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From the Publisher

The Summer 2013 issue of TAB Journal covers a variety of topics from the
test and balance field. The cover story, from Joseph Hardy, TBE, of Augusta
Air Balance Co., LLC, investigates the benefits of adding glycol to a hydronic
system.

Sean Bunting, TBE, of National Air Balance Company, Inc., explores the
effects that environmental factors such as air temperature and elevation have
on instrument readings.

Kit Brockles, TBE, of Engineered Air Balance Co., Inc., looks at the
complications that arise when trying to incorporate an indoor air quality plan
into a construction schedule.

Thomas Bunner, TBE, of Palmetto Air & Water Balance, Inc., examines
common strategies for maintaining minimum outdoor airflow rate.

Henry Long, TBE, offers some pointers for writing an effective design review,
which can help identify omissions or deficiencies before construction begins.

Kahoe Air Balance Company’s Robert Severin, TBE, gives us the latest
installment of Tech Tips, in which he discusses what certain noises can tell a
TAB agent about how a system is performing.

And last but never least, this issue’s Tech Talk answers questions regarding the
best way to balance grilles in multi-family dwellings with a low design CFM
per space. ‘=
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of Glycol on Hydronic Systems

Joseph K. Hardy, TBE, Augusta Air Balance Co., LLC

systems are making them an increasingly popular choice
for HVAC installations. Some of these installations
utilize cooling towers/air coolers for heat rejection. Since these
equipment items are exposed to freezing conditions in the winter
in some regions, many installations also introduce glycol to
the condenser water loop to help prevent freezing. However,
problems can still be encountered, so one must question the
effect glycol has on the design, operation, and balancing of a
hydronic system.

T he higher efficiency ratings of water source heat pump

Why add glycol to a system?

Water in outside piping is vulnerable when exposed to freezing
conditions in cold-weather regions. For this reason, equipment
and piping systems in those regions often have glycol added to
the circulating water to help prevent freezing—just as antifreeze
is added to automobile coolant systems. The addition of glycol
to water lowers its freezing point and raises its boiling point. It
does this by modifying the amount of heat that can be absorbed
by the mixture. Ethylene glycol and propylene glycol are the
most commonly used antifreeze fluids in piping systems.

Here are some characteristics of these types of glycol. All
examples are from the standpoint of a 50% glycol/water mixture
at a temperature of 80°F.

Product Freeze ‘ Boil ‘ Specific Speci_fic
Temp Temp Heat Gravity
Toveol | BT | 22F | e | aeor
E;T;’L%’}e 3eF | 2257 | OO0 | 1077
Water +32°F +212°F b t1u./?8°F .998

From these characteristics, the following facts can be
understood. More propylene glycol is needed to achieve the
same freeze point depression. Ethylene glycol can’t carry as
much heat as propylene glycol, so more fluid must circulated
through the loop to transfer the same energy (pump volume
increases). The viscosity (resistance to flow) of both products
are higher than that of water. Therefore, friction is increased in
piping and pump head.

Because ethylene glycol has a high level of toxicity if ingested,
it should never be used in systems where the water might be
consumed by animals or in food production facilities where

it may become mixed in food processing systems. Propylene
glycol has a lower level of toxicity and should therefore be used
in these circumstances.

TAB Journal Summer 2013

Glycol’s Effect on Equipment and Performance

Since the viscosity of glycol is higher and its specific heat ratio
is lower than water’s, one would expect some changes in pipe
sizing. In general, the higher the percentage mixture, the higher
the friction loss is in the piping. The following table illustrates
the differences in friction loss for a 60 GPM flow of water, 50%
solution of ethylene glycol, and 50% propylene glycol at 80°F
through 2” copper piping in a 1,000 equivalent linear foot loop.

Solution Velocity | Friction Loss | Total Friction
Water 6.28 FPS | 6.60 ft/100 If 66.0 ft
0,
50% 628 FPS | 85411001 |  85.4ft
Ethylene glycol
0,
50% 628 FPS | 9.65f/1001f | 965 ft
Propylene glycol

(Bell & Gossett “System Syzer” program)

Note that the pipe size in this example does not change to
provide the same quantity of fluid at the same velocity. This
leads to another question. Given an equal flow rate, what
difference does it make in the selection process for the pumps
and in their resultant operation?

Looking at the previous chart, one can see that the friction

head in a system changes with the addition of a 50% glycol
solution—whether ethylene or propylene. Let’s look at the pump
selections for the same three solutions at the same operating
temperature. For now, only friction loss for equal flows will be
used. While many pumps are manufactured to successfully move
the fluid, this example uses a B&G Series 1510, Base Mounted,
End Suction (ESP) Pump operating at 1,750 RPM and 60 Hz.
Here are the results:

Selection A: Circulate 60 GPM of clean water at 80°F through
1,000 equivalent linear feet of 2” piping.

Enter the following pump information in the program: Model
1510, 1,750 RPM, 60 Hz, 60 GPM clean water at 66 ft head

at 80°F. The program advises that a 1-1/4 BC model pump
should be used. The pump will operate at 55.43% efficiency
and will use 1.83 brake horsepower (BHP), which requires a 3
horsepower (HP) motor. The pump will have an 8.25” diameter
impeller. At $.10/kwh power rate and a 365 day-per-year
operation, this pump, exclusive of maintenance, is estimated to
cost the owner $1,383.23 annually to operate.

Selection B: Circulate 60 GPM of a 50% ethylene glycol
solution at 80°F through 1000 equivalent linear feet of 2” piping.
The pump information remains the same (Model 1510, 1-1/4



BC, 1,750 RPM, 60 Hz), but with a total friction for this solution
of 85.4 ft. The pump will operate at 54.91% efficiency and
require 2.39 BHP and a 5 HP motor. The required impeller
diameter now becomes 9.125 inches. Operating under the same
conditions as the clean water pump, it will cost the owner an
estimated $1,727.02 per year to operate.

Selection C: Circulate 60 gpm of a 50% propylene glycol
solution at 80°F through 1,000 equivalent linear feet of 2” piping.

Again, the same pump information is used (Model 1510 1-1/4
BC, 1,750 RPM, 60 Hz), but with total friction for this solution
of 96.5 ft, this pump will operate at 54.3% efficiency and

will require 2.71 BHP and a 5 HP pump motor. The impeller
diameter required for this solution is 9.5”. Under the same
conditions as the previous two pumps, this pump will cost the
owner $1,958.25 in estimated annual operating costs.

So far, it’s clear that glycol affects friction loss in the piping and
the resultant change in pump selection. But what about other
equipment such as coils? Manufacturers will normally select the
equipment coils based upon the load and the operating fluid. But
what if, for instance, standard water source heat pumps are used
on a project? What might happen in terms of heat transfer and
pressure drop across the condenser coils?

