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IMPROVED DESIGN FOR THE HYDRAULIC VALVE 
AND HYDRAULIC VALVE TESTING RIG 

ABSTRACT 

The hydraulic testing rig is a machine that is used to test the hydraulic valves. 
The present testing rigs are used according to only some particular specification, but in our 
project we have developed a process and implemented the idea for building a Universal 
Hydraulic Testing Rig which can be able to test any kind of valves with simple adjustments. 
The hydraulic valves are mainly designed to carry out the flow of the hydraulic fluid with the 
desired pressures. But it is observed that there are many pressure losses in the flow which 
leads to the unreached flow pressures as expected. In a pre-project to this work a patented 
hydraulic valve designed to improve the flow pressure of the hydraulic fluid. The main target 
of the design of the valve is to decrease pressure losses and give maximum output from the 
other end of the valve. The Hydraulic Testing Rig is designed with the help of design software 
and flow simulation process helps to know about the pressure flow from inlet to outlet of 
the valve. After the testing of the design, the valve is tested on the new universal hydraulic 
test rig developed in this project. With the future use of the hydraulic valve test rig, the 
similarities and variations are observed from both the simulations done and test results can 
be compared to optimize the valve design further. With the combination of hydraulic test rig 
and redesign hydraulic valve we will provide and experimental test rig possibility to bring 
the better and maximum design that could be attained reducing the energy losses in hydraulic 
valve designs. 
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PREFACE 
The master’s thesis is a scholarly treatise, which is presented by the degree candidates 
PRATIKCHANDRA J. VASAVA AND RAVITEJA MARKONDA to a Supervisory 
Committee for approval on behalf of the HALMSTAD UNIVERSITY and then presented to 
the Controller of Examination in partial fulfillment of the requirements for Master’s Degree. 
It is an important scholarly achievement that should be presented with pride. This thesis 
comprises a study of design and development of Hydraulic valve and a testing rig. 

Our aim, therefore, is not so much to describe a stronger or more robust hydraulic testing rig 
that has now exists, but to improve our understanding of the design and development 
process. Because of this much of the thesis is theoretical. However, to demonstrate that the 
ideas are also practical, they have been planned to implement in coming periods. As a result, 
the chapters tend to alternate between theory and design simulation. 

In Chapter 1 we explore the theories of hydraulics and background for the hydraulic valve and 
in Chapter 2 we study the alternative methods and methodology for the process. In Chapter 
3 we developed the product with the proper engineering specifications and concepts. In 
Chapter 4 we studied about the hydraulic testing rigs and its working in brief. In Chapter 5 
new designs for the hydraulic valves are designed and the simulations are conducted. The 
results and conclusions are discussed finally in the last chapters. 

To a large extent this thesis is self-contained. No prior knowledge evaluation is needed since 
a comprehensive introduction is included. However, some knowledge of other areas is 
assumed. The development followed the proper schema in product development and 
designs are made referring the existing models with the additional changes that are to be 
added and the results are derived from the simulations and are concluded. 
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Chapter 1: INTRODUCTION 
1.1 Background: 

Valves are commonly used in hydraulic applications. Hydraulic is concern with 
thick liquid i.e. oil. Hydraulic applications are used in order to know about mechanical 
engineering and hydraulic properties. In this project we are working on Hydraulic valve 
testing rig and hydraulic valve. In general terms, the valve is configured to regulate fluid 
flow by opening or closing fluid passages. Commonly used types are e.g. ball valves, plug 
valves, and gate valves. 

U.S Patent. No. 3,383,088 discloses a plug valve having a conical shaped plug inserted 
in a conical bore. The space between the inner wall of the bore and the outer surface of the 
rotating body is sealed by means of a sleeve. Further, pressure relief areas are provided to 
prevent a pressure build-up forcing the sleeve into a port of the plug. One drawback with 
the above-mentioned valve is that the manufacturing requires complex and advanced 
machinery. Another drawback is that the plug is allowed to move in an axial direction during 
operation, reducing the reliability of the valve. A yet further drawback with the valve is that 
it may not be implemented in hydraulic applications utilizing an internal pressure above 400 
bars. In such case, hydraulic fluid may leak behind the sleeve and completely eliminate the 
function of the pressure relief areas. 

For hydraulic applications, the DN-series of cartridge ball valves are commercially 
available by Rotelmann GmbH. These valves are configured to be connected to control 
manifold blocks in a simple way. Such a valve comprises a cartridge for insertion in a 
prepared well in the control block. The bore, which intersects the cartridge well at right 
angles, is blocked by means of a ball valve enclosed within the cartridge. An O-ring 
helically attached to the cartridge seals the cartridge-bore interface. One disadvantage with 
the DN-series of valves is that the O-ring must pass over the openings of the cartridge when 
the valve is mounted. Hence, there is a severe risk of tearing the O-ring during mounting. 
Further, the valves comprise a plurality of components, leading to a complex and expensive 
valve. Hence, there is a need for an improved valve, being efficient and cost-effective. 

In this project we had taken theory of hydraulics for understanding and basic 
learning. The hydraulic test rig is made with the help of combining the different hydraulic 
equipment and forming one complete circuit to test hydraulic valve. While in other part of 
the project we are working on design of hydraulic valve in which with the help of simulation 
process we are trying to reduce the pressure loss. So in simulation process we kept some 
boundary condition and pressure limits, we run the process and got some results showing 
reduce pressure flow losses. The project helped to create the new product as it has its own 
working method or application in order to get result for testing hydraulic valve and its 
pressure flow. It should be patent in order it can be useful to companies and be used as it has 
different specification then the others. Similarly the hydraulic valve on which we had worked 
to reduce the pressure loss by 0.5-0.1 MPa, which can worth to company who buy this 
product as it would be beneficial.  
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1.2  Aim of the study 
 The main aim of the project is to enable the reduction of the loss of the pressure flow 
in the hydraulic valves. The universal testing rig is being developed to test the hydraulic 
valve. The intention was to optimize the energy losses and work on new design of the 
hydraulic valve. 

The list of queries and research area that are being discussed during the project are mentioned 
below: 

• Pressure loss , when the liquid flow passes through hydraulic valve 
• Maintaining the flow of liquid from inlet to outlet 

To solve the above stated queries, we have worked on the design of hydraulic valve. The 
FloEFD simulation process is being brought into the use to simulate the result of the flow 
of hydraulic liquid through valve, as we compare the result with old one and verification is 
done of the testing results through simulation process. 

1.2.1 Problem definition 
 The problem in this thesis was to design a hydraulic testing rig, which could test 
the hydraulic pressure flow of a liquid. The other part of the problem which needed to work 
on was redesigning the hydraulic valve of which a simulation model would be run in order to 
check the loss of pressure of hydraulic liquid. 

1.3 Limitations 
There were many drawbacks while doing project, they are mention below: 

• The flow of the hydraulic liquid was only comparing to NG 6 valve to check the 
pressure difference. 

• Simulation process was run on FloEFD software but was not able to check the valve 
by testing on prototype on hydraulic testing rig. 

1.4 Individual responsibility and efforts during the project 
 We have divided the project work equally among both the team mates. The 
coordination between the team made to think with lot of creativity in design and 
development of the product and the process. The simulations and design are made using the 
software, whereas the literature is studied and written with the help of personal and theoretical 
knowledge of each member. 

1.5 Study environment 
 The project actually deals with the research and development of the hydraulic valve 
and improves its performance in pressure and flow. The theory of hydraulics explains the 
properties of hydraulics and the working of hydraulic valve gives a clear understanding for 
the researchers to work on improving the design. The university library provides a good 
support in providing number of books for the literature and references. The university 
provided good lab and equipment for the study and supported with all the needs that are 
required and asked. 
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Chapter 2: METHOD 
2.1 Alternative methods 

The alternatives for the design of hydraulic valve is based on the improvement of 
the existing valve called NG6. The redesigning of the hydraulic valve the reference valve 
NG6 has been considered to find the pressure losses and differences of hydraulic fluid 
flowing through hydraulic valve. The pressure difference between two valves can be 
determined and flow can be measured using the following methodology. The hydraulic valve 
test rig has been developed with a reference test rig made by FESTO which is well 
established in the market for their pneumatic and hydraulic testing rigs. The comparisons 
between both the test rigs can be seen through the below QFD and morphology methods. 

2.2 Methodology 
The project was about redesigning of the valve, a hydraulic valve in which we 

needed basic knowledge of hydraulics. Even the project demands a hydraulic test bench 
which is being developed by the reference of the book ‘The Mechanical Design Process’ by 
David G. Ullman. The product developed is compared with the FESTO test rig, which give 
reference to build the new test bench with various new function and sub-function. The test 
bench is combination of various components and specification, which test the hydraulic 
valve. Then the other part of the project was to redesigning of hydraulic valve. The new 
design was develop by taking the reference of NG 6 valve. The design was made with help 
of software FloEFD, to reduce the loss of pressure flow flowing through the liquid. The 
FloEFD will detect the complete pressure flow from inlet to outlet and keep the continuous 
flow with same amount of hydraulic liquid. Thus the hydraulic valve is design to get the 
extreme level of pressure through their outlet. 

Developing information begins with 
identifying who (step 1) the customers are and 
what (step 2) it is they want the product to 
do. In developing this information, we also 
determine to whom the “what” is 
important—who versus what (step 3). Then it 
is important to identify how the problem is 
solved now (step 4), in other words, what the 
competition is for the product being 
designed. This information is compared to 
what the customers desire—now versus what 
(step 4 continued)—to find out where there 
are opportunities for an improved product. 

Next comes one of the more difficult steps in 
developing the house, determining how (step 5) you are going to measure the product’s 
ability to satisfy the customers’ requirements. The hows consists of the engineering 
specifications, and their correlation to the customers’ requirements is given by whats 
versus hows (step 6).Target information—how much (step 7)—is developed in the basement 
of the house. Finally, the interrelationship between the engineering specifications are noted in 

Figure 1: The house of Quality, known as QFD 
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the attic of the house—how versus how (step 8). 

In the product development step, the QFD provides the various solutions with 
engineering specifications for various problems that researchers have. It gives a complete 
structure for the development and allow us to know the requirement more specific and in 
particular. After the product development, the process is followed with the generation of 
concepts for the solutions that are developed in QFD. For such concept generation 
‘Morphology’ is one of the very important method that can be used formally, as presented 
here, or informally as part of everyday thinking. There are three steps to this technique. 
The first step is to list the decomposed functions that must be accomplished. The second 
step is to find as many concepts as possible that can provide each function identified in the 
decomposition. The third is to combine these individual concepts into overall concepts that 
meet all the functional requirements. This technique is often called the “morphological 
method,” and the resulting table a “morphology,” which means “a study of form or 
structure.” 

2.2.1 The waterfall method 
Product discovery: The project was been done in order to discover two different 
product. The first thing is to be developed hydraulic valve testing rig and to redesign hydraulic 
valve. 

Project planning: The planning is done to make the product, so various product 
development methods are being implemented. From the solution of product development 
methods, a prototype would be build. While in design of valve, it would be tested in 
simulation process before use. 

Product definition: The hydraulic valve testing rig is defined to adjust the position of 
spool, in context to measure the hydraulic pressure flow. While hydraulic valve is used 
for supply of hydraulic pressure flow, so to reduce the pressure loss in valve it is being 
redesign. 

Conceptual design: The QFD is made for getting a solution and to brain-storm the problem. 

Product development: The morphology is fine example how to develop a product, in 
which different concept are done by sub-function, from which a solution is being made and 
compared with the alternate method. 

Product support: The design of the hydraulic valve is developed and given by the inventor 
Jens Christian Lauridsen [6]. The development of hydraulic valve testing rig takes the help 
of product development methods and techniques from Parker store for equipment and 
support. The complete project was made under the guidance by our professor Bengt Goran 
Rosen from Halmstad University and Hans Lofgren from Karlstad University. Developing a 
test rig virtual and physical methodology 

Comparing practical test rig and FloEFD simulations: The hydraulic valve testing 
rig was developing with help product development methods like QFD and Morphology 
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chart. The solution from the result was taken to develop the prototype and we are in 
process to make the real one with the help of parker store, where the fittings of hydraulic 
equipment would be done. The other part of project to work on redesign of valve to reduce 
pressure loss is made to test in simulation process. We are working on both the part of the 
project and in coming days we will build the prototype. 

