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ABSTRACT

Industrial Blowers are used to transport air to different upward/downward components in power/
equipment assembly. However performance degradation during operationrnsordesigners for plar
efficiency. To this effect performance analysis is aimed in three dimensional environments. The basic ¢
followed to obtain three dimension@AD model of blower comprises suction duct, volute chamber, imp
and exit duct.The CAD model in the form of IGES format has been imported in Altair Hyper Mesh
processor for surface repair and fluid/solid domain extraction. The fluid domain has been further discre
the form of unstructured and structured grids so as torgentetrahedral and hexahedral elements respect
which in turn was imported in Ansys Fluent Software. With the prescribed boundary conditions such
velocity, exit pressurand bladerotation, CFD simulation is performed to visualize the véyoand pressure
distribution. Solid domain of blower impeller wamported in Ansys Mechanical to map pressure lfvath

fluid simulation to compute deformations amdncipal stresses.
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So the component develops performance
l. INTRODUCTION degradations which are planned to be addressed in
Blowers are widely used in several the proposed reearch investigationusing three
engineering app“cations inc|uding process and dimensional mOdenn@ndSimUlaﬁon teChniquesn
power generation refinery, petrochemical, order to understand flow behaviordapressure rise
pharmaceutical, heating, ventilating and air parameters, CFD simulation is performed on the

conditioning applications. For the design and CcOmplete geometry involving blower casing as well
deve|opmentof turbo machinery components like as Impeller bladesStructural simulation isalso

pumps, blowers, fans, turbines, etc., muki performed on the impeller blades to understand
disciplinary analysis is criticabefore development  deformationsindstructural stresses
of pratotype models[1]. During the operation of The casig of the blower under

turbo machinery components the fluid dynamic consideration is of volute type and the impeller
perturbations are producedhich may also alter blades are of backward aero foil shape. The fluid
vibration and noise levels. One of the major enters at the centre of the impeller, turns through a
problemswith the impeller blade desigs whether right angle and as it moves outwards radially, is
the impeller blades arstrong enough to withstand  subjected to centrifugal forgesulting increase in its
the hydrodynamic load. Some impeller blades have static pressuteThe airflow tends to drop drastically,
suffered failures, possibly due to the inadequate use as the system pressure increases is one of
of material and geometries or because the design characteristic of centrifugalan. Pressure Volume
load was not correctly estimated. When the internal characteristic curve for a backward bladed
pressure load acted oretblade reaches or exceeded centrifugal blower represents lossesthe blowers

the yield stress of the material, yielding and [2]. Though thedesign and development of blowers
deformation occurred.Most frequently impeller  with different configurations are discussed in the
blades yield and deform at the highly stressed literature using advanced CFD techniguieylack
region. This type of faire hascritical importance fluid-solid interactioneffects [36]. Blowers can get
because yield of impeller bladesateases the blade  failure due to vibration, lack & performance,
performance. excessive noise and premature component failure.
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1.1 Experimentation and Methodology

CFD provides the fundamental
improvements by simulating the performance of the
turbo machinery component with the account of
complete geometry. It also helpg® reduce the
design lead time by performing design cycles in
software rather than hardware and improves the
product performance by evaluation of more design
alternatives in shortest time.

The first step in performing a CFBnalysis
is called preprocessig. This involves identifying
the flow region of interest, geometrically
representing the region, meshing and defining the
flow physics. Once the region is defined, computer
model of the geometry is created. Computational
domain can be discretized with thehoice of

Fig 1 Blower nodel

elements ike tetra, hexahedratlements infAltair

Table 1 Dimensions of lower.

Hyper Meslo. The mesh generation concepts were

discussed reviewed and resulted to several

commercialsoftwares which are being extensively

used for several industrial component3-9].

Unstrucured grid methods [10] utilize an arbitrary

collection of elements to fill the domain

1 Casing height 239.4 mm
2 Casing dia 360 mm
3 Inlet dia 212.0 mm
4 Inlet height 34.8 mm
5 Impeller height 98.4 mm
6 Impeller dia : 354 mm
7 No.of aero foil blades : 7

8 Pitch angle : 56.429

automatically requires the volume bounded by error
free surfaces. Structured grid generation ofDCF
simulation is explainedby Bhasker [11]. The
appropriate boundary cdiiions are applied to
define the regions of inflow, outflow and moving
walls. Physical models within the software are
activated to simulate the flow physics especially
turbulent flows can be done ifiAnsys Fluent
Solvel. After initialization of flow fied variables,
the problem is submitted to solveBolution is

The solid model used for flow simulation
was comprises thickness, pludg&ing washers,
casing bushes, casing lining washers, whose
presence is not effected for the flow simulation.
Hence, surfaces associated with these supports are
deleted. As a result pin holes are present on casing at
several locations need to be filled.

2.1 CFD Analysis:

converged or stopped when the equation residuals Pre-processing: Preprocessing consists of the

are meeting the specified values and writes the result following

file.

This result file can be loaded in post
processing to visualize the flow charactécistin
terms of vector plots, contour plots and streamlines.
The post processor also provides fluxes and
averaged quantities across the computational
domain. Solid domain of blower impeller was
imported io AANSys Mechanicadl to map pressure
load from fluid simulation to compute deformations
andprincipal stresses.

