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surfaces may be very low, but the radiant heat from the fireplace or
campfire will still produce a sensation of comfort (or even discom-
fort from excess heat) to those persons within range. This situation
can occur even though a conventional thermometer may indicate a
temperature well below freezing. Radiant heat rays do not percepti-
bly heat the atmosphere through which they pass. They move from
warm to colder surfaces where a portion of their heat is absorbed.

This chapter is primarily concerned with a description of radiant
panel heating, which can be defined as a form of radiant heating in
which large surfaces are used to radiate heat at relatively low tem-
peratures. The principal emphasis will be on hydronic and electric
radiant floor heating.

Types of Radiant Panel Heating Systems

Radiant panel heating systems use water-filled tubing or electric heat-
ing mats or rolls installed in the floors, walls, and ceilings to dis-
tribute the heat. Radiant floor heating is by far the most popular
installation method in residential and light-commercial construction.

Note
The word panel is used to indicate a complete system of tubing
loops in a single room or space in a structure. It may also be used
to indicate a premanufactured radiant floor heating panel.

Floor Panel Systems
Floor panels are usually easier to install than either ceiling or wall
panels. Using floor panels is the most effective method of eliminating
cold floors in slab construction. Another advantage of heating with
floor panels is that much of the radiated heat is delivered to the lower
portions of the walls. The principal disadvantage of using floor panels
is that furniture and other objects block portions of the heat emission.
Floor panels are recommended for living or working areas con-
structed directly on the ground, particularly one-story structures.
Partial ceiling or wall treatment may be used as a supplement wher-
ever large glass or door exposures are encountered. A typical floor
installation is shown in Figure 1-1.

Ceiling Panel Systems

The advantage of a ceiling panel is that its heat emissions are not
affected by drapes or furniture. As a result, the entire ceiling area
can be used as a heating panel. Ceiling panels are recommended for
rooms or space with 7-foot ceilings or higher. A ceiling panel
should never be installed in a room with a low ceiling (under 7 feet)
because it may produce an undesirable heating effect on the head.
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Hydronic Radiant Floor Heating

Hydronic radiant floor systems heat water in a boiler, heat pump,
or water heater and force it through tubing arranged in a pattern of
loops located beneath the floor surface. These systems can be clas-
sified as being either wet installations or dry installations depend-
ing on how the tubing is installed.

In wet installations, the tubing is commonly embedded in a con-
crete foundation slab or attached to a subfloor and covered with a
lightweight concrete slab. Dry installations are so called because the
tubing is not embedded in concrete.

System Components
The principal components of a typical hydronic radiant floor heat-
ing system can be divided into the following categories:

. Boilers, water heaters, and heat pumps
. Tubing and fittings

. Valves and related controls

. Circulator

. Expansion tank

. Air separator

. Heat exchanger

O N O U1 AWN -

. Thermostat

Boilers, Water Heaters, and Heat Pumps

The boilers used in hot-water radiant heating systems are the
same types of heating appliances as those used in hydronic heat-
ing systems. Information about the installation, maintenance, ser-
vice, and repair of hydronic boilers is contained in Chapter 15 of
Volume 1.

Gas-fired boilers are the most widely used heat source in hydronic
radiant heating systems. Qil-fired boilers are second in popularity and
are used most commonly in the northern United States and Canada.
Coal-fired boilers are still found in some hydronic radiant heating
systems, but their use has steadily declined over the years.

Note
Hydronic radiant floor heating systems operate in an 85—-140°F
(29-60°C) temperature range. This is much lower than the 30—
160°F (54-71°C) temperature operating range required in other
hydronic systems. As a result, the boilers used in floor systems
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operate at lower boiler temperatures, which results in a much
longer service life for the appliance.

The electric boilers used in hydronic radiant floor systems are
competitive with other fuels in those areas where electricity costs
are low. Their principal advantage is that they are compact appli-
ances that can be installed where space is limited.

Radiant floor systems can also be heated with a geothermal heat
pump. In climates where the heating and cooling loads are equal or
almost equal in size, a geothermal heat pump will be very cost effective.

Most standard water heaters produce a maximum of 40,000 to
50,000 Btu/h. This is sufficient Btu input to heat a small house or to
separately heat a room addition, but it cannot provide the heat
required for medium to large houses. As a result, some HVAC manu-
facturers have developed high-Btu-output dedicated water heaters for
radiant heating systems. These water heaters are designed specifically
as single heat sources for both the domestic hot water and the space-
heating requirements. As is the case with boilers used in hydronic
radiant heating systems, they operate in conjunction with a circulat-
ing pump and an expansion tank. See Chapter 4 (“Water Heaters”)
for additional information about combination water heaters.

Tubing and Fittings
The tubing in a radiant heating system is divided into the supply
and return lines. The supply line extends from the discharge open-
ing of a boiler to the manifold. It carries the heated fluid to the
loops (circuits) in the floors, walls, or ceilings. A return line extends
from the return side of a manifold to the boiler. It carries the water
from the heating panels back to the boiler where it is reheated.
Hydronic radiant floor heating systems use copper, plastic (PEX
or polybutylene tubing), or synthetic-rubber tubing to form the
loops. Because of space limitations, only the two most commonly
used types are described in this chapter: copper tubing and PEX
(plastic) tubing. Information about the other types of tubing used in
hydronic heating systems can be found in Chapter 8 (“Pipes, Pipe
Fittings, and Piping Details”) of Volume 2.

