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Understanding Residential HVAC
Equipment Sizing

Code Requirements for Manual S
(2012 IRC, IMC, IECC)

Objectives

 Participants shall understand the current and
upcoming CT code requirements for residential
mechanical equipment engineering (Manual J, S
& D)

 Participants shall understand the relationship
between Manual J load calculations and Manual S
Equipment Selection

* Participants shall understand the need for
Manual S equipment sizing (in accordance with
the 2012 ICC code)

Topics

“Limited” Code Overview

Design Process Overview

Manual S (Equipment Selection)
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Review & Examples




Handouts

Copy of this presentation

2012 Connecticut Code Summary

Design FAQ

CT Code — QIV Comparison

CT Municipal Design Table 2015

Example OEM Engineering Data

Example OEM Capacity Report

Example Manual J-S Report

Manual-S Demo Interpolation Spreadsheet
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Example House #1

rL

*  West Haven, CT

* 2 Floors + Finished Attic
* Built 1930

* 1tFlr = 1145 sq.ft.

« 2™ Flr = 1145 sq.ft.

* Attic = 632 sq.ft.

« Total = 2922 sq.ft.

* Attic Ceilings Insulated
*  Windows Updated
* New “insulated” siding

Example House #1

1st Floor
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Example House #1

2nd Floor

Enclosed Porch

Aroat
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3rd Floor

Areat

=

Finished At
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Example House #1
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How do we typically go about
“Engineering” a mechanical system for
this house?

. Determine scope of the project
. Solicit contractor quotes

. Hire contractor

. Install system

. Pay contractor

Example House #1

ONOUh WNBE

What is the correct way to go about
“Engineering” a mechanical system for
this house?

. Determine scope of the project
. Determine code requirements
. Perform engineering analysis

. Solicit bids

. Hire contractor

. Install system

. Commission system

. Pay contractor




Code Overview

State Building Codes
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2005 Connecticut Code Summary
(with 2009 Amendments)

2003 International Building Code. (IBC)

2003 International Existing Building Code (IEBC)
2003 International Plumbing Code. (IPC)

2003 International Mechanical Code. (IMC)

2011 National Electrical Code (NFPA-70) (NEC)

2012 Connecticut Code Summary
(Proposed Adoption Fall 2015)

2012 International Building Code. (I1BC)

2012 International Existing Building Code (IEBC)
2012 International Plumbing Code. (IPC)

2012 International Mechanical Code. (IMC)

2014 National Electrical Code (NFPA-70) (NEC)




2011 Connecticut Amendment
Effective: Oct 6, 2011

SECTION 29-252-1d Amended....

DELETE 2006 IECC, substitute with 2009 IECC Amendments:

403.2.1.1 Duct Insulation Values prescribed must be Installed values.
403.2.3 No building cavities may be used as supply or return “ducts”. (2003
IMC/IRC allowed returns)

403.6 Equipment Sizing (Mandatory). 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 methods — none listed).

Referenced Standard: ACCA Manual J-02, 8t edition (not 7)
Referenced Standard: ACCA Manual $-04
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2012 International Residential Code
2012 International Energy Conservation Code

N1103.6 (R403.6) Equipment sizing (Mandatory) & M1401.3 Sizing.
R403.6 Equipment Sizing (Mandatory).

“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.”

Code Comparison

ACGA standard 5
(Qualiy Instail) LSompan=at
IRC 2009: M1401.3 ACCA eI s
ANSI/ACCA 2 Manual 3 - Mooz 'ACCA Manual 18-11
anual J § 3-8 Required:
3-8 (version 2) (Load calculations) B aiLocs OO N 1ECC 2012: 403.6 (Room-by-room)
(Block - Room-by-room) R (Mandatory)
ondcakuitin ACCA Manual )
ACCA Manual 3-8 (version 2)
IRC 2012: M1602.2
ANSI/ACCA 1 Manual D - D 1RC 2009: M1601.1, ACCA Manual D-05 -
(one*Compiete) CEtb ACCA Manual D-09 1 2012: 603.2 (Coreat)
ACCA Manual O
IRC 2009: M1401.3 5
ACCA Manual $-2004 TRg LD
ANSI/ACCA 3 Manual S - Manual 412004 Reauired
201 (Eauipment/component IECC 2005: 403.6 X 2004 Requir
(2nd Edition - 2014) Selection) €T 2011 Amend: (Mandatory) L
uipment Sizing. i
ACCA Manual S IR
Estimated, recommended,
g g 1ECC 2009: IECC 2012: R402.4.1.2
or per code for new trati N ERLE Required

