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Abstract

The inlet operating conditions of centrifugal compressors in natural gas storage reservoirs,
as well as the natural gas composition, continuously vary over time, significantly impacting
compressor performance. To analyze the influence of these factors on centrifugal compres-
sors, a method for converting the performance curves of centrifugal compressors under
actual operating conditions has been established. This performance conversion process is
implemented through a custom-developed program, which incorporates the polytropic
index and exhaust temperature calculations. Verification results show that the conver-
sion error of this method is within 2%. Based on the proposed performance prediction
method for non-similar operating conditions, the effects of varying inlet temperatures,
pressures, and natural gas compositions on compressor performance are investigated. It is
observed that an increase in inlet temperature results in a decrease in compressor power
and pressure ratio; an increase in inlet pressure leads to higher power consumption, while
the pressure ratio varies with the flow rate at the operating point; and as the average
molar mass of natural gas decreases, both the pressure ratio and power exhibit a certain
degree of reduction.

Keywords: compressor; energy consumption; performance curve; performance conversion;
polytropic exponent; component change; inlet condition

1. Introduction
Natural gas has become an important clean energy source due to its high energy den-

sity, clean combustion products, and abundant resource reserves [1,2]. With the increasing
demand for natural gas application and storage, natural gas energy storage technology has
developed rapidly. Due to its advantages such as safety and environmental friendliness,
large-scale underground natural gas storage reservoirs have become an important research
field [3,4]. Centrifugal compressors play a critical role in natural gas storage reservoirs,
as their performance directly impacts operational efficiency and safety [5]. The gas injec-
tion parameters of the storage reservoir, such as injection temperature and pressure, are
subject to continuous variation due to environmental factors, leading to fluctuations in
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the performance of centrifugal compressors. Furthermore, the composition of natural gas
within the reservoir evolves during the injection process, further influencing compressor
performance [6].

Inlet temperature and inlet pressure are important operating parameters of centrifugal
compressors. Different temperatures and pressures will cause changes in the performance
of the compressor [7]. Navarro studied the operating characteristics of the scroll compressor
under different temperatures and pressures to obtain the performance characteristics
within its entire operating range [8]. Sun studied the influence of rapid changes in inlet
temperature on the flow field of the axial flow compressor and explored the reasons for its
stall [9]. The gas injection period of the storage reservoir is often as long as several months.
During this period, the environmental temperature will continuously change over time
and the compressor inlet pressure will also fluctuate, resulting in continuous changes in
the operating conditions of the compressor during the gas injection period [10]. Therefore,
for compressors in the storage reservoir it is very important to study the influence of inlet
temperature and pressure changes.

The main component of natural gas in the storage reservoir is methane, and there will
also be small amounts of ethane, propane, air components, etc. The mole fractions of each
component will change during the gas injection period, causing changes in parameters
such as the compression factor, specific heat capacity, and viscosity of the mixed gas,
which further causes changes in the working capacity of the compressor [11,12]. Mahmood
studied the influence of natural gas components on the performance of reciprocating
compressors and found that the lower the molecular weight of the compressed natural gas,
the greater the power consumption [13].

To investigate the influence of the aforementioned factors on compressor performance,
a comparative analysis of the compressor’s performance under varying inlet pressures,
temperatures, and natural gas compositions is required. Thus, a similarity-based con-
version method must be employed to derive compressor performance curves under dif-
ferent conditions based on known performance curves. Common conversion methods
include fully similar performance curve conversion and partially similar performance curve
conversion [14–16]. Fully similar performance curve conversion relies on the principle
of similarity, assuming identical fluid properties, geometric similarity, and kinematic
states [17]. In contrast, the partially similar performance curve conversion method accounts
for discrepancies between actual operating conditions and design conditions, allowing
for performance curve adjustments within a certain range to accommodate different op-
erational scenarios [18–20]. In natural gas storage reservoirs, compressors operate under
partially similar conditions which are also subject to continuous variation [21]. Hence, the
partially similar conversion method is recommended for adapting existing compressor
performance curves.

