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Outline

• Why Reducing Air Leakage Through the Building Envelope?

– Market Potential

• So What, and Why is Moisture Durability Complicated?

– Moisture Accumulation

• How Can We Predict the Impact of Air Leakage?

– Modelling Limitations

– Simulation Approach

– Assumptions

• So How Can We Account for Moisture Accumulation? 

– Empirical Formula

– Example of Usage
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Building Envelope Market Potential

In total = 5.81 Quads 
(5.81·1015 Btu)
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103 million tons of coal ~ 490 million barrels of oil
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Moisture Accumulation
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“Energy Leak” “Moisture Leak”

Moisture Accumulation
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𝑇12(𝐼) =
𝑇1 +

𝐼
𝐾1

∙ 𝐾1 +𝑇2 ∙ 𝐾2

𝐾1 + 𝐾2

T1 K1 T12 K2 T2

𝑇 𝑥 = 𝑇1 + (𝑇2 − 𝑇1) ∙ 𝑒
−𝑥
𝑙𝑐

𝑙𝑐 =
𝜌𝑎𝑖𝑟 ∙ 𝑐𝑎𝑖𝑟 ∙ ሶ𝑄

𝐿𝑠𝑢𝑟𝑓 ∙ 𝐾

𝐼 = 𝜌𝑎𝑖𝑟 ∙ 𝑐𝑎𝑖𝑟 ∙ 𝑇2 − 𝑇12(𝐼) ∙ ሶ𝑄

1D Solution

2D Solution

Simulation Approach

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.wufi.de/index_e.html&ei=7hxNVbDFLsHjsAWEs4GoCA&bvm=bv.92885102,d.b2w&psig=AFQjCNG3-81R7b1HjpWEUrcjQmo5H55vFA&ust=1431203430846847
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𝑇12(𝐼) =
𝑇1 +

𝐼
𝐾1

∙ 𝐾1 +𝑇2 ∙ 𝐾2

𝐾1 + 𝐾2

𝑇 𝑥 = 𝑇1 + (𝑇2 − 𝑇1) ∙ 𝑒
−𝑥
𝑙𝑐

2D Solution

𝐴𝐶𝐻𝜂 = 𝜂 𝑥, ሶ𝑄 ∙ 𝐴𝐶𝐻

∙ 𝜂

𝜂 =

𝑇 𝑥 ∙ 𝐾 − 𝑇2∙𝐾2
𝐾1

− 𝑇1 ∙ 𝐾1

𝜌𝑎𝑖𝑟 ∙ 𝑐𝑎𝑖𝑟 ∙ 𝑇2 − 𝑇12(𝐼) ∙ ሶ𝑄

1D Solution

𝑇12(𝐼𝜂) = 𝑇 𝑥

𝐼𝜂 = 𝜌𝑎𝑖𝑟 ∙ 𝑐𝑎𝑖𝑟 ∙ 𝑇2 − 𝑇12(𝐼) ∙ 𝑄𝐼 = 𝜌𝑎𝑖𝑟 ∙ 𝑐𝑎𝑖𝑟 ∙ 𝑇2 − 𝑇12(𝐼) ∙ 𝑄

Simulation Approach
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Simulation Approach
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- Where are these 

moisture leaks? 

- Flow pattern?

Fraunhofer IBP

Simulation Approach
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Simulation Approach – Inward Flow
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Simulation Approach – Outward Flow
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Out In
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Essential Inputs to account for Air leakage in the Assessment:

• Wind forces

• Wall air tightness 

• R-value

Output:

• Air flow rate

Empirical Formula
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Essential Inputs to account for Air leakage in the Assessment:

• Wind forces

Empirical Formula

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMmZ3P7O9MgCFYtbPgodGdoA4A&url=http://www.energyvanguard.com/knowledge/us-climate-zones&bvm=bv.106379543,d.cWw&psig=AFQjCNHw6p7XDrxqAScK3Ab1UbpmC3ddYQ&ust=1446652585317585
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Essential Inputs to account for Air leakage in the Assessment:

• Wall air tightness 

Künzel, H. et.al. (2011). Vapour

control design in wooden structures 

including moisture sources due air 

exfiltration.

Energy leak Moisture leak

Empirical Formula
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Essential Inputs to account for Air leakage in the Assessment:

• Wall air tightness

Energy leak Moisture leak

ACH50
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Essential Inputs to account for Air leakage in the Assessment:

• R-value

IECC 2012

Empirical Formula
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Wind, W (mph)

Wall air tightness, P (cfm/ft2)

R-value

Air Flow, Q (cfm)

Q(W,P)

𝑄 = 𝐴 + 𝐵 ∙ 𝑊 + 𝐶 ∙ 𝑃 + 𝐷 ∙ 𝑊2 + 𝐸 ∙ 𝑊 ∙ 𝑃 + 𝐹 ∙ 𝑃2 (cfm)

Empirical Formula

Empirical Formula

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.wufi.de/index_e.html&ei=7hxNVbDFLsHjsAWEs4GoCA&bvm=bv.92885102,d.b2w&psig=AFQjCNG3-81R7b1HjpWEUrcjQmo5H55vFA&ust=1431203430846847
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Low Range  W ≤ 5 mph

