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Objectives

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

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

3. Participants shall understand the impact of duct location and
integrity (leakage) on equipment sizing

4. Participants shall understand the impact of different ventilation
strategies on equipment sizing

5. Participants shall understand the primary market barriers to code
adoption and engineering practices by concerned market actors

Topics

“Limited” Code Overview

Design Process Overview
Manual S (Equipment Selection)
Compliance Document Review
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Market Support




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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Before we get started...

Lets look at an example house!

Example House #1

* West Haven, CT

2 Floors + Finished Attic
Built 1930

15t Flr = 1145 sq.ft.

2nd FIr = 1145 sq.ft.
Attic = 632 sq.ft.

Total = 2922 sq.ft.

Attic Ceilings Insulated
Windows Updated
New “insulated” siding




1st Floor
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Example House #1

What are your gut-check estimates for
heating and cooling loads for this
example home?

Loads by floor (apartment)?

Entire building?

How many pieces of equipment?




Example House #1

How do we typically go about
“Engineering” a mechanical system for
this house?
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1. Determine scope of the project
1. All problems are solved by installing
new equipment (mentality).....
2. Solicit contractor quotes
3. Hire contractor

4. Install system

Example House #1

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

1. Perform engineering analysis
1. Determine scope of the project
2. Determine code requirements
3. Inspect/test existing distribution system
4. Calculate loads
5. Select candidate equipment
6. Engineer/re-engineer distribution system
2. Solicit bids
3. Hire contractor
4. Install system
5. Commission system

Code Overview

State Building Codes




2005 Connecticut Code Summary
(with 2011 Amendment)

2003 International Building Code. (I1BC)

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

2003 International Mechanical Code. (IMC)

2009 International Energy Conservation Code (IECC)
2009 International Residential Code. (IRC)

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

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)

2012 International Energy Conservation Code (IECC)
2012 International Residential Code. (IRC)

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




2012 International Residential Code
2012 International Energy Conservation Code
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N1103.6 (R403.6) Equif t 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.”

Acceptable Software Tools/Methods

¢ Manual J is too complex to perform by hand or with a
spreadsheet! The design practitioner MUST use approved
software. The software must be Manual J 8 compliant

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

(. ®
JaoTEK  [cammve.  EnergyGange
ResLoad-J for IPAD
HeatCAD **

[Eite Software

RHVAC %2105

Avenir

ACCA Approved Software

o|@e P4 4 mE|=




Software Not ACCA Approved

MrHVAC.com
HVAC-Calc

Fire Dragon Net
O’Brien Quick Loads Pro
Qwickload

Loadcalc.net

Code Officials Notes:

1). 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.

2). Many of these have reports stating they are “In accordance with ACCA
Manual J”. Needs to be in accordance with “Manual J 8”.
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Software Not ACCA Approved

Code Officials Advice:

DISCLOSURE: | am not a lawyer, this is my opinion only, it does not reflect
the views of the DAS, nor any municipalities (anywhere). There is a
significant disparity in the capabilities of many of the software solutions
currently in the marketplace:

1). If you want to accept questionable software reports, request from the
software manufacturer a certified statement from a licensed engineer
stating the software is compliant with current ACCA Manual J “8”
requirements.

2). | highly recommend the formation of a committee represented by
code officials, DAS, engineers, subject matter experts, contractors, trade
organizations (ACCA) and any other interested parties (software vendors,
utilities) to review the currently available software and compile a list of
acceptable software for dissemination across all jurisdictions.

2012 Connecticut Code Summary.
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Code Comparison

ACCA Standard 5

ALY

ANSI/ACCA 2 Manual J -
2011

3-8 (version 2)
(810ck- Room-by-room)

ANSI/ACCA 1 Manual D -
(Wone -Compiete)

ANSI/ACCA 3 Manual S -
2
(2nd Edition - 2014)

Estimated, recommended,
or per code for new
construction

Reauired

Required

b
(Load calculations)

Manual D
(Ductaezign)

Infiltration
(Testing vith Blower Door)

Duct Leakage
(Testing with Duct Blaster)

Airflow Testing
(Balancing / Total / Static)

Commissioning
(Charge, electrical, airfow
tasting & documentation)

e
4 5301 Wt
IRC 2009: M1401.3 ACCA
Manual 102
IECC 2009: 405.6
€T 2011 Amend: (Mandatory)
Load Calculation
ACCA Manual 3-8 (version 2)
IRC 2009: M1601.1,
.2
ACCA Manual D-09
IRC 2009: M1401.3
ACCA Manual $-2004

