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The “next” Leakage Manual

O SMACNA Is working on a second edition to the
HVAC Air Duct Leakage Test Manual

O First chapter devoted to designers and specifiers
O“Tightened up” the allowable leakage

O Public review period ended 2/28/2010
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What i1s “Duct Leakage”

O Duct leakage Is the leakage of air from DUCT

O Equipment leakage Is the leakage of air from
EQUIPMENT

[0 Accessory leakage is the leakage of air from
ACCESSORIES
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System Leakage

OHVAC Air System Leakage Is the combination
of duct, equipment and accessory leakage.

ODUCT leakage is not SYSTEM leakage




Equipment Leakage Test

OASHRAE Standard 193 Proposed Standard
authorized September 30, 2006.
Method of Testing for Determining the Air-
Leakage Rate of HVAC Equipment

O Public review Is completed expected to be
published mid-summer 2010.

O1. PURPOSE:

M This standard prescribes a method of testing to
determine the air-leakage rate of forced-air
heating, and cooling HVAC equipment, prior to
field installation.
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Equipment Leakage Test

O2. SCOPE:

W 2.1 This standard applies to the following:
a) Equipment intended for installation in ducted
systems, including furnaces, heat pumps, air
conditioners, coil boxes, filter boxes, and
associated components.

b) Equipment that moves less than 3000 cfm (1400
L/S) of air.

2.2 It does not apply to field installed
components, such as plenums or ducts.

B NOTE no PASS/FAIL criteria

S MA! : G—!NA%;




Definitions

O Transverse Joint: Includes Duct to Duct, Duct to
Branch, Duct to Tap, Duct to Fitting
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Definitions

O Longitudinal Seam: The joining of two edges
oriented in the direction of the airflow. (Spiral
seams are exempt from sealing)
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Definitions

O Penetration: Rod, wire, and tubing.

[ The following are not considered applicable
penetrations for duct sealants in the context of
leakage testing...Screws and other fasteners,
and control rods for dampers. These are not
required to be sealed to meet seal class A.
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Duct Leakage Factors

0 The factors that determine how much a given
duct leaks
M Type of construction (seam choices)
B The amount of seams and joints (amount of duct)
M Static pressure
B Openings / penetrations
B Sealant
B \Workmanship
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How to Predict Duct Leakage

O Testing by SMACNA/ASHRAE/TIMA and other
organizations in Europe shows that many of the
previous factors can be accurately represented by using
the duct surface area, static pressure, and the leakage
class.




Leakage Equation

OF is the predicted leakage expressed as a
volume per unit area (CFM/100 ft2 of duct
surface area)

OC, is a constant called the leakage class

M Based on type of construction and sealing methods.
Determined through testing.

O P is the static pressure (in. w.g.)

CIN Is a dimensionless exponent determined
through testing (0.65)
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Seal Class

Ll There are 3 seal classes.

[ Class C requires that only transverse joints be
sealed

O Class B requires that transverse joints and
longitudinal seams be sealed (spiral seams are
excluded)

[ Class A requires that transverse seams,
longitudinal seams and all applicable
penetrations be sealed.
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Seal Class

[ Seal class defines where sealant is applied.

[0 Seal Class does not solely determine the air
leakage for duct.

O In other words, going from seal class C to seal
class A can reduce the amount of leakage but
there Is no data that supports how much the
leakage will be reduced. Other factors such as
seam choices impact leakage rates.
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Duct Construction Standards

O Current Standard ANSI/SMACNA HVAC DUCT
CONSTRUCTION STANDARDS METAL AND
FLEXIBLE THIRD EDITION

O Pressure Classes (as shown on the contract
drawings) 2, 1, 2, 3, 4, 6, 10 in. w.g.

0 Duct sealed in accordance with Table 1-1 in the
HVAC Air Duct Leakage Test Manual
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Sealing Requirements

Applicable Static Pressure

SEAL CLASS Sealing Requirements Construction Class

All Transverse joints, longitudinal 4" wg and up (1000 Pa)

A .
seams, and duct wall penetrations

All Transverse joints and

- 3" wg (750 Pa
longitudinal seams only g ( a)

C Transverse joints only 2" wg (500 Pa)

In addition to the above. any variable air volume system duct of 1" (250 Pa) and 2" wg (125 Pa) construction
class that 1s upstream of the VAV boxes shall meet Seal Class C.

