


Abstract

Research was made into the characteristics of a turbocharger when applied to an internal combustion engine, research has found that the evolution of turbochargers has improved vastly where variable geometry turbochargers are now applied to vehicles in order to improve the acceleration and response at lower engine speeds while providing high performance at higher engine speeds.
When applying a turbocharger to a naturally aspirated engine, apart from the general components of the turbocharger setup like the intercooler, oil cooler and all the required pipework there are alterations that would require changing. Depending on the specification of the fuel pump, pressure regulator and injectors, they may need to be replaced with upgraded parts in order to supply the fuel demand as the amount of air added to the combustion is increased with a turbocharger. The compression ratio would be larger when the turbo is added to the engine, it was found that replacing the pistons with low compression pistons or using a larger cylinder head and a larger head gasket will increase the volume within the cylinder which will decrease the compression ratio.
The main body of the report provides calculations to determine which of the four compressor maps provided are compatible with the naturally aspirated V8 spark ignition engine provided, it was found that two of the turbos were compatible with the engine as both provided a high compressor efficiency. From the calculations it was found that one turbo was only compatible if it was applied in a single turbo setup utilising all eight of the cylinders. The other turbo was only compatible if it was applied in a twin turbo setup due to the volumetric flow rate from all eight cylinders was too large which would result in the compressor being out of its efficiency range.
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2. Introduction

The following report includes research into the operation and purpose of a turbocharger, including different types of turbocharger methods applied in order to improve the performance, efficiency and emissions. Discussed within the report is the technology applied to turbochargers in order to maximise its efficiency and improve the response of the turbo at lower engine speeds, this includes twin scroll and variable geometry turbochargers.
When turbocharging a naturally aspirated engine there are many things that must be considered because the engine was not designed to be combined with a turbocharger, depending on the engine’s capabilities an improvement to the internal components of the engine may be required. An improvement to the fuel supply must also be made to compensate for the addition of air entering the cylinders, the components and methods that can be applied will be discussed within the report.
Included within the methodology is the step by step procedure of dismantling a turbocharger, while giving reference to the parts removed and providing an insight into the parts that construct a turbocharger. The main area of the report is based on applying a turbocharger setup to a naturally aspirated V8 spark ignition engine, there is an option between four compressor maps to select. The decision will be calculated using the information provided in the brief that provides the dimensions of the bore, stroke, engine speed, volumetric efficiency and the boost pressure the turbo is requested to provide.
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3.0.  Literature Review and Research

3.1. Introduction of turbocharging
[bookmark: _Hlk4443123]The turbocharger was first proposed in 1909 by Dr Alferd J Buchi who successfully developed a turbocharged diesel engine in 1925 with a 40% efficiency, as confirmed by Hatami, Cuijpers and Boot (2015) and confirmed Watson and Janota (1982). The turbocharger was introduced to a spark ignition passenger vehicle in 1962 which was the Chevrolet Corvair, as confirmed by Zinner (2012). A turbocharger uses the exhaust gas to rotate the turbine which is connected to a compressor by a shaft. 
The exhaust gas passes through the turbine and then out to the exhaust system, the exhaust gas can then rotate the turbine at extreme speeds of over 100,000 rpm which in turn rotates the compressor at the same speed as they are attached to the same impeller shaft, as expressed by Watson and Janota (1982) and Lee et al (2016). Situated in the turbo housing is an exhaust gas wastegate, the wastegate is operated by a vacuum or electronically controlled actuator that opens the wastegate which reduces the exhaust gas flow to the turbine, this releases the boost pressure, as confirmed by Zurlo (1998) and Karnik, Buckland, and Freudenberg (2005)
On the compressor side of the turbo there is an inlet and an outlet, the induction system/airbox is connected to the inlet side and the compressed air from the compressor wheel travels through pipework to the intercooler, as confirmed by Watson and Janota (1982) and Hillier (2014).  The hot temperature air that flows from the compressor to the intercooler is decreased in the intercooler by the ambient air that passes through the channels of the intercooler which increases the density of the air before it is transported into the intake manifold and into the combustion chamber, as confirmed by Watson and Janota (1982) and Hillier (2014).
[image: ][image: ]The use of air and water intercoolers are also used which increases the thermal efficiency by using the coolant to disperse the heat, these intercoolers are more efficient at lower speeds and are often smaller and more compact. The air/air intercooler systems are more efficient at higher speeds, they are often more reliable while having a lower need for maintenance and the cost of the system is less than the air/water intercoolers, as confirmed by Watson and Janota (1982) and Hillier (2014).  The volumetric flow rate of the cylinders increases with the use of a turbocharger which increases the amount of air that can enter the cylinders, which allows for more fuel to be added to the combustion and results in an increase in power and torque output, as confirmed by Watson and Janota (1982). 



