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3.4.4.3 Hydronic circuits for heat exchangers
For air heaters and air coolers there are different hydronic circuits which are more or less suited for the specific application.

The following table gives an overview of the different circuits for the respective purpose in an AHU. It should be noted, however,
that the requirements of the producer, which are not listed here, must also be taken into account when selecting the circuit.

Throttling circuit Diverting circuit Mixing circuit Injection circuit with

through valve*

I Consumer I I Consumer I Consumer Consumer
H— o‘
%o
Producer Producer Producer
Water-side input temperature Constant Constant Variable Variable
into the heat exchanger
Flow through the heat exchanger Variable Variable Constant Constant
at water end
Air heater v - v v
without risk of freezing
Temperature No longer recommended
stratification in partial for energy efficiency
(reheater) load operation reasons
Air heater X - v v
with risk of freezing
Risk of freezing with No longer recommended
small amounts of water for energy efficiency
(preheater) reasons
Air cooler v - X x
with dehumidification /
No longer recommended No controlled No controlled
for energy efficiency dehumidification dehumidification
reasons possible possible
Air cooler - - v v
without dehumidification
Uncontrolled and No longer recommended
possibly unwanted for energy efficiency
dehumidification reasons
Run-around coil systems X v x

Diversion or mixing
circuit with 2-way valve

as bypass

* Injection circuit with 3-way valve for use on AHU not typical (possibly for very precise industrial processes).

Table 21: Application of hydronic circuits for heat exchangers

v suitable % not suitable

— not recommended

Further information on the basic hydronic circuits for heat exchangers and AHUs can be found in the brochure “Belimo — Appli-

cations air-handling units”.
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3.4.5 Humidifier

Cold air can absorb less water. Especially in winter, the absolute humidity of the outdoor air is very low. When the air in the AHU is
heated, for example by heat recovery or by the air heater, the capacity to absorb water increases, but the absolute water content
remains the same. Thus, with a constant water content, the relative humidity decreases when heating the air (see also chapter
2.4 Water content of the air).

In order not to influence production processes and for greater comfort, humidifiers are installed in AHUs, which are therefore
mainly switched on in winter.

Under certain conditions, it may be sufficient to use a humidity recovery system that recovers existing humidity (see also chapter
3.4.3 Heat Recovery System (HRS)). In contrast to humidity recovery, air humidification actively humidifies the supply air.

3.4.5.1 Humidification types
A distinction can be made between the following types of humidification:

Type Description
Adiabatic Adiabatic humidifiers humidify the air by the evaporation of water.
humidifiers There are different designs, which differ in the way water is applied to the air flow.
- Atomiser As the name suggests, atomisers apply water to the air flow by fine atomisation. This ensures good water
absorption.
- Evaporator Water is deposited on a porous surface, where the air to be humidified trickles and evaporates.
Depending on the system, demineralised water is used to avoid clogging nozzles with limescale or transferring
mineral dust to the rooms.
Advantages:
- More ecological solution than steam humidification (see also following section)
- Suitable for larger systems
- More economical than steam humidification in large systems
- Adiabatic cooling possible (see also following chapter 3.4.5.3)
Disadvantages:
- Emphasis on hygiene (see chapter 3.4.5.4 Hygiene)
- Retrofitting difficult
- Slightly higher water consumption
- More complex maintenance
Isothermal Most steam humidifiers generate steam in a water container. However, steam from an external source can also be
humidifiers used. The steam is added to the supply air via lances.

- Steam humidifier

Advantages:

- Exact controllability of electric steam humidifiers
- Compact design, easy to retrofit

- Water temperature at boiling point kills germs

Disadvantages:
- High electricity/gas consumption
- Steam can condense when introduced into the ventilation system

Table 22: Overview of humidification types
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3.4.5.2 Humidification in h,x diagram

Especially for humidification, it is important
tolook at the process in the h,x diagram and
thus recognise the differences between ad-
iabatic and isothermal humidification (see
also chapter 2.5.2).

Isothermal humidification takes place at a
constant temperature along the isothermal
line.

Adiabatic humidification takes place along
the constant enthalpy line. This cools the
air, as evaporation requires thermal ener-
gy which is extracted from the air. For this
reason, the air in the AHU must always be
preheated or reheated (procedure C).

T 7

Fig. 40: Course of the humidification processes in the h,x diagram

Contrary to popular belief, every type of humidifier, whether isothermal or adiabatic, consumes the same amount of energy, i.e. as
much as is required to change the state of aggregation from water to steam. Whereas in isothermal humidification, the energy
is added during steam production, in adiabatic humidification the energy is extracted from the ambient or supply air during the
humidification process.

With adiabatic humidification, on the other hand, depending on the heating system, the energy required to preheat or reheat the
air in the AHU could be generated more ecologically (for example using a heat pump).

Atomiser Evaporator Steam humidifier

Ultrasonic humidifier High pressure Contact humidifier Electric (own steam) Pressure steam
atomiser

(auxiliary steam)

o
r

Humidificationonly — v'v* Vv vV v vV
Adiabatic cooling v v vV x X
AHU vV Vv vV vV Vv
Duct - - - vV vV
Large vV vV vV v v
>10,000 m®/h

Medium vV Vv vV vV vV
3000...10,000 m*/h

Small v v v vV v
<3000 m*/h

Table 23: Overview of humidification systems (source of pictures: Condair Group AG)

Vv’ recommended v  possible % not suitable - not recommended
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3.4.5.3 Adiabatic cooling

The adiabatic change of state of the air can
be used in cooling applications. For this
purpose, the extract air returning from the
room is adiabatically humidified, cooling it
down near to almost the wet-bulb temper-
ature. The cooled, very humid extract air is
then routed through the heat recovery unit,
where it can absorb part of the heat from
the supply air. The supply air can thus be
cooled by the extract air with low energy in-
put, without the supply air becoming more
humid, which would also reduce comfort.

Fig. 41: Indirect adiabatic cooling

3.4.5.4 Hygiene
Water management plays an important role in air humidification. It is extremely important that humidification systems are cor-
rectly designed and hygienically operated. The following table shows five criteria that can significantly influence hygiene:

Criterion Description

Humidification section ~ The humidification section is the room downstream of the humidifier in which the residual steam or mist is
mixed completely with the air. The correct length of the humidification section prevents condensation in the
ventilation ductwork.

Avoidance of biofilms The supply water to humidifiers should have the microbiological quality of potable water. Even a small
number of microorganisms settle in wet places and can form a biofilm over time. This biofilm continuously
releases germs and contaminates the humidification water or the supply air. Any development of biofilms
can be avoided if all the following points are observed:

- Hygienic humidification water

- Regular cleaning with disinfection

- No stagnation in the water pipes

- Hygiene measures for germ reduction
- Control (germ measurement)

Water aerosols Water aerosols are extremely small water droplets in the air. As they are in the air, they can enter the res-
piratory tract and lungs by inhalation. If the humidification water is microbiologically contaminated, harmful
germs can deeply penetrate the respiratory tract. Because of their small size, they are difficult to separate
and sometimes this is not possible at all. As they are suspended in the water, they can be transported over
long distances through the ventilation ducts without evaporating.

Humidity control To avoid condensation in the ducts or the dew point from generally being fallen short, it is important to
correctly control ventilation systems with humidifiers. Humidistats can also switch off the humidification
system in case of a malfunction.

Hygiene certificates Hygiene certificates issued by the manufacturers of the humidifiers can help evaluate the respective system.
The humidification system should be able to be operated hygienically throughout the entire product life cycle.
An assessment of the hygiene quality is only possible if all the required hygiene characteristics are fulfilled:
- Compliance with technical guidelines
- Effective hygiene measures for germ reduction
- Regular cleaning with disinfection

Fig. 42: Hygiene criteria
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3.4.5.5 Sensors for air humidification
Sensors can be used for the following applications:
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What/Where

Description

Setting value

Supply air limitation

In certain cases, the room may still require a great deal of room humidity, so that the  60...70% RH
requirement increases to 100%. However, in order not to over-humidify the indoor

air or to prevent condensation in the supply air duct, a humidity sensor or humidistat

can be installed in the supply air duct. This ensures that the supply air does not

exceed a certain relative humidity value. Frequently this is about 60...70% RH

Setpoint determination
ETA

A humidity sensor in the extract air duct detects the average room humidity so that ~ 40..50% RH

the humidification output can be controlled according to this value.

Setpoint determination
for room

The room sensor detects the room air humidity in a reference room or the room 40..50% RH
is humidified separately. It is important to place the room sensor correctly. If a
reference sensor influences several rooms, the other rooms may be under or over-

humidified.

Setpoint determination
SUP

In rare cases, the humidification output is controlled by a sensor in the supply 40..50% RH

air. However, since room influences cannot be taken into account, no ideal
humidification can be guaranteed.

Table 24: Sensors for air humidification

3.4.6 Dampers

In ventilation and air conditioning systems, dampers, usually normal
multi-blade dampers, are used to close the outdoor air and exhaust
air outlet as well as regulate the air flow in recirculation mode and
during heat recovery (bypass plate heat exchanger).

3.4.6.1 Outdoor and exhaust air dampers

Electrically operated dampers are normally installed at the air inlet
and air outlet. When the system is switched off, the dampers are
tightly closed to prevent the entry of cold or contaminated outdoor
air. In order to ensure that the outdoor and exhaust air dampers also
close reliably in the event of a failure (e.g. power failure), fail-safe
actuators are usually used.

3.4.6.2 Recirculation dampers

In cases where the total air volume of the ventilation and air-con-
ditioning system exceeds the required outdoor air volume (e.g. in
systems with high cooling loads or indoor swimming pools), a recir-
culation damper is usually installed which returns part of the extract
air to the supply air (so-called recirculation air addition).

The recirculation damper is usually controlled in combination with
the associated outdoor and exhaust air dampers in order to be able
to set the corresponding air flows (ratio of recirculation air to out-

door air).

As a rule, the dampers are controlled in a modulating manner (see
also chapter 5.3.2.5 Adding recirculation air).

Fig. 43: Outdoor and exhaust air damper

Fig. 44: Recirculation damper
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3.4.6.3 Bypass damper of plate heat exchanger

It must be possible to control the transmission capacity of a plate heat exchanger by means of a modulating controlled damper,
a so-called bypass damper. Depending on requirements, this ensures that the outdoor air, in isolated cases the extract air, is
transported past the heat exchanger and thus cannot transfer heat or power. If the outdoor air can be transported past the HRS,
icing can be prevented in the event of very cold outdoor air.

3.4.6.4 Actuators and sensors for dampers
Actuators and sensors can be used for the following applications:

What/Where

Description Setting value

Damper adjustment

The dampers are adjusted by an actuator. -
The torque and type of actuator depend on the damper size and space conditions.
Depending on the control strategy, open/close, 3-point or modulating can be

selected as the control.

Damper position

In most cases, actuators with position feedback are used to check the functionality 70 Pa
of the actuator or damper. In some cases, differential pressure sensors are also

used, which measure the pressure upstream and downstream of the damper and

can thus detect whether the damper is open or closed.

Table 25: Actuators and sensors for dampers

3.4.7 Sound attenuator

AHUs, especially fans, cause noise that should not be heard in the

rooms. For this reason, sound attenuators are installed either di-
rectly in the AHU or downstream in the air duct system. The most
common type is the splitter sound attenuator, in which several split-
ters made of sound-absorbing material are installed in the air flow.

Sound attenuators are also installed in rooms to reduce air flow
noise or to isolate rooms from each other acoustically. Sound at-
tenuators that are used between rooms are called “cross-talk sound

attenuator”.

In principle, however, care must be taken to ensure that noise does

not develop in the first place (see also chapter 6.1.4 Acoustics).

Fig. 45: Sound attenuator
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4 Building automation

The building automation is for the automatic control, regulation and monitoring of the building’s technical systems, in particular
AHUs, and coordinates the various functions and tasks of the technical subsections (HVAC). The building automation system
also provides various tools for the operation and visualisation of the systems (web visualisation, display, operating elements,
etc.). The characteristics of a building automation system can be very different.

