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Purpose&
Contents

< Development of sterilization device that spontaneously heats
bacteria in liquid foods by applying cavitation of rotating vortex
generator

+»» Development of device that heats liquid foods, which have been
through safety evaluation at a high temperature short time

+ Development of high efficiency heat and sterilization device that

hold 90% thermal efficiency at 55kW level motor standard

Results

1. 15kW high-temperature instantaneous type sterilization device performance test
The optimum thermal efficiencies for various dimple shapes (A, B
and C) were evaluated by means of appropriately adjusting pump
setting pressures (0.5 bar-1.5 bar) and rotational speed (2700
rpm-3600 rpm) Except for shape A, which showed extremely low
thermal efficiency and heat generation, both shape B and C
displayed increase thermal efficiency with increased rotational
speed, and heat generation increased with increased pump setting
pressure but occasionally showed decrease in thermal efficiency.
Therefore, shape C achieved the best sterilization effect under
0.5bar pump setting pressure and 3600rpm rotational speed

2. 55kW high-temperature instantaneous type sterilization device performance test
The optimum thermal efficiency was evaluated by means of
appropriately adjusting the major factors of pump setting
pressures (1.0 bar-1.9 bar) and rotational speed (2900 rpm-3200
rpm) Thermal efficiency decreased with increased pump setting
pressure as a result of increased required torque
Present design and manufactured design show tendency to have
high thermal efficiency and process capacity under lower pump
setting pressure and higher rotational speed. Thermal efficiency of
90.88% was obtained under 1.0 bar pump setting pressure and
3200rmp rotation speed condition

3.  Analysis of sterilization efficiency and physiochemical
characteristics of liquid foods

(D Sterilization efficiency

- Sterilization influential factor in liquid foods using Hydrodynamic
cavitation(HC) showed greatest sterilizing power at 23°C spontaneous
temperature rise and 75°C exiting temperature

- E coli, S. aureus, L. monocytogenes, S. typhimurium were destructed
with exception of B. cereus(3.25 log CFU/ml decrease)
(sterilization process time: <2seconds)

@ Nutrient analysis before and after sterilization

There were no significant difference in Ca, P, Mg, K, Zn, Na,
vitamin C, Bl, B2, Bl12, D, A, milk fat and proteinoid before and
after HC process

@ Quality variation during self life

Possibility of HC process use as a new method of milk pasteurization
was confirmed as it holds a similar level of pasteurization and
shelf life to LTLT process

Expected
Contribution

+» Supply high heat, high efficiency pasteurization device to increase
rural income and contribute to revitalize stock farm type milk
processing policy

+ Job creation for small businesses through development technology
transfer and aid in regional economy revitalization through
creating profit of dairy farmhouses

« Build and utilize data from previous studies on liquid food
sterilization research using HC

Keywords

HTST(High Pasteurizing
e Temperature . .
Cavitation Short Time) Milks brocess Directly Heated
System
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Diverted flow

1. Balance tank

4. Deaerator

7. Density transmitter
10. Shut-off valve

13. Booster pump

16. Plate heat exchanger

. Product feed pump
. Separator

. Flow transmitter
11 Check valve
14. Holding tube
17. Process control

[ 7] AT ZA T2

3. Flow controller

6. Constant pressure valve
9. Regulating valve

12. Homogenisator

15. Flow diversion valve

[X}& : Dairy Processing Handbook, Tetra Pak]

AR

Stearm

Corading wiarter
la. Balance tank milk
3. Plate heat exchanger
6. Holding tube
9. Centrifugal pump

12. Aseptic filling

(1%

Hol wartar
Vircurary and corsdiensate
Dvverted fHow

1b. Balance tank water
4. Positive pump

7. Expansion chamber
10. Aseptic homogeniser

b ol ©

2. Feed pump

5. Steam injection head
8. Vacuum pump

11. Aseptic tank
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A5 A ATFSY 23

L3d -9 A% 475 vz € 4
ZF =d dEAT A

(1) Azt A2l (3o, wlola=3) o] &)
(7h) Kim(1999)2 91&2] wlo]a@2u} HTST AHAAES o] 43te] 72ToA 1525
7|02 MPO, 1, 2 Z7o= —°r°94 olztetal A& W3t AgdS skt
A7 AbEel pHO A At A -3 F Aolrp BEEHA Fgkom At 23
M= F7E BFEHA kot BB A9l A9 MPOS] A-¢ A A T+
23%° dWAES B Ayt W FoA= yEuA @gkor, HlE
B9 -4 A wRlel wel MPO(LRHARQD dE ARES HTST Aard]) At
A 7+ 32%Y w2 I ES HGor MPl(vpola=2u=z 72C=Z 7Fgsta
FolA 156%%F FA8k= HTST W& ) 4% *& 355 Bk
MP2 (rfo] A2 apabg o] &3 HTSTATH) 9 A9+ 28%9 dy&& HIoh
ascorbic acid®] ¢ Ayl wel MPO: ascorbid acid 33 & 43%,
MP2+ 29%, MP1<2 18%5 HoJF%13l, Lysine= MP0S A% A+ d 7]+
51%9 %2 S &S HYoy MP1S 16%, MP2:= 10%-4 @S gy Es
Btk olZ4 who|AE SR F&A7]l F holdingdts WEH (MP1) Ei= wlol
ﬂiﬁ} GEA 2 (MP2) & &83 A 344 HTSTHH (MPO) Bt} vl eflo]L}
FolmAbe] EAMX = B2 Maillard WSy 22wl A skx] ke 4w
J%O]L} 7tdF WA E a3t e dEs 29

flo ©

T

(1} Noh et al.(2005)2 Aot 7rnkd A A Al A8 2529 A
E=T5 YA o] Frteke Ads dERdglem UHT A=l Al¢)
SkGy ZAF Al FEAHAE S FAFSEITE CFU/ml 59 A/E A=
e, 2AL0® AA P A8 1~10kGyE v AR A Al BF O]HWHL#
tgatro]l AEHA kot dFY A Foll= UHT A2l 3kGy o] AL
Aol A detAlet s thgdstarol AEHA durh. dRE EA8 Al arginine,
aspartate, iso—leucine, leucine, lysine, methionine®] A% wWhA ZA} 2]g] o
93 aspartate, histidine, iso—leucine, leucine, lysine©] FrA o] &=z 9}
ZAPA ] 7F el o] Aol e wH ¢ Qe Ao®E Yepyth B3
9 FAde ubd 2AEAE Al BkGy ol el A fFreolA o g FraskgiTh
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(2) 9384 FF5d (Hydrodynamic Cavitation)

4]

)

(th

=

Namkung (2007) ¢844 ¥F&d%(Hydrodynamic cavitation)< 223X
(Orifice) 8] ®.oFo] F-¢o] ofd EHdFY o F&dio] ¢ FHstx a3
Aow dojdrty Hisgly. 78 Frdide dFE T =
o=, &%, AvlEHolA #MH (Cavitation chamber) X7 53 37

WA e] A7k 29le] Gtk sttt

Kwon and Yoon(2013) 3|H{AE o]&slo] a4 Fsdds o &3 YA
(Heat generator)el] tjsto] At Ay, Fsdded ot & A= (Heat
generation rate)> YT%H I Rotor 3|AEFEC o5ty JFS e FHOE
Baskglth 3 d% % 3,300 r/min, 97 948 2 bard W 90%°] Hd
Bolvtkal B skt

Kang and Song(2015) X el 5T 7S &4
(£ 25L) = Jfusle] 7tesey 9 oA X

> AE7) Y FF 3, 5HPO #AQel A9 AA
S 3HPS A9 oF 107%7F Y&ty ®Bskl o,

Park 5(2015) 884 F=3A(Hydrodynamic Cavitation) o]l tfjst =1 -
9 AT s ARE A W AHE st FEHEd yedde de 2 AF

it =45t Aol ohstol Yol sgich,

(3) A~ #71# 714 (PEF, Pulsed Electronic Field)

4]

Lee 5(2013) PEF(Pulsed electronic field) el 23 $-f d@Ads} 5
sheb] 549 Wsks flstr] flste] A4y, @A, HTST, LTLT, UHT $-#%
PEF A g|at3ith A& 59 @™ dS SDS-PAGEZ #<1390S wl, PEF gl
ot ¢ wuwAol WAL #FEET 4 itk DSC(Differential Scanning
Calorimetry) 2 - @9l dHY Fd 25 (Td)E 24 43, A&
65CelA PEF A@3t9& wl Td7} 87.66TolA 97.18C=E 5713t PEF
A7t S @A) WA IS A= AS RISkt PEF A

93t alkaline phosphatase, protease, lactoperoxidase? #& F4AFIAS

ZA4% A7, 594 =EA]FoA alkaline phosphatase= PEF =g el 2]3f
a0l 7Aoo, protease®) lactoperoxidase? 42 PEF A 7|9
o8] A WA gkt 65T PEF AHglst di= Aelshx e dfr}
2 AT E eSOy, 7IEF ¢/ & PEFOl & {21420 #ol7b gislth
5 PEF A& S A5 Atxe W= #zwA oty pHO A fo%

PEF #2] o]%o] w} 949 ol glovt AA Wsaia s o).
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(1}) Kang and Shin(2014) "] Ahgto] dE:Ql HA A7 7|&2 A A
o] &3atx] ¢ A AVES WEste] nAES AFEE] die] =% A
FHastetol @y 9 Gof wigst vlEkyl Fo WA 9 EAES AT S
Rnog ZIWHAYgy Buskt}, o]t AH o R Q& PEF A= A g
F4d 540 43t H7 AR FAFE, B ok S5 A8 A =
A Ao R AL JMed AR AT A3 Wl

2 1o 0 o 1
o o o e flo

:‘_J‘

(T YFAHER(2015) PEF w7haa 2 € Abgstol 1A A A%
LRt AL F5eA govl, QA Fu R A& sFeshe,
A FAm AFe BUA, 54 % PN SYE0) A wstsha g
A% HAHS

(4) Z=1¢+A8] (HPP, High Pressure Processing)

(7 Lee 5(2014) $f% 15Cel4 600 MPa®] gz o =z 3%7t AP Al
AWkAlet B fAkTFe] 4 2-3 Log CFU/ml #5082 fFadtglon, it
HPP Azl F 4TCelA 159 A% 717k ol A=A kvt HPP A
e e wAde otz fudle] dV|gE HYE EA s Ay, HPP
Ael ¢w7F 7FAAA el vleke] WA A
HPP A -+ A veml @ e o wshke
protease, lipase@ alkaline phosphatase® #< 7 &4+ 2843 Al7]&=

54& et

H‘i
N
o AL
X
T
)
s
ko
o

(1P Lim +(2015) & HPP A2 5-(HPP A-F) % LTLT A% CM(Conventional
feed—fed cow's milk) 2} GM(Grass—fed cow's milk) 9] A&7zt & pH+
6.7-6.8, A=+ 0.14-0.16% <= T4}t CM % GM® LTLT %
HPP A-FA 2= A% 5o daglol AR7IZE &< tdtare] HEHA
dokowm  AnkAlRte] 3¢ LTLT 9 HPP A-F AHzl7+ A% ko daglo]
A7 FRF g tre]l AEHA edsker, ARkAe] A LTLT 9 HPP

A-FAE 77 Aol w8l 4-7Log CFU/mL W& 35S A8tk = 4at
A 4 A3 9, LTLT, 283 HPP A-FAE 9 AWA Ao +=
2ol 7b glol kA 2] (HPP) 7F AAatk 2732 wWste] &S mAA das
el sl

(5) A2]d Akt (Ultraviolet ray sterilization)
7hH & 5(2010) 3ol AAlskar = gt Aol F% (Medium pressure, MP)
UV Lamp AZA 99% AtdEE&& Hebllerm, A% (Low pressure, LP) UV
Lamp #2JA] 81.9%°] APdEs Kk S UV Lamp ARA] AE2n]7F 714 o|~]

2ol gRo] Wol Y] &%) S v b AX S A7 Jvkal Boaskgin

() & 5(2005) ALt f71E 57F 2 tolxe FA e @o] A A E o
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(1) #8384 ¥F5d (Hydrodynamic Cavitation)
(7B Earnshaw RG(1998) Bacillus spp.2] XA= GokA|3Eo] 1]
(Cavitation) = ©]&3t 2t =2 YAS 7FA a1 Qlvhal X askgd

l-Fl
okl

ks

o

(1)) Kumar PS(1999) ¢ e] (Impeller) & 31 #]E 4,000 - 20,000 r/min®] 3]
£L®2 FEste] WAE e FEddE ol 1% 737)(high—speed
homogenizer) o thall A5t A, 3| HAAE o] &3 HAFA 7} Fds AASH]
oj-g- golsto] it e A 7E vhed e A e TS

(th Suslick KS 5(1999), Gong C 5(1998) 3} Goncharuk VV(2008) 7] d++=
Y= A (Cavitation) 0] & = Atz oz 7p4 g &85 Qon, 7o st
Aas s Hi Qe Foke 2edE ol8d 53 ¥FsdAd(Acoustic

cavitation) ©] t}.

(2h) Kumar PS 5 (2000) E&fo] ME tE 2832 (Orifice) FAE o] &3}
T84 F5dAY (Hydrodynamic cavitation)& A A SEHES7| 2= AFE-H &
Aol gk Ade Aadsd. ev A fFelA e St e EEF
Mol =4 4y, I FEAY TS AT HA d4Y T3 Y o
VAL gkt olel wet Yty yEdAdS =9 FEddel vasky
FAAR Ot ¥ 7 &oleh WGl wA= o] ettt AEAUT

(mh) Jyoti KK(2001) $E=2 & +5F5 Aste 34 odA #-&dA (Cavitation)
gz o] HE wjE 4ES 1.72 bar® 7FEA 41%9 XAMES e =)
2A17ko] A v, 517 barZ 7F5A 44% 9 AAMES Uyl 147t ®
Al Al gto]l ZraE dvkar Koarskaith

(Mh) Gogate PR(2001) #F&A(Cavitation) AR AX wj& 4o F7h=
TEdAo] dous T A e 4 AR, S dedNe AEE SR

[ LRI

(Ab Kumar 5 (2002) 12 (impeller) @] 3] A& 4,000 ~ 20,000 r/min?

gASER TEe] WANE FEAYS ol§¥ % Fd7) (high-speed
homogenizer) ol ©l& A7 WESACE HAA Y LREeIA Y FE} A
1=}
9

Sro] BURe W FRA gEo] E5F7IY olskz BolAA Hof FFANo|
WAEE gelolth, ol eelvs Fet MFH (venturd o FHSH FEAY
ARG AAAE OBE WAL A BEOl AAE Fo, P

AA7) W golstrh

El
N
o
2
g




(o}) Gogate PR 5(2005)3} Lucia U 5(2009) #H+ 4834 F5dA(Hydrodynamic
cavitation)©] =3 F =34 (Acoustic cavitation) X ETF oA FE&
T AAIDS AGoA B 5% Zow Wiyl Qi
FANS DAY I]= DYNAJET ZAAE o
FRTE o] A= 58] AAEH w5
Ao =4 FEEANS Wy
10°CFU/mIWHE 7F43st= ax
st Aot AE adeta =35

(ZH) Gregory % (2007)
A

2 o

4 i

o
i
i
mlo
il
oo
32

>,

=2
o
4
=2
=2
o
.
[‘:LI
o
fol
k)
i
ot
s
_Olh
_9_(
&

It
=
o
&
38

on] 2e9E o] &d AN} W

(Zh) Kumar KS%(2007) 71& 2892 g7} opd ¥t =Z (Divergent nozzle) S
o] g3l 4¥std FE A (Hydrodynamic cavitation) = LA 7= ATE
ATt Fsddol vAE XA S2E At vAE S glskgloH,

E2 5 sty Fedd] at 2539 Feddel 93t adEt o

(ZhH Milly PJ5(2007) 2-AAE o]gste] 88t ¥&d4(Hydrodynamic cavitation) <
WA A 7]+= Shockwave Power Reactor (SPR) #X]& o] &3} A}iﬂrz/\, EulE

