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Abstract

The benefit of ultra-low temperature district heating systems (ULTDH) is their low supply temperature, which increases
the heat generation efficiency and significantly reduces the heat loss of the DH network. The present study proposed a
dual-effect heat pump system, which in combination of the ULTDH network, fulfills both, comfort floor cooling/heating
and domestic hot water (DHW) demands. Depending on the operation the ULTDH system is used as a heat source, DHW
preparation, or as a heat sink in cooling operation mode. The application potential of the proposed heat pump unit used for
comfort floor cooling has been validated. The cooling experimental tests were performed under designed conditions with
fixed heat source temperature (22 °C) and different heat sink temperatures, simulating either DHW preparation or
delivering the surplus heat to the ULTDH network. The coefficient of performance (COP) of the dual-effect heat pump
system varied from 2.22 to 2.81 in cooling mode, and from 3.0 to 3.4 in heating mode. The cooling capacity ranged from
2.9 KW to 3.4 kW and heating capacity ranged from 3.8 kW to 4.4 kW.
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1. Introduction

The amount of energy used for heating and domestic hot water (DHW) is high and will keep increasing [1].
Combined cooling and heating systems can achieve efficient utilization of resources and energy through heat
recovery, which is providing sustainable solutions to global warming and the energy crisis [2]. A novel
compression/ejection transcritical CO, heat pump system for simultaneous cooling and heating can realize the
utilization of geothermal energy and solar energy [3]. Heat pumps for simultaneous heating and cooling appear
as interesting solutions for electric energy saving and residential buildings with a specific mode for DHW
production. An air-source heat pump has been investigated by Byrne and Ghoubali [4], which shows a good
potential in producing of hot water and chilled air simultaneously.

The idea of the present study is to indicate the performance and application potential of small heat pump
used in household comfort floor cooling and domestic hot water supply. Thus, a comfort cooling heat pump
prototype has been set up at Technical University of Denmark (DTU) to conduct the investigation
experimentally. Thermal behavior of a small heat pump unit with R134a as working refrigerant has been
analyzed based on experimental results. The experimental tests were performed under design conditions:
different inlet temperature for the heat source, and a fixed inlet temperature for heat sink, which corresponds
to the district heating temperature supply and comfort floor cooling temperature. The variations of the heat
pump operation for different temperature combinations of district heat water are outlined. The operation
parameters are: 3 KW cooling capacity (50 W/m? for 40 m? room area), with a water temperature inflow of 17
°C and return of 22 °C.
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The application potential of the proposed heat pump unit used for comfort floor cooling has been validated
experimentally. Thermal behavior and exergy performance of this small heat pump unit have been analyzed.
The variations in heat pump operation under different temperature combinations of DHW are outlined. The
structure of this paper is summarized as follows. In Section 2, the experimental setup and the configuration of
a comfort cooling heat pump system are introduced. Then, the energy and exergy analysis method to assess
the performance of the proposed system has been conducted in Section 3. In Section 4, the results are discussed
considering the application scenarios. Finally, the conclusions are summarized in Section 5.

2. Experimental setup and configuration description

2.1. Testing system

The heat pump experimental set up installed in DTU is designed for the application of floor comfort cooling
and DHW in the DH system (Fig.1 and Fig.2). The test rig includes four sub-systems: a secondary water cycle
to illustrate the DHW system and comfort floor cooling system, a refrigerant cycle with R134a as working
medium, a shunt-system and a cooling system to regulate designed test temperatures. The main information of
each component is listed in Table 1. The selection of each component is calculated based on heating/cooling
capacity using Danfoss calculation software.

Compressor
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4\%.‘)

......... 9 Refrigerant

Fig. 1. Picture of Comfort Cooling test rig.

Table 1. Components information

Item Type Item Type
Condenser Danfoss D22-26 Sight Glass Danfoss SGP 10s
Evaporator Danfoss D22-16 TXV Danfoss TUAE

Compressor MTZ018-4, R134a Orifice for TXV Danfoss TU-6

Pressostat H
Pressostat L
Filter Dryer

Danfoss KP7TEW
Danfoss KP1E
Danfoss DML 053/053s

Temp. sensor
Pressure sensor L

Pressure sensor H

Danfoss AKS-11
Danfoss AKS-33
Danfoss AKS-33
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Fig. 2. Test rig diagram of comfort cooling system.

