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Abstract. Conventional on/off-based control split-type appliances are widely used in classrooms and offices,
in Brazil and in many other countries, due to their low cost and ease of installation. However, occupants often
complain about thermal discomfort depending on their position within the conditioned space, especially in
positions that are directly affected by the draft, since those equipment provide high cold air velocities as a
result of their high cooling capacity relatively to their air supply area. In order to improve the indoor thermal
comfort in spaces conditioned by this kind of system, a simplified empirical model for controlling both the
supply airflow and the temperature set-point is proposed in this work. In view of that, the comfort conditions
in an occupied classroom were experimentally evaluated according to ISO 7730 Standard, which defines the
thermal satisfaction in occupied environments based on the PMV index. Specifically, the speed, temperature
and relative humidity of the air and the mean radiant temperature of the room were measured at 8 positions
within the air conditioned space, for the three original air flows (high, medium and low) of a 10.5-kW cooling
capacity appliance and three set-point temperatures (23, 24 and 25 °C). The simplified model, correlating
thermal comfort and the variables that could be directly controlled by the split-type system (airflow rate and
temperature), was obtained by adjusting several curves from 72 measuring assemblies (8 measuring points, 3
set-point temperatures and 3 supply airflows). The correlation that best represents the distribution of thermal
comfort throughout the conditioned environment was provided by the non-linear regression method of
Levenberg-Marquardt.

Therefore, despite its low cost and ease of
installation, this type of air conditioning system presents
some drawbacks for both, indoor air quality and thermal
comfort for the occupants [6, 7, 8], The energy
consumption of buildings depends on the criteria used for
the indoor environment, which also affect health,
productivity and comfort of the occupants Than the
energy-saving should not sacrifice people’s comfort and
health [6,7, 9].

To have a comfortable environment and good
health for people in climatized enviroments the thermal
comfort is an important factor for designing high-quality
buildings [4,7,9]. To reach a comfort indoor environment,

currently represent only 15%, in contrast to the 70% of air conditioning and ventilation systems are installed

. S . inside the occupied eviroments [3].
split-types [2]. The popularization of the use of split-type L . . .
air conditioning equipment in various types of The objective of this work is to contribute to the

environments indicates the need to study in detail the improvement of thermal coqurt in spaces ¢ onditioned by
impact of this equipment on the thermal comfort for split-type systems, b.y P rov@mg a simplified quel to
occupants [3, 4, 5]. In the more recent models, it has been control two op e?a“ng variables Of. the equipment
shown that the decrease of its size leads to increasingly (temper'ature and airflow of the supply air) instead of only
lower supply air temperatures, resulting in the risk of one variable (supply temperature).

thermal discomfort in positions directly affected by the ~In order to achieve this goal, the thermal comfort
cold blowing jet [5]. conditions, represented by the PMV (Predicted Mean

Vote) index [8], were evaluated experimentally at &

1 Introduction

Split-type equipment has been used in a large
scale in residential and commercial air conditioning,
being currently the most used in these environments [1].
In Brazil, approximately 4 million of "high-wall split"
units were sold in 2010, with capacities below 30,000
BTU/h (10.5 kW), and the perspectives of the
manufacturers are to increase sales for the next few years
[1]. The numbers show variation in the type of air
conditioning equipment sold in Brazil. Window-type
units, which accounted for 60% of sales 10 years ago,
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positions within a school environment taking into account
3 set-point temperatures and 3 supply airflows.

A non-linear regression method was then applied
to the resulting measurement data in view of determining
the correlation that best represents the distribution of
thermal comfort throughout the conditioned environment.

2 METHODOLOGY

2.1 Experimental environment

The experiments were carried out in a standard
classroom of a technical school located in Florianépolis,
Santa Catarina State, Brazil. As illustrated in Figure 1, the
studied room, whose dimensions are 9 x 6 X 3 m, contains
30 desktops and a table for the teacher, i.e., 31 people in
their maximum occupancy.

The air in the room is conditioned by a split-type
device of 36,000 BTU/h (10.5 kW) cooling capacity,
which can be supplied at three different velocities (high,
medium and low). The equipment was installed at the
position indicated in Figure 1.

