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Abstract: Centrifugal compressors are frequently used in both military and commercial areas because
they can be easily manufactured and reach high-pressure compression ratios. The factor that limits
the performance and operating range of compressors is flow instability. Many ideas have been put
forward for performance improvement, but tandem blade radial compressors, which do not require
an extra air system, have attracted the most interest. In this study, computational fluid dynamics
(CFD) analyses were carried out on various parameters of the tandem blade (TB) radial compressor,
and an optimization study was carried out to find the best design using a genetic algorithm on
a whole operating curve. It was investigated how these parameters affected the efficiency and
total pressure ratio between the determined lower and upper limits. The numerical analyses of the
optimum design obtained as a result of the iterations were carried out. As a result of the iterations,
three optimum designs were obtained and numerical analysis was carried out according to one of
them, and then they were compared with the results in the literature. The general agreement of
computational fluid dynamics and the literature data served as a validation for the computational
approach. The error rates between the numerical analysis results and the experimental results in
the literature were calculated for different flow rates and were found to be 1.98% as the highest and
0.35 as the lowest. The work carried out in this article will provide a valuable reference for future
advanced tandem blade compressor designs.

Keywords: radial compressor; tandem blade; modelling; optimization; CFD

1. Introduction

Compressors are essential in the processes required for pressurizing and transporting
gases and liquids in industry, aerospace applications, and civil and military fields. It is
one of the basic equipment of the heating, ventilation, and air conditioning systems for
houses and other structures [1]. Compressors can be classified into two basic types: positive
displacement and dynamic. Positive displacement compressors are divided into four:
piston, screw, vane, and lobe compressors. Dynamic compressors are divided into two:
axial and radial compressors [2]. Radial compressors increase the kinetic energy of the
fluid with the help of a rotating impeller [3]. Many design optimizations and numerical
analyses have been used to improve compressor aerodynamic designs and increase their
performance [4-10]. Hadavandi et al. aimed to improve compressor CFD by providing
a complete set of input data for numerical simulations [11]. Shaban aimed to improve
radial compressor performance by optimizing the design of the radial bladeless diffuser.
It was proposed, investigated, and numerically optimized to be two bladeless diffuser
geometries. The main goal of the optimization was to increase the pressure coefficient and
minimize the diffuser loss coefficient. The diffuser reduced the loss coefficient by up to
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10 percent and increased the pressure coefficient by 3.8 percent. He performed the simula-
tions by solving the Reynolds-averaged Navier-Stokes equation under 2D axisymmetric
conditions [12]. Based on the ANSYS CEX Version 18.0 workbench finite element analysis
software, Sun et al. investigated the numerical simulation of the fluid—solid coupling of
pipeline radial compressor impeller by the unstructured grid finite volume method and
finite element method. They numerically analyzed the equivalent stress distribution caused
by the radial load of the impeller, and the coupling effect of radial load and aerodynamic
load [13]. Xu et al. used a low-flow, single-stage centrifugal compressor with a bladeless
diffuser to investigate the position effects of the splitter blade between the two main blades.
Splitter blade position optimizations were carried out numerically. They stated that the
splitter blade positions are influential on the compressor stage performances. They stated
that the traditional splitter blade located in the middle of the two main blades is not the
most suitable position for aerodynamic performance [14]. Li et al. examined the mathemat-
ical model of the flow field of the radial compressor, which is one of the basic components
of the turbocharger. They stated that when the number of grids in a single channel is over
300,000, the increase in the number of grids has little effect on the compressor performance.
They stated that the numerical simulation method they used could be used to predict
compressor performance, and the total pressure ratio difference between calculation and
test was less than 7% [15]. Aghaei et al. aimed to show how a good compressor can be
designed and modeled with CFD stable models and to explain the reasons for the dis-
crepancies between experiment (1D design) and 3D CFD analysis. They found a good
match between CFD and one-dimensional data for a radial impeller with a pressure ratio of
approximately 4:1. They stated that, in general, CFD gives a good estimate of performance
and adequately resolves local flow details [16]. Roberts et al. performed a parametric study
