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Fast and efficient use of energy. Tighter
regulations concerning thermal protection for
buildings require increasingly improved insulation
solutions, however, during warmer seasons, the
rooms inside will heat up significantly. These
high external temperatures are boosted by the
interior heat load: computers, copiers, printers
and other technical equipment cause increased
indoor temperatures, as do the people occupying
the space. This means that establishing a
pleasantly cool environment in rooms is
becoming an increasingly important issue along
with creating comfortable warmth.

Zehnder Carboline is an elegant and innovative
response to the requirements placed on modern
indoor climate control — heating and cooling
with a highly efficient use of energy.
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Special features of
Zehnder Carboline

What distinguishes Zehnder Carboline
from other ceiling-mounted heating
and cooling systems? One aspect is
expanded natural graphite, whose
properties are ideal for the ceiling-
mounted cooling and heating
elements.

Combined with Zehnder’s expertise
in the development and manufacture
of panel-based heating and cooling
systems, the result is a high-perfor-
mance system that can be easily and
practically integrated into existing
and new grid and suspended ceilings.

This makes Zehnder Carboline
perfectly suited to providing climate
control in offices, schools, hospitals,
meeting rooms and surgeries — in
short, everywhere a comfortable and
healthy indoor climate plays a
decisive role.

Expanded natural graphite:
An innovative material with
ideal properties

The material used for Zehnder
Carboline is produced from scale-
shaped natural graphite with a
defined crystalline structure.

This is a naturally occurring
material and an inorganic modi-
fication of carbon. The carbon
atoms of the graphite are arranged
in a hexagonal crystal lattice in
flat, superimposed layers.
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The production process enlarges
the volume of these parallel
scales by 200 to 400 times. This
expanded natural graphite is
then processed further into
lightweight panels.

Properties of expanded natural
graphite:

m Good thermal conductivity
m Low density

m Non-combustible

m Non-ageing

m Physically inert

Expanded Natural Graphite



Optimal heat
distribution and
controllability

Zehnder Carboline sets new standards
in terms of performance, temperature
distribution and controllability.

The expanded natural graphite
guarantees an extremely even
distribution of temperature. Due to
the high and even surface
temperature, the radiant component
of Zehnder Carboline is much higher
than in comparable ceiling-mounted
heating and cooling systems. This
additional radiant heat provides extra
comfort in the various rooms, while
simultaneously reducing energy
costs.

As well as the better heat distribution,
the reaction time of Zehnder Carboline
under alternating cooling or heating
loads is unrivalled. The system reacts
much quicker than conventional
ceiling-mounted heating and cooling
systems. Critical to this is the
combination of good conductivity
and low mass found in expanded
natural graphite. Due to the rapid
response, energy efficiency is much
higher than in conventional systems.
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The reaction test also shows that Zehnder Carboline reacts faster than the competing
product during a change of temperature from heating to cooling. Both systems were
subjected to the same temperature and same mass flow for the test series. It can be seen
that the Zehnder Carboline cools much quicker and also shows better performance after

25 minutes. © average surface temperature
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Zehnder Carboline
Grid version

Zehnder Carboline is specially
tailored for use in new or existing grid
ceilings. The available grid sizes are
600, 1200, 1800, 2400 and 3000 mm.

The longer panels, which may consist
of multiples of the grid size in
question, reduce the cost of
installation by up to 80 % compared
to standard systems available on the
market. The special side construction
makes it possible to insert the panels
easily into the ceiling grid.
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Zehnder Carboline
Sail version

Zehnder Carboline ceiling sails are
efficient, flexible and look great. They
provide a energy-efficient and cost-
effective alternative for cooling and
heating rooms in various types of
building. As they are installed so close
to the ceiling, they are even ideal for
spaces with low room heights. The
dimensions of Zehnder Carboline
ceiling sails can be tailored to suit the
individual requirements of any room
layout. Free-hanging and without a
substructure, they are quick and easy
to install. A practical indirect benefit is
their improved sound absorption
compared with closed ceilings. With
their unobtrusive design and broad
colour palette, Zehnder Carboline
ceiling sails are also easy on the eye.

