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Abstract — The Darcy’s equation is applied to the expression of a filter cake, with new boundaitioncami new consti-

tutive equation. The expression procedure, the variation of pressure distribution in a cake, and that of porosity distribution
the cake were calculated based on the conception named ‘unified theory on solid-liquid separation’, which had been afready used
‘cake filtration’ and ‘hindered sedimentation’. The experimental expression results using a very compressible cake aifpeed with
theoretically calculated results well. And this theoretical method was also applied to the expression of oil from rape seed.

Key words: Unified Theory on Solid-Liquid Separation, Expression, Cake Filtration, Cake, Darcy’s Equation, Oil Expression

1. M =

Aol 7] Az AFHA Aolae 3 FEo] w2 A9V B
u, 53] 5}2 P2 FE(floc)e] H3elM FAE = Aolaw
ghgo] nl-- =1 o1¥ Alo]=¢] EW-5 HAEe R AY = i)
9] C’%JJrUHXﬂ WEke 2 s o] RS FAATE 22
&3] FAF(EER, expressiom)] @t F-2t}. Shirato5[2]S ©] 32
&5 Terzaghi[3p] B (1) Ydol&& A5t Alterdrh.
= EAE AN o Hom FYEE B =58 R
O

A AAF T 9] o]2o] Ee P Sitk i} o] o]
‘Z}O] FE = Fet Wt A ko] MaksiA] gera 7H
sl Qlen s, wx] ZAZL ZHole Al oa 4 £t A"
vl Az, as e g A R o] Darcy?] s A8A171A] Eet
I vk @R 42 A B3 48 dolEERE ANE oY A
2 TE EMY GF ATRE o5 o),

B Ao x= Shiratel= @8 718590 Darcy?] 40| o3 A
F4E AMgithe M eE YAHEE ARk, AN A=

ro_EL

F

TTo whom correspondence should be addressed.
E-mail: yimsungsam@inha.ac.kr

471

4 A5 o]
Wel olgg welRe] el & oleka Agrh

2. ek3o|E
2-1. Darcye| &
Darcy[6F} °‘2}— TaE 29 £r9f §HE7e IAE AHE AA
o o] %, o] W82 ] 7IX] Fee] A o2 FHEA O, Aok
dME £3] 4 (1)) BUR AR Ytk
o ®
dt u(aavw"'Rm)

714 Vi oA GWAE E2E e Fuj[mim?, e o

,Jr Am[s] OApe DA Z1EiA g [Pa], pe A1) A= [kg/ms), oy,
Aelz el B vlA G mkg], Wi oI Zix) S EG Aoz

A AHkgim?, Ry Az €] A g m el

Shiratée A o] Ae] dV/dE PEHe 998k F]AFo] 4ol

£ dy/diE A5, B =i FLsHl ARSIt & o

o] ofz} 4 ¥oR 1he Ryl v 2o Aojag ool st}

= g eleHdl



472 9ga -

Y 28 4R A Aol JlEiAe oE Ap7t YA &
A=, Alol2o] vt vlA Sgke] Wb detial 7PgE w4
DEE $F AA FYo] xR Fevhy Az-ste] Terzaghi[2p
oo 22 =95ty

2 (1) S8 %(packed bed) AN T sk, ehatolut 744
HANA = AR erevia dirdoz QlaEo] g} o] we
B ApdrE 4 (1] dFrE B2 R AYPaths 24
4] Ergi},

Q

2-2. &3 TPEOIM AHlo|3e| ME2 HAI=A

HA9 ol E fRpel B = Aol AARAE v 2
o] g 8t3drt.

W 2E7) Ak Aol

p=4p p=0 @
AN e Mg ke Aol 9 Aelel e ARe) gelel
A, pE s WAL e Ao|aE FASE 4T i dEY
# (solid compressive pressuréy}.

