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##4470346121 : MAJOR CHEMICAL ENGINEERING

KEY WORD : CYCLONE SCRUBBER/ DUST COLLECTION / EFFICIENCY/ NOZZLE/ WATER SPRAY
THANLAPAS VISUTI: DEVELOPMENT OF CYCLONE SCRUBBER FOR
COLLECTING DUST FROM GRINDING WHEEL. THESIS ADVISOR: ASSOC. PROF.
TAWATCHAI CHARINPANITKUL, D.Eng., THESIS CO-ADVISOR: PROF. WIWUT
TANTHAPANICHAKOON, Ph.D., THESIS CO-ADVISOR: ASST. PROF. MANA

AMORNKITBAMRUNG, D.Eng., 85 pp. ISBN 974-17-6865-6.

The objectives of this research are to construct and to test a cyclone scrubber as dust collection
equipment. Various factors influencing the efficiency of cyclone scrubber were investigated using the concept of
collecting fine dust particles by water droplets influent and separating the water droplets from air flow by the
centrifugal force. The investigated parameters were air velocity (10-25 m/s), dust concentration (0.3-1.5 g/mS),
water to air ratio (L/G: 0.44-4.37 lit HZO/m3 air) and the number of nozzles for spraying water (4, 8, 12, 16 and 20
nozzles). The nozzles were arranged in zigzag alignment on the header pipe (4 nozzles to 1 row, full cone nozzle
with 90°). Fine particles used in the experiment were calcium carbonate (CaCO,) of coated surface type (density 2.7
g/cmz). The size distribution ranged from 0.05- 22.5 micron and the average diameter was 1.89 micron.

The experimental results are : 4 nozzles had efficiency of 93.97-97.52%, 8 nozzles had efficiency of
94.43-97.51%, 12 nozzles, efficiency of 92.54-96.75%, 16 nozzles, efficiency of 93-97.68% and 20 nozzles,
efficiency of 91.85-96.75% when the inlet velocity ranged from 10-25 m/s and dust concentration, 0.3-1.5 g/m3.

The factors that had high effect on the collection efficiency of the cyclone scrubber were the inlet velocity
since the velocity of gas inlet had direct effect on the entrainment of water droplets from the gas outlet and affected
the relative velocity between the gas inlet velocity and water spray velocity, which affected the number and size of
water droplets. For example, the 4 - nozzles header had Sauter mean diameter of 259 micron and 19,599,000 water
droplet/s at gas inlet velocity 10 m/s. When the gas velocity increased to 15 m/s, the Sauter mean diameter became
224 micron and the number 30,224,000 droplet/s. The other factors with decreasing effect on the collection
efficiency were: the water droplet overlap, distance from nozzles to gas outlet, L/G ratio and dust concentration.

The dust collection efficiency of the cyclone scrubber revealed that the suitable header pipe should be
equipped with 4 nozzles because of low water consumption (10.67 lit/min) and high mean efficiency (95.75%)
compared with the other header (8 nozzles: 95.61 %, 12 nozzles: 96.65 %, 16 nozzles:" 95.54 %, 20 nozzles: 94.41
%)
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Field of study...Chemical Engineering AdVISOI’S SINALUTE. ... ...ieiiitiieieie e
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M1919 N-1. ﬂTiﬂi8i]"lflsll1.!19]?)HﬂTﬂﬂJ@QPJuLmﬁLGTfﬂ?Jﬂ”ITU@Lu@ (CaCO3)

MANUIN N.

