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Installation defects in HVAC systems are commonplace
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Installation defects in HVAC systems are commonplace

* Improper airflow:
— Average airflow ~20% below target. Blasnik et al. (1995)

- Average airflow 14% below design. Proctor (1997)
— Measured airflow ranging from 130 - 510 CFM / ton. Parker (1997)

— 70% of units had airflow < 350 CFM / ton. Neme et al. (1999)
— Improper airflow in 44% of systems. Mowris et al. (2004)

%EPA , ENERGY STAR. The simple choice for energy efficiency.



Installation defects in HVAC systems are commonplace

* Incorrect refrigerant charge:
— In 57% of systems. Downey/Proctor (2002)
— In 62% of systems. Proctor (2004)
- In 72% of systems. Mowris et al. (2004)
— In 82% of systems. Proctor (1997)

{';EPA , ENERGY STAR. The simple choice for energy efficiency.




Installation defects in HVAC systems are commonplace
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Installation defects in HVAC systems are commonplace

The air’s heat is
transferred to the
refrigerant.

Qutdoor air is
blown over the hot
refrigerant coil.

Outside
the
House

Warm indoor air is The refrigerant’s
blown over a cold heat is transferred
refrigerant coil. to the outdoor air.

%EPA , ENERGY STAR. The simple choice for energy efficiency.




RESNET/ACCA Std. 310:
Guiding Principles

Take a ‘carrot’ rather than a ‘stick” approach.

Reward incremental improvement.

Include procedures applicable to both Rater and HVAC professionals.
Ensure the procedures provide value in and of themselves.

%EPA , ENERGY STAR. The simple choice for energy efficiency.



RESNET/ACCA Std. 310:
Grading Concept

* Follow the insulation quality-installation model:
— Grade lll: The default. No assessment. No penalty and no credit.
— Grade Il: Assessment completed and the system is ok. Partial credit.
— Grade |: Assessment completed and the system is very good. Full credit.

10
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Overview of Standard 310:
Standard for Grading the
n of HVAC Systems
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ENERGY STAR. The simple choice for energy efficiency. m

ENERGY STAR

Std. 310: Standard for Grading the Installation of HVAC Systems

Tolerances

Grade Ill
Not Met (eEE

e Grade IlI

Refrigerant
Charge

e

Design Tolerances Total Duct Blower Fan Blower Fan
— — = — Grade | or |
Review Met Leakape Sz o] Airflow Sl el Watt Draw —

Plug-In Watt Meter Mon-lnvasive Temp.

Presszure Matching Clamp-On Watt Meter

Weigh-In Verification

Heowe Hood

Howse Liility Meter

M|

Static Press. Table
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Task 1: Evaluating the design of the forced-air system

1. Rater collects design documentation for the dwelling with the HVAC system
under test.

2. Rater reviews design documentation for completeness and compares it to the
dwelling to be rated. Key features must fall within tolerances defined in the
standard. For example:

Floor Area Outdoor Design Temps Insulation Levels
Window Area # Occupants Infiltration Rate
Indoor Design Temps Window SHGC Ventilation Rate

3. If tolerances are met, proceed to next task. Otherwise stop here.

14
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Task 2: Evaluating the total duct leakage

1. Rater measures total duct leakage according to Std. 380, evaluates the results,
and assigns a grade:

Grade Test Stage | # Returns Total Leakage Limit
I Rough-In <3 4 CFM/100 sqgft or 40 CFM
Rough-In >3 6 CFM/100 sqgft or 60 CFM
Final <3 8 CFM/100 sqft or 80 CFM
Final >3 12 CFM/100 sqft or 120 CFM
I Rough-In <3 6 CFM/100 sqgft or 60 CFM
Rough-In >3 8 CFM/100 sqgft or 80 CFM
Final <3 10 CFM/100 sqgft or 100 CFM
Final >3 14 CFM/100 sqft or 140 CFM
I N/A N/A No Limit

2. If Grade |l or Il is achieved, proceed to next task. Otherwise stop here.

16

%EPA , ENERGY STAR. The simple choice for energy efficiency.

ENERGY STAR




. ' % S A
/ L —— . T

e

et |

|
\

i
.\
ik
58
o
¢
]
B2



Task 3: Evaluating the Blower Fan Volumetric Airflow

- Raters measure the total volumetric airflow going through the blower fan using
one of four test methods:

A. Flow Grid
B. OEM Static Pressure Table
C. Pressure Matching

D. Flow Hood

* This is just a single measurement. It is not measuring the airflow from each
register and summing those.

