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Abstract 

“Pressure Drop Model in Fuel Distribution System” 

This final thesis work was performed at Volvocars, Gothenburg. The thesis was developed under Linköping 

University supervision and the complete duration of this work was 20 weeks. 

This work consists on building a model in GT Software, which would represent each of the components in the 

Diesel Distribution System and the interaction among them. These components include: the fuel tank, the filter, 

supply and return pipes and high pressure pump. 

In addition, experiments have been done to measure the pressure drops along the system components. These 

data will be used to support the software model in some components which complex geometry is more difficult 

to describe using the software. The experiments were developed using different viscosity fuels at different 

temperatures. 

It will be required to study the relation between diesel viscosity, temperature and its effects on pressure drops. 

The aim was building a model which will permit us to test different scenarios representing the real system.  

This model will be used as a tool to perform specific simulations and these simulation results would support the 

process of decision making. 

 This model will be a useful tool to make simulations in a cost effective way, it enables simulating several driving 

conditions which implies significant cost reduction compared to the real simulation. For instance if it is known 

the vehicle consumption under certain conditions and the load, the simulation can be set to the precise flow 

rate and the model would yield the pressure drop for the complete temperature range and for any diesel 

viscosity. 

The main conclusions reached during this thesis work were: 

 Simple models can be built in a very short time for different final objectives. For instance to test many 

design parameters which value slight variation might lead to a consequential impact in the system total 

pressure loss. GT Software can be used to build very simple models consisting on just one meter length 

pipe and allow us to build pressure drop graphs as a function of flow rate, temperature and diameter 

size. These graphs would be used for any pipe length by just multiplying the pressure drop by the actual 

length. 

 

 Identification of the hose in the return flow circuit imposing the highest pressure drops, hose number 4 

in the “Return Flow Simple Model”.  

 

 

 After running different simulations varying the pipe length and the pipe diameter at different flows and 

temperatures it was concluded that the design parameter with a higher influence was the diameter 

dimension. 
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 The Y-connector angle in the steel return pipe does not have any influence on pressure drops for any 

flow rate or temperature value within the operating range. Past tests developed to verify its effect on 

pressure peaks meant a waste of resources which could have been avoided by using GT Software tool.   

 

 A model representing the back flow circuit produced plots showing pressure values for the complete 

flow rate and temperature range. These plots will be used to see the different operating points, at a 

certain temperature and flow pumped the precise pressure values would be obtained. Thanks to the 

viscosity versus temperature plots it will be easy to determine the pressure values it would be obtained 

not just for the diesel samples used in this work but for any diesel viscosity in the market. 

 

 

 A complete circuit model from the fuel tank to the filter and high pressure pump returning back to the 

fuel tank showing the pressure versus flow rate, temperature plots. This model would provide the 

pressure values at the different components and those hoses should be focused on to solve over 

pressure situations. 

 

 Sensitive analysis of the deviation between the pressure drop values obtained during the real 

experiments and the pressure drop values produced by the model. Also it has been done a sensitive 

analysis of the deviation between pressure drop values when considering simple model return flow in 

comparison to the values produced when the 3D data was imported to the model (the model accounts 

for the bends and changes in diameters). The highest pressure difference value found was 9Kpa. Since 

the aim of the simulation was not obtaining absolute values but comparative values which would 

identify the main hoses that should be worked on, the simple model was concluded to be suitable for 

this purpose.  

 

 

 The graph showing the total pressure drop through the complete circuit results from the real 

experiments, adjusts to the 3D Model pressure curve as it can be observed in the previous graph. There 

is not measurement data from the test for flow rate values over 165 l/h so this graph does not lead any 

conclusions regarding higher flow rate values.  

 

 In the case of the Simple Complete circuit Model, the pressure drop values yield by the model are lower 

values, the reason for this is that the Simple Complete Model is including less information regarding 

changes in diameter and curves. 
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Abbreviations: 

FDS: Fuel Distribution System 

HPP: High Pressure Pump. 

PWM: Pulse Width Modulation. 

 

PEM Pump Electronic Module 

 

GT Suite: Gamma Technology Suite. 

 

CFPP: Cold Fuel Plugging Point. 

 

ECM: Engine Control Mode. 

 

DC: Duty Cycle. 

 

PTC: Positive Thermal Coefficient. 

 

PCV: Pressure Control Value. 
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1. Introduction 

1.1. Aim 
To build a simulating model that would yield pressure values within the complete possible temperature 

range of the diesel in the S80 VED5 vehicle performance. It would be used to study the extreme most 

unfavorable operating conditions in temperature and flow rate the fuel distribution system may be 

subjected to. This model will become a great tool to easily identify those components which implies the 

higher pressure drops and test different designs which would lead to important pressure drop reductions to 

meet flow and pressure requirements in the vehicle.    

 

1.2.  Problem Description. 
There is a difficulty to find a tool to identify those components which imply a higher pressure drop in the 

fuel lines. This has led to high waste of resources as time and cost. If an over pressure situation arrives, 

there is no mean to easily identify the area to focus on so the problem would be faced in an efficient way. 

 

Furthermore, in order to discuss with the suppliers about how a pipe design should be changed it is needed 

to provide information supporting this initiative. This tool would plot different designs comparative 

clarifying graphs with pressure values for different flow rates and temperature scenarios. 

 

Now the Diesel Specifications shows the viscosity measurement at 40 degrees centigrade what is not 

sufficient to determine the diesel viscosity behavior for the complete possible temperature range and 

therefore predict the pressure drops would be yield.  

 

When trying to define the viscosity influence on pressure drops along the system several tests were done. 

Some were developed in rig what implies that several elements need first to be ordered, and then 

additional time is needed to test the measurement equipment a circuit connections. When the diesel 

viscosity at certain low temperature wants to be tested then it takes several hours to cool down the diesel. 

Even if this time does not represent a limitation, when you run the tests for few minutes it starts to heat up 

the diesel and the results been measured are any longer useful. This same problem occurs when doing the 

tests at the real vehicle. Once the different elements inside the vehicle start working this leads to heat 

transfers to the diesel what implies diesel temperature to increase and the test should be stopped to cool 

down the diesel once again. 

 

Calculations of the pressure drops through the system made using an excel file, represents an inaccurate 

and low time affective manner to approach the problem. 
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For instance, when calculating the pressure loss in a straight pipe for the simplest case (this is assuming 

steady, incompressible and single phase flow) the following formula is used: 

 

 

 

Where: 

L       = Pipe Length (m). 

v      = Fluid Velocity (m/s) 

ρ    = Fluid Density (kg/m3) 

d  = Internal Pipe Diameter (m) 

f   =  Darcy Friction Factor (Dimensionless) 

 

The fluid velocity can be expressed as a function of the flow rate and cross sectional area. 

 

           
 

 
 
   

   
 

 

So the final expression of the pressure drop as a function of the pipe diameter is obtained by simple 

substitution. 

 

 

 

 

 

 

 

The dynamic viscosity could be obtained from the following diagram, Figure 1: 
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Figure 1. Vicosity Curves vs Temperature for different substances. 

 

However, this diagram does not provide precise information regarding the viscosity variation as a function 

of temperature, higher at low temperatures. The curves do not show the exact behavior of the diesels 

either but reference oil. 

And once the viscosity is known and Reynolds number as well, the friction factor is obtained from the 

Moody diagram, Figure 2: 
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Figure 2. Moody Diagram 

The next equation shows the relationship between kinematic viscosity and dynamic viscosity.  

 

 

 

Furthermore, when calculating the pressure loss through the pipes in an excel file more than one variable 

was unknown and assumptions were made. At Figure 4, it is shown the general sketch of the fuel 

distribution system. The way the pressure drops were calculated is from the tank inlet upstream to the low 

pressure pump. Both the flow rate and the pressure at the low pressure pump were unknown variables. If 

the flow rate is first set to a certain value and using it the pressure drop through the whole lines is 

calculated, and this would lead to the pressure at the pump output. Once obtained this pump pressure 

value it was seen in the pump specifications that that flow rate set as the initial assumption was not 

possible to be reached but a lower flow rate value. This methodology was done using different flow rates 

values and even at the lowest flow rate it did not succeed. 
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1.3. Method  
A Model will be built according to the system layout, then the pressures along the circuit for the 

temperature and flow rate range of the system performance will be calculated by solving fluid dynamic 

general equations. 

It will be considered four diesel samples available in the market. Once obtained the viscosity graphs for the 

four diesel samples as a function of the temperature, it would be possible to use this model for any diesel 

which viscosity temperature data is known. Just by input the temperature of the diesel which would 

correspond to the viscosity value of the diesel target wanted to be tested.  

Since viscosity changes in a significant way when temperature does, viscosity tests at the complete working 

temperature range were requested. GT Software provides with a diesel Library from which the user is able 

to pick up the diesel sample more suitable for his study work. However this Diesels are defined by different 

transport properties between which can be found the viscosity versus temperature data. These data only 

consider a fewer set of viscosity versus temperature data so we introduce the data obtained from the tests 

into the specifications of the diesels from GT Suite Library with the viscosity curves more similar to ours. 

This way the diesels used for the model simulations behaves in a very similar way compared to the diesels 

samples used in the tests. 

These plots generated will be very useful to see the relation between viscosity temperature and pressure 

variables which is not accurate defined at the moment.  

First a Simple model consisting on a single pipe was built to get used to the software features. Then 

additional components were added mostly representing the low pressure side in the fuel distribution 

system.  

The target system to be modeled is form by different complexity elements. The pipes elements in the 

system would be modeled as straight constant diameters pipes available in the software library. However, 

the filter, the high pressure pump and the jet pumps inside the tank, will be represented in the model as 

pressure drops objects. 

In the case of the filter and the high pressure pump the pressure loss data will be fed using data obtained in 

real experiments. In the case of the jet pumps the pressure drop data will be used from data available from 

an old test done by a supplier, Bosch. 

The model will show the pressure along the circuit and the data from the tests would be used to verify the 

data obtained in the model.  

Different models are going to be built including different levels of complexity. The simple models would 

help to understand the results obtained by the more complex models and to verify their correct 

performance. 
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 These are the model built: 

 Simple models consisting on one only pipe. 

 Return Flow Model Simple Components 

 Return Flow Model built with 3D pipe files. 

 Complete Model built with 3D pipe files, feed and return lines.  

The first simulations run correspond to application examples of GT tool. It will be built a model formed by 

one unique pipe and the pressure drop will be yield for different flow rate and pipe diameter values. Then 

the cross sectional area shape in a 90 degrees bent pipe is analyzed. 

Then a simple model representing the return flow system would yield the first approximation pressure 

drops comparison among the different components. It will be used to identify the components in the 

system implying the major pressure losses.  

Then the same study is done for the Return Flow model which is built using the 3D pipe files. The results 

from both models are compared and the convenience of using one or the other would be discussed. 

Once identified the components which represent the major pressure drops different experiments were 

developed to study the effect of modifying some design dimensions as length and diameter. 

Another experiment done using the 3D Return Flow Model is done to verify the Y-connector angle influence 

on total pressure drop in the return flow.  

A complete Circuit model including the system from the fuel tank to the filter going afterwards to the high 

pressure pump and returning back to the tank is used to do several simulations. First, it is done a 

comparison among the whole components in the system to identify the specific component implying the 

major pressure drop. Then, different plots are built in the complete flow rate and temperature operating 

range which will be used to verify the system is actually meeting the flow and pressure requirements in the 

fuel distribution system.  

As it has already been mentioned, these graphs would also be very useful to see the pressure drops would 

yield any diesel in the market at any temperature by just setting the model to that precise temperature 

value at which the viscosity of the diesel defined in the model corresponds to the target diesel viscosity 

wants to be tested. 

By solving each model scenario with different diesels samples with different viscosities the pressure results 

can be obtained for any country where Volvo vehicles are ship. 
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1.4. Timetable 

 

Figure 3. Thesis Work Timetable. 

 

1.5. Criticism of the Method 
It might have been done a too wide analysis of the fuel distribution system. The main reason for this is that 

it was considered crucial for this work to start from a general understanding of the different elements and 

how the influence each other. Once this was analyzed then the different possible models to be built were 

evaluated. 

It is also very important to understand the simplifications made when building the model in comparison to 

the real system since based on them the results yield should be analyzed. These assumptions made to 

simplify the real system are also pointing out what next steps should be followed to continue improving the 

model.   

The model should be used being aware of their actual limitations. This is a starting model which after been 

continuously increased its complexity should yield to a closer behavior to the real system. 

 

As it has been already mentioned, the fuel distribution system performance is affected by many factors as 

the driving mode, the history of the vehicle which affects the heat input to the diesel and this effect has not 

been included in the model. This heat input was not included because any good relation between heat and 
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flow rate or temperature was identified so the heat input would not make the model behavior to become 

closer to the real system one. 

As the model is built now it has some non-predictive elements as the pressure loss components and they 

should be replaced in the future. They are non-predictive since the pressure drop is not calculated by the 

model but impose by the user. 

 If each of the elements: filter, high pressure pump, and the jet pumps inside of the tank were built in detail 

this would have led to a predictive model able to be subjected to a wider number of these elements design 

modification simulations. 

The parts modeled as pressure loss connections, since they are non-predictive, if they (the filter or the 

pump)are replaced in the real system they would need to be updated in the model as well. Since the pipes 

were modeled based on the real geometry (lengths, diameters and bends) these parts are predictive and 

the model can account for changes on those geometries. 