of the clocking between the TB inducer/exducer to investigate its impact on performance
and output stream quality. They showed that the relative environmental position or clock
setting between the inducer/exducer has a remarkable effect on TB performance. They
noted that the maximum change in operating blade efficiency estimated for various TB
configurations was approximately 3.8 [17]. Cuturi et al. designed and simulated a TB
radial compressor for hybrid compound turbocharging. They developed the configurations
through a series of improvements guided by the design of experiments (DOE). Full 3D CFD
simulations were performed at three different speeds: 2000 rpm, 3500 rpm, and 5500 rpm,
respectively. They noted that the final geometry had a higher pressure ratio than the
original unit, an improved surge margin, and a lower sensitivity to choke [18]. Noman
et al. present a comprehensive experimental and numerical study on the performance of a
medium pressure ratio, shrouded, TB centrifugal compressor compared to a conventional
compressor used commercially in China for turbocharging applications. They stated that
in all tandem design cases, the surge point shifts towards lower mass flow rates. They
stated that a maximum increase of 25 percent was observed in the study range. They
emphasized that when a 20 percent reduction in inducer thickness was made, it performed
better than conventional designs [19]. Ju et al. used the CFD method to examine the specific
aerodynamic performance of the TB. They said that compared to a single-row blade, a
tandem row has the potential to produce a higher pressure ratio with lower losses over a
relatively narrow operating range [20]. Josuhn-Kadner studied the effect of TB geometry on
rotor and stage characteristics. He performed measurements at nine points all around the
rotor, taking into account three different environmental inducer positions. He stated that
the improvement achieved by the TB configuration in the rotor and stage characteristics
was slight. Still, there were major differences in the flow field at the rear and outlet of the
rotor [21]. Josuhn-Kadner et al. have mainly investigated experimentally for radial com-
pressor aerodynamic stage optimization. They developed 3D Navier—Stokes calculations in
the design to analyze the flow field. They said the inducer setting has a negligible effect
on the rotor characteristics. They stated that the maximum rotor efficiency of 93.5% varies
within less than 1% depending on different positions of the inducer [22]. Li et al. improved
the compressor performance in highly loaded transonic radial compressors with a TB
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impeller configuration with rule-surface inducer and exducer blades. Both the impeller and
the diffuser achieved a compressor efficiency of 1.4% by reducing flow loss. They stated
that using a forward sweep and negative lean design for the impeller, depending on the
tandem impeller configuration, would increase efficiency by 2.11 percent compared to a
conventional compressor. They said that diffuser performance can be improved with a
negative lean design [23]. Li et al. first examined the flow characteristics of the conventional
impeller to determine the causes of compressor instability. Then, they examined the TB
impeller and showed the performance of different impellers. They particularly emphasized
the variation in impeller tip leakage flow and impeller leading edge separation flow as the
mechanism underlying the compressor operating range [24]. Sadagopan et al. described
the mean-line procedure based on isentropic equations for the mixed flow case. They
conducted rotor design evaluation studies for 3.5 kg /s mass flow by performing mean-line
code and computational analysis based on Bezier curves. They stated that a higher hub
load would result in a higher performance of the impeller with a lower tip leakage loss and
regular flow at the outlet [25]. Sadagopan et al. computationally evaluated a supersonic
mixed-flow compressor stage with a high-pressure ratio of 6:1 and an efficiency of 75.5%.
They carried out the analysis by taking into account the effects of three-dimensionality,
viscous flow, and compressibility. They described a new tandem design supersonic diffuser.
They stated that this new design outperformed previous supersonic diffusion configura-
tions by 20% in terms of efficiency [26]. Cravero et al. simulated a two-stage back-to-back
radial compressor for refrigerant applications using computational fluid dynamics tech-
niques at operating points close to the surge point. They confirmed the numerical results
with experimental results [27]. Zhu et al. carried out CFD analysis on the optimization
of low- and high-pressure radial compressors in a land-use MW-level gas turbine. They
increased the pressure ratio and efficiency by reducing the blade diffuser diameter ratio
for the low-pressure radial compressor. They stated that they reduced the deviation angle
by using a diffuser with splitter blades for the high-pressure radial compressor and thus
increased its performance [28]. Various numerical analysis studies have been carried out to
improve the stall margin of the axial compressor [29-31].

