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ABSTRACT - Influence of different guide vanes on structural of flow field and axial pump QZZIS?&EZQJ.? I;SCRZIMQ
performance under unsteady flow is carried out using numerical method. A three-dimensional axial Accepted: 315t Dec 2019
flow pump model is numerically simulated using computational fluid dynamics (CFD) method with

four number of impeller blades and 3, 4, 5 and 6 guide vanes depend on the SIMPLE code, KEYWORDS

standard turbulence k-€¢ model as well as sliding mesh method (SMM). The static, dynamic, total Axial pump;

pressures, shear stress, velocity magnitude and turbulent kinetic energy are the important features guide vane;

which affecting instability operation in the pump. By monitoring above parameters and setting static pressure;
different measurement pressure points, the average pressures in the pump are discussed and the Z’rg gg;sf;g;'

effect of guide vanes on the average pressure is analyzed. The results demonstrate that the
numerical calculations can provide good accurately prediction for the characteristics of internal flow
in the pump. The numerical results are closed to experimental results the minimum errors of
pressure differences can reach 2.5% and the maximum errors 6.5%. The guide vanes have more
effect on the flow field and pressure variations especially at outlet region in the axial pump. As
compared with the using various guide vanes, the pressure increases as number of vanes increase
that can lead the performance of pump also increases. Pressure differences in the pump at variety
mass flow for vane 6 is higher than other vanes 3, 4 and 5 by 14.13, 11.35 and 3.85% for flow of 5
L/min. Further, the dynamic pressure differences for design flow between different vanes 6, 5, 4
and 3 are about by 2.87, 7.26 and 8.51% respectively.

INTRODUCTION

Axial flow pump is commonly used in different types of applications such as municipal water supply, system of
seawater desalinization [1], power plant generation, agricultural irrigation and ships [2, 3]. the pressure fluctuations and
fluid exciting vibration are the important issues in the turbo-machinery [4-6] such as various types of pumps and wind
turbine [7, 8]. Different researchers were concentrated to investigate the flow at design conditions on performance of the
pump [9, 10], but few investigations have focused to analyze the influence of guide vanes on global and local flow field
analysis in the performance of a pump [11-16]. Experiment and numerical studied the structures of flow in the pump
using guide blade was done by Toksoz [17] conducted the internal flow in the pump using adjustable guide vane. The
results they have found hydraulic losses were increased, vortex produced within the diffuser and flow separation
performed that leads necessity additional energy consumption and cause decreased pumping efficiency. The numerical
results have shown that at the high pump the efficiency was slightly changed whereas the angle of vane setting was
adjusted. Also, at off-design operating conditions using adjustable guide vanes the flow conditions can be improved, the
efficiency can be increase and the hydraulic loss decrease.

Yi-bin [18] reported the unsteady fluid field inside the pump using guide vanes. Results noted that the fluctuation of
pressure at the centre cross-sectional area in the inlet guide vane were firstly decreased then increased. Also, at the outlet
guide vane region the pressure fluctuations were approximately symmetrically axial distribution. Moreover, at the middle
suction of the vane was the minimum fluctuation of pressure amplitude was occurred. Another simulation studied the
water flow in the axial pump was done by Qian [19]. They have observed that using guide vanes in the pump can decease
the hydraulic losses and enhance the pump performance. Moreover, the results indicated that there are two important
parameters to contribution the vortices and then cause the hydraulic losses in the channel of guide vane the first one was
the attack angle and the second one was flow separation. Li [20] studied the influence of using guide vanes in the axial
pump on flow field and Vibroacoustic features. They found that the vibration acceleration dominated frequency was BPF
(blade passing frequency) is connected with characteristics of pressure pulsation. Moreover, as the rang of flow rate
decreases the pressure fluctuating becomes very high. The results also revealed that when using nine vanes diffuser can
decrease the amplitude of pressure fluctuations and vibration as compared to the other models. Yang [21] enhanced the
axial pump efficiency under low flow rate conditions using mechanism of guide vanes. The results revealed that the fluid
field in the axial pump by adjusting guide vane angle was improved. Also, the separation flow at the tail and inlet ledge
of guide vane regions were reduced. Moreover, the results shown that the pumping hydraulic efficiency was also improved
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at off design conditions. Sang and Zhou [22] investigated the axial blood pump hydraulic performance under different
outlet angle of guide vanes. They found that the pump performance such as efficiency and head were improved at the
outlet angle guide vane equal 10°. When the outlet angle decreased that leads to the internal flow was more uniform and
hence that can give higher pump head and efficiency. However, if outlet guide vane was very small that leads to increase
the velocity within the guide vane channel and the cause more hydraulic loss in this region. Li et al. [23] investigated the
influence of vane thickness parameter on fluctuations of pressure in a pump. Numerical results shown that the type of
mesh, and turbulence model can effectively to predict the internal flow in the pump. The blade passing frequency of
impeller was pressure fluctuation dominant frequency. Also, the results revealed that at the inlet of impeller the guide
vane thickness has less effect on pressure fluctuation. But it has more effect at in the centre of guide vane region.
Moreover, in order to obtained the stability in the internal flow of guide vane it can be decreased the guide vane thickness
appropriately.