2.2. Operation conditions

A baseline heat pump system loop (1-2-3-4) used for comfort floor cooling and domestic hot water supply
is sketched in Fig. 3, which consists of a compressor, a condenser, an expansion valve, and an evaporator. The
dynamic process of refrigerant includes: the saturated refrigerant vapor is compressed, increasing both
temperature and pressure. Subsequently, the working liquid is cooled by the water-refrigerant heat exchanger
of the condenser. Afterwards, before entering the evaporator, the refrigerant turns into two-phase fluid by
passing through the expansion valve. Finally, the refrigerant flows back to the compressor and the cycle is
finished.
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2 |: 1 Me
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Z 3 2 S
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c f S cooling
S D .
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Fig. 3. Thermal-dynamic process of simultaneous comfort floor cooling and domestic hot water.

The tested parameters are listed in Table 2.

The operation conditions are chosen as below,

1) Temperature control (by electric heater and adjusting valve in the shunting system)

2) Flow control (control system to adjust valve in each of the condenser and evaporator cycle)

Parameters setting listed as,

1) Inlet water temperature of the condenser: 30 °C, 35 °C, 40 °C, 45 °C, 48.5 °C;

2) Inlet water temperature of the evaporator: 22 °C~27 °C.

Experiments have been conducted on different combinations of cooling and heating temperature. Table 2
summaries the test cases.
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Table 2 Tested cases

Case No. Fc[méh]  Fe[m®h] T,[PC]  Tei[°C] CaseNo.  Fe[m¥h] Fe[m%h] T,[C] Tei[°C]
1 180.0 499.6 30.4 22.7 14 340.1 500.7 40.0 22.7
2 131.1 501.0 30.4 22.2 15 339.8 499.6 40.0 21.9
3 129.4 498.5 30.3 22.1 16 341.2 500.2 43.6 22.2
4 115.2 501.7 30.0 221 17 229.2 539.5 40.1 22.6
5 248.4 501.6 385 23.6 18 345.7 500.3 48.5 27.0
6 129.2 499.4 29.9 221 19 341.0 500.0 447 231
7 115.3 519.3 30.1 22.0 20 139.4 499.5 34.2 22.0
8 339.0 570.4 35.9 22.1 21 129.6 499.9 34.2 22.1
9 229.6 540.2 39.9 22.0 22 338.6 499.5 48.1 26.9
10 230.9 539.9 40.3 22.7 23 231.2 500.0 45.2 27.1
11 229.3 650.3 38.5 23.6 24 231.3 500.5 44.0 22.6
12 231.2 500.0 394 21.9 25 2315 230.2 429 35.4
13 140.1 500.6 341 22.0

3. Energy and exergy analysis method

3.1. Coefficient of performance (COP) of the heat pump

Due to the compressor heat loss, pipe heat loss, the temperature difference of heat transfer in evaporator
and the condenser, pressure drop, and several other irreversible factors, the actual COP of the heat pump cannot
reach the value of an ideal cycle. Therefore, the formula of the studied heat pump COP is,

Qc
COPheating = W (1)
Qe
COPcooling =W 2
Qc = Cpﬁlc (Tc,i - Tc,o) (3)
Qe = Cpme (Te,i - Te,o)' (4)

where Q, [kW] is the released heat of condenser/heat capacity; Q, [kW] is the cooling capacity of the
evaporator; W [kW] is the power of compressor; ¢, [k]/kg] is the specific heat capacity at constant of water;
m, [kg/s] is the water mass flow rate in the evaporator; m, [kg/s] is the water mass flow rate in the condenser;
T.; [K]] is the inlet water temperature of the condenser; T., [K] is the outlet water temperature of the
condenser; T,; [K] isthe inlet water temperature of the evaporator; T, , [K] is the outlet water temperature
of the evaporator; Figure 1 below is an example which authors may find useful.

The cooling and heating dual-effect coefficient of performance (COPy,,;) has been used to characterize the
efficiency of the system. The measure can be defined as the sum of the absolute values of heating and cooling
capacity divided by the input power,

|Qcool'ng |+|Qheating|
COPyyal = ! - (5)

The second-law efficiency of the heat pump at the dual-effect heating and cooling working condition,
Niaual Can be defined as [5],

COPgual

= 6

Midual COPgyal,ideal ©)
_ ’fc,w‘*‘?e,w

COPqualideal =7 7 » )
cwlew

where T,,and T,, are average temperatures of heat supply (hot water flow through the condenser and

chilled water flow through the evaporator, which are given by Eq. (8) and Eq. (9).