In this study, the air speed (Var), temperature (Tar),
and relative humidity (RHa) of the air and the mean
radiant temperature (Tg) of the room were measured at
breathing height, 1.10 m, by sensors distributed within the
room according to Figure 2.

SPLIT

Fig. 1. Studied classroom: Geometry, layout and position of the
split-type system tested.
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Fig. 2. Studied classroom: Measurement points.

In each of the eight measurement points, the
experimental data have been collected for 20 minutes, and
recorded at each 30 seconds.

The tests were performed in summer (south
hemisphere) with the equipment in cooling mode at three
temperature set points (23, 24, 25 °C) that were measured
at the split air return. The room occupancy was equal to
23 people. The studied classroom occupation and the
experimental apparatus are showed in Figure 3 a) and b).

b)

Fig. 3. Studied classroom occupation and experimental
apparatus, a) Split, b) Sensors

The comfort conditions in the occupied classroom
were evaluated then by calculating the PMV (Predicted
Mean Vote) index [8] from the average of 20 readings, in
which the independent variables M and I were estimated
for summer conditions according to [6, 8]. The metabolic
rate (M) is equal to 1.2 met (sedentary activity - school)
and the thermal insulation for daily wear clothing (L) is
equal to 0.50 corresponding to typical student’s clothes
(underpants, short-sleeve shirts, light trousers, light socks
and shoes).

The acceptable values of air velocity at person
position for comfort are 0.3 to 0.8 [6, 8, 16].

The volumetric airflow rates corresponding to the low
(4.2 m/s), medium (4.7 m/s) and high (5.2 m/s) supply air
velocities are 0.50, 0.56, 0.61 m3/s, respectively,
according to the manufacturer’s catalogue.



E3S Web of Conferences 111, 02052 (2019)
CLIMA 2019

https://doi.org/10.1051/e3sconf/201911102052

2.2 Uncertainty analysis

The uncertainty of a variable that cannot be measured
directly can be estimated from the uncertainties of the
variables on which it depends [6, 10]. In the case of the
PMV, dependent on the variables Tar, RHar, Tg, Var, M and
L, its measurement uncertainty (IR) can be expressed by
Equation 1.

aPMV 2 aPMV z apPMV e
(6TM IRTM) + ( aTy IRTg) + (6RHarIRRHm‘) +

(i 1R,) "+ (5 1m) + (5 1R, )

(M

IRpyy =

Typical measurements for the tested device at
medium supply velocity are showed at Table 1.

Table 1. Typical Measurements for Split A at medium supply

velocity.
Measured Assigned
Tar Tg RHar Var M Icl
[°C] [°C] [%] [m/s] [met] [Clo]
23.4 23.5 63 0.22 1.2 0.5

The uncertainties of the measured variables, Ta,
RHar, Ty, Var, are those indicated in Table 2 corresponding
to the uncertainties measurement system [12]. The
uncertainties of the variables M and I; were obtained from
the available literature and assume respectively the
following values: 0.10 met and 0.16 Clo [13, 14].

Table 2. Uncertainties of the measured variables.

Variables uncertainty

aPMV | 9PMV | 9PMV | 9PMV | 0PMV | 0PMV
aT,, 9T, | 9UR, | aV,, oM aClo
+02 | £02 | £3 [ 2005 [ #0.10 | +0.16

According to Table 3, the parameters whose
uncertainties impact the most on the PMV uncertainty are
Var, M and ¢, while the impact of T, and T uncertainties
are similar and moderate and that from RH,, is the less
pronounced. The results above differ quite a lot from the
uncertainty analysis carried out by [15] specially with
regards to the influence of the radiant temperature and air
temperature, showing that it is important to analyse the
uncertainties for PMV assessment.

Table 3. parameters whose uncertainties impact on the

PMYV uncertainty.
JoPMV | 9PMV | OPMV | 9PMV | oPMV | OPMV
0T,y 9T, | ORHy | 0V, oM al,
0.359 0.239 0.0064 -2.36 +2.90 +2.70

For a typical set of measurements values, as indicated
in Table 1, with the uncertainty associated with each
variable for the medium flow rate, the result of
measurement uncertainty (IRpmv) is £ 0.5, calculated by
Equation.

