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ABSTRACT 
 

Heat pumps for space heating and domestic hot water (DHW) supply have great potential for decarbonizing the 

building sector. In the European Union, the F-Gas Regulation on fluorinated greenhouse gases aims to reduce the 

use of HFC refrigerants. Natural refrigerants, especially R290, offer great potential for efficient operation, espe-

cially for heat pump applications. Heat pumps are available in a wide range for single-family houses (SFH) and 

small multi-family houses (MFH), therefore houses in urban areas are the focus of developments. In these areas 

the use of an air/water heat pump is not always possible due to the often dense population, the noise restrictions 

or the limited available space. For this reason, Fraunhofer ISE is investigating the combination of heat pumps and 

Photovoltaic thermal hybrid solar (PVT) collectors as a heat source.  

The focus of this article is the heat pump system with the refrigerant cycle, the water storage tank, the heating, 

and the DHW circuit. An alternative concept is presented in comparison to the standard heat pump systems for 

heating and DHW. The goal of this system is to produce the DHW during normal heating mode without a special 

DHW mode. Particular attention is paid to the condenser of the heat pump, which can be designed as an immersed 

or mantle heat exchanger. The use of R290 makes the charge of refrigerant in the heat pumps a design criterion. 

Therefore, a detailed thermodynamic model of the heat pump is developed with the program language Modelica. 

The compressor and evaporator are fitted with data from the manufacturers to achieve realistic simulation results.  

The simulation results are used to design the condensers and to compare the two types with each other. The design 

parameters are the coefficient of performance (COP), the achievable DHW temperature in the upper part of the 

storage tank and the refrigerant mass.  

 

1. INTRODUCTION 
 

Heat pumps are gaining importance worldwide and in parts of Europe heat pumps are already the dominant solu-

tion for heating buildings. This article presents a heat pump storage concept that can generate domestic hot water 

(DHW) and space heating (SH) at the same time. In buildings, thermal storage tanks are used to store hot water 

(DHW or heating water) and can thus compensate load shifting. In conjunction with heat pumps, there are ad-

vantages in terms of operation, for example the number of start-stops can be reduced (Heinz et al., 2016). Moni-

toring results have shown that the DHW demand for single-family homes amounts to 5-30 % of the heat demand. 

The proportion depends on user behavior and the number of people, but also on the energy efficiency of the 

building. As the efficiency of the building increases (better insulation), the proportion of DHW increases, making 

the preparation of it more important (Günther et al., 2020). In general, two different storage tanks are installed, 

one for DHW and one for space heating, which are hydraulically connected to the heat pump. One way to reduce 

the installation effort is to use a combined storage tank that stores heat for both space heating and DHW. Heat is 

stored at DHW level in the upper part of the storage tank and at space heating level in the lower part. The storage 

tank is charged via hydraulic installations with 3-way valves and a circulation pump, which charges the upper or 

lower part as required (Haller et al., 2014).  
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2. SYSTEM DESCRIPTION 
 

Figure 1 shows the system diagram of a conventional heat pump with a plate heat exchanger as a condenser, a 

combined storage tank, and the corresponding hydraulic components (3-way valves and circulation pump). When 

using a heat pump, a high-volume flow rate is required for charging the zones compared to fossil heat generators 

to keep the temperature difference across the condenser low and to achieve the highest coefficient of performance 

(COP) of the heat pump. However, the high-volume flow can lead to the stratification in the tank being destroyed 

i.e., the mixing between the DHW zone with higher temperatures and the space heating zone with lower temper-

atures. This would destroy the effect of the combined storage tank and special installations would again be re-

quired to preserve the stratification (Lerch et al., 2014). Heinz et al. (Heinz et al., 2016) consider another heat 

pump system with a combined storage tank in which the condenser is integrated as a coil heat exchanger in the 

storage tank. This approach is taken up and is further developed. Figure 2 shows the alternative heat pump storage 

concept that is being investigated in detail. The initial results from the simulation of the stationary processes in 

the system are presented in this paper. Compared to typical heat pump storage concepts, the condenser is inte-

grated directly into the storage tank. Accordingly, refrigerant lines lead from the storage tank to the heat pump, in 

contrast to the usual hydraulic lines (Figure 1). 

