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Abstract

Original scientific paper
In this paper, a two-dimensional computational fluid dynamics (CFD) study of turbofan engine is presented using (ANSYS) Fluent
Program, the Navier—Stokes equations is used for analysis, including a two-dimensional and symmetrical drawing of both the combustion
chamber and in a 1.5 stage axial flow turbine. A General Electric (GE)-90 turbofan engine nacelle was used with National Advisory
Committee Of Aeronautics (NACA) 63-412 type blades were used for the analysis of the flow on the turbine blades. Combustion chamber
simulations were carried out using a previous study. The computational results were compared with other studies on the exergetic analysis
of a GE-21 turbojet engine. The GE-21 engine had a combustion chamber temperature of 2900 K, while the GE-90 engine had a temperature
of around 2706 K. The previous study considered the velocity of fluid flow to be 200 m/s, whereas the velocity of flow in this study was
209 m/s as determined in the part of analysis and result.
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BIR UGAK TURBOFAN MOTORUNUN YANMA SURECI VE TURBIN UZERINE ETKISININ
HAD ANALIZ

Ozet

Orijinal bilimsel makale
Bu makalede, ANSYS Fluent Progranmu kullanilarak, hem yanma odasinin hem de 1.5 kademeli eksenel akis tiirbininin iki boyutlu ve
simetrik ¢izimini igeren turbofan motorunun iki boyutlu hesaplamali akiskanlar dinamigi (HAD) c¢alismasi sunulmaktadir. Tiirbin
kanatlarindaki akigin analizi igin NACA 63-412 tipi kanatli GE-90 turbofan motor nasel kullanilmistir. Yanma odasi simiilasyonlari, 6nceki
bir ¢alisma kullanilarak gergeklestirilmistir. Hesaplama sonuglari, bir GE-21 turbojet motorunun ekserjetik analizine iliskin diger
calismalarla karsilastirildi. GE-21 motorunun yanma odasi sicakligr 2900 K, GE-90 motorunun sicakligi ise 2706 K civarindaydi. Onceki
galigmada, sivi akis hiz1 200 m/s olarak diisiiniilmiis, oysaki son ¢alismada sivi akig hizt 209 m/s olarak tespit edilmistir.

Anahtar Kelimeler: Tirbin kanadi, HAD, yanma odasi, ANSYS.

1 Introduction The turbine inlet temperature can be increased to
achieve peak cycle efficiency, and lower specific fuel

In recent years many computational and experimental consumption [1]. Thus, to achieve the highest possible

studies have been conducted in order to obtain the best
efficiency for turbine engines with comparing its size and
lightness, as well as the high percentage of energy that it
produces.

The compressor, combustion chamber and turbine
blades are the most important components of a turbojet
engine and therefore most research focuses on the flow
structures of the compressor exit, the outlet temperature
field of the combustion chamber and the flow and thermal
field around the turbine blades.
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turbine inlet temperature, accurate knowledge of turbine
blade temperatures is required, as frequent excursions
beyond the design limits of the blades can significantly
reduce service life [2,3].

Gao et al. adopted a variety of methods to reduce the
effects of reflected radiation during radiation temperature
measurement, determining the value of reflection using
the angular radiation factor depending on the position of
the turbine blade and the temperature of the adjacent blade
by simplifying the blade shapes in two dimensions [4].
Because of the interaction of the blade rows, However,
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these analyses are limited by the lack of flow physics as
these analyses take place in a very complex rotating
machine. The emphasis is placed on the interaction of
vortices from the upstream rotor passage with the
downstream stator because it causes the nozzle wake
velocity defect at the suction surface of the rotor blade [5].
The thermal behavior of the rotor and the flow field are
affected when the secondary flow changes downstream of
low aspect ratio turbine stages. Based on previous
research, a new study published by a group of Indian
researchers showed the ideal distances and angles between
stator and rotor. Therefore, the distances in this research
were relied on this study in order to obtain the best results
the ideal angle of burners was 80 degrees, resulting in
significant benefits such as lower NOx and CO emissions
and overall high combustion efficiency, so this result were
relied on this study to obtain better result.

