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A 9 = 3 A = I
ATNN N 1 UBYANITNATDUATUNAANYUBYUNAN 18 DI ReLp =232.59

F/L =15

F/L =1

¥ : . : free
position t mean win w out win w out ain aout stream
1 39.36 28.02 28.27 28.02 28.33 40.25 34.00 32.90
2 37.61 27.95 28.02 27.95 28.01 41.60 34.10 32.60
3 36.81 28.32 28.43 28.32 28.34 40.96 34.20 33.20
4 35.75 28.15 28.26 28.15 28.16 41.23 34.50 33.60
5 35.02 29.04 29.12 29.04 29.11 42.36 34.50 33.25
6 34.65 27.38 27.44 27.38 27.41 41.86 34.60 34.15
7 34.75 28.68 28.75 28.68 28.48 41.89 34.40 32.40
8 33.21 30.23 30.27 30.23 30.31 42.08 35.00 33.60
9 33.05 30.21 30.28 30.21 30.32 41.94 34.60 33.70
- . ¢ / free
position t mean win w out w in w out ain a out stream

1 39.25 29.75 30.09 29.75 29.93 40.62 33.60 34.86
2 38.65 30.11 30.15 30.11 30.17 42.36 33.50 35.24
3 37.23 30.14 30.16 30.14 30.15 41.96 33.60 35.21
4 36.82 30.25 30.26 30.25 30.22 42.58 33.60 34.88
5 35.90 30.20 30.21 30.20 30.18 43.45 33.50 35.41
6 34.27 30.17 30.18 30.17 30.13 42.64 33.40 36.02
7 33.59 30.25 30.25 30.25 30.22 43.23 33.20 35.95
8 32.98 30.24 30.24 30.24 30.27 41.97 33.20 34.97
9 32.40 30.13 30.13 30.13 30.18 42.81 33.10 35.23




F/L,=0.75

F/L =15
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position t mean w in w out w in w out ain aout s
stream
1 39.80 30.55 30.79 30.55 30.66 40.60 30.20 32.90
2 38.50 30.35 30.37 30.35 30.41 41.30 30.50 32.60
3 37.20 | 3048 | 3050 | 3048| 3052 | 3940 | 30.10] 33.20
4 3545 | 3040 | 3042 | 3040| 3041 | 4182 | 3050 |  33.60
5 34.68 30.60 30.61 30.60 30.61 39.75 30.10 33.25
6 33.25 30.61 30.62 30.61 30.61 39.84 30.50 34.15
7 3310 | 3023 3023| 3023| 3024| 41.25| 3050| 3240
8 3260 | 3063 3064 | 30.63| 3063| 40.65| 3050 |  33.60
9 31.60 | 3058 | 3060 | 3058| 3059 | 3947 | 3050|  33.70
M9 n 2 Feyanisnadounsuinaniiyudeunda 23 oem Re,, =232.59
e . y . free
position t mean win w out win w out alin a out
stream

1 39.85 29.32 29.82 29.32 29.97 42.16 34.30 34.86
2 38.22 29.54 29.71 29.54 29.65 41.75 34.40 35.24
3 37.36 | 2985 2099 | 2085| 29.95| 4249 | 3430| 3521
4 3598 | 2964 | 2071 | 2064 | 2969 | 4281 | 3430| 34.88
5 35.01 | 2961 | 29.65| 29.61 | 29.64 | 4165 | 3460 | 3541
6 34.56 29.86 29.88 29.86 29.89 40.29 34.10 36.02
7 3368 | 3025 3027 | 3025| 3035| 4071| 3420] 3595
8 3247 | 3045| 3049 | 3045| 3048 | 4086 | 3450 | 3497
9 3205| 3015| 3024 | 3015| 3028 4049 | 3450[ 3523




F/L=1
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position t mean w in w out w in w out ain aout stfrree:m
1 40.68 28.65 28.75 28.64 28.93 42.25 33.60 37.30
2 39.98 28.74 28.77 27.83 27.88 41.60 33.40 35.80
3 38.56 28.63 28.67 27.92 27.95 40.96 33.60 35.60
4 37.62 27.96 27.97 27.48 27.51 41.23 33.30 35.60
5 36.13 28.75 28.76 29.03 29.04 42.36 33.50 35.50
6 35.75 26.94 26.95 28.67 28.67 41.86 33.30 36.30
7 34.83 28.41 28.41 27.95 27.96 41.89 33.20 35.30
8 33.56 27.82 27.84 27.73 27.75 42.08 33.20 35.60
9 32.05 27.65 27.66 27.69 27.71 41.94 33.60 35.80
Fp/Lp= 0.75
. . | < free
position t mean w in w out w in w out ain a out stream

1 38.75 27.45 27.62 27.45 27.63 39.00 31.70 32.50
2 36.98 27.63 27.68 27.63 27.65 39.10 31.60 32.80
3 36.21 27.85 27.86 27.85 27.89 39.40 31.50 32.80
4 35.45 27.12 27.15 27.12 27.15 39.20 31.50 32.30
5 34.85 26.86 26.88 26.86 26.89 39.00 31.70 32.30
6 34.03 27.95 27.96 27.95 27.96 39.20 32.30 32.50
7 33.21 27.84 27.85 27.84 27.84 39.80 32.30 32.50
8 32.45 26.98 26.99 26.98 26.98 40.60 32.30 33.10
9 31.20 26.58 26.59 26.58 26.58 41.00 31.80 32.60
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A 9 = 3 A = I
ANTNN N 3 UBYANITNATDUATUNAANYUBYUNAN 30 DI ReLp =232.59

F/L =15

F/L =1

position t mean w in w out w in w out ain aout st]:ree:m
1 40.86 29.41 29.88 29.41 29.78 42.68 34.70 32.50
2 38.85 28.95 29.08 28.95 29.12 40.98 34.60 32.80
3 37.74 29.48 29.57 29.48 29.54 42.35 34.80 32.80
4 36.06 29.57 29.61 29.57 29.60 42.80 34.56 32.30
5 35.79 29.62 29.67 29.62 29.68 42.30 34.74 32.30
6 33.98 28.95 28.99 28.95 28.98 41.25 33.98 32.50
7 33.02 28.36 28.38 28.36 28.38 42.60 34.21 32.50
8 32.15 28.48 28.52 28.48 28.53 42.60 34.85 33.10
9 31.25 28.64 28.75 28.64 28.71 42.30 34.76 32.60
7 . . . free
position t mean win w out w in w out ain aout stream

1 41.78 27.65 27.95 27.65 27.98 44,90 32.85 33.90
2 40.69 27.85 27.94 27.85 27.96 45.10 32.65 33.60
3 38.76 26.96 27.04 26.96 27.02 44.80 32.74 33.50
4 37.14 27.84 27.89 27.84 27.87 44,90 32.69 33.60
5 36.58 27.64 27.69 27.64 27.68 45.20 32.68 33.50
6 35.48 27.53 27.55 27.53 27.56 45.10 32.49 33.50
7 34.86 27.73 27.75 27.73 27.74 45.10 32.78 33.50
8 32.75 27.99 28.01 27.99 28.03 45.10 33.20 36.05
9 32.02 27.81 27.86 27.81 27.83 45.20 32.90 35.84




F/L,=0.75

F/L =15
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position t mean w in w out win w out ain aout iz
stream
1 39.93 29.80 29.94 29.80 30.01 40.20 31.40 32.50
2 38.90 30.10 30.15 30.10 30.17 40.30 31.40 32.60
3 3710 | 2975| 2080 | 2975| 2977 | 4030 | 3140 32.80
4 3583 | 3030 | 3034| 3030| 3032| 40.60 | 3130 32.10
5 34.28 29.80 29.81 29.80 29.83 40.30 31.30 32.30
6 33.23 29.70 29.70 29.70 29.71 40.00 31.30 32.50
7 3290 | 3010 3011| 3010[ 3011 4126| 3140| 3157
8 3204 | 2971 2072 2971| 2971| 3910| 3140 32.80
9 31.82 | 3010 3041 | 3010] 3041| 39.00 | 3150 |  32.80
M3 N 4 Feyanisnadounsuinaniiyudeunda 35 o9m Re,, =232.59
¢ . . . free
position t mean win w out win w out alin a out
stream

1 40.28 30.80 31.23 30.80 31.25 41.51 34.70 35.20
2 38.56 30.70 30.80 30.70 30.85 41.45 34.70 35.30
3 3756 | 3070 | 3086 | 3070 3075| 4158 | 3450 |  35.40
4 3645 | 3060 | 3068 | 30.60| 3067 | 4180 | 3440 3550
5 35.20 30.80 30.84 30.80 30.85 41.94 34.50 35.60
6 34.15 30.80 30.81 30.80 30.81 41.76 34.40 35.98
7 3352 | 31.00| 3105| 3100 31.00| 4205| 3450| 35.0
8 3245| 3080 | 3085| 3080 | 3084| 4148| 3510] 35.0
9 3046 | 31.00| 3110 | 31.00] 3109 | 41.36| 3490| 35.0




F/L =1

F /L =0.75

84

free
position | t mean win w out w in w out ain a out stream
1 42.52 29.60 30.12 29.60 29.71 44.10 32.80 34.90
2 41.28 29.60 29.67 29.60 29.69 44.05 32.80 35.00
3 39.51 29.60 29.65 29.60 29.64 44.20 32.80 35.50
4 37.85 29.60 29.60 29.60 29.63 44.18 32.90 36.30
5 35.95 29.60 29.61 29.60 29.61 44.15 32.90 36.54
6 34.26 29.70 29.71 29.70 29.72 44.65 32.90 35.30
7 33.45 29.60 29.61 29.60 29.62 44.65 32.90 35.00
8 32.76 29.60 29.62 29.60 29.63 45.68 32.90 34.90
9 31.56 29.75 29.77 29.75 29.78 44.43 32.90 34.80
position | t mean win w out win w out ain aout stfrree;m
1 39.26 27.30 27.56 27.30 27.43 40.88 31.70 33.10
2 38.15 27.10 27.16 27.10 27.15 40.94 31.60 32.80
3 36.95 27.10 27.11 27.10 27.16 41.03 31.70 32.50
4 35.42 26.90 26.92 26.90 26.93 40.68 31.80 32.80
5 33.74 26.80 26.81 26.80 26.82 40.96 3170 32.30
6 32.76 28.00 28.00 28.00 28.01 40.91 31.80 33.50
7 31.45 27.90 27.91 27.90 27.92 41.16 31.80 33.40
8 30.58 27.70 27.71 27.70 27.72 41.28 31.70 32.86
9 30.12 27.30 27.31 27.30 27.31 41.18 31.50 32.10
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A Y = 3 A = I
ATNN N 5 VOYANTNATOUATUNAANYNULBYIUNARN 40 DI ReLp =232.59