4.1 Levels in building automation
The building automation system is divided into three functional levels:

- Management level
- Automation level
- Field level
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Fig. 46: Levels in building automation

4.1.1 Management level

The management level is defined as those facilities, software and services that serve to operate, monitor and visualise the build-
ing technology systems.

Information from the automation stations (automation level) of various subsections, including that of the AHUs, is harmonised
and transferred to the management level in simplified form. The building technology systems can be located in different buildings
or areas.

Functions Components

- Operating and monitoring - Server (local hardware or virtually in the cloud)

- Communicating and indicating (alarms) - Technical network

- Recording and analysis (trend, logbook, etc.) - Building management system (visualisation, applications)

- Remote access/maintenance - Network-dependent local operation (line display, touch panel, tablet, etc.)
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4.1.2 Automation level

The automation level is used for the automatic control of the various subsystems such as the AHUs. The automation level is
the “logic level” and represents the interface between the management level and the field level. The data from the sensors and
actuators at the field level are processed by the automation station and forwarded to the two levels accordingly.

Functions Components
- Control - Automation station incl. communication interfaces
- Communication to management and field level - Electrical cabinet / power supply

4.1.2.1 Automation station

The automation station forms the heart of a building automation system and contains the logic (software) for the control of the
individual systems, in particular the AHU. The terms control, controller, PLC (programmable logic controller) and DDC (direct
digital control) are also frequently used for the automation station. These are usually freely programmable.

An automation station essentially contains a processor for processing the control logic and usually several interfaces for input/
output signals (I/0), field bus systems and/or integration into the management level. The automation station is available both in
a compact design with a defined 1/0 mix and in a modular design (main controller with processor plus extensions with different
interfaces).

4.1.2.2 Automation station examples
There are countless manufacturers and versions of automation stations for a wide variety of systems in buildings. Some com-
mon versions that are also used for AHUs are listed below.

Manufacturer CAREL BECKHOFF Saia
Type pCO CX PCD

Fig. 47: (Source: CAREL Deutschland GmbH)  Fig. 48: (Source: Beckhoff Automation AG) ~ Fig. 49: (Source: Saia-Burgess Controls AG)

Table 26: Examples of automation stations for AHUs

4.1.3 Field level

The field devices with Belimo sensors and actuators are located at the field level. The sensors record the data relevant for control
and communicate it to the automation level. The actuators in turn receive the commands from the automation level and execute
them physically.

Functions Components
- Measuring and counting - Sensors
- Control - Actuators

- Switching and adjusting - Control valves
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4.1.4 Outlook

Due to digitalisation, the boundaries between the three levels mentioned above can no longer always be clearly defined. In the
future, the three levels will increasingly merge due to the decentralisation of intelligence.

Field devices are becoming increasingly intelligent. So-called performance devices thus also take over parts of the automation
stations. For example, a Belimo Energy Valve™ is already used for individual functions at the automation and management levels.
On the other hand, so-called edge devices take over the classic role of individual automation stations and combine them in one
device.

A building’s digital twin provides an online version of the entire building and thus makes all information and functions of the
building easily available to services outside this building. For the digital twin, data and information are transferred from different
devices across all levels to the Internet. This connection is called a cloud connection. Due to this increased use of IP-based
Internet communication and other advantages of IP technology, IP-based communication is also increasingly used at the field
device level. Well-known examples are BACnet IP or Modbus TCP. In addition, wireless connections will play an increasingly
important role.

In the case of AHUSs, there is a trend towards automation stations integrated into the AHU, as described in example 2 in the
following chapter.
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4.2 Examples of building automation with focus on AHU

The following illustrations show two possible topological variants of the automation of a building as an example. Depending on
the consulting engineer, there may be a wide range of different versions of concepts of the building automation.

4.2.1 Example 1: AHU-independent automation

In this example, the automation station for controlling and regulating the AHU is located in an electrical cabinet that is independ-
ent of the AHU. This offers the advantage that this automation station and/or electrical cabinet can also be used for several
installations of all subsections (for example, air distribution).

From the electrical cabinet or the automa-
Building management system tion station, the field devices of the AHU are
Extract air integrated into the building automation sys-

Air distribution / zones tem with 1/0 signals.

These and, if necessary, other automation
stations as well as all local controls are
connected to the management level or the
building management system via universal
communication cabling (UCC) and are oper-
ated and monitored by them.

Server / On-site operation AHU / field devices
technical Electrical cabinet
network automation station

Fig. 51: AHU with external automation station

4.2.2 Example 2: Automation on an AHU

In this example, the automation station for controlling and regulating the AHU is located directly on the AHU, typically in an
integrated electrical cabinet.

This variant is used if the AHU is a packaged solution, i.e. including field devices, automation station and on-site operation. As a
rule, this automation station controls and regulates only the AHU . Therefore, it can be operated autonomously.

The control of other systems (e.g. air dis-
Building management system tribution) is performed by separate auto-
Extract air mation stations in additional electrical cab-

Air distribution / zones inets. However, these automation stations

can be connected to each other via network
cabling, in this example using BACnet, and

exchange necessary information with each

BACnet
Modbus other.

In this example, the field devices of the AHU
are controlled via a field bus system, in this
case using Modbus. However, control via
I/Os is also quite common here.

In this case, integration into the building
AHU / field devices management system is done in the same
way as in the first example.

Server /
technical Electrical On-site Automation
network cabinet operation station

Fig. 52: AHU with integrated automation station
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5 Control of AHUs

5.1 Overview of field devices and functionality

Calculation of thermal efficiency/humidity
recovery ratio and energy recovery ratio for HRS
Changeover HRS direction of operation

Changeover HRS Frost protection
direction of operation

Frost protection

Frost protection:
Start-up control

Outdoor air-operated Open/close damper @
setpoint adjuster

VOC/CO, measurement
outdoor air

Open/close damper

Frost protection

Filter monitoring

Calculation of thermal efficiency / humidity
recovery ratio and energy recovery ratio for HRS

Temperature control, rotary heat exchanger

Temperature control, plate heat exchanger

Calculation of thermal efficiency / humidity
recovery ratio and energy recovery ratio for HRS

Add recirculation air
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Volumetric flow
control/measurement

Temperature control

Filter monitoring

@7 Air quality control

Pressure control

Temperature control

Humidity control

Humidity control

Minimum limit of supply air temperature

Temperature control

Pressure control

Maximum limit, humidity

Humidity control

Humidity control

Temperature control

Humidity control

Frost protection

Temperature control

Filter monitoring

Volumetric flow control/measurement
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5.2 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 Belimo field devices that can be used for AHUs. The following chapter focuses on where
fleld devices are positioned within the AHU and what function they assume.

5.2.1 Damper Actuators

Belimo has the world's most comprehensive range of electric actuator solutions for air dampers of up to 8 m2. It includes rotary
and linear actuators with a wide range of motorisation strengths, actuating times and control types. The actuators cover almost
all applications for the control of air flows in ventilation and air conditioning systems, from conditioning and distribution to feed-
back and reconditioning. The product range also includes special actuators for indoor and outdoor use in extreme conditions.

5.2.1.1 Fail-safe and non fail-safe damper actuators

Ventilation and air conditioning systems have a high material value that must be protected. Especially in the event of a voltage
interruption, damage can be caused by freezing, water or steam emission. Fail-safe actuators especially move outdoor and
exhaust air dampers into a safe position, even when the entire system is disconnected from the power supply.

Non-fail-safe actuators, on the other hand, remain in the last position in the event of a voltage interruption, which means that
system safety is no longer guaranteed.
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5.2.1.2 Belimo product range of damper actuators

Rotary actuators without fail-safe

Product range Types Specifications Applications
-CM (2 Nm) - With integrated auxiliary switch or potentiometer Motorisation of air dampers
- LM (5 Nm) - Identical accessories for all types without fail-safe up to 8 m?
-NM (10 Nm)
- SM (20 Nm)
- GM (40 Nm)

Rotary actuators, fail-safe

Productrange Types Specifications Applications
- LF (4 Nm) - Automatic closing function in < 20s Motorisation of air dampers
- NF (10 Nm)* in the event of electricity interruption with fail-safe up to 8 m?
- SF (20 Nm)* - Manual override
- EF (30 Nm)*/**
- GK (40 Nm) * optional with 2 integrated auxiliary switches

** optional with IP66 and UV protection for
outdoor applications

RobustLine rotary actuators with and without fail-safe for extreme environment conditions (IP66/67)

Product range Types Specifications Applications
- -NM..P (10 Nm) - IP66/67, UV protection, corrosion-resistant Motorisation of air dampers with and
- SM..P (20 Nm) - Integrated auxiliary switch or potentiometer without fail-safe up to 4 m?
in particularly exposed positions:
Optional for ambient temperatures down to -40°C: - Protection against aggressive gases,
- Heating with humidistat moisture, humidity, high dust and
- Heating with thermostat contamination levels

- General outdoor applications

Rotary actuators with and without fail-safe for outdoor applications (IP66/67, NEMA 4X)

Productrange Types Specifications Applications
- GM..G (40 Nm) -1P66/67, NEMA 4X, UV protection Motorisation of air dampers with and
-NF.G (T0Nm)* - Integrated auxiliary switch or potentiometer without fail-safeup to 8 m*:
- SF.G (20 Nm)* - Protection against moisture, hu-
- GK..G (40 Nm)*  Optional for ambient temperatures down to -40°C: midity, high dust and contamination
- Heating with humidistat levels
* fail-safe - Heating with thermostat - General outdoor applications

- Rooftop ventilation plant rooms

Retrofit general air solutions: actuators without fail-safe

Productrange Types Specifications Applications
- LM24A-MP-TP (5 Nm) - Freely parameterisable and optimally adjustable - Replacement of the motorisation of
- NM24A-MP-TP (10 Nm) for matching the application air dampers without fail-safeup to
- SM24A-MP-TP (20 Nm) - Identical accessories such as auxiliary switches 8 m?
- GM24A-MP-TP (40 Nm) and potentiometers for all rotary actuators

- SM24A-R9 (20 Nm, 0...135 Q)

- SM24A-PC (20 Nm, 0..20 V
phase-cut signal)

- SM24A-MA (20 Nm, 4...20 mA)
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5.2.2 Sensors

In April 2017, Belimo launched the first phase of a wide product range of sensors for pipe and duct applications. This initial offer
came on the market with an innovative Belimo housing that significantly simplifies installation. Particular attention was paid to
ensuring that the new products meet the individual requirements of the three regions (AM, EU, AP). Where necessary, the product
design was adapted.

In the second phase, room sensors and room operating units were introduced that are characterised by a unique Belimo design
and can be more easily integrated with Belimo actuators.

5.2.2.1 Design points
Sensors can be selected according to their various design points, which are listed here:

- Probe length

- Output signal

- Measured variable

- Application

- Installation type

- Measured range

- Accuracy and response time

- Measuring principle / sensor principle

Depending on the sensor, there are different control ranges that can change depending on the application. Some sensors only
measure within a certain control range, which must be taken into account when selecting a sensor. The measured value can
be sent to the controller with an output signal. The output signal here depends on the controller and the communication type.

Probe lengths and installation type refer to the installation location. Particularly in the case of duct sensors, there is a wide range
of probe lengths which ensure that the fluid is measured at the optimum position.

5.2.2.1.1 Passive versus active sensors
Passive sensors contain electronic components whose parameters 5000
are changed by the measured variable. In the example of tempera-
ture measurement with an NTC (Negative Temperature Coefficient),
the resistance decreases with increasing temperature. The resist-
ance value is processed by external electronics (e.g. by the control-
ler). Passive sensors do not require a supply voltage.