This work studies the performance curve conversion method of centrifugal com-
pressors under incompletely similar conditions, analyzes the performance changes in the
compressors under variable components and variable inlet conditions through this method,
and presents appropriate operation strategies.

2. Methods
The performance conversion of centrifugal compressors is carried out based on the

principle of similarity theory. This method is the fundamental approach in the perfor-
mance analysis and prediction of centrifugal compressors. Through complete similarity
conversion, performance parameters under different working conditions can be uniformly
compared and predicted. The approximate similarity conversion method is used to con-
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vert the performance curve, and comparison is made through the complete similarity
conversion method.

2.1. Introduction to Similar Conversion Methods

Compressor performance conversion is carried out based on the similarity principle.
The basis of the similarity principle lies in the assumption that for two compressors or
the same compressor under different working conditions, their geometric dimensions are
the same (geometric similarity), their fluid dynamic characteristics are similar (dynamic
similarity), and their kinematic conditions are similar (kinematic similarity). Under these
conditions, there is a certain proportional relationship between the performance parameters
of the compressor [14].

The complete similarity conversion method is the most basic conversion method, and
the main conversion equations are as follows:

Flow conversion is shown in Equation (1):

qvin
∗ = qvin

√
R∗T∗

in√
RTin

(1)

where qvin* is the volume flow rate in the working condition to be determined, qvin is the
volume flow rate in the known performance curve, R* is the gas constant in the working
condition to be determined, R is the gas constant corresponding to the known performance
curve, T*in is the inlet temperature in the working condition to be determined, and Tin is
the inlet temperature in the known performance curve.

Rotational speed conversion is shown in Equation (2):

n∗ = n
√

R∗T∗
in√

RTin
(2)

where n* is the rotation speed in the working condition to be determined and n is the
rotation speed in the known performance curve.

Power conversion is shown in Equation (3):

P∗ = P
p∗in

√
R∗T∗

in

pin
√

RTin
(3)

where P* is the power in the working condition to be determined, P is the power in
the known performance curve, pin* is the inlet pressure in the working condition to be
determined, and pin is the inlet pressure in the known performance curve.

For the compressor performance curve near-similar conversion method there are two
types of situations: in the first situation the adiabatic indexes of the gases are equal and the
characteristic Mach numbers are not equal; in the second situation the adiabatic indexes of
the gases are not equal and the characteristic Mach numbers are not equal. For the natural
gas storage reservoir compressors, the natural gas components will change with time and
operating conditions, such as different natural gas sources, micro-chemical reactions, etc.
These changes will cause the adiabatic index of the gas to change [22].

Therefore, this paper adopts the second-type near-similar conversion method.
The basic conversion equation of the second-type approximate conversion method is

as follows:
Rotational speed conversion is shown in Equation (4):

n∗ = n

√
m∗

(m∗ − 1)
× m − 1

m
×

Z∗
inR∗T∗

in
ZinRTin

[(ε∗)(m
∗−1)/m − 1]

[ε(m−1)/m − 1]
(4)
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where m and m* are the polytropic exponents before and after conversion, respectively,
ε and ε* are the pressure ratios before and after conversion, respectively, and Zin and Zin*
are the compressibility factors of the gas under the compressor inlet conditions before and
after conversion, respectively.

Flow conversion is shown in Equation (5):

q∗vin = qvin
n∗

n

√√√√√√ [1 + 1
2 (ε

∗ m∗−1
m∗ − 1)]

1
m∗−1

[1 + 1
2 (ε

m−1
m − 1)]

1
m−1

(5)

Power conversion is shown in Equation (6):

P∗ = (
n∗

n
)

3
× Z × Tin × pin

∗

Z∗ × Tin
∗ × pin

× P (6)

The relationship of specific volume ratio is shown in Equation (7):

ε∗
1

m∗ = ε
1
m (7)

Assume that the compression process is a polytropic process, and the following
polytropic index calculation Equation (8) is obtained by combining the pressure ratio,
compression factor, and temperature change:

m =
ln ε

ln ε − ln( ZoutTout
ZinTin

)
(8)

where Zout is the gas compressibility factor under the compressor outlet conditions, and
Tout is the temperature under the compressor outlet conditions.

