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Abstract
Existing studies have shown that the space cooling load oriented to local thermal requirements is
significantly influenced by different heat source distributions. However, numerical methods have
been mainly used in the analysis based on a fixed airflow field and ignoring the thermal plume. Here,
an experiment in a chamber with mixing ventilation was conducted. The heat sources were simulated
by metal barrels and an oil-filled radiator, 13 types of heat source distributions were designed and the
local cooling load (LCL) was used as the evaluation index. The results show that (1) the LCL is equal to
the total amount of heat sources at the steady state in a room with mixing ventilation only if the heat
sources are also distributed uniformly; (2) the LCL decreases with a decrease in the intensity of heat
sources, achieving a decrease rate of 47.4%–70.8% in the experiment with different intensities; (3) the
LCL is 9.2%–22.3% lower than the total amount of heat sources when these are located near the exhaust
diffuser or far away from the target zone; (4) owing to its smaller surface area, the LCL with an oil-filled
radiator is 7% lower than that with five metal barrels.
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Introduction

The aim of the air-conditioning system in buildings is

to enable a comfortable, productive and healthy

indoor environment with low cooling load. Owing to

the multifold heat transfers in buildings, the space cool-

ing load is affected by many factors, such as the heat

sources, air distributions (i.e. ventilation systems) and

thermal requirements.1 Conventionally, mixing ventila-

tion (MV) is used to design a uniform indoor thermal

environment. When the whole room is considered and

the indoor air temperature distribution is regarded as

uniform, all the heat sources can convert into the space

cooling load at the steady state.2 In practice, some

studies3 reported that complete mixing is difficult

to achieve, even if MV is adopted in the room.

The indoor air parameters are also distributed

non-uniformly,4,5 and the air change effectiveness
and heat removal efficiency6,7 could be less or greater
than 1.
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Recently, with the development of the stratified ven-
tilation methods, e.g. displacement ventilation (DV),
underfloor air distribution (UFAD), impinging jet ven-
tilation, wall attached ventilation and protected occu-
pied zone ventilation, researchers realized that the
indoor thermal environment is non-uniform and only
the occupied zone needs to be guaranteed.8 In this case,
not all the heat sources can convert into the space cool-
ing load, because only the portion of those entering the
occupied zone should be considered.9 The different
heat source distributions, which means the different
intensities,10,11 locations,12 centralization/decentraliza-
tion conditions,13,14 shapes,11,15 ratios of radiation to
convection,16 heights17 or aspect ratios18 of the heat
sources, have a crucial influence on the indoor air tem-
perature distribution and airflow field. Accordingly, the
space cooling load oriented to the occupied zone could
be greatly affected by the heat source distribution,
which has been reported in the literature. Park and
Holland19 found that the space cooling load oriented
to the occupied zone decreased significantly as the heat
source height rose in a room with DV, with the greatest
decrease rate, 80%, when the heat source was located
at 2m high. Zheng et al.20 conducted an experiment in
a chamber with DV, and the results showed that the
temperature stratification could be broken to increase
the space cooling load when a hot window was
installed. Cheng et al.21 found that the space cooling
load is associated with the types of heat sources (wall,
window, computer, occupant, lamp, etc.) in an office,
classroom and airport terminal. The distance between
the heat sources and return/exhaust grills is also impor-
tant to the space cooling load.22 Specially, when the
heat sources (e.g. the lights) are combined with the
exhaust grills, the heat sources have little influence
on the occupied zone, and therefore it could be reduced
as much as 47.7%, as stated in Ahmed et al.23

Furthermore, some calculation methods were proposed
to quickly obtain the relationship between the heat
sources and space cooling load for the stratified venti-
lation methods. Loudermilk24 recommended that effec-
tive heat gain factors be applied in calculating the space
cooling load for the UFAD, and Chen and
Glicksman25 built a prediction model for DV with the
effective cooling load factors to calculate it. These fac-
tors reflect the weighting coefficients for the contribu-
tion of the heat sources to the occupied zone, which
can be obtained by case-by-case computational fluid
dynamics simulations or referred to the empirical
values directly.

