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1. Introduction

The main purpose of this study is to redesign the
geometry of a radial turbine using numerical
simulations. In general, lowering the temperature
of the combustion chamber can lead to dilute
combustion and reduce the level of pollutants
emitted. One way to achieve this goal is to
increase the inlet air flow rate, which can be
achieved through geometric changes. Four
different methods make these changes. In the first
three scenarios, the geometry has minor
modifications, mainly due to changes in the inlet
and outlet radius or the radius of the hub and the
shroud radius. Considering the two goals of low-
cost changes and achieving maximum inlet flow,
the third case is selected as the most suitable
solution. Only the inlet and hub radii are modified
in this method, and the turbine inlet mass flow rate
increases about 11%.

In this study, the turbine simulation is done
using CFX software, then the validation of
numerical results is studied through the available
experimental data, and the obtained numerical
method is used in the simulation process. Finally,
four scenarios, each with different design
constraints, are considered. In the first to third
scenarios, there is no need to change the
turbocharger casing. The desired geometry can be
achieved only by cutting or welding, but in the
fourth scenario, the whole geometry will be
changed without any specific constraints.

2. Numerical simulation and validation
process

First, the geometry generation is explained, and
then the numerical simulation settings are
described. Then, the results of the numerical
simulation are presented. The independence of the
results from the number of computational nodes is
examined, and the simulation results are compared
to the experimental data.

Geometry generation and preparing a computational
domain for simulation

The simulation is performed in a steady-state
condition. The inlet boundary conditions are set to
the total temperature and pressure and the outlet
boundary conditions as the static pressure.
Moreover, the walls are assumed to be a non-slip
boundary condition with a roughness factor of 6
microns, and the turbulence model is selected as
the SST model type. To increase the accuracy of
the simulations, the wall y plus is considered equal
to 1.5.

The maximum difference between the
simulation results and the experimental data is
about 3% and indicates the high accuracy of the
simulation (Figure 1). For this simulation, the
obtained method is wused in the following
simulation process.

0.93
0.85

0.77

0.69

n —@— Simulation results

0.61 = Experimental data

0.53

0.45
1 2 3

pressure ratio

non-dimensional mass flow rate

Figure 1. Numerical simulation results compared to the
experimental data

3. Scenarios and methods of performance
improvement

Geometry changes are made to increase the
turbine mass flow by using the developed design
code. Each scenario is then simulated using the
validated numerical method explained in previous
section. Four scenarios are examined through
numerical simulations to increase the turbine mass
flow. These scenarios increase flow and
efficiency, depending on the level of changes
made to the hub or shroud or both boundaries. The
sequence of scenarios is from low-cost to high-
cost ones. The low-cost scenarios have more
constraints, making it less expensive for the
manufacturer to produce them. The fourth
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scenario is the result of an unconstrained design
code. This scenario improves mass flow rate
considerably because it is not limited by the hub
and shroud radii constraints.

The first scenario

In this scenario, the turbine casing remains
unchanged, and only the impeller is modified. This
scenario is the lowest possible scenario in terms of
cost and changes, but it has offered unacceptable
performance in terms of increasing the flow.

The second scenario

In the second scenario, the shroud radius has
changed and increased by about half a millimeter,
which is about 5% of the total radius. Figure 2
shows that this scenario can be considered to
increase the flow by about 7% without applying
any essential changes to the turbocharger body.

The third scenario

In the previous two scenarios, the midline inlet
radius and the axial location of the blade in the
middle outlet radius were considered constant;
however, in this scenario, changes in radius and
axial location in the middle radius are also applied
to the numerical design code in such a way that a
15% increase in flow is achieved. According to the
manufacturing costs, this method is more
expensive than the previous two scenarios,
because it requires changes in the inlet and outlet
of the turbocharger body though these changes can
be done by a small modification of the volute the
diffuser. The increase in mass flow in this scenario
is noticeable at the design point of about 11%.
Therefore, the third scenario can be an acceptable
method to increase the flow without significant
changes to the turbocharger body.

The fourth scenario

In this scenario, the developed design code is
executed without geometrical constraints, and the
turbine casing is changed as well. Practically this
scenario is a one-dimensional design of a radial
turbine in the classical way, which was
implemented to compare the previous three
scenarios with free mode design. In this scenario,
the cost is very high, and the turbocharger is
practically changed to a newly designed one.
However, in the end, it leads to a 20% increase in
inlet airflow.

Main turbine
—&— first scenario
—— second scenario

third scenario

—a— fourth scenario
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0.04
1 15 2 2.5 3
pressure ratio

35

Figure 2. Comparison of mass flow performance curves
for different scenarios and initial turbine

4. Conclusion

In this study, the resizing a turbocharger to achieve
dilute combustion was investigated. The mass
flow of the passing air must be increased, so the
hub and shroud curves were changed to allow
more flow. In this modification, it was tried that
the geometry of the designed turbine is similar to
the original one and have the same flow angle
distribution.  Finally, four scenarios were
presented from low cost to high cost
modifications. In the first scenario, the mass flow
increase is not considerable. The second scenario
offers a 7% increment in the mass flow rate. In the
third scenario, which can be selected as the best
one, 11% improvement is obtained. The fourth
scenario, which is a new designed turbine,
improves the mass flow rate by 20%.
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