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Execution Figure Description

Ceiling offset unit Duct units are mainly used for ceiling offsets.

Fig. 122: Fan coil for ceiling offset
(Source: Kampmann GmbH & Co. KG)

Wall or ceiling Wall or ceiling convectors for recirculation can be installed

convectors in different positions. In most cases, however, the position
must be specified so that the correct condensate tray can
be used. These units are also available without casing as
chassis units.

Fig. 123: Fan coil for wall or ceiling installation
(Source: Wolf (Schweiz) AG)

Floor convectors Floor convectors with fans are almost exclusively installed
on the floor in front of large window surfaces. In winter, the
cold air fall can thus be counteracted without installing a
radiator in the window. Variants exist with and without fresh
air as well as with and without fans, whereby the fan is the
decisive component for classifying the unit as a fan cail.

Fig. 124: Fan coil in the floor (Source: Prolux Solutions AG)

Door air curtain Doors and gates that must be opened frequently for
customers or business activities lose a lot of cooling energy
in summer and a lot of heating energy in winter. Door air
curtains counteract this by creating a temperature barrier in
the entrance area. This prevents the temperature-controlled
indoor air from escaping outside and dust, exhaust fumes
or insects from entering.

Fig. 125: Door air curtain (Source: Arbonia Solutions AG)

Table 72: Fan coil design versions

Pros Cons

+ Full heating and cooling function - Higher noise level than surface heating/cooling systems

+ Fast room temperature control - Lower comfort level than with surface heating/cooling systems
+ Good controllability of indoor air quality and room temperature - Partially complex connection to heat/cold generation and air

+ Very flexible application for buildings with many individual zones handling units

Table 73: Pros and cons of fan coils
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7.2 Induction units

Similar to fan coils, induction units are installed in the zone and can
adjust the heating or cooling output for each zone individually via the
water pipes. The heat output is adjusted by means of heating valves
on the water side. Induction units do not have a built-in fan, but the
central ventilation system must also overcome the pressure loss of
the induction unit. The primary air volume ensures good indoor air
quality and CO; levels in the room. Secondary air is induced so that
there is sufficient air in the room for cooling/heating.

There are the following variants:
= Valve-controlled induction units (control water flow)

= Damper-controlled induction units (control air)

Figure 127 shows the functionality of an induction unit.

Fig. 126: Induction unit (Source: LTG Air Tech Systems)

Fig. 127: Functionality of an induction unit (Source: LTG Air Tech Systems)
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Table 75 shows valve-controlled induction units in 2-, 3- and 4-pipe
systems. The 4-pipe system is most commonly used in practice, as
it offers the greatest flexibility. For the control of heat output, the flow
rate of the water is controlled here with the valves.

In addition to valve-controlled induction units, there are also induc- Legend

tion units with damper control. The dampers change the mixing ratio 1 Nozzle
between primary and secondary air, which affects the heat output. |

These devices are much larger and have higher heat losses, so 2 Control valve

only valve-controlled induction units are used today. There are the 3 Heat exchanger

following types of induction units: =
4 Supply air
= Undersill ventilation units

5 Primary air

= Ceiling induction units |
6 Secondary air

= Floor induction units/underfloor units —

Table 74: Valve-controlled induction units

2-pipe 3-pipe 4-pipe, 1 coil 4-pipe, 2 coils

i : ! 1 i
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Table 75: Schematic representation of valve-controlled induction units (Source: Recknagel, “Taschenbuch fiir Heizung + Klimatechnik 2017 12018")

Pros Cons

+ Full heating and cooling function - Relatively large pressure losses in the system

+ Fast room temperature control - Generally higher noise level than traditional air diffusers

+ Good controllability of indoor air quality and room temperature - Partially complex connection to heat/cold generation and air
+ Very flexible application for buildings with many individual zones handling units

Table 76: Pros and cons of induction appliances

7.3 Field devices for fan coils and induction units

What/Where Description Setting value
Characterised control  Characterised control valve at the inlet of the heating flow to set the cor- Room temperature setpoint
valve rect water quantity
6-way valve Switching between heating and cooling in 3- or 4-pipe systems. Water flow

control

Table 77: Field devices for fan coils and induction units
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7.4 VRF systems

VRF is the abbreviation of “variable refrigerant flow”. DAIKIN use the
brand name VRV (variable refrigerant volume) for the same principle,
as they developed this principle and patented it over 35 years ago.
This means that the heat output of a system can be controlled via a
variable refrigerant volumetric flow, which is a basic requirement for
a wide range of indoor units.

As can be seen in Figure 128, the large number of indoor units is
the great advantage of a VRF system. With variable refrigerant vol-
umetric flow control, only one outdoor unit is needed for a building
with many zones. The various indoor units can even cool and heat
independently of each other at the same time. Each zone can be set
to the desired room temperature.

Fig. 128: Schematic of a VRF system

There are VRF indoor units with fresh air connection and units with-
out fresh air connection. Multisplit systems are common for offices,
hotels, small server rooms or petrol station shops. Split units are
cooling systems that always consist of at least two parts. The indoor
part takes in the indoor air and cools it. The outdoor unit consists of
a refrigeration compressor and heat exchanger, which ensures that
the heat is transferred from indoors to outdoors.
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A VRF system is an air conditioning system with a refrigerant circuit.
The functionality is identical to that of a refrigerator or a heat pump.
Unlike a refrigerator, the refrigerant circuit and components are
not compactly installed, but distributed throughout the system. To
maintain desired temperatures throughout the year, the state of the
refrigerant is changed between liquid and gaseous, allowing heat and
cold to be generated. Wherever cold is produced, heat is produced
on the opposite side and vice versa. The following main components
are installed:

= Evaporator (generates cold)
= Condenser (generates heat)

= Compressor (drives refrigerant circuit with electricity
consumption)

= Expansion valve (reduces pressure so that refrigerant can
evaporate and cold can be produced)

Traditionally, we think of a split cooling unit, which has an indoor
unit with a condenser that generates cold, and an outdoor unit that
houses the rest of the components and releases the heat to the

81

outside.
Pros Cons
+ Full heating and cooling function - Higher noise level than surface heating/cooling systems
+ Fast room temperature control - Lower comfort level than with surface heating/cooling systems
+ Very good energy efficiency - Advantage of small space requirement limited to VRF devices
+ Small space requirement for device and copper pipes, ideal for without ODA
renovations - Pipes are filled with refrigerants, some of which are environmen-
+ Very flexible application for buildings with many individual zones tally hazardous

Table 78: Pros and cons of VRF systems
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7.5 Sensors

The sensors are discussed in more detail in Chapter 9.2.3. The
following chapter only deals with the placement of room sensors.