For this scenario, there is a 2-ton water source heat pump is used
operating at a flow rate of 6 GPM with water and propylene
glycol. Using the manufacturer’s literature, we can produce the
following comparison table:

Fluig | Coil PD | Coil PD | Tt Cool gi’(‘fl HT:;t
Cooling | Heating | (mbtu)
(mbtu) | (mbtu)
Water 11.7 ft 12.4 ft 25.2 19.91 29.76
0,
€050 15.1 ft 16.8 ft 24.22 18.38 27.80
PropGly
0,
50% 17.4 ft 19.8 ft 23.81 17.78 25.30
PropGly

The manufacturer’s selection program did not include selections
based upon ethylene glycol mixtures.

From this chart, it becomes clear that not only is the
performance of the unit affected by the use of glycol (cooling
up to 6%, heating up to 15%), but also the coil pressure drops
increase by as much as 60%.

; "i /
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Glycol and Circuit Setter Readings

Circuit setters are commonly used to balance flow through
coils, heat exchangers, and other equipment. How does the
introduction of glycol to the system affect their set points? For
this example, assume there are ten of the previously referenced
water source heat pumps installed on the project. The technician
is to balance these and takes preliminary readings with the
installed %4” circuit setters in the wide open position. For the
purpose of illustration, he will read the same pressure drop with
each fluid. What happens with the resultant flow reading?

Fluid | CS Set Pt | DeltaP | Flow
Water at 80°F open 7.3 ft 6.0 GPM
30% PropGly at 80°F open 7.3 ft 5.9 GPM
50% PropGly at 80°F open 7.3 ft 5.8 GPM

If the technician doesn’t happen to have a computer in
the field with him, Bell & Gossett offers the following
information for use:

GPMf = GPMs*(VC/Sqgrt(SG))

GPMf = Corrected Flow

GPMs = Circuit Setter flow

VC = Velocity Correction (from chart)

SG = Specific Gravity of the fluid (obtained in field)

A chart is available showing correction factors for fluids of
various specific gravity and viscosities. It should be understood
that as the temperature of a fluid increases, its viscosity
decreases; in other words, the hotter the fluid, the easier it moves
through the pipe circuit. Referring back to our 50% ethylene
glycol mixture, the chart below illustrates the viscosity changes
at various temperatures:

Temperature | Dynamic Viscosity
40°F 6.5
80°F 2.8
120°F 15
160°F .95
200°F .70

TAB Journal Summer 2013
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information ndt only to properly balance a system containing glycol,

also to recognize the possible causes of problems that may arise."

. Y. YA

Viscosity changes at different operating temperatures causes a
change in the friction loss at those same temperatures. The chart
below shows the pressure drop correction factors for our 50%
ethylene glycol solution at various temperatures:

Temperature | Delta P Correction Factor
40°F 1.45
100°F 1.10
140°F 1.00
180°F 0.94

Throughout this investigation, the viscosity of the fluid at
specific temperature has been the only consideration. And, it
has been shown that the pipe friction loss changes due to the
type and mixture rate of the anti-freeze products. Heat transfer
properties of the various anti-freeze mixtures and the resultant
affect on the system(s) should also be considered.

While it is true that TAB technicians do not normally deal

with heat exchanger sizing, it is worth analyzing to get a more
complete picture of system components and their performance.
Continuing to use the 50% ethylene glycol solution, flow rate
must be increased to compensate for the differences in heat
exchange rates. The following table shows the increased flow
requirement for the same heat transfer of a 50% ethylene glycol
mixture as compared with water:

Fluid Temp ‘ Flow Increase Needed For

50% Glycol as Compared with Water
40°F 1.22
100°F 1.16
140°F 1.15
180°F 1.14

For example, if a system is to operate at a mean temperature of
100°F and requires a flow of 60 GPM when sized using water,
then the flow rate needed to adjust for the lower heat transfer
rate of the 50% mixture becomes 60 GPM x 1.16, which equals
69.6 GPM. This is the new flow rate for the pump. The pump
must overcome the additional friction loss required to move this
volume of the 50% mixture through the system. The combined
effect of the increased flow rate due to decreased heat transfer
rate and increased friction due to the glycol mixture over that of
water is:

Combined Pressure Drop Correction;

Fluid Temp ‘

50% Glycol Flow Increase
40°F 2.14
100°F 1.49
140°F 1.32
180°F 1.23

A TAB technician can use this information not only to properly
balance a system containing glycol, but also to recognize the
possible causes of problems that may arise. £
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CONSIDER THE CLIMATE: =

How Enwronment Affects Instrument Readmgs /

Sean Bunting, TBE Density of air
National Air Balance Company, Inc. - 530 BAR. PR.
Density = 0.075 x 260 +T X 292
. ' T = Actual temperature of air being measured °F

n today’s hi-tech world, one would hope that an instrument BAR. PR. = Actual atmosphere pressure in inches of mercury

would yield an accurate measurement every time.

Unfortunately, this is not the case. Instruments used in the Examples:
test and balance industry are calibrated under standard air
conditions (70°F, 29.92”, 0.075 Ibs/ft?). If the airflow being 1. A pitot traverse reading was taken at standard air. The velocity
measured, however, differs from standard air conditions, the pressure readings on Instrument = 0.2”.

instrument reading must be corrected prior to being documented.
Vi=0.2x4005 V1=(0.2)"x 4005

Factors that change the condition of air being measured can Vi=1791
range from whether one is in a coastal or mountain region,
whether it’s summer or winter, or whether the system is on full 2. A pitot traverse reading was taken at non-standard air

conditions. The temperature of the air being measured = 155°F.
The elevation of the city which work is being done in = 5,000°.
The standard atmosphere pressure at 5000’ = 24.9”HG.

The velocity pressure readings on the instrument = 0.2”.

cooling or full heat. Therefore, referencing temperatures of
the air being measured and having knowledge of the elevation
of the city in which you are performing your test and balance

work becomes important for the documented CFM values to be

accurate. s 530 24.9
Density = 0.075 x 160 £ 155 X 20,92

Density = 0.054

Formulas:
. . V1=+02
Velocity at standard air —=_ x1096.7
0.54
=/ = /
Vi VP1 x 4005 V1= (VP1)"? x 4005 VI1=(0.2/0.054)" x 1096.7
. Vi= 2111
= Velocity (FPM) measured
VP1 = Velocity pressure measured Example 1= 1,791 FPM

. . Example 2 =2,111 FPM
Velocity at non-standard air

This is a 17% difference. If the instrument reading in example 2

Vi= —\NPlxlO967 V1= (VP1/ density)"? x 1096.7 was not corrected, the documented value for tested FPM would
Density be incorrect.
As you can see from this comparison, correcting your
= Velocity (FPM) measured instrument readings for temperature and or elevation becomes
VPi = Velocity pressure measured an important step in producmg an accurate and repeatable test
Density = Calculated density of the air being measured and balance report. =
! " , !

.TABcalcs.com
TABcalcs.com®M is a web-enabled Testing, Adjusting, and Balancing (TAB) calculator for TAB

Technicians, TAB Supervisors, and reviewing engineers. It allows you to quickly and emeentIy =
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@Imperial Units OMetric Units
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aintaining proper indoor
air quality (IAQ) during
construction is becoming more

important, particularly in healthcare and
education facilities. The construction
industry knows there can be an impact
on a project schedule due to maintaining
a higher level of air quality. What the
industry still seems to be coming to terms
with is that an IAQ Plan is nonetheless a
critical component of the project.

