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The fan coil assisting radiant floor heating (FCRFH) system can solve the problem of long preheating
time of radiant floor heating and make the room soon meet thermal comfort requirements. In order to
study the thermal characteristics and thermal comfort of FCRFH system, an experimental system was
developed. A series of parameters, such as indoor air temperature, surface temperatures of floor and
walls, were measured in the practical operation. Thermal characteristics of starting stage, stable running
condition and following the closure were analyzed. Experimental results showed that the FCRFH system
had fine thermal comfort, and the indoor air temperature distribution was uniform in both horizontal and
vertical directions. Compared with separate radiant floor heating, it was able to meet the thermal comfort
requirement after the FCRFH system running for 1 h, which shortened the preheating time more than
once.
Key words: Radiant floor, fan coil, assisting heating, preheating time.

INTRODUCTION
Compared with traditional heating methods, low
temperature hot water radiant floor heating (LWRFH) has
many advantages, such as fin thermal comfort, energy
saving and environmental protection. It is adopted by
many countries and regions, which is currently recognized
as the ideal heating method (Wang et al., 2017; Zhou and
He, 2015; Hu and Niu, 2015). However, LWRFH has big
thermal inertia, which leads to long preheating time after
LWRFH system starting and slow temperature rise of
heating room. It has been shown that dry LWRFH system
required 3 h to achieve thermal comfort requirement, and
the wet LWRFH system took more time (Zhang et al.,
2010). So the LWRFH system has great restriction in
some places that need to achieve thermal comfort in a
short time, especially in intermittent heating places. Some
scholars proposed the heat pipe floor radiant heating
system (Ma et al., 2009) and the air source heat pump
direct floor radiant heating system (Zeng et al., 2011),
which were used to shorten the preheating time of the
LWRFH system, but the effect was limited. Fan coil has
the characteristics of rapid room heating, and thus the use

of the fan coil as the assisting heating of the LWRFH can
quickly achieve indoor thermal comfort (Chen et al., 2014;
Lu et al., 2002). In addition, the combined operation of the
fan coil and LWRFH can also solve the problem of
condensation caused by radiant floor cooling in summer
(Causone et al., 2010; Krajčík et al., 2013).
At present, there is no experimental research on the
actual operation performance of the fan coil assisting
radiant floor heating (FCRFH) system. Therefore, this
paper constructed the corresponding experimental
system, and analyzed the thermal characteristics of the
FCRFH system and the indoor thermal comfort by
experimental study. The results can provide necessary
experimental basis for further research and promotion of
FCRFH.
METHODOLOGY
Experimental system
The experimental room was located on the 3rd floor of an
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Figure 1. Model of experimental room.

Figure 2. Fan coil assisting radiant floor heating system.

office building in Taizhou City, Jiangsu Province. The
room size was 7.8 m × 3.6 m × 2.8 m (length × width ×
height). The east and west walls were separating walls.
The south wall was adjacent to the corridor. The north wall
was the external wall. The room model is shown in Figure
1. The spacing of the radiation pipes was 130 mm with an
2
area of 22.46 m , and were divided into 2 parallel circuits.
Two sets of fan coil were installed, and the rated air
3
volume (middle) was 270 m /h. The two air outlets were
installed at the bottom of the east wall, and the two air
inlets at the top.
Figure 2 shows the fan coil assisting radiant floor
heating system. The water supply way of the system runs
in tandem mode, in which the hot water firstly passed

through the fan coil before entering the radiation pipes.
Two sets of electric heaters were used to heat the water to
provide heat to the terminal equipment. At the same time,
the water temperature was set and controlled by the SDC
temperature control device. The radiation pipes and fan
coil running in parallel were equipped with sub-catchment,
as well as flow, temperature and pressure measuring
instruments.
Measuring instruments and parameters
The temperature field distribution of the indoor air and the
surface temperature of the building envelope were
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Table 1. PMV index.

Thermal sensation
PMV

Hot
+3

Warm
+2

Warmish
+1

Moderation
0

Coolish
-1

Cool
-2

Cold
-3

measured by K type thermocouples with accuracy of ±
0.1°C. The temperature and humidity of the indoor and
outdoor air were measured by temperature and humidity
sensor, with temperature measurement accuracy of ±
0.2°C and relative humidity measurement accuracy of ± 1%
RH. TOSHIBA electromagnetic flow meter was used to
measure the water flow and its accuracy was ± 0.2%.
PT100 platinum resistance with accuracy of ± 0.1°C was
used to measure the water temperature. All instruments
were calibrated prior to the experiment to ensure the
accuracy of the measurement data. The measurement
data was collected by the data acquisition instrument and
then transmitted to the computer.
The temperature and humidity measuring point was set
at 1.1 m from the floor. The surface temperature
measuring points of the floor and walls were set at the
geometric center of each surface. Two sets of
temperature measuring points were arranged at 0.1, 1.1,
1.7 and 2.2 m above the floor respectively, which were
marked as A and B groups. Group A was located in the
center of the room, and Group B was near the air outlet of
the fan coil. Outdoor temperature and humidity
measurement points were set on the nightside to avoid
the influence of solar radiation.