F/L =15

F/L =1

- t mean w in w out w in w out ain aout s
position stream
1 41.56 28.30 28.73 28.30 28.77 43.10 34.60 35.20
2 39.27 28.40 28.51 28.40 28.51 43.20 34.20 35.30
3 37.85 28.40 28.52 28.40 28.46 43.10 34.60 35.40
4 36.25 28.50 28.55 28.50 28.54 43.40 35.00 35.50
5 35.68 28.60 28.62 28.60 28.63 43.55 34.30 35.60
6 34.75 28.60 28.62 28.60 28.61 43.45 34.10 35.98
7 33.78 28.60 28.68 28.60 28.62 43.33 34.10 35.60
8 32.95 28.60 28.65 28.60 28.68 43.35 34.00 35.80
9 30.01 28.70 28.82 28.70 28.74 43.40 34.30 35.80
(. . . p free
position t mean w in w out win w out ain aout stream

1 40.05 30.10 30.37 30.10 30.39 40.20 32.50 35.20
2 38.85 30.30 30.38 30.30 30.35 42.60 32.30 35.30
3 37.36 30.30 30.38 30.30 30.36 39.30 32.50 35.40
4 36.14 30.30 30.35 30.30 30.32 40.20 32.30 35.50
5 35.95 30.30 30.32 30.30 30.32 41.10 32.40 35.60
6 35.00 30.50 30.51 30.50 30.51 40.40 32.40 35.98
7 34.25 30.60 30.62 30.60 30.61 41.50 32.40 35.60
8 32.15 30.70 30.72 30.70 30.74 39.40 32.30 35.80
9 30.99 30.70 30.75 30.70 30.74 40.35 32.30 35.80




F/L,=0.75

F/L =15
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position t mean w in w out win w out ain aout fiz2
stream
1 39.85 27.70 217.87 27.70 27.90 41.70 31.50 32.60
2 37.68 27.40 27.45 27.40 27.41 42.30 31.70 32.60
3 36.41 27.40 27.43 27.40 27.42 41.90 31.60 32.30
4 34.00 27.30 27.32 27.30 27.31 41.60 31.70 32.40
5 33.12 27.10 27.11 27.10 27.10 41.10 31.80 32.50
6 32.85 27.00 27.00 27.00 27.01 42.00 31.70 32.05
7 31.85 28.90 28.91 28.90 28.91 42.10 31.80 32.86
8 31.02 28.60 28.62 28.60 28.61 41.40 31.80 32.50
9 30.47 28.20 28.22 28.20 28.21 41.40 31.70 32.50
MmN N 6 YeyananaaeunsuNAnfiyuBeuNan 18 04 Re,, = 493.47
position t mean win w out win w out ain a out I
stream
1 62.10 29.75 30.53 29.75 30.43 65.21 53.10 55.10
2 60.84 29.43 29.58 29.43 29.69 64.44 51.50 54.60
3 58.97 29.14 29.30 29.14 29.31 65.00 52.30 54.50
4 56.29 28.98 29.08 28.98 28.99 65.05 53.50 54.60
5 55.74 28.85 28.86 28.85 28.87 65.03 56.00 55.30
6 54.02 29.41 29.44 29.41 29.45 65.15 52.80 55.20
7 52.85 28.73 28.79 28.74 28.77 65.23 54.20 54.80
8 51.63 28.69 28.72 28.69 28.70 66.01 53.50 54.90
9 49.42 28.56 28.68 28.56 28.63 66.64 54.00 55.40




F/L =1

F /L =0.75
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- - . h free
position t mean w in w out w in w out ain aout

stream
1 52.45 28.48 28.60 28.48 28.62 55.50 48.00 50.40
2 51.57 28.75 28.77 28.75 28.76 56.20 47.80 51.10
3 49.85 28.62 28.63 28.62 28.63 57.10 47.60 49.45
4 47.68 28.39 28.41 28.39 28.41 57.30 48.20 49.10
5 46.12 28.56 28.64 28.56 28.63 56.30 48.60 49.70
6 45.08 28.54 28.58 28.54 28.64 56.20 48.60 50.10
7 43.49 28.71 28.78 28.71 28.80 56.30 48.10 49.50
8 42.34 27.98 28.05 27.98 28.08 55.20 48.10 49.20
9 40.65 28.14 28.22 28.14 28.20 55.60 48.20 47.80

position t mean win w out win w out ain a out I

stream
1 45.86 27.65 27.68 27.45 27.68 47.85 33.70 42.80
2 44.06 27.84 27.87 27.86 27.87 47.83 33.10 42.80
3 43.47 27.41 27.42 27.53 27.54 47.99 34.40 42.90
4 41.89 27.63 27.67 27.63 27.61 48.03 33.40 43.20
5 40.56 27.98 28.02 27.86 27.88 48.30 33.40 42.80
6 39.24 27.63 27.73 27.72 27.71 48.19 33.30 42.80
7 38.43 28.04 28.08 28.15 28.16 48.23 33.00 42.70
8 36.78 27.28 27.36 28.31 28.34 48.19 33.10 42.80
9 35.62 27.43 27.45 27.51 27.61 47.99 32.60 42.90
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A 9 = 3 A = I
MTNN N 7 VOYANTNATOUATUNAANYNULBYIUNARN 23 DIAN ReLp =493.47

F/L =15

F/L =1

position t mean win w out w in w out ain a out S

stream
1 61.86 30.15 30.68 30.15 30.66 63.20 51.50 56.30
2 60.00 30.23 30.33 30.23 30.34 62.05 52.10 56.50
3 58.95 30.42 30.48 30.42 30.47 63.15 51.80 56.50
4 57.63 30.71 30.77 30.71 30.73 67.55 52.10 56.30
5 56.14 30.65 30.69 30.65 30.70 63.90 54.50 54.80
6 54.87 30.51 30.54 30.51 30.53 63.60 53.60 55.60
7 53.07 30.26 30.37 30.26 30.29 65.50 53.10 55.90
8 52.43 30.52 30.55 30.52 30.57 66.25 53.50 55.70
9 50.72 30.41 30.54 30.41 30.47 65.00 52.80 55.30

position t mean win w out win w out ain a out I

stream
1 53.45 29.65 29.90 29.65 29.95 63.24 47.80 48.90
2 52.64 29.25 29.31 29.25 29.43 62.37 47.30 48.10
3 50.93 29.43 29.50 29.43 29.50 64.65 47.10 48.00
4 49.08 29.84 29.86 29.84 29.87 62.85 47.50 47.60
5 47.75 29.71 29.71 29.71 29.73 63.54 46.80 47.10
6 46.26 28.98 29.02 28.98 29.00 61.37 45.50 47.90
7 45.83 29.34 29.38 29.34 29.35 62.66 46.30 47.80
8 43.57 29.36 29.38 29.36 29.42 63.28 46.80 47.80
9 41.73 28.76 28.83 28.76 28.85 63.84 47.40 49.70




F/L,=0.75

F/L =15

89

-8 - . . free
position t mean w In w out win w out ain a out stream
1 4651 | 2835 | 2847 | 2835 | 2848 | 4881 | 3330 | 43.80
2 4535 | 2845 | 2847 | 2845 | 2847 | 4885 | 3420 | 43.90
3 4378 | 2862 | 2862 | 2862 | 2863 | 4868 | 3580 | 4350
4 42.54 28.59 28.61 28.59 28.59 48.78 35.80 43.30
5 41.16 28.16 28.22 28.16 28.19 48.73 35.20 43.50
6 39.95 | 2825 | 2838 | 2825 | 2822 | 4893 | 3430 | 43.30
7 3843 | 2853 | 2861 | 2853 | 2852 | 4883 | 3370 | 4350
8 36.87 | 2864 | 2869 | 2864 | 2866 | 4880 | 3340 | 43.30
9 34.25 28.57 28.63 28.57 28.67 48.75 33.20 43.30
My n 8 Yeyananageunsuinanfiyadeaunan 30 04 Re,, = 493.47
position t mean win w out win w out ain a out LS
stream
1 62.85 30.25 30.98 30.25 31.00 63.35 51.50 55.10
2 60.93 | 303 | 3033 | 3013 | 3032 | 6450 | 5210 | 55.60
3 50.05 | 3042 | 3055 | 3042 | 3061 | 6455 | 51.80 | 55.20
4 57.88 | 30.35 | 30.39 | 3035 | 3039 | 6455 | 5210 | 56.80
5 56.23 30.06 30.11 30.06 30.11 63.80 54.50 57.60
6 54.54 30.20 30.29 30.20 30.30 66.35 52.80 58.50
7 5208 | 30.28 | 30.35 | 30.28 | 3036 | 6455 | 5430 | 57.80
8 5051 | 3057 | 3074 | 3057 | 3072 | 6390 | 5290 | 58.00
9 4865 | 3015 | 3022 | 3015 | 3032 | 6305 | 5310 | 58.00




F/L=1

F /L =0.75

90

position t mean w in w out win w out ain aout iz

stream
1 53.45 29.53 29.87 29.53 29.86 54.20 49.70 48.70
2 51.89 29.47 29.49 29.47 29.56 54.80 48.40 49.30
3 50.57 29.83 29.85 29.83 29.86 54.30 50.60 49.50
4 48.95 29.62 29.62 29.62 29.63 54.60 46.80 48.70
5 47.73 29.51 29.52 29.51 29.53 57.30 48.60 47.10
6 46.35 29.46 29.50 29.46 29.51 58.10 48.60 48.40
7 45.18 28.95 29.00 28.95 28.99 55.30 50.60 49.00
8 43.25 28.98 29.05 28.98 29.12 56.00 50.80 49.80
9 40.69 29.07 29.10 29.07 29.23 54.10 49.50 51.40

position t mean win w out win w out ain a out LS

stream
1 47.25 28.43 28.76 28.43 28.69 48.40 33.70 41.60
2 46.53 28.36 28.45 28.36 28.45 48.50 33.70 41.30
3 45.18 28.62 28.67 28.62 28.68 48.40 33.60 41.30
4 43.98 28.48 28.50 28.48 28.48 48.60 33.70 44.60
5 42.06 28.52 28.55 28.52 28.55 48.10 33.60 43.90
6 40.87 28.33 28.34 28.33 28.36 47.80 33.90 42.80
7 38.75 28.76 28.84 28.76 28.79 47.60 33.80 44.30
8 36.41 28.27 28.36 28.27 28.32 47.80 34.20 44.60
9 34.37 28.35 28.43 28.35 28.41 48.20 34.00 43.50
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A 9 = 3 A = I
MTNN N 9 VOYANTNATOUATUNAANYNULBYIUNARN 35 DIFAN ReLp =493.47