The pressure ratio relationship can be derived as shown in Equation (9):

ε∗ = ε
(Z∗

out/Z∗
in)(T

∗
out/T∗

in)

(Zout/Zin)(Tout/Tin)
(9)

where Zout* is the compression factor of the gas at the compressor outlet after conversion,
and Tout* is the compressor outlet temperature.

The above are the equations related to the second-class approximate similarity con-
version. In engineering applications, the following problems will be encountered: firstly,
this method includes rotational speed conversion, and the known performance curve can-
not be directly converted to the condition to be determined. Secondly, during the actual
conversion, the performance curve of the given condition is known, and the inlet pressure,
temperature, compressibility factor, and other parameters of the given condition can be
obtained. It is known that the conditions of the condition to be determined are the compres-
sor inlet pressure, temperature, compressibility factor, and some aerodynamic parameters.
If the performance conversion is to be carried out for the exhaust temperature of the known
condition and the condition to be determined, then the polytropic exponent and other
parameters should also be obtained. Therefore, in order to complete the performance
conversion, we must first establish the exhaust temperature calculation method and the
polytropic exponent calculation idea.

2.2. Conversion of Exhaust Temperature Curve

For the known working condition, the exhaust temperature is directly available by
looking up the exhaust temperature curve, and the corresponding exhaust temperature
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can be obtained by looking up the flow rate and rotational speed. For the condition to
be determined, in order to obtain the exhaust temperature in a certain working state, the
most efficient approach is to reference the exhaust temperature curve. Therefore, through
the conversion of the exhaust temperature curve, convert the exhaust temperature curve
of the known working condition to the condition to be determined and then the exhaust
temperature can be looked up.

The exhaust temperature is affected by many factors and is a function of the inlet
temperature, inlet pressure, outlet pressure, etc. As shown in Equation (10):

Tout = f (Tin, pin, pout) (10)

The compressor outlet pressure is a function of rotational speed and flow rate. This is
shown in Equation (11):

pout = g(n, q) (11)

Combining Equations (10) and (11), fit the exhaust temperature conversion equation
according to the exhaust temperature curves under several known operating conditions.
The fitting method is as follows: according to the known exhaust temperature curves under
several operating conditions, within the same flow range, the exhaust temperature curves
under the same rotation speed and different inlet conditions only have a vertical difference
and their shapes are exactly the same. Therefore, only the vertical translation amount needs
to be determined to complete the exhaust curve conversion. For two exhaust temperature
curves under the same rotation speed and different inlet conditions, construct a fitting
function. This is shown in Equation (12):

∆tout = a1 ∗ ∆pin + a2 ∗ ∆tin + a3 ∗ n + a4 (12)

where ∆tout is the difference in exhaust temperature under the same flow rate of the two
curves, ∆pin is the difference in inlet pressure, ∆tin is the difference in inlet temperature,
and n is the rotation speed. For the undetermined coefficient, substitute multiple groups
of known exhaust temperature data to obtain the exhaust temperature curve conversion,
which is shown as follows in Equation (13):

∆tout = ∆pin + ∆tin − 0.00113n + 5.043 (13)

Through this equation, the exhaust temperature curves of two known working con-
ditions are converted. Under the same pressure, the exhaust temperature curve with an
inlet temperature of 30 ◦C is converted to an inlet temperature of 0 ◦C. The result is shown
in Figure 1.

It can be seen that the exhaust temperature curves at the same rotation speed basically
coincide, the conversion result is relatively accurate, and the conversion error does not
exceed 0.5%. It is considered that this method can realize the conversion of the exhaust
temperature performance curve.

2.3. Calculation Methods for Compression Factor and Polytropic Exponent

For the gas with a given composition, its compression factor is only related to pressure
and temperature, and the compression factors Zin and Zout of the inlet and outlet gases
under known operating conditions can be obtained by querying gas parameters (such
as refprop) [23]. For the operating condition to be determined, given its inlet pressure
pin*, inlet temperature Tin*, assuming outlet pressure pout*, rotation speed n*, volume flow
rate qvin*, the pressure ratio ε* can be obtained from the pressure ratio equation, and the
outlet temperature tout* can be obtained from the exhaust temperature curve. Then, the gas
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compression factors Zin* and Zout* under the operating condition to be determined can be
obtained by querying gas parameters.