IECC 2009: 403.6

T 2011 Amend: (Mandatory)
‘Equipment sizing
ACCA Manual S

IECC 200
Option 402.4.2.1
1ECC 200
403.2.2 Sealing (Mangatory)
5-12cm/1001
Not Cited

Not Cited

IRC 2012: M1401.3
ACCA Manual 18-11

C 2012: 403.6

(Mandatory)
ACCA Manual 1

IRC 2012: M1602.2

AGCA Manual D-03
1M 2012: 603.2
ACCA Manual 0

IRC 2012: M1401.3
ACCA Manual S

IECC 2012; 403.6
(Mandatory)
ACCA Manuai S

IECC 2012; R402.4.1.2
3acH,
IRC 2012; N1103.2.2 Sealing
(Mandatory)
3-dctm/ 1007

IECC 2012: 403.2.2 Sealing
(Mandatory)
3-4cfi/ 1001

Not Cited

Not Cited

toemes 3.0/ Quality
Thstallation)

1-8 Required:
(Room-by-room)

Required
(Complete)

5-2004 Required

Required

Required:
ctm 100

Reauired

Required
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ENERGY CONSERVATION

The Design Process




Design Process Overview

The design of residential mechanical systems is
an iterative process of using Manual J, S & D.
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Design Process Overview

System Dosign
Procoss
ACCA ACTA
Rosidonial | Commeecial
7 Manals Marusits

Equipment
m SORCIN |’ S - Affects duct loads

Affects CFM requirements, /_ v

which affects duct loads Duct Size
B 7 B

v v

Adust, Test Balance

Rosidontial Duct
Diagnostic and Repar

ACCA - Contracting Business Magazine, Spring 2003

Design Process Overview




Design Process Overview

Because the design of residential mechanical
systems is comple, it is imperative that good
engineering software be utilized. It abstracts
away much of the complexity - making for a
much shorter and accurate process.

A professional is only as good as the tools
he/she utilizes in their practices. Good design
software is no exception.
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What is Manual J?

“Modeling” of the average peak building loads at local
climatic conditions

Performs a peak time-of-day fenestration calculation for
cooling

Includes internal gains for cooling, but not for heating
Can perform a “Block” or “Room-by-room” load calculation

Manual J (when performed aggressively) will over-estimate
actual loads by 10% to 40%
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Local Outdoor Design Conditions
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‘Connecticut Location Connecticut Design Data ACCA Table 1A (Reference Design Data)
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Standard Indoor Design Conditions

70°F dry-bulb 75°F dry-bulb

Not specified — (30% R.H. 45% - 55% R.H.
typical) (~62°F - 63°F wet-bulb)

Manual J-8 Requirements

€ §

Adequ re Diversity

304% Difl. fom Avg. (544 Sl ursion)

2om apm 4pm Spm epm Tpm

Gam 10am 1am 12pn
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Poai lad axcoeds 12.bour average load by 39.4%
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Building Rotation Hourly Net Gain

100%

95% ;

o~ q |, 12,600 BTUH

g 7 R

ol eV 38,400 BTUH

{.a /=/ \ =32.8%
—y * D

88°F
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What is Manual S?

1. Iterative process using the “initial” loads from Manual J to
select candidate equipment

2. 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

vk wNR

DETAILED COOLING CAPACITIES

12



8/27/2015

What is Manual D?

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

2. 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.

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

Design Summary Relationship

Manual J

— Determined by local conditions
Manual S

— Select equipment with capacity adjusted for local
conditions and available airflow (CFM)

Manual D

— Based on design CFM requirements and what
equipment can deliver

Back to our example...

13



Example House #1

1. Determine scope of the project

ey

. 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
2" floor and attic
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Example House #1

2. Determine code requirements

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

Example House #1

3. Perform engineering analysis

1. Manual J (Entire building)
2. Manual S (all systems)

3. Manual D — New A/C system only

14



Local Design Conditions
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= Connecticut Design Data ACCA Table 1A (Reference Design Data)
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Manual J — Load Calculations

