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Pressure Drop and Heat Transfer Performance Effects due to
Deformation of Channels in Cold Plate After Diffusion Bonding
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ABSTRACT

In channels with small hydraulic diameters, even slight geometric deformations can significantly affect thermal performance.

This study investigates the impact of deformation due to diffusion bonding on heat transfer characteristics in the internal channel

shape of a liquid cooling cold plate with various pin-fin structures. Deformation amounts were measured and predicted using

a generalized formula, and three-dimensional numerical simulations were conducted to analyze heat transfer performance.

Results showed that heat transfer performance varied depending on the pin-fin structure, with straight fins decreasing and multi

pins improving after deformation. The study suggests that thermal flow analysis can predict changes in heat transfer coefficient,

facilitating the design of more efficient cold plates with optimized channel section shapes.
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Table 1 Estimated dimensions of channel cross section
designed dimensions He,* + 0
(without deformation) 6.00 x 6.00 B 4%, @)
Wen X Hey, (mm)
dimensions after bonding ,
(with deformation) 497 x 5.89 0 =92sin” He (5)
W’ X Hy' (mm) 28
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W o] Ao r W Wl A EE 7= S Elmm], 6= 39| 1% [rad]7} "HokFig. 3 X)),
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=537 mm X 539 mmO 2 FAEIr}, 2.3 Mol 7|5t @M HE =
A A4= o] A o) F3} o] Weke] MR by o
2 AR, Gy G A% A (1), QR FET S Uk B Ao AR R A ofu wael ofat 94 4
, B 9 deet YIS A Sieted Hy % Wk 6.0
gy = O mmel 270l ook HARGAIHAL sk AR 5w
29 A g ulo) FF Ak 4] (3) 2R Table 1
P 3t o] el&a 4 ek
ch — e
W= g, @) B7k Ade] YR ol wet Y wygoz Qg 94
G Aok W S glon R, T JPHE RG]
O\7\A W, Hule 242t A7) 7% B3} ol Hict, A ST AR T2 7S] A RS et vla/ 245t
AVl R S 2 B(HF WETF 011 mm), TRy Ah Hlael AR AP B2 Table 20 YeRd Aak 2
Table 2 Fin—Pin structures of cooling plate
Plane Single Fin(Straight) Single Fin(Cutting) Multi-Fin(Straight)
(PL) (SFS) (SFC) (MFS)
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Fin (W x H) .
- Fin (W x H) 2.0 mm x 3.0 mm Fin (W x H)
No Fin-Pin 1.2 mm x 3.0 mm
2.0 mm x 3.0 mm L : 6.0 mm Weeap © 12 mm
L-gap : 4.0 mm &p - L
Multi-Fin(Cutting) Single Pin Multi-Pin (sort in Line) Multi-Pin (Zigzag)
(MFC) (SP) (MPL) (MPZ)

Il o
@ e
|1 . e
o 0@
Fin (W x H)
1.2 mm x 3.0 mm . Pin (D, L-gap) Pin (D, L-gap)
L : 6.0 mm 1I;mm(£, jld;)garflzn 1.2 mm, 4.0 mm 1.2 mm, 4.0 mm
L-gap : 4.0 mm ’ T W-gap : 1.2 mm W-gap : 1.2 mm
W-gap : 1.2 mm

* D : diameter, L-gap : longitudinal gap, W-gap : width gap
**Height of every pin-fin is 3.0 mm

o] 7P 71242l E¢|Ql(plane) AE, & E+= Hlpin) F
< o5 g 25 7Hxl ol ¥zt
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Fig. 5 Computational domain of plane model(top) and
multi—fin(cutting) model(bottom) and
their boundary conditions
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Table 3 Material properties of coolant @20°C

Coolant EGW 50 %
Density 1056.1 kg/m’
Viscosity 0.0038659 Pa*s

Specific heat 3286.5 J/(kg*K)

Thermal Conductivity 0.4257 W/(m*K)
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Fig. 8 Temperature contours of the base and interface
surfaces of channels with different pin—fin structures
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Fig. 9 Velocity contour of cross—sectional area of channels
with different pin—fin structures without deformation(a) and
with deformation(b)
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Fig. 10 Heat transfer coefficient versus non—dimensional
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Table 4 Average heat transfer coefficient of different channels

Table 6 Temperature contours and flow fields of fluid on

3 B stream—wise of differrent channels
Channel Average heat transfer coefficient(W/m'K) | Percentage
without deformation | with deformation change Ch. without deformation with deformation
PL 1519.3 1505.1 -0.9 %
SFS 2684.7 2563.5 45 %
SFC 3264.6 3515.7 77 %
MFS 3546.8 2945.5 -17.0 % MFS
MFC 3546.4 3746.6 56 %
SP 2558.0 28249 104 %
MPL 3524.1 3509.5 -04 %
MPZ 3627.7 4088.9 12.7 %
Table 5 Pressure drop of different channels
Pressure drop(Pa) MFC
Channel withont Percentage
deformation with deformation change
PL 245.8 311.8 26.9 %
SFS 656.6 9279 413 %
SFC 706.0 1004.9 423 %
MFS 909.6 1192.9 31.1 %
MFC 909.6 1278.5 40.6 %
SP 534.4 745.9 39.6 % MPZ
MPL 885.0 1140.0 28.8 %
MPZ 998.3 1710.3 713 %
ke el o] WS T weolH 27k 4.5 %, 17.0
%= Astgich Ad YR wolut Ho| gl LAY e
F2E 7 AEESP, MPL, MP2)S| Bt A
MPL 2712 ASlF MBS Tt o S5 54
= Holov, 53] o Mo A 72 A Adeide o e Sl B
g o) wrgFel =i AT StslA asks & Table 62 MFS, MFC, MPZ A9 U] 259} Wzlol &w
g HolFEinh, 2 AEWAEE 7= MPLI MPZE g Bxs vepbd Zlolch MFS Ad-2 Ad Wy & v}
H| WA, HgE oA A2 1= vjdE MPZE| B+ Ad Wy Alo|o] 7HA AR QIske] Y F49 &=
QA7 MPLECE A F O R 165 % A Uebdth  whelAnh, 219k A9 W Abolo] AUk Wrkde 3
ol W wjE FAel whet Ad MY Al EAGATE A A3 raskh QY WL wkedst MFC 2 MPZ Y2
ofshA WRERE A Mol /93 A HEste] 712jo] ashEA H/H] PR3
3 AQd W A WY GHGA T ozt Ad HHoz APt Yziho] HHo e thA] FA e
P& FFE vAA Hr Table 5= Ad HYP L §5 52 WS 4 9y, MPZ FRoAE AHE
of g g HA9 Pt PHEAFS vt Aot 2 o 9% 52o| Be Bsla, oFRv) o wol WAk
A Faeld A WY F s P At A Qg Zkeh BAlo] ghEiad Eat a4 Zvket
MUz, wye wgd W Adel deEsdde e g
26.9 %(PL A DoVY T754%ck. S5l STS2MFS Adel  mgHel WS BUT AR5 AL 2HlolH W7}
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