e.ustomer

satisfaction

ydronic, or hot water, heating has been standard for
years in many parts of the U.S. It is seeing a surge in
popularity at present, mainly because of the
increasing use of radiant floor heating, which is

known for providing even, comfort-
by ]eri (DLV3F Vo [(e] able heat. Yet contrary to popular
belief, not every home in the free

world needs hydronic heat to achieve this level of comfort.

Apples to Oranges
Hydronic heat is sometimes touted as more comfortable
than forced-air heat. But since the typical hydronic system is

significantly more expensive than the typical hot-air system
— especially if cooling is included — this is an apples-to-
oranges comparison. Customers willing to invest in a quality
hot-air system, rather than a bare-bones package at the lowest
price, will find that forced hot air can be as comfortable as
hydronic heating.

The least expensive forced-air system usually includes a
single-stage furnace with a single-speed blower motor. The
entire house is ducted as a single zone, and therefore has just
one thermostat. If the system is sized by a contractor who uses
a rule-of-thumb formula to estimate heat loss and heat gain,
the homeowner can end up paying high energy bills for a

DECEMBER JLC 2000




noisy, inefficient system that provides uneven tempera-
tures from room to room.

A quality forced-air system would probably include a
two-stage furnace with a variable-speed blower motor.
The house would be separated into several zones with sep-
arate thermostats, and the air would be distributed
through well-sealed, insulated ducts. In many cases, such
an upgraded hot-air system will still cost less than a
hydronic system.

Ask the Right Questions
One of the most important steps to designing a quality
heating and cooling system is to take the time for a long

high-performance air filters: electrostatic air cleaners
(about $100 to $150 installed), pleated media filters
(8275 to $325), and electronic air cleaners (about $625
to $700).

What type of fuel is available at your site, and what
fuel do you prefer? If a client has a phobia about gas or an
aversion to oil or heat pumps, you should know about it
before you design their system.

Finally, you need to explain to the homeowner what
your standard design temperatures are — for example,
70°F inside on a O°F day, and 75°F inside on a 95°F day.
Make sure you're in agreement on these parameters up
front, and if they have other ideas, incorporate them

into your design, as long as their ideas are

Figure 1. Two-stage gas fur-
naces, like this model from
Goettl Air Conditioning,
have two levels of Btu out-
put and airflow. Since low
stage operation is ade-
quate to meet the heating
demand most of the time,
such units are quieter and
more efficient than single-
stage furnaces.

reasonable.

Choosing the Right Sub

Heating contractors vary in their atten-
tion to detail. Ask your prospective heating
sub how load calculations and duct design
are performed; the answers will help you
evaluate the sub’s expertise.

Load calculations. Does your heating
contractor calculate accurate room-by-room
heating and cooling loads? In order to per-
form these calculations, your sub needs to
know the insulation values of the floor, walls
and ceiling; the R-value of the windows; and
the orientation and measurements of any
skylights (see “Trouble-Free Forced Air Heat,”
12/98). Many heating contractors still use
rule-of-thumb square foot formulas for cal-
culating heating and cooling loads. But since
glass-to-wall ratios can differ significantly
from one floor plan to the next, “square-
footing it” is a dangerous practice.

talk with the homeowner. Don’t assume that you know
what the customer wants and is willing to pay for. Most
homeowners are not aware of all the available options.
Here are some of the questions you need to ask:

What is your budget for this work? This is a tough one
to get answered. Often the answer is, “Gee, I really have
no idea.” However, someone building a 2,500-square-foot
home with a $7,000 budget is not looking at the same sys-
tem as a person with a $12,000 budget.

What type of system do you have now, and what do
you like and dislike about it? The answer to this question
will tell you what the customers expect from their new
system. Different customers have different priorities
when it comes to efficiency, comfort, noise, and ease of
operation.

