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The compressor raises the pressure level of the refrigerant
circulating in a closed cycle. This increases the temperature of
the gaseous refrigerant.

A heat exchanger in the hot gas of the refrigerating cycle
ensures that the individual heat consumers are supplied at a
higher temperature level.

Central domestic hot water preparation in heating operation
with higher flow temperatures.

Supply of additional heat consumers using buffer tanks and/or
swimming pool heat exchangers.

The four-way reversing valve directs the hot refrigerant to the
heating system where the heat is transferred.

Heat is transferred to the heating water in the liquifier (heat
exchanger). The refrigerant cools and liquifies.

Heating water flows through the fan convector which transfers
the heat to the indoor air. Integrated ventilators ensure multi-
level controllable air recirculation.

Heating water flows through the panel heating (e.g. underfloor
heating) which transfers the heat evenly throughout the room.

The refrigerant expands in the expansion valve (drops in
pressure) and continues to cool.

A ventilator draws outside air through the cold
evaporator.

The environmental heat stored in the outside air is transferred
to the refrigerant by means of an evaporator (heat exchanger).
The refrigerant heats up and evaporates.

Cooling cycle
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The compressor raises the pressure level of the refrigerant
circulating in a closed cycle. This increases the temperature of
the gaseous refrigerant.

A heat exchanger in the hot gas of the refrigerating cycle
enables the use of the waste heat produced in cooling
operation.

Efficient domestic hot water preparation by waste heat recovery
in cooling operation.

Waste heat recovery using buffer tanks and/or swimming pool
heat exchangers.

The four-way reversing valve directs the residual heat in the
refrigerant to the outside air.

If required, a ventilator draws outside air through the liquifier to
discharge waste heat.

Unusable waste heat is transferred to the outside air by means
of a liquifier (heat exchanger). The refrigerant cools and
liquifies.

The refrigerant expands in the expansion valve (drops in
pressure) and continues to cool.

The cold refrigerant extracts the heat from the heating water in
the evaporator (heat exchanger).

The cooled heating water flows through the fan convector which
extracts heat from the indoor air. Low flow temperatures cause
the dew point to be undershot, which consequently leads to
dehumidification of the indoor air. Integrated ventilators ensure
multi-level controllable air recirculation.

Cooled heating water flows through a pipe system laid in the
floor, walls or ceiling. This lowers the surface temperature of the
structural part of the building. The entire area functions as a
heat exchanger which extracts heat from the room. The flow
temperatures must be regulated to prevent the formation of
condensate.

Rational use of energy

The intense and wide-ranging debate about climate protection
that has taken place in recent years has focused public attention
on the rational use of energy, saving energy and above all the
use of renewable energy sources. Particularly high hopes are
placed on the increased adoption of technologies making use of
reduced-CO, and low-emission renewable energy sources.

Solar heating heat pump

Heat pumps represent the most efficient method of using the
solar energy stored in the outside air, in the ground or in ground
water for heating and domestic hot water preparation. The
thermal energy stored in the environment is raised to a higher
temperature level by means of a refrigerating cycle.

Energy Efficiency Ordinance

In combination with low-temperature heating systems, modern
heat pump heating systems use more than 70 % renewable
energy and comply with the main requirements of the German
Energy Efficiency Ordinance. According to Paragraph 3 (3), the
limit on annual primary energy consumption does not apply to
buildings which are heated with 70 % renewable energy in the
form of an independently-operating heat generator.

Improved thermal insulation and efficient systems engineering
are equally important energy saving measures. Heating system
engineers and building owners can decide which measures
should be taken to reduce the annual primary energy
consumption.

Heat pump with combined heating and cooling
Heat pumps (heating only) and coolers both operate with one
refrigerating circuit. If both systems are combined, dual use can
be made of the components in the refrigerating circuit.

In heating operation, the heat pump extracts stored solar energy
from the surroundings and “pumps” it to a higher temperature
level. This makes it useable for domestic hot water preparation
and heating. The existing refrigerating cycle is reversed in
cooling operation and is then able to generate a lower temperate
level to extract heat from a building.

Dimensioning heat pump heating systems

This “Project Planning and Installation Manual for Heating and
Cooling” deals primarily with the specific cooling features which
affect the design and integration of the hydraulics.

General dimensioning information can be found in the Dimplex
“Project Planning and Installation Manual for Heating and
Domestic Hot Water”.
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1 Selection and Dimensioning of Heat Pumps for Heating and

Cooling

1.1 Calculating the Heat Consumption of the Building

The maximum hourly heat consumption ¢, is calculated

according to respective national standards. It is possible to
estimate the approximate heat consumption using the living

space A (m2) that is to be heated:

Heat consumption = Heated space - specific heat requirement

[kW] [m’] [kW/m?]

4 =0.03 kW/m? Low-energy house
Acc. to thermal insulation ordinance 95 and/or
- 2
4= 0.05 kW/m the EnEV minimum insulation standard
For a house with normal thermal insulation
- 2
4= 0.08 kW/m (built approx. in 1980 or later)
For older walls without

- 2
¢ =0.12 kW/m special thermal insulation

Table 1.1: Estimated specific heat consumption values

111

Many utility companies offer a special agreement with a lower
electricity tariff when heat pumps are implemented. According to
the German Federal Tariff Ordinance, the utility company may
offer such an agreement if it is able to switch off and block heat
pumps at times of peak demand in the supply network.

Utility Company Shut-Off Times

The heat pump is then no longer available for heating the house
during these shut-off times. Therefore, surplus energy must be
produced during the periods in which the heat pump is available
for use. As a consequence, the heat pump must be
overdimensioned to take account of this.

1.1.2 Hot Water Heating

To meet normal requirements regarding comfort, allowance
should be made for a peak hot water consumption of approx.
80-100 litres per person per day based on a hot water
temperature of 45 °C. In this case, allowance should be made for
a heat output of 0.2 kW per person.

The maximum possible number of persons should be assumed
when dimensioning and any special usage (e.g. whirlpool)
should also be taken into consideration.

