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The Ripl Rotary internal combustion engine is not an improved Wankel

iterant (i.e. a Reuleaux triangular rotor rotating inside an oval-like

housing). It is an entirely novel solution for a rotary ICE.

It follows the Atkinson cycle and is fully configurable over the intake volume,

the compression ratio, and the final expansion volume resulting in optimised

extraction of energy from the fuel.

It can compress the fuel air mix to a chosen volume before ignition and

maintain that volume during burn before starting that power stroke, without

interrupting engine rotation.

The Ripl Rotary makes pops, rather than a stream of fast-moving exhaust air,

meaning effective noise dampening can be achieved.

The engine design is entirely scalable, with only 4 bearing-mounted moving

parts and 1 seal, working on both sides of the piston head at all times.

Results from an independent thermodynamic study of the Ripl Rotary ICE

suggest a step-change capability:

• Relative efficiency improvement over piston engine of 40.1%

• 4x power to weight over piston engine

• 1kg of engine weight will return 9.8kw of power generation @3,000rpm

The full report (IP redacted) follows 
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1 Executive Summary 

• A digital model has been created to simulate the performance of a conventional piston 
internal combustion engine and contrast this, with comparable assumptions, to a 
novel design of rotary internal combustion engine proposed by RIPL Ltd. 

• The key novel elements are that the; 

o Induction, compression, and expansion process are not the same volume, and 
these volume ratios can be defined and optimised 

o Combustion process happens at a constant volume where the duration can be 
defined and optimised 

• The following engine performance data was calculated; 

o RIPL rotary engine efficiency (v1.2)   51.0% 

o Conventional piston engine efficiency  36.4% 

o Relative improvement    40.1% 

• Due to the there being XX power strokes per revolution and an increase in efficiency 
of the RIPL engine, there is a four-fold increase in the power to weight ratio over the 
contemporary technology (Ford Ecoboost V6 3.5L engine). 
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2 Engineering Summary 

• Three separate design versions of the model were simulated with each iteration 
designed to improve the limitations discovered in the previous iteration 

o Initial RIPL Design v1.0 

o RIPL Design with Variable Spark Ignition v1.1 see 7.2. 

o The inclusion of a combustion chamber at constant volume v1.2 

• Increasing the volume of the expansion stage beyond the standard 1:1 Intake 
Volume: Expansion Volume, yields improvements in thermal efficiency of the RIPL 
engine under the given conditions. 

o For v1.2, depending on the compression ratio, and optimising for expansion 
ratio and spark angle yields an improvement in efficiency of: 

▪ 11.7 – 15.5% from the initial 1:1 expansion ratio, with the 
improvement in efficiency reducing with higher compression ratios. 

▪ 20.3 – 24.2% from a standard piston engine, with the improvement in 
efficiency reducing with higher compression ratios. 

• The RIPL engine (v1.0-1.1) at the standard 1:1 expansion ratio has a worse 
performance than a standard piston engine with a shortfall in efficiency of 9.2% 
(v1.0) and 2.0% (v1.1). This indicates a potential area for improvement in the engine 
design by modifying the expansion stage of the engine to maximise combustion in 
periods of higher pressure or the installation of a combustion chamber seen in v1.2.  

o This improvement would also reduce the effects of slow/delayed ignition on 
the overall engine efficiency.  

• Power density for a RIPL engine is significantly higher than that of a piston engine, 
with XX power strokes possible per revolution, compared to 0.5 for a 4-stroke 
engine. Thus, for an equivalent power output multiple pistons would be needed.  

o Under the conditions set out in 7.1. the indicated power and break power for 
the engines per cylinder is: 

▪ RIPL Engine v1.0: 3.17kWi, 2,27kWB 

▪ RIPL Engine v1.1: 4.07kWi, 2.93kWB 

▪ RIPL Engine v1.2: 5.03kWi, 3.61kWB 

▪ Piston Engine (4-Stroke): 0.60kWi, 0.43kWB 

o The fuel consumption of the RIPL engine will be treble that of typical piston 
of the same initial volume because of having XX power strokes per 
revolution. 

o With the increase in power strokes per revolution, and the increase in 
efficiency, for the same swept volume and compared to a Ford Ecoboost V6 
3.5L engine, the RIPL engine has the following improvements in output power 
per cylinder of equal initial volume and power to weight ratios 

