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Abstract

The application of an absorption-heat exchangers as transfer sub-station in a district heating grid can use the
temperature difference between the primary (up t0145 °C) and secondary supply temperature (ca. 70 °C) of
the circuits for subcooling the primary return temperature below the secondary one. This leads to the
advantages of increased heat capacity within an existing grid up to 30% at unchanged flow and temperature
inlet conditions on the one hand-side, and on the other hand-side, more renewables can be more easily
integrated. To proof the required temperature gap between the two supply temperatures to ensure a subcooling
of the primary return flow temperature below the secondary one has been experimentally investigated by a
small pilot-scaled absorption-heat exchangers (about 10 kW max) at the laboratory of AEE INTEC at different
inlet conditions. This analysis has shown that a subcooling up to 20.7 K is achievable between the return
temperatures with an AHX at highly primary supply and low secondary return temperatures as long the mass
flow of the secondary grid gets increased accordingly to the heat capacity increase.
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1. Introduction

In Austria, more than about a quarter of the entire population and numerous companies are currently
supplied of thermal energy by means of district heating (DH) [1], with a forecasted growing rate of 0.8%/anno
in average for the next 5 years. This increasing demand is currently being covered by investments in network
infrastructure and supply units. At the same time, however, a complete phase out of Gas (about 28% [1]) is
limited by the fact that a considerable proportion of renewables and waste heat cannot be integrated in
Austrians existing DH-grids based on not fitting temperature levels, which means that the temperature levels,
particular in the so-called primary circuit is still too high. A further advantage of a reduction of the used supply
temperature in the DH-Grid is the reduction of the distribution heat losses.

But for already existing heating networks - based on already installed pipelines, which means that the
diameters of the pipes are also fixed - the maximum possible mass flow (rn) is limited and thus also the
maximum possible heat capacity (Q) of the network is limited, according to Eq. (1). The limitation of  in
existing pipes is based on cavitation avoidance reasons, where the flow velocity cannot be increased so that
the local static pressure in the pipe does not fall below that of the saturation pressure. So, an increase of the
heat capacity could be only achieved, if bigger pipes would be installed. But this creates high investment cost
and long periods to refurbish the entire grid. To overcome this situation, the (primary) return temperature
(trpr) has to be lowered by a higher value than the (primary) supply temperature (tsp,-), in order to achieve
a bigger temperature-spread and thus ensure an increase of the heat capacity of the existing DH-grid, according
to. With a sufficiently high reduction of the return temperature, the supply temperature could also be reduced

" Gerald Zotter. Tel.: +43 650 891 819 5
E-mail address: g.zotter@aee.at.



14" |[EA Heat Pump Conference 2023  Paper 199

at a high value, which leads to a reduction of losses and significantly increases the possibility for the integration
of renewables, such as deep geothermal or industrial waste heat (compare Figure 1 to Figure 2).

Q=mx Cp * (tspr — trpr) 1)

Technologies such as electrically driven heat pumps and thermally absorption heat pumps (AHPS) are
widely used to improve the overall efficiency of different energy supply systems in different applications [3-
7]. The possibilities to use thermally-driven AHP in district heating and/or cooling grids are wide and cover a
broad spectrum for increasing the energy efficiency. According to Hu et. al (2020) [8] the absorption heat
exchanger (AHX) is one of the most commonly used technologies to improve performance of district heating
grids. In comparison to a conventional heat exchanger (HX) an AHX can use the exergetic potential (second
law of thermodynamics) based on the temperature difference between the supply temperatures (Atg p;/se) (Se€
Eqg. 2) to sub-cool tgp, below the return temperature of the secondary circuit (tgsg), which is the inlet
temperature of the on the secondary side of the TSS. This subcooling (ATsyp-g,pr/se, acc0rding to Eq.3) allows
the improvement of the DH-grid, as already mentioned above, and the reason to use an AHX. A detailed
explanation of the working principal of an AHX and a comparison to a HX are given in chapter Error!
Reference source not found..
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Figure 1: Schematic drawing of an old district heating grid | Figure 2: Schematic drawing of the optimized future district
supplied by Gas fired combined heat and power plants (CHP) | heating grid supplied only by renewables (geothermal, industrial
and biomass fired with a transfer-substation (TSS) with | waste & solar thermal heat, etc.), where the primary circuit is
conventional heat exchangers (HX) between primary and | operated at lower temperature levels of compared to the schematic
secondary grid with different temperature levels (145/56°C at | in Figure 1 by using absorption heat exchanger (AHX) instead of
primary circuit and 71/46°C at secondary grid) an HX as transfer-substation (TSS) (125/56°C at primary circuit
and 71/46°C at secondary grid)