T _ hc,o_hc,i
Tew =3 oot ®)
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M he i_he,o
Tew = (9)

Se,i~Se,0

3.2. Exergy analysis

Compared to conventional energy analysis, the exergy analysis can accurately pinpoint the location of
inefficiencies and quantitatively characterize the thermodynamic imperfection of heat transfer process and the
possibility for thermodynamic development for heat pump system [6]. Thus, based on the typical
thermodynamic cycle of the studied dual-effect HP (Fig. 3 pressure—enthalpy diagram) an exergy evaluation
has been carried out corresponding to the exergy flow of each component. The measured quantities of the
refrigerant cycle in the present study are temperatures on condenser side and pressures on both sides. The
enthalpy value of the refrigerant at each state point (point Nr. 1, 2, 3 and 4, see Fig.3 ) can be calculated by
REFPROP 10.0 software [7] with the pressure and temperature data recorded in the testing process.

The exergy balance equations of the heat pump components were described in agreement with the work of
Rijs and Mroz [8] by
Ein - Eout = AEncomponent ’ (10)
where, E;, [kKW] is flux of exergy entering the studied thermodynamically open system; E,,. [kW] is flux of
exergy leaving the studied thermodynamically open system; AEcommnmt [KW] is the exergy loss and
destruction occurring in the component.

The exergy balance equations of each component can be calculated as,

AEcomp = Thr(hl - h’Z - TO(SI - SZ)) + W (11)
AEcond = Thr(hZ - h’3 - TO(SZ - 53)) + mccp(Tc,i - Tc,o - Toln %) (12)
AETXV = m,(hy — hy — Ty(s3 — 54)) (13)

Te,i
where, T, [K] is dead state temperature, (K); m, [ka/s] is refrigerant mass flow rate of the heat pump
cycle, (kgls);

AEevap = mr(h4 - hl —T (54 - 51)) + mecp(Te,i - Te,o - Toln (14)

The exergy efficiency of the heat pump system writes,

_ Euse
nEX - W+AEHS ! (15)
where
0 . T,
Euse = mch(Tc,o —Tc; — TolnTc_:: (16)

Te,i
E L
where 1., exergy efficiency of the heat pump system; E,.. [KW] is useable exergy, which is the physical
exergy of the heated water via condenser; AEys [KW]is exergy change flux of external heat source.

AEHS = mecw(Te,i —Teo — Toln (17)

3. Results and discussion
3.1. Uncertainty

The temperature, pressure, mass flow, and power consumption were measured using the instruments
specified in Section 2.1. The method proposed by Moffat [9] was used to calculate the maximum relative
uncertainties of the experimental data (Equation 18). The relative uncertainty of COP arising with respect to
the considered parameters are given by the following correlation [10],

1/2

2
o= [or (22 0x)] "
A T
6COPheating = [( m:) +2 (Tci—;co> ] (19)
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(20)

Energy balances have been calculated based on the measured data, all of them were within the acceptable
range. Thus, the measurements are reliable. Both water flow rate of condenser and evaporator were measured
by ISOMAG-ML210 electromagnetic flowmeter with an accuracy of +0.2 % and a range of 0 kg/s to 0.288
kg/s in the present study. The temperatures were measured by Type T thermocouples with an accuracy of
+0.5 °C. The range of condenser side temperatures is from 29 °C to 62 °C, thus, its maximum uncertainty was
1.6%; and for the evaporator side is from 15 °C to 36 °C. Thus, its maximum uncertainty was 2.4 %. The

maximum uncertainty in COPpeating and COPcooling Were 2.3 % and 3.4%, respectively.