Resistance [Q]
()]
o
o

Active sensors must be supplied with an operating voltage and 1 T

generate an electrical signal based on the measuring principle. The ‘0 ‘20 ‘40 ‘60 ‘80 ‘100 \
measured value (e.g. temperature, humidity CO,, etc.) is processed
by an electronic circuit and transmitted as an output signal in the
form of voltage (e.g. 0..10 V) or current (e.g. 4...20 mA) or a bus
signal (MP-Bus, Modbus, etc.).

Temperature [°C]

Fig. 53: Characteristics of NTC resistance

5.2.2.1.2 Sensor versus switch
Sensors can display current measured values, switches on the other hand can only detect whether the set value has been
reached or not. By closing or opening a contact, the controller is informed whether the set value has been reached.

5.2.2.1.3 Selective measurement versus average value

Since the air in ducts is turbulent, the measured value may vary depending on the measuring point. Especially in AHUs, the air
in the upper part may have been heated differently from the air in the lower part. In such cases, it makes sense to measure an
average value over the entire duct area instead of taking punctual measurements.



5.2.2.2 Belimo sensor product range

Temperature sensors
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Family Types Schematic symbol Description
Duct sensor 01DT.. Fluid: Air
22DT.. 0 Application: Typical temperature sensors in ducts for homo-
| geneous flows.
Immersion 01DT.. Fluid: Water
sensor 22DT.. ° Application: Water temperature measurement using a duct
1 or cable sensor and a thermowell. A compression fitting can
| also be used instead of a thermowell.
Immersion O01PT.. Fluid: Water
sensor ° Application: Water temperature measurement with probe that
can be screwed directly onto the pipe. Faster reaction time
thanks to omission of the thermowell.
Average value 0TMT-.. Fluid: Air
sensor Se Application: Use in inhomogeneous flow. Forms an average
value over the duct cross-section.
Outdoor sensor 01UT-.. Fluid: Air
22UT-.. Application: Measures the ambient temperature to optimise
air conditioning.
Frost monitor 01ATS-.. Fluid: Air
01DTS-.. Sn Application: Protects the air conditioning system from frost
20DTS-.. damage on the air heaters. Switches at set minimum value.
Temperature 0THT-101.. Fluid: Water/air
monitor Sﬂ Application: Ensures that a set temperature is not exceeded.
For example, with underfloor heating systems, excessively hot
temperatures can ruin the parquet floor.
Contact sensor OTHT-.. Fluid: Water
22HT-.. e Application: Is applied to a pipe to measure the temperature
of the pipe and thus indirectly the water temperature.
Cable sensor 01CT-.. Fluid: Air/water
22CT-.. o Application: Used as duct temperature sensor with a mount-

ing flange or as immersion temperature sensor in combina-
tion with a thermowell.
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Humidity sensors

Family Types Schematic symbol Description
Duct sensor 22DTH-.. Fluid: Air
@ Application: Monitors humidification and dehumidification.
Duct humidistat 01DH-.. Fluid: Air
m Application: Switches off a humidifier when the maximum
humidity is exceeded.
S— Outdoor sensor 22UTH-.. Fluid: Air
— Application: Used outside the building to measure
‘i ) the humidity. Measured values can be used to control
=) ,F, humidification and dehumidification.
B' p Condensation 22HH-.. Fluid: Water
- Switch m Application: Detects water condensation on pipes. That
protects the building from dripping damage.
Air quality sensors
Family Types Schematic symbol Description
Duct sensor CO,  22DC-.. Fluid: Air
@ Application: Measures the CO, content in air ducts and is
a good indicator of how many people are in aroom. It is
therefore an important component for demand controlled
ventilation.
Duct sensor VOC =~ 22DCV-.. Fluid: Air
@ Application: Detects odours that we can also perceive with
the nose. A possible combination together with a CO, sensor
to control the “feeling of fresh air”.
Combination sensors
Family Types Schematic symbol Description
Duct sensor 22DTH-.. Fluid: Dependent on the combination
22DTC-.. Application: Various sensors can be accommodated in one
22DTM-.. housing. The abbreviations are combined in a box as shown
22DCV-.. (Examples) on the left.
22DCM-.. A picture of a duct combination sensor is shown as an
22DCK-.. example.
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Family Types Schematic symbol  Description

Differential 22ADP-.. Fluid: Air
&
- pressure sensor @ Application: For measuring differential pressure in filters and
(modulating) displaying air volume flows in fans
= Differential pres-  0TAPS-.. Fluid: Air
% sure switch m Application: For monitoring fans and filters
Water differential ~ 22WDP-.. Fluid: Water
pressure sensor @ Application: Measurement of supply and discharge pressure
for pump control
*
Water relative 22WP-.. Fluid: Water
. pressure sensor o Application: System pressure monitoring e.g. water level
measurement in the system

Flow sensors

Family Types Schematic symbol Description
Pipe sensor FM.. Fluid: Water

Eg_ o Application: Volumetric flow measurement in the system

Room units

Family Types Schematic symbol Description
Room sensor 01RT.. Fluid: Air

22RT.. Application: Temperature measurement in rooms

Room operating P-01RT.. Fluid: Air

unit, passive

Application: Temperature measurement in a room with
setpoint input
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5.2.3 Valves /valve actuators
Shut-off, change-over and control valves perform an important task in the hydraulic network of a heating or cooling circuit.

Through the water flow, the heating energy is supplied to the consumer (in the case of AHUS, these are the heat exchangers, see
also chapter 3.4.4 Heat exchangers) or, in the case of cooling applications, is dissipated from the consumer. Since the heating
or cooling demand in a building is rarely constant, the power output must be regulated. The valves take over this task using
demand controlled flow.

5.2.3.1 Selection of the hydronic network and valve design

In principle, the power 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 (e.g. no temperature layering at
the air heater, controlled dehumidification at the air cooler, etc.), this results in the four basic hydronic circuits for heat exchangers
(see chapter 3.4.4.3 Hydronic circuits for heat exchangers).

Since the differential pressure of a valve has a direct impact on the water quantity, great attention must be paid to this value when
selecting the valve (determining the kVS value). It must also be taken into account that the valve is always designed for the full
load case. In partial load operation of real systems, operating states occur which cannot be fully controlled. This makes it difficult
to ensure optimum comfort with the lowest 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 5.2.3.3 Belimo Energy
Valve™).

5.2.3.2 Overview of valves
The following overview shows the different valve types.

Belimo Energy Valve™ EPIV Characterised Globe valve
control valve

¢

Principle Pressure-independent flow control Pressure-dependent flow control
Closes air-bubble tight v v v x
Flow measurement / v v x x

design acc. to volumetric flow

Power control / v X x x
energy monitoring

Table 27: Overview of valves
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5.2.3.3 Belimo Energy Valve™

Belimo recommends using Belimo Energy Valves™ for all air heaters and air coolers in AHUs, as they can detect, display and
compensate for pressure fluctuations and temperature changes in the system. This results in transparent monitoring of the
system, an increase in efficiency as well as controllability of the heat exchangers and thus a reduction in costs.

The Belimo Energy Valve™ consists of four components: Character-
ised control valve (1) with actuator (2), measuring pipe with flow
sensor (3) and temperature sensors in the return (4) and supply
water (5).

The measuring pipe with the flow sensor can measure the flow rate
of water. In combination with the characterised control valve and
the associated actuator, the flow can be influenced or controlled.
In addition, the power can be determined and thus also controlled
with the aid of the two temperature sensors, respectively with their
difference.

Through the interaction of these components as a unit, the following Fig. 54: Components Belimo Energy Valve™
main functions with their advantages can be realized:

Functions Pro

Hydronic balancing Since the Energy Valve can measure and control the flow rate, pressure fluctuations occurring in the system
can be automatically compensated, thus keeping the transfer behaviour of the heat exchanger constant.

Power control By measuring and controlling the transfer power in the heat exchanger, the Energy Valve is able to detect
and compensate for temperature fluctuations occurring in the flow. In this way, the transfer behaviour of the
heat exchanger can also be kept constant.

Energy monitoring The power transferred by the heat exchanger is recorded over time. Thus, the transferred energy can be cal-
culated and also visually displayed (in the integrated web server) over time. This allows the characteristics
of the heat exchanger and, if necessary, changes in the system characteristics to be identified.

Delta T manager Each heat exchanger has a specific characteristic of power transfer from water to air. As the flow rate of
the water in the supply and return lines increases (as shown in figure 55), the increase of power transferred
to the air (a) decreases. This also means that the differential temperature between supply and return water
decreases (b). From a certain minimum differential temperature (c) (which can be measured with the
two temperature sensors) the “saturation” of the heat exchanger is reached, whereby an energy-efficient
operation there is no longer given (d). An inefficiently high pump capacity is necessary to generate the high
flow. In addition, the heat generator or the chiller must provide the energy at a lower efficiency, which results
in an unnecessary energy loss. The Delta-T-Manager integrated in the Energy Valve limits this differential
temperature to an adjustable minimum value. If the temperature falls below this value, the valve reduces
the flow and the differential temperature can be maintained. This function detects and prevents inefficient
operation of the system.

A ) -
Typical application

Power transmission
Differential temperature

d

Saturation of heat
exchanger

Minimal differential temperature ¢ il TS -

> The application example of the Zan Mitrev
Cardiology Clinic in Skopje, Macedonia,
shows the use and advantages of the
Belimo Energy Valve™ in practice.

Flow
Fig. 55: Delta T manager



Air handling units (AHUs)

5.2.3.4 Belimo product range of valves / valve actuators
Belimo has a wide range of different valves and corresponding motorisation to cover the various requirements of the heat genera-
tor, distribution and consumer. The following products are mainly used to control an air heater or air cooler in an air handling unit.

Pressure-independent characterised control valves

Product range Valves Actuators Applications
N Belimo Energy Valve™,internal thread, - Actuator with monitoring and record-  Balancing, measuring, controlling,

2-way, DN 15...50: ing function integrated isolating and energy monitoring
- EV.R+BAC - Electronic flow measurement with a single valve unit:
- EV.R+KBAC - Permanent hydronic balancing - Flow Ve 0.11..451/s

- Delta-T manager - Nominal diameters DN 15...150
Belimo Energy Valve™, flange, 2-way, DN - Power control - Permissible pressure 1600 kPa
65...150: - With fail-safe: KBAC
- EV.F+BAC - With glycol monitoring: BAC1
- EV.F+KBAC - Belimo Cloud connection
Belimo Energy Valve™,internal thread, - Actuator with monitoring and record- ~ Creates system transparency in
3-way, DN 15...50: ing function integrated 3-way applications:
- EV.R3+BAC - Electronic flow measurement - Flow Vo (A-AB)

- Permanent hydronic balancing 0.11..4.81/s

- Power control - Nominal diameters DN 15...50

- Belimo Cloud connection - Permissible pressure 1600 kPa
EPIV, internal thread, 2-way, DN 15...50: - Integrated actuator Balancing, measuring, controlling
- EP.R+MP - Electronic flow measurement and
- EP.R+KMP - Permanent hydronic balancing shutting with a single valve unit:
- ER.R+MOD - With fail-safe: KMP - Flow Ve 0.11..45 /s

- Nominal diameters DN 15...150

EPIV, flange , 2-way, DN 65..150: - Permissible pressure 1600 kPa
- EP.F+MP
- EP.F+KMP
- EP.F+MOD

Characterised control valves

Product range Valves Actuators Applications
Internal thread: - Rotary actuators: Cold and warm water:
-R2.-S.. (2-way) TR, LR, NR, SR series - Nominal diameters DN 15...50
) -R3.-S.. (3-way) - With fail-safe: - Permissible pressure 1600 kPa
TRF, LRF, NRF(D), SRF series
External thread:
- R4.. (2-way)
- R5.. (8-way)
| 3 Flange: - Rotary actuators: Cold and warm water, applications
- R6..W..-S8 (2-way, PN16) SR-5, GR-5 series in IP66/67 environment:
- Fail-safe: - Nominal diameters DN 15...50
SRF-5, GRK-5 series - Permissible pressure 1600 kPa
Characterised control valves for outdoor applications
Product range Valves Actuators Applications
Internal thread: - Rotary actuators: Cold and hot water, applications in
- R2.. (2-way) SR..P series IP66/67 IP66/67 environment:
- R3.. (3-way) - Nominal diameters DN 15...50

- Permissible pressure 1600 kPa

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

Product range Valves Actuators Applications
External thread: - Default globe valve actuators: Cold and warm water:
- H4..B (2-way) LV.A (15 mm) - Nominal diameters DN 15...50
- H5..B (3-way) NV..A, SV..A (20 mm) - Permissible pressure 1600 kPa

EV..A, RV..A (40 mm)
- Fail-safe globe valve actuators:

Flange: NVK..A, SVK_A (20 mm) Cold and hot water:

- H6.N/H7..N (2-/ 3-way, PN16) AVK..A (32 mm) - Nominal diameters DN 15...250

-H6.W.. /H7.W.. (2-/-way, PN16), - Permissible pressure 1600 kPa
DN 200/250

A detailed water-end description of various valve types in possible applications for ventilation and air-conditioning systems can
be found in the brochure “Belimo - Applications of air handling units”.

