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Chapter-5  

Heating Load Calculations 
(RIT/YIT ₭₁₨‹₴⁪₱₫₳╘℅⁞₴(№⅔⅔℮) Air Conditioning ₅₨ₑ₨₈₂₴ ₿₂⁴₨₁₴₳⁞₨ₔ₫₂₴₿₃⁞₴ₑ⁮₴₲ Air Conditioning 

Principles and Systems an Energy Approach (4th Edition) by Edward G. Pita ⁞₨ₔ₫₂₴₆℅ ₔ›₁₴₳(™)‹₩₫ 
₅₨ₑ₨₿₂₁₴⁪₫₩ₑ⁮₴⅜) 

Cooling load ₑ₫₩╜₆ₒ₫⁸₴ heating load ⁸⃰‹₴₈₁₴ ₔ₭⁪₨‹₴ₔ₢₪₆₵₨₳⅝ ₔ₂€‹€₳₭₿₂₨⁄₴₳₆║(heat transfer) 
₿₃⁞₴₭₂↑₂₫₱‹₩₫ ₭e ›₵₨⁞⃰₨ ₁₨₳₉⁮₴ₑ₭₅₨₭₂₧‹₴₈₁₴ ₉₩₫ₔ₂₴ₑ⁮₴⅜ ₔ₂€›₫›₱₆║(resistance)₭‹₨⁄₴₳₭₉ ₔ₂€₭₉℅₵₨‹₴‹€₳ 
╘₩₫⁄₴⁞⃰₆₴₳(conductivity) ⁮₱₲₃₵⁄₴₳₭₉₿₃⁞₴┐₂₪₳ ₔ₂€‹€₳₭₿₂₨⁄₴₳₆║(heat transfer) ₁⁮₴₳₭₉ ₿₃⁞₴ₑ⁮₴⅜ 

₿₆₁₴₆₨╘₩₫⁄₴⁄₱₈℅₩ ₔ└‹₪₳⁞₨₳ₔ₭⁪₨‹₴ₔ₢₪₆₵₨₳ ₔ₨₳₉₱₫₳₁₪₳₂₧₳⁸⃰⁄₴ ₔ₂€₭₂₳ₑ⁮₴₲⁞₁⁞₴(heating system) 
⁸₂₴⁪⁄₴⁹₨₳ₑ⁮₴‹₩₫ ₭⁸╝⃰₿₆⁄₴₈›₮ₑ⁮₴⅜ ₔ₆₵₨₳ₔ₨₳₿₃⁄₴₲ air conditioning system ₑ₨ ⁸₂₴⁪⁄₴┌‹ₑ⁮₴⅜ Cooling 
load ⁸⃰‹₴₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴₲ ₔ₭₿››₱ₑ₭₅₨⁸₈₨₳₆₵₨₳‹₩₫ ₭ₑ›₵₨⁞⃰₨ ₔ₭ₑ₳⁞₩⁸₴₁₨₳₉⁮₴ ₑ₭₅₨₭₂₧‹₴₭⁞₈₁₴ 
ₔ⁸⃰‹₴ heating load ₔ›₁₴₳‹₩₫ ₅₨ₑ₨₿₂₁₴⁪₫₩₿›⁄₴₳₿₃⁞₴ₑ⁮₴⅜ ⁸›₵₩₯╝₭ₑ₨ ₔ›₵‹₴₆₵₨₳‹₩₫ cooling load 
calculation ₔ›₁₴₳(chapter-6)⁸⃰⁄₴ ₈℅⁄₴₳₆₿₂⁹₨₳₂₧⅜  

₡ₔ›₁₴₳ₑ⁮₴ ₔ₭ₔ₳₂₩₫⁄₴₳₭ⁿₑ₆₵₨₳⁸⃰⁄₴ ⁸⁮₴₭⁪₨‹₴⁹₨₳ₑ⁮₴₲ ₔ₭⁪₨‹₴ₔ₢₪₆₵₨₳ₔ⁸⃰‹₴ 
₉₩₫ₔ₂₴ₑ⁮₴₲ heating system ₔ⁸⃰‹₴ heating load ⁸⃰‹₴₁⁮₴₳₆₵₨₳⅛ Ω⁄₴₳⁸₫₩╜╘℅⁄₴₲ ₑ‹₴⁪₩₫⁄₴ₑ⁮₴₲ ₑ₭₅₨⁸₈₨₳₆₵₨₳⅛ 
ₔ₂€⁞₪₳‹€₳₆║ₔ₭₿››₱₆₵₨₳‹₩₫ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ₿₆₁₴₆₨⅛ ⁞⁄₴‹₨₂€⅛ ₆₭₉₳₈℅₨₳⅛ ⁹₩₫⁄₴₳ ⁞ₑ⁮₴₲╘₩₫⁄₴⁄₱₆₵₨₳₈℅₩ ₔ₭⁪₨‹₴ə₢₪₆₵₨₳ 
⁸⃰⁄₴ heating system ⁸₂₴⁪⁄₴₭₉₲₆₈℅₩₭ₑ₨₭┌‹₨⁄₴₲ ⁸₩₫‹₴╙₫₩‹₴₆ₑ‹₴⁪₩₫⁄₴₭ₑ₨₴₉⁮₴₳ air con system cooling 
load ⁸⃰‹₴₈₨⁸⃰⁄₴ ₡ₔ›₁₴₳ₑ⁮₴ ₆₵₨₳⁞⃰₨ ₔ₭⁹₨‹₴ₔ‹€₿₂₯╘₩₫⁄₴₭ₑ₨₭┌‹₨⁄₴₲ ⁹⁮₴₲ₑ⃰⁄₴₳₭₃₨₴₿₂₿›⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜ 

₡ₔ›₁₴₳‹₫₩ ₭₉₲₉₨┐₂₪₳₭₁₨‹₴ ₭ₔ₨‹₴₂₧ ₑ₭₅₨⁸₈₨₳₆₵₨₳‹₫₩ ₁₨₳₉⁮₴ₑ₭₅₨₭₂₧‹₴╘₫₩⁄₴ₑ⁮₴⅜ 
(№) ₔ₭⁪₨‹₴ₔ₢₪₭⁪₨‹₴₉₫₂₴⁹₨₳ₑ⁮₴₲ ₔ⁞₩⁸₴ₔ₂₩₫⁄₴₳(building component)₆₵₨₳← R ⁸₁₴₃₫₩₳(R-value)╘℅⁄₴₲ U 
⁸₁₴₃₫₩₳ (U-value)₆₵₨₳ ₈℅₨₭₃⃰⁸⁸₴₈₁₴ 

(℗) ₆₩₆₩⁸⃰‹₴₆⁮₴₲ ₔ₭⁪₨‹₴ₔ₢₪ ⁸⁮₴₈℅₩₈₨₭ⁿₑ╘℅⁄₴₲ ‹₩₫‹₴⁮₪ₑ⁮₴₲ₔ›₁₴₳ₔ⁸⃰⁄₴₳╘℅⁄₴₲ ₔ›₁₴₳₿₂⁄₴₂ ⁿ₪⁫₫₩⁄₴₳ ₔ₂€›₵₩₁₴₆₵₨₳ 
(indoor and outdoor design conditions)‹₩₫ ₭₈⃰₳›₵₇₴⁸⁸₴₈₁₴ 

(™)  ə ›₁₴₳(room)╘℅⁄₴₲ ₔ₭⁪₨‹₴ₔ₢₪(building)⁸₫₩╜⁸⃰⁄₴ ₿₃⁞₴₭₂↑₆⁮₴₲ heat transfer loss ₆₵₨₳‹₩₫  ⁸⃰‹₴⁸⁸₴₈₁₴ 
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(Ω) ₔ›₁₴₳(room)╘℅⁄₴₲ ₔ₭⁪₨‹₴ₔ₢₪(building)⁹₮ₑ₫₩╜ ⁞₩₆₴₲ₐ⁄₴₆⁮₴₲ ₿₂⁄₴₂₭₉╘℅⁄₴₲ ⁹⁮₴₲₭₂₳₈₆⁮₴₲ ₿₂⁄₴₂₭₉ 
(infiltration and ventilation )₆₵₨₳₭┌‹₨⁄₴₲ ₿₃⁞₴₭₂↑₆⁮₴₲ heat transfer loss ₆₵₨₳‹₩₫  ⁸⃰‹₴⁸⁸₴₈₁₴ ╘℅⁄₴₲ 

(℮) ₔ›₁₴₳(room)╘℅⁄₴₲ ₔ₭⁪₨‹₴ₔ₢₪(building)⁸₫₩╜ə⁸⃰‹₴ heating load ⁸⃰‹₴⁸⁸₴₈₁₴⁸₫₩╜ ₿₃⁞₴ₑ⁮₴⅜ 

₭⁪₨⁄₴₳₈₨ₑ₪ ₑ₩₫╜₆ₒ₫⁸₴ ₔ₭⁪₨‹₴ₔ₢₪₿₂⁄₴₂ ₔ₂€›₵₩₁₴₁₩₆₴₲ₑ⁮₴₲ₔ₭₿›ₔ₭₁₆₵₨₳⁸⃰⁄₴ ₔ›₁₴₳₆₵₨₳⅛ ₔ₭⁪₨‹₴ 
ₔ₢₪ₔ⁸⃰⁄₴₳⅝ ₑ‹₴₭ₑ₨⁄₴₲ₑ‹₴ₑ₨₿₃⁞₴₭⁞₆⁮₴₲ ₔ₂€›₵₩₁₴‹₫₩ ⁹₩₁₴₳⁹₨₳₈₁₴ₔ⁸⃰‹₴ heating system ⁸₂₴⁪⁄₴⁹₨₳₈₁₴ 
₉₫₩ₔ₂₴ₑ⁮₴⅜ ₡ₔ›₁₴₳⁸⃰⁄₴ ₔ⁸₩‹₵⁪₫₱₳╘℅⁄₴₲ energy efficient ₔ₿₃⁞₴⁪₫₱₳ heat load calculation ₁⁮₴₳‹₫₩ 
₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ₿₆₁₴₆₨╘₫₩⁄₴⁄₱₈₩℅ ₔ₭⁪₨‹₴ₔ₢₪₆₵₨₳⁸⃰⁄₴ heating system ⁸₂₴⁪⁄₴₈₁₴ ₆₉₫₩₭ₑ₨₴₉⁮₴₳ cooling load 
⁸⃰‹₴₁⁮₴₳‹₩₫ ‹⃰₵₆₴₳‹₵⁄₴⁞⃰₨ ₁₨₳₉⁮₴ₑ₭₅₨₭₂₧‹₴₈₁₴⅛ ₔ₭⁪₨‹₴ₔ₢₪ ₔ⁸⃰⁄₴₳₆℅ₔ₿₂⁄₴ₑ₩₫╜ ₑ₩₫╜₆ₒ₫⁸₴ ₔ₿₂⁄₴₆℅ 
ₔ⁸⃰⁄₴₳ₑ₩₫╜ ₔ₂€₆₵₨₳⁞₪₳‹€₳₂₫₱‹₫₩ ₁₨₳₉⁮₴ₑ₭₅₨₭₂₧‹₴₈₁₴ₔ⁸⃰‹₴ heating load ⁸⃰‹₴›₵‹₴₁⁮₴₳₆₵₨₳‹₫₩ ₆₿₃⁞₴₆₭₁ 
₭₉₲₉₨₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ Heating load ⁸⃰‹₴₁⁮₴₳‹₫₩ ₁₨₳₉⁮₴ₑ₭₅₨₭₂₧‹₴₆℅ₑ₨ cooling load ⁸⃰‹₴₁⁮₴₳╘℅⁄₴₲ 
heating load ⁸⃰‹₴₁⁮₴₳⁸₫₩╜← ‹⃰₨₿›₨₳›₵‹₴‹₩₫ ⁪‹₴₉‹₴₭₉₲₉₨╘₫₩⁄₴₉₩₆₴₲₆⁮₴₴⅜  

℮.№ Heating Load 
₿₂⁄₴₂ₔ₂€›₵₩₁₴ ₔ₉⃰₁₴₁₩₆₴₲ₑ⁮₴₲ₔ›₧ ₔ›₁₴₳ₔ⁸⃰⁄₴₳ₔ₂€›₵₩₁₴(indoor air temperature) ‹₫₩ ₔ₉₫₩₈₩℅ₑ⁮₴₲ 

ₔ₂€›₵₩₁₴⁸⃰⁄₴ ⁹₩₁₴₳⁹₨₳₈₁₴ₔ⁸⃰‹₴ heating system ‹₫₩ ⁞⁸⁄₴₉⁮₴₂⁸₴₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ ₿₂⁄₴₂ₔ₂€›₵₩₁₴ ₔ₉⃰₁₴ 
₁₩₆₴₲ₑ⁮₴₲ₔ›₧ ₔ›₁₴₳ₔ⁸⃰⁄₴₳ ₔ₂€›₵₩₁₴ ‹₵⁪⁄₴₳ₑ⃰₨₳₈ₑ⁮₴₲ ₔ₭₿››₱ₔ₭┌‹₨⁄₴₳╘℅⁞₴₆₵₯₩₳₆℅₨ - 

 (№) ₔ₂€‹€₳₭₿₂₨⁄₴₳₿›⁄₴₳(heat transfer)₭┌‹₨⁄₴₲ ₿₃⁞₴ₑ⁮₴⅜ 

 (℗) ₔ›₁₴₳ₔ⁸⃰⁄₴₳₆℅ ₭╘⃰₳₭₁ₑ⁮₴₲₭₉₆₵₨₳(warm inside air)ₑ⁮₴  ₁₱₈₱₆₵₨₳(walls)⅛ ₿₂⁸⁄₴₳₭₂₧‹₴₆₵₨₳ 
(windows)╘℅⁄₴₲ ⁸₿›₨₳₭₁₈₨₆₵₨₳(other parts of the building envelope)‹₫₩ ₿₃⁸₴⅞ ₭ₔ₳₭₁ₑ⁮₴₲ ₿₂⁄₴₂ 
(cold out side)ₑ₫₩╜ ₔ₂€₆₵₨₳⁞₪₳‹€₳ₑ⃰₨₳ₑ⁮₴⅜ ₔ₭⁪₨‹₴ₔ₢₪₈℅₩ ₭₉₆₉₱₫ₑ⁮₴₲ ₔ₭₂₧‹₴₆₵₨₳(openings) 
₆℅⁸⁞₴⁪⁄₴₲  ₿₂⁄₴₂₭₉₭ₔ₳₆₵₨₳ ₇₫₩⁞₩₆₴₲₆║(leakage of cold air)₭┌‹₨⁄₴₲ ₔ›₁₴₳ₔ⁸⃰⁄₴₳ₑ₫₩╜ ₭₉₭ₔ₳₆₵₨₳ 
ₐ⁄₴₭₈₨‹₴(building infiltration) ₉₨‹₨ ₔ₂€⁪₱₫₳╙₱║₳₆║ ₿₃⁞₴₭₂↑ₑ⁮₴⅜  

⁹₫₩‹₮₲ₑ₫₩╜ ₔ₂€⁪₫₱₳₈₱║₳₆║₆₵₨₳(heat losses)‹₫₩ ⁸₱₫╜₿₂₁₴₈₁₴ₔ⁸⃰‹₴ ⁪₫₱₳₈₱║₳ₑ⁮₴₲ₔ₂€╘℅⁄₴₲ ₂₆₨⁷⁸€⁮₪ₑ⁮₴₲ 
ₔ₂€₆₵₨₳‹₫₩ ₔ›₁₴₳ₔ⁸⃰⁄₴₳ₑ₫₩╜ ₔ⁪‹₴₆₿₂⁸₴ ⁹⁮₴₲₭₂₳₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ 

ₔ₂€⁞⃰₆₴₳ₔ⁄₴ ⁮₪₆₵℅₭₁₿›⁄₴₳‹₫₩ energy equation ₿₃⁄₴₲ ₭₃₨₴₿₂╘₫₩⁄₴ₑ⁮₴⅜ ₔ›₁₴₳(room) ₑ₫₩╜₆ₒ₫⁸₴ 
ₔ₭⁪₨‹₴ₔ₢₪ (building)ₔ⁸⃰⁄₴₳₈₩℅ ₭₉‹₫₩ control volume ₔ₿₃⁞₴ ₑ⁸₴₆℅⁸₴ₑ⁮₴⅜ ₔ›₁₴₳⁹₮ₑ₩₫╜ ⁹⁮₴₲₭₂₳₈₆⁮₴₲ 
⁞⃰₆₴₳ₔ⁄₴(energy added to the room air ( % )) ₑ⁮₴ heating system ₆℅ ⁹₫⁸₴₭₂₳₈₆⁮₴₲ₔ₂€₂₆⁷(heat 
supplied)╘℅⁄₴₲ ⁸€⁮₪₈₆⁮₴⅜ ⁹⃰‹₴ₑ⃰₨₳ₑ⁮₴₲ₔ₂€₂₆₨⁷(heat removed - Eout)ₑ⁮₴ ₔ›₁₴₳ₔ⁸⃰⁄₴₳₆℅ ⁪₱₫₳╙₱║₳ₑ⁮₴₲ 
ₔ₂€₂₆₨⁷(heat loss - Qout) ₿₃⁞₴ₑ⁮₴⅜ ₑ₩₆₴₳⁪⁮₴₳⁹₨₳ₑ⁮₴₲ ⁞⃰₆₴₳ₔ⁄₴(stored energy) ₭₿₂₨⁄₴₳₉₮₆║(% )ₑ⁮₴ 
ₔ›₁₴₳⁸⃰⁄₴₳₈℅₩₭₉(room air)← enthalpy(( ) ₭₿₂₨⁄₴₳₉₮₆║(change) ₿₃⁞₴ₑ⁮₴⅜ 

 
╔╬▐  ╔░▪ ɂ  ╔▫◊◄ 

we obtain 
╗╬▐  ╠░▪   ╠▫◊◄             υȢρ 

where 
Hch = change in room air enthalpy  
Qin = heat supplied by heating system  
Qout = heat losses from room air to outside  

ₔ›₁₴₳⁸⃰⁄₴₳₈₩℅ ₭₉ə ₂€›₵₩₁₴(room air temperature)ₑ⁮₴ enthalpy ₔ₭₂↑⁸⃰⁄₴ ₆€⁸⁮₴ₑ⁮₴⅜ Air 
enthalpy ‹₵⁪⁄₴₳(decrease)₉₵℅⁄₴ ₔ›₁₴₳ₔ⁸⃰⁄₴₳₈₩℅ ₭₉ə ₂€›₵₩₁₴(temperature) ‹₵⁪⁄₴₳(decrease)e ⁮₴⅜ ₔ›₁₴₳ 
ₔ⁸⃰⁄₴₳₈₩℅ ₭₉ə ₂€›₵₩₁₴(room air temperature)‹₫₩ ₔ₉₫₩₈₩℅ₑ⁮₴₲ temperature ⁸⃰⁄₴ ⁹₩₁₴₳⁹₨₳₈₁₴ₔ⁸⃰‹₴  
enthalpy ⁸₁₴₃₫₩₳‹₫₩ ₆₭₿₂₨⁄₴₳₉₮₭ₔ₨⁄₴(constant)⁹₩₁₴₳⁹₨₳₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ ₔ›₁₴₳ₔ₂€›₵₩₁₴ ₆₭₿₂₨⁄₴₳₉₮₭⁞₉₫₩₉₵℅⁄₴ 
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⁪₫₱₳₈₱║₳ₑ⃰₨₳ₑ⁮₴₲ ₔ₂€₂₆₨⁷╘℅⁄₴₲ ₿₂₁₴⁹⁮₴₲₭₂₳₈₆⁮₴₲ ₔ₂€₂₆₨⁷ ⁸€⁮₪₈₆⁮₴⅜ Energy equation ‹₫₩ ₔₑ₫₱₳₿₂₯⅞ 
₭ₔ₨‹₴₂₧ₔ⁸₫₩⁄₴₳ ₭₃₨₴₿₂╘₫₩⁄₴ₑ⁮₴⅜ 

 ╠░▪   ╠▫◊◄ 
 

╠░▪   ╠▫◊◄           Ȣ  

Where 
Hch = change in room air enthalpy  
Qin = heat supplied by heating system  
Qout = heat losses from room air to outside  

 
₂₱₫ ℮-№ Heat exchanges between room air and surroundings. If heat furnished to room ( Qin) equals 

heat lost from room (Qout ), room a ir temperature remains constant (Tch =  0). 

₂₫₱ (℮-№)⁸⃰⁄₴ ₔ›₁₴₳ₔ⁸⃰⁄₴₳ₑ₩₫╜ ₔ₂€⁞₪₳ₐ⁄₴₂₫₱╘℅⁄₴₲ ₔ₂€₆₵₨₳ ⁹⃰‹₴ₑ⃰₨₳₂₫₱(heat flow into and out of a 
room)‹₫₩ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ Equation 5.2 ₔ₈ room air enthalpy (⁸⁞₴₁⁮₴₳ₔ₨₳₿₃⁄₴₲ temperature)‹₫₩  
ₔ₉₫₩₈℅₩ₑ⁮₴₲⁸₁₴₃₫₩₳(desired value)⁸⃰⁄₴ ₆₭₿₂₨⁄₴₳₉₮₭ₔ₨⁄₴(constant) ⁹₩₁₴₳⁹₨₳₈₁₴ₔ⁸⃰‹₴ heating system ₆℅ 
⁹₫⁸₴₭₂₳ₑ⁮₴₲ ₔ₂€(heat supply)ₑ⁮₴ ₔ›₁₴₳₆℅ ⁪₫₱₳╙║₱₳ₑ⃰₨₳ₑ⁮₴₲ₔ₂€(heat losses)╘℅⁄₴₲ ⁮₪₆₵℅₈₆⁮₴⅜ 

 ₡ₔ›₵‹₴ₑ⁮₴ heating load ⁸⃰‹₴›₵‹₴₿›⁄₴₳╘℅⁄₴₲ cooling load ⁸⃰‹₴›₵‹₴₈₨⁸⃰⁄₴ ₔ₭₿››₱‹₵ₑ⁮₴₲ 
ₔ₀₩‹ₔ›₵‹₴ ₿₃⁞₴ₑ⁮₴⅜ ₔ₭⁪₨‹₴ₔ₢₪(building)  ⁸⁞₴›₫ₔ⁸⃰⁄₴₳₆℅ ⁪₫₱₳₈₱║₳ₑ⃰₨₳ₑ⁮₴₲ₔ₂€₆₵₨₳(heat losses)‹₫₩ 
ₔ₉⃰₇₴⁸‹€ ⁸⃰‹₴₇€╘₫₩⁄₴ₑ⁮₴⅜ ⁹₩₫₆℅⁸⁞₴⁪⁄₴₲ heating equipment ₆₵₨₳← capacity ‹₫₩ ⁸⃰‹₴₇€╘₫₩⁄₴ₑ⁮₴⅜  

 
Heating equipment ⅛ piping ₔ₈⃰₇₴ₔ⁞₨₳ ╘℅⁄₴₲ duct ₔ₈⃰₇₴ₔ⁞₨₳(sizing) ₭₈⃰₳›₵₇₴₈₁₴ₔ⁸⃰‹₴ heating 

load ⁸₁₴₃₫₩₳‹₫₩ ⁸₩⁸₩‹₵‹₵⁸⃰‹₴₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ ⁞⃰₆₴₳ₔ⁄₴ₑ₱₫₳⁞⃰₮₆║(energy utilization)₆₵₨₳‹₩₫ ₭₉₲₉₨₈₁₴ₔ⁸⃰‹₴ 
heating load ⁸⃰‹₴₿›⁄₴₳ₑ⁮₴ ₔ₭₿››₱ₔ⁪⁄₴₲(fundamental step) ₿₃⁞₴ₑ⁮₴⅜ ₉⃰₁₴›₮₲ₑ⁮₴₲ ₔ›₵₩₁₴‹ heating 
system ⁿ₪⁫₫₩⁄₴₳₉₫₂₴₈₁₴ₔ⁸⃰‹₴ ₔ₂€⁪₱₫₳╙₱║₳₆║(heat loss) ⁸⃰‹₴›₵‹₴₈₨⁸⃰⁄₴ ⁸₩‹₵₆║₁⁮₴₳₭ₑ₨₭┌‹₨⁄₴₲  ₿₂┼₁₨₆₵₨₳⁞⃰₨ 
₿₃⁞₴₭₂↑›₮₲ₑ⁮₴⅜ 

₭‹₵₁₂₴₃⃰₇₴₭‹₨⁄₴₳ₑ⁮₴₲ ₔ›₁₴₳ₔ₂€›₵₩₁₴₆₈₿›⁄₴₳(unsatisfactory indoor air conditions)╘℅⁄₴₲ ⁞⃰₆₴₳ₔ⁄₴ 
ₔ⁸⃰‹₴ ‹₫₁₴‹₵⁞₈₩⁸₴(energy costs)₆₵₨₳₿›⁄₴₳ ⁞ₑ⁮₴₲₿₂┼₁₨₆₵₨₳ ₿₃⁞₴₭₂↑ₑ⁮₴⅜ ⁹₫₩╜₭┌‹₨⁄₴₲ ╘₫₩⁄₴⁄₱₆₵₨₳⅛ 
ₔ₃⃰₮╜ə⁞⁮₴₳₆₵₨₳‹ heating and cooling load calculation method ₆₵₨₳‹₫₩ ₔ⁸₩ₔ‹₵ₑ⁸₴₆℅⁸₴┐₂₪₳ ₉₫₩‹₴₁₨₈₆⁮₴₲ 
⁞⁮₴₳₆₵₢₴₳⁞⁮₴₳‹₆₴₳₆₵₨₳(code)‹₫₩ ₿₂╛₨₁₴₳›₮₲┌‹ₑ⁮₴⅜ (Cooling load calculation methods will be discussed in 
Chapter 6.) 

Heating load ₑ⁮₴ ₔ₭⁪₨‹₴ₔ₢₪₆₵₨₳(buildings)⁸⃰⁄₴ ₿₃⁞₴₭₂↑ₑ⁮₴₲ ₔ₂€⁪₱₫╙₱║₳₆║(heat loss) (℗)₆₵₯₩₳ 
₭┌‹₨⁄₴₲ ₿₃⁞₴ₑ⁮₴⅜ (№) heat transfer losses ╘℅⁄₴₲ (℗) infiltration /ventilation losses ⁸₫₩╜₿₃⁞₴ₑ⁮₴⅜  

ₔ₭⁪₨‹₴₢₪ ₑ₫₩╜₆ₒ₫⁸₴ ₔ›₁₴₳‹₫₩ ₔ₉₫₩₈₩℅ₑ⁮₴₲ ₔ₂€›₵₩₁₴⁸⃰⁄₴ ⁹₩₁₴₳⁹₨₳╘₫₩⁄₴₈₁₴ₔ⁸⃰‹₴ ⁹⁮₴₲₭₂₳₈₆⁮₴₲ 
ₔ₂€₂₆₨⁷‹₫₩ ñheating loadò ₒ₫ ₭›↑ₑ⁮₴⅜ (The amount of heat that m ust be supplied to keep the 
building or room air at the desired temper ature is called the heating load.)  
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₭ₔ₨‹₴⁸⃰⁄₴ ₢₂₆₨₿₃⁄₴₲ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ₔ›₁₴₳ₔ⁸⃰⁄₴₳₈₩℅ ₭₉(room air)╘℅⁄₴₲ ₭₅₳₂⁸₴ℓ₁₴₳‹₵⁄₴ 
(surroundings)⁸₩₫╜⁸⃰⁄₴ ₔ₂€‹€₳₭₿₂₨⁄₴₳₿›⁄₴₳(heat exchange) ₿₃⁞₴₭₂↑ₑ⁮₴⅜ ₔ›₁₴₳ₔ⁸⃰⁄₴₳ₑ₫₩╜ ⁹⁮₴₲₭₂₳ₑ⁮₴₲ 
ₔ₂€(heat furnished to room  (Qin))ₑ⁮₴ ₔ›₁₴₳₆℅ ⁪₱₫₳╙║₱₳ₑ⃰₨₳ₑ⁮₴₲ ₔ₂€₂₆₨⁷(heat lost from room  (Qout))╘℅⁄₴₲ 
⁸€⁮₪₭₁₉₵℅⁄₴ ₔ›₁₴₳ₔ₂€›₵₩₁₴ ₆₭₿₂₨⁄₴₳₉₮₅₮ ⁸⁮₴┐⁄₩₆₴(room air temperature remains constant (T ch = 0)) 
₭₁₉₩₆₴₲₆⁮₴⅜ 

 
₂₱₫ ℮-℗ Heat transfer by natural convection from a terminal unit (ho t water convector) to room air.  

