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ABSTRACT

A Study on the Development of Non-contact Type Ultraviolet
Disinfection Model and its Design Factors

Yun, Jeong Won

Abvisor : Prof. Kim, Sung Hong, Ph.D
Department of Civil Engineering
Graduate School of Chosun University

Now a days, disinfection of effluent from wastewater treatment plant is obligation.
Ultraviolet(UV) disinfection is one of the useful altermative compared to any other
disinfection technology including chlorination. UV is easy to install and maintain.
But the decrease of performance accompanied with fouling on the lamp of quartz
sleeve is the most common and fatal defect of UV in water disinfection system.
To overcome this fouling, non-contact type UV disinfection system which is
fundamentally fouling-free is proposed in this study. The purpose of this study is
verifying its feasibilities by simulating mathematical model. Based on optical laws
and other UV distribution models, a detailed mathematical model for a non-contact
type UV disinfection system was developed in this study. Optical properties of
refraction, reflection and absorption of UV light were included in this model and
reflection of ceiling wall was added. The followings were obtained as results. The
average UV intensity of the water layer of the non-contact system is lower than

that of the submerged system. The non-contact system required a 2 times more



powerful lamp or one that had 2 times longer exposure time. A high-reflective
ceiling wall is of use for disinfection in a non-contact system. Depending on
design, the high-reflective ceiling wall can increase UV intensity of the water
layer as much as several tens of percent. Most submerged lamp system have a
fundamental fouling problem and due to the absorption of UV light by fouling
materials on the quartz sleeve, germmicidal power of UV light is drastically
diminished. Therefore, considering the fouling attenuation, non-contact type of UV

disinfection system deserves to be practically considered.

Keywords: UV disinfection, non-contact UV lamp system, UV distribution model,
UV intensity, fouling
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- USEPA(2006)

® A<9A fouling

BE A ARTE ARG ole MABAE BEHT o] WEe] BE Feo =
o1}

K e

ool WZE EHML A= FA sleeveo] HAFHAY AEHS FAsHA FHar, o
7 =

5 2 Q99lE0] foulingdl 32
T4 sleeveS M ZH 3R] & A$o fouling HAL dAHo|m Aol 759
fouling®ll ¢J3l] 8 whol| A} ZAbFo] 2713ke] 30%2E Tadh AldlE B

(29 2.1).



100 VI T R TR A A A

Yw
j\ —— Filtered Water
80 A ' Untreated Water
‘ w— Chlorinated Water

—_— Acrated Water

60 A J"\W
a :\ W \-\,,..‘\

20 4

Irradiance (%)

\1‘ T e e
2

4 6 8
Days

8 2.1 Al2H0l M2 fouling &4 S (Wait, 2007)

@ AR TR %

W R A€ Ae] g WHe]l BEnE A% ZEE Aelst Ut FENOE
BALE S gl Ape o] ulg v gEe
o] AslAo] W AR A, 2
zAbere] 747] vhew gy Alid selat RuHown e el AeHon ¥

.

N L
o o
¥
o,
flo
=3
DO
[N}
©
Y
)
B
DO
Do
o
1y
i)
17
¥
hacs
»in

B4 3= AW protozoan cystio TS VS RT 4 o & 2AMES e E s

v g wE &Ll figt Aol tEng Ax FAE A 4T mi= o
A v A =g dupeba APEAIZ Z0A v s ek vk o2MA, dt A
A F TS 999% ESABIAI 7 =E 8200 uW e s/em’ 2] A9 zAlHo] HQF
A& & F Uth



H 2.2 440l Gt D422 2+4 Bl

A X AL F(pW « s/em?)
u A B F W S SIAd &
90% &34 31(S=-1 log) | 99.9% % & A 3}(S=-3 log)

Bacteria

Bacillus megatherium(spores) 2,730 5,200
Bacillus subtilis(spores) 1,200 22,000
Clostridium tetani 1,200 22,000
Escherichia coli 3,000 6,600
Legionella pneumophila 380 2,760
Mycobacterium  tuberculosis 5,400 10,000
Pseudomonas aeruginosa 5,500 10,500
Salmonella typhi 2,500 -
Salmonella enteritis 4,000 7,600
Shigella dysenteriae 2,200 3,400
Shigella paradysenteriae 1,700 3,400
Shigella plexneri 1,700 -
Shigella sonnei 3,000 -
Spirillum rubsum 4,400 6,160
Staphylococcus aureus 4,950 6,600
Streptococcus viridans 2,000 3,300
Vibrio cholerae 3,400 -
Total coliforms(3t4=3 2] 5°) - 8,200
Viruses

