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(Laminar) 1 ;
(Simultaneously Developing Velocity and Temperature Profiles)

Air Temperature (C) Surface Temp.(C)

No. Distance  Flow Rate
(mm.) cu.m.l/s.
Inlet Tm,i  Outlet Tm,0 Inlet Ts,i Ts,z
0 42.6
147 75.35
1 207 4.994E—-04  32.60 51.1 79.35
218 83.40
565 90.43
0 42.03
147 70.15
2 207 5.564E—04 3250 53.23 74.13
218 77.96
565 86.93
0 43.93
147 68.43
3 207 6.277E—04  32.40 53.00 72.10
218 75.78

565 84.43



)
(Laminar)
(Simultaneously Developing Velocity and Temperature Profiles)

Air Temperature (C) Surface Temp.(C)

No. Distance Flow Rate
() eu .
Inlet Tm,i Outlet TmO Inlet T ! Ts,z
0 42.03
147 66.00
4 207 6.761E-04 ~ 32.50 52.38 69.68
278 73.48
565 82.33
0 41.26
147 64.83
5 207 7.168E-04  32.40 51.55 68.13
218 71.73
565 80.30
0 41.31
147 64.08
6 207 7.843E—-04 32.90 51.60 67.13
278 70.58

565 79.90



)
(Laminar)
(Simultaneously Developing Velocity and Temperature Profiles)

Air Temperature (C) Surface Temp.(C)

No, Distance  Flow Rate
() cum.ls.
Inlet Tm,i  Outlet Tm,O Inlet Ts,i Ts,z
0 40.51
147 60.10
7 207 8.104E-04 ~ 30.90 49.20 63.75
218 67.05
565 75.10
0 39.05
147 58.95
8 207 8.627E—04 317U 48.28 62.38
218 65.73
565 14.57
0 38.95
147 58.93
9 207 9.181E—04  31.30 47.85 62.28
278 65.63

565 713.90



)
(Laminar) ,
(Simultaneously Developing Velocity and Temperature Profiles)

Air Temperature (C) Surface Temp.(C)
No. Distance Flow Rate
() cumls.

Inlet Tm,i Outlet Tm,O Inlet T |i Ts,z
0 38.10
147 58.73
10 207 9.544E04  31.40 47.15 62.03
218 65.55
565 73.90
0 37.30
147 58.13
11 207 9.874E—04  31.60 46.85 61.40
278 64.85
565 12.87
0 37.32
147 58.18
12 207 1.028E-03  31.90 46.60 61.43
278 64.78

565 12.97



) !
(Laminar)
(Simultaneously Developing Velocity and Temperature Profiles)

Air Temperature (C) Surface Temp.(C)

No. Distance Flow Rate
() cumls.
Inlet Tm,i Outlet Tm,0 InletT ,i Ts,z
0 38.65
147 58.15
13 207 1.091E-03 32.00 46.38 61.60
218 65.20
565 71.97
0 38.74
147 58.75
14 207 1.134E-03 31.90 46.30 60.63
278 65.20
565 70.30
0 38.83
147 59.05
15 207 1.170E-03 32.10 46.15 61.73
278 64.98

565 12.33



1)

(Laminar)
(Simultaneously Developing Velocity and Temperature Profiles)

Air Temperature (C) Surface Temp.(C)

No. Distance Flow Rate
() eu s
Inlet Tmj Outlet Tm,0 Inlet Ts,i Ts,z
0 38.63
147 58.63
16 207 1.200E-03 32.20 45.93 61.35
278 64.55
565 71.60
0 38.52
147 58.13
17 207 1.267E-03  32.40 45.70 60.95
278 64.23
565 69.97
0 38.72
147 59.13
18 207 1.329E-03  32.20 45.73 62.18
278 65.60

565 12.10



)
(Laminar)
(Simultaneously Developing Velocity and Temperature Profiles)

Air Temperature (C) Surface Temp.(C)

