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1 Introduction

This document specifies a test method for the defrosting and frost protection functions of air
handling units. The document also defines a factor for the additional heat required due to
defrosting and frost protection in air-to-air heat exchangers in air handling units and provides
guidance on how the factor can be used in energy assessment calculations. The document is based
on, and aims to further develop, EN 13053:2019 Annex A. The term frost protection in this
document refers to all systems that prevent or remove frost.

Although EN 308:2022 specifies methods for performance testing of air-to-air heat exchangers, it
lacks test methods that reflect climates where frost can form, which often causes problems in heat
exchangers in categories I and II. Frost protection is also not just about the heat exchanger itself,
but about the entire air handling unit.

The method is mainly applicable to air-to-air heat exchangers and liquid-coupled heat exchangers
(category HRC1 or HRC2 according to EN 308:2022) under conditions where frost may occur.
The method can be of particular benefit to air handling units with passive heat exchangers (not
heat pumps) serving residential buildings with central ventilation systems. The test is carried out at
specified operating points, and the resulting frost protection heat factor can be used for
comparisons and calculations of annual recovered heat energy, additional heat energy and
maximum heat output.

2 Freezing

When the moist exhaust air comes into contact with heat exchanger surfaces that have a
temperature below the dew point, condensation occurs. If the surface temperature is below zero,
the condensation will be in the form of ice. This usually occurs when outside air colder than -5°C
flows into heat exchangers of the above type.

The accumulation of ice has two main effects. It causes a flow resistance and thus an increased
pressure drop and it reduces the heat exchange area. These two effects increase the electricity
consumption and impair the heat recovery. The degree of freezing depends on several factors:

e Heat exchanger efficiency
e Air flows and flow balance
e Outdoor air temperature
e Extract air temperature
e Extract air humidity
Without any frost protection system, the heat exchanger will become completely blocked by ice

and stop working, so it is important for air handling units operating in cold climates to have
energy-efficient frost protection systems.

3 Frost protection systems
Frost protection can basically work in two different ways: cyclical or non-cyclical.
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3.1 Non-cyclical frost protection

The unit is equipped with a continuously operating frost protection function that stabilizes or
prevents frost formation. The static pressure difference on the extract air side remains unchanged.

3.2 Cyclical defrosting

The unit allows frost formation followed by a defrosting period. This results in a cyclical
increase/decrease in the pressure difference on the extract air side.

3.3 Frost protection heat factor

The frost protection heat factor ¢p is an adjusted temperature efficiency where the recovered heat
has been reduced by the heat energy added or lost to defrost or keep the system frost-free. The
frost protection heat factor varies with the temperature and humidity of the different air streams of

the unit.

The frost protection heat factor is defined in the following equation:

e — Qm,22,mean * Cp * (TZZ,mean - TZl,mean) - Pdefr,mean - Pfan,mean
D =

Qm,ll,mean * Cp * (Tll,mean - TZl,mean)
where

ED is the dimensionless frost protection heat factor.

is the average power of the additional heat that maintains T22, continuously or

P defr,mean
during the complete freezing and defrosting cycles, expressed in Watt.

is the average fan heating power, continuously or during the complete freezing

P fan,mean
and defrosting cycles, expressed in Watt.

Cp is the specific heat capacity, J/kg °C.

qm is the air mass flow rate, kg/s.

T is the air temperature, °C.

Index

22 refers to the supply air in the duct after the fan (see figure 3).

11 refers to extract air (see figure 3).

21 refers to outdoor air (see figure 3).

mean average values, continuously or during complete freezing and defrost cycles in

the measurement.

An example of how the additional heat can vary during cyclic freezing and defrosting is shown in
Figure 2. Note that Pgefr,mean Should include all heat regardless of where and how it is added. In
laboratory testing, Pefr,mean can be zero.
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3.3.1 Use of the frost protection heat factor

The frost protection heat factor can be used to compare different frost protection systems. Using
climate data (local air temperature and humidity), it can also be used to calculate the additional
heating energy used for frost protection during the winter. The additional energy can be illustrated
in a duration diagram as shown in Figure 1.
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Figure 1. Duration diagram illustrating the antifreeze heat energy.
The grey area represents the heat energy used for defrosting.

