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Abstract: the physical  model  basis  of the the ventilation 
of or openings 

of 
ventilation the ventilation 

that the of the the 
of the of exchange is then  analyzed 

from vent-openings, positions 
and  types the two 
ventilation wind 

is the south 
is widely  used this 

the to situation to the Venlo widely  used  in 
the 

made:  tunnel  and  low  tunnel  ventilation  have  been  analyzed  by  means of statistical 
(Feuilloley  et  al., et  al.,  Feuilloley  et  al.),  and  multispan  plasti-chouses  using  physical 

et al.). 
difficult to 

common is to 
to 

ventilation the the 
the in aù  the 

the 
the ' the 

models (NN) be as an 
to to be  identified  and  thus 

the the 
the the physical 

the al.). 

the basic the ventilation 
the of 

ventilation  systems  will be 
physical  models. 
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The  wind  effect is to be the 
et 

al.)  and also side 
has  two  components:  a static one,  linked to the the 

to the the static effect 
gives to of the side and 

the upwind  and  downwind of the 
the ‘chimney’ effect linked to the static 

and  outside the to an inflow in the of the 
a an the 

The G side  vents can be 
by a  simple  model  combining  these  wind  and  chimney  effects 

G = S/2 + CwU2? 

2 
S (m ) is the is the the 

inside  and  outside (K) is the U (m-’) is the wind  speed,  g 

(m S- ) is the (m) is the distance  between the 
and  outflow  (equal, to the half  of the height  of the opening). A is the 

coeffkient and  Cw the 
shall in-situ by fitting the data to the model. 

2 

a side openings, the ventilation is giving  by a 
is the side vents  (i.e. the height  of the 

‘chimney ‘). 

can 
by an equation  analogous to equation 1 et the ‘chimney’ effect 
depends  on E and the the and side Ss SF 

Ss and the the 

G = (ST/2)A[ 2g c2 + C,U2] 

E = 2 f i /  (l+b) (l+b2)0.5 
with : 

and 
b = /Ss 

small, the wind  effect is than the chimney effect which 
can be  neglected,  then: 

G = (S/2) 

G, we obtain N, the exchange (h-’): 

N = 3600 (GN) 
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V is the (1) (2) 
S=§/§, the S, and  h the of the = 

V/§,, equations (1) (2) become ( 5 )  : 

N = (3600/h) (s/2) A[2g @T/T)  (W2) .+ Cw ( 5 )  

the chimney  effect, 

N = (3600h) (s/2)A&U (6) 

No the S= O W O ) ,  we can slightly 
modify the (6) as 

N = (3600/h)(s/2) A C  U + No (7) 

5 m  

” ................................................................. 

, ................................................ . .  i ( 1.2*2)m2 i --i 8 m  “p 
Figure 1. Scheme of the  experimental  greenhouse 

of the 
in l in table 1. The tunnel was 504 m2,  with his maximal 
height  was  equal to 3.1 m and his (h) equal to is 

the Tunisian The most of the in 
by a young 
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Table 1: of the  ventilation  systems 

the vents (m) 

opening 18 O 750 
S 1 O 
16 2.1 - 
6 2.1 1 

Supporting  measurements 

N (( N20 )) as the gas with 

gas at a  height  of 2 the 
as 2. all an initial  N20 )) 

stabilisation  of the the C(t) 
deduced as follows 

1 

C(t) = C(t0) exp(-N (t-to)) (8) 

to is the initial  time. 

Sm 
f W 

15m 1 
... " 

Outside 

Sampling  locations 
~ .... ~ " 

63m 

3 15m 

Figure 2. Scheme of the  tracer  gas  measurements.  The N20 analyzer  aspirates  the  air  from 8 
positions  equally  distributed  over  the  greenhouse  and  located  at  a  height of 2m. 

of the the 
given in 1. the exchange 

(3 to 40 of is found  in table 2. 
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Table 2: Average  values of the climatic and parameters of the  ventilation  system 

of N U 
(m) (m&) (“C) 

18  0.031 - O 11.3 2.65  3.96 

8 0.0096 1 3.66 2.2 4.1 

16  0.046  2.1  17  2.78  4.22 

closed O 1.89  1.67  3.63 

Neural  network  model’s  program 

et al., 
?u, 

the the as input, be 
which supposed to explain the (S, by see equations  1 to 6); 
and as output the exchange N. 
the to be  equal to twice the of the sum of input 

the 

Neural  network  models of ventilation  rates 

As of fiom one 
degee of the chimney  and  wind  effect. is 

to weigh the NN 
models is a tool the of the 
inputs. 

we used a file containing the 48 of the N as 
of  vent  opening height of the ‘chimney’ and the 

of the (U, wind  speed  and 
the as inputs. 

