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Wet scrubber H-beam
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, 4
3 2 2
3
2.5 2
2 -4, -5, -6
Da. 4'
—_—r
- ¥18 Dia. 3*
2 YioDia.2 1/2°
18 Dia. 3" - X
r -
— — T o - - — _T l
~ 7
Hbeam
Y12 Dia. 2°

hSP MEJRLE

- [sometric



scrubber

15

Dia. 3*

Dia. 4'

1 — Dia. 2 1/2'

B T TR O — =G I S— '

Dia. 2'

6 . 1 @) 60

sLay

93

Wet
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Wet scrubber 1x104
5x104 . . 1 .. 450,300
doo. Wet scrubber 50-250 . ./

6 . 15

= 8m/15.6 cm
= 50
1 = 50x2
= 100
8 6 14
= 14x100
= 1,400
= 7Tx(0.003)2

= 2.82x1 06 m2

= 1,400x2.82x10'6

= 3.95x103 2

= (50 m3h)/( 3.95x10'3 2
= 1.27x104 |
= 352 |

= (250 m3h)/( 3.95x10'3 2
= 6.33x104 /
= 17.58 m/s
= 12/17.58
= 0.68
0.68 (Sieve

plate)



i

3.75

( Buffer plate)

1.25

r—rp

WHWIAANNUT 5 H¥. 13123 Dia. 1

(RANRINIUIR 2°

5 . Dia. 1"
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15

Wet scrubber

2.10

Wet scrubber 8

Hd

annuls1l

"1"Hill H >1

BIn 1l bam

A2

nilin\Tin

A2

WanNRINYUIe

d

fllu Hbeam

ni Il beem

numii‘iinjii H 2in

0 Tuwcr

!

(Baffle plate)

-9



-10

o2 i

) 21

S
2 iy =

Wet scrubber

GO beam

e 2 J
w1 § .z § 1)
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(Pressure Drop)

(%5 /1)

(velocity head loss )

(1)(1- a2

2dy e 2

y

C=Discharge coefficient = 0.1 (Re)

oC=

64

24
a=0.375, Re=20tc=0.44

( 1 1 - 0.3752
l0.442J] 0.3752 J

=31.56

AP-- 31 561<y

=6.0 mmH20

12 mmH20

36
a=0.56, Re=10, ¢=0.31

K=( 1 fl-0.562
l0.312J[ 0.562 )

=22.77

Ap =077 LOLOZ



Wet scrubber

20 36

= 3.75 cmx3.75 cm
= 1.40625x1 O3m2
=(8mx8m)x41 /1.40625x10'3 2

45411

TTx(0.0127)245411
(23.0741+1) 2

= 24 2

250 3h

(8/14)x250 3h
143 3h
(143 3h)24 2
595 /h

= 1.65x10°3/s

1.56x 103 /

12 Wet scrubber

Wet scrubber

30

99
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Cco

Cco

SO,

SO,

NO 2

NO 2

pHIlin

( 3h) 55.0

(3 ) 3411.13

( 3 ) 3488.12

( x10~4) 2.69

(°C) 201.12

(°C) 84.12

(mg/Nm?3) 215.14

(mg/Nm?3) 83.17

(%) 61.34

( H20 ) 35.02
(ppm) 355.62
(ppm) 353.12

CO (%) 0.70

(ppm) 198.66

(ppm) 159.72

02(% ) 19.60

(ppm) 210.63

(ppm) 203.43

( (%) 3.42

8.02

(mgll) 311.08

(rpm ) 650

(%) 45

SS

pH

90-100 /
70.0 100.0
3513.21 3456.18
3615.21 3597.42
3.32 4.82
196.56 195.21
76.21 67.57
216.21 204.19
74.91 63:51
65.35 68.90
58.25 82.12
370.18 375.89
368.24 374.19
0.52 0.45
197.73 189.69
156.36 148.68
20.92 21.62
210.51 213.75
195.51 195.96
7.13 8.32
7.60 7.40
295.52 279.06
650 650
45 45

7.07

245.23 (mgl/l)

120.0

3389.21

3499.54

5.90

201.46

63.87

206.18

55.21

73.22

95.21

376.58

371.52

1.34

190.23

150.72

20.77

219.54

193.53

11.85

7.30

273.16

650

45

140.0

3348.14

3597.21

6.77

195.20

61.98

209.12

43.51

79.19

108.15

375.57

370.91

1.24

195.51

150.63

22.96

223.62

195.39

12.62

7.30

269.17

650

50

101

160.0

3387.21

3546.24

7.87

198.41

59.54

207.41

32.21

84.47

118.42

378.26

373.11

1.36

192.36

150.96

21.52

217.38

186.33

14.28

7.30

266.37

650

50

200.0

3378.32

3557.62

9.87

197.12

57.19

211.27

17.16

91.88

133.52

379.42

375.87

0.94

198.54

150.42

24.24

213.72

181.02

15.30

262.41

650

75



-2
( 3h
( 3min)
(Nm3min.)
(X104)
°C)
)
(mg/Nm3)
(mg/Nm3)
(%)
(  H®)
co (ppm)
co (ppm)
Co( %)
02 (ppm)
02 (ppm)
02( %)
NO2  (ppm)
NO2 (ppm)
02 % )
(mall)
(rpm )
' (%)

