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Table 7-1 | Constants for use with Equation (7-25) for isothermal surfaces.

Geometry Gryg Pry C m Reference(s)
Vertical planes and cylinders 10-1-10* Use Fig. 7-5  Use Fig. 7-5 4
10*-10° 0.59 ! 4
10°-10" 0.021 H 30
10°-10" 0.10 4 22,167
Hornzontal eylinders 0-10-3 0.4 0 4
10—3-10* Use Fig. 76 Use Fig. 7-6 4
10%-10° 0.53 ! 4
10°-10"2 0.13 : 4
10-10-19-2 0.675 0.058 76
10—-2-102 1.02 0.148 76f
102-10% 0.850 0.188 76
10*-107 0.480 : 76
107-10"2 0.125 : 76
Upper surface of heated plates 2 x 10*-8 x 10° 0.54 1 44,52
or lower surface of cooled plates
Upper surface of heated plates 8 x 106-10!! 0.15 ! 44, 52
or lower surface of cooled plates
Lower surface of heated plates 10°-10"! 0.27 ! 44,37,75
or upper surface of cooled plates
Vertical cylinder, 10*-108 0.775 0.21 77
height = diameter
characteristic length = diameter
Irregular solids, characteristic 10%=10° 0.52 4 78

length = distance fluid particle
travels in boundary layer

t Preferred.




Figure 7-5 | Free-convection heat transfer from vertical isothermal plates.
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Figure 7-6 | Free-convection heat transfer from horizontal isothermal cylinders.
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Table A-5 | Properties of air at atmospheric Fm.e::s\u.w:.ir

The values of . k. ¢p. and Pr are not strongly pressure-dependent
and may be used over a fairly wide range of pressures

] cp g x 1P v x 10° k ax 10
T.K kg/m’ kil - *C kg/m: s m’fs Wim - °C m’/s Pr
1041 EX 10266 065924 1923 00042446 0.02501 0770
150 23675 10054 1.02K3 4.343 0.013735 0.05745 0.753
2001 1. 7684 1.M61 1.3289 T. 450 0.01508 010165 0.739
250 14124 1.(M53 15540 11.31 0.0z2227 015675 0.722
ElL)] 1.1774 10057 18442 1569 0.02624 0.22160 0.7048
350 09980 100590 2075 2076 003003 0.2943 0.697
400 08826 10140 2286 2590 003365 03760 LI
450 07833 1.0207 2484 31.71 0.03707 0.4222 (.683
S0 0. 7044 10295 2671 3790 004038 0.5564 0680
550 06423 1.0392 284K .34 004360 0.6532 LUK
)] 0.5879 1.0551 3018 51.34 004659 0.7512 0680
650 05430 135 ER i 58.51 0044953 03578 (.682
T 05030 1.0752 3332 .25 005230 059672 [ILE)
750 04709 1.0E56 3481 Ti91 005504 1.0774 (686
L] 04405 10478 3625 1229 0.05779 1.1951 (689
8350 04149 11095 3765 M).75 006028 1.3097 0.692
el ] 03925 1.1212 ER-LY 93 0062749 1.4271 (.65
q50 03716 1.1321 4023 1.2 006525 1.5510 06599
100 03524 1.1417 4152 1174 006752 L&77% 0.702
1101 03204 1160 4.44 138.6 0.07312 1. 564 0.704
12001 02947 1.179 469 1549.1 0.0782 2.251 0.707
1300 02707 1.197 493 182.1 0.0837 2583 0.705
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150 02355 1.230 5.40 291 LINIST 3.262 0.705
16k 02211 1.24% 5.63 2545 LML) 3609 0.705
170 02082 1.267 5.85 2805 0105 3977 0.705
1 BiM0 01970 1.287 6.07 301 0111 4379 0.704
1900 01858 1.309 6.29 338.5 LIl i) 4811 0.704
20040 01762 1.33% 650 36490 0124 5.260 0.702
2100 01682 1.372 6.72 396 0131 5.715 0700
2200 01602 1.419 6.93 43216 0139 6120 0.707
2300 01538 1.482 7.14 4640 0144 6.540 0710
2400 01454 1.574 7.35 5040 0161 7.020 0718
2500 01394 1.6ER 1.57 543.5 0175 T.441 0.730
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Table 7-2 | Simplified equations for free convection from various surfaces to air
at atmospheric pressure, adapted from Table 7-1.

