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Abstract. In the context of this article, a caloric method for measuring the performance of alternating home
ventilation devices (push-pull units) is presented. The simple and robust method provides both reliable and
reproducible characteristic values. Based on this method, a test bench was developed and built. With this test
bench the characteristic values (volume flow, heat recovery rate, temperature change rate) of series products
can be measured. The aim of the investigation is the determination and evaluation of the possible parameters
influencing the measurement. For this purpose, the parameters are illustrated on the basis of measured values
from a defined test standard, consisting of a fan and electrical heating in a housing (so-called golden sample),
as well as a pair of push-pull devices. As a result, suggestions for improvements to the previous procedure as
well as approaches for further development are shown.

1 Motivation

1.1 Working principle A
1 -

Due to the increasing demands on energy efficiency in the -
construction sector, tightness and thermal insulation are -
constantly increasing. Highly efficient ventilation -1
solutions are therefore required, especially in the field of o
building refurbishment. Alternating home ventilation " /
devices (push-pull units) have advantages due to their !
working principle and easy installation procedure at this -
field. -

Consisting on one fan and a sensitive heat “
accumulator, the direction of the air mass flow is changed o~
by reversing the fans direction of rotation over time 7. A TEIH‘
typical behaviour is represented in Fig. 1. Where B is the Ternmas
mode of operation (B = 1 air from ambient into the room,
B = —1 from room to ambient), m as mass flow and T as Teupmin|...
temperature with ETH as extraction air, EHH as exhaust Topa -
air, SUP as supply air and ODA as outdoor air. For — >
balancing reasons, two units are used mostly with one unit H
working mn mode B - 1 and the other in que B = ._1 at Fig. 1. Schematically representation of a typical push-pull unit
the same time. The air temperature at the indoor side of behaviour.
the unit is denoted by i and at the outdoor side by a.

Assuming winter season, in mode B = —1 the heat
accumulator is heated up by the warm indoor air. The 1.2 Efficiency definitions

temperature at the outdoor side of the unit is decreased by
this energy transfer. The energy stored within the
accumulator is then transferred to the outdoor air at
B=1.

The efficiency of push-pull ventilation units is defined by
the ratio of heating capacity with heat recovery and
without heat recovery. The calculation is defined with
different formulations within different standards
(VDI 3803-5[1], DIN EN 308 [2], DIN 4719 [3] and
DIN EN 13141-8 [4]).
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2 Measurement principle

2.1 Direct measurement method

EN 13141-8 [4] describes a measurement method
utilizing temperature probes at the inlet and outlet of one
unit. The efficiency 7.syp is calculated according to
eq. (1) based on these measured temperatures T and mass
flows m.

Tsup — Topa Mm,sup

Tesup = Tern — Topa MmeTH D

2.2 Mixed air measurement method

Another attempt utilizing a temperature measurement at
mixed air at two different modes (constant flow mode,
indicated by s, and alternating flow mode) is described by
Ozbiyik [5]. Eq.(2) presents the description of the
efficiency obtained by this method. Here, 1 denotes inlet
conditions and 2 outlet conditions.

In case of same mass flows eq. (2) simplifies to
eq. (3). This equation is normally used, but some effects
are neglected.
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2.3 Caloric measurement principle

A further attempt utilizes a caloric measurement method.
Here, the needed energy to establish constant
temperatures in a test chamber is measured directly

(Fig. 2).
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Fig. 2. Schematically representation of the caloric
measurement principle.

According to Eq. (4) the efficiency depends upon the
relation of the thermal capacity Qy, for constant indoor
temperature with working ventilation units and a
reference thermal capacity Q. -

n _ Qw
tsup = =

Qres )

The reference heat capacity may be defined in two

different manners. The first one is using thermal capacity
given by the mass flux and the temperature difference
between indoor and outdoor conditions and leads to Eq.
®). ,
=Py gty — Prempern — Qrern — Pry

M, Cp (Topa — Teru) )

Ntsup =

The second definition uses a reference measurement.
This reference measurement is performed with ventilation
units that operate with a constant, non-alternating mass
flow.

Ne,sup ]
—Py gre — Prempgr — Qreru — Pvu

= (6)

—Py ertref — Premperh,Resr — Q1.6TH — Pyu Res

2.4 Measurement uncertainties

For all three attempts to measure the efficiency of push-
pull units a measurement uncertainties analysis has been
carried out by means of the Gaussian error propagation
law [6]. In Eq. (7) x represents a variable of the function
y and the uncertainty of the this function Ay.

y(x) = Ay(x) = (7

Typical measurement uncertainties are defined in EN
13141-8 [4].

The results obtained by the analysis are provided in
Table 1.
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Table 1. Uncertainties of efficiency by different measurement

principles.
esoa | Eaoment | | Kot
% %
Direct, eq. (1) typical 0,615 + 0,025
Direct, eq. (1) EN 13141-8 | 0,615 + 0,049
Mixed air, eq. (3) typical 0,758 + 0,028
Mixed air, eq. (3) | EN 13141-8 | 0,758 + 0,041
Mixed air, eq. (2) typical 0,75 + 0,068
Caloric, Eq. (5) typical 0,655 + 0,014
Caloric, Eq. (6) typical 0,667 + 0,0065

3 Measurement

3.1 Setup

The company Aereco GmbH (Germany) developed a test
rig for the caloric measurement method according to
section 2.3, but with on chamber (this test bench is called
“BEMAI”). A schematically representation is provided in
Fig. 3. This test rig consists of a housing with thermal
insulation surrounding a test chamber with two walls,
each with a mixing fan and a heater mounted in the center.
The walls have a defined space to the housing. At the
middle of the chamber a temperature probe is positioned.

