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KRERKRIT SITTISARD : AIR FLOW DESIGN FOR STORAGE RING
AND EXPERIMENTAL HALL BUILDING SYNCHROTRON LIGHT
RESEARCH INSTITUTE (PUBLIC ORGANIZATION). THESIS ADVISOR :

ASST. PROF. KEERATI SULUKSNA, Ph.D., 135 PP.

SYNCHROTRON LIGHT/STORAGE RING/ AIR FLOW/CI'D

This research presents the behavior of air circulation in the electron-storage
ring and the experimental hall building to design new airflow circulation. The study
simulates the air conditioning system of the building by using CFD technique. Three
flow models are investigated: SST k- turbulent model, standard k-¢ turbulent model,
and the laminar flow. Simulation results were compared with the measurement. It was
found that the SST k-w turbulent model gave more satisfactorily of velocity
distribution than other flow models. Considering the temperature distribution, the k-€
turbulent model gave more satisfactorily with the measurement than the rest

considered models.

The simulation results of indoor air flow compared: to the measured results
at various locations were found to be slightly different at 0.1 to 0.3 m/s. However, at
higher speeds of the airflow obtained values of the model and the measurement are
closer together and tend to be in the same direction. For the temperature comparison,
it was found that the measurement was different from the simulation result about 2-
3°C due to a reduced complexity (no power supply and controller cabinet) of the
simulation model. The trends and temperature distribution ware consistent. In this

research, two methods for improving the air circulation system are proposed. 1,)



installing the air outlet channels symmetrically and 2,) built a roof covering above
storage ring zone. Simulation results shown that, symmetrical air outlet design give a
good than the use of cover roof. It can improved the air distribution with a more

uniform temperature and can save the installing cost than the roof method.
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HSIAUNAAN 12V,12V: Heater off, off

< a [
ANNIINMA (AT IUIN)

V PY60

Position x/z X-666 X-533 X-400 X-266 X-133

7950

Z-850

Z-750

7-650

7-550

7-450

7-350

7-250

7Z-150

Z-50

V PY130

Position x/z X-666 X-533 X-400 X-266 X-133

Z-950

7-850

Z-750

7-650

7-550

7-450

7-350

7-250

Z-150

Z-50

V PY355

Position x/z X-666 X-533 X-400 X-266 X-133

7-950

Z-850

Z-750

7-650

7-550

Z-450

Z-350

7-250

Z-150

Z-50
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HSIAUNAAN 15V,15V: Heater off, off

< a [
ANNIINMA (AT IUIN)

V PY60

Position x/z X-666 X-533 X-400 X-266 X-133

Z-950

Z-850

Z-750

7-650

7-550

7-450

Z-350

Z-250

7Z-150

Z-50

V PY130

Position x/z X-666 X-533 X-400 X-266 X-133

Z-950

Z-850

Z-750

7-650

Z-550

7-450

7-350

Z-250

Z-150

Z-50

V PY355

Position x/z X-666 X-533 X-400 X-266 X-133

7-950

7-850

Z-750

7-650

7-550

Z-450

Z-350

7-250

Z-150

Z-50
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HSIAUNAAN 12V,12V: Heater on, on

< a [
ANNIINMA (AT IUIN)

V PY60

Position x/z X-666 X-533 X-400 X-266 X-133

7-950

Z-850

Z-750

7-650

7-550

Z-450

Z-350

7-250

Z-150

Z-50

V PY130

Position x/z X-666 X-533 X-400 X-266 X-133

Z-950

7-850

Z-750

Z-650

Z7-550

7-450

Z-350

Z-250

Z-150

Z-50

V PY355

Position x/z X-666 X-533 X-400 X-266 X-133

7-950

Z-850

Z-750

7-650

Z-550

Z7-450

7-350

7-250

Z-150

Z-50
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HSIAUNADY 12V,12V: Heater on, on

a =
UK (o3F Ly aLyaa)

T PY60
Position x/z X-666 X-533 X-400 X-266 X-133
7-950 29 29.2 28.9 28.8 29.1
7-850 28.4 29.1 29.1 28.7 28.6
Z-750 28.8 29.2 28.9 28.7 28.5
7-650 29 29.2 28.8 29 28.5
7-550 29.1 29.3 28.7 29.2 28.5
7-450 28.9 294 28.7 30.2 28.5
Z-350 29.3 29.5 30 31.1 28.7
7250 29 29.2 27.4 29.2 29.2
7-150 29.1 29.4 29.5 29.1 29.1
Z-50 28.9 29 28.7 28.8 28.8
T PY130
Position x/z X-666 X-533 X-400 X-266 X-133
Z-950 28.1 28.1 28.3 28.4 28.4
7-850 28.9 29.2 29.2 28.7 28.7
Z-750 28.9 29.1 29.1 28.9 28.6
Z-650 29 29.2 29 28.9 28.7
Z-550 29 29.3 29.1 29.4 28.5
7-450 29 29.3 29.5 29.5 28.7
7-350 29 292 30.7 29.9 28.8
Z-250 28.4 28.4 28.2 28.6 28.5
Z-150 28.2 28.2 282 28.9 28.7
7-50 28.1 28.1 28.2 28.3 28:2
T PY355
Position x/z X-666 X-533 X-400 X-266 X-133
Z-950 29.5 30.4 29.5 28.4 28.7
Z-850 29.4 30.8 329 28.4 28.7
Z-750 29.2 31 31.6 28.5 28.6
7-650 29.5 30.3 30.2 28.3 28.5
Z-550 29.7 29.5 29.4 28.2 28.4
Z-450 29.5 29.5 29 28.2 28.4
7-350 29.4 29.4 28.6 28.4 28.4
7-250 29.4 29.5 28.6 28.4 28.4
Z-150 29.5 29.4 29 28.4 28.4
7-50 29.5 29.5 29 28.6 28.4