Note: Dan rearranged the order to more closely align with NW Rater’s current approaches
18

%EPA , ENERGY STAR. The simple choice for energy efficiency.



Task 3: Evaluating the Blower Fan Volumetric Airflow

A. Flow Grid

1. Measure static pressure created in supply
plenum during operation of HVAC system.

2. Install flow grid in filter slot.

3. Measure pressure difference at flow grid and
convert to airflow.

4. Re-measure static pressure in same location
as Step 1, and correct airflow.

19
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Task 3: Evaluating the Blower Fan Volumetric Airflow

A. Flow Grid

Easy/simple for many systems Multiple filter slots in a single system
require multiple flow grids

Can work at higher flows Need to make sure a good seal is
achieved around the plate perimeter

Slightly less accurate +/- 7%

Requires hole in supply plenum

%EPA , ENERGY STAR. The simple choice for energy efficiency.
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Task 3: Evaluating the Blower Fan Volumetric Airflow

B. OEM Static Pressure Table
1. Turn on HVAC system.

2. Measure external static pressure of system’s supply side
and return side.

3. Determine fan-speed setting through visual inspection.

Using blower table information, look up total external
static pressure and fan-speed setting to determine airflow.

EXTERMAL S5TATIC PRESSURE, (INCHES WATER CoLUMMN]

MoTor | Tons

- 0.3
SPEED AL

CFi RISE CFM RISE CFM RisE RN CFM
High 3 14598 MyA 1,446 /A 1,368 MJA 1,302 WA 1,227 MA 145 § 1,059 | 954
hied : 1 | 15 1,1 [ 1.( 1 1,051 882 501 213
“led-Lio 2 G983 a5 571 35 45 35 919 37 278 39 213 e 655
Low 15 216 42 794 43 758 45 FES 45 &78 S 637 LS7 523 21
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Task 3: Evaluating the Blower Fan Volumetric Airflow

B. OEM Static Pressure Table

Inexpensive equipment Rater required to get OEM Blower Table
for installed equipment

Works for systems of all sizes and airflows Needs carefully-placed hole in supply-side
and return-side, sometimes in equipment
housing

%EPA , ENERGY STAR. The simple choice for energy efficiency.

NERGY STAR
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~__ENERGY STAR. The simple choice for energy efficiency.
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Task 3: Evaluating the Blower Fan Volumetric Airflow

C. Pressure Matching D. Flow Hood

<EPA



ENERGY STAR. The simple choice for energy efficiency.
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Task 3: Evaluating the Blower Fan Volumetric Airflow

C. Pressure Matching D. Flow Hood

Pos | Cons Pos | cCons

Uses equipment many Can’t reach high flows for big Accurate: +/- 3% Can be heavy/unwieldy
Raters already own systems: needs extrapolation N
Easy to use Can be sensitive to placement

Accurate: +/- 3% Need at least one large return _ _ _

ANE: GF (SR CRITREE: & Does not require hole in  Can be expensive

equipment supply plenum

Requires hole in supply Wlll not always fit around air

olenum inlet

<EPA
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Task 4: Evaluating the Blower Fan Watt Draw

« Raters evaluate the watt draw of the blower fan using one of three test
methods:

A. Plug-In Watt Meter
B. Clamp-On Watt Meter
c. Utility Meter

{';EPA , ENERGY STAR. The simple choice for energy efficiency.
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Task 4: Evaluating the Blower Fan Watt Draw
A. Plug-In Watt Meter

Plug in the watt meter into standard electrical receptacle.
Plug in the equipment with the blower fan into the watt meter.

Turn on equipment in required mode.

b~

Record reading from portable watt meter.

%EPA , ENERGY STAR. The simple choice for energy efficiency.



Task 4: Evaluating the Blower Fan Watt Draw
A. Plug-In Watt Meter

Simple Not usable with hard-wired equipment

Direct measurement of equipment

%EPA , ENERGY STAR. The simple choice for energy efficiency.
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Task 4: Evaluating the Blower Fan Watt Draw
B. Clamp-On Watt Meter

1. Turn on equipment in required mode.

2. Connect clamp-on watt meter to measure
voltage and current at either the service

disconnect or through a service panel (not at
breaker panel).

