/\/@n&o/ M /é‘éov/‘c

Nofs, o 4r, euery Bing e been coverpg hus beer
n be  turbylent region of the /)/a/r?, B7F Here is shl]

O /&m’/nqr secvé'on, ow do we A&m//e 71[’}5.9
i

\{ —p \/00, Tm
l ., Re, > 5%10° ((orre/&‘J-ions a,o,oly /1%)

— ' P X
Lowminar- Xop Tuvbu ‘M“'

£M7xec! Llow cOrre/m[ionj exis 1 (,03,/23 of nm[es)
G - combe - 2t | e ot

-~ N — / 8
i E\IHL = ATQC[;' = @'03?26:}/5— g?l) pr* /3 / /Qﬁ_ £ 10

0.6 LPrz66

gg\'iiino’eﬂrs K Sp%eres (E-:X'llﬁrno\( ﬁ/ow)

VT W - 20

- A f ° ke 0.923% -Ip (0o, P)"
—s U Cylinder RegPr 202

% T Y p U3

| /\/ _ hD = 034 0.62 /éeo 2 Pr 7
| uo et '3 [1#C*%/a) 2/3] //q
‘ L'PC\//fnc/er', Qeo >IOlf

/ 2 4 = Sp/)erﬁ

| Nuo = 27‘[@#?@,, 2 +o.oé£eo/3 ﬂrozf/ 3.5 2 Re, + 8% 104
| 0.7 ¢ Pr £ 380

For f€S7Z 0[7 cor/‘c/&#fons, see pa. /23 ot 007/55’,



a.be

TaBLE 8.4  Summary of convection correlations for flow in a circular tube

Correlation | T | T Conditions o | )
f=64/Rep (8.19) Laminar, fully developed
Nup = 4.36 (8.53) Laminar, fully developed. uniform ¢
Nup = 3.66 (8.55) Laminar. fully developed. uniform 7
Nip = 3.66 + 0.0668 Gz,;,n 8.57) ;’m;nsl)r ‘::::tr(r)]::‘l -e"nl(ry’ (o; c((;)r;]:))ir;;ed e;rtry with
I +0.04 Gz R «lZp X) Rep
3.66 +0.0499 Gz tanh(Gz5") (8.58) L'lminar combined entry. Pr = 0.1, uniform T,

N = tanh[2.264 G55 + 1.7 G5 7" Gzp = (DIX) Rep Pr

tanh(2.432 Pr'® Gz;1%)

20 log[fg+ 251 ] (8.20°  Turbulent. fully developed
Y3 37 RepVf

f=(0.790In Rep, — 1.64)72 (8.21)°  Turbulent, fully developed, smooth walls,
3000 < Rep, < 5 X 10°

Nuy, = 0.023 Rel® Pr" (8.60)Y  Turbulent, fully developed. 0.6 < Pr < 160,
Rep =10.000. (L/D) =10, n = 04for T,> T,
andn=03forT,<T,

0.14

Nup = 0.027 Rel Pr'”(i) (8.61)"  Turbulent, fully developed. 0.7 = Pr = 16,700,
" Rep = 10.000, L/D = 10

(f/8)(Rep — 1000) Pr

iy, =

(8.62)Y  Turbulent. fully developed. 0.5 < Pr =< 2000,

L+ 12.7(f18)"%(Pr?" - 1) 3000 < Rep < 5 X 10°% (L/D) = 10
Nup = 4.82 + 0.0185(Rep, Pr)®®¥ (8.64) qumd metals, turbulent, fully developed, uniform
g.3.6 X 10° < Rep < 9.05 X 103%x107%=<
Pr=5x10210°sRe, Prs 10*
Nup = 5.0 + 0.025(Rep, Pr)®3 (8.65)  Liquid metals, turbulent. fully developed,

uniform 7. Rep, Pr =100

“The mass transfer correlations may be obtained by replacing Nup and Pr by Shp and Sc. respectively.

®Properties in Equations 8.53, 8.55, 8.60, 8.61. 8.62, 8.64, and 8.65 arc based on T2 propertics in Equations 8.19, 8.20, and 8.21 are based on
Ty = (T, + T,)/2: properties in Equations 8.57 and 8.58 are based on Ta =T+ T, 2.

¢Equation 8.20 pertains to smooth or rough tubes. Equation 8.21 pertains to smoulh tubes.

4As a first approximation, Equations 8.60, 8.61. or 8.62 may be used to evaluate the average Nusselt number NuD over the entire tube length,
if (L/D) = 10. The properties should then be evaluated at the average of the mean temperature, To=T,;+T,)2

“For tubes of noncircular cross section, Rep, = Dy /v. D, = 4A_/P. and u,, = mipA,.. Results for l'ully developed laminar flow are provided in
Table 8.1. For turbulent flow. Equation 8.60 may be used as a first approximation.
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