So, using an AHX for transfer-subs-stations (TSS) instead of conventional heat exchangers (HX) are key
for lowering the temperature levels of already existing DH-grids. Although, AHXs have a high potential for
return flow temperature reduction of heating grids [9-10], those applications are still very rare in Austria. To
overcome that situation, within this work a small pilot-scaled AHX (of about 10 kW, see Figure 10) has been
experimentally investigated in detail at different boundary conditions at the laboratory of AEE INTEC.

2. Optimized transfer-sub-station

When a DH-grid is separated in circuits with different temperature levels (primary and secondary), the
circuits are connected via TSS using conventional HX (see Figure 3). Generally, the temperature levels in the
DH-grid depend on the ambient temperature. This is based on the fact that grid is operated by a weather-
compensating control for the supply temperature, where minima supply temperatures have to be ensured
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depending on a floating set value considering the weather conditions. For colder ambient conditions the supply
temperature has to be higher than for warmer days. For the design point of about -10°C ambient temperature
the supply/return temperature in the primary grid is about 145°C/58°C, where else on the secondary grid it is
about 70°C/45°C.

2.1. Using heat exchanger as TSS

As mentioned in chapter 1, from an energetical point of view the primary return temperature should be as
low as possible. The primary return temperature depends at that case on the arrangement of the HX (parallel-
or counter-flow) and the so-called pinch-point temperature difference (Atpp). Atpp is influenced by the heat
transmission coefficient (U) and the heat transfer area of the HX (A). This means for example that an increase
of A of about 40% (see Figure 3and Figure 5) could lower Atpp to the half and this raises Q of about 7% at
constant inlet conditions, as shown by a comparison of the- two t vs Q - diagram in Figure 4 and Figure 6.

Even if, the heat exchanger efficiency (n,see Eg.5) is mostly 100% as long as the heat losses (Qoss) are
neglectable, but a change of Atpp has an influence on the heat exchanger effectiveness (e, see Eq. 4) as well as
different inlet conditions concerning , c, and temperature. Based on the conditions shown in Figure 4 the
HX has an e of 0.9, where else the HX with the increased A has an effectiveness of 0.95.

actual heat transfer mpyxCp pR*(ts,pr—tRPr)

€= = 4)

maximal possible heat transfer |m*cp|min*(t5,pr—tR_se)

— QPT (_Qloss)
n 0, ®)

2.2. Using absorption heat exchanger as TSS

A (single-stage) AHP is driven by heat and consists of an evaporator, where heat gets absorbed from a cold
heat source (cold water). The vaporized refrigerant flow to the absorber, where the solution fluid absorbs the
refrigerant by rejecting heat to a mid-temperate heat sink (cooling water). The (refrigerant) rich solution gets
pumped over the solution HX (where sensible heat between the hotter poor solution and colder rich solution is
transferred) into the generator. The generator gets driven by heat from the hot heat source (hot water) to desorb
the refrigerant from the solution. The poor solution flows via a throttle and the solution HX back to the
absorber, where else the refrigerant flows to the condenser. The condenser rejects latent heat to the mid-
temperate heat source to fully condensate the refrigerant. The condensate gets expanded via another throttle to
the evaporator. Evaporator and absorber operate (if pressure losses could be neglected) at the same low-
pressure level. Condenser and generator operate (if pressure losses could be neglected) at the same high-
pressure level.

