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Abstract. This study is designed a new development and integration for the solar hybrid 

system connected to an inverter air conditioning system. This experimental system will provide 

an essential addition to the renewable energy future. The device is supplying the same cooling 

load with significantly less electricity demand. Apparatus system has the solar unit and solar 

collector with DC compressor that was used to compress the refrigerant in an air conditioning 

system, and that will effectively reduce the air conditioning electricity consumption. The solar 

collector unit is installed between the compressor and condenser, which provide part of 

compression pressure and heating by further superheating the refrigerant. The higher pressure 

and more substantial temperature difference enhance the condensation process in the 

condenser, resulting in the high-pressure liquid refrigerant. This configuration realty reduces 

energy consumption by reducing the load on the electric compressor.   

Keywords: Compressor Solar Assisted, DC Compressor, Inverter Air Conditioning, Solar 

Collector, Vapour-Compression Cycle. 

1. Introduction 

The increasing demand for electric power by the consumer has led to higher tax rates for electricity 

during the hot summer season in Iraq [1] & [2]. In Iraq, the renewable energies that available from 

solar energy with wind energy have not effectively invested due to excessive heat that reaches 55°C 

[3] & [4]. This heat leads to the reduction of solar cell capacity to 45% from real capacity processed. 

There is an actual need to air-conditioning using the compression systems with high power 

consumption of electricity [5] & [6]. Many solutions and applications use solar energy in air 

conditioning [5] & [7]. In Iraq, the maximum and minimum value of solar radiation yearly average is 

5596 Wh/m2/day and 4266 Wh/m2/day [8]. Solid Desiccant, reduce moisture content in pure ambient 

air wheel rotates sluggishly, air flows through by separated into two sectors to be dehumidified and 

other sectors to renew the wheel [9]. Liquid Desiccant, same behave solid desiccants, the water vapor 

pressure is a role of temperature with moisture content [10] & [11] Most of the applications of air 

conditioning are derived from renewable energy, which has not achieved as an alternative to 

traditional compression cycleswith the effect on the coefficient of performance [12] and the cooling of 

temperatures at increasing temperatures in the summer, and with the exceptional situations of heat 

such as Iraq.  

The aim of this experimentally to improve performance coefficient and reduce the power consumption 

of the air conditioner to less than of the original value by using a solar heat exchanger with the system 

and using of an air conditioner split inverter device (12000Btu/h). In this work, a solar thermal 

radiation has been used to make up the energy provided to the system, that is the same value required 

(12000 Btu/h), after lowering the energy required from the compressor that connected to regular 
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power supply to minimum speed (3105Btu/h). The solar thermal radiation has been achieved by the 

heat exchanger placed after compressor DC.  

2. The apparatus described 

Experimentation was completed and installed on the Laboratory Unit at the Faculty of Engineering / 

University of Qadisiyah, Iraq [13]. Used vapor-compression cycle compressor DC (wall type split 

unit). External heat exchanger immersed in water path connected between DC compressor and 

condenser. Control the cooling fluid flow by valve between in and out heat exchanger, and bypass 

valve to closed recycle to pass flow before heat exchanger see Table 1. The LM35 temperature sensor 

was used as a semiconductor with very high accuracy (± 0.5) where the linear relationship between 

voltage and temperature was assumed. Table 2 demonstrated the eight sensors distribution that use 

micro-shape processing unit (Arduino), calibration of sensors that a connection with the computer and 

output data as an Excel file for recording readings. Measuring power consumption and the value of 

voltages and current are shown in ‘figure 1’, ‘figure 2’ and‘figure 3’. 

 

Table 1. Shows the specifications of the device and parts experimental 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Shows the name of the sensor with its location in the device. 

 

 

 

 

 

 

 

Category Unit 

Min. Cooling Capacity 3105Btu/h 

Max. Cooling Capacity 13000Btu/h 

Starting Current 1.25 A 

Running Cooling 5A 

Refrigerant / Charge  R410A /1.2kg 

Power Compressor/type Structure DC Power / Twin Rotary 

Heat Exchanger Pipe Coil coper 10 m Ꝋ 1/4" 

Valve Pipe Ꝋ 1/4" 5 Parts  

water path heat water (65Ꝋ90) oC 

Site Label temp. sensors 

T1 Before the compressor. Discharge pipe 

T2 After compressor charging tube 

T3 After the condenser. Before expansion 

T4 After expansion. Before the evaporator 

Tx=T5 After the heat exchanger before the condenser 

Ta=T6 Ambient temperatures 

Ts=T7 The processed temperatures of the condenser 

Tw=T8 Heat the heated water in the water bath 
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Figure 1. Scheme device experimental. 

 

 

 

Figure 2. Actual structure cycle.  Figure 3. Connect the pipe structure with the 

valve. 

3. Experimental procedure 

The experiment was conducted by recording readings of temperatures from all sensors in standard 

laboratory. The first case is to completely closure of the cycle by open the bypass valve and close in-

out valves in the external heat exchanger. The second case closes the bypass valve and completely 

closure of the cycle through open in-out valves in the external heat exchanger. 

3.1. Measurements 

The readings and record were taken in two stages, with and without a water bath. That records the 

temperature, high and low pressures for cycle cooling, and power consumption. The recording 

temperature time from unstable primary state to a stable state to show two state ‘figure 4’ and ‘figure 

5’. 

The text of your paper should be formatted as follows: 
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Figure 4. It shows the temperature readings 

with time, where each number represents 10 

seconds without the thermal solar collector 

enters with automatic mode of operation. 

