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Abstract: The current paper presents a method for estimating the configuration factor in heat
transfer by radiation in buildings. The numerical procedure can be used to determine exactly
this quantity in any enclosure with complex geometry and strong gradient of surfaces tempera-
ture. A verification of the method is also reported in this work. The numerical results from the
presented method, implemented as a computer program, are compared with the analytical solu-
tion. A very good agreement has been found between these two procedures for determination of
the configuration factor. The total error of the method, for the recommended density of surface
division, is about 1%.
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1 Introduction

In engineering practice and research, we often deal with closed spaces that can be
characterized by an asymmetry of the temperature distribution on surfaces (for example:
rooms with floor heating or cooling ceiling, exhibition rooms with a large area of glazing).
The long-wave radiation heat transfer frequently represents a great part of the heat balance in
these types of enclosures. It is well known that the radiative flux emitted from arbitrary sur-
face i to surface j can be approximated by the following equation:

g., = oe,F, (6 -6), (1)

i1, \Oi
where: 6 = 5.67 x 10° W/m*K* — the Stefan-Boltzmann constant, & — emissivity of surfaces,
F;j — configuration factor, 6— absolute temperature of emitting surfaces.

A correct determination of F;; factor is difficult and time consuming problem for the
complex room geometry. The configuration factors can be calculated between a person and
the surrounding surfaces or only between surfaces. The first issue was clearly referred by
Rizzo and coauthors in [1], Ozeki et al. in [2], and Kubaha et al. in [3]. In this paper only the
second problem is considered. The next chapter presents a method for determination of the
configuration factor using numerical integration.

2 Description of the method
The fundamental formula for a configuration factor between isothermal and black-
body surfaces i and j is given by:

F,;= A JA_[COSfE;;(_)S’Bj

where: A — area of the radiative surface, R — length of the vector (see Fig. 1), f — polar angle
between vector R and unit normal to the surface.

dAdA, @

t.J

ISSN 1644-9363 / PLN 15.00 © 2009 PTGiGI



88 M. Zukowski: Method for Determination of Configuration Factors in Radiation Heat Transfer

We can approximate Eq. (2) for the numerical integration form Eq. (3) by dividing i
and j surfaces into finite m cells A,.

Fig. 1: Geometric relations for determining of the
configuration factor.
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where: v;; — visibility factor (v;;= 1 if dA; is visible to dA; and v;;= 0 otherwise).

The first step of the procedure includes: identifying isothermal parts of the enclosure
and then cutting these planes into small identical sub-surfaces. Next, the cosine of S angle for
each pair of cells is determined through automatic generation of the integration points coordi-
nates. The center point of the Cartesian coordinate system can be placed in any corner of the

tested space. Fig. 1 shows the geometrical relations for evaluating /(g,a,—n,) and L(aa,-n,)

angles if the first sub-surface is situated on XOY plane and the second on YOZ plane. Tab. 1
contains the algebraic relations for calculating of cosf that can be employed in Eq. 3.

Table 1. The relations for determining cos By, and cosf3,; .
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x0z ” x0z %/(‘xuj - xai)z + (yaj - yai)z + (Zuj - Zai)z %/(‘xuj - xai)z + (yaj - yai)z + (Zuj - Zai)z

T — %

aj ai

T4 — X%

aj ai
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The last step for calculating configuration factor of surface i includes summing of the
particular configuration factors. These procedures are implemented as a computer code.
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3 Verification of the method

The accuracy of developed method is checked by comparison with calculation results
from analytical formulas, which are presented in Tab. 2 [4, pp. 372-373]. The other relations
for calculating configuration factors for complex arrangement of surfaces have taken from [5,
p. 199].

Table 2. The configuration factor for basic arrangement of isothermal surfaces [4].
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It is considered a typical room with floor heating system with a surface temperature

gradient, shown in Fig. 2, with n=20 planes. The isothermal surfaces are divided on m;xm;
cells.
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Fig. 2: The detailed shape of the tested room.

The number of sub-surfaces is ranging between 4 and 400 per one plane. The results of
calculations are accurate, if the following relation (called summation rule) is equal to 1:

YSF, =1, “
i=l j=1
It is introduced f; and f, factors, which are described by below equations. The accuracy
increases if these factors (average value calculated for the all 20 planes) tend to O (Fig. 3).

fe= i( " Fi,jn_l}'_l -1, f, = an(i‘anj —-F/; ”_1}’_1- (®))
=1\ j=1 i=1 \_j=1
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Fig. 3: The dependence of f, and f; factors on the number of cells.

From Fig. 3, we can be concluded, that the optimal number of sub-surfaces is 150. The
total error of numerical procedure, for considering case, oscillates about 1%. Increasing the
number of m;xm; cells above 150 is not recommended by the author for the typical cases.

4 Concluding remarks

The calculations, based on traditional equations, give a very good accuracy for deter-
mination of the configuration factors. But analytical method is complicated and time consum-
ing for more complex geometry. The above disadvantage practically eliminates this procedure
for analyzing 3-D objects with strong temperature gradients of surfaces.

The method, which is presented in the current paper, allows to automatically generate
configuration factors for any enclosure geometry. We can obtain a good accuracy if the num-
ber of sub-surfaces is 150. The total error of this numerical estimation is equal about 1% for

the optimal density of surface subdivision.
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METODA OBLICZANIA STOSUNKOW KONFIGURACJI PLASZ-
CZYZN IZOTERMICZNYCH STOSOWANA W RADIACYJNE]J WY-
MIANIE CIEPLA

W praktyce inzynierskiej mamy czesto do czynienia z pomieszczeniami charakteryzujacymi si¢
duza asymetrig temperatury powierzchni przegréd (np. w przypadku zastosowania ogrzewania
podtogowego lub chtodzenie sufitowe, salonéw wystawowych z duzym przeszkleniem). Chcac
w sposéb dokladny dokonaé analizy komfortu cieplnego oraz uwzgledni¢ promieniowanie
dlugofalowe w catkowitym bilansie ciepta, musimy obliczy¢ stosunki konfiguracji ptaszczyzn
izotermicznych zwanych réwniez wspélczynnikami konfiguracji. Mozna to uczyni¢ na pod-
stawie wzoréw lub nomograméw, gdy rozpatrujemy proste uklady geometryczne. Natomiast
zastosowanie metody analitycznej lub graficznej do analizy wymiany ciepta na drodze promien-
iowania dlugofalowego w pomieszczeniach o zlozonym ksztalcie jest skomplikowane i bardzo
pracochtonne. W referacie zaproponowano metode obliczania warto$ci wspdtczynnika konfigu-
racji bazujaca na numerycznym rozwigzaniu tradycyjnego réwnania catkowego. W celu ok-
reslenia doktadnos$ci zaprezentowanej metody poréwnano rezultaty symulacji komputerowej z
wynikami doktadnymi otrzymanymi na podstawie obliczen z wykorzystaniem wzoréw anali-
tycznych. Przy zastosowaniu optymalnej wartosci gestosci podziatu ptaszczyzny maksymalny
btad numerycznego oszacowania wynosi okoto 1%.
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