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ABSTRACT 

Residential reversible liquid-to-liquid heat pump systems are effective systems to increase energy 

efficiency and decrease gas emissions of buildings that can supply both the cooling and heating 

demand of a building due to the reversible capability.  

This document presents an innovative model developed in Matlab/Simulink that simulates the 

dynamic behavior of liquid-to-liquid heat pump systems. It is based on a physics-based numerical 

model capable to switch the refrigerant flow direction and the behavior of the PHEX (condenser 

or evaporator) according to the actual working mode. With this model, an analysis of the transient 

states during the switch of the operation mode is carried out. 

The model was validated with experimental tests for both the heating and the cooling modes 

separately. For each working mode test, a sudden change in the working conditions of the system 

was forced to trigger a fast transient state. Then, the validated model was used to carry out a 

simulation of a switching mode, starting in the cooling mode and finishing in the heating mode. 

Keywords: Reversible liquid-to-liquid heat pump; Dynamic modeling; Transient simulation; 

Finite control volume approach; Switching mode simulation 

Nomenclature 

Symbols 

Ac cross-sectional area [m2] 

As heat transfer area [m2] 

COP coefficient of performance [-] 

cp specific heat [J/(kg·K)] 

Cv valve coefficient [m2] 

h enthalpy [kJ/kg] 

ℎ̇ enthalpy time derivative [kJ/(kg·s)] 

L distance between plates [m] 

m mass [kg] 

𝑚̇ mass flow rate [kg/s] 

N number of finite volumes [-] 

P pressure [kPa] 

𝑃̇ pressure time derivative [kPa/s] 

𝑞̇ heat transfer rate [kW] 
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r pressure ratio [-] 

SC subcooling [K] 

SH superheating [K] 

t time [s] 

T temperature [K] 

V volume [m3] 

𝑊̇ work rate [W] 

x space in the flow direction [m] 

 

Greek letters 

𝛼 convection heat transfer coefficient [kW/(m2·K)] 

𝜕 partial derivative 

𝜌 density [kg/m3] 

𝜂 efficiency [-] 

 

Subscripts 

comp compressor 

cond condensation 

cv control volume 

EEV electronic expansion valve 

evap evaporation 

h at constant enthalpy 

i control volume index 

in inlet 

ise isentropic 

out outlet 

P at constant pressure 

R refrigerant 

S secondary fluid 

vol volumetric 

W wall/plate 
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1. Introduction 

Reversible liquid-to-liquid heat pump systems (HP) are mechanical systems driven by electric 

energy with the objective of heating or cooling water by absorbing or transferring heat to the 

subsoil or a water reservoir. These systems are capable to switch the operation mode and work 

either heating the water or cooling it down in order to supply the heating or cooling demand. 

These systems are capable of producing hot and cold water throughout the year with low operating 

costs [1]. Moreover, compared with other heating and cooling systems such as air-source heat 

pump systems or electric water heaters, the performance of liquid-to-liquid HP is better, although 

the initial monetary investments are higher [2].  

Dynamic analysis of systems provides information about the behavior and performance of 

systems under variations in external and operation conditions. These analyses can be carried out 

by means of different methodologies, such as experimental tests or computer simulations. The 

use of experimental tests is limited by the monetary costs, test times, external conditions and low 

versatility. On the contrary, computer simulations avoid many of these limitations, making it a 

widely used tool. 

Many experimental studies for the dynamic analysis of heat pump systems have been carried out 

over the last few years, most of them for the monthly and annual energy performance assessment 

of the systems. Menegon et al. [3] developed a new dynamic test procedure for the 

characterization of an air-source heat pump system for cooling and heating working modes. 

Sebarchievici et al. [4] measured the performance parameters of a ground source heat pump 

(GSHP) during a month through experimental tests. Schibuola et al. [5] monitored a water source 

heat pump in Venice (Italy) for one year. Similarly, the energy performance of a GSHP system 

was evaluated by means of monitoring an office building for four years by Luo et al. [6].  

Regarding dynamic computer simulations, depending on the purpose, they can be approached 

from two different points of view, macro- and micro-models. On the one hand, the purpose of 

simulations carried out by macro-models is to get a general view of the system behavior, over 

hours, days or months, in order to predict the seasonal performance of a given system. Usually, 

hourly dynamic variations of the external and operation conditions are taken into account to model 

the chosen system. The performance during transient states of operation conditions, such as start-

up, shut-down and switching mode are not taken into account. 

