
Citation: Zhang, Y.; Peng, B.; Zhang,

P.; Sun, J.; Liao, Z. Key Technologies

and Application of Electric Scroll

Compressors: A Review. Energies

2024, 17, 1790. https://

doi.org/10.3390/en17071790

Academic Editor: Fabio Polonara

Received: 2 March 2024

Revised: 22 March 2024

Accepted: 4 April 2024

Published: 8 April 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

energies

Review

Key Technologies and Application of Electric Scroll Compressors:
A Review
Yubo Zhang, Bin Peng *, Pengcheng Zhang , Jian Sun and Zhixiang Liao

Research Center, School of Mechanical and Electrical Engineering, Lanzhou University of Technology,
Lanzhou 730050, China; yubozhang1214@163.com (Y.Z.); zhangpc1990@lut.edu.cn (P.Z.);
pbsunj2020@lut.edu.cn (J.S.); lzx_surpass@163.com (Z.L.)
* Correspondence: pengb2000@lut.edu.cn

Abstract: The electric scroll compressor is driven by a built-in electric motor that rotates the scroll
disk. It is known for its simple structure, adjustability, and high efficiency, making it highly promising
for various applications. This paper reviews the current application and research status of electric
scroll compressors. It covers topics such as the optimal design of scroll compressor profiles, scroll disk
leakage sealing, and computer simulation optimization design methods. Additionally, the progress
and development trends of vapor-injection scroll compressors (SCVIs) are discussed. This paper also
presents the latest research progress on the application of the new refrigerant CO2 in electric scroll
compressors, along with its latest applications that align with sustainable development requirements.
Finally, this paper concludes with recommendations for the application of electric scroll compressors
and suggests future directions for research.
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1. Introduction

Driven by the goal of sustainable development, many countries and corporations
have focused on researching and developing electric vehicles (EVs). EVs are favored by
consumers for their advantages such as environmental friendliness, economy, quietness,
and low operating costs. Within EVs, heat pump air conditioning (HPAC) systems are
crucial for regulating cockpit temperature to ensure a comfortable driving environment for
occupants [1,2]. The HPAC system is the main power-consuming auxiliary equipment in
automobiles, and the electric scroll compressor accounts for about 65% of the total power
consumption of the air conditioning system. Improvements in the compressor performance
will raise the efficiency of the system and reduce the consumption of electricity [3,4].
Therefore, analyzing the factors influencing the electric scroll compressor’s operation is
essential for optimizing its design and enhancing efficiency. The motor and compressor of
the electric scroll compressor feature an integrated structure design, offering benefits such as
smooth operation, lightweight construction, and infinite speed regulation. This technology
finds extensive applications in refrigeration, air conditioning, and gas conveying, promising
a wide range of potential uses and significant economic advantages [5,6].

This paper reviews various techniques for profile optimization correction, secondary
compression, leakage sealing, and the computer simulation optimization of electric scroll com-
pressors. It also discusses the impact of SCVIs on improving the operational performance of
scroll compressors and provides an overview of the latest research progress on the application
of CO2 as a new environmentally friendly refrigerant in electric scroll compressors.

Finally, this paper presents the future development trends and application prospects
of electric scroll compressors, including intelligent control, new materials and processes,
and new refrigerants. In the future, these compressors will continue to leverage their
advantages and play a significant role in various fields, becoming an important force in
promoting sustainable development and energy structure transformation.
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2. Developments Related to Electric Scroll Compressors

In 1905, French engineer Leon Creux applied for a patent of the scroll-type machine,
which is the earliest research on the technical aspects of scroll machinery in history [7].
With the rapid development of scroll machinery, scroll compressors are now widely used
in air-conditioning systems, transport systems, and power engineering.

2.1. Working Principle of Scroll Compressor

Scroll compressors with the same parameters of the orbiting and fixed scroll profiles
are mounted together with the base circle centers at a distance of r and in phase with
each other by 180◦. This forms several pairs of closed crescent-shaped working chambers
between the orbiting and fixed scrolls, whose planar projection is shown in Figure 1. Inside
the compressor, the fixed scroll is fixed on the frame, while the orbiting scroll is driven by
the motor around the fixed scroll for circumferential orbital motion of radius Ror, to achieve
the periodic change in the volume of the closed working chamber [8].
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Figure 1. Working process of a scroll compressor.

A schematic diagram of the working process of the volumetric chamber corresponding
to the compressor spindle angle at four specific positions (0◦, 90◦, 180◦, 270◦) is shown
in Figure 1. When θ = 0◦, the outermost working chamber is closed, and the volume of
working fluid filling the outermost working chamber is the suction volume. As the spindle
angle increases, the volume of the crescent-shaped working chamber gradually decreases,
as indicated by the black parts corresponding to 90◦, 180◦, and 270◦ in the figure, thus
achieving compression of the working fluid.

2.2. Research on Materials and Manufacturing of Scroll Compressors

With advancements in machining and material science, scroll machinery has seen
notable enhancements in processing efficiency, accuracy, and application versatility. It has
now become a crucial and indispensable piece of equipment in modern manufacturing in-
dustries. To minimize the weight of electric scroll compressors, aluminum alloy scroll plates
are commonly utilized. These plates are typically made from a silicon aluminum alloy with
specific hardness values to ensure wear resistance, with an aluminum content of 89.3% and
silicon content of 7.54% [8]. Jiang et al. [9] proposed an integrated computer-aided design
(CAD) and computer-aided engineering (CAE) approach for the design and manufactur-
ing of scroll compressors. Park et al. [10] applied the Darveaux method, considering the
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Bauschinger effect in ductile materials, to assess the fatigue life of aluminum alloy scroll
compressors. Ji et al. [11,12] developed a technique for depositing diamond-like carbon
films (DLCFs) onto scroll surfaces using unbalanced magnetron sputtering technology,
while considering mechanical properties and surface treatment methods. Compared to an-
odized oxide film (AOF), DLCF provides a more uniform and compact surface, enhancing
wear resistance. He et al. [13] utilized an unbalanced magnetron sputtering technique to
sputter the orbital scrolls of scroll compressors and coated them with a Cr transition layer
to improve bond strength.

2.3. Research on Experimental Methods of Electric Scroll Compressors

In order to test the efficiency and performance coefficient of the electric scroll com-
pressor, researchers conducted experimental studies on the transmission system, control
system, and durability of lubricating oil of the compressor under different environmental
temperatures and compressor speeds.

Masahiko et al. [14] developed a small, lightweight, and efficient scroll compressor,
where the motor and orbiting disk are integrated within a single housing. The total vol-
ume of an electric scroll compressor is reduced by 17% compared to a conventional scroll
compressor connected to the engine via a belt. To adapt to the demanding working environ-
ment of EVs, the developed electric scroll compressor exhibits excellent heat resistance and
vibration resistance, while also demonstrating low vibration and noise levels. Yu et al. [15]
established a structure of the scroll compressor, which is shown in Figure 2 and consists of
a fixed scroll plate, orbiting scroll plate, discharge port, and crank shaft.
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Wei et al. [16] conducted experimental research on the impact of swash plate variable
displacement compressors and electric scroll compressors on the thermal HPAC system
of EVs under various operating conditions. The results of this study show that as the
ambient temperature rises to a particular level, the cabin temperature rises along with the
compressor speed. Moreover, when the environmental temperature is above −5 ◦C, the
electric scroll compressor system exhibits a higher average in-cabin temperature compared
to the swash plate variable displacement compressor. Joerg et al. [17] comparatively
analyzed the rotary piston, axial piston, and scroll compressors used in EVs. Detailed
geometrical and physical numerical simulations of each compressor were also carried
out to comparatively analyze the compressor efficiency and coefficient of performance
(COP). Meanwhile, the electric motor (EM2) of the electric scroll compressor is connected
to the drive motor (EM1) of the EVs through a belt, as shown in Figure 3. This new power
system combines the advantages of traditional fuel vehicles and EVs, allowing for the more
flexible adjustment of the power system’s operation mode and selection of the most suitable
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driving mode according to demand. In urban transportation, if the motor efficiency (EM2)
of the electric compressor is higher than that of the vehicle’s main motor (EM1), then the
compressor motor (EM2) can contribute to the vehicle’s power system. This combined
drive approach can further improve the whole power system efficiency [18]. The results
of this study bring new possibilities to the development of energy conservation, emission
reduction, and automotive power systems.
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Kim et al. [19] developed an electric compressor driver based on a 3.5 kw switched
reluctance motor to design and build a compact and energy-efficient scroll compressor.
Similarly, Seong et al. [20] aimed to enhance the power block of a converter for the control
system of a scroll compressor in a 48 V mild hybrid vehicle, encapsulating the electric motor,
scroll mechanical structure, and three-phase inverter to improve system performance and
achieve high reliability.