HSIAUNAAN 15V,15V: Heater on, on

< a [
ANNIINMA (AT IUIN)

V PY60

Position x/z X-666 X-533 X-400 X-266 X-133

7-950

Z-850

Z-750

7-650

7-550

Z7-450

Z-350

7-250

Z-150

Z-50

V PY130

Position x/z X-666 X-533 X-400 X-266 X-133

Z-950

7-850

Z-750

Z-650

Z7-550

7-450

Z-350

7-250

7-150

Z-50

V PY355

Position x/z X-666 X-533 X-400 X-266 X-133

7-950

Z-850

Z-750

7-650

Z-550

Z7-450

7-350

7-250

Z-150

Z-50
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HSIAUNADY 15V,15V: Heater on, on

a =
UK (o3F Ly aLyaa)

T PY60
Position x/z X-666 X-533 X-400 X-266 X-133
7-950 29.3 29.4 29.3 29 29
7-850 294 29.7 29.6 29.2 29.1
Z-750 29.6 29.7 29.4 29.3 29
7-650 29.5 29.7 29.2 29.5 29
7-550 29.5 29.8 29.3 29.9 29
7-450 29.5 29.9 29.6 30.3 29
Z-350 29.5 29.7 334 31 29
7250 29.8 29.8 303 30.6 30.2
Z-150 29.9 29.9 30.1 303 303
Z-50 294 29.5 29.3 294 29.5
T PY130
Position x/z X-666 X-533 X-400 X-266 X-133
Z-950 29 29.1 29 28.9 29
Z-850 29 30.1 29.8 29.4 29.3
Z-750 29.5 30.2 29.7 294 29.2
Z-650 29.9 30.3 29.7 29.7 29.2
Z-550 29.9 303 29.7 30.1 29.1
7-450 30 304 304 30.6 29.2
7-350 29.9 30.4 31.5 31.2 29.3
Z-250 29.4 29.5 29.5 30.1 29.9
Z-150 29.5 29.6 29.4 29.6 29.9
7-50 29.5 29.3 29.4 29.7 2846,
T PY355
Position x/z X-666 X-533 X-400 X-266 X-133
Z-950 29.7 30.8 30.7 29.4 29.6
Z-850 29.4 312 34.1 29.2 29.3
Z-750 29.5 314 32.9 29.3 29.2
7-650 29.8 31.3 31.8 29.2 29.1
Z-550 30 30.9 30.8 29.2 29.1
Z-450 30 30.4 30.5 29.2 29
Z-350 29.9 30.1 30.2 29.3 29
7-250 29.8 29.9 30.1 29.6 29
Z-150 29.8 29.7 30.4 29.6 29.2
Z-50 29.7 29.7 30.3 29.7 29.2
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Y

Toyan3nianNMT AL

AUKNNDINA

Q U

Column R1 Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 Not measured
8 0.13 0.11 0.12 0.12 24.6
9 0.08 0.17 0.1 0.12 24.7
10 Not measured
11 0.13 0.04 0.19 0.12 25.1
12 0.12 0.11 0.13 0.12 24.9
13 0.31 0.25 0.29 24.9
14 0.17 0.12 0.37 0.22 24.6
Column R1 Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 Not measured
o
8 0.41 0.31 @5
9 0.67 0.52
10 Not measured
11 0.09 0.15 0.16 0.13 25.5
12 0.22 0.2 0.15 0.19 25.2
13 0.06 0.12 0.09 0.09 24.9
14 0.08 0.04 0.19 0.10 24.9
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Column R2 Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 Not measured
8 Not measured
9 Not measured
10 Not measured
11 Not measured
12 0.30 0.33 0.34 24.9
13 0.18 0.19 0.24 0.20 24.4
14 0.16 0.13 0.14 0.14 24.5
Column R2 Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 Not measured
8 Not measured
9 Not measured
10 Not measured
11 Not measured
12 0.01 0.03 0.02 0.02 25
13 0.15 0.12 0.07 24.1
14 0.04 0.01 0.03 0.03 24.8
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Y