Table 3 Tested results

No. Tei Teo Trei Treo Tei Teo Treo P Pe W Qc Qe COPheating COPcooling COPaua SH Sub  Tesat Tcsat tex Midual
unit °C °C °C °C °C °C °C bar bar kW kW kw - - - K K °C °C % %
1 304 489 706 445 227 173 18.0 13.1 4.4 113 3.89 3.16 3.43 2.79 6.23 6.0 53 120 498 148 20.1
2 304 569 77.0 463 222 168 17.6 151 44 1.13 4.04 3.15 3.57 2.78 635 57 90 119 554 194 25
3 303 57.0 774 446 221 16.7 178 151 44 1.13 4.02 3.14 3.55 2.78 6.32 6.2 109 116 556 193 25
4 300 60.0 80.3 449 221 16.8 179 16.0 44 116 4.01 3.11 3.45 2.67 6.12 6.2 129 118 579 20 253
5 385 527 742 484 236 181 189 143 45 115 410 3.19 3.57 2.78 635 6.1 50 128 534 212 256
6 299 56.3 759 46.8 22.1 16.7 178 149 44 113 3.97 311 3.51 2.75 626 6.0 82 119 550 186 24.2
7 301 59.6 775 493 22.0 17.0 151 159 45 1.16 3.95 3.00 34 2.58 598 28 84 123 577 196 246
8 359 46.7 673 40.8 22.1 17.0 149 128 4.4 113 428 341 3.78 3.01 679 30 79 119 487 181 243
9 399 552 731 463 220 17.0 13.8 153 45 1.18 4.09 3.11 3.47 2.63 6.1 1.2 98 126 56.1 228 279
10 40.3 554 744 488 22.7 17.7 149 153 4.6 1.15 4.05 3.09 3.53 2.69 622 19 72 130 56.0 232 279
11 385 542 73.0 498 23.6 19.3 16.6 148 4.7 116 4.20 3.26 3.6 2.8 6.4 25 50 141 548 22 259
12 394 53.6 70.3 505 21.9 169 133 146 45 115 3.81 2.90 3.32 2.52 584 11 37 122 542 209 259
13 341 574 733 519 220 17.1 138 155 45 12 380 2.85 3.18 2.38 556 11 47 127 56.6 193 237
14 40.3 50.2 67.9 48.7 227 175 13.8 138 45 1.15 390 3.05 34 2.66 6.06 14 32 124 519 201 249
15 40.0 50.0 72.1 47.6 219 16.6 16.4 13.7 44 113 394 3.07 3.48 271 6.19 48 38 116 514 204 26.1
16 43.6 534 75.7 50.5 222 17.1 16.7 148 44 116 3.89 2.98 3.34 2.56 591 46 43 121 548 228 27.7
17 40.1 55.0 76.2 504 22.6 17.8 17.2 150 45 1.16 3.98 3.05 3.42 2.62 6.04 45 49 126 553 223 269
18 485 58.7 80.7 57.0 27.0 21.6 214 169 50 1.24 410 3.12 3.29 25 5.8 56 32 159 603 26.1 27.2
19 447 546 77.0 523 23.1 18.0 17.7 153 4.6 12 392 299 3.28 25 577 47 37 130 56.0 233 273
20 342 583 783 504 22.0 169 16.6 15.6 4.4 1.16 3.89 2.96 3.35 2.54 589 45 65 121 569 207 256
21 342 60.0 79.8 51.3 221 17.1 16.7 16.2 45 12 3.88 294 3.24 2.45 5.7 45 7.0 122 583 209 254
22 481 585 80.2 56.7 269 215 213 168 50 12 411 3.13 3.44 2.62 6.06 53 34 160 601 269 282
23 452 60.6 812 569 27.1 217 216 172 51 121 415 314 3.42 2.59 601 54 40 162 609 263 274
24 440 583 795 541 226 17.7 174 162 46 12 3.84 288 3.21 241 562 45 44 130 585 242 281
25 429 59.3 804 55.6 354 226 24.6 16.7 53 123 442 3.43 3.6 2.79 639 7.0 40 176 596 249 225
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Fig. 4. Uncertainty: a) Energy balance, b) Refrigerant flow rate calculation deviation.
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3.2. Thermal performance

Under the proposed operation conditions of simultaneous cooling and heating the temperature of the hot
water stream is increased by the heat release from the condenser while cooling down the temperature of cold
water stream returned from the floor cooling system. The required temperature of the chilled/hot water differs
depending on the demand, and thus sets the operation parameters of the heat pump and determines their
efficiency.

Figure 5 summarizes the operation conditions of condenser and evaporator inlet and outlet temperature for
the 25 test cases investigated in this study. The colour coding is according to the COP,,, reached under these
operation conditions (See the colour bar at the bottom of Figure 5) . While Fig. 5a provides a complete
overview of the tests, subfigures b-d display specific groups which will be discussed in the following
paragraphs in a more detailed manner.
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Fig. 5 Operation conditions of condenser and evaporator inlet and outlet temperature for the 25 test cases.
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All cases displayed in Figure 5b have a low evaporator inlet temperature of 22 °C and an outlet temperature
of 17 °C in common. They differ in the water temperature lift on the condenser side. Case 8 exhibits the highest
COPy4,1 With a value of 6.79, which results from the low temperature lift from 35.9 °C to 46.7 °C in the
condenser. The lowest COPy,, is measured for case 21, caused by the high temperature lift from 34.2 °C to
60.0°C. Increasing the temperature from 30 °C to 60 °C (case 4) results in a higher COP,,,;. Both cases have
a similar pressure level in the compressor. The difference in COPy,, is mainly attributed to the lower
subcooling temperature reached in case 4 (12.9 K) compared to the subcooling temperature of 7.0 K in case
21. The same effect of the higher subcooling temperature is observed in a comparison of case 1 and case 3.
Although the condenser outlet temperature is significantly higher for case 3 (57.0 °C) compared to case 1 (48.9
°C), the COPy,,; is 0.1 points higher for case 3. Note the subcooling for case 3 is 10.9 K while this is only 5.3
K for case 1.