Fo 2R APAE BT AgAG A%/ FASE FFEAL
AHAA 2 W] g m BT AAEA @ AR, A4EE 49
o ogalet FRe A7 aEL PEa, A4F AL 4A ANL

s AAFAEN AEE 7 s Aolgta A

(P Milly PJ%(2007) Aot Zygosaccharomyces bailiis AEXNA 65.6C
~ 76.7CoAA A5E AHE w), 718]3 skim milkel] P. A. 3679 spores& #
STAA 104T ~ 116TCA AEE AMHT W, + 215 EF rotor 3JAEET}
3,000RPMell4  3,600RPMC.& F7tgtel wel &5 3% (Cavitation) o €] %t
BGFAEL] XAREO] ST BalsgiT

b

(I  Milly PJ&(2008) 7|& AAE o]&sto] AlgTFAolX  Saccharomyces
cerevisiaext2] At Adsel did]l ATelth £HE4 ¥E5dEd (Hydrodynamic
cavitation) < ©]-&3%t At FX = HATO At FHOE V|ELY A FAHTE
T AAES Holw, & A FAoE AL Jhsstthal TSkl

(3h) Ozonek J&(2011) 2guie

L
oftl
o
o
(L
o
Oft
ol
£
o
o2
I
H
N
N
ok
offl

=
ol TEAL A 280




B

FEAN) A4 B 2ol Agd A7) I £F L 27
FEAY BYS M5 AL F Ak b R A4 9 A4S Agag. 3
Age G mAHG 2 R 9F o fEd FAT u £337/¢ur
e G TEAYY ARl Jhsd A0 FelA ATk TR oUW FHS TE
A wEE £gg b o2 welstel AAr)e YL PEol At A A
ol HEDimple)o] 9 F4E AL olel tetel FEF A4S Sk £
Ggel Fo) W A/1E WAs] £AANS FRPFAO, FEAY Bl I GOl
G4e At

AAF-A G (CFD) 28 5ol FHte = F5 " F=Xal4 dAajol] 9ste], ¢4 zH7+9]

A iAol thek 3D REES F3stgith. duiAel AMg mdy g g = gl

SolidWorksE o] €3le] 2D EHE 3D o R HIlsl: YL FdsP o, FE9)
[e) @)

=5
PAH+= 4 =l (analysis domain) & F=3h= Hgel Qo] FEsde EZH Qs
Y Fo Az AHAYS Xié]—é]——‘: ool st =¥ (simplification) 2F¢] FEgt W33
At #ilsH@, TR IS ANSYS v14.0 U9 #5384 25 FluentE ©]&3k3lth
ndge 4 Trlel AAF(mesh) &
1l

AN e Folstel FAANS

1

(27 12]eA Bz wpe} o] 324 995 7179 1A dgor HdHste] 3D A

Fe TS, fFEsldel] 9FS TA G Fab> AR wiASEAY st
& solid part RE¥S EFs3th. 7HE71E FA8S e FF T AV 22 HAEE
g ste] - %%5_’%0] Elge }*‘E &7l oéf?}o] e Fao HHX%]‘E?}O*]\:} okt 7]
(front cover), 3|7 x
}Oﬂ %E—iﬂﬁr 5]

C?
(@)
=
O
o
I
rlo s
N
e )
<
(@)
[ab)
=
o
@)
<
(@)
3/
rllﬁ
i
2
ofl
o
o
:E

9,
_m
X,
s;

2,

. |0
{1 HU
o
1
)
L2

o

—_

49,

WA, 7har1e) G saAel 9ol gls BN 9ol Ut YL Aol ol
datel £33 ANS SRR, £} YBe] Yt Fgol TFAY WA wr}
e BYYL FaAsgth FYE AAE B2 92 Fgo] A% (eylinder) 33}

A% (cone)F e

%
= 9 Al A8kl

FEalAde EZQst FES Aty /A7 E A =Y (29 1219 (a) 9 2
H, o5 T8 UF-o f25 dysta d+ U =75 st (19 1219 ()9 #2
=
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(@) 747 8%

Dimple

Front cover

‘Ehar cover

Rotor

(b) ©HE
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4 zhoRE YZo) gt PAT 0aa W PZo] Y Y-S A ool
datel #EF AN FASRG E@ Gy Fu % 2/E AGskel AN
sttt 920 F42 A% (cylinden) F3 A% (cone)F0] F A Fow A4
slgow 7 gake] Zolg WAS] Zold wWE PTL AAstrt 7 Yo 9E
4742 10 mmz wPeGT A2Y 9E P (17 1319 @9 gor] 4% A%
()F WA A0l Wael B JFL FAstud stAvh. ARF Yol 4.0

Qe FAa7] 9 APAow o4 2del Tl ABekATh. B 13749 W4 22
o [% 3le] s

(a) Cone

(b) Cylinder

[23 14] 7Fd7] 349 o
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[ 4] 92 34 x4
Shape type Depth (mm) Angle o (degree)

3.0
) 35
Cylinder 10
45

140

3.0 150

160

140

Cone 35 150

160

150

40 160

45 150

e
2

Zgetal ;J\°1 5‘“% OS‘ ] ‘41'} 7&;} Adol FQsktt @A H
AolA aystofofet, A A o AEH G (Turbulence) RS URbA oz ¥
o7 7F4 Wo] AME-E = Standard k—epsilon BE&-& AFE-3FI T Standard k—epsilon
nde A S % W cavitation B tlate]l Aol SEn, g2 wd ok AAr
Al Zro]l AL S 7FA AL Qlo] AEEkgt). Standard k—epsilon 22 AFE-dlo] HAS
(boundary layer)ol4 ®W3&<4(wall function)E& A Esto] Wall A Inflation
layerE 5 layer AT o& 2d9 A Wall 3| Inflation layerg 10
layer o|At AAJslojof x|k Standard k—epsilon EE ®Btl AA AT $ Qlof
A2 HAE % CPU times AT & ik [29 15l 8% A 999 A=
A FJeE YgeEla 9o, AE AR (structured grid) & B H H A A} (unstructured
grid) & E3sto] i gl A5 sl

_34_




AA ApAdA ol st A QoA oA e tEEe e dAtS o (multi—phase)

= % 2 A e e A (single—phase)

o7 FAE FE5AS AT Ao g, AR gE Ao gtk fEigaS agsfok
3

s Ede @l FA4 A2 WS o] &3k A Vijoln, HH2A] FY AHE
YA Ete] Adel e @A HAAEHY (viscous drag force) ol oA w AAH ) Fluentol
A L¥ cavitation 22 Mt (liquid phase) ol ©< =7] 713 (vapor phase) 2] 23 7o
3] 71&3t Rayleigh—Plesset WAAS 7|¥tox Jidte SRR 7]Eo] AA
(evaporation) ¥ £ (condensation) S 1#ldle] FXa|AS H3ystA Ert. Fluentol
A g% 37}A 9] cavitation B9 % Schnerr and Sauer? Ed& t}E mdSnt) wiE
TEAAAES 7HA A (robust) 3 REE OAGFE 9 Fluent? RE Wi 2dy) 3
AHEE 4 Qlo] Schnerr and Sauer 28-S Adeste] 2 AFAe] 7197 UF-9 5%
Ao A48ttt Cavitation REe A A ZEa Aol WAsty] o] Ao A4
o o= A= FESHA AREE & Aok WA AA9] Wt of

Fastal, E3 o] F cavitation RE-S A slste] FHEA S S5
phaset & (water), Secondary phase+ %7] (Vapor) ® 2743

A T-5-(inlet) & =75 (outlet) &) AAXHACEZA At o] FYH= 2
£5 AAlzAd 2 oy dA W) =ds AFgsiion, 7tdr)e] WHEzde R
HHAA(No slip) ez AAS. 34 A (rotor) 9] xS A <
A ddE 7 N dYdor yrol AAdsglew, [ 1613 #Zo] thE Fx 2y
(multi—reference frame) 2 AFE-3FAT) Fluid 1 %3 Fluid 2 ¥%9 #%E 7
d7Asto] Fluid 1> AA AHielH, 3 Aste Fluid 2+ 7+ S+ THS=E
sldetA "\ AAAJ FA A 202 [ 4] FFete] YERA AT

¢

rlo

Z] A

okl

I T

Interface

Fluid1 : Stationary

[23] 17] Multi—Reference Frame
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[ 5] A8 =4
Classify Condition
Primary phase Water
Secondary phase Vapor
Velocity inlet 0.8 m/s
Pressure outlet (P,,) 101,325 Pa
Wall No—slip
Vaporization pressure (P,,,.) 3,540 Pa
Multi—Reference Frame -
Rotation speed of disk 3,600 rpm
Rotation direction clockwise

AN Ade WA dE0 g 94 9Bl FAsE 34 vwste] Y
R FEAY WO VAT JFS HAsn,

ek, (19 1819 ()«

9E
& (volume fraction) S e}

(29 19]% 980l g P43t e FY AR E 29=E dehadk AGRE 57
AAE FAE NFOR YES meh 39591, 9B IS FHHOR FAH)
g8 FANFOR YES 0 70 mmel AFFE SHSFAE TS N FoR B,
$5 90 gael U@ ALEE TeTE dolsk vjvsie] AR otd%oR Y
olfrt HW wel T/ A/ WEel E TS FAsked Yo FT JFo]
Q= A3E B Motk YEo] QE Fyel gt Fgud o Wol, F FHow
RE 9Bl EASH: A7 V1T ek 2 HAF 5 9lov, ot 3t ¥Ee
FA7t FEFFS O T Aol fkw 47 & ek

=
: Ao Zlo] Wistel mE o, AWH 2w Wae] HE JT
5 Z47he) G AES sl 4 fYE LS wEHE wAE 7Lt
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(b) Dimple

[213] 18] Pressure distribution
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e-001
3.634e-001
3.028e-001
2.423-001
1.817€-001
1.211e-001
6.057e-002
0.000e+000

(b) Dimple

[29 19] Volume fraction of vapor
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[2¥ 20] Comparison of volume fraction

&

)

—

Zz10]7} 3.0 mm¢

(volume fraction) ZA¥}o]H (a)

a9 20]&

[

140° , ()= 150° , ()= 160° = viepdlitt,

=
R

2 ek Zolw

o] AlAtEe] =/ HER T

& 17

g

pa—

Z1o]7F 3.0 mm<

% 23]
=7} 150°

[

hyA
S E

, 160° HT} 7)

o o 140°

&

g

wol wWE 712 AA

—

Z10]7} 3.5 mm<

o
-

(29 21]

140° , ()= 150° , ()= 160° = vrepdlitt,

-
R

(volume fraction) ZA¥}o]H (a)

& HERd Zlo|r

o AAFgo] A vhebeth

13y

—

13 241+ Zlo)7F 3.5 mm®

[

Ay
S

RS

, 160°

d o 140°

—

Z1o17F 4.0 mm<

L —
R

(19 22]

150° , (b)= 160° = vtebdch

-
R

(a)

(volume fraction) Zx}o]H,

—

13 251+ Zlo)7F 4.0 mm®

[

o 1507 Bo} 71328 AAFEo] =4 YERT

0]
=

=7} 160°
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] o

(b) 150° (b ) 150°

i
- -

(c) 160° (¢’ ) 160°
[779 21] Pressure distribution (De = 3.0 mm) (Left), Volume fraction of vapor
(De = 3.0 mm) (Right)
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25000

(c’ ) 160°

[729 22] Pressure distribution (De = 3.5 mm) (Left), Volume fraction of vapor
(De = 3.5 mm) (Right)




25000

(b ) 160°

[779 23] Pressure distribution (De = 4.0 mm) (Left), Volume fraction of vapor
(De = 4.0 mm) (Right)
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[729 24] Comparison of volume fraction (De = 3.0 mm)
o e e £ g _
=T LT jira) AT java )
| o
08|
=
s |
o |
[o]
- |
s
S 06
= |
L
t -
g =
@ 04 [—
E |
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Q
> B 140
02} A 150
B —— 160
0 7&#’\ L I L L L L I L L L L I L L L I L L L I L L L I
3 2120 ~110 2100 -90 80 70
Y (mm)
[729 25] Comparison of volume fraction (De = 3.5 mm)
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[729 26] Comparison of volume fraction (De = 4.0 mm)

HE9 FAtol dEFd W dE9 Zolg g ALE wluste] 7 frEsk zlols)
Zt=E vlusteivh. [O% 26l ©ES FAto] dEdolw dES Zolo wet 7HE
st s AHEste] Volume fractions HI3H Idlolth, HE2 FAto] AEd,
HZo Zlo] 3.5mm, 942 4% 150° A Aol M ¢ a9E BY Zlow
of| &€ o
1 o
08
= B
j=9 -
]
> B
Y
© 06}
= B
2
5 |
S B
o 0.4
£ = —4F—— De=3.0mm-150
= | ——=—— De=3.5mm-150
>0 | —7—— De=4.0mm-160
02} De=4.5mm-150
oI T e
Y (mm)

[2¥ 27] Comparison of volume fraction
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3.0 mm, 3.5 mm, 4.0 mm, 4.5 mm= WHAZ
Zlolof] whE 7] E 9] A AE-& (volume fraction) Z3}o]t},

Zb Zlolo] mE 958 €F FA9 AFEE 1HZE vER L Qo 95
9Z9 Zol7F 4.0 mm¥Y 3.0 mm, 3.5 mm, 4.5 mm Xt} 7|¥X9] AHEEo] =7
et A9 2E oA 9EY Zol7t 4.0 mmA wf 7|EZ7F 2 sT]e] 7
F2 % gAor YEltth
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)

(a) 3.0 m (b) 3.5 mm

(c) 4.0 mm (d) 4.5 mm

[29 29] Volume fraction of vapor
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De=3mm

—2—— De=3.5mm

De=4.5mm

———— De=4mm

-100 -80 -70
Y (mm)

-110

o o
lodea Jo uopoely swnjop

02

[23] 30] Comparison of volume fraction

il

7

17} 4.0 mm< w 714 &8
3.5 mm, Zt%=7F 150° A A 7F

Z\—]LO

3

371 4

o

i

)
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i)

WS e Rl

(=]
©g | qR
£E§ ]
il .m.m_v ]
e 43
il Qs ]
28| ]
5% | ]
an |%_
il ﬁ ]
% 1o
-
gl 1"
1c
1o
1
-.Tw\b_
Lo by by by f
i @ © < N =
(=] o (=] (@]
lodea Jo uonoel] swinjoa

Y (mm)

[28] 31] Comparison of volume fraction
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RYA
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F7b ol g of
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o
FAZ I

Al HER =

=

ojd Ao 7 oA
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=

ol
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e
=

gol 743
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IR

3]

&

[e)

=

A7t F2 AAQ Fylo o
A< (CFD)

[e)

i

mj

oy

o] M7t

=
=

- o
T B

2] WellA

-
T B

ojth. M-&7]e] ]bgAde] i E
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o3
.
o
e

ol
xr
o

Total
0.55532
0.55766
0.55199
0.55465
0.55929
0.55835
0.55808
0.56125
0.56154
0.55698
0.55619
0.55529
0.55674

Volume average of Volume Fraction
(%)
Fluid 2
0.56524
0.56486
0.55568
0.56064
0.56715
0.56667
0.56557
0.57004
0.57056
0.56424
0.56120
0.56059
0.56042

Fluid 1
0.54770
0.55209
0.54909
0.54997
0.55318
0.55191
0.55230
0.55439
0.55450
0.55133
0.55224
0.55113
0.55382
— 48 -

Angle o
(degree)
140
150
160
140
150
160
150
160
150

3.0

3.9
4.0

Depth
4.5
3.0
3.5
4.0
4.5

(mm)

Shape
type
Cylinder
Cone




AT F7HE A% AdAA Y pilotFuE] AA €L AR

A= de WA= 7T, 7T AETIE ddse F AFAA 9 TR
TuE 'Ol FrHA @A sk A"WHE FAEH v (27 3113 @01 7ta7)+=
k7l (front cover), G 7 (rear cover), & AA (rotor) & 5o o, F5H T
Ay gl odkeks flelf ofstel] [2¥ 32]9F ol dA ol dEdI '91%54 FH=
A% @& AAANZT 24 "daae] '4E9 v 2e B¢ 15739 3 (high
frequency noise) 2] €Qlo] # 4 QloH =z olF H37| st ZF fAFoA HE
M o 2A AASSI Y [19 3312 Ao AJ&E Abxl o]t}