Figure 1. Verification of exhaust temperature curve conversion method. Black line: the curve at the inlet
temperature of 0 ◦C; blue line: the curve at the inlet temperature of 30 ◦C; red line: the curve obtained
by converting the blue line (30 ◦C) to the inlet temperature of 0 ◦C through the conversion method.

The polytropic exponent m under the known operating condition can be calculated by
the polytropic exponent calculation equation. Combining the relationship between pressure
ratio and specific volume ratio (Equation (7)) with the polytropic exponent calculation
equation (Equation (8)), the pressure ratio ε1 and polytropic exponent m under the operating
condition to be determined can be obtained.

2.4. Calculation Methods for Off-Design Performance Conversion

According to the basic equation of the second-type near-similarity conversion, a near-
similarity performance conversion method for practical application is proposed. Its basic
calculation process is as follows:

(1) Give the outlet pressure performance curve, power performance curve, and exhaust
temperature curve of a known operating condition. At the same time, give the inlet
temperature tin, inlet pressure pin, rotation speed n, and flow rate q of the operating
condition to be determined.

(2) Assume the outlet pressure pout, which satisfies pout > pin.
(3) Convert the exhaust temperature curve of the known operating condition to the

operating condition to be determined through the exhaust temperature conversion
equation fitted with the existing data.

(4) Look up the exhaust temperature tout of the operating condition to be determined on
the exhaust temperature curve through the given flow rate and rotation speed of the
operating condition to be determined.

(5) Calculate the outlet pressure of the known operating condition through the pressure
conversion equation and calculate the exhaust pressure of the known operating
condition through the temperature conversion equation.

(6) Look up the import and export compression factors Zin, Zout, Zin*, and Zout* of the
known operating condition and the operating condition to be determined in refprop
through temperature and pressure.

(7) Calculate the outlet pressure of the known operating condition again through the
pressure conversion equation and calculate the polytropic exponents m and m* of the
operating condition to be determined and the known operating condition through the
polytropic exponent calculation equation.
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(8) Calculate the rotation speed n* and flow rate qvin* of the known operating condition
through the rotation speed and flow rate conversion equations in (4) and (5).

(9) Look up the outlet pressure pout* through the flow rate and rotation speed in the outlet
pressure curve of the known operating condition.

(10) Calculate the outlet pressure pout1 of the operating condition to be determined
through the pressure conversion equation.

(11) If pout1 is much different from the initially assumed pout, then use pout1 as the
assumed outlet pressure to recalculate until the difference between the calculated
outlet pressure and the assumed outlet pressure is less than a certain value.

(12) At this time the calculated outlet pressure is the outlet pressure of the operating
condition to be determined, and the ratio of the outlet pressure to the inlet pressure is
the pressure ratio of the operating condition to be determined.

(13) Calculate the rotation speed n* and flow rate qvin* of the known operating condition
through the rotation speed and flow rate conversion equations, obtain the power P*
of the known operating condition through the power curve, and obtain the power P
of the operating condition to be determined through the power conversion equation.

The brief conversion process is as shown in Figure 2.

Figure 2. The performance curve conversion process.

Through the above methods performance conversion under specific operating condi-
tions can be realized, that is, knowing some aerodynamic parameters (such as flow rate
and rotation speed) under any inlet conditions, the remaining aerodynamic parameters
(such as pressure ratio and power) can be calculated. To draw the performance curve under
any operating condition, the rotation speed can be fixed, equal-interval flow rates can be
taken, and the pressure ratio and power can be calculated, and by connecting them in
sequence a performance curve at a certain rotation speed can be obtained. By repeating
the above operations at several rotation speeds, a complete performance curve diagram
can be obtained.

