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Chapter-5 Air Distribution Systems 

 
₂₱₫ ℮-№ Air Distribution System 

Air Conditioning and Mechanical Ventilation System ₆₵₨₳⅝ ₭₉₆₵₨₳‹₩₫ ₉₩₫ₔ₂₴ₑ⁮₴₲ ₭₁₈₨ₑ₩₫╝ 
₭₈₨‹₴₭ₔ₨⁄₴ ₂₩₫╝₭⁪₨⁄₴₭₂₳₈₁₴ ₉₩₫ₔ₂₴ₑ⁮₴⅜ Mechanical Ventilation ⁸⃰⁄₴₉⁮₴₳ ₭₉ₑ₁₴╝₆₵₨₳(fresh air)  
₂₩₫╝₭⁪₨⁄₴₭₂₳₈₁₴ ╘℅⁄₴₲ ₆₉₩₫₉₨₳ₔ₂₴ₑ⁮₴₲₭₉₆₵₨₳(exhaust air) ⁞₫₂₴⁹₫⁸₴₂⁞₴₈₁₴ ₉₩₫ₔ₂₴ₑ⁮₴⅜ ⁹₩₫‹₮₲ₑ₩₫╝ ₭₉₆₵₨₳ 
⁸⁞₴₭₁₈₨₆℅ ⁸⁞₴₭₁₈₨ₑ₩₫╝ ₂₩₫╝₭⁪₨⁄₴₈₁₴ₔ⁸⃰‹₴ duct System ₆₵₨₳‹₩₫ ₔₑ₱₫₳₿₂₯┌‹ₑ⁮₴⅜ 

Duct velocity ⁪₫₩ₑ⁮₴₆℅₨ duct ₔ⁸⃰⁄₴₳₈℅₩ ₭₈⃰╞₉₵₨₳₭₁₭ₑ₨ ₭₉←₿₆₁₴╘║₁₴₳₿₃⁞₴ₑ⁮₴⅜ Duct 
velocity ₔ₉⃰₁₴₆₵₨₳₿›⁄₴₳⅛ ₁⁮₴₳₿›⁄₴₳₆₿₃⁞₴₈₁₴ ₉₩₫ₔ₂₴ₑ⁮₴⅜ ₭₉ₔ₉₵⁄₴(velocity)ₔ₉⃰₁₴₆₵₨₳₿›⁄₴₳₭┌‹₨⁄₴₲ 
₃₩ₔ₨₳‹₵⁪⁄₴₳₆║ (pressure drop)₆₵₨₳₿›⁄₴₳ ₔₑ₱⁪€⁮₱₿›⁄₴₳(noise) ╘℅⁄₴₲ ⁸₫₁₴›₧₆║(vibration) ⁞ₑ⁮₴⁸₫₩╝ 
₿₃⁞₴₭₂↑╘₫₩⁄₴ₑ⁮₴⅜ ₭₉ₔ₉₵⁄₴ (velocity) ₔ₉⃰₁₴ ₁⁮₴₳₿›⁄₴₳₭┌‹₨⁄₴₲ ₭₉₆℅ ₑ₇₴₭⁪₨⁄₴₉₨ₑ⁮₴₲ ₃₫₁₴╝ ╘℅⁄₴₲ 
ₔ₆║₁₴₆₵₨₳ₑ⁮₴ duct ← ₔ⁸⃰⁄₴₳ ₆₵‹₴╘℅₨₿₂⁄₴₭₂↑⁸⃰⁄₴ ⁸⁄₴‹₵₁₴₭₁₉₩₆₲₴₆⁮₴⅜ ₔ›₵₩₁₴‹₨₉ ┌‹₨₿₆⁄₴₲₭ₑ₨ₔ›₧ 
duct ₔ⁸⃰⁄₴₳⅝ ₃₫₁₴₆₵₨₳ ₑ₩₆₴₳⁪⁮₴₳⁹₨₳ₑ‹₮₲ₑ₫₩╝ ₿₃⁞₴₉₩₆₴₲₆⁮₴⅜  

Duct ╘℅⁄₴₲ ₑ‹₴⁪₫₩⁄₴ₑ⁮₴₲ ₂₱₫₭ₑ₁⁮₴₳₆₵₨₳ 
₤₈₩₇₨ Area(A)  
 ₔₐ₩₫⁄₴₳₂₱₫ₑ╚₁₴(round) duct ← ₤₈₩₇₨‹₩₫⁸⃰‹₴₈₁₴ ═►▄╪  Ȣ  ●►╪▀░◊▼ 

 ₭₉₳₭⁹₨⁄₴₲ₑ╚₁₴(rectangular)duct ← ₤₈₩₇₨‹₩₫⁸⃰‹₴₈₁₴ ═►▄╪  ■▄▪▌◄▐ ● ◌░▀◄▐ 

₤₈₩₇₨← IP ₇€₁⁞₴ₑ⁮₴ ⁞⁸₫₈₁₴₳₭₂[square feet(ft 2)]₿₃⁞₴₿₂₪₳ SI ₇€₁⁞₴ₑ⁮₴ ⁞⁸₫₈₁₴₳₆₪⁸₨ 
[Square meters(m2)] ₿₃⁞₴ₑ⁮₴⅜  
 
Duct ₔ⁸⃰⁄₴₳⅝ ⁞₪₳⁪⁄₴₳ₑ⃰₨₳₭ₑ₨ ₑ₫₩╝₆ₒ₫⁸₴ ₿₃⁸₴ₑ₁₴₳ₑ⃰₨₳₭ₑ₨ ₭₉⁹₫⁹⁮₴⁞₪╘║₁₴₳(volume flow 
rate)‹₩₫⁸⃰‹₴₈₁₴  

╕■▫◌  ╥○▄■▫╬░◄◐ ● ═▼◊►█╪╬▄ ╪►▄╪ 

₭₉⁞₪₳╘║₁₴₳(flow)← IP ₇€₁⁞₴ₑ⁮₴ Cubic Feet per Minute(CFM) ₿₃⁞₴₿₂₪₳ SI ₇€₁⁞₴ₑ⁮₴ Cubic Meters 
per Second(CMS) ₿₃⁞₴ₑ⁮₴⅜ Duct velocity ← IP ₇€₁⁞₴ₑ⁮₴  Feet per Minute(FPM)₿₃⁞₴₿₂₪₳ SI 
(Metric)₇€₁⁞₴ₑ⁮₴ Meters per Sec (m/s) ₿₃⁞₴ₑ⁮₴⅜ 
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Velocity ₆℅ ñVelocity Pressureò ₑ₫₩╝₭₿₂₨⁄₴₳₈₁₴₂₱₫₭ₑ₁⁮₴₳ 

╥▄■▫╬░◄◐ ╟►▄▼▼◊►▄░▪ ╦▌
╥▄■▫╬░◄◐╕╟╜

 

Where: VP = Velocity Pressure, inches of water (inch wg)  
 V = Velocity, feet per minute  (FPM) 

Frictional Losses 
₭₉₆₵₨₳ duct ₔ⁸⃰⁄₴₳⅝ ⁞₪₳⁪⁄₴₳ₑ⃰₨₳ₑ⁮₴₲ₔ›₧ ₭₉←₭⁞₳₂₵⁞₴₆║(fluid viscosity)╘℅⁄₴₲ turbulence flow 

⁸₫₩╝₭┌‹₨⁄₴₲  ₭₉╘℅⁄₴₲ duct ← ₔ⁸⃰⁄₴₳₆₵‹₴╘℅₨₿₂⁄₴ ₂⃰⁸₴⁸₫₩‹₴₆║(friction)₭┌‹₨⁄₲ ₴₿₃⁞₴₭₂↑₉₨₭ₑ₨ ₃₩ₔ₨₳⁪₱₫₳╙║₱₳₆║ 
(pressure losses)‹₩₫ ñFrictional Lossesò ₒ₫₭›↑ₑ⁮₴⅜  
Dynamic Losses 

Elbow ⅛ reducer ⅛ transformation ⁞ₑ⁮₴₲ duct fitting ₆₵₨₳₭┌‹₨⁄₴₲ ₭₉₉₆₴₳₭┌‹₨⁄₴₳(direction)  
ₑ₫₩╝₆ₒ₫⁸₴ ₤₈₩₇₨(area) ₭₿₂₨⁄₴₳₉₮₿›⁄₴₳₭┌‹₨⁄₴₲ ₿₃⁞₴₭₂↑₉₨ₑ⁮₴₲ flow disturbances ₆₵₨₳‹₩₫ ñDynamic 
Lossò ₆₵₨₳ₒ₫ ₑ⁸₴₆℅⁸₴ₑ⁮₴⅜ ñDynamic Lossò ₑ⁮₴ ₃₩ₔ₨₳⁪₱₫₳╙║₱₳₆║₆₵₨₳(pressure losses) ‹₩₫₿₃⁞₴₭⁞ₑ⁮₴⅜  

╣▫◄╪■ ╟►▄▼▼◊►▄ ╛▫▼▼▄▼  ╕►░╬◄░▫▪╪■ ╛▫▼▼▄▼  ╓◐▪╪□░╬ ╛▫▼▼▄▼ 

Duct Terms 

 
₂₱₫ ℮-℗ Duct ╘℅⁄₴₲ₑ‹₴⁪₫₩⁄₴ₑ⁮₴₲ ₔ₭›↑ₔ₭ₐ↑₆₵₨₳(duct terms)  

Main Duct (Trunk) 
 Air Handling Unit(AHU) or Fan Coil Unit (FCU), rooftop unit ⁞ₑ⁮₴⁸₫₩╝╘℅⁄₴₲ 

⁸₫₩‹₴╙₫₩‹₴⁪‹₴⁹₨₳ₑ⁮₴₲ duct ‹₩₫ main duct (trunk) o₫₭›↑⁪₫₩ₑ⁮₴⅜ 
Branch ducts 
 Main duct(trunk) ₆℅ ›⃰₮⁹⃰‹₴ₑ⃰₨₳ₑ⁮₴₲ duct ₆₵₨₳‹₩₫ ñBranch Ductò o ₫₭›↑⁪₫₩ₑ⁮₴⅜  
Duct fittings 
 Main duct(trunk) ₆℅ branch duct ₔ₿₃⁞₴ ₿₃₨⁹⃰‹₴ₑ⁮₴₲ ₔ›⃰₮₭₁₈₨₆₵₨₳‹₩₫ duct fitting (t akeoff 

point) ₆₵₨₳ₒ₫₭›↑ₑ⁮₴⅜ Duct fitting ₔ₆₵₩₯₳ₔ⁞₨₳ ₆₵₨₳⁞⃰₨₈℅₩ₑ⁮₴⅜  
Air Distribution Devices 
 Diffusers ⅛ registers ₑ₩₫╝₆ₒ₫⁸₴ grilles ⁞ₑ⁮₴₲ ₭₉⁹⃰‹₴₭₂₧‹₴₆₵₨₳‹₩₫ air distribution devices 

ₒ₫₭›↑ₑ⁮₴⅜  
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℮.№ Duct ₔ₆₵₩₯₳ₔ⁞₨₳₆₵₨₳(Types)  

℮.№.№ Duct ₂₱₫╚₁₴(Shapes of Air Duct) 
Duct ₆₵₨₳← ₂₱₫ₑ╚₁₴‹₩₫₉₫₩‹₴⅞ ₔ₆₵₩₯₳ₔ⁞₨₳ ₑ₱₫₳₆₵₩₯₳ ›⃰₮₿›₨₳╘₫₩⁄₴ₑ⁮₴⅜  

Duct ₂₱₫ₑ╚₁₴ ₔ₨₳ₑ₨›₵‹₴₆₵₨₳ ₔ₨₳₁⁮₴₳›₵‹₴₆₵₨₳ 
ₔₐ₫₩⁄₴₳₂₱₫ₑ╚₁₴ 
(Round) Duct 
ₑ₫₩╝₆ₒ₫⁸₴  
Oval duct 

(№) Airflow Characteristics ₔ₉⃰₁₴ 
₭‹₨⁄₴₳ₑ⁮₴⅜  
(℗) Flexible duct ₆₵₨₳⁹‹₴₂₩₫⅞ 
┌‹₨┌‹₨›₱ₑ⁮₴⅜  

(№) Air Con duct ₆₵₨₳⁸⃰⁄₴  
insulation ₉₫₂₴₭₂₳₈₁₴₉₩₫ₑ⁮₴⅜  

₭₉₳₭⁹₨⁄₴₲₂₱₫ₑ╚
₁₴ (Rectangular) 
Duct 
 

(№) ₭₁₈₨ₑ‹₴ₑ₨ₑ⁮₴⅜(space saver)⅜ 
₭₁₈₨‹₵₢₴₳‹₵₢₴₳⁸⃰⁄₴ ⁸₂₴⁪⁄₴╘₫₩⁄₴ₑ⁮₴⅜ 
(℗) Duct ₭₂₵₨₲(flexible duct) ₆₵₨₳ ⁹‹₴₂₩₫⅞ 
┌‹₨┌‹₨›₱ₑ⁮₴⅜ 

(№) insulation ₉₫₂₴₭₂₳₈₁₴₉₩₫ₑ⁮₴⅜ 

Insulated 
flexible 
duct 

(№) Pre-insulated duct ₿₃⁞₴ₑ⁮₴⅜  
(℗) ⁸₂₴⁪⁄₴₈₁₴(installation)₉⃰₇₴‹€ₑ⁮₴⅜  
(™) ₔ₉₫₂₴ₑ₆₨₳›(labor cost) ₑ‹₴ₑ₨ 
ₑ⁮₴⅜  

(№) Metal duct ₆₵₨₳‹₮₲ₑ₫₩╝┌‹₨₈℅⁮₴ 
ₔₑ₱₫₳₆₿₂₯╘₫₩⁄₴₂₧⅜  
(℗) Airflow ₁⁮₴₳ₑ⁮₴⅜ ₃₩ₔ₨₳ 
‹₵⁪⁄₴₳₆║(pressure 
drop)₆₵₨₳ₑ⁮₴⅜  
(™) ╙₫₂₴⁸₈‹₴₭‹⃰₳₿›⁄₴₳(sharp 
bend)₆₵₩₯₳ ₆₿₃⁞₴₭ₔ₨⁄₴ ₿₂₯₉₫₂₴₈₆⁮₴⅜  

Round Duct ╘℅⁄₴₲ Oval Duct 

 
 Duct ₿₂₯₉₫₂₴ₑ⁮₴₲(automatic spiral)⁞‹₴₆₵₨₳₿₃⁄₴₲ ₔₐ₫₩⁄₴₳₂₱₫ₑ╚₁₴(round)duct ₑ₫₩╝₆ₒ₫⁸₴ 
₅₮₢₂₱₫ₑ╚₁₴(oval duct)₆₵₨₳‹₫₩ ₿₂₯₉₫₂₴┌‹ₑ⁮₴⅜ ₑ₱₆⁷₩₿₂₨₳(galvanized steel sheet)₆₵₨₳‹₫₩ ₔₑ₫₱₳₿₂₯⅞ 
₉₩₫ₔ₂₴ₑ⁮₴₲ₔ₈℅⁮₴(duct length) ₈₭ₔ₨⁄₴ ₿₂₯₉₫₂₴╘₫₩⁄₴ₑ⁮₴⅜ Oval duct ₆₵₨₳ₔ⁸⃰‹₴ Major Axis(duct 
width, A) ╘℅⁄₴₲ Minor Axis (duct depth, B)⁸₫₩╝‹₫₩ American Society of Heating, Refrigerating and Air-
Conditioning (ASHRAE) ₑ₫₩╝₆ₒ₫⁸₴ Sheet Metal and Air Conditioning Contractors' National 
Association(SMACNA)₆℅ ⁫₇₨₳₆₵₨₳ ₔ⁸₫₩⁄₴₳ ₔ⁸₩ₔ‹₵ ₿₂₯₉₫₂₴₈₁₴₉₫₩ₑ⁮₴⅜  

   
₂₱₫ ℮-™ Oval duct ₂₱₫ ℮-Ω Round duct ₂₱₫ ℮-℮ Round duct 

℮.№.℗ Flexible Connection e ₫₩╝₆ₒ₫⁸₴ Flexible Duct 
Fan ₆℅ ₿₃⁞₴₭₂↑₉₨₭ₑ₨ ⁸₫₁₴›₧₆║₆₵₨₳(vibration) duct ⁪₪ₑ₫₩╝ ₆₭₈₨‹₴ₑ⃰₨₳₭⁞₈₁₴(transmission) 

ₔ⁸⃰‹₴ fan ╘℅⁄₴₲ duct ₔ┌‹₨₳⁸⃰⁄₴ fexible connection ‹₫₩ ₔₑ₱₫₳₿₂₯┌‹₿›⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜ Duct ₆℅ 
⁸₫₁₴›₧₆║₆₵₨₳(vibration)‹₫₩ diffuser ╘℅⁄₴₲ ceiling ₑ₫₩╝₆₭₈₨‹₴₭⁞₈₁₴ ₂₩₫⁄₴₳₿›₨₳₿›⁄₴₳(isolation)₉₫₂₴ₑ⁮₴₲ ₔ₭₁₿₃⁄₴₲ 

Round duct ₆₵₨₳ ₑ⁮₴ ₭⁞₵₳╘║₁₴₳₿₆⁄₴₲₆₨₳₭ₑ₨₴₉⁮₴₳ ₃₩ₔ₨₳‹₵⁪⁄₴₳₆║₁⁮₴₳₿₂₪₳ ₂₩₫⅞›₫₩⁄₴›₱┌‹ₑ⁮₴⅜ 
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metal duct ╘℅⁄₴₲ diffuser ₔ┌‹₨₳⁸⃰⁄₴  flexible connector ₑ₫₩╝₆ₒ₫⁸₴ flexible duct ‹₫₩ ⁸₂₴⁪⁄₴⁹₨₳₿›⁄₴₳ 
₿₃⁞₴ₑ⁮₴⅜ 
 Flexible connection ₿₂₯₉₫₂₴₆⁮₴₲ material ₑ⁮₴ ₆₪₳₭⁸₨‹₴₆₿₃⁞₴₭₂↑₭⁞ₑ⁮₴₲⅛ ₆₪₳₭⁸₨‹₴ ₆₿₂₁₴╝₂⃰₨₳ 
╘₫₩⁄₴ₑ⁮₴₲(flame retardant fabric) ₔ₆₵₯₩₳ₔ⁞₨₳₿₃⁞₴₈₆⁮₴⅜ ₆₪₳›₫₩₳₿₂₁₴╝₂⃰₨₳╘║₁₴₳(flame spread rating) ₔ⁪⁄₴₲(℗℮) 
⁹‹₴₆₭‹₵₨₴₭⁞₈⅜ ₆₪₳›₫₩₳₿₃⁞₴₭₂↑╘║₁₴₳(smoke developed rating) ₔ⁪⁄₴₲(℮ℓ)⁹‹₴ ₆₭‹₵₨₴₭⁞₈⅜ NEPA 
No.255 ASTM E84 Under Writerôs Lab Standard ₆℅ ⁞₱›₵₩₁₴⁞₱⁮⃰₁₴₳ₔ⁸₫₩⁄₴₳ ₿₃⁞₴₈₆⁮₴⅜  Flexible connection 
ₑ⁮₴ ₭₉₉₱₫ₑ⁮₴₲(air tight) ₔ₆₵₩₯₳ₔ⁞₨₳ ₿₃⁞₴₈₆⁮₴⅜ (ⅎ)₭₂⁹‹₴ ₂₩₫₈℅⁮₴ₑ⁮₴₲ flexible duct ₆₵₨₳‹₩₫ 
›⃰⁄₴₲₆₿₂₯₭₂⅜  
 
℮.№.™  Vertical Duct and Horization Duct  

⁸₂₴⁪⁄₴⁹₨₳₂₱₫ ₔ₭₿››₱⅞ duct ₔ₆₵₩₯₳ₔ⁞₨₳ ›⃰₮₿›₨₳⁹₨₳ₑ⁮₴⅜ ₭ⁿ₧⁄₴₉₫₩‹₴⁸₂₴⁪⁄₴⁹₨₳ₑ⁮₴₲(vertical) 
duct ╘℅⁄₴₲ ₔ₉₵₨₳₉₫₩‹₴⁸₂₴⁪⁄₴⁹₨₳ₑ⁮₴₲ (horization)duct ₒ€⅞ ›⃰₮₿›₨₳⁹₨₳ₑ⁮₴⅜ 

℮.№.Ω  Supply Air Duct ⅛ Return Air Duct and Outdoor Air Duct  
₭₉ₔ₆₵₩₯₳ₔ⁞₨₳‹₫₩ ₔ₭₿››₱⅞ duct ₔ₆₵₩₯₳ₔ⁞₨₳ ›⃰₮₿›₨₳⁹₨₳ₑ⁮₴⅜  
Å Supply Air Duct 
 ₔ›₁₴₳ₔ⁸⃰⁄₴₳ₑ₫₩╝ ⁹⁮₴₲₭₂₳₆⁮₴₲(supply) ₭₉‹₩₫ ₑ₇₴₭⁪₨⁄₴₭ₑ₨₭┌‹₨⁄₴₲ supply air duct ₒ₫ 

ₔ₆⁮₴₭₂₳₿›⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜ Positive pressure duct ə ₆₵₩₯₳ₔ⁞₨₳₿₃⁞₴ₑ⁮₴⅜  
Å Return Air Duct 
 ₔ›₁₴₳ₔ⁸⃰⁄₴₳₆℅ ₿₂₁₴₉⁮₴₈₇€ₑ⁮₴₲  (return) ₭₉‹₩₫ ₑ₇₴₭⁪₨⁄₴₭ₑ₨₭┌‹₨⁄₴₲ return air duct 

ₒ₫ ₔ₆⁮₴₭₂₳₿›⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜ Negative pressure duct ə ₆₵₩₯₳ₔ⁞₨₳₿₃⁞₴ₑ⁮₴⅜ 
Å Outdoor Air Duct 
 ₿₂⁄₴₂(outdoor)₆℅ ₭₉‹₩₫ ₑ₇₴₭⁪₨⁄₴₭ₑ₨₭┌‹₨⁄₴₲ outdoor air duct ₒ₫ ₔ₆⁮₴₭₂₳₿›⁄₴₳ 

₿₃⁞₴ₑ⁮₴⅜  
Å Exhaust Air Duct 
 ⁞⃰₁₴╝₂⁞₴₆⁮₴₲₭₉ ₑ₫₩╝₆ₒ₫⁸₴ ⁞₫₂₴⁹₫⁸₴₆⁮₴₲ ₭₉‹₩₫ ₑ₇₴₭⁪₨⁄₴₭ₑ₨₭┌‹₨⁄₴₲ exhaust air ₒ₫ ₔ₆⁮₴ 

