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Instructor ) )

Gil Rossmiller

* In the construction industry for
over 40 years

*ICC-IRC Plumbing &
Mechanical Code 2009-2012
Development Committee

*|CC — Commercial Energy Code
?gilglopment Committee 2015-

* ICC — Residential Energy Code
[z)g\zlglopment Committee 2021-

*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 |
say something ---

completely
unbelievable
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The Code

« All Black and White

with nothing but gray in-
between

« | will give you my thoughts
* You will have your thoughts
* The AHJ has the last word
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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

© Shum Coda Associates 2025
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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

© Shum Coda Associates 2025

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

2 N ) NS o [ DR WAy T

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.
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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?)

Residential Lo
calgglliun =

.

This includes each separate room’s thermal requirements.
You do want each room to be comfortable, don’t you??

© Shum Coda Associates 2025

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.

© Shum Coda Associates 2025
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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.

© Shum Coda Associates 2025
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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.

© Shum Coda Associates 2025
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The Residential HVAC Design Process:

Manual S and D

4. Room Air Distribution — ACCA Manual T

Selecting the proper sized grilles = “K::
and registers has its own set of Distribution
requirements. You could have Basics

a properly sized system, .
perfect equipment,

an outstanding duct system
and ruin everything with the
incorrect grilles and registers. (=

© Shum Coda Associates 2025

¢  Equipment Selection- ACCA Manual S
. Duct Design — ACCA Manual D
*  Room Air Distribution — ACCA Manual T
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The Residential HVAC Design Process:

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

What is needed for an accurate load calculation?

*wb = Wet Bulb
*db = Dry Bulb
*Sling psychrometer

© Shum Coda Associates 2025
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14
Loads
Heating
Basement Windows 5304 Cooling Sensible |Latent
First Floor Windows 6365 Windows 7239
Basement Walls 4289 Opaque Panels 3340
Basement Floor 2437 o
First Floor Walls 4513 Infiltration 691 1123
First Floor Floors 38 People 1150 1000
First Floor Doors 1085 Appliances 2400
Flr?t Floior Ceiling 2206 Ventilation 960 1560
Infiltration 4934
Ventilation 3628 Blower heat 1707
Total 34799 Total 17487 3683
16
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|)Wmﬂawraignl.pmpum.andollum |
2) Sizing valua = MJ8 block load (heating Btuh) for the space

sarved by the equipment.

| 3) The 2.0 limit appiies when the sizing value is 25,000 Biuh or

| ) Minimum capacity = Sizing vahue

Iess, but & need to use this limit indicatos that a fumace i
incompatible with the appiication Consider a fumace that has &
staged or modulating bumer. Consider & heat purmp, of a
heating coil in a cooling equipment cabinet of duct, or
baseboard heat, or radiant heat.

4:memwm1mmwm|_om.4

when fumace blower performance ks adequate for cooling |

S)TmamumlquUmnywmmuz.ﬂmno

Wmmﬂmm“’fmm‘ﬂmmm
power for cooling. s i
o s f ooy valo o, nd ound
that axceeding the 1 4 kmit & necessary and dalonsible

« Consider a fumace that has a staged or modulating bumer.
« Cither solutions may be more wih the h

Consider a heat pump, o & heating coil in a cooling equipmant
cabinat or duct, o baseboard heat, or radiant heat, for example.

Table N2-4

Appliance Selection
Size Limits for Fossil Fuel Furnaces
T = | Multi Modulate
Output Single
Capacity Sage | Stage | Bumer
for Heating-
Stzing value fo | Stzing value to | Sizing value lo
ey 1.4 x sizing 1.4 x sizing 1.4 x sizing
value at full value at full
| capacky | capaclty |
Preforred? | Sizing valueto | Sizing value 1o | Sizing value 1o
Output 1.4 x sizing 1.4 x sizing 1.4 x sizing
Capacity for value value at full value at full
Heating and capacity capacity
Cooling | S | —— |
imn" Sizing value to | Sizing value o Simgvaluelu|
Output 2.0 x sizing 20 x sizing 2.0 x sizing
| capacity for value value at full value at full
 Heating and capacity capacity
Cooling B l _
Zone Zone damper systems should have as liti excess
| Damper capacity as possible when full capacity s compared
Systems 1o the Manual J block load for the space served
17
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. . Size Limits for Fuel-Fired Fumnaces
Appliance Selection

Single-Stage I Mutti-Stage |'"‘“""""""E
Size Limits for Water Boilers FuekFied Fumaces: | Wirmum Heoing Sze Foctor = 100
Used for Space Heating Only o ting | Maximum Heating Sire Factor = 1.40
Wodulatng|
IConvection Single-Stage| Multi-Stage M:Mm A | e Bumer
arminals b the urner Output Capchy 1o
[Space Minimum Heafing Size Factor = 1.00 or i g S
Maximum Heating Size Factor = 1.40 Heating Load 25,000 Size Factor = 200 Apply
1) Applies to natural gas, propane, oil, and electric heat. BTUMN or Less Feddsdg]
2) Design capacily is the heating load for the space served by Single-Stage | Muld-Stage | "5, mor - |
the equipment. Insailations Abave | Doesot | METUD | Does hot
3) The minimum output capacity is the heating load. 25001 Al | Factor=125] AP
4) Excludes steam boilers and solid fuel boilers 1) Apphes 1o natural g, propane, and of fumaces
2) The design capacify is the healing load
Table N2.6 3) The excess output capaciy factor shall range from 1.0 16 1.4
when the fumace biower perlonmance i adequate lor cosing
4)The 20
Size Limit for Combination Water Heaters e A ot e o i
Used for Space Heating b When the blower perfonmance from a larger single-stage of
muite-stage fumace is requined to meel the cooling design
Per Section N3 OEM Venfication Path airflow
5) The 2.0 lmat shall not apply to mngle-stage fumaces with zone
Table N2.7 damper system per Section N2.2.5
) For multi-stage equipment installed at elevations above 2,500
feet, the desigrer shall be permitted 10 use the low-fire heating
= "”' [ o detenrune the sze factor
©Shum Coda Asociates 2025 = -
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Equipment Selection Heating
The required load (Heat Loss) on our example house is 34,799
Btuh.

| have selected a Carrier (No reason but that | 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.

Equipment Selection Heating
Heating
Basement Windows 5304
First Floor Windows 6365
Basement Walls 4289
Basement Floor 2437
First Floor Walls 4513
First Floor Floors 38
First Floor Doors 1085 -"‘53“.}'-3‘»1‘?::‘&‘-‘»‘-'-‘-:‘“
First Floor Ceiling 2206
Infiltration 4934
Ventilation 3628
Total 34799
19
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Equipment Selection Heating Equipment Selection Heating

Performance data
The output rating will be about 34,799 Btuh after :

T SOE b0 | 4012 04013 | 00-16 | 060-12 | 000-98 | 08020 | 100-14 | 10020 ] 120-20 W
. . . . CERTRILD TEMP PEst RANGE | F) ] s 78 | 30—80] 2050 | 40 [0 ] 45— =
de-rating for efficiency and for altitude. R o | o e e e
ARFLOW CPUly. Heating| #50 | 1125 |5 | voos | vaoe | vieo | wees | vmee | vais | veeo | oo
40,000 x .923 = 36,920 x .90 = 33,228 Btuh el e e [ I e e il I
FFICTENCY
UNET SSTE 04
So, what is the correct adjustment for altitude?? ST s _vpton
- - (v sebesites I
Manual S does have generic deratl'on factors bqt only amSpeciidon ez e z
if the manufacturer does not provide any deration T e e
information. See the footnotes in the performance ST LT O R gwﬂﬁ; m. =
data. oremmnarcs Yoo o e e e e e e
o) I KN R N X X AN I I R AN T
Per Manual S it is acceptable to size up to 140% the VR ;

MJ8 required load ———

[ ok

" Capaity ared AFUE 1 ScoohMcs i U5 ot DO 1l preaset

1 2000 8. For slevaSoms st 2000 B, sstuce imings 2% R sach $000 8 above bad vl in it durste
oo st 5% ot shevisbons 2000 1 4500 B above sea hevel

§ ATirw shown iy Bor boltem
[

oS —inakatad Cormbustin Sysiem

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

ey rotms supply. Fof o Solvery atsovs 1800 AL wme Al Dilivary bt bon clfvae cpbcrs. & B 3 1o 150 michy

21
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Equipment Selection Heating Equipment Selection Heating

Temperature Rise:

The difference in the air temperature entering the
heat exchanger and the air leaving the heat
exchanger.

