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Motivation
* Energy consumption in transport industry

Figure 3.16 Global CO, emissions in transport by mode in the Sustainable Development
Scenario, 2000-70

Final energy consumption by sector, EU, 2021
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Introduction

* Reduce aerodynamic drag in heavy vehicles (lower emissions)
Directive Europe 96/53/EC modified

* Load capacity, practical requirements in EU 2015/719 and updated with

* New regulations, great potential technological impact the new legislation 2018/0130
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Introduction

 Vehicle models, drag reduction devices and physical mechanisms
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Introduction

* Rigid passive devices

* Limited efficiency in changing flow conditions

* Crosswinds, different turbulent levels and gusts are common in real applications

« Can we use bio-inspired self-adaptive devices?
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Previous Results
- 1 Degree-of-freedom hinged flaps

- Rotary flaps are efficient to reduce the drag (especially at yaw)
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Experimental set-up PUoh

Re =
- Parametric ranges .

* Reynolds from 1.5e5 to 2.3e5 m* = pg/p

* Flaps length (d) around 0.5h

e Large mass ratios ~ 320

U* from 14 to 22
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Experimental set-up

« Measurements

* 6 axis force balance

Laser point distance sensors

High-speed imaging

StereoPlV measurements
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Results

* 2 Degree-of-freedom hinged flaps
» Several configurations (RF, TH, 2H)
» Left-Right (LR), Top-Bottom (TB) dispositions
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Results
* 2 Degree-of-freedom hinged flaps

 Several configurations
* Mechanical characterization

Var. 1H 1H 2H 2H
fnp(HZ) 3.8 3.7 3.9 3.8

fnt (HZ) - - 16.8 16.8
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& - - 0.0100 0.009

m* 320 320 320 320
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Results

* 2 Degree-of-freedom hinged flaps

g

 U'=18.4 (bending), Re=1.87-10°

* Under LR configuration, RF only works at = 0°
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Results
* 2 Degree-of-freedom hinged flaps

g

 U'=18.4 (bending), Re=1.87-10°

* Under LR configuration, THF is the best option
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Results

* 2 Degree-of-freedom hinged flaps
 U'=18.4 (bending), Re=1.87-10°
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Results
* 2 Degree-of-freedom hinged flaps
 U'=18.4 (bending), Re=1.87-10°
* UnderTB, 2HF improves with yaw No e Nomow
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Results

* 2 Degree-of-freedom hinged flaps
 2HF starts to modify the wake at 8 > |59
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Results

* 2 Degree-of-freedom hinged flaps
 2HF starts to modify the wake at 8 > |59
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Conclusions

- 3D Self-adaptive flaps with different DoF are able to reduce C, under different flow conditions
- For reducing drag under yaw, TB configurations are better than LR

- The increase of degrees of freedom improves the performance under yaw

- The DoF of the flaps show different FSI mechanisms with the 3D wake

- Flexible flaps could help in the design of real and effective drag reduction devices
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Ongoing works
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