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Objectives

1. To study the temperature distribution in the
region surrounding the trigger planes

2. To investigate the need to install an additional
ventilation system
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The CFD Model

Geometry
and Mesh
detail
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e Steady-state, 2D Model

e Only MT1 considered

ﬂ
1
e 3rd column slice el [ ]
ﬂ

o ~125 kcells, tetrahedral

e Heat dissipation from RPC
detectors set as constant and
uniform heat flux

e Muon iron filter wall set as
adiabatic

e Cable storages modelled as

void spaces
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Case studies

Air Flow .
Case Name Conditions General description

Case 1 Natural Tambient = 17°C

Case 2 Convection Tambient = 20°C

Case 3 Only extraction — Tambient = 20°C; Tvent = 20°C
Case 4 Mixed Only extraction — Tambient = 20°C; Tvent = 17°C

Convection

Case 5 Only extraction — Tambient = 17°C; Tvent = 17°C
Case 6 Tinlet = 17°C; Tambient = 20°C
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Ll
Case 1 | Case 2 Case 3 Case 4 Case 5 Case 6
Average Temperature,
oC 21.0 24.0 23.6 20.4 20.5 20.2
Maximum
Temperature,cc | 300 | 33.0 33.0 29.8 29.8 29.6
Average Temperatur
) agteexteraftion, °Ce 25.2 22.2 22.5 22.40
Average Temperature
®at Outlet, °C 240 | 27.0 24.5 21.5 22.3 20.50
Average Velocity, m/s 0.10 0.11 0.13 0.12 0.12 0.138
Maximum Velocity, m/s | (.44 0.44 1.61 1.60 1.37 3.07
Heat Transfer
Coefficientl, W/ 2.3 2.2 2.5 2.4 1.1 5.6
m’K
Heat Transfer
Coefficient2, W/ 2.8 2.7 3.0 2.9 1.3 11.2
m*K
Heat Transfer
Coefficient3, 2.9 2.9 3.3 3.2 1.5 28.4
W/m?K
Flow Rate, m*h 343 344 182 + 250 184 +250 | 188 + 250 265 + 250
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pro-STAR 4.0

Temperature
Celcius

ITER = 120000
LOCAL MX= 29.83
LOCAL MN= 17.09

30.00
29.35
28.70
28.05
27.40
26.75
26.10
25.45
24.80
24.15
23.50
22.85
22.20
21.55
20.90
20.25
19.60
18.95
18.30

17.65
17.00
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Results

Case 1 Case 2
Average
Temperature, °C 21 24
Maximum
Temperature, °C 30 33
Average
Temperature at 24 27
Outlet, °C
Average
Velocity, m/s 0.1 0.1
Maximum
Velocity, m/s 0.4 0.4
Heat Transfer
Coefficient?, 2.3 2.2
W/mz2K
Heat Transfer
Coefficient?, 2.8 2.7
W/mz2K
Heat Transfer
Coefficient3, 2.9 2.9
W/mz2K
Flow Rate, m3/h 343 344

November 2007

Natura Convection: 17 °C vs 20 °C Ambient Temperature
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pro-STAR 4.0

Temperature
Celcius

ITER = 130000
LOCAL MX= 32.97
LOCAL MN= 20.09

30.00
29.35
28.70
28.05
27.40
26.75
26.10
25.45
24.80
24.15
23.50
22.85
22.20
21,55
20.90
20.25
19.60
18.95
18.30
17.65
17.00
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Results

Natural Convection: 17 °C vs 20 °C Ambient Temperature
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Results

Natural vs Forced Convection at 17 °C
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Case 1 Case 6
Cz Average Temperature, °C 21 20 \_/
pro-STAR 4.0 pro-STAR 4.0
. o 3-JUL-07
Temperature Maximum Temperature, C 30 30 F,'EI'II'-'I ggl'lllilé%
Celcius i
ITER = 120000 KELVIMN)
LOCAL MX= 29.83 FER = 120000
LOCAL MN= 17.09 Average Temperature at 24 22 ggﬂ: mﬁ: %g?{:ﬁ
— 000 Outlet, °C e
29.35 5
W s
e Average Temperature at 21 26805
75 Extraction, °C 26.75
- 26,10
25.45 25.45
. . 24,80
L Average Velocity, m/s 0.1 0.1 WM
| o 22.85
_ _ I 22.20
2155 Maximum Velocity, m/s 0.4 3.0 5090
20.90 20.25
20.25 196[]
1893 Heat Transfer Coefficient?, e
18.30 2 2.3 5.6 17.65
] 17.65 W/m K 1?..0':'
¥ 17.00
H Transfer Coefficient?
eat ' 2.8 11.2
: x W/m2K
Heat Transfer Coefficient3?
, ! 2.9 28.4
W/mz2K
Flow Rate, m3/h 343 265 + 250
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Results

