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Instructor
Gil Rossmiller

• In the construction industry for 
over 40 years

• ICC – IRC Plumbing & 
Mechanical Code 2009-2012 
Development Committee 

• ICC – Commercial Energy Code 
Development Committee 2015-
2018

• ICC – Residential Energy Code 
Development Committee 2021-
2024

• ICC Code Correlation Committee

• 2003 – 2016 

Building Official 

Parker, Colorado
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Interactive Class 

Please ask questions at any 
time.

Please let me know when I 
say something ---

completely 

unbelievable
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The Code

• All Black and White

with nothing but gray in-
between 

• I will give you my thoughts

• You will have your thoughts

• The AHJ has the last word

1 2

3 4
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Why Design ?

•Oversized equipment degrades humidity control

•Oversized equipment requires larger ducts

•Oversized equipment has a higher up front cost

•Under-sizing equipment can cause discomfort 
during severe weather 

•Oversized equipment  causes short cycling and 
reduces the air conditioning systems ability to 
remove moisture
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Why Design ?

• Increased duct system efficiency

• Demonstrate “due diligence” in a court of law

• Equipment size typically 30-50% smaller than systems designed 
by “rule of thumb”

• Reduce operating cost

• Equipment that is sized properly operates more efficiently and  
economically  
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Why Design ?                                       2021 IRC 

M1401.3 Equipment 
and appliance sizing  
Heating and cooling 
equipment shall be 
sized in accordance with 
ACCA Manual S based 
on building loads 
calculated in 
accordance with ACCA 
Manual J or other 
approved heating and 
cooling calculation 
methodologies.

© Shum Coda Associates 2025 8

Why Design ?                                       2021 IRC  (Deleted in 2027 IRC) 

M1401.3 Exceptions

Exception: Heating and cooling equipment and appliance 
sizing shall not be limited to the capacities determined in 
accordance with Manual S where either of the following 
conditions applies:

1. The specified equipment or appliance utilizes multistage 
technology or variable refrigerant flow technology and the 
loads calculated in accordance with the approved heating 
and cooling calculation methodology are within the range of 
the manufacturer's published capacities for that equipment 
or appliance.

2. The specified equipment or appliance manufacturer's 
published capacities cannot satisfy both the total and 
sensible heat gains calculated in accordance with the 
approved heating and cooling calculation methodology and 
the next larger standard size unit is specified.

5 6

7 8
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The Residential HVAC Design Process:

1. Load Calculation- ACCA Manual J (8th Edition) 

The entire design process leads to

and rests upon the room to room 

load calculations. It is the Manual J 

that calculates the homes heating and 

cooling needs. 

(Does the ‘Code’ require cooling?) 

This includes each separate room’s thermal requirements. 

You do want each room to be comfortable, don’t you??
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The Residential HVAC Design Process:

1. Load Calculation- ACCA Manual J (8th Edition) 

There are many times when more than 

one HVAC  system is required to meet a 

homes  heating and cooling needs. 

A zoning plan would then need to be 

developed. ACCA Manual RS provides 

in-depth information on zoning and 

system selection. Zoning and system 

selection MUST be part of the 

homes design process.
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The Residential HVAC Design Process:

2. Equipment Selection- ACCA Manual S

Now that the load calculation 

is done, proper sized equipment 

can be selected. Equipment selection 

has its own set of rules. Learning 

how to read and interpret the 

manufactures equipment performance 

data including the fine print. 

The goal here is to select equipment that will:

1. Meet the homes calculated heating and cooling needs under 
design conditions.

2. Will have enough blower power to move the correct amount of air 
through the duct system.
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The Residential HVAC Design Process:

3. Duct Design – ACCA Manual D

In residential systems, the duct system 

is designed to match the equipments 

blower capabilities. 

Not the other way around!!

Careful attention must be paid to 

duct length and type of fittings used. 

Proper attention to duct design will insure that the needed 
amount of conditioned air is delivered to each room.

