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Abstract

This paper is to understand the settling properties of cohesive sediments under effects of ions in turbulent flow. The
experiments were conducted using a miniature annular flume(mini flume) with a free water surface. Silica was used as
sediment of experiment. The suspended concentrations were measured by using a CCD—Camera. Settling of silica(SiO5) was
allowed to occur under various shear stresses in a concentration of 7g/L. At condition of pH 4.2 and high NaCl
concentration, the floc size D of silica was larger than D at condition of pH6.8 with the bed shear stress increasing. The
settling velocity W, of silica was higher at condition of 10g NaCl/L than W; at condition of pH4.2. Comparison of
measured concentration—time curves and concentration—time curves calculated by this study showed similar tendency in
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flow under effects of ions.

Key words : Settling properties, Ions, Miniature annular flume, Shear stress

.M E
e A2 fabe Y ol2A4RE el v wiAl
Aot A ARtk olm M A Agte 29
(floc)elztal HErh. &2 #3olA S3 Ee 2¢E7]
zoll 2719k "ot wsketet, o2t Ak JAZE At
d goizlel 242 sk, 541, T, I |, Aol

[e}
A J2A AR AAEA F8% 4TS St &
Ao dsre W WA §A APEEE BRE o4
2}9] o]&(transport), A7 (settling) &
of & dFZ 71 olet £ £ 2 559 =
2 B pFoll mot e 8FehA B4 et #9-Hof,
0 @ALE olskeblt BArehh. whetAl Bel-shetzlel ol

e
el

" To whom correspondence should be addressed.
Department of Civil Engineering, Seoil University, Korea

E-mail: jwkim@seoil.ac.kr

ST, 25, G4 Dewis), fAFe] 2937, &
Ate] 44, pH, NaCl 5)9] @&kl izt #7g¢] Z asiet
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< Z29 dA 2 IHE (Kaolinite) YH2 #ASHATH
(Zhu et al., 2016). Choi and Kim(2014, 2015, 2016)2
Az GAre B EHEAe] e A5t
Choo et al. 2017)= +E&HQl 7|Hoz H{ek 54
urEe uhglth sAnF 22 AA oS gk mE A
2] FAke] JAFEA FaotA == ejof & ZE YAt
o] A7)0 #st ﬁ:r"—}f U]%?f AFefolch.

mrEks] 2 At Abe] o], 7Tt E|AwF

d&3tal o] utdS $ls] 8- 9]'6}751
= ot H2g fAke] A
2+ glo] CCD-Camera
70/\52 7&;{40].\:::] o]
4%]7\]'% ’\‘_]' 3]'517\]' stact. T3 A=
H Aot AAEE 9]
™, 7&@% EF—MXH 3712 783 47)9
A

4
wEAste] AR 5 Botol £HE AN

L"—v-'

ot

ofl, FlF

lo

%
Z, o_>|:
o :[o
o 12

©

s
oL

£

o)

Lo

K l-J

B\
ol
ot
oL
iil
uN'

ot ri rulm
r

M

X
o
e

o
o
o F;
é -
N <1
b

N
)
m
2
1y o

o
%
_O'L
Q.
4z
© g 2o g

=

O

JE
KD
%)
9
L

o do oy mu
3R oflh 2, 2

o
Lol ur 1o

2.1 A= 4 Hx}
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Fig. 1. General view of experimental apparatus.
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HEo] HHHL H2AESN/m)o|ch T u]YA A BAY AAEE ADTAL kgt
E3F Krone(1962)% Agh-g2o] dAdTeEe 2 % Zrh(Table 1).
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Klrfl, 2016). E3F & AFollA A 2HE (P2 Partheniades ()T Zo] Lpepdc},
282 AgsIch 1 0]707% Partheniades 2| Krone
nyrct A4 EAE(deposition rate)¥ 2 AX|517] & T, =af )
o]t} (Choi and Kim, 2015).
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Stokes(1851)% 2ol what 44T AA7}F b= mgo] A= P
Vg FRd BYYA 2718 Aok ol ojn) & 3.8 &
2j9]2ke] F7]% Reynolds 47k W 2T(Re, (1) ulH 7 - _
7 FEY A A (97 Zo] AR B Ayolhe 7 3.1 SHIS Hst
272 AFESE AT (=h/)tAl A (D)) meb 5wt dezhel E8a7le A7 ARl wet oefglon, 2
HAst g (o] o8] AW AREE(W)E AHgstact 7EE 7 g/LOW %ol o} Qi o]2o] g Hlop]
ol ER5lA Agstark. ou] Ay Wah= 0 ~
[ asuw, 1% 0.0132 N/m?* ¥ $]e]c}.
| G=r)s ©) Fig. 2= 5Q% 27)%E 7 g/loldl FRApolA ol
(HCl, NaOH, NaCl) ¥ SFHs}ol| w2 FzHg u|hzt
o714 Wie AAEE, De vlgA 9%, o= vEA Y Aejrt AAWD)Q) WEHE Urebict. Fig. 2a9h Zo] A
%, ovs #A TE, kWA, g FEMETE B3t 27} ARl WRYA(D,)E pH6.8Y A9 Akgelo] 0 N/m?