The AHX is a combination of an absorption chiller with an HX, as shown Figure 7, which is not used as a
chiller or heat pump, but as an exergetically optimized HX. As though, the hot water- (external heat transfer
fluid-circuit) is short-circuited with the cold water-circuit (external heat transfer fluid-circuit) of the absorption
chiller via the heat exchanger; this side represents the primary circuit of the AHX. For the secondary side, the
cooling water (external heat transfer fluid-circuit) gets partitioned between the HX and the absorber chiller via
the distribution valve (D-valve).

2.3. Analysis of TSS based on the second law of thermodynamics

The AHX is using the exergetical potential (ex..) of the otherwise unused big temperature gab between
the two supply temperatures (Ats py/s) to drive an AHP for subcooling tg p. below tg . in the evaporator
of the AHP. At the given boundary conditions, according to Figure 6, the HX offers a theoretical ex,,. of ca.
15% (Ta = 293.15 K) which could be used to operate an AHX (according to Eq. 6), but would be irreversible
wasted in a conventional HX. That potential is shrinking to zero when Atgp./s. is decreasing to zero:
However, this is a theoretical potential not covering the temperature glides. pressure losses, irreversibility in
each single heat exchanger etc. is not covered. However, as shown in Figure 8, which is based on an 0D
simulation model in EES [13] a subcooling (Atgup—gr pr/se) Of 21 K can be achieved by a first principal model,
with Atpp >3 Kin every single heat exchanger of the AHX. According to that, see Figure 8, the heat capacity
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could be increased of about 30%, in which the secondary mass flow has to be increased also of the same 30%
that the surplus of Q could be transferred without raising tsse- Thisisrequired to avoid that the ex,,. would
not be lowered, which is required to drive the AHX.

Furthermore, a detailed exergy analysis - based on the Gouy-Stodola-Equation, considering the different
entropy changes (see Eq. 7) on primary ("tpr * Asps) and secondary (Mise * Ass.) side - shows irreversible
exergy losses within the HX and AHX. This analysis shows that up to 30% of the irreversibility can be reduced
using an AHX compared to an HX (neglecting the pumps and each single pinch point temperature difference
from generator to evaporator). Within this exergetical improvement the AHX could achieve an € of 1.15. This
is only possible due to counter-clockwise rotated cycle is used within the AHX and the driving source comes
from the otherwise unused exergetical potential, as already mentioned. However, the exergetical efficiency of
the AHX is of course still below 1 and amounts to 0.93 for the boundary conditions listed in table 1.

Ex (Ts,pr=Ts,se)
eXpor = — = T, ———== 6
pot Q @ (Ts,preTs,se) (©)
dExI . .
—Tﬂ:Ta*[ZmSe*SSe — 2. Mpy * Spy | @)
_ Exin—EXirr
Uex - Q'E'xin (8)

Table 1. A comparison of the boundaries and efficiencies/effectiveness for HX and AHX

Transfer-sub- tspr trpr Mpy tsse tr.se e Q € Nex
station using (°C)  (C) (kgls) (C) (O  (kgls) (MW) - -
HX 145 52 16.1 71 46 62.5 6.3 0.95 0.91
AHX 145 25 16.1 71 46 77.4 8.1 1.15 0.93