Table 1-1 Standard Duct Sealina Reauirements
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Pressure Class-Seal Class-Leakage
Class

DUCT CLASS B 1", 2" we 3" we 4" 6", 10" wg
SEAL CLASS C B A
JOINTS, SEAMS
SEALING TRANSVERSE TRANSVERSE AND ALL WALL
APPLICABLE JOINTS ONLY JOINTS AND SEAMS PENETRATIONS

LEAKAGE CLASS

RECTANGULAR
METAL 24 12 6
ROUND METAL 12 6 3

Table 4-1 Applicable Leakage Classes
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Pressure Class-Seal Class-Leakage
Class Proposed Changes

DUCT CLASS B 1", 2" we 3" we 4" 6", 10" wg
SEAL CLASS C B A
JOINTS, SEAMS
SEALING TRANSVERSE TRANSVERSE AND ALL WALL
APPLICABLE JOINTS ONLY JOINTS AND SEAMS PENETRATIONS

LEAKAGE CLASS

RECTANGULAR
METAL 24 16 12 8 6 4
ROUND METAL 12 8 6 4 3 2

Table 5-1 Applicable Leakage Classes
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Sealants

O Liquids
B Consistency of heavy syrup

B Applied by brush, cartridge gun, or powered pump

B Can be water based or solvent based

B Typically used on slip joints

M Also used on “coll lines”
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Sealants

1 Mastics

B Thick consistency, suitable for fillet applications, in
“grooves” and between flanges.

B Excellent adhesion and elasticity

SMACNA




Sealants

[0 Gaskets

B Foam, or neoprene type should have adhesive
backing for ease of installation

B Butyl gaskets typically extruded to shape remains
flexible. Consistency similar to “silly putty”

B Both types typically used between flange joints

B EDPM rubber used in round products

O Part of the fitting @
MACNA




Sealants

O Tapes

M Closures listed as components of systems complying
with UL 181

B No recognized Industry Performance Standards that
set forth:

COPeel adhesion or shear adhesion

OTensile strength
OTemperature limits

ClAccelerated aging
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Sealants

O Tapes

B Some test results published in the product directories
of the Pressure Sensitive Tape Council (Glenview,
lllinoIs)

B Shelf life can be difficult to asses

B Aging characteristics (what happens to the tape in 10
or 20 years)

B Compatibility with duct materials flexible non metallic
ducts

B “Mastic” or butyl tapes are not pressure sensitive duct
tape.
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Sealants

OLEED® compliance

B _LEED® adopted South Coast Air Quality
Management Divisions (SCAQMD) Rule 1168 with
regards to “acceptable” sealants.

B Rule 1168 does not specifically address duct sealant

B \Which category did duct sealant fall under
Architectural Sealants or OTHER?
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Sealants

OLEED®

B According to SCAQMD duct sealants were to be
classified as an architectural sealant.

B Does this matter?-Most definitely

B Architectural sealants have a VOC Iimit of 250 g/l
Other allows 420 g/l

B Almost every commercially available solvent based
duct sealer has a VOC content around 300 g/I
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Sealants

OLEED®

B Why not use water based duct sealants all of the
time?

B Water based duct sealants can not be properly
applied when temperatures are below 40°F (5°C) —
not an issue in Southern California, but what about
the rest of the world
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Sealants

OLEED®
M Acetone is listed as “exempt” from VOC per the EPA

B There are several 100% acetone based duct sealers
available that can be applied below 40°F (5°C) that
have “zero reportable VOC’s”
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Sealants

OLEED®

B UPDATE After several discussions between
SMACNA and the USGBC the following occurred,;

B A Credit Interpretation Request (CIR) was issued
“How does a project team classify duct sealants for
application under EQc4.17?”

B The response: “Project teams may classify duct
sealants under “Other”, as listed in the SCAQMD
VOC Limits table.”
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Sealants

OLEED®

M This ruling allows the proper sealing of ductwork to be
LEED compliant under typical conditions for areas
outside of Southern California.

H |n keeping with SMACNA'’s Policy on Sustainabillity,
using products with the least environmental impact for
the intended application and jobsite conditions is
encouraged.
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Duct System Designer

[ Match the fan to system’s pressure and airflow
requirements

0 Account for equipment leakage

[ Account for accessory leakage

[ Account for duct leakage

0 Specify the proper pressure class

[ Specify the amount and manner of duct air
leakage testing. —all is not practical
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Leakage Tests

[0 The need to verify leakage control by field
testing Is not present when adequate methods of
sealing and assembly are used.

1t iIs not recommended to test duct systems
below 3 In. w.g. static pressure.

m 90.1, 189, IECC 2009
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Leakage Tests

0 The designer must clearly designate what
section(s) of the system require testing. “All
ductwork” is usually impractical.

[ The designer must also specify the appropriate
test methods
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Leakage Tests

OASHRAE 90.1 (latest proposal)

B Requires testing 25% of systems (surface area) In
excess of 3 in. w.g.

