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Residential Zoned Systems 
It‟s Different Now 



 

 

The information in this document is believed to accurately describe the 

technologies addressed herein and are meant to clarify and illustrate typical 

situations, which must be appropriately adapted to individual circumstances. 

These materials were prepared to be used in conjunction with a free 

educational program and are not intended to provide legal advice or establish 

legal standards of reasonable behavior. Neither Pacific Gas & Electric 

(PG&E) nor any of its employees and agents: (1) makes any written or oral 

warranty, expressed or implied, including but not limited to the merchantability 

or fitness for a particular purpose; (2) assumes any legal liability or 

responsibility for the accuracy or completeness of any information, apparatus, 

product, process, method, or policy contained herein; or (3) represents that its 

use would not infringe any privately owned rights, including but not limited to 

patents, trademarks or copyrights. Furthermore, the information, statements, 

representations, graphs and data presented in this report are provided by 

PG&E as a service to our customers. PG&E does not endorse products or 

manufacturers. Mention of any particular product or manufacturer in this 

course material should not be construed as an implied endorsement.  

Disclaimer 



Introduction 
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This Class 

• Residential Zoning Practices 

• Zoning Within Title 24 

• Duct Design Basics 

• Current Research and Zoning Methods 

• Ducted Zoning 

• Non-Ducted Zoning 

 

4 



Questions 

• What Air Conditioners do you work on? 

• How do you know if an Air Conditioner is 

working efficiently? 

• What are the two things that an Air 

Conditioner removes from inside air? 

• What are the climate differences between 

California and Florida? 

• How does the outside air affect the inside 

air? 
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My Answers 

• What Air Conditioners do you work on? 

– Residential and Commercial, Split, Package, 

Window, Mini-Split, Domestic and Foreign 
• How do you know if an Air Conditioner is working efficiently? 

– Test the airflow, T‟ Split, Watts, Superheat, 

Subcooling, and compare to conditions 
• What are the two things that an Air Conditioner removes from inside 

air? 

– Sensible Heat (temperature) and Humidity 
• What are the climate differences between California and Florida? 

– Humidity 
• How does the outside air affect the inside air? 

– Dry Outside air dries the house and visa versa 

 
6 



Questions 

• What do you want a California Air 

Conditioner to do more of sensible cooling 

or dehumidification? 

• What are the ways to make it do that? 

• What make it worse? 
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My Answers 

• What do you want a California Air Conditioner to do more of sensible 

cooling or dehumidification? 

– Sensible Cooling 
• What are the ways to make it do that? 

– Increase Airflow 

– Evaporate the Water Off the Coil After the 

Compressor is Off 
• What makes it worse? 

– Low Airflow 

– Bypasses 

– Fan Off at Compressor Off 
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This Class 

The primary purpose of zoning air 

conditioners, heat pumps, and furnaces is to 

improve comfort.  

 

Increased comfort is attained by having the 

capacity of the HVAC system (cooling or 

heating delivered) follow the shift in load 
as it changes across the house.  
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Should We Zone This? 
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Main House 1200 sq. Ft + Converted Detached Garage 



Should We Zone This? 
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Why Zone a Residence? 
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Why Zone a Residence? 
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• A residence may be a candidate for zoning 

if cooling, heating, or dehumidification loads 

shift over time due to: 

– Solar Heat Gain 

– Occupancy 

– Use of the Area 

– Large Intermittent Internal Gains 

– Large Moisture Input 

– Tall Buildings 

– Above Grade and Below Grade 

– Summer vs. Winter 



34% of the Ducted Systems in the California 

New Home Study were Multi-Zoned 

Dampered Zoned Split 10 (1Heat Pump) (12%) 

Single Split 28 (not Zoned) 

Multiple Split 17 

Ducted Hydronic w AC 11 

Heat Pump 5 (not Zoned) 

Package 6 

Furnace Only 3 

Total 80 



 

Once Upon A Time 

The Old Days 
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Zoning 

The primary purpose of zoning air 

conditioners, heat pumps, and furnaces is to 

improve comfort.  

 

Increased comfort is attained by having the 

capacity of the HVAC system (cooling or 

heating delivered) follow the shift in load 
as it changes across the house.  
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Is There Such a Thing as 

Excess Air? 

 

Is There Such a Thing as 

Excess Capacity? 