Fig 1. Airflow through turbocharger				           Fig 2. Turbocharger layout
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3.2. Turbocharging technology
[image: ]Twin scroll turbocharger – The twin scroll turbocharger operates a turbine with two different channels of turbine blades, where in fig 3 it is showing that the outer cylinders 1 and 4 directs the exhaust gas at the inner turbine blades at point ‘B’, this provides an increase in the turbo spooling responsive when the engine accelerates. Cylinders 2 and 3 direct the air at the outer turbine blades at point ‘A’ which assists with increasing the turbines speed. Therefore the twin scroll turbocharger can produce high power at high engine speeds and provides an increase in turbo response at lower engine speeds, as confirmed by Brinkert et al (2013) and Cantemir (2001). Fig 3. Twin scroll turbocharger diagram

Variable geometry turbocharger (VGT) – The variable geometry turbocharger allows boost at low and high engine speeds compared to a traditional turbocharger that has a fixed geometry. The most common form of VGT is the use of rotating vanes that are on pivoting points around the turbine, one end of each vane is connected to the housing and the other is connected to a plate known as a unison ring. An electric or vacuum controlled actuator is commonly used to control the rotation of the unison ring which rotates the vanes around the pivot point to increase the cross-sectional area for higher engine speed boost, as confirmed by Stefanopoulou, Kolmanovsky, and Freudenberg (2000) and backed up by Arnold et al (2001) and Hillier (2014).
[bookmark: _Hlk4441204]The variable geometry turbocharger gets its name as it is able to change the area/radius ratio by decreasing the cross sectional area of the exhaust gas flow to increase the velocity of the air as it spins the turbine at lower engine speeds, and for higher engine speeds it increases the cross sectional area which decreases the velocity of the air by increases the air capacity, the area is variable and the radius always remains the same, as expressed by Pachner et al (2015) and Hillier (2014). The benefits of a VGT is that turbo lag is minimal, they have a low boost threshold, an increase in efficient at higher engine speeds, as confirmed by Hatami, Cuijpers and Boot (2015).
Compared to traditional turbochargers the VGT is designed to increase the intake air boost pressure at lower engine speeds, increase the maximum potential torque, prevent any overboosting and over spinning of the turbine at higher engine speeds, improve the response time of the turbo during transient engine operation phases and also aid in reducing the exhaust gas emissions while increasing the engines fuel consumption, as expressed by Arnold et al (2001) and confirmed by Hillier (2014). The use of a VGT also eliminates the need of a wastegate, this is because the vanes alter the amount of boost that is generated by the turbo and therefore there is no need for releasing the pressure to control the amount of boost applied, as expressed by Hillier (2014).
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3.3. [bookmark: _Hlk4532484]Alterations and requirements for a turbocharger installation
When a naturally aspirated engine is converted to a forced induction application there are several considerations to be considered, firstly the amount of fuel delivered to the combustion process would require increasing to match the additional air that is flowing into the cylinders otherwise the engine would be running extremely lean which would cause severe damage to the engine. The fuel requirements of the turbocharged engine can be met by upgrading the fuel pump, pressure regulator and injectors, as confirmed by Turbodynamics (2019).
The pressure created during the compression stroke of the turbocharged engine increases due to the increase in air mass drawn into the cylinders, this means that the pressure within the cylinders will be larger than in its naturally aspirated form which will increase the temperature within the cylinders, as expressed by Hillier (2014).  The compression ratio would need to be lowered otherwise the fuel could ignite under pressure before the piston reaches TDC and before the ignition spark occurs, this is known as detonation or knock which can result in catastrophic damage of the engine, as confirmed by Hillier (2014).
The compression can be decreased by installing a larger cylinder head with a larger head gasket as this increases the cylinder volume which results in a decrease in compression. If the cylinder compression is too high for the engines’ capability, then the cylinders can be re-bored and low compression pistons can be fitted, as confirmed by Watson and Janota (1982) and Turbodynamics (2019). An ideal compression ratio for a turbocharged petrol engine would be between 7.5:1 and 8.5:1 and should be decreased to a safer compression parameter, as expressed by Turbodynamics (2019).
A high-octane fuel should be used on the turbocharged engine as the higher the octane rating the more resistant the fuel will be against pre ignition detonation, another method of reducing the possibility of detonation is with the use of direct injection, as expressed by Zhuang and Hong (2014) and backed up by Watson and Janota (1982) and Hillier (2014).
A custom ECU remap would be required to ensure that the fuelling/ignition is tailored to the turbocharged engines requirements, ensuring that the fuel supplied to the cylinder by the injector can be changed rapidly for when the boost is on and when the boost is off. The turbocharger disperses a lot of heat from the exhaust housing, the heat can transfer to other engine bay components and wiring looms, therefore a heat shield is required, as confirmed by Turbodynamics (2019).
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4.0 Methodology
The task was given to dismantle a turbocharger at the University campus and then reassemble the turbo while capturing photographs of each step of the procedure. [image: ]
Fig 4. Exhaust manifold removed from turbo

