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1. Abstract (Short summary, brief analysis, written after report is finished)

1.1 During the main body of the report there will be particular reference to the test undertaken, and the procedures that were adopted in gaining the data. The investigation will discover the benefits of “porting” and compare the results to that of a standard cylinder head. There will be reference to articles and books which provide information that would benefit anyone seeking to repeat this investigation. 
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4. Introduction

4.1 This report has been written to outline an investigation undertaken to compare the flow bench results from tests on two-cylinder heads, one head will be a standard head, and the other will be ported. During the investigation there will be reference to articles where this test has been carried out previously, as well as investigation methodology for the test, discussion and analysis of the results and a conclusion on the advantages and disadvantages of porting a cylinder head. 

4.2 During the main body of the report there will be discussion to the benefits of cylinder head upgrades and suggestions for further improvement of volumetric efficiency, as well as background research on the subject area there will be results from the investigation undertaken.


5. Research

5.1 Before commencing with the investigation, some background research is vital on the subject area. The first piece of research undertaken during this investigation is to research the ports influence on combustion efficiency, as described by Mitsubishi motors, 1991 the port influences the flow and turbulence of the air entering the cylinder by incorporating various features to allow a more homogenous mixture to be created. As shown in the cited article 9.4 three port designs are shown, each having their own features and their influences on air turbulence. As supported by Robert Bosch, 2011 whereby it describes the influence tumble, and swirl has on creating a more homogenous charge mix to assist a more efficient combustion process and increase in power production. 

5.2 There must also be a full and in depth understanding of a flow bench before recreating this investigation, this includes its function and operating principle. According to Flow performance, 2008 a flow bench is a piece of equipment that measures the volume or mass of air that will pass through an engine component, 3 The SF-300/600 Flow bench operators manual describes a flow test as “blowing” or “sucking” air through a cylinder head at a constant pressure, the measured flow rate is then measured at varying valve lifts. 

5.3 There must be an understanding of the process of “porting” in order to fully understand the modifications made to the component. As described by David Vizzard, 1985 the act of porting a cylinder head is to increase its flow capabilities, therefore increasing its ability to flow a larger quantity of air into the cylinder more efficient than previously and increasing power. Therefore, when trying to increase an engines power capability, porting is a vital way to insure any additional modifications such as forced induction can perform fully. As described by Engine logistics, 2005 the act of porting a cylinder head will have a direct influence on the volumetric efficiency of that engine, meaning the engine can draw a greater quantity and quality of air than previously. 




5.4 There must be calculations made prior to entering the workshop as there is information that cannot be found through the Flowbench testing. The first of the information to gather is to measure the valve head and stem diameters on inlet and exhaust valves for the ford 1.6 head, as well as repeating for the ported head. This will require the use of a Vernier calliper to measure the outer diameter of the valve head and stem, this information can be inserted into figures 1 and 4. The measurement taken in mm will then have to be converted to inches, from here the effective area can be calculated as shown in the last column of figures 1 and 4. The formula will read Effective valve area(in^2)=0.785(Dh^2-Ds^2), when the numbers are inserted the formula will become Effective area = 0.785(1.185^2-0.256^2)=1.05in^2 for the fords inlet, and Effective area = 0.785(0.95^2-0.243^2)=0.66in^2 for the exhaust, this must then be repeated for the rover K series cylinder head. 

5.5 Once figures 1 and 4 have been calculated, the valve lift increments must be calculated as described by John Baechtel, 2015 to determine each measurement interval. The formula valve lift/diameter on the Super flow SF300/600 test data sheet must be arranged for valve lift, then the following equation is formed 0.05 x Diameter = Valve lift. When the values are inserted the calculations can be made as follows: 0.05 x 30.04 = 1.502mm. This must be repeated for each of the 8 test samples, remembering to change the 0.05 for 0.10,0.15,0.20 etc until 0.40 has been used. The information should then be displayed in a suitable table to refer to later for further calculations. 


6. Methodology

6.1 The equipment required to replicate this test is as follows: Access to a flow bench SF-600E in the case of this investigation, one standard and one ported cylinder head, gasket material, jig to replicate an engine block, two dial test indicators, plates to allow valves to be manually opened and access to hand tools to secure and operate the equipment. 

6.2 When undergoing engineering activities or investigations it is vital to insure correct PPE (Personal Protective Equipment) is worn to prevent injury or harm to any operative recreating this test as per the Personal Protective Equipment at work regulations 1992, Health and safety executive, 1992. The safe working practices must be followed under the prevision and use of work equipment regulations 1998, health and safety executive, 1998. 
 
6.3 The PPE that was selected was: dust coats, steel toe cap boots and protective glasses. The dust coat will protect against oils and contaminants, the steel toe cap boots will protect the engineer’s feet in case of the cylinder head falling from the bench and finally the safety glasses will prevent the flow bench from ejecting swarf and oil from the ports during operation from entering the eyes during the investigation.  

