T e e

e Y e

T

SeveEraL FLOW Srs'rEMs
: Equarion® \RE"”"‘

CHAPTER 5 1954 Guide
- o THERMAL CONVECTION FOR
ABLE 2 ApPROXIMATE UNIT Connucrmczs (1& R L)

HgeaT TRANSFER
ATION
SysTEM axo 118 Linars oF APPLIC

ENCB

Forcep CONVECTION
Geneml Equation (Laminar Flow)
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FREE CoNVECTION®
Eguation for Air
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Free oonvection past a° heated horizontal

cylinder- Equation for Air
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Free oonvectlon past a single vertical sur-
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Free convection past a heated horizontal

surface (face up). Equation for At
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Free convection .past & heated horizontal
suriace (face down)
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‘ NOMENCLATURE AND DIMENSIONS FOR TABLE 2
heat capacity at constant pressure,
c)evzllmdeg diameter, feet.

- gubseript denoting film.

Btu per (pound) (Fahrenheit degree).
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= body force per unit mass, feet per hour per hour. (For static system on
earth, g = 32.2 X 3600* feet per hour per hour.)
= 3600 ump = mass flow per unit cross-sectional area norma.l to flow, pounds
aer (hour) (square foot of flow cross-section).

rashof modulus, dimensionless (Ng. = D%8Alg/u?).
average unit thermal convective conductance from the leading edge of
surface to the position z, Btu per (hour) (square foot) (Fahrenheit degree).
= local unit thermal convective conductance, at the position z from the
leading edge of surface, Btu per (hour) (square foot) (Fahrenheit degree).

thermal conductivity, Btu per (hour) (square foot) (Fahrenheit degree
per foot thickness).

a dimension of the system, feet.

a subscript denoting mean.

pressure, atmospheres,

pressure (atmospheric) atmospheres. -
temperature, Fahrenheit.
temperature, Fahrenheit, absolute.
fluid veldcity, feet per second.
volume, cubic feet.

a dimension of the system, feet.

= coefficient of cubical expansion (8 = ( dT)p) for perfect gases 8 = 1/T.

difference between wall and fluid temperatures Fahrenheit degrees
= fluid viscosity, pounds ger (hour) (foot). .
= density, pounds per cubic-foot.

= infinity, referring the quantity to a point not dlrectly affected by the
phenomenon in questlon .

Bnraennonn

TaBLE 3..RADIA’_I‘ION Facrors OR EMISSIVITIES, ¢*
- For the determination of factor Fg in Equation 8
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Surraces

At 50-100F | At 1000 F

|

A small hole in a large box, sphere, furnace, or
enclosure

0.97100.99 | 0.97 0 0.99- 0.97 t0 0.99
.| Black non-metallic surfacm such.as asphalt, car- .
bon, slate, paint, pape

0.90100.95 | 0.90100.98 | .0.35100.98
Red bnck and tile, ooncre(e and stone, rusty steel c :

and iron, dark paints (red, brown, green, etc.)..| 0.85 to 0.95 | 0.75 to 0.90 0.65 to 0.80
Yell;ow and buff brick and swne, ﬁrebnek fire

0.85 10 0.95 | 0.70 to 0.85 0.50 t0 0.70
085&)03? 0.60 6 0.75 ] 0.30 t0 0.50°

Transparent®
0.30 t0 0.50

Whlte or light-cream
laster, whitewash..
Wmdow glass ..
ht aluminum paint; gilt or bronze paint.... :| 0. .60

D | brass, eo per, or aluminum; galva.mzed
steel; poll.she .| o. . . . to 0.
Polxshed b copper, monel metal . R . 0. to 0.
to 0.
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H hly ed aluminum, tin plate, nmkel
rmum

4

* Emissivities of other materials may be found in Reference 4. * Reflects about 8 percent.'

fourth powers of the absolute surface temperatures (T* — T4%). "The pro-
portionality factor (¢FaFe) may be conveniently separated into three
parts (excepting in some problems involving interreflections, where it is
not possible to divide the product (F AFE) into separate terms)

= the Stefan-Boltzmann radiation constant = 1730-X 102 Btu per (hour)
(square foot) (Fahrenheit degree absolute temperature to the fourth power).
Fi = the geometrical factor which is dimensionless and < 1. This factor accounts
for the shape and relative position of the two surfaces. The value of Fa = 1
.may be used in the cases of large parallel planes long concentnc cylinders or
smaller bodies in large enclosures..
= the emissivity factor which is also- dimensionless and < 1. This factor ac-
counts for the absorption and emission characteristics of the surfates for the