2 W2E ofhe) AoladIE AL SAo) /FE 4 At
% Ao AsjalEke dplelet. o] Aae ASTREE 3 2AFL
ps/t AL 00.= FAErtal AZskal v

o AR 2} H sl Aol=

pl = Apm Q = Ap_Apm = Apc (3)

A7NA Ap AFAY Al gEolth $E AR FEE A
o]ZE OB F= ZolmE Aoz oFo] B}, aEE Aoz
o deje 44 Ape Ap,oll HIs) tids] Aot 2 A oiEEe] A
T Ap A e AEE A2 gro|th

o]} 2 AARAE AT G YEPo] A FA R Aol o
Hel psl 7o ztol= WS} glo] &4 Appeltt ol AwE Zolut
Bt BIA RS Aol F W] pel 7k AelelzdlM e Apyel
oS, 9 Aol At e H v SR a5 /A F
te Zlo] JA7R S 4 o] 2ol
B AT E o] a2l ke AA RS thee] 7P it
| 2EH} Fote Aol

F%

X

pl Ap_px Q = px (4)
2, QA7 AAE Bokd HAE W12 ofgle] YAEL WAE 9
S 4749 4 pE wETL AR o] pE 21NE oF

e golt AT B2 Fhsle] vl Aps R
TR A2 of Aol el QA ol A1 A BhE ol
ae)3 2 e GRS AAst e R 21 Ak A2
BE Q22 WOL 2 FRAGNE Aehe 79| Jo] Frhz Az,

o AR 2} H sl Aol=
pl = Apm Q:Ap_Apm:Apc (3)

AsprlAst Hohe Aolz1e] AARAL AN A A% Y
B,

2-3. Alo|32| ME2 Z&24|(constitutive equation)

2-3-1. Tillew] 24

Ruth[7P} 7123k compression-permeability cel(CPE)F A== v}
go= Tiller[8l vt 2 Alojze] ZRA-g Aetkatrt.

p>psl A5

ststa 8l H41AH 45 20034 s

- oAl
a=ad te=Bpf (5)
=Rl A
o=o0;=af =constant 1-g&=1-¢ =Bp =constant (6)

4714 a, n, B,= CPCAR@F 4 (5)d ¢J3) AH == Aol=e] A
AL Vel Aol th o] W] 7] AR A3 Alelae] BAe] A
AHt}, o] & ne &3] ¢4 (compressibilityy] 2k Belw £031
Az AR k. o] 18T & Aol mE g FEAdo] 2 Ao
Ay FAEL g £ CPCHRY 28] AR, Aol 4

Bt vAYEE a8 A (BT ARSe] ALt
ol &2 gro] el dAg vk=A Ant. 2y
B FY A 7HA

AAE CPCHRAANA o 7k Hgs] A4ste 212 44 &} 2
A77AHOlE CPCAF A 713 LeRte prhe ws] ?ﬂ"]ﬂ c
Q) Wrize) vl olg Azaln Azei 5 o
o) Rz FaatiT Akl

=3 ru°“
N
ie

2-3-2. Shirat§] =22

Shirato5[10]°] &3 &S
& 22 2 (790 vl
( -8 =(1-g)(1+p/p,)" @
714 a,, p, N, BE A Aol=e] EAL UeRE Bl A
G} (6} polld A8 Was /Y. 2Ey A (1) pel gl
wpa} AEs] P WeElE 2He A 5 Yt o] 4] 9] 3
T HIRERE 0,0 AR ko] ghe YEpdt)

Tillere} Crump[117} tHEo] 3%

a =a,(1+p/p,)"

2-3-3.0] A9 2R

B drre A443e RE ZAYSE 94 pollAl 4 Gy AEE
vk 78 gt

a=af 1-e=BpS (5)
Yim S$[9]2 #-g A8t pst 0.01 PAl oF 3 FoAM = F
7ol 4 (5)h Lol A% wstalthe A8 SR

2-4. AR At WA kel W)
Aolze] FRAN Bt B AN S8 Theel B
23] gk o 4)9) W Rutte] 4 (DAIA 298] R 4 ek,

JAY
oy, = —Pe ®)

[
0o a
Tillere] 22412 UY3shd 4 (9)5 4A Hrh

_ Ap, _ a(l NAp,
JADc dps dps JApC dps Ap pl n
P

)

&} Apees B g ghE JHRER, S o] L E A9 4 (9)
) BB 29 gk JRI o 39 $2 (Lnpl 29 GOl Ap,
7t pET) g 2 gholng Er 29 gle] Huh a#ER e ¥



A el

Ak a,7F FY ghe] " Yim
S[9]e] oln] A&t | AUct.