Kim et al. [24] analysed the influence of vane interactions in the pump designed. They found that when the number
of an impellers blade increases the head also increases. In addition, when the guide vanes increase that leads to the flow
interactions increase. Qian et al. and Al-Obaidi [25-28] evaluated the axial pump performance using adjustable guide
vanes. the results shown that using guide vane can enhancement the pump efficiency that leads to improve the economic
benefits in the hydropower applications. Song et al. [29] researched the influence of vortex flows in the pump. Results
observed that at pressure amplitude reduced as of flow rate increased. At high flow the vortex increases into the impeller
and hence the flow instability increasing causing more vibration in the pump. Song and Liu [30] conducted the effect of
vortex flow on the axial pump performance. Results noted that the pressure was mostly influenced by pump impeller
rotation speed. Also, the pressure in characteristic of time domain curves was changed as vortex increased. Zhou et al.[31]
investigated pressure fluctuation in the axial pump. Results noticed that at the outer impeller diameter the pressure
fluctuation has largest values and smallest values was occurred at the guide blade inlet.

The main aim of this numerical work is to enhance the performance of axial pump through modifying guide vanes of
an axial impeller. Numerical method using CFD technique is implemented to analyze the mechanism of inner flow in the
axial pump using different guide vanes by comparison of hydraulic flow to distinguish the guide blade adjustable
advantages. In this current research, the effects of various number of guide vanes on field of flow such as pressure,
velocity magnitude, turbulent kinetic energy, velocity, shear stress, and average pressure were analyzed by numerical
methods in 3D unsteady of an axial pump, to provide more details for the researchers about the pump design and stable
operation condition in such type of pumps.

RESEARCH OF AN AXIAL FLOW MODEL

To validate numerical of axial pump model, the results were compared with available experimental results from
original test bench used by Mostafa and Mohamed [32]. To evade the effect of boundary conditions limits, to ensure the
flow inside inlet pipe is fully developed and numerical stability results the computational domain at inlet and outlet pipe
are extended as illustrated in Figure 1. Axial pump design flow parameters in this work are design mass flow is 12.5
L/min, impeller rotational of 3000 (rpm), impeller blades of four and guide vane number is also four. Three dimensional
numerical pump model is created using Fluent (CFD technique). 3D models of whole model including inlet, outlet, axial
impeller and guide vane are depicted in Figure 1.

3 vanes 4 vanes 5 vanes 6 vanes

(b)
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Figure 1. (a) 3D of whole pump model, (b) different impeller and impeller guide vane models and (c) the vane model
dimensions.

In this work, to validate and compare the numerical result the available experimental data carried out by Mostafa and
Mohamed [32] is chosen as research object. Table 1 summarized the specifications of experimental pump test.

Table 1. Specifications of axial pump test.