B All duct “outside” requires testing
B All duct seal class A

OASHRAE 189

B Requires seal class “A” for all duct. No testing is
required. (Inspection)
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Leakage Tests

OIECC

503.2.7.1.3 High-pressure duct systems. Ducts
designed to operate at static pressures in excess of 3
inches w.g. (746 Pa) shall be insulated and sealed in
accordance with Section 503.2.7. In addition, ducts
and plenums shall be leak-tested in accordance with
the SMACNA HVAC Air Duct Leakage Test Manual
with the rate of air leakage (CL) less than or equal to
6.0 as determined in accordance with Equation 5-2.

CL = Fx PYes (Equation 5-2)
~—

where: Error being corrected

I = The measured leakage rate in cfm per 100
square feet of duct surface.

P

The static pressure of the test.
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Leakage Tests

OIECC

W 25% of the system (based on surface area must be
tested for systems in excess of 3 in. w.g.)

B All ducts require a minimum of seal class “B” (joints
and seams)

B Some ducts require seal class A
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Air Leakage Misconceptions

0 Just add sealant to get lower leakage rates

B Striving for a “tight” duct system is fine, but if the
designer specifies impractical leakage rates there can
be a significant increase in the cost of constructing
the duct.

M There Is a limit to how “tight” duct can get with just
sealant. At some point alternative construction is
required (which can add significant costs).
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Leakage vs Cost

Typical "Tighter" systems
_leakage rates __ utilizing practical

using standard Construction ‘\
_construction __options \\

/ \ \ Where leakage rates
require "special” or
non-typical
fabrication methods

————

—&— Cost —&— Leakage ‘




Air Leakage Misconceptions

OIf the leakage test shows a leakage rate of 100
CFM then the system must leak 100 CFM

M Not true. Leakage tests are performed at a specific
static pressure throughout entire sections of a duct
system. Under operating conditions the static
pressure typically drops as you move through the
system.
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Air Leakage Misconceptions

[0Mean pressure:

B Standards in Europe utilize the concept of mean
pressure for duct testing.

COOExample: The “high pressure” portion of a duct system
requires 4 in. w.g. at the fan but only 2 in. w.g. at the VAV
boxes. The test pressure would be 3 in. w.g. [(4+2)/2 = 3]

B The goal is to make test conditions closer to operating

conditions.
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Air Leakage Misconceptions

[ Real life example...
B Down Stream of VAV box
M Spec’s required duct fabricated to 2 in. w.q.
B Engineer wanted leakage testing done at 4 in. w.g.
B Engineer wanted testing through flex to diffuser
B Max 2% leakage allowed (9.2 CFM)

O Typical downstream section
M10' o0f12x 10 rect. Duct 12'of 9” round duct

M 1 |o-loss tap, and 1 90° elbow
M 2 outlets (230 CFM each), 5’ flex on each
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Air Leakage Misconceptions

OLet’s assume all leakage Is from the rigid duct
B Total rigid duct surface area 66 ft2
9.2 CFM/66 ft2 x 100 = 14 c¢fm/100 fte=F
B C = F/P%65=14/496>=56 ~6
M |s this attainable? Yes and No...

M Yes, for the rigid duct in this example an average
leakage class of 6 is attainable, but the duct should
be fabricated to at least 4 in. w.g. not 2 in. w.g.

OSeal Class A and other construction options can achieve this
leakage class, but there Is a cost associated with this...
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Air Leakage Misconceptions

O What happens if we tested this at 2 in. w.g.?

[ Per the first edition of the leakage manual the “average”
leakage class for the rigid duct is 19.

0 This would permit a pass if the rigid duct leaked 19 CFM
orless at 2 in. w.g. S.P.

0 Does that mean the rigid duct would leak 4%?

d Yes and No

B Yes, under these test conditions it would leak about 4%

B No, this leakage is not the same as leakage under operating
conditions.
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Air Leakage Misconceptions

[0 Reality check...

B Analysis of the system shows that it would operate
0.1to 0.13 in. w.g.(From VAV to diffuser)

Oincludes rigid duct loss, fitting loss, flex duct loss (@15%
compression), and max static pressure for diffusers)

M Even at a leakage class of 48 (unsealed duct) at the
maximum expected operating pressure (.13 in. w.g.)
the rigid duct would leak about 8 CFM or 1.7%

This is less than the 2% or 9.2 CFM allowed by spec.

B Remember the mean pressure theory? (.13/2=0.065)
O@0.065 in. w.g. and C, = 48 The leakage is 5 CFM or 1%
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Air Leakage Misconceptions

[0 Reality check...

