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Abstract— In order to develop a new multiple-fuel combustion
chamber, a series of numerical simulations has been conducted
on an existing combustion chamber, in order to determine the
modifications required to allow its proper operation for multiple
liquid fuels and fuel mixtures. The combustion chamber used in
the simulations comes from a Garrett gas turbine engine, model
GTP 30-67. A three-dimensional unsteady RANS numerical
integration of the Navier-Stokes equations has been carried out,
using an Eddy Dissipation combustion Model (EDM) and the k-ε
turbulence model, implemented in a numerical simulation
conducted using the commercial software ANSYS CFX. To verify
the numerical simulations accuracy, the outlet temperature has
been recorded along 600 time-averaged iterations and compared
with the designed turbine inlet temperature. Numerical
simulations results have a good accuracy in this particular case,
so it can be concluded that the used numerical models are valid
and appropriate for use to simulate the combustion process under
different conditions. Thus the results obtained in these
simulations will help adapt the existing combustion chamber to
different fuels and fuel mixtures.

Fig.1 Garrett gas turbine model GTP 30-67 [1]

Index Terms—3D RANS, ANSYS CFX, combustion chamber
assembly, Jet-A

I. INTRODUCTION
In order to develop a new combustion chamber, a series of
numerical simulations have been conducted on an existing
combustion chamber, in order to determine the modifications
required to allow its proper operation for multiple liquid fuels
and fuel mixtures.
The combustion chamber used in the simulations comes
from a Garrett gas turbine engine, model GTP 30-67. Garrett
GTP 30-67 [1, 2], a shaft power gas turbine engine, is a
compact, lightweight, shaft power source which is readily
adapted to fit various types of enclosures and installations.
The engine provides a mounting pad and drive shaft for
installation and drive of an AC generator. The ambient air is
compressed by a single stage centrifugal compressor, mixed
with fuel in the combustion chamber and the mixture’s
ignited. The resultant high energy gases drive a radial
inward-flow turbine wheel. The rotating shaft power of the
turbine wheel drives the compressor impeller and an
accessory gear train to provide reduced rpm shaft power. The
remaining power is the engine power output. This gas turbine
was used mainly to drive the alternator in military, portable,
generator sets.
Fig.2 Garrett GTP 30-67 fire tube

In table I are presented a few of the gas turbine engine’s
technical characteristics.
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Table I GTP 30-67 technical characteristics [2]
B. Mesh
Characteristics
Value
Unit
Based on the geometry of the combustion chamber
Idle rotation speed
52800 ± 200
rpm
assembly presented in fig. 3 an unstructured computational
Output drive shaft rotation speed
8000±15
rpm
grid of 3.576.588 tetrahedral cells and 592465 nodes has been
AC generator power
20
kW
created using ICEM CFD (fig. 5).
K
Compressor inlet maximum
325
temperature
K
Exhaust gases maximum
1091
temperature
Load functioning regime
55400 rpm
rotation speed limits
58000
Fuel
Main: MIL-T-5624, JP4,
Alternative: JP5, Kerosene – VV-K-211,
Emergency: MIL-G-5572, Gasoline, Diesel VV-F-800
Fuel inlet pressure
0.35 – 1.38
bar
K
Fuel maximum inlet temperature
330
Maximum fuel consumption at
0.0075
kg/s
nominal regime
Maximum fuel consumption at
0.0044
kg/s
idle regime

Fig. 5 The computational grid

II. NUMERICAL SIMULATIONS
A. Geometry
The figures below present the whole combustion chamber
assembly and the fire tube used in the simulations.

C. Boundary conditions
Separated fuel and air inlets have been used in the numerical
simulations. The air inlet is considered the exit from the
compressor – the entrance in the combustion chamber
assembly. This is an annular surface of 7540 mm2. The
combustor inlet temperature is of 423K which is the
corresponding temperature for the engine’s compression ratio
of 3 [3]. The fuel, in our case Jet-A, is injected directly in the
fire tube through an orifice of 0.017 mm2. In the simulations,
it has been considered that the gas turbine functions at its
nominal regime (20kW load) [2], thus the fuel mass flow is of
0.0075 kg/s [2]. The fuel temperature at the entrance in the
computational domain is of 300K.
The air mass flow has been determined from the following
relation [4]:

m fuel
1

m air  *min L

(1)

where:
m fuel - fuel mass flow (kg/s)

m air - air mass flow (kg/s)
 - air excess

Fig. 3 The combustion chamber assembly

minL – the stoichiometric quantity in kg of oxidizer needed to
burn 1 kg of fuel
 fuel =0.0075 kg/s,  =3.5, minL =14.67 kg
In our case: m