3. Record reading from clamp-on watt meter.

%EPA , ENERGY STAR. The simple choice for energy efficiency.




Task 4: Evaluating the Blower Fan Watt Draw
B. Clamp-On Watt Meter

Useable with hardwired equipment that  Requires proper training and safety
has service panel or service disconnect equipment

Direct measurement of equipment

30
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Task 4: Evaluating the Blower Fan Watt Draw

C. Utility Meter

1. Turn off all circuits except air handler’s.
2. Turn on equipment in required mode.
For a digital utility meter:

3. Record watt draw from utility meter.
For an analog utility meter:

4. For 90+ seconds, record the number of meter
revolutions and time.

5. Calculate watt draw.

%EPA , ENERGY STAR. The simple choice for energy efficiency.
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Task 4: Evaluating the Blower Fan Watt Draw

C. Utility Meter
o lems

Works with all equipment Indirect measurement, and some meters
are less sensitive to low watt draw.

No new equipment needed Turning off all other circuits can be
disruptive

Task 4, the watt draw task, is the only one where you’re not required to
meet a threshold to proceed. So a Rater could do Task 1-3, skip 4 and take

the Grade lll default for watt draw, and then proceed to Task 5 and get
Grade | for refrigerant charge.

%EPA , ENERGY STAR. The simple choice for energy efficiency.
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Task 5: Evaluating the Refrigerant Charge

« Raters evaluates the refrigerant charge of the system using one of two test
methods:

A. Non-Invasive Method
B. Weigh-In Verification Method - Only for select equipment & conditions

%EPA , ENERGY STAR. The simple choice for energy efficiency.
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Task 5: Evaluating the Refrigerant Charge

A. Non-Invasive Method

'Non-invasive’ means no gauges connected to refrigerant system.

* |Instead, the temperature of the air and refrigerant lines are used.

* Triage systems into two bins:
 Q@Grade | - Charge is okay
 Q@Grade lll - Charge is not okay

Refrigerant Gauges Not Temperature Sensors
Connected Used Instead

EERRIT

35
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Task 5: Evaluating the Refrigerant Charge

A. Non-Invasive Method

Determine SEER and mfr-specified superheat / subcooling value.

Measure outdoor air and return air temperatures.

Measure actual temperatures for suction line and liquid line.

ok~ D~

Compare target to actual temperatures; if they are close enough,
then the system is properly charged.

%EPA , ENERGY STAR. The simple choice for energy efficiency.

Use to calculate target temperatures for suction line and liquid line.
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Task 5: Evaluating the Refrigerant Charge

A. Non-Invasive Method

No refrigerant handling certification New procedure to learn
needed

No risk of refrigerant contamination and  Minimum outdoor air temperature limit
leaks

Less Rater liability

37
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Task 5: Evaluating the Refrigerant Charge
B. Weigh-In Verification Method

* Non-invasive method can’t be used for:
* All outdoor conditions.
*  Mini/multi-split systems.
* |In such cases, the weigh-in verification method is used instead.

 Method is primarily a document review rather than a performance test.

%EPA , ENERGY STAR. The simple choice for energy efficiency.
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Task 5: Evaluating the Refrigerant Charge
B. Weigh-In Verification Method

« Contractor provides: « Rater then:
A. Weight of refrigerant added / removed 1. Measures line length and diameter
B. Line length and diameter 2. Uses lookup table to determine how

much refrigerant should have been

C. Default line length from factory charge added / removed

(usually 15 feet)

3. Verifies the deviation between the lookup
and contractor values are within

E. Geotagged photo of scale with weight tolerance
added / removed

D. Factory supplied charge

4. Verifies location of geotagged photo
matches the location of the equipment

39
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Task 5: Evaluating the Refrigerant Charge
B. Weigh-In Verification Method

No refrigerant handling certification Requires information from contractor
needed
Works at any outdoor temperature Not a true performance test

%EPA , ENERGY STAR. The simple choice for energy efficiency.
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Std. 310: Standard for Grading the Installation of HVAC Systems

Tolerances
Not Met

Grade Il

Grade I o Grade Il e Grade Il

Design Tolerances Total Duct Blower Fan Blower Fan Refrigerant
—_— —_ = —_ Grade | or |
Review Met Leakape Sz o] Airflow Sl el Watt Draw — Charge

Plug-In Watt Meter Mon-lnvasive Temp.