Loops or Circuits

The words loop and circuit are synonyms for the length of tubing within
a zone. Sometimes both are used in the same technical publication. At
other times, one or the other is used exclusively. Many loops or circuits
of the same length will form a zone. Circuits also refer to the electrical
circuit required to operate the heating system.
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Copper Tubing

In most modern radiant floor heating systems, the water is circu-
lated through copper or cross-linked polyethylene (PEX) tubing
(see Figure 1-4). The metal coils used in hydronic radiant heating
systems commonly are made of copper tubing (both the hard and
soft varieties). Steel and wrought-iron pipe also have been used in
hydronic floor heating systems, but it is rare to find them in modern
residential radiant floor heating systems.

N
3
O

%,-INCH ID

%-INCH ID

Inside diameters (ID) of commonly
used copper tubing in hydronic
radiant floor heating systems.

Figure 1-4 Copper tubing.

The soft tempered Type L copper tubing is recommended for
hydronic radiant heating panels. Because of the relative ease with
which soft copper tubes can be bent and shaped, they are especially
well adapted for making connections around furnaces, boilers, oil-
burning equipment, and other obstructions. This high workability
characteristic of copper tubing also results in reduced installation
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time and lower installation costs. Copper tubing is produced in
diameters ranging from %s inch to 10 inches and in a variety of dif-
ferent wall thicknesses. Both copper and brass fittings are available.
Hydronic heating systems use small tube sizes joined by soldering.

The size of the pipes or tubing used in these systems depends on
the flow rate of the water and the friction loss in the tubing. The
flow rate of the water is measured in gallons per minute (gpm), and
constant frzctzon loss is expressed in thousandths of an inch for
each foot of pipe length. For a description of the various types of
tubing used in hydronic heating systems, see the appropriate sec-
tions of Chapter 8 (“Pipes, Pipe Fittings, and Piping Details”) in
Volume 2.

Most of the fittings used in hydronic radiant heating systems are
typical plumbing fittings. They include couplings (standard, slip,
and reducing couplings), elbows (both 45° and 90° elbows), male
and female adapters, unions, and tees (full size and reducing tees)
(see Figure 1-5).

Three special fittings used in hydronic radiant heating systems are
the brass adapters, the brass couplings, and the repair couplings. A
brass adapter is a fitting used to join the end of a length of ¥4-inch
diameter copper tubing to the end of a length of plastic polyethylene
tubing. A brass coupling, on the other hand, is a fitting used to join
two pieces of plastic heat exchanger tubing. A repair coupling is a
brass fitting enclosed in clear vinyl protective sheath to prevent con-
crete from corroding the metal fitting. The fitting is strengthened by
double-clamping it with stainless steel hose clamps.

A decoiler bending device or jig should be used to bend metal
tubing into the desired coil pattern. Only soft copper tubing can be
easily bent by hand. It is recommended that a tube bender of this
type be made for each of the different center-to-center spacing
needed for the various panel coils in the installation.

Soft copper tubing is commonly available in coil lengths of 40
feet, 60 feet, and 100 feet. When the tubing is uncoiled, it should be
straightened in the trough of a straightener jig. For convenience of
handling, the straightener should not be more than 10 feet long.

Note
Most copper tubing leaks will occur at bends or U-turns in the floor
loops.These leaks are caused by water or fluids under high pressure
flowing through the weakened sections of tubing. The weakened
metal is commonly caused by improper bending techniques.

Whenever possible, continuous lengths of tubing should be used
with as few fitting connections as possible. Coils of 60 feet or 100 feet
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T-FITTING UNION 90° ELBOW
MALE ADAPTER FEMALE ADAPTER
REDUCER
3" ' COPPER
FEMALE ADAPTER RIGID PIPE
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RIGID PIPE
MALE ADAPTER END CAP
BRANCH FITTING T-FITTING
% 45° ELBOW

90° ELBOW
Figure 1-5 Some examples of copper tubing fittings.

are best for this purpose and are generally preferred for floor pan-
els. The spacing between the tubing should be uniform and
restricted to 12 inches or less. Use soldered joints to make connec-
tions between sections of tubing or pipe.
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Cross-Linked Polyethylene (PEX) Tubing

Cross-linked polyethylene (PEX) tubing is commonly used indoors in
hydronic radiant heating panels or outdoors embedded beneath the
surface of driveways, sidewalks, and patios to melt snow and ice. It
is made of a high-density polyethylene plastic that has been subjected
to a cross-linking process (see Figures 1-6, 1-7, and 1-8). It is flexi-
ble, durable, and easy to install. There are two types of PEX tubing:

e Oxygen barrier tubing
e Nonbarrier tubing

EVOH OXYGEN BARRIER
CROSS-LINKED ADHESIVE LAYER /

POLYETHYLENE\ Y/

Figure 1-6 PEX tubing. (Courtesy Watts Radiant, Inc.)

Oxygen barrier tubing (BPEX) is treated with an oxygen barrier
coating to prevent oxygen from passing through the tubing wall
and contaminating the water in the system. It is designed specifi-
cally to prevent corrosion to any ferrous fittings or valves in the
piping system. BPEX tubing is recommended for use in a hydronic
radiant heating system.

Nonbarrier tubing should be used in a hydronic radiant heating
system only if it can be isolated from the ferrous components by a
corrosion-resistant heat exchanger, or if only corrosion-resistant
system components (boiler, valves, and fittings) are used.

