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ABSTRACT: To investigate the impact of guide vane geometry—specifically, outlet angle, blade count, and radial
height—on the performance of a Pump as Turbine (PAT), radial guide vanes were introduced upstream of the impeller
in an IS80-50-315 low-specific-speed centrifugal PAT. Using an orthogonal test design, numerical simulations were
conducted on 16 different PAT configurations, and the influence of vane geometry on performance was analyzed
through a range analysis to determine the optimal parameter combinations. The results indicate that the number of
guide vane blades significantly affects both the hydraulic efficiency and water head of the PAT under optimal operating
conditions. Notably, the hydraulic efficiency of Configuration No. 1 (featuring five guide vane blades, a 6○ outlet angle,
and a 46 mm radial height) is 4.31% higher than that of Configuration No. 13 (with the same blade count but a 9○ outlet
angle and a 52 mm radial height). Additionally, Configuration No. 1 exhibits lower turbulence kinetic energy dissipation
and reduced blade loading. Furthermore, the study reveals that a smaller guide vane outlet angle and reduced radial
height contribute to improved operational stability.
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1 Introduction
There is substantial liquid residual pressure energy in process industries, such as the petroleum pro-

cessing and coal chemical industry. A centrifugal pump as turbine (PAT) is an effective device for recovering
this residual pressure energy because of its low cost, convenient maintenance and reliable operation [1,2]. A
PAT is designed according to the hydraulic design method of the pump, and the design conditions of the
pump are inconsistent with the optimal working conditions of the PAT. In addition, when the centrifugal
pump is the turbine, the inlet of the pump is the outlet of the PAT, and the outlet of the pump is the inlet
of the PAT. Therefore, prerotation occurs when the fluid enters the impeller, and the structure of the flow
area is asymmetric. This results in the low recovery efficiency and unstable operation of PAT in actual
operation. When the guide vanes deviate from the design conditions during operation, the turbulent flow in
each flow part of the guide vane centrifugal pump intensifies, and the hydraulic performance of the pump
is greatly affected [3–5]. In recent years, worldwide studies on PATs have focused on optimization design.
The addition of guide vanes to a PAT can change the inlet ring volume of the impeller and improve the
hydraulic characteristics and operation stability of the turbine. Therefore, adding guide vanes on the basis of
the original PAT is an effective way to improve the performance of the PAT. Currently, domestic and foreign
scholars use numerical simulations and experimental methods to change guide vane parameters to improve
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the performance of PATs [6–8]. For example, Yang et al. [9] reported that adding guide vanes to PATs can
improve the flow field distribution inside their impellers. Taking a two-stage PAT as the research object,
Wang et al. [10] designed a research program to study the changing geometric parameters of a positive guide
vane. These researchers revealed that the output power curve can be flattened by appropriately increasing
the positive guide vane throat area, outlet angle, and blade number. Miao et al. [11] used the principle of
the velocity moment to inversely calculate the inlet angle of a positive guide vane and reported that the
proper inlet angle of the positive guide vane can improve the performance of multistage PAT under optimal
working conditions. By adding a fixed guide vane in front of the original PAT, Ventrone et al. [12] showed
that the drainage effect of the PAT after adding the guide vane was stronger than that of the original model
and that the efficiency and water head were both enhanced. Chai et al. [13] analyzed the influence of a
guide vane and volute on the performance of a multistage PAT by changing their relative positions. These
researchers found that when the middle position of two adjacent blades in the guide vanes is opposite to
the circumferential center plane of the volute inlet, the amplitude of the internal pulsation of the multistage
turbine can be reduced. Li et al. [14] designed a new guide vane by applying the hydraulic principle and
mechanism and improved the performance of hydraulic turbines by changing the parameters of the guide
vane. These coworkers determined that the outer diameter of the guide vane had a great influence on the
performance of the new guide vane and that there was an optimal value to achieve the best performance
of hydraulic turbines. Furthermore, Schennach et al. [15,16], Ren et al. [17] and Sun [18] investigated the
unsteady flow inside a guide vane centrifugal pump by using numerical analysis and experimental methods,
which focused on the interference mechanism of the guide vane-type impeller-guide vane rotor-stator in
the centrifugal pump. Al-Obaidi et al. [19] studied the flow characteristics of axial flow pumps with different
numbers of blades. Bhukya et al. [20] reported that the efficiency of turbine mode with a 120○ wrap angle
design was improved by 5.15% compared with the existing empirical relationship. Kim et al. [21] studied
the internal flow and unsteady pressure phenomena of laboratory-scale pump-turbine models operating in
turbine modes with different Thoma numbers. Wang et al. [22] concluded that periodic variations in the
wake region of the guide vane cause the transient performance to fluctuate over 1/6 of a cycle. Under low flow
conditions, the primary and secondary frequencies of the impeller losses are five times greater than the blade
and vane frequencies, respectively. Stefan et al. [23] reported that the flow rate and optimal efficiency point
head in turbine mode were 27% and 41% higher than those in pump mode, respectively. The mechanical
efficiency was reduced by 4%.