F/L =15

F/L =1

position t mean w in w out win w out ain a out s

stream
1 63.23 30.12 30.88 30.12 30.88 64.30 54.50 55.70
2 62.18 30.42 30.66 30.42 30.65 64.40 54.30 55.40
3 60.85 30.25 30.44 30.25 30.40 64.25 54.60 55.10
4 58.76 30.51 30.66 30.51 30.67 63.35 54.60 53.80
5 57.45 30.50 30.58 30.50 30.59 64.40 53.80 54.80
6 55.68 30.34 30.36 30.34 30.37 65.00 54.50 56.65
7 53.27 30.22 30.25 30.22 30.27 65.10 53.20 55.10
8 50.97 30.53 30.61 30.53 30.58 65.85 54.10 54.60
9 48.77 30.55 30.63 30.55 30.66 65.05 54.60 54.60

position t mean win w out win w out ain a out LS

stream
1 54.84 29.36 29.72 29.31 29.69 56.20 48.30 49.80
2 52.56 29.65 29.68 29.66 29.74 57.10 48.50 50.30
3 51.28 29.58 29.59 29.57 29.61 57.30 48.30 50.10
4 48.65 29.45 29.47 29.45 29.47 56.30 48.60 49.50
5 46.98 29.74 29.82 29.74 29.82 56.20 48.90 50.10
6 45.05 29.44 29.52 29.44 29.51 56.30 48.60 49.40
7 44.23 29.35 29.48 29.35 29.45 55.20 48.70 50.60
8 41.35 29.68 29.73 29.68 29.76 55.60 49.30 49.80
9 39.45 29.18 29.20 29.18 29.23 54.30 49.50 49.70




F/L,=0.75

F/L =15

92

position t mean w in w out win w out ain aout iz

stream
1 47.83 28.23 28.42 28.23 28.40 48.10 33.40 44.50
2 46.56 28.41 28.46 28.41 28.47 48.20 33.70 43.30
3 45.25 28.32 28.35 28.32 28.38 48.90 33.60 42.20
4 43.78 28.43 28.44 28.43 28.43 48.80 33.40 43.30
5 41.96 28.25 28.26 28.25 28.26 48.60 33.40 42.50
6 39.51 28.10 28.12 28.10 28.11 48.60 33.30 41.60
7 38.45 28.15 28.17 28.15 28.21 48.10 33.40 42.00
8 36.45 28.56 28.63 28.56 28.64 49.00 33.30 43.60
9 34.24 28.26 28.31 28.26 28.35 48.10 33.50 43.00

M N 10 deyaminadeuaiuNdaNyuBeunan 40 89f1 Re,, = 493.47
position t mean win w out win w out ain a out LS

stream
1 64.25 30.25 31.04 30.25 31.00 65.70 55.10 56.70
2 62.41 30.41 30.65 30.41 30.57 63.75 54.50 56.80
3 60.60 30.33 30.41 30.33 30.41 65.90 54.80 57.60
4 58.77 30.24 30.30 30.24 30.32 64.70 54.60 56.50
5 56.35 30.65 30.69 30.65 30.66 65.10 54.30 57.02
6 55.26 30.84 30.87 30.84 30.90 63.70 54.60 56.90
7 53.10 30.26 30.33 30.26 30.37 63.15 55.20 56.90
8 50.29 30.15 30.25 30.15 30.27 62.95 56.10 57.30
9 48.75 30.40 30.56 30.40 30.55 63.05 55.60 59.10




F/L=1

F /L =0.75

93

position t mean w in w out win w out ain aout iz

stream
1 53.25 29.53 29.81 29.53 29.72 54.68 45.50 50.00
2 52.48 29.41 29.48 29.41 29.47 54.55 47.10 50.10
3 50.65 29.23 29.25 29.23 29.26 54.95 50.80 49.60
4 48.23 29.56 29.61 29.56 29.59 55.33 45.50 50.10
5 46.03 29.71 29.80 29.71 29.81 55.59 43.70 50.50
6 44.58 29.52 29.61 29.52 29.63 56.04 46.50 49.70
7 42.15 29.51 29.62 29.51 29.60 56.48 47.30 49.80
8 41.00 29.33 29.41 29.33 29.44 56.58 47.60 49.40
9 38.74 29.45 29.51 29.45 29.50 56.89 47.10 49.50

position t mean w in w out w in w out ain aout 5D

stream
1 48.13 27.53 27.85 27.53 27.79 49.50 32.60 42.50
2 46.65 27.45 27.54 27.45 27.49 49.20 32.90 42.60
3 44.97 27.14 27.18 27.14 27.16 48.00 33.10 42.60
4 42.75 27.36 27.36 27.36 27.36 47.30 33.20 42.50
5 40.68 27.58 27.62 27.58 27.61 47.10 33.20 43.10
6 38.85 27.62 27.65 27.62 27.67 48.30 33.30 43.00
7 37.15 27.80 27.86 27.80 27.87 47.80 33.30 43.30
8 35.45 27.45 27.57 27.45 27.53 47.50 33.50 43.00
9 34.06 27.36 27.43 27.36 27.41 47.00 33.50 43.20




94

A Y = 3 A = 1<
ATNN N 11 VBYAMINATIUATUNAANYULBYIUNARN 18 DI ReLp =659.20

F/L =15
¥ < . ¢ free
position | tmean w in w out w in w out ain aout

stream
1 70.78 29.65 31.01 29.65 31.00 92.30 71.35 79.30
2 64.46 29.63 30.39 29.63 30.49 92.10 71.15 79.40
3 61.10 29.47 30.06 29.47 30.09 91.50 72.20 79.90
4 56.63 29.46 30.01 29.46 30.11 91.80 74.65 79.70
5 53.24 29.33 29.96 29.33 30.12 92.30 74.35 79.60
6 51.74 29.59 30.23 29.59 30.26 91.80 73.90 79.50
7 49.21 29.21 29.73 29.21 29.74 91.80 70.75 79.80
8 48.50 29.17 29.88 29.17 29.93 91.50 77.55 80.70
9 46.00 29.04 29.08 29.04 29.94 91.10 76.25 81.10

F/L =1
position t mean win w out win w out ain a out UG

stream
1 58.27 29.79 29.89 29.79 29.90 70.65 44.30 57.20
2 54.99 29.70 29.71 29.70 29.73 67.25 44.60 55.56
3 51.70 29.86 29.91 29.86 29.97 69.20 44.40 55.49
4 48.97 29.74 29.82 29.74 29.88 69.25 43.90 55.40
5 46.86 29.64 29.84 29.64 29.88 69.65 44.30 55.24
6 44,74 29.51 29.67 29.51 29.74 71.80 43.70 56.63
7 41.85 29.38 29.58 29.38 29.69 73.05 44.80 56.89
8 39.84 29.80 29.90 29.80 29.18 72.30 44.30 56.97
9 36.28 29.44 29.65 29.44 29.68 65.25 44.30 57.06




F/L,=0.75

F/L =15

95

position t mean w in w out w in w out ain a out 1e2

stream
1 48.43 28.89 29.09 28.89 29.07 56.66 38.40 45.80
2 46.63 29.08 29.11 29.08 29.09 57.59 39.33 47.84
3 46.04 28.65 28.68 28.65 28.66 57.96 39.70 47.10
4 44.46 28.87 28.94 28.87 28.88 57.77 39.52 46.92
5 43.13 29.22 29.26 29.22 29.28 57.99 39.73 47.13
6 41.81 28.87 28.89 28.87 28.98 57.57 39.32 46.72
7 41.00 29.28 29.30 29.28 29.30 56.39 38.13 45.53
8 39.35 28.52 28.53 28.52 28.57 55.86 37.60 45.00
9 38.19 28.67 28.75 28.67 28.70 55.47 37.22 44.62

M n 12 deyamsnadeuai uindaniyuiBeunaa 23 836 Re,, = 659.20
position t mean win w out win w out ain a out UG

stream
1 70.79 28.91 29.33 28.91 29.26 93.20 67.55 73.25
2 68.93 28.99 29.22 28.99 29.25 92.30 68.10 74.05
3 64.58 29.18 29.61 29.18 29.54 90.50 67.55 73.50
4 61.65 29.47 29.79 29.47 29.77 92.60 65.95 72.55
5 58.16 29.41 29.88 29.41 29.88 92.10 67.35 72.55
6 55.23 29.27 29.76 29.27 29.73 92.30 65.35 74.55
7 52.70 29.02 29.71 29.02 29.41 92.10 68.45 74.40
8 48.99 29.28 29.86 29.28 29.88 93.40 69.55 75.95
9 46.99 29.17 29.73 29.17 29.63 93.20 70.95 74.10




