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Abstract: The present distribution examines the effects of nozzle diameter, inlet mass rate, and
channel geometry on the fuel distribution in annular combustion chambers of micro gas turbines,
taking into account the importance of more uniform fuel distribution in the nozzles connected to
the fuel supply channels. A comparison has been made between the numerically calculated pressure
drop between the inlet and outlet of the fuel supply nozzle and the experimental value obtained.
All fuel supply nozzles with a diameter of 500 micrometers are considered for the micro gas turbine.
A more uniform distribution results in better combustion and higher efficiency. A geometrical
change in the design of the fuel supply nozzle improved the uniformity of the flow distribution
without increasing the pressure drop.
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1. Introduction

A gas turbine's combustion chamber is one of its main components; in this chamber, fuel is
burned with air coming from the compressor, its chemical energy is released, and it is converted into
thermodynamic energy that can generate power. As a result, the performance of the turbine is directly
affected by the combustion chamber [1]-[5]. Fuel is injected into small pipes under inadequate
pressure [6][7]. There is a variation in the mass flow of fuel within the rods according to their position,
and the number of pipes connected to the main channel also plays an important role in determining
the mass flow, in large samples, there are usually between 18 and 30 pipes connecting the channel to
the rods [8]. It is an extremely difficult task to design and construct this type of combustion chamber,
but their efficiency is higher as the same gas pressure is present in all places and they occupy less
space than similar types. This combustion chamber requires a great deal of maintenance [9].
Combustion processes, turbulence, heat transfer, phase changes, and mass transfer are all factors that
affect the fluid flow inside the combustion chamber. Therefore, the flow field inside the chamber
must be accurately modeled in order to obtain an accurate and correct understanding of the flow
field. In view of the complexity of the flow field, it is only possible to obtain a comprehensive
understanding of the flow field using advanced numerical methods in three dimensions [10]. There
are two tubes in this combustion chamber, one inserted inside the other and connected from one side
to the other. On the other side of the turbine, you will reach the turbine. This type of engine requires
a large amount of fuel input and can be used for a wide range of purposes. Jet engines with a
combustion chamber of a particular type require a certain number of input fuels. There is a
combustion chamber located between the inner and outer tubes of the reactor. Combustion chambers
of this type are used in most turbojets and jet engines and are used in most airplane jet engines
nowadays [11]. The purpose of this study was to determine the optimal geometry of the fuel supply
channel of a micro 500W gas turbine by investigating the flow distribution of the fuel supply nozzle.
To investigate the effects of channel geometrical deformation and inlet mass rate on the fuel supply
nozzle flow distribution, it is essential to conduct a comprehensive numerical simulation. The
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numerical results obtained from this simulation are validated by comparing them with the
experimental results, which are very closely aligned with the experimental results, and the optimal
geometry is also determined. In order to estimate the energy consumption of the pump to supply
fuel, the pressure drop between the inlet and outlet is measured. The geometry of the fuel supply
channel is presented in both square and circular shapes in order to provide uniform flow distribution
with the least amount of pressure loss. A circular tube is used to form the flame in this combustion
chamber. During operation, the diffuser is on one side of the opening, while the gas guiding blades
are on the other side. This annular tube is enclosed by an outer shell, and cool air (which makes up
60 to 75% of compressor air) enters this cylindrical tubing through the holes in the ring tube.