SS

pH

55

4124.22

4365.21

2.22

202.12

90.25

493.42

199.90

59.49

30.41

363.19

359.68

0.97

198.69

150.78

24.11

216.42

214.65

0.82

8.00

324.28

700

45

150-160
70 100
4216.17 4190.19
4466.14 4391.17
2.77 3.98
201.21 201.47
76.54 73.52
500.92 499.94
194.12 174.12
61.25 65.17
41.34 70.37
368.27 366.65
359.57 350.52
2.36 4.40
187.26 189.63
142.53 144.63
23.89 23.73
215.43 222.00
213.63 216.93
0.84 2.34
7.81 7.62
306.13 287.73
700 700
45 45

244.87 (mgl/l)

7.05

/

120

4259.23

4457.19

4.70

199.98

69.13

491.41

157.14

68.02
80.74
369.74
358.85

2.95

187.23

141.75

24.29

210.60

204.63

7.47

281.45

700

50

140

4185.43

4347.21

5.58

202.12

66.41

490.16

140.18

71.40

87.51

365.54

357.24

2.27

191.79

145.53

24.12

219.30

209.73

4.56

7.38

275.48

800

50

102

160

4116.17

4374.32

6.48

203.14

64.12

499.51

127.23

74.53

104.77

364.63

355.23

2.58

191.58

142.53

25.60

209.40

195.42

7.15

7.30

271.97

800

75

200

4216.51

4416.51

7.91

201.98

61.24

495.41

79.24

84.01

120.92

367.85

355.58

3.34

196.44

145.53

25.92

218.10

187.56

16.28

7.30

267.95

800

75



co

co

SO,

S02

NO 2

NO 2

pHIlin

( 3h
« 3 )
( 3 )
(X10)
Q)
(°C)
(mg/Nm3)
(mg/Nm3)
(%)
(  H2)
(ppm)
(ppm)
Co( %)
(ppm)
(ppm)
02( % )
(ppm )
(ppm)
02( %)
(mall)
(rpm)
(%)
SS

pH

55

8371.23

8446.21

1.10

214.28

111.28

705.32

355.31

49.62

12.72

356.14

350.44

1.60

192.69

172.26

10.60

210.12

207.14

1.43

367.96

750

45

, 240-250
70 100
8256.31 8398.31
8359.45 8521.41
1.41 1.98
212.54 215.42
103.24 96.41
704.42 698.24
337.51 322.21
52.09 53.85
17.74 22.55
358.41 355.32
350.13 350.28
223" 1.42
190.02 193.23
156.33 156.75
17.73 18.88
213.00 216.11
210.10 210.5
1.41 4.17
8.20 8.20
339.70 307.82
750 750
45 50
245.93 (mgll)
7.07

/

120

8249.23

8479.65

2.42

210.98

88.51

695.27

281.08

59.57

32.34

357.25

350.42

1.91

196.08

152.13

22.41

207.0

201.1

2.90

8.0

297.49

750

50

140

8255.24

8478.21

2.83

211.46

76.42

703.98

270.05

61.64

42.31

354.31

350.21

1.16

189.42

145.56

23.15

219.23

210.14

4.11

7.80

293.14

800

75

103

160

8316.12

8564.52

3.21

213.15

70.99

704.41

250.50

64.44

49.67

359.09

355.21

1.08

186.96

141.96

24.07

204.56

195.89

4.41

7.80

288.52

800

75

200

8260.24

8461.98

4.04

212.14

68.16

706.21

240.21

65.99

72.87

359.74

357.44

0.64

186.33

142.53

23.51

216.0

204.0

5.56

279.79

800

75



( 3h
(3 )
( 3nin)
(x10%)
O
(°O)
(mg/Nm3
(mg/Nm3)
(%)
(mm.H2 )
CO  (ppm)
co (ppm)
CO (%)
02  (ppm)
02 (ppm)
02(%)
NO2  (ppm)
NO 2 (ppm)
NO2A% )
pHlin 1
(mg/l’)
(rpm)
)
SS

pH

55.0

3399.14

3454.25

2.70

193.92

85.51

220.21

90.10

. 59.05

20.35

350.23

348.01

0.57

161.15

151.98

5.69

210.81

207.20

171

8.03

310.93

650

45

90-100 / . .