According to Figure 8, the exergetical benefit of an AHX is that the high temperature level of the supply-
side of the primary circuit is used to drive the generator, where that high temperature level is required. All
pinch point temperature in the AHX is positive. The directly sub-cooling (ATsyp—g pr/se) happens in the
evaporator of the AHX. To count the energetical potential of an AHX not only ATs,;_g pr/se Should be
considered, but also the pinch point temperature difference which is required for a conventional HX. This
means that the entire temperature difference between the primary return temperature of a HX and an AHX is
in that particular case 27 K (compare Figure 5to Figure 7).
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Figure 3: Principal picture of a conventional heat exchanger (HX)
used as transfer sub-station (TSS) in a district heating grid (DH)
including temperature levels of external heat transfer fluids of
primary and secondary site
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Figure 4: Pinch point temperature difference (Atpp) in the

temperature vs. heat capacity — diagram (t vs. O — diagram) of a
transfer sub-station
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Figure 5: Principal picture of a conventional HX used as TSS in
a DH-grid including temperature levels of external heat transfer
fluids of primary and secondary site with 40% bigger heat
transfer area (A) compared to Figure 3
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Figure 6: t vs. Q — diagram of a 40% bigger HX compared to

Figure 5 lowering Atpp to the half and increasing @ of about 7%;
furthermore, also the big temperature difference between the
supply temperature of the primary circuit
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Figure 7: Principal picture of an absorption heat exchanger
(AHX) consisting of an AHP and a HX and a distribution valve
(D-valve)
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Figure 8: t vs. 0 — diagram of all heat exchangers of an AHX
and an increased Q of about 30%; furthermore,
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From a thermodynamical point of view, an

AHX can be seen as a combination of a Rankine - .

cycle and comp_ression chil!er, as s_hovv_n _in Figure o145 (;Iq HX 78 °C
9. Thg supply side of _the primary circuit is used_ as ! T g WE—
heat sink of the Rankine cycle and the supply side I

of the secondary circuit is used as its heat sink. \

The electrical power produced by a Rankine cycle | 25°C

is used to drive a Perkins/Evans cycle, where the . [ —
return-side of the secondary circuit is used as heat )

sink and the return-side of the primary circuit is boneone - Secondary
used as heat source. So, an AHX is a combination Primary Circuit
of a HX and a clockwise- and counterclockwise Circuit

rotating thermOdynam'caI_ cycles, where exergy Figure 9: Principal drawing of a combination of a Rankine Cycle and
fluxes are used regarding its temperature levels.  a Perkin/Evans Cycle to sub-cool the return temperature below the
one of the

3. Test bench of the pilot-scaled AHX

Within this work a pilot-scaled AHX was designed and set up as a comblnatlon of an AHP (absorptlon
chiller: single-stage chiller with solution HX, ; i
available on the market with a nominal cooling
capacity of 15 kW, see Figure 9 in orange) and a
plate-HX (see Figure 9 in green, with A of 2.46 m2),
in a counterflow arrangement. The working pair
used in the AHP was water/Lithium-Bromide (H»O-
LiBr). As shown in Figure 10, the AHX been
equipped with the required measurement equipment
and integrated into the infrastructure of the
laboratory of the AEE INTEC (blue-marked)
consists of a heat-sink/-source system, and analyzed
at different operating conditions. For that, the
primary inlet (“supply”) and the secondary inlet
(“return”) temperature and as well as volume flow & ‘
ratio between primary and secondary site has been  Figure 10: Picture of the AHX test bench at AEE INTEC, consist of
varied, as well as the secondary distribution ratio @an AHP (in orange) and a HX (in green) integrated in the
(see table 2). All energy fluxes have been measured Mrastructure of the laboratory
at internal AHX cycle as well as on the external
primary and secondary circuits. After calibration of the measurement equipment the uncertainties of the
temperature sensors amount only + 0.2 K, of the volume flow meter only about + 0.5% of the measured value.