 

Is There Such a Thing as 

Excess Efficiency? 
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Zone for Comfort 
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• Zoning can improve comfort for a structure 

that has significant variations in load 

• Ducted Zoning is very unlikely to provide 

any reduction in energy bills and is capable 

of increasing the energy bills 

Happy 

Temperature 

@ Thermostat 

1 

Happy 

Temperature 

@ Thermostat 

2 

Happy 

Temperature 

@ Thermostat 

Cold on North 

Side of the 

House 

Single Zone Two Zones 



An Example 
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• NAHB Test House (Kenney & Barbour 1994) 

– “Studies have demonstrated that a multi-zone 

system will use more energy than a central 

thermostat system when a constant setpoint is 

used.”  

– “A 35 percent increase was documented 

(Oppenheim 1991) as a direct result of a multi-

zone system being more responsive to the 

cooling needs of the entire house..” 

 



Zoning Criteria 

• All portions of the zone should have a 

similar load pattern. A somewhat isolated 

West side for example. 

• All portions of the zone should have a 

similar occupancy pattern. Sleeping areas 

vs. Daytime use for example.  
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Zoning Methods 
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• Heating Only Convectors 

• Ductless Mini-Split Systems 

• Multiple Systems 

• Ducted Multi Capacity System 

• Ductless Multi-Split Systems 

• Ducted Mini- or Multi-Split Systems 

• Ductless or Ducted Single Package (PTAC) 



Heating Only Convectors 

25 

Hydronic or Electric 

 

Energy Savings is Possible with These 



Ductless Mini-Split 
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• Single Speed 

• Variable Speed 

• One or more Heads 

• Single Thermostat 

Energy Savings is possible with these 



Multiple Systems 
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• Relatively Simple Design 

• Design the Duct System 

 



Multi-Split Systems 
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• Two or More “Heads” 

• Each Serving a Compatible Zone 

• Two or More Thermostats 

• Can Produce Lower Efficiency 



Ducted Mini or Multi-Split 
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• DANGER – Static Pressure !!! 

• Design the Duct System 

 



PTAC & PTHP 

• Small sleeve wall units have low efficiency, 

but higher efficiency than electric 

baseboards.  

• Highest EERs  

are 12 to 13  

(55 listed HP) 

• 6000 BTU heat 

7000 BTU cool 
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Ducted Systems First Priority 

Reduce or Eliminate Differences 
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• Shading 

• Low E Glass 

• Infiltration Control (air sealing) 

• Insulation 

• Reduce the size of the Air Conditioner 

• Work toward equal CFM in heating and 

cooling 

• Design a Proper Duct System (reduce room 

to room temperature differences) 



Multiple Capacity System 

• Match Zones to AC Capacity at All Speeds 

• Variable Speed Compressor and Fan 
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At least 350 CFM per Delivered Ton in all modes 

Vary Compressor and Fan speeds with demand from zones 

Limited by the range of the variable capacity 



Multiple Capacity System 
(2 or more compressor speeds) in Title 24 

• At least 350 CFM per Nominal Ton INTO THE RETURN 

on Highest Compressor Speed with all Zones Calling 

• Fan Watt Draw =< .58 W per CFM under above conditions 

• Additional performance credit available if higher airflow 

and/or better fan efficacy is modeled and verified under 

the above conditions 

• A bypass may be used if it is modeled in the compliance 

software 
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A Good Single Capacity System 

• Move Part of the Capacity from One Zone 

to Another based on Load 
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At least 350 CFM per Ton in All modes 



A Single Capacity System in 

Title 24 
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A. Prescriptive Compliance: At least 

350 CFM per Nominal Ton  

INTO THE RETURN in all modes.  

Bypass Duct Not Allowed 

 

 

B. Performance Compliance: At least 

350 CFM per Nominal Ton 

INTO THE RETURN  

WITH ALL ZONES CALLING. 

This methods carries with it a large efficiency penalty  

(assumes 150 CFM per ton). Bypass Duct Allowed 

 

C. Performance Compliance with Reduced Penalty or Additional 

Performance Credit: B above except more than 150 CFM per nominal ton 

and/or less than 0.58 W/CFM modeled and verified in all modes 

 

 



Title 24 Questions 

• “There used to be compliance credit requirements 

that included  

– a return in every zone and  

– no flow out of registers in zones not calling and  

– no more than 40 ft2 non-closable opening area 

between zones.”  

Question: “Do we have to meet those (on top of every 

thing else already discussed) when there is a zoned 

system?” 

