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Abstract

The major part of energy consumption in buildings is related to air conditioning systems. In this study, the performance
of the fan-coil system in comparison to radiant chilled ceiling system with embedded pipes in concrete is evaluated. In
the radiant cooling system, the cooling tower is used as the sole source of chilled water supplier. Since the effective
operation of the cooling tower depends on environmental conditions, the performance of the after mentioned cooling
system in different climatic conditions has been studied. For thermal comfort assessment and performance analysis of
two mentioned systems, Energy Plus software has been used. The performance of these systems has been compared in
the cities of Ahvaz, Tehran and Tabriz. The cities of Ahvaz, Tehran and Tabriz represent hot and semi-humid, hot and
dry, temperate and dry climates, respectively. The simulation results present that the radiant chilled ceiling system
integrated to cooling tower is capable to provide thermal comfort conditions in Tehran and Tabriz climatic conditions.
Furthermore, the energy consumption of cited cooling system is significantly lower than a fan-coil system. The
simulation results confirmed that the radiant cooling consumed 50-65% less energy in comparison to a benchmark fan-
coil system in Tabriz and Tehran, respectively.
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1. Introduction

In commercial buildings, mainly in offices, more than
40% of energy can be recognized to heating,
ventilation and air conditioning systems [1]. Present
calculations estimate that global energy consumption
in the commercial building sector will raise from 30.5
exajoules in 2010 to 51.7 exajoules in 2040, which is
corresponding to nearly 70% increasing with reference
to a 2010 baseline year [2]. Moreover, electricity
consumption, as a key energy end-use in commercial
buildings, is predicted to increase by about 128% by
2040, in comparison to a baseline year of 2010 [2].

Consequently, finding alternative low-energy
active cooling approaches to mechanical air
conditioning systems for the space cooling of
commercial buildings is being considered with
increased interest. In such cases, it is necessary for
such an alternative cooling approach to be not only an
energy-efficient solution, but also to provide
acceptable levels of thermal comfort for occupants.

In this research, the performance of radiant ceiling

system with embedded pipes has been evaluated and
compared to a fan-coil system. The radiant ceiling
integrated to a cooling tower as a sole source of cold
water supply required, and since the -effective
operation of the cooling tower depends on
environmental conditions, the performance of the
cooling system in different climatic conditions has
been studied.

For thermal modeling of systems and analysis of
their performance, Energy Plus software has been used
and the performance of these systems has been
compared in terms of thermal comfort and energy
consumption in the cities of Ahvaz, Tehran and
Tabriz. The cities of Ahvaz, Tehran and Tabriz are
representative of hot and semi-humid, hot and dry,
temperate and dry climates, respectively.

2. Building model
The building utilized in this research is the standard
building CASE600, which has only one zone with net

total floor surface area of 48 m? and a height of 2.7
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meters. This building has two windows located on the
south side of the building with a net surface area of 6
m?. An external view of the building used in this study
is presented in Figure 1. Due to significant effects of
building materials, construction and thermal
specification on thermal comfort and energy
consumption of buildings, in the current study the
materials which are commonly used in Iran is
considered in the building model. Consequently the
material and thermal capacity is changed to take into
account of Iranian building parameter properties [3].

Figure 1. External view of the building

3. Integrated cooling system

The integrated building cooling system is evaluated in
this study involves of a cooling tower, a radiant
cooling system for space sensible cooling and a
displacement ventilation system for space latent
cooling. As it is shown in Figure 2, in the integrated
cooling system, the cooling tower is the only source of
child water production.
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Figure 2. Schematic of the integrated cooling tower with
radiant cooling and displacement ventilation systems

3.1. Radiant Cooling model

In the radiant panel model, the inside tube diameter
and spacing was assumed to be 15.8 mm and 150 mm,
respectively, based on standard design of radiant panel
[4]. Considering tube spacing and zone surface area,
the required hydronic tubing length for the zone is
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calculated.

3.2. Displacement ventilation

In order to provide adequate ventilation for the
occupants, a displacement ventilation system is used
in the building model. As in the integrated cooling
system, the radiant cooling system is assumed to be
the main space cooling system, displacement
ventilation is used to prepare fresh air ventilation
requirement and as an auxiliary cooling system.
During occupied hours, ventilation is estimated as
0.255 m*s! according to lowest ventilation rate of
ASHRAE Standard 62.1 [5]. During unoccupied
times, ventilation is set to zero, assuming that
displacement ventilation does not work when the
building is empty.

