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Abstract 
A Modelica model for the simulation of heat pumps is 

presented. The model uses a simplified vapor 

compression cycle with only five refrigerant states. 

Parameters to the model are evaluated using an 

optimization procedure to minimize the differences 

between the model predicted heating capacities and 

power input and those provided in the manufacturer 

technical data. The optimization process is done from a 

Python implementation of the heat pump model. 

The model is first tested by verifying that calibration 

from performance data generated by the heat pump 

model results in the same parameters as the ones used in 

the generation of the performance data. In the presented 

example, calibrated parameters were found close to the 

original parameters used to generate the data, except for 

the evaporator heat transfer coefficient for which the 

model was found not to be very sensitive. In a second 

example, the model is calibrated against manufacturer 

data. The heating capacities and power input calculated 

from the calibrated model are within 2.7% and 4.7% of 

the manufacturer data, respectively. Finally, the 

computational performance of the model is tested in a 

system simulation of a hydronic heating system. The 

simulation using the presented heat pump model was 

executed in 48 seconds, compared to 17 seconds for the 

same system using a simple boiler model. 

Keywords:     Heat Pump, Vapor Compression Cycle, 

Model Calibration 

1 Introduction 

Heat pump systems offer great potential for the 

reduction of energy use for heating, cooling and heat 

recovery, and are attractive heat delivery systems in 

applications involving low temperature thermal 

networks (Lund et al., 2014). To optimize the design and 

evaluate the energy performance of such systems, 

efficient simulation tools are required to model the 

annual behavior of the system components. 

Heat pump models can be divided into two major 
categories: empirical models and refrigerant cycle 

models. Empirical models are obtained by mapping the 

heat pump performance in terms of capacity, power 

input and coefficient of performance to the operating 

conditions, i.e. the water mass flow rates and 

temperatures on the load and source side of the heat 

pump. The performance map can then be interpolated 

during numerical simulations, or used to produce an 

equation-fit of the heat pump performance. On the other 

hand, refrigerant cycle models are obtained from first 

principles, with varying degree of details in the 

definition of each heat pump component. 

Empirical models have been shown to provide good 

approximations of the heat pump performance as 

shown, for instance, by Swider (2003), Lee and Lu 

(2010) and Carbonnell et al. (2012). However, 

researchers have pointed out that these models might not 

be suitable for extrapolation of the heat pump 

performance outside of the operating conditions used to 

formulate the model (Jin, 2002; Scarpa et al., 2012). 

Unfortunately, such extrapolation is often required as 

manufacturers generally provide performance data for a 

narrow operating range. Models based on first principles 

offer better potential to accurately predict the heat pump 

performance over a wider range of operating conditions. 

Refrigerant cycle models are often more demanding 

in terms of computational time when compared to 

empirical models, and may require parameters not 

provided by manufacturers. Simplified vapor 

compression cycles may be used to reduce the 

computational time (Domanski and McLinden, 1992; 

Jin, 2002; Lemort and Bertagnolio, 2010; Scarpa et al., 

2012). These simplified cycles divide the vapor 

compression cycle into a limited number of steps and 

refrigerant states, thereby reducing the number of – 

usually computationally expensive – refrigerant 

thermodynamic properties to evaluate. Parameters to 

these models may then be obtained through calibration, 

using an optimization procedure to minimize the model 

predicted heat pump performance and the performance 

data from the manufacturer. 

A calibrated water to water heat pump model with a 

scroll compressor is presented in this paper, based on the 

work of Jin (2002). The model relies on a simplified 

vapor compression cycle with 5 refrigerant states, where 
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only 3 of the states need to have refrigerant 

thermodynamic properties evaluated. The model is 

implemented into the Modelica Buildings library 

(Wetter et al., 2014). An external implementation of the 

heat pump model into Python is used to obtain the 

calibrated model parameters based on tabulated 

manufacturer data. The computational efficiency of the 

Modelica model is tested in the simulation of a hydronic 

heating system. 

2 Heat Pump Model 

A heat pump model has been built from components 

from – and components added to – the Buildings 

library (Wetter et al., 2014). The model presented in this 

paper is for a water to water heat pump with a scroll 

compressor using refrigerant R410A and is shown in 

Figure 1. The heat pump model incorporates two new 

component models, Buildings.Fluid. 

HeatExchangers.EvaporatorCondenser for the 

evaporator and condenser and Buildings.Fluid. 