Adenovirus Type I - 4,800
Coliphage 3,600 6,600
Coxachie A 2 - 4,300
Hepatis A virus 3,700 12,000
Influenza 3,600 6,600
Poliovirus 1 5,000 21,000 ~ 29,000
QB - 40,800
Reovirus 1 - 45,000
Rotavirus SA 11 8,000 25,000
Tobacco mosaic 240,000 440,000
- 1A & (1997)
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1
=,

g 2L /\]iE“OﬂH e 2 HE 74, &719 3/he] EdE FsHA F
H, 3 Zrh(ad 31 #x).

n,Sinf, =mn,sinf, =mnssind @y
upebs], =@ vha

o3} 2
n
0, = sinfl(—lsme )

(5a)

(5b)

, 2 ol wheh o ek =
AR, 2, 32 E,
r,tanf, +rytand, +rstand, =h (6)
2 Ga)et A (Gh)E Abgshe] 0,9

Qa1 4 (©) 4 (Ga)sh
4 Ghe Agstel et 2e A

b

n
r,tanf, +rytan {sinl(sine1 .

1 T ny
— |+ rytanysin |sinf, - —
My n




dy = Tl/C0591 (8a)
dy = TQ/COSQQ (8b)
dy = 7”3/ cosf, (&)

@ WAt

dabe AR te T oulde] AAWdA sHEe] ware] wiH: AL wET. AL

2A70] 47k ny, 0,3 ny, 0,90 F o)A WASRE T 2T

[a—

RZE[T%I—i_TQL] (9a)
n,cosf, — n,cosb,

T n,cosf, + nycosd, (%)

n, oSl — nyCcosh,
7"‘ prm—
' nycosf; + nycosb, (c)

rpE QABEG BAT UA FEAFIE, 1, GABE FAYF FEA

glo] wdg Fae w2 wjdo]l Fdo] ew el AvE FolEA drk a())
Z FFAFem HE s, Folxl g(\)el dol(L, ome BHE u) 7Had L (U)

g 2t

rir
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11)

YA E3(shadowing effect)= 27] o] 49 #AZX HAHJAL 4AF 3 H
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5. ol 7be Aol o] meralA Hal: A9 apexde] At
Ae nAnF ez AAA aEslo st Fa AA R e
a 9 b Aole] Zhe TRl gro] AAEE ol X T

tang = 20 (12)
|a| . |b|

32 ALYA Fx By wvd

O MPSS 24

] Zde] njdoa o H FA(FYE = P)ogiyH rid "ozl e FxE 94
% & (inverse square law)d] waw &3} 2o
P
E= 5 (13)
47r

7_:]_l
o8 PRI & Ry 7F F{segment, ©| = A H(point source)Tt T}oA 53 =
o] WrEHE Uty 7HEStE Aotk 7 A el &#He p/po] Ul WX ulo]l & Ao A 9]
FHEE ne Aol wWAEE nle] A9 Fre] FHo= ALtdETh 7 YA
WALE o] gleje] g Ao sl Aol %‘/\}7—?01‘)& A, o} vkAlL 5o 54
o] N2 tzZu=z e FotA J)xe] oAste 7t AYozZRH Fd ot AR F
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_20_



® LSI x4

Blatchley(1997)% MPSS R @o]x o] nio #9 Azl 4= 3y
LSI 298 AAstgaL, o LSI Zdoe] ne] ¥-gtr)

2 ZEE Bk LSIRde 43 WAL 555
A

Ggol Gl o Ho ¥y FoM AH HHT gL Azdel il AgE F
ST,

_ P —1 L/2+H —1 L/2_H

I= AT [tan~!( = )+ tan ! ( 7 ) (16)