Does anyone in the home have allergies? If the answer
is yes, the customer may want to consider a high-
performance air filter. There are three basic types of

Duct design. Heating subs vary in their
level of attention to duct design (see “Duct Design
Basics,” 12/95). The standard duct design manual is
Manual D — Residential Duct Systems from the Air
Conditioning Contractors of America (ACCA, 1712 New
Hampshire Ave. N.W., Washington, D.C. 20009; 202/483-
9370; www.acca.org).

One basic duct design error is inadequate return
ductwork. A system with multiple return grilles is
preferable to a system with a single, central return
grille. Another basic error is supply ductwork that is
not matched to the output of the furnace. In extreme
cases, undersized ductwork is unable to remove the
furnace’s heat fast enough, causing the heat exchanger
to overheat and crack.

Supply air vents should be placed where they can deliver
air along the exterior perimeter walls, where the greatest
heat loss and gain occurs. Avoid low sidewall supplies,
which can cause drafts and result in dissatisfied customers.
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Duct Tape Update

By now, most people know that regular hard-
ware store duct tape is good for almost anything
but ducts. Duct tape has been used to make
makeshift tow-chains to pull vehicles from
ditches, and for various emergency repairs on
Apollo space missions. When used on ducts,
though, generic cloth duct tape fails when the
heat dries out the adhesive.

Perhaps you’re wondering, then, “Why isn’t
there any industry standard for duct tape?” It
turns out that there is one — at least for duct
tape used on flex duct and fiberglass duct.

Underwriters Laboratories reports on its web-
site (www.ul.com/about/otm/otmv3n1/duct.html)
that UL first published a standard for duct tape in
October 1995. The standard, UL 181B, is called
“Standard for Safety for Closure Systems for Use
with Flexible Air Ducts and Air Connectors,” and
covers duct tape for use on flex duct. Another
standard, UL 181A, “Standard for Safety for
Closure Systems for Use with Rigid Air Ducts
and Air Connectors,” covers duct tape for use
with rigid fiberglass duct (duct board). There are
two types of UL 181A tape: heat-activated tape

and pressure-sensitive tape. In general, heat-
activated tapes, which are sealed with a tool
called a heat seal iron, perform better than pres-
sure-sensitive tapes.

According to the UL website, “The Standard
requires that duct tape pass a series of tests, includ-
ing evaluations of tensile strength; peel adhesion
strength; shear adhesion strength under a variety of
weights, temperatures and humidity levels; long-
term high-temperature effects; and surface burning
characteristics. UL also evaluates the tape for its
ability to inhibit fungi from growing.”

Generic gray duct tape fails quickly when used to seal
ducts (left). Aluminum duct tape meeting UL 181 speci-
fications (above), unlike most cloth duct tape, is tested
for adhesion strength under a variety of temperatures
and humidity levels.

If you want a duct tape that actually works on
ducts, look for the UL 181 designation, which
should be printed every 6 inches on the tape.
These UL 181 duct tapes are backed with alu-
minum foil, so they don’t look like old-fash-
ioned gray duct tape.

For sealing sheet-metal duct, rather than flex
duct or fiberglass duct, use mastic, not tape. No
standard exists for duct tape used on sheet-
metal duct.

— Martin Holladay
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Two-Stage Equipment

The calculated loads will show the Btus per hour
(Btu/h) required at peak load conditions (the coldest out-
door temperatures in winter and the hottest outdoor tem-
peratures in summer). In most areas, peak conditions are
reached only for a few hours in a typical season. So most
of the time, a correctly selected unit is oversized for mod-
erate conditions. That’s why it’s important to offer the
customer a two-stage system.

Two-stage models are available in mid-efficiency and
high-efficiency gas furnaces, as well as air-source and
geothermal heat pumps (see Figure 1, page 2). These units
offer “Btu staging” — for example, a two-stage gas furnace
might have a 65,000 Btu/h input on low, and a 100,000
Btu/h input on high.

