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Abstract: The paper presents three-dimensional numeri-
cal simulations of combustion in the GTM-140 miniature
turbine engine. The main aim of the work is to understand
the processes occurring in the combustion chamber. The
coupling of chemical kinetics, thermochemistry, transport
of mass, energy and momentum, and fluid mechanics is a
challenge for the engineers. The knowledge of these issues
is essential to achieve a high performance product. The k-
€ (RANS) Turbulence Model and Non-Premixed Model for
the combustion was used. The particles of fluid droplets
were described by the Discrete Phase Model.
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1 Introduction, purpose of the work

The following paper presents numerical simulations of the
combustion process in the turbine engine - GTM-140 pro-
duced in the JETPOL company from Poznan. This kind of
engines are used for aircraft propulsion modeling, but may
also be used for military purposes include UAV. The en-
gines of this type are important to achieve high energy
conversion efficiency and shape miniaturization. In or-
der to understand the processes occurring in the engine
the numerical calculations were carried out. Analysis of
their results should give the knowledge necessary to im-
plement the optimization to achieve high efficiency prod-
uct. A number of small turbojet design examples are avail-
able that develop less than 200 N of static thrust (e.g. [2—
5, 7, 11-14]). These designs have been derived from large
turbojet scale-down procedures to yield micro scale en-
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gines. However, a deep understanding of the behavior of
these jet engines is far from being ascertained [7].

2 Principle of operation

The inlet nozzle is used to deliver the required amount of
air to the engine and to create the appropriate velocity pro-
file upstream of the compressor (Figure 1). Then the air
is compressed by the single-stage radial centrifugal com-
pressor. Another element is the diffuser where due to the
increased cross-section the kinetic energy of the stream
(velocity drop) is converted into pressure energy. Behind
the diffuser the air is directed into the reverse-flow annular
combustion chamber. This is the place where all of the pro-
cesses necessary for the proper preparation are progress-
ing - the evaporation and the combustion of the fuel to ob-
tain the maximum power.

The combustion chamber is divided into three major
zones presented in Figure 2. Primary zone is designed to
provide a stable and intense burning. Second (interme-
diate) zone - is where the radicals recombination occurs
along with afterburning of the intermediate products of
the combustion, such as CO, hydrocarbons and soot. The
last section which is the mixing (diluting) zone. It is de-
signed to cool the exhaust gas to the required allowable
temperature before the turbine blade.

The final element is the single-stage axial turbine
where the enthalpy of the exhaust gas flow is converted
into the mechanical energy of the shaft (driving the com-
pressor) and eventually produces the thrust.

The rated conditions for the engine as given by Jetpol
can be seen in Table 1.

3 Geometry and mesh

The flow domain design takes into account the diffuser and
the combustion chamber with six vaporizers. Odd number
of blades of the compressor causes the inability to evenly
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Figure 1: The interior of the GTM-140 turbojet engine.
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Figure 2: Annular combustor with reverse-flow vaporizer.

Table 1: The rated operation conditions for the GTM-140 Turbojet

Engine specified by the manufacturer.

split engine geometry giving rise to the discretization of
the whole area — Figure 3, 4.

Engine Compression Ratio
Air flow rate
Exhaust Gas Temperature
Engine Diameter
Engine Length
Mass Flow
Design Maximum Thrust
Compressor Type
Turbine Type
Design Maximum RPM
Fuel consumption

2.8:1
0.35 [kg/s]
700°C
110 mm
265 mm
0.35 kg/s
140N
Single Stage Centrifugal
Single Stage Axial Flow
120000
420 [g/min]

The computational grid was created in ANSYS Mesh-
ing. It consists of 3 500 000 tetrahedral finite volume ele-
ments, Figure 5. According to the literature [2-7] the pro-
posed grid should be sufficient to achieve a good conver-
gence of the model and to obtain reliable results.

The boundary conditions for the calculation are
shown in Table 2. The assumed values of the inlet pressure
and the temperature must be confirmed on test bench. For
combustion the Non-Premixed Model was used in which
the fuel and oxidizer are fed separately into the combus-
tion zone and the progress of the reaction determines the
phenomenon of diffusion. Discrete phase model in a la-

grangian fashion for representation of the fuel evapora-
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Table 2: Boundary conditions setup for simulation.
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Surface Boundary Condition Mass flow rate [kg/s] Temperature [K]
Fuel inlet Mass flow inlet 0,0052 kg/s 303
Gauge pressure [Pa]
Air inlet Pressure inlet 280000 Pa 400
Qutlet Pressure outlet 190000 Pa -
Walls Radiation - -

Figure 4: Fluid domain of the GTM-140.
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Figure 5: The discretized domain.

Table 3: The settings of the Fluent numerical task.

