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Abstract

The study presents 3-D numerical simulations of aerodynamic flow inside a micro-turbine engine combustion
chamber. The process of generating a numerical grid and its properties are described, and boundary conditions
were determined on the basis of gas-dynamic calculation of the theoretical engine cycle. For the assumed
boundary conditions, numerical simulations were performed of the aerodynamics of “cold” air flow through
the combustion chamber (without fuel supply to the interior). A numerical experiment was also conducted
which allowed the influence of the thermal energy supply into the combustion chamber on the aerodynamic
flow through the chamber to be investigated. The work ends with a discussion of the results, in particular
concerning the loss of pressure in the combustion chamber and possible design changes to minimize them..
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1. Introduction

Micro-turbine engines are becoming widely used in
many fields, e.g. models, unmanned aerial vehicles
(UAVs), small-scale electricity generators or hybrid
transport. The newest trends involve (i) miniaturiza-
tion through a reduction in the size and weight of the
engine, as well as an increase in the thrust to weight
ratio, (ii) increased rotational speed of the turbo-
compressor, and (iii) reduction in fuel consumption
and emissions of harmful pollutants [1–7]. One of
the main components of these engines is the com-
bustion chamber. Several researchers have studied
micro-turbine combustion [7–11], but none of these
studies is able to give substantial information to fur-
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ther develop their design and technology. Knowl-
edge of combustion processes in micro-turbine en-
gines is mostly derived from full-scale testing of
large turbine engines or basic research in simpli-
fied burners and combustion chambers. However, it
should be noted that the miniaturization of engine
construction leads to major changes in the parame-
ters of the air flow and heat transfer in the engine.
Therefore, in order to fully understand the problems
associated with the miniaturization of gas turbine en-
gines there is a need for numerical as well as experi-
mental studies directly concerning these matters.

Computational fluid dynamics (CFD) is an attrac-
tive way to analyze this problem, not only for under-
standing the processes in the engine, but also for car-
rying out improvements and optimizations in terms
of efficiency and pollutant emissions. However, no
extensive work has been published using this tool
[5, 6].
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Figure 1: Photo of the GTM-120 turbo-jet engine

Figure 2: Cross-section along the length of the GTM-120 turbo-
jet engine

In this paper 3-D numerical simulations were con-
ducted of aerodynamic flow through the combustion
chamber of a model GTM-120 turbojet engine. They
represent the initial phase of the numerical calcu-
lations concerning the overall problems associated
with the organization of combustion processes in the
combustion chamber of this engine. In addition to
experimental studies also conducted for this engine
in the lab, it will be possible to optimize the construc-
tion of this engine in terms of minimizing fuel con-
sumption and emissions of harmful pollutants while
maximizing thermal efficiency.

2. GTM-120 turbo-jet engine

The engine GTM-120 is a single-spool, turbo-jet
modeling engine. Fig. 1 shows a view of the engine
mounted on a special test bed, which allows for mea-
surement of the engine thrust. The main elements
of the engine are: a one-stage centrifugal compres-
sor, diffuser with special wedge-shaped inlet guide
vanes, an annular combustion chamber with fuel va-
porizer system (combustor) and a one stage axial tur-

Figure 3: Cross-section of the GTM-120 turbo-jet engine show-
ing the position of the compressor diffuser vanes

Figure 4: Diameter of engine versus mass of engine

bine. The construction details of the GTM-120 en-
gine are presented in Figs. 2 and 3.

Drawings of the engine have been made using Un-
igraphix NX 6.0 code. The basic dimensions and en-
gine performance as obtained from the producer are
provided in Table 1. It is worth noting that in terms
of size, GTM-120 is strictly speaking in the class of
miniature turbo-jet engines (Fig. 4).