Generally, for indoor environment creation in
residential,26,27 commercial28,29 and industrial30,31

buildings and vehicle compartments,32,33 only a local
zone needs to be protected from the thermal discomfort
and air pollution, which is quite smaller than the

occupied zone or whole room. In view of this, research-
ers have proposed the personalized ventilation,34,35

local exhaust ventilation36,37 and some other novel sys-
tems38–41 to create a local or micro thermal environ-
ment for satisfying the local requirements. Because
only the air temperature of the local zone is maintained
in the indoor environment, the influence of heat source
distribution on the space cooling load oriented to the
local zone will be very different, not only for the per-
sonalized ventilation and local exhaust ventilation, but
also for the stratified ventilation and traditional MV.
Subsequently, Liang et al.42,43 defined a new index, i.e.
the local cooling load (LCL), to evaluate it quantita-
tively. Several numerical cases were designed to dem-
onstrate that the LCL is usually not equal to the total
amount of heat sources. With the help of the LCL, the
supply air parameters could be determined for design-
ing the air terminals in non-uniform indoor environ-
ments oriented to local zone, which have been applied
in the design of the air curtain system44 and multi-mode
ventilation system.45

However, the existing studies of the relationship
between heat sources and LCL were mainly based on
the numerical method, and there is limited work with the
experimental method. Moreover, the main results were
obtained on the premise of a fixed airflow field and con-
stant heat gain from the envelope. As mentioned above,
both of them are greatly influenced by the non-uniform
temperature and thermal plume, and therefore this indi-
cates that there are some deviations in this premise. In
addition, the types of heat source distributions discussed
in the previous studies were quite limited, and they are
not sufficient to analyse their influence on the LCL.
Actually, the heat source distributions in buildings are
diverse and changeable (e.g. lights on/off, occupant
movement, sunlight changes with time and climate),46,47

and they could have different heat gain levels.48,49

Therefore, the aim of this study is to further analyse
the influence of different heat source distributions on
the space cooling load oriented to local thermal
requirements by using the experimental method. The
experiment was conducted in a test chamber with the
size of 4.12m (L)� 4.20m (W)� 2.89m (H) at the
Technical University of Denmark, and the heat sources
were simulated by metal barrels with relatively low heat
dissipation and an oil-filled radiator with relatively high
heat dissipation. MV was installed in the chamber, but
only the average temperature in a local zone with size
of 1.37m (L)� 1.4m (W)� 1.4m (H) needed to be
maintained during the measurement. The LCL was
used as the evaluation index to calculate the space cool-
ing load oriented to local thermal requirements. To con-
sider as many as possible different heat source
distributions, 13 experimental cases with different inten-
sities, locations, shapes and degrees of concentration of
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the heat sources were designed. These 13 cases were

divided into two series, i.e. the low-load (420W) and

high-load (840W) series, for considering the usual (aver-

age) and design (peak) cooling load, respectively. The

experimental results in this study will be beneficial for

designing an efficient indoor thermal environment

oriented to local requirements, optimizing the supply

air parameters50 and operating the air-conditioning

system with low energy.51

Methodology

Experimental facility

Test chamber and heat sources. The layout of

the full-scale test chamber with the size of 4.12m

(L)� 4.20m (W)� 2.89m (H) is shown in Figure 1

(a). The test chamber was situated in a large laboratory

hall, and therefore a fairly stable ambient environment

could be kept. The envelope was mainly made of the

polyurethane (PU) sandwich panel and wood, and the

heat transfer coefficients of them could refer to the pre-

vious study.42 However, the insulation performance

was poor because of the long time of use (since 2001),

and therefore the non-uniform heat transfer from the

envelope was considered when checking the heat bal-

ance in the chamber and analysing the experimental

results. Two fluorescent lamps were suspended at a

height of 2.45m, each of which had a heat dissipation

of 40W. A supply diffuser with two slots (Halton SLN-

472, with the maximum air flow rate of 0.047m3/s) and

two exhaust diffusers were placed on the ceiling. The

space of the chamber was divided uniformly into nine

local zones and only a local zone, i.e. Zone D with size

of 1.37m (L)� 1.4m (W)� 1.4m (H), was guaranteed
during the measurement, as shown in Figure 1(b).

