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A Residential Air Conditioner 
That Has Already Achieved 
the Next  Level  of  Energy 
Conservation Standards

 KENICHI MIYAZAWA*1 HIROSHI KANBARA*1

 SHIGEKI HAYASHI*1 AKIRA YOSHIKOSHI*2

 AKIRA ITO*2 DAISUKE TANAKA*2

The first commitment period of the Kyoto Protocol starts in 2008. Both the government and the private sector are making 
consistent efforts towards energy conservation.  The household air conditioner, a major consumer of electricity, is a target for 
improved energy conservation, and is one of the representative items envisioned by the revised 2010 law concerning the rational use 
of energy.  This year, Mitsubishi Heavy Industries, Ltd. (MHI) developed and launched the 2008 SJ series of air conditioners, which 
achieves the next regulated level of energy conservation two years ahead of schedule.  Furthermore, in response to recent demands for 
upgrading and improving indoor air quality, MHI introduced a new area air conditioner that permits 16 patterns of air-conditioning 
areas to be selected by remote control, and is equipped with a filter system to control deodorization automatically, placing it well 
above competitors’ products.

1. Introduction

T he second law on the rat ional use of energ y was 
introduced in 2006 and becomes ef fect ive in 2010.  It 
builds on the first law introduced in 2004 and replaces the 
conventional two-point index of the average coefficient of 
performance (COP) for air conditioners measured at rated 
conditions with a five-point annual performance factor (APF) 
measured at rated, medium, and low temperatures.  This new 
performance factor corresponds better to actual use, and is 
accompanied by a new higher regulated efficiency value that 
requires an increase in the performance of conventional MHI 
units of approximately 15%.

Var ious a ir- condit ioning manufacturers have been 
working on differentiating their products by introducing 

functions to improve air quality and simplified maintenance 
as major selling features.

2. MHI’s efforts

2.1 APF
The APF index, which has been adopted as the next 

energy-conservation standard, is the value obtained when 
the sum of the cooling/heating capacity necessary for the 
operation of an air conditioner throughout the year is divided 
by the electrical energy consumed by that device during 
the same period.   This evaluation index is closely related 
to actual operating conditions considering the building 
load and outdoor temperature patterns.  Higher APF values 
indicate greater energy conservation and higher efficiency.  
As shown in Fig. 1, air conditioners are operated at medium 
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Fig.1  General overview of the APF
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or low capacity throughout most of the year.  Therefore, 
improving the unit performance in this range is key to 
achieving a higher APF value.

2.2 Basic performance
MHI’s high-quality 2008 model meets the 2010 regulations 

two years ahead of schedule.  It has an APF value of 6.7, 
which is the highest for the 2.8-kW class of equivalent model 
air conditioners produced by MHI’s competitors, based on 
a survey of manufacturers’ catalogues in March 2008.  To 
meet the next-generation standards with the 2008 model, 
we focused on the requirements by analyzing and improving 
the performance of each component, and integrating them 
in the overall unit .  We are currently redesigning our 
standard class of products to meet the 2010 regulations using 
components such as the heat exchanger and controller that 
were developed for the 2008 model.

2.3 Additional functions
The 2008 model has several new functions.  The first is 

an area air-conditioning function that allows 16 different air-
conditioning area patterns to be selected by remote control.  
The second new feature is a filter that can automatically 
maintain its deodorization performance.  In addition to these 
features, efforts have been made to differentiate our product 
from those of our competitors through the adoption of a bio-
clear filter that is capable of decomposing allergens by using 
enzymes, and a ventilation function to discharge indoor air to 
the outside.  

3. Development of each component

3.1 Performance improvement of the indoor heat 
exchanger

In the development of the indoor heat exchanger, we set 
a goal of reducing the fan input power while maintaining 
per formance equivalent to that of a conventional heat 
exchanger.  To reduce the fan input power while considering 
the required f low rate distribution when the indoor unit 
is used, we used thermal f low analysis to optimize the 
configuration of the aluminum fins and the row pitch/stage 

pitch for the heat transfer tubes in the heat exchanger.
To optimize the heat exchanger while improving its basic 

performance, including capacity and airflow resistance, we 
considered reducing the indoor unit thickness, examined the 
treatment of condensed water during cooling operation, and 
looked at ways to reduce costs. 