Products
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Grid versions

Zehnder Carboline covers the entire
range of grid ceilings for offices and
meeting rooms, as well as schools,
hospitals and doctors’ surgeries.

The elements come in two standard
widths and in five standard lengths.
Other dimensions are available on
request.

Sail versions

The radiant ceiling panels in the sail
version of Zehnder Carboline can be
arranged in various combinations next
to and behind one another to create
sails of different sizes.

The sail is available in five standard
sizes. Zehnder offers further tailor-
made solutions on request.

3000x 600 mm 625 x625mm

2400x 600 mm 1250x 625 mm

1800 x 600 mm 1875x625mm
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1200x 600 mm 2500x 625 mm
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600x600 mm 3125x625mm
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3000x 600 mm

2400x 600 mm

1800x600 mm

1200x600 mm

600x600mm



Structure of the
element

Zehnder Carboline consists of a
copper pipe which is embedded

in a graphite layer. This thermal high-
performance element is placed inside
a sheet steel cassette. The materials
and their arrangement guarantee
ideal heat transmission and high
performance values. The radiant
panel has an angled profile on the
side and top. This increases the
strength to create a statically self-
bearing panel. In addition, it is
possible to use insulation, which
keeps the heat in at the top and
absorbs noise (particularly effective in
combination with a perforated radiant Radiant panel
panel).

Insulation

Graphite

Copper pipe
Surfaces
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Zehnder Carboline is available with .

the option of either a smooth or
perforated surface. The surface is
coated with a high-quality powder
baked enamel finish. Zehnder radiant
ceiling panels are available in a
standard colour that is similar to
RAL 9016. Other colours are also
available on request

Product description
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Suspension and
attachment

Zehnder Carboline's “grid version” is

designed for installation in grid ceilings.

We recommend the additional use of
ropes to secure the panels to the
ceiling.

The sail version can be attached
directly to a concrete ceiling, for
example. Sails of different sizes can be
created by arranging the Carboline
panels in various combinations next to
and behind one another.

Our various installation kits for
suspending and securing the radiant
ceiling panels have not only undergone
rigorous safety engineering testing but
will also integrate seamlessly into your
overall ceiling design.




Installation kits for mounting the panels
directly on the ceiling are available to
install the cooling and heating
elements.

The 1.2mm thick wire ropes used to
secure the Carboline sail version make
for seamless integration in any room.

Furthermore, a fine adjustment setting
means that the 1.2 mm thick wire rope
can be set to the exact installation
height in millimetres.

Suspension and attachment 11



Connection options

For Zehnder Carboline, both
connection pipes are located on
the same side. This enables easy
installation and quick connection
of the panels.

The connecting line must be
manufactured from soft or semi-
hard copper pipe (R220 or R250).

Connection
technology

Special connection hoses are used to
connect several individual elements to
each other; they can be pushed
directly onto the pipes with no need
for an additional tool.

12




Special solutions

Ceiling cut-outs can be integrated
into the panel elements of Zehnder
Carboline as required. Especially in
offices or meeting rooms, it may be
necessary to provide ceiling cut-outs,
e.g. for air outlets, projector brackets,
loudspeakers, fire alarms, lighting and
similar items. Zehnder manufacturers
the ceiling cut-outs precisely to the
customer’s specifications.

Sound absorption

As well as their cooling and heating
effect, the radiant ceiling panels can
also be used for sound absorption:
the sound waves are absorbed by the
integrated insulation. This results in a
significant reduction of the noise
level and a reduction in the
reverberation time (e.g. in open-plan
offices, call centres and schools).
Please contact us for detailed
information on calculating the
acoustics.