₭₂₳₿›⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜ 
 
Duct ₔ₈⃰₇₴ₔ⁞₨₳(Size) ╘℅⁄₴₲ ₑ₱₿₂₨₳ₔ⁹€ (Sheet Thickness) 

Duct ₔ₈⃰₇₴ₔ⁞₨₳(size) ╘℅⁄₴₲ ₔ₆₵₩₯₳ₔ⁞₨₳‹₫₩ ₉₫₩‹₴⅞ ₉₩₫ₔ₂₴ₑ⁮₴₲ ₑ₱₿₂₨₳ₔ⁹€(sheet thickness) 
‹⃰₨₿›₨₳┌‹ₑ⁮₴⅜  

 
Ventilation Duct  

Maximum Size of Duct Sheet Metal Thickness (ə ⁹€) 
460 mm ₔ⁹₩ 0.56  mm (gauge)  
461 mm ₆℅ 1070 mm ₔ⁹₩ 0.71 mm 
1070 mm ₆℅ 1530 mm ₔ⁹₩ 0.91 mm 
1531 mm ₆℅ 2150 mm ₔ⁹₩ 1.22 mm 
2151 mm ╘℅⁄₴₲ ₔ⁹‹₴ 1.22 mm 
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Air Conditioning Duct  
Maximum Size of Duct Sheet Metal Thickness(ə ⁹€) 

300  mm ₔ⁹₩ 0.46  mm 
301 mm ₆℅ 760 mm ₔ⁹₩ 0.56 mm 

761 mm ₆℅ 1400 mm ₔ⁹₩ 0.71 mm 

1401 mm ₆℅ 2150 mm ₔ⁹₩ 0.91 mm 
2151mm ╘℅⁄₴₲ ₔ⁹‹₴ 1.22 mm 

ₔₐ₩₫⁄₴₳₂₱₫╚₁₴ (round) duct ₔ⁸⃰‹₴ ₑ₱₿₂₨₳ₔ⁹€(material thickness) ₆₵₨₳ 
Round Duct ← Nominal Diameter ₑ₱₿₂₨₳ₔ⁹€ (G.I Sheet Thickness) 
205  mm ₔ⁹₩ 0.6 mm (gauge)  
205 mm ₆℅ 760 mm ₔ⁹₩ 0.8 mm 
760 mm ₆℅ 1020 mm ₔ⁹₩ 1.0 mm 
1020 mm ₆℅ 1525 mm ₔ⁹₩ 1.2 mm 

Round duct ₆₵₨₳← elbow ← center radius ₑ⁮₴ 1.5 x Duct Diameter ₿₃⁞₴ₑ⁮₴⅜ Vertical duct 
₆₵₨₳ₔ⁸⃰‹₴ ╘℅⁞₴₆₪⁸₨(2 meter)₿›₨₳⁸₫₩⁄₴₳ duct support ⁸⁞₴›₫⁹₨₳₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ 

   
₂₱₫ ℮-⅍ Flexible duct ⁸₂₴⁪⁄₴⁹₨₳₂₱₫ ₂₱₫ ℮-ⅎ Flexible duct ₆₵₨₳ 

℮.№.℮ Duct Layout 
Duct layout ₆₵₨₳‹₩₫ ⁿ₪⁫₫₩⁄₴₳₿₂₯₉₫₂₴₈₨⁸⃰⁄₴ ₭ₔ₨‹₴₂₧ₔ›₵‹₴₆₵₨₳‹₩₫ ₔ₭₿››₱ₑ⁮₴⅜  
Å Duct layout ₔ›₵₩₯₳⁮₪₉₵℅⁄₴ (symmetric) ₭₉₿₃₁₴╝₿₃₰₳₆║ ⁮₪⁮₨₭ₔ₨⁄₴ ₔ₉⃰₇₴⁸‹€ ₿₂₯₉₫₂₴╘₫₩⁄₴ₑ⁮₴⅜   
Å Main duct ‹₩₫ ⁸⁸₴╘₫₩⁄₴ₑ₆₵℅ ₭ₑ₳⁄₇₴₭ₔ₨⁄₴₿₂₯₉₫₂₴₈₁₴ ╘℅⁄₴₲  Duct ₉₆₴₳₭┌‹₨⁄₴₳ (design pat) ‹₩₫ 
⁸₫₩╘₫₩⁄₴ₑ₆₵℅ ⁸₫₩₭ₔ₨⁄₴₿₂₯₫₉₫₂₴₈₁₴⁸₩₫╝₿₃⁞₴ₑ⁮₴⅜  

Å VAV system ₆₵₨₳ₔ⁸⃰‹₴ ‹⃰⁄₴₳₂₱₫╚₁₴ (duct looping) ₿₂₯₉₫₂₴╘₫₩⁄₴ₑ⁮₴⅜  
Å Duct fitting  ₆₵₨₳ ₁⁮₴₳╘₫₩⁄₴ₑ₆₵℅ ₁⁮₴₳₭ₔ₨⁄₴ layout ⁿ₪⁫₫₩⁄₴₳₿₂₯₉₫₂₴₈₆⁮₴⅜  
Å ₔ₭⁪₨‹₴ₔ₢₪₳ ₿₂⁄₴₂⁸⃰⁄₴ ⁸₂₴⁪⁄₴⁹₨₳₭ₑ₨ (exposed) duct ₆₵₨₳ₔ⁸⃰‹₴ ₔₑ⃰⁄₴ₔ₿₂⁄₴ 

(appearance) ₉℅₂₭⁞₈₁₴ ╘℅⁄₴₲  structure ₆₵₨₳╘℅⁄₴₲ ‹₩₫‹₴⁮₪⁞⃰₨ ⁸₂₴⁪⁄₴₈₆⁮₴⅜  

  
₂₱₫ ℮-⅓ Spide ₂₱₫ₑ╚₁₴ ₂₱₫ ℮-⅔ Trunk and Branch ₂₱₫ₑ╚₁₴ 



Air Conditioning and Mechanical Ventilation System (Vol. 1)                                               ₭‹₨⁄₴₳⁹‹₴∕⃰₁₴╝ 

www.acmv.org                                                                                                                              5-6 

  
₂₱₫ ℮-№ℓ   Perimeter Loop ₂₱₫ₑ╚₁₴ ₂₱₫ ℮-№№ Radial ₂₱₫ₑ╚₁₴ 

℮.℗ Duct System ₆₵₨₳‹₩₫ ₔ⁪⁄₴₲ₔ⁸₁₴₳(Classification) ›⃰₮₿›₨₳ ₑ⁸₴₆℅⁸₴₿›⁄₴₳ 
Duct system ₔ⁸⃰⁄₴₳₈℅₩ ₭₉ə ₉₵⁄₴╘║₁₴₳(velocity) ╘℅⁄₴₲ ₃₩ₔ₨₳(Pressure)ə ₭₂↑⁸⃰⁄₴ ₔ₭₿››₱⅞ duct 

system ₆₵₨₳‹₩₫ ₔ₆₵₩₯₳ₔ⁞₨₳ ›⃰₮₿›₨₳ ₑ⁸₴₆℅⁸₴₭₉₲₈℅₩ₑ⁮₴⅜ 
₭₉ₔ₉₵⁄₴(velocity)‹₩₫ ₔ₭₿››₱⅞ ñLow Velocity Duct Systemò ╘℅⁄₴₲ ñHigh Velocity Duct 

Systemò ₒ€⅞ ╘℅⁞₴₆₵₩₯₳ ›⃰₮₿›₨₳⁹₨₳ₑ⁮₴⅜ Comfort air conditioning ₆₵₨₳⁸⃰⁄₴ supply air velocity ₑ⁮₴ 
⁸⁞₴₆₩₁⁞₴₉₵℅⁄₴ ₭₂(℗℮ℓℓ)╘║₁₴₳(2500 feet per minute )⁹‹₴ ₆₭‹₵₨₴₉₵℅⁄₴ ñLow Velocity Duct Systemòₒ₫ 
ₑ⁸₴₆℅⁸₴ₑ⁮₴⅜ ₑ₩₫╝₭ₑ₨₴ 1200 FPM(feet per minute)  ₆℅ 2200 FPM ə ⁸⃰⁄₴₳⅝e ₨ ⁿ₪⁫₩₫⁄₴₳₿₂₯₉₫₂₴₭₉₲₈℅₩ₑ⁮₴⅜ 
Supply air velocity ₑ⁮₴ 2500 FPM ⁹‹₴₭‹₵₨₴₉₵℅⁄₴ ñHigh Velocity Duct Systemò  ₔ₿₃⁞₴ 
ₑ⁸₴₆℅⁸₴ₑ⁮₴⅜ 

  
₂₱₫ ℮-№℗ Round duct ⁸₂₴⁪⁄₴⁹₨₳₂₱₫ ₂₱₫ ℮-№™  Rectangular duct ⁸₂₴⁪⁄₴⁹₨₳₂₱₫ 

 
₃₩ₔ₨₳ (pressure) ₔ₆₵₩₯₳₆₵₩₯₳ 
₃₩ₔ₨₳(total pressure)‹₩₫ ₔ₭₿››₱⅞ ₔ₆₵₩₯₳ₔ⁞₨₳ ₑ₱₫₳₆₵₩₯₳ ›⃰₮₿›₨₳⁹₨₳ₑ⁮₴⅜  

Duct System Class ₭₉₃₩ₔ₨₳(Pressure) ₿₆₁₴╘║₁₴₳(Velocity) 
Low pressure (Class I) 3 ¾  in -wg ⁹‹₴₁⁮₴₳₉₵℅⁄₴ 

static pressure Ò 5 cm water gauge 
Velocity Ò 10 m/s 

Medium Pressure (Class II)  3 ¾ ₆℅ 6 ¾ in wg ₔ⁸⃰⁄₴₳  
static pressure Ò 15 cm water gauge 

Velocity Ò 10 m/s 

High Pressure (Class III)  6 ¾ ₆℅ 12 ¼ in wg ₔ⁸⃰⁄₴₳ static 
pressure 15<p Ò 25 cm water gauge 

Velocity > 10 m/s  

Duct ₆₵₨₳ₔ⁸⃰⁄₴₳⅝ ₭₉ₔ₉₵⁄₴(air velocitiy)₆₵₨₳₭⁞ₑ⁮₴₲ ₔ₭┌‹₨⁄₴₳₆₵₨₳₆℅₨  
(№) ⁸₂₴⁪⁄₴₆║ ‹₫₁₴‹₵⁞₈₩⁸₴₁⁮₴₳₭⁞₈₁₴ₔ⁸⃰‹₴ ₔ₈⃰₇₴ₔ⁞₨₳₭ₑ₳⁄₇₴ₑ⁮₴₲ duct ₆₵₨₳ ₿₂₯₉₫₂₴⁸₂₴⁪⁄₴₿›⁄₴₳ 

╘℅⁄₴₲ ⁸₂₴⁪⁄₴₈₁₴₭₁₈₨ ₆₉₫₱₭₉₨‹₴₭ₑ₨₭┌‹₨⁄₴₲ ₔ₈₇⃰₴ₔ⁞₨₳₭ₑ₳⁄₇₴ₑ⁮₴₲ duct ₆₵₨₳‹₩₫ 
⁸₂₴⁪⁄₴₿›⁄₴₳ ⁸₫₩╝₭┌‹₨⁄₴₲₿₃⁞₴ₑ⁮₴⅜ 
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(℗) ₭₉ₔ₉₵⁄₴(air velocity)  ₆₵₨₳₭ₑ₨₭┌‹₨⁄₴₲ ₃₩ₔ₨₳‹₵⁪⁄₴₳₆║(pressure drop)₆₵₨₳ₑ⁮₴⅜ ⁹₫₩₭┌‹₨⁄₴₲ fan 
⁞⃰₆₴₳ₔ⁄₴ₑ₱₫₳⁞⃰₮₆║(power consumption)₆₵₨₳ₑ⁮₴⅜ ₭₆₨⁄₴₳╘℅⁄₴ₑ⁮₴₲ₔ›₧ ‹₫₁₴‹₵⁞₈₩⁸₴(operation cost) 
₆₵₨₳ₑ⁮₴⅜ 

(™) ₭₉ₔ₉₵⁄₴(air velocitiy)  ₔ₉⃰₁₴₿₆₁₴₭ₑ₨₭┌‹₨⁄₴₲ ⁪€⁮₱ₑ₱₿₃⁞₴₭₂↑ₑ⁮₴⅜ ⁹₫₩₭┌‹₨⁄₴₲ ⁪€⁮₱ₑ₱₁⁮₴₳ 
₭⁞₆⁮₴₲ ‹₩₈₩₇₨₆₵₨₳(noise attenuator or  silencer) ⁸₂₴⁪⁄₴₈₁₴ ₉₩₫ₔ₂₴ₑ⁮₴⅜ ₔₑ₱₫₳₿₂₯₆⁮₴₲ ₭₁₈₨⅛ 
⁸₂₴⁪⁄₴₆⁮₴₲ ₭₁₈₨‹₩₫ ₉₫₩‹₴⅞ ₑ⁄₴₲₭₉₵₨₴ₑ⁮₴₲ ₭₉ₔ₉₵⁄₴(recommended air velocity)₆₵₨₳‹₩₫ 
₭₃₨₴₿₂ ⁹₨₳ₑ⁮₴⅜ 

 
Recommended Maximum Duct Velocities for Low Velocity Systems (FPM) 

Maximum Duct Velocity( ›⃰⁄₴₲₿₂₯ₑ⁮₴₲ₔ₿₆⁄₴₲⁪₱₫₳ Duct Velocity) feet per minute(FPM) 

ₔₑ₱₫₳₿₂₯₂₱₫(Application) 
Controlling Factor 
Noise Generation 

Main Ducts 

Controlling Factor Duct Friction 
Main Ducts Branch Ducts 

Supply Return Supply Return 
Residences 600 1000 800 600 600 
Apartments, Hotel Bedrooms 
Hospital Bedrooms 1000 1500 1300 1200 1000 

Private Offices, Directors 
Rooms, Libraries 

1200 2000 1500 1600 1200 

Theatres Auditoriums 800 1300 1100 1000 800 
General Offices, High Class 
Restaurants, High Class Stores, 
Banks 

 
1500 

 
2000 

 
1500 

 
1600 

 
1200 

Average Stores Cafeterias 1800 2000 1500 1600 1200 
Industrial  2500 3000 1800 2200 1500 

From Carrier Air System Design Manual 
 
₭₁₈₨‹₩₫₉₫₩‹₴⅞ ‹₁₴╝ₑ⁸₴⁹₨₳ₑ⁮₴₲ ₭₉ₔ₉₵⁄₴(air velocity)  
₉€₆₵₨₳₭₁⁹₫₩⁄₴₈₨₭₁₈₨₆₵₨₳ (residences)ə ⁸⃰‹₴ 3 m/s    ₆℅   5 m/s ₔ⁸⃰⁄₴₳ 
‹₂⃰₮╙₫₱⅛ ╙₫₂₴₈℅⁄₴╙₫₱⅛ ₑ₪₭₈⁸₨₆₵₨₳(theatres)  4 m/s    ₆℅   6.5 m/s ₔ⁸⃰⁄₴₳ 
⁞₨₳₭ₑ₨‹₴⁪₫₩⁄₴₆₵₨₳(restaurants)⅛ canteen ₆₵₨₳╘℅⁄₴₲ ₅₨₳₆₵₨₳ₔ⁸⃰‹₴ 7.5 m/s  ₆℅  10 m/s ₔ⁸⃰⁄₴₳ 

 
₭₇₅€₇₵ₔ₨₳₿₃⁄₴₲ duct ₔ₆₵₩₯₳ₔ⁞₨₳‹₩₫₉₫₩‹₴⅞ ‹₁₴╝ₑ⁸₴⁹₨₳ₑ⁮₴₲ ₭₉ₔ₉₵⁄₴(air velocity)  
Main duct ₆₵₨₳ₔ⁸⃰‹₴ ›⃰⁄₴₲₿₂₯ₑ⁮₴₲ ₭₉ₔ₉₵⁄₴(allowable air velocity)  5 m/s  ₆℅  8 m/s ₔ⁸⃰⁄₴₳ 

Branche duct ₆₵₨₳ₔ⁸⃰‹₴ ›⃰⁄₴₲₿₂₯ₑ⁮₴₲ ₭₉ₔ₉₵⁄₴(allowable air velocity)  4 m/s  ₆℅  6 m/s ₔ⁸⃰⁄₴₳ 

 
ₑ₫₩╝₭ₑ₨₴ ₑ₭₅↨₨₆₵₨₳ ╘℅⁄₴₲ ₭₉₇₨₢₴₂₱₵₆₵₨₳⁸⃰⁄₴ ⁸₂₴⁪⁄₴₈₁₴₭₁₈₨ ₔ›‹₴›₮₈℅₩₭ₑ₨₭┌‹₨⁄₴₲ ›⃰⁄₴₲₿₂₯ₑ⁮₴₲ 

₭₉ₔ₉₵⁄₴(allowable air velocity) ‹₩₫ 30 m/s  ₔ⁹₩ ›⃰⁄₴₲₿₂₯₭₉₲₈℅₩ₑ⁮₴⅜  
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Duct system ‹₫₩ ⁿ₪⁫₫₩⁄₴₳₉₫₂₴ₑ⁮₴₲ₔ›₧ industry ‹ ₉‹₴›₱⁹₨₳ₑ⁮₴₲ ASHRAE Handbook 
ₑ₫₩╞₆ₒ₫⁸₴ SMACNA ← HVAC Duct System Design Manual ⁸₫₩╝‹₩₫ ‹₫₩₳‹₨₳₆℅₪₿⁄₆₴₳(reference) ₑ⁄₴₲ₑ⁮₴⅜ 
ñPositive Pressureò ₑ‹₴₭₈₨‹₴₿›⁄₴₳ ›₱₈ₑ⁮₴₲ duct ₆₵₨₳₈℅₩ₑ₉₫₩ ñNegative Pressureòₑ‹₴₭₈₨‹₴₿›⁄₴₳ 
›₱₈ₑ⁮₴₲ duct ₆₵₨₳₉⁮₴₳ ₈℅₩ₑ⁮₴⅜ ₢₂₆₨ supply air fan ₑ⁮₴ ₭₉₆₵₨₳‹₩₫ duct ₔ⁸⃰⁄₴₳ₑ₫₩╝ 
₆║⁸₴⁹⁮₴₲₭ₑ₨₭┌‹₨⁄₴₲ Positive Pressure ₿₃⁞₴₭₂↑ₑ⁮₴⅜ ₢₂₆₨ exhuast air fan ₑ⁮₴ duct ₔ⁸⃰⁄₴₳₆℅ 
₭₉₆₵₨₳‹₩₫ ⁞₫₂₴₇€₭ₑ₨₭┌‹₨⁄₴₲ duct ₔ⁸⃰⁄₴₳⁸⃰⁄₴ ñNegative Pressureò ₿₃⁞₴₭₂↑ₑ⁮₴⅜  

Duct system ₔ⁸⃰⁄₴₳₈℅₩ ₭₉ₔ₉₵⁄₴(air velocity)ₑ⁮₴ ⁸⁞₴₭₁₈₨ ╘℅⁄₴₲ ⁸⁞₴₭₁₈₨ ₆⁸€⁮₪┌‹₭₂⅜  

ₔ₿₆₮₭₿₂₨⁄₴₳₉₮ ₭₁ₑ⁮₴⅜ Coil ₆₵₨₳╘℅⁄₴₲ ₭₉⁞⁞₴(filter) ₆₵₨₳₈℅₩ₑ⁮₴₲ ₭₁₈₨⁸⃰⁄₴ ₭₉ₔ₉₵⁄₴(air 
velocitiy)ₑ⁮₴ 1000 fpm(5.08m/s)  ₆℅ 3000 fpm(15.24m/s)₭‹₵₨₴ₔ⁹₩ ₈℅₩⁸⁸₴ₑ⁮₴⅜ 

 

Duct System ← ₔ₀₩‹ ⁸₨ₐ₁₴ₑ⁮₴ ₭₉₆₵₨₳‹₫₩ ⁸⁞₴₭₁₈₨₆℅ ₉₫₩ₔ₂₴ₑ⁮₴₲ ₔ₿›₨₳₭₁₈₨ₑ₫₩╞ 
₭₈₨‹₴₭ₔ₨⁄₴ ₂₫₩╝₭⁪₨⁄₴₈₁₴ ₿₃⁞₴ₑ⁮₴⅜ Sheets ⅛ reinforcements ⅛ seals ╘℅⁄₴₲ joints ⁸₫₩╝ ₿₃⁄₴₲ duct ₿₃⁞₴₭ₔ₨⁄₴ 
₿₂₯₉₫₂₴⁹₨₳ₑ⁮₴⅜ ⁹₫₩ₔ₈₨₆₵₨₳‹₫₩ duct ← element ₆₵₨₳ ₒ₫₭›↑ₑ⁮₴⅜   

 
₂₱₫ ℮-№Ω Duct system ⁸⁞₴›₫ ‹₩₫₭₃₨₴₿₂⁹₨₳₂₱₫ 

℮.™ Duct ₆₵₨₳ ₿₂₯₉₫₂₴₿›⁄₴₳ (Duct Construction) 
Duct ₆₵₨₳ ⁸⁮₴₭⁪₨‹₴ ₿₂₯₉₫₂₴₿›⁄₴₳(duct construction) ₿₂₯₉₫₂₴₈₨⁸⃰⁄₴ specification ₔ₿₃⁞₴ₑ⁸₴₆℅⁸₴₈₨⁸⃰⁄₴ 
₭ₔ₨‹₴₂₧ ₔ›₵‹₴₆₵₨₳ ₂₧ₐ⁄₴ₑ⁄₴₲ₑ⁮₴⅜  

