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Abstract- Hydraulic machines are faced with increasingly
severe performance requirements. The need to design smaller
and more powerful machines rotating at higher speeds in
order to provide increasing efficiencies has to face a major
limitation CFD analysis is applying for to know flow behavior
inside the pump that cannot be captured in physical testing.
When applying simulation with the experimental inlet
boundary condition and rotation, it has generated profile. This
profile was very accurate with measure quantity so, simulation
validate accurately for this 2.5D meshing is used. This gives
good agreement with experimental result.
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1. INTRODUCTION
1.1 Gear pump

The pump is the heart of the hydraulic system. Like a
heart in a human body, a hydraulic pump generates a flow by
moving the fluid in an environment with an adverse pressure
gradient. The pumps are generally categorized in two distinct
groups, positive-displacement pumps and kinetic pumps. The
kinetic type pumps, like centrifugal pumps, transfer the
mechanical power input to kinetic energy and transforms the
kinetic energy into static pressure. These pumps are mainly
used to generate a high rate of fluid flow with a relatively
small pressure rise. Gear rotor pumps provide high volumetric
efficiency and smooth pumping action. Further, they work
well with a wide range of fluid viscosities. Due to
manufacturing tolerances, flow leakages do occur through the
tip clearances of the gear teeth. To limit the working pressure,
excess fluid is re-circulated to the inlet cavity through a
pressure relief valve system. In theory, the pumping action is
only a function of the gear rotational speed, and discharge is
constant regardless of the operating pressure. In practice,
however, leakage through the gaps is formed by the meshing
gears which increase with increasing in pressure.

Following are the specifications and operating
conditions of the pump.
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Type : External gear pump

Pump Displacement : 50 cc/rev

Speed : 500 to 5000 rpm

Pressures : up to 3500 psi

Flow rate : up to 41 gpm @ 3000 rpm
Ambient Temp : -400C to + 700C
Dimensions : Inlet port: 38.1 mm

Outlet port : 25.4 mm

Center distance between gears : 50.8 mm
Gear width : 32.9 mm

Il. METHODOLOGY

2.1 Fluid used and properties of fluid required are as
follows:

Table -1 Properties of fluids

Biodiesel Density ( Kg/m3) Viscosity (Kg/m-s)
Cotton ze2d biodiesel (e-10) 0.830 3884
Gresn solvent (d-limonens) 0.834 83

Izovg 32 0.857 32

2.2 Modeling the gear pump:

Creating Geometry Using Ansys Design Modeler:For
the geometry of fluid flow analysis, create geometry in
ANSY'S Design Modeler, or import the appropriate geometry
file. If The geometry in ANSY'S Design Modeler is not created
then import itfrom pre-existing geometry byright-clicking the
Geometry cell and selecting the Import Geometry option from
the context menu. From there,browsers file system to locate
the geometry.iges geometry file.In this project the fluid
geometry model had been created in ANSYS Design Modeler
only.The fluid geometry of the Gear Pump is being created as
an assembly made up of three parts with a thickness of 10 mm
each.

The various fluid parts are as follows:
1) Inlet fluid Volume
2) Fluid Volume surrounding both the Gears
3) Outlet Fluid Volume.
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This above 3 fluid volumes is being created
separately so that can give rotary motion to the boundaries of
Gearl and Gear2 -one in clockwise and another one in
anticlockwise direction respectively.

TInlet Volume

Gear Volume

Outlet Volume

Figure 1 Shows modeling assembly of Inlet Volume, Gear
VolumeAnd Outlet Volume

2.3 Meshing Using 2.5D Model

For 3D simulations only, select the 2.5D model under
Models in the Dynamic Mesh Parameters panel. This model
allows for a specific subset of smoothing and remeshing
techniques.

The 2.5D mesh essentially is a 2D triangular mesh
which is expanded, or extruded, along the normal axis of the
specific dynamic zone that you are interested in modeling. The
triangular surface mesh is remeshed and smoothed on one
side, and the changes are then extruded to the opposite side.
Rigid body motion is applied to the moving face zones, while
the triangular extrusion surface is assigned to a deforming
zone with remeshing and smoothing enabled. The opposite
side of the triangular mesh is assigned to be a deforming zone
as well, with only smoothing enabled.