-ation
h Blower Door)

Ini
construction (Testing
RC 2012, 41103.2.2 Sentg

fandatory)
3-4cfm/100%

oS Duct Leakage | 40222 55520% Requred:,
xS o cesghcim, | (Tesmg o Dur Soery | 403:2:2 Seling (s tecc 2012: 403.2.2 Sealng scim/toort
‘or 50% reduction (Mandatory).
3-dcfm/1007
Airflow Testing
Reuired fAiciowiTostisg I ot Gied Not Gited Reuired
Commissionii
-] Not Cited Required

Required (Charge, electrical, ai Not Cited
testing & documentation)
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The Design Process

8:50 AM

SAY MAN. YOU DO MANUAL J'S?
9

ITWOULD BEA LOT COOLER IF YOU
DID.




Design Process Overview

Syvem Doign
Process
ACA cca
Rosidortil | Commercaal
’ Mansls Mons
I
e Calctfaton
Equpment &
g L==Esil I~ ;_” == Affects duct loads
Affects CFM requirements./_
which affects duct loads Duct Size
P | B o I RS - T
Residontinl Duct
] Diagresic and Repak

ACCA - Contracting Business Magazine, Spring 2003
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Design Process Overview

Residential
Calculation__<

Residential
Calculation __*

What is Manual J?

1. “Modeling” the peak building loads at local
climatic conditions
1. Do NOT change outdoor or indoor design
conditions. (This will create psychrometric errors)
2. Manual J (when performed aggressively) will
still over-estimate actual loads by 10% to
40%




Local Design Conditions
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Connecticut Location C cticut Design Data ACCA Table 1A (Reference Design Data)
> 53 3% s | g £\
8 2|%F |38 2 o3 23 § |3
%
3

eeeeeee

alalala

H

aterbury

aterbury

rd Brainard

alalala

ridgeport

11 |Waterbury
1

BURUNGTOY

[cresTer IMIDDLESEX

All values derived from 2009 ASHRAE

[Waterbury

alalalalala
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2.

What is Manual S?

Iterative process using the “initial” loads
from Manual J to select candidate equipment
Candidate equipment capacity is then
adjusted based on:

available CFM settings of air handler,

altitude,

outdoor air design temperature,

return air entering conditions and,

any line-set adjustments due to lifts or lengths

e wN e

What is Manual D?

The process to design a ducted distribution
system based on the CFM requirements
determined by the Manual J and Manual S
process.

Although re-engineering existing duct systems is
not required — the designer/mechanic better be
able to recognize the very common problems of
insufficient return duct, grille and filter sizing.

If installing a hydronic only system, many of the
Manual J software suites will help size
baseboard lengths for the project.




'I'EiiEIl THE2 DAY TRAINING -
CLASSE =

SO/I[GUESSYOU/COULD/SAY]IPRETTY/MUCH
S WKNOW EVERYTHING ABOUT HUAC DESIGN
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Acceptable Software Tools/Methods

¢ ManualJ is too complex to perform by hand or with a
spreadsheet! The design practitioner MUST use approved
software.

— There are currently 6 software packages available for load
calculations. They are NOT equal in their capabilities.

JootEK  [casmer  EnergyGaugé
Resload-J for IPAD
3/

[Eite Software

RHVAC %205

Avenir

WWW,ACCA




Software Not ACCA Approved

MrHVAC.com
HVAC-Calc

Fire Dragon Net

O’Brien Quick Loads Pro
Qwickload

Loadcalc.net

Code Officials Note: None of these packages will calculate duct loads or
air-conditioning loads correctly. They may be close enough for hydronic
heating loads, but they are not vetted by ACCA for either.

Acceptable Software Tools/Methods

* Manual S requires Psychrometric calculations and detailed
OEM performance data. It can be preformed with charts and
tables, however there are a lot of numbersinvolved and is
easy to miss-read or transcribe numbers from OEM charts. It
is better to use OEM software and either Psychrometric
software, or other tool (including Manual J software) to
perform the calculations when possible.