2.1. Theoretical thermodynamic engine cycle
On the basis of the data received from the producer

analytical calculations were made using turbo-jet en-
gine theory [12, 13]. The design of the GTM-120 en-
gine is treated in this case as a single-spool turbo-jet.
Subsequent cross sections of characteristic designa-
tions were adopted according to the standard as: 1–
inlet to the engine, 2–inlet to the compressor, 3–inlet
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Table 1: The main parameters of the GTM-120 engine obtained
from the producer

Parameter Value Unit
Weight of engine 1.5 kg
Maximum
diameter of the
front

110 mm

Length of engine 265 mm
Compressor
diameter

70 mm

Engine inlet
diameter

67 mm

Maximum
rotational speed

120,000 rpm

Maximum engine
thrust

120 N

Temperature of
exhaust gas

870 K

Compression 2 -
Mass air flow 0.4 kg/s
Fuel consumption 400 ml/min

section of the combustion chamber, 4–cross section
of the inlet to the turbine, 5–the engine outlet. Prior
to the calculations certain assumptions were made
as to the estimation of loss factors in the individual
segments of the engine. Due to the large number of
input parameters, which required assumptions to be
made, all calculations were carried out iteratively in
MS Excel spreadsheet. Efforts were made to choose
these parameters so as to obtain good agreement be-
tween producer data and the calculated values of en-
gine thrust and air and fuel flow rate. The parameters
obtained from the last iteration are shown in Table 2.
A comparison between producer data and the results
of calculations is presented in Table 3. It can be seen
that maintaining compliance values of engine thrust
and mass flow rate resulted in the need to increase
the fuel flow rate. It can be assumed that the result-
ing values are correct, because the theoretical cal-
culations of the thermodynamic cycle are performed
for the maximum value, while the value of the fuel
flow rate given by the producer is probably derived
from averaging the instantaneous flow rate for differ-
ent ranges of operation of the turbine engine. This
analysis can be used to determine the approximate

Table 2: Iteratively calculated input parameters
Parameter Value Unit
Inlet area of engine 0.0035 m2

Atmospheric
temperature

288 K

Atmospheric pressure 0.101 MPa
Air density 1.23 kg/m3

Isentropic exponent of
air

1.4 -

Gas constant of air 287 J/kg/K
Calorific value of fuel 42.8 MJ/kg
Isentropic exponent of
exhaust gas

1.33 -

Exhaust gas constant 289 J/kg/K
Inlet pressure loss 0.03 -
Combustion chamber
pressure loss

0.04 -

Efficiency of the
compressor

0.78 -

Mechanical efficiency 0.99 -
Nozzle velocity loss
coefficient

0.03 -

Coefficient amount of
cooling air

0 -

Compression 2 -
Temperature before
the turbine

1,008 K

values of static parameters (pressure, temperature) in
the typical cross-sections of the engine. These val-
ues are needed to estimate the boundary conditions
necessary to carry out numerical simulations of air
flow inside the combustion chamber. From this per-
spective, the following cross-sections are particularly
interesting: 3–inlet of the combustion chamber and
4–outlet of the combustion chamber. These values
are shown in Table 4.

3. Numerical simulation of aerodynamic flow
through the combustor of the GTM-120 turbo-
jet engine

3.1. Geometric model

The model GTM-120 engine was imported from
the Unigraphix NX program to the Gambit program.
This was followed by a slight simplification of the
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Table 3: Comparison between the results of calculations and
the data received from the producer

Quantities Producer Calculations Unit
Thrust 120 120 N
Mass air
flow rate

0.4 0.4 kg/s

Mass fuel
flow rate

400 568 ml/min

Table 4: Approximate values of static parameters in the com-
bustor (Cross-section)

Unit Inlet Outlet
Area m2 0.00112 0.0028
Total
temperature

K 369 1,008

Static
temperature

K 342 978

Total
pressure

MPa 1.97 1.89

Static
pressure

MPa 1.50 1.67

Air density kg/m3 1.53 0.59
Velocity m/s 234 246

geometry by removing the screw holes and small
curves in places that should not affect the results of
the numerical simulation.

