" CHAPTER 5

b. For rectangles or disks; either parallel or perpendicular and with a’ common

side, use the product of the emissivities: Fg = g; X ey,

‘c. For large parallel planes, long concentric cylinders or large enclosed bodtes,
use both emissivities in the equation:
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The radiation under black-body conditions, or for an emissivity of 1.0;
is given in Table 74 for cold surfaces as low as —39 F to warmer surfaces

as high as 139 F. The emissivities of 2 number of surfaces ordinarily

“encountered in engmeermg practice are shown in Tablé 6. For radiation

. table at higher temperatures, and further discussion of radxatlon calcu- o

lations, see Chapter 31.
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NOMENCLATURE AND DIMENSIONS FOR TABLE 5

¢p = fluid unit heat capacrty at constant pressure, Btu per (pound) (degree
Fahrenheit). . -
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TABLE 5 Arrxoxmun Umr CONDUCTANCES FOR TIIERMAL CONVECTION FOR
SEVERAL FLow SysTEMs?

E‘::{;ressed in angmiént Empirical Form .

CASE SYSTEM l Unit Com)ucmncr: EQUATIOND
FOrRCED CONVECTION
L) 4
5D o oozs (-22)"(22)™,
1 Xaongitudlr_rlxald gv:w ilrlr c:ergnders turbulent k L k
. region. it ing heatedo.
€0 - For ( Lu ) > 3000

" ho = 0.0036 Gvo/ D
2. For longitudinal air flow in cylinders case 1

reduces tos. For ('DG ) > 3000
. . “
“Phe = 0.00486 (1 + 0.01¢) '
3. For longitudinal water flow in cylindm case 1 G .
reduces too. R For ( ) > 3000
4. Air flow normal to a slngle right circular k . k \eu
cvlinder. ho = 045 (4 ) +0am oow ()
. - . ke :
5. Air flow over staggered pipe banks. I = 0.061 (—5 ) Gve
. G
8. Air flow over single spheres. ho = 0.040 Dv-u
. 0Lt <250F
ho=1+ 022V,
' For Vs < 16 fps
‘7. Air flow over plane surfaces, or he = 0.563 V¥
16 fps < Vs < 100 fps .
. G [TIFTR:]
. . o = 6.2 (__ .
- 8. Air flow normal to finned cylinders. 3600 ) Do-s

0 <t <20F

+ Fres ConvEcTIONd

D = cylinder dlameter, feet -
' G = 3600 Vsp = fluid mass velocity, pounds per (hour) (square foot of ﬂow
: .cross-section). - . . .
= density, pounds. per cubic foot. "»\
hc unit conductance’ for thermal convectlon, Btu per (hour) (square foot) .
(degree Fahrenheit).
« .k ='unit thermal conductivity of the fluid, Btu per (hour) (square foot) (degree

" Fahrenheit per one foot thickness).

Ra = hydraulic radius of the flow cross-section = - flow cross—sectxon area per wetted
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penmeter, feet.

fin spacing, feet.

average fluid film temperature, degree Fahrenhext )
temperature difference surface to main fluid, degree Fahrenheit.
fluid velocity, feet per second.
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0. Single horizontal right r:ircular cxtinder ta air. | e = 023 (&) "
10. \(eruul\aurfam in air. ho =03 (r—t2)-25
. li. -] Top suﬂ_’ace of horizontal plates to air. " - he =04 (f1~1g) °38
Bottom surface of horizontal plates to air. | ke = 02 (-0 '
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Den.ies should be evaluated at the arithmetic mean fluid temperature, if = (‘suxface + tfjuid)

.

ﬂurd viscosity, pounds per (hour) (foot) visoosity'in centipoises X 2.42.

Cﬂmbmed Convection and F.adlauon

It should be noted that the prevrous equations and tables gwe the heat
transfer by convection and by radiation computed separately. In many

\

divided by 2.

*These &3 remions are apphmble to longltudmal flow In other than right circular cyhnders provxded the
hydraulic radiu.-, is employed as the conduit dimension parameter. For non-circular cross-gections D =4 Ry. -

dFor fow rates of heat transfer by free oonvecuon the uponent decreases wwa.rds zero, and for higher
rates .33. The tions empls an equal to 0.25 are apphcable .
in the mtermedxate range. . RN ‘