— NONE of the current Manual J software suites does this perfectly or at
all in some cases!

Acceptable Software Tools/Methods

* Manual D can be performed on paper and
spreadsheet by someone familiar with the
steps, however we highly recommend using
the duct design calculators that are available
in or as part of a design suite (Manual J)

5/22/2015
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Design Summary

* Manual J
— Determine local conditions
* Manual S
— Select equipment with capacity adjusted for local
conditions
* Manual D
— Based on design CFM requirements

1. Determine scope of the project

=

. Replace 1%t floor furnace and Air
Conditioner
2. Replace boiler that serves 2" floor
and finished attic
3. Add new air conditioner system to
2nd floor and attic

Example House #1

2. Determine code requirements

1. Manual J (Entire building)
2. Manual S (all systems)
3. Manual D — New A/C system only

Example House #1

5/22/2015
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3. Perform engineering analysis

1. Manual J (Entire building)
2. Manual S (all systems)
3. Manual D — New A/C system only

Example House #1
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Local Design Conditions

Connecticut Location i ign Data ACCA Table 1A (Re Desigr
> z £z i%a] 32 |2 8 iz 2| £ 2 5| 2=z
=
88 71 It
89 71 |Windsor Locks Bradley Field T | 197 | 2 | 8 | s | 71|
1 | 0 |Windsor Locks Bradley Field
3 [New Haven 1
2 [waterbur 550
[worcester WA | ose

Manual J — Load Calculations

12



e wrightsoftLoad Short Form
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Hig Infiltration
Cutside db (°F) 7 lethod Simplified
Inside db (*F) 70 Construction quaity Loose
Design TD (*F) 63 Fireplaces 1(Semi-ioose)
Daily range -
inside humidity (%) 50
Moisture difference (grib) 48
i 00 PR
et t e
WEATING EQUPMENT CooLING EQuIPMENT
e wwe
W G e
N o
Dt 12
encency " Encaney w
Fesn o - S oun
ROOM NAME Area Hig load Cigload Baseboard (f}) | Cig AVF
() (Btun) (Btun) Low Hign | (cm)
Boiler d 1777 58557 2490 9% 69 1100
Fumace d 145 36351 12703 | 61 43 587
Entire House d 202 94909 36195 | 158 112 1845
Other equip loads 0 0
Equp.@ 100 RSM 36195
Latent cooling 8693
TOTALS 202 94909 44388 ' 188 112 1845

Caleanonsapproved by ACCATo mest alleqoremerts f st 4 5 E

o st e

Manual J — Load Calculations

- wrightson Load Short Form

Rty e Energy Semices

— "
1/ = g Y mme. e
. g ¢ f R i
ROOM NAME Area Hig load Cig load Baseboard (1) Cig AVF
() (Btun) (Btun) Low  High (cfm)
st Floor Zone P 1145 36351 13868 61 43 641
mace d 1145 36351 12703 61 43 587
Other equip loads 0
Equip. @ 100 RsM 12703
Latent cooling 4308
TOTALS 1145 36351 17010 61 43 587

Manual J — Load Calculations

- wrightsor: Loed Shert Form

oo

S 3 w
ROOM NAME Area Htg load Clg load Baseboard (ft) Clg AVF
() (Buh) (Bluh) Low High | (cim)

2nd Floor Zone P 1145 30096 16567 50 35 3
Afic Zone [ 632 28461 w6 | 471 : 431

iler d hles 58557 23490 98 69 1100
Other equip loads 0 0
Equip.@ 100 RSM 23400
Latent cooling 4385
TOTALS 777 58557 27876 98 69 1100

o
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Manual S

The Practical Definition

9:10 AM

5/22/2015

Manual S Definition

* The process by which the design practitioner
determines the suitability of a candidate
mechanical comfort system to meet the
design loads of a building.

Air Conditiona

11/2t02 ton

14



What is : nent for?

rer responsible for the rating % b PAYNE HEATING AND

bllows in accordance with AHRI SY g for Unitary Air-Conditioni
Equipment and subject to verificat by AHRIsponsored, inq

Bing Capacity (Btuh):
Rating (Cooling)

AHRI (210 = it 29.92” hg
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What is an AHRI Rating Document for?

* DOE requires it.

roduct Ratings

* It only tells us what it can do in
a lab — for comparison to other
systems at the same
conditions.