In order to achieve efficient batch calculation, we used Python 3.12 to write a program
for implementing the performance conversion function.
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2.5. Verify the Calculation Results

To verify the accuracy of the performance conversion method proposed in this paper,
four operating conditions with known performance curve data are selected and the basic
information is shown in Table 1.

Table 1. Verification of basic parameters for working conditions.

Operating Conditions Inlet Temperature/◦C Inlet Pressure/MPa

1 0 4.1
2 30 4.1
3 0 6.1
4 30 6.1

Respectively, convert the performance curve of operating condition 1 to operating condi-
tions 2, 3, and 4 through the second-type approximate similarity conversion method and the
complete similarity conversion method, and analyze the accuracy of the method in the cases
of variable temperature, variable pressure, and variable temperature–pressure conversion.

The result of variable temperature conversion (converting operating condition 1 to
operating condition 2) is shown in Figure 3. The black line is the performance curve
of operating condition 2, the red line is the performance curve of operating condition
2 obtained by converting the performance curve of operating condition 1 through the
complete similarity conversion method, and the blue line is the performance curve of
operating condition 2 obtained by converting the performance curve of operating condition
1 through the second-type approximate similarity conversion method. The conversion
errors of the pressure ratio and power of the method used in this paper are all within 0.7%,
so the conversion result can be considered good and is similar to the result of the similarity
conversion method.

 
(a)  (b) 

Figure 3. Temperature conversion. ((a) Power curve; (b) pressure ratio curve).

The result of variable pressure conversion (converting operating condition 1 to operat-
ing condition 3) is shown in Figure 4. The conversion errors of the pressure ratio and power
of the second-type approximate conversion are all within 0.3%, while the conversion errors
of the pressure ratio and power of the similarity conversion are close to 2%. Therefore,
for the variable pressure operating condition, the effect of the second-type approximate
conversion is significantly better than that of the similarity conversion.
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(a)  (b) 

Figure 4. Pressure conversion. ((a) Power curve; (b) pressure ratio curve).

The conversion results in the variable pressure and temperature situation (converting
operating condition 1 to operating condition 4) are shown in Figure 5. The results of
the second-type approximate conversion are basically the same as those of the similarity
conversion, and the conversion error of the pressure ratio is within 0.9% and that of the
power is within 2%.

   
(a)  (b) 

Figure 5. Conversion of pressure and temperature. ((a) Power curve; (b) pressure ratio curve).

Generally speaking, the conversion accuracy of the second-type approximate similarity
conversion method under variable pressure conditions is significantly higher than that
of the complete similarity conversion method, and the difference between the two is
not significant under other operating conditions. According to the conversion results in
different situations, the performance conversion method used in this paper demonstrates
clear advantages over the complete similarity conversion method.

In order to further verify the feasibility of the above method, some actual operation
data from a gas storage compressor are collected and compared with the data of the perfor-
mance curve obtained through conversion. The actual operation condition parameters are
shown in Table 2.
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Table 2. Actual operating data of gas storage compressor.

Operating
Conditions

Inlet
Pressure/MPa

Inlet
Temperature/◦C

Outlet
Pressure/MPa

Rotate
Speed/rpm

Volume Flow
Rate/103·m3·h−1

1 5.94 8.4 9.16 7523 281.9
2 6.82 9.5 10.64 7410 316.6
3 6.82 12.2 10.82 7645 337.4
4 6.94 14.8 11.59 8007 348.5
5 6.9 14.9 11.97 8238 346.8

Convert the performance curve of the gas storage compressor at 4.1 Mpa and 0 ◦C
to the inlet conditions in Table 2. Obtain the pressure ratio and power in each working
condition according to the rotation speed and flow rate and compare them with the actual
operating data. Define the pressure ratio error and power error as Equations (14) and (15),
which are as follows:

δε =
|εreal − εconv|

εreal
× 100% (14)

δP =
|Preal − Pconv|

Preal
× 100% (15)

where εreal and Preal are the actual pressure ratio and power, εconv and Pconv are the con-
verted pressure ratio and power, and δε and δP are the relative errors of the pressure ratio
and power. The results are shown in Table 3. The pressure ratio errors are all less than
0.6%, and the maximum power error is 2.3. It can be considered that this method can be
practically applied.