In engineering practice, the examination of the
combustion chambers is carried out by the appli-
cation of partial geometry models, using symmetry
and periodicity models of a model. However, in this
case, the model does not have symmetric or periodic
characteristics. This can be seen in the combustion
chamber, which has 12 vaporizers and 13 compres-
sor guide vanes, and there is no plane of symmetry
(Fig. 2 and 3). It was therefore decided to conduct a
full 3-D geometry.

For the numerical simulations a mesh composed of
tetrahedral elements was created. Tetrahedral mesh
was chosen because of its ease in adjusting to the
model geometry. In order to check the influence
of grid density on the results of numerical simula-
tions, basic calculations for two different grid densi-
ties were performed. The first numerical model as-
sumed grid size in the range from 0.5 to 1.0 mm re-
sulting in a total number of elements equal to 1 340

Figure 5: Geometry of the combustion chamber prepared for
numerical simulations

Figure 6: Discretization scheme of the combustion chamber

022. The smallest mesh size of 0.5 mm was used
around the inlet holes to the combustor liner. The
second model assumed grid size in the range from
0.5 to 0.7 mm resulting in a total number of elements
equal to 1,835,780. Both numerical grid models sat-
isfy the fundamental criterion of quality, where the
skewness of the elements is less than 0.7 on a scale
from 0 to 1.

Further improvement of the grid through appro-
priate simplification of the geometry and increasing
the number of elements used in the simulation is cer-
tainly possible. However, at this stage of the calcula-
tions it is a compromise between computational time
and accuracy of results. To obtain results with a con-
vergence of mass flow below the level of 10-6 for
such complex geometry over 2,000 iterations must
be performed (each lasting no less than one minute
with the use of a personal computer). This means
that the computation time of one numerical simula-
tion is about 35 hours.

The geometry of the combustion chamber pre-
pared for numerical simulations is shown in Fig. 5.

— 71 —



Journal of Power Technologies 92 (2) (2012) 68–79

The numerical model is presented in the Cartesian
coordinate system in which the Y axis refers to the
length of the engine. The surfaces of the inlet have
been created as perpendicular to the direction of
the air flow in the diffuser. This approach to the
boundary conditions allowed a move away from the
combustion chamber. It was necessary due to the
methodology of modeling the inlet boundary condi-
tions. Fig. 6 shows a cross-section of the plane X = 0,
clear fine mesh around the inlet holes to the combus-
tor liner and the inlet to the fuel vaporizers.

3.2. Boundary conditions

A high load condition was evaluated in this study.
Air mass flow equal to 0.4 kg/s at the inlet and static
pressure equal to 1.7·105 Pa at the outlet were as-
sumed as the boundary conditions.

The software Ansys Fluent 12.1 solved the gov-
erning equations and other scalars in the turbulent
flow. Second order discretization was used for all
equations.

The selection of the turbulence model is a primary
task in every CFD computation. Traditionally, the
Reynolds Averaged Navier-Stokes turbulence model
(RANS) has been used as a simplified engineering
tool for aerodynamic flow and combustion issues. In
the RANS model a time average or an ensemble av-
erage is calculated and turbulent structures are mod-
eled. Alternatively, as explained by Boudier et al. [5]
and James et al. [14], large eddy simulation (LES)
seems to be the most appropriate approach to mod-
eling combustion inside complex geometries. This
is because LES is able to reproduce more accurately
the turbulence, which plays a major role particularly
in the combustion processes. In LES models only the
scales below a specified filter length (sub-grid filter)
are modeled.

The main drawback of LES, with respect to
RANS, is a very long computational time when
finer meshes and an unsteady solution are required.
Choosing a turbulence model depends not only on
the computational cost but also on a better descrip-
tion of the turbulence. In many cases, the use of a
particular model may fail to converge, yielding un-
predictable results.