 

For instance, to include the high pressure pump it had to be decided between two possibilities:  

 Using a pressure drop element. 

 Modeling it in a simple mapped way.  

 

This last option consists on using a pump simple object that demands the pump efficiency, and pressure 

versus flow rate data. 

The first option consists on introducing the flow rate versus pressure drop values from real tests. All we 

need is to run the tests and record the temperature and pressure drop inside the component. 

However, in case it was modeled including a pump object, the input data would be flows for different 

pressure drop and temperature values. This may be a more predictive approach but some effects would not 

be predicted due to the changing viscosity. For instance, in a pump the viscosity affects the leakage, which 

ultimately affects the volumetric efficiency. If this is an input to the model it is obvious that the pump will 

not predict this effect. Only by using a detailed model of the pump, accounting for internal geometry, these 

effects would be predicted by the model.  

Since this thesis work was develop in 20 weeks and the previous experience with the software was none, 

the complexity development of the model was limited.  

The pressure drop implied by the jet pumps was selected among different diesel samples based in their 

viscosity value at 40ºC. This may lead to error since the viscosity behavior at lower temperatures might be 

quite different. 

1.6. Criticism of the Sources. 
During this thesis work development it was used specific components data from Volvocars. The major 

theoretical source used to support this work has been GT Suite Flow Theory Manuals. When needed to 

consult any detail regarding the software solving method a person from GT Suite Customer Service has 

provide very precise information with a quick response. The support service received has been exceptional.  
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2. Development Phases 

Now it will be done a brief description of each of the phases showing what will be covered in each point.  

 FDS General Knowledge 

General Description of the Fuel Distribution System components, its functions and the 

interaction among them.  

 

 Learning about the Software. 

Software description and Solving Method used description. 

 

 Modeling. 

First it is explained some important concepts in model theory. Then it will be explained the 

process followed to build a first Simple Model and the Simplified Assumptions made.  

 Simulation. 

It has been run different simulations for different level of complexity models. First Simple 

Application of the tool are shown and afterwards the level of information included in the 

models increases. 

 

 Experiments 

In this point it will be showed the data it was needed to obtain from the experiments to feed 

the model or to validate it. Here it is explained the experiments set ups done to obtain it. The 

error introduced by the measurement equipment is also commented. 

 

 Sensitive Analysis. 

It has been done a sensitive analysis of the error in the output data from the simulations by comparing 

the pressure drop values obtained in the tests and the obtained after the models are simulated.  

 Results Analysis. 

The pressure drop values obtained from the model would be analyzed as well as it will be 

pointed out possible issues might have caused some error in these results. 

 

 Conclusions 

Finally the conclusions yield by the thesis development process will be stated. 

 

 Future Applications.  

Here, based on the thesis development the reasonable future work that would follow is 

described. 

It is also explained how the model built could be used for different case studies. 
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3. Fuel Distribution System               

The fuel distribution system considered in this thesis is mainly the low pressure side but some high pressure 

component as the high pressure pump. Now a general description of the Fuel Distribution System 

components, its functions and the interaction among them will be developed.  

3.1. Components  
The system aimed to be modeled includes the following components which can be identified in the sketch 

below: 

Fuel Tank 

              High Pressure Pump (HPP). 

Low Pressure Pump 

Valves 

Jet Pump 

Pipes 

Engine Feed 

Engine Return 

Rear Feed A 

Rear Feed B 

Rear Return 

Bundle Feed 

Bundle Return 

Steel Pipe Feed 

Steel Pipe Return 

Filter 

 

In the previous sketch can be observed the pressure requirements the FDS needs to meet. The flow rate 

requirement at point B is determined by the sketch below, Figure 4. 

The length and diameter of each pipe is showed in the table below, Table 1: 

 

  Length [mm] Diameter  [mm] Number of pipes in 3D Models 

Feed Steel Pipe 1577 6 16 
Return Steel Pipe 1588 6 16 
Engine Return 506 8 2 
Bundle Return 1170 12 3 
Rear Return 484 12 1 
Engine Feed 895 8 1 
Bundle Supply 1065 8 1 
Rear Feed B 965 8 1 
Rear Feed A 1351 8 2 

 

Table 1. Pipe Dimensions 
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See the following general sketch where these components are represented. Figure 4: 

 

 
Figure 4.General Sketch FDS. 

 

The following CAD drawings provide a better understanding of how these components are located in the 

vehicle. As it could be established by the names used to label some of the pipes (rear feed, rear return) the 

filter is located at the rear of the vehicle. See Figure 5, Figure 6 and Figure 7. 

 

 
Figure 5. Engine Feed, Engine Return Pipes and the Bundle CAD Drawing 

Engine Feed 

Engine Return 

Bundle 
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Figure 6. Fuel Tank, Rear Feed, Rear Return Pipes and Filter CAD Drawings. 

 
Figure 7. Complete Low Pressure Side Circuit 

3.2. Interaction among components. Brief FDS Description. 
Now a brief explanation of how the different components interact among them will be done. 

 High Pressure Pump. 

The High pressure pump pressurizes the fuel from about 4 bar to 900-1800 bar depending on driving 

condition. 

The high pressure pump is controlled just to pressurize the right amount of fuel to match the current 

engine demand. In high viscosity fuels the accuracy of the control is poor why it is running in 

uncontrolled mode at low fuel temperatures (lower than 5 °C). In this mode the amount of pressurized 

fuel (point A ) is decided by the engine (pump) rpm and the pressure in the rail is controlled by the 

operating the PCV (Pressure Control Valve, point C), see sketch Figure 4. 

The fuel temperature is measured by a temperature sensor in the high pressure pump inlet. 

To summarize the amount of pressurized fuel to the rail is depending on the following 

 Working mode (over or under 5 °C) 

 Engine rpm 

 Throttle position (customer demand of torque/power) 

 

Rear Feed B 

Rear Feed A 
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Since the high pressure pump pressurizes the fuel to very high pressures a lot of work is needed. The 

work done by the pump leads to heat dissipation why the pump needs cooling. The cooling is done by a 

fuel flow from the tank, see picture Figure 4. The need of cooling and lubrication flow is shown in figure 

Figure 8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As understood by the text above the needed fuel flow from the tank to the high pressure pump can vary 

a lot. The needed fuel flow is calculated by the ECM for every moment and the low pressure pump is 

operated to feed the right amount. 

 

 Fuel tank 

The fuel tank can be divided into the passive side and the active side. It includes the pump, several jet 

pumps and pipes connecting both sides and control valves. 

 

  Low Pressure Pump  

The pump is located at the active side of the fuel tank. See Figure 9. As it has already mentioned at the 

high pressure pump description, the needed fuel flow is calculated the ECM for every moment and the 

low pressure pump is operated to feed the right amount. 

 
Figure 9.Fuel Tank. Active and Passive Sides 
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Uncontrol Mode Drawbacks. 

Power. Uncontrolled/Controlled Mode. 

Let us focus on the 3000 rpm engine speed case: 

While in the uncontrolled Mode a flow rate of 100 l/h need to be pumped in the Controlled Mode the 

needed flow rate is 92l/h.  

By translating this flow rate values to power input, then in the case of the Uncontrolled Mode the 

system is demanding 3KW while in the Controll Mode it would demand 1.2KW. This 1.8 KW is a 

significant power difference and therefore the system performance is designed so it would return as 

soon as possible to the Control Mode once it is under Uncontrolled Mode.  

 

Pump Electrical Technical Information. 

 

Once the total flow is known, following the just explained procedure, the precise voltage is fed to the 

Low Pressure Pump so it would pump the flow rate required. 

This is done by the Pump Electronic Module, see Figure 10 

 

 

 
Figure 10. Pump Electronic Module (PEM) 

 

 

 

Pump Electronic Module Description: 

The incoming signal from the ECM (Engine Control Module)is pulse-width modulated (PWM). This is a 

square-wave signal at a constant frequency (a constant period respectively) and a variable duration of 

the low or high pulse. For the PEM-PWM input the low pulse is defined as significant.  

The ratio of the low time to the period interval is defined as duty cycle (DC) how the following diagram 

shows Figure 11. 
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The duty cycle carries the information about the activation of the fuel pump. 

 

 

 
Figure 11. PWM Signal 

 

The operating signal is characterized for having a constant frequency of 20 KHz . It varies between the 12 

and 0 V voltage values and depending on the percentage of the period the signal is set to 12 V the pump 

would be fed with a determined Voltage value. 

The frequency is 20 KHz and is a constant value. However the time the signal is at 12 V in each period 

might be set to 50 % or 75%, as drawn in the following figure as an example. See Figure 12. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Operating Signal 
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Therefore the voltage that it is been fed to the pump during the first seconds is: 50% of 12 , 6V. And in 

the following seconds after operating the signal “modulating” the level voltage introduced is 75% of 12, 

9V.  

 

Pump Electronic Module. Within the demand controlled fuel supply system (DECOS) the PEM takes over 

the function of a power stage. Controlled by the ECM it provides continuous control of the EKP, of flow 

rate and fuel pressure respectively. 

Voltage input to the Pump as a variable dependent on breaking. Voltage Value fed to the pump is 

between 11 and 14,5 V. 

The electric circuit can be modeled in a very simplified way as the shown in the Figure 13 below. 

 

 
 

 

 

Where 9A-0A I  and  V 1.2 -0 U  . See Figure 14. 

 
Figure 14. Pump Current Consumption 

I 

Pump 

Alternator 

11-14.5 V 

Battery 12 V 

∆U ∆U 

Figure 13.  Low Pressure Pump Electric Circuit 
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The following graph represents the flow rate introduced by the pump as a function of the voltage. 

The Pump Flow rate range in the Fuel Distribution System is [20, 165l/h]. For 160l/h the voltage value 

can be obtained from the following graph: 12.5V.Figure 15  

 

 
Figure 15. Pump Flow Rate as a function of Voltage 

 

The strategy is to try to be at 85% State of Charge the battery. If the battery is at a state over that 

percentage the battery is drawn by reducing the tension and the battery energy is back in the range 

again. The voltage is increased to charge. It is also risen the voltage and charged the batteries when the 

engine brakes to get the kinetic energy to the battery. 

Here is a run (T=20ºC) where it is shown the tensions as a result of regenerative charge (Figure 16): 

 
 

Figure 16.  Regenerative Charging 
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The Voltage fed to the pump is a variable highly dependent on the breaking at a certain driving mode. 

When the vehicle breaks, the extra energy to break is used to charge the battery. If energy from the 

electric system is available, in a future breaking the energy used will be the one from the electric system. 

In the following example plot can be observed the battery energy level during a driving period of time 

(Figure 17).  

During the breaking periods, the graph rises unless it is at 100% Battery Level. If this happens then the 

battery cannot be charged to a higher level and the energy is lost. 

 

 
 

 

Figure 17.Battery Energy. Example Plot 

 

Point A: During this time the battery is charged up to a level. If the battery were allowed to be charged 

to the 100 % value then at point B if the vehicle breaks, this kinetic energy would be lost. 

 

Point B: During this period of time the battery energy remains at a maximum constant value. By setting 

this value to be 100% then at C time period the battery would not be able to be charged with the kinetic 

energy from future breakings. 

 

Point C: At this point the energy stored in the battery is used so its value lowers. 

Therefore the graph is required to remain under a certain battery energy range always lower to 100%. 

This way the previous undesirable situation will not take place and the maximum energy is saved. 

 

By applying this Regenerative Breaking System a noticeable consumption rate reduction is achieved. The 

consumption is set to 3.9 l/100km while previously it used to be 4.6l/100km.  

Considering this issue, the voltage fed to the low pressure pump is going to be highly determined by the 

breaking. 
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The High Pressure pump has temperature sensors which measure the resistance and with this value the 

temperature value is known .See Figure 18. 

 
Figure 18. Resistance as a function of Temperature. 

 

 

Based on this temperature the flow rate pumped by the low pressure pump will be established as it was 

explained previously with an example. 

 

 

The following graph shows the relation between the diesel temperature and the backflow rate needed 

for cooling ad lubrication. See Figure 19 

 

 
Figure 19. Minimum Required Backflow (Cooling and Lubrication). 
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 Pipes 

Connection Elements which joins each of the components and they are made of plastic conductive 

material. The exception to this is the steel pipe that is placed after the high pressure pipe and it is made 

of steel. 

 

Engine Feed 

Engine Return 

Rear Feed 

Rear Return 

Bundle 

Steel Pipe 

 

 Valves (See Figure 20): 

Over pressure valve.  

Valve situated inside the Low Pressure Pump. Any failure in the system may lead to an overpressure 

what is fixed by including this element in the design. 

 

JRV – Jetpump Relife Valve.  

This element allows the diesel pressure up to 45 kPa value. In reality this value may be a little bit higher. 

Its effect on the back pressure can be shown in Figure 20. 

 

Non Return Valve and Check valve. 

 If a break in a pipe take place then this valves would prevent the fuel from coming out from the tank: 

 

 
Figure 20. Valves and Jet Pumps in the Fuel Tank 
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 Jet  Pumps: 

 

There are two jet pumps included in the fuel tank: one is placed in the active side and the other one in 

the passive side. These elements have the following two main functions: 

-Increase the diesel speed by decreasing the cross area. 

-Keep the fuel level at the active and passive side up to a minimum level to assure the diesel 

feed to the pump at any circumstances as a rough vehicle movement. 

 

The following test made will show the jet pumps behavior when considering the whole system. The 

Tests were measuring the pressure values as an effect of the complete system once the flow enters into 

the fuel tank. 