Table 3. The comparison between the conversion results and the operating data errors.

Operating
Conditions

Actual
Power/kW

Converted
Power/kW δP/% Actual Pressure

Ratio
Converted

Pressure Ratio δε/%

1 4667 4712 0.96 1.542 1.547 0.32
2 5167 5048 2.3 1.560 1.553 0.45
3 5625 5714 1.6 1.586 1.595 0.57
4 6417 6489 1.1 1.670 1.676 0.36
5 6917 6778 2.0 1.735 1.739 0.23

Analyze the sources of error as follows: (1) exhaust temperature calculation error;
(2) polytropic index calculation error; (3) conversion process error. The exhaust temperature
calculation error arises from the assumption that the specific heat ratio remains constant
during the compression process. In fact, the specific heat ratio varies with temperature.
This exhaust temperature error further leads to a polytropic index calculation error, which
ultimately results in errors in the pressure ratio and power. A 3% deviation in exhaust tem-
perature can cause approximately a 5% deviation in the polytropic index, thereby leading
to power and pressure ratio calculation errors of about 1.5%. In the conversion process,
convergence is determined using the absolute difference between the target parameters
before and after the iteration, as shown in Figure 2. The values of δ1, δ2, and δ3 affect the
speed and accuracy of the iteration. In this study, δ values are set to 1% of the assumed
parameters. Therefore, the maximum error in the conversion process is 1%.

3. Results and Discussion
Through the performance curve conversion method developed previously, the cen-

trifugal compressor pressure ratio curves and power curves under any inlet temperature,
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pressure, and working fluid composition can be obtained. By analyzing the performance
curves under variable operating and composition conditions, the influence on the centrifu-
gal compressor performance can be studied.

3.1. Research on Natural Gas Component Changes

The natural gas components in the gas storage reservoir will change with time and
operating conditions, such as different natural gas sources, micro-chemical reactions, etc.
These changes will cause the gas compressibility factor to change, which in turn will
cause the aerodynamic performance and working characteristics of the compressor to
change [11,24,25]. Studying the influence of natural gas component changes is crucial for
the calculation of operating parameters and the adjustment of process equipment such as
compressor units.

The actual natural gas components stored in a certain gas storage reservoir are shown
in Table 4 as follows:

Table 4. Actual natural gas components.

Component Molar Score/%

methane 91.42
ethane 4.93

propane 0.96
butane 0.41

C5
+ 0.24

nitrogen 1.63
carbon dioxide 0.12

oxygen 0.29

During the actual operation of the gas storage reservoir, its gas source is not fixed,
and the components of different types of natural gas vary greatly. For example, in NIST1
natural gas, methane accounts for approximately 92% and ethane accounts for only 3%; in
RG2 natural gas, methane accounts for approximately 73% and ethane accounts for as high
as 13%. Generally, the proportion of ethane in natural gas components does not exceed 10%,
so only the situation where the proportion of ethane is within 10% will be analyzed [26].

Figures 6a and 6b are the compressor pressure ratio curves and power curves for
different working fluid components under the same inlet conditions and the same rotational
speeds, respectively. Here, the actual working fluid components, pure natural gas, and
different methane–ethane ratios are selected for the study.

 
(a)  (b) 

Figure 6. Impact of natural gas component variation on compressorperformance. ((a) Power curve;
(b) pressure ratio curve).
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It can be seen that the change in gas components has a great impact on the compressor’s
performance. As the average molar mass of the gas decreases, the compressor pressure
ratio and power both decrease to a certain extent.

To further explore the influence mechanism of gas component changes on the com-
pressor performance, calculate the compression factors of components under different
molar masses, and select the working condition with a flow rate of 6000 m3/h for analysis,
as shown in Figure 7. As the average molar mass of the mixed gas increases, the com-
pression factor continuously decreases, and the gas is easier to compress, so the pressure
ratio increases.

Figure 7. The influence mechanism of component changes.