 

 
Figure 1: Conventional heat pump with combined 

storage tank and hydraulic connections (blue) 

 
Figure 2: Alternative heat pump storage concept 

with condenser integrated into the storage tank 

 

Figure 3 shows the detailed alternative heat pump storage tank concept. Two consumer circuits are connected to 

the tank, DHW at the top and space heating at the bottom, allowing the tank to be divided into two zones. In the 

upper zone, water is to be stored at a temperature level for DHW (55 °C – 70 °C), which is supplied hygienically 

via a heat exchanger. The lower zone is used to store space heating (30 °C – 55 °C). The tank concept uses the 

effect that warm water has a lower density than cold water and therefore collects in the top of the tank. The upper 

area of the tank is only used for DHW preparation, for which heat is extracted from the top part of the tank via 

the plate heat exchanger as required and reintroduced at the bottom of the tank. In this way, the DHW is only 

heated when it is actually needed. 

 

The heat pump should have a heating capacity of 10 kW at operating point B0W35. Figure 3 shows an example 

of the operating point and illustrates the advantage of the concept. The refrigerant is compressed in the compressor 

and enters the condenser in the tank superheated at a temperature of around 70 °C, transfers the heat to the water 

in the upper part of the tank and thus heats the DHW. The refrigerant then condenses at 40 °C and heats the space 

heating water. In the lower part of the condenser, it is assumed that the refrigerant is subcooled by 5 K. This means 

that if there is a constant heat demand from the building, domestic hot water can be produced in parallel without 

a special DHW mode. 

 

The storage tank has a volume of 780 l, of which approx. 320 l is for the DHW zone and approx. 460 l for the 

space heating zone. The tank has a diameter of 770 mm and a height of 1900 mm. The designed heat pump should 

have a maximum heating capacity of 14 kW at max. compressor speed and a nominal heating capacity of 10 kW, 

for which a variable speed-controlled 42cc compressor was selected. 
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Figure 3: Heat pump storage concept at a typical operation point 

 

The condenser being integrated in the storage tank has the advantage that no additional hydraulics are required to 

load the storage tank. This could save time when installing the heat pump in the building. Another advantage is 

the loading of the storage tank; heat is fed directly into the storage tank at the required point and the concept of a 

simple combination storage tank can therefore be implemented without complex storage tank installations such 

as stratification diverters or separators. Furthermore, an increase in efficiency is expected during operation in the 

building if the heat pump provides both space heating and DHW. 

 

As part of the research project (HPPVT40), two different condenser storage tank concepts are being investigated. 

The efficiency of the heat pump, the refrigerant charge, the target temperatures in the storage tank and the heat up 

time of the tank are to be investigated using simulations and experiments. The design and thus the technical im-

plementation of the concepts are also the focus of the investigations. 

 

As the refrigerant R290 is to be used, reducing the charge is an important design criterion for the entire concept. 

To achieve this, the internal volume of the heat exchanger should be as small as possible but the external surface 

area as large as possible. A large external surface area fully compensates for the expected lower heat transfer 

coefficient during free convection. As part of a market research, various suppliers were compared with each other 

regarding the available geometries of finned tube heat exchangers. Figure 4 shows one example. A finned tube 

with an internal diameter of 6.5 mm, a fin height of 5 mm and a heat transfer surface of 0.197282 m²/m was 

selected. This is intended to increase the external surface area while reducing the internal volume of the condenser. 