21 (9901A a, n, p= AolAE s YA ZH AFolm= o
2} 7170 Wakehs gkl ot Bgk Ap ] dEo= e e
T o] Ee o 717k WslskA] ekl 2 BE A (9)] o5t
W g 7 7&°ﬂ Y+t "= &gke] S ok g}, Shirato[12]] 92t o
22 o] Jd-g WolEgrh

2] (8)°ﬂ él (Y& el AEa)=
37t glA Evk

B droMe 4 (8 AAx
278 M-St

o0l pol R eieleh 2L

AR ow Het 2

flo

a5k

A Al 2-289) 4 (4] M2 A

- Apc_ px

o
P«

(10)

av

Q

= 1=

Z 72 W At ez P«
ol - AL Fholal, & FBAI
o] kol Apst 511:} 2] (10H aoll A (5] A= 28NS Y
O}E’i 4 (11p] A

Apc px Apc px a( 1- n) (Apc_px)
JAP dps JADc dps Apl "_pi‘"

U5 o] 1T B 3%, A ) 2ol o] Ao EAst Bt
NF 9] el B a i Fl ke /A B

o] A& FOR HopE 2 & 5 glort AR g WA AN B
| pot S/ W o, wel B SR QPR we el
A pzt dpsl A9 WS o) a,ghe 9 ApiAe) gl 5
Sk ol Uiak AA) AR A3 Fo) ANG Zelr.

11)

(L]

2.5, ol-;':l- jl_[. I =

2 (Lpr] A vis) 2o
A5 dvides 220 £ dx/detd 38 ¢ AT
M s £ Ael wk&o}i Aolzel 2|8 A%
ol AR L] A& Rl ®
A2 A7t BE AL QH

(Ap-p)7t 5101 4 (12y+ ojzlv,

3
=

A TR P aSERE oo

dt

Ap_px
Mo W
o719l 4 (11)] uavE tistd 4 (13p]
SPorR X ApE ApE AT 5 9
7h R oRR-HT)

(1-n)

(12)

).

B3 Ao}

o] A Femv‘l =k
o (Bp-p)

1: =3}
2

(1-n)

dx _4p~ Py

T pa(l-nw (13)

2 A ARE e Aolae] §4olL, Ape
Sy 717L o dASA FABA HH, &9 HWHG A
& 71700 QA FAET 2 ER o] 4
x/di= px‘i’JJ gka=olt}, Shirate] 43 ©]£(2, 10]
b E St ARET Tev A9
dx/dvt §43] =eA =, o &
I ﬂ%ﬂ Xi olzhe  ahtel Jid
N (13)_£ o]—;q— T
2t 7Pgeliey B g JH ) 7 R St A

218 o
=
IS

473

SRR EL EERS
& golopit @, o]

=z ojefe] AL HAES WA 9 p,
e 2 710 At e Axkaisn.

2.6, QLETEOIM B2 SIS0 2Bt p, HlMt
Qo] WA T Aolze) W FUES vheT) o] HelH)

_ (Aol=Z e A RH])
MNCDEEE D)
NGEES E k)
EREEEEEE)
Aol vie] YAe Fae Aeola
i Ao, Aola AR Fie ¢
A L F3 glolth. Ea 912 mAY A
o1l A1ghg 4 (4P Bl 4 15y A

(AlelA W YA (A AEE)

=1-
Fav @ ARl )
oyl [kg m®
e [ @
Tillere} Crump[11y} Bt Z7+&-ol thel] =3k 4o B =7 AA
2718 JEA17141 4 (16p] Hrl.
N
_q,__Jdo a
en=1 JAP . (16)
p. 0(1-€)
o] Aof & A9 A (5)2 diYsie] FEetd 4 (17p] ")
1-n 1-n
Eav:l_lzn;BB Alf)n—B_p)i—n—B @n
- Ap _px
21 (158} 17y 25 W FHE-E vehle HojmE AA7H
vt 3ol glofRA A A (18] Hrh
1 n—B_ 1-n-f
L—LO X:W 1-n 1Ap Py (18)