9 10
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The Residential HVAC Design Process:

4. Room Air Distribution – ACCA Manual T

Selecting the proper sized grilles 

and registers has its own set of 

requirements. You could have 

a properly sized system, 

perfect equipment, 

an outstanding duct system 

and ruin everything with the 

incorrect grilles and registers. 
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The Residential HVAC Design Process:

• Load Calculation- ACCA Manual J (8th Edition)

• Equipment Selection- ACCA Manual S

• Duct Design – ACCA Manual D

• Room Air Distribution – ACCA Manual T

© Shum Coda Associates 2025
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What is needed for an accurate load calculation?

•wb = Wet Bulb

•db = Dry Bulb 

•Sling psychrometer 

© Shum Coda Associates 2025

Loads

Heating

5304Basement Windows

6365First Floor Windows

4289Basement Walls

2437Basement Floor

4513First Floor Walls

38First Floor Floors

1085First Floor Doors

2206First Floor Ceiling

4934Infiltration

3628Ventilation

34799Total 

LatentSensibleCooling 

7239Windows

3340Opaque Panels

1123691Infiltration

10001150People

2400Appliances

1560960Ventilation

1707Blower heat

368317487Total

16
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Appliance Selection
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Appliance Selection

18
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Equipment Selection  Heating

19

Heating

5304Basement Windows

6365First Floor Windows

4289Basement Walls

2437Basement Floor

4513First Floor Walls

38First Floor Floors

1085First Floor Doors

2206First Floor Ceiling

4934Infiltration

3628Ventilation

34799Total 
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Equipment Selection   Heating

The required load (Heat Loss) on our example house is 34,799 
Btuh.

I have selected a Carrier (No reason but that I had all the 
performance specifications) model 58MCB 040-12. 

This unit has a 40,000 Btuh input rating and has 

an efficiency rating of 92.3 AFUE.

17 18

19 20
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Equipment Selection   Heating

The output rating will be about 34,799 Btuh after 

de-rating for efficiency and for altitude. 

40,000 x .923 = 36,920 x .90 = 33,228 Btuh

So, what is the correct adjustment for altitude??  
Manual S does have generic deration factors but only 
if the manufacturer does not provide any deration 
information. See the footnotes in the performance 
data. 

Per Manual S it is acceptable to size up to 140% the 
MJ8 required load

31,066 x 1.4 = 43,492 > 33,156 Btuh
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Equipment Selection   Heating
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Equipment Selection   Heating

ACF: 0.97

36920/830/(1.1 * 0.87)

36920/830/1.067 = 41.68 Round up to 42

© Shum Coda Associates 2025
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Equipment Selection   Heating

Temperature Rise is the 

difference in the return air 

entering heat exchanger and 

the air leaving the heat 

exchanger.

21 22

23 24
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Equipment Selection   Heating
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Equipment Selection   Heating
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Equipment Selection   Heating

Questions on Heating equipment selection ?

© Shum Coda Associates 2025

Equipment Selection   Cooling

28

25 26
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Equipment Selection   Cooling

LatentSensibleCooling 

7239Windows

3340Opaque Panels

1123691Infiltration

10001150People

2400Appliances

1560960Ventilation

1707Blower heat

368317487Total

SHR: Sensible Heat Ratio

Sensible load / Total Load

17487/21170 = 0.83

The task is to find the equipment 
that has the same or very close to 
the same SHR and meets the 
calculated load. 

30
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Equipment Selection   Cooling

75° dry bulb at 50% RH is equal to a 62° wet bulb. 

EBW = Entering Wet Bulb temperature. We will use the 63° value 

(Close enough & see footnote) 

We will start with 800 cfm value. (We will adjust for altitude later)

Our target loads:

Total = 21,170 Btuh Sensible = 17,487 Btuh Latent = 3,683 Btuh

29 30

31 32
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Equipment Selection   Cooling

The air entering the condenser (the outdoor unit) is the outside dry bulb design temperature.

Remember for Kansas City the outdoor design temperature is 92° dry bulb. 

Per Manual S we can be within 5°. We will use the 95° value. 