Unfortunately, the trades most affected by
the IAQ Plan are often excluded from the
creation of a project schedule. It is hard
to believe there is a way to install and
program the direct digital control systems
and sequences of operation before half of
an air handling unit system is energized,
let alone completely tested, adjusted and
balanced, and commissioned.

Furthermore, owners and contractors can
be so focused on the time required at the
end of a project to get all the necessary
tasks accomplished that properly
maintaining good indoor air quality is
essentially cast aside. On some sites, for
example, return air systems are energized
and started up the day before health
department inspections or substantial
completion. In other cases, efforts such as
putting filters on return outlets, keeping
the proper filtration at the air handing
units, covering return air paths and
keeping a job site clean are ignored when
trades are on top of each other at the end
of a project trying to complete their work.

But ignoring the IAQ Plan can have
consequences that negatively impact the
project as well. For example, painters
working in the final stages during

the return air balance compromise

the cleanliness of the return system.
Moreover, various trades will undoubtedly
create construction dust to complete their
scheduled tasks, which obviously affects
air quality. It would be better to complete

these activities before any of the return air
balance work begins.

It is also not uncommon to see filter
media covering the return air grilles in the
construction area with the adhesive side
of the media facing the grille. When the
filters get dirty, new ones are installed in
the same way. At the end of the project
when the filters are finally removed, there
is a layer of adhesive left on the grilles
from multiple filters. Remaining particles
in the air then get stuck to the adhesive on
the grille’s surface, which cause a buildup
of dust and debris that affects IAQ.

Another potential issue is that outside air
is commonly used throughout a project

in an effort to create positive pressure

on the building. Air handling units with
economizer packages are placed in 100%
outside air operation to accomplish this.
While this practice continually flushes the
building of contaminants created during
construction and prevents dust and debris
from entering the facility, without utilizing
the return ductwork to relieve the inside
air to keep it clean, the building’s pressure
becomes excessively positive. This can
cause problems when buildings are turned
over to the owner in phases.

Let’s look at an example of this. Figures 1
and 2 show a three-story building with an
atrium in the center. This atrium made all
three floors common to one another. The
owner planned to take over half of the
first floor before the rest of the building
was complete to use as an operating room
suite. Operating suites are very pressure
sensitive areas. The outside air serving the
suite is controlled by tracking the return
airflow at a specified amount below the
supply airflow. The suite was set up as
positive.

Unfortunately, the rest of the building was
still being served by 100% outside air with
no pressure relief. The remaining portion
that was under construction was positive

Kit Brockles, TB
Engineered Air Bal¢ 0., Inc.

relative to the operating suite during
normal operation. Temporary walls and a
vestibule had to be erected to prevent cross
contamination between the construction
area and the operating suite.

Figurel

Building without the roof

Figure 2

Floor Plan

To conclude, the important role IAQ plans
play in the construction process should
not be underestimated. Disregarding them
can lead not only to compromised air
quality but also to problematic scenarios
for the building owner once he takes
occupancy. ‘e

TAB Journal Summer 2013



The Leak Detective® Test Station
is the fast, convenient, and accurate way
to perform duct leakage testing.

McGill offers venturi tubes
linked with airflow meters
for four different leakage
measurement ranges.

The self-contained Test Station is
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simple operation and convenient observation
of test results.
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Strategies for Maintaining

™~

inimum Ogtside Airflow Rates

Thomas Bunner, Jr., TBE, Paimetto Air & Water Balance, Inc.

he overview to follow, examines common control strategies in variable airflow systems equipped with both supply

and return fans, with the intent to maintain the minimum outside airflow rate. Three common control strategies that

the testing, adjusting and balancing industry commonly faces when balancing variable volume systems equipped
with return fans will be examined. For the sake of continuity, each strategy to be discussed will be based on the following
air handling unit (AHU) example. AHU supply, return and minimum outside airflow rates are based on all terminal units
being at maximum cooling set point.

AHU-1:
B Supply airflow rate = 10,000 CFM with supply fan (Note all damper positions are
speed operating at 1,800 RPM (60 Hz) assumed constant for this paper)
B Return airflow rate = 8,000 CFM with return fan B Supply duct static pressure set point = 1.5

speed operating at 1,200 RPM (60 Hz)

B Minimum outside airflow rate = 2,000 CFM

B Return duct static pressure = -0.20"

® Return fan discharge pressure = 0.01”

u Relief airflow rate = 0 CFM. % Mixed air plenum = -0.10”

= Damper positions: Outside air = 25% open,

Mixed air = 75% open, Relief damper = 0% open ® Building pressure = 0.005"

RETURN FAN TOTAL OSA SUPPLY FAN
VFD: FLOWRATE: VFD:
60 Hz 2,000 CFM 60 Hz
1,200 RPM 1,800 RPM

RELIEF AIR OUTSIDE
DAMPER AIR DAMPER | (3
POSITION: 0% POSITION:

25% o

MIXED AIR
RETURN FAN PLENUM SUPPLY FAN
RETURN ~ PR%S?BJ,'?E:
DUCT U SUPPLY DUCT
STATIC STATIC PRESSURE
PRESSURE: SENSOR
-0.20" SET-POINT: 1.5”
RETURN FAN - MIXED AR
DISCHARGE ~ DAMPER
A PRESSURE: POSITION: 75% A
0.01”
TOTAL RA TOTAL SA
FLOWRATE: FLOWRATE:
8,000 CFM BOIDINCIPRESSURE: 10,000 CFM
0.005"

Figure 1: AHU-1 Baseline Readings
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The first strategy to be examined is tracking the return fan to a
set speed that references the supply fan speed. For example, if
the supply fan variable frequency drive (VFD) output slows to
50 Hz, the return fan VFD output will likewise slow to 50 Hz. In
this control strategy, assuming that both the supply fan and return
fan are at design quantities at 60 Hz, the intent is to maintain

the outside airflow minimum based on the fan laws. It is also
common for the controls sequence to specify that the return fan
VFD is to track a set percentage less than the supply fan VFD.
The specifications usually allow for this point to be adjustable.
It is, however, recommended that both the supply and return
fans be set to design CFM per AABC standards at 60 Hz.

The problem with this strategy in a variable airflow system

is that the supply fan does not follow the fan laws when the
terminal units begin to modulate between there minimum and
maximum airflow set points. The return fan however does have

the capability of following the fan law as it is constant volume
unit. This results in a lack of control of the minimum outside
airflow rate as the fans’ speeds modulate. Below is a scenario
illustrating this strategy and its potential problem resulting from
its use.

Scenario #1: Once testing is completed, the AHU is released
to automatic control. The supply airflow rate and speed reduces
to 7,500 CFM at 1,350 RPM with the VFD at 45 Hz. The
constant volume return fan speed reduces to 900 RPM with the
VFD at 45 Hz. The problem arises in that the constant volume
return fan airflow rate using the fan laws calculates to 6,000
CFM. The net result is 1,500 CFM of outside air which is 75%
of the outside minimum set point of 2,000 CFM. Therefore,
Because this control strategy does not recognize the variable
airflow rates of the supply side, it should only be used if
systems are constant volume.

