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because peak loads generally coincide with the
ABSTRACT coldest ambient temperatures. Attempts to improve
An inverter-driven air-to-air heat pump model has the heat pump efficiency and to reduce the peak-
been developped and implemented in the thermalloading problem have led to the coupling of heat
simulation tool COMFIE, in order to compare the pumps with milder temperature air-sources (Ternes,
seasonal performance of a variable capacity adirto- 1980), (Smith et al.,, 1981) (Ternes, 1982),
heat pump coupled with temperate air sources(Wasserman et al., 1983), (Wasserman et al. 1984)
(crawlspace, attic, sunspace, heat recovery(Lubliner et al.,, 2007) (Lazzarin et al.,, 1986)
ventilation, earth-to-air heat exchanger) with the (Sgrensen, 2002) (Hastings et al.,, 2000) (Zondag,
performance of a conventionally installed heat pump 2003). The literature review shows that the main
The empirical model of the heat pump is presented i investigations have examined two types of
this paper, including full-load and part-load modél  configuration, one using crawlspace, the othergisin
rating and non rating conditions, and also frosting air-collectors.

conditions. But different components of a building envelope can
Several coupling configurations are studied and contribute to increase the heat pump’s heat-source
applied on a case study: a French typical residenti temperature, as for instance sunspaces or attics, a
house. The influence of the climatic region is to some extent crawlspaces and earth-to-air heat
evaluated, giving indications on energy saving gisin exchangers. Other sources such as the exhausdt air o
such systems. a heat recovery ventilation system can be used to

preheat the heat pump air-source. This allows the
INTRODUCTION heat pump to operate in more favourable conditions
The building sector generates impacts on the and with a higher efficiency.

environment, bei_ng for instance _the first energy a global approach is needed to explore the energy
consumer sector in France responsible for up to 23%potential of such combination and evaluate the

of the global C@emissions of the country (ADEME,  rgjevance of coupling an air-source heat pump with
2006). Reducing these impacts is possible by miiger air sources from the building environment.
combining technical solutions to improve the energy ampient conditions and solar energy both influence
efficiency of buildings (e.g. high insulation level he heating load and the air-source temperature tha
efficient ventilation with heat recovery system)dan jnteract directly with the heat pump running
to use renewable energies. conditions and performance. Besides, the heat pump
Besides, the air-to-air heat pump market is in running conditions, and particularly the air floate
expansion in Europe and France (Forsén et al.,)2008 conditions needed at the outdoor unit, interacts
Air-to-air heat pumps save energy compared to e.g.directly with the air flow rate of the milder soetc
direct electric heating (Karlson et al., 2006), the influencing the building heating load.

global energy including electric plant efficiency i The global model used to investigate the coupling
questioned. question is presented. The building model is byiefl
An air-to-air heat pump performs poorly at low presented, whereas the heat pump model is described
ambient temperatures, and its performance decrease# detail. Then, different coupling configurations

in the coldest part of winter when the heating lead  (Figure 6.a-6.c) are studied in the case of a Frenc
greater. Both the COP and the heating capacitfieof t typical dwelling, and typical climates. At last,eth
system decrease as the outdoor temperaturaesults are exposed and then discussed.

decreases. Auxiliary resistance heaters must tlken b

used to provide the reduced capacity, reducing theBU”-DlNG AND HEAT PUMP

overall performance of the system. Moreover, défros MODELING

cycles are necessary in a specific range of outdoor

e ) Building model
conditions, lowering the heat pump performance. o ]
This is of particular interest for electricity itiés,  1he thermal dynamic simulation software COMFIE

is a multi-zone simulation tool based on the finite
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volume method, reduced after modal analysis 2004) for heat pump performance measurements. It
(Peuportier et al., 1990). It can be applied onynan indicates the net heating capacity at full load
types of buildings (single-family houses, appartmen conditions and the absorbed energy réien which
buildings, tertiary buildings). includes compressor and both indoor and outdoor
The tool enables to model multiple components of afans consumption. Rating conditions are as follows:
building envelope such as crawlspaces, attics,20°C air inlet temperature at the indoor unit, whil
sunspaces or solar air-collectors. It also integrat air inlet temperature at the oudoor unit is 7°C.
efficient ventilation systems with heat recoverin Oht

earth-to-air heat exchanger module has been @zl’fAL(-ncd‘ et rat A 2 Tiev=Tiew o) 1)
developped to offer the possibility to study load ] .

reduction and comfort effect of such systems during Parameters Aand A of the heating capacity model

winter or summer (Thiers et al., 2008). are fitted by the least square method using
manufacturers’ data from a variable capacity air-to
Heat pump model air heat pump.