The heat pump manager regulates domestic hot water
preparation. It activates hot water preparation dependent on
need and the type of operation. In the case of reversible heat
pumps equipped with an additional heat exchanger, the waste
heat produced in cooling operation can be used for domestic hot
water preparation.

When an electrically operated flange heater is used in the hot
water cylinder for hot water preparation, this can be used in the
calculation of the design (e.g. 16 °C). In this case, the hot water
energy consumption should not be added to the heat
consumption of the heating system.

Dimensioning flow temperatures

When dimensioning the heat distribution system of a heat pump
heating system, it should be borne in mind that the required heat
consumption should be based on the lowest possible flow
temperatures, because every 1°C reduction in the flow
temperature for the same heating consumption yields a savings
in energy consumption of approx. 2.5 %. Extensive heating
surfaces, e.g. underfloor heating, with maximum flow
temperatures of 35 °C are ideal.

Utility company shut-off times normally last up to 4 hours a day,
which must be allowed for with a factor of 1.2. Shut-off times of
up to even 6 hours are permissible. These are then allowed for
with a factor of 1.3.

Blocking time (total) Dimensioning factor

2h 1.1
4h 1.2
6h 1.3

Table 1.2: Dimensioning factor f for taking shut-off times into consideration

Circulation pipes

Circulation pipes considerably increase the line-side heat
consumption of the hot water heating. The increase in
consumption which should be allowed for is dependent on the
runtime, the length of the circulation pipes and the quality of the
pipe insulation. If a circulation system can not be dispensed with
because of long pipe runs, a circulation pump should be used
which can be activated by a flow sensor, pushbutton, etc.
according to need.

[1]NOTE

To be in compliance with Paragraph 12 (4) of the German Energy
Efficiency Ordinance, circulation pumps in hot water systems must be
equipped with an automatic switch-on/switch-off mechanism.

The surface-related heat loss of the domestic water distribution system
depends on both the surface area and the type and position of the

circulation pipework. For a surface area ranging from 100 to 150 m? and
distribution within the thermal envelope, the surface-related heat losses
according to EnEV are:

B 9.8 [kWh/m? a] with a circulation system
m 42 [kWhlm2 a] without a circulation system




Selection and Dimensioning of Heat Pumps for Heating and Cooling

1.3.1.2

1.2 Method for Calculating the Cooling Requirements of the Building

Cooling systems are used to prevent rooms from overheating
due to the effects of undesired heat loads. The cooling capacity
is determined primarily by the outdoor climate, the requirements
for the indoor environment, the internal and external heat loads,
as well as the orientation and the construction of the building.

Internal loads include e.g. waste heat from appliances, lighting
as well as the occupants themselves. External loads are
defined as the heat input caused by solar radiation, transmission
heat gains from the surfaces enclosing rooms as well as
ventilation gains caused by the entry of warmer air from outside.

The cooling load in air-conditioned rooms is calculated according
to the respective national standards. In Germany, for example,
the national standard is VDI 2078 (VDI cooling load regulations).
This guideline contains two calculation methods (the “short
method” and the computer method) as well as additional
information for calculating the cooling load of air-conditioned
rooms and buildings. The computer method does not serve to
improve accuracy for standard conditions. However, it can be
used to expand the range of applications to include almost any
boundary conditions (variable blind systems, room temperature,
etc.). In actual use, this method is too complex for standard
conditions.

1.3 Checking the Operating Limits

1.3.1

1.3.1.1  Monovalent Operation

In this mode of operation, the heat pump covers the heat
consumption of the building throughout the whole year - 100 % -
by itself. Brine-to-water and water-to-water heat pumps are
normally operated in monovalent mode. Refer to the Device
Information of the respective device for the actual heat outputs at
each respective flow temperature and minimum heat source
temperatures.

1.3.1.2 Mono Energy Operation

Air-to-water heat pumps are primarily operated in mono energy
systems. The heat pump should fully meet the heat consumption
down to an external temperature (bivalence point) of approx. -
5°C. At lower temperatures and high heat consumption, an
electrically operated immersion heater is switched on
automatically.

In the case of mono energy systems, dimensioning of the heat
pump output has a particularly strong influence on the level of the
investment and the annual heating costs.

The higher the annual energy demand for heating met by the
heat pump, the greater the investment costs and the lower the
annual operating costs.

In the case of simple types of buildings such as offices, doctor's
practices, shops or private residences, it is practical to make a
rough calculation with values based on past experience or using
the so-called HEA short method from the German “Fachverband
fur Energie-Marketing und - Anwendung e.V.” (English: Trade
Association for Energy Marketing and Use).

The HEA method can be used to calculate the approximate
cooling load for individual rooms. The values specified by this
method are calculated on the basis of the VDI 2078 cooling load
regulations (Chap. 1.2 on p. 5). The calculation is based on a
room temperature of 27 °C, an external temperature of 32 °C
and continuous operation of the cooler.

The cooling requirements of the building are calculated by
adding up the cooling loads of the individual rooms. Depending
on the type of building, a simultaneity factor can be used under
certain circumstances because rooms on the east and west
sides do not have to dissipate solar heat loads simultaneously.

NOTE

Due to the strong influence of solar radiation and internal heat loads, it is
not possible to make an estimate of the cooling requirements simply on
the basis of the surfaces to be cooled.

Maximum Heat Output of the Heat Pump

Brine-to-water Water-to-water
heat pump heat pump
Maximum 35°C 35°C
flow temperature
Minimum heat
source Brine 0 °C Ground water 10 °C
temperature
Operating point for
determination of BO /W35 W10/ W35
the heat output

Table 1.3: Example of calculating the heat output

Experience has shown that a heat pump output should be
selected which cuts the heating characteristic curve at a
theoretical limit temperature (or bivalence point) of approx. -5 °C.
According to the DIN 4701 T10 standard, this yields a 2 % ratio
for heat generator 2 (e.g. immersion heater) when operated as a
bivalent-parallel system.