RETURN FAN SUPPLY FAN
VED: TOTAL OSA VFD:
45 Hz FLOWRATE: 45 Hz
900 RPM 1,500 CFM 1,350 RPM
(] ]
RELIEF AIR |_o
DAMPER OUTSIDE
POSITION: 0% AIR DAMPER
POSITION:
25%
RETURN FAN SUPPLY FAN
SUPPLY DUCT
STATIC PRESSURE
SENSOR
SET-POINT: 1.5
L MIXED AIR d
DAMPER
A POSITION: 75% A
TOTAL RA TOTAL SA
FLOWRATE: FLOWRATE:
6,000 CFM 7,500 CFM

Figure 2: AHU-1 Scenario #1

Another possible strategy is one that controls the return fan
speed independently of the supply fan. In this case, the return fan
speed examines building pressure and the VFD will modulate to
control it—regardless of where the supply fan is—with the intent
of always maintaining a neutral or slightly positive building
pressure. Several problems may arise with this strategy, as many
factors affect building pressure. For example:

Building pressure is not only dependent upon building design,
outside air and exhaust air quantities, but also air tightness of the
building.

Depending on building and AHU size, the airflow rate changes
in the AHU system may not be reflected in the building pressure.
The control sequence of mixed air, outside air and relief damper
may affect the outside air quantities.

TAB Journal Summer 2013

The building pressure may be more or less positive than desired
with the outside air at minimum.

The building pressure may be such a low value, that it is not
affected by system airflow changes. See the scenario below
depicting how this may play out.

Scenario #2: Once again, when testing is completed, the

AHU is released to automatic control. The supply airflow rate
reduces to 7,500 CFM at 1,350 RPM with the VFD at 45 Hz.
The potential problem arises is when the VAV boxes begin to
close and the building pressure does not change. The return fan
VED will not necessarily change the return fan speed (due to

the factors stated above regarding building pressure), which will
reduce the minimum outside air to the building that is introduced
through the AHU. So, this control strategy involves many factors
that must all come together to effectively control as intended.
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RETURN FAN TOTAL OSA SUPPLY FAN
VFD: FLOWRATE: VFD:
VARIABLE Hz VARIABLE CFM 45 Hz
VARIABLE RPM 1,350 RPM
RELIEF AIR OUTSIDE
DAMPER AIR DAMPER | (3
POSITION: 0% POSITION:
25% o
SUPPLY FAN
SUPPLY DUCT

@

_|:|=

STATIC PRESSURE
SENSOR
SET-POINT: 1.5"

Pl

Ar
TOTAL RA

FLOWRATE:
VARIABLE CFM

2

BUILDING PRESSURE:

\— MIXED AIR
DAMPER
POSITION: 75%

TOTAL SA
FLOWRATE:
7,500 CFM

V

Figure 3: AHU-1 Scenario #2

The final strategy controls the supply fan, return fan and outside
airflow rates by employing calibrated airflow stations. The
advantage of this method is that the VFDs can be set up via the
building automated system to track to the airflow stations to
ensure they constantly maintain the minimum offset. Therefore, no
matter what the supply airflow rate may be at any given time, the
return fan tracking is set up to ensure minimum outside airflow
rate is constant. Another advantage is that installing an additional
airflow monitor in the outside air can serve as check even if it is
not required. The outdoor airflow monitor should equal the supply
airflow monitor minus the return airflow monitor quantity.

Unfortunately, there is no perfect strategy and this one has its
flaws as well. The first disadvantage is that the locations for the
air monitors may not be ideal, which will affect their ability to
accurately track the airflow rates. Due to this fact, caution should
be used to ensure that the airflow station is calibrated at different
airflow rates and damper positions. Another disadvantage is the
cost, which not only includes the device itself, but the constant

need for recalibration of the airflow monitors to ensure proper
operation. See the scenario below for an example:

Scenario #3: Testing completed, the AHU is released to
automatic control. The supply airflow rate reduces to 7,500 CFM
at 1,350 RPM with the VFD at 45 Hz. As the supply fan speed
reduces, the return fan reduces to 5,500 CFM at 825 RPM. The
offset is maintained and therefore the outside air minimum is
maintained. This can be checked at the outside airflow monitor,
if installed, which should read 2,000 CFM. Note only two of the
three airflow monitors are absolutely necessary.

This method can be a very accurate as a control strategy if

all the required equipment is installed per the manufacturer’s
requirements for proper operation. Failure to meet these
requirements may adversely affect the performance of the airflow
monitors, which occurs often because architects and design
engineers do not always have the luxury of designing air and
water systems where space is not a limitation. e

RETURN FAN TOTAL OSA SUPPLY FAN
VFD: FLOWRATE: VFD:
41Hz 2,000 CFM 45 Hz

825 RPM 1,350 RPM
RELIEF AIR
DAMPER (=]
POSITION: 0% o
OUTSIDE

D,

NN\
OUTSIDE AIR

AFMS
(Not Required)

AMPER

RETURN FAN \_. POSITION: SUPPLY FAN
S SUPPLY DUCT
STATIC PRESSURE
SENSOR
— SET-POINT: 1.5
lsst=sH— RETURN AIR \— MIXED AIR SUPPLY AR {5555+
AFMS DAMPER AFMS
A POSITION: 75% A
TOTAL RA TOTAL SA
FLOWRATE: FLOWRATE:
5,500 CFM 7,500 CFM

Figure 4: AHU-1 Scenario #3
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TRAINING SERIES

Save 10% when you order

all three TABpro DVDs!

You'll get lessons on standard
VAVSs, parallel fan-powered VAVs,
standard duct leakage testing,
pressure decay leakage testing,

and basic psychrometrics.

Basic

£ TESTING
PSYCHROMETRICS

Y TESTING 15

Bung
D e (v,
YCch ro e triCS&

VoLuMe

Run time: 19 minutes
List price: $120.00
Member price: $90.00

This volume contains one lesson on
basic psychrometrics. This provides
the viewer with an introduction to
psychrometric fundamentals and
takes you through five of the basic
elements found on the psychrometric
chart. This lesson will break down
these elements on the chart and
provide fundamental concepts of

Run time: 42 minutes
List price: $200.00
Member price: $150.00

This volume consists of two lessons
covering standard duct leakage testing
and pressure decay leakage testing.
These lessons take the viewer through an
introduction to leakage testing, essential
job preparation, instrumentation used
during testing, general procedures for
leakage testing, multiple calculations
used during testing and final reporting.

I .
Basic Duct Leakage and Variable Air Volume
Psychrometrics Pressure Decay Testing | (VAV) Terminals
DVD format DVD format DVD format

Run time: 45 minutes
List price: $200.00
Member price: $150.00

This volume consists of two lessons
covering standard VAVs and parallel
fan-powered VAVs, both using DDC
controls. These lessons take the
viewer through an introduction to VAV
terminals, essential job preparation,
instrumentation used during testing,
general procedures for testing and
balancing, and final reporting.