Connection options and special solutions
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Zehnder Carboline
product benefits

Zehnder Carboline is based on the
combination of design, optimal
climate, perfect technology and
economic efficiency. Here are the
main benefits at a glance:

Excellent technology and
performance

m High heating and cooling
capacity, tested to EN 14037
and EN 14240

m Extremely quick reaction time
of the system to temperature
changes in the room, due to
the low storage mass and
good thermal conductivity of
the modules

m Low heating flow temperatures
enable the use of alternative
energy sources (solar cells,
condensing boiler technology,
heat pump)

m The lower than usual
temperature enables the use
of alternative energy sources
(ground water)

m Simple, quick and affordable
installation

Economic efficiency

m Cooling and heating with a
single system: Zehnder
Carboline.

m High energy savings, thanks to
the radiation principle

m Low investment and operating
costs

m Long service life

Feel-good climate

m Pleasant indoor climate, thanks
to high radiation component
and low convection: no
draughts or dust dispersal

m Even, comfortable heat
distribution

m Enjoy peace and quiet:
completely silent system
operation

m Perforated design for sound
absorption

Design

m Elegant design
m Variable room use

m Floor and walls can be used
flexibly




Technical data
on the construction

Legend

t,,  Air temperature (°C)

t.., Ambience temperature (°C) =
average surface temperature of
all surfaces in the surrounding
area (°C)

t,=t, Indoor temperature (°C)
= perceived temperature (°C)

e Heating flow temperature (°C)

t,  Heating return temperature (°C)

t,  Cooling flow temperature (°C)

t,  Cooling return temperature (°C)

At,. Excessive temperature (K)

At,, Subnormal temperature (K)
Constant

n Exponent

Physical units

Degrees Celsius (°C)
Kelvin (K)

Cubic metre (m°®)
Metre (m)

Millimetre (mm)
Pascal (Pa)
Kilogram (kg)

Product benefits and technical data 15



Heating and

cooling capacity

Sail with insulation Sail without insulation

Zehnder Carboline Zehnder Carboline

The following tables show the Zehnder
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Carboline heating or cooling capacity ©e == 2 dda @&o © s+ =+ qAd @&o
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in relation to the excessive and 88 S8 89 S5 8% Sel| 28 '8k 30 =2k
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subnormal temperatures. The values
of the heating capacity are based on K 1928 3.856 5783 7.711 9639 K  3.129 6.258 9.387 12.516 15.645
EN 14037, those of the cooling 1174 1474
At(K) W w w w W At(K) W w w w w

capacity on EN 14240.
30 105 209 314 418 523 30 170 339 509 679 848

28 96 193 289 386 482 28 158 313 469 626 782
26 88 177 265 353 442 26 143 287 430 574 77
24 80 161 241 322 402 24 131 261 392 522 653
22 73 145 218 290 363 22 118 236 354 471 589
20 65 130 195 260 325 20 105 211 316 422 527
18 57 115 172 230 287 18 93 186 279 373 466
16 50 100 150 200 250 16 81 162 243 324 406
14 43 85 128 171 214 14 69 139 208 277 347
12 36 71 107 143 178 12 58 116 174 231 289
10 29 58 86 115 144 10 47 93 140 187 234

Note: The removal of the insulation
has a positive effect on the cooling
capacity (see table). However, this
additional capacity can only be added
to the room with an open ceiling.

Removing the insulation does
increase the thermal capacity, but
with higher room heights this can lead
to a build-up of heat under the ceiling.