In this study, optimization studies for some parameters of the TB radial compressor
were carried out numerically. It has been observed that there is a lack of studies on the opti-
mization of these parameters in the literature. The main goal of this paper is to investigate
the effect of input parameters determined on pressure—compression ratio and efficiency in
tandem blade radial compressors. To ensure the accuracy of the numerical analyses in the
optimization studies, the results of the conventional blade centrifugal compressor, whose
test results were available in the literature, were examined and confirmed with numerical
analyses. After ensuring that our analyses worked, the numerical calculations of the TB
centrifugal compressor were performed. The main goal of the optimization studies was to
increase the efficiency and total pressure ratio. This goal was achieved with three optimum
designs obtained from the analysis results.

2. Methodology

To examine the effects of the design parameters of the TB centrifugal compressor on
performance, we first wanted to make sure that our analysis was correct. For this purpose,
an industrial-sized compressor, whose test rig was designed and built by the University of
Virginia Rotating Machinery and Control Laboratory (ROMAC), was chosen to verify the
numerical studies in this study. They set up the experimental set as shown in Figure 1 [1].
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Figure 1. Test set up [1].

The experimental system established includes a radial compressor, piping system,
diffuser, and flow control devices. The design parameters of the selected radial compressor
are shown in Table 1 [1]. They operated the compressor, which they designed for a speed of
23,000 rpm, at 17,000 rpm. They stated that the reason for this is that the high-speed electric
motor connected to the compressor shaft can rotate the rotor at a maximum of 17,473 rpm.
That is why we used 17,473 rpm in our analysis. In Figure 2, the design geometries are
shown on the radial impeller sketch.

Table 1. Compressor design parameters [1].

Parameter Value
Maximum speed (RPM) 23,000
Design mass flow rate (kg/s) 0.833
Design pressure ratio 1.68
Inducer hub diameter (mm) 56.3
Inducer tip diameter (mm) 116.72
Impeller tip diameter (mm) 250
Piping diameter (m) 0.203
Inlet piping length (m) 52
Exhaust piping length (m) 21.3

Impeller tip 1
diameter D2

Inducer tip T

[:31> diameter Dt

Inducer hub I I
diameter Dh Y

Figure 2. Impeller design geometry sketch.
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They carried out the necessary data measurements using 12 pressure transducers in
the test setup and also used a flow meter for flow control. They obtained measurements by
placing these pressure transducers and thermocouples in the inlet, inside the compressor
casing and outlet pipes.

A methodology has been created by examining the research conducted to facilitate the
radial compressor design process. Using this methodology, the compressor can be designed
parametrically according to the desired characteristics. The design methodology is given
in Figure 3.

N
Geometry Meshing CFD CFD YES Response surface
generation analysis results optimization
X g
NO

Geometry
| modification

Figure 3. The outline of the design methodology.

2.1. Numerical Method and Validation

Vista Centrifugal Compressor Design (Vista CCD), available in ANSYS Workbench,
was used to design the radial compressor. The design inputs of the compressor, shaft speed,
mass flow rate, pressure ratio, air inlet temperature, and pressure were entered. In the
continuation of the same module, geometric measurements, hub diameter, shroud diameter,
the number of blades, and tip clearance values were entered. A compressor with 0.254 mm
tip clearance and 18 blades without intermediate blades was designed as the number of
blades. A mesh structure suitable for the design was created using the Turbogrid module.
The normal distance option was selected by checking the override upstream geometry
options. Automatic was selected for topology settings. The global size factor method was
used for the mesh structure, and the method proportional to the mesh size was used for
boundary layer improvement control. The absolute method was used for the element size
near the wall. Figure 4 shows the mesh structure.

Figure 4. Mesh structure.