Due to the computation time and convergence
problems, to simulate aerodynamic flow through the

combustion chamber of the turbo-jet engine Realiz-
able a k-e (RANS) model was chosen. It is an en-
hanced version of the original standard turbulence
model k-ε.

4. Numerical results

4.1. Model I

An assumption of a specific value of a static pres-
sure at the surface of the outlet from the combustion
chamber was selected in order to calculate the total
pressure at the surface of the inlet for a given air flow
through the combustion chamber. This assumption
may be considered inconvenient in terms of compar-
ing the results with those calculated for the theoret-
ical thermodynamic cycle in this study. However, it
has one advantage, namely, a boundary condition of
the "MassFlow inlet" type guarantees the air mass
flow given by the producer.

Using Fluent code a weighted average value of the
parameter in the selected surface (inlet, outlet and
space between the diffuser and combustion chamber)
can be calculated. As a result of simulations, for ex-
ample, the average total pressure at the inlet to the
chamber equal to 0.233493 MPa and at the outlet of
the chamber equal to 0.185405 MPa were obtained.
Hence, in this case the total pressure drop in the com-
bustor is equal to about 20%. It thus appears that
the value of total pressure losses obtained from the
numerical simulations is much higher than that pro-
jected for a turbo-jet engine (Table 2).

Fig. 7. presents a view of the contours of the Mach
number in the section y = 0.04 in the diffuser of the
compressor. It can be found that in the inlet part of
the diffuser a relatively high speed in the range from
0.7 to 0.8 Mach is achieved. An excessive increase
in velocity is caused by an overly high air mass flow
through the surface of the inlet, which may indicate
that the air flow is too damped at the inlet to the dif-
fuser. A contour map of velocity in the cross-section
X = 0 is given in Fig. 8. This map allows one to
observe the relevant directions of air flow inside the
chamber. Part of the air flows through the annu-
lar channel and enters the chamber through a row
of holes in the inner and outer liner wall. The rest
of the air travels along the liner outside wall to the
end where it turns and enters the center of the liner
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Figure 7: Contours of Mach Number in the diffuser

Figure 8: Contours of velocity magnitude in the combustor

through the tubular vaporizer. Organizing the aero-
dynamic flow in this way and placing the fuel pipes
at the beginning of the vaporizer should deliver good
evaporation and stable combustion of the fuel.

4.2. Model II

The numerical calculations carried out for a more
fine mesh show that increasing mesh density does not
cause significant changes in the nature of the phe-
nomena occurring inside the combustor. Very similar
velocity distribution in the diffuser (in the range from
0.7 to 0.85 Mach, Fig. 9) as well as inside the com-
bustor (Fig. 10) was obtained. Increasing the mesh
density resulted only in slight changes in average val-
ues, among others a local increase in total pressure
at the inlet (from 0.233493 MPa to 0.239324 MPa)

Figure 9: Contours of Mach Number in the diffuser

Figure 10: Contours of velocity magnitude inside combustor

and outlet (from 0.185405 MPa to 0.186760 MPa).
Hence, it can be calculated that the total pressure loss
in the combustor also remains at a similar level.

4.3. Model III

Overly high air velocity at the inlet to the dif-
fuser and excessively large total pressure losses in the
combustor obtained from numerical simulations for
the specified assumptions in relation to the expected
value [1, 15–18] resulted in a change in the approach
to analysis of the study of aerodynamics inside the
combustor. It was decided to carry out numerical
simulations for the amount of air mass flow result-
ing from the analysis of trends for this type of model
turbo-jet engine (Fig. 11). Fig. 11 shows that the av-
erage value of air mass flow turbo-jet engines of the
same mass as the GTM 120 engine oscillates around
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Figure 11: Air mass flow versus mass of different micro-turbine
engines

