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1. INTRODUCTION 

On 27 September 1816, Church of Scotland minister 

Robert Stirling applied for a patent for his economiser 

in Edinburgh, Scotland. The device was in the form of 

an inverted beam engine, and incorporated the 

characteristic phase shift between the displacer and 

piston that we see in all Stirling Engines today. The 

engine also featured the cyclic heating and cooling of 

the internal gas by means of an external heat source, but 

the device was not yet known as a Stirling Engine.[1]  

Stirling engines are unique among heat engines 

because they have a very high theoretical Carnot 

efficiency, in fact it is almost equal to their theoretical 

maximum Carnot efficiency. Stirling engines are 

powered by the expansion (heating) and contraction 

(cooling) of gas. The fixed amount of gas inside a 

Stirling engine is transferred back and forth between a 

hot end and a cold end, which cyclically expands and 

contracts the gas. 

During the late 1980's and the early 1990's Professor 

Senft of the University of Wisconsin took up the idea of 

low temperature differential Stirling engines.     The 

first models he produced were Ringbom engines, where 

there is no direct connection between the flywheel and 

the displacer, the Ringbom engine is reliant on the 

changing pressure inside the main chamber to move the 

displacer back and forth. Professor Senft, working 

closely with Professor Kolin, continued working with 

Stirling engines, working out many of the design 

solutions that are used today in low temperature 

differential Stirling engines.  

In 1992 Professor Senft was asked to design and 

build a low temperature differential engine for NASA. 

This engine, called the N-92, was optimised for hand 

held operation, with a temperature difference as low as 

6°C enough to power it. Professor Senft continues to 

work with Stirling Engines, and has written several 

books detailing the history and manufacture of Stirling 

engines.[5] 

2. RINGBOM STIRLING ENGINE ANALYSIS 

      The technical background to this analysis tool is 

taken from the excellent book 'Ringbom Stirling 

Engines' by J.R. Senft, and anyone with a serious 

interest in using it will need to refer to this book. The 

analysis technique was developed from Jon Bondy's 

very interesting Ringbom Simulator Program as an aid 

to understanding the behaviour of the simulator and 

clearing some remaining bugs.  It does not attempt to 

provide the extensive facilities built into the simulator 
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but it might provide helpful insights for some users 

from a different perspective. The Workbook contains 7 

worksheets for User interaction (Input Data, Main, 

Graphs-1, Graphs-2 and Graphs-3), and 5 supporting 

sheets that are hidden as the user does not need to refer 

to them. They can be unhidden thru the 'Format/Sheets' 

menu. Visual Basic code modules are used for complex 

calculations, so macros must be enabled when opening 

the Workbook.  

       Jon Bondy's simulator provides an alternative 

dynamic analysis using step-wise integration to obtain 

displacer motion, and this technique is also used in this 

analysis tool. This avoids the linearising approximation 

used by Prof. Senft to obtain explicit solutions, and so 

provides better accuracy, also enabling a realistic PV 

(Indicator) diagram to be calculated. Column 10 

includes the estimated power output of the engine 

derived from the area of its PV diagram,  listed as 'PV-

Power'. Other data derived from the step-wise 

integration are highlighted in grey. This version of the 

Analysis Tool uses Prof. Senft's sign convention. Jon 

Bondy's Simulator uses a different sign convention for 

compatibility with his animated engine diagram. 

     Prof. Senft's analysis uses displacer mass in the 

calculation of engine dynamics, but does not allow for 

the influence of displacer weight (mass x g) when the 

displacer housing is vertically mounted.  

     The step-wise PV calculation used by Jon Bondy, 

and in this analyser,  generally predicts a similar 

overdriven speed limit to that obtained by Prof. Senft, 

but gives a lower maximum power output at a lower 

speed than he obtains. The step-wise solution becomes 

unstable over a narrow speed range around the 

overdriven limit speed, so the output data and graphs 

become unreliable, and may give rise to errors and error 

messages. Reducing engine speed will normally lead to 

overdriven operation which can be confirmed by 

checking the PV Diagram on 'Graphs-1'. This must 

form a closed loop, and a dark green cell in column 9 

indicates that this is the case. The cell color changes to 

red, e.g. when the PV loop becomes discontinuous close 

to the overdriven speed limit or when additional cycles 

are required for the engine to settle into a repetitive 

mode.[6] 

 

 

3. THE COMPUTER SIMULATION OF 
SOLAR L-27 LTD STIRLING ENGINE 

 The solar L-27 LTD Stirling engine is 

presented in the picture below (fig. 1): 
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Fig. 1. The solar L-27 LTD Stirling engine [7] 

 

The primary and the derived parameters of the 

solar L-27 LTD Stirling engine are: 

 

Primary Parameters  L-27 LTD  

Displacer diameter D 129.6 mm 

Displacer area A 13191.67 mm2 

Piston diameter Dp 32.5 mm 

Piston area Ap 829.58 mm2 

Displacer rod diameter Dr 9.53 mm 

Displacer rod area Ar 71.3306 mm2 

Displacer stroke 2L 10.46 mm 

Displacer half-stroke L 5.23 mm 

Piston stroke 2Lp 30 mm 

Piston half-stroke Lp 15 mm 

Deadspace volume Vd 14500 mm3 

Displacer mass Md 6 g 

Mean engine pressure Pc 1 atm 

Hot end temperature Th 40 0C 

Cold end temperature Tc 18 0C 

Deadspace temperature Td 29 0C 

Gas constant (Air) R 8.3144 J/Mole/K 

Crankshaft angular velocity w 1000 RPM 

Acceleration due to gravity g 9.81 m/sec2 

Displacer spring constant S 0 N/m 

Spring center (not Senft) d 0 mm 

 