Duct ← ›₱╘₫₩⁄₴₈⁮₴(duct strength)⅛ ₭‹⃰₳⁮⃰⁸₴₿›⁄₴₳(deflection) ╘℅⁄₴₲ ₭₉₇₫₩⁞₩₆₴₲₿›⁄₴₳(leakage)⁸₫₩╝ₑ⁮₴ 
duct ₔ⁸⃰⁄₴₳₈℅₩ ₭₉₃₩ₔ₨₳(pressure) ₔ₁⁮₴₳ₔ₆₵₨₳₭₂↑⁸⃰⁄₴ ₆€⁸⁮₴ₑ⁮₴⅜ ₭₉ₔ₉₵⁄₴(velocity) 
ₔ₭₂↑⁸⃰⁄₴ ₆€₆⁸⁮₴₭₂⅜ ₑ₫₩╝₭ₑ₨₴ ⁪€⁮₱₆║(noise)⅛ ⁸₫₁₴›₧₆║(vibration) ╘℅⁄₴₲ ₃₩ₔ₨₳‹₵⁪⁄₴₳₆║(frictio n loss) 
⁸₫₩╝ₑ⁮₴ ₭₉ₔ₉₵⁄₴ (velocity) ₔ₁⁮₴₳ ₔ₆₵₨₳ₔ₭₂↑⁸⃰⁄₴ ₆€⁸⁮₴┌‹ₑ⁮₴⅜ 
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(№) ₆⁮₴ₑ⁮₴₲ ⁞₱(standards)‹₩₫ ₉₫₩‹₴₁₨₆⁮₴‹₩₫ ₂⁹₆ ₢₪₳⁞⃰₨⁪₱₫₳₿₃⁸₴₈₁₴₉₫₩ₑ⁮₴⅜ ₢₂₆₨ SMACNA duct 
construction standards 2005 ₑ₩₫╝₆ₒ₫⁸₴ ASHRAE standard e ₩₫╝₆ₒ₫⁸₴ local codes 

(℗) Duct joint ₔ₆₵₩₯₳ₔ⁞₨₳₆₵₨₳(types) e₫₩╝₆ₒ₫⁸₴ duct ₔ⁪‹₴(joint)₆₵₨₳‹₩₫ ₆⁮₴‹₮₲ₑ₫₩╝ ⁸⁮₴₭⁪₨‹₴ 
₆⁮₴⅜ 

(™)  Duct ₆₵₨₳‹₩₫ ₔ₭₂↑₆℅ hager ₿₃⁄₴₲ ›₵₩⁸₴⁪⃰₮₆⁮₴⅜ ₑ₫₩╝₆ₒ₫⁸₴ ₭ₔ₨‹₴₆℅ (support) 
₭⁹₨‹₴⁹₨₳₭₂₳₆⁮₴⅜  

(Ω) Welding ₉₫₂₴₿›⁄₴₳ ╘℅⁄₴₲ grinding ⁸₫₩╝╘℅⁄₴₲ ₂⁸₴ₑ‹₴ₑ⁮₴₲ ₁⁮₴₳₆₵₨₳ 
(℮) Double-wall and lining  
(⅍)  Painting (Duct ₆₵₨₳‹₩₫ ₑ₫⁸₴₆⁮₴₲₭⁪₳ₔ₭₈₨⁄₴╘℅⁄₴₲ ₭⁪₳ₔ₆₵₩₯₳ₔ⁞₨₳) 
(ⅎ) ₔₑ₱₫₳₿₂₯₆⁮₴₲ ₂⁞⇔⁮₴₳ ₔ₆₵₩₯₳ₔ⁞₨₳ (material types)  
(⅓) ₆⁮₴ₑ⁮₴₲₁⁮₴₳₿₃⁄₴₲ ₭₉₇₩₫⁞₩₆₴₲₿›⁄₴₳(leakage testing)‹₩₫ ⁞₆₴₳ₑ₂₴₆⁮₴⅜ ₉‹₴›₱╘₫₩⁄₴ₑ⁮₴₲ ₭₉₇₩₫⁞₩₆₴₲₆║ 

(leakage) ₆⁮₴₆₵℅ ₈℅₩₈₆⁮₴⅜ 
 
Sheet Metal and Air Conditioning Contractorsô National Association (SMACNA)  
 Duct Construction Manuals: 
(№) SMACNAðHVAC Duct Construction Standards Metal and Flexible (Third Edition) 
(℗) SMACNAðFibrous Glass Duct Construction Standards (Fifth Edition)  
(™)  SMACNAðRectangular Industrial Duct Construction Standard (First Edition) 
(Ω) SMACNAðRound Industrial Duct Construction Standard (First Edition)  
(℮) SMACNAðThermoplastic Duct (PVC) Construction Manual (First Edition) 

Duct ₆₵₨₳‹₩₫ ⁹₩›₫₩‹₴₂₵‹₴⁞₪₳₁₫₩⁄₴ₑ⁮₴₲₭₁₈₨₆₵₨₳ ⁸⃰⁄₴ ₆⁸₂₴⁪⁄₴⁹₨₳₈⅜ ⁸₂₴⁪⁄₴⁹₨₳›₮₲₭ₑ₨₴ 
₉₩₫ₔ₂₴₭ₑ₨ ₔ‹₨ₔ‹⃰₇₴₆₵₨₳⅛ ₔ₈₱ₔ⁸₨₳₆₵₨₳₿₂₯₉₫₂₴₭₂₳⁹₨₳₈₆⁮₴⅜  

ₔ₩₆₴ₑ₨₆₵₨₳(toilets) ₁℅⁄₴₲ ₆₭‹₨⁄₴₳ₑ⁮₴₲ ₔ₁₱⁪₫₩₳₆₵₨₳ ₑ₇₴₭⁪₨⁄₴ₑ⁮₴₲ Return air duct ₆₵₨₳‹₩₫ 
supply air stream ₈℅₩₈₨ ₭₁₈₨₆₵₨₳₆℅ ⁸⁸₴╘₫₩⁄₴ₑ₆₵℅₭ₐ₳ₑ⁮₴₲ ₭₁₈₨⁸⃰⁄₴ ⁸₂₴⁪⁄₴⁹₨₳₈₆⁮₴⅜ 

Supply air duct ╘℅⁄₴₲ return air duct ₆₵₨₳← ₔ⁸⃰⁄₴₳₆₵‹₴╘℅₨₿₂⁄₴₆₵₨₳ₑ⁮₴ ₃₫₁₴⅛ ₔ₆║₁₴╝╘℅⁄₴₲ ₔ₆║₩‹₴₆₵₨₳ 
⁞₫₭ₐ₳₭₁₿›⁄₴₳₆℅ ‹⁄₴₳₭ₐ₳₭⁞₈₁₴ ⁸⁸₴₁₫₩⁄₴ₑ₆₵℅ ₭›₵₨₆⃰⁸₴₭⁞₈₆⁮₴⅜ Abrasion ₿₃⁞₴₿›⁄₴₳ⁿ⁷₴‹₩₫ ›₫›₱╘₫₩⁄₴ₑ⁮₴₲ 
ₔ₆₵₩₯₳ₔ⁞₨₳ ₿₃⁞₴₭⁞₈₆⁮₴⅜  

₆₵‹₴╘℅₨┌‹‹₴₆₵₨₳ₔ⁸⃰⁄₴₳₈℅₩ ₭₁₈₨₆₵₨₳(ceiling space)ə ⁸⃰⁄₴₳ return air ₆₵₨₳ ₑ⃰₨₳₉₨₁₫₩⁄₴₈₁₴ air 
plenum ₔ₿₃⁞₴ₔₑ₱₫₳₿₂₯₂₧ ₆₵‹₴╘℅₨┌‹‹₴₁₱₈₱₆₵₨₳ ╘℅⁄₴₲ ₭₅₳₅‹₴₁₱₈₱₆₵₨₳(ceiling and the side-walls)‹₩₫ 
₂₉₨⁞⁸₨₿₃⁄₴₲ ₔ₭›₵₨‹₩₫⁄₴₿›⁄₴₳(plastering) ╘℅⁄₴₲ ₭⁪₳ₑ₫⁸₴₿›⁄₴₳(painting) ⁸₫₩╝₿₂₯₉₫₂₴₈₆⁮₴⅜ Masonry duct 
₆₵₨₳‹₩₫₉⁮₴₳ ⁹₫₩‹₮₲ₑ₫₩╝ ₿₃⁞₴₭ₔ₨⁄₴ ⁸⁸₴₁₫₩⁄₴ₑ₆₵℅ ₿₂₯₉₫₂₴₈₆⁮₴⅜  

ₔ›₫₩⁄₴ₔ›₱₿₃⁞₴₈₁₴₉₫₩₭ₑ₨ rigid duct ₆₵₨₳‹₩₫  steel ⅛ aluminium ⅛ glass-fibre batt ⅛ mineral wool 
╘℅⁄₴₲ ₔ₿›₨₳›⃰⁄₴₲₿₂₯⁹₨₳₭ₑ₨ ₂⁞⇔⁮₴₳ₔ₆₵₩₯₳ₔ⁞₨₳₆₵₨₳(approved materials)₿₃⁄₴₲ₑ₨ ₿₂₯₉₫₂₴₈₆⁮₴⅜  
Duct ₑ₩₫╝₆ₒ₫⁸₴ duct lining ₆₵₨₳ₔ⁸⃰‹₴ ₑ₱₫₳⁹₨₳ₑ₭ₑ₨ glass fibre batt ₑ₩₫╝ mineral wool ₆₵₨₳ₑ⁮₴ air 
stream ₆₵₨₳╘℅⁄₴₲ ⁸₫₩‹₴╙₫₩‹₴ ⁹₩₭⁸⃰╝₭₁₂₧‹ erosion of fibres ₆₿₃⁞₴₭ₔ₨⁄₴ ₑ⁄₴₲₭₉℅₵₨₴₭ₑ₨ ‹₨‹⃰₇₴₆║₆₵₨₳ 
₿₂₯₉₫₂₴₭₂₳⁹₨₳ ₈₆⁮₴⅜ 

Duct ₆₵₨₳‹₩₫ sturd ₿₃⁄₴₲ ₭⁹₨‹₴₂₱₲(supported)₭₂₳₈₆⁮₴⅜  Duct ₭⁹₨‹₴₂₩₫₳₭₂₳⁹₨₳₭ₑ₨ hanger 
╘℅⁄₴₲ bracket ₆₵₨₳ₑ⁮₴ ₑ⁸∫₯(metal) ₆₵₨₳ₑ₨ ₿₃⁞₴₭⁞₈₆⁮₴⅜  Duct covering ⅛ duct lining ╘℅⁄₴₲ flexible 
connection material ₆₵₨₳ₑ⁮₴ ₆₪₳₆₭₉₨⁄₴₁₫₩⁄₴ₑ⁮₴₲ ₂⁞⇔⁮₴₳₆₵₨₳ (non-combustible) ₿₃⁞₴₭⁞₈₆⁮₴⅜  
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ₑ₩₫╝₭ₑ₨₴ ₉₫₩ₔ₂₴›₵‹₴ₔ₈⅛ ₆₉⃰₮₭₈℅₨⁄₴ₑ₨₭ₑ₨ ₔ₭₿›ə ₭₁ə ₈ ₆₪₳₭₉₨⁄₴₁₫₩⁄₴ₑ⁮₴₲ ₂⁞⇔⁮₴₳₆₵₨₳ 
(combustible material) ‹₫₩ ₔₑ₱₫₳₿₂₯›₮₲₭ₑ₨₴ ₭ₔ₨‹₴₂₧ ₔ›₵‹₴₆₵₨₳₿₃⁄₴₲ ₿₂⁮₴₲⁞₱₫₭⁞₈₆⁮₴⅜  
(‹) ñCode of practice for fire precautions in buildingsò ⅝ ₂₧₈℅₩₭ₑ₨ ₁⁮₴₳₆₵₨₳ₔ⁸₫₩⁄₴₳(methods)  

⁞₆₴₳ₑ₂₴⁹₨₳₉₵℅⁄₴ surface flame spread rating ₑ⁮₴ ₂⁹₆ₔ⁪⁄₴₲ (class 1) ⁹‹₴₆₁₩₆₴₲₭⁞₈⅜  
ₔ₭⁪₨‹₴ₔ₢₪₳ ₆₵‹₴₁℅₨┌‹‹₴← ₆₪₳›₫₩₳₂₵₱╞╘║₁₴₳(flame spread rating)ₑ⁮₴ class zero ₿₃⁞₴›₮₲₉₵℅⁄₴ duct 
lining material ₆₵₨₳ₑ⁮₴ class zero rating ₿₃⁞₴₈₆⁮₴⅜ 

(›) ₆₪₳₭₉₨⁄₴ₑ⁮₴₲ ₔ›₧ ⁹₫₩ duct ⁸⃰⁄₴ ₔₑ₱₫₳₿₂₯⁹₨₳ₑ⁮₴₲ ₂⁞⇔⁮₴₳₆₵₨₳ₑ⁮₴ ₆₪₳›₫₩₳ ╘℅⁄₴₲ ₔ⁪₩₂₴ₑ⁄₴₲₭⁞ₑ⁮₴₲ 
₀₨⁸₴₭⁄⃰ ₲⁹⃰‹₴₆║₁⁮₴₳╘₫₩⁄₴ₑ₆₵℅ ₁⁮₴₳₭⁞ₑ⁮₴₲ ₂⁞⇔⁮₴₳₆₵₨₳₿₃⁞₴₈₆⁮₴⅜  
Ventilation ductwork ╘℅⁄₴₲ terminal unit ₆₵₨₳₿₃⁞₴┌‹₭ₑ₨ ventilation gr illes ⅛ air diffuser ⁸₫₩╝ 
⁪‹₴ₑ⃰₇₴ₑ⁮₴₲ flexible connection ₆₵₨₳ ← ₔ₈℅⁮₴ₑ⁮₴ ╘℅⁞₴₆₪⁸₨(2 m) ⁹‹₴ ₆₂₩₫₭⁞₈⅜  
ₔ₂€›₵₩₁₴₁⁮₴₳₿›⁄₴₳ ⅛ ₆₵₨₳₿›⁄₴₳₭┌‹₨⁄₴₲₿₃⁞₴₭ₑ₨ ₭₈╞⃰₈℅₨₳₆║₆₵₨₳(thermal movements)‹₩₫ ‹₨‹⃰₇₴₈₁₴ 
⁸₂₴⁪⁄₴⁹₨₳ₑ⁮₴₲ flexible joint ₆₵₨₳ₑ⁮₴ 250 mm ₔ₈℅⁮₴⁹‹₴ ₆₂₩₫₭⁞₈⅜ 

Flexible joint ₆₵₨₳‹₩₫ ₔ₉⃰₇₴⁸‹€ ₆₪₳₆₭⁸₨‹₴₁₫₩⁄₴ₑ⁮₴₲ ₑ₩₫╝₆ₒ₫⁸₴ ₆₪₳⁞⁸⁄₴₆₭₉₨⁄₴₁₫₩⁄₴ₑ⁮₴₲('not 
easily ignitable') ₂⁞⇔⁮₴₳₆₵₨₳₿₃⁄₴₲ ₿₂₯₉₫₂₴⁹₨₳₈₆⁮₴⅜ ⁹₫₩₂⁞⇔⁮₴₳₆₵₨₳ₑ⁮₴ British Standard BS 476: Part 5 
ₔ₈ ⁞₆₴₳ₑ₂₴⁹₨₳ₑ⁮₴₲ ₂⁞⇔⁮₴₳₆₵₨₳₿₃⁞₴₈₆⁮₴⅜  

Duct ₔ₨₳₉₱₫₳⁸⃰⁄₴ ‹₫₩ ₑ₁₴╝₈℅⁄₴₳₭₈₳ ₿₂₯₉₫₂₴₈₁₴ə⁸⃰‹₴  ₑ⁄₴₲₭₉₵℅₨₴ₑ⁮₴₲₭₁₈₨₆₵₨₳⁸⃰⁄₴ opening 
₆₵₨₳⁹₨₳₈℅₩ ₈₆⁮₴⅜ Air duct ₆₵₨₳⅛ air duct support ₆₵₨₳⅛ fitting  ₆₵₨₳ ╘℅⁄₴₲ plenum ₆₵₨₳⅛( joints ₆₵₨₳⅛ seam 
₆₵₨₳⅛ stiffening ₆₵₨₳⅛ reinforcing and access opening ₆₵₨₳ ₔ₂₧ₔₐ⁄₴)‹₩₫ ASHRAE Handbook, 
Inst itution of He ating and Ventilating Engineers(IHVE) guide books ₑ₩₫╝₆ₒ₫⁸₴ SMACNA Manuals ‹ 
₿₂⁴₨₁₴₳ ₑ⁸₴₆℅⁸₴ ⁹₨₳₭ₑ₨  duct ₆₵₨₳₿₂₯₉₫₂₴₿›⁄₴₳ ⁸₂₴⁪⁄₴₿›⁄₴₳ ⁞₱›₵₩₁₴⁞₱⁮⃰₁₴₳₆₵₨₳(construction standards) 
ₔ⁸₩₫⁄₴₳ ₿₂₯₉₫₂₴₈₆⁮₴⅜  

℮.™.№ Duct ₿₂₯₉₫₂₴₈₁₴ ₂⁞⇔⁮₴₳ₔ₆₵₩₯₳ₔ⁞₨₳ ₭₈⃰₳›₵₇₴₿›⁄₴₳ (Ductwork Materials)   
(№) Galvanized Steel ‹₩₫ ₔₑ₱₫₳₿₂₯⅞ Duct ₿₂₯₉₫₂₴₉₵℅⁄₴ ₭ₔ₨‹₴₂₧ ⁞₱›₵₩₁₴⁞₱⁮⃰₁₴₳₆₵₨₳‹₩₫ ₉₫₩‹₴₁₨₈₁₴₉₩₫ₑ⁮₴⅜ 

HVAC ₉₫₂₴⁄₁₴₳₆₵₨₳⁸⃰⁄₴(applications) Galvanized steel sheets ‹₩₫ duct ₿₂₯₉₫₂₴₈₁₴ₔ⁸⃰‹₴ 
ₔₑ₱₫₳₿₂₯₉₵℅⁄₴ ASTM A90, A525, and A527 ╘℅⁄₴₲ ‹₩₫‹₴⁮₪ ₭⁞₈₆⁮₴⅜  
 
(℗) Carbon steel ‹₩₫ ₔₑ₱₫₳₿₂₯⅞ Duct ₿₂₯₉₫₂₴₉₵℅⁄₴ ₭ₔ₨‹₴₂₧ ⁞₱›₵₩₁₴⁞₱⁮⃰₁₴₳₆₵₨₳‹₩₫ ₉₫₩‹₴₁₨₈₁₴₉₩₫ₑ⁮₴⅜  
(‹) 24" ⁹‹₴ ₂₩₫┌‹₪₳ₑ⁮₴ Breechings ⅛ flues ╘℅⁄₴₲ stacks ₆₵₨₳ ₔ⁸⃰‹₴ ‹₨₄⃰₁₴⁞⁸₪₳(carbon steel) ‹₩₫ 

ₔₑ₱₫₳₿₂₯₉₵℅⁄₴ ASTM A569 ╘℅⁄₴₲ ‹₩₫‹₴⁮₪ ₭⁞₈₆⁮₴⅜ 
(›) 24" ⁹‹₴ ₂₩₫┌‹₪₳ₑ⁮₴ Breechings ⅛ flues ╘℅⁄₴₲ stacks ₆₵₨₳ ₔ⁸⃰‹₴ ‹₨₄⃰₁₴⁞⁸₪₳(carbon steel) ‹₩₫ 

ₔₑ₱₫₳₿₂₯₉₵℅⁄₴ ASTM A569 ╘℅⁄₴₲ ‹₩₫‹₴⁮₪ ₭⁞₈₆⁮₴⅜ 
 
(™) Aluminum ‹₩₫ ₔₑ₱₫₳₿₂₯⅞ Duct ₿₂₯₉₫₂₴₉₵℅⁄₴ ₭ₔ₨‹₴₂₧ ⁞₱›₵₩₁₴⁞₱⁮⃰₁₴₳₆₵₨₳‹₩₫ ₉₫₩‹₴₁₨₈₁₴₉₩₫ₑ⁮₴⅜  

₭₈₭⁄⃰╝₂₧ₐ⁄₴₆║₆₵₨₳ₑ⁮₴₲₭₉₿₃⁞₴⅞ aluminum base alloy sheet ₆₵₨₳‹₫₩ ₔₑ₱₫₳₿₂₯ ASTM B209 ‹₩₫ 
₆℅₪₿⁄₆₴₳ ₈₆⁮₴⅜  
(Ω) Stainless steel ‹₩₫ ₔₑ₱₫₳₿₂₯⅞ Duct ₿₂₯₉₫₂₴₉₵℅⁄₴ ₭ₔ₨‹₴₂₧ ⁞₱›₵₩₁₴⁞₱⁮⃰₁₴₳₆₵₨₳‹₩₫ ₉₫₩‹₴₁₨₈₁₴₉₩₫ₑ⁮₴⅜  

Kitchen hood ╘℅⁄₴₲ fume hood exhaust ⁸₫₩╝‹₩₫ Stainless steel ₿₃⁄₴₲₿₂₯₉₫₂₴┌‹ₑ⁮₴⅜  Stacks and 
breechings (prefabricated)₆₵₨₳ₔ⁸⃰‹₴  304 ⅛ 304L ⅛ 316 or 316L ə ₆₵₩₯₳ₔ⁞₨₳ stainless steel sheets  
₆₵₨₳‹₩₫ ₔₑ₱₫₳₿₂₯₉₵℅⁄₴ ASTM A167 ‹₩₫ ₆℅₪₿⁄₆₴₳₈₆⁮₴⅜  
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SHEET METAL GAUGES 
Sheet 
Metal 
Gauge 

Thickness 
Inches 

Remarks 
Sheet 
Metal 
Gauge 

Thickness Inches Remarks 

0 0.3125 

Welded 
Ductwork 

Only 

19 0.0437 

SMACNA 
Ductwork 

Construction 

1 0.2810 20 0.0375 
2 0.2650 21 0.0343 
3 0.2500 22 0.0312 
4 0.2340 23 0.0280 
5 0.2187 24 0.0250 
6 0.2030 25 0.0218 
7 0.1875 26 0.0187 
8 0.1720 27 0.0170 

Gauges Not 
Permitted 
for 
Ductwork 
Construction 

9 0.1560 28 0.0156 
10 0.1400 29 0.0140 
11 0.1250 30 0.0125 
12 0.1090 31 0.0109 
13 0.0937 32 0.0100 
14 0.0780 33 0.0093 
15 0.0700 34 0.0085 
16 0.0625 SMACNA 

Ductwork 
Construction 

35 0.0078 
17 0.0560 36 0.0070 
18 0.0500      

Duct ⁸⁮₴₭⁪₨‹₴₈₨⁸⃰⁄₴ ₔₑ₱₫₳₿₂₯₈₁₴ ₂⁞⇔⁮₴₆₵₨₳(Duct Material) 
UL (Underwriters Laboratory) standard 
Class 0 
 

₆₪₳₭⁸₨⁄₴₂₵₱╞₂⃰₨₳╘║₁₴₳ ₔ⁪⁄₴₲ₑ₫⁮(ℓ) ₿₃⁞₴₈₆⁮₴⅜( zero flame spread) ⅛ ₆₪₳›₫₩₳⁹⃰‹₴╘║₁₴₳ ₔ⁪⁄₴₲ 
ₑ₫⁮(ℓ) ₿₃⁞₴₈₆⁮₴⅜ (zero smoke developed)  
₢₂₆₨ Iron ⅛ galvanized steel ⅛ aluminum ⅛ concrete ⅛ masonry ⅛ clay tile ⁞ₑ⁮₴₲ ₂⁞⇔⁮₴₳ 
₆₵₨₳‹₩₫ ₔₑ₱₫₳₿₂₯╘₫₩⁄₴ₑ⁮₴⅜  

Class 1 ₆₪₳₭⁸₨⁄₴₂₵₱╞₂⃰₨₳╘║₁₴₳ (℗℮) ⁹‹₴₁⁮₴₳₉₵℅⁄₴ (flame spread Ò 25) ⅛ ₆₪₳›₫₩₳⁹⃰‹₴╘║₁₴₳ (℗℮)⁹‹₴ 
₁⁮₴₳₉₵℅⁄₴ (smoke developed Ò 50) 
₢₂₆₨  Fiberglass ⅛ many flexible ducts ⁞ₑ⁮₴₲ ₂⁞⇔⁮₴₳ ₆₵₨₳‹₩₫ ₔₑ₱₫₳₿₂₯╘₫₩⁄₴ₑ⁮₴⅜ 

Class 2 ₆₪₳₭⁸₨⁄₴₂₵₱╞₂⃰₨₳╘║₁₴₳ (℮ℓ) ⁹‹₴₁⁮₴₳₉₵℅⁄₴ (flame spread Ò 50) ⅛ ₆₪₳›₫₩₳⁹⃰‹₴╘║₁₴₳ (№ℓℓ)⁹‹₴ 
₁⁮₴₳₉₵℅⁄₴ (smoke developed Ò100) 

℮.™.℗ Duct Seal 
 

 
Ductwork and plenum ₆₵₨₳‹₩₫ ₭ₔ₨‹₴₂₧₁⁮₴₳₆₵₨₳ ₔ⁸₩₫⁄₴₳ seale ₉₫₂₴₈₆⁮₴⅜   
 

  Duct Seal ₆₵₨₳₭‹₨⁄₴₳₆⃰₁₴₉₵℅⁄₴ ₭₉₇₩₫⁞₩₆₴₲₆║(leakage)‹₩₫ ₭₉₵₨₲₁⁮₴₳₭⁞╘₫₩⁄₴ₑ⁮₴⅜ 



Air Conditioning and Mechanical Ventilation System (Vol. 1)                                               ₭‹₨⁄₴₳⁹‹₴∕⃰₁₴╝ 

www.acmv.org                                                                                                                              5-12 

ASHRAE Minimum Duct Seal Level 

Duct Location 
Duct Type 

Supply 
Exhaust Return 

Ò 2 in. w.c. > 2 in. w.c.  
          