Heat (temperature) Rise Formula:
Bruh/cfm/(1.1xACF) = Temperature Rise
Where:

Temperature Rise is the
difference in the return air

Heating Equipment Summa Btuh = Heating output . .
Make Ca: erq - w CFM = Actual Air Flow in Cubie Feet per Minute the air leaving the heat
Trade Carier 1.1 15 a formula constant at sea level CXCh’ngCI‘.
Nﬁg?‘re, ?ﬂﬂ%mo-ﬁx ACF = Alttude Correction Factor from Table 10A
Efficiency 92 3AFUE ACF: 0.97
ngatingmnm 4%% Emn 36920/830/(1.1 * 0.87)
T arte e 36920/830/1.067 = 41.68 Round up to 42
Actual air flow 830 cfm
Air flow factor 0.034 cfm/Btuh
Static pressure 0.70 inH20
Space thermostat
© Shum Coda Associates 2025 2
23
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entering heat exchanger and
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Equipment Selection Heating Equipment Selection - Heating
Performance data
UNIT SZE : e
Heating Equipment Summary Actual Air flow is from the manufacturers ::E:gz:::m"ﬂwl CREN I | %
. e U5 | 0% [ oS 555
Make Carrier Iperformance data at a specific static pressure :ﬂﬂ.;vtﬁll 2:3 (I M I IR I I )
Trada Camer Cooling| #55 | tE Iw_x\ 1200 | VS | 1245 | 155 | 16s | 1570 | vea0 | 2oen
Model 58MCB040-12x R e
NRrer  Taaere o e
Efficiency 92.3AFUE : o
Heating input 40000 Btuh -
Heating 36920 Btuh i
Temperature rise 42 °F i
Actual air flow 830 cfm o
Air flow factor 0.034 cfm/Btuh =
Static pressure 0.70 inH20 1 -
’ V J © shum Coda Associates 2025 2 L Ld Al 3 © Shum Coda Associates 2025 26
25 26
Equipment Selection Heatin -
quip g Eqmpment Selection Cooling e = _ oy
i multi-split and
. . . . smumluforcoounu-orw Equipment i el (PTAC) equip
Questions on Heating equipment selection ? o smd i vw & Fs_mu iy used]
. . Spesd for the AHRI rating test for advertising total cooling Btuh.
Heat'ng qu.llpment Summary I I 1_teanms 3106“Mpoﬁmmamedaﬂhtmmowmw
Make Carri : | Oushed or Dusctiess Tolsl Cooling Copaclly | | the ditions for design dey, detomaine
Trgd mer Alr-Ale Max=115 = Max=120 Max = 1.30 total cooling capacity, latent
s mer Min = 0.90 Min = 0.90 Min = 0.90 a)mnm-wummtmmmmmwy
Model 58MCB040-12x | | s | AS for the space served by the equipment.
AHRI ref 144278 T e | veetem | Meeta 5) Maximum total cooling capacity = ummlm:smom
: pipe loop Min = 0.90 M = 0.90 Min = 0.90 Minimum total cooling capacity = Minimum limit x Sizing value
Efficiency 92 3AFUE | oretem s | ms | e;mmmmmmﬁmmg:
Heaﬁnglnpl.tt 36920 Egﬂ Water-Alr Max =125 | Max=130  Max=135 m;&u|mhﬁmm(1m'aisow
2 ng output 4> F openpiping Mnw090 = Min=080 | Min=080 7) Applied f ity (ahor for excees latont
emperature rise 2 I | 8 s | capacity, where applicable) shall not be less than 80% (0.90
Actual air flow 830 cfm
Air flow factor 0.034 cfm/Btuh Zone To minimize excess ai issues, 7ona damper factor) of the sensibio load
Staﬁow b70 in H20 | Daempar systoms shall have as iitlo excess cooling 8) Maximum equipment size may be determined by the OEM
C pressure 70 in yStha [ Coplchy &6 poNIH when Mkoocing sepachy e verfication path (see Section N3)
Space thermostat Compand o e M
S Table N2-1
» } A © Shum Coda Associates 2025 27 = » “. 3 © Shum Coda Associates 2025 »
27 28
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Manual S and D

Standard Sizing Condition . . .
Cooling Capacity Size Limits Equipment Selection Cooling
Alr-Air or Water-Alr
Single-Speed
T Co 4 Lo Than or Equnl to M 000 BTUK . .
| e B Cooling Sensible |Latent SHR: Sensible Heat Ratio
: Windows 7239 )
F — 108 ! Opaque Panels 3340 Sensible load / Total Load
' ' Infiltration 691 1123
17487/21170 = 0.83
[ People 1150 1000
I Air-Air or Water-Air f
[ __TwoSpess Appl'_an_ces 2400 The task is to find the equipment
o Ventilation 960 1560 that has the same or very close to
Blower heat 1707 the same SHR and meets the
ST calculated load.
chage by ok ot Total 17487 3683
. r'.:i.duﬂ ha sermitio cocing
. Tabis N2.3.1 B » © Shum Coda Associates 2025 0
29 30

Equipment Selection Cooling
Our target loads:

Product Data Total = 21,170 Btuh Sensible = 17,487 Btuh Latent = 3,683 Btuh
INDUSTRY LEADING DETAILED COOLING CAPACITIES# CONTINUED
FEATURES | BENEFITS T ——

g
bty M

— eney EVAPORATOR At

‘We will start with 800 cfm value. (We will adjust for altitude later)
EBW = Entering Wet Bulb temperature. We will use the 63° value
(Close enough & see footnote)

75° dry bulb at 509 RH is equal to a 62° wet bulb. ‘

AL ]

E 32
© Shum Coda Associates 2025 © Shum Coda Associates 2025
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Manual S and D

Equipment Selection Cooling Equipment Selection Cooling
DETAILED COOLING CAPACITIES# CONTINUED Per Manual S one half of the excess latent capacity can be converted to

sensible capacity as this is self-correcting. ‘ ‘
Sensible |Latent

Solve for today’s example: ‘ Total‘ 17487[ 3683

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

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. New SHR 16,998 / 21,600 = 0.79

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

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

t1 At TVA rafing indoor condition (75°F edb/83°F ewb). All other indoor air temperatures are at 80°F edb.

The perfect size system....

© Shum Coda Associates 2025 © Shum Coda Associates 2025
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Equipment Selection Cooling Equipment Selection Cooling

. 2 « All of the performance data provided by the manufacturers is
*What about the effects of altitude? performance at sea level

: Iffyoutasrgorg’o?ving 1000 cfm at sea level are you moving 1000 * Adjustments must be made for performance at altitude.
cfma ?
. . . * Unfortunately very few if any manufactures provide any
Air at altitude is less dense guidance for altitude adjustment for air conditioners.