▪ RIPL v1.0: 5.2x Power Output, 3.2x Power to Weight Ratio 
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▪ RIPL v1.1: 6.8x Power Output, 3.6x Power to Weight Ratio 

▪ RIPL v1.2: 8.4x Power Output, 4.3x Power to Weight Ratio 

• Approximating mechanical and frictional losses within the engines under the 
conditions set out in 5.1 yields an efficiency of: 

o RIPL Engine v1.0: 32.1% 

o RIPL Engine v1.1: 41.5% 

o RIPL Engine v1.2: 51.0% 

o Piston Engine: 36.4% 

o A net improvement of -12%, +14% and +40% respectively (relative to the 
piston engine) 

• Several approximations and assumptions have been used to perform this analysis, it 
is recommended to conduct more complex analysis through further modelling, CFD 
and real-world testing to improve the overall accuracy of the model. 
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3 Project Scope 

The specified project scope for this study is as follows. 

• Simplified Thermodynamic analysis of engine to include: 

o Pressure-Volume & Temperature-Entropy graphs for a complete cycle 

o Pressure, Temperature and Volume relationships to Stroke/rotation position 

o Comparison to an equivalent piston engine 

o Comparison to ideal Otto and Atkinson Cycles 

o The relationship between Fuel Fraction Burned and Combustion Time 

o The relationship between Ignition Advance and Net Work 

▪ Identify optimal ignition angle for given inputs 

▪ Predicted Power Output 

• Using the above thermodynamic analysis identify areas of potential improvement of 
the model. And model these thermodynamically.  

• Approximation of thermal losses through cycle and an estimation of mechanical 
efficiency from the literature, unless provided by RIPL.  

• Produce a theoretical model that will enable RIPL to edit the input parameters to 
produce the above under different design scenarios. 

• Produce an output report from the model detailing all the above, highlighting the 
efficiencies of the different steps in the process.  
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4 Theoretical Optimum Efficiency 

4.1 Otto Cycle 

An Otto cycle is an idealized thermodynamic cycle that describes the functioning of a typical 
spark ignition piston engine. 
 
The Otto cycle is a description of what happens to a gas as it is subjected to changes of 
pressure, temperature, volume, addition of heat, and removal of heat. The gas that is 
subjected to those changes is called the system. The system, in this case, is defined to be the 
fluid (gas) within the cylinder. By describing the changes that take place within the system, it 
will also describe in inverse, the system's effect on the environment. 
 
The Otto cycle is constructed from: 
 

• Top and bottom of the loop: a pair of quasi-parallel and isentropic processes 
(frictionless, adiabatic reversible). 

• Left and right sides of the loop: a pair of parallel isochoric processes (constant 
volume). 

 
The isentropic process of compression or expansion implies that there will be no inefficiency 
(loss of mechanical energy), and there be no transfer of heat into or out of the system during 
that process. The cylinder and piston are assumed to be impermeable to heat during that 
time. Work is performed on the system during the lower isentropic compression process. 
Heat flows into the Otto cycle through the left pressurizing process and some of it flows back 
out through the right depressurizing process. The summation of the work added to the system 
plus the heat added minus the heat removed yields the net mechanical work generated by 
the system [18]. 
 
Typical piston ICE’s operate to the same principles as the Otto cycle, the stages of which can 
be seen outlined below.   
 

 
 

Figure 1 Pressure-Volume and Temperature-Entropy diagrams of the Otto Cycle [1] 
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The theoretical efficiency of an Otto cycle can be calculated using the formula below. 
 

𝜂𝑂𝑡𝑡𝑜 = 1 − (
𝑉2

𝑉1
)

𝛾−1

= 1 −
1

𝐶𝑅𝛾−1
 

 
 

Equation 1 Otto Efficiency Equation 

 
Where; 

𝛾 = Ratio of specific heat capacities (specific heat capacity at constant pressure / 
specific heat capacity at constant volume) 

𝐶𝑅 = Compression ratio 

𝑉 = Volume (m3) 

 
This provides an optimal benchmark with which to compare the performance of ICE designs. 
In practice the Otto efficiency is not achievable as instantaneous combustion is not possible 
and thermal and other losses are present in an engine. 
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4.2 Atkinson Cycle  

The design of RIPL’s proposed ICE differs in that the initial inducted volume is not required to 
equate to the final expanded, exhausted volume as per typical ICE designs. This theoretically 
enables more energy to be extract from the fluid during the expansion phase of the process 
as compared to contemporary designs. Thus, a thermodynamic cycle that is more comparable 
to RIPL design is the Atkinson Cycle. 

