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SECTION ONE

What is a Panel Radiator?

When most North Americans hear the word
"radiator" they think of large and heavy cast-
iron radiators. Perhaps they envision an
older building with “"ugly” radiators covered
with dust and taking up a large amount of
floor space. Maybe they think back to times
when they had seen steam hissing from radi-
ator vents, or pipes that made sounds in the
middle of the night as the system turned on.
It's safe to say that most North Americans
probably think of radiators as a "necessary
evil" in a house - a compromise they have to
make to be comfortable in winter.

| Ot style heavy, bulky cast-iron radiators

As in many areas of technology, the design
and construction of space heating radiators

has progressed immensely over the last two

decades. This is especially true in Europe

where hydronic heating is used in the vast

majority of homes and commercial buildings.

Modern panel radiators such as those manu-
factured by DiaNorm are one of the most ver-
satile hydronic heat emitter options available

L1005 Weailines, Inc.

for homes and commercial buildings. They
are a contemporary product that bears little
resemblance to older cast iron radiators.
They also allow for much easier installation
and far superior performance. When proper-
ly selected and installed they offer unmatched
comfort, convenience, and a long trouble free
life.

A modern DiaNorm paned radiator

This manual shows you the latest DiaNorm
panel radiators and describes how to inte-

_grate them into high performance hydronic

heating systems. It will give you specific
details on the strengths and limitations of var-
ious piping methods and ways of controlling
the system.

By applying what is discussed you can create
state-of-the-art heating systems that deliver
unmatched comfort.

orm
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SECTION TWO

Advantages of DiaNorm Panel Radiators

Here are some important advantages of
DiaNorm panel radiators versus other
hydronic heat emitters.

+« DiaNorm radiators require much less
wall space in comparison to fin-tube
baseboard. This reduces restrictions on fur-
niture placement and improves appearance.

There are many installation locations where a
panel radiator can be accommodated but the
length of fin-tube baseboard required for
equivalent heat output will not fit. There is
simply not enough wall space avallable for
the baseboard.

For example, a 24-inch high by 36-inch long
model 22 DiaMerm radiator provides heat
output equivalent to a residential fin tube
baseboard 15.5 feet long. The size compari-
son is shown below.

3

DiaMNorm Model 22 panel

24" high x 36" long

21t
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« DiaNorm radiators contain very little
water and are relatively light. This results
in very low thermal mass allowing the panels
to respond almost instantly to variations in
room air temperature or internal heat gains.

The possibility of temperature overshoot in
rooms with high internal heat gains from
sunlight, lights, people, or heat generating

‘equipment gains is far less likely relative to

systems that use high thermal mass heat
emitters such as radiant slab heating.

’ - Because of their large
— = metal and water con-
My, tent, cast-iron radia-
_;-'-ﬂ.h:""_-.' tors are siow (o
e respond (o changes
i rooum bEmperature.
Lightweight
DiaNorm radialors
by respond quickly and
-y thus ensure better
; comifort.

average waler temperature = 180 "F
Heat output = 7127 Bluhr

15.5 feet of baseboard enclosure

15 feat of residential fin-tube basaboard element (15.5 foot long enclosure)
operating at 180 °F average water temperature to provide equivalent heat output

+ DiaNorm panels are wall-mounted and
not affected by floor coverings. Changes
in floor coverings can have a major impact on
the thermal performance of radiant floor
heating, but it's not an issue with panel radi-
ators.

« DiaNorm panels can operate with a
larger temperature drop than is com-
monly used with other heat emitters.
This allows relatively small tubing to carry a

substantial amount of heat to the panel.
continued on Next page. ..
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SECTION TWO

Advantages of DiaNorm Panel Radiators

For example: A DiaMorm radiator operating
with a temperature drop of 30 9F releases
about 15,000 Btu/hr for each gallon per
minute {gpm) of water flow. Under such con-
ditions, a 1/2-inch size PEX tube could supply
38,000 Btu/hr of heat flow to the radiator.

In contrast, a radiant floor heating circuit in a
residential system should not operate with a
temperature drop over 15 °F to ensure
acceptable variations in floor surface temper-
ature. The same 1/2-inch tubing is only able
to carry about 19,000 Btu/hr under such con-
ditions.

There are many circumstances where 3/8"
PEX or PEX-AL-PEX tubing can supply
DiaMorm panel radiators. The small tubing is
less expense and easier to install, especially
in retrofit applications.

P it

g matal pipeng reguined
@xlending oul side of radinlor

Small (A8 or 172 ikl
PEX, or PEX-AL-PEX fiibiryg
for supply & refurn connections
uridar rakaioe

« DiaNorm panel radiators release a sig-
nificant portion of their heat output as
radiant heat. This improves comfort and
reduces room air stratification. In contrast,
fin-tube baseboard releases almost all heat
by warm air convection. This can lead to
room temperature stratification (e.q. warm
air accumulating near the ceiling while cool
air settles at floor level). Such stratification
reduces comfort and increases heat loss from
the room.

" COMVECTIVE
heat outpul

S
~ RADIANT
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+« DiaNorm panel radiators have a high
quality white powder coat epoxy finish.
This finish provides excellent aesthetics as
well as high resistance to scratches or exteri-
or corrosion when mounted in humid spaces
such as bathrooms. This finish also provides
an ideal base if the panels need to be painted
a different color.

« DiaNorm panels can be quickly
attached to most types of walls using
special spring-loaded mounting brack-
ets. These same brackets make it easy to
detach the panel from the wall if necessary,

) -+
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SECTION TWO

Advantages of DiaNorm Panel Radiators

+ DiaNorm panel radiators are available
in a large variety of widths and heights.
This allows them to be integrated into build-
ings with different windowsill heights and wall
widths. The narrow wall spaces often found
in kitchens and bathroom can use narrow but
tall panel radiators.

I

« Model 11 DiaNorm panel radiators are
only 2.6 inches deep. The outer surface of
the panel is approximately 3.7 inches from
the wall surface, This minimizes the room
space loss, and reduces the chance of objects
.or people bumping into the radiators.

=l nt rf

+ DiaNorm panel radiators have integral
balancing valves. This allows the flow rate
through each panel as well as the heat output
to be individually adjusted. In combination
with thermostatic operators, these valves
allow each panel to automatically monitor the
desired room temperature and respond as
needed to maintain comfort. The comfort
level of each room in the building can be indi-
vidually controlled.

* DiaNorm panels can be accessorized
with shelf brackets. If the owner would like
a shelf above the panel for drying gloves or
boots it can easily be attached directly to the
radiator using optional brackets available
from DiaNorm.

D005 Weailines, Tnc.
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SECTION TWO

Advantages of DiaNorm Panel Radiators

« DiaNorm panel radiators can be easily
cleaned of any internal dust. A special
brush specifically shaped to match the fluted
design of the panel allows the panel to be
quickly and thoroughly cleaned.

+ DiaNorm radiators, when properly
installed, make no operating sound.
Because of their design and all-steel con-
struction, DiaNorm panels do not make the
expansion sounds often associated with fin-
tube baseboard as heated water begins flow-
ing through.

« DiaNorm radiators resist denting. The
design and all-steel construction of DiaNorm
panel make them maore resistant to physical
damage than are most fin-tube baseboards.
They can be applied with confidence in com-
mercial as well as residential applications.

+ DiaNorm radiators can be operated at
lower water temperatures than are typi-
cal for fin-tube baseboard systems.
Lower water temperatures improves the effi-
ciency of the boiler and distribution system
resulting in fuel saving. It also increases the
percentage of radiant heat output from the
panel. In many systems, the water tempera-
ture supplied to the radiators can be auto-
matically controlled based on outside temper-
ature.

« DiaNorm radiators can be easily isolat-
ed from the piping circuit. Special valves
are available that allow the supply and return
piping to each radiator to be temporarily
turned off if that radiator ever needs to be
removed for wall painting or other mainte-
nance. In some systems these valves allow
the other radiators to remain in operation
while one or more panels are temporarily
removed.

Isolation valves on supply and refurn piping

RADIATORS
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SECTION TWO

Advantages of DiaNorm Panel Radiators

« DiaNorm radiators are aesthetically
clean. Their simple fluted or flush face panel
allows them to match virtually any décor
including both traditional and contemporary
styles.

DiaNorm radiators provide a simple, clean appearance,

D005 Weailines, Tnc.

+ DiaNorm radiators are excellent for
both new construction and remodeling.
Their lightweight, easy-to-mount construc-
tion in combination with modern piping mate-
rials such as PEX or PEX-AL-PEX tubing make
them easy to install with minimal disruption
of existing surface finishes,

vahorm radiators connected Using a8 homerun mping system arg
ideal for new constructian or retrofit applications.
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SECTION THREE

Panel Radiators, Accessories, and Physical Data

DiaNorm panel radiators are available in
a wide selection of shapes and sizes to
help designers select a panel with the
necessary heat output, and place that
heat output within a given building
space. Several accessories are also
available to simplify and speed installa-
tion. This section gives physical data on
DiaNorm panel radiators and accessories
that help designers build efficient sys-
tems.

General Construction
All DiaNorm Radiators are made of high qual-
ity 1.25mm FePO1 Steel, and finished with a
white epoxy powder coating that is baked at
400 F.  All panels are built under an ISO 9002
certified procedure and meet several interna-
tional quality standards.

Application Stipulations
» Because of their steel construction,
DiaNorm panels should only be used in
closed-loop hydronic heating systems. Use in
open loop systems voids the warranty.

» DiaNorm radiators are not to be exposed to
pressures above 145 psi.

¢« The maximum differential pressure across
DiaNorm radiators (inlet to outlet connection)
is 14.5 psi.

» DiaMNorm radiators are not for use in steam
heating systems.

= The radiator inlet connection (left), and out-
let connection (right) can NOT be reversed.