Presszure Matching Clamp-On Watt Meter Weigh-In Verification

Heowe Hood Howse Liility Meter

Static Press. Table
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Field Test

» Six providers evaluated 18 systems and performed 63 individual tests.

* Required HVAC warm-up time is 15 minutes, but Raters can do other tasks
during this time. After that, average time for all tests was 26 minutes.

* Most systems achieved a Grade | designation:
Blower Fan Airflow Blower Fan Watt Draw Refrigerant Charge

999

m(Gradel = Gradell = Gradelll 42
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House Parameters

* New construction, single-family home
— 3 bed + 2 bath; 2,500 sq. ft
— Construction based on 2009 I[ECC
— Construction and foundation type varied by climate
-~ Simulations followed RESNET Standard 301

« Simulated locations
- CZ 2 -Houston, TX
- CZ 3 - Atlanta, GA
— CZ 4 - Washington, DC
— CZ5-Chicago, IL

below white line

46
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Equipment Assumptions

 Equipment types
- SEER 14 air conditioner and gas furnace
-~ SEER 14, 8.2 HSPF central heat pump
 Equipment assumptions
— 0.5 W/cfm fan efficiency
— Manufacturer recommended airflow is 400 cfm/ton

%EPA ENERGY STAR. The simple choice for energy efficiency.
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Defect Scenarios

* Four scenarios were analyzed, where the ‘fault’ is the % deviation from
manufacturer-recommended values:

Parameter Scenario 1: Scenario 2: Scenario 3: Scenario 4:

No Fault Airflow Fault | Charge Fault | Both Faults
Airflow defect level 0% -25% 0% -25%
Refrig. charge defect level 0% 0% -25% -25%

* Generally speaking, in Standard 310:
— Grade lll =-25% fault
— QGrade | = 0% fault

%EPA , ENERGY STAR. The simple choice for energy efficiency.

ENERGY STAR
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Estimated Maximum ERI Impact

Max. Point Potential for
Location Going from Scenario 4 (Grade Ill)
to Scenario 1 (Grade l)

Houston, TX

e Atlanta, GA CZ3
Washington, DC Cz4
Chicago, IL CZ5
Houston, TX CZ2

o Atlanta, GA CZ3
Washington, DC CzZ4
Chicago, IL CZ5

» Caveats:

-~ For homes better than 2009 IECC, smaller point potential
— This is the max potential. Many homes will get partial credit.
— Fine-tuning may still occur in Standard 310

%EPA , ENERGY STAR. The simple choice for energy efficiency.

ERGY STAR|
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Modeling Summary

Previous work by RESNET Working Group:
— Initial estimate of point potential using cursory modeling.
— Air conditioners:
- Hot climates: ~3 points
- Mixed climates: ~2 points
- Cold climates: ~1 point
-~ Heat pumps: Non-intuitive low potential in cold climates.

NREL's approach:

-~ Shows similar trends for air conditioners, but with higher potential, partially due to
lower efficiency home.

— More intuitive results for heat pumps.

- Lays groundwork for software programs to ensure installation quality impacts get
modeled consistently.

%EPA , ENERGY STAR. The simple choice for energy efficiency.
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Service providers are harder to find in small markets
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HVAC grading provides a new alternative

* You may still choose to work with credentialed contractors.

- But like duct leakage, standard Rater procedures can be used in lieu of a
credential.
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Streamlines ENERGY STAR program requirements

* An energy rating completed with certain features locked in:
— Target score
— Grade | insulation
— Grade |l or Il HVAC grading
— Minimum insulation levels, window/door ratings, duct leakage

* Plus:
1. Bedroom pressure-balancing for comfort
2.  Reduced thermal bridging for comfort
3. Air sealing details for efficiency and comfort
4. Indoor air quality features for health
5.  Water management system features for durability, required by code

%EPA , ENERGY STAR. The simple choice for energy efficiency.
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Status Update On HVAC
Gradlng Standard




Status Update

1. Standard 310: HVAC Grading Standard

— What it does: Defines how the Rater completes the design review, field tests, and
designates the grade.

— Status:
- 1t comment period has concluded
- 2" comment period should commence in November
- Aiming to finalize in Q1 2020

%EPA , ENERGY STAR. The simple choice for energy efficiency.
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Status Update

2. Standard 301: Energy Ratings Update (Non-calcs):

-~ What it does: Integrates Std. 310 into the overall rating process; updates definitions,
minimum rated features, and on-site inspection protocols.