 

As it can be seen in the following graph (Figure 21) the flow after point 1 travels through a pipe and 

changing direction and finally reaches the jet pumps. 

 

The following test consists on measuring the pressure at the low pressure pump inlet. Right at the point 

where the flow is entering into the fuel pump the following pressure values for different viscosity diesels 

where obtained: 

 

 
Figure 21.Jet Pump Back Pressure 

 

 

The following graph (Figure 22) shows the back flow rate depending on different viscosity diesels and if 

the active side jet pump effect is considered or both the active and the passive jet pumps are taken into 

account. 

 



30 
 

 
Figure 22. Jet Pumps Performance. [l/h] 

 

 

 Filter 

The filter is the component placed after the rear feed pipe and previous to the rear return pipe. It 

includes two PTC elements in its configuration which will act once the diesel temperature will drop to a 

certain value.  

If the diesel inside the filter is suffering a cooling process then the PTC elements will be switched on at -

3ºC. If the temperature of the diesel is increasing then the PTC elements would start acting at +5ºC. 

These elements will prevent the filter from clogging. See Figure 23. 

 

 
Figure 23. Filter, Electrical Heater. Heater PTC elements. 

 

There is a switch that closes when the temperature decreases up to -5ºC in the cooling directions. If the 

diesel is been heated up the switch will open at 3ºC. 

[l/h] 
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The PTC elements correspond to unloaded PTC thermistors. Their resistance value increases as the 

temperature increases. This way when the diesel temperature reaches a temperature of -3ºC the 

resistance decreases and therefore the current flow increases rising the diesel temperature. 

See Figure 24. 

 

 
Figure 24. Relationship between P, I and V variables. 
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4. Getting Started with the Software. Solving Method. 

Gamma technologies Suite is a “CAE” Platform in the Engine and Vehicle Industry. 

This software can be used to design, analyze and optimize all variants of fuel injection and hydraulic components 

and systems. [1] 

There is a specific application to Fuel Injection a Hydraulics which best adjusts to this thesis work. 

Now the method of flow solution in pipes and flow splits will be described in a brief way. 

The flow model involves the solution of the Navier Stokes equations, namely the conservation of continuity, 

momentum and energy equations. These equations are solved in one dimension, which means that all quantities 

are averages across the flow direction. 

The whole system is discretized into many volumes, where each flowsplit is represented by a single volume, and 

every pipe is divided into one or more volumes. These volumes are connected by boundaries. The scalar 

variables (pressure, temperature, density, internal energy, enthalpy, species concentrations, etc.) are assumed 

to be uniform over each volume. The vector variables (mass flux, velocity, mass fraction fluxes, etc.) are 

calculated for each boundary. This type of discretization is referred to as a "staggered grid". 

.
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where:  

mboundary mass flux into volume, Aum 
.

 

m mass of the volume  

V volume  

p pressure  

ρ density  

A flow area (cross-sectional)  

As heat transfer surface area  

e total internal energy (internal energy plus kinetic energy) per unit mass  
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            H total enthalpy, 


p
eH   

h heat transfer coefficient  

Tfluid fluid temperature  

Twall wall temperature  

u velocity at the boundary  

Cf skin friction coefficient  

Cp pressure loss coefficient  

D equivalent diameter  

dx length of mass element in the flow direction (discretization length)  

dp pressure differential acting across dx 

[2] 

There are two solvers: the explicit solver and the implicit one: 

 Explicit Method :  

 The primary solution variables are mass flow, density and internal energy. 

The values of mass flow, density and internal energy at the new time are calculated based on the conservation 

equations. In the explicit method, the right hand side of the equations is calculated using values from the 

previous time step. This yields the derivative of the primary variables and allows the value at the new time to 

be calculated by integration of that derivative over the time step. Note that the explicit solver uses only the 

values of the subvolume in question and its neighboring subvolumes. 

It is well suited for highly unsteady flow, where a high degree of resolution is required. 

 Implicit Method:  

The primary solution variables are mass flow, pressure and enthalpy. 

The implicit method solves the values of all sub volumes at the new time simultaneously, by solving a system 

of algebraic equations. This requires more time per time step, but the stability is much greater, and so larger 

time steps may be taken. The time steps are typically large enough that the computational time added per 

time step is less than the time saved by taking larger steps. 

The Solution Method selected in this work was the implicit method. This method runs much faster in cases 

where you are not concerned with pressure wave dynamics but in obtaining steady state results. 
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5. Modeling 

5.1. Theory 
First it will be introduced the most relevant terms considering modeling theory: Validation and Verification. 

Verification and validation processes concepts would be explain due to its relevance in this thesis 

development. 

Validation consists on determining whether the conceptual model is a proper representation of the system 

studied considering the objectives of the study. 

Verification means determining if the model programming is correct (informatics depuration of the model). 

It is used to guarantee the conceptual model accurate translation to the informatics model. 

Credibility is directly related to whether the model has credibility if the system responsible accept the 

model as a correct model to be used as a tool to support their decisions. 

Next sketch should help to understand these concepts, Figure 25:  

 

Figure 25. Validation and Verification Phases: [3] 

Validation difficulty greatly depends on the represented system complexity. A model of a complex system is 

just an approximation. A simulation model should always be created with a previously known specific 

purpose. The efficiency is a factor to have under consideration when delimiting the simulation study. 

Validation should be extended along the model development process. 

 

Some techniques to improve the credibility and validity of the model are: explicit the conceptual model, 

define the proper level of detail, take care of the system information collection, interacting with the system 

responsible and finally quantitative technics and results contrast. 

 

The verification technics have the double objective to determine and guarantee the model correction. 
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For instance, some of these technics are: using modular Scope, go from simple to higher complexity level, 

do Group Contrasts and execute a wide variety of configurations. [3] 

 

5.2. Objectives 
To build a model which would represent the Fuel distribution System. This model would be used as a tool to 

measure pressure drops in different real scenarios. For example: different diesel temperatures at the 

output of the fuel tank, different diesels viscosities and also different flow rates. 

This model would also permit to simulate the system pressure drops under different geometry variations. 

For example: different diameters and lengths of the pipes. 

In general terms building a very simplified model which would increase its complexity as the model 

performance is verified and validated. 

5.3. Real System Analysis. 
The fuel distribution system which will be considered will include different elements which would imply a 

pressure drop in the diesel as flow goes through them. 

This system behavior depends on different parameters already seen in the Low pressure pump, from FDS 

Module. They mostly are: Flow rate, Temperature at HPP. 

One of the most critical tasks developing a model is determining whether it is a valid representation of the 

real system [3]. 

The model validity, as it has already been mentioned, does not only depend only on how similar the system 

behaves compared to the real system but it also deals with the main goals searched in the study. [3]. 

The following graph supports the process of making explicit the conceptual model. 

 

Figure 26. Explicit the conceptual model [3] 
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Therefore, following the structure advised in the previous figure, the very first phase consists on 

determining the model objectives. These objectives are measuring pressure drop along the different 

components in the FDS, analyze diesel viscosity influence in pressure drops and the evaluation of design 

modifications.  

First the description will be done. The main elements which form the system are the fuel at the output of 

the fuel tank, the pipe going to the filter, the filter, the pipe going to the high pressure pump, the high 

pressure pump, and finally the pipe returning to the fuel tank. 

Then, the performance of each element has been explained in the FDS Background epigraph. 

Now it will be explained the performance expected for these elements in the model. In the case of the 

pipes it is connecting the different components. Considering the filter it implies a pressure drop into the 

diesel flow. It also add some heat to the flow as it goes throw it. 

 

The High Pressure Pump implies a pressure drop into the diesel flow. The heat input due to its activity is not 

included in the model finally since it was very difficult to determine how it should be done. Different factors 

were influencing the heat input to the fuel as the load, the vehicle history or the driving mode. 

 

As the model was first built there was not real interaction among components. Then there were added 

some elements to improve the model. 

The heat input to the filter due to the PTC elements was included with a signal input object.  

 

In order to establish the simplifying hypothesis it will be used the following figure which shows how to 

obtain the simplified model from the real one and the criteria should be applied: 

 
Figure 27. Simplifying Process Sketch. [3] 

The first simplifying hypothesis is considering straight pipes with constant diameter and same material. 

The second simplifying hypothesis is that the filter and high pressure pump elements will be modeled as 

pressure drop components which pressure values would be obtained from tests in the lab. A non-predictive 

model will be built. And finally it was decided not to include some interaction among some components. 
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For instance, the low pressure pump will not introduce the precise amount of flow rate once measure the 

temperature at the high pressure pump. This model would take longer time to be built and higher 

complexity what is not the short period target in this work. 

 

5.4. Main objectives Translation to Software features. 
Once analyze the software features some of the simplifying hypothesis were updated. The pipes are 

considered straight pipes with constant diameter and same material. The fuel tank component is 

represented as a boundary condition element. The filter component is represented as a pressure drop 

dependent on the flow rate variable. High Pressure Pump Component would be modeled as a pressure 

drop dependent on the flow rate. Only the coolant circuit inside the pump is included in the model.  

Then the model was even more simplified. The filter was not including the heat input effect and the diesel 

was considered to go through the system at constant temperature. No heat transfer was considered. 

 

5.5. Model Development. Continuous Verification and Validation. 
The real system is quite complex and dependent on many variables as it has been already explained. For 

example, the temperature measured at the HPP would determine the flow rate input by the pump and this 

temperature is dependent on the history of the vehicle among many other factors influencing. 

Since the models are going to be built is a simplification of the reality it will only approximate the system 

behavior according to the goals aimed. If before running a model it is determined the different variables for 

a certain situation, the values obtained will be useful having in mind they were obtained for that specific 

scenario. It should be clear that these models will not simulate the different responses the FDS shows 

during its regular performance, for example, the low pressure pump will not be electrically actuated based 

on the temperature measured at the high pressure pump. 

The main input variables considered are: diesel sample (viscosity), Temperature and Flow Rate.  

GT Suite is a tool that allows you to build from a very accurate model with high level of detail to very 

simplified configurations.  

Every model has been first built in a low level of detail to be continuously improved as its proper 

performance is verified and validated. 

During the development phase of the model different solutions were considered to include some effects in 

the system. In the case of the high pressure pump it was first decided to represent it as a pressureloss 

connection but then the checkvalve object was chosen as the object should be used. The reason was that 

after analyzing the pressure loss data from the tests the area at the high pressure pump valve was varying. 

It is a condition for using the pressureloss connection object that the reference area should remain 

constant. In the case of the filter, the pressureloss connection object would perfectly represent its effects. 
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The temperature increase effect due to the heat input at the high pressure pump was first included with an 

input signal object. Afterwards, when discussing with people from the high pressure pump department it 

was decided not to include this heat input. This heat input is dependent on many variables and no proper 

dependence between variables was found.  

The GT-ISE has a hierarchy consisting of templates, objects and parts. Templates, the highest level, contain 

the attributes that are needed to define the component being modeled, and attributes are empty. For 

example, the PipeRound template will have different attributes as diameter dimension or  length dimesion. 

Once the templates are given a name and have values for the attributes, they are called objects. Multiple 

objects can be created for a single template. [3] 

In the next table is shown the name of the objects created from each template so the different objects can 

be identified as they look like in the different models created. The models first built included few straight 

pipes and as they were increased they level of detail, each of this pipes were split up in several pipes 

representing the changes in diameters. See Table 2. 

Model Real System 

Templates Objects  

EndEnvironment TankInlet Diesel Properties at point A 

EndFlowInlet Tank_Outlet Diesel Properties at point B 

FlowSplitGeneral PumpVolume Cooling circuit inside HPP 

PipeRound Pipe_1 rear feed A 

  Pipe_2 rear feed B 

    bundle feed 

    engine feed 
Steel Feed 

  Pipe_3 Steel Return 

    Engine return 

    Bundle return 

  Rear return 

Pressure Loss 
Conn 

Filter Pressure drop caused by the filter. 

 CheckValve PumpVolume Pressure drop caused by the hpp. 

 Jetpumps Pressure drop caused by the hpp. 

SignalGenerator HeatFilter Heat input to the diesel flow at the Filter 

ActuatorConn HeatInputFilter  

 HeatvsTemperatu
re 

Heat Input dependent on the temp measured before the filter. 

 HeatVsTandFlow Heat Input dependent on the temp measured before the filter and the 
flow rate. 

SensorConnect Temp Measure the temperature at the filter inlet. 

Table 2. Real System Translation to Model Objects. 
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The following elements are called references and are also needed to set some values when defining the 

objects. 

 FlowPdropTableRef – Pressured Loss Coefficient from measured Data 

This is probably the objects which theoretical understanding is most important in this thesis. 

 

The Figure 65, shows how the model actually looks like. There the pressure drop elements can be 

identified: filter and jet pumps.The high pressure pump is represented with a check valve. 

In the case of the pressureloss object, it requires as the input data the measures of several Pressure drop 

versus Flow rate at one temperature. Then the model converts the dimensional data to a non-dimensional 

pressure loss coefficient, Cp. Now the Cp vs Re graph is known which variables are both dimensionless. This 

means that we can scale them to any operation conditions.  

We would know the pressure drop at any temperature different from the one the tests were done, and also 

we would be able to know the pressure drop for any diesel sample different from the diesel used for the 

tests. 

See an example of this curve, Figure 28. Pressure Loss Coefficient vs Reynolds Number Plot. 

 

Figure 28. Pressure Loss Coefficient vs Reynolds Number Plot. 