* |t does NOT predict how it will
perform on our project!

Manual S Procedure

* Adjust capacity for the following

effects/factors:

1. Altitude

2. Entering coil air conditions
1. Adjusted for Duct gains/losses (leakage, R-values)
2. Ventilation

3. CFM Settings
1. Airflow set for Sensible Heat Ratio (Cooling)

4. Line-Sets

15



WHY?

* Why do we need to do a load calculation
(Manual J) and equipment selection (Manual
S) on an existing house?

— Can’t | just use the same size as what was already
there before if the customer isn’t complaining?

5/22/2015

BECAUSE

* The original system was MOST likely not
properly engineered to begin with,
* Buildings change over time:
— Weatherization
— Improvements: Insulation, windows, etcetera...
— Additional space: additions, finished basements,
attics, etcetera.
* Modern equipment doesn’t necessarily work
the same as the system that is being replaced.

So?

* OK—soisn’t equipment selection based on

the loads? Can’t | just pick as system based on
the loads?

* Well no!

Manual J == Equipment Selection

Equipment capacity is rated at certain laboratory conditions. The designer needs to
determine how it will operate at local climatic and building operating conditions.

16



AHRI Rating — Cooling (& HP’s)

* Doesn’t include affects of:
— Altitude
— Duct thermal gains/losses
— Duct static pressures
« Affects fan power and heat
« Affects airflow and actual Sensible Heat Ratio
— Outdoor air temperature (difference)
— Line-sets

« Charge adjustments to compensate for length, lifts, size

5/22/2015

AHRI Rating — Heating (Combustion)

* Doesn’t include affects of:
— Altitude
— Duct thermal gains/losses (not significant)
— Duct static pressures

« Affects fan power and heat (not significant)

Manual S (Equipment Selection)

>

17



Line Sets

VAPOR LINE SIZING AND COOLING CAPACITY LOSS
PURON REFRIGERANT 1-STAGE AIR CONDITIONER APPLICATIONS
LONG LINE APPLICATION: An applicaion is considered wnit i above indoor i, aad 80 Bt when the outdoor wat s
“Long lne” when he fotalequivalnt mbing lengih exceeds 80 below the indoor unt, Refr fo Accessory Usage Grideline belors
or when thee is more than 20 F verical separaion berween for requined accesores. See Long-Line Appication Guideline
hese applications equite addiion ot equined piping and sysem modicaions. Al refer 10 he
accesones and. sysim modificaons for eible sysem fable belo fo he aceptabe Sapor tube dametrs based on the
Gperation. The masioun allowable foal equivalon lengih i {ota agl fo nmiize he coolng Capacity os.
e masimum veticalseparaton i 200 i whe auidoor
Aeceptable ooty Capacy Lovs (7]
Vapor Line Total Equivalent Line Length (ft.
pication
[e0r 00125 | 150 | 175 [ 200 [ 225 | %50 |

118 0
Tor Tss fotal cquivalvent Teuglh

‘Applications i this area may hava height restrictions that it allowaba total aquivalant langth, whan outdoor unft s baiow indoor unit Sae.
Long Line Applcation Guidelines
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Design Conditions - Ducts

Winter: 99% dg

Hartford - 6 F dB

H:6°F
C:88°F +35°F=123'F

Attic temp for 16B Roof?

ducts in Basement?

H: 50°F + (6°F x 0.3) = 51.8°F
C:75°F

Ventilation

Furnace duct/HRV connection

indirect
connection

direct
connection

-

18



Manual S (Equipment Selection)

Ventilation Effect

Indoor ° ﬂ@ Fin.a!

° ° Condition
000 DB
e DB ¢ Sensible *DB o WB

« WB ¢ Leakage * WB

77.2°FdB/ 64.5°F wB ?
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Entering Air