Outdoors A A C A 
Unconditioned Spaces B A C B 
Conditioned Spaces  C B B C 
 
 
ASHRAE Standard 90.1-2001 and ASHRAE Standard 90.1-2004 Ductwork Seal Classes 

Seal Level Sealing Requirements * 

Seal Class A 
All transverse joints and longitudinal seams, and duct wall penetrations. 
Pressure-sensitive tape shall not be used as the primary sealant. 

Seal Class B 
All transverse joints and longitudinal seams. Pressure-sensitive tape shall not 
be used as the primary sealant. 

Seal Class C All transverse joints only 
Sealing Ductwork (ASHRAE Standard 90.1) American Society of Heating, Refrigerating and Air-Conditioning Engineers, 
Inc. (www.ASHRAE.org) 

 
SMACNA Ductwork Seal Classes  

Seal Class Applicable Static Pressure Construction Class 
A 4" WC and higher 
B 3" WC 
C 2" WC 
C 1/2" WC and higher for all du ctwork upstream of VAV terminal units  

 
Sealants and Adhesives 
Water based sealant ╘℅⁄₴₲ solvent based sealant based ₒ€⅞ ₔ₆₵₩₯₳ₔ⁞₨₳ ╘℅⁞₴₆₵₩₯₳‹⃰₮₿₂₨₳ₑ⁮₴⅜  
ₔ₭⁪₨‹₴ₔ₢₪₳ ₔ₿₂⁄₴₅‹₴(outside) e ₩₫╝₆ₒ₫⁸₴ ₭₿₆₭ₔ₨‹₴⁹₂₴(Underground) ⁸₫₩╝⁸⃰⁄₴ ₔₑ₱₫₳₿₂₯ 
(applications) ₈₁₴ə⁸⃰‹₴  solvent based  Sealants ₑ⁮₴ ₈₨ₑ₪₢⁸₫ⁿ⁷₴(resistant to weather) ╘℅⁄₴₲ 
›₈₆₴₳₉⃰₁₴₭₈₨⁄₴₿›⁮₴(ultraviolet rays)n ⁷₴›₱╘₫₩⁄₴₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ 
SMACNA Recommended Ductwork Seal Classes  
  SMACNA Pressure Class (in. WC) 
  ±1/2  ±1  ±2  ±3  ±4  ±6  ±10  

Supply Ductwork 
Outdoors A A A A A A A 
Unconditioned Space B B B A A A A 
Conditioned Space B B B A A A A 
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Return Ductwork 
Outdoors A A A A A A A 
Unconditioned Space B B B B A A A 
Conditioned Space B B B B A A A 

Exhaust Ductwork 
Outdoors B B B B A A A 
Unconditioned Space B B B B A A A 
Conditioned Space B B B B A A A 

 
SMACNA-HVAC Ductwork Seal Classes 
(№) Seal Class A: 2ï5 percent total system leakage (all transverse joints, longitudinal seams, 

and duct penetrations).  
(℗) Seal Class B: 3ï10 percent total system leakage (all transverse joints and longitudinal 

seams). 
(™)  Seal Class C: 5ï20 percent tot al system leakage (all transverse joints). 
(Ω) Unsealed: 10ï40 percent total system leakage. 
(℮) SMACNA recommended seal classes. 

 
₂₱₫ ℮-№℮ Benefits of insulation and sealing ducts 

Air Conditioning ₔ⁸⃰‹₴ ₔₑ₱₫₳₿₂₯ₑ⁮₴₲ duct ₆₵₨₳‹₩₫ ñAC ductò o₫ ₭›↑₭₉₲₈℅₩ₑ⁮₴⅜ Mechanical 
Ventilation ₔ⁸⃰‹₴ ₔₑ₱₫₳₿₂₯ₑ⁮₴₲ duct ‹₩₫ ñMV ductò ₒ₫ ₭›↑₭₉₲₈℅₩ₑ⁮₴⅜ Air Conditioning duct 
₆₵₨₳ₔ⁸⃰‹₴ duct ₆₵₨₳‹₫₩ insulation ₉₫₂₴₈₁₴₉₫₩ₔ₂₴ₑ⁮₴⅜ Mechanical ventilation duct ₆₵₨₳⁸⃰⁄₴ insulation 
₿₂₯₉₫₂₴₈₁₴ ₆₉₫₩ₔ₂₴₂₧⅜ Duct ← ₔ₿₂⁄₴₅‹₴⁸⃰⁄₴ ⁹⁮₴₲⁹₨₳₭ₑ₨ external insulation ₈℅₩ₑ₉₫₩ duct ← 
ₔ⁸⃰⁄₴₳₅‹₴⁸⃰⁄₴ ⁹⁮₴₲⁹₨₳₭ₑ₨ internal insulation ₉⁮₴₳₈℅₩ₑ⁮₴⅜ 

Air conditioning duct ╘℅⁄₴₲ mechanical ventilation duct ⁸₫₩╝←₿›₨₳₁₨₳›₵‹₴ₑ⁮₴ insulation 
₿₃⁞₴ₑ⁮₴⅜ Air conditioning duct ₑ⁮₴ ₔ₂€⁞₪₳‹€₳₿›⁄₴₳(heat transfer)‹₩₫ ‹₨‹⃰₇₴₈₁₴ₔ⁸⃰‹₴  
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ₔ₂€₭₉₵℅₨‹₴‹€₳₆║╘║₁₴₳(internal insulation) ₑ₫₩╝₆ₒ₫⁸₴ external insulation ₿₂₯₉₫₂₴⁹₨₳₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜  

 
₂₱₫ ℮-№⅍ Duct ⁸⁞₴›₫ ⁸⁮₴₭⁪₨‹₴ ⁸₂₴⁪⁄₴⁹₨₳₂₱₫ 

 
₂₱₫ ℮-№ⅎ Fire rated duct ⁸⁞₴›₫ ⁸⁮₴₭⁪₨‹₴ ⁸₂₴⁪⁄₴⁹₨₳₂₱₫ 

℮.™.™ Duct ₔ₿₂⁄₴₅‹₴⅝ Insulation ₿₂₯₉₫₂₴⁹₨₳₿›⁄₴₳ (External Insulation)  
 Insulation(vapor barrier) ₔ₿₃⁞₴ₔₑ₫₱₳₿₂₯₈₁₴ ₔ⁸⃰‹₴ external insulation ‹₫₴₩ fiber glass 
ₑ₫₩╝₆ₒ₫⁸₴ mineral wool material ₔ₆₵₯₩₳ₔ⁞₨₳₿₃⁄₴₲ ₿₂₯₉₫₂₴╘₫₩⁄₴ₑ⁮₴⅜ ₆⁮₴ₑ⁮₴₲ₔ₆₵₯₩₳ₔ⁞₨₳‹₫₩ 
ₑ₫₱₳ₑ⁮₴₿₃⁞₴₂₧₭⁞ insulation ← ₔ₂€₭₉₵℅₨‹₴‹€₳₆║╘║₁₴₳(thermal conductivity) ₑ⁮₴ 0.0332 W/m2 °K 
⁹‹₴₆₂₫₩₭⁞₈⅜ 
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₂₵₆₴₳₆₵℅ₔ₂€›₵₩₁₴(mean temperature) 24°C ₔ⁸⃰‹₴ insulation ₔ⁹€(thickness)e ⁮₴ ⁸⁞₴₉‹₴₆ 

(25mm) ₿₃⁞₴₈₆⁮₴⅜ ₑ₩₂₴ₑ⁮₴₳⁪(density) ₑ⁮₴ 32 kg/m 3 ₿₃⁞₴₈₆⁮₴⅜ ₔ₭⁪₨‹₴ₔ₢₪₳ ₔ⁸⃰⁄₴₳₈℅₩ air con 
₭₁₈₨₈℅₩ supply duct ⅛ return duct ╘℅⁄₴₲ exhaust duct ₆₵₨₳ ₔ⁸⃰‹₴₿₃⁞₴ₑ⁮₴⅜ Air con ₆₭₂₳⁹₨₳ₑ⁮₴₲ 
₭₁₈₨(non air conditioning area)⁸⃰⁄₴ ⁸₂₴⁪⁄₴₆⁮₴₲ duct ₆₵₨₳₿₃⁞₴₂₧‹ insulation ₔ⁹€ₑ⁮₴ supply air 
ₔ⁸⃰‹₴ ╘℅⁞₴₉‹₴₆(50mm) ₿₃⁞₴₿₂₪₳ return ╘℅⁄₴₲ exhaust air ₆₵₨₳ₔ⁸⃰‹₴ ⁸⁞₴₉‹₴₆(25mm) ₿₃⁞₴ₑ⁮₴⅜ Air 
con ₆₭₂₳⁹₨₳ₑ⁮₴₲ ₭₁₈₨(non air conditioning area)← ₔ₂€›₵₩₁₴ₑ⁮₴ Air con ₭₂₳⁹₨₳ₑ⁮₴₲ ₭₁₈₨(air 
conditioning area)← ₔ₂€›₵₩₁₴⁹‹₴₂₩₫₆₵₨₳₭ₑ₨ ₔ₂€›₵₩₁₴‹⃰₨₿›₨₳›₵‹₴ ₂₫₩₆₵₨₳ₑ⁮₴⅜ ⁹₫₩₭┌‹₨⁄₴₲ ₂₫₩⁹€ₑ⁮₴₲ 
insulation ₉₫₩ₔ₂₴ₑ⁮₴⅜  

℮.™.Ω Duct ₔ⁸⃰⁄₴₳⅝ Insulation ₿₂₯₉₫₂₴⁹₨₳₿›⁄₴₳ (Internal Insulation)  
 Internal insulation ‹₫₴₩ ⁪€⁮₱₲ₑ₱ₔ⁪⁄₴₲(noise level) ‹₵ₑ⃰₨₳₭⁞₈₁₴╘℅⁄₴₲ insulation (vapor 

barrier) ₿₃⁞₴₭⁞₈₁₴ ₈⁮₴₈⃰₇₴›₵‹₴ ╘℅⁞₴₆₵₯₩₳₿₃⁄₴₲ ₔₑ₫₱₳₿₂₯ₑ⁮₴⅜ ₆₵₨₳₭ₑ₨ₔ₨₳₿₃⁄₴₲ main duct 
₆₵₨₳⁸⃰⁄₴⁸₂₴⁪⁄₴ₑ⁮₴⅜  
ₑ₩₂₴ₑ⁮₴₳⁪(density) 140 kg/m 3 ₈℅₩ₑ⁮₴₲ rockwool material ₔ₆₵₯₩₳ₔ⁞₨₳‹₫₩ ₔₑ₫₱₳₿₂₯ₑ⁮₴⅜ Main duct ← 
ₔ⁞₆℅ (℮)₆₪⁸₨ ₔ‹⃰₨ₔ⁹₩ internal Insulation ‹₫₩ ₔₑ₫₱₳₿₂₯ₑ⁮₴⅜ Duct ₔ⁸⃰⁄₴₳⅝ ₈℅₩₭₁₭ₑ₨₭┌‹₨⁄₴₲ 
rockwool ₔ⁞₆₵₨₳ ₆₂₵₱╞₉⃰⁄₴₲₭⁞₈₁₴ ₔ›₵⁄₴₳(0.46mm)₈℅₩ ₔ₭₂₧‹₴₆₵₨₳₂₧ₑ⁮₴₲(perforated) ₔ₉₵₰₆₪₁₪₇₱ₔ₿₂₨₳ 
(aluminum sheet)₿₃⁄₴₲ ₃₩⁹₨₳₈₆⁮₴⅜ ₔ₉₵₰₆₪₁₪₇₱ₔ₿₂₨₳(aluminum sheet)₭₂↑₈℅₩ ₔ₭₂₧‹₴₆₵₨₳ (perforation 
holes) ₆₵₨₳← ⁞₫⁞₫₭₂₧⁄₴₳ ₆₵‹₴╘℅₨₿₂⁄₴₤₈₩₇₨(total surface) ← ™ℓ% ₆℅ Ωℓ% ₔ⁹₩₿₃⁞₴ₑ⁮₴⅜ 

   
₂₱₫ ℮-№⅓ External Insulation duct  

Duct ₆₵₨₳ ⁸⁮₴₭⁪₨‹₴₂₫₱(construction)⅛ ₔ₆₵₯₩₳ₔ⁞₨₳(type) ⅛ ₔ⁸₩₫⁄₴₳ₔ⁸₨(dimension) ⁞ₑ⁮₴ 
⁸₫₩╝‹₫₩ ₔ₭ₑ₳⁞₩⁸₴ₑ₩₉₫₩₂₧‹ SMACNA guide line ₆₵₨₳‹₫₩ ₭₉₲₉₨₃⁸₴╙║₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ SMACNA 
⁪₫₩ₑ⁮₴₆℅₨ Sheet Metal and Air Conditioning Contractorôs National Association Inc (USA) ← 
ₔ⁸₩₫₭›₧‹₴ ₿₃⁞₴ₑ⁮₴⅜ 
Duct and plenum insulation (Ref Singapore Standard SS 553:2009) 
Minimum duct insulation R-values for cooling only supply ducts and return ducts  
Duct Location Duct location R-value (m2K/W)*  
Exterior  1.06 
Ventilated attic  1.41 
Unvented attic above insulated ceiling 1.77 
Unvented attic with roof insulation  1.06 
Unconditioned space 1.06 
Buried 1.06 

ₔ₂€₭₉₵℅₨‹₴‹€₳₆║╘║₁₴₳(thermal conductivity)₭‹₨⁄₴₳₭₉ ₔ₂€⁞₪₳‹€₳₿›⁄₴₳‹₩₫ ‹₨‹⃰₇₴╘₫₩⁄₴⁞⃰₆₴₳ 
(insulation) ₉₫₂₴╘₫₩⁄₴₆║ ₁⁮₴₳₭₉₿₃⁞₴ₑ⁮₴⅜ 



Air Conditioning and Mechanical Ventilation System (Vol. 1)                                               ₭‹₨⁄₴₳⁹‹₴∕⃰₁₴╝ 

www.acmv.org                                                                                                                              5-16 

℮.™.℮ Access Doors 
 Equipment ₆₵₨₳ ⅛  duct ← ₔ⁸⃰⁄₴₳₂₫₩⁄₴₳₆₵₨₳ ⅛ damper ₆₵₨₳ ╘℅⁄₴₲ fire damper ₆₵₨₳ ‹₫₩ ⁞⁞₴₭⁪₳₈₁₴ ╘℅⁄₴₲ 
₿₂₯₿₂⁄₴⁹₩₁₴₳ₑ₩₆₴₳₈₁₴ ₔ⁸⃰‹₴ ₑ⁸₴₆℅⁸₴⁹₨₳₭ₑ₨₭₁₈₨₆₵₨₳⁸⃰⁄₴ access door ₆₵₨₳ ⁹₨₳₈℅₩₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ 
Access door ₆₵₨₳‹₫₩ ╘℅⁞₴⁹₂₴(╘℅⁞₴₉╓₨) ₿₂₯₉₫₂₴₈₆⁮₴₿₂₪₳ ‼₭ₒ₭⁪₨₴ₑ⁮₴₲₁⁮₴₳(welding method) ‹₫₩ 
ₔₑ₫₱₳₿₂₯₈₆⁮₴ ₿₃⁞₴ₑ⁮₴⅜ Access door ₔ⁸⃰⁄₴₳₅‹₴╘℅⁄₴₲ duct ← ₔ⁸⃰⁄₴₳₅‹₴⁸⃰⁄₴ ₔ₆₵₯₩₳ₔ⁞₨₳ ⁸€ₑ⁮₴₲ 
insulation material ‹₫₩ ₔₑ₫₱₳₿₂₯₈₆⁮₴₿₃⁞₴₆⁮₴⅜ 1.00mm ₔ⁹€₿₃⁄₴₲ ₿₂₯₉₫₂₴₈₆⁮₴⅜  

Access door ₂⁸₴₂⁸₴₉⁮₴⁸⃰⁄₴ 12mm ₔ⁹€₈℅₩ₑ⁮₴₲ neoprene rubber gasket ₉₫₩⁄₴₁₨›₱⁹₨₳ 
₈₆⁮₴⅜ Duct ← fire rating ╘℅⁄₴₲ access door ₆₵₨₳ ← ₆₪₳ⁿ⁷₴›₱╘₫₩⁄₴ₔ₨₳(fire rating) ⁸₫₩╝⁸€⁮₪₈₆⁮₴⅜ Access 
door ₆₵₨₳‹₫₩ lock ₉₫₂₴₈₁₴ₔ⁸⃰‹₴  ₭₆₵₨‹₴₉‹₴(latch)‹₫₩ heavy duty brass ₿₃⁄₴₲ ₿₂₯₉₫₂₴┌‹₿₂₪₳ 
ₑ⃰⁸₴₈⁮₴(galvanized) ₑ₫₩╝₆ₒ₫⁸₴ ›╙₫₩₆₪₇₆₴(chromium) ₔ₈⁮₴ ⁞₩₆₴┌‹ₑ⁮₴⅜ 

    
₂₱₫ ℮-№⅔ Oval Duct Access Door ₂₱₫ ℮-℗ℓ Access door ╘℅⁄₴₲ Access door frame 

Access door ← ₔ₈⃰₇₴ₔ⁞₨₳₆₵₨₳‹₫₩ duct ₔ₈⃰₇₴ₔ⁞₨₳(size) ₔ₭₂↑⁸⃰⁄₴₆€⁸⁮₴⅞ ₿₂₯₉₫₂₴₭₉₲₈℅₩┌‹ₑ⁮₴⅜ 
 Duct ₔ₈⃰₇₴ₔ⁞₨₳(size) ₉₫₩ₔ₂₴₭ₑ₨ access door ə ₈⃰₇₴ₔ⁞₨₳ 

ₔ₈℅⁮₴⁪₱₫₳ₔ₁₨₳1200mm ⁹‹₴₆₂₩₫ₑ⁮₴₲ duct  300mm x 400mm 
ₔ₈℅⁮₴⁪₱₫₳ₔ₁₨₳1200mm ⁹‹₴₂₩₫ₑ⁮₴₲ duct 450mm x 450mm 
Automatic Damper or Fire Damper ə ⁸⃰‹₴ 450mm x 600mm 

℮.™.⅍ Duct Test Holes 
 Duct ₔ⁸⃰⁄₴₳₈℅₩ ₭₉ₔ₉₵⁄₴(velocity) ╘℅⁄₴₲ ₃₩ₔ₨₳(pressure)‹₫₩ ⁸₫₩⁄₴₳₈₁₴ₔ⁸⃰‹₴ ñDuct Test Holeò 
₆₵₨₳⁹₨₳₈℅₩₈₆⁮₴⅜ ñDuct Test Holeò ⁹₨₳₈℅₩₈₆⁮₴₲ ₭₁₈₨(location)‹₫₩ ₂₱₫(dawing)⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ 
ₔ₭₂₧‹₴ₔ₈⃰₇₴ₔ⁞₨₳(hole diameter)ₑ⁮₴ №₉‹₴₆(25mm)₿₃⁞₴₿₂₪₳ top screw braged ₔ₆₵₯₩₳ₔ⁞₨₳ 
₿₃⁞₴ₑ⁮₴⅜ 40mm x 5mm bar ₭₂↑⁸⃰⁄₴ braged ₉₫₂₴⁹₨₳ₑ⁮₴⅜ Bar ╘℅⁄₴₲ sheet metal ‹₫₩ rivet ₿₃⁄₴₲ 
›₵₩⁸₴⁪⃰₮⁹₨₳ₑ⁮₴⅜  