Note that in the Smoothing tab of the Dynamic Mesh
Parameters panel the 2.5D model allows to change only the
Boundary Node Relaxation value and the Number of
Iterations. Also note that the Remeshing tab of the Dynamic
Mesh Parameters panel automatically has Face Remeshing
enabled.

The 2.5D model only applies to mapable (i.e.,
extrudable) mesh geometries such as pumps, as in Figure.
Only the aspects of the geometry that represent the "moving
parts” need to be extruded in the mesh.
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Figure 2shows -2.5 D Extruded Gear Pump Geometry

It must only apply smoothing to the opposite side of
the extruded mesh, since FLUENT requires the geometry
information for the dynamic zone. FLUENT projects the
nodes back to its geometry after the extrusion. Without this
geometry information, the dynamic zone tends to lose its
integrity.

In parallel, a partition method that partitions
perpendicular to the extrusion surface should be used. For
example, if the normal of the extrusion surface points in the x-
direction then Cartesian-Y or Cartesian-Z would be the perfect
partition methods.

The 25D model is used in combination with a
DEFINE_GRID_MOTION UDF (User Defined Feature). This
UDF is associated with the extrusion surface that is adjacent to
the cell zone, in turn applying the same deformation to the
entire cell zone. This approach is particularly useful when
modeling gear pumps that are predominantly extruded
hexahedral meshes

2.3 NAMED SELECTION:

In order to give the boundary condition named
selection has to be given in the meshing stage itself. The same
named selection are being seen in ANSY'S Fluent. The various
names given to the various sides of the geometry are inlet,
outlet, symmetryl gear, symmetry2_gear, symmetryl inlet,
symmetry2_inlet, symmetry2_outlet, boundarywall_outlet,
boundarywall_inlet, Gearl and Gear?2.

24 PERFORMING THE ANALYSIS
FLUENT:

IN ANSYS

a) The first step after getting into fluent is to get the model
which has been already meshed and named selection done on
it. Go to file [JImport [1Mesh.
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File | Mesh Define Solve Adapt Surface Display Report Parallel View F

Eleas[adn-0-[m-

Refresh Input Data

Save Project T
Reload Setup

Sync Workbench

Read y B Check |!ReportQuaﬁty|

Write 3

Import L | Mesh... |

Export 3 Case..

Browse the required file FFF.set file and say open,
the meshed file will get loaded with the named selection to the
various boundaries.

b) Creating the UDF (User Defined Feature) and Hooking the
same: A UDF is a program written in C to control the moment
of Dynamic Mesh. Here in this case of making two gears to
move in opposite direction the program is given below:

File Edit Format View Help

#include "udf.h"

DEFINE CG MOTION(gear2, dt, vel, omega, time, dtime)
{Domain *domain;domain = Get Domain(l);omega[2]=52.35;}

DEFINE_CG_MOTION{gearl, dt, vel, omega, time, dtime)
{Domain *domain;domain = Get_Domain(l);omega[2]=-52.35;}

The above program need to be compiled and the
hooked in ANSYS Fluent.

File Mesh | Define | Solve Adapt Surface Display Report Paralld View Help
a= General... AE-O-|m-®-|[SRAT
Models... e
Meshing Materials..
Mesh Gene - |
okt ety Cell Zone Condit ' | | Report Quality |
ell Zone Conditions... | || Report Quality |
Models Boundary Conditions...
Materials Operating Conditions...
Phases
Cell Zone C Mesh Interfaces. b nticon
Boundary C . o
Mesh Interf| Dynamic Mesh... .
Dyriarmic Me Mesh Marpher/Optimizer...
Reference B
Mixing Planes...
Solution
ki Turbo Topology...
Solution Cor T
Monitors REROTSE,
Solution Ini DTRM Rays... Units,
Ej:é:ma Shell Conduction Manager...
Mesh (Time=0.0000e+00)
Resuits Custom Field Functians...
Graphics an B
Plots AR Setting gear? (mixture) ... Done.
Reports Profiles..
Units. dynamic zones,
sunnetry2 gear
User-Defined Functions v Interpreted...
Function Hooks.. Compiled...
Execute on Demand... Manage...