8 22 44 66 89 111 8 36 72 108 144 180
6 16 32 47 63 79 6 26 51 7 103 128
4 10 20 29 39 49 4 16 32 48 64 80
2 4 9 13 17 22 2 7 14 21 28 35

Heat capacity

Closed ceiling with insulation Closed ceiling without insulation
Zehnder Carboline Zehnder Carboline
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X X - - - N N ® Y] - - - N N (¢
X X X X X X X X X X X X X X X X
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e 3F 88 88 88 co ZE 88 & 88
K 1.800 3.601 ' 5.401 7.201 9.002 K 2.051 4.101 6.152 8.202 10.253
n 1.108 1.061
At (K) w w w w w At (K) w w w w w
30 78 156 234 312 390 30 76 151 227 303 379

28 72 144 217 289 361 28 70 141 211 281 352
26 67 133 200 266 333 26 65 130 195 260 325
24 61 122 183 244 305 24 60 119 179 239 299
22 55 111 166 221 277 22 54 109 163 218 272
20 50 100 149 199 249 20 49 98 148 197 246
18 44 89 133 177 221 18 44 88 132 176 220
16 39 78 117 155 194 16 39 78 117 155 194
14 34 67 101 134 168 14 34 67 101 135 169
12 28 57 85 113 141 12 29 57 86 115 143

10 23 46 69 92 115 10 24 47 71 94 118
8 18 36 54 72 90 8 19 37 56 74 93
6 13 26 39 52 66 6 14 27 41 55 69
4 8 17 25 33 42 4 9 18 27 36 45
2 4 8 12 16 19 2 4 9 13 17 21



Cooling capacity
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600x 1800
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12.734 15.917

231
214
198
182
166
150
134
118
102
87
71
56
41
27
13

Closed ceiling with insulation

600x600
625x625

=
[
N
=

w
53
49
45
42
38
34
30
27
23
20
16
13

Zehnder Carboline

600x 1200
625x1250

(&
(2]
5
N

w
106
98
91
83
76
68
61
54
46
39
32
25
19
12
6

600x 1800
625x1875

600x2400
625x2500

11.284 14.105

w
212
197
181
166
151
137
122
107
93
79
64
51
37
24

600x 3000
625x3125

w
289
268
248
227
207
187
167
147
128
108
89
70
52
33
16

600x3000
625x3125

w
265
246
227
208
189
171
152
134
116

98

81

63

46

30

14

K

At (K)
15
14
13
12
11
10

N W b OO N

—n

K
n
At (K)
15
14
13
12
11
10

N W OO N

—n

Sail without insulation

600x600
625x625

€
©
a
]

w
72
67
62
56
51
46
42
37
32
27
22
17
13

4

Closed ceiling without insulation

600x600
625x625

I
[
N
=

& =

49
45
42
38
34
30
27
23
20
16
13

Zehnder Carboline

600x 1200
625x 1250

N
©
=
o

w
143
133
123
113
103
93
83
73
63
54
44
35
26
17
8

600x 1800
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Calculation formulae

Excessive temperature

(tam + tair)
t=t = °27
Atexc - (thf Z thr) _ ti

Subnormal temperature
t t,
ti =tp - ( amb + alr)
2

_ (tcf + tcr)

A.I:sub = ti 2

Capacity
Capacity =K- At

Technical data
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Technical data at a glance

Zehnder
Carboline

Grid version

Sail version

Width

Length

Actual width

Actual length

Number of

per module

Dimensions

Number of
pipe rows

Pipe spacing

Pipe material/
Dimension
(ext.diam.)

Panel material

Max. operating
temperature”

Max. operating
pressure?

Parameters

Empty weight
without water,
with insulation

Weights

Operating weight
with water,
with insulation

Constant of
thermal capacity
with insulation (K)

Exponent of
thermal capacity
with insulation (n)

Heat capacity

Constant of
cooling capacity
without insulation

(K)

Exponent of
cooling capacity
without insulation

)

Cooling capacity

1) Higher operating temperature possible on request

suspension points

mm

mm

pcs

pcs

-/mm

°C

bar

kg

kg

in relation
to running
metre

referring
to m?