Example from Table 1.4onp. 5

A bivalence point of -5 °C yields a heat pump ratio of approx.
98 % for a bivalent-parallel (mono energy) mode of operation.

Bivalence point [°C] -10 -9 -8 -7 -6 -5

Coverage ratio [-] for

. 4 1.00 | 099 [ 099 | 0.99 | 099 | 0.98
biv.-paral. operation

Coverage ratio [] for 096 | 0.96 | 095 | 0.94 | 093 | 0.91
biv.- altern. operation

097 | 096 | 095 | 093 | 0.90 | 0.87 | 0.83 [ 0.77 | 0.70 | 0.61

0.87 | 0.83 | 0.78 | 0.71 064 | 055 | 0.46 | 037 | 0.28 | 0.19

-3 -2 -1 0 1 2 3 4 5

Table 1.4: Coverage ratio of the heat pump of a mono energy system or a system operated as a bivalent system according to bivalence point and mode of operation

(source: Table 5.3-4 DIN 4701 T10)
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1.3.1.3

Example:

A reversible air-to-water heat pump operated in mono energy
mode LA 16ASR with immersion heater in the buffer tank, a
maximum daily shut-off time of 2 hours and central domestic hot
water preparation for 5 persons.

B Heat consumption of the

building to be heated 13.5 kW
B Additional heat consumption
for domestic hot water preparation 1 kw

(Heat consumption + hot water preparation) x shut-off time factor
=(13.5 kW+1 kW) x 1.1~ 16 kW

The calculated value (16 kW) is equal to the required heat output
of the heat pump. It is entered in the heat output diagram of the
heat pump on the basis of the standard outside temperature (e.g.
-16 °C according to EN 12831) at the selected flow temperature
(35 °C) point 1.

The heat pump is dimensioned on the basis of the heat
consumption of the building in relation to the outside
temperature. It is entered in the heat output diagram of the heat
pump in simplified form as a straight line. When using this
procedure, it is assumed that no more heat output (straight line 2)
will be required above an external temperature of 20 °C (= air
intake temperature of the heat pump).

The intersection of the dotted straight line (end point at 20 °C/

0 kW) and the heat output curve determines the theoretical
bivalence point (-5 °C) (point 3).

The bivalence point is often lower in practice because of actual
usage (e.g. unheated bedrooms, reduced temperature in a
hobby room).

1.3.1.3 Bivalent-Parallel Operation

When a system is operated as a bivalent-parallel system (e.g.
existing older building), the heat pump is combined with a second
heat generator (e.g. oil or gas boiler). The heat pump regulation
system activates the second heat generator below an adjustable
external temperature (bivalence point < 4 °C) as required.

In the case of large systems with high heat consumption, heat
pumps can meet a large proportion of the annual heat output with
a relatively low heat output. The heat output of the heat pump
should be dimensioned so that the heat pump can meet the
required heat output independently during transition periods. If
there is increased heat consumption, the controller switches on
the second heat generator according to need. The large number
of heat pump operating hours results in clear savings. The

1.3.2 Parallel Connection of Heat Pumps

A higher heat consumption can also be met by connecting heat
pumps in parallel. Different types of heat pumps can be
combined depending on the respective requirements (e.g. a
brine-to-water heat pump combined with a reversible air-to-water
heat pump). Large systems with more than three heat pumps
switched in parallel are normally switched and disconnected
using a higher-level load management system.

It is possible to connection two heat pumps in parallel without
implementing a higher-level regulation system if the following
points are taken into consideration:
B The heating curves of the heat pump manager should be
adjusted so that the return flow set temperature of HP1 is
approx. 1K above that of HP2.

Dimensioning the immersion heater
Total heat consumption on the coldest day
- Heat output of the heat pump on the coldest day

Output of the supplementary electric heating system

Example:
16 kW - 8,5 kW = 7,5 kW
Heat consumption Heat output QOutput of the
of the of the HP at heating elements
building at -16 °C

-16 °C
In the selected example, an LA 16ASR should be dimensioned
with heating elements that have an electrical output of 7.5 kW for
the selected example.

30 Heating capacity in [kW] Water outlet temperature in [°C]

35
Conditions:
25 Heating water flow rate 1,4 m¥h

20

s s

20 Bivalencoe point 10 20 30 40
at-5°C Air intake temperature in [°C]

Fig. 1.1: Heat output curve for heating water flow temperatures of 35 °C

efficiency of the second heat generator (e.g. oil boiler) is also
improved because short runtimes are eliminated.

A prerequisite for a bivalent system is that the system should be
planned for long-term operation as a bivalent system.

NOTE

Experience in the renovation sector with bivalent systems shows that
existing oil or gas boilers are generally taken out of service after only a
few years due to various different reasons. Therefore, dimensioning in
the renovation sector should always be carried out analogue to the mono
energy system (bivalence point is approx. -5 °C). At the same time, the
buffer tank should also be integrated into the heat flow. This enables
problem-free conversion of the system to mono energy operation at a
later date.

B Domestic hot water is prepared using HP2 (e.g. reversible
heat pump with an additional heat exchanger for domestic
hot water preparation).

B Every heat pump (HP) requires its own return flow sensor for
heating operation. This should be installed in the common
return flow and must be flowed through in all operating
modes. If the heat pump is fitted with an integral return flow
sensor, this must be modified by the customer.

The shorter HP2 runtimes are compensated for by the additional
runtimes for domestic hot water preparation and cooling. The
immersion heater is controlled by the heat pump manager of the
second heat pump in mono energy operation.




Selection and Dimensioning of Heat Pumps for Heating and Cooling 1.3.4

1.3.3 Maximum Cooling Capacity of the Heat Pump

If the maximum required cooling capacity of a building is already
known (see also Chap. 1.2 on p. 5), it should be checked to
ensure that the heat pump can supply this refrigerating capacity
for the required boundary conditions. It is particularly important to
check the operating limits of the particular type of heat pump
used.

