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INntroduction

~Humidity control in greenhouses

-Conventional method : Heating/ventilating
-Air-air heat exchangers

r~“Projet Echangeur’

-CIDES, Center for Info & Exp. Dev. In Greenhouses
-MAPAQ, Food, Fisheries, and Agriculture Ministry
-Université Laval, Energy Research Group
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“Projet Echangeur”

+ Other heat exchanger prototypes, 1997-1998
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“Projet Echangeur”

+ Heat exchanger
thermal analysis
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Objectives

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

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.
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Experimental apparatus

EXCHANGER

PITOT TUBE

s b b

EXTERIOR

AMINCO system for
hot and moist air conditioning
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Experimental apparatus

30 cm

P
W i,

External shell:
Instrumented '

Corrugated
Internal

O cm
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Data analysis

Direct calculation of h.

Energy balance
q,dA =m_c, dT,

Newton's Law
of Cooling

qi" = hi (Tw,i _Tc)
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Data analysis

Experimental data correlation

Pr = 0,69

h, = f (Re, Pr, Sc, Ja, Xx,)
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Data analysis
O Wilson Plot Technigu
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Results

+ Condensation profiles

odry-dry regime
@dry-drops regime
edrops-film regime
@ftim-film regime

eftim-frost regime
ettt o & A A A
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Results

+ Temperature profiles
25
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X
0 0254 0508 0,762 1,016 1,27 1,524 1,778 2,032 2,286 2,54 2,/94 3,048

Condensation Condensation in

everywhere grooves only
© Clemente Ibarra Castanedo

Frost Dry




—p Groupe de
_',r#“';r. R Recherche en

Energie
— —
o Ea

Results
+ Heat transfer coefficients

~ K. (%)(Re —103)Pr

Di1+12.7 %(Pr%—l)

30 Gnielinski : h, =

0 0254 0508 0,762 1,016 1,27 1,524 1,7/8 2,032 2286 254 2,794 3,048
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Conclusions and further
developments

v Five condensation regimes established.
v Temperature profiles obtained.

v  Experimental heat transfer coefficient
estimated.

« Need for a correlation for the internal and
external transfer.

« Transpose the results for tube banks.
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“Projet Echangeur”

~Objectives and design limitations

-Cost < 2000 $CAN; Payback 3 years;
-Easy to assemble;

-Low maintenance and repairs;
-Resistant to corrosion and rot;
-Good performance under frost conditions.
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Temperature profiles

T.(X)=A-B exp(—Cx)

Tp,o(x): A+B X

T.(xX)=A+B exp(Cx)
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