2. Problem formulation

Because in this case, the cross-section is rectangular, the hydraulic diameter is calculated as
equation (1):

D>
A== =1 @
=2 @

where D The diameter of the nozzle and H the length of the side of the cross section are square. Also,
the average speed can be obtained using equation (3):
Mi_(i+1)
u=——~= 3
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Where m is mass flow rate and p is the density of the fluid (ethanol). Equation (4) shows the pressure
difference at the inlet and outlet [12], [13].
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where P the static pressure,f Friction coefficient andL will be the length of the channel. Also, the
friction coefficient can be calculated as equation (5):

fRe =
2 1
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0.00128Re + 0.1143Re?08° 4000 < Re < 107

where Re Reynolds number and L* effective length is obtained from equation (6) [14], [15]:
* — L
L=/ (DRe) (6)

This value for the case of a square cross-section is equal to:

fRe = 14.2 (7)

And for the circular cross-section equal to:

fRe =16 8)

3. Modeling
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In this article, numerical simulations are performed using ANSYS FLUENT, a software program
that is based on the finite volume method. As shown in the figure below, the problem geometry
consists of a fuel supply channel with a diameter of 2.257 mm, one inlet pipe, and twelve outlet pipes.
An inlet pipe has an inner diameter of 1 mm and a length of 60 mm, while the outlet pipe has an inner
diameter of 1 mm and a length of 15 mm. Two types of channels have been investigated in this paper:
square channels and circular channels. It is important that both cross-sectional areas are equal to four
square millimeters in order to calculate the effects of geometry on the flow rate and other flow
parameters. Fuel is not uniformly distributed to each nozzle at the nozzle near the fuel supply line,
so the mass flow coming out of the nozzle near the fuel supply line is much higher than the mass
flow at the nozzle far from the fuel supply line. It is assumed that the flow is uniform, three-
dimensional, and has an inlet flow rate of 30 g/min.

When the resistance to flow is much greater for the nozzles than for the channel, the fuel is
distributed equally to each nozzle, indicating that the channel's width should have a much greater
cross-sectional area than the nozzles [16]. A key parameter in fuel flow distribution in a channel is
the diameter of each nozzle, and to validate the data, the channel geometry is assumed to be square
and the nozzles are drawn in two diameters of 128 and 344 micrometers (Figure 1 (a)), with the
diameter of each nozzle equal to the other in each sample. The lack of liquid flow requires the use of
continuity equations and momentum equations, which require continuity assumptions that are
violated when the size of the liquid is less than 50 micrometers. ] 7 and 8 [. Due to the simulation sizes
exceeding 50 m and the slow flow, numerical simulations are conducted based on Navier-Stokes
equations [17]. The continuity assumptions are still valid during the numerical simulation process.
The input and output boundary conditions assume that mass flow rate and atmospheric pressure
remain constant and that the grid applied is triangular and its number is 612530. We assume that the
external environment is at a constant pressure and we ignore any pressure drop that may occur as a
result of changes in the flow direction in the channel and nozzles.

Based on an analysis to equalize the mass rate, six types of calculations have been carried out to
model the micro gas turbine illustrated in Figure 1. For the final step, the best network has been
selected for the assessment of the independence test from the network. The effect of the number of
grids on the turbine performance is examined in this model using an unstructured meshing approach
with tetrahedral cells. From grid 4 onward, the mass rate ratios have been unchanged based on the
results shown in Figure 1 (b). Because of the weak type of meshing, meshing 1 to 4 differs significantly
from the experimental result. According to Figure 1 (c), the unstructured meshing for channels and
nozzles is composed of 612530 cells, with a minimum mesh quality of 0.34.
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Figure 1. (a) Schematic view of the geometry of the problem, (b) independence test from square
geometry network, and (c) a view of the grid of square geometry.

4. Results

It is believed that changes in pressure and fluid momentum in the channel influence the flow
distribution from the channel to the fuel nozzles. In order to solve the problem of flow distribution,
it is necessary to determine the pressure in the channel that connects each nozzle. Based on Table (1),
values obtained from the square mode were compared with experimental values obtained from a
similar sample from the reference article [ 1 ], with a flow rate of 30 g/min and two different nozzle
diameters of 128 and 344 micrometers, which were in good agreement. The equalization diagrams in
Figures (2) and (3) show an average error of less than 3% between the numerical solution results and
experimental results. The numerical solution therefore represents an approximate match of the
experimental data with the results of the numerical solution. As it is clear from the graphs in Figure
2 and Figure 3, the difference between the experimental results in the case where the nozzle diameter
is considered to be larger will be much less than in the case where the nozzle diameter is small.

