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Abstract: The heat recovery efficiency of ventilation systems utilizing heat recovery ventilators
(HRVs) depends not only on the heat recovery efficiency of the HRV units themselves but also on the
intake and exhaust ducts that connect the HRV units to the outside environment. However, these
ducts are often neglected in heat loss calculations, as their impact on the overall heat recovery effi-
ciency of HRV systems is often not understood and, to the knowledge of the authors, a mathematical
model for the overall heat recovery efficiency of HRV systems that accounts for these ducts has not
been published. In this research, a mathematical model for the overall heat recovery efficiency of
HRYV systems that accounts for the intake and exhaust ducts was derived and validated using real-life
data. The model-predicted decrease in heat recovery efficiency due to the ducts was in reasonable
agreement (relative error within 20%) with the real-life measurements. The results suggest that
utilizing this model allows for more correct ventilation heat loss calculations compared to using
the heat recovery efficiency of the HRV unit alone, but more field studies are needed to verify the
accuracy of this model in a wide range of applications.

Keywords: heat recovery ventilator (HRV); recovery efficiency; ducts

1. Introduction

The energy used by buildings accounts for over 40% of total primary energy consump-
tion in the United States and the EU [1]. Reducing the energy consumption of buildings
represents an opportunity for cost savings, as well as reducing the societal and environmen-
tal impacts associated with the current energy practices [2-4]. One of the options for saving
energy in buildings in colder climates is to utilize HRVs instead of traditional ventilation
systems that exchange air with no heat recovery.