7.5.1 Room units

Room units (room sensors and room operating units) are a popular
way to measure room conditions to ensure a good room climate. As
can be seen in Figure 129, the following points in particular must be
observed during installation:

= Do not expose to solar radiation

= Do not place in the immediate vicinity of heat sources

= Do not place in draughts (cold air drop, door, air diffusers)
= Installation height at head height

= Prevent suction due to pressure differences via electric pipe

<+
\ ‘éso\c”" Ay | ri
M {ﬂ X X : «r
. 230cm

<150cm

| $
T ,

s

Fig. 129: Installation notes for room units

7.6 Humidifiers

Where there are high demands for thermal comfort or production
requirements, it is important that the humidity in the room is within
the correct range. Depending on the application, this cannot be
solved via a central ventilation system (air handling unit) and must be
done in the zone itself. Locally installed humidifiers or dehumidifiers
can be used for this purpose.

Figure 130 shows a so-called direct room humidifier. The Belimo
book “Air Handling Units (AHUs)" shows the Scofield-Sterling diagram
in Chapter 2.2.1.4, which illustrates the optimum room air humidity.

Fig. 130: Direct room humidifier installed in zone
(Source: Condair Systems GmbH)
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Table 79 shows how the described components can be combined.

Interaction of functions and components
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Water applications Ventilation Applications

Displacement flow

Fan coils Diffusion grilles Swirl diffusers Jet nozzles Floor diffusers diffusers
Underfloor heating  Gooling v* v v - Mixed air v/ v(v)
(UFH) Heating — Displacement
UFH too slow ventilation % The supply
Heating case: Only for jet nozzle temperature of
makes sense with applications Displacement the heating
UFH as base load ventilation: Results  system must not
in mixed ventilation be too warm
(see Functionality ~ (<25°C), as this
of displacement will result in
ventilation, Chapter mixed air
5.7.4 on page 49)
Radiators v v 44
Convectors vV - v
(without fan)
Very suitable, as it Floor convectors
can be well coordi- can have integrat-
nated in terms of ed fresh air supply
planning
Heated/chilled v v Vv v Mixed air v v(v)
ceilings Displacement
Swirl diffusers ventilation v(v) The advantages
improve heat/ of displacement
cold emission The advantages of  ventilation are
displacement reduced if > 40%
ventilation are of the cooling
reduced if > 40% of output is provided
the cooling output by the chilled
is provided by the ceiling
chilled ceiling
Chilled beams v v v
TABS - v
TABS too slow
for jet nozzle
applications

Table 79: Interaction of components

Vv recommendedv(v)) recommended under certain conditions v suitable X not suitable

- not recommended
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8 Building automation

Building automation (BA) refers to the totality of monitoring, control
and optimisation equipment in buildings.

The BA is an important component of technical maintenance and
energy management and, in addition to heating, ventilation and air
conditioning, integrates other technical subsystems such as lighting,
blind and lift controls as well as security systems (fire, access and
intrusion alarm systems, video surveillance) in the building.

Figure 131 shows an automated building as an analogy for the body.

A human being is like a building and a building is like a human being.

e

| =X =\
&>

» R e

Fig. 131: Symbolic image of an automated building

Legend

a Building automation

@ Equivalent to actuators
@ Sensors

Table 80: Human-building comparison
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Automation level

Field level

‘ Fast IP
communication
(backbone)
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HVAC control logic and
converter between Ethernet
and 2-wire line

=

-
-

Slow, robust bus device
communication (field devices)

Fig. 132: Structure of building automation

Tasks of building automation:

Automation of various building technology systems

Integration of various technical systems (HVAC, lighting,
access, shading etc.)

Simplification and standardisation of all component operations
Monitoring of the systems — Alarms
Display and modification of operating states

Collecting and making operating data available (energy, running
times etc.)

Energy optimisation

Control of scenarios (e.g. emergency scenario in case of fire)
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8.1 Levels in building automation
8.1.1 Management level

The management level has a superordinate function that controls
and monitors the individual systems of a building and optimises their
working and operating methods. The management level includes
the following tasks:

= Alarms and error handling
= User permissions
= Control of operating modes

= Collecting and processing data volumes

8.1.2 Automation level

The automation level controls the technical zone systems. To accom-
plish this, it takes into account specifications from the management
level and data from the field level. The automation level includes the
following tasks:

= Zone-coordinating tasks and controls

= Decentralised control logic for room comfort in terms of
- Temperature
- Air humidity
-CO,
-VOC
-etc.

8.1.3 Field level
The field level includes the following categories:

= Sensors: Collect environmental information
(temperature, humidity, CO,, motion, brightness,
etc.) and transmit it to the automation level via a
management system

= Actuators: Set the desired medium flow in
the system

®
_\/\/1,.

Management level

-
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Automation level

Field level

I
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Fig. 133: Levels in building automation
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8.2 Room automation classes

In building automation, there are different levels of how the building
can automate itself. These so-called room automation classes are
divided into four categories, with Class A being the most energy-
efficient and Class D the worst.

Figure 134 shows an overview of the classes and the respective
degree of automation of the systems.

Lighting Blinds Heating/cooling

Ventilation

X

I COz

ff.
C.'

C.
C supply % : ;* . C SUP ‘> )
N
°C supply . [fOsSlP Lﬁ
bY
S O S
b 1
°C supply °C SUP
No room automation, ﬁ@ @ A 1

not energy efficient 2

\
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C

Fig. 134: Room automation classes according to SIA 386.110 and EN 15232
(Source: HKG Engineering AG and HSLU Lucerne University of Applied Sciences and Arts)

The room automation classes can save a lot of energy. Figure 135
shows the energy savings potential of the different solutions.

-55% Highly efficient automation

-41% Advanced automation

-29% Standard automation

100% No automation

Ul

Fig. 135: Energy savings potential of different classes of room automation
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8.3 Zone and room solutions in building automation

Well-planned, well-executed building automation reduces costs, both
directly and indirectly. Directly through savings of:

= Employees
= Energy

= Maintenance and servicing

Indirectly through:
= Higher productivity
= Better rentability

= Higher resale revenues

Property

Building

Area

Fig. 136: Shell model based on VDI 3813

Figure 137 shows an example of a floor with the different areas of

the shell model.
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Fig. 137: Example of the division of a model floor (Source: VDI 3813)

Area B1

Area B3

Area B2

In addition, the benefits are increased by improving
comfort and well-being. Higher-level functions can
achieve energy optimisation and coordinate individual
functions within the zone with each other and across
systems. The current difficulty in building automation is
that the higher-level functions can no longer be divided
into the different systems (heating, ventilation, cooling,
plumbing), but require a holistic approach in the planning
process. To ensure that everyone involved in construc-
tion has the same understanding, VDI 3813 uses the
shell model shown in Figure 136. “Zone” refers to the
orange “‘Room” and “Segment” areas.

Area Description
Property One or more locally adjacent buildings
Area One or more rooms (e.g. corridor, a

floor or an atrium). A building usually
comprises several areas.

Room Usually structurally enclosed by walls and
ceilings or organisationally as separate
zones in open-plan offices. A room
contains one or more segments.

Segment Smallest spatial unit for which room
automation functions are applicable.

Table 81: Shell model



8.4 Flexibility in the zone: room design

Flexible interior design is particularly important in commercial build-
ings. The building itself will last a good 100 years, but the interior
changes every few years depending on how it is used. It is important
that tenants are given as much flexibility as possible. Figure 138
above shows an example of a zone where the segments are planned
along the building axes. Depending on the interior design, the walls
can be moved along the building axes, as can each segment. Figure
138 shows the same zone below, but with three rooms, each with
two segments controlled by room automation. If there is a change
of tenant, the segments can simply be split again.

