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Abstract: Twin-screw compressors are widely used in aerodynamics, refrigeration and other fields.
The screw rotors are the core component of the screw compressor and affect the performance of
the compressor. This paper focuses on variable-lead rotors. A thermal process simulation model
considering leakage is established to calculate the efficiency of the compressor. Different lead change
methods are compared by evaluating the contact line, exhaust port and simulation results. The
results show that the compressor obtains better performance when the lead decreases rapidly on the
discharge side. Furthermore, the effects of the wrap angle and internal volume ratio on variable-lead
rotors are studied. The work provides a reference for the design of the screw compressor rotor.

Keywords: screw compressor; rotors; variable lead; design engineering

1. Introduction

The twin screw compressor is a rotary positive displacement machine used to com-
press gases to higher pressure. It has two parallel helical rotors, usually called the male
and female, which mesh with each other. The compression chambers are enclosed by
the helical surfaces of the meshing rotors and the inside surface of the case. During the
rotation of the rotors, the volume of the working cavity periodically increases from zero
to its maximum value and then decreases to zero, thus making suction, compression and
discharge processes possible and achieving the goal of increasing the gas pressure. Twin
screw compressors are deployed in many industries that require high performance, low
noise and high efficiency [1]. For screw compressors, the screw rotor is the main factor that
determines the performance of the compressor. Therefore, the optimization design of the
rotor has always been the focus of research on screw compressors.

Since the advent of screw compressors, researchers have been working on the op-
timization of rotors. With the development of computer technology, more complicated
equations can be solved. Therefore, from the 1990s, the optimization of the design of the
rotor has made rapid progress.

Zhang and Hamilton [2] presented the calculation of the main geometric characteristic
of the twin-screw compressor, such as the effect of the sealing line length and blowhole
area on compression volume. Stosic et al. [3–5] presented a method of general geometrical
definitions for screw machine rotors and their manufacturing tools, and they proposed
their own optimized profile. The results showed that a larger element volume and shorter
contact line length could improve performance. J S Fleming and Y Tang [6], based on
the mathematical model of the complete compressor thermofluid process, studied the
internal gas leakages and discussed the manner in which the leakage distribution prediction
could be used to optimize a compressor design. Shyh-Haur Su [7] proposed a systematic
synthesis method for twin-screw rotor profiles for compressors. Wu and Xing [8] proposed
a new mathematical model for calculating the specifications of twin-screw refrigeration
compressors. The model took into account multiple leak paths, the heat transfer effects
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of the oil and variable load conditions. Van Erdeweghe, S, et al. [9] presented a modeling
of a twin-screw compressor, which can be applied in an optimization procedure to find
the optimal rotor profiles for a given application. Stosic [10] summarized the compressor
simulation model.

The main indicators that affect the rotor performance are closely related to the contact
line. In traditional design, the rotor profile is first generated, and then the contact line can
be obtained. However, Zaytsev [11] proposed that a designer could design the mesh line
equation without determining the rotor profile in advance, and then the rotor profile could
be obtained through the meshing principle and coordinate transformation. According to
this idea, Wu [12] used the cubic spline curve to design the contact line and considered the
non-undercut conditions to obtain the corresponding rotor profile. Wu [13] also published
a rotor profile design method by using a rack defined in the normal plane. Xu [14] derived
the equation of the profile generated by basic curve placed in the meshing line.

Generally speaking, designers need screw rotors to have the following characteristics:
a shorter contact line length to reduce leakage, and a larger discharge port area to optimize
the discharge process. The reduction of the lead near the discharge port can achieve the
above requirements. Therefore, the variable-lead rotor was proposed.

Recently, scholars have begun to study variable-lead rotors. Rane S, Kovacevic A
and Stosic N [15] used CFD calculation software to simulate uniform rotors, variable
pitch rotors and variable profile rotors. The results showed that variable pitch rotors have
better performance at high pressure ratios. Utri M and Brümmer A [16–18] compared the
efficiency of dry screw compressors with uniform and dual lead rotors and optimized
the geometric parameters using the Nelder–Mead algorithm. Huang and Chih-Yung [19]
studied the efficiency of a variable-lead rotor under the change of speed or interlobe
clearance and pointed out that the Bezier curve-type lead was better.