Part Value Unit
Design speed 3000 (rpm)
Design Motor power 2.2 (kW)
Design flow rate 125 (L/min)
Design head 3 (m)
Tip diameter 102 (mm)
Number of blades 4 )
Hub diameter 50 (mm)
Hub to tip ratio 0.495 )
Blade angles 60 (degree)
Blade thickness 2 mm

GRID GENERATION OF AN AXIAL FLOW MODEL

Whole flow mesh domain in this study including inlet section part, axial impeller, guide vane part and outlet.
unstructured meshing type (tetrahedral mesh) is used due to complicated computational domain structure in the internal
flow domain and complex geometry of the axial pump. For computational domain interface mesh between impeller and
guide vane the (ANSYS ICEM CFD) mesh is adopted and for critical regions in the flow field the local refinement is
employed [33-35]. Under unsteady flow numerical simulation and at design operating condition the difference pressure
is calculated then to minimize the effect of mesh size accuracy of computational calculated the mesh independent test is
adopted and the mesh element two million is selected for numerical analysis. Figure 2 depicts the whole flow field
meshing domain for an axial flow pump, inlet and outlet parts. The mesh size is 1 mm and the number of nodes are 3
million. Then mesh independent testing is compared in order to obtain more accuracy simulation results. So, three meshes
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one, two and three million are used the three million mesh generation for flow domain is chosen for analyzing in this
work.

ol

(@) Three-dimensional of whole axial pump domain meshing

Pipe Impeller Guide vane

(b) Meshing for pipe domain, axial impeller and vanes

Figure 2. (a) Three-dimensional of whole axial pump and (b) different mesh domains.

Governing Equations

The turbulent incompressible flow governing equations are the RANS Equations for the momentum and mass
conservation presented as [36]:

0

a—xl_(Pui) 1
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where, P and p are denoted the averaged pressure parameter and molecular viscosity.—pi;u; represented the function of
Reynolds stress.

Standard Turbulence k-¢ Model

This kind of turbulence model was usually used in different types of flow field analysis applications such as pumps
and turbines. The k-¢ equations consist of different terms, for function of turbulent kinetic energy [36] can be calculated
using below equation.

d(pk) Od(pkw;) 0 [ﬁt ok
FT ox; ox; Loy, 0x; T 2be Byj = pe ®)
For calculation dissipation using below equation:
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NUMERICAL SIMULATION AND BOUNDARY CONDITIONS

3D incompressible RANS equation is employed using Computational Fluid Dynamics to depicts the flow fields in an
axial pump with SIMPLE computational technique. At near wall region, the standard wall surface is applied. The
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boundary operating conditions set at inlet part was velocity. The outlet parts the outflow [36]. Transient numerical
calculation is carried out time step in this numerical simulation is set as 3.4482x10-s. The simulation results are need to
120 time steps in order to rotate for each circle at every impeller time step rotates 3°.

EXPERIMENTAL AND NUMERICAL VALIDATION RESULTS

Figure 3 depicts the characteristic of overall pump performance curves obtained by axial pump numerical and
experimental results. Pressure differences across the pump (at inlet and outlet parts) using CFD technique are collected
to validate and compare with experimental data. As it is observed that the numerical pressure differences are slightly
higher than experimental available data. The numerical results are closed to experimental results the minimum errors of
pressure differences can reach 2.5% and the maximum errors was around 6.5%. These errors occur because of several
reasons due to the mesh quality or complex pump geometry and flow cavitation especially at high flow rate. Generally,
the overall numerical pump performance for pressure differences is good agreement with measurement test performance
that leads to the mesh, turbulence model and numerical calculation setup in this study can provide good accuracy
predication for the internal flow and characteristic the pump performance.

FLOW PATTERN ANALYSIS

There are different high interaction firstly occurs between the impeller and pipe wall and secondly happened between
the axial impeller and various vanes. Figure 4 represents the change process of static pressure variations under changed
range of mass flow namely 5, 10, 12.5, 17.5 and 20 (L/min) and four guide vanes including 3, 4, 5 and 6 at same impeller
speed is 3000 (rpm).
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Figure 3. Experimental available date and numerical validation results.

