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ABSTRACT 
 
Downsizing is a trend in engine development that allows better efficiency and  ower emissions 
based on the increase of power output in reduced displacement engines. A natural gas engine for 
producer gas operation was adopted. The Producer gas fuelled Engines are the upcoming 
Technology and more friendly to the environment compared to diesel and petrol Engines. There are 
some issues related to power de-rating from the engine related to the fuel properties. The main 
cause for the power de-rating is due to the relatively lower heating value of stoichiometric mixture 
of producer gas and air. This loss in power can be recovered to a much large proportion by 
Turbocharging. Matching of the correct turbocharger to an engine is of great importance and is vital 
for successful operation of a Turbocharged engine. It is important to have a Turbine Map for 
matching the Turbocharger with an engine. The characteristics of the Turbocharger’s Turbine from 
the original manufacturers were not available. In this work an attempt is made to establish the 
Performance Characteristics and hence the turbine map for a stripped out Holset Turbocharger 
Turbine to match with a producer gas fuelled engine. 
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INTRODUCTION 
 
Now a days the greater importance is being placed on improving the efficiency and fuel 
consumption of automobiles due to the global move to reduce Co2 emissions. An engine ideally 
should deliver simultaneously a high power density at low fuel consumption. High pressure 
Turbocharging is very much essential to improve the fuel consumption of an engine by enabling 
downsizing. Therefore, it necessitates developing an optimum turbo charging system to suit the 
engine specification. Computational fluid dynamics (CFD) is the analysis of systems involving fluid 
flow, heat transfer and associated phenomena by means of computer-based simulations. The 
advent of high speed digital computers combined with the development of accurate numerical 
algorithms for solving physical problems on these computers has made it possible to use CFD as a 
research tool and design tool. In the present study CFD simulation on a Turbocharger Radial Turbine 
was conducted to obtain the characteristics of flow through Turbine using commercially available 
CFD tool ANSYS 14.5 and Turbine map is generated for different pressure ratios at varying rotational 
speeds (N) and mass flow rate (ṁ). 
           Compressed air (or air/gas mixture in case of gas engine) flow results in a larger quantity of 
mixture being forced into the engine, creating more power. The energy used to drive the turbo 
compressor is extracted from waste exhaust gases. As exhaust gasses leave the engine they are 
directed through a turbine wheel placed in the exhaust flow. The gases drive the turbine wheel 
around, which is directly connected via a shaft, to the compressor wheel. 
 Increased exhaust gas flow increases the inlet pressure which thereby drives the turbine wheel 
faster, this provides the engine more air or air/gas mixture, producing more power. A limit is 
reached once a pre-determined boost pressure is achieved. At this point the exhaust gas is 
redirected away from the turbine wheel, thus slowing it down and limiting the maximum boost 
pressure. This redirection valve is known as the waste gate. This extraction of energy, from exhaust 
gas, to improve engine efficiency is the device known as the Turbocharger. The advantages of using 
a turbo engine include improved fuel efficiency and reduced exhaust emissions.  

In order to handle speeds up to 150,000 rpm, the turbine shaft has to be supported very 
carefully. Most bearings would explode at speeds like this, so most turbochargers use a fluid 
bearing. This type of bearing supports the shaft on a thin layer of oil that is constantly pumped 
around the shaft. It cools the shaft and some of the other turbocharger parts, and it allows the shaft 
to spin without much friction. When intake air (or air/gas mixture) is compressed by a turbocharger 
it is also heated. Hot intake air (or air/gas mixture) is not good for power and will increase the 
chance of detonation. A charger cooler (or After-cooler) reduces the intake temperature by pushing 
the mixture through a heat exchanger (much like a small radiator) that absorbs some of the heat out 
of the charge. 

 
Fig. 1 Working of Turbocharger 

Chemical reaction equation of stoichiometric mixture of producer gas-air is given by 
Equation,  



IJITE                               Vol.03 Issue-04, (April, 2015)             ISSN: 2321-1776 
 International Journal in IT and Engineering, Impact Factor- 3.570 

    A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 

International Journal in IT and Engineering 
                                  http://www.ijmr.net.in email id- irjmss@gmail.com  Page 30 

 

 
1 mole of Producer gas (PG) = 0.1961 H2 + 0.1968 CO + 0.0252 CH4 + 0.1255 CO2 + 0.4564 

N2  
Individual chemical reaction equations of stoichiometric fuel-oxygen mixtures of H2, CO and 

CH4, assuming complete combustion, are given by Equation,  
H2 + 0.5 O2 → H2O  
CO + 0.5 O2 → CO2  
CH4 + 2 O2 → CO2 + 2 H2O  

1 mole of (PG) + 0.2469 (O2 + 79/21 N2)  → 0.3475CO2 + 0.2465 H2O + 1.3850 N2  
Here the Products of the reaction are the main fluid for Turbine. 
  
OBJECTIVE 
 

The main objective of the work is to study the performance characteristics of the  adial 
Turbine by plotting the Turbine map by modelling the impeller and casing separately and then 
interfacing them in ANSYS CFX and to simulate it for various conditions of flow rate and speeds and 
to analyse the results.  
 
METHODOLOGY 
 
The present work is to obtain the characteristics of turbocharger's compressor by using 
commercially available CFD code ANSYS 14.5. Three different packages of ANSYS 14.5  reused in this 
study. Namely,  
1. ANSYS BladeGen  
2. ANSYS TurboGrid  
3. ANSYS CFX 

The impeller geometry was modelled in BladeGen and structured mesh is generated using 
TurboGrid. The volute of turbine was modelled using CATIA V5R16 and unstructured mesh was 
generated in ICEM CFD.  The CFD simulations are carried out in two different steps first is with only 
impeller and the second is with impeller and volute. For both the cases the simulations are 
conducted for varying speeds and mass flow rates and the performance is studied. Analysis was 
carried out for Ptotal inlet and mass flow rate outlet Boundary Condition. This boundary condition 
was defined for various rotational speeds. 
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RESULTS AND DISCUSSION 
 

 

 

 
 
CONCLUSIONS 
 
CFD simulations for the Radial Turbine have carried out for different mass flow with respect to the 
different rotational speeds. From the above Graph it has been confirmed that the turbine is 
matching with the engine, above the simulation were carried for only for impeller, the further work 
has to be carried out with assembling the casing with same conditions.  
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