Diahorm panels are produced in stale-of-the-art facilities

Panel shapes and sizes
DiaNorm panels are available in four heights
(10", 14", 20", and 24"), and in six lengths
(16", 24", 36", 48", 64", and 72"). They are
also available in three depths (2-5/8", 3-3/4",
and 5-7/8"). Upon special request,
DiaNorm panels are available in lengths
up to 118 inches and heights up to 36
inches. Contact Heatlines, Inc. for pric-
ing, availability, and thermal ratings.

Model 11 panels (pictured next page) are 2-
5/8 inches wide and available in six lengths
(16", 24", 36", 48", 64", and 72"). When a
thin profile is required, model 11 panels are
ideal. When installed, its outer face is only 3-
5/8 inches out from the wall. Model 11 pan-
els have a single row of convective fins. They
also provide a slightly higher percentage of
their heat output as radiant rather than con-
vective heat.

1
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SECTION THREE

Panel Radiators, Accessories, and Physical Data

six available lengths (16", 24", 36", 48", 64", 72")
Lengths from 87" 1o 118" are available upon request

] mmmm:ummwnmm

top view of model 11 panel

top grille remaoved

six available lengths (16", 24", 36", 48", 64", 72")

Lengths from 87" to 118" are available upon request
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top grille removed

top view of model 22 panel

Model 22 panels are 3-3/4 inches wide and
available in six lengths (16", 24", 36", 48",
64", and 72"). When space is tight and high-
er heat output is needed the model 22 panel
is a good choice. Model 22 panels project 4-
3/4 inches out from the wall surface, and
have two rows of fins for higher convective
heat output.

Model 33 panels are 5-7/8 inches wide and
available in six lengths (16", 24", 36", 48",
64", and 72"). These panels provide the
highest heat output per square foot of frontal
area. Model 33 panels project 6-7/8 inches
out from the wall surface, and have three
rows of convective fins. They can also be
floor-mounted.

six available lengths (16", 24", 36", 48", 64", 72")

Lengths from 87" to 118" are available upon requast
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top view of model 33 panel

DiaNorm

RADIATORS

top grille removed
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SECTION THREE

Panel Radiators, Accessories, and Physical Data

All DiaNorm radiators sold in North America
have side-by-side supply and return connec-
tions at the bottorn right side of the panel as
shown below.

i Thermpslatic oparafor —
width
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height
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supply connection Ll
ratum connection —|
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Assuming the radiator valve is partially or
fully open, heated water enters the left (sup-
ply) connection and flows up through an
internal riser tube to the inlet of the valve,
After passing through the valve the flow con-

tinues onward to the horizontal manifold at
the top of the panel. It then divides and
flows downward through the wvertical riser
channels on the face of the panel. All flow is
collected by the lower manifold and routed
back to the outlet connection at the lower
right of the panel,

The integral radiator valve maintains com-
plete control of flow through the panel. The
extent to which this valve can open can be
manually set to limit heat output,

If a thermostatic operator is attached to the
radiator valve, and the radiators are piped
properly, the heat output of the panel is auto-
matically adjusted to maintain a set comfort
level in the room.

\

e

A thermostatic operator mounted on integral radiator valve

D005 Weailines, Tnc.
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SECTION THREE

Panel Radiators, Accessories, and Physical Data

Accessories

Several accessories are available for DiaNorm
panel radiators.

Shelf Supports

A pair of supports can be attached to the top
of the radiator to support a shelf along the
length of the radiator. The depth of the shelf
bracket can be adjusted to accommodate
shelves between 6-3/8 and 11 inches wide
(depending on the model of radiator). The
bracket securely tightens into the upper por-
tion of the panel through the top grille.

Cleaning Brush
This specially shaped brush makes it easy to
thoroughly clean dust from the interior of the
panel. Just push the brush down through the
top grille to push dust out the bottom of the
panel where it can be easily vacuumed up.

Rough-in tool

This fixture allows installers to mark the
exact position of piping penetrations for
model 11,22, and 33 panels. It can also be
temporarily connected to the supply and
return piping to allow the piping system to be
pressure tested and flushed prior to installing
the panel radiators. Its use is illustrated later
in this section.

Mounting Options
DiaNorm panel radiators can be mounted in
several ways to accommodate different room
conditions.

Wall Mounting
The most common mounting method is to
attach the radiator directly to a wall surface.
This is easily done using DiaNerm spring-
loaded mounting brackets shown below.

Naote: Panel mounting
brackets must maunt
securely to wooden fram-
ing or masonry walls,
They should never be
solely supported by dry-
wall or plaster wall
finishes,

RADIATORS
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SECTION THREE

Panel Radiators, Accessories, and Physical Data

The spring-loaded mounting brackets can be
attached to a radiator virtually anywhere
along its length. This allows the brackets to
be placed so fasteners can go directly into
wooden framing. The lower portion of the
bracket supports the lower edge of the panel.
The upper portion of the bracket is spring
loaded, and snaps securely and unobtrusive-
ly into the grille openings at the top of the
panel as shown at right. The panel can be
easily removed from the bracket if necessary
to access the wall,

Top of spring-
loaded wall
bracket securely
haids radiator in
place, Brackel
can be easily
opened if panel
needs (o be
tempararily
removed from
wall.

The diagram below shows the mounted dimensions for radiator types 11, 22, and 33. These
dimensions are derived from metric lengths rounded to the nearest 1/8 inch. The finish wall-to-
piping side port dimensions are the same as the finish wall to piping center dimensions at the bot-

tom of the panel.

Note: Supply and return piping connections at the bottom of the radiator are spaced 2

inches center to center.

4108
4108

LB

i
'

258,

4" min

Model 11

g1

R

Model 22

4" min

e

il |

5T

47 min

Model 33

MNOTE: Dimension rounded to nearest 1/8"

D005 Weailines, Tnc.
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SECTION THREE

Panel Radiators, Accessories, and Physical Data

Mounting a DiaNorm Radiator to a Wall
The following sequence show how a DiaNerm radiator can be mounted to a wall using the spring-
loaded mounting brackets. Piping is located and pressure tested using the rough-in bracket.

Step 1: Locate the piping riser penetrations
through the floor, and mark the location for
the rough-in tool on the wall. The bottom of
the horizontal plate of the rough in repre-
sents the bottom of the panel radiator. Be
sure the movable piping locator plate on the
rough-in tool is set for the type of DiaNorm
panel being mounted (e.qg. model 11, 22, or
33). Mount the rough-in tool to the wall.

Step 2: Route supply and return piping to the
rough-in tool. Note: If isolation or bypass
valves will be used they attach to the
bottom of the rough-in tool the same
way they would attach directly to the
radiator connections.

RADIATORS

Step 3: Securely fasten the radiator mount-
ing brackets to the wall. Remove the wall
mounting plate for the rough-in tool leaving
the tubing connections in place. The system
piping can be pressure tested and flushed
prior to mounting the panel radiator.

Step 4: Close the isolation wvalves and
remove the piping U-bend plate. Clip the
panel radiator to the wall brackets aligning
the bottom connections with the upper ends
of the isolation valves. Finally, connect the
isolation valves to the radiator and install the
PVC escutcheon plate over the tubing where
it penetrates the floor.

DI00% Heatlines, Tni.



SECTION THREE

Panel Radiators, Accessories, and Physical Data

DiaMorm panels can also be supported above
the floor using the floor pedestals shown
below. These supports are especially well
suited for situations where the panel is
mounted adjacent to glazing that extends
near the floor level.

Once installed, the lower flange and vertical
arm of the pedestal can be covered with a
smooth white plastic collar and escutcheon
plate to provide a clean and neat appearance,

Heat Output ratings
The heat output of panel radiators is depend-
ent on several factors. The most significant
of which include:

1. Panel dimensions
2. Supply water temperature
3. Ambient air temperature

The following tables can be used to estimate
panel heat output at reference operating con-
ditions of 190 9F supply water temperature,
20°F temperature drop across panel, and 68
OF room air temperature.

Modal 11 167ang 24"lang 3600y 48I0ng 64"long 72iong
24° high 1870 2817 azz2 5630 7508 B4d7
20" high 1607 2421 3632 4542 B455 T260
14" high 1215 1831 2748 662 4BR3 5404
Madal 22 167ang 24%long 36%I0ng 487i0ng 64*long 72ong
24" high 3153 &750 127 9500 12668 14254
20° high 2733 4123 6188 8245 10804 12368
14* high 2081 3093 4638 5182 B245 8275
10" high 1481 2247 3373 4456 5505 745
Model 33 167ong 24%Iang 36%ong 48700 B4"lang 72long
24" high 4531 6830 10247 13664 18216 20454
20° high 3634 5837 9585 1870 15829 17807
14" high 2868 4474 6711 8048 11832 13425
10° high 2181 3304 4958 8606 8811 8813

All outputs are in Bluhr at reference conditions: (190°F supply water temperature, 20°F
temperature drop across panel, and 68°F room air temperature).

D005 Weailines, Tnc.
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SECTION THREE

Panel Radiators, Accessories, and Physical Data

Heat outputs can be corrected for operating
conditions other than the reference condi-
tions by finding the appropriate correction
factor (CF) from the graph below.

1.6
14 CF=0.002305(AT)™ -~
1.2

1 = referanca condition
0.8
0.6

Correction factor (CF)

0.4

(refarence condition |

0.2+
0 20 40 60 B0 100 120 140 160
Ave water temp. - room air temp. (°F)

Example
Determine the heat output of a DiaNorm
model 11 panel 24" high by 48" wide operat-
ed with a design supply temperature of
160°F, a temperature drop of 20°F in a room
with 65°F air.

Solution
Step 1: First find the output of the panel at
reference conditions (190°F supply water
temperature, 20°F temperature drop across
panel, and 68°F room air temperature). That
number is found in the model 11 heat output
table (previous page): 5630 Btu/hr.