℮.℗ Heat Transfer 
ₔ₭⁪₨‹₴ₔₔ₫₱₆℅ ⁪₫₱₳╙║₱₳ₑ⃰₨₳ₑ⁮₴₲(⁹⃰‹₴ₑ⃰₨₳ₑ⁮₴₲) ₔ₂€₆₵₨₳(building heat losses)ₑ⁮₴ ₔ₂€ 

‹€₳₭₿₂₨⁄₴₳₿›⁄₴₳(heat transfer)₭┌‹₨⁄₴₲ ₿₃⁞₴ₑ⁮₴⅜ ⁹₫₩╜₭┌‹₨⁄₴₲ ₔ₂€‹€₳₭₿₂₨⁄₴₳₂₫₱(basic features of heat transfer 
process)‹₫₩  ₁₨₳₉⁮₴₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ 

ₔ⁸⃰⁄₴₳╘℅⁄₴₲ₔ₿₂⁄₴ ₭₁₈₨(℗)›₫ₔ┌‹₨₳⁸⃰⁄₴ ₿₃⁞₴₭₂↑ₑ⁮₴₲ ₔ₂€›₵₩₁₴‹⃰₨₿›₨₳›₵‹₴(temperature difference) 
₭┌‹₨⁄₴₲ ₔ₂€₆₵₨₳⁞₪₳‹€₳ₑ⃰₨₳₿›⁄₴₳(heat is transferred)₿₃⁞₴ₑ⁮₴⅜ ₔ₂€›₵₩₁₴₿₆⁄₴₲ₑ⁮₴₲₭₁₈₨(higher temperatu re)₆℅ 
ₔ₂€›₵₩₁₴₁₩₆₴₲ₑ⁮₴₲₭₁₈₨(lower temperature) ₑ₫₩╜e₨ ₔ₂€₆₵₨₳ ₔ₉₫₩ₔ₭₉₵₨‹₴ ⁞₪₳‹€₳╘₫₩⁄₴ₑ⁮₴⅜ ₔ₂€‹€₳₭₿₂₨⁄₴₳₆║ 
(heat transfer) ₿₃⁞₴₭₂↑╘₫₩⁄₴ₑ⁮₴₲ ₁⁮₴₳(™)₁⁮₴₳(three different ways) ₈₩℅ₑ⁮₴⅜ Conduction ⅛ convection ╘℅⁄₴₲ 
radiation ⁸₫₩╜ ₿₃⁞₴ₑ⁮₴⅜ 

Conduction 

 
Conduction ₁⁮₴₳ₑ⁮₴ ₁₨₳₉⁮₴₉⃰₇₴ₑ⁮₴₲ ₔ₂€‹€₳₭₿₂₨⁄₴₳₿›⁄₴₳(heat transfer)₿₃⁞₴⁞₢₴ ₿₃⁞₴ₑ⁮₴⅜ ₔ⁞₩₫⁄₴ 

ₔ›₮₆₵₨₳(solids)⁸⃰⁄₴ ₿₃⁞₴₭₂↑ₑ⁮₴⅜ ₢₂₆₨ - ₭₈₭╘⃰₳ₔ₫₩₳⁸⁮₴ₑ⁮₴₲ₔ›₧ ₆₪₳ₑ⁮₴₭₈₭╘⃰₳ₔ₫₩₳‹₩₫ ₿₃⁸₴⅞ ₉‹₴‹₩₫⁄₴⁪₪ₑ₫₩╜ 
₭₈₨‹₴‹₨ ₉‹₴₿₃⁄₴₲⁞₆₴₳₉₵℅⁄₴ ₂€ₑ⁮₴ₒ₫ ›₱⁞₨₳₈ₑ⁮₴⅜ ₭₁₨‹₴₢₂₆₨⁸⁞₴›₫₆℅₨ ₔ₭⁪₨‹₴ₔ₢₪← ₁₱₈₱(building wall)⅛ 
₭›₧⁄₴₆₫₩₳(roof) ⁞ₑ⁮₴⁸₫₩╜₆℅⁸⁞₴⁪⁄₴₲ conduction heat transfer ₿₃⁞₴₭₂↑₿›⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜ ₔ₈⁮₴₆₵₨₳(liquids)╘℅⁄₴₲ 
ₔ₭⁄╜⃰₆₵₨₳(gases) ₆₵₨₳⅝₉⁮₴₳ ₿₃⁞₴₭₂↑ₑ⁮₴⅜ 

Convection  
Fluid ₆₵₨₳⁸⃰⁄₴ ₔ₆₵₨₳⁪₫₱₳₿₃⁞₴₭₂↑ₑ⁮₴₲ heat transfer ₔ₆₵₯₩₳ₔ⁞₨₳₆℅₨ convection ₿₃⁞₴ₑ⁮₴⅜ 

Conduction ₑ⁮₴ ₔ₈₨ₐ⁸≠₯⁸⁞₴›₫(body)← ₔ⁸⃰⁄₴₳⅝₿₃⁸₴⅞ ₿₃⁞₴₭₂↑ₑ⁮₴₲ ₔ₂€‹€₳₭₿₂₨⁄₴₳₆║(heat 
transfer) ₂₫₱⁞₱ ⁸⁞₴₆₵₩₯₳₿₃⁞₴ₑ⁮₴⅜ ⁹₫₩ₑ₫₩╜ ₔ₂€‹€₳₭₿₂₨⁄₴₳₆║(heat transfer)₿₃⁞₴₭₂↑₭⁞₈₁₴ₔ⁸⃰‹₴ ₔ₈₨ₐ⁸≠₯(body) 
⁸⁞₴›₫ₑ⁮₴ ₭₈╝⃰₉₵₨₳₭₁₈₁₴ ₆₉₫₩ₔ₂₴₭₂⅜ ₔ⁸⃰⁄₴₳₈℅₩ ₭₆₨₴₉₪‹₵₰₳₭₉₳₆₵₨₳⅛ electron ₆₵₨₳‹ ₔ₂€‹₫₩ ₔ⁪⁄₴₲⁪⁄₴₲ 
₉‹₴⁪⁄₴₲‹₆₴₳ ‹€₳₭₿₂₨⁄₴₳ ₑ₇₴₭⁪₨⁄₴₭₂₳₿›⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜   

(Conduction is the form of heat transfer through a body that occurs without any 
movement of the body; it is a result of  molecular or electron action.)  
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₢₂₆₨- ₔ›₁₴₳ₔ⁸⃰⁄₴₳₈₩℅ ₭₉(room air)‹₫₩ hot water convector ₿₃⁄₴₲ ₔ₂€₭₂₳₿›⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜ ₂€₭₁ₑ⁮₴₲ 

ₑ⁸∫₯₆₵‹₴╘℅₨₿₂⁄₴ₔ₁₪₳₈₩℅ ₭₉(air adjacent to the metal surface) ₔ₂€₆₵₨₳⁞₪₳‹€₳₿›⁄₴₳₭┌‹₨⁄₴₲ ₔ›₁₴₳ₔ⁸⃰⁄₴₳₈₩℅ 
₭₉ə ₂€›₵₩₁₴(temperature) ⁸₫₩₳₉₨ₑ⁮₴⅜  

₂€₭╘⃰₳ₑ⁮₴₲₭₉₆₵₨₳ₑ⁮₴ ₑ₩₂₴ₑ⁮₴₳⁪₁⁮₴₳(less dense)₭ₑ₨₭┌‹₨⁄₴₲ₔ₁₪₳₈℅₩₭₉₭ₔ₳₆₵₨₳(surrounding 
cooler air)⁹‹₴ ₭₂₧₲₂₧₳(lighter)‹₨ ₔ⁹‹₴ₑ₫₩╜⁸‹₴(moves vertically upward)ₑ⁮₴⅜ ⁹₫₩ₑ₫₩╜₂€⅞ ₭₂₧₲₂₧₳ₑ⁮₴₲ 
₭₉₆₵₨₳ₑ⁮₴ space ₔ⁸⃰⁄₴₳ ⁪‹₴₉‹₴ ₭₈╝⃰₉₵₨₳₭₁(continually moves throughout the space)ₑ⁮₴⅜ 
₡‹₮₲ₑ₫₩╜ convection ₿₃⁞₴₿›⁄₴₳‹₫₩ ñnatural convectionò o₫ ₭›↑ₑ⁮₴⅜ ₑ₅₨ℓə ⁸₩₫⁄₴₳ ‹₆⌡₨₭₿₆ ⁪⃰₮ₔ₨₳(natural 
gravity forces)₭┌‹₨⁄₴₲ ₭₈╝⃰₉₵₨₳₿›⁄₴₳(fluid moves)₿₃⁞₴ₑ⁮₴⅜  

ₔ₂€›₵₩₁₴ ‹⃰₨₿›₨₳₿›⁄₴₳₭┌‹₨⁄₴₲ ₑ₩₂₴ₑ⁮₴₳⁪₿›₨₳₁₨₳›₵‹₴(density differences) ₿₃⁞₴₭₂↑₉₨ₑ⁮₴⅜ 
ₑ₩₂₴ₑ⁮₴₳₆║₁⁮₴₳ₑ⁮₴₲ fluid ₆₵₨₳ₑ⁮₴ ₔ₭₂↑ₑ₫₩╜ ₿₆⁄₴₲⁸‹₴(less dense part of the fluid rises)┐₂₪₳ ₑ₩₂₴ₑ⁮₴₳₆║ 
₆₵₨₳┐₂₪₳ ₭₉₳₉₱ₑ⁮₴₲ fluid ₆₵₨₳ₑ⁮₴ ₭ₔ₨‹₴ₑ₫₩╜ ₁₩₆₴₲⁪⁄₴₳(heavier fluid drops)ₑ⁮₴⅜  

Natural convection effect ₭┌‹₨⁄₴₲ ₿₃⁞₴₭₂↑ₑ⁮₴₲ ₭₈╝⃰₉₵₨₳╘║₁₴₳(rate of fluid motion) ₔ₉⃰₁₴₭╘℅₳ₑ⁮₴⅜ 
⁹₩₫╜₭┌‹₨⁄₴₲ ₔ₂€ ‹€₳₭₿₂₨⁄₴₳╘║₁₴₳(rate of heat transfer) ₔ₉⃰₁₴₁⁮₴₳ₑ⁮₴⅜ ₔ₂€⁞₪₳╘║₁₴₳(rate of heat transfer) 
₂₫₩₭‹₨⁄₴₳₭⁞₈₁₴ ₔ⁸⃰‹₴ fluid ₆₵₨₳ ₭₈╝⃰₉₵₨₳╘║₁₴₳(rate of fluid motion) ₂₫₩₿₆₁₴₈₆⁮₴⅜ Fluid ₆₵₨₳ ₭₈╝⃰₉₵₨₳╘║₁₴₳(rate 
of fluid motion ) ₂₫₩₿₆₁₴₭⁞₈₁₴ ₔ₭⁄╝⃰₆₵₨₳ₔ⁸⃰‹₴ ₂₁₴‹₨⅛ ₔ₈⁮₴₆₵₨₳ₔ⁸⃰‹₴ ₂₁₴╜‹₫₩ ₔₑ₫₱₳₿₂₯(fan f or gases or a 
pump for liquids)┌‹ₑ⁮₴⅜ ⁹₫₩‹₮₲ₑ₫₩╜ ⁞‹₴⁸⁞₴₆₵₯₩₳₆₵₩₯₳₿₃⁄₴₲ ₔ₂€⁞₪₳‹€₳₆║ ₂₩₫₆₵₨₳₭ₔ₨⁄₴ ₿₂₯₉₫₂₴₿›⁄₴₳‹₫₩  ñforce 
convectionò o₫ ₭›↑ₑ⁮₴⅜ 

 
Thermal radiation ₁⁮₴₳₿₃⁄₴₲ ₔ₂€‹€₳₭₿₂₨⁄₴₳₆║(heat transfer) ₿₃⁞₴₭₂↑₈₁₴ₔ⁸⃰‹₴ ₔ₈₨ₐ⁸≠₯⁸⁞₴›₫← 

ₔ₂€›₵₩₁₴ₑ⁮₴ ⁸₿›₨₳ₔ₈₨ₐ⁸≠₯⁸⁞₴›₫← ₔ₂€›₵₩₁₴⁹‹₴ ₂₫₩₿₆⁄₴₲₈₆⁮₴⅜ ₔ₂€›₵₩₁₴₆⁸€⁮₪ₑ⁮₴₲  ₆⁮₴ₑ⁮₴₲ₔ₈₨ₐ⁸≠₯╘℅⁞₴›₫ 
(two bodies)ₔ┌‹₨₳⁸⃰⁄₴₆⁪₫₩ Thermal radiation ₁⁮₴₳₿₃⁄₴₲ ₔ₂€⁞₪₳‹€₳₆║(heat transfer) ₿₃⁞₴₭₂↑╘₫₩⁄₴ₑ⁮₴⅜ 
ₔ₈₨ₐ⁸≠₯╘℅⁞₴›₫ₔ┌‹₨₳⁸⃰⁄₴ ₭₉ₒ₨₁₇₴(vacuum, an absence of all matter) ₿₃⁞₴₭₂↑₭₁₉℅₵⁄₴₭⁸₨⁄₴ ₔ₂€⁞₪₳‹€₳₆║ 
(radiation heat transfer)  ₿₃⁞₴₭₂↑ ╘₩₫⁄₴ₑ⁮₴⅜ ₔ₈₨ₐ⁸≠₯₆₵₨₳ₔ┌‹₨₳₈℅₩ ₀₨⁸₴₭⁄⃰╜(gas between the bodies)⁸⃰⁄₴ 
heat transfer ₿₃⁞₴╘₫₩⁄₴₭ₑ₨₴₉⁮₴₳ radiation ₁⁮₴₳₿₃⁄₴₲ ⁞₪₳‹€₳╘║₁₴₳ ₔ₉⃰₁₴₭╘℅₳ₑ⁮₴⅜ ₔ₈₨ₐ⁸≠₯ ╘℅⁞₴›₫ₔ┌‹₨₳⁸⃰⁄₴ 
ₔ⁞₫₩⁄₴ₔ›₮(opaque solid object)₆₵₨₳ ⁸⁮₴₈₩℅₭₁₿›⁄₴₳₭┌‹₨⁄₴₲ ₂₩⁸₴⁪₫₩╜₆║₿₃⁞₴₭₂↑‹₨ radiation ₆₿₃⁞₴₭₂↑╘₩₫₴⁄₴₭₂⅜ 

₢₂₆₨- ₆₪₳₂₫₱₁₨₳⁸⃰⁄₴ ₈₂₴₭₁ₑ⁮₴₲ₔ›₧ ₂€ₑ⁮₴₲›₱⁞₨₳₆║ ₈₈₩℅₿›⁄₴₳ₑ⁮₴ ₆₪₳₂₫₱₆℅ ₔ₂€₆₵₨₳ ›╘≤₨‹₫₩₇₴ₑ₫₩╜ radiation 
₁⁮₴₳₿₃⁄₴₲ ₭₈₨‹₴₈₩℅₉₨₭ₑ₨₭┌‹₨⁄₴₲ ₿₃⁞₴ₑ⁮₴⅜ ₭₁₆℅ ₔ₂€₆₵₨₳ ›╘≤₨‹₫₩₇₴ₑ₫₩╜ ₭₈₨‹₴₈₩℅₉₨₿›⁄₴₳ₑ⁮₴ radiation 
₁⁮₴₳₭┌‹₨⁄₴₲ ₿₃⁞₴ₑ⁮₴⅜  

ₑ⁸≠₯‹₮₲ₑ₫₩╜ ₆₨ₑ⁮₴₲₆₵‹₴╘℅₨₿₂⁄₴₆₵₨₳₭₂↑ₑ₫₩╜ radiation ₁⁮₴₳₿₃⁄₴₲ ₔ₂€₆₵₨₳₭₈₨‹₴₈₩℅₉₨ₑ⁮₴₲ₔ›₧ ⁹₫₩ₔ₈₨ 
ₐ⁸≠₯₆℅ ₔ₂€⁸›₵₩₯╝‹₩₫ ⁞₫₂₴₇€(absorb)⁹₨₳ₑ⁮₴⅜ ‹₵₁₴ₔ₂€⁸›₵₯₩╝e ⁮₴ ⁹₫₩ₔ₈₨ₐ⁸≠₯₆₵₨₳← ₆₵‹₴╘℅₨₿₂⁄₴‹₩₫ ⁹₩╙₫₩‹₴⅞ 
reflection ₿₃⁞₴‹₨ ₿₂₁₴⁹⃰‹₴ₑ⃰₨₳ₑ⁮₴⅜ ⁞₫₂₴₇€₉₫₩‹₴ₑ⁮₴₲ ₔ₂€₂₆₨⁷ₑ⁮₴ ₔ₭₈₨⁄₴(color)╘℅⁄₴₲ ₆₵‹₴╘℅₨₿₂⁄₴ ┌‹₆₴₳₆║ 

ₔ₈⁮₴ ₑ₩₫╜₆ₒ₫⁸₴ ₔ₭⁄╜⃰₆₵₨₳ ₭₈╝⃰₉₵₨₳₿›⁄₴₳₆℅ ₿₃⁞₴₭₂↑ₑ⁮₴₲ ₔ₂€‹€₳₭₿₂₨⁄₴₳₆║(heat transfer)ₑ⁮₴ 
convection ₿₃⁞₴ₑ⁮₴⅜ (Convection is the form of heat transfer that results from gros s movement of 
liquids or gases.) 

Thermal radiation ₑ⁮₴ ₑ₪₳₿›₨₳₉⃰⁸₴₉₂₴⁞⃰₨ ⁸⁮₴₈℅₩₭₁ₑ⁮₴₲ ₔ₈₨ₐ⁸∫₯⁸⁞₴›₫₆₵₨₳(separated 
bodies)⁸⁞₴›₫╘℅⁄₴₲ ⁸⁞₴›₫ₔ┌‹₨₳ electromagnetic radiation(wave motion)⁹₫⁸₴₉╓⁸₴₿›⁄₴₳₭┌‹₨⁄₴₲  ₿₃⁞₴₭₂↑ 
ₑ⁮₴₲ ₔ₂€‹€₳₭₿₂₨⁄₴₳₆║(heat transfer)₂₫₱⁞₱ ⁸⁞₴₆₵₩₯₳ ₿₃⁞₴ₑ⁮₴⅜ 

Thermal radiation is the form of heat tran sfer that occurs between two separated bodies 
as a result of a means called electromagnetic radiation, sometimes called wave motion.) 
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(roughness of the surface)⁸₩₫╜ ₔ₭₂↑⁸⃰⁄₴ ₆€⁸⁮₴ₑ⁮₴⅜ ₔ₆⁮₴₳₭₈₨⁄₴⅛ ┌‹₆₴₳ₑ⁮₴₲ ₆₵‹₴╘℅₨₿₂⁄₴₆₵₨₳(dark and 
rough surfaces)ₑ⁮₴ ₔ₭₈₨⁄₴╘₫┐₂₪₳ ₭›₵₨₆⃰⁸₴ₑ⁮₴₲ ₆₵‹₴╘℅₨₿₂⁄₴₆₵₨₳(lighter-colored smooth surfaces)⁹‹₴ 
radiant heat ‹₫₩ ₂₫₩⁞₫₂₴₇€╘₫₩⁄₴ₑ⁮₴⅜  

  
₂₱₫ ℮-™ Heat transfer by radiation fro m the sun to objects in a room.  

₆℅₁₴(glass)‹₮₲ₑ₫₩╜ ┌‹⁮₴₉⁄₴ₑ⁮₴₲ ₔ₈₨ₐ⁸≠₯₆₵₨₳‹₫₩ ₿₃⁸₴₭‹₵₨₴⅞ radiation ₿₃⁞₴₭₂↑ ╘₫₩⁄₴ₑ⁮₴⅜ Color tinted 
glass ₆₵₨₳ₑ⁮₴ solar radiation ₆₿₃⁞₴₭₂↑₭ₔ₨⁄₴ ‹₨‹⃰₇₴⁸₨₳⁪₪₳(prevent the transmission) ⁹₨₳╘₩₫₴⁄₴ₑ⁮₴⅜ 
⁹₫₩╜₭┌‹₨⁄₴₲ ₔ₭₈₨⁄₴ₑ⃰⁄₴₳⁹₨₳ₑ⁮₴₲₆℅₁₴(color tinted glass)₆₵₨₳‹₩₫ heat absorbing glass o ₫ ₭›↑ₑ⁮₴⅜  

℮.™ ₔ₂€‹€₳₭₿₂₨⁄₴₳₆║╘║₁₴₳(Rate of Heat Transfer) 
₆⁮₴ₑ⁮₴₲ ₔ₈₨ₐ⁸≠₯₆₵₨₳‹₫₩ ₆⁪₫₩₿₃⁸₴₭‹₵₨₴⅞ ₔ₂€₭₉₵℅₨‹₴‹€₳₿›⁄₴₳(heat conduction) ₿₃⁞₴╘₫₩⁄₴ₑ⁮₴⅜ 

ₔ₈₨ₐ⁸≠₯₆₵₨₳‹₫₩ ₿₃⁸₴⅞ ₔ₂€⁞₪₳‹€₳ₑ⃰₨₳ₑ⁮₴₲╘║₁₴₳(rate at which heat is conducted through any material )ₑ⁮₴ 
₭ₔ₨‹₴⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴₲ ₔ›₵‹₴(™)›₵‹₴ ₔ₭₂↑⁸⃰⁄₴₆║⁸⁮₴(depends on three factors)ₑ⁮₴⅜  

 (№) ə ₂€⁞₪₳‹€₳₆║ ₿₃⁞₴₭₂↑ₑ⁮₴₲₭₁₈₨← ₔ₂€›₵₩₁₴ ₿›₨₳₁₨₳›₵‹₴(temperature difference across which the 
heat flows) 

 (℗) ə ₂€⁞₪₳‹€₳₆║ ₿₃⁞₴₭₂↑ₑ⁮₴₲ ₆₵‹₴╘℅₨₿₂⁄₴ ₤₈₩₇₨(area of the surface through which heat is flowing ) ╘℅⁄₴₲ 

 (™)  ə ₈₨ₐ⁸≠₯₆₵₨₳← ₔ₂€⁞₪₳‹€₳₆║‹₫₩ ₒ₁₴╜⁸₨₳ ›₫›₱╘₫₩⁄₴⁞⃰₆₴₳(thermal resistance (R) of the material to heat 
transfer) ⁸₫₩╜ ₿₃⁞₴₭₂↑₉₨ₑ⁮₴⅜  

₭ₔ₨‹₴₂₧ ⁮₪₆₵℅₿›⁄₴₳₿₃⁄₴ ₲₭₃₨₴₿₂╘₫₩⁄₴ₑ⁮₴⅜ 

╠
╡
 ═ Ў╣        Ȣ  

Ў╣  ◄╗ɂ ◄╛ 

Q= heat transfer rate  (BTU/hr) 
R= thermal resistance of material ( hr-ft2-ęF/BTU) 
A = surface area through which heat flows (ft 2) 

æT = T emperature difference across which heat flows, from higher temperature t H to lower 
temperature t L(ęF) 

℮.Ω Thermal Resistance (ₔ₂€›₫›₱╘₫₩⁄₴⁞⃰₆₴₳) 
Thermal resistance(R) ⁪₩₫ₑ⁮₴₆℅₨ ₔ₈₨ℓ⁸≠₯(material)₆₵₨₳← ₔ₂€⁞₪₳‹€₳₿›⁄₴₳⅛ ⁞₪₳⁪⁄₴₳₿›⁄₴₳‹₫₩ ₒ₁₴╜⁸₨₳ 

›₫›₱╘₫₩⁄₴⁞⃰₆₴₳ ₿₃⁞₴ₑ⁮₴⅜ Equation 5.3 ⅝ ℅Q ₂₆₨⁷ₑ⁮₴ thermal resistance (R) ₔ₭₂↑⁸⃰⁄₴ ₆€⁸⁮₴ₑ⁮₴⅜  

 

ₔ₭⁪₨‹₴ₔ₢₪ ₔ⁸⃰⁄₴₳ₑ₫₩╜ ₐ⁄₴₭₈₨‹₴₉₨ₑ⁮₴₲ ₔ₂€₂₆₨⁷ ₑ₫₩╜₆ₒ₫⁸₴ ⁹⃰‹₴ₑ⃰₨₳ₑ⁮₴₲ ₂₆₨⁷(building heat 
energy losses or gains) ₁⁮₴₳₿›⁄₴₳⅛ ₆₵₨₳₿›⁄₴₳ₑ⁮₴ R ⁸₁₴₃₩₫₳ ₭₂↑⁸⃰⁄₴₆€⁸⁮₴ₑ⁮₴⅜ R ₑ⁮₴ ₂₫₩⁄₴₳₭₿› 
(denominator) ⁸⃰⁄₴ ₈₩℅₭ₑ₨₭┌‹₨⁄₴₲ R-value ₆₵₨₳₭₉ ₔ₂€‹€₳₭₿₂₨⁄₴₳₆║(heat transfer (Q)) ₁⁮₴₳₭₉ 
₿₃⁞₴ₑ⁮₴⅜ R-value ₁⁮₴₳₭₉ ₔ₂€‹€₳₭₿₂₨⁄₴₳₆║(heat transfer)₂₆₨⁷ ₂₫₩₆₵₨₳₭₉ ₿₃⁞₴ₑ⁮₴⅜ 
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R-value ₿₆⁄₴₲ₑ⁮₴₲ ₔ₈₨ℓ⁸≠₯(material)₆₵₨₳←  ₔ₂€‹€₳₭₿₂₨⁄₴₳₆║╘║₁₴₳(rate of heat transfer) ₭╘℅₳ₑ⁮₴⅜ 
⁸⁞₴₁⁮₴₳ₔ₨₳₿₃⁄₴₲ R ⁸₁₴₃₫₩₳₆₵₨₳₭₉ ₔ₂€›₫›₱╘₫₩⁄₴₆║(thermal insulators) ₂₫₩₭‹₨⁄₴₳₭₉₿₃⁞₴ₑ⁮₴⅜ Air con ₔ⁸⃰‹₴ 
⁞⃰₆₴₳ₔ⁄₴ₑ₱₫₳⁞⃰₮₆║ ₭₉₵₨₲₁⁮₴₳₭⁞₈₁₴ₔ⁸⃰‹₴ R-value ₆₵₨₳ₑ⁮₴₲ ₭⁪₨‹₴₉₫₂₴₭₈₳₂⁞⇔⁮₴₳₆₵₨₳(building construction 
materials)₆₵₨₳‹₩₫ ₔₑ₫₱₳₿₂₯ₑ⁄₴₲ₑ⁮₴⅜  

R-value ₁₩₆₴₲ₑ⁮₴₲ ₔ₈₨ℓ⁸≠₯(material)₆₵₨₳ ₿₃⁞₴ₑ⁮₴₲ₑ⁸∫₯₆₵₨₳ₑ⁮₴ ₔ₂€‹€₳₭₿₂₨⁄₴₳₆║╘║₁₴₳(rate of heat 
transfer) ₂₫₩₭‹₨⁄₴₳₭⁞₭ₑ₨₭┌‹₨⁄₴₲ ₅⃰₩₯⁄₴₉₨(boiler) ⅛ chiller ₆₵₨₳⅛ heat exchanger ₆₵₨₳⁸⃰⁄₴ ₔₑ₫₱₳₿₂₯ₑ⁄₴₲ₑ⁮₴⅜  

₭⁪₨‹₴₉₫₂₴₭₈₳₂⁞⇔⁮₴₳(building materials) ₔ₆₵₩₯₳₆₵₩₯₳⁸₫₩╜← thermal resistance ₆₵₨₳‹₫₩ table A.4 ⁸⃰⁄₴ 
₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ Resistance ₆₵₨₳‹₫₩ ₑ₭‹↨⁸(symbol)₆₵₨₳₿₃⁄₴₲ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ₢₂₆₨- "R-6"⁪₩₫ₑ⁮₴₆℅₨ 
›₫›₱₆║⁸₁₴₃₩₫₳ₑ⁮₴ (⅍) ₿₃⁞₴ₑ⁮₴(R = 6) ₒ₫ ⁪₫₩₉₫₩ₑ⁮₴⅜ 

 
₂₱₫ ℮-Ω ₢₂₆₨(℮-№) ₔ⁸⃰‹₴ ₂₱₫┌‹₆₴₳(Sketch for Example 5.1.) 

₢₂₆₨ ℮-№ 
₭₂(℗ℓ)₿₆⁄₴₲┐₂₪₳ ₭₂(№№ℓ)₈℅⁮₴ₑ⁮₴₲(20ft x 110 ft) ₁₱₈₱‹₫₩ ₭₉₳₉‹₴₆⁹€ₑ⁮₴₲ ₑ₨₆₁₴ₔ₫⁸₴(4 in. 

common brick) ₿₃⁄₴₲ ⁸⁮₴₭⁪₨‹₴⁹₨₳ₑ⁮₴⅜ ₁₱₈₱← ₔ›₁₴₳ₔ⁸⃰⁄₴₳ₔ₂€›₵₩₁₴(temperature on the inside  surface 
of the wall)ₑ⁮₴ 65ęF ₿₃⁞₴ₑ⁮₴⅜ ₁₱₈₱← ₿₂⁄₴₂ₔ₂€›₵₩₁₴(outside surface the temperature)ₑ⁮₴ 25ęF ₿₃⁞₴ₑ⁮₴⅜ 
ₔ₂€‹€₳₭₿₂₨⁄₴₳╘║₁₴₳(rate of heat transfer )‹₫₩ ₈℅₨₂₧⅜ ₁₱₈₱‹₫₩ ₿₃⁸₴⅞ ₿₃⁞₴₭₂↑ₑ⁮₴₲ ₔ₂€⁞₪₳‹€₳₁║₁₴₳‹₫₩ ₈℅₨₂₧⅜ 
ₔ₭₿₃  
₂₫₱ (℮-Ω)⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜  Chapter-14 Appedix ₈℅₩ table A.4 ₆℅ R-value ‹₩₫ ₃⁸₴₇€₂₧⅜  

R= 0.20 hr -ft2-ęF/BTU per in. x 4 in.  
  = 0.80 hr - ft2 -ęF/BTU 

₁₱₈₱₤₈₩₇₨‹₫₩ ⁸⃰‹₴₂₧⅜ Area of wall(A)= 110 ft x 20 ft = 2200 ft 2  

Ўἢ  Ἴἒɂ ἼἘ  65 ɂ 25 = 40ȍF 

⁮₪₆℅₵₿›⁄₴₳ 5-3 ‹₫₩ ₔₑ₫₱₳₿₂₯⅞ ⁸⃰‹₴₭ₑ₨₴ (Using equation 5.3) 

Ἕ
ἠ
 Ἃ Ўἢ                                             ὉήόὥὸὭέὲ υȢσ 

= 1/0.80 hr -ft2-ęF/BTU x 2200 ft2 x 40ęF 

  = 110,000 BTU/hr  
ₔ›₁₴₳ₔ⁸⃰⁄₴₳₆℅ ₔ₂€₆₵₨₳ₑ⁮₴ ₁₱₈₱‹₫₩ ₿₃⁸₴⅞ ⁸⁞₴₁₨₈₪₉₵℅⁄₴ 110,000 BTU ╘║₁₴₳₿₃⁄₴₲ ₿₂⁄₴₂ₑ₫₩╜ ₔ₂€⁪₱₫₳╙₱║₳ 

₭₁ₑ⁮₴ₒ₫ ⁪₫₩₉₫₩ₑ⁮₴⅜  

℮.Ω.№ Thermal Resistance of Surface Air Films 
⁸⃰‹₴›₵‹₴₆║₆₵₨₳ ⁸₩‹₵₭⁞₈₁₴ₔ⁸⃰‹₴ ₁₱₈₱₆₵₨₳⅛ ₭›₧⁄₴₆₫₩₳₆₵₨₳← ₆₵‹₴╘℅₨₿₂⁄₴₭₅₳⁸⃰⁄₴ ₈₩℅₭₁ₑ⁮₴₲ ₭₉ₔ₉╓₨ 

⁸⁞₴›₫‹₩₫ ⁹⁮₴₲ₑ⃰⁄₴₳⁸⃰‹₴›₵‹₴₈₁₴ ₉₩₫ₔ₂₴ₑ⁮₴⅜ ⁹€⁹₮ₑ⁮₴₲ ₁₱₈₱(wall) ₑ₫₩╜₆ₒ₫⁸₴ ₭›₧⁄₴₆₩₫₳(roof) ⁞ₑ⁮₴₲ 
₭⁪₨‹₴₉₫₂₴₭₈₳₂⁞⇔⁮₴₳(solid building element)₆₵₨₳← ₆₵‹₴╘℅₨₿₂⁄₴₭₅₳⁸⃰⁄₴ ₭₉ₔ₉╓₨⁸⁞₴›₫(thin fil m of still 
air) ₈₩℅ₑ⁮₴⅜ ₆₨ₑ⁮₴₲ₔ₈₨₆₵₨₳(solid materials)‹₮₲ₑ₫₩╜₂⁄₴ ₭₉ₔ₉╓₨(film)⅝ ₔ₂€›₫›₱₆║(thermal resistance) 
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₈℅₩ₑ⁮₴⅜ ₭₉ₔ₉╓₨← ₔ₂€›₫›₱₆║(resistance of an air film)ₑ⁮₴ ₭ⁿ₧⁄₴₉₫₩‹₴(vertical)⅛ ₔ₉₵₨₳₉₫₩‹₴(horizontal) 
⁞ₑ⁮₴₲ ₆₵‹₴╘℅₨₿₂⁄₴ₔ₭₁ₔ⁹₨₳(spatial orientation of the surface) ╘℅⁄₴₲ ₆₵‹₴╘℅₨₿₂⁄₴₁₨₳₈℅₩ ₭₉ₔ₉₵⁄₴(air velocity 
near the surface) ₔ₭₂↑⁸⃰⁄₴ ₆€⁸⁮₴ₑ⁮₴⅜ 

Table A.5 ⁸⃰⁄₴ heating load ₔ⁸⃰‹₴ ₭₉ₔ₉╓₨(air film)← ₔ₂€›₫›₱₆║ ⁸₁₴₃₩₫₳(thermal resistance) 
₆₵₨₳‹₫₩ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ₭⁪₨⁄₴₳₈₨ₑ₪(winter conditions)⁸⃰⁄₴ ₭₉⁸₫₩‹₴╘║₁₴₳(air velocity at outdoors)ₑ⁮₴ 15 
MPH ₿₃⁞₴ₑ⁮₴⅜ ₁₱₈₱⅛ ₿₂⁸⁄₴₳₭₂₧‹₴(building element)₆₵₨₳← ₔ⁸⃰⁄₴₳₆₵‹₴╘℅₨₿₂⁄₴(indoor surface)╘℅⁄₴₲ ⁹₩₭₁ₑ⁮₴₲ 
₭₁₈₨⅝₈℅₩ₑ⁮₴₲ ₭₉ₑ⁮₴ ₉║₂₴₈℅₨₳₆║₆₈℅₩(still air)ₒ₫ ₇€⁪⁹₨₳(assumed)e ⁮₴⅜  ₢₂₆₨(℮-℗)⁸⃰⁄₴ table A.5 ‹₩₫ 
ₔₑ₱₫₳₿₂₯₂₱₫‹₩₫ ₈℅⁄₴₳₿₂(illustrate)⁹₨₳ₑ⁮₴⅜  

₢₂₆₨(℮-℗) 

Supermarket ⁸⁞₴›₫← ₁₱₈₱ₑ⁮₴ 80 ft ‹₵₇₴⅞ 18 ft ₿₆⁄₴₲ₑ⁮₴⅜ ⁞⁸₩₫₳⁪₫₩⁄₴ ₔ⁸⃰⁄₴₳₈₩℅ ₭₉ₔ₂€›₵₩₁₴ 
(temperature of the air in the store )ₑ⁮₴ 70ęF ₿₃⁞₴ₑ⁮₴⅜ ⁪₫₩⁄₴ₔ⁸⃰⁄₴₳ ₁₱₈₱ₔ₂€›₵₩₁₴(inside surface of the 
wall)ₑ⁮₴ 60ęF ₿₃⁞₴ₑ⁮₴⅜ ₁₱₈₱‹₩₫ ₿₃⁸₴⅞ ⁪₫₱₳╙║₱₳ₑ⁮₴₲ ₔ₂€₂₆₨⁷(heat loss through the wall)‹₩₫ ₈℅₨₂₧⅜ 