At that point it has to be mentioned, that regarding safety reasons thermo-oil was used as heat transfer fluid
for the primary side instead of pressurized hot water (up to 20 bar, avoiding cavitation for 145 °C). This had
in influence on lowering the possible heat capacity
of the tested AHX down to max. 10 kW. [CYARES $FLIR 59.6°C AASFLIR
Particularly, the differences between heat transfer ‘
coefficients (HTC) and specific heat capacities (Cps)
of the two fluids must be taken into account. In
addition, the energy balance was drawn for
stationary points and the corresponding heat losses
were analyzed, see. The convective and radiative
heat losses were evident (of about 10%) due to the
lack of thermal insulation, but could be balanced
out for the analysis.

However, to simplify the data collection
parameter for the ratios of volume flows, as Figure 11: Infrared photograph of the evaporator-absorber reactor
mentioned above, has been determined. So, the (left) and the condenser-generator reactor (right); to determine the
ration of volume flows between primary and heat losses [14]
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secondary circuit is called general volume flow ratio (GVR, see Eq. 9)- and the ratio between the secondary
volume flow through the HX and the AHP is called secondary volume flow ratio (SVR, see Eq.9)

GVR = Vse )
Vpr
— Vsenx
SVR = - 9)
VseAHX

Table 2. Parameter (and values) for measurement matrix of AHX

Name of parameter Values Measurement uncertainties

tgp, in°C 145, 125, 105 +02K

tpse In°C 38, 44, 50, 56 +02K

Ve, inm3h 250 + 0.5% of the measured value
GVRin - 3,45,6 + J CC i Y+ C ) )
SVRin - 2,05,0.2 i\]((”“’"“‘"‘x /% Yo (oo /) )

4. The measurement results

Within this experimental analysis the maximal possible subcooling (tgs. — tzpg) Within the pilot-scaled
AHX has been investigated in detail, according given boundaries in table 2. Covering all the different variants
by changing that parameter as shown in table 2, the measurement matrix consists of 36 different measurement
points. Each individual measurement point was recorded dynamically and when the external temperatures and
volume flows as well as the internal (high and low) pressure levels settled to a stable asymptote, the steady
state was evaluated. In those experimental investigations, the transient behavior of the AHX was also
determined, but this is not the subject of this paper.

Figure 12 shows the subcooling of the primary return temperature below the secondary one (tgse — tr pr)
depending on primary supply temperature at different tg g, and constant Vp0f 250 m3/h; GVR of 4.5 and a
SVR of 0.2. The highest (tgse — trpr) Can achieved at high supply temperatures on the primary circuit and
low return temperatures of the secondary circuit.

However, high (tps. — tzpr) hasbeen measured also 20
at higher tz s, up to 56 °C, as long as tgp, is high. A 38°C
Furthermore, even at a low tgp, of 105 °C a sub- | = '® [ T
cooling of about 12 K could be measured as long as | = 16 | ¥
trse IS Not warmer than 44 °C. No sub-cooling could = o0
” . . = 14 F z
be achieved at low tgp,- and high tz . 'y 7
Figure 14 shows the subcooling of the primary | & 12 ¢ ¥ e

return temperature below the secondary one (tR‘Se - 10 i ; ; | | |
tR,PR) depending on GVR at different SVR and 95 105 115 125 135 145 155
ConStam.Vpr 0f25.0 me/h; trse Of 44°C. For higher Figure 12: Subcooling of the primary return temperature below
sub-coollng_the_ratlo between volum_e flow rate _of the  the secondary one (tys. — ts px) depending on primary supply
secondary circuit to the one of the primary circuits has  emperature at different tas and constant V, = 250 me/sh;
to be high. The same is valid for the SVR, as shown in  GVR =45, SVR=0.2