 

The second condenser storage tank option is a heat exchanger that is attached to the outside of the storage tank 

(mantle heat exchanger), whereby either a tube is wrapped around the storage tank mantle (Deutz et al., 2018) or 

an additional self-contained jacket is attached (L. J. Shah, 1999). These variants are used for storage tanks up to 

a volume of 800-1000 l, as otherwise the heat exchanger surface area is limited in relation to the storage tank 

volume and a heat exchanger installed in the storage tank is more advantageous (L. J. Shah, 1999). The disad-

vantage of such systems, however, is that there is an additional thermal resistance between the heat exchanger and 

the storage tank mantle. For this reason, the heat exchanger is to be integrated directly into the mantle as a pillow-

plate heat exchanger as part of the innovative approach. Pillow-plate heat exchangers are mainly used in process 

technology as bundles in containers or in food technology as container walls (Tuber, 2018). An exemplarity design 

of the technology is shown in Figure 5. In cooperation with a heat exchanger manufacturer, a corresponding 

concept was developed, which provides a heat exchanger with the dimensions [2420 x 1500 x 4] mm and simul-

taneously functions as a storage mantle and condenser. For this purpose, two stainless steel plates were placed on 

top of each other and joined by laser welding. The flow paths were defined and then "inflated" using compressed 

air. 
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Figure 4: Example of a finned tube heat exchanger 

(LASERFIN Rippenrohre - Schmöle, 2024) 

 
Figure 5: Example of a Pillow-Plate (BTH Im-

port Stal, 2020) 

 

3. MODELING OF THE SYSTEM 
 

Modelica, the object-oriented programming language in Dymola is used to model the heat pump and the storage 

tank. The Modelica standard library (version 4.0.0), the external database TIL-Suite (version 3.13.0) and the add-

on HeatStorage (version 3.13.0) from TLK-Thermo GmbH (“TIL Suite,” 2023) are used. The existing component 

models were adapted and the fluid property data of the refrigerant R290 based on the external library Refprop 

(version 10.0). Since the explanations in this paper focus on the condenser storage tank system, the approach to 

the simulation of the other components is only briefly describe. The aim of the simulation is to map the condensor 

with regard to refrigerant charge, thermal performance and achievable temperatures in the top of the tank for 

DHW. 

 

3.1 Compressor  
The compressor model of the TIL-Suite requires the specification of the volumetric efficiency, the isentropic 

efficiency, and the effective isentropic efficiency (taking into account the electrical efficiency). These key figures 

are determined from AHRI coefficients provided by the manufacturer for various speeds for the used compressor. 

The AHRI coefficients can be used to map the operating behavior of compressors and are also used to calculate 

the mass flow of the refrigerant, the electrical power to be applied by the compressor and the heating capacity of 

the system (Prosser, 2020). The electrical power, mass flow and heat output are linearly interpolated between the 

given compressor speeds. 

 

3.2 Evaporator 
The evaporator is designed as a plate heat exchanger. A 35% ethylene glycol/water mixture is used as the second-

ary fluid, as negative evaporation temperatures can occur. To map the number of plates and the properties of the 

evaporator as accurately as possible, manufacturer data (geometric data and performance points) were fitted. The 

correlations according to Longo et al. (Longo et al., 2015) are used to calculate the heat transfer. The heat transfer 

and pressure loss of the secondary fluid were modeled with the correlations from the VDI Heat Atlas (Stephan et 

al., 2019). The simulation results showed that the COP is no longer strongly influenced above a plate number of 

34. In addition, the evaporator should not be oversized due to the choice of refrigerant. 

 

3.3 Condenser and Storage Tank  
The condenser with storage tank is modeled in two versions (finned tube heat exchanger and mantle heat ex-

changer) With the HeatStorages add-on from TLK-Thermo GmbH. It is modelled one-dimensionally with a dis-

cretization over the height (see Figure 6). Each layer/cell “i” has the same volume and is assumed to be fully 

mixed. There is no radial temperature gradient in the model. Figure 7 shows the liquid state in a storage cell i 

(Liquid) with the two heat exchanger options. The condenser is modeled as a tube in both cases. Depending on 

whether the mantle (left tube) or finned tube (right tube) condenser is to be considered, the other one is deactivated 

in the code. Heat is transferred between the medium in the storage tank and the condenser via the HeatPort (red). 

Each storage cell has a LiquidPort (blue) and HeatPort to the cell above and below for energy and mass conser-

vation. 