0,08 m/s
i
0,08 m/s

3,93 mx80mx283m(WxLxH)

Fig. 3. Working principle of the test rig under investigation.

This test rig is meant for stand-alone measurements at
ambient temperature as the cold outdoor temperature and
with the indoor temperature 13 K above the ambient
temperature. The test rig was installed within a climate

chamber for the purpose of investigating the test rig
behaviour upon different conditions (see Fig. 4.)

Fig. 4. Test rig within the test chamber.

The test rig is equipped with two temperature probes
(indoor and outdoor temperature), one difference pressure
gauge (static pressure difference between indoor and
outdoor), ambient pressure gauge, mass flow
measurement by means of tracer gas measurement,
electrical consumption of heaters, mixing fans and
ventilation units.

The climate chamber with a size of
3.93 x 8.00 x 2.83 m® is equipped with further sensors.
Among these 18 temperature probes (PT100), three
difference pressure sensors, one ambient pressure sensor
and two sensors for relative humidity are utilized to
achieve deeper insights into the measurement principle of
the test rig.

3.2 Verification

For the purpose of the test rig verification, a so called
golden sample was used. This golden sample consist of a
fan and an electrical heater and replaces one of the
ventilation units. The other ventilation unit was
dismounted. Since the electrical power consumption of
the fan and the heater is known, the test bench can be
validated by the reduction of the heating power required
to reach the necessary interior temperature.

3.3 Test schedule

Several individual tests were carried out to quantify the
influences on the measurement method. Table 2 provides
an overview of these tests. Each test was performed with
ventilation units in constant flow mode to obtain the
reference power consumption and in alternating
ventilation mode. Both tests lasted an hour after the
conditions stabilized. Different conditions have been
investigated. The objective of this work is to investigate
the influence of wind pressure, temperature level and
unbalanced mass flow.
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Table 2. Test overview

No. | tier Rev. Temperature Wind
speed level pressure
rpm °C Pa
1 0 850/650 7 0
2 0 850/650 20 0
3 1 1170/1060 7 0
4 1 1170/1060 20 0
5 2 1990/1840 7 0
6 2 1990/1840 7 10
7 2 1990/1840 7 20
8 2 1990/1840 20 0
9 2 1990/1840 20 10
10 2 1990/1840 20 20
4 Results

4.1 Definition of efficiency

Further investigations are carried out using the Eq. (8) to
(11). Herein Eq. (8) and Eq. (9) are based upon enthalpy
flow and Eq. (10) and (11) are utilizing a correction
scheme by implementing the volume flow ratio between
the measurement with constant volume flow and
alternating volume flow.

Premp+ Py— Qr+ Py

ey ocpVy (Tsyp— Topa) ®
Premp + Py—Qr
Nrgsy=1———b 9
oc,Vy (Tsup — Topa)
Premp + Py — Q7 + P,
Nurkv = 1 — Lol AL DA UL (10)
K(Premps + Py — Q1 + Pyy1s)
) -1-— PTemp+PV_QT (11
e K (Premps + Py — Qr + Pyy1s) )
Wherein K is defined as
%4
/A )

4.2 Influence of ambient temperature level

The influence of the temperature level (colour coded) is
depicted in Fig. 5 depending upon the level of rotational
speed (coded as tier level). As one may see, the efficiency
is independent from the temperature level. Due to
measurement reasons, no measurements have been
performed at the tier “0”.
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Fig. 5. Influence of ambient temperature.

4.3 Wind pressure

The influence of the wind pressure upon the efficiency is
depicted in Fig. 6. presenting the influence at a
temperature level of 7 °C as outdoor temperature and
20 °C indoor temperature. The level of the rotational
speed (tier) is color-coded.

The pressure difference between indoor and outdoor
conditions has a large influence upon the measured
efficiency, especially at low volume flow rates. Increasing
wind pressure leads always to lower efficiency ratios.
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Fig. 6. Influence of wind pressure at temperature level 7/20 °C.

4.4 Unbalanced mass flow rate

An unbalanced mass flow between both ventilation units
leads to a pressure difference between the test bench
chamber and the environment. The relationship between
pressure difference and mass flow deviation depends
upon the characteristic curve of the fan. This relationship
is individual for each unit to be measured in the test bench.
The value of the pressure difference is suitable as a quality
criterion for ventilation units.

4.5 Golden sample verification

For all verification measurements the energy provided by
the golden sample is 68 Wh. The energy reduction
measured at the test rig is presented in Table 3. Apart from
the first measurement, the measured energy reduction fits
very well the golden sample value. According to these
results, the uncertainty of the test rig measurement for the
power consumption is better than 3.5 %. The reasons for
the discrepancy of the first values in the first measurement
is currently unclear.

CLIMA 2019
Table 3. Measured energy reduction at the test rig by means of
1.0 . 1.0 - olden sample
tier tier
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Whilst all methods provide reliable efficiency ratios and
are suitable for the measurement of ventilation units with
changing mass flow direction, the method with the lowest
uncertainty is the caloric measurement method according
to the power propagation law.

The influence of ambient conditions (temperature
level) on volume flows below 25 % of the nominal
volume flow should be investigated in further projects.

The installation of axial fans causes a high sensitivity
of the volume flow and the efficiency in case of pressure
differences, e.g. due to wind pressure on fagades.

Unbalanced mass flow conditions between supply and
exhaust air mass flow causes a pressure difference in the
test bench between the inner chamber and the
environment. This pressure is to be regarded as a criterion
for the quality of balanced mass flows.

Humidity was not in the scope if this work. Therefore,
further investigations shall be established to get deeper
insight on the dependency upon humidity. Also one aspect
for further investigations maybe the dependency of noise
emission upon different conditions.
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