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Numerical simulation of time-varying active flow control for gust load alleviation on an aircraft wing
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In Short
• RANS and Unsteady RANS simulations
• Coanda-type flow actuator implementation on aircraft wing for gust load alleviation
• Mutual interactions between Coanda-type load alleviation and laminar flow control
• Validation of wind tunnel experiments of gust generator and Coanda-type flow control wing.
Future air transport systems will need to fulfill much
stricter environmental requirements, as e.g. outlined
by the strategic European Aviation Roadmap described in the European Commission’s Flightpath
2050 report, where a goal of 75 % reduction in CO2
emissions per passenger-kilometer is defined by the
year 2050 [1]. Together with a continuing increase in
air transport volume by about 4–5 % annually [2], this
goal can only be reached through application of new
technologies that allow for substantial reductions of
structural weight, aircraft drag, and fuel consumption.
This research project is part of the Cluster of Excellence SE2 A (Sustainable and Energy Efficient
Aviation, EXC 2163/1) and investigates technologies
for actively alleviating dynamic wing loads induced
by gusts and maneuvers encountered by transport
aircraft. If these peak aerodynamic wing loads can
be suppressed, a safe reduction of wing weight –
and consequently fuel consumption and emissions
– becomes feasible. New technologies in the form
of fluidic flow actuators have the potential to provide
fast, efficient, and highly adaptive lift redistribution
that alleviates these loads.
The first phase of the project involved low cost 2D
Reynolds-Averaged Navier–Stokes (RANS) simulations of various potential flow actuation concepts for
both sub- and transonic flight conditions [3], through
that phase the Coanda-type actuator was identified as the most promising system for both cruise
and low-altitude conditions. In the following phase;
though compute project nii00166, this actuator was
further improved to lower the performance loss of
the clean airfoil when the Coanda jet is switched off,
and restore the lost performance through minimal
dual blowing of the actuator in-flight. Figure 1 [4]
depicts an example case at design flight Mach number M∞ = 0.78 with angle of attack α = 1.25◦ and

Figure 1: Flow field around an improved dual-slot CoandÄ airfoil
with blowing for baseline performance recovery (left) and active
load alleviation (right), after [4].

actuator slot height of wa /c = 0.05 %. The improved
Coanda V2 design achieves performance recovery
of the clean airfoil through dual slot minimal blowing
as indicated by the top figures, and achieves load
reduction through the lower jet mainly as displayed
by the lower figure. Additionally, the temporal behavior of the flow control was studied in the project
using Unsteady RANS simulations with and without
gust interactions to demonstrate the load alleviation
capability of the system.
The upcoming final phase of the project involves three separate studies carried out in parallel. Study A continues the previous research
through investigating the implementation and performance of the improved Coanda actuator on a
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Figure 2: Example of a produced grid for the Medium Range
aircraft of the SE2 A cluster.
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generic medium range aircraft configuration, displayed in Fig. 2, using time-resolved RANS. In this
study, after establishing the baseline with the unactuated 3D wing and uniform actuator activation
simulations, both time-varying flow control as well
as spanwise-varied actuator deployment will be explored to identify optimal spanwise and temporal
activation profiles that improve actuator control authority and efficiency. Study B investigates the interactions of Coanda-type active gust load alleviation
and a hybrid laminar flow control system integrated
upstream of it. Laminar flow control has the potential
to significantly reduce friction drag on aircraft wings
and might be present on future medium range aircraft. Currently, this technology is being investigated
by different researchers in the Cluster of Excellence
SE2 A, however the interactions of the two flow control approaches require additional study. Through
this investigation, the effect of adding a Coandatype actuator on the laminar flow control system will
be evaluated, as well as the impact of the modified
boundary layer on load alleviation operation both
with and without gust encounters. Study C focuses
on the comparison of URANS simulations with wind
tunnel data for the purpose of CFD validation and
analysis of flow details unavailable from the experimental results. The experiments are conducted in
the MUB low speed wind tunnel at Technische Universität Braunschweig. A concluded first test characterized the steady and unsteady performance of a
Coanda actuator integrated into the trailing edge of
a supercritical airfoil [3]. This project phase will take
place in parallel to a second test campaign that evaluates the interaction of an upstream gust generator
with the Coanda airfoil.
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