In this experiment, several metal barrels with the
heating wire coiled inside and an oil-filled radiator
(Ufesa RU-7/15) which have different surface areas
(including different shapes and numbers) were used to
simulate the heat sources (except the lighting and enve-
lope), as shown in Figure 2. The heat dissipations of the
heat sources could be set by a voltage transformer and
measured by a power meter. The metal barrel was nearly
a cylinder with the height of 0.785m and the diameter of
0.4m, and its surface area was 1.073m2. The size of the
oil-filled radiator was 0.39m (L)� 0.16m (W)� 0.6m
(H), and its surface area was 1.766m2. Owing to

Figure 1. (a) Test chamber layout and (b) target zone.

Figure 2. Heat sources in the experiment. (a) Metal barrel
and (b) oil-filled radiator.

Liang et al. 3



the different surface areas, the heat dissipations per unit

area of the metal barrel and oil-filled radiator were dif-

ferent to represent the heat source with relatively low

intensity (e.g. the occupant, laptop, monitor and print-

er)52 and heat source with relatively high intensity

(e.g. the strong solar radiation, large screen, oven and

high-power electrical appliance),53 respectively.

Air-conditioning system. The principle of the air-

conditioning system in this experiment is shown

in Figure 3.
A centralized chiller was installed to ensure the

indoor environment of the whole building where the

test chamber was located. To control the test chamber

independently, an additional air–water heat exchanger

and control system were equipped. First, the outdoor

fresh air was cooled by the centralized chiller and con-

trolled at a fixed temperature, which was set to 26�C in

this experiment. Then, it was cooled by the air–water

heat exchanger and supplied into the chamber through

the supply diffuser. Finally, the air was mixed and dis-

charged directly through the exhaust diffusers to the

ambient environment in the laboratory hall.

Measurement sensors. Four PT100 temperature

sensors (accuracy of �0.15�C) were placed at the

height of 0.7m in Zone D to monitor the average air

temperature of the target zone, as shown in Figure 4(a).

The indoor air parameter distributions were

measured by moving a steel pole with several PT100

and AirDistSys5000 velocity sensors (accuracy of

�0.02m/s), as shown in Figure 4(b). The moving

positions of the steel pole were the centres of the
local zones (except Zone D). According to ISO 7726
standard,54 the sensors were placed at heights of 0.1,
0.3, 0.6, 1.4, 1.7, 2.1 and 2.6m, respectively. Every time
the pole was moved by the experimenter, the chamber
needed 30–40min to reach stability again.

Additionally, an FCO510 micromanometer (accura-
cy of �0.5 Pa), TA-SCOPE HP balancing instrument
(accuracy of �0.2 kPa) and PT100 were installed to
monitor and adjust the supply and exhaust air volumes,
cooling water flow rate and cooling water, supply air,
exhaust air and ambient air temperatures for ensuring
the required experimental conditions, as shown in
Figure 3. During the measurement, the ambient envi-
ronment was stable at 22.5�C.

Experimental cases

According to the EN 1525155 and ISO 773056 stand-
ards, the low-load (or usual-load) with 420W and high-
load (or design-load) with 840W were considered.
Thirteen types of heat source distributions, which
include different intensities, locations, shapes and
degrees of concentration of the heat sources, were
designed in this experiment, as shown in Figure 5.

