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Development of a multi-purpose heat ppmp for domestic applications
{Paper nr. 257)

H. Vanparys, Prof. J. Berghmans
L. Introduetion

The development of the heat pump aims at a compact heat pump providing heating and
cooling im an environmentally acceptable and energetically less consuming way.

The heat pump fulfils the following functions = heating in winter time and cooling in
summer Gme and producing sonitary hot water during all seasons. Besides the energy
savings inherent to the principle of the heat pump. combining these functions reduces
also the energy demand. During the cooling season, when the hest pump provides
space cooling, the heat pump can simultaneously provide water heating without
consuming cxtra power, When the heat pump is in heating mode, it will provide both
space and water heating, with a total power demand equal 10 that of the heat pump.
but it will run lonper to meet the combined requirements of space and water heating.
The work has been done for a joint European Project in the framework of the Joule
program. The project is called @ *Development of a mulipurpose heat pump for
domestic applications’. There are three participants involved in this project :

The university KTH (Royal Institute of Technology) in Stockholm, Sweden at the
division of Applicd Thermodynomics & Refrigeration.

ATECNIC, located m Sintra Portugal, 15 o manufaciucer of heat exchangers for
airconditioning cquipment. They assemble heat pumps.

The KULewven in Belgivm at the division of Applied Mechanics and
Energyconversion.  Prof, J. Berghmans of the KULeoven is the co-ordinator of the
project.

The abjective of the project is to improve the position of Europesn manufacturers of
heat pumps on the European air-conditioning market.  The market for space heating
heat pumps is still small in Europe at this moment. Hot water heat pumps are sold in
limited numbers and are usually not combined with space cooling. A disadvantage of
domestic heat pumps often stated is that they consume electric energy.  Electricity is in
most coentrics a rother expensive form of energy. In some countries however,
electricity is distributed at very low prices. This is due 1o hydro and nuclear electricity
production as is for example the case in Sweden and other scandinavian countries,
This makes the heat pump a more interesting allernative in those countries.

The market for single room air-conditioners has grown rapidly the last few years and
this mainly in southern climates, International experience shows that the heat pomp is
successful mainly in areas in which a space cooling demand exists. Combined space
heating and cooling indeed has a large effect upon heat pump economics, Insialling a
reversible heat pump (heat pump/air-conditioning ) justifics the high investment costs
of the heat pump.

Furthermore, the heating load connected with sanitary hot water production increases,
relatively speaking, when compared with the space heating load.  This is due on the
one hand to the increase in hot water consumption and the improved home insulation
on the other hand. For these reasons heat pumps of the type deseribed should have a
larpe and increasing potential for application,



It is known that heat pumps through their potential for energy conservition can give
rse 10 considernble reduction i OOy production,  The heat pump propoesed will
obviously result in considerable energy conservation as most hot water is produced by
direct electric resistance heating in southern Europe.

The assignmens in the project were @ The study and evalustion of the beat pump. A
simulation program @5 developed 10 determine the optimal henting and  cooling
capacities, taking into account the meteorological conditions, the hot water needs.
ele... . With this program the most optimal type of heat pump is chosen and the
dimensioning parameters are derived from it An cconomic evaluation is made taking
inte account the cost of electricity and other fuels Tor the different climates.

The hewt exchangers are studied tharoughly in relation with improved heat transfer.
After idemification of the different components, the hemt pump is assembled by
ATECNIC. This prototype is wsted and evaluated., The aim ol the wsls was o
fermulate some improvements for the second prototype.

In this paper. espectally the west resulis and their evaluation will be discussed.

2. Heat Pump Configuration

Aoscheme of the heat pump conliguration 15 shown in Gzore nr L

R13da 15 used for as the refmgeront. The compressor 15 of the scroll and s Gilled with
esteroil w enable wowork with R [34a.