the value of 0.25 kg/s. For this value of mass flow
and for the slightly increased values of total pressure
losses in the combustor equal to 6% (due to correc-
tion resulting from the miniaturization of the engine)
a new theoretical cycle of the turbo-jet engine was
calculated. As a result of gas-dynamic calculations a
new value of engine thrust equal to 88 N was ob-
tained which, for the analysis of trends (Fig. 12),
was in line with expectations. A similar value of
thrust (90 N) was obtained by using an NS–6 strain
gauge force sensor during a laboratory test for this
engine. This may indicate that the actual value of
the engine air flow is closer to 0.25 kg/s than to the
0.4 kg/s given by the producer. Additionally, the to-
tal pressure at the inlet to the combustion chamber
of 0.202655 MPa and at the outlet of the chamber
of 0.190496 MPa was calculated. Thus, it was pos-
sible to determine the new boundary conditions for
numerical simulations.

Numerical simulations were performed for a finer
0.7 mm mesh. In the area of the inlet to the cham-
ber a finer grid with dimensions of 0.5 mm was also
used. This resulted in the total number of elements
being 1,835,780. The basic settings of the Ansys Flu-
ent solver were left unchanged. The boundary con-
ditions were set as follows:

• mass flow of air at the inlet (Mass Flow inlet) of

Figure 12: Thrust-weight ratio versus mass of engine

0.25 kg/s

• static pressure at the outlet (Pressure Outlet) of
1.7·105 Pa.

Previously, for air mass flow of 0.4 kg/s, the most
problematic issue was the flow through an area of
the diffuser vanes rim of the compressor. In the sim-
ulations carried out at a reduced mass flow rate value
for the newly-chosen boundary conditions for pres-
sure, total pressure values were obtained similar to
those obtained from theoretical cycle calculations.
Another beneficial effect of the changes is the reduc-
tion of the Mach number in the diffuser. Previously
obtained velocity values were not very good (close
to the speed of sound) due to both the rapid increase
in pressure loss and the problems associated with nu-
merical modeling.

In this case, the Mach number at the intake is about
0.5 which then decreases along the diffuser to values
at which sound effects are negligible. For this rea-
son, numerical simulations based on this boundary
condition are more correct. In large engines the flow
velocity in the combustion chamber does not usually
exceed 0.3 Mach, which often allows one to model
numerically the flow as incompressible. Since in the
case analyzed here, there are areas of high speed,
a compressible model remains unchanged. In this
model the working medium, air, is treated as an ideal
gas, (which in itself is an approximation).
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Figure 13: Contours of Mach number in the diffuser

The Mach number values in the compressor sec-
tion of the diffuser are shown in Fig. 13. It should
be noted that the flow falls to about 0.2 Mach after
going a short distance in the diffuser, which is ben-
eficial both for the further distribution of the flow in
the combustion chamber, as well as due to the chosen
method of flow modeling.

By reducing the mass flow and thus reducing flow
velocity, the pressure loss in the combustor was also
reduced. And so in the inlet section of the combustor
just behind the diffuser, (for the section y = 0.01 m),
a total pressure drop inside the combustion chamber
of 10% was obtained. The value drawn from the lit-
erature is between 4% and 8% for typical combus-
tion chambers larger than the chamber being mod-
eled. The resulting 10% in this case, on the one hand,
indicates increased losses in the chamber associated
with miniaturization of the engine, and on the other
hand, shows the possibility of optimizing the cham-
ber to obtain a more favorable value.

Fig. 14 shows the velocity distribution inside the
combustion chamber. The obtained values of ve-
locity are much better and more appropriate for the
organization and stabilization of combustion pro-
cesses. For example, the average velocity in the cross
section y = 0.01 is about 100 m/s. In the combustion
chamber, in areas in which combustion takes place
the velocity range is from zero to several m/s. At the
outlet of the combustor leading to the blade rim of a
turbine the average speed reaches about 40 m/s (for
cold flow).

