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H I G H L I G H T S

• Heat transfer characteristics of interior walls in south china has been studied.

• Heat transfer between adjacent rooms is studied under different heating terminals.

• Heat transfer between adjacent rooms increase heat load greatly.

• Heat transfer through inner walls affect energy consumption greatly.
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A B S T R A C T

In this paper, in order to study the effect of heat transfer between households on good indoor thermal en-
vironment and building energy efficiency, the indoor thermal environment and heat consumption of the room
with different laying forms of radiation end are compared in the case of no heating in the adjacent room through
the field experimental test. It was found that whether the adjacent room is heated directly affects the surface
temperature and total heat consumption of the inner wall. Compared with the heating adjacent room, when the
adjacent room is not heated the indoor air temperature in the working area decreased by 3.4-4.7%, the internal
wall surface temperature decreased by 3.0–7.4%, and the heat flux density of internal wall surface increased by
29.8–52.2%. The heating surface temperature was reduced by 2.3–3.7%, the heat flux density of the heating
surface was increased by 15.3–16.3% for floor and ceiling heating, and the heat flux density was reduced by
about 22% because of the large heat transfer to adjacent rooms through interior walls. The heating of the large
heat transfer to the adjacent rooms through interior walls. The total heat supply to the room increased by
5.2–7.2%. Additional heat load calculation is supposed to be taken into consideration due to the large heat
transfer between interior walls while neighboring rooms are not heated.

1. Introduction

In the air conditioning load of the building, it has been agreed that
the building envelope has a great influence on the indoor temperature
and building heat load as well [1]. The solar radiation and the outdoor
air pass through the heat transfer with the external enclosure to cause
fluctuations in the indoor air temperature, and heat exchange is carried
out through the inner envelope structure due to the existence of the
temperature difference between adjacent rooms [2]. Therefore,
studying the influence of the inner and outer envelope structures of
buildings on indoor air temperature is of great significance to energy
conservation.

In the hot summer and cold winter regions of China, the average

outdoor temperature in the coldest winter months is below 10°, and the
indoor thermal environment is poor. Unlike central heating in cold
regions, the indoor air temperature resulted by users in the area ad-
justing the room temperature individually according to their own
comfort, will get higher even in the case where the adjacent room is not
heated. Then, the ratio of heat transfer between households through the
internal envelope structure of the building to the total indoor heat load
cannot be ignored. The heat transfer between the households causes the
indoor air temperature to fail to meet the requirements and increase the
energy consumption. Both the indoor thermal environment and energy
efficiency suffer a negative impact.

At present, scholars at home and abroad have studied the external
envelope structure and the inner envelope structure. Among them, the
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research on the thickness, insulation and materials of the outer pro-
tective structure is becoming more and more mature [3]. In Europe and
the United States, the internal insulation system is relatively perfect, so
even if there is heat transfer in the adjacent chamber, it is usually not
considered in the study [4]. In the area where the insulation structure
has not yet reached the mature stage, it is necessary to consider the
influence of the heat transfer between the adjacent rooms in the heat
transfer calculation of the envelope structure.

In the process of studying the thermal properties of exterior walls
with different orientations and different insulation layers, Tugce
Pekdogan et al. numerically calculated the heat flux of the exterior
walls through the one-dimensional transient heat equation using the
finite difference method. The results showed that the insulation layers
in the middle of the exterior walls resulted in more heat loss in the
building. The insulation layers with thickness of 0.15 and 0.25m in the
middle of the exterior walls can save 65% (in summer) and 80% (in
winter) compared to the TS825 at most which refers to Thermal
Insulation Requirements for Buildings in Turkey [5].

Besides, there are also many researches focusing on influence of
insulation thickness of building walls on energy saving. Naouel Daouas
analyzed the building energy consumption and investment payback
period based on the finite Fourier transform method to accurately cal-
culate the annual cooling and heating load of the building to determine
the optimal insulation thickness of the wall. The results showed that the
optimal thickness of the insulation layer in the south-facing wall was
10.1 cm, the energy saving rate was 71.33%, and the investment re-
covery period was only 3.29 years, achieving the best economic effect
comparing with buildings at other orientations [6].

Modeste Kameni Nematchoua et al. reviewed the study on building
exterior walls insulation in Cameroon. Based on the life cycle model,
the thickness, energy consumption and investment payback period of
the insulation materials in a case were analyzed. Two typical wall
structures (concrete block (HCB) and compression stabilized earth
block wall (CSEB)) were investigated in this study. The results showed
that the best insulation thickness for the south-facing wall was 0.09m
which can realized 79.80% of energy saving rate at least and the pay-
back period was up to 4.73 years. The optimum insulation thickness of
the HCB wall (0.0983m) was higher than the CSEB wall (0.0958m),
while the HCB wall had a smaller payback period [8].