The heat exchangers are all chosen plate heat exchangers. At the high pressure side
there are three heam exchangers,  As Treon cools down the freon changes (rom
superhented gos to two-phuse and subeooled freon, Henee there ane three heat
exchangers ;@ desuperheater . o condenser and a suheooler,

The desuperheater gives off his heat cnergy o the sanitary hot water which is delivered
from a vessel by a circulation pump. The wmperature and prossure of the freon i
measured at the in and outlet of the desuperhcater (e, scheme g ne. 1) The sanitary
hot water emperatores are measured also ot the entrance and outlet of the
desuperheater, A thermostat s plced inside the vessel Tor contral purposes, A
magnetic volumetric lowmeter is placed in the sanitry hot water duct 10 measune the
flowrate.

After the desuperheater, the condenser transmits the condensation enerzy (o either the
room space {in heat pump regime) or the outside air in airconditioning regime. To
ensure a swill and easy switch between heat pump regime and gir-conditioning regime,
a water - water distribution system 15 wsed, This secondary coolant 15 water with 305
ethylene glyveol forming o hrane with o Ireexing wemperature of -15°C, All the
temperatures and pressures of the freon and brine water are measured.

In the middle season (e spring and automn) there is only necd for sanitary hot water
and there is proctically no space beating demamd.  In this cose the [reon in the
desuperheater takes up the complete condensation. Henee the desupecheater and the
condenser itsell” are dimensioned equally, The desuperhenter and condenser have both
a desipn copacity of 6.6 KW, A plate heat exchanger with 14 plates is chosen @ this
means 6 channels for the relrgerant and 7 channels for the brine water,  This gives a
total heat transfer arca of (.76 m?,

Alfter the condenser o vessel is placed w buller the amount of liguid refrigemnt. An
additional subcooler with o design copacity of (0,6 kKW, ensures a sullicien degree of
subcooling and pives a better performance ol the beat pump. A smull plate heat



exchanger is used with 10 plates and o total heat transfer area of 0012 m® A degree of
10PC of subcooling 1s attained.

The expansion valve lakes care of a superheat of § 10 9°C.

The evaporator receives its heat from the outside envirenment in the winter scason, In
summer however, the evaporator cools down the inside room. The evaporator has a
design cooling capacity of 5 KW and has 28 plaes with a towal heat transfer area of
1.64 mZ

Asg stated earlier, the energy is transfemed w the outside environment and the indoor
room with an secondary coolant © brine water (309 cthylene glyeol). There are two
separate circuils @ a hot bring circuit and a cold bring circuit. The brine circuits are
switched between the indoor fan coil unit and the outside fan by two d-way valves. (el
scheme fignr. 1)

Flowmeters, placed after the 4-way valves pive the fowrate of the brine through the
inside fancoil unit and the outside fan.

In both the brine circuits, cireulaion pumps are installed, They ane setup at the highest
speed, to insure o trbulent ow and hence good heat tmnster.

The motor of the inside Tancoil unit is adjustable at three specds but is operated at the
lonwest speed 1o suppress noise disturbance inside the room.  The room temperature
and the emperature of the blown gir are measured. A lemperatune sensor al the fan is
used for conteol purposes.

The outside [an is localed in o climate room to be able to simulste all outdoor
temperatures.  Evidently, room wempersatene and the wmperature of the Blown air are
alse measured.

3 valual Cthe medsiremeaents

On the scheme the different measurement points of wmperature and pressune and fow
rate are shown,  With these measurements the hemt cepocities and efficiencies are
determined, An overview of the different formualae used is given ;

The condensation temperatore i determined as the saturation wemperature of the
pressure at the emrance of the condenser. The evaporation wmperatune is taken as the
temperature 2t the entrance of the evaporator,

Tﬂ\-n!x'nrﬂum = TWIIF\\I!I{ P{EJ}

Tevapetion = TUT)
The enthalpies at each point are determined with the use of comelations for vapour ,
liquidl and two phose R1340,
Al the entranee of the evaporator the relrigerant is in two-phase and the enthalpy is
determined as the enthalpy before the expansion valve