ₔ₭₿₃ 
₂₫₱(℮-℮)⁸⃰⁄₴ ₭ⁿ₧⁄₴₉₫₩‹₴₆₵‹₴╘℅₨₿₂⁄₴(vertical surface)₭₅₳⁸⃰⁄₴ ⁸⁮₴₈℅₩ₑ⁮₴₲ ₭₉ₔ₉╓₨(air film)← ₔ₂€›₫›₱₆║ 
⁸₁₴₃₩₫₳(thermal resistance) ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ Table A.5 ₆℅ ₃⁸₴₇€⅞ ₈ₑ⁮₴₲ R ⁸₁₴₃₫₩₳ₑ⁮₴ R = 0.68 ₿₃⁞₴ₑ⁮₴⅜ 

A = 80 x 18= 1440 ft 2    æT = 70 ð 60 = 10ęF 

 

 

╠
╡
 ═ Ў╣                ὉήόὥὸὭέὲ υȢσ 

 = 1/0.68 x 1440 x 10  

 = 21,200 BTU/hr  

₂₱₫ ℮-℮ ₢₂₆₨(℮-℗) ₔ⁸⃰‹₴ ₂₱₫┌‹₆₴₳ (Sketch for Example 5.2) 

℮.Ω.℗ Conductance and Conductivity 
Thermal resistance ₔ₿₂⁄₴ conductance ╘℅⁄₴₲ conductivity ⁸₫₩╜e⁮₴ ₑ⁸∫₯₆₵₨₳₆℅ ₔ₂€‹€₳₭₿₂₨⁄₴₳ 

ₑ⃰₨₳╘₩₫⁄₴⁞⃰₆₴₳(material's ability to transfer heat) ‹₫₩ ₭₃₨₴₿₂ₑ⁮₴₲ ₁⁮₴₳₂⁮₨₭ₐ₧ₒ₨₈ ₿₃⁞₴ₑ⁮₴⅜ Thermal 
conductance(C)e ⁮₴ ₔ₈₨ₐ⁸≠₯ ₔ₂€›₫›₱₆║(material resistance)← ₭₿₂₨⁄₴₳₿₂₁₴(reciprocal) ₿₃⁞₴ₑ⁮₴⅜ 

╒ 
╡
                                                   ὉήόὥὸὭέὲ υȢτ 

Thermal conductance(C)⁸₁₴₃₫₩₳‹₫₩ BTU/hr-ft2-ęF ₿₃⁄₴₲ ₭₃₨₴₿₂₭₉₲₈₩℅ₑ⁮₴⅜ Thermal conductance 
ₑ⁮₴ ₔ₈₨ₐ⁸≠₯₆₵₨₳← ₔ₂€₭₉₵₨‹₴‹€₳╘₫₩⁄₴⁞⃰₆₴₳(ability of a material to transfer heat ) ₿₃⁞₴ₑ⁮₴⅜ ₔ₂€ 
›₫›₱╘₩₫⁄₴⁞⃰₆₴₳← ⁪₁₴╜‹₵⁄₴₅‹₴ ₔ₀₩₂⌂₨₇₴(opposite meaning of resistance) ₿₃⁞₴ₑ⁮₴⅜ 

₆₵‹₴╘℅₨₿₂⁄₴ₔ₁₪₳₈℅₩ ₭₉₉╓₨(air film adjacent to a surface)← thermal conductance ‹₫₩ ñfilm 
coefficientò ₒ₫ ₭›↑⁪₫₩₭₉₲₈₩℅ₑ⁮₴⅜ Thermal conductivity (k)ₑ⁮₴ ₔ₈₨ₐ⁸≠₯(material) ⁸⁞₴₆₵₩₯₳← ⁸⁞₴₇€₁⁞₴ 
ₔ⁹€⁸⃰⁄₴₈℅₩ₑ⁮₴₲ ₔ₂€₭₉₵₨‹₴‹€₳₆║(conductance per unit of thickness)₿₃⁞₴ₑ⁮₴⅜ Conductivity ‹₫₩ ₭₃₨₴₿₂ₑ⁮₴₲ 
₇€₁⁞₴(unit )₆℅₨ BTU/hr - ft2 - ęF per inch of thickness ₿₃⁞₴ₑ⁮₴⅜ ⁸⁞₴₁₨₈₪ₔ⁸⃰⁄₴₳ ₆₵‹₴╘℅₨₿₂⁄₴₤₈₩₇₨ 
⁸⁞₴⁞⁸₫₈₁₴₳₭₂⁸⃰⁄₴ ₔ₂€›₵₩₁₴ 1ęF ‹⃰₨₿›₨₳›₵‹₴ₔ⁸⃰‹₴ ‹€₳₭₿₂₨⁄₴₳ₑ⃰₨₳ₑ⁮₴₲ ₔ₂€₂₆₨⁷ ₿₃⁞₴ₑ⁮₴⅜  
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╒ 
▓

╛
  ὉήόὥὸὭέὲ υȢυ 

C = conductance (BTU/hr-ft2-ęF) 
k = conductivity ( BTU/hr-ft2-ęF per in. of thickne ss  
L = thickness of material, inch) 

₢₂₆₨ (℮-™) 
Glass fiber insulation ₿₃⁄₴₲ ₿₂₯₉₫₂₴⁹₨₳ₑ⁮₴₲ (Ω)₉‹₴₆ₔ⁹€₈℅₩ ₭›₧⁄₴₆₩₫₳(roof)←  thermal conductivity 

⁸₁₴₃₫₩₳ₑ⁮₴ k = 0.24 BTU/hr - ft2-ęF per in. thickness ₿₃⁞₴ₑ⁮₴⅜ Insulation ←  thermal resistance ‹₫₩ 
₈℅₨₂₧⅜ 

ₔ₭₿₃ 
Equation 5.5 ₆℅ conductance e ⁮₴ 

╒ 
▓

╛
 
Ȣ

Ȣ  
║╣╤

▐► █◄ Ј╕
 

Equation 5.4 ₆℅ R ⁸₁₴₃₫₩₳‹₫₩ ⁸⃰‹₴₇€₉₵℅⁄₴ 

╒ 
╡ Ȣ

     Ȣ
║╣╤

▐► █◄ Ј╕
 

Thermal resistance ← ₑ₭₅₨⁸₈₨₳(concept)‹₫₩ ₈℅⁄₴₳₉⁄₴₳⁞⃰₨ ₁₨₳₉⁮₴ₑ₭₅₨₭₂₧‹₴₈₁₴ ₉₫₩ₑ⁮₴⅜ 
╘₫₩⁄₴⁄₱⁸₫₩⁄₴₳⁸⃰⁄₴ ₔ₭⁪₨‹₴ₔ₢₪ ₔₑ⁞₴₭⁪₨‹₴ₑ⁮₴₲ₔ›₧ ₉₩₫‹₴₁₨₈₆⁮₴₲ ⁞₱›₵₩₁₴⅛ ⁞₱⁮⃰₁₴₳(new building standards 
and codes)₆₵₨₳ ₈℅₩ₑ⁮₴⅜ ₔₑ₫₱₳₿₂₯₆⁮₴₲ ₔ₈₨ℓ⁸≠₯(material)₆₵₨₳ ₔ₨₳₉₫₱₳ₑ⁮₴ standard ₆₵₨₳╘℅⁄₴₲ code ₆₵₨₳‹₫₩ 
₉₫₩‹₴₁₨₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ ₔ₂€›₫›₱₆║(thermal resistance)₆₵₨₳ₑ⁮₴₲ ₔ₈₨ℓ⁸≠₯(material)₆₵₨₳← ₔ₂€⁞₪₳‹€₳₆║(heat 
transfer) ₭╘℅₳ₑ⁮₴⅜ ₔ₂€›₫›₱₆║(thermal resistance)₁⁮₴₳ₑ⁮₴₲ ₔ₈₨ℓ⁸≠₯(material)₆₵₨₳← ₔ₂€⁞₪₳‹€₳₆║(heat 
transfer)₿₆₁₴ₑ⁮₴⅜  

₢₂₆₨ (℮-Ω) 

(⅓)₉‹₴₆ ‹⃰₁₴‹₈⁞₴₅₭₉₨‹₴(8 in. thick, three oval core concrete block (with sand and gravel 
aggregate))ₔ⁸⃰‹₴  thermal resistance (R) ╘℅⁄₴₲ (№)₉‹₴₆⁹€ₑ⁮₴₲ glass fiber (1 inch thick insulating 
board made of glass fiber) ⁸₫₩╜← thermal resistance (R)‹₩₫ ╘║₩⁄₴₳₇℅₢₴₂₧⅜  

ₔ₭₿₃ 
Table A.4 ₆℅ R-value ╘℅⁞₴₆₵₩₯₳⁞₉₱₫₳‹₩₫ ₃⁸₴₇€₂₧⅜ 
(⅓)₉‹₴₆ ‹⃰₁₴‹₈⁞₴₅₭₉₨‹₴(concrete block)ₔ⁸⃰‹₴  R-value ₑ⁮₴ 1.11 ₿₃⁞₴ₑ⁮₴⅜ (R = 1.11)  
Insulating board ₔ⁸⃰‹₴  R-value ₑ⁮₴ 4.0 ₿₃⁞₴ₑ⁮₴⅜ (R = 4.0) 

(⅓)₉‹₴₆ ‹⃰₁₴‹₈⁞₴₅₭₉₨‹₴╘℅⁄₴₲ (№)₉‹₴₆⁹€ₑ⁮₴₲ glass fiber ⁸₫₩╜← thermal resistance ₑ⁮₴ 
₭₉₳⁪ ‹⃰₨₿›₨₳ₑ⁮₴⅜ ⁸⁞₴₉‹₴₆›₵⁄₴₳╘║₩⁄₴₳₇℅₢₴₉₵℅⁄₴ glass fiber ← thermal resistance ₑ⁮₴ ‹⃰₁₴‹₈⁞₴ 
₅₭₉₨‹₴⁹‹₴ (™℗)⁪(32 times) ₂₩₫₭‹₨⁄₴₳ₑ⁮₴⅜  

℮.℮ Overall Thermal Resistance 
ₔ₭⁪₨‹₴ₔ₢₪← ₁₱₈₱₆₵₨₳(walls) ⅛ ₭›₧⁄₴₆₫₩₳(roof)⅛ ┌‹₆₴₳›⁄₴₳(floor)╘℅⁄₴₲ ⁸₿›₨₳₭ₑ₨ element ₆₵₨₳⅝ ₿₃⁞₴₭₂↑ 

ₑ⁮₴₲ ₔ₂€‹€₳₭₿₂₨⁄₴₳₆║(heat transfer)ₑ₨₆‹ ₭₅₳⁸⁞₴₅‹₴⁞₪⁸⃰⁄₴₈℅₩₭₁ₑ⁮₴₲ ₭₉₉╓₨(air film)‹₩₫ ⁹⁮₴₲⁸⃰‹₴ 
ₑ⁮₴⅜ ₔ₂€ₑ⁮₴ ₭₉₉⃰₨₆℅⁸⁞₴⁪⁄₴₲ ₔ⁞₫₩⁄₴ₔ›₮(solid material)₆₵₨₳‹₩₫ ₿₃⁸₴ₑ₁₴₳┐₂₪₳₭₁₨‹₴ ₔ₿›₨₳₆₵‹₴╘℅₨₿₂⁄₴ 
⁸⁞₴₅‹₴₈℅₩ ₭₉₉╓₨(air film)‹₩₫ ₿₃⁸₴ₑ₁₴₳₈ₑ⁮₴⅜  

₢₂₆₨- ₁₱₈₱⁸⁞₴›₫← thermal resistance ‹₫₩ ⁸⃰‹₴₈₁₴ₔ⁸⃰‹₴ ₭₅₳⁸⁞₴₃‹₴⁸⁞₴›₵‹₴⁞₪⁸⃰⁄₴ ₈₩℅₭₁ₑ⁮₴₲ 
₭₉ₔ₉╓₨← ₔ₂€›₫›₱₆║(air film thermal resistance)‹₫₩₂₧ ⁹⁮₴₲⁸⃰‹₴₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ 

 ₔ₭⁪₨‹₴ₔₔ₫₱⁸⃰⁄₴ ₔₑ₫₱₳₿₂₯⁹₨₳ₑ⁮₴₲ ₔ₈₨₆₵₨₳(elements)‹₩₫ ₔ₆₵₩₯₳ₔ⁞₨₳ ₆⁸€⁮₪ₑ⁮₴₲ ₔ₈₨ 
ₐ⁸≠₯₆₵₨₳₿₃⁄₴₲ ₔ₉╓₨₉₫₩‹₴ ₿₂₯₉₫₂₴⁹₨₳₭₉₲₈₩℅ₑ⁮₴⅜ Overall (total) thermal re sistance ‹₩₫ ⁸⁞₴›₫›₵⁄₴₳⁞₪← thermal 
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resistances ‹₩₫ ₭₂₧⁄₴₳⅞ ₭ₔ₨‹₴⁸⃰⁄₴ ₿₂⁹₨₳ₑ⁮₴₲ ₂₱₫₭ₑ₁⁮₴₳ₔ⁸₫₩⁄₴₳ ⁸⃰‹₴₇€╘₫₩⁄₴ₑ⁮₴⅜ (The overall (total) 
thermal resistance of the combination can be found very simply by adding the individual thermal 
resistances as follows;) 

 ╡  ╡ ╡ ╡ ▄◄╬ȢȢȢ                                                      ὉήόὥὸὭέὲ υȢφ 

Ro = overall (total) thermal resistance  
R 1, R2, R3 etc. = individual thermal resistance of each component, including air films  

Overall resistance(Ro) ⁸₁₴₃₫₩₳‹₫₩ ₑ₩₈₩℅┐₂₪₳₭₁₨‹₴ ₭ₔ₨‹₴⁸⃰⁄₴ ₿₂⁹₨₳ₑ⁮₴₲ equation 3 ‹₫₩ ₔₑ₫₱₳₿₂₯⅞ 
heat transfer ₿₃⁞₴₭₂↑ₑ⁮₴₲ ₂₆₨⁷‹₫₩ ⁸⃰‹₴₇€╘₫₩⁄₴ₑ⁮₴⅜ ₢₂₆₨(℮-℮)⁸⃰⁄₴ ₭₉₲₉₨╘₫₩⁄₴ₑ⁮₴⅜ 

╠
╡
 ═ Ў╣       ὉήόὥὸὭέὲ υȢσ 

₢₂₆₨ (℮-℮) 

 

ₔ₭⁪₨‹₴ₔ₢₪(building)⁸⁞₴›₫← ₿₂⁄₴₂₁₱₈₱(exterior wall)‹₫₩ (⅓)₉‹₴₆ 
⁹€ₑ⁮₴₲ ‹⃰₁₴‹₈⁞₴(8 in. sand and gravel aggregate concrete)₿₃⁄₴₲ 
₭⁪₨‹₴₉₫₂₴⁹₨₳ₑ⁮₴⅜ ₆₪₳₆₃₫⁸₴⁹₨₳ₑ⁮₴₲ ₅₭₉₨‹₴⁸₱₫₳(not oven 
dried)₿₃⁄₴₲ ₿₂₯₉₫₂₴⁹₨₳ₑ⁮₴⅜ R-5 insulation ╘℅⁄₴₲ 1/2 in. gypsum board 
⁸₫₩╜₿₃⁄₴₲ ₿₂₯₉₫₂₴⁹₨₳ₑ⁮₴⅜ ₁₱₈₱(wall)ₑ⁮₴ 72 ft ₈℅⁮₴₉₵₨₳┐₂₪₳ 16 ft ₿₆⁄₴₲ 
ₑ⁮₴⅜ ₔ›₁₴₳ₔ⁸⃰⁄₴₳(indoor)╘℅⁄₴₲ ₔ›₁₴₳₿₂⁄₴₂ₔ₂€›₵₩₁₴ₑ⁮₴(outdoor 
temperatures)ₑ⁮₴ 70ęF ╘℅⁄₴₲ ï10ęF ⁸₫₩╜ ₿₃⁞₴ₑ⁮₴⅜ ₁₱₈₱‹₩₫ ₿₃⁸₴⅞ 
‹€₳₭₿₂₨⁄₴₳ₑ⃰₨₳ₑ⁮₴₲ ₔ₂€₂₆₨⁷(heat transfer through the wall) ‹₫₩ 
₈℅₨₂₧⅜ 

₂₱₫ ℮-⅍ ₢₂₆₨(℮-℮)ₔ⁸⃰‹₴ ₂₱₫┌‹₆₴₳ 

₂₱₫(℮-⅍)⁸⃰⁄₴ ₁₱₈₱‹₩₫ section ₿₃⁸₴⁹₨₳ₑ⁮₴₲₂₱₫(section through the wall)‹₩₫ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ₔ₂€›₫›₱₆║ 
(resistances)⁸₁₴₃₫₩₳₆₵₨₳‹₩₫ table A.4 ╘℅⁄₴₲ A.5 ⁸₩₫╜⁸⃰⁄₴ ₈╘₫₩⁄₴ₑ⁮₴⅜ ₔ⁸⃰⁄₴₳₅‹₴(inside)╘℅⁄₴₲ ₔ₿₂⁄₴₅‹₴ ₆₵‹₴╘℅₨₿₂⁄₴ 
(outside surfaces)⁸₫₩╜⅝ ₈₩℅₭₁ₑ⁮₴₲ air film ← thermal resistances ‹₫₩ ⁹⁮₴₲⁸⃰‹₴₈₆⁮₴⅜ 

Overall thermal resistance(Ro) ⁸₁₴₃₩₫₳₈₈₁₴ₔ⁸⃰‹₴ ⁸⁞₴›₫›₵⁄₴₳⁞₪← ₔ₂€›₫›₱₆║ ⁸₁₴₃₫₩₳ₔ₨₳₉₱₫₳‹₩₫ ₭₂₧⁄₴₳ 
(adding the individual resistances)₈₆⁮₴⅜ (see equation 5.6)⅜ 

Wall Item (₁₱₈₱‹₫₩ ⁸⁮₴₭⁪₨‹₴⁹₨₳ₑ⁮₴₲₂⁞⇔⇔⁮₴₳₆₵₨₳) R-Value (R ⁸₁₴₃₩₫₳) 
Inside air film        0.68 
Gypsum board 0.45 
Insulation  5.0 
Concrete (R = 0.08/in. x 8 in.)   0.64 
Outside air film  0.17 

Overall thermal resistance (Ro) =  6.94 
₁₱₈₱₤₈₩₇₨ₔ‹₵₇₴(wall area)ₑ⁮₴ (№№℮℗) ⁞⁸₫₈₁₴₳₆₪⁸₨ ₿₃⁞₴ₑ⁮₴⅜ 

A = 72 ft x 16 ft = 1 ,152 ft 2  

ₔ₂€›₵₩₁₴‹⃰₨₿›₨₳›₵‹₴(temperature  difference)ₑ⁮₴  æT = 70 ï (ï10) = 80ęF 
Equation 5.3 ‹₩₫ ₔₑ₱₫₳₿₂₯⅞ overall resistance Ro ‹₫₩ ⁸⃰‹₴₇€╘₫₩⁄₴ₑ⁮₴⅜ Heat transfer loss ₑ⁮₴ 

╠
╡
 ═ Ў╣                         ὉήόὥὸὭέὲ υȢσ 
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╠
Ȣ
  ȟ  ║╣╤Ⱦ▐►         

℮.⅍ Overall Heat Transfer Coefficient (U) 
ⁿ₪⁫₩₫₴⁄₴₁₨₆₵₨₳ₑ⁮₴ ₔ₭⁪₨‹₴ₔ₢₪⁸⃰⁄₴ ₈₩℅₭₁ₑ⁮₴₲ ₁₱₈₱⅛ ₭›₧⁄₴₆₫₩₳⅛ ⁞ₑ⁮₴₲ building structure ₆₵₨₳‹₫₩ ₿₃⁸₴⅞ 

₿₃⁞₴₭₂↑₆⁮₴₲ ₔ₂€⁞₪₳‹€₳₆║₆₵₨₳(heat flows)‹₫₩ ⁸⃰‹₴›₵‹₴ ₭₃₨₴₿₂₈₆⁮₴⅜ ₂⁞⇔⁮₴₳ₔ₆₵₩₯₳₆₵₩₯₳‹₫₩ ₔₑ₫₱₳₿₂₯⅞ ⁸⁮₴₭⁪₨‹₴ 
⁹₨₳₭ₑ₨₭┌‹₨⁄₴₲ ₁⁮₴₳ₔ₆₵₩₯₳₆₵₯₩₳ ⁸⃰‹₴›₵‹₴╘₫₩⁄₴₭ₑ₨₴₉⁮₴₳ ₁⁮₴₳⁸⁞₴₆₵₯₩₳⁸⁮₴₳‹₫₩ₑ₨ ⁞₱ₔ₿₃⁞₴₿₂╛₨₁₴₳┐₂₪₳ ⁸⃰‹₴›₵‹₴ 
┌‹₈₁₴ ╘₩₫⁄₴⁄₱₆₵₨₳⅛ ₔ₃₮⃰╜ə⁞⁮₴₳₆₵₨₳‹ ⁞⁮₴₳₆₵₢₴₳⁞⁮₴₳‹₆₴₳₆₵₨₳ ₭₈₳⁪₮⃰⁹₨₳ₑ⁮₴⅜ ₂⁞⇔⁮₴₳⁹₫⁸₴₉₫₂₴ₑ€₆₵₨₳‹ thermal 
resistance ⁸₁₴₃₫₩₳₆₵₨₳‹₫₩ ‹‹₴⁸₭₉₨‹₴(catalogue)⁸⃰⁄₴ ₭₃₨₴₿₂₭₂₳ₑ⁮₴⅜ Overall resistance ⁸₁₴₃₫₩₳₆₵₨₳⅛  
overall conductance ⁸₁₴₃₫₩₳₆₵₨₳ ₑ₫₩╜₆ₒ₫⁸₴ overall heat transfer coefficient (U) BTU/hr-ft2-ęF ₆₵₨₳‹₩₫ ₭₃₨₴₿₂ 
⁹₨₳e⁮₴⅜ Ro ╘℅⁄₴₲ U ⁸₩₫╜← ⁪‹₴ₑ⃰₇₴›₵‹₴(relationship)₆℅₨ - 

╤
╡
                                                         %ÑÕÁÔÉÏÎ υȢχ 

Heat transfer equation ‹₩₫ U ⁸₁₴₃₫₩₳₿₃⁄₴₲ ₭₃₨₴₿₂₈₉℅₵⁄₴ - 

╠ ╤ ═ Ў╣                                      %ÑÕÁÔÉÏÎ υȢψ 

Where                                       Q = heat transfer rate ( BTU/hr) 
U = overall heat transfer coefficient (BTU/hr -ft2-ęF) 
A = surface area through which heat flows  (ft 2) 
æT = temperature difference  (ęF) 

₭⁪₨‹₴₉₫₂₴₭₈₳₂⁞⇔⁮₴₳₆₵₨₳(combinations of building components)← Overall U-value ₆₵₨₳‹₩₫ Table 
A.6 ⅛ A.7 ╘℅⁄₴₲ A.8 ⁸₩₫╜⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ⁫₇₨₳‹₩₫ ₆℅₁₴‹₁₴⁞⃰₨ ₃⁸₴╙║⁸⁸₴₈₁₴ₔ⁸⃰‹₴ ₔ›₵‹₴⁸›₵₯₩╝‹₫₩ 
₭ₔ₨‹₴⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ 
(№) Table A.6 ╘℅⁄₴₲ A.7 ⁸₩₫╜⁸⃰⁄₴ ₁₱₈₱₆₵₨₳(walls)⅛ ₭›₧⁄₴₆₫₩₳(roof)⅛ ┌‹₆₴₳›⁄₴₳₆₵₨₳(floors)⅛ ₔ⁸⃰⁄₴₳₁₱₈₱₆₵₨₳(partitions) 

╘℅⁄₴₲ ⁸₱›₧₳₆₵₨₳(doors)ₔ⁸⃰‹₴ U ⁸₁₴₃₩₫₳₆₵₨₳(U-values)‹₫₩ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ⁫₇₨₳╘℅⁞₴›₫ₔ₁‹₴ └‹₩₯‹₴ 
╘℅⁞₴ₑ‹₴ₑ⁮₴₲ ⁫₇₨₳‹₫₩ ₔₑ₫₱₳₿₂₯╘₫₩⁄₴ₑ⁮₴⅜ ₔ₭⁪₨‹₴ₔ₢₪⁸⃰⁄₴ ⁸₂₴⁪⁄₴⁹₨₳ₑ⁮₴₲ ₂⁞⇔⁮₴₳₆₵₨₳╘℅⁄₴₲ ₂₫₩⅞ 
‹₫₩‹₴⁮₪ₑ⁮₴₲ ⁫₇₨₳‹₫₩ ₔₑ₫₱₳₿₂₯₈₆⁮₴⅜  

(℗) Table A.6 ⁸⃰⁄₴ section ₿₃⁸₴⁹₨₳ₑ⁮₴₲₂₱₫‹₫₩ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ₔ₭⁪₨‹₴ₔ₢₪⁸⃰⁄₴ ⁸₂₴⁪⁄₴⁹₨₳ₑ⁮₴₲ 
₭⁪₨‹₴₉₫₂₴₭₈₳₂⁞⇔⁮₴₳(building component)₆₵₨₳← ⁸⁮₴₭⁪₨‹₴⁹₨₳₂₱₫(construction assembly)₆₵₨₳ 
ₔ₭┌‹₨⁄₴₳‹₫₩ ₭₉₲₉₨ₑ⁄₴₲ₑ⁮₴⅜ Table A.6 ⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴₲ assembly ₆₵₨₳ₑ⁮₴ energy codes ə ₈ 
ₔₑ₫₱₳₿₂₯ₑ⁄₴₲₈₁₴ ₑ⁄₴₲₭₉₵₨₴ₑ⁮₴₲ assembly ₆₵₨₳₿₃⁞₴┌‹ₑ⁮₴⅜ Table A.6 ₆℅ energy codes ╘℅⁄₴₲ ‹₩₫‹₴⁮₪ₑ⁮₴₲ 
assembly ₆₵₨₳‹₩₫ ₭₈⃰₳›₵₇₴⅞ U ⁸₁₴₃₫₩₳╘℅⁄₴₲ Ro ⁸₁₴₃₫₩₳₆₵₨₳‹₩₫ ₃⁸₴₇€╘₫₩⁄₴ₑ⁮₴⅜  

(™)  Table A.8 ⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴₲ U-value ₆₵₨₳ₑ⁮₴ ₆℅₁₴₿₂⁸⁄₴₳₭₂₧‹₴(glass windows) ╘℅⁄₴₲ ₆℅₁₴⁸₱›₧₳(glass 
doors)₆₵₨₳ₔ⁸⃰‹₴ ₿₃⁞₴ₑ⁮₴⅜ U-value ₔ₁⁮₴₳⁄₇₴ ‹⃰₨₿›₨₳ₑ⁮₴‹₫₩ ₑ⁸₩₿₂₯₂₧⅜ Air film coefficient  ₑ⁮₴ 
₭⁪₨⁄₴₳₈₨ₑ₪(winter)⁸⃰⁄₴ ₭₉⁸₫₩‹₴╘║₁₴₳ ⁸⁞₴₁₨₈₪₉℅₵⁄₴(№℮)₆₩₫⁄₴╘║₁₴₳(15 MPH wind in winter)╘℅⁄₴₲ ₭╘⃰₈₨ₑ₪ 
(summer)⁸⃰⁄₴ ⁸⁞₴₁₨₈₪₉℅₵⁄₴ (ⅎ.℮)₆₩₫⁄₴╘║₁₴₳(7.5 MPH wind in summer)ₔ₭₂↑⁸⃰⁄₴ ₔ₭₿››₱⁹₨₳ₑ⁮₴⅜ 
ₔ₅₇₴₭┌‹₨⁄₴₲⁪₫₩₭ₑ₨₴ R-value ₆₵₨₳ₑ⁮₴ ₔₑ₫₱₳₿₂₯⁹₨₳ₑ⁮₴₲ outside air film coefficient  ₔ₭₂↑⁸⃰⁄₴ 
₆€⁸⁮₴ₑ⁮₴⅜ U-value ⁸⃰‹₴₈₨⁸⃰⁄₴ window effect ₑ₫₩╜₆ₒ₫⁸₴ door frame ⁸₩₫╜← ₂₧ℓ⁄₴ₑ⁮₴⅜  

U-value table ⁸⃰⁄₴ ₆₩₆₩⁸⃰‹₴₉₫₩ₑ⁮₴₲ ₔ₭⁪₨‹₴ₔ₢₪← ₂⁞⇔⁮₴₳₆₵₨₳ ₆₂₧₈₩℅₂₧‹ ₔ⁹‹₴⁸⃰⁄₴ ⁸⃰‹₴₿₂›₮₲ₑ⁮₴₲ 
₁⁮₴₳ₔ⁸₫₩⁄₴₳ ₂⁞⇔⁮₴₳⁸⁞₴›₫›₵⁄₴₳⁞₪← ₔ₂€›₫›₱₆║⁸₁₴₃₫₩₳(individual resistances)‹₫₩ ₭₂₧⁄₴₳⅞ ⁸⃰‹₴₇€╘₫₩⁄₴ₑ⁮₴⅜ 
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℮.⅍.№  U-values and Energy Standards 
ₔ₭₆₈₩‹₁₴╘₫₩⁄₴⁄₱⅝ ₿₂⁴₨₁₴₳⁹₨₳ₑ⁮₴₲ ⁞⃰₆₴₳ₔ⁄₴╘℅⁄₲₴ₑ‹₴⁪₫₩⁄₴ₑ⁮₴₲ ⁞⁮₴₳₆₵₢₴₳⁞⁮₴₳‹₆₴₳╘℅⁄₴₲ ⁞₱›₵₩₁₴⁞₱⁮╓₁₴₳₆₵₨₳ 

(State energy codes and standards)ₔ₈ ₔₑ₫₱₳₿₂₯₆⁮₴₲ ⁞⃰₆₴₳ₔ⁄₴₂₆₨⁷(amount of energy)‹₫₩ ‹₁₴╜e⁸₴ 
⁹₨₳ₑ⁮₴⅜ HVAC system ₆₵₨₳ₔ⁸⃰‹₴ ‹₁₴╜e⁸₴⁹₨₳ₑ⁮₴₲ ₁⁮₴₳⁸⁞₴₆₵₩₯₳₆℅₨ ₔ₆₵₨₳⁪₫₱₳›⃰⁄₴₲₿₂₯ₑ⁮₴₲ U ⁸₁₴₃₩₫₳ 
(maximum allowable U-values)╘℅⁄₴₲ ₔ₁₩₆₴₲⁪₱₫₳ Ro ⁸₁₴₃₫₩₳(minimum Ro value)‹₫₩ ₑ⁸₴₆℅⁸₴₭₂₳⁹₨₳₿›⁄₴₳ 
₿₃⁞₴ₑ⁮₴⅜ Table 5-1 ⁸⃰⁄₴ ╙₩₫₳₈℅⁄₴₳ₑ⁮₴₲ ₢₂₆₨⁸⁞₴›₫₿₃⁄₴₲ energy code ⅝ ₂₧₈₩℅ₑ⁮₴₲ regulation ⁸⁞₴›₫‹₫₩₴ ₑ╙₫₂₴₿₂ 
⁹₨₳ₑ⁮₴⅜ 

Table 5-1 Energy conserving Ro and U-value 
Component Min.Ro  (ft2-hr-ęF/BTU) Max U (BTU/hr-ft2-ęF) 

Wall 18 0.06 
Roof 20 0.05 
Glass 1.7 0.60 

Table 5-1 ⁸⃰⁄₴ ₂₧₈₩℅ₑ⁮₴₲ ⁸₁₴₃₫₩₳₆₵₨₳ₑ⁮₴ ₭⁪₨⁄₴₳₈₨ₑ₪(cold winter climate) Degree Day (DD) 
⁸₁₴₃₫₩₳ 4000-6000 ⁹‹₴ ₂₫₩₆₵₨₳ₑ⁮₴₲ ₿₂⁮₴₁₇₴ₔ›₵₯₩╝(some states)ₔ⁸⃰‹₴ ₿₃⁞₴ₑ⁮₴⅜ 

