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ABSTRACT

The purpose of this research is to design the ventilation system of the hard disk drive
(HDD) manufacturing in the post-product HDD testing area in order to conform to the air
conditioning standard, where the temperature is in range 77+5.4°F and the relative humidity is
in range 50+10%. The temperature and relative humidity distributions of the ventilation system
were investigated by computational fluid dynamics (CFD) technique; the thermal boundary
condition was determine by plotting the temperature and relative humidity distributions data
measured over the testing area located in the HDD tester on a typical day with MATLAB®. Two
types of designed ventilation systems: displacement ventilation (DV) and mixing ventilation
(MV) were studied by using ANSYS Fluent” to improve the ventilation system to approach an
appropriate system for ventilating air to the HDD testing area. In addition, the effects of changes
in the position of supply ventilation rate angle and the supply level on the temperature and
relative humidity distributions were studied. As a result, the simulation results can be accurately
accepted at the temperature of more than 100°F and the relative humidity of more than 20%
with the coefficient of determination (rz) of 0.777 and 0.667 respectively. Indeed, traditional
MYV systems with the supply level of 11.5 ft and the minimum ventilation rate of 79.5 ACH
onward can maintain the acceptable level of temperature and relative humidity over the HDD

testing area.
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WA [2]

Use of ventilated room Typical systems (Whm™) Energy-efficient systems
(Whm™?)
Dwelling 0.42 0.17
Office and meeting 0.56 0.35
rooms
Shop 0.35 0.22
Shopping center 0.90 0.56
Classroom. auditorium 0.35 0.22
Hospital room 0.35 0.22
Hotel room 0.56 0.35
Restaurant 0.35 0.22
Professional kitchen 0.42 0.28
Warkshop 0.35 0.22
Toilets 0.14 0.08
Couloirs. archives 0.28 0.17
Garage (private) 0.14 0.0°
Garage (public) 0.28 0.0°
Computer room 0.14 0.08

(exhaust air only)

¢ Natural ventilation.
2.9 ﬂqyﬁm5"111':16116&nixumﬁmmzz‘hmmﬁ (Principles of air jets and plumes)
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Fully Mixed Fully Stratified Partially Mixed

Ceiling Wall Wall Ceiling Wall
Outlet Types Mounted  Mounted  Floor/Sill Mounted - Floor/Sill Mounted ~ Mounted  Floor/Sill
Grlles ii o P71 v L 7S T3 \ % -
Adjustable blade
Fixed blade
Linear bar
Nozzle
Diffusers
Round
Square
Perforated face
Louvered face
Plaque face
Hemisphencal
Laminar flow
Vanable geometry
Linear slot
T-bar slot
Light troffer
Swirl
Displacement
Active chilled beam
Air dispersion duct
@ = often used 'w = sometimes used @ = seldom used {® = not recommended
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3.2.3  aanzuauva (Boundary condition)
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3.2.3.3 ANILVDUIUAVBININIY (Occupant boundary condition)
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Woark clothing Iy Daily wear clathing [,
do pPKWT de  mPKW™
Underpants, beller 070 0.1 Panties, T-shirt, 03¢ 0.060
suit, socks, shoes shorts, light socks,
sandals
Underpants, shirt. 080 0.125 Underpante. shire 050 0.080
boiler sult, socks, with short sleeves,
shoes light trousers, hght
socks, shoes
Underpants. chirg, 0.90 0.140 Panties, petdeoat, 070 0.105
trousers, smock, stockings. dress,
socks, shoes shoes
Underwear with {00 D0.I85 Underwear, shirt, 070 0410
short gleeves and trausers, socks,
legs, shirt, trousers, shoes
jacket, socks, shoes
Underwear with long 120 185 Panties, shirt, 100 0.155
legs and cleeves, trousers, jacket,
Thermojacket, sacks, shoes
socks, shoes
Underwear with 140 0.220 Panties, stockings,  LI0 0170
short sleeves and blouse, tong shirt,
legs, shirt. trousers, jacket, shoes
Jacket, heavy
quilted outer jacket
and overalls, socks,
shoes, cap, gloves
Underwear with 200 0310 Underwear with 130 0200
short sleeves and long sleeves and
legs, shirt, trousers, legs, shirt,
Jacket, heavy trousers, Vaneck
quilted outer jacket swaater, jacket,
and overalls, socks, socks, shoes
shoes
Underwear with Jong 2,55 0.395 Underwear with 150 0230

sleeves and legs,
thermojacket and
trousers, Parka
writh heavy quitting,
overalls with heave
quilting, socks.
shoes, cap, gloves

short sleeves and
legs. shirt,
trousers, vest,
jacket, coat. socks.
shoes
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Garment description