Therefore, with this input data from measurements the model would predict the fluid behavior (Pressure 

drop versus Flow rate) at any other temperatures. 

For instance, in the case the pressure and temperature value is known, the model would know the viscosity 

and then it would calculate the Reynolds number. Since it has the above curve already built the model 

would know the pressure Loss coefficient and therefore the pressure drop. 
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This made the test number needed to be done to decrease and a lot of time was saved. First it was thought 

that it would be needed different pressure drop measures at different temperatures and for each of the 

diesels.   

For instance to define the pressure loss due to the cooling path inside the high pressure pump which 

geometry is very complex to define, only the total pressure drop through the component was required. 

In the following figure the inside of the high pressure pump is shown, Figure 29. 

 

Figure 29. High Pressure Pump. 

Where A stands for the point where the diesel is fed during the tests and B correspond to the point where 

the diesel leaves the hpp . It can be observed that the path followed by the diesel is quite complex. 

As I have already mentioned, the pressureloss connection representing the HPP was then replaced by a 

checkvalve object since the reference area in the valve was showing different values according to the 

pressure measurements. 

In order to define the pressure loss connection object, for the filter and the jet pumps, the following data 

need to be introduced: 

 Reference Fluid Object 

The name of the reference fluid object used to obtain the measured pressure drop data. 

 

 

 

 

A 

B 
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 Flow Rate Unit 

Defines the unit of the Flow Rate Quantity data entered in the Measured Data folders. It is possible to enter 

mass flow, volumetric flow, velocity, or mass flux. Use the value selector for an easy way to select the 

appropriate unit string. 

 

 Reference Pressure 

The reference pressure used to calculate fluid properties when converting the flow rate and pressure drop 

data to pressure loss coefficient (Cp) and Reynolds number (Re). 

 

 Reference Temperature 

The reference temperature used to calculate fluid properties when converting the flow rate and pressure 

drop data to pressure loss coefficient (Cp) and Reynolds number (Re). 

 

 Reference Area 

This is the reference area used to calculate the pressure loss coefficient and Reynolds number from the 

data entered below. If "def" is entered, the smaller area connected to the 'PressureLossConn' will be used.  

This value was set to def in the model. 

 

 Measured Data (Forward) 

An array monotonically increasing pressure drop values. 

 

Assuming steady, incompressible flow conditions, the pressure loss coefficient is calculated from the 

equation below:  

K = pressure loss coefficient  

 



 P

m

A
K

ref 


2
.

 
 

ρ = density of the fluid  

Aref = reference area  

ṁ = mass flow rate  

ΔP = pressure drop  

 

The Reynolds number is defined as:  

 

refA

m



4
Re

.



 
 

Where μ = dynamic viscosity  
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 FluidLiqCompress 

FluidLiqCompressible - Compressible/Cavitating Liquid Properties 

This object is used to describe the properties of compressible liquids. The 'FluidLiqCompressible' object 

allows for two different equations of state for density: Polynomial and GTI. The one used for this work is GTI 

since it adjusts better to our model. 

The following variables are used by the model to characterize the fluid (FluidLiqCompress reference): 

 Vapor Fluid Object 

Name of a 'FluidGas' reference object that describes the properties of the liquid after it vaporizes due to 

cavitation or boiling. 

 

 Heat of Vaporization at 298K 

Energy necessary to vaporize a unit mass of liquid at a temperature of 298 K into the vapor described above 

in Vapor Fluid Object. 

 

 Minimum Valid Temperature 

Minimum temperature at which the data in the following folders is valid. This value is also used as the 

lower temperature limit in the checks made (at run-time) on the trends of the derivative of the density 

equation. 

 

 Maximum Valid Temperature   

Maximum temperature at which the data in the following folders is valid. This value is also used as the 

upper temperature limit in the checks made (at run-time) on the trends of the derivative of the density 

equation. 

 

 Minimum Valid Pressure 

Minimum pressure at which the data in the following folders is valid. This value is also used as the lower 

pressure limit in the checks made (at run-time) on the trends of the derivative of the density equation. 

 

 Maximum Valid Pressure   

Maximum Pressure at which the data in the following folders is valid. This value is also used as the upper 

pressure limit in the checks made (at run-time) on the trends of the derivative of the density equation. 

Now it is explained how the transport properties of the fluid are defined in the LiqFluidCompress Object: 

The properties given below are for the transport properties of the liquid, viscosity and thermal conductivity. 

Values at pressures and temperatures not explicitly listed in the table will be linearly interpolated. The 

solver will not perform any extrapolation. In the event the pressure and temperature are outside the range 

of data provided, the nearest value available will be used. A single line of data may be entered to make the 

transport properties constant at all temperatures and pressures.  
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 Temperature Array 

 

 Pressure Array 

Pressure array in monotonically increasing order. Default ("def") is equal to 1 bar. 

 

 Dynamic Viscosity Array 

Absolute viscosity, μ, corresponding to Temperature and Pressure Arrays above. If kinematic viscosity is to 

be used as the input instead, set the first element of this array to "ign". 

 

 Kinematic Viscosity Array 

Kinematic viscosity, ν, corresponding to Temperature and Pressure Arrays above. If dynamic viscosity is to 

be used as the input instead, set the first element of this array to "ign". Note that the GT-SUITE solver 

internally uses dynamic viscosity. If kinematic viscosity is specified, it will be converted to dynamic viscosity, 

through multiplication with the fluid density, before the simulation starts. As a result, the dynamic viscosity 

calculated will be subject to the temperature and pressure range specified in the main folder, since they 

effect the calculation of density. Outside the pressure and temperature range, the density will not be 

calculated by the equation of state, but rather the closest endpoint will be used. [2] 

 

The CheckValve Simpple object used to represent the high pressure pump requires the pressure loss versus 

the flow rate data from the tests.  

The equations to do this calculation of effective diameter are shown in the flow theory manual. Note that 

GT-SUITE does not directly solve this equation, as it is simplified from the momentum equation, which we 

do solve. However, it is a valid way to get the behavior under steady, incompressible flow. It is based off the 

Bernoulli equation. 

 

For liquids, discharge coefficients may be calculated for the Valve Simple Connection using the following 

formula: 






)(2

4

,2,1
2

StaticTotal

D

PPD
Cm











  

 

where: m   = mass flow rate 

 CD  = discharge coefficient 

 D  = reference diameter of throttle or valve 

 P1,Total  = Total pressure upstream of throttle or valve 

 P2,Static  = Static pressure downstream of throttle or valve 

   = liquid density 
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5.6. Model Feeding Data 
The following data was decided to use as an input to the model: 

1. Viscosity vs temperature plots of the four diesel samples would be used in the tests. 

2. Filter Pressure vs Flow Rate plot obtained in the tests.(Four Diesel Samples) 

3. High Pressure Pump  Pressure vs Flow Rate plot obtained in the tests.(Four Diesel Samples) 

 

Now the general description of the input data we are going to feed into the model and the output data it is 

expected the model would yield.  

 

The HPP (pressure drop object) will represent the path followed by the diesel flow used for lubricating and 
cooling in the pump. 
The following effects need to be included in the model: a pressure drop in the pump due to the changing 

direction path the fuel follows inside the pump and a non-return valve. 

 

First it was thought that a good way to model the pump could be the three following components. See 

Figure 30: 

 

Figure 30. HPP Equivalent Sketch. 

Then the heater effect was neglected due to difficulty in finding a proper way to represent it. 

It is very important that the non-return valve will not let the flow pass through it until the pressure drop 

value reaches 300 kPa. Once this pressure drop is reached then it will let the flow goes into it. 

Now it will be described the input data to the model are intended to be introduced and the output 

data expected from it to produce it as well. This is done in the case of the high pressure pump and 

the filter components elements. 

In order to introduce the Pressure Drop- Flow Rate data for the HPP for one temperature, real 

experiments are run to obtain this data. KPa 

KPa 

Q/l 
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As an Output it is expected the model to give a three dimensional temperature plot. For example, for the 

flow rate of 100 l/h the pressure drop at 20 degrees Centigrade. 

Also, when modeling the filter as a pressure drop in the model the pressure data versus flow rate data from 

the tests is needed.  

Again we are interested in feeding the model with the dP-Q char data from an experiment done at  a 

unique temperature in the Filter. 

And as an output it is  wished to obtained the three dimensional Temperature plot. 

First of all, it is needed to characterize the diesel samples in the model so the data obtained from the model 

can be compared to the one obtained from the tests. 

 

Once analyzed the GT Suite software the following methodology would be followed: 

1. Order Viscosity-Temperature Plots for the three diesels selected. 

2. Compare these plots with the plots available from GTSuite Liquid Compressible fuel library. 

3. Identify the diesels which are most similar in viscosity curves. 

4. Use these diesels from GT Suite library but instead of using the viscosity data available in GT Suite 

introduce the viscosity data from the tests previously required (more information). 

5. Since the tests showed the viscosity values up to a temperature higher to the desired (CFPP point) it was 

done an extrapolation of the curves to complete the operating temperature range the model would be 

simulated at : T[-50, 100]. See curves attached at the end, Appendix B. 

 

First the tests to obtain the Viscosity-Temperature values for the three diesels selected were entrusted to 

the fuel department. See Table 3.   

EXPERIMENTS       

 Diesels Density(kg/m3) 
at 15º 

CFPP(ºC) Viscosity 
(mm2/s) at 40º 
kinemat(dyn/d) 

B5 818,1 -33 2,053 

Diesel Högt 838,9 -8 3,031 

B10 839,8 -32 2,615 

B30 848,9 -30 3,024 

Table 3. Diesel Samples Selection. 

 

The analytical report for each of the four diesel samples is attached at the end, Appendix A. It was not 

reached the CFPP in the case of Diesel B10 or B30. In the case of B5 and Diesel Högt diesels samples, the 

CFPP was practically reached. 

Then, a comparison between these plots to the plots available from GT Suite Liquid Compressible fuel 

library was done. 

Afterwards, it should be identified the diesels which are most similar in viscosity curves. 
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For example, in the case of the Diesel B5 it was very simple to select the diesel from the GT Suite Library 

since their plots were pretty similar. The Diesel Selected was Diesel-812kg-m3, the following graph shows 

the similar behavior, Figure 31. Viscosity Curve Sample1: Diesel B5. 

 

 

 

 
 

Figure 31. Viscosity Curve Sample1: Diesel B5 

 

It is not clear which sample should be taken in the case of sample 2 diesel. See Figure 32 Figure 32 and 

Figure 33 below.  Diesel 845kg/m3 has fewer points but it adjusts better. Sample iso 4113 has more points 

but only up to a temperature, it does not have viscosity values for temperature below 0ºC.The diesel finally 

chosen was diesel 845 kg/m3 due to the viscosity data at low temperatures relevance in this work.  
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Figure 32.Viscosity Curve A Sample 2: Diesel Högt. 

 

 

 

Figure 33. Viscosity Curve B Sample 2: Diesel Högt. 
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The next graph shows the close behavior between diesel B10 viscosity curve and diesel 818Kg/m3,Figure 

34. 

 

Figure 34. Viscosity Curve Sample 3: Diesel B10. 

 

And finally the following graph shows the diesel selected from GT Suite Library to run the model, Figure 35. 

 

 

Figure 35. Viscosity Curve Sample 4: Diesel B30. 
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The data was extrapolated using a power six polynomial and this yields an error in the simulation results. 

Therefore, when looking at the final pressure graphs it should be taken into account that the viscosity 

values at low temperatures were extrapolated and do not correspond to data tested. 

Finally after extrapolating the curves from the tests to the complete operating temperature range, the data 

was fed to the model. 

It has been used these diesels from GT Suite library but instead of using the viscosity data available in GT 

Suite it was introduced the viscosity data extrapolated from the tests previously required . (See Figure 36 

below). 

 

 

Figure 36. Diesels Samples Viscosity Curves. 

 

At the end of appendix B a higher quality graph is shown. In the case of diesel B5 it can be observed that 

the curve is not smooth in some temperature value : -15,-20,-25 and -30 ºC. Should be commented that the 

results obtained were up -30ºC and the extrapolation was done for every degree from -10ºC, the data 

obtained in the tests was the values that were kept instead of the extrapolated ones.  

For instance, Table 4 below shows the diesel 812 kg/m3 temperature vs viscosity data available in GT Suite 

Library. If this diesel is selected as the one which viscosity behavior better adjusts to B5 Diesel, the 

transport properties window would be filled out with the viscosity data obtained for Diesel B5. By doing this 

the diesels with which the simulation will be run, will show a closer behavior to the ones used in the tests.  
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Table 4. Diesel Transport Properties 

In order to compare the pressure values obtained from the software model  with the system requirements 

the model needs to include the pressure drop in the inside of the tank.  

Now a previous test data will be used to introduce in the model the pressure at the inlet of the fuel tank.  

These tests were developed to compare the different viscosities diesels and see their effect on the back 

pressure (pressure at the tank inlet). 

It will only be considered the pressure versus flowrate graph, Figure 37. 