ñDegree dayò ⁪₫₩ₑ⁮₴₆℅₨ heating season ₿₃⁞₴₭₂↑₭₁ₑ⁮₴₲ ₔ›₵₩₁₴‹₨₉‹₩₫ ₭₃₨₴₿₂ₑ⁮₴₲⁸₁₴₃₫₩₳ (a 
number that reflects the length and severity of a heating season) ⁸⁞₴›₫₿₃⁞₴ₑ⁮₴⅜ Degree day ⁸₁₴₃₫₩₳ 
table A.9 ⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ₉‹₴₭⁸⃰╝⁸⃰‹₴›₵‹₴₆║₆₵₨₳ ₿₂₯₉₫₂₴ₑ⁮₴₲ₔ›₧ ⁿ₪⁫₩₫⁄₴₁₨₆₵₨₳ₑ⁮₴ ₑ‹₴⁪₩₫⁄₴₈₨ code 
₆₵₨₳ standard ₆₵₨₳‹₩₫ ₉₩₫‹₴₁₨ ⁸⃰‹₴›₵‹₴┌‹ₑ⁮₴⅜ 

₢₂₆₨(℮-⅍)⅛ ₢₂₆₨(℮-ⅎ)╘℅⁄₴₲ ₢₂₆₨(℮-⅓) ⁸₫₩╜⁸⃰⁄₴ equation 5.8 ‹₫₩ ₆⁮₴‹₮₲ₑ₫₩╜ ₔₑ₫₱₳₿₂₯₈₆⁮₴‹₫₩ ₭₃₨₴₿₂ 
⁹₨₳ₑ⁮₴⅜ Building component ₆₵₨₳‹₫₩ ₿₃⁸₴⅞ ₿₃⁞₴₭₂↑₆⁮₴₲ heat transfer ‹₫₩ ⁸⃰‹₴₈₁₴₉₫₩ₔ₂₴ₑ⁮₴₲ U-value 
table ₆₵₨₳ ₿₃⁞₴ₑ⁮₴⅜  
₢₂₆₨ (℮-⅍) 

₢₂₆₨ (℮-⅓)⁸⃰⁄₴ ₭₃₨₴₿₂›₮₲┐₂₪₳ₑ⁮₴₲ ₁₱₈₱(wall) ₔ⁸⃰‹₴ table A.7 ‹₩₫ ₔₑ₫₱₳₿₂₯⅞ U-value ₈℅₨₂₧⅜ ₢₂₆₨ (℮-
℮)⁸⃰⁄₴ ⁸⃰‹₴⅞₈ₑ⁮₴₲ ⁸₁₴₃₫₩₳₆₵₨₳╘℅⁄₴₲ ╘₩║⁄₴₳₇℅₢₴₂₧⅜ Equations 5.6 ╘℅⁄₴₲ 5.7 ‹₩₫ ₑ₫₱₳⅞  ⁸⃰‹₴₂₧⅜ 
ₔ₭₿₃ 
Table A.7 ₆℅ U ⁸₁₴₃₫₩₳ ₃⁸₴₂₧⅜ (U = 0.14 )⅜ ₢₂₆₨ (℮-℮)₆℅ Ro ⁸₁₴₃₫₩₳ₑ⁮₴ 6.94 ₿₃⁞₴ₑ⁮₴⅜ (Ro = 6.94)   
Equation 5.7 ‹₩₫ ₑ₫₱₳⅞ ⁸⃰‹₴₉℅₵⁄₴ 

╤
╡
  

Ȣ
  Ȣ   

ₔ₭₿₃╘℅⁞₴›₫ ⁸€⁮₪┌‹ₑ⁮₴⅜(results agree) 
₢₂₆₨ (℮-ⅎ) 
ₔ₭⁪₨‹₴ₔ₢₪(building) ⁸⁞₴›₫⅝ 120 ft ₈℅⁮₴┐₂₪₳ 40 ft ‹₵₇₴ₑ⁮₴₲ ₭›₧⁄₴₆₩₫₳₿₂₨₳(flat roof )‹₫₩ (⅓)₉‹₴₆⁹€ₑ⁮₴₲ 
‹⃰₁₴‹₈⁞₴ₔ₭₂₧₲⁞₨₳(8 in. lightweight aggregate concrete) ₿₃⁄₴₲ ⁸⁮₴₭⁪₨‹₴┐₂₪₳ ₆₵‹₴╘℅₨┌‹‹₴ ⁸₂₴⁪⁄₴⁹₨₳ 
ₑ⁮₴⅜ ₔ⁸⃰⁄₴₳ₔ₂€›₵₩₁₴(inside temperature)ₑ⁮₴ 65ęF ₿₃⁞₴┐₂₪₳ ₿₂⁄₴₂ₔ₂€›₵₩₁₴(outdoor temperature )ₑ⁮₴ 5ęF 
₿₃⁞₴ₑ⁮₴⅜ ₭›₧⁄₴₆₩₫₳‹₫₩ ₿₃⁸₴⅞ ₿₃⁞₴₭₂↑₉₨₆⁮₴₲ ₔ₂€⁪₱₫₳╙₱║₳₆║(heat transfer loss)‹₫₩ ₈℅₨₂₧⅜ ₔ₭₿₃ - table A.7 ₆℅ U = 
0.09 BTU/hr-ft2-ęF. Equation 5.8 ‹₫₩ ₔₑ₫₱₳₿₂₯⅞ - 

╠ ╤ ═ Ў╣                      ὉήόὥὸὭέὲ υȢψ 

╠ Ȣ  
║╣╤

▐► █◄ Ј╕
  █◄ Ј╕ 

             = 25,900 BTU/hr  
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₢₂₆₨ (℮-⅓) 
ₔ₩₆₴⁸⁞₴ₔ₩₆₴₈₩℅ ₔ₩₂₴›₁₴₳₁₱₈₱←(wall of the bedroom of a house) ₔ›₵‹₴ₔ₉‹₴₆₵₨₳₆℅₨ ₭ₔ₨‹₴₂₧ 

ₔ⁸₫₩⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜ 

₁₱₈₱(wall) : ₁₱₈₱‹₩₫ₑ⁞₴ₑ₨₳₿₃⁄₴₲ ₿₂₯₉₫₂₴⁹₨₳(wood siding)ₑ⁮₴⅜ 12 ft x  8 ft  ‹₵₇₴ₑ⁮₴⅜ R-7 value 
₈℅₩ₑ⁮₴₲ (℗)₉‹₴₆ə⁄₴⁪€₭₉₳₈℅⁄₴₳(wood sheathing (2 in. of insulation ))‹₩₫ 
ₔ⁸⃰⁄₴₳₅‹₴⅝(inside finish) ⁹⁮₴₲⁹₨₳ₑ⁮₴⅜ 

₿₂⁸⁄₴₳₭₂₧‹₴(Window) :  3 ft x 4 ft 6 in.  ‹₵₇₴ₑ⁮₴⅜ ₆℅₁₴(№)₉╓₨(single glass) ₔ₉₵₰₆₪₁₪₇₱₭₅₨⁄₴(aluminum 
frame)₿₃⁄₴₲ ₿₂₯₉₫₂₴⁹₨₳ₑ⁮₴⅜ 

ₔ›₁₴₳ₔ₂€›₵₩₁₴(room temperature)ₑ⁮₴ 68ęF ₿₃⁞₴┐₂₪₳ ₿₂⁄₴₂ₔ₂€›₵₩₁₴(outdoor temperature )ₑ⁮₴ 2ęF 
₿₃⁞₴ₑ⁮₴⅜ ₁₱₈₱(wall)╘℅⁄₴₲ ₿₂⁸⁄₴₳₭₂₧‹₴(window)⁸₫₩╜‹₫₩ ₿₃⁸₴⅞ ₿₃⁞₴₭₂↑₆⁮₴₲ ₔ₂€⁪₫₱₳╙║₱₳₆║(heat transfer loss)‹₫₩ ₈℅₨₂₧⅜ 

ₔ₭₿₃ 
₂₫₱(℮-ⅎ)⁸⃰⁄₴ ₁₱₈₱(wall)‹₫₩ ₿₃⁸₴⅞ ₿₃⁞₴₭₂↑₆⁮₴₲ heat transfer loss ‹₫₩ ⁸⃰‹₴┐₂₪₳ ₿₃⁞₴ₑ⁮₴⅜ ₁₱₈₱₭₂↑₈℅₩ 

ₔ₉⁄₴₳ₐ⁄₴₭₈₨‹₴╘₩₫⁄₴ₑ⁮₴₲₭₁₈₨₆₵₨₳(opaque part of the wall )╘℅⁄₴₲ ₿₂⁸⁄₴₳₭₂₧‹₴(window)‹₫₩ ₿₃⁸₴⅞  heat 
transfer ₿₃⁞₴₭₂↑ₑ⁮₴⅜  

U-value ₆₵₨₳╘℅⁄₴₲ ₤₈₩₇₨⁸₫₩╜₆℅₨ table A.7 ╘℅⁄₴₲ A.8 ⁸₫₩╜₆℅ 

 

Window U = 1.10 BTU/hr-ft2-ęF 

A = 3 x 4.5 = 13.5 ft 2 

Wall U          = 0.09 BTU/hr -ft2-ęF 

Wall Gross A = 12 x 8 = 96 ft 2  

Wall Net A    = 96 ð 13.5 = 82.5 ft 2 

₂₱₫ ℮-ⅎ ₢₂₆₨(℮-⅓) ₔ⁸⃰‹₴ ₂₱₫┌‹₆₴₳(sketch) 
₁₱₈₱(wall) ← heat transfer ╘℅⁄₴₲ ₿₂⁸⁄₴₳₭₂₧‹₴(window)← heat transfer ‹₫₩ ⁸⃰‹₴₇€⅞ ₭₂₧⁄₴₳₉℅₵⁄₴ ₁₱₈₱ 

(wall) ‹₩₫ ₿₃⁸₴⅞ ₿₃⁞₴₭₂↑₉₨ₑ⁮₴₲ heat transfer ₂₆₨⁷ ₈ₑ⁮₴⅜ 

ὗ   πȢπω  ψςȢυ φφ  τωπ "45ȾÈÒ   

₿₂⁸⁄₴₳₭₂₧‹₴(window)‹₩₫ ₿₃⁸₴⅞ ₿₃⁞₴₭₂↑₉₨ₑ⁮₴₲ heat transfer ₂₆₨⁷ 

╠╦░▪▀▫◌ρρȢπ ρσȢυ  φφ ωψπ "45ȾÈÒ  

╠╣▫◄╪■╠╦╪■■  ╠╦░▪▀▫◌ρτχπ "45ȾÈÒ    

₁₱₈₱╘℅⁄₴₲ ₿₂⁸⁄₴₳₭₂₧‹₴⁸₫₩╜‹₩₫ ₿₃⁸₴⅞ ₿₃⁞₴₭₂↑₉₨ₑ⁮₴₲ heat transfer ₂₆₨⁷e⁮₴ 1470 BTU/hr ₿₃⁞₴ₑ⁮₴⅜  

℮.⅍.℗  Heat Transfer Losses: Basement Walls and Floors 
₁₱₈₱(basement walls) ╘℅⁄₴₲ ┌‹₆₴₳›⁄₴₳₆₵₨₳(floors)₆℅ ₿₃⁞₴₭₂↑ₑ⁮₴₲ ₔ₂€⁪₱₫₳╙₱║₳₆║₆₵₨₳(heat losses)‹₫₩ ⁸⃰‹₴₈₁₴ 

Equation 5.8 ‹₫₩ ₔₑ₫₱₳₿₂₯╘₫₩⁄₴ₑ⁮₴⅜ ₭₿₆₭ₔ₨‹₴⁹₂₴┌‹₆₴₳›⁄₴₳(basement floor below grade)╘℅⁄₴₲ ₁₱₈₱← 
⁸›₵₯₩╝₭₁₈₨ ₑ₩₫╜₆ₒ₫⁸₴ ₁₱₈₱⁸⁞₴›₫₉₱₫₳(part or all of the wall is underground) ₑ⁮₴ ₭₿₆₭ₔ₨‹₴⁹₮⁸⃰⁄₴ 
₈℅₩₭₁₭ₑ₨₭┌‹₨⁄₴₲ ⁮₪₆℅₵₿›⁄₴₳‹₩₫ ₑ₱₫₳⅞ ⁸⃰‹₴›₵‹₴₈₁₴ ›‹₴›₮╙║₂₴₭⁹⃰₳(complicates the use of the equation) 
₉₩₆₴₲₆⁮₴⅜  
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Basement ← ₔ›₵₯₩╝₭ₑ₨ ₭₁₈₨₆₵₨₳ₑ⁮₴ ₭₿₆₿₂⁄₴←ₔ⁹‹₴⁸⃰⁄₴(above ground)₿₃⁞₴₉℅₵⁄₴ table A.6 
ₑ₫₩╜₆ₒ₫⁸₴ table A.7 ⁸₫₩╜₆℅ U-value ₆₵₨₳‹₫₩ ₔₑ₫₱₳₿₂₯╘₫₩⁄₴ₑ⁮₴⅜  

ₔ›₁₴₳⁸⃰⁄₴₳(inside) ╘℅⁄₴₲₿₂⁄₴₂ⁿ₪⁫₩₫⁄₴₳ₔ₂€›₵₩₁₴(outside design air temperatures)⁸₩₫╜← ₔ₂€›₵₩₁₴₿›₨₳₁₨₳›₵‹₴ 
(temperatures difference)‹₫₩ ⁸⃰‹₴₇€╘₫₩⁄₴ₑ⁮₴⅜ ┌‹₆₴₳›⁄₴₳⅛ ₁₱₈₱←⁸›₵₯₩╝₭₁₈₨(part of the structure) ₭₿₆⁹₮⁸⃰⁄₴ 
⁸⁮₴₈₩℅(below grade)₭₁₉℅₵⁄₴ equation 5.8 ⁸⃰⁄₴ ₔₑ₫₱₳₿₂₯ₑ⁮₴₲ₔ›₧ U-value ╘℅⁄₴₲ ₔ₂€›₵₩₁₴₿›₨₳₁₨₳›₵‹₴ 
(temperatures difference) ‹⃰₮₿₂₨₳₉₩₆₴₲₆⁮₴⅜ ₔ₅₇₴₭┌‹₨⁄₴₲⁪₫₩₭ₑ₨₴ ₔ₁₪₳₈℅₩₭₿₆← ₔ₂€›₫›₱₆║(effect of the 
surrounding ground on the thermal resistance)╘℅⁄₴₲ ₔ₂€⁞₪₳⁪⁄₴₳₆║₉₆₴₳₭┌‹₨⁄₴₳(heat flow path ) ⁸₫₩╜₭┌‹₨⁄₴₲ 
₿₃⁞₴ₑ⁮₴⅜  

Table 5.2 ⁸⃰⁄₴ ₭₿₆₭ₔ₨‹₴₈℅₩₁₱₈₱₆₵₨₳(basement walls)╘℅⁄₴₲ ₭₿₆₭ₔ₨‹₴₈℅₩ ┌‹₆₴₳›⁄₴₳₆₵₨₳(floors)ₔ⁸⃰‹₴ 
recommended U-value ₆₵₨₳‹₫₩ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ₔ₂€›₵₩₁₴₿›₨₳₁₨₳›₵‹₴(temperatures difference)‹₫₩ ₈℅₨₈₁₴ 
ₔ⁸⃰‹₴ ₭₿₆₭ₔ₨‹₴₈℅₩₁₱₈₱(below grade wall) ₑ₫₩╜₆ₒ₫⁸₴ ₭₿₆₭ₔ₨‹₴₈℅₩┌‹₆₴₳›⁄₴₳(below grade floor)ₔ⁸⃰‹₴ 
₭⁪₨⁄₴₳₈₨ₑ₪ ₿₂⁄₴₂ⁿ₪⁫₫₩⁄₴₳ₔ₂€›₵₩₁₴(outside winter design temperature)‹₫₩ ₭₿₆₭ₔ₨‹₴ ₔ₂€›₵₩₁₴(deep ground 
temperature value)ₔ₿₃⁞₴ ₇€⁪ₑ⁮₴⅜ 

Table 5-2 overall heat transfer coefficient u for basement wal ls and floors, below grade BTU/hr-ft2-ęF 
Component Overall heat transfer coefficient (U) 

Wall, uninsulated 0.16 
Wall, R-4 insulation  0.08 
Floor 0.04 

₆℅⁸₴₈₁₴(note) - ⁸₁₴₃₩₫₳₆₵₨₳(values)ₑ⁮₴ (ⅎ)₭₂ₔ₁‹₴e⁮₴₲ ₭₿₆₭ₔ₨‹₴⁹₂₴(7 ft high below grade 
basement)ₔ⁸⃰‹₴ ₿₃⁞₴ₑ⁮₴⅜ ₭ₔ₳ₑ⁮₴₲₭ⁿₑ(cold climate)₆₵₨₳ₔ⁸⃰‹₴ uninsulated wall ‹₫₩ ₔₑ₫₱₳₿₂₯₈₁₴ 
₆ₑ⁄₴₲₭₉₵₨₴₂₧⅜ ₁₱₈₱⁸⁞₴›₫₉₱₫₳‹₩₫ insulation ₉₫₂₴⁹₨₳(insulation is full depth of wall )┌‹ₑ⁮₴⅜   

₢₂₆₨(℮-⅔)⁸⃰⁄₴ ₭₿₆₭ₔ₨‹₴⁹₂₴(below grade basement)₆℅ ₿₃⁞₴₭₂↑ₑ⁮₴₲ ₔ₂€⁪₫₱₳╙║₱₳₆║(heat losses) 
₂₆₨⁷ ⁸⃰‹₴₇€₂₫₱₫‹₫₩ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜  
₢₂₆₨ (℮-⅔) 

₭₿₆₭ₔ₨‹₴⁹₮₈℅₩ ₁₨₳₭₁›₁₴₳(recreation room of a basement)← ┌‹₆₴₳›⁄₴₳ ₤₈₩₇₨(floor area)ₑ⁮₴ 
220 ft2 ₿₃⁞₴ₑ⁮₴⅜ ₭₿₆₭ₔ₨‹₴₈℅₩ insulate ₉₫₂₴⁹₨₳ₑ⁮₴₲ ₁₱₈₱(insulated wall below ground) ₤₈₩₇₨ₑ⁮₴ 400 ft2 
₿₃⁞₴ₑ⁮₴⅜ ₔ›₁₴₳ₔ₂€›₵₩₁₴(room temperature)ₑ⁮₴ 70ęF ₿₃⁞₴┐₂₪₳ ₭₿₆ə₂€›₵₩₁₴(ground temperature)ₑ⁮₴ 50ęF 
₿₃⁞₴ₑ⁮₴⅜ ₔ›₁₴₳₆℅ ⁪₱₫₳╙║₱₳ ₑ⃰₨₳₆⁮₴₲ ₔ₂€₂₆₨⁷(heat loss)‹₩₫ ₈℅₨₂₧⅜ 

ₔ₭₿₃ 
Table 5.2 ₆℅ recommended U-value ₆₵₨₳‹₫₩ ₔₑ₫₱₳₿₂₯⅞ ⁸⃰‹₴₇€ₑ⁮₴⅜  

ὗ = 0.04 x 220 x 20 = 180 BTU/hr  

ὗ = 0.08 x 400 x 20 = 640 BTU/hr  

╠╣▫◄╪■╠   ╠╦╪■■ = 820 BTU/hr  

Basement wall ← ₔ›₵₯₩╝₭₁₈₨₆₵₨₳ₑ⁮₴ ₭₿₆₭₂↑⁸⃰⁄₴₈℅₩₭₁₆⁮₴(above ground) ₿₃⁞₴┐₂₪₳⅛ ‹₵₁₴ₑ⁮₴₲ ₁₱₈₱ 
(basement wall)ₑ⁮₴ ₭₿₆└‹₪₳⁹₮⁸⃰⁄₴ ₈℅₩₭₁ₑ⁮₴⅜ ₑ⁄₴₲₭₉₵₨₴ₑ⁮₴₲ U ⁸₁₴₃₫₩₳⅛  ₤₈₩₇₨(A) ╘℅⁄₴₲ TD value ‹₫₩ 
ₔₑ₫₱₳₿₂₯⅞ ₭₿₆₭₂↑⁸⃰⁄₴₈℅₩₭₁ₑ⁮₴₲ₔ₂₩₫⁄₴₳(above ground)╘℅⁄₴₲ ₭₿₆₭ₔ₨‹₴⁸⃰⁄₴₈℅₩₭₁ₑ⁮₴₲ₔ₂₩₫⁄₴₳(below ground) 
╘℅⁞₴₆₵₩₯₳← heat transfer loss ₆₵₨₳‹₩₫ ₑ₪₳₿›₨₳(separate)›⃰₮⅞ ⁸⃰‹₴₇€₈ₑ⁮₴⅜ Heat loss ╘℅⁞₴₆₵₩₯₳‹₫₩ ⁸⃰‹₴⅞ 
₭₂₧⁄₴₳₿›⁄₴₳₿₃⁄₴₲ ₁₱₈₱ₔ⁸⃰‹₴ ₔ₂€⁪₱₫╙║₱₳₆║ ⁞₫⁞₫₭₂₧⁄₴₳(wall total heat loss)‹₫₩ ₈╘₫₩⁄₴ₑ⁮₴⅜ 
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℮.⅍.™ Basement Inside Temperature 
₭₿₆₭ₔ₨‹₴(basement) ₈℅₩ₔ›₁₴₳₆₵₨₳⁸⃰‹₴ ₿₃⁞₴╘₫₩⁄₴ₑ⁮₴₲ ₔ₭₿›ₔ₭₁₆₵₨₳(possible conditions)  
(№) ₔ‹₇₴⅞ terminal unit ₆₵₨₳‹₫₩ ₔₑ₫₱₳₿₂₯⅞ ₔ₂€₭₂₳⁹₨₳ₑ⁮₲₴ basement ₿₃⁞₴₉℅₵⁄₴ 
 ₭₿₆₭ₔ₨‹₴ₔ›₁₴₳← ⁿ₪⁫₩₫⁄₴₳ₔ₂€›₵₩₁₴(basement inside design temperature)‹₫₩ ₔₑ₫₱₳₿₂₯⅞ basement 

heat loss ₆₵₨₳‹₩₫ ⁸⃰‹₴₇€₈₆⁮₴⅜ Basement ‹₫₩ ₔ‹₁₴╜₆₵₨₳ ‹₁₴╜⅞ ₔ›₁₴₳₃₮⃰╝⁹₨₳₉℅₵⁄₴(separate 
calculation) ₭₁₈₨(ₔ›₁₴₳) ⁸⁞₴›₫›₵⁄₴₳⁞₪‹₫₩ ₑ₪₳ₑ₁₴╜ ⁸⃰‹₴₇€₈₆⁮₴⅜ 

(℗) ₔ₂€₀₨⁸₴₆₭₂₳⁹₨₳ₑ⁮₴₲ ₭₿₆₭ₔ₨‹₴›₁₴₳(unheated basement)₿₃⁞₴₉℅₵⁄₴  
 Unheated basement (with no heat sources)← ₔ₂€›₵₩₁₴ₑ⁮₴ design inside temperature ╘℅⁄₴₲ 

design outside temperature ⁸₫₩╜ ╘℅⁞₴›₫ₔ┌‹₨₳⁸⃰⁄₴ ₿₃⁞₴ₑ⁮₴⅜ ⁹₫₩ basement ₆₵₩₯₳ ₔ⁸⃰‹₴ heat loss 
calculation ₉₫₂₴₈₁₴ ₆₉₫₩ₔ₂₴₂₧⅜ 

(™) Heat source equipment ₆₵₨₳₿₃⁄₴₲ ₔ₂€₭₂₳⁹₨₳ₑ⁮₴₲ basement ₿₃⁞₴₉₵℅⁄₴  
 Furnace and ducts ₑ₫₩╜₆ₒ₫⁸₴ boiler and piping ⁞ₑ⁮₴⁸₫₩╜e⁮₴ basement ₔ⁸⃰⁄₴₳⅝ ⁸⁮₴₈₩℅₉℅₵⁄₴ 

₭ₔ₨‹₴₂₧ guideline ₆₵₨₳‹₫₩ ₉₫₩‹₴₁₨ₑ⁄₴₲ₑ⁮₴⅜ 
 (‹) Heat source ₈℅₩ₑ⁮₴₲₭₁₈₨(area)₆₵₨₳ ₑ₩₫╜₆ₒ₫⁸₴ hot duct ₆₵₨₳ ₑ₩₫╜₆ₒ₫⁸₴ ₭₈₂€₂₩₫‹₴₆₵₨₳ ₿₃⁸₴ 

ₑ⃰₨₳ₑ⁮₴₲ ₭₁₈₨₆₵₨₳← ₔ›₁₴₳ₔ⁸⃰⁄₴₳ ₔ₂€›₵₩₁₴ₑ⁮₴(inside temperature) ₔ₭⁪₨‹₴ₔ₢₪ ₔ⁸⃰⁄₴₳₈℅₩ 
‹₵₁₴₭₁₈₨₆₵₨₳(rest of the building) ← ₔ₂€›₵₩₁₴╘℅⁄₴₲ ⁸€⁮₪ₑ⁮₴ₒ₫ ₇€⁪⅞  ₔ₂€⁪₱₫₳╙₱║₳₆║(heat 
transfer loss)‹₩₫ ⁸⃰‹₴₂₧⅜ 

 (›) ⁸₿›₨₳₭ₑ₨ ₔ⁸⃰⁄₴₳₁₱₈₱(partition)₿₃⁄₴₲ ‹₨₈₱⁹₨₳₭ₑ₨ ₤₈₩₇₨₆₵₨₳(areas)‹₫₩ unheated basement 
ₔ₿₃⁞₴ ₑ⁸₴₆℅⁸₴₈₆⁮₴⅜ ₔ⁹‹₴⁸⃰⁄₴₭₃₨₴₿₂⁹₨₳ₑ⁮₴₲ ₔ₆℅⁸₴(℗)(as in item 2) ₔ⁸₫₩⁄₴₳ 
ₑ⁸₴₆℅⁸₴₈₁₴⅜ 

ₔ₆℅⁸₴⁞₢₴(℗)╘℅⁄₴₲ (™‹)⁸₩₫╜⁸⃰⁄₴ ┌‹₆₴₳₿₂⁄₴₆℅ ₔ₂€⁪₱₫₳╙₱║₳₆║(heat loss from the floor ) ₿₃⁞₴₭₂↑╘₩₫⁄₴ₑ⁮₴⅜ 
⁹₫₩₂₆₨⁷‹₩₫ ₔ›₁₴₳(room)← heat loss ⁸⃰⁄₴ ⁹⁮₴₲₭₂₧⁄₴₳₈ₑ⁮₴⅜ ₔ‹₇₴⅞ basement ₔ⁸⃰‹₴ ⁸₩‹₵ₑ⁮₴₲ 
ₔ₭₿›ₔ₭₁₆₵₨₳‹₩₫ ₆ₑ₩╘₩₫⁄₴₉℅₵⁄₴(if the specific basement conditions are not known) unheated basement 
ₔ₿₃⁞₴ₑ⁸₴₆℅⁸₴⅞ ₔ₂€›₵₩₁₴(temperature) 50ęF ₒ₫₇€⁪⅞ ⁸⃰‹₴₂₧⅜ 50ęF ⁹‹₴ ₂₩₫₁₩₆₴₲ₑ⁮₴₲ ₔ₂€›₵₩₁₴‹₩₫ ₉‹₴›₱₈₁₴ 
₆₿₃⁞₴╘₩₫⁄₴₂₧⅜ ₔ₅₇₴₭┌‹₨⁄₴₲⁪₩₫₭ₑ₨₴ ₂₩₫‹₴ₔ⁸⃰⁄₴₳₆℅ ₭₈₆₵₨₳›₮ₑ⃰₨₳╘₩₫⁄₴₭ₑ₨₭┌‹₨⁄₴₲ ₿₃⁞₴ₑ⁮₴⅜ (A temperature below 
this should not be permitted anyway, because of the possibility of freezing water in piping.)  

℮.ⅎ Heat Transfer Losses: Floor on Ground and Floor Over Crawl Space 
₭₿₆₭₂↑‹⃰₁₴‹₈⁞₴┌‹₆₴₳›⁄₴₳(concrete floor slab ongrade)‹₩₫ ₿₃⁸₴⅞ crawl space ₭ₔ₨‹₴ₔ┌‹₨₳ ⁸₫₩╜⅝ 

₿₃⁞₴₭₂↑₆⁮₴₲ heat transfer ‹₫₩ ⁸⃰‹₴₈ₑ⁮₴⅜  

℮.ⅎ.№ Floor Over Crawl Space 
┌‹₆₴₳₿₂⁄₴← ₔ⁹‹₴⁸⃰⁄₴ ⁸⃰₨₳ₑ⃰₨₳╘₩₫⁄₴ₑ⁮₴₲ ₭₁₈₨(crawl space) ›₵₁₴⁹₨₳₭₉₲₈₩℅ₑ⁮₴⅜ ⁹₫₩₭₁₈₨(crawl  

space)e ⁮₴ ₔ₂€₀₨⁸₴₭₂₳₈₆⁮₴₲ ₈₨ₑ₪₆₵₨₳(heating season)⁸⃰⁄₴ ₭₈›₩₫₳₭₈₭⁄⃰╝₆₵₨₳₭┌‹₨⁄₴₲ ₭₈ₑ₪₳₿›⁄₴₳₆℅ ‹₨‹⃰₇₴ 
₈₁₴ₔ⁸⃰‹₴ vent ₉₫₂₴⁹₨₳ₑ⁮₴⅜ Crawl space ₔ⁸⃰⁄₴₳₈℅₩ ₭₉ₔ₂€›₵₩₁₴(air temperature)ₑ⁮₴ ₿₂⁄₴₂ₔ₂€›₵₩₁₴ 
(outside air design temperature)╘℅⁄₴₲ ⁸€⁮₪ₑ⁮₴⅜ ┌‹₆₴₳›⁄₴₳‹₩₫ ₿₃⁸₴⅞ ⁞₪₳ℓ⁄₴₉₨₆⁮₴₲ ₔ₂€₂₆₨⁷(heat loss)‹₩₫ 
Equation 5.8 ‹₩₫ ₔₑ₫₱₳₿₂₯⅞ ⁸⃰‹₴₇€╘₩₫⁄₴ₑ⁮₴⅜  

₭ₔ₳ₑ⁮₴₲ ₔ₈₂₴₭ⁿₑ⁸⃰⁄₴ ⁸⁮₴₭⁪₨‹₴⁹₨₳ₑ⁮₴₲ ₔ₭⁪₨‹₴ₔₔ₫₱₆₵₨₳← ┌‹₆₴₳›⁄₴₳‹₩₫ insulate 
₉₫₂₴ₑ⁄₴₲ₑ⁮₴⅜ United State energy codes ₔ₈ overall R-20 value ₈₩℅ₑ⁮₴₲ ₂⁞⇔⁮₴₳₆₵₨₳‹₩₫ ₔₑ₫₱₳₿₂₯₈₆⁮₴⅜ 
Crawl space ‹₩₫ ₭₉₭╘⃰₳₆₵₨₳(warm air) ₑ₇₴₭⁪₨⁄₴₆⁮₴₲ heating ductwork ₔ₿₃⁞₴ ₔₑ₫₱₳₿₂₯₉℅₵⁄₴ heat loss 
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calculation ⁸‹⃰₴₈₨⁸⃰⁄₴ ₂₫₩⅞ ›‹₴›₮╙║₂₴₭⁹⃰₳ₑ⁮₴⅜ ASHRAE Handbook e ₩₫╜₆ₒ₫⁸₴ local energy code ₆₵₨₳‹₩₫ 
‹₩₫₳‹₨₳╘₩₫⁄₴ₑ⁮₴⅜ 

℮.ⅎ.℗  Floor Slab on Grade 
₭₿₆⁮₪⁹₂₴⁸⃰⁄₴ ₈℅₩₭₁ₑ⁮₴₲ ┌‹₆₴₳›⁄₴₳₿₃⁞₴₉₵℅⁄₴(floor is on the ground) ₔ₿₂⁄₴₅‹₴⁞⃰₁₴₳₭₁₈₨(outside 

edges (perimeter))⁸⃰⁄₴ ₿₃⁞₴₭₂↑ₑ⁮₴₲ heat loss ₔ₉⃰₁₴₆₵₨₳₉₩₆₴₲₆⁮₴⅜ ₔ₭⁪₨‹₴ₔ₢₪₂⁸₴₂⁸₴₉⁮₴ ₔ₈℅⁮₴ 
(length of these edges)╘℅⁄₴₲ ⁸₫₩‹₴╙₩₫‹₴ₔ›₵₯₩₳‹₵ₑ⁮₴⅜ ₂₱₫(℮-⅓)⁸⃰⁄₴ ┌‹₆₴₳›⁄₴₳₤₈₩₇₨(area of the floor) ╘℅⁄₴₲ 
₆ₑ‹₴⁪₫₩⁄₴₭₂⅜ ⁹₫₩╜₭┌‹₨⁄₴₲ equation 5.8 ‹₫₩ ₔₑ₫₱₳₿₂₯⅞ heat transfer ‹₫₩ ⁸⃰‹₴₇€⅞ ₆₈╘₫₩⁄₴₭₂⅜ ₭ₔ₨‹₴₂₧ 
⁮₪₆℅₵₿›⁄₴₳(equation)‹₫₩ ₔₑ₫₱₳₿₂₯⅞ ⁸⃰‹₴₇€ₑ⁮₴⅜ 

╠ ╔  ╛  Ўἢ                                                %ÑÕÁÔÉÏÎ υȢω                             
where 

Q = heat transf er loss through floor on grade ( BTU/hr) 
E = edge heat loss coefficient (BTU/hr-ęF per ft of edge length ) 
L = total length of ou tside (exposed) edges of floor ( ft) 
æT = design temperature difference between inside and outside air (ęF) 

Table 5-3 ⁸⃰⁄₴ E ⁸₁₴₃₫₩₳ₔ₆₵₩₯₳₆₵₩₯₳‹₫₩ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ₁₱₈₱⁸⁮₴₭⁪₨‹₴₂₫₱(wall constructions) ₔ₆₵₯₩₳₆₵₯₩₳ 
⁸₫₩╜ə⁸⃰‹₴ ₔ⁞⃰₁₴₳₂₧ₑ⁮₴₿₃⁞₴₭⁞⅛ ₆₂₧ₑ⁮₴₿₃⁞₴₭⁞(with and wit hout edge) insulation ╘℅⁞₴₆₵₯₩₳⁞₉₫₱₳‹₫₩ ₭₃₨₴₿₂ 
⁹₨₳ₑ⁮₴⅜ Energy codes ə ₈ insulation ₆₂₧₆₿₃⁞₴ ⁸₂₴⁪⁄₴₈₆⁮₴⅜  

  
₂₱₫ ℮-⅓ Heat loss through floor of building without basement.  

