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Condensation Basics 

Relative humidity: amount of moisture in the air 
compared to the maximum amount of water it can 
hold at the current temperature. 
Dew point: the temperature at which the water 

vapor condenses into liquid water. 
When the air can’t hold all the moisture, it 

condenses and turns into liquid “condensate.” 
 
Maintaining the surface temperature above dew 

point is key to condensation control. 
 

 



 

TC= 40oF 

TH = 80oF 
RH = 75% 
Dew Point: 72oF 

Remember: Energy flows from Hot Area to Cold Area  

Water molecules present 

How can this be prevented? 

TS= 40oF 

Ts < Dew Point 
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TH = 80oF 
RH = 75% 
Dew Point: 72oF 

Add insulation to raise surface temperature above dew point. 

TS= 74oF 

TC= 40oF 

What if the insulation is porous? 
Water vapor will pass through like the 

insulation isn’t even there! 

Ts > Dew Point 
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TH = 80oF 
RH = 75% 
Dew Point: 72oF 

If the insulation is porous, a vapor retarder must be added. 

TS = 74oF 

TC = 40oF 

This will help prevent moisture from entering the system and condensing. 

Ts > Dew Point 

What can you do? 



When condensation occurs it is typically due 
to: 
 Inaccurate design 
 Poor installation  
 System functioning outside design parameters 

 Key factors to control condensation: 
 Proper Thickness 
 Select an insulation material with a low water 

vapor permeability 
 Confirm design conditions and calculations with 

industry or manufacturers’ calculation tools 
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Moisture ingress is the absorption of water into 
a material. 

Moisture Ingress 
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PROPERTIES PROPERTIES 
Moisture 
Content 

Thermal 
conductivity (k) 

0 

0.275 

1% 

0.296 

Resistance to moisture intrusion is key for the thermal efficiency: every 1% 
moisture gain implies 7.5% loss in thermal value. 

+1% 

+7.5% 

Moisture Ingress 
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Condensation trapped between the surface of the pipe 
and the insulation leads to corrosion. 

Corrosion Under Insulation 
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NO CORROSION UNDER INSULATION 

CORROSION UNDER INSULATION OPERATING 
PERFORMANCE 

MAINTENANCE 
COST INTEGRITY & SAFETY 

UP 

UP 

DOWN DOWN 

DOWN SAME 

Corrosion under Insulation 
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Mold can form when the right conditions are met on 
the surface of the insulation. 

Mold 



What is mold? 
 Various types of fungi 
 Grows in filaments 
 Reproduces by spores 

12 

1: Michael Pugliese, The Homeowner’s Guide to Mold 

Mold 



Mold needs three things to grow: 

 Food 
 Optimum environment 
 Moisture  
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Source: Michael Pugliese, The Homeowner’s Guide to Mold 

32F to 120F 
70F to 90F 

Mold 



The issues with mold 
 Allergies 
 Rash 
 Asthma 
 Poor Air Quality 
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Source: Michael Pugliese, The Homeowner’s Guide to Mold 

Mold 



15 

Mold 
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South Florida High-Rise Building 

Timeline: 
 Occupied in April 
 By June, pipe insulation saturated  

with condensation: 
 Dripping on the occupants! 

Problems caused by: 
 1” insulation with  

standard vapor barrier and foil 
 Occupied and under construction simultaneously 
 Vapor retarder exposed to temperatures  

below dew point 
 $20 million to correct! 

Source: http://hpac.com/piping-pumping/investigation-failure-chilled-water-pipe-insulation 

Condensation Case Study 
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Proper condensation control requires: 
Insulation of proper thickness so Ts>TD 
Vapor retarder (if necessary) 

Conclusions 
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Condensation will occur if: 
Insulation is the wrong thickness so Ts<TD 
Vapor retarder is compromised in any way 

Conclusions 
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This may lead to:  Moisture ingress 
 Corrosion under insulation (CUI) 
 Mold 
 Poor air quality 

 

Conclusions 



 Technical data sheets and white papers  
 Thickness calculation reports 
 Job stories (real-life project case studies) 
 Any other specification or application needs  
 

Thomas.J.MacKinnon@armacell.com 
984-364-7433 

 
Or general inquiries to: info.us@armacell.com 

www.armacell.us 
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