The cooling capacity of passive cooling systems (see Chap. 2 on
p. 8) is based on the type and dimensioning of the cold source
(e.g. borehole heat exchanger), the volume flow and the installed
heat exchanger (see Device Information in Chap. 5 on p. 25).

The cooling capacity of a reversible air-to-water heat pump is
chiefly dependent on the required flow temperature and the
outside air temperature. The higher the flow temperature and the
lower the external temperature, the greater the cooling capacity
of the heat pump.

NOTE

Reversible air-to-water heat pumps should be dimensioned for heating
operation. If the required cooling capacity exceeds the cooling capacity
of the heat pump, the points listed below should be checked.

Example:

What cooling capacity is available according to the output curve
in Fig. 1.2 on p. 7 at a max. external temperature of 35 °C?

Cooling capacity in [kW] Water outlet temperature in [°C]

30

25

20

15

4&

18

10

10 15 20 25 30 35 40 45
Air intake temperature in [°C]

Fig. 1.2: Cooling capacity of a reversible heat pump (see also Chap. 4.6 on
p- 20)

According to Fig. 1.2 on p. 7, this yields the following maximum
cooling capacities based on flow temperatures in cooling
operation:

Coolin
Type of heat pump Flow temp. _g
capacity
Air-to-water 18 °C 14.3 kW
Air-to-water 7°C 10.7 kW

1.3.4 Measures to Reduce the Cooling Load of the Building

The building's cooling load is calculated by adding up the cooling
loads of the individual rooms. If this sum exceeds the available
cooling capacity, make a check of the following:

B Can the cooling load be reduced through simple building
measures (e.g. by using external sunblinds)?

B Can the same cooling capacity also be supplied at higher
flow temperatures by increasing the surface area of the heat
exchanger?

B Are the calculated maximum cooling loads of the individual
rooms actually to be calculated as being simultaneous,
because, for example, rooms on the east and west sides are
not heated simultaneously by solar radiation?

B Can the cooling load be reduced during the day by cooling
parts of the building's structure at night (thermal activation of
structural building parts)?

If despite these measures, the cooling capacity of the heat pump
is still not sufficient, rooms with high heat loads can be equipped
with supplementary air conditioners. For reasons of energy
efficiency, these air conditioners should only operate when the
heat pump can not meet the total cooling requirements.

[1]NOTE

In cooling operation, heat pumps normally make use of special tariffs
from the utility companies (see Chap. 1.1.1 on p. 4). During shut-off times,
cooling operation must be ensured using suitable cooling storage (e.g.
thermal activation of structural building parts) (see Chap. 3.7 on p. 13). If
this is not possible, an electricity tariff without shut-off times must be
selected.

www.dimplex.de



2 Generation of Refrigerating Capacity

2.1 Passive Cooling

During passive cooling, an existing low temperature level is

transferred to the heating system using a heat exchanger. The

heat pump's compressor is not used. It remains “passive” and is
therefore available for domestic hot water preparation in cooling
operation.

1) The compressor raises the temperature level of the
refrigerant circulating in a closed cycle. This increases the
temperature of the gaseous refrigerant.

2) Heat is transferred to the heating water in the liquifier (heat
exchanger). The refrigerant cools and liquifies.

3) The refrigerant expands in the expansion valve (drops in
pressure) and continues to cool.

Heat pump

~

—

@-}34-9
al

T—L>
[ b

(

-

Fig. 2.1:

Passive cooling cycle with parallel domestic hot water preparation

2.1.1 Passive Cooling with Ground Water

In compliance with the VDI 4640 standard, most regions
welcome a cooling of the ground water e.g. through the use of a
heat pump (heating-only). Increasing the temperature by cooling,
on the other hand, is only acceptable within strict limits. A
temperature of 20 °C must not be exceeded when the heat is
discharged into the ground water. In addition, the temperature
change of the ground water returned to the absorption well must
not exceed 6 K.

J)J

ww v v

4) Borehole heat exchangers utilize the constant temperature
level in the deeper ground layers as a heat source for
domestic hot water preparation and as a cold source for
passive cooling.

5) The environmental energy absorbed by the borehole heat
exchanger is transferred to a refrigerant in the evaporator
(heat exchanger). The refrigerant heats up and evaporates.

6) For parallel operation of central domestic hot water
preparation and passive cooling, both systems are
hydraulically isolated from each other by reversing valves.

7) The cooled heating water flows through the fan convector
which extracts heat from the indoor air (dynamic cooling).

8) Cooled water flows through a pipe system laid in the floor,
walls or ceiling. This cools the surface of the structural part
of the building (silent cooling).

Summary:

Passive cooling with ground water is a feasible option. The heat
exchanger and the flow rate should be dimensioned so that the
water returned to the absorption well is heated to a maximum of
6 K. The widely differing requirements made by the respective
regional water authorities must also be adhered to. A water
analysis must be carried out in order to ascertain the material
compatibility with the installed heat exchanger.




Generation of Refrigerating Capacity

2.21

2.1.2 Passive Cooling with Ground Heat Collectors

Ground heat collectors laid horizontally close to the surface are
not normally a reliable cold source for passive cooling. Fig. 2.2
on p. 9illustrates the annual temperature curve. It shows that the
summer temperatures close to the surface are too high for
effective cooling operation. On 1st August, the collector
temperature is already over 15 °C even without heat being
discharged.

The temperature of the collector increases due to the discharged
waste heat and functions as a kind of energy store. According to
VDI 4640 Parts 3, 3.2, this can have negative effects on the
surface flora and fauna.

[1]NOTE

The use of a ground heat collector to fulfil cooling requirements can
cause the ground around the collector to dry out. The ground shrinkage
caused by this in turn leads to a reduction in the contact between the
ground and the ground heat collector. This adversely affects heating
operation.

Earth surface
024 6 8101214 1618 20

Depth May 1 Nov. 1
Feb. 1 Aug. 1
5m |
10m |
15m 10°%

Fig. 2.2: Ground temperatures close to the surface in °C for undisturbed
ground.