(A
L_

b
WJ 2= %k" <473 0}71] FrA A

. ehaF Xigl nfEo| AHAH 2 ZHujo| EH
A HAE oI AFRE TheF o] YT - Ut
92 Vel 447 a, n, B, (CPCIA &%)

ojele] A4 viscosity

S 22, 4 4E Ap, ) YRGB P Aol AR w

2 717bel Wbk A, AlolRy FA L, 2 oo uA ¢
= p, $F ATt

ARre] A QAR G AR Aol FA LA A
o] 2] F2E HIRE oY YAE] W TAUSUH
Alg)Z ﬁészf—_ gagh %;51%%}77}%1 pE ARE ¢ 9
AAslal A (18pIA L e VH el

FART A %B}. S FA A
o] %771177}114 %E% 2]&-9 prl‘r A pl F3F A St A7tst
a, o] Bk pEFE A (13) ARREle] Hat £ dx/dE ALt

N
)
1y
lo
A

"™

(18)% AF&31]
P& Hohdith,

HWAHAK KONGHAK Vol. 41, No. 4, August, 2003



7P 9§ A7 S ARG,
o A7 19} Aol FA| L] AAS T

o] & At AxE FAB] HF) ve-9] ShiratoS[12]0] Alte

19)

3-1. HEEA

GO Ao|2E TEY] A% A AP GH = kN APLE
7t A g E AR5 TE Compression-permeability Gl
Tillers} Crump[11P] “4X] 9 T g 212 ARSIt R E LS o
A AAE a2 ARSI A A A= Yim §[13]4] =
ol lth. & 9B A9 F 78S e AR 92ES AR $F

A E Al

3-2. M iy EF

A9 g BARE BAY 5x109 Yol 2EAL SAAR S
71 MEYe|ES ARSIt $5-2 BE A} €2 (jar testeryilA]
130 rpm, £ S48k 60 rpm, 15-9] gh&wnto 2 S=alslgl o,
AIABH] AH-SFATH

O
)
o
=
AL
m
e
)
>
i
o
ol
12
o
N
[
[
AU
X
N

4-1. Compression-Permeability celld2! Zz}

Table ¥ MEV[E Zo2 FAH Aol CPCHE 23]
A%4E a, n, BB &g VERSITE Alel=9] 548 YERlE ngk
10] Hol nj$- gk&Ado] 2 Aojlaz A EUTt. 282 fE 0.31&
QA AFe] 2 ahs eI o] gHEo] 9Ere Aldtel] AR T

4-2. & Alda ME A

Fig. 1o 2-7d9] o2 A4l Y3t AxpE M ow WEL|E &
o] =2 FAgH Aelay bt A48 A7E Ho= Jehdr} &
2 e vk, 4F U Aolze AR 3.2 kg/nfol YT}, o] £
o3t AXbgks} Addghe] & dAFE Ae 2 5 9

ARS8 o= A2 FAA 4] (18)8 Ao AAEE p= 36 Pa
ATH. o] YL wfg- Ao} Sg0] ofFHTE pE %A Tl o
o Apell o1F W7ER] 4 ARSI
2 AR peg Tk W shue] WS Aol o7} 717k 3
=]

o
N
L
|
H

W o

148k S48l 4 (1) AFgshE Aol o3} 7129) v
Foelk bRk Al lel7] wEelh, oi7} 717 SRl 4 (12)

=t

Table 1. The values of a, n, B of bentonite floc flocculated with anionic
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Fig. 1. Expression results of a cake formed by bentonite floc (1 atm).
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Fig. 2. Calculated and experimental expression results at various pres-

sures for W=3.2 kg/nt.
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Fig. 3. Calculated and experimental expression results for various cake
mass at 1 atm.

Table 2. Expression time for U=0.8 at 1 atm

W (kg/m?) 0.8 1.6 3.2 6.4
Time (s) 70.5 322 986 4650
Remark 1 4.57 14.0 66.0
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Fig. 4. Average specific resistance during expression of W=3.2 kgfrat
1 atm.