 

Figure 2 Atkinson vs Otto Cycle [19] 

The fundamental difference between Atkinson and Otto Cycles is that the isentropic 
expansion stage is able to expand beyond the initial volume at the beginning of the cycle, 
before returning to the initial volume during the exhaust phase.  

The theoretical efficiency of an Otto cycle can be calculated using the formula below. 
 

𝜂𝐴𝑡𝑘 = 1 − 𝛾
𝐶𝑅𝐸𝑅 − 𝐶𝑅

(𝐶𝑅𝐸𝑅)𝛾 − 𝐶𝑅𝛾
 

 
Equation 2 Atkinson Efficiency Equation 

Where; 

𝛾 = Ratio of specific heat capacities (specific heat capacity at constant pressure / 
specific heat capacity at constant volume) 

𝐶𝑅 = Compression ratio 

𝐸𝑅 = Expansion Ratio, (Initial Volume: Expanded Volume) 

 

 

 

Theoretically the Atkinson cycle can operate at much higher efficiency than that of an Otto 
cycle given the same compression ratio. For instance, at a compression ratio of 14, an 
expansion ratio of 4 and a ratio of specific heats of 1.4.  
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• Otto Cycle Efficiency:  65.4% 

• Atkinson Cycle Efficiency:  75.5% 

• Proportional improvement: 21.4% 

Therefore, the prosed RIPL design will have an intrinsic advantage over the contemporary 
piston technology. 

Ultimately the limit on how much energy can be extracted is limited by the pressure, such 
that pressure in the expansion chamber does not drop below that of the atmospheric 
pressure at the exhaust point. 

Studies and analysis suggest that extending the expansion process has benefits on both fuel 
efficiency and thermal efficiency. Andre et al, modelled a toroidal-shaped piston rotary 
engine and saw a noticeable improvement in efficiencies when varying the expansion ratio 
[20].   



 

Page 13 
© Riventa Ltd 
Unit B1, Walker Business Park, Truro, UK, TR4 9FB.  
Tel: 01872 260005.  www.riventa.com 

5 Engine Design 

5.1 Initial Design 

The proposed RIPL internal combustion engine (ICE) design is centred on a novel approach to 
rotary engine principles. It is constructed primarily of three segments, that act as separate 
zones for each step in the thermodynamic cycle.  
 

1. Air Intake and Fuel Injection 

2. Compression and Ignition 

3. Combustion and Expansion 

REMOVED 
Figure 3 Vertical Cross Section of RIPL ICE 

REMOVED 
Figure 4 Horizontal Cross Section of RIPL ICE 

As the rotor advances the engine goes through the following stages. 
 

1. XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

2. XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

3. XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

4. XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

5. XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

6. XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

7. XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

 
The optimum ratio of chamber depths (i.e. XXXXXXXXXXXXXXX) was unknown and thus the 
optimum was computed. The remaining dimensions of the engine have been maintained from 
the issued drawing files. The volume profile used in the calculation has been simplified to 
remove the size of the XXXXXXXXXXXXXXXXXXXXX to simplify the volume profile model, as 
such chamber volume is taken from port to port.   
 

REMOVED 
Table 1 Fixed Dimensions of RIPL ICE 

Due to the design principles of the proposed RIPL ICE, the engine will be capable of XXXXXXXX 
power strokes per revolution, compared to three for the conventional ‘state-of-the-art’ rotary 
engine: the Wankel. Traditional piston engines usually produce 1 or 0.5 power strokes per 
revolution depending on if it’s a two stroke or four stroke design.  This provides an initial 
indication as to the significant power to weight ratio improvements. 
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5.2 Design Proposals 

Initial thermodynamic analysis highlighted two key areas for improvement from the initial 
design: 

• Improvement in engine design to allow spark angle to be optimised is estimated to 
yield significant efficiency improvements. The model should be reviewed to enable 
advanced spark ignition.  

