HALE A H S Vol. 41, No. 4
2014 4E 4 A CHINESE JOURNAL OF LASERS April, 2014

CCEPS 0% 28k 1 v v 8 5RS & FE BB 5

AR ERE RER L & A B OIXE M #

(AL L L B AR BT T BT B M O SR B i S238 % . JEaT 100015)

WE IR ) 2% (CFD) J7 v 6 1% 5 v 11 3 18 112 A 4% (CCEPS) B0 #5119 2 Rk ¥ 1t J7 8 43 M #E AT T -
[T B 1 VBB ABE A0 o EO A8 T 9 — [T B A% AR DU B 20 1) S A DL 45 R 19 22 391) L X & oK ¥ 1T 7 REAT SR G
B WEAE TV HUEGE i RO B DL Ry H K U e S R R OB AR SRR BE 43 A1 DA RO BT A 3L 3l BEL T R R R
— PR LT U0 3 R AE R T O 3 A AN K A R LA R AR [ 0K S S T A AL AR L R, Bl
TE VR 1 77 2 Ll w0 2 T v VR /NG Vo 2 AR R T B AR PR B BRI T A T R AR 43 1 IR BT ) W R
I o PR fof 3 v 0 5 = AR i U K A O Bl s 0 5 2k

KW WOGA BRBOGE  BUEOIE THRRA ¥ Bt CCEPS; ffGaiE

hE4HES TN248. 1 XEkARIRES A doi: 10.3788/CJL201441.0402004

Fluid-Solid Coupled Heat Transfer Design Numerical Study
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Abstract A variety of water cooling designs for conduction cooling end pumped slab (CCEPS) laser are simulated
with computational fluid dynamics (CFD) methods. The difference between fluid-solid coupled method and mere heat
conduction simulation in gain media is comparatively investigated. The influences of the size, number of the cooling
channels and flow rate of the cooling water to the temperature distribution of the slab and the flow resistance
characteristics of the heat sink are studied. In general, decreasing of characteristic size, increasing of channel
numbers and the flow rate of the cooling water can reduce the thermal resistance between the solid and fluid
interface. Thus total heat transfer coefficient is extended to a very high level. That is, total thermal resistance of
heat sink can be remarkably reduced with micro-channels cooling structure compared to cavity or mini-channels
structure. The temperature level of gain media can be apparently lowered down. However, the pressure loss in heat
sink increases significantly.
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Fig. 1 Cooling structure for CCEPS
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Table 1

Parameters of the simulation approaches

Approach No. Channels quantities Cross-section

Dimension /mm Spacing /mm Length /mm

(3) 11 Circular”
4 21 Circular
(5) 69 Circular
6) 69 Square”
(@D 41 Circular
(8 138"~ Circular
(D) 69 Circular
(10) 69 Circular

1. 4 10

10
0.6 10
10
10
0.6 10
1 7

1 13

o O O O O O
w w www w o
o

% Dimension of circular channels represents the diameter, dimension of square channels represents the side length.

* % 138 micro-channels arranged in 2 rows.
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Table 2 Main results of the simulations

Approach No. (D (2) (3) 4 (5
Gain media max. temperature / C 68. 8 110.2 85. 6 77.6 65.4
Cooling surface max. temp. /C / 86.9 57.3 49.3 36.9
Pressure loss /(10° Pa) / 0.0026 0.0087 0.033 2.17
Approach No. (6) D) €)) (€D) 10)
Gain media max. temperature /C 66.0 64.8 64.9 66. 4 64.7
Cooling surface max. temp. /C 37.6 36. 4 36.4 37.8 36.2
Pressure loss /(10° Pa) 2.42 6.98 0. 44 1.56 2.04
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Fig. 2 Isothermal lines of the gain media in central plane
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Table 3 Simulation results for different flow rates

Approach No. (5. 1) (5.2) (5) (5.3) (5.4)
Flow rate /(kg/s) 0. 006 0.0125 0.025 0.0325 0.05
Gain media max. temperature /C 80.0 71.6 65. 4 62.7 61.1
Cooling surface max. temp. /C 51.5 43.1 36.9 34.2 32.5
Pressure loss /(10° Pa) 0.17 0. 60 2.17 3.85 8. 64
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