PEX tubing is easy to install. Its flexibility allows the installer to
bend it around obstructions and into narrow spaces. A rigid plastic
cutter tool, or a copper tubing cutter equipped with a plastic cut-
ting wheel, should be used to cut and install PEX tubing. Both tools
produce a square cut without burrs.

PEX tubing can be returned to its original shape after accidental
crimping or kinking by heating it to about 250-275°F. This attribute
of PEX tubing makes it possible to perform field repairs without
removing the damaged tubing section. This is not the case with poly-
butylene tubing, which is not cross-linked. Synthetic rubber tubing
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1 2 3 Crimping Fittings
1. Expand the end of the PEX tubing with

the expansion tool provided by the
PEX tube manufacturer.

2. Insert the brass fitting into the end of
the expanded PEX tube.

3. Use the expansion tool to pull the brass

sleeve back over the PEX tube and
fitting for a tight connection.

Compression Fitting

1. Slide the locking nut and split compres-
sion ring up the tubing.

2. Insert the tubing onto the compression
fitting.

3. Tighten the nut onto the compression
fitting snugly.

4. Re-tighten the fittings after the heat has
been turned on and the hot water has
circulated through the tubing.

Figure 1-8 PEX tubing fittings.
(Courtesy Watts Radiant, Inc.)
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is also not cross-linked, but its material composition and its flexibility
make it very resistant to crimping or kinking damage.

Manifolds

A manifold is a device used to connect multiple tubing lines to a sin-
gle supply or return line in a hydronic radiant floor heating system
(see Figures 1-9 and 1-10). Each heating system has at least two

ELECTRIC ELECTRIC

ACTUATOR WITHOUT | | ACTUATOR

END SWITCH WITH END
SWITCH

MANUAL VALVE
OPERATOR (INCL. W/
VALVED MANIFOLDS)

Flow indicators (when used)
require flow indicator

MANIFOLD WITH manifold, item 3.
INTEGRAL
RETURN MANIFOLD
VALVES WITH FLOW
BALL VALVES AND PIPING INDICATOR VALVES
BY OTHERS

THREADED 1" BSP THREADED 1" BSP

MANIFOLD WITHOUT
VALVES (USE AS
RETURN OR SUPPLY)

BALL VALVES AND PIPING
BY OTHERS
[ 1T 1

TUBING CONNECTIONS
O O %," EURO CONICAL
& &

THREADED 1"BSP

—
E OPTIONAL TAKEOFF CAPS TO | 3
CAP OFF UNUSED TAKEOFFS ¥ 2

L THREADED 1"BSP

TUBING CONNECTIONS
% 1% 1% %," EURO CONICAL

Manifolds with integral valves should be used as return manifolds unless flow indicators are desired. If both flow
indication and electric valve actuators are needed, use manifold with flow indicator valves on their turn and
manifold with integral valves on the supply. Apply any desired combination of 2-wire and 4-wire electric actuators.

Figure 1-9 Weil-McLain hydronic radiant heating manifold.
(Courtesy Weil-McLain)
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types of manifolds: a supply manifold and a return manifold. A sup-
ply manifold receives water from the heating appliance (that is, the
boiler, water heater, or heat pump) through a single supply pipe and
then distributes it through a number of different tubing lines to the
room or space being heated (see Figure 1-11). A return manifold
provides the opposite function. It receives the return water from the
room or space through as many tubing lines and sends it back to the
boiler by a single return pipe. A supply manifold and a return mani-
fold are sometimes referred to jointly as a manifold station.

Figure 1-11 Typical manifold location.

Preassembled manifolds are available from manufacturers for
installation in most types of heating systems. Customized manifolds
can also be ordered, but they are more expensive than the standard,
preassembled types.

A supply manifold, when operating in conjunction with zone
valves, can be used to control the hot water flow to the distribution
lines in the radiant heating system. The zone valves, which are usu-
ally ball valves, can be manually adjusted or automatically opened
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and closed with a zone valve actuator. Some zone valves are designed
as fully open or fully closed valves. Others are operated by a modu-
lating actuator that can adjust the opening to the heat required by the
zoned space.

A supply manifold with zoning capabilities is sometimes called a
zone manifold or distribution manifold. In addition to zone valves,
these manifolds also can be ordered to include supply and return
water sensors, the circulator, and a control panel with indoor and
outdoor sensors.

Depending on the heating system requirements, a manifold may
also include inline thermometers or a temperature gauge to measure
the temperature of the water flowing through the tubing; check
valves or isolation valves to isolate the manifold so that it can be ser-
viced or repaired; drain valves to remove water from the manifold;
an air vent to purge air from the system; and pump flanges (for the
circulator) plus all the required plumbing connections and hardware.

Manifold balancing valves regulate each zone (loop) to ensure
efficient heat distribution and eliminate those annoying cold and
hot spots on the floor. These valves can be adjusted to deliver the
design flow rate of water in gallons per minute (gpm). Some mani-
folds are designed to electronically read the flow and temperature
of the water in individual tubing loops. This function results in
rapid and accurate data feedback for balancing. It also makes trou-
bleshooting problems easier.

Manifolds are available for mounting on walls or installation in
concrete slabs. The latter type, sometimes called a slab manifold, is
made of copper and is available with up to six supply and six return
loop connections. Slab manifolds also should be equipped with a
pressure-testing feature so that they can be tested for leaks before
the slab is poured.