 

 
Figure 37. Jet Pumps Back Pressure 
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This test was developed for diesel samples of 1cSt, 4cSt and 10 cSt viscosity values. Since the diesel sample 

used for the tests, B10 has a viscosity value of 4cSt, the results for the sample liquid which correspond to 4 

cSt can be used. See Table 5 and Table 6 below: 

 

Diesels Kinematic Viscosity (mm2/s) at 20º. ( kinemat(/d)) Kinematic Viscosity [cSt] 

B5 2,95 2,95 

SD10 4,77 4,77 

B10 4,09 4,09 

B30 4,44 4,44 

Table 5.  Test Samples Viscosity Values 

 

Diesel 
4cSt 

  

Active + Passive    

VRL (l/h) Pressure 
 pRL (kPa) 

VSSP 
(l/h) 

40,00 8,30 4,32 

50,00 12,83 36,90 

60,00 18,37 63,60 

90,00 38,13 127,20 

165,00 60,87 169,20 

Table 6.Input Data to represent Pressure Drop through Jet Pumps 

Now this pressure values can be introduced as a function of flow rate to consider the components inside 

the fuel tank effect in our model. Figure 38. 

 

Figure 38. Jet Pump Pressure Drop Object 
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6. Simulation 

All the pressure values yield by the software are absolute pressure. This should be taken into account when 

analyzing the pressure plots yield by the different models built. If the pressure values from the graphs are desired 

to be converted to relative pressure values, the pressure set at the boundary condition object should be substracted, 

100 KPa.Obviously, this does not refeer to the graphs showing pressure drops through components. 

 

6.1. Application Examples of GT tool. 
This section is divided in different Case Studies. 

The first case study corresponds to a model form by just one pipe. The aim searched was defining the 

influence of each of the design parameters in a straight pipe object, “round pipe object”. 

The first simulation consisted on obtaining the pressure drop through a 1 meter straight pipe for the 

complete flow rate range and for four diameter values. The graph below Figure 39, shows the output data 

yielded by the simulation.  

 

 

Figure 39. Pressure Drop vs Flow Rate 1 meter Pipe 

This graph would be used as a reference since based on the data from the graph the pressure drop for a 

length value different from 1m can be obtained by just multiplying the pressure drop by the target length. 

The next graph Figure 40, shows the pressure loss as a function of the diameter size for an average flow 

rate value of 165 l/h. It can be used as the previous one for any pipe length by just multiplying the pressure 

value drop for the required length. 
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Figure 40. Pressure Drop at 165l/h 1 meter Pipe 

The Second Case study correspond to a pipe which cross section in their bends is not circular but has an 

elliptical shape due to the fact the pipe was manufactured by bending process. In order to see how this 

reduction in cross sectional area is affecting the pressure drops a model consisting in just one completely 

curved pipe was built. 

The second case study deals with the actual problem when negotiating with suppliers the manufacturing 

process should be chosen to produce the steel pipes. Now the steel pipes are manufactured by bending 

what implies a deformation in the cross section. This pipe path has a very complex shape to adjust to the 

engine shape. This reduction in the cross sectional area led people at Volvo to think it might be the cause of 

peak pressures. However since there is no way to support this idea with calculations Volvo cannot justify 

why the pipes should be manufactured in a different way to maintain the cross section through the bends. 

The following simulation was done to see the effect this deformation on the total pressure drop. The model 

built consists of two pipes. The first pipe represents the actual design, an ellipse cross sectional area. The 

second pipe in the model stands for the ideal bend with a constant circular cross section area. 

When deciding how this model should be built, it was consider including several elements with constant 

cross area but then it came to the conclusion that by just considering one unique complete bended pipe it 

was sufficient. 
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The circular ideal pipe is defined by its diameter which is 6mm, the bend angle which is 90 degrees and the 

radius, 11,2mm. In order to create the ellipse curved pipe it was decided to keep the perimeter constant 

(18,84mm). Then the two characteristic radius in the ellipse were estimated to match this perimeter, 

a=4,37 and b=1,15. See Figure 41. The flow rate value was varied in the operating range and the 

temperature was kept at -10 ºC.  

 

 

 

The following graphs, Figure 42, shows the results of this simulation: 

 

Figure 42. Distorted Cross Sectional area bent pipes Influence in dP. 

 

In both pipes the radius is kept constant to 11,2mm value. The previous graph shows that at least a 70% 

reduction in pressure loss would be achieved if it were decided to the change of manufacturing method to 

another one which maintains the cross sectional area through the complete bend. 
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6.2. First Approximation Comparison between the Pressure drop implied by each 

Hose. 
The following model was built using straight pipes and bend pipes objects from GT Suite Library objects. 

The attributes defined in these objects are mostly length, diameter, material and initial conditions for the 

diesel to use by the software to solve the general fluid dynamic equations. 

This is one of the first models built and it takes a short period of time to be built. See Figure 43 below: 

 

Figure 43. Simple Return Flow Model 

 

The green square boxes shows the boundary condition data needs to be enter in each boundary condition 

element: HPP, engine and tank inlet. The parameters represented in brackets will be assigned a single value or a 

sweep of values when the design of experiments tab is set before the simulation is run. 
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Where the following table shows the dimensions of the pipes represented: 

 Diameter[mm] Lenth[mm] 

Pipe01 7,3 171 

Pipe02 5,5 88 

Pipe03 7,3 49 

Pipe04 6,4 1315 

Pipe05 8 667 

Pipe06 8 1116 

Pipe07 8 588 

Table 7. Pipes Dymensions Simple Return Model. 

As it can be seen in the previous model configuration just the backflow is simulated. The fuel returning from 

the engine and from the high pressure pump back to the fuel tank is represented. 

 

The model is assumed to be working at uncontrolled mode (PCV Mode). Therefore the temperature of the 

diesel measured at the high pressure pump is lower than 5 º C. In this situation the maximum flow is 

pumped by the high pressure pump and the PCV element would control the pressure. 

The Boundary Condition Elements in this model are the tank inside, the high pressure pump and the engine. 

The tank inside is used to set the pressure at 1 bar at this point as well as the temperature. The engine and 

the high pressure pump objects will set the flow rate and the temperature values. These magnitudes will 

not be set to a constant value but it will be defined as parameters. This means that a range would be 

introduced so the software would solve for all the cases (combination of temperatures and flow rates 

defined in these ranges).  

 

The temperature will be considered constant at any point and at the three boundary condition points. This 

is a simplification done to not model any heat transfer. In the vehicle this would never take place since heat 

transferred from the engine would imply a temperature increase of the diesel along the pipes. The wall 

temperature of the pipes is also set to a constant value for the same reason.  

The tank outlet object which is a boundary condition in the model is set to 1 bar pressure value. This is also 

a simplification since there is some more components inside the fuel tank implying pressure drops, the jet 

pumps. The effect of these elements will be included later for other simulation purpose. Now this model is 

considered to have enough information to yield useful results data. 

 

The first simulation consists on measuring the pressure drop at every hose to identify the pipe which is 

implying the highest pressure drop. The temperature was set to -10ºC and the total flow rate was set to 60 

l/h. The diesel used is B5. 
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This simulation led the following bar chart, Figure 44. 

 

 

Figure 44. First Approximation Pressure Drop in each Component Comparison. 

 

It can be observed that the hose implying a higher pressure is pipe04. This pipe is followed by pipe 06 

pressure loss. These two elements imply a pressure loss that represents the 66%  and 28% out of the total 

pressure loss,  7,20 KPa. The total drop is calculated from the high pressure pump to the tank inlet In case 

an overpressure situation arrives the hose should be definitely focused on is pipe04.   

 

6.3. Hoses Design Parameter Variation. 
Now the Simple model will be used to test what design variable should be focused on to solve this high 

pressure losses. 

 

6.3.1. Length 

First the impact on the pressure drop after modifying the length of the pipe is analyzed. Figure 45. 

The current length is 1315mm and we would like to know the dependence of the pressure drop on the 

pipe length. The model is simulated in the following length range: [1315 to 1972,5]mm. This range has 

been chosen to see the effect of decreasing the actual length, 1325 mm up to a 50 % lower length. 

Note that the point highlighted with its pair of values displayed corresponds to the current pipe design. 
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Figure 45. Pressure Drop Pipe 04 vs Length 

 

Length[mm] dP [KPa] dL[%] Red dP[%] 

657,50 1,40 50,00 50,00 

789,00 1,68 40,00 40,01 

920,50 1,96 30,00 30,00 

1052,00 2,24 20,00 20,00 

1183,50 2,52 10,00 10,00 

1315,00 2,80     

Table 8. Length Variation Influence in Pressure Drop 

As expected the reduction in 50% of the length leads to a reduction in pressure drop of 50% as well.  

 

6.3.2. Diameter 

Now it will be done the same simulation but now focusing in the diameter of the pipe. This is a more 

realistic simulation since the length of the pipes are normally fix due to the layout of the components in 

the vehicle. 

In order to see the effect of increasing the diameter it was done a simulation solving for the pressure 

loss using the diameters values shown in the next table, Table 9: 
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Diameter[mm] dP [KPa] dD [%] Red dP[%] 

6,40 2,80     

7,04 1,91 10,00 31,70 

7,68 1,35 20,00 51,77 

8,32 0,98 30,00 64,98 

8,96 0,73 40,00 73,96 

9,60 0,55 50,00 80,24 

Table 9.Diameter Variation Influence in Pressure Drop. 

Where 6.4 represents the actual diameter value. As it can be observed in the next table by increasing 

the diameter in only a 10% a reduction in pressure drop of 31% could be reached. The table above 

shows these values, Figure 46. 

 

 

Figure 46. Pressure Drop Pipe 04 vs Diameter 
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The following graph, Figure 47, shows how the pressure drop behaves as diameter and length variables 

change its value. 

 

 

Figure 47. Three Variables Plot Pressure Loss diameter and Length. 

Based on the results obtained it is more reasonable to modify the pipe diameter when trying to solve for 

pressure peaks. 

 

For instance, when calculating pressure losses for the simplest case of straight pipes, the model solves 

using a method valid for unsteady, compressible and multiphase flows. The model uses the pressure loss 

coefficient in the Momentum Equation: 
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Cf, is calculated for pipes based on the equations in section 2.1.1 (Friction losses). Please note though, 

that the pressure loss in a pipe is not simply calculated on this quantity alone. The true pressure (loss) 

calculation is a result of the simultaneous solution of the three conservation (mass, momentum, and 

energy) equations. As an example, heat transfer to or from the fluid can also result in pressure drop (or 

even rise) in addition to friction. GT-SUITE accounts for all these affects as it solves the fundamental 

governing equations. 
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However as a first approximation to estimate how the diameter of the pipe and the length would 

influence the pressure loss we will analyze the Cf coefficient assuming steady, incompressible and single 

phase flow. This formula has been already developed in the previous epigraph “Problem Description”. 

There it can be found more information related to it.  

 

 

 

Where: 

L       = Pipe Length (m). 

v      = Fluid Velocity (m/s) 
ρ    = Fluid Density (kg/m

3
) 

d  = Internal Pipe Diameter (m) 

f   =  Darcy Friction Factor (Dimensionless) 

 

The fluid velocity can be expressed as a function of the flow rate and cross sectional area. 

 

           
 

 
 
   

   
 

 

So the final expression of the pressure drop is; 

 

 

 

 

 

 

 

 

 

 

 

 

 

So it is reasonable to modify the diameter of the pipes instead of the length since the diameter term is 

elevated to the fifth power while the length is elevated to the one power. 

However we should also consider the friction factor dependence on the length and diameter since the 

moody diagram (Figure 2) shows the friction factor depending on the Reynolds number and the relative 

pipe roughness. 
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Where   is the pipe roughness. 

 

So far we have been simulating considering a flow rate of 60 l/h and a temperature of -10 ºC. 

If we plot the diameter versus dP versus flow rate and also diameter versus dP versus temperature then 

the relation between pressure drop and diameter with flow rate is provided. 

The easiest way to simulate this is creating a simple model consisting only in a pipe, pipe number 4. By 

doing this we will not need to set the flow rates at the engine and at the high pressure pump but just a 

flow rate which would represent the complete possible range that is the result from adding both flows. 

See Figure 48 to Figure 51 below. 

 

 

Figure 48. Pipe04 Pressure Loss vs Diameter vs Flow Rate. Current Diameter 6.4 mm. 
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Figure 49. Pressure Drop Pipe 04 vs Diameter vs Temperature.Current Diameter 6.4mm. 

 

 

Figure 50. Pressure Drop Pipe 04 vs Flow Rate vs Temperature. Diamter 6.4mm 
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Figure 51. Pressure Drop Pipe 04 vs Flow Rate vs Temperature. Diamter 7 mm 

 

6.4. Y connector angle influence on total pressure drop in the return flow. 
Now the same model will be used to verify whether the third branch angle in the Y connector is influencing 

the pressure drop in the system. 

First it will be explained why this simulation is of interest for Volvo.  

When the low pressure pump was tested in the system it showed a higher performance than the expected. 

This led to higher pressures in the return line and in order to solve them people at Volvo focused on this Y 

Connector. Several tests were done in rig and also at the vehicle but it could not be verified that this 

component was causing such high pressure losses. 

Therefore this simulation is an example of how useful this tool would have been to solve this situation for 

two main reasons. It would first have identified the components implying the higher pressure losses so any 

time would be invest in testing the wrong components. In addition, this simple model would verify in a time 

effective way that the Y Connector angle is actually not affecting the pressure losses in the system.  
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The following figure shows the angle  which value is going to be modified during the simulation.   

 

Figure 52. Y Connector Ports and Angle Drawing. 

The next plot , Figure 53, represents the absolute pressure at the pipe 1 outlet for different α values: 

[45,67,90,112, 135]degrees.  Since the pressure starts building up from the tank inlet upstream until the 

high pressure pump, this plot is showing the Y connector angle effect on total pressure drop. 