In addition, there are a lot of studies discussing the effect of location
of insulation layer of building walls on indoor thermal environment.
Meral Ozel studied the dynamic thermal properties of the wall using the
finite difference element method. The results showed that the location
of the insulation layer had a significant impact on the time lag factor
and the reduction factor of the wall. The results of the analysis of the
life expectancy of the building indicated that the heat load of walls and
the optimal thickness of insulation layer were affected by the location
of the insulation layer in the wall, and the external insulation caused
smaller indoor temperature fluctuations and temperature peaks than
that resulting of the intermediate insulation [7].

Furthermore, the heat transfer performance of the building wall is
not only related to the thickness of the envelope structure, the material
and the insulation layer. In fact, the coupling of these physical para-
meters will have a great impact on the overall performance of the wall.
Jihui Yuan et al. proposed to come with the best combination values of
surface reflectivity and thermal insulation thickness of exterior walls on
the basis of the construction cost and heat load in six typical cities of
Japan. By simulating the heat load of the exterior walls with a thickness
of 10–100mm and a surface reflectance of 0.1–0.8, the cost analysis
method was used to determine the optimal combination values of sur-
face reflectivity and thickness of the insulation layer, providing re-
ference for the building envelope structure design [10].

Francesco Leccese et al. analyzed and predicted the dynamic
thermal characteristics of interior and exterior walls using matrix heat
transfer model, which is similar to a two-dimensional heat conduction
model of an embedded building envelope proposed by Vadim Mizonov

et al. describing the thermal process inside the building envelope in the
form of a cyclic matrix [9]. The experimental results showed the re-
lationship between the thickness and location of the insulation layer
and the dynamic thermal properties of the wall, which characterized by
dynamic heat transmission, reduction factor and time lag. In the pre-
mise of correcting the change of heat transfer of the external wall, the
influence of the interior wall and floor on the indoor environment of the
building was analyzed. It provided a reference for the design of building
envelopes [11].

In addition, Dionysios I. Kolaitis [12] K.J. Kontoleon [13] Pan,
Dongmei [14] L.Y. Zhang [15] and Xi Meng [16] et al. have studied the
thermal properties and dynamic thermal response of the building
structure, of which the research factors involved include wall type
[17,18], wall material [19,20], thickness and configuration of the in-
sulation layer [21–23].

In general, for non-centralized heating areas, there is a general
uncertainty about the lack of heating and heating time in the adjacent
areas, and the study of the heat transfer between the adjacent rooms on
energy consumption and indoor thermal environment is relatively
scarce. There are few studies on the influence of heating methods on the
heat transfer process of the interior wall, and the transient process re-
search is more lacking. However, in the case of diversified heating
modes in the hot summer and cold winter regions, the influence of
heating methods on the heat transfer of the interior wall is studied,
which is the basis for the adaptive design of the interior wall and
heating method, so there is still research space in this part. In this
paper, the effects of heat transfer between the adjacent rooms under
different heating methods (including floor heating, ceiling heating and
wall heating) on the indoor thermal environment and energy con-
sumption of the heating room are studied experimentally. The paper
study the effect of heat transfers between adjacent rooms on building
energy efficiency and provide the reference for the building heat load
calculation and design of building envelop structures in hot summer
and cold winter areas in China.

2. Heat transfer process

2.1. Thermal resistance and heat transfer coefficient

When studying the thermal resistance and heat transfer coefficient
of the envelope structure, it is mainly for the steady-state heat transfer
process. In practical engineering, the envelope is usually composed of a
variety of materials. In addition, there is a composite flat wall, which is
composed of different materials along the width and thickness, such as
empty bucket wall, empty bucket wall, hollow panel and sandwich
panel. There are two-dimensional or three-dimensional temperature
fields on the common envelope structure in this type of engineering due
to the different thermal conductivity of different materials. However,
for the sake of simplicity, when the thermal conductivity of each ma-
terial is not much different, it can be treated approximately as a one-
dimensional heat conduction problem, and the one-dimensional heat
transfer process of the envelope structure is shown in Fig. 1.

The heat transfer performance of the envelope structure is related to
the material thickness d and the thermal conductivity coefficient λ of
the material. The convective heat transfer coefficients h of the internal
and external surfaces are inversely proportional to d, which is propor-
tional to λ and proportional to h.

2.2. Heat storage coefficient

When the thickness of the enclosure is much smaller than its length
and height, the enclosure can be considered a uniform semi-infinite
wall. The surface heat storage coefficient of the envelope structure (Y)
is equal to the heat storage coefficient of the material (S), which means
that in the case of periodic heat disturbance, the heat flow for heating
the surface of the enclosure is consumed by the surface temperature of
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the enclosure being increased by 1 °C. When the thickness of the en-
velope is not large, Y is related to the thickness of the envelope material
and the heat transfer between the internal and external walls, and S is
only related to the nature of the material itself. Under the cyclical
thermal disturbance, the heat storage coefficient of the material can
indicate the degree of response when subjected to thermal disturbance.

When the thickness of the envelope structure is not much smaller
than its length and height, that is, it cannot be regarded as an infinite
wall. Because the surface temperature fluctuation of the external wall is
also related to the boundary conditions in contact at this time, the heat
storage coefficient of the surface of the material layer can be solved by
the following method.