HeatPumps.Compressors.ScrollCompressor for 

the scroll compressor, as well as a refrigerant package 

for the thermodynamic properties of R410A 

Buildings.Media.Refrigerants.R410A. 

The heat pump model is based on the work of Jin 

(2002), and has been extended to allow for single- and 

variable-speed compressors and dynamic heat storage 

on the water side. The model relies on a simplified vapor 

compression cycle, which removes the need to explicitly 

model the expansion device. The model is meant to use 

parameters for the sub-components, obtained from 

calibration of the model to manufacturer data. 

 The vapor compression cycle and the refrigerant, 

evaporator, condenser and compressor models and their 

implementation in Modelica are presented in this 

section. 

  

Figure 1. Model of a water to water heat pump with a 

scroll compressor. 

2.1 Simplified Vapor Compression Cycle 

A simplified vapor compression heat pump cycle, as 

proposed by Jin (2002), is presented in Figure 2. The 

simplified cycle serves two purposes: (1) to reduce the 

number of parameters in the heat pump model and 

thereby facilitate the calibration process, and (2) to 

reduce the number of evaluations of thermodynamic 

properties of the refrigerant and thereby reduce 

computing time. 

The simplified vapor compression cycle relies on the 

following assumptions: 

1. The refrigerant leaves the condenser in the 

saturated liquid state, i.e. there is no subcooling of 

the refrigerant. 

2. The refrigerant leaves the evaporator in the 

superheated vapor state, with a constant degree of 

superheating Δ𝑇𝑠𝑢𝑝. The enthalpy increase from 

superheating has been magnified in Figure 2 and is 

usually small compared to the latent heat of 

evaporation. 

3. The theoretical compressor work is the result of 

isentropic compression at the built-in volume ratio 

followed by isochoric compression or expansion to 

the condensing pressure. 

4. Sensible heat transfer to the refrigerant is neglected 

in the evaporator. 

5. The expansion process is isenthalpic. 

From this set of assumptions, only a limited number of 

refrigerant thermodynamic properties need to be 

evaluated to solve the complete vapor compression 

cycle: the temperatures, pressures and specific 

enthalpies of the saturated vapor and saturated liquid 

refrigerant (i.e. points A and B), and the specific volume 

and isentropic exponent of the superheated vapor 

refrigerant (i.e. point C). 

  

Figure 2. Simplified vapor compression cycle. 

2.2 Refrigerant Properties 

The necessary routines for the evaluation of the 

thermodynamic properties of refrigerant R410A were 

implemented in a media package. Except for the 
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enthalpy of saturated refrigerant vapor, coefficients for 

the equations presented in this section were obtained 

from commercial supplier data (du Pont, 2004). 

Coefficients for the enthalpy of saturated refrigerant 

vapor were produced from tabulated properties in the 

supplier data. 

The implemented refrigerant routines and their 

associated inputs are presented in Table 1. Specific 

enthalpies and pressures of the saturated liquid and 

saturated vapor refrigerant are calculated from degree 5 

polynomial correlations. Thermodynamic properties of 

the superheated refrigerant vapor are calculated using 

the 11-term Martin-Hou equation of state (Martin and 

Hou, 1955). Note that temperatures in all equations 

related to thermodynamic properties are in Kelvin. 

Table 1. Refrigerant routines. 

Output Input(s) 

Specific enthalpy (Saturated liquid), ℎ 𝑇 

Pressure (Saturated liquid), 𝑝 𝑇 

Specific enthalpy (Saturated vapor), ℎ 𝑇 

Pressure (Saturated vapor), 𝑝 𝑇 

Isentropic exponent (Vapor), 𝛾 𝑣, 𝑇 

Specific isobaric heat capacity (Vapor), 

𝑐𝑝 
𝑣, 𝑇 

Specific isochoric heat capacity (Vapor), 

𝑐𝑣 
𝑣, 𝑇 

Specific volume (Vapor), 𝑣 𝑝, 𝑇 

 

The specific enthalpy and pressure of saturated liquid 

and saturated vapor refrigerant are calculated from 

degree 5 polynomial correlations of the following form: 

