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Abstract—This article presents the study of cycle efficiency, exegetical efficiency net work and exergy
destroyed by components with the assistance of Power Cycle V.2.0 software, an academic program
focused on the practical development of the learning of the power cycles whose language was developed in
MATLAB. For the Brayton cycle case,the case studies were based on the behavior of the net work and the
efficiency of the cycle with respect to pressure variation at different temperatures, In the same way, the
exergy that destroys each component at different pressure ratios was studied, and finally, the exegetical
and cycle efficiency at various ratios of pressure and temperature at the turbine inlet was analyzed. From
these cases, it was obtained that the thermal efficiency increases as the pressure ratio and the temperature
of the turbine inlet increases. This efficiency improves by approximately 12% compared to the initial
conditions. On the other hand, a maximum net workload occurs when the pressure ratio is 10 and the
temperature is at 1500 K. In addition, the turbine and the compressor were the most energy-destroying
components in most cases.
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l. INTRODUCTION

In the operation of industrial processes, engineers are confronted with labor situations that require decision
making that requires the handling of fundamental concepts related to thermodynamics and its influential
laws[1]. The mastery of these concepts is not only required at an industrial level, but they are involved in many
activities that humanity carries out in its daily life, such as the use of transport means that involve the operation
of engines, and the residential use of energy that involves the generation in thermal power plants [2].

For this reason, it is necessary to operate thermal power generation plants, where the system does a net work
that is transformed in the generator. One of the power cycles that has been widely studied is the Brayton cycle,
given its benefits and competitive advantages in the area of aircraft propulsion and electric power generation
[3],[4],[5]. When it is used in aircraft propulsion, he gas turbine generates enough power to run both the
compressor and a small generator, which in turn runs the auxiliary equipment, where the high-speed exhaust
gases are responsible for producing the thrust needed to power the aircraft[6]. Gas turbines are also used as
stationary power plants that generate electricity as stand-alone units or in conjunction with steam power plants
on the high temperature side, where the exhaust gases from the gas turbines serve as a heat source for
steam[7],[8].

The Brayton cycle has been studied in detail by engineers with the objective of making them more efficient and
generating greater savings [9],[10],[11],[12]. Consequently, the analysis of exergy has also been the subject of
great discussion, disseminated in books on advanced thermodynamics for engineering[13],[14],[15]. This has
motivated the inclusion of academic software in these topics to be on the rise, which has led to positioning them
as essential tools for the development of learning processes in the current century[16], because they encourage
the student to a high degree to interdisciplinarity, they also promote cooperative learning, digital and audiovisual
literacy, develop information search and selection skills, improve expression and creativity skills, and also allow
them to visualize simulations[17].
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Similarly, with the help of the EES software, positive results were obtained in some thermodynamic case
studies, because this software allows the prediction of operating conditions at a maximum coupling ratio in a
Brayton cycle. However, this software has a limited accessibility, due to its added costs by its use and
licenses[18].

On the other hand, a program called cycles 2005 was developed using the language Visual Basic 6.0 ®, offering
user-friendly and intuitive screens, which facilitates the use of the program for users with low computer
knowledge. However, despite the benefits offered by the above program, it is only available for the study of
basic Rankine cycles, with overheating, overheating and regeneration cycles, not considering the more complex
cycles[19].

For this reason, the main contribution of this article is to present for the Brayton open cycle the results obtained
through the use of a software developed in power cycles, which is completely free and can be used without any
restrictions, allowing to calculate the net work, cycle efficiency, exergy destroyed and exegetical efficiency
according to the variation of pressure ratio at different temperatures at the turbine inlet.

1. METHODOLOGY

For the development of these case studies, the Power Cycle V.2.0 software, a program created by students and
professors of Universidad del Atlantico, was indispensable to speed up the thermodynamic calculations,
achieving a faster thermodynamic analysis.This program was created with a language in MATLAB, is suitable
for any operating system and has a user-friendly interface. For the Brayton cycle, the software is programmed in
such a way that the user enters input data, resultingthe properties for each state, and also the efficiency of the
cycle.

2.1. Fundamental equations

In order to carry out the case studies, it was necessary to program several equations (1-12) such as exergetic and
energetic analysis, etc. As shown in Table I, these equations were deduced under the following considerations:
stationary state, potential energies and kinetics negligible, the boundary does not perform work and is the same
mass flow.

TABLE I. Energy and Exergy balance by components

Component Energy Exergy Balance Efficiency
Balance
Compressor W, Xgest = Wene — [Rz — hy _hys—hy ©)
= (hz, —To(s; — 51 T her— 1y
—hy) (1) — RIn(P;/P4)] (5)
Combustion  Q;, Xgest = (1 = To/T)Qens
Chamber = (hs — (hs — h,
- th) (Z) - To(.$:3 - Sl)) (6)
Turbine W, Xgest = [h3 — hy h; — hy,
. . =—-(10
= (hg - T0(53 — 84 n h3 - h4_s ( )
—hyy) (3) —RIn(P3/P4)] = Wsa (7)
Cycle thermalefficiency|n e, = QWL“’ (11)
entrada

Efficiency of second law 1, = Tﬂ (12)

1. RESULTS AND DISCUSSION

For the analysis of this cycle, three case studies were taken into consideration and with the help pf the software
and the data obtained were plotted for a better understanding.

