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Abstract:

Airframe - Engine integration performance is
significantly different from the performance of
individual components like wing and engine for the
given values of Mach number, angle of attack and
power setting. So, focus in the area of integration
studies of airframe — engine must be carried out for
the aerodynamic better performance in the regards of
low cruise drag, better climb rate, and long range and
endurance flights. A CFD simulation study will be
carried out in this area as CFD studies plays and
extensive role in the aircraft design. In this thesis,
numerical simulations will be carried out on a civil
transport airplane wing — engine configuration in the
cruise Mach number range of 0.73 to 0.85 using
ANSYS CFD package. Based on the flow field
visualizations, the physical phenomenon that takes
place in engine/airframe integration will be
discussed.

Key words: low cruise drag, climb rate long range
and endurance flights.

1. Introduction:

The design of a new engine for a subsonic civil
transportation aircraft has to be done taking into
consideration several points of view. Every aspect
considered will have an impact on the final user. For
airline companies, fuel economy is one of the most
important issues to consider for the selection of a new
aircraft. For this reason, aircraft manufacturers present
different options of engine suitable for the final aircraft
system. Each engine manufacturer offers different
options of performance, not only for structural and
flight requirements, but also economical issues.
Environmental issues are other important aspects to
consider in the aeronautic industry because the
regulations of noise and emission levels are becoming
very demanding.
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1.1 Environmentally Friendly Aero Engine
(VITAL):

VITAL will provide a breakthrough in noise and
emissions engine architecture. This breakthrough will
be achieved by the development of new commercial
engines taking advantage of the novel lightweight and
low noise technologies. With this improvement the
SFC is going to be reduced without having an impact
on noise and emissions.

VITAL will design, manufacture and rig test three
novel fan architectures of turbofan engines for
commercial aircraft. These new technologies (Direct
Drive Turbofan, Geared Fan Turbofan and Contra-
Rotating Turbofan) will provide a breakthrough in
noise and emission reduction.

VITAL will provide a major advance in developing the
next generation of commercial aircraft engines. The
aim of VITAL is the development and validation of
engine technologies that alone will provide the
following:

1.6 dB noise reduction

2.7% reduction in CO2 emissions

1.2 Objectives of the project

The main objectives of the project are the following:
1.Create a methodology for modelling the behaviour of
the drag produced by an installed VHBR engine.

2.To simulate the behaviour of the flow around a
nacelle for a VHBR engine at different flight stages
and using different geometries for each of the nacelle
components.

3.To link drag force with the different parameters
considered in the project. These parameters are divided
in two categories: nacelle geometry parameters
(including Dmax, Dhigh, length, fore body length and
scarf angle) and distance to the wing (including nacelle
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penetration and vertical distance to the wing). This
relationship will allow modeling a correlation of the
drag with some parameters related to the installation.

1.3 Contribution to knowledge

The concept of VHBR is currently under development
and different issues arise from the research being
carried out. One of the main difficulties of this concept
is the size of the fan. Some of the most important
variables involved in the overall design are the weight
and the frontal area of the fan. The integration of the
engine to the airframe is essential to take advantage of
the benefits obtained from the VHBR concept.

The integration of a VHBR engine requires a highly
coupled Wing-Body-Nacelle-Pylon system to avoid
the production of undesirable effects. Also, when on
the ground, the space available to install the engine is
very limited making integration of big engines, like a
VHBR engine, a very complex task. For a detailed
analysis of a VHBR integration methodology see the
work carried out by Berry (1994).

This novel project consists of a study about the
influence of the installation of a VHBR engine on the
installed thrust by evaluating the drag produced by the
engine.

2. Literature review:

One of the most important advantages of the Gas
Turbine Engine over other power sources is the high
power/weight ratio. This is one of the main reasons
why in 1929 Sir Frank Whittle submitted to his
superiors his idea of using a gas turbine engine instead
of piston engines to power aircraft (The Jet engine,
1986). He built his first experimental engine in 1937.
From that point on the technologies used in Gas
Turbine Engines have been improving to get a better
performance.

The performance requirements of the engines vary
depending on the type of mission the aircraft will be
designed for. For a civil aircraft engine design thrust
and fuel consumption are two of the most important
parameters to be considered from the performance
point of view. The range of an aircraft is defined by
the fuel consumption and fuel capacity. Specific Fuel
Consumption in turbofan engines is lower than in
turbojet engines.

Some of the improvements of these characteristics
would be at the expense of others therefore the design
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process requires a balance of the variables depending
on the requirements of the whole system.

The design of the after body is focused on the nozzle.
For subsonic aircraft the nozzle used is a convergent
nozzle due to the low pressure ratio across it.
Convergent-divergent nozzle is a very expensive
technology due to the extra weight added to the nacelle
and the low benefit obtained from it for a subsonic
commercial aircraft (Cohen, 1987). The main concern
of nozzle designers is thrust, but the boundary layer
separation and noise production are also very
important. A bad design would produce an early
separation of the boundary layer decreasing the
pressure behind the nacelle and deliver more drag.

3. Methodology:

Geometric Model Design

The first stage of the project is based on 3D
simulations of the wing. Wing is analyzed at different
angles of attacks and speeds.

