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Introduction

• Lontra’s Blade Compressor™ is uniquely 
well suited to application as an automotive 
supercharger for downsized engines

• The company is open to discussion with • The company is open to discussion with 
potential development partners

• The company is presenting results from a 
development project with Ricardo and 
Ford Motor Company



Overview

• The following slides give an overview of the development of Lontra’s 
Blade Compressor™ as an automotive supercharger

• The results are presented from the “BladeBoost” project, undertaken 
with Ricardo and Ford UK

• The unit can be demonstrated at Lontra’s premises in Daventry, UK
• The details of Lontra’s water industry aeration compressor • The details of Lontra’s water industry aeration compressor 

(3000m^3/hr 0.8 bar gauge, on test from December 2011, shown 
below) are not presented, but are available on request



Prototype Evolution

• The following three slides show three physical iterations of the Blade 
Compressor ™

• These show how the Blade Compressor™ has developed through 
two prototypes into a vehicle demonstrator

• The “BladeBoost” vehicle demonstrator provides an un-matched 
combination of very high mass flow rate at low rpm and very high 
pressure ratio capabilitypressure ratio capability

• BladeBoost shows how the Blade Compressor ™ is an enabler for a 
new generation of ultra-downsized engines

• The BladeBoost device can be seen running on Lontra’s test beds



First Prototype – Concept Demonstrator
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Prototype 2 – Development model

Volume 
(litres)

Displace-
ment (cc)

Speed 
(max –
rpm)

Flowrate 
(max at 
100% vol. 
eff. –
litres/sec)

Pressure 
ratio

Diameter 
(max –
mm)

Length 
(mm)

1.08 978 9000 146.7 3 324 373



Bladeboost – Vehicle demonstrator

Volume 
(litres)

Displace-
ment (cc)

Speed 
(max –
rpm)

Flowrate 
(max at 
100% vol. 
eff. –
litres/sec)

Pressure 
ratio

Diameter 
(max –
mm)

Length 
(mm)

1.78 1620 9000 243 3 336.5 434

This device can currently be seen running at Lontra’s premises



Prototype Evolution

• This graph shows how the diameter to flow-rate ratio of the Blade 
Compressors ™ built so far has steadily reduced making 
packaging ever more attractive (especially given the capability to 
be the sole boost system across the full engine range)



Variability

• A key feature of the Blade Compressor ™ is the ability to use a 
simple variable inlet port that allows dynamic control of mass flow 
rate and internal compression ratio

• The pictures shown are of the “Prototype 2 – Development Model”, 
BladeBoost uses an even simpler and more robust system



BladeBoost Measured Data

• The following two slides show actual measured data from 
BladeBoost

• The difference between the minimum and maximum displacement 
graphs is due to the variable porting

• This demonstrates a unique capability of the Blade Compressor™ to 
vary mass flow rate and compression ratio at constant shaft speed

• This enables the boost of downsized engines to be completely • This enables the boost of downsized engines to be completely 
controlled at any point on the operating cycle, including part-load, 
giving driveability un-matched by any other solution



Measured BladeBoost Flowrate

• The graphs below show the measured flow rates from Lontra’s test 
stand, with the BladeBoost variable inlet port set at its maximum and 
minimum opening 



Measured BladeBoost Power

• The graphs below show the measured shaft power from Lontra’s 
test stand, with the BladeBoost variable inlet port set at its maximum 
and minimum opening 



Measured BladeBoost Results

• The graph below shows the efficiency of the BladeBoost 
supercharger calculated from measured results (as is, without 
planned improvements) compared against the latest Eaton TVS

• Latest Eaton R900 ‘TVS’ 
supercharger, using published map 
of thermal efficiency

– At drive ratio 3:1 theoretically 
delivers similar flow rate to 

No capability 
above PR 2.4

Poor efficiency 
due to throttling

Further turndown 
capability would 
increase efficiency

delivers similar flow rate to 
BladeBoost supercharger 
(although not at PR required)