5.3 Control of an AHU

This chapter shows the various control functions of an AHU. Individual concepts and functions are explained module by module
according to the control sequences, the components involved and the field devices required. Some of these functions and ele-
ments can be combined. However, not all possible combinations are taken into account. For the sake of clarity, components and
fleld devices not involved are not depicted.

This chapter does not claim to be complete. Instead, the aim is to show how and where our field devices are integrated within
an AHU and what function they serve.

5.3.1 Control sequence basics

As described in the previous chapters, an AHU can cool or heat, humidify or dehumidify a required air volume and make it avail-
able to the corresponding rooms. That requires the coordinated operation or control of the individual elements in the system,
which is usually performed by the automation station.

The basic interaction of individual elements can be easily shown in a sequence diagram in so-called control sequences. The
controlled variable of the elements is compared with the respective variable such as temperature or humidity.

A Heating HRS Changeover  adiabatic Cooling A Humidification Dehumidification
sequence  sequence HRS cooling sequence = sequence sequence

5
(%]
°
c
o
o

|

- * [°C] - + [% RH]

Fig. 56: Sequence diagram temperature Fig. 57: Sequence diagram humidity
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The control sequences run in the respective controller modules. Using an exemplary diagram, the individual controller modules
can be identified as follows:

IE—
:E:: —— Setpoint humidity

[¢—— Setpoint
2 1 temperature

Fig. 58: Schematic of controller modules

Room air temperature controller (master controller)
Supply air temperature controller (slave controller)
Room air humidity controller

A WN =

2-point changeover switch Changeover HRS

In the following chapters, only the control sequences are shown according to the functionality available in each case. For the
sake of simplicity, the respective controllers are no longer labelled and control sequences for the master controller are not
displayed.

5.3.2 Control concepts

5.3.2.1 Temperature control

Depending on the application and requirements, the temperature control can be designed as supply air, room or extract air con-
trol or as a corresponding cascade control, as the following three examples show.

The examples are explained using a ventilation system with air heating. In principle, it works the same manner as if the system
has an air heater and/or air cooler.
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5.3.2.1.1 Supply air temperature control
Example of a ventilation system with plate heat exchanger and air heating

£\
EHA 4 [ ) ETA 1 HRS (plate heat exchanger)
>/ 2 Damper actuator with HRS bypass
3 Airheater
4 Valve with actuator
5 Temperature sensor
ST S — P sup
|
Setpoint
Fig. 59: Schematic diagram of supply air temperature control
A Heating HRS
sequence sequence T

Belimo generally recommends

% pressure-independent valves such
as the EPIV or Belimo Energy
Valve™ (as shown in this and the
following diagrams) for air heaters
and air coolers.

>
- + el

Fig. 60: Sequence diagram supply air temperature

In Europe, the AHU normally only controls the temperature of the incoming air (supply air) and the remaining heating power is
applied to the zones (e.g. using radiators).

The supply air temperature control compares the actual value of the temperature in the supply air (5) with the defined tempera-
ture setpoint. Depending on the heating requirement, first the bypass damper (2) of the plate heat exchanger (1) is activated and
then the heating valve (4) of the air heater (3).

The bypass damper of the plate heat exchanger ensures that the transfer capacity of the outdoor air can be transferred to the
supply air in a controlled manner. When the damper is closed, full power is transferred. If it is open, the outdoor air is routed
through the bypass and thus cannot absorb heat from the extract air.

A disturbance in the room (e.g. additional heating power) cannot be detected by this type of control and must be resolved in the
zone.

Use of field devices

Reference Field devices Description/Version/Placement

2 Damper actuator - Torque and type depending on damper size and space conditions
- Modulating control

4 Valve with actuator - Type dependent on hydronic circuit, type of application
(pressure-dependent/pressure-independent (EPIV/Energy Valve)) and dimensioning
- Modulating control

5 Duct temperature sensor - Active or passive
- The probe length is determined by the duct cross-section
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5.3.2.1.2 Room air temperature or extract air temperature control
Example of a ventilation system with rotary heat exchanger and air heating

EHA ETA

oA ] — S

— —

= <= sepom

Fig. 61: Scheme room air temperature or exhaust air temperature control

HRS (rotary heat exchanger)
Air heater

A Heating HRS
sequence sequence

Valve with actuator
Temperature sensor

g b WN =

Temperature sensor

=
- + [°Cl
Fig. 62: Sequence diagram room air temperature

The room air temperature control compares the temperature in the room (4) with the defined setpoint. Depending on the heating
requirement, first the rotary heat exchanger (1) is activated and then the heating valve (3) of the air heater (2). This control should
also include the heat emission in the room. Otherwise, there will be a risk of vibrations.

The rotary heat exchanger is controlled by changing the speed of the rotor, which is typically about 1...15 rotations per minute.
The lower speed is limited by the cleanliness of the rotor (so that not always the same point of the rotor is exposed to air and
unevenly soiled). This minimum speed can lead to vibrations in the temperature control and must be taken into account accord-
ingly. For this reason, the rotor is sometimes controlled in intervals.

The extract air temperature control (fig. 61, right-hand side) works in principle in the same way as the room air temperature con-
trol, but instead of the room air temperature, the extract air temperature (5) is measured in the duct. An averaged temperature
(combined extract air from different rooms) is measured. Therefore, only the extract air from similar rooms (use, arrangement
in the building) should be measured.

Due to the higher flow velocities in the duct, a temperature change can be detected more quickly. This results in a faster com-
pensation time.

In contrast to supply air temperature control only, these two controls have the advantage that strongly fluctuating heat loads are
also taken into account. The disadvantage is that a disturbance in the supply air (e.g. rapid change in the outdoor temperature,
fluctuation in the supply temperature of the heat exchangers, switching a humidifier on and off, etc.) can only slowly be detected.
The supply air temperature can fluctuate considerably with this type of control and can lead to draughts. Therefore, a minimum
and maximum limitation of the supply air temperature would be practical.

Use of field devices

Reference Field devices Description/Version/Placement

3 Valve with actuator - Type dependent on hydronic circuit, type of application
(pressure-dependent/pressure-independent (EPIV/Energy Valve)) and dimensioning
- Modulating control

4 Room temperature sensor - Active or passive

5 Duct temperature sensor - Active or passive
- The probe length is determined by the duct cross-section
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5.3.2.1.3 Room / supply air temperature or extract air / supply air temperature cascade control

Example of a ventilation system with plate heat exchanger and air heating

N\

EHA <

[{ ] ETA

A

O S — S

Fig. 63: Diagram of room / supply air temperature or extract air / supply air temperature cascade control

v

A cascade control is used in most cases today and compared to
only supply air temperature or room/extract air temperature control,
it has the advantage that it can quickly compensate for disturbanc-
es in the supply air temperature (1) but still control the desired room
or extract air temperature (2 or 3). To achieve this, two controllers
are connected in series (auxiliary and follow-up control circuit). To
prevent draughts, minimum and maximum limits for the supply air
temperature are often taken into account.

Apart from the controller, the control of the heat exchanger or air
heater works in the same way as for room air temperature or extract
air temperature control.

Use of field devices

<|<— :
1 [ ¢— Setpoint

! ETA

1
I
|
|
|
|
|
|
| . p sup
I
|
|
I
|
|
|
]

Setpoint

1 Temperature sensor
2 Temperature sensor
3 Temperature sensor

61

Reference Field devices Description/Version/Placement
1 Duct temperature sensor / - Active or passive
Average value temperature sensor - The probe length is determined by the duct cross-section
2 Room temperature sensor - Active or passive
3 Duct temperature sensor - Active or passive

- The probe length is determined by the duct cross-section
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5.3.2.1.4 Outdoor air-operated setpoint adjuster

EHA ETA

% > SUP 1 Temperature sensor

|

i

Fig. 64: Schematic of outdoor air-operated setpoint adjuster Setpoint [°C]

A

In order to maintain the permissible temperatures in the room in max.
summer and winter (see chapter 2.2.1.2), the setpoint value of the f
temperature control is partly guided by the outdoor air temperature. Min.

This works in the same manner as for room, extract air, supply air -
or cascade control. Outdoor air temperature [°C]

)

—4

\

oDA P T
%)

Fig. 65: Sequence diagram external air-guided setpoint adjuster

Use of field devices

Reference Field devices Description/Version/Placement

1 Duct temperature sensor - Active or passive
- The probe length is determined by the duct cross-section

5.3.2.1.5 Minimum and maximum limitation of supply air temperature

/L <]\
ODA P 77— P sup
7 7
|

Limit value

Fig. 66: Diagram of minimum limit of supply air temperature

The supply air temperature can be limited to a minimum or maxi-
mum by means of a limiting circuit to prevent draughts.
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5.3.2.2 Heat recovery system (HRS) control
[t must be possible to control the transmission capacity of a heat recovery system, since under certain conditions (e.g. large
amounts of extraneous heat), this exceeds the actual demand and would have to be compensated for with additional energy.

5.3.2.2.1 Control of a plate or rotary heat exchanger
The control of a plate and rotary heat exchanger was explained according to the temperature control in the previous chapter.

However, certain designs of plate and rotary heat exchangers are able to transfer humidity as well as temperature (so-called
enthalpy exchangers). In this case it can make sense to control the enthalpy exchanger according to the temperature, but also to
monitor the humidity (simultaneous control according to temperature and humidity is not possible). For example, if the humidity
in the room or in the extract air exceeds a certain value, the transmission capacity of the HRS must be reduced by opening the
bypass or reducing the rotor speed.

ETA

1 @‘ —2 = ETA

1 Combination sensor, temperature/humidity

——p sup

ﬂi Setpoint :m: Setpoint

Fig. 67: Schematic diagram of the control of a plate or rotary heat exchanger

]
I
I
I
I
I
I
> SUP : 2 Combination sensor, temperature/humidity
I
I
I
I
I
I
I
1

Use of field devices

Reference Field devices Description/Version/Placement

1 Room sensor humidity/temperature

2 Duct sensor humidity/temperature
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5.3.2.2.2 Control of a run-around coil system
There are a very large number of design variants of run-around coil systems on the market. In the following, only the simplest
version is described.

EHA

ETA

Valve with actuator
Temperature sensor
Heat exchanger, supply air

ODA P - P sup

Heat exchanger, extract air

Circulation pump

o g A WN =

Differential pressure sensor

Setpoint

Fig. 68: Schematic diagram of the control of a run-around coil system

The temperature controller compares the temperature, e.g. in the supply air (2), with the setpoint. Depending on the deviation, the
speed of the circulation pump (5) is controlled.