ℎ = ∑ 𝑎𝑖𝑋ℎ
𝑖−1

6

𝑖=1

 (1) 

ln(𝑝 𝑝𝑐𝑟𝑖⁄ ) = ∑ 𝑎𝑖𝑋𝑝
𝑖−1

6

𝑖=1

 (2) 

where 𝑝𝑐𝑟𝑖 is the critical pressure (= 4926.1 kPa for 

R410A), 𝑋ℎ = (1 − 𝑇 𝑇𝑐𝑟𝑖⁄ )
1

3⁄ − 𝑋0, 𝑇𝑐𝑟𝑖 is the critical 

temperature (= 72.13°C for R410A), 𝑋𝑝 = (1 −

𝑇 𝑇𝑐𝑟𝑖⁄ ) − 𝑋0, and 𝑎𝑖 and 𝑋0 are correlation coefficients 

that differ for Eqs. 1 and 2 and for saturated liquid and 

saturated vapor. 

The specific volume of the superheated vapor 

refrigerant is evaluated from the Martin-Hou equation 

of state: 

𝑝 =
𝑅𝑇

𝑣 − 𝑏0
+ ∑

𝑎𝑖 + 𝑏𝑖𝑇 + 𝑐𝑖 exp (−𝑘
𝑇

𝑇𝑐𝑟𝑖
)

(𝑣 − 𝑏0)𝑖+1

4

𝑖=1

 (3) 

where 𝑅 is the gas constant (= 0.11455 kJ/(kg·°C) for 

R410A), and 𝑎𝑖, 𝑏𝑖, 𝑐𝑖 and 𝑘 are coefficients to the 

equation of state. 

During the development of the heat pump model, it 

was found that the numerical solver needs to solve Eq. 3 

for 𝑣. In many cases, the numerical solver could not 

converge since it could not choose a proper guess value 

for 𝑣. A refrigerant routine was then implemented to 

evaluate the specific volume based on pressure and 

temperature by successive evaluation of 𝑝 and 
𝜕𝑝

𝜕𝑣
, 

starting from a guess value 𝑣𝑔𝑢𝑒𝑠𝑠 = 𝑅𝑇 𝑝⁄ + 𝑏0. This 

leads to an efficient implementation of the inverse of 

Eq. 3, as the guess value 𝑣𝑔𝑢𝑒𝑠𝑠 is relatively close to the 

final value. 

The isentropic exponent is calculated from the 

derivatives and integrals of the equation of state (de 

Monte, 2002): 

𝛾 = 𝑐𝑝 𝑐𝑣⁄  (4) 

𝑐𝑝 = 𝑐𝑣 − 𝑇 (
𝜕𝑝

𝜕𝑇
|

𝑣,𝑇
)

2
𝜕𝑝

𝜕𝑣
|

𝑣,𝑇
⁄  (5) 

𝑐𝑣 = 𝑐𝑝,𝑖𝑑 − 𝑅 − 𝑇 ∫
𝜕2𝑝

𝜕𝑇2
|

𝑣′,𝑇

𝑑𝑣′
𝑣

∞

 (6) 

The derivatives and integrals in Eqs. 5 and 6 are 

calculated directly by implementations of the 

corresponding derivatives and integrals of the equation 

of state in Eq. 3. The specific isobaric heat capacity of 

ideal gas, 𝑐𝑝,𝑖𝑑 , is evaluated from a degree 3 polynomial 

correlation based on temperature, in the form: 

𝑐𝑝,𝑖𝑑 = ∑ 𝑎𝑖𝑇𝑖−1

4

𝑖=1

 (7) 

where 𝑎𝑖 are correlation coefficients. 

2.3 Compressor 

The compressor model solves the complete vapor 

compression cycle presented in Section 2.1. The model 

interfaces with the evaporator and condenser models 

through HeatPorts. The temperature and heat transfer 

rates at the ports correspond to the refrigerant 

temperature and heat transfer rates in the evaporator and 

condenser. 

