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Abstract 
 
Enhancement of the performance for hybrid solar air conditioning system was presented in this paper. The refrigerant 

temperature leaving the condenser was controlled using three-way valve, this valve was installed after the compressor to 
regulate refrigerant flow rate towards the solar system. A control system using data logger, sensors and computer was 
proposed to set the opening valve ratio. The function of control program using LabVIEW software is to obtain a minimum 
refrigerant temperature from the condenser outlet to enhance the overall COP of the unit by increasing the degree of 
subcooled refrigerant. A variable load electrical heater with coiled pipe was used instead of the solar collector and the 
storage tank to simulate the solar radiation.  Experimental data was measured to study the performance of the system. The 
proposed system was compared with the conventional one. Results show that the COP of the proposed system was higher 
than the COP of the conventional system by 10 %. In addition, the controlled system saved an electricity of 11.2 %. The 
optimum opening valve ratio fluctuated between 0.3 and 0.4 when the heater power was 500 W. 

 

Keywords: Hybrid system, evacuated tubes collector, three-way control valve.  
 

 

1. Introduction 

 
In summer, air conditioning represents a high 

cost in global building services in both commercial 
and residential buildings. The increased in thermal 
loads, living standards and residents comfort 
demands as well as building architectural 
characteristics caused an increasing in energy 
demand for air-conditioning. [1]  

Heating, ventilation and air conditioning 
processes in buildings account about half of energy 
consumption, specifically air conditioning is 
expected to contribute significantly to the 
prospective growth to 2040. [2].  

Ha and Vakiloroaya, 2012 [3] estimated the 
optimum refrigerant temperature entering the 
condenser in hybrid solar air conditioner system by 
proposing a by-pass line together with a three-way 
proportional control valve that installed after the 
compressor to control the refrigerant flow rate and 

enhance the performance of the system, results 
show that the average COP by using the optimal 
set-point values is higher than the commonly-used 
design by 6.7%. Also, the lower refrigerant 
enthalpy entering the evaporator tends to decrease  
the compressor work and in turn avoids the 
unnecessary heat rejection in the condenser. 
Vakiloroaya et al., 2013 [4] developed the hybrid 
solar air conditioning system by proposing a 
discharge bypass line together with an inline 
solenoid valve to increase the subcooling of the 
refrigerant at partial loads, the solenoid valve 
installed after the compressor to regulate the mass 
flow rate of the refrigerant. This development is 
promising between 25 and 43% of monthly 
electricity can be saved on average. Vakiloroaya et 
al. 2013 [5] derived mathematical models for the 
components of hybrid solar air conditioner and 
then validated against experimental results. The 
models are derived based on the mass and energy 
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balance equations merging thermodynamics and 
heat transfer laws. Simulation results were 
compared with the experimental data. It was shown 
that additional heat from solar collector to the 
refrigerant after the compressor allows it to be 
switched off longer to consequently reduce the 
overall electrical energy consumption. Abid and 
Jassim, 2015 [6] investigated an experimental 
study of the thermal performance of air 
conditioning system combined with a solar 
collector. The prototype consisted of three different 
process fluid loops: air-conditioning loop, collector 
loop, and cooling tower loop. The bypass installed 
after compressor to control the flow rate of the 
refrigerant and the load on the compressor. Results 
showed that the COP increased from 2.493 to 2.725 
when the solar radiation increased from 572 W/m2 
to 725 W/m2, the average energy saving between 
23% and 32%. Kumar et al., 2016 [7] introduced 
their study about performance analysis of hybrid 
solar air conditioning system which consists of 
R410a vapour compression refrigeration cycle 
combined with evacuated tubes collector, the 
average coefficient of performance was about 2.71. 
Hasanen et al., 2017 [8] investigated the 
mechanical and electrical performance of hybrid 
solar air conditioning system experimentally and 
analytically. The performance of hybrid and 
conventional system were compared. The results 
showed that the proposed system had not better 
performance and energy saving than the 
conventional one. 

The aim of this study is to investigate the 
enhancement of hybrid solar A/C system by 

utilizing a new strategy of control variable (outlet 
refrigerant temperature from the condenser) via 
three-way actuator valve. 
 