Dynamic macro-models of different heating, ventilation and air-conditioned (HVAC) systems 

have been studied over the last few years. Calise et al. [7] developed a dynamic model of three 

different layouts of solar heating and cooling systems and analyzed the daily transient energy 

performance. Specifically, dynamic macro-models of heat pump systems can be found in the 

recent bibliography. Buonomano et al. [8] analyzed the system’s consumption, operation costs 

and environmental impact of a water loop heat pump system in hourly, daily and seasonal scales. 

The performance factor of a dual-source heat pump system was seasonally and annually analyzed 

by Grossi et al. [9]. Furthermore, the heat pump system included in a polygeneration system was 

dynamically simulated by Calise et al. [10]. The electric, thermal and economic analysis was 

presented on a daily, weekly and yearly basis. 

On the other hand, dynamic micro-models can be used for dynamic computer simulations. This 

analysis focuses on the behavior of the system during short time periods in which transient states 

are given. Seconds-based time scales are usually used in order to understand the physical behavior 

of systems under fast transitory states.  

In this line, the commercial software Thermosys [11] is able to carry out dynamic simulations of 

different vapor compression systems [12]. This software works in Matlab/Simulink and was 

developed from a physics-based model. For instance, non-reversible air source refrigeration 
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systems can be simulated with this software [13]. Similarly, Li et al [14], based on Thermosys 

software, developed a dynamic model of a cooling vapor compression cycle with which the shut-

down and start-up operations were analyzed. 

Regarding other programming environments, a transient modeling of a flash tank vapor injection 

heat pump system was developed by Qiao et al. [15, 16] using the Modelica environment to 

capture the transient heat transfer and flow phenomena. Similarly, Qiao et al. [17] presented a 

dynamic heat exchanger and frost growth model to account for the non-uniform frost formation 

during winter operation of a vapor injection heat pump system.  

Concerning reverse-cycle dynamic modeling, Qiao et al. [18] presented a model in Modelica of 

an air-source heat pump system to analyze its transient characteristics during the defrosting cycle. 

The models used to simulate the behavior of the heat pump components were validated in [15, 

17]. In addition, a physics-based model of the frost formation and melting is detailed and 

developed in [18]. Both frost formation and melting models, as well as the simulation during the 

defrosting cycle, were not compared with experimental tests.  

The innovative model presented in this document is a micro-model that simulates the dynamic 

behavior of a reversible liquid-to-liquid HP system. As far as the authors know, there is no 

documentation in the bibliography where a dynamic micro-model is used to analyze the behavior 

of a liquid-to-liquid HP during short time transient states. Unlike the model used in [18], the 

presented model simulates the behavior of a residential liquid-to-liquid HP system instead of an 

air source heat pump by using the Finite Control Volume (FCV) approach instead of the Moving 

Boundary (MB) approach. Additionally, while in [18] the heat exchanger model always works in 

cross-flow, the presented model switches the heat exchanger connections between counter-flow 

and parallel-flow when a working mode switch is given. 

This paper first presents the developed experimental tests and the equations used for the 

simulation model. Then, the validations of the model during heating and cooling operation modes 

are carried out separately. Finally, once the numerical model has been validated, the behavior of 

the system during the reverse period is analyzed.  

This model is a useful design tool for heat pump system manufacturers. It can be used, for 

instance, to reduce the laboratory test times, to carry out parametric studies to optimize the system 

performance, or to check pre-development designs. 

2. Methodology 

2.1. Experimental tests description 

The reversible liquid-to-liquid HP system was tested under dynamic laboratory conditions. The 

test bed is made up of the heat pump system and a climatic chamber. The test bed is supposed to 

emulate the actual working conditions of a ground/water source heat pump system for space 

heating and cooling with water. 
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(a) 

 

(b) 

Figure 1. Photography (a) and 3D image (b) of the heat pump system used. 

The HP system is a commercial system of a nominal heating capacity of 5 kW that consists of 

one fixed speed and displacement compressor, one four-ways valve (4WV), one electronic 

expansion valve (EEV) and two refrigerant-to-liquid plate heat exchangers (PHEX). In Figure 1, 

a photograph and a 3D image of the heat pump system can be seen. Figure 2 shows the scheme 

of the HP. Some technical and geometrical specifications of the used scroll compressor and PHEX 

can be found in Table 1 and Table 2, respectively. 