Our new heat exchanger was designed so that the heat-
transfer tubes have a larger layer pitch and a smaller 
row pitch (depth) than conventional units.  For the f in 
configuration, we adopted a louver fin, in which alternate slits 
are punched out.  This fin configuration has a large surface 
area with higher heat transfer eff iciency because of the 
leading edge effect, and also reduces the peel-off compared 
to a conventional fin while reducing the airflow resistance.

Figure 2 shows the results of the thermal flow analysis 
and the external appearance of the newly developed fin.  The 
optimization of the heat exchanger greatly reduced the fan 
input while maintaining the same heat-exchange capacity.

3.2 Performance improvement of the outdoor heat 
exchanger

The outdoor heat exchanger of the cooling and heating 
unit uses a flat-plate fin with no slits or notches in the louver 
for best performance when frost forms during heating.  To 
improve the performance of this heat exchanger, a new fin 
configuration with an M-shaped inside cross-section was 
introduced.  The performance of the fin was improved by 
optimizing the height, number, and pitch of the protruding 
sections without increasing the airflow resistance.  This also 
helped reduce the fan input.  Figure 3 shows the results of 
the thermal flow analysis and the external appearance of the 
newly developed fin. 

3.3 Performance improvement of the compressor 
and controller

The power consumption of an air conditioner depends 
largely on the performance of the heat exchanger, which 
is part of the unit.  However, since the power consumed 
by the compressor motor and controller still account for 
the majority of the total power consumption, significant 
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Fig.2  Aluminum fin for an indoor heat exchanger Fig.3  Aluminum fin for an outdoor heat exchanger
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improvements in energy savings cannot occur without 
improvements to these components.  Various technological 
improvements to increase compressor ef f iciency have 
already been introduced, including reducing the mechanical 
loss of the compression mechanism, reducing the pressure 
loss of the discharge and suction, improving the wire 
moment of the compressor motor coil, magnetizing using 
rare earth elements, and using electromagnetic steel plates 
with a low core loss.  Therefore, there is little remaining room 
for further technological improvements.  Even so, we worked 
on optimizing the motor characteristics for the 2008 model, 
aiming to improve efficiency in the low- to medium-speed 
zone to achieve a higher APF.  The motor-drive system in the 
controller was changed from a conventional rectangular-wave 
drive system with simple rotation control and low efficiency 
to a sine-wave drive system with higher efficiency, exploiting 
the increased controllability of the microcomputer.  The 
circuit redesign included components with lower power 
consumption.

3.4 Performance improvements of the air 
distribution system

Normally, the indoor and outdoor units of a residential 
air conditioner have one fan motor each.  Since the sum 
of the power consumption of these fan motors approaches 
10% of the total power consumption, reducing the power 
consumpt ion of the a ir - dist r ibut ion system can a lso 
contribute to improving the APF.  In the development of the 
air distribution system, it is necessary to consider reducing 
the power consumption of the motors in conjunction with the 
generation of noise and overall system development.

We used computational fluid dynamics (CFD) to optimize 
the indoor unit, using the layout of each element and the 
type of heat exchanger as parameters.  Figure 4 shows the 
results of the CFD analysis.  The 2008 model, which uses 
a high-efficiency motor, had a significantly decreased fan 
input power compared to the conventional unit.

3.5 Performance improvement of the unit as a whole
To ensure the overall improved performance of the unit, it 

was necessary to combine the elements described in sections 
3.1 to 3.4 while tuning the compressor speed, airflow rates of 
the indoor and outdoor units, and opening of the expansion 
valve so that the system achieved the highest possible 
efficiency.  For the indoor heat exchanger, we adopted a 
multi-row structure to increase the heat exchange capacity 
and to optimize the unit ’s operating point.  In general, a 
multi-row structure of heat exchanger tubes normally leads 
to an increase in the fan input power because of the increased 
air pressure loss.  However, the new louver f in actually 
reduced the air pressure loss while maintaining the air heat 
transfer performance without increasing the fan input power, 
and thus avoided an increase in the unit size.