2.3 Preparations and data collection 
 We have taken the reference which we got from the Karlstad University and from 
our professor. It needed more information and knowledge to bring up with the work, so 
books like Ullman G. was used for developing the product i.e. Test bench. The test 
bench for testing hydraulic valve was being developed by putting various methods into 
consideration like QFD and Morphology chart. According to that various components were 
selected and were order, so the fitting could be done. The second part of the project is to 
redesigning the hydraulic valve, with the help of different software like CATIA and FloEFD 
the flow simulation process was done to bring done the loss of flow pressure of a hydraulic 
liquid in the valve. Thus we conclude the project with the result like improvisation of 
hydraulic valve design and development of new hydraulic testing rig.  
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Chapter 3: THEORY 
3.1 Theory of Hydraulics 

The hydraulics is used for many numerous applications which are basically used 
in engineering field for better understanding the concept of hydraulic and its usage. The 
mechanical properties of this hydraulic liquid made it possible to take place in engineering 
and applied science. Fluid mechanics provides the theoretical foundation and information 
regarding hydraulic properties. The hydraulics is a branch of engineering which mainly 
focuses on practical problem such as collecting, storing, measuring, controlling, 
transporting and using water along with the other liquids. The basis for all the hydraulic 
system is shown in Pascal law where we can find how the pressure flow from the tank or the 
container and the pressure flow are extracted. Pascal law is very important for the present 
generation as it is applied on daily basis for hydraulic equipment and vehicles like car and 
aircraft, as its all phenomenon completely depend on the moving liquid or we can say fluid 
pressure. The Pascal law [22] is noted as Pressure = Force/Area. The hydraulic topic is actually 
divided into two parts i.e. hydrostatic and hydrokinetic. 

The hydraulic concept cannot be compare to fluid mechanism as the hydraulic is 
the study of fluid properties, how the distribution of the liquid is done and how the liquid is 
rotated in a closed loop. There are many problems seen in hydraulics related to the pressure 
in the flow of the fluid, fitting done in pipe flow and leakage of the fluid. According to 
Bernoulli's theorem [20] we can see that, the various kind of energy passing through pipe 
lines are kinetic energy, height of the fluid and pressure energy. The Bernoulli's equation 
suggests that it helps to increase the speed of the hydraulic liquid moving inside the pipe, 
while it also decreases the pressure of the liquid. When the fluid enters the pipe the pressure 
would be low and the fluid particles are subjected to the area where the pressure is more, so 
due to the change in the pressure, the speed of the flowing liquid decrease resulting pressure 
drops in the flow. The formula of Bernoulli's equation for defining the pressures is as below. 

𝑣𝑣2

2
+ 𝑔𝑔𝑔𝑔 +

𝑝𝑝
𝜌𝜌

= 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 

Where: 
v is the fluid flow speed at a point on a streamline 
g is the value of acceleration due to gravity 
z is the elevation of the point above a reference plane, with the positive z-direction pointing 
upward – so in the direction opposite to the gravitational acceleration, 
p is the pressure at the chosen point, and  
𝜌𝜌 is the density of fluid at all points in the fluid. 

3.1.1 Types of Hydraulics 
Hydraulics can be divided into two different forms named as hydrostatics and 

hydrokinetics. Hydrostatics is define as the liquid which is at rest which include the problem 
of flotation and buoyancy, to hold down the pressure on the dam, hydraulic presses and 
other submerged devices. The relative incompressibility of liquids i s  said to be one of its 
main principles. While Hydrodynamics is termed as the study of liquids in motion, is 
concerned with such matters as friction and turbulence generated in pipes by flowing liquids, 
the flow of water over weirs and through nozzles, and the use of hydraulic pressure in 
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machinery. 

Many times open channels are being used instead of pipe for the flow of the liquid. 
We can say that the irregularities which are seen in flow of liquid in pipes are similar to that of 
liquid imbalance which is seen in open channels. While flow energy is used to maintain 
the flow of fluid and for continues momentum of the liquid. There are many concept and 
scientific factor which  are  working  on  the  principal  of  hydraulic  applied  scientifically  
and  in  engineering prospective. 

For example: 

1. In geology, the ground water is researched in detail but its implementation is also 
seen in the basic principle of hydraulics. 

2. In oceanography, costal hydraulics is titled as an important topic. 
3. While for understanding the current which are in contact of large structures and 

for the complex forces there are some scale which are used to measure. The 
different design are like dry docks, pie, tanks, locks, water spillways, water jets and 
dams while require detail knowledge of hydraulic properties and function. 

3.1.2 Modern Era of Hydraulics 
The Hydraulic had grown on large scale for solving and defining the problem of 

transportation of liquid and gases which are used for many objective tasks. In earlier times 
as liquid water was given more attention and studied for the use of transportation of the 
fluid and was given importance for the laws of motion for viscous liquids such as for 
gases and the petroleum products. To get better output of the hydraulic system many new 
methods are introduced the method of analyzing and solving the problems in hydraulics 
such as flow of the liquid and the leakage or pressure loss of the liquid. The geometric 
parameters of the flow, temperature of the liquid, pressure flow and different viscosity of 
liquid. Along with the other theories it has a great significance. While in near future the 
hydraulics will be converted into one of the applied branches of the general science of fluid 
motion and fluid mechanics. 

3.1.3 Industrial Use 
 In the area of application of the hydraulic system for the example are taken such 
as hydraulic lift, heavy machinery and lubrication station. Hydraulic systems are widely 
used in many in industrial plants there is wide use of hydraulic system. The hydraulic systems 
mention is like test equipment for hydraulic components, machine tools, elevators, cranes, 
industrial tools, gear `boxes, industrial robots, jack and machine tools. The initial growth 
of electronics in last decade helps to develop the technology and produce many new 
components and new machines. We can see the implementation of the hydraulic system in 
metal industry on all kind of machines. While for carrying easy task Hydraulic power 
transmission systems have been preferred because it is easier. The hydraulic system such 
as Circular, linear movements with automatic and mechanical movements can be achieved 
easily. There is big variation in field due to ease of control for hydraulic systems, less space 
covered and economical. 
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3.2 Equations 
 In the project, we will be working on product development methods like QFD 
and Morphology chart. For developing the design of hydraulic value we have been 
working on software like CATIA and FloEFD simulation process. But we would like to 
include different hydraulic equation like Bernoulli's equation and Pascal’s Law. 

2 2 

• Bernoulli's equation  P1-P2 = 1/2 ρ(V2  - ρV1 ) or we can say that A1V1 = A2V2 

• Pascal law is noted as Pressure = Force/Area 

3.3 FloEFD 
 The software CATIA provides many modules for the analysis and simulation. One 
such module that is used in this project for analyzing the flow and simulates the process is 
FloEFD, which is provided by the Mentor Graphics. The module provides a good 
flexibility for the simulations and also in obtaining the results in more detail. The working of 
the simulation starts with the creation of a new wizard in the module. The wizard consists of 
all the basic conditions that are required to simulate like units, wall conditions, fluids, 
initial pressures and also the tolerance values. After the wizard is created the FloEFD 
project tree appears in the product tree in CATIA. This tree consists of the inputs, conditions, 
goals and results. 
The below diagrams show the sequential steps in setting up the initial conditions for wizard to 
start the simulation. Creating wizard to start the simulation involves in defining conditions in 7 
steps. The first step is to define the name of the project for simulation. The second step is 
defining the unit system. Generally all the unit systems will be in SI units (m-kg-s). The third 
step is defining the analysis type. Simulation can be made either inside the design or outside the 
design. As we are doing the hydraulic flow testing we choose internal analysis in this step. The 
fourth step is to define a fluid that has to flow inside the design. The database in the FloEFD 
provides many pre-defined fluids, but for our simulation a new compressible fluid is defined 
according to the properties of hydraulic fluid that is used in real time applications. The fifth step 
is to define the wall conditions. As we have not chosen any heat conduction in solids we use 
adiabatic wall conditions. The sixth step is to define the initial conditions. We choose the 
turbulence intensity to be 1% to have more precision. And the final step is to define the results 
and resolutions of the geometry. The more the result resolution gives the more the details in the 
results of simulation. 

 
Figure 3: Step 1 - Defining Project Name. Figure 2: Step 2 - Defining Unit System 
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Figure 5: Step 3 - Defining Analysis Type 

 
Figure 7: Step 5 - Defining Wall Conditions 

 
Figure 8: Defining Results and Geometry Resolutions 

3.4 Hydraulic Losses 
 The hydraulic losses is concern with the loss of pressure flow of hydraulic liquid i.e. 
oil passing through hydraulic valve. The amount of pressure measures in Mega Pascal, the 
pressure in hydraulic valve should rise from inlet to outlet which is same for the 
hydraulic flow also which is measure liter/meter. The losses of hydraulic energy cost 
money and delay in time for flowing of the hydraulic liquid. 

3.5 Hydraulic Testing Rig 
 The hydraulic testing rigs are the ancient testing machines that are used to test 
the hydraulic valves to check the working and performance of the valve before it is set to the 
desired task for what it is made for. There are various kinds of testing rigs with many 

Figure 4: Step 4 - Defining Default Fluid 

 

Figure 6: Step 6 - Defining Initial Conditions 
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accessories to test the valves. But the limitations which we are currently facing now are that 
these rigs are set up to test the limited varieties of valves. There should be a change in the 
setup to test of the other variety of the valve. So in this project we tried to fix that limitation 
by setting up the components that are easy to change according to the requirement and type 
of valve. The rig working and the components that are used in the rig are discussed in this 
chapter. 

3.5.1 Components of Hydraulic Testing Rig 
The components that are used for making the hydraulic testing rig are as follows: 
 Tank 
 Motor 
 Pump 
 Oil Filters 
 Pressure Gauges 
 Connecting pipes 
 Sensors 
 Flow sensors 
 Temperature sensors 

 Cylinder 

Tank: 
Tank is important component used in hydraulic 
test bench; it is used to collect the Hydraulic liquid. 
The liquid is further used to check the flow measure 
and pressure measure. The Storing of hydraulic 
fluid or making the working conditions for properly 
preparing the circuit elements reservoirs is called 
hydraulic tank. The heated hydraulic fluid is 
provided with airflow in a manner that the 
hydraulic liquid can be cooled down at the regular 
interval. The resting plates are being arranged in 
an order to avoid the return of fluid of an air tank 
from the rest position. According to the size of the 
delivery system and required amount of space to 
store hydraulic fluid, the tank is being selected. 
Motor: 
It is used to run the pump; a hydraulic motor is a mechanical actuator that converts 
hydraulic pressure and flow into torque and angular 
displacement. The hydraulic motor is the rotary 
counterpart of the hydraulic cylinder. A hydraulic motor 
should be interchangeable with a hydraulic pump because it 
performs the opposite function - similar to the way a DC 
electric motor is theoretically interchangeable with a DC 
electrical generator. However, the most hydraulic pumps 

Figure 9: Hydraulic Oil Tank 

Figure 10: Hydraulic Motor 
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which cannot be driven back, so they cannot be compare with hydraulic motors and it 
cannot be used. Hydraulic motor are designed in a manner that it can work on both the side 
of the motor. The hydraulic drive system is a combination of different hydraulic components 
such as hydraulic pumps, cylinders and motors to work. The hydraulic pumps are combined 
with another pump in a manner to get double hydraulic transmission. 
Pump: 
Hydraulic pumps are mainly used to drive hydraulic systems, 
so it can the hydrodynamics and hydrostatic. A hydraulic 
pump is mechanical source of energy which converts the 
mechanical energy into hydraulic form of energy i.e. energy 
converted from flow pressure of a liquid. It has enough 
energy to load from its outlet and to overcome the pressure 
of the hydraulic fluid. When a hydraulic pump operates, it 
creates a vacuum at the inlet of the pump which force the 
liquid to flow from the tank to move upwards through its 
outlet of the pump and which the process work for the hydraulic system. The hydrostatic 
pumps are termed as positive displacement pumps i.e. the flow energy from the pressure of 
liquid can be adjusted and can be used according to the requirement which is a continues  
process to get the flow of the liquid out from the reservoirs. 
Oil Filters:  
The oil Filter which is used to filter the hydraulic liquid 
used in hydraulic test bench to clean and improve the liquid 
system flowing through the valve. It increases the cleanliness 
of the liquid. The oil filters are used at both inlet and 
outlet of the hydraulic tank in order for better result. 
Pressure Gauges: 
Pressure gauges are used to measure the internal pressure of the hydraulic 
liquid flowing through the pipe. It is constructed with a bourdon tube 
sensing element, the element which senses the pressure which used to 
show the amount of pressure flowing through the pressure gauge show on 
dial face pointer. 