As it is observed that when rotating of axial impeller that leads to occur two regions first one is formed higher pressure
region near outlet impeller pressure surface. The second zone is formed low pressure area closed to inlet impeller suction
part at this region when the pressure deceases below vapor water pressure can cause occurrence of cavitation in this area
due to low pressure area then that causes more unstable internal flow and growth the noise and vibration. Second important
pressure area is between both impeller and guide vanes, it can be noticed that when the axial impeller rotating that leads
to cause the internal flow field disorder in the annular space between impeller outlet and inlet of vane space due high
interaction. The pressure pulsation periodic emerges in the internal flow at the impeller outlet due to the static space guide
vane interference to flow field outlet. Moreover, under different guide vanes the high-pressure region increase with vane
increases due to increase guide vanes cause more interaction and hence that leads to increase the pressure at outlet the
pump then increases the performance the pump. Besides, the maximum static pressure in this figure for design flow
between different vanes 6, 5, 4 and 3 are around by 4.01, 5.66 and 6.74% respectively.
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(a) Guide Vanes 3

(b) Guide Vanes 4

(c) Guide Vanes 5
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Figure 4. Distribution of static pressure (Pa) in the pump at various flow rates and guide vanes.

Figure 5 describes distribution in dynamic pressure in a pump at various flow rates conditions and guide vanes. It is
noticed that high dynamic pressure variations occur between two important regions first one between the outlet impeller
and inlet vanes and the second one at outlet of the vanes region. Also, it can be observed that when the guide vanes
increase that leads the flow passages between the vanes is narrowed and hence the internal flow velocity increases.
Moreover, the important flow field disorder occurs at the annular space between outlet of axial impeller and inlet guide
vanes. However, the pressure fluctuation change because of the interaction internal flow in the pump is mostly the similar
trend over time. Further, the maximum dynamic pressure for design flow between different vanes 6, 5, 4 and 3 are about
by 2.87, 7.26 and 8.51% respectively.
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Figure 5. Distribution of dynamic pressure (Pa) in the pump at various flow rates and guide vanes.

For more qualitative investigation regarding the influence of different guide vanes on total pressure in the pump,
Figure 6 depicts variations in total pressure of an axial flow pump at several range of flow rates and guide vanes. It is
noticed that the total pressure variations have the same trend static pressure variations. The high total pressure occurs at
distance between the impeller and vanes and the total pressure is become more and more close to the tip vane region.
Additionally, the numerical results revealed that pressure reduces when range of mass flow in the pump was increased.
Furthermore, pressure was increased as guide vane increases. Therefore, it can be found that the add guide vanes have
high influence on the pressure variations and overall of the pump performance. Furthermore, the maximum total pressure
for design flow for vane 6 is higher than other vanes 5, 4 and 3 by about 0.77, 1.15 and 2.58% respectively.
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(b) Guide Vanes 4
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Figure 6. Distribution of total pressure (Pa) inside the pump.

Figure 7 depicts quantitative analysis the effect of different guide vanes, it can be clearly observed that when the vane
increases that leads to the pressure differences across the pump also increases and hence that leads to performance of the
pump increases. From above numerical analysis it can be coucluded that the guide vane has important effect on overal
internal flow field and performance the pump. Moreover, pressure differences in the pump at variety mass flow for vane
6 is higher than other vanes 3, 4 and 5 by 14.13, 11.35 and 3.85% for flow of 5 L/min as presented in Table 2 for different
mass flows.
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Figure 7. The influence of different blade vanes on the pump performance.

Table 2. Percentage different for pressure differences.

Flow vane 6 and 3 vane 6 and 4 vane 6 and 5
(L/min) (%) (%) (%)
5 14.13 11.35 3.85
10 13.50 10.34 3.52
125 15.17 10.69 3.18
175 16.74 12.95 4.10
20 15.55 12.13 4.58

TURBULENT KINETIC ENERGY AND TURBULENT INTENSITY ANALYSES

For more qualitative results in the pump, Figure 8 represents the turbulent kinetic energy variations. The results found
that from this figure when the mass flow increases the turbulent kinetic energy (TKE) variations decreases and the high
area of TKE happened at impeller tip blade and at tip guide vane blades. The reason behind that is due high interaction
surfaces in these especial regions. Moreover, it can be notice that when the guide van increase that leads the turbulent
kinetic energy variations also increases. That happens due to the high-pressure area occurs between the axial impeller
area and guide vanes as well as at outlet vanes obviously increase with the vanes increase. Furthermore, the maximum
TKE for design flow between different vanes 6, 5, 4 and 3 are about by 0.02, 0.19 and 2.35% respectively.
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Figure 8. Distribution of turbulent kinetic energy (J/kg) in the pump at various flow rates and vanes.