The heat pump model presented in the following The second equation determines the Coefficient Of
sections is based on a steady-state empirical modelpgrformance COR.1 ), from the rating valu€ORa: .

The stt)ead.y-s;?t% b?r?a\/iorl:r ?f]: th% h%‘?‘t pu?p mc?dGIIt’s an second-order polynomial function depending
can Dbe justnhe roug € bulding dynamic ., air injet temperature in both indoor and outdoor

behaviour. Thg heat pump time constant |s.ar0und eat exchangers, according to equations (2) and (3)
few or ten minutes. This time constant is small

compared with the building time constant, which is 1 _Whi_Wha (1+BLAT+BZ.AT2) @)
around several hours. Thus, the behaviour of tla¢ he CORn Qni Qnrat

pump on a hourly basis, can be considered as ayhere

sequence of steady-state behaviours. The heat pump

model considers full load and part load conditions AT—(“9V+273'15) - (Tiev'ra‘+273'15) (3)
(ROUj0| et al. 2003)_ (Ticd +273.15) (Ticd,rat+273.15)
The parameters Band B are also determined by the
W least square method using manufacturer’s data. Two
| sets of parameters are calculated according to the
Coffbresge shape of the COP curve in terms of the cold source
Mo | o ;% temperature. One set of parameters for outdoor
T Toer Ted | ' Toed temperatures lower than 6°C and another set of
[ Condenser parameters for outdoor temperatures upper than 6°C,
UEH 1 to take into account the slope change due to frgsti
formation on the evaporator.
Expansicn Vaive Coefficients of determination (R2) from the heating
Outdoor Unit Indoorltin't capacity and the COP model regression versus
Figure 1 — Heat pump energy balance manufacturers’ data have been calculated and are

respectively 0,93 and 0,95. Moreover, the
coefficients of variation (CV) have also been

A first set of equations is used to c_alculate thié f calculated and are respectively 2,5% and 15%. Both
load performance and a second set is used to torrec

; coefficients indicate that the full load model fitell
the result of the first set and deduce the pard loa with the manufacturers’ data at full load condion
performance. A third model accounts for
performance degradation due to frost formation on
the outdoor exchanger. The whole model is then2. Part-load model
complemented with a control model, to take into There are two main ways to control the heating
account changing the outdoor fan speed at part l0adcapacity of a heat pump and reach the building
conditions in the case of an inverter-driven heat heating load when the full-load heating capacity is
pump. This is of a particular interest when mildér  greater than the building load : on/off cycles and

sources are used. inverter driven compressors. The model presented in
this paper corresponds to an inverter-driven
1. Full-load model compressor.

A few empirical models exist in the literature tke
. . . . into account the part-load running effect on thathe
equation (1) is function of the rating value of the :

. d of the air inl both pump performance in on/off cycle e.g. (Parken gt al
f:apac'tYQh"at and of the air inlet temperature "’.‘t ot 1977), (Bettanini et al., 2003). But very few paper
indoor and outdoor heat exchangers (at rating andconsider the part-load effect on inverter-driverathe

non rating conditions). The rating conditions are ,,mps (Marchio et al., 2003), (Bettanini et al.02p
those imposed by standard NF EN 14511 (Standard,

The full load heating capacityQns given by
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The performance of heat pumps at part-load The part-load factor (PLF) in the case of on/off
conditions are not given in manufacturers’ control is given by equation (5):

catalogues. A test procedure has been launched by COR _ PLR

the Swedish Energy Agency (Energimyndigheten) in PLF= o "PlRra @)

partnership with the Technical Researh Institute of

Sweden (SP). Since 2004, the SP Institute hasdtesteWhere a is the standby power fraction defined as

and compared more than twenty air-to-air heat pumpstIIOWS:
at full load, but also at part load conditions. In a=Web (6)
addition to the classical rated performance (7°C Whyat

ambient air, 20°C indoor air at full-load condit®n  \\hereWsis the standby power input, an@na is
announcfed bi’. the m%nuftacturers, thef SP InStitUt?the total power input of the heat pump, including
gives information on heat pumps performances a :