Thermol insulotion clo

Underwear

Panties

Underpants with long legs

T-shirt
Shirts-Blouses

Short sleeves

Normal, Jong sleeves
Trousers

Shorts

Normal
Dresges-Skirts

Light skirts {summer}

Heavy skdrt {winter)

Winter dress, long sleeves
Sweaters

Thin sweater

Thick swearer
Jackets

Light, summer jacket

Jacket
High-insulative, fibre-pelt

Bailer suit

Trausers

Jacker
Quidoor dothing

Coat

Parka
Sundriss

Socks

Thick. long socks

Shoes {thick soled)

Boots

0.03
0.10
0.09

0.15
0.25

0.06
0.25

0.15
0.25
0.40

0.20
.35

0.25
0.35

0.90
0.35
6.40

0.60
0.70

0.02
R
0.04
0.10
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INDOOR AIR QUALITY GUIDELINES

1 Assessment of indoor air quality parameters

€);

(b)

Sample position

The sampling probe should be located between 75 and 120 cm from the floor at
the centre of the room or an occupied zone.

Number of sampling points

Indoor

At least one sample should be taken from each floor or from each area serviced
by a separate air handling unit. For large floor spaces, the guidelines for the
minimum required number of sampling points are as follows:

Area of building (m?) Minimum number of
sampling points

3,000 - <5,000 8
5,000 - <10,000 12
10,000 - <15,000 15
15,000 - <20,000 18
20,000 - <30,000 21
30,000 or more 25
Qutdoor

At least two samples should be taken at the entrance to the building or at the
entrance of the fresh air intake.
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2

Guideline maximum concentrations for specific

indoor air contaminants
Parameter Averaging
time acceptable
indoor air
quality

Carbon dioxide 8 hours
Carbon monoxide 8 hours
Formaldehyde 8 hours
Ozone 8 hours
Note

Limit for

1800
1000

120
0.1

100
0.05

Unit

mg/m?
ppm

mg/m?*
ppm

pg/m’
ppm

p/m?
ppm

The guidelines specified have a wide margin of safety such that
even if they are exceeded occasionally, toxic effects are unlikely

to occur.
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3 Recommended maximum concentrations for

specific classes of contaminants

Parameter

Suspended particulate matter*
Volatile organic compounds**
Total bacterial counts

Total fungal counts

Limit for
acceptable
indoor air

quality
150
3
500

500

89

Unit

Og/m?
ppm
CRU***/m?

CFU/m?

*respirable particles with aerodynamic diameters less than 10 CIm sampled with a
size selective device (commonly used devices; cyclones and impactors) having a
median cut size of 4 [Om and the foliowing penetration characteristics:

Particle aerodynamic Respirable particulate

diameter,um mass, %
0 100
1 97
2 91
3 74
4 50
5 30
6 17
7 9
8 5
10 1

**total photoionisable compounds, reference to toluene

***colony-forming units
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4

Guideline values for specific physical parameters

Parameter Range for
acceptable
indoor air
quality

Air temperature 22.5-25.5

Relative humidity <70

Air movement* 0.1-0.3

*at workstation within occupied zone

90

Unit

°C
%
m/s
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QM ID: 1
03 co co2 PM10 TEMP RH