 

 

Figure 53. Pressure vs Y connector Angle. Q=30 + 30 l/h T = -30ºC. 
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Where the following figure shows the flows values set for the simulation, Figure 54: 

 

Figure 54.Y Connector Flow Values at each port. 

After simulating for the worst situation, this is the minimum temperature and the maximum flow rate in the 

operating range; the pressure values obtained verify that the Y connector angle is almost not influencing at 

all the pressure at pipe 01 outlet. Figure 55. 

 

Figure 55.  Pressure vs Y connector Angle. Most Unfavorable Operating Point. 
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The next table (Table 10) shows the low impact caused by the angle variation in the most unfavorable 

situation. 

Angle[degrees] P [KPa]   

45,00 158,28   

67,50 158,48   

90,00 158,71   

112,50 158,94   

135,00 159,14 dP max[KPa] 0,86 

Table 10. Yconnector Angle impact in Pressure Drop 

 

6.5. Models fed with 3D pipe files.  
 

6.5.1. Return Flow 

6.5.1.1. Major dP hoses identification 

The following model was built using the 3D files of the different pipes that form the system under 

study. Thanks to a tool available in GT Suite, called GEM 3D the pipes are discretized and converted 

to a GT file. Each time there is a change in diameter or a change in the pipe bend direction the pipe 

is cut and converted into a straight pipe object, bend pipe object or a Pipe Table object (accounting 

for different bend angles). 

The model is showed below, Figure 56: 

 

 

Figure 56.Return Flow Model Fed with 3D Pipe Files. 

Where the square box labeled Return pipe is a subassembly made only to make the model layout 

more compact. The following figure (Figure 58) shows the inside of this subassembly and as it can 

be observed it is formed by the same type of objects, round pipes, pipe table and Y flowsplit. 
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The model built using the 3D files of the Pipes, have more detail information of the system 

elements real dimensions.  

Now the same simulation will be run to see the hoses identified by this 3DpipeModel. 

 

Figure 57. Pressure Loss in each Component. T =-10ºC Q=60 l/h 

Now three elements represent the higher pressure losses in the line. They are PipeTable2B, Engine 

Return and PipeTable1B. They imply the 38%, 31% and 19% of the total pressure loss respectively.  

If we compare the results obtained from both models we first might look at the hose implying the 

higher pressure loss. 

First it is noticed that the 1D Model is producing a total pressure loss in the return flow lower than 

in the model fed with the 3D Pipe files. First one is 7,20KPa and the second one is 9,85KPa. This is 

due to the higher information the second model has regarding diameter change and bending. In the 

1D Model we only consider seven pipes while the last model is formed by 24 elements. 

However, if we look for the element implying the higher pressure loss in the second model, it can 

be seen (Figure 58) that it corresponds to a hose right after the Y-Connector.  

 

Figure 58. Return Steel Pipe Converted with GEM 3D. 
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This is exactly the place where pipe 04 is set at the first model. The pipes before it represent a 

length of only 37 mm in total. 

 

Therefore it can be conclude that both models are identifying the same pipe when the user is 

aiming to solve a high pressure situation. 

In this case it is more suitable to use the first model since it takes less time to be built and it shows 

large enough difference among components pressure drops to support the decision of focusing on 

those hoses. There is one pipe representing the 66% of the total pressure loss. 

In this case it is very easy to identify the hose should be focused on since it is a big difference when 

comparing to the rest of hoses. In another case it might be more convenient to use the Second 

Model to see with higher accuracy the hose should be worked on. 

 

6.5.1.2. Problem Solving (via diameter modification). 

 

The hose representing the higher percentage of the total pressure drop is PipeTable2B, which 

represents the 30% and now it will be study the how much the pressure loss can be reduced by 

varying the diameter dimension. 

 

To avoid setting the flow rate at the HPP and at the engine the pipe will be dragged into a new 

project so the different simulations will be performed in an easier manner. 

First we will see the pressure drop reduction achieved once the diameter is increased. See plot 

below: 

 

Figure 59 Pipe Table 2B pressure vs Diameter. Current Diameter 5,92 mm 



70 
 

 

diam[mm] dP[Kpa dD[%] dP[%] 

5,92 3,68 0,00 0,00 

6,51 2,50 10,01 31,98 

7,10 1,76 20,01 52,05 

7,70 1,28 30,02 65,23 

8,29 0,95 40,02 74,16 

8,88 0,72 50,03 80,37 

Table 11. Pressure Reduction Due to Diameter Variation. 

 

As it can be observed from the table results by increasing the diameter in 50 percent the reduction 

in pressure drop is of 80%. Then the total pressure drop in the return line would varies from 9,85 

KPa to  6,89 KPa. 

 

If we see these same results but considering the most unfavorable situation then the improvement 

achieve is expected to be higher. 

 

 

Figure 60. Pressure Drop in Each Component. T=-40ºC  Q= 200l/h 

 

 

 



71 
 

diam[mm] dP[Kpa] dD[%] dP[%] Total dP 

5,92 40,28 0,00 0,00 100,00 

6,51 27,40 10,01 31,98 87,12 

7,10 19,32 20,01 52,05 79,03 

7,70 14,01 30,02 65,22 73,73 

8,29 10,41 40,02 74,15 70,13 

8,88 7,91 50,03 80,37 67,63 

Table 12. Diameter Variation Influence in the Most Extreme Operating Point. 

The results obtained surprisingly show that the reduction in pressure drop reached by increasing 

the diameter is just the same at -40 ºC and 200 l/h flow rate as at -10ºC and 60 l/h.  

Of course it is more critical to decrease the pressure drop at -40 degrees centigrade since it is at this 

temperature when the system is at the maximum pressure values and it should stay under the 

requirement conditions in the complete temperature range. 

 

The following graph should be useful to know in what pressure drop range we would be at for the 

different operating points. 

 

Figure 61. Pressure Loss vs Flow Rate vs Diameter 

 

Based on this result obtained regarding the percentage improvement being the same value for the 

most unfavorable situation, the following simulation was done. 
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The design of experiments tab was set as it follows. First the flow rate was set to 6 points within the 

operating range, Q [58,200]l/h. Then the Temperature was also set to 6 points within the operating 

range, T[-40, 20]ºC. 

 

The following graph shows how the data follows the same pattern each 12 cases, this correspond to 

the set of cases with the same flow rate value. Each 12 cases the flow rate increases and for this 

reason the next twelve cases pressure graph is elevated respect to the previous one. 

 

 

Figure 62. Pressure Drop in the complete combination of operating points. 

 

Then the improvement achieved in pressure loss due to the diameter increased by 50 % was 

calculated and the results show that the percentage improvement value in pressure loss is 80,3% in 

all the cases simulated. Therefore, it can be conclude that the pressure loss percentage 

improvement is linearly related to the percentage increase in diameter.  

 

Now a different experiment was done to see the influence of the bend pipe angle. It was compared 

the pressure drop values for the actual PT2B pipe, an straight pipe with the same diameter and 

length, a bended pipe which all bend angles are set to 180 degrees. Then two more pipes were 

added to see the effect of changing all the bend angles to 90 degrees and for 45 degrees. 

The following table shows the length and number of bends of the pipes created, see Table 13: 
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Pipe Name Total Length 
[mm] 

Number of 
Bends 

Pipe Table 2B (Actual) 835,66 7,00 

Pipe Table 2B Angle 
180  

835,66 5,00 

Pipe Table 2B Angle 90 835,66 6,00 

Pipe Table 2B Angle 45 835,66 6,00 

Pipe Round 835,66 0,00 

Table 13. Number of bends and total length of each pipe created. 

The simulation with these five pipes led the following bar chart: 

 

Figure 63. Pipe Table 2B bending angle variation Influence on pressure loss. 

The results obtained show that by designing all the bend angles to a 45 value the pressure drop 

reduction achieved is of 3,37 % while if the pipe is designed without bends the pressure drop 

reduction reached is of 34,27%. 

 

This way of designing the bends in the pipe is quite useless since it completely changes the shape of 

the original pipe which was very consciousness designed to adjust in the vehicle. 

 

It might be a more realistic simulation to define the bend angles in the pipes as follows: 

First in the case of the 90 degrees pipe the pipe table 2B actual pipe will be modified in only those 

bends which angle value is higher than 90 degrees. The same way pipe 60 and pipe 45 degrees are 

built.  
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The following table shows the length and number of bends of the pipes created, see Table 14: 

Pipe Name Total 
Length 
[mm] 

Number 
of Bends 

Pipe Table 2B (Actual) 835,66 7,00 

Pipe Table 2B Angle 90  835,66 6,00 

Pipe Table 2B Angle 60 835,66 7,00 

Pipe Table 2B Angle 45 835,66 7,00 

Pipe Round 835,66 0,00 

Table 14.Number of bends and total length of each pipe created (b). 

The simulation yields the following bar graph: 

 

 

Figure 64. Pipe Table 2B bending angle. Experiment 2 

 

Now the total pressure loss through all the components is the same value as in the previous case, 

17 KPa. However now a 34% is achieved by maintaining the design of the pipe straight and a 5.3% 

reduction takes place when the bends angle is kept to a lower value than 90 degrees. 
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6.5.2. Feed Pipes 

The following figure shows the GT Suite layout of the complete circuit in the FDS. 

 

Figure 65. Complete Model 

 

6.5.2.1. Major dP hoses identification 

The same methodology will be followed as in the return flow model. After simulating at the same 

operating conditions (T= -10ºC and Q=60l/h) the following bar graph was obtained: 
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Figure 66. Pressure Drop in Each Component Feed Line. 

 

Where the element number 3 which correspond to the pipe named Rear Feed B, is representing 

26% of the total pressure drop. 

 

6.5.2.2. Problem Solving (via diameter modification). 

Now the pressure drop reduction achieved by the diameter modification is shown in next table, 

Table 15: 

diam[mm] dP[Kpa] dD[%] dP[%] 

6,00 4,61 0,00 0,00 

6,60 3,10 10,00 32,68 

7,20 2,17 20,00 52,99 

7,80 1,56 30,00 66,21 

8,40 1,15 40,00 75,11 

9,00 0,86 50,00 81,25 

Table 15.Diameter Influence in final dP Improvement 

Just increasing the diameter size from 6 to 6,6 mm a 30% pressure drop reduction would be 

reached. 
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Figure 67. Diameter influence in Pressure Drop 

6.5.3. Complete Circuit Pressure loss in Each Component Comparison. 

Now the bar graph showing the pressure loss implied by each hose for the Complete Circuit Simple 

Model is shown. See Figure 68 

 

Figure 68. Pressure drop at each component in the Complete Circuit. 
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Now the Check Valve implying the 80% of the total pressure drop is removed so the rest of elements can 

be analyzed, see Figure 69 : 

 

Figure 69. Pressure Drop Comparison Not Including Check Valve 

Feed Steel Pipe, Return Steel Pipe and Rear Return are pipes which should be focused on to reduce the 

pressure drop through the system. 

 

 

6.6. Characterize pressure values in the FDS  in the complete flow rate range 

and temperature range. Verification. Complete Circuit. Feed and Return. 
 

The 3D Complete Model (Figure 65. Complete Model was built to verify the maximum pressure 

requirement at the high pressure pump outlet, at the inlet and the flow rate through the cooling path 

requirements. 

 

The simulation developed consists on solving for the pressure drops through the complete circuit for the 

temperature and flow rate range. This is T [-40, 100] ºC and Q [20, 210]l/h. This range has been decided 

since it is not desired to limit the graphs; it should be useful to know what pressure values would be 

reached in case a stronger pump was used. The driving condition may also lead to higher flows. 

The following plot (Figure 70) shows the pressure values at the tank outlet boundary condition object 

“tank outlet” (see Figure 65).  

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

[%] 

Feed Steel Pipe

Return Steel Pipe

Engine Return

Bundle Return

Rear Return

Engine Feed

Bundle Supply

Rear Feed B

Rear Feed A

JetPump



79 
 

 

Figure 70. Pressure at the Tank Outlet Graph. 

The plot below shows the pressure at the high pressure pump inlet for the complete operating range. 

 

Figure 71. Pressure at the HPP Inlet Graph. 
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As it can be observed at the previous two graphs shown, the pressure value at 20 l/h flow rate is around 

400 Kpa pressure drop. This is correct since in the real system the flow starts from zero value and once 

reached 300 KPa pressure drop at the high pressure pump, the total pressure drop equals the pressure 

drop at the cooling path at the HPP. As the flow rate continues increasing, the pressure drop through the 

rest of components in the feeding line also increase and the pressure measured at the Tank outlet 

become higher that the values measured at the high pressure pump inlet.  

The following graph shows the pressure measured at the HPP outlet.  

 

Figure 72.Pressure at the HPP Outlet Graph. 

When analyzing the previous graphs showed, it should be considered the different factors influencing 

the FDS. 

For instance, in cases we have a fuel in a real car with very high viscosity the flow will be reduced to a 

lower level since the pressure gets very high for the low pressure pump. When it is considered that the 

fuel pump delivers 220 l/h that is only true at a certain temperature and 450 kPa working pressure. If 

the pressure is for example 550 kPa the flow performance is probably only 190 l/h. This complete flow is 

not the normal condition but only a fault case since the low pressure pump is operated.  
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The normal condition is: 

· Cooling and lubrication flow. 30 l/h (-40 º C) 

· Margin in operating the LP pump. 20 l/h 

· HP pump in uncontrolled mode with max rpm and no fuel consumption   60 l/h (all fuel is returned to 

tank by the PCV (Pressure Control Valve)). 