Capacity Interpolator

Design conditions
EDE(F) [7m4 EwB (F)  [64.9 oD (F)  [840 AVF (cfm) [s93

e O P = T (1 B Y0 L ——
Cooling Coil Interpolator - System 1

Formaze Wagal apasiy | power Furnsss rodet
e ) w00

ATCEEOTD
Srsaveon
StoA AT
s ven

%~ System 1 Desian Candiions
Outdoor Diy Bulb Supply Airflow: Enlering Wel Bulb: Entering Dy Bulb s e
[ <|F [pm fom[Eza o|F [B3 ofF e
Systern 1 Loads e
o w6 g [0 - - il e
= o —
= = SO i
E ity oot \F‘ \F‘ \?‘ ﬁwi:&h
— s o
x| e | e | e
=——— T —— T
OEM Engineering Data
84°F -
AHRI Condition
DETAILED COOLIN‘-\PACITIES
Tl R S B P
(= -
587 CFM  [= 5|
63.7°F wB
00 1361|1361 | 216 |
- 3
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OEM Engineering Data

DETAILED COOLING CAPACITIES#

EVAPORATOR AIR

CONDE!

cFm 3

T2i222)
67 (18.4)
62 (16.7)

7 (138)
TZ 222
67 (184
62 (16.7)
57 (13.8)
TZ 222
&7 (185
62 (16.7)
57 (13.6)

75
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R
aore 1000 G (s20L Fero,

11 A TVA ang 7 ean

WS Enerng Wer sl

Interpolate OEM Data

DEMO - Manual S Interpolating Calculator

CFM 587
Amb 84 Outdoor Ambient
de| 752 75 85 84
wB| 63.7 Total | Sensible | Total |Sensible| Total |Sensible | AdjSens @ 75.2F
525 67| 18790 13260 17950 12900| 18034.0| 12936.0) 10831.8
525 62 17270 15730 16430 15360| 16568.0) 15357.0) 13292.8
600 67| 19110 14100 18230 13730) 18318.0) 13767.0) 11362.2
600 62| 17660 16880 16870 16490| 16949.0| 16529.0) 141242
5 525| 17066.4| 14560.3 12456.1
wB Adj
0.835 600) 17414.5| 15589.9 13185.1
BTU Adj /1000 cfm CFM Adj 75| 4.640267| 13.7288 9.7208
62 17354 15411 13059
SHR: 0.753]
l€ |6 Frerr— 5 - 6] @ peromance coclor
P [e——— A
powered by
| Equipment Performance Calculator - wrightsoft
s i s
Inputs (@ setecion iner @ Results - Selected unit Qo
Outtoor et 123en8 Nensacter [t V] e
Indoor modet: cnpy st pe: [SHAC_ V] ndoor CNAVP2ALAALA
Weather location. Bridsspo, T, us [ Fomace mede ot Cep i< 15 Ton V] e om sliAC, 208230, 1
o i 10 s S —|

Cooling 0DE: 8¢

A luss aihanced e Mo e T
i fon: 557 A fon e 500 625 97 valdrange 575 675
- Sensibloconing capaciy B 13055
Coolng e 637 Latent cooing capacty @un): 1295
puriangeeis Total caling capacty (Buh): 16900 20000 || 17500 17ase
Heatng 08: 70 | s 1200
Gooling nput o (4 0 0 000 13
Heatng capaiy @) 0 o o o
v o oo
Heating oput pows () 0 o 000 000
Krps ot umber i Fuce Tecao | ookt | o | most | om  vane e | casl | testin
oo A AR Je— vme w0 om =0 w1 eer  om A
o piac. oo [Ei— vmo w0 om w1 o we
oo s 108 S vmo ws o om s o 1 0w e
oo s 08 pe— o ws o om m w1 ow
oo s 2108 pe— vmo ws o om ssoawm 1 0w e
oum s 0B mmsios o so o om wmowem 1w
o vee o o om wmoamm 1 0w e
oum siuc_2vmoiseonc ey stz vmo s o om s amms 1 ow e
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OEM Tools

5/22/2015

]
Heating & Cooling Systems.

Roltay Inc. Energy Services

98 Ovebrook Road, Madison, CT 06443 Phone: 2036721330 Email buck@roltay com Web: www roltay.com

@ inputs (3 Results - Selected unit (-
Outdoor: 123ANAO18000BC anufacturer:
Indoor: CNPVP2414ALA system type: [SpItAC V|
2IP Code: 06405 o e
Weather location: Bridgepor, Type: Dom SpIIAC, 208/230, 1 H1a Capacity
Voltage: __A\I A
g s AR rated Adjusted i .
(1= I LA 600 587 Valid range: 525 - 675
A flow: 587 - (cfm)= 500 625
13059 -
Cooling IDE: 75.2 stuh):
i 429 atuh):
Cooling IWB: 63.7 Trs0 —
Cooling IRH: 535 13.00 3tuh): 16000 20000
Heating IDB: 70 SEER: 13 15
0.00 138 w: 0 o
2 ° stuh): 0 0
000 HSPF: 0 ]
0.00 0.00 - 5
Case Summary Report