HWAHAK KONGHAK Vol. 41, No. 4, August, 2003



476

=i
=2 &2

ATAE AT} Y-S Fos) b
T3 AH[3]E At

Shao] AlE uf, 7 2ES WAFE 349 ¢4
=} ok o Aprt 1Y 2 1x10 PaE 4 (11)8 AMEERe] A4
B B4 a5 8.93x16  m/kge] T

Mol £88 Wl prt 1x10 Patx] 713t} o] W= Ape 1x10
Pal=2 2 (119 pst Apell SU& ghe Yom By HA3gko] 0
o] Hlo] A9} ge}Ritt, o] EAZ s)dsly] Y8 A AXAHE p,
o 9.9999x10 PaZ Wi st o] 23 2 FEAQ) Aela B
ul R ggke] 1.21x16% mikge 2 AXFE L) o] AL gk A4 A B
14l 13,602 DR 27k A2g S 9,

2 (12P00 RAEE didis B BAG a0 PEEEER B
HlA kel 13.60 Ve HEEE Holk 1/13.68 So{Evth X
W ol Aol BAkE sk & Opp)= e AoHIER ] A
o F5¥ rﬂM S 27\t ulg =9 5 vl glth. Fig. £ <
o] A4 2719 4 3.6x10° misi o), A9 E8AQ p,
7t 9. 9999><16 PalAe] HrEEE 2.7x10M mise.E 2719 H]E)] W
Thte] ol SkEATE

CPC*E“E?.MW Aolart Tdat &7}

(SH ﬁbﬂ | 1x10 Pag do]

x163 mikgp] 2otk o]
& 7HAA Ho] Aol Hit
0(7} He As gejz)

2=
T

= 36 Pa|t}. of
i

=]

A~ -
e

&g 7 H9E He
Aol AT a9 gh& A
W FEA BE Aozt
A a/F 9 =

4-6. of ¥35}

Fig. 51 &3 717F Bt Alel2 e YAt &
= vehiict. 93 248 45939 P,

A sFare] 609t WHE WA pot A FIFEA
021 #&-¢] 36 PallA] Uk 0.58 W 290 P& F7181<

o4& 7(zhe|

b= b

pel st

ok Ut
wolr}h. Uzt

0.6 Wi+ 540 P& ItiR] AR &t} o] AETR| = Alo|AE 74
she YA} YARAtelol Sl AAS] FHAH o R 238 A F

o, 2eBE 2 Ao SaEe] glo] ¢F Aol sk At
. = oale] Aol vl gl TsEe] 98e e Qo).
7 A% WsEe] e A9 2l e A9 AWt 2 AN
& itk Az,

a8y UZE 0.7 W= pot 1,140 Pallal, 0.8d wi= 2,940 Pa
279, 7 ol W9 At 146 Pk S7hah. Fig. 4%

=

=

Q)=
IRTS

100000

80000

60000

px [Pa]

40000

20000

_/

0 : '
0.2 0.4 0.6 0.8 1
Uc [-]
Fig. 5. Solid compressive pressure under the piston, pduring expres-
sion of W=3.2 kg/nf at 1 atm.

=]

41 M4s 20031 8

1 E+05
8.E+04
6.6404 Uc=0
© o Uo=
o Uc=0.5
= ¢ Uc=0.9
S L E+04 x Uc=0.95
+ Uc=0.99
— Uc=0.999
2. E+04 e
0.E+00 ==
0 0.2 0.4 0.6 08 1
XL ]

Fig. 6. Variation of liquid pressure during expression in a cake of
W=3.2 kg/n? at 1 atm.

Hlasie pot 37K wheh Aoz Ba w4 ge] Fobshe A
U 4 9iek. Fig. 52 Bob pot AN PobE o] FRE

4-7. et& 7(Zie] AHo|a LiRe| odgt peol #s}

Fig. 6 #Alo1=e] WF-2] FA o wrE Ak po] 7hol ghHate] 8=
= Aol wet Hgkshe 2as WeERRIH.
adoa] xiLe] 09l zEjEe] iz 2o ozhiA|el FET g Al

o]z Mg oudt, x/Leo] 191 L& 7 whhHe] Aloj= Wg oud
ok Ut 021 A& gfato] A2k we) po #xolth Ust 0.5%1 A
& AN AR FAY] W] k2ol X1SE e VR, ©
= Aole] T Lo] Add] 4 Adejelu, o] ZEfZeAE xiL
FUEPER T LY HEE 22 g fith o] g zZe] e
Aol FA} 2L A= WF po] 27t 4835 ZAETE 2
ol}.

