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ABSTRACT 
Considerable technological advancements in domestic air conditioner (AC) designs over the past few decades have seen 
substantial developments in the variable speed compressor (inverter) operation. Current test standards allow inverter AC (IAC) 
manufacturers to ‘lock’ the compressor speed for a desired ‘rated’ capacity. ViPAC Engineers & Scientists Ltd (ViPAC) 
believes rating the inverter under ‘locked’ mode is unrealistic, as it does not reflect the way inverters operate in real life 
operation. Testing IAC units showed input power deviation in ‘unlocked’ modes in contrast to when tested in the ‘locked’ mode 
for similar output capacity.  In this study, the seasonal performance of two IAC units in cooling mode is compared using data 
collected from ‘laboratory’ and ‘field’ tests. The results show a large variance in the predicted outcome. Labelling according to 
field performance would value the performing units and possibly eliminate units with poor performance, which would 
ultimately benefit the end users. It is suggested that the design regime of temperature controls in IAC units be reviewed and 
that the ‘field’ test method be considered for IAC testing and labelling. 
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1. INTRODUCTION 
1.1 IACs 
An AC is a mechanism designed to maintain and control the air temperature and humidity within an area. In Australia, 
they are used primarily for cooling but also sometimes for heating. The operation is typically performed by a simple 
refrigeration (vapour compression) cycle, shown in Figure 1 below. 
 

  
Figure 1 AC operation principle [1] Figure 2 Illustration of IAC operation [1] 

 
A typical refrigeration cycle uses an electric motor to drive the compressor. The two most common types of 
compressors are the ‘fixed speed’ type and the ‘variable speed’ (inverter) types. With conventional ‘fixed-speed’ air 
conditioners, the compressor is either on (working to 100% capacity) or off. An inverter in an air conditioner is used to 
change the compressor’s motor speed in order to drive variable refrigerant flow in an air conditioning system to achieve 
the desired temperature conditions in indoor space. It functions like the accelerator of a car, gently increasing or 
decreasing power.  It maintains the desired temperatures without wild fluctuations.  Figure 2 shows room temperature 
during the operation of both fixed-speed AC and IAC units.  
IAC manufacturers claim that IACs are more powerful, energy efficient and quieter compared to the fixed-speed unit 
operation and that they also provide uninterrupted comfort and significant savings on running costs. 
1.2 “locked laboratory” and “unlocked field” Test Methods 
IACs work as fixed-speed capacity units if their operating speed is locked. The current Australian and New Zealand AC 
test standards [4] require IAC manufacturers to fix the compressor speed and rate the units based on ‘locked’ tests. The 
‘locked’ instructions for fixing the compressor speed are supplied by the manufacturer. During capacity tests, input 
power is locked and capacity is determined from the Calorimeter or Air Enthalpy test principles as a typical fixed-speed 
AC.   

Field Behaviour of Inverter Air Conditioners 
Effect on Seasonal Performance 

 
Dr Satya Prasad Mavuri 

 
1ViPAC Engineers & Scientists Ltd, Port Melbourne, Victoria, Australia 

 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 4, Issue 8, August 2015              ISSN 2319 - 4847 
 

Volume 4, Issue 8, August 2015                                                                                            Page 19 

 
Under current laboratory test conditions, the IAC unit is operated at a locked compressor speed (hence fixed power 
input), but in field conditions (i.e. the end user’s home or office), the unit operates to match the room load. This field 
performance can be different to the laboratory performance. Hence the ‘locked rating’ can mislead consumers, as the 
test results reflect laboratory performance rather than field performance. In addition, even though the units operate 
without any ‘locked instructions’, some units were noticed to turn off some parasitic power usage and operate under 
‘high efficient locked mode’, whenever they were subjected to standard’s test conditions continuously for more than an 
hour. 
The author has proposed and conducted comparative tests on IAC units and published the results previously. The 
reader is directed to [1] for further insight into this issue and associated limitations of current testing standards.  
When tested in an ‘unlocked’ mode, the indoor test room is given an almost fixed thermal load and the IAC unit being 
tested adjusts its speed or power input to match the thermal load. The IAC operation is adjusted with the remote 
controller, to achieve a close match to the indoor-unit room temperature required by the test standard. Temperature 
resolution on the remote controller (usually ±1oC) could affect the stability of the final indoor room conditions. The 
final remote temperature setting may show a different value to the actual room condition. Outdoor room conditions are 
maintained at the test conditions specified in test standard. 