This paper compares the influence of different lead change methods on the contact
line and the discharge port. Further, the mathematical model of the compressor is used to
simulate and compare the efficiency.

2. Methods

This section first briefly introduces the twin screw compressor terminology, as shown
in Figure 1. Pitch circles are a pair of imaginary tangential circles centered on the rotor
center of female and male rotors. When the female and male rotors rotate, the two circles
roll relative to each other without sliding. The wrap angle refers to the angle of rotation of
a tooth on the rotor from the suction-end face to the discharge-end face. In this paper, the
wrap angle refers to the wrap angle of the male rotor. Figure 2 shows the general shape of
the variable-lead rotor discussed in this paper.
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words, the area enclosed by each curve in the graph and the X axis is equal, which is the 
premise in the subsequent comparison. Further, when the lead variation form and the 
initial lead are given, the relationship between the lead and the wrap angle could be ob-
tained. Therefore, this study defines the initial lead Li as the ratio of the lead when the 
wrap angle is 0 to the constant lead. For example, in Figure 3, Li = 1.2, where Li reflects the 
severity of the lead reduction. A larger Li means a more severe lead reduction and a 

Figure 1. Schematic diagram of screw rotor.

Energies 2021, 14, x FOR PEER REVIEW 3 of 17 
 

 

 
Figure 1. Schematic diagram of screw rotor. 

 
Figure 2. Schematic diagram of variable-lead rotor. 

2.1. Lead Variation 
Generally, the lead of the twin-screw rotor is constant, resulting in a linear relation-

ship between the wrap angle and the pitch. In order to achieve a variable lead, the rela-
tionship between the wrap angle and pitch can be redefined. Figure 3 shows the functions 
between the lead and wrap angle. In this figure, the wrap angle is set to 300 degrees. Tak-
ing the constant lead as a reference, different forms of variable lead are shown. For com-
parison, it is necessary to obtain the same rotor length under the same wrap angle. In other 
words, the area enclosed by each curve in the graph and the X axis is equal, which is the 
premise in the subsequent comparison. Further, when the lead variation form and the 
initial lead are given, the relationship between the lead and the wrap angle could be ob-
tained. Therefore, this study defines the initial lead Li as the ratio of the lead when the 
wrap angle is 0 to the constant lead. For example, in Figure 3, Li = 1.2, where Li reflects the 
severity of the lead reduction. A larger Li means a more severe lead reduction and a 

Figure 2. Schematic diagram of variable-lead rotor.

2.1. Lead Variation

Generally, the lead of the twin-screw rotor is constant, resulting in a linear relationship
between the wrap angle and the pitch. In order to achieve a variable lead, the relationship
between the wrap angle and pitch can be redefined. Figure 3 shows the functions between
the lead and wrap angle. In this figure, the wrap angle is set to 300 degrees. Taking the
constant lead as a reference, different forms of variable lead are shown. For comparison, it
is necessary to obtain the same rotor length under the same wrap angle. In other words,
the area enclosed by each curve in the graph and the X axis is equal, which is the premise in
the subsequent comparison. Further, when the lead variation form and the initial lead are
given, the relationship between the lead and the wrap angle could be obtained. Therefore,
this study defines the initial lead Li as the ratio of the lead when the wrap angle is 0 to
the constant lead. For example, in Figure 3, Li = 1.2, where Li reflects the severity of the
lead reduction. A larger Li means a more severe lead reduction and a smaller lead at the
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discharge side. Figure 4 shows that the change in the chamber volume depends on the
rotor rotation angle for different rotor lead changing laws. As can be seen in the figure,
the volume of the variable-lead rotor changes at a faster rate, but its maximum theoretical
volume is less than that of the constant-lead rotor.