Browse the gearpump.c file by pressing the Add tab

and Build the same.
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Source Files [=/[El=] | | Header Files [=][8][=]
[gearpump.c
| Add... | | Delete | | Add... | | Delete |
Library Name || c:;c-lo-w52.35;w52.35_ﬁ|es;dpofFFFﬂ=h.! | Build
| load | |Cancel| | Help |

) In the solver type select the pressure based, absolute
(velocity Formulation) and Transient (Time) options.

d) Go for viscous flow with Realizable K-epsilon and
Standard wall function.

e) Create the material / Fluid (in this case Green
Solvent)

f) Define the inlet boundary condition —as pressure inlet
with a Gauge pressure of 101325 Pascal’s

9) Dynamic mesh Setting as given below:

File Mesh Define Solve Adapt

Surface Display Report Parallel View Help

8 s-d-m0/SEFaas[QAm-O-[m-q

Meshing
Mesh Generation
Solution Setup

General

Models

Materials

Phases

Cell Zone Conditions

Boundary Conditions

Mesh Interfaces

Reference Values
Solution

Solution Methods
Solution Controls
Monitors

Solution Initizlization
Calculation Activities
Run Calculation

i 1: Mesh
Dynamic Mesh =
Dynamic Mesh

Mesh Methods Options
Smoothing [Jin-Cylinder
[[Layering [six DoF
Remeshing [ tmplicit Update
[ ["] Cantact Detection
Settings...
[Events... |

Dynamic Mesh Zones

gear1 - Rigid Body
gear?2 - Rigid Body
symmetry1_gear - Deforming
symmetry2_gear - Deforming

Press the Setting Tab
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Sprirg Censten Tactor [

] Mesh Mezhod Settings = Mesh Mathod Settings E
smooting | Laerng | Remesting| Smootirg | Layering  Remeshing |
vizhod Remeshing Metrods Sising Function
® Sating L zpace Boundary Layzr Con
j-me;am; Selid Fac il -
e ?Sga\ Zore : ,'7
|-3.:

Corvargence Telerance [

MNurbzr of Iteratiors [0 <
Berints 1 Vinmum Length Scake im) [ Jozae
() TesinTes Zores

(OTex i Mixed Zones
el

Parzmeters

Maium gt Scae ) [,z
Laplace hede Rebnabien [ ke ’7
Mesdnun Face Siewness [o.7 |
Size Remeshing Interva ,,— =

Mesh Scale Info...

bourdary-dietance

Use Defaults

oK Canzel | kep x Cane relp

Press the Remeshing Tab  Select the Meshing Type to be
2.5D and give the remaining details.

h) Linking the Dynamic Mesh Zones to the Named selections:

a) Assign Gearl to be Rigid Body and link it with
Motion UDF as Gearl:libudf and fill the other
required details.

b) Similarly assign Gear2 to be Rigid Body and link it
with Motion UDF as Gear2:libudf and fill the other
required details.

c) Assign Symmetryl gear & Symmetry2_gear as
Deforming type and fill the Geometry definition and
M eshing Options respectively.

d) Click on Display zone motion.

Zone Motion

Time Control Dk

swttne@o

Time step ) 1208

Number of teps (1005 =

Zones

Wherein we can verify the motion of both the gear
boundaries. i) Set the required monitor’si.e.mass flow rate at
the outlet.

a) Go for standard solution initialization with keeping
the gauge pressure as 101325 Pascal and Turbulent
KineticEnergy as 0.1 m2/s2.

b) Run the calculation keeping the Time step Size 1e-6
and Number of Time step as 3000.

111. RESULTS
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Following observation table is obtained after the
simulation of gear pump in fluent package of ANSYS. For the
analysiswe have constrained the output pressure tolbar
respectively. And speed of gear pump changing from 500
RPM to 5000RPM. Also flow is calculated analytically and
output volume flow taken after the simulation.

