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ABSTRACT. 

This thesis presents the development of computational fluid dynamics model of the 

external gear pump for the purpose of the analysis of flow, pressure, velocity and 

cavitation with an actual 2-D model. Analysis was done for various pressure outlet 

conditions and different speed range. A well-known CFD package -Fluent was used to 

perform analysis with control volume technique. 

The CFD analysis results were compared with the theoretical data of the P315 gear pump 

manufactured by Parker Hannifin Corporation and reasonable agreement is found in 

terms of volumetric flow rate. This analysis is expected to be a useful reference to design 

and development engineers and they will be in position to use this work to obtain the 

variety of flow parameters of the gear pump. 

This work also shows how effectively moving dynamic mesh can be used in analysis of 

the turbulent flow of the external gear pump. An exercise was also done in performing 

cavitation analysis as part of the CFD analysis of the gear pump. This work will be useful 

in setting up the cavitation problem in similar environment. 

Lastly this two dimensional analysis will prove as stepping stone for three dimensional 

analysis of the gear pump. 
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CHAPTERl 

INTRODUCTION 

In modem world hydraulic systems are often used to deliver and /or transmit power in 

operating machines, manufacturing goods and transporting materials. At the heart of 

almost every hydraulic system lies a pump. The pumps are broadly classified under 

two major categories (1) Positive displacement pumps and (2) Dynamic pumps 

(Kinetic pumps), Fig 1.1. A rotary Gear Pump belongs to a family of positive 

displacement pumps that are main choice for pumps of many fluid power or hydraulic 

systems. There are two different types of gear pumps depending upon the arrangement 

of gears. They are external and internal gear pumps. The pump under study is an 

external gear pump. 

The gear pump generates the flow by moving /pushing the flow in forward direction. 

A known constant amount of fluid is generated in each revolution by the gear pump. 

Thus the flow of the gear pump is directly proportional to its speed [ 1] and the flow 

rate is obtained by (Qnow) =k x N. The coefficient of proportionality "k" is better 

known as unit flow. The pressure in the system is merely a function of the system 

resistance of a hydraulic circuit under consideration. The pump is better known by its 

characteristic curve which is plot of flow rate as function of pressure (head generated 

by pump). 
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The invention of the first gear pump is credited to Pappenheim whose first pump was 

made in 1636 with gears having 6 teeth on each gear. This is the oldest form of 

chamber-

Pumps 

Lobe 

Radial piston Progressive cavity 

Screw 

Fig 1.1 Classification of the pumps 

wheel-gear, and the forerunner of modem gear pumps. 

In 20th centaury, as the industrial growth took place, new techniques for gear 

manufacturing were invented and consequently advanced gear pumps were 

manufactured. One of the pioneers in the area of modem gear pump research is Prof. 

Borghi. He initiated a number of research projects dealing with gear pump analysis 

and simulations in cooperation with CASAPPA Spa., one of the major Italian gear 

pump manufacturers. His contributions were towards establishing the pressure 

distribution in the clearance between gears and the bearing blocks [2] 
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The research on theoretical flow ripple of an external gear pump of similar size, using 

different number of teeth on the driving and the driven gears was done by Noah D. 

Manring and Suresh B. Kasaragadda. They observed that reducing the number of teeth 

on the driven gear may reduce the center distance and physical pump size. This can be 

done without altering the average flow rate of the pump and without increasing the 

flow pulsation. The pulse amplitude of the flow ripple is primarily determined by the 

number of teeth on the driving gear of the pump. It was also discovered that the flow 

pulse amplitude can be significantly reduced [3] by increasing the number of teeth on 

the driving gear. 

The flow of fluid inside the pump is of more interest to the pump manufacturers. The 

efficiency of the pump is largely dependent on the losses inside the pump. The flow 

pattern generated due to the moving gears in opposite direction is of highly turbulent 

nature and difficult to examine. The turbulent flow also creates more heat and the 

part of input energy will be lost in turbulence. The unsteady and turbulent flow inside 

the pump has been experimentally investigated by the industry with a limited success 

due to poor accessibility of probes into the pumps. Therefore, the industry mainly has 

been relying on macroscopic experimental data obtained from the test bed or empirical 

engineering data. 

Experimental fluid dynamics has played an important role in validating and 

delineating the limits of the various approximations to the governing equations. The 

wind tunnel, for example, as a piece of experimental equipment, provides an effective 

means of simulating real flows. Traditionally this has provided a cost effective 

alternative to full scale measurement. However, in the design of equipment that 
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depends critically on the flow behavior, full scale measurement as part of the design 

process is economically impractical. This situation has led to an increasing interest in 

the development of numerical methods. 

The improvement in the speed of computers and the available memory size since the 

1980s has led to the emergence of computational fluid dynamics. This branch of fluid 

dynamics complements experimental and theoretical fluid dynamics by providing an 

alternative cost effective means of simulating real flows. As such it offers the means of 

testing theoretical advances for conditions unavailable on an experimental basis. 

With the rapid advancement in computing hardware and software, engineers turned 

their focus towards using CFD as a powerful tool for the flow analysis. In a very 

simple language the "Computational fluid dynamics" is simply the use of computers 

and numerical techniques to solve problems involving fluid flow. It involves obtaining 

the solutions to problems involving fluid mechanics. This is more commonly known as 

Fluid Flow Simulation. Consequently CFD is now the preferred means of testing 

alternative designs in many engineering fields before final, if any, experimental testing 

takes place. 

Two important concepts in CFD concern verification and validation. These concepts 

are closely related to the final results where the connection with theory and experiment 

is sketched. Verification is a process that confirms the existence of an approximate 

solution converging to the exact solution of a given governing differential equations. 

Validation is a process that compares the solution of the governing differential 

equation with experimental outcomes. 

4 



Despite the sheer volume of CFD analysis published in recent years, very few results 

of successful CFD application to gear pump have been reported in literature. A CFD 

analysis of internal gear pump (gerotor pump) was carried out by AEA Technology 

Engineering Software Ltd. in Waterloo, Ontario, Canada [4]. In this study, there are 

nine lobes on the outer gear and eight lobes on the inner gear. The outer gear 

maximum diameter is approximately 45 mm and the inner gear maximum diameter is 

approximately 41 mm. The rotor thickness is 10 mm and the outer gear is revolved at 

1000 RPM. The working fluid is oil and the flow is turbulent. The gerotor pump was 

modeled using the moving mesh capability in CFX-TASC flow. When the moving 

mesh feature is used additional terms are included in the governing equations to 

account for the movement of the grid. These terms account for the velocity of each 

grid node, since the position of the grid nodes change with time. The grid topology and 

number of nodes remain constant whereas the nodal position and velocity change each 

time step. A CFX-TASC tool macro was written to create the initial structured mesh in 

the rotor using gear profiles that were imported from a file. The rotor mesh was 

updated on-the-fly in the CFX-TASC flow solver by a user-accessible subroutine. This 

subroutine adjusts the rotor node positions at the start of each time step. Minimum grid 

skew was about 20 degrees, while maximum aspect ratio was about 24: 1. A minimum 

clearance of 0.5 mm (500 microns) was used between the inner and outer gears. 

However, the actual clearance was approximately an order of smaller magnitude. 

CFX-HEXA was used to create the simple intake and outlet port grids. A non

matching grid interface was used to connect the intake and outlet port grid to the rotor 

grid. The grid interface is updated by CFX-TASC flow at the start of each time step 

after the rotor grid has been moved to its new position. A specified total pressure inlet 
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and static pressure outlet were used to define the flow boundary conditions. The 

pressure differential between the inlet and outlet ports was specified as 10 psi. The 

resulting pressure and velocity patterns were generated and studied. 