— Status:
- Submitted in September
- Aiming to finalize in Q1 2020

%EPA , ENERGY STAR. The simple choice for energy efficiency.
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Status Update

3. Std. 310 HVAC Design Report Templates:

— What it does: Incorporates Std. 310 design documentation requirements into
Wrightsoft and RHVAC templates.

— Status:
- Discussions have started
- Aiming to finalize in Q2 2020

%EPA , ENERGY STAR. The simple choice for energy efficiency.
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Status Update

4. RESNET Rater Training:
— What it does: Trains raters on new requirements in Std. 310, prior to use.
— Status:

- Development has started
- Aiming to finalize in Q2 2020

%EPA ’ ENERGY STAR. The simple choice for energy efficiency.
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Status Update

5. Calculations Update:

— What it does: Updates standards and software to provide credit for properly installed
HVAC systems.

— Status:

- In process — discussing with RESNET the value of rewarding properly installed HVAC
systems in both ERI ratings and HERS ratings.

- More to come..

%EPA , ENERGY STAR. The simple choice for energy efficiency.
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ENERGY STAR Certified Homes

Web: Social Media:

Home: www.energystar.gov/newhomespartners -

Technical: www.energystar.gov/newhomesrequirements tej @energystarhomes
MESA: www.energystar.gov/mesa n facebook.com/energystar
Inbox Support

energystarhomes@energystar.gov

Brice Lang Dan Wildenhaus

U.S. EPA Rabble-Rouser

Partner Support Manager BetterBuiltNW

ENERGY STAR Certified Homes dwildenhaus@trccompanies.com

Lang.Brice @epa.gov
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%EPA , ENERGY STAR. The simple choice for energy efficiency.

ENERGY STA


http://www.energystar.gov/newhomespartners
http://www.energystar.gov/newhomesrequirements
http://www.energystar.gov/mesa
mailto:Rick.Gazica@icfi.com
http://www.facebook.com/energystar
http://www.twitter.com/energystarhomes
mailto:energystarhomes@energystar.gov
mailto:dwildenhaus@trccompanies.com

Where The Air Goes In,
And Where The Comes
Out: The importance of
selecting Grilles Registers
and Diffusers



One to two feet in the High Velocity zon



Buoyancy: Warm air wants
to rise,cold air wants to fall.

Heating Dominated: Floor

Cooling Dominated: Ceiling

Real World Dominated:
Cost



The Perfect Diffuser?




Effective Air Throw & Temperature Distribution for Larger Rooms

30ft @ 2" above the floor = 76°F
| _ 33ft @ 2" above the floor = 75°F

£
& 3ft
2
0]
o

2 Inches-
.

3t 6t oft 13ft 161t 191t 23t 26ft J0ft  33ft

<Test conditions> Distance (ft)
Outdoor temp.: 35°F RIJC setting: 73°F, “Powerful® 30 min. later the operation is started. Test room : 350ft* Test model :




Its Even More Important in A Low Load House

WHAT’S IT ALL MEAN?

 Lower loads, lower airflow (cfm) per room

« [ower airflow = less air available to mix
for the same volume room

« Same size house, same length ducts,
lower airflow, duct tightness critical

 Long runs, less airflow, takes time to heat
up duct mass, lower outlet temperatures
at long runs on short cycles

* Register selection is critical

i
:
X

Deparimeri i Enasgy

Courtesy of Ibacos st o Gy e




We Used To Be The Boss of Air!

System Air flow Air exchange rate
size cfm/sf ACH nat
sf/ton
Historic “Rule of 400 1.0 0.5-0.75
Thumb”
Energy Star — Cold 1107 0.35 0.31
Climate
Energy Star — Mixed 1124 0.34 0.34
Humid Climate
40% BA — Cold Climate 1476 0.26 0.10
40% BA — Mixed 1311 0.27 0.19
Humid Climate

Courtesy of Ibacos




Eating Your
ACCA
Vegetables

Design Criteria

Construction
Details

HVAC Equipment
Selection

Type of Duct
System

Manual J

Entire House
Loads

Manual S

Size HVAC Blower
Equipment Performance

Manual D,Tf"’

Total External
Static Pressure

Duct Sizing
Procedure

Register Geometry and
Performance Fitting Data

Strategy Guideline:
Accurate Heating
and Cooling Load
Calculations

Strategy Guideline:
HVAC Equipment
Sizing

Strategy Guideline:
Air Distribution Basics
and Duct Design



Before We Get Started:

Before you select and place a GRD you must:
1: Know the heat lost/gain per room

2: Know the cfm per room

3: Size the duct system correctly

4: Install the duct work correctly

5: Eat your vegetables and floss daily



A Few Definitions

Grille: A louvered covering for an opening through which air passes.

