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Abstract Generally, microgas turbines are in the range of 30–200 kW. So, here it is
proposed to develop a microgas turbine engine with a capacity of 3 kW which will
have applications in unmanned aerial vehicle (UAV) and standalone power genera-
tion for domestic use. In this study, the behavior of non-reacting flow pattern inside a
swirl stabilized can combustor is studied. Total pressure loss, which is an important
performance parameter, is predicted numerically and comparedwith that from exper-
iments. Good agreement is achieved between experimental and numerical results.
The combustor total pressure drop was found to be negligible; in the range of 0.002–
0.06% at an inlet velocity ranges from 1.7 to 10.19 m/s. Flow pattern indicates strong
vortex formation due to secondary air entrainment inside the flame tube.
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1 Introduction

The microgas turbines are more suitable for compact power generation; the engines
are classified on power ranges less than 200 kW. It has advantages futures like high
power density, fuel flexibility, low emission, less maintenance and operational costs
[1–4]. In literature, more emphasis is given for the development of engines more than
30 kW.However, for domestic power generation andUAVs, small engines of capacity
from1 to10kWareneeded. So, it is aimed todevelop such an engine.At theoutset, the
focus is to develop a small can combustor for this type of engine. The development
of microgas turbine combustor is a challenging task similar to large gas turbine
combustor. The combustor is one of the important components which decide the
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overall performance of an engine. The flowfield inside the combustor is very complex
in nature because of its turbulent flow field. The gas turbine combustor has number
of sub-components like diffuser, snout, swirler, flame tube and annulus. Because
of this complex flow pattern inside the combustor, there is a need for detailed non-
reacting flow analysis before dealing with reactingmixture for a better understanding
of combustion physics. In literature, the non-reacting flow analysis in the gas turbine
combustor was carried out by numerous researches [5–13]. Among this, a notable
work has been carried by Anand et al., wherein detailed 3D flow has been simulated
inside an annular combustor using a 20° sector for analysis. The k-εRNGmodel was
used to model turbulence. The total pressure loss of the combustor varied from 4.41
to 9.87% for a given set of input velocity 158.8–238.20 m/s. Most of the previous
studies are on a large scale combustor employed in high power gas turbines. Using
the same principles, a small swirl combustor of 3 kW thermal capacity is designed.
In this present study, the focus is to investigate a cold flow analysis to study the flow
pattern inside the newly designed small size can combustor and measure the pressure
loss.

2 Combustor Geometry

An in-house designed can combustor includes diffuser, snout, swirler, flame tube
and annulus. The conical diffuser with 24.2° divergence angle is used in the present
study. The snout has a divergence angle of 24.8°; the axial swirler has 8 flat vanes
inclined at an angle of 45°. The flame tube has 265 mm length and 46 mm diameter;
it has primary zone having 88 number of 2 mm holes arranged in 4 rows, secondary
zone having 60 number of 3 mm holes arranged in 4 rows and dilution zone having
24 number of 2 mm holes arranged in 3 rows. The outer annulus has 300 mm of
length with 72 and 44 mm of inlet and outlet diameter. The overall thickness of can
combustor ismaintained as 2mm thickness. The dimensional detail of can combustor
is given in Fig. 1.

Fig. 1 Dimension details of can combustion chamber (all dimensions are in mm)
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Fig. 2 Gas turbine combustor experimental setup

3 Experimental Study

The pressure loss across the combustor is measured using pitot tubes connected to
a U-tube water column manometer (Fig. 2). The compressed air at 5 bar is passed
through the combustor. The air mass flow rate is determined using rotameters.

4 Numerical Study

The numerical simulation is performed to predict the detailed flow field characteris-
tics of the combustor. Here, the three-dimensional models of 90° sector are taken for
analysis. The combustor flame tube wall thickness is assumed as zero, to minimize
the complexness of the geometry. The turbulence modeling has been done using k-ε
RNG model. The combustor inlet is specified as a velocity boundary. The outlet of
the geometry is specified as a pressure outlet boundary. The inlet and outlet of snot,
swirler, primary ports, secondary ports and dilution ports are specified as a interior.
The sectional plane of the sector model is specified as a periodic boundary. The
remaining faces of the combustor model are specified as a wall. The computational
domain taken in the present study is given in Fig. 3.