70.0 100.0 120.0 140.0

3499.08 3468.12 3393.24 3423.22

3525.65 3542.32 3464.34 3524.89

3.33 4.81 5.89 6.82
199.56 202.24 19425 200.56
77.14 6598 64.13 60.54
217.32 213.15 219.24 219.12
80.80 7111 69.21 556.17
62.76 66.62  71.77 74.89
32.03 56.00 73.87 83.99
352.21 35421 353.14 3520
346.52 346.02 349.02 347.70
1.70 2.26 1.13 122
161.98 162.52 160.92 162.25
150.75 13433 13231 130.10
6.94 17.34 17.78 19.82
210.94 21050 211.75 210.90
203.19 196.80 194.43 192.40
3.67 6.51 8.18 8.77
7.61 7.39 7.31 7.29
295.33 278.86 273.05 269.30
650 650 650 650
45 45 45 50

246.98 (mg/l )

7.06

104

160.0

3399.45

3496.44

7.85

195.25

58.42

214.54

43.24

79.91

90.16

352.12

350.51

0.46

162.40

119.20

26.60

210.12

184.35

12.21

7.29

266.32

650

50

200.0

3392.6

3432.7

9.83

197.9

55.24

21511

15.16

93.02

104.93

351.23

349.81

0.41

161.85

116.10

28.27

211.14

184.94

12.41

7.29

262.53

650

50
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-2 150-160 ./ . .

1 n 55 70 100 120 140 160 200
(@) 414425 419523 420221 424454 419941 4134.12 419521
(NYBmin) 4215.14 425623 4314.54 4312.89 4287.24 428412 431251

(xict) 221 278 397 471 556 6.45  7.95
<) 201.89 20145 20423 20341 207.13 20412 20241

(0) 91.25 7564 7451 7024 6521 6312  60.29
(Mg/Nm3) 490.09 50499 499.89 49001 507.04 489.14 493.98

(mg/Nm3 220.98 199.97 17008 161.20 15040 13415  90.12

, (%) 5510 6040 6600 6710 70.34 7260 8178

( HD) 1410 2080 3820 5480 60.90 8160  90.50
CoO  (ppm) 351.23 35221 351.20 351.31 35224 35154 353.10
co  (ppm) 348.10 347.10 349.40 348.85 347.24 34557 34524
co( %) 089 145 051 070 142 167 223
02  (ppm) 162.00 16050 163.20 160.60 161.70 16201 162.32
02 (ppm) 156.25 15398 14320 137.26 131.03 13050 120.75
: 0A %) 355 406 1226 1454 1897 1944 2561
NO2  (ppm) 20952 21012 21424 21200 20972 21024 211.04
NO2  (ppm) 205.64 206.00 201.88 19845 19404  190.85  186.0
NOX %) 189 200 612 68 808 1016  16.28

800 781 762 747  7.38 730 13.46

(mg/l ) 326.16 308.46 288.95 281.18 27650 272.24 267.91

(rpm ) 650 650 650 700 700 700 700

g o7 75 75 45 45 45 45

244.87 (mgl/l)

7.05



-3 240-250
( 3h) 55 70 100 120 140
(\hin) 8385.12 8261.12 8406.41 8243.87 8241.57
' 1 (Nrhin) 8564.28 8594.23 86012.5 8498.25 8512.36
(X104) 1.09 141 1.98 243 2.83
(() 214.15 21254 21598 211.25 212.54
(<) 112.54 104.12 95.48 88.80 75.11
(mg/Nm3 714.75 710.12 708.01 716.05 711.39
(mg/Nm3 359.75 345.13 325.90 318.32 27741
(%) 49.65 51.41 53.97 55.59 61.04
( . 0) 2.75 6.81 10.82 14.61 26.32
CoO (ppm) 350.56 ~ 348.98 352.40 34898 351.25
co (ppm) 348.25  348.21 346.98 34598 347.25
CO(% ) 0.66 0.22 1.54 0.86 1.14
02  (ppm) 161.98 159.12 160.92 161.70 159.63
02 (ppm) 159.25 156.34 157.98 155.65 152.25
0 %) 1.69 1.75 1.83 3.74 4.63
NO2 (ppm) 208.60 21158 212.40 210.45 211.70
NO 2 (ppm) 205.62 208.60 206.50 204.35 205.10
NO2Z %) 1.43 141 2.78 2.90 3.12
pHI? 8.20 8.20 8.20 8.0 7.80
(mgll) 368.18 337.92 309.48 298.30 292.58
(rpm) 700 700 700 700 750
(%) 50 50 60 75 50
245.93 (mgn )

pH 7.07

106

160

8296.44

8531.02

321

212.54

71.47

714.19

270.21

62.18

32.42

352.47

345.98

1.84

159.53

151.98

4.73

212.16

202.80

4.41

7.80

287.11

750

50

200

8253.64

8546.34

4.04

215.12

67.25

716.09

245.13

65.75

40.09

353.11

344.25

251

161.20

140.24

13.0

214.56

202.64

5.56

7.60

279.52

750

75
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(Determination of stack gas velocity head volumetric flow rate, US EPA Method 2)