Setup parametr Setting

Pressure based

k-€ realizable

Standard wall function
Discrete Ordinates
Non-premixed combustion
Second Order

Solver type
Turbulence model
Wall treatment
Radiation model
Species model
Spatial discretization

tion was used. Trajectory is calculated by integrating the
particle force balance equation.

Dispersion of particles due to turbulent fluctuations
in the flow can be modeled using stochastic tracking
(discrete random walk). The continuous phase approach
represented by Eulerian fashion is calculated using the
Navier-Stokes equations.

The settings of the Fluent numerical task are specified
as seen in Table 3.

4 CFD results

All of results are shown three sections of jet engine:
compressor diffuser, combustion chamber and inlet guide
vanes.

4.1 Distribution of the temperature field

Results corresponding to the temperature fields are pre-
sented in Figure 6. The distribution and values of the
temperature show a good agreement with the operating
data provided by the manufacturer and available literature
data. The averaged total temperature at the outlet condi-
tion reaches 998 K. It is approximately 4% higher than the
rated value. The probable cause of the difference is the as-
sumption of the adiabatic engine walls.
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Figure 6: Static temperature contours — axial section.
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Figure 7: Total pressure contours - axial section; diffuser outlet; nozzle guide vanes outlet.



482 — T.Suchockietal. DE GRUYTER OPEN

3.18e+02
3.02e+02
2.86e+02
2.70e+02
2.540+02
2.39e+02
2.23e+02
2.07et+02
1.91e+02
1.75e+02

1.58e+02
. 1.43e+02
1.27e+02

1.11e+02
9.54e+01
7.95e+01
5.36e+01
4. 77e+01
3.18e+01
1.58e+01
0.00e+00

Contours of Velocity Magnitude (m/s) Mar 05, 2015
ANSYS Fluent 15.0 (3d, pbns, pdf20, rke)

3.18e+02
3.02e+02
2.86e+02
2.70e+02
2.540+02
2.38e+02
2.22e+02
2.07e+02
1.91e+02
1.75e+02

1.58e+02
. 1.43e+02
1.27e+02

1.11e+02
9.53e+01
7.94e+01
5.35e+01
4 F7e+01
3.18e+01
1.58e+01
0.00e+00

Contours of Velocity Magnitude (m/s) Mar 05, 2015
ANSYS Fluent 15.0 (3d, pbns, pdf20, rke)

Figure 8: Contours of Velocity Magnitude: - top—cold flow, - bottom-reaction flow.
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The obtained values must be verified on the real ob-
ject. The prepared test stand is equipped with tempera-
ture sensors before and after the diffuser, the outlet of the
combustion chamber and the turbine. In each of these sec-
tions the three sensors are mounted circumferentially. So
the configured measurement system will be sufficient to
validate the numerical model and thereof engine modifi-
cations.

4.2 The distribution of the pressure field

Figure 7 presents the contours of the total pressure in the
axial section to illustrate the flow losses. Pressure losses
are determined for the inlet to the combustion chamber
and the outlet of the combustion chamber. The average to-
tal pressure at the outlet of the diffuser is 2.49 bar, while
at the outlet section it is 2.25 bar having regard 1 bar ref-
erence pressure. This corresponds the total pressure loss
of approximately 9% and it is consistent with the expecta-
tions to the specified flow system. The impact on the value
of the losses is the uneven velocity streamlines at the out-
let of the diffuser and in the vaporizer.

Changing the diffuser geometry for additional deceler-
ation of velocity (to obtain more equal distribution of ve-
locity contours) and higher pressure at the intake to the
combustion chamber should be considered.

The measurements of the static pressure will be per-
formed analogously to the temperature measurement.

4.3 The distribution of the velocity field

For the assumed values of the pressure and mass flow rate
of the air obtained with the cold-flow, the velocity at the
inlet was 90 m/s, while the reaction-flow 318 m/s — Fig-
ure 8. Such a high velocity is due to the increase of specific
volume of the fluid in the combustion chamber caused by
evaporation and density decrease.

5 Conclusions

The gas turbine and jet engines had a wide variety of flow
regimes from mainly high Reynolds number fully turbu-
lent flows to transitional flows in some areas. The combi-
nation of such a wide range of flow phenomena with com-
plex geometry makes numerical modeling of gas turbines
very difficult [15]. The results show the correctness of the
relation with the literature data [3-5, 12] and the perfor-
mance data given by the manufacturer. The proposed so-
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lution can be used for modeling the combustion process
including the tracking trajectory of the fuel particles. Ac-
quired knowledge of the processes occurring in the com-
bustion chamber can be used to optimize the operating
conditions, to increase the efficiency of the entire flow sys-
tem and to influence the local parameter values.
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