No. Distance  Flow Rate
() cumls.
Inlet Tm,i Outlet Tm,0 Inlet Ts,i Ts,z
0 46.15
147 65.90
19 207 1.416E-03  32.40 49.15 69.90
218 74.38
565 83.67
0 46.05
147 65.80
20 207 1.498E-03  32.20 49.20 69.73
278 74.13

565 82.60



2
(Laminar)

(Simultaneously Developing Velocity and Temperature Profiles)

( P. Wibulswas, 1966 )

Re Gz

650 90
64
45
22

810 112
80
56
28

970 134
96
67
33.5

Air Temperature (F)

Inlet Tm,i

63.3

62.80

62.10

OutletTm.o

97.00

97.50

97.20

Surface Temp. (F)

Inlet Ts,i

69.60

69.70

69.80

Ts,z

112.00
120.50
127.70
151.00

115.00
123.80
131.90
155.8

115.20
123.70
132.20
156.20

Nu |

1.7
7.0
6.7
5.9

9.2
8.4
1.9
6.9

10.5
9.7
9.0
8.0



2A )

(Laminar)

(Simultaneously Developing Velocity and Temperature Profiles)

(P. Wibulswas, 1966 )

Re

1135

1300

1460

Gz

157
112
19
39

180
128
90
45

202
144
101
50.5

Air Temperature (F)

Inlet Tm,i

68.00

65.70

65.70

OutletTm,0

100.90

97.50

97.50

Surface Temp.(F)

Inlet T ,i

75.00

12.10

713.00

Ts,z

120.50
129.00
137.80
162.00

117.00
125.60
135.70
158.70

118.50
127.00
136.70
160.30

Nu |

11.9
10.9
10.3
8.8

13.2
12.2
11.2
9.9

144
13.4
12.3
10.7



2 )

(Laminar)

(Simultaneously Developing Velocity and Temperature Profiles)

( P. Wibulswas, 1966 )

Re

1620

Gz

224
160
112
56

Air Temperature (F)

Inlet Tm,i

64.80

OutletT O Inlet Ts,i

96.60

Surface Temp.(F)

13.00

Ts,z

117.40
125.50
134.70
156.70

Nu |

15.6
14.5
13.4
118
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2 5.564 x 10 -4 m3/s

P = 153.64 mm.
Ac = 10125 mm

L = 600 mm.

Thn.i = 32,50 C.

Tmo = 53.23 C.

Tgj = 42.03 C.

147 mm. 1 147 = 70.15 C.

207 mm. Ts,207 74.13 C.

278 mm. Ts,278 = 77.96 C.

565 mm. T 565 = 86.93 C.

1 dh - 4AQP

= 4(1012.51/153.64 = 26.36 mm.

um = Q/Ac

= 5.564 x 10-4 / 1012.5 x 10'6 = 0.5495 m/s

207 mm.
mMZ ~ i+ (M0 mi 2.)

Tm207 = 3250 + (53.23=32.50 | 207/600 )

39.652 C

<Tsz - Tmz)  (7si " Tmi)
[(TSZ- Tmz) (" )

Ail2



AT|207

Tb,207

Tb

300 K.

350 K ,

Re

Nu 12 -

Nu 1207=

(74.13 - 39.652 )- (42.03 - 32.50 )

[( 74.13 - 39.652 )/ (42.03 - 32.50 )]

19.402 C.

Ay + Anz
2

32.50 + 39.652

2

P.,]i,a
P = 1.1614 Kg/m3, fl = 184.60 x 107 N.s/m ,CL=225x 106 2
P = 0.9950 Kg/m3, fl = 208.20 x 107 N.s/m yCL- 299 x 106 2/
PAm*h

P

(11307 Hos218 ) 26.36 x 103 )

(188.954 x 107 )
823.08

1 ~2 1"An,Z I An,i )

4 31 At,2

(05218X2636 ~ 103 72<30652- 2 50,

4 (2.386 x ng 207 x 10'3 X 19.402 )

6.8
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