B Now, if we use the actual leakage class for the rigid
duct (round and rect. combined) CL = 19 @ the
expected average operating pressure 0.065 in wg

B The actual leakage would be closer to 2 CFM or 0.4%
leakage under operating conditions.
OWhat else does this illustrate?

B | eakage testing for low pressure systems is not a
good use of time/money/effort.

M Looking at actual operating conditions your maximum
benefit for this example is 3 CFM (0.65%). That is

assuming the duct goes from unsealed to seale
SMACNA
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Test Apparatus

[J Test apparatus consists of the following:
B Air flow measuring device (orifice tube)
B Flow producing unit (fan)
B Pressure indicating devices (Manometers)

M Accessories to connect the apparatus to the system
(tubing, flex hose)

B Flow adjustment (typically a blast gate)
B Optional item (smoke generator)
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‘Test Apparatus

BLOWER WITH INLET
DAMPER, BYPASS DAMPER
OR VAIRABLE SPEED

CONTROL
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Test Apparatus
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Test Apparatus

& "

Utube Manorneter at O in. w.g. Utube Monometer at 4 in. g

The fluid is leve Az meag f om tI“ t |::
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Test Apparatus

" FLOW |

LOCATION OF FLANGE TAPS
USE %" OR }4" STEEL SQUARE EDGE ORIFICE PLATE




Test Apparatus

D,
X

" FLOW D: D, 5

0.2 0.74 D,

0.3 071D,

: l | J 04 | 066D

=X~ —D—] 0.5 060D,

0.6 053D

LOCATION OF VENA CONTRACTA TAPS 07 045D
08

USE %," OR %" STEEL SQUARE EDGE ORIFICE PLATE 036D+
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Test Procedures

1. Select a section of duct to be tested
(see note 4)

2. Select a test pressure (never in excess of the
construction pressure class). Ideally the
operating pressure.

3. Calculate the allowable leakage using leakage
factors for the duct surface area.

S MA! : G—!NA%;




Test Procedures

4. Select blower and orifice suitable for the test
alr flow requirements (may need to divide the
test section Into subsections)

5. Connect the blower and flowmeter to the duct
section

6. Provide temporary seals at all openings
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Test Procedures

/. Start the blower at a low airflow capacity.

Increase capacity until test pressure is
reached.

8. Adjust as necessary until the proper pressure
IS reached at steady state conditions.
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Test Procedures

9. Record the airflow (pressure across the orifice)
at steady state.

10. Compare leakage rate as tested to allowable
leakage rate.
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Specifications

No leakage tests are required by the SMACNA
duct construction standards or by this leakage test
manual. When the designer has only required
leakage tests to be conducted 1n accordance with
the SMACNA HVAC Air Duct Leakage Iest
Manual for verification that the leakage
classifications 1n Table 1 have been met (and has
given no other criteria and scope), he 1s deemed to
have not tulfilled the responsibilities outlined n
section 2.1 for providing a clear scope of work.
When duct construction pressure classes are not
identified in the contract drawings and the amount
of leakage testing 1s not set forth in the contract
documents, any implied obligation of the installer
to fulfill the responsibilities under section 2.2 mn
regard to leakage are deemed to be waived by SMACNA

defective specification.
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5.14 Airflow across a sharp edge orifice with standard

[0 Used to estimate the air air density of .075 1b/ft? is calculated from
flowing through the orifice ' Equation 5-1
tube. 0 = 21.8K(D,)* /AP

O Tube should be calibrated .,

(most common) unless

tube constructed to

ASME Standards (rare) K= coefﬁci?nt of airflow from Table 5-1 or
Appendix J

Q = air volume, ¢fim

D = orifice diameter, inches (D»)

DP= Pressure drop across orifice, inches wg

D»/Dy 0.70 0.60 0.50 0.40 0.30
Ax/Ay 0.490 0.36 0.250 0.160 0.090

K 0.699 0.650 0.623 0.608 0.600

Kp 0.52 0.63 0.73 0.82 0.88 ;

Table 5-1 Orifice Coefficients




Figure 5-3

O Use this just like
Figure 4-1

O Tabular form typically
Included by tube
manufacturer

0.5 1.0 20" 20" 400 80" 10.0" wg
Orifice Differential
FIGURE 5-3 TYPICAL ORIFICE FLOW CURVES Y,



Tabular Form of Figure 5-3

Orifice Size Orifice Size Orifice Size

in.wg L4" 1.6258" 4.90" in. wg 1.4 1515w 4agm in.wg L.4" 625" 4.90"
0.02 57.1 1.22 287 1014 4103 4.10 523 1853 T46
0.04 18.7 728 1.24 289 023 4136 420 529 187.5 755
0.08 228 953 1.26 22 103.1 41649 430 1887 763
0.08 26.2 1092 1.28 294 1039 4201 4.40 1919 772
0.10 03 121. 30 29.6 1047 4234 4.50 1940 781
0.12 321 132, 208 05.5 426.5 4.60 1962 789
0.14 3.6 142, 301 1063 4297 470 1983 797
0.16 37.0 152. 303 107.1 4319 4.80 200.4 206
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EXAMPLE

[0 The sections to be tested are already
determined.