Slab manifolds are installed with a box or form that shields the
device from the concrete when it is poured. All connections remain
below the level of the floor except for the tops of the supply and
return tubing.

Valves and Related Control Devices

Valves and similar control devices are used for a variety of different
purposes in a hydronic radiant floor heating system. Some are used
as high-limit controls to prevent excessively hot water from flowing
through the floor loops. Some are used to isolate system compo-
nents, such as the circulating pump, so that it can be serviced or
removed without having to shut down the entire system. Others are
used to regulate the pressure or temperature of the water, to reduce
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the pressure of the water before it enters the boiler, or to regulate
the flow of water.

Many of the different types of valves and control devices used in
hydraulic radiant floor heating systems are listed in the sidebar. A brief
description of the more commonly used ones is provided in this sec-
tion. For a fuller, more detailed description of their operation, mainte-
nance, service, and repair, read the appropriate sections of Chapter 9
(“Valves and Valve Installation”) of Volume 2. Not all the valves listed
in the sidebar or the ones described in this chapter will necessarily be
used in the same heating system. The valves chosen will fit the require-
ments of a specific application (see Figures 1-12, 1-13, and 1-14).

Hydraulic Heating System Valves and Related Control Devices

e Air vent

® Aquastat

¢ Backflow preventers

e Ball valves

e Boiler drain valve

e Check valves

® Feed water pressure regulator
* Flow control valve

e Gate valve

¢ Globe valve

® [solation valve

® Mixing valve

® Motorized zone valve

® Pressure-reducing valve

e Pressure relief valve

® Purge and balancing valves
e Solenoid valve

Air Vent

An air vent is a device used to manually or automatically expel air
from a closed hydronic heating system. An automatic air vent valve
provides automatic and continuous venting of air from the system.
The function of both types is to prevent air from collecting in the

piping loops.
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1. Air scoop. 11. Purge valve.
2. Backflow preventer. 12. Pressure relief valve.
3. Boiler drain valve. 13. Hot water safety relief valve.
4. Boiler fill valve. 14. Test plug.
4a. Combination backflow preventer 15. Ball valve.
and boiler fill valve. 16. Automatic float vent valve.
5. Bronze check valve. 17. Float vent.
6. Expansion tank. 18. Water pressure reducing valve.
7. Flow check valves. 19. Service check valve.
8. Flow control valve. 20. Combination temperature
9. Gate or globe valve. and pressure gauge.
10. Mixing valve. 21. Boiler energy saver.

Figure 1-12 Typical locations of valves and related control
devices in a hydronic heating system. (Courtesy Watts Regulator Co)

Aquastat

An aquastat is a control device consisting of a sensing bulb, a
diaphragm, and a switch (see Figure 1-14). As the temperature sur-
rounding the sensing bulb increases, the gas inside the bulb
expands and flows into the diaphragm. This action causes the
diaphragm to expand and activate the switch controlling the con-
nected device. When temperatures exceed the high-limit setting on



‘spJeogaseq pue sjaued ooy
yaoq 03 Ja3em oy 3uik|ddns waisAs Suneay jueiped pauoz e jo weudelp uidly  g]-] 24n8ig

F < 1 rt
T < 1 }
31109
INTVA _%_n
43y TN
_ i
A | INTVA
' (LVLSONEIHL | oy Avmnce
INoz! ;
INVIOVY! D> — VL
m NI L2 NOISS3IHdINDD
INoZ —
INVIQvY _
T
NIW .LZ
1, 4
a¥vog3Isve

TOHINOI MO oL

20



Radiant Heating 21

COMPRESSION

TANK
,___l SHUT OFF
VALVE
FILL / THERMOMETER SCXI\?EFF
VALVE () —_
H+—PK—H----1--
RELIEF HoT T TEMPERED
>R SUPPLY TO PANEL
VALVE 21" MIN
M
BOILER 1 HalyC
e
MIXING VALVE RETURN
SHUT OFF
— || AaunstaT e
X;_' SHUT OFF VALVE CIRCULATING ~— FROM
PUMP PANEL

DRAIN

Note: Circulating pumps, illustrated in the above applications, circulate tempered water through the
system. The aquastat shuts the circulating pump off if the tempered water exceeds the temperature
set point, which is normally + 5°F (+ 2°C) of the tempering valve discharge.

Figure 1-14 Piping diagram of a radiant heating system with
circulator controlled by aquastat.

the aquastat, it shuts off the circulator or circulators until the
problem can be corrected.

The switching contacts of some aquastats can be manually adjusted
for temperature settings. In other systems, the switching contacts of an
aquastat may be preset at a predetermined temperature setting.

Backflow Preventer

A backflow preventer is a valve used to prevent the mixing of boiler
hot water with domestic (potable) water (see Figure 1-15). Most
systems use an inline backflow preventer. It must be installed with
the arrow on the side of the valve facing the direction of water flow.
Sometimes a backflow preventer and boiler fill valve are combined
in the same unit.

Ball Valve, Gate, and Globe Valves

A ball valve can be used to isolate components or lines, or to regu-
late flow. A gate valve is often used to isolate components for ser-
vice, repair, or replacement. They are not designed to regulate the
flow of water. A globe valve is used to regulate the flow of water in
a radiant heating system.