4. Performance analysis

The energy consumption of all equipment includes in
the mentioned cooling system where the cooling tower
was integrated to the displacement ventilation and
radiant cooling panels is estimated and compared to
the energy consumption of a fan-coil system which is
considered as baseline cooling system. In the
integrated cooling system, the total energy
consumption involves the energy consumption of the
child water pump and the cooling tower and
displacement ventilation fans during the period 1
June-1* October for the three cited cities. On the other
hand the total energy consumption of the baseline
cooling system involves the energy consumption of a
chiller, a primary and secondary pumps and the
cooling tower and fan-coil fans during mentioned
period. The results of energy consumption assessment
of the cooling systems are illustrated in Figure 3.
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Figure 3. Energy consumption of the baseline and
integrated cooling systems

As it is shown, the total energy consumption of the
radiant cooling system was significantly less than in
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other cases, since the chiller has been omitted in the
integrated cooling system. It is presented; most of the
energy consumption in the fan-coil system is allocated
to the chiller, so that the energy consumption of this
equipment in the cities of Ahvaz, Tehran and Tabriz,
respectively, are approximately 4.5, 3.4 and 2 mega
joules, respectively.

5. Conclusions

Since the major part of energy consumption in
buildings is related to air conditioning systems, the
proper choice of air conditioning system in any
climate zone could have an important effect on
reducing energy consumption and also providing
thermal comfort for occupants. According to previous
researches, radiant cooling systems have a higher
energy saving potential than conventional forced air
cooling systems and are able to provide thermal
comfort conditions due to the uniform distribution of
cooling. Therefore, in this research, the performance
of a radiant cooling panel connected to a cooling
tower has been evaluated. In the integrated cooling
system, the cooling tower is used as the sole source
for child water production, and since the effective
operation of the cooling tower depends on
environmental conditions, the performance of the
cooling system in different climatic conditions of Iran
has been studied. In order to compare the results, a
fan-coil system is considered as a baseline cooling
system. For thermal modeling of systems and analysis
of their performance, Energy Plus software has been
used and the performance of these systems has been
compared in terms of thermal comfort and energy
consumption in the cities of Ahvaz, Tehran and
Tabriz. The cities of Ahvaz, Tehran and Tabriz are
representative of hot and semi-humid, hot and dry,
temperate and dry climates, respectively. The
modeling results show, although the integrated
cooling system can provide suitable thermal comfort
conditions in majority of occupant attendance hours in
Tehran and Tabriz, it could not prepare suitable
thermal comfort conditions in Ahvaz. On the other
hand, it can be observed that the energy consumption
of the proposed cooling system is significantly lower
than the fan-coil system. Energy saving for the
integrated cooling system when benchmarked against
a fan-coil system, were: 65% in Tehran and 50% in
Tabriz.
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Abstract

The major part of energy consumption in buildings is related to air conditioning systems. Since selection of a suitable
air conditioning system in any climatic zone has a major impact on reducing energy consumption as well as preparing
thermal comfort conditions, in this study, the performance of the fan coil system with radiant chilled ceiling system
with pipes embedded in concrete is compared and evaluated. In the radiant cooling system, the cooling tower is used as
the sole source of cold water supply required, and since the effective operation of the cooling tower depends on
environmental conditions, the performance of the cooling system in different climatic conditions has been studied. For
thermal comfort assessment and performance analysis of two mentioned systems, Energy Plus software has been used.
The performance of these systems has been compared in the cities of Ahvaz, Tehran and Tabriz. The cities of Ahvaz,
Tehran and Tabriz represent hot and semi-humid, hot and dry, temperate and dry climates, respectively. The results
show that the radiant chilled ceiling system integrated to cooling tower is capable to provide thermal comfort conditions
in Tehran and Tabriz climatic conditions. Furthermore, the energy consumption of cited cooling system is significantly
lower than a Fan coil system. The simulation results confirmed that the radiant cooling consumed 50-65% less energy in
comparison to a benchmark fan coil system in Tabriz and Tehran, respectively.
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