Job: #Bryant! 12/13/2014

Case 1

Outdoor: 123ANA018000BC Indoor:CNPVP2414ALA

Type:  Dom SpIitAC, 208/230, 10

SODB(F)  SIDB(‘F)  SIRH SIWB(°F) WODB (°F) WIDB(°F) | Elev(f)  Suction line loss (ft) AVF (cim
84.0 752 535 63.7 7.0 70.0 0 4 587
Unit NetCool  NetCool  Net Cool Cool Net Heat Heat
AVF Sensible  Latent Capacity ~ SEER KW Capacity ~ HSPF KW
(cfm) (Btuh) (Btuh) (Btuh) (Btuh)
AHRI Rated: 600 0 [ 17500 13.00 0.00 0 0 0
Adjusted: 587 13059 4295 17354 1.38 0 0

)

Using 3" party coils

* Manual S requires extended performance
rating data. >u

* OEM must provide tools or custom
calculations to meet the requirements for
Manual S.

— Many 3" party coils do not currently provide such
tools, or

— 3" party coils instructs designer to use OEM data
for their products!

21



Using 3" party coils

HEATING PERFORMANCE DATA
o NOMINAL A BTUH (1000) AT ENTERING WATER
COOLING GPM HTG TEMPERATUI
MODEL CFM
BTUH 120°F_| 130% | 140°F | 180°F
800 261 312 | 5 | 5738
700 240 265 | 36 | 528
20EVBQ 180001 35
24,000 600 218 262 305 | 480
500 104 252 | 271 | 426
1200 340 207 | 415 | 7a7
26EVBQ 30,000/ 1050 s 312 374 | 437 | 686
36,000 900 285 342 399 | 627
750 255 306 | 857 | 561
1600 483 579 | 676 | 1062
/ I
©0EvBa 42,000 1400 s w6 535 | 624 | 081
48,000 1200 402 482 563 | 884
1000 Ex) 450 | s02 | 789
NOTES:

1. Heating output of fan coil will not exceed net output of water heater.
2. Approved for installation with 0" clearance to combustible materials.

3. Heat BTUH is at 70°

°F entering air temperature.

4.180° EWT and these capacities are not available with standard water heaters.

5/22/2015

What About Heating?

Table 18 — Altitude Derate Multiplier for U.S.A.

ALTITUDE PERCENT DERATE
OF MULTIPLIER
FT. M DERATE FACTOR*

0-2000 0-610 0 1.00
2001-3000 610-914 4-6 0.95
3001-4000 914-1219 6-8 0.93
4001-5000 1219-1624 8-10 0.01
£001-6000 1524-1829 10-12 0.80
§001-7000 1829-2134 12-14 0.87
7001-8000 2134-2438 14—16 0.85
8001-9000 2438-2743 16-18 0.83
9001-10,000 | 2743-3048 18-20 0.81

*Derate multiplier factors are based on midpoint altitude for altitude range.

What About Heating?

TABLE 11 - ORIFICE SIZE* AND MANIFOLD PRESSURES FOR GAS INPUT RATE

(TABULATED DATA BASED ON 20,000 BTUH HIGH-HEAT / 13,000 BTUH LOW-HEAT PER BURNER,
DERATED 2%/1000 FT ABOVE SEA LEVEL)

ALTITUDE AVG_GAS SPECIFIC GRAVITY OF NATURAL GAS
RANGE HEAT VALUE 0.58 0.60 0.62 0.64

AT ALTITUDE | Orfice | Mnfid Press | Onfice | Mnfld Press | Orifice | Mnfid Press | Onfice | Mnfd Press.