Figure 9 depicts variations in the turbulent intensity, it can be seen that the high region in turbulent intensity occurs at
impeller blades and guide vanes and maximum value of turbulent intensity happened closed the region of tip blades for
both impeller and vanes due to the same above reason in the last figure (Turbulent kinetic energy variations). Also, it can
be observed that the turbulent intensity variations increase as guide vanes increases for all cases under investigations.
That happen due to the impeller and vane complex structure as well as the disturbance flow can cause more vortex region
can cover the axial impeller and the all guide vane passages. Again, it can be can concluded that guide vanes have high

6580 journal.ump.edu.my/jmes <«



A. R. Al-Obaidi | Journal of Mechanical Engineering and Sciences | Vol. 14, Issue 2 (2020)

impact on flow in the axial pump. Furthermore, the maximum turbulent intensity for design flow between different vanes
6, 5, 4 and 3 are about by 0.03, 0.11 and 1.32% respectively.

(a) Guide Vanes 3

(b) Guide Vanes 4

(c) Guide Vanes 5
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Figure 9. Turbulent Intensity in a pump.

ANALYSIS OF WALL SHEAR STRESS

Numerical calculations in the pump are carried out using various guide and the mechanism of inner fluid can be
investigated according to the numerical results. Figure 10 demonstrates variations in shear stress fields of the pump. As
observed that flow fields (shear stress) round and near the impeller blades and guide vanes are in disorder state. Also, the
maximum shear stress is at outlet impeller blades. The state of disorder for guide vans is higher than around axial impeller.
The more section is effect closed the area of tip blades. The reason behind that is due to the effect of formation of vortex
at the impeller blade and the back as well as at the tail of the vanes regions. Moreover, due to the flow separation which
occurs especially at range of low flow rate. Additionally, it is noticed that the shear stress variations increase as guide
vanes increase. Furthermore, it can be observed that at the pump outlet especially around and near the impeller and guide
vanes a high rotational component in the flow was found and hence that leads to cause stronger shear stresses. Moreover,
the maximum shear stress for design flow between different vanes 6, 5, 4 and 3 are about by 3.47, 4.07 and 4.76%
respectively.

(a) Guide Vanes 3
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Figure 10. Variations in wall shear stress (Pa) in the pump.

ANALYSIS OF VELOCITY MAGNITUDE IN THE PUMP

Figure 11 indicates the flow velocity vectors variations inside the axial pump. It is observed that the velocity
magnitude increases from the area of pump suction to the discharge area. The minimum velocity magnitude take place at
the inlet part of the pump and maximum velocity magnitude happened at the guide vanes part near the tip vanes.
Comparing between the pictures in this figure it can be seen that under the different guide vanes the distribution of
velocities is appearing have the same trend. The flow fields round and near the impeller blades and guide vanes are in
disorder condition due to the swirl flow generation in this region. The flow turbulence near the vanes are more than
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disorder state as compared to the impeller blades. The formed of separation flow and vortex were occurred at the back of
guide vane and the tail blade. Also, the flow separation was happened at the facing water region. There is no significant
different velocities for various vanes the maximum velocity magnitude for design flow at different vanes 6, 5, 4 and 3 are
16.01, 16.02, 16.03 and 16.022 (m/s) respectively.

(c) Guide Vanes 5
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(d) Guide Vanes 6

Figure 11. Velocity magnitude variations (m/s) in the pump.