3.1 Energy by work behavior and cycle efficiency at different pressure ratios.

The initial conditions in the Brayton cycle to study the influence of pressure ratio change (P,/P;) at different
temperatures T (K), in the efficiency ratio of cycle and net work were given as follows. The compressor inlet
temperature is 300 K, the pressure ratio initially is 6, the temperature inlet the turbine is 1000 K and the turbine
and compressor efficiencies are 85% and 80% respectively. Measures were taken when the pressure ratio varies
a unit in the interval [6, 15] at different T5 [1000 K, 1300 K,1500 K], obtaining results as shown in the Figure 1.
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Fig 1 Variation of net work and efficiency at different pressure and temperature ratios

In the results obtained, it can be noted that the net work and efficiency decrease as the pressure ratio increases,
when the temperature at which it is analyzed is 1000 K, this reduction is reflected in 8.5% with respect to the
initial conditions. When the temperature of state 3 increases, so does the net work and efficiency to a maximum
point and then decreases, making the cycle more efficient by about 12%.

3.2. Exergy destruction by components
In order to analyze the amount of exergy that is destroyed in each of the components of the cycle (turbine,
compressor and combustion chamber), temperature 3 was variedbetween 1000 K to 1500 K, increasing the

pressure ratio by one unit in the interval [6, 15]. Similarly, the initial conditions mentioned above were
followed.Figure 2 shows the behavior of the exergy destroyed in each component.
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Fig 2. Exergy destroyed by components at 100°K temperature
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It can be appreciated that the turbine is the component which destroys most exergy in the cycle from the
pressure ratio of 7, before this the compressor is the one that destroys 46,46%, however, the difference between
it and the turbine is insignificant, which is explained because of the large difference in enthalpy and entropy
between the inlet and outlet of the turbine. From the data collected by the case study when the inlet turbine
temperature is1300°K, the exergy destroyed by components is shown in Figure 3.
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Fig 3 Exergy destroyed by components at 1300°K temperature

When temperature 3 is 1300°K, the turbine keeps being the component with most influence in the destruction of
exergy. The compressor destroys more exergy (40,29%) when the pressure ratio is6, the turbine is the one
leading the exergy destruction.When the analysis temperature is 1500°K, there results obtained are shown in

Figure 4.
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Fig 4 Exergy destroyed by components at 1500°K temperature.
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From the previous results, it can be noticed that the turbine destroys more exergy in most cases. At the ratio of
6, the compressor destroys 0.79% more exergy than the turbine and from ratio 7 the turbine generates more
destruction of exergy. The most exergy destroyed is reflected in the pressure ratio of 15 with a 2,18% of total
exergy destroyed.

3.3. Behavior of the efficiency of the cycle and of the second law at different pressure ratios

In order to analyze this case, the pressure ratio has been varied within the range [6, 15] at different temperatures
3 [1000°K, 1300°K, 1500°K] and the influence in the efficiency of the cycle, based on thethermodynamic
second law, obtaining the results shown in Figure 5.
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Fig 5. Variation of cycle and second law efficiencies at different pressure and temperature ratios.

From the results obtained, a different behavior for temperature efficiencies of 100 K with respect to others
temperatures can be inferred. While the efficiencies increase proportionally with the increase of pressure ratios
between 1330 K and 1500 K, the opposite occurs for temperatures of 100 K, as the pressure ratio increases the
thermal and second law efficiency decrease to 8,55% and 12,23% respectively, compared to the initial
conditions. When the temperature 3 is 1300K and the pressure ratio is 15, the thermal and second law efficiency
increases by 3,6783% and 4,7818% according to the pressure ratio of 6. Also, if the inlet temperature in the
turbine is 1500 K, the thermal efficiency increases by 6.098% and the second-grade increases by 7,623%
comparing the data between pressure ratio 6 and 15.

V. CONCLUSIONS

Doubtless, the software during the student learning process is an essential tool for his training, achieving a better
understanding by getting results faster and because of this it could be studied the first and second law of the
thermodynamics for the Brayton cycle getting important result for those who operates or are involved in this
subject.

If the outlet temperature is higher in the combustion chamber and its pressure ratio is maximum, the cycle
efficiency is better. This could be 12% more efficient compared to the initial conditions. On the other hand, its
efficiency will decrease if the outlet temperature is lower and its pressure ratio increases; this decrease by
approximately 10%. In addition, a maximum net work is observed when the pressure s 10 and the inlet turbine
temperature is 1500 K.

On the other hand, the turbine is the component that destroys more exergy in 90% of the cases. The next one is
the compressor, becoming along whit the turbine the most influential in the destruction of the useful work
potential. These ones, destroys between the 70% and 90% of the cycle exergy. Finally, the second-grade
efficiency showed the same behavior than the cycle, being until 12% more efficient if the pressure ratio and the
combustion chamber outlet temperature were increased.It should be noted that the data provided above can be
obtained in other ways and are not exempt from future improvements.
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