The scroll compressor model proposed by Jin (2002) 

was implemented and extended to consider variable-

speed compressors. As outlined in Section 2.1, the 

theoretical compressor work is the result of isentropic 

compression at the built-in volume ratio followed by 

isochoric compression or expansion to the condensing 

pressure. The volume ratio between discharge and 

suction of the scroll compressor is fixed and the 

compressor work must be adjusted if the pressure ratio 

does not match the pressure ratio obtained from 

isentropic compression at the fixed volume ratio. The 

theoretical compressor work is then: 
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�̇�𝑡 =
𝛾

𝛾 − 1
𝑝𝑒𝑣𝑎𝑦�̇�𝑛𝑜𝑚𝑖𝑛𝑎𝑙 (

𝛾 − 1

𝛾

𝑝𝑐𝑜𝑛

𝑝𝑒𝑣𝑎𝑉𝑟

+
1

𝛾
𝑝𝑟

𝛾−1
𝛾

− 1) 

(8) 

where �̇�𝑡 is the theoretical compressor work, 𝑝𝑒𝑣𝑎 and 

𝑝𝑐𝑜𝑛 are the evaporating and condensing pressure, 𝑦 is 

the normalized speed of the compressor, with 𝑦 = 1 the 

value at the nominal speed, �̇�𝑛𝑜𝑚𝑖𝑛𝑎𝑙 is the nominal 

refrigerant volume flow rate, 𝑉𝑟 is the “built-in” volume 

ratio between discharge and suction of the compressor 

and 𝑝𝑟 = 𝑉𝑟
𝛾
 is the “built-in” pressure ratio. 

The theoretical compressor work is adjusted for the 

electro-mechanical efficiency of the compressor to 

obtain the power input into the compressor. A constant 

electro-mechanical efficiency is assumed: 

�̇� =
�̇�𝑡

𝜂
+ �̇�𝑙𝑜𝑠𝑠 (9) 

where �̇� is the power input into the compressor, 𝜂 is the 

electro-mechanical efficiency of the compressor and 

�̇�𝑙𝑜𝑠𝑠 is the constant part of the compressor power 

losses. 

Since sensible heat transfer is neglected in the 

evaporator and expansion is considered isenthalpic, the 

evaporator heat transfer rate is obtained from the 

enthalpy difference between the enthalpy of saturated 

vapor at the evaporating pressure (point A in Figure 2) 

and the enthalpy of saturated liquid at the condensing 

pressure (point B in Figure 2): 

�̇�𝑒𝑣𝑎 = 𝑦 (
�̇�𝑛𝑜𝑚𝑖𝑛𝑎𝑙

𝑣𝑠𝑢𝑐
− �̇�𝑙𝑒𝑎𝑘) (ℎ𝐴 − ℎ𝐵) (10) 

where �̇�𝑒𝑣𝑎 is the evaporator heat transfer rate, 𝑣𝑠𝑢𝑐 is 

the specific volume at the suction of the compressor 

(point C in Figure 2) and �̇�𝑙𝑒𝑎𝑘 = 𝐶
𝑝𝑐𝑜𝑛

𝑝𝑒𝑣𝑎
 is the leakage 

mass flow rate in the compressor, with 𝐶 being the 

leakage coefficient. 

The condenser heat transfer rate is then evaluated 

from an energy balance: 

�̇�𝑐𝑜𝑛 = −(�̇�𝑒𝑣𝑎 + �̇�) (11) 

where �̇�𝑐𝑜𝑛 is the condenser heat transfer rate. 

The specific enthalpies ℎ𝐴 and ℎ𝐵 are evaluated from 

the implemented refrigerant routines presented in 

Table 1 for the saturated liquid at 𝑇 = 𝑇𝑐𝑜𝑛 the 

condensing temperature and the saturated vapor at 𝑇 =
𝑇𝑒𝑣𝑎 the evaporating temperature. The specific volume 

at suction is evaluated for 𝑝 = 𝑝𝑒𝑣𝑎 and 𝑇 = 𝑇𝑒𝑣𝑎 +
Δ𝑇𝑠𝑢𝑝, where 𝑇 is the temperature of the superheated 

vapor at the compressor suction. The evaporating and 

condensing pressure used in Eq. 8 are evaluated from 

the refrigerant routines for the pressure of saturated 

vapor evaluated at 𝑇 = 𝑇𝑒𝑣𝑎 and 𝑇 = 𝑇𝑐𝑜𝑛. The 

isentropic exponent used in Eq. 8 is evaluated at 𝑣 =
𝑣𝑠𝑢𝑐 and 𝑇 = 𝑇𝑒𝑣𝑎 + Δ𝑇𝑠𝑢𝑝. Superheating of the 

refrigerant is included in the compressor model and not 

in the evaporator model. Only the effects of 

superheating on the suction specific volume and 

isentropic exponent are considered. The superheating 

enthalpy increase is neglected. 

