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Volume change during in one cycle.

Pressure evolution in one cycle.

Temperature evolution in one cycle.



Power evolution in one cycle.

Work during in one cycle.

Mass change in the cylinder head in one cycle
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Input variables to the numerical simulation of the classic piston model. 

Maximum 
cylinder 
volume

0.0011 Reference 
dynamic viscosity

1.7*10^(-5)

Dead Volume 0.00005 Initial temperature 293

Piston stroke 0.98 Initial pressure 100

Piston 
clearance

0.005 Maximum 
pressure

580

Piston Bore 
diameter

0.121 Inlet valve 
diameter

0.006

Piston shaft 
diameter

0.03 Exit valve 
diameter

0.006

Pressure 
compression 

ratio

5.8 Reservoir Volume 0.025

Cycle period 1.98 Cylinder thickness 0.02

Piston linear 
speed 

0.1 Cylinder mass 3.2





results of the numerical simulation of the classic piston model. 
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Table 4:1



 

 

Figure 4.16
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Input variables to the numerical simulation of the classic piston model. 

Maximum 
cylinder 
volume

0.0011 Reference 
dynamic viscosity

1.7*10^(-5)

Dead Volume 0.000055 Initial temperature 293

Piston stroke 0.96 Initial pressure 100

Piston 
clearance

0.005 Maximum 
pressure

580

Piston Bore 
diameter

0.120 Inlet valve 
diameter

0.006

Piston shaft 
diameter

0.02 Exit valve 
diameter

0.006

Number of 
Chambers

10 Gap between fins 0.1

Hydraulic 
diameter of 

main chambers

5 Diameter of radial 
collecting channels

0.1

Pressure 
compression 

ratio 

5.8 Reservoir Volume 0.025

Cycle period  1.98  Cylinder thickness 0.02 

Piston linear 
speed 

 0.1  Cylinder mass 9.5 



 

 
 : Heat transfer rate comparison. 

 

 



 
 

 

results of the numerical simulation of the finned piston compressor model. 

 

 

 

 

 

 

 

 

 

 



 

Figure 4.32
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IFS Heat flow g=0.1 mm

Total Heat flow g=0.1 mm

IFS Heat flow g=0.2 mm

Total Heat flow g=0.2 mm



 



 





 

 

 

 

 



 

 

 

 

Start End Function 

0 0.99 0.974*(0.1*t) 

0.99 1.98 0.99 
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Figure 
5.3

 



 

 



 

 

 

 



 

 



 

 

 



 

 



 

 
Volume change during in one cycle.

 
Pressure evolution in one cycle.

 
Temperature evolution in one cycle.

 
Power evolution in one cycle.

 
Work during in one cycle.

 
Mass change in the cylinder head in one 

cycle
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 Input and output variables and performance parameters of the system. 

 

 



 

 

87.6 

(+0.8%) 

 85.5 

(-1.7%)

80.68 

(+3%)

 74.3 

 (-5%)

* Base-line condition 
The value in () is the percentage change from the base line. 

 



 

Variation in volumetric, isothermal and 
exergetic efficiency. 

 : Variation in consumed energy, discharged 
mass and consumed energy per mass unit. 

 

 

 

 

 

 

 Linear velocity.   Reynolds number. 



 

 

 

 

 Heat transfer rate.   Total heat transfer. 

 

 

 

 Gas temperature.   Total work. 
 
This fact is shown in Table 7:2 as well. It is apparent from this table and , which however by 
reducing velocity, the consumed energy and mass discharged per cycle decrease, but the consumed energy 
per unit mass also decreases. This means lower operating speed is beneficial in compressors, since it lets the 
gas to exchange more heat and get closer to isothermal operation ( ), however decreases the 
capacity of the compressor. The interesting observation in this section is that the amount of friction work is 
independent of the velocity (by keeping the geometry unchanged). Because since the friction force is almost 
constant and independent of velocity (please see Eq.3:24), the friction work is proportional to the area under 
velocity curve, which is practically equal for all the cases, since higher velocity is compensated by lower 
operation time. 
 

  



75.6             
(-2.3 %)

77.8 79.49       
(+2.1%)

81.4       
(+4.4%)

 

 

 

 Variation in consumed energy, 
discharged mass and consumed energy per 
mass unit. 

  Variation in Heat transfer and 
discharged gas temperature. 



Figure 7.12 : Simulated compared against experimental input work for finned piston compressor for filling mode up to 
5.8 Bars. 
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Different stroke length means different cylinder length. A cylinder becomes shorter when the stroke length is 
decreased. A compressor with a shorter cylinder is more compact and economical. Hence, the stroke length 
to diameter is an important factor in determining the manufacturing cost of compressor. 
 Volumetric efficiency changes slightly with different stroke lengths because the percentage of clearance 
volume is fixed. So this performance parameter was not included in the results. Keeping the volume (dead 

and displacement) fixed, the ratio of  is changed from 0.1 to 2.34 ( ). It should be reminded 
that in a cylinder the minimum surface area for a fixed volume would occur when the length is equal to 
diameter. 
 

 

 
 

In this part the length of compressor (and stroke as a result) will increase but the piston period remains the 
same. So a piston with longer stroke ( ) will have a higher velocity ( ). 
It is apparent that longer stroke means higher speed, which leads to higher Reynolds number and higher 
convection heat transfer coefficient ( ). This together with increased heat transfer area and also 
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reduced hydraulic diameter (see Eq. 4:40 ). As a result, the total heat removed from the gas will increase 
(with the period being the same) ( ), leading to lower temperature of the exhaust gas (

). Also the discharged mass decreases slightly as seen in section 7.3.3( ). 
This in turn will lead to lower work requirement. However in this section (by changing the geometry) one 
may note that the friction work will increase as a result of increased speed. 

 shows that compression work decreases with increased piston length, but friction increases with 
piston length. What is interesting is that overall; the total consumed energy per mass has a minimum when 

ratio is equal to . This leads to a maximum in exergetic efficiency ( ) 
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It is also interesting to study the flow profile in the finned piston. In the space between two 
stationary fins (Figure AI.2-b) the flow is induced by moving piston. This kind of flow has been 
studied in many works [49]-[50]. In summary the flow is uniform near the piston and parabolic and 
fully developed at a distance of: 

Reynolds number is variable during a cycle (since the temperature and hence the density varies), 
however its average value can be calculated by: 

 



 

For such low Reynolds number the flow regime is absolutely laminar. For , 
the hydrodynamic and thermal entry lengths are: 

In this distance the flow is in transition mode. 
But in the gap between the fins ( ) the flow is a combination of a Couette flow and 

Poiseuille flow. The resulting pressure and velocity field can be found by superposition method 
respectively as [84]: 
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