2.1.3 Passive Cooling with Borehole Heat Exchangers

Borehole heat exchangers utilize the constant temperature level
(approx. 10 °C) in the deeper ground layers as a cold source for
cooling. Because these systems use a closed cycle, no water
authority regulations must be fulfilled (see Fig. 2.1 on p. 8).

The transferable refrigerating capacities are normally sufficient
for use on residential properties because cooling is only
necessary a few days each year. Permanent cooling e.g. of
commercial properties or of large cooling loads due to internal
heat loads (e.g. light/personnel/electrical devices) will gradually
heat up the borehole heat exchanger and reduce its maximum
cooling capacity.

[1]NOTE

If set cooling capacities must be guaranteed or the annual cooling
consumption exceeds the annual heating consumption, the borehole
heat exchanger must be dimensioned for both heating and cooling
operation. A precise calculation of the output taking the heating up of the
borehole heat exchanger into account can only be made on the basis of a
numerical simulation carried out using an appropriate software package.
Both geological and hydro-geological knowledge is also required.

2.2 Active Cooling

Heat pumps (heating only) operate with a refrigerating circuit
which can be reversed using a four-way reversing valve. In the
case of these reversible heat pumps, an existing temperature

2.21

Active cooling with reversible brine-to-water heat pumps and
borehole heat exchangers is permissible up to a brine
temperature of 21 °C in the heat exchanger (average weekly
value) or a peak value of 27 °C. Active cooling enables an
increase in the cooling capacity and yields constant flow
temperatures. The maximum available cooling capacity for a
cooling season should be dimensioned as for passive cooling.

Fig. 2.3: Passive cooling station for brine-to-water heat pumps

level becomes “active”, i.e. it is cooled using the compressor
output of the heat pump (see “Cooling cycle” on p. 1).

Active Cooling with Reversible Brine-to-Water Heat Pumps

www.dimplex.de



2.2.2

2.2.2 Active Cooling with Reversible Air-to-Water Heat Pumps

Reversible air-to-water heat pumps utilize the inexhaustible

supplies of outside air for both heating and cooling. This means Temp_eratu.re Minimum Maximum
that within the operating limits, it is only necessary to calculate outside air
the maximum cooling load, not the total cooling requirements of Heating -20°C +35°C
the entire cooling season. The refrigerating circuit of the heat Cooling +15°C +40 °C
pump can generate flow temperatures between 7 and 20 °C at
an external temperature above 15 °C. These can be distributed Flow Minimum Maximum
in the building using a water-bearing pipe system. temperature
Heating +18 °C +55 °C
Cooling +7 °C +20 °C
Heating capacity in [kW] Cooling capacity in [kW]
30
L 35*
H Conditions:
25 ¢ Heating water flow rate 1,4 m3h 50*

Cooling operating range

Heating operating range

-20 -10 0 10 20 30 40
* Flow temperature Air intake temperature in [°C]

Fig. 2.4: Operating limits for a reversible air-to-water heat pump
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Heating and Cooling with One System

3.5.1

3 Heating and Cooling with One System

3.1 Energy-Efficient Operation

In the same way that national standards demand building and
system-specific measures for reducing the heating energy
consumption, measures should also be taken to save energy by
thermally insulating buildings for the warm summer months.

Cooling loads in any room that can nevertheless not be avoided
using such measures can be discharged by introducing cooled
air, by cooling the air using a heat exchanger installed in the
room or by directly cooling structural parts of the building.

NOTE

Coolers and cooling distribution systems should be selected taking
energy efficiency aspects into account, with flow temperatures in heating
operation as low as actually necessary, and flow temperatures in cooling
operation as high as possible.

In the case of reversible heat pumps with additional internal heat
exchangers, the waste heat produced in cooling operation can
be used for domestic hot water preparation and for supplying
additional heat consumers. This will lower the total primary
energy consumption.

3.2 Regulation of a Combined Heating and Cooling System

The heat pump regulation system - the so-called heat pump
manager - is capable of regulating a combined heating and
cooling system and distributing the waste heat produced in
cooling operation to the available heat consumers (e.g. domestic
hot water preparation) (see Chap. 6 on p. 29).

Two different temperature levels are available in cooling
operation: Constant return flow temperatures for dynamic cooling
(see Chap. 3.5 on p. 11) and reference room-controlled flow
temperatures for silent cooling (see Chap. 3.6 on p. 12).

3.3 Hydraulic Integration of a Combined Heating and Cooling System

In heating operation, the heat output generated by the heat pump
is transferred to a water-bearing pipe system via the circulating
pump. Switching to the cooling mode transfers the generated
refrigerating capacity to the heat distribution system which is also
designed for distributing cold water (see Chap. 8 on p. 34).
Making double use of the distribution system reduces the
additional investment costs for cooling.

3.4 Cooling Load

The total capacity of the chiller is equal to the sum of the sensible
and latent cooling capacities transferred from the cooling system.
The cooling load is the sum of all acting convective heat flows
which must be discharged if the desired air temperature in a
room is to be maintained.

B The sensible cooling load is the heat flow which must be
discharged from the room to maintain a desired air
temperature with a constant humidity content. It is equal to
the sum of the calculated convection heat flows.

3.5 Dynamic Cooling

The cooling capacity of water-bearing pipe systems is actively
transferred to the indoor air via the heat exchanger. The use of
flow temperatures below the dew point enable the transfer of
greater refrigerating capacities by reducing the sensible stored
heat in the indoor air and simultaneously dehumidifying it by
producing condensate (latent heat).

3.5.1

Fan convectors that are designed as case, wall or cassette
devices offer the option of dynamic cooling using a
decentralized, modular system. Integrated ventilators ensure
multi-level controllable air recirculation, variable cooling
capacities and short response times. Besides being used purely
as a cooler, fan convectors can also be used for combined
heating and cooling.

Fan Convectors

Depending on the type of cooling distribution system installed,
cooling water flow temperatures can be reduced to a minimum of
approx. 16 °C to 18 °C for surface cooling systems and approx.
8 °C for fan convectors.

