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Abstract

When a scaled flutter model is designed for
aeroelastic experiment in a specific wind tunnel,
the size of it was recognized to beinstalled within
the rhomboid zone. This paper discussed the
influence of the rhomboid zone of a wind tunnel

on aeroelastic experiment for supersonic aircratft.

Three sizes of flutter models of a same aircraft
structure were modelled with structure-similarity
and the exceed range outside the rhomboid of
them were different. Aerodynamic force and
Flow distributions around the three modelswere
predicted with engineering algorithm and CFD
method. Detached eddy simulation, which can
obtain a good balance between calculated
expense and accuracy, was adopted for three
dimensional turbulence computation. Then their
aeroelastic characteristic were compared. It was
found from the compared results that when the
model size exceed a range, flow distribution can
provide a sdignificant influence on the
experimental results for a flutter model of
supersonic aircraft. Inversely, the influence can
be neglected if the exceed range do not cause
serious changes of flow digtribution around the
model.

1. Introduction

Wind tunnel experiment is one of the most
effective way to test flutter characteristics of
supersonic aircraft. Due to consideration of
frequency similarity and the limit of the
frequency ratio of awind tunnel, the scaled ratio
is limited. So the size of a scaled mode cannot
be determined arbitrarily small. If the scaled
mode is installed beyond the rhomboid zone of
a wind tunnel, the flow field around the model
will not be uniform. It means that influence on

the experimental results due to the inconsistency
of flow must be evaluated. This paper discussed
this influence and proposed an exceed range of
the sample wind tunnel in which the influence
can be neglect.

During the discussion process, an effective
numerical method should be adopted. This paper
used engineering algorithm and CFD method to
provide the basis of numerical computation. This
methodology can be a useful reference for
evaluation of wind tunnel experiments.

2. Rhomboid zone

The concept of rhomboid zone was proposed
based on the principle of shock wave [1] (i.e.
when the model isinstalled inside rhomboid zone,
the flow field is not influence by jump due to the
rear of the model. Fig.1 is the sample of
rhomboid zone of awind tunnel in China.
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Fi g.'l Rhomboid zone of awind tunnel in China.

The length of rhomboid zoneis

L£0.7L, =0.7HVMa* - 1 1)



where L is the length of rhomboid zone; H is the
height of the wind tunnel; Ma is Mach number;

and L, isthelength of the first rhomboid zone.

3. Numerical method

3.1 Engineering algorithm

3
|1/(sin(48)7) + 1] sin?5, 6 < 22.5°

C, ={
2sin?§, 6<22.5°
2
A modified Dahlem-Buck equation was used
[2]. The parameter é represents angle of impact.

3.2 CFD method

This paper employed detached eddy
simulation [3] to provide accurate results when
computational expense was acceptable.

The present numerical method combined the
advantage of Menter’s two equation mode and
Shur’s IDDES mode:
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method introduce a hybrid function Fg;, which

can coupling dissipative terms and eddy viscosity
coefficientsof near wall and far wall. Besides, there
is:

IDDES = IRANS - fd maX(O’IRANS - ILES) (4)
and Shur et al. proposed that

liopes = fa 1+ fe))IRANS +(1- o)l (5)

In the present paper, CFD method was
adopted by the commercial software ANSYS
CFX.

3.3 Fundamentals of Aeroelasticity
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Aeroelagtic response of flight vehicle is a
result of the mutua interaction of inertial and
elastic structura forces, aerodynamic forces
induced by the static or dynamic deformation of
the structure, and external disturbance forces.
The equation of motion of the aeroelastic system
in terms of discrete system can be derived based
on the equilibrium condition of these forces [4],
i.e.:

M &(t) + K x(t) = F(t) (©)

Where M and K are the mass and stiffness
matrices generated by the structural finite
edement method. x(t) is the structura
deformation.