As shown in Figure 3, the contour of static pressure and speed can be seen. Based on the static
pressure contour (Figure 3), it can be concluded that the pressure at the inlet of the micro gas turbine
tubes is significantly higher than the pressure from the inlet to the outlet tube. There will be a slight
difference in the distribution of pressure in the outlet pipes, so that the pressure in the outlet pipes
closest to the inlet pipe will be higher than in the pipes farther away. It is also evident from the speed
contour that this is of great importance. In the inlet pipe, the speed is greater, while it will be very
low in the distant pipes.

Table 1. Numerical simulation results in two different micro gas turbine cases.

Nozzle Inlet Reynolds number
. mass flow . .
Case | diameter, Late Inlet pipe to Outlet pipes from Simulation type
(um) 4 Channel
M (g/min) the canal the channel
1 128 30 428-42 21-214 27-278 Numerical
2 344 30 428-42 21-214 10-104 Numerical
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Figure 2. Comparing the results of the numerical solution with the experimental data in two cases of
nozzle diameter 128 (a) and 344 (b) micrometers.
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Figure 3. Static pressure (a) and velocity (a) contours of a micro gas turbine with a square cross-
section.

The uniformity of the output pressure from the micro gas turbine nozzle is one of the most
important aspects of fueling in the combustion chamber. According to the mentioned plan, there was
a slight difference in the output pressure, and to resolve this problem, we aimed to equalize the
output pressure from 12 pipes so that the fuel could be distributed as efficiently as possible. As a
result, instead of using a square cross-section surface, a circular one has been used, and its geometry
and grid can be seen in Figure 3. In Figure 4, the results of the network independence test are shown
to verify the correctness of the network. Grids of this type will be similar to those shown in Figure 3.
In this analysis, 787880 elements will be considered, with a quality of at least 0.31.
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Figure 4. A view of the meshing of the geometry of the circular section.
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Figure 5. Independence test results from circular cross-section geometry network.

A graph showing the output mass rate from the outlets on the nozzles. A nozzle with a diameter
of 128 micrometers is shown in Figure 6, while a nozzle with a diameter of 344 micrometers is shown
in Figure 6 on the left side. It can be seen that the micro-distribution of mass flow rate at the outlet of
the gas turbine nozzle is improved by the circular shape of the nozzle, as compared to the square
cross-section. However, this difference is much smaller when the nozzle is 344 micrometers in
diameter. In Figure 7, you can also see the contours of pressure and velocity associated with the
circular mode. The distribution of pressure in this case is much more uniform than the distribution
in Figure 3, and the pressure ratio at the outlet for all 12 outlet nozzles is very close to that in Figure
3. The speed contour shown on the left side of Figure (9) demonstrates this result, which is consistent
in all cases.
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Figure 6. Comparison of the results of the mass flow rate in the outlets in two cases of square (a) and
circular cross (b) section.
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Figure 7. Contour of static pressure (a) and speed (b) of micro gas turbine with circular cross-

section.

5. Conclusion

The use of computational fluid dynamics can be used to predict fuel supply performance in a
micro gas turbine. Additionally, the numerical solution corresponds well with the experimental data,
and the results obtained from the numerical solution are accurate. Using simulated samples with
circular and square sections, we compare the contours and the numerical results. Accordingly, the
difference in speed and pressure drop between the nozzle close to the fuel entry line and the farthest
nozzle in the circular sample is less than in the other nozzle. In Micro gas turbines, with annular
combustion chambers and circular channels, combustion is more complete and the cost and
maintenance requirements are much lower. This is because combustion is more efficient in annular
combustion chambers, as the fuel is burned closer to the turbine inlet. Moreover, the circular channels
provide a better flow path for the exhaust gases, resulting in less pressure drop.
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