Our example is shown drawn with Wrightsoft

oo

- wrightsort_Load Short Form

Hig Infiltration
Cutside db ('F) 7 Metnod Simpified
Inside db (°F) 70 Construction quality Loose
Design T (*F) 6 Fireplaces 1 (Semi-toose)
Daily range e
Inside humidity (%) 50
Moisture difference (grfb) 48
P — PR
jre-dist-SL TN B
WEATING EQUPMENT CoOLING EQUIPMENT
Vo ow
e S 72
encency e w
o : o S oun
ROOM NAME Area Hig load Cigload Baseboard (f)) | Clg AVF
(™) (Btun) (Btun) Low High | (cim)
Boiler d 1777 58557 2400 | 98 69 1100
Fumace d 1145 3631 12703 | 61 43 587
Entire House a 202 94909 3,195 | 158 112 1845
Other equip loads [ 0
Equp.@ 100 RSM 36185
Latent cooling 8603
TOTALS 202 94309 4488 | 158 112 1845

Calutionsasproved by AGCATo oot al oauromerts of et 5

V- N bttt
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Manual J — Load Calculations

Load Short Form
Aewgsore LS

—me
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e e
% == IR =L =
u e 5 & o
ROOM NAME Area Hig load Cig lad Baseboard (1) Clg AVF
() (Btun) (Btun) Low High (cfm)
1st Floor Zone P 1145 36351 13868 &1 43 641
mace d 1145 36351 12703 61 43 587
Other equip loads ']
quip. 100 RSM 12703
Latent cooling 4308
TOTALS 1145 36351 17010 61 43 587
PR —
o
Orsn ormaton
g =
ROOM NAME Area Htg load Clg load Baseboard (ft) Clg AVF
() (Btuh) (Btuh) Low  High (cfm)
2nd Floor Zone P 1145 30096 16567 50 35 73
Attic Zone P 632 28461 9246 47 33 431
Boiler d 777 58557 23400 ag 69 1100
Other equip loads 0 0
Equp.@ 100 RSM 23400
Latent cooling 4385
TOTALS 777 58557 27876 98 69 1100

Manual S

The Practical Definition

16



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.
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11/2t02 ton

4to5ton

pent for?

pination is PAYNE HEATING AND

bllows in accordance with AHRI S g8 for Unitary Air-Conditioni
Equipment and subject to verifi by AHRI sponsored, ind
g:
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What is an AHRI Rating Document for?

* DOE requires it for NAECA (Appliance
Efficiency Act).

* It only tells us what a system can doin a
lab — for comparison to other systems at
the same laboratory conditions.

* It does NOT predict how it will perform
on a given project!

8/27/2015

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

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?

18



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.

8/27/2015

SO...

* Isn’t equipment selection based on the loads?

e Can’t | just pick as system based on the loads?
¢ ...Well not always!

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.

AHRI Rating — Cooling (& HP’s)

* Doesn’tinclude 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

19



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)
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Manual S (Equipment Selection)

Line Sets

VAPOR LINE SIZING AND COOLING CAPACITY LOSS
PURON REFRIGERANT 1-STAGE AIR CONDITIONER APPLICATIONS

LONG LINE APPLICATION: An application i considered
“Long line” wheu the tofal equivalent tubing lengih exceeds 80 £
or when there s more than 20 Fl vertical separation between
indoor and outdoor units. These applications require. additional
accessories_and. sysiem  modifications for reliable systen
operation. The masinum allowable fotal equivalent length is
250F1. The maximum vertical separation is 200 Ft when outdoor

unit is above indoor unit, and S0 Tt when the outdoor unit is
below the indoor unit, Refer to Accessory Usage Guideline below
for requited accessories, Sec Long Line Application Guideline
for required piping and systen modifications. Also, refer fo the
fable below for the accepiable vapor tube dizmeters based on the
fotal lengtlh to minfmize the cooling capacity loss.

Unit_| Acceptable | Acceplable Crroma Soreom e (4
Nominal | Liquid Line | Vapor Line Total Equivalent Line Length ()
Size | Diameters | Diameters dard Appl equires Acceasories
(Btuh) (In. OD) (In. OD) 25 50 80 80+ 100 125 175 200 225
T8000 2 1 2 3
isage | am
Puron AC 58 0 o 1
2000 55
swge | s
Puron AC 7
000 55
age | a8 37t
Puron AC il
3500 55
isuge | 38 7 T
Puron AC 7 I T
32000 37t 0
tSwge | 38 7% [
Puron AC T8 T 0 [0
48000 a7 o | T |2
iStmge | 38 i o | o |1
Puron AC 03 I
000 E3 T2 [
suge | 3w 78 o Tz
Puron AC o | o o
Standard Lengih = 80 F ot less total equivalvc lengil

loations in this arsa may hava height rastictions that imit allow
Long Line Application Guidsiines

‘total equivalant langth, vihen outdoor untt i below indoor unit Sse.