A CFD analysis of an external gear pump using Fluent was made by Panta [5]. He was 

successful in obtaining pressure and flow field inside the pump with different sets of 

boundary conditions. However, a close examination of his results revealed that the 

flow domain in the fluent was much larger than actual flow domain. A similarity 

analysis was required to find correlation of the results from such a large model to real 

model. To avoid similarity analysis, CFD analysis of actual size model was necessary. 

His study was part of on going research and development activities taking place at 

Youngstown State University in recent years. The scope of research activity in the 

field of hydraulics at YSU cover solid modeling, computational fluid dynamics 

analysis, interactive flow and stress analysis, interactive motion control and 

simulation. [ 6] 

The current study presented in this thesis is an extension of Panta's work. A significant 

improvement in modeling, meshing, input data handling and running the model has 

been achieved. In consequence, the analysis produced much better results that compare 

very well with the theoretical values. 
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CHAPTER2 

MODEL OF GEAR PUMP 

2.1 The Pump Model P-315: 

The P-315 is proprietary model and is currently manufactured by the Parker Hannifin 

Corporation, Gear Pump division, Youngstown, Ohio, USA. The solid model was 

prepared in solid works based on the dimensioned drawings of the Pump P315. The 

external and internal views of the model are shown in Figs 2.1, 2.2, and 2.3. The 

alignment of the gears in the solid works itself is very important as it saves the 

considerable time while handling the model in the Gambit. 

Fig 2.1. - The 3-D view of the P-315 Gear Pump 
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Fig 2.2 Wire frame view showing internals of the Gear Pump 

Fig. 2.3 Front view showing aligned gears 
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2.2 The Data Sheet of the Gear Pump P-315: 

For this research a heavy duty external gear pump were used. The specifications are 

presented in Table 2.1 

Sr.No. 

Table -2.1-Specifications of Gear Pump 

Description 

1 Pump type 

2 Duty 

3 Material-Housing 

4 Gears 

5 Hydraulic Fluid 

6 Gear Dri-.es 

7 Speed range 

8 Pump Inlet pressure 

9 Pump outlet pressure 

10 Fluid temperature 

Specifications 

External Gear Pump 

HeaVy 

Cast Iron 

Steel 

Mineral Oil.Engine Oil 
HFC, Water oil emulssions40/60 

Clockwise, counterclockwise,dout 

400-3000 rpm 

0.8 to 2.0 bar (30 psi) 

2500 to 3500 psi 

Mineral oil with std. seals: 

0 to 180°F (-20°C to +80°C ) 

2.3 Two Dimensional Drawings P-315 Gear Pump: 

The dimensional drawing of 2-D Model (Gear) as provided by Parker Hannifin Inc. is 

shown in Fig.2.4 while the major dimensions are listed in Table 2.2. The overall 

dimensions are shown in Fig.2.5. 
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Table 2.2 -Dimensions of -
Weight 18 lbs 
Gear width 1.25" 
No. of teeth/gear 12 
Center to center distance 1.49" 
Radius of gear 0.877" 
Inlet port size 1.2" 
Outlet port size 0.6" 
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CHAPTER3 

FORMULATION OF GOVERNNG EQUATIONS 

3.1 Differential Analysis of Fluid Flow in Gear Pump 

The governing differential equations for flows inside a gear pump, as in all other fluid 

flows, are: 

1. Continuity equation 

2. Equation of motion-The Navier- Stokes equation. 

3. Energy equation-First Law of Thermodynamics. 

The flow in the gear pump is generated by motion of the gears. This rapid radial 

motion causes the flow to be highly turbulent. Thus two more equations are added to 

properly address the turbulence in the pump flows. These equations are 

1. Turbulent Kinetic energy equation 

2. Rate of dissipation of Kinetic energy. 

The following assumptions are incurred on this problem. 

• The fluid is Newtonian. 
• The fluid is incompressible. 
• The flow is two dimensional. 
• Body forces are negligible. 
• No viscous heating is considered. 

The coordinate system used is Cartesian co-ordinates and the origin is set at the center 

of the CCW gear. The co-ordinate system, boundaries and types of boundary 

conditions are indicated in the Fig 3.1. The governing equations are defined below. [7] 
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3.2 Continuity Equation 

ap - - . -+ V.(pV) = 0 .......................................................... ... . Equation 3.1 at 

For the incompressible flow pis constant therefore the equation 3.1 simplifies as:-

V .(V) - 0 --------------------------------------------------------------------Equation 3 .2 

The above equation can also be expressed as: 

au +av+ aw= O ------------------------------------------------------------ Equation 3.3 ax ay az 

y 

Pressure 
Outlet 

L x 

ccw 

Fig 3.1 Gear Pump model 
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3.3 N avier Stokes Equations in Cartesian Coordinates: 
The vector form of the Navier stokes equation for Incompressible flow is as follows. 

( 
av ( - - ) -) - - 2 - . p 8t + V.V V =-VP+ pg+ µV VI ------------------------------Equation 3.4 

x - component of the Navier - Stokes equation 

( 
au au au au J ap ( a

2
u a

2
u a

2
u J . p -+u-+v-+w- =--+pg+µ-+-+- I-----Equatzon3.5 

at ax 01 az ax X ax2 012 az2 

------Equation 3.5 

y - component of the Navier - Stokes equation 

(av av av av] aP (a
2
v a

2
v a

2
v) p -+u-+v-+w- =--+pg +µ -+-+- I-------Equation3 .6 

at ax 01 az 01 y ax2 012 az2 

z - component of the Navier - Stokes equation 

( 
aw aw aw aw] ap ( a

2
w a

2
w a

2
w) . p -+u-+v-+w- =--+pg+µ -+-+- I------Equatzon3.7 

at ax 01 az az z ax2 012 az2 

The model being two dimensional the z- component ofNavier Stoke's equation is not 

applicable to present problem. 

Initial Condition:-

At t ~ 0 : V = 0 
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3.3 Navier Stokes Equations in Cartesian Coordinates: 
The vector form of the Navier stokes equation for Incompressible flow is as follows. 

( av ( - -) -J - - 2 - . p at+ V.V V =-VP+ pg+ µV VI ------------------------------Equation 3.4 

x - component of the Navier - Stokes equation 

(au au au au] ap (a2u a
2
u a2uJ p -+u-+v-+w- =--+pg+µ -+-+- I-----Equation3.5 

at ax ay az ax X ax2 8y2 az2 

------Equation 3.5 

y- component of the Navier - Stokes equation 

(av av av av] ap (a2v a
2
v a2vJ p -+u-+v-+w- =--+pg +µ -+-+- I-------Equation3.6 

at ax ay az ay y ax2 8y2 az2 

z - component of the Navier - Stokes equation 

(aw aw aw aw] ap (a2w a
2
w a2wJ p -+u-+v-+w- =--+pg+µ --+-+-- I------Equation3.7 

at ax ay az az z ax2 8y2 az 2 

The model being two dimensional the z- component ofNavier Stoke's equation is not 

applicable to present problem. 