At first glance this equipment has a SHR of 16,080 / 21,600 = .74

© Shum Coda Associates 2025
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Equipment Selection   Cooling
Per Manual S one half of the excess latent capacity can be converted to 

sensible capacity as this is self-correcting.  

Solve for today’s example:  

Total capacity of 21,600 – Sensible capacity of 16,080 = 5,520 Latent capacity

5,520 – 3,683 = 1837/2 = 918     16,080 + 918 = 16,998 new sensible capacity  

New SHR 16,998 / 21,600 = 0.79

Per Manual S we can be up to 15% oversized: 

Target total load of 21,170 x 1.15 = 24,345 Btuh > 21,600 Btuh   

The perfect size system……………

368317487Total

LatentSensible

© Shum Coda Associates 2025
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Equipment Selection   Cooling

•What about the effects of altitude?
• If you are moving 1000 cfm at sea level are you moving 1000 

cfm at 5000’?

• Air at altitude is less dense 

• So you need to move more air at altitude to get the same 
performance or derate the capacity 

© Shum Coda Associates 2025
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Equipment Selection   Cooling

• All of the performance data provided by the manufacturers is 
performance at sea level.

• Adjustments must be made for performance at altitude. 

• Unfortunately very few if any manufactures provide any 
guidance for altitude adjustment for air conditioners. 

• Fortunately Manual S does in appendix 6

33 34

35 36
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Equipment Selection   Cooling

The formula for air density correction:

• CFM at Altitude = Sea-Level Flow Rate / Density Ratio

• The air density correction factor for 5000’ is .832

Solve for example house:

• 800/.832 = 962 cfm

© Shum Coda Associates 2025
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Equipment Selection   Cooling

Now we have determined that our cooling equipment will have the capacity 

needed at 962 to 1,017 cfm. The question now is will the blower deliver? 

We used .7 IWC for heat cfm. It appears if we set the blower at High it will deliver 995 cfm. 

© Shum Coda Associates 2025

Loads for Multiple Directions

39
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2027 IRC
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Appliance/Equipment Selection Questions?

46
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Residential HVAC Design Duct Design
Manual D

47
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Why Design ?                               2021 IRC

•M1601.1 Duct design. 
Duct systems serving 
heating, cooling and 
ventilation equipment

shall be fabricated in 
accordance with the 
provisions of this section 
and ACCA Manual D the 
appliance manufacturer's 
installation instructions
or other approved
methods.

45 46
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2021 IRC
M1601.4.1 Joints, seams and connections

Longitudinal and transverse joints, seams and connections in 
metallic and nonmetallic shall be constructed as specified in 
SMACNA HVAC Duct Construction Standards-Meatal and Flexible

and NAIMA Fibrous Glass Duct Construction Standards. Joints, 
longitudinal and transverse seams, and connections in ductwork 
shall be securely fastened and sealed with welds, gaskets, mastics 
(adhesives), mastic-plus-embedded-fabric systems, liquid sealants 
or tapes. …….. Closure systems used with flexible air ducts and 
flexible air connectors shall comply with UL 181B and shall be 
marked “181B-FX” for pressure-sensitive tape or “181B-M” for 
mastic. Closure systems used to seal all ductwork shall be installed 
in accordance with the manufacturer’s installation instructions. 

© Shum Coda Associates 2025
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2021 IRC

M1601.4.1 Joints, seams and connections

Exceptions:
1. Spray polyurethane foam shall be permitted to be applied without additional 
joint seals.

2. Where a duct connection is made that is partially without access, three screws 
or rivets shall be equally spaced on the exposed portion of the joint so as to
prevent a hinge effect.

3. For ducts having a static pressure classification of less than 2 inches of water 
column (500 Pa), additional closure systems shall not be required for 
continuously welded joints and seams and locking-type joints and seams. This 
exception shall not apply to snap-lock and button-lock type joints and seams that 
are located outside of conditioned spaces.