In order to optimize the oil charge of an electric scroll compressor, Nam et al. [21–23]
conducted a system performance test by increasing the amount of POE lubricant from 40 g
to 120 g at intervals of 20 g. Wang et al. [24] investigated the effect of two lubricants, PAG
and POE, on the lubrication and durability of compressors. The experiment involved testing
the compressors at different speeds. The test data revealed that the discharge temperature of
the PAG compressor was consistently higher than that of the POE compressor. The studies
indicated that POE lubricants exhibit better durability compared to PAG lubricants. Table 1
shows the reported performance of the electric scroll compressor (in chronological order).

Table 1. Reported performance of electric scroll compressor (in chronological order).

Authors Year Pressure
Ratio

Isentropic
Efficiency Refrigerant Oil

Cuevas Cristian [25] 2009 2~3 0.67 R134a POE
Wang Dandong [26] 2018 4.5~6.2 0.85 R134a --

Zheng Siyu [27] 2020 2.82 -- R744 oil-free
Pereira [28] 2020 0.2~0.9 -- R134a --

Rak Jozef [29] 2020 1.62 -- CO2 oil-free
Zheng Siyu [30] 2021 1.64~2.82 0.40~0.50 CO2 oil-free

Sun Shuaihui [31] 2022 3.92~4.58 0.15~0.6 R134a --
Zhang Shuai [32] 2023 14 -- R134a POE

3. Theoretical Research on Electric Scroll Compressor

The research and development of electric scroll compressors is currently a popular and
rapidly advancing area. This section provides a summary and analysis of the theoretical
research progress in electric scroll compressors, with a focus on profile optimization studies,
leakage studies, and computer simulation studies.
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3.1. Research on Profile Optimization Theory

The profile design determines the technical performance level of the compressor, and
researchers have been committed to improving the profile design to enhance the efficiency,
stability, and reliability of scroll compressors. Common single profiles include circular
involutes, involutes of variable circle radii, and algebraic spirals. The appropriate profile
design can be selected according to the specific performance requirements. To improve
the compression ratio and increase the stroke volume, researchers combine multiple single
profiles of different types to form a combined profile, which takes into account the advan-
tages of each single profile. Liu et al. [33] established a scroll compressor profile consisting
of a variable-radius base circle involute and gave a volumetric expression for the scroll
line. The scroll disk gradually reduces in size, resulting in better reliability and mechanical
efficiency compared to scroll compressors with the same dimensions.

Takahisa et al. [34] developed Perfect Meshing Profile (PMP) scroll profiles with
essentially zero clearance volume at the end of the discharge, as shown in Figure 4. From
the red circles in the figure, it can be seen that there is a gap in the volume present at the
end of the discharge for conventional profiles compared to PMP profiles. Theoretical and
experimental studies were also conducted to analyze the internal stress, performance, and
noise of the scroll compressor with a PMP profile.
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Wang et al. [35] established a unified form of general-function integral scroll profiles
using Taylor series expansion for four common scroll profiles. This advancement has con-
tributed to the improvement in the general function theory of scroll profiles. Additionally,
the researchers investigated the method of determining the conjugate meshing curve using
the envelope method and derived the conjugate meshing condition for the general-function
integral scroll profile, and the expression of the conjugate profile in the right-angle co-
ordinate system was also derived. Xiao et al. [36] proposed an optimization design for
the geometrical parameters of the scroll compressor profile using a chaos particle swarm
optimization (CPSO) approach. In their study, they simplified the leakage loss power and
friction loss power of the scroll compressor into leakage line length and tangential gas force,
which were then optimized. This optimization process resulted in a smooth convergence
of parameters. Pin et al. [37,38] established a scroll disk profile composed of a circular
involute, higher-order curve, and circular arc. The researchers analyzed the variation in the
scroll disk working volume with spindle angle. Additionally, they established geometric,
thermodynamic, and kinetic models for the variable-cross-section scroll compressor and
built a test rig to validate their models. Wang et al. [39] developed a parametric model to
determine the tangential angle coefficients based on the characteristic features of the general
scroll profile, and also established a model for the cylindrical pin anti-rotation mechanism
to address the dynamic characteristics of the anti-rotation structure. A virtual prototype
model was created using UG software, which involved constructing a three-dimensional
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(3D) solid model of the dynamic scroll disk and other components. Liu et al. [40,41]
introduced a compound profile for calculating the pressure and temperature inside the
compression chamber using computational fluid dynamics methods. In comparison to a
single-profile (circular involute) equal-section scroll compressor, a variable-section scroll
compressor with a combination of profiles (base circle involute plus variable base circle
radius) exhibits superior geometric and mechanical properties. The uniform pressure
distribution of the flow field inside the scroll chamber reduces refrigerant leakage and
mass flow rate fluctuations. Zhang et al. [42] designed an electric scroll compressor with
variable-wall-thickness scroll profiles, incorporating symmetrical circular and straight line
corrections at the beginning of the scroll profile to improve the discharge port and minimize
discharge loss. This study also introduced classification methods and evolution analysis
techniques for various scroll cavities.

3.2. Research on Computer Simulation Optimization

In the field of fluid dynamics simulation, a 3D model of an electric scroll compressor
can be created and analyzed using simulation software. By defining boundary conditions
and operating parameters, the gas flow and pressure distribution inside the compressor
can be analyzed. Grid generation technology plays a key role in the advancement of
fluid mechanics. Through the computational fluid dynamics (CFD) simulation output,
the evolution of the internal flow field in a scroll compressor over time, as well as the
distribution of pressure, velocity, temperature, and density, can be understood. This, in
turn, guides the optimized design of the scroll compressor and ensures that the compressor
works efficiently [43].

Cuevas et al. [25,44] conducted modeling simulations and experiments to verify the
operating characteristics of an electric scroll compressor. Liu et al. [45] proposed a profile
with a variable base circle radius, consisting of an involute, and investigated the struc-
ture using finite element analysis. The newly designed scroll profile showed improved
performance. Ahn et al. [46] analyzed the bearings of scroll compressors, taking into consid-
eration the actual bearing geometry conditions. They proposed an ‘overturning coefficient
and thrust load map’ to ensure proper operation of the thrust bearings. Kim et al. [47]
developed a model for the quasi-dynamic lubrication of thrust bearings and provided
a detailed discussion on the pressure distribution and friction losses on these bearings.
Luo et al. [48] utilized Ansys simulation software to analyze the deformation and stress
distribution of the scroll disk. Ding et al. [49] established a 3D transient flow model for an
algebraic spiral scroll compressor with a pressure-reducing valve. Theoretical calculations
and experimental verification were conducted on the simulation model, and the findings
showed that compared with compressors without pressure-reducing valves, the maximum
over-compression pressure can be reduced by 80 kPa. Abhishek et al. [50] developed a novel
mixed-timescale heat transfer technique for simulating thermal loads. Zhang et al. [32]
constructed a CFD model of the motor and inverter to study temperature distribution
through simulation, while experimental measurements were conducted at three points on
the compressor shell. The deviation between the simulation and measurement results does
not exceed ±3 ◦C.

To further investigate the impact of discharge ports on scroll compressors, Cavazzini
et al. [51] conducted a study on optimizing the shape of the compressor’s discharge port.
The authors found that a non-circular shape, resembling a longer bean shape, was more
effective for discharge. In a similar vein, Zhao et al. [52] built a 3D non-stationary CFD
model to analyze the discharge port of an electric scroll compressor. Figure 5 illustrates
three circular discharge ports positioned in different locations. In addition to the baseline
position, two other positions are achieved by translating the baseline position along the
x-axis by 2 mm and 4 mm, respectively. The study results indicated that the pressure
variation during the discharge process was influenced by the time difference between the
two central chambers of the conventional circular discharge port. Therefore, the design
of the new discharge port should promote the advancement of the discharge time of the
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upper center chamber while delaying the discharge time of the lower center chamber.
Zheng et al. [27] focused on a horizontal scroll compressor that used CO2 as the working
fluid. They conducted CFD simulations to examine the entire process of the CO2 working
mass within the compressor. The pressure in the suction chamber fluctuates due to the
‘pre-compression’ effect during the intake process. Additionally, the asymmetry of the
discharge ports leads to the occurrence of ‘over-compression’.