Table 3 summarizes the NN tests and  allows us to weigh the 
of the Tl  , using all inputs, 0.91,  implying that 

in this to the model fit. 
to the values of the (A and 

T2, of the wind 
the of the model,  but the elimination  of 

the inputs linked to the ‘chimney’  effect bl and in test T4, in a 
the fit = 0.70). U in test T5 in the 
goodness of the fit = of the 
eminence  of the the stack effect, confim too that the ‘chimney’ effect  is  not 
negligible  and that the exchange is to the 
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Table 3 : Neural  network  models of the  greenhouse  ventilation.  Weight of input  variables  and 
correlation  coefficient (R‘) of the  regression  between  measured  and  calculated  (using 
the modelization).  Networks Tl to T5  were  trained  with 
closed  greenhouse, roof and side), all together 48 data  records 

Test 
Tl T3 T4 

U 58.7 14.6 6.5  15.7 - 
45.1 11 4  4.3 
9.7 - 

S 104.2 40.1  13.1 27 29.5 
b l  41.4 8.4 - - 

34 8.6 - - 
S U m  283.1 82  23.6  42.7  33.8 

0.9 1 0.89  0.74  0.70  0.29 

Physical  modeling 

of N on U and S 

a step, we  have  tested the dependence of N on the U and s. 
3 the evolution  of N (36OOsU/2h) the 

to estimate the ventilation 
to weigh its (g), this is 

given  by the slope, A G ,  of N (36OOsU/2h), a the 
is given  in table 

Table 4 : of the  values  and  confidence  intervals of the  ventilation  parameters 
A g ,  No when  we  consider  a  linear  dependence of N on (3600sU/2h), 6 ) 

coefficient of correlation, n = number of records 

opening opening closed tunnel 
~~ ~ ~ 

A g =  0.157ko.026 A g =  0.13kO.03 A&= 0.22ko.028 A&= 0.18ko.032 

No = 4.733.5 
No= No= 1.2fo.46 No = 

The  leakage so the using a 
eq.6: N = (3600/h)((s+s0)/2) A G U  (9). A g  and so A g  
identified  by fitting the data to the 
model  of using a The 

of the two identified  values  gives s0=0.0075. Table shows that the 
efficiency (A&) of the (O. 157 3.0.026) is of the 

opening  (0.22 _+ 0.028),  but the is not in good 
in the et al. 12) type 

(0.15 -t 0.02), a tunnel,  (0.165 0.01) a 
(0.18 ? 0.01).  We can too that the offset No k 1.5) is 
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of the +1.8), the tunnel (8.6 5 
0.9) and the (6.5 k 1). the Table 4 shows 
that No, which takes implicitly  into  account the ‘chimney’ effect is 

open,  i.e.  when  the  height of the ‘chimney’: is maximal  (see  equation5). 

o loo m 
3600sWh, (h-‘) 

closed greenhotme 

Figure 3. N Versus (36OOsU/2h) for  roof,  door,  roof  and door openings in the closed 
greenhouse 

Sensitivity of the  model  parameters to vents  opening  surfaces  and  wind  velocity 

of N (36OOsU/2h), to vent  opening (S) 

have an This 
of at al. a  tunnel  equipped  with  side 

openings: all of 

the ventilation  efficiency ( A C )  N 
the the wind  speed (Table 5) as both 
openings.  The  evolution of (N) (36OOsU/2h) that the 
dependence of N on U, (7), is 
gives to the slope and to an No. The wind  effect is 

the of ventilation as wind  speed  tends to as 
by  (eq.5) to the chimney  effect  which is 
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Table 5: Effect of wind  velocity  on  the  identifíed  values of the  Ventilation  parameters: 
A C ,  No, = coefficient of correlation  between  measured  and  modelized 
values,  n = number of data  records. 