In order to achieve the maximum thermal efficiency of the run-around coil system, the circulated mass flow rate of the interme-
diate fluid must correspond to the mass flow rate of the volumetric air flow. Therefore, to save energy in systems with severely
fluctuating volumetric flow, the maximum speed of the circulation pump must be adapted to the current volumetric flow (calcu-
lated from the differential pressure across the fan (6)).

Minor control deviations (low load operation) can no longer be corrected due to the minimum required speed of a pump. There-
fore, the bypass valve (1) is opened in the lower heat transfer range.

Use of field devices

Reference Field devices Description/Version/Placement

1 Valve with actuator - 2-way characterised control valve
- Type depending on the dimensioning
- Modulating control

2 Duct temperature sensor / - Active or passive
average value temperature sensor - The probe length is determined by the duct cross-section
6 Differential pressure sensor - Measuring range of the pressure depending on the fan type

- For calculating the current volumetric flow
- With/without auto-zero function and display
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5.3.2.2.3 Thermal efficiency, humidity recovery ratio and energy recovery ratio

As already mentioned in chapter 3.4.3 Heat recovery system (HRS), the efficiency of the system can be calculated with the help

of some measured values.

The thermal efficiency, humidity recovery ratio and energy recovery ratio can be calculated, which in turn can be related to the
supply air side or the exhaust air side. To avoid errors, the standard EN 308 as well as the following calculations refer only to the

supply air side.

1
EHA <« | ETA 1EHA

ETA

5O

1

|
|
|
ODA —?®: p sup lopa p
6 oD
I
I

é P sup

1 1 2 2
Fig. 69: Scheme of thermal efficiency/humidity recovery ratio and energy recovery ratio
Calculation thermal efficiency N, 1 Temperature sensor
tsup = topa N Thermal efficiency [%] 2 Temperature/humidity sensor
Ne = tera — topa t  Temperature [°C]

Calculation of humidity recovery ratio N,

Xsup — XoDA N« Humidity recovery ratio [%)
XeTA — XoDA x  Water content [g/kg]

M. =

Calculation of energy recovery ratio n.

N, = hsup = hopa Ne Energy recovery ratio [%)
© 7 g - hopa h  Specific enthalpy [kJ/kg]

Use of field devices

Reference Field devices Description/Version/Placement

1 Duct temperature sensor - Active or passive
- The probe length is determined by the duct cross-section

2 Duct sensor temperature/humidity - Sensor that can output the value for enthalpy
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5.3.2.2.4 Changeover of the heat recovery direction of operation

An air-conditioning system is able to heat or cool the supply air according to the requirements. The heat recovery unit must
therefore be able to recover the "heat” or “cold”. The control takes this into account by switching the direction of operation of the
HRS accordingly.

The principle is the same for plate and rotary heat exchangers as well as run-around coil systems.

Example of an air-conditioning system with plate heat exchanger, air heater and air cooler

EHA 4 ! (9\) ETA
0 N~ é
4

P sup

ODA P _©:

— [Tl oo
> < [¢——— Setpoint

>

2

Fig. 70: Schematic diagram of changeover of HRS direction of operation

Cha}r_]i%esover 1 HRS (plate heat exchanger)
< 2 2 Damper actuator with HRS bypass
A HRS B B
sequence v N 3 Temperature sensor
e g g 4  Temperature sensor
o = =
@ 5 Temperature sensor
o
IS
o
(&)
=
- + [°C]

Fig. 71: Sequence diagram room air temperature

The controller compares the temperature in the room (5) with the setpoint. Depending on requirements, a signal is sent as a con-
trol variable to the heating valve, cooling valve or, in this example, to the actuator of the bypass (2) of the plate heat exchanger (7).

If the system is in the cooling sequence, a decision must be made as to whether or not the HRS should also recover cooling
capacity. The temperature of the outdoor air (3) is compared with the temperature of the extract air (4). Depending on the ratio,
a two-point changeover switch switches the HRS to 100 % or not

The changeover switch for the direction of operation works with an enthalpy exchanger in exactly the same manner as with a
normal heat exchanger. For the changeover, the humidity is also taken into account in addition to the outdoor and extract air
temperature (see the example in chapter 5.4.5).

Use of field devices

Reference Field devices Description/Version/Placement

2 Damper actuator - Torque and type depending on damper size and space conditions
- Modulating control

3,4 Duct temperature sensor - Active or passive
- The probe length is determined by the duct cross-section

5 Room temperature sensor - Active or passive
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Essentially, a distinction is made between two cases: humidity control with adiabatic humidification and humidity control with
isothermal humidification. In addition to the type of humidifier, the main difference is that the supply air for adiabatic humidifi-

cation usually has to be reheated.

The air humidification process is clearly shown in the Mollier h,x diagram (see chapter 2.5.2). Here, a depiction in the h,x diagram

is omitted.

5.3.2.3.1 Humidity control (adiabatic)

EHA

ETA

4 5 6
+ K
e K >
oDA P _:®: 3
Iy i
HRS I i ) ! ; 4
| ey I R =y
| :
| |
| I e <Je—
L_________I_:::::::::::::

Fig. 72: Schematic diagram of humidity control (adiabatic)

Changeover
AReheater HRS HRS Cooling
sequence sequence sequence
s [ ‘ i
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Fig. 73: Sequence diagram room air temperature

A Humidification

Cooling sequence

Valve with actuator
Humidity sensor
Temperature sensor
Air heater/preheater
Air cooler

Humidifier (adiabatic)
Air heater/reheater

N O g h WON =

Setpoint humidity

Setpoint
temperature

Humidity control can be used for both humidifica-
tion and dehumidification. A humidity and a tem-
perature control circuit is required for this.

The humidity control compares the relative humid-
ity in the room (3) (or alternatively in the extract
air) with the setpoint. If the actual value is too low,
humidification is required and the humidifier is
activated accordingly. During adiabatic humidifi-
cation, the air cools down. The temperature con-
trol detects this and compensates for it in the first
sequence with the HRS (not shown in the diagram),

B sequence MAX | (dehumidification) in the second sequence with the preheater (4) and
[ —— in the third sequence with the reheater (7).
=
2z If the actual humidity value is too high, dehumidifi-
*g cation is required. Dehumidification is established
o with the air cooler (5) by cooling and condensing
- the supply air. In order to maintain the temperature
- + RH accordingly, the supply air must be reheated.
Fig. 74: Sequence diagram room humidity
Use of field devices
Reference Field devices Description/Version/Placement
1 Valve with actuator - Type dependent on hydronic circuit, type of application
(pressure-dependent/pressure-independent (EPIV/Energy Valve)) and dimensioning
- Modulating control
2 Room humidity sensor - Active
- Can also be designed as a duct sensor in the extract air
- Can also be designed as combination sensor with temperature sensor
3 Room temperature sensor - Active or passive

- Can also be designed as a duct sensor in the extract air
- Can also be designed as combination sensor with temperature sensor
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5.3.2.3.2 Humidity control (isothermal)

EHA ETA
2 @3
4 5 1 Valve with actuator
+ 2 Humidity sensor
oDA P T P sup 3 Temperature sensor
7y 4 Air heater/preheater
[ [
HRS | ! ; ! ; 5 Aircooler
I > 1 6 H.umidiﬂer (isothermal)
| an! 7  Air heater/reheater
| |
I I Setpoint humidity
et === Setpoint
temperature

Fig. 75: Schematic diagram of humidity control (isothermal)

The sequence diagrams look the same as for humidity control (adiabatic).

Essentially, isothermal humidification works in the same way as adiabatic humidification control. Reheating is not necessary
during humidification because the supply air does not cool down.

However, the reheater is required for dehumidification. It would not be needed if the air cooler (5) were arranged upstream of the
air heater (4) (see also chapter 5.4.2). The air heater (4) should then heat the air accordingly during dehumidification. This means,
however, that the air heater would have to be operated with higher supply and return temperatures (since all the heating energy
might have to be applied using a heat exchanger).

Use of field devices

Reference Field devices Description/Version/Placement

1 Valve with actuator - Type dependent on hydronic circuit, type of application
(pressure-dependent/pressure-independent (EPIV/Energy Valve)) and dimensioning
- Modulating control

2 Room humidity sensor - Active
- Can also be designed as a duct sensor in the extract air
- Can also be designed as combination sensor with temperature sensor

3 Room temperature sensor - Active or passive
- Can also be designed as a duct sensor in the extract air
- Can also be designed as combination sensor with temperature sensor

5.3.2.3.3 Monitoring the maximum humidity

K
/L ] /L
obA p 7/ (\0) 7/ 8 1 P sup 1 Hygrostat

Fig. 76: Schematic diagram of maximum humidity monitoring

If a humidifier is used, the maximum humidity in the supply air is frequently also monitored.

If a defined value is exceeded, the humidifier must be deactivated, otherwise damage may occur in the room or to the objects in
the room (mould). The cause may be a defective humidifier, for example.

Use of field devices

Reference Field devices Description/Version/Placement

1 Duct humidistat - Observe minimum distance to the humidifier.
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5.3.2.4 Demand-based air quality control (Demand Control Ventilation)
Demand-based air quality control has the aim of controlling the air quality in the room with minimum energy consumption.

In order to save as much energy as possible or to prevent indoor air from becoming too dry in winter, it is necessary to control
the proportion of outdoor air according to the demand, so that only the air that is really needed is conditioned. The measured
and controlled variables in this respect are CO, or VOC. See also chapter 2.2.

5.3.2.4.1 Control
The following control refers to single-room systems.

In buildings with several rooms or zones, demand-based air quality control is usually implemented with VAVs locally, ideally in
combination with Fan Optimiser control (see also chapter 5.3.3.6.3 Fan Optimiser).

EHA <« ] ETA

opA P {

4—
Setpoint
Fig. 77: Schematic diagram of demand-based air quality control
Control signal 1 CO,sensor
A 2 VOC sensor
100° 3 Extractair fan
% .
° 4 Supply air fan
min.
0%

|
lppm]

Fig. 78: Sequence diagram CO, concentration

Normally, the system runs at minimum speed. If the air quality deteriorates or the CO, level increases, the speed of the fan is
increased in a modulating manner to the maximum until the setpoint is reached again.

Alternatively, the CO, or VOC sensor can also be placed in the extract air.

The air quality control is mainly used for rooms with variable occupancy such as restaurants, lecture halls, exhibition and gym-
nasiums, conference rooms and theatres, etc. Belimo recommends not using VOC sensors to detect persons, as the measured
values sometimes deviate significantly from the actual number of people present.

Use of field devices

Reference Field devices Description/Version/Placement

1 Room sensor CO, - Can also be designed as a duct sensor in the extract air
- As described in the previous example, this could also be done with a VOC sensor

2 Room Sensor - Can also be designed as a duct sensor in the extract air
VOC sensor - CO, is more suitable for detecting persons
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5.3.2.4.2 VOC measurement in outdoor air

EHA ] ETA

ODA P

Fig. 79: Schematic diagram of VOC measurement in outdoor air

As an addition to demand-based control (see previous chapter), it
may be practical to reduce the volumetric air flow if there are strong
odours in the outdoor air (e.g. from agriculture) in order that the
indoor air is not excessively impaired. For this purpose, the VOC
concentration in the outdoor air (2) is measured by an appropriate
sensor, and the speeds of the fans (3/4) are reduced accordingly.
The setpoint for the room is increased accordingly.

Use of field devices

Setpoint

HWN =

Control signal

A

100%

CO, sensor
VOC sensor
Supply air fan
Extract air fan

min.
0%

'
[ppm]

Fig. 80: Sequence diagram CO, concentration as a
function of VOC concentration

Reference Field devices Description/Version/Placement

1 Room sensor CO,

- Can also be designed as a duct sensor in the extract air

2 Duct sensor VOC
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5.3.2.5 Addition of recirculated air

)

=
—1

ETA

EHA <

(

1 Damper actuator

opA P P sup

Fig. 81: Schematic diagram of the addition of recirculated air

In order to optimise energy costs in buildings where the ventilation and air-conditioning system has to cover the entire heating/
cooling energy demand, part of the extract air can be mixed back into the outdoor air. In addition, when the system is started
up or the building is heated or cooled, the system can be run in 100 % air recirculation mode. This saves additional conditioning
of the outdoor air. Typically, this option is used for large rooms or halls such as exhibition halls and gymnasiums, conference
rooms and theatres, etc.