F/L =1

F /L =0.75

96

position t mean w in w out w in w out ain a out 1e2

stream
1 57.98 29.65 29.80 29.65 29.77 72.20 52.51 59.23
2 55.63 29.25 29.37 29.25 29.35 72.50 52.65 59.88
3 51.64 29.43 29.58 29.43 29.65 73.30 52.64 59.28
4 48.66 29.74 29.99 29.74 29.99 77.10 52.54 59.60
5 46.25 29.61 29.99 29.61 29.96 74.50 52.86 59.18
6 43.69 28.58 29.16 28.88 29.15 75.10 53.05 59.50
7 40.37 29.34 29.54 29.34 29.52 73.10 53.08 59.18
8 38.27 29.36 29.64 29.36 29.42 72.50 53.28 58.40
9 36.66 28.58 28.82 28.58 28.85 72.80 53.06 58.43

position t mean win w out win w out ain a out UG

stream
1 49.69 29.00 29.24 29.00 29.28 60.30 39.36 46.07
2 47.66 29.39 29.42 29.39 29.43 59.80 40.26 46.17
3 45.37 29.27 29.28 29.27 29.29 59.50 41.86 45.77
4 43.67 29.24 29.28 29.24 29.27 60.10 41.86 45,57
5 41.70 28.81 28.89 28.81 28.88 58.40 41.26 45.77
6 39.65 28.93 29.01 28.93 29.01 57.90 40.36 45,57
7 38.67 29.18 29.24 29.18 29.23 57.70 39.76 45.77
8 37.33 29.29 29.35 29.29 29.34 58.60 39.46 45,57
9 36.33 29.22 29.31 29.22 29.28 56.50 39.26 45,57
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A Y = 3 A = 1<
ATNN N 13 VBYANMINATIUATUNAANYULBYIUNARA 30 DI ReLp =659.20

F/L =15
v P . ( free
position | tmean win w out win w out ain a out

stream
1 71.04 29.18 30.50 29.18 30.42 92.60 71.87 79.80
2 69.18 29.06 29.52 29.06 29.54 93.75 72.47 80.30
3 64.84 29.14 29.76 29.14 29.77 93.80 72.17 79.90
4 61.91 29.28 29.79 29.28 29.82 93.80 72.47 81.50
5 58.41 28.99 29.86 28.99 29.65 93.05 74.87 82.30
6 55.49 29.13 29.79 29.13 29.87 95.60 73.17 83.20
7 52.95 29.12 29.94 29.12 29.98 93.80 74.67 82.50
8 49.24 29.16 29.97 29.18 29.98 93.15 73.27 82.70
9 47.24 29.08 29.83 29.08 29.84 92.30 73.47 82.70

F/L =1
position | tmean win w out win w out ain a out I

stream
1 56.99 29.16 29.36 29.16 29.43 71.79 50.22 59.24
2 54.37 29.10 29.23 29.10 29.32 72.39 50.82 59.84
3 52.47 29.46 29.66 29.46 29.65 71.89 51.02 60.04
4 49.48 29.25 29.43 29.25 29.44 72.19 50.22 59.24
5 47.08 29.14 29.35 29.14 29.53 74.89 48.62 57.64
6 4451 29.09 29.32 29.09 29.42 75.69 49.92 58.94
7 41.19 28.58 28.97 28.58 28.98 72.89 50.52 59.54
8 39.09 28.61 28.88 28.61 28.84 73.59 51.32 60.34
9 37.48 28.57 28.99 28.57 28.79 71.69 52.92 61.94




F/L,=0.75

F/L =15

98

position t mean w in w out w in w out ain aout e

stream
1 49.00 26.58 26.79 26.58 26.66 58.09 39.73 51.37
2 47.84 26.51 26.57 26.51 26.57 58.19 39.73 50.64
3 44.63 26.77 26.88 26.77 26.80 58.09 39.63 48.42
4 42.03 26.63 26.77 26.63 26.78 58.29 39.73 51.72
5 38.97 26.67 26.88 26.67 26.88 57.79 39.63 51.02
6 37.66 26.48 26.57 26.48 26.57 57.49 39.93 49.92
7 35.37 26.91 27.13 26.91 27.12 57.29 39.83 51.42
8 32.37 26.42 26.63 26.42 26.63 57.49 40.23 51.72
9 30.26 26.50 26.72 26.50 26.71 57.89 40.03 50.62

M n 14 deyamsnadeuai uindaniyuiBeunaa 35 896 Re,, = 659.20
position | tmean win w out win w out ain a out I

stream
1 70.91 29.75 31.25 29.75 31.25 91.67 73.15 80.94
2 69.05 29.81 30.43 29.81 30.42 91.77 72.95 80.64
3 64.71 29.83 30.32 29.83 30.32 91.62 73.25 80.34
4 61.78 29.81 30.47 29.82 30.52 90.72 73.25 79.04
5 58.29 29.74 30.75 29.74 30.71 91.77 72.45 80.04
6 55.36 29.81 30.32 29.81 30.31 92.37 73.15 81.89
7 52.83 29.85 30.27 29.85 30.25 92.47 71.85 80.34
8 49.11 29.74 30.40 29.74 30.40 93.22 72.75 79.84
9 47.11 29.74 30.42 29.74 30.42 92.42 73.25 79.84




F/L=1

F /L =0.75

99

position t mean w in w out w in w out ain aout e

stream
1 59.85 28.49 28.63 28.49 28.62 71.89 50.45 61.25
2 57.57 28.78 28.87 28.78 28.85 72.79 50.65 60.33
3 54.99 28.71 28.94 28.71 28.84 72.99 50.45 60.13
4 51.62 28.58 28.81 28.58 28.71 71.99 50.75 59.53
5 48.68 28.87 29.10 28.87 29.11 71.89 51.05 60.13
6 46.58 28.57 28.80 28.57 28.70 71.99 50.75 59.43
7 43.52 28.48 28.71 28.48 28.76 70.89 50.85 60.63
8 40.36 28.81 29.04 28.81 28.98 71.29 51.45 59.83
9 38.26 28.31 28.54 28.31 28.62 69.99 51.65 59.73

position t mean w in w out w in W out ain aout s

stream
1 48.27 28.22 28.36 28.22 28.35 57.22 39.97 50.21
2 46.03 28.40 28.45 28.40 28.44 57.32 40.27 48.54
3 43.99 28.31 28.35 28.31 28.35 58.02 40.17 47.44
4 40.69 28.42 28.53 28.42 28.55 57.92 39.97 48.54
5 39.26 28.24 28.41 28.24 28.35 57.72 39.97 47.74
6 37.03 28.09 28.18 28.09 28.17 57.72 39.87 46.84
7 34.66 28.14 28.23 28.14 28.23 57.22 39.97 47.24
8 32.66 28.55 28.76 28.55 28.77 58.12 39.87 48.84
9 31.27 28.25 28.46 28.25 28.45 57.22 40.07 48.24




A Y = 3 A = 1<
ATNN N 15 VBYANMINATIUATUNAANYULBYIUNAR 40 DI ReLp =659.20

F/L =15

F/L =15

100

position t mean win w out wiin w out ain a out 56
stream
1 71.37 29.21 30.36 29.21 30.43 93.83 73.11 79.66
2 68.53 29.37 29.98 29.37 29.87 91.88 72.51 79.76
3 65.27 29.29 29.97 29.29 29.97 94.03 72.81 80.56
4 62.66 29.20 29.69 29.20 29.72 92.83 72.61 79.46
5 59.36 29.26 29.98 29.26 29.99 93.23 72.31 79.98
6 55.63 29.36 30.18 29.37 30.19 91.83 72.61 79.86
7 51.37 29.22 29.95 29.22 29.84 91.28 73.21 79.86
8 48.37 29.11 29.83 29.11 29.83 91.08 74.11 80.26
9 45.37 29.36 29.79 29.36 29.76 91.18 73.61 82.06
Y . : . free
position | t mean w in w out win w out ain aout
stream

1 58.12 29.28 29.46 29.28 29.42 72.93 51.83 59.86

2 55.70 29.16 29.25 29.16 29.27 72.80 53.43 59.96

3 52.37 28.98 29.11 28.98 29.09 73.20 57.13 59.46

4 49.63 29.31 29.56 29.31 29.46 73.58 51.83 59.96

5 46.26 29.46 29.76 29.46 29.78 73.84 50.03 60.36

6 43.69 29.27 29.62 29.27 29.58 74.29 52.83 59.56

7 41.69 29.26 29.56 29.26 29.48 74.73 53.63 59.66

8 38.99 29.08 29.43 29.08 29.46 74.83 53.93 59.26

9 36.25 29.20 29.55 29.20 29.72 75.14 53.43 59.36




F/L =15

F/L =15

101

position t mean w in w out w in w out ain aout e

stream
1 48.69 28.57 28.68 28.57 28.65 58.65 39.59 50.24
2 45.70 28.49 28.59 28.49 28.47 58.35 39.89 49.18
3 42.70 28.18 28.28 28.18 28.32 57.15 40.09 49.18
4 40.70 28.40 28.46 28.40 28.59 56.45 40.19 49.08
5 38.63 28.62 28.80 28.62 28.81 56.25 40.19 49.68
6 35.70 28.66 28.87 28.66 28.85 57.45 40.29 49.58
7 33.37 28.84 28.99 28.84 29.03 56.95 40.29 49.88
8 31.70 28.49 28.79 28.49 28.68 56.65 40.49 49.58
9 30.70 28.40 28.58 28.40 28.59 56.15 40.49 49.78

M n 16 Yoyamsnadeuai uindaniyuiBounaa 18 8¢ Re, , = 832.90
position | tmean win w out win w out ain a out I

stream
1 70.48 29.76 33.80 29.84 34.30 100.40 70.30 90.84
2 66.88 31.30 32.40 31.30 32.80 102.55 74.60 92.65
3 66.75 32.40 33.40 32.40 33.70 97.55 73.30 94.36
4 62.60 31.70 32.40 31.70 32.80 100.20 74.30 92.15
5 60.70 31.60 32.40 31.60 32.60 99.28 69.90 90.98
6 58.70 29.50 30.80 29.50 31.20 98.80 64.80 90.87
7 55.40 31.60 32.70 31.60 32.60 100.90 73.85 90.74
8 54.60 31.30 32.90 31.30 32.90 100.30 71.50 90.56
9 53.50 29.60 30.30 28.60 30.00 99.30 68.75 90.17