Energies 2024, 17, x FOR PEER REVIEW 7 of 18 
 

 

position, two other positions are achieved by translating the baseline position along the x-
axis by 2 mm and 4 mm, respectively. The study results indicated that the pressure varia-
tion during the discharge process was influenced by the time difference between the two 
central chambers of the conventional circular discharge port. Therefore, the design of the 
new discharge port should promote the advancement of the discharge time of the upper 
center chamber while delaying the discharge time of the lower center chamber. Zheng et 
al. [27] focused on a horizontal scroll compressor that used CO2 as the working fluid. They 
conducted CFD simulations to examine the entire process of the CO2 working mass within 
the compressor. The pressure in the suction chamber fluctuates due to the ‘pre-compres-
sion’ effect during the intake process. Additionally, the asymmetry of the discharge ports 
leads to the occurrence of ‘over-compression’. 

 
Figure 5. Three different discharge ports as described by Zhao [52]. 

3.3. Research on Leakage Sealing 
The electric scroll compressor’s orbiting scroll disk generates two types of leakage 

paths as it rotates alongside the main shaft: radial leakage and tangential leakage. The 
mixed mass leaks through the axial gap in the radial direction and through the radial gap 
in the tangential direction. To enhance the compressor’s reliability, various sealing solu-
tions can be employed based on the characteristics and geometry of these leakage paths. 

Pereira et al. [28,53] developed numerical models for analyzing radial and tangential 
leakage in scroll compressors. Rak et al. [29] proposed a two-dimensional model that incor-
porates non-constant flow, including leakage between each chamber. Gao et al. [54] devel-
oped a novel template tool for simulating the non-constant flow field along the leakage path 
of the scroll disk tooth-top seal and radial leakage path A typical cross-section of the tip seal 
leakage path is shown in Figure 6. The simulation outcomes offer valuable flow information, 
such as pressure distribution and flow rate, which can be utilized to enhance the design of 
similar systems. Cavazzini et al. [55] conducted numerical simulations to investigate the in-
ternal fluid dynamics of a compressor, employing CFD software and various axial clearance 
modeling strategies. Zheng et al. [56] conducted a study on the control method for tangential 
leakage. The tangential leakage flow is observed as a jet in the suction chamber. In the com-
pression chamber, the refrigerant main flow and tangential leakage flow combine to create 
a channel scroll and a secondary flow. The secondary flow is primarily responsible for the 
high temperature observed. 

Figure 5. Three different discharge ports as described by Zhao [52].

3.3. Research on Leakage Sealing

The electric scroll compressor’s orbiting scroll disk generates two types of leakage
paths as it rotates alongside the main shaft: radial leakage and tangential leakage. The
mixed mass leaks through the axial gap in the radial direction and through the radial gap in
the tangential direction. To enhance the compressor’s reliability, various sealing solutions
can be employed based on the characteristics and geometry of these leakage paths.

Pereira et al. [28,53] developed numerical models for analyzing radial and tangential
leakage in scroll compressors. Rak et al. [29] proposed a two-dimensional model that
incorporates non-constant flow, including leakage between each chamber. Gao et al. [54]
developed a novel template tool for simulating the non-constant flow field along the leakage
path of the scroll disk tooth-top seal and radial leakage path A typical cross-section of the
tip seal leakage path is shown in Figure 6. The simulation outcomes offer valuable flow
information, such as pressure distribution and flow rate, which can be utilized to enhance
the design of similar systems. Cavazzini et al. [55] conducted numerical simulations to
investigate the internal fluid dynamics of a compressor, employing CFD software and
various axial clearance modeling strategies. Zheng et al. [56] conducted a study on the
control method for tangential leakage. The tangential leakage flow is observed as a jet in
the suction chamber. In the compression chamber, the refrigerant main flow and tangential
leakage flow combine to create a channel scroll and a secondary flow. The secondary flow
is primarily responsible for the high temperature observed.

Sun et al. [31] conducted a study on the tangential leakage losses in compressors,
noting that these losses become more severe at the initial discharge. On the other hand,
radial leakage losses are found to be more significant towards the end of compression. Qin
et al. [57] investigated the impact of axial and radial clearances on compressor performance.
In a separate study, Li et al. [58] developed a 3D model for high-speed scroll compressors to
perform numerical calculations and analysis, as depicted in Figure 7. It has been observed
through research that the higher the rotational speed, the greater the pressure fluctuation
in the compression chamber. Radial leakage occurs in the axial gap and tangential leakage
occurs in the radial gap, and the tangential leakage velocity is higher than the radial
leakage velocity.
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In their study, Sun et al. [59] focused on modeling radial gap lubrication to optimize
the radial flexible mechanisms in the scroll compressor of the HPAC system for EVs. The
researchers conducted performance test experiments and discovered that the swing phase
angle of the flexible mechanism β should be set between 40◦ and 42◦ for achieving optimal
clearance and rotational equilibrium of the orbiting scroll disk. Furthermore, Wang et al. [60]
observed that the average radial leakage gap increases with the involute angle during a
rotation cycle. The authors also found that the radial leakage gap can be controlled by
gradually reducing the scroll disk height from the outside to the interior.

Due to machining errors and design considerations, there exists a gap between the
orbiting scroll and the fixed scroll of the scroll compressor, resulting in unavoidable losses
through these clearances. Radial and tangential leakages occur in each compression cham-
ber, which are the main contributors to the overall leakage and have a significant impact on
the cooling capacity and power consumption of the scroll compressor.

4. Research on Vapor-Injection Scroll Compressor

Researchers have developed the technique of vapor injection technology to address the
issues of high discharge port temperatures and inefficiencies in electric scroll compressors
at low temperatures. The compressor is equipped with a vapor injection port, strategically
positioned in the compression process to introduce a refrigerant of mid-pressure and mid-
temperature into the compressor. Enhancing the compressor’s circulation flow ensures
optimal performance [61,62].

Navarro et al. [63] examined the impact of vapor injection ports on system performance
and found that compressors with the ports achieved a 10% higher COP compared to
single-stage compressors at high pressure ratios. Even under extreme conditions, the
discharge temperature of the SCVI remained consistently low. Zaber et al. [64] conducted
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a thermodynamic analysis of the SCVI, while Jung et al. [65] investigated the use of
single/dual-injection port technology to improve the reliability of scroll compressors and
the performance of EV-HPAC systems. In their experimental HPAC system, the scroll
compressor was equipped with vapor injection from a flash tank. The test results showed
that compared to a non-injected HPAC, the COP increased by 7.5% and 9.8% for single-
and dual-injection ports, respectively. James et al. [66] studied a two-cavity (N = 2) scroll
compressor with a small pressure ratio and a short profile. A test bench was set up to
measure the performance of an HPAC using the second refrigerant calorimeter method.
Experimental studies and analyses were conducted under different heat pump operating
conditions and make-up air pressures. The findings indicated that an increase in make-up
air pressure leads to a higher heat output from the system. Kim et al. [67] developed a
numerical model to predict the performance of an SCVI in heating mode based on various
operating characteristics. Xu et al. [68] conducted a study on the SCVI scroll disk, which
utilizes a circular involute profile with a thickness ranging from 3 mm to 6 mm. The circular
vapor injection ports are symmetrically positioned on the compression chamber, as shown
in Figure 8. It was determined that the size of the vapor injection ports should be smaller
than the thickness of the scroll. This study revealed that the most favorable position for the
compressor’s vapor injection ports is when the suction chamber is just closed.
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Choi et al. [69] developed a mathematical model and conducted experiments on
the steam injection cycle of an electric scroll compressor. The experiments revealed that
the system achieves optimal heating ability when the injection port is positioned around
300◦ and the mid-pressure ratio is below 0.25. Qin et al. [70,71] conducted theoretical
analysis and experimental research on two different types of SCVIs for EVs. The injection
porthole shapes studied were a single porthole (SP) and an abnormal shape with three
interlinked portholes (TP), as depicted in Figure 9, the green line represents the orbiting
scroll, and the black line represents the fixed scroll. The experiment demonstrated that
the heating capacity of the SCVI system increased by 28.6%, with the TP configuration
exhibiting a higher heating capacity.