Li =
Leadwrapangle=0

Leadconstant
(1)
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2.2. Changes of Geometric Characteristics

The change of the lead definitely causes the change of the contact line length, which
affects the leakage greatly. Figure 5 shows the change of the contact line length with
different lead variation. As shown in this figure, compared to the constant lead, the contact
line of the variable-lead rotor is longer at the beginning of compression and gradually
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become shorter. Rotors with decreasing lead have the above characteristics, as studied by
Chih-Yung [19].
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Reducing the contact line near the discharge transverse plane will reduce the leakage
at high pressure, but the increase in the length of the contact line near the suction transverse
plane will also increase the leakage at the beginning of compression. Moreover, the volume
change of the variable-lead rotor is faster than the constant lead, meaning that high pressure
is reached earlier. Therefore, whether the contact line characteristic of the variable-lead
rotor ultimately benefits the volumetric efficiency depends on the operating conditions
such as the pressure ratio and the rotor speed.

Similarly, since the variable-lead rotor has a faster compression stage and the gas
could be compressed to the required pressure in a shorter rotation angle, the area of its
discharge port could also be larger. Figure 6 shows the discharge area with different lead
variation. It can be seen that reducing the lead near the discharge transverse plane results
in a larger discharge area.
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On the one hand, the variable-lead rotor will reach the target internal volume ratio
earlier due to its larger lead at the beginning of compression, so the discharge angle will be
larger than that of the constant rotor. According to the design principle of the discharge
port, an smaller discharge angle also means a larger discharge port. As shown in this figure,
compared with the constant-lead rotor, the maximum discharge area of the cubic variable
lead reaches 160.17%. On the other hand, the variable-lead rotor has a smaller lead at the
time of discharge, which will make the volume change rate slow. A larger discharge outlet
area and slower volume change rate working together will effectively reduce the gas flow
rate during discharge, thereby reducing over-compression loss, throttling and noise.

It is worth mentioning that since a larger Li means a smaller lead near the discharge
transverse plane, the increase of Li will enhance the change trend of the contact line and
the discharge port.

2.3. Compressor Modeling

In this research, the mathematical model of compressor internal volume established by
Wu [8] is used to simulate the working process. A brief description and the main formulas
are shown below.

As shown in Figure 7, the working process of the compressor is simplified as an
opening system. Suction, discharge and leak processes are considered as mass changes,
and heat transfer is considered as energy change.
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In order to use mathematical models to describe complex actual working processes,
appropriate simplification is required, so the following basic assumptions are made:

1. There is no heat exchange between the working gas and the environment in the flow
process through the inlet and outlet orifice and the leak channel, and it is regarded
as an adiabatic compressible fluid. Thus, the nozzle model is used to describe the
parameters in the flow process;

2. Within the working volume corresponding to each rotor, the state of all positions is
uniform, and there is no difference in local state. Therefore, the state parameters of all
points in the whole working volume can be characterized by the same value;

3. The size of the suction cavity and discharge cavity connected to the compressor is
regarded as infinite, meaning that the pressure fluctuation in the cavity caused by the
suction and discharge process can be ignored;

4. The suction of the screw compressor does not leak, and leakage is only considered in
the compression and discharge stage.

The differential form of the energy conservation equation of the compressor working
process can be written into the form of formula (2).

d(mu) = dEi − dEo − dQ + dW (2)
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where m is the mass of working gas in the control volume, u is the internal energy of
working gas in the control volume, Ei is the total internal energy of the leakage into the
control volume, Eo is the total internal energy of the leakage out of the control volume. Q
is the heat transfer between the working gas and the environment, and W is the amount of
work input to the control volume.

d(mu) in formula (2) can be described as shown in formula (3).

d(mu) = ∑ dmi

(
hi +

v2
i

2
+ zig

)
− ∑ dmo

(
ho +

v2
o

2
+ zog

)
− dQ + dW (3)

where dmi is the mass of the leakage into the control volume, hi is the specific enthalpy
of the leakage into the control volume, vi is the velocity of the leakage into the control
volume, zi is the height between the input leakage position and reference position, g is the
acceleration of gravity, dmo is the mass of the leakage out of the control volume, ho is the
specific enthalpy of the leakage out of the control volume, vo is the velocity of the leakage
out of the control volume, and zo is the height between the output leakage position and
reference position.

