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Intelligent Geometry Compressor

INVITATION TO PARTICIPATE
Introduction
Axial compressors are a key component of gas turbines and are also widely used in many pumping applications, such as gas distribution along pipe networks and in aviation.  Figure 1 shows the outline structure of a typical gas turbine, with the rotor blades and stator vanes providing compression before air enters the combustion chamber. 
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Figure 1.Gas turbine (simplified) structure, for aviation application
Figure 2 below shows some more detail of the vanes and blades in an axial compressor. 
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Figure 2  Single spool axial compressor 
The fundamental design of axial compressors has been unchanged for decades, yet it has long been recognised that their operation is suboptimal in terms of weight and noise.  The reason for this is that they employ a rigid design with a predefined static configuration of vanes.  They therefore operate inflexibly, but within a large safety margin, to ensure the working regime is always well within the stable area (so avoiding all possibility of surge) and in order to make allowance for air-intake instability.  The resulting working line of a rigid configuration is thus well clear of the surge line, as shown in figure 3.  Safety is critical, in that operation close to or within an unstable area must be avoided; surge being at worst catastrophic.  
In practice there is some adjustment of stator vanes, which are mechanically ganged so that they can be rotated about their axis together and by the same amount.  This allows for different aerodynamic operating conditions; however, the fundamental issue of suboptimal operation throughout the whole operating range remains, and is particularly evident in aerospace with aircraft which require high manoeuvrability, such as manned and unmanned fighters with highly variable air-intakes. 
[image: image3.png]Increasing —»

PRESSURE RATIO

60%

. 80% consmm\
70%  \ R.PM.LINES

AIRFLOW Increasing ———





Figure 3  Limits of stable airflow
This research programme aims to develop flexible control of axial compressors in order to operate more efficiently by operating safely close to the surge line, taking into consideration constantly changing aerodynamic conditions.  Potential solutions, investigated over a number of years, entail a radical redesign of their operation and would take time to develop, implement and achieve safety certification.  Safety critical design by nature is very conservative and incremental, so that gas turbine manufacturers have been reluctant to move away from basic design.  However, with increased pressure to reduce fuel consumption, there is a need to explore more radical solutions.  With the widely accepted, urgent need for more efficient energy usage, change must occur and the ultimate environmental and financial goals will be well worth achieving.

The concept of the Intelligent Geometry Compressor (IGC) involves rotational control of individual axial stator vanes of a compressor, at least initially, since other vane properties are potentially controllable in an ‘intelligent’ manner.  Intelligent control is becoming accepted and proven in practice, with high-precision electronic control becoming routine, in many fields.  The time is now ripe to tackle this problem. 
For a more detailed account see the paper Multi-Agent Control of Variable Geometry Axial Turbo Compressors by Morgan, G., Rzevski, G., Wiese, P.  IMechE Journal I, vol.126, 2004 (CTRL + click link to see paper)
Also, the PhD thesis by Gwyn Morgan.

The Application of Multi-Agent Systems to the Design of an Intelligent Geometry Compression. http://bura.brunel.ac.uk/bitstream/2438/728/1/IGC_Thesis.pdf
The research is multi-disciplinary, at this stage drawing upon electro-mechanical and manufacturing engineering, control systems and aerodynamics.  Progress has already been made, as described in the Positioning Report by Paul Wiese (CTRL + click link to see report).
What is the challenge?

Practical studies referred to in the two papers (see the links above) demonstrate the potential, highly desirable saving to be made in energy usage.  However this will not be easy to achieve, and certainly not in a short time.  The proposed changes to axial compressors would not be simple add-ons, but would entail radical restructuring, probably with other improvements, to develop a new generation of compressors.  Timescales for development and establishment in general usage could be a decade or two, not a year or two.  An earlier feasibility study showed promising results; what is now needed is a more detailed study covering a range of aspects (listed below) before one could carry out any large-scale practical testing.  Experiments with compressors situated in a laboratory rig are regularly carried out, for example by Rolls Royce, Whittle Laboratory Cambridge and Cranfield University, but are expensive and time-consuming.  They would not be undertaken lightly without good evidence of feasibility and, of course, the assurance of avoiding the danger of mechanical destruction through surge.  The ultimate challenge is for a new generation of compressors to be designed for use in aerospace gas turbines and in gas distribution. The challenge in this research is to bring it much closer to the stage at which practical experimentation can be undertaken.    
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Dr Anthony Lucas-Smith   OU visiting research fellow  MCT faculty

Professor Paul Wiese visiting research professor and freelance consultant

Darrell Williams visiting research fellow and freelance consultant

Professor George Rzevski   OU professor emeritus

(Paul Wiese and George Rzevski were the originators of the IGC concept.)
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Previous participants, who potentially can rejoin at an appropriate later stage include:

Professor Duc-Truong Pham OBE:  Cardiff University

Dr John Longley:  Whittle Laboratory Cambridge University

Professor Steve Daley:  Sheffield University

Dr Gwyn Morgan, MSN Ltd.
What’s happening ? 
We are in the process of rejuvenating the IGC programme.  Progress was made with an earlier, very successful feasibility study, but subsequent funding for a major simulation and implementation project was not forthcoming.  The very successful Art and Design submission for the 2008 Research Assessment Exercise is now providing impetus under the banner of Energy for which IGC will be a key component.  We are now looking more deeply at the feasibility of IGC prior to putting in a bid for further funding, and welcome participation relevant to a range of technologies.  Success will depend on the ability of a multi-disciplinary team to put together a coherent plan for this very ambitious project.  Participation could be particularly useful for a young(ish) researcher looking for significant long-term research on which to build a reputation, and gaining experience of innovation in action.  It could also provide a suitable opportunity for PhD research.
Further discussion is welcomed from anyone interested in any aspect.

Please contact Dr Anthony Lucas-Smith  a.j.h.lucas-smith@open.ac.uk  ‘phone 01908 655022 
Research Perspectives under Consideration 
Aerodynamics  analytical and simulation models to investigate stall and surge conditions.

Computational Fluid Dynamics (CFD) simulation  possible models of compressor operation

Electro-mechanical engineering  selection, use and robustness of pressure sensors, actuators
Autonomous Intelligent Agents  as a means of controlling individual stator vanes
Complexity Science  to investigate the emergent properties of control by intelligent agents

Control theory  to investigate other control possibilities

Self-learning system demonstrator  development of a precursor to an IGC implementation to enable self-learning using intelligent agents to control linked actuators
Certification and safety critical issues  to investigate the technological/political requirements.
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