T he A PF is especia l ly a f fected by the mid - range 
performance of the unit.  The key question, therefore, is 
how to balance this with the performance for the rated and 
maximum zones, for which optimization of the refrigerant 
passage of the heat exchanger becomes necessary. 

In the 2008 model where refrigerant passes through a 
multi-branching structure, the refrigerant pressure loss, 
which adversely affects the performance in the rated and 
maximum zones, was minimized to ensure high performance.  
At the same time, through enhancement of the auxiliary 
heat exchanger capacity to accelerate the heat release of the 
refrigerant, good performance in the mid-range (heating) 
zone was also ensured.

As well as increasing the APF, improving performance at 
low temperatures is another key aspect in the development 
of air conditioners.  The 2008 model has better performance 
than conventional air conditioners because of optimization 
of the outdoor heat exchanger, an increase in the circulating 
refrigerant volume due to the increased compressor output, 
a revised defrosting operation, and a new heating cycle start 
control after the defrosting operation.

4. Additional functions

While price and performance are vital when selling an 
air conditioner, a good range of additional functions such as 
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Fig.4  CFD analysis of the indoor unit
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an integrated air purifier are also vital.  The major functions 
added to the 2008 model are as follows.

4.1 Area air conditioning
Because each person’s idea of comfort is dif ferent, a 

single set of air-conditioning conditions will not necessarily 
provide a comfortable environment for everyone.  With its 
independent control of each of the right/left louvers and 
upward/downward flaps, this unit makes it possible to create 
a comfortable environment for every individual in the same 
area.  A new remote control makes precise climatic control of 
the area possible (Fig. 5).

4.2 Auto-regenerative deodor filter
The deodorizing abil ity of normal deodorant f i lters 

deter iorates w it h t i me, a nd t hey must be replaced 
periodically.  The f ilter in our 2008 model is made of a 
material that can recover its deodorizing ability after it 
deteriorates.  This new f ilter is capable of retaining its 
deodorizing performance over a long period of time because 
of a regeneration device mounted inside the unit.

4.3 Bio-clear filter
Indoor air pollutants include various substances, such 

as gaseous matter that causes sick building syndrome and 
unpleasant odors.  Pollutants also include particulate matter, 
such as tobacco smoke and house dust, and microorganisms, 
such as suspended bacteria and mold spores.  To address 
these problems, it was first necessary to understand the 
physical properties of the materials involved and to select or 
develop suitable new technologies.  We examined the use of 
enzymes as a suitable means of deactivating these allergens.  
We determined the necessary conditions for them to function 
properly in a residential air conditioner, and integrated them 
into the product, starting with the 2006 model.

4.4 Ventilation function
Usually, the filter of an air conditioner cannot remove 

carbon dioxide, formaldehyde, or other gases that may be 
present.  The 2008 model is equipped with a ventilating 
fan that operates together with a sensor to detect gas 
concentrations and vent contaminated indoor air to the 
outside, a feature not included in our competitors’ models.  

This ventilation function is now being extended to help dry the 
inside of the unit as well as simply for ventilation.  Figure 6 
shows the filters and the layout of the unit interior. 

5. Conclusion

The 2008 Beaver Air Conditioner (SJ series) provides 
performance that achieves the new statutory APF levels for 
both 2.8-kW and 3.6-kW air conditioners ahead of schedule.  
It also meets the regulatory levels for other classes (2.2, 2.5, 
4.0, and 5.0 kW). 

The additional features of these air conditioners include 
an area air-conditioning function that easily adjusts to users’ 
needs; an auto-regenerative deodorizing filter system; a bio-
clear filter system; and a ventilation function.

The heat exchanger and the controller that were developed 
for the 2008 model will be used in the development of future 
models.

MHI will continue to develop new products to satisfy our 
customers’ needs.
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