Fig. 4 The fire tube

[4]. By substituting these values in (1), an air mass flow of 0.4
kg/s has been obtained. The value is in good agreement with
previously reported data on a similar engine, GTP 36-51,
where the mass flow rate is reported to be 0.41 kg/s [5].
Garrett models GTP 36-51 and GTP 30-67 have very similar
technical characteristics, thus we can consider that the
nominal exhaust flow is very much the same in the case of the
two gas turbines. Hence, we can conclude that the air mass
flow of 0.4 kg/s used in the numerical simulations is correct.
The air enters the fire tube through a series of holes made in
the fire tube’s wall. The air which enters the fire tube through
the holes situated in its upper region, the primary air flux, is
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used in the combustion reaction. The air which enters the fire
tube through the lower situated holes, the secondary air flux,
is used to cool down the fire tube walls.
The fuel, Jet-A, is uniformly injected into the fire tube, in
the form of droplets. The values of the droplets diameter have
been chosen based on the diagram presented in [4] (fig. 6).

Fig. 6 Droplet distribution in a section of the liquid jet, in 3 cases
[4]

The exit from the combustion chamber assembly – entrance
in the turbine is the subsonic outlet of the domain. The outlet
pressure is set at 2.35 bars, calculated based on the engine
data [2].
D. CFD simulation used settings
A three-dimensional unsteady RANS numerical integration
of the Navier-Stokes equations has been carried out using the
commercial software ANSYS CFX. In these numerical
simulations an Eddy Dissipation combustion Model (EDM)
[6], based on a one step kerosene-air reaction mechanism
from the ANSYS library [7], and an k-ε turbulence model [8]
have been used.
To simulate the transformation of the Jet A droplets into
Jet-A vapours a Liquid Evaporation Model from the ANSYS
library is used [7].
III. RESULTS
In the figure below, the residuals of the numerical
simulation after 3000 iterations are presented. It can be noted
that, after an initial decrease, the simulation residuals oscillate
around a mean value, without further decreasing, as an effect
of the unsteady nature of the highly turbulent reactive flow.

Fig. 7 The residuals after 3000 iterations

To account for the residuals seen above, the pressure and
temperature were averaged along 100 iterations using the
TECPLOT software [9]. The results in fig. 8 show that the
mean pressure is quasi-constant, verifying the typical
hypothesis of constant pressure combustion in a gas turbine
combustor [4].
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Fig. 8 The averaged relative pressure along 100 iterations
(reference pressure = 2.46 bars)
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Fig. 12 Avereged Mach number field
Fig. 9 The averaged temperature along 100 iterations

The mean temperature field, presented in fig. 9, shows that
the high temperature region is contained in the axial region of
the combustor and does not extend into the volute that directs
the burned gas to the downstream turbine, thus not
endangering the physical integrity of the engine.

In the above figures are presented the averaged H2O mass
fraction field (fig. 10), averaged Jet-A mass fraction field (fig.
11), respectively the averaged Mach number field (fig. 12).
It can be noted that the fuel is completely consumed inside
the combustor, thus validating the design. The maximum
velocity value is reached in the fuel jet and in the surrounding
region, but the velocity decreases downstream fast enough to
provide complete combustion inside the flame tube, as
indicated by fig. 12.
To verify the numerical simulations accuracy, the average
outlet temperature has been recorded along 600 iterations and
compared with the designed turbine inlet temperature. A
larger time interval was used to ensure high result accuracy.
The engine’s turbine inlet temperature is around 1100 K [2],
while the average outlet temperature obtained in the
numerical simulations is near 1200 K, as it can be observed in
fig. 13. The accuracy of the numerical simulation is quite
good, and the mean outlet temperature oscillations are small,
indicating proper operation of the combustor.

Fig. 10 Avereged H2O mass fraction field

Fig. 13 Outlet temperature

IV. CONCLUSION

Fig. 11 Avereged Jet-A mass fraction field

The purpose of the numerical simulations presented in this
paper was to validate the numerical models chosen to simulate
the combustion process of Jet-A in an existing gas turbine
combustion chamber (the EDM combustion model, the
turbulence model, the liquid to vapours transformation
model).
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