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Partial admission turbines typically operate to counteract fluctuations while
maintaining high efficiency. However, partial admission itself leads to losses that
depend on various parameters, including turbine geometry, which significantly
affects flow distribution at the rotor’s inlet and outlet. In this paper, the
aerodynamic behavior of a partial admission axial-flow turbine was numerically
simulated using Ansys Fluent software under steady-state and incompressible flow
conditions. The turbine consisted of three channels, each containing six Eppler 817
blades, carefully designed to optimize aerodynamic performance. This specific
blade arrangement ensures enhanced interaction between the flow and the blade
surfaces, promoting more accurate prediction of aerodynamic forces. By analyzing
the hydrodynamic forces applied to the blades, including detailed pressure and lift
distributions along the blade span, it was observed that the pressure difference
between the first and third channels increased by 25.19%, while the lift force
decreased by 34%. These variations demonstrate consistent and physically
reasonable flow behavior across the channels. Therefore, the configuration of three
channels with six blades per channel provides acceptable and stable results in terms
of hydrodynamic force balance, flow uniformity, and overall aerodynamic
efficiency, confirming the suitability of the chosen geometry for partial admission
turbine design in practical engineering applications. These findings clearly indicate
that the analyzed turbine configuration not only ensures stable and uniform flow
but also provides a reliable and efficient solution for practical partial admission
turbine applications.

* Corresponding Author’s E-mail: shahrokh.shams@ut.ac.ir

How to Cite this Article:

Sh. Payvar and Sh. Shams, "Analysis behavior of partial admission hydrodynamic turbines in tri-channelized systems," Journal of
Technology in Aerospace Engineering, Vol. 9, Special Issue, pp. 1-10, 2025, https://doi.org/10.22034/jtae.yyyy.nnnn.

COPYRIGHTS

O

Authors retain the copyright and full publishing rights. . \\
Published by ARI. This article is an open access article licensed under the Creative Commons

OPEN (5 ACCESS

Attribution 4.0 International (CC BY 4.0).



https://doi.org/10.22034/jtae.yyyy.nnnn
https://www.jtae.ari.ac.ir/
https://doi.org/10.22034/jtae.yyyy.nnnn
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://orcid.org/0009-0002-7365-7946
https://orcid.org/0000-0002-1259-821X

2

/ Journal of Technology in Aerospace Engineering
Vol. VV, Spcial Issue, 2025

1 Introduction

In 1949, Robert and his colleagues [1]
experimentally demonstrated that by reducing the
partial admission rate to half of the total admission, the
turbine's output power is significantly reduced. In 1968,
Balje and Binsley [2] showed the relationship between
geometry and additional losses due to partial admission.
An experimental study of a single-stage turbine by
Classen [3] to estimate the effect of different degrees of
admission on turbine performance showed that with a
decrease in the percentage of partial admission,
efficiency decreases. In 1998, by Boon and colleagues
[4], changes in efficiency based on the cross-sectional
area of the channel and mass flow were described. Their
experiments showed that the dependence of turbine
efficiency on partial admission is more on mass flow
than on the shape of the cross-section. In 1999, by
Skopec and colleagues [5], changes in efficiency for
reducing the flow rate of partial admission to 0.40 were
examined. They determined that efficiency can be
increased by reducing the axial distance between the
nozzle and the rotor. In 2006, by Cho and colleagues
[6], a model was presented to predict the performance
of a small axial turbine with partial admission.