H(7} = H{G6)
The stale condition al the entranee of the condenser cian cither be vapour, two-phise

o liquid, In cose of the two-phase state condition the enthalpy s solely determined by
the engrgy balonce over the desuperhealer,
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Determination of the refrigerant mass Now : nommally the relrgerant mass Tow could
be dedwced by an energy balance over the ditfferent heat exchangers. However, during
the tests a serious (Mow) leakage and hence also heat leakage is detected over the two
4-way valves, Consequently, the energy balances do not give a neal insight of the mass
flow in the different heat exchangers. The refrgerant mass flow is then determined
from the electric power W the compressor. An eslimation is made of the heat logses of
the compressor to the environment by measuring the temperature at the surface of the
compressor and the swrounding wemperature,  The heat losses are estimated a0 3 o
4% of the compressor power.
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Mine = H(L1}) — H(9)
This results in the heat capacities of the different heat exchangers:
Queapatone = M, - (H - H{2))
Qe = My (HI2V = H3)
Qorerir = M = (H(5) = Hi))

Qﬂamau =M [Feun {H[E“ = H{TH

The compressor efliciency @ two compressor ¢llicieneies can be determined, The
isentropic elliciency is the relution between the isentropic enthalpy change and the
measurcd enthalpy change. The isentropic enthalpy change is dewemined by a
correlation Tor R340 and related w the suction and outlel pressune and the superheat
of refrigerant vapour at the suction of the compressor.

o A ‘ﬂHlummpi;
Niscawopc = H0) - H)

The volumetric efficiency of the compressor is the relation of the real displaced volume
Lo theoretical swept volume ol the compressor,
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Determination of COP : The differem COP values are caleulated depending on the
regirme the heat pump works

1} Heat Pump Mode

cop. = H=HG)
0} - H(Y)

o = Oimy

waler
colTgessor

2) Air-conditioning Mode

CoP.__ = _HM
OH = HY)

COP,,. = —“?“""“‘

comproa
A} Hot Water Production

- 7
cop,_. = Hil} - H{2)
: {111 = H(Y)

cop = Q.lnu?l.ﬂl::ll:
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Evaluation of the heat exchangers ; for the different heat exchengers values Tor the
LTI, UA are calculoted and the perfomance is evaluated.

The LMTI} 15 defined as

AT, — AT,

In| —-
AT,

The wemperature differences (o the coumtertTow plote hea exchangers ane

LMTI} =

I:':Tl — T|“|_|;b_-| i T‘ul.l.l-.lh“
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Henee, the UA-value of the heat exchangers can be determined from

Q=UA-LMTD



The efficiency of the heat exchanger is set as the relation between the exchanged heat
capacity and the maximum possible heat exchange, C,. 18 the heat copacity of the ud
with the smallest heat capacity.
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4 Tes itinms

A stated abowve, the hept pump s ested ot different regimes,  The following whle
demeonstrates these dilferent regimes @

EXPERIMENTAL CONDITIONS

Heat Pump, no hot water production = warying outdoor emperatunes
A"C - 14 °C {winmer season)
Heat Pump, only hot waler = varying Tiwsrwans ¢ 20°C - 65 °C

— constant outdoor emperawre (10 *C)

Heat Pump, only hot water = varying Tigrwanz @ 20°C-65°C

= gonstint eutdoor emperature {10 °C)

Air-conditioning, no ot water production | = varving outdoor iemperaiures
22°C - 36 "C (summer season)
Air-conditioning, only hot water — Thorwatsr Constant (20 °C, 35 °C,
4570

= wvarying ouldoor emperatures
0°C-24C

Tahle |

4.8 Heat Pump, o Tt wnu'rp:'rrdrrr.‘.l':'nrr

The condensation wemperatane is almost constant sinee the condensation lemperature
in heat pump regime is dewermined by the room wempertone which is fixed a1 207 1o
22°C. The outside wemperatune is vafed from 37 w0 147C, this gives a varation in the
evaporation wmperature. In the following fgwees 2 and 3 the heat capacities and the
COP are set aeainst the evapornion emperaiure,