50%, 75% and 100% of the full heating capacity. compressor and fan.s consumption. ) )
They also measure the full load performance at non-I" the case of an inverter control there is a linea
rating conditions (2°C ambient air, 20°C indoonair  rélationship between PLF and PLR:
but also at full and 50% part-load running condaitio PLF=aPLR+b (7)

These figures are available online on the websiite 0 s jinear relationship takes place for PLR from
the Swedish Energy Agency (Johansson, 2006) andzng tg 100%, and is assumed to be valid for PLR up
are partly presented in figure 2. A linear functioh to 130%. The trend from 30% to 100% has been

the part load factor (PLF) has been deduced fromqeqyced from (Johansson, 2006). The part over 100%
these tests to develop the part-load model of the n| 1300 is an hypothetic trend, assuming a linea
inverter-driven heat pump. relationship for this interval.
The part-load model for inverter-driven heat pumps
is composed of three part as seen in figure 2 and i
compared to a conventional on-off controled heat 3- Defrostcycle
pump: Frost accumulation on the evaporator exchanger
e On/off control when the part load ratio occurs from around 70(? .to 3°C, depe_nding on the air
(PLR) is lower than 30%: humidity. In such conditions, defrosting cycleseak
' place, leading to a significant reduction of the RCO
* Inverter control for PLR from 30% to 100%;  and the heating capacity (Riviére et al., 2007).

* Inverter control over 100% of the heating A simple model is applied to the heating capacity

capacity . through a degradation coefficient (Cd) to take into
account the defrost cycle impacts on the heat pump
Lo verterdriven performance. It is based on (Schibuola , 2000)
wl o L | heatpump s | experiments (see model-1 in figure 3) and is asdume
! A l+ggg€;fn§gg{gbé%06> | to equal a constant value of 0,9.
Lz 3 ; ‘ heatpume ____, Tev < 6°C: Qh,r(Tiev)ZCd.Qh,ﬂ(Tiev) (8)

PLF

1 W : \"“‘-«.\‘ - Tev > 6°C: Qnr=Qnt )

0.8 whereQnr is the real heating capacity of the heat
06 ] / ! ! } pump accounting for defrost degradation, and Cd is
0 ‘ " Inverter ov:sr :

the coefficient of degradation due to defrost cgcle
oo An illustration of the impact of defrosting cycles
the calculated heating capacity is given in figdre

0,4 1 ¥ On/Off Inverter in
' part-load conditions ‘o
conditions

0,2

T 1

|
|
|
|
l
0 0,25 0,5 0,75 1 1,25 15

Figure 2 — PLF versus PLR

The PLR is defined as follow:

Heating capacity or building load (W)

PLR:% (4)

where BHL is the building heating load, a@h is
the heating capacity at full load.

Outdoor temperature (C)

Figure 3 — Defrost effect on full load heating
capacity
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4. Back up resistance internal face) a 4.5 cm concrete layer, 10 cm of
expanded polystyrene, and 5 cm of plaster pane. Th
first-floor structure is made of a 5 cm rigid samciw
panel of polyurethane foam, 12 cm of expanded
polystyrene, and a 1 cm plaster panel.

The pitched-roof wall is insulated with 18 cm of
ineral and 1 cm of sheetrock panel.

The studied heat pump is equipped with two electric
back up resistances sized according to the heap pum
(e.g. two units of 1,25 kW for a 4 kW heating
capacity heat pump).
These resistances are used when the heat pum
capacity is too low to reach the building heatiogd. )
This can happen at very low outdoor temperatures,The 20 cm concrete slab on the crawlspace is W(_all
even if the inverter is set to 130% of the fulldoa [nsulated by 20 cm of expanded polystyrene to avoid
capacity, the heating capacity required is not heat loss from the house to the crawlspace.
sufficient. In this case, a first stage is turmeg and All windows are double glazed with low emissivity
if it is not sufficient, then both units are used. glass. The U-values of the main building envelope
elements previously described are given in table 1.