The first step is to remove the manifold from the turbine housing by removing three 13mm nuts, then remove the manifold as shown in fig 4. The second step is to remove the actuator by loosening two 10mm nuts to remove the actuator from its mounting point on the compressor housing, then remove the 8mm nut at the end of the actuator rod and slide the rod out of the wastegate arm, as shown in fig 5.[image: ]
Fig 6. Remove V band clamp
[image: ]
Fig 5. Actuator removed

The next step is to remove the V band connecting the turbine housing to the turbos core using a 10mm spanner or socket, as shown in fig 6. Once the V band is removed the turbine housing and turbo cartridge core will separate.
The next step is to remove the oil feed pipe using a 14mm spanner or socket, as shown in fig 7. Then remove the oil return pipe using a T30 torx bit and remove the two bolts, the gasket can be removed or left on the turbo core, as shown in fig 8.[image: ]
Fig 7. Remove oil feed pipe
[image: A close up of some shoes  Description automatically generated]
Fig 8. Remove oil return pipe

The next step is to remove the three 10mm bolts that are holding the turbo core into the compressor housing, the turbo core itself is held in place by the washers and not the bolts themselves, as shown in fig 9. As shown in with the turbo core removed from the compressor housing it is possible to separate the compressor wheel from the impeller shaft that connects the compressor and turbine wheels, using an 8mm socket remove the nut on the end of the compressor using a clockwise motion, then slide off the compressor wheel.[image: ]
Fig 11. Impeller shaft 
[image: ]
Fig 10. Turbo core removed from compressor housing
[image: ]
Fig 9. Remove turbo core from compressor housing

With the compressor wheel removed from the impeller shaft using a long nose pliers compress the shaft locking clip and remove it, then slide out the impeller shaft. Remove the oil journal bearings from the shaft. The  remove the thrust bearing from the core by removing the three bolts and removing the thrust spring from the core.
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5.0 Analysis and Results
5.1. Calculations
Engine = V8
Bore = 95mm/0.095m
Stroke = 80mm/0.08m
Max rpm = 9500
Volumetric efficiency = 85%/0.85
Turbo boost pressure = 12psi
To find the area for one cylinder of the V8 engine the following equation is made, -3m.
[bookmark: _Hlk3995288]To find the volume for one cylinder the equation used is the cylinder area multiplied by the stroke, (7.088×10-3) × (0.08) = 5.67×10-4m3. To find the total volume for all cylinders the volume of one cylinder is multiplied by the number of cylinders, this value is known as the total engine displacement.
[bookmark: _Hlk3998573]Eight-cylinders volume = (8) × (5.67×10-4) = 4.54×10-3m3
To find the volumetric flow rate of the engine in its naturally aspirated form the total engine displacement is multiplied by the volumetric efficiency and maximum engine speed and then divided by sixty multiplied by two.
Eight-cylinders VFR (na) =   = 0.31m3/s
As the engine used is a V8 which consists of two banks, each with four cylinders making it possible to apply a turbo to each bank or one turbo to both banks. To perform calculations for applying a turbo to both banks all that is required is to replace the total engine displacement from eight to four. It is also simpler to divide the volumetric flow rate for eight cylinders by two, which gives the you the volumetric flow rate of four cylinders.
Four-cylinders volume = (4) × (5.67×10-4) = 2.27×10-3m3
Four-cylinders VFR (na) =  = 0.15m3/s
The pressure ratio is calculated by adding the atmospheric pressure and boost pressure of the turbo, divided by the atmospheric pressure, this gives a ratio where 1 is described as atmospheric pressure with no added boost pressure from a turbocharger, the higher the boost pressure the higher the pressure ratio will be.
Pressure ratio (PR) =  = 1.82Page 7