Answer: No the above requirements are only for 

heating where you are asking for a Title 24 credit for 

zoning in heating. If you are not asking for the credit 

they do not apply.  
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Zoned Dampered Systems 
The Old Way 

37 



38 

A Typical Dampered Multi-Zone 

AC System With Bypass Duct 



What Does Research Show Us? 
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Efficiency Characteristics and Opportunities 

for New California Homes (ECO) 

• Field survey of an 80 unit sample of new CA 

homes and found: 

 
• AC systems have low capacity and efficiency  

• Cooling duct pressures are very high 

• Cooling Fan Watts are high 

http://www.proctoreng.com/dnld/ECO_Report_CEC.pdf 



Watts per Delivered CFM 
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Dampered Multi-Zone Systems have 

Low CFM per Ton and 

High Cooling Fan Power per CFM 
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Low Airflow 
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Bypass Graph  

(Carrier Laboratory Tests 1993)  
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Bypass and Supply  

(ACCA Manual* and Field Data) 

*Manual Zr,  Zoned Comfort Systems for Residential Low-Rise Buildings First Edition, Version 1.00  Review Draft 8.10anc — April 21, 

2011 
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Bypasses:  Why are They so Bad? 

Imagine this 

Think of the equipment entering temperature 

in heating and  

in cooling. 

Heating hot air is hard 

Cooling cold air is hard 



Demon-stration 
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Zoning with Ducts – What 

Works? 

1. Keep it Simple 

2. Use Less Ducts 

3. Use Shorter Ducts (then they may not 

have to be larger) 

4. Don‟t use Bypasses 

5. Increase Duct Insulation – Duct 

Conduction is your enemy 
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http://www.youtube.com/watch?v=0uDDEEHDf1Y&feature=player_embedded


The Modern Way 
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Single Capacity System 

• Move Part of the Capacity from One Zone 

to Another based on Load 
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At least 350 CFM per Ton 

All modes 



Proper Design & Selection – 

Estimate Loads 

1. Estimate Design Heating Loads 

 

2. Estimate Design Cooling Loads – Sensible 

and Latent 

 

3. Determine the airflow required to each 

room 





Manual J Heating and Cooling 

Sensible Loads 
Upstairs Cooling Heating 

Bedroom 1 1,842 1,750 

Bedroom 2 1,601 1,795 

Bedroom 3 1,354 990 

Master BR 3,892 4,238 

Common/Bth 1,434 1,324 

Upstairs 10,123 10,097 

Downstairs     

Living Room 3,587 6,726 

Dining/Kitchen 2,878 5,706 

Downstairs 6,465 12,432 
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Options 

• Single Zone 

• Two Zones 

– Ducted Multi Split (single outside unit, three 

heads [could be 3 zones]) 

– Ductless Mini or Multi Splits 

– Ducted Dampered Two Speed System 

– Ducted Dampered Single Speed System 
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Ductless or Ducted M-split 



Ductless or Ducted M-split 



Ductless or Ducted M-split 



Ductless or 

Ducted M-

split 



Options 

• Single Zone 

• Two Zones 

– Ducted Multi Split (single outside unit, three 

heads) 

– Ductless Mini or Multi Split 

– Ducted Dampered Two Speed System 

– Ducted Dampered Single Speed System 
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Manual J Heating and Cooling 

Sensible Loads 
Upstairs Cooling Heating 

Bedroom 1 1,842 1,750 

Bedroom 2 1,601 1,795 

Bedroom 3 1,354 990 

Master BR 3,892 4,238 

Common/Bth 1,434 1,324 

Upstairs 10,123 10,097 

Downstairs     

Living Room 3,587 6,726 

Dining/Kitchen 2,878 5,706 

Downstairs 6,465 12,432 
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Calculate CFM from BTUh 

Upstairs Cooling BTUh Heating BTUh 

Total 16,588 22,529 

Equipment 2 Tons 40,000 

62 

Cooling at 500 CFM per Ton = 1000 CFM 

1000 CFM/16,588 BTUh = 0.060 CFM/BTUh 

Heating at 400 CFM per Ton = 800 CFM 

800 CFM/22,529 BTUh = 0.036 CFM/BTUh 



Cooling CFM by Room 

Upstairs Cooling Cool CFM 

Bedroom 1 1,842 1,842 × 0.06 = 111 CFM 

Bedroom 2 1,601 1,601 × 0.06 = 97 CFM 

Bedroom 3 1,354 1,354 × 0.06 = 81 CFM 

Master BR 3,892 3,892 × 0.06 = 234 CFM 

Common/Bth 1,434 1,433 × 0.06 = 86 CFM 

Upstairs 10,123 

Downstairs   

Living Room 3,587 3,587 × 0.06 = 215 CFM 

Dining/Kitchen 2,878 2,878 × 0.06 = 173 CFM 

Downstairs 6,465 
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Heating CFM by Room 