5. Air flow control

This model has been developed in the particulag cas Table 1 — U-values of the dwelling envelope element

of inverter-driven heat pumps. The outdoor fan dpee WALL TYPE U-VALUE (W.m?K™)
varies according to the frequency of the compressol External ground-floor wall | 0,34

When the compressor frequency increases, theExternal first-floor wall 0,15

outdoor fan speed is also changed to high speed, afExternal pitched-roof wall | 0,22

inversely. Slab 0,19

The model is based on the first principle applaati | Upper ceiling 0,20

on the heat pump system and the assumption of g/Vindows 1,2 (g-value=0,72)

constant air temperature difference through the
evaporator at any air flow rate, that leads to &gona

(13) A sunspace facing south has been added with low

emissiviy double-glazing. An earth-to-air heat
exchanger (EAHE) has also been modeled. It is
composed of one 50 meter long polyvinyl chloride
pipe (diameter: 200 mm) buried at 2 meters depth in
the soil providing a 500 ™ air flow rate.

r}]iev = r.niev, rat-& (13)

Qcrat

The heat exchange through the evaporator is giyen b
equation (14).

Qc,rat:Qh,rat—Wh,rat (14)

6. Auxiliary fans

When the outdoor unit of the heat pump can't be
directly placed into the space used as a mildercsgu
the use of additional fans is required to movedine
until the outdoor unit.

The consumption of additional fans is taken in
account in the overall coefficient of performande o

the global system, assuming that the fan consumptio - —
is proportional to the air flow rate, considerirnvgot Figure 4 — The studied house
cases:
« Standard fan: 0,25 Wi The total air change rate of the heated area is 0.6

vol.h* | provided up to 0.5 voltby a mechanical

. ; . Ayl
Low consumption fan: 0,1 W.fth heat recovery ventilation (HRV) system with a rated

CASE STUDY efficiency of 75%. The remaining 0.1 volhis
o _ provided by infiltration with an efficiency of 0%.
Description of the dwelling This leads to a global efficiency of the HRV of 62%

The studied house is a single family house with aincluding air infiltration.

useful area of 135 m?, and occupied by 4 inhatitant The volume and the infiltration air change rates of

The living area is composed of a hall, a livingo  the milder air-sources are given in Table 2.
a kitchen, a bed room, and a bathroom dOV\mSta'rS’lf the outdoor unit is placed in one of these space

and three bedrooms, and a second bathrom upstairﬁ1 : : : :
! . o e air change rate is adapted to satisfy thetainge
(figure 4 and 5). This house was built in the rate needed to proper running conditions of the hea

seventles., qnd fully rgtrofltted. The thermal eopel pump. The conservation of mass is strictly observed
characteristics are given below. The ground-floor

external walls are made of (from the external t® th
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that is to say that all incoming air flow including
infiltration, equals the outcoming one.

S =
xxxxxxx 8

T S
o Bechoom 1
.. e

A\

ok

Inverter: 4 kW heating capacity, 2 stages of 1,25
kW back up electric resistance, the air flow rate
at the outdoor unit varies from 500°hi to
1250 mi.h* according to the PLR.

On-off: 4 kW of heating capacity, 2 stages of
1,25 kW back up electric resistance, 1250hth
constant air flow rate at the outdoor unit.

Figure 5 — First floor (left) and second floor (ti
plans

Table 2 — Volumes and infiltration air-change 1ate
of the milder air-sources

UNHEATED VOLUME INFILTRATION
SPACE (md) AIR CHANGE
RATE
(vol.h™h)

Crawlspace 44 1

Atticl 19 1

Attic2 46 1

Sunspace 49 0.2

Coupling configurations
With the global model previously described, the

seasonal performance of an air-to-air heat pump

coupled with temperate air sources is compared to Figure 6.b - First configuration (1)=(3)+(4)+(5)

the performance of a conventionally installed heat
pump (Figure 6.a).

Two coupling configurations are
illustrated on figures 6.b and 6.c:

First configuration: the heat pump outdoor unit is
placed outside near the perimeter of the

studied as

crawlspace (1) and uses the crawlspace air as|a [v S % @
heat-source, sending outside the air from the
crawlspace after having exchanged heat with the

evaporator. The air in the crawlspace can be pre
heated by other sources: the exhaust air from th
ventilation system (4), the air from the sun spacs
(3) when its temperature is greater than the

B
I

O

,,,,,,

O,

()

Figure 6.a — Conventionally installed heat pump

/\

)

oo

ONE:

o
[edt

5

Figure 6.c — Second configuration (2)=(3)+(4)

crawlspace one, or the preheated air from a
earth-to-air heat exchanger (5).

