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ABSTRACT

The disinfection method using UV has emerged as photodissociation in water disinfection. In order to predict performance
for UV disinfection, CFD analysis was performed due to saving cost. Most CFD studies of UV reactor have used particle

tracking method. However it demands additional analysis time, computing resource and phase besides working fluid. In this

paper, pathogenic microorganisms’ route is assumed to streamline of fluid to save computing time. the computational results

are in good agreement with experimental results. The results of streamline method are compared with the particle tracking

method. In conclusion, the effectiveness of streamline method for UV disinfection are confirmed.
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Fig. 1 Geometry and computational grid of the UV-Reactor
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Table 1 Parameter for the UV intensity

Lamp type Hereaus NNI125 84KL
(Low pressure)

Lamp arc length 0.79m

Lamp output power 41 W

Water UVT 72.5%, 19 %, 871%
Quartz sleeve transmittance 96 %

Water refractive indices 154

Quartz refractive indices 1.33

Table 2 Boundary conditions of the UV-reactor

Boundary Type Value
Inlet Mass flow rate 1.39 kg/s
Outlet Pressure 0 Pa

The others Wall No-slip condition

A Wzol ZHut Eo] Ae]d EIE(UV transmittance,
WD Sol glrk, B @AM Wols Fo] A W HAL

A st ajAof ARggt FUE 215 ARESto] AelA A
Z2 AAFSIYTt Table 10 XA H= Akt AFLE Tt
HEE el

2 AolA 7| olven) 2 A RAM A e Z
1ol CFX 14,52 A}g3}o] RANS(reynols
averaged navier—stockes) W49 & 3Tt CFX
= pressure—based coupled solver=ZA], HEZ O =7 CFD
-l de] AMEEE= segregated solvero] H|3| 39| =¥
o] W Sgo] ek, AuEAe] oldske 23ke] Yok
= ol 485

Ansys

£ Al¥-3= high—resolusion scheme=
gt BE zuubA Ao 2£H429] domain imbalance’}
0.001 % o3}/l =& £FAFHCOH, 1 wo] RMS(root
mean square) residual Fr 1.0X107° ~ 3.0 <10 0|t}
Wols 5| A2 o183 1 Aol 234 HARAS
NEHO Wols S| 4] 2713} SAsp] A8t
EEle oy AR Aol 7K5e k-0 SST
(shear stress transport) Rd-& A3l on 9]
SR s A8, T 20e Wked 139
ke/s & AGHLOD, BT ZAL Qe 242 LGN
o}, Aol AFEE AAZE Table 20 YR SITt,

-~

2.4 XI2|M Dose U E&tMs}

AH2]4 Dosets 0] W Aol EARE U5
Aoz nAyES EZ43Hinactivation)o] &

46

S uET

olzs - x4
o}, mlAEe] Sqeh o) aze] neh BE4sHgol Tha
A ek, B AToldl G7g ngRE de 2ol

MS2 Phage“)% tjaro s Bebgsle-S Axlsigich e
Al Dosex= U|AEO] ALQJAlof| & E= A7 &p]Ale] 73

wof| wlglate A ()T} Zo] Aakgct ™
Dose:/lxdt 1
oJ7|1A s mAlEo] 2E7] Yol A &7l B4 L5
AS Uehfin, 1= EA 9JR|o|A 9] Aeld Bw, dti= 2}

QAo E = AR UERdT

el S5 v ol v 9L Dose &
el %%T—P ARl 7 Farof| AA &3t
e LA =
5}9&3 . A —ir q7]‘171:,4(partlcle tracking method)¥} H]
w9,

A4l Dose=FE wES E8A4%ke AL 9%t
Dose response curve— Wols 59¢] CBD(collimated beam
device) AL B9 d& AFAL AM83tg o, Al (2)9F
Zo] w@gn”

A

Ny

2+ (1—ex(— )

0i=1

log/= —log 2

o]7|A DX Dose(mJ/cm”) ZFS YERHM, ki kinetic
parameter@A] k = —3,43 X 107 , k=10.9, k= 6.056X
10701e}, n 2 RRe] 25HA A B AT A= 1,300
A1 ASslsich el FEAAE Cpost 22108
ofgste] FAlY YA FAAAE FESHReH, A4l
Dose AARS AFR 2|84 2130l Matlab ©]-83}

3.1 2%t EY

Aol aE7)e] Ao 2o 257 Yol §5HA
wje} eIk, B Aol BARALS HAS a2
ARl S Blsh) sistel Aela 257 AR
A0l ZUAS coarse(AAL ¢ ¢F 1009H7Y), midium(ZA}
a1 9F 2009H7H), fine(ZA 1 400V 2 /ST 4
A Aol dit GEHEk(flow direction)o] £EHIE
Fig. 20] LFehoich