Now that the VFR in the naturally aspirated form is found it is possible to find the theoretical VFR with a turbocharger with 12psi of boost by multiplying the VFR (na) by the pressure ratio of 1.82.
Eight-cylinders VFR (turbo) = 0.31 × 1.82 = 0.56m3/s
Four-cylinders VFR (turbo) = 0.15 × 1.82 = 0.27m3/s
It is now possible to determine which turbocharger will be suitable for the V8 engine given, this is done by converting the units from m3/s into lb/min as the compressor maps provided shows the air flow rate on the X axis in pounds per minute. The conversion is done by multiplying the VFR (turbo) by 2119 and 0.07, this gives the maximum flow rate found at the maximum rpm, as the VFR increases the engine speed increases.
[bookmark: _Hlk4000935]Eight-cylinders 100% VFR (turbo) = 0.56 × 2119 × 0.07 = 83.1 lb/min at 1.82 PR
50% VFR (turbo) = 41.5 lb/min at 1.82 PR
20% VFR (turbo) = 16.6 lb/min at 1.00 PR
Four-cylinders 100% VFR (turbo) = 0.27 × 2119 × 0.07 = 40 lb/min at 1.82 PR
50% VFR (turbo) = 20 lb/min at 1.82 PR
20% VFR (turbo) = 8 lb/min at 1.00 PR
These values are plotted on the four compressor maps displayed below in fig 12, 13, 14 and 15. The values of the eight-cylinders VFR (turbo) is only plotted against compressor map 1 as it is the only suitable turbo for all eight cylinders. Compressor map 2, 3 and 4 are too small for the amount of VFR produced from all eight cylinders therefore only the four-cylinder results are plotted on them.      
5.2. Compressor map analysis
[image: ]
Fig 13. Compressor map 2




[image: ]
       Fig 12. Compressor map 1
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Compressor map 1 found in fig 12 is showing a maximum compressor efficiency of 80%, if this turbocharger was applied to the V8 engine the compressor efficiency would see a maximum of approximately 73% with a compressor speed of approximately 51000rpm. Compressor map 2 found in fig 13 is showing a maximum compressor efficiency of 76%, the maximum efficiency of 76% can be achieved from this turbocharger if it was applied to the V8 engine with a maximum compressor speed of approximately 84200rpm.[image: ]      
        Fig 15. Compressor map 4