3.4 Frost pressure drop

The frost pressure drop is relevant for systems with cyclic defrosting and is defined as the average
pressure drop during the freeze-up and defrost cycles. It shall be calculated from the readings
taken during the test and is used to calculate the additional electrical energy drawn by the fan
during the frost protection season. The frost pressure drop varies with the temperature and
humidity of the different air streams of the unit. An example of how the pressure drop may vary
during cyclic freeze-up and defrosting is shown in Figure 2.
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Figure 2. Example of additional heat and pressure drop (variations and average value)
during cyclic freezing and defrosting.



Page 6(10)

) Svensk Ventilation 2025:10-10

Cold climate performance of air handling units with heat
exchangers — guidance for testing and presentation.

4 Testing
4.1 Test setup

The purpose of the test is to simulate frost protection under conditions similar to real installations
with cold outside air and extract air at normal room temperature and humidity. The test object (air
handling unit) is installed as shown in Figure 3 between two chambers with ducts connecting all
four air paths. The air temperature and humidity in the chambers are maintained at the specified
test conditions. The test object shall be operated with its own fans for air circulation and installed
with external ducts to ensure that the frost protection equipment operates in a similar manner to a
real installation. The total external pressure difference shall be 150 Pa at nominal air flow on both
the supply and extract air sides. The fans shall be controlled so that a constant air flow is
maintained throughout the test. The pressure losses of the external parts of the test set-up shall be
kept constant during the test, so that only condensation or freezing can affect the pressure increase
across the fans. The ambient temperature of the test object shall be 21 + 1°C.

21 123 2% 2 54 2 °b 4234 11

\ 4

12 1,2,3 2,3 2,3 22p
7 6 7 5¢
9 8
Explanation
1 Airflow measurement 11 Extract air
2 Static pressure measurement 12 Exhaust air
3 Temperature measurement 21 Outdoor air
4 Humidity measurement 22 Supply air
5 Additional heating® 22p  Supply air before reheating
7 Fans 6 Heat exchanger
9 Outdoor chamber 8 Indoor chamber

*) Additional heating for frost protection
5a Outdoor air preheat 5b Heating of extract air
5d Direct heating of the heat exchanger or heat exchange media 5¢c Re-heat

Figure 3. Test setup
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4.2 Mandatory test points

The test aims to describe how efficiently the heat recovery and frost protection work in cold
climates. The test should therefore be able to provide the basis for a curve or equation that shows
the frost protection heat factor as a function of the outdoor temperature. In order for the curve or
equation to reflect reality, it is necessary to test at least five outdoor air temperatures where frost
can form (lower than =0°C). These five mandatory test points are shown in Table 1.

Table 1. Mandatory test points

Outdoor air Extract air Extract air Extract air
temperature temperature relative humidity* absolute humidity*
T21 T11 [0} X
-3°C +20°C 36% 5.2 g/kg
-7°C +20°C 32% 4.6 g/kg
-11°C +20°C 28% 4.0 g/kg
-15°C +20°C 26% 3.8 g/kg
-20°C +20°C 24% 3.5 g/kg

*) The humidity levels in the exhaust air are based on the nordic outdoor climate and
3 g/kg of moisture added from activities and people staying in the ventilated spaces.

If the test object is equipped with a post-heating battery (5c), the supply air temperature T2> must
be +20°C.

In addition to the temperatures and humidity levels in Table 1, the manufacturer may choose
additional test points.

4.3 Test procedure

Where appropriate and unless otherwise specified in this document, EN 308 shall be applied. In
addition to the applicable requirements of EN 308, testing shall be carried out in accordance with
the procedures below.