Q

wmmfuaum%uamﬂ

Size Range(micron) | Cumulative Percent % | Percent% d .
0.05 - 0.06 0.24 0.24 0.055
0.06 - 0.07 0.8 0.56 0.065
0.07 - 0.08 L2 0.92 0.075
0.08 - 0.09 3.01 1.29 0.085
0.09 - 0.11 4.69 1.68 0.1
0.11 - 0.13 6.77 2.08 0.12
0.13 - 0.15 9.28 2.51 0.14
0.15-0.17 = 2.92 0.16
0.17 - 0.20 =5 3.35 0.185
0.20 - 0.23 19.25 3.7 0.215
0.23 - 0.27 23.18 3.93 0.25
0.27 - 0.31 27.09 3.91 0.29
0.31 - 0.36 30.71 3.62 0.335
0.36 - 0.42 33.88 3.17 0.39
0.42 - 0.49 36.55 2.67 0.455
0.49 - 0.58 38.72 2.17 0.535
0.58 - 0.67 40.39 1.67 0.625
0.67 - 0.78 41.68 1.29 0.725
0.78 - 0.91 42.86 1.18 0.845
0.91 - 1.06 44.02 1.16 0.985
1.06 - 1.24 45.25 1.23 1.15
1.24 - 1.44 46.67 1.42 1.34

57



Size Range(micron) | Cumulative Percent % | Percent% d .
1.44 - 1.68 48.37 1.7 1.56
1.68 - 1.95 50.44 2.07 1.815
1.95 - 2.28 52.94 2.5 2.115
2.28 - 2.65 55.86 2.92 2.465
2.65 - 3.09 59.21 3.35 2.87
3.09 - 3.60 62.95 3.74 3.345
3.60 - 4.19 67.03 4.08 3.895
4.19 - 4.88 Y39 4.36 4.535
4.88 - 5.69 75.98 4.59 5.285
5.69 - 6.63 80.49 451 6.16
6.63 - 7.72 84.78 4.29 7.175
7.72 - 9.00 88.68 3.9 8.36
9.00 - 10.48 92.09 3.41 9.74

10.48 - 12.21 94.91 2.82 11.345
12.21 - 14.22 97.07 2.16 13.215
14.22--16.57 98.61 1.54 15.395
16.57 - 19.31 99.57 0.96 17.94
19.31 - 22.49 100 0.43 20.9
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MANUHIN V.

GEGRICITY

v o d 1 @ 1 ' @ 4 1
MIMANNENRUTIENI198ATIMIa0e Ju (¢/s) NUTEUVEUATOIT O UL Table feeder

¥ o ' A ' v w J 1 A 1
M319 -1 AnuduussznInsounsestouduiuonsimslasesdu vouniotlouru

sou | eanmatlasey du (g/s)
2 0.0505
3 0.0914
4 0.1409
5 0.1565
6 0.1789
7 0.1793
8 0.1939
9 0.2073
10 0.2477

y= 20.0016x + 0.0409x - 0.0142

0.30
R’ =09531
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v o ' s A W oo Y Y o oA < '
M99 V-2, ﬂ'J']iJﬁﬂJWH‘ﬁigﬂ'l\ﬁfJUL‘Uﬁlﬂﬂi'E'N‘ﬂ’[’]uFJHﬂ“Uﬂ'J'I?J!GUiJGUHPJUW?]'J']‘JJLTJQ?JGING]

AN ANy AN AU
50U (g/m3)ﬁﬂ31ML§3aM (g/m3)1'7imwm§aau 15 (g/m3)17im1m§aau (g/m3)17im1m§aau
10 m/s m/s 20 m/s 25 m/s
4 0.7642 0.5095 0.3821 0.3057
6 1.0716 0.7144 0.5358 0.4286
8 1.3000 0.8667 0.6500 0.5200
10 1.4494 0.9663 0.7247 0.5798
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a03Nla

3 ' o o any 1 4 a ]
msdouieuanusranlunedmivessHalidurugudnais 9.5 mudawas dunu

4 1 Y [ o @ <
AUINANYDIND 0.12 m taz ]y Anenometer 1ugilnsallumsdandusay

v o ' 1 o v o 1
M99 A-1. ANUANNUTIZHINAIANNUAUAA(cm) ﬂUﬂ@]iWﬂ"lill'ﬁ'aﬂTflﬁluﬂﬂ( m3/s)

A 9 an 9 1 4 a
LN@i%@@ﬁWﬁmUWQLﬁUWTUﬁuﬁlﬂaN 9.5 IUALIANT

Height ( cm) Flow rate (m3/ s)
1.4 0.114222249
72 0.141364169
24 0.149280563
3.5 0.153804216
3.7 0.162851523
4.2 0.17868431
4.6 0.19564801
5.9 0.209218971
6.4 0.218266278
7.2 0.237491805
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0.25
0.2
y = 0.0802x + 0.0163
2
R =0.9731
«2 015 -
E
%}
E
z
=]
= | € 30 plot MUNMINADDY
0.1
= Budu (A plot MHM3
NAAdY)
0.05
0
0 0.5 1 1.5 2 2.5 3