Room 1 Room 2 Room 3

Room and zone applications
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Fig. 138: Examples of two zones with different segments along the building axes

&
|
i

c
i

89



920 Room and zone applications

9 Zone control

9.1 Overview of field devices and functionality

r—————————

- e ek - ————— .- ———

Fig. 139: Overview of field devices and functionality
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9.2 Field devices

There is a wide range of field devices such as sensors, actuators
and valves for the various applications in the HVAC industry. Belimo
offers a comprehensive product range for this purpose. This Chapter
provides a brief overview of the Belimo field devices that can be used
in zones. The following chapter focuses on where field devices are
positioned within the zone and what function they assume.

9.2.1 Damper actuators

Belimo has the world's most comprehensive range of electric actua-
tor solutions for air dampers. It includes rotary and linear actuators
with a wide range of motorisation strengths, actuating times and
control types. They cover almost all applications for the control of
air flows in air handling units.

Rotary actuators non fail-safe

Product range Types Applications
UM (1 Nm) Motorisation of air dampers without
CM (2 Nm) fail-safe up to 8 m?

& LM (5 Nm)
NM (10 Nm)

Table 82: Rotary actuators non fail-safe

Linear actuators non fail-safe

Productrange Types Applications
UH (50 N) Installation in air diffusers
CH (125 N)
y LH (150 N)

Table 83: Linear actuators non fail-safe

RetroFIT+ ventilation applications: Actuators without fail-safe

Product range Types Applications

LM24A-MP-TP (5 Nm) Replacement of the motorisation of air
NM24A-MP-TP (10 Nm) dampers without fail-safe up to 8 m?

Table 84: RetroFIT+ ventilation applications: Actuators without fail-safe
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9.2.2 VAV actuators

Since their market launch, Belimo's VAV solutions have set standards
in volumetric flow control in comfort zones. Precise differential pres-
sure measurement and proven actuator technology enable control
of even small volumetric flows. An integrated bus system enables
load-oriented and cost-efficient control of the fans.

9.2.2.1 Belimo product range of VAV actuators

VAV-Compact

Productrange  Types Applications
LMV (5 Nm) Actuator, controller and sensor in one
) NMV (10 Nm) device. For VAV/CAV units of various
& SMV (20 Nm) designs
LHV (150 N)

Table 85: VAV-Compact

VAV-Universal

Productrange Types Applications
VRU24A-D3.. Optimum combination of controller
VRU24A-M1.. and damper motorisation for VAV,
VRU24A-M1R.. duct pressure and room pressure
applications

Table 86: VAV-Universal

VAV systems for living spaces

Productrange Types Applications
CMV-100-MP Complete control system in one
CMV-125-MP device, internally mounted
CMV-150-MP
CMV-160-MP

Table 87: VAV systems for living spaces

9.2.3 Sensors

HVAC sensors and thermal energy meters from Belimo offer maxi-
mum reliability, easy installation and seamless integration with major
building automation systems.

Belimo offers a full product range of sensors for measuring tempera-
ture, humidity, pressure, CO,, volatile organic compounds (VOC) and
flow rate in pipe, duct, indoor and outdoor applications.

9.2.3.1 Sizing and selection criteria

Sensors are selected based on the following sizing and selection
criteria:

= Measured variable = Probe length
= Application = Installation type
= Output signals = Accuracy and response time

= Measuring ranges = Measuring principle /sensor principle
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Temperature sensors
Schematic _—
Family Types symbol Description
Duct sensor 01DT.. Medium: Air
P 22DT.. o Application: Typical temperature sensors in ventilation ducts for
‘ homogeneous flows
Immersion 01DT.. Medium: Water
i[ sensor 22DT.. o Application: Water temperature measurement using a duct or
‘ ,| cable sensor and thermowell. A compression fitting can also be
| used instead of a thermowell
h Contact sensor  0THT-.. Medium: Water
L 22HT-. o Application: Is applied to a pipe to measure the temperature of
S the pipe and thereby indirectly measure the water temperature
Cable sensor 01CT-.. Medium: Air/water
“' 22CT-.. o Application: Used as a duct temperature sensor with a mounting
flange or as an immersion temperature sensor in combination
with a thermowell
Table 88: Temperature sensors
Air quality sensors
Schematic .
Family Types symbol Description
Duct sensor 22DC-.. Fluid: Air
CO, Application: Measures the CO, content in ventilation ducts and is
a good indicator of how many people are in a room. It is therefore
an important component for demand-controlled ventilation
Duct sensor 22DCV-.. Fluid: Air
VOC @ Application: Detects odours that we can also perceive with our
nose. A possible combination together with a CO, sensor to
control the “feeling of fresh air”
Table 89: Air quality sensors
Combination sensors
Schematic _—
Family Types symbol Description
Duct sensor 22DTH-.. Medium: Dependent on the combination
22DTC-.. Application: Various sensors can be accommodated in one
22DTM-.. (Examples) housing. The abbreviations are combined in a box as shown on the
22DCV-.. left
22DCM-.. A picture of a duct combination sensor is shown as an example

Table 90: Combination sensors
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Room units

Family Types Schematic symbol Description

Room sensor O0TRT.. Medium: Air

@ Application: Temperature measurement in the room

:

Room op- P-01RT.. Medium: Air
erating unit, Application: Temperature measurement in the room with

passive setpoint input

Display either with ePaper display or with the Belimo

|°®60| Display App. Setpoint adjustment option

— Room operat- P-22RT.. Fluid: Air
e E_ l ing unit, active |°®@60| Application: Measuring and displaying room conditions.

Table 91: Room units



9.2.4 Valves /valve actuators

Open/close, changeover and control valves play an important role
in a heating or cooling circuit. The water flow supplies heat to a con-
sumer in the case of heating or removes heat from a consumer in the
case of cooling applications. Since the heating or cooling demand
in a building is rarely constant, the heat output must be controlled.
The valves take over this task by controlling the demand-controlled
flow rate or temperature.

Control valves are control elements that control flow by means of a
movable internal part. There are three types of application:

Room and zone applications 95

Straight-through valve Mixing valve

Diverting valve
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Flow rate is reduced due to
cross-sectional constriction.
Connections are parallel to the

Mixes incoming flow of two
inputs and sends the total flow to
one output.

An incoming flow is divided into
two flows. If one of the two outputs
is closed, the entire flow is routed

direction of flow.

through the other output.

Table 92: Valve types

9.2.4.1 Selection of the hydronic network and valve sizing

In principle, the heat output can be influenced by the water quantity
or the supply water temperature. This is known as quantity-variable
and quantity-constant operation. Together with other requirements
in a hydronic network, this results in the four basic hydronic circuits
for heat exchangers.

Since the differential pressure across a valve has a direct impact on
the water volume, great attention must be paid to this value when
selecting the valve (determination of the Kys value). It must also be
ensured that the valve is always designed for full load.