2.4 Evaporator and Condenser 

The evaporator and condenser model is shown in 

Figure 3. It extends from the already implemented 

TwoPortHeatMassExchanger of the Buildings 

library. It interfaces with the compressor model through 

a HeatPort. The refrigerant in both the evaporator and 

condenser is assumed to exchange heat with the fluid 

stream at a constant temperature. The effective heat 

transfer coefficient 𝑈𝐴𝑒𝑓𝑓 between the refrigerant and 

the fluid is calculated by the 𝜀 − 𝑁𝑇𝑈 method: 

𝑁𝑇𝑈 = 𝑈𝐴 �̇�𝑓𝑐𝑝,𝑓⁄  (12) 

𝜀 = 1 − exp(−𝑁𝑇𝑈) (13) 

where 𝑁𝑇𝑈 is the number of transfer units, 𝜀 is the heat 

exchanger effectiveness, 𝑈𝐴 is the heat transfer 

coefficient of the evaporator or condenser, �̇�𝑓 is the 

fluid mass flow rate and 𝑐𝑝,𝑓 is the fluid specific isobaric 

heat capacity. 

  

Figure 3. Model used for both the evaporator and 

condenser of the heat pump. 

The effective heat transfer coefficient is then 

evaluated based on the outlet fluid temperature, since 

the HeatPort of the MixingVolume returns the outlet 

fluid temperature. The heat transfer rate is given by: 

{�̇�𝑒𝑣𝑎, �̇�𝑐𝑜𝑛} = 𝑈𝐴𝑒𝑓𝑓({𝑇𝑒𝑣𝑎, 𝑇𝑐𝑜𝑛}

− 𝑇𝑓,𝑜𝑢𝑡,{𝑒𝑣𝑎,𝑐𝑜𝑛}) 
(14) 

𝑈𝐴𝑒𝑓𝑓 = 𝜀𝑐𝑝,𝑓�̇�𝑓 (1 − 𝜀)⁄  (15) 

where 𝑇𝑓,𝑜𝑢𝑡,{𝑒𝑣𝑎,𝑐𝑜𝑛} is the outlet fluid temperature in 

the evaporator or condenser. 
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3 Model Calibration 

The parameters required by the heat pump sub-

component models are typically not provided by the heat 

pump manufacturers. These parameters therefore need 

to be determined by calibrating the model to the 

manufacturer data. There are 8 parameters that need to 

be evaluated: the nominal refrigerant flow rate �̇�𝑛𝑜𝑚𝑖𝑛𝑎𝑙, 

the volume ratio 𝑉𝑟, the leakage coefficient 𝐶, the degree 

of superheating Δ𝑇𝑠𝑢𝑝, the electro-mechanical 

efficiency 𝜂, the constant part of the power losses �̇�𝑙𝑜𝑠𝑠 

and the heat transfer coefficients 𝑈𝐴𝑒𝑣𝑎 and 𝑈𝐴𝑐𝑜𝑛 of 

the evaporator and condenser. 

Manufacturers usually provide technical data in the 

form of tabulated values of heat pump capacities and 

power input at different operating conditions in terms of 

inlet water temperatures and mass flow rates into the 

evaporator and condenser. Jin (2002) proposed the use 

of optimization methods to identify the set of parameters 

that minimize the sum of normalized square errors of the 

heat pump capacities and power inputs. The cost 

function to minimize is: 

𝐶𝑜𝑠𝑡 = ∑ [(
�̇�𝑐𝑜𝑛

(𝑖)
− �̇�𝑐𝑜𝑛,𝑑𝑎𝑡𝑎

(𝑖)

�̇�𝑐𝑜𝑛,𝑑𝑎𝑡𝑎
(𝑖)

)

2

𝑖

+ (
�̇�(𝑖) − �̇�𝑑𝑎𝑡𝑎

(𝑖)

�̇�𝑑𝑎𝑡𝑎
(𝑖)

)

2

] 

(16) 

An optimization routine was set-up in Python using the 

SciPy (Jones et al., 2001) package. Analogous models 

for the refrigerant properties, the compressor, the 

evaporator and the condenser were implemented in 

Python. The set of parameters that minimizes the cost 

function are evaluated from the Python model using a 

sequential least square programming method. Once the 

parameters are evaluated, the Python implementation of 

the heat pump model is verified against the Modelica 

model. 