0.5

(H)

Y v o 1 @ - @
51]“?] A-1. ﬂ’1111’diJ‘INu‘ﬁi3ﬁ31\1@%51ﬂ151ﬂﬁﬂ]@\1@1ﬂ1ﬁ1u‘ﬂ’E)ﬂ“]Jﬂ’ﬂiJﬂuaﬂ

U

A o 9 an 9 ] o a
LiJfJ']ﬂﬂ'JEJ’E]fJ‘iV‘IﬁLﬁuWWHﬂuﬂﬂaN 9.5 KB UAUNT

nnns e Idaumsnaaandmduiug 51379 Flow rate (m’/s) 71 AP : Pressure
drop (cmH,0) Ao
y = 0.0802 H°® +0.0163
y = Flow rate. (m?®/s)
H= AP(cm)



MANUIN 3.

Y

Yoyanansdadiugaginsaimsnaaes

aa 4 4
380U Cyclone Scrubber HUVBzATAN latiogsngmsainiely

ol W 2
4
']
—
™
¥
rm
s
: = &
]
1 =
= ool
. . . ¥
A 1Ty
. TR0~
g '.__l i
L) o ¥

r==HAeE

1. daan s lnauaasuesozasanla

=h.

31

63



64

coe BEIBA k¥
- &
31.6; §
* Y
I~
Rt
41 .
£ * A
* R ==[j
|
b o AEET o

Y (% 1 [ [ J aa
51 92, dadusgreniteuuaed g laauansvwesezasanld

P

1467

10

41

—

4667
s\ A4
&
1
= L
| 4
il ]
i}
[y
o
i

Y o @ 4 aa
3Uf 93, dadurnsanszuenveslalaaudnimwesozasanla



R -1 AN

=t =

.

15

gttt

QN

SUE5,65

35,65

H (%3 1 [y o aa
19 9-4. dad 1990528819904 1 Iaavaasuuosozasanla

51

it

23,65

[

[ 1 [ 4 aa
3-5. dadrnumelunsrsanvedlsInauansuesozasanla

20

- R #3105

M

[

3-6. @A

215

1 1 [ Jd 1
ﬁﬁ]u'ﬂiﬂﬂi$°]JE]ﬂﬁNeU’holclfiﬂﬁuﬁﬂiUmE]i ADIINNITIYAN

50

65



66

Ed
% 2

1 [y J
3-7. daa U3 W0 anIeuu 1g Inauaas s

)

1

o

517 o-8. dadaueesild ioweswina iy

puR

0,32

5
i

]

[ |

[

! 1 any 4 Y 9
317 9-9. dadrueeifld anoaninaudg



67

35 I

el ——

[

3-10. dadIUEAA03 20 1IAa

=h-

31

[=8=

d' o 1 J o A
E‘IJ‘VI 3-11. dAFIULIAADT 16 1IINA



68

! oo

Y] 1

d' J v A
gﬂﬂ 3-12. dAAIULEFAADT 12 1IINA

m a0 252

=5

EIE .

(%

3-13. dadrueanos 8 e

=h.

il

o



Fata]

2,32

d' % 1 oy v A
31.]"{] 3-14. dAdIULIAADT 4 Y1INA

N
.l_
3

Qo
.
=Dn.

3-15. dadrurirgnasuosigaosonsanla

69



70

v A
NINA

,8,16,20

s
74

16. L8ALAD

31 &



71

" 150 -
il 1
2 oo g
1
j B!
1
- Dg] Cig
o 1]
R
L
e & e
o
|
- E—
51N 17 dadrutianagney ¥o9INATULIY
150 -
| J e } |
| Y |
! 3 |
' L
! J R 1 | P
1 I.
1
e Ty =
of

. AAEIUDINNAZNDY UDINNATUIII(H)



72

.
b

Pl

1 (v21)

vy

AATIUINANACNIU WDINATUUN

[

(%

519 9-19.