[image: ]
Fig 14. Compressor map 3 

Compressor map 3 found in fig 14 would not be compatible with the V8 engine as the flow rate produced from four cylinders of the V8 is too much, an ideal flow rate for this compressor map would be between 25 lb/min and 30 lb/min at a pressure ratio of 1.82. Compressor map 4 found in fig 15is showing a maximum efficiency of 74%, it would be compatible with four cylinders of the V8 and is showing a 70% compressor efficiency if it was applied to the engine with speeds of approximately 90000rpm. Due to the surge limit being reached at 50% of the flow rate it is not the recommended turbo for this application as compressor map 2 provides more efficiency while being within a safe parameter of the surge line.
(Compressor map 1, 1 turbo only) - compressor efficiency = 73%
(Compressor map 2, 2 parallel turbos) - compressor efficiency = 76%
Based on the compressor efficiency found for the two most suitable turbochargers, map 2 is shown to be more efficient with a higher rpm, resulting in the compressor spooling up quicker than the larger turbo (map 1) which resulting in a more responsive boost at a lower rpm, therefore map 2 will be selected for the application in a parallel twin turbo setup. 
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The next process is to calculate the actual temperature rise, the following equation can be used where Tin is the inlet temperature which is taken as ambient temperature at 27.C/300K:
Actual Temperature Rise =   = = 72.06K
[bookmark: _Hlk4063653][bookmark: _Hlk4063978]Now that the actual temperature rise has been calculated, it is possible to calculate the outlet temperature by adding the actual temperature rise to the ambient air temperature, 300K + 72.06K = 372.06K. If an intercooler with an efficiency of 60% was applied, then theoretically the intercooler should remove 60% of the actual temperature rise. The equation used to calculate the intercooler efficiency is , where Tco is the compressor outlet temperature, Tio is the intercooler outlet temperature, and Ta is the ambient temperature. This equation must be rearranged into  which gives the intercooler outlet temperature, . To calculate the amount the intercooler will reduce the outlet temperature by is done by the calculation of Tco-Tio, 372.06-328.82 = 43.24K which is 60% of the actual temperature rise, as confirmed by Watson and Janota (1982).
5.3. Density recovery calculations
To determine the size of the intercooler the graph in fig.16 can be used which finds the relationship between the air flow and the internal flow area of the intercooler turbulators. For a typical intercooler only 45% of the charge air face allows the air to enter the intercooler tubing. Therefore the required internal area must be divided by 0.45 to calculate the overall charge face area. The flow rate must be converted from lb/min into cfm by dividing the maximum flow rate of 40 lb/min by 0.07,  = 571.42. As found in fig 16 it is showing that a typical intercooler can be used with an internal flow area of 30 square inches, and the charge face area would be  = 66.66 square inches, however this is based on a twin intercooled parallel twin turbo setup meaning that each turbo would have its own intercooler to provide an adequate amount of cooling.

[image: ]
[bookmark: _Hlk4612137]Fig 16. Intercooler internal flow area requirement graph.
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6.0 Conclusion

The introduction of new turbocharging technology such as the variable geometry turbocharger improves low engine speed response, power and torque while still providing high performance at higher engine speeds. It was found that turbocharging a naturally aspirated engine increase the VFR, the higher the VFR results in an increase in the amount of air that can flow into the cylinders and when combined with more fuel increases the output power and torque. It is shown that applying an intercooler to the turbocharger setup increases the density of the air by taking advantage of the air as the vehicle is in motion
When turbocharging a naturally aspirated engine there are a couple of considerations to remember, the ignition timing would require calibrating to the set up and the fuel supply would need to be increased. If the fuel/ignition is not changed to the demand of the turbocharged setup then catastrophic damage would happen as the engine would be running extremely lean. Turbocharging increase the compression in the cylinder, if the compression is not reduced to a safe compression parameter for the engine it would also cause severe damage to the engine. 
The selected twin turbo setup that would be applied to the V8 engine would be more expensive to apply to the engine compared to the single turbo set up as there would be twice as many turbochargers and intercoolers used, including the extra pipework and boost hoses required. The packaging of the setup would also be more difficult, as there would be more components to fit in the engine bay, a turbo at either bank of the engine would require more considerations into whether the setup would fit into the engine bay, however there is no information regarding the size of the engine bay therefore the packaging didn’t cause any restrictions in the turbo setup options available.