4.3.1 Total measurement time and number of defrost cycles

For cyclic defrosting systems, each test sequence shall include at least 3 defrosting cycles or a
period of 6 hours. Data collection shall begin after one or more cycles. Examples of how
additional heat and pressure drop may vary are shown in Figure 2.
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For non-cyclic frost protection, sampling shall be carried out under steady-state conditions, which
is defined as the temperature being stable with a variation of no more than 1°C and the pressure
drop across the exhaust air section of the heat exchanger, Api1-12, not varying more than 5% from
the average value during the test period.

The function of the frost protection equipment shall be checked at all operating points according to
Table 1. When testing cyclic defrosting systems, the variation in pressure difference Apii-12
between individual cycles shall not exceed 5%. Non-cyclic frost protection systems shall be
considered to comply if they remain stable throughout the test period.

4.3.2 Basic setup

The equipment shall be set up as shown in Figure 3. The measurement sensors shall be connected
to a data acquisition system capable of logging data for a continuous period of at least 48 hours
with a maximum sampling interval of 60 seconds.

Set the fans to the test flow. The difference between the supply and extract air flow shall not be
greater than 10%.

4.3.3 Testing of frost protection heat factor and frost pressure drop.

Operate the equipment until steady state conditions are observed in the chambers. The mean
temperature of both chambers, T11 and Tz, shall be adjusted to within 1°C of the specified test
temperature. The maximum permissible deviation is 1.5°C from the mean value during the test
period.

The moisture content of the exhaust air shall be adjusted to within 0.2 g/kg of the specified test
moisture content. The maximum permissible deviation is 0.5 g/kg from the mean value during the
test period.

All measurement points as per Figure 3 shall be measured and recorded continuously throughout
the test. The sampling interval, 4¢, shall not exceed 60 s.

4.3.4 Testing on site

Testing on site in the facility the unit will serve will be less accurate as it is difficult to achieve
steady state conditions. Nevertheless, the test setup should be the same but with the chambers
replaced by the actual installation.
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5 Testreport

The test report shall contain a description of the test object (heat exchanger and antifreeze system).
The antifreeze settings of the test object, including the parameters that control the antifreeze, shall

be clearly stated in the report.

Results and test parameters according to Table 2 shall be presented in the form of

e nominal values at the beginning of the test,

e average value during the test and,

e graphs showing the parameters as a function of time during the test.

Table 2. Results and test parameters to be presented.

minutes

Symbol Measure Units Reporting

Gm,11 Mass flow, extract air kg/s Setpoint, graph and average

{m,11,mean value

Gm22 Mass flow, supply air kg/s Setpoint, graph and average

qm,22,mean value

T Temperature, extract air °C Setpoint, graph and average

Tl 1,mean value

T Temperature, outdoor air °C Setpoint, graph and average

T21,mean value

T2 Temperature, supply air °C Measured

T22,mean

T Temperature downstream of the °C Measured

To2p.mean supply fan before reheating

0] Humidity, extract air % Setpoint, graph and average

value

Pictr max Maximum heating power kW Measured

Pactr mean Additional heating to avoid defrosting | kW Calculated or measured
or prevent freezing

Pran.mean Fan heating power kw Calculated or measured

Preheat Heating power required to keep the kW Calculated or measured
supply air at +20°C

Padd heat,otal Pics- + Prenear required to keep the kW Calculated or measured
supply air at +20°C

€D Frost protection heat factor - Calculated

APmean Frost pressure drop (Average Pa Diagram and average value
pressure drop over the entire cycle) over all complete test cycles

At Sampling interval seconds Set point

tei Cycle time for each cycle seconds or Measured
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6 Product presentation

The manufacturer should state in their product description the frost protection method (cyclic or
non-cyclic) and declare the frost protection performance in the form of frost protection heat factor
for each of the test temperatures. If cyclic defrosting is used, the frost pressure drop should also be
declared for each of the test temperatures.
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