Step 2: Next, determine the average water
temperature at the specified operating condi-
tions by subtracting half the design termpera-
ture drop from the supply water temperature;
160 - (20/2) = 150°F

Step 3: Find the difference between the
average water temperature and the room air
temperature: 150-65=85%F

Step 4: Enter the graph at 859F on the hori-
zontal axis, read up to the curve, and then
over to the correction factor on the vertical
axis. In this example the correction factor is
0.73

0.73

Correction factor (CF)
=
o
i~

85 °F

0 20 40 B0 80 100 120 140 160
Ave water temp. - room air temp. (°F)

Step 5: Multiply the heat output at the refer-
ence conditions by the correction factor to get
the actual heat output at the specified oper-
ating conditions: Output = 0.73x5630 =
4110 Btu/hr.

| -+
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SECTION THREE

Panel Radiators, Accessories, and Physical Data

An alternative to reading the correction factor
from the graph (in step 4) is to calculate it
using the formula given in the upper left cor-
ner of the graph. In this case:

CF =0.002305(AT) ™ = 0.00230585)" =0.733

Panel heat output increases with increasing
water supply temperature. Heat output also
increases at lower room air temperature.
Operating the panels at relatively high tem-
perature drops (25 to 40 ©F) slightly lowers
the average water temperature in the panel
for @ given inlet ternperature. This, in turn,
slightly lowers panel heat output. However,
higher temperature drops also decrease flow
rate requirements and may reduce the size of
the distribution piping and circulator. More
importantly, lower flow rates may significant-
ly reduce the cost of operating the circulator
over the life of the system.

Head Loss of Panels
The head loss of DiaNorm panels is primarily
a function of the balancing valve setting. It
can be calculated using the following formula
(based on water as the heating fluid):

H,=ax(f)

Where:
Hi = pressure drop throwgh the raciator (feet of head)
f = flow rate through radiator (gom)

The values of the constant (a) are listed in
the following table based on the setting of the
balancing valve:

Balancing | value of {a) .
valve selting
Fully open 3472
6 4.682
5 9.900
4 23.46
3 I 1126
2 818.7
1 291B.6

If glycol antifreeze solutions are used the
head loss of the panels will be higher, As a
guideline, multiply the head loss using water
by the following factors to estimate the head
loss using glycol antifreeze solutions:

30% glycol (multiply head loss by 1.18)
50% glycol (multiply head loss by 1.34)

The pressure drop across the panels can be
estimated from the head loss using the fol-
lowing formula:

DxH,
144

AP =

Where:
AP = pressure drop across e panel (osi)
D = density of the fuld being used (Ib/f') (for water at 140 °F
D = 61.3 Ib/n')
He = head foss through the radiator (feet of head)

D005 Weailines, Tnc.
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SECTION THREE

Panel Radiators, Accessories, and Physical Data

Panel volumes
The following table lists the volume of fluid in
various DiaNorm panels. The numbers are in
US gallons per foot of radiator length.

Height = 10" | Height = 14" | Height = 20" | Height = 24"
Model 11 N/A 0.13 0.156 0.17
Model 22 0.17 0.20 0.30 0.35
Model 33 0.26 0.33 0.44 0.52

) -+
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SECTION FOUR

DiaNorm panel radiators are compatible
with most piping materials used in mod-
ern hydronic systems. These include
copper tubing, cross-linked polyethylene
(PEX) tubing, and composite PEX-AL-
PEX tubing.

Type M copper

The most traditional piping material for resi-
dential and light commercial hydronic heating
systems in North America is type M rigid cop-
per water tube. It has more than adequate
pressure and temperature ratings for use in
residential hydronic systems. It also offers
good corrosion resistance and relatively low
flow resistance. It is easily joined using soft
soldering.

DiaNorm panel radiators use compression fit-
tings that allow 1/2-inch copper water tube to
connect directly to the radiator inlet and out-

let tappings, or to an Oventrop diverter valve

if used.

Straight lengths of rigid copper tubing must
be joined using fittings. In new construction,
access to fittings and installation of tubing in
framing areas is generally not a problem.
However, in retrofit situations such access
can be very difficult, especially when the
framing cavities are covered with drywall or
other finishes. Such installations are better
handled using flexible tubing. Type L flexible
copper is available and will work with the
compression fittings used with DiaNorm panel
radiators,

If copper tubing is used for the risers from
the floor to the radiator connections, it should
be of type L wall thickness for added resist-
ance to denting. To provide a good appear-
ance this tubing can be cleaned to a bright

Piping Material Options

shine and coated with clear lacquer to pre-
serve the bright appearance. Another option
is to clean and paint the copper tubing to
match the radiator or adjacent trim. The cop-
per risers can also be covered with a white
plastic sleeve available from HeatLines, Inc.
In all cases, a dual escutcheon plate (avail-
able from HeatLines, Inc.) should be installed
for a neat and clean appearance where the
piping penetrates the floor.

Whenever copper tubing is used, there is
some residual soldering flux present in the
completed piping system. There may also be
small chips of copper or pellets of solder.
These materials can create corrosion reac-
tions when combined with steel. For this rea-
son, DiaNorm recommends that copper distri-
bution systems be assembled using a rough
in U-bend tool {described in the previous sec-
tion) at each radiator location. This tool
accurately |ocates the piping connections
through the subfloor. It also provides a pres-
sure tight piping U-bend that allows the sys-
tem piping to be thoroughly flushed of any
metal chips and soldering flux before the
panel radiators are attached. This flushing
prevents contaminates in the piping system
from being deposited in the panel radiators.

After the system is flushed, and possibly
treated with a system cleaning agent, it
should be rinsed clean and partially drained.
The rough-in tools can then be removed as
the panels are set in place and connected to
the copper tubing.

D005 Weailines, Tnc.
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Piping Material Options

Copper tubing must be properly supported to
prevent sagging or buckling. On horizontal
runs of hard temper tubing, the following
maximum support spacings are suggested:

= 1/2-inch and 3/4-inch tube: 5-foot maxi-
mum support spacing
+ 1-inch and 1 1/4-inch tube: 6-foot maxi-
mum support spacing
* 1 1/2-inch and 2-inch tube: 8-foot maxi-
mum support spacing

On wvertical runs, copper tubing should be
supported at each floor level, or a maximum
of every ten feet.

A numnber of different supports are available
for small tubing. In residential systems, hori-
zontal piping runs are often supported by
plastic coated wire hangers that allow the
piping to expand and contract without creat-
ing noises. This is extremely important to
keep the piping quiet as the water tempera-
ture changes.

Other hangers include "bell" hangers, and
rail/clamp systems. These can be used on
relatively short piping runs (ten feet or less),
but should not be used on longer straight
runs because they rigidly hold the tubing in
place and accommodate very little thermal
expansion.

The customary method of joining copper tub-
ing in hydronic heating systems is soft sol-
dering. The solder of choice is usually 50/50
tin/lead solder, which has a working range of
361 °F to 421 °F. Non-lead based solders
such as 95/5 tin/antimony can also be used,
but require higher working temperatures.

An alternative joining system for copper tub-
ing uses a mechanical compression fitting
containing elastomer (EPDM) O-rings. The

SECTION FOUR

tool used to compress the fittings is capable
of exerting a crimping force of 35,000
pounds. This tool can be fitted with different
jaws to accommodate tube sizes. Once the
joint is made it cannot be taken apart.

Although the fittings for this type of system
are more expensive than standard (solder-
type) fittings, the time required for joint
preparation is considerably shorter. The tube
ends still require reaming to remove any
burrs due to cutting. Howewver, no mechani-
cal cleaning or fluxing is required. This
reduces the installation cost of the pressed
joint system relative to that of a soldered
joint.

All of the piping systems discussed in the
next section of this manual can be construct-
ed using copper tubing.

PEX Tubing
Cross-linked polyethylene tubing, commonly
known as PEX tubing, is also an excellent
choice for piping DiaMorm panel radiator sys-
tems. PEX tubing has proven itself a reliable
alternative to metal piping in many hydronic
systems worldwide.

PEX tubing meeting ASTM F876 standards in
nominal sizes of 3/8-inch, 1/2-inch, and 5/8-
inch can be connected directly to DiaNorm
panel radiators using compression fittings
available through HeatLines, Inc.. Tubing
meeting the ASTM FB876 standard has a tem-
perature pressure rating of 180 °F at 100 psi
and 2009F at 80 psi. These ratings are more
than sufficient for typical panel radiator appli-
cations.

RADIATORS
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Example of
- 1/2-inch sixe
e PEX tubing

Only "barrier-type" PEX tubing meeting
the DIN4726 standard for oxygen diffu-
sion should be used with DiaNorm panel
radiators. Such tubing is manufactured with
an EVOH oxygen diffusion barrier that
reduces oxygen entry through the tubing wall
to acceptable levels.

PEX tubing is sold in continuous coils ranging
from 150 to more than 1,000 feet in length
(depending on diameter and manufacturer).

One of the biggest advantages of PEX tubing
is that long circuits can be installed without
joints or fittings. This, along with the fact
that small diameter PEX tubing can easlily be
formed and bent by hand make it a good
choice for both new and retrofit installations.

PEX tubing expands significantly more than
copper tubing when heated. While this does
not harm the tubing, it does allow the possi-
bility for expansion "ticking" sounds if the
tubing is not properly installed, To eliminate
expansion noises PEX tubing must be
installed so that it can freely expand without
rubbing tightly against the other materials.
One horizontal runs, small diameter PEX tub-
ing should be supported every 24 to 30 inch-
es to prevent excessive sagging when operat-

Piping Material Options

ing at higher temperatures. Use plastic sup-
port clips or sleeves that allow the tubing to
slide back and forth as it heats and cools.