(Principle and Applicability)

(Velocity head, AP) Pitot tube
(Pitot tube) Pitot tube
Pitot tube
(cyclonic)
(swirling)
2. (Apparatus)
2.1 Pitot tube -1
190154 QM
+076-10IN.)
2.3 Churals
I TEMPERATURE SENSOR
LEAKFREE
CONNECTIONS

TYP(-SPITOTTUBG/

- Pitot tube Manometer



Pitot tube
(Dt) 0.48 0.95
1.05-1.50
-2()
Pitot tube

tube 0.84

Transverse tube axis '
\ .

.(3/16-3/8 )
(PA
Pitot tube 2 -2 (a)

-2(c)

face operating

——— plane —;
b \\@ ;

108

PB)

A-ade plane

! r_

. . 4 ] -
Longitudinal D, - {t "y
tube axis + B N - s I i

_-\ s {V i
A
B-side plage

(b)

Pitot tube

Pitot



Pitot tube
Pitot tube
(a) (b) 1 a2
(c) (d) e Bl B2 5 (f) z
18 ) (9) 0.08 . 1/32
o N Y

mTRANSVERSE |
TUBE AXIS 0 "—| .

LONCITUDI NAL__ |
TUBE AXIS

i)
Pitot tube

20°

0.32

109
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Pitot tube -4 Pitot tube U
Pitot tube
Pitot tube
Pitot tube (Final traverse point ) Ap
(velocity pressure) Pitot tube
Pitot tube
+5% Ap
22 (Differential Pressure Gauge)
(Inclined manometer) 10
Inclined manometer 10
1 0.01 9
0.1
manometer
Velocity Pressure ( P) 1 13 . 0.05
12 10%
P ' 1.3
12 AP
1.3 . 0.05
T 1.05
Pi+K
"tPitK

A B = (Velocity Head)
N
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K = 13

0.05

23

( Temperature Gauge )

Termocouple
Liquid-filled bulb thermometer, binetallic thermometer, mercury-in-glass thermometer

+1.5%
Pitot tube

Pitot tube 10 16

Pitot tube

24

( Pressure
Probe and Gauge )
Piezometer tube U-tube
Pitot tube (static hole) 13
Pitot tube Pitot tube
25 ( Barometer )
Aneroid
25 . 0.1
30 25
25

30

26

( Gas Density Detemination
quipment )
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Pitot tube ( Calibration Pitot tube )

2.7
Pitot tube Pitot
tube 1 Pitot tube
Pitot tube Pitot tube
Pitot tube
271 2.7.5 13 Pitot tube
0.99 + 0.01 Pitot tube

(
&

CURVED OR
MITERED JUNCTION

STATIC
HOLES

(~0.10)

(3%

HEMISPHERICAL
TIP \

Pitot tube




271 (Hemispherical)

( Ellipsoidal ) ( Conical )
2.7.2
() 13
2.7.3 90
8 (8D) 13
274 01 D
2.8

13

Pitot tube

( Differential Pessure Gauge for type  Pitot tube calibration )

Inclined manometer 001

( Single velocity )

4123
(0.005 )
0.03
(Ap) 13.25
1.3 . 0.05 (AP)
(AP) )
3, ( Procedure )
31 -1 Capillary tube
Pitot tube Manometer
(Ap)
Monometer
(Impact)

static pressure

7.6 . 15

0.13
( Multivelocity )

0.005

25

Surge tanks

7.6 . 3
15

Monometer

113
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Manometerl

Pitot tube

Pitot tube

(Ap)



STACK DIAMETER OR DIMENSIONS, M({if.)oerere
BAROMETRIC PRESSURE MM, HG2(in.HG) .o
CROSS SECTIONAL AREA, M (f1) v
OPERATORS s
PITOT TUBE LD.NO.rermrressmssns

AVG. COEFFICIENT, C'= oo

LAST DATE CALIBRATED ..rrrrsmmeren

Traverse Vel Hd. (AP)  Stack Temperature
PN, mm(n)HD  tc (F)  TSK(R)

Average

mm Hg(in.Hg)
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3.2 (AP)

Inclined Manometer

3 24
34
3. (the stack gas dry molecular weight)
co0202cCoO
N2
29.0
31
3.2
4, (Calibration)
41 Pitot tube
1 -2
Pitot tube
Pitot tube
(Y -1b
(PA  PB) 2b
Dt 048-0.95 . (3/16-3/8 )  PA PB
1.05-1.50 Dt 2
1) 411 415
) 0.84
Dt, PA PB Pitot tube

412 415
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411 Pitot tube
(Probe) (Nozzle)
Pitot tube - -/
Pitot tube

(Nozzle Entry) -

L
J D, Typ< pilot cub* C g

‘I F1DO« (H in.) for DB*"14 em (VSin.)