* So you need to move more air at altitude to get the same « Fortunately Manual S does in appendix 6
performance or derate the capacity

© Shum Coda Associates 2025 © Shum Coda Associates 2025
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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 Altitude | Density Ratio | Altiude | Density Ratlo
1,000 0.964 6,000 0.801
2,000 0.830 7,000 0.772
3,000 0,896 8,000 0.743
4,000 0.864 9,000 0715
5,000 0.832 10,000 0.687
Table A6-1
Al © shum Coda Associates 2025 37
37
Loads for Multiple Directions
Housas Front ot Morffeast Ennt Southoast Souh Soutwest West Mortwost
Sensitie Load (Bkh) 14085 157TH 1540 16500 13810 W4TTO] 1483 15272
Lo Load (Bh) 4005 2009 40 0 40 4099 400 40
‘Total Load (Bikih) 18188 19877 19608 20800 17708 18870 | 18030 10372
Heatng AVF (cim) 830 X EX 0 L] 830 B3 80
Cookng AVF {cim) - 95 Lo o5 | 05| %5 008 s
Building Orientation Cooling Load
25000
oo —————~
E 15000+
g 10000
2
S000+
ol . . + . . + 4
N NE E SE s W w NW
Oirection House Front taces
House Front taces South
Highest Cooling Load: Houss Front faces Southeast

2 N ) NS o [ DR WAy T
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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?

AR DELIVERY —CFM (With Filler®
= ENTERNAL STATIC |

i we)

RETL
LT SZE | SUPPLY SPEED

I joke LT, -

T T
e “'*!,E"'
IR

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

Size Limits for Condition A Heat Pumps. Condition B kmits apply 1o central ducted equipment,
JSHR < 0.99, or HOO { COD < 20 ”mlalﬂw,:"_m ruti-spit equprment, and
Equipment Single Two Varisble packaged terminal heat pump (PTHF) equipment.
Bpeed Speed Sowed 2) JSHR = Sensible cooling load / Total cooling load.
T o T ot EDD Cooling degr m‘wn
DD = ad {
Ale-Alr Max=115 | Mois120 | Maxe130
Ma-0%0 | Mne0%0 | Mn=080 :am mb He = T puebe ¥ Bk:.ﬁ““
o S rating adverising cooling
WaterAlr | Maze 115 | Maxe120 Max = 1.30 alr‘mmmm;n%"mm
- - -1 a
s | Mn=ot0 -zl W 4) Sizing value = MJB block load (sensible Biuh pius tatent Btuh)
| ! 1 : for space served by the equipment.
Water-Alr M = 1.25 M = 1.90 M = .38 Maximurm total cocling capacity = Sizing value + 15,000 Biuh,
cpen-plpe Min = 0.00 Min = 080 M = 000 mmwmm om:sm:nm
" | & | &8s 8 size may be by the OEM
) Conditen A it are idenical 1 P Tabls N2-1 bmas mmmsﬂmm

b) Tible -1 notes 1 ihvough § soply 1o Condiion A heat pumpe.

Total Cooling Limits for Condition B Heat Pumps
J5HA = 0.85 o groator; and HOD | COD = 2.0 o greater

Applies to Condition A and Condition B Applications

a:Tom«memeﬂmmmdﬂDBrldm zone
systoms shall have the minimum possible amount

| Equipment|  Single Two Varintle mwmmmsmuhm
(Type | Speed | Speed | Upeed | biock load; and tha minimum possible amount of supplemental
Ale-Alr | Max = 15000 | Maxs +15000 | Max = +15,000 | {elactric cod) haating KW when lull KW capacily is compared 10 the
Ducted or Min « 0.50 Min = 0,00 M = 0,00 | supphomental heat load for the balance pomnt diagram

| Dwetinee | | L4 RS b} A performance method may be used for mult-speed and
Wotee-A | Max < 415,000 | Max = +15,000 | Max = +15,000 variable-speed haut pump sizing. Section A20-6

pipe loop Min = 0.00 M = 0.50 M = 0,50 provides related guidance:

ezl | | s L —

Water-Alr | Max = +15.000 | Max = 415,000 | Max = +15.000 Table N2-2

openpips L 000 M = 0.90 M = 050 w0
wysisen ) RS © Shum Coda Associates 2025



Standard Sizing Condition
< Size Limits

Alr-Air or Water-Air

Single-Speed

Total Ct Than o

Tote! Cooting Size Factor < 1.0

Total Coolng Scre Factor = 000

Sanstis Coolng Soe Factar 2 090

Latont Coolreg Scre Facer = 100

Total Cootng Load More Than 24,000 BTUN

Total Coolng Sipe Factor < 115

Totid Cootng Sepe Factor £0 90

Sevvtie Condng Sae Focter =090

Latent Coolkng Sire Foctor 21 00

Air-Air or Water-Air

Two-Speed

Total Cooling Sire Factor s 175

Total Cocing Siw Foctor =000

Sansiti Cootng Sae Factor 2000

Latent Cookryg Sie Foacker & 1100

1 rmlm-swr.m
wncoad e 5i20 kot in Table N3 1, and
ioad murst be ot kst 0 00_ and

L

Thar o' cocleg capacty deved try T cooking besd must not
b The sensitdo cookng capacty deded by the sehuble coolng
€ The lsloni copocty deaded by he ielent must be 100 of

greater

For hoat pumg squpmen! when heating Capacly & imuice
Then supolimantal

et the heiting b et s b e
Sow Socton 2314 “
Tabls N2 3.1
41
Variable-Capacity Equipment 2 Samplified procedure - heat
Sizing Condition a Shdmut mmmumhm and
Single-Split System (Ducted or Ductless) and gt s Kot piphicha g e iy ]
Multi-Split Qutdoor Unit :mnmnm:mwmnqmm\?ﬂwwn
Alr-Alr and Water-Alr Equipment heating iad, which i the minimum compressor haating size
factor. shall be 0 B0 of bess
Simplified Cooling Only 3 Advanced haat pump sing hmts
Totol Size Factor 130 a.The miwmum comprassor capacity dvided by the
Te F. 2 fotal cooling load, which & the memmum compressar cookng
um.:; Ll 120 facto, must be Jess than o equat 100 80, and
3 d { b The munumuen compressor lifen! capaciy daidad by the atant
| Simplified HeatPump | Ioad, which is the memum compressor fafent coolng sze
Smglied Cooling nis Agply factor, must be greater than or equal to 1.00, and
e e e S P © Tt s2 o shk s honce o0,
iz 3 o o .
Wm@m;ﬂmmm d The memmum compressor healing capacity deaded by the
Heat Pump Iating foad, which i this MVNTLM COMEYESSOr haatng S8
Mnimum Campressor Coolng Size Factor < 0.80 factor, shall be bess thon or equal o 0.60
[ Latent Cooling Size Foacior = 100 dry heat pump size condifion requines a Manual J
Heatig Size Focior = 1.00 sansible heat ratio-of 0.55 or greater, or actve defhumdfication.
Mrwimum C ‘Heating Sioe Factor = 0.60 5 Advanced dry heat pump 2i2¢ kmis:
- - anmnmwmmmww
Advanced Dry Heat Pump total coolng load, which 1S, the memun compressor
JSHR 2 0.95 or Active size factor, shall be less than or equal o 080, and
Mrnenum Compressor Size Faclor < 0.80 bnwhnmgi wwmmuwmms::
Hialng Size Facior = 1.00 healing sre factor, greater than of
© The mnerum compressor healng capecty divided by the
| Adnimum Compressor Heatng Si2v Fockr 5080 | eali foad which & the mwtsmen compress heatng sae
1. Simgiified procedure - cooling-onty 52e limis ‘shal be less than or equai to 0 80,
0. The latal cookng capacty dnvided by the cooling load 1 the d.The heat pump heating capacty of 47°F divided by the
vig, Lokl cooling s factor, whach must 1.30 of kess, and heating load shall be less than o equal 1o 150,
b= b The latent cooling capocily daded by the latent boad is the
ViR fatont coolng size factor, which must be greater than o equal Table N23.4
101,00 ”
43
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Product
Data