The addition of recirculated air can be controlled according to various criteria:

- Constant addition of recirculated air

- Manual control

- Outdoor temperature-dependent control

- Mixed air temperature or enthalpy-dependent control

The function of an outdoor temperature-dependent control system can be described as follows:

In cooling mode, the bypass damper remains closed and the outdoor air and extract air dampers remain open as long as the
extract air is warmer than the outdoor air. If the extract air is colder, the system immediately switches to recirculation mode.
However, a minimum proportion of outdoor air must be guaranteed. If the temperature falls below the setpoint temperature,
the bypass dampers are closed again in a modulating manner or the outdoor and exhaust air dampers are opened accordingly.

In heating mode, the system operates in reverse.

Use of field devices

Reference Field devices Description/Version/Placement

1 Damper actuator(s) - Torque and type depending on damper size and space conditions
- Modulating control
- Usually designed in combination with damper actuators for outdoor air and exhaust air dampers
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5.3.3 Control functions

5.3.3.1 Start-up circuit
When “starting up” an AHU, the control of the system runs through various sequences, which, depending on the size and type of
the system, can vary significantly and can sometimes take several minutes.

The various states of the system components are checked and the sensor values are taken into account. If everything is OK,
there are no errors present and an enable signal is provided, the individual units are started up. The outdoor air and exhaust air
dampers are opened, the fans are started up and then the corresponding units are activated depending on the temperature and
humidity control.

Depending on the outdoor temperature, it must be decided, for example, whether a frost protection start-up control is to be
operated or not (see also chapter 5.3.3.4). In winter mode with low outdoor temperatures, air-side frost protection would trigger
when the system is switched on and immediately switch the system off again, which is of course not desired.

5.3.3.2 Filter monitoring

Monitoring by means of
a differential pressure switch ®

2t

ra

-
—

ETA

0\ JL
EHA /[
4 N\

1 Differential pressure sensor
2 Differential pressure sensor
= 3 Differential pressure switch

ODA P } . 7/ { o p sup

\

Monitoring by means of
differential pressure sensor

Fig. 82: Schematic diagram of filter monitoring

Filters retain dust-like impurities from the outdoor air and, if necessary, from the extract air and thus enable the following:

- Improved indoor air quality
- Less contamination of the room
- Less contamination of the system elements and air ducts

With increasing contamination, the differential pressure across the filter increases continuously. At constant fan speed, the
volumetric flow decreases accordingly. If the volumetric flow is constant, however, the fan speed must be increased accordingly.
For energy and hygienic reasons, clogging must be monitored so that the filter can be replaced in good time.

Filter monitoring can be carried out either with a differential pressure sensor or a differential pressure switch, as shown above
in the supply air or in the extract air as an example. In practice, only one system is used in an AHU.

5.3.3.2.1 Monitoring by means of a differential pressure switch
Monitoring by means of a differential pressure switch is a cost-effective variant. The differential pressure switch is designed for
a certain differential pressure, depending on the filter type (see chapter 3.4.1) and operating volumetric flow.

If the system is only used in partial load operation, it must be operated at maximum flow rate at least once a day. Otherwise,
there will be a risk that the monitor is triggered much too late. If this is not possible, a differential pressure sensor should be used.
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5.3.3.2.2 Monitoring by means of differential pressure sensor

In systems with variable air volume, it is recommended to monitor the filter with a differential pressure sensor. The filter clogging
limit setpoint as a function of the current air volume flow, which can be calculated from the differential pressure across the fan
and the fan-specific k-factor, must be taken into account.

Use of field devices

Reference Field devices Description/Version/Placement
1 Differential pressure sensor Select pressure range based on the recommended final differential pressure of the filter
2 Differential pressure sensor To determine the current volumetric flow, determine the pressure range according to the

characteristic fan data

3 Differential pressure switch Select pressure range based on the recommended final differential pressure of the filter

5.3.3.3 Frost protection

If outdoor temperatures are very low, the water in the air heater could freeze and damage it, resulting in high consequential costs.
This generally occurs when the system has a malfunction, it has been incorrectly designed or a component (for example the
circulating pump) is defective.

The “frost protection” function is for protecting the air heater from this type of damage. The frost protection function refers to:

- Open the air heater valve to 100 %

- Switching on the circulation pump (if it is not already switched on)

- The supply air and extract air fans are switched off without time delay

- External and exhaust air dampers as well as the motorised fire dampers are closed
- Afault message is issued

This forced shutdown is holding, i.e. the system does not restart automatically. The fault must be acknowledged on site after it
has been rectified.

There are different methods for detecting possible frost.

5.3.3.3.1 Single-stage frost protection function (digital frost protection)

7 /L
ODA P /i i ! P sup
T
64__, |n 1 1 Frost protection thermostat
2 2 Frost protection thermostat (alternative)

3

Fig. 83: Schematic diagram of single-stage frost protection function

The frost protection is monitored either on the air side (1) or water side (2). Either a thermostat is installed directly behind the
air heater or on the air heater outlet. As soon as the temperature falls below the set limit temperature, the thermostat switches
to frost risk.

If the air heater is expected to freeze and cause major consequential damage, both thermostats can be used to increase safety.
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5.3.3.3.2 Preventive frost protection (continuous 2-stage frost protection)

]\

. ] P sup
7
T _ 4 3“
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oDA P /1

3 Frost monitor modulating
4 Temperature sensor (alternative)

Limit value

Fig. 84: Schematic diagram of preventive frost protection

Preventive frost protection avoids the “frost protection” function A
from being activated unnecessarily by taking existing “heat suppli-
ers” into account as a precaution. When the temperature falls below
limit temperature 2 (see diagram), the heating valve is opened in a
modulating manner. If available, the power of the HRS or the pro-
portion of recirculated air is increased. At the same time, an open
cooling valve is closed to prevent unnecessary energy consumption
(as it tries to equalise the temperature again). If the temperature
still falls below limit temperature 1, the outdoor air damper is closed
and the fan is switched off. In practice, preventive frost protection
is usually used in combination with the single-stage frost protection
function.

Control signal

- ? + [ec]
Limit value 1 Limit value 2

Fig. 85: Sequence diagram preventive frost protection

Use of field devices

Reference Field devices Description/Version/Placement

1 Frost protection thermostat - Frost protection control
- Mounting at the air heater output

2 Frost protection thermostat - Frost monitor modulating or switch
3 Frost monitor modulating - Determine the probe length according to the duct cross-section
4 Temperature sensor - Temperature sensor with thermowell or immersion sensor

- Determine the length of the thermowell using the duct cross-section and the immersion angle

5.3.3.4 Frost protection start-up control
The frost protection start-up control is used if the system is to be started at very low outdoor temperatures. Without special
precautions, the system could immediately trigger the “frost protection” function and immediately be switched off again.

The frost protection start-up control utilises the following procedure:

- Opening the air heater valve to 100%

- Switching on the circulating pump

- Waiting for the heat-up phase of the air heater (time depends on outdoor temperature)
- External and exhaust air dampers are opened

- The supply air and extract air fans are switched on

- The air heating valve is controlled according to the current heating requirement

5.3.3.5 Frost protection of the HRS

Frost protection is required if the dew point of the extract air has fallen below very low outdoor temperatures and the resulting
condensation freezes in the HRS. As a result, the free cross-section is reduced, the pressure loss increases and the efficiency is
reduced. The risk of frost depends on the outdoor temperature, the extract air humidity and temperature as well as the thermal
efficiency of the HRS.

Frost protection is solved differently for the three different heat recovery systems.
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5.3.3.5.1 Frost protection for plate heat exchangers
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Fig. 86: Schematic diagram of an frost protection plate heat exchanger

There are two ways to prevent the plate heat exchanger from freez-
ing up. Either an air preheater is used or the output of the heat ex-
changer is controlled with the bypass damper.

Temperature sensor
Valve with actuator
Temperature sensor (alternative)

1
2
3
4

. S Differential pressure sensor (alternative)
These two elements are controlled by measuring and maintaining

a minimum permissible temperature either of the exhaust air (1) or
alternatively directly at the critical point within the HRS (3).

In the first option, the air preheater is used to heat the outdoor air. Even when the HRS is at full transmission capacity, the HRS
cools down correspondingly less at the exhaust air / extract air end and ice formation is prevented.

In the second option, the proportion of outdoor air that is routed via the HRS is reduced. This reduces the transmission capacity
of the HRS. That means that the temperature at the exhaust air / extract air end does not drop any further, thus preventing ice
formation. For this purpose, the missing energy must be applied by means of a reheater.

Instead of the temperature (1 or 3), the differential pressure (4) in the extract air duct through the HRS can also be measured.
The ice that develops in the HRS creates air resistance and the differential pressure increases. The measures listed above can be
used to react accordingly. With this variant, however, it should be noted that partial frost may be permitted. This variant is more
energy efficient, as the frost protection is only activated at low temperatures.

Use of field devices

Reference Field devices Description/Version/Placement

1 Temperature sensor - Duct temperature sensor active or passive
- Determine the probe length according to the duct cross-section

2 Valve with actuator - Type dependent on hydronic circuit, type of application
(pressure-dependent/pressure-independent (EPIV/Energy Valve)) and dimensioning
- Modulating control

3 Temperature sensor

4 Differential pressure sensor or - Select pressure range based on the permissible final differential pressure across the HRS
differential pressure switch

5.3.3.5.2 Frost protection for rotary heat exchangers

Frost of a rotary heat exchanger can only occur at very low outdoor temperatures, as the rotor rotates and any ice layer that may
have formed can melt again. The limit temperature at which frost occurs is specified by the manufacturer. Where permitted ac-
cording to climatic conditions, the limit temperature must be maintained by an air heater or, if permissible, by adding recirculated
air. In this case, the control is similar to that of a plate heat exchanger.
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5.3.3.5.3 Frost protection for run-around coil systems
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Fig. 87: Schematic diagram of run-around coil system frost protection

As with plate heat exchangers, the capacity of the HRS is also reduced if the temperature of the HRS fluid falls below a certain
limit value (e.g. below 2°C). The bypass valve of the run-around coil system is opened in a modulating manner and the warm
HRS fluid is diverted or the extract air is chilled less and thus no longer freezes.

The missing power transmission via the HRS must be compensated by the air heater.

Use of field devices

Reference Field devices Description/Version/Placement

1 Temperature sensor - Temperature sensor with thermowell or immersion sensor
- Determine the length of the thermowell according to the duct cross-section and immersion angle

5.3.3.6 Pressure and volumetric flow control
The air passing through the AHU can be controlled in three main ways: control of the supply or extract air pressure, control of the
volumetric flow or fan control with Fan Optimiser.

In most cases, the change in pressure or volumetric flow is ensured with the fan by adapting the fan speed.

5.3.3.6.1 Control of the supply/extract air pressure

Setpoint
A :
EHA ) /A ' ETA
4 </ 7/ Differential pressure sensor
4

Differential pressure sensor
Supply air fan
Extract air fan

B WN =

ODA Z v/ ) . P sup

Setpoint
Fig. 88: Schematic diagram of supply/extract air pressure control

A specific supply and extract air pressure with varying volumetric flow is controlled if individual subareas/zones/rooms in the
building can be switched on or off and the conditions such as draughts or noise must not change for the other areas. This reg-
ulation is also done when VAVs are used in the zones.