Connecting Pipes: 
The connecting pipes are used to connect the valve to the tank and 
other accessories that are used in the hydraulic testing rig. These 
are one of the main factors that are to be considered while testing 
because there will the deflections in the pressures with the 
connections of pipes to valves and other accessories. There are 
different kinds and different sizes in the pipes that are used for 
various varieties of valves. 
Sensors: 
Flow Sensors: 
A flow sensor is a device for sensing the rate of fluid flow. Typically a flow 
sensor is the sensing element used in a flow meter, or flow logger, to record 
the flow of fluid. As is true for all sensors, absolute accuracy of a 

Figure 11: Hydraulic Pump 

Figure 12: Oil filters 

Figure 13: Pressure Gauge 

Figure 14: Connecting Pipes 

Figure 15: Flow sensor 11  



measurement requires functionality for calibration. 

Temperature Sensors:  
A temperature sensor is used for recording, evaluating temperatures, temperature switches 
and temperature transistor which are fitted in a manner to pressure 
line. The temperature sensors are used for measurement of the 
hydraulic liquid which is flowing from the hydraulic tank. 
Temperature measurement transducers record the temperature and 
convert it into a proportional output signal. Electronic temperature 
switches which are used to measure the temperature of the oil 
flowing through the pipe and switching signal will record the 
temperature and shows the reading. 
Cylinder: 
A hydraulic cylinder is also termed as mechanical actuator which is 
used for measuring the flow pressure of hydraulic fluid through 
the cylinder and measure the flow of liquid flowing in the 
cylinder the spool will move according to the flow of the liquid 
moving in it. 

3.5.2 Testing Rig 
 The testing rig is made up of various components assembling together which are 
mentioned above. The components mentioned are not just all the components in the assembly 
but there are many other components which are not mentioned. The assembly requires many 
other small components which are not mentioned but important. They are not mentioned just 
only because they are considered as invisible. The below mentioned table 1 explains the 
specifications of various components that are used in the testing rig and also the item number of 
every component.   

S.No Component Item Number 
1 Motor 22kW B34 4 pol IE2 MR-4P02200-30-B0T01-0000 
2 Intermediate piece and shaft coupling - 
3 Pump F12-040-RF-IV-K-000-0 
4 Level glass FL.69221 
5 Tank + lock - 
6 Adding filter triceptor - 
7 Pressure limiter 0-300 bar - 
8 Pressure filter140 l/min EPF2210QIBM3MG121 
9 Cooler 7.2kW LOC3-4-D-B 
10 Flowmeter SCFT-060-02-02 
11 Pressure and temperature sensor SCPT-400-02-02 
12 Cable SCK-102-03-02 
13 Quick coupling female FF7510 C 
14 Quick coupling male FF7520 C 
15 Return filter 130 l/min MXA2310QBPGG201 
16 Valve block for NG6 MSP1D23B910C 
17 NG6 valve D1VW008CNJW 
18 Pressure transmitter SCP02-250-34-05 
19 Cable SCK-102-03-02 

Figure 16: Temperature sensor 

Figure 17: Hydraulic cylinder 
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20 Manometer 0-400bar PGC0631400 
21 Cylinder - 
22 AC devices 22kW 400V AC Size G 31V-4G0045-BE-2S-0000 

Table 1: List of components 

For the assembly of all these components, a conceptual design has been generated with all the 
components with similar dimensions as the original part dimensions. The part drawings are 
applied with respective materials that are generally used to make them, so that the components 
get differed with colors. The software used to make the graphical 3D drawings is CATIA part 
design and CATIA product design. The following figures show the various views of the 
complete assembly of Catia drawing in different faces.  

 
Figure 18: Complete assembly of Testing Rig 
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Figure 19: Front View of Testing Rig 

 
Figure 20: Right View of Testing Rig 
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Figure 21: Back View of Testing Rig 

 
Figure 22: Left View of Testing Rig 

The above five diagrams does not show all the components mentioned in the above table 1. As 
some components are not visible in the assemblies only few components like work bench, 
pump, motor, oil tank, resistance controller, cables, oil measuring indicator, pressure gauges, 
rotor, cylinder, safety button, valve block, electric switches and actuator.  
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3.5.2 Working of Hydraulic Testing Rig 
The working of the hydraulic testing can be explained by a simple layout as shown in 

the below Figure 23. The layout consists of the simple flow of the process that is carried out in 
the testing rig. The testing starts with the start of the motor that is placed at the hydraulic 
oil tank which contains the fluid that is required for the flow. The oil is pumped through 
the oil pump arranged beside the motor from tank to the valve. The oil is filtered before using 
it in actual flow process through the oil filter. The pressure of the oil that is pumped from the 
tank is noted using a pressure gauge. The oil passes through the pressure gauge and goes 
into the hydraulic valve that is to be tested. The flow and the temperature of oil throughout 
the process are monitored at certain points using the sensors. The pressure sensor that is 
placed at the inlet and outlet of the valve is connected to the monitoring software which 
records the pressures continuously for each and every flow. The oil from the valve outlet is 
passed through the cylinder for the pressure check and then finally the oil is passed into the 
tank again. Before allowing the used oil into the tank it is passed through the filters again so 
in order to reduce the contamination of oil in the tank. By reducing the contamination the oil 
could be used for more iterations than normal. 

 
 

Figure 23: Final layout of the hydraulic testing rig 

The schematic representation of the working of hydraulic testing rig is shown in the below 
circuit diagram Figure 24. The oil from the oil tank passes through the oil filter to the oil pump 
with the help of a motor. The oil that entered into the oil pump passes through the relief valve. 
The relief valve is used in order to secure the flow. It is operated in such a way that if the loop 
which the oil has to travel contains any openings, it automatically closes the flow to the valve 
and sends back the oil from pump to tank again. The oil that passes from the relief valve enters 
the pressure gauges for the recordings of the initial pressures. Then it enters the ventile and 
passes to the cylinder. The oil that leaves the cylinder enters into the ventile again and passes to 
the tank back. A cooler is placed between the ventile and tank in order to cool the temperature 
of the hydraulic fluid that is raised due to pressure variations.  

To allow the fluid 
passage from tank to 

 

To filter the oil before 
and after the process 

Variable diameters 
and variable lengths 

To check pressures at 
each entry 

Valve to be tested 
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Chapter 4: RESULTS 
4.1 Production Development 

The product development includes the development of a product with engineering 
specifications which are very essential to know and develop the product such a way that 
it reaches the ultimate destination with a desired output. The product development is carried 
out in many ways and the best ways that are in practice for this process is through generating 
the house of quality which is also known as Quality Function Deployment (QFD). The 
generation of the QFD requires the data to have a required specification of the customer. The 
data can be collected from the following steps mentioned below for the generation of QFD. 

1. Hearing the voice of the customers 
2. Developing the specifications or goals for the product 
3. Finding out how the specifications measure the customers’ desires 
4. Determining how well the competition meets the goals 
5. Developing numerical targets to work toward 

4.1.1 Development of Engineering Specifications – Quality Function 
Deployment (QFD) 

The QFD method helps to generate the information needed in the engineering 
Product Definition phase of the design process. This house-shaped diagram is built of many 
rooms, each are developed and contains valuable information. 

The development of QFD for the hydraulic valve test rig has been done using the 
requirements and engineering specifications as shown in the below Table 2. The 
comparison is made with the company FESTO which is already in the field of producing 
the hydraulic and pneumatic testing rigs. It provides many valves testing solutions and 
also training in the testing course. As in the above Figure 1, the house quality for the 
hydraulic testing rig has been generated. The total project is divided into two parts 
hardware and software. The hardware section deals with the process flow of hydraulic 
fluid in the valve and the accessories required for the experiment. The software deals with 
the flow analysis and the monitoring controls of the system. In QFD, what functions are 
categories into these hardware and software parts and the problems are brainstormed. 
The researchers are the one who use this testing rig for testing the hydraulic valves. 
The weightage is given in who vs what function according to the researchers for the 
desired hardware and software problems. In the now function in order to find the current 
position of the problems and the solutions of each function our test rig is compared with the 
competitors. The weightage is given under the comparison of the developed product with 
the competitor in now vs what function to know the current status of our standard. The 
engineering specifications and the solution for each problems in what function is listed in 
how functions. The weightage for each what functions against how functions in the 
perspective of researchers is given in the what vs how function. The total weightage is 
calculated for each what function with respect to how solution and are noted in how much 
function for evaluating the development. The inter-relation between the solutions in how 
function is also weighted in the how much. 
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Table 2: House of Quality – Schematic QFD for a Hydraulic Testing Rig 
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4.1.2 Concept Generation – Morphology 
The concept generation for the hydraulic testing rig follows the concept of 

morphology and proceeds to get the best concept. The Table 3 can be referred for the 
concept generation given below. The first step in the morphology is decomposing the 
functions into sub-functions and it is decomposed into various sub-functions like pumping 
factors, cylinders, testing factors, sensors, software protocols and software outputs. The 
second step after decomposing into the sub-functions is to develop as many concepts as 
possible to opt the best solution for each decomposed sub-function, and various concepts 
are generated by the design team for each sub- function which can be found in the below 
Table 2. The third step of morphology is to combine the individual concepts of each sub-
function and create a solution for the process. The selected solution for the hydraulic 
testing rig in morphology table is indicated with green color in the below Table 2. The 
solution of the present competitor FESTO is also given in the last column so that the 
comparison between the adopted solutions makes to think more and bring out the best 
solution. The sub-functions that are selected for the morphology are from the process layout 
of the flow in the hydraulic testing rig. The concepts that are generated are based upon 
considering the best way available for maximum control and give most desirable outputs. 

 
As in the QFD, the morphology chart is also divided into hardware module and 

software module. The first three sub-functions in the below morphology chart are the 
hardware related functions and the last three are related to software module. The first sub-
function pumping factor is considered to find out the solution for best flow of the fluid 
into the valve to reduce the pressure losses and to maintain the desired pressure. So for 
that problem the concept of passing the fluid into the system through the pressure increasing 
nozzle has been generated. The competitive company solution for the same problem is to 
pass the fluid with no nozzles but directly through pressure gauge. The second sub-
function cylinders are considered, to utilize the pressure that has been carried out by the 
valve, hydraulic oil have to pass through the cylinder to monitor the output pressure of the 
hydraulic valve. When compared with the existing solution, they use differential cylinders. 
The third sub-function that is considered is testing factor. In this sub-function the pressures 
that has to be monitored and noted has been taken in to consideration and come up with a 
solution of monitoring the pressure of the fluid throughout the flow at every inlet and 
outlets. The existing solution uses the same concept. The fourth sub-function in the chart 
that is considered is sensors. The sensors are very much required to control, monitor and to 
get the results. So the sensors are used to control the parameters like heat, pressure, flow 
and distance travelled by the fluid. The existing solution uses the sensors to control only 
pressure. The fifth sub-function is software protocols. There should be some command for 
the software to work properly according to the process. So it has to be fed with the 
commands like monitoring the pressures, temperatures, and also the flow with total control 
over the process. The competitors use the software that has almost same solution as our 
system has. The last sub- function that has been taken into account is the software 
outputs. As in the testing process we need to have accurate outputs which can be produced 
only with the help of software. The outputs that are required for the experiment of the 
process are the graphs of pressures losses with respect to flow and the and also the input 
and output pressures of the valve. The competitor uses the same solution for obtaining the 
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outputs from the software. 

Morphology 
Sub 

functions Concept 1 Concept 2 Concept 3 Concept 4 Festo Solution 

Pumping 
factor 

To pass the 
fluid into the 
system from 

the motor 
directly 

To pass the 
fluid in the 

system 
through the 

pressure 
gauge 

To pass the 
fluid into the 

system through 
the pressure 
increasing 

nozzle 

 

To pass the 
fluid in the 

system through 
the pressure 

gauge 

Cylinders 
Variable 
lengths 

cylinders 

Variable 
diameter 
cylinders 

Variable 
diameter and 

length 
cylinders 

Fixed 
parametric 
cylinders 

Differential 
cylinders 

Testing 
factor 

To check the 
required input 

pressure 

To check the 
required 
output 

pressure 

To check both 
the input and 

output 
pressures 

To check the 
pressures all 

over the 
system i.e., 

input, output, 
and also in the 

valve 

To check the 
pressures all 

over the 
system i.e., 

input, output, 
and also in the 

valve 

Sensors 
Distance 

measuring 
sensor alone 

All controls 
sensor for all 
parameters 
i.e., heat, 
pressure, 

flow, 
distance etc. 

