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Abstract

Fuzzy logic control has been widely applied for handling the system which has uncertainty or high robust system.
Since the dynamic behaviors of the systems contain complexity and uncertainty in its parameters, several fuzzy logic
controllers have been implemented to control room temperature in the field of air conditioning system.

In this paper, the fuzzy logic control has been developed to control both in door temperature and humidity in
the air conditioning systems. The manipulating variables are speed of compressor , heater and supply air flow rate. The
microcomputer was used to interface with in system. The experimental results show the superior of multivariable fuzzy logic
control to keep room temperature and humidity in air conditioning system for the best comfortable.
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Over the last few years, fuzzy logic controllers have

been widely applied for temperature control in HVAC system
which has uncertainty or high robust system. Since the
dynamic behaviors of the systems contain complexity and
uncertainty in its parameters [1, 2, 3, 4, 5]. The fuzzy logic
temperature control of HVAC was developed to achieve a
high comfort level with energy saving up to twenty five
percent.

In this paper, the fuzzy logic controller was developed to
control both room temperature and humidity in the residential
air conditioning system. Two input signals to the controller
are temperature and relative humidity with three output signals
from the controller to regulate the speed of compressor, fan
speed and electric heater in a residential conditioning system.

Figure 1. Fuzzy logic control structure
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2. SYSTEM DESCRIPTION ' ' " Errar Temperaturs { Celsius |
Figure 2. Membership of fuzzy set in temperature error

The single-zone air conditioning system with temperature
and relative humidity control as a multi-input and multi-output
closed loop system as shown in Figure 1. The fuzzy logic
control structure differs from the single input single output
conventional temperature control system. Two sets of sensor
inputs are thermocouple and electronic humidity sensor and
three outputs from the controller are distributed to regulate fan
motor, compressor motor using inverters and ON/OFF the
heater in order to give the best comfort room. Both
temperature error and relative humidity error are quantified
according to the memberships in the fuzzy sets; negative, zero,
and positive as shown in Figure 2 and Figure 3 respectively.
Figure 4, Figure 5 and Figure 6 are the rule base for fan coil,

Membership Function

compressor and heater follow the inputs of fuzzy set in T TR = = = =
temperature error and humidity error as shown in Figure 2 and Error RH (%)
Figure 3 respectively. Figure 3. Membership of fuzzy set in humidity error
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Figure 5. Fuzzy logic control conditions for compressor
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Figure 6. Fuzzy logic control conditions for heater
3. SYSTEM MODEL
The differential equations describing the dynamic behavior

Of the air conditioning system as shown in Fig.1 can be
derived from energy equation and mass conservation equation

as:
T3—L(T2‘T3)—th (ws ~ws)+ y [Qo_ fM)
Vs CpVs PVsCp g o
. f Mo
iy =y —wg )+ —>
Vg PV

1265

f f
T2 = —(T3 —T2 )+ 0.25—(T0 —T3 )
vhe Vhe

_thref (( _ )_ )_”VAAhref

- 0.25/v0 0.75/1/3 Wy E—

o pVhe vahe
where 7, = Temperature of outdoor air

Ty = Temperature of supply air

T3 = Temperature of thermal space

f = Volumetric flow rate of air

hgg = Enthalpy of water vapor

= Air mass density
Vs = Volume of thermal space
= Specific heat of air
s = Humidity ratio of supply air

ws = Humidity ratio of thermal space
M, = Moisture load

Vpe = Volume of heat exchanger

An,; = Different Enthalpy of refrigerant
% = Volume space of compressor.

Assumptions
1.1deal gas with perfect mixing
2.neglected wall and thermal loss between components
3.neglected infiltration and exfiltration effects

4. RESULTS AND DISCUSSION

The proposed air conditioning system with fuzzy logic
controller has been installed in a room test bed and has been
integrated with a data acquisition system for collecting test
data. The system has performed well in maintaining the
comfort level based on temperature and relative humidity
parameters.

The experimental results were showed without heat load
and with heat load conditions as shown in Figure 7 and Figure
8 respectively. In Figure 7, the temperature and relative
humidity set points are 25 degree Celsius and 50% RH with
small heat transfer from outside. The transient responses of
room temperature and room relative humidity were presented
as well as the control signals were calculated to regulate
compressor speed, fan speed and ON/OFF the heater as shown
in Figure 7. The time spent for room temperature and relative
humidity reach steady state are approximately ten minutes.
The steady state errors of temperature and relative humidity
are +/- 1.0 degree Celsius and +/- 2.0 % RH as shown in
Figure 7.
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Figure 7 .Response of room temperature and relative humidity for no heat load condition
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Figure 8 Response of room temperature and relative humidity with heat load condition
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The set points of room temperature and relative humidity are
23 degree Celsius and 50% RH with heat load condition as
shown in Figure 8. The responses of room temperature and
relative humidity as well as control signals to regulate
compressor speed, fan speed and ON/OFF heater were shown
in Figure 8. The time spent to reach steady state of room
temperature and relative humidity are also approximately ten
minutes and the offsets are also +/- 1.0 degree Celsius and +/-
2.0 % RH with heat load condition as shown in Figure 8.

5. CONCLUSION

The split air conditioning system using fuzzy logic controller
has been installed and implemented successfully with two
input signals to the controller with three outputs to control
both room temperature and relative humidity and can be
concluded as:

1. The implement of fuzzy logic controller to control both
room temperature and room relative humidity are successfully
which has performed well in maintaining the comfort level.

2. The offset of temperature and relative humidity are
within +/- 1.0 degree Celsius and +/- 2 percent in relative
humidity respectively.

3. The fuzzy logic controller give fast response for the
proposed air conditioning system. The system can reach
steady state within ten minutes.

4. The fuzzy logic controller with the combination of
inverters for variable speed of compressor motor and fan
motor give high energy efficiency.
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