
Transactions of the Korean Nuclear Society Spring Meeting 
Jeju, Korea, May 12-13, 2016 

 
 
 
Experimental Study on Desalination System Using the Waste Heat of Nuclear Power Plants 

and Solar Energy Systems 
 

Khalid Khasawneh a, Yong Hoon Jeong a* 
aNuclear and Quantum Engineering Department, KAIST, 291 Daehak-ro, Yuseong-gu, Daejeon 3015-701 

*Corresponding author: jeongyh@kaist.ac.kr 
 

1. Introduction 
 

Due to the shortage of fresh water resources; 
desalination is used to convert the abundant seawater or 
brackish water into fresh water. Many current 
desalination plants are powered by fossil fuels, which 
pose economic problems and environmental concerns.  

In this study a new desalination system using the 
waste heat of nuclear power plant or solar energy 
system is under consideration. An experiment study will 
performed to evaluate the performance of the system. In 
this paper, the experimental design of the system and 
steady-state and transient analysis, using MATLAB and 
MARS code respectively, will be presented.      

 
2. System Description 

 
In this section the desalination system design and the 

experiment loop design are described.  
 

2.1 Desalination System Description 
 
The outline of the desalination system is 

schematically shown in Fig.1. Two main phenomena 
take place in the system; namely, the evaporation and 
the condensation of the heated water to produce fresh 
water and the natural circulation based on temperature 
and salinity difference between two successive units. 
Currently only the first phenomenon is considered, that 
is, the condensation in a single unit which allows to 
evaluate the production rate for a single unit.  

The working principle of the proposed system 
depends on heating the seawater using the waste heat of 
nuclear power plant or heat from solar energy, the exact 
procedure will be studied and evaluated later. In one 
pool we have a cylinder which allows the water level 
increase. The water column level will increase until it 
balances the atmospheric pressure and it will imposes a 
pressure equal to the saturation pressure corresponding 
to the temperature of seawater in the pool, this allows 
seawater evaporation and as a result saturated vapor on 
the top of the cylinder will exist. And since the 
atmospheric temperature is assumed to be lower than 
the steam temperature; the steam will condenses and 
fresh water will produced in the inner side of the 
cylinder.  

Due to water evaporation and steam condensation, 
seawater temperature will decrease and its salinity will 

increase, causing density difference between two 
successive pools which allows seawater circulation 
between the two pools. 

 

  
Fig.1: Desalination system schematic 

 
2.2 Experimental Apparatus Description 
 
As mentioned earlier, only the condensation 

phenomenon is considered in this paper, and an 
experimental loop was designed in order to verify the 
system’s performance.  

If the seawater temperature in the system is 80oC, for 
example, the saturation pressure is 47.4kPa, the water 
height in the cylinder will be 5m in order to achieve the 
required operating condition. However, this cylinder 
height is practically difficult to be achieved in our 
experimental space, we are limited to 3m total height 
maximum. That is, apparatus is not open to atmosphere, 
as in the proposed system, and the required pressure will 
be achieved by a specific technique discussed later on.     

 
Fig.2: Experimental apparatus schematic 
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The experiment apparatus schematic is shown in 
Fig.2. The facility consists of the following parts: 

1- Evaporation part: where the evaporation of the 
seawater takes place. 

2- Instrumentation part: where the condensed water 
accumulated and the system’s production rate 
measured.  

3- Condensation part: where the steam condenses 
and fresh water produced.  

4- Water discharge system: consists of vacuum tank 
and vacuum pump, used to reduce the pressure to 
the operating pressure in the condensation part. 

 
3. Model Calculations  

 
Steady-state and transient analysis have been 

conducted to verify the proposed model. 
 
3.1 Steady-State Calculations  
 
Steady-state calculations were performed to verify the 

system’s performance, that is, calculating the steady-
state condensation flow rate (the production rate of the 
system). The heat transfer rate between the steam and 
the ambient air is defined by: 

 
 
 
 
The condensation heat transfer coefficient was 

defined using Nusselt’s film theory [1], as follows:  

 
The air heat transfer coefficient, an external free 

convective flow on a vertical plate was assumed and the 
Churchill and Chu correlation [2] was applied as follow:  

 
 
 
  
 
After defining the above parameters, the condensed 

water mass flow rate can be calculated as:  
 

 
And by mass conservation, the mass flow rate of the 
condensed water is assumed to equal the evaporation 
rate in the evaporation part and the condensation rate in 
the condensation part.  
 

3.2 Transient Analysis  
 
MARS code was used to verify the system’s transient 
performance. The water discharge from the system and 
the condensation rate have been analyzed.   
 

3.2.1 Water discharge process  
 
Since we are limited on the height of the cylinder, we 
should achieve the operating pressure within the 
allowed height. The desalination system has been 
designed with a water discharge system. Firstly the 
desalination system will fully filled with water, and the 
water will discharged until the water level in the system 
reached the pre-determined level (the top of the 
evaporation part). In this case the pressure in the 
cylinder will be the saturation pressure. This process 
was firstly simulated using the MARS code. The 
system’s MARS nodalization is shown in Fig.3.  
 
  
 
 
 
 
 
                    Fig.3: MARS nodalization 
 
 3.2.2 Condensation mass flow rate  
 
The condensation flow rate in the 
condensation part was analyzed 
using MARS code. The system 
was divided to three parts, where 
the evaporation part was modeled 
as a time dependent volume, the 
instrumentation part as a single 
volume and the condensation part 
as a pipe portioned into 10 sub-
volumes and 9 junctions points. 
The three parts are connected by 
junctions. A heat structure was 
added to the condensation part 
and was connected to a hydraulic 
volume which simulates cooling by 
the atmosphere. The MARS nodalization of the system 
is shown in Fig.4. This calculations allow us to define 
when the system will reach steady-state.  
 

4. Results  
 

4.1 steady-state calculations  
 
For various temperatures the steady state fresh water 
production rate was calculated, this is to establish the 
test matrix for the future experiment. The results are: 

Temperature (oC) Mass flow rate (Kg/s) 
40 6.30E-06 
50 1.57E-05 
65 3.31E-05 
70 3.95E-05 
80 5.34E-05 
90 6.82E-05 

Table1: Steady-state results. 

(1) 

(2) 

(3) 

(4) 

Fig.4: MARS nodalization  
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4.2 Transient Analysis  
 

For the water discharge process, the pressure on the 
condensation part was measured, the calculations were 
performed for different water temperatures; however, 
only for 40 oC will is shown here.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.5: System pressure during water discharge 
 
For the condensation mass flow rate simulations part, 
only a sample of the results will be shown here. For the 
water temperature of 60 oC. 
The condensation flow rate 
was calculated at different 
parts of the system, the net 
condensation rate from all 
parts is equivalent to the 
junction mass flow rate shown 
on Fig.6 and Fig.7. 

                           Fig.6: Condensation part nodalization                                                 
 
 
 
 
 
 
     
 
 
 
 
 

Fig.7: Condensation mass flow rate simulation results. 
 

5. Conclusion  
 
A new desalination system using the waste heat from 
nuclear power plants or solar energy was proposed and 
the design of an experimental facility to evaluate the 
system’s performance was presented. The analytical 
steady-state analysis using MATLAB and transient 
MARS calculations have been performed. An 
Experiment will be performed to verify the model. 
Moreover a feasibility study for the proposed design 
and a comparison with the conventional desalination 
system will be performed.       
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