Distance, 
pressure and 

also heat 
sensors 

Distance and 
pressure 
sensors 

Measures only 
voltage 

regulations in 
the system 

Software 
protocol 

Monitor only 
pressures 

Monitors 
pressure and 
also controls 
the system 

Monitors 
pressures, 

temperatures 
and controls 
the system 

Monitors the 
pressures, 

temperatures, 
and also flow 

with total 
control over 
the system. 

Monitors 
pressures, 

temperatures 
and controls 
the system 

Software 
outputs 

Graphs of 
output 

pressures* 

Graphs for 
input and 

output 
pressures 

Graphs for 
input and 

output and also 
inside the 

valve 

 

Graphs for 
input and 

output and also 
inside the 

valve 

Team Member 1: Pratikchandra J. Vasava 
Team Member 2: Raviteja Markonda 

Checked by : Raviteja Markonda 
Prepared by : Pratikchandra J. Vasava 

Approved by : Bengt-Göran Rosen 
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*comparisons between various iterations and variables. 

 Table 3: Morphology table for the hydraulic testing rig 

 
4.2 Design 

The simulations are carried out in order to get the behaviour of pressures at various 
volume flows in the same valve design. When the batch is run to calculate the results in 
FloEFD, it begins with the calculation of the mesh. With the initial mesh conditions that are 
given it is calculated that number of fluid cells in design of valve are 23783, number of solid 
cell in design are 36232, partial cells in the design are 26758 and in total the number of cells in 
the valve design are 86773. The variations of the pressure drops (difference between maximum 
and minimum pressure in the result) with respect to the volume of flow is tabulated in the below 
table. The table 4 represents the pressure drops (ΔP) against the volume of fluid (Q).  

Q (l/min) ΔP (Bars) 
0 0 
6 0.07 
12 0.19 
18 0.46 
24 0.71 
30 0.98 
36 1.29 
42 1.67 
48 2.10 
54 2.59 
60 3.13 
66 3.72 
72 4.35 
78 5.03 
84 5.76 
90 6.53 
96 7.35 

Table 4: Pressure drops at various volume flows in the valve. 

The data in the above Table 4 are obtained from the results of simulations and are given 
in the appendix under Simulation reports. The values are taken from the min/max table in the 
results from each iteration report and the difference between minimum and maximum pressure 
in Pascal is calculated and converted into bars and then used to generate a plot of pressure drop 
(ΔP) against the volume flow (Q). The plot is shown in the below Figure 18. The maximum 
flow that is allowed in the valve is only 60 l/min, but still the simulations are carried till 96 
l/min so as to know the behavior beyond the limit. 

In Figure 25, the curve can be defined with an equation y = 0.0007x2 + 0.0119x – 
0.0073. The slope of the curve is calculated as 0.0767 by drawing a linear line which is best 
suited and close to the curve. The maximum permissible volume flow for the valve is 60l/min. 
So a pointed is plotted on the graph to show the pressure drop at maximum flow in the valve 
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and it is observed that the pressure drop is about 3.13 Bars.  

 

 
Figure 25: Pressure drop against fluid volume in hydraulic valve 

A reference line is drawn with a slope of 0.0116 on the above graph to see the deviation 
of the pressure drops with respect to the volume flows. And the equation of the line drawn is 
defined as y = 0.0116x.  

From the below Figure 26 it is observed that the graph and line remain same until 
11.24l/min volume flow. That is the pressure drop between line and the curve seems to be same. 
At 11.24l/min the pressure drop is about 0.19 Bars. The deviation of the curve from the line 
shows the variations of pressure drops with respect to volume flow in the valve. 
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Figure 26: Pressure drop against fluid volume in hydraulic valve with a reference line 

4.3 Equations 
ΔP = k.Q+C                       - (1) 
ΔP = k1.Q2+k2.Q+C                      - (2) 
Where ‘k’ is the constant to define the line in above Figure 19 (slope of the line) and ‘K’ is the 
constant to define the curve in above Figure 19. 
The value of k = 0.0116 (line constant) and 
The value of K = 0.0767 (curve constant). 

The equations 1 and 2 that are used above are similar to the equations for defining a 
simple line and curve. The equation 1 is a line equation which is in the form of 𝑦𝑦 = 𝑚𝑚𝑚𝑚 + 𝑐𝑐, 
where x, y is the coordinates and m is the slope of the line, c is a constant. The equation 2 is a 
curve equation which is in the form of 𝑦𝑦 = 𝑐𝑐𝑚𝑚2 + 𝑏𝑏𝑚𝑚 + 𝑐𝑐, where x, y is the coordinates and a, b, 
c are the constants that are used to define the curve. The constants k and K that are used in the 
above equations are defined using Figure 19 in which the plot of pressure drop against volume 
flow.  As we could not find slope for the curve a line close to the curve is drawn to make it as a 
reference line representing the curve. The line in the equation 1 have slope of 0.0116 and the 
line that is drawn for equation 2 have slope of 0.0767. The difference between the slopes of 
these both the lines represents the change and behavior of pressure drops with respect to the 
volume flow of the fluid. 
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Chapter 5: HYDRAULIC VALVE DESIGN 
5.1 The Patent of the Novel Valve Design 

The hydraulic valve design includes the design of the complete valve with all the 
components assembled in single product. The design requires the use of various design 
software. The software that is used in the project for drafting is AutoCAD. The drawing is 
provided in the various views for better understanding of the design in the descriptions that 
is followed. The Figure 27 shows the cross-sectional view of the valve. [6]

 
 

 
Figure 27: Cross-section of Valve [6] 

[6]With reference to Figure 27, a valve comprises a valve body having a cylindrical 
bore and three fluid passages 1, 2 and 3 connected to the cylindrical bore. Two of the fluid 
passages 1 and 2 are arranged at right angles to the cylindrical bore, while the third fluid 
passage 3 is arranged in line with the cylindrical bore. A rotating body is arranged within the 
cylindrical bore. The rotating body has means for receiving fluid flowing through the fluid 
passages 1, 2, 3, and means for blocking fluid flowing through the fluid passages 1, 2, 3. 
Different embodiments of the means allowing and blocking flow, respectively, will be 
described in more detail below. Further, a stem is connected to the rotating body and 
extends outside the valve body for operating the valve (not shown). The stem is normally an 
integrated part of the rotating body, but in some embodiments a stem is fixed to the rotating 
body by means of welding for example. The valve further comprises at least one sealing 1 
arranged inside said cylindrical bore in the area of the fluid passages 1, 2, 3, for sealing the 
space between the cylindrical bore and the rotating body. In the shown embodiment the 
sealing 1 extends below the extent of the rotating body. The sealing 1 has an outer surface 
parallel with the axis of the cylindrical bore, and an inner surface parallel with the outer 
lateral surface of the rotating body. The rotating body comprises a frusto conical shape. 
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Thus, both the outer lateral surface of the rotating body and the inner lateral surface of 
the sealing 1 inclines somewhat. The inclination is normally in the interval l°-30o and 
preferably in the interval 2°-10°. 

A valve member to be inserted in the valve body is shown in Figure 28. The 
valve member comprises a rotating body, connected to a stem. The rotating body has a 
frusto-conical shape, corresponding to the interior surface of the sealing 1. The sealing 1 
encloses the complete rotating body, and comprises three openings 2, 3 through which 
hydraulic fluid may flow. The outer surface of the sealing 1 is cylindrically shaped in 
order to be received in the cylindrical bore of the valve body. The stem extends through a 
threaded nut, and a handle is provided at the end of the stem for manually rotating the 
valve body relative the threaded nut. A brick is provided for limiting the rotation of the 
handle and, thus, the rotating body between two positions, one position allowing flow and 
one position blocking flow. 
 

 
Figure 28: Valve member that is to be inserted in the valve body [6] 

[6]In the below Figure 29, i t  shows an exploded view in cross-section of a valve 
comprising the valve parts. With reference to Figure 29, a valve is shown, which valve 
comprises the valve part. The fluid system comprises a fitting, having three fluid conduits 
1, 2, 3 connected to the cylindrical bore of the valve body integrally formed with the fitting. 
The three fluid passages 1, 2, 3 of the valve body are connected to the fluid conduits 1, 2, 3. 
Further, a threaded counter sink is connected to the cylindrical bore. The fluid flow within 
the conduits 1, 2, 3 is controlled by means of the valve, provided in the fitting. The valve 
comprises the valve body, the rotating body, and the sealing 1. The sealing 1 is arranged 
within the cylindrical bore, and has a tapered inner surface. Further, the sealing 1 comprises 
three openings 2, 3 aligned with the fluid passages 1, 2, 3 of the valve body. The sealing 1 is 
fixedly attached within the cylindrical bore by means of the lip, received in the recess of the 
cylindrical bore. The rotating body has a frusto-conical shape, corresponding to the tapered 
inner surface of the sealing 1. Further, the rotating body is provided with means and 
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opening 1, of which means is arranged on the lateral surface, and one opening 1 is arranged 
on the base surface. The rotating body is rotatable arranged within the sealing 1. Further, 
the opening 1 of the rotating body, the opening 3 of the sealing 1, and the fluid passage 3 
are centrally aligned. The valve further comprises the stem, integrally formed with the 
rotating body. The stem extends through a threaded nut comprising a through hole for 
receiving said stem. The threaded nut is engageable with the threaded countersink. A handle 
is arranged at the upper end of the stem to manually operate the valve. The handle may 
be a manually operating grip. In an embodiment, the stem comprises a magnetic core 
enclosed within the stem. Consequently, an electromagnetic control device, for rotating the 
rotating body connected to the stem, may replace the handle. This is advantageous in that 
the valve may be used as a directional valve, automatically controlled by means of the 
control device. A sealing 2 is provided to seal the interface between the threaded nut and the 
rotating body. During mounting of the valve, the rotating body is pressed downwards 
when the nut is tightened. Hence, the sealing 1 is compressed between the rotating body 
and the cylindrical bore when the rotating body is pressed downwards. 

 
Figure 29: An exploded view in cross-section of a valve comprising the valve parts [6] 

5.2 NG6 Valve: 
The NG6 [8] has a flange design with a 4 ports said as spool valve. Direct 
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operated solenoid valve is a 5 chamber design type. A wide range of solenoid directional 
valve with different flow and pressure of a control valves are available for use with sub plate 
type valves in the ISO, CETOP and NFPA standard format. They can be found in custom 
designed for multi- function OEM applications and also found with standard formats. The 
advantage of NG 6 valve is having precise spool fit, low leakage of liquid, sustain long 
time and threaded port has an additional base plate. The spool is made of hardened steel and 
its body is made of high quality cast steel. 
 

• High strength of aluminum alloy have specifications of 240 bar/ 3500 psi 
• Making of ISO standards. 
• The high performance of cartridges used in industry is of Standard Hydra Force high- 

performance. 
• Accessory of hardware material available. 

 

 
Figure 30: Cross-sectional view of solenoidal valve body 

 
Principal of NG6: 

The main purpose of NG6 is to adjust oil flow rate along with that a set point which 
is fixed in trigger electronics. While the electronics control both the solenoid coil a & b 
attached with the regulated pulse width modulated current. The current is modulated with 
either of the side of the solenoid coil a or b which is ensuring low hysteresis. The 
proportional solenoid converts the flowing current into mechanical energy, while the cylinder 
or the armature plunger acts on a spool to push against the spring to check the flow of the 
liquid. If the magnetic force and the spring force are the same, the spool position is adjusted to 
the shown curve. If the drop in pressure is minimal to lower than pressure of 30 bars, than the 
throttling function takes place, if the pressure drop is greater, the operating limits must be 
observed. The pressure drop at the valve is reliably limited by the use of external pressure 
compensator with shuttle valve. 
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Figure 31: Switching schema of the valve 

 
Function: The solenoid shift the spool into various corresponding position. 

• 4/2 way detented spool valve in which 2 solenoids and 2 detented positions with 
the solenoids deenergised the spool remains in last switched position. 

• 4/2-way spool valve in which 1 solenoid and 2 spool positions, spring off-set, with 
the solenoid deenergised the spool to return offset position. 

• 4/3-way spool valve which has 2 solenoids and 3 spool position with spring centered. 
The solenoid is deenergised the spool return to the center position. 

Use & Importance of NG6: 
The NG6 [9], solenoid operated valves are mainly used for controlling direction of 

movement along with working and stopping of hydraulic cylinders and motors. Direction 
of movement of the liquid depends on the position of spool of the cylinder and the flow 
of the liquid. They have good performance of pressure flow of the hydraulic liquid and 
have low leakage in the valve during the flow of liquid. The solenoid operated spool valves 
are suitable for machine tools and handling systems with the best input and outcome. 
 