In practice, partial load operating states may occur
which cannot be fully controlled. This makes it
difficult to ensure optimum comfort with the low-
est possible energy consumption over the entire
lifetime of a heating or cooling system. Here, the
so-called pressure-independent valves such as the
Belimo Energy Valve™ or EPIV offer a considerable
advantage, as they can independently compensate
for the impact of differential pressure fluctuations
(see Chapter 9.2.4.6 Belimo Energy Valve™).
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9.2.4.2 Overview of ZoneTight™ products and applications
Table 93 shows which valve types are suitable for which applications
in the product group.
Fan coils Chilled ceilings/  Heated/chilled
Applications Fan coils (heating/cooling) chilled beams ceilings Floor heating Radiators
VvV v vV v VvV vV
g
= 2 Several valves Several valves
g § necessary for necessary for
§ ; QcV changeover changeover
[7) £
- ©
¢ 5 - 24 - VY - N
-
a o
o©
>
T
v v vV v v -
Several valves Several valves Observe large
necessary for necessary for installation length
changeover changeover for floor heating
manifolds
g VY v VEa% v v v
=}
c
:,l’- Several valves Several valves
E necessary for necessary for
@ changeover changeover
2
(%
g
o - Vv - vV - -

6-wayEPIV

Table 93: Overview of ZoneTight™ products and applications

v possible use vV recommended use  v'v'vY' common use

- not recommended



Qcv

The QCV zone valve is a conventional, pressure-dependent valve
with proven characterised control valve technology. Different control
modes are possible thanks to various CQ actuators. The use of an
additional balancing valve and hydronic balancing is required.

6-way valve

One valve with actuator replaces four individual valves. This sim-
plifies connection and control, minimises sources of error and
reduces the installation effort. The 6-way zone valve is reliable and
durable, controls effectively and optimises the sizing and selection
for cooling/radiators in the 4-pipe system.

PIFLV

The PIFLV is a pressure-independent flow limiting valve. The open/
close control results in reliable shut-off and a pressure-independent,
constant maximum flow rate. Continuous control is not permissible.

PIQCV

The motorised PIQCV combines proven characterised control valve
technology with the advantages of pressure independence. Different
control modes are possible thanks to various CQ actuators. Dynamic
balancing ensures that the correct amount of water is always avail-
able, even during partial load operation and differential pressure
fluctuations.

6-way valve EPIV

The 6-way valve EPIV from Belimo ensures the desired room comfort
through permanent flow measurement in real time. Dynamic balanc-
ing ensures that the correct amount of water is always available, even
during partial load operation and differential pressure fluctuations.

Room and zone applications
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9.2.4.3 Characterised control valve

Belimo taught the ball valve how to control. The characterised disc
in the housing is a further development of the proven ball valve. The
characterised control valve is air-bubble tight. It also has high control
stability and offers excellent control characteristics over the entire
control range. Due to its design, it requires less energy since no
holding torque is required. The low installation height and reduced
weight are further advantages of the characterised control valve,
as is the self-cleaning ball design, which prevents seizure due to
contamination.

Fig. 140: Characterised control valve

Pros

Cons

+ Absolutely tight closing

+ Wide K, selection for each dimension

+ Excellent control characteristics

+ Reduced energy consumption since no holding torque is required
+ Low installation height

+ Self-cleaning spherical design

- Dead zone due to design; control starts at 15° ball rotation
- Not suitable for distribution function with 3-way valves

Table 94: Pros and cons of characterised control valves

9.2.4.4 Short stroke globe valve

Short stroke globe valves have a built-in spring that pushes the valve
stem upwards. The actuator therefore only has to apply force to
close the valve. The valve opens automatically due to the spring
force. Since the actuator not only has to overcome the resistance
of the flowing medium but also push against the spring, a larger
actuator is required.

Pros

Cons

+ High reliability at high temperatures and pressures
+ Cost-effective purchase

+ Many actuator types possible (thermal or electrical)
+ Large selection and very common

- Relatively small K, values

- High operating costs with thermal actuator
- Leakage possible due to jammed stems

- Cannot detect blockages in the travel path
- Possible sticking after longer downtimes

Table 95: Pros and cons of short stroke globe valves



9.2.4.5 6-way valve

Belimo developed the 6-way valve to replace four individual 2-way
valves with a single valve for combined heated/chilled ceilings.
The compact design requires much less space in the suspended
ceiling. Installation time is also significantly reduced and errors are
minimised as there is no chance of valves being mixed up and the
electrician has to wire fewer cables.

Fig. 142: Functional principle of 6-way valve

100% 0% 100%
h | ("
v v v
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Fig. 147: Sectional model 6-way valve

As can be seen in Figure 142, turning the ball
switches between heating and cooling mode.
The flow rate can be controlled or shut off in the
intermediate positions. The ball is air-bubble-tight,
preventing mixing of heating and chilled water, thus
improving energy efficiency.

Figure 143 shows the characteristic curve of a 6-way
valve depending on the ball position. In cooling mode,
the K,s value is higher than in heating mode because
in cooling applications, the differential temperature
is often lower and the volume of water is correspond-
ingly greater.

Recommended for:

= Heated/chilled ceilings

100% )
= Fancoils
100%
_0
0 90°
Fig. 143: Characteristic curve of 6-way characterised control valve
Pros Cons

+ Versatile K,s combinations enable precise and effective control

+ Compact and can be installed in low ceilings without difficulty

+ No installation errors as it is impossible to mix up the valves

+ Operating safety through reliable decoupling of cooling and heating circuits
+ Only one data point (instead of four 2-way valves) required for control

- Complex control
- Risk of mixing up heating/cooling connections

Table 96: Pros and cons of 6-way valves
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9.2.4.6 EPIV/Belimo Energy Valve™

The Belimo Energy Valve™ offers certified energy measurement
(MID, optional), pressure-independent flow control, and dynamic
hydronic balancing in one device. The delta T manager integrated
in the Belimo Energy Valve™ continuously monitors the differential
temperature. If the temperature falls below the limit value, the Belimo
Energy Valve™ automatically adjusts the flow rate so that only the
amount of water effectively required is used to achieve the desired
heat output. If heating and cooling systems are operated with an
excessive amount of water, this excess cannot be converted into
a higher heating or cooling output. This is also called the low delta
T syndrome. Measuring the differential temperature between flow
and return at each heat exchanger is essential to ensure the lowest SEEV
possible pumping costs. Fig. 144: Belimo Energy Valve™

In addition, the energy monitoring data helps to identify optimisation
potential. Legend

1 Supply temperature measurement

Recommended for: |
2 Return temperature measurement

= Installations where hydronic balancing is required 3 Volumetric flow measurement

= Applications where energy has to be measured and controlled -
Table 97: Belimo Energy Valve™

EPIV

Pros Cons

+ Pressure fluctuations in the system have no effect on the water flow rate - Higher product costs

+ Efficient and precise control - Greater space requirement

+ Automatic hydronic balancing
+ Easy setting of the maximum flow rate or maximum heat output

Table 98: Pros and cons of the EPIV

Belimo Energy Valve™

Pros Cons

+ Energy measurement and control of heat output in one device - High investment costs