3 Results and discussion

The results of PMYV distribution in the classroom and
the model for a simplified comfort index equation (ICS)
will be discussed in the next items.

3.1 PMV distribution

The PMV distributions in the horizontal plane at 1.1
m high from the floor, for the three airflow rates (high,
medium and low), are shown in Figures 4, 5 and 6
respectively for the temperature setpoints of 23, 24 and
25°C.

For the setpoint 23°C, Figure 4 shows that the PMV
distribution, for the three airflow rates and values, are
similar, all below 0, and the lowest values (= -1) are in the
back of the classroom, opposite to the blackboard.

For the setpoint of 24°C, the PMV values are higher,
except for the high airflow, and for the other two airflows,
the values are practically the same (= -0.3), Figure 5.

The last case (25°C), the PMV scale was changed to
a better contours visualization. The PMV distribution are
almost equal for the three airflows, and near to the neutral
thermal comfort sensations (= 0), with values above and
below zero, i.e., this is the best situation for all the
setpoints analyzed, Figure 6.

High flow =

Medium flow 4

Low flow 4

Fig. 4. PMV distributions in the studied classroom, for the three
air flow rates and the set point temperature of 23° C.
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' 3.2 Correlation between PMV and the parameters
High flow 4 Tar & Var

04 To obtain a simplified model correlating thermal
comfort and the variables that could be directly controlled
by the split-type system (airflow rate and temperature),
several curves were adjusted from the 72 measuring
assemblies (8 measuring points, 3 temperature set-points
and 3 supply airflows) carried out in the classroom.

The curve of PMV as a function of Tar and Vy, that

: 12 best represents the new comfort index distribution within
Medium flow 4 . L. .
56 the air-conditioned environment, now called ICS
s (Comfort index for environment climatized by split-type
5 system) is expressed by the model resulting from the
Levenberg-Marquardt's nonlinear regression method [17],
expressed by Equation 2:

ICS=a+y-tcnToytymtenTy’ + 5+ 0y
12 i+Tagr?  j*Tqr
:;‘8 h * Tars + l VuT + ]VaTZ (2)
06
- The Equation 2 for ICS, is valid for the studied range
of temperature (23 °C to 25 °C) and air velocity (0 a 0.8

m/s).

The multiple regression coefficient (R?), that is the
proportion of the variance in the dependent variable that
is predictable from the independent variables (T, and Var)

Fig. 5. PMV distribution in the studied classroom, for the three i5 0.96, and it. is cgnsidered appropriate to the equation of
air flow rates and the set-point temperature of 24° C the case studied, i.e., 96% of the ICS values (dependent
variable) can be explained by the regressors present in the

High flow 02 model.

4 Conclusions

This paper presented an experimental research
focused on the improvement of thermal comfort in
classrooms conditioned by split-type air conditioners.
First, the experimental apparatus was presented, showing
un uncertainty analysis for PMV of £0.50.

Medium flow 02 Then, the analysis of the PMV for different points
X within the classroom revealed a neutral thermal
environment (PMV near zero) to slightly cool (PMV = -
1) with the cold jet a little deflected from the centerline of
the room due to the geometry — because the chairs are
positioned a little distant from the blackboard, for the
three airflow rates and the three set-point temperatures

tested.
To conclude, a simplified empirical model obtained
Low flow b by means of a non-linear regression rpodel - Le\{enberg—
0 Marquardt was presented. The ICS index provides the
o thermal comfort condition when the air temperature and

air speed are measured in a point within the room that may
enable the control of the split-type equipment setpoint and
airflow rate via a PLC (programmable logical controller).
This equation was developed for summer conditions and
near uniform thermal conditions, i.e., similar values
between the air temperature and the mean radiant
Fig. 6. PMV distribution in the studied classroom, for the three temperature.

air flow rates and the set-point temperature of 25°C Although the initial idea was to control mainly the
airflow rate to avoid the points of discomfort caused by
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the split-type draft, the results of this work showed that 12. ISO 7726 :1998. Ergonomics of the thermal

controlling the setpoint is more effective to achieve a
better thermal comfort environment.

environment — Instruments for measuring physical
quantities, Geneva, Switzerland: International
Organization for Standardization (1998)
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