Initial Condition:-

At t ~ 0: V = 0 
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Velocity Boundary Condition:

On the casing wall: V = 0 

On the Gear Surfaces: V = V, 

Pressure Boundary Condition:-

At the Inlet Port : P=Pi 

At the Outlet Port: P=P
0 

3.4 Energy Equation (First Law of Thermodynamics) 

fX -+V-+V-+V- =-k -+-+- +2µ - + - + -(ar ar ar ar] (a2T &r &r] [(av,,]2 (a~J2 (av:J2

] 

of xax yay zoz ax2 ay2 oz2 (7X 01 OZ 

Not applicable as no >iscous heating 

µ{ ( ~ + a; J' +( a; +: J +(a:+ a; J}-------~oo 3.s 

-v 
Not applicable as no >iscous heating 

Nondimensionalized form of Energy Equation. 

8 
( c pT) + V. ( pVcT) = v' ( kV T)I--------------------------------------Equation 3.9 at 

where 

a A a A a A 

v' = de/operator =-i +-j+-k ax 8y az 

Temperature Boundary Condition:-

At the Inlet Port : T=Ti 

At the Outlet Port: T=T
0 

8T 
On the Gear sureface :- = 0 an 
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3.5 The Turbulence Kinetic Energy k-f Equation 

In addition to above equations for modeling turbulent flow, two more equations are 

required. 

¾(pk)+ V(BkV) = v[ (µ+t )vk ]+a, +G, - pc-YM + s, 1--------- Equation 3.10 

-(p&)+ V(8&V) = V µ +.l:i. VE + cl& -(Gk + c3.Gb)-C2cP-+ s k I-Equation3.l l 8 - [( . ) ] £ 5

2 

& ~ k k 

The turbulent (Eddy) viscosity, /1,i is calculated by combining k and f as follows: 

BJ--------------------------------------------------------------------- Equation 3. I 2 

Typically, these values are initially set to: 

Cle = 1.44, c2c = 1.92, (J'k = 1.0, a . = 1.3 

Navier-Stokes equations have been known for over a century. However, the analytical 

investigation of these equations, even in their reduced or simplified forms, is still an 

active, vital area of research. The equation of continuity and two Navier-Stokes 

equations for velocity components u, v, are required to be solved (for two dimensional 

incompressible flow analysis) for three unknowns i.e. velocity components u, v and 

pressure P .The equations are coupled, meaning that some of the variables appear in all 

three equations. Hence the set of differential equations must be solved simultaneously 

for all three unknowns. The boundary conditions for all variables must be specified at 
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all boundaries of the flow domain, including inlets, outlets, moving wall and stationary 

wall. In addition to this the flow is "Unsteady flow", as such the time variable must be 

taken into account as flow field changes with respect to time. 

17 



CHAPTER4 

MODELING USING GAMBIT 

4.1 Mesh Generation 

The 3-D model of gear pump was made in Solid Works. After aligning the gears 

properly a file was created in * .step format. This * .step file was imported in Gambit 

and unwanted extra lines and faces were deleted and a 2 D model was generated using 

various gambit commands. Once the model was created a meshing operation was 

carried out .The boundary conditions and fluid continuum was defined. The meshed 

model is shown in Fig. 4.1 . 

Fig.4.1 -Meshed model with boundary conditions 
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The text in the red indicates the boundary names and the text in green color indicates 

the boundary type. The 2-D Model was created with a large gap between CW and 

CCW gears as well as annulus gap between gears and the casing. The model with large 

gap (250 micron) is shown in Fig.4.2. The mesh of the large gap model was exported 

to fluent and flow analysis was done. It was noted during the analysis that the flow 

was reversed with a RPM range from 500 to 3000. This means that the reversed flow 

was created solely by the strong adverse pressure gradient, not by motion of gear. 

Trials were conducted for various inlet pressures, outlet pressures and RPM values and 

the flow reversal was continually observed. 

In order to correct and overcome this fatal error, the gap between the driving and 

driven gears and the gap between gears and the casing was reduced repeatedly and the 

model was remeshed for processing in Fluent to generate a motion driven flow. 

y 

L x 

Gy 

L Gx 
Outlet 

Ly 

Llx 

Fig 4.2- Two Dimensional Model with large gap 
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A successful model was made with the gap reduced to 50 micron as discussed in detail 

in Chapter 6. 

The grid can be structured or unstructured cells and shape of the cells can be:

• Triangular 
• Quadrilateral 
• Tetrahedral 
• Hexahedral 

A structured grid consists of planner cell with four edges (2-D) or volumetric cells 

with six faces (3-D). An unstructured grid consists of cells of various shapes, but 

typically they are triangles (2-D) and tetrahedrons or hexahedrons (3-D). A triangular 

mesh scheme with mesh "Interval size" of 0.01 was applied. 

4.2 Boundary Conditions and Fluid Continuum 

While solving the equations of motion using the CFD, prescribing appropriate 

boundary conditions are required to obtain accurate results. The boundary conditions 

were assigned inlet, outlet and stationary wall and gears in Gambit as follows. 

Wall Boundary Conditions 

Since the fluid can not pass through the solid wall, the normal component of the 

velocity is set to zero, relative to wall boundary condition. Also due to no slip 

condition, the tangential component of velocity at a stationary wall is set to zero. All 

edges of the model are set as wall. The moving walls are assigned a motion that is 

defined by user defined function. The user defined function assigns the angular motion 

to the gears. 
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Inlet Boundary Condition 

A pressure inlet boundary condition was selected in gear pump analysis. Under this 

condition total pressure is specified along the inlet face through which flow is coming 

into the computational domain from pressurized source. No Inlet velocity was 

prescribed. 

Outlet Boundary Condition 

The fluid flows out of the computational domain through the pressure outlet. A static 

pressure of 2500 psi and 3500 psi was specified was pressure outlet boundary 

condition. No outlet velocity is prescribed. 

Fluid Continuum 

It is a continuous fluid media and fluid domain is defined as fluid zone. The fluid 

continuum is defined in the Gambit before the mesh is exported to CFD solver. The 

properties of fluid are defined in CFD solver. The fully defined model is solved using 

the solver and then results are interpreted for their correctness. 

4.3 Quality Check of Mesh 

The model was checked for mesh quality and the report from gambit is reproduced 

below:-

Commana> face check "CAS" quality 

Summarizing EQUISIZE SKEW of 2D elements measured for 1 meshed face: 

Face CAS meshed using Triangle scheme and Interval count size of 0.01. The smaller 

the interval count size, finer the mesh will be. 
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Table-4.1 Mesh Quality data 

From value To value Count in range % of total count (59026 
0 0.1 58018 98.29 

0.1 0.2 798 1.35 
0.2 0.3 148 0.25 
0.3 0.4 49 0.08 
0.4 0.5 12 0.02 
0.5 0.5 1 0.00 
0.6 0.7 0 0.00 
0.7 0.8 0 0.00 
0.8 0.9 0 0.00 
0.9 1.0 0 0.00 

0 1.0 59026 100.00 

• Measured minimum value: 4.30276e-008 
• Measured maximum value: 0.500746 
• 0 out of 1 meshed face failed mesh check for skewed elements (EQUISIZE 

SKEW > 0.97). 
• 0 out of 1 meshed face failed mesh check for inverted elements. 

