Modeling of an indirect contact cooling tower in Thermoptim

An indirect contact cooling tower 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).
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Figure 1: Diagram of the indirect contact cooling tower component

Model of the indirect contact cooling tower

We can reason on the overall enthalpy level knowing the inlet and outlet air side conditions and the inlet ones on
the water side: model results are consistent with experimental values and those supplied by manufacturers.

Flow rates of both inlet streams are set by conditions upstream of the component and not recalculated. If water
flow is insufficient for its cooling (up to moist bulb temperature of incoming air) to provide air with the enthalpy
required, a message warns the user.

The functions for calculating properties of Thermoptim moist gases and points have been made available from
external classes. We advise you to refer to the note: "Calculations of wet gas from external classes"'for a detailed
presentation of the available methods.

Recall that, as usual in calculations of moist functions, values are referred to dry gas, whose composition is
invariant, while other calculations in Thermoptim are relative to the actual gas composition, i.e. are referred to
the moist gas. It is therefore necessary to make the corresponding conversions.

Another point to mention is that when you save a point properties, moisture is not taken into account because it
is derived from the gas composition. If we desire to save a change in the humidity of the air inlet, we must also
change the gas composition from the moist screen calculations of the inlet point.

The model that we can choose, when we know the exit air temperature, is the following:

1) we begin by calculating inlet moist air properties, and determining the dry gas mass flow from that of
moist gas; inlet relative humidity ¢ is displayed on the screen;

! http://www.thermoptim.org/sections/base-methodologique/extensions-thermoptim/calculs-gaz-humides
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2) the outlet relative humidity is read on the screen, and the outlet moist air properties are calculated,

which gives the specific and total enthalpy to be brought to air;

3) the flow of water carried by air is determined and the outlet moist air compaosition is changed;

4) the water enthalpy balance provides the thermocoupler load, which gives the outlet temperature of the

fluid to be cooled;

5) values downstream the node are updated.

This model is very simple and does not include any estimate of the size of the tower, such as calculation of a
NTU. It would be possible to complete it on this point, similarly to what is presented in the direct contact cooling

tower model.

As indicated above, the tower is represented by an external mixer connected to an external divider, the

calculations being made by the latter. The classes are called InDirectCoolingTowerlInlet and

InDirectCoolingTowerQutlet.
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Figure 2: Cooling tower component screen

The cooling tower component and thermocoupler screens are given in Figures 2 and 3. We wish here to cool
1kg/s of water from 30 °C to 25 °C. With a rate of 0.93 kg/s of air at 18 °C and relative humidity equal to 0.5,
the exhaust air temperature is 20 °C and 7.5 g/s of water are evaporated. The tower capacity is 20.8 kW.




name |cooling tower type  counterflow | < | » | | Save |
cooling tower links | | Suppress | Close |
thermal fluid pProcess
Ti a0 Ti 18
To 25.02104713 ® calculated 10 20 8 pineblmethedinuns
m 1 m 0496250521
i calculated minimum pinch 0
Cp 4 1T8T3ITEE Cp 1040287199
m AH -20.805737845 m &H 2080573784
ua 27795104
(@ calculate exchange
R 080945093
HTU 0.BE5155517
LMTD 842290819
epsilon 04149127349
Figure 3: Thermocoupler screen

Figures 4 and 5 provide the properties of moist air entering and leaving the tower, and Figure 6 is a synoptic
view of the model.
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Figure 4: Inlet point screen
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Figure 5: Outlet point screen
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Figure 6: Synoptic view
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Study of external class InDirectCoolingTowerOutlet

To ensure model consistency (avoiding that the inlet mixer is connected to an inadequate outlet divider), each of
the two nodes tries to instantiate the other in its class from the project external components and verifies that both
are connected to the same process-point. If the operation fails, a message warns the user that the construction is

incorrect. This is checked by methods setupOutlet() and setuplnlet().




In addition, consistency tests for each node are carried out by method checkConsistency() to verify that fluids are
appropriately connected: in this case, humid air as well as inlet and outlet water. Refer to Volume 3 of the
reference manual for explanations on this point, valid for all external nodes.

The study of external class InDirectCoolingTowerOutlet allows one to understand how the model has been
implemented. As can be seen, if the outlet air temperature is known, six steps are enough to perform calculations
(in other cases, the approach is analogous):

1) we begin by calculating the inlet humid air properties thanks to generic method updatepoint(), then we
initialize the dry air flow-rate and the upstream specific enthalpy:

JAimposition de w et caleul des propriétés humides
J/setting w and moist properties calculation
updatepoint (amont, false, 0, /T

false, 0, false, 0,//P,x

true, "setW and calculate all”, old wj;

getPointProperties (amont) ;
System. cut.printlnfamont+" w @ "+Wpoint+"™ epsi @ "+Epsipoint+" g' @ "+0Primepoint+™ t' @ "+Tprimepoid

Douwhle f=(Double]wvProp.elementdt (3);
double flow=f.doubleValuel(]:
double flow as=flow/ (1+Wpoint);//debit massigque de gaz sec

2) we then calculate the moist air properties and deduce the total enthalpy into play:

ffPropriétés humides de 1'air sortant

ffmoist properties of the exiting air

args[0]="procesza";//type of the element [(See method getProperties(3tring[] args))
arga[1]=airProcess;//name of the process [(See method getProperties (3cring[] args))
vProp=proj.getProperties (args) ;

Gtring aval=(3tring)vProp.elementldtc (1) ;//gets the upstresm point hame
getPointProperties (aval) ;

outletT=Tpoint;

double epsi=Ucil.li¢ dioutletEpsi value.getText()):
Jfimposition de epsilon et mise & jour de w
updatepoint (aval, false, 0, //T

false, 0, false, 0,//F,x

true, "setEpsi and calculate™, epsi);
getPointProperties (aval)

double haval=QFrimepoint;//enthalpie spécifigque de 1'air sortant

double Deltanrime=lew_as*thaval—hamont];ffenthalpie totale acguise par l'air
Deltagprime wvalue.setText (Ttil. aff Jd(DeltaQprime,3));

3) we change the outlet moist air composition, and calculate the mass flow rates exiting:
Sfmodification de la composition du gaz
fimodification of the gas composSition
updatepoint (aval, false, 0, J/T
false, 0, false, 0,//F,x
true, "modHuw'™, 0O):

f/Bilana wasziques air et esau
ffair and water masz balance

double DutletFlDw=lew_as*[1+Hpnint]:

double waterFlow=(Wpoint-old w) *flow_as:
water walue.setText (Ttil.aff diwaterFlow, 5] :

approach value.setText (Util. 2ff d{waterT-outletT,3)];

4) the node is updated using generic methods described in the reference manual:



ffmize &4 jour du noeud en utiliszant les mwéthodes générigques

ffupdate of the node hy the generic methods

vTransfo= new Vector[nBranches+1]:

vPoints= new Vector [nBranches+1]:

setupWector (airProcess, airFPoint, 0, flow, =airT, airP, 0);

setupVector (waterProcess, waterPoint, 1, icti.waterFlowv-waterFlow, waterT, =airP,
setupWVector (mainProcess, aval, 2, outletFlow, outletT, airP, 0);

updatelbivider (vTransfo,vPoints, outletT, haval) ;
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