20
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Design Conditions - Ducts

Winter: 99% dB

i ?
+35°F = 123°F Attic temp for 16B Roof?

Winter: 70°F dB @ 35% r.h.
Summer: 75°F dB @ 50% rh.
(can range from 45% t0 55%)

If ducts in Basement?

H:50°F + (6°F x 0.3) = 51.8°F
C:75°F

Ventilation

Furnace duct/HRV connection

Manual S (Equipment Selection)

Ventilation Effect

75°F dB @ 50% R.H.

(62.5°F wB)
«® \
Je . .o L
. Final
Indoor O .
° ° m@ Condition
LA 4 / *DB
«DB e Sensible *DB o WB
«WB * Leakage o WB

78.2°FdB/ 64.5°F wB ?

21



[System 1 - System 1 Central Cooling Only - Psychromelric Chart
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S 1 Gain orF Draw Through Fan Sersble Gain
) Retur Dudt Gan x Mised A Paint
R Retur Misc Lotent e Supply M Lateat
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AN 0%
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= p
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\\ el
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o <

% 8 Y
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B e
X < e
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SRR i
R
'S
T X
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Sidebar: Infiltration & Duct Leakage

Duct Blaster

22



Duct Sealing Note

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

8/27/2015

Duct Sealing Note

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

Blower Door — Infiltration Testing

T

23



Infiltration Testing

IECC 2009: Optional

e |ECC 2012: 3 Air Changes per Hour at 50 pascals aka

3 ACHq, (0.2 iw.c.)

8/27/2015

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 1.5-25 0.10-0.17
ventilation system
Energy efficient home with continuous

i N 40-6.0 0.27-0.41
air barrier system
Earlier MEC homes (80’s — 90’s) 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 a 2-story home with
normal ACHnat s 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.

24



Manual S — Using available tools

Entering Air

Capacity Interpolator

Design conditions
EDB(F) |74 EWB(F) 649 0DB (F) |84.0 AVF (cfm) [593

MEnTfaTtrEr performaTTE it

v e e e | o [ o [ s |
Cooling Coil Interpolator - System 1

System 1 Design Candiions C ;T
Outdoor Dy Bulb Supply Ailove Enlering et Bulb Enleiing Dy Bulb wa_fian
64 | [se3 ~|cru [63.4 ] | o
| e e o
CRTIRT P meweem s - ]

O

e i e el e I |
e e[ o =i
ottt 57 [ [ foemmeemtent e [T e
[r— ey, [TET o
: e
o | con |
—— T
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OEM Engineering Data
84°F
DETAILED COOLIN‘APACITIES

AHRI Condition

Gapsciy || Gapscly 7 | Gapachy
Wen o/ ot | gunt

senet

587 CFM

63.7°F wB
S [ o | R

or

tho | v

25



OEM Engineering Da

DETAILED COOLING CAPACITIES#

ta
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1A 7 eania

EWS _ Enering Wer 5l

= CONDEN
T[S
= o7 (199 137
62 (16.7) 138
7 (139) 138
7@z [E
= o7 (5.4 ()
8z (16.7) 140
o7 (139) 140
72 (222) 130
o7 (15.4) ]
e 62 (16.7) 143
7 (13.8) [ER)
s :
e s T

Interpolate OEM Data

DEMO - Manual S Interpolating Calculator

crm|__s87
Amb| 84 Outdoor Ambient
ds| 75.2 75 85 84
wB| 637 Total |Sensible| Total |Sensible| Total |Sensible |AdjSens @ 75.2F
525 67| 18790 13260] 17950] 12900 18034.0] 12936.0 108318
525 62| 17270] 15730] 16490] 15360 16568.0] 15397.0 13292.3
600 67| 19110] 14100 18230] 13730 18318.0] 13767.0 11362.2
500 62] 17650 16380] 16870] 16430 16349.0[ 16529.0 14124.2
5 525 17066.4| 145603 12456.1
wB Adj
0.835 600 17414.5| 15589.9 13185.1
BTU Adj / 1000 cfm crmad) 75| 4.540267| 13.7288] 9.7208
62| 17354] 15411 13059
sHR:| 0753