The details of the flow domain are shown in Table 4.2 

Table -4.2 Flow domain 
Domain Extents: (Scales Model) 

t 

x-coordinate: min (m) = -3 .735255e-002, max (m) = 3.170445e-002 

y-coordinate: min (m) = -2.247898e-002, max (m) = 6.057898e-002 

Volume statistics: 

minimum volume (m3): l.252917e-008 

maximum volume (m3): 5.133250e-008 

total volume (m3): l.739831e-003 

The details of the analysis are being presented in forgoing chapters. 
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4.4 The equivalent lengths of inlet and outlet port 

The equivalent lengths were calculated based on inlet and outlet dimensions of gear 

pump P-315 and assuming the unit depth (2D effect) which will give the identical 

cross sectional areas between the model and actual pump 

Table 4.3 Inlet and outlet dimensions 

Description Length 
Inlet 1.0724" 
Outlet 0.3975" 

While making the model in gambit the above lengths were assigned to inlet and outlet 

respectively. Once the quality mesh was generated it was exported for reading and 

further analysis in Fluent. 
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CHAPTERS 

METHODOLOGY OF NUMERICAL SOLUTION 

Computational Fluid dynamics software (CFD) performs the fluid flow analysis after 

the mesh generated is imported in to the Fluent. The boundary conditions, selection of 

the fluid, refining the grid, checking the grid and executing the solution are performed 

in CFD software (Fluent 6.2.16). For the analysis of the gear pump flow, Solid works 

was used to construct the model. A Gambit 2.2.30 was used for preprocessing and 

mesh generation. Fluent was used as CFD solver. 

Mathematical 
Model 

Solid works 

• Geometry Construction and 3D 
modeling 

Gambit 

• Geometry set up 

• Mesh Generation 

Fluent: 

• I .Mesh Import, Scaling , 

• 2.Boundary conditions, 

• 3 .Material properties 

• 4. Moving dynamic domains 

• 5 .Calculations 

• 6.Postprocessing 

Figure 5.1- Steps in CFD analysis. 
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5.1 CFD Solver -Fluent 

The Fluent is finite volume based algorithm for the simulations and modeling of fluid 

flow and heat transfer. The Gear pump problem involves unsteady flow. The viscous 

flow model, unsteady solver was selected for the problem set up. 

User defined function (UDF) was used to control the moving dynamic mesh of driven, 

driving gears and stationary casing. Smoothing and re-meshing techniques were used 

for the gears as well as casing. The rotation of the gears was defined and controlled by 

UDF as a rotating rigid body that utilizes a macro specific to the dynamic mesh model. 

The casing was defined as stationary type boundary (wall Boundary). 

5.2 Solution Method Adopted in Fluent. 

The segregated solver was used in fluent for solving the gear pump problem [8]. The 

segregated solver is a solution algorithm used by FLUENT. Using this approach, the 

governing equations are solved sequentially (i.e., segregated from one another). 

Because the governing equations are non-linear (and coupled), several iterations of the 

solution loop must be performed before a converged solution is obtained. An educated 

guess for initial values will definitely reduce the number of iterations and guarantees 

faster convergence. 

In addition, the accuracy of the solution depends on: 
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• How accurate is the physical model 

• Grid resolution 

• Problem parameters set. 

The equations are expressed through integral formulation. The flow domain is 

discretized into small cells. On each small cell the fluid equations are applied to 

calculate the flow field variables at nodes of cell. 

5.3 Linearization of Equations 

In both the segregated and coupled solution methods the discrete, non-linear governing 

equations are linearized to produce a system of equations for the dependent variables 

in every computational cell. The resultant linear system is then solved to yield an 

updated flow-field solution. 

The manner in which the governing equations are linearized may take an 'Implicit' or 

'explicit' form with respect to the dependent variable ( or set of variables) of interest. 

In 2D solver only implicit option is available and hence it is used. By implicit or 

explicit we mean the following [9]: 

• Implicit: For a given variable, the unknown value in each cell is computed 

using a relation that includes both existing and unknown values from 

neighboring cells. Therefore each unknown will appear in more than one 

equation in the system, and these equations must be solved simultaneously to 

give the unknown quantities. 
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• Explicit: For a given variable, the unknown value in each cell is computed 

using a relation that includes only existing values. Therefore each unknown 

will appear in only one equation in the system and the equations for the 

unknown value in each cell can be solved one at a time to give the unknown 

quantities. 

In the segregated solution method each discrete governing equation is linearized 

implicitly with respect to that equation's dependent variable. This will result in a 

system of linear equations with one equation for each cell in the domain. Because 

there is only one equation per cell, this is sometimes called a "scalar" system of 

equations. A point implicit (Gauss-Seidel) linear equation solver is used in conjunction 

with an algebraic multi grid (AMG) method to solve the resultant scalar system of 

equations for the dependent variable in each cell. For example, the x-momentum 

equation is linearized to produce a system of equations in which u velocity is the 

unknown. Simultaneous solution of this equation system (using the scalar AMG 

solver) yields an updated v-velocity field. 

5.4 Dicretization and First Order Upwind Scheme: 

When first-order accuracy is desired, quantities at cell faces are determined by 

assuming that the cell-center values of any field variable represent a cell-average value 

and hold throughout the entire cell; the face quantities are identical to the cell 

quantities. Thus when first-order up winding is selected, the face value <I>f is set equal 

to the cell-center value of <I> in the upstream cell. 
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Fluent uses the control volume technique to convert the governing differential 

equations into algebraic equations. In the control volume technique governing 

equations are integrated over each control volume ( cell). This reduces the differential 

equation into discrete equation which conserves each quantity on a control volume 

basis. 

Integral form for a control volume 

4 p<fiv.dA. = qr <t> V<l>.dA. + 1 S¢dV -----------------------Equations. I 

where, 

p=Density 

V = Velocityvector(u, +v, • in2D) 
l J 

A = Swf a.ce area Vector 

r <1> = Diffusion coefficient for <I> 

V<D = Gradient of¢=(: )t +(: ); inW 
StP =sourceof </J l unitvolume 

The above equation is applied to control volume ( cell) in the computational domain. 

The discretization on a given cell gives:-

N N 
fa ces f aces 

L p/71¢1 A1 = L r¢ (V<I>t A1 +S¢V--------------------Equation5.2 
f f 

Where Nraces = Number of faces enclosing the cell 
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</J 1 = value </J of convected through face f 

p I v1A1 = mass flux through the face 

A.1 =Areaof face,flAl(=IAJ+AYJl)in2D 

(v' </J) n = Magnitude of v' </J normal to face f 

V = Cell volume 

5.6 Under Relaxation Factor 

While solving the nonlinear equations the Fluent changes the variable <I>. This is 

achieved by under relaxation factor. Under - relaxation factors slow down the rate at 

which solution changes during the iteration and in transient solutions increase the 

Courant number. This means convergence is slowed down depending upon the value 

of a. 

¢new = ¢ old + a (¢calc-¢old )- - - - - - - - - - - - - - - - - - - - - - - - - Equation 5.3 

Wh ere a = Under relaxation factor 

Courant number (C) is the ratio of a time step to a cell residence time. 