Upstairs Heating Heat CFM 

Bedroom 1 1,750 1,750 × .036 = 62 CFM 

Bedroom 2 1,795 1,795 × .036 = 64 CFM 

Bedroom 3 990 990 × .036 = 35 CFM 

Master BR 4,238 4,238 × .036 = 150 CFM 

Common/Bth 1,324 1,324 × .036 = 47 CFM 

Upstairs 10,097 

Downstairs   

Living Room 6,726 6,726 × .036 = 239 CFM 

Dining/Kitchen 5,706 5,706 × .036 = 203 CFM 

Downstairs 12,432 
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Manual J Standard CFM for 

Single Zone 
Upstairs Cool CFM Heat CFM Design Single Zone CFM 

Bedroom 1 111 CFM 62 CFM 111 CFM 

Bedroom 2 97 CFM 64 CFM 97 CFM 

Bedroom 3 81 CFM 35 CFM 81 CFM 

Master BR 234 CFM 150 CFM 234 CFM 

Common/Bth 86 CFM 47 CFM 86 CFM 

Upstairs 610 CFM 359 CFM 610 CFM 

Downstairs 

Living Room 215 CFM 239 CFM 239 CFM 

Dining/Kitchen 173 CFM 203 CFM 203 CFM 

Downstairs 390 CFM 441 CFM 441 CFM 
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Manual J Standard CFM for 

Single Zone 
Upstairs Cool CFM Heat CFM Design Single Zone CFM 

Bedroom 1 111 CFM 62 CFM 111 CFM 

Bedroom 2 97 CFM 64 CFM 97 CFM 

Bedroom 3 81 CFM 35 CFM 81 CFM 

Master BR 234 CFM 150 CFM 234 CFM 

Common/Bth 86 CFM 47 CFM 86 CFM 

Upstairs 610 CFM 359 CFM 610 CFM 

Downstairs 

Living Room 215 CFM 239 CFM 239 CFM 

Dining/Kitchen 173 CFM 203 CFM 203 CFM 

Downstairs 390 CFM 441 CFM 441 CFM 
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Don‟t like this heat cool CFM 

difference because of 

different velocities at delivery 

terminals 



Re-Calculate CFM 

Upstairs Cooling BTUh Heating BTUh 

Total 16,588 22,529 

Equipment 2 Tons 40,000 
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Cooling at 500 CFM per Ton = 1000 CFM 

1000 CFM/16,588 BTUh = 0.060 CFM/BTUh 

Heating at 500 CFM per Ton = 1000 CFM 

1000 CFM/22,529 BTUh = 0.044 CFM/BTUh 



New Heating CFM by Room 

Upstairs Heating Heat CFM 

Bedroom 1 1,750 1,750 × .044 = 77 CFM 

Bedroom 2 1,795 1,795 × .044 = 79 CFM 

Bedroom 3 990 990 × .044 = 44 CFM 

Master BR 4,238 4,238 × .044 = 186 CFM 

Common/Bth 1,324 1,324 × .044 = 58 CFM 

Upstairs 10,097 

Downstairs   

Living Room 6,726 6,726 × .044 = 296 CFM 

Dining/Kitchen 5,706 5,706 × .044 = 251 CFM 

Downstairs 12,432 
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Manual J Standard CFM for 

Single Zone 
Upstairs Cool CFM Heat CFM Design Single Zone CFM 

Bedroom 1 111 CFM 77 CFM 111 CFM 

Bedroom 2 97 CFM 79 CFM 97 CFM 

Bedroom 3 81 CFM 44 CFM 81 CFM 

Master BR 234 CFM 186 CFM 234 CFM 

Common/Bth 86 CFM 58 CFM 86 CFM 

Upstairs 610 CFM 444 CFM 610 CFM 

Downstairs 

Living Room 215 CFM 296 CFM 296 CFM 

Dining/Kitchen 173 CFM 251 CFM 251 CFM 

Downstairs 388 CFM 547 CFM 547 CFM 
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For a Single Zone System 

