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New designs and CFD numerical simulations

for solid—state laser heat sink

Liu Gang, Tang Xiaojun, Zhao Hong, Liu Yang, Liu Lei, Xu Liujing, Wang Chao,
Chen Sanbin, Liang Xingbo, Wang Wentao

(Science and Technology on Solid—State Laser Laboratory , Beijing 100015, China)

Abstract: A new type of heat sink for solid—state laser, namely pin—fins heat sink, was presented. Three
typical structure designs of water cooled pin-—fins heat sink, as well as traditional cavity structure and
invariable cross —section mini —channel heat sink, were simulated with Computational Fluid Dynamics
(CFD) method. The influence of cooling water flow rate on the characteristics of these approaches, such
as gain media maximum temperatures, cooling surface temperature profiles, and pressure losses of heat
sinks were comparatively investigated. On the assumptions of equal heat transfer rate and equal flow rate,
the heat transfer characteristics of pin—fins heat sink & mini—channel heat sink were better than cavity
structure heat sink remarkably. The heat transfer resistance of pin—fins heat sink is less than that of mini—
channel heat sink; meanwhile the flow pressure loss of pin—fins heat sink is greater. Numerical simulation
results suggest that pin—fins heat sink has a better performance compared with traditional cavity structure

and mini—channel heat sinks. The heat transfer performance of pin—fins heat sink is slightly better than
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that of invariable cross—section mini—channel heat sink at a higher flow rate, and remarkably better while

at a lower flow rate.
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Fig.1 Heat sink structure for solid—state laser
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Fig.2 Layout of heat exchange plate in heat sinks

3.2 BREH

WERHKADRES —H20C, HHET
1.013 25x10° Pa(Fr i K ), 40T A BE THIHE A S
29 R=12.5 wm , BT 14 45 40 00 9 I B2 2R 5% U
JEAH BE 22 5 A R, AR R A% R s B AR BT AR 9% [R) R
o, S S SRR T R RN R SR A RO R AR D
A LA SE 42 Z W AN T, BRI R 245 59 ke 1 B T 4 3 1
poE LT



1114 4L oh 5 ok T A2

% 43 %

Ty Ab IR £ o 22 B2 BOAF AR Y, A] 4R IR
HREH A TR SR AT Ab B AT R X S A 1 /N TR
KZ WASKHE D) b EAT 40 H7

1 T BT A9 BB 3 HORE T aA Y A K RY It
i AR A RO R R K A 25 SR AT LR, iR
A K &2 5 0.016 7(1).0.033 3(2).0.05(3) .
0.066 7(4) .0.063 3(5) .0.1 kg/s (6 L /min)

33 # R

B 25 A0 R R AR X RN, ABT R £
Wl 1 25 A B, W] D) e B A Wik
Ab R PR B A A5 A BT N A A A 7 A AT R o
AR TR) B 39K 2 0 S B A9 0 A I AL AL B 2 T B L
TAE S5 1 43 B v B 5 A 5T R B A3 A B )
AR TV 200 0T I Bl AN A BRI 1 AR

WS SR R 900 W, R B 44 FR A P
N 5x10° W/m?, i T 20 W 25 A0 SR G i IR R A O
B, 38 2% A0 0T 1) 1 A B A M — R (I G o A
JAAG T BRTTVe M, Ve AR R 25 A J5T 42 fioh 35 TP 24 34
i 2 A 1x10° W/m?(100 W/em?) ,

34 w5 EREHFEA
(1) Poisson 77 F& (B AL FHEA T L) .

a2{+az{+az{+9)\i=o 1)
ox dy 0z
K ox,y,z FER AT — SR A A5 T iz S 0 i B
q" R R IR B T A S TR R S A R HL
(2) Navier—Strokes J5 #£ 4 :

@© LI

d(pie)  (pv) , A(pw) _

0 (2)
ox dy 0z
K p, WA — WAL su v ow AR X,y 2
=TT B

Q) i Uit B i 7 B e T R K k—e 7 BT U7
()

I(pyud)  I(pve)  I(pwd) _

ox ay 0z
i +i(rﬁ)+i réd s 3
ax ' ax L ogy gzl oz

TG EFRE 6 DB LB — DT Rl
L SR AR AT B L w v ow, R E
T, it Ui Bk B 3 B8 &, i Ut 30 BEFE R &, 25 A A NI

PECR BT AT S

4 EULEREITIE

AR R E eI REIE, S FEM
4B R0 A% B AR AE 40 000 DL E L, 22 ) R THE
25 RS R AF SR 5 X H R 25 R AT LB R 5Y N
FH CFD J7 % 7T DL AR 4 #0821 P9 358 K 3 05 1 A K
A HIUKO BE T A A0 TR 3k AR B 4G O 2
MREWMITE 2, IR 3MITE 4 WD N B il
L

(a) D2

T 3 I i AL FRT P B U Bl 3 2k
Fig.3 Flow trajectories in heat sinks
Pl 4 g R Hha R 205 5 4 2R A B 9 J7 8 3 AT &
A 1 FATC P 7 T 3 A1 TR

Pl 4 03 A B0 P 3 A ]

Fig.4 Velocity distribution contour in pin—fins heat sinks
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Tab.1 Max. temperature of gain media (°C)

Flow rate

/L - min-! D1 D2 D3 D4 D5
1 194.3 142.2 98.1 93.1 94.9
2 186.6 118.0 86.7 82.8 84.1
3 182.9 94.7 82.0 78.6 79.6
4 179.9 82.6 79.2 76.0 77.0
5 177.2 78.5 77.1 74.3 75.4
6 174.8 75.8 75.6 72.9 73.9

T2 HMANEABK (10°Pa)
Tab.2 Pressure loss of heat sink (10°Pa)

i"‘i’n:itel DI D2 D3 D4 D5
1 0.021  0.032  0.103  0.157  0.130
2 0.059  0.109 0410 0.628  0.519
3 0114 0242 0924 1427  1.168
4 0184  0.443  1.636 2550  2.059
5 0271  0.680 2519  3.942  3.202
6 0373 0987  3.500  5.612  4.518
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Fig.5 Max. temperature and pressure loss versus flow rate

for different designs
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Tab.3 Temperature and heat flux of cooling surface

D1 D2 D3 D4 D5

Max. temp. /C 141.7  42.9 41.3 38.4 39.6
Min. temp. /C 39.2 31.6 29.5 29.4 29.7
Max. heat flux/W - cm™ 141 106.6  108.5 107.9 109

Min. heat flux/W-cm™  92.9 99.3 90 89.7 89.7

(a)D1

(b) D2

(d) D4 (e) D5

Pl 6 LA R 5 58 1 & IR O3 A
Fig.6 Temperature profile of cooling surface comparison

for all five designs
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