• Inclusion of a XXXXXXXXXXXXX at constant volume or a review of the expansion 
chamber to enable combustion to occur over a less varying volume. 

From these suggestions 3 thermodynamic models were made: 

• Initial RIPL Design v1.0 

• RIPL Design with Variable Spark Ignition v1.1 see 7.2. 

• The inclusion of a combustion chamber at constant volume v1.2 

The inclusion of a XXXXXXXXXXXXXXXXXX is modelled as a duplicated 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX to maintain constant volume for the combustion 
process to occur. 

Constant volume combustion can significantly increase efficiency by maximising pressure at 
the point of minimum volume and ensuring maximum work can be extracted [21]. An added 
benefit of this means that the engine is less susceptible to limitations in the spark angle as it 
can combust over a longer time frame, see 7.2.  
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6 Combustion Cycle Theory 

The Work Done by an engine is defined by the area enclosed within a Pressure-Volume model, 
calculated from the following equation; 
 

𝑊 =  ∑
𝑑𝑃

𝑑𝜃
𝑉

2𝜋

0

 

 

Equation 3:  Work Done for an ICE 

Where; 

𝑊 = Work Done (J) 

𝑃 = Pressure (Nm-2) 

𝜃 = Rotational position (Radians) 

𝜋 = Pi (~3.142) 

 

Equation 3 enables determination of the Work Done per rotation and given the engine speed, 
the power of the engine can then be computed. 

The pressure profile across the compression and expansion phases of the cycle are modelled 
according to the laws of isentropic expansion and compression: 

 

𝑃2 =  
𝑉1

𝛾
𝑃1

𝑉2
𝛾  

 
Equation 4 Isentropic Pressure Volume relationship 

Where; 

𝛾 = Ratio of specific heat capacities (specific heat capacity at constant pressure / 
specific heat capacity at constant volume) 

 

During the combustion process, the pressure profile is defined as [2,3,4]; 

 

𝑑𝑃 =  
𝑄𝐶𝑉. 𝑚𝑓 . 𝑑𝑋𝑏. (𝛾 − 1)  −  𝛾. 𝑃1𝑑𝑉

(𝑉1 +  𝑉2)/2
 

 

Equation 5 
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Where; 

𝑄𝐶𝑉 = Fuel calorific value (J/kg) 
𝑚𝑓 = Fuel mass (kg) 

𝑑𝑋𝑏 = Change in mass fraction burned 
 

The mass fraction burned is defined by [2,4-9]; 

 

𝑋𝑏 = 1 −  𝑒
ln(1−𝜂𝑐).(

𝜃−𝜃𝑠
𝜃𝑐

)(𝑓+1)

 

 
Equation 6 Mass Fraction Burned 

Where; 

ηc = Combustion efficiency approximated from the fuel-air equivalence factor [10] 

Θs = Spark angle from 0° (Radians) 

Θc = Combustion angle (Radians) approximated from engine speed, spark angle, 
compression ratio and combustion efficiency [11-12] 

𝑓 = Form factor of the fuel air mix when ignited 

 

Thermal losses were calculated using the convective heat transfer formula: 

 

𝑄̇ = ℎ. 𝐴. ∆𝑇 

 

Equation 7 Convective heat transfer 

Where; 

𝑄̇ = Heat transfer from the working fluid to the engine block (J/s) 

ℎ = Convective heat transfer coefficient (any units?) approximated from air 
properties and working fluid velocity [13] 

𝐴 = Contact area between the engine and the working fluid (m2) 

∆𝑇 = Temperature differential between the working fluid and the engine block (°K) 

 

The effect of thermal energy losses is calculated using the ideal gas laws to determine the 
change in pressure and temperature. 

7 Results 

The theory outlined in section 6 has been populated for both the novel RIPL rotary engine 
design and also, by way of a relative benchmark, a contemporary piston engine design.  The 
same theoretical generalisations are therefore made to each engine which provides an equal 
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support comparison and a reliable relative contrast in performance between the two designs 
of engine appraising efficiency improvement. 