K chart usage. )
| Price Payment Information Please complete order
; = form and return along with
Quantity  Title Non-Member Member Payment Type (Check one) payment to: g
Psychrometrics $120 $90 Q Check Enclosed Q MC Q Visa Q AMEX
Associated Air Balance Council
m Duct Leakage $200 $1 50 Card Number 1518 K Street, NW, Suite 503
VAV Terminals $200 $150 Washington, D.C. 20005
Expiration Dat
Bundle of all 3 DVDs $468 $351 xpiration Late Credit card purchasers may

Name on Card

fax orders to: (202) 638-4833

or order online at

City/State/Zip

Total: i
< Signature | www.aabc.com/publications
Shipping Name Phone
Information  Company Fax
Shipping Address E-mail
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De3|gn & Plan Review for TAB
P AT A

Henry M. Long, TBE
Building Environmental Systems Testing, Inc. (BEST, Inc.)

typically state “Submit typed report describing omissions and deficiencies in the HVAC system’s design that would preclude

F requently, specifications require TAB agents to provide a design review report for a project’s HVAC systems. Specifications
the TAB team from accomplishing the TAB work requirement...”

This request often puts the TAB agent in an unfavorable position with the designer as the TBE has no prior knowledge of the
owners requirements, basis of design, financial or physical limitations of the project. Additionally, design reviews are often
required prior to approved mechanicals submittals further limiting the agent’s ability to address the system design.

However, if design data or approved equipment submittals aren’t available, one can submit a ‘plan review’ report. This type of
design review would include a review of the plans of the air-side and temperature control systems, as well as the hydronic system, e
if present.

If issues discovered during the design review are properly addressed, they should save not only the TAB firm but the owner and
contractor time and money because they won’t need to deal with the problems at the end of the project. For this reason, a design
review should become part of a TAB agent’s pre-project planning and review whether required by specifications or not.

The checklists on the following page should aid the TAB agent in conducting a design review. ‘=

l f

cIf issuesidiscovered during
the'designireview:are
niioperly addressed; not aw'lil"'ﬂ

iimibutsalso the
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Ductwork & Air Distributions

U Are there adequate lengths of straight ductwork to provide
traverses for supply/return/outside air?

U Are volume dampers shown/indicated at all take-offs to
inlets/outlets?

U Do volume dampers have stand-off brackets & handle/
operators with locking quadrants?

U Are volume dampers shown/indicated at all branch or
splitter ducts?

U Are opposed blade dampers specified for ducts 16
or more in depth?

U Are turning vanes indicated for round and square elbows
on supply and return ducts?

U Are duct runouts to air devices properly sized?
U Are there ducted outlets connected to a duct sock system?

U If dampers are shown above a hard ceiling (sheetrock), are
access panels provided?

Constant Volume Units

U Does the sum of the supply outlets equal the total supply air at
the unit?

U Does the sum of the return and outside air equal the supply?

U How is outside air introduced into the system? For plenum
returns, are return dampers provided to balance the outside air?

U Are bypass ducts (from supply to return) shown on constant
volume systems with VAV or other air flow limiting devices?

U Does the total coil GPM match pump capacity? Does the
system have diversity?

U Are manual balance valves or autoflow valves installed?

U If manual valves are installed, is there sufficient length of
straight pipe upstream of the valve to prevent turbulent flow
or accurate measurement?

U If the distribution system has 2-way temperature control
valves (TCC), how does the water get back to the pump if
all valves close?

U If the distribution system has 3-way TCC and manual circuit
setters, is a balancing device provided in the by pass leg?

U Are manual circuit setters sized based on pressure drop
and GPM as recommended by manufacturer or are they
pipe size?

AIR-SIDE REVIEW

HYDRONIC REVIEW (it appiicable)

U If the unit has economizer operation, can airflow be
accurately measured at minimum?

U Is an airflow monitoring station provided in the outside air
duct? Can it be installed per manufacturer specification so
that it can be calibrated and used.

U How does the total building exhaust compare to outside air
quantity? Is a Building Air Balance Schedule provided?

U On multi-zone systems, are branch dampers provided on
each zone?

Variable Volume Units

U Is the sum of the VAV boxes equal to or more than the unit
supply CFM (diversity)?

U If a return fan is provided, how do the return inlets compare
to the total return fan CFM?

U If the unit has a relief CFM, does the return minus the relief
plus the outside air equal the supply CFM?

U How is minimum outside air controlled during changes in
supply CFM?

U Is a sufficient length of straight duct provided, as
recommended by the manufacturer, at the entrance to VAV
boxes for uniform air flow measurement?

U With VAV boxes at minimum CFM, how does the total
minimum supply CFM compare to the minimum outside air?

U On systems with series fan powered boxes, how does the
fan CFM compare to the primary air?

U Is the supply and return piping connected together at the

end of the loop, floor, or building? If so, is there a means of
regulating flow, and is the additional GPM included in the
total pump GPM?

U Are multiple pumps provided? Are pumps to operate in

parallel or lead/lag operation?

U If a primary/secondary pumping system is provided, how

does the primary GPM compare to the secondary GPM?

U Are taps, ports and stops provided on the discharge and

suction flanges of the pump?

U Are pressure and temperature ports provided as close as

possible to all coils and heat exchangers?

U Is a pressure gage installed downstream of the pressure

reducing valve for make-up water?




' AABC Lunch & Learn Presentations
For Engineers

AABC members are always available to meet
with your firm to discuss best practices for
testing and balancing. Whether you would like
a presentation covering a variety of the most
important testing and balancing concepts for
engineers, or a more specific topic, let us know
and we will arrange for an AABC expert to
address your team at no charge!

TOPICS INCLUDE:
B Test & Balance Primer for Engineers

B Hot Water Reheat Balancing

B Duct Leakage Testing

® Control Point Verification
...Or Suggest another Topic!

If you would be interested in such a technical presentation, or if you have any other
questions or comments, please contact AABC headquarters at headquarters@aabc.com,

Specify for Independence

Detailed contractor responsibilities to
ensure system readiness for T&B

For more information:
Recommended, achievable tolerances www.aabc.com/specs

i

Detailed procedural requirements

AIA format, MasterSpec approved

See www.aabc.com/specs, email headquarters@aabc.com, or call 202-737-0202 for more information



Do you have a
“Tech Tip” that you
would like to share
with our readers?

If so, please
contact AABC at:

ASSOCIATED AIR
BALANCE COUNCIL
1518 K Street NW
Suite 503

Washington, DC 20005
Phone: 202.737.0202
Fax: 202.638.4833
E-mail: info@aabc.com
www.aabc.com
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What's in a Noise?

I'NDUSTRY

Robert A. Severin, TBE, Kahoe Air Balance Company

N oise generated by an HVAC system can generally be heard throughout most buildings. From

residences to commercial and industrial structures, the HVAC systems create their own particular
music, as it were. The whistling of a diffuser, the hammering of a valve, the rumbling of a duct—these and
other noises can all be signs of problem within the HVAC system. Knowledgeable TAB agents can utilize

particular HVAC noises to assist them in analyzing how a system is performing.