Note
Use a fully closing ball or gate valve on the supply and return line
so that the manifold can be isolated and serviced without inter-
rupting the pressure in the rest of the system.
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FAST FILL LEVER AND
CAP ASSEMBLY

g

DIAPHRAGM SEAT AND DISC ASSEMBLY

BACKFLOW
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RELIEF VALVE \

T0
EXPANSION TANK

the cold water return
line. Note: horizontal
installation required.

i
< SHUT OFF
TO RADIATION = VALVE
-~ =
o
HOT WATER (=} Feed water pressure
BOILER l regulator installed in

~—RETURN

Figure 1-15 Feed water pressure regulator. (Courtesy Watts Regulator Co,)

Boiler Drain Valve

A boiler drain valve is a quarter-turn ball valve used to drain water
from a boiler. As shown in Figure 1-12, it is located near the bot-
tom of the boiler close to a floor drain.

Check Valves
A check valve (also called a shutoff valve) is used to ensure that
water is flowing in the correct direction by providing positive shut-
off to the flow. Typical locations of check (shutoff) valves are
shown in Figures 1-12, 1-13, and 1-14.

A swing check valve is designed to prevent the backflow of water.
A flow-control valve is a check valve used to prevent circulation of
the hot water through the heating system when the thermostat has
not called for circulation. The flow-control check valve must be used
when the radiant panels are located below the boiler.

Note
Flow-control valves should not be used when the radiant floor
panel is below the level of the boiler.

Another type of check valve used in a radiant floor heating sys-
tem is the isolation valve (also sometimes called a service valve).
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The isolation valve is used to isolate a hydronic system component
for servicing and/or removal so that it can be repaired or replaced.
Isolating the component eliminates the need to drain and refill the
system with water.

Caution
Reduce the system pressure to a safe level before attempting to
remove system components.

Caution
An isolation valve is not designed to isolate a pressure (safety)
relief valve or other safety or flow-sensitive components.

Feed Water Pressure Regulators

A feed water pressure regulator is used to fill both the boiler and
system piping (including the floor panel loops) with water. A typi-
cal location of a feed water pressure regulator in the cold-water
return line is illustrated in Figure 1-15. These valves also maintain
the water pressure at the required level in the system at all times. If
a leak should occur in the system, the feed water pressure regulator
is designed to provide the required amount of makeup water. Using
the feed water pressure regulator speeds filling and purging of air
from the piping during the initial fill procedure.

Disconnect Switch

Two principal types of on-off switches are used to open or close an
electrical circuit: the disconnect switch and the thermostat (see
Thermostat in this section).

The disconnect switch is a manually operated on-off switch used
to shut down the entire heating system when a problem is begin-
ning to develop. When the switch is in the off position, the circuit
opens and the electricity operating the boiler, heat pump, or water
heater is shut off. When it is in the on position, the circuit closes
(that is, completes itself) and electricity bypasses the boiler, heat
pump, or space-heating water heater.

Inline Thermometer

An inline thermometer is a device that is used to monitor the water
temperature as it circulates through the system. Two inline thermome-
ters are installed in the heating system. One monitors the temperature
of the water as it enters the supply line. The other monitors the tem-
perature of the water as it leaves. The difference between these two
measurements provides clues to the operating efficiency of the system.

Mixing Valve
A thermostatic mixing valve is used in a radiant heating system to
recirculate a variable portion of the return water and at the same
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time add a sufficient quantity of hot boiler water to maintain the
required water temperature in the loops. These valves are also
called thermostatic mixing valves, water blending valves, water
blenders, water tempering valves, or tempering valves. Typical
locations of mixing valves are shown in Figures 1-12, 1-13,
and 1-14.

Both manual and automatic modulatmg mixing valves are used
in hydronic heating systems. The manual mixing valve is often used
to control the water temperature in a high-mass concrete slab. It is
not as accurate as an automatic valve (for example, a thermostatic
valve), but the high-mass concrete slab stores it and releases it
slowly over a long period of time, making exact temperature con-
trol unnecessary.

The three-way and four-way thermostatic mixing valves provide
automatic control of the mixed water temperatures. The valve
varies the flow of hot water between its hot port and its cold port
so that it can deliver through its mixed port a steady flow of water
at a constant temperature.

Mixing valves are often used with high-temperature boilers designed
to provide water at temperatures of more than 160°F.

Motorized Zone Valve

A motorized zone valve is used to control the flow of water
through a single zone (see Figure 1-16). It consists of a valve body
combined with an electric actuator. A radiant panel heating sys-
tem will often use a number of motorized zoning valves to main-
tain a uniform temperature throughout the rooms and spaces in
the structure. As shown in Figure 1-17, a motorized zone valve is
used to control each zone. Motorized zone valves are controlled
by an aquastat, individual thermostats at each loop, or a room
thermostat.

Figure 1-16 Honeywell V4043
motorized zone valve.
(Courtesy Honeywell, Inc.)
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Figure 1-17 A typical control system for a multiple-zone radiant
heating system. (Courtesy Honeywell Tradeline)

Note
A zone valve simplifies the piping required for a hydronic heating sys-
tem because it eliminates the need for a flow check valve and relays.

Pressure-Reducing Valve

A pressure-reducing valve is designed to reduce the pressure of the
water entering the system and to maintain the pressure at a specific
minimum setting (usually about 12 Ibs). A typical location of a pres-
sure relief valve is shown in Figure 1-12.

Pressure Relief Valve

A pressure relief valve (also sometimes called a safety relief valve) is
used to prevent excessive and dangerous pressure from entering the
system. It is located on top of the boiler or very close to it (see
Figures 1-12, 1-13, and 1-14).