If you burn oil, you probably will be limited to choos-
ing a single-stage furnace. While gas burners can be

are extremely quiet, because their two-speed fans are usu-
ally operating at low speed. Last and most important,
operating costs are lower, because the Btu per hour out-
put is matched more closely to the actual load, and
because the unit fires for longer cycles, reducing the
start-up and shut-down cycles experienced with a single-
speed system.

Variable-speed blower motors. A furnace with a vari-
able-speed blower motor provides improved comfort and
efficiency. A variable-speed motor, which is available for
either a gas or oil furnace, slowly ramps up on the initial
call for heat, so that the air-speed increase more closely
follows the increase of heat available at the heat
exchanger. Conversely, on the shut-down cycle, the fan
will slowly ramp down, extracting the maximum Btus
from the heat exchanger surface. In contrast, the blower
in a standard furnace usually has a timed on/off control,

which can cause an objectionable “cold

Figure 2. A room with an
unusually large area of
glass tends to have high
heat loss at night and
high heat gain on sunny
days. Such a room is a
good candidate for a sep-
arate zone.

blow” on start-up and shut-down.

A variable-speed blower can also be set
up to operate at very low “fan-only”
speeds. The fan-only feature, which is
controlled by a manual on/off switch at
the thermostat, is especially important for
systems with high-performance air filters,
because the only time the air filter will
work is when the air is moving through it.

Fan-only operation may also be useful
for a room that is not on a dedicated zone
and is located far away from the thermo-
stat. Constantly introducing new air into
the room will bring the temperature more
into line with the temperature in the rest
of the home. The cost of running an effi-
cient variable-speed blower on fan-only
for a year is less than $20, while a stan-
dard motor running for the same year
would cost more than $150 to operate.

S31VE NATOUVD

equipped with a two-position gas valve, an oil burner is
equipped with a unique nozzle that is optimized for a sin-
gle firing rate. Two-stage oil pumps are usually not avail-
able for residential furnaces.

In heating mode, two-stage units operate at low speed
for 80% of the time. Two-stage units quietly deliver con-
sistent indoor comfort through longer run cycles at lower
speed than conventional single-speed systems. A typical
furnace allows the air temperature in a space to fluctuate
up to 4°F, while a two-stage system reduces the tempera-
ture fluctuation to less than 2°F, while improving air cir-
culation at the same time.

This has several benefits to the owner. First, two-stage
units offer improved comfort, because of consistent tem-
peratures throughout the zone. Second, two-stage units

Two-speed condenser. For the cooling
side of the system, consider upgrading to
a two-speed condenser. Homes with skylights and large
window areas will often have very high heat gains on
sunny days, dictating the size of the cooling unit. But on
warm, humid days without a bright sun, the house will
not have as much heat gain, and a single-speed condenser
will not run long enough to remove the high humidity.

A two-stage condenser (which usually includes both a
two-stage compressor and a two-speed condenser fan
motor) coupled with a variable-speed blower fan can
remove up to 30 times more moisture than a standard
fixed-speed system, because it will not be short-cycling
as often.

Some manufacturers use microprocessor technology
and humidity sensors to control the cooling unit. One
example is Carrier’s Thermidistat, which looks like any
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electronic thermostat, but is capable of displaying the
outdoor temperature and indoor relative humidity. It will
precisely operate the system based on desired indoor tem-
perature and humidity set points.

When this control is coupled with matching heat-
pump components, it will regulate the variable-speed fan
motor to maintain consistent air discharge temperatures.

Such systems can provide a minimum air temperature
delivery of 100°F, up to a maximum of over 120°F —
about 20°F warmer than previous-generation equipment.
Most users report higher comfort levels with these
warmer air delivery temperatures.

Several Zones
Many contractors do not recommend or install zoning
equipment, due to the mistaken belief

Manufacturers of zone dampers include Carrier, Jackson
Systems, and Robertshaw Controls (see “Duct Tape,
Mastic, and Zone Damper Suppliers,” page 31).

