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Abstract— In Air Conditioning application, it is very 

important to provide conditioned air at indoor side by 

maintaining the temperature, pressure, humidity, velocity and 

noise level of indoor air, by cooling and dehumidification 

psychrometric process when the outdoor side whether 

conditions are too hot and humid. To provide the conditioned 

cooling at indoor side through evaporative unit, the outdoor 

side unit having compressor along with condenser and 

expansion device should work efficiently according to vapor 

compression refrigeration cycle. Throughout this cycle, 

power consumption plays a crucial role. In conventional air 

conditioning systems, compressors were constant speed 

compressors and on off compressors, which consume more 

power respectively when compared to variable speed 

compressor i.e. inverter compressor. Here compressor is 

rotary type compressor. Inverter compressor works more 

efficiently by maintaining cooling capacity and consumes 

less power. Inverter compressor controls the motor drive 

speed input i.e. inverter controls the rotational speed of 

compressor by which we can control the quantity of 

refrigerant entering and leaving the compressor required to 

maintain the variable cooling capacity as per outdoor heat 

load conditions. The term dual inverter refers to two-stage 

compression of refrigerant using two rotors one after the 

other. The purpose of this paper is to discuss the performance 

evaluation of 1TR dual inverter air conditioner with two 

different refrigerants specified as 3 star model and five star 

model performed in psychrometric chamber. To validate the 

cooling capacity and reliability of the system, different 

temperature conditions are maintained at indoor and outdoor 

chambers. To determine the energy consumption for inverter 

air conditioner, ISEER (Indian Seasonal Energy Efficiency 

Ratio) should be calculated according to bureau of energy 

efficiency (BEE). Refrigerants R32 is used in 5 star model 

and R410A used in 3 star model. 
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I. INTRODUCTION 

On increasing the energy demand for heating ventilation and 

air conditioning (HVAC) systems, researches are going on for 

decreasing the energy consumption and increasing the 

environmental protection using new refrigerants with 

Properties such as Ozone Depletion potential (ODP) should 

be zero and low global warming potential (GWP).  

 R32 (Difluoromethane) a Hydrofluorocarbon an 

organic compound with zero ODP and GWP as 675 which is 

good replacement for R410A a Zeotropic mixture of R32 and 

R125 with ODP as Zero and GWP as 2088. In this paper 

R410A, a widely used refrigerant replaced with R32 to 

improve the efficiency of air conditioning equipment. R32 

can increase the cooling capacity by reducing the refrigerant 

charge amount and energy consumption of the unit.  

 Indian seasonal energy efficiency ratio is the ratio of 

the total annual amount of heat that the apparatus can remove 

from indoor air in active mode for cooling operation to the 

total annual amount of energy consumed by the apparatus for 

same conditions. Researchers and Indian government are 

focusing on energy efficient system and environmental 

protection. Energy demand and energy consumption is 

increasing extremely due to increase in duration of energy 

usage, applications, comfort, and population. In India now, a 

day’s weather conditions are varying and industries are 

emerging rapidly, usage of HVAC systems are in room or 

residential air conditioning and commercial air conditioning 

are increased. Considering the energy efficient air 

conditioning system, inverter compressors i.e. variable speed 

compressor, which created a huge impact in terms of cooling 

capacity and energy consumption. Coming to conventional 

constant speed compressor, it runs only at full load condition, 

then on-off type compressor that runs at full load condition to 

attain the rated capacity once it reaches its target it turns off  

and it again turns on when the indoor condition changes. 

Inverter compressor is the better replacement for the 

conventional compressors to save energy and work with 

utmost efficiency. 

 The comparison between the dual inverter air 

conditioner charged with two different refrigerants R410A 

and R32 in two different scenario shows the amount of energy 

saving when outdoor heat load varies. An Experiment is 

conducted, for two machines installed in psychrometric 

chamber at same operating heat load conditions. When the 

experiment is completed, the inverter air conditioner with 

R32 was giving better performance and on comparison there 

is almost 18% of energy saving. To calculate the amount of 

energy consumed by air conditioner using dual inverter 

compressor should consider the total annual performance 

throughout the season. According to BEE standards, Seasonal 

Energy efficiency ratio (SEER) will be varying for different 

countries due to change in climatic conditions throughout the 

season. Thus BEE defined the SEER only for India i.e. 

