. 2544

60

25

13.0

46 !

C.CsS.

(Juice Extraction)

(Juice Clarification)
(Evaporation)

(Boiling and Crystallization)
(Sugar Refinery)

(Centrifugal and Packing)

9.0

2516



50

(Molasses)

(bagasse)
Fiber Board
(Molasses)
1.4 . 0.02
)
Cross Bevan

(purified cellulose)
rayon, pyroxalin, nitro cellulose

(invert sugar)

(lignin)



2.

hard board, soft board, fiber board

3.

21

%
Carbon
Hydrogen
Sulphur
Nitrogen
Oxygen
Ash

Heating value KeallKg
(Gross)

86.5-90.2 42.9
9.5-12.0 6.8
0.7-3.5 0.11

0.22

48.2

0.01-0.50 1.77
9,672 4,600

acoustic board

36.5

6.0

0.14

0.31

29.8

27.25

4,048

21

56.3
55
0.1
0.3

37.3
15

5,095

49.7
54
01
0.2

39.3
5.3

4,650
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2.2

21

(Filters)

36
359

911

(Settling chambers)
(Centrifugal separators)

(Wet scrubbers)

(electrostatic precipitators)

2.2



2.1.

221

tan ethesng

100

(Overall collection efficiency)

S . @21)
2.1

T | !
: 5 S il L0 2 =} i
|
d | ] ]
b P!
' 1
i 4| .
| B P R S T
! i
1 B S |

) P SASZS O JI. 1
x i

e | J g IS8; VO N TN T O

6 8 10 12 14 16 18 20 22 2¢

Particle diameter d, microns



2.2

22 "

50
50

(precleaners)

2.5

(parameter)

(gravity) (drag)
(buoyancy) 4

Fdag+ Fanay = Fgairty ..(2.2)



mp

G‘)_g:l>

CD

10

= ()
=981 |/
A=-P
n 24
1 *P - t)g
v 3 ICO
10r \\
\\
g',_°103
% 102 \\\
N
1.0 \
N\

10!
10°* 107 102 107" 10 10 10? 10? 10 10% 108
Reynolds numbor.un.

CD Ny



n

(drag-coefficient,CD (Reynolds
number,NR) 2.3 2.3
2.3 N 2
Flow regime _ Co
Laminar regime 10"4(IVRy(2 Co= 24
VR
Transition regime N Re<104 cfl=0.4>
Turbulent regime 104AR Co =0.44

(Viscous flow, NRe <2)
( Stokes' law)d

ed (Viscosity)

(mean free path)

2.5 (Cunningham
correction factor) , 2.6
(2.0
Cd=%J k, (26)
Ke =
= 1+~ (257 +0.48_1wp,24) (2.7)

n = mean free path 01 (105 )



100%

Cp = 18m*hm Y
T (<),

equivalent aerodybnamic size
Stokes radius,Rs

Equivalent aerodynamic size

100 %

me]
o

NS
)

(viscous flow)
(29) 28)

(29

Stokes  radius

1/ 3(L000 /3

12



core)

> w

2.2.2

(axial inlet)

(reliability)

(Centrifugal Separators)

(cydlone)

(reverse-flow cyclones)

(straight-through-flow cyclones)

(impeller collectors)

24

(

13

(tangential inlet)

(inner

24 )



(centrifugal motion)

Cleaner)
(pressure drop) (high volumetric flow rates)

(impeller collectors) (24 )

(Separation Factor)

Fc=mpkt
p R
Fc =
ur (Tangential velocity)®
R

n - PRACtP-T)ri
- 18R

Fg=mpg

14

(pre-

(2.10)

(2 .11)



2.4

blower

() cyclone

2 ) reverse-flow cyclone ( ) reverse-flow

)

cyclone



Fg

(stokes'law)

_D]h0- t)g
= o

factor, )

5

O

16

(laminar  flow)

(2.4)

(Separation

L212)

.2.3)



24 K

Briggs, LW.