Proceed with Manual D type process to: 

1. Lay out terminals and duct system 

2. Select terminals based on CFM, throw and room 

configuration 

3. Calculate total effective length (TEL) 

4. Calculate available static pressure (ASP) for 

selected equipment (change equipment selection if 

necessary)  

5. Determine friction factor IWC drop per 100 ft.  

(ASP / TEL x 100) 

6. Select duct sizes based on CFM and friction factor 
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Back to the Zoning for Comfort 

• Review the issue 

• Review the CFM delivery desires 

• Look at ducted zoning options 
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Manual J Heating and Cooling 

Sensible Loads 
Upstairs Cooling Heating 

Bedroom 1 1,842 1,750 

Bedroom 2 1,601 1,795 

Bedroom 3 1,354 990 

Master BR 3,892 4,238 

Common/Bth 1,434 1,324 

Upstairs 10,123 10,097 

Downstairs     

Living Room 3,587 6,726 

Dining/Kitchen 2,878 5,706 

Downstairs 6,465 12,432 
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Where Shall We Put the Upstairs 

Bonus Supply? 

It needs to be where the thermostat is 



Where Shall We Put the Downstairs 

Bonus Supply? 



Single Capacity Zoned System 

• Move Part of the Capacity from One Zone 

to Another based on Load  

(Capacity Shift Zoning) 
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Upstairs Downstairs 



Manual J Standard CFM 
(at 500 CFM per ton cooling and heating) 

Upstairs Cool CFM Heat CFM Design Single Zone CFM 

Bedroom 1 111 CFM 77 CFM 111 CFM 

Bedroom 2 97 CFM 79 CFM 97 CFM 

Bedroom 3 81 CFM 44 CFM 81 CFM 

Master BR 234 CFM 186 CFM 234 CFM 

Common/Bth 86 CFM 58 CFM 86 CFM 

Upstairs 610 CFM 444 CFM 610 CFM 

Downstairs 

Living Room 215 CFM 296 CFM 296 CFM 

Dining/Kitchen 173 CFM 251 CFM 251 CFM 

Downstairs 388 CFM 547 CFM 547 CFM 
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Shift Capacity 

• Recommended Shift 20% to 30% 

• In this case 20% of 610 CFM = 120 CFM 

• 30% of 547 CFM = 164 CFM 

• Call it 150 Shifted CFM to Bonus Supplies 

 

Determine CFM to Always Open Supplies: 

• Upstairs Supplies 610 – 150 = 460 CFM 

• Downstairs Supplies 547 – 150 = 397 CFM 
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Single Capacity Zoned System 

• Move Part of the Capacity from One Zone 

to Another based on Load 

78 

Upstairs Down 

stairs 

397 460 

150 150 



Re-estimate Supply Flows 

• We moved 150 CFM out of the always open 

supplies, so they don‟t have to be as big 

• So what is the new upstairs flow (% of old)? 

     ________ / __________ = ________ 

• So what is the new downstairs flow (% of 

old)? 

     ________ / __________ = ________ 
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Upstairs “Std” CFM Zone CFM 

Bedroom 1 111 × .754 = 84 

Bedroom 2 97 × .754 = 73 

Bedroom 3 81 × .754 = 61 

Master BR 234 × .754 = 176 

Common/Bth 86 × .754 = 65 

Master BR Bonus 75 CFM 

Common/Bath Bonus 75 CFM 

Upstairs 610 609 

Downstairs 

Living Room 296 × .725 = 215 

Dining/Kitchen 251 × .725 = 182 

Living Bonus 150 CFM 

Downstairs 547 547 
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Proper Design 

 

1. Determine the best locations and size for 

the air terminals (registers)  

Use ACCA Manual T 

 

2. Design the duct system to the available 

pressure and minimize the effective length 

 

Use ACCA Manual D or Equivalent  

 







To Size Our Ducts We Need to Know How 

Much Static Pressure We Have 

 

To do that we need to know the air handler and 

coil we will use  

We start with the Load and CFM 

Cooling BTUh Heating BTUh 

Upstairs 10,123 10,097 

Downstairs 6,465 12,432 

Total 16,588 22,529 

CFM 1000 1000 
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Select the AC Unit 
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What 

matching 

Coils are 

there? 