 

Figure 2. Tested heat pump system scheme. 

Table 1. Specifications of the used scroll compressor. 

Electric connection 220/240V 1~ 50Hz 

Nominal heating capacity (kW) 5.0 

Displacement (cm3/rev) 19.34 

𝑇𝑒𝑣𝑎𝑝 = −1℃     𝑆𝐻 = 4℃     𝑇𝑐𝑜𝑛𝑑 = 55℃     𝑆𝐶 = 3℃ 

Outdoor

PHEX

Indoor

PHEX

Scroll

compressor

EEV

4WV
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Heating power (kW) 6.20 

Absorbed power (kW) 2.03 

COP 3.06 

Refrigerant mass flow rate (g/s) 23.60 

Table 2. Specifications of the used PHEX. 

 Indoor Unit Outdoor Unit 

Plates number 26 30 

Dimensions (cm) 50 x 10 x 6.2 50 x 10 x 7.1 

Primary fluid R410A R410A 

Secondary fluid Water Ethylene-Glycol-Water 

Total mass (kg) 6.35 7.01 

Plates material Stainless steel Stainless steel 

The PHEX of the heat pump system are connected to a climatic chamber that simulates the heat 

sources and sinks. One of them works as the indoor unit and the other as the outdoor unit of the 

HP. Due to the reversibility of the system, both can work as condenser and evaporator, depending 

on the current working mode. The refrigerant fluid used is R410A. In the indoor unit PHEX, the 

secondary fluid is water, which is connected to the climatic chamber simulating the thermal 

facilities of a house. In the outdoor unit PHEX, the secondary fluid is a mixture of 44% Ethylene-

Glycol and 56% Water (brine). 

When the working mode changes, the direction of the refrigerant also changes, while the direction 

of the secondary fluids remains the same. Because of this, the interaction between the refrigerant 

and the secondary fluid changes from counter-flow to parallel-flow or vice versa. It is widely 

known that a counter-flow PHEX connection has a better heat transfer performance than a 

parallel-flow connection [19, 20]. In this case, as the heat pump system used was optimized to 

work in the heating mode, both indoor and outdoor units are connected as counter-flow heat 

exchangers when the operation mode is heating. In cooling mode, both of them are connected in 

parallel-flow.  

On the other hand, a mass flow distributor is located in the outdoor unit port that connects the 

PHEX and the EEV. As the refrigerant leaves the EEV as a two-phase fluid, the maldistribution 

of the fluid mass flow into the evaporator channels is very common [21]. This phenomenon can 

be minimized by placing a distributor in the inlet of the evaporator [22, 23]. As the system was 

optimized for working in the heating mode, the distributor is located in the entrance of the outdoor 

PHEX, which works as an evaporator during the heating mode. This distributor generates a 

pressure drop in the refrigerant fluid that was taken into account during the simulations. 

Regarding the taken measurements, Table 3 presents the specifications of the devices used to 

measure the fluids temperatures, refrigerant pressures and secondary fluids mass flow rates. 

Figure 2 shows the measurements locations. Due to the accuracy of the measurement devices, 

secondary fluids temperatures and refrigerant pressures are the variables that will be used to 

validate the model. 

Table 3. Specifications of the measuring equipment. 

Measurement Type Uncertainty 

Refrigerant temperature NTC Thermistor Sensor ± 3 % 

Refrigerant pressure Pressure sensor 0 – 4600 bar ± 0.8 % 

Secondary fluids temperature Pt 100 resistance measurers ± 0.1 K 
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Secondary fluids mass flow Flow meter 9 – 150 l/min ± 1 – 2 % 

 

In order to validate the usefulness of the model to simulate fast transient states, such states were 

produced during the tests by forcing an abrupt change in the working conditions of the system 

(i.e. EEV current opening degree and water set-point temperature). The absolute average error 

and the normalized error (Eq. (1)) were used to validate numerically both heating and cooling 

modes. For this kind of simulation models, a normalized error smaller than 0.05 is usually 

acceptable [24]. 

