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Introduction
In this paper the activity presented is focused 
on the volumetric flow rate of a cylinder heads 
intake and exhaust ports for competition use. 
Volumetric flow rate (VFR) is the study of the 
amount air-fuel mixture that flows through an 
intake port. The process of burning fuel with a 
mixture of air in an engine as a means of 
propulsion is documented craft and It is known 
as a craft because the easy part is to get the 
fuel into the cylinder but the more difficult part 
is supplying the air into the cylinder efficiently. 
There are many parameters in the cylinder 
head that influence an engines performance. 
One of those methods is empirically discussed 
in this paper which includes modifying the 
intake and exhaust port geometry. 

The application of practical experimental 
procedures with the help of a Superflow-
300/600 Flowbench to measure both the 
production and modified head to view effects 
from increasing the volume of air to and from 
the engine and the speed at which that volume 
travels through the engine. A good designed 
intake system can improve engine power, 
increase torque and volumetric efficiency” 
(Abdullah, 2013). To produce more horsepower 
from an engine you must be able to burn more 
fuel, one way of burning more fuel is done by 
increasing air supply to the engine. 

Motivation and Aims
• Passion for motorsport and ICE 

development
• To optimise a rally engine for a 

homologated class
• Gain mechanical hands on experience: 

By assembling, deconstructing an 
engine

• Improve theoretical understanding 
through experimental procedures, ie
cylinder head flow bench testing

• Use modern theory and practices of 
improving an ICE power output

• Increase mass air-flow/velocity of air-
flow of the TU5J4 engine

• Display and discuss flow bench results 
for Stock head VS Ported head graphs

• Display and discuss VE and its link to 
the dynamometer curve

Figure 15: Photo, 1st Flow bench testing 
of the TU5J4 head, By (Cunniffe, 2020).

Figure 16: Photo, 
TU5J4 Stock intake 
ports By (Cunniffe, 
2020).

Figure 17: Photo, 
TU5J4 Ported and 
Polished intake ports, 
By (Cunniffe, 2020).

Conclusion
From the first dyno session of the stock 
head, the engine made 147bhp @7300rpm 
and operating at 88% VE. The dyno power 
curve in figure 29 is of the ported head 
reading 163bhp @7300rpm operating at 
98% VE. That is a +16hp gain and +10% 
VE gain from just removing excess material 
left over from the casting process.
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Figure 29: Image, Optimised head Peugeot 106 GTI dyno 
printout sheet, By (AP Performance , 2020).
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Figure 20: Photo, 
Shot from the AP 
Performance 
workshop of the car 
on the rolling road, 
By (Cunniffe, 2020).

increasing the output of an engine by removing 
excess rough material from the casting process. 
As stated by (Nagarajan, 2012) porting refers to 
“removing the excess material to create greater 
port geometry”, which in turn improves the 
mass airflow of the cylinder head. As decribed
by (Vizard, 2012) Polishing refers to the 
“smoothening out the ports to make sure there 
is as little friction to slow the velocity of the air”.

Methodology

⁄𝐿𝐿𝐿𝐿
∅𝐿𝐿 : 0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40 and

in order to obtain the valve lift increment, the valve
diameter was multiplied for each of the 8 L/D ratios.
CFM values are recorded for each valve lift and then 
a conversion is done to find VFR. 
𝑉𝑉𝑉𝑉𝑉𝑉 = 𝐶𝐶𝐶𝐶𝐶𝐶

3600
× 1.7 at this point you can calculate the 

air-flow velocity (FV). 

𝑉𝑉𝑉𝑉 =
𝑉𝑉𝑉𝑉𝑉𝑉

𝜋𝜋𝑟𝑟2 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 ℎ𝑣𝑣𝑣𝑣𝑒𝑒 ∅ − 𝜋𝜋𝑟𝑟2(𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑠𝑠𝑠𝑠𝑣𝑣𝑠𝑠 ∅)

Flowbench that we 
tested in the intake 
and exhaust ports from 
both of the Peugeot 
TU5J4 heads which 
was done at a pressure 
drop of 25” of H2O of 
pressure drop.

Results

The table/graph in figure 21 is the CFM 
readings taken from the flowbench, at 
first glance you notice that CFM rises as 
the valve lift increases. Ported head 
shows greater volume of air-flow as a 
larger surface area = more volume. It can 
be observed at 11.2mm valve lift where 
the stock head is at (131CFM) and the 
ported head is at (148CFM)
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