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Gr.Pr = 2.48x10% (38— 27)(0.02)° = 2.18 x10°
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& Table A-9 Properties of Water (Saturated Liquid)t

4 ote: Gr,Pr = (m)xj'ﬁir]
“ s wk
i W“r
i € P 78 k, pk
N Q kJ/kg - °C . kg/m* kg/m ' s Wim - °C Pr I'm* - °C
32 0 4.225 999 § 1.79 x 10 ? 0.566 13.25
40 4,44 4.208 999 .8 1.55 0.575 11.35 1.91 x 10°
50 10 4.195 999 2 1.31 0.585 9.40 6.34 x 10°
60 15.56 4186 [ 998.6 1.12 (.595 7.88 1.08 x 10"
70 21.11 - 4.179 997.4 98 x 104 0.604 6.78 1. 46 x 10
80 bt 4.179 995 .8 R6 INSY. 5.85
90 4.174 994.9 | 7.65 @ 5.12
100 37.78 4.174 9931 .0 6.52 0.63( 4.53
i1 431313 4.174 990 .6 6.16 0.637 4.04
120 48.89 4.174 988.8 | 5.62 0.644 3.64
130 54 .44 4.179 985.7 513 0.649 3.30
140 60 4.179 98313 4.71 0.654 3.01
150 65.55 4183 980.3 43 0.659 2.73
160 71.11 4.186 977.3 4.01 0.665 2.53
170 76.67 4.191 973.7 3.72 0.668 2.33
180 82.22 4.195 970.2 | 3.47 0.673 2.16




uable 7-1  Constants for Use with Eq. (7-25) for Isothermal Surfaces.

Geomelry Gr, Pr, C m Refis).
Vertical planes and cylinders 107 '-104 Use Fig. 7-7 Use Fig. 7-7 4
10°-10% (.59 i 4
10°-10"? 0.021 i 30
10°-10" g.10 L] 22, 167
Horizontal cylinders 0-10"° 0.4 0 4
107 °-10* Use Fig. 7-8  Use Fig. 78 4
[ 10%-10° 0.53 1 4 ]
LU 013 ¥ 4
107 '°~10"2 0.675 0.058 761
10° 2107 1.02 0.148 76t
10%-10° 0.850 0.188 76
10*-107 0.480 % 76
1071012 0.125 A 76
Upper surface of heated plates 2 x 10%-8 x 10° 0.54 i 44, 52
or lower surface of cooled
plates
Upper surface of heated plates 8 x 105-10" 0.15 4 44, 52
ur lower surface of cooled
plates
Lower surface of heated plates 1oi~10" 0.27 i 44, 37,75
or upper surface of cooled
plates
Vertical cylinder, 10*-10° 0.775 0.21 77
height = diameter
Characteristic length = diameter
Irregular solids, characteristic 10*-10° 0.52 % 78

length = distance fluid particle

travels in boundary layer
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""‘;; Nu :0.53(2.18><106)4 =38.425

@ Nu,, = hTD —38.425

h(0.02) 38495 5 ho 38.425%0.623 _1196.94
3 0.02

q=hA(T,-T,)=h(=zDL)(T,-T,)
q=1196.94(3.14x0.02x1)(38-27) =826.84
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@ T = (T, JZFTOO) _ (54;0) =27°C > T, =273+27=300K

@ v =15.69x10"° k =0.02624 Pr=0.708

@ p=2 -1 _3333%10°
T, 300




[Table A-5 Properties of Air at Atmospheric Pressuref
The values of i, k. ¢,,, and Pr are not strongly pressure-dependent and may be used over a fairly

W,;;(;, wide range of pressures.
i e B —— —
: weoo LW @,

’ P Cor kg/m-s | ms k, m?/s

@ kg'm' | klkg  °C x 10 | x 10% Wim  °C x 100 Pr
1000 16010 | 1.0266 0.6924 1.923 | 0.009246 | 0.02501 0.770
150 2.3675 1.0099 1.0283 4,342 | 0.013735 0.05745 0.753
200 1.7684 1.0061 1.3289 7.490 | 0.01%09 0-10165 | 0.739
2 1.4128 1.0053 1.5990 7 0.15675 | &

