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Miniaturization and Efficiency 
Improvement of Refrigerating 
and Air Conditioning Systems 
Using 3D Scroll Compressor 
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Scroll compressors have high efficiency and low levels of vibration and are used in wide variety of refrigerating and air 
conditioning products today.  Mitsubishi Heavy Industries, Ltd. (MHI) developed the company’s original three-dimensional 
compression mechanism (3D scroll) that enabled both axial and radial compression to meet the demand for higher efficiency and 
reduced size and weight.  Various compressors equipped with the 3D scroll are in production for commercial air conditioners, 
refrigeration units for reefer truck, and gas engine heat pumps (GHPs), where substantial increases in efficiency, reductions in size 
and weight, and improvements in reliability have been achieved.

1.	Introduction

Global ef forts towards conserving energy have been 
accelerated by rising concern about global warming and 
increasing energy costs driven by higher crude oil prices. 
Since most power in refrigerating and air conditioning 
appliances is consumed by the compressor, the improvement 
of compressor efficiency is essential for energy conservation.

Meanwhile, refrigerating and air conditioning appliances 
are often restricted in their installation space.  Therefore, 
reducing the size and weight of each component including 
the compressor is required in order to enhance the flexibility 
of installation.

MHI has so far adopted scroll compressors featuring 
high-efficiency and low-vibration in its major refrigerating 
and air condit ioning products to meet the demand for 
energy conservation.  For the purpose of further efficiency 
improvement and reducing size and weight, MHI developed 
its original three-dimensional (3D) compression mechanism 
(3D scrollnote) that adds axial compression to conventional 
radial compression.

We discuss the technology for improving the efficiency 
and reducing the size and weight of the 3D scroll compressor 
in this paper.

Note: “3D scroll” is a registered trademark of MHI.

2.	Structure	of	3D	scroll

Fig.	1 shows a cross-sectional view of the 3D scroll compressor 
in a commercial air conditioner.  The scroll compressor 
compresses the refrigerant with an orbiting motion using 
the mutual eccentricity of one fixed and one orbiting scroll, 
each composed of end plates and wrapped scroll blades.  
Fig.	2 shows cross-sectional views of conventional and 3D 

scrolls.  In conventional scrolls, the wrap height is constant 
throughout the compression process.  Therefore, the 
refrigerant is compressed two-dimensionally from the outer 
to the inner sides.  In the 3D scroll, the outer wrap is higher 
than the inner one because of the steps in the scroll tips and 
the end plates.  The 3D scroll is thus able to compress the 
refrigerant three-dimensionally in the axial as well as the 
radial directions.  The 3D scroll has the following features.
• A high compression ratio is obtained by compressing the 

refrigerant both radially and axially.
• The strength of the scroll is improved by reducing the 

height of the inner wrap, which receives a heavy load.
• A large capacity is obtained by increasing the height of the 

outer wrap without extending the outer diameter of the 
scroll.  The 3D scroll is therefore smaller and lighter.
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Fig. 1  3D scroll compressor in a commercial air conditioner
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Fig. 2  Cross-sectional view of conventional and 3D scrolls

3.	Efficiency	improvement	of	the	3D	scroll	compressor

3.1	Minimizing	gas	leakage	from	the	step	section
The compression mechanism of the 3D scroll is shown 

in Fig.	3.  The compression chambers are composed of 
fixed and orbiting scrolls; their volumes are reduced by the 
orbiting motion of the orbiting scroll.  There are steps in the 
scroll tips and end plates of the 3D scroll.  When the bottom 
step and tip step are not engaged, as shown in Figs.	3(b)	
and	 (d), compression chambers across the step have the 
same pressure and there is no leakage at the steps.  On the 
other hand, when the bottom step and tip step are engaged, 

as shown in Figs.	3(a)	and	 (c), a seal line is formed.  Since 
there is a slight clearance in the seal line, minimizing the 
gas leakage through the clearance is the key to improve the 
efficiency.

We focused on the fact that gas leakage decreases due to 
the sealing effect of the lubricant contained in refrigerant 
gas when it enters the clearance and studied the leakage 
characteristics of the step clearances using a visualization 
experiment1 for the step section (Fig.	4).  This study made 
it possible to determine the clearance size and lubricant 
content required to minimize the gas leakage.

