 20.49 20.49 12.0
¢, /mm 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
w/mm 9.66 9.66 9.66 9.66 9.66 11.83 11.83 12.00
/% 92.18 92.18 92.18 92.18 92.18 92.18 92.18 92.18
R 2 HAMMREAT A S5 LTS5
Table 2 Morphological parameters of lattice structures with rectangular ligaments
value value
parameter parameter
RTL RPL XL SXL RTL RPL XL SXL
b, /mm - - 2.70 2.70 t; /mm 0.91 0.91 0.91 0.91
b, /mm - - 2.31 2.31 t, /mm 0.90 0.90 0.90 0.90
H/mm 9.66 9.66 9.66 9.66 w /mm 11.83 12.00 12.00 12.00
! /mm 20.49 12.00 12.00 12.00 w; /mm 2.95 4.15 4.15 4.15
ry /mm 0.30 0.30 0.30 0.30 w) /mm 3.00 2.16 2.16 2.16
r, /mm 2.00 4.30 4.30 4.30 a/(°) 47 50 50 50
ry /mm 0.55 1.05 1.05 1.05 B/(°) 58.53 42 42 42
ry /mm 0.80 1.00 1.00 1.00 /% 92.18 92.18 92.18 92.18
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Fig. 5 Heat transfer areas of 12 lattice structures compared in this paper
12 HEEERFRERBAEZE
WP 2—4 PR T A S 2% R s B A5 48, HE A 10 F0 B [6] U 3l 5 A% FAELAT TR I P BN AR P A5
PRI, PR 1T F2 07 18], S I 91 50— 91 A T M S HE A Bl U A it S, W i 3 ) 2 10 A
TUHEL AN SUR s B S 5], SN 1 6 Fivz - e B B 3 B2 (L) 9 10 mm B &SRB, LAT5 it fin
AR e R AL B K (L) 9 60 mm 189 SR B, LA Bt 101 R 52 e B (i 1158 n A e 1.

translationally periodic

fluid flow

6 mUREEH GO A B S G AR

Fig. 6 Calculation domains and boundary conditions of thermal and

convective conjugate heat transfer of lattice structures
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Table 3 Operating conditions and thermo—physical properties used in numerical simulation

parameter value

air density p; /(kg/m?) 1.184
air dynamic viscosity u; X 10° /(Pa-s) 1.849 2
air thermal conductivity k; /(W-m™-K™") 0.026 1
air specific heat capacity ¢ /(J-kg™"K™") 1 004

solid thermal conductivity k, /(W-m - K™") 236
heat flux ¢" /(W/m?) 10 000

inlet air temperature T ;, /C 25
Reynolds number Rey, 2 692~11 087
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(with the octet lattice as an example)
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Table 4  Statistics of the meshes generated for the 24 numerical models
total number of elements total number of elements
PCS PCS
0A OB 0A OB

CL 11 761 825 23 978 300 CTL 22 242 132 48 769 106
FCCL 19 669 169 39 259 294 CPL 27 112 651 53 354 748
BCCL 20 654 487 41 704 475 RTL 22 373 833 31 553 690

OL 23 690 031 13 271 641 RPL 25 810 821 25232 115

TL 19 525 317 38 512 603 XL 25 165 166 50 420 874

KL 21 348 441 47 000 798 SXL 24 923 744 53 660 065
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Fig. 8 Comparison of the overall Nusselt numbers and friction factors between numerical simulation
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2 ST BRI AR RE S R

BT ARBUA R 5757k X 12 Bl BEES AT T R G009 PEREXT LL , 25 RS 4% o5 M4 F Y 25 ) S5 kA
KRR FESS A R BN 2 Frzs i A F B PN T7 1) T JEFFE. SCHR[ 3 1P R W1, B Nusselt £0AIBH ) &
KA Reynolds B4R B R s, HILG IR 22N HIT £2.6%. T4 0% 18 24 DMEUERIRL, AR %
& 6 FibPRL R I AR Rey, = 2 692 Fl Rey, = 11 087 P> Reynolds BT i T BB A, fi% 3K 45
A 8, HA Reynolds FUCH FU(EGHE R 05 A X TR AR TR K, 20 BIFE i i | 55 R A 4 4L
DIZAE T IR RGN EREXS Le. AN, T AR RS54 BE v F T30 3088 ST 400, I AE & — 00, JF
JRAP R A B X S T A SARAG A B B S R R R A T IE ST