The setpoints for supply and extract air may be different.
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Use of field devices
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Reference Field devices Description/Version/Placement

1 Differential pressure sensor - “+" side connected to ventilation pipe, *-" side against atmosphere
- Place the sensor on the AHU or supply air duct (near the first branch)

2 Differential pressure sensor - “-" side connected to ventilation pipe, “+" side against atmosphere
- Position the sensor on the AHU or extract air duct (near the last branch)

5.3.3.6.2 Air volumetric flow control

Setpoint —_:[il

EHA  o—7/ 4 ETA
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~

1 Differential pressure sensor

2 Supply air fan

g
1
3 Extract air fan
E P SN
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Fig. 89: Schematic diagram of supply air volumetric flow control as a function of the
volumetric flow of extract air

The volumetric flow in the supply and/or extract air is determined on the basis of the differential pressure measured across the
inlet nozzle of the fan and the fan-specific k-factor (manufacturer’s specifications) (see also chapter 3.4.2.3). This allows the

individual volumetric flows to be controlled accordingly.

In certain cases, it is practical if the control of the supply air volumetric flow is dependent on the volumetric flow of extract air, as

shown in the schematic diagram above. This is implemented by means of a cascade control.

This type of control is used when the supply air volumetric flow is to be proportional to the volumetric flow of extract air. This
control can be used, for example, in factories where the volumetric flow of extract air is frequently changed due to extraction

devices and the supply air must be adjusted accordingly.

Use of field devices

Reference Field devices Description/Version/Placement

1 Differential pressure sensor - Determine pressure range according to the characteristic fan data
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5.3.3.6.3 Fan Optimiser
1

b s

2
/] 1 Volumetric flow controller

1
ODA P (\gl @’ 2 Supply air fan
1
L3 A

Fan Optimiser

Fig. 90: Schematic diagram of Fan Optimiser

In a pressure-controlled system, the Fan Optimiser can ensure energy-efficient operation of fans. Separate fan optimiser func-
tions are used for the supply air and for the extract air (the diagram above shows only the supply air).

For this purpose, the damper positions of all VAVs are recorded via a field bus (for example, MP-Bus or Modbus) and evaluated
by the Fan Optimiser. If the evaluated damper position image shows a mostly closed damper position (see figure 91 left), the fan
speed is reduced. That reduces the inlet pressure of the VAVs, and they open their dampers accordingly (function of a VAV). The
fan speed and thus the inlet pressure can be reduced until the first VAV damper is almost open (~85%).

If this damper is now opened completely (because the inlet pressure drops or the air requirement in the room increases), the fan
speed must be increased so that this damper reaches 85% again.

By adapting the fan speed as required, the flow noise and pressure loss in the air duct system are reduced. As a result, acoustic
comfort is increased and the energy consumption of the fans is significantly reduced.

Air duct pressure controlled Fan Optimiser controlled
100%
o Unfavourable range
L ® Y ‘ @ © (forenergy efficiency and
0% control characteristics)

Fig. 91: Fan Optimiser mode of operation

Use of field devices

Reference  Field devices Description/Version/Placement

1 Volumetric flow controller - Torque and type dependent on damper size
- Control via bus
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5.3.3.7 Electric air heater safety circuit
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Fig. 92: Schematic diagram of electric air heater safety circuit

Controlling a system with an electric air heater is basically done the same way as with a warm water air heater.

However, more attention must be paid to safety, as the heating elements can reach very high temperatures and a failure of the
air flow can create a fire hazard.

The safety chain is structured as follows:

- The flow monitor (1) disables the air heater from being switched on before air flow is indicated.

- The flow monitor switches off the air heater if the fan should fail due to a defect or if the fan is switched off.

- The safety thermostat monitors the temperature and switches off the air heater if an excess temperature is detected.

- When switching the air heater on or off, it must be ensured that the fan takes a corresponding on or off delay into account.

Use of field devices

Reference Field devices Description/Version/Placement

1 Flow monitor

2 Safety thermostat - Safety thermostat integrated in electric air heater or additionally
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5.4 Examples of different types of systems

The following system concepts show the interaction of the individual control concepts and control functions. Essentially, they
are made up of these. Therefore, not all details are explained again, but possible special features are pointed out. Refer to the
previous chapters for the mode of operation.

The following installations should be considered as typical examples.

5.4.1 Simple air-conditioning system with HRS, heating and cooling
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Fig. 93: Schematic diagram of simple air-conditioning system

Changeover
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sequence  sequence Ve A sequence 3 Valve with actuator
s i 4 Temperature sensor
5 Temperature sensor
6 Plate heat exchanger
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Fig. 94: Sequence diagram supply air temperature

This system concept consists of the following control concepts and functions:

- Temperature control by means of bypass (2) via plate HRS (6), air heater and air coolers (7, 8).

- Designed as room/supply air temperature cascade control.

- Depending on the ratio of the outdoor temperature to the extract air temperature, the direction
of operation of heat transfer of the plate heat exchanger or the HRS bypass is reversed.

Use of field devices

Reference Field devices Description/Version/Placement

1 Duct temperature sensor - Active or passive
- The probe length is determined by the duct cross-section

2 Damper actuator - Torque and type depending on damper size and space conditions
- Modulating control

3 Valve with actuator - Type dependent on hydronic circuit, type of application
(pressure-dependent/pressure-independent (EPIV/Energy Valve)) and dimensioning

- Modulating control

4 Average value temperature - Active or passive
sensor - The probe length is determined by the duct cross-section
5 Room temperature sensor - Active or passive

- Can also be designed as a duct sensor in the extract air
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5.4.2 Air-conditioning system with recuperative heat recovery, heating, cooling and humidification
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Fig. 95: Schematic diagram of air-conditioning system with recuperative heat recovery, heating, cooling and humidification
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Changeover This system concept consists of the following con-
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sequence - Independent humidity control with adiabatic
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humidifier (10). Actual value is determined by a
room humidity sensor (5).

- Temperature control with plate heat exchanger
(7), air heater and air cooler (8, 9).

- Minimum limit of the supply air temperature (4).

_ + [°>C] The supply air cannot be cooled lower than the
Fig. 96: Sequence diagram supply air temperature set mlmmum value. If the tempera_ture qupS )
below this value because of an adiabatic humid-
e ifier, the air heater (8) can compensate for this
A Humidification dinal
sequence accordingly. '
- Outdoor temperature-controlled setpoint gener-
ator for temperature control.
Note: depending on conditions (corresponding to
the required supply air humidity, supply air temper-
> ature and/or defined supply water temperature of
- + RH the heating system), the system must be equipped
Fig. 97: Sequence diagram room humidity with a reheater.
Use of field devices
Reference Field devices Description/Version/Placement
1 Duct temperature sensor - Active or passive
- Determine the probe length according to the duct cross-section
2 Damper actuator - Torque and type depending on damper size and space conditions
- Modulating control
3 Valve with actuator - Type dependent on hydronic circuit, type of application
(pressure-dependent/pressure-independent (EPIV/Energy Valve)) and dimensioning
- Modulating control
4 Average value temperature - Active or passive
sensor - Determine the probe length according to the duct cross-section
5 Room humidity sensor - Can also be designed as a duct sensor in the extract air
- Can also be designed as combination sensor with temperature sensor
6 Room temperature sensor - Active or passive

- Can also be designed as a duct sensor in the extract air
- Can also be designed as a combination sensor with humidity sensor
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5.4.3 Simple air-conditioning system with adiabatic extract air cooling
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Fig. 98: Schematic diagram of air-conditioning system with adiabatic extract air cooling
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Fig. 99: Sequence diagram supply air temperature

This system concept consists of the following control concepts and functions:

- Temperature control with plate heat exchanger (5), air heater and air cooler (6, 7). Designed as room/supply air
temperature cascade control.

- In addition to the air cooler, the extract air is cooled by an adiabatic humidifier (8) (indirect adiabatic cooling).
The cooling energy is transferred to the supply air by the plate heat exchanger without transferring the humidity.
For this purpose, the bypass (1) of the heat exchanger must be completely closed.

Use of field devices

Reference Field devices Description/Version/Placement

1 Damper actuator - Torque and type depending on damper size and space conditions
- Modulating control

2 Valve with actuator - Type dependent on hydronic circuit, type of application
(pressure-dependent/pressure-independent (EPIV/Energy Valve)) and dimensioning
- Modulating control

3 Average value temperature - Active or passive
sensor - Determine the probe length according to the duct cross-section
4 Room temperature sensor - Active or passive

- Can also be designed as a duct sensor in the extract air
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5.4.4 Air conditioning system with recuperative heat recovery, cooling, heating, humidifying and dehumidifying
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Fig. 100: Schematic diagram of air-conditioning system with recuperative heat recovery, cooling, heating,
humidification and dehumidification
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Fig. 107: Sequence diagram supply air temperature
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Fig. 102: Sequence diagram room humidity
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This system concept consists of the following con-
trol concepts and functions:

Temperature control with plate heat exchanger (8),
air cooler and air heater (9, 10). Designed as room/
supply air temperature cascade control.

Humidity controller with isothermal humidifier (11)
and dehumidification via air cooler (9). Actual value
is determined by a room humidity sensor (6).

Depending on the ratio of the outdoor temperature
(1) to the extract air temperature (3), the direction of
operation of heat transfer of the plate heat exchang-
er or the HRS bypass (2) is reversed.

Temperature cooling and dehumidification are car-
ried out with the same air cooler (9). The larger of
the two control values is taken into account. This
means that the air heater (10) must be controlled
simultaneously as soon as the dehumidification unit
requires more cooling energy than is needed to cool

the temperature.

Reference Field devices Description/Version/Placement
1,3 Duct temperature sensor - Active or passive
- Determine the probe length according to the duct cross-section
2 Damper actuator - Torque and type depending on damper size and space conditions
- Modulating control
4 Valve with actuator - Type dependent on hydronic circuit, type of application
(pressure-dependent/pressure-independent (EPIV/Energy Valve)) and dimensioning
- Modulating control
5 Average value temperature sensor - Active or passive
- Determine the probe length according to the duct cross-section
6 Room humidity sensor - Can also be designed as a duct sensor in the extract air
- Can also be designed as combination sensor with temperature sensor
7 Room temperature sensor - Active or passive

- Can also be designed as a duct sensor in the extract air

- Can also be designed as a combination sensor with humidity sensor
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5.4.5 Air-conditioning system with regenerative heat recovery, cooling, heating, humidifying and dehumidifying
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Fig. 103: Schematic diagram of air-conditioning system with regenerative heat recovery, cooling, heating,

humidifying and dehumidifying
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This system concept consists of the following con-
trol concepts and functions:

Temperature control with rotary heat exchanger (7),
air cooler and air heater (8, 9). Designed as room/
supply air temperature cascade control.

Humidity controller with adiabatic humidifier(10)
and dehumidification via air cooler (9). Actual value
is determined by a room humidity sensor (5). The
rotary heat exchanger can also transfer humidity
(hygroscopically coated heat exchanger).

Reversal of the effect of heat and humidity transfer

sequence MAX (dehumidification) of the rotary heat exchanger due to the ratio of out-
— door air enthalpy (1) to the extract air enthalpy (2).
The cooling of the temperature and the dehumidifi-
cation are carried out with the same air cooler (9).
The larger of the two control values is taken into
- account. This means that the air heater (11) must
- + RH be controlled simultaneously as soon as the de-
Fig. 105: Sequence diagram room humidity humidification unit requires more cooling energy
than is needed to cool the temperature.
Use of field devices
Reference Field devices Description/Version/Placement
1,2 Duct sensor temperature/humidity - Sensor that can output the value for enthalpy
3 Valve with actuator - Type dependent on hydronic circuit, type of application
(pressure-dependent/pressure-independent (EPIV/Energy Valve)) and dimensioning
- Modulating control
4 Average value temperature sensor - Active or passive
- Determine the probe length according to the duct cross-section
5 Room humidity sensor - Can also be designed as a duct sensor in the extract air
- Can also be designed as combination sensor with temperature sensor
6 Room temperature sensor - Active or passive

- Can also be designed as a duct sensor in the extract air
- Can also be designed as a combination sensor with humidity sensor
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6 Attachment

6.1 Environment
6.1.1 Ventilation system in case of fire

Ventilation and fire protection concepts must be coordinated to prevent fire and smoke from spreading through the ventilation
ducts in case of a fire.