U

£

Y
]

sUn

(7

sNOU

N 3-20. NOYAUIVDIOIANG

Y



73

16.4

12
o

17
- - _ﬂ/ﬁ:e

1S

(2

31U 921, dadrnueavioansngg



45

43

1228
21,85

3N s-21. dadruveavioandsy (o)

74



75

16,8 -
10,5 |
W

N 9-21. LAAITATIUVBINDANN1)(91D)

Qah
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s o-1. anvmziirdanldlumsnaaes

Droplet size range according to nozzle type ( Sauter Diameter d,,)*

Y =
71313 2-1. VoUariIng

1(bar) 2 (bar) 3 (bar)
Droplet Droplet Droplet
Flow Rate Flow Rate Flow Rate
Size* Size* Size*
(lit/min) (lit/min) (lit/min)

(micron) (micron) (micron)
0.7 540 1 400 1.6 300
18 1300 25 1100 40 750
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v o d [y [ e L%
ﬂ517‘]!!ﬁﬂ@ﬂ31uﬁuwuﬁ§$ﬁ'j1ﬁﬂﬂi1ﬂ]ﬁl'l‘l"iﬁﬂ‘l.l‘llu]ﬂﬂlﬂﬁﬁﬂﬂuﬂlﬂﬁﬁ?aﬂ

UV Full cone model Series 460

1 y=43.931x + 509.25
| y=29.167x + 370.83
y=11.719x + 281.25
_ —— P=1{ bar
| —— P=2 bar
—4— P=3 bar
Fudu (P=1 bar)
W&y (P=2 bar)
0 5 10 15 20 25 30 35 40 45

= FUdU (P=3 bar)

Flow rate(lit/min)

v
=) [

9
v o d T @ o o o
ﬂ')"liJﬂ'ﬂJWl!‘ﬁiW'JN'ﬂ@]ﬁTﬂTﬁhl‘l’iaﬂ‘]J‘lJ‘Lﬂﬂﬁﬂﬂu"ﬂl@ﬁﬁﬁﬂﬂﬂi%ﬂuﬂ"ﬁﬂﬂﬁﬂﬁ

x = Flow Rate (lit/min)

y = Droplet Size (micron)

9/ =~ A I v a o
UYL UVBYAN ATI NN -1 Llﬁggﬂ'ﬂ 9-2. L‘]J'H‘U'E]lql_ﬁfl]']ﬂﬂi‘klﬂ Lecher Co.Ltd.

— (G —

Code
CA-CG re— D —

]
(3 v A A

2-3. daaniaanlsluminaans

=h.

31

G=1/8BSPT,L,=18mm,L,= 6.5 mm, D = 10 mm, Hex = 11 mm, Weight Brass 15 g



MANHIN N

Y

J
U ALIALADT

Y
M1 -1 Yoyannuauiide 1 laveugamosiifane

N33
3 Flow rate aﬂ‘ljlwia 1 | Pressure Pressure
1gALABS - - s
(lit/min) 1909 | Drop (bar) |Drop(m.H20)"

(lit/min)

4 ¥79n 10.67 2.67 1.8 4.28

8 ¥i1aA 21.17 2.65 1.65 4.10

12 1709 29.83 2.49 1.55 3.95

16 #1194 39.17 245 1.4 3.78

20 #1799 42.50 2.13 1.35 3.71

3.00
® (FaIABT 4 1AA
= 2.50 o a
.E / [ | mﬂmﬂ{ 8 ¥iIna
g X ¢ o a
= 2.00 13AIABT 12 HIRA
$ 4 C=)
e 13A1AD3 16 ¥1nA
= 1.50 -
- 4 =)
[ad X 1gaaas 20 Ina
s
@
1.00
0.50
0.00

3.60 3.70 3.80 3.90 4.00 4.10 4.20 430 4.40

v 1Y) 0.5
MANUAUaA(mH,0 )