Date Time (ppm) | (ppm) | (ppm) | (ug/m3) {Celsius) (percent)
2009 Oct 19 13:34 0.001 0 472 0 31.4 35.1
2009 Oct 19 13:36 0.001 0 472 0 315 35
2009 Oct 19 13:38 0.001 0 480 0 315 35.1
2009 Oct 19 13:40 0.001 0 486 0 316 35
2009 Oct 19 13:42 0.002 0 491 0 314 36.1
2009 Oct 19 13:44 0 0 500 0 313 358

A19191 9.4 YoyanInn1snsIn TanammeImaTun 20 gaan 2552

IQM ID: 1
03 Co Co2 PM10 TEMP RH

Date Time (ppm) | (ppm) | (ppm) {ug/m3) (Celsius) (percent)
2009 Oct 20 10:49 0 4] 536 0 32.6 341
2009 Oct 20 10:51 0.002 Q 519 0 32.7 338
2009 Oct 20 10:53 0.002 0 St Q 309 33.2
2009 Oct 20 10:55 0.002 0 508 0 33.2 328
2009 Oct 20 10.57 0.001 0 511 0 334 327
2009 Oct 20 10:59 0.001 0 508 0 333 323
2009 Oct 20 11:01 0 0 sH 0 335 321
2009 Oct 20 11:03 0.001 0 508 0 336 32
2009 Oct 20 11:05 0.001 0 5 0 338 31.7
2009 Oct 20 11:07 0.003 0 508 0 34 312
2009 Oct 20 11:09 0.001 0 508 0 341 30.7
2009 Oct 20 [SEER! 0 0 505 0 34.2 304
2009 Oct 20 [FHE] 0.001 0 505 0 34 30.7
2009 Oct 20 11:15 0 Q 505 0 34 305
2009 Oct 20 1:17 0.001 0 503 0 34 30.7
2009 Oct 20 119 0.001 0 503 0 34 30.7
2009 Oct 20 11:21 0.001 0 500 Q 34 30.7
2009 Oct 20 11:23 0.002 0 503 0 34 30.7
2009 Oct 20 11:25 0.002 0 503 0 34 30.7
2009 Oct 20 11:27 0.003 0 503 0 339 30.7
2009 Oct 20 11:29 0.001 0 503 0 339 30.6
2009 Oct 20 11:31 0.001 0 500 0 339 30.6
2009 Oct 20 11:33 0.004 0 505 0 33.8 30.9
2009 Oct 20 1:3s 0.002 0 500 0 339 30.7