3.2. Research on the Change in Natural Gas Inlet Temperature

During the actual operation of the compressor, the inlet temperature will change with
the seasons. For example, from spring to autumn, the inlet temperature of the compressor
will gradually rise and then gradually fall. Research on the influence of inlet temperature
change on the compressor has an important role in compressor performance evaluation
and regulation [27,28]. Figures 8a and 8b are the compressor pressure ratio curves and
power curves at different inlet temperatures under the same inlet pressure and the same
rotational speed, respectively.

 
(a)  (b) 

Figure 8. Impact of import temperature changes on compressor performance. ((a) Power curve;
(b) pressure ratio curve).

It can be seen that when the compressor flow rate and rotational speed are constant, as
the inlet temperature increases, the compressor power and pressure ratio decrease. And as
the flow rate increases, the influence of the inlet temperature on the pressure ratio gradually
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decreases. Therefore, in the actual operation of the compressor, when the inlet temperature
increases, in order to maintain the stability of the flow rate and pressure ratio, it can be
achieved by increasing the rotational speed. For a gas storage compressor operating from
spring to autumn, if the daily flow rate is stable and the pressure ratio requirement is stable,
its rotation speed should be increased first and then decreased to cope with the impact of
temperature changes.

3.3. Research on the Change in Natural Gas Inlet Pressure

During the actual operation of the compressor the inlet pressure of the compressor will
change continuously over time, and the change in inlet pressure will have a certain impact
on the aerodynamic performance of the compressor [29]. By studying the performance
changes under different inlet pressures, the best operating conditions can be found to maxi-
mize the efficiency and output power of the compressor. At the same time, it also helps to
develop reasonable operation and maintenance strategies to avoid safety accidents caused
by pressure fluctuations. In addition, through in-depth research, customized compressor
design and operation schemes can be provided for different application scenarios to meet
diversified needs. Figure 9a is the performance curve of the compressor pressure ratio
under different pressures under the same temperature and rotational speed conditions, and
Figure 9b is the performance curve of the compressor power under different pressures.

   
(a)  (b) 

Figure 9. Impact of changes in import pressure on compressor performance. ((a) Power curve;
(b) pressure ratio curve).

It can be seen that when the compressor flow rate and rotational speed are constant,
as the inlet pressure increases, the compressor power increases, and the pressure ratio rises
in the low-flow area and falls in the high-flow area. Therefore, during the actual operation
of the compressor, when the inlet pressure increases, in order to maintain the stability of
the flow rate and pressure ratio, it can be accomplished by reducing the rotational speed.

4. Conclusions
This work proposes a performance curve conversion process for centrifugal compres-

sors under actual working conditions and writes programs to realize batch performance
conversion and performance curve drawing. Compared with the existing conversion meth-
ods, this method takes into account the calculation method of the polytropic exponent m
and designs the conversion method of the exhaust temperature curve. The feasibility of
the conversion is verified by existing data, which proves that the method is feasible and
has high precision. The pressure ratio conversion error is less than 0.9% and the power
conversion error is less than 2%. Moreover, the conversion accuracy is higher for working
conditions with variable pressure, and the conversion errors of pressure ratio and power
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are both less than 0.3%. Through this method, the centrifugal compressor can also be
calculated with variable temperatures, variable pressures, and variable compositions. We
study the variable operating conditions and components of the gas storage compressor
by this method. When the flow rate and rotation speed are constant, the increase in inlet
temperature will cause the decrease in compressor power and pressure ratio; the increase
in inlet pressure will cause the increase in power, and the pressure will change according to
the flow rate of the working condition point; and with the decrease in the average gas molar
mass, both the pressure ratio and power will decrease to a certain extent. Through the
research in this article, the performance of multi-stage centrifugal compressors in natural
gas storage reservoirs can be evaluated and optimized more accurately, thereby improving
the operation efficiency and safety of the storage reservoir.

This study also has certain limitations. The performance conversion method in this
study assumes that the specific heat ratio of the gas remains constant. However, the
specific heat ratio of the actual gas may vary under changing temperature and pressure
conditions. This method also assumes geometric similarity of the equipment, but in practice,
manufacturing errors or differences in surface roughness may exist, leading to dissimilar
flow conditions.
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