 
Figure 3 Observed IAC performance - ‘Locked’ vs. ‘Unlocked’ tests [1] 

 
An IAC unit’s performance is typically labelled at a desired ‘rated’ capacity, which is normally lower than the ‘full-
load’ capacity. Previous research  shows that at the maximum compressor speed, the full-load capacity and efficiency 
would be the same in either ‘locked’ or ‘unlocked’ modes. However, it was observed that the difference widened 
towards the lower AC capacity range as shown in Figure 2. When the compressor’s speed was varying repeatedly at a 
certain interval, their energy consumption was high compared to that of ‘locked’ mode operation. In some inverters, 
inefficient controls may have resulted in lower efficiencies when operating in the field simulation. Thus, the efficiencies 
of the IACs shift to a lower curve relative to the ‘locked’ mode condition. In most IAC units, the unit controls appear to 
be optimized for higher efficiencies under test conditions with ‘locked’ instructions. 

1.3SEASONAL PERFORMANCE FACTORS 
The efficiency of air conditioning systems differs depending on the operating conditions. Seasonal efficiency gives an 
indication on how efficient a heat pump operates over an entire cooling or heating season. This can be achieved by 
determining Seasonal Energy Efficiency Ratio (SEER) for cooling and Seasonal Coefficient of Performance (SCOP) for 
heating or Total Annual Performance Factor (TAPF) which is a combination of both cooling and heating operations.  

 
Figure 4 Comparison of temperature bin hours as per AS/NZS 3823.4[4] and ISO 16358 [5] test standards 
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Test standards AS/NZS 3823.4 [4] and ISO 16358 [5] specify the testing and calculating methods for AC’s seasonal 
performance factors. The annual performance will then be evaluated for the projected power input and for efficiencies 
at various bin-hours specified in AS/NZS 3823.4 for three zones (Cold, Mixed and Hot & Humid) classified for the 
Australian continent and a single zone specified in ISO 16358.  

1.4 RATIONALE  
Most ACs sold in Australia are to be tested to the Australia and New Zealand test standard AS/NZS 3823.2 [4], should 
comply with the MEPS regulations and be registered in a government database [2]. The Greenhouse and Energy 
Minimum Standards act (GEMS [2]) regulates appliances that fall under the vapour compression category (such as ACs 
and heat pumps). Australia and other regulators are currently developing an identification label that will better reflect 
the annual performance in specific climate zones to assist consumers to choose a product that is suited to their local 
climate. 
Australian statistics [2] suggest that more than 80% of the registered AC products are single phase, non-ducted, reverse 
cycle inverter type units. Over the years, there has been a clear domestic market shift from fixed-speed units towards 
inverter types, primarily due to their superior levels of operation over the fixed-speed ACs. CHOICE [3] mentions that 
the current test standard’s method of allowing manufacturers to fix the IAC compressor speed at a certain rated 
capacity is unrealistic. Realistic and accurate test results are important for the consumer’s benefit and in estimating and 
meeting the overall energy minimum targets. 
Currently, air conditioners are tested, rated and labelled at one full-load test point. As the field performance of IACs is 
different to fixed speed laboratory tests, this work investigates the effect of field performance on the seasonal 
efficiencies. 

2. SEASONAL PERFORMANCE COMPARISON: CASE STUDY 
Testing was conducted on two non-ducted, high wall mounted, single phase, single split inverter air conditioner units. 
Brands and models have not been identified for confidentiality purposes. Rated specifications are within the range 
shown.  

Table 1: Test sample IAC cooling duty specifications 
 
  
 
 
 
 
 
 
 
All tests were performed in a NATA accredited balanced ambient calorimeter [6] at ViPAC. Cooling capacity tests 
were carried out in general accordance with AS/NZS 3823.1.1 to the conditions specified in AS/NZS 3823.4. Cooling 
seasonal performance behaviour was compared with the data collected for both ‘locked’ and ‘unlocked’ tests conducted 
on IAC units.  