Toyan3nianNMT AL

AUKNNDINA

Q U

Column R3 Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 0.63 0.58 0.4 25.6
6 0.43 0.53 0.64 25.6
7 0.11 0.17 0.13 0.14 25.5
8 0.28 0.33 0.23 0.28 25.6
9 0.18 0.17 0.05 0.13 25.5
10 0.09 0.12 0.1 0.10 25.5
11 0.16 0.1 0.05 0.10 25.5
12 0.15 0.1 0.05 0.10 25.6
13 0.04 0.07 0.27 0.13 25.5
14 0.14 0.27 0.24 0.22 25.5
Column R3 Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 0.12 0.06 0.04 0.07 25.7
6 0.28 0.31 0.33 ) 0.31 25.7
7 0.11 0.08 0.03 0.07 25.8
8 0.22 0.13 0.26 0.20 25.6
9 0.23 0.22 0.20 0.22 25.6
10 0.09 0.08 0.03 0.07 25.3
11 0.38 0.28 0.31 25.4
12 0.19 0.18 0.04 0.14 25.5
13 0.15 0.16 0.20 0.17 253
14 0.35 0.46 0.33 24.7
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Toyan3nianNMT AL

AUKNNDINA

Q U

Column R4 Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)

1

2

3 Not measured

4

5

6 0.23 0.41 0.57 25.7
7 Not measured

8 0.11 0.18 0.12 0.14 26.3
9 0.09 0.06 0.10 0.08 25.2
10 0.10 0.06 0.08 0.08 25.4
11 0.11 0.26 0.11 0.16 25.7
12 0.06 0.02 0.02 0.03 25.9
13 0.06 0.02 0.07 0.05 25.4
14 0.16 0.11 0.19 0.15 25.4

Column R4 Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)

1 Not measured

2 Not measured

3 Not measured

4 Not measured

5 Not measured

6 0.11 0.06 0.05 0.07 26.2
7 Not measured

8 0.11 0.12 0.12 0.12 25.4
9 0.09 0.12 0.14 0.12 25.4
10 0.06 0.15 0.12 0.11 25.1
11 0.24 0.18 0.24 25.8
12 0.12 0.10 0.11 0.11 25.8
13 0.09 0.07 0.05 0.07 26
14 0.24 0.23 0.21 25.2
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Column RS Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 Not measured
8 Not measured
9 Not measured
10 Not measured
11 Not measured
12 Not measured
13 0.11 0.26 0.23 259
14 0.18 0.03 0.1 0.10 26
Column R5 Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 Not measured
8 Not measured
9 Not measured
10 Not measured
11 Not measured
12 Not measured
13 0.30 0.06 0.02 26.3
14 0.03 0.06 0.10 0.06 25.6
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U

Column Z' Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 Not measured
8 Not measured
9 Not measured
10 Not measured
11 Not measured
12 0.15 0.14 0.09 26.5
13 0.07 3.13 0.12 0.32 26.5
14 0.12 0.12 0.08 0.32 26.7
Column Z' Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 Not measured
8 Not measured
9 Not measured
10 Not measured
11 Not measured
12 0.04 0.17 0.22 0.43 26.3
13 0.18 0.14 0.22 26.5
14 0.04 0.09 0.07 0.2 26.5
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Column R6 Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 0.22 0.13 0.14 0.16 26.1
7 0.03 0.08 0.07 0.06 26.1
8 Not measured
9 Not measured
10 Not measured
11 Not measured
12 0.22 0.16 0.07 26.4
13 0.12 0.13 0.09 0.34 26.5
14 0.16 0.12 0.09 0.37 26.1
Column R6 Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 0.15 0.11 0.07 26.3
7 0.09 0.02 0.06 0.17 26.1
8 Not measured
9 Not measured
10 Not measured
11 Not measured
12 0.13 0.16 0.09 26.3
13 0.05 0.09 0.08 0.22 26.5
14 0.07 0.03 0.11 0.21 26.4
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Column R7 Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 Not measured
8 Not measured
9 Not measured
10 Not measured
11 Not measured
12 Not measured
13 0.17 0.12 0.19 26.3
14 0.13 0.05 0.02 0.20 26.3
UNU R7 AU X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 Not measured
8 Not measured
9 Not measured
10 Not measured
11 Not measured
12 Not measured
13 0.06 0.08 0.11 0.25 25.2
14 0.08 0.13 0.07 26.5
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Column R8 Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 Not measured
8 Not measured
9 Not measured
10 Not measured
11 0.06 0.14 0.12 0.11 25.7
12 0.03 0.06 0.07 0.05 25.7
13 0.06 0.18 0.21 0.15 25.7
14 0 0.03 0.01 0.01 25.7
Column R8 Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 Not measured
8 Not measured
9 Not measured
10 Not measured
11 0.11 0.08 0.05 0.24 25.8
12 0.03 0.05 0.16 0.24 25.8
13 0.05 0.02 0.12 0.19 25.6
14 0.24 0.1 0.06 25.7
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Column R9 Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)

