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Cooling performance analysis of radiant panel at different positions
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Abstract: The influence of the panel position on the cooling
performance of a radiant panel is analyzed. The coupled
simulation of convection and radiation is set up by a
computational fluid dynamics( CFD) method. The simulations
with different panel positions and different indoor heat sources
are used to calculate the cooling capacity of the radiant panel
and the indoor thermal environment. The simulation results are
in good agreement with the experimental results. The results
show that when the indoor heat source temperature is low, the
convective heat flux is the main influence factor of the cooling
capacity and the radiant panel should be placed on the wall or
on the ceiling. Otherwise, when the indoor heat source
temperature is high, the radiation heat flux is the main factor
and the radiant panel should be placed as near to the heat
sources as possible.
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adiant panels have received increasing attention in re-
Rcent years, especially in commercial buildings. It is of-
ten claimed that the radiant panels can improve thermal
comfort and increase energy efficiency' ™. Radiant cooling
ceilings and radiant heating floors are the most popular ra-
diant panels, but there is little study and analysis on how to de-
sign and choose the panel position in different indoor environ-
ments.

Kim et a reported a measurement and simulation
study on the indoor thermal environment of office space
controlled by a radiant panel system installed in the vertical
wall. The results show that with the same amount of cooling
load, the cooling system using a radiant panel has better
cooling efficiency than the all-air cooling system. Wang et
al. ' described a simulation of a radiant cooling system with
an air-handling unit for dehumidification, which can estab-
lish guidelines for designing a low-energy system and for
targeting the average PMV and the exergies of the chilled
water. The results show that when the load rate of the cool-
ing loads change from 100% to 57% and 27% , the exergies
decrease by 47% and 67% , respectively. When the radiant
panel area and the average PMV increase, the exergy of the
chilled water decreases.

The total heat removal of the radiant panel contains three
parts: long-wave radiation, convection and short-wave radia-
tion from solar power or illumination. The short-wave radia-
tion is not considered in this research. The convection heat is
influenced by the air temperature and the convective heat
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transfer coefficient. The radiation heat is impacted by the
heat source temperature and the view factor between the
panel and the heat source. The panel position of the radiant
panel can influence the convective heat transfer coefficient
and the view factor; thus, changing the panel position will
have an impact on the cooling capacity of the radiant pan-
el. In this paper, the influence of the panel position on the
cooling performance is examined from a practical point of
view.

1 Case Study

The simulation of the indoor air flow is conducted by a
convection and radiation coupled simulation based on a
standard k-£ model. In this research, the humidity transporta-
tion equation is not considered. The heat transmitted through
the outer wall is computed at a given air temperature.

A feedback system is added to the simulation. During the
simulation, the feedback system modifies the area conditions
of the radiant panel to attain the same operation temperature
(OT). The target operation temperature is 26 C. Subse-
quently, the system output is modified to keep the operation
temperature at the target value. Using this method, the pre-
cise cooling capacity of the panel can be analyzed at the
same sensation level.

In this study, the radiant panels are placed on the ceiling,
the floor and the wall, respectively, as shown in Fig 1. And
several room models (office room model, classroom model,

Fig.1 Schematic representation of radiant panel at different
positions. (a) On the ceiling; (b) On the floor; (c) On the wall
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test room model and modified office room model) are
simulated, as shown in Fig. 2. The dimensions of the
room are 5. 16 m x 3. 65 m x 2. 43 m. In the test room
model, there is only one electrical heater which is used as
the testing heat source. The total cooling loads in the of-
fice room, classroom and test room models are shown in
Tab. 1. All the walls are heat-adiabatic and there is no
heat transferred from outside. In the modified office room
model, there is an exterior wall in the west side with a
heat transfer coefficient of 0.7 W/(m-K) and the out-
side temperature, which is used to calculate the heat
transmission, is 34 C. Thus, the cooling load in the
modified office room model changes at different surface
temperatures of the radiant panel.

(d)

Fig.2 Simulation models. (a) Office room model; (b) Classroom
model; (¢) Test room model; (d) Modified office room model

Tab.1 Cooling loads of different models w
Mode Human Lighting  Computer Heater Total
Office room 150 204 200 554
Classroom 450 204 100 754
Test room 204 1 000 1204

2 Analysis
2.1 Thermal comfort

The air temperature (AT) and the mean radiant tempera-

ture( MRT) are two main factors influencing the indoor ther-
mal comfort of a human body. According to ANSI/
ASHRAE 55—1992, the operation temperature is used to
evaluate the thermal comfort. That is,

ht +ht,
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where ¢, is the air temperature; &2, and &, are the radiant and
convective heat transfer coefficients, respectively; ¢, is the

mean radiant temperature; 7, is the temperature of the i-th
object.