 
Figure 5 Typical balanced ambient calorimeter chamber [1] 

Rated Values U
ni

ts
 

Sample A 
Reverse cycle  

Sample B 
Cooling only 

Cooling Capacity W <3250 – 3750> <2500 – 3000> 

Power Input W <750 – 1000> <600 – 900> 
EER W/W <4.00 – 4.50> <3.50 – 4.00> 
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While the ‘unlocked’ mode tests were conducted to evaluate the capacity and efficiency of the IAC’s field behaviour 
and the ‘locked’ mode tests were performed to assess the laboratory behaviour. During ‘locked’ mode testing, an IAC 
always behaved in a steady-state type. During field mode operation, an IAC was noticed to operate in a transient mode 
(i.e. the AC power input and the corresponding output capacity fluctuate with time), as well under some operating 
conditions. When an IAC’s operation was a steady-state type, the capacity and power input was found from the average 
of data measured over 30-60minute period and when operation was a transient type, the corresponding capacities and 
power input values were averaged over multiple cycles.  
Previous research [1] indicates efficiency was inhibited on most of the IAC units and with some units even failing to 
comply with MEPS requirements. Similar trends have been noticed in the heating mode operation [1]. The latest 
investigation reveals a variation of capacities and efficiencies, distinct to the ‘rated’ (or ‘locked’) behaviour. Table 2 
shows the variation of cooling capacity, power input and corresponding efficiencies of both the samples when tested in 
‘field or unlocked’ modes when compared to the ‘laboratory or locked’ modes.  

Table 2: Cooling Capacity Variation in Field Tests to Locked Tests 

 
Performance test history charts are shown in the Appendix for tests conducted on both test samples A and B in ‘rated’ 
and ‘field’ operating modes. Tables 2 and 3 summarize the variations observed. The test history charts reveal a 
consistent issue of units operating differently to the locked modes and a higher/fluctuating behaviour in power input 
when operating in lower modes. During the ‘field’ simulated tests, the final remote temperature settings were found to 
be quite different to the actual temperature in the indoor test room. The deviation was found to be as big as ±4ºC for 
actual room conditions measuring at 27±1ºCDB.  
During the part-load ‘field’ performance tests, it was observed that the units turned on and off to match the “low load” 
at apparent temperature set point on the remote controller. In comparison, the same units ran at steady power level 
during ‘locked’ mode, as anticipated. 
From the tests carried out at conditions stated in Table 2, the performance of IAC units at various ambient conditions 
was evaluated. The total cooling seasonal load and seasonal energy consumption for the bin hours in three zones in 
AS/NZS 3823.4.1and ISO 16358 was calculated. The total cooling seasonal performance factors accounts for the 
inactive energy consumption (standby power) and cooling seasonal performance factors. Table 3 shows the variation of 
seasonal performance of both the samples when tested in ‘field or unlocked’ modes when compared to the ‘laboratory 
or locked’ modes.  

Table 3: Cooling seasonal performance variance of ‘field’ tests to ‘locked’ tests 
 

Cooling Seasonal 
Performance Variation 

Sample A Sample B 
CSTL 
(Whrs) 

CSEC 
(Whrs) 

CSPF 
(Whrs/Whrs)

TCSPF 
(Whrs/Whrs)

CSTL 
(Whrs) 

CSEC 
(Whrs) 

CSPF 
(Whrs/Whrs)

TCSPF 
(Whrs/Whrs)

A
S/

N
S 

38
23

 

Hot & Humid +9.30% -6.61% +16.87% +16.93% +3.54% +8.25% -4.34% -4.19% 

Mixed +9.32% -4.75% +14.68% +14.86% +3.54% +16.76% -11.26% -11.36% 

Cold +9.29% -6.64% +17.20% +16.94% +3.54% +6.77% -3.17% -3.06% 

ISO 16358 +9.29% -7.47% +17.97% +17.95% +3.54% +5.81% -2.23% -2.08% 

 