1 Not measured

2 Not measured

3 Not measured

4 Not measured

5 Not measured

6 Not measured

7 Not measured

8 0.09 0.07 0.03 0.19 26
9 0.06 0.07 0.02 0.15 26.2
10 0.18 0.13 0.09 25.8
11 0.12 0.09 0.13 0.34 26
12 0.07 0.05 0.11 0.23 25.9
13 0.11 0.15 0.14 25.8
14 0.08 0.1 0.09 0.27 25.7

Column R9 Axis X

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)

1 Not measured

2 Not measured

3 Not measured

4 Not measured

5 Not measured

6 Not measured

7 Not measured

9 0.06 0.11 0.16 0.33 25.9
10 0.13 0.06 0.02 0.21 259
11 0.01 0.02 0.05 0.08 26
12 0.09 0.07 0.12 0.28 26
13 0.01 0.02 0.08 0.11 25.7
14 0.02 0.01 0.04 0.07 259
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Column R10 Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 0.09 0.15 0.12 0.36 26.1
8 0.19 0.12 0.09 0.4 26.1
9 0.21 0.13 0.11 0.45 26.1
10 0.3 0.11 0.13 0.54 25.8
11 0.23 0.07 0.06 0.36 26
12 0.17 0.12 0.05 0.34 25.8
13 0.17 0.12 0.22 0.51 26
14 0.21 0.19 0.23 26.2
Column R10 Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 0.13 0.24 0.11 0.48 25.9
8 0.09 0.12 0.08 0.29 26.1
9 0.13 0.1 0.08 0.31 25.8
10 0.14 0.37 0.36 259
11 0.13 0.15 0.16 0.44 25.6
12 0.3 0.11 0.12 0.53 259
13 0.1 0.07 0.12 0.29 26
14 0.07 0.25 0.33 26.2
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Column X' Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 0.21 0.16 0.11 0.16 259
2 0.13 0.21 0.08 0.14 26.3
3 0.19 0.24 0.21 0.21 26
4 0.25 0.24 0.20 0.23 26.5
5 0.29 0.25 0.20 26
6 0.14 0.33 0.25 26.2
7 0.06 0.17 0.18 0.14 26
8 Not measured
9 Not measured
10 0.24 0.16 0.18 0.19 27
11 0.36 0.33 0.24 26.2
12 0.19 0.11 0.27 0.19 26.5
13 0.12 0.15 0.17 0.15 26.3
14 0.05 0.02 0.08 0.05 26.5
Column X' Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 0.07 0.05 0.01 0.04 26.1
2 0.02 0.13 0.17% ’m 25.8
3 0.11 0.04 0.04 0.06 26.2
4 0.07 0.14 0.02 0.08 26.2
5 0.02 0.01 0.03 0.02 26.5
6 0.13 0.18 0.08 26.1
7 0.02 0.15 0.10 . 40 26
8 Not measured
9 Not measured
10 0.05 0.02 0.10 0.06 26.4
11 0.14 0.12 0.08 26.6
12 0.08 0.17 0.18 26.4
13 0.04 0.05 0.06 0.05 27
14 0.05 0.07 0.09 0.07 26
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Column R11 Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 0.14 0.27 0.17 0.19 25.7
8 0.16 0.11 0.19 0.15 26
9 0.23 0.22 0.30 0.25 259
10 0.03 0.02 0.07 0.04 25.1
11 0.02 0.03 0.04 0.03 26.4
12 0.17 0.03 0.08 0.09 25.6
13 0.03 0.08 0.02 0.04 25.3
14 0.21 0.11 0.20 0.17 25.5
Column R11 Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 0.28 0.58 0.32 25.9
8 0.18 0.27 0.21 022 25.6
9 0.12 0.17 0.23 0.17 26.3
10 0.13 0.18 0.15 0.15 25.3
11 0.25 0.18 0.10 0.18 25.6
12 0.12 0.08 0.10 0.10 26.2
13 0.23 0.11 0.16 0.17 25.7
14 0.04 0.05 0.14 0.08 25.2

106



Y

Toyan3nianNMT AL

AUKNNDINA

Q U

Column R12 Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 0.49 0.51 25.8
7 0.32 0.40 25.7
8 0.07 0.22 0.16 0.15 26.2
9 0.07 0.20 0.07 0.11 26.6
10 0.16 0.11 0.21 0.16 26.1
11 0.04 0.10 0.11 0.08 26.4
12 0.01 0.08 0.10 0.06 26.4
13 0.19 0.08 0.09 0.12 26.1
14 0.07 0.03 0.11 0.07 26
Column R12 Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 0.18 0.22
7 0.32 0.34
8 0.13 0.10
9 0.12 0.07 0.06 0.08 26.9
10 0.09 0.12 0.11 0.11 26.6
11 0.04 0.08 0.07 0.06 26.5
12 0.07 0.03 0.02 0.04 26.3
13 0.16 0.20 0.10 0.15 26.7
14 0.06 0.24 0.22 0.17 26.4
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Column R13 Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)