 
Figure 32: Solenoidal hydraulic valve 

5.3 Introduction to simulation 
The designing of any product is made simpler and more detail using the latest version 

of software CATIA V5–6R2013 which is provided by Dassault Systemes. This software 
provides the flexibility in design through various perspectives. The part designs for each 
component of the hydraulic valve are assembled together to make the final product. The 
following Figure 33 shows the various part of the hydraulic valve. 
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Figure 33: CATIA design of the Hydraulic Valve 

1. Shell 
2. Rotating body 
3. Casing for the rotating body 
4. Screws 
5. Casing 
6. Tightening screw 
7. Main stem 
8. Switching stem 
9. Switching cases 
10. Switching cases 
11. Holding clamp 
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  The design comprises of all the parts of the valve that includes the shell, rotating 
body, sealing, and also some electronic components that will be used to operate the valve. The 
component 1 in the above Figure 33 is the shell that contains fours openings as we can see. 
These openings are at every face perpendicular to the adjacent opening at center and parallel 
to the opening on the opposite face. The openings are provided for connecting the pipes 
that the flow passes into and goes out of the valve. The component 2 in the above Figure 
33 is the rotating body that is controlled by the attached components 9 and 10 to the same 
valve. The switching of the valve and the speed of the valve is controlled by these electronic 
components 9 and 10. The main concentration of valve is in the parts are in 1 and 2 in the 
above Figure 33 for simulation and analysis. The complete design assembly of the valve 
would look like the following as in Figure 34. 

 
Figure 34: Complete assembly of hydraulic valve 

 

In the development of this hydraulic valve CATIA software is used not only for the 
design making but also for the analysis of the flow and turbulence. The software 
provides various modules for analyzing and generating the simulations with respect to 
the pressure and flow trajectories. 

5.4 Simulations – FloEFD 
The software CATIA provides many modules for the analysis and simulation. One such 
module that is used in this project for analyzing the flow and simulates the process is 
FloEFD, which is provided by the Mentor Graphics (1). The module provides a good 
flexibility for the simulations and also in obtaining the results in more detail. The working of 
the simulation starts with the creation of a new wizard in the module. The wizard contains all 
the basic conditions that are required to simulate like units, wall conditions, fluids, initial 
pressures and also the tolerance values. After the wizard is created the FloEFD project tree 

1. Mentor Graphics – Website: http://www.mentor.com/ 
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appears in the product tree in CATIA. This tree contains the inputs, conditions, goals and 
results. The initial mesh settings are set to have 100 cells in each X and Y axis and 2 cells in Z 
axis. As we consider only the XY-Plane for evaluation of pressure drops there is no need of 
adding more number of cells in Z axis. The mesh is used to calculate the default minimum gap 
size using information about the faces where boundary conditions and goals are specified. The 
mesh is set to have the characteristic number of cells across narrow channel to be 11 and narrow 
channels refinement level to be 2. As the flow is turbulent flow the initial conditions for the 
static pressure is set at 101325.00Pa and temperature at 293.20K. The oil that is used in this 
simulation is hydraulic oil that has a density of 900kg/m3 and viscosity about 46X10-6m2/s at 
40oC and reduces to 30X10-6m2/s at 50oC.  

The first initial boundary condition is set at the inside surface of lids for inlet pipe with 
inlet volume flow varying from 0.0001m3/s to 0.0016m3/s (6l/min to 96l/min) at a constant 
temperature about 293.20K. The second initial boundary condition is set at the inside surface of 
lid for outlet pipe with a constant static pressure of 1Pa and temperature at 293.20K. All the 
initial settings and input data remain same but the only change is at the volume flow. The 
volume flow is increased by 0.0001 from 0.0001 till 0.0016. The total number of simulations 
carried out is 16. The simulation made in co-operation with Karlstad University starts with the 
insertion of new boundary conditions for the flow input and output. The simulations are made 
only for the components 1 and 2 in Figure 33. After the boundary conditions are inserted the 
goals are to be set. The goals that we set in this simulation are surface goals. The goals 
include the settings of pressures and the flow paths. Once the goals are all set the simulation 
is set to run and the iterations runs to give the final results. When the simulation is finished 
and closed the results are loaded to the project tree under Results tab. The results are just 
loaded but not visible until they are set. So in order to view the results they should be defined. 
The results that are set to view are mesh with pressure variations, pressure variations and volume 
flow. The final output results could be views as the shown in the below Figure 35, Figure 
36 and Figure 37. 

 
Figure 35: Output from FloEFD showing the Mesh with pressure variations 
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Figure 36: Output from FloEFD showing the pressure variations 

 
Figure 37: Comparison of simulations of flow in NG6 (reference valve) and newly designed valve 

 The figures 35 and 36 are obtained by simulating the proposed design for the hydraulic 
valve. Figure 35 shows the pressure variations in the valve including mesh. The mesh settings 
are used to make an optimum level of details in measuring the pressure differences. Figure 36 
shows the pressure variations in the valve. Full details can be seen in appendix under iteration 
10. The comparisons of flow simulations for the newly designed valve and existing valves are 
shown in Figure 37. The variations in pressures can be differentiated with color variations in the 
simulation output. The colors represent different pressures at respective points. This variation 
will be used to calculate the pressure at a particular point. 
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Chapter 6: CONCLUSION 
As we are moving ahead in the development of hydraulic testing rig and design 

improvement of the hydraulic valve we have ended up with good satisfactory and 
expected results. The results that are obtained are listed below. 

• New hydraulic testing rig development 
• Successful simulations of the design of valve and comparison of performance in 

pressure drops between the existing valve (NG6) and newly designed valve. 
• Schedule for the implementation of the proposed steps in constructing hydraulic testing 

rig 

The various literature studies are carried out for the better understanding of the 
whole process. The lists of various topics that are referred for the reference are listed below. 

• Theory of hydraulics 
• Principles of hydraulics 
• Solenoidal valve theory 
• Functioning of hydraulic testing rig 
• Process of product development 
• Generating the house of quality 
• Generating the morphology. 

The software that is used for drafting, designing, simulation and development are 
AutoCAD, CATIA, FloEFD, MS-Word, and MS-Excel respectively. 

Conclusion 
The pressure drop at maximum flow is observed in the valve that is designed and 

patented [6]. The results are compared with an existing valve NG6 which works as similar as to 
the valve we are working on. The pressure drop in NG6 at maximum flow of 60l/min is noted as 
8.15 Bars. So the obtained achievement with the new design is reducing the pressure drop about 
5 Bars. The results that are obtained above are only the simulation results of software. The real 
testing results are yet to be done and the real testing is scheduled to perform in the future work 
to make all the necessary changes to minimize the pressure drop in the valve.  
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Chapter 7: CRITICAL REVIEW 
The work started with the development of a hydraulic testing rig with the assembly 

of simple components that are used in regular testing rigs. The generation of house of 
quality gives various engineering specifications and solutions for the acquired problem. 
The generation of morphology chart gives many concepts for selecting a solution for 
respective sub-functions. The solutions are developed with the personal experience of 
experts in hydraulic testing rig machine makers. TF Hydraulik AB and Parker Store AB has 
supported the project with their guidance and knowledge. The testing rig that is developed 
is made to be implemented to work in further periods with the collaboration of the 
university. 

The future of the project could be quite surprising for the market in Sweden, because 
this project can lead to the establishment of a new company that produces the valves that 
are very much efficient and also the test rigs with many customized results. The 
establishment of the company would give an opportunity for many engineers and also the 
management background with production and sales departments. The valve that is designed 
can provide a vast change in the history of hydraulics reducing the pressure losses and 
also the test rigs would give a good feasibility to customize the simulation and flow 
process. 

The main reason for the development of hydraulic testing rig is to make the 
testing process simple and easy in all aspects like working, monitoring and comparing the 
results. So certain modules require the combination of both electronic and mechanical 
components which also require computer software for the better and accurate results. This 
idea makes us to think to develop a product that can be handled, maintained, and 
monitored easily with ease. In concept generation step this idea played a key role to select 
the solution. The engineering specifications are maintained at a certain level and they 
may be changed with time and experiments while implementing. 

The engineering ethics are followed and maintained through of the process to 
have a healthy environment within the development stage and also the production stage. 
Concerning the environmental aspects there would be some noise and temperature 
generation when the system is running in actual testing due to the running of motor and 
cylinders. But as per the thesis work, the project work mainly concentrates on the 
development of the process and design of the valves, so there is no real testing has been 
carried out so no environmental effects are caused. The economic aspects of the project 
concern the purchase of the machine parts mentioned in the above chapters which adds 
value for the project. That procedure is scheduled for the future work, so only the team mates 
brainstorming and design knowledge has been utilized for completing the project. 

The second part of the project deals with the improvement of design of hydraulic 
valve. The valve is designed in such a way that it carries the hydraulic fluid reducing 
the pressure drops. The design is initially made by Hans Löfgren, professor from Karlstad 
University. The designs are made with the dimensions of the real valves with observation. 
CATIA V5-6R2013 is used for the designing each part and assembly. The initial design 
is modified by the team members improving the flow and simulated for results. The 
design that is finally made is simulated in one of the simulation modules of CATIA i.e. 
FloEFD. The FloEFD provides a good ease in simulating and gives the result that could 
be understood easily for comparisons or monitoring. The software is multi results 
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generator in which it generates the pressure variations in the flow with color variations and 
flow trajectory with the flow lines and also the required graphs for the flow versus 
pressure for different iteration at equal interval of time. 

As for the time being the implementation of the development is not yet completed but 
the schedule for the implementation is already made for next period of times. The 
implementation works with the actual problems that would rise while working and are 
worked to solve efficiently. The guidance from the person in Parker Store ‘Thomas 
Flystam’ helped in the development of the concept generation and we would be willing to 
work with him in implementing the testing rig machine. 

The methodology is used in searching for the literature. The literature that has 
been referred for the background is mainly found in the University Library. The 
professor and our supervisor Bengt-Göran Rosén helped us in getting all the information 
required and supported us with all what he can do to us. 
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Chapter 9: APPENDIX 
Simulation Reports 
Iteration 1: Volume - 6 l/min 

INPUT DATA 
Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Narrow Channels 
Advanced narrow channel refinement On 
Characteristic number of cells across a 
narrow channel 

11 

Narrow channels refinement level 2 
The minimum height of narrow channels Off 
The maximum height of narrow channels Off 

Initial Conditions 
Thermodynamic parameters Static Pressure: 101325.00 Pa 

Temperature: 293.20 K 

Material Settings 

Fluids: Hydraulic Oil 

Boundary Conditions 
Inlet Volume Flow 1 
Type Inlet Volume Flow 
Faces Face7/Solid.1/PartBody/LID1/LID1.2/Product1 
Coordinate system Face Coordinate System 
Reference axis X 
Flow parameters Flow vectors direction: Normal to face 

Volume flow rate: 0.0001 m^3/s 
Fully developed flow: Yes 

Thermodynamic parameters Temperature: 293.20 K 

RESULTS 

General Info 
Iterations: 171 
CPU time: 327 s 

Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 
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Number of Cells 
Total cells 86773 
Fluid cells 23783 
Solid cells 36232 
Partial cells 26758 
Irregular cells 0 
Trimmed cells 0 

Maximum refinement level: 2 

Min/Max Table 
Name Minimum Maximum 
Pressure [Pa] 1.00 6786.30 
Temperature [K] 293.20 293.46 
Density (Fluid) [kg/m^3] 900.00 900.00 
Velocity [m/s] 0 3.434 
Velocity (X) [m/s] -3.434 0.817 
Velocity (Y) [m/s] -0.322 2.860 
Velocity (Z) [m/s] -0.825 0.677 
Temperature (Fluid) [K] 293.20 293.46 
Mach Number [ ] 0 3.43e-003 
Vorticity [1/s] 19.497 5380.868 
Velocity RRF [m/s] 0 3.434 
Velocity RRF (X) [m/s] -3.434 0.817 
Velocity RRF (Y) [m/s] -0.322 2.860 
Velocity RRF (Z) [m/s] -0.825 0.677 
Dynamic Pressure [Pa] 0 5305.59 
Shear Stress [Pa] 2.83e-004 113901.28 
Reference Pressure [Pa] 101325.00 101325.00 
Relative Pressure [Pa] -101324.00 -94538.70 
Heat Transfer Coefficient 
[W/m^2/K] 

0 0 

Surface Heat Flux [W/m^2] 0 0 
Turbulent Viscosity [Pa*s] 2.0721e-028 0.0945 
Turbulence Intensity [%] 3.31e-005 1000.00 