Fig. 62 Ut 021 71 ofef&e] 7k A 3 A1
9] XS VeI o] £k oL FEEE W] et 7
datr). el OJ%HJ whe} o] Azl &gk oFH elE
i oA e} G Ao]AHY] A pe ooluk BT
gy 2 G AolA YRR Bol4E E S AlFEk
A FAY 59R]1 FLollAe] Het e 88,600 P& A 43 100,000 Pa
9] 88.6961 m2irl. el WheR] 95% A Aol
78 11,400 PR 11.4% £33ttt o)A ofAujA] F29] nf¢-
SFS Aol A T 9FFH o] FA3] Askshz A Aol o= o)
g Al A Tillers}: Green[143 2l8) g3 AT}, o H44-2- ‘dense skin’
ol &, A re] wiS- & Aot /A= S5 ddolt.

el ust 0521 o2 BHH Me HegFARe R
HopAlE hAre] who] 19 vepde), ZEu ou 7R = A
e 719} A Ls‘:‘r Az Aol 7P7hE Aol A
Aol g9 3 ﬁ7¥6}7}

U/t 0.1 ge oz ud
8 e mg vehieh o] 191
e ghS LehIT A o]
o p ZAYAE] 3 wojok
o] $29 W, F Ut PIAE RE
PP IR pel A Al
o] aefol Uzt 099914 271l

AR ort 3 B B ALk A

=

2
T4k

o2

e 8 gou
¥

4
a7
Eids

Hyl 27
AT

o F 7 e AT
7,700 P& 3]
wreE] 9Fo] o |
£ Ayl e b2
3 lﬂl%?}%ﬂ oo gty
2L evleitt

Ao ¥

o HS

<]

Al



A ge)

W,
Uc=0

o Uc=0.5

e Uc=0.9

x  Uc=0.95

= Uc=0.99
= Uc=0.999

0.92

porosity [-]

0.4
XL []

0.6 0.8 1

Fig. 7. Variation of porosity during expression in a cake of W=3.2 kg/fat

1 atm.

4-8. eFar 7(Z1e] AHlo|3 B7H8 Hs)

Fig. ®l &3k 717k Bt Alola Wix-e] 3708
AT

289 7 9%l 7k A2 Ugt 021 EF AR

vERdTE, Aol oM e 5 717 HA) ] AA o
1o 31719-9) A AL it} 4-7 A g ‘dense skin x/
o] 0522 Ao} FEBL L 91% FE0] A, S PR
2k 2L Aolart JAEF R HxH e Fi-g v ghtt v
A 7 ‘:'4 Aolae F7HEe] 0 9% de it o] B Aolaz
TaE e sirt. o] &It &Aool B
F2 A3 YEE AR 2N E

o1 Aelztel 3ol
A WA ke

5 Yl cfskalE a0l 0

U] o) ie] Aol

gF2> Aol=9 FTHEC] o

T HAsie AA] FEho] B2 A
T4HA Ht :7—31& Aol o3} -5 = g

] 2] o2 Alolart AofrHis]. o] @dew T

71] |28] ZAR o= Aol o F o] st

g Ho] veh= F7H89 HA, AAH R =

F&0] 0%3] "Lo}ﬁ—o—L} o] A= dﬂ]J 90% FAI

=

‘roﬂ

‘\_‘E
k=

41::

-‘4

nqo

of

)=] =
TEE

N

-

T T
1o 2
)3
—L
=

=
T

oE

E

—|—“|-‘

_‘37_
[}
oo
=4

=%
o=
| 2

1=} =
»EE =

olge] FHO o] AYHE & % vk 9 AR B
Aol AR ATl 9 AE L Qe Aol e ABEA &

SECRIEREEE
of}. 5 of |5}

ol Zishzl F#el 28y %7&%01 A gaste], A=ole Oqajrﬂﬁﬂlfl‘r
AEe e Aol 37083 L i 4F FRYE Zlo
o} o]3e] FeH ARPAQL BAE 7= Aol o] W] A U=
8 peld, 4-68904 AFE Hk 2ol pst FF FE7R Sl
o] TrHET