221

A> =0.00859

A
736 406
0.106 1.06
dust loading
7+1
(

206 112

106 106

(2.14)

25-200

(collection efficiency)

25 26

(cut size)

17

A



Fractional collection efficiency, percent

100

—7T

/"f

80

o=

1

High-volume cyclone

1

[~~—~— Convent

]

|

ional cyclone

High-efficiency

cyclone

60 /

S~
g

40

~
N

20[

N

OO 20 40 60 80
Particle size, microns
25 ' A
100 =
g - ]
2 50 = -
> 40
C
o
2 30
@
= 20
10 !
0.3 0405 1 2 3 45 10
Particle-size ratio,d p 1ap* 50
1
2.6

100

18



(overall efficiency)

0= E {1*»*1 )D10
D=1

19

(2.15)

0=
=100(1-eaDp)
a=f( 1T, 1,Ld)
D=
1=
T=
[11=
Ld= (Dust loading )
100 3 (Qb’
100 — b KQYy
3 ]b= a
Q3 Qb=
Baxter
100 a (C
100 b Vc b :

Calch =

... (2.15)
Dp
... (2.16)
(2.1703
..(2.17)
, %
a
B
} 0.182
...(2.18)
a 1./ 3



200

(2.19)
T = 7” + ,(100 - n)
1=
p= %
3= @0
(Cut Size)
50%
(2.20)
1/2
0 {
[/T itVe(p P - p)
N—
Bc= ( )
Ne=
E
Pp =
p:
1,000
8 . 500
10 200 4

2.5

(electrostatic

20

" (219

...(2.20)

0.5

10
(cyclone-type scrubber)

precipitator) B



2.5

2.2.3

baghouse

(vibration)

(interception)

10

44

30

20

10

10

(fabric filters)

(cake)
2.7

(air jet)

(inertial impaction)

isettjjiifiw

%

99

98

97

90

65

30

baghouse

baghouse

(traveling ring)

(diffusion)



2.

(deposition)
2.8 (filter bed ) H
L
H dx
C
wo= . = 9 (221)
ety ={.%
o=
< =
A =
=WH
o=
X
N(X)=CmM F
..(2.22)
C = q X
dx
dN =- fCrwu'DIWHdx
..(2.23)
1= (4CITTD2)
2.21,2.22,2.23 =4c/7tD2
de m _ 4 C rdx

.(2.24
C K( - ¢c)D (224
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Motor driven Ait jet

vibrator for - 5
cleaning Qj 5

)
TR
N—
e ¢
B %:1%«
>,
o
=4
3

’ Air K1
{ il 3' outlet A3
AT S Y
- ¢
I A i {53 1\
ll et ; g $>

T

Air inlet

Dust
hopper

Aie o Felt

inlet filter
tube

Cleaning ring

travels slowly

up and down
Clean air
escapes
through
cloth

Dust retained on inside of felt

Air blows dust from inside of cloth

Q)

2.7 baghouse

() motor-drive vebrator () airjet ( ) traveling ring
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:W
QU. | U. Q
C—e —> —)H
g\t €
Coul| |y,
> X
-*I “'dx
=== ==
2.8
2.24
70 =1 -t jxL_ = ...(2.25)
-0
8= (porosity ) = 1C
(2.25)
(loading)
1.25
50 75 . 99%

125 15

24



Darcy

K = permeability

o=

APO=
APf=

A pC=

(Kp)
®

ot

(viscous)

2.27

A=A + A

(Apf)
(App
) (Ap)

(Lp)™

(App

(Ld)

OAtLd

25

...(2.26)

.(2.27)

Permeability

..(2.28)



A =
t =
Ld=
t
=pc(Alp)
(2.28) (2.29) 1
Lt
K Pc K

(2.32)

K,

AN UoLgtu g

P,

0.01

0.04

26

(PO

. (2.29)

..(2.30)

.(2.31)

..(2.32)

2 33)

.(2.34)



Filter drag, S

, o2
1
. ..(2.35)
~ooooulLt ..(2.36)
(Filter Drag)

(filter drag, )

t

)
= -1 =K1 3 0L,t (2.37)
(2.36) = OLdt

=«2 ...(2.38)

