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FIGURE 7-22
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Cross-section

of the cylinder Fluid Range of Re Nusselt number
Circle 0.4 Nu = 0.989Re0320 priia
< T e 4-40 Nu = 0.911Re035 pri3
13k ’5:' 40-4000 Nu = 0.683Re045 pri
"quid | 4000-40,000 | Nu = 0.193Re0é!e pria
40,000-400,000 | Nu = 0.027Re®®% prl3
Square Gas | 5000-100,000 | Nu = 0.102Re®> Pl
T
i
Square X T [Gas | 5000-100,000 0.246Re0558 Pri3
(tilted )
459
Hexagon Gas | 5000-100,000 | Nu = 0.153Re?%3 pr¥
D
Hexagon -~ | Gas 5000-19,500 .160Re?3 prid
(tilted 19,500-100,000 .0385Re07E2 pris
o D
459
Vertical |77 |Gas | 4000-15,000 0.228Re0731 P
plate D
Ellipse Gas | 2500-15000 | Nu = 0.248Re%5:2 pris
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TABLE 7-2

Nusselt number correlations for cross flow over tube banks for N > 16 and
0.7 < Pr < 500 (from Zukauskas, Ref. 15, 1987)*

Arrangement Range of Re, Correlation

0-100 Nup = 0.9 Re§*PrO35(Pr/Pr,)°-2°

In-line 100-1000 Nup = 0.52 Ref5Pr-38(Pr/Pr,)0-2°

1000-2 x 10° Nup = 0.27 Ref§53Pr035(Pr/Pr,)°-2°

2 x 10%-2 x 108 Nup = 0.033 ReB®Pro4(Pr/Pr,)°2°

0-500 Nup = 1.04 Ref*Pr-38(Pr/Pr,)0-2°

500-1000 Nup = 0.71 Ref5Pr-38(Pr/Pr,)0-2°

Staggered

1000-2 x 10%| Nup= 0.35(S/S,)°2 Re§°PrO35(Pr/Pr,)0-2°
2 X 10°-2 x 10°| Nup = 0.031(S7/S,)°-2 Re §8Pr°-36(Pr/Pr,)0-25

*All properties except Pr; are to be evaluated at the arithmetic mean of the inlet and outlet temperatures
of the fluid (Prs is to be evaluated at T;).
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Correction factor Fto be used in Nup, y,, = FNup for N, < 16 and Re, > 1000
(from Zukauskas, Ref 15, 1987).

N, 1 2 3 4 5 7 10 13
In-line 0.70 | 0.80 | 0.86 | 0.90 | 0.93 | 0.96 | 0.98 | 0.99
Staggered | 0.64 | 0.76 | 0.84 | 0.89 | 0.93 | 0.96 | 0.98 | 0.99
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Nusselt number and friction factor for fully developed laminar flow in tubes of
various cross sections (D, = 4A:/p, Re = ¥, D,/v, and Nu = hD,/K)

Nusselt Number

alb Friction Factor
Tube Geometry or6° | T,=Const. | .= Const. f
Circle — 3.66 4.36 64.00Re
Rectangle ab
1 298 3.61 56.92/Re
2 339 212 62.20Re
3 3.96 4.79 68.36/Re
4 4.4 533 72.92/Re
6 5.14 6.05 78.80/Re
f—a— 8 5.60 6.49 82.32/Re
- 7.54 8.24 96.00/Re
Ellipse ab
1 3.66 4.36 64.00Re
2 374 4.56 67.28Re
4 379 4.88 72.96/Re
8 372 5.09 76.60/Re
16 3.65 5.18 78.16/Re
Triangle o
10° 161 245 50.80/Re
30° | 226 291 52.28/Re
60" | 247 31 53.32/Re
90" | 234 2.98 52.60/Re
1200 | 2.00 268 50.96/Re
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Blackbody radiation functions f,

T, AT,
pm-K_ f pm-K A
200 0.000000 6200  0.754140
400 0.000000 6400  0.769234
600 0.000000 6600  0.783199
800 0.000016 6800  0.796129
1000 0.000321 7000  0.808109
1200 0.002134 7200  0.819217
1400 0.007790 7400  0.829527
1600 0.019718 7600  0.839102
1800 0.039341 7800  0.848005
2000 0.066728 8000  0.856288
2200 0.100888 8500  0.874608
2400 0.140256 9000  0.890029
2600 0.183120 9500  0.903085
2800 0.227897 10,000  0.914199
3000 0.273232 10,500  0.923710
3200 0.318102 11,000  0.931890
3400 0.361735 11,500  0.939959
3600 0.403607 12,000  0.945098
3800 0.443382 13,000  0.955139
4000 0.480877 14,000  0.962898
4200 0.516014 15,000  0.969981
4400 0.548796 16,000  0.973814
4600 0.579280 18,000  0.980860
4800 0.607559 20,000  0.985602
5000 0.633747 25000 0992215
5200 0.658970 30,000  0.995340
5400 0.680360 40,000  0.997967
5600 0.701046 50,000  0.998953
5800 0.720158 75,000  0.999713

6000 0.737818 100,000 0.999905
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Relative Friction

roughness, coefficient
&/l C;
0.0* 0.0029
1x10°° 0.0032
1x104 0.0049
1x10°3 0.0084

*Smooth surface for Re = 107. Others
calculated from Eq. 7-18.

FIGURE 7-8
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Typical ranges of Prandtl numbers
for common fluids

Fluid Pr
Liquid metals 0.004-0.030
Gases 0.7-1.0
Water 1.7-13.7
Light organic fluids 5-50

Qils 50-100,000

Glycerin 2000-100,000
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Dynamic viscosities of some fluids
at 1 atm and 20°C (unless otherwise
stated)

Dynamic viscosity

p kg/m - s
134.0
12.1
1.49
0.27
Engine oil:
SAE 10W 0.10
SAE 10W30 0.17
SAE 30 0.29
SAE 50 0.86
Mercury 0.0015
Ethyl alcohol 0.0012
Water:
0C 0.0018
20C 0.0010

100°C (liquid) 0.0003
100°C (vapor) 0.000013

Blood, 37°C 0.0004
Gasoline 0.00029
Ammonia 0.00022
Air 0.000018

Hydrogen, 0°C 0.000009
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