HRVs reduce the heat loss associated with ventilation by recovering a portion of the
heat in the warm, stale air going out and transferring it into the fresh, cold air coming
in. The heat recovery efficiency, in general, is defined as the amount of heat recovered
relative to the heat that would have been lost due to ventilation if the same amount of
air exchange happened without heat recovery. While adhering to this general principle,
the specific interpretation of the heat recovery efficiency definition varies throughout the
literature to some degree. For example, some authors assume the reference scenario to be
natural ventilation, which means the heat loss is directly proportional to the temperature
difference between the inside and outside of the building [5,6]. Others assume the reference
scenario to be mechanical ventilation with no heat recovery, which means the heat loss can
be higher than in the natural ventilation case due to the exhaust air stream being warmed
up above the interior building temperature by the heat rejected from the exhaust fans [7,8].
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Regardless of the specific definition used, the resulting values of the heat recovery efficiency
for a specific system are typically similar because those definitions that use mechanical
ventilation as a reference scenario also account for the fact that some of the heat rejected
by the exhaust fans into the air stream is recovered and transferred into the supply air
stream [7]. As seen in the Materials and Methods section below, the definition used in
our research was one based on the natural ventilation as a reference scenario, as it can
be most directly used to calculate the heat loss from a building due to ventilation, which
was the focus of our research. Furthermore, our research dealt with sensible heat recovery
efficiency only; it did not deal with total heat recovery efficiency. Total heat recovery
efficiency considers both sensible heat and latent heat and is used for energy recovery
ventilators (ERVs) when utilized in air-conditioned buildings. ERVs transfer moisture, in
addition to transferring heat, and are particularly beneficial in hot, humid climates [9].
Several studies have looked at the heat recovery efficiency of HRVs. An early evalua-
tion of HRV technology from circa 1980 found an efficiency of almost 50% [10]. The same
study looked at the effects of fan power consumption and heat conduction through the
case of the device on the calculated HRV efficiency. An investigation of the performance of
HRVs in China looked at the effect of adding air filters [6]. It found that adding air filters
increases the heat recovery efficiency while reducing the airflow. A study of an HRV in
the Canadian Arctic showed a significant decrease in heat recovery efficiency with the
use of preheaters to prevent frost build-up [8]. The issue of preheaters to prevent frost
build-up was also evaluated in Fairbanks, Alaska [11]. In this case, the authors concluded
that while the overall energy use was higher, such systems can satisfy ventilation stan-
dards, even in very cold temperatures. Systems that rely on recirculation defrosting can
have significantly reduced effective ventilation rates in contrast to systems that utilize
preheaters. Another study looked at the energy performance of HRV-equipped residences
in Fairbanks, Alaska [12]. Theoretical evaluations in that study showed that despite the
use of an HRV with a 70% heat recovery efficiency, the actual savings in energy costs
associated with ventilation, as compared to a naturally ventilated building with the same
total ventilation rate, were only about 55%. This was due to the energy needed for the HRV
fans, as well as the fact that even in the HRV-equipped residence, some air still infiltrated
the building envelope with no heat recovery. The study that is perhaps the most relevant
to our research is one that looked at the impact of running a supply air distribution, as well
as return air ductwork through unconditioned or semi-conditioned spaces [13]; it found
that the heat recovery efficiency of an HRV system can drop from 80% to less than 50%
if there is ductwork leakage and the thermal resistance is poor. Note that the supply air
distribution ductwork is the distribution network that distributes the outside air after it has
been warmed up in the HRV unit. If this ductwork is run through unconditioned space, the
air in the ductwork can cool down, reducing the effect of the HRV unit that warmed it up.
To our knowledge, there is no published study on the impact of the intake and exhaust
ducts on the heat recovery efficiency of HRV systems. In cold climates, HRV units are
installed in conditioned space. In part, this is to allow for condensate drainage from the
unit. The intake duct connects the HRV unit to the outside fresh air. The intake duct is
insulated because it passes through conditioned space and the air inside the duct is cold,
while the surrounding, conditioned air is warm. Since the insulating capabilities are finite,
some heat from the conditioned space is transferred through the insulation into the cold
air in the duct. Because of this, when the cold supply air in the duct reaches the HRV
unit itself, it is warmer than the outside air and has a reduced ability to extract the heat
from the warm stale air flowing out through the heat exchanger. This lowers the heat
recovery efficiency. The exhaust duct also connects the HRV unit to the outside. The warm,
stale air going out first passes through the HRV unit before it reaches the exhaust duct.
A portion of the heat in the warm stale air is recovered in the HRV unit (transferred into
the fresh, cold supply air), and therefore, when it reaches the exhaust duct, it is relatively
cold. Because the air in this duct is cold and the duct passes through conditioned space, the
exhaust duct is insulated. Similar to the intake duct, some heat from the conditioned space
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is transferred through this insulation into the cold air flowing out through the exhaust
duct. This warms the exhaust air flowing into the outside environment and increases the
heat loss associated with ventilation. This effectively lowers the heat recovery efficiency
of the HRV system. The heat that is transferred from the conditioned space into the cold
air through the insulation of the duct must be resupplied from the building heat sources,
which leads to an increase in the building energy consumption.

The purpose of our research published in this paper was to derive a mathematical
model for the overall heat recovery efficiency of HRV systems that accounts for the intake
and exhaust ducts and to validate this model using real-life data. The goal of publishing
this mathematical model was to aid in planning the HRV intake and exhaust ducts in terms
of their lengths and insulating values, as well as provide a tool to more accurately calculate
the heat loss that is associated with ventilation in HRV-equipped buildings. For example,
some building energy simulation tools do not explicitly have the option of accounting for
the impacts of the HRV intake and exhaust ducts and simply just ask for the heat recovery
efficiency of the HRV. In these situations, using the overall HRV system heat recovery
efficiency, as determined from the mathematical model published in this paper, will yield
more accurate results than inputting the heat recovery efficiency of just the HRV unit itself.

2. Materials and Methods
2.1. Deriving the Mathematical Model for Calculating the HRV System Heat Recovery Efficiency

The mathematical model for calculating the heat recovery efficiency of the HRV system,
which accounts for the impacts of the intake and exhaust ducts, is derived in the following
paragraphs. In order to derive the model, an HRV unit placed in the conditioned space of a
building and connected to the outside environment via insulated intake and exhaust ducts
was considered (see Figure 1).