Front cover

[ 32] Ao Age
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cover), 97l (Rear cover), 3|4 (Rotor) & T4 += 714 2
\:]_Eﬂ] ;q]xlol.oq J_Ed/\]-v/] Hl/\goi 0]5]- }\L‘ELET/} Bl o3 §_‘,o§. H]j’_ E];:-]!E
obeff ol [1%l 34, 35, 361> 37FA Alo|ARE FitH= 7FA7] 9] FAoltt
A Zole YdEH AEY FHE Aost FFoE 37HA Alo]zel o3|
otele] [19 34, 35, 36l It 37H4 Agol W& 2oz FAk
C)= AH st

:
=1
e
&
O
L]
)

N

[7% 35— (a)] &58Fel "HEo] 7Hd 3 3A (rotor) & A=A

:
NS
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(7% 34-(b)] AF W] PEo] 7138

[
o
wW
,.j;
r1r
A\
oL
e
~
1o
tote
rzi
EB
5 9
(@)
Z
o,

M= 887 o]t}

[1% 35]% 7} 719 3 @A (Rotor) k2 ol wl
TNdel A Frte A g el ERERMN

\]
2
rﬁ

s AoH MEEo R EHAE

o

7 (Front cover) 9] AEAR 4 &

=
oy
AEN) ‘15
o

U O i b

— =
ol N, k1o ot -

Zo] 7taEo e A-folth
dEFAQ Aaan U das
T skelth. &9 sl 3 @A (Rotor) o 647,

ol 7l (Front cover) % Y7 (Rear cover)ol 212} 307), 24702 FAH RO HZE9]

Z M= 1147400},

oﬁ, o

TR 7M7IE sk
Al (Rotor) 7} 3 Ae%S &
N+ 3144 (Rotor) F
6271, 2472 FA= o

1o

N rzi (i
i

361 k71 3404 (Rotor) AFWF 2 F% Fwle] PFo] WF /13 o]
:i
o

=M (Fornt cover), HE7] (Rear cover) 9 ZAaE S A
W gEel Az watshs 9120 BEe] A= ek
o 967Y, 297 (Front cover) W S E 7l (Rear cover) ]
HE9 F e 1827H0]t
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9 =y

12

dl (rotor) & A&EA

2 %

3]

(29 37— ()]

g7l (Front cover) 2]

1

(19 36—(b)] 5%
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4. 15kwq L2YAIZF A Zv)e AA 9 AF
Hl=3ks Agjka o2 tgat 7
7

£ o #2 15AF 16mm) 2 AR, AlFelA AHg" dE7]e
¥ 15kw, 34 380V , EFES 90.2%9 AFFS A3 &R
FFL Fotuy] fato] WEV WAL AMEE Fo TR AME ) FsE
Alejeto] As719 3AEHEEE WHIA AT AFEE QIWE = LSAHA(LS  Industrial
System) ¢ R @1 iG5AClH 3 A% 2,100~ 3,600 r/min WS lA Alo] kit

Hjo] A5 Q19 (inlet) 9F &7 (outlet) 5% &3 X< 15A(eF 15 mm) 2 %o
o] A FAe] ost JEFS Haslslr] fste] AEHJY AR AT T
AHEs Aefstr] Sstel AR (Wilo)e] JIMEE 7k FZ(booster  pump) !
PBI-203MA Ed9g ARESllow ARRE 7heF B o] AR A 33m, A 4R AY
0.75kw, T 220V o]t}

AT S5 D X 255 SAsH] Al A 2244 = K type ¢ Thermo
Couple = AH&aFRlth 79 =759 e 4= flste] AHEd A= Sensys
M5100& AH&stl. #&= S4st7] flsto] W@ A5 715 15A 142 AR
(electromagnetic flowmeter)
& Ao (Flow control) & 93l

lf
>~
Rad
ol oo
ol
ol
e
R
do
o
1o
to
offt
=
o
=
=
o
a
o
&
£.
2
12
2
%e,
o

PID ###|o]J®¥ B (Proportional—Integral—Derivative control valve) = MIC 15PE9-&
ARGEER o TRt Sk wEAl SlrARelel AAEESIE LabVIEWE &8l 4~20
mA°] A714 A5 E o]&sto] WMHE JfHE WAstY] FFS Aosiion, ¥ =4
HA e SMds2EE IS 7 S sigith S48 259 oE 4 /% dHolHE
22371 $13k dolE &5 (data acquisition, DAQ) A2 National InstrumentsA}F2]
NI ¢cDAQ-9178 R4& Abgsto] obd® 7 A5 YxdrsE Wiltste] PCE ARE
T, AAAJA Al A FAAEE (28 37] @ [2% 38], [ 6] YERUAT

L
a-

A 60LY §% 2 AYAE TP oY AL AZse] YL mEsAoH
09 3812 B9a W fFAle] WRE Agd A APEN FHES b
s 3l
o]

—

9% 391% fFPAIUN W g of AA wgolv, [£ 7lel A
P EhiST o % Batel H39 2% A g &4
MAE 5 9 Hol,

>

=
R




Waste

V¥atir 7
&

DAQ board. A/D converter .
Main power

PC
’ ' @

T-elbow

15,6,7.8

Ball valve

? @ -

T-elbow T P2 =)
Water bt
Tank Inverter and control box
Power meter
T-elbow -
NS P TID A
Ball valve Booster Flowmeter \
pump - .
T9
Water
T1.2.3.4E Tank
(Milk)
A 3 O o]5 3 2
[719 38] 15kw & AsAlds 9 A &4 #4=
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oX,
ofr
i
o

sk

Z
o

Part name

OO O Wi+

Water tank
Booster pump & Flow control valve
Flow meter
Pressure % temp. sensors

Generator
Milk tank

DAQ system

Inverter & control box

[3 8] #F&Alo] R 4l

CECIRD

Description

Specification

Power supply
Input signal
Feedback output
Calibration
Action mode
Resolution
Fail mode
Digital dead band
Noise skip

Indicator

AC220V 50/60Hz

4~20mA , 0~20mA, 0~5V, 2~10V
4mA ~ 20mA
Auto Calibration
Reverse/Direct

400:1
Close/Stop/Open
Narrow : 0.3 mA Wide :

0.2V

3 Digit LCD

0.7 mA
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Specification
0~1,000 kPa
+0.50 % (FS, RSS)
+0.05 %FS/TC
+0.05 %FS/TC
9~30VDC
—40~125T
4~20mA
PT1/4
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Description
Range
Accuracy
Temperature characteristic
Output characteristics

Power supply
Temperature
Output signal
Standard screw
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A2 %A (electro—magnetic flowmeter)

B

9]
&Fa
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2Holth KStraolA A4

]
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e
23l
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Ao Eol
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=
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5. 15kwit TEBA AZFH ) Y5AE 8 AL R Y5AE 59
15kwd LA Agule] JeA@ed AR st (29 341, (19 35],
(29 361¢] slgats WA, BB, A F Az nE LB e

Eoh AT 5O Aol jF JPEE sAtelr) 91d LAHAUS. 2w HA)

[e)
A 2AAY 2 dasde] AAE s A¥EA Ay Y 9o
A, = O]%O}Oﬂ ZIAA e BrhE st 4EE e Y 2 AT
dee gdst7] A8 7t HEZE ol &sto] fdFelAe e A=
o 0T JMEEZE ThsekA Zske W(p,, =0) 9k 7H HEZo FA
+=(pr,) o2 EZ 85 0.5 ~ 1.5 bar(gage pressure) Helox WA T 2F ¢k

2 skl BTN A Sl A% FFE FAHY] A3 AL o] Fatol
g Ao A7bEE A 4 F3EE wAste] Alojstadth SASEE 2,700 ~

(@)}
(@)

0

o 32

>

il

re
2

o> flo rlo

Coox Y A R
~

—
@
s

O o PN PN S

_?_

30
o
[d
ki il

r/min(45~60Hz) ®¢ oA 300 r/min(5Hz) 7FE 02 WHIIA|7)|HA AHES 3
ZIIEEE THEehA] &2 AdEeA AR A& %E7 3,000 r/min BT

gAYz o] A FdEA Bt da& FH A

e
)
3

12

o

N

2

14 WA WAL o8t v 4R BT A HHoz
AFRIE BT A AFFA HALE} 2,700 r/min VR
AR Ango]l AR WS AR AYHo] AP £ Yk A
[£ 101°] dehl ek, BE deolee] g5 dagAe £ A% F d%s)t
ety wusel A sgon, 34 dee wde AFPA ET L9 Wl

(% 11] g3t 35y w433 43 27
Booster Pump Setting Rotating Velocity
(Bar—gage Pressure) (r/min)

3,000

P, =0 3,300
3,600

2,700

_ 3,000
Pt =05 3,300
3,600

2,700

_ 3,000
Py =07 3,300
3,600

2,700

_ 3,000
Pser = 1.0 3,300
3,600

2,700

_ 3,000
Por =15 3,300
3,600
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DERAE AR WY 2 pRE setets] fskel 4 APz mek
1

g3l 718 4% ABS TR TEAY F(C) W UFFLE(AT)

FEAY £t TEEYY WY JEE dehie Rhdseld, 4248 TEAY 14
WETl o B RaAdA AeR FEAA S ga gt 4 (1) 2 4 @3 2o
Pl _Pv
C,=~ 2 (1)
Ep(RTwJ?

(P, @ vapor saturation pressure, R, ! radius of rotor, w, ' angular velocity of

rotor (rad/sec))

Pv . vapor saturation pressure

P, AH 1 1

Il vap o IS
1an 7 (Tv Tl) 2 (2)

(AHWP : vapor enthalpy, 7' @ vapor saturation temperature)

Foge U AEs

B RuAdME SIS T8 W 4D J1E A9 Foed Egshs g
AN 3T A7 e mEeA 2AHE Qe uHakA ggron 2 (3)3 o)
T3kt

H = pQCpAT 2 (3)

(AT = (T,—T,) ., Cp = specific heat at constant pressure)
AY oA AE7lelA auEHE 74 AY(E)S SHAoH, o]F o]gsto] 4 (4) 9
= — X 100[%] 2 (4)
n i 0

B Ao A 2skEr|¢h vd W U exo gs B BEARE o gsto] 3%

spline HIPH o2 3k tf¢)3talct.




FAZA QoA 9
shebelE] % Shpolu.

SEoA ATedeol
A5 Aol A

Heat (KJ/hr)

60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

vl

had

A4 el glel 3
Q1 -ete v} uhAyel ekl

Stk E o B o] FrbeteE Ao R eSO T,
g AE wolw gtk

—— 2700 r/min

——&—— 3000 r/min
—— 3300 r/min

—&—— 3600 r/min

1.5
Inlet pressure (bar)

(7% 43] 7 Srelo] we o wae
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100 Sl :,:f::!;:‘::f: :,:f::!ﬁ:‘:::‘::’:f::‘: :':::‘::,::?::?::'::.‘:::.!..!..'_..‘. PRI R S PRI P

85

2700 r/imin
3000 rimin

+
90 —_—— 3300 r/min
il ——&—— 3600 rfmin

85

n(%)

600 025 05 075 1 125 15 175 2 225 25

Inlet pressure (bar)

[79 45] 7=l w2 dad
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7FEEA 9] 3l el ot d WS dotry] fste] 7t BE O e ofF 4
28 AR IJAEEE HAst APS FdeeH, 3 "Cﬂ 2,700 r/min
kRl A9 A ds W dgfo] dA3] W AS gRlste] Ay oA Akt
(2% 46]2 7FEAA9 AT dAdsS e, 59 A7 o5 Z3elA
JAEEE 2700 r/minollA 3,600 r/minl.ZE =734E Ay degfo] ZrtetE AL
kelgh 4= Ql=dl kA Awgst (19 4519 lnjEold ol dist Aol U 5HSIT
55000
50000 — = Pset= 0.0
| —&—— Pset=0.5
45000 —— Pset=0.7
| —<—— Pset=1.0
=y ] —€— Pset=1.5
< 40000 °e
5
+ 35000
7}
T
30000
25000
20000
15005)400 2700 3000 3300 3600 3900

Rotating velocity (r/min)
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ol
;meo
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;meo
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EEVEIE

3900

3600

3300

Pset= 0.7

3000
Rotating velocity (r/min)

- —H— Pset= 0.0

2700

65
69400
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— o 1T o ==z = O d = O = =
[3 111 71418 s F7F 279 72 dHolHss da& 439 s g2l Aol
> =0 0 = 5 o ===
b da8&& 82.18%= vghow, AdoA AFEH 7Fek Bz 4H] Ad¥E S745HA
ol o
Sig=s
> ] [e] ) = O = O = =] =
AR 2l 2AE FF, AT7YE, 958 52 BT Aystojof shh @y g ek
e} = O 1 = [e) 31 L =
S o daso] A AT ol FHT FFY ¥EoE st Aolw HF 7]
Hol= S = = =]
Hras 2AE 4 Q7] WEoln
A ZF7HA 2] "HolEHE E3lo] 3] WS % (rotating velocity) ¥ S7MA1 713 794 (inlet
[e) o >~ : . o) =] [e) 3 =]
pressure) 272 HSFE 7FA 7)oM) cavitation EA ] FElsithE AS FAEAT)
[ JNAA ded7t A9 W da
. Booster
(r/emin) Density Sr;le;ltﬁc pump set P1 P2 T1 T2 AT Flow rate Heat Energy Efficiency
(kg/m") S (bar—gage | (bar) (bar) (T) (T) () (m/hr) (kJ/hr) (kJ/hr) (%)
i pressure)
i 10.3 23,472. | 33,930.
3,000 | 996.81 | 4.179 065 | 118 | 27.88 | 38.20 | 0.61 o P 69.18
12.1 33,241. | 44,467. i
8300 | 996.71 | 4179 | P,=0 | 059 | 113 | 2823 | 4036 | 0.66 i 0 74.75
_ 14.2 41,114. | 51,866. )
3,600 | 996.38 | 4.179 053 | 114 | 2941 | 4361 | 0.70 I T 79.27
21,882. | 32,435.
2,700 | 996.30 | 4.179 1.27 | 119 | 29.69 | 35.64 | 5.95 0.88 w i 67.47
_ 28,233. | 39,236.
3,000 | 996.31 | 4.179 1.22 | 117 | 2859 | 35.86 | 7.27 0.93 i o 71.96
Pt =05 36,130. | 47,158.
3,300 | 997.37 | 4.180 117 | 117 | 25.66 | 34.66 | 9.00 0.96 b i 76.61
10.6 45,403. | 55,678. -
3,600 | 995.61 | 4.179 117 | 114 | 3200 | 4268 | 1.02 " i 81.55
22,103. | 32,958.
2,700 | 995.97 | 4.179 1.40 | 112 | 30.82 | 36.21 | 5.39 0.99 o e 67.06
28,581. | 39,759.
3,000 | 99553 | 4.179 1.39 | 1.27 | 32.24 | 39.14 | 6.90 1.00 i’ . 71.89
Foet =07 i 36,667. | 47,606.
3,300 | 994.31 | 4.179 1.40 | 1.37 | 35.88 | 44.56 | 8.68 1.02 . 2 77.02
_ 10.2 45,965. | 56,500. _
3,600 | 994.43 | 4.179 134 | 125 | 3553 | 4582 | 1.07 o P 81.35
24,099. | 35,574.
2,700 | 996.49 | 4.179 1.60 | 1.20 | 29.03 | 34.12 | 5.09 1.07 ) o 67.74
29,396. | 40,432.
3,000 | 996.49 | 4.179 156 | 1.22 | 29.02 | 35.44 | 6.42 1.10 o0 s 72.71
B =10 i 37,258. | 48,503.
3,300 | 996.64 | 4.179 151 | 117 | 28.48 | 36.34 | 7.86 1.14 i P 76.82
16,483. | 56,874
3,600 | 996.55 | 4.179 1.47 | 1.20 | 28.82 | 38.44 | 9.62 1.16 0l o 81.73
_ 23,603. | 34,303
2,700 | 996.35 | 4.179 1.94 | 1.28 | 2953 | 34.22 | 4.69 1.21 08 a 68.81
_ o i 30,875. | 41,553
3,000 | 996.06 | 4.179 1.90 | 1.28 | 3051 | 36.46 | 5.95 1.25 o b 74.30
P =1.:
st =15 _ 39.063. | 49,699
3,300 | 996.11 | 4.179 1.86 | 1.30 | 30.35 | 37.67 | 7.32 1.28 - M 78.60
i 48,149. | 58,593
3,600 | 996.09 | 4.179 1.75 | 1.24 | 3041 | 39.48 | 9.07 1.28 i, 0 82.18
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Booster Pump Setting
(Bar—gage Pressure)
Py, =05
Py, =07
P, =09
P =11