6.4 Once the PPE has been established the test area must be analysed to identify any risks that could present themselves as hazards during the investigation, for this test the risks were as follows: Flow bench ejecting swarf and oil from the ports during its operation, making sure the cylinder head and block jig was secured properly to the flow bench to prevent it falling from the bench. 




[image: ][image: ]6.5 Now the flow bench must be setup for the test, firstly the flow bench bed must be cleaned in order to insure a good seal to the bed, from here the gasket material can be used to line the opening in the bed and the opening in the engine block jig in order to seal it to the bed, using a gasket material will allow the seal to be recreated as it would on an engine, lessening the chances of anomalies affecting the data. 

6.6 Once the block jig is secured to the flow bench the next step is to secure the first cylinder head to the block jig. This is done by using the gasket material to create a seal between the block jig and the ford cylinder head, then using the G-clamps to clamp the cylinder head to the block jig, as shown in image 1.  

6.7 The valve plates must now be used to operate the valves during the test, the valve plates must be secured to the ford cylinder head to allow the valves to be operated accurately, this is done by aligning the holes in the plate with the rocker cover bolt holes in the cylinder head. Now the valve adjustment bolts must be lined up with the back of the valves, once the bolts are lined up the DTI’s can be mounted to the valve plate using the magnetic base on the DTI gauges. The DTI probe must be placed on the head of the bolt and then set to zero.

6.8 Now the equipment has been setup the flow bench can now be setup to start the test. The flow bench that was used in this test had settings for below 150cfm and above 150cfm, and intake and exhaust settings. For this test the below 150cfm setting was used before the flow bench reached its maximum capacity, now the intake setting can be used to test the intake port flow first as shown in image 2. 

6.9 The flow range must now be set to range 1 to allow the flow scale to accurately measure the flow capability of the ports as the valves are opened, this flow range will only be changed when the flow scale reads off the scale, adjusting the flow range will allow each increment of valve lift to be read on the scale. Once the flow settings are setup the test pressure can now be set, the flow bench used in this investigation measured test pressure in inches of water so for this investigation it was set to 25 inches of water for the entire investigation, which is equal to 11.8 l/s, SF-300/600 Flowbench operators manual, 2009.

6.10 For the Ford 1.6 head test the valves were adjusted as follows: 1.502mm, 3mm, 4.5mm, 6mm, 7.51mm, 9.01mm, 10.51mm and 12.01mm for the inlet, and 1.20mm, 2.41mm, 3.61mm, 4.82mm, 6.03mm, 7.23mm, 8.44mm and 9.65mm as calculated in paragraph 5.5. This was to allow the graph to have a larger range of results and therefore allow a more precise analysis of the data. Before the test can be undertaken the valves in the cylinder head must be measured to calculate their effective area, as per figure 1 for the ported rover k series head, and figure 4 for the Ford 1.6 head used in this investigation. Following the formula in figures 1 and 4, the effective valve area can be calculated and recorded. The ratio between valve diameter and the valve lift must be calculated as shown in figures 5 and 6. A table can now be constructed as shown in figures 2, 3, 5 and 6 to allow for a clear and efficient way of analysing the data. 

6.11 To begin the test, the seal of the valves to the valve seats must be checked by performing a leakage test, images of the valve and valve seat can be found in diagram 1, This is done by insuring [image: ]the valve adjustment bolts are not opening the valves and then turning the flow bench on, any reading on the flow scale will be the leakage results, this must be repeated for both inlet and exhaust valves on all cylinder heads being tested. Once the leakage test has been performed the results can be entered in to the table, under row 8 of figures 2, 3, 5 and 6. While the leakage test is being performed the gasket material can be checked for seal, this is done by running the test bench and checking the manometer is stable at 25 inches of water test pressure, if the flow bench cannot hold 25 inches of water of test pressure then the gasket is not providing an adequate seal. 
Image 2.
Image 1.
Diagram 1.

6.12 Now the bench has been set, and the first measurements taken, the flow test can begin on the inlet port. The valve adjustment bolts must now be turned until the DTI gauges read -1.502mm, the DTI gauges will read negative as the valve is moving away from the gauge. For 16 valve heads two DTI gauges will be required and both inlet valves set to -1.502mm however for 8 valve heads only 1 DTI gauge will be required to measure the single inlet valve’s travel. 

6.13 Once the inlet valves are set to 1.502mm lift the bench can be turned on and the test pressure set to 25 inches of water as described in paragraph 6.9, insuring the flow range is set to 1 and the test pressure is stable, the test can now begin. The flow scale will give a reading of percentage of flow, this percentage can now be inserted into the results table and the test repeated for each increment until 12.01mm valve lift has been reached. However, when the flow exceeds 100%, the range must be changed to allow the flow scale to accurately measure the flow, also noting when the machine gets to operating temperature to change the CFM setting to above 150CFM to insure the flow bench is able to provide the desired test pressure. 