3.1 Theoretical & Ansys results for C-10

Table 2 mass flow rate & discharge pressure for C-10

SrMoa. BEM Mazs flow rate (Kg's) by Mass flow rate(EKg's) by Prasmre (Pascal)
Apsys theoretical

1 300 0.2090 0.1693 0.05480

2 1000 0.3751 03337 017318

3 1500 0.5320 0.5081 034802

4 2000 0.7003 06773 160448

5 2500 0.8215 084488 087740

[ 3000 103815 1.0143 14324
3500 1.2038 L1836 1.3042

] 4000 1.3853 13550 23615

a 2300 16376 1.3243 3.2039

10 5000 1.7386 16837 3.7052

27 Epm vs mass flow rate
1.5
1.5
1.4
1.2 1 e [ 255 flow rate [Kgis)

flow ratel - by ansys c-10

0.5 7 e [ 255 flow rate[Kgis)
0.5 - by thearetical c-10
0.4 A
0.2 -

0 T T T T T 1

a 1000 2000 3000 2000 3000 000
rpm

Fig 4 Comparison of mass flow rate between theoretical &
ansys for C-10

Fig 4 shows comparative study between actual and

simulated mass flow rate for C-10 .it shows flow increases
withincreases in speed of pump.

Fpm Vs Discharge pressura
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Fig 5 Relation between rpm Vs discharge pressure by ansys

www.ijsart.com



National conference on Changing Technology and Rural Development -2017

Fig 5 shows relation between discharge pressure and pump
speed for c¢-10.it shows discharge pressure increases
withincreases in speed of pump

3.2 Theoretical & Ansys results for Green solvent

Table 3 mass flow rate & discharge pressure for Green solvent
Green solvent

St No. RPM Mass flow rate (kg's) by Mass flow rate(kg/s) by Prezzure(Pazcal)
ansys theoretical
1L 500 0.2100 01707 0.03529
2 1000 0.3769 0.3403 0.18022
3. 1500 0.3349 0.3106 0.3837
4 2000 07039 0.6807 0.6481
3. 2500 0.8957 0.8509 1.0155
3 3000 1.0933 1.0212 13543
T 3500 1.2097 11913 1.9935
8. 4000 1.3919 1.3613 24339
a. 4300 1.6636 1.5317 3.3039
10 5000 1.7430 1.7013 3.8072
Rpm vs mass flow rate
2 -
1.8 -
1.6 -
1.4 A
1.2 A
flow rate 1 = Mass flow rate
0.8 - (kg/s) by ansys
0.6 - Green solvent
0.4 -
0.2 -
0 T T T T T |
0 1000 2000 3000 4000 5000 6000
rpm

Fig 6 Comparison of mass flow rate between theoretical &
simulated for Green solvent

Fig 6 shows comparative study between actual and simulated

mass flow rate for Green solvent .it shows flow increases with
increases in speed of pump.
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Rpm Vs Discharge Pressure
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Fig 7 Relation between rpm Vs discharge pressure by ansys
for green solvent

Fig 7 shows relation between discharge pressure and
pump speed .it shows discharge pressure increases with
increases in speed of pump. The pressure contours are also
obtained from the simulation providing details of pressure
variation in the fluid domain of the gear pump. The pressure
contours are captured at every time step to observe pressure
variation in the fluid zone with respect to time at different
speeds for different fluids this contours shows that discharge
pressure increases with increases in speeds.

For Green solvent

=

Figuze § - Pressurs Coctour Plot showing Figurs 9 -Pressure Contour Plot showing pressurs varation
on different speed (1000 rpm)

Prazzure variation on differsnt speed (500 pm)

For C-10

Frgure 10— Pressure Comtour Plot showing
Pressura varation on diffsrent spead (300 rpm)

Figure 11 - Pressure Contour Plot showing pressure
vanatior on different speed (1000) pm

3.3 Comparative study between C-10, Green solvent &
1soVg32
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Table 4 volume flow rate & discharge pressure for Green

solvent Fig.12 comparison of rpm Vs mass flow rate between solvent
three fluids C-10, Green solvent & Isovg32 by ansys pm Volumetric flow | Volumetric flow rate | Discharge pressure
- rate experimental ansys(lpm) pascal
m Mass ﬂno‘itDrate or 1 1fass flow rate for hizss flow rate (lpm)
B green solvent for isovg 32 300 30 EER L)) 0043
200 0.3751 0.31352 0.607
1500 0.5329 0.3349 1.022 1300 7180 63.418 2.1903
3000 1.088 1.0933 2078
3000 1433 133.033 8.2031
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Table 5 volume flow rate & discharge pressure for Green

