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ABSTRACT

The present paper describes an improve the heatxefl flow pump impeller, Computational Fluid Dyni&s
(CFD) analysis is one of the advanced CAE toolsliis¢he pump industry. From the results of CFDIgsig, the velocity
and pressure in the outlet of the impeller is predi. The optimum inlet and outlet vane anglescateulated for the
existing impeller by using the empirical relatioifie CAD models of the mixed flow impeller with aptim inlet and
outlet angles are modelled using CAD modellingwafe Solid Works 2009. By changing the outlet aragid the No. of
blade of impeller the head of the impeller is immd to 86.75m. From this analysis it is understthad the changes in the
inlet blade angle and No. of blade change the lnédade impeller. From the CFD analysis the heathefimpeller with
optimum blade angles is calculated as 76.46m. Tieesg of the mixed flow impeller is improved by 29m by changing

the inlet and outlet blade angles and No. of blade.
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INTRODUCTION

The increasing performance levels and operatingliions requirements make the task of designinguap
impeller very challenging. The role of internalvile and the viscous effects in submersible impeHleesfundamental and
must be taken properly into account in the desigocgss in order to obtain optimum performance. Folynit was
sufficient for a designer to analyze the steadyestgperation of a pumping system but nowadays thithincreasing
complexity of pumping systems, a wide variety ob®ersible pump types have been constructed and insedhny

different applications in industry and other tedahisectors.

However, their design and performance predictiatess is still a difficult task, mainly due to theeat number
of free geometric parameters, the effect of whiahnot be directly evaluated. For this reason CF&lyars is currently
being used in the design and construction stageadbus pump types. WORLD PUMP3 has presented the head
obtained by mixed flow pump is higher than radiaasial flow pump. Efficiency of mixed flow pump wagtween radial
and axial flow pump. Mixed flow pump used where tiigh delivery rates are required against modenegds. The
different factors used in design of mixed flow putife selection of casing (tubular casing, volutsiog), effect of

backflow, cavitations, pre-rotation of water arsatissed in design aspects.

Vasilios et af! describes the flow domain is discredited with &paunstructured, Cartesian mesh that covers a
periodically symmetric section of the impeller. Themerical results are compared to the measuremsmsving good
agreement and encouraging the extension of thelafa computation methodology for performance ptéah and for

design optimization of such impeller geometrieslahikandan et &f! shows the study of mixed flow pumps the leakage
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loss contributes about 7 percent of the total fl&nom the Computational Fluid Dynamics analysis ititernal flow
pattern, Pressure and Velocity contour are predliatdich will be useful for further enhancement @i tpump.

S.Rajendranl et & describes the simulation of the flow in the impebf a centrifugal pump.

The numerical solution of the discredited threegtisional, incompressible Navier-Stokes equatiorey @n
unstructured grid is accomplished with an ANSYS-CHKe flow pattern, pressure distribution in thadd passage, blade
loading and pressure plots are discussed in thisrp&undale et &' presents the purpose of the analysis is to véniy
performance at duty point or BEP (Best Efficienajri®). Nataraj et af' studied the Taguchi's parametric design concept
for performance enhancement of centrifugal pump.the experiment eight virtual model of impellersvselected by
varying four parameters. After doing the simultameoptimization the optimum condition of four op@érg parameter
was found. Miner et &f' presents the Non dimensional impeller results & Mionensional stator a result was compared to
get the final result show that the shapes and madgs of the velocity & static pressure profilegaveorrectly predicted.
The largest error found in predictions of the tgtassure and differences in the tangential velquitfile. Karanth et df’
shows an optimum radial gap which could help priogdnaximum energy transfer by the impeller bladseswell as
maximum energy conversion by diffuser vanes. Tlaicstpressure recovery and total pressure losghrdiffusing

components of the fan change with the radial gdye [arger is the radial gap, the smaller are tlesqure fluctuations at
the exit flange of the fan.

Manivannan et af’ described the efficiency of the existing impellercalculated by the empirical relations. The

calculation of head, power rating & efficiency ofkiging impeller was found to be 19.24 m, 9.46 KW,55%
respectively.

PUMP SPECIFICATIONS
Impeller Geometry
In this work, the mixed flow pump detailed geomefeature of the impeller was studied and pararizetion of

impeller geometry was done. Parameterization wase doy reducing number of controlling geometric @hles,
facilitating the investigation of their individuak combined effects on the flow and the impellerfgrenance. A typical
submersible pump consists of impeller, diffuseserj discharge adapter, intermediate bowl and #haftown in Figure 1.
The performance of a pump depends on active pummpaonents. The active pump components of a mixed fflomp are
mixed flow impeller and guide vanes. These parts iarportant while analysing a pump because mechheicergy

(rotation) is transferred into fluid energy (pregswelocity) by the active pump components.
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Figure 1: Part of the Pump Assembly



A Comparative Study of Mix Flow Pump Impeller CFD Analysis and Experimental Data of Submersible Pump 59

Led]

r‘ [ =]

=1

Figure 2: Layout of Impeller

The geometry of a mixed flow pump impeller is higbbmplex in nature. The mixed flow geometry cotssisf
several features among those following geometratufes are important as they have direct effecoweerall pump

performance.