6.14 The test must now be repeated for the exhaust ports, this will be achieved by removing the valve plate and cylinder head from the engine block jig, then cleaning both surfaces so they are free from gasket material. The two pieces of equipment must now be resealed using the gasket material as described in paragraph 6.6, only this time it is advisable to have the exhaust ports facing away from operators as air is being forced out of the ports, this will limit the possibility of swarf being ejected from the ports. The flow bench must now be setup to test the exhaust ports, this is done by adjusting the flow direction from inlet, to exhaust as shown in image 3. The CFM setting must be changed back to “below 150CFM” in the exhaust setting until the flow bench is unable to provide the desired test pressure, then it must be changed to “above 150CFM”. While using the SF-300/600 flow bench it is important to insure it is only run when the test is undertaken, however the thermal overload switch will shut down the machine to protect it from overheating if the temperature exceeds 88 degrees Celsius, SF-300/600 Flow bench operator’s manual, 2009.




6.15 Once the flow bench is setup and the cylinder head re-sealed and clamped into position as described in paragraph 6.6, the valve plates can be reinstated and the valve adjustment screws set so they are touching the back of the valves but not opening them. A leakage test can now be performed as described in paragraph 6.11 whereby the seal of the gasket material to the cylinder head is checked and the seal of the valves to the valve seats. The test can now be repeated for each valve increment from 1.20mm – 9.65mm as calculated in paragraph 5.5, the data collected can now be inserted into a table as shown in figures 3 for the exhaust port test. 

6.16 After the data is collected for each valve lift increment and inserted into the relevant tables, the test must now be repeated for the ported head. During this test the ported head was from a 1.6 rover k series, the procedure for testing will be as described through paragraphs 6.7-6.15 and annotated in image 1, however the rover test will involve the following valve increments: 1.39mm, 2.77mm, 4.16mm, 5.54mm, 6.93mm, 8.31mm, 9.69mm and 11.08mm for the inlet, and 1.2mm, 2.4mm, 3.6mm, 4.8mm, 6mm, 7.2mm, 8.4mm and 9.6mm for the exhaust valves. Once the test is repeated for the ported head, and the data inserted into the relevant tables, the testing is complete. Now the data collected will now be used in the table to predict factors such as raw test flow, tuning potential etc, as shown in figures 2, 3, 5 and 6. 


7. Results/Analysis

Figure 1.
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7. Analysis 

7.1 From figure 7 it was found that the flow was exponentially increasing from 1.39mm valve lift to 8.31mm valve lift, however from 8.31mm valve lift to 9.69mm valve lift the inlet flow was throttled or “dropped off” as reflected by leydorf, G. Minty R and Fingeroot, M, 1972. Which could be due to the valve causing a larger obstruction as it transcends between 8.31mm and 9.69mm lifts, from 9.69mm to max lift of 11.08mm the port flow did not increase as much as previous increments. This suggests that the port shape is the deciding factor as an increased lift does not provide a greater flow. 

7.2 Figure 8 shows the exhaust port flow under varying valve lifts, the graph shows a steady increase in flow with increased valve lift from 1.2mm to 4.8mm valve lift, then from 6mm valve lift a restriction occurs, causing a loss of flow at this valve lift. This restriction at 6mm valve lift could be due to shrouding of the valve due to the rover K series combustion chamber design which is shaped to provide a more complete combustion process as supported by Robert Bosch, 2011. Then from 7.2mm – 9.6mm the flow increases in a similar way to that of 1.2mm – 4.8mm valve lift, this could be due to the valve lifting away from the “shroud” in the combustion chamber 

7.3 Looking at figure 9, there is a clear difference to that of figure 7. The flow increases proportionally to the valve lift until 6mm lift, whereby the flow is “throttled” as disclosed in leydorf, G. Minty R and Fingeroot, M, 1972. The “throttled” flow from 6mm valve lift to 12.01mm valve lift is due to a restricted port shape design. This Is proved by the graph shown on figure 9 as an increased valve lift does not correlate to an increase amount of flow, meaning the port is the restricting factor for this head. 

7.4 A similar flow characteristic can be witnessed in figure 10, whereby there is a steady increase in flow with an increase in valve lift until 4.82mm of lift occurs. Once 4.82mm of valve lift has been reached the flow does not increase by as much. Similar to that of figure 9 where the flow is throttled due to the insufficient flow passage provided by the port design. This can be proven the same as stated in paragraph 7.3 whereby the increased valve lift does not influence the test CFM results.  