. BLOWER MODEL FOR ANALYSIS

The bloweris shown in Fig.lcomprises the
casing with supports. The casing is of volute type
with exit duct and inlet is on the suction plate which
is placed on top fothe blower casing. The impeller
was designed with seven aero fbdckwardblades
whose leading and trailing edges ardldd with
fillets.
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steps. From the blower model

configuration(fig.1):
Step 1:Extraction of casing from blower model
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Fig.2 Topography of asing

DOI: 10.9790/96220708018289




Rakesh Mididoddilnt. Journal of Engineering Research and Application www.ijera.com
ISSN : 2248622, Vol. 7, Issue 8, ( Pait) August 2017, pf2-89

Step 2:Extraction of impeller from blower adel Step5: Structured grid meshf complete geometry
A with boundary conditions

Fig.3 Topography ofiinpeller.

Step 3:In separate group collector, using bounding
surfaces, casing and blower are grouped together
form complete geometry of blower model

Fig.6 Structured grid meshith Boundary
Conditions

Step6: Simulation of blower mdel with
Fmstructured grid
al
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Fig.4 Grouping of asingand impeller. - )
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Step 4: Unstructured grid meshith boundary i e
conditions

Fig.7 Critical parameters applied to theodel
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Fig.5 Unstructured grid mesh model with boundary St R
conditions. |
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Fig.8 Convergence history of unstructurerdg
model
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The material considered is aiGenerally g e -
operating pressuseare latm and its value in the oS o
fipressure out boundary cotidin 0 shoul [e=
mentioned as zerdJnder run calculations, mention |
about 300iterations and profileipdateinterval has = |
madeas 1. The unstructured grid with tetrahedral
elements gegrated for blower moddiastaken180
iterations to obtain numerical rewuilfor flow and
pressure parameters when the blades are rotating
with 2800 rpm along z direction.
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Step 7 Simulation of blower model with structured i}:,.,
grid. Tieiae
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Fig.11Boundary conditions (wall)mplied tomodel
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Fig.12 Convergenceibtory of structuredgrid
model

The working fluid considered is airlnlet
velocity 9 m/sec, working pressure will be 1 atm and
blades are rotating about z directiontw800 rpm.
When assigning the boundary conditiptise wall
motion consideredis as movingwall and blade

m— motion considereds as rotatory The convergence
e history of equation residuals in case of structured
s | & F— ' multi-block grid is faster than unstructureddgand
e | | —— A took only 166 iterations
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Fig.10 Critical parameters applied to thadel
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Postprocessing:
Discussion of resultdrom CFD simulation:
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Fig.13 Describing velocity gctors in theniddle
plane of the impellerestion
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Fig.14 Velocity vector plots drawn on fulllade
surfaces to understahits effect on eit.
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Fig.15 Contour plot indicating flow an-uniformity.
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Fig.16 Flow path in the blower casing in the form of
animated seans from inlet to it.

Maximum velocity is taking placat blade
leading edge and theimimum velocity is atblades
trailing edges(fig.13) and is observed that low
velocity of flow taking place on blades trailing edges
side away from the exit locatioffig.14). The flow
throughblade channels indites low velocities and
higher pressure drop.This kind of flow will have
effect on the exit lod&on which indicates flow non
uniformity is more clearly observed in contour plot
(fig.15). Fluid flow from inlet to exit in the form of
animated streams is representirige tcentrifugal
forces due to rotation of blades chasthe flow to
move upwards and then leaves to exit location
(fig.16). The flow also fluctuates with turbulent
eddies near blade channels away from exit causing
higher pressure drop and influence agriform flow
at the exit location.
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Fig.17 Surface &eamlines on the velocity scale
from the suction to exitia impeller blades.
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Fig.18 Flow recirculation in the blade passage away
from exit.
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Step2: Structural simulation of blaver impeller

The geometry has to be scaled in Sl units
andpreferences for linear structural analysis htove
define with proper material properties like poisson
ratio, youngds modul us and de
to study the effect of internal pressulead and
displacement constraints on impeller for stress
analysis.
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Fig.i:97Cont0urs of pressuraddribution on the blade
middle span and wallusfaces

From the pleg (fig.17 & fig.18), high
velocity is noticed near the blade surfaces in
impeller and low velocity in the volute area because
the velocity is converting into pressure. The contours
on velocity scaleexhibit the nonuniform flow in
cross section plane blade spalong volute casing.
The contours also reveal the high velocity regions
near the impelledue to rotation of blades. As the
flow moves away from the rotating wall, this high
velocity however reduces. It is also observed that as
the flow moves from suctio to exit along the volute
casing static pressure is increasing duediaversion
of velocity into pressuréig.19). Fig.22 Critical parzrgtersmnlied toimpeller
ades

2.2 Ansys Mechanical Analysis: ) ]

After creating thehreepoint spline curvegor blade surfaces, it is foundhat the average pressure load
and tip volumes createdfor blade surfacesThen acting on the blades is add@DOPascals.

meshing has done, egerally mapped mesh is

preferred for impeller blade surfaces. Results from Ansys Mechanical:

Fig.203-point spline curves for blade tip andkh

Fig.23 Deformed nodel with color mapndicates
highest displacement while blue shows tast

Fig.21 Mesh Generation for Impeller Blades

www.ijera.com DOI: 10.9790/96220708018289