Second configuration: the outdoor unit is placed
in the attic (2), which can use the exhaust air
coming from the ventilation system (4), or the
sun-space air (3).

Two types of heat pumps are used and examined i
these coupling configurations: inverter-driven and
on-off controlled air-to-air heat pumps. Their ngti
characteristics are as follows:

RESULTS AND DISCUSSION

The thermal simulation software enables to study th

interest of using each envelope component as & hea
source for the heat pump. An example of the
simulated air temperatures for the coldest week in

nTrappes (near Paris) is given in figure 7.

The graph below shows the different sources’
potential. The temperature difference between the
air-source and the ambient air can vary from around
2°C for the attic to more than 10°C for the sunspac
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However, the potentiality varies according to the
envelope characteritics (especially with the thérma
mass) and the air-change rates of the source.

- . r 1000
| [ Horizontal Beam Radiation |

| Horizontal Diffuse Radiation |

T ——Outdoor (I
| Crawlspace
4 —— Sunspace

10

Air temperature (T)
Solar Radiation (W/m?)

54
oh 12h Oh 12h oh 12h oh 12h Oh 12h oh 12h Oh 12h
(Day 1) (Day2) (Day3) (Day 4) (Day5) (Day 6) (Day7)

Figure 7 — Milder air-sources temperature for the
coldest week of a typical year in Trappes climate
(near Paris)

2000

Additional eco fans

T
! N

| W Back up resistances
| O Heat pump consumption (Compressor + fans)

1800 +

1600

1400 -

-
N
=3
=3

Annual consumption (kWh/yr)

1000

Conventional
installation
In the
crawlspace
In the
crawlspace +
HRV
In the attic-2
In the attic-2
+ HRV
In the
crawlspace +
EAHE

Figure 9 — Inverter-driven heat pump annual
consumption in different configurations in Trappes.

The use of back up resistances can even be avifided
the exhaust air of the heat recovery system (HRV) i
blown directly into the crawlspace or in the atttic
But the risk of condensation would have to be
studied. These coupling configurations lead to
significant energy saving. The annual global

When the heat pump is placed near the heated spaceonsumption of the system is respectively lowened u

the air flow rate required at the outdoor unit k&l

to 30% and 21%.

an increase of the air-change rate in the milder-l-he use of an earth-to-air heat exchanger (EAHE)

source, lowering the air-source temperature and

increasing the building heating load (BHL) as ihca
be seen in figure 8. However, the rise of the Bldh c
be limited by a good insulation of the connecting
wall.

5800 1- - - .
7%
S 5700 L0 6% ‘monoff .
< I
3 5600 1 /W Inverter
S 5500 4
=3 +1%
£ 5400 4
8
£ 5300
2 5200
2 5100 1
>
@ 5000 ‘
Conventional Heat pump placed in Heat pump placed in
installation the crawlspace the attic-2

Figure 8 — Building heating load according to the
configuration

For both inverter and on-off controlled heat pumps
the increase of the BHL is up to 7% when the heat
pump is placed in the crawlspace, and hardly 1% in
the attic.

But the heat pumps are running using a warmer heat

source. The heat capacity delivered by the heappum
is increased, while the consumption of the system i
lowered leading to a COP increase. According to
figure 9, when the inverter-driven heat pump is
placed in the crawlspace (having a higher thermal
mass than the attic) the total annual consumpson i
reduced by up to 12%, and only by 3,5% if the heat
pump is placed in the attic. In both cases, theafise
milder air sources lowers the use of back up
resistances.

can also lower the consumption of the heat pump and
the back up resistance. However, in the later dase,
use of additional fans is required, leading to
increased global consumption according to the fans
technical characteristics. When a low consumption
fan is used in the EAHE, the global energy balasfce
the coupled system is equal to the conventional
installed system.

The respective impacts on the seasonal COP can be
seen in figure 10. When the heat pump is placed
directly in the crawlspace or in the attic, the
consequences on the COP are respectively an
increase of 21% and 4%.

In the case of the crawlspace pre-heated by the HRV
as previously explained, the annual global
consumption is lowered up tho 30% (figure 9), while
the COP is increased up to 50% compared to the
conventional installation (figure 10).

| COP(hp)
| @ COP(hp+br+af) |

Conventional
installation
In the
crawlspace
In the
crawlspace +
HRV
In the attic-2
In the attic-2
+HRV
In the
crawlspace +
EAHE

Figure 10 — Inverter-driven annual COP
(heat pump only; heat pump + back up resistances +
additional fans) in Trappes.

