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Radiant and convective heat transfer for flow
of a radiation gas in a heated/cooled tube
with a grey wall
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Abstract—An analytical investigation is presented of the influence of radiative heat transfer on the complex
heat exchange problem involving flow of an optically active (radiating) gas inside a tube of diffusc
grey properties. The method used is based on Hottel's formulation of zone division, and involves the
transformation-zone approach, where radiation gas emission is replaced with an equivalent surface
emission. Separable-kernel and surface transformation techniques give a set of non-linear differential
equations treated by the Runge-Kutta method with Hamming modification. The solutions are governed
by several independent parameters such as the wall and radiation gas emissivities. inlet and exit gas
temperatures. length- diameter ratio of the tube, uniform and non-uniform heat flux and variable convective
heat transfer coefficient at the inner surface. The results apply both to heating and cooling situations.
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NOMENCLATURE
M

area of relation of absorptivity and
apparent emissivity of radiation gas
apparent absorptivity ol radiation gas
surface

dimensionless constant of parabolic
distribution from equation {23)
constant of parabolic distribution
specific heat of fluid

tube diameter

substitute emissivity factor

emissive power, emissivity per unit area
geometric configuration lactor for
radiation from an element on the tube

wall 10 the circular opening at the end of

the tube or the apparcnt surface of the
radiation gas body

Hix) dimensionless length-dependent heat-

H.H,. H.

il x)

hohy, by

I
K

L

!

Q
glx)

transfer coefficient

dimensionless constants from
equation (22)

convective length-dependent heat-
transfer coctlicient

constants in equation (3)

energy of flowing gas

geometric configuration factor between
clements on the inside of the tube wall
dimensionless radiation gas absorption
coellicient., 20

length of tube

dimensionless length. L/D

energy rate. energy per unit time

heat added per unit area at tube wall
(length-dependent)

constant of parabolic distribution,
energy flux

total incoming radiation per unit ared to
a surface element

total outgoing radiation per unit area
from a surface element

S
55,85,

dimensionless constant of parabolic
distribution from equation (23}
constant of parabolic distribution
radiation heat-transfer coeflicient
dimensionless radiation heat-transfer
coefficient

length-dependent Stanton number
dimensionless constants from
equation {14}

lemperature

dimensionless temperature

mean radiation gas velocity

axial length coordinate measured from
tube entrance

dimensionless coordinate, X/ D
dummly integration variable.

Greek symbols

*

[

‘r:p:l d(Ep.l']

absorption coefficient
dimensionless variable, ¥/D
emissivity of surface

apparent emissivity of radiation
gas body surface

effective emissivity factor

density of radiation gas
Stefan-Boltzmann constant
Lransmissivity.

Subscripts

b

<
g
i

blackbody

exit end of tube

gas

inlet end of tube (except in symbol ¢* and
die,,))

apparent surface of radiation gas body
reservoir

inside surface of tube wall.
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