According to formula (3), based on Hypothesis (2), ignoring the kinetic and gravita-
tional potential energy and taking the derivative with respect to time, the rotation speed of
the rotor is considered as a constant, and thus we obtain formula (4).

d(mu)
dϕ

= ∑
dmi

dϕ
hi − ∑

dmo

dϕ
ho +

dW
dϕ

− dQ
dϕ

(4)

where ϕ is the degree of rotation.
According to the relationship between enthalpy and internal energy, as well as the

basic gas thermodynamic state equation, the rate equations of pressure and temperature
change with rotation angle are derived and shown in formulas (5) and (6).

dp
dϕ

=

1
v

[(
∂h
∂v

)
T
− (∂h/∂T)v(∂p/∂v)T

(∂p/∂T)v

]
− 1

Vc

[
∑ dmi

dϕ (hi − h)− dQ
dϕ

]
1 − 1

v
(∂h/∂T)v
(∂p/∂T)v

(5)

dT
dϕ

=

[
1
v

(
∂h
∂v

)
T
−
(

∂p
∂v

)
T

]
dv
dϕ − 1

Vc

[
∑ dmi

dϕ (hi − h)− dQ
dϕ

]
(

∂p
∂T

)
v
− 1

v

(
∂h
∂T

)
v

(6)

where v is the specific volume and Vc is the working gas volume in the control volume.
Formulas (5) and (6) can be regarded as the basic equations in numerical simulation.

However, the parameters of leakage and heat transfer cannot be obtained directly, so
supplementary equations need to be added. There are three supplementary equations:
the ideal gas state equation, mass change equation considering leakage and heat transfer
equation considering heat transfer.

As the research object of this paper is a dry air compressor, the ideal gas state equation
can be used for the gas state equation. The equation of state for an ideal gas is shown
below.

pv = RT (7)

In this paper, the nozzle formula of isentropic flow is used to calculate the mass change
caused by leakage. The nozzle formula is shown as follows.

dm
dϕ = CAp1

ω

√
κ

R(κ−1)

(
2

(κ+1)

) κ+1
κ−1 i f 0 ≤ p2

p1
<
( 2

κ+1
) κ

κ−1

dm
dϕ = CAp1

ω

√
2κ

(κ−1)RT1

((
p2
p1

) 2
κ −

(
p2
p1

) κ+1
κ

)
i f
( 2

κ+1
) κ

κ−1 ≤ p2
p1

≤ 1
(8)
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where p1 and p2 are pressures in the high and low-pressure areas, respectively; T1 is the
temperature in the high-temperature areas; A is the leakage area of the leakage channel; C
is the flow coefficient of the leakage model; ω is the rotation speed of the rotor; and κ is the
entropy index.

For the heat transfer equation, this paper only considers the heat transfer with the
housing; the heat transfer equation is as follows:

dQw

dϕ
= ω(αA)(T − Tw) (9)

where α is the surface heat transfer coefficient, A is the heat transfer area, and Tw is the
housing temperature.

Combining the above supplementary equations with the basic equations, the law
of pressure and temperature change with angle in the working volume of the screw
compressor can be obtained. In order to improve the accuracy of the solution, the fourth
order Runge–Kutta method is used for iterative calculations, and the specific calculation
formula is as follows:

K1 = h f (xi, yi)

K2 = h f (xi +
1
4

h, yi +
1
4

K1)

K3 = h f (xi +
3
8

h, yi +
3

32
K1 +

9
32

K2)

K4 = h f (xi +
12
13

h, yi +
1932
2197

K1 −
7200
2197

K2 +
7296
2197

K3)

K5 = h f (xi + h, yi +
439
216

K1 − 8K2 +
3680
513

K3 −
845
4104

K4)

K6 = h f (xi +
1
2

h, yi −
8

27
K1 + 2K2 −

3544
2565

K3 +
1859
4104

K4 −
11
40

K5)

yi+1 = yi + (
16

135
K1 +

6656
12825

K3 +
28561
56430

K4 −
9
50

K5 +
2
55

K6)

(10)

Simply put, the iterative step is used to calculate the pressure pi+1, temperature Ti+1
and other parameters corresponding to the next rotation angle θi+1 through the Runge–
Kutta method through the parameters such as the previous step’s rotation angle θi, pressure
pi and temperature Ti under the condition of preset step length h.