In recent years, the use of numerical analysis and
computational fluid dynamics of turbomachines has
noticeably increased. Many researchers, such as
Grolimund in 1999 [7], Tucker in 2005 [8], Touq and
colleagues in the years 2008, 2010, 2011, and 2013 [9-
12], have widely used numerical analysis tools in the
analysis of turbomachine flows. In 2002, Given and
Dorney [13] modeled the performance of a single-stage
supersonic turbine under full and partial admission
conditions numerically. The review of the results
showed that due to the specific physics and nature of
the flow in partial admission, in numerical simulation
to achieve accurate and correct answers, partial
admission must be considered. In 2006, Jeong and
colleagues [14] examined the effect of the axial
distance of the nozzle rotor on the efficiency of a
turbine with partial admission with a shell and the
factors, the radial distance of the rotor and the shell on
the performance of a turbine with partial admission,
were simulated by them and to reduce the calculation
times, the periodic boundary condition was used in the
numerical analysis. Although in a turbine with partial
admission the use of periodic boundary conditions is
not correct, but they conducted a comparative study to
examine the effect of the axial distance of the nozzle
and the rotor radius. In 2007, Mr. Tousi and colleagues
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[15] studied the flow in a specific supersonic turbine
and examined the effect of changing the blade edge
geometry on turbine performance, in such a way that
two-dimensional and three-dimensional analyzes were
performed on the flow pattern around the channel and
turbine blades. Then the effect of sharpening the
leading edge and trailing edge was examined, which
their analysis showed that sharpening the geometry of
the leading edge and trailing edge improves the flow
pattern in the space between the nozzle outlet and the
rotor inlet and the space between the blades. In 2008,
Kikuchi and colleagues [16] examined the aerodynamic
performance and unsteady flow behavior of a single-
stage axial turbine with partial admission with different
axial distances of the rotor_stator by them. The purpose
of this work was to examine the effect of axial distance
on performance and flow pattern. In 2019, Berger and
colleagues [17] conducted an experimental test about a
single-stage control with air under partial admission.
More recent research has emphasized multi-physics
coupling and advanced CFD techniques for accurate
flow prediction in complex turbine geometries. For
example, high-fidelity simulations of partial admission
turbines using hybrid RANS—LES and multi-physics
frameworks have been reported in the literature [18]-
[21].These works highlight that the influence of
admission rate, channel configuration, and turbulence
modelling remains a key factor in improving turbine
efficiency and performance. The present study builds
upon these recent developments to analyze and
optimize the aerodynamic behavior of a tri-channelized
partial-admission turbine.

2 Objective, Geometric Design

Specifications, and Simulation Steps

The geometric design of a partial admission water
turbine, with the determination and placement of
suitable blades as a rotor, and also the examination of
the shape of the high-speed flow channel in order to
increase the aerodynamic characteristics of the turbine
and increase the output power relative to the input
power, with simulation using the Computational Fluid
Dynamics (CFD) method with Ansys Fluent software,
are the objectives of this research.

2.1 Turbine Geometry Design Details

The turbine geometry was produced in Ansys
software and Figure 1 shows an overview of the turbine
with the location of the relevant components.



Analysis Behavior of Partial Admission Hydrodynamic Turbines in Tri-

Journal of Technology in Aerospace Engineering / 3
Channelized Systems

Vol. VV, Special Issue, 2025

@ 120 deg ® Table 1. Two-dimensional dimensions of the high-speed flow channel

Parameter Value
Inlet cross-section 48cm
Outlet cross-section 23.43cm
' - Nozzle length 35.96 cm
\ Nozzle angle 31.2 deg
Nozzle duct height 6cm
Diffuser length 95 cm
Diffuser angle 5 deg
Diffuser duct height 6 cm
sy duct length 10 cm
Circle 1 115cm
0deg s N Circle 2 135cm
Rotor length 2.5cm
Rotor attack angle 2.5 deg
Inlet velocity 6 m/s
Qutlet pressure 17 bar
Mass flow 25 kg/s

Fig. 1. Geometric Design A) Three-dimensional flow channel B)
Two-dimensional flow channel C) Blades inside the flow channel

It should be noted that the three partial admission
channels 0 deg, 120 deg, and 240 deg have the same
dimensions and geometric components. The distance
of each blade from its previous blade in the horizontal
state from the trailing edge to the leading edge of the
blade is 0.5 centimeters. The blades have a length of
2.5 centimeters and an attack angle of 2.5 degrees. The
vertical distance, the horizontal row of each series of
a set of three blades, from the next row of its set is 2
centimeters.

Fig. 2. Eppler E817 hydrofoil

The design dimensions of these channels are
presented in two dimensions in Table 1.

ANSYS
2

Fig. 3. Dimensions of channels and blades

The geometric shape under examination possesses
rotational symmetry characteristics at three specific
angles. These angles include 0, 120, and 240 degrees,
which indicate axial symmetry and the harmony of
dimensions in these directions. This feature can be utilized
in engineering analyses to better understand the behavior
of the shape under various loadings.

2.2 Computational Mesh Generation
The meshing of the high-speed flow channel is shown

in (Fig. 1). The mesh was generated using Ansys software
in Fluent Meshing.
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L.