© Shum Coda Associates 2025
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2021 IRC

N1103.3.4.1 (R403.3.4.1) Sealed Air Handler. Air handlers shall have 
a manufacturer’s designation for an air leakage of no more than 2 
percent of the design air flow rate when tested is accordance with 
ASHRAE 193. 

N1103.3.5 (R403.3.5) Duct testing. Ducts shall be pressure

tested in accordance with ANSI/RESNET/ICC 380

or ASTM E1554 to determine air leakage by one of the

following methods

49 50

51 52
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1. Rough-in test: Total leakage shall be measured with a pressure differential of 0.1 inch
w.g. (25 Pa) across the system, including the manufacturer's air handler enclosure if 
installed at the time of the test. All registers shall be taped or otherwise sealed during 
the test.

2. Post construction test: Total leakage shall be measured with a pressure differential of 
0.1 inch w.g. (25 Pa) across the entire system, including the manufacturer's air handler 
enclosure. Registers shall be taped or otherwise sealed during the test.

Exception: 

1. Duct tightness test is not required if the air handler and all ducts are located within 

conditioned space.

1. A duct air-leakage test shall not be required for ducts serving heat or energy recovery 

ventilators that are not integrated with ducts serving heating or cooling systems.

A written report of the results of the test shall be signed by the party conducting the test and 

provided to code official.

© Shum Coda Associates 2025

2021 IRC

N1103.3.6 (R403.3.6) Duct leakage The total leakage of the 
ducts, where measured in accordance with Section R403.3.3, 
shall be as follows:

1. Rough-in test: The total leakage shall be less than or equal to 
4 cubic feet per minute per 100 square feet of conditioned floor 
area where the air handler is installed at the time of the test. 
Where the air handler is not installed at the time of the test, the 
total leakage shall be less than or equal to 3 cubic feet per 
minute per 100 square feet of conditioned floor area.

2. Post construction test: Total leakage shall be less than or 
equal to 4 cubic feet per minute per 100 square feet of 
conditioned floor area.

54
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2021 IRC

3. Test for ducts within thermal envelope: Where all 
ducts and air handlers are located entirely within the 
building thermal envelope, total leakage shall be less 
than or equal to 8.0 cubic feet per minute per 100 
square feet of conditioned floor area.

55
© Shum Coda Associates 2025 56

2021 IRC

N1103.2.3 Building Cavities (Mandatory). Building framing cavities shall not be used as 
ducts or plenums.

In Contrast……..

M1601.1.1 Above-ground duct systems

Above-ground duct systems shall conform to the following:

7. Stud wall cavities and the spaces between solid floor joists to be used as air plenums 
shall comply with the following conditions:

7.1. These cavities or spaces shall not be used as a plenum for supply air.

7.2. These cavities or spaces shall not be part of a required fire-resistance-rated assembly.

7.3. Stud wall cavities shall not convey air from more than one floor level.

7.4. Stud wall cavities and joist-space plenums shall be isolated from adjacent   concealed 
spaces by tight-fitting fireblocking in accordance with Section R602.8.

7.5. Stud wall cavities in the outside walls of building envelope assemblies shall not be 
utilized as air plenums. 

53 54

55 56
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Why Design ?
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Manual D   Duct Sizing

Now that we have determined the house loads and selected the 
proper sized equipment, how do make certain the needed cfm 
is delivered to each room?

Manual D provides us with design parameters and calculations 
that will result in a duct system that will provide adequate air 
flows to rooms. Not designing your ductwork at this stage can 
have disastrous results like:

•Undersized ductwork effects furnace temperature rise (to high)

•Undersized ductwork effects cooling capacity (freezing coil)

• Equipment efficiency is lessened – more energy is used and 
comfort levels go down

•Unacceptable noise levels

© Shum Coda Associates 2025
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Manual D   Duct Sizing

Manual D requires that the duct system be 

equipped with balancing dampers. 

Manual D will get you close but is not

perfect. Some duct over sizing will occur

with balancing dampers, the flow can be 

adjusted. 

How many contractors actually use

balancing dampers one their systems??