The model generated is a wing for a VHBR. The
overall dimensions of the wing were given by DLR F6
Aircraft. These dimensions are for a real nacelle,
therefore the keel and crown have different values for
many of the geometric parameters, mainly for the inlet.
Special attention should be given to boundary layer
separation in the generated model.

The consideration for the base design values given
below:

e Intake tip diameter is the average of both the
keel and crown diameters given by VITAL.

e The throat base diameter is set to keep the
same throat area. It is circular with the centre
between the keel and the crown. The average
of the diameter of the throat at both points is
the diameter of the axisymmetric model.

e The outside diameter is the average diameter
of both maximum diameters.

e The nozzle outlet diameters were set according
to the area required by the cycle design.

e For the length of the intake cowl, an average
of the lengths of the keel and crown given was
taken.

e Also the inner lengths were given and were
different. An average was used.

e The other dimensions were taken from those
provided by VITAL or assumed.
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A NACA-1 profile was chosen for the external shape
of the fan, a super ellipse for the lip and a sp-line for
the nozzle cowl and the inner part of the intake.

Analysis:
Present CFD analysis is carried out in ANSYS CFX.
Boundary conditions are defined in CFX pre and CFX

solver runs the solution and results are tabulated from
CFD POST.

Analysis is carried at following cases:

S.N Mach Angle of attack
o Number

1 0.73 0", 5",10"and 15"
2 0.78 0°, 5", 10"and 15°
3 0.85 07, 5" ,10"and 15"

Result and discussions:
M = 0.73 AT 50 ANGLE OF ATTACK

Pressure

Contour 1
4.320e+004
3.820e+004
3.320e+004
2.819e+004
2.319e+004
1.818e+004
1.318e+004
8.173e+003
3.169e+003
-1.835e+003
-6.840e+003
-1.184e+004
-1.685e+004
-2.185e+004
-2.686e+004
-3.186e+004

(Pa]

The pressure contour at 0.73 mach and AOA at 50
is max at 4.320e+0.04 and min at -3.186e+0.4

Coefficient of lift

=== 0.73

——M=078

=M= 03E5
0 5 10 15 20 25

Angle of attack o

Coefficient of lift graph atr various speeds
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Coefficientof drag
05
04 f
03 k
3 //- 1= 073
0.2
——M=078
01
/ —#—M=1085
0
0 10 20 30

Angle of attack o

Coefficient of drag at various speeds
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When the engine diameter is 50m the CL Vs AOA
graph shows us as the AOA increases CL also
increases

Coefficient of drag for D1
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When the engine diameter is 50m the CD Vs AOA
graph shows us as the AOA increases CD also
increases
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Airframe Engine Pylon Integration results
M =0.73 AT 00 DEG ANGLE OF ATTACK

/
Zomedt 2 o
1.134e+002
1.079e¢+002
1.024e+002
9.699e+001
9.152e+001
. | 8.606e+001
| 8.060e+001
7.514e+001
6.968e+001
6.422e+001

5.875e+001
[m s~-1])

o

Velocity contour of engine pylon at M=0.73 at 00
AOA

200.00 (m)

Z

o 200.00 (m)

Pressure contour of engine pylon at 0.73 at 00 AOA

Conclusion:

Out of the work done during the project and the
analysis of the results the following conclusions were
taken:

e The methodology used for a parametric
analysis of drag proved to be suitable based on
the results obtained. The results obtained
allowed important conclusions to be made that
will enable the knowledge of engine/airframe
interaction to progress. Future work based on
the same methodology would allow more CFD
results to be obtained in order to calculate
mathematical  approximations of  drag
generation of an installed VHBR engine for
further applications.

e The Dmax has a great impact on both the
nacelle  diameter and pylon height
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individually. There is also a significant change
on the drag, but mostly because of the change
of the wet surface area. Although there is a big
impact on the nacelle diameter and pylon
height, the changes are opposite to each other
and cancel out in most of them.

e The Dmax changes the smoothness of the
pressure changes. A Dmax similar to the Phigh
generates large changes of velocity and
therefore will increase the spillage drag and
may create shockwaves decreasing the pulling
force. For the geometry and the range of
values analyzed the total change of drag is
very small although the change of drag on the
nacelle diameter and pylon height is quite
significant.

e Highlight diameter has a high impact mostly
on the FB and in the pre-entry drag. There is
some influence on MB but it is very small.
Pre-entry drag depends mostly on the Phigh.
Spillage drag is more dependant of the Phigh
than Dmax. Something similar to the Dmax
would happen with the changes of Phigh. A
Phigh close to the Dmax will generate sudden
velocity changes and could generate
shockwaves increasing the drag.

The results of the simulations show how there is a
critical point for the total force mainly determined by
the changes of the forces on the airframe and the
velocity shockwaves for large P values.
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. . : . : | Domain | Nodes |Elements
Fig 2 Geometrical dimensions of Engine Nacelle

Diefault Domain | 100077 | 584356
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Table 1: mesh information

Domain - Default Domain
Type Fluid
Location BODY
Materials
Air ldeal Gas

Fluid Definition Material Library

Morphology Continuous Fluid
Settings
Buovancy Model MNon Buoyant

Domain Motion Stationary

Reference Pressure 1.0000e+00 [atm]

Heat Transfer Model Total Energy
Turbulence Model k epsilon
Turbulent Wall Functions Scalable
High Speed Model Off

Table 2 Domain physics
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