2.4. Experimental Verification

In Section 2.3, a mathematical model of the working process of the compressor is
established. In order to verify the correctness of the model, a dry screw air compressor unit
test run is carried out in this section. Figure 8 shows the performance test platform of the
twin screw air compressor used for this model verification, and Figure 9 shows the system
flow chart of the experimental platform.

As shown in Figure 9, the temperature and pressure sensor located in front of the
compressor inlet air filter is used to measure the inlet air state in this experiment, and the
temperature and pressure sensor located in the compressor outlet flow channel is used to
measure the discharge air state. The final volume flow rate is measured by a flowmeter
located behind the globe valve.

Table 1 shows the main measuring instrument parameters used in this experiment.
All instruments in this test are connected to the data acquisition system through the control
cabinet to control the operating condition, and then the system for the control of each
valve opening adjusts the discharge pressure and other parameters, completing the starting
and stopping of the air compressor system. When the compressor starts to run, the data
acquisition system continues to analyze and calculate the input electrical signals, real-time
flow, temperature, pressure and input power and other numerical feedback to the computer
system, displayed in the form of curves. When the monitored data tend to be stable, the
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data are measured every 20 min, the data are collected three times in total, and the results
are recorded and printed.
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Table 1. The main measuring instrument parameters.

Measuring Content Sensor Measuring Range Precision Grade

Temperature/◦C Platinum resistance (pt100) −200~500 ±0.1
Pressure/MPa Pressure transmitter 0~1.6 ±0.25%

Gas volume
flow/m3·s−1 Vortex flowmeter 10.5~105 ±0.75%

Input power/kW Digital power meter 0~200 ±0.1%

The rated pressure ratio of the oil-free air compressor selected in this test is 3.82, the
rated suction pressure is atmospheric pressure, and the rated rotor speed is 9800 RPM.
The experiment was carried out under the conditions of 0.25 Mpa and 0.3 Mpa discharge
pressure, and the results of experiments and calculations are shown in Tables 2 and 3.



Energies 2021, 14, 6970 10 of 16

Table 2. Experimental and simulated data of 0.25 Mpa discharge pressure.

Category Test 1 Test 2 Test 3 Average Simulation
Value

Relative
Error

Shaft power (kW) 95.03 94.99 94.97 95.00 93.13 −1.96%
Gas volume flow (m3·h−1) 23.81 23.81 23.79 23.80 24.82 4.29%
Discharge temperature (◦C) 170.9 170.9 171.0 170.9 173.9 1.77%

Adiabatic efficiency 0.4573 0.4575 0.4572 0.4573 0.4643 1.52%

Table 3. Experimental and simulated data of 0.3 Mpa discharge pressure.

Category Test 1 Test 2 Test 3 Average Simulation
Value

Relative
Error

Shaft power (kW) 102.88 102.97 102.95 102.93 103.04 0.10%
Gas volume flow (m3·h−1) 23.58 23.61 23.61 23.60 24.15 2.32%
Discharge temperature (◦C) 187.2 187.4 187.3 187.3 190.2 1.59%

Adiabatic efficiency 0.4925 0.4927 0.4928 0.4926 0.5040 2.29%

As shown in Tables 2 and 3, compared with the experimental data, the errors of the
simulated values are within ±5%, so the simulated results can be used to reflect the actual
working process.

3. Results and Discussion

This section discusses the influence of different factors on the volumetric efficiency
and adiabatic efficiency of compressors. The volumetric efficiency ηV is ηV = qV/qVt,
where qV is the actual volume flow of the compressor converted from the actual discharge
flow to the suction state, and qVt is the sum of the volume between the teeth rotated by
the rotor in unit time. The volumetric efficiency reflects the leakage of the compressor.
The adiabatic efficiency ηad is ηad = Pad/P, where Pad is the power required for isentropic
compression, and P is the actual shaft power of the compressor. The adiabatic efficiency
reflects the perfection of energy utilization of the compressor.

3.1. Effect of Lead Variation and Li

The mathematical model was used to simulate the performance of the screw compres-
sor under different working conditions. Table 4 shows the setting values of some related
parameters.

