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Simulation of an air cooler



Heat and mass transfer
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Same equations on secondary side…



Jean Lebrun 6

Typical evolutions of Colburn (“j”) and friction (“f”)
factors as functions of the Reynolds inside a rectangular 
channel
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In turbulent regime, both factors are almost only depending 
from the roughness and the following laws can be used in fair 
approximation:

The (real or fictitious) roughness factor appears as a 
convenient parameter to be tuned in order to fit with 
experimental results available. 

Key issue: proportionality between “f” and “j”…
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Simplified definition of the wet regime

The air is not supposed to be pre-humidified upstream to 
the secondary side of the heat exchanger. 

The “wetting effectiveness” is defined as a ratio between 
the wet transfer area (actually or fictitiously) available and 
the geometrical area.
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Both plates sizes “LHEjk1” and “LHEjk2” can be 
tuned, in order to fit with the actual 
performances. 

Also tune the roughness. 

These tunings have direct impacts on both 
heat and mass transfers and pressure drops .

In turbulent regime, the number of plates 
“Npl”, can be tuned to adjust the continuous 
pressure drops without any effect on global
heat transfer coefficient.

Same idea with the local pressure drop factors 
“Kc”.

“Kc” may include the both continuous and 
local pressure drops occurring upstream and 
downstream of the heat exchanger.



Main air states on both sides of the heat exchanger
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Example of real system
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Analysis of manufacturer data in “mode 1”
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Tuning of the parameters to fit with manufacturer data
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In this “mode 1”, it appears that the most realistic hypotheses consist in 
assuming a fully dry regime in the first heat exchanger and a fully wet regime 
in the second one. This wet regime is due to “natural” condensation of the 
water vapor(as inside a cooling coil), without any injection of liquid water.

A first tuning is performed with the help of a sizing factor:

A satisfactory result TSUP is obtained with 
Fsizing=2.5



Psychrometric plotting of “mode 1” (with Fsizing=2.5)
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Analysis of manufacturer data in mode 2
This mode is very different from the previous one: the evaporation (and no more condensation) 

“wet” regime, occurring on the secondary side of the first (and no more the second) heat 
exchanger, is obtained by artificial wetting of this surface.
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A satisfactory result TSUP is obtained with Fsizing=0.67, i.e. 
much smaller than in mode 1. This strong difference has still to 
be explained



Psychrometric plotting of “mode 2”
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Association of two heat exchangers in series with partial recirculation
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Analysis of manufacturer data in “mode 3”
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A satisfactory result TSUP is obtained with 
Fsizing=1.5 (i.e. somewhere between modes 1 
and 2). 



A tuning of the number of plates can be  performed in such a way to reconciliate 
measured and simulated powers of the fan ODASUP. 

The best value is FNpl=1.391
A reconciliation between measured and simulated powers of the fan ETAEHA Tuning of 

KC on secondary side
Best value: Kc=6.73
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Analysis of monitoring results
- Period selected: 12 to 15h

- Mode 3
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Other periods and other modes are less reliable because of: 

1) strong disagreement among climate measured on site 
considered and on meteorological stations of the 
surroundings;

2) too short and unstable conditions in mode 2 (begin of the 
day);

3) unexplained control action around 16h.

Simulation:

The parameters are kept the same as in “mode 3” 
already analysed.



Measured and simulated building supply temperature (“TSUP”)
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Measured and simulated useful thermal power
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Relative error committed on the useful thermal power
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It appears that the relative error committed on the useful thermal power is of the order of 20  %.
From other part, the actual fans consumption is fairly well simulated:
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Provisory conclusions

This is  no more than a very first step. 

Much more experimental results will be welcome in order to 
validate and tune such simulation model…