71E5 e o




e we
‘Psetzo'svo/] OE:] HE

kJ/hr 2 UEFS

56000
54000 -
52000 -
50000 -
48000
—~ 46000 -

Py o] Al
wygel AFHow FAEA Hid,
Hol A AAHOE Gz Wah] B
qrolA A Wt gk Az Ad 2

A AR [I9 48] uEhSH FAA o199 A f-elA
AL A& B olF g¥o] FristdA A 4

FHAE P, =074 7HE 9 d DRSS
A A Wb mvlstER @ A 9
WS JACO P, =1.1°914 56,204

—a— Figure A
—e— Figure B
—4a— Figure C

1.4
Inlet Pressure (bar)

(1% 49] Qloreel e o WA
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Artg o] Wdle] wE dase [1¥ 491 YeERAT A oAM= P, =0.70A
Jhg e o whEkS Boly, 7o wel REEE AR
Zol ¢ & IAE dafol 7H @A Yersth FAB oAM= dTgE el St wet

—=— Figure A
—e— Figure B
—&— Figure C

[0]
[e]
|

©
[o2]
|

(03]
g
I

o
N
|
|
®

Heat Efficiency (%)

(0]
o
|

~
[0¢]
1

76 y T ' T ' T T T ' T Y T . |
14 1.2 1.3 1.4 1.5 1.6 1.7 1.8

Inlet Pressure (bar)

[79 50] 7=l w2 dad

_70_




tol 21 (3) el 9
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o« © s N = o
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Inlet Pressure (bar)
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4y ot L

N

-

[of ofN 12 & mx
off (O

M SLope rfu

O

_

Flow Rate (m®/hr)

| W2 +F W3k (29 511l dekdisiah slorste o] Wste] wet kol
shAl Aok Al B4 BF AT sdoA A S7HEEHE vEiwt el
HstE PAERE Aol Uehded ol ZE 4He dEo] dF
Hatr] WFoZ FekETh o] wiFo] FAFAS FAUAB AtoleA ARHAQ
e g9 @ 5 AT FACAAM = 2H O PR o HEe] FUhE FA
sHgoR A8 el wrol FEFol HAsHA HAH
—=— Figure A
—e— Figure B
12 —4a— Figure C
' R
1.1 4
*
1.0 4
0.9 -
0.8 -
0.7 -
I I ! I ! I ! I ! I ! 1
1.1 1.2 1.3 1.4 1.5 1.6 LT 1.8

Inlet Pressure (bar)
(29 52] A7l we FraFuist
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~~

[ 13]° Asdd A3 F2 delHE Yehih
o

Tk, =3 REHEY
60,000 kJ/hr) = zﬂré}ﬂl Ho] AF7F 7tdA o7 Ay = Aol yEhg A Hoh

a1 (¢}

AR EHo] BE W Yehtth o)t mE 52
#87] Wrolth, o wAme FACY P, =11004 74 BA et ol
S G AT ASA 2R SEAD, A YEE A G99 2 Le gl
A3 Zrbete] Aaee odd Aadt AT we EE
0

Wb 7] dele Fatel ARdES AWsA A 7
welste] BACY P, =05 A4 ABsHE o)

% 14] /A4 A5E7 As 2 dag

Booster
. Specific pump Flow .
Fi Density heat . P1 P2 T1 T2 AT te Heat Energy | Efficiency
ure ea se ra
£ Ckg/m*) (bar) | (bar) (C) (C) (C) (kJ/hr) (kJ/hr) (%)
(rifkgc) | (bar-gage (€D
pressure)

997.77 4.179 P, =05 1.15 1.09 2397 32.11 8.14 0.84 28653.07 | 36759.29 77.95

997.74 4179 P, =07 1.21 1.11 24.11 31.34 7.23 0.92 27746.14 | 36243.26 76.56
A

997.71 4.179 P, =09 1.37 1.19 24.22 31.05 6.83 1.01 28722.12 | 36814.27 78.02

997.71 4.179 P, =11 151 1.24 24.24 30.86 6.62 1.05 28898.79 | 36646.82 78.86

995.61 4179 P, =05 1.17 1.14 32.00 42,68 | 10.68 1.02 45391.14 | 55678.32 81.52

994.43 4.179 P, =07 1.34 1.25 35.53 4582 | 10.29 1.07 45952.59 | 56500.42 81.33
B

996.55 4179 P, =09 1.47 1.20 28.82 38.54 9.72 1.15 46729.82 | 57261.87 81.61

997.73 4.179 P, =11 161 1.33 24.14 33.80 9.65 1.18 47337.34 | 57840.52 81.84

999.28 4.179 P, =05 1.19 1.08 15.36 3249 | 1713 0.68 48843.78 | 57023.33 85.66

999.23 4.179 P,, =071 1.34 1.10 15.70 30.89 | 15.19 0.83 52596.44 | 59544.30 88.33
C

999.29 4.179 P, =09 151 1.37 15.26 29.61 14.35 0.93 55587.42 | 63677.11 87.30

999.29 4179 P, =11 1.72 154 15.24 29.01 13.77 0.98 56204.52 | 64174.06 87.58
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TL2TRAIZE A =k e 2 A J A

4 dgg 25 JA4 B, CEY dA3] wHA dErsyIel, #dAC et A FasHA
okokth. 71AA AeAd Aol wet d4 B, C & EH ¥3 2 H4 958 e85k
Fd CE oA AdAds AyYstgon, xR Py, = 0.5, 3,600 rpmO.E

[32 14]¢} [2¥ 52]& A=A A4 n| 5 ol &3l E. coligt B. cereuss HEAZ
UHT -/ % &5 40TC9 d7=%¢ 60CY HE2EzE AAYste] A3st Aoty
ol UHTS-1l HFEAIZ E. coli®t B. cereus® 2+ Al d #4+ 242 5.58+0.07,
5.66+0.57 log CFU/ml °o|t}. A& AIZE 2t & o] &3l UHT /5 °f 2%
vjuto g Aetst A3 E. colist B. cereus 22 1.11+0.05, 0.12+0.48 log CFU/ml
Attt B AEA E. coli®t B. cereus® At Agl A #4247 5.67+10.17,
5.43%0.25 log CFU/ml ©|3lth. 12 GAIZE Al E o] &8 &2 o 2xvntew
23t A, E. coli®t B. cereus ZFHZF 3.44+0.01, 1.89+0.16 log CFU/ml 7+43}9it}.
ETEAZE AR E ol &8 UHT-¢9 =9 A+d vlu Ad4d3 60T H=

al =
2o A AdAI oF 1~3 log CFU/ml 9 T4 AIdS Holw, FHTF EofA
E. coli= 39.01%, B. cereuse 32.69% U %<2 A2 S YeEW L (p<0.05)

[ 15] 2| 7F A8 9] UHT#9F Eof ofsh 2y A9

FK

Spoilage  Inlet/Outlet AT Non—treatment Treatment

LRI)
organism Temp.(C) (TC)  (lLog CFU/mi£SD)  (Log CFU/ml+SD)
Escherichia 5.58+0.07 4474030 1.11%0.05

UHT  coj .58*0. A7*0. .11=£0.
Milk Bacillus
5.66%x0.57 5.54£0.09 0.12£0.48
cereus 400/
— 20
Escherichia 60.0
. 5.67£0.17 2.23%£0.16 3.34£0.01
coli
Water Bacillus
5.43£0.25 3.54£0.09 1.89+0.16
cereus

1) Log Reduction
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—a— FEscherichia coli UHT Milk
—o— Bacillus cereus UHT Milk
—w— Escherichia coli_Water
—&— Bacillus cereus Water

i
]

g g i g T
A A A A A

HH
bt

— 4+

Log CFU/ml
H_I
]

=3
[+
i+
L+
I+
i+
i+
i

Time(sec)
[29 53] A2 WAZE Atdn] o] UHT $-feb =l gt A dd A7

(3 15] 9} [1¥ 53] T2 Atdn)E o] 83l E. coli®} S. aureus “12]3L B. cereuse
HEAZ UHT 5 2 B 40T od7=2%9 70C9 HE2EZ dAsto] A
Aytoltt, olw] UHTSfol AFEAIZ E. coli®t S. aureus 18]3l B. cereus® Ar+t A
A 5= 22 5.89+0.05, 5.19£0.06, 5.92%£0.08 log CFU/ml ©o|t}. aL2&A] 7
A AR S o] &3] UHT 75 < 2xv|vto s A3t A3, E coli® S. aureus
T T EHEE UEW e, B cereust 2.80%£0.11 log CFU/ml #4383t &9
HAEAZ E. coli®t S. aureus 18]3l B. cereus® A+ AHE A #5747
5.76*£0.07, 5.53%0.16, 5.80£0.05 log CFU/ml °]t}. A2FAZF At Au] & o] 23
e 2xv|wro R st A3 E. coli®l S. aureus ¥ w2 EHEE UERW oW, B
cereusi = 2.9970.08 log CFU/ml #Asdtt. 2 AZF A AR S o] g3 UHT
S EO A" vlw AdAY, 70T HEXLEAA E. colig} S. aureuss= B APE
Hlow B cereus FrET oA AtEo] 4.25% ¢ A WEFH (p<0.05)
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3F16] AZAZE Al o] UHT-reb Eol theh 2 e 47t
Spoilage Inlet/Outlet AT Non-—treatment Treatment LRY
organism Temp.(C) (C) (Log CFU/mI£SD)  (Log CFU/ml£SD)
Escherichia coli 5.89£0.05 ND? 5.89
VHT - Staphylococcus 5.19%0.06 ND 5.19
Milk  aureus
Bacillus cereus 5.92+0.08 3.12%x0.07 2.80%£0.11
40.0 / 70.0 30
Escherichia coli 5.76£0.07 ND 5.76
hyl
Water  Otaphylococeus 5.53+0.16 ND 5.53
aureus
Bacillus cereus 5.80£0.05 2.81%£0.04 2.99%£0.08

1) Log Reduction
2) Non—Detection

7
—8— FEscherichia coli UHT Milk

6 —e— Staplylococeus aureus UHT Milk
—»— PBacillus cerews UHT Milk
—&— Escherichia coli_ Water

5 —m— Stapiylococeus aureus Water

Log CFU/ml
S

—0— PBacillus cereus Water

AL
=

Time(sec)

g8l UHT 729k =l that 29 B71
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1613} [19 54] & A2GAZE AN E o838l E. coli$t S. aureus “18]3l B. cereuse
45Ce] Y7259 70T HERER AYste] AFS Aot ol
coli®t S. aureus “1¥]3l B. cereus® A+ A A 5 47
52+0.037 5.2310.07 log CFU/ml ©|t}. I2GA|7F A A0 E o] £-3
%k 2xv|wto g At Ay, K coli®t S. aureus 18]l B. cereus Zt7Zt
+0.05, 3.74%0.37, 2.56+0.09 log CFU/ml¢ ZAE Ht}.

N O o o
® fo 2 o
o, =
O""[“E
o o
L >
Cﬂrﬂﬂllo
o

[ 17] 22X 7F A0 5 o] &3 & A A

Spoil Inlet/Outlet —

pol a'lge nlet/ uo e AT(T) Non—treatment Treatment LRV

organism Temp.(TC) (Log CFU/ml+SD) (Log CFU/ml£SD)
Escherichi.

schericha 5.07+0.08 2.20+0.07  2.87%0.05
coli
Staphylococcus 45.0 /

Py 25 5.52+0.03 1.78+0.35  3.74+0.37
aureus 70.0
Bacill

actius 5.23+0.07 26710.06  2.56%0.09
cereus

1) Log Reduction

—a— Fscherichia coli
—o— Staphylococcus aureus
5 —»— Bacillus cereus
X
=
=
u
= 3
e 2 L 3 e 3 e 2 L3 e 3 e 2
: : & : L & :
27 ;A R S R SR SR |
I I I I I I I
1 T T T T T T T T T T 1
0 1 2 3 4 5 6 7 3 9 10
Tim e{sec)
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-
R

A2

[% 17]2 [Z2" 55]

il
UHT 5 50T &

UHTS-frell HEAI12 S, aureus$} B. cereus® it A 2 #4

Azb AAEE ol S aureus®t B. cereus HEAZ
9} 70T HEZE dAste] Ads Aoty olu
+ 27 5.36£0.04,

-1
=

ok
L
a2

5.82%£0.03 log CFU/ml ©|t}. 1A A0 E o] &3] UHT /5 2xv|wto g

A4t A3, S, aureus$}t B.

cereus Y7} 4.18%+0.49, 2.26+0.09 log CFU/ml &4

speie.
[32 18] A Aru]e] UHT ¢4 At A3
Spoila.lge Inlet/Ou‘flet AT(C) Non—treatment Treatment LRY
organism Temp.(TC) (Log CFU/ml%SD) (Log CFU/ml*SD)
Staphylococeus 5.360.04 1.18+0.52 4.18%0.49
aureus
50.0 / 70.0 20
Bacill
aciius 5.82+0.03 3.56=20.07  2.26+0.09
cereus
1) Log Reduction
7
—e— Staphylococcus aureus
; —— Bacillus ceveus
5
E
5
54
¥ el 2 o el o oo el 2
3 4
2
R e e —
] 1 2 3 4 5 G 7 8 9 10
Time(sec)
[1% 56] Z2TAZF A8 E o] &3 UHT S/ A A
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[% 18] [1¥ 56]2 2T AaAnE olgdl E. coliz HFA1Z1 UHT S+
5 50T 7259 75CY HEXER HdAste A3t dyoltt. oju] UHTS-o
AFEAZ E. coli®] 24t Ay A 7+ 4.56£0.05 log CFU/ml o|t}. & HA|ZF At
AHE o] &8l UHT /5 2xv|vto R Mgt A3 E. coli EHEE YESTH
[3 19] Z2AZE At du]E o] &5 UHT ¢ A A3
Spoilailge Inlet/OuElet AT(C) Non—treatment Treatment LRD
organism Temp.(T) (Log CFU/ml%SD) (Log CFU/ml*SD)
Escherichi.
S]C, creld 500/ 750 25 4.56+0.05 ND? 4.56+0.05
coli
1) Log Reduction
2) Non—Detection
g
—#— FEscherichia coli
4 -
E
=
= 3
=11
<
2 -
1 : . ———— *
] 1 2 3 4 5 ] 7 a 9 10
Time(sec)
(2% 57] n2FAIZE A S o] &3 UHT S 22y
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7. ¥ANNE B 55kw AFFAY FTFEAY B4, w2 @ ATz 49

o}l
offt
o

AN
o
i
2 rlo
x
okl

{1 Ol-ﬂ
o
o
1o
>,
N
o
N
)
ofr
ol
ol
o

>,
dr o2 ML X P e

oo
=
(@)
[ab)
=
o
@)
<
(@)
<
o
rH
-9

5 sl AANY AFHUS B3 AT
15 Arbstgor ATANE S5kwd AP

L Ho it
BN
o

Hkd ko] AAsH] el

i
X
=2 B

15kww A2l Y7l (Rear cover)oll= 1718 &357F F4 5L
g o] EZHo &7 wjdek] WHelA olFstA Eo &5 HH%E}OL -
=83 (Waste tank) & ddHo|qlon wapd ti7jgxz=ds FdstA =
Wi 5@ S 2AHAA Addor W dEEEE 77%74] L SR = G B e

AA el +d A FEAYe SAHETE wAdsHA] Xestal 5 FHCA ¢ wWol o)
HA "o AA= ’é%’é@% &3t & Y7 (Rear cover) Z7-5F W E oA
TIAA EAFol At ox EWol #&EEHUT. o]+ 15kww AR FAHMA S
AL E Al FAdot 55kww A A M= Wi 99 ol dEHEEE
TSt @ THTE dS5et7] fl8l FAIEA S J WS