2009 Oct 20 11:37 0.001 0 497 0 33.5 312
2009 Oct 20 11:39 0.001 0 497 0 32.7 323
2009 Oct 20 11:41 0.001 0 494 0 323 33
2009 Oct 20 11:43 0.001 0 494 0 32 33.7
2009 Oct 20 11:45 0.001 0 497 0 318 337
2009 Oct 20 11:47 0.002 0 497 0 31.7 343
2009 Oct 20 11:49 0.002 0 497 0 3LS 34.1
2009 Oct 20 1151 0.002 0 497 0 30.9 35
2009 Oct 20 11:53 0.002 0 494 0 312 34.4
2009 Oct 20 11:55 0.002 0 497 0 31 34.8
2009 Oct 20 11:56 0.001 0 503 0 30.7 35.8
2009 Oct 20 11:57 0.001 30.8 35.8
2009 Oct 20 11:59 0.002 0 500 Q 311 349
2009 Oct 20 12:11 0.003 0 494 0 34 30.7
2009 Oct 20 12:13 0 0 497 0 342 30.6
2009 Oct 20 1215 0.003 0 494 0 34.2 312
2009 Oct 20 12:17 0.002 0 500 0 342 311
2009 Oct 20 12:19 0.002 0 503 0 34.1 31
2009 Oct 20 12:21 0.002 0 494 0 34.4 29.5
2009 Oct 20 12:23 0.001 0 489 0 345 29.3
2009 Oct 20 12:25 0.002 0 489 0 34.5 29.5
2009 Oct 20 12:27 0.001 0 486 0 345 29.4
2009 Oct 20 12:29 0.002 0 483 0 34.4 293
2009 Oct 20 12:31 0.003 0 483 0 345 29.4
2009 Oct 20 12:33 0.002 0 483 0 34.6 295
2009 Oct 20 12:35 0.002 0 483 0 345 293
2009 Oct 20 12:37 0.001 0 480 0 347 293
2009 Oct 20 12:39 0.001 0 486 0 347 292
2009 Oct 20 12:41 0.003 0 483 0 348 29.1
2009 Oct 20 12°43 0.002 0 477 0 349 29.1
2009 Oct 20 12:45 0.002 0 480 0 34.9 29
2009 Oct 20 12:47 0.003 0 477 0 349 29.9
2009 Oct 20 12:49 0.002 0 433 0 351 29.7
2009 Oct 20 12:51 0 0 S1 (1] 35.1 29.8
2009 Ocl 20 12:53 0,003 0 503 0 35.2 29.6
2009 Oct 20 12:55 0.003 0 497 0 353 29.7
2009 Oct 20 12:57 0.002 0 497 0 354 293
2009 Oct 20 12:59 0.002 0 497 0 354 29.2
2009 Oct 20 13:01 0.002 0 503 0 354 292
2009 Oct 20 13:03 0002 0 505 0 355 29.1
2009 Oct 20 13:05 0.00! 0 505 0 35.7 289
2009 Oc1 20 13:07 0.003 0 505 0 35.7 28.7
2009 Oct 20 13:09 0.002 0 505 0 35.6 28.7
2009 Oct 20 13:1 0.002 0 505 0 35.7 28.4
2009 Oct 20 13:13 0.003 0 505 0 35.8 28.2
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2009 Oct 20 13:15 0.002 0 508 0 35.8 279
2009 Oct 20 13:17 0.001 0 505 0 36 275
2009 Oct 20 13:19 0.004 0 505 0 36 274
2009 Oct 20 13:21 0.00t 0 508 0 36 27.4
2009 Oct 20 13-23 0003 0 508 4 359 27.4
2009 Oct 20 13:25 0.003 0 505 [t} 359 273
2009 Oct 20 13:27 0.001 0 508 0 36 273
2009 Oct 20 13:29 0.002 0 508 0 359 273
2009 Oct 20 13:31 0.001 Q 505 0 359 273
2009 Oct 20 13:33 0.002 0 505 0 358 273
2009 Oct 20 13:35 0.002 4 505 [ 35.8 27.4
2009 Oct 20 13:37 0.003 Q 508 0 357 27.5
2009 Oct 20 13:39 0.001 0 5058 0 358 27.4
2009 Oct 20 13:41 0.002 4} 514 0 359 27.9
2009 Oct 20 13:43 0.003 0 514 0 357 28.1
2009 Oct 20 13:45 0.00t 0 522 0 35.7 27.5
2009 Oct 20 13:47 0.001 0 508 0 34.1 304
2009 Oct 20 13:49 0.003 0 508 0 334 315
2009 Oct 20 13:51 0.003 0 sH 0 333 32.1
2009 Oct 20 13:53 0.003 0 505 0 33 323
2009 Oct 20 13:59 | NR 0 500 0 337 30.5
2009 Oct 20 13:59 { NR 0 508 0 33.9 30
2009 Oct 20 14:03 0.002 0 522 0 34.7 28.7
2009 Oct 20 14:05 0.003 0 Si4 0 34.8 28.5
2009 Oct 20 14:07 0.001 0 508 0 35 282
2009 Oct 20 14:09 0.003 Q 508 0 352 28
2009 Oct 20 14t 0002 0 511 0 353 278
2009 Oct 20 14:13 0.001 0 508 ] 35.5 27.5
2009 Oct 20 14-15 0.002 0 St4 0 35.4 284
2009 Oct 20 14:17 0.001 0 528 0 342 31.2
2009 Oct 20 14:24 0.003 0 508 0 344 28.9
2009 Oct 20 14:26 0.001 0 514 1] 34.6 28.5