Natural vs Forced Convection at 17 °C

’ 30 i
29 29 o
28 o8 Z Z

27

26 T I
- 1 . §n w | i
24 W ved T, e [ il
23 |k .-"r’- ta Pl
‘ / - u HE
22 F VA\‘ 'Y E Hl=
= [’ ‘-4/} ! u

. NT W A=

o -

!J-] ™ = | jm]
19 /: A AlE
JP/e |
18 ’/‘ b
., Ll
0o S0 NS0 N0 SN0 SN S0 dO0D e son SN eom 6D 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500

Distance along Spline, mm

Distance along Zpling, mm

. - /—\
A. Romanazzi, D. Maglio November 2007 10 ( CFD team




« DEPARTMEN
&

o,

\8)

3.0
pro-STAR 4.0 o s
z4-JUL-07 25
VEL, COMP UV 2
hAFS -
ITER = 120200
LOCAL Wix= 3.03¢ 20
LOCAL N= 0.00¢ Yoo
3.034 F o1s »
2517 a 1.4
2601 e - v
2364 l e _— _‘_\
2167
1.951 Y as /f
i mo 08 Ly S~ —
: -‘S 0.4 ey N7

T
\
\
QL

0.6
0.8
-1.0
Y
LK 3.0
CFM »one na os ™y
[ — i LT EAR 26 \.
fo—— 2.4
RlFurme 22
o pro-STAR 3.2 20 fl-\“
------ ” e ELGG T MAGN F’f i ‘?“
" 'l\ﬁiJiESR 4601 g e //;' . j'h E\
e CAL MX- 2,99 P A7 T\
o] LCAL MMN= 0,767 w 1.0
“PRESENTATION ¥ o= // r"f ¥ Y
S » 998 . y
— 52;5 ,-r"-; 0.4 / / l\
— Sy = r’ —]
it 2142 oo / E
oz
—_— 1714 e N
s 1.285
1.071 'E'Z
i 0.8570 -0.
N 06427 1.0 el |
8-31232 ] 10 20 S0 40 S0 &0 B S0 S0 100 110 120 130
0.7678E-05 Distance along Spline, mm
A
|L><

- Ty
A. Romanazzi, D. Maglio November 2007 11 ‘ CFD team




pro-STAR 4.0

Temperature
Celcius

ITER = 120000
LOCAL MX= 29.83
LOCAL MN= 17.09

30.00
29.35
28.70
28.05
27.40
26.75
26.10
25.45
24.80
24.15
23.50
22.85
22.20
21.55
20.90
20.25
19.60
18.95
18.30
17.65
17.00

[ 8 2 1

A. Romanazzi, D. Maglio

Results

Natural Convection at 17 °C - with or without extraction

Case 1 - Case 4 -
No With
extraction extraction
Average Temperature, °C 21.0 20.4
Maximum Temperature, °C 30.0 29.8
Average Temperature at
Outlet, °C 24.0 22.2
Average Temperature at 21.5
extraction, °C )
Average Velocity, m/s 0.10 0.12
Maximum Velocity, m/s 0.44 1.60
Heat Transfer Coefficient!?,
W/mz2K 2.3 2.4
Heat Transfer Coefficient?,
W/mz2K 2.8 2.9
Heat Transfer Coefficient?,
W/mz2K 2.9 3.2
Flow Rate, m3/h 343 184 + 250

November 2007
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Results

Natural Convection at 17 °C - With or
without extraction
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Conclusions

In the case of natural convection maximum temperature keeps
lower then 30 °C and 33 °C (17 °C and 20 °C respectively)

Augmentation of ambient temperature scales the temperature
field of the same factor without relevant modifications on the

general behavior

Forced ventilation produce a decrease of temperature only on the
lower RPCs

An exhausting system just above trigger planes does not provide
relevant benefits 1n terms of temperatures
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