38BYC (60 Hz)
12 SEER Heat Pump

42
Size Limits for Water Boilers b " " .
Uond tor Bpsoe Ipering Only Size Limits for Water Heaters Used for Space Heat
The sizing value is | Single Multi Modulating | |
fortheloadon | Stage | Stage | Ouput | | Awater heater that provides closed-circuit space heat shall also
W wakon | | Szingvaiue | | Provide potable water heat. Section N2-10 summarizes code
terminels In the oidx | toldx | loldx wmmmmmmmmm
space, and/ or hot | SiZngvalue | Sizing value | sizing value !
water coils in an air il s e
capacity capacity 1) Applies to natural gas, propane, oil, and electric heat.
oy, | IS S_— 2)mnmmrwmrmmmmtiemr;rmmm
Size Limits for Duct or Air Handler Water Colls and/or snow melting heat, in addition to space heat, refer to
™ e xmn:&uwmnmmm
ot wator ot e Vel® | 3) Sizing value = MJB block load (heating Biuh for the space
air distribution ﬁ;‘h\uml Sizing valus to served by the equipment.
system. s&:ﬂ.zvs‘:n 1.5 x Sizing value .4”“ ity = Sizi . B !

11



2027 IRC

Size Limits for Water Bollers
Used for Space Heating Only

Modulating
Convection Single-Stage
brarminals In the Burner

ISpace Mmnimum Heating Size Factor = 1.00

Maximum Heating Size Factor=140 |

1) Apphes to natural gas, propane, oll, and electnc heat

2) Design capacily is the heating load for the space served by
the equipment

3) The minimum output capacy is the heating load.

4) Excludes steam bollers and solid fuel boilers

Table N2.6

Multi-Stage

Size Limit for Combination Water Heaters
Used for Space Heating
Per Sechon N3 OEM Verfication Path

Table N2.7

© Shum Coda Associates 2025
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Residential HVAC Design Duct Design
Manual D

© Shum Coda Associates 2025
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Manual S and D

Appliance/Equipment Selection Questions?

© Shum Coda Associates 2025
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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.

© Shum Coda Associates 2025
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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

Manual S and D

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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51

2 N ) NS o [ DR WAy T

50
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
© S ot Asoctes 2025 52
52
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Manual S and D

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 N1103.3.6 (R403.3.6) Duct leakage The total leakage of the
installed at the time of the test. All registers shall be taped or otherwise sealed during ducts, where measured in accordance with Section R403.3.3,
the test. shall be as follows:

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 1. Rough-in test: The total leakage shall be less than or equal to
enclosure. Registers shall be taped or otherwise sealed during the test. 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.

Exception:

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. 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.

© Shum Coda Assoclates 2025
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2021 IRC 2021 IRC
N1103.2.3 Building Cavities (Mandatory). Building framing cavities shall not be used as
ducts or plenums.
In Contrast........
3. Test for ducts within thermal envelope: Where all M1601.1.1 Above-ground duct systems
duf:ts' and air handlers are located entirely within the Above-ground duct systems shall conform to the following:
building thermal envelope, total Ieak?\ge shall be less 7. Stud wall cavities and the spaces between solid floor joists to be used as air plenums
than or equal to 8.0 cubic feet per minute per 100 shall comply with the following conditions:
square feet of conditioned floor area. 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.
55 56
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Manual S and D

© Shum Coda Associates 2025

Why Design ?

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
comfortissues.

© 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. | 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.
60
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Manual S and D

Manual D Duct Sizing Manual D Duct Sizing

* Determine the total equivalent length of the duct

work. This is the longest supply path plus the A reasonably well designed system will be within these

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

parameters:
Total system flow will be + 5% of design flow.

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

friction rate. +  Total system static will be + 0.10 IWC of design.

*  Duct velocities are within Manual D
recommendations.

See how easy it is!!

© Shum Coda Associates 2025 © Shum Coda Associates 2025
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Manual D Duct Sizing Manual D Duct Sizing

Recommended Velocities (FPM) Duct Preferences for Entire House RectTrunk/RoundBranch = l"'l
Supply Side Return Side
g e
Recommended Maximum Recommended Maximum 3 Branch - Teunk
Duct material - T
Duect height 0 Rect-]| € |Rect- in
Maxirmum velocity 700 700 fpm
Rigid | Flex Rigid | Flex | Rigid | Flex Rigid Flex Minimum velocity 200 200 fpm
Minimum diameter 4 4 in
Trunk Ducts 700 | 600 900 | 700 | 600 600 700 700 Round ducts sizes 1Std roun =| *sl(none) =] =+ Std roun =| *++/Std roun +| *++|
Branch Ducts 600 | 600 | 900 | 700 | 400 | 400 | 700 | 700 Ractiovel ductsizes  inone) =} +Std rect =] [tnone) = >}inone) =)
Supnly Outlet Face Velocit Insulation |Low or Non =|[Low or Non Low or Non = [Low or Non |
upply Qutiet Face Veloelly | oo« for throw 700 — R Register shape/size [Rect < 6.0412.0 in Rect B in
Register typa/material  |Floor two way =|Metal = Wall register = Metal =
Return Grille Face Velocity
”””””””” T 500 —— =
Duct layout |User defined -l Ductsize  [Standard English (IP) size =
Filter Grille Face Velocity 300 Automatic trunk reduction o =
Max SB heating Use variable friction rate =
18 :
Copy of Table 3-1 from ACCA Manual D MaxSB cooling Bilovel zoning
63 64
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Manual D Duct Sizing

The required cfm to each e
room is relative to the % 1'2
rooms.calct_JIated load. 41 ofm
Essentially if the room

requires 5% of the =~ ‘Mst Bath
equipments capacity the A

room will need 5% of the
blower cfm. (T

© Shum Coda Associates 2025
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Manual S and D

Manual D Duct Sizing L
To determine the required cfm T - S Dviken Condons
per room you must calculate =4 as =1
the heating and cooling factors. T S
(Wrightsoft labels this as Hesting Summary Semaitie Gooling Equipment Load Sizing
B Y S0 Bah Svaam 1451 Bup
‘Air Flow Factor’) e o Boms e
P\rm‘:\ 3 :1‘: = 0 B
Heating Factor = Blower Cfm / TN o g e e
MJ8 Heat Loss (for structure) Mot Seutes Latont Cooling Exuipment Load Siting
Cooling Factor = Blower Cfm / ! LR i
MJ8 Sensible Load A 2 B S-S o e
(for structure) Nl duphs R - e
Huuting Equipment Summary Cooling Equipment Summary
:l‘;ﬂ”!'- .'_ii';’;&hl'-
Solve for today’s house S —_—
¢ Heating Factor = 830/ 24,390 = .034 P s e R

 Cooling Factor = 995 /12,453 = .080 A e -_-_Eﬂ Sif.,

© 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.
67
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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.
68
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Manual D Duct Sizing