Laminar, Turbulent,
Surface 104 < GrgPry <107 Gr ¢ Pry > 10°
_ _ AT /4 "
Vertical plane or cylinder h=1.42 (T h=131(AT)Y
. . AT\ 3
Horizontal cylinder h=1.32 (T h=124AT)Y
Horizontal plate:
AT /4
" . 14 _ 1/3
Heated plate facing upward or h=1.32 (T) h=1.52{AT)
cooled plate facing downward
AT 144
Heated plate facing downward or h=0.59 (T)
cooled plate facing upward
174
Heated cube; L =length of h=1.052 (T)
side, Area =617

where = heat-transfer coeflicient, "n‘l.-’,.-"m2 2 C
AT =Ty —Ta. *C
L = vertical or horizontal dimension, m
d = diameter, m
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Figure 7-9 | Schematic diagram and flow regimes for the vertical convection layer,

according to Reference 18,
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Table 7-3 | Summary of empirical relations for free convection in enclosures in the form of Equation {7-61), correlation constants
adjusted by Holman [74].

Fluid (zeometry Garg Pr Pr % C n m Reference(s)
(ras Vertical plate, <= 2000 ke fk=1.0 6, 7,55, 59
isothermal HO00-200,000 0.5-2 1142 0197 i -5
200,000-1.1 % 107 0.5-2 11-42 0.073 } -8
Herizontal plate, = 1700 ke fk=1.0
isothermal 17007000 52 — (L0549 0.4 0 6, 7, 55, 59, 62, 63
heated from
below T000-3.2 = 108 s-2 — 0212 ! [
=32 108 0.5-2 — 0.061 : 0
Liguid Vertical plate, = 2000 kefk=1.0
constant heat 1o-107 120,000 1040 Eq. 7-52 — — 1%, 61
flux or isothermal 1of-10? 1-20 140 (L0446 L 0
Horizontal plate, < 1700 ke k=110 — 7, 6, 58, 63, 66
isothermal, 1 7006000 150040 — 0012 0.6 0
heated from GO00—37, 000 1-5000 — 0375 0.2 ]
beedow 37,000-108 1-20 013 0.3 0
= 10# 1-20 0057 - 0
(5as or Vertical annulus Same as vertical
Diquid plates
Horizontal annulus, HO00-108 15004 — .11 0.29 0 56,57, 60
isothermal 105-10% 1-5000 _ 040 0.20 0
Spherical annulus 120-1.1 = 107 (0. 74000 — 0.228 0.226 0 43
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Figure 7-13 | Regimes of free, forced, and mixed convection for flow through vertical tubes,
according to Reference 10.
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Figure 7-14 | Regimes of free, forced, and mixed convection for flow through horizontal tubes, according to
Metas and Eckert [10].
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Table 7-5 | Summary of free-convection heat-transfer relations T. For most cases, properties are evaluated at Ty = (Tyy + Tag )2,

Geometry Equation Restrictions Equation number
A vanety of MNu g =C(Gr g Pre™ Sec Table 7-1 (7-25)
isothermal surfaces C and m from Table 7-1
] i 5
Vertical Nu'* 0825+ e . 7 107" =Ray = 1012 (7-29)
isothermal surface Also see Fig. 7-5
Vertical surface, constant Nuys = CiGriPr o™ C=0.60. m=§ for 10° < Ge¥Pr < 10! {7-31)
heat flux, local C=0.17,m=1} for2 % 10"? = Gr*Pr < 10'® {732
. 1
Isothermal ' = 0.60+ 0387 G Pe 10— = GrPr < 103 (7-36)

. T TaF

honzontal cylinders [1-+0-559/P)"/ ) Also sce Fig. 7-6

Horzontal surface, See text {7-39) to (T-42)
constant heat flux

Inclmed surfaces Section 7-7 See text

Spheres Mu =2+ 0.43(Gr Pryli 1 < GrPr< 107 {7-50)
Mu=24+0.5(Gr Pr)l/4 water, 3 = 10° < GrPr <8 = 108 (7-51)
_ 0.5K9(Gr Pry L2 :

Nu =2 + o T 0.5<Pr (7-52)
Gr Pr < 101!

Enclosed spaces g =k, ATAT/E) Constants C, m, and i from Table 7-3 (T-5T)(T-64)

i;_i = C(Grg Po® (L/5)™ Pure conduction for Gry Pr = 2000

Across evacuated spaces Most transfer is by radiation