When the envelope structure is composed of multiple layers of
material, a layer-by-layer calculation is required calculating the heat
storage coefficient of the surface.

The heat storage coefficient of the inner surface of the enclosure
structure is only suitable for the temperature fluctuation when the inner
side is subjected to thermal disturbance. When studying the tempera-
ture fluctuation of the back-wave surface of the enclosure structure, the
thermal inertia index is often used.

3. Experimental program

3.1. Experiment platform

The experimental platform is located on the experimental building
of the School of Urban Construction and Environmental Engineering of
Chongqing University. Three rooms of Room A, Room B and Room C
are used in the experiment, of which the room sizes are
6m×3.5m×3.2m (L×W×H), 6m×3.5m×3.2m (L×W×H),
and 6m×5m×3.2m (L×W×H). The floor plan is shown in Fig. 2.

For convenience of description, the numbers of the room and its

walls are shown in the Fig. 3, that is, the left and right walls of Room A
are numbered A_L and AB_2, and the left and right walls of Room B are
numbered AB_1 and BC_1. The left and right walls of Room C are
numbered BC_1 and C_R. The heating ends involved in the experiment
include the capillary in the left and right wall of room A, the floor
capillary of room B, the wall coil of room B, the ceiling capillary of
room B, and the capillary in left and right wall of room C. And the
parameters of the enclosure structure of the experimental room are
shown in Table 1.

3.2. Experimental scheme

In the case of the floor radiant heating, ceiling radiant heating, and
wall radiant heating, the indoor thermal environment and heat supply
of the room B and the thermal characteristics of the interior wall are
compared when the neighboring rooms A and C are under the condi-
tions of heating and natural temperature. The experimental conditions
are shown in Table 2.

The experiment lasted for 12 h for all conditions, and Case 1 is re-
peated once in order to avoid the influence of outdoor temperature. In
order to eliminate the influence of intermittent time on the heat flux
density, each working condition is continuously operated for 12 h from
the initial state, and there is no start-stop control.

In each case, the test parameters include:

(a) Outdoor air temperature, supply and return water temperature,
flow rate, and heat supply;

(b) Floor surface temperature, interior and exterior surface tempera-
tures of walls and windows, indoor air temperature;

(c) The heat flux density on the floor surface of Room B, the heat flux
density on the ceiling surface, the heat flux density on the surface of
AB_1 and AB_2, and the heat flux density on the surface of BC_1 and
BC_2.

The detailed information of the experimental instrument is shown in
Table 3.

The 10 temperature measuring points arranged in the ceiling are in
a “plum-shaped” distribution. The floor is arranged with 15 measuring
points in a “plum-shaped” distribution. The measuring point of the wall
temperature is “plum-shaped” distribution, a total of 18. Five mea-
suring points were selected in the same height horizontal direction,
showing a “plum blossom type” distribution. Each position was ar-
ranged at a height of 0.1m, 0.6m, 1.1 m, 1.7m and 2.5 m, for a total of
five. Therefore, a total of 25 measuring points is arranged in the indoor
space of the room. In the arrangement of measuring points, the main
consideration is 0.1m for the height of the human ankle, 0.6m for the
height of the human knee, and also the height when the person lies flat
on the bed, 1.1m is the height of the head when the human body sits
down, and 1.7m is the height of the top of the head when human body
standing. The layout of measuring points of experimental rooms is
shown in Fig. 4.

Fig. 1. One-dimensional heat transfer process of the envelope structure.

Fig. 2. Floor plan of the experimental room.

Fig. 3. Number of laboratory room and interior wall.
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4. Analysis of experimental results

4.1. Natural room temperature of the adjacent room

The natural indoor air temperature of the room is related to the
performance of the enclosure structure, whether the adjacent room is
heated, the window to wall ratio, and the number of air changes. After
the adjacent room was not heated and the wall was basically warmed
up (long time from the last heating ended), the natural indoor air
temperature of the experimental room (the window was slightly open to
meet the habits of window ventilation in the hot summer and cold
winter areas) was higher about 2.37 °C than The average outdoor air
temperature. Table 4 shows the outdoor air temperature and the
average indoor air temperature at the initial time under experimental
conditions.

4.2. Floor heating

This section analyzes the experimental results of Case 1. In order to
avoid the influence of outdoor air temperature on the experimental
results, this working condition is repeated once under different outdoor
air temperatures, so there are four experimental conditions at total,
which can be divided into group A and group B.

The surface temperature of the floor is as shown in Fig. 5(a), and the
surface temperatures of the floor in the two cases were similar. The
reason why the overlap rate of the floor surface temperature of the
group A in the initial stage was slightly lower was that it was affected
by the heat storage of the floor in the early stage, but the two curves

were basically coincident after the stabilization. The rise phase of the
floor surface temperature experienced three stages of slow temperature
rise - rapid temperature rise - and stabilized. After heating for about 7 h,
the floor surface temperature was stable at about 24.41 °C and 24.98 °C,
respectively, with a difference of 0.57 °C.