Rpm Vs mass flow rate
2.5 4

. i = Mass flow rate (Kg/s)
by ansys c-10

= Mass flow rate (kg/s)
by ansys Green solvent
Mass flow rate (kg/s)
by ansys isovg 32

15
Mass Flow

Rate 14
0.5 -

0 T T T 1
0 1000 2000 3000 4000

Rpm

Fig 12 shows comparative study of rpm vs. mass
flow rate between three different fluids i.e. C-10, Green
Solvent & Isovg 32 by ansys. It shows flow rate increases with
increases in speed of pump. Due to similarity in fluid
properties nature of graph of ¢-10 and green solvent is same as
that of isovg 32 fluid.

Epm v: Discharge pressure

w1 BE
1

1 s——nreesire o- 10
64 m—ressura green sobven:
I;‘D:]-:ﬁe i 7 pressure isovg 32
5o g
3 -
.
1

_.---"'"""—-

] 1000

=]

2000 3000 4000

Fpm

Fig.13 comparison of Rpm vs. discharge pressure between two
fluid C-10, Green solvent & isovg 32

Fig 13 shows comparative study of rpm vs. discharge
pressure between three different fluids i.e. C-10, Green
Solvent &Isovg 32 by ansys. It shows discharge pressure
increases with increases in speed of pump. Due to similarity in
fluidproperties nature of graph of c-10 and green solvent is
same as that of isovg 32 fluid.

3.4 Experimental & ansys results for Isovg 32
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rprn Vs mass flow rate for isovg 32

M5 flow rate (kg's)
15 4 by ansys isovg 31

mm5s flow rate (kg's)
by experimental sovg
12

] 1000 2000 3000 20070

pm

Fig.14 comparison of Rpm Vs mass flow rate by experimental
&ansys

Fig 14 shows comparative study between
experimental and ansys mass flow rate for isovg32 .it shows
flow increaseswith increases in speed of pump.

rpm Vs discharge pressure for isovg 32

s

i —pTRsIUTE [S0VE 32
Discharge 3
preszure 4

3

2

1

1] 1000 2000 3000 4000
rpm

Fig.15 comparison of Rpm Vs discharge pressure for isovg 32
Fig 15 shows relation between discharge pressure and

pump speed .it shows discharge pressure increases with
increasesin speed of pump.
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Figure 16 - Pressure Contour Plot showing Figure 17 - Pressure Contour Plot showing
Pressure variation on different speed (900 rpm) Pressure variation on different speed {1500 rpm)

Figure 18 — Pressure Contour Plot showing
Pressure variation on different speed (3000 rpm)

The pressure contours are also obtained from the
simulation providing details of pressure variation in the fluid
domain of the gear pump. The pressure contours are captured
at every time step to observe pressure variation in the fluid
zone with respect to time at different speeds for different
fluids this contours shows that discharge pressure increases
with increases in speeds.

3.5 Discussions:

It is clearly seen from the above two; the results obtained
from manual calculation for the discharge of two different oils
matches with the software results obtained from ansys fluent
with 5% difference, which is well accepted.

This method can be used by gear Pump manufacturing
companies while designing gear pumps for a specific fluid
having specific density & viscosity, thereby predicting its
volume flow rate at a specific rpm.& giving a new design of
gear pump.

IV. CONCLUSION

This study focused only on the Comparative Study of
oil flow in the suction pipe to delivery pipe with help of three
different fluids to investigate performance of gear pump such
as efficiency, flow rate, discharge pressure using CFD
analysis. The experimental results given in pump manual are
verified with the simulation results as seen both fall in place.
This project work derives a method of carrying out computer
simulation for designing various gear pumps required to
discharge a given volumetric flow at given pressure. This
work also explains the pattern of how the volumetric flow
increases with increase in gear rpm as it uses an udf (user
defined feature) which acts as a control for increasing &
decreasing the speed of gear. This methodology saves the cost
of manufacturing many prototypes as the complete simulation
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is done on computer, before actually manufacturing the gear
pump. Hence a gear pump manufacturing company can easily
adopt this methodology & complete its design work & give
various options to client before actually manufacturing the
pump saving lot of money, material &manpower. Various
designs can be verified by changing the rpm, pcd of gear;
height of gear etc. & an optimized design can be concluded.