2.2 Calculation conditions for simulation
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where ¢, 4., 4., 4., are the total heat, the convective heat,
the radiation heat and the solar radiation heat of the radiant
cooling panel, respectively; J, is the radiation node of the ra-
diant cooling panel; R and A are the thermal resistance and
the area of the radiant panel, respectively; ¢, and 7, are the
outlet and inlet temperatures of the cold water, respectively;
t, is the average temperature of the radiant panel; G, is the
mass flow rate of the cold water; c, is the specific heat of the
cold water.

When the surface temperature of the radiant cooling panel
is used as a boundary condition, we can calculate the con-
vective and radiation heat by the CFD simulation. From Eq.
(6), the water temperature can be calculated by a one-di-
mensional heat conduction calculation. Assuming the tem-
perature difference between the outlet water and the inlet
water to be 3 C, we can obtain the flow rate of the water,
G, . From Eq. (7), we can obtain the inlet temperature of the
chilled water supplied to the radiant panels. According to the
set temperature difference, the outlet temperature can be cal-
culated.

3 Results and Discussion

A chamber experiment is conducted to verify the simula-
tion results, and the photo of the used radiant panel is shown
in Fig. 3. In the experiment, the indoor heat sources are com-
puters and occupants. The simulation and measurement re-
sults of the vertical air temperature distribution are shown in
Fig. 4. It can be found that the CFD model provides suffi-
cient accuracy as a tool for estimating the indoor thermal en-
vironment.
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Fig.3 Radiant panel in experiment
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Fig. 4 Simulation and measurement results of vertical air
temperature distribution

3.1 Cooling capacity

The relationship between the panel position and the cool-
ing capacity is shown in Fig. 5. The cooling capacity can be
calculated by the heat flux on the surface of the radiation
cooling panel. As for the office room and classroom models,
because of the low convective heat transfer coefficient, the
convective heat flux and the cooling capacity of the radiant
panel placed on the floor are lower than those of the radiant
panels placed on the wall and on the ceiling. However, the
radiation heat fluxes of all the radiant panels are similar.
With the increase in the heat source temperature, the radia-
tion heat flux and the cooling capacity increase. Thus, the
radiant panel should be put near to the heat sources, which
can make the radiant heat transfer enhanced. As a result,
when the heat source temperature is low, the convective heat
flux is the main influence factor of the cooling capacity, and
the radiant panel should be placed on the wall or on the ceil-
ing; otherwise, the radiation heat flux is the main factor and
the radiant panel should be placed near the heat sources.

3.2 Comparison of thermal sensation

The mean radiant temperature and the operation tempera-
ture of a human body with different positions of the radiant
panels are shown in Fig. 6. When the radiant panels are
placed on the ceiling or on the wall, the MRT of the human
body is about 26 C, which is similar to the air temperature.
When the radiant panel is placed on the floor, the MRT of
the human body is about 1 to 2 C lower than those when
the radiant panels are placed on the ceiling and on the wall.
That is to say, when the radiant panel is placed on the floor,
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Fig.5 Cooling capacities of radiant panels. (a) In office room
model with average heat source temperature of 32 C; (b)In class-
room model with average heat source temperature of 33 “C; (c)In test
room model with average heat source temperature of 44 C; (d)In
modified office room model with average heat source temperature of 32 C
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the air temperature can be 1 to 2 C higher than that when it
is placed on the ceiling or on the wall.

3.3 Heat transfer through exterior wall

There are three factors influencing the heat transmission
from the exterior wall: the panel position, the panel area and
the surface temperature of the radiant panel. In the modified
office room model, when the surface temperature of the ra-
diant panel decreases from 19 to 17 C, in order to maintain
the same operation temperature, the panel area decreases ac-
cordingly. The lower surface temperature can lead to greater
heat transmission, but the lower panel area can result in lower
heat transmission. Fig. 7 shows that when the surface tempera-
ture and panel area decrease, the heat transmission decrease
accordingly. It means that the panel area plays a more impor-
tant role in the heat transmission from the exterior wall. Fur-
thermore, when the radiant panel is placed on the floor, the
heat transmission from the exterior wall is the lowest.
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Fig.7 Heat transferred from exterior wall

4 Conclusions

By using a numerical simulation tool, we investigate the
performance of radiant panels at different positions. The re-
sults can be summarized as follows:

1) A CFD simulation and a convection and radiation heat
transfer simulation for analyzing the radiant panels are pres-
ented in this study. The required cooling capacities at differ-
ent panel positions are quantitatively evaluated.

2) The cooling capacity of the radiant panel varies with
the indoor heat source. When the indoor heat source temper-
ature is low, the convective heat flux is the main influence
factor of the cooling capacity, and the radiant panel should
be placed on the wall or on the ceiling.

3) When the indoor heat source temperature is high,
the radiation heat flux is the main factor and the radiant
panel should be placed as near to the heat sources as
possible.

4) When the radiant panel is placed on the floor, the heat
transmission from the exterior wall is the lowest.
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