The average temperature of the inner surface AB_1 in the two sets of
experiments is shown in Fig. 5(b). It can be seen whether the adjacent
chamber was heated had an effect on the temperature rise rate and the
stable temperature of the inner surface AB_1. In the group A operating
condition (outdoor average air temperature was 8.98 °C), the steady-
state temperature of the inner surface AB_1 under the operating con-
dition 1-1-a was 1.02 °C lower than that under the operating condition
1-2-a on average. The initial temperatures of the two operating condi-
tions were 13.83 °C and 13.89 °C, respectively, which were relatively
similar. In the group B operating condition (outdoor average air tem-
perature was 10.74 °C), the steady-state temperature of the inner sur-
face AB_1 under the operating condition 1-1-a was 1.46 °C lower than
that under the working condition 1–2-a on average. The initial tem-
peratures were 13.98 °C and 14.42 °C, respectively, with a difference of
−0.44 °C. Then, after removing the influence of the initial temperature,
the average temperature difference of the inner surface AB_1 of the two
working conditions at the end of the experiment was 1.02 °C, which was
similar to the working condition of the group A. It can be considered
that in the outdoor temperature range of 8.98–10.48 °C, when the
rooms A and C were not heated, the stable temperature of the inner
surface AB_1 was 1.02 °C lower than that of the rooms A and C with
heating.

The average indoor air temperature of the working area in the two
sets of experiments is shown in Fig. 5(c). It can be seen whether the
adjacent room was heated had an effect on the temperature rise rate
and the stable temperature of the indoor air temperature in the work
area. In group A conditions (outdoor average air temperature was
8.98 °C), the average indoor air temperature in the working areas under
operating conditions 1-1-a and 1-2-a was stable at 17.54 °C and
18.12 °C, respectively, with a difference of 0.58 °C. The initial tem-
peratures of the two operating conditions were 13.97 °C and 13.86 °C,
respectively, which were relatively similar. In group B conditions
(outdoor average air temperature was 10.74 °C), the average indoor air
temperature in the working areas under operating conditions 1-1-a and
1-2-a was stable at 18.24 °C and 18.90 °C, respectively, with a difference
of 0.67 °C. The initial temperatures of the two operating conditions

Table 1
Parameters of the enclosure structure of the experimental room.

Envelope Material Heat transfer coefficient ( ∙m KW/ 2 ) Thermal resistance ( ∙m K/W2 )

Exterior wall 240mm solid brick wall 2.03 0.492
Interior wall 180mm solid brick wall 2.39 0.419

Floor Precast concrete slab 2.20 0.454
Door Single-layer wooden door 2.91 0.344

Window Single-layer glass aluminum window 6.40 0.156

Table 2
Experimental condition list.

Case Room A Room B Room C
Case 1 1-1-a / Floor /

1-2-a A_L Floor C_R
1-1-b / Floor /
1-2-b A_L Floor C_R

Case 2 2-1 / Ceiling /
2-2 A_L Ceiling C_R

Case 3 3-1 / Wall /
3-2 A_L Wall C_R

Case 4 AB_2 / BC_2

Table 3
The detailed information of the experimental instrument.

Instrument Type Range Accuracy

Heat meter UH32-6.0 0–105 °C ±0.01 °C
0.02 hm /3 –2.0 hm /3 ±0.001 hm /3

/ ±1kW·h
T-type thermocouple / −40~+125 °C ∙0.004 |t|
Agilent data logger Agilent 34972A −200~+350 °C /
Temperature and humidity recorder HOBO HOBO/UX100-011 Temperature:−20 to 70 °C

Relative humidity:1%~95% RH
Temperature: ± 0.21 °C
Relative humidity: ± 3.5%(25–85%),± 2.5%(10–90%)

Thermal Imager FLIR T650sc −40 to 150 °C 1%
Flow meter data logger DaqPRO 5300 Depending on the type of defined channel /
Heat flux sensor HS-30 ±200 mkW/ 2 3%
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were 14.33 °C and 14.42 °C, respectively. It can be considered that in
the outdoor temperature range of 8.98–10.48 °C, when the rooms A and
C were not heated, the average indoor air temperature in the working
area was 0.58–0.67 °C lower than that while the room A and C were
heating.

Fig. 5(d) shows the heat flux density of the floor surface under the
group B operating conditions (outdoor average air temperature was
10.48 °C). It can be seen that the heat flux density of the floor surface
showed a trend of slow change-rapidly increasing-gradually stable with
time under the two working conditions. The heat flux density on the
floor surface tent to be stable after about 5.5–6 h of heating and whe-
ther the adjacent room was heated had an effect on the heat flux den-
sity. When the adjacent chambers A and C were heated, the heat flux
density at the measuring point on the floor surface was about 58.10W/
m2, and the heat flux density at the surface measurement point was
about 49.97W/m2 while the adjacent chambers A and C were not he-
ated, which was 8.13W/m2 lower than the former.