!:it 
C=--------------1:ixcel/ I ujluid - - -- - - - - - - -- - - - -- - - -Equation5.4 
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CHAPTER6 

DISTRIBUTION OF PRESSURE AND VELOCITY 

6.1 Pressure and Velocity Analysis. 

The gear Pump was run for different speeds and outlet pressure settings. Pump was run 

at following conditions: 

1. Case 1-1500 rpm, Outlet pressure 2500 psi, Inlet pressure=30 psi 

2. Case 2-1500 rpm, Outlet pressure 3500 psi, Inlet pressure=30 psi 

3. Case 3-2000 rpm, Outlet pressure 2500 psi, Inlet pressure=30 psi 

4. Case 4-2000 rpm, Outlet pressure 3500 psi, Inlet pressure=30 psi 

5. Case 5-2500 rpm, Outlet pressure 2500 psi, Inlet pressure=30 psi 

6. Case 6-2500 rpm, Outlet pressure 2500 psi, Inlet pressure=30 psi 

7. Case 7-3000 rpm, Outlet pressure 2500 psi, Inlet pressure=30 psi 

8. Case 8-3000 rpm, Outlet pressure 3500 psi, Inlet pressure=30 psi 

Initially a three dimensional model was also prepared and tetrahedral and cooper 

meshing methods were tried on the model with 250 micron annular and 200 micron 

gap between teeth. This meshing technique could generate skewness of 0.85. The 

model failed while analyzing in Fluent as it generated the Negative cell volume. The 

model was remeshed in gambit with different cooper meshing scheme and cell size 

(0.02) and better skewness of 0.75 was achieved. The model mesh was exported 
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to fluent and simulation was run. The model could run without generating any 

negative volume, however, the flow reversal was observed. As an additional 

experiment the above mentioned gaps were reduced to bear minimum. However, it 

was very difficult task to accommodate the proper mesh. As gaps were narrowed a fine 

mesh count was used to mesh the model. The total cell count of this model was more 

than 20 million cells and the mesh quality reported in gambit was of 0.90 skewness. 

The mesh file generated is too large to be handled on computers available. 

Considering these difficulties and time required to generate a good mesh quality with 

reasonable mesh file size, analysis was completed with two dimensional model. 

With the simulation of two dimensional model in Fluent, it was observed that flow was 

reversed for all above cases. Initially large annular gap of 200 microns was maintained 

between the casing and the gears and 150 micron gap between the engaging teeth of 

gears. As an experiment the annular gap between the casing and gear was reduced to 

150 microns and model was meshed with triangular mesh of 0.002. This revised mesh 

also failed in giving the flow in forward direction. The annular gap was further 

reduced to 150 micron and model was meshed with 0.001 size triangular mesh. With 

this mesh also reversed flow was observed. The close inspection of the velocity 

vectors reveled that the large flow reversal through the gap between the gear teeth 

engagement. Based on this inspection it was decided to reduce the gap between the 

engaging gear teeth. This gap was brought down to 50 micron and model was meshed 

with different triangular mesh sizes. A mesh with triangular cell size of 0.01 gave a 

good mesh quality. This mesh generated two elements in the gap 
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where teeth of gears are engaging. This is a minimum requirement of elements in a 

gap for running MDM (Moving Dynamic Mesh) and re-meshing option in Fluent 

software. Another method of meshing was tried for accommodating more layers of 

meshing in both the gaps i.e. annular gap and the gap between the teeth. The flow 

domain was divided in number of faces and fine triangular mesh size of 0.00lcount 

was generated. However this gave a large mesh count of 473931 elements and it does 

not result in flow in right direction. 

Fig 6.1 Multiple faces 
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Fig 6.2 Mesh with multiple faces. 

The flow reversal was observed at 1500 rpm and outlet pressure of 3500 psi. It was a 

strange phenomenon and primarily it looks like Fluent can not generate the flow at 

lower rpm by the motion of the gears and flow is governed due to adverse pressure 

gradient and hence the flow is from high pressure to low pressure i.e. from outlet to 

inlet. 

To strengthen the above argument, the pump was run at 1500 rpm and the pressure 

was decreased to 2500 psi and the flow direction was changed to normal i.e. from inlet 

to outlet. The Pressure contours and velocity vectors and the average velocity plots are 

presented in forgoing pages. 
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The pressure patterns and velocity patterns were observed for any possible cavitation 

phenomena. The average velocity was recorded to check the flow through pump as 

described in the last chapter. 

Table 6.1: - Summary of Pressure and velocities. 

Outlet Pressure Rotational Pressure Contour Average 
(psi) speed of range velocity 

Gears rpm N (mis) 
1500 -163 to 2640 1.46 
2000 -75.21 to3220.43 1.96 

2500 2500 -385 to2730 2.35 
3000 2.96 
1500 -130.04 to 3619.37 Flow 

reversed 
3500 2000 -166.18 to 3768.87 1.96 

2250 - 22.83 to 4360.5 2.2 
2500 -334.19 to 3701.51 2.35 
3000 -83.17 to 7327.97 2.96 
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6.2 CASE 1: 1500 RPM, INLET=30 PSI, OUTLET=2500 PSI, FLOW FORWARD 
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Fig 6.3 Plots of Case 1 
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6.3 CASE 2: 2000 RPM, INLET=30 PSI, OUTLET=2500 PSI, FLOW FORWARD 
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Fig 6.4 Plots of Case 2 
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6.4 CASE 3: 2500 RPM, INLET=30 PSI, OUTLET=2500 PSI, FLOW FORWARD 
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Fig 6.5 Plot of case 3 
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6.5 CASE 4: 3000 RPM, INLET=30 PSI, OUTLET=2500 PSI, FLOW FORWARD 

~ 
c=Q!!Jl..L 

Volume 
Weighted 

Average 
(mis) 

• 2CXXJ 

4.CXXXl 

3 .8000 

3.6000 

3.4C.OO 

3 .2CXXJ 

3.cxm 

2 .8000 +-----~--~-~-------· 
200 •00 600 BOO 1000 1200 1•00 

Time Step 

N..ET•30 PSI, OUTLET•3500, RPM•3000 
Convergence history of Veloci:y ~ude on fluid (Ti'ne•2.0250e-02) .)JI 22, 2005 
GEAR Pl.Ml ANALYSIS BY JYOTN>RA Kl.LEDAR _ FLUENT 6 .2 (2d, Se!J"egaled, dynamesh, ske, u,sleady) 

3930.52 

3730.92 

3531 .33 

3331.rJ 

3132 .14 

2932 .55 

2732.95 

2533 .36 

2333.77 

2134.17 

1934.58 

173-4.98 

1535.39 

1335.80 

11 36.20 

936 .61 

737.02 

537.42 

337 .83 Lx 138.24 

-61 .36 

N..ET • 30 PSI, OUTlET•25CO PSI, RPM• 3COl 
Contours of Stl'lll ic Press1Je (psi) (Time• 2.0250e-02) 
GEAR PUhf> ANALYSIS BY JYOTN::iRA KLLEDAR 

..ul22, 2005 
fll.ENT 6.2 (2d, segregl'llled, dynamesh, ske, 1.r1s1e!lldy) 

Fig 6.6 Plot of case 4 
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6.6 CASE 5: 2000 RPM, INLET=30 PSI, OUTLET=3500 PSI, FLOW FORWARD 

bo~i~Jitgrs 

Volume 
Weighted 

Average 
(mfs) 

J,roJ 

3.0000 

2.SOOJ 

2.0000 

1500) 

1 .0000 

0500) 

0.0000 +-------------------", 
~ ~ ~ ~ =1~ 1~ = 1~ ~ 

Time Step 

N.ET •30 PSI, OUTLET•3SOO PSI, RPM•20XI 
Convergence history of Velocly Magnitude on fud (Time•3 .0000e-02) ..U 11 , 2005 
GEAR Pl.Ml ANALYSIS BY JVOTN)RA KLLEOAR FLLENT 6.2 (2d, egegaled, dynemesh, ske, UlSl:eacty) 

31 .89 
30.B3 
29.76 
28.70 
27 .64 
2657 
25.51 
24 .45 
23 .39 
22.32 
21 .26 
20.20 
19.13 
18.07 
17.01 
15.94 
14.88 
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11 .69 
10.63 
957 
a.so , .... 
'" 5.31 
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2 .13 
1.06 
0.00 
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Corl:cus of Velocily M~ude (mis) (Time•JJ))))e.()2) 
GfAR PlMl ANAl. VSIS BY JVOTNlRA Kl.LEDAR 