 3252, Page 5 
 

8th International High Performance Buildings Conference at Purdue, July 15 – 18, 2024 

 

Figure 6: Discretization of the storage tank in i=n 

cells over the tank height 

 

Figure 7: Modeling the tank cell with TIL-Suite  

 

Using the TIL Suite, Deutz et al. (Deutz et al., 2018) investigated a Heat Pump Water Heater (HPWH) with air as 

the source and a 200 l storage tank for DHW with a mantle heat exchanger as a tube wrapped around the tank 

mantle with a length of 73 m and a diameter of 8.5 mm. Among other things, they concluded that a 1D-modeled 

storage tank provides sufficiently accurate results. They compared their modeled system with own experimental 

results and came to the result that the overall mean relative percentile error in instantaneous COP during heat up 

of the storage tank is 2 %. The deviations in the transient behavior were +/- 10 %. Hiris et al. (Hiris et al., 2022) 

analyzed the thermal behavior of a seasonal storage tank for solar district heating. For this purpose, they also 

modeled the storage tank one-dimensionally, assumed ideal mixing and compared the results with measured val-

ues from the literature. The storage tank had a volume of 22’829 m³ and storage temperatures between 30 °C and 

90 °C were considered. They concluded that the difference between the temperatures predicted by the model and 

the actual temperatures was less than 2.35 K. Heinz et al. (Heinz et al., 2016) modeled a heat pump storage tank 

combination whereby the storage tank, with a volume of 685 l was also modeled one-dimensionally. The mean 

square error in the storage tank temperature between simulations and measured values was <1 K, which is why 

they came to the conclusion that the 1D approach provides reliable results. The literature research showed that a 

1D-modeled storage tank provides sufficiently accurate results, which is why the 1D approach is also being pur-

sued for this research project. 

 

3.4 Finned Tube to Water Heat Transfer  
As described the internal heat exchanger is designed as a finned tube with an internal diameter of 6.5 mm to 

achieve the lowest possible refrigerant charge and a fin height of 5 mm, to achieve a larger surface area on the 

outside compared to a smooth tube.  

Relatively few research results are available in the literature on the free convection of water on finned tube sur-

faces. Thess and Kaiser (Thess & Kaiser, 2019) also describe the sparse data on natural convection around hori-

zontal finned tubes in the VDI Heat Atlas (Stephan et al., 2019), but they derive a Nusselt correlation (Nu) shown 

in Equation 1 from the available data. The parameters are the Rayleigh number Ra, the fin pitch b and the core 

tube diameter d. The sum of the core tube diameter and the simple fin height serves as the characteristic length 

for the heat transfer coefficient.  

Nu = 0,24 ∗ (Ra ∗
𝑏

𝑑
)

1
3 (1) 

 

The average surface temperature of the core tube is used to determine the Rayleigh number. The equation was 

developed from measurement data for air, which is in contrast to the application with water. It is valid in the range 

of 103 < Ra < 107. Berkel et al. (Berkel et al., 1984) investigated the free convection on a horizontal finned tube 

in water and formed a Nusselt correlation, which, however, is only valid for the two finned tubes under consider-

ation. For this reason, the Nusselt correlation according to Thess and Kaiser (Thess & Kaiser, 2019) is used 

(Equation 1). 

 

3.5 Mantle to Water Heat Transfer  
The defined channels of the mantle heat exchanger are integrated as meanders over the entire height of the tank 

mantle. The distance between the channels is 16.5 mm. The literature often refers to two correlations for calcula-

tion of the heat transfer between the tank mantle and the storage medium. The correlation according to Churchill 

and Chu (Churchill & Chu, 1975), which can also be found in the VDI Heat Atlas, is widely used. The mantle 

height serves as the characteristic length for Ra. 

 



 3252, Page 6 
 

8th International High Performance Buildings Conference at Purdue, July 15 – 18, 2024 

Nu = (0.825 +
0.387 ∗ Ra1/6

(1 + (0.492/Pr)9/16)8/27
)

2

 (2) 

 

The correlation according to Shah (L. J. Shah, 2001) was developed specifically for a solar storage tank with a 

mantle heat exchanger, but only in conjunction with a storage tank volume of 170 l. The storage tank considered 

in this work has a volume of 780 l and is therefore significantly larger, which is why the correlation according to 

Churchill and Chu is used. The area on the tank mantle where there is no channel still functions as a heat ex-

changer. This area is assumed to be a fin of the pillow plate concept, therefore the efficiency 𝜂𝑅 according to VDI 

Wärmeatlas (Stephan et al., 2019). The heat transfer coefficient α on the mantle is calculated with the Nusselt 

correlation from Equation 2, the thermal conductivity λ of the tank material, the material thickness 𝑠, and the fin 

height ℎ are used. 