Static Pressure for Entire House

Heating Cooling
(in H20) (in H20) 2 Supply  Return
External static pressure [fo=7o7 [fo=701 () "
Pressure losses Measured length of run-out 12 12
Coil Measured length of trunk 28 3
Heat exchanger Equivalent length of fittings 170 .'."] 105w
Supply diffusers
Return grilles Total length 210 123
Filter Total effective length 333
Humidifier
Balancing damper Friction Rate  aating Cooling
Other device (in/100f) {in/100#)
Supply [[0.102] ox 10.072] oE
Available static pressure 0.34 0.24 Return [[0.102]) oK % OF

69
© Shum Coda Associates 2025

Manual D Duct Sizing

Supply Branches for Entire House

Heating friction rate 0.102 inf100R Duct Tree
Cooling friction rate 0.072 inf100R
8T Heat Ds. flow Pr. drop Diam:
| Buh .- +o | {efm) | din H20Y) {in} -
Recreation _E 1593 €74 | h 54 [169 0.21 390 p 5.0 0] ©
Recreation-A stl |rbl 1553| €74 h 54 [152  o0.21 398 p 5.0 0 0 T
Recreation-B [st2a [rbl 1593 €14 h 54 [ 161 0.21 390 p 5.0 0| O
Bed 1-A St2A [TbS 1685| 1387 ¢ 111 [1&0 0.21 415 p 7.0 0 ©
Bed 3 stiA_[tbl 1515| 368 h 52 [Zi0, ©0.21 379 p 5.0 @ ©
Bed 4 Ist1 [rbl 1378 85 © 79 [ 191 0.21 354 p 5.6 8 4
Dining StlA |tbé S52| 866 c &9 [192 0.21 383 p 60 0 0
Kitchen sti  |rb5 1366| 1412 c 113 [154 0.21 422 p 7.0 0 ©
Kitchen-A stiA |rbé 1366| 1412 ¢ 113 [ 185 0.21 422 p 7.0 0| ©
Laundry st2 [tb5 | 587 258 © 21 [167, 0.21 237 p 4.0 0 0O
Living=-A stl  [rbs 2134 724 h 73 [1%6 0.21 31 p 6.0 0 ©
Living-B stl [rbé 2134 724 h 73 [157 0.21 370 p 6.0 0 ©
Master Bedroom stz [tb3 1816| 50l c 72 [17z2, 0.21 367 p &0 0 o
Master Bedroom-A  [st2  [rb3 1816| 901 ¢ 72 [147] 0.21 37 p 6.0 0 0
Mst. Bath st1  [rb3 1066| 317 h 36 200 ©.21 416 p 4.0 0 o0
Powder 5t1  [tb5 762] 176 h 24 [113  0.21 107 s 3.0 8 4

© Shum Coda Associates 2025

Manual S and D

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

Duct preferences for today’s house

Fitting Preferences
Elbows Takeofts
L -
Rectsupp [FB3  wd ,‘45?- Rect [E1 | (_:{?ﬁj
Matal Supply
Round supp [TAE s Round  [200
Rect ret CLE] o = Rect EB1
— Raturn
Round ret | [FAE L | g Round [6C3

Flax T« (O

© Shum Coda Associates 2025
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Manual D Duct Sizing

Duct preferences for today’s house

|| & suppty | "™ | Radbr |FAT ||

W

¢ Junctions ) Round trunk 9I1 ...| I

—— /“x"g -

i :| f_,__"j Rect branch 10, j E

— Retumn

» e E‘ifﬁ' Round branch 106 J <

Transitions Fan Fittings
tect (26T e [ Rect |7 o |
o Supply

wound [T s | D Round ([ wn] |45

et |[ZFT e (o Rect |FK s
Retumn =

tound  [1201 e E

Round |5 e |

© shum Coda Associates 2025 7
Manual D Duct Sizing
Equivalent lengths for elbows and offsets.
Group B. Elbows and Offsots
Picture [ o Jeaten] Fitting Bescrigtion [=]
i BAS 20 Smocth ebow, R0 = 0.7 |
( O gl
—— BAE 1] Smecth sbow, RO ve 15
N (PO 4 ot § e sbow
&‘ ™y A W 4 or & goce emow, AT
Ny BAF 18 400§ smen wbow, A0 s 1§
= Bl 3 pmce ebaw A0 =075
7 ,O (] 3 pmce stow, WD« 1.0
— BR300 3 pmce e, D »e 1.5
[ TR Seccth mhered el
[ ;;-."‘ wsloft: JSup TR junctions [Ret TR juctions [Junction boxes
or | Caes | |
75

© Shum Coda Associates 2025
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Manual D Duct Sizing

Fitting Preferences

Elbows
Rectsupp  [6B3 el [
Metal — Supply
Round supp |FAE o L

Rectret [fES =
Roundret [IAE w00
g

Flex T =l (O

*Note: Round Supply 8AE

© Shum Coda Associates 2025 74
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Manual D Duct Sizing
Boots Trunk Junction Fittngs
E A A mact | Pwatte T = B
Rt | - | sy | ™ s [ X
Piex Junctions - Round tunk P =
Jducts = A1 [ Ract branch 104 was | L
e - Retum
socn | B 5
Transinons
Rect  [T501 e LD,
Suoply -
Round [ZA1 = S
Reet [T | T
il P
* Note: Supply Fan Fitting 1P
© Shum Coda Associates 2025 76
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Manual D Duct Sizing

Group 1. Supply Air Fitting at the Air Handling Equipment

Picture [ o Teasen] Fitting Description S

50 deg. rect ebow with transiicn

Rect. tee, no vanes, WW = 0.5
|Rect. tee, no vanes, HW = 1.0

[Rect tos wih vanes

- a0 50 deg. rect ebow - 10° mn. from und, no vanes
% i R 50 90 deg rect ebow - 107 min. from und, with vanes

W . 151 60 0 deg. rect radus sbow -10°mn from unk. no vanes. -

[ ]\ sup at AM £ Sup take-offs -ofts [ Sup FRetat AM [ Ret BR i

ok |  Coced | |

© Shum Coda Associates 2025
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Manual D Duct Sizing

Group 5. Return Air Firtings at the Air Handling Equipment

Prcture | o [earen] Fitting Description J=l
/-L‘_:;] (] 3 Miered made corner ebow, MWW = 1.0
P 52 M Misred pace comer show, AW = 20
. S (20 Radus sbow, AW+ 025
rﬂ/ G2 15 Radws abow, AW+ 050
" n 1 Radius sbow, RW = 100
A L Square sbow wih vanes

— [ [ Rect 1o 7o vanes
- e
C I 'Rt tee witn vanes
|
T =" |
<[ [ Sup bootaistacks ), Ret at AM £ Ret BR Mbngs /| Ret jostarstuds | Elbowsionsets | Sup TR j

[ ] cems | |

© Shum Coda Associates 2025 79
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Manual D Duct Sizing

Boots Trunk Junction Fitings:
Supply | [iAD wusl i Rect Rectbe iU
trunk
Ao | [ wd z Supply Rndbr |[BT e
Flex Junctions Round trunk pii
saxs [0 e[
Return
>3duc| [TTA o
Transfions.
Rect 1301 e | LD
Round  [TZAT s
Rect 12FT  wed 1
Rturm
Rownd [IT0T o (B,

