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Abstract

The interaction of mixed convection and surface radiation in a printed circuit board (PCB) is
investigated numerically. The electronic equipment is modeled by a two-dimensional channel with
three hot blocks. In order to calculate the turbulent flow characteristics, the low Reynolds number
k-emodel which is proposed by Launder and Sharma is applied. The S-4 approximation is used to
solve the radiative transfer equation. The effects of the Reynolds number and geometric configu-
ration variation of PCB on the flow and heat transfer characteristics are analyzed. As the results
of this study, it is found that the thermal boundary layer occured at adiabatic wall in case with
thermal radiation included, and the effect of radiation is also found to be insignificant for high
Reynolds numbers. It is found, as well, that the heat transfer increases as the Reynolds number
and block space increase and the channel height decreases and the heat transfer of vertical
channel is greater than that of horizontal channel.
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Table 2 Average Nusselt numbers for various S/L and inclined angle at b/L=1

9=

00

8=90°

Block #1

Block #2

Block #3 Block #1 Block #2 Block #3

Re S/L

Nu.

Nu,

Nu,

Nu.

Nu.

Nu¢ | Nue | Nue [ Nue {Nw | Nue | Nu.

0.5

11,78

58, 48

8.68

37.54

7.45

30.35) 13,15 | 61.58] 10,54+ 41,71| 8,32 35,46

316° 1.8

11.79

59. 40

9.21

34.73

7.85

30.73| 13,40 | 62.96]10.50 | 37.66 9.45| 36.01

1.5

11. 85

59. 43

9.25

33.91

7.84

31.65[{13.58| 64.56| 9.80| 34.52| 9.63]| 36.75

0.5

17.04

67. 37

11.84

43.43

10.27

38.26| 17.47| 68.64]13.19| 46.94| 11.70{ 42.18

707¢ 1.0

16,91

68. 37

12,81

41.24

10. 84

38.80[17.64 | 69.89|14.04 | 43.65| 12.31| 41,74

15

16.91

69. 44

13.46

39. 68

11. 34

39.23{17.75 | 71.11| 14, 41| 41.04| 12,63 | 42,27

0.5

25.16

83. 02

19,53

59. 40

16. 75

52,28|25.70 | 83.76|20,45| 60,42|17.42 | 53.04

2,236° 1.0

25.23

84. 54

21.42

57.23

17.81

52.94(25.72 | 65.13[22.01 | 57.97/18.54 | 53.70

L5

25.27

86.91

22,57

55. 28

18.74

53.85| 25,80 | 68.41|23.26 | 56, 16| 19.46 | 54.78

0.5

44.09

113. 43

26,57

75. 34

22,01

69. 35| 52, 02 1125, 61| 41, 78 | 98.10| 42,07 | 96. 23

4, 472° 10

44,14

115. 20

27.94

75.89

22.82

68. 80| 52,59 |128, 44| 43.16 | 98.69| 42,50 | 97. 48

1.5

44,25

117.12

29.25

77.65

24.16

71.01(53.01 {131.32{ 43. 56 | 99. 10| 41. 69 | 98, 84

0.5

62. 03

144,47

37. 66

103.10

3L71

93.07 | 63. 76 |146, 96| 43, 25 |109, 74| 38. 36 |100. 93

10, 000° 1.0

62.10

146. 55

40. 80

103.75

34.50

94,20 | 64.14 |149.51| 48,17 |112. 65| 43. 20 {104, 57

15

62. 24

148, 87

44,58

106. 68

38.75

99. 65 | 64, 33 {152, 02 52, 16 |116, 43| 47. 20 (110, 32

0.5

96. 86

197. 28

64. 60

153. 32

56. 66

141.50/ 99. 09 (197, 53 65. 56 {154, 30} 58, 10 |142, 97

31, 623° L0

97.01

199, 41

70.72

158, 46

62. 58

146. 33| 97. 29 |199. 73| 71. 96 |159, 79| 64, 32 |148. 18

1.5

97.27

201, 85

79, 46

167, 77

72.85

158. 03| 97. 56 |202. 20| 80. 70 |169. 14| 74. 25 |159. 58

* a; Laminar flow, Gr=5xX10%,

b ; Turbulent flow, Gr=108,

Nu,=Nu

Tt Nuc,

Gr/Re?=

5.0, 1.0, 0.1, respectively

Gr/Re?*=5.0, 1.0, 0,1, respectively
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6=0° §=90°

Block #1 Block #2 Block #3 Block #1 Block #2 Block #3

Re b/L | Nuc | Nue | Nuc | Nu, | Nu. | Nu: | Nuc | Nu, | Nue [ Nu, |Nu. | Ny,
0.5 | 56,06)126, 87| 37,40 | 83,42)30.85| 77.48| 59,96/142, 94/ 47. 15 |103, 33| 42, 66 |100, 28
4, 472° 1.0 | 44.14|115,24[27,94 | 75.89|22, 82 | 68.80| 52.59|128. 44| 43,16 | 96. 69| 42,50 | 97. 48
1.5 | 40.26|114, 23| 24,24 | 73.42|19.95| 66, 35| 51.52(125, 28| 42,48 | 92.97{42.45| 91.81
0.5 | 76.86|164.09(55,02 | 13,93 | 46. 75 |104, 98| 77.75]165, 33| 59. 11 |118, 78| 51. 36 |110. 18
10,000 | 1.0 | 62,10/146. 55 40, 80 |103. 75| 34,50 | 94, 20| 64.14|149, 51| 48,17 |112, 65| 43, 20 |104, 57
1.5 | 57.58/143.57( 34.71 (106, 10{ 30. 01 | 97.69| 60.14/147. 41| 43, 96 {109, 28| 41. 30 |102, 27
0.5 |118,29{222, 35| 96, 10 {183, 78 85, 73 |171. 23[118, 45|222, 52| 96, 58 |184. 29| 86, 46 {171, 99
31, 623° 1.0 [ 97.01{199. 41| 70, 72 (158, 46| 62, 58 {146, 73| 97.29|199. 73| 71, 96 |159, 79| 64, 32 |148. 18
1.5 | 91,46(194, 04| 59, 78 |151. 68| 54, 15 |142. 22| 91, 74|149, 39| 61, 34 |153, 37| 56, 64 |144. 85

% a, Turbulent flow, Gr=10% Gr/Re?=5,0, 1.0, 0.1, respectively
Nu,=Nu,—-Nu.
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