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7. Overview of the Results of the Collaborative Research: 
 

A multidisciplinary optimization technique is applied to the design of a low solidity cascade 

diffuser (LSD) in centrifugal compressors. An optimization code which is developed by von 

Karman Institute for Fluid Dynamics (VKI) is operated by a meta-model assisted evolutionary 

algorithm. An artificial neural network (ANN) is used as the meta-model for evaluating diffuser 

performance in each generation. The performance of the best shape of the LSD blade from the 

evolutionary algorithm is confirmed by a Reynolds Averaged Navier-Stokes Simulation (RANS). 

The result of RANS analysis is stored in a database and the meta-model is re-trained by the new 

database. Two kinds of static pressure coefficient are applied for the objective functions, one at a 

design flow rate, and the other at a small low rate. The lift coefficient of the LSD blade is 

analyzed at several flow rates. The slope of the lift coefficient as a function of the flow rate is 



applied as a constraint of optimization. Moreover, small tip clearance of the LSD blade is 

applied in order to stabilize the secondary flow effect at low flow rates. It is found that the 

optimized shape of the LSD blade shows good improvement of lift coefficients in whole flow rate 

ranges, and flow separation of the LSD blade is successfully suppressed by the secondary flow 

effect at low flow rate conditions. The operating flow rate range is extended to the low flow rate 

without deteriorating the diffuser pressure recovery at the design flow rate. 

  

Fig.1 General layout of the VKI optimization system Fig.2 Optimized blade of LSD 

 

 
 
8. Deployment Plans for Future Collaborative Research: 
 
The primary technical issue regarding energy saving in industrial plants is the 
improvement of a turbomachinery, such as compressors, turbines, fans and blowers. 
Numerical simulation is widely used as a turbomachinery design procedure. In most 
cases, several kinds of performance parameters are required to improve simultaneously, 
such as aerodynamic efficiency, compactness, a reduction in stress, improved heat 
resistance, and increased operating range. However, the cost of the numerical simulation 
is relatively high during the practical design process, and it is difficult to confirm the 
design which is combined with many parameters. The multi-disciplinary optimization 
technique is one the idea that has been proposed solve the problem in the practical 
design process. An optimization code developed by von Karman Institute for Fluid 
Dynamics (VKI) is the state of the art optimization system with a meta-model assisted 
evolutionary algorithm. The multi-disciplinary optimization technique with meta-model 
is effective idea to reduce the simulation cost. It will be the practical design tool for 
developing turbomachinery, including fans, blowers, compressors and turbines. 
Moreover, the multi-disciplinary optimization technique is an effective tool for research 
work. Statistical results from database of the multi-disciplinary optimization technique 
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will bring a significant amount of information to create new innovative designs. In this 
program, the optimization code was successfully implemented to the CFD code 
ANSYS-CFX and applied towards the development of a low solidity cascade diffuser. 
Future collaborative work between VKI and Nagasaki University is development of a 
novel type of turbomachinery by means of the aforementioned optimization code which 
is developed by this project. The collaborative research work will contribute to energy 
savings for turbomachinery all over the World. 
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