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Abstract: This paper introduce a transient model of the propane heat pump cycle. The heat pump 

cycle model includes: a compressor model, a condenser model in lumped parameters, an 

evaporator model in lumped parameters, an expansion valve model, a heat source model (cooling 

chamber), a PID control system for heat recovery from superheated refrigerant vapour. The model 

allows estimate inertia of the heat pump cycle with the system of the heat recovery from 

superheated propane vapor. The presented theoretical model can determine unsteady and steady 

state conditions of the different subsystems in the heat pump cycle (condenser, evaporator, 

compressor). The article presents the results of calculations and determines the time of reaching 

steady states of the key systems of the heat pump system. The article also presents (in a graphical 

form) the behavior of the system where the setting was changed after reaching the steady state 

after 2000s from 50kW to 40kW at the thermal load of the additional heat recovery exchanger. 
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1. INTRODUCTION 

Some theoretical transient models are used in 

refrigeration and heat pump technology. Heat pumps 

(refrigeration cycles) except receiving low 

temperatures in cooling chambers, or air conditionings 

systems enable to receive high temperatures in 

a condensers (fig. 1). A dynamic thermal model for 

water-water refrigeration plant is described for the 

purpose of investigating control system tuning and 

performance in [1]. A dynamic model of air-to-water 

dual-mode heat pump with a screw compressor is 

presented in [2]. The steady-state models are applied 

for compression, throttling, and leakage processes in 

[2]. The paper [3] presents two numerical models to 

simulate the transient and steady state behavior of 

a vapor compression refrigeration system. In the paper 

[3], the condenser and the evaporator were divided 

into a few number of control volumes. The motor and 

compression characteristics of water source heat 

pumps were modeled in [4] to include the coupling 

between the motor speed and the torque characteristics 

and compression characteristics. Paper [5] presents an 

auto regressive moving-average model with 

exogenous inputs and a digital controller for 

a household refrigeration system that uses a variable 

speed compressor. The results of the experimental 

tests showed in [5] that the model reproduces with 

a high accuracy the dynamic behavior of the 

refrigeration system with less than 7% error. In the 

paper [6], the three forms of momentum equation are 

numerically studied. The transient results without any 

pressure drop give a very close estimation of control 

parameters in comparison with the results taking into 

account the transient or a steady-state pressure drop. 

The [7] work presents a semi-empirical mathematical 

model to simulate the unsteady behavior of mass flow 

rate and the power of reciprocating compressors. It 

was found that the semi empirical model proposed in 

[7] can be satisfactorily applied to the dynamic 

simulations of the whole refrigeration system. 

A transient response model for the refrigeration cycle 

has been developed in the paper [8]. The model 

contains four sub-models representing the condenser, 

evaporator, compressor and the electronic expansion 

valve The condenser and the evaporator are developed 

based on the moving-boundary formulation. Paper [9] 

presents a dynamic model of a transcritical CO2 

ejector expansion refrigeration cycle. The 

mathematical models for gas cooler, evaporator and 

separator are formulated by using the mass and energy 

conservation equations. The compressor and expan-

sive valve are modelled in a set of algebraic equations. 
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Fig. 1. Heat pump cycle as cooling and heating devices; 1 - compressor, 2 - condenser, 3 - expansion valve; 4 - chill container, 

5 - cold medium pump, 6 - cooling chamber, 7 - heated room 

The bases of the theoretical model for the 

reciprocating compressor dead volume ratio and the 

friction factor influence in the compression cycle is 

discussed in [10]. The study [11] is related to 

modelling and experimental characterizations of an 

open display cabinet in a transient state. The model 

can be used to predict the dynamic behavior during the 

on-off process, defrost operations and power failure. 

The whole refrigeration system is modelled in a paper 

[12], taking into account the hourly weather data and 

calculating the hourly cooling load demand from 

display cabinets and cold rooms equipment. 

