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Abstract

Energy transfer by radiation decouples the heat transfer mechanisms from the ventilation function of the

building air without sacrificing the thermal comfort of the occupants. The decoupling is responsible for the

higher energy efficiency achieved when radiant cooling and heating systems are utilized. While empirical

relations and experimental testing have been introduced by the literature, an analytical methodology that

includes the necessary parameters needed for studying the energy transfer mechanisms is desirable. The

objective of this study is to present a proof-of-concept formulation and procedure for modeling the heat

transfer mechanisms of radiant conditioning panels with considerations for the occupant in a thermal zone.
A literature review is conducted to identify the key parameters that affect the performance of the condi-

tioning panels, and then, a proof of concept model is developed so that the performance of the conditioning

panels can be analyzed. Using parameters with typical values, for a conventional size room as a thermal

zone containing a window and an occupant, the thermal performance of a ceiling mounted conditioning

panel is evaluated. Results from the model show that for a ceiling panel at 288.6 K in a 3 m · 3 m · 3 m
thermal zone with an ambient temperature of 296.9 K, a 3 m · 2.5 m window and an occupant modeled as a
sphere, the total energy flux for the panel is approximately 93.5 W/m2, which is 1.7% higher than that

predicted by an existing empirical relation. It is concluded that the proposed analytical approach is effective
as the findings from the model are in agreement with data available from the literature. The model could be

used to examine other conditions for the radiant panel.
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Nomenclature

A area, m2

A property and view factor matrix
B blackbody emissive power matrix
Eb blackbody emissive power, W/m2

Fi–j view factor between surfaces i and j
g gravitational acceleration, m/s2

G irradiation, W/m2

h convective coefficient, W/m2-K
J radiosity, W/m2

J radiosity matrix
k thermal conductivity, W/m-K
L length, m
ln natural logarithm
Nu Nusselt number, hL/k
q00 heat flux, W/m2

Ra Rayleigh number, g bDTL3=m=a
T temperature, K

Greek symbols
a thermal diffusivity, m2/s
b coefficient of volumetric expansion, K�1

e emittance
q reflectance
r Stephan–Boltzmann constant (5.67· 10�8 W/m2-K4)
m kinematic viscosity, m2/s

Subscripts
air zone air
CP conditioning panel
c convection
cl clothing
L characteristic length
r radiation
sphere sphere (representing an occupant)

Acronyms

CP conditioning panel
DOM discrete ordinates method
IAQ indoor air quality
PMV predicted mean vote
RIM radiosity–irradiation method
VAV variable air volume
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