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ABSTRACT  

Ensuring a reliable, economical and sustainable energy supply as well as environmental and 
climate protection are important global challenges of the 21st century. Renewable energies and 
improving energy efficiency are the most important steps to achieve these energy policy goals. 
The use of CO2 heat pumps for hot water production has a great economic and environmental 
benefit regarding its energetic performance. A new model of a stratified storage tank is 
developed in our laboratory using FORTRAN developer studio and its simulation is conducted 
using TRNSYS simulation studio. 
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1. Introducción 

Nowadays heat pumps can be considered a solution to replace fossil fuels and can be 
considered as an alternative source of energy. A stratified storage tank is highly recommended 
for heat pumps water heaters in order to maintain a high energetic performance [1, 2]. 
Moreover, many researchers in this field focus on the development of high efficiency CO2 heat 
pump. Zhihua Wang et al. [3, 4] analysed numerically the performance of a CO2 heat pump for 
residential heating system using TRNSYS. Sung Goo Kim et al. [5] investigated numerically and 
experimentally the influence of a heat exchanger on the performance of a trans-critical CO2 
cycle. Ryohei Yokoyama et al. [6] analysed numerically the influence of the hot water demand 
on the performance of a CO2 heat pump. Lingxiao Yang et al. [7] studied experimentally an air-
source trans-critical CO2 heat pump water heater under different working conditions.  
In this paper a new numerical model of a stratified storage tank was conducted to investigate a 
system for hot water production using CO2 heat pumps and analyse its energetic and thermal 
performance under the Spanish norm. 

2. Numerical model 

A new model of a stratified storage tank is developed in our laboratory using FORTRAN 
developer studio. This model is based on the finite difference method considering the 
convection and conduction heat transfer inside and outside the tank; free convection between 
the environment and the outer wall of the tank [8], molecular conduction between the stratified 
layers inside the tank, mixed convection-conduction between the inner wall of the tank and the 
fluid.  The radiation is neglected in this model. The mass conservation and the energy balance 
equations are applied to secure the fluid flow inside the tank. The numerical simulation of the 
heat pump water heater was conducted using TRNSYS simulation studio. 
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3. Model validation 

For this purpose the new stratified storage tank type_263 model is compared with the TRNSYS 
library model type_4 as shown in figure 1. 

 

Figure 1: Comparison between the type_4 and type_263. 

It can be seen from the figure 1 that the two models agree well with each other with a slightly 
deviation. 

4. Results and discussion 

Figure 2 shows the schematic diagram of TRNSYS program for a CO2 water heater heat pump 
connected to the hot water circuit. 

 

Figure 1: The schematic diagram of the heat pump water loop. 
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The simulation principle is producing hot water with a CO2 heat pump, with the initial 
temperature of 10°C and a fixed flow rate of 0.3 kg/s for both models. Figure 3 shows the 
numerical result of the hot water production at different levels. 

 

Figure 3: temperature evolution as a function of time. 

Figure 3 shows the temperatures evolution as a function of time. It can be seen from this figure 
that the temperature reaches the 60°C at 8 hours and the entire tank has the same 
temperature. 

5. Conclusion 

In this paper a new stratified hot water storage tank model was presented. The numerical 
results show a good agreement between the new model and the TRNSYS library model. The 
numerical results of the water heating using the CO2 heat pump take 8hours to reaches 60°C 
under specified conditions. 

6. Agradecimientos 

This work is a first part of the project conducted in the laboratory of “Frio y calor” at the UPCT 
to analyse numerically and experimentally an installation for hot water production using CO2 
heat pump under the Spanish norm. 
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