As shown in Fig. 5(e), the heat flux density on the surface of the
inner wall surface AB_1 under the group B condition (outdoor average
air temperature was 10.48 °C). Since only one heat flow sheet was ar-
ranged on the surface of AB_1, the measured value only represented the
heat flux density value of the measuring point, not the average heat flux
density of the wall surface AB_1. It showed that the heating of the ad-
jacent room had a great influence on the heat flux density of the wall
AB_1. The heat flux density of the wall AB_1 experienced a rapid in-
crease and then a slow decrease, reaching a peak about 5.5 h after the
start of heating. The peak heat flux density of the wall surface AB_1
while the adjacent rooms were at the natural indoor air temperature
(condition 1-1-b) was 9.36W/m2, and finally stabilized at 7.49W/m2.
When the neighboring rooms A and C were both heated (condition 1-2-
b), the peak value was 6.15W/m2 and finally stabilizes at 4.95W/m2,
which were 3.21W/m2 and 2.53W/m2 lower than the former respec-
tively.

The total heat supply of the system to room B in each working
condition under case 1 is shown in Table 5, which contains two parts:
the heat storage of the floor and the heat released from the floor to the
surrounding structure of the room and the air. The heat flux density at

the center point of the floor surface does not represent the average heat
flux density of the floor surface, so the measured value is not time in-
tegrated to determine the total heat released. The total heat supply to
room B can be obtained by a heat meter. It can be seen from the above
table whether the heating of the adjacent room had an influence on the
total heat supply. According to 1-1-a and 1-2-a, when the outdoor
average air temperature was 8.68 °C, the total heat supplied to room B
when the adjacent rooms A and C were not heated was 5.021MJ higher
than that while the neighboring rooms A and C were heated. According
to 1-1-b and 1-2-b, when the outdoor average air temperature was
10.73 °C, the total heat supplied to room B when the adjacent rooms A
and C were not heated is 3.568MJ higher than that while the neigh-
boring rooms A and C were heated. That is, in the outdoor air tem-
perature range of 8.98–10.48 °C, the total heat supply to room B when
the adjacent rooms A and C were not heated is 3.568–5.021MJ more
than that when the adjacent rooms A and C were heated which was
4.6–6.9%.

4.3. Ceiling heating

This section analyzes the test results of case 2 which includes 2
conditions.

The inner surface temperature of the ceiling is shown in Fig. 6(a).
Unlike floor heating, the smaller depth of the capillary inside the ceiling
caused the inner surface temperature of the ceiling to rise rapidly from
the start of heating and then tent to be stable after the heating began for
about 3.5 h. The temperature curve of the inner surface of the ceiling
under the two working conditions was close to coincident at the initial
stage, and there were slight differences between the two curves in the
steady state. The inner surface temperature of the ceiling under the
working condition 2–1 in which the adjacent chambers A and C were
not heated was stabilized at about 30.33 °C. The inner surface tem-
perature of the ceiling under the working conditions 2–2 in which the
adjacent rooms A and C were heated was about 31.50 °C, which was
1.17 °C higher than the former.

The average surface temperature of AB_1 is shown in Fig. 6(b). It
can be seen that the surface temperature of AB_1 rise rapidly at the start
of heating when the ceiling was heated, and then slowly rise to a stable
level. Under the condition 2-1, when the adjacent chamber was not
heated, the average surface temperature of AB_1 was 13.62 °C at the
initial time, and then stabilized at 17.03 °C. When the adjacent room
was under working condition 2-2, the average surface temperature of
AB_1 was 13.73 °C at the initial time, and then stabilized at 18.40 °C,
which was 1.37 °C higher than the former. Subtracting the influence of
the temperature difference at the initial time, it was considered that the
average surface temperature of AB_1 was reduced by 1.21 °C compared
with the heating of the adjacent room due to the heat transfer of the

Fig. 4. The layout of measuring points of experimental rooms.

Table 4
Outdoor air temperature and the average indoor air temperature.

Outdoor air temperature
(°C)

Natural indoor air
temperature(°C)

Temperature difference
(°C)

9.53 12.17 2.64
9.31 11.52 2.21
10.81 12.85 2.04
7.75 10.35 2.60
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non-heating adjacent chamber.
The average air temperature in the work area is shown in Fig. 6(c).

It can be seen that the indoor air temperature of the ceiling heating was
rapidly increased from the start of heating, which was different from

the floor heating. Whether or not the adjacent room was heated had an
effect on the average air temperature in the work area, especially
during the period of stabilization. Under the condition 2-1 of no heating
in the adjacent room, the average air temperature in the working area

Fig. 5. Experimental results for case 1.
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was 13.76 °C, and tent to stable at 17.79 °C. Under the condition 2-2 of
adjacent room heating, the initial average air temperature in the
working area was 13.83 °C then reached 18.55 °C after 12 h. That is, the
average air temperatures in the working area under the two working

conditions were similar at the initial time. However, at the end time,
the adjacent room heating conditions were relative to the adjacent
room heating conditions, and the average air temperature in the
working area while the adjacent rooms were not heated was 0.76 °C
lower than of which the neighboring chambers were heated.

