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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract

Horizontal axis wind turbines have become an attractive renewable energy source due to their low carbon foot print. It was the 
aim of this study to reduce fatigue inducing variations of the blade root bending moment and thus enable the construction of 
lighter structures which further reduces the carbon footprint. Within the Smart Blades project the IWT-7.5-164 wind turbine has 
been used to investigate the feasibility of using trailing edge flaps as active control mechanism for load reduction. The analysis 
has been conducted using the German Aerospace Center’s in-house comprehensive rotor simulation code S4 to simulate the 
aerodynamics as well as the structural deformation. For a tilted rotor without flaps the blade root bending moment acting 
perpendicular to the rotor plane has been observed to undergo a characteristic cyclic variation due to the tilt and gravity. Adding 
trailing edge flaps with a constant deflection alters the mean bending moment of the cyclic variation. A following study 
addressed the effect of using a sinusoidal flapping motion for a range of flapping amplitudes and phases. As a result a 
configuration has been identified that eliminates the cyclic variation of the blade root bending moment.

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 4th International Conference on Energy and Environment 
Research.

Keywords: Bending moment; fatigue; flaps; IWT-7.5-164; smart blades;wind turbine

1. Introduction

Wind turbines have become an increasingly popular renewable energy source due to their low carbon footprint. 
Over their lifetime their carbon footprint incurred during manufacturing and construction averages out to 4.64 g of 
CO2 equivalent per kWh produced [1]. This value may further be reduced by reducing the broad range of loads 
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acting on a wind turbine and thus reducing the fatigue of critical components. Consequently lighter structures may 
be constructed which results in an even lower CO2 emission during their construction.

The federally funded project Smart Blades has been initiated to address this issue by investigating various active 
and passive control mechanisms that reduce the loads acting on the blade of a wind turbine. In passive mechanisms 
the blade has been designed to respond to a bending deformation by twisting along its axis and vice versa. This 
feature which is known as bend-twist coupling is used to design a blade that changes its shape according to the 
aerodynamic loads acting on it. Active control mechanisms in contrast use mechanical components to lower the 
loads acting on the blade. In this study the active control mechanism of employing a trailing edge flap (TEF) is 
presented. The influence of a TEF has been investigated with respect to the blade root bending moment acting 
perpendicular to the rotor plane in order to reduce fatigue loads acting on the turbine. Fig. 1 shows the schematics of 
the TEF. In this study the flap defined ranges from 80.5 %R to 92.7 %R while having a depth of 20% chord. 
Maximum flap deflection angles Fη of ±10° were considered.

Fig. 1. Parameters of the TEF.

For the analysis the 3 bladed IWT-7.5-164 turbine has been used which has a radius of 82 m and produces a rated 
power of 7.5 MW [2]. The turbine has been designed by Fraunhofer IWES and Leibnitz Universität Hannover for 
this project. It has a pre-cone of 2° and a rotor tilt of 5°. Full information on the turbine geometry is given in [2]. All 
of the investigations presented in this study have been performed at the turbine’s nominal wind speed of 11 m/s and 
rated rotational speed of 1.05 rad/s.

Nomenclature

a0,ak,bk  Fourier coefficients [Nm]
c chord length [m]
cL lift coefficient [-]
R blade radius [m]
TEF trailing edge flap
α angle of attack [°]

Fη current trailing edge flap deflection angle [°], positive towards pressure surface
Fη


deflection amplitude of trailing edge flap [°]
ϕ phase shift [°]
ψ azimuthal position of rotor [°], 0° when blade 1 points downwards

2. Computational setup

For the simulation of the wind turbine with TEF, DLR’s in-house comprehensive rotor simulation code S4 [3] 
has been used. The code calculates the aeroelastic interaction of the aerodynamics acting on the blades and their 
structural deformation. Following is a brief description of both modelling aspects. In this analysis a positive flap 
deflection is defined as a flap motion towards the pressure surface of the blade as seen in Fig. 1.
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