2 Material Method

In this paper ANSYS Fluent Program were used based
on the finite element method. The Navier—Stokes
equations is used for its ability to solve CFD analysis
explicitly which includes a k-e¢ solver [6-7]. The
simulation uses the hybrid solver, which employs an
implicit pressure-correction scheme. The SIMPLE
algorithm was used to couple the pressure and velocity
field [8]. The pressure and temperature data of the
combustion chamber obtained from the previous study
were used as the initial simulation conditions. The
absolute criteria were 1e-6 in the monitors residual [9].
The grids of the computation domain (flow and structure)

were created using Solidworks Program. The geometries
for conjugated analysis of internal and external heat
transfer are shown in Figure. 1-2-3 [10]. The number of
meshes needed to calculate the Combustion chamber,
Turbine blade is approximately 0.82 million and 0.41
million, respectively as shown in Figure. 4-5. The latter
was used to simulate:

1 Kerosene fuel combustion process at combustion
chamber.
2  fluid flow and loads on 1.5 stage of turbine blade [11].

The simulations were interdependent on the basis the
previous results of combustion process provided data of
pressure and temperature distribution, in order to attain
physically justified results using CFD analysis.

For the non-premixed burner, a 2D turbulent flow
model is used. The non-premixed model solves the
transport equation for one or two conserved scalars and
the mixture fractions using a modeling approach. There
are a variety of chemical species, including radicals and
intermediates [12].

The main equations of the gaseous phase model are
continuity, the momentum conservation equation, the
energy conservation equation, and the chemical
component conservation equation.

The computational domain is composed of the
combustion chamber and turbine, starting from the
compressor's stator exit and ending at the turbine exit [13].

The temperature, pressure and the mass flow rate of
fuel and combustion chamber inlet (which is same as in
the experiment) is as tabulated below.

Table 1. Properties of initial data.

Flow Temperature [K] Pressure [kPa] Mass flow rate [kgs—1]
Combustion chamber inlet 625.7 1118.2 145
Combustion chamber fuel input 353 2757 0.4
Turbine inlet 1700 2138.8 14.9

In the analysis process meshing of the gas turbine
blade is done using finite element analysis. The meshing
information of Combustion chamber and turbine blade are
shown in Table 2.

In this study, a tetrahedral mesh was chosen, which
has the benefit of being able to well approximate the
surface contour, to get good results [14]

Table 2. Mesh modeling data.

Parameter / Domain Combustion chamber Turbine
Meshing method Triangles Triangles
Total elements 414083
Total nodes 245334

The distance between stator and rotor is given Xs
Axial spacing =25% depending on previous research as
viewed at Figure 3 [11]. The front, side, elevation and
isometric projections of the GE90 engine are shown in
Figure 1.

The side projection of the combustion chamber
section and nacelle without turbine section are shown in
Figure 2.

The side projection of the turbine blade section for 1.5
stage of (rotor-stator-rotor) and nacelle are shown in
Figure 3 [11].

The combustion chamber section and nacelle after
mesh process are shown in Figure 4. The mesh process
was concentrated at the fuel outlet and nozzle in order to
obtain better results in the CFD process. [15].

The Turbine blade section for 1.5 stage of (rotor-
stator-rotor) after mesh process are shown in Figure 5. The
mesh process was applied equally to all parts of the
turbine in order to obtain better result in the CFD process.
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Figure 1. Design of engine nacelle model.
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Figure 3. Information about simulation conditions for 1.5
stage turbine blade.
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Figure 2. Information about simulation conditions for combustion chamber.
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Figure 5. Mesh for turbine blade.

3 Analysis and Result

It's clear that the continuity equation, the energy
preservation equation and the momentum conservation
equation are the basic equations of the phase of gaseous
models. Figure 6 shows the temperature contours of
kerosene and oxygen mixture inside a combustion
chamber. The high temperature zones are completed faster
because kerosene fuel provides the processes of fuel
combustion. Because of the progressive evaporation and
burning of the used fuel within the combustion chamber
in predetermined streams in causes the flame
concentration to rise as the fuel amount rises. Moreover,
it is known that the peak temperatures of the burning fuel
inside the combustion chamber are in the range of 2200-
2700 K, and for our model it can be seen that the peak
temperatures in the cross-section's length of the
combustion chamber are in the range of 1200-2000 K.

It is important to remember that the formula
determines the coefficient of the average temperature filed
non-uniformity.