+ Efficient and precise control - Complex implementation

+ Automatic hydronic balancing - Understanding and training needed
+ Easy setting of the maximum flow rate or maximum heat output - Difficult troubleshooting

+ Energy monitoring of the hydronics and the energy flow
+ Delta T Management

Table 99: Pros and cons of the Belimo Energy Valve™
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Belimo ZoneTight™
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Product range

Valves

Applications

Internal thread (QCV):
C2..Q-.. (2-way, characterised control valve)
C3..Q-.. (3-way, changeover ball valve)

External thread (QCV):
C4..Q-.. (2-way, characterised control valve)

Cold and warm water:

= Nominal diameter DN 15/20/(25)
Permissible operating pressure 1600 kPa
Fan coils

= Chilled ceilings

Zone air heaters / air coolers

Floor heating

C5..Q-.. (3-way, changeover ball valve) « Radiators

Internal thread (PIQCV):

C2..QP(T)-.. (2-way, pressure-independent quick

compact zone valve)

Internal thread (PIFLV): Cold water:

C2..QFL-../R225FL-.. (2-way, relief valve) = Chilled ceilings
= Fan coils

Internal thread:
R30..-..-.-B.. (6-way, characterised control valve)

Internal thread (6-way, EPIV):
EP.R-R6+BAC

Cold and warm water:

= Nominal diameters DN 15/20/(25)

= Permissible operating pressure 1600 kPa

= Modulating control of combined heating/
cooling elements

Supply/return: Internal thread 1"
Zone: External thread 3/4" Eurocone:
EM-ECQ-..F (2...12 zones)

Cold and warm water:

= 2..12 zones

= Permissible operating pressure 600 kPa
= Stainless steel

Table 100: Belimo ZoneTight™

Globe valves

Product range

Valves

Applications

External thread:

Cold and warm water:

H4.B (2-way) = Nominal diameters DN 15...50
H5..B (3-way) = Permissible pressure 1600 kPa
Flange: Cold and hot water:

H6..N/H7.N (2-/3-way, PN16)
H6..S(P)/H7..S (2-/3-way, PN 16)
H6..W../H7..W.. (2-/3-way, PN 16), DN 200/250

= Nominal diameters DN 15...250
= Permissible pressure 1600 kPa

Internal thread:
H2.. (2-way)
H3.. (3-way)

Cold and hot water:
= Nominal diameters: DN 15...50
= Permissible pressure 2500 kPa

Table 101: Globe valves
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9.2.4.8 Belimo product range of valves /valve actuators

Characterised control valves

Product range Valves

Applications

Internal thread:
R2.-S.. (2-way)
R3.-S.. (3-way)

External thread:
R4.. (2-way)
R5.. (3-way)

Cold and warm water:
= Nominal diameters DN 15...50
= Permissible pressure 1600 kPa

External thread (high temperatures):

District heating, cold and hot water:

R6..W..-S8 (2-way, PN 16)

R4..D (2-way) = Nominal diameters DN 10...20
= Permissible pressure 2700 kPa
Flange: Cold and warm water:

= Nominal diameters DN 65...150
= Permissible pressure 1600 kPa

Table 102: Characterised control valves

Pressure-independent characterised control valves

Product range Valves

Applications

Internal thread (Belimo Energy Valve™, 2-way, DN 15...50):

EV..R2+BAC
EV.R2+KBAC
EV.R2+MID

Flange (Belimo Energy Valve™, 2-way, DN 65...150):
EV.F+BAC
EV.F+KBAC

Balancing, measuring, controlling,
shutting off and energy monitoring with a
single valve unit:

= Flow rate Ve 0.11...451/s

= Nominal diameters DN 15...150

= Permissible pressure 1600 kPa

EV..R3+BAC

Internal thread (Belimo Energy Valve™, 3-way, DN 15...50):

Creates system transparency in 3-way
applications:

= Flow rate Vi (A-AB) 0.11..4.8 /s

= Nominal diameters DN 15...50

= Permissible pressure 1600 kPa

Internal thread (EPIV, 2-way, DN 15...50):
EP.R2+BAC
EP.R2+KBAC

Flange (EPIV, 2-way, DN 65...150):
EP.F+MP

EP.F+KMP

EP.F+MOD

Balancing, measuring, controlling and
shutting off with a single valve unit:

= Flow rate Ve 0.11..451/s

= Nominal diameters DN 15...150

= Permissible pressure 1600 kPa

Table 103: Pressure-independent characterised control valves

9.3 Example of schematics: Zone control

Hydronic diagrams are an important part of building automation and
enable efficient and precise control of heating and cooling systems.
The following points are not considered in the following schemes:

= Analogue and digital circuits
= Sequential and parallel circuits

= Supply air temperature limits for cooling/heating
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9.3.1 Water applications
9.3.1.1 Weather-compensated supply temperature control

= Weather-compensated supply temperature control automatically
adjusts the supply temperature of heating water to the outside
temperature.

= Control helps reduce energy consumption.

= Modern controls also take into account factors such as indoor
temperature, solar radiation and wind speed.

Max. supply~

Supply temperature

Min. supply-— —— — — — — — L—.‘T
| L

\—8°C Outside temperature \14°C

Design
outside temperature

Heating limit

Fig. 145: Scheme of weather-compensated flow temperature control Fig. 146: Sequence diagram of weather-compensated
supply temperature control with example values

Pros Cons
+ Optimisation of the heating operation - Possible delays due to unforeseen weather changes
+ Energy efficiency and savings on heating costs - Sufficient data collection required
+ Adaptation to different heating systems possible - Potentially insufficient heat supply
+ Factors such as solar radiation and wind speed can be taken into
account

Table 104: Pros and cons of weather-compensated supply temperature control

Use of field devices

Reference Field devices Description/Version/Placement

1 3-way characterised control valve  Use as a mixing device in the supply

2 Pipe sensor temperature Immersion sensor or contact sensor. Observe distance to heat generators and
onsumers

3 Outdoor sensor temperature Cool, shady spot on the north side of the building at a height of two metres

Away from heat sources, good ventilation

Table 105: Field devices for weather-compensated supply temperature control
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flow

9.3.1.2 Variable-flow 2-pipe system floor heating /radiator
= Heat emission via floor heating or radiators

= Manual balancing valve for static hydronic balancing of water
volume (for full load)

= Pump speed control due to the differential pressure at the
system'’s lowest point of pressure

= Room temperature controller controls the valve position

Fig. 147 Schematic of variable-flow 2-pipe system floor heating /radiator

Deaﬂband
\\
‘ L — ‘ ‘ ‘ ‘ B Room temperature [°C]
T Setpoint T Setpoint
ECO mode heating
heating

Fig. 148: Sequence diagram of variable-flow 2-pipe system floor heating /radiator

Pros Cons
+ Good thermal comfort - Hydronic balancing for full load only
+ Inexpensive installation - Only heating possible

- Pressure fluctuations in the system can reduce thermal comfort
- Additional balancing valve required

Table 106: Pros and cons of the variable-volume 2-pipe system floor heating /radiator