As shown in Figure 5(a) to (i), three metal barrels
with heat dissipation of 3� 140W were localized in
the different local zones. An oil-filled radiator and five
metal barrels with the same heat dissipation of 840W
were localized in Zone E in Figure 5(j) and (k), whereas
the five metal barrels were distributed in multiple local
zones in Figure 5(l) and (m). The two lamps in the
experimental chamber were dominated by radiative

Figure 3. Principle of the air-conditioning system in the experiment.
F: water flow rate sensor; P: air pressure sensor; T: air/water temperature sensor.
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heat transfer, which eventually distributed to the inner

surfaces (mainly the envelope) relatively uniformly, and

therefore their influence on the non-uniform distribution

of heat sources was ignored in this experiment.
Based on the different heat source distributions in

Figure 5, 13 experimental cases were designed, as

shown in Table 1.
In Table 1, Cases L-1 to L-9 are the low-load cases

with 420W, and Cases H-1 to H-4 are the high-load

cases with 840W. The supply air volumes in the low-

load and high-load cases were fixed at 0.0235m3/s and

0.047m3/s, respectively. The set temperatures of the

target zone (i.e. Zone D) in the low-load and high-

load cases were 26�C47 and 29�C,57,58 respectively. By

comparing the low-load and high-load cases, the influ-

ence of the intensity of heat sources on the space cool-

ing load oriented to local thermal requirements was

analysed; by comparing Cases L-1 to L-9, the influence

of the location of heat sources was analysed; by com-

paring Cases H-1 and H-2, the influence of the shape of

heat sources was analysed and by comparing Cases H-

2, H-3 and H-4, the difference between the localized

and distributed heat sources was analysed.

Experimental procedures

First, the exhaust fan was adjusted to attain an exhaust

air volume flow rate equal to the supply air volume flow

rate, and therefore an airflow balance was obtained in

the chamber. Second, by keeping the supply air volume

at 0.0235m3/s for the low-load cases (or 0.047m3/s for

the high-load cases), the supply air temperature was

adjusted multiple times to attain the average

temperature in Zone D at 26�C for the low-load cases
(or 29�C for the high-load cases). Third, when the
indoor air parameters were basically unchanged, a
steady condition was achieved. Then, the indoor air
parameter distributions were measured by moving the
steel pole with sensors. Finally, by changing the heat
source distribution and repeating the steps above, the
other experimental cases in Table 1 could be measured.

Evaluation index

The LCL was used in this study to evaluate the space
cooling load oriented to local thermal requirements.
The LCL means the cooling capacity provided by the
air terminals for only maintaining the local zone, which
is defined as equation (1)42,43

Qlocal ¼ cpmsðTlocal set � TsÞ (1)

where Qlocal is the LCL, W; cp is the specific heat capac-
ity of air, J/(kg �K); ms is the supply air mass flow rate,
kg/s; Tlocal_set is the set temperature in the local zone,
�C and Ts is the supply air temperature, �C.

In the conventional uniform indoor environment,
the space cooling load is equal to the total heat gains
(i.e. the total amount of heat sources) at the steady
state, as shown in equation (2).

Qspace ¼ cpmsðTset � TsÞ ¼ cpmsðTe � TsÞ ¼ qgain (2)

where Qspace is the space cooling load in uniform
indoor environments, W; Tset is the set temperature
in the whole room, �C; Te is the exhaust air tempera-
ture, �C and qgain is the total heat gains in the room, W.

Figure 4. Indoor air temperature and velocity sensors. (a) Four PT100 in target zone and (b) steel pole with sensors.

