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“Projet Échangeur”“Projet Échangeur ”

Humidity control in greenhouses

IntroductionIntroductionIntroduction

Conventional method : Heating/ventilating
Humidity control in greenhouses

Air-air heat exchangers

CIDES, Center for Info & Exp. Dev. In Greenhouses

MAPAQ, Food, Fisheries, and Agriculture Ministry

Université Laval, Energy Research Group
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Inner tube
Dint=101mm

Peripheral tubes
Dint= 76mm

External envelope
Dint=305mm

“Projet Échangeur”“Projet Échangeur”“Projet Échangeur”

A first prototype, 1996
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Other heat exchanger prototypes, 1997-1998

“Projet Échangeur”“Projet Échangeur”“Projet Échangeur”
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“Projet Échangeur”“Projet Échangeur”“Projet Échangeur”
Heat exchanger 
thermal analysis
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Evaluate the effects of friction on internal 
heat transfer;

Estimate the effects of corrugations, air mass 
fraction and velocity on external heat 
transfer;

Find the empiric correlation that best fits the 
experimental results.

ObjectivesObjectivesObjectives

Determine the condensation profiles on the 
external wall of the inner tube;
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EXCHANGER

EXTERIOR

Fan

PITOT TUBE

AMINCO system for 
hot and moist air conditioning

Experimental apparatusExperimental apparatusExperimental apparatus
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Experimental apparatusExperimental apparatusExperimental apparatus
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External shell:
acrylic tubeInstrumented 

probe

Corrugated 
internal

tube

15 cm

17 cm

19 cm

21 cm

24 cm

27 cm

101 mm

116 mm

0 cm

30 cm

Experimental apparatusExperimental apparatusExperimental apparatus
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Pr = 0,69

➁ Experimental data correlation➁➁ Experimental data correlationExperimental data correlation
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Condensation profiles 

ResultsResultsResults

dry-dry regime

dry-drops regime

drops-film regime

film-film regime

film-frost regime
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ResultsResultsResults
Temperature profiles 
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Five condensation regimes established.

Temperature profiles obtained. 

Experimental heat transfer coefficient 
estimated.

Need for a correlation for the internal and 
external transfer.

Transpose the results for tube banks.

Conclusions and further 
developments

Conclusions and further Conclusions and further 
developmentsdevelopments
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Cost < 2000 $CAN; Payback 3 years;

Objectives and design limitations

Easy to assemble;
Low maintenance and repairs;
Resistant to corrosion and rot;
Good performance under frost conditions.

Objectives and design limitations

“Projet Échangeur”“Projet Échangeur”“Projet Échangeur”
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