Jung et al. [72] optimized the angle of the SCVI injection port by using the COP as
the evaluation index. The supplemental injection ports were positioned at 320◦, 360◦, 400◦,
and 440◦, as depicted in Figure 10. This study concluded that the optimal position for the
injection port is at 400◦.
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To address the decline in performance of the EV-HPAC system in low-temperature
regions, Kwon et al. [73] proposed an HPAC system with an SCVI. Fernando et al. [74]
conducted a comparative analysis between an SCVI and a two-stage scroll compressor
(TSSC). The researchers found that the SCVI system should be used when the pressure ratio
is below 5, while the TSSC system is more suitable for higher pressure ratios. Kim et al. [75]
compared and analyzed the impact of liquid refrigerants, vapor refrigerants, and two-
phase mixed refrigerants on the performance of scroll compressors, and they found that the
two-phase mixed refrigerant, at exhaust temperatures of −5 ◦C, exhibits the highest COP
and injection capability, suggesting that it can maximize system efficiency and performance
under specific conditions. Zhang et al. [76,77] proposed a lower-compression-ratio SCVI,
as illustrated in Figure 11. This study indicated that at higher compressor speeds, the
system heating performance is improved as the injection pressure increases and the scroll
compressor discharge port temperature decreases. At a temperature of −22 ◦C, compared to
the scroll compressor without the vapor injection system, the heat pump system equipped
with the vapor injection scroll compressor has a 16% improvement in heating performance
and an 8 ◦C decrease in discharge temperature.
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Peng et al. [78] created a 3D model of an SCVI to investigate the flow properties
of refrigerant R134a within the working chamber. The study results demonstrated that
the isentropic efficiency of the SCVI increased from 8.51% to 9.35% compared to the
conventional scroll compressor. Li et al. [79] examined the impact of oil circulation rate
(OCR) on the performance of an SCVI. The findings revealed that the system COP is highest
at an OCR of 3.5%. Furthermore, as the OCR increases, there is a significant decrease in the
compressor discharge temperature.

Compared to conventional scroll compressors, SCVIs demonstrate better performance
and have the potential to enhance system efficiency and refrigeration capability. Table 2
presents the parameters associated with the injection port, as documented by various
researchers. These research findings are highly valuable in guiding the optimization of
scroll compressor design and enhancing the performance of refrigeration systems.

Table 2. Relevant parameters of the injection ports established by researchers.

Author(s) Compressor
Volume

Injection-Port
Diameter

Injection-Port
Angle Single/Dual-Injection Ports

Jung Jongho 27 cm3 5.725 mm 240◦~440◦ dual-injection ports
Kim Dongwoo 66 cm3 3.5 mm 365◦ dual-injection ports

Xu Shuxue 80 cm3 2.4 mm 0◦~120◦ single-injection ports
Choi Young Uk 33 cm3 1.25 mm 300◦ single-injection ports

Qin Fei 27 cm3 8 mm 774◦ dual-injection ports
Kwon Chunkyu -- 4 mm 240◦ single-injection ports

Zhang Xinxin 38 cm3 2 mm 134◦ dual-injection ports
Peng Mengbo -- 2.4 mm 165◦ single/dual-injection ports

Li Kang 38 cm3 2 mm 143◦ dual-injection ports

5. Research on CO2 Scroll Compressor

As environmental policies become more stringent, the Montreal Protocol aims to
phase out ozone-depleting refrigerants, while the Kyoto Protocol emphasizes the control
of HFCs [80]. Consequently, there is a growing focus on researching and utilizing new
natural refrigerants [81]. When choosing refrigerants for practical purposes, factors such as
flammability, corrosiveness, toxicity, ozone depletion potential (ODP), and global warming
potential (GWP) need to be considered. Table 3 presents a comparison of the physical
properties of different refrigerants. Notably, CO2, as a next-generation natural refrigerant,



Energies 2024, 17, 1790 12 of 18

does not harm the ozone layer or contribute to the greenhouse effect. The use of CO2 scroll
compressors can effectively reduce greenhouse gas emissions, in line with environmental
protection requirements [82–84]. At the same time, promoting the development and ap-
plication of CO2 refrigeration technology can promote technological innovation, promote
the development of the clean energy industry, and comply with the EU’s policy goals in
sustainable development and green economy. CO2 scroll compressors operate in ‘transcriti-
cal’ cycles, with suction pressures ranging from 3.4 to 4.0 MPa and discharge pressures as
high as 8.0–11.0 MPa. Due to the unique characteristics of CO2, the structural design of
CO2 scroll compressors needs to be carefully reconsidered to ensure their safe operation in
high-pressure environments [85,86].

Table 3. Comparison of physical properties of refrigerants.

Refrigerant R410a R134a R744(CO2)

ODP 0 0 0
GWP 2100 1300 1

Critical temperature ◦C 70.45 101.06 30.97
Critical Pressure MPa 4.81 4.07 7.37

Professor Lorentzen put forward the ‘transcritical’ cycle theory and developed the
first prototype of an AC system using a ‘transcritical’ cycle system [87]. Takeuchi et al. [88]
designed a CO2 scroll compressor and studied the impact of leakage losses and mechanical
losses on power consumption. Brown et al. [89] used entropy calculations to demonstrate
that CO2 performs slightly better than R134a in the evaporator, but falls significantly short of
the performance of R134a in a condenser. Tamura et al. [90] achieved superior performance
with their CO2 HPAC system compared to existing HFC134a air conditioning systems.

The refrigerant CO2 exhibits a significant difference between suction and discharge
pressures in the compressor, resulting in an increase in thrust load. In order to address
this issue, Yano et al. [91] developed a CO2 scroll compressor with a new thrust-bearing
structure that effectively reduces friction losses and improves compressor efficiency by
2%. Additionally, Ishii et al. [92,93] discovered that increasing the surface roughness can
greatly enhance the volumetric efficiency of scroll compressors. Wang et al. [26,94–96]
also observed that HPAC systems using the CO2 refrigerant perform well in cold climates.
Song et al. [97] proposed a geometrical model of a CO2 scroll compressor that effectively
described the volume changes in each working chamber. The authors also conducted
transient flux modeling and performance evaluation. The research revealed that using a
waist-shaped discharge port instead of a circular discharge port reduced the asymmetry of
the discharge pressure and shortened the discharge time, as shown in Figure 12.
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Zheng et al. [30,98] proposed a solution to the radial leakage problem in CO2 scroll
compressors by introducing micro-grooves on the top of the scroll disk to reduce leakage,
as shown in Figure 13. The researchers investigated the impact of varying the number
and depth of micro-grooves on controlling radial leakage. After careful evaluation, they
determined that a quadruple groove with a groove width of 0.5 mm and groove depth
of 100 microns yielded the best results. This configuration led to a 2.1% increase in the
volumetric efficiency and a 1% increase in the isentropic efficiency of the compressor.
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6. Conclusions

This review paper examines the various applications and research advancements of
electric scroll compressors. The section on profile optimization highlights that utilizing
a variable-cross-section scroll profile can enhance the compression ratio and increase the
stroke volume following the implementation of the optimization algorithm (CPSO) and
profile modification (PMP). CFD is employed to analyze the stress, strain, flow field, and
leakage within the compression chamber. This study reveals that the maximum stress occurs
at the root of the orbiting scroll plate, with the top of the fixed scroll plate experiencing
the most deformation. Research on discharge ports suggests that non-circular (longer
bean) discharge ports result in smoother discharge flow. Furthermore, compared to single-
stage compressors, the SCVI demonstrates significantly improved COP and consistently
maintains lower discharge temperatures. The heating capacity of heat pump systems
increases with higher replenishment pressure. Notably, the CO2 electric scroll compressor
in HPAC systems performs well in cold climates, with the overall efficiency of the refrigerant
CO2 scroll compressor surpassing that of the refrigerant R134a scroll compressor.