Liang et al. 5



Figure 5. Thirteen types of heat source distributions. (a) Three metal barrels with 3� 140 W are localized in Zone A,
(b) three metal barrels with 3� 140 W are localized in Zone B, (c) three metal barrels with 3� 140 W are localized in
Zone C, (d) three metal barrels with 3� 140 W are localized in Zone D, (e) three metal barrels with 3� 140 W are localized
in Zone E, (f) three metal barrels with 3� 140 W are localized in Zone F, (g) three metal barrels with 3� 140 W are localized in
Zone G, (h) three metal barrels with 3� 140 W are localized in Zone H, (i) three metal barrels with 3 �140 W are localized in
Zone I, (j) one oil-filled radiator with 840 W is localized in Zone E, (k) five metal barrels with 5� 168 W are localized in Zone
E, (l) five metal barrels with 5� 168 W are distributed in Zones A, E and G and (m) five metal barrels with 5� 168 W are
distributed uniformly in Zones A, C, E, G and I.
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However, in the non-uniform indoor environment ori-

ented to local zone, Tlocal_set is usually not equal to Te.

Therefore, the LCL can be less or greater than the total

heat gains, according to equation (1). The LCL actually

reflects the influence of the heat sources on the local zone

under a specific airflow pattern at the steady state.

Result and discussion

Indoor air temperature distribution

When the average temperature in the target zone

reached the set value, the final supply and exhaust air

temperatures in each experimental case were obtained,

as listed in Table 2.

From Table 2, the supply and exhaust air temper-
atures vary with the different heat source distributions.
At the same time, the air temperature in each local zone
(except Zone D) was measured. Owing to space con-
straints, only Case L-5 with three metal barrels in Zone
E and Case H-2 with five metal barrels in Zone E are
displayed as examples, as presented in Tables 3 and 4.

As can be observed in Tables 3 and 4, the indoor air
temperature was still distributed non-uniformly,
although this test chamber was equipped with MV.
The air temperature in Zone E was relatively high
because the metal barrels were localized in that zone.
The air temperatures in Zones B and H at a height of
2.6m were relatively low (24.4�C and 24.5�C in Case
L-5, respectively; 27.9�C and 27.8�C in Case H-2,

Table 1. Experimental cases.

Case no.
Intensity of heat
sources

Type of heat
sources

Location of
heat sources Supply air volume Target zone

L-1 420 W in total Three metal barrels Zone A Fixed at
0.0235 m3/s

Zone D, maintained
at 26�CL-2 Zone B

L-3 Zone C
L-4 Zone D
L-5 Zone E
L-6 Zone F
L-7 Zone G
L-8 Zone H
L-9 Zone I
H-1 840 W in total An oil-filled radiator Zone E Fixed at

0.047 m3/s
Zone D, maintained
at 29�CH-2 Five metal barrels Zone E

H-3 Zones A, E and G
H-4 Zones A, C, E, G and I

Table 2. Final supply and exhaust air temperatures in 13 experimental cases.

Case
L-1

Case
L-2

Case
L-3

Case
L-4

Case
L-5

Case
L-6

Case
L-7

Case
L-8

Case
L-9

Case
H-1

Case
H-2

Case
H-3

Case
H-4

Supply air
temperature (�C)

16.0 17.3 18.3 14.2 15.0 17.0 15.8 17.2 18.1 16.6 15.8 16.7 17.6

Exhaust air
temperature (�C)

26.0 26.2 26.9 24.7 25.4 26.5 26.0 26.2 26.9 27.9 27.1 27.8 29.0

Table 3. Indoor air temperature distribution in Case L-5 (unit is �C).

Zone A Zone B Zone C Zone E Zone F Zone G Zone H Zone I

H¼ 0.1m 25.9 25.8 25.5 28.0 25.5 25.8 25.6 25.5
H¼ 0.3m 25.9 25.9 25.5 28.2 25.6 25.8 25.8 25.5
H¼ 0.6m 25.9 25.9 25.7 27.6 25.7 25.9 25.9 25.6
H¼ 1.1m 25.9 25.9 25.7 26.0 25.7 25.9 26.0 25.6
H¼ 1.7m 25.9 25.9 25.8 25.7 25.7 26.1 25.9 25.7
H¼ 2.1m 25.9 25.9 25.8 25.7 25.8 26.1 25.9 25.7
H¼ 2.6m 26.0 24.4 25.6 25.7 25.8 26.2 24.5 25.5

Liang et al. 7



respectively), because the two zones were within the

region of influence of the supply air jet. Additionally,

owing to the symmetrical diffusers and heat sources,

the horizontal air temperature distributions were

almost symmetrical in the south–north direction.

