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ABSTRACT

Low heating load areas require intermittent heating
to create a comfortable indoor environment quickly and
efficiently, and the indoor thermal environment depends
strongly on the choice of indoor terminal units. In this
paper, the thermal performances of traditional fan coil
and floor heating are analyzed. It shows that the radiant
heat transfer shows good thermal comfort, while
convective heat transfer shows higher intermittency.
Therefore, adding switchable convective heating to
radiant heating is an effective improving means. On this
basis, a novel terminal based on flat heat pipes is
proposed, which can switch flexibly between radiation
and convection modes and its thermal performance is
analyzed. Furthermore, a comparative experiment
between the novel terminal based on flat heat pipes and
traditional terminals is conducted. The results show that
the effect of the switchable mode of the novel terminal
is equivalent to the combined effect of the traditional
terminals at the key points of heating capacity and
temperature rise. In addition, this novel terminal can
initially heat up the space within 20-40 minutes and then
stabilize the room temperature in a comfortable range of
18-22 °C. In areas of low heating load, this novel terminal
can replace two traditional terminals, thereby reducing
system complexity and initial investment.

Keywords: energy conversion in buildings, heat pipe,
heat pump, intermittent heating, low energy buildings

NONMENCLATURE
Abbreviations
FHPs Flat Heat Pipes
HTHEs Harmonica Tube Heat Exchangers

1. INTRODUCTION

Climate change is caused by greenhouse gas
emissions from buildings, transportation, industry, and
other sectors of society, and is now become the greatest
threat to humanity. The major component of a building's
energy consumption that contributes to greenhouse gas
emissions is space heating [1]. It has become imperative
to conduct energy-saving studies for space heating
applications to reduce greenhouse gas emissions.

The low heating load demand has a wide global
scenario, such as the Yangtze River region of China, the
southern part of Japan, the southeastern part of the
United States, and other regions. Although the heating
load of an individual unit in these areas is relatively small,
the high population density in a wider region leads to a
higher total cumulative heating load. Low heating load
areas also have great potential for energy savings.
Therefore, it is necessary to conduct thermal
performance studies for low heating load demand
scenarios.

Intermittent heating fulfills the demand for low
heating load areas [2]. The aim of intermittent heating is
to create a comfortable indoor environment quickly and
efficiently. The thermal performance of heating systems
and the resulting indoor environments depend strongly
on the choice of indoor terminal units [3]. The existing
heating terminals are based on convective and radiant
heating. Due to the excellent thermal comfort, radiant
heating terminals have been developed rapidly in recent
years [4].

However, due to limited surface temperature and
surface area, there are certain bottlenecks in the heating
capacity of radiant heating terminals [5]. Compared to
the radiant heating terminal, the convective heating
terminal is an excellent means to achieve efficient and
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fast indoor environment creation. Since the convective
heating terminal can achieve faster heating therefore it
can be used in combination with the radiant heating
terminal for the low heating load areas.

As for now, only a few relevant studies are available
on the environmental characteristics of intermittent
heating. Therefore, this paper proposes a novel terminal
based on flat heat pipes for radiant and convective
heating. Thermal performance of the traditional
terminals and the novel terminal based on flat heat pipe
was further compared.

2. MATERIAL AND METHODS

2.1 Design of the novel terminal

The novel heating terminal consists of harmonica
tube heat exchangers (HTHEs), serrated fins, cross-flow
fans, flat heat pipes (FHPs), and connecting piping. Fig. 1
shows the structural design of the novel terminal. As
seen in Fig. 1, the HTHEs are connected to the outdoor
unit and act as the condenser for the air source heat
pump system to provide heat to the novel terminal. The
FHPs and serrated fins are arranged in the front and rear
of the HTHEs with silicon grease, respectively. After the
heat is transferred from the HTHE to the fins and the
bottom of FHPs, the novel terminal radiates heat
liberated by the FHPs and convective heat using the
cross-flow fans and the serrated fins.
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Fig. 1 Structure design of the novel terminal

The FHPs surface was coated with silicon grease to
enhance the surface emissivity (~0.95) which improves
the radiation heat transfer capacity of the terminal. FHPs
were filled with a certain amount of acetone as the
working fluid after being evacuated (50% vacuum
degree), and the filling rate was approximately 20%
based on engineering practices.

Thus, the novel terminal combines and switches
between convection and radiation modes to adapt to
different stages of thermal demand for intermittent
heating under low heating loads, as shown in Fig. 2.
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Fig. 2 Radiation and convection modes

Radiation mode

2.2 Experimental system

The novel heating terminal is placed in a lab room,
and traditional heating terminals including the floor
heating and fan coil are placed in another lab room, as
shown in Fig. 3 and Fig. 4.

Fig. 3 Experimental laboratory room 1:
Measuring points of the novel terminal
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Fig. 4 Experimental laboratory room 2:
Measuring points of the novel terminal
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For traditional heating terminals, the fan coil
provides heat energy by forced convection, while floor
heating provides radiative energy. The novel terminal
provides optimal heating through both convection and
radiation modes similar to the traditional heating
terminals. Experiments on the novel and traditional
heating terminals were conducted simultaneously in the
experimental laboratory rooms to record the heating
capacity of the terminals and the rise in ambient
temperature.