ISEER. To calculate the ISEER the varying outdoor 

temperatures based on bin hours are considered. It is 

calculated when the compressor is running at full load 

capacity and the half load capacity (partial load). At this, 

particular full load and half load, conditions the cooling 

capacity and power consumption parameters are considered 

for ISEER calculations. The system is energy efficient and 

gives higher coefficient of performance (COP) when it is at 

half load conditions. Using Integrated Energy efficiency ratio 
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(IEER), SEER and ISEER we can calculate the performance 

and star rating for energy consumption of air conditioner. 

II. METHODOLOGY 

A. Experimental Setup 

The experimental setup contains evaporator, compressor, 

condenser and capillary expansion device. The apparatus is 

first experimented with R410A, then modified the 

specifications of components, and again tested with R32 

refrigerant in psychrometric chamber. The schematic diagram 

of cycle is shown in the figure 1. The performance evaluation 

of dual inverter air conditioner is carried out by installing the 

sample indoor side unit and outdoor side unit in 

psychrometric chamber by interconnecting tubing with 

suitable line sizing. Using standard cooling conditions the 

cooling capacity test followed by cooling overload test with 

maximum outdoor temperature are performed. To calculate 

the reliability of the system reliability test is carried out with 

temperatures varying from -5°C ~ 48°C.  

 
Fig. 1: show the cycle diagram for 1 TR air conditoning 

system 

A Compressor 

B Accumulator 

C Condenser 

D Capillary expansion device 

E evaporator 

F Inverter fan 

G Service valve (Discharge) 

H Service valve (Suction) 

I Discharge line 

J Liquid line 

K Suction line 

Table 1: Shows the cycle part specifications. 

Parts Specification 

Compressor BLDC Twin rotary 

Condenser Ø7, 2R, 22C, 19FPI 

Evaporator Ø7, 2R ,15C, 21FPI 

Capillary tube ID Ø1.2, OD Ø2.6, L 700 mm 

Service valve Ø6.35, flare connection 

Service valve Ø9.52, flare connection 

Outdoor fan Motor 43W BLDC 

Indoor fan Motor 30W BLDC 

Table 2: shows the specification of components. 

 

B. Theoretical p-h diagram 

Fig - 2 shows the p-h diagram for 1TR dual inverter air 

conditioner by using Techni Solve Mollier diagram software. 

 
Fig. 2: shows the p-h diagram for R32. 

State 

Point 

Temperature 

(◦c) 

Pressure 

(kPa) 

Enthalpy 

(kJ/kg) 

Density 

(kg/m3) 

1 13 1201 270.3 33.13 

2 83.4 2736.4 566.4 62.5 

3 39.4 2736.4 270.3 904.48 

4 12 1177 516.8 1012 

Table 3: shows the refrigerant state points on p-h chat. 

 From figure 2 theoretical p-h diagram with state 

points after the experiment. To define the work done by the 

compressor that parameter depends on selection criteria of 

compressor. From the p-h chart, density of refrigerant at 

suction side, mass flow rate in m3/hr is also calculated. Based 

on the refrigerant mass flow rate inside the displacement of 

compressor in cc/rev is calculated. For current experimental 

setup, twin rotary compressor with displacement 10.2 cc/rev 

is selected. Coming to compressor discharge temperature it 

controls the compressor frequency. If the discharge 

temperature goes beyond the safe limit, it may lead to 

bursting of tubes. The safest limit for discharge temperature 

below 80°C ~ 90°C. So, when the discharge temperature is 

too high compressor cuts down its frequency to prevent any 

damage in the system. Heat exchangers i.e. Condenser and 

evaporator are designed using Coil Designer simulation 

software based on sub cooling as 7ºC and super heat as 1ºC. 

heat exchanger parameters like length, tube inner and outer 

diameter, FPI, number of tubes and number of rows are 

defined using the software. Capillary expansion device is 

selected based on refrigerant mass flow rate and other 

parameters are defined based on experimental trails. To 

define the evaporator cooling capacity the heat exchanger is 

1TR; in terms of kW, it is 3.516 kW. Based on super heat 

indoor leaving air temperature may vary so it should be 

maintained.  

C. Airflow Parameter 

Airflow parameter for evaporator side and condenser side 

plays a vital role. Sensible heat ratio (SHR) is the ratio of 

sensible heat load to sum of sensible heat load and latent heat 

load (total heat load). For condenser side 100% SHR is 

maintained and for evaporative side 83% SHR is maintained. 

To calculate the velocity of leaving air from evaporator is 

measured by anemometer is 720.1 m3/hr (12 CMM). To 

deliver the required airflow cross flow fan is used. From 
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experimental trails condenser side airflow rate is 1180.5 

m3/hr, which is 1.5 times of actual evaporator airflow rate. 