Fig. 3 90° sector can combustor computational domain
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4.1 Grid-Independent Study

The unstructured grid has been employed due to the complexity of combustor geom-
etry. The grid-independent study is carried out for four different grid sizes. The
mass-weighted average of differential pressure is compared with Grid-D. The results
were obtained numerically at 10.19 m/s inlet velocity. As can be seen from Table 1,
almost similar results were obtained with the Grid-B and Grid-C. When grid size is
increased further as in Grid-D, small difference is observed.

Alternately, the center line velocity across the combustor length for different
grids (Fig. 4) is also considered. From the plot, it can be seen that the velocity profile
matches closely for all grids considered. Hence, considering the optimality, Grid-B
is adopted in the study.

5 Results and Discussion

Theflowfield inside an can combustor has been analyzed for a 90° sectormodel under
non-reacting flow conditions. Expect flame tube wall thickness, the other blockages
in geometry like snout wall, swirler wall, and fuel injector were included in this
analysis. The performance characteristics of the combustor for non-reacting flow

Table 1 Grid study for four different grid sizes for 10.19 m/s inlet velocity case

Description Grid type Elements Differential pressure [Pa] Difference [%]

Grid-A Tetrahedral 2,018,026 51.90 4

Grid-B Tetrahedral 2,687,636 48.81 2

Grid-C Tetrahedral 4,009,738 48.37 2

Grid-D Tetrahedral 5,942,049 46.03 –

Fig. 4 Combustor center line velocity variation for 10.19 m/s inlet velocity
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Fig. 5 Contour of velocity magnitude for inlet velocity of 10.19 m/s case

conditions with inlet velocity ranges from 1.7 to 10.19 m/s with corresponding to a
Reynolds number of 2874–17,243 were evaluated.

5.1 Velocity Distribution Inside the Combustor

Figure 5 shows the reconstructed velocity contour along the length of the combustor
on the symmetric plane of the 90° sector combustor. As the compressed air enters the
diffuser, the flow decelerates due to area enlargement. Further, when the flow reaches
the snout, the amount of air entering the snout accelerates and further decelerates
due to area enlargement. Alternately, the secondary flow also decelerates due to
constriction caused due to liner and blockage at the exit. When flow passes through
swirler, a sudden decrease in axial velocity of the flow is seen (Fig. 4), because the
swirler converts the axial component of velocity to radial and tangential components.
The swirling flow helps the flame stabilize by creating a recirculation zone in the
downstream. Past the swirler, the secondary air enters the combustion chamber via
three zones: primary, secondary and dilution zone. The velocity of entrainment is so
high that it creates a strong vortex as seen from the vector plot along the cross-section
A-A at z= 3.36 (Fig. 5). This rotational flow would be useful in stabilizing the flame
even at ultra-lean mixtures. Further downstream, as the entrainment from subsequent
ports increases the net mass flow, which increases flow velocity.

5.2 Total Pressure Loss Along the Combustor

The total pressure loss across the combustor is calculated from the numerical simu-
lation for 16 cases having velocities in the range of 1.7–10.19 m/s. These results are
shown in Fig. 6 along with values obtained from the experimental study. It is seen
that the pressure loss increases linearly with inlet mass flow from 0.002 to 0.06%
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Fig. 6 Total pressure loss of combustor for various non-dimensional mass flow

as velocity is varied from 1.7 to 10.19 m/s. The good agreement found between
experimental and numerical results.

6 Conclusions

The typical non-reacting flow inside the can combustor is studied experimentally as
well as numerically. A swirler creates a strong recirculation zone due to the effect
of radial pressure and the interaction of opposing primary jets. This would create
a strong mixing of air and fuel and achieve a distributed flame region inside the
combustor. The flame is also expected to be stabilized even at low equivalence ratio.
The combustor total pressure drop was found to be negligible; in the range of 0.002–
0.06% at an inlet velocity ranges from 1.7 to 10.19 m/s. As the inlet mass flow is
increased, the total pressure loss across the combustor also increases.
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