S —?ﬁgé}oﬂoﬂi, &0l
A= &l Eﬂﬂod(analysm domain) & FE3t= Aol Qo fFEallddel = Qs
BB Fo Azl AAAL xﬁé}t‘?}-‘: FAko] et 22 ¥ (simplification) 2F$] =gt w3l

stAth XA Z2 S ANSYS v17.0 9] f&3l4 252l FluentE ©] &3k
FA A 2] A2 (pre— processmg) Hgo =z madgdd 4 Tode AA(mesh) &
At o AA3 A ZA (boundary condition) 2 4 BHS FoIdte] FAAAS

kel
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[2% 57]1M B nket Z:}O] Aol st 7ta7] e F4= 33k 9o r 4A

sto] A PS AU FEalAS &0 74, FEHE AT =5, 28
TFgAo] A= 3 A (Rotor), A7) (Front cover), 97 (Rear cover) %S 2
Zhekst FQlom AA| fEaidel S v A e FE AR wiAlske] solid part
2ds TEY. dxdE e AR olE =Y Qe dHl, Ykl
=2 B 2 mmE Stk o] b2 AR Y] el sdske T, 275
Ay FFS argste] 249 5 Qo g Fold g g TMEstE A4
T oy FAEAE FAshEdl oA e A2 =2 AR W3S Aste] wael
flek Zo] AA skt

Front cover Rear cover

Rotor
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HZ0] Ay A A0 FEE 15 kw AR FAAA FEAo 7 dhAEE= 7L
AdEEs 3l 7F st F4x21d0 2% (cylinder) @3 ¥ (cone) o] A 3E0o]
N FEE 3kske] @%3}_‘?_% sttt HE9] Wi 9 A Ae AdTdds FEl
s|AFAM A7t A5 aya 1 AT 57}@?% TG THESel fEE=
dFe dyE o w O}ﬂ]-J [29 58] %ol 3] (Rotor) 9] % W} A543
g7 (Front cover), JG7l (Rear cover) 8] ZFaHy} YFmtge] Al on F%
xe A9 F 209 FHEE VIeeR 5Y HHoR olF FAHSEE st




(3 20] 7+<7] 74 oER 7ted 9E 5

Part k2 w (Surface) BE A3 (Edge) BE
3] A - (Rotor) 128 32
A=
(Front 64 32
=5 cover)
(Cover) L=y
(Rear 64 -
cover)
A mEle] de d A 2ol AAuEoly Q3 Q4 s Aol Aol &
T A=, [2% 5919 o] &4 Rdo] st JEE 7FA AL o - F2 Y99S
Zgretal Qlo] slld Fgel dist Ax Aol TSkt A W Ed AxE A
st oA arelstofol sttt xS A&¥ R (Turbulence) EE2> UREA o=
Fotg o7 7 wo] ALgE = Standard k—epsilon EdoA M3 ¥ Realizable k—epsilon
2 aS AFE3S T Realizable k—epsilon 22 highly strained flow %! swirling flow
o S ot e RAHT AARA o] dom JEsHA HT TteAS e RS
4 ST

| 9ste] 12WA %2 AS Waate] 3.944.8427]9

ol Aestelnt. 1wl A A4S 49T 3 A5k 13,634,527 %
% 17

stol A4 PAE BH CPU timed 4442 9tk oldhel (23 60)&
) 3
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=

e B2 &l FA AT 8AE ol &S sy VIRelw, %Al Y dHE
7bg st Ao e A AAIEH (viscous drag force) o Q@A v A A} Fluentol
A L¥ cavitation 22 Mt (liquid phase) ol ©& Z7] 713 (vapor phase) 2] /3 7o
el 713 Rayleigh—Plesset W42 7IWLe R 7de FARDR 7|2 A4
(evaporation) + 4 (condensation) & & dte] FA&1A4-S 7&stAl #rh. Fluentol
g5 37}#] 9] cavitation 2 5 Schnerr and Sauer?] Zd& 0 mdsnc) wE
THEE 7MY A2 (robus) & RAE s 9 Fluentd EE Wi 2HI §H
AH8E 5 9lo] Schnerr and Sauer BRS Adste] 2 AgolA el 74dr] W59 5%
Aol AgskAnh. Cavitation RS A AR Fs@do] wAsr] ofdel A<l
e d9= Addet=d FEsA AFEE ¢ AT WA A el o
Tk, FH3 o] F cavitation EHS A steto] FA A S TR o

phaset & (water), Secondary phasei= 57| (Vapor) = AZAdat3tt. [ 6113 7ol
Y77 (inlet) o =7 (outlet) o] AAFEHC=A AR FFo] FUHE=E A

S AAlxd 9 g dA VI 23S ARgsiglen, 7tV e HuxHo R

¢

ok

N
F

HHAAZ(No slip) o= AAsqr. 3 dA (rotor) & xS AAst7] 2130
A PGS F oY ddor o] sk e, [29 6113 o] 3135 (Rotor) &}
ol Al = &9 (Front cover) % S G7) (Rear cover)el wall motiong 5]
sto] xS BARIES o3l 3] %= Moving wall 2022 3,600 rpm £%
3| Aty Y], Y= Stationary wall A2 A Abeje] Qlth. Fluid d9&
ATHE Sojes g do] fFEdte dooln 3 AHe 5o 3 fEaA ot
[3 20]2 AAAQJD FAHA 20 F2lste] YERd Holtt,

SIS ime

[29 62] Wall of motion
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T
N

xr
3

Condition
Water
Vapor
0.8 m/s

106,325 Pa
No—slip

10,000 Pa

Stationary wall
Moving wall (3,600 rpm)

97 (Rear cover)e°l YEeEbY+=

taich 1719

S

]

™

=

f

9]

Wall

Classify
5

=

Primary phase
=

Secondary phase
Velocity inlet
Pressure outlet (P,,,)
Vaporization pressure (P,,,,)
Wall motion of cover
Wall motion of rotor
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2.38e+05
1.916+05
1.436+05
9 540+04
4. 77e+04
2 39e-03

Contours of Dynamic Pressure {mixture) (pascal)

[721¥ 63] Pressure distribution of Back cover

A9 [2¥ 621 2719 &85 zte= AAS 56kwd A S92 (Back cover) 2

d=EHEx Aol odusl (Front cover), 97l (Back cover) 2] Wlf F3tolA] 11502
S| dsk= 3 (Rotor) ZH-E of7|®l &9 5o LHFe o AAZCRE BF A3t
HEEELE FAke AR IRAHUT. E7F 2HY wAg EHEE Zol= 99
S| s TR EESE BT fdExteln S5 THCE s W VAEYS
of7] A7l S X vt deEo A
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2.86e+05
2.38e+05
1.91e+05
1. 43e+05
9 5d4e+04
4 FTe+04
2.39e-03

Contours of Dynamic Pressure (mixture) (pascal)

[71¥] 64] Pressure distribution of Rotor’ s surface

Contours of Dynamic Pressure (mixture) (pascal)

[729 65] Pressure distribution of Rotor’ s edge
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(C) Animated GIF File
at Steady State

(B) Steady State

(A) Stop

HlY e Zh e

2~
=

[71% 66]

ALl

55 kw A= 9] 3 dH (Rotor)

(29 63, 64]
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8. 55kwF AL GAIZF A7Au| e A D pilot AH] AF
710 JNEE 15 kwa HAE7)E o] &3 12UA T AHAAE B3] FEAY LAY
=9 g 2 YH Wl o3t deAld HItRE HSE o, o]

g% 4 WHTEE 5 2
el FEASS 7 FEFtE AEEN, 9Es 2 AU8Y TUE A9 55
kwit 45718 ol g8 LewA A@FA AA W AL 5B

A7)0l vsl 55 kwi AE719) EYo| oF .67 FrtROnE
FhE A8 FA9 BE 2L = ouw L A U 949 a7F 23
A A SR T,

£y

x

Inlet flange

Rear cover

Front cover

(29 67] 239 M=

T4 WA= 7T uiH 2E9 Ul E RO e dEs ASAE FUME
&Y 7SS fFed D&Y s fXY dFHEs AFH oz FHrberdlon,
ol WO ® 55 kww 7FE7] WiF ©HE AAY SHEE JiEEiY. 9E2 N
s7tdrsE a8la I A7 3 AA (Rotor) & & SAoA HoAdTSE Fadd EAed
frefekih webA 919 [2¥ 66] Al ekl 2ol 31d A (Rotor) AFaF
¥ ZHo HES TASNeH 3T A HEo] wAkste] yEdds 7HE5I A4
T AEF <4yl (Front cover) ¥ FH Y7 (Rear cover) UHF9] vl = T HE5S
T
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R R Y

e
)

£

!

R

19 [" 67-(a)]= 33 (Rotor) o] ARy} mwolt), A5 AT HE2
3 327K, & EHel A 929 4% AMAF VT AR v 274 4 Sl
T AR FAHIIN 1 s 1287001, & 160702 HE°] 3] (Rotor) ol
AEAT 7= 156 kww AE7] AR FF dFadddw d&o] A5k
Mt 55 kwol Arbel siFsity. Fsdde] SAYEE F7bste AulH A =
=9 A7 & WEelA doldgSs SoA AL S TS A ¢ vk wEb
% x| fAske 2 AR wAsts WA o R AAse] F WA AdE
T d g RS sglon F s 3 AFH R SR 16072 AT
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(29 67— (c)] 55kwa HE7] A#aAx2 Y7 (Rear cover) AEALR 2 &

el [28 67—(b), (o)== 497 (Front cover) @ Y7 (Rear cover)?] AEARH I}
Lot & FHAle A FAA = 7PV dFeolM I HdEE Sk 3T (Rotor) §F
At g o] ek F9Y S A A = Y7 (Front cover) ¥
S G 7) (Rear convert) = T o] Qlth. F&5dd 7HA3) ARl oA p 3ho] HEo] wxhdt
ol FEdsdol EtetA TAgsHA He EAsksivh. webA ke

HG7) (Rear cover)d ®Ho] ©Zo] Mz watshy FFANS HAALD F EF
S ZI=o® 3 A5 (Rotor) 9 wLst Aol 2zt 9670, 64707 EAstH F Jhre
16070 2 3|43 (Rotor) & 79} EL st}

7W (Front cover) %

N
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kl
rfo
v
>
A

ggu e e A 43

8Ty Aol B a2 25 A(SF 256 mm) =
AQe w4l 9t o

A etl

FA s AL A3 Hastetr] flete] AEHJBAZ A&ttt AlE
o] 317 (Rotor) o AAEH| HFS FHHA H= A5 B dAhe] A4
A9 55 kw, 3% 380 V, a8 & 93.6%° AFFS ARESEGlom Aol HdEH dWH
= &3l Fustit. 5719 SR 22 A0 AWES FaeE Aot
WFA 7T AJLE HEE AgE e may N800801OO—3L—014O—501U1 GRS
%X 0~3,600 rev/min eIl Alojetdvt. 747 -2 FdH= &0 dT
A AoJstr] skl FF 40 m, FAAHAE 1.85 kw, T 220 V AFRFS] QIHE
7kt H > (booster pump) & AFESFR om {72 AoJE $d] PID valve controllers
7hY AL [FEAl Abo] AdERle] AA o] FdHe AT F UALE S

jn)
o

8 & &5st7] 913k Aule 25, 84X, 234, deoly g5 FA= 4
. =5A9 A K type? Thermo Couples Abgsto] 4%, &% 4 F+x9
A A 0] 79 Sensys M5100 BE& AFE-3Fo] -4, =759
A A9 AA 20 mmolH ZWAE o]gste] A 25 mmE
xt AAstd o, FFHES 5~100 L/min, % +1%E5 ztom $HAIZ 100 ms
Abkolth. 54 =9k oy 2 FFHCIEE Aty AF dHeoly &5 (Data
acquisition, DAQ) &2 National InstrumentsA}e] NI cDAQ—-9178 E9-& AFg3}o]
oldZ= 7 AT E YAEAsE WHEste] PCE ARE FASAT AAAd Al AA
TS oFdle (19 68, 69] 183 [% 2113 2}

H Z o o i
ei=F =P ¥ )

Waste ‘ \ Main power

Tark e ’ AD converter | |

e ? ¥ o

Inverter and contral box

Ball valve T-Valve
Pawear meter

Water
Tank

%?@ﬂ@b%oo??

Ball valve

Booster Cantral Flowmeter
pump valve

[27 69] 55 kwi AsAlde A% A FA 7=
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A

H

Pt webA 55 kw

vl o] W B )9 x| (T—valve) 7}

°©

-

Generator
-

=
fohe 28 9%

Part name
Water tank
Control valve
Flow meter
Waste tank
DAQ system
5o] ol%3

_‘|

e
Booster pump

A
Inverter & control box

AT

Pressure & temp. sensors

R

Al &
=

2 9%

3

°©
=

Al
=

No.
\

221 A3

}:L_
ATl S EHe 25,

SuiglE

—_
fife)

Ayt

=13
=

74a7] WA

Pt et

°©

A

S|
=

s

°©

500(20D) mm

ok
o}

9
of A4y

=

=

H

=]

R
]_

=T

S

=

=

b
500(20D) mm¢ A¥e i

ek

[¢)
7bea7)

—_
110

7
B

"o
0
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Description Specification
Range 0~1,600 kPa
Accuracy +0.50 % (FS, RSS)

Temperature characteristic
Output characteristics
Power supply
Temperature
Output signal

Standard screw

+0.05 %FS/TC
+0.05 %FS/TC
9~30VDC
—-40~1257C
4~20mA
PT1/4
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NE 15 kwit AFEA A% 7E 1719 ETe) wjwekele] EAeEE AAH o
55 kwit AH#AA0 A% 1719 QJrre} 20 Frie PAEC o 2% YHAs

=759 A5 7HE7] 97l (Rear cover) H& 7w l®E A 4% dHo=E 74
Ho k. 2709 &= vhAl skl jEEielo R AdEw, ojuje] =, 9 Ho]E 7}t
ZT7HoHE I5HES 8t FYdE e S SUeHARE 7tV E P AT
(Rotor) &+ 2+E 7l (Front cover) % S 97l (Rear cover)d 7+ F5dAA; #AS 98
At ez Agdst B3 A0 HAGdS 918 912 A a ol At
T ofge [Z¥ 711 ¢ [® 7219 AdelAel o] FEAGOE op/|HE A
Dol AAH VNAA EAE BAStA P ew 2R v AAstES sl

[28 72] 15kww A% 397 (Rear cover) =TF FWH 7| AEA A2
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[ 711 §do] EZH Yo+
(Rear cover) Abzloltt, $lofefo]
A7t 2745 A A v A

go] x3F7It olstE e A A

Z70 2A MY grEo] THE

o& -{o

O AFAZ FHE JAH £ ‘ﬂe‘ B He A=

[29 73] 55kww

FTR7 1701 15 kwi AR
g Fa AzEow yue i 7
solstglth, FEALES UF 4o
(B e A% 3 9
nr ol f mekd E7R
o 5 ol

A= 9] S9 7l (Rear cover) &5 ARz

48] SE)
EXCIE
o vy
9 AdH
SECRCE
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o wE 6919
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TR AW VEo®
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=
o] aHretE WAeta ded &
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=
] ol A

-
Al
=

T

S
Einc g

<
Al
=

Ho] 1o
T

i

)
pal

=
ARE

O]E

=

=

3l ok7)"

ol
oh
[e)

Ql

&

-

T

72]
7 =

S

2]
=
15 kwa %7

i

[

i
=
o
=
=
=

U@v@.OM

H
=W T

ot O E
F B Mmm -
o ,

o
o Moo

2=
o
==
Cl
o)
A
1=h

1 %
1 %
< 100 ms
24 VDC(* 15%)

0.6 W
—-10~60 T

DN 20
5~100L/min

+
Max. 25mA

Specification
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Description
Size
Range
Accuracy
Repeatability
Response time
Power source
Output signal
Power consumption
Temparature range




ABEele] B mgolvl, [ 24l AT
2 AGAA QTYY 2AL FHT 5 gon
oAsti, §FEe AF] 21 HFLEE £47