4 v o d 1 J o v 1 o 1 J
ﬁ‘l]ﬁ a-1. ﬂ'ZﬂilfﬂJW‘Ll‘ﬁiﬁ')'l\‘]ﬂ?ﬂ?ﬂ]ﬂﬂﬁﬂﬂﬂ@ﬂﬁ']ﬂ?ﬁh]fﬁa@@ 1 ¥ luunaziganes

Y

Y =0.8096x - 0.7359

R’=0.764
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MINVUIAIAR QYYD IVDIUN A

N. Sauter mean drop size ( Nukiyama —Tanasawa Equation) [13]
0.45

15
2r:@ 9 97| A (Lj

u /p EI G

A v A A dy Aa 091
r ADTANNAY (MINWUNHI)VIINAU (lllliﬂ'im@]i)

A S o o J ' [ a =
u ADANMIITUNNT ISV INVDUNAIAC N IF(NAT/IUIN)

a Jd a
o ﬁf]!Li\?aﬂNﬁﬂlﬂﬂﬂJﬂﬂLﬁﬁﬁ(ﬂWﬂu/LGﬁu@LiJﬂ‘i)
1 [ J a
£ ﬁﬂﬂ'3111WlﬂlLu‘HGUE]Q"ll’ENLWﬁ?(ﬂiN/QﬂUWﬂﬂlcﬁumﬁJﬁi)
@ J a
H, ﬁﬂﬂ??ﬂﬁﬁﬂﬂlﬂ\ﬂl@%ﬁaﬂ (ﬂiiJ/Qﬂ‘]ﬂﬁﬂL“]fumllﬁi)
@ 1 ) a 4

L ﬁﬂﬂ@]ﬁ"Iﬁ’J‘LlEUE]\‘i‘U@QL‘Hﬁ'JLLa$ﬂ1°]f(ﬁﬂﬁ/Qf‘lll"lf”fﬂmﬂﬁ)

J { g
Tunsdlveaimazeimananngroes gumatnedumlsglIdiiu

1.5
2r = 5000 + ZQ(LJ
u G

Diameter of Nozzle = 0.185 cm
Area = 0.026880252 cm’

< : 1 J
1319 N-2. Gfllﬁ)y,ammgiTumuﬂmmamamﬂm

1FAIADT . [fowrate udazifal ANuE IR
o L (lit/min) | flow rate(m’/s) 3 .
(HIma) (m'/s) HIna(m/s)
4 10.667 0.000177783 4.44458E-05 16.5348
8 21.167 0.000352783 4.40979E-05 16.4053
12 29.833 0.000497217 4.14347E-05 15.4146
16 39.167 0.000652783 4.0799E-05 15.1780
20 42.500 0.000652783 3.26392E-05 12.1424




M99 9-3. ToyasunzveusANDT 4 11IRA

ANsIn L | A Vg1 vien .
4, s |, , Diameter - IR/
ey | @u¥WN5 | L (liUmin) | G(cm’/min) fi3nas o
o - NB(m/s) (micron) . IUN
HIna(m/s) (m/s) (m’)
16.53 10 19.32 10.667 9720000 259 9.07092E-12 19,599,251
16.53 15 22.32 10.667 14580000 224 5.88227E-12 30,223,580
16.53 20 25.95 10.667 19440000 193 3.74543E-12 47,466,716
16.53 25 29.97 10.667 24300000 167 2.43056E-12 73,144,993
Y o 4 v A
1319 N-4. ﬂjmg,amrw 12UDUIANDT 8 YIINA
A L | s weinl en .
i, sy |, L G Diameter| IR/
weru | FUNNS 4 ERGE o
o a MB(m/s) (lit/min) (cm /min) (micron) N IUMN
HInA(m/s) (m/s) (m’)
16.41 10 19.21 21.167 9720000 259 9.07092E-12 38,891,661
16.41 15 22.23 21.167 14580000 224 5.88227E-12 59,973,987
16.41 20 25.87 21.167 19440000 193 3.74543E-12 94,190,304
16.41 25 29.90 21.167 24300000 167 2.43056E-12 145,144,845
9 o J v A
1919 N-5. mayjammwmauaﬂmm 12 ¥idan
anudni | anawsa | A WgAT1 Yo -
I $ . C y Diameter W HIUKYA/
ETRIRN] M §W¥NS |L (it/min)| ~ G(cm’/min) fSns =1
o a (micron) ! IUIN
wIna(m/s) | (m/s) (m/s) (m’)
15.41 10 18.37 29.833 9720000 272 1.05509E-11 47,125,537
15.41 15 21.51 29.833 14580000 232 6.57793E-12 75,588,653
15.41 20 25.25 29.833 19440000 198 4.06517E-12 122,311,500
15.41 25 29.37 29.833 24300000 170 2.58338E-12 192,467,194
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Y o J v
M54 N-6. VOUAVUWISUDIUIALADT 16 W’Jaﬂ