O Total Fan CFM 24,000
O The test pressure Is 6 in. w.g.

O Verify this is less than or equal to the
construction pressure class.
M This would require seal class “A”
B The leakage class per SMACNA is 3 using round duct

[ Calculate the allowable leakage
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EXAMPLE

AIR DUCT LEAKAGE TEST SUMMARY

AR EYSTEM LEAKAGE CLASS
FAMN CPM () SPECIFIED TEST PRESSURE (Py)
DUCT COMNSTRUCTION PRESSURE CLASS (Pa)

DESIGH DATA FIELD TEST DATA RECORD
ATLOWABIELEAKAGE DIAMETER FRESSURE " Wik
_ _ SURFAC _ ) i
SUBJECT AREATY FACTOR CFM ACROSS PERFORMED | WITHMESSED ACTUAL
DUCT FT? CEMAOOFT? | (TESTSECTION) | ORIFICE | TUBE | DUCT | ORIFICE | DATE BY EY CPM
TGI__U’_ 5‘&'31—;}.1 LLE] L] i (ILRY i o i iy (L L]}

TEST SETION(S)
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EXAMPLE

AIR DUCT LEAKAGE TEST SUMMARY

AIR SYSTEM HVAC-2 |EAKAGE CLASS 3

FAN CFM (Q) 24,000 SPECIFIED TEST PRESSURE (Py) __ 0
DUCT CONSTRUCTION PRESSURE CLASS (P, _ 67

0 Add the information to the form

0 Next, Calculate the allowable leakage

B Calculate the allowable leakage per 100 ft? of duct surface area,
or leakage rate (F) using the leakage class C, and the test
pressure (P)

B Calculate the surface area of the duct
B Using the leakage rate determine the allowable leakage.
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EXAMPLE

O Figure 4-1
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EXAMPLE

OF = CL PO.65
n C — 3 X 60.65
O F = 9.6 ¢cfm/100 ft?

O If your surface area is 840 ft° the allowable leakage is 81
cfm

840 ft2 x 2-0M _ o0 6acfm

100 ft*
] Put the information on the form




EXAMPLE

DESIGN DATA
ALLOWABLE LEAKAGE
SURFACE-
SUBJECT AREAIN FACTOR CFM
DUCT FT2 CFM/100 FTZ | (TEST SECTION)

TOTAL SYSTEM 9600
TEST SETION(S)
RISERS §40 9.6 81
3rd FL. MAIN 560 9.6 54
NORTH 410 9.6 39
BRANCH
EAST 480 9.6 46
BRANCH
TOTAL 2290 220
(SEGMENTS
TESTED)

[0 Next note the information
on the test apparatus
used such as orifice
dimensions. Make sure
the fan/tube combination
can measure the leakage
rates at the test pressure

{SMA! : egNA}



EXAMPLE

DESIGN DATA
ALLOWABLE LEAKAGE DIAMETER
SURFACE-
SUBJECT AREA IN FACTOR CFM
DUCT FT2 CFM/100 FT2 | (TEST SECTION) | ORIFICE | TUBE
TOTAL SYSTEM 9600 e .
TEST SETION(S)
RISERS 5§40 9.6 §1 2.625 7
3rd FL. MAIN 360 9.6 54 1.47 77
NORTH 410 9.6 39 1.47 77
BRANCH
EAST 480 9.6 46 1.4”7 77
BRANCH
TOTAL 2290 220
(SEGMENTS

TESTED)

SMACNA




EXAMPLE

[0 Connect the test apparatus to the system and
prepare to test.
B Make sure all openings are sealed.

B Make sure U-tubes are connected properly and any
valves are open.