Influence of the intensity of localized heat
sources on the LCL

According to equation (1), the LCL in 13 experimental

cases was calculated with the supply air temperatures in

Table 2. The results are shown in Figure 6.
The uniform space cooling load in Figure 6 is the

space cooling load in the ideal uniform (26�C or 29�C)
indoor environment, which equals to the total heat gain

(including the heat gain from the envelope) and was cal-

culated based on equation (2). They were 281W and

645W for the low-load and high-load cases, respectively,

and were regarded as the reference values for comparison.
Obviously, the LCL decreases with the decrease in

the intensity of heat sources, as shown in Figure 6.

The LCL ranges, respectively, from 646.2W� 11.2W

to 748.2W� 11.2W in Cases H-1 to H-4 with

high intensity, but ranges from 218.2W� 5.6W to

340.1W� 5.6W in Cases L-1 to L-9 with low intensity,

indicating a decrease rate of 47.4%–70.8%.

Additionally, the LCL was 16.0% higher than the uni-

form space cooling load in Case H-2, but only 10.9% in

Case L-5. These two cases have the same location and

shape of heat sources but different intensity. Owing to

the higher intensity of the heat sources, the Archimedes

number (which reflects the ratio of buoyancy to inertia

forces) would be greater and the thermal plume would

be stronger, as reported in the literature.10,11 Therefore,

in comparison to the forced convection (i.e. the supply

air), the natural convection (i.e. the thermal plume of

localized heat sources) would be considerable in the

high-load Case H-2, resulting in a greater influence to

the target zone and higher LCL.

Influence of the location of localized heat
sources on the LCL

By comparing the LCL in Cases L-1 to L-9, the influ-

ence of heat source location on the LCL was analysed,

and the results are shown in Figure 7.
As can be seen in Figure 7, the heat source location

has a great influence on the LCL, with the maximum at

Table 4. Indoor air temperature distribution in Case H-2 (unit is �C).

Zone A Zone B Zone C Zone E Zone F Zone G Zone H Zone I

H¼ 0.1m 28.9 28.9 28.2 30.0 28.3 28.9 28.8 28.3
H¼ 0.3m 28.9 29.0 28.3 29.8 28.3 28.9 28.9 28.3
H¼ 0.6m 28.9 28.9 28.3 29.5 28.3 28.9 28.8 28.2
H¼ 1.1m 28.9 28.8 28.4 28.6 28.5 28.9 28.8 28.3
H¼ 1.7m 29.0 28.8 28.5 28.5 28.5 29.0 28.7 28.5
H¼ 2.1m 29.1 28.7 28.5 28.4 28.4 29.0 28.7 28.5
H¼ 2.6m 29.2 27.9 28.7 28.4 28.5 29.3 27.8 28.8

281 281 281 281 281 281 281 281 281

645 645 645 645

283.4

246.6
218.2
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311.8
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289.1
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Figure 6. Influence of the intensity of heat sources on LCL.
LCL: local cooling load.