Iteration 2: Volume - 12 l/min 

INPUT DATA 
Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Narrow Channels 
Advanced narrow channel refinement On 
Characteristic number of cells across a 
narrow channel 

11 

Narrow channels refinement level 2 
The minimum height of narrow channels Off 
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The maximum height of narrow channels Off 

Initial Conditions 
Thermodynamic parameters Static Pressure: 101325.00 Pa 

Temperature: 293.20 K 

Material Settings 

Fluids: Hydraulic Oil 

Boundary Conditions 
Inlet Volume Flow 1 
Type Inlet Volume Flow 
Faces Face5/Solid.1/PartBody/LID1/LID1.2/Produc

t1 
Coordinate system Face Coordinate System 
Reference axis X 
Flow parameters Flow vectors direction: Normal to face 

Volume flow rate: 0.0002 m^3/s 
Fully developed flow: Yes 

Thermodynamic parameters Temperature: 293.20 K 

RESULTS 

General Info 
Iterations: 162 
CPU time: 294 s 

Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Number of Cells 
Total cells 86773 
Fluid cells 23783 
Solid cells 36232 
Partial cells 26758 
Irregular cells 0 
Trimmed cells 0 

Maximum refinement level: 2 

Min/Max Table 
Name Minimum Maximum 
Pressure [Pa] 1.00 18953.77 
Temperature [K] 293.19 293.95 
Density (Fluid) [kg/m^3] 900.00 900.00 
Velocity [m/s] 0 6.859 
Velocity (X) [m/s] -6.859 1.450 
Velocity (Y) [m/s] -0.940 4.997 
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Velocity (Z) [m/s] -1.516 1.243 
Temperature (Fluid) [K] 293.19 293.95 
Mach Number [ ] 0 6.86e-003 
Vorticity [1/s] 65.716 9223.169 
Velocity RRF [m/s] 0 6.859 
Velocity RRF (X) [m/s] -6.859 1.450 
Velocity RRF (Y) [m/s] -0.940 4.997 
Velocity RRF (Z) [m/s] -1.516 1.243 
Dynamic Pressure [Pa] 0 21167.68 
Shear Stress [Pa] 0 201054.00 
Reference Pressure [Pa] 101325.00 101325.00 
Relative Pressure [Pa] -101324.00 -82371.23 
Heat Transfer Coefficient 
[W/m^2/K] 

0 0 

Surface Heat Flux [W/m^2] 0 0 
Turbulent Viscosity [Pa*s] 1.0620e-028 0.2293 
Turbulence Intensity [%] 2.34e-005 1000.00 

Iteration 3: Volume - 18 l/min 

INPUT DATA 
Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Narrow Channels 
Advanced narrow channel refinement On 
Characteristic number of cells across a 
narrow channel 

11 

Narrow channels refinement level 2 
The minimum height of narrow channels Off 
The maximum height of narrow channels Off 

Initial Conditions 
Thermodynamic parameters Static Pressure: 101325.00 Pa 

Temperature: 293.20 K 

Material Settings 

Fluids: Hydraulic Oil 

Boundary Conditions 
Inlet Volume Flow 1 
Type Inlet Volume Flow 
Faces Face7/Solid.1/PartBody/LID1/LID1.2/Produc

t1 
Coordinate system Face Coordinate System 
Reference axis X 
Flow parameters Flow vectors direction: Normal to face 
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Volume flow rate: 0.0003 m^3/s 
Fully developed flow: Yes 

Thermodynamic parameters Temperature: 293.20 K 

RESULTS 

General Info 
Iterations: 162 
CPU time: 309 s 

Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Number of Cells 
Total cells 86773 
Fluid cells 23783 
Solid cells 36232 
Partial cells 26758 
Irregular cells 0 
Trimmed cells 0 

Maximum refinement level: 2 

Min/Max Table 
Name Minimum Maximum 
Pressure [Pa] 1.00 46126.55 
Temperature [K] 293.19 294.66 
Density (Fluid) [kg/m^3] 900.00 900.00 
Velocity [m/s] 0 7.308 
Velocity (X) [m/s] -6.823 2.131 
Velocity (Y) [m/s] -1.199 7.294 
Velocity (Z) [m/s] -2.262 1.969 
Temperature (Fluid) [K] 293.19 294.66 
Mach Number [ ] 0 7.31e-003 
Vorticity [1/s] 76.988 17447.812 
Velocity RRF [m/s] 0 7.308 
Velocity RRF (X) [m/s] -6.823 2.131 
Velocity RRF (Y) [m/s] -1.199 7.294 
Velocity RRF (Z) [m/s] -2.262 1.969 
Dynamic Pressure [Pa] 0 24030.24 
Shear Stress [Pa] 1.86e-003 345276.07 
Reference Pressure [Pa] 101325.00 101325.00 
Relative Pressure [Pa] -101324.00 -55198.45 
Heat Transfer Coefficient 
[W/m^2/K] 

0 0 

Surface Heat Flux [W/m^2] 0 0 
Turbulent Viscosity [Pa*s] 1.7790e-008 0.2759 
Turbulence Intensity [%] 0.72 1000.00 

43  



 

Iteration 4: Volume - 24 l/min 

INPUT DATA 
Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Narrow Channels 
Advanced narrow channel refinement On 
Characteristic number of cells across a 
narrow channel 

11 

Narrow channels refinement level 2 
The minimum height of narrow channels Off 
The maximum height of narrow channels Off 

Initial Conditions 
Thermodynamic parameters Static Pressure: 101325.00 Pa 

Temperature: 293.20 K 

Material Settings 

Fluids: Hydraulic Oil 

Boundary Conditions 
Inlet Volume Flow 1 
Type Inlet Volume Flow 
Faces Face7/Solid.1/PartBody/LID1/LID1.2/Produc

t1 
Coordinate system Face Coordinate System 
Reference axis X 
Flow parameters Flow vectors direction: Normal to face 

Volume flow rate: 0.0004 m^3/s 
Fully developed flow: Yes 

Thermodynamic parameters Temperature: 293.20 K 

RESULTS 

General Info 
Iterations: 134 
CPU time: 279 s 

Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 
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Number of Cells 
Total cells 86773 
Fluid cells 23783 
Solid cells 36232 
Partial cells 26758 
Irregular cells 0 
Trimmed cells 0 

Maximum refinement level: 2 

Min/Max Table 
Name Minimum Maximum 
Pressure [Pa] 1.00 71107.39 
Temperature [K] 293.19 295.60 
Density (Fluid) [kg/m^3] 900.00 900.00 
Velocity [m/s] 0 9.629 
Velocity (X) [m/s] -8.901 2.787 
Velocity (Y) [m/s] -1.532 9.613 
Velocity (Z) [m/s] -3.045 2.633 
Temperature (Fluid) [K] 293.19 295.60 
Mach Number [ ] 0 9.63e-003 
Vorticity [1/s] 83.002 21861.340 
Velocity RRF [m/s] 0 9.629 
Velocity RRF (X) [m/s] -8.901 2.787 
Velocity RRF (Y) [m/s] -1.532 9.613 
Velocity RRF (Z) [m/s] -3.045 2.633 
Dynamic Pressure [Pa] 0 41718.80 
Shear Stress [Pa] 0 521630.10 
Reference Pressure [Pa] 101325.00 101325.00 
Relative Pressure [Pa] -101324.00 -30217.61 
Heat Transfer Coefficient 
[W/m^2/K] 

0 0 

Surface Heat Flux [W/m^2] 0 0 
Turbulent Viscosity [Pa*s] 6.9543e-008 0.3642 
Turbulence Intensity [%] 0.90 1000.00 

Iteration 5: Volume - 30 l/min 

INPUT DATA 
Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Narrow Channels 
Advanced narrow channel refinement On 
Characteristic number of cells across a 
narrow channel 

11 

Narrow channels refinement level 2 
The minimum height of narrow channels Off 
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The maximum height of narrow channels Off 

Initial Conditions 
Thermodynamic parameters Static Pressure: 101325.00 Pa 

Temperature: 293.20 K 

Material Settings 

Fluids: Hydraulic Oil 

Boundary Conditions 
Inlet Volume Flow 1 
Type Inlet Volume Flow 
Faces Face7/Solid.1/PartBody/LID1/LID1.2/Produc

t1 
Coordinate system Face Coordinate System 
Reference axis X 
Flow parameters Flow vectors direction: Normal to face 

Volume flow rate: 0.0005 m^3/s 
Fully developed flow: Yes 

Thermodynamic parameters Temperature: 293.20 K 

RESULTS 

General Info 
Iterations: 167 
CPU time: 310 s 

Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

 

Number of Cells 
Total cells 86773 
Fluid cells 23783 
Solid cells 36232 
Partial cells 26758 
Irregular cells 0 
Trimmed cells 0 

Maximum refinement level: 2 

Min/Max Table 
Name Minimum Maximum 
Pressure [Pa] 1.00 97939.67 
Temperature [K] 293.18 296.38 
Density (Fluid) [kg/m^3] 900.00 900.00 
Velocity [m/s] 0 11.974 
Velocity (X) [m/s] -10.934 3.238 
Velocity (Y) [m/s] -2.021 11.946 
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Velocity (Z) [m/s] -3.845 3.138 
Temperature (Fluid) [K] 293.18 296.38 
Mach Number [ ] 0 0.01 
Vorticity [1/s] 78.500 22258.246 
Velocity RRF [m/s] 0 11.974 
Velocity RRF (X) [m/s] -10.934 3.238 
Velocity RRF (Y) [m/s] -2.021 11.946 
Velocity RRF (Z) [m/s] -3.845 3.138 
Dynamic Pressure [Pa] 0 64524.65 
Shear Stress [Pa] 2.88e-003 735091.62 
Reference Pressure [Pa] 101325.00 101325.00 
Relative Pressure [Pa] -101324.00 -3385.33 
Heat Transfer Coefficient 
[W/m^2/K] 

0 0 

Surface Heat Flux [W/m^2] 0 0 
Turbulent Viscosity [Pa*s] 1.9162e-007 0.4376 
Turbulence Intensity [%] 1.05 1000.00 

Iteration 6: Volume - 36 l/min 

INPUT DATA 
Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

 

Narrow Channels 
Advanced narrow channel refinement On 
Characteristic number of cells across a 
narrow channel 

11 

Narrow channels refinement level 2 
The minimum height of narrow channels Off 
The maximum height of narrow channels Off 

Initial Conditions 
Thermodynamic parameters Static Pressure: 101325.00 Pa 

Temperature: 293.20 K 

Material Settings 

Fluids: Hydraulic Oil 

Boundary Conditions 
Inlet Volume Flow 1 
Type Inlet Volume Flow 
Faces Face7/Solid.1/PartBody/LID1/LID1.2/Produc

t1 
Coordinate system Face Coordinate System 
Reference axis X 
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Flow parameters Flow vectors direction: Normal to face 
Volume flow rate: 0.0006 m^3/s 
Fully developed flow: Yes 

Thermodynamic parameters Temperature: 293.20 K 

RESULTS 

General Info 
Iterations: 170 
CPU time: 335 s 

Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Number of Cells 
Total cells 86773 
Fluid cells 23783 
Solid cells 36232 
Partial cells 26758 
Irregular cells 0 
Trimmed cells 0 

Maximum refinement level: 2 

Min/Max Table 
Name Minimum Maximum 
Pressure [Pa] 1.00 128957.57 
Temperature [K] 293.18 297.41 
Density (Fluid) [kg/m^3] 900.00 900.00 
Velocity [m/s] 0 14.334 
Velocity (X) [m/s] -13.101 3.672 
Velocity (Y) [m/s] -2.427 14.273 
Velocity (Z) [m/s] -4.676 3.858 
Temperature (Fluid) [K] 293.18 297.41 
Mach Number [ ] 0 0.01 
Vorticity [1/s] 85.341 22847.772 
Velocity RRF [m/s] 0 14.334 
Velocity RRF (X) [m/s] -13.101 3.672 
Velocity RRF (Y) [m/s] -2.427 14.273 
Velocity RRF (Z) [m/s] -4.676 3.858 
Dynamic Pressure [Pa] 0 92457.43 
Shear Stress [Pa] 3.50e-003 968216.73 
Reference Pressure [Pa] 101325.00 101325.00 
Relative Pressure [Pa] -101324.00 27632.57 
Heat Transfer Coefficient 
[W/m^2/K] 

0 0 

Surface Heat Flux [W/m^2] 0 0 
Turbulent Viscosity [Pa*s] 4.2947e-007 0.5071 
Turbulence Intensity [%] 1.21 1000.00 
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Iteration 7: Volume - 42 l/min 