This gives a total return flow of 30+15+60=105 l/h.  At lower rpm it might be 30+15+30=75 l/h    

 

The following table shows pressure requirements (maximum and minimum values) and the values yield 

by the 3D Complete Model and Simple Complete Model. Note that this simulation correspond for the 

normal condition operation defined above. 

 (See the Simple Model GT Layout at Appendix A.4.) 

Complete Circuit 
T [ºC] = -40 

Pressure Requirements Values to Meet 

Simple Model Tank_outlet 
(Pabs<650KPa) 

HPP inlet 
(450<Pabs<700KPa) 

HPP outlet 
(100<Pabs<205KPa) 

Lower rpm Q= 75 l/h 518,44 482,25 137,63 

Higher  rpm Q= 105 
l/h 

563,16 510,7 137,63 

3D Model    

Lower rpm Q= 75 l/h 554,69 495,59 150,96 

Higher  rpm Q= 105 
l/h 

624,53 532,91 175,23 

Table 16. Pressure Requirements verification for the Complete Circuit Models. 

Note that the tank outlet pressure value is not a pressure requirement but a reference value used to 

verify the models. 

Same simulation was run for the Return Models so it could be verify their correct performance as well. 

The following table shows the pressure values yield by the 3D Return Model and the Simple Return 

Model. 

Return  Flow Model  

Pressure Requirements to 
meet 

HPP outlet (Pabs<205KPa) 

T [ºC] = -40 HPP outlet (Pabs<205KPa) 
150,9 Simple Model 

Lower rpm Q= 75 l/h 

Higher  rpm Q= 105 l/h 188,22 

  

3D Model  
153,02 Lower rpm Q= 75 l/h 

Higher  rpm Q= 105 l/h 193,43 

Table 17. Pressure Requirement Verification for Return FlowModels. 
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7. Experiments 

7.1. Objectives. 
The main objective consists on measuring the pressure drops along the fuel system. The maximum priority 

was measuring the pressure loss through the components which presents higher complexity which are the 

filter and the high pressure pump. This way they would be then represented in the software. 

These set of data values were obtained at different flow rates and would be used to represent the pressure 

drop effect of these elements in the system when building the model. 

Then the pressure drop along the complete circuit would be measured for the complete flow rate interval. 

These measures would be used to verify the model results. They would also be used to do a sensitive 

analysis between the values obtained in the tests and those obtained after simulating with the model. 

 

The flow rate range target to be tested was Q [20, 165] l/h while the temperature range was T[-50,150] 

degree centigrade.   

 

7.2. Acquiring tools and components. 
After determining the motor model and vehicle would be used for this thesis work, the part numbers of the 

components were available in the system. Then, an order was placed so the suppliers would deliver them in 

few days. 

A test Engineer was already doing some tests in the filter so either the fuel tank not the pump needed to be 

ordered. Therefore the order placed consisted on the filter and the different pipes. The Feed Steel Pipe and 

the Return Steel pipe as well as the high pressure pump were ordered via the high pressure department 

since it does not belong to the low pressure side in the system. 

After discussing with the diesel responsible at Volvocars, it was agree to use different diesels which would 

represent a set of fuels with different qualities. Only diesel B5 is in the market so this work would allow us 

to compare each diesel performance in the complete temperature range. 

 

The table above shows the different properties for each sample: 

Diesels Density(kg/m3) at 
15º 

CFPP(ºC) Viscosity (mm2/s) at 40º 
kinemat(/d) 

B5 818,1 -33 2,053 

SD10 838,9 -8 3,031 

B10 839,8 -32 2,615 

B30 848,9 -30 3,024 

Table 18. Diesels Samples Selected. 

 

The diesels chosen were sent to the test lab for viscosity measures.  
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The viscosity measurements for 10 degrees Centigrade intervals started. It was considered it would be 

convenient to do the viscosity measurements on the same diesel samples would be used in the 

experiments. 

7.3. Experiments Setting up .  

The first step after obtaining the parts from the provider was building the fuel distribution system circuit in 

the lab. 

Once the Set Up of the test was prepared the first test was decided to be run with the Högt Diesel sample 

which is the lowest quality diesel. The only reason to do this was that the diesel was already fed into the 

tank. 

 

As it has already been explained, by obtaining the pressure drop at the filter and at the high pressure pump, 

these components effect on the diesel pressure drop would be characterized in the software model. These 

data is used as an input to the pressure loss components in the GT model created. This way it will not be 

needed to introduce the complex geometry values of the filter and the HPP elements what would delay the 

thesis work. This constitutes a first approximation in the FDS simulation process using GT Suite. 

First it was decided to run the tests for all the diesel samples. Then after analyzing the software it was come 

to the conclusion that it was not necessary for the model development. (See explanation at the modeling 

epigraph) It would only be used to verify the pressure data yield by the model. Therefore, this task priority 

was set to a lower level. In case it was time left after running of the tests with higher priority, this task 

would be done. 

 

First assumption was that pressure drop measurements were needed at different temperatures but then 

once more, it was found out that the model would be able to provide the pressure loss for any temperature 

once the pressure loss versus flow rate data had been introduced for one temperature, in our case room 

temperature. (See information about this at modeling epigraph). As in the previous case, if there was time 

left at the end of the thesis work; these tests would be done to verify the data obtained from the model 

simulations. 

The following CAD picture shows how the real system is distributed in the vehicle (Figure 73), and the next 

sketch shows the circuit built for the tests, Figure 74: 

 

 
Figure 73. CAD Drawing. 
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Figure 74. General FDS Sketch 

 

The following table summarize the Variables which will be known and fix in the test and those which are 

obtained after running the tests (output data).The variables which are output data in the tests are the 

temperature at point B and the pressure at point A. These two values are needed when verifying the model. 

See table below,  Table 19. 

 

 Model  Tests 

 Point A. Circuit Outlet Point B. Circuit Inlet Point A. Circuit 
Outlet 

Point B. Circuit 
Inlet 

Temperature Inlet T constant  Input: Tinlet Circuit Outlet T at point A Input: Tinlet 
Circuit 

Pressure Input:  101Kpa Output: Pressure B Input:  101Kpa Output: Pressure 
B 

 

Table 19. Model and Tests Input-Output Data 

 

So, the Variables that will be combined to define the experiments set up are: diesel sample, flow rate and 

temperature of the diesel at the circuit inlet. 

 

The sketch below shows the how the test lay out looked before all the components to complete the system 

were added. This lay out correspond to a test work was being done before the elements for the tests of this 
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thesis work were received. After all the pipes completing the fuel distribution system were obtained they 

were placed in their correct position. It was also added the high pressure pump component between the 

filter and the pipes returning to the fuel tank.  It can be seen the circuit built in the test and the points were 

the variables were measured, Figure 75. 

The old test layout included a fuel tank, a pump a heat exchanger, the filter ad pipes connecting each 

component. The heat exchanger was using Glycol to set the diesel temperature at the filter input to the 

desired value. 

The variable were being measured are pressure (kPa), temperature, Flow rate (liter/h), Current (A) and 

Voltage(V) 

I and U were being measured on the PTC (Positive Temperature Coefficient) which is a fuel heater that 

prevents the fuel from reaching the CFPP point (Cold Filter Plugging Point) and stuck in the filter at low 

temperatures. 

 

 

Figure 75. Filter Test Lay Out  

 

The future tests would be performed in fixture and the diesel temperature before the filter could be cooled 

down up to -30°C. 

The Measure equipment consisted on Pressure Sensors (2269_IN and 2280_OUT (10bar range)) and Flow 

Sensors (Atrato, optical). 
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The next sketch shows the measure equipment set up, Figure 76:  

 

Figure 76. Measurement equipment Sketch. 

In the next figure (Figure 77) it can be seen the measure equipment when it was set to measure the 

pressure drop in the filter. It measures the flow pressure before of the filter and after it. The temperature 

was also measured at the filter inlet and at the filter outlet. The flow rate was measured before the fuel 

pump. 

 

Figure 77. Measurement Equipment Lay Out. 

 

Once the whole components were received the complete Test Set Up  was form by: Fuel Tank, Pump, Pipes 

( Engine Feed, Engine Return, Rear Feed A, Rear Feed B, Rear Return, Bundle Feed, Bundle Return, Steel 

Pipe Feed and Steel Pipe Return) the Filter and the High Pressure Pump (HPP). 
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7.4. Run them 
The tests were run by adjusting the flow rate with the voltage input to the low pressure pump at several 

points within the performance range and measuring when the system reached a steady state, the pressure 

drop values and temperatures in several points. 

First the pressure and temperature data was measured at the inlet and outlet of the complete circuit and 

then these variables were measured before and after the filter and the high pressure by running the tests 

using each component at a time. 

The data was obtained in a continuous way and then averaged in each time interval. 

7.5. Data Collection 
The data collected was recorded as a function of time, in a continuous way. 

Then a mean value was calculated for each variable and each time interval. This is due to the fact that the 

flow rate was set for a few seconds to one value and after the time interval has passed it would be set to 

the next higher value.  

The following table shows the temperature and pressure values at the point A and B of the circuit with the 

previous pump problem solved. These points correspond to the diesel entering in the circuit from the fuel 

tank going through the filter, the feeding pipes, the high pressure pump, the return pipes and the diesel 

going out from the circuit and returning to the fuel tank 

This test was developed using the Högt diesel sample. 

These are the results tables summarizing the tests, Table 20: 

Q 
target 

t 
target 

Start time 
[s] 

End time 
{s] 

Flow 
[l/h] 

t_IN 
[°C] 

t_OUT 
[°C] 

p_IN 
[kPa] 

p_OUT 
[kPa] 

dP[KP
a] 

50 0 0 60 47,49 -0,71 3,58 468,14 91,77 376,36 

70 0 300 360 70,89 1,43 2,81 502,12 100,64 401,48 

90 0 630 690 90,54 3,45 4,41 508,38 89,44 418,94 

110 0 1130 1190 112,66 4,59 2,81 559,76 95,17 464,60 

130 0 1730 1790 129,37 5,74 4,77 593,28 99,72 493,56 

150 0 2250 2310 151,19 1,44 2,81 651,40 120,65 530,75 

50 20 130 190 54,56 19,95 20,23 472,64 101,42 371,22 

70 20 305 365 72,00 20,17 20,35 482,59 98,23 384,36 

90 20 580 640 98,07 21,70 21,46 527,21 109,50 417,71 

110 20 1140 1200 108,85 21,98 21,57 527,93 99,52 428,41 

130 20 1460 1520 131,86 22,72 22,37 568,94 103,43 465,51 

150 20 1670 1730 155,12 23,12 22,77 625,05 116,81 508,24 

Table 20.Complete Circuit Pressure Drop Test Results. 

Then this diesel sample was removed from the all the circuit components and the B10 diesel was poured 

instead. 

 

Now the pressure drop through the filter and through the high pressure pump was measured. See following 

tables (Table 21 and Table 22). 
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HPP tests B10-fuel       

Q target t target Flow [l/h] t_hpp_in [°C] t_hpp_out[°C] p_hpp_in [kPa] p_hpp_out [kPa] dP[KPa] 

50 20 58,3 18,73 19,34 443 103 340 

70 20 70,9 18,84 19,22 434 99 336 

90 20 90,8 19,23 19,37 453 102 351 

110 20 109,8 19,42 19,54 458 100 359 

130 20 129,1 19,66 19,80 467 100 367 

150 20 149,2 19,96 20,00 482 106 376 

maximum 20 184,8 20,58 20,59 543 143 400 

Table 21. HPP  Pressure Drop Test Results. 

Filter test B10-fuel       

Q target t target Flow [l/h] t_IN [°C] t_OUT [°C] p_IN [kPa] p_OUT [kPa] dP[KPa] 

50 20 62,4 22,24 22,13 105 103 2 

70 20 71,0 22,20 22,06 103 100 3 

90 20 90,4 22,33 22,19 105 100 4 

110 20 109,8 22,50 22,18 111 104 7 

130 20 131,5 22,51 22,34 112 101 10 

150 20 146,5 22,68 22,56 119 106 13 

Table 22. Filter Pressure Drop Test Results. 

 

7.6. Data Analysis. 
When the complete circuit tests was developed the temperature was varying continuously especially at 0ºC 

due to the surrounding temperature was 20ºC. This is a source of error in the measurements. 

There were also some pressure drop values in the complete circuit test which were obtained by calculating 

the mean value  from only 30 and 35 set of data. These values are the ones that correspond to the 131 and 

164 l/h flow rate. This is also adding some error that should be considered. 

 

There are two pressure drop values measured through the high pressure pump which show a strange trend, 

as flow rate increases the pressure loss decreases. These two values are the ones that correspond to 58 and 

71 l/h. 

 

In addition, there was a problem when running the first test. The data obtained from the first test was not 

valid. The flow rate pumped by the low pressure pump during the tests done was set by adjusting the 

voltage. The flow rate value was set to 20, 40, 60 l/h sequence values. The pump was not reaching a higher 

flow rate value than 110l/h when feeding it with 12 V so it was not working properly. 

 

Afterwards, it was found out that the problem was that a software-filter in the flow-meter  was activated 

and we did not know it. 
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Next graph shows this software filter effect on the pump performance, Figure 78: 

 

 

Figure 78. Software-Filter Effect on Pump Performance. 

Therefore, the flow values from the first test were not correct. The test would need to be repeated in order 

to measure accurate data.  

7.7. Error introduced by the measurement components. 
To be able to measure the pressure drop of the different components, different connectors were used.  

