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Abstract 
 
 Volvo Aero is responsible for design, 
development and manufacturing of the rear 
turbine structures in ANTLE and CLEAN as well 
as for the CLEAN LP turbine case and CLEAN 
engine assembly. This paper gives an outline to 
all Volvo Aero activities in ANTLE and CLEAN. 
Subsequent papers will go more into the details 
of welding 1,2 and heat treatment 2 as developed 
by Volvo Aero in EEFAE.   
The EEFAE engines are now tested and all 
Volvo Aero components performed well. 
   
 
Nomenclature 
 
ANTLE Affordable Near Term Low 

Emissions 
CLEAN Component Validator for 

Environmentally Friendly Aero 
Engine 

EEFAE Efficient and Environmentally 
Friendly Aero Engine 

FP5  Framework 5 EU projects 
CFD  Computational Fluid Dynamics 
FEA   Finite Element Analysis 
KBE    Knowledge Based Engineering 
LPT   Low Pressure Turbine 
RTS   Rear Turbine Structure 
 
Introduction 

 
 EEFAE  is an FP5 EU project with a 
budget of more than EUR 100 million. Nearly all 
the large European manufacturers in the aero 
engine industry are involved. The European 
EEFAE engine technology program began in 
March 2000. Its purpose is to develop the 
ANTLE and CLEAN research engines. They are 
to be as efficient and environmentally friendly as 

possible, but also to show that Europe can 
produce cutting-edge aircraft engine technology.  
 
ANTLE 

 
The goal for the ANTLE project has 

been to cut emissions of carbon dioxide by 10 
percent and nitrous oxides by 60 percent by 
2008. The ANTLE engine is a 3-shaft turbofan 
engine. Volvo Aero has developed a new rear 
turbine structure for ANTLE, which is much 
lighter than previous designs, and has 
developed technology leading to shorter 
production time, development time and 
component cost. This rear structure is an 
optimized fabrication. A Knowledge Based 
Engineering system (KBE) was developed and 
used in order to allow more rapid design 
iteration. The KBE methodology is described in 
more detail in the CLEAN chapter of this paper. 

 

 
 
Figure 1. Instrumentation of the ANTLE RTS 

 
Manufacturing process modeling, and 

especially weld modeling was found to be a key 
technology to obtain an optimized fabrication 
route. Geometry, weld parameters and welding 
sequence were optimized using process 
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modeling. Material data for weld-like conditions 
as well as instrumented sub-element weld tests 
were used to validate the weld model. Through 
the use of weld modeling an optimized route to a 
fabricated structure with minimum deformation 
and residual stresses was developed. More 
details regarding weld process modeling is 
presented in a separate paper 1.  

 
The ANTLE engine was successfully 

tested during the spring 2005. The engine met 
the targets in terms of performance and 
emissions and the Volvo Aero RTS performed 
well.   

       
 
Figure 2. Weld modeling of ANTLE RTS vane 
segments  
 
CLEAN 
 

CLEAN aims to cut carbon dioxide 
emissions by 20 percent and nitrous oxide 
emissions by 80 percent by 2020. For CLEAN 
both intercooling, recuperation and geared fan 
cycles are studied in order to improve efficiency. 
For the CLEAN engine, Volvo Aero has 
developed a rear turbine structure and low-
pressure turbine case, which can withstand the 
higher temperatures needed for these engine 
cycles. The rear structure is a one-piece casting 
of a high temperature nickel alloy. A heat 
treatment schedule and weld repair 
methodology had to be developed, since the 
alloy is not readily weldable. This is described in 
more detail in a separate paper 2.  
 
Aerodynamic design of CLEAN RTS 

 
For the thrust efficiency of axial gas 

turbines it is necessary to convert the swirling 
flow out of the low-pressure turbine into axial 
flow. For this guide vanes are used. The guide 
vanes after the last stage of the LPT are often 
put in a separate casing that is part of the LPT 
module but is a separate component, the rear 
turbine structure. In addition to aerodynamic 
demands, the RTS often features other functions 
that make it complex.  For example, engine 

mounts that hold the rear part of the engine and 
service pipes for oil that needs to be able to 
pass from outer to inner diameter are often put 
in the RTS. The aerodynamic design of the RTS 
needs to take into account outer requirements 
as well as providing the aerodynamic 
performance of the RTS. The de-swirling of the 
flow has to be accomplished with minimal 
pressure losses. The function of the RTS is 
optimized in the design point cruise conditions 
but the RTS needs to be able to operate 
adequately during the whole range of flow 
conditions that are found in the engine cycle. 
The flow conditions during other points in the 
engine cycle provide the off-design criteria that 
the RTS has to fulfill.  

 
The RTS consists of a number of flow 

guide vanes that obtain substantial aerodynamic 
load. In the present RTS, bumps protrude into 
the flow path to allow for recessed engine 
mounts. Since the bumps have larger blocking 
effects, the vanes collocated with bumps were 
designed to account for this (in Figure 3 the 
CLEAN RTS engine mount sector is shown). To 
facilitate servicing requirements some vanes 
were designed thicker to allow for tubes. 
 

              a

 

 
 

               b

 

 
 

Figure 3.  Front view of the CLEAN RTS bump sector 
geometry (a) and the mesh used for simulations (b).  
The engine mounts and the polygonal outer diameter 
are special features of this design. 