* Note: Supply Fan Fitting 5K

© shum Coda Associates 2025 78
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Manual D Duct Sizing
Fitting Preferences
Elbows Takeofls
Rect supp ISB] assl ,',:;_;l Rect 2H1 -:-l c};‘:’}l‘?
Metal T Supply >
Round supp [FAE_ wesf {00 Round |[200  eee] | e
Rectret  [EB3  snd ::'pﬂ Rect |[6B1
- Return =
Roundret |[FAE s { /L Round [E23 we| Gl
Flex [EERT [/_‘,:D
*Note: Round Supply 2JO
80

79
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Manual S and D

. Manual D Duct Sizing .
Manual D Duct Sizing i = :
o
Group 2. Branch Take-Off Fittings at the Supply Trunk e -
Picture [ o [eaten] Fitting Description [l e
Q]/ 4 (85 Fect. from side with scoop, 4 datr be i 1
6 (85 |Reck from e wilh scwnp, § or mare b Today's House 3 b
E ) |Round from o, no iransiton, 0 dsir br
m |75 |Reund from tog. no tranaion, 1 dedrbr
x (8BS Round from iog, no transton, 2 detr b |
m e Round from tog, no transgon, 3 dsir br s 1!
24 (100 Feund from iog. no ranaion, 4 sirbr |
x e Round from top, no translion, 5 or more b J
20 (50 Round from tog with round transition, 0 dsir b i 3 vt 16 - re - - -
BT 16— Mot oo e rovnT et F o B A retum air duct is not required to each . +
207 &5 [Raund from teg with round ranssion, Z dstr br room: however, a return air ])aﬂ'l is % TPPE TELRETE e - —
23 70 Round from top with round transition, 3 dstr br _ L = 5
2475 Round fiom top wn round transiion, £ Gsir bt required. This could be a 'jumper duct’ or
T T e a transfer grille. Room to room pressures o
X1 (80 Round from top with rect. tranaiion, 1 datrbr 3 3
§2 e e e i should not exceed plus or minus 3 pa.
. Sup at AN ), Sup take-ofts { offs K Retal A {Ret BR fittin (Pascals)
oF_ | Cowe | | i
e A
4 1] © Shum Coda Associates 2025 81 © Shum Coda Associates 2025 -
P
Group 14 — Minimum Door Undercut Gap
o e | [com | Door Width (Inches)
M | D Pg. N43 - Manual D Pg.13 Under | e % » | @] & '
anual D Pg. L B anual D Pg. Tl n] s elu]
et s . Clearance (Inches) to Floor or Top of Carpet
J__m____L 100 20 | 18 | 13 | %1 | 10 | 08 | o8
i . Sl S o=
. 200 | 40 |22 | 27 | 23 20 | 18 | 18
» P :'D:' o B K. L
200 | 80 | 48 | 40 | 34 | 30 | 27 | 24
W b i Doy b Rty | - + - ' . - .
BSap S 40 80 | 84 | 53 | 48 | 40 38 | 32
. T A8 e ey i s s e 500 | 100 80 | 67 | 67 | 50 | 44 | 40 |
o F————— 800 120 | 86 80 | 08 | B0 | 63 | 48
. - e 700 MO | 112 | 93 | 80 | 7O | 62 | 68
- - Ny 800 w0r | 81 | 80 | 71 | 84
e e e L.l 1760 1] el 1.en g 1t
o (1,000 | 200 | 160 | 133 | 114 | 100 | 89 | 80
1200 M0 | 192 | 180 | 137 | 120 | w07 | 98
1,400 | 80 | 224 | 167 | 160 | 140 | 124 | 12
& T g i Bl MKl Tl | Bl el B8
. 1,00 | 320 | 285 | 213 | 153 160 | M2 | 128
Door gap haight besed on 300 Fpm air veicoty hough Bw gap.
: : , : Table N3-2
Ld A © Shum Cod/" Ld A © Shum Coda Associates 2025
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Manual S and D

Manual D
Duct Sizing Today’s House

TU— T —) TN 11—

/ sx b ik a5
T, va—

F

Sty

Pt Finer
A 1051200

f de— Al

at | 1]
WaEany, — ([T
1] D axiz b\

| L 54
\ Storgge Fmace
20snghh ="

a0

© Shum Coda Associates 2025

Manual D Duct Sizing

. 4050 .
P

19,5 ,
4AD

12 "
52 cfin

&
=Xy

7"17.04

EjeIAD

L5 1204

140"

Jd " | Trunk reduction
4 1y bauge

| finting: 12Q 1:1 Slope |
L - — 1

Total Reurn Air Duct length: 307 | -

All Supply Air Boots: 4G
All Supply Air Top Take off: 21

2 N ) NS o [ DR WAy T
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Manual D Duct Sizing
Friction Rats Workshest
Sie 1) Manalacturer's Blower Duts
Exterat stusic pressrw (€57 2.7 WG Cme 600
Stop 2) Companent Pressurs Losses (CPL)
Ownct axnaneiin regesd col 25
Dechric resitance Paatng ool - -
ot water ool _—
Haat aechanger
Low ficiency e
High or mic-sficiency e A
Enectrone e ——
03
Supply ot fy S
Faten grie 03
Blasancing durmge
11 gpes o e Zomponant
Total component e (CPL) 44 wc
‘Sing 3) Avadable Stalic Pressurs (ASP]
ASP e CSP-CPU=d/ <A 1..26  mwe
Stnp 4) Total Eftective Length (TEL)
Suppéyaide TEL + Fstum-ude TEL = ORI F—
Stop 5) Friction Rate Design Vahus (FR)
FH e rom 900N ivie Chat - LS00
v
) © Shum Coda Associates 2025
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Manual S and D

=]

Trunk Length |
| Trunk Length l
Trunk Length |

n-m_ml..ngm.
Group1 I

Group 3

Group 8

Group 12 _
Group 13 _

Total Length

Sroup2, >

Grows |

Growp 11 |

© Shum Coda Associates 2025

Supply Run Number |2

# | Trunk reduction
= | fnting: 120 1:1 Slope |
it ]|

Total Remm Air Duct Jength: 307 |

All Supply Air Boots: 4G
All Supply Air Top Take off: 21

89

Group 5. Return Air Fittings at the Air Handling Equipment

[ nJ En.l.ul._l Fitting | 5]

mms Ret at AH

In-ine refurn nio plenum with 2 or more returs

5F| i45 Sigee rect return ino pienum
SF2 |70 Recl return info plenum wilth 2 or more returns.
SG1 (45 Single round return into plenum
5G2 (TO Round return it plenum with 2 or more returns
5H1 |45 Square elbow, HW = 1.0
SHZ |30 Square elbow, HW = 2.0
IEL] 45 Misred inside comer ebow, HW = 1.0
e 30 Miered inside corner slbow, HW =20
1 (20 Radius ebow, RW =025
sz |15 Radius ebow, AW = 0.50
553 ] Radus sbow, AW = 1.00
£ Y— |

menm;(mm&mmn

0K | Cacel | |

© Shum Coda Associates 2025
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Manual D Duct Sizing

B : Ettective Length
Element | Suppty Fun 10 Humber I Return Run 1D Number

| | N I | |
Trunk Length | 1 ! Trunk Length ! |
| Trunk Length | | Trunk Length | 4—_‘—
Trunk Lengin | I P 1 Trunk Longtn ([ ]| ]
Aunout Length | | | 4 Runout Length | l |
ot | B
oowz | L 1 o
L S — | - Group7 | | |
Group 4 | ! I Groups | | [V (N
 Group 8 | | | | Graup 10 ]
oowps L | | | ouptt |
Oroup 11 B | - l 1 |8 - Group 12 | . | _
Grouptz | | 1 mupla | I | |
Group13 | | | I |
Other | . 1 4
Total Length | —T— lruuu.mﬂ