Indoor environment

-

1 imit mehanst

AR R A AR,

I
F
B HRYV system

Figure 1. Conceptual drawing of the heat recovery ventilator (HRV) system. The HRV system consists of an HRV unit and

insulated intake and exhaust ducts. See the Nomenclature section for the meanings of the shown variables.

In deriving the mathematical model, it was assumed that the HRV system has a
balanced airflow, which means that the airflow rate for the intake/supply airstream is
the same as the airflow rate for the return/exhaust airstream. Another assumption was
that the HRV system is perfectly sealed, which means there is no cross-leakage between
the two airstreams inside the system and neither are there any casing nor duct leakages.
Furthermore, steady-state conditions were assumed in the derivation of the model.

The mathematical model deals with the heat recovery efficiency of the HRV system,
which is defined as follows:

Treturn — Tsystemfexhaust

, M

THRV _system =
Y Treturn — Tsystemfintake



Energies 2021, 14, 351

40f10

where 1THRV_system 1S the heat recovery efficiency of the HRV system, Tretum is the tempera-
ture of the air entering the return port of the HRV, Tsystem_exhaust i the temperature of the
air exhausted from the HRV system to the outside, and Tsystem_intake 1S the temperature of
the air at the intake of the HRV system (see Figure 1). Since the air entering the return port
of the HRV is the indoor air and the air at the intake of the HRV system is the outdoor air,
the denominator of the above formula is the temperature difference between the inside and
outside. In the case of perfect heat recovery, the temperature of the air exhausted to the
outside would equal the outdoor temperature, in which case, the numerator of the above
formula would also be the temperature difference between the inside and outside, and the
resulting value of the heat recovery efficiency of the HRV system would be 100%. On the
other hand, in the case of natural ventilation, the temperature of the air exhausted to the
outside would equal the indoor temperature, which means the numerator of the above
formula would equal zero and the resulting value of the heat recovery efficiency of the
HRYV system would be 0%. These are the principles that the above definition is based on.

Analogous to the heat recovery efficiency of the HRV system, the heat recovery
efficiency of the HRV unit is defined as follows:

Treturn - Tunit_exhaust (2)

7

THRY unit Treturn — Tunit_intake
where 17HRY _unit is the heat recovery efficiency of the HRV unit, Tinit exhaust i the tempera-
ture of the air exhausted from the HRV unit, and Tyt intake is the temperature of the air at
the intake of the HRV unit (see Figure 1).

When the outside cold air enters the intake duct, it is warmed as it passes through
the duct. This warming is due to heat conduction from the indoor environment through
the duct’s insulation; how much the air is warmed up can be derived as follows. A round
duct was assumed, which means that the shape of the pocket of air that has the same
temperature throughout its volume and that is traveling through the duct is a disk with an
infinitesimal thickness. From the physical law of energy conservation, the amount of heat
conducted through the insulation of the duct into this air disk must equal the increase in
the heat content of this air disk:

dA(Tin — T)

dt = dmc,dT, 3
Rintake P ( )

where dA is the infinitesimal contact area between the duct and the air disk, T, is the
indoor temperature, T is the temperature of the air disk as a function of time as it travels
through the duct, Riptake is the thermal insulance (also called R-value) of the insulation of
the intake duct, df is an infinitesimal increment in time, dm is the mass of the air disk with
an infinitesimal thickness, c), is the specific heat capacity of air, and dT is the infinitesimal
increase in the temperature of the air disk over the period of dt.

Solving the above differential equation (Equation 3) yields the following result:

4

T(t) = Tin — (Tin — Tout)e Fmaketimtaker |, 4)

where Ty is the outdoor temperature, p is the density of air, and Diyaie is the inside
diameter of the intake duct. It should be clarified that in solving the differential equation,
the density of air and the specific heat capacity of air were assumed to be constant. This is
because their slight dependences on the temperature were considered negligible for the
purposes of this research.