According to the above literature, the research on guide vanes used in PATs focuses only on changing a
certain geometric parameter variable of the guide vane but rarely analyzes different parameter combinations.
Therefore, new guide vane models are designed by changing the outlet angle, number of guide vanes, radial
height and other parameters via the orthogonal experimental method. Numerical simulation is carried out
with ANSYS-CFX software to analyze the influence of different guide vane parameters on the performance
of a PAT. The results of this study can provide some theoretical references for the optimized design of pumps
as hydraulic turbines with guide vanes.

2 PAT Model and Improvement

2.1 Computational Model
This work is based on research of the IS80-50-315 low-speed centrifugal PAT, as shown in Fig. 1. The

design parameters of the centrifugal pump are as follows: flow rate Q = 25 m3/h, the head H = 32 m, rotation
speed n = 1450 r/min; and specific speed, ns = 33. The main geometric parameters of the centrifugal PAT are
shown in Table 1 [24].
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Figure 1: IS 80-50-315 centrifugal pump

Table 1: The main geometric parameters of original pump as turbine

Parts Parameter Numeric value

Impeller

D1 (mm) 315
D2 (mm) 80
dh (mm) 0
b1 (mm) 10

β1 (○) 32
Z 6

θ (○) 150

Volute
D3 (mm) 320
b3 (mm) 24
D (mm) 50

2.2 Model Improvement
When the centrifugal pump is used as a turbine, to avoid the whole machine resonance phenomenon

during the operation of the PAT, the number of radial guide vane blades added in front of the inlet of the PAT
impeller should prime each other with respect to the number of impeller blades. In addition, considering that
too many radial guide vane blades reduce the flow area and lead to lower hydraulic efficiency, the number of
radial guide vane blades is selected as 5, 7, 9 and 11. On the basis of reference [25], the hydraulic design of the
radial guide vane was carried out, and the outlet flow angle of the radial guide vane was calculated; that is,
the outlet angles of the guide vane were selected as 6○, 7○, 8○ and 9○. The inlet diameter of the guide vane can
be obtained via an empirical formula according to the base circle diameter of the guide vane, so the radial
height values were selected as 46, 48, 50 and 52 mm. After the guide vane design was completed, the base
circle of the volute was enlarged appropriately according to the inlet diameter of the guide vane. The base
circles of the volute were 379, 381, 383 and 385 mm, and 4 groups of new volute models were obtained. The
orthogonal test design table of guide vane geometric parameters shown in Table 2 was obtained by using the
orthogonal test design method, and the original PAT structure optimization was completed.
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Table 2: Orthogonal table of geometric parameters of guide vanes

Number Outlet angle (○) Guide vane numbers Radial height (mm)
Number 1 6 5 46
Number 2 6 7 48
Number 3 6 9 50
Number 4 6 11 52
Number 5 7 5 48
Number 6 7 7 46
Number 7 7 9 52
Number 8 7 11 50
Number 9 8 5 50
Number 10 8 7 52
Number 11 8 9 46
Number 12 8 11 48
Number 13 9 5 52
Number 14 9 7 50
Number 15 9 9 48
Number 16 9 11 46