F/L=1

F /L =0.75

102

position t mean w in w out w in w out ain aout e

stream
1 64.69 30.50 32.10 30.50 32.30 87.25 64.10 77.37
2 57.40 30.80 31.80 30.80 31.20 87.55 63.20 79.40
3 55.95 31.20 31.60 31.20 31.70 87.10 62.40 77.80
4 54.19 32.00 32.50 32.00 32.90 87.45 62.50 75.60
5 53.23 32.40 32.60 32.40 33.33 87.45 63.70 78.30
6 50.91 30.00 30.70 30.00 30.80 87.80 62.75 79.50
7 49.90 31.40 32.10 31.40 32.10 87.90 56.65 78.20
8 49.38 31.30 31.80 31.30 31.90 86.85 54.40 76.67
9 48.33 31.30 31.90 31.30 32.10 87.20 50.85 75.70

position t mean w in w out w in w out ain aout s

stream
1 57.48 30.10 32.10 30.10 32.34 79.30 58.20 79.07
2 55.50 32.60 32.50 31.70 32.60 81.20 60.15 82.00
3 53.35 29.70 30.70 29.70 30.30 81.10 57.80 77.40
4 50.91 30.00 30.20 30.00 30.50 80.70 56.30 77.37
5 51.80 30.10 30.30 31.50 31.80 81.00 56.85 77.37
6 50.06 31.80 32.30 31.80 32.30 81.10 57.55 78.23
7 49.55 31.90 32.90 31.90 32.80 79.00 57.25 77.23
8 48.78 31.30 31.50 30.50 31.50 81.80 57.70 79.65
9 43.33 30.80 31.30 30.80 31.40 81.55 57.10 74.35




103

A Y = 3 A = 1<
ATNN N 17 VDYAMINATIUATUNAANYULDYIUNARN 23 DI ReLp =832.90

Fp/Lp= 1.5
¥ : . . free
position t mean w in W out w in W out ain a out

stream
1 76.57 31.20 33.50 31.10 33.60 100.10 67.30 87.90
2 75.78 31.90 32.30 31.90 32.70 100.85 73.80 88.20
3 72.34 31.80 32.30 31.80 32.70 100.05 72.60 85.30
4 67.80 32.40 32.90 32.40 33.20 100.10 71.30 89.55
5 64.20 31.80 32.80 31.80 32.60 98.95 68.80 90.78
6 61.35 29.10 30.10 30.10 30.80 98.50 64.90 90.80
7 57.60 31.30 32.30 31.30 32.70 96.80 67.35 88.40
8 55.00 31.50 32.50 31.50 32.60 101.50 69.50 82.50
9 52.55 30.10 30.60 30.10 31.80 98.50 68.00 85.30

Fp/Lp= 1
L2 . y . free
position t mean w in W out w in W out ain a out

stream
1 63.44 31.40 33.60 31.20 33.50 87.80 64.75 78.80
2 57.70 31.30 32.80 31.90 32.50 88.80 63.30 78.70
3 54.23 32.60 33.10 32.60 33.20 88.10 64.15 80.45
4 51.35 31.50 32.30 31.50 32.60 88.70 65.65 76.95
5 50.58 31.80 32.40 31.80 32.60 90.10 67.45 80.25
6 49.10 32.10 32.60 31.70 32.45 88.80 67.10 80.65
7 49.06 31.50 32.40 31.70 32.30 88.60 66.25 80.70
8 48.80 31.50 32.30 32.10 32.50 89.80 65.90 77.65
9 45.36 32.20 32.80 31.90 32.60 87.90 66.85 77.35




F/L,=0.75

F/L =15

104

position t mean w in w out w in w out ain a out 1e2

stream
1 60.70 31.90 32.80 31.90 33.10 75.30 62.40 71.44
2 58.65 31.40 31.90 31.40 31.70 76.15 59.70 71.18
3 53.75 32.30 32.10 31.50 32.80 77.60 62.30 75.55
4 51.35 32.80 33.50 32.80 32.90 76.30 61.25 74.65
5 50.49 32.30 32.60 32.30 32.70 77.10 61.10 73.00
6 50.88 32.30 32.60 32.30 33.10 79.80 61.60 72.80
7 49.86 32.30 32.70 32.30 32.60 78.70 61.90 70.85
8 48.96 32.30 32.80 32.30 32.70 77.40 60.05 70.20
9 45.09 32.50 32.90 32.50 32.90 77.80 54.50 71.50

M n 18 deyamnadeuai uindaniyuiBunaa 30 8961 Re,, = 832.90
position t mean w in W out win w out ain aout s

stream
1 75.80 32.50 34.10 32.50 34.20 100.10 67.60 83.85
2 68.28 31.50 32.50 31.40 32.20 100.50 61.88 88.00
3 65.60 31.80 32.60 31.80 32.50 101.80 76.00 85.10
4 65.20 31.60 32.90 31.60 32.60 100.10 67.70 84.50
5 60.40 30.50 32.80 30.50 31.40 101.80 77.60 80.80
6 56.80 30.80 31.50 30.80 31.70 100.10 65.20 90.80
7 58.40 30.10 31.10 30.10 31.60 100.90 64.10 88.60
8 56.10 31.30 32.80 31.30 32.50 100.20 56.10 92.50
9 51.40 31.50 32.50 31.50 32.50 101.90 56.60 92.30




F/L =1

F /L =0.75

105

position t mean w in w out w in w out ain aout e

stream
1 71.18 30.50 32.30 30.50 32.30 89.00 69.45 82.43
2 65.59 31.90 32.60 32.10 32.80 87.60 73.00 79.23
3 62.80 32.40 32.60 32.40 32.80 90.90 74.70 77.17
4 52.50 31.80 32.80 31.80 32.20 91.60 72.70 79.90
5 51.73 31.90 32.80 31.90 32.40 89.50 70.20 76.43
6 50.99 31.80 32.30 31.80 32.50 87.60 70.10 74.85
7 49.66 30.80 31.60 30.80 31.70 90.10 70.80 81.60
8 48.10 32.30 32.80 32.30 33.10 89.80 61.85 78.80
9 46.52 32.30 32.60 32.30 32.60 90.10 73.50 75.70

position t mean w in w out w in W out ain aout s

stream
1 63.20 32.90 33.90 32.90 33.70 80.70 63.90 71.50
2 56.65 32.40 32.70 32.40 32.80 81.90 59.60 70.20
3 54.18 32.60 32.90 32.60 32.90 80.00 58.50 69.95
4 51.35 32.10 32.60 32.10 32.10 81.90 61.80 71.35
5 50.28 32.30 32.90 32.30 32.50 79.80 61.20 69.80
6 47.61 32.00 32.80 32.00 32.30 80.40 62.45 69.35
7 45.45 31.50 31.80 31.30 31.90 81.60 62.65 68.65
8 45.43 30.50 31.10 30.10 30.70 77.80 58.80 72.00
9 43.33 31.40 32.00 31.40 32.10 78.10 55.80 67.95
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A Y = 3 A = 1<
ATNN N 19 VDYAMINATIUATUNAANYULBYIUNARN 35 DI ReLp =832.90

F/L =15
v P . ( free
position | tmean win w out win w out ain a out

stream
1 76.53 31.70 34.40 31.30 33.90 100.30 68.20 89.60
2 67.18 32.30 33.40 32.30 33.50 100.80 62.90 89.60
3 67.50 31.80 32.20 31.80 32.70 100.80 67.50 84.20
4 59.60 31.60 33.40 31.80 32.90 98.00 62.10 85.50
5 56.78 30.30 32.60 30.50 31.60 99.80 73.30 90.00
6 53.63 30.50 32.60 30.50 31.45 100.50 64.60 86.20
7 52.50 30.10 31.60 30.10 31.10 98.50 64.90 90.80
8 49.25 31.50 33.50 31.50 32.40 100.08 55.20 86.00
9 43.45 31.90 32.50 31.90 32.60 100.20 69.03 88.80

F/L =1
position | tmean win w out win w out ain a out I

stream
1 70.50 30.80 33.20 31.00 32.10 91.40 67.55 82.30
2 61.20 31.80 32.50 31.80 32.30 91.05 63.05 84.85
3 56.03 31.30 32.30 31.30 31.70 90.35 63.35 82.37
4 53.53 31.80 32.90 32.10 32.50 89.20 65.50 81.70
5 51.04 31.70 32.40 31.70 32.80 91.15 69.45 83.40
6 49.56 30.60 31.80 30.60 31.30 89.80 58.50 82.57
7 47.59 30.20 30.50 30.20 31.30 91.20 67.55 83.77
8 46.21 31.80 32.50 31.80 32.50 91.50 63.85 83.03
9 44.33 31.40 32.10 31.40 32.40 91.80 63.50 81.17




F/L =1

F/L =15
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position t mean w in w out w in w out ain aout e

stream
1 63.43 31.60 33.60 32.60 32.60 75.40 64.50 71.90
2 59.70 32.20 32.70 32.20 32.80 77.20 65.00 74.30
3 56.00 32.30 32.90 32.30 32.60 75.85 61.60 77.35
4 51.35 32.10 32.80 32.10 32.50 79.95 62.55 74.65
5 49.50 32.30 32.90 32.30 32.30 82.70 60.55 72.20
6 46.94 32.80 33.20 32.80 33.20 80.00 62.10 72.70
7 46.11 32.10 32.40 32.00 32.80 78.80 59.70 72.30
8 45.44 32.20 32.50 32.30 32.70 77.80 62.80 72.00
9 43.90 31.40 32.30 31.20 31.60 80.10 53.00 75.30

M3 N 20 deyamsnadeuai uINdaTNBuNaA 40 8371 Re,, = 832.90
position t mean w in W out win w out ain aout s

stream
1 78.90 31.70 33.40 31.30 33.40 100.80 66.30 87.65
2 68.90 32.50 33.80 31.40 33.10 100.60 63.00 88.50
3 62.28 31.60 32.30 31.60 32.60 100.00 62.28 87.00
4 58.23 30.50 32.80 30.50 31.40 101.80 77.60 80.80
5 52.68 30.50 32.60 30.50 31.60 99.10 67.80 86.80
6 51.50 31.70 32.90 31.70 32.80 99.70 65.70 86.40
7 49.70 32.10 32.50 32.10 32.60 101.80 66.80 88.70
8 47.00 32.10 32.40 32.10 32.90 100.70 65.40 89.00
9 44.70 31.60 32.90 31.90 32.80 100.30 65.70 87.30