(ft) (Bucuty | No_| rigniow | No No | _righiiow | No | sighiow |
900 =) 5| 42 43 38116 | 42 32/13
- 925 44 43 35715 | 43 1 43 37118
E 0 850 44 44 3B/16 43 43 35718
S 975 44 aa 36715 | 4 44 38718
T to 1000 44 44 34714 44 44 36/15
: 1025 25 44 32714 | 44 34715
@ 2000 1050 45 45 3T 45 44 33714
= 1075 a5 45 35/15 | 45 a5 38716
1100 45 45 34714 | 45 45 36015

This is an example for 94% AFUE Natural Gas Furnace

22



Sizing Goals

Ovevew ot

ACCA’s summary page of
sizing parameters.

There are important

footnotes for differences
between wet climate zones

and dry climate zones as well
as cold winters and not so

cold winter zones.

5/22/2015

Sizing Factors for Connecticut

General Cooling Capacity Factors

Equipment Tested Single Speed Multi/Variable GWHP
and Rated by AHRI Compressors Speed
Compressors

TloFa\ Maximum 1.20 (multi], 1.25(5|ng|e.\),
sizing factor 1.15 1.30 (variable) 1.30(multi),

1.35(variable)
Latent Minimum = 1.0 (may go to 1.50 or higher if needed to meet

sensible minimum)

Sensible Minimum = 0.90
General Heating Capacity Factors
Minimum ‘ 1.0
Maximum ‘ 1.4 (up to 2.0 allowed)

ANSI/ACCA 3 Manual S — 2014 summary page of
sizing parameters — boiled down for Connecticut.

Sizing Heat Pumps

* Heat Pumps are sized to the COOLING load
only.

* The balance of any heating that cannot be
met by the compressors shall be provided by a
supplemental system (stage)

— Electric resistance
— Hot water coil

— Baseboard

— Radiant

23



A/C Sizing Exceptions

* For cooling - multi / variable speed systems

usually come only in 1-ton increments. The

latest Manual S addresses this with the higher

sizing factors, however you may still end up

over the maximum on smaller houses (loads).

— Sizing factors are static and make it more difficult
for smaller loads (smaller houses have a penalty
versus larger houses).

— Base/old sizing factor is 1.15, now up to 1.3 for
high-end variable refrigerant flow systems

5/22/2015

Sizing Boilers

* For heating with boilers that also serve DHW,
an additional water load sizing should be
considered given that peak heating loads
usually occur just before dawn, and it is
possible that occupants may be using showers
at the same time.

— Newest Manual S tries to address this with upper
limit factor of 2.0 (base/old limit is 1.4).

— Better addressed by adding storage tank (60 gal +)
and sizing boiler within 1.4 factor, or

— Use Tankless water heater!

Newer Variable Capacity Systems

* Allowed to oversize by 30% (1.3 sizing factor)
* Heat Pumps are sized to COOLING load
¢ High-End Heat Pumps

— Use higher capacity compressor (digital or DC drive),
and

— May have capacity controls to limit system capacity
* A/C units (some examples):

— Mini-splits (not all)

— Lennox XC-25

— Maytag iQ Drive series

— Waterfurnace 7-series
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Documentation
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Manual S — Documents

Manual S Documents

Case Summary Report

Hoating & Coolng Systems. Roltay Inc. Energy Services

198 Ovebrook Road, Madison, CT 06443 Phone: 2036721330 Email: buck@roltay.com Web: www roltay.com

Job: #Bryant1 12/13/2014

Case 1
Outdoor: 123ANA018000BC Indoor:CNPVP2414ALA

Type:  Dom SpItAC, 208/230, 10

SODB(*F) SIDB(‘F)  SIRH SIWB(°F) WODB (F) WIDB(*F) | Elev (ft)
840 752 535 637 7.0 700 0
Unit Net Cool Net Cool Net Cool Cool
AVF Sensible  Latent Capacity ~ SEER KW
(cfm) (Btuh) (Btuh) (Btuh)
AHRI Rated: 600 0 0 17500 13.00 0.00
Adjusted: 587 13059 4295 17354 1.38

Suction line loss (ft)  AVF (cfm)
14 587

Net Heat Heat
Capacity ~ HSPF KW
(Btuh)