und Opening 
~~~ ~~~~ 

U <  2 ms-l 4 ~ ~ 2 2  ms-' U < 2 ms-' 4 ~ ~ 2 2  ms-' 

A&= 0.175,  No=3.8 A&= 0.147, N0=5.1 A C = O . 1 5 ,  N0=6.9 A E =  0.09,  N0=9.8 

n= 8 n= 10 n=6 

Combination of wind and  stack  effects 

Cw  and A fitting the data to the model  of  equation 5 using  a  non 
A CW  values 

identified  by  means of the simplified  model  given  by eq.6. Table 6 highlights the 
of the 'chimney'  effects at low wind  speed  on A& value. the wind effect  alone, 

of A 6  at low 

wind  speeds. the stack effect is not  neglected, the of A& with  wind speed can still 
be  identified but it  seems 
that the influence of the wind  velocity  on the ventilation is 2 ms" and that below 
this  limit the to 

Table 6: of wind speed on the  identified  value  (and  confidence  interval) of the 
parameter of 'wind related'  ventilation  efficiency: A E ,  when  we  consider  only 
the  wind  effect  (relation 6) OP a  combination of both  wind  and  chimney  effect 
(relation 5). Case of door openings with  door  and  roof openings 

Wind + chimney  effects  0.185 +_ 0.045 

0.86 

Only wind effect  0.215 +_ 0.025 

0.77 

of 

0.169 & 0.032 

0.8 1 

0.147 & 0.055 

10 

to the combination  of the two 
ventilation:  wind  and stack effects. of ventilation allowed us to select 
.the the of 
of the S, U, by Vent-opening  and  wind 

than 50% of the total the exchange 
all the inputs of the (S, 
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U, a 30%. This indicates that 
in to be 

The  physical  analysis  shows that the  wind effect is the cause of the exchange  between 

effect, linked to the is at low  wind  speed (U<2m S- 

') to a  tall 'chimney.' 

the to U and S, suggested by 
the simplified  physical  model (6 and 7), is only the data  and a 

of is 
the the model the 

vents (the stack  effect is maximized  by the 
effective  height of the two 

Bot, G.P.A. (1980). to 
of Wageningen, 1983, pp. 240. 

T. (1990). 
of Wageningen, 1 16. 

Fernandez,  J.E.,  Bailey,  B.J.  (1992). 
58 : 229 - 245. 

P., tunnels  plastique 
ventilation of the 

: 33 - 46. 

Ettas, C., Boulard, T., Papadalds,  G. Wind  induced aù  exchange in a 
side openings.  Submitted to the 

Feuilloley, P., Yard.  (1995). 
1995, 5 21-25. 

Boulard, T. (1993). et modélisation de 

Boulard, T., (1995). ventilation of a 
data 1995 ,61:3 1 - 37. 

Papadakis, G., , T. (1994). 
of in side opening. 

29th August - 1 

Segiaer, Boulard, T., Bailey, B. (1994). the 
of 59 : 203 -216. 

vol. 31 117 

CIHEAM - Options Mediterraneennes



C., B.,  Boulard, T. (1995). Quantification  du taux à 
1995. 77 : 95-  1  1  1. 

Boulard, T., J.F., Papadakis, G. (1996). The  mechanisms  involved  in 
the 1996, 

Bruce , (1982). Ventilation of 
of the ASAE  1982, 1724 - 1726. 

Boulard, T., Baille, A. (1995). exchange 
61 : 37 - 48. 

C., Boulard, T., Papadakis, G. ventilation of side 
openings : sensitivity to to the of the ASAE. 

(1963). An least estimation  of  non linear 
of the 1963,2 : 431-441. 

J. (1990). Van 
259  pp. 

Notations 

h 
G 

N 

U 
V 

g 

Wind  effect  coefficient 

at time  t  (ppm) 

Vent’s  opening (m ) 

the of inflow and  outflow 
(m) 

the 

volumic flow ) 

exchange ( h l )  

exchange = O (h l )  

(“C) 
Wind  speed  (m S-’) 

) 

(m-? 

2 

3 

Subscripts 
S side T  total 

S soil 
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