8 Indoor and Built Environment 0(0)



340.1W� 5.6W and minimum at 218.2W� 5.6W.
The LCL in Cases L-1, L-4, L-5 and L-7 are 0.9%,
21.0%, 10.9% and 2.9% greater than the uniform
space cooling load, respectively. This is because the
metal barrels (i.e. the localized heat sources) in these
four cases are relatively close to Zone D (i.e. the target
zone), which leads to a greater influence on the average
temperature of the target zone. Specially, in Case L-4,
the localized heat sources are all located in the target
zone, and therefore the supply air temperature is the
lowest at 14.2�C and the LCL is the highest at 340.1W.
On the contrary, because the localized heat sources are
far away from the target zone or close to the exhaust
diffuser, the LCL in Cases L-2, L-3, L-6, L-8 and L-9
are 12.3%, 22.3%, 9.2%, 11.2% and 20.3% less than
the uniform space cooling load, respectively. Specially,
in Cases L-3 and L-9, the localized heat sources are
furthest away from the target zone and just below the
exhaust diffuser. This makes it easier to remove the
heat directly by the exhaust air and leads to the smallest
influence on the target zone. Therefore, the supply air
temperature is the highest (18.3�C and 18.1�C, respec-
tively) and the LCL is the lowest (218.2W and 223.9W,
respectively).

Although the average air temperature of the target
zone is the same, 26�C, in Cases L-1 to L-9, the air
temperatures in the other zones are different. Owing
to space constraints, only the horizontal temperature
distributions at a height of 0.6m (usually represents
the average height of a sitting person47,57) are shown
in Figure 8.

According to the results in Figure 8, the air tem-
perature was mostly lower than 26�C in Cases L-1,
L-4, L-5 and L-7. This indicates that the heat loss

from the envelope was lower, and more cooling capac-

ity was supplied into the room in comparison with

that for creating an ideal uniform (26�C) indoor envi-
ronment. Therefore, the LCL was greater than the

uniform space cooling load (shown in Figure 7).

However, the air temperature was mostly higher

than 26�C in Cases L-2, L-3, L-6, L-8 and L-9,

which indicates that the heat loss from the envelope

was greater and less cooling capacity was supplied

into the room, and therefore lower LCLs were

obtained (shown in Figure 7).

Influence of the shape of localized heat
sources on the LCL

The influence of heat source shape on the LCL was

analysed by comparing Cases H-1 and H-2. The exper-

imental results are shown in Figure 9.
As can be observed in Figure 9, the LCL in Case H-1

with the oil-filled radiator was 7% (45.3W) lower than

that in Case H-2 with five metal barrels. This is because

the shapes of the oil-filled radiator and five metal bar-

rels are different, although they are both located in

Zone E and their heat dissipations are both 840W.

The surface area of the oil-filled radiator (1.766m2) is

much smaller than that of the five metal barrels

(1.073m2� 5), so the surface temperature is much

higher. Because the radiation heat transfer is the

fourth power of the temperature difference, but only

the first power of the area, more heat is dissipated by

radiation for the oil-filed radiator. Then, the radiation

heat is distributed to the inner surfaces (mainly the

envelope) based on the angular coefficient, and it final-

ly warms the surrounding air through convection.11,19
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Figure 7. Influence of the location of heat sources on LCL.
LCL: local cooling load.
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This means that more heat dissipation of the oil-filled
radiator is distributed to the inner surfaces of the enve-
lope, which are far away from the target zone.
Therefore, the oil-filled radiator has a smaller influence
on the air temperature of the target zone, resulting in a
lower LCL.

The horizontal temperature distributions at the
height of 0.6m in Cases H-1 and H-2 are shown in
Figure 10.

From Figure 10, the air temperatures of nine local
zones in Case H-1 with the oil-filled radiator were
higher than those in Case H-2 with the five metal
barrels. Therefore, the heat loss from the envelope
was greater, and lower cooling capacity was provided
into the room in Case H-1, resulting in a lower LCL
(shown in Figure 9).
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Figure 8. Horizontal air temperature distributions at the height of 0.6m in Cases L-1 to L-9. (a) Case L-1, (b) Case L-2,
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LCL difference between the localized and
distributed heat sources