Sampling notxlc f p u -:

f

Tms,‘mnlb‘ - D ® GE—— - © e @ === <o

S 8. ¥ PSSV

Pitot tube
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Zti M oml
st [ (tin
g I"—" e
ZZ1.90 cm (3% InJ | HTl Iym[n”pl |d: ME |

8 t D, Type S pitot tube

| R "

|
'
é
« Dy TYPE SPITOT TUBE O

|

l

]

]

N\ Rl
u‘-(
N o
SAMPLE PROBE [<~o—— Y 27,62 ¢cm (3 in,) =———tm
| !
-7 Pitot tube
4.1.2 A
Pitot tube
4121
30.5
25.4 . 10

4122



. LW (0

L. )
Pitot
tube 8 Downstream
2 Upstream
41.2.3 (Single-velocity caliration)
Pitot tube 915 / 3000 /
(Single velocity) , Pitot tube
915 / +3%
305 / 1000 /
180-305 / 600-1000 / +5.6%
41.2.4 Pitot tube
Pitot tube Pitot tube
Sownstream Pitot tube Pitot tube 2
Pitot tube 2
4.1.3 A B Pitot tube
4.1.3.1 Manometer

4.1.3.2

M anometer



4.1.3.3

4.1.3.4
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Pitot tube

Manometer
Pitot tube Pitot tube
Pitot tube
APstd 18 Pitot tube

Manometer
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-2 Pitot tube

PITOT TUBE IDENTIFICATION NUMBER : .......cccccciiiiininnn. DATE :

CALIBRATED BY oottt

‘A” SIDE CALIBRATION

Ap,
RUN NO. cr/; i o H cR) DEVIATION
(in. HY) (in. HY) Co CPB
1
2
3
“cp(SIDEA
‘B” SIDE CALIBRATION
A Ap,,
RUN NO. om 1) em szo R DEVATION
(in. HD) (in. HD) CR)-CP®)
1
2.
3.

“¢p (SIDE B)
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4.1.35 Pitot tube Manometer
Pitot tube Manometer
Pitot tube A
Pitot tube Pitot tube
4.1.3.6 APs -2 Pitot tube
' ' Manometer
4.1.3.7 4.1.33 4.1.3.6 APs 3
4.1.3.8 Pitot tube B
4133 4.1.3.7
4.1.4 (Calculations)
4141 Pitot tube
6 A 3 B 3
o NN Q)
Ps
Cp() = Pitot tube
Cp (std)= Pitot tube
Pitot tube 0.99
APstd = Pitot tube
APs = Pitot tube
41.4.2 Cp ( A) Pitot tube
Cp ( B) Pitot tube B
4.1.4.3 (Deviation) A 3
B 3
Deviation = Cp(s) - Cp(A B 3
4.1.4.4 () (Mean)
Pitot tube A B



4145 Pitot tube
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(A (B

0.01 Cp(A) Cp(B) 0.01
4.1.5
4151 (Calibration Point)
4151.1 Pitot tube
4.15.1.2 Pitot tube (Thermocouple)
(Probe)
Pitot tube 15 17
41513 Pitot tube
(Probe sheath)
2% -10(a) (External
sheath) 3% -10(b)
EXTERNAL
/ SHEATH
= T
W= 34 /
™~
(3) ()
estimated 1 xW
SHEATH x 100
BLOCKAGE JWUC:T AREA
10 Pitot tube



4152
4153
tube Pitot tube
-/ (0000)
4.1.6
4.1.6.1
416.11 Pitot tube
Pitot tube
B B
41.6.1.2
12-36
Cp(s)
12
4.1.62
41.6.2.1
Pitot tube
12
4.1.6.2.2
41.6.2.1

4.2 Pitot tube

Pitot tube

Pitot tube

Pitot tube

Pitot tube

0.01 4144

(Field Use)

(Probe sheath)

(Recalibration)

Pitot tube

Pitot tube

(Standard Pitot tube)

0.99

4.3 (Temperature Gauges)

10%

124

Pitot tube [Cp(s)]

Pitot

Pitot tube A

2.7

405°



ASTM

405°

4.4

51

Bws
Cp

Kp

md

Ms

Pg

Pstd

Qsd

ts

Ts

mercury-in-glass

NBS
1.5%
(Barometer)
(Nomenclature)
(Calculations)
(Nomenclature)
= 1
= Pitot tube
= Pitot tube = 34.97 ./ [ /B

°K

=85.49 |/ [ /8-

= Md(1-Bws) + 18.0 Bws

= Pbar + Pg
= , 760 . 29.92

273 + ts ts

460 + ts ts °.