D. Psychrometric testing chamber 

Figure 3 shows the psychometric testing chamber, including 

indoor and outdoor side chamber with airflow rate-measuring 

device. Here Indoor unit is mounted on the stand attached 

with air measuring device called as code tester. Code tester 

consists of nozzles with different diameters to maintain the 

ESP (effective static pressure) and to maintain the uniform 

airflow rate. It also consists of nozzle chamber attached with 

motor to create the suction for leaving air of the system. Air 

samplers are also placed at air entering side of heat exchanger 

to calculate the air temperature in both indoor and outdoor 

chamber. Thermocouple and pressure transducers are used to 

calculate the thermodynamic properties of refrigerant 

entering or leaving the indoor/outdoor heat exchanger. 

Temperature 

Cooling capacity Test 

as per IS 1391 (Part 1 & 

Part 2) 

Outdoor Indoor At 35°C 

35°C DBT 

and 24°C 

WBT 

27°C DBT 

and 19°C 

WBT 

Standard Cooling at full 

capacity 

Standard cooling at 

50% of full capacity 

Table 4: shows the ISO testing standard 

 
Fig. 3: shows the psychrometric testing chamber. 

III. RESULTS AND DISCUSSION 

Case 1: Cooling capacity test for 1TR Dual inverter air 

conditioner charged with R32. 

Parameters 35ºC 29ºC 

Cooling Capacity 

(Watt) 

Full Capacity 3560 3834 

Half Capacity 1770 1906 

Power Consumption 

(Watt) 

Full Capacity 910 832 

Half Capacity 342 313 

Cooling Seasonal Total load in KWh 2755.92 

Cooling Seasonal Energy Consumption in 

KWh or Energy Consumption in Unit Per 

Annum 

565.18 

Indian Seasonal Energy Efficiency Ratio - 

Cooling (ISEER-Cooling) 
4.88 

 Cooling capacity and power consumption are 

calculated by the cooling capacity test at full and half load 

capacity at 35ºC and 29ºC are defined as per standard testing 

condition. As per ISO 16358-1 standard and BEE standards, 

cooling seasonal total load (CTSL) is calculated at outdoor 

side temperatures throughout the season in range of 21ºC to 

43ºC which is referred from Indian national whether data of 

54 different cities. Based on CTSL amount of power 

consumed can be calculated. 

 From the graph, we can observe that as the 

Compressor frequency varies power consumption also varies. 

At initial stage of the test compressor frequency will be high 

so that the power consumption will also be high until 

compressor reaches its set condition then its frequency drops 

down to minimum.   

 
Fig. 4: Shows the comparison between compressor 

frequency, discharge temperature, cooling capacity and 

power consumption. 

Case 2: Cooling capacity test for 1TR Dual inverter air 

conditioner charged with R410A 

Parameters 35ºC 29ºC 

Cooling Capacity 

(Watt) 

Full Capacity 3473.8 3741 

Half Capacity 1706.4 1838 

Power Consumption 

(Watt) 

Full Capacity 1118.2 1022 

Half Capacity 430.7 394 

Cooling Seasonal Total load in KWh 2689.04 

Cooling Seasonal Energy Consumption 

in KWh or Energy Consumption in Unit 

Per Annum 

707.58 

Indian Seasonal Energy Efficiency 

Ratio - Cooling (ISEER-Cooling) 
3.80 

 According to BEE standards and ISEER 

Calculations for 3 star and 5 Star model are compared. 

Considering 1600 hrs AC Run Time at different Indian Bin 

Temperature data 

Energy Saving for 5 star Inverter model = 142.4 Units per 

annum. 

Annual Cost Savings = 142.4 X 6.75 rupees per unit = 961.2 

rupees can be saved. 

IV. CONCLUSION 

Psychrometric chamber testing is used to calculate the 

cooling capacity and the power consumption of inverter air 

conditioner. 

 Using R32 as a refrigerant in dual inverter air 

conditioner can reduce the refrigerant charge amount at least 

30% when compared to R410A charge amount and can 

reduce the capillary tube length. Reducing the capillary tube 

length can save material cost and reduce the compressor 

frequency, which leads to low power consumption. 

 From experiment using R32, compressor discharge 

temperature observed in the range of 80°C to 90°C, which is 

acceptable. From the experimental results, it was observed 
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that as the heat load varies at outdoor, outdoor temperature 

also varies that might increase the power consumption.  

 As the climatic conditions extreme dual inverter air 

conditioner is the best suitable and efficient. After the 

experimentation, the total saving in energy is around 20%. it 

is strongly recommended because the GWP of R32 is much 

lower than that of R410A. 
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