Knowing the airflow rate and parameters of the intake duct, the time it takes for the
air to pass through the duct can be calculated. Plugging this time into Equation 4, the
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temperature of the air at the end of the intake duct (which means at the intake of the HRV
unit) can be calculated:

_ 7tI:)intakelintake

Tunit_intake =Tinh — (Tin - Tout)e Kintakef“pQ ’ (5)

where Tijnit intake 15 the air temperature at the intake of the HRV unit, [ taxe is the length of
the intake duct, and Q is the volumetric airflow rate.

Knowing the air temperature at the intake of the HRV unit and the heat recovery
efficiency of the unit, the air temperature at the exhaust of the HRV unit can be calculated
by utilizing the definition of the heat recovery efficiency of the HRV unit (Equation (2)), as
follows:

Tunitfexhaust =Tjn — (Ti - Tunitfintake)nHRV,unit (6)

where Tynit exhaust iS the air temperature at the exhaust of the HRV unit.

The air temperature at the HRV unit exhaust is the air temperature at the beginning of
the exhaust duct. As the air is traveling through the duct, it is warmed. This warming is
due to heat conduction from the indoor environment through the duct’s insulation. The
temperature change of the air can be derived in a similar manner to how it was derived for
the intake duct. The result is as follows:

_ 7D, exhaust]exhaust

Tsystem_exhaust = Tin — (Ti - Tunit_exhaust)e RexhaustpQ ’ @)
where Tystem_exhaust 1S the air temperature at the exhaust of the HRV system (the outlet of
the exhaust duct), Deghaust is the inside diameter of the exhaust duct, lexhaust is the length
of the exhaust duct, and Reypaust is the thermal insulance of the insulation of the exhaust
duct.

Knowing the air temperature at the exhaust of the HRV system, the heat recovery
efficiency of the HRV system can be calculated by utilizing its definition (Equation (1)), as

follows:

1 . Tl - Tsystemfexhaust (8)
HRV_system — .
Y Tin - Tout

Equations (5)—(8) are the mathematical model that allows for the calculation of the heat
recovery efficiency of an HRV system from the heat recovery efficiency of the HRV unit, its
airflow rate, the parameters of the intake and exhaust ducts, and the indoor and outdoor
temperatures. Equations (5)—(8) can be combined into one. The resulting expression is for
the heat recovery efficiency of the HRV system as a function of the heat recovery efficiency
of the HRV unit, airflow rate, and parameters of the intake and exhaust ducts; the indoor
and outdoor temperatures are not needed because they cancel out (see Results section).
Equations (5)—(8), where the indoor and outdoor temperatures are needed, are still useful
on their own for validating the model with real in situ temperature data.

2.2. Validating the Mathematical Model with Real-Life Data

Data from an HRV installation at the Cold Climate Housing Research Center in
Fairbanks, Alaska, was utilized for the validation of the mathematical model. The HRV
system included one HRV unit, two 1.524 m (5 ft) flexible duct sections with a 0.1524 m
(6 in) inside diameter and a 1.409 m?K/W (8 ft> h°F/Btu) insulance (one each for the intake
and exhaust), and a combined exterior intake/exhaust port, which is an accessory that
combines the system intake and exhaust ports into a single wall penetration. The airflow
rate of this system was 0.02265 m3/s (48 ft3/min).

Because a combined exterior intake/exhaust port was used in the installation, the tem-
perature measured at the connection between the port and the intake duct was substituted
for the outdoor temperature (system intake). This was necessary because the installation
of the combined exterior intake/exhaust port was unconventional (a part of a different
research project) and a significant amount of heat transfer was occurring within the port. To
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maintain consistency, the system exhaust temperature was measured at the corresponding
connection of the exhaust duct.

Data were collected in 10 s intervals using PS103]J2 thermistors (Littlefuse, Chicago,
IL, USA) and a CR1000 datalogger (Campbell Scientific, Logan, UT, USA) and converted
into one-minute averages. The air temperature was measured at all four HRV ports and at
the exterior end of each duct. The installation was monitored between December 2019 and
March 2020. From this data, sections were selected for the model validation. Of particular
interest were sections with large differentials between the outdoor and indoor temperature.
For these sections, the signal-to-noise ratio was large, and thus, the influence of noise on the
results was minimized. Note that since the data for validation must include steady-state
operation only (no defrost cycles), periods when temperatures were below the HRV unit
defrost activation temperature were excluded. This resulted in selecting two data sections
for the model validation: one section was collected on 19 February from 00:01 to 02:57 local
time and the other on 20 February from 10:54 to 17:31 local time.