In Turbogrid, mesh statistics are used to see the quality of the mesh. Thus, the quality
parameters of the created mesh such as minimum surface angle, maximum surface angle,
maximum element volume ratio, and minimum volume ratio were examined. Percentage
distortions were checked for entry, exit, and passage, and all were achieved with zero
percent error. The minimum surface angle was 22.23° and the maximum surface angle
was 160.72°.



Appl. Sci. 2024, 14, 4256 6 0of 18

Conservation equations for each element created were solved by the program. For a
compressible, steady-state, homogeneous, and Newtonian fluid, the continuity, momentum,
and energy equations can, respectively, be written as follows [32]:

Continuity equation:
dp 0

ﬁ‘i‘aij (pUj) =0 1)
Momentum equation:
d(pUi) d Ly op d oui ~ doUj
o5 +ach(puzU])— aTquaTq () 8735]4_87” +5Sm 2)

where Sy is the sum of body forces, y; is turbulent viscosity, and p’ is the modified pressure.
Energy equation:

Aphe) 3p 9 iy 2 (33T o\ L2 o
ot _§+E(Pujhe)_5j Agj_pthe +gj[ul(T1]_pu’u1)] 3)

Which is suitable for flows and can be useful for liquids and gases in ANSYS CFX. The
term p u;h, is additional turbulence flux and the aix] [U;(Tij — p ujuj)] term in the equation

is the viscous work term. Symbol /. is the enthalpy, and A is thermal conductivity.

After the mesh structure was created, computational fluid dynamics analyses were
performed using CEFX-Pre. In order to analyze the experimental studies in the literature,
the same inlet and outlet sections were designed and analyses were carried out as a
vaneless diffuser, as in the literature. In the ANSYS CFX module, the radial compressor
and coordinate system are defined as the machine type. Steady-state and compressible flow
properties were preferred as analysis types. Rotation and speed as 17,473 rpm were entered
as the component type. As for the wall structure, the tip clearance at the shroud was marked
yes, and the tip clearance at the hub was marked no. Ideal air was chosen as physical
definitions, reference pressure was chosen as 0 atm, heat transfer was chosen as total energy,
and turbulence was chosen as shear—stress transport (SST). The SST turbulence model with
automatic wall function treatment was used because of its highly accurate predictions of
flow separation. In this model, the Reynolds stress terms in the momentum equations are
treated using the shear—stress transport turbulence model, in which the k-w model is used
in the near-wall region and the k-e model is implemented for the far field region [33]. The
inlet pressure and temperature were entered as 101,325 Pa and 288.15 K, respectively. The
total mass flow rate of the compressor was entered as 0.789 kg/s. As boundary conditions, a
non-slip wall was chosen for the blade and hub, and a counter-rotating wall was chosen for
the shroud. The advection scheme was chosen as the high-resolution, first-order turbulence
number option in the solver controls. The convergence criterion was set to RMS 107°.
Table 2 gives detailed boundary conditions and methodology. After the necessary settings
are made, the CFX visual for a single blade of our radial compressor is shown in Figure 5.

Table 2. Details of the CFD numerical methodology and boundary conditions.

Solver ANSYS CFX

Turbulence model Shear—stress transport

Convergence criterion Total residue < 107>

Inlet total pressure 101,325 Pa

Inlet total temperature 288.15 K

Solid wall Nonslip and adiabatic boundary conditions

Periodic surface Periodic boundary condition
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Figure 5. CFX setup.

Various analyses were performed to obtain mesh independence. These analyses were
examined according to the change in total pressure ratio and the results are shown in
Figure 6. In the graph below, it is seen that after the number of cells reaches 289,045,
the output values of the problem reach a constant value and become independent of the
number of mesh. Considering this graph, the network structure containing 289,045 cells is
considered sufficient.

1302
13

1298

1296 \‘\"’/_‘\-

1294

1292

1.288
1.286

1.284
0 500,000 1,000,000 1,500,000 2,000,000

Figure 6. Graphical representation of mesh independence.