0 0 0

0 o
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Desian conaons Desan conatton:

o fmnen &3 T
Design Conditions
Outdoor design DB 84.0°F Sensilegain: 12703 Buh Entering coil DB:  75.2F
Outdoor design WE:  T3.0°F Latent gain 4308 Buh Entering col WB:  63.7F
Indoor design DB: . 75.0°F Total gain 7010 Bun
Indoor RH 50% Estimated aiflow: 587 cfm
Manufacturer's Performance Data at Actual Design Conditions
Equipment type:  Split AC
Manufacturer.  Bryant Model: 123ANADIEH'C*+CNPV-2417AL*++TDR
Actual airtow
Sensivle capacit. 13059 Buuh
Latent capacity: 4305
Total capacty: 17365
Design Conditions
Outdoor design DB: ~ 7.0°F Heatloss: 31 Bun Entering col DB:  68.8F
Indoor design DB T0.0°F
Manufacturer's Performance Data at Actual Design Conditions
Equipment type:  Gas fumace
Manufacturer.  York TGES100B12MP11
Actual airfow: 1149 cm
Output capacity: 80000 Btuh Temp. rise: 63 °F
Annual Annual | Fraction
Gross AFUE Met AT CFM__ |Run Hrs. [Flue BTU| Flue BTU Flue
70000 72 50400 B0 583 1880 19600 36848000 1
100000 72 72000 &0 833 1316 28000 36848000 I
100000 80 80000 70 1058 1184 20000 23680000 | 0.64264
100000 B6 86000 65 1235 1101 14000 15414000 | 0.41B31
100000 94 94000 50 1741 1o08 6000 6048000 | 0.16413
4B000 84 45120 45 928 2100 2880 6048000 | 0.16413

Contractors tend to size replacements “like for like”. This results in potential
(significant) issues with airflow and draft (flue gasses condensing prematurely)!
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Oversizing
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Heating System Run Profile 100K @ 80%AFUE

Manual S — Documents

Cooling Equipment

Design Conditions

Outdoor design DB:  84.0°F Sensblegain: 23490 Buh
Outdoor design We:  730°F Latent gain 4385 Buh
Indoor design DB:  75.0°F Total gain: 27876 Buh
Indoor RH: 50% Estimated ailow: 1100 cim

Manufacturer's Performance Data at Actual Design Conditions

Equipment type:  SpiitAC
Manufacturer t

Bryant 123ANAD30"C*+FX4DNB FIO3TL.

Actual aiffow: 0
Sensible capacity: 23574  Biuh
Latent capacty: 5099 Buh
Total capacity: 28673 Btuh

757F

Entering coil WB: 625

Heating Equipment

Design Conditions

GesgnDB: 70 Heat loss: 58567 Bun
Indoor design DB:  T0.0°F.

Manufacturer's Performance Data at Actual Design Conditions

Equpment type:  Gas boller
Manufacturer.  Advantage Modsi: AGA-HN

airtow: 0 dm
Ouputcapacity: 83000 Buh  [150% of load

7007

Resources

www.ct.gov/dcs/

publicecodes.cyberregs.com/icod/index.htm

WWW.acca.org
www.hvac-quality.com
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Duct Blaster
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Duct Sealing Note

* Seal Duct system correctly — these are
examples of thoughtlessness!

5/22/2015

Duct Sealing Note

* Ducts get sealed first, then insulated.
— In this case, these ducts are lined.

Blower Door — Infiltration Testing

i '!'.
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Infiltration Testing

* |ECC 2009: Optional

» |[ECC 2012: 3 Air Changes per Hour at 50
pascals aka 3 ACHq, (0.2 i.w.c.)

Infiltration Comparison

Example Typical Infiltration Rates for Homes (Air Changes per Hour)

Type of Treatment ACH50 ACHnat*
2012 Connecticut Code 3.0 0.17-0.23
New home with special airtight
construction and a controlled 15=25 0.10-0.17

ventilation system
Energy efficient home with continuous
air barrier system

4.0-6.0 0.27-0.41

Standard new home 7.0-15.0 0.47-1.01
Standard existing home 10.0 - 25.0 0.68—-1.69
Older, leaky home 20.0-50.0 1.35-3.38

*The conversion between ACH50 and ACHnat is only an estimate for normal exposure for 2-
story home. ACHnat is used in load

Infiltration & Duct Leakage

* Both affect heat loss/gain and comfort.

* Both can cause unwanted effects to
combustion appliances.

* Both affect the sizing of the A/C system and
CFM requirements — which can affect duct
sizing.

* Duct leakage can drive (or induce) building
infiltration.
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Madison, CT 06443
(203) 672-1330
buck@roltay.com
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