OEM Tools

J —e—

Pl [ee—
onered by
| Equipment Performance Calculator - wrightsoft
Vorog g o
(D (@ selection fiter @ Results - selected unit o
Oudoar mote, 1232 sanutacurer, (Bt v] o TassGsvoneE
— ndor model cpy sysem . [SpinAc V] oo chmuP24148
Furnace model Rated Clg Capacity: [< 15 Ton V| i
Westherocaton: 15T ¥ oo o =
Phase: V1 (3o Vottage: [A1 v RV Dom SPMAL. 200/230, L
Cootns 00
Hme e ahanca e i s s
) ey 500 eas ) s g 525675
Wiuiinic SRS Sensiie colng capacy G 120ss
gL Larnt cotng capcry Gty 205
] ol coolng capacy Gy 16000 | 20066 || 17500 17ase
Heatng 08: 70 = 15 D)
Cosing it o (440 . oo L
Hestingcaacy Gun). 0 « B o
3 o
Hastng it ponse (64 0 o o0 )
e it s e | okt | race | most | oo it v | conny | st
o st anmn pemosinn vmews o ew se w1 e e A
i rmp—— anrins o i ws o owm s mems 1 w0 e
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OEM Tools

0] Inputs. G Results - selected unit D
Outdoor: 123ANAD180008C it
Indoor: CNPVP2414ALA e oA <
2IP Code: 06405 Furints P
Weather location: Bridgeport Type: Dom SplitAC, 208/230, 1o JeE;
Voltage
Cooling ODE: 8 g, g Adjusted e i I
Heating ODE: 7.0
o e B 587 Valid range: 525 - 675 ) 500 =
13059 :
Cooling IDE: 752 twh):
4205 b
Cooling WE: 63.7
Cooling IRH: 535 |00 FZEL: wh): 16000 20000
13.00
Heating IDB: 70 EER: 13 15
0.00 138 s 0 =
o g wh): 0 0
o0 SPF: 0 0
0.00 0.00 g =

8/27/2015

OEM Tools

Case Summary Report

]
Heating & Cooling Systems. Roltay Inc. Energy Services Job: #Bryant1 12/13/2014

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

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 (cfm)
84.0 752 535 63.7 7.0 70.0 14 587
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.
* 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!
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Using 3™

party coils

HEATING PERFORMANCE DATA
— NOMINAL HE” BTUH (1000) AT ENTERING WATER
COOLING GPM HTG TEMPERATUI
MODEL CFM
BTUH 120% | 130°F_| 140°F | 180°F
800 261 312 | 65 | 573
700 240 255 | 36 | 528
24EvBQ jeto! a5
24,000 600 218 262 305 | 480
500 194 232 | 271 | 426
1200 340 407 | 415 | 7a7
SEVEQ 30,000/ 1050 s 312 374 | 437 | es6
36,000 900 285 342 399 | 627
750 255 306 | 857 | 561
1600 483 579 | 676 | 1062
/ I
s 42,000 1400 = 46 535 | 624 | 081
48,000 1200 402 482 563 | 884
1000 Ex) 430 | 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 i at 70°F entering air temperature.
4. 180° EWT and these capacities are not available with standard water heaters.

8/27/2015

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 15624-1829 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 | Onifice | Mnfid Press | Onfice | Mnfld Press | Orfice | Mnfid Press | Onfice | Mnfld Press.

(ft) Bucury | No o, g No | tightiow | No | Hightow |
900 =) 43 43 42 3213
= 925 44 43 35715 | 43 43 37116
E 0 950 44 44 3B/186 43 43 35715
a3 975 44 4a 36715 | 4 44 38/16
T to 1000 44 44 34714 4 “ 36/18
: 1025 a5 44 32714 | 44 34715
a 2000 1050 45 45 3T 45 “ 33714
o 1075 a5 45 35/15 | 45 a5 38116
1100 45 45 34714 | 45 45 36015

This is an example for 94% AFUE Natural Gas Furnace
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Sizing Goals

st VA Equpment

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
e : winters and not so cold winter zones.

General Cooling Capacity Factors
Equipment Tested Single Speed Multi/Variable GWHP
and Rated by AHRI Compressors Speed
Compressors
Total Maximum . 1.25(single),
sizing factor 1.15 130 (variable) 1.30(multi),
1.35(variable)
Latent Minimum = 1.0 (may go to 1.50 or higher if needed to meet
sensible
Sensible Minimum = 0.90
General Heating Capacity Factors
Minimum 1.0
Maximum ‘ 1.4 (up to 2.0 allowed)

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|ngle.‘),
sizing factor 1.15 130 (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.