F(t) can be generally split into two parts, the
aerodynamic forces induced by the structura
deformation F,(x) and the external forces F,(t),

i.e.:
F(t) = F.(x) + F.(t) (7

The external forces F,(t) are usudly
provided. Typical example of F,(t) is the
continuous atmospheric turbulence, impulsive-
type gusts, store gjection forcesor control surface
aerodynamic forces due to pilot’s input
command. The generation of F,(x) normally

relies on the theoretical prediction that requires
the unsteady aerodynamic computations. Since
F,(x) dependson the structura deformation x(t),

the relationship can be interpreted as an
aerodynamic  feedback. Fig.2 presents a
functional diagram that illustrates the aeroelastic
interaction of these structural and aerodynamic
forces.
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Fig 2. Aeroelastic Functional Diagram

Without the aerodynamic feedback, Fig.2
reduces to an openloop forced-structura
vibration system whose response amplitude is
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usualy finite. With the inclusion of F,(x), Fig.2

represents a closed-loop dynamic response
problem which can be expressed by the following
equation:
M &) + Kx(t) - F.(x) = F(t) (8)
Eq(8) is obtained by combining Eq(6) and
Eq(7). The left hand side of Eq(8) is in fact a
closed-loop dynamic system which can be self-
excited in nature. This gives rise to a stability
problem of the closed-loop dynamic system
known as flutter. Flutter andysis usualy
involves the search of the structural stability
boundary of an aircraft structure in terms of its
flight speed and atitude or the corresponding
dynamic pressure. If F,(x) is a nonlinear
function with respect to x(t), the flutter analysis
must be peformed by a time-marching
procedure solving the following equation:

M &(t) + K x(t) - F,(x) = 0 (9)
with initial condition of x(0) and %(0) being
specified a t=0.

In this paper, aerodastic analysis was
adopted by commercial software M SC Nastran.

4. Structure modé

A half modd of aaircraft with an elastic wing
was employed and Fig.3 is its structura view.
The length of the model was 3.36m. Fig.4
presents mesh generation by ICEM CFD. Total
elements were 18,753,668. Due to the large
amount of elements, numerical simulation was
completed by a computer cluster with 128 Cpus,
asshowninFig.5.

Fig 3. Structure view of a half modd with an
elastic wing.
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Fig 4. Mesh generation

Fig 5. Cbmputer cluster

5. Scaled model computation

Scaled model parameters were prepared and
computed by the following algorithm:
Scaled ratios K, ; dynamic pressureratio Ky ;

density ratio K ; Stiffnessratio Kg =K, K*:

mass ratio K., =K, K?; frequency ratio
1 1
K, =K,2K, 2K*

In the present paper, three kinds of length of
the model was investigated. The base length of
the rhomboid zone is 2.15m without arrangement
requirement length. With a scaled ratio 1.5, the
exceed range is 1.5%; with a scaled ratio 1.49,
the exceed range is 5%; and with a scaled ratio
1.42, the exceed range is 10%. Based on the three

type scales ratio, the other scaled parameters can
be established.

6. Result and Discussion

6.1 Aerodynamic force

With Mach number is 3, tabel 1 presents lift
force coefficients of the wing for the three exceed
range based on CFD computation. It can be seen

3



that: for the two exceed range (i.e. 1.5% and 5%),
the influence was able to be neglected; and the
other ranges 10% was not able to be neglected.

Table 1 Lift force comparison

Exceed range
Angle 81; attack 15% 50 10%
4 -0.0043 | -0.0042 | -0.0074
2 -0.0021 | -0.0021 | -0.0058
0 0.0006 0.0006 0.0007
2 0.0027 0.0027 0.0061
4 0.0046 0.0046 0.0079
6.2 Aeroelasticity
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Fig6. V-gand V-f view of the exceed range 1.5%
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Fig7.V-gand V-f view of the exceed range 5%
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Fig 8. V-gand V-f view of the exceed range 10%

For the different scaled ratio, V-g and V-f
relationshipswere computed, asshown in Figs.6-
8. It can be seen that: for the two exceed range
(i.e. 1.5% and 5%), the influence was able to be
neglected; and the other ranges 10% was not able
to be neglected.

The influence due to rhomboid zone of the
present wind tunnel can be improved with two
ways: the first way is to reduce the size of the
model into the range of rhomboid zone with
proper scaled ratio; the other way isto modify the
wind tunnel wall curve with mechanical control.

7. Conclusons

In this paper, influence of three different
exceed range on rhomboid zone of a Chinese
wind tunnel was investigated. The results
proposed that if exceed range was increased, the
aerodlastic wind tunnel test results will be
influenced obvioudly.

In order to find believable experimental
results, the scaled modd is better to arranged
inside the rhomboid zone. In some specia
condition due to the limit of the scaled
parameters, the influence of the exceed range
must be predicted before wind tunnel tests and
the model production.
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