Fig. 4. A) mesh of the total domain without organization B) meshing on airfoils C) boundary layer mesh on airfoil

Near the blades, the mesh grid has a structured
quadrilateral shape, and the rest of the domain is an
unstructured triangular shape. Quadrilateral cells near the
blade walls were used to provide better accuracy for
viscous effects in the boundary layer and The mesh
element size of the total domain is 0.9 cm. Considering the
length of the blades (2.5 cm) and the fluid (water at 20
degrees Celsius), the Reynolds number of the flow is
1x1076. Considering Y~+=1, the first thickness of the
boundary layer mesh is AS=5.8x10" (-7), and 10 cells with
a boundary layer growth ratio of 1.2 were set, and the total
number of mesh elements is 318417.

Table 2. Number of mesh elements

To ensure that the simulation results are independent
of mesh size, a grid independence test was performed.
Three different structured—unstructured hybrid meshes
were generated and tested:

a coarse mesh with approximately 210,000 elements,
a medium mesh with 318,000 elements, and a fine mesh
with 480,000 elements. The variation in the average
pressure coefficient between the medium and fine meshes
was below 1.8%, and the difference in lift coefficient was
approximately 2.3%. Consequently, the medium mesh
(318,000 elements) was selected for the final analysis
since it provides an optimal compromise between
computational cost and numerical accuracy. This confirms
that the chosen grid resolution is sufficient to capture the

nodes 227831 . . .
hydrodynamic and aerodynamic characteristics of the flow
Elements 318417 v . .
within the turbine channels.
Table 3. Total Mesh
Mesh Type Number of Elements Total Nodes Pressure Difference Lift Coefficient
Coarse 210,000 150,000 — —
Medium 318,000 (used mesh) 227,000 1.8% vs fine mesh 2.3% vs fine mesh
Fine 480,000 342,000 Reference value Reference value
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2.3 Turbulence model for problem solving

a
7t (pk) + 0_x] (pku;)
1)

- L P
_0xj (n ak)ﬁxj kK~ Tk

s
d d
7t (pw) + o (pwu;) (2)
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_an (Au aw)axj w [}

+ S, + D,

The k-o SST model was developed by Mr. Menter.
In the region close to the wall, this model is based on the
k- model and in the high Reynolds region, it is based on
the standard k- model. To achieve a smooth and trouble-
free transition between the two models, the formulation of
the standard k- model is brought into the form of the k-®
turbulence model and combined with a mixing function.
The standard k-o model and the transformed form of the
k-& model are both multiplied in a mixing function and
then the two models are added together. Considering the
transformation of the standard k-¢ model to the k- model,
an additional dispersion expression (Dw) called cross-
dispersion is required compared to the standard k-o model
in Equation 2-1, the shear stress transfer model is required.
The equations of the present model are as follows [22]:

The k- SST model is very similar to the standard k-
® model, but it also includes the following optimizations
(it should be noted that the standard k- model is based on
the Wilcox k-o model, which contains modifications due
to the effects of low Reynolds numbers, compressibility,
and shear flow dispersion), for example, in Wilcox, the
derivative of the cross-dispersion term is mentioned [23].
In comparison with the standard k-o model, the following
changes or additions are needed:

The turbulent eddy viscosity in the k- SST model is
modeled according to the relationship mentioned (Error!
Reference source not found.).

_pk 1
He =" T [l SFZ] ?3)
a’a;w

In addition, a composite function is needed for the
dispersion constants according to the equations ¢_k and
another equation, both of which are not provided.

1
- Fi/oxa+ (1 —F)/ow, 4)

Ok
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00 = ! (5)
¢ Fi/o,1+ A =F)/o,,

The weighting coefficient F_1 for composite
functions is calculated according to the following
equations.

F, = tanh(®7) (6)

o = mi vk 500u 4pk )
LT 0,090y py2e) 5 DE V7

F, = tanh(®2) (8)

o = ) vk 500u 9)
2 = Max 0.09wy’ py?w

Another change from the standard k-o model is
related to the modeling of the production term in the k
equation. In the SST model, production is limited by the
equation Error! Reference source not found.

Gy, = min(G,, 10 p f*kw) (10)

In addition, the production term of the specific
dissipation rate is determined through the turbulent eddy
viscosity. Without using the low Reynolds number
correction, the proportionality coefficient o remains
constant. Otherwise, it is also made compatible using a
blending function.

a
Ga) = VtGk (11)

The dissipation term is calculated using the first
relation below. The proportionality coefficient p (beta) is
determined using a blending function according to the
second relation below.