3. Results
3.1. Mathematical Model for Calculating the HRV System Heat Recovery Efficiency

Equations (5)-(8) represent the mathematical model for calculating the heat recovery
efficiency of an HRV system, as well as certain temperatures throughout the system.
However, one of the goals of our research was to derive a single mathematical expression
for the heat recovery efficiency of the HRV system as a function of the heat recovery
efficiency of the HRV unit, airflow rate, and parameters of the intake and exhaust ducts.
This was achieved by combining Equations (5)—(8) into a single formula. The resulting
expression is as follows:

7T (Dintakelintake + Dexhaustlexhaust)

Pep Q Rintake Rexhaust X (9)

ITHRV_system = 1HRV_unit€

The intake and exhaust ducts are often of the same type, which means they have
the same diameter and thermal insulance. For those scenarios, Equation 9 can be further
simplified:

_ mD(l

+1

intake exhaust)

R
'THRV_system — HRV_unit€ PepQ ’ (10)

where D = Djjtake = Dexhaust 1S the inside diameter of the intake/exhaust duct and
R = Rjntake = Rexhaust 1S the thermal insulance of the intake/exhaust duct.

In order to study the impact of the parameters of the intake and exhaust ducts on
the overall heat recovery efficiency of HRV systems, the plot of Equation (10) for different
thermal insulance values is shown in Figure 2. It should be noted that where specific
numbers are presented in this article, if the density of air and the specific heat capacity of
air were utilized in calculating those numbers, the values of 1.2 kg/ m?3 (0.075 Ib/£t3) for the
density of air and 1006 J/kgK (0.2403 Btu/1b°F) for the specific heat capacity of air were
used.

To facilitate the use of the mathematical model derived herein by a broader audience,
Equations (5)-(8), as well as Equation (10), were implemented as an online calculator [14].

3.2. Model Validation

The model was evaluated by comparing the predicted HRV system heat recovery
efficiency with the actual HRV system heat recovery efficiency derived from the measured
temperatures (using Equation (8)). Using the heat recovery efficiency of the HRV unit, the
airflow rate, and the reported system parameters as the inputs for the mathematical model,
the predicted HRV system heat recovery efficiency could be calculated (using Equation (10)).
In this calculation, the HRV unit heat recovery efficiency values were determined from their
definition (Equation (2)) rather than the manufacturer specified value. This was because
the aim of this research was to evaluate the mathematical model for the impacts of the
intake/exhaust ducts, not the HRV unit manufacturer’s claims. See Table 1 for the results
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of this evaluation from two sections of data collected in a real-life HRV installation (see
Section 2.2 for details).

80% —

70%

60%

50%

40%

30%

ym RV_system

20% —+

10% +

0% f f f f f f f i
Om 5m 10m 15m 20m 25m 30m 35m 40m

(0.0ft) (16.4ft) (32.8ft) (492ft) (65.6ft) (82.0ft) (98.4fy) (114.8f1) (131.2f)
Total duct length (/i take * lexhaust)

Figure 2. Overall heat recovery efficiency of an HRV system as a function of the total duct length (intake + exhaust) for
different thermal insulance values. A duct inside diameter of 0.1524 m (6 in), an airflow rate of 0.02360 m> /s (50 ft3 /min),
and a heat recovery efficiency of the HRV unit of 70% were assumed.

Table 1. Comparison between the measured and model-predicted data.