(Actual insulation arrangement may differ.)  
Table 5-3 Edge heat loss coefficient, E, for-floor slab on grade (BTU/hr-ęF per ft of edge)  

Wall Construction 
Edge 

Insulation 
Degree Days 

3000 5400 7400 

8 in. block with face brick  
None 0.62 0.68 0.72 
R-5 0.48 0.5 0.56 

4 in. block with face brick  
None 0.8 0.84 0.93 
R-5 0.47 0.49 0.54 

Metal stud with stucco 
None 1.15 1.2 1.34 
R-5 0.51 0.53 0.58 

Poured concrete, heated floor 
None 1.84 2.12 2.73 
R-5 0.64 0.72 0.9 

Adapted from ASHRAE 1997 Handbook-Fundamentals. 
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₢₂₆₨(℮-№ℓ) 
‹₨₳‼₩₫₭ⁿ₧⁄₴(garage)⁸⁞₴›₫ₑ⁮₴ 60 ft x 30 ft ‹₵₇₴⅞ ‹⃰₁₴‹₈⁞₴┌‹₆₴₳›⁄₴₳(concrete floor slab)₿₃⁄₴₲ 

⁸⁮₴₭⁪₨‹₴⁹₨₳ₑ⁮₴⅜ ₭₿₆₭₂↑₈℅₩ ₔ›₁₴₳⁸⃰⁄₴₳ₔ₂€›₵₩₁₴‹₩₫ 65ęF ⁸⃰⁄₴ ⁹₩₁₴₳⁹₨₳(on grade is maintained)₈₁₴ 
₉₫₩ₑ⁮₴⅜ ₿₂⁄₴₂ₔ₂€›₵₩₁₴(outdoor air temperature )ₑ⁮₴ 4ęF ₿₃⁞₴ₑ⁮₴⅜ Degree days ₑ⁮₴ 5400 ₿₃⁞₴ₑ⁮₴⅜ 
Floor edge ₑ⁮₴ R-5 insulation ₿₃⁞₴ₑ⁮₴⅜ ₁₱₈₱₆₵₨₳(walls)‹₫₩ (⅓)₉‹₴₆ ₅₭₉₨‹₴⁸₱₫₳₆₵₨₳(8 in. block with 
face brick)₿₃⁄₴₲ ₿₂₯₉₫₂₴⁹₨₳ₑ⁮₴⅜ ┌‹₆₴₳₿₂⁄₴(floor)‹₫₩ ₿₃⁸₴⅞ ₿₃⁞₴₭₂↑₆⁮₴₲ ₔ₂€⁪₱₫₳╙₱║₳₆║(heat loss)‹₫₩ ₈℅₨₂₧⅜  

ₔ₭₿₃- Ў╣ ⅛ E ╘℅⁄₴₲ L ⁸₫₩╜‹₫₩ ₂⁹₆₢₪₳⁪₫₱₳ ₈℅₨₭₃⃰₂₧⅜ 
Ў╣       Ј╕ 

Table 5-3 ₆℅ E = 0.50 for 5400 degree days  
Edge length L= 2(60 + 20) = 160 ft  

Using Equation 5.9, 
╠ ╔  ╛  ╣╓ 

= 0.50 x 160 x 61 =  4880 BTU/hr 
┌‹₆₴₳›⁄₴₳₤₈₩₇₨ ₔ₁⁮₴₳⁄₇₴ₑ₨₈℅₩ₑ⁮₴₲ ₔ₭⁪₨‹₴ₔ₢₪₆₵₨₳(buildings with small floor slab areas) 

ₔ⁸⃰‹₴⅛ Edge loss method (Equation 5.9)‹₫₩ ₔₑ₫₱₳₿₂₯₈₁₴ ⁸₫₩‹₴⁸⃰₁₴₳₉₩₫ₑ⁮₴⅜  

┌‹₆₴₳›⁄₴₳₤₈₩₇₨ ₆₵₨₳⁞⃰₨₈℅₩ₑ⁮₴₲ ₔ₭⁪₨‹₴ₔ₢₪₆₵₨₳(buildings with large floor slab areas)⁸⃰⁄₴ edge 
loss method ₑ⁮₴ ₔ₿₂⁄₴₅‹₴⁪₫₱₳ ₔ›₁₴₳₆₵₨₳(perimeter rooms) ₔ⁸⃰‹₴ₑ₨ ₔₑ₫₱₳₿₂₯ₑ⁄₴₲ₑ⁮₴⅜ ₔ⁸⃰⁄₴₳₂₩₫⁄₴₳ 
₭₁₈₨₆₵₨₳(interior areas)ₔ⁸⃰‹₴ basement ← U ⁸₁₴₃₫₩₳╘℅⁄₴₲ Ў╣ value ⁸₩₫╜╘℅⁄₴₲ ⁸₮⃰₃‹₴⅞ equation 5.8 ‹₫₩ 
ₔₑ₫₱₳₿₂₯ₑ⁄₲₴ₑ⁮₴⅜  

℮.⅓ Infiltration and Ventilation Heat Loss  
ₔ₭⁪₨‹₴ₔ₢₪₁₱₈₱₆₵₨₳⅛ ₔ₆₩₫₳₆₵₨₳₆℅ ₔ₂€₀₨⁸₴₆₵₨₳ ⁪₫₱₳₈₱║₳ₑ⃰₨₳╘₫₩⁄₴ₑ₉₫₩⅛ ₿₂⁄₴₂₆℅ ₭₉₭ₔ₳(cold out door air) 

ₐ⁄₴₭₈₨‹₴₿›⁄₴₳₭┌‹₨⁄₴₲₉⁮₴₳ ₔ₂€₀₨⁸₴₆₵₨₳ ⁪₫₱₳₈₱║₳ₑ⃰₨₳╘₫₩⁄₴ₑ⁮₴⅜ ₭⁪₨⁄₴₳₈₨ₑ₪⁸⃰⁄₴ infiltration  ╘℅⁄₴₲ ventilation 
⁸₫₩╜₭┌‹₨⁄₴₲  ₿₂⁄₴₂₆℅ ₭₉₭ₔ₳₆₵₨₳ ₔ₭⁪₨‹₴ₔ₢₪ ₔ⁸⃰⁄₴₳ₑ₫₩╜ ₐ⁄₴₭₈₨‹₴╘₫₩⁄₴ₑ⁮₴⅜   

 

℮.⅓.№ Sensible Heat Loss Effect of Infiltration Air  
ₔ₭⁪₨‹₴ₔ₢₪₈℅₩ ₔ₭₂₧‹₴₆₵₨₳(building openings)₆℅ ₔ⁸⃰⁄₴₳ₑ₫₩╜ ₿₂⁄₴₂₭₉(outdoor air)₆₵₨₳ ₐ⁄₴₭₈₨‹₴ 

₿›⁄₴₳₭┌‹₨⁄₴₲ infiltration ₿₃⁞₴₭₂↑ₑ⁮₴⅜ ⁸₫₩‹₴₭₉←₃₩ₔ₨₳(wind pressure)₭┌‹₨⁄₴₲ ₔ₭₂₧‹₴₆₵₨₳(openings)₆℅ 
₭₉₭ₔ₳₆₵₨₳ ₐ⁄₴₭₈₨‹₴₿›⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜ ⁸₱›₧₳₭₂₧‹₴⅛ ₿₂⁸⁄₴₳₭₂₧‹₴₭₅₳₈₩℅ ₔ‹₴₭┌‹₨⁄₴₳₆₵₨₳⅛ ₒ,₭₁ₑ⁮₴₲ ₭₁₈₨₆₵₨₳ 
(cracks around window sashes)⅛ ⁸₱›₧₳⁞⃰₁₴₳(door edges)⅛ ⁸₱›₧₳₂⃰⁄₴₲₭₁ₑ⁮₴₲ ₭₁₈₨₆₵₨₳(open doors) ⁞ₑ⁮₴⁸₩₫╜ 
₆℅ infiltration ₿₃⁞₴₭₂↑⅞ ₭₉₆₵₨₳ ₐ⁄₴₭₈₨‹₴₉₨╘₫₩⁄₴ₑ⁮₴⅜  

₭⁪₨⁄₴₳₈₨ₑ₪⁸⃰⁄₴ ₔ›₁₴₳ ₑ₫₩╜₆ₒ₫⁸₴ ₔ₭⁪₨‹₴₢ə₪ ₔ⁸⃰⁄₴₳ₑ₫₩╜ ₐ⁄₴₭₈₨‹₴₉₨₆⁮₴₲ ₭₉ə ₂€›₵₩₁₴(entering 
air temperature)ₑ⁮₴ ₔ›₁₴₳ₔ⁸⃰⁄₴₳₈℅₩ ₭₉ə ₂€›₵₩₁₴(room air temperature) ⁹‹₴ ₂₩₫₁₩₆₴₲ₑ⁮₴⅜ ⁹₫₩₭₉₭ₔ₳ 
₆₵₨₳₭┌‹₨⁄₴₲ ⁪₫₱₳₈₱║₳ₑ⃰₨₳ₑ⁮₴₲ ₔ₂€₆₵₨₳ₔ⁸⃰‹₴ ₔ₂€₀₨⁸₴ ₂₩₫⁹⁮₴₲₭₂₳₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ 

Infiltration  ⁪₫₩ₑ⁮₴₆℅₨ ₿₂⁄₴₂ₔ₂€›₵₩₁₴ ₁₩₆₴₲₭₁›₵₩₁₴⁸⃰⁄₴ ₔ₭⁪₨‹₴ₔ₢₪ₔ⁸⃰⁄₴₳ₑ₫₩╜ ₿₂⁄₴₂₆℅ ₭₉₭ₔ₳₆₵₨₳ 
₇₩₫⁞₩₆₴₲ₐ⁄₴₭₈₨‹₴₿›⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜ Ventilation ⁪₫₩ₑ⁮₴₆℅₨ ₔ₭⁪₨‹₴ₔ₢₪ₔ⁸⃰⁄₴₳ₑ₫₩╜ ₭₉₭‹₨⁄₴₳₭₉ₑ₁₴╜ 
(₿₂⁄₴₂₭₉)⁹⁮₴₲₭₂₳₿›⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜ ₿₂⁄₴₂ₔ₂€›₵₩₁₴ ₿₆⁄₴₲₭₁›₵₩₁₴⁸⃰⁄₴ ₿₂⁄₴₂₆℅ ₭₉₂€₆₵₨₳ₔ›₁₴₳ₔ⁸⃰⁄₴₳ₑ₩₫╜ ⁞₩₆₴₲ℓ⁄₴₿›⁄₴₳ 
₿₃⁞₴₭₂↑ₑ⁮₴⅜ 

⁹₫₩₭₉₆₵₨₳₭┌‹₨⁄₴₲ ⁪₱₫₳╙₱║₳ₑ⃰₨₳ₑ⁮₴₲ₔ₂€₂₆₨⁷(amounts of heat)‹₩₫ infiltration heating load ╘℅⁄₴₲ 
ventilation heating load ₒ₫ ₭›↑ₑ⁮₴⅜ 
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Infiltrating air ₭┌‹₨⁄₴₲ ₿₃⁞₴₭₂↑ₑ⁮₴₲ sensible heat loss ₂₆₨⁷‹₫₩ ₭ₔ₨‹₴₂₧ ₂₫₱₭ₑ₁⁮₴₳₿₃⁄₴₲ ⁸⃰‹₴₇€ 
╘₫₩⁄₴ₑ⁮₴⅜ Sensible heat equation ‹₩₫ ₔₑ₱₫₳₿₂₯⅞ ⁸⃰‹₴₇€╘₩₫⁄₴ₑ⁮₴⅜ 

╠▼ □ ╬ Ў╣   

Where                ╠▼ = heat required to warm cold o utdoor air to room temperature ( BTU/hr) 
   m = weight flow ra te of outdoor air infiltration ( lb/hr ) 
    c = specific heat of air ( BTU/lb -ęF) 
  æT = temperature change betwee n indoor and out -door air (ęF) 
 

ₔ⁹‹₴₂₧⁮₪₆₵℅₿›⁄₴₳(equation)⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴₲ lb/hr ₭₉ₑ⁮₴ ₔ₭₉₳›₵₩₁₴⁞₪₳╘║₁₴₳(mass flow rate 
of air (m)) ₿₃⁞₴ₑ⁮₴⅜ ₑ₫₩╜₭ₑ₨₴ HVAC ₉₫₂₴⁄₁₴₳ ₆₵₨₳⁸⃰⁄₴ ₭₉⁞₪₳╘║₁₴₳(air flow rate) ‹₫₩ CFM ₿₃⁄₴₲ₑ₨ ⁸₫₩⁄₴₳⁸₨ 
₭₃₨₴₿₂₭₉₲₈₩℅ₑ⁮₴⅜ ₇€₁⁞₴₭₿₂₨⁄₴₳⅞ sensible heat equation ‹₫₩ ₭₃₨₴₿₂₉℅₵⁄₴  

╠▼ Ȣ ╒╕╜ Ў╣                                           Ȣ  

Where                           Qs= sensible heat loss from infiltration or ventilation air ( BTU/hr) 
CFM = air infiltrat ion (or ventilation) flow rate ( ft3/min) 
æT= temperature change between indoor and outdoor air ( ęF) 

℮.⅓.℗ Latent Heat Loss Effect of Infiltration Air  
₭⁪₨⁄₴₳ₔ›₧ ₿₂⁄₴₂₆℅ℓ⁄₴₭₈₨‹₴₉₨ₑ⁮₴₲₭₉(infiltration air) ← ⁞₩₫⁹₫₩⁄₴₳⁪ₑ⁮₴ ₔ›₁₴₳ₔ⁸⃰⁄₴₳₈₩℅₭₉(room 

air)← ⁞₫₩⁹₫₩⁄₴₳⁪⁹‹₴ ₂₫₩₁⁮₴₳₭ₑ₨₭┌‹₨⁄₴₲ ₔ›₁₴₳ₔ⁸⃰⁄₴₳₈℅₩ ₭₉⁞₩₫⁹₩₫⁄₴₳⁪(room air humidity )ₑ⁮₴ ₉‹₴₆›₱ 
╘₩₫⁄₴ₑ⁮₴₲ₔ⁪⁄₴₲(unacceptable level)ₔ⁹₩ ‹₵⁪⁄₴₳ₑ⃰₨₳╘₫₩⁄₴ₑ⁮₴⅜ ₔ›₁₴₳ₔ⁸⃰⁄₴₳₈℅₩ ₭₉←⁞₩₫⁹₩₫⁄₴₳⁪(room air 
humidity)‹₫₩ ⁹₩₁₴₳⁹₨₳╘₫₩⁄₴₈₁₴ₔ⁸⃰‹₴ ₔ›₁₴₳ₔ⁸⃰⁄₴₳₈₩℅ ₭₉⁹₮ₑ₫₩╜ ₭₈›₫₩₳₭₈₭⁄⃰╝(water vapor)₆₵₨₳ ⁹⁮₴₲₭₂₳₈₁₴ 
₉₫₩ₔ₂₴ₑ⁮₴⅜ ⁹₩₫ₑ₩₫╜ ₭₈›₩₫₳₭₈₭⁄⃰╝₆₵₨₳ ⁹⁮₴₲₭₂₳₿›⁄₴₳₭┌‹₨⁄₴₲ ₿₃⁞₴₭₂↑₉₨₆⁮₴₲ ₔ₂€⁪₱₫₳╙₱║₳₆║‹₩₫ ñlatent heat of 
vaporization of waterò ₒ₫ ₭›↑ₑ⁮₴⅜ ₭ₔ₨‹₴₂₧ ⁮₪₆₵℅₿›⁄₴₳(equation)₿₃⁄₴₲ ₭₃₨₴₿₂╘₫₩⁄₴ₑ⁮₴⅜ 

╠╛ Ȣ  ╒╕╜ ╦░ ╦▫      ὉήόὥὸὭέὲ υȢρρ 

Where                  ╠╛= latent heat required for i nfiltration or ventilation air ( BTU/hr) 
CFM = air infiltration or ventilation rate ( ft3/min ) 
 7 = higher (indoor) humidity ratio in grains water/lb dry air (gr w/lb d.a.)  
 7 = lower (outdoor) humidity ratio in grains water/lb dry air (gr w/lb d.a.)  

Equation 5.10 ╘℅⁄₴₲ 5.11 ⁸₫₩╜e⁮₴ ₔ›₁₴₳⁹₮₈℅₩₭₉(room air)← sensible ╘℅⁄₴₲ latent heat loss ⁸₫₩╜‹₫₩ 
⁸⃰‹₴₈₁₴ₔ⁸⃰‹₴ ₔₑ₱₫₳₿₂₯ₑ⁮₴⅜ Infiltration air ← sensible heat loss ‹₩₫ ₆₿₃⁞₴₆₭₁ ⁸⃰‹₴₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ 
ₔ‹₇₴⅞ infiltration ₭┌‹₨⁄₴₲ ₔ›₁₴₳⁹₮₈℅₩ ₭₉⁞₫₩⁹₫₩⁄₴₳⁪(room air humidity) ₑ⁮₴ ₉‹₴›₱╘₫₩⁄₴ₑ⁮₴₲ ₔ⁪⁄₴₲ 
₿₃⁞₴₉℅₵⁄₴ latent heat loss ‹₫₩ ₉₵⁞₴₉₵₰╙║╘₫₩⁄₴ₑ⁮₴⅜ ⁹⁮₴₲⁸⃰‹₴₈₁₴ ₆₉₫₩ₔ₂₴₭₂⅜ 

Equation 5.11 ⁸⃰⁄₴ ⁹⁮₴₲⁸⃰‹₴₈₆⁮₴₲ humidity ratios (W)‹₫₩ psychometric chart ₆℅ ₃⁸₴₇€╘₩₫⁄₴ₑ⁮₴⅜ 

℮.⅓.™ Infiltration Rate  ⁸⃰‹₴₁⁮₴₳ 
Infiltration air ← ⁞₪₳╘║₁₴₳(CFM)‹₫₩ crack method ⁸⃰‹₴₁⁮₴₳(methods)╘℅⁄₴₲ air change method 

⁸⃰‹₴₁⁮₴₳(methods)ₒ€⅞ ₁⁮₴₴₳(℗)₆₵₯₩₳₿₃⁄₴₲ ⁸⃰‹₴╘₫₩⁄₴ₑ⁮₴⅜ 

ñCrack Methodò ⁸⃰‹₴₁⁮₴₳ 
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ñCrack Methodò ⁸⃰‹₴₁⁮₴₳ₑ⁮₴ ₔ‹₴₭┌‹₨⁄₴₳₆₵₨₳⅛ ₒ,₭₁ₑ⁮₴₲ ₭₁₈₨₆₵₨₳← ₔ₈℅⁮₴‹₩₫ ⁸₫₩⁄₴₳₇€⅞ 
⁞₩₆₴₲ₐ⁄₴╘║₁₴₳(rate of air infiltration per foot of crack opening )╘℅⁄₴₲₭₿₆═₨‹₴‹₨ ₭₉(air)₂₆₨⁷‹₩₫ ⁸⃰‹₴₇€ₑ⁮₴₲ 
₁⁮₴₳₿₃⁞₴ₑ⁮₴⅜ Energy codes ⁸⃰⁄₴ maximum permissible infiltration rate  ₆₵₨₳‹₫₩ ₑ⁸₴₆℅⁸₴₭₂₳⁹₨₳ₑ⁮₴⅜ 
Table 5-4 ⁸⃰⁄₴ ₔ₭⁪₨‹₴ₔ₢₪ₔₑ⁞₴(new construction) ₑ₫₩╜₆ₒ₫⁸₴ renovation upgrading ⁸₫₩╜ə⁸⃰‹₴ typical 
allowable infiltration rate ₆₵₨₳‹₫₩ ₭₃₨₴₿₂₭₂₳⁹₨₳ₑ⁮₴⅜ ₭₉⁸₫₩‹₴╘║₁₴₳⁸⁞₴₁₨₈₪₉₵℅⁄₴ (℗℮)₆₫₩⁄₴(25 MPH wind)‹₫₩ 
ₔ₭₿››₱⅞ ⁸⃰‹₴⁹₨₳ₑ⁮₴₲ ⁸₁₴₃₫₩₳₆₵₨₳ ₿₃⁞₴ₑ⁮₴⅜ ₿₂⁄₴₂⁸⃰⁄₴ ₭₉⁸₫₩‹₴╘║₁₴₳ ₆₵₨₳₉℅₵⁄₴ infiltration rate ₂₩₫₆₵₨₳₉₩₆₴₲₆⁮₴⅜ 

Table 5-4 typical allowable design air infiltration rates through exterior  windows and doors 
Component Infiltration Rate  

Windows   0.37 CFM per ft of sash crack 
Residential doors   0.5 CFM per ft2 of door area 
Nonresidential doors   1.00 CFM per ft2 of door area 
Component  Infiltration Rate   

Note: This table is adapted from various state energy standards. 
ₔ‹₴₭┌‹₨⁄₴₳ₔ₈℅⁮₴(crack lengths)╘℅⁄₴₲ ₤₈₩₇₨(areas)‹₫₩ ⁸⃰‹₴₈₁₴ ₑ₩₫╜₆ₒ₫⁸₴ ⁸₫₩⁄₴₳₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴₲ 

ₔ›₵‹₴ₔ₉‹₴₆₵₨₳‹₩₫ ₄₩ₑ₫‹₨₂₱₫₆₵₨₳(architectural plans) ₑ₩₫╜₆ₒ₫⁸₴ ₉‹₴₭⁸⃰╜⁸₫₩⁄₴₳⁸₨₆║(field measurement)  
₆₵₨₳₆℅ ₈╘₩₫⁄₴ₑ⁮₴⅜ ₢₂₆₨(℮-№№)⁸⃰⁄₴ crack method ⁸⃰‹₴₁⁮₴₳‹₫₩ ₔₑ₫₱₳₿₂₯⁹₨₳ₑ⁮₴⅜ 
₢₂₆₨ (℮-№№) 

ₔ₭⁪₨‹₴ₔ₢₪⁸⁞₴›₫← ₿₂⁸⁄₴₳₭₂₧‹₴‹₫₩ ₭ⁿₑ⁪₫₩⁄₴₈₨⁞⃰₆₴₳ₔ⁄₴⁞₱›₵₩₁₴⁞₱⁮⃰₁₴₳(local infiltration energy 
standards)╘℅⁄₴₲ ‹₫₩‹₴⁮₪₭ₔ₨⁄₴ ⁸₂₴⁪⁄₴₈₁₴⅛ ₿₂₯₿₂⁄₴₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ ₿₂⁸⁄₴₳₭₂₧‹₴₆₵₨₳(windows)ₑ⁮₴ 3 ft (W) x 
4 ft (H) ₿₃⁞₴┐₂₪₳ double hung type ₿₃⁞₴ₑ⁮₴⅜ ₔ›₁₴₳⁸⃰⁄₴₳╘℅⁄₴₲ ₿₂⁄₴₂ ⁿ₪⁫₫₩⁄₴₳ₔ₂€›₵₩₁₴(indoor ╘℅⁄₴₲ outdoor design 
temperatures) ⁸₫₩╜e⁮₴ 70ęF ╘℅⁄₴₲ 10ęF ₿₃⁞₴ₑ⁮₴⅜ Infiltration ₭┌‹₨⁄₴₲ ₿₃⁞₴₭₂↑ₑ⁮₴₲ sensible heat loss ‹₫₩ 
₈℅₨₂₧⅜ 

ₔ₭₿₃ 
(№) Table 5.4 ₆℅ ₑ⁸₴₆℅⁸₴₭₂₳⁹₨₳ₑ⁮₴₲ ›⃰⁄₴₲₿₂₯⁹₨₳ₑ⁮₴₲(allowed) infiltra tion rate ₑ⁮₴ ₔ‹₴₭┌‹₨⁄₴₳ (№)₭₂ 
₉₵℅⁄₴ 0.37 CFM ╘║₁₴₳(0.37 CFM per ft of sash crack) ₿₃⁞₴ₑ⁮₴⅜ 

(℗) ╓Total crack length L = 3(3) + 2(4) = 17 ft. (Note the all owance for the crack at the mid dle rail of 
a double-hung window)⅜ ₂₱₫(℮-⅔)⁸⃰⁄₴ ₿₂⁸⁄₴₳₭₂₧‹₴‹₫₩ ₭₈₳⁪⃰₮ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜  

(™)   ₿₂⁸⁄₴₳₭₂₧‹₴₆℅ ⁞₩₆₴₲ℓ⁄₴₉₨ₑ⁮₴₲ ╘║₁₴₳(total inf iltration rate for the window) ₑ⁮₴ 6.3 CFM ₿₃⁞₴ₑ⁮₴⅜ 
CFM = 0.37 CFM/ft x 17 ft = 6.3 CFM  

(Ω) Equation 5.10 ‹₩₫ ₔₑ₫₱₳₿₂₯⅞ infiltration ₭┌‹₨⁄₴₲ ₿₃⁞₴₭₂↑ₑ⁮₴₲ sensible heat loss ₆℅₨ 
╠╢  Ȣ  ╒╕╜  Ў╣ 

                                                    = 1.1 x 6.3 x (70 ð 10) = 415 BTU/hr  

 

Crack ₭┌‹₨⁄₴₲₿₃⁞₴₭₂↑ₑ⁮₴₲ infiltration ⁪₫₩₳ₐ₧₳⁞⃰₨ ₆₿₃⁞₴₭₂↑₭⁞₈₁₴ ₔ₈⁮₴ 
ₔ₭ₑ⃰₳₭‹₨⁄₴₳ₑ⁮₴₲ ⁸₂₴⁪⁄₴₆║₆₵₨₳(quality of insta llation) ╘℅⁄₴₲ ₿₂⁸⁄₴₳₭₂₧‹₴₆₵₨₳ 
(windows)⅛ ⁸₱›₧₳₆₵₨₳(doors)‹₫₩ ₭‹₨⁄₴₳⁞⃰₨ ₿₂₯₿₂⁄₴⁹₩₁₴₳ₑ₩₆₴₳₆║₆₵₨₳ ₿₂₯₉₫₂₴⁹₨₳₈₁₴ 
ₔ₭₈₳└‹₪₳ₑ⁮₴⅜ ₿₂⁸⁄₴₳₭₂₧‹₴₆₵₨₳‹₩₫ ₭ₑ›₵₨⁞⃰₨ ₆⁸₂₴⁪⁄₴⁹₨₳₿›⁄₴₳(poorly fitted 
windows) ₭┌‹₨⁄₴₲ ₿₃⁞₴₭₂↑ₑ⁮₴₲ infiltration  ₑ⁮₴ ₂₱₫₆℅₁₴⁹‹₴ (℮)⁪(five times)›₁₴╜ 
₂₩₫₆₵₨₳╘₩₫⁄₴ₑ⁮₴⅜ Sash leakage ₆₵₨₳‹₩₫ table 5-4 ⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜  

₂₱₫ ℮-⅔ ₢₂₆₨(℮-№№)ₔ⁸⃰‹₴ ₂₱₫┌‹₆₴₳  
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ₔ›₁₴₳⁸⁞₴›₫⁸⃰⁄₴ ₁₱₈₱╘℅⁞₴₅‹₴⁞₉₱₫₳ₑ⁮₴ ₿₂⁄₴₂╘℅⁄₴₲ ⁹₩₭⁸⃰╝₭₁₉℅₵⁄₴(room with two adjacent ex posed 
walls) ₭⁹₨⁄₴₲›₁₴₳(corner room)ₒ₫ ₑ⁸₴₆℅⁸₴ₑ⁮₴⅜ ⁹₩₫₁₱₈₱ (℗)₅‹₴⁞₉₱₫₳⁸⃰⁄₴ ₿₂⁸⁄₴₳₭₂₧‹₴₆₵₨₳ ⁸₱›₧₳₆₵₨₳(door 
or window openings on both sides) ₈℅₩₭₁₉₩₆₴₲₆⁮₴⅜  

 
Infiltration ₑ⁮₴ ₿₂⁄₴₂⅝ ⁸₫₩‹₴›⁸₴₭₁ₑ⁮₴₲ ₭₉⁸₩₫‹₴╘║₁₴₳₭₂↑⁸⃰⁄₴ ₆€⁸⁮₴ₑ⁮₴⅜ ⁹₫₩╜ə₿₂⁄₴ ₔ›₁₴₳⁸⁮₴ 

₈₩℅₈₨ ₭₁₈₨⁸⃰⁄₴₉⁮₴₳ ₆€⁸⁮₴ₑ⁮₴⅜ ₔ›₁₴₳⁸⁞₴›₁₴₳⁸⃰⁄₴ ₔ₭⁪₨‹₴ₔ₢₪₿₂⁄₴₂╘℅⁄₴₲ ⁹₩⁞₂₴₭₁ₑ⁮₴₲ ₁₱₈₱⁸⁞₴₅‹₴ 
ₑ₩₫╜₆ₒ₫⁸₴ ╘℅⁞₴₅‹₴₿₃⁞₴╘₫₩₫⁄₴ₑ⁮₴⅜ ₭⁹₨⁄₴₲›₁₴₳₆₵₨₳⅝ ╘℅⁞₴₅‹₴₈₩℅╘₩₫⁄₴ₑ⁮₴⅜ ₭₉ₑ⁮₴ ₔ›₁₴₳₭⁹₨⁄₴₲‹₩₫ ₢₪₳⁸⁮₴⅞ 
⁸₩₫‹₴₉℅₵⁄₴(wind comes obliquely) ₁₱₈₱⁸⁞₴›₫›₵⁄₴₳⁞₪← projected crack length ₭₉₵₨₲₁⁮₴₳ₑ⃰₨₳₭ₑ₨₭┌‹₨⁄₴₲ ₁₱₈₱ 
⁸⁞₴₅‹₴‹₫₩ₑ₨ ₭₉⁸₫₩‹₴ₑ⁮₴₲ ₑ₭₅₨₆₵₩₯₳₿₃⁞₴ₑ⁮₴⅜ ⁸⁞₴›₁₴₳₉₱₫₳ₔ⁸⃰‹₴ ₿›₱₯⁸⃰‹₴₉₵℅⁄₴ overall effect 
⁸€⁮₪₉₩₆₴₲₆⁮₴⅜ ⁹₩₫╜₭┌‹₨⁄₴₲ ₭₉e ⁮₴ ₆⁮₴ₑ⁮₴₲₅‹₴‹ ⁸₩₫‹₴ₑ⁮₴₿₃⁞₴₭⁞ infiltration ₭┌‹₨⁄₴₲ ₿₃⁞₴₭₂↑ₑ⁮₴₲ heat 
loss ₆‹⃰₨₿›₨₳₭₂⅜ 