1 Not measured

2 Not measured

3 Not measured

4 Not measured

5 Not measured

6 0.39 0.41

7 0.51 0.49

8 0.27 0.26

9 0.44 0.45

10 0.22 0.19 0.35 0.25 27.2
11 Not measured

12 0.06 0.08 0.20 0.11 26.8
13 0.01 0.02 0.06 0.03 25.6
14 Not measured

Column R13 Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)

1 Not measured

2 Not measured

3 Not measured

4 Not measured

5 Not measured

6 0.06 0.09 0.24 0.13 26.6
7 0.18 0.07 0.06 0.10 26.3
8 0.11 0.12 0.18 0.14 26.5
9 0.16 0.20 0.28 27
10 0.14 0.25 0.15 27.1
11 Not measured

12 0.15 0.24 0.09 0.16 27.1
13 0.11 0.05 0.04 0.07 26.1
14 Not measured
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Column R14 Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 Not measured
2 Not measured
3 Not measured
4 0.39 0.42 0.44 24.1
5 0.58 0.48 0.68 24.5
6 0.52 0.31 0.24 0.36 24.5
7 0.36 0.27 0.45 0.36 24.6
8 0.45 0.37 0.44 24.6
9 0.12 0.03 0.13 0.09 24.9
10 0.22 0.14 0.24 0.20 25.3
11 0.16 0.11 0.20 0.16 25.2
12 0.16 0.19 0.23 0.19 25.4
13 0.12 0.11 0.17 0.13 25.7
14 0.13 0.19 0.17 0.16 25.1
Column R14 Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Not measured
2 Not measured
3 Not measured
4 0.22 0.35 0.41 0.33 24.2
5 0.33 0.39 0.54 .42 24.5
6 0.23 0.26 0.16 0.22 24.8
7 0.39 0.23 0.28 . 4O 24.6
8 0.24 0.30 0.23 0.26 24.7
9 0.12 0.08 0.19 0.13 24.9
10 0.18 0.17 0.20 0.18 25.1
11 0.19 0.27 0.16 0.21 25.5
12 0.21 0.24 0.19 0.21 25.5
13 0.11 0.13 0.06 0.10 25.1
14 0.07 0.18 0.14 0.13 25.2
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Column R15 Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 Not measured
8 Not measured
9 Not measured
10 Not measured
11 Not measured
12 Not measured
13 Not measured
14 Not measured

Column R15 Axis X

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Hu Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 Not measured
8 Not measured
9 Not measured

10 Not measured

11 Not measured

12 Not measured

13 Not measured

14 Not measured
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Column Z Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 Not measured
8 Not measured
9 Not measured
10 Not measured
11 Not measured
12 Not measured
13 Not measured
14 Not measured

Column Z Axis X

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 Not measured
8 Not measured
9 Not measured

10 Not measured

11 Not measured

12 Not measured

13 Not measured

14 Not measured
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Column R16 Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)

1 Not measured

2 Not measured

3 Not measured

4 Not measured

5 Not measured

6 Not measured

7 Not measured

8 0.17 0.14 0.15 0.15 24.6

9 0.20 0.12 0.17 0.16 24.6
10 0.19 0.24 0.26 0.23 24.6
11 0.06 0.21 0.23 0.17 24.6
12 0.20 0.22

13 0.32 0.22

14 0.21 0.19

Column R16 Axis X

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)

1 Not measured

2 Not measured

3 Not measured

4 Not measured

5 Not measured

6 Not measured

7 Not measured

8 0.14 0.20 0.19 l‘ag’d*g 24.6
9 0.14 0.17 0.08 0.13 24.7
10 0.14 0.22 0.08 0.15 24.6
11 0.17 0.12 0.18 0.16 24.7
12 0.23 0.17 0.05 0.15 24.6
13 0.17 0.22 0.30 24.5
14 0.17 0.14 0.16 0.16 24.5
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Column R17 Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 Not measured
2 0.42 0.35 0.56 24.7
3 0.14 0.33 0.22 24.8
4 Not measured
5 Not measured
6 Not measured
7 0.09 0.28 0.26 0.21 25.2
8 0.2 0.3 0.28 25.2
9 Not measured
10 0.05 0.03 0.11 0.06 25.5
11 0.08 0.09 0.02 0.06 25
12 0.13 0.08 0.02 0.08 25
13 0.14 0.06 0.03 0.08 25
14 0.05 0.04 0.01 0.03 24.6
Column R17 Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Not measured
2 0.40 0.43 24.7
3 0.33 0.31 24.8
4 Not measured
5 Not measured
6 Not measured
7 0.08 0.18 0.17 0.14 25.1
oy w
8 0.15 0.33 0.37 l‘aa d,‘S 25.4
9 Not measured
10 0.05 0.09 0.11 0.08 25.4
11 0.19 0.16 0.13 0.16 25.4
12 0.01 0.00 0.03 0.01 25.2
13 0.08 0.01 0.02 0.04 24.8
14 0.13 0.18 0.21 0.17 24.8
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Column R18 Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)