If there is room for a dedicated trunk line to serve the
zone, it is usually easier and cheaper to install a zone
damper in the trunk line. In that case, the individual
branch lines that are tapped off the dedicated trunks will
not require zone dampers. When there is no room for a
dedicated trunk line, the area can be zoned by installing
a series of dampers in the branch lines serving the area,
and then controlling the dampers together with a multi-
damper enabler. Usually, the enabler is purchased from
the zone damper supplier.

A multi-zone system requires individual thermostats to
regulate the temperatures of each zone. The low-voltage

that zoning is complicated. But if the
homeowner’s lifestyle requires different
temperature levels in different areas,
zoning probably makes sense, especially
in larger homes.

Another reason to zone is to provide
good temperature control in any area of
the house with much greater heat loss
(or gain) than other areas of the house.
Typical examples are areas with many
windows or rooms that are oriented
toward a different direction than most
of the other rooms in the house (Figure
2). During your initial meeting with the
owner, look for such areas — for exam-
ple, a sunroom or a finished area above
a garage.

How do you decide whether an area
needs its own furnace, or just a zone off
the main unit? Assuming you have suf-
ficient capacity, it is usually less expen-
sive to install (and always less expensive
to operate) a zone off of the main sys-
tem than to install a separate dedicated

Figure 3. Motorized zone
dampers, like these exam-
ples from Jackson Systems,
are available for both
round ducts (left) and rec-
tangular ducts (below).

unit. In some cases, though, the loca-
tion of the zone or the building’s total
heating and cooling loads may dictate a separate unit.

When designing a zoned system, the first step is to
know the Btu and airflow demands of the zone. Once the
actual air requirements are verified, the ductwork should
be designed and installed at a slightly larger size (10% to
15% larger) than standard ductwork. Oversizing each
zone’s ducts helps to dissipate any extra airflow when
only one zone calls for heating or cooling.

Zoning is accomplished by installing motorized zone
dampers (Figure 3). Since the premise for zoning is to
reduce the air going to the area where the temperature
is satisfied and deliver air to the area that needs the

heating/cooling, each zone will need dampers.

thermostat wire is fed to a main zone panel. Wires are
then run to the equipment and each zone damper. High
and low temperature sensors are usually placed in the
supply-air plenum to serve as unit safeties in the unlikely
event of a zone damper failure.

Supply ductwork is the only part of the system with
dampers. When one zone calls and gets supply air, the
returns are still being drawn from the entire home.
Therefore it's important to locate adequate returns in
each zone. Two-story homes should have a combination
of high and low return grilles.

Extra air. When only one zone in a multi-zone system
calls for heat, there needs to be some way to dissipate the
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Figure 4. Sheet-metal
duct joints must be

screwed  together
before  mastic s
applied.

insulated duct for both supply and
returns. For ducts in conditioned spaces,
insulation is highly recommended, but
not required. During the cooling season,
uninsulated metal ducts can become cold
enough to sweat.

Minimizing leaks. Many studies have
shown that the typical forced-air system
has leaky ductwork. Leaky ductwork
wastes energy dollars and can lead to
pressure imbalances in a house. An
excellent resource for information on
duct sealing can be found at www.green
seal.org/endisc.htm.

Joints in sheet-metal duct should be
screwed together and sealed with mastic
(Figure 4). Using mastic is always good
practice, although some contractors omit
mastic on ducts in conditioned spaces.
Four water-based duct mastics are

extra cfm output of the furnace. Some brands of zone
control ignore this problem, and let the high airflow howl
through the small duct. Other brands will allow for the
other zone(s) to open slightly and allow for the air to
“leak” into areas that do not actually require condition-
ing. A third option is to install a bypass damper that
allows the excess air to be recirculated back to the return.
How the “extra” air is handled is a matter of contractor
preference. The surplus air issue is much less of a problem
with a two-stage gas furnace or a two-stage heat pump,
especially one with a variable-speed fan — one more rea-
son for installing two-stage equipment.