29



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

8/27/2015

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

Sizing Boilers

* For heating with boilers that also serve DHW, an additional
water load may 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.

— 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!
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Newer Variable Capacity Systems

* Allowed to oversize by 30% (1.3 sizing factor)
¢ Heat Pumps are sized to COOLING load
* High-End Heat Pumps & A/C units:
— Use higher capacity compressor (digital or DC drive), and
— May have capacity controls to limit system capacity
* Some examples:
— Mini-splits (multi-heads, not all)
— Lennox XC-25 series
— Maytag iQ Drive series
— Waterfurnace 7-series

8/27/2015

Compliance Documentation

Equipment Selection— Documentation

31



Must Have BOTH:
Manual J
Manual S

8/27/2015

Manual J + Manual S

Manual J - 8

‘Boidntaiic valuse havs been manually oversiddan
Calculations approved by ACCA to meet all requiremenis of Manual J Bth Ed.
INESOTL right sutes Universs 2015 15.0.15 RsUIssEa
1oRay PrEjectsUENgUING WAC D CIC- MJS FTON DOOTTaCES: S

Residential Heat Loss and Heat Gain Calculation
In accordance with ACCA Manual J
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Case Summary Report

Roltayno. Energy Services —

Caze 1

s comspec 200 10
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LAl fry

#+ wrightsoft
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Manual S OEM Online Calculators

Case Summary Report

Heating & Cooling Systems. Roltay Inc. Energy Services Job: #Bryantt 12/13/2014

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

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 (cfm)
84.0 752 535 63.7 7.0 70.0 [ 14 587
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
DETAILED COOLING CAPACITIES
Esonsron TepenaTURES deg
" — L S —
- oy G | e | S |,

o e
" Multipliers for Determining fhe Performas
o
oo
oo o
s [ m——r Gz

‘e notas on pg. 21
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OEM Docs with Load Calc Software
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OEM Docs with

A wrignsoi Menual s Complance Raport

-  wighson Wanil s Comptarc Rpor

Load Calc Software

amtacturers Pefomman Dt st Acts Desgn Contons. MnutscurersPefomsnce Dt st AcuDesign Condions
Mtscurers Petonsnc 0t AcusSasan Conaons MnutocurersPefomance Dt st AcusDesign Conions

o T

At

OEM Docs with Load Calc Software

Design Conditions

Cooling Equipment

Outdoor design DB:  84.0°F Sensilegain: 12703 Buh Entering coil DB:  752F
Outdoor design WB:  T30°F Latent gan 4308 Buh Entering coil WB:  637°F
Indoor design DB: 75.0°F Total gan 17010 Buh
Indoor R 50 Estimated aiflow: 587 cim

Manufacturer's Performance Data at Actual Design Conditions
Equipment type:  Spit AC
Manufactrer. B Model: 123ANAD1B""C*+CNPV2417AL*++TDR
Actual aiffow: 567 cm
Sensible capacty: 1305 Bluh oTTom
Latentcapacty: 4305 Buh [ 100% ofload
Totalcapacity: 17365 Buuh [ 102% ofload [SHR: 75%

Heating Equipment

Design Conditions
Outdoor design DB: ~ 7.0°F Heatloss: 3631 Bun Entering col DB:  68.8F
Indoor design DB T0.0°F

Manufacturer's Performance Data at Actual Design Conditions.

Equipment type:  Gas fumace

Manifactorer.  York Model: TGES100812MP 11

Actual aitfow: 1149 cm

Ouputcapaciy: 80000 Bluh Temp. ise: 6 F

34



OEM Docs with Load Calc Software

Cooling Equipment

Design Conditions

Outdoor design DB:  84.0°F Sensblegain: 23490 Buh Entering coil DB:  75.TF
Outdoor design WB:  730°F Latent o: 4385 Buh Entering col WB: 628
Indoor design DB 75.0°F Total gain: 27876 Buh

Indoor RH: 50% Estimated aiffow: 1100

Manufacturer's Performance Data at Actual Design Conditions
Equpment type:  Spit AC
t

Manufacturer.  Bryant FX4DN@ FIO3TL
Actual airfow: 1100 cim
Sensible capacity: 23574  Biuh
Latent capacty: 5099 Buh
Towl capacity: 28673 Buh

Heating Equipment
Design Conditions

Outdoor design DB: ~_70°F Heat loss: 58557 Bun Entering coil DB:  T0.0°F
Indoor design DB:  70.0°F

Manufacturer's Performance Data at Actual Design Conditions
Equpment type:  Gas boller
Manufacturer.  Advantage Model: AGA-HN