2009 Oct 20 14:28 0.002 0 517 0 34.6 28.5
2009 Oct 20 14:30 0.001 0 S17 0 34.6 28.4
2009 Oct 20 14:32 0.003 0 St 0 347 28.2
2009 Oct 20 14:34 0.00t 0 497 0 349 282
2009 Oct 20 14:36 0.004 0 497 0 35 28.1
2009 Oct 20 14:38 0.002 0 503 0 35 27.6
2009 Oct 20 14:43 0.003 0 494 0 346 28.4
2009 Oct 20 14:45 0.001 0 S 0 34.6 28.5
2009 Oct 20 14:47 0.002 0 514 0 34.7 28.8
2009 Oct 20 14:49 0.001 0 5t4 0 347 28.1
2009 Oct 20 14:51 0.003 0 519 0 343 28.6
2009 Oct 20 14:53 0.001 0 525 0 34.1 28.7
2009 Oct 20 14:55 0.002 0 525 0 34 28.9
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2009 Oct 20 14:57 0.00! 0 531 0 338 29.3
2009 Oct 20 14:59 0.002 0 533 0 33.7 293
2009 Oct 20 15:01 0.002 0 531 0 33.6 29.6
2009 Oct 20 15:03 0.003 0 539 0 336 30.1
2009 Oct 20 15:05 0.003 0 542 0 335 29.8
2009 Oct 20 15:07 0.002 0 533 0 334 29.9
2009 Oct 20 15:09 0.002 0 533 0 333 30.7
2009 Oct 20 15:11 0.001 0 542 0 33 31
2009 Oct 20 15:13 0.003 0 548 0 329 317
2009 Oct 20 15445 0.003 0 539 0 329 30.8
2009 Oct 20 15:17 0.001 0 536 a 33.1 305
2009 Oct 20 15:19 0.002 0 533 0 33.1 304
2009 Oct 20 15:21 0.002 0 531 0 33 30.7
2009 Oct 20 15:23 0.002 0 533 0 329 31
2009 Oct 20 15:25 0.002 0 531 0 328 3t
2009 Oct 20 15:27 0.003 0 528 0 328 31
2009 Oct 20 15:29 0.003 0 528 0 325 318
2009 Oct 20 15:31 0.001 0 536 0 324 315
2009 Oct 20 15:33 0.002 0 533 0 324 316
2009 Oct 20 15:35 0.001 0 528 0 32.5 315
2009 Oct 20 15:37 0.002 0 519 0 32.5 312
2009 Oct 20 15:39 0.003 0 517 0 327 30.6
2009 Oct 20 15:41 0.003 Q 519 0 327 30.6
2009 Oct 20 15:43 0.001 0 525 0 327 30.6
2009 Oct 20 15:45 0.002 0 522 0 32.8 30.6
2009 Oct 20 15:47 0.001 ] 519 0 32.8 30.4
2009 Oct 20 15:49 0.002 0 517 0 327 30.6
2009 Oct 20 15:51 0.002 0 519 0 32.8 30.6
2009 Oct 20 15:53 0.001 0 525 0 325 312
2009 Oct 20 15:55 0.002 Q 525 0 323 324
2009 Oct 20 16:00 0.002 0 5n 0 323 315
2009 Oct 20 16:02 0.003 0 525 [ 323 316
2009 Oct 20 16.04 0.002 0 525 0 322 32
2009 Oct 20 16:06 0.003 0 525 0 323 316
2009 Oct 20 16:08 0.002 0 522 0 32.1 323
2009 Oct 20 16:10 0.003 0 522 0 319 326
2009 Oct 20 16:12 0.00! 0 522 0 32 32
2009 Oct 20 16:14 0.002 0 522 0 322 317
2009 Oct 20 16:16 0.002 Q 522 0 323 31.4
2009 Oct 20 16:18 0.002 0 525 0 322 322
2009 Oct 20 16:20 0.001 0 528 0 324 325
2009 Oct 20 16.22 0.003 0 525 0 324 324
2009 Oct 20 16:24 0002 0 525 0 323 32
2009 Oct 20 16:26 0.003 0 525 0 324 32
2009 Oct 20 16:28 0.001 0 525 0 324 317
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2009 Oct 20 16:30 0.002 0 528 0 324 316
2009 Oct 20 16:32 0.003 0 525 0 32,6 314
2009 Oct 20 16:34 0.001 0 528 0 327 35
2009 QOct 20 16:36 0.002 0 528 0 327 313
2009 Oct 20 16:38 0.002 0 528 0 325 313
2009 Oct 20 16:40 0.001 0 531 0 32,6 31
2009 Oct 20 16:42 0.002 0 522 0 32,6 EIN|
2009 Oct 20 16:44 0.003 0 525 0 327 3
2009 Oct 20 16:46 0.00! 0 519 0 327 3.1
2009 Oct 20 16:48 0.003 0 522 0 32,6 31
2009 Oct 20 16:50 0.002 0 528 0 32.6 3
2009 Oct 20 16:52 0.003 0 525 0 327 31
2009 Oct 20 16:54 0.002 0 525 [t} 327 31t
2009 Oct 20 16:56 0.002 0 528 0 327 31
2009 Oct 20 16:58 0.002 0 528 0 32.7 31
2009 Oct 20 17:00 0.001 0 525 0 327 30.8
2009 Oct 20 17:02 0.003 0 522 0 327 30.7