125

12



Tstd

= 20+ 273 = 293 K
= 68 +460 = 528 R
Vs = /
Ap = manometer
3600 = /
18.0 = / /
5.2
Vs = KpCp(VS>vg
]V PsMs
53
f Tstd ( Ps
Qsd = 3,600 (1-Bws) Vs.A

Js(avg)) WPstd Y

Pitot tube

126
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(Determination of Particulate Emissions from stationary Sources, .S.EPA. Method 5)

1. (Principle and Applicability)
Isokinetic
(Glass Fiber Filter) 120+14
(Nozzle)

(Probe)

2. ( Apparatus )
21 (Sampling train) -1
APTD-0576

2.1.1 (Nozzle)
Taper 30

|sokinetic

032-1.27 (L/8"-112")
! 0.16 106

_JEMPERATURE SENSOR IMPINGER TRAIN DPTIONAL. MAY BE REPLACED
BY AN EQUIVALENT CONDENSER

S (— ey
MOM
[ — B T.Ms"‘nsko.r.u.‘ HEATED AREA THERMOMETER / THEAMOMETER
N /

FILTER HOLDER

. g gy v Yy S = =
PROBE Tealll =

REVERSE-TYPE
FITOY TUBE

PITOT MANOMETER
ORIFICE

THEAMOMETERS MAIN VALVE

DAY GAS METER AIR-TIGHT
PN

JU% a-1 uasgaiusaetingluilass



2.12 (Probe)
120£14°

APTD-0581 APTD 0576

(Borosilicate)

480° . (Quartz glass) 480° -

900° . 2 '
820° .
1500° .

o TYPL S PITOY TUBE
7 52190 cm (34 ia) FOR Dy = 1.3 om (172 ind

=k @E

K WINVMI UMKy INUHHZL SR

SAMPLING SAMPLING

STAYIC PRISSUNE
PROBE NOZZrE

OPLNING PLANE

AN
)
IMPACT PRESSURE
/L OPENING PLANE
Tvees . —. /__
mToT TUME

NOZZLE ENTAY
PLANE . :: !
& SIDEVIEW: VO PREVENT PITOT TUNE
FROM INTERFERING WITH CAS FLOW 2

STREAMLINIS APPADACHING THE
THE IMPACT 'I(Sﬂll

\ "AA‘_

128
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2.1.3 Pitot tube -1
(high pressure) Pitot tube
-2
2.14 (Differential Pressure Gauge)
(milined manometer) 2
Dp (Orifice)
2.1.5 (Filter Holder)
Glass Frit (\Silicome rubber gasket)
(Teflon)
(Cyclone )
2.1.6 (Filter Heating System)
12014 .
3
2.17 (Condenser)
Impinger 4
pinger 13 4 Greenburg-Smith Modified
' , .3 12 Flask
13 Impinger 2 Greenburg-smith standard
Impinger 4 200 Impinger
4 L
1
1 ' (1)

Dalton’s law  Partial pressure

Condenser 20



2.18
2
10
2
Isokinetic
2.1.9
Aneroid
2.5
2.1.10

Determination Equipment)

Pitot tube
2.2
2.2.1
Brushes)
2.2.2

130

(Metering System)
s . Dry gas meter

1
|sokinetic
Pitot tube
(Barometer)
2.5 0.1
30
30
2.5
(Gas Density
S.EPA Method 2
U.S.EPA Method 3
Pitot tube
Pitot tube 2
1%

(Sample Recovery)

(Probe-Liner and Probe-Nozzle

2 (Wash Bottles-Two)



03

23

31

223

224
225

226
227

228

232
233
234
235
2.3.6
2.3.7

2.3.8

312

3.13

Petri Dishes

131

(Glass Sample storage Containers)

500

1000

(Graduated Cylinder and/or Balance)

Rubber Policemen

bFunnel )

pinger
(Analysis)

1
0.5

(Glass Weighing Dishes)

(Desiccator)

01
0.5
250

(Hygrometer)

(Reagents)

(Filter)
0.3

ASTM D2986-71

(Slicagel)

02

175 . 2

6-16

(3

(Mesh)

99.95

02



3.2
3.3
«
4
41
411
05

Impinger

314
315
3.16

3.3.2
3.33

Impinger Blank
(Crushed Lee) Impinger

- (Stopcock Grease)

< 0.001

(Analysis) 2

32

(Desiccant)

(Anhydrous calcium sulfate)

(Procedure)

(Pretest Preparation)

200-300

(Sampling holcer)

132
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20+5.6
24 6
0.5
0.1
50 2
105 . 2-3 2
412 (Preliminary - Determinations)
1)
.S.EPA. method 1
()] Velocity Head (P)
U.S.EPA. method 2
Pitot tube
3) U.S.EPA. method 4
Isokinetic

4 U.S.EPA. method 2
(5) Velocity Head

(P)

Velocity Head U.S.EPA. method 2 2.2
(6)
(7)