F/L =1

F /L =0.75
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position t mean w in w out w in w out ain aout e

stream
1 64.60 32.20 33.10 32.10 32.80 88.30 66.85 76.65
2 62.61 31.90 32.80 32.40 32.60 91.80 63.80 86.10
3 57.50 33.10 33.20 33.10 33.60 88.40 63.80 74.90
4 53.10 32.40 32.80 32.10 32.60 89.80 59.40 72.80
5 52.80 32.40 32.80 32.40 32.80 88.90 60.20 76.03
6 49.70 32.10 32.50 32.10 32.60 91.90 61.55 73.20
7 47.60 32.20 32.60 32.20 32.80 90.20 56.85 72.75
8 45.90 33.10 33.30 33.10 33.10 95.35 63.25 73.25
9 45.20 32.50 32.60 32.50 32.70 91.80 62.10 73.03

position t mean w in w out w in W out ain aout s

stream
1 64.10 31.00 32.30 32.40 32.90 81.80 65.00 73.60
2 61.90 30.80 31.60 32.30 32.30 80.80 61.50 77.60
3 58.00 31.80 32.10 31.90 32.60 79.70 59.10 76.80
4 52.40 32.40 32.70 31.60 32.10 81.80 61.25 73.25
5 48.64 32.30 32.90 32.30 32.50 78.70 60.40 72.20
6 46.30 32.60 32.70 32.60 32.90 83.10 60.75 73.45
7 46.83 32.10 32.80 32.10 32.30 79.90 61.85 72.50
8 44.50 32.20 32.80 32.60 32.70 79.60 64.90 69.90
9 43.60 31.90 32.10 32.30 32.40 80.60 64.00 70.60
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A Y = 3 A = 1<
ATNN N 21 VBYAMINATIUATUNAANYULBYIUNARA 18 DI ReLp= 1023.67

F/L =15
v P . ( free
position | tmean win w out win w out ain a out

stream
1 87.68 29.35 31.56 29.35 31.98 112.00 86.80 95.10
2 81.54 29.41 30.61 29.41 30.57 110.50 85.80 94.30
3 76.25 29.23 29.84 29.23 30.04 111.36 85.80 94.30
4 72.98 29.42 29.96 29.42 29.98 110.75 85.10 94.50
5 70.56 29.65 30.46 29.65 30.32 110.36 85.80 94.10
6 68.45 29.53 29.85 29.53 29.99 111.52 85.70 94.30
7 66.58 29.50 30.28 29.50 30.07 110.35 86.70 94.30
8 64.38 29.37 30.11 29.37 30.16 109.98 86.50 95.10
9 62.74 29.31 30.30 29.31 30.08 110.88 86.70 95.30

F/L =1
position | tmean win w out win w out ain a out I

stream
1 71.25 30.12 32.04 30.12 32.11 96.90 75.80 82.85
2 67.56 30.10 30.58 30.10 30.59 94.60 76.10 83.65
3 65.45 30.07 30.56 30.07 30.51 96.10 77.30 85.35
4 63.14 30.16 30.65 30.16 30.62 96.30 78.10 84.80
5 59.76 30.09 30.47 30.09 30.46 97.30 77.80 84.85
6 56.53 30.02 30.48 30.02 30.51 97.90 76.60 84.60
7 52.47 30.13 30.54 30.13 30.49 97.80 78.00 85.65
8 50.74 30.11 30.62 30.11 30.65 96.80 79.50 83.15
9 49.65 30.04 30.57 30.04 30.52 96.60 77.60 85.50




F/L,=0.75

F/L =15
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position t mean w in w out w in w out ain a out 1e2

stream
1 6254 | 2941 | 2999 | 2941 | 3004 | 7960 | 5370 | 67.25
2 59.41 | 2956 | 2978 | 2956 | 2971 | 7630 | 5360 | 65.60
3 57.03 | 2952 | 2061 | 2952 | 2957 | 7780 | 54.80 | 65.80
4 55.65 29.61 29.72 29.61 29.73 79.30 53.90 64.90
5 52.98 29.64 29.84 29.64 29.83 79.25 55.70 66.95
6 50.15 | 2955 | 2073 | 2955 | 2965 | 77.30 | 54.80 | 64.40
7 4955 | 2952 | 2971 | 2952 | 2960 | 80.80 | 5460 | 64.10
8 4867 | 2943 | 2057 | 2943 | 2956 | 79.70 | 5430 | 62.80
9 45.76 29.51 29.72 29.51 29.63 79.10 52.60 61.60

M n 22 deyaminadeuas uindanyuBsunaa 23 899 Re,, = 1023.67
e . y . free
position t mean win w out win w out alin a out

stream
1 86.87 | 3011 | 3205 | 3011 | 3208 | 11000 | 8280 | 93.80
2 84.65 | 3005 | 3075 | 30.05 | 3087 | 10660 | 8260 | 93.60
3 81.88 | 3014 | 3069 | 3014 | 3068 | 10740 | 8280 | 9350
4 77.51 30.03 30.50 30.03 30.51 108.50 82.20 93.50
5 75.32 30.08 30.76 30.08 30.76 110.70 75.50 93.60
6 7193 | 3009 | 3066 | 30.09 | 3064 | 10960 | 80.50 | 9350
7 6774 | 3013 | 3065 | 3013 | 3066 | 10580 | 80.80 | 9350
8 65.11 | 30.08 | 3068 | 30.08 | 3070 | 10530 | 8110 | 94.30
9 61.86 30.15 30.62 30.15 30.61 111.00 81.10 92.90




F/L =1

F /L =0.75
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position t mean w in w out w in w out ain a out 1e2

stream
1 72.56 29.52 31.31 29.52 31.36 97.60 72.55 85.08
2 68.50 29.61 30.58 29.61 30.41 94.60 72.55 83.58
3 66.75 29.23 29.79 29.23 29.82 96.10 74.55 85.33
4 63.98 29.56 29.88 29.56 29.85 96.80 74.40 85.60
5 61.55 29.47 29.89 29.47 29.88 98.00 75.95 86.98
6 58.36 29.61 29.83 29.51 29.79 96.20 74.10 85.15
7 55.12 29.46 29.86 29.46 29.84 99.10 73.55 86.33
8 52.88 29.49 29.79 29.49 29.74 99.00 72.95 85.98
9 49.87 29.55 29.86 29.55 29.77 98.20 72.30 81.84

position t mean w in w out win w out ain a out lice

stream
1 61.25 29.12 29.87 29.12 29.96 76.30 55.50 67.80
2 58.56 29.20 29.50 29.20 29.46 77.80 55.10 68.30
3 56.74 29.11 29.24 29.11 29.24 79.30 56.20 67.50
4 54.22 29.05 29.32 29.05 29.28 75.60 57.60 68.50
5 52.36 29.04 29.25 29.04 29.23 77.30 55.20 66.80
6 50.14 29.10 29.23 29.10 29.28 80.80 56.50 68.40
7 48.25 29.06 29.24 29.06 29.27 79.70 56.30 67.70
8 46.89 29.08 29.23 29.08 29.32 79.10 55.20 69.10
9 45,55 29.16 29.34 29.16 29.35 77.80 58.30 69.10
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A Y = 3 A = 1<
ATNN N 23 VDYANMINATIUATUNAANYULBYIUNARA 30 DI ReLp =1023.67

F/L =15
¥ < . ¢ free
position | tmean w in w out w in w out ain aout

stream
1 86.35 30.25 32.25 30.25 32.04 110.60 82.45 93.30
2 82.86 30.14 31.00 30.14 30.99 107.10 81.75 93.80
3 79.67 30.20 30.86 30.20 30.74 106.20 83.00 93.80
4 77.41 30.16 30.72 30.16 30.63 107.90 82.10 93.60
5 75.69 30.12 30.76 30.12 30.79 104.60 82.30 92.70
6 72.06 30.18 30.77 30.18 30.76 105.90 82.90 93.60
7 69.85 30.12 30.65 30.12 30.66 106.80 82.65 93.20
8 67.35 30.15 30.79 30.15 30.75 109.70 80.95 94.10
9 64.23 30.13 30.65 30.13 30.72 106.10 81.94 95.80

F/L =1
position t mean win w out win w out ain a out UG

stream
1 73.56 30.04 31.86 30.04 31.78 96.40 74.10 84.30
2 69.75 30.02 30.68 30.02 30.66 97.10 73.55 84.80
3 66.84 30.05 30.56 30.05 30.64 96.60 72.95 84.80
4 64.23 30.01 30.38 30.01 30.42 96.30 72.30 83.70
5 62.14 30.00 30.42 30.00 30.39 96.80 73.65 84.50
6 59.36 30.03 30.44 30.03 30.41 95.80 75.00 85.90
7 56.85 30.12 30.52 30.12 30.51 95.80 74.20 82.20
8 53.24 30.08 30.47 30.08 30.45 95.20 74.15 82.30
9 49.78 30.10 30.40 30.10 30.42 96.40 74.00 85.70




F/L,=0.75

F/L =15
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position t mean w in w out w in w out ain a out 1e2

stream
1 62.15 29.25 29.85 29.25 29.92 77.40 58.65 68.54
2 58.26 29.24 29.52 29.24 29.51 77.30 58.63 66.70
3 56.41 29.18 29.37 29.18 29.32 78.70 58.18 65.70
4 53.69 29.22 29.39 29.22 29.35 78.70 57.28 66.60
5 51.05 29.11 29.40 29.11 29.38 77.80 56.70 68.30
6 48.63 29.17 29.43 29.17 29.41 77.40 56.65 67.80
7 46.25 29.24 29.40 29.24 29.48 81.40 56.25 67.10
8 44.35 29.19 29.39 29.19 29.44 80.80 56.13 69.50
9 42.47 29.20 29.35 29.20 29.40 78.10 56.00 70.30

M3 n 24 deyamsnadeuai uindanyuBeunaa 35 836 Re,, = 1023.67
position t mean win w out win w out ain a out UG

stream
1 87.68 30.56 32.88 30.56 32.88 108.50 83.70 96.30
2 84.95 30.47 31.41 30.47 31.42 112.80 82.30 95.80
3 81.25 30.25 30.86 30.25 30.86 113.60 83.50 94.50
4 76.84 30.22 30.77 30.22 30.76 114.10 81.90 94.10
5 74.93 30.15 30.86 30.15 30.87 113.00 87.30 94.50
6 72.03 30.25 30.90 30.25 30.88 110.10 80.80 94.10
7 69.17 30.23 30.83 30.23 30.88 107.80 85.60 96.80
8 66.82 30.28 30.81 30.28 30.69 113.50 81.10 96.20
9 61.57 30.14 30.64 30.14 30.72 109.80 82.20 95.20