B The fluid should be level before the fan is turned on
B Start with the damper/blast gate closed
B Turn on the fan

S MA! : G—!NA%;




EXAMPLE

O Bring the system to the test pressure and steady
State
B Slowly open the damper

B Give the system a minute to reach steady state

OThe time required depends on the setup used if the test is
near the equipments limit this can take a couple of minutes

I Note the pressure across the orifice
B Add this information to the form

S MA! : G—!NA%;




EXAMPLE

DESIGN DATA FIELD TEST DATA RECORD
ALTOWABLE LEAKAGE DIAMETER PRESSURE ~ W.G
SURFACE-
SUBJECT AREAIN | FACTOR CEM ACROSS PERFORMED | WITNESSED | ACTUAL
DUCT FT2 CEM/100FT2 | (TEST SECTION) | ORIFICE | TUBE | DUCT | ORIFICE | DATE BY BY CFM
T.D'I“:,LL S'fSIEI‘-I Gcl-ll:llﬂ kxkk kR =k FkEkk EE 3 EE 3 s EE 3
TEST SETION(S)
RISERS 840 956 8] 26257 | 7 6 0.6 3.7.85 JRL UNG 71
3rd FL. MAIN s60 L] 54 14" 7 1] L 3138 JEL UNG 46
NORTH 410 95 39 14" 7 6 35 | 4168 ABT UNG 48
BRANCH
EAST 480 248 46 4" 7 3] 1.8 4 J08 ABT UNG 35
BRANCH

0 Add other information such as
date/tested by/witnessed by

O Calculate/Lookup actual CFM
add it to the form

SMACNA




EXAMPLE

100

|

1 Orifice tube diameter = 7 In.

[ Orifice diameter = 2.625 In.

O Pressure drop across the orifice = 0.6 in. w.g.
O Figure 5-3
oo
2 291 Dy=7" 3
Do/D; =0375 4
ﬂp‘
- Pl 130
92 D; = 1.4"
o2, Di=7"
D,/D; =0.2 HH
R A |IIII|I|III|II NI EEEEN |IIII||||II|III | III|III '|"|' IIENLAJ
0.1 0.5" 1.0" 2.0" 3.0" 4.0" 6.0" 10.0" wg



EXAMPLE

1 Orifice tube diameter = 7 In.
1 Orifice diameter = 2.625 In.

O Table 5-2
Orifice Size

AP
in. wg 1.4" 4.90"
b%zr 19.2 67.6 2:7HS b
0.56 19.5 68.9 280.0
2 199 70.1 284.8
20.2 289.6
0.62 20.6 72.4 2943
0.64 209 73.6 298.9

0.66 212 747 303.4 m

N g




EXAMPLE

AIR DUCT LEAKAGE TEST SUMMARY

AlF SYSTEM HAC-2 _EAKAGE ClLass_ 3
FaM CFM () 24 000 SPECIFIED TEST PRESSURE Ry _ 67
DUCT COMSTRUCTION FRESSURE CLASS R _ 67
DESKEY DATA FIELD TEST DATA RECORD
ATTOWABRLE LEAKAGE DIAMETER PRESSURE " WG
SURFACE-
SUBJECT AREAIN | FACTOR CF ACROSS FERFORMED | WITHESSED ACTUAL
DUCT FT? CEM00FTE | (TESTSECTION) | ORIFICE | TUBE | DUCT | ORIFICE | DATE BY BY CPM
TOI:ILT_ I'J'!L'ISIT_\,'I l;'l_‘,."l_'“,'lf‘.l LLE] L] i L LEL ] LIyl LT
TEST SETIONIS)
RISERS 840 ga 81 26257 Fi & 0.6 i 755 JEL UNG 71
Ird FL. MAIN Jal g6 id 14" il o 3.2 31383 JEL NG 46
NORTH 410 g6 ig 14 Fi o 33 4.16.83 ABT NG 48
BRANCH
EAST 480 g6 44 14" il o 1.8 41983 ABT NG 35
BRANCH
TOTAL 2290 220 200
(SEGMENTS
TESTED)




Comments/Discussion

O The fan i1s wide open but | can’t get the system
up to pressure
B Check for openings/missing caps
B Make sure U-tube valves are open

Ol can’t get a pressure across the orifice
B Check U-tube valves
B Check tubing (proper connections)




Comments/Discussion

OO0 Does SMACNA “recognize” leakage class 4?

M You can assign any leakage class you want. You
must understand what you are really asking for.
SMACNA'’s HVAC AIR DUCT LEAKAGE TEST
MANUAL provides leakage rates based on testing
ducts constructed to the SMACNA HVAC DCS.

O Does the SMACNA test work on equipment or
casings?
B SMACNA has not tested those items to see If the
method or the predicted leakage rates apply

S MA! : G—!NA%;




Comments/Discussion

0 When is sealant not required by SMACNA?

B CAV systems at or below 2 in. wg.
® Fully welded duct systems

[0 Leakage rates should not be an arbitrary value (such as
1% of system airflow)
B These values can result in unobtainable goals

[0 Positive pressure testing can be used on negative
pressure duct
(part of 90.1 proposal)

S MA! : G—!NA%;




Leakage as % to Air Flow

Lieakape

Class

Svstem Airflow

Static Pressure in we (Pa)

cfm/ it

I's

per ml

1% (125)

1 (250)