- 2

- 0 . 760

0.85
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- (Cycle)
4.1.3 " (Preparation of Collection Train)
Impinger 1 2 100 Impinger
3 Impinger 4 200-300
Impinger
(Filter holder)
(Nozzle) Viton A O-ring
260
Impinger
414 (Leak-Check procedure)
4141
Viton A O-ring
3.8
(Asbestos string)
(train)
380
25 . 4 %

0.00057  /min (0.02 . [/ )
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APTD-0576
APTD-0581 1 by pass
- by pass ' by
pass
4.1.4.2 4141
0.00057 rrf/min 4%
dry gas meter
dry gas emter
6.3
4.1.4.3
4.14.2
4.1.5 (Particulate train Operation)
Isokinetic +10% Isokinetic
120 14"
30 dry gas meter dry gas
meter
29

(AP)

20%



PLANT .
LOCATION_
OPERATOR.

AVBIENT TEMPERATURE .

BAROVERICPRESSURE ....
ASSUMEDMOISTRUE. %...

136

TEMPERATURE OF GAS
LEAVING CONDENSER
OR LASTIMPINGER

el

DATS
RUNNO.
SAMPLE BOXNO.d... AVERAGE CALIBRATEDNOZZLE DIAVEER am(<}
NETER BOXNO .....
VETER ARG ......
CFACTOR...r SCHEMATIC OF STACK CROSS SECTION
PITOTTUBE COEFFICIENT Cp.
FILTERNO-—- .. S
PRESSURE
DIFFERENTIAL (GAS SAVPLE TEMPERATURE
VELOOTY  ACROSS ATDRY GASMETER
ORIFICE QS
VETER SANPLE
SWPLNG VAN TEVPERATLRE o VOLME FILTERHOLDER
SCRONT — TIVE mmHy ! v INLET QUTLET TEMPERATURE
BR Omn  ImH) I (M e
Ag
C Ag
0
Pitot tube
1
Isokinetic
Nomograph Pitot tube 0.85+0.2
29.00% 4 Nomograph
APTD-0576 cp Md Nomograph

(Negative Pressure)

Impinger
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US.EPA method 1

12014 . Impinger 20
Monometer
Pressure drop Isokinetic
41.4.2
1 1
2
2 2
2
dry gas meter 4.1.4.3
Pitot tube
4.1.6 Isokinetic (Calculation of Percent Isokinetic)
6

Isokinetic

4.2 Sampling Recovery



pinger

Impinger
Impinger
Impinger

Impinger

, 200

Impinger

Impinger

Acetone Blank

Petri Diskes

138
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3
6
2
(Filter Holder) 3
1
3 Impinger
Rubber Policemen Impinger
Impinger
3 4.3
Impinger
Impinger 2 3 +1
XXXXXXXXXX

43 (Analysis)
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-4
3
1
Desiccator
Anhydrous calcium sulfate 24
0.1 0.5
1% 6
105 . 2-3
Desicctor
2
+1
+0.5
250
24
01
3 Impinger

0.5

“Acetone Blank”

250

24

0.1
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Amount liquid lost during transport.
Acetone blank volume,ml...............
Acetone wash volume,mi...............

Acetone blank,mg( equation 5-5)..

CONTAINER WEIGHT OF PARTICULATE COLLECTED

NUMBER Mg.

FINAL WEIGHT  TARE WEIGHT WEIGHT

GAIN
1
2
TOTAL XXXXXXHXXXXXXKXKX  XXXXXXXXXXXXXXX
Volume Of liquid
Water Collected
Impinger.Volume Silica Gel. Weight
ml. g-
Final
Initial

Liquid Collected

Total Volume Collected

Covert weigt of water to volume by dividing total weigt increase by density ofwaterf Ig/mg )
INCREASE.g= VOLUME WATER Iml

Lg/ ml
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5. (Calibration)
(Probe Nozzle) Micrometer
0.025 . 0.001
3
0.1 . 0.004
5.2 Pitot tube Pitot tube
US.EPA Method 2 4
4.2 (Metering System)
APTD-0576
dry gas meter Wet test meter

dry gas meter

diaphram pump

0.0057 m3/min 0.02 o 10
Wet test meter dry gas meter
10 0.00057
m3
3 1 orifice (office
setting)

Wet test meter
(Calibration factor) 5%
Orifice meter dry gas meter

5% 1
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4.3 (Probe Heater Calibration)
APTD-0576
APTD-0581 Calibration Curves APTD
- 0576
4.4 (Temperatue Gauges) US.EPA

method 2 4.3
dry gas meter

mercury - in - glass

4.5 (Leak check of metering system)
28

Orifice meter

32 Main Meter Box Rubber
stopper Orifice. manometer Low side
Orifice tap Low side 13-18
Manometer 1
meter box
4.6 (Barometer)
VACUUM
GAUGE
RUBBER BY-PASS VALVE
STOMER ORIFICE

cLOoS
BLOWINTO TUBING MAIN VALVE

UNTIL MANOMETER
READS § TO 7 INCHES cLosED
WATER COLUMN ORIFICE N

MANOMETER Pume?



