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Abstract. A isentropic experimental device was designed to verify the equation of 
isentropic process. The experimental data were analyzed to find out the causes of 
excessive data errors, and the improvement was made. The improved isentropic 
experimental device has stable performance, and the error is within a reasonable range. 
It can meet the experimental needs of thermal engineering courses in Colleges and 
universities. 

1.  Introduction 
The isentropic process is an important content of the thermal engineering course in Colleges and 
universities, and it is also a learning difficulty. In order to promote students to understand and master 
the concept of isentropic process, some colleges and universities have designed some isentropic 
experimental devices to assist theoretical teaching, enhance students' intuitive and perceptual 
understanding, and deepen students' understanding of knowledge points [1, 2].For the same purpose, the 
author designs a new type of isentropic experimental device, which has been tested and improved on 
this basis. The improved isentropic experimental device is easy to operate and can verify the equation 
of isentropic process more accurately without the need for students to have sophisticated operation skills. 
It has a wider applicability. 

2.  Principle 
If there is no heat exchange between the system and environment, this process is called adiabatic process. 
When the adiabatic process is reversible, the process is an isentropic process [3]. Thus 
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For ideal gas, the relation of entropy change in isentropic process is as follows 
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When the specific heat capacity is constant, the specific heat ratio γ is also constant. Therefore, the 
integral of the above formula can be expressed as 

 

tconspv tan                                                                (4) 
 

For ideal gases, the specific heat ratio is equal to the adiabatic index (isentropic index). 

3.  Initial experimental device and analysis of experimental results 
The initial experimental device we designed is shown in Fig. 1. The device consists of piston cylinder, 
gas valve, pipeline, gas cylinder, pressure transmitter and digital display meter. 

The specific experimental step is to fill the piston cylinder, pipeline and gas cylinder with air, change 
the piston motion state by controlling the rod, cause the change of air volume. Thus, the pressure value 
of the gas in the airtight space is changed, and the pressure information transmitted with the pressure 
transmitter is displayed by the digital display meter [4]. 

Record the initial volume V, initial pressure P and the corresponding volume and pressure Pi, Vi in 
the sealed space. Substitute them into the state equation of the constant entropy process of ideal gas and 
verify the equation of the constant entropy process. Record the initial volume V, initial pressure P in the 
airtight space. Then record the corresponding volume Vi and pressure Pi. Substitute them into the state 
equation of the isentropic process of ideal gas to verify the equation. 

 

 

Figure 1. Initial experimental device of isentropic process 
 

In order to realize the isentropic process, the experimental device needs to satisfy two conditions, 
one is adiabatic, and the other is reversible. The adiabatic process refers to the process that occurs 
without heat transfer between the system and the environment. In order to realize the adiabatic process, 
we can use the adiabatic material manufacturing system or the adiabatic material coating system. 
Compared with this expensive method, we can adopt a relatively simple measure, that is, to make the 
process go faster, so that the system can not have significant heat exchange with the environment. Such 
a process can be approximated as an adiabatic process. When we design the experimental device and 
the experimental process, we make the process of gas compression and expansion go faster and can be 
approximated as an adiabatic process [2]. 

The reversible process must be a quasi-static process without dissipation [3]. The piston in the 
experimental device has friction when expanding and compressing in the cylinder, but the friction loss 
is relatively small and can be ignored. The key is to realize the quasi-static process. According to [3], 
the thermodynamic system experiences a series of equilibrium states in the quasi-static process and 
deviates from the equilibrium state infinitely at each state change. This requires students to stretch or 
compress the piston of the cylinder as uniformly as possible to change the gas volume of the system. 
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Fig 2 and Fig 3 are P-V diagrams of gas compression and expansion with isentropic experimental 
device to verify the isentropic process equation. From the two diagrams, it can be seen that the variation 
trend of measured and theoretical values is the same whether in compression or expansion process. In 
the initial stage of the process, the relative error is small, but with the process going on, the error between 
the measured value and the theoretical value becomes larger and larger. At the end of the process, the 
relative error has exceeded 10%. 

By analyzing the isentropic experimental device, the possible factors causing errors are heat 
dissipation loss, friction loss and non-quasi-static process loss, in which the errors caused by heat 
dissipation loss and friction loss are relatively small, while the errors caused by non-quasi-static process 
loss are relatively large. The quasi-static process is composed of a series of equilibrium states, which 
deviate infinitesimally from the equilibrium state and quickly reach the next equilibrium state when the 
state changes. For the isentropic experimental device, the realization of quasi-static process requires that 
the experimenter can strictly control the piston to move at a uniform speed in the process of compression 
or expansion. In the actual experiment process, it is very difficult to achieve this artificially. With the 
process going on, the experimenter must exert more and more force on the piston rod in order to ensure 
the piston movement, which can not guarantee uniform speed at all. So the experimental error increases 
with the progress of the process. Moreover, the experimental error varies from person to person. The 
students with good operation skills can make the piston motion relatively uniform, and the experimental 
error is less than that of the students with ordinary experimental skills. 
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Figure 2. P-V chart of air isentropic compression process in initial experimental device 
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Figure 3. P-V chart of air isentropic expansion process in initial experimental device 
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4.  Improvement of experimental device and analysis of experimental results 
In view of the problems existing in the initial isentropic experimental device, we have improved the 
design. The redesigned experimental device is shown in Fig. 4. The device consists of industrial 
computer, stepping motor, screw slider, piston cylinder, gas cylinder, pressure transmitter, and control 
circuit and gas pipeline. The improved isentropic experimental device is driven by industrial computer 
through control circuit to rotate stepper motor. The piston is driven to move uniformly in the cylinder 
by the screw slider to complete the compression or expansion of the gas. The gas pressure of the system 
is collected by industrial computer through pressure transmitter in real time, and the gas volume change 
of the system can also be obtained in real time. 
 

 

Figure 4. Improved experimental device of isentropic process 
 

Fig .5 and Fig .6 are P-V diagrams of gas compression and expansion using improved isentropic 
experimental device to verify the isentropic process equation. 

From the two figures, it can be seen that the measured values are very close to the theoretical values, 
and the maximum error is only 3.8% for the improved isentropic experimental device, whether in 
compression or expansion process. This shows that we have correctly analyzed the causes of the 
excessive error of the initial isentropic experimental device and taken appropriate measures to improve 
it. Different students do not need specific operating skills, but can successfully complete the experiment 
under the simple guidance of the teacher. The experimental data are reasonable and the dispersion is 
very small. 
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Figure 5. P-V chart of air isentropic compression process in improved experimental device 
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Figure 6. P-V chart of air isentropic expansion process in improved experimental device 

5.  Conclusion 
The isentropic process is an ideal process. There are some irreversible factors in the actual process. It is 
inevitable that there are always errors between the experimental data of the actual process and the 
theoretical data of the isentropic process. The key is to analyze the role of these irreversible factors in 
the error, find out the main reasons and improve them. In this isentropic experimental device, the 
possible factors causing errors are heat dissipation loss, friction loss and non-quasi-static process loss. 
Among these losses, the errors caused by heat dissipation loss and friction loss are relatively small, 
while the errors caused by non-quasi-static process loss are relatively large. n this paper, stepping motor 
is used to drive the piston instead of manpower to drive the piston, so that the compression and expansion 
process is closer to quasi-static state, thus reducing the error from more than 10% to only 3.8%. Good 
experimental verification effect of isentropy is achieved. 
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