Table 1. Formula of settling velocity(d': diameter of the primary particles, e, A coefficients depending on the sphericity of the particles,
Rep=W, D/ v, D: diameter of the particles, n; : fractal dimension, » : kinematic viscosity)

No. Formula Source
1 W= & (p, *Mﬂuv)g - 1+(ﬁ ;R;S-W Winterwerp(1998)
2 W= 10’—( \/1 +0 01@03 - 1) Zanke(1977)
3 » (o, —p)g \V* v Ch
W, _D(\/25+1.2 ( - ) D) - ] eng(1997)
4 W =aD" Kajihara(1971), Lick et al.(1992), Lick and Huang (1993)
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Fig. 2. Floc size of silica when increasing bed shear stress at (a) pH6.8 and (b) pH4.2 in mini flume.
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Fig. 3. Floc size of silica when increasing NaCl concentration at
pH6.8 in mini flume.
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Fig. 4. Floc size of silica when increasing bed shear stress at 5g
NaCl/L and pH6.8 in mini flume.
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Fig. 5. Settling velocity of silica as a function of floc size at (a) pH and (b) NaCl concentration.
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Fig. 6. Settling velocity of silica as a function of floc size when increasing (a) NaCl concentration and (b) bed shear stress at 5g NaCl/L

in mini flume.
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4.2)0]22] FFotzf FHh 0.012 mm/s¢l ¥1H NaCl(=10g 0.0018 mm/so] ZZAAe] HAFAHDOm)L 1.32 um
NaCl/L)o]& 4 For 2 0.064 mm/solct. = Ae]7ho] 2 J4 o Zasteoh veEggE 0 N/m’Y 3% B+
Z71%% 7g/LY 739 NaCl(=10g NaCl/L)e] HCl(=pH AZ4eE aigdd-g8 0.0132 N/m?Q 2ot 2.54)
4.2)012 Hrt 5 ol FbeldeS & 4 itk At

Fig. 6ax= 98%% 0 ~ 10g NaCl/LY A4$ A&}
ezl 3715 vepdch dE5E 0g NaCl/LY 3¢ 3.3 E237|8 1243l |2 s5Q} AR
Zdzte] BH AR (D)2 1.65 pmeol, o] B 7 Zeg7)2 1% R (Table DES Hed oZ2kr
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3¢ 24 ‘?41}94 B A7 (D)2 2.0 pmol, ojuf Bt vlwatglch Agzte] Resrl pH6.87 pH4.2 12
WEEEE 0.0045 mm/s2 T7heblot. B3 AEs: 5¢ NaCl/LY 7<% vpgde-33 0.0086N/m’et 0.0132
10g NaCIIL 2718 4% Zelglatel BaUADIE 45 N/m?o]4] Zo] o]foArh(Table 2). Fig. 73 Zo] 4
pmolw], BAHPZEERE 0.021 mm/s2 F7FokH = Foll EAIste A=7t A7t FLet dREEL AF pH
desE7t 10g NaCl/LE 371 49 d8%% 0g 8Et} pH 4.2014 HCl 932 27 wot E5A4e] &
NaCl/LET B@AF&Es 6174 27151982 B & AGTh T3 pH429 S5g NaCl/LY A9 A7-smad
At ol W= Fastitt. & dREFL BF wFoA =l

Fig. 6b= AE5% 5g NaCl/LY #% viebda-g2 W ©2 wi Agy} ozt ZrlEl= Nate} (9] o] ms
Stol] whE JAEEet 293718 Hehde viedge o2 A7 =S Jo it
0 N/m?d A< HAAAETE 0.0045 mm/so] 1 =3 Q] Z2 370 9FS v IAEEE Winterwerp(1998),
Aol B DOm)= 2.0 pmoloh. HEAR-EHO] Cheng(1997), Zanke(1977) ¥ Kajihara(1971)¢} Lick and
00086 N/m'e® 37k B¢ BHAAEES 0002 pyang (1993)7 AN AEBAE AFEStATHTable 1),

Journal of Wetlands Research, Vol. 19, No. 3, 2017



308

oX
n
0x

0
Rl
1
o

N
Jm
0X

e
ot

rf

Table 2. Summary of experimental conditions((; : initial concentration, h: water depth)

Run No. Type of test G, (g/L) Temp. (C) 7,(N/m?) pH NaCl(g/L) h(m)
N1 Settling 7 21.0 0.0086 6.8 0 0.17
N2 Settling 7 19.8 0.0086 4.2 0 0.17
N3 Settling 7 21.4 0.0086 6.8 5 0.17
N4 Settling 7 20.5 0.0132 6.8 0 0.17
N5 Settling 7 20.0 0.0132 4.2 0 0.17
N6 Settling 7 19.0 0.0132 6.8 5 0.17
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Fig. 7. Measured and calculated concentration-time curves during settling for (a) N1, (b) N2, (C) N3, (d) N4, (e) N5 and (f) N6.
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