  
₂₱₫ ℮-℗№ Duct test holes ₂₱₫ ℮-℗℗ Duct test hole ₆℅⁸⁪⁄₴₲ air flow ⁸₫₩⁄₴₳₇€₂₱₫ 

℮.™.ⅎ Duct fittings 
₭₿₃₨⁄₴₲⁸₁₴₳₭₁ₑ⁮₴₲ duct ₆₵₨₳₆℅ ₉⃰₮₉₵℅⁄₴ ‹₵₁₴ duct ₔ⁞₩⁸₴ₔ₂₩₫⁄₴₳₆₵₨₳‹₩₫ duct fitting ₆₵₨₳₿₃⁞₴┌‹ₑ⁮₴⅜ 
₭ₔ₨‹₴₂₧⁸₫₩╝‹₩₫ duct fitting ₆₵₨₳₿₃⁞₴┌‹ₑ⁮₴⅜  
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(№) Elbows (Ω) Enlargements and contractions 
(℗) Converging or diverging tees and wyes (℮) Means to reduce dynamic losses 
(™) Entrances and exits (⅍)  Turning angle, splitter vanes 
 (Source: ASHRAE Handbook Fundamentals 2001) 

ASHRAE duct fitting database ╘℅⁄₴₲ fitting loss coefficients duct fitting ₔ₆₵₩₯₳₆₵₩₯₳ ⁸⁮₴₭⁪₨‹₴₂₱₫‹₩₫ 
₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ 
(№) Fitting Types  Elbows  Mitered ï vanes (ⅎ) Fitting Types  Divided Flow Y-Branch 
(℗) Mitered ï no vanes (⅓) Reducing Y-Branch 
(™) Fitting Types  Elbows  Gored ï  long radius (⅔) Divided Flow  Laterals 
(Ω) Fitting Types  Elbows  Gored ï Standard (№ℓ) Divided Flow  Laterals 
(℮) Fitting Types  Divided Flow  Straight Tee (№№) Duct fitting -Branch 
(⅍) Fitting Types  Divided Flow Conical Tee (№℗) Duct fitting -Branch 
 

    
(№) (℗) (™) (Ω) 

  
  

(℮) (⅍) (ⅎ) (⅓) 

 
   

(⅔) (№ℓ) (№№) (№℗) 
₂₱₫ ℮-℗™ Duct fitting ₔ₆₵₩₯₳₆₵₩₯₳ 

℮.Ω Duct Support ╘℅⁄₴₲ Hanger 
Maximum ductwork hanger spacing 
(a.) SMACNA minimum requirements 
(1) Horizontal: 8 to 10 feet maximum.  
(2) Vertical: One- or two-story intervals-12 to 24 feet.  
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ₔ₉₵₨₳₉₫₩‹₴⁸₂₴⁪⁄₴⁹₨₳ₑ⁮₴₲(horizontal) duct ₆₵₨₳‹₫₩ ₑ₱₆⁷₩(steel)₿₃⁄₴₲ ₿₂₯₉₫₂₴⁹₨₳₭ₑ₨ 
hanger rod ₆₵₨₳₿₃⁄₴₲ ›₵₩⁸₴⁪⃰₮⁹₨₳ₑ⁮₴⅜ Hanger rod ₔ₨₳₉₫₱₳⁸⃰⁄₴ lock nut ‹₫₩ ₔₑ₫₱₳₿₂₯₈₆⁮₴⅜ 
Cross-Sectional Perimeter of Duct Maximum Spacing Between Hanger 

(Hanger ⁸⁞₴›₫╘℅⁄₴₲⁸⁞₴›₫ ₔ┌‹₨₳ ₔ‹⃰₨ₔ₭ₐ₳) 
1.5 m ⁹‹₴⁄₇₴ₑ⁮₴₲ duct 2.4 m 
1.6 m ₆℅ 2.5m ₔ⁹₩ 1.8 m 
2.5 m ⁹‹₴┌‹₪₳ₑ⁮₴₲ duct 1.2 m 

 
 

(b.) Recommended 
(1)  Horizontal ducts less than 4 square feet: 8 feet maximum. 
(2)  Horizontal ducts 4 to 10 square feet: 6 feet maximum.  
(3)  Horizontal ducts greater than 10 square feet: 4 feet maximum.  
(4)  Vertical round ducts: 12 feet maximum.  
(5)  Vertical rectangular ducts: 10 feet maximum.  

 
Ductwork Support  
Ductwork ₔ₆₵₩₯₳ₔ⁞₨₳(Type) Maximum Hanger Spacing Feet 
Horizontal Ducts Less than 4 Square Feet 8 
Horizontal Ducts 4 to 10 Square Feet 6 
Horizontal Ducts Greater than 10 Square Feet 4 
Vertical Round Ducts 12 
Vertical Rectangular Ducts 10 

 ₭ⁿ₧⁄₴₉₫₩‹₴⁸₂₴⁪⁄₴⁹₨₳ₑ⁮₴₲(vertical) duct ₆₵₨₳ₔ⁸⃰‹₴ continuous length ⁸₫₩⁄₴₳⁸⃰⁄₴ support 
₆₵₨₳ ⁹⁮₴₲₭₂₳₈₆⁮₴⅜ 

   

₂₱₫ ℮-℗Ω Dcut hanger ₂₱₫ ℮-℗℮ Dcut support 
 
First cost ⁪₩₫ₑ⁮₴₆℅₨ ⁸₂₴⁪⁄₴₈₁₴ₔ⁸⃰‹₴ ‹₫₁₴‹₵⁞₈₩⁸₴(installation cost)‹₩₫ ⁪₩₫₉₩₫ₑ⁮₴⅜ 

⁸⁞₴₁⁮₴₳ₔ₨₳₿₃⁄₴₲ ₔ⁞₂₩₫⁄₴₳‹₫₁₴‹₵⁞₈₩⁸₴ ₒ₫₉⁮₴₳₭›↑⁪₫₩╘₫₩⁄₴ₑ⁮₴⅜ Operating cost ⁪₩₫ₑ⁮₴₆℅₨ 
ₔₑ₱₫₳₿₂₯₭₁ₑ₆₵℅ ‹₨₉₂⁸₴₉₱₫₳⅛ ₭₆₨⁄₴₳₭₁ₑ₆₵℅ ‹₨₉₂⁸₴₉₱₫₳ ‹₫₁₴‹₵₆⁮₴₲⁞₈₩⁸₴‹₩₫ ⁪₩₫₉₩₫ₑ⁮₴⅜ Duct 
system ← ₔ⁞₢₪₳ ‹₫₁₴‹₵⁞₈₩⁸₴(first cost) ╘℅⁄₴₲ ₉⁮₴₂⁸₴₈₁₴‹₫₁₴‹₵⁞₈₩⁸₴(operating cost)⁸₫₩╝ₑ⁮₴ 
₭ₔ₨‹₴₂₧ₔ›₵‹₴₆₵₨₳ ₔ₭₂↑⁸⃰⁄₴ ₆€⁸⁮₴ₑ⁮₴  
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 (‹) ₪Duct ₔ⁸⃰⁄₴₳₈℅₩ ₭ₔ₳ₑ⁮₴₲ ₭₉(cool air)ₑ⁮₴ duct ₆℅ ₔ₂€(heat)₆₵₨₳‹₩₫ ⁞₫₂₴₇€₿›⁄₴₳⅛ duct ₔ⁸⃰⁄₴₳₈℅₩ 
₂€ₑ⁮₴₲₭₉(hot air)₆℅ ₔ₂€₆₵₨₳⁪₱₫₳╙₱║₳₿›⁄₴₳(heat  loss ) 

(›) Aspect ratio of the duct (duct ← aspect ratio) 

(‼)  ₭₉₆₵₨₳ duct ₔ⁸⃰⁄₴₳₆₵‹₴╘℅₨₿₂⁄₴ ╘℅⁄₴₲ ₂⃰⁸₴⁸₫₩‹₴₆║╘║₁₴₳ (friction rate) ╘℅⁄₴₲ 
(‾) Fitting ₔ₆₵₩₯₳ₔ⁞₨₳(type) ⁸₩₫╝ ₿₃⁞₴ₑ⁮₴⅜   

℮.℮ Duct Properties 

℮.℮.№ Duct Heat Gain e ₫₩╝₆ₒ₫⁸₴ Duct Heat Loss 
 Air con duct ₆₵₨₳ₑ⁮₴ ₔ₉⃰₁₴₈℅⁮₴₉₵₨₳₉⃰₁₴₳₉₵℅⁄₴ ₭ₑ₨₴₉⁮₴₳₭‹₨⁄₴₳⅛ air con ₆ₒ₫⁸₴ₑ⁮₴₲ 
₭₁₈₨₆₵₨₳‹₩₫ ₿₃⁸₴₭‹₵₨₴ₑ⃰₨₳₉₵℅⁄₴₭ₑ₨₴₉⁮₴₳₭‹₨⁄₴₳⅛ ₔ₂€⁞₫₂₴₇€₆║(duct heat gain) ╘℅⁄₴₲ ₔ₂€⁪₱₫₳╙₱║₳₆║(duct 
heat loss)‹₩₫ ⁹⁮₴₲ₑ⃰⁄₴₳ ⁸⃰‹₴›₵‹₴₈₁₴ ₉₩₫ₔ₂₴ₑ⁮₴⅜ Supply air ← ₔ₂€›₵₩₁₴(temperature)ₑ⁮₴(cooled air 
ₑ⁮₴ duct ╘℅⁄₴₲ duct ₔ₿₂⁄₴₅‹₴₆℅ ₔ₂€(heat)₆₵₨₳‹₩₫ ⁞₫₂₴₇€₉₩₫‹₴₭ₑ₨₭┌‹₨⁄₴₲)duct ⁸⁞₴₭₉₵℅₨‹₴ₑ⃰₨₳₭₁⁞₢₴ 
₭₉e ⁮₴ ₔ₂€›₵₩₁₴ ₿₆⁄₴₲⁸‹₴₉₨ₑ⁮₴⅜ ⁹₫₩╝₭┌‹₨⁄₴₲ ₉₱₫₭₉₨‹₴₭ₑ₨ ₂₆₨⁷ ₔ₂₩₫₭⁪₨⁄₴₳(allowance) 
⁹₨₳₈₁₴₉₩₫ₔ₂₴ₑ⁮₴⅜ ⁹₩₫₿₂┼₁₨‹₩₫ ₔ₂€›₵₩₁₴₂₩₫₁₩₆₴₲ₑ⁮₴₲ supply air ₑ₫₩╝₆ₒ₫⁸₴ ₂₩₫₆₵₨₳ₑ⁮₴₲ ₭₉₂₆₨⁷(air 
quantity) ₭₂₳₿›⁄₴₳₿₃⁄₴₲ ₭₿₃₈℅⁄₴₳╘₩₫⁄₴ₑ⁮₴⅜ 

Duct ╘℅⁞₴›₫ₑ⁮₴ ⁸€⁮₪₭ₑ₨ ₂₆₨⁷₈℅₩ₑ⁮₴₲₭₉‹₩₫ ₑ₇₴₭⁪₨⁄₴₉₵℅⁄₴ duct aspect ratio ₆₵₨₳ₑ⁮₴₲ 
duct ₑ⁮₴ duct aspect ratio ₁⁮₴₳ₑ⁮₴₲ duct ⁹‹₴ ₔ₂€⁞₫₂₴₇€₆║(heat gain) ₂₩₫₆₵₨₳ₑ⁮₴⅜ ₭₉⁞₪₳╘║₁₴₳(air 
flow rate)₁⁮₴₳₿₂₪₳ ₭₉ₔ₉₵⁄₴(velocity)₁⁮₴₳₁⁮₴₳₿₃⁄₴₲ ⁞₪₳ₑ⃰₨₳₉₵℅⁄₴ ₭₉ₑ⁮₴ ₔ₂€⁞₫₂₴₇€₆║(heat gain) 
ₑ₫₩₆ₒ₫⁸₴ ₔ₂€⁪₱₫₳╙₱║₳₆║(heat loss)₂₩₫₆₵₨₳₭⁞ₑ⁮₴⅜ 

 
U value 0.12 ₈℅₩ₑ⁮₴₲ insulation ‹₩₫ ₔₑ₱₫₳₿₂₯₉₵℅⁄₴ ₔ₂€⁞₫₂₴₇€₆║(duct heat gain) ⅔ℓ% ‹₵⁪⁄₴₳ₑ⃰₨₳ₑ⁮₴⅜ 

℮.℮.℗ Aspect Ratio 

 
₂₱₫ ℮-℗⅍ Aspect Ratio 1.0 ╘℅⁄₴₲ Aspect Ratio 4.0 ₈℅₩₭ₑ₨ duct ╘℅⁞₴₆₵₩₯₳‹₩₫ ╘║₩⁄₴₳₇℅₢₴⁹₨₳₂₱₫ 

 

₭₉ₔ₉₵⁄₴(velocity)₁⁮₴₳₭ₑ₨₭┌‹₨⁄₴₲ ₭₉ₑ⁮₴ duct ₔ⁸⃰⁄₴₳⅝ ₭₉₆₵₨₳ ┌‹₨₈℅⁮₴⁞⃰₨₭₁₈‹₨ 
ₔ₂€₆₵₨₳‹₩₫ ⁞₫₂₴₇€₈₁₴ ₔ›₵₩₁₴₂₩₫₈ₑ⁮₴⅜ Duct insulation ₭‹₨⁄₴₳₭₉₭₉ ₔ₂€⁞₫₂₴₇€₆║ (duct heat gain) 
ₑ₫₩╝₆ₒ₫⁸₴ ₔ₂€⁪₱₫₳╙₱║₳₆║(duct heat loss) ₁⁮₴₳₭₉₭₉ ₿₃⁞₴ₑ⁮₴⅜ 
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 Aspect ratio ⁪₫₩ₑ⁮₴₆℅₨ duct ← ₈℅⁮₴₭ₑ₨ₔ₁₨₳(long side)‹₩₫ ⁸₩₫₭ₑ₨ₔ₁₨₳(short side)₿₃⁄₴₲ 
⁞₨₳⁹₨₳₭ₑ₨ ₔ›₵₯₩₳₂⁄₴₿₃⁞₴ₑ⁮₴⅜ ⁿ₪⁫₩₫⁄₴₳₿₂₯₉₫₂₴ₑ⁮₴₲ₔ⁪⁄₴₲⁸⃰⁄₴ ₑ⁄₴₲₭₉₵₨₴ₑ⁮₴₲ aspect ratio ‹₫₩ ₭₈⃰₳›₵₇₴₿›⁄₴₳ 
ₑ⁮₴ ₔ₭₈₳└‹₪₳₭ₑ₨ ‹₩⁞⇔⁸⁞₴›₫₿₃⁞₴ₑ⁮₴⅜ Aspect Ratio ₆₵₨₳₿›⁄₴₳₭┌‹₨⁄₴₲ ⁸₂₴⁪⁄₴₆║ ‹₫₁₴‹₵⁞₈₩⁸₴ 
(installation cost)ₔ₿₂⁄₴ ₭₆₨⁄₴₳╘℅⁄₴₈₁₴‹₫₁₴‹₵⁞₈₩⁸₴(operation cost)₂₧ ₿₆⁄₴₲₆₨₳₉₨₉₩₆₴₲₆⁮₴⅜ 

 

 
 Duct Class Max; Size of Duct(inch) Semi ï Perimeter  

 1 6 - 17 1/2"  10 - 23  
 2 12 - 24 24 ï 46  
 3 26 - 40 32 - 46  
 4 24 - 88 48 - 94  
 5 48 - 90 96 - 176  
 6 90 - 144 96 - 238  

 ₔ₈⃰₇₴ₔ⁞₨₳⁸€ ⅛ ⁞⃰₆₴₳₭⁪₨⁄₴₈⁮₴(capacity)⁸€₭ₑ₨ duct ╘℅⁞₴₆₵₯₩₳⁸⃰⁄₴ class ₿₆⁄₴₲ₑ⁮₴₲ duct ⁸⃰⁄₴ 
₂₫₩⁹€ₑ⁮₴₲ ₑ₱₿₂₨₳(gate of m etal sheet)‹₫₩ ₑ₫₱₳₈₁₴₉₫₩ₔ₂₴ₑ⁮₴⅜ Material ← ₔ₭₉₳›₵₩₁₴₉⁮₴₳ 
₂₫₩₆₵₨₳₉₩₆₴₲₆⁮₴⅜ ₂₫₩₭‹₨⁄₴₳ₑ⁮₴₲ insulation ₔ₆₵₯₩₳ₔ⁞₨₳ ₑ₫₩╝₆ₒ₫⁸₴ ₂₫₩⁹€ₑ⁮₴₲ insulation ₉₫₩ₔ₂₴ₑ⁮₴⅜ 

 

  
₂₱₫ ℮-℗ⅎ Small Aspect Ratio ₂₱₫ ℮-℗⅓ Large Aspect Ration 

℮.℮.™ ⁪€⁮₱ₑ₱₆₵₨₳‹₩₫ ⁹₩₁₴₳›₵₯₂₴₿›⁄₴₳ (Sound Control) 
(№) ₔ›₁₴₳ ₑ₩₫╝₆ₒ₫⁸₴ ₔₑ₱₫₳₿₂₯₂₱₫‹₩₫₉₫₩‹₴⅞ ₑ⁄₴₲₭₉₵₨₴ₑ⁮₴₲⅛ ₉‹₴›₱╘₫₩⁄₴ₑ⁮₴₲ ⁪€⁮₱ₑ₱(acceptable noise 

criteria (NC)) ‹₩₫ ₑ⁸₴₆℅⁸₴₂₧⅜  
(℗) ₮₿₃⁞₴₭₂↑₉₨₆⁮₴₲ ⁪€⁮₱ₑ₱ (sound source) ← spectrum ‹₩₫ ›₁₴╝₆℅₁₴₳₂₧⅜  

(™)  ⁸⁞₴₭₁₈₨⁞₪₆℅ ⁹⃰‹₴₭₂↑₉₨₆⁮₴₲ ⁪€⁮₱⁞₫⁞₫₭₂₧⁄₴₳(resultant sound level criteria)‹₩₫⁸⃰‹₴₂₧⅜  
(Ω) ₉‹₴›₱╘₩₫⁄₴ₑ⁮₴₲ ⁪€⁮₱ₑ₱(acceptable noise criteria) ╘℅⁄₴₲ resultant sound level ⁸₫₩╝‹₩₫ ╘║₩⁄₴₳₇℅₢₴₂₧⅜  

⁹₫₩╞₭┌‹₨⁄₴₲ duct ⁿ₪⁫₫₩⁄₴₳₿₂₯₉₫₂₴ₑ€₆₵₨₳ ╘℅⁄₴₲ consultant ₆₵₨₳ₔ₭₁₿₃⁄₴₲ dust class ₁₩₆₴₲╘₩₫⁄₴ₑ₆₵℅ ₁₩₆₴₲₭ₔ₨⁄₴ 
ⁿ₪⁫₫₩⁄₴₳₉₫₂₴₿›⁄₴₳⅛  ₔ₁⁮₴₳⁪₫₱₳₭ₑ₨ ñAspect Ratioò ‹₫₩ₑ₫₱₳₿›⁄₴₳₿₃⁄₴₲ ‹₫₁₴‹₵⁞₈₩⁸₴ ₑ‹₴ₑ₨₭⁞╘₫₩⁄₴ₑ⁮₴⅜ 
ñAspect Ratioò ₁⁮₴₳₿›⁄₴₳₭┌‹₨⁄₴₲ ₂⃰⁸₴⁸₫₩‹₴₆║(friction l oss)₁⁮₴₳ₑ⁮₴⅜ ⁹₫₩╝ₔ₿₂⁄₴ ‹₫₁₴‹₵ ⁞₈₩⁸₴₉⁮₴₳ 
ₑ‹₴ₑ₨ₑ⁮₴⅜ 

Duct class ₿₆⁄₴₲₉₨₭₉₭₉ ‹₫₁₴‹₵⁞₈₩⁸₴ ₂₫₩₆₵₨₳ ₉₨₭₉₭₉₿₃⁞₴ₑ⁮₴⅜ Duct ₤₈₩₇₨(area) ╘℅⁄₴₲ 
capacity ⁸€⁮₪₉₵℅⁄₴ duct system ← ₃₩ₔ₨₳(total pressure)₆₵₨₳₭₉₭₉ duct class ₿₆⁄₴₲₭₉₭₉ 
₿₃⁞₴ₑ⁮₴⅜ Duct ₔ₈⃰₇₴ₔ⁞₨₳(size) ┌‹₪₳₉₨₭₉₭₉ duct class ₿₆⁄₴₲₉₨₭₉₭₉ ₿₃⁞₴ₑ⁮₴⅜ 

Duct work ← ₔ⁞₢₪₳‹₫₁₴‹₵⁞₈₩⁸₴(first cost)ₒ₫₭›↑ₑ⁮₴₲ ⁸₂₴⁪⁄₴₈₁₴‹₫₁₴‹₵⁞₈₩⁸₴(installation 
cost)ₑ⁮₴ ₔₑ₫₱₳₿₂₯₈ₑ⁮₴₲ ₂⁞⇔⁮₴₳(material)₂₆₨⁷ ╘℅⁄₴₲ ⁸₂₴⁪⁄₴₈ₑ⁮₴₲ ₉₫₂₴ₔ₨₳› ╘℅⁄₴₲ ₔ›₵₩₁₴₭₂↑⁸⃰⁄₴ 
₆€⁸⁮₴ₑ⁮₴⅜  
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(℮) ₑ⁄₴₲₭₉₵₨₴₭ₑ₨(appropriate) noise control product ₆₵₨₳‹₩₫ ₔₑ₱₫₳₿₂₯⅞ ₔ₉₫₩₈℅₩ₑ⁮₴₲ NC level ₑ₩₫╝ 
₭₈₨‹₴₭ₔ₨⁄₴ ₿₂₯₉₫₂₴₂₧⅜  

 
₂₱₫ ℮-℗⅔ Duct System Acoustics 

Design guidelines for HVAC system noise in unoccupied spaces 
ₔₑ₱₫₳₿₂₯ₑ€₆₵₨₳ ₔ›₁₴₳ₔ⁸⃰⁄₴₳⅝ ₆₈℅₩›₵₩₁₴⁸⃰⁄₴ ₿₃⁞₴₭₂↑₭₁ₑ⁮₴₲ ₉‹₴›₱╘₫₩⁄₴ₑ⁮₴₲ ⁪€⁮₱ₑ₱₆₵₨₳‹₩₫ 
₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜  
ₔ›₁₴₳ₔ₆₵₩₯₳ₔ⁞₨₳ (Room Types) RC / NC 
Private Residences 25-35 
Hotels/Motels 