The heat flux density on the inner surface of the ceiling is shown in
Fig. 6(d). It can be seen that the heat flux density of the inner surface of
the ceiling under both working conditions showed a trend of slow
change with time - rapid increase - gradually stable, and then tent to be
stable after about 4.5–5 h of heating. After entering the stabilization
phase, the heat flux density on the inner surface of the ceiling under the
heating conditions of the adjacent rooms A and C was about 67.10W/
m2, while the heat flux density at the inner surface of the ceiling under
the non-heating conditions of the adjacent chambers A and C was about
58.18W/m2 which was 8.93W/m2 lower than the former.

The heat flux density on the inner wall surface AB_1 is shown in

Table 5
Total heat supply of Room B.

Case Heat supplied to Room B (MJ)

1-1-a 72.396
1-2-a 67.375
1-1-b 78.048
1-2-b 74.480
2-1 78.119
2-2 74.235
3-1 80.784
3-2 75.348

Fig. 6. Experimental results for case 2.
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Fig. 6(e), which represents only the heat flux density of the measuring
point, not the average heat flux density of the wall AB_1. It can be seen
that the heat flux density of the wall AB_1 increased rapidly until the
heating reaches a peak after about 5 h and began to slowly decrease.
Under the natural indoor temperature of the adjacent room (condition
2-1) and the heating conditions of the adjacent rooms A and C (con-
dition 2-2), the peak heat flux density of the inner wall AB_1 was
11.60W/m2 and 8.94W/ m2 respectively, between which the differ-
ence was 3.06W/m2. The heat flux density of the inner wall surface
AB_1 was 9.77W/m2 and 6.70W/m2 at the terminal time respectively,
between which the difference was 3.21W/m2.

The total heat supply to the room under two conditions during
continuous heating for 12 h is shown in Table 6, which consists of three
parts: the heat storage of the ceiling, the heat transfer from the ceiling
to the upper room and the heat released from the ceiling to the en-
closure and air. Since the heat flux density at the inner surface of the
ceiling does not represent the average heat flux density on the inner
surface of the ceiling, the measured value is not time integrated to
obtain the total heat released, which can be obtained from the heat
meter. It can be seen from the table that the total heat supplied to the
room B while the adjacent rooms A and C without the heating was
3.884MJ more than that of the adjacent rooms A and C were heated,
witnessing an increase of 5.0%.

4.4. Wall heating

This section analyzes the results of case 3 which contains two
conditions when the wall heating system is on operation.

The average surface temperature of the inner surface AB_1 is as
shown in Fig. 7(a). Since both the surfaces of AB_1 and the BC_1 were
used for heating, only the AB_1 was taken for analysis. It can be seen
that the surface temperature of AB_1 rise rapidly at the start of heating
when the wall was heated, and tent to be stable after about 3 h. Under
the condition 3-1 of the adjacent room with non-heating, the average
surface temperature was 15.33 °C at the initial time and 26.95 °C at the
end time. Under the condition 3-2 of the adjacent room with heating,
the average surface temperature was 15.30 °C at the initial time and
27.98 °C at the end time, which was 1.03 °C lower than that of the
former condition. Subtracting the influence of the temperature differ-
ence at the initial time, it can be considered that while the wall heating
was on operation, the average temperature of the inner surface AB_1
was reduced by 1.06 °C with respect to that of which the adjacent room
was heated due to the heat transfer of the non-heating adjacent
chamber.

The average air temperature in the work area is shown in Fig. 7(b).
It can be seen that the indoor air temperature under the wall heating
rapidly rise from the start of heating, and then tent to be stable. Whe-
ther the adjacent room was heated or not had a significant effect on the
temperature rise curve of the indoor air temperature. Under the con-
dition of no heating in the adjacent room, the average air temperature
in the working area was 13.51 °C at the initial time and 19.57 °C at the

end time. Under the condition of heating in the adjacent room, the
average air temperature in the working area was 13.52 °C at the initial
time and 20.53 °C at the terminal time. Subtracting the influence of the
initial temperature difference, the average air temperature in the
working area while the neighboring rooms were not heated is 0.95 °C
lower than that in which the adjacent rooms were heated.

The heat flow density of the measuring point on the inner wall
surface AB_1 is as shown in Fig. 7(c). It can be seen that, unlike floor
heating and ceiling heating, when the wall was heated, its heat flux
density had experienced two stages of “rapid growth – tending to be
stable”. The measurement showed that the heat flux density of the wall
surface tent to be stable after about 4.5–5 h from the heating, and
whether the adjacent room was heated had a great influence on the
growth rate and stable value of the heat flux density of the heating wall
surfaces AB_1 and BC_1. When the neighboring room was not heated (3-
1), the measured heat flow density of the wall AB_1 was about 48.08W/
m2 in the stable phase. While the neighboring rooms A and C were both
heated (3–2), the value was stable at 37.53W/m2, which was 10.55W/
m2 lower than the former.