The following figure shows where this connectors where placed in the case of the high pressure pump tests, 

Figure 79. 

 

 

Figure 79. Connections Used for the tests. 
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Pressure drop over these connectors are not measured why these are a source of error. A nominal 
connector was measured to determine the magnitude of this error. (max 3kPa) The fact that the curve 
shows a negative pressure drop at 45l/h also indicates a measurement error. Therefore results should be 

used for comparison rather than absolute values. SeeFigure 80 Figure 80. 

 

 

Figure 80. Connectors Pressure Loss Test. 

 

7.8. Feeding the Model. 
The pressure drop objects in the model (filter and high pressure pump) were fed with the points obtained in 

the first correct test.  

Just by running the tests with one diesel sample and feeding the pressure loss versus flow rate data at a 

unique temperature the model would calculate the pressure drop for any diesel sample at any 

temperature. 

First it was decided to feed the model temperature of the diesel at the circuit output with the temperature 

measured during the tests. This idea was any more considered since a solution on how the heat transferred 

during the flow path was not reached. 

The model will show the pressure drop through the components considering constant tempearure. 

Therefore, the model design of experiments would be set to simulate the pressure drop within the possible 

temperature range T [-50, 100]ºC.  

The diesel samples are characterized in the software thanks to the viscosity tests developed by the 

Chemistry department. It was obtained the viscosity values for almost the complete range and the points 

could not be obtained were then calculated by extrapolating. 

 

The boundary condition pressure chosen was the 101 KPa pressure characterizing the tank outlet point. 

As it can be observed in the summary tables, the pressure at the tank inlet was set to 101 KPa. This  is set 

when running the experiments. 
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8. Sensitive Analysis. 

A comparison between the results yield by the 3D Return Flow Model and the Simple Return Model would 

follows. The aim of doing this is to analyze the convenience of simplifying the model when deciding which 

level of detail should be included. 

We will simulate the pressure absolute value at the high pressure pump outlet for 60 l/h total flow rate and 

at the complete temperature range: [-40, 20] ºC. See Figure 81 below: 

 

 

Figure 81. Total Pressure Drop in the Return Line two Models Comparison. 

 

The deviation of the simple model is of 8 KPa or lower. It can be conclude that for the purpose worked so 

far the simple model includes enough information and the level of accuracy is good enough. 

 

It has also been done a sensitive analysis of the error committed by comparing the pressure drop values 

obtained in the tests of the complete circuit to the results yielded by the Simple Complete Model and also 

to the results from the model including the discretized 3D pipe files. 
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Next graph shows these results, see Figure 82 below: 

 

 

Figure 82. Test Results versus Simple Model versus 3D Model Complete Circuit 

 

The graph showing the total pressure drop through the complete circuit results from the real experiments, 

adjusts to the 3D Model pressure curve as it can be observed in the previous graph. There is not measurement 

data from the test for flow rate values over 165 l/h so this graph does not lead any conclusions regarding higher 

flow rate values.  

In the case of the Simple Complete circuit Model, it seems to adjust at low flow rates and is showing lower 

pressure values one reached 122 l/h flow rate value. The reason for this might be that the Simple Complete 

Model is including less information regarding changes in diameter and curves so it calculates a lower pressure 

drop through the circuit. 
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9. Results Analysis. 

The viscosity tests ordered at the beginning of this work to characterize each of the diesels in the model, yielded 

viscosity data up to a minimum temperature which was far above the CFFP in every diesel sample except from 

diesel B5 where data was obtained for the complete operating range. Therefore, it was needed to extrapolate 

the data available so the model could be simulated in the complete possible temperature range. The 

extrapolated function which best fitted the tendency of the viscosity values was the polynomial of degree 6. The 

main disadvantage when extrapolating using polynomials is that they diverge in the extremes and certain level 

of error is committed. When looking at the graphs built by the software this should be taken into account not 

being the viscosity values data from real tests but extrapolated values.  

 

Regarding the Fluid Liquid Compressible object which refers to the reference that define the diesel properties, 

the model is extrapolating at temperatures lower than 273 K when calculating the diesel density. For this reason 

it is been committed an error especially if the fuel starts to change roughly at low temperatures. In order to 

check the fluid is not showing an strange behavior at low temperatures, the fluid properties plot , pressure or 

temperature plots were analyzed to find any change in slope, change in direction or any non-physical behavior 

at temperatures below 273 K compared to temperatures above 273 K . 

The other option was leaving in the main tab the minimum temperature value at 273 so the model would use 

the density at 273 K always. However this option was considered to imply a higher level of error to the results 

and therefore it was dismissed. 

 

When the complete circuit tests was developed the temperature was varying continuously especially at 0ºC due 

to the surrounding temperature was 20ºC. This is a source of error in the measurements. 

There are two pressure drop values measured through the high pressure pump which show a strange trend, as 

flow rate increases the pressure loss decreases. These two values are the ones that correspond to 58 and 71 l/h. 

This is due the fact that adjusting the flow rate at low values to be constant was difficult since it was fluctuating.   

 

In the model the temperature is assumed constant through the complete circuit. When doing the tests this was 

verified at room temperature. However this is a simplification done since in the vehicle there are different heat 

inputs to the fuel as it goes through the circuit. First the PTC elements in the filter would provide 165 w 

approximately and at the high pressure pump the heat input is of 1,5 kW. Since the diesel in the model does not 

receive any heat from the outside, its temperature is maintained at a lower value compared to the reality what 

leads to higher pressure values. 

However, by doing simple calculation using the following basic equation in thermodynamics: 

 

   ̇        

 

A temperature increase of 2,5ºC is achieved when considering a 140l/h flow rate and 165W heat input. When 

the heat input rises to 1,5 W for 100 l/h flow rate, the temperature increase is 23 ºC. Based on this simple 

calculus it can be concluded that the assumption made of neglecting any heat transfer along the system is good. 
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In addition, in the case of the Back Models, this simplification assumption made for the complete circuit model is 

not done since the temperature at the engine and at the high pressure pump is varied within the possible 

operating range. 

 

According to the pressure values obtained after simulating using the Complete Circuit Model the system is 

verified to meet the pressure requirements under normal condition. When considering a fault situation, other 

factors are influencing as the pump voltage and the driving mode more, therefore, information is required to 

make conclusions. 

The graph showing the total pressure drop through the complete circuit results from the real experiments, 

adjusts to the 3D Model pressure curve as it can be observed in the previous graph. There is not measurement 

data from the test for flow rate values over 165 l/h so this graph does not lead any conclusions regarding higher 

flow rate values.  

In the case of the Simple Complete circuit Model, it seems to adjust at low flow rates and is showing lower 

pressure values one reached 122 l/h flow rate value. The pressure difference value between the two graphs is 

from 40 KPa to 60 Kpa at the maximum flow rate. What might be affecting these results is that the Simple 

Complete Model is including less information regarding changes in diameter and curves so it calculates a lower 

pressure drop through the circuit. 
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10. Conclusions 

The main conclusions reached during this thesis work were: 

 Simple models can be built in a very short time with different final objectives. For instance to 

test many design parameters which value slight variation might lead to a consequential impact 

in the system total pressure loss. GT Software can be used to build very simple models 

consisting on just one meter length pipe and allow us to build pressure drop graphs as a 

function of flow rate, temperature and diameter size. These graphs would be used for any pipe 

length by just multiplying the pressure drop by the actual length. 

 Identification of the hose in the return flow circuit imposing the highest pressure drops, hose 

number 4 in the “Return Flow Simple Model”.  

 After running different simulations varying the pipe length and the pipe diameter at different 

flows and temperatures it was concluded that the design parameter with a higher influence was 

the diameter dimension. 

 The manufacturing process used to produce the steel pipes is actually affecting the pressure 

loss through each bend in a 70 % increase. This is due to the manufacturing process actually 

used “bending” which causes a distortion in the cross sectional area. 

 The Y-connector angle in the steel return pipe does not have any influence on pressure drops 

for any flow rate or temperature value within the operating range.  It was simulated the model for 

different Y Connector angles. This Connector has a quite strange geometry that would lead people to 

think it is imposing a high pressure drop. After simulating and observing the results obtained it was very 

clear that definitely the angle had no influence on the pressure drop and there was no need to focus on 

this component angle design to solve high pressure issues any more. 

 A model representing the back flow circuit produced plots showing pressure values for the 

complete flow rate and temperature range. These plots will be used to see the different 

operating points, at a certain temperature and flow pumped the precise pressure values would 

be obtained. Thanks to the viscosity versus temperature plots it will be easy to determine the 

pressure values it would be obtained not just for the diesel samples used in this work but for 

any diesel viscosity in the market. 

 A complete circuit model from the fuel tank to the filter and high pressure pump returning back 

to the fuel tank showing the pressure versus flow rate, temperature plots. This model would 

provide the pressure values at the different components and those hoses should be focused on 

to solve over pressure situations. 

 Sensitive analysis of the deviation between the pressure drop values obtained during the real 

experiments and the pressure drop values produced by the model. Also it has been done a 

sensitive analysis of the deviation between pressure drop values when considering simple 

model return flow in comparison to the values produced when the 3D data was imported to the 

model (the model accounts for the bends and changes in diameters). The highest pressure 
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difference value found was 9Kpa. Since the aim of the simulation was not obtaining absolute 

values but comparative values which would identify the main hoses that should be worked on, 

the simple model was concluded to be suitable for this purpose.  

 Based on the graph showing the total pressure drop through the complete circuit results from the real 

experiments, the Simple Model curve versus the 3D Model curve, it can be concluded that the tests 

verify the pressure values yield by both Models built. However, the lower detail information included in 

the Simple Model leads to lower pressure values. This difference becomes higher once reached 100 l/h 

flow rate. 
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11. Future Work. 

To do this thesis work four different diesel types were chosen. However the model is not limited to be applied 

for these diesels types. By looking to the viscosity curves it is easy to run the model for other different diesels. 

For example if you want to know the viscosity influence on pressure drops along the circuit for a higher viscosity 

value diesel then, you can lower the diesel temperature so the viscosity reaches the desirable value.  

The following step to take might be representing the heat transferred through the elements. Now the wall 

temperature in the pipes is set to a constant value but this can be changed so the model would solve for the 

temperature of the pipe wall at each time step. There are some actuators objects which have been used for this 

model but which were dismissed after a time since any satisfactory solution to model the heat input was found.  

The problem was that any reasonable dependence among flow rate, temperature or pressure was found to 

define the heat transferred. This actuator objects allow introducing a constant heat input to the fuel, or a heat 

input value dependent on the temperature measured by a sensor object at other component.  

For instance the PTC elements inside the filter can be modeled by using an actuator object which would apply a 

certain amount of heat dependent on the flow rate and the temperature at the input. 

As the model is built now it has some non-predictive elements as the pressure loss components and they should 

be replaced in the future. They are non-predictive since the pressure drop is not calculated by the model but 

impose by the user. 

 If each of the elements: filter, high pressure pump, and the jet pumps inside of the tank were built in detail this 

would have led to a predictive model able to be subjected to a wider number of these elements design 

modification simulations. 

The parts modeled as pressure loss connections, since they are non-predictive, if the filter or the pump in the 

real system is replaced they need to be updated in the model as well. Since the pipes were modeled based on 

the real geometry (lengths, diameters and bends) these parts are predictive and the model can account for 

changes on those geometries. 

There are some components that at the moment are not modeled in a predictive approach but with little time 

investment they can easily become predictive components. For instance there is an object available in GT Suite 

Library which permits to model a pump by introducing the “pump map data”. By only introducing the flow rate 

versus pressure data and the isentropic efficiency the pump would be modeled. This data might be provided by 

the supplier. In addition, the filter can be modeled using an orifice object with multiple holes. 

 

If this software is used in several departments in each department time will be invest to build the precise 

component. Then, the components built by each of them would be shared and therefore people from fuel lines 

would be able to run a model where hopefully all of the elements with higher level of design complexity in the 

fuel distribution system as the engine, the high pressure pump, filter and low pressure pump have been built 

and include all the detail information to behave closely to the real system. 

 

This software as seen in several example applications done might be used to verify many technical issues Volvo 

might be going through regarding pressure losses .It is very useful tool to negotiate with suppliers and support 

the point of view employees at Volvo may have. 
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Appendix A. Viscosity versus Temperature Test Results. 

Diesels Selected to run the tests. 

Analytical Report SD10 B10: 
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Analytical Report  MKIB5 SWEDISH: 
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Analytical Report DIESEL HÖGT CFPP: 
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Analytical Reports SD10 B30: 
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Appendix B. Viscosity-Temperature Extrapolated graphs. 

Temperature range [-50, 100]ºC 
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Appendix C. Viscosity Curves Diesels available at GT Suite Templates Library. 
 

The Viscosity Temperature graphs for the main Liquid Compressible Fluids available at GT Suite. The graphs were 

built considering only the viscosity values which correspond to 1 bar pressure. 
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Appendix D. Different Models Created. GT Layout. 

 

A.1. Simple Application.  

 Ellipse Cross Sectional Area 90 º curve Pipe Versus Circular Cross Sectional Area 90 º Curve Pipe. 

 

A.2.Simple Return Model 
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A.3.Return 3D Model 

 

 

 

 

 

Return 3D Model, Steel Return Pipe Subassembly. 
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A.4. Simple Complete Circuit Model. 
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A.5. Complete Circuit Model. 

 
 

 

Feed Steel Pipe Subassembly. 
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