 

𝜂𝑓 =
tanh(𝑚 ∗ ℎ)

𝑚 ∗ ℎ
 (3) 

with 

𝑚 = √
𝛼

𝜆 ∗ 𝑠
 (4) 

 

3.6 Heat Transfer in the Condenser  
In the condenser, the refrigerant changes its aggregate state from gas to liquid. Depending on the state of the 

refrigerant, different correlations are used for heat transfer: The single-phase heat transfer is calculated in the 

range of 2300 < Re < 10000 according to Gnielinski's and in the range of Re > 10000 according to Dittus-Boelter, 

both equations can be found in the VDI Heat Atlas (Stephan et al., 2019). The condensation model according to 

Shah (M. M. Shah, 1979) is used for condensation in the coiled tube, as the model has a wide range of validity for 

horizontal, vertical and inclined tubes. Ye and Li (Ye & Li, 2019), for example, investigated a DHW heat pump 

(HPWH) and modeled the two-phase heat transfer according to Shah (1979), but assumed a 1.16 - 1.43 times 

higher heat transfer coefficient compared to the horizontal tube due to the coil of the heat exchanger based on 

(Prabhanjan et al., 2002). 

 

𝛼 = 𝛼𝑙 ∗ [(1 − 𝑥)0,8 +
3,8𝑥0,76 ∗ (1 − 𝑥)0,04

𝑝𝑟
0,38

] (5) 

with 

𝛼𝑙 = 0.023 𝑅𝑒𝑙
0.8 ∗ 𝑃𝑟𝑙

0.4 ∗
𝜆𝑙

𝑑
 

𝑝𝑟 =
𝑝

𝑝𝑐𝑟𝑖𝑡

 

(6) 

 

(7) 

 

Here, α is the heat transfer coefficient during condensation, 𝛼𝑙  is the heat transfer coefficient of the liquid refrig-

erant according to Dittus-Boelter. The reduced pressure 𝑝𝑟 and the vapor content 𝑥 are also included in the calcu-

lation. Another model for condensation in tubes is the model according to Xiao and Hrnjak (Xiao & Hrnjak, 2016), 

who investigated a HPWH in which the condenser was wrapped around the storage tank as a tube. The model is 

valid for horizontal tubes. Another possibility is to consider the condensation behavior in tube coils, such as by 

Wongwises and Polsongkram (Wongwises & Polsongkram, 2006). However, this model is very sensitive to the 

coil diameter. Preliminary investigations into the condensation models have shown that the lowest heat transfer 

coefficients are calculated according to Xiao and Hrnjak (2016) and the highest according to Wongwises and 

Polsongkram (2006). Since the present application does not use a horizontal tube, but a higher heat transfer coef-

ficient can be assumed due to the coil, the correlation according to Shah (1979) is used.    

 

The pressure loss during condensation is calculated according to Müller-Steinhagen and Heck (Müller-Steinhagen 

& Heck, 1986). And the single-phase pressure loss according to Konakov from the VDI Heat Atlas (Stephan et 

al., 2019). Due to the use of the pillow plate heat exchanger, whose channel has a hydraulic diameter of 1.72 mm, 

a literature research was carried out to legitimize the use of the correlation. Cavallini et al. (Cavallini et al., 2006) 

came to the conclusion that the correlation according to Müller-Steinhagen and Heck is suitable for pressure loss 

investigations in mini-channels with a hydraulic diameter between 1 - 4.91 mm. 
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4. SIMULATION RESULTS 
4.1 Finned Tube Heat Exchanger 
The used finned tube has an inner diameter of only 6.5 mm. To estimate the potential efficiency, additional sim-

ulations were also carried out with two or three tube coils connected in parallel, which then had a correspondingly 

lower pitch of the coil, in addition to the single coiled finned tube. The single coil had a height of 1.5 m in the 

tank with a coil pitch of 0.0262 m. The two parallel tubes also had a height of 1.5 m, but a coil pitch of 0.0525 m 

- with three tubes, the height of the individual coils is also 1.5 m with a coil pitch of 0.0791 m. 