1 Not measured

2 Not measured

3 Not measured

4 Not measured

5 Not measured

6 Not measured

7 Not measured

8 Not measured

9 Not measured

10 Not measured

11 0.27 0.19 0.04 0.17 24.8
12 0.18 0.29 0.21 0.23 24.7
13 0.15 0.21 0.18 0.18 24.6
14 0.01 0.10 0.13 0.08 24.7

Column R18 Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 Not measured
7 Not measured
8 Not measured
9 Not measured
10 Not measured
11 0.03 0.02 0.08 0.04 24.9
12 0.21 0.14 0.12 0.16 24.8
13 0.17 0.15 0.06 0.13 24.7
14 0.05 0.11 0.19 0.12 24.7
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Column R19 Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 0.26 0.27 0.3 25.5
7 0.2 0.15 0.09 0.15 25.3
8 0.11 0.21 0.08 0.13 25.2
9 Not measured
10 Not measured
11 0.17 0.2 0.16 0.18 25.1
12 0.15 0.16 0.12 0.14 25.2
13 0.12 0.07 0.18 0.12 24.7
14 0.19 0.18 0.2 0.19 24.6
Column R19 Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 0.26 0.34 25.3
7 0.29 0.24 25.3
8 0.21 0.26 25.2
9 Not measured
10 Not measured
11 0.26 0.3 25.3
12 0.2 0.25 25
13 0.11 0.16 0.2 0.16 24.9
14 0.15 0.13 0.24 0.17 24.5
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Column R20 Axis Z
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 Not measured
2 0.07 0.02 0.11 0.07 25.7
3 0.19 0.17 0.05 0.14 25.7
4 0.07 0.13 0.03 0.08 25.7
5 0.03 0.04 0.18 0.08 25.7
6 0.24 0.34 0.35 25.4
7 0.03 0.13 0.04 0.07 25.7
8 Not measured
9 Not measured
10 0.13 0.16 0.1 0.13 25.4
11 0.01 0.09 0.16 0.09 25.5
12 0.09 0.11 0.13 0.11 25.6
13 0.05 0.06 0.03 0.05 26.2
14 0.17 0.15 0.19 0.17 25.1

Column R20 Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Not measured
2 0.18 0.1 0.09 0.12 25.8
3 0.01 0.04 0.03 0.03 25.9
4 0.08 0.12 0.13 0.11 25.8
5 0.11 0.09 0.11 0.10 25.5
6 0.13 0.06 0.08 0.09 25.4
7 0.13 0.18 0.23 0.‘1‘8 . 25.4
8 Not measured
9 Not measured
10 0.04 0.07 0.06 0.06 25.6
11 0.22 0.17 0.26 0.22 25.4
12 0.29 0.32 0.24 25.6
13 0.01 0.05 0.04 0.03 25.3
14 0.18 0.15 0.12 0.15 25.2
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193an 339 IAANMT AU IMA

Column X Axis Z

No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.(C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 0.36 0.32 25.2
7 0.36 0.40 25.4
8 0.13 0.19 25.5
9 0.05 0.06 0.13 0.08 25.5
10 0.07 0.06 0.03 0.05 25.5
11 0.01 0.04 0.06 0.04 25.6
12 0.23 0.16 0.06 0.15 25.8
13 0.16 0.10 0.08 0.11 25.4
14 0.17 0.15 0.11 0.14 25.5
Column X Axis X
No. Time 1 Time 2 Time 3 Avg.(m/s) Temp.( C °)
1 Not measured
2 Not measured
3 Not measured
4 Not measured
5 Not measured
6 0.09 0.08 0.16 0.11 25.2
7 0.07 0.03 0.13 0.08 25.4
8 0.05 0.02 0.09 0.05 25.4
9 0.16 0.21 0.13 25.5
10 0.06 0.02 0.08 0.05 25.5
11 0.03 0.08 0.02 0.04 25.6
12 0.16 0.27 0.23 25.4
13 0.06 0.03 0.04 0.04 25.5
14 0.01 0.06 0.09 0.05 25.2
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Abstract

Synchrotran light is generated by accelerating the electron with the speed close to the speed of
light. After that, the generated electron will be transmitted into the storage ring and its moving direction
will be controlled within the curvature path in order to release the synchrotron light. This storage ring
consists of vacuum tube which is used as the moving path of the electron. The electron properties and its
moving direction are controlled by the electromagnet. Therefore, the stability of the electron beam is
depended on the accuracy in controlling those properties and direction of the electron beam as much as
possible. However, changing in temperature surrounding the storage ring is cne of the main influents that
effect to the vacuum tube and electromagnet devices in which both can be deformed due to the effect of

thermal stress. This results to the incorrect direction and properties of the electron beam leading to the
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unavailable of the light. The research presents the air flow behaviors within the experimental hall and

storage ring. The CFD simulation has been investigated in the study. The results of the study will be used

to improve the air ventilation system.