7. Outlook

In the future, the field of electric scroll compressors will continue to develop and inno-
vate, achieving more technological breakthroughs and application results. The following
points outline the future development outlook for electric scroll compressors:

1. The design of the compressor profile significantly impacts its technical performance
index, with the variable-cross-section (combined profile) profile emerging as a key area
of research.

2. Introducing an electric scroll compressor with vapor injection to increase enthalpy
has shown promise in enhancing compression efficiency and improving operational re-
liability under adverse conditions. However, the efficiency of the compressor is greatly
influenced by factors such as the form of vapor injection, shape of vapor injection ports,
and vapor injection pressure, necessitating further research.

3. The electric scroll compressor, powered by a motor and capable of frequency
control, is adaptable to more complex working conditions. As cloud control technology
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and artificial intelligence continue to evolve, the future may see direct cloud control to
enhance the intelligence level of the entire machine.

4. A breakthrough in the research of the relevant CO2 electric scroll compressor
is expected to realize the efficient operation of supercritical CO2 HPAC systems in low-
temperature environments, thus promoting the performance improvement and energy-
efficiency optimization of the refrigeration and heating systems of EVs.
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Nomenclature

SCVI vapor-injection scroll compressor
EVs electric vehicles
HPAC heat pump air conditioning
CAD computer-aided design
CAE computer-aided engineering
DLCF diamond-like carbon films
AOF anodized oxide film
COP coefficient of performance
PMP Perfect Meshing Profile
CPSO chaos particle swarm optimization
IHX internal heat exchanger
3D three-dimensional
CFD computational fluid dynamics
TSSC two-stage scroll compressor
ODP ozone depletion potential
GWP global warming potential
OCR oil circulation rate

References
1. Zhao, Y.; Li, L.; Shen, J.; Shu, P.; Pu, G.; Shao, Y. A Study on Running Reliability of Scroll Compressor in Heat Pump System.

In Proceedings of the ASME 2002 International Mechanical Engineering Congress and Exposition, Advanced Energy Systems,
New Orleans, LA, USA, 17–22 November 2002; pp. 417–423. Available online: https://asmedigitalcollection.asme.org/IMECE/
proceedings/IMECE2002/36266/36417/294025 (accessed on 2 September 2023).

2. Peng, Q.; Du, Q. Progress in Heat Pump Air Conditioning Systems for Electric Vehicles—A Review. Energies 2016, 9, 240.
[CrossRef]

3. Sukri, M.; Musa, M.; Senawi, M.; Nasution, H. Achieving a better energy-efficient automotive air-conditioning system: A review
of potential technologies and strategies for vapor compression refrigeration cycle. Energy Effic. 2015, 8, 1201–1229. [CrossRef]

4. Jose, S.S.; Chidambaram, R.K. Electric Vehicle Air Conditioning System and Its Optimization for Extended Range—A Review.
Electr. Veh. J. 2022, 13, 204. [CrossRef]

5. Elson, J.P.; Kaemmer, N.; Wang, S.; Perevozchikov, M. Scroll Technology: An Overview of Past, Present and Future Devel-
opments. 2008. Available online: https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=2870&context=icec (accessed on
2 September 2023).

6. Tang, J.; Zuo, C. Structural Analysis of Heat Pump Scroll Compressor for Electric Automobile Air-conditioning. J. Refrig. 2014,
35, 54–58.

https://asmedigitalcollection.asme.org/IMECE/proceedings/IMECE2002/36266/36417/294025
https://asmedigitalcollection.asme.org/IMECE/proceedings/IMECE2002/36266/36417/294025
https://doi.org/10.3390/en9040240
https://doi.org/10.1007/s12053-015-9389-4
https://doi.org/10.3390/wevj13110204
https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=2870&context=icec


Energies 2024, 17, 1790 15 of 18

7. Creux, L. Rotary Engine. U.S. Patent 801182A, 26 June 1905.
8. Li, L. Scroll Compressor; Mechanical Industry Press: Beijing, China, 1998.
9. Jiang, Z.; Harrison, D.K.; Cheng, K. Computer-aided design and manufacturing of scroll compressors. J. Am. Acad. Dermatol.

2003, 138, 145–151. [CrossRef]
10. Park, S.-Y.; Lee, J.; Heo, J.-T.; Lee, G.B.; Kim, H.H.; Choi, B.-H. Assessment of fatigue lifetime and characterization of fatigue crack

behavior of aluminium scroll compressor using C-specimen. Appl. Sci. 2020, 10, 3226. [CrossRef]
11. Ji, L.; He, Z.; Han, Y.; Chen, W.; Xing, Z. Investigation on the performance improvement of the scroll compressor by DLC film.

Proc. IOP Conf. Ser. Mater. Sci. Eng. 2019, 604, 012078. [CrossRef]
12. Er, K.-H. Thermal stability of reactive sputtered silicon-doped diamond-like carbon films. J. Ceram. Process. Res. 2013, 14, 134–138.
13. He, Z.; Ji, L.; Xing, Z. Experimental investigation on the DLC film coating technology in scroll compressors of automobile air

conditioning. Energies 2020, 13, 5103. [CrossRef]
14. Makino, M.; Ogawa, N.; Abe, Y.; Fujiwara, Y. Automotive Air-Conditioning Electrically Driven Compressor; 0148-7191; SAE Technical

Paper; SAE International in United States: Warrendale, PA, USA, 2003.
15. Yu, Y.; Wang, X. Transient flow analysis for multi-state automotive scroll compressors. J. Phys. Conf. Ser. 2020, 1601, 042006.

[CrossRef]
16. Wei, M.; Huang, H.; Song, P.; Peng, F.; Wang, Z.; Zhang, H. Experimental investigations of different compressors based electric

vehicle heat pump air-conditioning systems in low temperature environment. In Proceedings of the 2014 IEEE Conference and
Expo Transportation Electrification Asia-Pacific (ITEC Asia-Pacific), Beijing, China, 31 August–3 September 2014; pp. 1–6.

17. Aurich, J. Comparison and Evaluation of different A/C Compressor Concepts for Electric Vehicles. 2018. Available online:
https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=3607&context=icec (accessed on 2 September 2023).

18. Aurich, J.; Baumgart, R.; Danzer, C.; Ackermann, J. Comparison and Evaluation of a New Innovative Drive Concept for the Air
Conditioning Compressor of Electric Vehicles. 2014. Available online: https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=
2518&context=iracc (accessed on 2 September 2023).

19. Kim, J.; Jeong, Y.-H.; Jeon, Y.-H.; Kang, J.-H.; Lee, S.; Park, J.-Y. Development of a Switched Reluctance Motor-based Electric AC
Compressor Drive for HEV/EV Applications. J. Magn. 2014, 19, 282–290. [CrossRef]

20. Seong, J.; Yoon, S.W.; Park, S.; Kim, M.; Lim, J.; Jeon, J.; Han, H. Multiphysics Simulation Analysis and Design of Integrated
Inverter Power Module for Electric Compressor Used in 48-V Mild Hybrid Vehicles. IEEE J. Emerg. Sel. Top. Power Electron. 2019,
7, 1668–1676. [CrossRef]

21. Nam, D.; Lee, P.; Lee, G.; Kwon, Y.; Lee, J. Optimization of an oil charge amount on electric driven scroll compressor for
eco-friendly vehicle. Int. J. Refrig. 2015, 57, 54–61. [CrossRef]

22. Nam, D.; Lee, P.; Lee, G.; Kwon, Y.; Lee, J. Experimental Study about an Amount of Oil Charge on Electric Driven Scroll
Compressor for Electric Vehicle. 2014. Available online: https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=3319&context=
icec (accessed on 2 September 2023).

23. Nam, D.; Lee, P.; Jung, S.; Lee, G.; Kwon, Y. Experimental Investigations on the Performance Improvement of Oil-Gas Separator
in Electric Driven Scroll Compressor for Eco-Friendly Vehicles. 2016. Available online: https://docs.lib.purdue.edu/cgi/
viewcontent.cgi?article=3399&context=icec (accessed on 2 September 2023).