..U07, 2005 
f LI.ENT 6.2 (2d, Seo"eoated, dynarnesh, S:ke, lrlSt~) 

Fig 6. 7 Plot of case 5 
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6.7 CASE 6: 2250 RPM, INLET=30 PSI, OUTLET=3500 PSI, FLOW FORWARD 

t..6lniton: 
llOiJl...a._ 

3., ooo 

3.2000 

3.0000 

a.8000 

Volume 
Weighted a.6000 

Average 
(mis) 

::uooo 

a.2000 

a .0000 

aoo •oo 600 800 IO00 1300 1'00 1600 

OO!T=30JSI, 00lUT:3S00 13t, UM:aaso 
Con'l'crgcncc l'li:rtor)' of Velocity M::i9nit11dc on fluid (liint:3.2500c-02) 
G!AIPU>a A'JfAI.VSIS 1N JYOTDfDIA :m.t!DAJI 

4 360.SO 

41'1.18 

3941.67 

3?0:1.55 

3483.33 

3363.93 

3044.60 

2635.38 

iil:605.97 

3386.65 

2167.33 
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1728.?0 

1509.36 

1390.07 

to?0.7S 

851.'3 

632.13 

'12.&0 y 

M13.48 !-x 
-35.63 

Dft!T:,,30 J31, OOltJT:,,350013[, IJM : aaso 
COffl.Ollf~ ol St~ic Pru~vrt {p, i) {Tirflt =a.asooc-02) 
GIAlPOMJ NfALYSIS 1N .TYOTDfDJA JCII.UDAJ_ 

Time Step 

Jul19, 200'5 
nu:an 6.a (.l:d, ::cgrciptcd , dyn-c,:;\ , ilic, ,n~n~) 

Jul Kl, 2005 
JI.ODH 6.::1 (;,l:d, ,t91tg:1tcd , dy11 ~ll'lc~li, dllc, -.11rtudy) 

Fig 6.8 Plot of case 6 
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6.8 CASE 7: 2500 RPM, INLET=30 PSI, OUTLET=3500 PSI, FLOW FORWARD 

bo~i~fitgrs 

Volume 
Weighted 

Average 
(mis) 

3.6000 

3 .4000 

3 .200J 

3,xm 

2.800) 

2mxl 

2.<<XXl 

2 .200J +----------------~-~ 
200 •oo soo aoo 1 ooo 1200 1400 1600 

Time Step 

N.ET •JO PSI, OUTLET•3500 PSI, RPM•2500 
Convergence history of Yelocly Magritude on fUd (Tlne• 2 .4000e.02) ..u 11, 2005 
oeAR PLMl ANAL VStS BY JYO TNJRA Kl.LEOAR _ FU.ENT 6 .2 (2d, segregated, clynllmesh, ske, ~eady) 

3701.51 
3566.99 
3432 .46 
3297 .94 
3163.42 
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262533 
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2356.26 
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GEAR Pl.Ml ANALYSIS BY JYOTNlRA Kl.LEOAA_ 
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FLL.ENT 6.2 (2d, seg999ted, dynomesh, ske, l.fmeacty) 

Fig 6.9 Plot of case 7 

41 

39 .15 
37S4 
36 .5' 
35 .23 
33 .93 
32.62 
31 .32 
3001 
28.71 
27 .40 
26.10 
2U9 
23.49 
22.18 
20 .88 
19.57 
18 .27 
16 .96 
15 .66 
14 .35 
13.05 
11 .74 
10.44 
9 .13 
783 
6.52 
5.22 
3.91 
2.61 
1 .31 
0.00 

1e+06 

1e+04 

,,.., 

1e• OO 

1e-02 

1e-04 

1e-OO 

10.00 

N..f.T• JO PSI, OUTLET•350CI PSI, RPM•251Xl 

2000 4000 60CO OOXJ 1 OCXIO 12000 14000 

Iterations 

..U11,2005 
FU.ENT 6.2 (2d, segregtied, dynernesh, ske , IA'lSteedy) 

Velocly Vectors Colored By Velocty Magllude (mis) (Time•2.40C0e-02) ..-J 11, 2005 
OEAR PlMI ANAL YSis BY JYOTN>RA Kl.LEDAR _ FLUENT 62 (2d, seg-egal:ed, ctyr'larne$h, ske, l.fmeacty) 

I 



6. 9 CASE 8: 3000 RPM, INLET=30 PSI, OUTLET=3500 PSI, FLOW FORWARD 

1-p~j~tiwrs 
<Jlm 

3.5000 

3.CXXXJ 

2.5000 

Volume 2.CXXXJ 

Weighted 
Avera~e 1.5000 

(m s) 
1.CXXXJ 

05000 

0.CXXXJ 

N.H":11 PSI, OUTlfTz3SOO PSI, RPM=DXI 

~ ~ D ~ ~ ~ ~ ~ m 

Time Step 

Convergence history 01 Velocly Ma/Tit.de on 1ud crme~1.2735e.02) .u 11, 2005 
OfAR PlM' ANAL VSIS BY jYOTN)RA KLLEDAR _ FU.ENT 6.2 (2d, ~egeiled, dynewnesh, :ske, i..nsteeldy) 

7327.97 
7080.93 
6833.89 
6586.65 
6339.81 
6092.78 
5845.74 
5598.70 
5351.68 
5104.62 
4857.59 
4610.55 
4363.51 
41 16.47 
3869.44 
3622.40 
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2140.17 
1893.13 
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1399.06 
11 52,02 
904.98 
657.94 
41 0.00 
163.87 
-83.17 

INLET=30 PSI, OUTLET=3500PSL RPM-3000 
Contours of Static Pressure (psi) (Time=1 .2675e-02) Jul 07. 2005 
GEAR PUMP ANALYSIS BY JYOTINDRA KILLEDAR _ FLUENT 6.2 {2d. segregated . dynamesh. ske. unsteady) 

Fig 6.10 Plot of case 8 
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6. 10 Velocity contours fro rpm range 1500 and 2000 
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Fig 6.11 Velocity Contours for rpm 1500 to 2000 
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6. 11 Velocity contours fro rpm range 2500 and 3000 
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Fig 6.12 Velocity Contours for rpm 2500 to 3500 
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6.12 Interpretation of Results 

The pressure contours and velocity vectors were studied and compared for the same rpm 

and different outlet pressures such as 2500 psi and 3500 psi. The velocity at 2000 rpm 

and 2500 psi at gear tip is in the range of 3.25 -4.88 mis where as the velocity at 2000 

rpm and 3500 psi at gear teeth surface is in the range of 3.74-4.99 mis. The change in 

velocity is negligible. Even at higher speed of 3000 rpm and 2500 psi velocity is in the 

range of 6.53-7.83 mis, at 3000 rpm and 3500 psi it is in the range of 7.09 -8.50 mis 

measured at outer surface of gear. 

Following are the observations on velocity vector. 

1. It can be concluded that the velocities at the tip of gears are independent of the 

outlet pressure and dependent on speed of the pump at which it rotates. 

2. Velocity at location close to casing wall is zero. 

3. Fluid is pushed towards outlet port as the gear teeth starts closing. 

4. The magnitude of velocity vectors change with respect to time domain. 

5. As seen from above the velocities are independent of the output pressure hence 

outflow is also independent of output pressure. 