VARIATIONS IN STATIC PRESSURE IN THE CENTRE SECTION

Figure 12 illustrated the flow fields (pressure distributions) in the pump. Numerical results shown that the pressure
region at the discharge of the pump is higher than inlet zone. Comparing between different flow rates the pressure
distributions are seeming same tendency. The flow phenomenon in the middle cross section reveals that the pressure
deceases as the axial pump is worked at high mass flow for all cases under investigations. It is observed that when the
pump is worked at different flows, the fields of flow in vanes are enhanced and increased the variations in pressure. Also,
the outlet flow change resulting in the change of different operation conditions. which are suitable for decreasing the
hydraulic losses and enhancement pump performance. Moreover, it is found that the low pressure zone exists distinct at
the suction part near the impeller leading edge as well as the high pressure were near the impeller trailing edge zone at
the pressure part. The reason behind that is due to interaction between the impeller and wall pipe as well as between the
outlet guide vanes. Furthermore, the distribution of pressure in the latter region was is not as regular.
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Figure 12. Distribution in static pressure variations (Pa) in a pump.

DISTRIBUTION IN STATIC PRESSURE IN THE CENTRE SECTION

The distribution of static pressure in cross section area can be simulated to analyses mechanism of the internal fluid.
Figure 13 demonstrated the field of static pressure in the meddle cross section of the pump at several flow rates and guide
vanes. As noticed that the static pressure increases across an axial flow pump at constant pump rotational speed of 3000
rpm with flow rate increases, as expected because of the flow losses in the pump. As it is found that there is no big
alteration between the pressure at the inlet impeller side for all cases, due to the effect of different number of guide vanes
are highly effect at after the impeller region as shown that in previous figures. Also, the maximum pressure happens at
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the outlet blade region near the tip blade area owing to the interaction in this region between both impeller blade and pipe
wall.

Q=1 Q=2 Q=3 Q=4 Q=5

(d) Guide Vanes 6

Figure 13. Distribution in static pressure variations (Pa).

Figure 14 depicts dynamic pressure field in the center blade impeller cross sectional-area. Results illustrated that the
pressure reduces as mass flow in the pump rises. These cross section contours the pressure distribution was not regular
and it increases from hub region to shroud zone. As it is seen that the variations in dynamic pressure in the blade has the
same static pressure variations in previous figure it reduces when flow in the pump rises and the maximum dynamic
pressure occurs nearby the tip blade region. At the high-pressure region in blade, it can be seen that the pressure was
practically change under different flow rate, especially at the blade leading edge, where the pressure was high due to the
incidence of high flow in this region. However, at blade impeller leading edge the pressures was low due to the flow
acceleration.

(a) Guide Vanes 3
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Q=1 Q=2 Q=3 Q=4 Q=5
(d) Guide Vanes 6

Figure 14. Distribution of static pressure (Pa) at various flows and vanes.

Average pressure at 49 monitoring points in the centre impeller blade cross section regions and between the impeller

and vane then after guide in the pump are collected by transient numerical calculated simulation as illustrated in Figure
15.

36 37 38394041

49
42 464748

43

44

45

(b)

Figure 15. Distributions of monitoring points at the: (a) impeller blade and (b) cross section of axial pump.
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Figure 16 (a) depicts the comparison between average pressure in time domain and pressure amplitudes under different
number of guide vane for monitoring point start from 1 to 8 in the impeller blade and at design pump flow rate. Results
demonstrated that the number of guide vanes have an influence on average pressure of impeller blade in the axial pump.
Also, the pressure at different monitoring point almost changes and increases from point 1 to 8 at the hub, the maximum
pressure was occurred at point 8. Additionally, the average pressure increases as number of guide vanes increases for all
monitoring point under considerations. Moreover, the average percentage pressure differences in this figure between
vanes 6, 5, 4 and 3 are around by 7.55, 13.36 and 38.49% respectively.

Figure 16 (b) depicts the comparison between average pressure and pressure amplitudes for monitoring points from 9
to 14 at right impeller blade zone. As it is noticed that the pressure in this area increases start points from 9 to 14 the high
pressure happens at this monitoring point because of position of this point near the tip blade region. Moreover, the pressure
increases as guide vane increases. It can be concluded from above analyses the guide vane has high influence on inner
flow and pump performance. In addition, the average percentage pressure differences between vanes 6, 5, 4 and 3 are
about 4.12, 8.54 and 16.40% respectively.