Use of field devices

Reference Field devices Description/Version/Placement

1 Characterised control valve Throttling circuit for flow control in underfloor heating or radiators

2 Room unit Room operating unit or room sensor for temperature, humidity and CO,

Table 107: Field devices for variable-flow 2-pipe system floor heating /radiator
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9.3.1.3 Automatically balancing constant-flow 2-pipe system floor heating /radiator
= Heat emission via floor heating or radiators

= Pressure-independent control valve for automatic, permanent
hydronic balancing (for all load states)

= Pump speed control based on the differential pressure

= Room temperature controller controls water flow

Fig. 149: Schematic of automatically balancing constant-flow 2-pipe system floor heating /radiator

Dea#band
\\
‘ L — ‘ ‘ ‘ ‘ B Room temperature [°C]
T Setpoint T Setpoint
ECO mode heating
heating

Fig. 150: Sequence diagram of automatically balancing constant-flow 2-pipe system floor heating / radiator
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Pros Cons
+ Very good thermal comfort - Higher investment costs than solution with balancing valve
+ Automatic hydronic balancing for full and partial loads - Only heating possible

Table 108: Pros and cons of the automatically balancing cconstant-flow 2-pipe system floor heating /radiator

Use of field devices

Reference  Field devices

Description/Version/Placement

1 PlQCV Flow control and hydronic balancing

2 Room unit Room operating unit or room sensor for temperature, humidity and CO,

Table 109: Field devices for automatically balancing constant-flow 2-pipe system floor heating /radiator
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9.3.1.4 Automatically mechanically balancing constant-flow 2-pipe system chilled ceiling

= Provision of cooling energy by means of a chilled ceiling (addi- = Automatic shut-off if temperature falls below dew
tional heating option with central heating/cooling changeover) point (condensation)

= Pressure-independent control valve for automatic, permanent = Optional function: Window contact and occupancy
hydronic balancing (for all load states) switch

= Pump speed control due to the differential pressure at the
system'’s lowest point of pressure

= Room temperature controller controls water flow

<

max

Valve water flow

Fig. 151: Schematic of automatically mechanically balancing constant-flow 2-pipe system chilled ceiling

Deadband
/
‘ ‘ ’ ‘ J B Room temperature [°C]
T Setpoint T Setpoint
normal ECO mode
mode cooling

Fig. 152: Sequence diagram of automatic mechanically balancing constant-flow 2-pipe system chilled ceiling

Pros Cons
+ Excellent thermal comfort - Chilled ceiling usually has higher investment costs
+ Heating and cooling possible - Higher investment costs than solution with balancing valve

+ Fast-acting cold and heat emission
+ Automatic hydronic balancing for full and partial loads

Table 110: Pros and cons of the automatically mechanically balancing constant-flow 2-pipe system chilled ceiling

Use of field devices

Reference Field devices Description/Version/Placement

1 PIQCV Flow control and hydronic balancing
2 Condensation switch Mounting on the supply of the cooling where the temperature is coldest
3 Room unit Room operating unit or room sensor for temperature, humidity and CO,

Table 111: Field devices for automatically mechanically balancing constant-flow 2-pipe system chilled ceiling
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9.3.1.5 Variable-flow 4-pipe system chilled/heated ceiling

= Provision of heating energy by means of a combined chilled/ = Pump speed control due to the differential pressure
heated ceiling at the system'’s lowest point of pressure

= 4-pipe system ensures immediate availability of warm and cold = Room temperature controller controls valve position
water

= Automatic shut-off if temperature falls below dew
= 4-pipe system enables cooling of certain rooms while others are point (condensation)
being heated

= Optional functions: Window contact and occupancy
= Manual balancing valve for static hydronic balancing of water switch
volume (for full load)

Fig. 153: Schematic of variable-flow 4-pipe system chilled/heated ceiling

Changeover
/__\
Deadband
—_— J ‘ ‘ B> Room temperature [°C]
T Setpoint T Setpoint T Setpoint
ECO mode normal ECO mode
heating mode cooling

Fig. 154: Sequence diagram of variable-flow 4-pipe system chilled/heated ceiling

Pros Cons
+ Excellent thermal comfort - Chilled ceiling usually has higher investment costs
+ Fast-acting cold and heat emission - Hydronic balancing for full load only

+ Zones can be heated/chilled individually at the same time.

Table 112: Pros and cons of the variable-quantity 4-pipe system chilled/heated ceiling

Use of field devices

Reference Field devices Description/Version/Placement

1 6-way characterised control valve ~ Changeover between heating and cooling mode
2 Condensation switch Mounting on the supply of the cooling where the temperature is coldest
3 Room unit Room operating unit or room sensor for temperature, humidity and CO,

Table 113: Field devices for variable-flow 4-pipe system chilled/heated ceiling
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9.3.1.6 Automatic electronically balancing variable-flow 4-pipe system chilled/heated ceiling

= Provision of heating energy by means of a combined chilled/ = Pump speed control due to the differential pressure
heated ceiling at the system'’s lowest point of pressure

= 4-pipe system ensures immediate availability of warm and cold = Optional implementation of a pump optimiser
water possible (demand-controlled pump)

= 4-pipe system enables cooling of certain rooms while others are = Room temperature controller controls water flow

being heated

= Automatic shut-off if temperature falls below dew
= Pressure-independent control valve for automatic, permanent point (condensation)
hydronic balancing (for all load states)

= Automatic shut-off if window is open

= Optional functions: window contact and occupancy
switch

Fig. 155: Schematic of automatic electronically balancing variable-flow 4-pipe system chilled/heated ceiling

eover

1]

B Room temperature [°C]

Setpoint Setpoint Setpoint
ECO mode normal ECO mode
heating mode cooling

Fig. 156: Sequence diagram of automatic electronically balancing variable-flow 4-pipe system chilled/heated ceiling

Pros Cons
+ Excellent thermal comfort - Chilled ceiling usually has higher investment costs
+ Fast-acting cold and heat emission - Highest product cost for connecting a combined chilled/heated ceiling

+ Automatic hydronic balancing for full and partial loads
+ Zones can be heated/chilled individually at the same time

Table 114: Pros and cons of the automatic electronically balancing variable-quantity 4-pipe system chilled/heated ceiling

Use of field devices

Reference Field devices Description/Version/Placement

1 Characterised control valve EPIV  Pressure-dependent 6-way characterised control valve for switching between heating
and cooling mode

2 Condensation switch Mounting on the supply of the cooling where the temperature is coldest

3 Room unit Room operating unit or room sensor for temperature, humidity and CO,

Table 115: Field devices for automatic electronically balancing variable-flow 4-pipe system chilled/heated ceiling
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9.3.2 Ventilation applications — pressure-dependent
9.3.2.1 Damper control — air quality controlled

= For easy demand-controlled ventilation and maintaining good
indoor air quality.

= The connected dampers are controlled by the room unit (room
controller) according to demand and air quality.