Many active and passive flow control ideas such as adjustable inlet guides, air jet
injection, and vortex generation have been tried to increase the operating range, total
pressure ratio, and efficiency of radial compressors. However, due to some deficiencies in
these methods, they are far from applicability. Therefore, the tandem blade design, which
is a more innovative idea, has attracted the attention of researchers.

2.2. Tandem Blade Radial Compressor

The TB radial compressor consists of blades arranged in two rows. The design of the
TB radial compressor was made in the design modeler module of the ANSYS. The inducer
and exducer parts of the TB impeller were created using the revolve feature in the design
modeler module. The designed blade was transferred to the meshing module using the
export point feature. Figure 7 shows the design of the tandem blade geometry.
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Inducer

Exducer

Figure 7. Tandem blade radial compressor design.

The design was transferred to the Turbogrid module to create the appropriate mesh
and the mesh structure was created. The mesh structure was created for both the blades
and the fluid. Figure 8 shows the mesh structure of the tandem compressor.

Figure 8. Mesh structure created for a tandem blade radial compressor.

The mesh structure of a single-blade flow path is shown to save time and energy.
Two visuals were used to understand the shroud mesh structure. The analysis results were
carried out for all blades of the impeller.

2.3. Parameter Optimization

Parameters that were thought to have an impact on performance were selected from
the literature studies, and their effects on the performance of the TB centrifugal compressor
were examined. Optimization operations were carried out on the desired parameters.
Four input parameters were chosen. The cutoff angle between the inducer and exducer,
theta; the vertical distance between the lower edge of the inducer and the upper edge of
the exducer, which we call x; the rotational angle between the lower edge of the inducer
and the upper edge of the exducer, clocking; and the vertical height of the inducer, length.
As performance parameters, pressure ratio (Pr) and efficiency (i) were chosen, which we
checked from the results. The representation of the parameters on the tandem blade is
shown in Figures 9 and 10.
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impeller axis
direction
of
rotation

inducer

inducer

Figure 10. Representation of the 8 and L parameters.

These four parameters were transferred to the response surface optimization tool,
an ANSYS optimization module. The goal of this optimization is to enhance the total
pressure ratio and efficiency. Given the dual optimization objectives, the design falls under
the domain of multi-objective optimization problems. Multi-objective optimization does
not aim to identify the absolute optimal solution; instead, it seeks a range of relatively
optimal solutions. Genetic algorithms, renowned for their robust global optimization
capabilities, stand out as effective tools for resolving multi-objective optimization problems
arising from conflicting objectives. As a result, genetic algorithms were employed in this
design for optimization purposes. NSGA-II (Non-dominated ranked genetic algorithm II)
stands out as a highly utilized genetic algorithm. This approach introduces the crowding
ranking criterion, organizing individuals within the population based on their dominant
relationships prior to the execution of the selection operator. The flow chart of the NSGA-II
algorithm is shown in Figure 11.
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Initial Non-dominated sorting Genl
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Figure 11. NSGA-II algorithm flow chart.

The output parameters we want to see the results of are also defined in this module.
The output parameters vital to us are the total pressure ratio and efficiency. The lower and
upper limits for the specified input parameters were determined by looking at the studies
and taking into account the tandem blade geometry. Table 3 shows the lower and upper
limits determined for our input parameters X, C, L, and 6.

Table 3. Lower and upper limits of input parameters.

Input Parameters Lower Limits Upper Limits
X (mm) 1.0 3.0

C(®) 0 10

L (mm) 15.0 25.0

0 (°) 60 105

3. Results and Discussion

We obtained the analysis results of the radial compressor, whose experimental results are
in the literature. The analysis results of the compressor are shown below. Table 4 shows the
performance results of the radial compressor for which we performed numerical analysis.

Table 4. Compressor performance results.

Parameter Value
Rotation speed (rad/s) 1829.77
Inlet volume flow rate (m3/s) 0.6578
Mass flow rate (kg/s) 0.8056
Work input coefficient 0.5721
Input power (W) 19,438.8
Total temperature ratio 1.0834
Total pressure ratio 1.2999
Total isentropic efficient 93.3362

Figures 12 and 13 are given for the plane projection of the meridional section. Figure 12
shows 50% velocity vectors. It can be seen that the flow follows the airfoil, creating a regular
flow field. It is seen that the speed decreases locally due to the vortices formed at the blade
exits due to the tip gap. It does not appear to exhibit any unexpected behavior.

