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CHAPTER 5

“Tiinsfer
o4 N z Heéat Transf '
THEzsAL CONVECTION. FORS i feet per h our. i
xiMaTB UNIT CONDUCTANCES FOBR g = body force per unit mass, feet per hour per hour. (For static system on
" Tapip 2. Arrmo SeveERAL FLow Svstems (Concluded) earth, g = 32.2 xﬂ3600"feet_per hour per hour.)
- 3600 ump = mass flow per unit cross-sectional area normal to flow pounds
. Hn:; {mrg: EAgg’;z‘fT’::N er (hour) (square foot of flow cross-section). ’
CasE SyerEM AND rashof modulltlxs, dlinensnonless (Ngr = D3%BALg/u?). :
average unit thermal convective conductance from the leading edge of
ForceEp CONVECTION - surface to the position z, Btu per (hour) (square foot) (Fahrenheit degree).
Case 7 General Equation (Lamicar Flow) local unit thermal convective. conductance, at the position z from the
9 Same as . hex G\ 05 (c_p_,,_)o-é leading edge of surface, Btu per. (hour) (square foot) (Fahrenheit degree).
= = 0332 (;-) /) thermal conductivity, Btu per (hour) (square foot) (Fahrenheit degree
ko “ S per foot thickness). Co .
For (_-) < 500,000 . = a dimension of the system, feet.
# . = a subseript denoting mean.
Re (aversge) = Zhéx = pressure, atmospheres.
Fauation for Air = pressure (atmosphenc).atmospher'es.
0 Same as Case 7. (ﬂ‘;m Flow) = temperature, Fahrenheit.
(wep)0s = temperature, Fahrenheit, absolute.
hex = 0.0562(T0% —35— = fluid velocity, feet per second.. -
a = volume, cubic feet. . S
For ‘7) < 500,000 = a dimension of the system, feet.
. . - 1.dv
R ern— = coefficient of cubical expansion (B = %(5=)e); for perfect gases B8 = 1/7.
diff bet Il and fuid tempen et
. siom for Air = ciierence between wall and fluid temperatures, Fahrenheit de rees.’
n . E“‘“"”:f“ A\ 015 = fluid viscosity, pounds er (hour) (foot). T g
A ho= 0271 (P_) (B) = density, pounds per cubic foot, - ) )
o ) = infinity, referring the quantity to a point not directly affected by the
) 108 < NGy <10 phenomenon in question. . .
Freo convection past a heated horizontal TasLE 3. RADIATI}‘)N Facrors or Emissivities, ¢*
cylinder. p——rs For the determination of factor Fg in Equation 8
12 . 018 -
P\°® (At Fraction or Brack-Booy | 4.
T k. = 0354 (Po) (l) Soneaces ) Avtamion. - - ES;!;!;.;;IV]"
7 OLAR
2 < Ny N , AUS0-100F | At10OF | Raviarion
I ho = 0.420 (i’:) (T) Ae;n‘::\l;;g hole in a large box, sphere, furnace, or Co-
Ure...... o o
Free convection past a single vertical sur- 10* < Ngp <107 2 | Black non-metallic surfaces such s asphalt, car-’ 0-57100:99 09740 0.99 | 0.97 to 0.99
ime.w 3 3 Rbon, ;late,é)a._int, paper................... P 0.90t0 0.98 | 0.90t0 0.98 | 0.85to 6.98
Fr——tn i ron dark paconree psone sty isd :
13 _}:)-.u (_A_g_)ﬂ-ﬁ 4 YeLllow and buff brick and 'sMne,"ﬁfre%rz:'ﬁ fire’ 0:75100.90 | 0.65 10 0.80
ho = 0.478 (P° 1 s | wiay 0.50 to 0.70
FTTTITIT, d Plaster, whitewash.
. ; 10 < Ngp <10 g Wn_n?iE) :ll'g]:;:tewnsh
I.._- ——‘l . right aluminum paint; bi i :
Free convection t a heated horizontal 8 D“ﬁ brass, copper, or aluminr:;’;egll\'r‘anized
e fana (face apy. 9 steel; polished iron . 0.40 0 0.65
— Eguation for Adr 10 0.30 to 0.50
14 I} P\t.# FAL\O-B
P t— b = 0.289 (?:) (T) — 0.10 to 0.40
‘\\ //' 100 < Ngg <107 Emissivities of other materials may be found in Reference 4. ° Reflects about 8 percent.
. izontal fou . .
Free convection pst o heated horizon porggngﬁ;ver? of the absolute surface temperatures (73* — T3). The pro-
! Y tactor (¢FoFg) may be conveniently separated into three

s Fluid properties should be evalusated at the arithmetic mean fluid temperature, u. = (t.l'urfu:e + htn 3:‘
divéd'f.g;ey :’x ressions are suitable appﬂ;xiyngt;i'lv.santz;1 :oeloon ;&:m:;n p:glget?? ;;t ;rcu[u ﬁ:; .
mz:‘.iz'i? hyﬁin?uﬁcﬁuiﬁri: e:;::l?o four times the cross-sectional area divided by the wed = m
oo R low s of bt gl by e o el md VR
T e ore indicated.

'NOMENCLATURE AND DIMENSIONS FOR TABLE 2

heit degre
¢, = heat capacity at constant pressure, Btu per (pound) (Fahrenheit degr 1l

D = cylinder diameter, feet.
f = sﬂbscript denotmé film.

Parts (excepting in some pr i ing i i it i
: n problems involving interreflections, where it is
not possible to divide the product (FsFg) into separate t,em’ls):

¢ =
tgguilt_':f?n—l?ﬁoltzmann radiation constant = 1730 X 10~'* Btu per (hour)
ho geomggt') (lFahrenhelt‘ degree absolute temperature to the fourth power).
for the shal"lca factor which is 511mensnonless and < 1. This factor accounts
may be use%e‘and relative position of the two surfaces. The value of Fy =1
smaller boa In the cases of large parallel planes, long concentric cylinders or
the ecr odies in large enclosures. .
ccu“&llfsswny factor which is also dimensionless and < 1. This factor ac-
or the absorption and emission characteristics of the surfaces for the

vection. the exponent decr
ns employing an exponen