Figure 14: Contours of velocity magnitude in the combustor

Figure 15: A view of the numerical grid for the cross-section
X = 0

4.4. Model IV
In order to better approximate the actual distri-

bution of air flow through the combustion chamber
the numerical simulations of a flow with an addi-
tional heat source were carried out. At this stage
of research discussions about changes in the distri-
bution of velocity and pressure of air flow through
the combustion chamber caused by the placement of
heat sources inside the chamber were carried out.
The main purpose of this simple numerical experi-
ment was merely to verify whether the addition into
the combustion chamber of a certain amount of heat
(in a form similar to the actual conditions existing in
the chamber) caused any additional interference and
disturbance of aerodynamic flow through the com-
bustion chamber. For the modeling of the internal
heat source, it was necessary to create a new inter-
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nal volume in the combustor liner. Inside the annular
combustor the most suitable area for modeling is the
torus, located in the area with the greatest heat emis-
sion. A new grid was prepared, which again uses
tetrahedral elements of 1 mm in size. As before, a
finer grid was used near the inlet to the liner. Finally,
the mesh, consisting of 1.79 million volume elements
was obtained. A view of the numerical grid for the
cross section X = 0 is shown in Figure 15.

The assumed value of air mass flow rate is
0.25 kg/s, while the required static pressure at the
output of combustor is 1.7·105 Pa. In this case, the
additional boundary condition is to determine the
value of the heat source temperature. It was as-
sumed that the entire area of the modeled torus has a
temperature of 2500 K. The temperature of exhaust
gas in the primary zone of the combustion chamber
of turbo-jet engines normally ranges between 2,150
and 2,450 K [15–19]. A slightly higher value was
adopted because of the limited size of the heat ex-
change surface. In fact, it is expected that the com-
bustion process will occur on a much larger area. The
assumption of a constant temperature in a given area
resulted in the emission of a heat flow with a value of
78,390 J/s into the combustion chamber. This value
is about one-fourth of the maximum theoretical value
calculated for the GTM-120 turbo-jet engine (due to
the limited size of the area in which the heat is emit-
ted). However, it should also be noted that in this
case the net heat flow value is used without taking
into account the heat losses.

Fig. 16 shows a section in the plane X = 0 m,
which contains the temperature distributions. For
heat distribution across the engine, it can be observed
that the highest temperature is concentrated in the
area emitting heat, which is drawn out in the direc-
tion of the outlet.

The temperature distribution in cross-sections of
the combustion chamber is very interesting. In
Fig. 17 it can be seen that as the air flowing through
the holes in the liner creates an air film at a liner wall
insulating it from contact with hot air. It can also be
seen that the hot air flows around the fuel vaporiz-
ers through which heat is transported to the interior,
causing heating and evaporation of fuel flowing in-
side. Then, later in the combustion chamber, tem-
perature equalization occurs by providing additional

Figure 16: Contours of temperature in the combustor

cool air from an external annular channel by special
dilution holes.

In the present case, flow velocity difference be-
tween the front and the rear of the combustor liner is
greater than in the cases performed without the heat
source. At the front, the velocity is estimated as be-
ing from 0 to about 10 m/s, while at the end of the
liner it reaches about 100 m/s (Fig. 18). Such a rapid
increase in velocity results in a change of static pres-
sure, the value of which at the end of the combustion
chamber must be reduced relative to the rest of the
chamber.

5. Discussion of results

Aerodynamic processes play a crucial role in the
design and performance of turbo-jet engine combus-
tion systems. Successful aerodynamic design de-
mands knowledge of flow recirculation, jet penetra-
tion and mixing. The purpose of the work is to show
(using the example of the GTM 120 turbo-jet en-
gine), how the air flowing through the combustion
chamber of a small turbine engine is shaped, where
the critical places of the flow are and what the rela-
tionships between air mass flow and pressure losses
are. In the diffuser and annulus the main objectives
are to reduce the flow velocity and to distribute the
air in prescribed amounts to all combustor zones.