[ 25] fF&Ao] WH Aok

FFA ] WE AL

FFA ] WE AL

Power supply
Input signal
Feedback output
Calibration
Action mode
Resolution
Fail mode
Digital dead band
Noise skip

Indicator

AC220V 50/60Hz
4~20mA , 0~20mA, 0~5V, 2~10V
4mA ~ 20mA
Auto Calibration
Reverse/Direct
400:1
Close/Stop/Open
Narrow @ 0.3 mA Wide : 0.7 mA
0.2V
3 Digit LCD
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Al AH8E A7l a4 dAarde 15kW, 34 380V
APFS ARESESloH dE7e dYS JINHE
AE7]19 FAEEE Q

, BFEEE 90.2%9
&l FEetlth. xded sdehs
Bl LAk
%5 0 ~ 60Hz WSl el Ao

SCE JAHEH Y T HEE Fa Alofskadnh AFEE QW
(LS Industrial System)® E27 iG5A°|H 3|4

ok AA B FAEE oo [1™ 7519 2

(23 76] QAW E AA AEAR

pad

(29 77] AME AL FF G
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AE71E Sl FaEs 3189 e 49 AAEE rpme] V|EoR FyrE F

AojEet, dsr1e &R Hel 0 ~ 3

0 ~ 60HzE &3l 3H&H=

T 60HzolM sk "k =542 Run H
ol FatEm FHY = flotd R MES Fdl A ¢ Ak F249 Stop

= dEsA Hd FaEe 290 sREH e AT

¥ 9)

=

600 rpmelq QIWE Y] FAZe F3}
%

o ¥

=
H

TE EA 71 HA 71s 49
RUN 4 7 A #H
STOP : =4 Al AA] A&
STOP/RESET AR /A 7]
° RESET : 124 Al A A%
FEE o]FstAY JEhv]EH
A o] 7 . . :
AARZS S7HA1 A W ARE
. FEE o]FstAY JEhv]EH
v T 7]
KEY AAS A o ALE
T1E57ke] o]Fo bl A A A
> o Hxe 7 Hﬁi l;MJJrE‘r_HEM
A TE 507 o]Fe u AR
=2 o = i SVl
p 4 Ame 7] :/-uz;]’:i o] O-OM JJrE‘rU_lEi A7 A
AR TE HS50 7 ol u ALE-
slalu] E S WA WA=
° e 7] Jirﬁ‘rlijke _oqul_Ur )
setu e E A Astaar & o AR
FWD JukeE A ek o4 T4 w A5
REV Ankek EA auter AT u J5
LED 7F4 o] AL AW
RUN %ﬁ%‘_}:‘_’r_/\] 7]',13—: S T m=
AEJA A AT
SET AEZ BFA st EE 24 Fo A5
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obelel [ 78] AWEClA FHEE AGWV), AASE(rpm), AF(A) Y B2
PRI AVNRE Ba BA Fi ArlolE @S Wtk FYHE FUF AN
ol @ 4 9lom 2R F HAALEpm)el Hd AHEATL AF BRE Fa
AAFOZ Bele] b5,

US=0~ 5L E

. o

e

=

=

(71

[32 27] 7% 9 AFE &7

79] AH(V), F

«€eSN=1uLld
e,

(€@-0isL®

¥ oy

*44. 05 ¢t *

A<
HEE

(rpm), A5F(A) opd=1 A7

ARG el ek Al ARFS obel o] [ 26] 3 2t

Description Specification
Heg4x e
TFIE —-10TC~50T
HELE —-20TC~60T
THFE 4l 5% 90% RH olst (o]& %9 &4 e 2D
1%, AE 1,000melst, 5.9 m/sec® (0.6G) °ol&t
F9718t 70~106kPa
S ikiss Al 52474 7k, S 7k, @ vAE, WA Fol gle A
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=

48 AN eHE dolEe] EEA U5 9 Al 98 LABVIEW 20158
ge e dold A5 ZzaRs Austarh B4 A4 4geee)

o]-g5bo] The} 1
A9 G mAdAT f, e, L= 59 dolHE A siAel AgA 9
A,

f Ba9 duder 284S e

AAUE FA A Eed Asow e Hato] &= ﬂﬂ B2

A Ed] 8 E U 292 PID Control Valve?] A5 9138 DAQ N9264 RES o] §35]
Ui A4

1~5 V W FoAlolekelcy, 39 8l 4mle FEFAleh b AR N9203E 5=
AHEE] A 4~20 mA WS dolA obdR 1 NFE FH5EA, B Foke] A o=
Hekeh g HelH= xmwyoaq WS A /5 £& wstgs S48 Sl6l
Fad A

e dele] H5rolth 6~THelME deolge] B5 WYL AcjsA frk
THA AT AYL APy, deole ASARE H9W 7, startd s vjole]
% dlolE ()44 AYE sl @A A@gu e dolE AZEE
= EYNE olFolA Gtk /Y] YR/ETAlY] eERE AA, el

44 HAg B¢ $aTe nas Awan ASAY 229
o O Al Z= 8.
R =¥3 e

0.8}
0.6
04
0.2
o
0.2
-0.4}

-0.6
-0.8}

-1 " ! g ! 0 ! 0 o " " " 0 v 0 v " v i
1 15:48:12 1548:28  1548:38 154848 1548558 154908 1549118 1549:28 1549:38 154948 154958 155008 15:50:18  15:50:28  15:50:38 155048  15:50:58 155112
= Time.

i o729 ELlre o
SR _“m 4| enzren || reriare=]|S
) | 000 | 2270 |
1 12731 T5 v ™ ‘ - ‘ osus
= D} 2.
T4§F%i;-9£ '%TB 3. fereim] oo lesa] oo]
ot < e Ko 28 e | B
| 100 | oo | 000 d 2270 OIH|E{ A0
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6. J——\v/ g i | B =] >[ |
—————14
I._E.E A1Ed SRid = 1I S=upst

— 2= 2= HolE i+ @ ol T4 SiSSH O
OIS FS- HIO1 | B CvcerswrrL-expiDesktopttdat =] w | o _

7

1. MILK TANK Preheating Temperature 2. PID Control Valve

3. Flowmeter 4. Pressure Transmitter

5. Cavitation Sterilizer Temperature 6. Data Acquirement Control
7. Experiment Selection 8. Graph Panel
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Wb o] v
[2% 83] W7} Cycle Al&E FALE
7 Cycle® %74, 594, A4, 29 on Wroxn 24719 wAel
%71, $%7), Bun, U7z Pt
A=57] - SHETA FEsE Yo ST (A2, A, 71AD 7 557 4eE WS
AFoto] dES Eole 9SSk ol st &gl oste] W= %—%34 =524
HEEStAA Ba5dx] UE o8, 92 ARCERE 120=® PRishA #rh
+F7] - 4FVIEFE £@go] ekl Wulsr (e, 18, 71ADE W7t A
T QuVE FFVIE T otdA FF7|el o8l F7Ie 2o Wiyl dudS
T a2, 1 71AS] Wl T2, 19te] dAA) HE S50 "
Wy - Y7} CycledlA] W3S 24ste 928 st, Wujds SH7)o 535+
ool kel oJst & Fzbgo] folatns: dHI 2EE AoA7]AL, sAlel WEH
ste]l WEel t-sste] A dulfEFs 24, yuste 93 sirh
7] - WA oA WaAES st dudE SV ¥aE AR, A9
Yool Yzl -5 A5 wdstes A= dZe] st Yujoe )3
vE F ¥ada s SUE 4EVIE yeEr
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gl AEARIOA A E AR o] BEEEHe A2 AR A-T wiaA 7
ZHA H ool o ARSI g4 A9EH A e 22 A" mEbd
ol &A2 7], ¥7leke] A= Qo] Ads T ARHYAR AFEHe 22 AA
7beotd w8 MBS T3 A Ol A e Ee AAste] dAAARS] S
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(2% 84]el e Qe we o wARe 2t A% web vebugich 2,900
rpmel 9 wHAEe Az} Zrbett S Holu 3200rpmolAt o WAl P, =
1.3 bar® P,,, = 1.6 barelA o= Bx% 7ash} P,, = 1.9 barelA ol ekzk Z71a
A, e ojds] P, = 1.0 bar Brk= b vpehvoy

—a— 3200 rev/min
—e— 2900 rev/min

230000 - ‘\
225000 \'—-l’,’— s

220000

215000

210000

205000

Heat (kJ/hr)

200000

195000 o ———

190000 - |

185000 /

1.0 1.2 1.4 1.6 1.8 2.0
Inlet Pressure (bar)
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[2% 85]elA+= st el & a&stds ek lvh 3,200 rpme] A T3k A],
a8 2,900 rpme P,,, = 1.0 ba BE ke m80] 89 ~ 91%
Atolell Al thEREETE 2,900 rpmS @ HAEo] hElo] Frbel wt ojx A& FrbekA
o WE 2H O FHAdFo] FRkEo] A#Aow P, = 1.3 bar ~ 1.9 bar 7-%FelA

dago] ok aasl frh 3200 rpmelHE REELe] 4 T BAAGA o
g5aA @eth ey shel Frhgel mek fol ZFrhstel mEl sl BLw
EaeTHel 45en, 1A 374 HAKEE A Falol Anso] Fadt

—a— 3200 rev/min
—e— 2900 rev/min

91-0- i\

90.5

90.0

89.5 - /.\\t\

89.0

88.5

Efficiency (%)

88.0

87.5

87.0

86.5 {

1.0 1.2 1.4 1.6 1.8 2.0
Inlet Pressure (bar)

[29 86] AHAHA e 28
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(23 87114 QlEsteel mE fYusEe SasEe s, e deos
842 2,900 rpm® %] 3,200 rpm KTk ZF7bEHA E B
o%= Py = 1.3 barelM 2%, Py, = 1.6 barst P, = 1.9 bare|A] oF 1%2] Ao
Btk P, = 1.0 bars} P,,, = 1.3 bar Ato]ellAe] waleke] 714 FA vrehbisd],

of Wzl 4 WA IdFS v Ao Halnh

&

¢

—a— 3200 rev/min
—&— 2900 rev/min

>

22

N
o

A

Flow Rate (m°/hr)

l\

1.6 . , , ' b
1.0 1.2 1.4 1.6 1.8 2.0

Inlet Pressure (bar)

(2% 88] Aol ohe f3
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[ 28]°M+= 5bkw Atdv]e] A AsH7F AIE FAACE ZASAT. F8
AFE 9 S8 9 587, 3,200 rpmelME g e wWsle] ulel A dAyEo)
e AR Yy, ek daee asts Aoz Uehdth ol RE O dHAEY
(198,000 kJ/hr)& 273 4 Q& HS7F stAlE=E ] 130% o= Algt=7] WO =

l S

flo

wolvl, Fgd F Yt o9 B} Lahm AgsH AWK FA0R FAHA
23] o WAl Pasts Ao welth webA 3,200 rpmol el FY W A%

& 7
AL e e s SdE

3 amge 2H A4 Fle e dgEdee] gl g2 Ao% HoEE A%
AFAAZ nrk I FEAY ATl e ALA HEL B AAWAL AYsto]
JASEA 45T 5 Arkd 2o e FHHA GEE 5 olEo) W FE US A

o7 Holt},

I A2 ey Ays Tl A AA W o ARE AR Y] A REES
5 =1.0 bar, 3,200 rpm ZZAAH d&& 90.88%= 7H @Al

¥ 29] 55kW 71AA AeE 7 A3

. Booster
. Specific Flow ..
. Density pump set Pl P2 T1 T2 AT Heat Energy | Efficiency
(r/min) heat rate
Ckg/m*) (bar—gage | (bar) | (bar) (c) () () (kJ/hr) (kJ/hr) (%)
(ka/kgc) (D)
pressure)
2,900 | 999.69 | 4.179 4.62 | 4.39 | 1146 | 37.82 | 283 Leg | 189098 1 213356 1 g6 76
P,=1
3,200 | 999.77 | 4.179 3.40 | 3.28 | 10.42 | 41.08 3%-6 L7g | 228112 2312%07 90.88
2,900 | 999.70 | 4.179 4.63 | 445 | 11.36 | 36.06 | 257 186 | 192043 | 213907 1 g9 73
P, =13
3,200 | 999.87 | 4.179 353 | 3.28 | 8.80 | 37.23 | &4 1.90 22%%43 24%@76 90.37
2,900 | 999.81 | 4.179 4.63 | 451 | 977 | 3315 | 233 200 | 199123 ] 218014 89.50
P,=16
3,200 | 999.91 | 4.179 3.69 | 340 | 810 | 3481 | 207 | 202 33%%07 249831 90.38
2,900 | 999.77 | 4.179 470 | 4.49 | 1035 | 32,05 | 250 | zae | 199243 | 219707 1 go1g
P, =19
3,200 | 999.91 | 4.179 3.79 | 345 | 7.90 | 32.78 | 248 218 | 220254 1 250703 | 90,95
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Manufacturer
Laboratories,
Division of
Dickinson
and Co.,
Sparks, Md.,
U.S.A

A

=

Difco
Becton

e WHE E017] 9

time (h)
24
24
24

=

]
17, 20, 23, 262 =%

o3
=

2

=

i

9
gl

of 23
Incubation Incubation
temp. (C)

37

37

30

37

37

13 -

29] 7} 2t o] W) HF #59) ¥=i 107 CFU/mlo]t.

M= (AT, C)

75, 80C 2709 HELLA HA AN

Medium
Tryptic Soy Broth
Tryptic Soy Broth
Tryptic Soy Broth
Enrichment Broth

Listeria
Water

Hat A EH el UHT milk AR&-

@ #¥]¥ UHT milk 80 L °f wjek=

Strains
Salmonella typhimurium Buffered Peptone

Listeria monocytogenes
(ATCC 23564)

Escherichia coli
Staphylococcus aureus
(ATCC 6538)

Bacillus cereus
(ATCC 14579)

(ATCC 15313)

(ATCC 8739)




Rl HE2E(0) =i 2E(T)
1 75

17, 20, 23, 26
2 80

COEE!