2 (500)

3 (750)

4 (10010

6 (1500)

48

10

38

L%, ]

i =
L

Led
=

L5

b | e | b |

20

e | e |
ol =T S R

= | It | L

-
=l ]

w

=

10

.|
e |

s |
WD LA

L ]

,-
I
d

=2

,.
LA

e | L | et | Bt | L

20

T

i |
| WD | e | L

L% ]

,-
I
d

,-
L ]

b | G | bt | Bt |

= | Iwf | e | L | B | B | L

-
el e )

a | W
mel] | R | L | e | L | e

e |
WO | L

- |

LA

I
. |

oo

b | Gt | et | et | L

Pt | e |t | e | e | e | | -

i | et |

L

= B B R =1 ) s

e | b | et | Bt | L

L

| im

el o] ] -

SMACNA




Leakage as % to Air Flow

Leakage

System Airflow

Static Pressure in. wg (Pa)

Class cfm/ft2 ‘ lm:fnz % (125) ‘ 1 (250) ‘ 2(500) | 3(750) | 4 (1000) ‘ 6 (1500)

6 2 10 1.9 3 4.7 6.1 7.4 9.6
2.5 12.7 1.5 2.4 3.8 4.9 5.9 7.7
3 15 1.3 2.0 3.1 4.1 4.9 6.4
4 20 1.0 1.5 2.4 3.1 3.7 4.8
5 25 8 1.2 1.9 2.4 3.0 3.8

3 2 10 1.0 1.5 2.4 3.1 3.7 4.8
2.5 12.7 8 1.2 1.9 2.4 3.0 3.8
3 15 6 1.0 1.6 2.0 2.5 3.2
4 20 5 8 1.3 1.6 2.0 2.6
5 25 4 6 9 1.2 1.5 1.9

SMACNA




Convert Leakage Class to % of
Flow?

O First you need some information about the
system
®m Fan 8,000 CFM (operating conditions)
M 333 linear feet of duct
M 1,926 ft? of duct surface area
M | eakage class 8 required
M in. w.g. test pressure
M 4.15 cfm/ft? surface area




Convert Leakage Class to % of
Flow?

W Use Figure 5-1 or 5 1Cfm
F = C, P95 (cFm/100f?) — >
100 ft
B Determine allowable 1
|eakage 5.1cim x1926 ftz =98.2cfm

100 ft*

B Determine % to flow 08 2cfm

——x100% =1.2%
8000cfm

S MA! : }egNA%




Convert % of Flow to Leakage
Class?

O First you need some information about the
system

®m Fan 8,000 CFM (operating conditions)

M 333 linear feet of duct

W 1,926 ft° of duct surface area

® 5% required

M4 in. w.g. test pressure




Convert % of Flow to Leakage
Class?

EOUIER R 5 . 5000cfm = 400cfm

O Express as cfm/100ft? 400cfm
1926 ft*

[0 Convert to Leakage Class
CL

x100 ft* = 20.8cfm

F 208 20.8

C = D065 — 2065 5 6

8.5

S MA! : }egNA%




“New” Leakage Classes

O Still in the review phase, these are not “set In
stone”

OO Compare % of Flow Difference
Appendix A

O Compare Leakage Factor F
(CFM/100ft? of duct surface area)
Appendix E

S MA! : G—!NA%;




FAN CFM STATIC PRESSURE (IN WG)
IFAKAGE PRORATED*
CLASS PER S.E. ¥ 1 2 3 4 6
48 2 15 24 38
2 12 19 30
3 10 16 25 9% to System Airflow
— 4 7.7 12 19 —
5 6.1 9.6 15
2 7.7 12 19
2V 6.1 9.6 15
3 51 8.0 13
4 38 6.0 9.4
5 31 48 75
12 2 38 8 9.4 12
2V 31 48 75 08
3 26 4.0 6.3 8.2
4 1.9 3.0 47 6.1
5 1.5 24 38 49
E 2 1.9 3 47 6.1 74 0.6
2V 15 24 38 49 5.9 7.7
3 13 2.0 3.1 41 49 6.4
4 10 15 2.4 3.1 3.7 48
5 0.8 12 1.9 24 3.0 38
3 2 10 15 24 3.1 3.7 18
2V 0.8 12 1.9 24 3.0 38
0.6 1.0 1.6 20 25 32
4 0.5 0.8 13 16 2.0 26
5 0.4 0.6 0.9 1.2 15 19




Leakage

Fan cfm

Static Pressure (in. we)