= The volumetric flow is not controlled in this pressure-dependent
application.
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Fig. 157: Schematic of damper control — air quality controlled
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Fig. 158: Sequence diagram of damper control — air quality controlled
Pros Cons
+ Low investment costs - Uncontrolled air volume and risk due to negative pressure/overpressure
Table 116: Pros and cons of damper control — air quality controlled
Use of field devices
Reference Field devices Description/Version/Placement
1 SUP damper Closes or reduces the supply air
2 ETA damper Closes or reduces the extract air
3 Room unit Room operating unit or room sensor for temperature, humidity and CO,

Table 117: Field devices for damper control — air quality controlled
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9.3.3 Ventilation applications — pressure-independent (VAV systems)
9.3.3.1 VAV system, CO, and temperature controlled

= The connected VAV controllers are controlled by the room control-
ler in a demand-dependent, volume-variable manner according to
the following parameters:
- CO, content in the air
- Room cooling demand

= Fan optimiser for demand-driven fan control based on the damper
position
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Fig. 159: Schematic of VAV system, CO, and temperature controlled
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Fig. 160: Sequence diagram of VAV system, CO, and temperature controlled
Pros Cons
+ Very little wiring effort - No monitoring possible as sensor is directly connected to volumetric flow controller
+ Very simple solution - P-controller limited suitability for good indoor comfort
+ Low investment costs - Difficult to achieve both thermal comfort and good air quality
Table 118: Pros and cons of the CO, and temperature-controlled VAV system
Use of field devices
Reference Field devices Description/Version/Placement
1 SUP-VAV Closes or reduces the supply air
2 ETA-VAV Closes or reduces the extract air
3 Room unit Room operating unit or room sensor for temperature, humidity and CO,

Table 119: Field devices for CO, and temperature-controlled VAV system
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9.3.3.2 VAV system CO, and temperature controlled, with radiator heating

= The connected VAV controllers are controlled by the room = Fan optimiser for demand-driven fan control based on
controller in a demand-dependent, volume-variable manner the damper position
according to the following parameters:

. . = Heat emission via floor heating or radiators
- CO, content in the air 9

- Room cooling demand / heating demand = Room temperature controller controls water flow
L < @

-_____I._______-

Air flow rate <
Water flow rate 2
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Changeover
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' : ) Indoor room ' CO, .
Setpoint Setpoint Setpoint temperature Setpoint pontent in
ECO mode normal ECO mode normal indoor air
heating mode cooling mode
Fig. 162: Sequence diagram of VAV system, CO, and temperature controlled, with radiator heating
Pros Cons
+ Fast-acting heating system - Air volume in cooling mode dependent on temperature instead of indoor air quality
+ In the case of heating, good indoor air quality and - Difficult to achieve both good indoor air quality and thermal comfort in cooling mode
thermal comfort can easily be achieved
Table 120: Pros and cons of the CO, and temperature-controlled VAV system, with radiator heating
Use of field devices
Reference Field devices Description/Version/Placement
1 SUP-VAV Closes or reduces the air supply
2 ETA-VAV Closes or reduces the air discharge
3 Room unit Room operating unit or room sensor for temperature, humidity and CO,
4 Characterised control valve Throttling circuit for flow control of the underfloor heating or the radiator

Table 121: Field devices for CO, and temperature-controlled VAV system, with radiator heating
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9.3.3.3 VAV with chilled ceiling

= Demand-dependent single room solution with VAV and = VAV for air renewal (hygiene component)
chilled ceiling

= Fan optimiser for demand-driven fan control
= Chilled ceiling to cover the cooling load based on the damper position
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Fig. 163: Schematic of VAV with chilled ceiling
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Fig. 164: Sequence diagram of VAV with chilled ceiling
Pros Cons
+ Good indoor air quality and thermal comfort - High investment costs
easily achieved at the same time - Simultaneous cooling and heating of different zones not possible, only changeover
+ Excellent room comfort - P-controller limited suitability for good indoor comfort

Table 122: Pros and cons of the VAV system with chilled ceiling

Use of field devices

Reference Field devices Description/Version/Placement

1 SUP-VAV Closes or reduces the air supply

2 ETA-VAV Closes or reduces the air discharge

3 Room unit Room operating unit or room sensor for temperature, humidity and CO,
4 Characterised control valve Flow control or tight-closing shut-off

Table 123: Field devices for VAV system with chilled ceiling
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9.3.4 Fan coil
9.3.4.1 Fan coil with 2-pipe system, pressure-dependent

= Fan coil provides cooling energy (alternatively also thermal
energy)

= Additional manual balancing valve for static hydronic balancing
of the water quantity (for full load)

= Pump speed control due to the differential pressure at the
system'’s lowest point of pressure

Fig. 165: Schematic of fan coil with 2-pipe system, pressure-dependent
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Fig. 166: Sequence diagram of fan coil with 2-pipe system, pressure-dependent
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= Room temperature controller controls valve position
and air volume

= Optional functions: Occupancy switch, window
contact

The fan is usually controlled in parallel or in stages
by the person using it.

Indoor room
temperature

Pros Cons

+ Very reactive system

+ Good controllability

+ Good thermal comfort

+ Simple hydronic balancing

- Fan noise could be audible

- Hydronic balancing for full load only

- Pressure fluctuations in the system can reduce thermal comfort
- Additional balancing valve required

- Simultaneous cooling and heating of different zones not possible, only changeover

Table 124: Pros and cons of the pressure-dependent fan coil with 2-pipe system

Use of field devices

Reference Field devices Description/Version/Placement
1 Characterised control valve Flow control or tight-closing shut-off
2 Room unit Room operating unit or room sensor for temperature, humidity and CO,

Table 125: Field devices for pressure-dependent fan coil with 2-pipe system
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9.3.4.2 Fan coil with 2-pipe system, pressure-independent

= Fan coil provides thermal energy = Room temperature controller controls water flow and

) . air volume
= Pressure-independent control valve for automatic, permanent

hydronic balancing (for all load states) = Optional functions: Occupancy switch, window contact

= Pump speed control due to the differential pressure at the
system'’s lowest point of pressure

f———— e ——— -

3<'
£

Valve water
flow

Fig. 167: Schematic of fan coil with 2-pipe system, pressure-independent

Deadband
The fan is usually controlled in parallel or in stages by
the person using it.
‘ ‘ ‘ ‘ P Room temperature [°C]
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Fig. 168: Sequence diagram of fan coil with 2-pipe system, pressure-independent

Pros Cons

+ Very reactive system - Fan noise could be audible

+ Good controllability - Higher investment costs than solution with balancing valve
+ Good thermal comfort - Simultaneous cooling and heating of different zones not

+ Automatic hydronic balancing for full and partial loads possible, only changeover

Table 126: Pros and cons of the pressure-independent fan coil with 2-pipe system

Use of field devices

Reference Field devices Description/Version/Placement

1 PIQCV Mechanical pressure-independent quick compact valve; flow control and hydronic balancing

2 Room unit Room operating unit or room sensor for temperature, humidity and CO,

Table 127: Field devices for pressure-independent fan coil with 2-pipe system
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9.3.4.3 Fan coil with 4-pipe system, pressure-dependent