M3197 9.5 VoY INDIINTIVIAUMWINA TUT 21 oA 2552

IQM ID: 1
03 co CcO2 PMLO TEMP RH

Date Time (ppm) (ppm) | (ppm) | (ug/m3) | (Celsius) | (percent)
2009 Oct 21 10:45 0 0 539 Q 34.7 30.8
2009 Oct 21 10:47 0.002 0 542 1} 347 30.6
2009 Oct 21 10:49 0.001 0 533 0 34 309
2009 Oct 21 10:51 0 NR 531 4] 333 317
2009 Oct 21 10:55 | NR 0 542 0 343 30.7
2009 Oct 2} 10:57 0 [ 542 0 34.6 30.1
2009 Oct 21 10.59 0.00¢ [{] 533 0 34.8 29.8
2009 Oct 21 11:01 0.001 0 533 0 3438 29.8
2009 Oct 21 11:03 0.001 0 536 ] 35 29.6
2009 Oct 21 11:0s 0.00! o 536 0 349 29.7
2009 Oct 21 11:07 0.001 0 542 0 35.1 294
2009 Oct 21 11:09 0.001 0 531 0 34.7 28.7
2009 Oct 21 1t 0.001 0 514 0 349 28.5
2009 Oct 21 113 0 [} 514 0 35 28.6
2009 Oct 21 11415 0.002 0 525 0 34.8 29.3
2009 Oct 21 11:47 0.001 0 528 0 352 289
2009 Oct 21 1119 0 0 528 0 352 28.7
2009 Oct 21 1121 0 0 525 0 351 28.8
2009 Oct 21 11:26 0.002 0 525 0 35.2 28.7
2009 Oct 21 1:28 0 0 528 0 354 28.7
2009 Oct 21 11:30 0.001 0 533 0 354 284
2009 Oct 21 11:32 0.002 0 533 0 35.5 28.3
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2009 Oct 21 11:34 0 0 533 0 35.4 283
2009 Oct 21 11:36 0 0 528 0 35.6 28
2009 Oct 21 11:38 0 0 536 0 35.5 28
2009 Oct 21 11:40 0 0 528 0 35 28.2
2009 Oct 21 11:42 0.002 0 519 0 34.8 28.7
2009 Oct 21 11:47 0.003 0 503 0 34.7 293
2009 Oct 21 11:49 0.002 0 522 0 35.2 29.1
2009 Oct 21 11:51 0.001 0 503 0 354 279
2009 Oct 21 11:53 0.001 0 4386 0 35.7 27.8
2009 Oct 21 11:55 0.002 0 483 0 36 273
2009 Oct 21t 1:57 0.002 0 483 0 359 272
2009 Ocr 21 11:59 0.001 0 483 0 36.2 269
2009 Oct 21 12:01 0.001 0 480 0 36.1 26.9
2009 Oct 21 12:03 0.002 0 474 0 36.2 26.5
2009 Oct 21 12:05 0.002 0 477 0 36.3 26.7
2009 Oct 21 12:07 0 0 483 Q 36.4 26.5
2009 Oct 21 12:09 0.001 0 483 0 36.6 25.6
2009 Oct 21 12:11 0.001 0 503 0 36.7 263
2009 Oct 21 12:13 0.002 0 500 0 37 25.3
2009 Oct 21 12:45 0.001 0 491 0 37.1 24.9
2009 Oct 21 12:17 0.001 0 486 0 313 24.7
2009 Oct 21 12:19 0 0 486 0 375 24.5
2009 Oct 21 12:21 0.004 0 486 0 37.5 24.5
2009 Oct 21 12:23 0.002 0 491 0 375 244
2009 Oct 21 12:25 0.002 0 491 0 37.4 24.6
2009 Oct 21t 12:27 0.002 0 489 0 383 218