4-9. Hlo|A MA|Q =&t His)
Fig. 81 016153 7194014 W7t 3.2 kg/nfQl Alol=9], 92k A
5] A7V thal Alo]3 AR Bt WalE Jehig

ool Fig. ZIME 93 efo] 4 Sud) 2 9% FAE 2
Ao e, TE Fig. ) AR Al elste HE 5 g
o VA gEel G A4S Ao] ol FANN HEF FH B

2= Q)

Aol=9) hHe] Frehe Ae & 3

(eEe) Sgol) 477
0.95
o 0.16 atm (Exp.)
0.90 ——0.16 atm (Cal.)
- e 1 atm (Exp.)
= 085 =— 1 atm (Cal.)
g
S 0.80 |
o
@
= 0.75
2
0.70
0.65
0 1000 2000 3000 4000 5000

expression time [s]

Fig. 8. Variation of water content during expression in a cake of W=3.2
kg/m? at 0.16 atm and 1 atm.

A7 F F2 22| gk AR HE G T
o] AujEky A7 4= k. Tilerst Leu[15p <&+
o3k Aol o] A4 & Eol ¢
& i‘ﬂ—zrx]

o= 3@

U%

4-10.7|12¢9]

QoA AREE
asBeRE fiaEd 25 287
A 718 sk ddsiant.

I 60714 75°CE FEE A
=7 FAFEE ARt 7]1E319
£ Fig. &l YERAATE

AR ARE A (13P) £ 2
P 2EdAM9 JA=E AF%POM
oA CPCAY-S Fadste] Ao I
H‘F offr}h 2eB R 807199 ¢

ok 2 234 Fig. ¥ 807144 73
%4 FAZE & A 2P EE 45 :
80715kelA 7180] A& EHvkes fﬂ%f—_ @%ﬂé}%{t‘r. °]
olef A7}t HE 271l 7=

pil

ru]m ;

o o o N
Ol' o 1‘“

ﬂ

e X

40 | L
§ M
2 pﬂ””ﬂ
8 30 pﬂ,ﬁxﬂ
5 #jﬁﬁpf I e
g% e e
§ ’...""‘ o 80 atm (Exp.)
g 10 o —80 atm (Cal.)
° e 60 atm (Exp.)
0 —60 atm (Cal.)
0 100 200 300 400 500 600

expression time [s]

Fig. 9. Expression result of rape seed at 60 atm and 80 atm.

HWAHAK KONGHAK Vol. 41, No. 4, August, 2003



o

AL 6071 75°ColM = AAHITE. o] A+ 01
_cq xh:q_ N?ﬂ olap_ q}
A%E At P p S ge
A3} Fig. @ 2ol 4@ YA A 2

AF7A] Al AEHA] F3vRaL 213 Darcy] WA, A=

Masl AAZAH Aola TRAL Fg5el PRl A8 FEsh A
79] BAF AVALOP] AFL Bote] YA 1 o] ol

& AHgRle] G S G P Ale) ol G MAE 9,

A 71708 e o s i ] ks AlERlth 2
A el YT 3 FEH) hE ol 242 AZ-E siien, Al
olz9] o k] Wske] AP YF] FF= ARTESAT. 60719
I 807194 =2 oA 715-S Al AP o] MRS IS
ARg-ate] A3 dAJskE o] £ Avke ST
#? A
B A= 200 = s g w74 (22018 E 9o,
A el FAE=FEY T
A7

a . coefficient in Eq. 5]
B : coefficient in Eq. 54]
L : thickness [m]
L, : cake thickness at the beginning of expression [m]
L, : cake thickness at the end of expression [m]
n : compressibility Eq. 51
P, : pressure defined by Shirato [Pa]
pi : pressure defined by Tiller [Pa]
p . liquid pressure [Pa]
Ps : solid compressive pressure [Pa]
Py : solid compressive pressure of the first solid layer [Pa]
Ap : filtration pressure [Pa]
Ap, : pressure drop across cake [Pa]
Ap,, : pressure drop across filter medium [Pa]
R, :resistance of filter medium [
t . filtration or permeation time [s]
\% : volume of filtrate per unit area fitm?]
w : dry cake mass per unit filter area [kg/m
Jz[o|a EXt
a : specific cake resistance [m/kg]
Oy : coefficient in Eq. 7]

sieizel

M4 45 20034 8

10.