/N\ ATTENTION!

A combined heating and cooling system must be insulated to prevent the
formation of moisture in cooling operation.

B The latent cooling load is the heat flow required to
condense a mass flow of steam at air temperature so that
the desired humidity content in the room can be maintained
at a constant air temperature.

[1]JNOTE

If the cooling water temperatures are above the dew point, no condensate
is produced and the total cooling load is equal to the sensible cooling
load.

[1]NOTE

A climate controller which has particular requirements regarding the
humidity in a room can only be used in combination with an air-
conditioning system with active humidification and dehumidification.

The cooling capacity of a fan convector is essentially dependent
on the size, air volume flow, the relative humidity of the ambient
air as calculated in the design, and the cooling water flow
temperature and spread. If the requirements in the DIN 1946 T2
standard are taken into consideration when the device is
dimensioned, specific cooling capacities ranging from 30 to

www.dimplex.de
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3.5.2

60 W/m?2 are feasible. By following the standard practice of
dimensioning the device for a medium fan level, the user has the
option of reacting quickly to varying heat loads (fast fan level).

[L]NOTE

To ensure the minimum water flow rate through the chiller for all possible
operating conditions, we recommend the use of fan convectors. These
regulate using different fan levels, but do not reduce or block the water
flow rate.

3.5.2 Cooling with Ventilation Systems

Besides dissipating heat loads, the required minimum air
exchanges must also be ensured during cooling. A manually-
controlled domestic ventilation unit is a useful supplement to the
cooling and can ensure the selected exchange of air.

If necessary, the fresh air flow can be heated or cooled using so-
called heating and cooling coils.

3.6 Silent Cooling

Silent cooling works by absorbing heat over cooled floor, wall or
ceiling surfaces. The refrigerant temperatures are above the dew
point to prevent the formation of condensate on the surface. The
transferable cooling capacities depend largely on external
influencing factors (e.g. humidity).

Integrated water flow pipe systems can be used for silent cooling,
depending on the application, type of building construction and

3.6.1

New buildings can be also cooled with panel heating during
warmer times of the year with relatively low additional regulation
and system-specific costs. According to the “Taschenbuch flr
Heizung und Klimatechnik” (English: Paperback for Heating and
Air-conditioning Technology), the cooling capacity of the floor is
limited due to the minimum permissible air temperature in
accordance with DIN 1946 T2 of 21 °C at a height of 0.1 m and
the permissible vertical air temperature gradient of 2 K/m.

Underfloor Cooling

3.6.2 Cooled Ceilings

A cooled ceiling is a high capacity and convenient solution for
dissipating heat. We would normally recommend combining the
use of a cooled ceiling with a ventilation system to limit the
ambient air humidity. The capacity of a cooled ceiling depends
on its design (closed, open or cooled ceiling panels). The cooling
surface absorbs the sensible heat from the room through
radiation and convection. Depending on the system, the specific

cooling capacity can be 40 to 80 (max. 100 W/m2) for an

enclosed ceiling, or up to 150W/m? for open ceilings on account
of the higher convection rate. When planning and designing the
system, it is particularly important to prevent unwanted draughts.

(111
J
[
[

Fig. 3.1:  Fan convector for heating and cooling

NOTE

Open windows should not be used for continuous ventilation in cooling

operation for the following reasons:

B |tincreases the heat load of the room

B The cooling capacity is often insufficient,
particularly with silent cooling

B There is danger of condensate forming in the ventilation area
around the window.

the required cooling capacity of the surfaces enclosing the rooms
(e.g. walls).

NOTE

When existing panel heating systems (e.g. underfloor heating) are used
for cooling, there are only minor additional investment costs. The flow
temperatures should be set above the dew point to prevent draughts and
a too larger difference in temperature to the external temperature (sick
building syndrome).

This results in an average cooling capacity of approx. 25 to 35 W/

m?2. If the sun shines directly on the floor, for example, in front of
French windows, this value can rise to peak values of up to 100

Wim?2.

/N\ ATTENTION!

The manufacturer must approve the floor construction as being suitable
for cooling. This applies particularly to screed floors.

12



Heating and Cooling with One System

3.8.2

3.7 Thermal Activation of Structural Building Parts

When designing the thermal activation of structural building
parts, specialist planning must be undertaken to make use of the
properties of unpanelled storage mass in a building to store and
emit thermal energy as required. The water circulating in the
pipes charges the concrete heat storage mass for the following
day to enable automatic energy compensation depending on the
room temperature. Individual, instantaneous and room-oriented

3.8 Comfort

3.8.1

Humans generate heat to maintain their bodily functions. The
heat is produced by burning the absorbed nutrients with inhaled
oxygen. If the performance of the human body increases, the
quantity of transferred thermal energy also increases. Table 3.1
on p. 13 shows the heat transfer based on different human
activities. When performing light office work, a person of average
resilience and size has an average heat transfer of approx. 120
watt. The same person has a heat transfer of 150 watt when
performing light house work or light manual work, and over 200
watt for the performance of moderately heavy or heavy work.

Thermal Behaviour of Humans

3.8.2 Room Temperature

There is no definitive room temperature, for example 20 °C, at
which a person feels most comfortable. Comfort is also
dependent on a large number of other factors, particularly the
mean temperature of the space-enclosing surfaces including the
heating surfaces, as well as clothing and activity. This type of
temperature data is always dependent on certain average
conditions. A comfortable room temperature is always strongly
dependent on the external temperature. Fig. 3.2 on p. 13
represents the range of comfortable room temperatures. The
internal cooling temperature should normally be only approx. 3 to
6 °C under the external temperature, because, otherwise, a
“cold shock” can occur when moving from the warm outdoors to
the cold indoors (sick building). Raising the maximum
permissible room temperature based on external temperatures
will result in a pronounced lowering of peak output.

temperature regulation is not possible due to the inertia of the

system. The attainable cooling capacity is approx. 25 to 40 W/

mZ2over a limited usage period of approx. 10 h. This dampens the

progression of the room temperature. To dissipate higher
thermal loads or instantaneous peak values, we recommend
using a combination with cooled ceiling panels or cooling
convectors as well as an air-conditioning system.