33 MAEA mdo A

A2 A9d 25 Azdold Ay We F £7, 2o 3744 0jde Ene
o ey WS AA AsgeN ReAe Fo9 54, F7] ool B9 474
WA EReT. A4 A5alele] @A 37179 wlde] walx ernz Snell's
WA gk et 9 3304 2E7, AL FuAY Alole] wAE e
N3} o] HejH),

r tané, +rytanf, —l—rlrtan&l +rytanf; =h a7

cejmw, gke] 2] (7) ES Chew o] oWy,



ny

’ n
(ry +m )tan@lJertan{sin_l(sine1 . }+r3tan[sin1(sin01 . n—l)}:h
3

ngy

(8)

A (D3 2ol 4 (18)2 th9] A& Abgste] Azbe] wjder Ble] &3 A7) A

2]
A
At ool

d, =r,/cosh,
dy =1,/ cos0,
d, =r,/cosb,

dy =13/ Ccos0,

o] HS M, BI/5A, FA/E), B/ 379 AAEe] A7) wjEe] 3w
AF7} ur

Awl dabgo] BUsy] mRe] W Ani (1—R,) (1—Ry)w
o0& HAHEA A A AE A AAY DEFE BAHE § dolAe] o

=g e Awded & gtk

P
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Tr

R127 R13 42y /A, F1/E A A A e HEALE
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R
rE
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2

o At #Ags F8E med A ok A9 daks 99 33604 melE
9w 4 oo A%g A e 28 2K wes Ay Bl wgdt
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SE e AAES ARse Aotk o A%, AUA B (O FHI Bde
0

ritang, +rytan g, +{2(r +ry+r,) +r ftang, =h (21)
Zhpy= oI Zoernw A 2D A (2)F vEd F gt
{7-L+2(r2+ru)+3r1}tan¢1 +r2tan{sin1(sin¢1 )}+73tan{s1n (smgbl )} h (22)

z¥zke] widol A FaA L= 4 (23a)~ (23d)E AH&Ste] AtEHE 5 qlh

d) =r,/cose, (23a)
dy =r,/cosp, (23h)
dy = {7”1 +2(ry + 1, +ru)}/cosqb1 (23¢)
dy =ry/cose, (23d)

WAL ge) uhab 4] AAEA ol Fojm, (1—Ry,)*(1—Ryy)RwEF 74
Ak R AR vl g ey aeng 739 AdA wasle] d%d B
of myabE WAl Aol AmE 4 (249 2ol ogEH, BelA AAA FmE 4
20)3 4 (24)2] o]},

P
40:(1_312)2(1_313)3 [

Cm exp(— agdy ) exp(— asdy) (24)
s

=2 Qs 1=1+1° (25)
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& =df,~dl +df +dF THAY

&’ df + FAR B A FHee] wAbEE Yo AR Aol
Re: A% wAbg

¢~ bz FAZolN, e J15EL 4 Q0 2T

34 ANEYolA nde A4

A9l AEE ALbshe 37hA 9 A Rdls 2o ¢ 9l RS 453
th Zgay Aol HUYE A 2olal = Microsoft Excel VBAE  Al&3)lo
Microsoft Exceloll A #}2 Asfo] Jhgslns sttt 3xkddelw, 148 Wl E&E
(module)®} 1709 # A3 (userform) & Wl T8 AP, AX AaE 1)
Hom AT 5 e 2/ FAFLE P 5 ZRIYORE Wit

At Z2ade] 542
- 324 Aol A= Ry 2l
- Microsoft Excel VBAE A}
-1 283 3 §A4%

- LSI, MPSS, MSSS =29 A& 54

- A (celD VA &3 A8 A
-3 e oy A #A

- At WE F AT N G4
- Band width ¥ 47 &3 (germicidal effect)

- W EEY AIRHA S (AA)

- FA$2] element =79} 7

- AAt A31E Excel chart® A7

- Excel VBAE AF&stE=2ZH] A4t 571 == go] dyo|t)