Figure 5c¢ illustrates a second subset of cases. Note that case 18 and 22 have almost the identical inlet and
outlet temperatures. Also all other measured quantities such as pressure and temperature levels are very similar.
Nevertheless, the measured value of the COP,,, Varies between 5.8 and 6.1, which is in the range of the
measurement accuracy (5% difference), mainly caused by the given accuracy of the measured power
consumption. Cases 11 and 25 both exhibit a high COPg,,;. In case 25, the evaporator inlet temperature is high
(35.4 °C) but also the evaporator outlet temperature is high (22.6 °C). The superheating in the evaporator is
7.0K at a saturation temperature of 17.6 °C. For case 11, the evaporator inlet temperature is 23.6 °C and the
outlet temperature is only 19.3 °C. Due to the low temperatures, also the superheating in the evaporator is with
2.5K low. The high efficiency is caused by the low temperature at the condenser outlet of 54.2 °C. It reveals
that a high temperature difference between condenser inlet and outlet temperature is beneficial for the COP
due to the increased effect of subcooling and the higher subcooling temperature that can be achieved.

All cases shown in Figure 5d have same evaporator drop of around 5 °C. The highest COPy,4iS measured
for case 10, caused by the high evaporator inlet temperature of 22.7 °C. Compared with case 15, case 10 has a
higher temperature lift from 40.3 °C to 55.4 °C, measured a lower superheating of 1.9 K and a higher
subcooling of 7.2 K, which results in a higher COP,,, of 6.22. Case 12 exhibits the lowest COPg,, with a
value of 5.84, which results from the lowest subcooling (3.7 K) among these compared four cases and the high
temperature lift from 39.4 °C to 53.6 °C in the condenser. Case 15 has a lower temperature lift from 40.0 °C
to 50.0 °C and a lower condenser outlet temperature (50.0 °C) than case 12, causing a high COPg,,, of 6.19.

Figure 6 summarizes the exergy and second-law efficiency under operation conditions of condenser and
evaporator inlet and outlet temperature for the 25 test cases investigated in the present study. The colour coding
is according to the exergy efficiency (n.x) /second-law efficiency (ny; qua;) reached under these operation
conditions. Exergy efficiency is obtained by dividing the useful exergy gained from condenser by input exergy
(Eq. (15)).

Exergy efficiency 2™-law efficiency
5T [ [ ' r26.9 | s ' ' [— 282
60 1 60 |
20.9 242
55 55
50 | 14.8 - 50 L 201

-
w

s
=]

Condenser Temperature [°C]
=9
u
.
(=]

Condenser Temperature [°C]

w
v
-
pry
w

=
{.-"’

25 - : : | 75 L . 1
10 15 20 25 30 35 40 10 15 20 25 30 35 40
Evaporator Temperature [°C] Evaporator Temperature [°C]
(@) (b)

Fig. 6. Effect of condenser and evaporator inlet and outlet temperature on exergy efficiency and second-law efficiency.
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Figure 6a shows an exergy efficiency distribution of the studied cases. Figure 6a shows that when the
evaporator water inlet temperature ranged from 21.9 °C to 35.4 °C, the exergy efficiency varied from 14.8 to
26.9 %. The exergy efficiency increases with the increase of heat source temperature, which directly reflects
the quality of the input energy. The decrease in the exergy efficiency is mainly attributed to the increase in
compressor power with superheating degrees. Although Case 25 has a higher heat source temperature in the
evaporator side, the temperature difference between inlet and outlet is also high. As the temperature difference
increases, the irreversibility of the heat transfer process of evaporator increases, which results in a higher
exergy loss corresponding a lower exergy efficiency than cases 18, 22 and 23.