Derived parameters 

(With spring 

displacer) 

Hot space volume (mid-stroke) 6.899E-05 m3  

Cold space volume (mid-stroke) 8.106E-05 m3 

Dead space volume 1.45E-05 m3 
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Mass of gas (before/after leakdown) 1.952E-04 kg 

Tau 0.929746 

TauPrime 0.963594 

Lambda 2.868069 

Kappa 0.062886 

Sigma 0.202517 

Rho 0.005407 

Beta (Beta_S) 2.781371 

Chi (Chi_S) 2.595385 

K (K_S) 6473.48 

Gamma (Gamma_S) 0.76832 

gammaM (Gamma_SM) 0.5511 

Disp start time, t0 0.0035 sec 

Disp stop time, t1 (actual) 0.0247 sec 

Disp stop time, t1 (max) 0.0335 sec 

Displacer dwell angle 0.92 rad 

Displacer transit time 0.0212 sec 

Neutral spring constant, Sbar 38.84 N/m 

Max neutral springing speed 168.17 rad/sec 

Speed at displacer natural freq. N/A rad/sec 

omegaBar_S 146.00 rad/sec 

alphaBar (@ omegaBar_S) 1.2030 rad 

omegaBar 146.00 rad/sec 

alpha (Disp. lead angle) 1.6653 rad 

Schmidt power 2.00 watts 

Displacer power loss, Ploss 0.16 watts 

PV-Power  2.13 watts 

Displacer power loss, Ploss 0.16 watts 

Average engine pressure over cycle 101629 Pa 

Engine pressure change, 0 - 360 deg 0 Pa 

 

     For computer simulation and examining the 

operating characteristics of the solar L-27 LTD Stirling 

engine, the software Ringbom Stirling Simulator by 

JLB Enterprises was used.  

     The computer simulation makes some assumptions 

and has some limitations: 

1) The working fluid is presumed to be an “ideal gas” 

2) The mass of the working fluid in the engine is 

constant (no leaks, valves, etc) 

3) At any given instant, the internal engine pressure is 

uniform throughout the engine. Thus, we ignore 

any back pressure which occurs as the working gas 

attempts to move between the hot and cold spaces.  

This may be an important factor at higher speeds 

and/or with small displacer wall clearances, but is 

ignored. 

4) Each of the three work spaces (hot, cold, and dead 

space) are presumed to be at the corresponding 

temperatures, uniformly, and throughout engine 

operation. [2, 3] 

5) Piston motion is sinusoidal  We assume that the 

drive shaft rotates at a fixed angular speed 

(specified by the Engine Speed parameter) with a 

sufficiently large fly wheel such that the piston will 

not slow down when moving the displacer. 

6) The external gas pressure is constant and is equal 

to the internal pressure with the piston and 

displacer at mid stroke. 

7) Displacer motion is limited by rigid stops. 

8) The displacer halts instantaneously when it hits the 

stops (no springs or bumpers to decelerate the 

displacer as it nears the stops). 

9) Other than the above, the only force acting on the 

displacer is that due to the difference between the 

internal and external engine pressures across the 

displacer rod area. 

10) The height of the displacer is ignored.  A common 

rule of thumb is for the displacer height to be 

approximately 60% of the displacer cylinder 

height. 

11)  Any engine regeneration is ignored.[4, 7] 
 

     All graphs on this sheet use data derived from the 

step-wise integration of the equations of motion. The 

Senft deltaP linearization is not used. As a result, the 

positive and negative-going halves of the cycle are not 

necessarily identical. 

      The output values can be seen in the graphs, and in 

the vertical stack of numbers in the upper right: 

      1) Displacer Position and Piston Position show the 

current locations. 

 

 
Fig. 2. Displacer and piston position  

 

     3) Hot N and Cold N is the percent of the gas which 

is in the hot and cold parts of the Displacer cylinder. 
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Fig. 3. Hot and cold Volume diagram 

 

     4) This is the PV (Indicator) diagram using data 

from the step-wise integration of the displacer motion 

equation. Its area is a measure of the work output per 

revolution of the engine from which the PV Power 

value is calculated. The PV loop must be continuous if 

the engine is operating stably. 

 

 
Fig. 4. PV diagram of the solar engine  

 

      5) This chart shows displacer phase lead and 

Schmidt power versus RPM for the engine The values 

are calculated using Senft's analysis with approximate 

linearized solution of the displacer motion differential 

equation. 

 

 
Fig. 5. Phase and power diagram 

 

     6) This chart shows the power and torque versus 

RPM for the engine. Power values are calculated from 

the area of the PV diagram.  

 

 
Fig. 6. PV power and Mean PV torque 

4. CONCLUSIONS 

• These engines have the advantage that they can use 

any type of energy, not just solar; 

• They are silent in use; 

• Less lubricate and larger functioning time; 

• The acting mechanisms are simple (no valve needed). 
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