Quantity Specification 02/19/2020 02/20/2020

Tout (same as Tsystem_intake) —9.97°C —7.69 °C
Tunit_intake —9.39°C ~7.16 °C

Tin (same as Tyeturn) 9.87 °C 10.83 °C
Tunit_exhaust —2.33°C -1.13°C
Tsystem_exhaust —213°C —0.94 °C

TTHRV _unit 63.37% 66.51%

1HRV_system Actual 60.50% 63.55%

Predicted 61.02% 64.04%

PRV ok~ THRV_system Actual 2.87% 2.95%

The decrease in heat recovery efficiency

resulting from the ducts. Predicted 2.35% 2.48%

<1 _ (”HRV’““ B ;YHRVSYStem)Prcdictcd> % 100%

(V]HRV_unit ~ TTHRV _system Actual
The relative error of the predicted
decrease in heat recovery efficiency
resulting from the ducts.

18.06% 16.14%

The temperatures shown were measured temperature averages for the two selected data sections. The system heat recovery efficiencies
were calculated using duct lengths of 1.524 m (5 ft) for each of the ducts, duct inside diameters of 0.1524 m (6 in), a thermal insulance of
1.409 m2K /W (8 ft2h°F/Btu), and a volumetric airflow rate of 0.02265 m?/s (48 ft3/min).
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4. Discussion

As expected, the heat recovery efficiency of the HRV system (consisting of an HRV
unit and intake/exhaust ducts) is lower than the heat recovery efficiency of the HRV
unit alone. This was shown via theoretical calculations and real-life measurements. The
graph in Figure 2, which is based on theoretical calculations, shows that the decrease in
heat recovery efficiency is minimal with short and highly insulated intake /exhaust ducts,
but can be very significant with very long and less insulated ducts. For example, with
a 40 m (131.2 ft) combined duct length (intake + exhaust), 0.1524 m (6 in) duct inside
diameter, 0.7397 m?K/W (4.2 f?h°F/Btu) thermal insulance of the ducts, and 0.02360 m3/s
(50 ft*/min) airflow rate, the system heat recovery efficiency is less than 30%, despite
the heat recovery efficiency of the HRV unit being 70%. These numbers show that using
very long and less insulated ducts largely defeats the purpose of using an HRV. These
numbers also show that neglecting to account for the impact of intake and exhaust ducts
can result in a significant error when calculating the heat loss and corresponding energy
costs. For example, a typical residence in Fairbanks, Alaska, that is properly ventilated
and using no heat recovery is estimated to spend about 690 USD annually in heating costs
to cover the heat loss associated with ventilation [12]. Using a simplified analysis, an
HRYV system with very long and less insulated intake/exhaust ducts and a 30% overall
heat recovery efficiency would save about 30% of the 690 USD, which means about 210
USD annually. However, if the impact of the intake and exhaust ducts is neglected and
only the 70% heat recovery efficiency of the HRV unit alone is used in these calculations,
the calculated savings would be about 480 USD annually, which means an error of about
270 USD annually. These numbers show that taking the impact of the intake and exhaust
ducts into consideration can be very important. The model developed in our research
provides a tool to do that.

The mathematical model for the system heat recovery efficiency was validated using
real-life data. As seen in Table 1, the predicted decrease in heat recovery efficiency due
to the ducts was in reasonable agreement (relative error within 20%) with the real-life
measurements. The predicted decrease was slightly lower than the actual decrease, but
this was likely due to inaccuracies in the measurement system. These inaccuracies are
explained further in the paragraph below. However, this real-life installation had relatively
short and relatively well-insulated ducts. Our recommendation for future research is to
study additional real-life installations and validate the mathematical model across a wide
range of situations.