92
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Group 6. Branch Return Air Fittings at the Return Trunk

Picture | ® [Eqten.| Fitting B
= & |25 Square S0 dag. return boot
&
BH 15 Radiis 90 deg. retun boat
@:ﬂ
"] Rect. to round 90 deg. return boot, na trarstion
oG _I
CIE] |Rect fo round 50 deg. return boot, win transtion -
[+ [+ [{Retat AH ) Ret B fittings {Ret jo FEb JsupTR FRetTR juc

Ok | Cenedl | |

J © Shum Coda Associates 2025

Manual D Duct Sizing

— Effective Length
Etomant l Tumnmm_ Humiser Elemant [ Rahurn Aun 1D Number
= ! = R1L
!\ Trunk Length Trunk Length 4___ o
| Trunk Length | | Trunk Longth | | B |
Trunk Length | | Trunk Longth | 30’ |
Runout Length L | Runout | | |
Group 1 l | | Group 82X45 | 90’ |
: ! l P n = |
Group 3 R Group 7 ! | |
T - T Jomee ] C
Group B | | | Group 10 | |
Group 9 | — l 1 Group 11 | | |
Group 11 i | Group 12 | | -
Group 12 - | |Growpts | | |
Oroup1d | l | | Other ]
Other |
B I _i_ Othor 4 1 —
| Total Length l | I Tatal Length IC]

© Shum Coda Associates 2025
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Supply Run Number |2

| Trunk reduction

| fiuting: 120Q 1:1 Slope |
L - — 1

Total Remm Air Duct Jength: 307 ]_

All Supply Air Boots: 4G
Al Supply Air Top Take off: 21

95
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Group 1. Supply Air Fitting at the Air Handling Equipment

Picture [ o [eaten] Fitting Description [«

161 |35 Expanding recl. header win tranaion, FAVY = 0.5

0 162 |25 Expanding rect. header wih transition, HAW = 1.0
M1 [120 90 deg. rect angle - no vanes, KW =05
Hz |&s 90 deg. rect. angle - no vanes, W = 1.0
|20 90 deg. rect. angle wih vanes
K a8 90 deg. rect. ebow with misred nside comer
1w e 90 deg. rect. ebow, RW = 0.25
1z |20 90 deg. rect. ebow, AW = 0.50
[(E R 90 deg. rect. ebow, AW = 1.00
™1 [30 90 deg. rect ebow wh | vane, RV = 0.05
™2 20 90 deg.rect ebow with | vane, AW = 0.25

Sup at AH ,(smm_.c;m T

offs f Sup

K| cael | |

R

© Shum Coda Associates 2025
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x
Group 12. Transisions and Abrupt Squeezes
Picture [ @ [eaten] fitting Descripban B
) Canvergng rect abrust sansean |

Group 4. Supply Air Boot and Stack Head Fitings
Picture | w |Earen| Fitting =]
[T Square floor from rect horiz
o —
4F i
L
4G |80 Ficor from round horiz_ - out rt ang
A 4G
.
4|50 Ficor from round horiz. - pasaliel
4-H
\E
4 10 Fioor from round vert -
q g take-offs ), Sup ARet ot AW} Ret BR fittings. /| Ret joists/studs | Elbow
[k ]| coe | |
Al © shum Coda Associates 2025 o
Etfective Length
Efomant | Supply Fun 10 Number | Etament Roturn Run 1D Number
] = CRLL [
Trunk Length | Trunk Length '
Trundc Langth i 1 - Yrunk Langth | ! 1 {
Trunk Length | | E- ] Trunktongth | 307 | | |
FAunout Length | | | | Aunout Length | | | |
Group 1 IC] :”:]:] Group 52x45 | 90 |
Group2 | St IR l Group® 15" | 3
Group 3 L | | P | Group 7 ! j
T — A B s S A A A
Grovps | . | | oroupto | | —t
Group 9 | l ! Group 1t | l
Dravp 11 I L Jeowrz || |
ﬂlgum::]__ | . L | Group 13 | N |
Group 13 | ! § 1 Nm | I_ |
Other | l .  [Other 1 ! — g
Towfiangth ' ﬂf l“m | 135’ | —

© Shum Coda Associates 2025
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= [1281(18 | Canverping rect frasston, skee 11
N
L.,_‘_q_\%. L . 1 4
2.0 —— 4 1202148 Converping rect framstion, siope 2100 4.1
T[13R £ | Converpig rect trasston J
T
wR
. T i+
[{Flex bends ), Transitions'squeszes
o | cwed | |
9%
© Shum Coca Associates 2025
» 1
4 R | Trunk reduction
= |finting: 12Q 121 Slope |
—_ 4

Hando

Total Rewumn Air Duct length: 307 | =

All Supply Air Boots: 4G
All Supply Air Top Take off: 21

100
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X
Group 2. Branch Take Off Fittings at the Supply Trunk
Picture [ |En.|.eo.[ Fitting B Effective Length _—l
M2 | Rect. from side with scoop, 2 dstr br Eloment mmm:n Huimier Eromont I Roturn Run 1D Number
2H3 75 Rect. from side win scoop, 3 dsir.br | 3 ; T
2H4 BS Rect, from side wih scoop, 4 dstr be 2 | 5 — L R1 | 1 [
2HS 88 Rect. from side witn scoop, 5 or more br Trunk Length :] :] ! Trunk Length | L
R Round from top, no franstion, 0 dstr. b | Trunk Length | =1 Trunk Length
m |78 {Round from top, no ransion, 1 dsir be | Trunk Lengin | I Tronk Longth | 3| T [
22 B Round from top, no transtion, 2 dstr. b | :] Lok Langeh 1 30" | } H
0 ed Round from tep, no transiion, 3 dstr. b Psoul Langth | Runout Length | | |
240 Round from top, no transken, 4 dstrbr | Group 1 I 120° | 120’ 120’ | 120’ Group52x45 | 90" | 1}
s |1 {Round from top, no transdon, 5 of more br I Group 2 l Group & 15’
250 50 Round from fop with round transition, 0 dstr br - 1 i
21 e Round from top with round transitian, 1 dstr.br *2 T 1 T Sroupd 1
202 (es Round from top with round transiian, 2 dsir br .. L] /80" | 80" 80" | 80" |Group® 1 ! -
23 |70 Round from fop with round transdion, 3 dstr b |  Group § | | | | Group 10| | .
4 75 Round from top with round tranaition, 4 dstr.br Group 9 I l Group 11 | I.
25 (80 |Round from top with round transftion, 5 or mare br | " T T 1
2 150 - d 4 L. 1 N N A !
T+ ] Sup at A ), Sup take-offs offs £ Sup et al A  Ret BR fitin Group 122 10 :] D lorowprs | | [
Group 13 | Other [
(3 l Cancel | ] Other i Other 1 | 1
Totol Length E I Tomi Langn | 135
101 =1 102
© shum Coda Associates 2025 Ld Al © Shum Coda Assoclates 2025
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Friction Rate Worksheel
m"&lwr.lmﬂﬂ"hl:‘lf:- _7 WC Cwns 600_
Step 2) Component Prassure Losses (CPL) This is the friction rate formula: ASP x 100/ TEL
oy Where:
L?.?«"Sfﬁ.-_. — ASP = Available static pressure
Low effcsoncy - . . .
1o ey ot — 100 = The friction rate is per 100" of duct length
Svoply ot o3 TEL = Total Equivalent Length of ductwork
Retum grée 03
el b SO — Solve:
Total companent iosses (CPL) 44 we .26 x 100/471 = 0.055
w:uummmmt;sn 2
ASP - (E8P-CPU= (- . .04 ). .26 me Per Manual D the friction rate must be not less
i banelpraiage-<soreo/ S R O I O N than 0.06 and not more than 0.18.
S it Do ke P —
FR value bom Nchon e chan = wChoo