temperature can be calculated by the radiation intensity,
but this calculation method is complicated. So it can be
achieved by the following equation in engineering
application:

Evaluation method of thermal comfort

Test time was from December 8 to December 9, 2016
(16:00 starts the system and 00:00 shuts down). Figure 3
shows the temperature and humidity of the outdoor
environment during testing. The data from the figure
showed that the outdoor temperature changed from 11.0
to 1.0°C, and the average temperature was 3.8°C. The
relative humidity changed from 40.0 to 92.0%, and the
average humidity was 71.3%. The outdoor temperature
had a big fluctuation from 16: 00 to 19: 00, which had
relatively smaller fluctuation after 19:00.
The experimental system started at 16:00. The water
supply was heated by electric heater 1 to 42°C and
supplied into the fan coil. The water was cooled by the
indoor air in the fan coil, and then heated by electric
heater from 2 to 45°C; it was then sent into the radiation
3
pipes. The water flow rate was 0.6 m /h. Figure 4 shows
the floor surface temperature, indoor air temperature and
supply air temperature of fan coil in the starting stage.
The preheating time is defined as the time used for the
room temperature rising from the initial temperature to
18°C. As can be seen from the figure, after the system
started, the temperature of the air supply of the fan coil
raised rapidly to 18°C in about 10 min. Affected by the fan
coil air supply, the indoor temperature also increased
rapidly and reached 40°C after 40 min. The FCRFH

The international standard IS07730 uses PMV and PPD
to describe and evaluate the thermal comfort. PMV is the
average thermal sensation index, indicating the
evaluation of human thermal response. The PPD is the
average number of votes that are not satisfied with the
thermal environment. The index was obtained from Prof.
Fanger who collected the reactions of 1396 volunteers to
the hot and cold sensations. He quantified human comfort
through regression formulas and presented the specific
indicators (Table 1). IS07730 gives the recommended
values: ﹣0.5 ≤ PMV ≤ + 0.5, and the corresponding PPD
≤ 10%. Scholars have proved that Fanger's thermal
comfort model was still applicable in the under floor air
supply and floor radiation (Loveday et al., 1998).
Therefore, FCRFH is also suitable for this thermal comfort
model.
In the LWRFH system, the radiation heat transfer
between the building envelope surface and the human
body greatly affects the thermal comfort. In order to
comprehensively consider the influence of radiation heat
transfer, the concepts of mean radiant temperature (MRT)
and action temperature (OT) have been proposed to
evaluate human thermal comfort. The average radiation

tr =

∑ At
∑ A

i i
i

The action temperature can be calculated by the following
formula:

t o = 0 .5 2 t a + 0 .4 8 t r
Where tr is the mean radiant temperature, °C; Ai is the
2
area of surface i, m ; ti is the surface temperature of
surface i, °C; to is the action temperature, °C; ta is the
indoor air temperature, °C. In summary, PMV-PPD, MRT
and OT were used to evaluate the indoor thermal comfort.
RESULTS AND DISCUSSION
Starting stage of FCRFH system
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Figure 3. Temperature and humidity of outdoor environment during testing.
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Figure 4. Three kinds of temperatures change with time in the starting
stage.

system raised the indoor air temperature rapidly and
could make the room soon meet thermal comfort
requirements, which was consistent with the conclusion of
Chen et al. (2014). Figure 5 compares the indoor air
temperatures of the FCRFH and LWRFH system in the
starting stage. They had the same water supply
temperature and flow rate in the experiments. Compared
with the separate LWRFH system in the beginning of 120
min, the FCRFH system shortened the preheating time
more than once. With the FCRFH system running for a
period of time, the indoor air temperature was gradually
stabilized. The air supply temperature of the fan coil

maintained the same trend with the indoor air temperature
except a large fluctuation due to the return air. This
indicated that the FCRFH system had a fin thermal
stability in the starting stage. However, the floor surface
temperature rose slowly, which was not affected by the
fluctuation of supply air temperature. In the starting stage,
the indoor temperature mainly depended on the supply air
temperature. With the passage of time, the influence of
the supply air on the indoor air temperature gradually
decreased, while the effect of radiant heating on the
indoor temperature increased and the indoor air
temperature was slowly stabilized. After the system ran
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Figure 5. Change of indoor temperature of assisting heating and
radiant heating in the starting stage.