24. Wang, T.; Long, J.; Li, W.; Shi, J.; Chen, J. Experimental evaluation of electric vehicle compressor lubricating oil robustness for heat
pump application. Int. J. Refrig. 2021, 128, 53–61. [CrossRef]

25. Cuevas, C.; Fonseca, N.; Lemort, V. Automotive electric scroll compressor: Testing and modeling. Int. J. Refrig. 2012, 35, 841–849.
[CrossRef]

26. Wang, D.; Yu, B.; Shi, J.; Chen, J. Experimental and Theoretical Study on the Cooling Performance of a CO2 Mobile Air
Conditioning System. Energies 2018, 11, 1927. [CrossRef]

27. Zheng, S.; Wei, M.; Song, P.; Hu, C.; Tian, R. Thermodynamics and flow unsteadiness analysis of trans-critical CO2 in a scroll
compressor for mobile heat pump air-conditioning system. Appl. Therm. Eng. 2020, 175, 115368. [CrossRef]

28. Pereira, E.L.L.; Deschamps, C.J. Numerical analysis and correlations for radial and tangential leakage of gas in scroll compressors.
Int. J. Refrig. 2020, 110, 239–247. [CrossRef]

29. Rak, J.; Pietrowicz, S. Internal flow field and heat transfer investigation inside the working chamber of a scroll compressor. Energy
2020, 202, 117700. [CrossRef]

30. Zheng, S.; Wei, M.; Hu, C.; Song, P.; Tian, R.; Li, Y.; Sun, J.; Wu, D. Impact of micro-grooves in scroll wrap tips on the performance
of a trans-critical CO2 scroll compressor. Int. J. Refrig. 2021, 131, 493–504. [CrossRef]

31. Sun, S.; Wang, X.; Guo, P.; Wu, K.; Luo, X.; Liu, G. Numerical analysis of the transient leakage flow in axial clearance of a scroll
refrigeration compressor. Proc. Inst. Mech. Eng. Part E J. Process Mech. Eng. 2022, 236, 47–61. [CrossRef]

32. Zhang, S.; Wang, C.; Zhong, H.; Zhao, Z.; Feng, J.; Wu, Q.; Wu, J. Study on the temperature distribution of motor and inverter
in an electric scroll compressor for vehicle air conditioning under refrigeration conditions. Int. J. Refrig. 2023, 154, 111–124.
[CrossRef]

33. Liu, Y.; Hung, C.; Chang, Y. Study on involute of circle with variable radii in a scroll compressor. Mech. Mach. Theory 2010, 45,
1520–1536. [CrossRef]

34. Hirano, T.; Hagimoto, K.; Maeda, M. Study on scroll profile for scroll fluid machines. Trans. Jpn. Soc. Refrig. Air Cond. Eng. 2011,
8, 53–64.

https://doi.org/10.1016/S0924-0136(03)00063-3
https://doi.org/10.3390/app10093226
https://doi.org/10.1088/1757-899X/604/1/012078
https://doi.org/10.3390/en13195103
https://doi.org/10.1088/1742-6596/1601/4/042006
https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=3607&context=icec
https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=2518&context=iracc
https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=2518&context=iracc
https://doi.org/10.4283/JMAG.2014.19.3.282
https://doi.org/10.1109/JESTPE.2019.2905902
https://doi.org/10.1016/j.ijrefrig.2015.05.009
https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=3319&context=icec
https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=3319&context=icec
https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=3399&context=icec
https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=3399&context=icec
https://doi.org/10.1016/j.ijrefrig.2021.04.005
https://doi.org/10.1016/j.ijrefrig.2011.11.019
https://doi.org/10.3390/en11081927
https://doi.org/10.1016/j.applthermaleng.2020.115368
https://doi.org/10.1016/j.ijrefrig.2019.11.002
https://doi.org/10.1016/j.energy.2020.117700
https://doi.org/10.1016/j.ijrefrig.2021.06.021
https://doi.org/10.1177/0954408919870910
https://doi.org/10.1016/j.ijrefrig.2023.05.012
https://doi.org/10.1016/j.mechmachtheory.2010.07.001


Energies 2024, 17, 1790 16 of 18

35. Wang, L.; Du, L.; Zhang, X.; Wang, X.; Chen, B.; Hussain, S.H. A study on integrated design conjugation profiles application
analysis of scroll profiles for automobile air conditioning. Sci. China Technol. Sci. 2011, 54, 1496–1504. [CrossRef]

36. Xiao, G.F.; Liu, G.P. Scroll Profiles Geometric Parameters Optimization Based on CPSO. Adv. Mater. Res. 2011, 201–203, 550–553.
[CrossRef]

37. Bin, P.; Lemort, V.; Legros, A.; Hongsheng, Z.; Haifeng, G. Variable thickness scroll compressor performance analysis—Part I:
Geometric and thermodynamic modeling. Proc. Inst. Mech. Eng. Part E J. Process. Mech. Eng. 2017, 231, 633–640. [CrossRef]

38. Peng, B.; Lemort, V.; Legros, A.; Zhang, H.; Gong, H. Variable thickness scroll compressor performance analysis—Part II: Dynamic
modeling and model validation. Proc. Inst. Mech. Eng. Part E J. Process Mech. Eng. 2017, 231, 641–649.

39. Wang, L.; Dong, G.; Wang, X.; Ao, W.J.C.M.E. Structural Design and Dynamic Simulation of a General Profile Electric Scroll
Compressor. China Mech. Eng. 2017, 28, 728.

40. Liu, Z.; Chen, Z.; Qian, L.; Lin, J.; Liu, Y. Flow Characteristic of Scroll Compressor with Combined Profile Scroll. In Proceedings
of the Intelligent Equipment, Robots, and Vehicles: 7th International Conference on Life System Modeling and Simulation, LSMS
2021, Hangzhou, China, 22–24 October 2021; Proceedings, Part III 7; pp. 662–674.

41. Liu, Z.; Qian, L.; Shao, X. Comparative Analysis Between New Combined Profile Scroll and Circular Involute Profile Scroll. In
Proceedings of the Intelligent Equipment, Robots, and Vehicles: 7th International Conference on Life System Modeling and
Simulation, LSMS 2021, Hangzhou, China, 22–24 October 2021; Proceedings, Part III 7; pp. 653–661.

42. Zhang, S.; Wu, J.; Wang, C.; Zhong, H.; Zhao, Z. Study on a variable wall thickness profile of electric scroll compressor used for
automobile air conditioner. Proc. Inst. Mech. Eng. Part A J. Power Energy 2023, 237, 294–307. [CrossRef]

43. Schein, C.; Radermacher, R. Scroll compressor simulation model. J. Eng. Gas Turbines Power 2001, 123, 217–225. [CrossRef]
44. Cuevas, C.; Lebrun, J. Testing and modelling of a variable speed scroll compressor. Appl. Therm. Eng. 2009, 29, 469–478. [CrossRef]
45. Liu, Y.; Tang, Y.; Chang, Y.; Yang, Y. Optimum design of scroll profiles created from involute of circle with variable radii by using

finite element analysis. Mech. Mach. Theory 2012, 55, 1–17. [CrossRef]
46. Ahn, S.; Choi, S.; Lee, B.; Rhim, Y.C. Analysis of thrust bearing in high-side shell type scroll compressor. Int. J. Refrig. 2016,

69, 251–260. [CrossRef]
47. Kim, M.-S.; Shim, J.; Kim, J.; Jang, D.-G.; Park, S.-S. Multiphysics simulation and experiment of a thrust bearing in scroll

compressors. Tribol. Int. 2020, 142, 105969. [CrossRef]
48. Yuchen, L.; Zhun, L.; Qiang, L. Finite Element Analysis on Scroll of a Scroll Compressor for Electric-Driven Vehicle Air-

Conditioner. In Proceedings of the International Cryogenic Engineering Conference and International Cryogenic Materials
Conference, Hangzhou, China, 25–29 April 2022; pp. 379–386.

49. Ding, J.; Yue, X.; Zhang, Y.; Yang, F.; Cao, H.; Ba, D. Analysis of the transient flow in a scroll-type compressor constructed from an
algebraic spiral with pressure relief valves. J. Braz. Soc. Mech. Sci. Eng. 2022, 44, 379. [CrossRef]

50. Ballani, A.; Pasunurthi, S.S.; Srinivasan, C.; Maiti, D. Performance Prediction of an e-Compressor Using 3D CFD Simulation; 0148-7191;
SAE Technical Paper; SAE International: Warrendale, PA, USA, 2023.