7.1 Thermodynamic Analysis 

7.1.1 Assumptions 

Several assumptions and parameters where fixed to constrain the extents of the models.  
Assumed variables which can be edited in the supplied digital model for re-simulations are 
superscripted with an *.  
 

• XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

• Model size was inputted as per the dimensions provided. A scalar is included to enable 
to model to be scaled up if needed (Dimension Scalar)*  

• Fuel Calorific Value: 44MJ/kg * (Petrol was used) 

• Air Fuel Ratio: 15.4 * (This is the empirical optimum for efficiency for petrol) [10] 

• Air Density at Intake = 1.243kg/m3 * 

• Air Fuel Mixture was deemed to have the same ratio of specific heats as air under the 
given conditions. Research suggests fuel mixture has minimal difference from air. [14] 

• Engine Design Speed: 1000rpm * 

• Form Factor: 3 * (This is the forms part of the model for combustion dynamics, see 7 
for further suggestions) 

• Compression Ratio: 14 * 

• Expansion Ratio: Optimised to nearest 0.5x ratio * 

• Air Inlet Temp: 20C * 

• Engine Block Operating Temperature: 200C * 

• Convective Heat Transfer Coefficient (Heat Losses to Engine Block): Convective heat 
transfer assumed peak air-fuel velocity for the approximation.  

• Spark Angle: Optimised to nearest degree *  

• Piston Initial Volume is equal to that of the supplied RIPL engine design. 

• Piston depth is deemed to be 1.5x that of the diameter.  

• Drive Train Efficiency: From Empirical Data [15] * 

• RIPL and Piston Engine Frictional/Mechanical Losses: From Empirical Data [16-17] * 

7.1.2 Outputs 

The following outputs can be generated using the spreadsheet provided, with any of the 
variables marked with a * changeable to produce different results. The results listed here are 
for RIPL Engine v1.2. For previous version see 11.2. 
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7. Pressure-Volume-Temperature Vs Stroke - RIPL Engine

7. Pressure-Volume-Temperature Vs Stroke - Piston Engine
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21.22 kW 5.13 kW

10.83 kW 2.17 kW

0.27 kW 2.05 kW

0.78 kW

1.18 kW 0.54 kW

0.43 kW 0.09 kW

0.01 kW 0.08 kW

0.03 kW

---

Increase in power output for 

the same swept volume
8.4 times

Useful Work

Drive Train Losses

Thermal Losses

Exhausted heat

Frictional Losses

---

85.6%

Drive Train Efficiency 84.1%

9a. RIPL Engine Overall Effic iency Analysis

Results

Overall efficiency (%) 51.0%

Overall efficiency 

improvement over piston (%)
40.0%

Inputs

RIPL Engine Power to Shaft 

Efficiency (%)
85.6%

Drive Train Efficiency 84.1%

9b. RIPL Engine Per Revolution Power Breakdown

Chemical Power in

Thermal Losses

Inputs

Piston Engine Power to Shaft 

Efficiency (%)

Unburnt Fuel

Chemical Power in Exhausted heat

Useful Work Frictional Losses

Unburnt Fuel Drive Train Losses

10a. Piston Engine Overall Effic iency Analysis - 2 Stroke

10b. Piston Engine Per Revolution Power Breakdown

Results

Overall efficiency (%)

---

36.4%

---
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1.3%

3.7%

24.2%

10.2%

9.6%

51.0%

Unburnt Fuel

Thermal Losses

Exhausted Heat

Mechanical Losses

Drive Train Losses

Useful Work

1.3% 2.6%

45.5%

7.3%

6.9%

36.4%

Unburnt Fuel

Thermal Losses

Exhausted Heat

Mechanical Losses

Drive Train Losses

Useful Work
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7.2 Thermodynamic Comparative Analysis 

Thermodynamic analysis comparing the piston and RIPL engine to the Otto & Atkinson 
Standards was conducted at varying different inputs. 
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Figure 5 Changing Expansion Ratio at Varying Compression Ratios 
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Figure 6 Comparing Differing Iterations of the RIPL Engine at CR = 14
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• The optimum expansion ratio for the RIPL engine (v1.2) is ~4 (depending on final 
selection of compression ratio) and the inputs used. 