Register: A grille which is equipped with a damper or control valve, and which directs air in a nonspreading jet.

Diffuser An outlet discharging supply air in a spreading pattern.

Stratification Boundary The boundary between room air currents

==
gl Vi




Air Mixing in a Zone. It's all about
entrainment

Primary air induces or set in motion the air surrounding it.
Secondary air is 10 to 20 times the volume of the primary air.

Hence 80 cfm of primary air sets 800 to 1600 cfm of secondary air into

motion.
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o T

/’ ,/ e

Secondory air

NN N NN

L R

VT i AT AT T 5 AT T AT T
7




Register Throw

7
g
4 ( N
- Throw is the distance :// L,_ ]
the air travels before 4, Stk BEn
it reaches some h ™ R Tepmﬁm
specific value (usually TR g velocity

50 feet per minute).

e ~ Throw %r‘\

T T BT TETETEOEET
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Register Spread

« Spread refers to how
wide the jet of primary
becomes

« Spread decreases and
throw increases

‘22 DEGREE
- BPHEAD- .
20 Foor

L THROW. -

45 DEGREE SPREAD
12 FOOT THROW

THROW DEPENDS OM SPREAD




Why Not B, =5
Just Have || ——— g
Holes In s
The Ceiling Contracta” <>
12 X 12

Register




Grille and
Register
Selection

« ACCA’s Manual “"T”
gives selection criteria

« Good selection:
 Provides good mixing
* Prevents “cold drafts”
« Reduces noise

« Increases aesthetic
appeal

» Good registers can
increase cost $20 to
$40 per grille/register.




Think High Side
Wall Delivery

Helps To Make the Duct
System Compact

Keeps higher velocity air
out of the comfort zone

Performs well in heating
and cooling

Uses outside wall and
window to “drop” the air

COMPACT REGISTERS DESIGN
DIRECTS AIRFLOW TO HUG THE \

CEILING PLANE

F-__
#
LEGEND
coMPacCT —
TRADITIONAL —

Figure 4. High sidewall versus floor register—section view



What's the Best High Side Wall Register size for 150CFM In a
room that’s 15ft long

Faco Volooity 300] 400] Soo0] &0o] 7oo| ®on] soo] 1noo]fioo] 1200

Pressure Loss | .006| 00| 096 .022| .031| .0a0| .os0| .o&z||Lo7Ts| .0%0

Bxd  |CFM a8 E0| B0| 88| 110 125 1a0| 1EE([|17a| 188

Ak 158 |Theow| 50| e8| =8| 00| 120 130 180 1sollhasl 180

iDxd  [CFM EO|  mO| 00| 120 18D| 60| 80| Zoo|[|=0| 2ar

Ak 198 |Throw| 0| 78| =8| 120| 13a] 180 170] 1wollkoo| 221 _ _ _

Zxd  |CFM TO| o&| 20| 145 iro| 190 25| 0|55 2= A618 Adjustable Fin Register

Ak 240 |Theow| 60| go| 100 120] 1a0) 6ol 1eol sollesol 360 5 17

IDxB  |CFM a6 T a1 =o| a| 2mo| (=S 3 (Page 17) L S S S SN
Ak 3113 |Theow| 7.0] 20| 120] 140] 180] 190] 210] z3ollleenl 200 Deflection A LT
1ZxB  |CFM TIE| 80| 190 225| 255 305 340| 3mo[[|215| a5 P