A ¥ Q5 Ko Q 3O o] % L==Nle} o]
A Zzadel dast ez Ad, #=Zo A, ALd w7 T Y A=
o] d 0] =} = [e] 2= o]
Excel®] worksheetdol A% Qlelsi=s 7A¥o] glx, nhabz 4oh4 male 4
L==N¢) B = Z =) i 3Ke] [e] =l = =
=24, WAL 5o A AR S FHow Aeste] 22 worksheetdoll =S 6F A
o] = =
a9 340 9¥ delH worksheetE Al sFS T
Q30 T b3
a | 8 | ¢ | o | € | F | & [ H Ly [k [ L [ 4 |
| i ] = rocessing by Sunghond Kim
2 i center position electire power] UY effi variable valug description
5 b w [om] lem]” 2 [em]] S [mwl]  eff.S [%lLx 30| Contactar length in x-direction, (% v} plane perpendicular to UY lamp
4 1 15 24 10 10000 SMLy 30| Contactor length in y-direction
B 2 225 5 10 10000 WLz 20| Contactor length in z{lamp)-direction
81 3 Hy 20| water depth in y-direction
7 4 Rc (0,8 |Reflection rate of ceiling wall
_8] [ dx (0,5 |Computational element length in x-direction
g 6 dy 0.5 [Computational element lenath in y-direction
10 7 dz 1|Computational element lenath in z-direction
11 3 n_Lamp 1 |Number of lamp installed
12 9 L_Lamp 20|Lensth of UY Lamp
_13°% T n_seg 10 [Number of finite segment of lamp
14 11 r 2.25|Radius of quartz sleeve(outer)
15 2 Aot LodoelThicknecs of Quadz clacyue
18 13 shd_apt 1|Option for SHaDowing (0=no shadaow, T=shadow)
17 14 fun_opt 3| Ortion for the intensity function(1=L3l, 2=MP33, 3=M333)
18 1B cell_opt 1] Qetion for ceiling reflection{0=no reflection, 1=reflection)
19 18 refl_opt 1|Option for reflection effect(0=na reflection, 1=reflection)
20 17 refr_opt 1|Ontion for refraction effect{0=no refraction, 1=refraction}
21 18 n_band 1|Number of bands of UV wavelength on (02:322) or (024:524)
g2z &l nstop_opt 1]0ption for non-stop simulation{0=stop, 1=non-stop)
23 20 rxn_opt 1|reaction simulation option{0=no simulation, 1=simulation)
24 21 tend 20| simulation end of time @
25 22 dt 2|incremental time step
_26 | 23 kd 0,23 |reaction constant
27 24 Co 1]initial concentration af t=0
28 oF 1 Qarosedl
29 I |
30 @) Exec.1 @ Exec.2 | @ Exec.3
shd_opt fun_opt refl_opt refr_opt L_Larmp dx dy dz I _water surn_l avg_| area_c area_g|
[0 or1] [1-4]1 [@Wor1]l [Dorll] [em] [em] [em] [em] [-] [mW/omz] [miw/cmz] [%] [%]
1 3 1 1 85 1 1 1 25500 97787,31| 3,834797 9533333 94,6937
1 3 1 1 85 1 1 1 28500 101293.6 3972299 95.33333 94.693857
1 3 1 1 35 1 1 1 25500 1034332 4056203 95,33333 94,6937
T T T =3 T T T BEU0 T04BEE O 4. 104648 95 EEmsistsis)
wavelsnath_ photon T i0Cartz) T 10Cwater) cf_asrm
200-204 0.0201 21.1 22.4 1.52
205-209 0.0264 28.4 27.6 1.31
210214 0.0329 39.8 33.0 1.07
216-219 0.0409 50.7 38.3 0.80
220224 0.0452 57.4 44.0 0.57
225229 0.0452 56.6 49,8 0.47
230-234 0.0426 51 .8 54.9 0.46
235239 0.0520 51.0 58.4 0.53
240244 0.0197 60,3 80.7 0.67
245-249 0.0629 73.6 62,8 0.83
260-254 0.1427 g4.6 84,5 0.97
2BE-259 0.0800 936 665 1.02
260-264 a.1211 a8.7 65,1 1.01
265269 0.0442 100.0 54.9 0.93
270274 0.0257 100.0 83.7 0.81
276-279 0.0708 100.0 61.2 0.87
280-284 0.0121 100.0 60.2 051
28E-289 0.0206 100.0 0.3 0.34
290294 0.0203 100.0 80.5 0.21
295-299 0.0747 100.0 79.5 0.11
254nm 0.850050.0000 85.0 1.00
o =|
18 3.4 &3 CIOIH worksheet 3t
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© Bze) AFeAe Ak 29, UV &£ed dFsa
@ UVl 7, 4, #=e F, Elementd] 27 59 9
® agAED, 2uols, AdR dd o 2d e §4 A
@ AEE oA A BE

