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Abstract 
As climate change awareness increases, emissions 

tolerance decreases driving researchers and industry to 

create cleaner, more efficient methods of providing the 

required energy. One sector that is under ever 

increasing scrutiny is the long haul truck industry 

where it has been identified by the World Energy 

Council that 3.2% of the world’s energy is consumed 

[1]. The report highlighted the inefficiencies of the 

truck’s APU (auxiliary power unit) during rest periods 

and brings particular attention to the high level of 

emissions per unit work that are released during this 

“hotel” period. In order to tackle this issue, a free 

piston Stirling engine and adsorption chiller system has 

been proposed to replace the APUs currently on long-

haul trucks. However this is a newly proposed system 

and this poses its own problems. The aim of this thesis 

is to create a mathematical model to dynamically 

represent the operation of the Stirling engine using 

Dymola and the Modelica modelling language.  

 

1. Scope of work 

 
One major issue surrounding the proposed system is 

that it is unclear how the electrical output of the Stirling 

engine will react when combined with the adsorption 

chiller. The free piston Stirling engine model will be 

created with the intention of predicting engine reaction 

and power output with varying operating conditions. 

The model will be a study of the real cycle and so will 

include all inefficiencies and losses. In order to create 

the final model the analysis will steadily build up in 

detail and complexity from the basic ideal steady state 

model to a physically accurate representation of a free 

piston Stirling engine 

 

2. Methodology  
 

The model will be created in such a way that it will 

be usable as part of the larger Stirling Adsorption 

System. 

The model will be created using a series of steps 

1. Preliminary steady state modelling of ideal 

stirling cycle, 

2. Idealised dynamic modelling using the basic 

governing physical equations in the Modelica 

language,  

3. Comprehensive dynamic block modelling with 

Dymola. 

 
Figure 1: Steady state ideal Stirling cycle analysis. 
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Figure 2: Dynamic motion of displacer (blue) and piston 
(red) of a free piston Stirling engine using Modelica 
language.  
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Figure 3: Block model of Stirling engine using Dymola. 
 

3. Future areas of study 

In order for this model to be used as intended it must 

be combined with a similar model for the adsorption 

chiller. The Dymola block based model can be 

combined seamlessly with other relevant models such 

as a model representing the  adsorption chiller allowing 

it to eventually represent the full operation of the 

Stirling Adsorption System.  
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