Actual airfow:

0 cm
Obutemacty 000, [Bbh (EONIERT)

8/27/2015

OEM Docs with Spreadsheet
Interpolator

DEMO - Manual S Interpolating Calculator

crm_s87
Amb| 84 Outdoor Ambient
dB| 75.2 75 5 s
we| _63.7 Total |sensible | Total |sensible| Total |sensible|Adjsens@7s.2F
525 67 18790[ 13260[ 17950] 12500[ 18034.0] 12936.0] 108318
525 62 17270] 15730] 16430] 15360] 16568.0] 15397.0] 132928
600 67 19110] 1a100] 18230] 13730] 18318.0] 13767.0] 113622
600 62] 17660[ 168%0[ 16870] 16430] 16949.0] 16529.0]  14124.2
B 525| 17066.4] 14560.3] 124561
wB Adj
17 083 600] 17414.5] 155899 131851
BTU Adj / 1000 cfm| S 75] 4.640267| 13.7283)]
62  1735a] 15011 13059
SH 0.753

Sidebar: Oversizing lllustrated
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Oversizing

Heating Equipment

Design Conditions.

8/27/2015

o s 08 T00F e R R

Annual Annual | Fraction
Gross AFUE MNet AT CFM__[Run Hrs. |Flue BTU| Flue BTU Flue
70000 72 50400 B0 583 1880 19600 36848000 1
100000 72 72000 =) B33 1316 28000 36848000 1
100000 80 80000 70 1058 1184 20000 23680000 | 0.64264
100000 86 86000 65 1235 1101 14000 15414000 | 0.41831
100000 94 94000 50 1741 1008 6000 6048000 | 0.16413
48000 54 45120 45 928 2100 288D 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)!

Oversizing

Adju
Loss/Gain Loss/Gain Capacity  SumHrs  EER
60072 1

ADI | Wanthrs

Bin Bracket Bin Avg Power RTF | RTF  RunHoursdin Power
35 t0-30 523 01 80000 0 07509 0583763 o o
01025 275 691 4177 80000 0 071239 0552012 0 o
251020 223 S0 a2 s 0 07387052085 0 o
015 75 ses0  sos s o o338 04s9l o o
5t0-10 125 a0 303 80000 0 039685 0457538 0 0
005 75 wgsy 3079 30000 0 055835 0.425988 0 o
100 25 ases asss 800 9 051985 | 0.394437 467865 o
005 25 W07 2000 80000 35 028134 0362675 1684681 [
51010 75 354 2506 80000 &2 044284 0331325 3631268 0
0015 125 a6 29E2 80000 201 040433 0209775 8126933 o
151020 175 66 21457 80000 240 osese2 o2eez2 8779 o
025 25 2185 18933 80000 8 032731 0236663 1250334 o
51030 s 04 608 80000 = 0288 02051 1345808 o
0035 25 w024 13ss s0000 858 02503 0a7ss 212 o
35040 75 16943 1130 80000 i oae 0162 1533 0
w0 a2s 363 e 80000 08 017529 0310437 1219944 o
251050 75 wE  eu 00 66 013477 0078887 938034 o
501035 525 701 w7 000 = 009626 0.047337 5439961 o
551060 575 21 262 80000 670 005776 0015775 3870087 0
801055 &5 1580 -] 6 001925 0 133 o
51070 75 o 0000 73 o o o
0075 75 0 185965 680 0 0 [
5080 75 71 w53 5012 438 1359 13138 01768 013586 76730 10460
tw08s a5 s 7m0 ms3ra 33 1305 14052 0312 0401355 183566 257920
85090 75 19356 Am67 181047 169 145 185419 09041 071559 1526766 222021
005 25 s s usols 3% us 103 1 ogsaas % 5103
9510100 75 2 2080 | 14285 3 w1s | 155309 1 1 3| s028
100 t0 105 1025 983 26087 169856 0 1048 1507 1 1 o o
10510120 1075 ass | auss | 1727 0 98 167576 1 1 0 0
11010135 25 s067 300 158898 0 92 s 1 3 0 o
s99 98
e 450
Heating System Run Profile 100K @ 80%AFUE
Capacity
5 woo S~ st

Load

36



Proper Sized - Cooling

8/27/2015

Cooling System Run Profile @17K

Loads

" Capacity c.é

Capacity

Oversizing - Cooling

Review Example
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Page 1 Residential Heat Loss and Heat Gain Galculation 71812015
In accordance with ACCA Manual J