The total pressure contour is given in Figure 13. It is seen that the total pressure is the
lowest at the blade inlets, and the total pressure is at the highest level at the blade exit. It is
seen that the total pressure is at the highest level where the speed at the blade exits is low.
The consistency of the results obtained is important for the accuracy of the design.

The results of our radial compressor, which we designed and numerically analyzed,
and the radial compressor, whose experimental results are in the literature, are shown
in Table 5.
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Figure 12. Velocity at span of 50%, blade to blade.

Total Pressure in Stn Frame

[Pa]

150700
144708
138716
132724
126732
120740
114748
108756
102764
96772

90780

Figure 13. Total pressure contour.

Table 5. Percentage errors of pressure ratios.

Mass Flow Rate from Pressure Ratio from Experimental Pressure Experimental Mass Errors %
Analysis (kg/s) Analysis Ratio Flow Rate (kg/s)

0.341 1.414 1.386 0.341 1.98
0.377 1.4011 1.385 0.377 1.15
0.428 1.3878 1.383 0.428 0.35
0.509 1.3691 1.38 0.509 0.80
0.622 1.3383 1.355 0.622 1.25
0.789 1.2999 1.306 0.789 0.47
0.969 1.2397 1.223 0.969 1.35

compressor to be designed will be correct.

As seen in Table 5, there is agreement between the results we obtained from numerical
analysis and the experimental results in the literature.
As can be seen in Figure 14, our numerical analysis is compatible with the experimental
results. Thus, it is accepted that the numerical analysis results of the tandem blade radial
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Figure 14. Experimental results and analysis results.

Optimization Results

In the response surface method of the response surface optimization module, the
values of the output parameters can be seen according to the values of the input parame-
ters. The values of the parameters for the efficiency of the output parameters are shown
in Figure 15.

As seen from Figure 15, the efficiency value is at its highest at the point where the X
value is one. It is seen that the efficiency is at its lowest value when the x value is three. It is
seen that the C value has the lowest value of efficiency at an angle of 5 degrees. It can be
seen from the graph that the highest efficiency values are between 1-2 and 8-9. For the L
parameter, it is seen that the efficiency is highest at 15 mm. It is understood from the graph
that as the L value increases, the efficiency decreases. For the theta angle, it is seen that the
efficiency is at its highest value at an angle of 85 degrees, and the efficiency is at its lowest
at an angle of 60 degrees, which is the initial value.

The graphs of the values of these parameters in the same module, corresponding to
the total pressure ratio, are also shown in Figure 16.

845

Effs out

1 15 2 25 3

X (mm)

Figure 15. Cont.



Appl. Sci. 2024, 14, 4256 130f 18

93.456

934555

93.455

93.4545

Effs ont

93.454
93.4535
93.453

0 2 4 6 g 10
Clocking (degree)

93.5

Effs out

93
525

92
| Length (mm) |
936
534
932

93

Effs out

928
9216
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Figure 15. Efficiency result curves of X, C, L, and 0 parameters, respectively.

In Figure 16, the X value takes values between the lower and upper limits we deter-
mined and the total pressure ratios corresponding to these values can be seen from the
graph. Even though it does not increase linearly, it is seen that the total pressure ratio
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decreases as the distance between the inducer and exducer increases. If we examine the
clocking C value, it is expected that there will be a curve that constantly repeats itself at
angles, since it is the horizontal distance between the inducer and the exducer. It is seen
that the pressure compression ratio decreases as the inducer height value increases, starting
from 15 mm. It is seen that it has its lowest value at the upper value of 25 mm. It is seen
that the total pressure ratio first increases and then decreases as the theta degree increases.
It can be seen from the graph that it has the highest value at a cutting angle of 85 degrees.

