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Abstract 
The paper describes and analyses potential concepts for gust alleviation at transonic speeds applied 
on a forward swept transport aircraft configuration. The main objective is to reduce structural weight 
by minimizing gust induced loads. Both inviscid and viscous aerodynamic simulations are performed 
for analysis. A gust study reveals a critical gust wave length of 50m leading to highest aerodynamic 
loads at cruise conditions. Gust induced separation is observed for particular cases. Deflection of a 
wing tip flap and the aileron at the outer wing have a remarkable short response time and offer strong 
flow actuation to reduce gust loads.  

NOMENCLATURE 
c Reference chord length 

CL Lift coefficient 

CD Drag coefficient 

CWBM Wing bending moment 

cp Pressure coefficient 

LE   Leading edge angle 

M  Machnumber 

SA   Spalart allmaras 

t time c 

x,y,z  Cartesian coordinates 

δwt Deflection angle wing tip 

δwt,amp Deflection angle amplitude wing tip 

ΦLE Leading edge sweep angle 

λGust Gust wave length 

γ dimensionless wing span 

Γ  Lift Circulation 

Vgust,amplitude Gust amplitude 

1. INTRODUCTION

There exists a strong interest in technologies for reducing 
the structural weight of commercial aircraft. Since the 
structural sizing is determined by gust loads and 
manoeuvring loads, concepts for alleviation of both loads 
must be developed. Due to the high flight speed, gust 
alleviation systems require fast actuators and must 
compensate gust-induced loads with short response time.  

In general, gusts are relevant for many different 
aeronautical applications such as aircraft, helicopters, 
wind turbines and turbomachinery. Knowledge about 
unsteady aerodynamics and flow control can help to 
achieve supermaneuverability and enhanced aircraft 
agility [1,2]. As many aeronautical designs rely on laminar 
flow conditions, active gust allevation can reduce the risk 
of boundary layer transition caused by gusts, leading 
potentially to a more efficient aircraft [3]. Reduced 
loadings and vibrations on helicopter blades as well as an 
improved forward flight performance can be achieved by 
actively using moving control surfaces. It is the long term 
goal to couple moveable control surfaces with structural 
feedback strategies to actively control blade lift 
distribution [11]. Impacting pitching, yawing and rolling 
motion at the same time a complex three-dimensional as 
well as unsteady system has to be controlled [12]. From 
aerodynamic point of view active gust alleviation systems 
must offer high control authority and effectivity [13]. 

For exploiting the technology, the physical behaviour of 
dynamical actuated surfaces must be well understood. In 
the present paper a generic forward swept wing 
configuration was specifically designed for this purpose, 
based on the backward swept DLR LEISA research 
configuration. Previous studies with 1-cos gust 
representations have shown, that especially a forward 
swept wing can achieve fast change of lift along span [5].  

The design process of the forward swept aircraft 
configuration is briefly explained in section 2, followed by 
description of the numerical setup and the used flow 
conditions. The gust simulation, presented in section 4 is 
subdivided in inviscid and a viscous analyses. The wing 
tip flap and aileron as potential gust alleviation actuators 
are described in section 5 followed by a short conclusion 
and outlook in section 6.  
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2. AIRCRAFT CONFIGURATION

Gust alleviation is investigated on the forward swept 
transport aircraft configuration shown in figure 1. This 
configuration is derived from the backward swept DLR 
LEISA configuration, explained in [5,6]. The wing tip flap 
coloured in red and the aileron coloured in green are used 
as gust alleviation actuators. The wing profile at the wing 
root is modified by redistributing thickness along the chord 
according to figure 2 in order to reduce shock induced 
separation.  

FIGURE 1. Forward swept configuration and gust 
Actuators 

FIGURE  2. Effect of profile thickness on shock power 

By redistributing thickness along the chord, a reduced 
suction peak can be noticed, according to figure 2. 
Nevertheless, this approach to minimize shock induced 
separation is somehow limited. Decreasing the thickness 
of the profile too much, results in a relatively sharp leading 
edge and an increased suction peak develops. This effect 
is coloured in red in figure 2. 

Further shock reduction can be achieved by suited 
definition of the wing planform close to the wing root, 
shown in figure 3. Depending on the local leading edge 
angle, the separation region visualized by blue lines 
differs in terms of its location and extent. Based on the 
pressure distribution shown above a LE sweep of ~13° is 
finally chosen.  

FIGURE 3. Effect of LE sweep angle of inner wing 
segment on shock strength and flow separation 

3. NUMERICAL SETUP AND FLOW
CONDITIONS

The numerical flow simulations make a discretization of 
the flow domain into finite cells necessary. This meshing 
is performed by CENTAUR 13.0. The expected boundary 
layers are resolved by introducing a layer of 50 prism 
cells. A non-dimensional distance of the cells near the 
wall of y+ equal to 1 is approximately employed.  Flow field 
solutions are computed by the DLR TAU 2018.1.0 code 
[10].  

To reduce computational effort, half model simulations are 
performed. Cruise conditions, meaning Ma=0.8; 
H=35,000ft; CL=0.5 are used in the present work. Figure 4 
shows several slices through the viscous grid. A proper 
resolution of the transonic shock close to the fuselage 
wing interface is achieved by local cell clustering. 

FIGURE 4. Viscous Grid 
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