7.5 Figures 11 and 12 show an overlap of the results obtained for both inlet and exhaust raw test flow, displaying the results in an overlapped manor will allow direct comparison between the two heads without having to look between two separate graphs as reflected by David Vizzard, 1985.

7.6 Now using row 10 from the SF-300/600 Flowbench datasheet as shown in figures 2, 3, 5 and 6. Graphs such as figures 13-16 can now be created to illustrate the relationship between valve lift and Test CFM/SQin for both ports on each cylinder head. Figures 13 and 15 shows the rover K series and ford 1.6 inlet data for test CFM/SQin data, while figures 14 and 16 show the exhaust port data for both Rover K series and the ford 1.6-cylinder head. This series of data can now be used to calculate tuning potential, the tuning potential is calculated by taking the CFM/SQin value where the curve of the graph beings to decrease flow rate with that of the corresponding valve increment used in the SF-300/600 Flowbench operator’s manual, the two values can be then subtracted from each other and that value is the tuning potential.




7.7 The rover inlet’s tuning potential calculation is as follows: 8.31mm valve lift is where the flow starts to “drop-off”, 8.31mm valve lift is the 6th valve lift increment, therefore the 6th valve lift increment on p31 of the SF-300/600 flow bench operators manual is 6.98 lps/SQcm, the conversion for Lps/SQcm to CFM/SQin is the Lps/SQcm value multiplied by 13.67 thermexcel, 2003 will give the value in CFM/SQin. Below in table 1 is the conversions used for the data collected during this investigation. 



7.8 The above table labelled table 1 shows the procedure for calculating the tuning potential for the cylinder heads used in this investigation. The first column shows the valve lift where the flow rate reduction begins, i.e. the point at which the valve lift’s influence on flow ends. The second column is the corresponding litres per second per square centimetre of flow obtained in the SF-300/600 Flowbench operators manual, The third column shows the flow obtained in the SF-300/600 Flow bench manual test, however for the applications of this test the results were converted from Lps/SQcm of valve area to CFM/SQin of valve area by multiplying the Lps/SQcm value by 13.6701662 which was obtained by thermoexcel, 2003. 

7.9 The fourth column the CFM/SQin data from the investigation. Finally column 5 is the tuning potential where the difference between columns 3 and 4 is calculated and the value is the tuning potential, tuning potential is the amount that the ports could potentially flow.

7.10 From further analysis of figures 13 and 15 it can be concluded that the porting that has been done to the rover head allows a more progressive flow curve, the progressive curve means that as the valve lift is increased the flow increases with it, meaning there are less restrictions within the system. Whereas the Ford inlet shows at 6mm valve lift the flow is “throttled” which means the longer the valve is open the port still cannot provide the flow required. 

7.11 Figures 14 and 16 show a similar trend to that of figures 13 and 15 whereby the rover can flow more as the valve is opened further, whereas the ford exhaust port cannot, as at 4.82mm valve lift the flow is restricted by the port design and shape. Therefore the rover cylinder head has superior flow characteristics than that of the standard ford. 







8. Conclusion/Evaluation. 

8.1 From the data collected during this investigation and after analysing figures 1-16 it can be concluded that the ported Rover head is able to flow more effectively than the Ford 1.6 cylinder head as dictated by the flow graphs and the results gathered from this investigation. Therefore the Rover cylinder head will be able to provide a more effective combustion process as it can provide sufficient flow while maintain the swirl and tumble effects discussed in paragraph 5.1. 

8.2 It can also be concluded from table 1 that the Ford has a greater average tuning potential than the rover, meaning if the Ford 1.6 cylinder head was ported it would greatly benefit and could flow sufficiently more than the Rover K series Cylinder head. 

8.3 Both cylinder heads used in this test could benefit greatly from modified valves and valve seats to allow for even better flow, as described by Robert bosch, 2011 the hard edges on valves and valve seats cause fuel droplets to form, meaning that although the head can flow an efficient amount of air, the fuel will not become homogenous with it and will form droplets as it flows past the hard corners of the valves and valve seats and will condense, meaning the burning process will be effected. The valves can also be changed to “rimflo” setup valves as both valves have overly thick stems and this also provides a restriction within the port. 

8.4 If the test was to be repeated then the following improvements must be made to insure greater accuracy of results and improve reliability of the data. Firstly the gasket material must be changed from “blu-tac” to a material such as silicone or “instant gasket” to provide a greater and more reliable seal on the components. Secondly, using the same two heads from the same vehicle would aid the comparison of “Porting” effects, such as using a standard K series cylinder head and a ported K series head as it would allow a direct comparison of each modification, whereas in this test the heads could not be compared closely as they were from different sized engines and therefore would not need to flow the same. The test could also be repeated more than once to gain an average data reading, to prevent the likely-hood of anomalous results effecting the data, as reflected by NCBI, 2016. Table 1.
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