Ak 378 |Throw | 80| 100| 130] 180] 180 210 2a0| 2eolllkao| a1x o[

iDxB  |[CFM 30| 70| Z15| 2B5| a00| 20| 38B| a2 [[|2ra| Bt T

Ak 42% |Throw | 80| 11.0| 120] 180] 19a]| 210]| 240 2rollbool az: | T

axB |CFM 135 80| Z25| 270 aD| 35| a00| 44&[[[am0| Bt 10

Ak 438 |Throw | 80| 11.0| 140] 170] 19a| 220| 260 zeollboo| aax

1ZxB  |CFM 60| 00| 2865| 320 arD| 425| 475| B [||5as| sas

Ak 530 |Throw | 90| 11.0| 180] 00| 210] 240 20| aaollbaol asn

14xB |CFM 85| 280 30| aro| 43| 495| s60| el |sm=0| 74

Ak 520 |Throw | 10.0] 130| 60| 200] 23a| 260| 300] 3aollbeol asp

For sees not ksied or szing bps see page 35
Termanal Wekocity of 75 FPM




Pick a ceiling register for 80 CFM

30 CFM

Face Valocity 300 400| S00| 00| 700| 800 S00| 1000
Pressure Loss | J006| .010| .016) .022| .031| .040| .050| .062
Bxb CFM 40 55| TO| 90| 100 10| 125] 140
Ak 140 | Throw 500 60| 80| 80| 11.0] 120] 14.0] 150
10x6 |CFM 55l 8o\ 25 110] 130] 150] 185 185
Ak 185 | Throw a 0N 7.0 A0.01 11.0] 13.0] 14.0f 16.0) 18.0
1256 |CFM rol Bo] 15| 135| 1e0| 180| 2058] 225
Ak 25 | Throw 60| 80| 120] 120/ 140| 16.0) 18.0] 200
f4x6 |CFM 85| 115| 45| 175| 205| 230| 260]| 2890
Ak 200 | Throw 7.0 8.0 16.0] 140/ 17.0] 19.0) 21.0] 240
16x6 |CFM 100 130| 165| 200| 230| 265 295| 330
Ak 330 | Throw 8.0 10.0] 18.0] 150] 18.0] 20.0) 23.0] 250
18x6 |CFM 115 155| 185] 235| 275| 310| 350| 390
Ak 380 |Throw 8.0 1.0 21.0] 17.0] 200 22.0) 25.0] 28.0
0x6 |CFM 130 175| 2200 265| 310 360| 395 440
Ak 440 | Throw 5.0 12.0] 24.0] 18.0] 21.0] 24.0) 27.0] 30.0

_ A618MS/A6180B
l"""""""" Register
EEES asmmes it « Aluminum face/fin construct
B R Adjustab

o indmiadual
= Stamped face margins eliminate
mitered carmers and rough edge
_ ) il = G-.‘.i'\:'h"l.'.':.'-'.i mult-shutter valve or
Face Velocity 300| 400| %00 &00( 7TO0| BOOD| S00| 1000
Byd CFM 28 38 47 5T Bh T8 a5 a5
Ak :::IQ!S Ps 02 02 02 03 104 05 D6 Lir)
’ Throw 1.5 20 25 30 3.5 4.0 4§ 50
10 % 4 CFM 35 47 59 7 a2 S| 105 117
Ak 1T Ps 01 01 02 0z 03 04 05 D6
Throew 1.5 20 25 3035 4.0 4 5 50
10%6 CFM B TT gr| 1&| 135 164| 174| 143
Ak _’1‘93 Ps .nz 01| 2| .o2| 03| 04| 05| 08
Throw 18 20| 25| 3o| as| 45| 50| 55
12 % B CFM 71 as| 119 143 167| 190 214| 238
Ak 298 Ps 01 01 01 02 03 04 05 D6
Threw K5 7.0 9.0 105 125 140 16.0| 175
CFM 87| 118] 145 174| 204| 233 2682 291
pr ;:1 Ps 01| o1| 02| o2 o3| o4| os| o8
’ Throew M 1Y P& A I 'f=1 MA MA
14 %8 CFM 18| 158| 198| 237 277 I16| 3I66| 395
Ak ;95 Ps 01 01, 01 02 03 04 05 D6
Throw Nal mal mMal NA| NA] MA| MA| NA

Termiral Velocity of 76 FPM

Terminal Vedocity of 75 FPM

MA = Mot Avalable




421 Floor Diffuser HezlszPlastlc Fluur lefuser
= ol Cons O floor us

* All-steel construction
= Multi-angle fin setting * fulti-angled fins for fan pattern of air
= Rolled fin for strength and safety i jij distribut
*» Welded construction - [ rated. opposed-blade damper
* Foot-operated dial control
- ge stamped face
i ar Bright White enamel finish

=

i hite or Brown finish

420/421 Floor Diffuser (Page 7) Rezzin Floor Diffuser (Page 8)