 

The achievable tank top temperatures are decisive for DHW preparation and are shown in Figure 8 at a constant 

heating capacity of 10 kW and a heating circuit temperature of 35 °C versus the heat exchanger surface area. For 

one tube, the achievable tank top temperature is between 81 °C and 87 °C, for two parallel tubes between 71 °C 

and 79 °C and for three parallel tubes between 68 °C and 81 °C. All temperatures reached are sufficient to provide 

DHW. As the heat exchanger area increases, the storage head temperature falls before rising again after a mini-

mum, which is due to the increasing pressure loss of the condenser with increasing tube length. Before the mini-

mum, the influence of the increasing heat exchanger surface is dominant. Figure 9 shows the saturation tempera-

ture calculated from the pressure at the end of compression. The curve is comparable to that of the tank top 

temperature. As the heat exchanger surface area increases, the condensation temperature decreases, as only a 

smaller temperature gradient is required for heat transfer. For example, the condensation temperature for one tube 

is between 50 °C and 56 °C, for two tubes between 42 °C and 48 °C and for three tubes between 39 °C and 50 °C 

in order to achieve a heating water flow temperature of 35 °C in each case. After a minimum, the condensation 

temperature rises again, as does the tank top temperature. This is due to the increasing pressure loss with increasing 

tube length, which increasingly dominates in comparison to the larger heat exchanger surface.  

 

 

Figure 8: Tank top temperature for one, two and 

three parallel tubes 

 

Figure 9: Saturation temperature for one, two and 

three parallel tubes 

 

The COP shown in Figure 10 (at operating point B0W35 and 10 kW) is the inverse of the curve for the tank top 

and condensation temperatures. The highest COP, shown in red in each case, is 3.97 for three parallel tubes with 

a heat exchanger area of 29.5 m², which corresponds to a length of 150 m. For two parallel tubes, the maximum 

COP is 3.83 for an area of 17.76 m² and 3.45 for one tube with an area of 7.1 m².  

 

The design with three parallel tubes was chosen to ensure the most even heat input possible into the storage tank. 

The coil diameter (200 mm) was selected so that the distance between the coils and the radius to the tank wall is 

the same.  

Table 1 shows the refrigerant charge of the other components and the planned total heat pump charge. This results 

in a theoretical available refrigerant charge for the condenser of 180 g, which is achieved with a condenser tube 

length of 45 m and a COP of 3.7. Accordingly, a 6.8 % lower COP would have to be accepted for a reduction in 

the charge respectively charge restriction for this case. 

 

Table 1: Estimated refrigerant charge of the components and the target heat pump charge 

Component Heat Pump target Compressor Evaporator Pipes Condenser  

Charge [g] 500 110 140 70 180 

 

60

65

70

75

80

85

90

0 10 20 30 40

ta
n

k 
to

p
 t

em
p

er
at

u
re

 [
°C

]

heat exchanger area [m²]

1 tube

2 tubes

3 tubes

35

40

45

50

55

60

0 10 20 30 40

co
n

d
en

si
n

g 
te

m
p

er
at

u
re

 [
°C

]

heat exchanger area [m²]

1 tube

2 tubes

3 tubes



 3252, Page 8 
 

8th International High Performance Buildings Conference at Purdue, July 15 – 18, 2024 

 

Figure 10: COP of one, two and three parallel tubes 

versus the heat exchanger surface 

 

Figure 11: COP (primary axis) and tank top tempera-

ture (secondary axis) versus the heating capacity for 3 

parallel tubes and 36 m overall length 

 

Consultations with the heat exchanger manufacturer also revealed that the maximum pipe length to be coiled is 

12 m (in total with three parallel tubes 36 m, corresponds to 7.1 m² heat exchanger area). This length would result 

in a COP of 3.58 with a refrigerant charge of 140 g. This option is now being implemented in a test bench and 

will be investigated experimentally over the next months. Figure 11 shows the COP of the system with the selected 

condenser option over the heating capacity. The curve reflects the isentropic efficiency of the compressor. The 

optimum COP of 3.9 is at a partial load of 4 kW; the lowest storage head temperature of 68 °C is also achieved at 

this operating point (Figure 11). 