PEX tubing with nominal inside diameters of
5/16", 3/8", 1/2", and 5/8" can be connected
directly to the inlet and outlet connections of
the radiator, or to an isolating valve or bypass
valve using the "Euroconus" fittings shown
below (available from HeatLines, Inc.)

Euroconus Mtings ane
used o conmecl PEX
tubing to radiator or

valves attached to
radiator

Composite PEX-AL-PEX Tubing
Another type of tubing that's well suited for
panel radiator systems is called composite
PEX-AL-PEX tubing. [t consists of three con-
centric layers bonded together with special
adhesives. The inner and outer layers are
PEX. The middle layer is longitudinally weld-
ed aluminum.

Example of

I/2-inch sire

PEX-AL-PEX
tubing

D005 Weailines, Tnc.
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Like PEX tubing, PEX-AL-PEX is supplied in
continuous coils up to 1000 feet long. In the
smaller sizes, PEX-AL-PEX tubing is easily
shaped by hand, and can readily be "snaked"
through closed framing cavities in retrofit
applications.

The PEX-AL-PEX tubing commonly used in
hydronic heating systems conforms to the
standard ASTM F1281. The aluminum layer
in the tubing provides a very tight oxygen dif-
fusion layer,

PEX-AL-PEX tubing has slightly higher tem-
perature and pressure ratings than PEX tub-
ing. Tubing that meets the ASTM 1281 stan-
dard is rated for 180 °F at 125 psi, and 210
OF at 115 psi. Again, these pressure temper-
ature rating are more than sufficient for panel
radiator systems.

One significant difference between PEX and
PEX-AL-PEX tubing is that the latter tends to
retain the shape to which it is formed. This is
due to the structural characteristics of the
aluminum layer. This can be a significant
advantage in retrofit applications where the
tubing must be "snaked" through closed
framing cavities. It also allows the tubing to
be straightened to improve appearance,

The aluminum layer also reduces the expan-
sion movement of PEX-AL-PEX tubing relative
to PEX tubing. PEX-AL-PEX tubing should also
be installed to allow space for expansion
movement without the tubing rubbing tightly
against other materials. Attention to these
details will produce a quiet system.

When PEX-AL-PEX tubing is used, it can be
connected to DiaMNorm panel radiators using
R20 Euroconical insert fittings supplied by the
tubing manufacturer.

SECTION FOUR

One of the best distribution piping systems
for combining PEX or PEX-AL-PEX tubing with
DiaNorm panel radiators is called a homerun
system. This system, discussed in detail in
section 4, uses separate lengths of tubing for
supply and return to each panel. All circuits
begin and end at a manifold station. A piping
schematic for this approach is shown on the
next page.

R20 Euwroconical fittings ane used to connect PEX-
AL-PEX tubing to radiator or valves altached to
radiator,

RADIATORS
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Diakiorm radintors with thermostatio operalors
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SECTION FIVE

Distribution System Options

Several distribution systems can be used
with DiaNorm panel radiators. Each
approach has strengths and limitations.
This section discusses the options and
gives a step by step procedure for
design.

Series Circuit Distribution

Systems
The simplest concept for a distribution piping
systermn is a series circuit that progresses
from the heat source, through each radiator,
and finally back to the heat source. System
operation is usually controlled by a single
room thermostat, An example of a series cir-

cuit of panel radiators is shown below.

Series circuits are quite limited in application
due to the following considerations:

1. Because heat input to the entire building
is regulated by a single thermostat, over-
heating or underheating of areas other than
where the air temperature is sensed is likely.
This is especially true when different areas
experience different internal heat gains. In
such situations, it is not possible to reduce
the heat output of one radiator without
affecting the outputs of all other radiators on

the circuit.
continued on next page..,
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2. Radiators near the beginning of a series
loop receive the highest water temperature,
As flow progresses downstream, there is a
drop in water temperature across each radia-
tor. If this cascading temperature drop effect
is not properly accounted for during design it
could lead to undersized radiators near the
end of the loop.

3. The head loss and pressure drop of all pip-
ing and panel radiators in a series loop is
additive. Undersized tubing or long series
loops containing several radiators can create
high flow resistance that tends to reduce flow
rate. This in turn reduces heat output from
the radiators. The option of installing a high
head circulator to overcome this effect,
although possible, adds to both initial cost
and operating cost over the life of the sys-
tem. Because of this, high head circulators
are generally not recommended for use with
panel radiator systems.

Design Procedure for Series
Circuits
Step 1: Determine the design heating load of
each room served by the circuit. Add these
loads to determine the total load on the cir-
cuit.

Step 2: Select a circuit supply temperature
and a tentative circuit temperature drop at
design load conditions. The circuit supply
temperature is generally between 160 and
180 °F. The circuit temperature drop should
be between 15 and 30 °F.

Step 3: Calculate the target flow rate in the
circuit using the following formula:

___Q
490 x AT

Where:
f = farget system flow rate in the cincuit {gom)
G = total design heating load of the circuit (Biw/fhr)
AT = intended temperature drop of the circwit (°F)
(frovm Step 2)

Note: The constant 490 /s based on water as the system Auid,
If a 30% glycol sofution is wsed, change this value to 479, Ifa
50% glycol solution s wsed, change this value to 450,

Step 4: Based on the target flow rate calcu-
lated in step 3, select a tube size for the cir-
cuit from the following table. This table is
based on keeping the flow velocity between
two and four feet per second. The lower end
of this range ensures that air bubbles can be
entrained and carried along by the flow. The
upper end of this range keeps flow noise at
acceptable levels for piping traveling through
occupied spaces.

Tubing size / |Minimum Flow (Maximum Flow

typa rate rate
{gpm) {gpm)

38" copper .0 2.0
11T copper 1.8 3.2
34" copper 3.2 6.5
I8 Pex 0.6 13
12 vix 1.2 23
5iE" PEx 1.7 33
34" e 2.3 46
W reaeer | 06 12
12" PaxaLPix 1.2 25
B rexaeex| 2 | 40
314" P e 3.2 6.4
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Step 5: Calculate the average water temper-
ature in the radiator using the following for-
mula:

I =T g,

ave s pply 49{] % 2 X j

Where:

Tewe = average fuld temperature in the first radiator (9F)
Tapety = fuid temperature supphied to first radiator (9F)
@ = design heating load assigned to first radiator (Biw'hr)
{ = target flow rate In circwit (gom)

MNote: The constant 490 is based on water as the system Muid,
If a 30% ghycol solution is used, change this valye fo 479. Ifa
50% glycol solution 5 used, change this value to 450,

Step 6: Based on the average fluid tempera-
ture in the radiator, and the heating load
assigned to the radiator, select an appropriate
DiaNorm radiator using the thermal perform-
ance information in section 3 of this manual.

Step 7: Calculate the head loss of the select-
ed panel at the target flow rate using the
head loss data in section 3. Assume the radi-
ator valve is set to its full open (N) position.
Record the head loss of this radiator.

Step B: Calculate the outlet temperature of
the radiator using the following formula:

p L & fjr

Touta = Tovsy 200 0 7
antler saeprply 490 x _f

Where:
Toures = outlel temperature from the ragiator (°F)
Tasneiy = SUpply temperature to the radiator (°F)
qi = design heating load assigned to the radiator (Btu/hr)
f = target fow rate in crcwit (from step 3) (gom)

Note: The constant 490 rs based on water as the system fMuid,
If & 30% ghycol soluffon /s used, change this value to 479. If a
50% glycol solution is used, change this value to 450,

Step 9: The outlet temperature from the
radiator becomes the inlet temperature to the
next radiator. Repeat steps 5 through 8 for
the second and all remaining radiators on the
circuit. Be sure to record the head loss of
each radiator as It is determined.

Step 10: Based on where the radiators will
be placed in the building, estimate the total
length of tubing needed to connect them into
a series circuit.

Step 11: Calculate the head loss of all tubing
in the circuit using the following formula and
data:

i o ] 75
B, s kRL% |

Where:
Hir = head loss of the tubing (feet of head)
k = & number based an tubing typeéssize (found in table on the
mext page)
L = length of tubing in the circuit (feset)

D005 Weailines, Tnc.
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| vatue ot k Summary
Tubing size { | (WATER in Series circuits are more difficult to design
type sysiam)

because of the sequential temperature drop
effect and the possibility of high head loss.
It's fair to say they are not as versatile as

VB copper | 00484

V2 copper | 00159 several of the other distribution systems to
34" copper | D.00295 be discussed.
| 3o | o140
172" pex 0.0374
| s | 00140
A" pea | 0.0073
{38 rexnrex| o018

12" pExhePEx 0.0cx54
5/8° pexserux | 00008

T

4" pexaveex | 000333

Step 12: Add the head loss of ALL tubing in
the circuit to the head loss of ALL radiators in
the circuit. This is the total head loss of the
circuit,

This head loss calculated using the above
data is based on water as the circuit fluid. If
a 30 percent propylene glycol solution is
used, multiply the total calculated head loss
by 1.19. If a 50 percent propylene glycol
solution is used, multiply the total calculated
head loss by 1.34

Step 13: If this is the only circuit served by
a circulator, that circulator should be selected
based on the target flow rate (calculated in
step 3), and the total circuit head loss (calcu-
lated in step 12). If there are other circuits
on the same manifold, the circulator should
be selected based on the total flow to the
manifold and the head loss of the most
restrictive circuit on the manifold.

=
|
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Homerun Distribution Systems
Many of the "classic" hydronic distribution
systems were developed around the use of
rigid tubing or pipe. However, over the last
two decades, many designers have recog-
nized the potential of PEX and PEX-AL-PEX
tubing as universal piping materials for resi-
dential and light commercial hydronic sys-
tems. The temperature/pressure rating of
PEX and PEX-AL-PEX along with their inherent
flexibility offers new possibilities for piping
heat emitters such as DiaNorm radiators.