2.3 Calculation Domain Selection and Meshing
According to the main geometric parameters of the PAT with guide vanes in the orthogonal table of

guide vane geometric parameters in Table 2, 3D modeling of the PAT model with guide vanes was carried
out by using Pro/E software. The whole PAT model consists of five parts, namely, the inlet extension section,
the volute, the radial guide vanes, the impeller and the outlet extension section, as shown in Fig. 2. After the
assembly of the calculation domain, the ICEM architecture was used to divide the model into mixed meshes,
structured hexahedral meshes were used for the inlet and outlet extensions, the volute and impeller, and the
meshes at the volute tongue were locally encrypted. Owing to the complex shape of the flow channel of the
guide vane, unstructured tetrahedral meshes and adaptive body-fitting meshes were used. The grid division
of the flow parts of the PAT with a guide vane is shown in Fig. 3. The grid independence check was carried
out prior to the numerical calculations, and it was found that when the total number of grids is greater than
3.9 million, as shown in Fig. 4, the efficiency variation range of the turbine is less than 0.3%. This indicates
that the influence of the number of grids on the numerical calculation is negligible at this time, satisfying the
grid independence hypothesis.

Figure 2: Fluid domain of PAT with guide vanes
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Figure 3: Fluid domain grid of PAT with guide vanes

Figure 4: Grid independence verification

2.4 Validation of the Validity of Numerical Calculations
The experimental setup is shown in Fig. 5. Fig. 6 shows the comparison of the test and numerical

calculation of the flow efficiency and water head curves. The findings indicate that the numerical simulation
data and test data are consistent and in good agreement. The flow efficiency result of the numerical calculation
is significantly greater than the flow efficiency result of the test, whereas the simulated head value is less than
the test head value. The value of numerical computation is 3.36% greater than the test value under the optimal
condition, and the value of the test head is 0.15% greater than that of the simulated head. This is because the
flow in the front and rear chambers has a large impact on the turbine during the operation of the hydraulic
turbine [26], which results in the difference between the numerical simulation results and the test results.
However, according to the analysis of the test results and the numerical calculation results, the error is still
within the acceptable range. This proves that the mesh type and the turbulence model used in the numerical
calculation are feasible.
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Figure 5: Hydraulic turbine test bench

Figure 6: Comparison of experimental and numerical calculations

2.5 Solution Parameters
In this work, ANSYS-CFX software was used to numerically simulate all the overflow components of

the PAT. The turbulence model was selected as the standard RNG (Renormalization Group) k-ε, and the
internal flow state is described by the Reynolds-Averaged Navier–Stokes equations [27]. The momentum
equation and the continuity equation were solved simultaneously by using the SIMPLEC algorithm [28],
and the spatial discrete scheme adopts a second-order central difference. The fluid media studied in this
paper were all clean water at normal temperature, the inlet boundary condition was normal speed, and the
outlet condition was static pressure. The computational convergence accuracy was set to 10−6. The value of
the solution time option was calculated to be 0.04 s. The unsteady calculation was set on the basis of the
steady calculation setting. When the impeller rotates 2○ in a time step, the impeller passes 180 time steps in a
rotation cycle, and the calculated time step is△t = 2.299 × 10−4 s. The total calculation time T for a rotation
cycle of PAT guide vanes is 3.311 × 10−1 s. The impeller rotates 8 times in total, and the data of the last circle
were selected for the research in this study.

3 Steady Numerical Calculation and Analysis

3.1 Orthogonal Test Results
In this work, different geometric parameters with respect to the radial guide vane in the flow parts of

the PAT were combined, and the orthogonal test design method was adopted. According to the orthogonal
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principle, only L16 (34) times are needed to obtain a model of a PAT with guide vanes, and the influence of
different parameter combinations on the radial guide vanes on the hydraulic efficiency and water head of the
PAT was analyzed.