High Range  W > 5 mph

𝑄 = 𝐴 + 𝐵 ∙ 𝑊 + 𝐶 ∙ 𝑃 + 𝐷 ∙ 𝑊2 + 𝐸 ∙ 𝑊 ∙ 𝑃 + 𝐹 ∙ 𝑃2 (cfm)

Example of Usage
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Empirical Factors – Low Range (for W ≤ 5 mph)

R-20
R-20         

+ 3.75

R-20       

+ 7.5

R-20       

+ 11.25

R-20       

+ 15
R-13

R-20         

+ 5

A 0.0709 -0.0598 -0.0876 -0.0976 -0.1018 0.07215 -0.0661

B -0.1142 0.01123 0.04161 0.05457 0.06122 -0.1153 0.01777

C -0.2439 0.18237 0.2744 0.30936 0.32504 -0.2478 0.20294

D 0.02163 0.00329 -0.0015 -0.0037 -0.0049 0.02178 0.00227

E 0.44165 0.28122 0.21963 0.1871 0.1671 0.44241 0.26905

F 0.00751 -0.221 -0.2608 -0.2722 -0.2751 0.00983 -0.2306

Example of Usage

𝑄 = 𝐴 + 𝐵 ∙ 𝑊 + 𝐶 ∙ 𝑃 + 𝐷 ∙ 𝑊2 + 𝐸 ∙ 𝑊 ∙ 𝑃 + 𝐹 ∙ 𝑃2 (cfm)
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Empirical Factors – High Range (for W > 5 mph)

R-20
R-20         

+ 3.75

R-20       

+ 7.5

R-20       

+ 11.25

R-20       

+ 15
R-13

R-20         

+ 5

A -0.2599 -0.6423 -0.5036 -0.4064 -0.3419 -0.2534 -0.6214

B 0.01469 0.13171 0.1114 0.09502 0.08371 0.013 0.12917

C 0.17613 1.86783 1.73113 1.55883 1.42492 0.15629 1.86376

D 0.00159 -0.0046 -0.0039 -0.0032 -0.0028 0.00167 -0.0045

E 0.50945 0.14144 0.08522 0.06698 0.05897 0.51235 0.12772

F -0.6499 -1.2146 -1.0939 -0.9842 -0.9032 -0.6422 -1.201

Example of Usage

𝑄 = 𝐴 + 𝐵 ∙ 𝑊 + 𝐶 ∙ 𝑃 + 𝐷 ∙ 𝑊2 + 𝐸 ∙ 𝑊 ∙ 𝑃 + 𝐹 ∙ 𝑃2 (cfm)
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IECC 2015

ACH50 = 3

ACH50 = 3 

R-20+5

 P ≈ 0.2 cfm/ft2

Example of Usage
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Empirical Factors – Low Range (for W ≤ 5 mph)

R-20
R-20         

+ 3.75

R-20       

+ 7.5

R-20       

+ 11.25

R-20       

+ 15
R-13

R-20         

+ 5

A 0.0709 -0.0598 -0.0876 -0.0976 -0.1018 0.07215 -0.0661

B -0.1142 0.01123 0.04161 0.05457 0.06122 -0.1153 0.01777

C -0.2439 0.18237 0.2744 0.30936 0.32504 -0.2478 0.20294

D 0.02163 0.00329 -0.0015 -0.0037 -0.0049 0.02178 0.00227

E 0.44165 0.28122 0.21963 0.1871 0.1671 0.44241 0.26905

F 0.00751 -0.221 -0.2608 -0.2722 -0.2751 0.00983 -0.2306

𝑄 = 𝐴 + 𝐵 ∙ 𝑊 + 𝐶 ∙ 0.2 + 𝐷 ∙ 𝑊2 + 𝐸 ∙ 𝑊 ∙ 0.2 + 𝐹 ∙ 0.22

Example of Usage
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𝑄 = −0.0661 + 0.0177 ∙ 𝑊 + 0.20294 ∙ 0.2 + 0.0023 ∙ 𝑊2 +
0.2691 ∙ 𝑊 ∙ 0.2 − 0.2603 ∙ 0.22

𝑄 = 𝐴 + 𝐵 ∙ 𝑊 + 𝐶 ∙ 0.2 + 𝐷 ∙ 𝑊2 + 𝐸 ∙ 𝑊 ∙ 0.2 + 𝐹 ∙ 0.22

𝑄 = −0.0347 + 0.0716 ∙ 𝑊 + 0.0023 ∙ 𝑊2

Wind = 5 mph

Q = 0.38 cfm

Example of Usage
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3 ACH50  &  R-20+5

Wind (mph)
Air Leakage 

(cfm)

0 0

0.1 4.83564E-08

0.2 0.000173

0.3 0.001587

0.4 0.004482

0.5 0.008417

0.6 0.01307

0.7 0.01826

0.8 0.02387

… …

𝑄 = −0.0347 + 0.0716 ∙ 𝑊 + 0.0023 ∙ 𝑊2

Example of Usage
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Discussion
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Contact information

Simon Pallin, PhD
pallinsb@ornl.gov

Visit our website:  
www.ornl.gov/buildings

Follow us on Twitter:  
@ORNLbuildings

mailto:pallinsb@ornl.gov