 
Individual rooms or suites 25-35 
Meeting/banquet rooms 25-35 
Corridors, lobbies 35-45 
Service/support areas 35-45 

Office Buildings 
 

Executive and private offices 25-35 
Conference rooms 25-35 
Teleconference rooms < 25  
Open-plan offices < 40  

- With sound masking < 35  
Corridors and lobbies 40-45 

Hospitals and Clinics Private rooms 25-35 
Wards 30-40 
Operating rooms 25-35 
Corridors and public areas 30-45 

Performing Arts Spaces c 
Drama theaters 25 
Music teaching studios 25 
Music practice rooms 30-35 

Schools d 
Classrooms 25-30 
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Large lecture rooms 25-30 
Large lecture rooms, without speech amplification 25 

Laboratories (with Fume Hoods) 
 

Testing/research, minimal speech communication  45-55 

Research, extensive telephone use, speech communication  40-50 

Group teaching  35-45 

Church, Mosque, Synagogue 
 

General assembly 25-35 

With critical music programs c 
 

Libraries  30-40 

Courtrooms 
 

Un-amplified speech  25-35 

Amplified speech 30-40 30-40 

Indoor Stadiums, Gymnasiums 
 

Gymnasiums and natatoriumse  40-50 

Large seating-capacity spaces with speech amplificatione 45-55 45-55 

℮.℮.Ω ₭₉₇₩₫⁞₩₆₴₲₆║ (Duct leakage) 
₭₉₇₩₫⁞₩₆₴₲₿›⁄₴₳(leakage) ₂⁸₴ₑ‹₴⅞ ‹₩₫₳‹₨₳╘₫₩⁄₴ₑ⁮₴₲ ⁞₱›₵₩₁₴ ⁞₱⁮⃰₁₴₳₆₵₨₳ₑ⁮₴ ANSI ⅛ SMACNA ⅛ ASHRAE 
standard ⁸₩₫╝₿₃⁞₴ₑ⁮₴⅜  

₭₉₇₩₫⁞₩₆₴₲₿›⁄₴₳← ₔ‹₵₩₯₳⁪‹₴₆₵₨₳ (Impact of Leakage )  

₭₉₇₫₩⁞₩₆₴₲₿›⁄₴₳(leakage)₭┌‹₨⁄₴₲ ₿₃⁞₴₭₂↑₉₨╘₫₩⁄₴ₑ⁮₴₲ ⁞⃰₆₴₳ₔ⁄₴⁪₱₫₳╙║₱₳₆║₆₵₨₳ ╘℅⁄₴₲ ‹₫₁₴‹₵⁞₈₩⁸₴₆₵₨₳‹₩₫ 
₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜  
Energy Cost Example 
Cost/year = [CFM x TP]/[8,520 x Eft] x Hours/Year x $/kwh  

Leakage 
(%)  

CFM 
(Cu 

ft/min)  

RPM 
(rev/min)  

SP 
(in 
wg) 

VP 
(in 
wg) 

TP 
(in 
wg) 

BHP 
(hp) Oper/yr 

(5/year)  

Extra 
Oper/yr 
(5/year)  

Increas
ed 

Oper/yr 
WO 

0 20,000 530 1.50 0.39 1.89 6.68 5,600 - - 
5 21,000 557 1.65 0.43 2.08 7.73 6,481 881 15.7 
10 22,000 583 1.82 0.47 2.29 8.89 7,452 1,852 33.3 
15 23,000 610 1.98 0.52 2.50 10.16 8,515 2,915 52.1 
20 24,000 636 2.16 0.56 2.72 11.54 9,675 4,075 73.0 
30 26,000 689 2.54 0.66 3.20 14.68 12,301 6,701 120.0 
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₭ₔ₨‹₴₂₧ₔ›₵‹₴₆₵₨₳‹₫₩ ₔ₭₿››₱⅞(assumed) ⁸⃰‹₴₇€⁹₨₳ₑ⁮₴⅜  
  Electric rate $0.15/kWh 0.15       

52 wk x 6 d/wk x 24 hr  7,488 hr 
Fan/motor Efficiency  89 
initial velocity 2,501 

₉‹₴›₱╘₫₩⁄₴ₑ⁮₴₲₭₉₇₩₫⁞₩₆₴₲╘║₁₴₳ (Suggested Leakage Levels) 
Leakage Levels 

Test Pressure (in wg) 
SMACNA Class 3 
(CFM/100 sq ft) 

Leakage (%) 

0-1 3.0 2 
1 -2 4.6 2 
2-3 6.0 1 
3-4 7.4 1 
4-6 9.6 0.5 
6-10 13.5 0.5 

Annual Operational Costs 
╒▫▼◄

╨▄╪►
 

╠█╪▪ ● ╕╣╟

 ● ╔██╬░▄▪╬◐
 ● 
╗▫◊►▼

╨▄╪►
 ● 

Α

▓╦▐
  

Cost/Year  =  system first year operating cost ($)  
Qfan =  system volume flow rate (cfm)  
FTP =  system total operating pressure (in wg)  
Hours/Year =  number of hours the system operates in one year $/kwh = cost of  energy 
Efficiency =  fan/motor drive combined efficiency  
8,520 =  conversion factor to kWh (kilowatt hours)  
℮.℮.℮ SMACNA Ductwork Testing 
(№) -4" Water Gauge ⁹‹₴₁⁮₴₳₉₵℅⁄₴ pressure rating ← ⁸⁞₴⁪›⃰₮╘℅⁄₴₲ ⁞₆₴₳ₑ₂₴(test) ₉₫₂₴₈₆⁮₴⅜  

(1.5 X Pressure Rating) 
(℗) -3" Water Gauge ₆℅ +3" Water Gauge ₔ⁸⃰⁄₴₳  ductwork test ₉₫₂₴₭₉₲ ₆₈℅₩₂₧⅜  

(™)  +4" Water Gauge ⁹‹₴₁⁮₴₳₉₵℅⁄₴ pressure rating ← ⁸⁞₴⁪›⃰₮╘℅⁄₴₲ ⁞₆₴₳ₑ₂₴(test)  ₉₫₂₴₈₆⁮₴⅜  
(1.5 X Pressure Rating) 

(Ω) ASHRAE Standard 90.1-2001 and 2004 ə ₈  static pressures  +3 " Water Gauge ⁹‹₴₂₩₫₿₆⁄₴₲ₑ⁮₴₲ duct 
system ← ℗℮%‹₩₫ ⁞‹₴₆║₉₫₂₴⁄₁₴₳₆₵₨₳‹ ₉‹₴›₱ₑ⁮₴₲₁⁮₴₳ (industry-accepted procedures) ₿₃⁄₴₲ 
⁞⁞₴₭⁪₳₈₁₴₉₩₫ₑ⁮₴⅜  

(℮) 2003 IMC and 2006 IMC reference SMACNA HVAC manual for ductwork testing ə ₈ 
static pressures  +3" Water Gauge ⁹‹₴₂₩₫₿₆⁄₴₲ₑ⁮₴₲ duct system ← ℗℮%‹₩₫ ⁞‹₴₆║₉₫₂₴⁄₁₴₳₆₵₨₳‹ 
₉‹₴›₱ₑ⁮₴₲₁⁮₴₳ (industry-accepted procedures) ₿₃⁄₴₲ ⁞⁞₴₭⁪₳₈₁₴₉₩₫ₑ⁮₴⅜ 

℮.⅍ Duct ₔ₈⃰₇₴ₔ⁞₨₳₭₈⃰₳›₵₇₴₁⁮₴₳(Sizing) ₔ₆₵₩₯₳₆₵₩₯₳  

          ⁞₪₳₂⃰₨₳₭₈₳₉₫₂₴⁄₁₴₳₆₵₨₳ₔ⁸⃰‹₴ ₔₑ₱₫₳₿₂₯₭ₑ₨ ₔ₭⁪₨‹₴ₔ₢₪₳₆₵₨₳╘℅⁄₴₲ ⁞‹₴₆║₉₫₂₴⁄₁₴₳₆₵₨₳⁸⃰⁄₴ 
ₔₑ₱₫₳₿₂₯₭ₑ₨ air duct system ‹₩₫ ⁿ₪⁫₫₩⁄₴₳₿₂₯₉₫₂₴₈₨⁸⃰⁄₴ ₭ₔ₨‹₴₂₧ ₔ›₵‹₴ₔ₉‹₴₆₵₨₳‹₩₫ ₔ₭₿››₱⅝ ⁸⃰‹₴›₵‹₴ 
┌‹ₑ⁮₴⅜ 
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(№) ⁸₂₴⁪⁄₴₈₁₴ₔ⁸⃰‹₴ ₭₁₈₨ ₉₱₫₭₉₨‹₴₆║₈℅₩₆₈℅₩ (space availability) 
(℗) ₭₉‹₩₫ ₂₵₱╞╘℅₱₭⁞₈₆⁮₴₭₁₈₨ (space air diffusion) 

(™)  ₔₑ₱⁪€⁮₱₆║ (noise levels) 
(Ω) Duct ₆℅ ₭₉₇₩₫⁞₩₆₴₲₆║(duct leakage) 
(℮) ₭₉₆₵₨₳ duct ₔ⁸⃰⁄₴₳₆℅ ⁞₪₳⁪⁄₴₳ₑ⃰₨₳₿›⁄₴₳₭┌‹₨⁄₴₲ ₔ₂€₆₵₨₳⁸₫₩₳₉₨₆║(duct heat gain)  ₑ₫₩╝₆ₒ₫⁸₴ 

ₔ₂€₆₵₨₳⁪₱₫₳╙║₱₳ₑ⃰₨₳₆║(duct heat loss) 
(ⅎ)  ₭₉₿₃₁₴╝₿₃₰₳₆║ ⁮₪⁮₨₭⁞₈₁₴(air balancing) 
(⅓)  ₆₪₳₭₉₨⁄₴›₮₲₭ₑ₨₴ ₆₪₳›₫₩₳₆₵₨₳‹₩₫ ⁹₩₁₴₳›₵₯₂₴₈₁₴₁⁮₴₳₉₆₴₳₆₵₨₳‹₩₫ └‹₩₯⁸⁄₴₿₂⁄₴⁪⁄₴⁹₨₳₆║(fire and smoke 

control)  
(⅔) ₭⁪₨‹₴₉₫₂₴₈₁₴ ₔ⁞₢₪₳‹₫₁₴‹₵⁞₈₩⁸₴ (initial investment cost) ╘℅⁄₴₲ 
(№ℓ) ₉⁮₴₂⁸₴₈₁₴ ‹₫₁₴‹₵⁞₈₩⁸₴(system operating cost)⁸₩₫╞ ₿₃⁞₴ₑ⁮₴⅜ 

 Duct ⁿ₪⁫₫₩⁄₴₳‹₩₫ ₆℅₨₳₇⃰⁄₴₳⁞⃰₨ ⁸⃰‹₴›₵‹₴₆₩₂₧‹ ₭⁪₨‹₴₉₫₂₴₈₁₴ ‹₫₁₴‹₵⁞₈₩⁸₴ ₔ₉⃰₁₴ 
₆₵₨₳₉₩₆₴₲₆⁮₴ ₑ₫₩╝₆ₒ₫⁸₴ ₉⁮₴₂⁸₴₈₁₴ ‹₫₁₴‹₵⁞₈₩⁸₴ ₔ₉⃰₁₴₆₵₨₳₉₩₆₴₲₆⁮₴⅜ ₭₉₂₵₱╞╘℅₱₆║(air distribution) 
₆₭‹₨⁄₴₳₆⃰₁₴ ₆⁮₪⁮₨₂₧‹ ‹₵₁₴₳₆₨₭₈₳‹₩₫ ⁹₩›₩₫‹₴╘₫₩⁄₴ₑ⁮₴⅜ ₂€₉⃰₁₴₳₭ₔ₳₉⃰₁₴₳₿›⁄₴₳(discomfort) ₿₃⁞₴₭₂↑ 
╘₫₩⁄₴ₑ⁮₴⅜ Sound attenuator ⁿ₪⁫₫₩⁄₴₳₉₫₂₴₂₱₫ ₆₆℅₁₴‹₁₴₆║ ╘℅⁄₴₲ ₆⁸₂₴⁪⁄₴⁹₨₳₆║⁸₫₩╝₭┌‹₨⁄₴₲ ₔ₉⃰₁₴⁪€⁮₱₲₭ₑ₨ 
ₔₑ₱₆₵₨₳ ⁹⃰‹₴₭₂↑₉₨ ╘₫₩⁄₴ₑ⁮₴⅜ ₭₉₿₃₁₴╝₿₃₰₳₆║ ⁮₪⁮₨₈₁₴ ›‹₴›₮₉₩₆₴₲₆⁮₴⅜  

Duct ₆₵₨₳ ⁸⁮₴₭⁪₨‹₴⁹₨₳₂₱₫(construction) ₆₆℅₁₴‹₁₴₆║₭┌‹₨⁄₴₲ ₭₉₇₩₫⁞₩₆₴₲₆║₆₵₨₳(leakage) 
₿₃⁞₴₭₂↑‹₨ ₭₉⁹⃰‹₴₭₂₧‹₴(terminal)₆₵₨₳₿₃⁞₴₭ₑ₨ air diffuser ₆₵₨₳⁸⃰⁄₴ ₉₫₩ₔ₂₴₭ₑ₨₭₉₂₆₨⁷ 
ₔ₉₱₫ₔ₭₉₨‹₴ ₆₈₈℅₩ ╘₫₩⁄₴₭⁸₨₲₭₂⅜ ₑ⁄₴₲₭₉₵₨₴₭ₑ₨ duct insulation ₆₈℅₩₭ₑ₨₭┌‹₨⁄₴₲₉⁮₴₳ ₔ₂€₆₵₨₳⁸₫₩₳₉₨₆║ 
(heat gain) e₫₩╝₆ₒ₫⁸₴ ₔ₂€⁪₱₫₳╙║₱₳ₑ⃰₨₳₆║(heat loss) ₿₃⁞₴╘₫₩⁄₴ₑ⁮₴⅜ ⁹₫₩₭┌‹₨⁄₴₲ system ⁿ₪⁫₫₩⁄₴₳ ← frictional loss 
╘℅⁄₴₲ dynamic resistance ⁸₫₩╝‹₩₫ ₈℅⁄₴₳₉⁄₴₳⁞⃰₨ ₁₨₳₉⁮₴₿₂₪₳ ₆℅₁₴‹₁₴⁞⃰₨ ⁸⃰‹₴›₵‹₴₁₩₫⁄₴₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜  
Ductwork Sizes 
(№) 4" X 4" ⁹‹₴ ₂₩₫₭ₑ₳⁄₇₴ₑ⁮₴₲ ₭₉₳₭⁹₨⁄₴₲₂₱₫ₑ╚₁₴(rectangular) duct ₔ₈⃰₇₴ₔ⁞₨₳ (size) ₉₱₫₳ₐ 

₆₿₂₯₉₫₂₴ₑ⁄₴₲₂₧⅜ 
(℗) 8" X 4" e⁮₴ ₉‹₴›₱╘₫₩⁄₴ₑ⁮₴₲ ₔ⁄₇₴⁪₱₫₳ ₔ₈⃰₇₴ₔ⁞₨₳(smallest recommended size) ₿₃⁞₴ₑ⁮₴⅜ 
(™)  ₂₱₫₆℅₁₴ₔ₨₳₿₃⁄₴₲ ₿₂₯₉₫₂₴₭₉₲₈℅₩₭ₑ₨ ₭₉₳₭⁹₨⁄₴₲₂₱₫ₑ╚₁₴(rectangular) duct ₔ₈⃰₇₴ₔ⁞₨₳₆₵₨₳ₑ⁮₴  

24ò X 12ò ⅛ 10ò X 6ò⅛ 72ò X 36ò ⅛ 48ò X 12ò ⁸₫₩╝₿₃⁞₴ₑ⁮₴⅜ (⁞₱₫‼⁷₁₴₳(evern number)₿₃⁄₴₲ 
⁪₱₫₳₭ₑ₨ duct ₔ₈⃰₇₴ₔ⁞₨₳ ₆₵₨₳‹₩₫ ₔₑ₱₫₳₆₵₨₳ₑ⁮₴⅜ ) 

(Ω) 4:1 ₑ⁮₴ ₑ⁄₴₲₭₉₵₨₴ₑ⁮₴₲ ₔ₿₆⁄₴₲⁪₱₫₳(maximum recommended)  aspect ratio ₿₃⁞₴ₑ⁮₴⅜  
(℮) ₔ›₵⁄₴₳ ₑ₱₫₳₉‹₴₆(3") ₈℅₩₭ₑ₨ ₔ₭ₑ₳⁪₱₫₳ ₔₐ₫₩⁄₴₳₂₱₫ₑ╚₁₴ (smallest round size) ₈₈℅₩╘₫₩⁄₴ₑ⁮₴⅜  

℮.⅍.№ Duct ₔ₈⃰₇₴ₔ⁞₨₳(Sizing)⁸⃰‹₴₁⁮₴₳₆₵₨₳ 
₭ₔ₨‹₴₂₧ ₁⁮₴₳⁸⁞₴₆₵₩₯₳₆₵₩₯₳‹₩₫ ₔₑ₱₫₳₿₂₯⅞ duct ₆₵₨₳← ₔ₈⃰₇₴ₔ⁞₨₳(size)‹₩₫ ⁸⃰‹₴›₵‹₴╘₫₩⁄₴ₑ⁮₴⅜  
 (‹) Pressurized Method 
 (›) Equal Friction Sizing Method(Constant Pressure Loss Method) 
 (‼)  Static Regain Method 
 (‾) Total Pressure Method 
 (⁄) Velocity Reduction Method ╘℅⁄₴₲ 
 (⁞) Constant Velocity Method ⁸₫₩╝ ₿₃⁞₴ₑ⁮₴⅜ 
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ₑ₫₩╝₭ₑ₨₴ ₭ₔ₨‹₴₂₧₁⁮₴₳ ₑ₱₫₳₆₵₩₯₳ₑ⁮₴ conventional duct design method ₆₵₨₳₿₃⁞₴┌‹₿₂₪₳ 
ₔₑ₱₫₳₆₵₨₳₭ₑ₨ duct ⁿ₪⁫₫₩⁄₴₳₉₫₂₴₁⁮₴₳₆₵₨₳ ₿₃⁞₴┌‹ₑ⁮₴⅜ 
 (№) Velocity Reduction Method 
 (℗) Equal Friction Method ╘℅⁄₴₲ 

 (™)  Static Regain Method ⁸₫₩╝ ₿₃⁞₴ₑ⁮₴⅜ 
  
(‹) Pressurized Method 

⁸⁞₴›₧⁸⁞₴₈₱ duct ₆₵₨₳ₔ⁸⃰‹₴ ₉₫₩ₔ₂₴₭ₑ₨ ₭₁₈₨ə‹₵₇₴ ₔ₉₱₫ₔ₭₉₨‹₴ ₈₈℅₩₈₁₴ ₆₿₃⁞₴╘₫₩⁄₴₭₂⅜ 
⁹₫₩₭┌‹₨⁄₴₲ ₈ₑ⁮₴₲ ₭₁₈₨⁸⃰⁄₴ₑ₨ ₔₑ⁄₴₲₭₉₵₨₴⁪₱₫₳ duct ₔ₈⃰₇₴₿₃⁞₴₭ₔ₨⁄₴₿₂₯₉₫₂₴┌‹₈ₑ⁮₴⅜ ⁹₫₩‹₮╝e₫₩╝ 
₭₁₈₨ₔ›‹₴ₔ›₮ ₈℅₩ₑ⁮₴₲ ₔ₭₿›ₔ₭₁₆₵₩₯₳⁸⃰⁄₴ ₈ₑ⁮₴₲₭₁₈₨⅝ ₿₃⁞₴╘₫₩⁄₴ₑ⁮₴₲ duct ₔ₈⃰₇₴ₔ⁞₨₳(size)‹₩₫ 
₭₈⃰₳›₵₇₴┌‹ₑ⁮₴⅜  
(›) Equal Friction Sizing Method (Constant Pressure Loss Method) 

Equal friction ₁⁮₴₳(method)‹₩₫ ╙₩₫₳₈℅⁄₴₳₉⃰₇₴‹€₆║ ╘℅⁄₴₲ ₔ⁸₩₆₴₳ₔ₭⁪₨⁄₴₳›₱₆║(flexibility) ⁸₫₩╝₭┌‹₨⁄₴₲ 
ₔ₉⃰₁₴ ₔₑ₱₫₳₆₵₨₳ₑ⁮₴⅜ Duct ⁸⁞₴₭₉₵℅₨‹₴₉₱₫₳⁸⃰⁄₴ ₃₩ₔ₨₳⁪₱₫₳╙₱║₳₆║(pressure loss) ⁸⁞₴⁮₪⁸⁮₴₳₿₃⁞₴₭ₔ₨⁄₴ 
duct ₆₵₨₳‹₩₫ ₔ₈⃰₇₴ₔ⁞₨₳ ₭₈⃰₳›₵₇₴₭₂₳₿›⁄₴₳₿₃⁞₴ₑ⁮₴⅜  

System ⁸⁞₴›₫₉₱₫₳⅝ duct ₔ₈℅⁮₴ ⁸⁞₴₆₪⁸₨⁸₫₩⁄₴₳ₔ⁸⃰‹₴ ₂₱₫₭ₑ 1 Pascal (1Pa/m)╘║₁₴₳ 
₃₩ₔ₨₳⁪₱₫₳╙║₱₳₆║ ₿₃⁞₴₭ₔ₨⁄₴ duct ₆₵₨₳ ← ₔ₈⃰₇₴ₔ⁞₨₳₭₈⃰₳›₵₇₴₿›⁄₴₳‹₩₫ ñEqual Friction Methodò ₒ₫₭›↑ₑ⁮₴⅜ 
Supply ╘℅⁄₴₲ extract duct system ₆₵₨₳‹₩₫ ⁿ₪⁫₫₩⁄₴₳₉₫₂₴₈₨⁸⃰⁄₴ ñEqual Friction Methodò ‹₩₫ ₔₑ₱₫₳₿₂₯ₑ⁮₴⅜  