4.7

An

Bws

Ca

Cs

144

(Calculations)

1
(Nomenclature)

= Acetone Blank /

/ ( ) {g/dscm}
/ ( ) {g/dscf}

- Isokinetic Sampling

Pretest

0.0057 . / 4%

2.3(1=11

™m

Ts

Tstd

Individual 1

=2 1=3...) AN

Post test . /

= 18.0 / - 18.0 / -

= 760 . 29.92

0.06236 . - . /I K-

21.85 - . I R -

dry gas meter 3

293 °K R
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Va = dry gas meter
Vaw =
Vic = impinger
4
Vm = dry gas meter
(dem) . (dcf)
Vm(std) = dry gas meter
Vw(std) =
(scm) . (set)
Vs = US.EPA method 2 5.2
3 / /
Wa =
Y = Dry gas meter calibration factor
H = Orifice meter 3
pa = /
pw =
= 0.9982 / 0.002201 /
136 =
60 = /

100 =



5.2

5.3

dry gas meter

Vim(std)
Kl
0
Vm 1
0
Vm 1
54
w 1
Vw(std)

dry gas meter

dry gas meter

20° . 700

Pbar +

AH
v Tstd 13.6

Tm Pstd

Pbar + AH
wve t13.6.
= 0.3856° K/
= 17.67° KR

La

[Vm-(L P+ La)e]

[vm+{

Li Lp La

(Volume of water vapor)

771 (PwIiRTstd)
Vic- ', —

MwPstd
k2 Vic

Orifive pressure drop

Lp

- La)91£ (Li- La)9i- (Lp - La)9p\

(2)

La

146
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5.6

5.7

5.8

59

5.10

K2

Bws

Ca

Cs

0.001333 . /

0.04707 S

(Moisture content)

= /\TT( Stajmsd)(m .............................. ®)

Acetone Blank

ma

VaPa @

0.003454 : -— / -K

0.002669 EARNNY, -°R

(Acetone Wash Blank)

Ca Vaw pa

(Total Particulate Weight )

(Particulate Concentration)

0.001 A(::{g) 6)

0.02832

. 35.31

147



511 Isokinetic (Isokinetic Variation)

5.11.1

WTs(KWic + (Vm Tm\Pbar+AH 136))
600 VsjPaA

K4 = 4.32
= 0.0945

5.11.2 Isokinetic

90-110
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Portable Testo 350 Electrochemicall measuring

cell
1l.Industrial probes 8 mm. 1.2
Extension pipes
-1
&E‘ueﬁgo 1/ Mounting flange
bl - T -d - [ :
, Extension pipe veramic
: -i Hggted sampling Hhetlelrmmary
?:ﬁé?;’ |\Gas sampling unit
-1 dustrial probes
2.Compact gas preparation / Gas drier
-2

-2 Compact gas preparation/ Gas drier



3.Analyser Unit Electrochemical Cell CO , NOx 02
CO 0-20,000 ppm,NOXx 0-3,000 ppm. S02

0-5,000 ppm. -

U7 2-3 LAAIANKUT Y9 The Analyser Unit

4.The hand-held instrument Analyser Unit
ppm
-4
O
O
456
1231
0 -
u oV

-4 Hand-held instrument
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5.Infrared printer Hand-held Instrument -5




11

1.2

1.3

14

15

1.6

1.7

1.8

GF/C

GF/C

( Suspended solids; )

105°C

50

103-105 ° C

Suspension Sold {ppm ) =

pH

pH

Testo 230

60

60

Electrodes probes

152

Dry Keeper

Dry Keeper

)xio 6



ADMAG AE 100
0-636 Jhr

(Megnetic flowmeter)

6“

53



24

2539

2516

2540



	รายการอ้างอิง


	ภาคผนวก


	ภาคผนวก ก รายละเอียดการออกแบบเครื่องดักฝุ่นแบบเปียกหอแผ่นปะทะ
	ภาคผนวก ข ผลการทดสอบก่อนการปรับปรุง
	ภาคผนวก ค ผลการทดสอบหลังจากปรับปรุง
	ภาคผนวก ง การหาความเร็วและปริมาตรอัตราการไหลของก๊าซ
	ภาคผนวก จ การหาปริมาณความเข้มข้นฝุ่นที่ระบายออกจากปล่อง
	ภาคผนวก ฉ การตรวจวัดแก๊สชนิดต่างๆ
	ภาคผนวก ช การตรวจวัดคุณสมบัติของน้ำ
	ภาคผนวก ซ การตรวจวัดอัตราการไหลของนํ้า

	ประวัติผู้วิจัย