[FaceVelocy | 300 400] 500] 60| 70a] 800] 900] 000] :

Pressure Loss | .006] 010] 016|022 031] 040] 050] 062 Face Velocity | J00) 400) 500) 600) T00) 800) 500) 1000
210 o 3 45 so| ol o] re s CFM Z| M| 4 ) ¥ 6 7o B
Ak 085 %Plﬁ-'ﬂﬂ jg jg ;g @gﬁg gg 133 2%12 |Ps 0 02| 03 05 @ 08| 10| .12
—— A WS B0 A.084 Thow | 20| 25| 35 40| (45]) 55| 60 65
oy [Soread | 300 40) 43f 55 €5l 70 80 90 Spread | 15| 20| 25 30| 30| 35 40/ 45
" imwow | 38 48] s8] 7ol a0l ao] 100] 10 CPM | 42| s8] 71| 8 g 113] 127] 141

CFM | 35 45 60| 70| 80| 90| 108 118

3:11:5 soread | 25| a0bsal 70| 70| e g 10 4%10 |Ps 020 020 03 04 0§ 07 09 1
0 e L oasl ad eo) anl sol asl 10l 120 Ak 141 |Thiow | 20 @) J0f 35 45 501 53 60
MEGREEEEEEER Spread | 05| 15| 25 30) 40| 50| 55| 65
| - CFM arl B3| 190 W 110 126] 141] 157
" TRl E}EII ? M 'H]l] 0 13'5 15'5 .“.'ﬂ 4112 |Ps 02| - 040 05 07 091 11 A3
me] Spread | 45| 50| 65| 75 40[ 100] 115 130 AK 15T (Theow | 15[\ 20y 25 30| 35 40[ 45 50
L Thow | 40] 60] 80 1ﬂ.ﬂ_ 110 12.5_ *Id.ﬂ_ 15'5. gpm;ﬂ 05 15| 25| 400 500 60| 701 B0

Terminal Viekneity of S0 FE



Performance of Various Supply Registers

* Manufacturer 1

REQ’:'SfE.-“ H O Manufacturer 2 /
] ; : Ianuf: 3
Selection Criteria 12 # Manulacturer %
= + Manufacturer 4
« Throw = 10 ® Manufacturer 5 / —e
* Pressure Drop =
. 2 ~
» Noise Z
4
2
40 60 80 100 120 140 160 180 200

Aarflow Rate (cfm)

Floor Register Performance (10x4)

Courtesy of Ibacos



Isothermal
Correction
Or How to
Cut the

downward

throw in
half

__EJ]‘#.F -ED Lss a0 40 [
r APEY - a5 -1y
.-""-‘# 1 7o [20 145 35 1 e
— T:!:!:'. fpm ] = . 45 Lag .30 .
—— i A0 L S0 F100 Lo
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One More Vegetable: Entry Conditions Matter

Figure 6




Return: Just a hole for the air to get back to
the air handler

* They have very little impact on
air distribution patterns

I

* Bigger is better
e Better filtration
* Lower Noise

* More static (muscle) for the supply
side
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Sizing Returns

e 400 -500m fpm max

e 300 max for filter grilles

* On stamp faced grilles, keep it
below 400 fpm for noise purposes

* Rule of thumb 2 cm per filter size

Filter Size ;:i‘;’ Ton {cfm) | Filter Size -E::? To
2] 12] 144 n'a 0] 0] 40 2
12| 20| 240 | 1400y | BO| 25| S0 | 25
12| 24| 288 | 15(600) | 20| 30| 600 :
12| 30| 360 | 15(600) | 20| 36| 720 :
4] 1] e | raon) [ 24 24 576 E
14| 20| 280 | 15(600) | 24| 30| 720 B
14| 24| 336 | 15(600) | 24| 36| s6d 4
14| 30| 420 | 2(®00) | 25| 35| 62s ¥
16| 20| 320 | 15(600) | 30| 30[ 900 3
6] 24] 334 | 2800 | 3o 36| 1080 | s




Keep pressure KEEP NC below Keep FPM Don't inject air Make big
drop below .03 35 below 700 on into the comfort returns
IWC supply side zone <50fpm




What They Do in the South:




Zen Like Question For The Day

o How should you e A: Don’t worry about it
design ducts and e B: At the top speed

select registers for « C: At the speed it will be
a variable speed  used at the most

system?
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