The second-law efficiency of the simultaneous cooling and heating heat pump has been drawn in Fig. 6b
based on the experimental results. Second-law efficiency achieved its maximum value at 28.2 % corresponding
to a low temperature lift of condenser side and high temperature of DHW. Although the second law efficiency
also shows the irreversibility of the system, different from exergy efficiency discussed above, 7y gya Used
in the present paper takes the useful output of COPcaling into consideration, which is numerically higher than
exergy efficiency. Case 25 shows that the lower second-law efficiency (1 qua1) iS caused by a higher heat
source temperature, with a very high ideal COPqua such that 7y qua is significantly reduced to the
corresponding 22.5 %.

3.3. Exergy efficiency

The performance of operation conditions with different heat sink temperatures have been studied
experimentally. Mass flow rate of the comfort floor cooling water is fixed during testing these working
conditions (me= 0.138 Kkg/s). Figure 9 shows five different working conditions with different DHW supply
temperatures. The exergy and second law efficiency are highly influenced by the temperature of condenser
side. Thus, an increment of the DHW temperature produces an increase of the energy quality and therefore, an
increase of the efficiency. However, with the increase of DHW temperature, condensation temperature rises
gradually, which make the system COP drop correspondingly.

Figure 9 also shows the exergy destruction ratio of each component in the studied simultaneous heat pump
system. It can be found that the higher the temperature difference between inlet and outlet temperature of
DHW, the lower the compressor exergy destruction ratio. The higher the temperature lift in the condenser side,
the higher exergy destruction ratio of the condenser. The condenser side will be the potential component to
improve the performance by decreasing the temperature lift when the evaporator side is fixed.

80 9
’ 6dEcom ddEevap SddEexv 6dEcond |

75 i- < COPdllal_o_COPhealing+COPmuIing —Q0— T]H_._T]ex 18 T 30\0\?’
S70b T.=2°CT,=17°C O\o 1, 1 3
w T ] 125 &
-y ] T
=60 e 120 >
Al 13 3
S55 ] °
271 {4515 €
o 71 |1 O o
3 o D
S0 43 @
2151 B o 1% JyzT
o r @
310 F| 12 >
P fu
L I 15 ©

5 41 X
W © T Casel ase 4 ?ase 21 ase 10 |Case 14 w

0 [ " [ [ " | 0 O

" N |
3049 30~60 34=60  40*55 40-50
Case label T ;—~T,, (°C)

Fig.9. Effect of temperature difference on DHW side on heat pump system simultaneous performance.
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4, Conclusions

A prototype of a water-source heat pump for simultaneous heating and comfort floor cooling was built and

tested. Based on the experimental results discussed above, the main conclusions of the present study on steady
state behavior of the proposed BHP can be drawn as follows,

It can be found that the COPheating Value varies from 3.0 to 3.4 in the studied conditions, and the COPcooling
value ranged from 2.22 to 2.81. Test results showed that the cooling capacity ranged from 2.9 kW to 3.4
kW, heating capacity ranged from 3.8 kW to 4.4 kW.

The lower domestic water temperature and higher temperature lift in the condenser can achieve a higher
COPreating under the studied conditions with fixed cooling settings. A high temperature difference between
condenser inlet and outlet temperature is beneficial for the COPga due to the increased effect of
subcooling and the higher subcooling temperature that can be achieved.

For each cooling load, there exists a corresponding heating capacity area, which can be used to regulate
the system to operate at high efficiency. The highest dual-effect COP of the studied is 6.79. The second-
law efficiency of the simultaneous DHW heating and floor cooling can reach 28.2 % within the studied
range.

The next step is to do the study with ratio of simultaneous DHW heating and cooling needs into
consideration. System performance under non-synchronized DHW and cooling demands.
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Nomenclature

Symbols

COP Coefficient of Performance P Pressure (bar)

Cp Specific heat capacity (J/(kg- K) Q Energy capacity (kW)
DH District heating S Entropy (kJ/kg'K)

E Exergy flow (W) t Temperature (°C)

F Volume flow rate of water (I/h) T Temperature (K)

h Specific enthalpy (kJ/kg) 174 Compressor power (kW)
m Mass flow rate (kg/s) y Exergy destruction ratio
Subscripts

comp Compressor L Low

c Condenser 0 Outlet

d Exergy destruction P Production

e Evaporator r Refrigerant

ex Exergy sub Subcooling

ExV Expansion valve sup Superheat

f Forward sat Saturation state

F Fuel w Water

H High 0 Dead state

HS Heat source 1,234 State point

i Inlet I Second law

I loss

Greek Symbol

A Variation  (-) é Variation ratio (-)

7 Efficiency (%)
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