Table 1: Existing Mixed Flow Impeller Dimensions

Impeller inlet diameter() 345mm
Impeller outlet diameter()) | 606.5mm
Number of blades( N 6
Number of stages Single
Shaft Diameter(D 78mm
Blade Inlet Height(B) 64mm
Blade Outlet Height(B 53mm
Rotation(N) 2850rpm
Inlet Blade Angle 29
Outlet Blade Angle 4

Geometric feature of the impeller was studied itaifleand parameterization of impeller geometry wiage.
Parameterization was done by reducing number afaking geometric variables (inlet angle, outleigée), to investigate
their individual or combined effects on the flowdahe impeller performance. After parameterizatiired flow impeller
can be represented using a relatively small nurabparameters; some of them are shown in Figuned2tlzeir values are
given in Table 1. The rotation speed and the maipeller dimensions, namely the exit diamdd@ as well as the blade

inlet and exit anglegl andf2, respectively, determine the nominal head.

Figure 3: Model of Mixed Flow Impeller
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Figure 4: Cavity Model of Mixed Flow Impeller

ANALYSIS OF MIXED FLOW IMPELLER
Meshing of Impeller
Meshing Type: 3D

Type of Element: Tetrahedral

Figure 5: Mashing Type
No. of Nodes:111637

No. of Elements:1 49456

Figure 6: Meshed Model of Impeller Cavity
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Boundary Conditions

Centrifugal pump impeller domain is considered @ating frame of reference with a rotational speé@850
rpm. The working fluid through the pump is water2&io C. ke turbulence model with turbulence intensity of 586 i
considered.

RESULTS

Velocity Stream Contour
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Figure 7: Velocity Contours

Pressure Contour
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Figure 8: Inlet Pressure Contour

Outlet

Figure 9: Outlet Pressure Contour
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Head Generated = (Output Pressure — Input Pred4sg

(7.67€5 — (-1.67e4))/(1000*9.81)

76.46
Table 2: Variation of Head

Sr.No. | Description | 750T Pump
Head
L (Experimental) 74.5
2 Head (CFD) 76.46
3 | Percentage |, 5g5a43186
Variation

OPTIMIZATION OF RESULTS
Existing Impeller Data
Outlet Angle: 29°

Inlet Angle: 40°
9 Different Combination of Impeller is generated @ptimization
Optimization for Outlet and Inlet Blade Angle

Table 3: Optimization of Outlet and Inlet Blade Ange

Outlet | Inlet No. of
Impellers | Blade | Blade Blal des

Angle | Angle
Impeller 1 27 38 4
Impeller 2 27 40 6
Impeller 3 27 42 8
Impeller 4 29 38 6
Impeller 5 29 40 8
Impeller 6 29 42 4
Impeller 7 31 38 8
Impeller 8 31 40 4
Impeller 9 31 42 6

Results from Optimization

Table 4: Result Table

Outlet
Impellers | Pressure I-Eema;d
(Pa)

Impeller1 | 9.16E+04| 80.6(
Impeller 2 | 9.73E+04| 84.25
Impeller 3 | 1.16E+05| 86.75
Impeller 4 | 8.91E+04{ 78.53
Impeller5 | 9.00E+04| 76.46
Impeller 6 | 8.92E+04| 75.42
Impeller 7 | 8.21E+04{ 72.38
Impeller 8 | 8.43E+04| 73.36
Impeller 9 | 8.57E+04| 74.41
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Figure 10: S-N Ratio Plot
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Figure 11: Main Effect Plot for SN Ratio

CONCLUSIONS

By increasing the outlet Blade angle and decreasiagnlet blade angle improves the performancpurfip that

is simulated in this study

Best head 74.50m and No. of blade 6 point of threpdmpeller3) simulated in this study increases total h

from 76.46m to 86.75 m so increase the performahpeimp

Outlet pressure also increases.

No. of blade can also increase so efficiency ofdase

Performance of the pump impeller also increasedaloeélet blade angle decrease and inlet blade anglease

Optimum head found at the 8 no. of blade impelléh @7° outlet blade angle and °inlet blade angle optimum

head found.

Thus selecting suitable blade angles and headmueriant from the manccturing point of vie\
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