The 16 models in Table 2 were numerically calculated by using CFX, and the water head and hydraulic
efficiency of 16 groups of PAT models with different combinations of radial guide vane geometric parameter
were obtained under optimal working conditions (QBEP). Table 3 shows the simulation calculation results.

Table 3: Simulation results

Number Hydraulic efficiency (%) Head (m)
Number 1 74.22 52.87
Number 2 68.94 50.78
Number 3 61.93 48.31
Number 4 56.71 51.78
Number 5 73.27 52.60
Number 6 68.31 47.51
Number 7 60.75 50.21
Number 8 59.75 50.00
Number 9 72.62 53.60
Number 10 68.14 53.27
Number 11 62.71 47.01
Number 12 58.55 51.77
Number 13 71.16 54.00
Number 14 68.03 48.30
Number 15 62.37 47.71
Number 16 59.26 50.92

3.2 Range Analysis
To evaluate the influence of the parameters selected by the radial guide vanes on the performance of

the PAT, the advantages and disadvantages of the primary and secondary factors influencing the PAT and
the specific levels were determined. The optimal parameter combination of the guide vane was sought, and
range analysis was carried out on the results of the orthogonal test design, as shown in Table 4. The formula
for calculating R is as follows:

R =max ki −min ki (1)

In Table 4, A is the number of radial guide vane blades, B is the outlet angle of the radial guide vanes, C
is the radial height of the radial guide vanes, H is the water head of the PAT, η is the hydraulic efficiency, K
is the accumulation of experimental data at the same level with the same factor, k is the average value of the
experimental data at the same level with the same factor, and R represents the extreme value. According to
the range analysis, the influence of the selected geometric parameters on the hydraulic efficiency and water
head of the PAT with guide vanes is as follows: number of blades > radial height > outlet angle. Fig. 7 shows
the relationships between hydraulic efficiency and various parameters. The figure also shows that the number
of blades has the greatest influence on the hydraulic efficiency and water head of the PAT with guide vanes.
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Therefore, the numbers 1, 5, 9 and 13 with the highest hydraulic efficiency and water head were selected for
further study.

Table 4: Range analysis

Level A B C
K1 213.07 203.74 198.91
K2 199.86 200.32 202.86
K3 193.24 205.62 200.21
K4 204.47 200.93 209.26

H (m) k1 53.27 50.94 49.58
k2 49.97 50.08 50.72
k3 48.31 51.41 50.05
k4 51.12 50.23 52.32
R 4.96 1.33 2.74
K1 291.27 261.8 264.5
K2 273.42 262.12 263.13
K3 247.76 262.02 262.37
K4 234.31 260.82 256.76

η (%) k1 72.82 65.45 66.13
k2 68.35 65.53 65.78
k3 61.94 65.5 65.59
k4 58.58 65.2 64.19
R 14.24 0.33 1.94

Figure 7: Relationship between hydraulic efficiency and parameters

3.3 Analysis of the Performance of the PAT
The hydraulic efficiency and water head of the 4 types of PAT with guide vanes under different working

conditions were calculated by using CFX, and the calculation results are shown in Fig. 8.
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Figure 8: The performance curve of PAT with guide vaens

As shown in Fig. 8, the variation trends in the external characteristics of the four types of PATs with
guide vanes are consistent, and the water head increases gradually with increasing flow rate, whereas the
hydraulic efficiency first increases and then decreases with increasing flow rate. In this case, the working
condition corresponding to the maximum hydraulic efficiency is the optimal working condition of the PAT.
The figure shows that the optimal working conditions of the 4 models are all 1.0QBEP, and the hydraulic
efficiency values under each working condition are in the following order: No. 1 >No. 5 >No. 9 >No. 13. The
hydraulic efficiency of No. 1 in the 1.0QBEP is 4.31% higher than that of No. 13, while the value of the head
under each working condition is No. 13 > No. 9 > No. 5 > No. 1. The water head changes the most under the
1.56QBEP working condition, where the water head of No. 13 is 6.03% greater than that of No. 1. Under low
flow conditions and optimal conditions, the heads of the different models change little.