¢ 1.1774 1.0057 1sa62  (CU5.69 | 0.02624 0.22160 |(Co.708)
750 0.9980 1.0090 w75 |20 3003 0.2983 | 0.697
400 0.8826 1.0140 2.2% | 2590 0.03365 0.3760 | 0.689
450 | 0.7833 1.0207 2484 | 3170 0.03707 04222 | 0.683
500 0.7048 1.0295 2.671 37.90 0.04038 0.5564 | 0.680
550 0 6423 1.0392 2.848 44.34 0.04360 0.6532 | 0.680
600 0.5879 | 1.0551 3.018 51.34 0.04659 07512 | 0.680
650 0.5430 | 1.0635 3.177 58.51 0.04953 0.8578 | 0682
700 0.5030 | 1.0752 3.332 66.25 005230 | 09672 | 0.684
750 | 0.4709 | 1.0856 3.481 73.91 0.05509 | 1.0774 0.686
800 | 0.4405 | 1.0978 3.625 82.29 0.05779 1.1951 0.689
850 | 0.4149 | 1.1095 3,765 90.75 0.06028 13097 & 0.692
900 | 0395 | 11212 3.899 99.3 0.06279 1.4271 0.696
950 0.3716 i 1.1321 4.023 108.2 0.06525 1.5510 0.699
1000 | 0.3524 1.1417 4.152 117.8 0.06752 16779 . 0.702
100 | 03204 | 1160 4.44 1386 1 00732 1.969 | 0.704




(o)

_ 3 -3 _ -3\3
Dt or - 940, ZTOO)D o - (98)(3:333x107°)(54 _S)z(o.oleo ) £ 3,105
o v (15.69x10°°)

@ Gr.Pr = (5.73x10°)x0.708 = 4.06 x10°° b !'I'.

Nu = 0.675(4.06x107°)**® = 0.375 i M
@ Nu,, = hb _ 0.375 r
k
~ 0.375x0.02624

-3
h(0.02x10°) _ o poe 2% 4926
0.02624 0.02x10

q=hA(T,—T,)=h(zDL)(T,-T,)

g =492.6(3.14x0.02x10~° x0.5)(54 - 0) = 0.836




uable 7-1  Constants for Use with Eq. (7-25) for Isothermal Surfaces.

Geomelry Gr, Pr, C m Refis).
Vertical planes and cylinders 107 '-104 Use Fig. 7-7 Use Fig. 7-7 4
107107 (.59 i 4
10°-10"? 0.021 i 30
10°-10"2 G.10 i 22, 167
Horizontal cylinders 0-10"° 0.4 0 4
10 °-10* Use Fig. 7-8 Use Fig. 7-8 4
[ 10%-10° 0.53 1 4 ]
10°-10% 0.13 % 4
1070102 0.675 0.058 761
1072107 1.02 0.148 76t
102-10° 0.850 0.188 76
10*-107 0.480 % 76
1071012 0.125 A 76
Upper surface of heated plates 2 x 10%-8 x 10° 0.54 i 44, 52
or lower surface of cooled
plates
Upper surface of heated plates 8 x 105-10" 0.15 4 44, 52
ur lower surface of cooled
plates
Lower surface of heated plates 1oi~10" 0.27 i 44, 37,75
or upper surface of cooled
plates
Vertical cylinder, 10*-10° 0.775 0.21 77
height = diameter
Characteristic length = diameter
Irregular solids, characteristic 10*-10° 0.52 % 78

length = distance fluid particle

travels in boundary layer
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@ T, = ;Tw) = (250;15) =1325°C > T, =273+132.5=405.5K

