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Modeling a single effect evaporator in Thermoptim 
  
We have developed an external class in which the product to concentrate is modeled taking account a boiling 
point elevation proportional to the concentration, the other thermodynamic properties being those of water (Class 
EauSolute). If necessary, this class could easily be modified to reflect a more accurate model of the product. 
 
An evaporator acts as a 
divider receiving in input 
the product to 
concentrate, and from 
which exit two fluids: 
steam (water vapor) and 
the concentrated product. 
The heat is provided by 
one or two fluids, thermal 
couplings being 
represented by 
thermocouplers. The 
reason we introduced two 
thermocouplers instead of 
one that would seem 
sufficient at first, is that in 
multiple-effect cycles, we 
can recover some of the 
necessary input to a 
downstream effect by 
condensing the steam 
from an upstream effect. 
The second thermocoupler allows you to provide the additional missing load from some other heat source. 
  
The structure of the evaporator model is given in Figure 1. 

Physical Model 
 
In a conventional single-effect evaporation cycle (Figure 2) a product to concentrate 
(solute + solvent) is injected into a unit, heated by any heat input Q (steam 4-5). The 
concentrated product is extracted in 3, at the bottom of the unit, while the solvent 
vapor exits in 2 and is condensed, its enthalpy being lost. 
 
Calling x the mass concentration of solute, equations governing the behavior of this 
unit are: 

conservation of the total flow:  m1
·  = m2

·  + m3
·   (1) 

conservation of solute: x1 m1
·  = x3 m3

·   (2) 

conservation of enthalpy: h1 m1
· + Q = h3 m3

·  + h2 m2
·  (3) 

 
The model that can be retained is: 
 
1) the only parameter modified is the percentage of heat loss (determined by reference to the thermocoupler 
load), concentrations and pressures of the product in and out of the component being determined by their values 
in the point screens; 
2) we consider for this example only one thermocoupler, the latter being not necessary. 
 
 

 
Figure 1: Component diagram  

 
Figure 2 
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The component screen is given in Figure 3, the product being concentrated from 11 to 20%, heat loss being 3% 
of the thermal load. 

 

 
Figure 3: Component screen  

 
Figure 4: Thermocoupler screen 
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Study of the external class EvapoConcentrator  
 
Consistency tests on the construction of the external divider are made by the method checkConsistency() to 
check the fluids are well connected: in this case, a product in input and the product and water in output. The tests 
implemented here are very basic and could be improved. Please refer to Volume 3 of the reference manual for 
explanations on this point, valid for all external nodes. 
 
The study of the external class EvapoConcentrator shows how the model has been implemented. Two steps are 
enough to make the calculations: 
 
1) we first determine the exit temperature of fluids (concentrated product and steam) and their mass flow rates 
and then computes the thermal power to provide Qgen  
 

 
 
2) the node is then updated using the generic methods described in the reference manual 
 

 
Figure 5: Component synoptic view  
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