86 



Select the AC Coil  
Looking for low Static Pressure Drop 
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Select the Furnace for CFM and 

Watt Draw (BPM preferred) 
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This Furnace 

has a 14” 

Cabinet 



Final Furnace and Coil 

Selections 
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• Furnace 

– 045-12 

– Flow = 1040 CFM @ 0.5 IWC (Medium Low) 

– Replace PSC with BPM or Select a Different 

Furnace 

• Diffuser Transition  

– 14” to 21”  

• Evaporator Coil 

– 3621 

– ΔP = 0.12 IWC  @ 1000 CFM 



Determine the Available Static 

Pressure for the Supply Side 

• Total at Air Handler  0.50 

   - Return  -0.17  

    - A Coil  -0.12 

 - Terminal -0.02 

                   AVAILABLE  0.19                          

This is available for supply trunks and standard 

branches using Manual D methods.  

             - Control Damper -0.05 

  Available for Bonus Runs  0.14  
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How Long is the Duct System? 

 (from an air molecule's view) 

• A 200 ft. straight pipe is 200 feet long 

This 4 ft. section of pipe is how long? 





Determine the Total Effective 

Length (TEL) 

• Zone 1 Always Open 

                      Straight Duct   30 

                      Fittings 100 

 130 

 

• Zone 1 Bonus 120 

• Zone 2 Always Open 100 

• Zone 2 Bonus 150 
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Calculate the Friction Rate 

95 

Zone 1 and Zone 2 except Bonus Runs 

Available Supply Static Pressure 0.19 IWC 

Longest Equivalent Length 130 Ft. 

Friction Rate 

    FR = 0.19 / 130 * 100  

          = 0.138 IWC per 100 Ft.    

Bonus Runs 

Available Supply Static Pressure 0.14 IWC 

Longest Equivalent Length 150 Ft. 

Friction Rate 

FR = 0.14 / 150 * 100 

      = 0.093 IWC per 100 Ft.  



Upstairs Zone CFM 

Bedroom 1 84 

Bedroom 2 73 

Bedroom 3 61 

Master BR 176 

Common/Bth 65 

Master BR Bonus 75 

Common/Bath Bonus 75 

Upstairs 609 

Downstairs 

Living Room 215 

Dining/Kitchen 182 

Living Bonus 150 

Downstairs 547 
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A Good Duct Design Provides 

•   Quiet 

•   Efficient 

•   Comfort 



Efficient 
• FAN WATT DRAW REDUCTION 

• SUFFICIENT AIRFLOW 

– USE METAL DUCT AND FITTINGS 

• LOW CONDUCTION LOSS 

– SHORT RUNS 

– FEWER LARGER DIAMETER RUNS 

– PUT INSIDE THE CONDITIONED 
SPACE or INSULATE THE HECK OUT 
OF IT 



So Does It Work? 

• Test Airflow in all configurations 

– Zone 1 Only Calling 

– Zone 2 Only Calling 

– All Zones Calling 

– Every Combination 

• Test at Returns 

– Flow Grid 

– Pressure Matching 

– Powered Flow Hood 

– Passive Flow Hood 
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• Damper stop relief 

• Intentionally Leaky Dampers 

• Use Oval Damper Door if Possible 

• Keep Dampers away from Supply Terminals 

 

 

 

 

 

A Less Desirable Solution 

No Bypass 



Reviewing Problems with the 

Old Way using Bypass 

 

102 



103 

Average Energy Impact 

• In typical homes with dampered multi-zone 

systems: 

– Air Conditioning SEER and EER are 

degraded by 17%  

– Furnace AFUE is degraded by 4.4% 



Eliminate Bypass and Obtain a 

Minimum Airflow 
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Efficiency Increase 
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Carrier Laboratory Testing of Bypass  
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Carrier ASHRAE Paper Literature Review 

• Papers cited by AHRI to support the 
zoning performance credit 

– “All but one study employed variable or two 
speed equipment.”  

– “… the homes were unoccupied and zone 
separation (closed doors) was maintained 
throughout testing caused energy losses to 
be minimized. Thus, the documented field 
studies could be considered a „best case 
scenario‟ in terms of energy savings.”  



More Information 

• http://www.proctoreng.com/energy-efficiency/zones.html 

• http://www.proctoreng.com/dnld/H114.pdf 

• http://www.energy.ca.gov/2014publications/CEC-400-2014-

005/CEC-400-2014-005.pdf 
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