• At a 1:1 expansion ratio. The standard piston engine outperforms the RIPL engine v1.0-
1.1, this is due to the volume profile of the RIPL engine. See 7. 

• Increasing the expansion ratio, increases the efficiency of the RIPL engine. At the point 
where the final pressure is equal to atmospheric, we see no further benefit of 
increasing the expansion ratio. And efficiency starts to drop off.   

o In increasing the expansion ratio, the performance of the RIPL engine can be 
made to exceed that of the standard piston (v1.1).  

• As compression ratio increases there is a reduced benefit from increasing expansion 
ratio. 

• By operating outside the standard Otto cycle limits, the optimal efficiency for v1.2 can 
exceed the otto efficiency in a idealised thermodynamic cycle.  

 
Figure 7 Optimal Efficiency Under the Given Compression Ratio 
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Figure 8 Net Work vs Spark Angle 

 
Under the conditions set out in 5.1.2, the effect of ignition timing can be seen in Figure 6 for 
v1.1. 
  

• The optimal spark angle for the RIPL and Piston engines for the given conditions is 110o 
and 112o respectively.  

• The design of the RIPL engine results in a sharper drop off in efficiency if ignition is 
delayed. This has the following implications: 

o Engine performance is more affected by ignition timing, thus more susceptible 
to any delay 

o The higher advance also increases the probability of knocking occurring, which 
cannot be easily countered by delaying ignition without significantly affecting 
efficiency. 

o Improved engine design would reduce this limitation see 7. 

• Before the optimal spark angle, the performance difference between the RIPL and 
piston engines remains approximately consistent when reducing the spark angle. 
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8 Limitations 

This study focuses on the idealised thermodynamic cycle that has been moderated for losses, 
as such no computational fluid dynamics or combustion analysis has occurred. Several 
assumptions and approximations were made in the model to generate comparable outputs 
for both the piston engine and RIPL’s engine design. In practice it’s likely that these 
approximations will not be accurate to the true combustion and fluid mechanics in the RIPL 
engine due to differing design. Where possible both models were optimised according to 
empirical data or calculated inputs to enable a fair comparison. Losses due to seal leakage, 
knocking and frictional losses in the fluid due to valves and pipework have been excluded 
from both models, as there is no information available modelling these losses for the RIPL 
engine without complex CFD analysis and real-world testing.  

The ratio of specific heats is a thermodynamic property of fluids; this is determinable by the 
fluid and its pressure and temperature. This variable requires both the initial and final 
properties to be known to accurately lookup this value for calculations. This can be done 
through an iterative process; however, the computational time was too excessive. So, the 
initial value was used at small increments in the crank angle (0.1o), to minimise the potential 
error. It was found that under combustion conditions where we see a sharp change in 
thermodynamic properties, the error in the ideal gas law, within a 0.1o period peaked at 
~0.2%. This error was then corrected to ensure the ideal gas law was maintained for a sealed 
system.  

There is limited empirical data for the change in ratio of specific heats for air-fuel mixture, 
thus it was presumed that the ratio between the specific heats for air and the fuel mixture 
was maintained. And that it varied proportionally with air as the conditions changed.  

Form factor models the shape of the combustion profile within the engine. Accurate CFD 
modelling will be required to determine this. In this study it was presumed that form factor is 
consistent across both engines.  

Combustion efficiency was approximated from an empirical formula determined by the air 
fuel ratio, and the fuels equivalence factor. It is presumed that the RIPL engine will perform 
similarly. 

Combustion angle was approximated using an empirical formula based on spark angle, 
combustion efficiency, engine speed and compression ratio. This formula is based on typical 
piston engines. In this study it was presumed this translates across to the RIPL engine.  

The combustion approximation used had an error from ideal gas law of ~0.005% per 0.1o, 
similarly to the error incurred by ratio of specific heats this was corrected out at each step to 
reduce an accumulation in error. 

Thermal losses from the working fluid were calculated by using the convection heat loss 
formula. Where the heat convective coefficient for air was approximated given the peak 
velocity of the fluid. Theoretically, the instantaneous velocity relative between object surface 
and fluid should be used. However, the impact of turbulent flow is not known, so peak velocity 
is used to account for any variation, this is duplicated across both the RIPL and the Piston 
engine. Additionally for the model a consistent uniform engine block temperature was used 
to calculate heat losses. The effect of water/oil cooling, may contribute to a non-uniform 
temperature distribution, resulting in differing levels of thermal losses in the model from 
reality. 
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The volume profile was simplified from reality for the RIPL engine, to minimise time spent 
interrogating the model as no volume equation was provided. The assumption is that this will 
have minimal impact on the results as the fundamental shape of the volume profile will differ 
minutely.   