the Figure 13. Figure 13 shows the sub-cooling of the

primary return temperature below the secondary one

(trse — trpr)depending on SVR at different tys. and constant Vp, of 250 m¥h and GVR of 6. As more
volume flow rate passes the AHP as higher is the sub-cooling. There is a limitation based on the required pump
power and on the heat which has to be transferred of the HX to cool down the primary circuit coming from the
generator and before entering the evaporator. Furthermore, within this investigation room for improvements
has been detected regarding thermal insulation of the AHP, the internal control of the solution pump and the
throttles, as well as on changes by the cycle of the AHP itself, like connecting the absorber and the condenser
not in a serial but in a parallel arrangement.
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Figure 13: Subcooling of the primary return temperature below the  Figure 14: Subcooling of the primary return temperature below the
secondary one (tgs. — tz pz)depending on SVR at different ¢, ¢, and ~ secondary one (tgs, — tgpz) depending on GVR at different SVRs
constant Vp, = 250 m¥h and GVR of 6 and constant Vp, = 250 m3h; tgg, =44°C

5. Conclusions

The application of an AHX as a TSS in a DH-grid can use the temperature difference between the primary
(up to145 °C) and secondary supply temperature (ca. 70 °C) of the circuits for subcooling the primary return
temperature below the secondary one. This leads to the advantages of increased heat capacity within an existing
grid up to 30% at unchanged flow and temperature inlet conditions on the one hand-side, and on the other
hand-side, more renewables can be more easily integrated. As shown in this work, this is based on the fact that
the exergy losses could be reduced by about 30% compared to a conventional HX and the heat capacity could
be extended of about 30%. Furthermore, an AHX offers that the heat exchanger effectiveness could be
increased to 115%, but the exergetical efficiency is of course still below 1 (0.94 at the same boundary
conditions). However, this exergetical potential for optimization depends on the difference between the supply
temperatures of the primary and secondary circuit. If the supply temperature of the primary circuit is close to
the one of the secondary side no driving potential for subcooling the return temperature is available.

Considering that, within this work an experimental investigation of an AHX was covered and described in
order to analyze its performance as a TSS being considered in DH-grids. The main focus was on the subcooling
performance of the return temperature of primary circuit influenced by the difference between the supply
temperatures of the primary and secondary circuits. For this research, an AHX at pilot-scale was designed,
consist on a H.O-LiBr - absorption chiller, available on the market (nominal cooling capacity of 15 kW) and
the plate heat exchanger with a heat transfer Aera of (2.46 m2) and integrated in the test facility of the laboratory
of AEE INTEC. The test rig was driven by various temperature and mass flow inlet parameter variations in
order to analyze the optimal operating points, the limitation for subcooling based on the minimal required
difference between the supply temperature on steady-state points as well as to investigate the transient behavior
of the AHX and explore a fit ting control strategy regarding the mass flow distribution. Energy balancing was
also carried out to determine the heat losses or inputs from the ambience.

The results of the experimental measurement series show that a high primary supply temperature, a low
secondary return temperature and a high secondary-to-primary mass flow rate are required for a high
subcooling performance. The partitioning of the secondary mass flow between the absorption chiller and the
heat exchanger also had an effective effect, with a high mass flow through the chiller increasing subcooling.
At tspr of 145 °C and trse 0f 38 °C, a SVR of 0.2 and GVR of 6 the highest subcooling with 20.7K could be
achieved within the pilot scaled AHX. But even under suboptimal conditions, like low primary supply
temperatures of 105 °C the AHX subcooled the primary return temperature below the secondary of 12.4K, but
for that a low return temperature on the secondary side below 44 °C is required. For tr se higher than 50 °C a
minimal tspr of 125 °C is required.

Furthermore, the measurements have underlined the theoretical considerations about the exergetical driving
potential that can be used by the AHX. Namely a big difference between the supply temperatures between
primary and secondary circuit is required to sub-cool the return temperature at its most. This means that, for a
constant mass flow of the primary circuit, the temperature spread has to increase by raising heat capacity of
the AHX. Therefore, the mass flow on the secondary side must also be increased so that the heat capacity can
be increased without increasing the supply temperature on the secondary circuit, that the exergetical driving
potential stays constant. So at higher GVR a higher sub-cooling (ATsuw-rprse) could be achieved within the

8



14" |[EA Heat Pump Conference 2023  Paper 199

AHX. In addition, a distribution valve is needed on the secondary side so split the secondary volume flow
between a part which flows through the AHP and through the HX (SVR). This experimental investigation
shows that if more volume flow rate flows through the AHP part of the AHX the sub-cooling (ATsub-r.prise)
raises.

