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Abstract -- In this study, the thermal comfort conditions in a
room equipped with a radiant ceiling cooling system with
variable ceiling temperature were numerically analyzed.
Simulations were conducted for the hottest average day over
the past 10 years in Tehran. The k-¢ model, discrete
coordinates, and ray-tracing method were utilized to
simulate airflow, solar radiation, and heat transfer, while
thermal comfort was evaluated using the Fanger model.
Ceiling temperature differences of 1°C, 3°C, and 5°C caused
a violation of thermal comfort, with PMV indices reaching
0.68, 0.86, and 1.11, respectively. When the ceiling
temperature difference was adjusted to match the average
temperature of the constant ceiling condition, thermal
comfort improved, and the PMYV indices decreased to 0.52,
0.55, and 0.59. The impact of ceiling temperature differences
on the thermal comfort distribution in various zones of the
room was also investigated.

Keywords: Radiant ceiling cooling, solar radiation, thermal
comfort, human presence, variable ceiling temperature.

1. Interduction

This study explores the performance of radiant ceiling
cooling systems, focusing on how non-uniform ceiling
temperature gradients (1, 3, and 5°C variations) impact
thermal comfort in a west-facing room in Tehran. Despite
significant research on radiant cooling, the effect of ceiling
temperature variations on comfort, especially in occupied
spaces, has been insufficiently studied. The research
evaluates key comfort indices (PMV, PPD, vertical
temperature difference dissatisfaction, and warm floor
dissatisfaction [1]) and examines occupant positioning
under two thermal scenarios. The study aims to determine
permissible ceiling temperatures, assess comfort under
temperature gradients, and optimize inlet water
temperature for better system performance.

2. Mathematical model

The evaluation of thermal comfort conditions requires
determining the temperature distribution within a room. To
obtain the air temperature at different locations, the
governing equations of mass (Eq. 1), momentum (Eq. 2),

and energy (Eq. 3) [2] must be solved, while considering
the incoming solar radiative heat flux.

au,

-0

ax; )

aﬁl+_az71_ 10p
at =~ Jox;  pox

o ( (a0, ol
—_ U 2
+ 7% {V{axj + 6x,-} u,uj} (@)

+ f;
O (0E) + 2 [ (oE + p)]
ac P ox, u;\p p
a( 6T> S)
=— (kyppoe)+5
ax]' effax] h

Equation (4) calculates the solar heat load as a source
term in the energy equation [3].
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To assess thermal comfort, Fanger's model was applied
under the assumption of steady-state conditions over one-
hour intervals [4]. Airflow was modeled as three-
dimensional and incompressible. The finite volume
method with the SIMPLE algorithm was used for
numerical simulation, employing QUICK and power law
schemes for momentum and energy equations,
respectively. Convergence was achieved when residuals
dropped below 107 [5].

3. Result and discution
In this study, instead of assuming a constant ceiling
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temperature, linear temperature variations along the panel
pipes were simulated for temperature differences of 1, 3,
and 5°C. The results show that as this temperature
difference increases, both the PMV index and predicted
percentage of dissatisfied (PPD) rise significantly, leading
to a decline in thermal comfort. For instance, while the
PPD is 10% under uniform ceiling temperature, it
increases to 31% when a 5°C temperature difference is
applied.
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Figure 1. PMV and PPD inlet water temperature matches
constant ceiling temperature

In this section, ceiling temperature variations are
considered such that the average ceiling temperature
equals the maximum allowable constant value (12°C).
For temperature differences of 1, 3, and 5°C, inlet
temperatures range from 11.5-12.5°C, 10.5-13.5°C, and
9.5-14.5°C, respectively. While thermal comfort
parameters improve compared to the earlier case, the
PMYV index remains above the comfort threshold (0.5),
and PPD rises slightly to 10.6%, 11.2%, and 12.3% for 1,
3, and 5°C differences, respectively.
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Figure 2. PMV and PPD inlet water temperature matches
average ceiling temperature

4. Conclusion

This study evaluated ceiling radiant cooling and thermal
comfort in a west-facing room on the hottest day in
Tehran. It showed that when ceiling temperature varies
by 1-5°C, PMV rises above 0.5 and room temperatures
exceed comfort limits. However, if the average ceiling
temperature matches the constant case, thermal comfort
improves, though PMV still slightly exceeds 0.5. To
ensure comfort across all zones, the ceiling temperature
range must be adjusted based on the degree of variation.
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