Heat transfer per
Degree of - .
. . Activity person (sensible
activity
and latent)
I Static activitly_ suchlag reading 120 W
or writing, sitting
Light work such as work in a
I Iabor_at(_)ry, typing, or carrying 150 W
out similar types of light work
when sitting or standing
11l Light manual work 190 W
v Moderately heavy to heavy Over 200 W
manual work

Table 3.1: Heat transfer per person

28

27

26

25

24 1 Range of comfortable

temperatures
23 | P

Room temperature in °C

22 1

21 T T T T T T T T T T T
20 21 22 23 24 25 26 27 28 29 30 31 32

External temperature in °C

Fig. 3.2: Range of comfortable temperatures
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3.8.3

3.8.3 Humidity Content in Indoor Air

Humans do not perceive humidity directly. For this reason,
humans feel comfortable within a relatively wide humidity range
of between approx. 35 and 70 %. The upper humidity limit is
specified in DIN 1946, Part 2, as 11.5 g of water per kg of dry air,
whereby the relative humidity must not exceed 65 %. Fig. 3.3 on
p. 14 specifies - in relation to the room temperature - which
relative humidity values are perceived as being comfortable.
Higher humidity values are permissible when room temperatures
are low, because less moisture evaporates on the surface of the
body meaning that no additional heat is transferred. In contrast,
additional heat transfer is desired at high room temperatures
and, therefore, lower humidity values are permissible in this
case.

3.8.4 Air Circulation within a Room

The air circulation also influences whether a person feels
comfortable. Air velocities that are too faster are noticeable in the
form of draughts. These are particularly unpleasant if the
temperature difference between the inblown fresh air and the
body's temperature is too large, because this results in a greater
heat exchange on the surface of the body. The part of the body
affected by the inblown fresh air is also decisive. The neck and
feet are particularly sensitive. For this reason, we recommend
supplying fresh air from the front in relation to the occupants of
lounges and especially lecture theatres. Air velocities of over 0.2
m/sec should generally be avoided in occupied areas. Note that
with dynamic cooling (e.g. fan convectors) the number of air
exchanges (volume flow / room volume) should be between 3
and 5, and should generally not exceed a value of 10.

100

90 -

Uncomfortably humid
80 -

70

60 -
50 Comfortable

40 |

30 1 Still comfortable

20 4

Relative humidity of ambient air in [%]

10 Uncomfortably dry

0 T T T T T T
12 14 16 18 20 22 24 26 28

Room temperature t in [°C]

Fig. 3.3: Comfort in relation to the relative humidity of the ambient air and the
room temperature

Air velocity in m/sec

0 T T T T T T 1
21 22 23 24 25 26 27

Room temperature in °C

Fig. 3.4: Area of comfort in relation to air velocity and room temperature
(relative humidity 30 - 70 %, temperature of the surfaces enclosing
rooms 19 - 23 °C)
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Device Information for Reversible Heat Pumps
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4 Device Information for Reversible Heat Pumps

4.1

Reversible Air-to-Water Heat Pumps for Indoor Installation

Device information for air-to-water heat pumps (heating only)

21
2.2

23

31

3.2

3.3

3.4
3.5
3.6
3.7
3.8

4.1
4.2
4.3

4.4
4.5

5.1
5.2
5.3
5.4

71

7.2
7.3
7.4

Type and order code
Design
Model

Degree of protection according to EN 60 529 for compact devices and

heating components
Installation location
Performance data
Operating temperature limits:
Heating water flow/return flow 1
Cooling, flow

Air (heating)

Air (cooling)

Temperature spread of heating water
(flow/return flow) at A2 / W35

Heat output / COP at A-7 / W35 2
at A2/ W35 2
at A2/ W50 2
at A7 /W35 2
at A10 / W35 2
at A27 / W8

at A27 /W18
at A35/ W8

at A35/ W18

Sound power level device / outdoors

Cooling capacity / COP

Sound pressure level at a distance of 1 m (indoors)

°C/°C
°C
°C
°C

KW [ -
KW / -
KW [
KW / -
KW / -
KW / -
KW / -
KW /
KW [ -
dB(A)

dB(A)

Heating water flow with an internal pressure differential of m*h / Pa

Air flow rate with an external static pressure differential of m*h / Pa

Refrigerant; total filling weight

Dimensions, connections and weight
Device dimensions

Device connections to heating system

Device connections to additional heat exchanger
(waste heat recovery)

Air duct inlet and outlet (min. internal dimensions)
Weight of the transportable unit(s) incl. packing
Electrical Connection

Nominal voltage; fuse protection

Nominal power consumption 2 A2 W35
Starting current with soft starter

Nominal current A2 W35 / coso

type / kg

HxWxLcm

Inch

Inch
LxWcm

kg

VIA
kW
A
Al

Complies with the European safety regulations

Additional model features

Defrosting

Type of defrosting

Defrosting tray included

Heating water in device protected against freezing
Performance levels

Controller internal/external

LI 11ASR

Reversible
1P21

Indoors

Up to 55 / above 18
+7 to +20
-20 to +35
+15 to +40

75

71129
8.8/3.2
85/25
11.3/3.8
12.2/41
9.0/2.9
10.9/3.3
78122
95/25
55/61
50
1.0/3000
2500/ 25
R404A /5.9

136 x 75 x 85

G 1" external
G 1" external

50 x 50
222

400/16
274
23

49/0.8
3

Automatic
Reverse cycle
Yes (heated)

Yes*
1

External

LI 16ASR

Reversible
P21

Indoors

Up to 55 / above 18
+7 to +20
-20 to +35
+15 to +40

7.9

10.6/3.0
12.8/3.4
12.0/2.5
15.1/3.8
16.7/4.1
13.0/2.6
16.4/2.8
11.1/721
14.3/2.3
57 /62
52
1.4 /4500
4000/ 25
R404A /5.7

157 x 75 x 85

G 1" external
G 1" external

57 x 57
260

400/ 20
3.8
25

6.9/0.8
3

Automatic
Reverse cycle
Yes (heated)

Yes 4
1

External

. See operating limits diagram
. This data indicates the size and capacity of the system. For an analysis of the economic and energy efficiency of the system, other parameters, such as, in particular, the defrosting

capacity, the bivalence point and regulation, should also be taken into consideration. The specified values, e.g. A2 / W55, have the following meaning: external air temperature

2 °C and heating water flow temperature 55 °C.