 

2. Experimental Work 

 
The test rig consists of seven main components 

which are:  Rotary compressor, air-cooled finned 
tubes condenser, capillary tube, DX evaporator, 
electrical heater, three-way control valve. Figures 
1, 2 and 3 show a schematic block diagram, indoor 
and outdoor units of the test rig respectively.  
The cooling capacity of the compressor is 3.5 kW, 
and the working fluid is R22. Finned tubes 
condenser with two rows and 20 tubes per row is 
used, the length of each row is 75 cm, and the outer 
tube diameter is 9.57 mm, the input power of 
condenser fan is 20 W. Direct expansion 
evaporator with one row and 26 tubes per row is 
used, the length of the row is 65 cm and outer tube 
diameter is 7.6 mm 

An electrical heater is used instead of solar 
collector system to simulate the solar radiation, 
avoid weather fluctuations and cover a wide range 
of solar radiation. It is a galvanized steel box with 
dimensions of 65 × 25 × 12 cm, in one side of the 
box, an electrical coil of 500 W is supported, and 
in the other side, copper tube with 12.77 mm outer 
diameter and 7 m length is welded to form a heat 
exchanger. 

 

 

 
 

Fig. 1. Schematic diagram of the system. 
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Fig. 2. Indoor unit and control system. 

 

 
 

Fig. 3. Outdoor components. 

 
 

A twisted strip is inserted inside the pipe to 
increase the heat transfer rate between the 
refrigerant and pipe wall. The box is insulated from 
outside with glass wool and aluminum foil. A 
variac transformer is used to control the output 
power of the electrical heater manually. Fig. 4 
represents the details of the electrical heater. 
 

 
 

Fig. 4. Details of the electrical heater. 

 
 

A proportional three-way control valve model 
(LPA14-403B9CPC3-10-64), T port diverting type 
is used, with 1 ~5 V control signal actuator. It is 
installed after the compressor to regulate the flow 
rate of the refrigerant to the condenser and the 
electrical heater. The opening ratio of the three-
way valve is controlled automatically (according to 
computer program associated with data 
acquisition) or manually. Fig. 5 represents the 
three-way control valve. 
 

 
 

Fig. 5. Three-way control valve. 

 
 

3. Test Room 

 
Fig. 6 represents the test room which is built of 

sandwich panel room was constructed to represent 
the conditioning space. The dimensions of the 
room are 2×2×2 m. The evaporator was installed 
inside the room, while the compressor, condenser, 
capillary tube, three-way control valve and 
electrical heater were installed outside the room. 
The aim of constructing this room is to control the 
indoor conditions and reduce the number of 
variables, so that the effect of the remaining 
variables can be studied. Two electrical heaters of 
1000 W each was installed inside the room to 
simulate thermal load and prevent very low 
temperature that may be stop the system. 
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Fig. 6. Test room. 

 

 

4. Measuring Instruments 

 
The parameters data are displayed and recorded 

automatically as in Table 1. 
Negative thermal coefficient thermistor (NTC) 

is used to measure the temperature. Pressure 
transducer (Danfoss) is used to measure refrigerant 
pressure. The gas flow meter is installed at the 
suction line to measure refrigerant flow rate. 
Potential transformer (PT) and current transformer 
(CT) were used to measure the voltage and current 
of the system respectively. Table 2 represents the 
measuring instruments and their specifications. 
 
Table 1, 

Measuring data. 

No. Parameters Notation 

1 Refrigerant temperature before 
and after each component. 

T1- T9 

2 Refrigerant pressure before and 
after the compressor. 

P1, P2 

3 Refrigerant pressure before 
condenser and evaporator. 

P6, P8 

4 Refrigerant flow rate.  V�� 
5 Inlet and outlet air temperature 

of the condenser and 
evaporator. 

T air evap. in., 
T air evap. out., 
T air cond. in., 
T air cond. out. 

6 Ambient and room 
temperature. 

T amb., T room 

7 Voltage and current of the 
system. 

V, I 

8 Electrical heater power P heater 

 
 

5. Control System 
 
The control system consists of the following: 

• Data acquisition (national instrument NI), 32 
ports, input power is 11~30 V DC, 50 W. 

• Desktop computer  

• Power supply 

• Electronic cards and co-axial wire interface. 

• Control program with LabVIEW software, the 
flow chart of the program was shown in Fig. 7. 
The objectives of the control system are: 

1. Record and display the collected data from 
NTC, pressure transducers, flow meter, current 
transformer (CT) and potential transformer 
(PT) to via computer. 