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑒𝑟𝑟𝑜𝑟 =  
∑ (𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛(𝑧) − 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙(𝑧))2𝑒𝑛𝑑

𝑧=1

∑ (𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙(𝑧))2𝑒𝑛𝑑
𝑗=1

(1) 

2.2. Heat Pump system modeling 

A numerical model that simulates the dynamic behavior of a brine-to-water reversible heat pump 

has been developed. The model is made up of a scroll compressor, an electronic expansion valve 

and two PHEX. Both PHEX can operate as a condenser and evaporator. It has been developed in 

Matlab/Simulink.  

The compressor and EEV are the components responsible for regulating the refrigerant mass flow, 

while the PHEX regulate the working pressures. The dynamics of the PHEXs are much slower 

than the dynamics of the compressor and the EEV [25, 26]. Thus, the compressor and EEV were 

modeled as static components. The 4WV was not modeled because, although in the actual system 

this valve allows the reversibility of the system, in the model it is not needed to reverse the cycle, 

as this is done with the numerical code by switching the component connections. 

2.2.1. Compressor and EEV model 

The compressor is statically modeled as a fixed speed and displacement unit. The equations 

utilized to simulate the refrigerant mass flow and the realized compression work are described in 

Park et al. [27]. The volumetric and the isentropic efficiencies of the compressor are calculated 

as a function of the pressure ratio (𝑟 = 𝑃𝑐𝑜𝑚𝑝,𝑜𝑢𝑡 𝑃𝑐𝑜𝑚𝑝,𝑖𝑛⁄ ). The curves of both efficiencies are 

fitted using the open design software of the compressor manufacturer. 

The EEV static model calculates the refrigerant mass flow as a consequence of the current valve 

position. The EEV is assumed to have an isenthalpic thermodynamic behavior. The mass flow 

regulation is described by the relationship presented in Equation (2).  

𝑚̇𝐸𝐸𝑉 = 𝐶𝑣 ∙ √∆𝑃 ∙ 𝜌𝑖𝑛 (2) 

The curve that describe the valve coefficient with respect to the current number of steps for the 

used EEV was fitted using the commercial software ‘IMST-ART’ [28]. 

Table 4 presents the fitted equations and R2 value for the compressor volumetric and isentropic 

efficiencies and for the EEV coefficient. 

Table 4. Equations and R2 value of compressor volumetric and isentropic efficiencies and EE coefficient curves. 

 Equation R2 

Volumetric efficiency [-]  𝜂𝑣𝑜𝑙 = 0.0058𝑟2 − 0.0997𝑟 + 1.1761 0.926 

Isentropic efficiency [-]  𝜂𝑖𝑠𝑒 = 0.0062𝑟2 − 0.0852𝑟 + 0.7942 0.883 
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Valve coefficient [m2] 𝐶𝑣 = (0.133 ∙ 𝑠𝑡𝑒𝑝𝑠 + 1.011)𝐸 − 07 0.990 

 

2.2.2. Plate heat exchanger model 

Unlike the compressor and EEV, plate heat exchangers are modeled dynamically, using partial 

differential equations for modeling both the refrigerant and secondary fluids and the intermediate 

plates. 

At the time of modeling the behavior of the PHEX, pressure drops through the PHEX, 

maldistribution of the refrigerant at the inlet of the PHEX, the axial thermal conduction and the 

heat losses thorough the components and pipes insulation are neglected [24–26]. Fluid flow 

through PHEX is modeled as one-dimensional and finite control volume (FCV) approach is 

adopted to carry out the calculations. 

Since the pressure drops are negligible and the secondary fluid mass flow rate is supposed to be 

constant during all the PHEX, the momentum conservation equation of both refrigerant and 

secondary fluids and the mass conservation equation of secondary fluids are not taken into 

account. Bearing all this in mind, four governing equations are needed to model the dynamic 

behavior of a PHEX. 

The conservation of refrigerant energy, conservation of refrigerant mass, conservation of 

secondary fluid energy and conservation of intermediate plate energy are presented in Equations 

(3) - (6) respectively. 