Ye = p B w? (12)

B = F1ﬂi,1 +(1- F1)ﬂi,2 (13)

The conversion of the standard k-¢ turbulence model
to the k- model inevitably leads to a cross-diffusion term
that the transport equation for the specific dissipation rate
must be complemented with. In the k-o SST model, this is
determined using the relation Error! Reference source not
found.

1 0k dw
D, =2(1-F)pa,, P
J J

(14)

The predefined constants of the model in Fluent are
summarized in the table below.
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Table 4. Constants used in the k- SST model

a B Bii Bi2

Rg

O Ok2 0p2 a

0.52 0.09 0.075 0.0828

1.176 2 1 1.168 0.31

In the k- SST model, to achieve appropriate model
behavior in calculating the transitional region, one can use
a constraint formulation of eddy viscosity, which will be
very suitable for calculating the transitional region
between laminar and turbulent flow. In fact, this
relationship is the most significant difference between the
k- SST model and other k-® family models. It performs
significantly better than other k-o family models in
estimating flow separation from smooth surfaces. Given
the above characteristics, it is the most suitable model
among the k-¢ and k-o family models in terms of
predicting the drag coefficient, especially the friction drag
coefficient at low speeds and flow separation [24].

3 Initial and Boundary Conditions

In the boundary conditions of the solution domain,
the inlet speed is 6 m/s and the outlet pressure is 17 bar,
and a turbulence intensity of 5% was considered. All walls
are adiabatic with a no-slip condition. The discretization
of all equations is of the second order, which provides high
accuracy in the results. The solution algorithm is coupled
between speed and pressure. The simulation process is
such that the solution area is fixed. The high-speed flow
channel and blades in the water fluid, the flow in the
steady state, and with the k- SST turbulence model, were
modeled.

Type:Pressure-
{ Based
Time:Steady

K-omega SST

. Solver

H Viscouse model [~

Defualt Domain
H Materials —  Water-liquid
Inlet velocity: 6
Boundary s

Condition

Pressure oulet: 17
bar

Fig. 5. Domain default conditions

Finally, to minimize the rounding and iterative
simulation error, a double-precision iterative convergence
criterion is needed for all variables, which is a maximum
residual of 10" (-6).

4 Discussion and Simulation Output

Results

A distinguishing feature is a region of rapid
expansion and very low pressure at the moment of passing
through the blades, as seen in Fig. 6. This phenomenon is
similar to the vacuum effect that occurs when a fluid with
high inertia downstream of the blade channel has a flow to
the blade. The flow is directed towards this area with low
pressure, from the blade to the blade downstream. In the
pressure contours, there is a gradual decrease in pressure
between the blades from the leading edge to the trailing
edges of the blades, indicating that the input pressure used
for the output pressure chart is 17 bar. Since boundary
conditions are applied on the end wall, which causes a
sudden increase in pressure in Fig. 6. It can also be
considered as high speed.

120 deg

u

240 deg

0deg 120 deg 240 deg

Fig. 6. Pressure within the channels
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2.4e+06
——0deg

—— 120 deg

2.2e+06
240 deg

2e+06

1.8e+06

1.6e+06-

Pressure [Pa]

1.4e+06

1.2e+06

1e+06 — - —_ - — |
0 0.5 1 1.5 2
X[m]

Fig. 7. Pressure inside channels

Referring to Fig. 7, a comprehensive analysis has
been performed across the three channels spanning from
the inlet to the outlet. The findings demonstrate that there
is an increment in the inlet pressure at angular positions of
0°,120°, and 240°. Within the duct, a reduction in pressure
is observed, culminating in a near-constant pressure at the
outlet.

Table 5. Pressure difference

Channel number Pressure (bar)
Channel 0 deg 9.8

Channel 120 deg 11.3

Channel 240 deg 13.1

Based on the data presented in Table 5, it is observed
that the pressure differential in the second channel
compared to the first has increased by 13.27%. Similarly,
the third channel shows an increase of 13.74% compared
to the second channel, and an increase of 25.19%
compared to the first channel.

120deg

Velocity

Contout 1

1 64608+
5810
51630401
4522e+01
3876e+01

32308401 ’ \

258401 ' =—lTh
19380001 b

1282e+01 4

6.460e+00

0.000+00
[mst]
240 deg.

20 deg

Fig. 8. velocity contour inside channels
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Tite
50
] ——0deg
| ——120deg
40+ 240 deg
=
$30]
E |
z |
B20.
N
10]
o, L ‘ :
0 0.5 15 2

1
X[m]
Fig. 9. Velocity inside channels

Referring to Fig. 9, a comprehensive analysis has
been conducted across the three channels from the inlet to
the outlet. The findings indicate that there is a decrease in
the inlet velocity at angular positions of 0 degrees, 120
degrees, and 240 degrees. Within the duct, an increase in
velocity is observed, which ultimately leads to a
decreasing velocity at the outlet.