2. Control the opening ratio (R) of three – way 
valve to regulate mass flow rate of the 
refrigerant that flows across the electrical heater 
(solar system) or direct to the condenser, by 
transmitting the signal to the three-way valve 
actuator according to the input signal transmit 
from the refrigerant temperature leaving the 
condenser (T7) via data acquisition. 

  

 
 

Fig. 7. Flow chart of the control program. 

 
 

In the automatic mode for the opening valve 
ratio (R), the control program regulates the ratio of 
mass flow equation of the refrigerant as a function 
of refrigerant temperature leaving the condenser 
(T7), where the opening ratio is set in position to 
achieve minimum refrigerant temperature leaving 
the condenser (subcooled) to increase the COP of 
the system. Fig. 8 represents the national 
instrument data acquisition. 
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Fig. 8. National instrument data acquisition. 
 

 

Table 2, 

Specifications of measuring instruments. 

 

 

6. Test Procedures 

 
All tests were carried out in Baghdad on 

October 2016. The system was charged with R22.   
For each test, the following procedures were 
followed: 
• Turn on the system. 
• The computer and control program are turned 

on.  
• Set the electrical heater power by the variac 

manually. 
• Set the opening valve ratio, either manually or 

automatically. 
• Set the number of reading and time intervals. 

• Record the data (listed in Table 1) in the 
computer by data logger. 
 

 

7. Parameters Calculations 

 
The power consumption of the system can be 

calculated by the following equation: 

�����. = � × 
                                              … (1) 
and the cooling capacity of the evaporator is 

expressed as: 

�� = ��� × (ℎ9 − ℎ8)                                 … (2) 
while the coefficient of performance of the 

system is calculated by: 

��� =
��

���� .
                                              … (3) 

 
 

8. Results and Discussions 

 
Many experimental tests were carried out on the 

system to study its thermal performance and 
compare it with the conventional system, just four 
tests are discussed in this paper as samples to other 
tests, and each test is studied within four 
characteristic parameters as following: 

  

8.1 Refrigerant Temperature 
 

Fig. 9a, 9b and 9c represent the refrigerant 
temperature at five positions along time, where the 
x-axis represents time in minutes and the y-axes 
represents inlet and outlet temperature of the 
compressor, outlet temperature of the heat 
exchanger, inlet and outlet temperature of the 
condenser and inlet temperature of the evaporator. 

Results show that the transition period was 
taken 20 to 30 minutes until the system reaching 
the steady state. The refrigerant inlet temperature 
to the compressor (T1) was about 9.6 ˚C. The 
refrigerant temperature leaving the compressor 
(T2) was approximately constant with time by an 
average value of 93 ̊ C. The refrigerant temperature 
leaving the heat exchanger (T4) was directly 
proportional with the electrical heater power. The 
refrigerant inlet temperature to the condenser (T6) 
has the same behavior of T2, where in the case of 
automatic opening valve ratio (R), T6 was slightly 
lower than T2 as shown in Fig. 9a, but in the case 
of R=0.5 and constant heater power, T6 was higher 
than T2 as shown in Fig. 9b. While in the case of 
R=1 (manually) and variable heater power, T6 
became higher than T2 when there was a sufficient 
heater power as shown in Fig. 9c. The refrigerant 
temperature leaving the condenser (T7) and the 
refrigerant inlet temperature to the evaporator (T8) 

Sensor 

Type 
Quantity Specification 

NTC 22 
operating range: -40 ~ 125 
˚C 

Pressure 
Transducer 

4 

operating range: 0 ~ 50 bar 
power supply: 24 V DC 
error: 1 %  
thread: male 
diameter: 9.53 mm 
output signal: 0 to 10 V. 

Gas Flow 
Meter 

1 

operating range: 1.5 ~ 5 
m3/hr 
model: CX-LWGQ-
15AMC4 
error: 2.5 % 
DN: 15  
thread: male 
power supply: 24 V DC  
analog output signal: 4 ~ 
20 mA DC pulse screen 
display. 
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were approximately constant with time because it 
depends on T6 and ambient temperature, and their 
values do not have a big change with time. The 
average values of T7 and T8 were 41.3 ˚C and 6.1 
˚C respectively. 

 

8.2 Air Temperature 
 
Fig. 10a, 10b and 10c represent air temperature 

with time, where the x-axis represents time 
recorded and the y-axis represents the inlet and 
outlet air temperature of the condenser and 
evaporator, room and ambient temperature. 