𝜕(𝜌𝑅𝐴𝑐ℎ𝑅)

𝜕𝑡
−

𝜕(𝐴𝑐𝑃𝑅)

𝜕𝑡
+

𝜕(𝑚̇𝑅ℎ𝑅)

𝜕𝑥
= 2𝛼𝑅𝐿(𝑇𝑅 − 𝑇𝑊) (3) 

𝜕(𝜌𝑅𝐴𝑐)

𝜕𝑡
+

𝜕(𝑚̇𝑅)

𝜕𝑥
= 0 (4) 

𝜕(𝜌𝑆𝐴𝑐𝑐𝑝,𝑆𝑇𝑆)

𝜕𝑡
+

𝜕(𝑚̇𝑆𝑐𝑝,𝑆𝑇𝑆)

𝜕𝑥
= 2𝛼𝑆𝐿(𝑇𝑊 − 𝑇𝑆) (5) 

(𝑐𝑝𝑚)
𝑊

𝜕𝑇𝑊

𝜕𝑡
= 𝛼𝑅𝐴𝑠(𝑇𝑅 − 𝑇𝑊) + 𝛼𝑆𝐴𝑠(𝑇𝑊 − 𝑇𝑆) (6) 

Equations (3) - (6) are now transformed by applying the following steps: 

• Equations are integrated over the length of the control volume, which in this case is the 

total length of the heat exchanger. 

• The average values for the control volume of fluid and plate properties are taken, 

indicating them as 𝜌𝑅,𝑖, ℎ𝑅,𝑖, 𝑇𝑅,𝑖, 𝑇𝑆,𝑖, 𝜌𝑆,𝑖, 𝑐𝑝,𝑆,𝑖, 𝑇𝑊,𝑖, 𝛼𝑅,𝑖, 𝛼𝑆,𝑖. 

• It is assumed that the enthalpy and pressure are the independent variables in which depend 

on the other refrigerant fluid properties. 

Once these steps are applied, the transformed equations of refrigerant energy, refrigerant mass, 

secondary fluid energy and plate energy are given in Equations (7) - (10). 

𝑉𝑐𝑣 [(|
𝜕𝜌

𝜕𝑃
|

ℎ
)

𝑖

ℎ𝑅,𝑖 − 1] 𝑃̇𝑅 + 𝑉𝑐𝑣 [(|
𝜕𝜌

𝜕ℎ
|
𝑃

)
𝑖

ℎ𝑅,𝑖 + 𝜌𝑅,𝑖] ℎ̇𝑅,𝑖 + 𝑚̇𝑅,𝑜𝑢𝑡ℎ𝑅,𝑜𝑢𝑡

− 𝑚̇𝑅,𝑖𝑛ℎ𝑅,𝑖𝑛 =  2𝛼𝑅,𝑖𝐴𝑠,𝑐𝑣(𝑇𝑅,𝑖 − 𝑇𝑊,𝑖)

(7) 
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𝑉𝑐𝑣 (|
𝜕𝜌

𝜕𝑃
|

ℎ
)

𝑖

𝑃̇𝑅 + 𝑉𝑐𝑣 (|
𝜕𝜌

𝜕ℎ
|

𝑃
)

𝑖

ℎ̇𝑅,𝑖 + 𝑚̇𝑅,𝑜𝑢𝑡 − 𝑚̇𝑅,𝑖𝑛 = 0 (8) 

𝑉𝑐𝑣𝜌𝑆,𝑖𝑐𝑝,𝑆,𝑖𝑇̇𝑆,𝑖 + 𝑚̇𝑆,𝑖𝑐𝑝,𝑆,𝑖(𝑇𝑆,𝑜𝑢𝑡 − 𝑇𝑆,𝑖𝑛) =  2𝛼𝑆,𝑖𝐴𝑠,𝑐𝑣(𝑇𝑊,𝑖 − 𝑇𝑆,𝑖) (9) 

(𝑐𝑝𝑚)
𝑊,𝑐𝑣

𝑇̇𝑊,𝑖 = 𝛼𝑅,𝑖𝐴𝑠,𝑐𝑣(𝑇𝑅,𝑖 − 𝑇𝑊,𝑖) + 𝛼𝑆,𝑖𝐴𝑠,𝑐𝑣(𝑇𝑊,𝑖 − 𝑇𝑆,𝑖) (10) 

Now, this formulation can be extended to an N arbitrary number of finite and equal control 

volumes, taking into account the considerations followed in [24]. Note that Herschel et al. [24] 

modeled an air-to-refrigerant HEX and, in this case, the model is for a liquid-to-refrigerant HEX. 

This yields N more states that must be considered and integrated. 