103 104
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Friction Rate Chart
00 - 10 7 .
450 {Cesan Frickon Rste Toa Low ] gl
redequate fan performance =y &
400 H oincrasse speed / D10
360 4 o Changs Hower -
2 o Decresss TH.
g 20 -
€00 3 ]
150 e = e ==
i=—"1Desion Friction Fate Too!
100 = =] [
o Decrease eod
0= o Increase T il
o
ik 18] o5 0z 025 03 03s 04
Available Satic Pressue

© Shum Coda Associates 2025
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Manual T

Typical Floor
And Low Wall
Dutlets

Floor Diffuser

Profile

Spread

© Shum Coda Associates 2025

Manual S and D

S——
Supply Run Number |

All Supply Air Boots: 4G
Al Supply Air Top Take off: 21

© Shum Coda Associates 2025
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Recommended Velocities (FPM)
Supply Side Return Side
Recommended Maximum Recommended Maximum
Rigid Flex Rigid Flex Rigid Flex Rigid Flex
Trunk Ducts.
700 600 900 700 600 600 700 700
Branch Ducts
600 600 900 700 400 400 700 700
Supply Outlet Face Velocity
Size for throw 00 | — |
Return Grille Face Velocity 500
Filter Grille Face Velociy | ____ | ___ | ___ 00

107
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98 Acceplable NC tor Various Applications "wwﬁc o 420/421 Floor Diffuser (Page 5]
m_m”umuw.me; 1arers provide Eace welocty o aeck velocity pusdehoes (o Face Velocity | 1000
Noise produced by the sir conditioning equipsseol iy ac- webacity |s abvo provvided by tbe table below H d C | anml.n:u . - m
coptable 2 b s 1 . “masked by the arabiess ncie. artan ooley o tas  [soread ﬁﬁ 50|
Throw 60 10.0)
Apphcation NC  Maximum Application MC  Maximum
Level  Velocity Level  Velociy 2% 12 CFM ssg :gog
‘uralSugartan Zex Crurches and Schosisfcont AK100 rhrow ! 7.0 0] 11.0
Urban L]
Apaniments. M0k IS o0 Giymrs and fec. oroas. 40 1o 50 00 2% 14 g::“ ag ;
HotelaMotels 401 50 500 Ak 115 1 A | ! 1
Private foom of sulo 0035 700 Pubisc Assembly Throw ; 60| 80| 80| o J o]
room 001 700 Conoen hads 2008 700 [CFM 85| 80| 99| 130
froe ‘0 800 Logmale heators 2028 700 4x8  locread | 3 50| 85 75 1.0
OM“ b o Moson piciure Fwaties g:; % A0 [ Throw 60| 7.5 8.5 Y 13.0
Exvcusve B0 70 Xox M Y o] 85| 100] 120] 70
‘Conlerence rocma 251030 T00 Colseuma Spoead . T, Y 134
mo...w ::z ﬁ Lobbies ::2 g AEATD rhrow | gg :: o.g \‘:g ‘gu
areas 1 -
Computer room B 90 Swinming pools 00ss 1000 ax1z  |CFM 80 100] 120 95|
Bursinegs maching room A0 o 45 200 Terminals Spread 3 5| 80| 05 . 16.0}
Visiog s wes %00 Tickwting wreas We¥k 70 A9 Iheow 70| 80 13.0
Ganoenl Wasing Brwas 800 ! J
e ik w0 Sudion PP 5| 140| 160) 230
Genaral sabes arots 0ns 900 Recordng shudios w28 00 Spread 0| 85 10.0] 120] 13 17.0
400s0 900 D Aacken Nt X230 | hrow : 70| 85| 100] 1. 140
Hospitals and Clinics udience
rooms 251030 T00 mmmnwn;'m 200 6% 10 (CFM Lﬁ‘: ‘l‘:: |‘;g ‘Z;g
Oparating Rooms oI 7O Resturnt oating wea e W Ak 240  [SPioad ! |
Wards 0o 35 To0 Lounges [ Throw 7.0{ B5| 10.0| | 140
Churches snd Schools Nt chitss MWiwds 800 G T70] 200] B
Samchemien mwn 70 Caletorias d0ws 80 Bx12  looread 1.0 130] 19.0
: |$m___§.u_w_ | e ‘ 285 Irhow | 9.0] 10.0] 16.0
e e Gx1s  |CPM 65| 200 330
=Cp o =Cp ax 330 [Seread 9.0] 120 20,
N © Shum Coda Asocates 2025 2R | © Shum Coda Asox Throw 80| 95 74

B72/674 Return Air Grille (Page 20, 10)
673 Return Air Filter Grille (Page 20)

ek Wl Field Inspections
Hart and Cooley PRI ol I : : P
- What is needed? e
1. Duct Plan —_—
2. Fittings used
3. Equipment
Selection

SA-200,67.03 CFMReg-tiud _— —|

&AD 2|
150 CFM if crowl spacel

© Shum Coda Associs © Shum Coda Associates 2025
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Manual S and D

Field Inspections

Field Inspections

Number of Downatroam Branches 10 End of Trunk Duct or
Humber

Piosa B 1 e s & ¢

© Shum Coda Associates 2025

iy of Downatream Branches 1o 8 Trunk Reducer
Fiting o | ' 2 | a . 5 o More
i
j-.._f-’ a ™ ] s | ™ 100 10
& £ 0 L] “ ™ kel 80
&1 " 50 w0 o ™ ™ L
C,\ n o | 0 %0 - 108 18
e m o | ” ™ 108 e
b vt o) 10 Wb i, Pt i b ol A Pt b

14

EL =80 EL =50 EL=10
L (d \'.h © shum Coda Associates 2025 w
5K

Square EL
Elbow
with Vanes 10
5K

= :
p
z— | [—=

"
s |
i

P 050 | 180 |
| o |

-r_un.' e |

10 10

Tow EL =20
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Field Inspections
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Field Inspections

© Shum Coda Associates 2025

Field Inspections

© Shum Coda Associates 2025
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Field Inspections

© Shum Coda Associates 2025
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Field Inspections
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Field Inspections

© Shum Coda Associates 2025

Field Inspections
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Field Inspections
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Field Inspections
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Field Inspections

© Shum Coda Associates 2025

Field Inspections
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Field Inspections

128

s Xa}



Field Inspections
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129

Field Inspections

© Shum Coda Associates 2025

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

eConnection to furnace
eFurnace itself

© Shum Coda Associates 2025 139
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Field Inspections
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System Verification with Testing
Static Pressure Test
Probe in return air drop
140 -

N



System Verification with Testing

Static Pressure Test

Probe 1s below the coil

© Shum Coda Associates 2025

Manual S and D

System Verification with Testing

Static Pressure Test

Reading
Supply .263 in.wc.
Return .0789 in.wc.

Total system static .3419 in.wc.

© Shum Coda Associates 2025
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141
System Verification with Testing
* Flow Hood
* Measures CFM

143
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System Verification with Testing
*Room to Room Pressures
*Should be within + - 3pa
144
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System Verification with Testing

L ‘ *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

© Shum Coda Associates 2025

Questions 7?7

Answers 11

Thank You !!

Contact Information:
Gil Rossmiller
gil.rossmiller@shumscoda.com

© Shum Coda Associates 2025
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