Doing Ductwork Right

In unconditioned spaces like crawlspaces and attics, use

Glenkote 181, Hardcast Versi-Grip 181,
RCD, and Uni-Mastic 181 Duct Sealer. Duct mastic has
the consistency of mud and is spread with gloved hands
or a paint brush (Figure 5). Wide gaps in ductwork can be
bridged with fiberglass tape before applying mastic.

Joints in rigid fiberglass duct (duct board) should be
sealed with a UL-181 heat-activated tape, like Ideal Tape
#490 (Figure 6). Heat-activated tape works better and lasts
longer than the aluminum pressure-sensitive tape (See
“Duct Tape Update,” page 3).

Keep flex duct short and fat. Insulated flexible duct is
usually much faster to install than rigid duct. However,
flex duct must be sized right and installed properly. Flex
duct should be supported every 4 to 6 feet. Flex duct has
high friction losses because of the coiled interior spring
liner, so sharp bends should be avoided. The diameter of

Figure 5. Joints in sheet-metal duct should be sealed with mastic, which can be applied with a paint brush (left). When
mastic is used on duct board, the joint should first be bridged with fiberglass tape or scrim (right).
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Figure 6. The female end of a duct board joint is pulled taut and stapled through to the male end (left). The joint is com-
pleted by applying heat-activated tape, which is warmed with an Amcraft duct board iron (right).

flex duct must be adequately sized for the airflow
required, especially for runs longer than 12 feet.

Avoid pressurized rooms. If a room has a supply grille
but no return grille, the room can become pressurized. To
avoid this problem, such rooms need a low-resistance
path for the return air. Verify that the door is undercut by
11/2 to 2 inches or that transfer grilles are installed in a
partition between the room and the hallway.

Costs
How much will the suggested upgrades cost? The cost
of upgrading a 100,000 Btu/h gas furnace from a single-

stage unit to a two-stage unit with a variable speed fan is
between $750 and $900. A 3-ton air-source heat pump
with a 10 SEER efficiency rating can be upgraded to a two-
stage unit with a 14.9 SEER rating for an added cost of
about $1,900.

Customers who choose the upgrades will reap returns
on their investment: not only increased comfort, but
energy savings from the improved efficiency of the

equipment. a

Jeri Donadee is vice president of H.B. McClure, a heating
and cooling contractor in Harrisburg, Pa.

Duct Tape, Mastic, and Zone Damper Suppliers

Amcraft

5144 Enterprise Blvd.

Toledo, OH 43612
419/729-7900
www.amcraftinc.com

Amcraft 7150 heat seal iron for
sealing heat-activated duct tape

Ideal Tape

800/284-3325

Jackson Systems
Carrier
P.O. Box 4808

Syracuse, NY 13221 888/652-9663

1400 Middlesex St.
Lowell, MA 01851

www.idealtape.com
UL 181 heat-activated duct tape

100 E. Thompson Rd.
Indianapolis, IN 46227

RCD

2850 Dillard Rd.
Eustis, FL 32726
800/854-7494
www.rcdmastics.com
Duct mastic

Robertshaw Controls
100 W. Victoria St.
Long Beach, CA 90805
800/232-9389

800/227-7437
www.carrier.com
Zone dampers

Hardcast Carlisle

903 W. Kirby

Wylie, TX 75098
888/899-5062
www.hardcast.com
Versi-Grip 181 duct mastic

www.jacksonsystems.com
Zone dampers

McGill AirSeal

2400 Fairwood Ave.

Columbus, OH 43207
800/624-5535
www.unitedmcgill.com

Uni-Mastic 181 Duct Sealer mastic
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www.robertshaw.com
Zone dampers

TACC

Air Station Industrial Park
Rockland, MA 02370
800/503-6991
www.taccint.com
Glenkote 181 duct mastic