3.4 Turbulence Kinetic Energy Distribution
Under normal circumstances, the turbulence kinetic energy is used mainly to measure the degree of

energy loss during turbulent pulsation. The degree of turbulence kinetic energy represents the degree of
energy dissipation in the process of converting mechanical energy into heat energy in the flow process. The
specific expression of the turbulence kinetic energy TKE can be expressed as follows:

TKE =
3
2
(uI)2 (2)

where u is the initial velocity (m/s) and I is the initial turbulence intensity.
Fig. 9 shows the turbulence kinetic energy distributions of the four groups of models in the circum-

ferential direction of the impeller at 0.5 times the height of the cascade under the best efficiency points. It
can be concluded from the figure that under the best efficiency points, the distributions of the turbulence
kinetic energy of blade expansion on different model impellers are more consistent. There are regions with
high local turbulence kinetic energy at the impeller inlet. The main reason is that with increasing outlet angle
and height of the radial guide blade, the flow area at the inlet of the impeller blade increases, resulting in a
decrease in the restriction ability of the impeller blade to the liquid. The enhanced rotor–stator interaction
between the radial guide blade and the impeller leads to enhanced turbulent kinetic energy dissipation at
the impeller blade inlet and at the blade root, and the turbulent kinetic energy dissipation at the blade root
of model 13 is the strongest.



1230 Fluid Dyn Mater Process. 2025;21(5)

Figure 9: Distribution of turbulence kinetic energy of different models under best efficiency points (1.0QBEP)

4 Unsteady Numerical Simulation

4.1 Blade Load Distribution
Fig. 10 shows the blade load distribution of the guide blade PAT under different flow rate conditions.

The figure shows that the blade load distribution of the guide blade PAT is complex under different flow rate
conditions. Under different flow rate conditions, the blade load from the impeller inlet diameter to the outlet
diameter first increases but then decreases slowly. With increasing flow, the blade load at the impeller outlet
diameter becomes more concentrated. Under low flow rate conditions, the blade loads of the four groups of
models within the radius R = 0.1575−0.1423 m are negative. This finding indicates that the liquid does not
push the runner to work in this area and that the blades do not work but hinder the rotation of the impeller.
With increasing flow rate, the area of this area gradually decreases. Under the best conditions, the liquid
pushes the blades and starts to do work when it enters the impeller. At radii of R = 0.1575−0.0831 m, the blade
load first increases rapidly to the maximum value. Then, the blade load distribution in the impeller outlet
region becomes more stable, which is also one of the reasons for the relatively higher efficiency under the
optimal working conditions. Under the condition of high flow, the blade load distribution first increases and
then decreases rapidly, and the energy conversion between pressure energy and mechanical energy greatly
affects the efficiency and safe and stable operation of the guide blade PAT. In addition, the four groups
of models have a direct effect on the load distribution of the impeller blade because of the change in the
diameter guide blade parameters. Under low flow conditions, the blade load distribution is disordered, and
the law is not obvious. At the optimal condition of R = 0.1575−0.1099 m and the high flow condition of
R = 0.1575−0.1045 m, the blade load distribution of impeller No. 1 is greater than that of impeller No. 5,
impeller No. 9 and impeller No. 13. This shows that the smaller the outlet angle and the radial height of the
radial guide blade are, the greater the influence on the blade load distribution when fluid enters the impeller.
As the fluid continues to flow to the impeller outlet, the influence of the radial guide blade on the blade load
distribution gradually decreases.
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Figure 10: Load distribution of impeller blades of different models under different conditions

4.2 Transient Axial Force Simulation
The rotation axis of all the models in this paper is the Z-axis. The value of the transient axial force Fz

under each condition was obtained by setting a user-defined function in the CFX code, and the dimensionless
axial coefficient was introduced. Its calculation formula is expressed as follows:

CF =
FZ

πρgHr22 (3)

where Fz is the transient axial force, N; r2 is the impeller radius, m; and H is the hydraulic turbine head, m.
Fig. 11 shows the time domain of the axial force on different model impellers. The transient axial force

formula was used to calculate the unsteady axial force, and the time domain of the axial force coefficient of
the guide blade PAT with different models under different conditions was obtained. Under different flow rate
conditions, the axial force coefficient of the PAT with different guide blade geometric parameters changes
periodically with time, and the number of cycles is equal to the number of impeller blades. With increasing
flow rate, the axial force coefficient on the impeller gradually decreases, and the axial force coefficient curve
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of the different models increases but then decreases. Subsequently, the coefficient increases to the maximum
value between two neighboring blades, whereas the variation range of the axial force coefficient of model 13
is more obvious. The axial force variation of the different models under low flow rate conditions is as follows:
model No. 9 > No. 5 > No. 13 > No. 1. The maximum axial force of model No. 5 is 3.25% greater than that of
No. 13, whereas the minimum axial force of No. 9 is 2.31% greater than that of No. 13. The axial force variation
under the best and high flow rate conditions is as follows: No. 13 >No. 9 >No. 5 >No. 1. The axial coefficient
of model No. 1 is 1.47% greater than that of model No. 13 under the best conditions and 2.01% greater than
that of model No. 13 under high flow rate conditions. The axial force of model No. 1 is the smallest, and the
axial force coefficient of model No. 13 is the largest under low flow rate and high flow rate conditions. The
axial force coefficients of the four groups of models changed the least under the best conditions.

Figure 11: Time domain figure of axial force on different model impellers under different conditions

4.3 Transient Radial Force Simulation
To systematically analyze the generation mechanism of vibration and noise during the operation of the

guide blade PAT, the influence of the geometric parameters of the radial guide blade on the transient radial
force of the impeller was investigated. The transient radial force vectors under the best condition (1.0 QBEP)
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and high flow rate condition (1.28 QBEP) were analyzed and compared. The rotating axis of the guide blade
PAT model is the Z-axis, and the value of the radial force is as follows:

F =
√

Fx
2 + Fy

2 (4)

where Fx is the component of the radial force on the X-axis and Fy is the component of the radial force on
the Y-axis.

Fig. 12 shows the radial force vector distribution of the impeller of the guide blade PAT with the best
combination of radial guide blade parameters under different conditions. The monitoring points in the figure
show the distribution of the radial force of the impeller at different times during the last revolution of the
PAT in the unsteady calculation. The figure shows that in a rotation cycle, the radial force vector changes
periodically in the four quadrants under different flow rate conditions. In addition, the number of cycles is
the same as the number of impeller blades, indicating that the size and distribution of the radial force vector
are related to the rotation of the impeller. The distribution of the radial force vector under low flow rate
conditions is unclear and disordered, and the value of the radial force vector is densely distributed near the
zero radial force value. This proves that the force distribution of the radial guide blade under low flow rate
conditions is uneven. Furthermore, long-term operation under low flow rate conditions results in hidden
dangers and affects the service life of the PAT. The radial force distribution becomes more uniform and
regular, and its value gradually deviates from the zero radial force value and is symmetrically distributed
at the central origin. Under different flow rate conditions, the size of the radial force vector exhibits the
following sequence: No. 1 < No. 5 < No. 9 < No. 13. Moreover, the values of the components Fx and Fy also
increase with increasing flow rate.

Figure 12: (Continued)
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Figure 12: Radial force vector distribution of different model impellers of guide blade pump as turbine under different
conditions

To further study the influence of the guide blade parameters on the radial force of the guide blade PAT,
the variation in the radial force in a rotation cycle of the four groups of models under different flow rate
conditions is taken as the time length. The time domain of the radial force in a rotation cycle is explored, as
shown in Fig. 13. The results indicate that the time domain of the radial force of different models reveals the
same trend under different flow rates. The fluctuation range is in the following order: No. 13 >No. 9 >No. 5 >
No. 1; there are periodic changes equal to the number of impeller blades. When the time is 7.77 t/Tn under
low flow rate conditions, the radial force of the four groups of models is the largest, and the radial force value
of model No. 9 is 25.67% greater than that of model No. 13. Under the best conditions, the maximum radial
force of model No. 5 and model No. 9 between different impeller blades remains the same, whereas the radial
force of model No. 1 and model No. 13 between different blades exhibits a greater change. The maximum
radial force value of No. 13 is 42.28% greater than that of No. 1. Under the condition of a high flow rate, the
radial force distribution of the four groups of models is more stable and has an obvious gradient.