In my experience very few, this is not a 

bad thing but the builder may have some 

comfort issues. 

© Shum Coda Associates 2025
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Manual D   Duct Sizing

Steps in duct design:

• Determine cfm flow to each room

• Make a rough sketch of duct runs- supplies and 
returns. I encourage designers to do this on the 
framing plan to avoid structural members.

• Collect information on blower and all air side 
pressure drops. This would be the coil, air filters, 
registers and grills.

57 58

59 60
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Manual D   Duct Sizing

• Determine the total equivalent length of the duct 
work. This is the longest supply path plus the 
longest return path. Don’t forget the fittings. 

• Determine the friction rate. You will need to know 
available static pressure.

• Size all ductwork based on needed flow and 
friction rate. 

See how easy it is!!!! 

© Shum Coda Associates 2025
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Manual D   Duct Sizing

A reasonably well designed system will be within these 
parameters:

• Total system flow will be ± 5% of design flow.

• Room flows will be ± 10% of design flow. (I have 
allowed ± 20%)

• Total system static will be ± 0.10 IWC of design. 

• Duct velocities are within Manual D 
recommendations. 

© Shum Coda Associates 2025
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Manual D   Duct Sizing

Recommended Velocities (FPM) 

Return SideSupply Side

MaximumRecommendedMaximumRecommended

FlexRigidFlexRigidFlexRigidFlexRigid

700700600600700900600700Trunk Ducts

700700400400700900600600Branch Ducts

---------------700Size for throw
Supply Outlet Face Velocity

500-----------------------
Return Grille Face Velocity

300------------------------
Filter Grille Face Velocity

Copy of Table 3-1 from ACCA Manual D

© Shum Coda Associates 2025
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Manual D   Duct Sizing

61 62

63 64
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Manual D   Duct Sizing

The required cfm to each 
room is relative to the 
rooms calculated load. 
Essentially if the room 
requires 5% of the 
equipments capacity the 
room will need 5% of the 
blower cfm. 

© Shum Coda Associates 2025
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Manual D   Duct Sizing
To determine the required cfm 

per room you must calculate 

the heating and cooling factors.

(Wrightsoft labels this as

‘Air Flow Factor’)

Heating Factor = Blower Cfm ∕ 

MJ8 Heat Loss (for structure)

Cooling Factor = Blower Cfm ∕ 

MJ8 Sensible Load 

(for structure)

Solve for today’s house

• Heating Factor = 830 ∕ 24,390 = .034

• Cooling Factor = 995 ∕ 12,453 = .080

© Shum Coda Associates 2025
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Manual D   Duct Sizing

The Wrightsoft program does most of the work for you. 
The proper inputs are critical. 

Determine your available static pressure:

• Start with the static pressure you used for the 
equipment. Remember we used .7 IWC. 

• Enter the AC coil resistance. This found in the 
manufactures performance data.

• Enter heat exchanger resistance. Ours was included 
with the performance data.

© Shum Coda Associates 2025
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Manual D   Duct Sizing

• Enter supply registers and return grille resistance. 
We will use .03 IWC. 

• Enter filter resistance. Most performance data 
includes ‘cost effective’ filter.

• Enter humidifier resistance, from manufactures 
performance data.

• Enter balancing dampers if used.

• Any other devices like air cleaners etc. 

65 66
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Manual D   Duct Sizing

© Shum Coda Associates 2025
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Manual D   Duct Sizing

This is the friction rate formula:   ASP x 100 ∕ TEL

Where: 

•ASP = Available static pressure

•100 = The friction rate is per 100’ of duct length

•TEL = Total Equivalent Length of ductwork

Solve:

.29 x 100 ∕ 305 = .095

Per Manual D the friction rate must be not less than 0.06 and not 

more than 0.18. 

© Shum Coda Associates 2025
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Manual D   Duct Sizing

© Shum Coda Associates 2025
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Manual D   Duct Sizing

Duct preferences for today’s house

69 70

71 72
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Manual D   Duct Sizing

Duct preferences for today’s house

© Shum Coda Associates 2025
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Manual D   Duct Sizing

•Note: Round Supply  8AE 

© Shum Coda Associates 2025
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Manual D   Duct Sizing

Equivalent lengths for elbows and offsets.