One of the newest hydronic distribution sys-
terns is called a "homerun system." This sim-
ple yet elegant approach is ideally suited for
use with DiaNorm radiators. The concept is
shown below.

Example of a homerun distribution system

In a homerun system, a separate supply and
return run of small diameter (usually 3/8" or
1/2" PEX, or PEX-AL-PEX tubing) is routed
from a manifold station to each panel radia-
tor. The small flexible tubing can be routed
through framing cavities in buildings much
like electrical cable. This provides a tremen-

dous advantage over rigid tubing, especially
in retrofit situations.

Home run systems also allow the heat output
of each room to be individually controlled.
They also deliver fluid at the same supply
temperature to each radiator, which simplifies
sizing.

The balancing valves on each DiaNorm radia-
tor can be set to compensate for the flow
resistances of the tubing circuit serving it.

Homerun distribution systems allow several
methods of zoning control. One of the sim-
plest is to install a thermostatic operator on
each radiator as shown in the schematic on
the next page. These non-electric devices
modulate flow through their respective radia-
tors in response to changes in room temper-
ature,

Because thermostatic valve operators are
non-electric, they cannot signal for the circu-
lator or boiler to operate as they start to
open. However, the circulator can be turned
on and the boiler enabled to fire whenever
the outdoor temperature drops below some
"heating initiation” temperature (typically
about 65 °9F).

As with other systems that use valves for
zoning and a constant speed circulator, home
run systems should be equipped with a dif-
ferential pressure bypass valve. The circula-
tor should also have a relatively "flat" pump
curve.

Homerun systems are also well suited to vari-
able speed distribution circulators that main-
tain a constant differential pressure across
the manifold station.

D005 Weailines, Tnc.
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DiaMorm radiatons with thermostatic operaiors.
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Design Procedure for Homerun

Systems
Step 1: Determine the design heating load of
each room served by the homerun distribu-
tion system.

Step 2: Select a fluid temperature to be sup-
plied to the radiators under design load con-
ditions. Common design supply tempera-
tures for panel radiator systems range from
140 ©°F to 180 °F. The lower end of this range
favors radiant heat output and provides lower
radiator surface temperatures. It also
increases the size of the radiator needed for
a given heat output. The upper end of the
range reduces radiator size for a given heat
output, but may create surface temperatures
higher than desired. Higher operating tem-
peratures also decrease boiler efficiency and
heat loss from the distribution piping.

Step 3: Select a target temperature drop for
the homerun system under design load con-
ditions. Suggested temperature drops for
homerun systems range from 20 °F to 40 °F.
The upper end of this range reduces the flow
rate requirements and may allow smaller tub-
ing and less powerful circulators to be used.

Step 4: Knowing the total heating load of the
homerun distribution system, and the esti-
mated temperature drop, use the following
formula to estimate the flow rate into the
manifold station.

f =%
" 400 = AT

Where:
f= = estimated manifold flow rate (gpm)
Q =total design heating load served by the manifold (Btu/hr)
AT = intended temperature drop of the coircwit at design foad
(*F)

Nobte: The constant 490 s based on waler as the system fMund,
If & 30% ghycol solulion /s used, change this value to 479. Ifa
50% glycol solution s used, change this value to 450,

Step 5: Calculate the flow rate through each
radiator using the following formula.

(4
L—-J&X[QJ

Where:
fi = flow rate through a given panel radiator (gom)
fe = manifold flow rate from step 4 (gom)}
Qv = design heat output required of the individual panel radiator
(Biu/fir)
Q = total design heating load served by the manifold (Btuhr)

Step 6: Select tube sizes for each homerun
circuit based on the following table, which
limits flow velocity to four feet/second.

Tubing siza / | Max. flow rate

kype (@pem)

E" M coppor 20
1 Mcopper| 32
I4° M coppet 65
38 eex 1.3
58" rex I .3 3-.
Il"ﬂ'n'lu-.r*x. 1.2
172" poxag-pEx l 25
BB praaLrEx 40

D005 Weailines, Tnc.
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Step 7: Make a sketch of the homerun distri-
bution system and estimate the total length
{supply + return) of each homerun circuit.

Step 8: Calculate the head loss of each
homerun circuit. This head loss is the sum of
the head loss of the panel radiator and the
head loss of the supply and return tubing
serving the radiator.

Head loss data for DiaNorm panel radiators

can be found in section 3 (assume the radia-
tor valve is in the fully open "N" position).

) Bl

The head loss of supply and return tubing can
be estimated using the following formula and
table (table on next page).

175 Where:

H”:k XLXf Hur = head foss of the

. tubing (feet of head)
k = 3 number based on
tubing typessize (found

in table page 35)

L = length of tubing in

the homerun circud

(supply amd return)

(Feet)
f = flow rate through the
circuit (step 5) {gpmy)

homerun circuit

e

“Common piping” includes piping
and components within the yellow
background area,

RADIATORS
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Tubing size / Value of k
type (WATER in
system)

3/8" copper 0.0484
1/2" copper 0.0159

3/4" copper 0.00285
1" copper 0.000845
| 1.25" copper | 0.000324
. 378" pex 0.140
112" pEx 0.0374
| 58" pex 0.0140
_ 3/8" pEX-ALPEX 0.16

12" pEX-AL-PEX 0.0394
58" PExaLPEX 0.0098

Note: The head losses calculated using the above formula and
data are bazed on water as the sysftem fluld. IF a 30 parcent
propylane glycol solution (s used, muitiply the values in the fable
by 1.19. If 8 50 percent propylens glycal solulion f§ uséd, mu-
tiply the values in by 1.34

Step 9: Once the head loss of each circuit is
calculated, determine the circuit with the
greatest head loss and record this value.

Step 10: Calculate the head loss of the
"common piping” supplying the manifold that
supplies the homerun circuits (see drawing
on page 34). Use the same formula and table
data from step 8. Once the head loss of the
common piping is determined, add it to the
head loss of the tubing circuit from step 9.
This is the design head loss of the system.

Step 11: Select a circulator having a pump
curve that passes through or slightly above
the operating point defined by the total flow
rate found in step 4 and the design head loss
found in step 10.

Summary

Homerun distribution systems are ideally
suited to panel radiator systems. They allow
individual heat output control of each panel,
and provide the same supply water tempera-
ture to each panel. They are easily fabricat-
ed using PEX or PEX-AL-PEX tubing, and are
well suited to both new and retrofit applica-
tions.

D005 Weailines, Tnc.
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Diverter Tee Distribution
Systems
Another distribution system option that can
be used with DiaNorm radiators is called a
diverter tee system. A piping schematic of
this approach is shown on the next page.

A diverter tee (also commonly called a
Monoflo® tee after the B&G trademark
brand) contains a specially shaped ventur
insert that creates a pressure differential as
flow passes through the straight path (run) of
the tee. This pressure differential is used to
divert a portion of the flow entering the tee
out through a branch circuit connected to the
side port of the tee.

When no heat is needed at a radiator, the
thermostatic operator on that radiator is
closed. This blocks any flow through the
branch circuit. As the room cools the ther-
mostatic operator begins to open allowing
flow of heated water through the radiator.

Diverter tee systems allow the heat output
from each radiator to be individually con-
trolled.

When two or more panel radiators are used to
heat a large room they can be connected into
a reverse return parallel group as shown on
the next page and controlled as if they were
a single radiator.

When the branch circuit has a high flow
resistance, it is common to install two divert-
er tees - one on the supply side of the branch
circuit and the other on the return side. The
"push /pull" effect created by the two tees
working together induces a greater flow rate
through the branch circuit.

It is also common to use two diverter tees
when the radiator is located several feet
below the main piping. This helps overcome
the buoyancy effects associated with forcing
hot water to flow downward.

__1 foat min._

o — _r!_:I'l_ " —

Use two diverter tees | i i
on all "dowrded” radiators

U

When installing diverter tees it is critically
important that the tee is installed in the cor-
rect flow direction. The red band on the out-
side of the tee should always be as shown on
the piping schematics.

If thermostatic operators are used on each
radiator, the distribution circulator must oper-
ate continuously during the heating season.
This can be done several ways.

If the system has a boiler reset control, it can

be used to turn on the circulator and enable
continued on  page 38..
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the boiler to fire whenever the outdoor tem-
perature drops below a preset "heat initia-
tion" temperature (typically 60 to 65 °F).

Another option is to use a temperature set-
point control to turn on the circulator and
allow the heat source to operate below a
given outdoor temperature.

With nearly continuous circulation during the
heating season, it's important to insulate the
main distribution piping circuit to minimize
uncontrolled heat output.

Design of Diverter Tee Systems
As |s the case with series circuits, it's neces-
sary to account for the drop in fluid tempera-
ture around the piping circuit when sizing
each panel radiator. The farther downstream
the radiator is, the lower its inlet water tem-
perature

Step 1: Determine the design heating load of
each room served by the circuit. Add these
loads to determine the total load on the cir-
cuit.

Step 2: Select a circuit supply temperature
and a tentative circuit temperature drop at
design load conditions. The circuit supply
temperature is generally between 160 and
180 °F, The circuit temperature drop should
be between 15 and 30 9F.

Step 3: Calculate the target flow rate in the
main circuit using the following formula:

Q
490 x AT

Where:
f =target system Mow rate fn the main crcult (gom)
Q =total design heating load of the circuit (Btuhr)
\T = infended temperature drop of the circwit (°F) (from step
£}

Nabe: The constant 490 is based on waler as the system fuid,
If & 30% glycol solution is used, change this value to 479, If a
50% qlycol solubtion is used, change this value to 450.