Table 4. Parameter settings.

Parameters Values

Center distance(mm) 93
Outer diameter of the male rotor(mm) 130

Outer diameter of the female rotor(mm) 120
Rotor length(mm) 195

Male rotor wrap angle(◦) 300
Rotating speed(rpm) 9000
Suction pressure(kPa) 100

Internal compression volume ratio 2.5
Pressure ratio 3.6

The simulation results are as follows. Figure 10 shows the change of volume efficiency
with different lead functions. On the whole, under the working conditions shown in
Table 4, the volumetric efficiency of all variable-lead rotors is lower than the constant lead,
and the larger the value of Li, the more obvious the decrease in volumetric efficiency, which
is mainly caused by the increase in leakage. As analyzed in the geometric characteristics of
the previous section, the variable-lead rotor not only obtains a smaller contact line near the
discharge transverse plane, but also increases the length of the contact line near the suction
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transverse plane, which will lead to the same tendency of leakage. In this simulation, the
discharge pressure is relatively low, so the difference between the reduced leakage near the
discharge transverse plane and the increased leakage near the suction transverse plane is
not obvious. However, the volume pressure between the teeth of the variable-lead rotor
increases faster, increasing the amount of leakage. This trend becomes more severe with
the increase of Li, so the volumetric efficiency decreases with the increase of Li.
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Comparing different variable lead forms, it can be seen that the volumetric efficiency
reduction of linear variable lead is the least, while the volumetric efficiency reduction of
cubic variable lead is more obvious. The appearance of this situation is also related to the
difference in geometric characteristics. Compared with the linear variable lead, the cubic
contact line changes more slowly near the suction transverse plane, thereby forming a
longer contact line near the suction transverse plane. Furthermore, the gas pressure of the
cubic lead rises faster, which leads to increased leakage.

Figure 11 reflects the change of the pressure of the linear variable-lead rotor with
Li = 1.15 and the constant-lead rotor with the rotation angle of the male rotor. The figure
clearly reflects that the pressure of the variable-lead rotor rises faster, and the larger
discharge area improves the over-compression situation.
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As shown in Figure 12, under the simulation conditions, the isentropic efficiency of
the variable-lead rotor is generally better than that of the constant-lead rotor. The isentropic
efficiency of the linear lead has been on the rise with the increase of Li. As the degree
of variable lead increases, the discharge port gradually increases, thereby improving the
energy loss of over-compression. The isentropic efficiency of the squared lead, cubic lead
and constant-linear lead shows a trend of first rising and then falling with the increase of
Li, which is related to the increase of leakage. Considering the change trend of volume
efficiency in Figure 10, with the increase of Li, the square, cubic and constant-linear leads are
more affected by leakage, so the isentropic efficiency gradually decreases. The isentropic
efficiency of the constant-linear lead with Li = 1.2 is even reduced to 68.12%, which is lower
than the value of 68.33% for the constant-lead rotor.
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Both the isentropic efficiency and the volumetric flow rate are important indicators for
evaluating the performance of the compressor. Under the simulated operating conditions
in this section, the variable-lead rotor improves the isentropic efficiency while reducing the
volumetric efficiency. Therefore, it is necessary to comprehensively consider the advantages
and disadvantages of the variable-lead rotor.

3.2. Effect of Wrap Angle and Li

Following the previous experiment, we kept the other parameters in Table 4 fixed,
changed the wrap angle and then repeated the simulation.

Figure 13 shows that the volume efficiency of the linear variable-lead rotor with
different Li values varies with the wrap-angle. It can be seen that as the wrap angle
increases, the volume efficiency generally decreases gradually, which is the same as Xing’s
analysis result. In addition, the leakage increases with the increase of the wrap-angle.
As for the variable-lead rotor, as analyzed in the previous section, the volume efficiency
decreases with the increase of Li. It can be noticed that the volumetric efficiency shows a
smaller decrease with the increase of Li when the wrap angle is small. For example, at a
wrap angle of 260 degrees, the volumetric efficiency of the linear variable-lead rotor with
Li = 1.2 is 85.66%, which is only 0.19% lower than the constant lead.