Page 11

7.0 References

Airflow through turbocharger. (2019). [image] Available at:https://www.carsguide.com.au/oversteer/ tech-through-time-turbocharging-59162 [Accessed 27 Mar. 2019].
Arnold, S., Slupski, K., Groskreutz, M., Vrbas, G., Cadle, R. and Shahed, S.M., 2001. Advanced turbocharging technologies for heavy-duty diesel engines. SAE Transactions, pp.2048-2055.
Arnold, S.D., Martin, S.P., Slupski, K. and Kanigowski, V., Honeywell International Inc, 2001. Variable geometry turbocharger. U.S. Patent 6,269,642.
Brinkert, N., Sumser, S., Weber, S., Fieweger, K., Schulz, A. and Bauer, H.J., 2013. Understanding the twin scroll turbine: flow similarity. Journal of Turbomachinery, 135(2), p.021039.
Cantemir, C.G., 2001. Twin turbo strategy operation (No. 2001-01-0666). SAE Technical Paper.
Hatami, M., Cuijpers, M.C.M. and Boot, M.D., 2015. Experimental optimization of the vanes geometry for a variable geometry turbocharger (VGT) using a Design of Experiment (DoE) approach. Energy conversion and management, 106, pp.1057-1070.
Hillier, V. (2014). Hillier's fundamentals of motor vehicle technology. 6th ed. Oxford: Oxford University Press, pp.133-142.
Karnik, A.Y., Buckland, J.H. and Freudenberg, J.S., 2005, June. Electronic throttle and wastegate control for turbocharged gasoline engines. In Proceedings of the 2005, American Control Conference, 2005. (pp. 4434-4439). IEEE.
Lee, W., Schubert, E., Li, Y., Li, S., Bobba, D. and Sarlioglu, B., 2016, June. Electrification of turbocharger and supercharger for downsized internal combustion engines and hybrid electric vehicles-benefits and challenges. In 2016 IEEE Transportation Electrification Conference and Expo (ITEC) (pp. 1-6). IEEE.
[bookmark: _Hlk4444735]Pachner, D., Lansky, L., Germann, D. and Eigenmann, M., 2015. Fitting turbocharger maps with multidimensional rational functions (No. 2015-01-1719). SAE Technical Paper.
Stefanopoulou, A.G., Kolmanovsky, I. and Freudenberg, J.S., 2000. Control of variable geometry turbocharged diesel engines for reduced emissions. IEEE transactions on control systems technology, 8(4), pp.733-745.
Turbo dynamics (2019). Turbocharger layout. [image] Available at: https://www.turbodynamics.co.uk/ technical/understanding-turbochargers/ [Accessed 27 Mar. 2019].Page 12

Turbodynamics (2019). Turbocharging A Naturally Aspirated Engine? | Turbo Dynamics. [online] Available at: https://www.turbodynamics.co.uk/technical/turbocharging-normally-aspirated-car/ [Accessed 31 Mar. 2019].
Watson, N. and Janota, M., 1982. Turbocharging the internal combustion engine. Macmillan International Higher Education.
x-engineer (2019). Twin-scroll turbocharger diagram. [image] Available at: https://x-engineer.org/wp-content/uploads/2018/03/Twin-scroll-turbocharger-explained-BMW.jpg?f2f411&f2f411 [Accessed 27 Mar. 2019].
Zhuang, Y. and Hong, G., 2014. Effects of direct injection timing of ethanol fuel on engine knock and lean burn in a port injection gasoline engine. Fuel, 135, pp.27-37.
Zinner, K.A., 2012. Supercharging of internal combustion engines: additional. Springer Science & Business Media.Page 13

[bookmark: _GoBack]Zurlo, J.R., Dresser Industries Inc, 1998. Electronically controlled wastegate valve for a turbo charger. U.S. Patent 5,816,047.Page 13
Page 13



image2.png
ComPRESSOR
Wi xSt

CompRESSOR TR

DISCHARGE

irake
crARGER MANIFOLD
AR COOLER

ExtiausT
MANFOLD

-

EnGine




image3.png
TURBINE
HOUSING

TURBINE
EXHAUST
GAS OUTLET

CCOMPRESSOR

AIR DISCHARGE
COMPRESSOR
HOUSING

TURBINE
WHEEL

TURBINE
EXHAUST
GAS INLET

COMPRESSOR
AMBIENT AIR
INLET

CCOMPRESSOR
WHEEL




image4.png




image5.wmf

image6.wmf

image7.wmf

image8.wmf

image9.jpeg




image10.wmf

image11.wmf

image12.wmf

image13.png
Autoseve @D B ©-

Insert  Design

B ettt 5

Paste B I U-skx x

~ ¥ Format Painter
Clipboard &

Page9or 1l Seswords [

H O Type here to search

Layout

Font

Turbo assignment - Saving... Drawing Tool

References

KA Aa- A

IS

m mw e b Ol O

A-
& Paragraph 5 Styles
Fig 1. Compressor map |

scottwitts2010@outlook.com

Title

3.20
3.00
2.80
2.60
2.40
220
2.00
1.80
1.60
1.40
120
1.00

0 10 20 30 40 50 60 70 80

Subtitle

Subtle Em.

