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Modeling of a moist gas saturation in Thermoptim  
  

 
A saturator has the 
distinction of being 
crossed by two separate 
streams: air and water, that 
exchange matter and 
energy through an 
interface. It behaves like a 
quadrupole receiving two 
input fluid, and of out 
which come two others 
(Figure 1). 
 
The saturator behaves like 
a moist mixer, and is 
calculated as such.  
 
The class code 
(Saturator.java) is as 
follows: 

1) we begin by getting the incoming gas composition, and we update the composition of the outlet gas, a 
precaution in case the two dry gases would be different. 

 
2) we calculate the inlet absolute humidity with the definition formula, to avoid, given the high 

temperature of gas, having to estimate the saturation conditions. 

 
Figure 1: Saturator 

 
Figure 1: Saturator component screen  
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3) the dry gas flow and the inlet gas specific enthalpy are determined, using methods updatepoint() and 
getPointProperties(): 

 
4) At this stage, the upstream moist gas properties are perfectly calculated. We must now determine the 
saturator exit temperature, solving simultaneously:  

• water balance (the flow of water consumed is equal to the product of the dry gas flow by the gas moisture 
variation); 

• enthalpy balance (the sum of incoming enthalpy flows (specific units for the moist gas) is equal to the sum 
of outgoing enthalpy flows. Since Ts is unknown, we do a solution search by dichotomy, using generic 
function Util.dicho_T(), which uses f_dicho(). The code operates as follows: 

• humidity is passed as input argument, instead of the pressure, otherwise known; 
• we first calculate the enthalpy heau (Ts) of water at the outlet; 
• we change the gas outlet temperature, then its moisture from the value read on the screen, and we get the 

values of its absolute humidity and specific enthalpy; 
• we calculate the flow of water left (although we should do a test to make sure it remains positive); 
• we write that the enthalpy lost by the water ends up in the air, and calculate residue diff; 
• temperature Ts is determined when diff = 0. 

 
5) Ts being determined, we change the composition of moist gas at the outlet: 

 
6) Consistency checks 
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Using the values that appear on the diagram of Figure 1, we can build the apparent saturator balance: 
 kW 
total inlet enthalpy flow 65,012 
total output enthalpy flow 22,570 
apparent discrepancy 42,443 
difference per kg/s of water consumed Lwater = 2,547 
 
Everything happens as if 42.4 MW of heat disappeared but, as shown in the last row of the table, this value 
corresponds exactly to the enthalpy of vaporization of water in the moist gas, which is not recognized in the 
values displayed by Thermoptim given the conventions adopted for ideal gases (zero enthalpy at 25 °C and 1 
bar). 
 
Obviously, if we sufficiently cooled exhaust gases for the water they contain to condense, this enthalpy would 
appear again (with the addition of the water formed in the combustion chamber). 
 