INPUT DATA 
Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Narrow Channels 
Advanced narrow channel refinement On 
Characteristic number of cells across a 
narrow channel 

11 

Narrow channels refinement level 2 
The minimum height of narrow channels Off 
The maximum height of narrow channels Off 

Initial Conditions 
Thermodynamic parameters Static Pressure: 101325.00 Pa 

Temperature: 293.20 K 

Material Settings 
Fluids: Hydraulic Oil 

Boundary Conditions 
Inlet Volume Flow 1 
Type Inlet Volume Flow 
Faces Face5/Solid.1/PartBody/LID1/LID1.2/Produc

t1 
Coordinate system Face Coordinate System 
Reference axis X 
Flow parameters Flow vectors direction: Normal to face 

Volume flow rate: 0.0007 m^3/s 
Fully developed flow: Yes 

Thermodynamic parameters Temperature: 293.20 K 

RESULTS 

General Info 
Iterations: 170 
CPU time: 342 s 

Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Number of Cells 
Total cells 86773 
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Fluid cells 23783 
Solid cells 36232 
Partial cells 26758 
Irregular cells 0 
Trimmed cells 0 

Maximum refinement level: 2 

Min/Max Table 
Name Minimum Maximum 
Pressure [Pa] 1.00 166931.90 
Temperature [K] 293.17 298.53 
Density (Fluid) [kg/m^3] 900.00 900.00 
Velocity [m/s] 0 16.707 
Velocity (X) [m/s] -15.265 4.219 
Velocity (Y) [m/s] -3.230 16.621 
Velocity (Z) [m/s] -5.430 4.687 
Temperature (Fluid) [K] 293.17 298.53 
Mach Number [ ] 0 0.02 
Vorticity [1/s] 89.485 25676.698 
Velocity RRF [m/s] 0 16.707 
Velocity RRF (X) [m/s] -15.265 4.219 
Velocity RRF (Y) [m/s] -3.230 16.621 
Velocity RRF (Z) [m/s] -5.430 4.687 
Dynamic Pressure [Pa] 0 125610.13 
Shear Stress [Pa] 5.21e-004 1108144.28 
Reference Pressure [Pa] 101325.00 101325.00 
Relative Pressure [Pa] -101324.00 65606.90 
Heat Transfer Coefficient 
[W/m^2/K] 

0 0 

Surface Heat Flux [W/m^2] 0 0 
Turbulent Viscosity [Pa*s] 8.4045e-007 0.5815 
Turbulence Intensity [%] 1.35 1000.00 

Iteration 8: Volume - 48 l/min 

INPUT DATA 
Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Narrow Channels 
Advanced narrow channel refinement On 
Characteristic number of cells across a 
narrow channel 

11 

Narrow channels refinement level 2 
The minimum height of narrow channels Off 
The maximum height of narrow channels Off 
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Initial Conditions 
Thermodynamic parameters Static Pressure: 101325.00 Pa 

Temperature: 293.20 K 

Material Settings 
Fluids: Hydraulic Oil 

Boundary Conditions 
Inlet Volume Flow 1 
Type Inlet Volume Flow 
Faces Face7/Solid.1/PartBody/LID1/LID1.2/Produc

t1 
Coordinate system Face Coordinate System 
Reference axis X 
Flow parameters Flow vectors direction: Normal to face 

Volume flow rate: 0.0008 m^3/s 
Fully developed flow: Yes 

Thermodynamic parameters Temperature: 293.20 K 

RESULTS 

General Info 
Iterations: 168 
CPU time: 353 s 

Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Number of Cells 
Total cells 86773 
Fluid cells 23783 
Solid cells 36232 
Partial cells 26758 
Irregular cells 0 
Trimmed cells 0 

Maximum refinement level: 2 

Min/Max Table 
Name Minimum Maximum 
Pressure [Pa] 1.00 210089.13 
Temperature [K] 293.17 299.85 
Density (Fluid) [kg/m^3] 900.00 900.00 
Velocity [m/s] 0 19.078 
Velocity (X) [m/s] -17.424 4.770 
Velocity (Y) [m/s] -3.684 18.970 
Velocity (Z) [m/s] -6.254 5.238 
Temperature (Fluid) [K] 293.17 299.85 
Mach Number [ ] 0 0.02 
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Vorticity [1/s] 92.488 29031.520 
Velocity RRF [m/s] 0 19.078 
Velocity RRF (X) [m/s] -17.424 4.770 
Velocity RRF (Y) [m/s] -3.684 18.970 
Velocity RRF (Z) [m/s] -6.254 5.238 
Dynamic Pressure [Pa] 0 163789.01 
Shear Stress [Pa] 5.64e-004 1200333.90 
Reference Pressure [Pa] 101325.00 101325.00 
Relative Pressure [Pa] -101324.00 108764.13 
Heat Transfer Coefficient 
[W/m^2/K] 

0 0 

Surface Heat Flux [W/m^2] 0 0 
Turbulent Viscosity [Pa*s] 1.4941e-006 0.6528 
Turbulence Intensity [%] 1.49 1000.00 

Iteration 9: Volume - 54 l/min 

INPUT DATA 
Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Narrow Channels 
Advanced narrow channel refinement On 
Characteristic number of cells across a 
narrow channel 

11 

Narrow channels refinement level 2 
The minimum height of narrow channels Off 
The maximum height of narrow channels Off 

Initial Conditions 
Thermodynamic parameters Static Pressure: 101325.00 Pa 

Temperature: 293.20 K 

Material Settings 
Fluids: Hydraulic Oil 

Boundary Conditions 
Inlet Volume Flow 1 
Type Inlet Volume Flow 
Faces Face5/Solid.1/PartBody/LID1/LID1.2/Produc

t1 
Coordinate system Face Coordinate System 
Reference axis X 
Flow parameters Flow vectors direction: Normal to face 

Volume flow rate: 0.0009 m^3/s 
Fully developed flow: Yes 

Thermodynamic parameters Temperature: 293.20 K 
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RESULTS 

General Info 
Iterations: 168 
CPU time: 441 s 

Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Number of Cells 
Total cells 86773 
Fluid cells 23783 
Solid cells 36232 
Partial cells 26758 
Irregular cells 0 
Trimmed cells 0 

Maximum refinement level: 2 

Min/Max Table 
Name Minimum Maximum 
Pressure [Pa] 1.00 259223.59 
Temperature [K] 293.16 301.58 
Density (Fluid) [kg/m^3] 900.00 900.00 
Velocity [m/s] 0 21.465 
Velocity (X) [m/s] -19.579 5.384 
Velocity (Y) [m/s] -4.115 21.341 
Velocity (Z) [m/s] -7.089 6.290 
Temperature (Fluid) [K] 293.16 301.58 
Mach Number [ ] 0 0.02 
Vorticity [1/s] 100.875 32214.953 
Velocity RRF [m/s] 0 21.465 
Velocity RRF (X) [m/s] -19.579 5.384 
Velocity RRF (Y) [m/s] -4.115 21.341 
Velocity RRF (Z) [m/s] -7.089 6.290 
Dynamic Pressure [Pa] 0 207330.92 
Shear Stress [Pa] 4.78e-003 1250984.69 
Reference Pressure [Pa] 101325.00 101325.00 
Relative Pressure [Pa] -101324.00 157898.59 
Heat Transfer Coefficient 
[W/m^2/K] 

0 0 

Surface Heat Flux [W/m^2] 0 0 
Turbulent Viscosity [Pa*s] 2.4680e-006 0.7252 
Turbulence Intensity [%] 1.62 1000.00 
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Iteration 10: Volume - 60 l/min 

INPUT DATA 
Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Narrow Channels 
Advanced narrow channel refinement On 
Characteristic number of cells across a 
narrow channel 

11 

Narrow channels refinement level 2 
The minimum height of narrow channels Off 
The maximum height of narrow channels Off 

Initial Conditions 
Thermodynamic parameters Static Pressure: 101325.00 Pa 

Temperature: 293.20 K 

Material Settings 

Fluids: Hydraulic Oil 

Boundary Conditions 
Inlet Volume Flow 1 
Type Inlet Volume Flow 
Faces Face4/Solid.1/PartBody/LID1/LID1.2/Produc

t1 
Coordinate system Face Coordinate System 
Reference axis X 
Flow parameters Flow vectors direction: Normal to face 

Volume flow rate: 0.0010 m^3/s 
Fully developed flow: Yes 

Thermodynamic parameters Temperature: 293.20 K 

RESULTS 

General Info 
Iterations: 168 
CPU time: 316 s 

Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Number of Cells 
Total cells 86773 
Fluid cells 23783 
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Solid cells 36232 
Partial cells 26758 
Irregular cells 0 
Trimmed cells 0 

Maximum refinement level: 2 

Min/Max Table 
Name Minimum Maximum 
Pressure [Pa] 1.00 313198.26 
Temperature [K] 293.16 303.47 
Density (Fluid) [kg/m^3] 900.00 900.00 
Velocity [m/s] 0 23.832 
Velocity (X) [m/s] -21.730 5.985 
Velocity (Y) [m/s] -4.526 23.696 
Velocity (Z) [m/s] -7.915 6.971 
Temperature (Fluid) [K] 293.16 303.47 
Mach Number [ ] 0 0.02 
Vorticity [1/s] 108.607 34818.714 
Velocity RRF [m/s] 0 23.832 
Velocity RRF (X) [m/s] -21.730 5.985 
Velocity RRF (Y) [m/s] -4.526 23.696 
Velocity RRF (Z) [m/s] -7.915 6.971 
Dynamic Pressure [Pa] 0 255582.91 
Shear Stress [Pa] 5.11e-003 1278271.52 
Reference Pressure [Pa] 101325.00 101325.00 
Relative Pressure [Pa] -101324.00 211873.26 
Heat Transfer Coefficient 
[W/m^2/K] 

0 0 

Surface Heat Flux [W/m^2] 0 0 
Turbulent Viscosity [Pa*s] 3.8421e-006 0.7986 
Turbulence Intensity [%] 1.75 1000.00 

Iteration 11: Volume - 66 l/min 

INPUT DATA 
Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Narrow Channels 
Advanced narrow channel refinement On 
Characteristic number of cells across a 
narrow channel 

11 

Narrow channels refinement level 2 
The minimum height of narrow channels Off 
The maximum height of narrow channels Off 
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Initial Conditions 
Thermodynamic parameters Static Pressure: 101325.00 Pa 

Temperature: 293.20 K 

Material Settings 

Fluids: Hydraulic Oil 

Boundary Conditions 
Inlet Volume Flow 1 
Type Inlet Volume Flow 
Faces Face4/Solid.1/PartBody/LID1/LID1.2/Produc

t1 
Coordinate system Face Coordinate System 
Reference axis X 
Flow parameters Flow vectors direction: Normal to face 

Volume flow rate: 0.0011 m^3/s 
Fully developed flow: Yes 

Thermodynamic parameters Temperature: 293.20 K 

RESULTS 

General Info 
Iterations: 168 
CPU time: 335 s 

Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Number of Cells 
Total cells 86773 
Fluid cells 23783 
Solid cells 36232 
Partial cells 26758 
Irregular cells 0 
Trimmed cells 0 

Maximum refinement level: 2 

Min/Max Table 
Name Minimum Maximum 
Pressure [Pa] 1.00 371716.25 
Temperature [K] 293.15 305.52 
Density (Fluid) [kg/m^3] 900.00 900.00 
Velocity [m/s] 0 26.211 
Velocity (X) [m/s] -23.875 6.614 
Velocity (Y) [m/s] -5.030 26.064 
Velocity (Z) [m/s] -8.710 7.648 
Temperature (Fluid) [K] 293.15 305.52 
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Mach Number [ ] 0 0.03 
Vorticity [1/s] 114.461 37966.968 
Velocity RRF [m/s] 0 26.211 
Velocity RRF (X) [m/s] -23.875 6.614 
Velocity RRF (Y) [m/s] -5.030 26.064 
Velocity RRF (Z) [m/s] -8.710 7.648 
Dynamic Pressure [Pa] 0 309161.64 
Shear Stress [Pa] 2.88e-003 1288517.08 
Reference Pressure [Pa] 101325.00 101325.00 
Relative Pressure [Pa] -101324.00 270391.25 
Heat Transfer Coefficient 
[W/m^2/K] 

0 0 

Surface Heat Flux [W/m^2] 0 0 
Turbulent Viscosity [Pa*s] 5.6970e-006 0.8713 
Turbulence Intensity [%] 1.87 1000.00 