ASHRAE ← ⁞₱›₵₩₁₴⁞₱⁮╓₁₴₳₆₵₨₳ₔ₈ ⁸⁞₴₇€₁⁞₴ duct ₔ₉₵₨₳⁸⃰⁄₴ ₔ₆₵₨₳⁪₱₫₳ ╘℅⁄₴₲ ₔ₁⁮₴₳⁪₱₫₳ 
₃₩ₔ₨₳⁪₱₫₳╙║₱₳₆║(high and low limits for pressure loss per unit length) ‹₩₫ ₉⁮₴₭‹₨⁄₴₳⅛ ₔ₆₵₨₳⁪₱₫₳ ╘℅⁄₴₲ 
ₔ₁⁮₴₳⁪₱₫₳ ₭₉ₔ₉₵⁄₴(velocity)‹₩₫ ₉⁮₴₭‹₨⁄₴₳⅛ ⁹⁮₴₲ₑ⃰⁄₴₳⁸⃰‹₴›₵‹₴₈₆⁮₴⅜ ₑ₫₩╝₆ₒ₫⁸₴ ₆₩₆₩₉‹₴›₱╘₫₩⁄₴ₑ⁮₴₲ 
⁸⁞₴₇€₁⁞₴ duct ₔ₉₵₨₳⁸⃰⁄₴ ₿₃⁞₴₭₂↑₆⁮₴₲ ₃₩ₔ₨₳⁪₱₫₳╙║₱₳₆║(pressure loss per unit length)‹₩₫ ⁹⁮₴₲ₑ⃰⁄₴₳ 
⁸⃰‹₴›₵‹₴ ╘₫₩⁄₴ₑ⁮₴⅜  

 
 ñEqual Friction Methodò ⁸⃰‹₴₁⁮₴₳ ₔ⁪⁄₴₲⁪⁄₴₲‹₩₫  ₭ₔ₨‹₴⁸⃰⁄₴ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜  
(‹) ₂⁹₆₢₪₳⁞⃰₨ friction loss per unit of length ‹₩₫ ₔ₈⁄₴ ₑ⁸₴₆℅⁸₴┌‹ₑ⁮₴⅜ ₢₂₆₨ duct ₔ₈℅⁮₴ ⁸⁞₴ 

₆₪⁸₨⁸₫₩⁄₴₳ₔ⁸⃰‹₴ ₂₱₫₭ₑ 1 Pascal( 1Pa/m)╘║₁₴₳ ₃₩ₔ₨₳⁪₱₫₳╙║₱₳₆║‹₩₫ ₉‹₴›₱╘₩₫⁄₴ₑ⁮₴⅜ 
(›) ⁹₫₩ₑ⁸₴₆℅⁸₴⁹₨₳₭ₑ₨ friction loss(1 pa/m)╘℅⁄₴₲ ₭₉⁞₪₳╘║₁₴₳(air flow rate) ‹₩₫ ₔ₭₿››₱⅞ duct ₆₵₨₳ 

← ₔ₈⃰₇₴ₔ⁞₨₳ ₭₈⃰₳›₵₇₴┌‹ₑ⁮₴⅜ Friction loss chart ₆℅ duct ₔ₈⃰₇₴ₔ⁞₨₳(size) ‹₩₫ ₈℅₨╘₩₫⁄₴ₑ⁮₴⅜ 
(‼)  ₃₩ₔ₨₳⁪₱₫₳╙₱║₳₆║(pressure loss) ə ₆₵₨₳⁪₱₫₳₿₃⁞₴₆⁮₴₲ ₔ₂₫₩⁄₴₳(section)⁸⁞₴₭₉₵℅₨‹₴₉₱₫₳← friction loss ‹₩₫ 

⁸⃰‹₴₇€ₑ⁮₴⅜ ₔ₈℅⁮₴⁪₱₫₳ₔ₂₩₫⁄₴₳(duct section)⅛ elbow ₆₵₨₳ ╘℅⁄₴₲ fitting ₆₵₨₳ ← friction loss ‹₩₫₂₧ 
⁹⁮₴₲ₑ⃰⁄₴₳ ⁸⃰‹₴›₵‹₴₈ₑ⁮₴⅜ 

(‾) ₭₁₈₨ₔ›‹₴ₔ›₮₆₵₨₳₭┌‹₨⁄₴₲ duct ₔ₈⃰₇₴ₔ⁞₨₳(size) ‹₩₫ ₭₿₂₨⁄₴₳₉₮₈₁₴₉₫₩ₔ₂₴₂₧‹ 
ₑ⁸₴₆℅⁸₴⁹₨₳ₑ⁮₴₲ friction loss coefficient ₔ⁸₫₩⁄₴₳ duct ₔ₈⃰₇₴ₔ⁞₨₳(size) ‹₩₫ ₿₂₁₴₉⁮₴ 
₿₂⁄₴⁪⁄₴╘₫₩⁄₴ₑ⁮₴⅜ System ⁸⁞₴›₫₉₱₫₳← ⁞₫⁞₫₭₂₧⁄₴₳ ₃₩ₔ₨₳⁪₱₫₳╙₱║₳₆║(total pressure loss) 
₭₿₂₨⁄₴₳₉₮ₑ⃰₨₳₉₩₆₴₲₆⁮₴ ₆ₒ₫⁸₴₭₂⅜ 
 
ₑ₫₩╝₭ₑ₨₴ ñEqual Frictionò₁⁮₴₳ ← ₔ₨₳₁⁮₴₳›₵‹₴ₑ⁮₴ ₭₉₿₃₁₴╝₿₃₰₳₆║⁮₪⁮₨₭ₔ₨⁄₴(air balancing) 

₉₫₂₴₈₁₴ ›‹₴›₮ ₑ⁮₴⅜  
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(‼) Static Regain Sizing Method 
ñStatic Regain Methodò ₑ⁮₴ ₂₩₫⅞ ╙║₂₴₭⁹⃰₳›‹₴›₮⁞⃰₨ ⁸⃰‹₴›₵‹₴₈ₑ⁮₴₲₁⁮₴₳₿₃⁞₴ₑ⁮₴₲ ₔ₿₂⁄₴ ₔ₉⃰₁₴ 

ₔ›₵₩₁₴‹₫₁₴₭ₑ₨ ⁸⃰‹₴›₵‹₴₁⁮₴₳₆₵₩₯₳ ₿₃⁞₴ₑ⁮₴⅜ ⁹₩₫₁⁮₴₳₿₃⁄₴₲ ⁸⃰‹₴›₵‹₴⁹₨₳₭ₑ₨ duct ₆₵₨₳‹₩₫ ₭⁪₨‹₴₉₫₂₴₈₁₴ 
ₔ⁸⃰‹₴(equal friction method ╘℅⁄₴₲ ╘║₩⁄₴₳₇℅₢₴₉₵℅⁄₴) ₂⁞⇔⁮₴₳(material)₆₵₨₳⁞⃰₨ ₔₑ₱₫₳₿₂₯₈ₑ⁮₴⅜  

ñStatic Regain Methodò ₑ⁮₴ terminal ⁸₫₩⁄₴₳ ╘℅⁄₴₲ branch duct section ⁸₫₩⁄₴₳ₔ⁸⃰‹₴ 
₃₩ₔ₨₳⁪₱₫₳╙₱║₳₆║(pressure loss) ⁸€⁮₪₭ₔ₨⁄₴ duct ₔ₈⃰₇₴ₔ⁞₨₳₆₵₨₳‹₩₫ ₭₈⃰₳›₵₇₴⁹₨₳₿›⁄₴₳₿₃⁞₴ₑ⁮₴⅜ ⁸⁞₴₁⁮₴₳ 
ₔ₨₳₿₃⁄₴₲ ₂⁹₆⁪₱₫₳ branch duct section ← ₃₩ₔ₨₳⁪₱₫₳╙₱║₳₆║(pressure loss) ₑ⁮₴ ₭₁₨‹₴⁪₱₫₳ branch duct 
section ← ₃₩ₔ₨₳⁪₱₫₳╙₱║₳₆║(pressure loss) ╘℅⁄₴₲⁸€⁮₪┌‹ₑ⁮₴⅜  

₈℅⁮₴ₑ⁮₴₲ duct ₔ₂₫₩⁄₴₳(section) ╘℅⁄₴₲ ⁸₫₩ₑ⁮₴₲ duct ₔ₂₫₩⁄₴₳(section) ⁸₫₩╝← ₃₩ₔ₨₳⁪₱₫₳╙║₱₳₆║₆₵₨₳ 
(pressure losses)⁸€⁮₪₭ₔ₨⁄₴ ₿₂₯₉₫₂₴⁹₨₳₿›⁄₴₳₿₃⁞₴ₑ⁮₴⅜ ⁹₫₩₭┌‹₨⁄₴₲ ₈℅⁮₴₭ₑ₨ duct section ← duct 
ₔ₈⃰₇₴ₔ⁞₨₳ (size)ₑ⁮₴ ⁸₫₩₭ₑ₨ duct ₔ₂₫₩⁄₴₳(section) ← duct ₔ₈⃰₇₴ₔ⁞₨₳(size)⁹‹₴ ₂₩₫┌‹₪₳₭ₔ₨⁄₴ 
₿₂₯₉₫₂₴⁹₨₳₈₆⁮₴⅜ ₔ₅₇₴₭┌‹₨⁄₴₲⁪₫₩₭ₑ₨₴ ⁸€⁮₪₭ₑ₨ ₃₩ₔ₨₳‹₵⁪⁄₴₳₆║(pressure drop)₿₃⁞₴₭⁞₈₁₴ ₔ⁸⃰‹₴ 
₿₃⁞₴ₑ⁮₴⅜ ⁹₩₫₭┌‹₨⁄₴₲ ñStatic Regain Methodò ‹₩₫ ⁸⁞₴›₧⁸⁮₴₳╘℅⁄₴₲ ₔ₿₂₪₳⁸⃰‹₴₈₁₴ ₆₿₃⁞₴╘₫₩⁄₴₭₂⅜ ⁹₂₴‹₨ 
⁹₂₴‹₨ ₿₂₁₴⁸⃰‹₴₈₁₴ ₉₫₩ₔ₂₴₭ₑ₨ iteration process ₆₵₩₯₳ ₿₃⁞₴ₑ⁮₴⅜  
(‾) Total Pressure Sizing Method 

Total pressure sizing method ₑ⁮₴ static regain method ₆℅›⃰₮⁹⃰‹₴₉₨₭ₑ₨ ⁸⃰‹₴₁⁮₴₳ ⁸⁞₴₆₵₩₯₳ 
₿₃⁞₴ₑ⁮₴⅜  
(⁄) Velocity Reduction Sizing Method 

Velocity reduction ₁⁮₴₳ₑ⁮₴ duct ₔ⁸⃰⁄₴₳₈℅₩ ₭₉ₔ₉₵⁄₴(air velocity)‹₩₫ ₉₩₫ₑ₉₩₫ 
₿₃⁞₴₭ₔ₨⁄₴⁹₩₁₴₳⅞ ⁸⃰‹₴₈₭e₨  ₁⁮₴₳₿₃⁞₴ₑ⁮₴⅜ ₔ₉₵⁄₴(velocity) ₆₵₨₳₿›⁄₴₳₭┌‹₨⁄₴₲ ₿₃⁞₴₭₂↑₉₨ₑ⁮₴₲ 
⁪€⁮₱₆║₆₵₨₳(noise)‹₩₫ ‹₨‹⃰₇₴⁸₨₳⁪₪₳₈₁₴ ₔ⁸⃰‹₴₿₃⁞₴ₑ⁮₴⅜ Duct ₔ₈⃰₇₴ₔ⁞₨₳‹₩₫ ₆₭₈⃰₳›₵₇₴₆℅₪ ┌‹₩₯⁸⁄₴⅞ 
₉‹₴›₱╘₫₩⁄₴ₑ⁮₴₲ ₭₉ₔ₉₵⁄₴(acceptable velocity)‹₩₫ ₑ⁸₴₆℅⁸₴₈₁₴ ₉₩₫ₑ⁮₴⅜ ₑ⁸₴₆℅⁸₴⁹₨₳₭ₑ₨ 
₭₉ₔ₉₵⁄₴(velocity) ₆℅ duct ₤₈₩₇₨‹₩₫ ⁸⃰‹₴₇€₿₂₪₳⅜ ⁹₩₫₆℅⁸⁪⁄₴₲ duct ₔ₈⃰₇₴ₔ⁞₨₳(size)‹₩₫ ⁸⃰‹₴₇€ₑ⁮₴⅜ 
ₔₐ₩₫⁄₴₳₂₱₫ₑ╚₁₴(round) duct ₑ₫₩╝₆ₒ₫⁸₴ ₭₉₳₭⁹₨⁄₴₂₱₫ₑ╚₁₴(rectangular) duct ₔ₈⃰₇₴ₔ⁞₨₳ (size)₈₿₂₪₳ 
₆℅ₑ₨ ₃₩ₔ₨₳⁪₱₫₳╙₱║₳₆║₆₵₨₳(pressure losses)‹₩₫ ₿₂₁₴⁸⃰‹₴₇€₈ₑ⁮₴⅜  

₡₁⁮₴₳ₑ⁮₴ ₿₆⁄₴₲₆₨₳ₑ⁮₴₲ ⁪€⁮₱ₑ₱₆₵₨₳(high noise level)‹₩₫ ₉‹₴₆›₱╘₫₩⁄₴₭ₑ₨ ╙₫₂₴₈℅⁄₴₈₫₱₆₵₨₳⅛ 
⁞₨┌‹⁮₴₲⁸₫₩‹₴₆₵₨₳⅛ ⁞₨₃⁸₴›₁₴₳₆₵₨₳⅛ ⁸₈₨₳⁹₫₩⁄₴›₁₴₳₆₵₨₳ ╘℅⁄₴₲ ₔ₭₈₳┌‹₪₳₭ₑ₨ ₔ⁞⁮₴₳₭ₐ₳›₁₴₳₆₵₨₳ₔ⁸⃰‹₴ ₔ₉⃰₁₴ 
ₑ⁄₴₲₭₉₵₨₴ₑ⁮₴⅜ ₭₉ₔ₉₵⁄₴(velocity) ₆⁮₴ₑ⁮₴₲₆₵₨₳₉₵℅⁄₴  ⁪€⁮₱ₑ₱₆₵₨₳(noise level) ₆⁮₴₆₵℅₿₆⁄₴₲₆₨₳ₑ⁮₴‹₩₫ 
ₑ₩₈₁₴ ASHRAE ⁞₨ₔ₫₂₴₆₵₨₳ ⅛ SMACNA ₆℅ ñHVAC Duct Construction Standardsò‹₩₫ ‹₩₫₳‹₨₳╘₫₩⁄₴ₑ⁮₴⅜  
(⁞) Constant Velocity Sizing Method 

Constant velocity method ₑ⁮₴ duct ₆₵₨₳ₔ₨₳₉₱₫₳ₔ⁸⃰‹₴ ₑ⁸₴₆℅⁸₴⁹₨₳ₑ⁮₴₲ ₑ₫₩╝₆ₒ₫⁸₴ 
⁸⁄₴ⁿ₧(tender)⅝ ₑ⁸₴₆℅⁸₴(specified)⁹₨₳ₑ⁮₴₲ ₭₉ₔ₉₵⁄₴(velocity)‹₩₫ ₔ₭₿››₱⅞  duct 
ₔ₈⃰₇₴ₔ⁞₨₳₆₵₨₳‹₩₫ ⁸⃰‹₴›₵‹₴₿›⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜ ₈₈℅₩ₑ⁮₴₲ duct ₆℅ ⁸⁪⁄₴₲ ₃₩ₔ₨₳⁪₱₫₳╙₱║₳₆║₆₵₨₳(pressure losses) 
‹₩₫ ⁸⃰‹₴₇€╘₩₫⁄₴ₑ⁮₴⅜ 

℮.⅍.℗ ₂⃰⁸₴⁸₩₫‹₴₆║₭┌‹₨⁄₴₲ ₿₃⁞₴₭₂↑₭ₑ₨ ₃₩ₔ₨₳⁪₱₫₳╙║₱₳₆║(Friction Losses in Duct) 
Friction loss e ⁮₴ fluid viscosity ╘℅⁄₴₲ ₆⁸€⁮₪₭ₑ₨ ₭₉ₔ₉₵⁄₴(velocity)₿₃⁄₴₲ ⁞₪₳₭₁₭ₑ₨ 

₭₆₨₴₉₪‹₵₯₳₭₉₳₆₵₨₳ ⁸⁞₴›₫╘℅⁄₴₲ ⁸⁞₴›₫ₔ┌‹₨₳⁸⃰⁄₴ momentum ₆₵₨₳ ₔ₿₂₁₴ₔ₉℅₁₴ ₉‹₴⁪⁄₴₲‹₆₴₳₆║₆₵₨₳₭┌‹₨⁄₴₲ 
₿₃⁞₴₭₂↑₉₨ₑ⁮₴⅜ Friction losses ₑ⁮₴ duct ⁸⁞₴₭₉₵℅₨‹₴₉₱₫₳⁸⃰⁄₴ ₿₃⁞₴₭₂↑ₑ⁮₴⅜  
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Equal friction method ₑ⁮₴ system ⁸⁞₴›₫₉₱₫₳ₔ⁸⃰‹₴ ⁸€⁮₪₭ₑ₨ loss per unit of length ‹₩₫ 
ₔₑ₱₫₳₿₂₯ₑ⁮₴⅜  
Friction loss ₑ⁮₴ ₭ₔ₨‹₴₂₧ ₔ›₵‹₴ₔ₉‹₴ ₭₂↑⁸⃰⁄₴₆€⁸⁮₴⅜  
(№) Duct  ₔ₈⃰₇₴ₔ⁞₨₳(size) ┌‹₪₳₉₵℅⁄₴⅛ ₭₉ₔ₉₵⁄₴(velocity) ₁⁮₴₳₿₂₪₳⅛ friction loss ₁⁮₴₳ₑ⁮₴⅜  
(℗) Duct ← ₔ⁸⃰⁄₴₳₆₵‹₴╘℅₨₿₂⁄₴ ┌‹₆₴₳(interior surface roughness)₉₵℅⁄₴ friction loss ₆₵₨₳ₑ⁮₴⅜ 
(™)  ₭₉⁞₪₳⁪⁄₴₳₆║╘║₁₴₳ (Air flow rate)  ₆₵₨₳₉₵℅⁄₴ friction loss ₆₵₨₳ₑ⁮₴⅜ 
(Ω) Duct ₔ₈℅⁮₴ (length)  ₆₵₨₳₉₵℅⁄₴ frict ion loss ₆₵₨₳ₑ⁮₴⅜ 

℮.⅍.™ Head and Pressure  
Head ╘℅⁄₴₲ pressure ‹₩₫ ₔ₿₂₁₴ₔ₉℅₁₴ ₔ⁪⁄₴₭₿₂ₑ₉₫₩ ₑ₱₫₳╘║₁₴₳₭₿₂₨⁪₫₩₭₉₲₈℅₩┌‹ₑ⁮₴⅜ Head 

⁪₩₫ₑ⁮₴₆℅₨ fluid ⁸⁞₴₆₵₩₯₳₆₵₩₯₳ ⁞₪⁪⁄₴₳₆║₭┌‹₨⁄₴₲ ₿₃⁞₴₭₂↑₉₨₭ₑ₨ ⁹₫₩ fluid ← column ₔ₿₆⁄₴₲₂⁄₴₿₃⁞₴ₑ⁮₴⅜ 
("Head" is the height of a fluid co lumn supported by fluid flow.) Pressure ⁪₫₩ₑ⁮₴₆℅₨ 
₇€₁⁞₴₤₈₩₇₨⁸⁞₴₭₁₈₨ₔ₭₂↑⁸⃰⁄₴ ₑ‹₴₭₈₨‹₴₭₁ₑ₨ₔ₨₳← ₂₆₨⁷₿₃⁞₴ₑ⁮₴⅜ ⁞₪₳⁪⁄₴₳₭₁ₑ⁮₴₲ fluid 
(flowing fluid) ‹₩₫ ⁸₫₩⁄₴₳₆⁮₴₲ₔ⁞₨₳ ⁹₫₩ fluid ← Head ‹₩₫ ⁸₫₩⁄₴₳⁸₨₿›⁄₴₳ₑ⁮₴ ₂₩₫⅞ ₉⃰₇₴‹€ₑ⁮₴⅜ ⁹₫₩₭┌‹₨⁄₴₲ 
ₔ₈⁮₴₆₵₨₳ (liquid) ₆₵₨₳ₔ⁸⃰‹₴ Head ⁪₫₩₉℅₵⁄₴ ₭ⁿ₧⁄₴₉₫₩‹₴ₔ₿₆⁄₴₲(cloum liquid) ₿₃⁞₴ₑ⁮₴⅜  

₢₂₆₨ pump ₆₵₨₳ₔ⁸⃰‹₴ (℮)₆₪⁸₨ Head ⁪₫₩₉℅₵⁄₴ 5 meter of water cloum(WC) ₿₃⁞₴ₑ⁮₴⅜  
ₑ₩₫╝₭ₑ₨₴ ₭₉ ₑ₫₩╝₆ₒ₫⁸₴ ₀₨⁸₴₭⁄⃰╞⁸⁞₴₆₵₩₯₳₆₵₩₯₳‹₩₫ ⁸₫₩⁄₴₳₈₁₴ₔ⁸⃰‹₴ liquid ⁸⁞₴₆₵₩₯₳₆₵₩₯₳ ← column ₆℅ 

⁸⁪⁄₴₲ ⁸₫₩⁄₴₳₇€₈ₑ⁮₴⅜ ₔ₅₇₴₭┌‹₨⁄₴₲⁪₫₩₭ₑ₨₴ ₭₉ ₑ₫₩╝₆ₒ₫⁸₴ ₀₨⁸₴₭⁄⃰╞⁸⁞₴₆₵₩₯₳₆₵₩₯₳ ⁸₫₩‹₴╙₫₩‹₴⁸₩₫⁄₴₳₇€₈₁₴ 
₆₿₃⁞₴₁₫₩⁄₴₭ₑ₨₭┌‹₨⁄₴₲ ₿₃⁞₴ₑ⁮₴⅜ ₢₂₆₨ ₭₉₃₩ₔ₨₳(air pressure)‹₩₫ ₭₈← ₭‹₨₴₉₱ₔ₿₆⁄₴₲ ₑ₩₫╝₆ₒ₫⁸₴ ₆₨‹₵₯₈₪ 
ₔ₈⁮₴← ₭‹₨₴₉₱ₔ₿₆⁄₴₲₿₃⁄₴₲ ₭₃₨₴₿₂₭₿₂₨⁪₫₩₭₉₲₈℅₩ₑ⁮₴⅜  