5 — Tmax—Tmin [16] (1)

Tav

Figure 6. The temperature contour distribution after burning.

Figure 7 shows the distribution of the masses of
oxygen and carbon dioxide in the cross-section of the
combustion chamber along specific paths. The high
amount of oxygen can be observed in local areas located
behind the outer swirler, and the proportion of carbon
dioxide in the outer swirler has increased in because of the
burning fuel.
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Figure 7. The mass fraction of CO2 and O2.

The pressure distribution in the blade pitch diameter
portion at different flow rates is shown in Figure 8. The
outcomes of the numerical simulation demonstrate that,
regardless of the flow rate, the pressure gradient variation
trend in the calculation domain is practically the same.
High temperature working fluid arrives from the inlet
section and flows through the stator blade, as seen by the
image of the pressure distribution cloud. As a result of
leaving the rotor blade runner, the working fluid's pressure
becomes lowers. The rotor blade's working face is under
intense pressure, while the non-working face is under
minimal strain. The pressure gradient increases as a result
of the uneven flow of the working fluid when it enters the
rotor blade runner. As soon as the high temperature
working fluid exits the stator blade, it rapidly expands.
Because the energy loss is lower in accelerated gases flow,
the numerical simulation results demonstrate that the
working fluid accelerates as it leaves the rotor blade
runner. [17].
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Figure 8. The Pressure for turbine blade.

The flowing fluid flows between the stator blades
(stational blades) and the rotor blades (rotation blades).
The stator and rotor pitch diameters of the gas turbine are
depicted in Figure 9 together with the velocity distribution
of the flow field. As seen in the model given in Figure 9,
the working fluid enters the stator blade at high
temperatures and low velocity. Meanwhile, the carbon
particles collide with the fins together with the work fluid.
The high velocity working fluid coming out of the stator
blade hits the rotor blade, and then some of the working
fluids entering the rotor blade runner hit the rotor blades
at low speeds. The first blades from the left are stator
blades, this stage is called the impulse stage and all the
pressure drop in stational blades takes place at this stage,
the pressure remains constant in the flow through the

blades. The middle fins are rotor blades, when there is a
pressure drop across the stator and rotor blades in the
reaction stage, leakage occurs at the tips of the blades, but
it is observed in the model that the leaks at the blade tips
are controlled.

Figure 9. The Velocity for turbine blade.

The distribution of carbon particles in the rotor blade
under various flow rate conditions is shown in Figure 10.
The carbon particles collide with the rotor blades due to
the separate or combined effects of working fluid the
turbulence of the high temperature, the inertia forces, the
thermophoresis forces, and other factors and the carbon
particles flow over the stator blades together with the high
temperature working fluid. As highlighted also by G.Liu
et al. [18]. the working fluid accelerates with the
movement of the stator blade and hits the rotor blade at
high velocity but some of the carbon particles by enter the
rotor blades runner hit the rotor blades at low speeds and
move away from the rotor blades at high velocity with
together the high temperature working fluid. It can be
observed that the working fluid velocity gradually
increases and moves towards higher radius depending on
the increase in tangential velocity between turbine stages.

Figure 10. The Streamline for turbine blade.

4 Conclusion

Combustion occurs mostly before the gas reaches the
stator's leading edge. Along the stator channel, the hot
gases mix with the main flow. The flow variables for
steady cases are noted, such as velocity and pressure
profiles. Under steady flow conditions, the pressure
distribution along the blade passage shows a high pressure
over the first blade surface and decreases towards the
outlet. At the inlet of each rotor stage, a highly uniform
temperature distribution is achieved.
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The pressure and velocity behaviors of the working
fluids flowing between the stator and rotor blades of the
gas turbine were investigated with the numerical analysis.
The results obtained here will lead to. After the working
fluid enters the stator blades, the pressure of the fluid turns
into kinetic energy and does work by striking the rotor
blades. At the same time, the carbon particles in the
working fluid will increase the wear due to impact. The
greatest pressure occurred on the inner surface of the
stator blade. In the numerical analysis results, it is seen
that there is a significant acceleration when the work fluid
flows from the rotor blades and the work fluid at high
temperature starts at low velocity. The high temperature
working fluid entering the stator expands by converting its
heat and pressure energy into kinetic energy.
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