Following is a small sampling and description of various system noises

and their possible causes:

Hydronic Valve chatter or hammer: Causes could
be excessive system pressure, or possibly a valve installed
backwards.

Sound of rushing water: This is generally caused by a
restriction of flow, usually at a balancing device that has been
throttled too much.

Duct rumbling: Possible cause could be restricted flow by
closed dampers, an age-weakened duct, broken duct joints, or
excessive airflow through a duct.

Duct oil-canning: This is sometimes tied to system surge,
which means the fan is surging across its performance curve
due to an unstable operating point.

High-pitched whistle: In air systems, this can be the result of
a closed damper, (especially when outlet dampers are used for
a primary means of balancing), or excessive airflow at a diffuser
relative to it's size. This noise can also be attributed to air leaks
in a higher pressure duct system.

Tinny rattling: Usually caused by a loose balancing damper.
Sometimes, when single blade dampers are installed in larger
ducts they will actually move or vibrate when air is passing
across them. This, in turn, may cause the damper handle to
rattle. Single blade dampers, in and of themselves, are generally
noisier that multi-blade dampers.

Erratic pressure sounds within a duct system: This is
different from duct rumble or duct oil-canning. It sounds like
the system is breathing. It is actually searching for it's operating
pressure point. The cause may be an unstable fan, or a bad,

or improperly, located pressure sensor in the control system. =




“One of the clearest descriptions of the commissioning
process that we‘ve seen.” —Environmental Building News

acs

ACG COMMISSIONING GUIDELINE

For Building Owners, Design Professionals
and Commissioning Service Providers

Order your copy of the
ACG Commissioning Guideline today!

Name

THE ACG COMMISSIONING GUIDELINE
provides a standardized methodology for
everyone involved with the commissioning
process to follow.

The Commissioning Guideline includes:

® The scope of services
performed in commissioning

m The benefits of
commissioning

m Detailed, step-by-step
methodologies for
the various types of
commissioning

® Roles and responsibilities
of each commissioning
team member

® Sample forms, specifications
and RFPs for commissioning
services

The ACG Commissioning Guideline is designed to help fill
the industry need for a single, standardized methodology
for everyone involved with the commissioning process.

Non-Member Cost: $50.00

ACG Commissioning Guideline @ $50 each x =$

Payment Information

Payment Type (Check one)

Company

[ Check Enclosed [ MasterCard [ visa (1 American Express

Shipping Address

Card Number Expiration Date

City State Zip

Name on Card

Phone Fax

Signature

Email

Please complete order form and return along with payment to:

ACG

1518 K Street, NW Suite 503 ¢ Washington, DC 20005
Phone: 202.737.7775 ¢ Credit card purchasers may fax orders
to (202) 638-4833 or order online at www.commissioning.org

acy

. .AABC
Commissioning
Group




Tech Talk

Facilitating better
understanding of proper
balancing procedures

has been part of AABC’s
mission for more than 40
years and helps to produce
buildings that operate as
designed and intended. Tech
Talk is a regular feature

in which AABC shares
questions we’ve received
and the responses from
the association’s experts.
We hope that others have
had similar questions and,
therefore, will benefit from
the answers. Readers are
encouraged to submit their
own questions about test
and balance issues.

Have a Question?

To submit a question for
Tech Talk, email us at
info@aabc.com

The Associated Air Balance
Council frequently fields
technical questions from
engineers, contractors,
owners and others
regarding proper air b
and water balancing
procedures.

These questions are
answered by the most
gualified people in the

QUESTION: According to many of the new ventilation standards
and code requirements for multi-family dwellings, a minimum
airflow for continuous exhaust is required from each bathroom

and from the kitchen. This minimum airflow is as low as 20 CFM
per space. Is it practical to ask a balancing contractor to balance

an inlet grille or register to such a low air quantity? With such a

low air quantity would it be best to use a grille and a damper in the
connecting branch duct or a register with an opposed blade damper?

AABC: 1t is imperative that the system is balanced to assure
the required flow is being exhausted from each dwelling. While
I would prefer to see a higher design CFM for a more accurate
measurement, 20 CFM is measureable. My preference for the
ducting arrangement would be a grille in the space with a duct
volume damper at the branch connection.

Registers with opposed blade dampers can be opened by residents
which would negate all of the balancing done.

It is likewise imperative that the exhaust system be a sheet metal
ducted system from the fan to the inlet terminals. I have seen
masonry shafts and drywall shafts employed as ducting systems for
risers from the fans with sheet metal run outs on the floors. That
type of system is set up for failure due to leakage in the shafts.

Even with the sheet metal ducted system, duct pressure testing
should be specified.

— Joseph E. Baumgartner, 111, P.E., TBE, Baumgartner, Inc.

AABC: I concur. A 4” x 4” grille balanced with a rotating vane
would yield accurate and repeatable results at 20 CFM.

— Steve Young, TBE, The Phoenix Agency, Inc.




AABC NATIONAL MEMBERSHIP

ALABAMA

Performance Testing &
Balancing
Cleveland, Alabama
(205) 274-4889

Southeast T&B Inc.
Cleveland, Alabama
(205) 559-7151

Superior Tabs International, Inc.

Pelham, Alabama
(205) 620-2801

Systems Analysis, Inc.
Birmingham, Alabama
(205) 802-7850

ARIZONA

Arizona Air Balance Company
Tempe, Arizona
(480) 966-2001

ETB Arizona
Phoenix, Arizona
(602) 861-1827

General Air Control, Inc.
Tucson, Arizona
(520) 887-8850

Precisionaire of Arizona, Inc.
Phoenix, Arizona
(623) 580-1644

Systems Commissioning &
Testing, Inc.
Tucson, Arizona
(520) 884-4792

Tab Technology, Inc.
Mesa, Arizona
(480) 964-0187

Technical Air Balance SW, Inc.
Phoenix, Arizona
(623) 492-0831

CALIFORNIA

Air Balance Company, Inc.
Diamond Bar, California
(909) 861-5434

American Air Balance Co., Inc.
Anaheim, California
(714) 693-3700

Danis Test and Balance, Inc.
Yucaipa, California
(909) 797-4049

Los Angeles Air Balance
Company, Inc.
Upland, California
(800) 429-6880

Matrix Air Balance, Inc.
Torrance, California
(310) 320-9020

MESA3, Inc.
San Jose, California
(408) 928-3000

MESA3, Inc.
Roseville, California
(916) 803-0268

National Air Balance Co., Inc.
Fremont, California
(510) 623-7000

Penn Air Control, Inc.
Cypress, California
(714) 220-9091

Penn Air Control, Inc.
Fallbrook, California
(760) 451-2025

Penn Air Control, Inc.
San Jose, California
(800) 370-5902

RSAnalysis, Inc.
El Dorado Hills, California
(916) 358-5672
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RSAnalysis, Inc.
So. San Francisco, California
(650) 583-9400