Figure 14 shows the trend of isentropic efficiency. Because the speed set by the
simulation in this section is 9000 rpm, according to the analysis in the previous chapter,
at high speeds, as the wrap angle increases, the isentropic efficiency shows an upward
trend due to the improvement of discharge loss. All the curves in the figure conform to this
rule. The isentropic efficiency of all linear variable leads is also higher than that of constant
leads. Based on the analysis of the geometrical characteristics of the previous article, the
increase in isentropic efficiency is also due to the increase in the discharge port. It is worth
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noting that when the wrap angle is small, the increase of Li of the linear variable-lead
rotor will bring about a greater improvement in isentropic efficiency. At a wrap angle of
260 degrees, the isentropic efficiency with Li = 1.2 reaches 68.06%, which is an increase of
2.75% compared to the constant lead, while the amplitude is only 0.75% at 320 degrees.
Combined with the analysis of the geometric characteristics in the previous chapter, when
the wrap angle is small, the original discharge port area is smaller, and the discharge loss
has a greater impact on the isentropic efficiency. Therefore, the increase of the discharge
port brought by the variable lead will more obviously increase the efficiency.
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3.3. Effect of Internal Volume Ratio and Li

The internal volume ratio has a great influence on the selection of rotor parameters, so
the working process was simulated after changing the internal volume ratio.

Figure 15 shows the change trend of volume efficiency under different internal volume
ratios. First of all, as the inner volume ratio increases, the volume efficiency of the variable-
lead rotor also shows a downward trend, which is the same as the change of the constant
lead. Then, it can be seen that when the internal volume ratio is 2.5, the volume efficiency
of the variable-lead rotor is lower than the constant lead. This phenomenon has been
explained in detail above. However, when the internal volume ratio increases, the variable-
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lead rotor has a short contact line near the discharge transverse plane and reduces leakage
gradually. When the internal volume ratio is 3, the volume efficiency of a linear lead rotor
with Li = 1.05 is higher than that of a constant-lead rotor with the same internal volume
ratio. When the internal volume ratio is 3.5, the volume efficiency reaches the highest
value with Li = 1.1. According to the trend in the figure, it can be predicted that at a higher
internal volume ratio, a variable-lead rotor with a larger Li value can achieve the purpose
of reducing leakage and improving volume efficiency through a shorter contact line near
the discharge transverse plane.
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Next, we focus on isentropic efficiency. As shown in Figure 16, as the content-to-
volume ratio increases, the variable lead improves the isentropic efficiency more obviously.
When the internal volume ratio is 3.5, the isentropic efficiency is 4.32% higher than the
constant lead when Li = 1.2. On the one hand, the large internal volume ratio will delay the
discharge angle, thereby reducing the discharge port area. In this case, the larger discharge
port area of the variable-lead rotor will more prominently improve the discharge loss.
On the other hand, combined with the trend of volume efficiency in Figure 15, when the
volume ratio is large, the influence of the variable lead on leakage gradually changes from
an increase to a decrease, thereby improving the isentropic efficiency.
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4. Conclusions

In this research, the parameter Li was proposed to measure the intensity of variable
lead, using mathematical models to simulate the working process and analyzing the
performance of different variable lead functions. Further, the effect of the wrap angle and
internal volume ratio on performance was studied. After the comparisons of geometric
data and simulation results, the following conclusions were obtained:

1. Compared with a constant-lead rotor, a decreasing-lead rotor has a longer contact
line near the suction transverse plane and a shorter contact line near the discharge
transverse plane, causing a decreasing-lead rotor to exhibit a large leakage near the
suction transverse plane but less leakage near the discharge transverse plane;

2. Compared with constant-lead rotors, when the internal compression volume ratio—
which is 2.5 in this paper—is relatively low, variable-lead rotors always have lower
volume efficiency but higher isentropic efficiency;

3. Compared with constant-lead rotors, variable-lead rotors have a smaller volume
efficiency decrease and larger isentropic efficiency increase when the wrap angle is
relatively small. As the internal compression volume ratio increases, the performance
of variable-lead rotors improves.

In summary, this article provides some references for the design and optimization of
compressor rotors.
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