2009 Oct 21 12:29 0.00t 0 491 0 38.9 229
2009 Oct 21 12:31 0.002 0 489 0 39.4 224
2009 Oct 21 12:33 0.002 0 491 0 393 223
2009 Oct 21 12:35 0.002 0 491 0 39.2 225
2009 Oct 21 12:37 0.002 0 494 0 39.6 22
2009 Oct 21 12:39 0.002 ] 491 0 39.9 21.6
2009 Oct 21 12:41 0.002 0 491 0 40.2 213
2009 Oct 21 12:43 0.001 0 491 0 40.4 2L
2009 Oct 21 12:45 0.001 0 489 4 40.5 20.9
2009 Oct 21 12.47 0.002 0 491 0 40.7 20.8
2009 Oct 21 12:49 0.002 0 91 0 40.7 207
2009 Oct 21 12:51 0.002 0 491 0 40.9 20.6
2009 Oct 21 12:53 0002 0 491 4 41 20.4
2009 Oct 21 12:55 0.003 0 494 0 41.1 20.2
2009 Oct 21 12:57 0.002 0 491 0 41.2 20.1
2009 Oct 21 12:59 0.002 0 494 0 41.4 19.9
2009 Oct 21 13:01 0.002 0 491 0 41.5 19.8
2009 Oct 21 13:03 0.003 0 494 0 41.5 19.7
2009 Oct 21 13:05 0.002 0 497 0 417 19.6
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2009 Oct 21 13:07 0.002 0 497 0 418 19.5
2009 Oct 21 13:09 0.003 0 500 0 41.7 19.5
2009 Oct 21 13:11 0.002 0 503 0 418 193
2009 Oct 21 13:13 0.002 0 497 0 419 19.3
2009 Oct 21 13:15 0.002 0 503 0 419 19.1
2009 Oct 21 13:17 0.001 0 500 0 419 19.1
2009 Oct 21 13:19 0.002 Q 497 0 419 19.1
2009 Oct 21 13:21 0.002 0 503 0 41.9 8.9
2009 Oct 21 13:23 0.003 0 505 0 41.9 19
2009 Oct 21 13:25 0.002 0 503 0 419 19
2009 Oct 21 13:27 0.002 0 503 0 419 8.8
2009 Oct 21 13:29 0,00t 0 505 0 42 18.8
2009 Oct 21 13:31 0.002 0 508 0 419 18.8
2009 Oct 21 13:33 0.003 0 508 0 42 8.8
2009 Oct 21 13:35 0.001 0 511 0 419 18.9
2009 Oct 21 13:37 0.002 0 514 0 419 18.9
2009 Oct 21 13:39 0002 0 514 0 41.9 18.9
2009 Oct 21 13:41¢ 0.003 0 514 0 41.9 18.9
2009 Oct 21 13:43 0.003 0 514 0 42 18.8
2009 Oct 2t 13:45 0.003 0 514 0 40.7 20.4
2009 Oct 21 13:47 0.004 0 508 0 40.2 20.7
2009 Oct 21t 13:49 0.003 0 505 0 395 214
2009 Oct 21 12:52 0.003 (¢ 491 0 39.1 214
2009 Oct 21 13:54 0.001 0 508 0 39.2 201
2009 Oct 21 13:56 0.001 0 514 0 39.2 21.2
2009 Oct 21 13:58 0.002 0 514 0 393 24
2009 Oct 21 14:00 0.002 0 514 0 39.2 211
2009 Oct 21 14:02 0.001 0 508 0 39.4 21
2009 Oct 21 14:04 0.003 0 514 0 39 21.3
2009 Oct 21 14:06 0.003 0 517 0 39.1 241
2009 Oct 21 14:08 0.003 0 514 0 39.1 211