₁₱₈₱₆₵₨₳⅛ ₿₂⁸⁄₴₳₭₂₧‹₴₆₵₨₳⅝ ₈₩℅₭₁ₑ⁮₴₲ₔ‹₴₭┌‹₨⁄₴₳⅛ ┌‹₨₳₉⃰⁸₴₭₁₈₨⅛ ₒ,₭₁ₑ⁮₴₲ ₭₁₈₨₆₵₨₳ₑ⁮₴ 
ₔ₈⃰₇₴ₔ⁞₨₳ ₔ₆₵₯₩₳₆₵₯₩₳₿₃⁞₴╘₩₫₴⁄₴₭ₑ₨₭┌‹₨⁄₴₲ ₔ₆₵₨₳⁪₫₱₳₿₃⁞₴╘₩₫⁄₴ₑ⁮₴₲ ₔ‹₵₇₴‹₩₫ ₔ₭₿››₱⅞ ⁸⃰‹₴ₑ⁄₴₲ₑ⁮₴⅜ ⁸⁞₴›₁₴₳ 
›₵⁄₴₳⁞₪⅛ ₁₱₈₱⁸⁞₴₃‹₴›₵⁄₴₳⁞₪⁸₫₩╜← infiltration  ‹₩₫ ⁸⃰‹₴⅞ ₭₂₧⁄₴₳⅞ ₔ₭⁪₨‹₴ₔ₢₪⁸⁞₴›₫₉₫₱₳(total building infiltration 
rate) ₔ⁸⃰‹₴ ⁸⃰‹₴₇€╘₩₫⁄₴ₑ⁮₴⅜ ⁸₱›₧₳₆₵₨₳₃⃰⁄₴₲₿›⁄₴₳(door usage)₭┌‹₨⁄₴₲₉⁮₴₳ infiltration ₿₃⁞₴╘₩₫⁄₴ₑ⁮₴⅜ 

⁞⁸₫₩₳⁪₫₩⁄₴(department stores)⅛ ╙₫₱₳›₁₴₳ ⁞ₑ⁮₴₲ ₭₁₈₨₆₵₨₳⁸⃰⁄₴ ₔℓ⁄₴ₔ⁹⃰‹₴₆₵₨₳(frequent door usage) 
₭ₑ₨₭┌‹₨⁄₴₲ infiltration  ‹₩₫ ⁹⁮₴₲ₑ⃰⁄₴₳ ⁸⃰‹₴›₵‹₴₈₆⁮₴⅜ ₂⁹₆₢₪₳⁞⃰₨ ⁸₱›₧₳₃⃰⁄₴₲╘║₁₴₳(rate of door usage, number 
of people per minute)‹₩₫ ₑ⁸₴₆℅⁸₴₈₆⁮₴⅜ ₄₩ₑ₫‹₨(architect) ₑ₫₩╜₆ₒ₫⁸₴ ₂₩₫⁄₴₈℅⁄₴(owner)⁹₱₆℅ infiltration  
ₔ⁸⃰‹₴ ₔ┌‹₱₢₨⁷₴ ₈₇€╘₩₫⁄₴ₑ⁮₴⅜ ₂₵₆₴₳₆₵℅╘║₁₴₳(average infiltration rates  for frequent door usage)₆₵₨₳‹₩₫ table 
5-5 ⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ 

Table 5-5 infiltration rates for frequent door usage  
⁸₱›₧₳ ₔ₆₵₩₯₳ₔ⁞₨₳ (Door Type) ₉€⁸⁞₴₭₇₨‹₴ₔ⁸⃰‹₴ ₭₉⁹₫⁹⁮₴ (ft3 per Person) 

Swinging door, no vestibule 900 
Swinging door, vestibule 550 
Revolving door 60 
ₔ┐₆₮⁸₆₴₳ ₃⃰⁄₴₲₭₁ₑ⁮₴₲ ⁸₱›₧₳₆₵₨₳(₃⃰⁄₴₲⁹₨₳₆⁮₴₲⁸₱›₧₳₆₵₨₳)⅛ ₔ₭₂₧‹₴₆₵₨₳ ₈₩℅₭‹₨⁄₴₳ ₈₩℅╘₩₫⁄₴ₑ⁮₴⅜ ⁹₩₫⁸₱›₧₳₆₵₨₳ 

ₔ⁸⃰‹₴ infiltration rate ‹₩₫ ⁹⁮₴₲⁸⃰‹₴₈₆⁮₴⅜ Infiltration rate ₭₉₵₨₲₁⁮₴₳₭⁞₈₁₴ ₭₉₉₫₩‹₴‹₨(air curtains)  
₆₵₨₳‹₩₫ ₔₑ₫₱₳₿₂₯┌‹ₑ⁮₴⅜ ⁸₱›₧₳₭₂₧‹₴ₔ₭₂↑₆℅ ₭₉₆₵₨₳‹₩₫ ₔ₈₩℅₁₴₿₂⁄₴₳₿₂⁄₴₳(vertical warm air barrier across the 
opening)₿₃⁄₴₲ ⁹₫⁸₴₉╓⁸₴₭₁₭e₨₭┌‹₨⁄₴₲ infiltration rate ₭₉₵₨₲₁⁮₴₳ₑ⃰₨₳ₑ⁮₴⅜  

ₔ₉⃰₁₴₭ₑ₳⁄₇₴ₑ⁮₴₲ ₔ₭₂₧‹₴₆₵₨₳₂₧₈℅₩ₑ⁮₴₲₁₱₈₱(porous wall)₆₵₨₳₭┌‹₨⁄₴₲₉⁮₴₳ air infiltration ₿₃⁞₴₭₂↑ 
╘₫₩⁄₴ₑ⁮₴⅜ ₔ‹₇₴⅞ ₁₱₈₱₆₵₨₳(walls)⅝ ₭₂₧‹₴₆₵₨₳ ₈℅₩₭₁₂₧‹ significant porosity ⅛ sealant coatings ₑ₩₫╜₆ₒ₫⁸₴ 
⁸₿›₨₳₂₩⁸₴⁪₫₩╜₁⁮₴₳₆₵₨₳(other coverings)‹₩₫ ₔₑ₱₫₳₿₂₯⅞ ‹₨‹⃰₇₴╘₫₩⁄₴ₑ⁮₴⅜  

ₔ⁹₂₴₿₆⁄₴₲ₑ⁮₴₲ ₔ₭⁪₨‹₴ₔₔ₫₱₆₵₨₳⁸⃰⁄₴ ₔ‹₴₭┌‹₨⁄₴₳₆₵₨₳₭┌‹₨⁄₴₲ ₑ₨₆‹ thermal stack effect 
₭┌‹₨⁄₴₲₉⁮₴₳ infiltration ₿₃⁞₴₿›⁄₴₳‹₩₫ ₂₩₫⁪₫₩₳₈⃰₨₳₭⁞ₑ⁮₴⅜ ₔ₭⁪₨‹₴ₔₔ₫₱ₔ⁸⃰⁄₴₳⅝ ₂€₭╘⃰₳┐₂₪₳⅛ ₔ₿₂⁄₴⅝ ₭ₔ₳₭₁₉℅₵⁄₴ 

⁸₱›₧₳₆₵₨₳ ₿₂⁸⁄₴₳₭₂₧‹₴₆₵₨₳ₑ⁮₴ ₁₱₈₱(℗)₅‹₴⁞₉₱₫₳⁸⃰⁄₴ ₈℅₩₭₁₭ₑ₨₴₉⁮₴₳ ₭⁹₨⁄₴₲›₁₴₳(ñCorner 
Roomò) ₆₵₨₳← infiltration rate ‹₩₫ ⁸⃰‹₴ₑ⁮₴₲ₔ›₧ ⁸⁞₴₅‹₴ₔ⁸⃰‹₴(₁₱₈₱)ₑ₨ ⁹⁮₴₲⁸⃰‹₴₈₆⁮₴⅜ 
ₔ₅₇₴₭┌‹₨⁄₴₲⁪₩₫₭ₑ₨₴ ₆⁮₴ₑ⁮₴₲ ₔ›₵₩₁₴⁸⃰⁄₴₆⁪₩₫(at any given  time)   ₭₉ₑ⁮₴ ₁₱₈₱⁸⁞₴₅‹₴‹₩₫ₑ₨ 
₢₪₳⁸⁮₴⅞ ⁸₩₫‹₴›⁸₴₭₁₭ₑ₨₭┌‹₨⁄₴₲ ₿₃⁞₴ₑ⁮₴⅜ ₭₉⁸₩₫‹₴₭₁ₑ⁮₴₲₉₆₴₳₭┌‹₨⁄₴₳ ₭₿₂₨⁄₴₳₉₮╘₩₫⁄₴₭ₑ₨₴₉⁮₴₳ 
infiltration effect  ₂₩₫₆₆₵₨₳╘₩₫⁄₴₂₧⅜ 
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thermal stack effect ₿₃⁞₴₭₂↑ₑ⁮₴⅜ ₭╘⃰₳₭₁ₑ⁮₴₲ ₭₉₆₵₨₳ₑ⁮₴ ₔ₭⁪₨‹₴ₔₔ₫₱ₔ₭₂↑₂₩₫⁄₴₳ₑ₩₫╜ ₭₈₨‹₴₈₩℅ₑ⃰₨₳┐₂₪₳ 
ₔ₭₂₧‹₴₆₵₨₳⅛ ₔ‹₴₭┌‹₨⁄₴₳₆₵₨₳₆℅ ⁸⁞₴⁪⁄₴₲ ₔ₿₂⁄₴ₑ₩₫╜ ⁹⃰‹₴ₑ⃰₨₳ₑ⁮₴⅜ ⁹₫₩⁹⃰‹₴ₑ⃰₨₳ₑ⁮₴₲ ₭₉₆₵₨₳ₔ⁞₨₳ ₿₂⁄₴₂₆℅ 
₭ₔ₳₭₁ₑ⁮₴₲ ₭₉₆₵₨₳ₑ⁮₴ ₔ₁₩₆₴₲₂₩₫⁄₴₳₭₁₈₨₈₩℅ ₔ‹₴₭┌‹₨⁄₴₳₆₵₨₳₆℅ ⁸⁞₴⁪⁄₴₲ ℓ⁄₴₭₈₨‹₴₉₨ₑ⁮₴⅜ Thermal stack 
effect ₔ₭┌‹₨⁄₴₳‹₩₫ ₔ₭ₑ₳⁞₩⁸₴ ₔ›₵‹₴ₔ₉‹₴₆₵₨₳₈₈₁₴ ASHRAE Handbook ₆₵₨₳‹₩₫ ₆℅₪₿⁄₆₴₳ ╘₩₫⁄₴ₑ⁮₴⅜ Stack 
effect ₔ₭┌‹₨⁄₴₳‹₩₫ ACMV volume one, Chapter-7 ⁞₨₆₵‹₴╘℅₨ 7-4 ⁸⃰⁄₴ ₔ₭ₑ₳⁞₩⁸₴ ₃⁸₴╙║╘₫₩⁄₴ₑ⁮₴⅜  

Infiltration ₿₃⁞₴₿›⁄₴₳ ₭₉₵₨₲›₵₈₁₴(reducing) ₔ⁸⃰‹₴  
(№) ₔ₭⁪₨‹₴ₔ₢₪₭ₒ₨⁄₴₳₆₵₨₳(existing buildings)⁸⃰⁄₴ ₈₨ₑ₪₢⁸₫ⁿ⁷₴‹₨‹⃰₇₴₭₂₳₆⁮₴₲ ₉₫₩‹₴‹₨₆₵₨₳(weather 

stripping) ⁸₂₴⁪⁄₴₿›⁄₴₳⅛ ₭₅₨⁄₴ₔ₁₪₳₈℅₩ ₔ‹₴₭┌‹₨⁄₴₳₆₵₨₳⅛ sill plates ⅛ wall penetration ₆₵₨₳╘℅⁄₴₲ ⁸₿›₨₳ 
ₔ₭₂₧‹₴₆₵₨₳(other openings)‹₩₫ ₂₩⁸₴⁪₩₫╜₿›⁄₴₳(sealing of cracks around frames) ₿₂₯₉₫₂₴╘₫₩⁄₴ₑ⁮₴⅜  

(℗) ñAir Change Methodò infiltration rate ₑ⁮₴ infiltration ₿₃⁞₴₭₂↑ₑ⁮₴₲ ₔ›₁₴₳← number of air changes 
per hour (ACH) ₔ₭₂↑⁸⃰⁄₴ ₔ₭₿››₱⅞ ⁸⃰‹₴₿›⁄₴₳₿₃⁞₴ₑ⁮₴⅜ One air change ⁪₫₩ₑ⁮₴₆℅₨ ⁸⁞₴₁₨₈₪ₔ⁸⃰⁄₴₳ 
ₔ›₁₴₳⁹₫⁹⁮₴(room air volume)╘℅⁄₴₲ ⁮₪₆₵℅ₑ⁮₴₲ ₭₉₂₆₨⁷⁞₪₳⁪⁄₴₳₭⁞₿›⁄₴₳⅛ circulate ₉₫₂₴₭₂₳₿›⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜ 

ACH ›₁₴╜₆℅₁₴₳ₑ⁮₴₲ₔ₉₫₂₴(expected number of air changes)e ⁮₴ ₔ₭⁸╜⃰ə┌‹₱₯(experience)╘℅⁄₴₲ 
⁞₆₴₳ₑ₂₴›₵‹₴(testing)₆₵₨₳ ₔ₭₂↑⁸⃰⁄₴ ₆€⁸⁮₴ₑ⁮₴⅜ ₭₉ₔ₈₆₴₳₉₫₱ₑ⁮₴₲ ₔ₭⁪₨‹₴ₔ₢₪₆₵₨₳ₔ⁸⃰‹₴  0.5 ACH 
₿₃⁞₴ₑ⁮₴⅜ ₭₉₆₉₫₱ₑ⁮₴₲ ₔ₭⁪₨‹₴ₔ₢₪ₔ⁸⃰‹₴ 1.5 ACH ₿₃⁞₴ₑ⁮₴⅜(0.5 ACH to 1.5 ACH for buildings 
ranging from "tight" to "loose" construction) ⅜ ⁹₫₩╜₭┌‹₨⁄₴₲ ₭₉ₔ₈₆₴₳₉₫₱ₑ⁮₴₲ ₔ₭⁪₨‹₴ₔ₢₪₿₃⁞₴₉℅₵⁄₴ 0.5 ACH 
╘║₁₴₳₿₃⁄₴₲ ⁸⃰‹₴ₑ⁮₴⅜ ₭₉₆₉₫₱ₑ⁮₴₲ ₔ₭⁪₨‹₴ₔ₢₪ₒ₫ ₇€⁪₉₵℅⁄₴ 1.5 ACH ╘║₁₴₳₿₃⁄₴₲ ⁸⃰‹₴ₑ⁮₴⅜ 

Air change ₁⁮₴₳ₔ₈ equation 5.12 ‹₫₩ ₔₑ₫₱₳₿₂₯⅞ air infiltration rate (CFM)‹₫₩ ₈℅₨╘₫₩⁄₴ₑ⁮₴⅜ 

╒╕╜  ═╒╗  
╥
                                                                                    Ȣ  

Where                           CFM = air infiltration rate to room (CFM) 
ACH = number of air changes per hour for room  
V = room volume  (ft3) 

ACH ₔ₀₩₂⌂₨₇₴(meaning)╘℅⁄₴₲ ⁸⃰‹₴₁⁮₴₳ₔₑ₱₫₳₿₂₯₂₱₫(use of the air change method)‹₩₫ ₢₂₆₨(℮-№℗) 
⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ 
₢₂₆₨ (℮-№℗) 

ₔ₩₆₴⁸⁞₴ₔ₩₆₴₆℅ ₔ›₁₴₳⁸⁞₴›₁₴₳← ₔ⁸₩₫⁄₴₳ₔ⁸₨ₑ⁮₴ 20 ft x 10 ft x 8 ft high ₿₃⁞₴ₑ⁮₴⅜ Infiltration 
rate ₑ⁮₴ 0.7 air changes per hour ₿₃⁞₴ₑ⁮₴⅜ ACH ₁⁮₴₳‹₩₫ ₔₑ₱₫₳₿₂₯⅞ infiltration rate ‹₩₫ CFM ₿₃⁄₴₲ ₈℅₨₂₧⅜ 
ₔ₭₿₃ 
ₔ›₁₴₳⁹₫⁹⁮₴(room volume) ‹₩₫ ⁸⃰‹₴₈₁₴ 

Volume = 20 x 10 x 8 = 1600 ft 3 
Equation 5.12 ₆℅ 

ὅὊὓ  ὃὅὌ  
ὠ

φπ
πȢχ      

ρφππ

φπ
ρψȢχ ὅὊὓ                                

⁹₫₩ₔ›₁₴₳← infiltration rate ₑ⁮₴ 18.7 CFM ₿₃⁞₴ₑ⁮₴⅜  

℮.⅓.Ω  Crack Method versus Air Change Method 
₆⁮₴ₑ⁮₴₲ₔ₭₿›ₔ₭₁⅛ ₆⁮₴ₑ⁮₴₲₉₫₂₴⁄₁₴₳⁸⃰⁄₴ ₆⁮₴ₑ⁮₴₲₁⁮₴₳‹₫₩ ₔₑ₫₱₳₿₂₯₈₆⁮₴ₒ₫ ⁸₩‹₵ₑ⁮₴₲ 

ₑ⁸₴₆℅⁸₴›₵‹₴₆₵₨₳ ₆₈₩℅₭ₑ₨₴₉⁮₴₳ ₭ₔ₨‹₴₂₧ₔ›₵‹₴₆₵₨₳‹₫₩ ₔ₭₿››₱⅞ ⁪₫₱₳₿₃⁸₴ₑ⁄₴₲ₑ⁮₴⅜ 
(№) Air change method ⁸⃰‹₴₁⁮₴₳ 
 ₭₇₅₫₇₵ₔ₨₳₿₃⁄₴₲₉€₭₁ₔ₩₆₴⅛ ₔ₭⁪₨‹₴ₔ₢₪(residential construction)₆₵₨₳ₔ⁸⃰‹₴ air change method 
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‹₫₩ ₔₑ₫₱₳₿₂₯ₑ⁮₴⅜ ₉€₭₁ₔ₩₆₴⅛ ₔ₭⁪₨‹₴ₔ₢₪(residential construction)₆₵₨₳ₔ⁸⃰‹₴ heating load 
›₁₴╜₆℅₁₴₳₈₨⁸⃰⁄₴ ₇₫₱┌‹⁮₴⁞₩⁸₴›₵₈ₑ⁮₴₲ ₭ⁿ⁸₨₆₵₨₳ ₈₈₩℅╘₫₩⁄₴₂₧‹ crack method ‹₫₩₉⁮₴₳ ₔₑ₫₱₳₿₂₯╘₫₩⁄₴ₑ⁮₴⅜ 

(℗) Crack method ⁸⃰‹₴₁⁮₴₳ 
 ₉€₭₁ₔ₭⁪₨‹₴ₔ₢₪ ₆ₒ₫⁸₴ₑ⁮₴₲ ⁞‹₴╙₫₱(non residential construction)₆₵₨₳ₔ⁸⃰‹₴ crack method ‹₫₩ 

ₔₑ₫₱₳₿₂₯ₑ⁮₴⅜ ₿₂⁸⁄₴₳₭₂₧‹₴ ⁹₫⁸₴₉₫₂₴ₑ€₆₵₨₳(window manufacturers)⁹₱₆℅ ₇₫₱┌‹⁮₴⁞₩⁸₴›₵₈ₑ⁮₴₲ 
₭ⁿ⁸₨₆₵₨₳(reliable data) ₈₈₩℅╘₫₩⁄₴₉₵℅⁄₴₭ₑ₨₴₉⁮₴₳₭‹₨⁄₴₳ ⁸₂₴⁪⁄₴₆║ ₿₂₯₿₂⁄₴⁹₩₁₴₳ₑ₩₆₴₳₆║ ₔ₈⁮₴ₔ₭ₑ⃰₳ 
₭‹₨⁄₴₳₭ₔ₨⁄₴ ⁹₩₁₴₳›₵₯₂₴(quality control of installation and mainte nance)╘₫₩⁄₴₉₵℅⁄₴₉⁮₴₳₭‹₨⁄₴₳ crack 
method ₑ⁮₴ ₔₑ⁄₴₲₭₉₵₨₴⁪₫₱₳₿₃⁞₴ₑ⁮₴⅜ ⁸₩‹₵ₑ⁮₴₲ ₈₉ⁿ₴₆₵₨₳ ₈₈₩℅╘₩₫⁄₴ₑ⁮₴⅜ ₔ₭⁪₨‹₴ₔ₢₪ 
ₔ₭o ₨⁄₴₳₆₵₨₳(older buildings)ₔ⁸⃰‹₴ ₭₉₇₫₩⁞₩₆₴₲ₑ⁮₴₲╘║₁₴₳(leakage rates)‹₫₩ ⁸⃰‹₴₈₁₴ ›‹₴›₮ₑ⁮₴⅜ 
ₔ₅₇₴₭┌‹₨⁄₴₲ ⁪₫₩₭ₑ₨₴ ₿₂⁸⁄₴₳₭₂₧‹₴₆₵₨₳← ₔ₭₿›ₔ₭₁‹₫₩ ₔ⁸₩ₔ‹₵ ₆ₑ₩╘₫₩⁄₴₭ₑ₨₭┌‹₨⁄₴₲ ₿₃⁞₴ₑ⁮₴⅜   

℮.⅔ Ventilation (Outside Air) Load 
₭₉ₔ₈⁮₴ₔ₭ₑ⃰₳(indoor air quality) ‹₫₩ ⁹₩₁₴₳⁹₨₳₈₁₴ₔ⁸⃰‹₴ ₔ₭⁪₨‹₴ₔ₢₪₆₵₨₳ₔ⁸⃰⁄₴₳ₑ₫₩╜ 

mechanical ventilation equipment ₑ₫₩╜₆ₒ₫⁸₴ air handling unit ₆₵₨₳₆℅⁸⁞₴₴⁪⁄₴₲ ₿₂⁄₴₂₭₉(outside air)  
⁹⁮₴₲₭₂₳₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ Outside ventilation air ⁹⁮₴₲₭₂₳₿›⁄₴₳₭┌‹₨⁄₴₲ building heating load  ₂₫₩₆₵₨₳₭⁞ₑ⁮₴⅜ 
ℓ⁄₴₉₨ₑ⁮₴₲(entering air)₭₉← ₔ₂€›₵₩₁₴╘℅⁄₴₲ ⁞₩₫⁹₩₫⁄₴₳⁪ₑ⁮₴ ₿₂⁄₴₂₭₉ₔ₂€›₵₩₁₴(outdoor temperature)╘℅⁄₴₲ 
⁞₩₫⁹₫₩⁄₴₳⁪(humidity)⁸₫₩╜╘℅⁄₴₲ ⁸€⁮₪ₑ⁮₴⅜ 

Ventilation ₭┌‹₨⁄₴₲ ₿₃⁞₴₭₂↑₆⁮₴₲ heating load ⁸⃰‹₴₈₁₴ₔ⁸⃰‹₴ equations 5.10 ╘℅⁄₴₲ 5.11 ⁸₫₩╜‹₫₩ 
ₔₑ₫₱₳₿₂₯ₑ⁮₴⅜ Ventilation air ‹₫₩ ₔ›₁₴₳ₔ⁸⃰⁄₴₳ₑ₫₩╜ ₆⁹⁮₴₲₭₂₳›⁄₴ air conditioning equipment ₆₵₨₳₿₃⁄₴₲ 
ₔ₂€₭₂₳₿›⁄₴₳╘℅⁄₴₲ ₭₈›₫₩₳₭₈₭⁄⃰╜(humidity) ⁹⁮₴₲₭₂₳₿›⁄₴₳⁸₫₩╜ ₿₂₯₉₫₂₴ₑ⁮₴⅜ Ventilation heating load ₑ⁮₴ total 
building heating load ← ⁸⁞₴⁞₩⁸₴⁸⁞₴₭ⁿₑ ₿₃⁞₴ₑ⁮₴⅜ ₑ⁄₴₲₭₉₵₨₴ₑ⁮₴₲ ₿₂⁄₴₂₭₉(outside ventilation air) 
₂₆₨⁷ ⁸⃰‹₴₁⁮₴₳₆₵₨₳‹₫₩ ₔ›₁₴₳(⅓)⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ 

└‹₪₳₆₨₳ₑ⁮₴₲ ₔ₭⁪₨‹₴ₔ₢₪₆₵₨₳⁸⃰⁄₴ ⁸₂₴⁪⁄₴⁹₨₳ₑ⁮₴₲ mechanical ventilation system ₆℅ fan ₆₵₨₳₿₃⁄₴₲ 
ₔ₭⁪₨‹₴ₔ₢₪ₔ⁸⃰⁄₴₳⅝ ₭₉₃₩ₔ₨₳ₔ₁⁮₴₳⁄₇₴₂₫₩₿₆⁄₴₲(positive air pressure)₭ə₨⁄₴ ⁿ₪⁫₩₫⁄₴₳₉₫₂₴⅞ ₭₆₨⁄₴₳₭₉₲ 
₈℅₩ₑ⁮₴⅜ ⁹₩₫╜₭┌‹₨⁄₴₲ infiltration ₿₃⁞₴₿›⁄₴₳‹₩₫ ‹₨‹⃰₇₴╘₩₫⁄₴ₑ⁮₴⅜ ₔ₭⁪₨‹₴ₔ₢₪(building)‹₩₫ ₭₉₉₱₫₭ₔ₨⁄₴₿₂₯₉₫₂₴⅞ 
₃₩ₔ₨₳ₔ₁⁮₴₳⁄₇₴ ₿₆⁄₴₲⁸‹₴₭ₔ₨⁄₴ ₿₂₯₉₫₂₴⁹₨₳₉℅₵⁄₴(relatively tight and pressurized) ₑ₫₩╜₆ₒ₫⁸₴ ₿₃⁞₴₭ₔ₨⁄₴ 
₿₂₯₉₫₂₴⁹₨₳₿›⁄₴₳₭┌‹₨⁄₴₲ infiltration load ⁹⁮₴₲⁸⃰‹₴₈₁₴ ₆₉₩₫ₔ₂₴₭₂⅜ Outside air ventilation load ‹₩₫ₑ₨ 
⁹⁮₴₲⁸⃰‹₴₈₁₴ ₉₩₫ₔ₂₴ₑ⁮₴⅜  

ₔ₭⁪₨‹₴ₔ₢₪ₔ⁸⃰⁄₴₳ ₃₩ₔ₨₳ₔ₁⁮₴₳⁄₇₴₿₆⁄₴₲⁸‹₴₭ₔ₨⁄₴ ₿₂₯₉₫₂₴ₑ⁮₴₲ₔ›₧ ₔ₉⃰₁₴ₔ‹⃰₵₱₆₿₃⁞₴₭ₔ₨⁄₴ 
ₑ⁸₩⁹₨₳ₑ⁄₴₲ₑ⁮₴⅜ ₉₫₩ₔ₂₴ₑ⁮₴⁹‹₴ ₂₩₫₆₵₨₳₂₧‹ ⁸₱›₧₳ ₃⁄⃰₴₲₈₁₴ ›‹₴›₮₉₩₆₴₲₆⁮₴⅜ 

 
₉€₭₁ₔ₩₆₴₆₵₨₳← air distributing system ⁸⃰⁄₴ fan ₿₃⁄₴₲ ₭₉‹₩₫ ₿₂₁₴₉⁮₴ₔₑ₱₫₳₿₂₯⅞ ₉⁮₴₂⁸₴₿›⁄₴₳ 

(recirculation) ₿₂₯₉₫₂₴ₑ⁮₴⅜ ⁹₩₫╜₭┌‹₨⁄₴₲ ventilation load ⁸⃰‹₴₈₁₴ ₆₉₩₫ₔ₂₴₭₂⅜ Infiltration ₿₃⁞₴₿›⁄₴₳₭┌‹₨⁄₴₲ 
₭₉₭‹₨⁄₴₳₭₉ₑ₁₴╜(fresh air)₆₵₨₳ ₔ›₁₴₳ₔ⁸⃰⁄₴₳ₑ₩₫╜ ℓ⁄₴₭₈₨‹₴₉₨ₑ⁮₴⅜  

₭›⁸₴₆₪₉€₭₁ₔ₭⁪₨‹₴ₔ₢₪(residences)₆₵₨₳⁸⃰⁄₴ ₭₉₉₱₫(tight)₭ₑ₨₭┌‹₨⁄₴₲ infiltration ₿₃⁞₴₭₂↑₆║ 
₁⁮₴₳ₑ⁮₴₲ₔ›₧ ₭₉₆₉₱₫₭₉₨‹₴₿›⁄₴₳(inadequate natural infiltration ) ₿₃⁞₴╘₩₫⁄₴ₑ⁮₴⅜ ₿₂⁄₴₂₭₉ ₆₉₱₫₭₉₨‹₴ₑ⁮₴₲ 

⁸›₵₯₩╝₭ₑ₨ non-residential building ₆₵₨₳⁸⃰⁄₴ ₃⃰⁄₴₲⅞ ₂₩⁸₴⅞ ₆₈╘₩₫⁄₴ₑ⁮₴₲ ₿₂⁸⁄₴₳₭₂₧‹₴(fixed 
windows no openable part)₆₵₨₳ ⁸₂₴⁪⁄₴⁹₨₳₭₉₲₈℅₩ₑ⁮₴⅜ ⁹₩₫₿₂⁸⁄₴₳₭₂₧‹₴ₔ₭ₑ₆₵₨₳ ₔ⁸⃰‹₴ crack 
infiltration ‹₩₫ ⁹⁮₴₲⁸⃰‹₴₈₁₴ ₆₉₩₫ₔ₂₴₭₂⅜ Exterior door ₆₵₨₳ ₔ⁸⃰‹₴ₑ₨ ⁸⃰‹₴₈₆⁮₴⅜ 
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ₔ›₧ ₔ⁮⁞₴ₔ₭┌‹₳(indoor air pollutant )₆₵₨₳₭┌‹₨⁄₴₲ ₭₈₈℅⁮₴⁸⃰⁄₴ ‹₵₁₴₳₆₨₭₈₳⁹₩›₩₫‹₴(long term health 
problems) ╘₩₫⁄₴ₑ⁮₴⅜ ⁹₩₫╜₭┌‹₨⁄₴₲ ₿₂⁄₴₂₭₉⁹⁮₴₲ ₭₂₳₈₁₴(outside ventilation) ₉₩₫ₔ₂₴ₑ⁮₴⅜ ₢₂₆₨(℮-№™)⁸⃰⁄₴ 
ventilation load ⁸⃰‹₴₁⁮₴₳‹₩₫ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ 

₢₂₆₨ (℮-№™) 
₿₂⁸⁄₴₳₭₂₧‹₴₆₵₨₳‹₩₫ ₭₉₉₱₫₭ₔ₨⁄₴₿₂₯₉₫₂₴⁹₨₳ₑ⁮₴₲ ₔ₭⁪₨‹₴ₔ₢₪(building with sealed windows) 

⁸⁞₴›₫ₔ⁸⃰⁄₴₳⅝ ₔ₂€›₵₩₁₴‹₩₫ 72ęF ⁸⃰⁄₴ ⁹₩₁₴₳⁹₨₳ₑ⁮₴⅜ ₿₂⁄₴₂ₔ₂€›₵₩₁₴(outdoor temperature )ₑ⁮₴ -5ęF ₿₃⁞₴ₑ⁮₴⅜ 
Mechanical ventilation system ₆℅ ₿₂⁄₴₂₭₉(outside air) 5000 CFM ⁹⁮₴₲₭₂₳ₑ⁮₴⅜ Ventilation ₭┌‹₨⁄₴₲ 
₿₃⁞₴₭₂↑ₑ⁮₴₲ sensible heating ₂₆₨⁷‹₩₫ ₈℅₨₂₧⅜ 

ₔ₭₿₃ 
ₔ›₁₴₳ₔ⁸⃰⁄₴₳ ⁞₩₫⁹₫₩⁄₴₳⁪(inside humidity conditions) ₉₩₫ₔ₂₴›₵‹₴‹₩₫ ₑ⁸₴₆℅⁸₴₆⁹₨₳₭ₑ₨₭┌‹₨⁄₴₲ 

sensible heat ‹₩₫ₑ₨ ⁸⃰‹₴₈₁₴ ₉₩₫ₑ⁮₴⅜ Ventilation air ← equation 5.10 ‹₩₫ ₔₑ₱₫₳₿₂₯⅞ ⁸⃰‹₴ₑ⁮₴⅜ 