Air pressure 1 Pound per Square Inch (PSI) = 51.71 millimeter of mercury( mmHg )  
₭₉₭₂₧⁄₴ ⁸⁞₴₭₂₧⁄₴₃₩ₔ₨₳ₑ⁮₴ 51.71 mm of mercury (mmHg ) ← ₭‹₨₴₉₱ₔ₿₆⁄₴₲╘℅⁄₴₲ ⁮₪₆₵℅ₑ⁮₴⅜  

╣▫◄╪■ ╟►▄▼▼◊►▄  ╢◄╪◄░╬ ╟►▄▼▼◊►▄  ╥▄■▫╬░◄◐ ╟►▄▼▼◊►▄ 
Darcy-Weisbach Equation ₑ⁮₴ fluid ₆₵₨₳ pipe ₑ₩₫╝₆ₒ₫⁸₴ duct ₔ⁸⃰⁄₴₳⁸⃰⁄₴ ₿₃⁸₴e₁₴₳⁞₪₳⁪⁄₴₳ 

ₑ⃰₨₳ₑ⁮₴₲ₔ›₧ ₿₃⁞₴₭₂↑ₑ⁮₴₲ ₃₩ₔ₨₳‹₵⁪⁄₴₳₆║║(pressure drop) ₂₆₨⁷‹₩₫ ⁸⃰‹₴›₵‹₴₈₁₴ ə ₑ₱₫₳₿₂₯ₑ⁮₴⅜ 
₃₩ₔ₨₳⁪₱₫₳╙₱║₳₆║║(pressure drop) e⁮₴ fluid ₆₵₨₳← ₂⃰⁸₴⁸₫₩‹₴₆║₆₵₨₳(friction) ₭┌‹₨⁄₴₲ ₿₃⁞₴₭₂↑₉₨ₑ⁮₴⅜ 
Darcy-Weisbach Equation ‹₩₫ fully developed flow ₆₵₨₳ₔ⁸⃰‹₴ₑ₨ ₔₑ₱₫₳₿₂₯₈₁₴ ₿₃⁞₴ₑ⁮₴⅜  
 
Darcy and Colebrook Equations  

Duct ₑ₩₫╝₆ₒ₫⁸₴ ₂₫₩‹₴(pipe) ₔ⁸⃰⁄₴₳⅝ fluid ₆₵₨₳ ₿₃⁸₴ₑ₁₴₳ ⁞₪₳⁪⁄₴₳ₑ⃰₨₳ₑ⁮₴₲ₔ›₧ ₿₃⁞₴₭₂↑₉₨ₑ⁮₴₲ 
₃₩ₔ₨₳⁪₱₫₳╙₱║₳₆║║ (pressure drop) ₂₆₨⁷‹₩₫ ⁸⃰‹₴›₵‹₴₈₁₴  

◕╟█  
 █ ╛

╓▐
 Ȣ  
ⱬ ╥

 

 ◕▬█ █►░╬◄░▫▪ ■▫▼▼▄▼ ░▪ ◄▄►□▼ ▫█ ◄▫◄╪■ ▬►▄▼▼◊►▄ ╟╪ 
 █ █►░╬◄░▫▪ █╪╬◄▫► ▀░□▄▪▼░▫▪■▄▼▼ 
 ╛ ▀◊╬◄ ■▄▪▌◄▐ □  
 ╓▐ ▐◐▀►╪◊■░╬ ▀░╪□▄◄▄► □  
 ╥ ○▄■▫╬░◄◐ □Ⱦ▼ 
 ⱬ ▀▄▪▼░◄◐ ▓▌Ⱦ□  
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ₔ⁹‹₴₂₧ ₂₱₫₭ₑ₁⁮₴₳⁸⃰⁄₴ friction loss ‹₩₫ ₈₈℅₩₈₁₴ₔ⁸⃰‹₴ friction factor ← ⁸₁₴₃₫₩₳‹₫₩ ₈₈℅₩₈₁₴ 
₉₫₩ₔ₂₴ₑ⁮₴⅜  
(‹) Fluid ₆₵₨₳ₑ⁮₴ laminar flow ₂₱₫⁞₱₿₃⁄₴₲ ⁞₪₳⁪⁄₴₳₭₁ₑ⁮₴ ₔ›₧ Reynolds ₁₱₂₧⁸₴ₑ⁮₴ (℗ℓℓℓ) ⁹‹₴ 

₆₭‹₵₨₴₭₂⅜ (Reynolds numbers less than 2000)⅜ Friction factor ₑ⁮₴ Reynolds number 
⁸⁞₴₆₵₩₯₳⁸⁮₴₳₭₂↑⁸⃰⁄₴ₑ₨ ₆€⁸⁮₴ₑ⁮₴⅜ 

(›) Fluid ₆₵₨₳ₑ⁮₴ turbulent flow ₂₱₫⁞₱₿₃⁄₴₲⁞₪₳⁪⁄₴₳₭₁ₑ⁮₴ ₔ›₧ friction factor ₑ⁮₴ Reynolds ₁₱₂₧⁸₴ 
(Reynolds number)⅛ ₔ⁸⃰⁄₴₳₆₵‹₴╘℅₨₿₂⁄₴ ₭›₵₨₆║┌‹₆₴₳₆║ (duct surface roughness) ╘℅⁄₴₲ joint ₆₵₨₳ 
₭₂↑⁸⃰⁄₴ ₆║⁸⁮₴ₑ⁮₴⅜  

 
Friction factor ← ⁸₁₴₃₫₩₳‹₫₩ ⁸⃰‹₴₈₁₴ 
№№
█
  ■▫▌ 

Ⱡ

™Ȣ ╓▐
 
Ȣ

╡▄ █
  Ⱡ □╪◄▄►░╪■ ╪╫▼▫■◊◄▄ ►▫◊▌▐▪▄▼▼ █╪╬◄▫►□□  
╡▄ ╡▄◐▪▫■▀▼ ▪◊□╫▄► 
 

╡▄◐▪▫■▀▼ ▪◊□╫▄►╡▄ ⁸⃰‹₴₈₁₴ 

╡▄
╓▐   ╥

 ○
 

○ ▓░▪▄□╪◄░╬ ○░▼╬▫▼░◄◐ □Ⱦ▼ 
₭₉ₔ⁸⃰‹₴ ╡▄◐▪▫■▀▼ ▪◊□╫▄►╡▄ ⁸⃰‹₴₈₁₴ 

╡▄ ⅍ Ȣ ╓▐ ╥ 
ₔ⁹‹₴₂₧ ₂₱₫₭ₑ₁⁮₴₳ₑ⁮₴ friction factor ‹₩₫ ₈₈℅₩₈₁₴ₔ⁸⃰‹₴ ₭₈₳₭₁₨₲₁₱₂₧⁸₴ (Reynolds number)⅛ 

ₔ⁸⃰⁄₴₳₆₵‹₴╘℅₨₿₂⁄₴₭›₵₨₆║┌‹₆₴₳₆║(duct surface roughness) ╘℅⁄₴₲ hydraulic diameter ⁸₫₩╝‹₩₫ 
ₑ₩₈₁₴₉₫₩ₔ₂₴ₑ⁮₴⅜  

Noncircular duct ₆₵₨₳ ⁸⃰⁄₴ laminar flow ₆₵₨₳₭┌‹₨⁄₴₲ inconsistencies ₆₵₨₳₿₃⁞₴₭₂↑₉₨₿›⁄₴₳⅛⅛ 
noncircular duct ₆₵₨₳ ⁸⃰⁄₴ laminar flow ₆₵₨₳₿₃⁞₴₭₂↑₉₨ₑ⁮₴₲ₔ›₧  ⁸₩‹₵₭ₑ₨ₔ₭₿₃  ₆₈₈℅₩₁₫₩⁄₴₭ₑ₨₭┌‹₨⁄₴₲ 
hydraulic diameter ‹₩₫ ⁹⁮₲₴ₑ⃰⁄₴₳ ⁸⃰‹₴›₵‹₴₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜  

ₔₐ₫₩⁄₴₳₂₱₫ₑ╚₁₴₆ₒ₫⁸₴ₑ⁮₴₲ Duct (Noncircular Duct)  

╓▐  
═

╟
 

 

Ὀ ὬώὨὶὥόὰὭὧ ὨὭὥάὩὸὩὶ άά  
ὃ Ὀόὧὸ ὃὶὩὥ άά  
ὖ ὴὩὶὭάὩὸὩὶ έὪ ὧὶέίί ίὩὧὸὭέὲ άά  

ₔ⁹‹₴₂₧ ₂₱₫₭ₑ₁⁮₴₳ₔ⁸₩₫⁄₴₳ hydraulic diameter ‹₩₫ ⁸⃰‹₴›₵‹₴₁₫₩⁄₴ₑ⁮₴⅜ 

 
Rectangular Duct  
Rectangular Duct ‹₩₫ Flow ⁸€ resistance ⁸€ ₔ₈℅⁮₴⁸€ ₑ⁮₴ round duct ⁸₁₴₳₃₫₩₳ₔ₿₃⁞₴₭₿₂₨⁄₴₳₈₁₴ 

╓▄ 
Ȣ  ╪╫Ȣ

╪ ╫ Ȣ
 

 

Ὀ ὧὭὶὧόὰὥὶ ὩήόὭὺὥὰὩὲὸ έὪ ὶὩὧὸὥὲὫόὰὥὶ Ὠόὧὸ άά  
ὥ ὒὩὲὫὸὬ έὪ έὲὩ ίὭὨὩ έὪ ὸὬὩ Ὠόὧὸ άά  
ὦ ὒὩὲὫὸὬ έὪ ὥὨὮὥὧὩὲὸ ίὭὨὩ έὪ ὸὬὩ Ὠόὧὸ άά  

₉‹₴₭⁸⃰╞ ⁞₆₴₳ₑ₂₴›₵‹₴₆₵₨₳ₔ₈ hydraulic diameter ⁸€⁮₪₭ₑ₨ ₔ₆₵₩₯₳₆₵₩₯₳₭ₑ₨ round ⅛ 
square ⅛ ╘℅⁄₴₲ rectangular duct ₆₵₨₳ ₑ⁮₴ ⁸€⁮₪₭ₑ₨ flow resistance (at equal mean velocities) 
₆₵₨₳‹₩₫ ₿₃⁞₴₭₂↑ ₭⁞ₑ⁮₴⅜ 
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Flat Oval Duct 

╓▄ 
Ȣ  ═ ╡Ȣ

╟Ȣ
 

═╡ Ⱬ
╪

 ╪═ ╪ 

╟  Ⱬ╪ ═ ╪ 

A = major axis of flat oval duct (mm ) 
a = minor axis of flat oval duct (mm)  
P = perimeter of flat oval duct (mm)  

 

Friction factor ← ⁸₁₴₃₫₩₳ₑ⁮₴ ₭₈₳₭₁₨₲₁₱₂₧⁸₴ (Reynolds number) ə ⁸⃰⁄₴₳₆₵‹₴╘℅₨₿₂⁄₴ 
₭›₵₨₆║┌‹₆₴₳₆║(duct surface roughness) ╘℅⁄₴₲ hydraulic diameter ⁸₫₩╝₭₂↑⁸⃰⁄₴₆€⁸⁮₴ₑ⁮₴⅜ 
⁹₫₩ₔ›₵‹₴ₔ₉‹₴₆₵₨₳‹₩₫  ₔₑ₱₫₳₿₂₯ ‹⁷₁₴₳⁸⃰‹₴⁞‹₴₿₃⁄₴₲ ⁸⃰‹₴›₵‹₴₿›⁄₴₳ₑ⁮₴ ₔ₉⃰₁₴ₔ₉₫₂₴╙║₂₴₭ₑ₨ 
‹₩⁞⇔₿₃⁞₴ₑ⁮₴⅜ ₂₱₫₭ₑ₁⁮₴₳‹₩₫ ₔₑ₱₫₳₿₂₯₆⁮₴₲ₔ⁞₨₳ ‼₈₂₴(Graph)₆℅ ₃⁸₴₇€₿›⁄₴₳ₑ⁮₴ ₂₫₩₆₫₩₉⃰₇₴‹€ₑ⁮₴⅜  

Hydraulic diameter(D) ‹₩₫ Reynolds Number(dimensionless)⁸⃰‹₴₈₨⁸⃰⁄₴ ₔₑ₱₫₳₿₂₯ₑ⁮₴⅜ Duct 
ₔ⁸⃰⁄₴₳⅝ ⁞₪₳₭₁ₑ⁮₴₲₭₉ₔ₆₵₩₯₳ₔ⁞₨₳(turbulent or laminar) ‹₩₫ ⁪₱₫₳₿₃⁸₴₈₁₴ₔ⁸⃰‹₴ Reynolds Number ‹₩₫ 
ₑ₩₈₁₴₉₫₩ₑ⁮₴⅜  
 Reynolds Number e ⁮₴ (℗™ℓℓ) ⁹‹₴₁⁮₴₳₉₵℅⁄₴ ñLaminar flowò ₔ₿₃⁞₴ₑ⁸₴₆℅⁸₴ₑ⁮₴⅜ (Laminar 

if Re < 2300)  
 Reynolds Number ₑ⁮₴ (℗™ℓℓ) ╘℅⁄₴₲ (Ωℓℓℓ) ₔ⁸⃰⁄₴₳₿₃⁞₴₉₵℅⁄₴ ñTransient flowò ₔ₿₃⁞₴ 

ₑ⁸₴₆℅⁸₴ₑ⁮₴⅜ (Transient for 2300 < Re < 4000)  
 Reynolds Number ₑ⁮₴ (Ωℓℓℓ) ⁹‹₴₆₵₨₳₉₵℅⁄₴  ñTurbulent flowò ₔ₿₃⁞₴ₑ⁸₴₆℅⁸₴ₑ⁮₴⅜ 

(Turbulent if Re > 4000)  

℮.⅍.Ω Friction Chart  ₆℅ ₃₩ₔ₨₳‹₵⁪⁄₴₳₆║(Pressure Drop) ⁸⃰‹₴₇€₁⁮₴₳ 
ASHRAE ₆℅ friction chart ₑ⁮₴   
(№) Friction losses ( Pa/ m) 
(℗) Air Quantity (Liter per Second) 
(™)  Velocity (m/s)  
(Ω) Round Duct Diamaeter (mm)  ⁸₩₫╝₿₃⁄₴₲ ⁸⁮₴₭⁪₨‹₴⁹₨₳ₑ⁮₴⅜ 
 
(№) ‼₈₂₴⁸⃰⁄₴ Friction losses ( Pa/m) ‹₩₫ ₔ₉₵₨₳₉₫₩‹₴₆₵₢₴₳₆₵₨₳(horizontal lines)₿₃⁄₴₲ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ 

0.1 Pa/m ₆℅ 100 Pa/m ə⁹₩₈℅₩₭ₑ₨₴₉⁮₴₳ ₔₑ₱₫₳₿₂₯₈₁₴ ₔ⁸⃰‹₴ ₑ⁄₴₲₭₉℅₵₨₴ₑ⁮₴₲ ₭₁₈₨₆℅₨ 0.7Pa/m 
₆℅ 5 Pa/m ə ⁸⃰⁄₴₳ₑ₨ ₿₃⁞₴ₑ⁮₴⅜ ₔ₀₩₂⌂₨₇₴₆℅₨ ⁸⁞₴₆₪⁸₨ ⁸₫₩⁄₴₳⁸⃰‹₴ ₿₃⁞₴₭₂↑₉₨₭ₑ₨ Friction 
losses ← ⁸₁₴₃₫₩₳ ₿₃⁞₴ₑ⁮₴⅜  

(℗) Air Quantity (Liter per Second) ‹₩₫ ₭ⁿ₧⁄₴₉₫₩‹₴₆₵₢₴₳₆₵₨₳(vertical lines)₿₃⁄₴₲ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ 20 
L/s ₆℅ 200,000 L/s ə⁹₩₈℅₩₴ₑ⁮₴⅜ 

(™)  Velocity (m/s) ‹₩₫₴₅₇₴₅‹₴ₑ₩₫╝₭⁞₨⁄₴₳₭₁₭ₑ₨ ‹₁₴╝₉₁₴╝₿₃⁸₴ ₆₵₢₴₳₆₵₨₳₿₃⁄₴₲₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ Duct 
ₔ⁸⃰⁄₴₳⁸⃰⁄₴₿₃⁸₴ₑ⃰₨₳₭ₑ₨ ₭₉← ₑ⃰₨₳₁₯₁₴₳₿₃⁞₴ₑ⁮₴⅜ 

(Ω) Round Duct Diamaeter (mm) ‹₩₫ ⁮₨₅‹₴ₑ₩₫╝₭⁞₨⁄₴₳₭₁₭ₑ₨ ‹₁₴╝₉₁₴╝₿₃⁸₴ ₆₵₢₴₳₆₵₨₳₿₃⁄₴₲ 
₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ‼₈₂₴⁸⃰⁄₴ ₂₧ₐ⁄₴₭ₑ₨ ₔ₆₵₩₯₳ₔ⁞₨₳ ₭₉₳₆₵₩₯₳ ₔ₁‹₴₆℅ ₑ₩⁹₨₳ₑ⁮₴₲ ╘℅⁞₴₆₵₩₯₳‹₩₫ 
ₔₑ₱₫₳₿₂₯⅞ ‹₵₁₴ₑ⁮₴ ╘℅⁞₴₆₵₩₯₳‹₩₫ ₈₈℅₩₁₫₩⁄₴ₑ⁮₴⅜  
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⁸⃰‹₴₁⁮₴₳ ₢₂₆₨  
25,000 CHM ₈℅₩₭ₑ₨ AHU ⁸⁞₴₉₱₫₳₆℅ ₔₐ₫₩⁄₴₳₂₱₫⁞₱₈℅₩₭ₑ₨ (round duct) main duct ← 

ₔ₈⃰₇₴ₔ⁞₨₳‹₩₫ ₈℅₨₂₧⅜ (maximum friction losses ‹₩₫ 1 Pa/m ‹₫₩ ₔ₭₿››₱⅞⁸⃰‹₴›₵‹₴₂₧⅜) ⁹₫₩ round duct 
ₑ⁮₴ ₆₪⁸₨(℗ℓℓ) ə ₈℅⁮₴₈℅₩ₑ⁮₴⁪₫₩₉℅₵⁄₴ total friction losses ₆⁮₴₆℅₵₿₃⁞₴₆⁮₴₁⁮₴₳⅜  

‼₈₂₴₆℅ ₃⁸₴₇€₂₧‹ ₂₫₩₆₫₩₉⃰₇₴‹€ₑ⁮₴⅜ ₂₫⁞∂₨⁸⃰⁄₴₭₂₳⁹₨₳₭ₑ₨ ₭₉⁹₫⁹⁮₴(air quantity)e ⁮₴ 
25,000 CHM ₿₃⁞₴ₑ⁮₴⅜ ‼₈₂₴⁸⃰⁄₴₭₃₨₴₿₂⁹₨₳₭ₑ₨  ₭₉ₔ₈⁮₴ₔ₭ₑ⃰₳(air quantity)e ⁮₴ Liter per 
Second ₿₃⁞₴ₑ⁮₴⅜ ⁹₫₩₭┌‹₨⁄₴₲ 25,000 CHM ‹₩₫ Liter per Second ₔ₿₃⁞₴₭₿₂₨⁄₴₳₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜  
 

 
₂₱₫ ℮-™ℓ  ASHRAE friction chart 

25,000 CHM x 1000 Liter per meter cube = 25,000,000 Liter per hour/ 36 00 = 6944 L/s 
╘℅⁄₴₲  Maximum Friction losses ‹₩₫ 1 Pa/m ə ₑ₱₫₳₿₂₯₉₵℅⁄₴ ‼₈₂₴₭₂↑⁸⃰⁄₴ ⁪₱₫₆℅⁸₴(intersection point)⁸⁞₴›₫ 
₈₈℅₩ₑ⁮₴⅜  

₭ⁿ₧⁄₴₉₫₩‹₴₆₵₢₴₳⁸₁₴₃₫₩₳₆₵₨₳ ₆℅ 6944 L/s ₭₁₈₨⁸⃰⁄₴₉₫₩⁄₴₳⁸⁞₴₉₫₩⁄₴₳‹₩₫⁪⃰₮₂₧⅜ ₔ₉₵₨₳₉₫₩‹₴ ₆₵₢₴₳⁸₁₴₃₫₩₳₆₵₨₳ 
₆℅ 1 Pa/m ₭₁₈₨⁸⃰⁄₴₉₫₩⁄₴₳⁸⁞₴₉₫₩⁄₴₳‹₩₫⁪⃰₮₂₧⅜ ⁹₩₫ₔ›₧ ⁪₱₫₆℅⁸₴(intersection point)⁸⁞₴›₫‹₫₩ ₈₆⁮₴⅜  
 

⁹₫₩⁪₱₫₆℅⁸₴ₑ⁮₴ duct diameter ⁮₨₅‹₴ₑ₩₫╝₭⁞₨⁄₴₳₭ₑ₨ ‹₁₴╝₉₁₴╝₿₃⁸₴₆₵₢₴₳ ⁸₁₴₃₫₩₳‹₩₫ ₃⁸₴₂₧⅜ 
⁸₁₴₳₃₫₩₳ₑ⁮₴(⅔™ℓ)›₁₴╝₿₃⁞₴ₑ⁮₴⅜ (⅔™ℓ)₆₪₉₪₆₪⁸₨ ₔ›₵⁄₴₳₈℅₩₭ₑ₨ duct ₑ⁮₴ ₭⁞₵₳‹⃰‹₴⁸⃰⁄₴ ₆₈℅₩₭ₑ₨₭┌‹₨⁄₴₲ 
950mm diameter ₔₐ₫₩⁄₴₳₂₱₫ₑ╚₁₴(round) duct ‹₩₫₭₈⃰₳›₵₇₴ ₈₆⁮₴⅜ ₔ₉₵⁄₴(velocity)e ⁮₴ 10.2 m/s 
›₁₴╝₿₃⁞₴ₑ⁮₴⅜ ⁹₫₩ duct ₔ₆₵₩₯₳ₔ⁞₨₳ ╘℅⁄₴₲ ₔₑ₱₫₳₿₂₯₆⁮₴₲ ₭₁₈₨‹₩₫┌‹⁮₴₲⅞ ASHRAE recommend duct veloctiy 