anudni | amansa | A WgAT1 Yo .
i " o o ¢ L G Diameter . NHIUYA/
ETLIAT] ey FUNNT , f5as -
o a (lit/min) (cm’/min) (micron) N IUM
wIna(m/s) | (m/s) (m/s) (m’)
15.18 10 18.18 39.167 9720000 275 1.08994E-11 59,891,628
15.18 15 21.34 | 39.167 14580000 234 6.73533E-12 96,919,294
15.18 20 25.11 39.167 19440000 199 4.13536E-12 157,854,059
15.18 25 29.25 39.167 24300000 ol 2.61623E-12 249,512,708
9 o o v A
M99 N-7. meyjammwmmaaﬂmm 20 ¥1Ina
amasai | anwida | s g1 viEn .
A w v o ¢ L G Diameter - UIUTE/
YRR My FUNNS = fd3ns o
o - (lit/min) (cm /min) (micron) . IUN
wIna(m/s) | (m/s) (m/s) (m)
12.14 10 16.54 42.5 9720000 302 1.44623E-11 48,978,016
12.14 15 19.96 42.5 14580000 250 8.2244E-12 86,125,806
12.14 20 23.95 42.5 19440000 209 4.76427E-12 148,676,139
12.14 25 28.26 42.5 24300000 =79} 2.90012E-12 244,242,733
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v o d 1 v o ] { J
M3 N-8. ANVUTAVNUDTTEHIN Sauter Mean Diameter ﬂﬂi]'lu')u’i)igﬂ'lﬂﬂuﬁlaﬂ!ﬂﬁ]iﬁ%‘lﬂ

amnsa | aaes 20 Thfa BaAps 16 7fa BaAps 12 Tafa BaAes 8 Tafa | taauAes 4 ¥afa
AN [aumann
M Y ” » | fwau v | T v
o | ™ LU R particle | 118111 | §1U2M particle | ¥ioA11 |§1U2U particle | vioati .| veaii | nemin
Judu | ansu . H , o , v particleq® particleq®
N MONYAU1 1 |Diameter| ADHEAUT 1 [Diameter| #0VEAUT 1 |Diameter] v Diameter| v Diameter]
(gm3) | wos noaiil 1 neat 1
Hea (micron) noa (micron) noa (micron) (micron) (micron)
(m/s) noa noa