Report Prepared By:

For:

WEST HAVEN, CT

Design Conditions: ~ Easton

8/27/2015

Indoor: Outdoor
Summer temperature: 70 Summer temperature: 100
Winter temperature: 72 Winter temperature: -10
Relative humidity 50 Summer grains of moisture: 84
Daily temperature range:  High
Building Component Sensible Latent Total Total
Gain Gair Heat Gain Heat Loss
(BTUH) (BTUH) (BTUH) (BTUH)
Whole House 8948 sq.ft. 12,789 3,707 16,496 23,268
(1.5 tons. )
Whole House 8948 sq.ft. 12,789 3,707 16,496 23,268
(1.5tons )
Apt#3 - End Unit - Middle & Top Floors 12,769 3,707 16,496 23,208
Dining /Living Room 314 sq.ft 3,845 1,409 5254 9,002
Infiltration ] 817 489 1,308 4,923
- Tightness: Avg.; Winter ACH: 1.1; Summer ACH: .5
Duct 0 0 433
- Supply below 120, Enclosed in unheated space; R-6
People 4 1,200 920 2,120 0
Floor 3143 sqft 0 0 0 [
- Over conditioned space
N Wall 788 sqft 135 135 388
- Wood frame, with sheathing, siding or brick, R-18 5 1/2 in.: none
Glasedoor 44 sqft 0 878 1,983
- Sliding giass door; Double pane; Wood or vinyl frame; Clear glass
- Draperies or blinds; Goating: None (clear glass); No outside shading
Ceiling 314 sq.ft 815 o 815 1,365
- Under ventilated attic; R-19 (4 6.5 inch]; Dark .
Kitchen 100 sq.ft 2,060 460 2,520 457
Infilration ] 0 0 0
- Tightness: Avg.; Winter AGH: 1.1 ; Summer AGH; .5
Duct 0 0 0 22
- Supply below 120; Enclosed in unheated space; R-6
People 2 600 450 1,060 [
Miscellaneous 1,200 0 1,200 0
Page 1 Residential Heat Loss and Heat Gain Calculation 8/20/2015
T In accordance with AGGA Manual J
Report Prepared By:
For:
WEST HAVEN, CT
Design Conditions: ~ New Haven
Indoor: Outdoor:
Summer temperature: 70 Summer temperature: 84
Winter temperature: o4 Winter temperature:
Relative humidity. 50 Summer grains of moisture: 84
Daily temperature rangeMedium
Building Component Sensible Latent Total Total
Gain Gain Heat Gain Heat Loss
(BTUH) (BTUH) (BTUH) (BTUH)
Whole House 581 sq.ft. 8102 2832 10,934 22,165
(1tons)
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Whole House 581 sq.ft 8102 2832
Secand Floor 8102 2832
Bathroom 40 sqft 132 0
Infiltration [ o0
- Tightness: Poor, Winter AGH: 2.01 ; SummerAGH: 8
Duet 6 o
- Supply above 120; Enclosed in unheated space; R-4
loor 40 sqft 0 0
- Over conditioned space
Ceiling 40 sqtt 126 0
- Under ventilated attic; R-11 (3 - 3 inch), Dark
Bedroom 218 sqft 2,401 918
Infiltration 358 458
- Tightness: Poar; Winter ACH: 2.01 ; Summer ACH: .8
Duct o
- Supply above 120; Enclosed in unheated space; R4
People 2 600 460
5 sq.ft 0 0

Floor 21
- Over conditioned space
S wall 724 sqft

- Wood frame, with sheathing, siding or brick: R-11

15

0
312in.; none

Window 236 sqft 533 0

- Double pane; Vinyl frame; Clear glass

G

- Draperies or blinds; Coating: None (clear glass); No cutside shading.
0

eiling 216 sqft 661
- Under ventilated attic; R-11 (3 - 3.5 inch); Dark

10,934
(1tons)
10,934

132

3319
816

114

1,060

15

533

681

22,165

22,165

201

8,408
4630

1,007

469

843

1,369

8/27/2015

Quest

ions?

Resources

www.ct.gov/dcs/

publicecodes.cyberregs.com/icod/index.htm

WWW.acca.org
www.hvac-quality.com
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Thank you

Buck Taylor

Roltay Inc. Energy Services
98 Overbrook Road
Madison, CT 06443

(203) 672-1330
buck@roltay.com

10:00 AM

8/27/2015
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