Purge and Balancing Valves

Purge and balancing valves are used on either the supply or return
side of the manifold in systems where multiple manifolds are served
by only one circulator. Among its varied functions is (1) to allow
adjustments of proper water flow for each loop; (2) to function as a
shutoff valve and a drain valve for each zone or loop; (3) to control
(balance) water flow through the circulation loop; and (4) to pro-
vide a means of expelling air from heating zones during initial loop
fill (valve is located on the boiler return piping). If the heating sys-
tem contains individual loops of unequal length, each should be
equipped with a balancing valve.
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Circulator

The circulator (circulating pump) provides the motive force to cir-
culate the water through the radiant heating system. Sometimes a
variable-speed pump is used to maintain a supply water tempera-
ture between 90°F and 150°F.

In some zoned systems, a circulator operates in conjunction with a
zone thermostat instead of a zoning valve to maintain a uniform
floor temperature in each room or space of the structure. The zone
thermostat controls the temperature in the zone by turning the circu-
lator on and off. The size of the circulating pump selected for a radi-
ant panel heating system will depend on the pressure drop in the
system and the rate at which water must circulate. The circulation
rate of the water is determined by the heating load and the design
temperature drop of the system and is expressed in gallons per
minute (gpm). This can be calculated by using the following formula:

Total Heating Load
TX60 X8

gpm X

The total heating load is calculated for the structure and is
expressed in Btu per hour. A value of 20°F is generally used for the
design temperature drop (T) in most hot-water radiant panel heat-
ing systems. The other two values in the formula are the minutes
per hour (60) and the weight (in pounds) of a gallon of water (8).

By way of example, the rate of water circulation for a structure
with a total heating load of 30,000 Btu per hour may be calculated
as follows:

30,000 Btu/hr
EPM = 50X 60 X 8

Expansion Tank

An expansion tank (also called a compression tank) is required for
use in all closed hydronic radiant heating systems (see Figure 1-18).
Water and other fluids expand when they are heated. The expan-
sion tank provides space to store the increased volume to prevent
stress on the system.

Air Separator

An air separator (also called an air scoop or an air eliminator) is a
device used in a closed radiant heating system to capture and remove
air trapped in the water (see Figure 1-18). Some of these devices are
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Figure 1-18 Air separator
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equipped with tappings for the installation of an expansion tank
and air vent.

Heat Exchanger

A heat exchanger is a device used in some radiant heating systems
to separate dissimilar fluids such as water mixed with antifreeze (in
snow- and ice-melting applications) and water (for radiant floor
heating tubing and domestic hot water). Its function is to allow the
transfer of heat between the fluids without allowing them to mix
and thereby contaminate one another.

Automatic Controls

While any thermostatic method of control will function with a radi-
ant floor heating system, the most desirable method is one based on
continuously circulating hot water. The temperature of the water
should be automatically adjusted to meet outdoor conditions, but
the circulation itself is controlled by interior limiting thermostats
instead of the simple off-on method of circulating hot water at a
fixed temperature (see Figure 1-19).

Some radiant floor heating systems are designed with a thermo-
stat for each zone (see Figure 1-17). A more common method is to
group several rooms or spaces together and control them by a sin-
gle thermostat. In this approach, the kitchen and dining room may
be included in one thermostat-controlled loop, the bedrooms in
another, the bathrooms in still another, and so on.
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Figure 1-19 Examples of thermostat controls used in hydronic radiant

heating systems.

Many HVAC control manufacturers are now producing control
consoles such as the one shown in Figure 1-20.

Designing a Hydronic Radiant Floor Heating System

Design of a hydronic radiant floor heating system should be
attempted only by those with the qualifications, training, and expe-
rience to do it right. It is very important that the design of a radiant
panel heating system be correct at the outset. The fact that the coils
or cables are permanently embedded in concrete, or located beneath
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Figure 1-19 (Continued)

other materials, makes corrections or adjustments very difficult and
expensive.

Many manufacturers of radiant panel heating system equipment
have devised simplified and dependable methods for designing this
type of heating system. In most cases, the manufacturer will provide
any available materials to assist in calculating the requirements of a
particular radiant floor heating system. Various design manuals, man-
ufacturer-specific installation guides, and software tools are available
for use in designing and sizing radiant floor heating systems.
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Figure 1-20 Watts Boiler Energy Saver and wiring diagrams.
(Courtesy Watts Regulator Company)

heater heats both the water for space heating and the water
for cooking and bathing purposes).

The flow of water in some radiant heating systems is controlled
by the circulator (pump). When the room thermostat calls for heat,
the pump starts and rapidly circulates heated water through the
radiant panels until the heat requirement is satisfied. The pump is
then shut off by the thermostat. In some systems, a flow-control
valve is forced open by the flow of water through the pipes as long
as the pump is running, permitting free circulation of heated water
through the system. When the pump stops, the control valve closes,
preventing circulation by gravity, which might cause overheating.
The principal disadvantage of a system with this off-on control is that
it results in temperature lag and causes the panels to intermittently
heat and cool.