© Shum Coda Associates 2025
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Manual D   Duct Sizing

•Note: Supply Fan Fitting 1P

73 74

75 76
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Manual D   Duct Sizing

© Shum Coda Associates 2025 78

Manual D   Duct Sizing

•Note: Supply Fan Fitting 5K

© Shum Coda Associates 2025 79

Manual D   Duct Sizing
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Manual D   Duct Sizing

•Note: Round Supply  2JO 

77 78
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Manual D   Duct Sizing

© Shum Coda Associates 2025
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Manual D   Duct Sizing

Today’s House 

© Shum Coda Associates 2025

Manual D Pg. N43

83
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Manual D Pg.13

84
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Manual D
Duct Sizing Today’s House

85
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Manual D   Duct Sizing
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Manual D   Duct Sizing

.25

.03

.1

.03

.03

.44

.44.7 .26

.7 600

85 86

87 88
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Manual D   Duct Sizing

30’

90’2x45

R1

89 90

91 92
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Manual D   Duct Sizing

30’

90’2x45

R1

15’

135’

© Shum Coda Associates 2025
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30’

90’2x45

R1

15’

135’

120’ 120’ 120’120’

80’ 80’ 80’ 80’

? 10’

© Shum Coda Associates 2025

Handout Page # 49 
100
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30’

90’2x45

R1

15’

135’

120’ 120’ 120’120’

80’ 80’ 80’ 80’

2 3 4 5
26’

25’

65’

326’

16’

15’

95’

336’

? 10’ 10’10’
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.25

.03

.1

.03
.03

.44

.44.7 .26

.7 600

336 135 471

.26 x 100 ∕ 471 = 0.055

© Shum Coda Associates 2025
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This is the friction rate formula:   ASP x 100 ∕ TEL

Where: 

ASP = Available static pressure

100 = The friction rate is per 100’ of duct length

TEL = Total Equivalent Length of ductwork

Solve:

.26 x 100 ∕ 471 = 0.055

Per Manual D the friction rate must be not less 

than 0.06 and not more than 0.18. 

101 102
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6” x 24” 6” x 20”
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Manual T
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Recommended Velocities (FPM) 

Return SideSupply Side

MaximumRecommendedMaximumRecommended

FlexRigidFlexRigidFlexRigidFlexRigid

700700600600700900600700
Trunk Ducts

700700400400700900600600
Branch Ducts

---------------700Size for throw

Supply Outlet Face Velocity

500-----------------------
Return Grille Face Velocity

300------------------------
Filter Grille Face Velocity
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Hart and Cooley
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Hart and Cooley
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Field Inspections

112

What is needed?

1. Duct Plan

2. Fittings used

3. Equipment 

Selection
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections
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System Verification with Testing

Duct leakage test 

Test pressure is 25pa

Can be pressurized or 

depressurized

Typical leak areas

•Top take off

•Boots

•Connection to furnace

•Furnace itself

© Shum Coda Associates 2025
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Static Pressure Test

Probe in return air drop

System Verification with Testing
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Static Pressure Test

Probe is below the coil

System Verification with Testing
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Static Pressure Test

Reading 

Supply .263 in.wc.

Return .0789 in.wc.

Total system static  .3419 in.wc.

System Verification with Testing

© Shum Coda Associates 2025
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System Verification with Testing

•Flow Hood

•Measures CFM 
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System Verification with Testing

•Room to Room Pressures

•Should be within + - 3pa 
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System Verification with Testing

•Blower Door

•Depressurizes house to 
50pa

•A blower door and duct 
tightness test are used 
simultaneously to 
measure duct leakage 
outside the buildings 
thermal envelope
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Questions ??

Answers !!!

Thank You !!

Contact Information:

Gil Rossmiller

gil.rossmiller@shumscoda.com
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