OELESIN
Escherichia coli, Bacillus cereus, Staphylococcus aureus, Listeria
monocytogenes, Salmonella typhimurium 57}A S HEdo] HELEES
75CE 1 F AT(C)E 17, 20, 23, 26 4719 A¥Proz AFs A
Escherichia coli, Staphylococcus aureus, Listeria monocytogenes,
Salmonella typhimurium 47}A w2 47] Ad oA BF AESF o,
Bacillus cereus® 4% 0.9, 1.01, 1.58, 1.54 +2% Z4A&E HATH

[3 32] &dE=% 17T, HE=% 75TC o mE A

Spoilage Inlet/Outlet . Non—treatment Treatment

porag : AT(T) LRV

organism Temp.(TC) (Log CEFU/ml) (Log CFU/ml)
Escherichia 5.23 ND? 5.23
coli
Bacillus 4.21 3.31 0.9
cereus

hyl
Staphylococeus oo o/ 7o 17 5.40 ND 5.40
aureus
Listeria +9 b
monocytogenes
Salmonella + _
typhimurium

1) Log Reduction
2) Non—Detection
3) Positive reaction
4) Negative reaction
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el
w
<
o

T 20T, &% 75T 200 e A7g

Spoilage Inlet/Outlet AT(T) Non—treatment Treatment LRD
organism Temp.(TC) (Log CEFU/ml) (Log CFU/ml)
Escherichia 5.26 ND? 5.26
coli
Bacill
aciis 4.29 3.28 1.01
cereus
Staphyl
apaylococcts g 4 1 75.0 20 5.45 ND 5.45
aureus
Listeria +9 )
monocytogenes
Salmonella + _
typhimurium
1) Log Reduction
2) Non—Detection
3) Positive reaction
4) Negative reaction
[3 34] £dse% 23T, HE2% 75T 4ol w& Ay
Spoilage Inlet/Outlet . Non—treatment Treatment
. . AT (TC) LRV
organism Temp.(TC) (Log CEFU/ml) (Log CFU/ml)
Escherichia 5.33 ND? 5.33
coli
Bacill
aciis 4.81 3.23 1.58
cereus
Staphyl
apayiococcus 5o 4./ 75.0 23 5.52 ND 5.52
aureus
Listeria +9 b
monocytogenes
Salmonella + _
typhimurium

1) Log Reduction
2) Non—Detection
3) Positive reaction
4) Negative reaction
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% 35] EERE 26T, HELE 75TC A0 mE A
Spoilage Inlet/Outlet . Non—treatment Treatment
. . AT (TC) LRV
organism Temp.(TC) (Log CEFU/ml) (Log CFU/ml)
Escherichia 5.27 ND? 5.27
coli
Bacill
aciis 4.86 3.32 1.54
cereus
Staphyl
apayiococets — 4q.0./75.0 26 5.48 ND 5.48
aureus
Listeria +9 b
monocytogenes
Salmonella + _
typhimurium

1) Log Reduction
2) Non—Detection
3) Positive reaction
4) Negative reaction
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@ AgEA 2

Escherichia
monocytogenes, Salmonella typhimurium 57}A
80C= 174
Escherichia coli, Staphylococcus aureus,
2 470 AP TeA

Staphylococcus aureus, Listeria
s JEote] HE2LEE

AT(C)E 17, 20, 23, 26 4719 Aoz st Ay
Salmonella typhimurium 37}

coli, Bacillus cereus,

<
T

o =

B AMEsS oM Listeria monocytogenest 471

A+ BEF okAHNEe o7 ettt Bacillus cereus® A% 1.12, 1.26,
1.87, 1.74 =902 425 HY
I 36] ST E 17T, HE=5E 80T Ao mE e
Spoilage Inlet/Outlet . Non—treatment Treatment
. . AT (TC) LRV
organism Temp.(TC) (Log CFU/ml) (Log CFU/ml)
Escherichia 5.28 ND? 5.28
coli
Bacill
actius 4.29 3.17 1.12
cereus
Staphyl
apayIococes a5 /.80.0 17 5.41 ND 5.41
aureus
Listeria 3
+° +
monocytogenes
Salmonella D
+ —
typhimurium
1) Log Reduction
2) Non—Detection
3) Positive reaction
4) Negative reaction
E 37] SR 20T, HERLE 80T Ao mE A
Spoilage Inlet/Outlet . Non—treatment Treatment
. . AT (TC) LRY
organism Temp.(TC) (Log CFU/ml) (Log CFU/ml)
Escherichi
senericaia 5.25 ND? 5.25
coli
Bacillus 4.20 2.94 1.26
cereus
hyl
Staphylococeus o/ g0 20 5.48 ND 5.48
aureus
Listeria 9
+° +
monocytogenes
Salmonella 0
+ —
typhimurium

1) Log Reduction
2) Non—Detection

3) Positive reaction

4) Negative reacti

on
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ke
w
&
o

5T 23T, &% 80T 2o e Awd

Spoilage Inlet/Outlet AT(T) Non—treatment Treatment LRD
organism Temp.(TC) (Log CFU/ml) (Log CFU/ml)
Esc'herzchza 5 93 ND? 5 93
coli
Bacill
actius 4.17 2.30 1.87
cereus
Staphyl
apayiococctls oo 4 /1 80.0 23 5.35 ND 5.35
aureus
Listeria 9
+° +
monocytogenes
Salmonella 9
+ —
typhimurium
1) Log Reduction
2) Non—Detection
3) Positive reaction
4) Negative reaction
% 39] EE=E 26T, HEE 80T Ao mE A
Spoilage Inlet/Outlet . Non—treatment Treatment
. . AT (TC) LRY
organism Temp.(TC) (Log CFU/ml) (Log CFU/ml)
Escherichi
senericaia 5.35 ND? 5.35
coli
Bacill
aciius 3.04 1.30 1.74
cereus
hyl
Staphylococeus o\ g1 26 5.51 ND 5.51
aureus
Listeria 3
+° +
monocytogenes
Salmonella »
+ —
typhimurium

1) Log Reduction
2) Non—Detection

3) Positive reaction

4) Negative reaction
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(2) 5N HELE9o Ao kot
O 53 FeddE ol &gt AFAFE A A HE HEXE 39
(W) A= FFAE A A gt 99 ol o3t o] W A WHE Fo]7] 93
3 el UHT milk AFE-
(1:]_) A 841_ ) HHOOI: Zj

g HAd 2YEE sF7] 2l 33] Auctete] Aol ARg-Ekglor,
_Zr 3L

2 wjkrAe [ 3913 #uh o] W HFE 459 5= 107 CFU/mlo|th

Strains Medium Itré(;llga(tg)n Ir}ﬂ;g%ﬁsm Manufacturer
Escherichia coli .
Laboratories,
Diviai ;
Staphylococcus aureus Trvotic Sov Broth 37 24 Blevclféﬁn ©
(ATCC 6538) yp Y Dickinson
and Co.,
Sparks, Md.,
gacllus cereys Tryptic Soy Broth 30 24 USA
() A=
@O +1]¥l UHT milk 80Lell wifd AAHTE A o®E HF
Q@ FHuHr x4 T (AT, TO)F 172 AA3t4 50, 60,

Agx2 HE225(0) =25 ()
1 50
2 60 17
3 70

OEEEE!
Escherichia coli, Bacillus cereus, Staphylococcus aureus, Listeria monocytogenes,
Salmonella typhimurium 57FA & JF5st] ATE 172 14 5, HEF2% 50, 60,
70C 3/M9e Ao =w At A3} Escherichia coli, Staphylococcus aureus,
2714 w2 37 Aol BF AVEE O Bacillus cereus® 7% 0.31, 0.48,
1.17 0% ftags Bt
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bl
I
)
M

PREEE 17T, HELE 50T 270 g 24

Spoilage Inlet/Outlet AT(T) Non—treatment Treatment LRV
organism Temp.(TC) (Log CFU/ml) (Log CFU/ml)
Escherichi.
Schericia 7.38 6.26 1.12
coll
Bacill 33.0 /
actits 17 4.06 3.75 0.31
cereus 50.0
hyl
Staphylococeus 5.32 5.06 0.26
aureus

1) Log Reduction
2) Non—Detection

[3£ 43] SE=% 17T, HE=% 60T o mE A
Spoilage Inlet/Outlet . Non—treatment Treatment
. . AT (TC) LRV
organism Temp.(TC) (Log CEFU/ml) (Log CFU/ml)
Escherichi
senericaia 7.61 5.44 2.17
coli
Bacill
actius 43.0 / 60.0 17 4.03 3.55 0.48
cereus
Staphyl
aphiytococcus 4.92 2.51 2.41
aureus

1) Log Reduction
2) Non—Detection

[£ 44] oM 17T, HEL2l 70T 2o o 2=td
Spoilage Inlet/Outlet . Non—treatment Treatment
. . AT (TC) LRV
organism Temp.(TC) (Log CEFU/ml) (Log CFU/ml)
Esc'herzchza 715 ND? 715
coli
Bacill
actius 53.0 / 70.0 17 4.22 3.05 1.17
cereus
Staphyl
apaylococcus 5.42 ND 5.42
aureus

1) Log Reduction
2) Non—Detection
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. [e] 1l

TIPSR HERE7F Aty nX= S Fotetr] 3 =25 gl A st
83t Ay, EHELEE 75CoNAYE  Bacillus cereusS A3t Escherichia coli,
Staphylococcus aureus, Listeria monocytogenes, Salmonella typhimurium X7
AFE S 0, 80C oA+ Bacillus cereus®t Listeria monocytogeness A 2] st
Escherichia coli, Staphylococcus aureus, Salmonella typhimurium%t A& ¥ 3t

HE2L/l 355 AE &0 3oy, SMs2ss 23Cd W 71 APE &9
=2 Zow Yetst kAW Listeria monocytogenes® 7% 4 SNTEE
Sl E Y}, Listeria

o5 75TCelAE= FAACE e HH, 80ToM = SO
monocytogenest T75TCAA 24%7F, 85TCAM = =3 APESt= Aoz d3A Ao,
2 AFoA ARgE At 2Z u o] AJZFo 2 F7F Atehs WA Y
UH 80 CE‘:]' e 75 coﬂﬁ SRR et A StdsE, H

] Els

Bacillus cereus® 73
cereust 1% A 7+
gdsk, o AME
7 &= 540l St

Zabze] JlE7)E 9 ARGA (A FEFERAN 1A A2016-1303F) 0 o5
! AN Bacillus cereuss= BWER T8t AA gow ZAH7F9

O

4 100 CFU o]at= AAsta vk AFFdelMs ME qF20] Hsto]
A7 ke AEe] A9 ml ¥ 1,000 CFU o]a% 48k 9o

Ay FF5dA | oS Bacillus cereus®] Adads= HEE 80T, o1t
23" A 1 1.74 ~ 1.87 Log reductione Holw, A+ & 1.3 ~ 2.3
Log CFU/mlZ UYElsth F&5d4S o] &3t Aadn = O]%O}Oﬂ A

cereuss st MY AAE R skont, 92 Aadola #d3t
Ue AT olxE FAste] 7 Fol J—ZHOPE'#H 2ol A st
> dholsto] A edS Aoz 4 Q. ol E WA &y $s
At T YA AES B g%t & F=AA A~ (Cold Chain System) & 5317

!

Bacillus

=y
o

AXNEE FA4 Fa7t 9tk Moon 5(2005)2 dTte w2 #2 AAEEE 27
4Rt &5 AujEel daFS we=van d9on, Kim 5(2014)2 AZ&E9
FEFoE 27] A At AFolA o] AAR vk Hasteleh ek 59
A 2§59 T HAY HEAE =5k Arade gEe AR fAE 9
WA 28 9 FEARJAIARS T 443 2= 228 Aoz AzhH
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11 A7 A% 4F A2 92 nw/Ed 2 %2 &4 3= st
b AEWAZE AT P E o] §F UHT 79 dn 24
o e 248 28 USSR (AT) 30C, §EF2E 70Coz2 AAgsle] m&ehA|zr
A3 APd UHT $#% AFbBadde 48 h31e 9 Ayitsd 484
(2015) ol wet Adetglon, AdAx= [ 44, 45] ¢} Zr
(3£ 45] 2D gl S )89 UHT $-f9 wdld 34
(mg/100g+=SD)
Non—treatment Treatment
Ca 97.1 97.1
Zn 0.3 0.3
P 98.5 96.5
Mg 9.5 9.4
K 0 0
Na 0 0
UHT 979 2+ Ag d Ca® Zne 97.1 mg/100g 0.3 mg/100g o.w, Aba A g
& oWmEEEe Qe P2 A A7 A 98.5 mg/100golA A AHE ¥ 965
mg/100g2 2 2 mg/100g°] #HAa® Ho=z Uehwow, Mg 2 A8 d 95

mg/100gol A 2t A7 & 9.4 mg/100g2.Z 0.

Al A =HEE YERRT

Ca +79 WEAQ 27102 Pelx or

1 mg/100g A5kt sk K9 Na

Fol B84 eI A8 BEow

EASIL, HD AT Ael BN A8 B Fol

dasAG £A FEk A 5

et} Claeys et al, (2012), Burton(1984)2 7FdAgl& <13t Ca, P, Mg & W3l

o]‘—

Ael gAY 24 ehka Busgom,

AT A 2%
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¥ 46] Z2GAIE AAAAEE o] &3 UHT /9 vlElY &4

Non—treatment Treatment
Vitamin C 0.00 0.00
Vitamin B; mg/100g 0.04 0.04
Vvitamin Bo 0.09 0.07
Vitamin Bis 0.00 0.00
©g/100g
Vitamin D 2.61 2.93
Vitamin A rg RE/100g 75.09 57.23

UHT 79 A+ A2 A Vitamin By €32 0.09 mg/100g= 0.02 mg/100g 2
a1, Vitamin B2 At A2l A 0.04 mg/100g $lom At A2l & wslgro] itk
A8 vlERRe] -9 7840 vlEtEY ol st 7FA AR Qs e WSy A4
Aty A A (Lee et al, 2014) 0oy, Hur & Hwang(2002)2 Vitamin A+ 4o 2] 3
) 9} AbAoll &gk AbErF =l a2 - 19ke] S oA ANk o]4do] stajEtial sttt
Vitamin A+ A+ A8 A 75.09 pg RE/100goA 2+ A2 ¥ 57.23 pg RE/100g S =
17.86 ug RE/100g #A3sl%lal, Vitamin C¢} Vitamin B, A+ Ag A EHE=2
LhER Sk
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L2GAIZE A o] Ayxde HE sitdeeRd HA HERE A¥s §
ARAY =S EE(AT) 23T, 2% 75CE AAsrt. A Hzd 4=
A EJeFEbAA o] FAbE JhevlE 9 AErE AP 2016) 0 we Ao,
I A= [E 46 ~ 48]33 )

[‘

(mg/100g)
Non—treatment Treatment

Ca 115.55 106.74
Zn 0.38 0.30

p 86.97 84.88
Mg 11.11 9.81

K 125.63 123.12
Na 39.87 29.53

A 2t A A Ca, Zn, P9 e 115.55, 0.38, 86.97 mg/100g °]ow,
At Ael ¥ 106.74, 0.30, 84.88 mg/100ge.® Z+zF 8.81, 0.08, 2.09 mg/100g 74
kAt Mg, K, Na9] A 22 A sk 11.11, 125.63, 39.87 mg/100g ©]lom,
bt A9 % 9.81, 123.12, 29.53 mg/100g & Z+zF 1.30, 2.51, 10.34 mg/100g
sttt UHT $#elA+ K3 Na &%= & F oy, dfolA= K3 Nag
aF wiskE g 4

[ 48] AL2TAZE B3RS o] &3 Ao A 9 Femd 24

Non—treatment Treatment
Milk fat(%) 3.1 3.03
Milk protein (%) 3.15 2.68

S T A AREY] &y ste] |l Tad s sked dAY 3 T ol
o] oz
=

=4S 7]+ lactones T+ methyl ketone®] A EHA Fdo| JTFS Fru oA
AH(In & Jung, 2001). FW-S 7FA Akt sholl whe} 3 Wz 37} by Eo] A
. Jorhvt vt E o] &4 27]E fEsttt(Johnston DE et al.,, 2000). A+ 8 F
o 5

A e 3 1%94 3.03% = 0.07% Astei, SuwA dheRe 3 15900 A
2.68%%= 0.47% a3t 21 o7 el
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E 49] LA AN E ol 88 ff wlekn B

Non—treatment Treatment
Vitamin C 3.1 2.7
Vitamin B; mg/100g 0.12 0.04
Vitamin Bs 0.12 0.1
Vitamin Bis 0.59 0.47
©g/100g
Vitamin D 0.00 0.00
Vitamin A rg RE/100g 29.03 23.01

Aol At A2 A Vitamin C, By, B:9 %2 3.1, 0.12, 0.12 mg/100g°]| o,
At A7 % 2.7, 0.04, 0.1 mg/100ge.® 7+7} 0.4, 0.08, 0.02 mg/100g 7HAst3A .
Vitamin B8] At Azl A & 0.59 pg/100golA A+t A2 F 047 ug/100gl =
0.12 pg/100g7tastth. Vitamin A2l At A2l A &2 29.03 pg RE/100gel A
At A2l % 23.01 pg RE/100g2 2 6.02 pg RE/100g7HA3sk3lth. Vitamin D& At
A A 2HE2 YER

71E S A WE 2EoA FAIZE A (LTLT @ 63TCelA 30+), L-&elA
AT A (HTST @ 72 ~ 75TCAA 156%), 2al2oA =dAZF 2+ (UHT : 135T9
1 2%) 3= Wolnz, Ay 259 Aol o8] $#7F zte AR WIE o]
o} HlERNS] B¢ LTLTHE = 10 ~ 15%, HTSTA 8= 20%, UHTH = 20% ©)
A

bol £AS fan, LA A JE AW BF 10% ol £4E §u@
OB AT %9 SERA FEANS o §3 e LN 2R AFdow
W OWERRLE 0 ~ 15%9] £4¢ Ui, FAe 29Ul £48 faadr. ok
FEad FEANS olgd Aol JE S AFHET S5 AE WHT Hadh
g 5 gtk 2 oulg
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12. 2&a qAF9 43 H7t

57FA ¢ AlZ (R4, LTLT, HTST, UHT, HC Ag €5 = ez 5T 10T
27 xR BEFalo] 149%F AAeH A, AOACH (1990) ] wet » A& A3 (Lxk
A T qw?#)ﬂr ols}st ¥ (pH, A%) S st A9
xﬂz H Aoz Fyslon, FEAY A 20 £

g stel Rstant.

