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Abstract In order to reduce the temperature gradient of the laser irradiation zone of the light guide mirror surface,
the three-dimensional steady turbulent flow and heat transfer equations are solved with the finite volume method,
and the temperature field of the laser irradiation zone is analyzed. The effects of rectangular channel size,
concentration and velocity of coolant on average temperature rise and temperature rise difference of the light guide
mirror surface are studied. Accordingly. a dual-channel structure is designed. Results show that for the single
channel, the temperature field of the irradiation zone is not symmetrical around the geometric center and the highest
temperature point is located at the downstream of the irradiation zone. The heat transfer efficiency can be improved
by the increase of the cross-section size and the coolant velocity. In addition, the temperature distributions between
the different surfaces of the channels are not the same. The higher the concentration of the ethylene glycol coolant,
the worse the heat transfer effect. The average temperature and the temperature rise difference of the dual-channel
structure can be reduced by up to 17.79% and 67.97%, respectively, compared with those of the single-channel
structure.
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Table 1 Geometrical parameters of the light guide mirror
Parameter a /mm b /mm L, /mm L, /mm L, /mm L, /mm H /mm h, /mm
Value 95 75 200 80 160 100 20
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Fig. 1 Geometry model of light guide mirror. (a) Structure of the light guide mirror; (b) size of the

light guide mirror; (¢) cross section of the channels

2

Table 2 Geometrical parameters of cross sections of the channels

Parameter Model
1 2 3 4 5 6 7 8 9 10 11 12 13
w /mm 2 2 2 2 2 2.5 3 3.5 4 2 2 2 2
h /mm 10 11 12 13 14 14 14 14 14 14 14 14 14
d. /mm 3.333  3.385 3.429 3.467 3.500 4.242 4.941 5.600 6.222 3.500 3.500 3.500  3.500
e /mm 2 2 2 2 2 2 2 2 2 2.5 3 3.5 4
n 37 37 37 37 37 33 29 27 25 33 29 27 25
3
Table 3 Physical properties of copper and glycol aqueous solutions
Volume Density / Specific heat / Heat conductivity / Viscosity /
Material
fraction /% (kg e+ m %) (k] e kg '« K1) (Wem '«Kh (10 kgem '+ s )
Cu 8933.00 0.380 391.000
Water 0 998.20 4.820 0.600 1.003
Glycol aqueous solution 40 1059.68 3.468 0.415 2.960
Glycol aqueous solution 45 1066.52 3.375 0.398 3.450
Glycol aqueous solution 50 1073.35 3.281 0.380 3.940
Glycol aqueous solution 55 1079.81 3.183 0.365 4.660
Glycol aqueous solution 60 1086.27 3.084 0.349 5.380
3.2
FLUENT s SIMPLE s ke o
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Fig. 2 Contour of temperature distribution of the mirror irradiation zone
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Fig. 3 (a) Average temperature rise and (b) temperature rise difference as a function of the channel width;
(¢) average temperature rise and (d) temperature rise difference as a function of the channel height;
(e) average temperature rise and (f) temperature rise difference as a function of the channel interval
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Fig. 5 (a) Average temperature rise and (b) temperature rise difference of the mirror irradiation zone as a function of velocity
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Fig. 6 (a) Average temperature rise and (b) temperature rise difference of the mirror irradiation zone
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Table 4 Comparison of the average temperature rise in different channel layouts
Velocity v /(m s ') 1 2 3 4 5 6 7 8 9 10

Average temperature rise

2.0348 1.1863 0.8947 0.7431 0.6484 0.5826  0.534  0.4965 0.4666 0.4419

for single-channel layout /°C
Average temperature rise

1.7068 1.0071 0.7671 0.6424 0.5645 0.5107 0.4707 0.4398 0.415 0.3945
for dual-channel layout /°C

A/ % 16.12 17.79 16.63 15.68 14.86 14.08 13.45 12.89 12.43 12.02
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5

Table 5 Comparison of the temperature rise difference in different channel layouts

Velocity v /(m » s~ ") 1 2 3 4 5 6 7 8 9 10

Temperature rise difference

2.4803 1.3431 0.9459 0.7412 0.6162 0.5318 0.4708 0.4238 0.3871 0.3573

for single-channel layout /°C

Temperature rise difference

0.7944  0.4815  0.366  0.3035 0.2643 0.2363 0.2151 0.1989 0.1866 0.1767

for dual-channel layout /°C

A% 67.97 64.15 61.31 59.05 57.11 55.57 54.31 53.07 51.80 50.55
5
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