The time required to calibrate the model increases 

with the number of manufacturer data points that are 

used. Jin (2002) showed that using the combinations of 

maximum and minimum entering water temperature and 

mass flow rates on the evaporator and condenser sides, 

for a total of 16 data points, decreases the calibration 

time significantly with minimal effect on the accuracy 

of the calibrated model. The Python optimization 

routine thus only uses a subset of 16 data points from 

the manufacturer data, and compares the model with the 

complete manufacturer data set once the calibration is 

complete. 

Not all combinations of parameters yield a valid heat 

pump model. For example, certain sets of parameters 

may result in refrigerant temperatures in the condenser 

to be greater than the critical temperature. In these cases, 

it is not possible for the model to evaluate the capacity 

and power input of the heat pump, since property 

routines for saturated refrigerant (Eqs. 1 and 2) are only 

valid for temperatures below the critical temperature. 

It is then important to choose proper guess values for 

the parameters when calibrating the model. Guess 

values of the electro-mechanical efficiency and the 

degree of superheating are simply chosen to be 𝜂 = 0.95 

and Δ𝑇𝑠𝑢𝑝 = 4°C. The rest of the parameters are 

evaluated from the nominal values of the heat pump 

capacity �̇�𝑐𝑜𝑛,𝑛𝑜𝑚𝑖𝑛𝑎𝑙, power input �̇�𝑛𝑜𝑚𝑖𝑛𝑎𝑙 and 

corresponding entering water temperatures 

𝑇𝑓,𝑖𝑛,𝑒𝑣𝑎,𝑛𝑜𝑚𝑖𝑛𝑎𝑙 and 𝑇𝑓,𝑖𝑛,𝑐𝑜𝑛,𝑛𝑜𝑚𝑖𝑛𝑎𝑙, assuming a 5°C 

temperature difference between the inlet fluid 

temperatures and the refrigerant temperatures and a 1% 

leakage mass flow rate. The guess values of the 

parameters are evaluated following this sequence: 

1. Evaluate the refrigerant temperatures: 

𝑇𝑒𝑣𝑎 = 𝑇𝑓,𝑖𝑛,𝑒𝑣𝑎,𝑛𝑜𝑚𝑖𝑛𝑎𝑙 − 5°C (17) 

𝑇𝑐𝑜𝑛 = 𝑇𝑓,𝑖𝑛,𝑐𝑜𝑛,𝑛𝑜𝑚𝑖𝑛𝑎𝑙 + 5°C (18) 

2. Evaluate the evaporator heat transfer rate at 

nominal conditions: 

�̇�𝑒𝑣𝑎,𝑛𝑜𝑚𝑖𝑛𝑎𝑙 = �̇�𝑛𝑜𝑚𝑖𝑛𝑎𝑙 − �̇�𝑐𝑜𝑛,𝑛𝑜𝑚𝑖𝑛𝑎𝑙  (19) 

3. Evaluate the evaporating pressure 𝑝𝑒𝑣𝑎 and 

condensing pressure 𝑝𝑐𝑜𝑛 at the corresponding 

refrigerant temperature from the refrigerant 

routines. 

4. With the suction temperature 𝑇 = 𝑇𝑒𝑣𝑎 + Δ𝑇𝑠𝑢𝑝 

and evaporating pressure 𝑝𝑒𝑣𝑎, evaluate the specific 

volume and isentropic exponent from the 

refrigerant routines. 

5. Evaluate the volume ratio: 

𝑉𝑟 = (𝑝𝑐𝑜𝑛 𝑝𝑒𝑣𝑎⁄ )1 𝛾⁄  (20) 

6. Evaluate the nominal refrigerant volume flow rate: 

�̇�𝑛𝑜𝑚𝑖𝑛𝑎𝑙 = (�̇�𝑟𝑒𝑓 + �̇�𝑙𝑒𝑎𝑘)𝑣𝑠𝑢𝑐 (21) 

�̇�𝑟𝑒𝑓 = −
�̇�

𝑒𝑣𝑎,𝑛𝑜𝑚𝑖𝑛𝑎𝑙

(ℎ𝐴 − ℎ𝐵)
 (22) 

�̇�𝑙𝑒𝑎𝑘 = 0.01�̇�𝑟𝑒𝑓 (23) 

7. Evaluate the leakage coefficient: 

𝐶 = �̇�𝑙𝑒𝑎𝑘 (𝑝
𝑐𝑜𝑛

𝑝
𝑒𝑣𝑎

⁄ )⁄  (24) 