-2271-



In the case of the crawlspace pre-heated by theperformance improvement can be achieved for cold
EAHE, the consumption of the heat pump is lowered, climates (e.g. a 50% increase of the COP and 30% of
but the global balance depends on the fansenergy saving in the case of a crawlspace preheated
characteristics, with at least a 6% global COP with a HRV). Thus, all coupling results presented
increase in the case of an low consumption fanhWit here are more relevant in cold than in hot climates

the use of standard fans, the coupling configunatso

not even interesting. Nevertheless these resultsCONCLUSIOl\I
greatly depend on the EAHE sizing and A heat pump model has been developed and
characteristics. implemented in a building simulation tool to assess
The comparison on different climates requires the relevance of coupling an inverter-driven awaio
adequate sizing of the heat pump, according to theheat pump with milder air-sources from the building
building load: envelope.

« Nancy (East of France, 3024 Celsius degree The interest of using milder sources as a heatcsour

days): 6 kW rating heating capacity, 180 for a heat pump depends on their volume and thermal
rating.airflow at the outdoor unit * ' mass (eg. the crawlspace, having a higher thermal

) ) ~ mass than the attic, seems to be a better sodrce).
* Trappes (near Paris, 2704 Celsius gegrge days): 4arger is the space with higher thermal mass, the
kW rating heating capacity, 1248in" rating air  petter is the performance of the heat pump.

flow at the outdoor unit ; According to these simulation results coupling is
* Nice (mediterraean climate, 1359 Celsius degreemore interesting for inverter-driven than for orf-of
days): 3 kW rating heating capacity, 908.hi controlled heat pumps. This is mainly due to thet fa
rating air flow at the outdoor unit . that the air flow at the outdoor unit is controlled
according to the heating capacity delivered by the
heat pump.
mNANCY HP 6 KW) |

| m TRAPPES (HP 4 o) Moreover, when a heat pump is placed near the
I o NICE (HP 3 KW)

********* heated space, the building heating load is inctbase

20% However, the heat pump benefits from a milder heat

- source, and can deliver more heating capacityefss |

" i | ar— ponsumed energy. This can lead to a significant
increase of the annual coefficient of performance.

Characteristics of the climates have a great inftee

., Global energy saving

2% on the results. It appears that coupling is more
o8 % 2 2 5 relevant in cold than in temperate climate.
£F ziz g SRS 1
£ 3 c2T 2 o c2
g T F £ E :" PERSPECTIVES

The heat pump model has not yet been validated on
experimental data, but measurements are expected in
the coming months to validate particularly the part
load and the defrost cycle models.

Extended configurations using solar air collectors

Figure 11 - Annual energy saving for different
climates (Nancy, Trappes, Nice) compared to a
conventional installation.

HSalaem PV panel to preheat the air of the attic have to be
wreeTT T T m | DNICES (HP 3 KW) | examined. Such configurations could improve both
g ow heat pumps and PV panels performance.
| NOMENCLATURE
§ 20% SYMBOL MEANING UNIT
e o ;[IT N - - o Standby power fraction %
- Ay, Ay, By, | Regression coefficients -
” @ ‘ + ‘ o ‘ o ‘ + Bz, a’ b
28 28> £ £3 28w BHL Building heating load W
= § = %‘§ 2 g3 = g& Ccd Defrosting degradation -
5 = = 5 coefficicient
] ] ] ] Chair Air specific heat JkgK?
Figure 12 — COP increase for different climates cv Coefficient of variation N
(Nancy, Trappes, Nlce) cqmpared to a conventional ] Full-load running conditions N
installation. g-value Average window solar factor
including the frame
The simulation results, presented in figure 11 32d | Heating mode -
show that significant energy saving and seasonalid Air inlet at the condenser -
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iev Air inlet at the evaporator -
m Air flow rate kg.s
PLF Part load factor -
PLR Part load ratio W W
Qc Cooling capacity at the
evaporator
n Heating capacity at the W
condenser
r Real capacity or COP -
R2 Coefficient of determination -
rat Rating conditions -
T Temperature °C
W, Input power in heating mode \W
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