The air temperature inlet the condenser has 
approximately the same value of the ambient 
temperature and it can be identical. The average air 
temperature difference between inlet and outlet the 
condenser was about 8.3 ˚C. The air temperature 
inlet the evaporator has the same behavior of the 
room temperature and it can be identical. It is clear 
that there is some fluctuation in the room 
temperature, and this is because of fluctuation in 
the thermal load inside the room. The average air 
temperature difference between inlet and outlet the 
evaporator was about 14.4 ˚C. 

 

8.3 Refrigerant Pressure and Flow Rate 
 

The representation of the refrigerant pressure 
(P1, P2, P6, and P8) and volumetric flow rate with 
time were shown in Fig. 11a, 11b and 11c. 

The refrigerant pressure follows the ambient 
temperature, it increased with time as shown in Fig. 
11a, while it approximately constant with time as 
shown in Fig. 11b and 11c. The refrigerant pressure 
leaving the compressor (P2) was slightly higher 
than the refrigerant pressure inlet the condenser 
(P6) in the controlled and uncontrolled hybrid solar 
air conditioning system. The average value of the 
volumetric flow rate was slightly decreased with 
time as shown in Fig. 11a, it ranged between 3.12 
and 3.58 m3/hr, while it seemed constant with time 
by average value of 3.29 m3/hr as shown in Fig. 11b 
and 11c. 
 
 

8.4 Power Consumption, Cooling Capacity, 

Electrical Heater Power, Opening Valve 

Ratio and Coefficient of Performance 

 
The representation of power consumption 

(Pcons.), evaporator cooling capacity (Qe), electrical 
heater power (Pheater), opening valve ratio (R) and 
coefficient of performance (COP) are depicted in 
Fig. 12a, 12b and 12c. 

The power consumption is slightly increased 
with time as the thermal load increased, its average 
values are 977, 1116 and 1082 W. Thus, the 
controlled system consumes less electrical power 
than another. Qe is fluctuated with time because of 
the fluctuation in the thermal load inside the room, 
this lead to oscillate the COP of the system. Qe is 
about 2985 W. The average value of the COP is 3 
as shown in Fig 12a. While it equals to 2.7 as 
shown in Fig. 12b and 12c. It noted that COP of the 
controlled system is higher than COP of the 
uncontrolled one. 

In the case of controlled system, the refrigerant 
temperature leaving the condenser (T7) ranged 
from 36.6 to 43.4 ˚C when the heater power ranged 
from 0 to 500 W as shown in Fig. 9a and 12a. While 
in the case of uncontrolled system, the refrigerant 
temperature leaving the condenser (T7) ranged 
from 40 to 43.8 ˚C when the heater power ranged 
from 0 to 250 W as shown in Fig. 9c and 12c. That 
is mean, the controller can achieve lowest T7 
during increase the solar radiation. 

The controller plays an important role in 
enhancement the performance of hybrid solar air 
conditioning system, where it achieved minimum 
possible refrigerant temperature leaving the 
condenser (T7) with maximum possible solar 
radiation. The lowest T7 means higher degree of 
subcooled and hence higher refrigeration effect. 
Also, higher solar radiation lead to lower power 
consumption of the system.  

The opening valve ratio (R) increased by 
increasing the heater power (solar radiation) and 
fluctuated between 0.3 and 0.4 when the heater 
power is 500 W as shown in Fig. 12a. So, this ratio 
represents the optimum ratio which achieves 
maximum value of COP at certain conditions. 
 

 
 

Fig. 9a. Refrigerant temperature with time for test 1 
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Fig. 9b. Refrigerant temperature with time for 

test2. 

 

 
 

Fig. 9c. Refrigerant temperature with time for test3. 

 

 
 

Fig. 10a. Air temperature with time for test 1. 

 

 
 

Fig. 10b. Air temperature with time for test 2. 

 

 

 
 

Fig. 10c. Air temperature with time for test 3. 

 
 

 
 

Fig. 11a. Refrigerant pressure and volumetric flow 

rate with time for test 1. 
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Fig. 11b. Refrigerant pressure and volumetric flow 

rate with time for test 2. 

 

 
 

Fig. 11c. Refrigerant pressure and volumetric flow 

rate with time for test 3. 

 

 
 

Fig. 12a. Power consumption, cooling capacity, 

electrical heater power, opening valve ratio and 

coefficient of performance with time for test 1. 