® £2E dold A ME

® WA A uE

@ Anel 2o

UVel 4, Fohg, Aitee] g ol

LY Intensity on Cxy) when z= 42 00cm

Chart Type

f+ 30 Surface

30 Wire

W00 ™ Calor Contour
W Z23-30.8
B 25,228 " Wire Contour
W22, 4-2h2
mi196-02.4|| P
W1623-196 ()
H14-16.2 r
mi2-14 )
maa4-112 © (5,2)
¥ Mo cee glice number : 1~85
O28-B6 i
o028 43 i‘
QoF ‘ Close ‘
% 3.5 AIZ2dI0I&E A& 23 3HEH GlAl
A A3 dHeoldH stdE AFEEd, B A AxE g4 5o s 23

¥ d|o] ¥ worksheet?d ol
B e 5 fFAEoA ¢l 9 Excel chart 42
Y 359 T4 fAZoE AN AHE RAFE AL dASATR

_27_

Algdeld Fretk T HolkmE 3



7hde] Ape)xl RbEEE gty FFAA Wt e el A X HIE
ot 7hde] wheaE 1y 363 Zo] Awgeln, VR =ol(y)7t 4 30om,
20cmelm, |Z wlgke] Aol(z)7} 8bemeolth. FA  sleeve™ A Fol 4.5cm, FAF
0.125cme) v, A2 vEY AL HHe [20Weln AA Fe&e 30%

df == A 2
K<

2 Mt FA2 A sleeved] AEFE Ao 10emz 7HASEAT AL @9 <l

1

Element®] 7} BaF5 Ao Fgine S7kshy bl Alttel a5 = A7

1

—_

o]

N

wF SU1stth o 714 & Element®] 7| E 712, A2, 019 4ozt 47 1emll AR
HAZ FAsE o webA 7P HE£ %9 Element
Zfolth.

F 30cm x 10cm x 85cm = 22,500
B oATA ALSE b A4 wexe] RPe ofeel 1ol EASYL

2L
o
Mo

A=A

R4

30cm W x 20cm H x 85cm L, ¥

85cm L, 120W (UV=36W)

A sleeve

45ecm OD x 0.125cm T x 85cm,

At element T

lem W x 1lem H x 1lem L
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#E A ARCm) | gx oo 114 | W AAM A% | L/l
L L» (cm) (mW/em?)
12.75 17.25 4.5 3.835 0.15
12.25 17.75 bb 3.972 0.18
11.75 18.25 6.5 4.056 0.22
11.25 18.75 7.5 4.105 0.25
10.75 19.25 85 4.107 0.28
10.25 19.75 95 4.109 0.32
9.75 20.25 105 4.089 0.35
9.25 20.75 115 4.052 0.38
8.75 21.25 125 4.012 0.42
8.25 21.75 135 3.967 0.45
7.75 22.25 145 3.918 0.48
7.25 22.15 155 3.865 052
6.75 23.25 165 3.808 0.55
6.25 23.75 175 3.746 0.58
5,75 24.25 185 3.679 0.62
5.25 2475 195 3.607 0.65
4.75 25.25 205 3.531 0.68
4.25 25.75 215 3.449 0.72
3.75 26.25 22.5 3.363 0.75
3.25 26.75 235 3.271 0.78
2.75 27.25 245 3.175 0.82
2.25 2775 255 3.075 0.85
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432 A3xo =

AT el M "=

3% dolngth BAH AL

X
A 1=

H 42 8D )0 OE B3 ANAMd 25
=N 3L o} dAlxE =9 bz X =]
U: 7“0 - &= ;%]E "éi]ﬂi](cm) oﬂ X}Q’]d 7(}
M (W) (mW/em?)
1 120 15 2.13
2 60 10, 20 2.05
3 40 75, 15, 22.5 1.95
4 30 6, 12, 18, 24 1.84
5 24 5, 10, 15, 20, 25 1.73
6 20 2.5, 75, 125, 175, 225, 275 1.61
2.2
N% 2.1
= 2.0
1
7{:13 1.9
1.8
a
N 1.7
T
w 1.6
1 . 5 1 1 1 1
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