2009 Oct 21 14:10 0.002 0 St 0 39.1 21,1
2009 Oct 21t 14:12 0.002 0 511 I 39 201
2009 Oct 21 14:14 0002 0 St 0 39 21
2009 Oct 21 14:16 0.003 0 St 0 39.1 21
2009 Oct 21 418 0.003 0 514 0 39.1 211
2009 Oct 21 14:20 0.002 0 514 Q 39.1 213
2009 Oct 21 14:22 0.001 0 522 0 38.6 21.8
2009 Oct 21 14:24 0.003 0 519 0 383 224
2009 Oct 21 14:26 0.002 0 519 0 384 224
2009 Oct 21 14:28 0.003 0 519 0 38 22.6
2009 Oct 24 14:30 0.001 0 st 0 373 234
2009 Oct 21 14:32 0.003 0 505 0 36.7 24
2009 Oct 21t 14:34 0.002 0 508 0 36.4 24.4
2009 Oct 21 14:36 0.001 0 503 0 36 249
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2009 Oct 21 14:38 0.002 0 503 0 35.8 25.1
2009 Oct 21 14:40 0002 0 505 0 35.9 253
2009 Oct 21 14:42 0.002 0 505 0 364 25
2009 Oct 21 14:44 0.002 0 505 0 36.2 25
2009 Oct 21 14:46 0.002 0 508 0 359 25.8
2009 Oct 21 14:48 0.00t 0 517 0 35.8 26.1
2009 Oct 21 14:50 0.002 0 517 0 36 26
2009 Oct 21 14:52 0.001 0 522 0 36.1 26
2009 Oct 21 14;54 0.002 0 519 0 36.1 26
2009 Oct 21 14:56 0.002 0 519 0 36.2 26.3
2009 Oct 21 14:58 0.002 0 528 0 36.2 25.8
2009 Qct 21 15:00 0.001 0 525 0 36.3 26
2009 Oct 21 15:02 0.004 0 528 0 36.3 25.6
2009 Oc1 21 15:04 0.001 0 525 0 36.3 25.6
2009 Oct 21 15:06 0.001 0 525 0 36.3 257
2009 Oct 21 15:08 0.001 0 519 0 364 25.6
2009 Oct 21 15:40 0.001 0 525 0 36.7 25.4
2009 Oct 2t 15:12 0.001 0 528 0 37 24.9
2009 Oct 21 15:14 0.001 0 528 0 37.2 24.6
2009 Oct 21 15:16 0.001 0 528 0 373 24.5
2009 Oct 21 15:18 0.002 0 528 0 374 24.5
2009 Oct 21 15:20 0.001 0 531 0 37.6 24.4
2009 Oct 21 15:22 -0.001 0 536 0 37.7 23.9
2009 Oct 21 15:24 0.003 0 536 0 37.8 24.1
2009 Oct 21 15:31 0.001 0 519 0 371 24.8
2009 Oct 21 15:33 0.002 0 514 0 37 249
2009 Oct 21 15:35 0 0 494 0 374 24.6
2009 Oct 21 15:37 0.00! [} 51 0 37 244
2009 Oct 21 15:39 0.001 0 508 0 37.2 24.1
2009 Oct 21 15:41 0.001 0 508 0 372 24.1
2009 Oct 21 15:43 0.001 0 508 0 37 243
2009 Oct 21 15:45 0.002 0 505 0 36.4 248
2009 Oct 21 15:47 0.002 0 500 0 363 25.1
2009 Oct 21 15:49 0.001 0 503 0 36.1 25.2
2009 Oct 21 15:54 0.002 0 500 0 36.1 25.2
2009 Oct 21 15:53 0.001 0 497 4 359 25.6
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