In conclusion, an AHX have high potential avoiding exergetical losses in a transfer-sub-station of a DH-
grid and therefore the heat capacity in existing DH-grids could be increased, particular if renewables like deep
geothermal heat or solar heat is used for suppling it.

6. Outlook

The experimental investigation of an AHX shows a high potential for reducing the primary return
temperature of district heating networks and thus also a high replication potential for other substations, which
can thus contribute to the increased use of exclusively renewable energy sources in DH-grids in Austria and
Europe. This potential is based on the reduction of the return temperature, as this can also reduce the flow
temperature, and thus renewable such as 'deep geothermal energy, solar thermal energy' and regenerative such
as waste heat can be integrated much more efficiently into the grid. However, a necessary reduction of the flow
and return temperatures on the secondary side must also be provided.

However, a necessary reduction of the flow and return temperatures on the secondary side must also be
provided. Ergo, suitable measures must also be provided for the end user, such as for example surface heating,
building mass activations, sufficiently large house transfer stations, etc.

But before that, from a technical point of view, it is important to convert results that are partly related to
thermal-oil, which was used as heat transfer fluid for the primary side should be transferred to pressurized hot
water. The measured values have to be transformed considering the higher cp and HTC of water compared to
thermo-oil on the primary side. Before the AHX is used in full-scale as a transfer substation, an optimized
flow-layout, such as parallel connection of condenser and absorber, use of a multi-chamber machine and a
corresponding control strategy for the distribution between secondary mass flow by the absorption machine
part and the heat exchanger part has to be investigated in detail.

From an economical point of view, a further dynamic year-round simulation is essential for the economic
evaluation in order to determine by how much the primary return can be supercooled. However, the economic
consideration also requires a precise analysis of the supply side used. Especially renewables such as geothermal
energy are extremely interesting; because by lowering the return temperature at the same flow rate, more heat
can be drawn from this regenerative source free of charge. But, also the bigger packing and the issue with the
required space of an AHX has to be considered. A planned demonstration of this integration concept of an
AHX into a DH-grid shows high replication potential for other TSS, which can therefore contribute to the
increased market penetration of these systems in Austria and Europe.
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Nomenclature

A heat transfer area of the heat exchanger tspr primary supply temperature
AHP absorpt!on heat pump tsse secondary supply temperature
AHP absorption heat exchanger U heat transmission coefficient
COP coefficient of performance 1% volume flow rate
Cp (isobaric) specific heat capacity Voy volume flow rate on the primary circuit
BH | g!s:r!gt ?_eatlngl Ve volume flow rate on the secondary circuit
-valve Istribution valve Vso nx volume flow rate through HX on the secondary
EER energy efficiency ratio ’ circuit
Ex exergy flux .
gy . . Vse anp volume flow rate through AHP on the secondary
€Xpot exergetica potential ’ circuit
Ex exergy flux TSS transfer-subs-stations
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EXiyy exergy losses s entropy
GVR general volume flow ratio SVR secondary voume flow ratios
HTC heat transfer coefficient ATpp pinch-point temperature difference
m mass flow rate AT pr/se difference of supply temperatures
Q heat capacity, heat flux ATsyp-rpr/se  SUbcooling: difference between secondary and
Qpy heat flux emitted from the primary circuit primary return temperature
Qs heat flux absorbed to the secondary circuit Asp, entropy change on the primary side
Tt temperature (K, °C) Asge entropy change on the secondary side
T, ambient temperature € heat exchanger effectiveness
trpr primary return temperature n heat exchanger efficiency
trse secondary return temperature MNex exergetical efficiency
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