The temperature and pressure sensors were
arranged at the inlet and outlet of the evaporator and
condenser in the novel terminal, respectively, to obtain
the enthalpy of the refrigerant. R134a was used as a
refrigerant in the heat pump system. Similarly, for the
traditional heating terminal, with the hot water tank as a
heat source, a manifold was used to control the opening
of the floor heating and the fan coil in the laboratory
room. Temperature sensors were arranged at the inlet
and outlet of each of the two traditional heating
terminals. On this basis, Coriolis mass flowmeters were
placed for both novel and traditional systems to obtain
the flow rates of the refrigerant and hot water.

To examine the heating capacity of the terminal, the
ambient temperature was controlled at 20.0 °C £ 1.0 °C
to ensure the objectivity and accuracy of the experiment.
The heat transfer characteristics of the novel terminal
are evaluated by using the heating capacity Qn, as
follows,

Qnt = Gr(hyi — hyy) X 1000/3600. (1)

Where G; is the flow rate of refrigerant [kg-h]; Ay
and h,, are the enthalpies of the refrigerant at the inlet
and outlet of the novel terminal [kl-kg?].

To evaluate the heat transfer characteristics of the
fan coil and floor heating, heating capacity Qi is
evaluated, as follows,

Qt = CWGW(TWi - Two)/3600- (2)

Where c, is the heat capacity of water [J-kgK?]; Gw
is the flow rate of hot water [kg-h]; and Twi and Two are
the inlet and outlet water temperatures of the fan coil
and floor heating [°C].

To examine the rise in ambient temperature, the
initial indoor temperature in the experimental laboratory
room was controlled to 10.0-12.0 °C while the outdoor
temperature was 9.0-11.0 °C to ensure the objectivity
and accuracy of the experimental results.

3. RESULTS

3.1 Thermal performance of traditional terminals

The thermal performance of traditional heating
terminals represented by fan coil and floor heating has
been discussed, as shown in Fig. 5 and Fig. 6. The inlet
water temperature of the fan coil and floor heating has
been controlled at 40 °C = 1 °C based on practical
application and experimental needs.
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Fig. 5 Thermal performance of fan coil
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Fig. 6 Thermal performance of floor heating

Fig. 5 demonstrates the thermal performance of the
fan coil with high airflow (340 m3 h?), where the fan coil
is able to provide a heating capacity of 1400-1500 W. The
room temperature reaches 18 °C after nearly 40 minutes
of heating. Fig. 6 shows the thermal performance of the
floor heating, where the floor heating provides heat
input in the range of 600-700 W, and the room is finally
warmed up to 17 °C. It can be seen that the fan coil heats
the room quickly, and the floor heating is stable and
comfortable. For intermittent heating, the fan coil and
floor heating should be arranged together in the room,
just as the fan coil is used when starting and the floor
heating is used when stable.

3.2 Thermal performance of the novel terminal

By combining the two basic heating modes of the
traditional heating terminals, the novel terminal
effectively provides heating by radiation mode and
convection mode, as shown in Fig.7 and Fig. 8.
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. 7 Thermal performance of radiation mode
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Fig. 8 Thermal performance of convection mode



The above analysis shows that both convection and
radiation modes have certain advantages and
disadvantages. Convective heating has the advantage of
quick room heating in the beginning; the radiation mode
provides uniform surface temperature without any
requirement of draught during the stable period. The
novel terminal can also switch between the convection
and radiation mode to effectively match the intermittent
heating demand in the low heating load area. Therefore,
the novel terminal and the traditional terminals of the
switchable heating will be further discussed.

4. DISCUSSION

Fig. 9 shows the comparative experimental data for
the novel terminal and the traditional heating terminal.
The experiments were conducted simultaneously in two
identical experimental laboratory rooms. In one of the
laboratory rooms with a traditional heating terminal, the
fan coil heating was used initially and the floor heating
was used in the stable period to provide good thermal
performance for intermittent heating by the joint
operation of the traditional heating terminals. However,
in the other laboratory room with a novel terminal, the
results showed that the combined effect of the
traditional terminals could be achieved by using only the
switchable mode of the novel terminal.
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Fig. 9 The novel terminal versus the traditional
terminal

As shown in Fig. 9, it can be stated that just one type
of novel terminal can replace the combined use of two
traditional heating terminals, reducing system
complexity while lowering initial investment, and thus
providing a good option for intermittent heating under
low heating load areas. In addition, the flexible
adjustment capability of the novel terminal can also
better cope with heating load fluctuations, which is an
additional advantage for intermittent heating.

5. CONCLUSIONS

This study explores the thermal performance of the
traditional heating terminal and the novel terminal
under intermittent heating in low heating load areas. Fan
coil and floor heating were considered means of
convective and radiant heating, however, only radiant or
convective heating cannot fulfill the intermittent heating
demand due to its limitations. Therefore, the combined
convection and radiation traditional heating terminals
were used. The strategy of using convective heating in
the initial duration and radiant heating in the stable
period was to maximize the advantages of respective
modes of heating. Based on it, the novel terminal was
found to provide a better way for intermittent heating
with the help of switchable and combined convection
and radiation modes.
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