F/L =1

F /L =0.75
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position t mean w in w out w in w out ain a out 1e2

stream
1 74.26 29.54 30.75 29.54 30.68 96.50 72.30 82.20
2 71.34 29.45 29.99 29.45 29.97 96.60 73.10 82.30
3 68.46 29.48 29.85 29.48 29.87 95.40 72.50 85.70
4 66.19 29.65 29.93 29.65 29.96 95.50 73.30 83.80
5 63.95 29.48 29.89 29.48 29.88 95.40 73.60 83.70
6 60.57 29.53 29.94 29.53 29.87 94.60 73.10 85.10
7 57.23 29.55 30.50 29.55 29.89 94.60 73.40 85.10
8 54.65 29.61 29.90 29.61 29.86 94.40 72.30 85.10
9 50.24 29.45 29.82 29.45 29.79 93.80 72.80 83.10

position t mean w in w out win w out ain a out lice

stream
1 64.25 29.54 30.12 29.54 30.15 81.10 56.80 70.30
2 60.57 29.65 29.84 29.65 29.88 79.60 57.90 68.60
3 56.59 29.35 29.68 29.35 29.67 76.30 58.00 70.80
4 54.66 29.57 29.69 29.57 29.64 77.80 56.50 71.10
5 52.37 29.53 29.78 29.53 29.79 79.30 56.80 68.80
6 49.87 29.48 29.76 29.48 29.62 75.60 58.80 68.20
7 46.96 29.52 29.70 29.52 29.65 80.60 56.20 69.10
8 44.69 29.39 29.69 29.39 29.68 78.80 56.80 67.70
9 41.90 29.47 29.67 29.47 29.70 78.80 57.40 68.30
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A Y = 3 A = 1<
ATNN N 25 VBYANMINATIUATUNAANYULBYIUNARN 40 DI ReLp =1023.67

F/L =15
¥ < . ¢ free
position | tmean w in w out w in w out ain aout

stream
1 88.65 30.25 31.99 30.25 31.98 110.40 83.70 95.10
2 84.37 30.21 30.99 30.21 30.95 110.30 84.50 95.30
3 81.87 30.25 30.88 30.25 30.87 111.40 85.90 95.60
4 77.48 30.35 30.84 30.35 30.84 110.40 82.20 95.50
5 74.70 30.24 30.93 30.25 30.97 109.10 82.30 95.20
6 71.99 30.21 30.87 30.21 30.79 110.60 85.70 95.30
7 67.99 30.27 30.87 30.27 30.85 112.50 83.80 95.60
8 65.55 30.27 30.89 30.27 30.87 109.80 83.70 96.40
9 60.66 30.25 30.82 30.25 30.82 111.80 85.10 95.20

F/L =1
position t mean win w out win w out ain a out UG

stream
1 75.65 28.20 29.24 28.20 29.22 95.50 73.45 82.50
2 71.74 27.90 28.45 27.90 28.26 95.70 74.30 84.00
3 68.25 29.10 29.37 29.10 29.37 95.60 75.50 82.60
4 64.99 28.40 28.69 28.40 28.72 96.50 76.10 83.90
5 61.60 28.40 28.88 28.40 28.81 95.80 75.85 85.50
6 57.37 28.10 28.70 28.10 28.74 95.80 73.90 84.20
7 55.03 28.20 28.76 28.20 28.56 96.10 74.90 83.10
8 52.37 29.10 29.65 29.10 29.54 95.60 72.55 82.50
9 49.60 28.50 28.83 28.50 28.73 95.50 75.55 82.50




F/L,=0.75
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position t mean w in w out w in w out ain aout e

stream
1 65.24 29.45 30.11 29.45 30.11 78.80 59.65 71.75
2 62.59 29.15 29.43 29.15 29.43 79.80 59.60 71.25
3 58.99 29.34 29.48 29.34 29.45 79.50 59.50 73.00
4 56.48 29.65 29.83 29.65 29.84 81.10 59.18 72.80
5 52.02 29.47 29.81 29.47 29.92 79.60 59.10 72.80
6 49.99 29.35 29.74 29.35 29.63 76.30 59.05 73.00
7 47.52 29.45 29.63 29.45 29.60 77.80 59.00 72.40
8 44.99 29.56 29.72 29.56 29.75 79.30 58.85 72.55
9 41.69 29.48 29.81 29.48 29.81 75.60 58.85 73.40

A 9 o a A ~ =S < [
AIWN N 26 GUleJ"ﬂﬂﬁﬂﬂl’)mﬂﬁ%ﬁﬂﬁﬂ?WﬂWiulﬁﬁﬂigiJlaﬂﬁlﬂﬁ@GINC]

F/L=15
Re,, 18 23 30 35 40
23259 | 0.39427 | 0.424356 | 0459567 | 0.481318 | 0.500991
439.47 | 0505319 | 0.543879 | 0589007 | 0.616885 | 0.642099
650.20 | 0591889 | 0.637055 | 0.689913 | 0.722568 | 0.752101
832.90 | 0.648417 | 0.697897 | 0.755804 | 0.791577 | 0.823931
1023.67 | 0.702725 | 0756349 | 0.819106 | 0.857876 | 0.892939




F/L=1
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Re, 18 23 30 35 40
23259 | 0.470241 | 0506125 | 0.54812 | 0.574063 | 0.597526
439.47 | 0.602688 | 0.648678 | 0.702502 | 0.735752 | 0.765824
659.20 | 0.705939 | 0.759808 | 0.822852 | 0.861799 | 0.897023
832.90 | 0.773360 | 0.832373 | 0.901439 | 0.944105 | 0.982693

1023.67 | 0.838133 | 0.902089 | 0.976939 | 1.023179 | 1.064999

F/L,=0.75
Re,, 18 23 30 35 40
23259 | 0.533109 | 0573789 | 0.621399 | 0.65081 | 0.67741
439.47 | 0.683262 | 0.735401 | 0.796420 | 0.834115 | 0.868208
659.20 | 0.800317 | 0.861387 | 0.932860 | 0.977013 | 1.016946
832.90 | 0.876751 | 0.943654 | 1.021953 | 1.070323 | 1.114070
1023.67 | 0.950184 | 1.022690 | 1.107547 | 1.159968 | 1.207379
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Y ' ° v, <
AI819N1TATUIUAT j Colburn factor YOIATUINAA

a

AuauiAvIeIMASoUNgUMNINAY 353.85 K

QU

fhmmi;mm%’aummmmﬁ (C,) = 1.009 kJ/kg K
1 o d o 4
MNSUANNIVDT (Pr) = 0.700

A o 4 -7 2
ANUTHAdNYTal (1) = 234.45X10 'N.s/m
Y [
Wunilans = 012 m’
Y ] v Y
wuii lnadaszlugesineidemindumsva (4,,) 0.012 m’
Y I 2
TRl RR Ve = 0.016 m’
TLEYHNILHIUNAR = 0.02 m
HaseveIgungiti i wazoendied 1 2 1 C
waa1evoIguvgi i mazoenaieh 2 = 05 C
m, = pA4,v=0.97x0.4x0.3x1 = 0.116 kg/s
81315 Maveeil (m’) = 0.025 kg/s
Qmwgﬁﬁaméﬂ (T) = 85 C
paunnnTansy = 65 C

Q £

o A 1 < 1w
NITAMUIULITNIINNITUIATG ﬂiﬂjﬂ’)’lﬂlﬁﬁ@’lﬂ’lﬁ%’l!%’ll%’lﬂﬂ 1 (ReLp= 853.06)
PVA, — m

Af/ Aff
0.116

T 0.012
_g7 ke

2
m-Ss

O = hAAT
0 e (AT, +ATy)
AAT A(T-T,, )
_ 0.025x 4180 x (1+0.5)
0.4 x 0.04 x (85-60)
. 15675

=391.875 Wim’K

7
o BLET5X0T7 s
9.7 x 1009
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Re =

va,, _ va 1x2x107

=853.06

1 v 23.445x10°°
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o Y1 o 1 [} dy
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1 1 =
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a' 9 1
ITUADUIINNITHIAT Re, , 91N

pPvL vL

= 30

1x2x1072

Re, = P P _
23.445x1070

Lp u 1)

HAZYIAT Re 910

=853.06

* _oner 0 -0.34 _gre,30 -0.34 _
Re =828(57) =828(55) =1202.96

Y
v o

L
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n=0091Re;  039(ZL M)
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MUTIPLE LINEAR REGRESSION

n

2

Sr = Z(yi —dy —apXy; _a2x2i)

i=1

Differentiating ttaiaz A3 lunsiuen

oSr

da, =-2> (¥, —ay—ax, —a,x,,)
oSr

o T TR (v == ax, ~arx,)
oSr

5_% 1 _szm' (yi —dy a4k, — azle-)

i@ malsn luns1uaA191n Matrix form

h Z X Z X a

zyi

lei lezz leixzi a | = leiyi

zxzi leiXZi Zx; a,

ATNTDUANUNANAIANINTUNIT

—_

Sr 2
S=|—2
n— (m + 1)
w ] )
AIDYINNIIATUI

ga 4 . . Y . Y
1975 Multiple Linear Regression taz 19 matrix uAaUMN3
= a 9 A
TasliaumsisuaAua

J=ay+ax +ax,+ax;+e

zxziyi

T A
Taaiorhdeyansvuainlioglugiues Regressions naavz 14
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n x1 X2 X3 y
75.000 55.329 81.250 2190.000 a0 3.78
x1 x1"2 x1x2 X1x3 yx1
55.329 48.884 59.940 1615.619 al 2.33
X2 x1x2 x2"2 X2x3 yx2
81.250 59.940 95.313 2372.500 a2 4.09
x3 x1x3 X2x3 x3"2 yx3
2190.000 1615.619 2372.500 68670.000 a3 111.63

v " ' v D, X T
LLﬂﬁNﬂWiWWﬂWﬁ’JLLﬂiGlNG} um%z”lﬂmmﬁuwumﬂumﬁumi

* F
j=0.0853 + 0.0054 2" _ 0.0568(Grx107) — 0.0007—
90 L

p

0 x 90

Tag 0% =

A10819TYANINMIA I

y x1 x2 x3

i Grx 107 Fp/Lp angle | Regression error %
0.09010 0.21 1.00 30.00 0.08164 9.39
0.07120 0.54 1.00 30.00 0.06269 11.95
0.04950 0.82 1.00 30.00 0.04714 4,77
0.03736 0.98 1.00 30.00 0.03766 0.79
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THERMAL CHARACTERISTICS OF LOUVERED FINS
AT LOW REYNOLDS NUMBER FLOW

Wanwiwa LUKNONGBU
Nat VORAYOS
Tanongkiet KIATSIRIROTE

ABTRACT Design parametric studies of a louvered-fin compact heat
exchanger are carried out where fin pitch relative to the louver pitch and the
angle of the lovers are investigated under the heat transmission from the hot

buoyant plume of which the Reynolds number based on louver pitch is

Faculty of Engineering
Department of Mechanical Engineering
Chaing Mai University, Thailand

considered to be low. Experiments were conducted on the 15:1 scaled-up
louver fin models. It is found that the highest j Colburn factor for such low
Reynolds number flow emerges when the louver pitch ratio is 1 and louver

50200 angle is 30, respectively.