Figure 6. Temperature and humidity of indoor air change with time.

for 1.5 h, it went into stable running stage.
Stable running stage of FCRFH system
When the system went into the stable running stage, the
indoor air temperature tended to be stable. The indoor
thermal comfort was mainly studied during this period.
Figure 6 shows the indoor temperature and relative
humidity changes with time during steady operation. It
could be seen that the indoor temperature and relative
humidity were both in stable states. Indoor temperature
just had a negligible fluctuation around 20°C, which could
well meet the heating need. A high or low indoor relative
humidity will cause the human body uncomfortable, so
ASHRAE proposed that the suitable relative humidity for

human health was 40 to 60%. As there was no
humidification in the experiment, the indoor relative
humidity was below the limit of 40%. At this point, it only
needs to humidify to meet the humidity requirement.
Figure 7 shows the surface temperatures of walls
change with time. Floor surface temperature reached
26°C, although slightly higher, still within the scope of
comfort. The temperature distribution of the non-heating
surface of the walls was from 15-20°C, which was
generally lower than the indoor air temperature. It
indicated that the walls had insufficient heat storage
capacity. The temperature differences between the walls
were small in LWRFH, while it showed clear temperature
differences in FCRFH. As the air inlet of the fan coil was
located at the top, the higher return air temperature
caused the top to be higher than the other walls. The
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Figure 7. Surface temperatures of walls change with time.

Figure 8. Indoor air temperature distribution in vertical direction.

surface temperature of the west wall fluctuated obviously,
because the air outlet of the fan coil was located opposite.
Although the air supply speed was small, it still affected
the west wall. North wall was the outer wall, so its surface
temperature was the lowest.
Figure 8 shows the indoor air temperature distributions
of group A and B at the same time. The measuring points
were 0.1, 1.1, 1.7 and 2.2 m above the floor respectively.
The first three heights correspond to the position of the
human ankle, the respiratory position of the human body
in sitting position and the respiratory position of the
human body in standing position, respectively. Group A
was the vertical temperature distribution in the center of

the room, and Group B was close to the air outlet of fan
coil. As could be seen, the vertical temperature gradients
in both groups A and B were very small and varied by less
than 1°C. According to ASHRAE55-2013 standard, the
maximum temperature gradient above the floor of the
human activity area (0.1-1.1 m) should not exceed 3°C,
which is in line with human comfort requirements (Wang
et al., 2015). Comparing the measuring points of different
groups at the same height, the temperature difference
was controlled within 1°C, and no great temperature
difference occurs. Hence, the indoor air temperature
distribution kept a good uniformity.
The values of PMV-PPD, MRT and OT are shown in
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Figure 9. Thermal comfort indexes in stable condition.

Figure 10. Changes of indoor air and floor temperatures after
system shut down.

Figure 9. The average indoor temperature was 20.2°C,
the MRT 20.9°C, and the OT 20.6°C. The temperature
difference between the average indoor temperature and
the OT was 0.4°C, which was smaller than 1-2°C
temperature difference in separate LWRFH. This was
because the fan coil enhanced the proportion of the
convective heat transfer in the total heat transfer. The
average PMV was 0.6 and the average PPD was 12.4%,
which slightly exceeded the recommended values in the
IS07730. But the thermal comfort was still acceptable. As
can be seen from the PMV, the indoor thermal sensation
was between warmish and moderation, which reflected

that the heating system had a strong heating capacity. If
appropriately it reduces the supply water temperature, the
indoor environment will be more comfortable, and also
more energy-efficient.
After FCRFH shutting down
Figure 10 shows the changes of indoor air temperature
and floor surface temperature after the heating system is
switched off. For separate LWRFH, the indoor air
temperature and floor surface temperature will slowly
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decline after the system is shut down (Zhang et al., 2013).
The temperature of the FCRFH reduced faster than the
separate LWRFH, which dropped to 15°C after 3 h. It was
caused by the phenomenon that non-heating wall surface
temperature was lower than the indoor air temperature.
Although the indoor air temperature dropped quickly after
the FCRFH was switched off, it still had some advantages
over heating by separate fan coil.
Conclusion
In conclusion:
(1) The FCRFH system, which by means of the
characteristics of rapid room heating of fan coil, shortened
the preheating time more than once and quickly achieved
indoor thermal comfort requirement.
(2) The FCRFH had fine thermal comfort, and the indoor
air temperature distribution was uniform in both horizontal
and vertical directions. However, the indoor temperature
dropped quickly after the FCRFH system was switched off
compared to the separate LWRFH.
(3) Subsequent study will compare the indoor thermal
environment of FCRFH with separate fan coil heating and
LWRFH at the same energy consumption.
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