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Objectives of the study:

— propose a simplified model based on a physical analysis
— apply it to a large number of shelters

— verify the physical consistency of the model
according to observed data
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Statistics of the final data selected:

— 26 shelters
- sampling time : 60 s

- 122,000 samples over 1 year (84 full
days)
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A simplified shelter...

Ny

Assumption 1 : T, is homogeneous
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A simplified shelter...
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A simplified shelter...
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A simplified shelter...

m, C,, TS/

Assumption2: 7, =T (=T_ )
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A simplified shelter...

T/

mC’ Cp ] atc
C

(mccpc —I_ Vacpa)Ta+C —
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A simplified shelter...

(mccpc T Vacpa)TaJrc — Aseca Uacp(Tina = TcH—c)
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A simplified shelter...

Aseca Ua CpTina —
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A simplified shelter...
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A simplified shelter...
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A simplified shelter...
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A simplified shelter...

mana TSa — AaQZ (3)
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o A simplified shelter...
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maCp, Ts, = Ag@Qf — hoAy(Ts, —T) (3)
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...for a simplified equation

Assumption 3: all MV = 0 between two samples
(except Tand T_, )
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...for a simplified equation

Assumption 3: all MV = 0 between two samples
(except Tand T_, )

Combining (1), (2) and (3):

- Asec Ua, AaQ* _l_ ACQ* Asec Ua
+e(t) + 7 t+c(?) vie, W () ()
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+e(t) + 7 t+c(?) vie, W () ()

We define er(t) = Totc(t) — T'(t), inject it into (4):
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...for a simplified equation

Assumption 3: all MV = 0 between two samples
(except Tand T_, )

Combining (1), (2) and (3):

- Asec Ua, AaQ* _|_ ACQ* Asec Ua
+e(t) + 7 t+c(?) vie, W () ()

We define er(t) = Totc(t) — T'(t), inject it into (4):
er(t) +eep(t) =¢—T (5)

— 1st order differential equation with constant coefficient
and constant second term
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...for a simplified equation

+er(n—1)- g S1Vadt
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...for a simplified equation

e Candt_l o — a X
er(n) = = (¢ (g ~ G~ ) 6
U, dt (6)
+er(n—1)- e ¢1Ua
Assumption 4: Uo=aU - GQUs=0anU=pU
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...for a simplified equation

1 . T Q* Q*
_ — . C1Uqdt sl 1 B— a e
€T (n) C]_ (6 )( Ua, C3 Ua C4 Ua ) 6
Ugdt ()
—I— GT(’]’L — ]_) . 6_C1 a
Assumption 4: U,=c U - GU,=GaU=pU
Assumption 5: ( @ e Q _ K +K +L  Qkikere
P : 3Ua 4Ua = Qg 0. = iy i
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...for a simplified equation

L (e T ; :
€T(n) - — . (6 CiUqdt __ 1)(_ . CSQ B C4Q_)
G1 U, U, U, 6)
+ep(n—1). e 1Vadt
Assumption 4: U,=c U - GU,=GaU=pU
Assumption 5: ( @ e e _, K"+ Kv+ L+ LSRN
p i UCL * Ua - Ua 4 Ua
LT
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Resolution method

Y = (e = 1)(— X2 — paX3) + Xge 7

p, and p, calculated

* by non-linear regression
* for different solar angle ranges

. 1T Qrt Kt L

S er(n) = (€U - 1)(— - pp TELILEL
1 o100 A,
2 Asec Vo Cop
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Error due to lag

. 1 T @t Kt L
— plUdt . 1 e ) )
er(n) = (¢ oo = e

)+ er(n— l)e_plUdt
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Error due to lag
1T QKT,K¢,L¢

— (e~ P1Udt _ 1y _ _ 1)e—P1Udt
er(n) = (e | )(p1 TR ) +er(n—1e
- T = —-
p1U
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Error due to lag
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Error due to lag

17T
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Error due to lag

17T
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Error due to lag

17T QKT,K¢,L¢
P27

) + ep(n — 1)e PVt

36.5
360}
£ 355]
(]

5 35.0
"

3 345)
g 34.0F
[

< 335}
< 330}

325 .
o 2315 23:30 23:45 00:00 00:15 00:30 00:45

— LCAS GT
— VWYOU2_G
— LBOM GT ||
— ref- ATHI1 G |

p, values: 0.00023 < 0.00054 < 0.0011

Jérémy Bernard 12



Error due to lag

17T QKT,K¢,L¢
P2

)+ er(n — l)e_plUdt

— LCAS GT
— VWYOU2_G
— LBOM GT
— ref- ATHI1 G |

L
23:15 23:30 23:45 00:00 00:15 00:30 00:45
X E3 XK T

23:15 23:30 23:45 00:00 00:15 00:30 00:45

p, values: 0.00023 < 0.00054 < 0.0011
For U =2 m.s*, tvalues (in min):

Jérémy Bernard 12



Error due to lag
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Error due to radiation
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Error due to radiation
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Relationship between p, and p,
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Relationship between p, and p, (night-time)
Y

pr=-- <= log(p2) = log(y) — log(p1)
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Relationship between p, and p, (night-time)

pr=—L  <=> log(ps) = log(y) — log(p1)

- L f(x)=a-1x
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Relationship between p, and p, (night-time)
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Relationship between p, and p, (day-time)
Y
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Relationship between p, and p, (day-time)
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Solar angle influence (naturally ventilated)
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Solar angle influence (naturally ventilated)
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Main findings
* The equation coefficient values seems consistent with
observation
* lag

* radiation sensitivity
e Solar angle effect: crucial for some shelters
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Main findings
* The equation coefficient values seems consistent with
observation
* lag

* radiation sensitivity
e Solar angle effect: crucial for some shelters

Openings

 Better understanding the physical relationship between p1
and p2
e Data correction using this model should be tested
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Thanks to WMO for their agreement to freely use their data
And...

Thank you for your attention

WOrk funded by . . I'esprit grand ouvert ) EFE‘;"S DE LA LOIRE
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