As a rule, AHUs must be switched off without delay when fire alarm or extinguishing systems, duct smoke detectors and the
thermal tripping device of fire dampers are activated. Automatic restart is not permitted.

Deviating concepts are country-specific and possible in consultation with the respective representatives of authority.

The chosen concept must be documented in the fire protection concept of the respective building and approved by the respon-
sible authorities. Integral tests check the fire control system including the connection of the ventilation systems (see chapter
6.1.1.4 Active principle tests / integral tests).

6.1.1.1 Fire shutdown

In the event of a fire shutdown, the fans of the air handling unit are switched off. In addition, the outdoor air and exhaust air
dampers are closed by motor drive or spring return. In the case of recirculation systems, the corresponding bypass dampers
must also be closed in the event of a fire shutdown.

6.1.1.2 Duct smoke detector on the air handling unit
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Fig. 106: Schematic diagram of the duct smoke detector

In order to prevent toxic smoke gases from being introduced to or distributed in the building in case of fire, the use of duct smoke
detectors in AHUs is mandatory. These may be required in the extract air or in the supply air of the system. The arrangement of
the smoke detectors must not impair their effectiveness by weakening effects (applies in particular to air recirculation systems).
If smoke is detected, the air handling unit is usually switched off immediately. A status message is sent to the controller accord-
ingly. Regional regulations and requirements must also be observed here.

6.1.1.3 Preventive fire protection in AHUs
AHUs (units, fans and pipes) are to be cleaned and maintained such that their operational readiness is always guaranteed and
there is no danger of fire.

6.1.1.4 Operating principle tests / integral tests

An operating principle test / integral test is a cross-system operational check of all technical and fire protection equipment and
ensures the functional capability of the entire system in normal and incident conditions. The correct function of the ventilation
and air conditioning system should be a component of this test. Operating principle tests /integral tests are part of the initial
acceptance of a building and must be repeated at regular intervals thereafter (e.g. every three years). These tests are to be carried
out by an expert.

6.1.2 Air distribution

The air duct system is used to transport the air from the outside to the AHU and from there to the rooms. The air should enter
the room in the same quality as it was conditioned in the ventilation unit. The following points should be taken into account:
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6.1.2.1 Maximum air velocity
To keep pressure loss as low as possible, the SIA standard 382/1 specifies maximum air velocities in the ducts:

Size Maximum air velocity
upto 1000 m%h 3m/s
upto 2000 m?h 4m/s
upto 4000 m°h 5m/s
upto 10,000 m*/h 6m/s
above 10,000 m*/h 7m/s

Table 28: Prescribed air velocities

6.1.2.2 Heat losses

The air must not be allowed to cool down / heat up in the air duct system. In case of temperature differences between the air
in the duct/pipe network and the ambient temperature, the pipes must be insulated according to the following table from SIA
standard 382/1.

Type of air duct Insulation thickness depending on the position of the air duct
Within the thermal building In a room closed on all sides outside In a room not closed on all sides or
envelope the thermal building envelope outdoors

ODA/EHA 100 mm (60 mm)* 30 mm 0

SUP/ETA Depending on the differential tem- 60 mm 100 mm

perature between the fluid and the
environment in the design case:
<5K 0mm
S5upto<10K 30 mm
T0upto<15K 60 mm

>15K 700 mm

* The value of 60 mm applies to systems with ground heat exchangers or other air heating upstream the HRS

Table 29: Insulation of air ducts

6.1.2.3 Sensors for air ducts
Sensors can be used for the following applications:

What/Where Description

Duct and pipe With the help of the mounting plates, all duct and pipe air sensors can be attached to pipes or ducts.
For insulated ducts, the respective insulation thickness must be taken into account.

6.1.3 Hygiene

Today’'s standards and guidelines place high demands on the hygienic quality of ventilation and air-conditioning systems.
EN 13053:2017 “Ventilation for buildings — Air handling units — Rating and performance for units, components and sections”
focuses on the design of AHUs. In addition to requirements, there are also recommendations.

The SIA standard 382/1 makes more extensive requirements that apply specifically in Switzerland. However, for various topics
this standard refers to SWKI VA104-01 “Ventilation and air conditioning — Air quality — Part 1: Hygiene requirements for venti-
lation and air-conditioning systems and equipment”. SWKI VA104-01 is identical in text to the German VDI 6022 Sheet 1:2018-
01 “Ventilation and air conditioning, Indoor air quality — Hygiene requirements for ventilation and air-conditioning system (VDI
ventilation rules)”.

It specifies the basic principle that all components and system parts must be accessible for checks or inspections and for
maintenance and cleaning.

Hygienically sensitive components include the outdoor air intake, filter, humidifier and cooler. Furthermore, leakages and air
transfer between extract air and supply air are delicate. In this context, the fan arrangement and the pressure conditions must
be taken into account for an HRS with rotating heat exchanger.
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6.1.4 Acoustics

In ventilation and air-conditioning systems, airborne sound is generated where turbulence occurs. The main sound sources are
fans, throttle elements, control valves (also VAV), air diffusers and unfavourably moulded parts.

In principle, unavoidable emissions should be dealt with at the point of origin. Therefore, sound attenuators are placed as close
as possible upstream and downstream of the fans. For larger AHUs, sound attenuators are installed in the unit. In the case of
small devices, they are sometimes mounted outside, i.e. on the connection elements. Fan noise is also transferred to the envi-
ronment through the device housing. Especially for equipment locations outside of mechanical rooms, measures must therefore
be checked, such as special sound-insulating housings or cladding provided by the customer.

Before insulating sound, however, the generation of sound should first be reduced. As a rule, the noise emissions of fans de-
crease with larger impeller diameters and the resulting lower speeds. Furthermore, pressure loss should be minimised for a given
air flow. In addition to the aerodynamic design (generous cross-sections), the operation and the control concept also play a role.

Ideally, the fan should be operated at the lowest possible speed (for a given air flow). The concepts that are optimal in terms of
energy therefore also lead to good solutions in terms of acoustics. Specifically, the Fan Optimiser (see also chapter 5.3.3.6.3)
leads to both the lowest possible fan noise and the lowest flow noise of the VAV,

The SIA 181 standard “Sound insulation in building construction” specifies the maximum permissible sound level that ventilation
and air-conditioning systems may cause in rooms. The Noise Protection Ordinance (NPO) regulates the maximum permissible
noise emissions in outdoor areas.

6.2 Standards/directives and regulations

The following tables show the most important national and European standards/directives and regulations concerning AHUs
and their components (not exhaustive):

6.2.1 Standards/directives

Designation Validity in Content

SWKI VA101-01 CH Classification, test methods and application of air filters

SWKI VA104-01 CH Hygiene requirements for ventilation and air-conditioning systems and units

VDI 6022 Sheet 1:2018-01 DE Hygiene requirements for ventilation and air-conditioning systems and units

EN 13053:2017 EU Ventilation for buildings — Air handling units — Rating and performance for units, compo-
nents and sections

SIA 181:2006 CH Noise insulation in building construction

SIA 382-1:2014 CH Ventilation and air-conditioning systems — General principles and requirements

EN 13779:2007 EU Ventilation for non-residential buildings — Performance requirements for ventilation and

room conditioning systems

EN 15239:2007 EU Ventilation for buildings — Energy performance of buildings — Guidelines for the inspection
of ventilation systems

EN 16798-3:2017 EU Energy performance of buildings — Ventilation for buildings — Part 3: Ventilation for
non-residential buildings — Performance requirements for ventilation and room condition-
ing systems

EN 1886:2007 EU Ventilation for buildings — Air handling units — Mechanical performance

EN 308:1997 EU Heat exchangers — Test procedures for establishing performance of air to air and flue

gases heat recovery devices

EN 1822-1:2019 EU High efficiency air filters (EPA, HEPA and ULPA) — Part 1: Classification, performance
testing, marking

EN ISO 16890-1:2016 EU Air filters for general ventilation — Part 1: Technical specifications, requirements and classi-
fication system based upon particulate matter efficiency (ePM)

Table 30: Standards and guidelines
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6.2.2 Regulations

Designation Validity in Content

Energy Efficiency CH Ordinance on the energy efficiency requirements for series-produced systems, vehicles and

Ordinance (EnEV) appliances

SWKI VA104-01 CH Ventilation and air conditioning — air quality — part 1: Hygiene requirements for ventilation
and air-conditioning systems and equipment

Ecodesign directive EU Establishment of a framework for defining environmental design requirements for energy-

2009/125/EC related products

Commission regulation EU Implementation of directive 2009/125/EC

(EU) No. 1253/2014 Environmental design requirements for residential and non-residential ventilation systems.

The most important parameter is energy consumption during use, with a focus on
efficiency of the HRS, fans and filter monitoring.

Table 31: Regulations

6.3 Energy efficiency classes

Independent institutes offer the certification of performance data and the classification of unit series. The classification of
ventilation and air-conditioning systems enables clear, comparable and comprehensible statements to be made regarding their
energy efficiency.

In the European region, the following two options are common but not mandatory:

6.3.1 Energy efficiency classes according to RLT Raumlufttechnische Gerate Herstellerverband e.V.

The AHU certification guideline is a test guideline and certification program for evaluating the energy efficiency of ventilation and
air-conditioning units (AHUs) by Herstellerverband Raumlufttechnische Gerate e.V. (German association of manufacturers of air
handling units) in cooperation with TUV SUD Industrie Service GmbH (TUV SUD = technical inspection agency).

This guideline applies to non-residential ventilation units in accordance with EU directive 1253/2014, with a volumetric flow of
more than 1000 m*/h in the design point.

A distinction is made between energy efficiency classes A+, A and B. Factors such as air velocity within the unit, electrical power
consumption of the fan and the quality of heat recovery are assessed.

Under the following conditions, the manufacturer is entitled to use a logo to indicate compliance with the corresponding energy
efficiency classes:

- The AHU meets all relevant criteria of this directive.

- An energy efficiency class A +, A or B is achieved.

- The AHU design software has been tested by TUV SUD.
- There is a valid certification agreement with TUV SUD.

Energieeffizienzklasse Energieeffizienzklasse Energieeffizienzklasse

Fig. 107: Energy efficiency logo according to Herrstellverband RTL-Gerate
(source: Herstellerverband RLT-Geréate e.V.)



920

Air handling units (AHUs)

6.3.2 Energy efficiency classes according to Eurovent

Eurovent is the European industry association for air conditioning,
process cooling and food cold-chain technology. The members
represent more than 1000 companies from Europe, the Near and
Middle East and Africa, most of them being small and medium-sized
enterprises.

With Eurovent Certification, this industry association also offers a
classification option or certification.

Eurovent Certification distinguishes between energy efficiency
classes A+, Ato E. In addition, a distinction is also made as to wheth-
er the unit uses outdoor air operation, air recirculation only or is an
extract air unit without HRS.

For this purpose, factors similar to those of the AHU manufacturers’
association are taken into account. This concerns the air velocity in
the unit cross-section, the efficiency of air transfer and the efficiency
and pressure loss of heat recovery. However, the climate zone is
also taken into account.

EUROVENT)]
CERTIFIED
PERFORMANCE

MANUFACTURER

Range name
Model name

AIRFILTERS ;0M-11-2015 72012

| RS4/C/001 J

www.eurovent-certification.com

AIR FILTERS
OTHER LANGUAGE

OTHER LANGUAGE EN779:2012

®

Approved - 15/11/2013

THRESHOLD REFERENCE SCALE YEAR: YYYY

Fig. 108: Energy efficiency logo according to Eurovent
Certification (source: Eurovent)
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Belimo is the global market leader in the development, production, 5-year warranty
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