«2= KIXQ

Residual drag

27



28

(2.38)
, 2.9

residual drag
residual drag ! 0.2 0.8
/I

2.24 (electrostatic precipitators )

(power plant)

2.10
(electrode)
(discharging electrode) (collecting electrode)
(ions)
electric wind
20 100 kv (ground-

potential) (electron)



( 211 )

dust resistivity

W

Gas "‘//ﬁ
’—’
Dust l
Collecting
Discharge electrode = electrode

2.10

[

29

2.11 )



30

3
1. (electrostatic convection )
2. (turbulent diffusion )
3. (‘inertial drift )
(laminar)
2.12
(discharging
electrode )
q 1
g = nPE£oECD ] ...(2.39)
q= ( )
P-3p/(D+2)
D=dielectric constant ( )
0= permittivity ( / )
Ec= ( / )
P ' ( )
dielectric constant 2 8 P
1.50 2.40

migration drift velocity 1



Dirty

Dirty

2.11

m m % r~

m m /K Negatively charged ges ions
£) flow from discharge electrode (wire)
to collecting electrode (plates)

()
e e 0 A B
0® A"AT - Particles become negatively
0 e [ chargedand mgrate to
00 / plates with velocity v
Particle layer (greatly enlarged)

i

. Cleangs

T~ Most recently amived

Old particles have
lost charge to plaie
(ﬂ) N
() ions ()

()

31



Discharge electrode

Particle trajectory

\
Gas flow b v,
\
\ W all
2.12
( precipitating
collecting field strength ) Ep
Fe = qEp = nps,E CEpD] ...(2.40)
Fe = ( )
Ep = (precipitating
Collecting field strength) ( / )
(Stokes’ law)
N 2
Fd = 3 gD p (241)
Fd = (drag force ) ( )
p.d= « ./ .- )

(Dp 1 100 )



3nu gDpu = npsOEpDe
I PfofpDP
3/
(2.43)

5

(Cunningham correction factor) Kc

33

..(2.42)

..(2.43)

(2.43)

Kc

20° C 1 (2.44)(Wark &
Warner, 1976)
Kc : .. (2.44)
Dp =
migration velocity (2.43)
5 Migration velocity
0.3 / migration velocity 0.01
0.2 /
adhesive,
cohesive
' 1 (electrical resistivity)
103 1014 - 104 -

(reentrainment)

1010 -

carbon black
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(voltage drop) corona
back corona back ionization
dielectric strength ionization
dielectric strength
(spaarking)
resistivity 104
1010
resistivity resistivity
resisitivity
(conditioning agents)
(surface conduction) (3 3
electrolytes resistivity
drift velocity
100
(2.45)
..(2.45)

drift velocity



laminar boundary layer

boundary layer C
dt dt
dA turbulent core
Qdc = -ucdA
Q = ( )
integration
C' ¢
¢ dA
c1 ¢ o
CoO UA
C 1 0
1A
Co — o .
cl
A
S e B e
oy
A =
(2.47) Deutsch equation

effective drift velocity

| '20 11 60

turbulent core

de

...(2.46)

..(2.47)

35
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2.3

0.1

20

231

(Wet Scrubbers )

(aerosols)

(re-entrainment”

(liquid film)

(2.13)

(Inertial impaction)

(inertia force)

(droplet)

(Direct interception)

36
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(Diffusion or Brownian movememt)

0.1 (submicron
particles) Brownian
movement

(Gravitational force)
( 40 )

(Centrifugal force)

(vortex flow)

(Electrostatic force)

(Condensation)
(dewpoint)
(mist)



-
g

et iﬁlm

I e ‘A

streamlines
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2.13 g
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A
N\ 1
V8 ol 3

pear e
1.