Step 4: Based on the target flow rate calcu-
lated in step 3, select a copper tube size for
the main circuit from the following table.
These flow rates are based on keeping the
flow velocity between two and four feet per
second. The lower end of this range ensures
that air bubbles can be entrained and carried
along by the flow. The upper end of this
range reduces flow noise to acceptable levels
for piping traveling through occupied spaces.

Tubing size / |Minimum Flow |Maximum Flow
type rate (gpm) rate (gpm)
I 34" copper az 6.5
1" copper 55 10.9
1.25" copper 8.2 16.3
1.5" copper 11.4 229
2" copper 19.8 396
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Step 5: Calculate the average water temper-
ature in the radiator using the following for-
mula:

T = = -
e Y 400 X2 % 03X f

Where:

Tew = average Auld temperature in the first radiator (9F)
Tepety = fliid temperature supplied to first radiator (9F)
o = design heating load assigned o first radiator (Biw'hr)
f = targer Mow rate in circwlt (gom)

This formula assumes the flow rate through the radiator is
approximately 30 percent of the main circuit fow rate.

Naote: The constant 490 is based on water as the system fuid,
If & 30% glycol solufion Is used, change this value to 479, If a
50% glycod solution is used, change this value to 450,

Step 6: Calculate the outlet temperature
from the downstream tee where the return

riser from the radiator rejoins the main circuit

using the following formula:

S . )
490 x f

aaitlel . mpp."r

Where:
Tase = gutlet temperature from the downsiream lee (°F)
Tt = supply temperature to the radiator (OF)
q = design heating load assigned to the radiator (Btu/hr)
F = torged Aow rate fn main circuit (from step 3) (gom)

Note: The constant 490 is based on water as the system fuid,
If a 30% ghycol sofution is used, change this value to 479, Ifa
50% giycol solution is used, change this value to 450,

Step 7: The outlet temperature from the
downstream tee becomes the inlet tempera-
ture to the next radiator. Repeat steps 5

through 6 for the second and all remaining
radiators on the circuit.

Step 8: Sketch a pipe routing path for the
circuit that accommodates both the building
construction and placement of the panels.
Think about where it will be possible {or not
possible) to route the piping under floors,
through partitions, etc. in order to access
each radiator,

Step 9: Once the pipe routing has been
determined, estimate the length of the main
circuit as well as the number of elbows and
other fittings or valves it may contain.

Step 10: Count the total number of diverter
tees in the main piping circuit. Add the fol-
lowing equivalent length of tubing (for each
diverter tee) to the total length of straight
tubing and total equivalent length of fittings
in the main circuit.

Equivalent
Size of length of each
main pipe diverter tee
3/4-inch 70
1-inch 235
1.25-inch 25
1.5-inch 23
2-inch 23

D005 Weailines, Tnc.
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Step 11: Estimate the head loss of the main
circuit using the formula below.

- T 75
H =kxLx [

Where:
Hy = head loss of the circuit (feet of head)

k = a number based an tubing fypessize (found in Table befow)
L = total equivalent length of main circuit {tubing + fttings)
(feet)

f = flow rate through maln circuit (gem)

Note that L is the total equivalent length of the main circuwit
including all straight piping, as weill as the eguivalent length of
the I'fﬂl'ﬂg‘s, vahves, and diverter fees.

Value of k

Tubing (WATER in
size / type syslam)
3/4" copper 0.00285
1" copper 0.000845
1.25" copper 0.000324
1.5" copper 0.000146

2" copper 0.0000397

Note: The head losses calculated using the formula and data
above are basad on water as the system fAwid, If a 30 percent
progylens g‘,h'rfﬂf solution is used, multiply the calcuialed head
fass by 1.19. If a 50 percent propylene glycol salution is used,
muitiply the calculated head foss by 1.34,

Step 12: Select a circulator with a pump
curve that passes close to the point repre-
senting the target flow rate in the main circuit
(determined in step 3) and the asscciated cir-
cuit head loss calculated in step 11,

Summary

Diverter tee systems improve upon series cir-
cuits by allowing the option of individual con-
trol of each panel radiator. However, as in a
series circuit there is a temperature drop In
the main piping circuit each time it passes an
active radiator. Proper design must account
for this temperature drop.

RADIATORS
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thermostatic operalors on each radiator
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bypass valve on aach radialor

Bypass Valve Distribution

Systems
A unigue adaptation of the diverter tee con-
cept has been developed for DiaNorm panel
radiators. This approach is called a bypass
valve distribution system.

This approach relies on a special valve that
attaches to the bottom inlet and outlet con-
nections of the radiator as shown below.

This wvalve provides several functions, the
most important of which is to allow the flow
of heated water to bypass the radiator when
the thermostatic operator on that radiator is
partially or fully closed.

Instead of passing through the radiator, flow
passes through the horizontal portion of the
valve connecting the supply and return ports.
In effect, this valve allows the heated water
to do a "U-turn" through the wvalve rather
than pass through the radiator when the
thermostatic operator is closed.

Unlike a diverter tee, which has a fixed pres-
sure drop characteristic, this valve has an
adjustable bypass characteristic that allows
the pressure drop to be precisely set for the
needs of the radiator.

When this valve is used with DiaNorm radia-
tors equipped with thermostatic radiator
valves, the piping system appears to be a
simple series circuit as shown at the top of
the page.

The Owventrop bypass valves supplied with
DiaNorm radiators also provide the capability
to isolate the radiator on both the supply and
return piping. Once the panel is isolated,
unions at the top of the valve can be opened
to quickly disconnect the panel from the pip-
ing. This allows the radiator to be easily
removed if the wall behind needs painting.

D005 Weailines, Tnc.
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Design Procedure for Bypass
Valve Systems

Stipulations:
s The maximum number of panel radiators on
a bypass valve circuit is four.

+ The maximum circuit flow rate when using
bypass valves is 2.0 gpm.

* The tubing used to connect bypass valves
must be 1/2" copper, 1/2" PEX, or 1/2" PEX-
AL-PEX.

Step 1: Determine the design heating load of
each room served by the circuit. Add these
loads to determine the total load on the cir-
cuit.

Step 2: Select a circuit supply temperature
and a tentative circuit temperture drop at
design load conditions. The circuit supply
temperature is generally between 140 and
180 9F. The circuit temperature drop should
be between 20 and 40 °F.

Step 3: Calculate the target flow rate in the
circuit using the following formula:

_Q
490 x AT

Where:
f = target system Mow rate in the circult (gpm)
Q = total design heating load of the clrcult (Btu/hr)
AT = intended temperature drop of the cireuit (°F) (from step
2)

Note: The constant 490 is based on waler 45 the system flwid,
If & 30% glycol salution is used, change this value to 479. Ifa
50% giycol solulfon (s used, change this value to 450.

Step 4: Verify that the target flow rate in the
circuit does not exceed 2.0 gpm. If it does,
either reduce the number of radiators on the
circuit (and hence the total circuit load), or
consider increasing the circuit's design tem-
perature drop.

Step 5: Calculate the average water temper-
ature in the first radiator using the following
formula:

?:H'r = ?.1. i prnly = _ql'_-
Y490 x2x f
Where:

Tawe = avierage Muid (emperature In the first radiator (°F)
Tosewy = furidd temperature suppliied to Arst radiator (9F)
qv = design heating load assigned to first radiator (Btushr)
f = target Mow rale in circwlt (gpm)

Note: The constant 490 /s based on water as the system Awid.
If a 30% glycol solution /s wsed, change this value to 479. Ifa
50% glycol solution s used, change this value to 450,

Step 6: Based on the average fluid tempera-
ture in the radiator, and the room load
assigned to the radiator, select an appropriate
DiaNorm radiator using the thermal perform-
ance information in section 3 of this manual.

RADIATORS
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Step 7: Calculate the percentage of the cir-
cuit flow that should pass through the radia-
tor using the following formula:

i
= 2]

Where:
% m percentage of system fow rate through the radiator (%)
v = design load of the radiator (Biuhr)
Qr =tatal design heating load served by the cireult (Biuw'hr)

Step 8: Based on the percentage of flow
through the radiator, determine the stem
setting of the bypass valve from the following
graph, Note: The stem setting is the number
of turns open starting from the fully closed
position. Be sure to record it for this radiator.

50— \
& a8y
5 451N\
B o4
9 421
S 42- -
£ 40 N
w ] factory setting
g ¥ T 1 1. \
5 a4 .
S a2 :
30- 1 3
1 2
1 1 .3 1 .1
iz 3 1% 27 23
# turns open

{starting from closed position)

Step 9: Use the following formula to deter-
mine the head loss of the radiator / bypass
valve combination based on the circuit flow
rate and the percentage of flow through the
radiator. Record the head loss for this radia-
tor.

H, =cx(fy

for 50%: ¢ = 1.1862
for 45%: ¢ = 1.0591
for 40%: ¢ = 0.9422
for 35%: c = 0.7524
for 30%: ¢ = 0.6778

Step 10: Calculate the outlet temperature of
the radiator using the following formula:

o e q

— I

qurl‘rr il f.ur}'f""' B m

Where:
Tasnas = puliel temperature to the radiator [°F)
Tapaiy = SUpply temperature o the radiator (9F)
o = design heat output of the radlator (Btu/hr)
f = target fow rate in cirewlt (from step 3) (gpm)

Note: The constant 490 is based on water as the system Muid,
If & 30% giycol solulian i used, change this value fo 479, If a
50% glycol solution Is wsed, change this value to 450,

Step 11: The gutlet temperature from this
radiator becomes the inlet temperature to the
next radiator. Repeat steps 5 through 10 for
the second and all remaining radiators on the
circuit. Be sure to record the head loss of
each bypass valve/radiator as it is calculated.

D005 Weailines, Tnc.
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Step 12: Based on where the radiators will
be placed in the building, estimate the total
length of tubing needed to connect them into
a circuit.

