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 Abstract – Centrifugal (radial flow) turbines are 
widely used in various industries, including power 
generation industries, so the study on them is of 
particular importance. The aim of this study was to 
investigate the thermodynamic properties of fluid flow 
in Trailing Edge (TE) and (LE) Leading Edge. For this 
purpose, first, the rotor (impeller) of the radial flow 
turbine was designed based on some design data such 
as flow rate, number of blades, rotational speed, 
diameter and length of the impeller, and then the 
designed rotor was simulated in 3D. The simulation 
done in the pressure based method and the turbulence 
model is SST and the rotational speed was 
140,000(RPM). The results showed that the pressure, 
temperature and enthalpy in TE are less than LE and 
the areas close to the hub have the highest pressure. 
Another phenomenon observed is that in the section 
LE we see the separation of the flow from the blade 
surface, which then approaches the blade surface again 
and follows a relatively regular path,  
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so the entropy in TE is greater than LE. At the end, the 
results of numerical solution were compared with valid 
data and the error rate and its reasons were discussed. 

Keywords – Radial Flow Turbine, Impeller, Trailing 
Edge, Leading Edge. 

1. Introduction

   Computational fluid dynamics play a greater role 
in the design of turbomachines than in other 
engineering tools. For many years, designing an 
advanced turbine or compressor without using 
computational fluid dynamics has been 
unimaginable. In the last two decades, 
turbomachining companies have used computational 
fluid dynamics as one of the main methods to 
evaluate the performance of new designs [1]. In 
recent years, the design and performance analysis of 
turbomachines has made significant progress due to 
the increase in power and accuracy of numerical 
calculations [2]. Many researchers, such as Paßrucker 
et al. [3], Cravero [4], oslo Sloteman et al. [5], and 
Goto et al. [6] proposed integrated methods for 
designing and analyzing the performance of 
turbomachines. Many of these methods combine a 
one-dimensional performance analysis with a quasi-
three-dimensional method. They numerically 
simulated their final design using computational fluid 
dynamics. 

Feng et al. [7] designed a small 100 kW radial 
turbine rotor for aerodynamic design and numerical 
simulation. They first performed a thermodynamic 
design to obtain some important parameters, then 
designed the traditional cylinders of the turbine rotor 
using a parabolic geometric design method, and 
finally evaluated the aerodynamic performance and 
flow characteristics using Newmka commercial 
software. They studied the effect of velocity ratio and 
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output current coefficient on aerodynamic 
performance and concluded that when the mass flow 
rate is high, a high velocity ratio should be selected 
to reduce the rotor height at the output. This can also 
reduce the stress on the rotor. They also concluded 
that for this turbine, the best angle of incidence of the 
current entering the turbine is -32 degrees relative to 
the radial direction. Hajilouy and Baines [8] 
experimentally investigated the performance 
characteristics of a radial flow turbine and observed 
that the maximum efficiency decreases with 
increasing speed. Experimental results of  
Winterbone et al. [9] for single-inlet turbine showed 
that there is a sharp drop near the tab in the turbine 
chamber. So that the low pressure area at an angle of 
less than 360 degrees, high pressure at an angle of 
zero degrees and again a pressure drop to an angle of 
30 degrees. Tabakof and Sheoram [10] measured the 
velocity and flow angle in the single-inlet turbine 
chamber. The results showed that the velocity in the 
spiral path is continuous and accelerating. 

In terms of design, it should be said that in general, 
the design of radial flow turbine impeller is done in 
two ways, direct and reverse. In the direct method, 
the designer first obtains the blade geometry input 
using boundary conditions such as pressure and 
stagnation temperature, then enters it into the flow 
analysis program and changes the blade geometry 
until it reaches the desired performance. One of the 
advantages of this method is direct control over the 
geometric constraints of the problem. In the reverse 
design method, the designer starts from an initial 
blade geometry and after analyzing the flow, makes 
the relevant corrections, and as a result, a new 
geometry is obtained, and this process is repeated 
until the desired result is achieved. In the reverse 
design method, many assumptions are needed, which 
reduces the accuracy of the solution in this method. 
Also, to reduce the number of repetitions, it is 
necessary to use an initial shape that is close to the 
desired design. 