FRAEFTIA Reynolds 20145 X, 24 Reynolds ZCHI IR, 5 i i S oRAHTRL & 9 45 3 T ASTR] Reynolds #8  AS [
AR T 12 Fl o B A S A Nusselt %5 B EIWT AT ZEAS SCRT % JE Y Reynolds T B , 4 5 B 25 44 1 4
IRERE P RGN BRI , A 1 SRS XA A SR A AR BRI 5 24 A R A 1 A AR A AR B
TEFAIX Reynolds BUT , A 0] /\ SR s B 19 S ARG IR BE B AL , M 7E SR =5 Reynolds ZUT, A [n] 5 s5 WAL X 5 4
() B AL P BB 0. IE A, X SR R ST A R IR RTF S B, B ) AT 4 738 s RN B 1) 5 SRS X a5
(R BV AR B AR 22 5 Y R B A BT, A 1) 7 7 s R AR TP R B 22 0 B A0 TR WD X T 6 bt BT i)
JEFEZERE e 25 Y Nusselt BH e 22 55 6 1) Nusselt 0505155 198% ~ 348% ,208% ~298% ,155% ~214%
152% ~221% ,175% ~253%F1 183% ~281%. F UL AT UL, 38 3 Fr F AT, AT dnb 225 4 v o5 R 65 ) 1 1 B P i 5 Y
AN SRR A A 10015 SRR X SRR A )\ SURE A .



5 8 1 T8 Yl PR R ENT SRS e B HR A% AP RE XS LE 1011

= CL,04 o CL,OB 4-FCCL,04 —v FCCL,0OB —< BCCL,04 —» BCCL,0B —+*OL, 04 ¢ OL, OB

= TL, 04 o TL, OB a4 KL, 04 v— KL, OB <« CTL, 04 »CTL, OB *—RTL, 04 —& RTL, OB
= CPL,04 o CPL, OB A—RPL, 04 v—RPL, OB <+ XL, 04 > XL, OB *—SXL,04 —*SXL, OB
200

160

| resin, ks:IO.Z w- m‘l-lK‘1 I /;‘ 1 | ceramic, kIF 121W-m K™ « * ] 250} stainless steel, ko= 114 W+ m K
[ X,/ﬁ ] * s 4
¥ 140F ) P o
100 gy
ol 150¢
80r
:I =I F
= 40 = =
50r
0
3 ¢ 3 3
10 9x10 9x10 / 9x10
3x10° 6x10° 1.2x10* 3x10° 6x10°  1.2x10* 3x10° 6x10°  1.2x10*
Rey Rey Rey
. . e . . e 650 . —
350 carbon steel, k=42 W- m"‘-K;‘,, ,,,,ff:]' 500F aluminum, k=236 W-m 'K~ & ] E copper, k=398 W-m K
400F 450F
250F
300r
2501
150 200
SI SI SI
=3 1= =
100F
¥
sof ¢ =
of 9x103 s 9x10? 9x10°
3x103 6x10° 1.2x10* 3x10° 6x10°  1.2x10* >0 3x10° 6x10°  1.2x10*
Rey Rey Rey

B9 ARME A FEAT L SR AT T B A A EREXT L
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Fig. 10  Effects of thermal conductivities of lattice structure materials on the overall heat transfer performances

10F

1 =-CL,04 —e—CL, OB
= TL, 04 e TL,OB
e CPL,0O4 o CPL,OB
4-FCCL,04 —vFCCL, OB
—a—KL,04 —v—KL,OB
4 4 RPL,0O4 v RPL,0B
1 -« BCCL,04 —» BCCL, OB
<« CTL,04 —» CTL,OB
1 <« XL,04 > XL,OB
1-—=+—0L,04 ——OL,OB
* RTL,04 & RTL, OB
~% SXL,04 ¢ SXL,O0B

| 9x|103
3x10° 6x10° 1.2x104
€y

0.1

B A1 SRR SRR R R

Fig. 11 Overall resistance characteristics comparison under fixed flow rate conditions