The continuous circulation of water through radiant heating
panels is made possible by means of an outdoor-indoor control.
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In this arrangement, hot water from the boiler is admitted to the sys-
tem in modulated quantities when the temperature of the circulating
water drops below the heat requirement of the panels. This modu-
lated bleeding of water into the panel is accomplished through a
bypass valve. When no additional heat is required, the valve is closed.
When more heat is required, the valve is gradually opened by the
combined action of the outdoor temperature bulb and a temperature
bulb in the supply main. This system gives control by the method of
varying the temperature of the water.

Air Venting Requirements

A common defect encountered in hot-water system design is improper
venting. The flow of water should be automatically kept free of air
binding throughout the system. Air in the pipes or pipe coils almost
always results in a reduction of heat.

A practical method of venting is shown in Figure 1-21. The key to
this method is the use of automatic air vents. Each air vent should be
located in an area readily accessible for repair. The air trap test cock
should be placed where it can be easily operated. Both the air trap and
the air trap test cock must be located where they are not subject to
freeze-up, as both are noncirculating except during venting operation
(automatic or manual).

Sizing Calculations

The successful operation of any hot-water heating system requires

the incorporation of design provisions that ensure an even and bal-

anced flow of water through the pipes or coils of the installation.
The procedure for designing a hydronic radiant floor heating

system may be outlined as follows:

I. Determine the total rate of heat loss per room in the structure.
2. Determine the available area for panels (loops) in each room.

3. Determine the output required by each panel to replace the
heat loss.

4. Determine the required surface temperature for each panel.

5. Determine the required heat input to the panel (should equal
heat output).

6. Determine the most efficient and economical means of sup-
plying heat to the panel.

7. Install adequate insulation on the reverse side and edges of the
panel to prevent undesirable heat loss.

8. Install the panels opposite room areas where the greater heat
loss occurs.
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The dry installation method is so-called because the tubing is installed
without embedding it in concrete.

The examples of radiant floor construction described in this sec-
tion represent the most commonly used forms. They are offered
here only as examples, not as planning guides for contractors. The
actual construction plans will depend on the design of the hydronic
radiant floor heating system, the impact of local building codes and
regulations, and other variables.

Slab-on-grade construction

In slab-on-grade construction, the tubing is attached to a wire mesh
or special holding fixtures to keep it in place until the concrete is
poured around it. The tubing loops are embedded in the middle of
the concrete slab and are located approximately 2 inches below the
slab surface (see Figure 1-22). A brief summary of the steps involved
in slab-on-grade construction is as follows:

1. Compact the soil base to prevent uneven settling of the slab.
2. Cover the compacted soil with a lapped 6-mil vapor barrier.

3. Cover the vapor barrier with 2-inch-thick extruded polystyrene
insulation.

4. Install rigid polystyrene insulation vertically on the inside sur-
face of the exterior foundation walls to prevent edgewise
(horizontal) heat loss.

5. Lay concrete reinforcing mesh over the insulation.

6. Position the tubing on top of the reinforcement mesh according
to the tubing layout plan.

7. Tie the tubing to the reinforcement mesh with tie straps or wire.
8. Cover the tubing with a minimum of 9 inches of concrete.

Thin-Slab Construction
In this type of wet installation, a layer of lightweight concrete or
lightweight gypsum is poured over the tubing to form a thin slab
(see Figure 1-23). Thin-slab construction is used over a wood sub-
floor supported by wood framing.

A summary of the steps involved in forming a thin-slab floor
system using poured concrete to form the slab may be outlined as
follows:

1. Apply a lapped 6-mil polyethylene vapor barrier to the wood
subfloor.

2. Position the tubing on the subfloor according to the tubing
layout plan.
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Figure 1-22 Slab-on-grade construction.

3. Fasten the tubing to the wood subfloor with plastic clips or
metal staples.

4. Pour concrete over the tubing and subfloor.

5. Install batt insulation in the joist cavities beneath the subfloor.
If lightweight gypsum cement instead of concrete is used to
form the slab, pour the gypsum in two stages. The first pour
should be no higher than the tops of the tubes. When this first
layer dries, it will shrink slightly and pull back from the tub-
ing. Apply a second layer of gypsum to completely cover the
first layer and the tops of the tubing.

Sandwich Floor Construction
Sandwich floor construction is available in a number of different
configurations (see Figure 1-24). This construction method involves
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heating systems. See ORadiant System Construction DetailsO for
examples of the use of the different types of insulation.

Vapor Barrier

A vapor barrier of 6-mil polyethylene sheeting should be installed
between a thin slab and the wood sheathing to limit the transfer of
moisture from the slab to the wood. Check the local building code
for the use of a vapor barrier. Not all codes require it.

Panel Testing Procedures

Radiant heating coils should be tested for leaks after they have been
secured in position but before they are covered with concrete or some
other covering material. Both a compressed-air test and a hydraulic
pressure test are used for this purpose.

The compressed-air test requires a compressor, a pressure gauge,
and a shutoff valve. The idea is to inject air under pressure into the
radiant heating system and watch for a pressure drop on the gauge.
A continually dropping pressure is an indication of a leak some-
where in the system.

The pressure gauge is attached to one of the radiant heating
coils, and the shutoff valve is placed on thénlet side of the gauge in
a valve-open position. The air compressor is then connected, and
compressed air is introduced into the system under approximately
100 psi. After the introduction of the air, the shutoff valve is closed
and the compressor is disconnected. The system is now a closed
one. If there are no leaks, the air pressure reading on the gauge will
remain at approximately 100 psi. A steady drop in the air pressure
reading means a leak exists somewhere in the system. A leak can be
located by listening for the sound of escaping air. Another method
is to use a solution of soap and water and watch for air bubbles.