It was assumed that drive train efficiency would be equal for both engine types. An 
approximation was entered based on the efficiencies of each constituent part that makes up 
a standard vehicle drive train.  

Frictional and conversion losses within the engine and to the drive shaft were determined by 
empirical data for the piston engine. Limited data was available for rotary machines, the 
literature that was available indicated that the largest portion of mechanical losses centred 
in the frictional losses inside the engine. Thus, it was estimated that any improvement in 
power transmission to the drive shaft was negated by the increase in frictional losses inside 
the engine. 
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9 Future Recommendations 

As highlighted in this report; two steps in improving the engine to maximise efficiency are as 
follows: 

• Improvement in engine design to allow spark angle to be optimised is estimated to 
yield significant efficiency improvements. This should be reviewed to enable advanced 
spark ignition.  

• Inclusion of a XXXXXXXXXXXXXXXXXXXXXXX at constant volume. 

Both design suggestions should be modelled to determine the possibility of including these 
changes into the existing design. 

As indicated in 5.2, the Piston engine outperforms the RIPL engine at a standard 1:1 expansion 
ratio. The reason for this is due to the shape of the expansion stage. If this was designed to 
taper out into a large volume more slowly or the addition XXXXXXXXXXXXXXXXXXXXX, thereby 
enabling a larger proportion of the combustion to occur at a higher pressure. We would 
expect to see an improvement in performance. An added benefit of this, would be less 
susceptibility in poor ignition timing hampering efficiency. 

It is recommended to conduct some advanced simulation computational fluid dynamics (CFD) 
on the model to determine the proportion of losses that will be made in valving the working 
mixture between stages and the effect this will have on efficiency. This should also give some 
indication as to the strength of the seals required to ensure no leakage occurs between 
stages. In conjunction with this some combustion analysis should be undertaken to ascertain 
the effects of exhaust gases, engine block temperature and combustion profile. 

Given the strength required for the seals, a better approximation of frictional losses inside 
the engine can be made. And through some advance modelling and/or real-world testing, a 
more accurate modelling of the mechanical losses can be made to ensure a fair comparison 
to the empirical modelling of the piston engine. 
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11 Appendices 

11.1 Appendix 1: Approximations  

11.1.1 Combustion Efficiency 

Combustion efficiency is how much of the fuel is successfully combusted in the combustion 
phases, and thus how much fuel is remaining in the exhaust gases. 

It can be approximated using the following: 

 

𝜂𝑐 = −1.6082 + 4.6509𝜆 − 2.0746𝜆2 

Equation 8 Combustion Efficiency [10] 

 

Where λ is defined as the air fuel equivalence ratio: 

 

𝜆 =  
𝐴𝐹𝑅

𝐴𝐹𝑅𝑆
 

Equation 9 Air Fuel Equivalence Ratio 

 

AFR is the air fuel ratio, AFRs is stoichiometric air fuel ratio, the atomic minimum ratio required 
for complete combustion to occur.  

 

11.1.2 Combustion Angle 

Combustion angle can be calculated using the equations below, from engine speed, 
combustion efficiency, spark angle and compression ratio. 

 

 
Equation 10 Combustion Angle Approximation [11-12] 

 

Given some base reference values or r1 = 7.5, N1 = 1000rpm, Φ = 1, θs1 = -30, ∆θ1 = 24, from 
empirical data sets. 

11.1.3 Convective Heat Transfer Coefficient 

Convective heat transfer for air can be approximated given fluid velocity using the following 
equation: 
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ℎ = 12.12 − 1.16𝑣 + 11.6√𝑣 

Equation 11 Convective Heat Transfer Coefficient Approximation 
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11.2 Further Modelling Outputs 

11.2.1 No Optimised Spark Angle (v1.0) 
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11.2.2 Optimisable Spark Angle (v1.1) 
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