32

Ot B SA
J. Kor. Inst. Surf. Eng.
\ol. 44, No. 1, 2011.

<gA=E>

Surface Treatment Effect on the Toilet by Numerical Modeling and
High Speed CCD Camera

Jihyun Roh, Woori Do’, Wonkyun Yang, Junghoon Joo™

Department of Materials Science and Engineering and Plasma Materials Research Center,
Kunsan National University, Kunsan 573-701, Korea

(Received February 21, 2011 ; revised February 27, 2011 ; accepted February 27, 2011)

Abstract

Numerical analysis is done to investigate the effect of surface treatment of a toilet on the cleanness. The
surface treatment using plasma for the super-hydrophobic surface expects the self-cleaning effect of the toilet
seat cover for preventing the droplets with a great quantity of bacteria during the toilet flushing after evacuation.
In this study, the fluid analysis in the toilet during the flushing was performed by an ultrahigh-speed CCD
camera with 1,000 frame/sec and the numerical modeling. And the spattering phenomenon from the toilet
surface during urine was analyzed quantitatively by CFD-ACE+ with a free surface model and a mixed model
of two fluids. If the surface tension of the toilet surface is weak, many urine droplets after collision bounded
in spite of considering the gravity. The turbulence generated by the change of angle and velocity of urine
and the variation of the collision phenomenon from toilet surface were modeled numerically.

Keywords: Numerical modeling, Surface freatment, Toilet, Fluid simulation

Selzn 2o AW B4
32 9lete} Aelg ke
b Sl olo] el3ted

e

o £
ke
e
A
A
D
12
_>|L

o

o] Zx}o]m i—’?*é 01 2 l &3}, v 7%4 wlch
171 o), FFAENE Ha 5 A oA 4 9
M7 @ M7= sk A 71719 sl
sttt 2 W77 F2 BRFE H|U7bA] StuE

*Current address : Hongik University, Department of Meterials
Science and Engineering.
**Corresponding author. E-mail : jhjoo@kunsan.ac.kr

=

o

rot

K

of

A

i

2

X,

I

9,

>

>

>

oo

A,

Rl

e
N

o il

Ko

a2 %am Ik
o Y4 Wast o2 0'%5401 <
stel 9 BAE o
of A AW 7 A
g Ay WH @ el s
27k S a54el AL 27

e
2 ﬁ
L
o
ti gt Jo
N> 2 to
K o r|r o2 w2

uﬁi
l‘f‘
N
N
N, 7
3‘&
1
2 ool pZ o2 do B oo [

o
Ry mp ey

O
Jo o

gE

rr

o1

ek A F=719] AbAIE (acid cleaning)ol] ZAt]ojof
stal 71A1A Awtel= A3 WA a5 W&
of &3¢ A& FI7I7F &2 AW A F/RE
Azt A A el SHOlA fEg ol



A )

s

/e EY

5] 44 (2011) 32-37 33

B2 2 gtk B Afoxe Awr)e 9
A 2 Aoslal o]e] HMsle 2Jgh
373 WstE A 2AF 2 3E FhdeE
HSTo 2N 2350l et 331 nd S
A A7) Wie FRzel 3 A AR

i,
AR ASE AL BR s @4

10 oo ox S 1 10 to Rl

o
_\|Lrﬂ
2

e
N
[l
m&

ns)
o_“l_{ e
el
H
o °f
Ll :

e
BN o3
oft o

k<)
(@]
(e
(K
o)
no
N
5

o
et
i
30,
rir
4 o
(Y
Y

4>
o
1,
lo
Ir o
ot
oX,
tlo
M

2
3
Y
I
N
2

0
W

ol
o
K
fass

-{E%rlrmgmﬁfﬂl&&i&@@%@ [0 o2 ox B
. >
ro 14
ke
QL
‘T R

uEe Az 715 AR W A
QA i Aol 5 o
A Af TR AN o) A %
FHoE BUYY & P ENE vHskd A

A3t Hyo] ENLs HYsA7IHEAM B4 &
HelE X Bdgsly] fJste] nlolaz
17 ¥]A F2o2 30 cm HojmeiA AX
CCD(charge coupled device) 72
Az ste] Zgsdnt. MadAade e

oz AHS FPgorz 3xger 1y
stejof SRR TE AXF Aj7ko] o] A= A
FEete] Ik 2D X-Y RUS J|Ho g Flo
|

AE ST £A mde A fE

ol vE,
o o
H

o filo 2 o

tlo o rld " il
K
b

:ﬂdxﬁi

o iy flo ot mn by

FHE ASH7] fste] fA 13
< FEbaL gejstal Frh 0590 A4
FAlske WHE ARgstit 71
< FE OFH HEY fe s 7HdEith
o] 22 Hirt and Nichols”, Rider and Kothe”
T AAE o] &3 2719 A E& Fo
oA ofgfe] 7]EZQ1 A3 HHAOZ ALG
A HEN 5 HEAS S5 7o) o]
Q]]—]

A 2ge) dstE A ()3 2ol F45

o

>

A

2

to Jo

)
lo
4z 4
=)

I He

3@ oo M oHr o N oo
rg, M

% e
.

oF >
Y V.-0F=0 (1

v = velocity

a8 F3 Hit HEEe A9 2ES 7A
2 3 3 e A Mg o FEol 0t
1 Apele] ghe 7Hd doll= B 7Hx) Wel 7hs e
Hl 72 % SLIC(single line interface construction)}
PLIC(piecewise linear interface construction) Y
T Aoz ARGt Al Ao 724
F9- ol nz 127 AME s AT A

o Mo

iy

g3l B Het Ay At o] He A
o= 32k BdS o] 83Tt 33 rdle] 4

A AIZRe] A EEYH WE st ofe}
ZEJO)E o]&3st= ¢ W vk U] AS AR
AL FAIE 4 =20 Yo BME AN Al &
oA 45% AEE A4S & AAUTH

Hel Bg Bl s E AR 9
32k 2ol edwe] F3l S BASHE

o i
= T
Courant 2 W= 4= A=E A|7F 74485 A

d: cell dimension
U : average velocity in the cell
At: time step

. R
O O i%@ O

7
O O

Fig. 1. Blending strategy for interface-capturing schemes.
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Fig. 2. 3D numerical model for simulating drying after
cleaning on a toilet.
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Fig. 3. Bottom view of the 3D model while drying air is
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(@)

3.3129E-001 s

(b)
Fig. 4. (a) A photo of a water dropped by a syringe into

a toilet, (b) 2D numerical modeled result of (a),
a water drop fallen from a syringe.
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Fig. 5. (@) A photo of water shedding to simulate
urination by falling from a cup, (b) 2D numerical
model for (a), (c) 2D numerical model for (a)
showing the velocity vector field.
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numerical modeling of flushing of a toilet.
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Fig. 7. High speed camera shots (1000 frame per second) of a free falling water drop into a cup of water (the number
on the photo is in milli seconds after hitting the water surface).
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