Step 13: Calculate the head loss of all tub-
ing in the circuit using the following formula
and data:

: 1.75
H_=kxLxf

Where:
Hir = head loss af the tubing (feet of head)
k = @ number based on tubing bype/size {found in Table below)
L = length of tubing in the circuit (feet)
F = targel flow rate through the circuit (step 3) (gpm)

Value of k

Tubing {WATER in
size / type system)
1/2" copper 0.0159
12" pex 0.0374
1/2" pex.aLPER 0.0394

Step 14: Add up the head loss of ALL tubing
in the circuit and ALL radiator/bypass valves.
This is the total head loss of the circuit.

This head loss is based on water as the circuit
fluid. If a 30 percent propylene glycol solu-
tion is used, multiply the calculated head loss
by 1.19. If a 50 percent propylene glycol
solution is used, multiply the calculated head
loss by 1.34

Step 15: If this is the only circuit served by
a circulator, that circulator should be selected
based on the target flow rate (calculated in
step 3), and the total head loss (calculated in
step 14).

If there are other circuits on the same mani-
fold, the circulator should be selected based
on the total flow to the manifold and the head
loss of the most restrictive circuit.

Summary

Bypass valve systems allow the simplicity of
a series loop piping while still retaining the
ability to individually control the heat output
of each radiator. They are an excellent choice
for circuits of up to four radiators. The
Oventrop bypass valves used in this system
also allow each radiator to be isolated and
temporarily removed if necessary.
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s

tharmostatic operator on each radiatar

2-Pipe Reverse Return

Distribution Systems
Another piping method that can be used with
panel radiators is called a 2-pipe reverse
return system. The concept is shown above.

Motice that the radiator closest the circulator
along the supply main is the farthest from the
circulator along the return main. Likewise,
the farthest radiator on the supply is the clos-
est on the return. This arrangement helps
naturally balance flow rates through the sys-
termn.

Reverse-return systems usually requires dif-
ferent pipe sizes in various parts of the sys-
tern. The supply main gets progressively

smaller as one moves away from the circula-
tor. The return main gets progressively larger
as one moves toward the circulator. The con-
cept is to keep the flow velocity at or below 4
ft/sec to prevent flow noise in all areas of the
distribution system.

The ideal arrangement for a 2-pipe reverse
return system is where the supply and return
piping is routed around the perimeter of the
area to be heated.

If all branches of a reverse-return system had
identical flow resistance, and all pipe size
changes in the supply and return mains were

continuwed an next PEge..,
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symmetrical, each branch will operate at the
same flow rate. Systems like this are very
uncommon. Because of this, the balancing
valves on DiaNorm radiators can be used to
ensure the proper flow through each panel,

Like a homerun system, 2-pipe reverse
return systems deliver the same water tem-
perature to each radiator. This eliminates the
need to account for temperature drops as in
series loop or diverter tee systems. It also
lowers the required system supply tempera-
ture, which can improve boiler efficiency.

A differential pressure bypass valve should be
used to prevent excessive differential pres-
sure across the circulator under partial load
conditions. These systems are also excellent
candidates for variable speed distribution cir-
culators.

Design Procedure for 2-pipe
Reverse-Return Systems
Step 1: Determine the design heating load of
each room served by the circuit. Add these
loads to get the total load on the circuit,

Step 2: Select a tentative supply tempera-
ture for the system at design conditions. For
a circuit supplied by a conventional boiler the
supply temperature is often selected in the
range of 140 °F to 180 °F.

Step 3: Select a tentative temperature drop
for the system under design load conditions.
Temperature drops of 20 to 30°F are typical
for these systems.

Step 4: Knowing the total heating load on
the circuit, and the estimated temperature
drop, use the formula below to estimate a
target system flow rate

Q
490 X AT

J; =

Where:
fr = estimated target system flow rate in the circull {gpm)
Q = rotal design heating load served by the circuft (Biw'hr)
AT = intended temperature drop of the circwit (°F)

Note: The constant 490 is based on waler as the system Auld,
If 8 30% glycol solution s used, change this value to 479, Ifa
50% glycol solution s wsed, change this value to 450,

Step 5: Select panel radiators based on the
design heating loads of each room and the
heat output information for DiaNorm radiator
given in section 3.

Step 6: Sketch a tentative piping layout for
the heat emitters selected and their place-
ment in the building.

Step 7: The design flow rate through each
radiator can be estimated using the following
formula:

Where:
= q fi = estimated fMow rate
f, = f; X through & given radiator
Q fgpm)
fr = estimated system fow
rate (from step 4) {gmm)
g = design heat ouiput of
a given radiator (Blufhr)
2 = todal design heating
load served by the system
{Btuyhr)

RADIATORS
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Step 8: Pipe sizes can now be selected based
on keeping the flow wvelocity in all pipes
between 2 and 4 ft/sec.

Minimum Flow [Maximum Flow

Tubing size | rale rate
type (based on {based on

2fi'sec)(gpm) | 4 fi'sec)(gpm)
318" copper 1.0 20
112" copper 16 3.z
34" copper 3.2 6.5
1" copper 5.5 10.9
1.25" copper 8.2 16.3
1.5" copper 11.4 229
2" copper 19.8 396
A8 pex 0.6 1.3
12 pex 1.2 2.3
508" Pex 1.7 33
34" pex 23 4.6
17 PEx 38 7.5
3/B" PEX-AL-PEX 0.6 1.2
1/2" Pex-aLPER 1.2 2.5
518" PEx-AL-PEX 2 4.0
34" pEx-AL-PEX 3.2 6.4
1" PEX-ALPEX 5.2 10.4

Step 9: Sketch a system diagram showing
the expected flow rates (as calculated in step
7) present in all piping segments.

———————————— ] DiaN(
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Step 10: Calculate the head loss of each
branch. This is the sum of the head loss of
the panel radiator and the head loss of the
tubing and fitting serving the radiator. Head
loss data for DiaNorm panel radiators can be
found in section 3 (assume the radiator valve
is in the fully open position).

The head loss of branch tubing can be esti-
mated using the following formula and table.

% 175
H, =kxLxf

Where:
Hir = head loss of the tubing (feet of head)
k = a number based on tubing typessize (found in table below)
L = jength of tubing in the circuit (feet)
f = flow rate through the cirewit (step 5) (gom)

Note: The head losses calcwated using the formida and data are
based on water as the system flwid, If a 30 percent progylens
giycol solution s used, muitiply the calcuiated head loss by 1.19,
Ir a 50 percent propylene giycol solutian is used, multiply the cal-
culated head foss by 1.34

Tubing size / | Value of k

lypa (WATER in
sysiem)
38" copper 00484

12" copper 00159
34" coppar 0.00285
1" copper 0000845

1.25" coppar 0000324

28" pEx 0.140

2" rex _D.03T4

58" pex 0.0140
JB" pEx-AL-PER 0.16

12" PEN-AL-PEX 00,0354
518" ppx-aL-PEx 0.004%8
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Step 11: Identify the branch with the highest
head loss.

Step 12: Calculate the head loss of the sup-
ply and return piping from the return tee of
the branch identified in step 11 all the way
around the system and back to the supply tee
of that branch, as shown in the diagram on
the next page.

Step 13: Add the head loss of the branch
identified in step 11 to the head loss of the
supply and return piping determined in step
12. This is the design head loss of the sys-
tem.

Step 14: Select a circulator with a pump
curve that passes close to the point repre-
senting the target flow rate determined in
step 4 and the associated design head loss
determined in step 13.

Summary

2-pipe reverse systems allow the heat output
of each radiator to be individually controlled.
They also supply the same fluid temperature
to each radiator. The majority of the piping is
likely to be copper tubing or other rigid tub-
ing rather than the flexible PEX or PEX-AL-
PEX used in homerun systems. A differential
pressure bypass valve should be used to pre-
vent excessive differential pressure across
the circulator under partial load conditions.
These systems are also excellent candidates
for variable speed distribution circulators.

=
4]
RADIATORS 005 Heatlines, Tnc.



SECTION FIVE g

Distribution System Options

Assume this branch has the
ighest head loss of all branches

i 1 =0

]—d‘r—- PP
L% =)
| .
compute head loss of supply and return h
with gray background G =
; | L_N.. =
i ‘ i
T '
L P

mmmmmmmmmmm RADIATORS






SECTION SIX

Water Temperature Control Options

Achieving smooth and accurate heating
from any hydronic heat emitter requires
good water temperature control. This
section discusses several options for
water temperature control that can be
used with DiaNorm panel radiators.

Setpoint Water Temperature

Control
The "standard” method for regulating the
water temperature supplied to a hydronic dis-
tribution system is called setpoint control.
This is usually done using a high limit aguas-
tat on the boiler.

Upon a demand for heat from a room ther-
mostat, the distribution circulator is turned
on. If the water temperature inside the boil-
er is less than the setpoint temperature
minus a differential 5 to 10 °F, then the burn-
er is also turned on.

If boiler heat output exceeds the rate of heat
dissipation by the distribution system, which
is often the case, the boiler water tempera-
ture steadily increases.

If the boiler water temperature reaches the
temperature to which the high limit aguastat
is set, the bopiler's burner is turned off.
However, flow through the distribution sys-
temn continues as long as there is a demand
for heat from a room thermostat.

When this flow has removed enough heat
from the boiler to lower its temperature by
the differential setting the burner is restart-
ed.

For example, if the high limit aguastat is set
for 180 °F and has a 10 °F differential set-
ting, the burner is turned off if the water tem-

perature leaving the boiler reaches 180 °F,
and turned back on when this temperature
drops to 170 2F. Circulation through the boil-
er and distribution system continue as long
as a room thermostat demands heat.