8. With the theoretical power evaluated from Eq. 8 

and the previously evaluated parameters, evaluate 

the constant part of the power losses: 

�̇�𝑙𝑜𝑠𝑠 = max(0, 𝜂�̇�𝑛𝑜𝑚𝑖𝑛𝑎𝑙 − �̇�𝑡) (24) 

9. Evaluate the condenser and evaporator heat transfer 

coefficients: 

{𝑈𝐴𝑐𝑜𝑛 , 𝑈𝐴𝑒𝑣𝑎} = �̇�𝑐𝑜𝑛,𝑛𝑜𝑚𝑖𝑛𝑎𝑙 5°C⁄  (25) 

This sequence has been implemented in Python and is 

used to choose starting values for the parameters. It was 

found to produce valid parameters in all cases 

considered. 
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4 Examples 

4.1 Calibration from Model Produced Data 

The calibration method for the heat pump model is first 

verified using data produced by the model. Heat pump 

capacities and power input were calculated using the 

Python model for water mass flow rates of 0.6, 0.9 and 

1.2 kg/s at both the evaporator and condenser, inlet 

water temperatures of 0, 5, 10, 15, 20 and 25°C at the 

evaporator and inlet water temperatures of 15, 25, 35 

and 45°C at the condenser, for a total of 216 data points. 

The calibration is done using only the 16 points 

corresponding to the combinations of minimum and 

maximum values of the inlet water temperatures and 

flow rates. The set of parameters used to evaluate the 

heat pump capacities and power input, the guess values 

for each parameter and the set of parameters resulting 

from the calibration are shown in Table 2. A comparison 

of the heat pump capacities and input power at all 

216 points for the model values and calibrated values is 

shown in Figure 4. 

Table 2. Heat pump parameters for calibration using 

model produced data. 

Parameter 
Original 
value 

Guess 
value 

Calibrate
d value 

𝑉𝑟 (-) 2.365 1.668 2.362 

�̇�𝑛𝑜𝑚𝑖𝑛𝑎𝑙 

(m3/s) 
0.00288 0.00193 0.00287 

𝐶 (kg/s) 0.0041 0.00049 0.0041 

Δ𝑇𝑠𝑢𝑝 (°C) 6.84 4.00 6.49 

𝜂 (-) 0.924 0.950 0.922 

�̇�𝑙𝑜𝑠𝑠 (W) 396.1 2206 398.7 

𝑈𝐴𝑐𝑜𝑛 (W/°C) 7007.7 5044.9 7014.5 

𝑈𝐴𝑒𝑣𝑎 (W/°C) 29991 5044.9 49136 

 

The calibration process yielded parameters within 0.7% 

of the model value, except for the degree of superheating 

(5.1%) and the heat transfer coefficient of the evaporator 

(64%). The model appears not be very sensitive to the 

heat transfer coefficient of the evaporator. For instance, 

the sum of normalized square errors (Eq. 16) is 

8.94×10-6 using the calibrated values and 1.344×10-5 

when replacing only the heat transfer rate of the 

evaporator with the model value. The computing time 

for the calibration of the model was 80.5 sec. 

4.2 Calibration from Manufacturer Data 

The calibration method is also verified against 

commercial heat pump data. Technical data for a 

commercial water to water heat pump with 19.3 kW 

nominal capacity and 4.5 nominal coefficient of 
performance was used to calibrate the heat pump model. 

The technical data includes values of the capacity and 

power input for mass flow rates of 0.47, 0.71 and 

0.94 kg/s at both the evaporator and condenser, inlet 

water temperatures of -1.2, 4.5, 10.1, 15.6, 21.2 and 

26.7°C at the evaporator and inlet water temperatures of 

15.6, 26.7, 37.8 and 48.9°C at the condenser, for a total 

of 216 data points. Once again, the calibration is done 

using only the 16 points corresponding to the 

combinations of minimum and maximum values of the 

inlet water temperatures and flow rates. The guess 

values for each parameter and the set of parameters 

resulting from the calibration are shown in Table 3. A 

comparison of the heat pump capacities and input power 

at all 216 points for the model values and calibrated 

values is shown on Figure 5. 

  

Figure 4. Comparison of model produced and calibrated 

model heat pump capacities and power input.  