6. With increase in pressure at output the fluid tries to escape through the small gap 

between the two meshing teeth as such velocities are high at this location. 

Pressure distributions are significantly different in magnitude but indicate the similar 

patterns as the outlet pressure changes for the cases with similar operating speed of 

the gear pump. 
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The gear pump flow domain can be broadly divided into four zones 

1. Inlet zone. 

2. Zones encased by casing wall and driving gear (CCW) and driven gear (CW). 

3. Zone between near where teeth of both gears mesh.(Area prone to cavitation) 

4. Outlet zone. 

It was observed that negative pressure exists in the zone where the meshed teeth are 

opening (inlet side).This is sign of the cavitation taking place. This happens when local 

pressure of the fluid is lower than the vapor pressure of the fluid. This results in 

vaporization of liquid forming vapor bubbles. The process continues and the vapor 

bubbles forms a liquid jet flowing into collapsing bubble. This implosion results in very 

high negative pressures. [ 11] 

A symmetrical pressure distribution was observed around the gears and casing. This is 

attributed to both the gears having equal number of teeth. Highest pressure observed is at 

closing of the gear for all the cases run. The high pressure zone initiates from outlet port 

to the closing of the gear teeth. 

6.13 Negative Pressure 

It was interpreted from the above results that the cavitation is occurring at the fluid zone 

on the inlet side where two teeth of gears are meshing and where negative pressure 

contours are observed. To confirm whether Cavitation really occurs in the Gear Pump it 
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was decided to use the "cavitation model" of Fluent. The cavitation analysis and outcome 

are discussed in the Chapter 8. 
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CHAPTER-7 

FLOW ANALYSIS OF GEAR PUMP 

The total output flow rates are computed based on the average velocity at the outlet 

port. The average volume monitor was set in fluent while analyzing the other 

parameters such as pressure and velocity. 

7.1 Velocity Measurements. 

The velocity of the outgoing fluid was measured and flow was calculated based on 

the outlet area. 

Table 7.1 Velocitv M 
Sr.No. Outlet Speed of the Velocity Outlet 

Pressure(psi) Pump (mis) Area (in2
) 

Ao 
1 1500 1.2 0.3975 
2 2000 1.96 0.3975 
3 2500 2500 2.35 0.3975 
4 3000 2.96 0.3975 
5 2000 1.96 0.3975 
6 2250 2.2 0.3975 
7 3500 2500 2.35 0.3975 
8 3000 2.96 0.3975 

7.2 Flow Calculation 

The sample calculation for the reading above is provided below. 
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Fl (G ) 
v(mls)39.37(inlm).A

0
(in 2 )60(slmin) E . 

61 ow pm = 
3 

-------- quatwn . 
23 l(in I gal) 

V = velocity 

A
0 

= Outlet area 

Flow(gpm )@3soo psi ,2ooorpm , =(1 .9)(39.37)(0.3975)(60)/231 =7. 723 

7.3 Speed and Flow Relation 

The flow calculations were performed and a graphic relation was established between 

flow and speed. 

Table-7.2- Flow results 
Unit 

Outlet displacement rTheoretical 
Sr.No. Pressure. RPM ~elocity (q) Width (w) Outlet Area FLOW 

psi) N mis. in /in-rev in. in2 Gpm. Flow rate 
1500 1.96 1.24 1.0 0.3975 8.051 

1 3500 2000 1.96 1.24 1.0 0.3975 7.97 10.735 
2 3500 2250 2.2 1.24 1.0 0.3975 8.94 12.077 
3 3500 2500 2.35 1.24 1.0 0.3975 9.55 13.419 
4 3500 3000 2.96 1.24 1.0 0.3975 12.03 16.103 

Unit 
Sr.No. Outlet RPM ~elocity displacement.(q) Width (w) Outlet Area FLOW Theoretical 

Pressure(psi' N m/s. in3/in-rev in . in2 Gpm. Flow rate 
1 2500 1500 1.2 1.24 1.0 0.3975 4.88 8.051 
2 2500 2000 1.96 1.24 1.0 0.3975 7.97 10.735 
3 2500 2500 2.35 1.24 1.0 0.3975 9.55 13.419 
4 2500 3000 2.96 1.24 1.0 0.3975 12.03 16.103 

The theoretical flow is calculated by using following formula. 

Flow( m) = q(in
3 

I in-rev).w(in).N(rpm) 
gp 23 l(in 3 I gal) 

q = Unit displacment 

w = Gear width 

N = RPM of the Pump 
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The results of the flow derived from analysis by using Fluent differ by 27% compared 

to the flow obtained from theoretical results. This variation can be accounted to 

following attributes. 

The Effect Of The Two Dimensional Model. 

The outlet width a length of 0.3975 in. was assigned based on the actual flow area 

of the pump P315 and assuming unit depth for 2 D model while preparing the 

model in Gambit. 

Velocity Readings 

The velocities considered for calculation purpose are average readings and read 

from volume monitor output file. 
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Flow Vs Speed 
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Fig 7.1 Flow and Speed relation 
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Slip Flow 

Slip is the leakage of liquid from the high pressure side of the pump back to low 

pressure side. Slip is directly proportional to differential pressure. It is inversely 

proportional to viscosity and to some extent to speed. The fluid used during modeling 

was engine oil and its properties may lead to different back flow. 

There are number of separate slip paths in any gear pump, including and liquid from 

the outlet of the pump that is bled off to flush a seal chamber or lubricate bearing. 

Three main slip paths in any gear pump are 1) path between the ends of the gears and 

the endplates (lateral clearance), 2) path between the tips of the gear teeth and the 

inside of the casing (radial clearance) 3) path between the meshing teeth. The slip 

through this last path is very small and is usually ignored [1]. However, due to a 

minimum gap that must be allowed to accommodate the 2-3 elements of mesh for 

Fluent modeling, the slip through the path between the teeth is expected to be 

significant. 

The first path described above is not modeled hence does not pose a problem. 

However the results largely depend on the radial clearance. The radial clearance 

maintained to get good meshing is 150microns.This clearance probably account for 

the difference in flow estimated by fluent and actual performance curve [9]. The slip 

through this last path is very small and is usually ignored [1]. However, due to a 

minimum gap that must be allowed to accommodate the 2-3 elements of mesh for 
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Fluent modeling, the slip through the path between the teeth is expected to be 

significant. 

~ 

Slip leakage occuring between tip 
of gear tooth and casing wall 

Fig. 7.2- Slip leakage 

7.4 Comments On The Fluid Flow 

1. The flow readings are fairly accurate and can be improved by more precise 3D 
modeling. Fluent solver seems to be fairly accurate for flow measurement. 

2. flow is independent of outlet pressure i.e. flow at 2500 psi and 3500 psi outlet 
pressure is the same at same speed. 
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CHAPTERS 

CAVITATION ANALYSIS 

Cavitation is formation of vapor bubbles in a liquid as the pressure drops below the vapor 

pressure of the liquid in the pump's inlet. These bubbles then collapse when they reach 

the high pressure side of the pump. 

Cavitation damage is caused by the shock waves created when the vapor cavities collapse 

near the elements in the pump. This collapse, over a period of time, can damage the pump 

and erode hard surfaces. Cavitation occurs along stationary and moving elements in a 

pump [9]. 

Available 
presure 
produced by 
atmospheric 
pressure / ~--~ \._. -~--, ......... , 

I ..... -,;.,---. ,.I \ 

., . •-.. ') ' . . 