Fig. 4  Step visualization
The sealing effect of the lubricant leads to a reduction in gas 
leakage.

Fig. 3  Compression mechanism of 3D scroll
It is important to reduce gas leakage around the steps to improve performance.
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3.2	Efficiency	improvement	over	a	wide	range
       of	operating	conditions

Figure	5 shows the change in efficiency as a function of the 
operating pressure ratio for a scroll compressor in a commercial 
air conditioner.

As previously mentioned, the 3D scroll achieves a high 
compression ratio by both radial and axial compression.  
Because of this, an indicative loss due to a lack of compression 
ratio (re-compression loss) is reduced, and the efficiency 
under high-pressure ratio conditions can be substantially 
improved.  For low-pressure ratio conditions, a mechanism 
to bypass the gas in the compression process was provided 
to prevent excessive compression and maintain the high 
efficiency.

Using this technology, an improvement in efficiency of 5.5% 
on rated condition and 12.5% on high-pressure ratio condition 
was obtained, resulting in a high efficiency over a wide range 
of operating conditions.2

4.	Improvement	of	compressor	reliability

One of the reliability issues of compressors is related 
to their strength when liquid compression occurs.  When 
the incompressible liquid refrigerant is sucked into the 
compression chamber during operation, a rapid pressure 
increase occurs, as shown in Fig.	6, leading to mechanical 
failure in the worst case.  If the compressor is driven by 
an inverter such as a stationary air conditioner, l iquid 
compression can be avoided by controlling the compressor 
rotat ion speed using the inside/outside temperature 
information.  However, when a compressor is driven by an 
engine, as in the case of a refrigeration unit for a reefer 
truck, the compressor rotation speed is independent of the 
refrigeration cycle.  To improve the compressor reliability, 
it is essential to prevent an increase in pressure when liquid 
refrigerant enters the compression chamber.

This problem has been solved in MHI’s scroll compressor 
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Fig. 6  Pressure waveform during liquid compression
When liquid refrigerant is trapped inside the compression chamber, 
a rapid increase in pressure takes place.

Fig. 5  Relationship between operating pressure ratio and efficiency
The 3D scroll and the bypass mechanism have achieved high levels 
of efficiency over a wide range of operating conditions.

through the inclusion of rel ief ports to prevent l iquid 
compression.  For the developed 3D scroll compressor, the 
structure of the relief ports was reviewed and the relief 
funct ions were improved over the ent ire compression 
process.  Fig.	7 shows the maximum pressure that occurs at 
startup when the compressor is filled with liquid refrigerant.  
The new relief ports are able to prevent occurrence of 
abnormally high pressure at any rotation speed to ensure a 
high degree of reliability in the case of liquid compression.3

5.	Size	and	weight	reduction	using	the	3D	scroll

The compressor size and weight are reduced using the 
3D scroll because the scroll has a greater displacement 
without an increase in outer diameter.  Fig.	8 compares the 
outside dimensions of the conventional compressor and the 
newly developed 3D scroll compressor for commercial air 
conditioners and refrigeration units of reefer trucks.  Use of 
the 3D scroll resulted a compressor size reduction of 35% and 
a weight reduction of 26% in the commercial air conditioner.4  
For the reefer truck refrigeration unit, the compressor size 
and weight reductions were 60% and 50%, respectively, using 
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Fig. 7  Pressure reduction due to the improved relief port
Pressures were reduced by improving the design of the relief port.
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Fig. 8  Outlines of conventional and developed 3D scroll compressors
The outside dimensions and weight have been reduced significantly compared to the conventional compressor.
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the 3D scroll.3  These reductions significantly increase the 
flexibility of the compressor installation.

6.	Conclusion

The introduction of MHI’s new 3D scroll compression 
mechanism has resulted in a large increase in eff iciency, 
a significant improvement in reliability, and a reduction in 
size and weight compared to conventional compressors.

 MHI has put into commercial production 3D scroll 
compressors for gas engine heat pump5 and automotive air 
conditioner in addition to the commercial air conditioner and 
refrigeration unit for reefer trucks described above, where 
substantial ef f iciency improvement and size and weight 
reduction have been achieved.  MHI is expanding its scope 
of development to contribute to the conservation of the 
global environment through promoting energy savings in 
refrigerating and air conditioning products.
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