Iteration 12: Volume - 72 l/min 

INPUT DATA 
Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Narrow Channels 
Advanced narrow channel refinement On 
Characteristic number of cells across a 
narrow channel 

11 

Narrow channels refinement level 2 
The minimum height of narrow channels Off 
The maximum height of narrow channels Off 

Initial Conditions 
Thermodynamic parameters Static Pressure: 101325.00 Pa 

Temperature: 293.20 K 

Material Settings 

Fluids: Hydraulic Oil 

Boundary Conditions 
Inlet Volume Flow 1 
Type Inlet Volume Flow 
Faces Face4/Solid.1/PartBody/LID1/LID1.2/Produc

t1 
Coordinate system Face Coordinate System 
Reference axis X 
Flow parameters Flow vectors direction: Normal to face 

Volume flow rate: 0.0012 m^3/s 
Fully developed flow: Yes 
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Thermodynamic parameters Temperature: 293.20 K 

RESULTS 

General Info 
Iterations: 168 
CPU time: 326 s 

Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Number of Cells 
Total cells 86773 
Fluid cells 23783 
Solid cells 36232 
Partial cells 26758 
Irregular cells 0 
Trimmed cells 0 

Maximum refinement level: 2 

Min/Max Table 
Name Minimum Maximum 
Pressure [Pa] 1.00 435214.13 
Temperature [K] 293.15 307.87 
Density (Fluid) [kg/m^3] 900.00 900.00 
Velocity [m/s] 0 28.586 
Velocity (X) [m/s] -26.016 7.250 
Velocity (Y) [m/s] -5.486 28.425 
Velocity (Z) [m/s] -9.529 8.323 
Temperature (Fluid) [K] 293.15 307.87 
Mach Number [ ] 0 0.03 
Vorticity [1/s] 123.704 41294.590 
Velocity RRF [m/s] 0 28.586 
Velocity RRF (X) [m/s] -26.016 7.250 
Velocity RRF (Y) [m/s] -5.486 28.425 
Velocity RRF (Z) [m/s] -9.529 8.323 
Dynamic Pressure [Pa] 0 367722.54 
Shear Stress [Pa] 3.62e-003 1284523.16 
Reference Pressure [Pa] 101325.00 101325.00 
Relative Pressure [Pa] -101324.00 333889.13 
Heat Transfer Coefficient 
[W/m^2/K] 

0 0 

Surface Heat Flux [W/m^2] 0 0 
Turbulent Viscosity [Pa*s] 8.1151e-006 0.9429 
Turbulence Intensity [%] 1.99 1000.00 
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Iteration 13: Volume - 78 l/min 

INPUT DATA 
Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Narrow Channels 
Advanced narrow channel refinement On 
Characteristic number of cells across a 
narrow channel 

11 

Narrow channels refinement level 2 
The minimum height of narrow channels Off 
The maximum height of narrow channels Off 

Initial Conditions 
Thermodynamic parameters Static Pressure: 101325.00 Pa 

Temperature: 293.20 K 

Material Settings 

Fluids: Hydraulic Oil 

Boundary Conditions 
Inlet Volume Flow 1 
Type Inlet Volume Flow 
Faces Face4/Solid.1/PartBody/LID1/LID1.2/Produc

t1 
Coordinate system Face Coordinate System 
Reference axis X 
Flow parameters Flow vectors direction: Normal to face 

Volume flow rate: 0.0013 m^3/s 
Fully developed flow: Yes 

Thermodynamic parameters Temperature: 293.20 K 

RESULTS 

General Info 
Iterations: 168 
CPU time: 321 s 

Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 
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Number of Cells 
Total cells 86773 
Fluid cells 23783 
Solid cells 36232 
Partial cells 26758 
Irregular cells 0 
Trimmed cells 0 

Maximum refinement level: 2 

Min/Max Table 
Name Minimum Maximum 
Pressure [Pa] 1.00 502756.04 
Temperature [K] 293.15 310.25 
Density (Fluid) [kg/m^3] 900.00 900.00 
Velocity [m/s] 0 30.956 
Velocity (X) [m/s] -28.153 7.863 
Velocity (Y) [m/s] -5.880 30.781 
Velocity (Z) [m/s] -10.316 8.929 
Temperature (Fluid) [K] 293.15 310.25 
Mach Number [ ] 0 0.03 
Vorticity [1/s] 131.250 44507.280 
Velocity RRF [m/s] 0 30.956 
Velocity RRF (X) [m/s] -28.153 7.863 
Velocity RRF (Y) [m/s] -5.880 30.781 
Velocity RRF (Z) [m/s] -10.316 8.929 
Dynamic Pressure [Pa] 0 431219.64 
Shear Stress [Pa] 4.40e-003 1265031.08 
Reference Pressure [Pa] 101325.00 101325.00 
Relative Pressure [Pa] -101324.00 401431.04 
Heat Transfer Coefficient 
[W/m^2/K] 

0 0 

Surface Heat Flux [W/m^2] 0 0 
Turbulent Viscosity [Pa*s] 1.1184e-005 1.0141 
Turbulence Intensity [%] 2.11 1000.00 

Iteration 14: Volume - 84 l/min 

INPUT DATA 
Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Narrow Channels 
Advanced narrow channel refinement On 
Characteristic number of cells across a 
narrow channel 

11 

Narrow channels refinement level 2 
The minimum height of narrow channels Off 
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The maximum height of narrow channels Off 
 

Initial Conditions 
Thermodynamic parameters Static Pressure: 101325.00 Pa 

Temperature: 293.20 K 

Material Settings 

Fluids: Hydraulic Oil 

Boundary Conditions 
Inlet Volume Flow 1 
Type Inlet Volume Flow 
Faces Face4/Solid.1/PartBody/LID1/LID1.2/Produc

t1 
Coordinate system Face Coordinate System 
Reference axis X 
Flow parameters Flow vectors direction: Normal to face 

Volume flow rate: 0.0014 m^3/s 
Fully developed flow: Yes 

Thermodynamic parameters Temperature: 293.20 K 

RESULTS 

General Info 
Iterations: 168 
CPU time: 311 s 

Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Number of Cells 
Total cells 86773 
Fluid cells 23783 
Solid cells 36232 
Partial cells 26758 
Irregular cells 0 
Trimmed cells 0 

Maximum refinement level: 2 

Min/Max Table 
Name Minimum Maximum 
Pressure [Pa] 1.00 575887.70 
Temperature [K] 293.14 312.90 
Density (Fluid) [kg/m^3] 900.00 900.00 
Velocity [m/s] 0 33.325 
Velocity (X) [m/s] -30.287 8.517 
Velocity (Y) [m/s] -6.310 33.138 
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Velocity (Z) [m/s] -11.108 9.693 
Temperature (Fluid) [K] 293.14 312.90 
Mach Number [ ] 0 0.03 
Vorticity [1/s] 144.612 47879.581 
Velocity RRF [m/s] 0 33.325 
Velocity RRF (X) [m/s] -30.287 8.517 
Velocity RRF (Y) [m/s] -6.310 33.138 
Velocity RRF (Z) [m/s] -11.108 9.693 
Dynamic Pressure [Pa] 0 499758.09 
Shear Stress [Pa] 1.55e-003 1241740.55 
Reference Pressure [Pa] 101325.00 101325.00 
Relative Pressure [Pa] -101324.00 474562.70 
Heat Transfer Coefficient 
[W/m^2/K] 

0 0 

Surface Heat Flux [W/m^2] 0 0 
Turbulent Viscosity [Pa*s] 1.5002e-005 1.0893 
Turbulence Intensity [%] 2.22 1000.00 

Iteration 15: Volume - 90 l/min 

INPUT DATA 
Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Narrow Channels 
Advanced narrow channel refinement On 
Characteristic number of cells across a 
narrow channel 

11 

Narrow channels refinement level 2 
The minimum height of narrow channels Off 
The maximum height of narrow channels Off 

Initial Conditions 
Thermodynamic parameters Static Pressure: 101325.00 Pa 

Temperature: 293.20 K 

Material Settings 

Fluids: Hydraulic Oil 

Boundary Conditions 
Inlet Volume Flow 1 
Type Inlet Volume Flow 
Faces Face7/Solid.1/PartBody/LID1/LID1.2/Produc

t1 
Coordinate system Face Coordinate System 
Reference axis X 
Flow parameters Flow vectors direction: Normal to face 
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Volume flow rate: 0.0015 m^3/s 
Fully developed flow: Yes 

Thermodynamic parameters Temperature: 293.20 K 

RESULTS 

General Info 
Iterations: 169 
CPU time: 316 s 

Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Number of Cells 
Total cells 86773 
Fluid cells 23783 
Solid cells 36232 
Partial cells 26758 
Irregular cells 0 
Trimmed cells 0 

Maximum refinement level: 2 

Min/Max Table 
Name Minimum Maximum 
Pressure [Pa] 1.00 653462.61 
Temperature [K] 293.14 315.67 
Density (Fluid) [kg/m^3] 900.00 900.00 
Velocity [m/s] 0 35.698 
Velocity (X) [m/s] -32.416 9.120 
Velocity (Y) [m/s] -6.711 35.498 
Velocity (Z) [m/s] -11.888 10.839 
Temperature (Fluid) [K] 293.14 315.67 
Mach Number [ ] 0 0.04 
Vorticity [1/s] 156.059 50284.680 
Velocity RRF [m/s] 0 35.698 
Velocity RRF (X) [m/s] -32.416 9.120 
Velocity RRF (Y) [m/s] -6.711 35.498 
Velocity RRF (Z) [m/s] -11.888 10.839 
Dynamic Pressure [Pa] 0 573454.82 
Shear Stress [Pa] 1.83e-003 1221239.97 
Reference Pressure [Pa] 101325.00 101325.00 
Relative Pressure [Pa] -101324.00 552137.61 
Heat Transfer Coefficient 
[W/m^2/K] 

0 0 

Surface Heat Flux [W/m^2] 0 0 
Turbulent Viscosity [Pa*s] 1.9690e-005 1.1644 
Turbulence Intensity [%] 2.33 1000.00 
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Iteration 15: Volume - 90 l/min 

INPUT DATA 
Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 

Narrow Channels 
Advanced narrow channel refinement On 
Characteristic number of cells across a 
narrow channel 

11 

Narrow channels refinement level 2 
The minimum height of narrow channels Off 
The maximum height of narrow channels Off 

Initial Conditions 
Thermodynamic parameters Static Pressure: 101325.00 Pa 

Temperature: 293.20 K 

Material Settings 

Fluids: Hydraulic Oil 

Boundary Conditions 
Inlet Volume Flow 1 
Type Inlet Volume Flow 
Faces Face4/Solid.1/PartBody/LID1/LID1.2/Produc

t1 
Coordinate system Face Coordinate System 
Reference axis X 
Flow parameters Flow vectors direction: Normal to face 

Volume flow rate: 0.0016 m^3/s 
Fully developed flow: Yes 

Thermodynamic parameters Temperature: 293.20 K 

RESULTS 

General Info 
Iterations: 169 
CPU time: 310 s 

Basic Mesh Dimensions 
Number of cells in X 100 
Number of cells in Y 100 
Number of cells in Z 2 
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Number of Cells 
Total cells 86773 
Fluid cells 23783 
Solid cells 36232 
Partial cells 26758 
Irregular cells 0 
Trimmed cells 0 

Maximum refinement level: 2 

Min/Max Table 
Name Minimum Maximum 
Pressure [Pa] 1.00 735412.10 
Temperature [K] 293.13 318.65 
Density (Fluid) [kg/m^3] 900.00 900.00 
Velocity [m/s] 0 38.074 
Velocity (X) [m/s] -34.541 9.776 
Velocity (Y) [m/s] -7.109 37.863 
Velocity (Z) [m/s] -12.686 11.661 
Temperature (Fluid) [K] 293.13 318.65 
Mach Number [ ] 0 0.04 
Vorticity [1/s] 165.459 53393.294 
Velocity RRF [m/s] 0 38.074 
Velocity RRF (X) [m/s] -34.541 9.776 
Velocity RRF (Y) [m/s] -7.109 37.863 
Velocity RRF (Z) [m/s] -12.686 11.661 
Dynamic Pressure [Pa] 0 652349.92 
Shear Stress [Pa] 2.16e-003 1188942.34 
Reference Pressure [Pa] 101325.00 101325.00 
Relative Pressure [Pa] -101324.00 634087.10 
Heat Transfer Coefficient 
[W/m^2/K] 

0 0 

Surface Heat Flux [W/m^2] 0 0 
Turbulent Viscosity [Pa*s] 2.5386e-005 1.2405 
Turbulence Intensity [%] 2.44 1000.00 
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