 
The important aerodynamic design 

tasks are the 2D and 3D design of airfoils for the 
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different struts that need to be included in the 
RTS in order to meet all functional aspects. A 
2D section is designed before the 3D design 
optimization for different types of requirements 
are undertaken. Regarding 2D and 3D design of 
inner and outer diameter, three design activities 
are undertaken that affect the aerodynamic 
design. These include setting the initial flow-
path, modification of the axi-symmetric flow path 
with a 3D polygonal shroud design, and design 
of 3D engine mount bumps. The design 
iterations are often undertaken as concurrent 
activities in order to reduce the time spent in 
each design loop. 
 

         a  
 

          b  
 
 

           c  
 
Figure 4. Aerodynamic performance results of total 
pressure distributions on the outlet plane for three 
different sectors of the RTS: (a)thin vane , (b)thick 
servicing vane, (c) medium thick vane with engine 
mount bump. 

 
Evaluations of the aerodynamic 

performance of the RTS designs during the 
design iterations are performed with CFD 
simulations. Two levels of complexity of the CFD 
routines were used, first design iteration type 
and second validation type of CFD. The 
difference is primarily found in the model set-up 
with degree of approximation of the governing 

equations for the flow physics. This in turn 
reduces the need of mesh resolution and leads 
to a decrease in the turn-around time for a 
design loop. Some results of the aerodynamic 
performance in terms of total pressure 
distributions in the design point are shown in 
Figure 4. The differences in resulting outlet swirl 
angle and the total pressure losses for the three 
different sectors are small.The successful RTS 
design has to answer all the demands that are 
put on the aerodynamic design: de-swirling the 
flow out of the LPT, optimized operation in the 
design point and stable operation during off-
design conditions.  It was found that a 
combination of thin, thick, and engine-mount 
collocated vanes answer the complex needs put 
on the CLEAN RTS.  

 
Conceptual design using KBE 
 

 Another objective is to quickly identify 
the best topological design with respect to 
weight and structural performance. The 
evaluation of structural performance require 
Finite Element analysis on a geometry that have 
enough resolution to represent the structural 
behavior. The geometrical resolution and, more 
importantly, the capability to vary the desired 
topological variations commonly limit the number 
of design alternatives in early stages of design. 
To evaluate the structural response of the 
CLEAN RTS a large number of conceptual 
alternatives were defined and evaluated using a 
KBE technique 3 allowing topological variation, 
geometry detail and evaluation using Finite 
Element Analysis. 

 
Topological variation was the number of 

struts in the core channel together with a 
number of alternate interface positions. 
Geometrical detail ensured e.g. the polygonal 
design including the bump design, to follow 
automatically the selected number of struts. 
Evaluation using FEA was enabled by automatic 
generation of the corresponding FE model.  
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Figure 5. Example of structural response of varying 
topologies analyzed using FEA.  
 

In a two week period a design study was 
performed after which 14 alternative design 
concepts were defined, evaluated and reported. 
In comparison, using traditional modeling 
techniques only one or two topologically different 
alternatives would have been possible to 
evaluate in the same timeframe. The underlying 
model consists of a modular topology where 
each module can be configured and defined 
individually. The RTS assembly is controlled 
using rules. 
 

 
 
Figure 6. A modular architecture for the Turbine 
Structure KBE system 
 
The associated FE model, including loads, 
materials and restraints were directly generated 
from the geometrical definition in a controlled 
manner.  
 
 
 
 

CLEAN LPT case 
 

The Low Pressure Turbine (LPT) case 
for CLEAN was also designed by Volvo Aero. 
MTU were responsible for the CLEAN LP turbine 
module. Since CLEAN was designed for a 
geared fan cycle the engine has a high speed 
LP turbine. A high speed LP turbine means 
higher energy blades that need to be handled to 
meet the requirements for blade containment. 
The LPT Case was designed with a casing 
thickness increased compared to conventional 
LPT Cases to meet the containment 
requirements. A consequence of the increased 
thickness is increased thermal gradients during 
the transients. This means increased thermally 
driven stress and lower cyclic life capability. The 
design and optimization of the internal 
cooling/purge air system was critical to achieve 
a design that could meet life requirements. 

 
 

 
 

Figure 7.  Instrumentation of the CLEAN LPT case 
 

Volvo Aero was also responsible for the 
final assembly and disassembly of the complete 
engine. The CLEAN engine was successfully 
tested during the winter 2004/spring 2005. The 
project met the targets in terms of performance 
and emissions and the Volvo Aero components 
performed well.  
 
Conclusions 
 
 Volvo Aero designed, developed and 
produced two rear turbine structures and one LP 
turbine case for EEFAE. For the fabricated 
ANTLE RTS weld modeling was successfully 
used to optimize the manufacturing process. 
Conceptual definition and evaluation methods 
using KBE was used which allowed optimal 
structural design of the CLEAN RTS despite a 



 

 
Copyright 2005 by the American Institute of Aeronautics and Astronautics Inc. All rights reserved 

 

5

limited time available. Aerodynamic design at 
Volvo Aero showed that a combination of thin, 
thick, and engine-mount collocated vanes 
answer the complex needs put on the CLEAN 
RTS. The CLEAN LP turbine case with internal 
cooling/purge air system was designed to meet 
all requirements of the high speed LP turbine.    
  

 
 
Figure 9. Assembly of the CLEAN engine at Volvo 
 

 Both the ANTLE engine and the CLEAN 
validator are now tested. They meet the project 
targets and the Volvo Aero components 
performed well.   
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