51. Cavazzini, G.; Giacomel, F.; Ardizzon, G.; Casari, N.; Fadiga, E.; Pinelli, M.; Suman, A.; Montomoli, F. CFD-based optimization of
scroll compressor design and uncertainty quantification of the performance under geometrical variations. Energy 2020, 209, 118382.
[CrossRef]

52. Zhao, R.; Li, W.; Zhuge, W. Unsteady characteristic and flow mechanism of a scroll compressor with novel discharge port for
electric vehicle air conditioning. Int. J. Refrig. 2020, 118, 403–414. [CrossRef]

53. Pereira, E.L.L.; Deschamps, C.J. A heat transfer correlation for the suction and compression chambers of scroll compressors. Int. J.
Refrig. 2017, 82, 325–334. [CrossRef]

54. Gao, H.; Ding, H.; Jiang, Y. 3D Transient CFD Simulation of Scroll Compressors with the Tip Seal. IOP Conf. Ser. Mater. Sci. Eng.
2015, 90, 012034. [CrossRef]

55. Cavazzini, G.; Giacomel, F.; Benato, A.; Nascimben, F.; Ardizzon, G. Analysis of the Inner Fluid-Dynamics of Scroll Compressors
and Comparison between CFD Numerical and Modelling Approaches. Energies 2021, 14, 1158. [CrossRef]

56. Zheng, S.; Wei, M.; Hu, C.; Song, P.; Tian, R. Flow characteristics of tangential leakage in a scroll compressor for automobile heat
pump with CO2. Sci. China Technol. Sci. 2021, 64, 971–983. [CrossRef]

57. Qin, D.; Zhao, B.; Gao, D.; Xu, L. Thermal analysis model of scroll compressor with clearance leakage based on multiple scale
method. J. Therm. Anal. Calorim. 2022, 147, 6893–6900. [CrossRef]

58. Li, X.; Wu, W.; Zhang, J.; Guo, C.; Ke, F.; Jiang, F. Analysis of 3D Transient Flow in a High-Speed Scroll Refrigeration Compressor.
Energies 2023, 16, 3089. [CrossRef]

59. Sun, D.; Tang, J.; Zhang, X.; Yuan, X.; Qian, Y.; Ye, F.; Ye, B.; Jiang, B. Optimization of radial flexible mechanism in scroll compressor
based on oil film lubrication analysis. Ind. Lubr. Tribol. 2022, 74, 514–521. [CrossRef]

60. Wang, C. Study on the contact and size of radial and flank leakage gaps of scrolls in a scroll compressor with CFD/CSM
simulations. Int. J. Refrig. 2023, 149, 73–82. [CrossRef]

61. Beeton, W.L.; Pham, H.M. Vapor-injected scroll compressors. ASHRAE J. 2003, 45, 22.
62. Xu, X.; Hwang, Y.; Radermacher, R. Refrigerant injection for heat pumping/air conditioning systems: Literature review and

challenges discussions. Int. J. Refrig. 2011, 34, 402–415. [CrossRef]

https://doi.org/10.1007/s11431-011-4372-6
https://doi.org/10.4028/www.scientific.net/AMR.201-203.550
https://doi.org/10.1177/0954408916640418
https://doi.org/10.1177/09576509221111238
https://doi.org/10.1115/1.1335483
https://doi.org/10.1016/j.applthermaleng.2008.03.016
https://doi.org/10.1016/j.mechmachtheory.2012.04.002
https://doi.org/10.1016/j.ijrefrig.2016.06.019
https://doi.org/10.1016/j.triboint.2019.105969
https://doi.org/10.1007/s40430-022-03691-9
https://doi.org/10.1016/j.energy.2020.118382
https://doi.org/10.1016/j.ijrefrig.2020.06.022
https://doi.org/10.1016/j.ijrefrig.2017.05.033
https://doi.org/10.1088/1757-899X/90/1/012034
https://doi.org/10.3390/en14041158
https://doi.org/10.1007/s11431-020-1765-3
https://doi.org/10.1007/s10973-022-11282-y
https://doi.org/10.3390/en16073089
https://doi.org/10.1108/ILT-10-2021-0419
https://doi.org/10.1016/j.ijrefrig.2022.11.030
https://doi.org/10.1016/j.ijrefrig.2010.09.015


Energies 2024, 17, 1790 17 of 18

63. Navarro, E.; Redón, A.; Gonzálvez-Macia, J.; Martinez-Galvan, I.O.; Corberán, J.M. Characterization of a vapor injection scroll
compressor as a function of low, intermediate and high pressures and temperature conditions. Int. J. Refrig. 2013, 36, 1821–1829.
[CrossRef]

64. Zabet, I.; Tarlea, G.M. Mathematical Simulation of the Thermodynamic Processes Associated with the Vapour-Injected Scroll
Compressor. E3S Web Conf. 2019, 111, 06057. [CrossRef]

65. Jung, J.; Jeon, Y.; Lee, H.; Kim, Y. Numerical study of the effects of injection-port design on the heating performance of an R134a
heat pump with vapor injection used in electric vehicles. Appl. Therm. Eng. 2017, 127, 800–811. [CrossRef]

66. James, N.A.; Braun, J.E.; Groll, E.A.; Horton, W.T. Semi-empirical modeling and analysis of oil flooded R410A scroll compressors
with liquid injection for use in vapor compression systems. Int. J. Refrig. 2016, 66, 50–63. [CrossRef]

67. Kim, D.; Chung, H.J.; Jeon, Y.; Jang, D.S.; Kim, Y. Optimization of the injection-port geometries of a vapor injection scroll
compressor based on SCOP under various climatic conditions. Energy 2017, 135, 442–454. [CrossRef]

68. Shuxue, X.; Guoyuan, M. Research on air-source heat pump coupled with economized vapor injection scroll compressor and
ejector. Int. J. Refrig. 2011, 34, 1587–1595. [CrossRef]

69. Choi, Y.U.; Kim, M.S.; Kim, G.T.; Kim, M.; Kim, M.S. Performance analysis of vapor injection heat pump system for electric
vehicle in cold startup condition. Int. J. Refrig. 2017, 80, 24–36. [CrossRef]

70. Qin, F.; Zhang, G.; Xue, Q.; Zou, H.; Tian, C. Experimental investigation and theoretical analysis of heat pump systems with two
different injection portholes compressors for electric vehicles. Appl. Energy 2017, 185, 2085–2093. [CrossRef]

71. Qin, F.; Xue, Q.; Zhang, G.; Zou, H.; Tian, C. Experimental Investigation on Heat Pump for Electric Vehicles with different
Refrigerant Injection Compressors. Energy Procedia 2015, 75, 1490–1495. [CrossRef]

72. Jung, J.; Jeon, Y.; Cho, W.; Kim, Y. Effects of injection-port angle and internal heat exchanger length in vapor injection heat pumps
for electric vehicles. Energy 2020, 193, 116751. [CrossRef]

73. Kwon, C.; Kim, M.S.; Choi, Y.; Kim, M.S. Performance evaluation of a vapor injection heat pump system for electric vehicles. Int.
J. Refrig. 2017, 74, 138–150. [CrossRef]

74. Tello-Oquendo, F.M.; Navarro-Peris, E.; Gonzálvez-Maciá, J. Comparison of the performance of a vapor-injection scroll compressor
and a two-stage scroll compressor working with high pressure ratios. Appl. Therm. Eng. 2019, 160, 114023. [CrossRef]

75. Kim, D.; Jeon, Y.; Jang, D.S.; Kim, Y. Performance comparison among two-phase, liquid, and vapor injection heat pumps with a
scroll compressor using R410A. Appl. Therm. Eng. 2018, 137, 193–202. [CrossRef]

76. Zhang, X.; Su, L.; Li, K. A study of a low pressure ratio vapor injection scroll compressor for electric vehicles under low ambient
conditions. Int. J. Refrig. 2021, 131, 186–196. [CrossRef]

77. Zhang, X.; Zhang, B.; Cao, J.; Su, L.; Li, K. Numerical investigation on the performance and vapor injection process of a scroll
compressor with different injection features. Appl. Therm. Eng. 2022, 217, 119061. [CrossRef]

78. Peng, M.; Peng, X.; Wang, D.; Liu, X.; Yang, Y.; Wang, G.; Chen, B. Investigation of the unsteady characteristic in a scroll
compressor of a heat pump system for electric vehicles. J. Therm. Anal. Calorim. 2023, 148, 965–976. [CrossRef]

79. Li, K.; Ma, J.; Cao, J.; Zhang, B.; Dou, B.; Liu, N.; Zhang, H.; Su, L.; Zhou, X.; Tu, R. The influences of the oil circulation ratio on
the performance of a vapor injection scroll compressor in heat pump air conditioning system intended for electrical vehicles. Int.
J. Refrig. 2023, 151, 208–218. [CrossRef]

80. Layer, O. Montreal Protocol on Substances that Deplete the Ozone Layer Final Act 1987. 1989, 1. Available online: https:
//scholar.smu.edu/til/vol22/iss4/21 (accessed on 2 September 2023).