 

4.2 Mantle Heat Exchanger 
The manufacturing process for the pillow plate resulted in fewer degrees of freedom for the mantle heat exchanger. 

The total length of the channels integrated into the mantle is 48 m and the total mantle area is 3.636 m². Figure 12 

shows the COP versus the number of parallel channels at operating point B0W35 and 10 kW heating capacity. 

All designs with the different number of parallel channels have the same overall length of the channels of 48 m. 

This results in an optimum COP of 3.37 with 6 parallel channels. In contrast to the finned tube, the heat exchanger 

surface could not be varied, but the influence on the COP results from the changed flow characteristic of the 

refrigerant. As the number of parallel channels increases, the refrigerant mass flow is divided, which reduces the 

flow velocity, the Reynolds number, the heat transfer coefficient, and also the pressure loss. However, as the 

thermal resistance at the transition to the tank medium is limiting, the COP only varies by approx. +/- 0.1. The 

achievable tank top temperatures are between 78 °C and 85.5 °C. 

 

 

Figure 12: COP (primary axis) and tank top tempera-

ture (secondary axis) versus the number of parallel 

channels at B0W35 and 10kW heating capacity 

 

Figure 13: COP (primary axis) and tank top tempera-

ture (secondary axis) versus the heating capacity for 

B0W35 and 10 parallel channels 
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Due to the uncertainties regarding the geometry of the channels caused by the manufacturing process, 10 parallel 

channels were selected in consultation with the manufacturer. Figure 13 shows the COP values and achievable 

tank top temperatures versus the heating capacity range by changing the compressor speed for the implemented 

variant with 10 parallel channels. The COP at 10 kW is 3.30 and the achievable tank top temperature is 79 °C. 

The highest COP of 3.64 is achieved at 4 kW heating capacity. In this case the refrigerant charge of the condenser 

calculated with 200 g, but this value must be confirmed with the test bench due to the uncertain volume of the 

channels. 

 

4. CONCLUTION 
 

The article presented a heat pump storage concept for the simultaneous provision of space heating and domestic 

hot water. For this purpose, a simulation model consisting of the heat pump and the storage tank, which was 

modeled one-dimensionally, was presented. In addition, two condenser variants implemented in the storage tank 

were presented in order to reduce the refrigerant charge, among other things. The simulation results show that 

sufficiently high tank top temperatures of 73 °C for the finned tube, respectively 79 °C for the mantle heat ex-

changer at the operating point B0W35 and 10 kW heating capacity can be achieved. The associated COP at the 

given operation point is 3.58 for the finned tube, respectively 3.30 for the mantle heat exchanger. To validate the 

simulation model, both variants are set up in a heat pump test rig and will be experimentally investigated in the 

laboratory at Fraunhofer ISE, Germany.   

 

NOMENCLATURE 
 

𝛼  Heat Transfer Coefficient    (W/(m²K)) 

𝑏  fin pitch     (m) 

COP  Coefficient of Performance   (-) 

𝑑  Diameter     (m) 

𝜆  thermal conductivity   (W/(mK)) 

𝑃𝑟  Prandtl Number    (-) 

𝑁𝑢  Nusselt Number    (-) 

𝑅𝑎  Rayleigh number    (-) 

𝑅𝑒  Reynold Number    (-) 

𝑝  pressure     (Pa) 

𝑥  Thermodynamic vapor quality  (-) 

 

Subscript   

𝑐𝑟𝑖𝑡  critical 

𝑙  liquid 

𝑓  fin 

𝑟  reduced  
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