Table 6. Velocity difference

Channel number Velocity (m/s)

Channel 0 deg 46.15
Channel 120 deg 44.08
Channel 240 deg 42.12

As presented in Table 6, the velocity differential of
the second channel relative to the first has diminished by
4.5%, the third channel relative to the second by 4.45%,
and the third channel relative to the first by 8.73%.

\\ \ 2
v ANSYS
\ 2020R2

Velocity
Contour 1

. 6.460e+01
5.814e+01
5.168e+01

Fig. 10. velocity deviation
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Referring to Fig. 10, the fluid flow is ideally expected
to be symmetrical. However, observations indicate that at
the outlet, the flow deviates by approximately 52% from
the ideal velocity. This deviation could be due to non-
uniform velocity distribution or obstacles present in the
flow path. To address this issue and improve flow
symmetry, it is recommended to review the channel design
and utilize flow simulation methods to identify
problematic areas.

The positioning of the blades in the three channels at
angles of (0) is the direction of the duct O degrees, 120
degrees, and 240 degrees for generating lift force Drag
force and velocity is defined through two-dimensional
trigonometric coordinates using sine and cosine functions.
The coordinates are defined as follows:

Velocity Drag Lift
X- .
cos O cos O —sin®
Component
Y- . .
Component sin© sin 6 cos 0

These coordinates allow for the precise generation of
the desired lift force and ensure that the blades are
positioned optimally.

Considering the numbers in Table 7, the lift force
difference of the second channel compared to the first
channel has decreased by 35%, the third channel compared
to the second channel by 2%, and the first channel

Shahriyar Payvar and Shahrokh Shams

Table 8. The difference in Drag force of the blades

CD (0 CD CD
deg) (120 deg) (240 deg)
Airfoi -79.65 - 453
1(1) 166.986
Airfoi -227.6 - _
1(2) 435,669 328.039
Airfoi -68.12 5 -114.34
1(3) 242.817
Airfoi - 102.178 62.42
1 (4) 116.109 5
Airfoi 459.83 494.317 502.63
1(5) 9
Airfoi 815.006 841.2 854.15
1 (6) 4
Total 783.366 592.219 1022.12
1 5

To validate the numerical model, the present results
were compared with the experimental data reported by
Berger et al. (2019) [17], who tested a single-stage axial
turbine under partial admission conditions. The
comparison shows that the maximum pressure difference
between the present CFD results and Berger’s
experimental data is 5.8%, while the deviation in lift
coefficient is below 6%. These small discrepancies
confirm that the selected turbulence model (k—® SST) and
applied boundary conditions provide accurate predictions
for partial-admission turbine flow.

compared to the third channel by 34%. Paramet Berg Prese Deviati
Table 7. The difference in lift force of the blades er e(ggig;' nt study on (%)
P
CL (0 CL (120 CL (240 reisoléﬁicient 1.00 0.94 6.0
deg) deg) deg) (Cp,max)
Airfoil Lift 1.15 1.09 5.2
3736.09 3535.24 2234.78 coefficient
@) CL
irfoil (CL.max)
Alr CEZ) -6961.24 -9148.01 81165
e CONCLUSION
3) -7863.41 -9718.44 -8580.7
Airfoil The current turbine configuration increases the inlet
@) 1796.917 3582.427 2842.022 flow velocity through the channels and yields a maximum
Airfoll velocity difference of 8.73% between the first and third
®) 7182.008 6750.557 6729.753 channels. The highest lift force belongs to the first channel
— blades, while the lowest, with a 34% reduction, occurs in
A'rfczg) 13321.16 12309.64 12330.79 the third channel. Within each channel, the lift force
gradually decreases from the first to the third blade,
Total 11211.52 7311.413 7440.139 indicating consistent aerodynamic behavior. These

numerical findings confirm that three consecutive blades
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arranged in two vertical rows per channel efficiently
utilize the available fluid energy and produce balanced
hydrodynamic forces. Hence, from an engineering and
physical standpoint, the obtained results are acceptable, as
they show stable convergence, smooth pressure and
velocity distributions, and realistic aerodynamic force
magnitudes in accordance with the expected flow physics
of partial admission turbines.
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