The hydraulic pressure test requires that the coils be filled with
water and the pressure in the coils be increased to approximately
275 to 300 psi. Care must be taken thatall air is removed from the
coils before the system is closed. The system is then closed, and the
gauge is watched for any change in pressure. A leak in the system
will be indicated by a steady drop in pressure on the gauge. The
source of the leak can be located by watching for the escaping
water. If a leak is discovered, the coil should be repaired or replaced
and a new test run on the system.

Installation Guidelines

Guidelines

¥ Run the tubing parallel to the wall or walls with the greatest heat
loss. tontinués
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¥

¥

Guidelines(continued

Maintain a 12-inch gap between the outermost tubing and an
exterior wall.

Space tubing 6 inches o.c. between the first two loops alond the
wall or walls with the greatest heat loss.
Tie tubing every 3 feet or less with plastic tie wraps. Note:
Never tie tubing anywhere within the end of a loop.
Always use a vapor barrier under the slab. Note: Place the vapor
barrier between the ground and insulation, if the latter is used

under the slab.

Place a vapor barrier between the soil and any insulation installed
under the slab.

Insulate under the slab if groundwater comes within 3 feet.

Always install edge insulation along the foundation walls ta
prevent edgewise (horizontal) heat loss.

Whenever possible, follow the radiant heating system manufac-
turerOs installation guidelines. The procedure described here for
installing a hydronic radiant floor heating system (using PEX tub-
ing) is offered as a general guideline. It may be outlined as follows:

1.
2.

© 00 N O

10.

Attach the manifold wall brackets to the wall.

Assemble the manifold (if it is not a factory-assembled unit)
and clamp it into position on the wall brackets.

. Mount a pipe bend support directly below the manifold to

hold the supply pipe.

. Connect the supply pipe to the manifold and lay out the pipe

loop by following the layout plan.

. Mount a pipe bend support below the manifold to hold the

return pipe.

. Create caoil pattern.

. Cut the return pipe and connect it to the manifold.

. Mark or number the first loop for identification.

. Check the length of the first loop against the layout plan by

using the length markings on the outside of the pipe. A signif-
icant deviation in overall length between the layout plan and
the installed pipe loop will require an adjustment of the loop

balance settings.

Repeat steps 1 through 8 for the remaining loops in the system.
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Heating Mats or Rolls

The electric mats or rolls used in electric floor radiant heating sys-
tems are made of coils of heat resistance wire joined to a supporting
material. They are only 1 inch thick, which means they can be
installed over the subfloor and under the floor covering without
significantly raising the floor level (see Figure 1-33). The heating
element of a constant-wattage electric heating cable or wire oper-
ates on 120 volts or 240 volts.

Electric heating mats or rolls are produced in a wide variety of
sizes to fit different floor dimensions. Custom sizes can also be
ordered from manufacturers to fit areas with curves, angles, and
other nonstandard shapes.

An entire electric radiant floor heating system can be ordered
from any one of the manufacturers listed in the sidebar. When
ordering the materials for one of these heating systems, send them
an installation layout plan listing the exact dimensions of the rooms
or spaces to be heated. The plan may be for an entire house, an
addition to a house, or a single room or space.

Note
The manufacturer will cut the mats or rolls to the sizes listed in
the installation plan. Once the mats or rolls are cut, they cannot
be returned if a mistake is discovered unless it can be shown
that the manufacturer was at fault.

The recommended heating capacity for electric resistance heating is
specified by the building codes on a watt-per-square-foot-of-living-
area basis. The electric heating mats or rolls are designed to draw 8 to
15 watts per square foot. Their operation is very similar to that of an
electric blanket.

Manufacturers of Electric Radiant Heating Mats or Rolls
Flextherm, Inc.
2400, de la Province Street
Longueuil, Quebec J4G 1G1
Canada
450-442-9990
800-353-9843
www.flextherm.com

Heatway, Inc. (Watts Heatway, Inc.)

3131 W. Chestnut Express Way

Springfield, MO 65802

800-255-1996

www.heatway.com dontinués




54 Chapter 1

Manufacturers of Electric Radiant Heating Mats or Roll§continued
NuHeat Industries Ltd.
1689 Cliveden Ave.
Delta, BCV3M 6V5
Canada
800-778-9276
604-529-4400
www.nuheat.com

SunTouch Electric Floor Warming
A Division of Watts Radiant, Inc.
3131 W. Chestnut Expressway
Springfield, MO 65802
417-522-6128
www.suntouch.net

WarmlyYours, Inc.

1400 E. Lake Cook Road, Suite 140
Buffalo Grove, lllinois 60089
800-875-5285
www.WarmlyYours.com

Warmzone, Inc.

Salt Lake City, Utah
888-488-9276
801-994-8450
Wwww.warmzone.com

Watts Radiant, Inc.

A Division of Watts Water Technologies, Inc.
31341 West Chestnut Expressway
Springfield, Missouri 65802

800-276-2419

978-688-1811

www.wattsradiant.com

Automatic Controls

The automatic controls of a typical electric radiant floor heating
system consist of a thermostat, a GFCI safety breaker, and an
optional timer. If a floor-heating thermostat is used instead of a
room thermostat, the former is wired to a floor sensor that detects
the actual floor temperature. A GFCI and a timer are integral com-
ponents of a floor-warming thermostat.



















