Simulations in [12] consider a simple double 

compression cycle with a liquid receiver, and other 

options including an auxiliary compressor. The paper 

[13] presents the modelling of a refrigeration container 

for use as a reference for energy-optimizing controller 

design. The paper [14] presents a simulation 

methodology, developed to analyze the compressor in 

transients effects that occur during the start-up and 

shutdown. The dynamic refrigeration cycle is 

developed as a high fidelity simulator in the [15], and 

its performance is verified against the vehicle 

refrigeration unit. The study [16] investigates the 

transient impact of the ambient temperature and 

precooling processes in CO2 refrigeration system. The 

[17] paper described a hybrid dynamic model for 

transient simulation of refrigeration systems as well as 

dynamic experiments that have been performed on an 

air/water heap pump. The machine under 

consideration is made of an evaporator, a condenser, 

an expansion valve, a variable speed scroll compressor 

and a receiver. 

The heat pump cycle [17, 18] allows obtaining 

a high temperature in the room from the heat transfer 

process in the condenser. The condensation process 

occurs near the steady temperature (in the range from 

20 to 40oC). 

In technical applications, high-temperature 

obtained from superheating vapor from condenser is 

sometimes used for heating, but heat recovery from 

these way make sense only in large objects. For 

example, the process of the heat recovery from 

superheated vapor can be realized through an 

additional controlled heat exchanger.  

The example control set for the condensation 

process and heat recovery from the superheated 

refrigerant vapor is introduced in Fig 2. In this 

configuration, the temperature of superheated vapor 

depends from air mass flow through condenser.  

An installation like this makes it possible to obtain 

water with a higher temperature than refrigerant 

condensation temperature.  

This article presents a heat pump model where 

equations were written in a form that can be used in 

the Matlab Simulink software. The model can be used 

to simulate starting and stopping conditions of the heat 

pump system. The leading contribution of the author 

to the development of the field of refrigeration is 

a mathematical model allowing to determine the time 

of inertia during the exploitation of the refrigeration 

cycle. 

In the paper, the dynamic response of the heat 

pump system for a step change in heat load was 

calculated. Changing the heat load was taking place in 

an additional heat exchanger that was installed as 

a heat recovery system from superheated steam. 
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Fig. 2. Example control set for heat recovery from superheated vapour [6]: 1 - temperature control set, 2 - vapour cooler,  

3 - main condenser, 4 - compressor 

2. MODEL OF THE HEAT PUMP 

Stabilization of the heat transfer process in the 

highest superheated vapor temperature range is depend 

from variable demand for the heating process and the 

controller type. In introduced model of heat pump 

installation MIMO-PID controller [19, 20] was apply 

(Fig 3). 

This controller allows one to receive a set for:  

 heat flux obtained from superheated vapor, 

 temperature in cooling chamber, 

 condensation temperature. 

In the presented model, the following assumptions 

were accepted: 

 an ideal refrigeration cycle (without vapor 

superheating in evaporator and liquid subcooling 

in condenser), 

 condenser and evaporator model was described by 

lumped parameters, 

 compressor work and expansion valve 

performance depends from parameters in heat 

exchanger, 

 heat transfer parameters in evaporator and 

condenser taken as constant mean value. 

The refrigeration cycle was described by the 

following equation. 

Condenser: 

 mass balance in condenser: 

    

  
          

    

  
   

    

  
           ; (1) 

 condensation process: 

    

  
 

 

 
         

 
    

                          

   ℎ  ℎ  ;  (2) 

 heat transfer in condenser wall: 

      

  
 

 

            

                          

                                ; (3) 

 

Fig. 3. Configuration for MIMO-PID control of refrigeration cycle 
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 water cooling: 
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 heat transfer in condenser insulation: 
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Evaporator: - mass balance in evaporator: 

   

  
         

   

  
   

   

  
          ; (6) 

 evaporation process: 

   

  
 

 

 
         

 
   

                        