5 8 1 T8 Yl PR R ENT SRS e B HR A% AP RE XS LE 1013

~a-CL,04 e CL,OB ~4-FCCL,04 —v FCCL,0B —<« BCCL,04 —» BCCL,0B —*0OL,04 & OL,OB
~=a-TL,04 e TL,0OB —4—KL, 04 —v—KL, OB ~<«-CTL,04 —» CTL,OB —* RTL,04 —+ RTL, OB
= CPL,04 e CPL,OB A—RPL, 04 v—RPL, OB <+ XL, 04 > XL, OB *—SXL,04 —& SXL, OB

T T T T T T T T
0.07+ , o .
resin, k=02 W-m K ceramic, k=121 W-m™ K™
| 1 0.05} .
0.05F g L i
Rey = - Rey
0.031 b
0.03+ E
0.01F ] 0.01F _
2x10° ' 6x10° ' 1 %10° 2410° ' 6x10° ' 1x10°
Rey Rey
0.035 T T T T T T T T
- - carbon steel, k=42 W- m K
0.020] B
0.025- & .
Rey E Rey
0.015- i 0.012 E
0050 ] 0.004
2x10° 2x
0.020, 0.020,
0.015¢ E 0.015 s
Rey Rey
0.010r - 0.010 B
0.005F b 0.005 b
2:10° 2x10° ' 6x10° ' 1%10*
Rey

(a) PR L = 120 mm
(a) Heat sink length L = 120 mm



1014 A R~ G SO | ) = 2024 4F 55 45 %
0.14
0.10F
0.10F
Rey Rey
0.061
0.06F
002 T T 002 T T T T
2x10° 6x10° 1x10* 2x103 6x10° 1x10*
Rey Rey
0.1
0.06
Rey
0.02
T T T T T T
2x10° 6x10° 1x10* 2x10° 6x10° 1x10*
Rey; Rey
0.07F &\ 0.07F &\
0.05F 0.05F
Rey Rey
0.03} 0.03F
0.01 ; r 0.01 T T T
2x10° 6x10° 1x10* 2x10° 6x10° 1x10*
Rey Rey

(b) HUKE L = 1200 mm
(b) Heat sink length L = 1 200 mm

12 AEJ T SR SS A I T B 49 IR X e
Fig. 12 Dimensionless thermal resistance comparison of lattice structures in heat sink

under fixed flow rate conditions

3 SRIRRE T A EAL B A RE

13 25t TSR Nusselt BB R A AS LR 21 R RDRE R R IR I, IR RE T A 1035 s F% X 2
PRAEIAPERESAF , RIERE T B 135 s A% X SR SR B BSR4 5 A 1] /\ SUR R B ) B A A Pk BE e 22



5 8 1 T8 Yl PR R ENT SRS e B HR A% AP RE XS LE 1015

SUBEAT R R B i IRERE T A 105 SRS X s e SRR SRR R B AT, R R T B ) 37 7 a5 B AR A B
REIRCAT 5 A 0] )\ SR B BV Ak BE A 22 m RS R AR AR S B AIRERE T A 1) X AR FE B AR HPE g
BT, A [ISE 7 SR PR 25 5 R R T A 1071 S A X s MR SR A BB IR AT, B 1) [RIFT 4 38 s e e 25 i B
SEFIA AL IR ARHERE T A 1] X S B BRI A BB, A 1057 7 a5 MR IR 2% s M FRRE T B )79 s w8 X
B SR IR RR R AT, B 10 RIFT 4 73 A B e 2. s MR 2 A AR R R RN B IR R R AL 1) /N SURRE o5 B
IR RYERE BT, RS T B 177 s A% X S MR SR PR R A5 A 10 37 J7 i MR S A TV e e 2
GBI X 6 FobE B A aS MRS A, e P s PR 1A AR Nusselt B85 22 B 1A Nusselt 20535155 819% ~
374% ,86% ~279% ,68 % ~101% ,90% ~ 118% ,68% ~ 199% 1 66% ~203% JHAGTE = 1Y , #8535, 65 i TR
RB N ARERE T B IEREIR 22 (078 3 FE R T ARAE P RE (5 D034, X R i AR i e B0 AR K, 78 T AR I
Ve B LR A R R R IPERE.