The numerical simulations show that a compres-
sor diffuser, which ends with a narrow air inlet chan-
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Figure 17: Contours of temperature in cross sections of the
combustor

Figure 18: Contours of velocity magnitude in the combustor

nel to the combustion chamber, plays an important
role in generating the pressure loss (Figs. 7, 9 and
13). The size and shape of these channels give rise to
the high speed and non-uniformity of a flow, which
are an important source of pressure loss. The con-
sequence of excessive flow velocity in the diffuser
and the annulus may also restrict the flow through the
first row of holes in the combustion chamber. Conse-
quently, the deterioration process of mixing fuel with
air may take place. This phenomenon is illustrated in
Fig. 19 where pathlines of the fluid elements in the
annulus of the combustion chamber are presented. It
is seen that, as a result of deviations in the direction

Figure 19: Pathlines of velocity magnitude showing the air flow
through the annulus and through the second row of holes into
the liner

Figure 20: Pathlines of velocity magnitude in the liner

of flow from the duct wall, most of the fluid elements
bypass the first row of inlet holes to the liner. This
negative effect can probably be corrected by reduc-
ing the flow velocity in the annular channel and by
modifying the shape of this channel.

Analyzing the velocity distribution inside the com-
bustion chamber, one can identify areas inside the
liner with a speed of less than one meter per second
and areas with visible turbulence, which occurs pri-
marily in the area between the outlet of the vaporizer
and the central part of the liner interior (Figs. 8, 10,
14, 18). The presence of these areas is particularly
important due to combustion processes, since for a
stable fuel burning process an adequately low estab-
lished flow velocity is required: this way the flame is
not blown out and the new fuel-air mixture has an ad-
equate contact time with the residue gas in the cham-
ber.

Based on analysis of the velocity contours shown
in Figs. 8, 10, 14 and 18, it can be concluded that
the change in air mass flow and the placing of a heat
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source in this area do not cause major changes in the
size and shape of the gas recirculation zone. To better
illustrate this zone, pathlines of velocity magnitude
inside the liner are shown in Fig. 20. The Figure
shows that the zone is in accordance with accepted
canons located in front of the combustor, where it
forms the primary combustion zone. This allows fuel
that was not completely burned in this zone, to be
burned in the next section of the combustor.

It may also be noted that the velocity at the outlet
of the chamber is much lower than that estimated by
the gas-dynamic calculations. However, one should
remember that the subject of discussion in this work
is an aerodynamic flow through the combustor which
does not include supplies of fuel and combustion
modeling. In this case combustion modeling could
provide more accurate results. A relatively simple
numerical experiment, involving the insertion of heat
source in the recirculation zone showed a marked
improvement in the flow velocity distribution in the
combustor. That involved maintaining a low velocity
in front of the chamber followed by a significant in-
crease in velocity at the outlet from the chamber to a
value of approximately 100 m/s (Fig. 18).

The numerical simulations show that relatively
large losses of total pressure in the combustor are
caused by the air flowing through many narrow chan-
nels, and by sudden turns in the direction of the flow,
which both contribute to the growth of the boundary
layer and the formation of a local turbulence, chok-
ing the flow. It can be assumed that the connection of
the numerical calculations with experimental studies
on the GTM 120 turbo-jet engine will contribute to a
more optimal design of this engine.

6. Summary and conclusion

From the conducted numerical simulations the fol-
lowing conclusions can be drawn:

• the total pressure loss in this type of miniature
combustor (cold flow) is approximately 10%,

• the increase in the mass flow of air through the
combustor causes a sharp increase in the total
loss of total pressure,

• to obtain a smaller loss of pressure it is neces-
sary to optimize the geometry of the whole com-
bustion chamber,

• the addition of a certain amount of heat to the
combustor does not cause disturbance to the
aerodynamic flow within the chamber, while the
effect on the profile of the outlet velocity, tem-
perature and air density is clearly visible,

• the Reynolds averaged Navier-Stokes turbu-
lence model (RANS) seems to be a relatively
good, simplified engineering tool which can be
used for preliminary numerical simulations of
an aerodynamic flow and combustion problems.
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