1 lo7642| 10 2,648 302 2,166 275 2,752 272 | 3335 | 259 | 6,618 | 259
2 0.5095| 15 1,506 250 1,338 234 s 5/ 46} 232 2,163 224 4,292 224
3 03821 20 872 209 822 199 1,060 198 1,377 193 2,733 193
4 03057 25 531 128 520 171 674 170 894 167 1,773 167
5 107161 10 3,714 302 3,037 73 3,860 272 4,677 259 9,280 259
6 0.7144 15 2,112 250 1,877 234 2,406 232 3,033 224 6,018 224
7 los3ss| 20 1,223 209 1,152 199 1,487 198 1,931 193 3,832 193
3 0.4286| 25 745 177 729 it 945 170 1,253 167 2,487 167
9 |13000| 10 4,505 302 3,684 275 4,682 272 | 5,674 | 259 | 11,258 | 259
10 loses7| 15 2,562 250 2,277 234 2,919 292 3,679 224 7,301 224
11 |o.6500| 20 1484 209 1,398 199 1,804 198 | 2343 | 193 | 4,649 | 193
12 los200| 25 903 177 884 171 1,146 170 1,520 167 3,017 167
13 1.4494 10 5,023 302 4,108 275 5,220 272 6,325 259 12,552 259
14 0.9663 15 2,856 250 2,538 234 3,255 232 4,102 224 8,140 224
15 lo7247| 20 1,655 209 1,558 199 2,011 198 2,612 193 5,183 193
16 los798| 25 1,007 177 986 171 1,278 170 1,695 167 3,363 167
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(g/m) (s) MN % N % MN % MN % MN %
1 107642 | 10 | 437 (96,0472 | 3.94 |97.4925| 3.09 [97.0391| 2.18 |97.4228 | 1.10 |96.4469
2 105095 | 15 291 |91.8371 | 2.63 [91.6764| 2.06 |92.7544 | 1.45 |93.0521| 0.73 |94.1129
3103821 20 | 2190929982 | 1.97 | 942188 | 1.54 |91.9358 | 1.09 |94.8457| 0.55 |94.0084
4 103057 | 25 | 1.75(91.2913 | 1.58 [94.7412 | 1.23 |95.4715| 0.87 |95.4553 | 0.44 |95.1231
5110716 10 | 437 |97.1439 | 3.94 |97.4584 | 3.09 [96.9776 | 2.18 |98.1683| 1.10 [97.5075
6 107144 | 15 | 291 |93.4914 | 2.63 |92.9383 | 2.06 [92.5226| 1.45 |95.0452| 0.73 |96.8037
7105358 20 | 2.19|91.5372 | 1.97 |93.8821| 1.54 [92.1810| 1.09 |96.1070| 0.55 |95.1062
8 104286 | 25 | 1.75 |92.9781 | 1.58 |95.3557| 1.23 |93.8200| 0.87 |95.3991 | 0.44 |94.9571
9 113000 | 10 | 437 |97.1031 | 3.94 |97.4614 | 3.09 |96.1298 | 2.18 |97.8504 | 1.10 [97.5222
101 0.8667 | 15 | 291 |91.6145| 2.63 |92.2818 | 2.06 |92.5872 | 1.45 |94.3086| 0.73 |96.1093
11106500 | 20 | 2.19 | 90.5941 | 1.97 |93.8992| 1.54.192.4285| 1.09 |96.9291| 0.55 |95.5155
12105200 | 25 | 1.75 | 92.3415 | 1.58 |96.4378 | 1.23 |95.3670| 0.87 |95.2299| 0.44 |93.9796
13114494 | 10 | 437 |97.5853 | 3.947/98.3106 | 3.09 {96.8470 | 2.18 |96.6213 | 1.10 |96.9052
14109663 | 15 {291 |93.2043 | 2.63 |95.1339 | 2.06 |92.2951 | 1.45 {95.3267| 0.73 |96.5225
15107247 | 20 | 219 |92.2737 | 1.97 |95.0299 | 1.54 |94.9767| 1.09 |96.8967 | 0.55 [95.4175
16 10.5798 | 25 | 1.75|95.2797 | 1.58 |94.7850 | 1.23 |95.7940| 0.87 |{95.4277 | 0.44 [95.3165
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Median Size Diameter Ga Re/Cd | Ut(m/s) | Renold number
50 5.38796 | 0.00161 | 0.10702 0.33046
60 9.31040 | 0.00408 | 0.14599 0.54094
70 14.78457 | 0.00868 | 0.18772 0.81150
80 22.06909 | 0.01628 | 0.23153 1.14384
90 31.42260 | 0.02784 | 0.27689 1.53896
100 43.10370 | 0.04437 | 0.32342 1.99729
200 344.82958 | 0.69232 | 0.80819 9.98204
300 1163.79983| 2.72029 | 1.27531 23.62729
400 2758.63663 | 6.51197 | 1.70601 42.14232
500 5387.96216| 12.15852 | 2.10074 64.86612
600 9310.39861 | 19.60263 | 2.46329 91.27329
700 14784.56817) 28.72031 | 2.79774 120.94337
800 22069.09301|39.36278 | 3:10771 153.53459
900 31422.59532| 51.37733 | 3.39627 188.76465
1000 43103.69728| 64.61737 | 3.66602 226.39704
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