By comparing Cases H-2, H-3 and H-4, the LCL dif-

ference between the localized and distributed heat

sources was analysed, and the results are shown

in Figure 11.
To describe the degree of concentration of heat

sources quantitatively, the non-uniformity coefficient

of heat sources is employed here, which is defined as

the ratio of the root mean square deviation of heat

dissipation in nine zones to the average heat dissipation

in nine zones, as equation (3)

k ¼ rq
�q
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
ðqi��qÞ2
n

q

�q
(3)

where k is the non-uniformity coefficient of heat
sources; rq is the root mean square deviation of the
heat dissipation of the heat sources in nine zones, W;
�q is the average heat dissipation of the heat sources
in nine zones, W; qi is the heat dissipation in each
local zone, W; n is the number of the local zones.
The non-uniformity coefficient is smaller, and the
heat source distribution is more uniform. According
to equation (3), the non-uniformity coefficients of
heat sources in Cases H-2, H-3 and H-4 are 2.8,
1.5 and 0.9, respectively. In Figure 11, the LCL is
the highest at 748.2W� 11.2W in Case H-2, inter-
mediate at 697.2W� 11.2W in Case H-3 and
the lowest at 646.2W� 11.2W in Case H-4.
This indicates that the LCL would decrease with a
decrease in the non-uniformity coefficient of heat
sources. Specially, the LCL is very close to the uni-
form space cooling load in Case H-4, with a small
difference of 0.2%. This indicates that the indoor
environment would be uniform and the LCL would
be equal to the uniform space cooling load (i.e.
the total amount of heat sources) in a room with
MV, only if the heat sources are also distributed
uniformly.

Figure 12 shows the horizontal indoor temperature
distributions in Cases H-2, H-3 and H-4. Owing to
space constraints, only the distributions at a height of
0.6m are shown.

From Figure 12, the indoor air temperature gradu-
ally increases with a decrease in the degree of concen-
tration of the five metal barrels, which further proves
the highest LCL in Case H-2, intermediate LCL in
Case H-3 and the lowest LCL in Case H-4. Specially,
the air temperature in each local zone is close to 29�C
in Case H-4. Therefore, the indoor environment is
nearly uniform in Case H-4 with the MV and uniform
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heat source distribution, and the LCL is close to the

uniform space cooling load.

Conclusion

To analyse the influence of the heat source distribution

on the space cooling load oriented to local thermal

requirements, an experiment in a test chamber with

MV was conducted. In the experiment, the heat sources

were simulated by metal barrels and an oil-filled radi-

ator, 13 experimental cases with different intensities,

locations, shapes and degrees of concentration of

the heat sources were designed, and the LCL was

used to evaluate the space cooling load. Based on the

experimental results, the following conclusions could

be drawn:

1. The indoor thermal environment is uniform, and the

LCL is equal to the total amount of heat sources in a

room with MV only if the heat sources are distrib-

uted uniformly. Otherwise, the indoor environment

is non-uniform and the LCL varies according to the

different heat source distributions.
2. The LCL decreases with the decrease in the intensity

of heat sources. It ranges from 646.2 W� 11.2 W to

748.2W� 11.2W in the experimental cases with high

intensity, but only from 218.2 W� 5.6 W to 340.1 W

� 5.6 W in the experimental cases with low intensity,

indicating a decrease rate of 47.4%–70.8%.
3. The location of heat sources has a significant influ-

ence on the LCL. When the heat sources are located

near the exhaust diffuser or away from the target

zone, the LCL is 9.2%–22.3% lower than the

total amount of heat sources in the experiment and

vice versa.

4. When the intensity and location of heat sources are

the same, the LCL is related to the shape of the heat

sources. Owing to a much smaller surface area and

higher surface temperature, the LCL in the experi-

mental case with an oil-filled radiator is 7% lower

than that with five metal barrels.

The experimental results in this study can help create

an efficient indoor thermal environment oriented to

local requirements and to operate efficiently the air-

conditioning system throughout the year.
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