╠╢  Ȣ  ╒╕╜  Ў╣ 

            = 1.1 x 5000 x 77 = 423,500 BTU/hr  

℮.№ℓ Design Conditions 
Heating and cooling load ⁸⃰‹₴₈₁₴ₔ⁸⃰‹₴ ₔₑ₱₫₳₿₂₯ₑ⁮₴₲ ₔ›₁₴₳ₔ⁸⃰⁄₴₳(indoor)ₔ₂€›₵₩₁₴⅛ ⁞₩₫⁹₫₩⁄₴₳⁪╘℅⁄₴₲ 

₿₂⁄₴₂ₔ₂€›₵₩₁₴(outdoor air temperature) ⅛ ⁞₩₫⁹₫₩⁄₴₳⁪(humidity)⁸₩₫╜‹₩₫ ñdesign conditionsò ₒ₫ ₭›↑ₑ⁮₴⅜ 
₭₇₅₫₇₵ₔ₨₳₿₃⁄₴₲ ₔ›₁₴₳ₔ⁸⃰⁄₴₳ ⁿ₪⁫₩₫⁄₴₳ₔ₭₿›ₔ₭₁₆₵₨₳(indoor design conditions)‹₩₫ comfort zone ₤₈₩₇₨ 
(area)ₔ⁸⃰⁄₴₳⅝ ₭₈⃰₳›₵₇₴₭₉₲₈℅₩ₑ⁮₴⅜ Comfort zone ₔ₭┌‹₨⁄₴₳╘℅⁄₴₲ indoor design condition ₔ₭┌‹₨⁄₴₳‹₩₫ 
ₔ›₁₴₳(™)⁸⃰⁄₴ ₔ₭ₑ₳⁞₩⁸₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜  

Table 5-6 ⁸⃰⁄₴ indoor design condition ₆₵₨₳‹₩₫ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ Design condition ‹₩₫ ₭₈⃰₳›₵₇₴ 
ₑ⁮₴₲ₔ›₧ ₑ‹₴₭ₑ₨⁄₲₴ₑ‹₴ₑ₨₿₃⁞₴₭⁞₆║(comfort)  ⁸⁞₴›₫⁸⁮₴₳‹₩₫ₑ₨ ₢₪₳⁞₨₳₆₭₂₳₅₮ energy conservation 
₭‹₨⁄₴₳₭⁞₈₁₴ ⁸₨ₐ₁₴₇€(responsible) ₈₆⁮₴⅜ ₔ›₁₴₳⁸⃰⁄₴₳ ⁿ₪⁫₫₩⁄₴₳ₔ₭₿›ₔ₭₁(inside design condition)‹₩₫ 
₭₈⃰₳›₵₇₴ₑ⁮₴₲ₔ›₧ energy code ‹₩₫ ₉₩₫‹₴₁₨₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜  

₭⁪₨⁄₴₳₈₨ₑ₪₿₂⁄₴₂ⁿ₪⁫₫₩⁄₴₳ₔ₂€›₵₩₁₴(outside winter heating design temperature)₆₵₨₳‹₩₫ table A.9 ⁸⃰⁄₴ 
₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ Table A.9 ₑ⁮₴ ₆₩₫₳₭₉ℓe  ₆℅⁸₴⁸₆₴₳₆₵₨₳(weather records)‹₩₫ ₔ₭₿››₱⁹₨₳ₑ⁮₴⅜ United 
States ╘℅⁄₴₲ ⁸₿›₨₳₭ₑ₨ ╘₩₫⁄₴⁄₱₆₵₨₳← ₭₁₈₨ ⁸⁞₴›₫›₵⁄₴₳⁞₪← ₭⁪₨⁄₴₳₈₨ₑ₪ outdoor air heating design temperature 
‹₩₫ heating dry bulb column ⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ⁹₩₫ₔ›₵‹₴ₔ₉‹₴(value)₆₵₨₳ₑ⁮₴ ╘℅⁞₴₭₂₧⁄₴₳₆₵₨₳⁞⃰₨ ⁞₫⁞⁮₴₳ 
⁹₨₳ₑ⁮₴₲ ₈₨ₑ₪₢⁸₫ ₆℅⁸₴⁸₆₴₳₆₵₨₳(weather records) ₿₃⁞₴┌‹ₑ⁮₴⅜  

⁫₇₨₳⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴₲ ⁸₁₴₃₫₩₳₆₵₨₳⁹‹₴ ₁₩₆₴₲ₑ⁮₴₲ outdoor air tem perature ₑ⁮₴ ₂₵₆₴₳₆₵℅ ⁸⁞₴╘℅⁞₴ 
ₔ⁸⃰⁄₴₳ ₁₨₈₪₭₂₧⁄₴₳(™℮)₁₨₈₪┌‹₨(35 hours each year) ₿₃⁞₴₭₂↑›₮₲ₑ⁮₴⅜ ⁸⁞₴₁⁮₴₳ₔ₨₳₿₃⁄₴₲ ⁸⁞₴╘℅⁞₴ₔ⁸⃰⁄₴₳ 
₁₨₈₪₭₂₧⁄₴₳ (™℮)₁₨₈₪┌‹₨ ₿₃⁞₴₭₂↑₆⁮₴₲ ₔ₉⃰₁₴₁₩₆₴₲ₑ⁮₴₲ ₔ₂€›₵₩₁₴₆₵₨₳‹₩₫ ₆₭₃₨₴₿₂⁹₨₳₂₧⅜  

⁸⁞₴›₧⁸⁞₴₈₱₆℅ₑ₨ ₿₃⁞₴₭₂↑╘₩₫⁄₴ₑ⁮₴₲ ₈₨ₑ₪₢⁸₫₆₵₯₩₳‹₩₫ design temperature ₔ₿₃⁞₴ ₔₑ₱₫₳₆₿₂₯ₑ⁄₴₲₭₂⅜ 
ₔₑ₱₫₳₿₂₯₆₩₉₵℅⁄₴ ₉₫₩ₔ₂₴ₑ⁮₴⁹‹₴ ₂₩₫└‹₪₳₭ₔ₨⁄₴ ₔ₈⃰₇₴ₔ⁞₨₳₭₈⃰₳›₵₇₴⁹₨₳ₑ⁮₴₲(oversized) heating equipment 
₿₃⁞₴₭⁞ₑ⁮₴⅜ ₑ⁄₴₲₭₉₵₨₴ₑ⁮₴₲(reasonable) design temperature ‹₩₫ ₑ⁸₴₆℅⁸₴ₑ⁄₴₲ₑ⁮₴⅜ └‹₩₯⁸⁄₴₭₆₵℅₨₴₉⁄₴₲⁹₨₳ 
ₑ⁮₴₲ ₿₂⁄₴₂ₔ₂€›₵₩₁₴(outdoor temperature )ₑ⁮₴ ₔ₁⁮₴₳⁄₇₴₁₩₆₲₴‹₵›₮₲₉₵℅⁄₴₭ₑ₨₴₉⁮₴₳ heating system ← 
operation ₑ⁮₴ comfortable indoor conditions ₭₂₳╘₫₩⁄₴ₑ⁄₴₲ₑ⁮₴⅜  

ₔ₭₆₈₩‹⁸⃰⁄₴ ₆₿₃⁞₴₆₭₁ ₉₫₩‹₴₁₨₈₆⁮₴ₒ₫ ₑ⁸₴₆℅⁸₴⁹₨₳ₑ⁮₴₲ US energy standards ₑ₫₩╜₆ₒ₫⁸₴ local 
energy standard ₆₵₨₳⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴₲ ⁿ₪⁫₩₫⁄₴₳ₔ₭₿›ₔ₭₁₆₵₨₳╘℅⁄₴₲ ₔ₁⁮₴₳⁄₇₴ ‹⃰₮₉⃰₮╘₩₫⁄₴ₑ⁮₴⅜  
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₡⁞₨ₔ₫₂₴⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴₲ ⁿ₪⁫₩₫⁄₴₳ₔ₭₿›ₔ₭₁₆₵₨₳ₑ⁮₴ heating ₉₫₂₴₭₁⁞₢₴ ₔ₭⁪₨‹₴ₔ₢₪ 
(building)  ₔ⁸⃰⁄₴₳ₑ₩₫╜ ₭₈›₩₫₳₭₈₭⁄⃰╜⁹⁮₴₲₭₂₳₈₁₴(humidification ₉₫₂₴₭₂₳₈₁₴) ₉₩₫ₔ₂₴₉℅₵⁄₴ latent heat energy ‹₩₫ 
⁸⃰‹₴⅞ ⁹⁮₴₲₭₂₳₈₆⁮₴⅜ Outdoor air humidity design level ‹₩₫ zero ₔ₿₃⁞₴ ₇€⁪₂₧⅜ ⁸⁞₴₁⁮₴₳ₔ₨₳₿₃⁄₴₲ 
₿₂⁄₴₂₭₉⁹₮⁸⃰⁄₴ ₭₈›₫₩₳₭₈₭⁄⃰╜₆₵₨₳ ₆₈₩℅ₒ₫ ₇€⁪ₑ⁮₴⅜ 

Table A.9 ⁸⃰⁄₴ summer cooling ₔ⁸⃰‹₴ outdoor design data ‹₫₩ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ Latitude 
₭‹₨₴₉₱ₑ⁮₴ ⁸⁮₴₈℅₩₈₨ₔ₈₂₴₭ⁿₑ← ⁿ₪‼₈₪₉⁸∫₪⁸⃰ⁿ₴ (number of degrees of latitude from the equator for 
the location)‹₩₫ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ Degree Days ₭‹₨₴₉₱ₑ⁮₴ ₔ₂€₭₂₳₈₆⁮₴₲ ₈₨ₑ₪← ₂₆₨⁷(expresses the 
severity of the heating season)‹₩₫ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜  

₢₂₆₨ (℮-№Ω) 
Chicago, Illinois ₔ₈₂₴₭ⁿₑ⁸⃰⁄₴ ⁸⁮₴₭⁪₨‹₴⁹₨₳₆⁮₴₲ ⁞⁸₫₩₳⁪₩₫⁄₴(Big Bargain department store) 

ₔ⁸⃰‹₴ heating system ⁿ₪⁫₫₩⁄₴₳₉₫₂₴₈₁₴ ₆⁮₴ₑ⁮₴₲ outdoor indoor winter temperature ₔₑ₫₱₳₿₂₯₈₆⁮₴‹₫₩ 
⁪₫₱₳₿₃⁸₴₂₧⅜ 
Table 5-6 recommended energy conserving indoor air design conditions for human comfort  

 
 

Air Temperature (DB) ęF Relative Humidity 
(RH) % 

Maximum Air 
Velocity* (FPM) 

Clothing 
Insulation (clo)  

Winter 68-72 25-30 30 0.9 
Summer 76-78 50-55 50 0.5 

* At occupant level. 
ₔ₭₿₃ 

Table A.9 ₆℅ Chicago ₔ⁸⃰‹₴ ₑ⁄₴₲₭₉₵₨₴ₑ⁮₴₲ outdoor heating design temperature ₑ⁮₴  6ęF 
₿₃⁞₴ₑ⁮₴⅜ Table 5-6 ₆℅ indoor air design condition ‹₫₩ 68ęF ₔ₿₃⁞₴ ₭₈⃰₳›₵₇₴ₑ⁮₴⅜ ₭⁞₵₳ₐ₇₴ₑ€₆₵₨₳ₑ⁮₴ 
₭⁪₨⁄₴₳₈₨ₑ₪ ₔ₭╘⃰₳⁹⁮₴₆₵₨₳‹₫₩ ₐ⁸₴⁪⁄₴⁹₨₳┌‹₆⁮₴ₒ₫ ₇€⁪₭ₑ₨₭┌‹₨⁄₴₲(a justification for this is that 
people generally keep their winter coats on while shopping) ₁₩₆₴₲ₑ⁮₴₲⁸₁₴₃₫₩₳(low end of the 
recommended value)‹₫₩ ₭₈⃰₳›₵₇₴₿›⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜ 

℮.№ℓ.№ Unheated Space Temperature  
ₔ₭╘⃰₳₀₨⁸₴₭₂₳⁹₨₳ₑ⁮₴₲ ₔ›₁₴₳(heated room)╘℅⁄₴₲ ₔ₿₂⁄₴₁₱₈₱ₔ┌‹₨₳⁸⃰⁄₴ ₔ₭╘⃰₳₀₨⁸₴ ₆₭₂₳⁹₨₳ₑ⁮₴₲ 

ₔ›₁₴₳(unheated rooms or spaces) ⁸⁮₴₈₩℅╘₫₩⁄₴ₑ⁮₴⅜ ⁹₫₩ₔ›₁₴₳ₔ₂€›₵₩₁₴(temperature)ₑ⁮₴ heated room ⁹‹₴ 
₂₫₩₁₩₆₴₲ₑ⁮₴⅜ ₔ₭╘⃰₳₀₨⁸₴₭₂₳⁹₨₳ₑ⁮₴₲ ₔ›₁₴₳(heated room)₆℅ ₔ₂€₆₵₨₳ₑ⁮₴ ₔ⁸⃰⁄₴₳₁₱₈₱(separating partition) ‹₫₩ 
₿₃⁸₴⅞ unheated room ⁪₪ₑ₫₩╜ ‹€₳₭₿₂₨⁄₴₳ₑ⃰₨₳╘₫₩⁄₴₭ₑ₨₭┌‹₨⁄₴₲ heat loss ₂₆₨⁷‹₫₩ ⁸⃰‹₴₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ 

 

ₔ₂€₀₨⁸₴₆₭₂₳⁹₨₳ₑ⁮₴₲₭₁₈₨ ₔ₂€›₵₩₁₴(unheated space temperature)ₑ⁮₴ ₔ›₁₴₳ₔ₂€›₵₩₁₴ 
(indoor conditions)╘℅⁄₴₲ ₿₂⁄₴₂ⁿ₪⁫₫₩⁄₴₳ ₔ₂€›₵₩₁₴(outdoor design conditions)⁸₫₩╜ ₔ┌‹₨₳⁸⃰⁄₴ ₿₃⁞₴ₑ⁮₴ₒ₫ 
ⁿ₪⁫₩₫⁄₴₁₨₆₵₨₳‹ ₇€⁪┌‹ₑ⁮₴⅜ ₔ₂€₀₨⁸₴₆₭₂₳⁹₨₳ₑ⁮₴₲₭₁₈₨(unheated space)← ₆℅₁₴₆₵‹₴╘℅₨₿₂⁄₴ ₤₈₩₇₨ 
(exposed glass area) ₔ₉⃰₁₴₆₵₨₳₭₁₉℅₵⁄₴ ₿₂⁄₴₂ₔ₂€›₵₩₁₴(outdoor temperature )╘℅⁄₴₲ ⁸€⁮₪ₑ⁮₴₲ₒ₫ ₇€⁪ 
╘₫₩⁄₴ₑ⁮₴⅜ Unheated space ‹₫₩ heated space ₆₵₨₳‹ ₐ₩₫⁄₴₳₈₱⁹₨₳₉℅₵⁄₴ untreated room ₔ₂€›₵₩₁₴‹₫₩ indoor 
design condition ₔ₿₃⁞₴ ₇€⁪⅞ heat transfer ₿₃⁞₴₭₂↑₆║‹₫₩ ⁹⁮₴₲⁸⃰‹₴₈₁₴ ₆₉₫₩ₔ₂₴₭₂⅜  

ₔ₂€₀₨⁸₴₆₭₂₳⁹₨₳ₑ⁮₴₲₭₁₈₨(unheated space)₆₵₨₳← ⁸⁮₴₈℅₩₈₨₭₁₈₨‹₩₫ ₉₩₫‹₴⅞ ⁸⃰‹₴₈ₑ⁮₴₲ 
₁⁮₴₳₁℅⁄₴₲ ₑ⁸₴₆℅⁸₴₇€₈ₑ⁮₴₲ ₔ₂€›₵₩₁₴‹⃰₮₿₂₨₳₆║ ₈℅₩ₑ⁮₴⅜ 
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℮.№№ Room heat loss and room heating load 
Room heat loss ⁪₫₩ₑ⁮₴₆℅₨ ₔ›₁₴₳⁸⁞₴›₁₴₳›₵⁄₴₳⁞₪← ₔ₂€⁪₱₫₳╙₱║₳₆║⁞₫⁞₫₭₂₧⁄₴₳(sum of each of the room 

heat transfer losses) ╘℅⁄₴₲ infiltration heat loss  ⁸₫₩╜ ₭₂₧⁄₴₳⁹₨₳₿›⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜ 

 
₢₂₆₨ (℮-№℮)⁸⃰⁄₴ room heating load ⁸⃰‹₴₁⁮₴₳(procedure)‹₫₩ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ 

₢₂₆₨ (℮-№℮) 

₂₫₱(℮-№ℓ)⁸⃰⁄₴ ╙₱₫₳›₁₴₳(office room)⁸⁞₴›₫‹₫₩ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ⁸⁞₴⁹₂₴ ₔ₭⁪₨‹₴ₔ₢₪(one-story 
building) ₿₃⁞₴┐₂₪₳ Des Moines, Iowa ₭ⁿₑ⁸⃰⁄₴ ⁸⁮₴₈₩℅ₑ⁮₴⅜ ₔ₭⁪₨‹₴ₔ₢₪⁹₮⁸⃰⁄₴ ₔ₂€₭₂₳⁹₨₳ₑ⁮₴₲ 
₭₿₆₭ₔ₨‹₴›₁₴₳(heated basement) ₂₧₈₩℅ₑ⁮₴⅜ Design room heating load ‹₫₩ ⁸⃰‹₴₂₧⅜  

⁸⁮₴₭⁪₨‹₴⁹₨₳₂₫₱(construction)₆℅₨ ₭ₔ₨‹₴⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴₲ₔ⁸₫₩⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜ ₁₱₈₱(wall) ₔ₆₵₯₩₳ 
ₔ⁞₨₳ₑ⁮₴ 6 in. concrete (120 #/cu. ft), R -8 insulation, 1/2 in. gypsum board finish ₿₃⁞₴ₑ⁮₴⅜ 
₿₂⁸⁄₴₳₭₂₧‹₴(window) ₔ₈⃰₇₴ₔ⁞₨₳ₑ⁮₴ 5 ft(H) x 4 ft (W) ₿₃⁞₴ₑ⁮₴⅜ ₿₂⁸⁄₴₳₭₂₧‹₴ ₔ₆₵₯₩₳ₔ⁞₨₳ₑ⁮₴ pivoted 
type, double glass, aluminum frame ₿₃⁞₴ₑ⁮₴⅜ Infiltration ra te ₑ⁮₴ 0.50 CFM/ft ₿₃⁞₴ₑ⁮₴⅜ ₭›₧⁄₴₆₫₩₳(roof) 
ₔ₆₵₩₯₳ₔ⁞₨₳ₑ⁮₴ flat roof metal deck, R-8 insulation ₿₃⁞₴ₑ⁮₴⅜ ₆₵‹₴╘℅₨┌‹‹₴ ₔ₆₵₯₩₳ₔ⁞₨₳ₑ⁮₴ suspended 
ceiling  ₿₃⁞₴ₑ⁮₴⅜ ₆₵‹₴╘℅₨┌‹‹₴(ceiling) ₔ₿₆⁄₴₲(height)ₑ⁮₴ 9 ft ₿₃⁞₴ₑ⁮₴⅜ 

 
₂₫₱ ℮-№ℓ Floor plan for Example 5-15. 

ₔ₭₿₃ 
(№) ⁫₇₨₳₿₃⁄₴₲ ₔ›₵‹₴ₔ₉‹₴₆₵₨₳‹₫₩ ⁞₁⁞₴⁸‹₵ ⁹⁮₴₲⅞⁸⃰‹₴ₑ⁮₴₲ ₔ₭₉₲ₔ‹₵⁄₴₲₭‹₨⁄₴₳‹₫₩ ₭₆⃰₳₿₆₰₂₧⅜ 

(℗) Design temperature ‹₫₩ table 1.10 ╘℅⁄₴₲ A.9 ⁸₩₫╜₆℅ ₭₈⃰₳›₵₇₴₂₧⅜ ₔ›₁₴₳ₔ⁸⃰⁄₴₳ₔ₂€›₵₩₁₴(indoor temperature) 
ₑ⁮₴ 71ęF ₿₃⁞₴ₑ⁮₴⅜ ₿₂⁄₴₂ₔ₂€›₵₩₁₴(outdoor temperature)ₑ⁮₴ - 9ęF ₿₃⁞₴ₑ⁮₴⅜ 

(™)  Table A.6 ╘℅⁄₴₲ A.8 ⁸₫₩╜₆℅ U value ₆₵₨₳‹₩₫ ₃⁸₴₇€₂₧⅜  

(Ω) Equation 5.8 ‹₩₫ ₔₑ₱₫₳₿₂₯⅞ heat transfer loss ₆₵₨₳‹₩₫ ⁸⃰‹₴₇€╘₩₫⁄₴ₑ⁮₴⅜ 

(℮) Equation 5.10 ‹₩₫ ₔₑ₱₫₳₿₂₯⅞ infiltratio n heat loss ‹₩₫ ⁸⃰‹₴₇€╘₩₫⁄₴ₑ⁮₴⅜ 

(⅍) Room heating load ₑ⁮₴ ₔ₂€⁪₱₫₳╙₱║₳₆║ ⁞₫⁞₫₭₂₧⁄₴₳(sum of all the losses)╘℅⁄₴₲ ⁮₪₆℅₵ₑ⁮₴⅜ 

Room heating load ₑ⁮₴ ₔ›₁₴₳ₔ⁸⃰⁄₴₳ₑ₫₩╜ ⁹⁮₴₲₭₂₳₈₆⁮₴₲ ₔ₂€₂₆₨⁷(amount of heat) ₿₃⁞₴ 
ₑ⁮₴⅜ ₔ›₁₴₳ₔ₂€›₵₩₁₴‹₫₩ ₑ⁸₴₆℅⁸₴⁹₨₳ₑ⁮₴₲ ₔ₂€›₵₩₁₴(indoor design temperature)⁸⃰⁄₴ ⁹₩₁₴₳⁹₨₳₈₁₴ₔ⁸⃰‹₴ 
room heating load ₑ⁮₴ room heat loss ╘℅⁄₴₲ ⁮₪₆₵℅ₑ⁮₴⅜  
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 U (BTU/hr-ft2-ęF) x A(ft2) x TD(ęF) =  Q(BTU/hr) 
Wall 0.10 x 106 x 82 =  870 
Window 0.60 x 20 x 82 =  980 
Roof 0.08 x 168 x 82 =  1100 

Total heat transfer loos =  2950 
Infiltration heat loss1.1 x 0.50 CFM/ft x 18 ft x 82  =  810 

Room heating load  =  3760 
⁹₫₩ₔ₂€⁪₫₱₳╙║₱₳₆║₆₵₨₳ ₔ₨₳₉₫₱₳← ⁞₫⁞₫₭₂₧⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜  

Design heat loss ₆₵₨₳‹₫₩ ⁸⃰‹₴ₑ⁮₴₲ₔ›₧ ₆⁮₴ₑ⁮₴₲ heat gain ‹₫₩₆₵℅ ₆⁹⁮₴₲ₑ⁄₴₲₂₧⅜ Solar heat gain 
₿₃⁞₴₭₂↑╘₩₫⁄₴₭ₑ₨₴₉⁮₴₳ ₔ┐₆₮⁸₆₴₳ ₆₈╘₩₫⁄₴₭ₑ₨₭┌‹₨⁄₴₲ ⁞₩⁸₴›₵₈₭ₔ₨⁄₴ ⁹⁮₴₲₆⁸⃰‹₴ₑ⁄₴₲₂₧⅜ Steady internal gain 
₈℅₩ₑ⁮₴₲ ₔ₭⁪₨‹₴ₔ₢₪₆₵₨₳⁸⃰⁄₴ net heat losses ‹₩₫ ⁹⁮₴₲ₑ⃰⁄₴₳ ⁸⃰‹₴›₵‹₴₈₆⁮₴⅜  ₔ┐₆₮⁸₆₴₳ ₂₱₫₆℅₁₴₿₃⁞₴₭₂↑₭₁ₑ⁮₴₲ 
heat gain ₆₵₨₳₈℅₩₉℅₵⁄₴ ⁹⁮₴₲⁸⃰‹₴╘₩₫⁄₴₂₧ₑ⁮₴⅜ 

℮.№℗ Building Net Heating Load 
ₔ›₁₴₳⁸⁞₴›₁₴₳›₵⁄₴₳(individual room)⁞₪← heating load ₔ₿₂⁄₴ ₔ₭⁪₨‹₴ₔ₢₪(building) ⁸⁞₴›₫₉₫₱₳← 

heating load ‹₩₫ ⁸⃰‹₴₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ Building net heating load ⁪₫₩ₑ⁮₴₆℅₨ ₿₂⁄₴₂ⁿ₪⁫₫₩⁄₴₳ₔ₭₿›ₔ₭₁(outdoor 
design conditions)⁸⃰⁄₴ ₔ₭⁪₨‹₴ₔ₢₪(building)⁸⁞₴›₫₉₫₱₳⁸⃰‹₴ ₉₫₩ₔ₂₴ₑ⁮₴₲ ₔ₂€₂₆₨⁷(amount of heat) 
₿₃⁞₴ₑ⁮₴⅜ Building net heating load ⁸⃰⁄₴ building heat transfer loss ₆₵₨₳ ⅛ infiltration heat loss ₆₵₨₳ ╘℅⁄₴₲ 
ventilation load ₆₵₨₳ ₂₧ₐ⁄₴ₑ⁮₴⅜ ⁹₫₩ heating load ₆₵₨₳ ₔ₨₳₉₱₫₳← ⁞₫⁞₫₭₂₧⁄₴₳ ₂₆₨⁷₿₃⁞₴ₑ⁮₴⅜  

℮.№℗.№ Building Heat Transfer Loss  
Building heat transfer loss ₑ⁮₴ heat transfer loss ₆₵₨₳ ₭₂₧⁄₴₳⁹₨₳₿›⁄₴₳(sum) ₿₃⁞₴ₑ⁮₴⅜ ₔ₭⁪₨‹₴ 

ₔ₢₪← ₁₱₈₱⅛ ₿₂⁸⁄₴₳₭₂₧‹₴⅛ ⁸₱›₧₳⅛ ┌‹₆₴₳›⁄₴₳ ⁞ₑ⁮₴⁸₩₫╜ ₆℅⁸⁞₴⁪⁄₴₲ ₿₂⁄₴₂ₑ₩₫╜ ⁹⃰‹₴ₑ⃰₨₳ₑ⁮₴₲(⁪₱₫₳╙║₱₳ₑ⃰₨₳ₑ⁮₴₲) ₔ₂€₆₵₨₳ 
(outdoors through the exposed walls, windows, doors, f loor, and roof of the building)₭₂₧⁄₴₳⁹₨₳₿›⁄₴₳ 
₿₃⁞₴ₑ⁮₴⅜ ⁸⁞₴₁⁮₴₳ₔ₨₳₿₃⁄₴₲ ⁪₱₫₳╙║₱₳ₑ⃰₨₳ₑ⁮₴₲ ₔ₂€⁞₫⁞₫₭₂₧⁄₴₳(sum of the room heat transfer losses) ₿₃⁞₴ₑ⁮₴⅜ 
ₔ₭⁪₨‹₴ₔ₢₪← ₁₱₈₱⅛ ₿₂⁸⁄₴₳₭₂₧‹₴⅛ ⁸₱›₧₳⅛ ┌‹₆₴₳›⁄₴₳⁞ₑ⁮₴₲ ₤₈₩₇₨⁞₫⁞₫₭₂₧⁄₴₳(total building area)‹₩₫ ⁸₫₩⁄₴₳₇€ 
(measure)⅞ ⁹₫₩₆℅⁸⁞₴⁪⁄₴₲ ⁸₫₩‹₴╙₩₫‹₴ ⁸⃰‹₴₇€(calculate directly) ₑ⁄₴₲ₑ⁮₴⅜ 

℮.№℗.℗ Building Infiltration Loss 
ₔ₭⁪₨‹₴ₔ₢₪(building)⁸⃰⁄₴ ⁸⁞₴›₫⁹‹₴ ₂₫₩₆₵₨₳ₑ⁮₴₲ ₔ₭₂₧‹₴₆₵₨₳ ₈₩℅₭₁₉₵℅⁄₴(more than one side with 

openings) infiltration air ₑ⁮₴ ₈₩℅ₑ₆℅₵ ₔ₭₂₧‹₴₆₵₨₳ ₔ₨₳₉₫₱₳₆℅⁸⁞₴⁪⁄₴₲ ⁸⁞₴┐₂₩₯⁄₴₁‹₴ ₐ⁄₴₭₈₨‹₴₈₁₴ ₆₿₃⁞₴╘₫₩⁄₴₭₂⅜ 
ₔ₅₇₴₭┌‹₨⁄₴₲⁪₫₩₭ₑ₨₴ ₭₉ₑ⁮₴ ₔ┐₆₮⁸₆₴₳ ₢₪₳⁸⁮₴₈₨ ⁸⁞₴₃‹₴₃‹₴‹₫₩ₑ₨ ⁸₫₩‹₴₭₁₭e₨₭┌‹₨⁄₴₲ ₿₃⁞₴ₑ⁮₴⅜ 
⁸⁞₴₁⁮₴₳ₔ₨₳₿₃⁄₴₲ ₭₉⁸₫₩‹₴ₑ⁮₴₲ ₆₵‹₴╘℅₨⁞₨₈₩℅ ₔ₭₂₧‹₴₆₵₨₳⁸⃰⁄₴ₑ₨ infiltration ₿₃⁞₴₭₂↑ₑ⁮₴⅜ ₔ›₁₴₳ₔ⁸⃰⁄₴₳ 
ₔ₭₿›ₔ₭₁₆₵₨₳⅛ ₔ⁸⃰⁄₴₳₁₱₈₱(partition)₭┌‹₨⁄₴₲ ₔ⁸₩ₔ‹₵ ⁸⃰‹₴›₵‹₴₈₁₴ ›‹₴›₮ₑ⁮₴⅜ Mechanical ventilation 
system ₭┌‹₨⁄₴₲ infiltration ₿₃⁞₴₿›⁄₴₳ ₭₉₵₨₲₁⁮₴₳ₑ⃰₨₳╘₫₩⁄₴ₑ⁮₴⅜ ₔ₭⁪₨‹₴ₔ₢₪(building)₆₵₨₳⁸⃰⁄₴ infiltration  
₆₿₃⁞₴₭ₔ₨⁄₴ ‹₨‹⃰₇₴╘₩₫⁄₴ₑ⁮₴⅜  

 

ₔ₭⁪₨‹₴ₔ₢₪← infiltration ₿₃⁞₴╘║₁₴₳(CFM)e ⁮₴ ₁₱₈₱⁸⁞₴›₫›₵⁄₴₳⁞₪⁸⃰⁄₴ ₿₃⁞₴₭₂↑₆⁮₴₲ infiltration  ╘║₁₴₳ 
(CFM) ⁞₫⁞₫₭₂₧⁄₴₳⁸₁₴₃₩₫₳← ⁸⁞₴ℓ‹₴₿₃⁞₴ₑ⁮₴⅜ ⁸⁞₴₁⁮₴₳ₔ₨₳₿₃⁄₴₲ ₔ₭⁪₨‹₴ₔ₢₪← infiltration  rate ₑ⁮₴ 
₁₱₈₱₆₵₨₳ ₔ₨₳₉₱₫₳⁸⃰⁄₴ ₿₃⁞₴₭₂↑ₑ⁮₴₲ infiltration ← ⁸⁞₴ℓ‹₴ ₿₃⁞₴ₑ⁮₴⅜ 

(The building air infiltration CFM is equal to one-half the sum of the infiltration CFM of 
every opening on all sides of the building. ) 
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₭ₔ₨‹₴⁸⃰⁄₴ building infiltration heat loss ╘℅⁄₲₴ building net heating load ⁸⃰‹₴₁⁮₴₳(procedure)‹₫₩ 
₢₂₆₨₿₃⁄₴₲ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜  

  

₂₫₱ ℮-№№ ₢₂₆₨(℮-№⅍)ₔ⁸⃰‹₴ ₂₱₫┌‹₆₴₳ (Sketch for Example 5-16) 
₢₂₆₨ (℮-№⅍) 

₂₫₱(℮-№№)⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴₲ ₔ₭⁪₨‹₴ₔ₢₪← ₔ›₁₴₳ₔ⁸⃰⁄₴₳ₔ₂€›₵₩₁₴(indoor temperature)ₑ⁮₴ 
70ęF ₿₃⁞₴┐₂₪₳ ₿₂⁄₴₂ₔ₂€›₵₩₁₴(outdoor temperature) ₑ⁮₴ 10ęF ₿₃⁞₴ₑ⁮₴⅜ Building heat transfer loss ₑ⁮₴ 
170,000 BTU/hr ₿₃⁞₴ₑ⁮₴⅜ Infiltration rate  ‹₫₩ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ Infiltration heat loss ╘℅⁄₴₲ net heating load 
‹₫₩ ₈℅₨₂₧⅜ 