Gas

-
distributor
plate

Dirty
arrin ”

Water __ Dirty
ot ann
N bl
Clean
Dirty
ai
atr
0!
in I
/
-V
1< Wate
n
Dirty
awr
n

oy -

' ’ Impingemr.ent

baffle plate \’/’
Veater
418}
il N
N
2.14 @& ( ) spray tower ( ) cyclone spray tower

() impingement scrubber ( ) venturi scrubber



232

2.14
4
. Spray tower
. cyclone spray tower
. impingement scrubber
. venturi scrubber
4 spray tower
, ( counter-current ) ( co-current )
cross flow )
233
2.6
2.6 ®
/100 .3
Spray tower High for> 10 jam 20-75 2
Cyclonic spray 96% for 2to 3 pm 20 2-5
tower
Impingement 98% for >1 pm 10-20 2-20 (per plate)
scrubber (per plate)

Venture scrubber  99% for >1 pm 20 15-150



N.)

impingement interception
2.15
)
09
(impaction)
(x9
N! XS
Dd
inetid * Forag =0
mp dun + 37TupVigDp =0
dt
mp -
wp

41

impingement

(streamline)

(impaction number,

()

...(2.48)

(Stokes’ Law)

....(2.49)



2.15

100 -

D (2]
(@] o

N
o

Impaction collection efficiency

(os]
o

A - Inertial impaction
B - Direct interception

0.1 0.2 04 06 1.0 2 4 6

2.16

Impaction number. N1

10

42
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W W

integration

7 du P J18P gdt

2p p ...(2.50

po=
18uppgt = 18ugx5
P.0 -
Dlpp = DfPp (251,
P t X ...(2.52)
(Stokes stopping disrtance)
X UpoPpPp
18 9
...(2.53
Up,0
‘s (2.53 (2.48, N,
N, - UP°P-PpP ...(2.54
7 18 al,
[
18 (2.54, 9

(2.54) (Kp)l

PO



2.16

(

Kc

(Ekman & Johnstone, 1951)

(effective volume)

Effective volume

O/\

de

Le (effective

_ DILDPp
1 4
= Q,
(71 w3/6)
(. *DlLle)c o 3 iLeQ
r 4 ] /6, 2Dw
" 3 iQ
kK 2D
2.56 integration
| 3 1Q "
o 2D1
3 0.
2D,

)

length)

...(2.55)

44



(2.56)

Dw

241

8§87 |l-e-"-W - ..,2,6,

(collection efficiency)

Le

AR (effective path)

1 (1-2)

2.7

45



2.1

house

2.11

electrostatic precipitator

2.10

bag

0.05

bag house)
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0.01
40.05
999 - q0.1
998 | {0.2
4o.s
%o 2 10
95.0 AL 150
LQU;\.
900 "I'Q;:.;~ 410.0
4200
£
L 4
.i V_\ N o
e,
E $0.0 [ "OE.,W : qs«.o
. , 1
200 1
Hioh etficienc,
100 el ortatie precip; 480.0
5.0 . TE=alw 495.0
Fabric filter
10 + +199.0
0s
02 b \ {998
0.1 r \ 4999
o.ost
0.0 4 e N T | A T TRl ey O S| " N Joo.0a

0.01 0.1 1.0

Particte diamerter (um)

2.17 ‘U
2.8 9
( )
Spray tower 0.5-1.5 10
Cyclone spray scrubber 2-10 2-10
Impingement scrubber 2-50 1-5
Packed-bed 1fluidized-bed scr 2-50 1-10
Orifice scrubber 5-100 1
Venturi scrubber 5-100 0.8
Fibrous bed scrubber 5-110 0.5
1

2.6 2.8



2.9 [
( )
1,000 10,000
Venturi 14.00 5.50
Packed bed 14.00 3.00
Spray 50.00 5.00
Centrifugal 3.00 1.30
Impingement 8.00 3.50
Mobile bed - 3.00
2.10

W etted baffle,
Wetted cyclone

Wetted dynamic

ejector
0.1-100 g/m3 0.1-100 g/m3
10
2
5-15 5-15

(acfm)
50,000 100,000
3.00 2.20
0.80 -
1.00 0.70
0.70 -
2.00 1.50
2.00 -

\entur - scrubber

0.1-100 g/m3

0.25
50-200

( nozzle 30 atm)

48
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242
1 )
2) 100 ./ .. 100,000
817 .
3)
450,300 . ./ 9.58x108acfm
0.70 acfm
4)
92% 15 99% 25

multicyclone

5)

6)
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