(2% 8813 [2¥ 89]& 5C% 10ToA ¢HAR 555

A REA 3t Hﬂﬁ}a UEbd Zlojth A AElE shA o A 27 ﬁ#-& 3.42 log
CFU/ml 3. 9/5 75T %olA 2 Zv|wre] Alztoz A APS Al 0.22 log
CFU/ml AZ% o], A4 HdZ 3.2 log CFU/ml Z4&3F Z1o 7 el

—

5ColA AZFS v dF= 259 o 4.3 log CFU/ml o4 #HAEHo] ¥a 7=
20,000 CFU/ml & %#st9th. LTLT $f+ %7] ¥#57F 0.3 log CFU/ml 91 4
zFofli= 2.05 log CFU/ml A=%%lo™, HC A8 & 2.59 =l 2.45 log CFU/ml
N3 119 Folli= 3 log CFU/ml & Yebg oy AZ7E <k M2 7S 29314
ien

10Co = d67F 19%ke] 543 log CFU/mIE YeErdlem, LTLT $f= 29 X}of
4.92 log CFU/ml & ®% 715& %391 149 Ao 7.26 log CFU/ml 7HA] F7}at
Atk HC A 2 3% A% 14 AHH 2.26 log CFU/ml & #23] F718k3 o,
49 22-E WA 71591 20,000 CFU/ml o4 AZE = it

[29 90]¥ [Z29 9112 5T<} 10CAA /AR 555 1493 AAZsAS we
g Wsks vEbd Zojth Ao did3dT 27 5 2.29 log CFU/ml
5ColAE 5.17 log CFU/ml, 10ColdE= 6.62 log CFU/ml 7HAl F7bskd b LTLT,
HTST, UHT Z8]3l HC A $FolAe A 23kt

(1% 92 ~ 95]€ 5T 10TIN $HAR 55 1407 A4aAL W) pH ¥ 4w
WEHE e golth 5Tl ARS A, ARHE ALY 47 $F ARE dnE
$4 F29 pH ¥ AEE #A8YL, 10CIHE LTLT $65 A% 559 474,
HC A7 2f% A% 1059 A4 fAeksiT
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[ 51] 5CoA AR 5FS 1497 AAERF S wo kA HE

Samples Raw milk  LTLT HTST UHT HC
0 3.42 0.3 0 0 0.22
1 3.84 0.37 0 0 1.47
2 3.86 0.52 0 0 1.88

2.5 4.32 0.94 0 0 2.45
3 4.33 0.73 0 0 211
3.5 4.54 1.04 0 0 9.39
4 4.69 2.05 0 0 218
45 481 1.8 0 0 2.05
5 473 9.24 0 0 1.98
5.5 4.83 2.93 0 0 2.56
6 477 2.28 0 0 9.39
6.5 481 0.4 0 0 9.55
7 5.01 2.66 0 0 9.58

pi!;?;g%g) 7.5 4.88 2.57 0 0 951

8 5.13 2.62 0 0 9.57
8.5 491 275 0 0 2.68

9 5.22 2.81 0 0 2.73
9.5 5.01 278 0 0 2.83
10 5.08 2.93 0 0 2.95
10.5 5.13 3.05 0 0 2.74
11 4.96 0.77 0 0 3.00
11.5 5.25 2.81 0 0 2.73
12 5.11 275 0 0 2.78
12.5 5.32 2.78 0 0 2.81
13 5.19 2.83 0 0 2.85
13.5 5.48 2.87 0 0 2.91
14 5.52 2.84 0 0 2.75
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7 1 —@— Raw milk

—— LTLT
—m— HTST

67 —— unr
—&— HC

5 -

Log CFU/mil
w

Storage period(d)
[728] 89] 5TCollA FRHAIE 6Fe 1491 AAsds el dukAlar W
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[

¥ 52] 10CoA $HAIE 555 14970 AFsES wo] dutao W3}

Samples Raw milk ~ LTLT HTST UHT HC
0 3.42 0.3 0 0 0.22
1 5.43 2.37 0 0 2.26
2 5.91 4.92 0 0 2.92

2.5 6.06 4.78 0 0 3.1
3 6.23 5.18 0 0 3.36
3.5 5.94 5.44 0 0 3.94
4 6.85 5.32 0 0 4.37
4.5 7.14 5.59 0 0 4.73
5 7.88 5.22 0 0 5.05
5.5 7.58 4.62 0 0 5.8
6 7.38 5.5 0 0 6.14
6.5 7.4 5.67 0 0 5.9
7 7.43 5.44 0 0 5.78
IS 7.5 7.55 6.01 0 0 5.64
8 7.72 6.43 0 0 5.392
8.5 7.51 6.73 0 0 6.03
9 7.53 6.21 0 0 5.85
9.5 7.41 6.85 0 0 5.72
10 7.81 6.46 0 0 6.14
105 7.89 6.75 0 0 5.86
11 7.73 6.29 0 0 6.21
115 7.9 6.68 0 0 6.57
12 7.88 6.76 0 0 6.43
12.5 8.07 6.83 0 0 6.87
13 7.95 7.01 0 0 7.05
135 8.12 7.15 0 0 7.09
14 8.19 7.26 0 0 7.32
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9 1 —@— Raw milk
—— LTLT
8 1 —@— HTST
—— UHT
7 1 —&— HC

Log CFU/ml
IN

Storage period(d)
[ 90] 10TCelA /A 5F& 1497 ARl wo] Ankalyt Hs)
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[

kYA
ar

531 5TeIA $HAR 55 1423 Agata e mel ogas va

Samples Raw milk  LTLT HTST UHT HC
0 2.29 0 0 0 0
1 2.62 0 0 0 0
2 2.86 0 0 0 0

2.5 3.99 0 0 0 0
3 4 0 0 0 0
3.5 4.44 0 0 0 0
4 4.8 0 0 0 0
4.5 4.85 0 0 0 0
5 4.79 0 0 0 0
5.5 4.32 0 0 0 0
6 4.43 0 0 0 0
6.5 4.87 0 0 0 0
7 4.93 0 0 0 0

IS 7.5 4.96 0 0 0 0

8 4.91 0 0 0 0
8.5 4.93 0 0 0 0
9 4.98 0 0 0 0
9.5 5.01 0 0 0 0
10 4.95 0 0 0 0
105 5.03 0 0 0 0
11 5.09 0 0 0 0
115 5.12 0 0 0 0
12 5.06 0 0 0 0
125 5.11 0 0 0 0
13 5.14 0 0 0 0
135 5.19 0 0 0 0
14 5.17 0 0 0 0
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Log CFU/ml

(71

—@— Raw milk
—v— LTLT
—&— HTST
—— UHT
—a&— HC

Storage period(d)

91] 5CelA $RHAR 55 1497 AZaS W] dhgd Wt
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[

kYA
ar

541 10TCoIA $HA R 5L 1497 AFeR S v thdo+ W3t

Samples Raw milk ~ LTLT HTST UHT HC
0 2.29 0 0 0 0
1 3.72 0 0 0 0
2 4.29 0 0 0 0

2.5 4.75 0 0 0 0
3 5.85 0 0 0 0
3.5 5.89 0 0 0 0
4 5.98 0 0 0 0
4.5 6.24 0 0 0 0
5 5.64 0 0 0 0
5.5 5.49 0 0 0 0
6 6.26 0 0 0 0
6.5 6.39 0 0 0 0
7 6.33 0 0 0 0

It 7.5 6.37 0 0 0 0

8 6.31 0 0 0 0
8.5 6.39 0 0 0 0
9 6.41 0 0 0 0
9.5 6.44 0 0 0 0
10 6.4 0 0 0 0
105 6.48 0 0 0 0
11 6.52 0 0 0 0
115 6.5 0 0 0 0
12 6.55 0 0 0 0
12.5 6.57 0 0 0 0
13 6.51 0 0 0 0
135 6.56 0 0 0 0
14 6.62 0 0 0 0
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7 17 —@— Raw milk

—v— LTLT
6 | —®— HTST
—O— UHT
—&— HC
5 -

Log CFU/mil
w

Storage period(d)
(2% 92] 10CelA HAIE 5F& 1497 ARl W o+t As)

- 135 -




[

¥ 55] 5CoA A8 552 1493 AFsE S o pH W3}

Samples Raw milk LTLT HTST UHT HC
0 6.77 6.71 6.62 6.72 6.75
1 6.68 6.7 6.61 6.72 6.75
2 6.65 6.68 6.6 6.68 6.73
2.5 6.61 6.63 6.61 6.69 6.72
3 6.6 6.58 6.6 6.68 6.69
3.5 6.56 6.56 6.59 6.69 6.68
4 6.55 6.56 6.6 6.69 6.64
4.5 6.54 6.57 6.58 6.67 6.6
5 6.54 6.55 6.6 6.69 6.61
5.5 6.48 6.54 6.59 6.66 6.59
6 6.39 6.45 6.61 6.69 6.55
6.5 6.38 6.45 6.59 6.68 6.51
7 6.37 6.43 6.6 6.66 6.47

pi!;?;g%g) 7.5 6.43 6.45 6.59 6.67 6.47
8 6.41 6.47 6.6 6.66 6.46
8.5 6.38 6.42 6.51 6.67 6.45
9 6.37 6.41 6.58 6.66 6.46
9.5 6.36 6.43 6.58 6.65 6.45
10 6.37 6.4 6.57 6.65 6.46
10.5 6.38 6.49 6.56 6.66 6.45
11 6.36 6.4 6.57 6.65 6.44
11.5 6.35 6.38 6.56 6.64 6.43
12 6.34 6.37 6.55 6.65 6.44
12.5 6.35 6.38 6.56 6.64 6.42
13 6.34 6.36 6.54 6.63 6.42
13.5 6.32 6.35 6.53 6.63 6.41
14 6.31 6.34 6.54 6.64 6.4
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pH

6.8

6.7
6.6
6.5
6.4 .
—&— Raw milk
—v— LTLT
—&— HTST
637 —o— unr
—&— HC
62 T T T T T T T T T T T T T T 1

Storage period(d)
[29 93] 5Tl +FHAIR 55 1491 AFstdS el pH s
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[ 56] 5CeA +RHAR 55 1497 AZaS wfo] At Wst

Samples Raw milk =~ LTLT HTST UHT HC
0.13 0.13 0.15 0.12 0.14

1 0.14 0.13 0.14 0.13 0.15
0.15 0.14 0.14 0.16 0.15

2.5 0.14 0.15 0.15 0.14 0.14
3 0.15 0.14 0.14 0.15 0.14
3.5 0.16 0.13 0.14 0.16 0.15
4 0.18 0.15 0.14 0.15 0.15
45 0.19 0.14 0.15 0.15 0.15
5 0.21 0.14 0.15 0.15 0.15
5.5 0.21 0.16 0.14 0.16 0.16
6 0.23 0.15 0.15 0.15 0.15
6.5 0.24 0.16 0.15 0.16 0.14
7 0.24 0.14 0.15 0.14 0.14
pi!;?;g%g) 7.5 0.26 0.18 0.15 0.14 0.17
8 0.27 0.17 0.16 0.15 0.16
8.5 0.26 0.17 0.15 0.14 0.16
9 0.28 0.18 0.16 0.15 0.16
9.5 0.3 0.17 0.15 0.15 0.17
10 0.33 0.18 0.17 0.16 0.15
10.5 0.35 0.17 0.17 0.16 0.16
11 0.34 0.18 0.18 0.15 0.17
11.5 0.37 0.18 0.15 0.17 0.16
12 0.41 0.18 0.16 0.17 0.18
12.5 0.48 0.17 0.16 0.16 0.18
13 0.51 0.18 0.17 0.16 0.16
13.5 0.47 0.16 0.18 0.15 0.18
14 0.53 0.18 0.16 0.16 0.17
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Acidity(%)

0.6 1 —@— Rawmilk

—v— LTLT
—— HTST
0.5 - —O— UHT
—a&— HC
0.4 +
0.3 +
0.2 H
0.1 +
0.0 T T T T T T T T T T T T T T 1

Storage period(d)

1 12

(729 94] 5TColA AR 552 1497 A S wo Alx

13

H

fd

3}
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[ 57] 10CANA AR 5FS 1497 AAEF S o] pH W3}

Samples Raw milk LTLT HTST UHT HC
0 6.77 6.71 6.62 6.72 6.75
1 6.65 6.68 6.6 6.71 6.74
2 6.6 6.66 6.6 6.66 6.7
2.5 6.58 6.59 6.59 6.62 6.65
3 6.38 6.57 6.58 6.59 6.62
3.5 6.24 6.53 6.58 6.58 6.57
4 6.13 6.47 6.56 6.55 6.52
45 5.97 6.43 6.57 6.55 6.5
5 5.82 6.4 6.56 6.56 6.46
5.5 5.67 6.38 6.56 6.55 6.41
6 5.55 6.26 6.53 6.54 6.33
6.5 5.3 6.18 6.55 6.53 6.24
7 5.21 6.15 6.54 6.54 6.2

pi!;?;g%g) 7.5 5.23 6.16 6.53 6.53 6.18
8 5.21 6.15 6.54 6.55 6.16
8.5 5.19 6.14 6.53 6.55 6.17
9 5.18 6.15 6.52 6.54 6.15
9.5 5.16 6.13 6.51 6.54 6.14
10 5.17 6.11 6.52 6.53 6.13
10.5 5.17 6.1 6.52 6.53 6.14
11 5.14 6.13 6.51 6.52 6.14
11.5 5.11 6.12 6.5 6.52 6.13
12 5.1 6.09 6.49 6.5 6.11
12.5 5.11 6.08 6.5 6.51 6.1
13 5.08 6.06 6.48 6.51 6.08
13.5 5.06 6.05 6.47 6.5 6.06
14 5.03 6.04 6.47 6.49 6.05
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pH

7.0

6.8

6.6

6.4

6.2

6.0

5.8

5.6

54 —@— Raw milk
: —— LTLT

59 —=— HTST
’ —O— UHT

5.0 —A— HC

48 T T T T T T T T T T T T T T 1

Storage period(d)
[29 95] 10TColA /AR 555 1493 A4stls wWel pH W3}
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[

3 58] 10TCelA +RHAR 555 1493 AsIlE wo] Abx W3t

Samples Raw milk =~ LTLT HTST UHT HC
0 0.13 0.13 0.15 0.12 0.14
1 0.15 0.15 0.15 0.14 0.14
2 0.16 0.15 0.14 0.13 0.13
2.5 0.16 0.16 0.14 0.14 0.14
3 0.18 0.16 0.15 0.14 0.16
3.5 0.22 0.15 0.14 0.15 0.14
4 0.25 0.16 0.15 0.16 0.15
45 0.27 0.16 0.14 0.15 0.15
5 0.3 0.17 0.14 0.14 0.16
5.5 0.33 0.18 0.15 0.15 0.16
6 0.38 0.18 0.15 0.13 0.17
6.5 0.41 0.17 0.14 0.15 0.15
7 0.43 0.18 0.15 0.14 0.17

pi!;?;g%g) 7.5 0.45 0.16 0.16 0.15 0.15
8 0.46 0.16 0.15 0.14 0.15
8.5 0.48 0.15 0.15 0.14 0.16
9 0.47 0.17 0.16 0.15 0.15
9.5 0.49 0.16 0.14 0.16 0.16
10 0.51 0.16 0.15 0.16 0.17
10.5 0.56 0.18 0.15 0.15 0.18
11 0.53 0.15 0.17 0.15 0.19
11.5 0.55 0.17 0.16 0.14 0.2
12 0.58 0.18 0.18 0.16 0.18
12.5 0.57 0.19 0.15 0.16 0.22
13 0.16 0.16 0.17 0.25
13.5 0.19 0.17 0.15 0.21
14 0.2 0.16 0.18 0.23
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—®&— Raw milk
—v— LTLT
—&— HTST

0.7

0.6

0.5 +

T T
< «
o o

(@) Anpoy

0.2 +

1 12 13 14

10

Storage period(d)
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