ₔ₭₿₃ 
(№) ₔ₭⁪₨‹₴ₔ₢₪← ₁₱₈₱₆₵₨₳ₔ₨₳₉₱₫₳⁸⃰⁄₴ ₿₃⁞₴₭₂↑ₑ⁮₴₲ infiltration  rate ‹₩₫ ₈℅₨₂₧⅜ ⁹₫₩╜₭₁₨‹₴ ⁸⁞₴ₐ‹₴(one-half) 
ₐ‹₴₂₧⅜ (Find one-half the infiltration rate s for all sides of the building ) 

"ÕÉÌÄÉÎÇ ÉÎÆÉÌÔÒÁÔÉÏÎ #&- 
σππρππςππρππ

ς
συπ #&- 

 
(℗) Equation 5.10 ‹₫₩ ₔₑ₫₱₳₿₂₯⅞ infiltration heat loss ‹₫₩ ₈℅₨ₑ⁮₴⅜ 

1  ρȢρ  #&-  Ў4 
= 1.1 x 350 x (70 ð 10) = 23,100 BTU/hr  

(™) Building net heating load  ‹₫₩ ⁸⃰‹₴ₑ⁮₴⅜ 
Heat transfer loss = 170,000 BTU/hr  
Infiltration heat loss  = 23,100 BTU/hr  
Building net heating load = 193,100 BTU/hr  

℮.№™ System Heat Losses 
Direct room ╘℅⁄₴₲ building heat losses(heat transfer  and infiltration/ventilation)  ⁸₫₩╜ə₿₂⁄₴ duct ₆₵₨₳ 

╘℅⁄₴₲ ₂₩₫‹₴₆₵₨₳(piping)⅝ ₿₃⁞₴₭₂↑ₑ⁮₴₲ heat loss ₆₵₨₳₭┌‹₨⁄₴₲₉⁮₴₳ system heat loss ₂₫₩₆₵₨₳₉₨╘₫₩⁄₴ₑ⁮₴⅜  

℮.№™.№ Duct Heat Transfer Loss 
Warm air heating system ⁸⃰⁄₴ duct ₆₵₨₳ₑ⁮₴ unheated space ₆₵₨₳(attics, basements, shafts, 

crawl spades ⁞ₑ⁮₴₲₭₁₈₨₆₵₨₳)‹₫₩ ₿₃⁸₴ₑ⃰₨₳ₑ⁮₴₲ₔ›₧ ₔ₂€‹€₳₭₿₂₨⁄₴₳₆║(heat transfer) ₿₃⁞₴₭₂↑ₑ⁮₴⅜ Duct 
ₔ⁸⃰⁄₴₳₆℅ ₂€₭╘⃰₳ₑ⁮₴₲₭₉₆₵₨₳ₑ⁮₴ ₭ₔ₳₭₁ₑ⁮₴₲ ₭₅₳₅‹₴₈℅₩₭₁₈₨₆₵₨₳(cooler surrounding spaces)⁪₪e₫₩╜ 
⁹⃰‹₴ₑ⃰₨₳₉₩₆₴₲₆⁮₴⅜  
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Building sensible heat loss ← 2% ₆℅ 5% ›₁₴╜‹₩₫ duct heat loss ₔ₭₁₿₃⁄₴₲ ⁹⁮₴₲₭₂₧⁄₴₳₈₁₴ hand book 
₆₵₨₳⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ⁹⁮₴₲₭₂₧⁄₴₳₈₆⁮₴₲ ₈₨›₩₫⁄₴╘║₁₴₳(range of value)ₑ⁮₴ duct ₔ₈℅⁮₴(length of duct -work) 
⅛ insulation ╘℅⁄₴₲ ₔ₁₪₳₂⁸₴ℓ₁₴₳‹₵⁄₴ₔ₂€›₵₩₁₴(surrounding temperature)⁸₫₩╜ ₔ₭₂↑⁸⃰⁄₴ ₆€⁸⁮₴ₑ⁮₴⅜ Ductwork 
₆₵₨₳⁸⃰‹₴ ₔ₁₩₆₴₲⁪₫₱₳ R-4 ₔ⁪⁄₴₲ insulation ‹₫₩ ₔₑ₫₱₳₿₂₯ₑ⁄₴₲ₑ⁮₴⅜ 

℮.№™.℗ Duct Leakage (Duct ₆₵₨₳₆℅ ₭₉₇₫₩⁞₩₆₴₲₆║ ₿₃⁞₴₭₂↑₿›⁄₴₳) 
Supply duct ₈℅₩ ₔ⁪‹₴₆₵₨₳(seams) ⁸›₵₯₩╝₭₁₈₨₆₵₨₳⁸⃰⁄₴ ₭₉₇₩₫⁞₩₆₴₲₆║(air leakage) ₿₃⁞₴₭₂↑ₑ⁮₴⅜ ₔ₂€ 

⁪₱₫₳╙║₱₳₆║(heat loss) ₿₃⁞₴ₑ⁮₴⅜ ₔ₩₆₴₆₵₨₳(private residences)₆₵₨₳⁸⃰⁄₴ unconditioned space ₭₁₈₨₆₵₨₳ₑ₫₩╜ 
₭₉₇₫₩⁞₩₆₴₲₿›⁄₴₳(air leak)₭┌‹₨⁄₴₲ ₿₃⁞₴₭₂↑ₑ⁮₴₲ heat transfer ₂₆₨⁷ₑ⁮₴ 5% ₆℅ 10% ₔ⁸⃰⁄₴₳ ₿₃⁞₴╘₫₩⁄₴ₑ⁮₴⅜ 
└‹₪₳₆₨₳ₑ⁮₴₲ ₔ₭⁪₨‹₴ₔ₢₪₆₵₨₳(larger buildings)⁸⃰⁄₴ ₿₃⁞₴₭₂↑ₑ⁮₴₲ ₭₉₇₩₫⁞₩₆₴₲₆║e⁮₴ ⁸₂₴⁪⁄₴₆║(sheet metal 
installation)₆₵₨₳← ₔ₈⁮₴ₔ₭ₑ⃰₳₭₂↑⁸⃰⁄₴ ₆€⁸⁮₴ₑ⁮₴⅜ 

℮.№™.™ Piping Losses 
Hot water ₑ₫₩╜₆ₒ₫⁸₴ steam heating system ₆₵₨₳₆℅ ₔ₂€⁪₱₫₳╙₱║₳₆║(heat lost) ₿₃⁞₴₭₂↑╘₫₩⁄₴₭ₑ₨₴₉⁮₴₳ ₂€₭₁ 

ₑ⁮₴₲₂₫₩‹₴(hot piping)₆₵₨₳ₑ⁮₴ ₭ₑ₳⁄₇₴┐₂₪₳ insulate ₉₫₂₴⁹₨₳₭ₑ₨₭┌‹₨⁄₴₲ ₿₃⁞₴₭₂↑ₑ⁮₴₲ heat loss ₂₆₨⁷ 
ₔ₉⃰₁₴₁⁮₴₳ₑ⁮₴⅜ ⁹₫₩╜₭┌‹₨⁄₴₲ ⁹⁮₴₲⁸⃰‹₴₈₁₴ ₆₉₫₩ₔ₂₴₭₂⅜ Heating system ₆₵₨₳ₔ⁸⃰‹₴ ₈₨›₫₩⁄₴╘║₁₴₳ₔ₁⁮₴₳⁄₇₴ 
ₔ₂₫₩₭⁪₨⁄₴₳(allowance) ⁹₨₳ₑ⁮₴⅜  

℮.№™.Ω Pickup Factor or Allowance 
System ₆₵₨₳‹₫₩ ⁞⁸⁄₴₭₆₨⁄₴₳(start-up)ₑ⁮₴₲ₔ›₧ ₭₂₧⁄₴₳⁹⁮₴₲₈₆⁮₴₲ ⁸₁₴₃₩₫₳‹₩₫ ñpickup factorò ₒ₫ 

₭›↑ₑ⁮₴⅜ ₔ₭⁪₨‹₴ₔ₢₪← heating system ‹₩₫ (℗Ω)₁₨₈₪₂⁸₴₉₱₫₳ ₭₆₨⁄₴₳₆⁹₨₳ₑ⁮₴₲ₔ›₧(intermittently heated  
building ₿₃⁞₴ₑ⁮₴₲ₔ›₧) ₑ₫₩╜₆ₒ₫⁸₴ regular night time temperature setback ₁⁮₴₳‹₫₩ ₔₑ₫₱₳₿₂₯ₑ⁮₴₲ₔ›₧╘℅⁄₴₲ 
equipment capacity ₑ⁮₴ building load ╘℅⁄₴₲ ⁸€⁮₪╙₱₫₆₵℅ₑ₨₿₃⁞₴₉℅₵⁄₴ heating equipment ₑ⁮₴ ₔ›₁₴₳₆₵₨₳ 
(rooms) ₔ₂€›₵₩₁₴‹₫₩ design temperature ₑ₫₩╜ ₭₈₨‹₴₭ₔ₨⁄₴ ₔ›₵₩₁₴ₔ₁⁮₴₳⁄₇₴ₔ⁸⃰⁄₴₳⅝ ₿₂₯₉₫₂₴╘₫₩⁄₴₉₩₆₴₲₆⁮₴ 
₆ₒ₫⁸₴₭₂⅜ ⁹₫₩‹₮₲ₑ₫₩╜ ₔ₭₿›ₔ₭₁₆₵₩₯₳ ₆₿₃⁞₴₭₂↑₭⁞₈₁₴ₔ⁸⃰‹₴ central heating equipment ₆₵₨₳← ₔ₈⃰₇₴ₔ⁞₨₳ 
₭₈⃰₳›₵₇₴ₑ⁮₴₲ ₔ›₧ pickup loss allowance ⁹⁮₲₴ₑ⃰⁄₴₳⁹₨₳ₑ⁄₴₲ₑ⁮₴⅜  

⁸›₵₩₯╝₭ₑ₨ ⁿ₪⁫₫₩⁄₴₁₨₆₵₨₳ₑ⁮₴ (№ℓ)₈₨›₫₩⁄₴╘║₁₴₳›₁₴╜ ₔ₂₫₩₭⁪₨⁄₴₳(extra 10% loss)⁹₨₳ₑ⁮₴⅜ 10ęF night 
setback ₿₂₯₉₫₂₴ₑ⁮₴₲ Intermittently heated building ₆₵₨₳ₔ⁸⃰‹₴ 40% ₔ⁹₩ ₔ₂₫₩₭⁪₨⁄₴₳⁹₨₳┌‹ₑ⁮₴⅜ 
Residential equipment ₆₵₨₳ₔ⁸⃰‹₴ ⁹₫₩ₑ₫₩╜ ₔ₂₫₩₭⁪₨⁄₴₳⁹₨₳₿›⁄₴₳₭┌‹₨⁄₴₲ equipment ₔ₈⃰₇₴ₔ⁞₨₳└‹₪₳₆₨₳₉₨┐₂₪₳ 
‹₫₁₴‹₵⁞₈₩⁸₴ ₂₫₩₆₵₨₳╘₩₫⁄₴ₑ⁮₴⅜ 

└‹₪₳₆₨₳ₑ⁮₴₲ ₔ₭⁪₨‹₴ₔ₢₪(large building)₆₵₨₳⁸⃰⁄₴ equipment sizing allowance ⁹₨₳₿›⁄₴₳ₑ⁮₴ 
setback ₔ⁸⃰‹₴ ⁹₱₫₳⁞₱(standard practice) ₆ₒ₫⁸₴₭₂⅜ ⁸₿›₨₳₭ₑ₨₁⁮₴₳(strategies)₆₵₨₳ ₈₩℅ₑ⁮₴⅜ ₔ›₁₴₳ₔ₂€›₵₩₁₴ 
(space temperature)‹₩₫ design temperature ₑ₫₩╜ ₉₱₫₭₉₨‹₴ₑ⁮₴₲ₔ›₵₩₁₴(sufficient time)ₔ⁸⃰⁄₴₳ ₭₈₨‹₴₭⁞₈₁₴ 
system ‹₫₩ ₔ›₵₩₁₴ ₔ₁⁮₴₳⁄₇₴₭⁞₨⅞ ₭₆₨⁄₴₳╘₫₩⁄₴(start earlier)ₑ⁮₴⅜ 

└‹₪₳₆₨₳ₑ⁮₴₲ ₔ₭⁪₨‹₴ₔ₢₪(large building)₆₵₨₳⁸⃰⁄₴ ₅⃰₩₯⁄₴₉₨₆₵₨₳(multiple boiler)╘℅⁄₴₲ excess standby 
capacity ⁹₨₳₈₩℅┌‹ₑ⁮₴⅜ ₅₩⃰₯⁄₴₉₨⁹₫⁸₴₉₫₂₴ₑ€₆₵₨₳⅛₉₫₂₴⁄₁₴₳₉₫₂₴‹₫₩⁄₴ₑ€₆₵₨₳(boiler industry)‹ piping ╘℅⁄₴₲ pickup 
factor(allowance)‹₫₩ ₅₩⃰₯⁄₴₉₨ₔ₈⃰₇₴ₔ⁞₨₳ ₭₈⃰₳›₵₇₴₆║ ₿₂₯₉₫₂₴ₑ€₆₵₨₳ₔ⁸⃰‹₴ ₆₿₃⁞₴₆₭₁ ₭₃₨₴₿₂₭₂₳₈₁₴ ₉₫₩ₑ⁮₴⅜ 
Standard piping ╘℅⁄₴₲ pickup factor ₑ⁮₴ 15% ₆℅ 25% ₔ⁸⃰⁄₴₳ ₿₃⁞₴╘₫₩⁄₴ₑ⁮₴⅜ ₅⃰₩₯⁄₴₉₨ₔ₆₵₯₩₳ₔ⁞₨₳(boiler type) 
╘℅⁄₴₲ ₔ₈⃰₇₴ₔ⁞₨₳(size)₭₂↑⁸⃰⁄₴ ₆€⁸⁮₴⅞ ₉‹₴₭⁸⃰ₔ₭₿›ₔ₭₁⁸⃰⁄₴ piping ╘℅⁄₴₲ pickup losses ₆₵₨₳ ₭₿₂₨⁄₴₳₉₮ 
╘₫₩⁄₴ₑ⁮₴⅜ 
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℮.№™.℮ Net and Gross Heating Load 
Net heating load ₑ⁮₴ ₔ₂€₂₆₨⁷(amount of heat)  ₿₃⁞₴ₑ⁮₴⅜ ₔ₭⁪₨‹₴ₔ₢₪ₔ⁸⃰⁄₴₳₈₩℅ ₔ›₁₴₳₆₵₨₳ 

ₔ₨₳₉₫₱₳(building rooms) ₉₫₩ₔ₂₴ₑ⁮₴₲ system heating loss (ducts, piping, pickup) ₆₵₨₳ₑ⁮₴ room load ⁸⃰⁄₴ 
₆₂₧ₐ⁄₴₭₂⅜ ₆ₑ‹₴⁪₫₩⁄₴₭₂⅜ ⁹₫₩ load ₆₵₨₳ₑ⁮₴ boiler ₑ₫₩╜₆ₒ₫⁸₴ furnace ₔ⁸⃰‹₴₿₃⁞₴ₑ⁮₴⅜ Net load ╘℅⁄₴₲ ₭₂₧⁄₴₳⅞ 
⁞₫⁞₫₭₂₧⁄₴₳⁸₁₴₃₫₩₳‹₫₩ ñgross heating loadò ₒ₫ ₭›↑ₑ⁮₴⅜ Heating equipment ₆₵₨₳ ⁹₫⁸₴₭₂₳₈₆⁮₴₲ 
ₔ₂€₂₆₨⁷(heat output) ₿₃⁞₴ₑ⁮₴⅜ 

₢₂₆₨ (℮-№ⅎ) 
ₔ₭⁪₨‹₴ₔ₢₪⁸⁞₴›₫← building net heating load ₑ⁮₴ 350,000 BTU/hr ₿₃⁞₴ₑ⁮₴⅜ 

₭₉₇₫₩⁞₩₆₴₲₆║(leakage)₭┌‹₨⁄₴₲ ₿₃⁞₴₭₂↑ₑ⁮₴₲ duct heat transfer loss ╘℅⁄₴₲ heat loss ╘℅⁞₴›₫₭₂₧⁄₴₳ₑ⁮₴ 10% 
₿₃⁞₴ₑ⁮₴⅜ ₔ›₁₴₳ₔ₂€›₵₩₁₴(space temperature)‹₩₫  ⁮ₔ›₵₩₁₴⁸⃰⁄₴ 10ęF set back ₿₂₯₉₫₂₴ₑ⁮₴⅜ Building gross 
heating load (the required furnace capacity)‹₩₫ ₈℅₨₂₧⅜ 
ₔ₭₿₃ 
System loss ₆₵₨₳‹₩₫ ₭₂₧⁄₴₳⅞ net load ⁸₁₴₃₫₩₳₈₈℅₩ₑ⁮₴⅜  

Net heating load  = 350,000 BTU/hr  
Duct losses         = 0.10 x 350,000 = 35,000  
Pickup allowance = 0.40 x 350,000 = 140,000  
Furnace capacity (gross load) = 525,000 BTU/hr 

⁮ₔ›₵₩₁₴⁸⃰⁄₴ 10ęF set back ₿₂₯₉₫₂₴₿›⁄₴₳₭┌‹₨⁄₴₲ pickup allowance 40% ⁹⁮₴₲⁸⃰‹₴ₑ⁮₴⅜  
Service (Domestic) Hot Water Heating 

⁸⁞₴›₧⁸⁞₴₈₱ boiler ₆℅ heat output ‹₩₫ space heating ₔ⁸⃰‹₴ₑ₨₆‹ hot water service (kitchens, 
baths ⁞ₑ⁮₴₲⁸₫₩╜) ₔ⁸⃰‹₴₂₧ ₔₑ₱₫₳₿₂₯ₑ⁮₴⅜ Hot water system ₔ⁸⃰‹₴ load ⁸⃰‹₴₁⁮₴₳‹₩₫ ASHRAE Handbook 
₆₵₨₳₆℅ ₭₉₲₉₨╘₩₫⁄₴ₑ⁮₴⅜ ₡⁞₨ₔ₫₂₴⁸⃰⁄₴ hot water service ₔ₭┌‹₨⁄₴₳ ₆₂₧ℓ⁄₴₂₧⅜ 

℮.№Ω Summary of Heating Load Calculation Procedures 
Heating load ⁸⃰‹₴₁⁮₴₳ ₔ⁪⁄₴₲⁪⁄₴₲(step-by-step instruction)‹₩₫ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ⁸⁞₴›₁₴₳›₵⁄₴₳⁞₪← 

₭ⁿ⁸₨(individual room data)╘℅⁄₴₲ ₈₉ⁿ₴₆₵₨₳(results)‹₩₫ room heating load calculations form ‹₩₫ ₂₱₫(℮-№℗) 
⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ₂₱₫(℮-№™)ₑ⁮₴ building heating load calculations form ₿₃⁞₴ₑ⁮₴⅜ ⁹₩₫ form ₆₵₨₳ ₑ⁮₴ 
residential ╘℅⁄₴₲ commercial ə ₭⁪₨‹₴ₔ₢₪(℗)₆₵₯₩₳⁞₉₱₫₳ₔ⁸⃰‹₴ ₔₑ₱₫₳₿₂₯╘₩₫⁄₴ₑ⁮₴⅜ 

℮.№Ω.№ Room Heating Load Calculations 
Room Heating Load ⁸⃰‹₴₁⁮₴₳ 
(№) ₑ⁄₴₲₭₉₵₨₴ₑ⁮₴₲ ₔ›₁₴₳ₔ⁸⃰⁄₴₳ ⁿ₪⁫₫₩⁄₴₳ₔ₂€›₵₩₁₴(indoor design temperature)╘℅⁄₴₲ ₔ›₁₴₳₿₂⁄₴₂ ⁿ₪⁫₫₩⁄₴₳ₔ₂€›₵₩₁₴ 

(outdoor design temperature)₆₵₨₳‹₩₫ table 1.1 ╘℅⁄₴₲ A.9 ₆℅ ₭₈⃰₳›₵₇₴₂₧⅜ 

(℗) ₔ⁸₩₫⁄₴₳ₔ⁸₨-ₔ‹₵₇₴-ₔ₿₆⁄₴₲-ₔ₈℅⁮₴(dimensions)₆₵₨₳‹₩₫ ₄₩ₑ₫‹₨₂₱₫(architecture plans)₆℅ ₈₇€₂₧⅜ ₔ›₁₴₳ 
⁸₩₫⁄₴₳(each room)ₔ⁸⃰‹₴ heat transfer ₿₃⁞₴₭₂↑╘₩₫⁄₴ₑ⁮₴₲ ₿₂⁄₴₂₁₱₈₱₆₵₨₳←₤₈₩₇₨⅛ ₿₂⁸⁄₴₳₭₂₧‹₴₆₵₨₳← ₤₈₩₇₨ 
(areas of exposed windows, walls, and so forth) ⁸₩₫╜‹₩₫ ⁸⃰‹₴₇€₂₧⅜ 

(™)  e ⁄₴₲₭₉₵₨₴ₑ⁮₴₲ overall heat transfer coefficients (U-value) ‹₩₫ tables 3.1 ⅛ A.6 ð A.8 ₆℅ ₭₈⃰₳›₵₇₴₂₧⅜ ⅛  
ₑ₫₩╜₆ₒ₫⁸₴ table A.4 and A.5 ⁸₫₩╜₆℅ R-value ₆₵₨₳‹₩₫ ₃⁸₴₇€⅞ ⁸⃰‹₴›₵‹₴₂₧⅜   
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₂₱₫ ℮-№℗ Room heating load calculations form. 

(Ω) ₔ›₁₴₳(room)← ₔ₿₂⁄₴₅‹₴ ₆₵‹₴╘℅₨₿₂⁄₴(exposed surfaces) ₔ₨₳₉₱₫₳ₔ⁸⃰‹₴ ₔ₂€⁪₱₫₳╙₱║₳₆║(heat transfer 
loss)‹₩₫ ⁸⃰‹₴₂₧⅜ (equation 5.8) room heat transfer loss ₔ₨₳₉₱₫₳‹₩₫ ₭₂₧⁄₴₳₂₧⅜  

 (‹) ₭₿₆₭ₔ₨‹₴₈℅₩ ┌‹₆₴₳›⁄₴₳(basement floor) ╘℅⁄₴₲₁₱₈₱(wall)  ⁸₩₫╜← U-value ₆₵₨₳‹₩₫ table 3.2 ╘℅⁄₴₲ outdoor 
ground temperature ⁸₩₫╜₆℅ ₃⁸₴₇€╘₩₫⁄₴ₑ⁮₴⅜ 
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 (›)  ₭₿₆₿₂⁄₴ₔ⁹‹₴₈℅₩ floor slab ₆₵₨₳ₔ⁸⃰‹₴╘℅⁄₴₲ ₔ₿₂⁄₴₅‹₴ₔ›₁₴₳₆₵₨₳(exterior rooms)ₔ⁸⃰‹₴ edge loss 
‹₩₫  (equation 5.9 and table 5.3) ⁸₩₫╜₆℅ ₈╘₩₫⁄₴ₑ⁮₴⅜ 

(℮) Room infiltration heat loss ‹₩₫ ⁸⃰‹₴₂₧⅜ Crack method ‹₩₫ ₔₑ₱₫₳₿₂₯⅞ ⁸⃰‹₴₂₧⅜ 

 (‹) ₿₂⁸⁄₴₳₭₂₧‹₴ₔ‹₴₭┌‹₨⁄₴₳ₔ₈℅⁮₴(window crack lengths)╘℅⁄₴₲ ⁸₱›₧₳₤₈₩₇₨(door areas)‹₩₫ ₄₩ₑ₫‹₨ 
₂₱₫₆₵₨₳(architectural plans) ₆℅ ₈₈℅₩╘₩₫⁄₴ₑ⁮₴⅜ ₭⁹₨⁄₴₲›₁₴₳₆₵₨₳(corner rooms)ₔ⁸⃰‹₴ ₁₱₈₱(wall) ⁸⁞₴₃‹₴ 
‹₩₫ₑ₨ ⁹⁮₴₲⁸⃰‹₴₈₆⁮₴⅜ 

 (›)  Table 5.4 ₑ₩₫╜₆ₒ₫⁸₴ ₔ₉₨₳⁸€⁫₇₨₳(equivalent)₆℅ infiltration rate ‹₩₫ ⁸⃰‹₴₇€╘₩₫⁄₴ₑ⁮₴⅜ 

 (‼)  Equation 5.10 ‹₩₫ ₔₑ₱₫₳₿₂₯⅞ infiltration heat loss ‹₩₫ ⁸⃰‹₴₇€╘₩₫⁄₴ₑ⁮₴⅜ ₔ₭⁪₨‹₴ₔ₢₪ₑ⁮₴ 
mechanical ventilation system ‹₩₫ ₔₑ₱₫₳₿₂₯⅞ ₃₩ₔ₨₳₿₆⁄₴₲⁸‹₴₭ₔ₨⁄₴(pressurized) ₿₂₯₉₫₂₴⁹₨₳₂₧‹ 
infiltration loss ₆₵₨₳‹₩₫ ₉₵⁞₴₉₵₰╙║╘₩₫⁄₴(considered negligible)ₑ⁮₴⅜ ⁹⁮₴₲⁸⃰‹₴₈₁₴ ₆₉₩₫ₔ₂₴₂₧⅜ 

(⅍) Room heating load ‹₩₫₈℅₨₂₧⅜ 

ἠἷἷἵ ἰἭἩἼἱἶἯ ἴἷἩἬ  Ἲἷἷἵ ἰἭἩἼ ἼἺἩἶἻἮἭἺ ἴἷἻἻ  Ἲἷἷἵ ἱἶἮἱἴἼἺἩἼἱἷἶ ἴἷἻἻ 

℮.№℮ Building Heating Load 
₂₱₫ (℮-№™)ₑ⁮₴ Building heating load calculations form ₿₃⁞₴ₑ⁮₴⅜ Building heating load ⁸⃰‹₴₈₁₴ 

ₔ⁪⁄₴₲₆₵₨₳‹₩₫ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ 
(№) ə ₿₂⁄₴₅‹₴₁₱₈₱₆₵₨₳(exposed surfaces)‹₩₫ ₿₃⁸₴⅞ ₿₃⁞₴₭₂↑₆⁮₴₲ heat transfer losses ‹₩₫ ⁸⃰‹₴₂₧⅜ (total 

exterior areas of the walls, roof, and so forth ⁞ₑ⁮₴⁸₩₫╜←) ₿₂⁄₴₂₆₵‹₴╘℅₨₿₂⁄₴ ₤₈₩₇₨‹₩₫ ₔₑ₱₫₳₿₂₯⅞ 
⁸⃰‹₴₂₧⅜ ₔ›₁₴₳ ⁸⁞₴›₁₴₳⁞₪← ₆₵‹₴╘℅₨₿₂⁄₴⁸₩₫╜₆℅ ⁸⃰‹₴₇€₉℅₵⁄₴ ₔ₆℅₨₳₂₩₫₆₵₨₳╘₩₫⁄₴ₑ⁮₴⅜ 

(℗) ə ₭⁪₨‹₴ₔ₢₪ₔ⁸⃰⁄₴₳(interior)⅝ ₃₩ₔ₨₳₆₵₨₳₭ₔ₨⁄₴(pressurize) ₆₿₂₯₉₫₂₴⁹₨₳₉₵℅⁄₴ ₭ₑ₨₴₉⁮₴₳₭‹₨⁄₴₳ 
mechanical ventilation ₆⁸₂₴⁪⁄₴⁹₨₳₉₵℅⁄₴₭ₑ₨₴₉⁮₴₳₭‹₨⁄₴₳ infiltration ₿₃⁞₴₿›⁄₴₳₭┌‹₨⁄₴₲ heat loss 
₿₃⁞₴₭₂↑ₑ⁮₴⅜ 
Infiltra tion ₂₆₨⁷‹₩₫ ₈℅₨₈₁₴ 

 (‹)  ₔ₭⁪₨‹₴ₔ₢₪(building)ₔ⁸⃰⁄₴₳₈℅₩ ₔ₭₂₧‹₴₆₵₨₳ ₔ₨₳₉₱₫₳(all opening)← ₿₃⁞₴₭₂↑ₑ⁮₴₲ infiltra tion 
(CFM) ‹₩₫ ₈℅₨₈₁₴ crack method ₔₑ₱₫₳₿₂₯╘₩₫⁄₴ₑ⁮₴⅜ 

 (›) Infiltra tion CFM ╘℅⁄₴₲ equation 5.10 ‹₩₫ ₔₑ₱₫₳₿₂₯⅞ building infiltration h eat loss ‹₩₫ 
⁸⃰‹₴₇€₂₧⅜ 

(™) Building ⁸⃰⁄₴ mechanical ventilation ⁸₂₴⁪⁄₴⁹₨₳₉₵℅⁄₴ ₔ⁸⃰⁄₴₳(interior)⅝ ₉₱₫₭₉₨‹₴ₑ⁮₴₲ ₃₩ₔ₨₳ 
(pressures) ₈℅₩₉₵℅⁄₴ ventilation heat load ‹₩₫ ⁸⃰‹₴₂₧⅜ Infiltration heat loss ‹₩₫ ⁸⃰‹₴₈₁₴ ₆₉₩₫ₔ₂₴₭₂⅜ 
Ventilation load ‹₩₫ ₭ₔ₨‹₴₂₧ₔ⁸₩₫⁄₴₳ ⁸⃰‹₴₇€╘₩₫⁄₴ₑ⁮₴⅜ 

 (‹) Table 6.17 ₆℅ outside ventilation air (CFM)‹₩₫ ₭₈⃰₳›₵₇₴₂₧⅜  
 (›) Equation 5.10 ‹₩₫ ₔₑ₱₫₳₿₂₯⅞ ventilation sensible heat load ‹₩₫ ⁸⃰‹₴₂₧⅜ 

 (‼) Building ‹₩₫  humidified ₉₫₂₴₈₁₴ ₉₩₫₉℅₵⁄₴ equation 5.11 ₿₃⁄₴₲ ventilation latent heat load ‹₩₫ 
⁸⃰‹₴₂₧⅜  

(Ω) Building net heating load ‹₩₫ ⁸⃰‹₴₂₧⅜ 

ἌἽἱἴἬἱἶἯ ἶἭἼ ἰἭἩἼἱἶἯ ἴἷἩἬ  ἪἽἱἴἬἱἶἯ ἰἭἩἼ ἼἺἩἶἻἮἭἺ ἴἷἻἻ  ἱἶἮἱἴἼἺἩἼἱἷἶ ἴἷἻἻ 

(℮) Duct loss ╘℅⁄₴₲ piping and pickup allowance ⁞ₑ⁮₴₲ system loss ₆₵₨₳‹₩₫ ₈℅₨₂₧⅜ (Section ℮.№№). 
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(⅍) ₅⃰₩₯⁄₴₉₨(boiler)‹₩₫ ₔₑ₱₫₳₿₂₯⁹₨₳₉₵℅⁄₴ service hot water load ‹₩₫ ⁸⃰‹₴₂₧⅜ 

(ⅎ) Building Gross Heating Load(BGHL)‹₩₫ ⁸⃰‹₴₂₧⅜ BGHL ‹₩₫ ₔ₭₿››₱⅞ furnace/boiler ₔ₈⃰₇₴ₔ⁞₨₳ 
(capacity)‹₩₫ ₭₈⃰₳›₵₇₴┌‹ₑ⁮₴⅜ 

ἑἺἷἻἻ ἰἭἩἼἱἶἯ ἴἷἩἬἚἭἼ ἴἷἩἬ ἤἭἶἼἱἴἩἼἱἷἶ ἴἷἩἬἻ  ἡὁἻἼἭἵ ἴἷἻἻἭἻ  ἰἷἼ ἿἩἼἭἺ ἻἭἺἾἱἫἭ ἴἷἩἬ 

An example of heating load calculations for a building may be found in Example Project I in Chapt er 
17. The student is advised to read Sections 17.1 and 17.2 at this point for an account of some 
practical problems encountered in doing an actual estimate. 
The following Web sites provide heating load calculation software:  

(№) www.hvac-calc.com   (Ω) www.elitesoft.corn   
(℗) www.wrightsoft.com   (℮) www.carmelsoft.com  
(™)  www.hvacsoft.com     

 
₂₱₫ ℮-№™ Building heating load calculations form. 