Keyword: Synchrotron light, Experimental hall, Storage ring, Flow simulation, CFD
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Abstract
The purpose of this modeling of air-conditioning system in Siamphoton Laboratory Building

{Nakhonratchasima, Thailand) creates to study airflow patterns and temperature distributions. Both airflow
patterns and temperature distributions are important information for understanding in performance of
ventilation system. In the above experiments have been investigated by using three dimensional CFD
simulation and the results from simulation are compared with experiment data. Three of types in flow
modeling simulation are applied to calculate air flow patterns and temperatures. Calculations are
compared with both experiments and the results of standard k-epsilon(k-&), k-omega(x-() and Laminar
model, respectively. All simulation results are valuable references for design and analysis of air-
conditioning system of Storage ring and Experimental hall building (Synchrotron light Research Institute
(Public Organization).

Keyword: Synchrotron light, Storage ring, CFD, Measurement, Verification

1. Introduction conditioning system which has equipments similar

Studying about factors which influence the
position deviation of the electron beam from
synchrotron radiation light source found that the
temperature variation in the building is one cause
of the factors [1]JChen J.R. et al.(2002). The
temperature variation is affecting to the incorrect
position of the electron beam. Therefore, CFD is
used for predicting the behavior of air flow
distribution in a building [2]Chang J.C. et
al.(2007) 1o describe the impact of such factors.
This research studies the modeling of air-
conditioning system of the storage ring building
(Synchron Light Research Institute, Nakhon
Ratchasima) by creating the modeling of air-

to the air-conditioning system of the storage ring
building then using experiment data compares
with the results from three of standard types in
flow modeling simulation by using computer,

From studying in experiment about flow
pattem and velocity in an enclosed space by
using 3D CFD simulation which is compared with
experiment data found thal k-epsilon and k-
omega models closer with the results of velocity
and temperature distributions when comparing to
Reynolds stress model [3]J.Sarkar and S.Mandal
(2008). The SST k-omega based model Is
applied to calculate airflow wvelocities and

temperatures in a model office room. Calculations
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are compared with both experiments and the
results of the standard k-epsilon, the RNG k-

epsilon model and the laminar model, respectively.

The computations result found the SST k-omega
based models how the best agreement with
measurements [4]A. Stamou and |. Katsiris(2005).

The simulation by using computer will use
CFD software Fluent Program (version 14) for
predicting the air distribution, in addition, using 3
different kinds of flow pattems which consist of
Laminar model, Standard k-epsilon(k-£&) model
and SS8T k-omega(k-W) model will illustrate the
flow model which can predict the flow behavior as
closely as possible to the measured data. The
possible flow model is used for predicting the flow

behavior in the storage ring building.

2. Experimental study

The model which created is a rectangular
box by making from Acrylic in size of
800x1,000x600 mm (Length x width x height)
includes 1.) 1 channel of 18 mm diameters Air
inlet. 2.) 1 channel of Air outlet with 75 mm
exhaust fan. 3.) Fan coil Unit (FCU) in size of
55x140x190mm which includes the air supply, air
retum and fresh air inlet, equipped with double
12V., 40 mm of diameters suction fan, and a 200
Watt of heater for increasing the temperature of
the system. 4.) Air Handling Unit (AHU) in size of
102x150x150mm includes the inlet and outlet air
with a fan and heater as the FCU. And the last
one, 5.) The Smm thickness acrylic plate in size
of 150x800mm is modeled as a side wall like a
shielding wall in the storage ring building. By
locating and sizing as shown in figure 1.

Measuring the air velocity and temperature

do in a constant temperature of 25°C room, and

e e
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increase the voltage supplied to the FCU and
AHU fan to 15 Volt when higher speed in order to
see the differences more clearly. The velocities
and temperatures at the central plane of the
model measure in 3 different altitude levels; a
height of 60, 130 and 355 mm, respectively
(Figure 23) and the measurement data are

compared with the simulation results.

Acrylic box
B00x 1, 000%600 mm

AHU
1031501 50mm

Flgure 3: Velocity and temperature measurements
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The instrument for measuring is a Hot wire

type, brand FESTQ Model 435 Series(Figure 4),
a temperature measuring range is -20 to +70 °C
{accuracy + 0.3°C) and speed range is 0 to 20

mis {accuracy + 0.03 m/s).

Figure 4. Hot wire type measurement instrument

3. CFD Simulation

The airflow simulation uses computational
fluid dynamics (CFD)} method by using the
commercial software FLUENT version 14 which is
the numerical method base on the finite volume.
The CFD simulation uses in three different types
of flow models: 1. laminar flow. 2. turbulent flow
standard k-epsilon(k-&), and 3. turbulent SST k-
omega(k-) in order to demonstrate the flow
model which can predict the flow behavior are
close to the measurement results. For boundary
condition, the velocity and temperature of various
inlets and outlets air has been measured and
entering into the computer simulations as follows
in figure 5. By specify:

- Fan Power supplied 15 Volt.