– Is capable of operation at 
6400rpm engine speed

• Measured data from Blade 
Supercharger hardware

Assumptions
1. Engine mass flow rate is 

proportional to absolute 
manifold pressure

2. When throttled, Eaton 
supercharger efficiency is 
same as un-throttled (despite 
higher PR)

3. Theoretical power is 
calculated from PR and mass 
flow rate, without friction

4. Inlet air assumed constant  
20°C



Analysis Model - Overview

• In parallel to the physical hardware development, Lontra has been 
developing a detailed mathematical model of the compressor over 
the past four years

• This is now a powerful tool that allows us to test modifications to 
existing devices, or new devices for customers before committing to 
costly hardware

• The following slides give a brief description of the model and show • The following slides give a brief description of the model and show 
the correlation between real measured data and the output of the 
model



Analysis Model – Methodology

• Geometry model
– Total cycle duration = 720 + (a2 - a1) + blade 

thickness + disk thickness
– Chamber surface areas and volume calculated using 

double and triple integrals
– Analytical solution solved using Mathematica
– All dimensions stored in array form with respect to – All dimensions stored in array form with respect to 

rotor angle to reduce calculation time when multiple 
cycles are run

• Thermodynamic model
– Enthalpy and mass tracked through ports and leak 

paths
– Heat transfer is included
– Uses conservation of mass and energy to calculate 

temperature
– Pressure calculated from temperature and mass

Chamber volume



Analysis Model – Methodology

• Port flow model
– Based on Blair’s method, uses conservation of mass, 

energy and momentum
– 2 stroke port flow coefficients used
– Reflected pressure wave calculated from chamber 

properties and incident pressure wave.
– Currently an open end zero length pipe is simulated– Currently an open end zero length pipe is simulated
– Pipe work can be added to model easily

• Leakage Calculations
– 17 leak paths identified
– Flow is assumed to be laminar
– Calculation based on well documented principles, eg. 

Shires 1950, or Massey 1968
– Methodology extended to simulate moving walls
– Mass, energy and momentum conserved at the slot 

entrance Velocity profile 
with moving wall



Analysis Model vs Measured Data

• This graph shows 
the comparison 
between the 
measured 
chamber pressure 
(in a situation 
where the final where the final 
volume wasn’t 
vented giving a 
pressure spike), 
and the output of 
our analysis 
model.

• The two correlate 
very closely



Analysis Model vs Measured Data

• This graph shows 
the comparison 
between the 
measured torque 
(using a calibrated 
rotary torque 
meter on Lontra’s meter on Lontra’s 
test stand) and the 
output of our 
analysis model.

• The two correlate 
very closely



Analysis Model vs Measured Data

• This graph shows 
the comparison 
between the 
measured mass 
flow rate (using a 
calibrated laminar 
flow meter on flow meter on 
Lontra’s test 
stand) and the 
output of our 
analysis model.

• The two correlate 
very closely



Issues with Bladeboost

• During the build of BladeBoost four key, simple areas for 
improvement were identified
1. The chamber bleed hole was in the wrong position and so should be 

moved to the correct position
2. The  abradeable coating could be run-in more effectively in one key 

area (outer rotor)
3. The remaining clearances could be reduced to the design 

specification (some components were machined outside of 
specification)

4. The outlet port could be optimised based on our latest analysis

• The Analysis model allows us to see what the effect of these 
improvements will be and this is shown in the following two slides 
(the improvements are numbered as above)



BladeBoost Improvement steps

• Mass flow gains
– Comparison at 4000rpm, maximum displacement



BladeBoost Improvement steps

• Efficiency gains
– Comparison at 4000rpm, maximum displacement

Notes:
1. Optimised for high pressure ratio
2. Variable displacement increases 

efficiency at lower PR, lower flow 
condition



BladeBoost Performance Map –
Maximum Displacement
• The combination of the 

real measured data from 
BladeBoost and the 
improvements shown on 
the previous two slides 
has allowed us to create 
a series of performance a series of performance 
maps.