1. INTRODUCTION

Louvered fin compact heat exchangers (Fig.1) are
used in a variety of applications including heat rejection
system in automobiles, residential air-conditionings, oil
coolers, and radiators. One of the most important
objectives in the investigations regarding to these
compact heat exchangers has been focusing on
developing high performance heat exchangers without
sacrificing the lightness and small volume. Achaichia and
Cowell [1] were the first to experimentally verify that it is
relatively important to design louvered fins in a way such
that the flow is louver directed rather than duct directed
(Fig.2a and b). Their study indicated an increase in heat
transfer coefficients as the flow transitioned from being
duct direct to being louver directed. Zhang et al [2]
studied the effect of Reynolds number, fin pitch, louver
thickness and louver angle on flow efficiency in multi-
louvered fins. Results showed that flow efficiency was
strongly dependent on geometrical parameter, especially
at low Reynolds Number. Flow efficiency increases with
Reynolds number and louver angle but it decreases with
fin pitch and thickness ratio. Ralph and Webb [3] used a
dye injection technique with 10:1 models in their work.
The geometrical parameters, louver pitch, louver angle
and fin pitch were varied to determine their effect on the
flow structure. Tests covered Re of 400-4000 based on
louver pitch. It was found that when louver angle and
louver pitch increased the flow efficiency was increased,
representing the louvered-directed flow where heat
transfer is increased but if the fin pitch increased the flow
efficiency was decrease.

Lyman et al [4] presented a method for evaluating the
spatially resolved louver heat transfer coefficients using
various reference temperatures, such as the bulk flow
temperature and adiabatic wall temperature, to define the
convective heat transfer coefficients. It was found that
larger fin pitches and higher louver angles were better
performance at the lower Reynolds numbers. At high
Reynolds numbers, the performance is highly influenced
by how many louvers downstream the heated wakes

influence. Louver geometries in which the louvers are
nearly aligned do not provide a good design from heat
transfer perspective, particularly for high Reynolds
numbers. The heat transfer coefficients based on the
bulk flow temperature for a particular louver did
correlate closely with its local thermal field indicating
the dominant importance of the thermal field
approaching a particular louver. The objectives of
previous literature were to design the heat exchanger so
that high-performance and low pressure drop are
achieved in which the forced convection heat transfer
dominates. In contranst, this research work used 15:1
scaled-up model of louver fins to study the effects of the
geometry in corresponding to the low Reynolds number
flow of hot buoyant air plume which has never been
investigated before.

Air Flow

Louvered Fins

Louver Angle, B

:"‘I Fin Pitch, Fe
-

nlet Face
welogity, Ui,

Louvaer Pitch, Lg

Fig.1 Illustration of the louvered plate fin heat
exchanger and parameters of louvered fins geometry
(Springer and Thole)

The objective of this study is to study the effect of
the geometrical parameters including the fin pitch (Fy),
louver pitch (L) and louver angle (0) of the louver fins
to clarify the better design parameters for the louvered
compact heat exchanger to be used the heat recovery



system from hot buoyant air plume which is normally
rejected in food industries.

Duct-directed _ o louver gap

flow
_"-..""“"--..

T — T —
(a)

—\,\ N\

Louver-direct o Jouver gap

LLEEN N R SN
(b)

Fig.2 a) Duct-directed flow b) Louver directed-flow
through a typical louver array (Springer)

2. THEORY AND PRINCIPLE

From the Newton’s law of cooling, the predictive
equation for the convective heat flux q [W/m? is
suggested as

q :%:h(.rw _Tref) 1)

where h is heat transfer coefficient
Ais the louver surface area
T is louver wall temperature
T is the free steam temperature used as the
reference temperature
For the low speed external flow application, the free
stream temperature is taken as the reference temperature,
and for internal flow applications the bulk flow
temperature is taken as the reference temperature (Lyman
etal)
Q in equation (1) can also be solved by

Q =m'c, (AT, +AT,) 2

where AT; and AT, are the water inlet and outlet
temperature differences.

Additionally, the convection heat transfer coefficient
of air on the side can be represented in a form of Colburn
factor (j) as

(0 hpr s @)
Gce,
where G is the maximum mass velocity can written as
G- M _ 7 AV @)
A Ag

Ay is the minimum cross sectional free flow area
Ap is the test section cross area

3. EXPERIMENTAL APPARATUS

In this investigation, the experiment set up as seen in
Fig. 3a) in the investigation consisted of 1000-watt
heater as the heat sources to naturally induce hot air
with low speed to rise upward through louvers fin
situated far above. The louver pitch, fin pitch and louver
angle can be varied.

Test section

Inverter

Heate

—~~
D

o
N

v

) Water outlet
Water inlet

/NN
VI LZARNNNN\ S
/77NN
/77NN

O
N

v

Twi 1 / Two 2

Twi2 /w

(©
Fig. 3 a) Experimental test set up b) the test section c)
louver fin design with scale up 15:1 louver models

The power of the heater can varied as the voltage
input is altered. Air plume’s velocity is measured using
anemometer and pitot tube. The natural convective heat
transfer is then achieved by circulating the cooling
water to both sides of each louver blade by using a %2 hp
centrifugal pump as seen in Fig. 3b). Its flow rate is
measured by the flow meter and Rota meter. The water
inlet and outlet separate in two ducts as shown in Fig
3c).

In the experiment all of the louver surfaces were
attached  with  thermocouples  where  surface
temperatures were recorded under the steady-state
condition to determine the average louver surface
temperature.



4. RESULT

The data were taken for three values of fin-to-louver
pitch ratio (Fp/Lp = 0.75, 1, and 1.5) and five louver
angles (6 = 18°, 23°, 30°, 35°, and 40°). Fig. 4 shows the
Colburn factor for each louver position for all louver
angle. In Fig.4a, for small ratio of Fy/L,, the Colburn
factor of 23, 30, 35 and 40 of louver fin angle there are
close. The Colburn factor at the fist of louver position are
larger than other positions along the louver length
showing the high value of convective heat transfer
coefficient after which the flow gains heat and the heat
coefficient is lower as one might expected. The Colburn
factor, henceforth, becomes uniform throughout the
louver length.

Colburn Factor Fp/Lp=0.75
0.35
0.3
0.25
0.2 ——18
0154 =23
0.1 1 30
0.05 g5
—x—40
0
1 2 3 4 5 6 7 8 9
position
(@)
Colburn Factor Fp/Lp =1
0.35
0.3
0.25 4 18
_ 0.2 1 s 23
0.15 4 30
0.1 35
. A
0.05 -+ ¥ —%—40
0 T T T T T T
1 2 3 4 5 6 7 8 9
position
Colburn Factor Fp/Lp =1.5
0.35
0.3
0.25 18
> 0.2+ —=—23
0.15 30
0.1+ 35
s
0.05 1 % —%—40
0 T T T T T T T T
1 2 3 4 5 6 A 8 9
position
(©)

Fig.4 Colburn factor for each position of all louver angle
a) Fp/Lp=0.75b) Fp/Lp=1c¢) Fp/Lp=1.5

4.1 Effect of fin to louver pitch ratio

The flow must choose whether it will follow the
louver direction, the duct direction, or some intermediate
angle between the two directions. Which direction it goes
will depend on the hydraulic resistance (the duct between
the louvers in Fig.2) of the flow path in the louver
direction relative to that in the duct direction. As Fy/L,
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increased (with L, is fixed and the fin spacing
increases), it appears that this wider fin spacing reduces
the hydraulic resistance in the duct direction relative to
that in the louver direction. This reduced hydraulic
resistance results in a greater fraction of the flow
passing in the duct direction. As Fy/L, is decreased the
duct direction hydraulic resistance increases, forcing
more of the flow in the louver direction. At the smallest
fin spacing the hydraulic resistance in the louver
direction is much smaller than in the duct direction, so
all of the flow will go in the louver direction. If the flow
is louver direct flow the Colburn factor will increases as
shown in Fig.5 the highest average Colburn factor occur
at Fp/L, = 1.

Colborn Factor (j)
‘ & Fp/Lp=0.75 e Fp/Lp=1 Fp/Lpzl.S‘
0.10
0.08 - o
-~ * -
0.06 - . .
—_ -
0.04 -
0.02 -
0.00 T .
0 10 20 30 40 50
Angle (degree)

Fig. 5 Averaged Colburn factor for all Fp/Lp and 6

4.2 Effect of louver angle

Fig.5 shows a relatively clear comparison among the
effects of the louver angles ranging between 18° to 30°
for all included Fy/L, where the corresponding Colburn
factor increases. It also shows that when the louver is
tilted to 30° and 40°, the Colburn factor is adversely
decreased. The results quite suggested and agree well
with the past studied in which the flow is regarded as
the louver-directed flow at small louver angle. For the
louver direct flow the louvers have more area to
exchange the hot air more than duct direct flow. The
highest Colburn factor is 7.5x102 occuring at Fp/Lp =1
and 30° of louver angle. And the lowest Colburn factor
occur at Fp/Lp = 1 and 6 = 18° where the flow is
possibly duct-directed flow which agrees quite well
with the past studies.

5. CONCLUSION

The optimized geometrical parameter of the louver
fins to obtain the most effective heat transfer with the
low speed hot air is investigated in this work. Heat
transfer characteristic of the louver fins in terms of j
Colburn factor is investigated. Experiments were
conducted in 15:1 scaled-up louver model with varied
fin pitch, louver pitch, and louver angle. The Colburn
factor has a strong dependent on geometrical parameter
such as, louver pitch, fin pitch, and louver angle
especially at low Reynolds number flow. The highest
Colburn factor is 7.5x10° occur at F,/L, =1 and 30° of
louver angle.
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