Taking into account the fact that the inlet and outlet refrigerant mass flow rates are known, 4N 

continuous states must be solved. Nevertheless, only 2N states must be solved together, as the 

secondary fluid energy equation and the plate energy equation can be solved separately, once heat 

transfer rates between fluids and plate are calculated. For this study, both PHEX were divided 

into twenty finite control volumes. 

The convection heat transfer coefficients (HTC) were calculated by using the empirical 

correlations presented in Han et al. [29, 30]. On the other hand, both PHEX can work in parallel-

flow and counter-flow connections, depending on the current operation mode. At the time of 

calculating heat transfer rates and secondary fluid temperature variation, the PHEX connections 

must be taken into account. 

2.3. Operating procedure for switching mode 

The model was used to simulate a switching mode, where the system starts working in the cooling 

mode and, in a given time, it changes to the heating mode. In the real systems, when switch the 

operation mode, the compressor is firstly stopped and the EEV is fully opened in order the 

pressures can be equalized. Once all the system is at the same pressure level, the order to switch 

the ports connection is given to the 4WV. Then, the compressor starts working again and the 

opening degree is regulated by the system control. 

For the simulation, the inlet conditions and the time in which the mode want to be switched is 

previously fixed. The process followed in the simulation to switch the mode is automated in the 

numerical code and it is equal to the actual systems. The only difference is that the connections 

between components are switched without needing the 4WV. 

Input conditions to the system will remain constant throughout the switching mode simulation. 

The inlet water temperature at 20 ºC, inlet brine temperature at 12 ºC and the mass flow rate of 

both water and brine at 0.25 kg/s. Regarding the EEV, it starts working at 72% of the opening 

grade. When the compressor is switched off, the EEV is fully opened in order to ease the 

equalization of the pressures. Once the system starts working again, it returns to the previous 72% 

of the opening grade. The compressor is estimated to take 3 seconds to totally stop. This stop time 

interval is due to the inertia of the compressor and depends mostly on compressor size.  

3. Results and discussion 

In this section, numerical results are presented. Since there are no test data available to validate 

the model during the reverse period, due to the difficulties to reproduce a real switch of the 

operation mode in the laboratory facilities, the heating and cooling modes have first been 

validated separately. Then, the switching mode results are presented and analyzed. 
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3.1. Heating mode validation 

During the heating mode, the water setpoint temperature is initially placed at 30 ºC and is changed 

to 25 ºC. The brine setpoint temperature remains constant at -9 ºC. Figure 3 shows the comparison 

between test data and simulation results of both pressures and secondary fluids temperatures. 

The normalized error between simulation results and experimental data for the pressures in the 

outdoor and indoor units are 1.8e-05 and 2.6e-05, respectively. Regarding water outlet 

temperature is 1.5e-04, while for the brine outlet temperatures it is 2.6e-04. 

The absolute average errors are 1.94 kPa for the outdoor unit pressure, 8.11 kPa for the indoor 

unit pressure, 0.32 ºC for the water outlet temperature and 0.11 ºC for the brine outlet temperature. 

It can be said that the model results fit accurately the experimental data. 

 

Figure 3. Test data and simulation results of the refrigerant pressures and temperatures during heating mode. 

3.2. Cooling mode validation 

During the cooling mode, the step is given in the outdoor unit. The brine set-point temperature 

starts at 30 ºC and finishes at 35 ºC. The water setpoint temperature remains constant at 13.5 ºC. 

The comparison between test data and simulations results for refrigerant working pressures and 

secondary fluid temperatures are presented in Figure 4. 

The normalized error between simulation results and experimental data for the pressures in the 

outdoor and indoor units are 5.1e-04 and 9.3e-05, respectively. Regarding water outlet 

temperature is 1.3e-03, while for the brine outlet temperatures it is 3.7e-04. 

The absolute average errors are 55.97 kPa for the outdoor unit pressure, 7.86 kPa for the indoor 

unit pressure, 0.22 ºC for the water outlet temperature and 0.75 ºC for the brine outlet temperature. 
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It can be asserted that the model accurately simulates the behavior of a liquid-to-liquid HP during 

cooling mode. 

 

Figure 4. Test data and simulation results of the refrigerant pressures and temperatures during cooling mode. 

3.3. Switching mode 

Once the numerical model had been validated in both heating and cooling modes, a simulation of 

a switching mode was carried out. In all the figures of this section, the time in which the 

compressor is stopped and started-up has been marked. 