San Diego Air Balance, Co., Inc.
Escondido, California
(760) 741-5401

Winaire, Inc.
Huntington Beach, California
(714) 901-2747

COLORADO

Proficient Balancing
Company, LLC
Arvada, Colorado
(303) 870-0249

CONNECTICUT

CFM Test & Balance
Corporation
Bethel, Connecticut
(203) 778-1900

James E. Brennan Company, Inc.
Wallingford, Connecticut
(203) 269-1454

FLORIDA

Air Balance Unlimited, Inc.
Sorrento, Florida
(407) 383-8259

Air Prosery, Inc.
Boca Raton, Florida
(561) 488-6065

Bay to Bay Balancing, Inc.
Lutz, Florida
(813) 971-4545

Bay to Bay Balancing, Inc.
Orlando, Florida
(407) 704-8768

Gregor Hartenhoff, Inc.
Pompano Beach, Florida
(954) 786-3420

Perfect Balance Inc.
Jupiter, Florida
(561) 575-4919

Precision Balance, Inc.
Orlando, Florida
(407) 876-4112

Southern Balance, Inc.
Milton, Florida
(850) 623-9229

Southern Independent Testing
Agency, Inc.
Lutz, Florida
(813) 949-1999

Tamiami Air Balancing &
Commissioning
Sarasota, Florida
(941) 342-0239

Test and Balance Corporation
Lutz, Florida
(813) 909-8809

The Phoenix Agency, Inc.
Lutz, Florida
(813) 908-7701

Thermocline Corp.
Merritt Island, Florida
(321) 453-3499

GEORGIA

Augusta Air Balance
Company, LLC
Martinez, Georgia
(706) 799-2254

Southern Balance Company
Marietta, Georgia
(770) 850-1027

TAB Services, Inc.
Norcross, Georgia
(404) 329-1001

Test and Balance Corporation
Roswell, Georgia
(678) 393-9401

GUAM

Penn Air Control, Inc.
Tamuning, Guam
(671) 477-0325

HAWALII

Test and Balance Corp.
Honolulu, Hawaii
(808) 593-1924

ILLINOIS

United Test & Balance
Glen Ellyn, Illinois
(630) 790-4940

INDIANA

Fluid Dynamics, Inc.
Fort Wayne, Indiana
(260) 490-8011

IOWA

Systems Management &
Balancing, Inc.
Waukee, Iowa
(515) 987-2825

KENTUCKY

Thermal Balance, Inc.
Ashland, Kentucky
(606) 325-4832

Thermal Balance, Inc.
Bowling Green, Kentucky
(270) 783-0002

Thermal Balance, Inc.
Nicholasville, Kentucky
(859) 277-6158

Thermal Balance, Inc.
Paducah, Kentucky
(270) 744-9723

LOUISIANA

Coastal Air Balance Corp.
Jefterson, Louisiana
(504) 834-4537

Tech-Test Inc. of Louisiana
Baton Rouge, Louisiana
(225) 752-1664

MARYLAND

American Testing Inc.
Ellicott City, Maryland
(410) 461-6211

Baltimore Air Balance Co.
Bowie, Maryland
(301) 262-2705

Baumgartner, Inc.
Hunt Valley, Maryland
(410) 785-1720

Baumgartner, Inc.
Easton, Maryland
(410) 770-9277

Chesapeake Testing &
Balancing Engineers, Inc.
Easton, Maryland
(410) 820-9791

Environmental Balancing
Corporation
Clinton, Maryland
(301) 868-6334

Protab Inc.
Hampstead, Maryland
(410) 935-8249

Test & Balancing, Inc.
Laurel, Maryland
(301) 953-0120

Weisman, Inc.
Towson, Maryland
(410) 296-9070

MASSACHUSETTS

Thomas-Young Associates, Inc.

Marion, Massachusetts
(508) 748-0204

MICHIGAN

Aerodynamics Inspecting Co.
Dearborn, Michigan
(313) 584-7450

Airflow Testing, Inc.
Lincoln Park, Michigan
(313) 382-8378

MINNESOTA

Air Systems Engineering, Inc.
Minnetonka, Minnesota
(952) 807-6744

Mechanical Data Corporation
Bloomington, Minnesota
(952) 473-1176

Mechanical Test and Balance
Corporation
Maple Plain, Minnesota
(763) 479-6300

SMB of Minnesota
Blaine, Minnesota
(651) 257-7380

MISSISSIPPI

Capital Air Balance, Inc.
Terry, Mississippi
(601) 878-6701

Coastal Air Balance Corp.
Terry, Mississippi
(228) 392-8768

MISSOURI

Miller Certified Air, Inc.
St. Louis, Missouri
(314) 352-8981

Precisionaire of the Midwest, Inc.

Grain Valley, Missouri
(816) 847-1380

Senco Services Corporation
St. Louis, Missouri
(314) 432-5100

Testing & Balance Co. of the
Ozarks, LLC (TABCO)
Ozark, Missouri
(417) 443-4430

NEVADA

American Air Balance Co., Inc.

Las Vegas, Nevada
(702) 255-7331

Mechanical Test and Balance
Corporation
Las Vegas, Nevada
(702) 737-3030

National Air Balance
Company, Inc.
Las Vegas, Nevada
(702) 871-2600

Penn Air Control, Inc.
Las Vegas, Nevada
(702) 221-9877

Raglen System Balance, Inc.
Reno, Nevada
(775) 747-0100

RSAnalysis, Inc.
Las Vegas, Nevada
(702) 740-5537

RSAnalysis, Inc.
Reno, Nevada
(775) 323-8866

NEW JERSEY

Effective Air Balance, Inc.
Totowa, New Jersey
(973) 790-6748

National Air Balance
Company LLC
Paramus, New Jersey
(201) 444-8777

NEW YORK

Air Conditioning Test &
Balance Co.
Great Neck, New York
(516) 487-6724

Mechanical Testing, Inc.
Waterford, New York
(518) 328-0440

Precision Testing & Balancing, Inc.
Brooklyn, New York
(718) 994-2300

NORTH CAROLINA

Building Environmental Systems
Testing, Inc. (BEST, Inc.)
Wilson, North Carolina
(252) 291-5100

e-nTech Independent Testing
Services, Inc.
Winston-Salem, North Carolina
(336) 896-0090

Palmetto Air and Water
Balance, Inc.
Charlotte, North Carolina
(828) 277-2256

Palmetto Air and Water
Balance, Inc.
Greensboro, North Carolina
(336) 275-6678

Palmetto Air and Water
Balance, Inc.
Raleigh, North Carolina
(919) 460-7730

The Phoenix Agency
of North Carolina, Inc
Winston-Salem, NC
(336) 744-1998

NORTH DAKOTA

Design Control, Inc.
Fargo, ND
(701) 237-3037

OHIO

Air Balance Unlimited, Inc.
Gahanna, Ohio
(614) 595-9619

Kahoe Air Balance Company
Cleveland, Ohio
(440) 946-4300

Kahoe Air Balance Company
Cincinatti/Dayton, Ohio
(513) 248-4141

Kahoe Air Balance Company
Columbus, Ohio
(740) 548-7411

PBC, Inc.
(Professional Balance Co.)
Willoughby, Ohio
(440) 975-9494
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Precision Air Balance
Company, Inc.
Cleveland, Ohio
(216) 362-7727