• It should be noted that 
the unique variable 
intake port on 
BladeBoost means that 
only a small part of this 
map would be used (as 
the engine load 
changed, the port would 
be changed, moving to 
another map)



BladeBoost Performance Map –
Medium Displacement
• This shows the 

BladeBoost 
performance map at 
medium displacement 
(so with the variable 
inlet port part way 
between fully open and between fully open and 
fully closed)

• We have only shown 
maps for three points 
(maximum/fully closed 
inlet port, medium/part 
way inlet port, and 
minimum/fully open inlet 
port), the BladeBoost 
porting also allows 
points in between these 
three



BladeBoost Performance Map –
Minimum Displacement
• This shows the 

BladeBoost 
performance map at 
minimum displacement 
(so with the variable 
inlet port fully open)

• It can be seen that as • It can be seen that as 
the port is opened, the 
point of peak efficiency 
comes down in both 
mass flow rate and 
pressure ratio. This is a 
very good match for the 
demands of an engine



BladeBoost Map compared to the 
latest Eaton TVS (not yet available)
• This is a comparison of an BladeBoost Map (left) against an Eaton 

one (right). The Eaton has a peak efficiency at no more than 1.8 
Pressure Ratio (PR) and cannot go beyond 2.4, whereas the Blade 
peak is at over 3 PR (required for highly downsized engines)



BladeBoost Critical Design Point
• With the BladeBoost vehicle installation the critical design point to 

meet the manufacturers driveability target (high torque at low engine 
speed for a large vehicle), was a mass flow rate of 192 m^3/hr at a 
pressure ratio of 3 (this corresponded to an engine speed of 2000 
rpm). It is instructive trying to find these points on the maps below.



Summary of benefits
Existing Technology Lontra Blade Supercharger

P2 Capability Up to 1.4 bar gauge > 3bar gauge
Adiabatic Efficiency Rootes type – poor (<60%)

Lysholm type – high (>70%)

Both types worsen considerably 
away from design point to give a 
narrow operating point of high 

efficiency

High (>70%), with ability to vary 
internal compression to 

maintain high efficiency over a 
wide operating map

efficiency
Mechanical Friction Low Low

Pumping Losses High without variable speed 
drive

Low due to variable capacity 
with variable inlet port

S/C By-Pass Required Not required
Packaging and weight System package (e.g. inc. clutch 

and valves) large and heavy
Package envelope shorter but 

wider
Leak Paths Close clearances required Good due to large sealing lands

Pulsations and noise Characteristic noise must be 
controlled

Potentially low

Temperature capability Typically 150°C maximum outle t 
temperature

Good thermal distribution 
means easy design for 180°C

Transient response Compromises other 
requirements

Variable capacity enables rapid 
response without  compromise



Appendix - History
• IP history

– First Patent Family filed 29/01/99, on core Geometry of the Blade Compressor/Engine
– Second Patent Family filed 16/02/07 on Inlet and Outlet Port modifications including 

variability
– Third Patent Family filed 28/08/09 on Drive Arrangements within the device (rotor to 

disc)
– Two further patent families currently in development

• Blade Compressor™ development stages:• Blade Compressor™ development stages:
– Theoretical analysis (by Cosworth Technology) 2006

• Predicted major thermodynamic benefits over existing technologies
– Concept demonstrator 2008

• Demonstrated function and potential
– Dedicated mathematical model 2008

• Major step forward in compressor optimisation
– Development prototype 2009

• Delivered higher than 2:1 pressure ratio
– Bladeboost vehicle demonstrator 2010

• Met target pressure ratio 3:1 and demonstrated target mass flow rate at low 
engine speed

• Can operate over all engine conditions without de-clutching or bypass
• No current technology can deliver the same range



Appendix – Next Generation Blade
• The pictures below show the design of the next generation of Blade 

Supercharger (beyond BladeBoost). This is smaller and more tightly 
packaged with a host of improvements including the capability to 
accept boosted inlet air (for a post turbo-charger installation). 

• This design of this device is complete including manufacturing 
drawings with some parts already manufactured



Next Steps

• BladeBoost is a significant technology which meets the 
needs of boosting downsized engines

• Lontra is open to discussions with potential development 
partners to develop products for the market

• The Lontra team will be available for a webinar to • The Lontra team will be available for a webinar to 
discuss the results on Wednesday 13 July 15:00 GMT; 
10:00 EDT

• To register for the webinar, email 
simon.hombersley@lontra.co.uk
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