81. Jakobsen, A. Improving efficiency of trans-critical CO2 refrigeration systems for reefers. Discussion. Sci. Tech. Froid 1998,
0151–1637, 130–138.

82. Lorentz, G.J.A.T. An Efficient New Automobile Air-Conditioning System Based on CO2 Vapor Compression; American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Inc.: Atlanta, GA, USA, 1994; Volume 100, pp. 657–665.

83. McEnaney, R.; Boewe, D.; Yin, J.; Park, Y.; Bullard, C.; Hrnjak, P. Experimental comparison of mobile A/C systems when operated
with transcritical CO2 versus conventional R134a. In Proceedings of the International Refrigeration and Air Conditioning
Conference, Delhi, India, 18–20 March 1998.

84. Rigola, J.; Raush, G.; Ablanque, N.; Pérez-Segarra, C.; Oliva, A.; Serra, J.; Escriba, M.; Pons, J.; Jover, J. Comparative analysis of
R134a subcritical cycle vs. CO2 transcritical cycle: Numerical study and experimental comparison. In Proceedings of the 6th
IIF-IIR-Gustav Lorentzen Conference on Natural Working Fluids, Glasgow, UK, 29 August–1 September 2004.

85. Lee, M.-Y.; Lee, D.-Y. Review on conventional air conditioning, alternative refrigerants, and CO2 heat pumps for vehicles. Adv.
Mech. Eng. 2013, 5, 713924. [CrossRef]

86. Wang, J.; Belusko, M.; Evans, M.; Liu, M.; Zhao, C.; Bruno, F. A comprehensive review and analysis on CO2 heat pump water
heaters. Energy Convers. Manag. X 2022, 15, 100277. [CrossRef]

87. Lorentzen, G. Revival of carbon dioxide as a refrigerant. Int. J. Refrig. 1994, 17, 292–301. [CrossRef]
88. Takeuchi, M. Development of CO2 scroll compressor for automotive air conditioning systems. In Proceedings of the Automotive

Alternate Refrigerant Systems Symposium, Scottsdale, AZ, USA, 28 June–1 July 1999; SAE: Warrendale, PA, USA, 1999.
89. Steven Brown, J.; Yana-Motta, S.F.; Domanski, P.A. Comparitive analysis of an automotive air conditioning systems operating

with CO2 and R134a. Int. J. Refrig. 2002, 25, 19–32. [CrossRef]
90. Tamura, T.; Yakumaru, Y.; Nishiwaki, F. Experimental study on automotive cooling and heating air conditioning system using

CO2 as a refrigerant. Int. J. Refrig. 2005, 28, 1302–1307. [CrossRef]

https://doi.org/10.1016/j.ijrefrig.2013.04.022
https://doi.org/10.1051/e3sconf/201911106057
https://doi.org/10.1016/j.applthermaleng.2017.08.098
https://doi.org/10.1016/j.ijrefrig.2015.12.011
https://doi.org/10.1016/j.energy.2017.06.153
https://doi.org/10.1016/j.ijrefrig.2010.06.003
https://doi.org/10.1016/j.ijrefrig.2017.04.026
https://doi.org/10.1016/j.apenergy.2015.12.032
https://doi.org/10.1016/j.egypro.2015.07.281
https://doi.org/10.1016/j.energy.2019.116751
https://doi.org/10.1016/j.ijrefrig.2016.10.004
https://doi.org/10.1016/j.applthermaleng.2019.114023
https://doi.org/10.1016/j.applthermaleng.2018.03.086
https://doi.org/10.1016/j.ijrefrig.2021.08.022
https://doi.org/10.1016/j.applthermaleng.2022.119061
https://doi.org/10.1007/s10973-022-11816-4
https://doi.org/10.1016/j.ijrefrig.2023.03.008
https://scholar.smu.edu/til/vol22/iss4/21
https://scholar.smu.edu/til/vol22/iss4/21
https://doi.org/10.1155/2013/713924
https://doi.org/10.1016/j.ecmx.2022.100277
https://doi.org/10.1016/0140-7007(94)90059-0
https://doi.org/10.1016/S0140-7007(01)00011-1
https://doi.org/10.1016/j.ijrefrig.2005.09.010


Energies 2024, 17, 1790 18 of 18

91. Yano, K.; Nakao, H.; Shimoji, M. Development of Large Capacity CO2 Scroll Compressor. In Proceedings of the International
Compressor Engineering Conference, Purdue, IN, USA, 14–17 July 2008.

92. Ishii, N.; Oku, T.; Anami, K.; Knisely, C.W.; Sawai, K.; Iida, N.; Morimoto, T.; Fujiuchi, K. Effects of Surface Roughness Upon Gas
Leakage Flow Through Small Clearances in CO2 Scroll Compressors. In Proceedings of the International Compressor Engineering
Conference, Purdue, IN, USA, 14–17 July 2008.

93. Ishii, N.; Yamamoto, S.; Sano, K.; Sawai, K.; Hiwata, A.; Nakamoto, T.; Kawano, H. Efficiency simulations of a compact CO2
scroll compressor and its comparison with same cooling capacity R410A scroll compressor. In Proceedings of the International
Compressor Engineering Conference, West Lafayette, IN, USA, 16–19 July 2002.

94. Wang, D.; Yu, B.; Hu, J.; Chen, L.; Shi, J.; Chen, J. Heating performance characteristics of CO2 heat pump system for electrical
vehicle in a cold climate. Int. J. Refrig. 2018, 85, 27–41. [CrossRef]

95. Wang, D.; Yu, B.; Li, W.; Shi, J.; Chen, J. Heating performance evaluation of a CO2 heat pump system for an electrical vehicle at
cold ambient temperatures. Appl. Therm. Eng. 2018, 142, 656–664. [CrossRef]

96. Wang, D.; Zhang, Z.; Yu, B.; Wang, X.; Shi, J.; Chen, J. Experimental research on charge determination and accumulator behavior
in trans-critical CO2 mobile air-conditioning system. Energy 2019, 183, 106–115. [CrossRef]

97. Song, P.; Wu, D.; Lu, Z.; Zheng, S.; Wei, M.; Zhuge, W.; Zhang, Y. An Improved Geometric Theoretical Model and Throughflow
Prediction Method for a CO2 Scroll Compressor of Automotive Air Conditioning System. Int. J. Energy Res. 2023, 2023, 9382690.
[CrossRef]

98. Zheng, S.; Wei, M.; Zhou, Y.; Hu, C.; Song, P. Tangential leakage flow control with seal-grooves on the static scroll of a CO2 scroll
compressor. Appl. Therm. Eng. 2022, 208, 118213. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ijrefrig.2017.09.009
https://doi.org/10.1016/j.applthermaleng.2018.07.062
https://doi.org/10.1016/j.energy.2019.06.116
https://doi.org/10.1155/2023/9382690
https://doi.org/10.1016/j.applthermaleng.2022.118213

	Introduction 
	Developments Related to Electric Scroll Compressors 
	Working Principle of Scroll Compressor 
	Research on Materials and Manufacturing of Scroll Compressors 
	Research on Experimental Methods of Electric Scroll Compressors 

	Theoretical Research on Electric Scroll Compressor 
	Research on Profile Optimization Theory 
	Research on Computer Simulation Optimization 
	Research on Leakage Sealing 

	Research on Vapor-Injection Scroll Compressor 
	Research on CO2 Scroll Compressor 
	Conclusions 
	Outlook 
	References