 Figure 5. It shows the temperature readings with 

time, where each number represents 10 seconds 

with the thermal solar collector enters with 

automatic mode of operation. 

4. Calculations and results 

The experimental procedure showed the effect on the cooling cycle and the performance factor with 

the consumption in the processed capacity. Used for calculations engineering equation solver (EES) 

software [14]. 

4.1. Calculations without Compressor Solar Assisted in standard comfort conditions 

The voltage of the compressor with the current used (voltage = 130 volt & current = 1.87 A). The 

enthalpy values were calculated from the intersection of high and low pressure values used equation 

(1-5) with the recorded temperatures before and after each part of the compressive system. The 

diagram was then drawn and the results obtained for the completed work were calculated from the 

plan, taking into account the efficiency of the compressor and the calculation of the real work 

extracted from the plan. Calculation of Performance Factor Cooling from Freon Cooling Scheme 

shows in the ‘figure 6’. 
Case 1: 

P1 = 12(bar) 

T1 = 16(°C) 

h1 = hR410a, T = T1, P = P1  

Case 2: 

P2 = 23(bar) 

T2 = 55(°C) 

h2 = hR410a, T = T2, P = P2  

Wcomp = h2 − h1 = 23.2kj/kg                            (1)  

Case 3: 

P3 = 24(bar) 

T3 = 26(°C) 

h4 = hR410a , T = T3, P = P3 

Case 4: 

P4 = 12(bar) 

T4 = 15°C  
h4 = h3  

ῃ = 0.85   

Wcomp′Real =
WComp

ῃ
 =  27.29 kJ/kg                 (2) 

QCon = h2 − h3 = 210 kj/kg                                (3)  

QEvap = h2 − h4 = 186.8 kj/kg                           (4)   

 COPR =
QEvap

WComp.Real
= 6.844                                  (5)  
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Figure 6. P-h the R410a diagram of the vapor 

compression refrigeration cycle without the presence of 

solar assisted. 

4.2. Calculations with Compressor Solar Assisted in standard comfort conditions 

The voltage of the compressor with the current used (voltage = 104 volt & current = 1.178A). The 

enthalpy values were calculated from the intersection of high and low pressure values used equation 

(6-13) with the recorded temperatures before and after each part of the compressive system with the 

solar assisted. The diagram was then drawn and the results obtained for the completed work were 

drawn from the plan, taking into account the efficiency of the compressor and the calculation of the 

real work extracted from the plan and the calculation The solar assisted from the solar collector, the 

networking calculation, the recording voltage and the current consumed by the compressor, and the 

calculation of the cooling coefficient of the cooling Freon show the ‘figure 7’. 
Case 1: 

P1 = 12(bar) 

T1 = 16(°C) 

h1 = hR410a, T = T1, P = P1 

Case x: 

Px = 23(bar) 

Tx = 55(°C) 

hx = hR410a, T = Tx, P = Px  

WComp′X = hX − h2 = 16.02 kj/kg                                  (6)  

Case 2: 

P2 = 21(bar) 

T2 = 40(°C) 

h2 = hR410a, T = T2, P = P2 

WComp = h2 − h1 = 7.175 kj/kg                                      (7)  

Case 3: 

P3 = 24(bar) 

T3 = 26(°C) 

h3 = hR410a , T = T3, P = P3 

Case 4: 

P4 = 12(bar) 

T4 = 15°C  
h4 = h3  

ῃ = 0.85   

WComp′Real =
Wcomp

ῃ
=  8.442 kJ/kg                                 (8)   

QCon = h2 − h3 = 194 kj/kg                                              (9)   

QCon′x = hx − h3 = 210 kj/kg                                         (10)  
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QEvap = h1 − h3 = 186.8 kj/kg                                       (11)    

WNet = WComp′Real + Wcomp′X = 24.46 kj/kg            (12)  

𝐂𝐎𝐏𝐑 =
𝐐𝐄𝐯𝐚𝐩

𝐖𝐍𝐞𝐭
= 𝟕. 𝟔𝟑𝟓                                                     (𝟏𝟑) 

 

Figure 7. P-h the R410a diagram of the vapor 

compression refrigeration cycle with the presence of solar 

assisted. 

 

The thermal performance coefficient values were obtained in both cases with and without the solar 

assisted when the comparison was made. The high coefficient of thermal performance in the case of 

running the solar assisted and the low pull of the current consumed by the compressor that reduced 

compressor consumption from the planned cooling cycle for Freon R410a as shown in Table 3. 

 

Table 3. The final results with and without the compressor Solar Assisted show the thermal 

performance values, the processed capacity, and the conventional compressor. 
COPR 

From 

chart 

R410a 

QEvap 

(kJ/kg) 
WcompReal 

(kJ/kg) 

Voltage 

V 

(V) 

current 

I 

(A) 

State 

6.844 186.8 27.29 130 1.87 Without Solar 

7.635 186.8 8.442 104 1.178 With Solar 

5. Conclusions 

The solar air conditioning system is a great innovation that drives solar energy leaps while enhancing 

the positive effect on the environment. This project provides a comprehensive energy-saving 

comparison that can be achieved for various air-conditioner capacities ranging from Btu / h 2388 Btu / 

h to 24,000 Btu /h. The system is capable of achieving up to 45% energy saving during the day and 

thus dramatically reduces the peak load of electricity during the day. At the same time, the DC 

compressor will contribute up to 25% energy saving overnight. The main modifications needed are the 

compressor (DC). In addition, thermal storage and photoelectric system proposed to provide future 

cycle performance. 
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