  ℎ  ℎ  ;  (7) 

 heat transfer in evaporator wall:  

      

  
 

 

            

                        

                       ; (8) 

 heating process from thermal loading in 

evaporator: 

    

  
 

 

        
                                   

   +                   ; (9) 

 heat transfer in condenser insulation: 

      

  
 

 

            
                          

                         . (10) 

Compressor mass flow rate: 

               
  

  
   

   

  
 

 

 
    . (11) 

Mass flow rate through the expansion valve: 

              . (12) 

PID regulator: 

             
  

 
     . (13) 

Thermal loading in cooling chamber [19, 20]: 

        

      

  
  

  
 

  
                 

 

  
                . (14) 

Cooling chamber and heating room: 

             
    

  
              . (15) 

Intermediary medium between cooling chamber 

and evaporator, (condenser and heating room) [19, 

20]: 

    
    

  
       

         

  
       

         

  
 

              .  (16) 

3. CALCULATION RESULTS 

Figures 4, 5, 6 show a change of temperature and 

heat flux distribution in time for two tune heat flux 

received from superheated refrigeration vapor (50 kW 

in start; and 40 kW after 2000 sek). This results 

present direct dependence in controlled parameters. 

Heat flux obtained from additional heat exchanger 

(superheated vapor zone) depends from compression 

temperature, and this has influence on entire 

refrigeration cycle. 

The most significant effects which were received 

during the calculation is the slight increase in thermal 

load temperature, and also significant changes in 

evaporators and condensers temperature. Change of 

the heat flux in additional exchanger (superheated 

vapor) has impact on quality in cooling chamber room. 

The steady state temperature (5oC) in the 

evaporator was reached after 1,500 sec and steady 

state temperature in the condenser (35oC) was reached 

after 1,700 s from the start-up of the system. Steady 

state at compressor outlet (50oC) was reached after 

1000 s.  

The steady state temperature in the refrigeration 

chamber (10oC) was reached after 2000 sec from the 

start-up of the refrigeration system. 

4. CONCLUSIONS 

The presented work demonstrates the impact of 

heat recovery control for evaporation and 

condensation temperature in the heat pump cycle and 

thermal loading in the cooling chamber. 

Interconnection between the controlled parameters 

may lead to stability failing in heat pump cycle. For 

MIMO-PID regulation in heat recovery was observed: 

 temperature of superheated vapor deviation is 

decreasing when rising proportional component in 

MIMO-PID regulator occur; 

 smaller proportional component in MIMO-PID 

regulator restores stability in heat pump cycle; 

 integration component in MIMO-PID regulator 

allows more accurate static adjustment in 

controlled parameter (smaller displacement in 

control process) 

 differentiating component in MIMO-PID regulator 

extends bandwidth of preserving stability when 

change of setting for heat recovery occur. 
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Fig. 4. Refrigerant temperature change in time for refrigeration cycle 

 

Fig. 5. Heat flux distribution in time for refrigeration cycle and heat recovery 
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Fig. 6. Temperature change in time for thermal loading 

Nomenclature 

A - heat transfer surface 

cp

 
- specific heat 

h - refrigerant enthalpy 

K - expansion valve coefficient, PID component 

k - heat transfer coefficient 

M - refrigerant mass in heat exchanger 

ṁ - mass flux 

P - pressure 

T - temperature 

V - volume 

λ - thermal conductivity 

ρ
 

- density 

in - inlet 

out - outlet 

sk - condensation 

b - evaporation 

v - refrigerant vapour, compressor displacement, 

  volume, 
l - refrigerant liquid 

izol - insulation, 

pow
 

- air, 

wall - heat exchanger wall, 

water - cooling water, 

ol - intermediary medium between cooling cham 
  ber and evaporator, 

S - surface transverse to the flow cross-section 

s - swept volume, 

com - compressor 

cc - cooling chamber 

tl - thermal loading in cooling chamber 
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