@ v=25.9%x10" k =0.03365 Pr=0.689

@ gt 1 _oa66x10°
T, 4055




[Table A-5 Properties of Air at Atmospheric Pressuref
The values of i, k. ¢,,, and Pr are not strongly pressure-dependent and may be used over a fairly

w;:;ﬁ, wide range of pressures.
i e B —— —
: w0 )
p ; Cps kg/m-s | ms k, m/s

kg'm' | klkg  °C x 10 | x 10% Wim  °C x 100 Pr

1.6010 | 1.0266 0.6924 1.923 | 0.009246 | 0.02501 0.770
2.3675 1.0099 1.0283 4.347 | 0.013735 0.05745 0.753
1.7684 1.0061 1.3289 7.490 | 0.01809 0.10165 | 0.739
1.4128 1.0053 1 5990 11.31 0.02227 0.15675 | 0.722
1.1774 1.0057 I.R462 15.69 0.02624 0.22160 | 0.708
0.9980 1.0090 2075 |20 0.2983 | (AQ

0.8826 1.0140 228 | G590 | 003365 | 03760 | (0.689)
0.7433 1.0207 2484 | 3T - 0.4222 | OB

0.7048 1.0295 2.671 37.90 0.04038 0.5564 | 0.680
0 6423 1.0392 2.848 44.34 0.04360 0.6532 | 0.680
0.5879 | 1.0551 3.018 51.34 0.04659 07512 | 0.680
0.5430 | 1.0635 3.177 58.51 0.04953 0.8578 | 0682
0.5030 | 1.0752 3.332 66.25 005230 | 09672 | 0.684
0.4709 | 1.0856 3.481 73.91 0.05509 | 1.0774 0,686
0.4405 | 1.0978 1.625 82.29 0.05779 1.195] 0.689
0.4149 | 1.1095 3,765 90,75 0.06028 13097 -« 0.692
03025 | 112 1 899 99.3 0.06279 1.4271 0.696
0.3716 i 1.1321 4.023 108.2 0.06525 1.5510 0.699
0.3524 1.1417 4152 117.8 0.06752 16779 . 0.702
0.3204 | 1160 4.44 1386 | 00732 1.969 | 0704




(o)

: _ 3 -3 . 3
Dt or = 980, 2TOO)D Gy - (9:8)(2.466x10 )(25(_)6 215)(0.3048) 2 410
= v (25.9x10°°)

@ Gr.Pr=(2.4x10%)x0.689 =1.65x10° o ) !'II.

1
Nu = 0.52(1.65x10°)* =58.93 i “lﬁ
@ Nu, :hTD ~58.93 r

h(0.3048) oo, . _58.93x0.03365 .
0.03365 0.3048

q=hA(T, —T.) = h(zDL)(T, -T.)

g =6.5(3.14x0.3048x1)(250-15) =1461.92




uable 7-1  Constants for Use with Eq. (7-25) for Isothermal Surfaces.

Geomelry Gr, Pr, C m Refis).
Vertical planes and cylinders 107 '-104 Use Fig. 7-7 Use Fig. 7-7 4
107107 (.59 i 4
10°-10"? 0.021 i 30
10°-10"2 G.10 i 22, 167
Horizontal cylinders 0-10"° 0.4 0 4
107 %-10* Use Fig. 7-8  Use Fig. 78 4
10*-10¥ 0.53 1 4
L0712 011 i 4
fo-ro-10-2 0.675 0.058 76t |
10-2-10? 1.02 0.148 Tot
102-10° 0.850 (0.188 76
104-107 0.480 4 76
107-1012 0.125 3 76
Upper surface of heated plates 2 x 10%-8 x 10° 0.54 i 44, 52
or lower surface of cooled
plates
Upper surface of heated plates 8 x 105-10" 0.15 4 44, 52
ur lower surface of cooled
plates
Lower surface of heated plates 1oi~10" 0.27 i 44, 37,75
or upper surface of cooled
plates
Vertical cylinder, 10*-10° 0.775 0.21 77
height = diameter
Characteristic length = diameter
Irregular solids, characteristic 10*-10° 0.52 % 78

length = distance fluid particle

travels in boundary layer