Class Prorated=® 1
(C1) per fi2 Ve | 2 3 1 b 10
2 15 24 38
2.5 12 19 30
45 . 10 16 25 % to System Airflow
4 7.6 12 19
5 6.1 9.6 15
2 5.1 8.0 13 16
2.5 4.1 6.4 10 13
16 3 3.4 5.3 8.4 11
| | 4 | 25 4.0 6.3 8.2
5 2.0 3.2 5.0 6.5
2 2.5 4.0 6.3 8.2 0.8
2.5 2.0 3.2 5.0 6.5 7.9
8 3 1.7 2.7 4.2 5.4 6.6
4 1.3 2.0 3.1 4.1 4.9
1.0 1.6 2.5 3.3 3.9
2 1.3 2.0 3.1 4.1 4.9 6.4 8.9
2.5 1.0 1.6 2.5 3.3 3.9 5.1 7.1
4 0.8 1.3 2.1 2.7 3.3 4.3 6.0
4 0.6 1.0 .6 2.0 2.5 3.2 4.5
5 0.5 0.8 1.3 .6 2.0 2.6 3.6
2 0.6 1.0 .6 2.0 2.5 3.2 4.5
2.5 0.5 0.8 1.3 .6 2.0 2.6 3.6
2 0.4 0.7 1.0 1.4 1.6 2.1 3.0
4 0.3 0.5 0.8 1.0 1.2 1.6 2.2
5 0.3 0.4 0.6 0.8 1.0 1.3 1.4

7




LEAKAGE CLASS (CL) UNSEALED
PRESSURE W.G. CLASS . CLASS CLASS CLASS
pl-63 P" 3 k.-J_—;rs1 12 24 48

0.143 0.05 0.4 0.9 1.7 3.4 6.7

0.224 0.10 0.7 1.3 27 54 10.7

0.351 0.20 1.1 2.1 42 8.4 16.8

0.457 0.30 1.4 2.7 5.5 11.0 219 —
0.551 0.40 1.7 33 6.6 132 26.4

0.637 0.50 1.9 38 76 153 30.6

0.717 0.60 2. 43 8.6 17.2 34.4

0.793 0.70 2. 48 9.5 19.0 38.1

0.865 0.80 2. 5.2 10.4 20.8 41.5

0.934 0.90 2. 5.6 11.2 22 4 44.8

1 1 3 6 12 24 48

1.30 1.5 3.9 7.8 15.6 31.2 62.4

1.57 2.0 47 9.4 18.8 37.7 75.4

1.81 25 5.4 10.9 21.7 43 4 86.8

2.04 3.0 6.1 12.2 245 490 98.0

226 35 6.7 13.6 271 542 108.5

246 4.0 7.4 14.8 295 59.0 1181

2.66 45 5.0 16.0

2.85 5.0 8.6 17.1 CEM/100ft2
3.03 5.5 9.1 18.2

3.20 6.0 9.6 19.2 Cr = Pf.:—.:

3.54 7.0 10.6 712 When  P=

3.86 8.0 11.6 23.2 CL=F

4.17 9.0 12.5 25.0 F=(p(P)063

447 10.0 13 4 26.8

4.75 11.0 14.3 28.5




Pressure Leakage Class (Cg) Unsealed
(P) .S
in. wg Class 2 Class 4 Class 8 Class 16 Class 48

0,035 (0.143 (0.3 0.6 1.1 2.3 6.8
0.1 (0.224 (0.4 (0.9 [ 3.6 0.7
0.2 (0.351 0.7 1.4 2.8 3.6 16.9
(0.3 0.457 (0.9 1.8 3.7 7.3 219
0.4 (0.551 1.1 2.2 4.4 HoE 26.5
(0.5 0.637 1.3 2.5 3.1 10.2 0.6
(0.6 0717 .4 2.9 5.7 11.5 3.4
0.7 (0.793 | .6 32 6.3 12.7 381
0.8 (L8065 1.7 3.5 6.9 13.8 41.5
0.9 (0.934 1.9 3.7 7.5 14.9 448
1.0 1.00 2.0 4.0 w0 16.0 48.0
1.5 .30 2.6 3.2 10.4 208 (2.5
2.0 1.57 3.l .3 12.6 25.1 753
2.5 .81 3.6 7.3 14.5 29.0 L
3.0 2.04 4.1 8.2 16.3 32.7 bE.0
3.5 2.26 4.5 4.0 181 36.1 1084
4.0 2.46 4.9 b8

4.5 2.66 3.3 106 CFM/lOOftZ
50 2.85 5.7 11.4

3.5 3.03 i 12.1

0.0 3.20 0.4 12.8 L )

— — F= (G} (Phes)

T0 3.54 7.1 14.2

80 386 7.7 15.5

9.0 4.17 8.3 16.7

100 4.47 B9 17.9

i 373 G5 -5




Thank You

Questions
&
Answers
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