Figure 13: (Continued)
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Figure 13: Time domain figure of radial direction force on different model impellers of guide blade pump as turbine
under different conditions

The radial force of the last cycle of the unsteady calculation results of the four groups of models was
selected, and the fast Fourier transform (FFT) was used to obtain the frequency graph of the radial force of
the four groups of models under different conditions. As shown in Fig. 14, the abscissa is the frequency, and
the ordinate is the amplitude of the radial force. The results indicate that the fluctuation amplitude of the
radial force resultant force under different flow rate conditions is as follows: model No. 13 > No. 9 > No. 5 >
No. 1. The radial force of the impeller fluctuates greatly in frequency under low flow rate conditions, and
the variation in the radial guide blade parameters strongly affects the radial force on the impeller. The basic
frequency amplitude of the pressure fluctuation of model No. 13 is 3.44 times greater than that of model
No. 1 under low flow rate conditions. This finding indicates that when the outlet angle and radial height of
the radial guide blade are small, the generation of vibrational signals can be reduced, and the stability during
operation can be improved.

Figure 14: (Continued)
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Figure 14: Frequency figure of radial force of different model impellers under different conditions

5 Conclusions
In this work, by adding a radial guide blade in front of the inlet of a low specific speed PAT impeller,

and by combining the different geometric parameters of the radial guide blade by using orthogonal
experiments, the best combination scheme is obtained. The following conclusions are obtained through
comparative analysis:

(1) Through range analysis, the influence of various parameters of the radial guide blade on the hydraulic
efficiency and the water head of the PAT under the best efficiency point condition is as follows: the influence
of the number of blades is greater than that of the radial height is greater than that of the outlet angle. The
best combination is when the number of guide blades is 5, the outlet angle is 6○, and the radial height is
46 mm.

(2) Under the best efficiency point conditions, there are regions with large local turbulent kinetic energy
at the impeller inlet. This is because with increasing outlet angle and height of the radial guide blade, the
flow area at the inlet of the impeller blade increases, resulting in a decrease in the restriction ability of the
impeller blade to the liquid. The turbulent kinetic energy dissipation capacity at the impeller blade inlet and
blade root is enhanced owing to the enhanced rotor–stator interaction between the radial guide blade and
the impeller. The blade load distribution from the impeller inlet to the outlet first increases to the maximum
value and then decreases slowly. When the outlet angle and radial height of the radial guide blade are small,
the influence on the blade load distribution when the fluid enters the impeller is more obvious.

(3) The axial force coefficient of the guide blade pump as the turbine changes periodically with time
and the number of cycles is equal to the number of blades. With increasing flow, the axial force coefficient
decreases, and the radial force changes periodically in a rotation cycle. Its value gradually moves away from
the zero radial force value and is symmetrically distributed with increasing flow rates. The variation rules of
the radial force time domain under different flow rates are the same, and there are periodic changes equal to
the number of impeller blades.

(4) Among the four models under optimal working conditions, model No. 1 has the highest hydraulic
efficiency. Additionally, model No. 1 has the smallest variation range in axial force and experiences the
greatest blade load within the radial distance of R = 0.1575–0.1099 m. Under varying flow conditions, model
No. 1 also has the smallest radial force vector and the lowest pulsation amplitude of the resultant radial force
compared with those of the other three models.
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Nomenclature
D1 Impeller inlet diameter (mm)
D2 Impeller outlet diameter (mm)
dh Hub diameter (mm)
b1 Inlet width (mm)
Z Impeller blade numbers
D3 Volute base circle diameter (mm)
b3 Volute outlet width (mm)
D Volute inlet diameter (mm)

Greek Symbols
β1 Inlet Placement Corner (○)
θ Blade Wrapping angle (○)
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