R.H. Cochran and
Associates, Inc.
Wickliffe, Ohio
(440) 585-5940

OKLAHOMA

Eagle Test & Balance Company
Cushing, Oklahoma
(918) 225-1668

OREGON

Pacific Coast Air Balancing
Newberg, Oregon
(503) 537-0826

Northwest Engineering Service, Inc.
Tigard, Oregon
(503) 639-7525

PENNSYLVANIA

Butler Balancing Company, Inc.
Thorndale, Pennsylvania
(610) 873-6905

Flood and Sterling Inc.
New Cumberland,
Pennsylvania
(717) 232-0529

Kahoe Air Balance Company
Pittsburgh, Pennsylvania
(724) 941-3335

WAE Balancing, Inc.
Mercer, Pennsylvania
(724) 662-5743

PUERTO RICO

Penn Air Control, Inc.
Naguabo, Puerto Rico
(787) 504-8118

SOUTH CAROLINA

Palmetto Air and Water
Balance, Inc.
Greenville, South Carolina
(864) 877-6832

Palmetto Air & Water Balance,
Inc. (Charleston)
Charleston, SC
(843) 789-5550

TENNESSEE

Environmental Test & Balance
Company
Memphis, Tennessee
(901) 373-9946

Systems Analysis, Inc.
Hermitage, Tennessee
(615) 883-9199

United Testing & Balancing, Inc.
Nashville, Tennessee
(615) 331-1294

United Testing & Balancing, Inc.
Knoxville, Tennessee
(865) 922-5754

TEXAS

Aerodynamics Inspecting Co.
Weslaco, Texas
(956) 351-5285

Air Balancing Company, LTD
Fort Worth, Texas
(817) 572-6994

AIR Engineering and Testing, Inc.
Dallas, Texas
(972) 386-0144

Austin Air Balancing
Corporation
Austin, Texas
(512) 477-7247

Delta-T, Ltd.
Garland, Texas
(972) 494-2300

Engineered Air Balance
Co., Inc.
Richardson, Texas
(972) 818-9000

Engineered Air Balance
Co., Inc.
San Antonio, Texas
(210) 736-9494

Engineered Air Balance
Co., Inc.
Spring, Texas
(281) 873-7084

National Precisionaire, LLC
Houston, Texas
(281) 449-0961

Online Air Balancing Company
Houston, Texas
(713) 453-5497

PHI Service Agency, Inc.
San Antonio, Texas
(210) 224-1665

PHI Service Agency, Inc.
Austin, Texas
(512) 339-4757

PHI Service Agency, Inc.
Alamo, Texas
(956) 781-9998

PHI Service Agency, Inc.
Corpus Christi, Texas
(361) 248-4861

Professional Balancing
Services, Inc.
Dallas, Texas
(214) 349-4644

TAB Solutions, Inc.
Lakeway, Texas
(720) 220-1062

Technical Air Balance, Texas
Spring, Texas
(281) 651-1844

Texas Test & Balance
Houston, Texas
(281) 358-2118

UTAH

RSAnalysis, Inc.
Sandy, Utah
(801) 255-5015

VIRGINIA

Arian Tab Services
Herndon, Virginia
(703) 319-1000

C&W-TESCO, Inc.
Richmond, Virginia
(804) 379-9345

Mid-Atlantic Test &
Balance, Inc.
South Boston, Virginia
(434) 572-4025

WASHINGTON

Eagle Test & Balance
Bellevue, Washington
(425) 747-9256

TAC Services, LLC
Bellingham, Washington
(360) 224-8555

WISCONSIN

Professional System
Analysis, Inc.
Germantown, Wisconsin
(262) 253-4146

Have an Opinion?

%
|

MANITOBA

A.H.S. Testing &
Balancing Ltd.
Winnipeg, Manitoba
(204) 224-1416

Air Movement Services Ltd.
Winnipeg, Manitoba
(204) 233-7456

AIRDRONICS, Inc.
Winnipeg, Manitoba
(204) 253-6647

D.EC. Mechanical Testing
& Balancing Ltd.
Winnipeg, Manitoba
(204) 694-4901

NEW BRUNSWICK
Controlled Air Management
Ltd.
Moncton, New Brunswick
(506) 852-3529

Scan Air Balance 1998 Ltd.
Moncton, New Brunswick
(506) 857-9100

Source Management Limited
Fredericton, New Brunswick
(506) 443-9803

NOVA SCOTIA

Griffin Air Balance Ltd.
Dartmouth, Nova Scotia
(902) 434-1084

Scotia Air Balance 1996 Limited
Antigonish Co., Nova Scotia
(902) 232-2491

SOUTH KOREA

Awin ENC
333-140 Seoul Forrest, Kolon
Digital 2, No 408

Seongdong-gu, Seongsu-dong 2-ga

Seoul 133-827
SOUTH KOREA
+820221170290

Energy 2000 Technical
Engineering Co., Ltd.
Songpa-gu, Seoul
SOUTH KOREA
82-2-408-2114

Penn Air Control, Inc.
Gangbuk-gu, Seoul
SOUTH KOREA
82-2-982-0431

ONTARIO

Accu-Air Balance Co.
(1991) Inc.
Windsor, Ontario
(519) 256-4543

Airwaso Canada Inc.
London, Ontario
(519) 652-4040

Caltab Air Balance Inc.
Tecumseh, Ontario
(519) 259-1581

Designtest & Balance Co. Ltd.
Richmond Hill, Ontario
(905) 886-6513

Dynamic Flow Balancing Ltd.
Oakville, Ontario
(905) 338-0808

Kanata Air Balancing &
Engineering Services
Ottawa, Ontario
(613) 592-4991

Pro-Air Testing Inc.
Toronto, Ontario
(416) 252-3232

Vital-Canada Group Inc.
Mississauga, Ontario
(905) 848-1000

VPG Associates Limited
King City, Ontario
(905) 833-4334

AABC INTERNATIONAL MEMBERS

ITALY

Studio S.C.S. Ingegneri
Scarbaci-Cuomo
Pordenone, ITALY
+39 0434-29661

An interesting case study?
A new method? Tell us about it.

TAB Journal welcomes submissions for publication.
TAB Journal is published quarterly by the Associated
Air Balance Council. Send letters or articles to:

Editor « TAB Journal
1518 K Street, NW, Suite 503
Washington, DC 20005  info@aabc.com




ACCURAIE.
DEPENDABLE
VERSATILE.

Only TSI-Alnor Balometer® Capture Hood
Model EBT731 can:

+ Provide most accurate measurement

+ Enable easy, efficient one-person operation
+ Offer innovative accessory choices

New Added Features and Accessories Include:
+ Operation-enhancing detachable micromanometer
+ Application-expanding accessory probe options
+ Remote-enabling data display and logging via

LogDat™ Mobile Android™ Software
+ Labor-saving capture hood stand

Choose the Balometer EBT731 to drive your
efficiency and performance.

www.tsi.com/ebt731

v ‘ UNDERSTANDING, ACCELERATED

®