Low or reduced 
available 
pressure 
produces 

Low pressure ~ 7;:f[;/ ,,,,.// .... po~i_bility 
created by --------- of cav1t1on 
pumping elements 

Fig 8.1 Cavitation in Gear Pump 
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8.1 Cavitation Modeling in Fluent. 

The gear pump model used for pressure and flow analysis was used for the cavitation 

analysis. The "Basic Cavitation model" of Fluent was used for the analysis. In this 

standard two phase cavitation model following assumptions are made: 

1. The system under investigation involves only tow phases (a liquid and its vapor), 

and a certain fraction of separately modeled non condensable gases. 

2. Both bubble formation (evaporation) and collapse (condensation) are taken into 

account in the model. 

3. The mass fraction of non condensable gases is known in advance. 

The cavitation model can be used with Fluent's available turbulence model and it is 

compatible with dynamic mesh. The cavitation model accounts for the mass transfer 

between single liquid and its vapor. 

8.2 Cavitation Problem Set-up: 

The problem was set up by assigning 30 psi pressure at inlet and 2500 pressure at inlet 

and 3000 rpm rotation. The high pressure difference between inlet and outlet influenced 

the numerical stability of the solution and the flow reversal was observed. The outlet 

pressure was reduced in steps from 2500 psi to 2000 psi and 1500 psi keeping the speed 
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of the pump constant at 3000rpm, the reversed flow pattern existed. Finally the flow was 

in right direction for the outlet pressure at 1000 psi. 

8.3 Observations. 

The Pressure, vapor volume fraction and velocity vector plots are presented below. It was 

observed from the "Pressure contours" and "Volume fraction-Phase 2(vapor) contours" 

that the pump does not cavitate under the conditions set. However the pump could not be 

tested for cavitation effects for higher outlet pressures and running at 3000 rpm due to 

software capabilities. The Fluent document highlights "In practical applications of the 

cavitation model, several factors greatly influence numerical stability. For instance, high 

pressure difference between inlet and exit ( outlet), large liquid to vapor density and near 

zero saturation pressure all cause unfavorable effects on solution convergence"[l0]. The 

outlet pressure in present case varies from 2500 to 3500 psi which makes the high 

pressure difference between inlet and outlet. 

8.4 Comments on Cavitation Model 

The cavitation model could not run above 1000 psi due to the limitations described 

above. The Fluent software 6.2.16 version was used for the analysis. The Fluent-6.2.16 

capabilities for gear pump analysis (more precisely for the motion driven flow) are 

limited as described below: 
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1. The flow reversal was observed at 2000 rpm and 3000 rpm with pressure range of 

2500 psi to 3500 psi while running the cavitation model. It seems that in the 

software algorithm the flow is governed more by pressure gradient across the inlet 

and outlet rather than angular momentum of gears. 

2. The cavitation model does not work above 1000 psi outlet and 30 psi inlet 

condition at any rpm ranging from 1000 to 3000 rpm. 
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8.6 Problem set up Panuttiers for Cavitation Analysis P-317 (2D) 

rpm Rµ; Rad'sec tirre/rev tirre step tirresteps tirre step fc rrnx face negative 

size fa- 1(ooe) 10deg sk6'M19SS volume 
revdution rdation exceeds generated 

0.95 at 
300) 50.00 314.00 0.02 1.50E-05 1333 37 nil 

Gattitfile C:~)dindra\lndra.clls(48128Kb) Parameters 
Mesh file lndraMmsh(3307kb) Inlet 30~i 
Case file lndraMcas 1840 OJtlet 1~ 

Rpm 300) 

parameters set under dynanic mesh Bourmy Cavitation parameters 

Nes/JM!!thods conditions 
D,ina,ic l.fiier ~ng inlet TKE 0.02 
rresh selected E3oJndary f\tx1e Relax. 0.3 TDRate 5% 

outlet BTKE 0.02 
f\i.Jrroer ci iterations = 50 BTDRate 10% 

controls l.nlerlE/axation 

solution factors 

Iterate lk1der Remeshing (XeSSUre 0.4 
CHlsity 0.4 

Tirre step size: 1 .5"e"-5 Booyfare 1.0 
Mnirrum Length scale 0.005208 rmrrent:un 0.8 

l't) Tirre steps:355 500 (in)= Vap.l'lass 0.4 
l'vBxirrum Length Seal 39370 vain- 0.3 

lterationsltirre step=50 (in)= TKE 0.1 
l'vBxirrum face skeMlE 0.6 TOE 0.1 

lV 0.1 
Size rerresh interval 1 

Dynarric Zones Desaeatization 
Casing stationary PRESS 

ON Body Force 'M!ir;ited 

Oockwise gear rigidrrdia x=0.00 Ldf PRE-VB.. COlA..JNG 

y=1.50 attocred SltvA..EC 
z=O 

roN SKEVlttESS 

Artidokwise gear rigid rrdia x=O Ldf COORECTION=O 

y=O attocred MONTOR 
z=O COM/ERG CRTERJA 

CONT1N.111 0.00010 
M4TERALB..ECTED X 0.001 

y 0.001 
LJ<VD R.EL-CJL K 0.00001 
v~ R.EL-OLV~ E 0.00001 
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Fig 8.2 .Cavitation- Pressure and velocity plots 
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CHAPTER-9 

CONLCUDING REMARKS 

The gear pump was analyzed by using the state of the art "Computational Fluid 

Dynamics" software, Fluent. The turbulent flow analysis was carried out. A two 

dimensional true scale model with simplification was selected for the analysis. The flow 

was modeled as unsteady, turbulent flow for the analysis by Fluent. 

The model consisted of moving zone (gears) and stationary zones ( casing). This requires 

"Moving Dynamic Mesh". Moreover, due to the direction of both gears being opposite, 

the creation of mesh was a real complicated task. The mesh between the areas where gear 

teeth engage is very critical. When the gears start rotating the mesh gets pulled in two 

different directions. This will accelerate the tendency of cell collapsing, which wills 

prematurely terminate computation. A careful selection of time step size and re-meshing 

option must be made. 

The speed and pressure selected in this thesis range from 1500 to 3000 rpm and 2000 psi 

to 3500 psi respectively. The analysis showed the correct flow patterns except for the 

analysis of the gear pump at 1500 rpm and 3500 psi. This particular case revealed the 

"reversed flow phenomenon". It was observed that at lower rpm range and very high 

pressure differential considered in the present problem, Fluent ( 6.2.16) was not capable 
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of giving flow patterns expected in the gear pumps. This observation was confirmed from 

the communication with Fluent technical staff. 

Extensive trials were conducted. The velocity, pressure and volume flow rate were 

monitored. The convergence of the numerical integration was achieved in a reasonable 

time steps. The examination of the graphical output shows results fairly close to the 

theoretical volume flow rate. The results also show that the flow is independent of the 

output pressure and is a function of speed. 

Negative pressure was observed in the region where two gears are opening on inlet side. 

This was an early indication of the cavitation. It was decided, based on these results, to 

use Fluent's cavitation model with two phases. However, Fluent's cavitation model did 

not work for higher pressure differential i.e. outlet pressure higher than 1000 psi at 3000 

rpm. The model does not show proper numerical stability at very high pressure 

differential. 

Based on the output of volumetric flow rate, it is concluded that results obtained for 

selected model are fairly accurate. 

In addition, this analysis provides reasonably acceptable results and significant 

information on modeling and problem set up for solving problems related to flow and 

pressure of the gear pump. The gap between the two meshing gear teeth and the annulus 
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gap between the gears and casing plays important role and further reduction of this gap 

will deliver better results. 
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