One of the first people to design radial flow turbine 
wheels was Rohlik [11] in 1968 and Benson [12] in 
1977. In 1990, Whitfield [13] studied the 
dimensionless design of a radial flow turbine. In the 
method Whitfield proposed, the goal is to minimize 
the Mach number at the inlet and outlet of the turbine 
wheel to reduce turbine wheel losses. Minimum 
losses mean that the flow rate does not exceed the 
required value.  With increasing the speed of the inlet 
flow to the turbine wheel, the Mach number 
increases and as a result, the losses also increase. In 
1990, Zangeneh [14] used the reverse method to 
design a three-dimensional impeller. In this method, 
Zangeneh obtained the tangential three-dimensional 
shape of the blade by determining the distribution of 
the tangential component of the average velocity 

along the blade by flow analysis software and also 
solving the three-dimensional equations of 
compressible ultrasonic flow. Due to that, the losses 
in the initial edge of the blade and the output losses 
in the end edge of the blade are minimized. Another 
goal of this distribution was to minimize the amount 
of rotation in the base profile and achieve a smooth 
pressure distribution in the Tuk profile. Comparison 
of the final blade results with the initial blade showed 
a 5.5% increase in total return to static. Other 
researchers have worked on the design of radial flow 
turbine wheels, including Bains [15], Ebaid [16], and 
Chiong [17].  

The aim of this study was to investigate the 
thermodynamic properties of fluid flow in Trailing 
Edge (TE) and (LE) Leading Edge. For this purpose, 
first the radial flow turbine impeller is designed 
based on some design data such as flow rate, number 
of blades, number of revolutions, diameter and length 
of the impeller (in the present study, the direct design 
method has been used) and then the designed 
impeller. Is simulated in 3D and the results are 
discussed. 
 
2. Design and Modeling 

 
In the preliminary design, which is also called the 

average line design; it is assumed that all the flow 
properties in the average radius are equal to the 
appropriate average of the properties in the flow 
section. In the preliminary design method, the main 
dimensions of the turbine impeller are obtained, 
which include the inlet radius and the outlet radius at 
the base and tip, the blade width at the inlet and the 
blade length. The designer needs a series of design 
parameters to achieve the geometric dimensions of 
the blade. Basic design parameters include inlet 
stagnation temperature and pressure, mass flow, total 
to static pressure ratio, specific velocity, total to 
static efficiency and specific velocity. In addition to 
the above, the designer needs a series of geometric 
constraints such as the absence of the radius of entry 
into the radius of the tip at the exit, the ratio of the 
base radius to the tip at the exit and the angle of the 
blade at the entrance and exit. The fewer designer 
choices and design code inputs, the more flexible the 
design. In the present work, an attempt has been 
made to use the least input data for preliminary 
design. The algorithm used for the design is shown in 
Figure 1 below. The algorithm in Figure 1 was 
repeated until the design requirements were met. The 
data in Table 1 were used for design. Three-
dimensional geometry was performed based on the 
results obtained from the design method using the 
Blade Gen module of Ansys software. Figure 2 
shows the geometry obtained from the design. 
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Figure 1. Algorithm for a parametric study of the mean-
line approach[18]. 

 
Table 1. Basic data for design[19] 
 

Parameter Quantity 

Number of blades  10 
limpeller 17(mm) 
dimpeller 50(mm) 
Design mass flow 69 (gr/s) 
Rotational speed 140000 (rpm) 
Expansion ratio 1.67-1.82 
Total inlet temperature 1023.15(K) 
Absolute inlet flow angle 73 (deg) 
Isentropic Efficiency 0.75 

 

 
 

Figure 2. Designed and modeled impeller geometry 
 

 
 

Figure 3. Meshing configuration at an impeller 
 
Meshing  
 

   The next step in producing geometry is to meshing 
it [20], [21], [23]. The mesh generated for the 
calculations was performed by the Turbo Grid 
module of the Ansys software [24], [25] (Figure 3). 
This software is only developed for the production of 
meshs for turbomachines, and it is fully organized. 
The advantage of an organized network is the speed 
of convergence and high accuracy in the answers. 
This software has the ability to fine-tune the network 
in areas where there are strong gradients. There are 
strong gradients in the areas around the blades and 
near the walls, so the grid should be smaller in these 
areas than elsewhere. The independence of numerical 
solution results was calculated from the number of 
computational cells for 4 networks with the number 
of cells 50,000, 100,000, 200,000 and 400,000 and 
according to the results, 200,000 cells with maximum 
edge length ratio equal to 346.147 were used for 
numerical solution. 
 

Governing Equations and Numerical Solution 
Methods 
 

   Calculating the flow field parameters in 
turbomachines using computational fluid dynamics is 
complex, because the flow inside turbomachines is 
due to the flow separation phenomena. Secondary 
and reciprocating currents, as well as the 
compressibility and turbulence of the current, are 
very complex [26]. The three-dimensional flow 
inside the turbine is analyzed using CFX software. In 
this software, the compressible flow equations are 
solved based on the base pressure method. Equation 
discretization is performed based on the High 
Resolution method. Meanwhile, the energy equation 
is solved independently of the mass and momentum 
equations. Reynolds stress terms are solved in the 
momentum transfer equations using the SST 
turbulence model because this turbulence model is 
more suitable for turbomachines [22]. In the 
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simulations, the fluid type was Air Ideal Gass and 
Rotational speed =140000(RPM). For the boundary 
conditions in this simulation the values of total 
temperature and pressure are entered at the inlet. The 
outlet boundary condition is also determined by static 
pressure. The boundary condition of the walls is 
assumed to be adiabatic and the non-slip condition 
for velocity on the surfaces. 
 
