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Risø Campus

Material characterisation and testing

Blade manufacturing and testing

Full-scale research turbines
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Manufacturing wind turbine blades

• Vacuum Assisted Resin Infusion / Vacuum Infusion

• Wide range of materials inside the bag…
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Consumables

Core material

Common layup of blade materials
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Glass fabric reinforcement materials

Lightweight foam / balsa

Machined grooves / features

Tool surface

Vacuum bag

Distribution media

Perforated release film

Peel ply

1 R.S. Pierce, IOP Conf. Ser.: Mater. Sci. Eng., vol. 1293, 012009, 2023
DOI: 10.1088/1757-899X/1293/1/012009
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DTU Ambitions
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Permeability of 
consumable materials
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Distribution media: Experimental permeability testing

Problem:

• High permeability, used as a single layer, 
direct contact with the vacuum bag

• Properties often assumed or inversely estimated

New characterisation method:

• Extends on principles from ISO4410:2023

• Accounts for fabric imprint and bag deformation

• Specifically for distribution media
(flow only in the distribution media)

• Simultaneous permeability and porosity 
determination
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2 L. M. Laborderie et al., IOP Conf. Ser.: Mater. Sci. Eng., vol. 1338, 012040, 2025
DOI: 10.1088/1757-899X/1338/1/012040

Student work: 
Konstantina Gkournelou, Adrien Winther, and Lucie Laborderie
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Distribution media: Example study

• Investigation of permeability and porosity sensitivity to boundary conditions:
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Bag

Fabric

Plate

Mesh

Most similar to ISO4410 Isolates effect of bag deformation “Realistic” infusion case

2 L. M. Laborderie et al., IOP Conf. Ser.: Mater. Sci. Eng., vol. 1338, 012040, 2025
DOI: 10.1088/1757-899X/1338/1/012040

Student work: 
Konstantina Gkournelou, Adrien Winther, and Lucie Laborderie

Expectations: Highest imprint & deformation into mesh layer
(Lowest porosity and permeability)

Impermeable film
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Distribution media: Example results

• Results intuitively match expectations:

– Greater bag deformation / fabric imprint reduces porosity and permeability

• But anisotropy and principal direction are also significantly affected
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Student work: 
Konstantina Gkournelou, Adrien Winther, and Lucie Laborderie
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Distribution media: Predictive permeability simulation
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Student work: 
Pietro Perego

1. Physical measurements 3. Compaction simulation (FEA)

6. Permeability calculation

2. Simple CAD model
4. Conversion to fluid domain

w

5. Flow simulation (CFD)
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Distribution media: Predicted results
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Student work: 
Pietro Perego

• Trends are very well captured for two different mesh designs, despite highly-simplified models

BagPlate
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Perforated release films: Problem

• Perforation pattern significantly affects infusion behaviour and quality

• Through-thickness flow behaviour:
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Low
perforation density

High
perforation density

Early merging flows avoid air entrapment

High permeability distribution media

Reinforcement fabric

Release film perforations

Late merging flows risk air entrapment
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Perforated release films: Problem

• Perforation pattern significantly affects infusion behaviour and quality

• Three similar infusions with different perforation densities:
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3 L. M. Laborderie et al., Composites Part A, vol. 201, 109431, 2026
DOI: 10.1016/j.compositesa.2025.109431

During infusion After curing
(visible defects circled)

50 mm

Low
perforation density

Medium
perforation density

High
perforation density
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Perforated release films: Solution

• Established an analytical spacing criteria

– Dependent on fabric permeability and thickness

– Predictor of homogenised flow and good infusion quality
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• Inverse (analytical/numerical) method for defining a homogenised release film permeability:

– Simulate 3D flow through a representative unit cell to obtain filling time, 𝑡𝑓𝑖𝑙𝑙

– Inversely calculate an equivalent homogenised release film permeability, 𝐾𝑅𝐹

• Only valid when the spacing criteria is met!

Perforated release films: For modelling
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4 L. M. Laborderie et al., ECCM21, vol. 5, 2024
DOI: 10.60691/yj56-np80
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Permeability of 
core materials
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Core material features

Core materials are “kitted” with different features according to their location in the blade:

• Need to fit large and complex curvatures

• Resin distribution and flow can be difficult next to core

• Resin needs to travel across the core to fill both sides

17

• Deep cuts

• Vacuum infusion channels

• Perforations or intersections

Deep cuts

Vacuum infusion 
channels

Perforations and feature 
intersections
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Fabric and core channel interaction

• Exhibits stable behaviour over time:

• Simple analytical model for flow shape (angle):
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𝛼 = 𝑡𝑎𝑛−1
𝐾𝑓

𝐾𝑐𝜙𝑓
×
180

𝜋

Transverse fabric permeability Fabric porosity

Equivalent channel permeability:

5 M. Larionov et al., IOP Conf. Ser.: Mater. Sci. Eng., vol. 1338, 012041, 2025
DOI: 10.1088/1757-899X/1338/1/012041
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Parametric modelling of core material 
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Core material 
panel

RUC
based on open channels,

50k-1000k cell mesh

Blade kit 
consisting of many panels with 
different cutting configurations

1700+ simulations 2-10 min each

Parametric modelling 
for permeability prediction 

Permeability for all equivalent 
homogenized unit cells

𝑲𝒆𝒒𝟏 𝑲𝒆𝒒𝟐 𝑲𝒆𝒒𝟑 𝝓

Vacuum Infusion 
process modelling
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Summary
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Summary

Distribution media:

• Experimental method accounting for bag deformation and fabric imprint

• Framework for predictive permeability modelling

Perforated release films:

• Analytical spacing criteria

• Method for homogenous permeability definition

Core materials:

• Simple analytical model for channel / fabric flow interaction

• Parametric permeability modelling for different kitting features

21



DTU Wind1 July 2026 FPCM17 – Sheffield, UK

Questions ? 
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