Performance of the AC Sample A Sample B 

Indoor test conditions 27ºCDB / 19ºCWB 27ºCDB / 19ºCWB 27ºCDB / 19ºCWB 27ºCDB / 19ºCWB 

Outdoor test conditions 35ºCDB / 24ºCWB 29ºCDB / 19ºCWB 35ºCDB / 24ºCWB 29ºCDB / 19ºCWB 

Test configuration Full 
rated 

Half 
rated 

Minimum 
rated 

Full  
rated 

Half  
rated 

Minimum 
rated 

Full  
rated 

Half  
rated 

Full  
rated 

Half  
rated 

Cooling Capacity 8.50% 14.08% 21.57% 4.73% 10.02% 18.53% 3.42% -8.11% 3.42% -8.11% 

Power input 12.72% 7.55% 15.27% 5.11% -11.15% 5.16% 37.45% -11.79% 37.45% -11.79% 

EER -4.83% 7.07% 7.43% -0.41% 19.05% 14.10% -54.40% 3.29% -54.40% 3.29% 

MEPS compliance  PASS FAIL 
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The results highlight that even though some units suffer from efficiency degradation during ‘field’ test operation; they 
actually perform better over the annual simulation. The data analysis shows that the units benefit from the higher 
capacities delivered during the rated full and part-load conditions, which subsequently result in higher seasonal factors.   
Data is further verified for matching cooling loads the same as ‘rated’ capacities, however the seasonal factors varied 
within ±2% of values calculated with cooling loads. The standards require the minimum load operation of the IAC 
units to run continuously. Under ‘field’ simulated tests, e.g. test sample B failed to run continuously at load 
corresponding with the minimum-rated load operation. However, analysis reveals that equations failed to capture the 
on-off behaviour and this didn’t affect the seasonal results at all. A further review of the test standard’s calculation 
methodology is required to incorporate the cyclic behaviour.  

3. CONCLUSION 
There have been significant technological advancements in domestic AC designs over the past few decades, such as the 
variable speed compressor operation. Current test standards allow IAC manufacturers to fix the compressor speed for a 
certain ‘rated’ capacity. However, ViPAC believes that setting and rating an inverter when it is under a ‘locked’ 
condition is unrealistic, as it fails to accurately reflect how inverters operate in real life situations.  
ViPAC’s  testing revealed that IAC units under ‘unlocked’ conditions consumed much higher levels of electricity than 
the ‘rated’ values when subjected to a similar thermal load equivalent to the ‘rated’ or ‘locked’ capacities. Some units 
failed to meet MEPS under the new proposed test methodology. Some IAC units produced fluctuating behaviour in 
‘unlocked’ tests; however they ran with a very stable power input and provided stable room conditions under a ‘locked’ 
mode operation. The minimum capacities corresponding to lower locked compressor speeds were observed to be 
unfeasible in ‘field’ mode operation. Some units could only produce minimum cooling loads before their compressors 
cycle ON-OFF as normal fixed-speed compressor units. Field mode results highlight that, even though some units 
suffer from efficiency degradation, they can actually perform better over the annual simulation compared to ‘locked’ 
mode results.  
During the ‘field’ simulation tests, the setting on a remote controller defined the level of compressor operation. 
However, this setting was found to be different to the actual temperature in the test room. It is suggested that the design 
regime of temperature controls in IAC units be reviewed.   
Using the ‘unlocked’ test method, IAC units can now be tested for ‘field’ behaviour in a laboratory environment. 
Labelling to field performance would assign value to performing units and possibly eliminate the poor performing ones, 
both of which would ultimately benefit the end user. It is suggested that the test standards and regulations be revised for 
testing and labelling inverter units so that the potential performance variation in ‘unlocked’ conditions is elucidated. 
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Appendix:  Capacity Test History Charts 

A.1  Sample A 

(a) 
 

(b) 

 
(c) 

 
(d) 

Figure 6 Performance test histories of Sample A 
A.2  Sample B 

(a) 
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(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 
(g) 

 
(h) 

 
(i)  

(j) 
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(k) 

 
(l) 

Figure 7 Performance test histories of Sample B 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