V. FUTURE SCOPE

Future research will be extended to investigate the
possibilities of cavitation, noise generation, and air
entrainment in the suction line, inlet ports, and chambers, and
their effects on the pump performance. It is imperative that the
amount of turbulence and entrained air is kept to a minimum.
Entrained air can cause a reduced efficiency as well as
vibration, noise, and/or accelerated corrosion. The challenge
was to ensure that as much oil as possible would be fed evenly
into the pump, even when operating at high speeds. By
performing a series of CFD simulations, the design of
the intake channel was optimized.

REFERENCES

[1] James Sullivan, “FluidPower, Theory andApplications,
4thEd.”,Prentice-Hall, 1998.

[2] Haworth,D.C.,Maguire,J.M.,Matthes, W .R.,Rhein,R.,EI
Tahry,S.H., “DynamicFluidFlow Analysis of Oil Pumps,
” S AEPaper 960422, 1996.

[3] SureshPatil, “Numerical Simulation of Multi-Dimensional
Flowsina GearPump”, Youngstown State University,
2006.

[4] Fluent, Inc., “Gear PumpSolution, Tutorial 4”,Fluent
Inc., USA

[5] Fluent, Inc., “User’s Manual”,Fluent Inc., USA.

[6] Hyun Kim, Hazel Marie, Suresh Patil, “TWO-
DIMENSIONAL CFD ANALYSIS OF A HYDRAULIC
GEAR PUMP”AC 2007-821.

[7] Hart DP (1998) The Elimination of Correlation Errors in
PIV Processing, 9th International Symposium on
Applications of Laser Techniques to Fluid Mechanics,
Lisbon.Hart DP (1999) Super-Resolution PIV by
Recursive Local-Correlation, Journal of Visualization
(10)

[8] Iyoi H and Ishimura S (1983) yx-Theory in gear geometry,
Transaction of ASME Journal of Mechanisms,
Transmissions, and Automation in Design 105, pp 286-
290.

[9] Moore J (2007) Dry sump pump bubble elimination for
hydraulic hybrid vehicle systems, Master thesis in the
department of Mechanical engineering, The University of
Michigan.

www.ijsart.com



National conference on Changing Technology and Rural Development -2017

[10] Nogueria J, Lecuona A, and Rodriguez PA, (1997) Data
validation, false vectors correction and derived
magnitudes calculations on PIV data, Meas. Sci. Technol.
(8), 1493-501.

[11] Frosina, E.; Senatore, A.; Buono, D.; Stelson, K.A;
Wang, F.; Mohanty, B.; Gust, M.J. Vane pump power
split transmission: Three dimensional computational fluid
dynamic modeling. In Proceedings of the ASME/BATH
2015 Symposium on Fluid Power and Motion Control,
Chicago, IL, USA, 12-14 October 2015.

[12] Frosina, E.; Buono, D.; Senatore, A.; Stelson, K.A. A
modeling approach to study the fluid dynamic forces
acting on the spool of a flow control valve. J. Fluids Eng.
2016, 139, 011103. [CrossRef]

[13] Pellegri, M.; Vacca, A.; Frosina, E.; Senatore, A.; Buono,
D. Numerical analysis and experimental validation of
gerotor pumps: A comparison between a lumped
parameter and a computational fluid dynamics-based
approach. Proc. Inst. Mech. Eng. Part C J. Mech. Eng.
Sci. 2016, 1989-1996, 203-210. [CrossRef]

[14] Schleihs, C.; Viennet, E.; Deeken, M.; Ding, H.; Xia, X.;
Lowry, S.; Murrenhoff, H. 3D-CFD simulation of an axial
piston displacement unit. In Proceedings of the 9th
International Fluid Power Conference, Aachen, Germany,
24-26 March 2014; pp. 332-343.

[15] Vacca, A.; Franzoni, G.; Casoli, P. On the analysis of
experimental data for external gear machines and their
comparison with simulation results. In Proceedings of the
IMECE2007 ASME International Mechanical
Engineering Congress and Exposition, Design, Analysis,
Control and Diagnosis of Fluid Power Systems, Seattle,
WA, USA, 11-15 November 2007.

Page | 155

ISSN [ONLINE]: 2395-1052

www.ijsart.com