600 625
600 1200 1800 2400 3000 625 1250 1875 2500 3125 600 1200
595 620
590 1190 1790 2390 2990 615 1240 1865 2490 3115 600 1200
4 4 4 4 6 4 4 4 4 6 4 4
6 6
90 90
Kupferrohr / 10 Kupferrohr / 10
Stahl Stahl
50 50
10 10
4,77 8,57 12,68 16,47 20,58 5,06 9,1 13,45 17,49 21,72 4,77 8,57
4,98 9,02 13,36 17,38 21,73 5,27 9,55 14,13 18,4 22,87 4,98 9,02

2) Higher operating pressure possible on request

3,844

1,095

10,402

1,023

600

1800

2400 3000

600

1800 2400 3000

90

Kupferrohr / 10

Stahl

50

10

12,68 16,47 20,58

13,36 17,38 21,73

4,771

1,097

7,950

1,060

Technical data

19



20

Minimum mass
flow

To maintain the output shown in the
tables, a turbulent flow must be en-
sured within the pipes in the panels.
This minimum mass flow depends
on the lowest system temperature.
When heating, this corresponds to
the return temperature. When cooling
or in a combined cooling/heating
mode, this corresponds to the

cold water flow temperature. If the
minimum mass flow per pipe is not
achieved, this can result in a drop in
performance of about 15 %.

Pressure loss
calculation

The pressure loss, depending on the
module sizes and mass flow, is
shown in the diagram opposite.

The maximum permitted flow speed
is 0.5 m/s

600x3000
600x2400
600x 1800
600x 1200
600x600

100

Minimum mass flow in the pipe in kg/h

20
0
10 20 30 40 50 60 70 80
Lowest system temperature in °C
Pressure loss per module
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60

40

Minimum mass flow

Mass flow and flow rate




Dimensions

For more information and descriptions:
www.zehnder-systems.com

Module sizes

H Description Grid version Sail version

Modul 600
A Total width
B Total length
(¢} Total height
D Height of lip
E Width of lip
Modul 625
A Total width
B Total length
C Total height
D Height of lip
E Width of lip

Size in mm

595

590 - 2990

40

620

615 -3115

40

14

10

Size in mm

600

600-3000

40

Pressure loss and dimensions

21
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Zehnder - everything
you need for
comfortable, healthy
and energy-efficient
indoor living

Heating, cooling, fresh and clean air:
at Zehnder, you will find everything
you need for comfortable, healthy
and energy-efficient indoor living.
Zehnder’s wide and clearly structured
portfolio can offer the right product
for any project, be it private, public or
commercial, new build or renovation.
And where service is also concerned,
you’ll find that Zehnder is “always
around you”.

)
zeh“b

always
around you

At Zehnder, Heating doesn’t just
come in the form of designer
radiators. We offer solutions in all
shapes and sizes, from radiant
ceiling panels to heat pumps with
integrated ventilation devices.

m Designer radiators

m Compact energy station with
integrated heat pump

m Heating and cooling ceiling
systems

m Comfortable indoor ventilation
with heat recovery

Zehnder also offers sophisticated
solutions for indoor Cooling.
These range from cooling ceiling
systems to comfortable indoor
ventilation with a supply of
pre-cooled fresh air.

m Heating and cooling
ceiling systems

m Compact energy station with
heat pump and brine pipe

m Comfortable indoor ventilation
with geothermal heat exchanger
for fresh air pre-cooling

Zehnder Heating and Coolinieiling Sys“

Fresh Air — a product range with
a long tradition at Zehnder.
Zehnder Comfosystems provides
products and solutions for
comfortable indoor ventilation
with heat recovery for houses
and apartments, for new builds
and for renovation projects.

m Comfortable indoor ventilation

m Compact energy station with
integrated ventilation device

Zehnder Clean Air Solutions
provide Clean Air in buildings
which are particularly prone to
dust. In residential applications,
the comfortable indoor ventilation
provided by Zehnder Comfosystems
filters external pollutants out

of the air.

m Comfortable indoor ventilation
with integrated fresh-air filter

m Compact energy station with
integrated fresh-air filter

m Systems for clean air
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