The heat flux density of the measuring point on the external surface
AB_2 is as shown in Fig. 7(d). It can be seen that the wall AB_2 absorbed
heat from the rooms A and B when the adjacent room was heated. When
the adjacent room was not heated, the wall AB_2 that absorbed the heat
from the room B releases heat, which was further hull to the room A.
The heat flux density of AB_2 under the heating condition of adjacent
room (3-2) showed a trend of increasing first and then decreasing
slowly, of which the absolute value was about 15.06W/m2 at the end of
the experiment. The heat flux density of the wall AB_2 under the non-
heating condition of the adjacent room (3-1) continued to increase, of
which the absolute value was 5.87W/m2 at the end time.

The total heat supply to room B for 12 h under both conditions is
shown in Table 4 which can be obtained from the heat meter. It consists
mainly of three parts: heat storage of the wall, heat transfer from the
wall to room B, and heat transfer from the wall to the adjacent
chamber. It can be seen that the compared with 3-2, and the total
heating capacity of room B while neighboring rooms A and C were not
under heating condition is 5.436MJ, which was increased by 6.7%
comparing with that of where the adjacent room A and C are heated.

4.5. Indoor thermal environment in non-heated neighborhoods

This section analyzes the experimental results of Condition 4 (wall
AB_2 of adjacent room A and wall BC_2 of adjacent room C for heating).

The heating power to the room A (heat supply per unit time) is as
shown in Fig. 8(a). It can be seen that different from the heat flux
density of the wall AB_2 peaking at about 3.5 h, the total heat supply to
the room A reached a top after about 1.5 h from heating, and then
slowly decreased. The cause of the fluctuations and the heating system
were related to the changing water supply temperature of the air-cooled
heat pump system.

Under working condition 4 (the wallAB_2 on the right side of the

Table 6
The temperature increase and the peak heat flux density for case 1-3.

Case Heating Temperature increase in the
working area (°C)

Temperature increase on
AB_1 (°C)

Temperature increase on
BC_1 (°C)

The peak heat flux density
on AB_1 (W/m2∙K)

The peak heat flux density
on BC_1(W/m2∙K)

1-1(average) Floor 3.74 2.44 2.25 9.36 8.95
1-2(average) 4.37 3.43 3.16 6.15 6.02
Difference 0.63 0.99 0.92 3.21 2.93

2-1 Ceiling 4.03 3.34 3.30 11.60 11.03
2-2 4.73 4.51 4.31 8.40 7.99

Difference 0.70 1.17 1.01 3.21 3.04

3-1 Wall 6.06 11.62 8.34 49.20 38.07
3-2 7.01 12.68 9.92 37.71 29.13

Difference 0.95 1.06 1.58 11.49 8.94
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room A and the wall BC_2 on the left side of the room C were heated,
the room B was not heated) the temperature and heat flux density of the
heating surface (AB_2 and BC_2) were shown in Fig. 8(b). It can be seen
that the surface temperatures of the heating walls AB_2 and BC_2 rise
rapidly at first, lasting for about 80min, and then tent to be stable at
about 31.61 °C (AB_2) and 32.60 °C (BC_2) respectively. However, the
heat supplied to the wall rise rapidly after a slow rise of 20min and
then peaked after about 3.5–4 h. Then the heat supply tent to be gentle
and slowly descends. The flow density of the two walls was about
116W/m2 at the terminal time. Further, with respect to the heat supply
per unit time in Fig. 8(a), the small fluctuation of the measured heat
flux density of the wall surface AB_2 was related to the heat storage and
attenuation of the wall.

The average temperature of the inner surfaces AB_1 and BC_1 and
the working area of the room B (0.1 m-1.7 m) within 24 h of adjacent
room heating is shown in Fig. 8(c). Affected by the heat transfer of the
wall, the surface temperatures of the inner walls AB_1 and BC_1 of the
room B increased slowly for 4.5–5 h, and the temperature rise rate
continued to increase. The reason was that when the rooms A and C just
started heating, the two inner walls were in a state of heat storage, and
the heat flow to the walls of the AB_1 and BC_1 began to increase sig-
nificantly after about 4.5–5 h. The temperature rises of the inner sur-
faces AB_1 and BC_1 were 5.00 °C and 4.88 °C respectively during the
24 h period.

The average air temperature in the working area of room B was
mainly affected by the heat transfer from the adjacent room, and also
by the outdoor air temperature and the heat storage and release of each
wall. The average air temperature in the working area of room B was
slowly warmed up in the initial stage until 2:00 am, with a 0.5 h delay
relative to the temperature changes of the walls AB_1 and BC_1. The
average temperature of the work area of room B rise until10:00 the next
day, then the heating rate increased again, which was affected by the

outdoor temperature. After 16:00, the average air temperature rise rate
in the room B working area became slower. Within 24 h of heating, the
average air temperature in the working area of room B increased by
2.91 °C, which was 21% higher than its initial temperature.

The indoor air temperature of room B at different heights is shown
in Fig. 8(d). It can be seen that the room air temperature in room B was
evenly distributed due to the heating of the adjacent rooms on both
sides, and generally showed a trend of decreasing from top to bottom.