 
 

Fig. 12b. Power consumption, cooling capacity and 

coefficient of performance with time for test 2. 

 

 
 

Fig. 12c. Power consumption, cooling capacity, 

electrical heater power and coefficient of 

performance with time for test 3. 

 
 

 

9. Conclusions 
 
1. Ability of utilizing three-way valve system in 

the improving the performance of hybrid solar 
air conditioning system. 

2. This type of controller gives a wide scope to 
prepare alternative programmable software to 
regulate system performance by controlling 
other variables (pressure, enthalpy, etc.) to 
improve system efficiency. 

3. The COP of the controlled hybrid solar air 
conditioning system is higher than the COP of 
the uncontrolled one by 10 %.  

4. The controlled system saved an electrical power 
of 11.2 %. 
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5. The optimum opening valve ratio which 
achieves maximum value of COP at certain 
conditions is ranged between 0.3 and 0.4. 

6. Possibility of modeling the system using the 
electrical heater with variable capacity instead 
of the solar collector and the storage tank. 

 
 

Nomenclature 

 
COP coefficient of performance. - 
h8 refrigerant enthalpy inlet the 

evaporator. 
kJ/
kg 

h9 refrigerant enthalpy outlet the 
evaporator. 

kJ/
kg 

I current passes through the 
system. 

A 

m��  refrigerant mass flow rate. kg/s 

P1, P2 refrigerant pressure inlet and 
outlet of the compressor 
respectively. 

ba
r 

P6 refrigerant pressure inlet to 
condenser. 

ba
r 

P8 refrigerant pressure inlet to 
evaporator. 

ba
r 

Pcons power consumption by the 
system 

W 

Qe cooling capacity of the 
evaporator. 

W 

R ratio of the opening valve to the 
storage tank to the opening 
valve to condenser directly. 

- 

T1, T2 refrigerant temperature inlet and 
outlet of the compressor 
respectively. 

˚C 

T3, T4 refrigerant temperature inlet and 
outlet of the storage tank 
respectively. 

˚C 

T5 refrigerant temperature in the 
bypass line. 

˚C 

T6, T7 refrigerant temperature inlet and 
outlet of the condenser 
respectively. 

˚C 

T8, T9 refrigerant temperature inlet and 
outlet of the evaporator 
respectively. 

˚C 

Tair evap. in air temperature inlet to the 
evaporator. 

˚C 

Tair evap. 

out 
air temperature outlet from the 
evaporator. 

˚C 

Tair cond. in air temperature inlet to the 
condenser. 

˚C 

Tair cond. 

out 
air temperature outlet from the 
condenser. 

˚C 

Tamb ambient dry bulb temperature. ˚C 

Troom room temperature. ˚C 

V voltage passes through the 
system. 

v 

V��  volumetric flow rate of 
refrigerant in the suction line. 

m3/hr 
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  الخلاصة

 
درجة في هذا البحث تم دراسة تحسين الاداء لنظام التبريد الشمسي الهجين ، حيث تم نصب صمام تحكم ثلاثي بعد الضاغط مباشرة لغرض التحكم في 

م في نسبة تنظيم معدل تدفقه ، تم استخدام نظام سيطرة مع قارئ بيانات ومتحسسات وجهاز حاسوب للتحك عن طريقحرارة مائع التبريد الخارج من المكثف 
للحصول على اقل درجة حرارة للمائع الخارج من المكثف وذلك لتحسين معامل الاداء الكلي للمنظومة من  LabVIEWفتحة الصمام ، تم استخدام برنامج 

اكاة الاشعاع الشمسي. حخزان لمخلال زيادة درجة التبريد المفرط للمائع. تم استخدام سخان كهربائي متغير السعة مع انبوب ملف بدلا من المجمع الشمسي وال
ن معامل الاداء للنظام المقترح اعلى أتم قياس عدد كبير من البيانات لغرض دراسة اداء النظام ، تم  مقارنة النظام المقترح مع النظام التقليدي وقد بينت النتائج 

عندما كانت سعة قدرة السخان  ٠٫٤و  ٠٫٣ت نسبة فتحة الصمام ما بين % . وقد تراوح ١١٫٢، ويرشد طاقة كهربائية بنسبة  %١٠من النظام التقليدي بنسبة 
   واط. ٥٠٠حوالي 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  
  
  
  
  
  
  
  
  
  
  
  
  

 