The dilferent heat capacitics have a small ascending trend with ingreasing evaporation
tempernivee and so does the eompressor power (ligure2). Henee, there is proctically
no influgnce on the COP (figure 3),




4.2 Hear Pump, onfy for warer presduciion

4.2, 1 Tormme Constam

The outdoor iemperature was kept constant at 10°C, The sanilary waler was warmed
up gradually from 200C w 65°C, This is the owter limit for producing hot waler with
the heat pump. The heat capacity of the desuperheiter is decreasing with increasing
hot water temperature, while the power o the compressor goes shirply up ([gure 4),
The COP is decreasing sharply from 610 2.5 (figure 5).

4.2.2 Therwamer Constant
The outdoor wemperature is varied while the hot water wemperature is kept constant.

Three different sel of wests are camicd out with dilTerent kot water wemperatures, The
condensation temperatune is nearly constant, depending on the hot water temperatune,

T wanzm | Teosmssaramos
['C] ["C]
45 48
15 41
] 30
Tahle 2

In these esis there is no space heating demand because the owdoor temperatures are
set as middle seoson emperateres, However no complele condensation is ohserved in
the desuperheater,

In all tests the heat capacity of the desuperheater and evaporator increases slightly with
increasing evaporstion temperatuee (e, outdoor wempeture), The compressor
power however is neardy constant, Conseguently the COP incresses slightly with
increasing evaporation wmperalun,

Comparing the three ses of esis the COP s bigher for Twer hot water iwmperatune,

4.3 Alr-comelivioning, no her water production

The evaporator empertune is determined by the room wemperature while the varying
outdoor emperatore (22°C - 36°C) nesults in a varying condensation temperature.
The figures 6 and 7 show that the heamt capacilies remain rather constant with
increasing condensation wmperature.

4.4 Air-condirioning, only hor warer prodociion
The outside wmperatre and hence the condensation wmperature ave varied while the

hot water tlemperature is kept constant.  Again three sets of tests were earried out
varyving e hot water emperature,



The hot water temperature has also an inlluence on the condensation emperature
(increasing condensation temperature with incneasing hot water wmperature).  The
COP decreases then with increasing condensation wemperature and increasing hoo
water lemperature.

nalviig

5.0 The valves

Ag stated earlier, the mass of efrgerant is not determined by an eoevgy balonee over
the different heat exchangers.  The neason for this is that the experiments show
substantial losses within the two d-way valves, As the water Now melers ane placed
alter the valves, it is not possible to have a clear idea about the water flow through the
heat exchangers, The following plots show how Jarge the heat losses are (Ggues 8, 9
pnd 100, These best losses can not only be explained by heat ransfer through
insulTicient isolated wehes, but there is also an important mixing of the Muids,  The
valves should satsly to the following requirements : they should be guaranteed leak
proof and the inner cone of the valves should be made of thermally isolating manerial,
Faor obuining o betier user [mendliness one S-way valve will be considered inswead ol
the twio d-way valves,

5.2 The compressor

An analysis is made of the efficiency of the compressor. The wests in beat pump regime,
without hot water production are used for this end.  The caleulation Tormuolae are
stated earlier in this paper. Figure 11 shows a volumetde elliciency roundabout 80 Lo
WIT. The isentropic clliciency however s remarkubly low it handly reaches 5095
This low efliciency is due to the fact that the seroll compressor used in this heat pump
is initiadly not designed for RI13da0 There are only seroll compressors Tor R134a
available for mueh larger power ecapacitics. The design for this compressor is based on
R22 and is optimised for a xed pressure rae, As the prossure sites for B22 are much
lower than the pressure rates for R 134a, the compressor is not working in an oplimal
working range with B13a. There are two possible solutions @ For the aext protelype
a new compressor will be ploced suited for R340, Current wark is done searching For
a convenient compressor. Measwements will be comied oul using propane as the
vefrigerant, A preliminary study shows that propane has pressure ratios closer o those
of R22, The wmble shows o comparison of the behaviour of R134a. R290 (propanc)
and R22. Figure 12 shows an estimation of the isentropic ellicieney in relation to the
pressure ratio. [t shows an optimum for pressure ratios ol 2.5 w 3.3, The pressure
ratio for R134a ranges from 4.9 o 6.3 lor the sime condensation and evaporation
temperatures.  The pressure o for R290 is smaller than these Tor B22 lor equal
range of condensation and evaporation emperatures.