Figure 16 (c) depict the pressure at the outlet impeller blade for the monitoring points from 15 to 29. As noted that the
pressure starts to decrease from points from 15 to 29 the high pressure happens at monitoring points 16, 15 and 14 this
due to the positions of these points are near the high interaction flow at the tip blade. The average percentage pressure
differences in this figure between vanes 6, 5, 4 and 3 are about 3.18, 9.46 and 13.62%.

Figure 16 (d) depicts the monitoring points from 30 to 35 at left blade region. The results revealed that pressure in this
region also decreases and the maximum pressure is happened at point 30 due to the same above reason in previous figure.
The minimum pressure was occurred at point 35 because of the position this point nearby low pressure region and in this
area of blade can lead to cause the occurrence of cavitation. Moreover, the average percentage pressure differences in this
figure between vanes 6, 5, 4 and 3 are around 2.43, 16.25 and 22.25% respectively.

Figure 16 () depicts the monitoring points from 36 to 41 for the region between the impeller and guide vanes. As
seen that pressure in this region starts slightly decrease and then it increases due to reach to the high interaction area near
guide vanes tip region. Moreover, the average percentage pressure differences in this figure between vanes 6, 5, 4 and 3
are 4.11, 9.25 and 13.17% respectively.

Figure 16 (f) depicts the monitoring points from 42 to 45 for the region after the impeller blade. As indicted that the
pressure in this area also decrease and it reach to minimum pressure at point 45 for all cases under investigations. Average
percentage pressure differences in this figure between vanes 6, 5, 4 and 3 are 4.37, 13.12 and 19.30%.

Last Figure 16 (g) depicts the monitoring points from 46 to 49 for the region after the guide vanes. It can be noticed
that the pressure in this area decrease and the minimum pressure was at point 49 because of the position of this point was
far from the high-pressure area near tip vanes. Moreover, the average percentage pressures are 6.18, 22.67 and 30.37%
respectively.
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Figure 16. Distributions of monitoring points results in the blade and cross section of an axial pump.
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CONCLUSIONS

The influences of different vanes on the characteristic of flow and performance prediction in axial pump are analyses
and can be found the following conclusions: The comparison between both numerical results and experimental data shown
that there is small difference. The results found that the number of guide vanes are important aspect affecting internal
flow for instance pressure, TKE, velocity, shear stress and velocity magnitude. When the rotating of axial impeller that
leads to occur two regions first one is formed higher pressure region at outlet impeller pressure surface. The second zone
is formed near low pressure at inlet impeller suction part at this region as the pressure deceases lower than vapour water
pressure can leads to cavitation occurrence due to low pressure area then that causes more unstable internal flow. Also,
when the guide vanes increase that leads the flow passages between the vanes is narrowed and hence the internal flow
velocity increases. Moreover, the quantitative analysis shown that when the vane increases that leads to the pressure
differences across the axial pump increases and hence the characteristic performance of pump increases. Static pressure
differences for design flow between different vanes 6, 5, 4 and 3 are around by 4.01, 5.66 and 6.74% respectively. When
the flow rate increases the TKE variations decreases and the high area of TKE happened at impeller tip blade and at tip
guide vane blades. The maximum TKE for design flow between different vanes 6, 5, 4 and 3 are about by 0.02, 0.19 and
2.35% respectively. Additionally, the velocity increases from the inlet of the pump to the outlet area. Minimum velocity
take place at the suction side and maximum velocity happened at the guide vanes part near the tip vanes. The flow fields
round and near the impeller blades and guide vanes are in disorder condition. Based on the research findings it can be
observed that the impeller with number of vane 6 was the best vane. Furthermore, the results indicate that, using guide
vane can increasing the pump efficiency. Pressure differences across the pump at variety mass flow for vane 6 is higher
than other vanes 3, 4 and 5 by 14.13, 11.35 and 3.85% for flow of 5 L/min. Also, the inner flow of vane is enhanced and
the separation flow are reduced that leads to the pumping hydraulic efficiency also enhances therefore this type of pumps
can meet the demand of different industry engineering applications.
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