3. Results and Discussion 
 

   The results of the simulations are shown in Figures 
4-9 and Table 2. The transfer of fluid energy to the 
impeller causes the impeller to rotate. In this process, 
the fluid energy level decreases. As the simulation 
results show, the velocity, temperature and pressure 
of the fluid at the output are less than the input. An 
important point to note is that energy transfer occurs 
through a change in the enthalpy of the working 
fluid. Finally, in fluid mechanics problems, this 
energy is known as shaft work. It is received from 
the working fluid. Figure 4 shows the flow lines. As 
it is clear, the motion of the fluid is a spiral motion 
which is accompanied by a decrease in velocity. 
Figure 5 shows the pressure contour in the Trailing 
Edge section. The results show that the lowest 
pressure belongs to the central part and the highest 
pressure belongs to the connection part of the 
impeller hub. In other parts, the pressure distribution 
is uniform. 
 

 
 

Figure 4. Velocity Streamlines at Blade TE              
 

 
 

Figure 5. Contour of P at Blade TE 

Figure 7 and Figure 6 show the Mach speed 
velocity contour. These contours show that in the 
convex part (suction part) the flow has the highest 
speed and in the concave part (pressure part) the flow 
has the lowest speed.  Another phenomenon that is 
observed is that in the Leading Edge section, we see 
the separation of the current from the blade surface, 
which then approaches the blade surface again and 
follows an almost regular path. Figure 8 shows the 
entropy changes. The results show that the highest 
entropy is related to the Leading Edge where the 
current separation occurs. Also, the entropy at the 
output has increased significantly. 

 

 
 

Figure 6. contours of M rel at 50% span 
 

        
 

Figure 7. velocity vectors at 50% span 
 

 
 

Figure 8. contours of s at 50% span   
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 Figure 9. Blade loading chart    
 

Figure 9 shows the pressure distribution on the 
blade surface. The results of this diagram can be 
interpreted with the results in Figure 7, i.e. in both 
the pressure section and the suction section; the 
pressure distribution is completely opposite to the 
velocity distribution. The parts that had the highest 
speed had the least pressure and vice versa. 

 
Table 2. Summary of numerical solution results 

 

Quantity Inlet Outlet LE TE 

Density(kg/m3) 0.6057 0.4768 0.5933 0.4637 
P(Pa) 178446 141369 176562 135231 
T(K) 1020.65 1014.26 1016.34 987.935 
H(J/kg) 725675 719261 721354 692820 
S(J/kg.K) 1073.58 1128.71 1076.81 1114.14 
Mach(rel) 0.7886 0.3578 0.5453 0.4239 

 
Validation 
 
   Solutions obtained from numerical methods are not 
always reliable and the results have to be compared 
with valid data to prove the accuracy of the solution. 
Comparing the results of mass flow and expansion 
ratio obtained in this study with reference [19] in 
Table 3 shows that the results of this study have an 
average error of 20.5%. The main cause of this error 
is related to two factors: 
 
 
 
 
 
 
 
 
 
 
 
 

1. The physics governing the flow in turbomachines 
has many complexities. Although numerical 
solving methods have advanced a lot in recent 
years, they are not able to simulate all the details 
exactly according to the real situation. 

2. Some of the data presented in the reference [19] 
are not explicitly stated and are expressed as a 
range, so selecting different data from this range 
will have different results. For example, the 
value of inlet total pressure is 1.76-1.82(bar). 

 
Table 3. Comparison of numerical solution results with 
reference data 
 

Error CFD ]19[  Parameter 
11.3 % 76.8(gr/s) 69 (gr/s) Mass flow rate 
29.76% 1.2256 1.67 - 1.82 Expansion ratio 
20.5% - - Average error 

 
4. Conclusion 
 

    The aim of this study was to investigate the 
thermodynamic properties of the flow in the Trailing 
Edge (TE) and Leading Edge (LE) in impeller of a 
radial flow turbine. First, based on the design 
requirements, the turbine impeller was designed and 
modeled by direct method and then the fluid flow 
simulated by the numerical solution method in the 
impeller. In summary, the results showed that: 
 

 Pressure, temperature and enthalpy in TE are less 
than LE. 

 In the LE section, we see the separation of the 
current from the blade surface, which then 
approaches the blade surface again and follows a 
relatively regular path, so the entropy in TE is 
higher than LE. 

 The lowest pressure belongs to the central part 
and the highest pressure belongs to the 
connection of the impeller to the hub. 

 

Symbols 
 

P: Pressure(Pa) 
T:Temperature(K)
H:Enthalpy (J/kg) 
S:Entropy(J/kg.K) 
TE: Trailing Edge 
LE: Leading Edge
M: Mach 
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