~a-CL,04 o CL,OB ~4-FCCL,04 —v FCCL,0B —< BCCL,04 —» BCCL,OB —* OL,04 -~ OL,OB
~=-TL,04 o TL,OB —a—KL, 04 —v—KL, OB -4 CTL,04 —» CTL,OB —* RTL,04 — RTL, OB

@ CPL,O4 e CPL,OB 4 RPL,OA v RPL,OB < XL,04 > XL, OB *SXL,04 ¢ SXL, OB
3050 R 1 310 L 1 350
20sf Tesin, k=02W-m K /,O 1 10f  coTAmIc k=121W-m™"K /8 - stainless steel,_ ]
k=114 W-m"-K"
105} [
05 110 150k
* y 3
Nu,, W Nuy, Nuy,
< /0
MR * 50t
* %
4/5/‘ &
7
i,/// i, 10
5_
P *
* *
10° 107 10° 10° 107 10°
f*Re’ f*Re*
600F™™ T T T La— 1 200F T T T ™ F T
500¢ » 1 1000F Gt 8 11588-
400k 800F aluminum, k,=236W-m K~ /& ] 800k
300} 600¢ 600k
400f L
200¢ 400
200r 200-
Nuy 100t 4 Nuy,

10° 10’ 10° 10° 10’ 10° 10° 10’ 10°
f-Re? f-Re? f-Re?
18 R RLE BEESH 7E S TR AR T B AL P RE X L
Fig. 13 Overall heat transfer performance comparison of lattice structures with different materials

under fixed pressure drop conditions



1016 A R~ G SO | ) = 2024 £ 3 45 %

K 14 (a) X e T2 RS0 T AUTRYHCPERE , BT BE D 120 mm (B AR BDRH: $ R £y 7t
150, /N [ I 5 A e 11 5 P AR AU PRk, AT ] = ARl IR rh AR A R A TP RE X L.
= CL,OA o CL.OB & FCCL,04 v FCCL,OB < BCCL,04 » BCCL,OB —+ OL,0OA -+ OL,OB

~= TL,O4 —e TL,OB 4 KL O4 v KL OB <« CTL,O4 —» CTL,OB —+ RTL,04 —& RTL,0B
—= CPL,O4 —oCPL,OB ~+ RPL,OA ~—v RPL,OB < XL,O4 > XL,OB  —+ SXL,04 —*SXL, OB

T T T T
0.07- 4
‘ resin, k, = 0.2 W-m™ K™ 0,05 ceramic, k=121 W-m™ K™
0.05 4 i
R . § R
! " 0.034
0.031 i
i . ]
= g N
0.01- T - 0.0
1 1
10° 107 . 10° 10° 10°
f*Re
T T
0.03- i 0.02.
Ry 0.02 1 Ry
0.011
0.017 . i
e 4
1 1
10° . 10° 10° 107 10% 10°
S*Re f*Re?
0.020 0.020 . :
0.015+ e 0.0154 i
Ry RH
0.010- . 0.010- 1
0.005- . 0.005- i
1 1
10° 107 10° 10° 10° 107 10% 10°
SfRe” f-Re?

(a) FATTKE L = 120 mm
(a) Heat sink length L = 120 mm



5 8 1 T8 Yl PR R ENT SRS e B HR A% AP RE XS LE 1017

0.14 . T T T
resin, k, = 0.2 W-m™-K™' 1 ceramic, k=121 W-m™-K™'
0.104
0.104
Ry Ry
0.06
0.06
0.02 0.02
10° 10°
fRe? f-Re?
0.10 T T T T
0.08 i
0.064 i
Ry 0.064 Ry
0.04+ 4
0.024 0.02 i
1 Ml 1 1
10° 10’ 10° 10° 10° 10’ 10° 10°
fRe’ f-Re?
0.07
0.054
RII
0.03
0.01 L ; 0.01 L L

100 107 108 10°

(b) MUK L = 1200 mm
(b) Heat sink length L = 1 200 mm
B 14 SEIRRET R A T AR X LE
Fig. 14 Dimensionless thermal resistance comparison of lattice structures in heat sink
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