Bl A AL ARl A ARl AR =

7R o] FAIE F5olA 42 2A&0] HolH midium

S=RAMD AR =28 M7, N6, 2014



el A=7] &5 oES flet CFD

= = = Coarse
—— Medium
- Fine

e 2
o o
i (=2}
T T

=

=1

(%]
T

-0.02

-0.04

-0.06

'08 n n 1 " 1 L 1 n 1 i
-0.25 0.00 0.25 0.50 0.75 1.00 1.25
u/U

Fig. 2 Result of the mesh dependence test

£ Ao} fine 2UA AR B4 gl Hol7t A
9= Aoz BAZrd I8y Intel(R) Core(TM)
i7-2600k CPU @ 3,40 GHz AFF AIEE|Q] CPU 47 AME-
Al, coarse~= 9F 1.5 Gbyte, midium< 3.0 Gbyte, fine 5.1
GbyteQ] memoryS AFRSO R ZJo|7} A9 9l midium
of 2UAS 7V AAph AHE AUS Pokd 4 o= A
Qe A BAE,

lo

3.2 Xt Z= siMZnt

Aol £5710] Ao FEe] BES Fig. 30] ek
QAT AelH A Aol Rakgo] Be4E MM £
7k Farstel Aol Fakgol 87 % uf Hakgol 744
o Aoz LA Ea Aol LEI Aol Yrg
whet RO M BEST, W Afojo] A AeIA B
7} w7 e e s Ao BaEg

Wios 59] A|g Ao} vlmg $ls) $129 Aelil A=
Fig. 49} Fig. 5 o] Uehjlolch 24913 Fig. 49} Fig,
501 LERl vk} o] 1w} 4wl @me] Al 3, 2wt 3
W 9zo] A} Aolet. Wols 50] AFE Awle] Fobe
AlJE HwoA] Aol WA o] Apoldl Awe] S47
32 ANSIT. vlads ARdael AagAlelst A4t
At e AT A 2ol o] Aol HES Kol A
o BAEg

S=RMDIHSE =28 17, Me=, 2014

sl 71y

UV Intensity [W/n]

0 50 100 150 200 250 300 350 400

3

(@) UVT 725 %
UV Intensity [W/n]

0 50 100 150 200 250 300 350 400

::

(b) UVT 79 %

UV Intensity [W/m?]

0 50 100 150 200 250 300 350 400

.

(c) UVT 87 %
Fig. 3 UV intensity

47



U4 - omR
3.3 RSy Zat

A9l 45719] S T f55Y A2 Fig, 6ol 1}
eRGIE AHSIH 45710 SERE B4 23t Q1FGAL

o |-
O]

g 8 8 8

UV Intensity [W/m"2]

[=]

48

Experiment by Wols-UVT 72.5 %
Experiment by Wols-UVT 79 %
4+ Experimentby Wols-UVT 87 %
CFD-UVT 72.5%

= = = CFD-UVT 79 %

=-+=- CFD-UVT 87 %

0.00 005
r[m]

Fig. 4 UV intensity distribution on section 1-4

-0.15 -0.10 -0.05

*  Experimentby Wols-UVT 72.5 %
*  Experimentby Wols-UVT 79 %
4 Experiment by Wols-UVT 87 %
CFD-UVT 72.5 %

= == CFD-UVT 79 %

—--=- CFD-UVT 87 %

0.00 0.05

r[m]

-0.15 -0.10 -0.05 0.10

Fig. 5 UV intensity distribution on section 2-3

Velocity [mys]

Fig. 6 Velocity distribution of UV Reator

- 0|4

5 . A
ESEe

_|0

o

Wols 0] §5814] Aate} u|wsl7] gja) 92 H=s
20
-

EZ Fig. 79 Fig. 8o yEhilch

= A o) %

SR A2

SAEF §<(streamwise velocity) X}

AR =AM 3-<5(vertical velocity) S S43)0] A

avel vlaskglnt

Experiment by Wols
CFD

0.08
0.06
0.04
0.02
E 0.00

]

Z[r

-0.02

-0.04

-0.06

-0.08

-0.5 0.5 1.0

w'U
Fig. 7 Streamwise velocities

L5 -0.5

0.0 05

wl
in UV reactor

1.0 15

Experiment by Wols
CFD

0.08

0.06
0.04
0.02
F0.00
-0.02
-0.04
-0.06

-0.08

-0.5 0.0 -0.5

w/lU

0.5

Fig. 8 Vertical velocities in

0.0
wil

0.5

UV reactor

(a) Particle (b) Streamline
Fig. 9 Flow of particle and streamlines in UV Reactor

SHERMIIHES

=24 73, Mes, 2014



e &%

23 Aol W A FollA] Wols 52 Al@ATe}
A%t Aeqre] Aol wolis Aow gHsIg
QA 4o AN e =
4 Az Qo) B89 §
ol SIx3H 274e] A9]
45)9ich, Fig, 37} u]st

A5 A BTt B 3
ZELE)

5 AAAIZE BAATHE Table 30 Yehiglet.
AR 400812 71202 ARAIZE BAET, QA4FA7]
Al GRS AHgste] 27650] 28 5|
1Y TR T ) $E A8 256
oF 6.5%0] AAEAIZE THEo] BAlE gt

nlm
lolt mlo
E
)
i
4 L
m
=
Sl
o

Ale
A
o

3

B 32 flo
Ly

o

o =l°
[‘_u

l-ﬂi

al
=

==

3.4 Dose E&tMst
2ol Al ZFwEo} Qx) W S o] Al7hE 92| nfEko.

)M DoseS AAKEIATE 4 (VI 2=

3} BegEE Ao,

Wols =9] /\] Ax}, A} 2&7|H(CFD), & 72| 9
2} 27, 9A7 B LATE Fig. 100] Uehyolct
5 Wols Sat B 9] Uik FA71Y BAAS 032,
AT} R} FA7 T FA4171Y BEAISH 938, Wols
o] AYATe} B Arel 94 7Y B35 oA ee

= 7}
Eoll mAES] 2Ab

Table 3 Calculation Time of flow analysis in UV Reactor
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Calculation time . .
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Fig. 10 Configuration for compressor modeling
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