11.

12.

13.

14.

15.

.Yim, S. S,

. Tergaghi, K.,

.Yim, S. S. and Kim, J. H.,

.Yim, S. S., Oh, H. Y. and Kwon, Y. D.,

. Darcy, H. P. H.,

. Tiller, F. M.,

: average specific cake resistance [m/kg]
. coefficient in Eq. 5]

: porosity F

: average porosity|

: viscosity of filtrate [kg/m - s]

: density of particle [kg/r

“A Theoretical and Experimental Study on Cake Filtra-
tion with SedimentatidniKorean J. Chem. EngL6(3), 308-315(1999).

. Shirato, M., Murase, T., Fukaya, S. and Kato, S., “Studies on Expression

of Slurries under Constant Pressuf@gaku Kogaku31(11), 1125-
1131(1967).

“Theoretical solid mechanics; Wiley(1951).

“An Experimental and Theoretical Study
on the Initial Period of Cake Filtratioibrean J. Chem. Engl7(4),
393-400(2000).

“Complete Process of Hin-
dered Sedimentation). Korean Solid Wastes Engineering Society
12(5), 475-484(1995).

“Les Fontaines Publiques de la Ville de Dijon," Vic-
tor Dalmont, Paris(1856).

. Ruth, B. F.,, “Correlating Filtration Theory with Industrial Practice;

Ind. Eng. Chem 38(6), 564-571(1946).

“The Role of Porosity in Filtration Part 2: Analytical
Equations for Constant Rate FiltratidBfiem. Eng. Progr.51(6),
282-290(1955).

.Yim, S. S., Song, Y. M. and Kwon, Y. D., “The Role gff, and P

in Constitutive Equations and New Boundary Conditions in Cake
Filtration; Korean J. Chem. Eng20(2), 334-342(2003).

Shirato, M., Kato, H., Kobyashi, K. and Sakazaki, H., “Analysis of
Settling of Thick Slurries due to Consolidatigh;Chem. Eng. Japan
3(1), 98-104(1970).

Tiller, F. M. and Crump, J. R., “Solid-Liquid Separation: An Over-
ciew; CEP., October, 65-75(1977).

Shirato, M., Murase, T. and Hayashi, N., “Expression Theory and Its
Practical Utilization;” World Filtration Congree Ill, 280-287(1982).
Yim, S. S., Song, Y. M. and Jun, S. J., “Study on the Measurement of
Average Specific Cake Resistance in Cake Filtration of Particulate
Suspension and Sedimented FISWAHAK KONGHAK 4((3), 330-
339(2002).

Tiller, F. M. and Green, T. C., “Role of Porosity in Filtration IX Skin
Effect with Highly Compressible Material&IChE J, 196), 1266-
1269(1973).

Tiller, F. M. and Leu, W., “Cake Compressibility-Critical Element in
Solid-Liquid Separatidiorld Filtration Congress Ill, 270-279(1982).



	Darcy의 법칙을 사용한 새로운 압착 이론: 고액분리 통합이론
	임성삼†·송연민·이자연
	인하대학교 환경공학과 402-701 인천시 남구 용현동 253 (2003년 1월 30일 

	New Expression Theory Based on Darcy’s Equation: Unified Theory on Solid-Liquid Separation
	Sung Sam Yim†, Yun Min Song and Ja Yeon Lee
	Department of Environmental Engineering, Inha University, 253 Yonghyun-dong, Nam-gu, Inchon 402-7...

	요  약
	1. 서  론
	2. 압착이론
	3. 실험장치 및 실험 대상 물질
	4. 결과 및 고찰
	5. 결  론
	감  사
	사용기호
	참고문헌