Table 6 shows the temperature increase and the peak heat flux
density under the conditions of Experiments 1–3. As a whole, whether
or not the adjacent room had the greatest impact on the heating of the
wall, followed by ceiling heating (ceiling laying) and floor heating
(wood floor), for which the greater depth of the floor heating pipe and
the heat capacity of the wooden floor were responsible. The surface
temperature of the wood floor heating was lower than that of the
ceiling and the wall heating, resulting in the heat released to the room
and the indoor air temperature relatively small. The heating pipe for
wall heating directly laid on the inner wall and the fact that both sides
of the wall were heated in the experiment were the main reason why
the heat transfer to the adjacent rooms and the total heat storage ca-
pacity of the wall were larger than that of the ceiling heating. Whether
the room was heated or not had greater impact on the wall heating.

As illustrated in Table 7, when the adjacent rooms were not heated,
the indoor air temperature in the working area decreased by 3.4–4.7%,
the internal wall surface temperature decreased by 3.0–7.4%, and the
heat flux density of internal wall surface increased by 29.8–52.2%. The
heating surface temperature was reduced by 2.3–3.7%, the heat flux
density of the heating surface was increased by 15.3–16.3% for floor
and ceiling heating, and the heat flux density was reduced by about
22% because of the large heat transfer to adjacent rooms through in-
terior walls. The heating of the large heat transfer to the adjacent rooms
through interior walls. The total heat supply to the room increased by

Fig. 7. Experimental results for case 3.
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5.2–7.2%.

5. Conclusion

In this paper, under the three heating modes of floor radiant
heating, ceiling radiant heating and wall radiant heating, the indoor
thermal environment and heat flux density of heating room B while
adjacent rooms A and C are under the heating and non-heating condi-
tions are tested and analyzed. The following conclusions can be ob-
tained.

(1) After the adjacent room is not heated and the heat of wall is re-
leased totally (the longer time from the last heating), the average
temperature difference between the natural indoor air and the
outdoor air is about 2.37 °C;

(2) The heating rate of the wall when the adjacent room is heated is
greater than that where the adjacent room is not heated. The heat

flux density of the heating surface changes rapidly and tends to be
stable after 5.5–6 h (floor heating) and4.5–5 h (ceiling heating and
wall heating).

(3) Considering the average air temperature in the working area and
the surface temperature of each wall, whether the adjacent room
are heated or not has the greatest influence on the wall heating,
followed by the ceiling heating and floor heating.

(4) Within 24 h, the temperatures of the inner surfaces AB_1 and BC_1
of the neighboring room increased by 5.00 °C and 4.88 °C, respec-
tively. The average air temperature in the working area of the non-
heating room increased by 2.91 °C which was 21% higher than that
at the initial time.

(5) Whether the adjacent rooms are heated or not causes the difference
in the average air temperature in the working area is 0.62 °C (floor
heating), 0.76 °C (ceiling heating), 0.95 °C (wall heating) which
decrease by 3.4–4.7%.

(6) Whether the adjacent rooms are heated or not has the greatest

Fig. 8. Experimental results for case 4.

Table 7
The comparison of temperature, heat flux density and heat supply increase between case 1-3.

Case Heating Temperature in the
working area (°C)

Temperature on AB_1
(°C)

Peak heat flux
density on AB_1 (W/

m2)

Temperature on heating
surface (°C)

Peak heat flux density on
heating surface (W/m2)

Total heat
supplies (MJ)

1-1(average) Floor 17.89 16.71 9.36 24.41 58.10 75.222
1-2(average) 18.51 17.22 6.15 24.98 49.97 70.928
Increase ratio −3.4% −3.0% 52.2% −2.3% 16.3% 6.1%

2-1 Ceiling 17.79 17.03 11.60 30.33 67.10 78.119
2-2 18.55 18.40 8.94 31.50 58.18 74.235

Increase ratio −4.1% −7.4% 29.8% −3.7% 15.3% 5.2%

3–1 Wall 19.57 26.95 26.95 37.53 80.784
3–2 20.53 27.98 27.98 48.08 75.348

Increase ratio −4.7% −3.7% −3.7% −22.0% 7.2%
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influence on the average temperature and the heat flow density of
the inner wall surface. Under the two working conditions, the dif-
ference in the average inner surface temperature of the partition
wall is: 1.02 °C (floor heating), 1.21 °C (ceiling heating), and 0.95 °C
(wall heating) which reduce by 2.3–3.7%.

(7) The difference in peak heat flux density on the inner wall surface is
3.21W/m2 (floor heating), 3.06W/m2 (ceiling heating), and
10.55W/m2 (wall heating) which increased by 29.8–52.2%. The
difference in total heat supply is: 4.30MJ (floor heating), 3.88MJ
(ceiling heating), and 5.44MJ (wall heating) which increase by
5.2–7.2%; Additional heat load calculation is supposed to be taken
into consideration due to the large heat transfer between interior
walls while neighboring rooms are not heated.
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