The simulated mass flow rate of refrigerant is presented in Figure 5. The mass flow rates 

calculated in the compressor and the EEV are differentiated. As can be seen, the compressor mass 

flow rate goes to zero in three seconds, faster than the EEV ones, which depend on the slow 

dynamics of the heat exchangers, reaching zero at the moment when the pressures have been 

equalized. After the mode is switched, the compressors start working again, reaching a high value 

in a few seconds, then oscillates until an equilibrium with the mass flow rate calculated in the 

EEV is reached. 
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Figure 5. Refrigerant mass flow rate during reversible simulation. 

Refrigerant fluid pressures can be seen in Figure 6. Initially, the outdoor unit PHEX works as a 

condenser (high pressure), while the indoor unit works as an evaporator (low pressure). After the 

switch, the opposite is true. Figure 6 clearly shows both the change in the working mode of the 

PHEX and the time at which pressures are equalized. 

 

Figure 6. Refrigerant pressures during reversible simulation. 

Figure 7 shows the refrigerant and brine temperatures in the outdoor PHEX inlet and outlet ports. 

During the cooling mode, port 1 and port 2 are the inlet and the outlet of the refrigerant side, 

respectively. During the heating mode, the port 2 is the inlet and the port 1 is the outlet. Brine is 

heated during the cooling mode and cooled down during the heating mode. When the compressor 

stops working, the temperatures of the refrigerant decrease because the refrigerant mass flow rate 

is almost null but the brine keeps flowing and cooling the refrigerant. 
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Figure 7. Outdoor PHEX inlet and outlet temperatures. 

Figure 8 shows the refrigerant zones lengths inside the outdoor PHEX along the simulation. 

During cooling mode, in which the outdoor unit works as a condenser, it can be seen that the 

refrigerant is divided into three zones, superheated vapor, two-phase fluid and sub-cooled liquid. 

After the compressor shuts down, the sub-cooled zone disappears and the superheated zone 

continues decreasing until it disappears. As seen in Figure 7, for some time, both refrigerant 

temperatures are equal. This is because all the fluid inside the PHEX is a two-phase fluid, as can 

be seen in Figure 8. Then, as the refrigerant mass flow rate flows constantly again, the 

temperatures of the refrigerant start to separate one from the other and the superheated zone 

increases. The outdoor unit is now working as a two-zone evaporator. 

 

Figure 8. Outdoor PHEX vapor-liquid zones length per unit during reversible simulation. 

Figure 9 shows the refrigerant and water temperatures in the indoor PHEX inlet and outlet ports. 

The port 2 is the inlet during the cooling mode and the outlet during the heating mode. Water is 

initially cooled down because it is working as an evaporator and, after the switch, it is heated as 

the PHEX works as a condenser. Refrigerant temperatures increase when the compressor is 

stopped as the water, which has a higher temperature than the refrigerant, continues to circulate 

and heat the refrigerant. Nevertheless, as the pressure also increases with time, although the 
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temperature increases, the two-phase zone of the refrigerant also increases. This can be seen in 

Figure 10. During the heating mode steady-state, the indoor PHEX works as a three-zones 

condenser. 

It can be seen in Figure 7 and Figure 9 that both PHEX work in parallel-flow during cooling mode 

and in counter-flow during heating mode. 

 

Figure 9. Indoor PHEX inlet and outlet temperatures. 

 

Figure 10. Indoor PHEX vapor-liquid zones length per unit during reversible simulation. 

4. Conclusions 

An analysis of the transient state during the switching mode of a reversible liquid-to-liquid heat 

pump system through a physics-based dynamic model is presented. The numerical mode has been 

validated for both the heating and the cooling working modes. The results show that the 

simulations fit accurately the experimental data, maintaining the normalized error below the 

accepted value for this kind of models. 
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The switching mode simulation shows that when the system stops working to carry out the switch, 

the refrigerant temperatures increase in the indoor unit and decrease in the outdoor unit, as the 

refrigerant mass flow rate is almost null, but the secondary fluid mass flow remains constant. 

Moreover, the entire refrigerant in both PHEX tends to be a two-phase fluid while the switch is 

giving until the refrigerant mass flow rate starts to flow again. The results also show that, from 

the time the command to switch the mode is given, the system needs around twenty seconds to 

reach the stationary state again, taking around seven seconds for equalize the pressures before 

switching the working mode. 
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