18 Shar

s
200 | napbcede| AsBboeDe AaBbC( AaBbCel Assbced AQB assbcer aasbeon:
-~ || 1Nowmal | NoSpacing Heading1 Heading2 Heading3

=
P Find -
2 Replace
& Select~

tating




image14.png
AutoSave Turbo assignment - Saved to OneDrive Scottwitts2010@outlook.com B

b= Gmm lomn P (M T 1 share

T2 o|a & | Aa- | A s Dfind -

I [TimesNewRo-[12_-| K" A" | A2~ | 4 L | pamoceoe] AsBbcene AaBDC( AaBBCD Aasbccd QB assbeer acsboeo o e

Pt e B I [ x ¢ AW A~ = 2| TNomel |NeSpadng Heding! Hesdng2 Headingd  Tee  Subile Sulefm. -
Gipbowrd Font = Paragraph = s 5 eatng | A

Page9or 1l Ssswords [

H O Type here to search





image15.png
Aucse @D B ©- 0 Q- < Turbo assignment - Saving... ~ scottwits2010@outiook.com B —

e e 1= T e R L By s e

X - - P Find ~
Tn - -l 4 s
ﬁ% TimesNewRo~[11 - A A" | Aa- | % L | pamoceoe] AsBbcene AaBDC( AaBBCD Aasbccd QB assbeer acsboeo o e
Paste B cA-¥-A- ° jormal | NoSpacing Heading 1 Heading2  Headin itle ubtitle  SubtleEm... 2| | [
e o pume BT U ¢ AW A - | Nomel | NoSpacng Hesding ! Hesdng2 Headingd Tl Subile Sublefm. - o
Gipbowrd Font = Paragraph s 5 eatng | A

=

180
140
120
100

0 5 10 15 20 25 20 % 0

Fig 3. Compressor map 3

L L S e e e
320
3.00
280
260
240
220
200
180

PRESSURE RATIO, P2C/P1C

160
140
120
100

Page100f 11 S70words %

H O Type here to search





image16.png
Autoseve @D B ©-

Insert

Design

Layout

Turbo assignment - Saving.

References

Picture Tool

Format

scottwitts2010@outlook.com

18 Share

B Copy

Clipboard &

Page100f 11 S60words %

I U -ax, X

H O Type here to search

Times New Ro - |11

Font

KA Aa- A

Mailings  Review

A-%-a-

& Paragraph

3.00

280
2,60
2.40
2.20
2,00
1.80
1,60
140
1.20

1.00

0 5 10

Help

200 | napbcede| AsBboeDe AaBbC( AaBbCel Assbced AQB assbcer aasbeon:
Heading2

-

20 25

7 Normal

30 35

Q Tell me what you want to do

No Spacing  Heading 1

Title Subtitle  Subtle Em.

P Find -
25 Replace
T Ik select~
5 Eding

O B

=





image17.png
[ Strip Trackingin CSPU' X [ Cite This For MeHarve: X | Il UWTSD MyDay - myc X

< c

[) Strip Tracking in CSP U X | [} GA3Ga Level 4 X | G 300kebin-GoogleSe: X | +

@ nttps//moodie.uwtsdacuk/pluginfile.php/237967/mod resource/content/1/Intercoolers%201%202018_19.pdf

= To size an intercooler, the following graph can be used to find the relationship
between internal flow area and air-flow requirements
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Figure 4-1.~ University of Waes Trinity Saint David Logo (UWTSD, 2017)

By using the Insert Caption option under the Reference Tab in Microsoft Word, it means you are able
to cross reference to the figure, Figure 4-1, within the main body of the report and also produced a
table of figures if required. For the label, it is acceptable to use either Figure 1 or Fig 1.

Table 4-1- Vehicle data for o selection of models (Bauer Consumer Media Limited, 2017)

Make of | Model of | Engine | 0-60mph | Combined Fuel
Ve Vehicle | size (cc) | _(secs) use (mpg)
Ford | Fiesta 1399|144 67

Peugeot | 208 1308|131 74

Renault_| Clio 161|187 62

W Polo w2 |15 83

Again, it is wise to use the Insert caption option to enable cross referencing and the production of a
table of tables. Any tables or graphs that are included within a report, most include units and
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