Pressure R340 <R2UR32
Pressure ratio B2 22212 1 340
Mass Mow R290<R | 3da<R22
Cooling Capacity
AH R 3a<Ii22=<12H)
Q R 3R 2W<R22
i — R 3da=R290<R22
Compressor Power R 3 a<iRIV0<i22
Takle 3

5.3 Condenser

For cvaluating the performance of the condenser the tests in heat pump regime without
hot water production are chosen. This means that the condenser takes up the complewe
desuperheating of the freon, The condenser can be divided in three parts @ a part
where the desuperheating takes place, o condensation part and a small area of the
condenser is used for subcooling the relrigerant. In Ggore 13 the heal capacities are
plotted o8 function of the LMTD valee and secondly, on fipure 14 the UA-value is set
a5 Tunction of the heat capacity.  Figure 15 shows the ofieiency, defined earlier, as
tunction of the outdoor wmperature, As these plots show, the condenser has a very
good performance,

S4 Desaperfieater

Ancidentical analysis is made G the desuperheater. 1t should be memtioned that there
was noe complew: condensation and hence no subeooling part. For the evaluation the
tests are taken in heat pump regime with only heat wanter production (Teor wame =
45°C). Figure 16 shows the capacity of the desuperheater as function of the LMTD,
Figure 17 shows the efficiency nelawed o the condensation wemperone, As there s no
complete condensation the comdensation pant show o smaller elficiency than the
desuperheating part.

[a) e lusive Bemarks

These measurement campaign has delivered some remarks for improvement of the first
prototype.

As the disiabuion sysiem s concerned, the following remarks are made @ A Soway
valve is placed in the brine cireuits.  The wbes are sealed with O-dings 10 avoid
leakage. Furthermore the inner cone of the valve is made of plastic o bewer iselaie the
circuils,

As second remark. it is ohserved that the outdeor Tan is rather noisy and takes a lot of
power. Ima next prototype, the outdoor unit can be donensioned moch smaller,



For the heat pump system itself, the current prototype will be wsied with propane as to
improve the compressor elliciency. A second prototype will be build using o mone
convenient COmpressor.

Although the condenser has a very good performance, there was interest from a heat
exchanger manufaeturer to est a new type of condenser,  This type of condenser uses
spiral wiring on the tube 1o enhance the beat wansler, Iis performance will also be
tested.






HEAT PUMP, NO HO WATER PRODUCTION
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HEAT PUMP, ONLY HOT WATER
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AIR-CONDITIONING, NO HOT WATER PRODUCTION

Tisaperstson = 1 £ 3°C

:

:

:

Hieat Dutias [W]

g

P

o

o @oo @8 000

- ‘Il‘ihﬂ.}.-

st h 4+ FEES

D

=+t

oo @0

e

4.5

L
4E

Cendansation femperatura [*C

ligune &

50

Bk

cop

R gK T
o
e g

45

ED

Condansation samparature |7C]

[igune 7

+

[

an:-un—.l..-‘.-.

Qevetirce
u.'\:.lh'--\-..'r

+ =+

Qvapeeane

L

COPF

COPoer



HEAT PUMP. NO HOT WATER
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CONDENSER
Heat Pump, no hot water production
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DESUPERHEATER

Heotl pump, Tjje wae = 43°C
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