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bstrac%: a key of the greenhouse 
physical  makamisms still  insufficiently  studied.  This papa aims to the of 

fluxes along a openiug. of the mem 
components of the wimd a at the level of the opening 
allow us to map the mean air and sensible  heat fluxes along  the We ' 

notice  that a wind to the (a) imduces inflow of cold air at the part of the opening 
and a outflow of at the part of the opening; (b) the sensible  heat 

of the  total flux is of about 42%. 

to the heat  and  mass  exchange  between the 
inside and the i i the 

CO2 the is 

ventilation  mechanisms 
is a  mean of fields by 

wind  and stack 
€lux fluctuating a 

Up to now, the based  on 
scale 
1992) 1993) and the global  estimation of 
based  on gas a the components  of the 
total flux the of the flux is why it is to the 
convective in the the the exchange. 

the plants and in a 
in absence of ventilation. 

this the the heat  and  mass  flux at 
the 
will be applied to the simple case with all facing the the 
wind to the 
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Eddy correlation  techniques  for  determining  the within  the  ventilator opening 

Let us the of heat  with  a  velocity  V(u,  v, wj at the vent  opening. An elemental 
volume  of at V will  then  be  effacing of  heat at a Q (pu 

p p W the 

u = ü+u‘, v = V+V‘, W = k+w’, T (11 

the the instantaneous the the 
classical of X, y  and z: 

pCp u T = pCp U T (p (Cp (2) 

pCp w T  = pCp W T (p W)’ (4) 

Thus, the flux in (2) is flow of pu Cp T and  a due to eddying 
motion (pu)’ (Cp 

A the 
the of time scale to the The 

development  of  inexpensive, that such 
technically  feasible. 

The  main  difficulty the necessity to displace the the 
flux at the the the outside 

a  fixed 
to the vent  opening, it is possible to use the wind  velocity V and the 

the inside  and  outside as to sample the 
heat  and  mass flux by  displacing the the vent  opening in to 
map the of heat  and  mass  exchange. 

The data the 

- velocity, ÛN, u ‘N;  

- of flux of sensible  heat, u(T -T) /v(T -T,) and 
- 

- 
/V(T -To). 

(Ti - T,) is the (in the the 
m  height)  and  outside  and  T the at the 
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Site and  greenhouse  description 

out using a.  416m2  plastic 2 span 
the A scheme of the its dimensions  and its 

is 

i 
l I I 

Figure 1. . Experimental  greenhouse 

Wind  conditions 

in Avignon  in the South  of the 
the the that 

heney and  al.,  1989). 

was  blowing  (19*  and 20* 
of 1995) with an Table (1) the 

the the constancy of wind  conditions, 
that condition the the 

Table 1: Statistics of the  climatic  conditions  prevailing  during  the  experiment 

Standard  deviation 

Wind speed, V ( d s )  

0.3 24.8 (“C) 

o. 1 16.3 (“C) 

3.1 -9.2 ö (deg.) 

0.2 4.94 
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Eddy correlation 

Fluctuating at 12 
of the vent  opening  (in the middle  of the opening  situated at 3.2 m height  with 1 m of  width 32 m 

3 
u,  v, W and 

the u, v, W and the offset  of the 
U, V, W 
- 

at the middle  of the 
at 1.5 

T of 5 All the 
data Co) with  eddy 

The 3 dimensional sonic on a 3.2 mast  fixed on a  moving  mast  and 
2 the 32 thqopening the 
10 

of the the 12 along the opening 
(3.2 m height) shown 2, the the wind  velocity  and 

3, the the wimd velocity. We see that (i) the wind to the 
to an influx at the the opening  and a steady  outflux of 

at the of the opening;  (ii) the 
constant  and  weak. 

i 
O 4 8  12 16 20 24 28 32  36 

Ventilator length 

Figure 2. N o r m a l i  horizontal wind velocity  components  pattern 
along  the  greenhouse  opening 
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II-.̂  

1 

Ventilator length ,m 

Figure 3. Normalized vertical wind velocity pattern along the  greenhouse 

shows the the v 
to is the of exchanges  between 

inside  and  outside the can see that (i) is an the as 
we  move the of the to the of the so that 
the than the mean  outflow;  (ii) the 

fact, if we sum inflows  and  outflows  along V the whole  opening 
to that Cinflow= zoutflowwe 0.85 and -0.50 inflow 

and  outflow. suggests that in the the 
the offset of the can 

0.10  

i 0.00 

=- 

i 
O 

i’ 

. . . .  .... ...i .................................. ........................... 

/ ~ - - - - n - - - - D - a  
. . . . .  p-  ..... . . . . . * A  + ........ f .  . .  . . . . . . . .  

-G-- . . 
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Greenhouse length, m 
- 
v V’ 

v V 
Figure 4. of normalized  mean - and  turbulent - flux of air  along  the 

greenhouse  opening 
. .  
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Air  Temperature 

the (T-To)/(Ti-To) in Fig. is shown 
T T  

that inflow  has the same as the ( < 0.25) and the 
- 10 

Ti - To 
out fl,ow (1 < 
7 7  

I - 
-To 

< 0.3). 

Thus the mixing  inside the can as a to 
map the of at the 
downwind  end  of the of inside  and  outside than the 
outside  one,  flows out at the upwind  end  of the same  opening. 

of sensible  energy  flux 

the of  vent  opening S the V to the 
vent  opening allow  computation  of the 
flux of 2) and  allows us to  evaluate the total 

= pCpk(i;T)+(v' T')) ds (5) 

Table 2 shows the of mean and 
the whole  opening, the mean flux and the 

32% of the total of  sensible  heat  exchange  between  inside  and  outside the ' 

Table 2. Turbulent,  mean  parts  and  the  total  sensible  heat  fluxes  exchanged  through  the  vent 
(along v and  over  the  whole opening surfaces). 

Total 

0.025 0.035 0.060 

(42%) (85%) ( 100%) 

along V the vent  opening is in 
the between and 16 5), the of the location 
of the the the flux of 

is 

flow and  side wall effect 

As stated in the the mean  flow of 
the edges  of  side  walls of the 6). this exchange of 

is conditions)  goes in (having  inside 
conditions)  comes  out  of the at these  places. 

This of  mean  flow is to a  "side  wall  effect"  deduced by 
gas This steady  effect is induced  by  gables  affecting the static field 

the vent  opening  and the of the ''steady"  effect is 
to the size of the 
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5 10 25 
m 

Figure 5. temperature  distribution (in noTmalized form) 
along the  greenhouse  opening 

. . . .. .. . . ... . . .... .,... . . .. ...,... .. I I...̂ ...... _ _  ...................... .. ...... .., . . 

5 10 20 25 
I 

length, m 

Figure 6. of turbulent  sensible  heat fluxes (in normalised forms) 
along  the  greenhouse  opening 
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The 
usually  done  by  the  classical as 

though 3 last technique 
velocities  and 

to 

we  have  found that (i) an inflow  of  cold in  the 
downwind of the opening  and an at the upwind of  the  'same 
opening; (ii) the total 
efficiency  is  small COZ 

flow  due to wind at 
that the COZ the 

flow. 

of the wind  effects  on the fluxes 
exchange  (dif€ícult to model)  and  mean exchanges 

u', v', W' 

cp 

of 
sensible  heat 

of at the level of the 

of T 
of of T 

inside 
outside 
wind  speed 
components of the wind  velocity  along y, z 

of v, W 

density 

J kg-' 
W 

O C  

OC 
"C 
"C 
"C 
m S-' 

m S" 
m S-' 

kg m-3 

O 
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