It should also be pointed out that the relatively short and relatively well-insulated
ducts affected the ability to accurately validate the mathematical model because the tem-
perature increase of the air as it flowed through the short sections of ducts was relatively
small in relation to the accuracy of the temperature measurement system. For example,
when looking at the 19 February 2020 data section in Table 1, the theoretical temperature
rise in the intake duct (if calculated using Equation 5) would be about 36% smaller than the
measured value. On the other hand, the theoretical temperature rise in the exhaust duct (if
calculated using Equation 7) would be about 13% greater than measured. A side-by-side
test of the temperature sensors in an ice bath was performed, with the temperature sensors
connected to the datalogger in the same way as in the HRV test; the difference in the tem-
perature measurements was minimal and unable to explain the 36% and 13% discrepancies
described above. However, it should be explained that the temperature measurements
in the ducts were performed by inserting a single temperature sensor in each location.
However, the temperature of the air throughout the duct cross-section was not necessarily
perfectly uniform. Using a grid of temperature sensors would likely provide better results
than just using one. Our recommendation for future research is to include systems with
very long and less insulated ducts for the real-life measurements, not only to help validate
the model in a wide range of situations (as mentioned in the recommendation in the above
paragraph) but also to allow for more accurate verification. This would mean that the
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temperature rise in the ducts would be large compared to the accuracy of the temperature
measurement system.

The research presented in this paper also has implications regarding innovations in
HRYV systems. It underscores the need for innovations in all HRV system components, not
just the HRV unit itself, if maximum recovery efficiencies are to be achieved. One such
innovation is currently happening in the area of combined exterior intake /exhaust ports,
which combine the system intake and exhaust ports into a single wall penetration [15].
Utilizing a combined intake/exhaust port, aside from practical advantages, can shorten
the length of the intake and exhaust ducts and increase the overall heat recovery efficiency
of the HRV system. The mathematical model developed in our research provides a tool to
consider the impacts on the overall heat recovery efficiency during the innovation process.

5. Conclusions

A mathematical model was derived that allows for calculating the heat recovery
efficiency of an HRV system using the heat recovery efficiency of the HRV unit, the
airflow rate, and the parameters of the intake and exhaust ducts. It was shown that
in typical situations, when the intake and exhaust ducts are of the same type, the heat
recovery efficiency of an HRV system can be calculated using a relatively simple analytical
expression. This expression allows for the study of the impact of intake and exhaust
ducts on the heat recovery efficiency of the system and aids in planning the parameters of
HRYV installations. It also allows for the conversion of heat recovery efficiency values of
the HRV unit given by the manufacturer or testing laboratory into a more realistic value
(representing the whole system) to be used for calculating the heat loss associated with
ventilation. It was shown that this conversion is especially important for systems with very
long and less insulated intake/exhaust ducts, where the overall heat recovery efficiency of
the system can be less than 30%, despite using an HRV unit with a heat recovery efficiency
of 70%. The model was implemented online to facilitate its use by a broader audience [14].
One of the ways this calculator is expected to be used is to supplement building energy
simulation tools that do not explicitly allow for the accounting of intake and exhaust ducts
and simply require the HRV heat recovery efficiency as an input. In these situations, the
user can first input the heat recovery efficiency of the HRV unit, airflow rate, and duct
parameters into this calculator, and then enter the resulting heat recovery efficiency of
the HRV system into the building energy simulation tool. The mathematical model was
validated using real-life data. The results suggest that it can meaningfully contribute to
improving energy-related calculations involving HRV systems, but more field studies are
needed to verify the accuracy of the model in a wide range of applications.
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Abbreviations

Latin Letters
A

cp

D

ERV

HRV

-9 mOo 3 —

Greek Letters

U

P
Subscripts

exhaust
HRV_unit
HRV_system
in

intake

out

return

system_exhaust

system_intake
unit_exhaust
unit_intake

contact area between the duct and the air in the duct (m?)
specific heat capacity of air (J/kgK)

duct inside diameter (m)

energy recovery ventilator

heat recovery ventilator

duct length (m)

mass of air (kg)

volumetric airflow rate (m3/s)

thermal insulance (also called the R-value) of the duct insulation (m2K /W)
air temperature (°C)

time (s)

heat recovery efficiency (%)
density of air (kg/m?)

exhaust duct

HRYV unit (the unit only, without ducts)

HRV system (HRV unit + intake/exhaust ducts)
indoor

intake duct

outdoor

return port of the HRV

exhaust of the HRV system (outlet of exhaust duct)
intake of the HRV system (inlet of intake duct)
exhaust port of the HRV unit

intake port of the HRV unit
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