= Fan coil (with a heat exchanger) provides heating and cooling = Manual balancing valve for static hydronic balancing
energy of water volume (for full load)

= 4-pipe system ensures immediate availability of warm and cold = Pump speed control due to the differential pressure at
water the system'’s lowest point of pressure

= 4-pipe system enables cooling of certain rooms while others are = Room temperature controller controls water flow and
being heated air volume

= Optional functions: Occupancy switch, window
contact

vmax _-—
Changeover
[
2% | T . ‘ ‘
C 3 The fanis usually controlled in parallel or in stages by
3L the person using it.
T3 Deadband
< ©
<g /
0 ‘ — J ‘ ‘ B Room temperature [°C]
Setpoint Setpoint Setpoint
ECO mode normal ECO mode
heating mode cooling

Fig. 170: Sequence diagram of fan coil with 4-pipe system, pressure-dependent

Pros Cons

+ Very reactive system - Fan noise could be audible

+ Good controllability - Hydronic balancing for full load only

+ Good thermal comfort - Pressure fluctuations in the system can reduce thermal comfort
+ Zones can be heated/chilled individually at the same time - Additional balancing valve required

+ Simple hydronic balancing

Table 128: Pros and cons of the pressure-dependent fan coil with 4-pipe system

Use of field devices

Reference Field devices Description/Version/Placement

1 6-way characterised control valve Changeover between heating and cooling mode
2 Condensation switch Mounting on the supply of the cooling where the temperature is coldest
3 Room unit Room operating unit or room sensor for temperature, humidity and CO,

Table 129: Field devices for pressure-dependent fan coil with 4-pipe system
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9.3.4.4 Fan coil with 4-pipe system, pressure-independent

= Fan coil (with a heat exchanger) provides heating and cooling = Pressure-independent control valve for automatic,
energy permanent hydronic balancing (for all load states)

= 4-pipe system ensures immediate availability of warm and cold = Pump speed control due to the differential pressure
water at the system'’s lowest point of pressure

= 4-pipe system enables cooling of certain rooms while others are = Optional implementation of a pump optimiser
being heated possible (demand-controlled pump)

= Room temperature controller controls water flow and
air volume

g = Optional functions: Occupancy switch, window
05 contact
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Fig. 171: Schematic of fan coil with 4-pipe system, pressure-independent
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Fig. 172: Sequence diagram of fan coil with 4-pipe system, pressure-independent

Pros Cons
+ Very reactive system - Fan noise could be audible
+ Good controllability - Higher investment costs than solution with balancing valve

+ Good thermal comfort
+ Joint heating/cooling possible
+ Automatic hydronic balancing for full and partial loads

Table 130: Pros and cons of the pressure-independent fan coil with 4-pipe system

Use of field devices

Reference Field devices Description/Version/Placement

1 6-way valve EPIV Changeover between heating and cooling mode, with flow measurement and automatic
hydronic balancing

2 Room unit Room operating unit or room sensor for temperature, humidity and CO,

Table 131: Field devices for pressure-independent fan coil with 4-pipe system
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10.1 Legend
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Icon Designation Icon Designation

Icon

Designation

Humidity switch

C> Pump, general G

»

Heat generator

@

@ Fan Q Expansion vessel . Chiller
Air damper Adjustable Fan coil with
* air heater and
@ air cooler
E Controller Balancing valve Fan coil with
@ air heater
Heat meter M 2-way ball valve Fan coil with
Ij air cooler

3-way ball valve

Q Sensor

Heated/chilled
ceiling

2a0C Room control unit
R

6-way ball valve

Floor heating

Chilled ceiling

% Motion sensor PIQCV

| Window contact PIFLV
- Fod

o |||

Radiator

Switch/guard 6-way EPIV

Table 132: Legend



118

Room and zone applications

10.2 Environment
10.2.1 Temperature

The air temperature must not cool down/heat up in the air duct sys-
tem. In case of temperature differences between air in the ductwork
and the ambient temperature, the pipes must be insulated according
to Table 133 from SIA 382/1.

Insulation thickness depending on the position of the ventilation duct
In a room closed on all sides

Type of outside the thermal building In a room not closed on all sides
ventilation duct Within the thermal building envelope  envelope or outdoors

ODA/EHA 100 mm (60 mm)* 30 mm -

SUP/ETA Depending on the differential 60 mm 100 mm

temperature between the fluid and
the environment in the planned
scenario:

<5K 0mm

5to<10K 30 mm
10to<15K 60 mm

>15K 1700 mm

Table 133: Insulation thickness of ventilation ducts
*The value of 60 mm applies to systems with ground heat exchangers or other air heating systems before heat recovery.

10.2.2 Sensors for ventilation ducts

Sensors can be used for the following applications:

What/Where Description Setting value

Ducts and pipes All air sensors (duct and pipe sensors) can be mounted on pipes or ducts
using mounting plates. For insulated pipes and ducts, the thickness of the
insulation must be taken into account.

Table 134: Sensors for ventilation ducts



10.3 Water pipe network

Water pipes are used to supply or remove heat from the air.

Insulation thicknesses are regulated in SIA 384/1 as follows (see

Table 135):

Nominal pipe size
(mm]

For A >0.03 W/(mK)
For A <0.05 W/(mK) For A <0.03 W/(mK)

10-15 40 mm 30 mm
20-32 50 mm 40 mm
40-50 60 mm 50 mm
65-80 80 mm 60 mm
100-150 100 mm 80 mm
175-200 120 mm 80 mm

Table 135: Insulation thickness of water pipes

10.3.1 Sensors for water pipes

Sensors can be used for the following applications:
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The following boundary conditions apply to the table
shown:

= The thermal conductivity A is determined at a
temperature of 20°C.

= For fluid temperatures above 90°C, a higher
insulation thickness is selected.

What/Where Description Setting value
Warm water All water sensors (pipe sensors) can be mounted on pipes using mount-

ing plates. For insulated pipes, the thickness of the insulation must be

taken into account.
Cold water All water sensors (pipe sensors) can be mounted on pipes using mount-

ing plates. For insulated pipes, the thickness of the insulation must be
taken into account. Always use cold bridge prevention accessories to

prevent condensation.

Table 136: Sensors for water pipes



All inclusive.

Belimo as a global market leader develops innovative solutions for
the controlling of heating, ventilation and air-conditioning systems.
Damper actuators, control valves, sensors and meters represent our
core business.

Always focusing on customer value, we deliver more than only prod-
ucts. We offer you the complete product range for the control of HVAC
systems from a single source. At the same time, we rely on tested
Swiss quality with a five-year warranty. Our worldwide representatives
in over 80 countries guarantee short delivery times and comprehensive
support through the entire product life. Belimo does indeed include
everything.

The “small” Belimo devices have a big impact on comfort, energy
efficiency, safety, installation and maintenance.

In short: Small devices, big impact.
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BELIMO Automation AG
Brunnenbachstrasse 1, 8340 Hinwil, Switzerland
+41 43 843 61 11, info@belimo.ch, www.belimo.com
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5-year warranty

On site around the globe

Complete product range

Tested quality

Short delivery times

Comprehensive support

Download book as PDF
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