. See CE declaration of conformity

. The heat circulating pump and the heat pump controller must always be ready for operation.
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4.2

4.2 Reversible Air-to-Water Heat Pumps for Outdoor Installation

Device information for air-to-water heat pumps (heating only)

21
2.2

2.3

341

3.2
3.3

3.4

3.5
3.6
3.7
3.8
3.9

4.1
4.2
4.3

4.4

5.1

5.2
5.3
5.4

71

7.2
7.3
7.4

Type and order code
Design
Model

Degree of protection according to EN 60 529 for compact devices and
heating components

Installation location
Performance data

Operating temperature limits:

Heating water flow/return flow 1 °C/°C

Cooling, flow °C

Air (heating) °C

Air (cooling) °C

Temperature spread of heating water at A2 / W35

Heat output / COP at A-7 / W35 2 kW / ---
at A2/ W35 2 kW / ---
at A2/ W50 2 KW / ---
at A7 / W35 2 kW / ---
at A10 / W35 2 KW / ---

Cooling capacity / COP at A27 /W8 kW / ---
at A27 / W18 kW / ---
at A35 /W8 kW / ---
at A35 /W18 kW / ---

Sound power level dB(A)

Sound pressure level at a distance of 10 m (air outlet side) dB(A)

Heating water flow with an internal pressure differential of m*h / Pa

Air flow rate m*h/Pa
Refrigerant; total filling weight type / kg
Dimensions, connections and weight

Device dimensions HxWxLcm
Device connections to heating system Inch
Device connections to additional heat exchanger

(waste heat recovery) Inch
Weight of the transportable unit(s) incl. packing kg
Electrical Connection

Nominal voltage; fuse protection V/IA
Nominal power consumption 2 A2 W35 kW
Starting current with soft starter A
Nominal current A2 W35 / coso Al -

Complies with the European safety regulations
Additional model features

Defrosting

Type of defrosting

Defrosting tray included

Heating water in device protected against freezing
Performance levels

Controller internal/external

LA 11ASR

Reversible
P24

Outdoors

Up to 55/ above 18
+7 to +20
-20 to +35
+15 to +40

75
71/29
8.8/3.2
85/25
11.3/3.8
12.2/4.1
9.0/2.9
10.9/3.3
7.8/22
95/25
63
33
1.0 /3000
2500
R404A /4.7

136 x 136 x 85

G 1" external
G 1" external

241

400/ 16
2.74
23

4.9/0.8
3

Automatic
Reverse cycle

Yes (heated)

Yes 4

1

External

LA 16ASR

Reversible
1P24

Outdoors

Up to 55/ above 18
+7 to +20
-20 to +35
+15 to +40

7.9
10.6/3.0
12.8/3.4
12.0/2.5
15.1/3.8
16.7/4.1
13.0/26
16.4/2.8
11.1/21
14.3/2.3

64
34
1.4/ 4500
4000
R404A /5.7

157 x 155 x 85

G 1" external
G 1" external

289

400/20
3.8
25

6.9/0.8
3

Automatic
Reverse cycle

Yes (heated)

Yes 4

1

External

. See operating limits diagram

. This data indicates the size and capacity of the system. For an analysis of the economic and energy efficiency of the system, other parameters, such as, in particular, the defrosting
capacity, the bivalence point and regulation, should also be taken into consideration. The specified values, e.g. A2 / W55, have the following meaning: external air temperature

2 °C and heating water flow temperature 55 °C.

. See CE declaration of conformity
. The heat circulating pump and the heat pump controller must always be ready for operation.
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Device Information for Reversible Heat Pumps 4.3
4.3 Characteristic Curves LI 11ASR /LA 11ASR (Heating Operation)
0 Heating capacity in [kW] Water outlet temperature in [°C]
18 : P
E / 35
: Conditions: // 50
16 Heating water flow rate 1,0 m3/h /
~
4 E
2 E
0 E
-20 -10 0 10 20 30 40
Air intake temperature in [°C]
5 Power consumption (incl. power input to pump) 12000 Pressure loss in [Pa]
4 L _/ 50 11000 —
L _/ 3% ;
30 10000
. —_ Condenser /
2 ¢ 9000 ©
1 8000 %
0
7000
-20 -10 0 10 20 30 40 E /
Air intake temperature in [°C] 6000 [
o Coefficient of performance (incl. power input to pump) 5000
5 - 35 4000
) / __— 2000
1 - 1000 F v
0 ¢ N
20 10 0 10 20 30 40 0 05 ’ 15 5
Air intake temperature in [°C] Heating water flow rate in [m3/h]
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4.4

4.4 Characteristic Curves LI 11ASR /LA 11ASR (Cooling Operation)

10 L

N WA OO

5 Power consumption (incl. power input to pump)

Cooling capacity in [kW]

Water outlet temperature in [°C]

i Water flow rate 10 m*h

Conditions:

18
——“=_—
/% 8
0 15 20 25 30 35 40 45
Air intake temperature in [°C]
Coefficient of performance (incl. power input to pump)
g ~
\
--‘~:::‘- 18
[ o~ 8
10 15 20 25 30 35 40 45

Air intake temperature in [°C]

12000

Air intake temperature in [°C]

Pressure loss in [Pa]

Condenser /
/!
7
0 0,5 1 1,5 2

Heating water flow rate in [m%/h]
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