Although this method of control is simple, it
does have several limitations including:

1. The water temperature supplied by the
boiler is always hot enough to provide the
"design” rate of heat output from the panel
radiators. This rate of heat output is only
needed on the coldest day of the year. At all
other times the rate of heat output from the
panel radiators can be less, and could be
attained with lower boiler water temperture.
Unfortunately, with setpoint control this will
not take place. Operating the boiler at the
highest required water temperature regard-
less of the heating load reduces its efficiency
and increases fuel usage.

2. Because boiler water temperature remains
high at all times, the system controls tend to
"short cycle" at low load conditions. Heat is
delivered to the rooms in "pulses” rather than
a smooth continuous process. Occupants are
notice this cycling operation, and generally
not be pleased with it.

3. Since the water temperature is higher
than necessary most of the time, heat output
must be restricted by turning the flow
through the panel radiators on and off. This
can create rapid temperature changes in pip-
ing that may cause expansion sounds. This is
especially true if the distribution piping sys-
termn has not been detailed to properly accom-
modate expansion movement. Such noise,
although generally harmless to system com-
ponents, is annoying and of concern to build-
ing occupants.

comiinued on mext page..,
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4. High water temperatures also decrease
the control capability of thermostatic radiator
valves (TRVs) because the valves are forced
to operate with very limited stem travel dur-
ing partial load conditions. Under such con-
ditions, the TRVs tend to act more like on/off
devices.

Variable Water Temperature

Systems

Setpoint control systems do not provide an
ideal match between the heat output of the
panel radiators and the room heating load.
One of the ways to improve this match is
through variable water temperature control.
As the outdoor temperature decreases and
the building’s heating load increases, the
water temperature supplied to the radiators
increases and so does their heat output.
When such a control system is properly set,
heat output from the panel radiators accu-
rately matches the heat loss of the rooms
they serve. Flow through the distribution
system will be almost continuous under such
conditions.

The most common way of varying the water
temperature supplied to the panel radiators is
based on outdoor temperature and called
outdoor reset control, When properly exe-
cuted, outdoor reset control is like cruise con-
trol for the heating system. It allows just the
right amount of heat to be released from the
panel radiators to match the current heating
load.

There are several benefits associated
with outdoor reset control including:

* Stable indoor temperature: When outdoor
reset control is properly applied, the water
temperature supplied to the panel radiators is

just warm enough to satisfy the prevailing
load conditions. Rooms don't undergo
noticeable changes in temperature, as is the
case when heat input is cycled on and off
using setpoint control.

* Mear-continuous circulation: Because the
water supplied to the panel radiators is just
warm enough to meet the prevailing load, the
distribution circulator remains on most of the
time. This reduces the perception of on/off
cycles and uses the thermal mass of the dis-
tribution system to smoothen heat delivery.

= Reduced Expansion Noise: The combination
of near-continuous circulation and very grad-
ual changes in water temperature minimizes
expansion noises from the distribution piping.
During a heating season, the piping and
panel radiators still experience thermal
expansion movement similar to that in sys-
tems not using outdoor reset control.
However, with outdoor reset control the
movement takes place over days rather than
a few seconds (as is often the case when set-
point control Is used). Piping expansion noise
is much more noticeable in systems where
rapid changes in temperature occur.

+ Reduced Thermal Shock: The use of out-
door reset control reduces the possibility of
thermal shock to both the heat source and
the distribution systemn. Hot beilers are less
likely to receive "slugs" of cold water from
zone circuits that have been inactive for sev-
eral hours.

* Indoor Temperature Limiting: If water is
supplied to the panel radiators at design tem-
perature regardless of the load, occupants
can set the thermostat to a high setting, and
simply open a window or door to control
overheating. Although this sounds like an
odd approach to comfort control, it is often

) -+
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done in rental properties where tenants don't
pay for their heat. When the water tempera-
ture is controlled by outdoor reset control,
the water is just hot enough to meet the pre-
vailing load with the windows and doors
closed, and thus discourages this practice.

* Reduced Energy Consumption: Outdoor
reset control has demonstrated its ability to
reduce fuel consumption in both residential
and commercial buildings. The exact savings
will vary from one project to another,
Conservative estimates of 10 to 15% are
often cited.

Implementing Outdoor Reset

Control
There are two ways of implementing outdoor
reset control in hydronic systems.
1. Boiler Reset Control
2. Mixing Reset Control

Boiler Reset Control

Boiler reset control regulates the tempera-
ture supplied by the boiler. The warmer it
gets outside, the lower the water tempera-
ture supplied by the boiler (and vice versa).
Boiler reset controllers are set up to follow a
specific relationship between outdoor tem-
perature and boiler supply temperature. This
relationship is usually given in the form of a
graph as shown at right.

The line shown on the graph is called a reset
line. It shows the relationship between out-
door temperature and the corresponding
water supply temperature from the boiler.

The heating designer can specify the slope of
the reset line. The line shown puts the boil-
er supply temperature at 180 °F when the

outdoor temperature is -10 9F. This is the
design load condition, and is represented by
the upper point on the line. The other end of
the line shows a heat initiation condition with
a water supply temperature of 80 °F when
the outdoor temperature is 65 °F

To find the water temperature supplied by the
boiler at other conditions first find the out-
door temperature along the horizontal line,
go straight up to the reset line, and then left
to the vertical axis to read the water temper-
ature,

Boiler reset control is largely responsible for

design load conditons
(180 *F supply at - 10°F cutdoor)

190
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the energy savings mentioned as one of the
benefits of outdoor reset control. These sav-
ing are mostly the result of lower heat losses
from the boiler. If boiler reset is used as the
sole means of water temperature control to
the panel radiators it also improves comfort,
especially during partial load conditions.

Boiler reset Is limited when used with a con-

ventional gas- or oil-fired boiler. If the water
StEps conlinued on next page..,
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returning in the boiler is allowed to drop too
low, flue gases will condense within the boil-
er and its venting system. Such condensa-
tion can severely scale and corrode both the
boiler and vent connector. To prevent this,
most boiler reset controllers have an
adjustable minimum supply temperature set-
ting. The controller does not allow the boiler
to operate below a specified minimum tem-
perature regardless of outdoor temperature.
An example of a reset line with a minimum
supply temperature setting of 140 °F |s
shown below.

design kad conditons
(18D F supply at -10°F outdoor)

/|

Example of a reset
lne with a
minimum supply

temperature of
140°F

1 minimum supply =140°F

Supply water IempeEraura °F)
8 388 3 8

/o [ U S EHG S SRS WEEH S S
70 60 50 40 30 20 10 0 -10
Outdoor temperatura {(F)

Notice how the lower portion of the sloping
line has been "truncated" by the minimum
supply temperature setting.

With the minimum water temperature set-
ting, the water temperature supplied to the
panel radiators is higher than necessary dur-
ing low load conditions. Building overheating
is prevented by slowing or stopping flow
through the panel radiators.

In a system where each panel radiator is
equipped with its own thermostatic valve
operator flow is reduced as necessary to limit
heat output. A differential pressure bypass
valve would prevent the circulator from oper-
ating at excessively low flows and high differ-
ential pressure under such conditions. If the
systemn used electrical thermostats instead of
thermostatic valves, the circulator would
cycle on and off to regulate heat output under
low load conditions.

Mixing Reset Control

Mixing reset control requires a mixing device
such as a 2-way, 3-way, or 4-way mixing
valve, or a variable-speed injection pump.
These options are shown in the diagram on
the next page. A temperature sensor down-
stream of the mixing device provides contin-
uous feedback to the mixing device allowing
it to adjust the supply temperature very close
to the target value calculated based on the
reset line.

Mixing reset control allows the water temper-
ature supplied to the panel radiators to range
from a set maximum value at design load
conditions, all the way down to the room air
temperature. This is called "full reset"
because the reset controller can operate the
mixing device to produce a water tempera-
ture anywhere along the reset line.

Most mixing reset controllers also measure
the temperature of the water returning to the
boiler. If this termperature drops below a pre-
set minimum, the mixing device decreases
hot water flow into the mixing point allowing
the boiler to quickly recover to a temperature
where flue gas condensation will not occur,
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Water Temperature Control Options
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SECTION SIX

Water Temperature Control Options

The figure below shows a homerun distribution system supplying several DiaNorm panel radia-
tors. The temperature of the water supplied to the manifold is regulated by a variable speed
injection pump. The reset line of the injection mixing controller has been set to provide 160 °F
water to the manifold at design load when the outdoor temperature is -10 °F,. The water tem-
perature is reduced to B0 9F when the outdoor temperture is 65 °F. Thermostatic radiator valves
are provided on each panel radiator to allow individual room temperature adjustment and pre-
vention of overheating due to internal heat gains.

It is possible to use both boiler reset and mixing reset in the same system, The boiler supply
temperature decreases as the outside temperature increases, as does the water temperature sup-
plied to the panel radiators. Such systems increase seasonal boiler efficiency as well as provide
the ideal supply water temperature for optimal comfort.

Dot = ipREEG oW BTN
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This manual is dedicated to the memory of Thomas Walsh Senior, founder of
Rood Utilities in Auburn NY. Tom, who passed away in 2004 at the age of 82,
was an innovator in hydronic heating. He recognized the advantages of apply-
ing state-of-the-art products and systems, and enthusiastically shared his pas-
sion for hydronic heating with countless others over 52 years in the industry.

"Senior," as he was often called, was an ardent supporter of panel radiators and
even retrofitted his home with them. He was also instrumental in having this
manual produced.

Those who knew Tom remember him as passionate about his work, as well as
an incessant learner and educator. He created a training facility at Rood utilities’
in 1964, and used it to teach modern hydronics to thousands of heating tech-
nicians over the years. At an age when others had long since retired Tom was
still hard at work sharing his knowledge with the next generation of heating
professionals.

Tom leaves a legacy for others in the hydronic heating industry to follow, He
would revel in knowing this manual will help others provide the same uncom-
promising comfort he sought for his customers.
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