Overall, the calibrated model is in good agreement with 

the manufacturer data. The sum of the normalized 

square errors is 0.00507 and the maximum differences 

between calculated heat pump capacities and power 

input from the model and the manufacturer data are 
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2.7% and 4.7%, respectively. Similar results have been 

obtained for different technical data from different 

manufacturers. The computing time for the calibration 

of the model was 72.3 sec. A database of sets of 

parameters, provided via Records, for various heat 

pumps from different manufacturers will be included 

with the heat pump model.  

  

Figure 5. Comparison of manufacturer and calibrated 

model heat pump capacities and power input. 

4.3 Hydronic Heating System 

The heat pump model is integrated into a simulation 

model of a hydronic heating system. The system model 

is equivalent to the Buildings.Examples. 

HydronicHeating.TwoRoomsWithStorage system 

model from the Buildings library, with the boiler 

replaced by a water to water heat pump with a constant 

source temperature of 8°C. 

The hydronic heating system consists of two rooms 

equipped with radiators. Hot water is produced by the 

heat pump, stored into a storage tank and fed to the 

radiators when required. The radiators are turned on 

when the room temperature falls below the temperature 

set points of 21°C during the day and 16°C at night. The 

heat pump is turned on if the supply water temperature 

from the radiators falls below the current set point and 

turned off when the temperature at the bottom of the 

storage tank rises above 55°C. Cooling is provided by 

outside air if the room temperatures rise above 22°C. 

Table 3. Heat pump parameters for calibration using 

manufacturer data. 

Parameter Guess value 
Calibrated 
value 

𝑉𝑟 (-) 1.436 1.975 

�̇�𝑛𝑜𝑚𝑖𝑛𝑎𝑙 

(m3/s) 
0.001484 0.001984 

𝐶 (kg/s) 0.0004947 0.002566 

Δ𝑇𝑠𝑢𝑝 (°C) 4.0 5.703 

𝜂 (-) 0.95 0.8192 

�̇�𝑙𝑜𝑠𝑠 (W) 2134 856.9 

𝑈𝐴𝑐𝑜𝑛 (W/°C) 6633.2 2840.4 

𝑈𝐴𝑒𝑣𝑎 (W/°C) 6633.2 21523 

 

The nominal heating power of the boiler in the original 

system is 2.2 kW. Therefore, the parameters to the heat 

pump model were the same as those presented in 

Table 3, with parameters �̇�𝑛𝑜𝑚𝑖𝑛𝑎𝑙, 𝐶, �̇�𝑙𝑜𝑠𝑠, 𝑈𝐴𝑐𝑜𝑛 and 

𝑈𝐴𝑒𝑣𝑎 scaled by a factor 0.125 to obtain approximately 

the same heating capacity. 

The simulation time for the simulation model using 

the heat pump is compared to the simulation time for the 

model using the boiler. Both simulations are done using 

the Radau solver, a tolerance of 1×10-6 and a simulation 

stop time of 1 week. The simulation time using the heat 

pump model was 48 seconds while the simulation time 

using the boiler was 17 seconds. 

5 Conclusions 

A model for a water to water heat pump with a scroll 

compressor is presented. To keep the computational 

time small and to reduce the number of evaluations of 

refrigerant thermodynamic properties, the model is 

based on a simplified vapor compression cycle with 

only five refrigerant states. Components for the 

compressor, the evaporator and condenser, as well as 

routines for the evaluation of thermodynamic properties 

of refrigerant R410A were implemented in Modelica. 

Parameters to the model are evaluated from 

manufacturer data by solving the optimization problem 

that minimizes the differences between the model 

predicted heat pump capacities and power input and 

those found in the manufacturer technical data. 

The heat pump model was also implemented in 

Python to facilitate the calibration process. While it 
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would be possible to call the Modelica model during the 

optimization, a Python implementation was judged 

more convenient in terms of ease of use. However, it 

duplicates the implementation of the heat pump model, 

which would make it difficult to apply the same 

methodology to more complex systems. Support for the 

preprocessing of parameters using Modelica models 

within the Modelica framework would facilitate the use 

of calibrated Modelica models. 

The calibrated model presented in this paper has been 

shown to generate heat pump capacities and power input 

very close to the manufacturer data, and to be able to be 

integrated into simulation models with minimal impact 

on the simulation time. Future work will be devoted to 

the extension of the methodology to more complex 

cycles, such as multi-stage cycles, and to the modeling 

of chillers. 
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