- Main Fresh-air inlet: Pressure inlet 298 °K

- Main Exhaust-air outlet; -1.16m/s, 304°K

- FCU Supply: 1.4mfs, 307.5°K

- FCU Return: -0.55m/s, 303°K

- AHU Supply: 2.8m/s, 305°K

- AHU Return: -0.52 m/s, 303°K

- AHU Fresh air: -0.7mls, 303.5°K

TSME-ICoME
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And the walls of all models are determined to the

|sothermal conditions which are constant
temperature of 25°C.
/ | SAHL Return 052 mys{303K)

~AHU Frash air-0.7 my/s(303.5K)
AHU Supply 2.8m/s(305K)

FCUSUpRly LA MS(307.5K] | o
-FCU Return -0.55m/5(303K) ™, C -

-Main fresh air: Pressure inet {298K)
- -Main Exhaust air outlet -1.16 m/s(304K)

Dtk
EoctSyHmen

Figure 5: Boundary Condition have been used in CFD

The computer simulation uses Tetrahedral
grids. First, test the independence of grid with the
resolution of 4 different sets: 1.) 151,683 2.)
424,377 3.) 641,093 and 4.) 826,679 respectively
before calculation. From testing found that the
four sets of grids are tendency in the same
direction. Although it would be different, it was
different only during low speed. Therefore,
calculation uses a 641,093 grd resolution for
convenience and appropriate in using computer
resources. Figure7 shows the grid to be used: It
found that the grid was created massively in the
air inlet and outlet. Because these areas are the

main positions which are affected from the flow

behaviors.
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Figure 6: Velocity on 60 mm height of central plane for testing
the indepandence of grid
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4. Result and discussion
The results of simulations compare the air velocities and temperatures on the central-plane at 3
levels: 60 mm., 130 mm. and 355mm. which are the high-level positions matching with the supply air
channels from AHU and FCU respectively.
Figure 7 shows the variations of velocities on the central plane at the high level of 60 mm. The result
from CFD simulation by using the SST k-omega(k-W) of turbulent flow model was close as measurement

data rather than the result from the laminar and k-epsilon(k-£) flow model.
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Figure7: Velocity varialion on the central plana at 80 mm high-level

Figure8 shows the variations of velocities on the central plane at the high level of 130 mm. It found
that CFD simulations from all flow models had the similar results. Moreover, the result from the
measurement in the low speed range was consistent. But the result at the air outlet of AHU which was

the high speed range was very different from the low speed range.
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Figura8: Velocity variation on the cenfral plane at 130 mm high-level
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Figure9 shows the variations of velocities on the central plane at the high level of 355 mm. The

results from all flow patterns of the simulation were similar. But the SST k-omega(k-W) turbulence flow

was better result. However, comparisons between the results from the simulation and the results from the
measurements were consistent.
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FigureS: Velodily variation on the cenfral plane at 355 mm high-level

The comparison of temperature on the centerline plane at the high level of 60mm (Figure10) found
that the result from CFD simulation by using the standard k-epsilon(k-£) of turbulent flow model was close

as measurement data rather than the result from the laminar and SST k-omega(k-(J) flow model.
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Figure10: Temperature variation on the central plane at 60 mm high-level




The 5" TSME Infernational Conference on Mechanical Engineering ‘EME_ICUME

h
17-19° December 2014, The Empress, Chiang Mal
ASEAN AND BEYOND

CSTO010

Figure11 shows the variations of temperatures on the central plane at the high level of 130mm. The
laminar and turbulent flow models as the CFD simulation result. But the result from the k-epsilon(k-&)

model was different and it was better when comparing with the measurement results.

Tarmperstion st Cartesns on plasa ¥ 1 3mm
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Figure11. Temperature variation on the central plane at 130 mm high-evel

Figure12 shows the variations of temperatures on the central plane at the high level of 355mm found
that the result as at the high level of 130mm. Although the simulation results by using the k-epsilon(k-&)
was different from the laminar and SST k-omega(k-() models, the result of k-epsilon(k-£) when

comparing with measurements data was very consistent.
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Figure12: Temperature variation on the central plane at 355 mm high-level




The 5"' TSME Internafional Conference on Mechanical Engineering
17-19" December 2014, The Empress, Chiang Mai

CSTO010

5. Conclusions

This research studies the modeling of air
conditioning system of the storage ring building
(Synchron Light Research Institute, MNakhon
Ratchasima) by using CFD method for predicting
the behavior of air flow distribution by using 3
difference kinds of flow patterns which consist of
Laminar model, Standard k-epsilon{k-£&) model
and SST k-omega(k-(J) model respectively then
compares with measured results. From studying
found that SST k-omega(k-W) turbulence model

was consistent as measurement results rather

than the slandard turbulence k-epsilon(k-£) and
laminar. Moreover, the comparison of temperature
found the standard k-epsilon(k-£) was consistent
as the measurement result rather than the
laminar and SST k-omega(k-() model.

All results of research are applied to study
about the air distribution in the storage ring
building. This will be leading to improve air
and more uniform

circulation temperature

distribution.
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