In the optimization module, the last module of the response surface method, optimiza-
tion processes were started by targeting the values with the highest pressure compression
ratio and efficiency. The multi-objective genetic algorithm (MOGA) method was used as
the optimization method. The MOGA method is a variant of NSGA-II based on controlled
elitism. This method supports multiple objectives and constraints and aims to find the
global optimum. In this study, we aim to find the maximum values of the output param-
eters when there are no restrictions. With this method, 4000 design points were created
initially, and continued with 800 design points in each iteration. Three optimum designs
were obtained in a maximum of 20 iterations. The values of the optimum design points are
shown in Table 6. The design points with the parameter values in Table 6 are the optimum
points that give the highest total pressure ratio and efficiency.

1358
1356
1354

1392

Total Pressure Eatio

1388

1386

1 15 2 25 3
X (mm)

1353

Total Pressure Ratio

13583

13583
0 2 4 & 8 10

Clocking (degree)

Figure 16. Cont.
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1388

1.386
15 17 15 21 23 25

Length (mm)
1.354
1.383
1.382

1.381

1.389

1.388

Total Prezsure Fatio

1.387
1.386

1.385
60 65 70 75 20 B5 20 95 100 105

Teta (degree)
Figure 16. Pressure compression ratio result curves of X, C, L, and 8 parameters, respectively.

Table 6. Top three design points.

Design Point 1 Design Point 2 Design Point 3
0(°) 76.166 75.398 77.616
X (mm) 1.001 1.0002 1.0003
C©) 5.0217 5.0217 5.3439
L (mm) 15.005 15.005 15.005
Efficiency 94.61 94.609 94.61
Total Pressure Ratio 1.3985 1.3986 1.3985

Since the values and results were very close, design number 1 was selected from these
design points, geometry was created accordingly, and analyses were made at different flow
rates. The geometry of design number 1 is shown in Figure 17.

Analyses at different flow rates were carried out using the analysis method, whose
accuracy we have previously confirmed through the experimental results. The flow rates
used in the analyses and the values obtained from the analysis results are shown in Table 7.
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Figure 17. Optimum design geometry.
Table 7. Flow rate and analysis results.

Mass Flow Rate (kg/s) Tandem Opt. Pr. Tandem Pr. Conventional Blade Pr.

0.341 1.4499 1.4493 1.41

0.377 1.4465 1.4448 1.4018

0.509 1.441 1.4371 1.3691

0.622 1.427 1.4153 1.3383

0.789 1.3945 1.3896 1.2999

0.969 1.3525 1.35 1.2397

The graphical results of the optimum tandem blade design, tandem blade design,
and conventional blade design at the same speed and different flow rates are shown
in Figure 18.

15
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Figure 18. Comparison of analysis results.

The analysis results of the optimum tandem-bladed impeller give better results than
the classical tandem blade and conventional blade impellers.

4. Conclusions

A radial compressor with test results available in the literature was designed, and
numerical analysis was performed using the package program. It has been observed
that the current test results and the numerical analysis results are pretty close. There is a
maximum error rate of 1.98% and a minimum of 0.35% between the numerical analysis
and experimental results.
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After seeing that the test results of the conventional blade radial compressor in the
literature were compatible with the results of our numerical analysis, we performed the
analysis of our tandem blade radial compressor with four input parameters. Design points
were created within the determined lower and upper limits. Three different optimum
designs with the highest output parameters, total pressure ratio, and efficiency were
obtained using the MOGA optimization method. With this method, 4000 design points
were initially created to find the optimum design, and optimum designs were obtained in a
total of 20 iterations, each containing 800 design points. Numerical analyses were carried
out according to design point one of these obtained design points. The parameter values of
the design point one with the highest performance were found to be theta angle 76.166°, X
value 1.001 mm, clocking C angle 5.0217°, and L value 15.005 mm. The efficiency of this
design point 1 was found to be 94.61 and the total pressure ratio was 1.3985. As a result of
these analyses at different flow rates, it has been seen that the performance of our optimum
TB centrifugal compressor is better than the TB and conventional blade radial compressor.
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