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WO 01/ 37675 PCT/ ZA0OO/ 00189 -1 STERI LI ZATI ON OF LI QUI DS USI NG ULTRA-VI OLET
LI GAT __FlI EJSS@?: THE I NVENTION THIS I NVENTION rel ates to the sterilization
ng ultra-violet light. 5 The use in thi sP%?“I’qoéaiti on of
the term"sterilization" is nmeant to indicate a reduction in bacterial
count in a liquid, and not necessarily a total elimnation of Dbacteria.
BACKGROUND TO THE | NVENTI ON The use of ultraviolet (UV) light for the
pur pose of sterilizing a liquid is well 10 known. A problemthat arises
with a turbid liquid is that the |light does not penetrate very far into
the liquid and hence liquid furthest fr the UV | anp nmay not be sterilized
at all or may nlERLIZAGHAN QF HQUIDSAS U TRAM OLET [pDGHt
speci fication 96/ 8029 discloses an elongate sterilize in which a
fluorescent tube is within, and co-axial with, an el ongate housing. The 15
sterilization chanber is between the fluorescent tube and the housing. The

I qui griEnbeYF THEINVENfDRUt | et are arranged tangentially with respect to
the houstrng rn an efror o0 cause the liquid to swirl and overcone the
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light.

The use in this specification of the term "sterilization" is meant to indicate
a reduction in bacterial count in a liquid, and not necessarily a total elimination of

bacteria.

BACKGROUND TO THE INVENTION

The use of ultraviolet (UV) light for.the purpose of sterilizing a liquid is well
known. A problem that arises with a turbid liquid is that the light does not penetrate

very far into the liquid and hence liquid furthest from the UV lamp may not be sterilized

at all or may not be properly sterilized.

South African patent specification 96/8029 discloses an elongate sterilizer
in which a fluorescent tube is within, and co-axial with, an elongate housing. The
sterilization _chamber is between the fluorescent tube and the housing. The liquid in!at
and liquid outlet are arranged tangentially with respect to the housing in an effort tc

cause the liquid to swirl and overcome the difficulty referred to above. It has been



-2 found, however, that the swirling notion inparted to the liquid as it
enters Wuﬂ%ﬁ ng does not continue throughout the |enptirzaéo/dbs® housi ng,
thus limting the beneficial effect. Qther structures are known, such as
that shown in US patent 5,675,153, 5 in which there is a helical vane in

t he space between the fluorescent tube.and the housing, the vane extending
fromone end of the housing to the other. The vane is slotted and there is

2 gap bﬁdﬁﬁeﬂ?\ygﬁer" e tﬁé‘ dwirllRg InfistRIn lﬁkﬂécrfé@@lo%e ‘llH@ldf&U@ eRfers ﬁ#@ﬁousﬁni

structure wou be conpletely Unsuitabl'e for the sterilization of

vou d b0 N co e ARTRoTE IR TERGH & e et Pris I EBBTAE oBREYTAL (o °

deposit on the surfaces defining the flow passage, in regions where there
is an i AB&SY i cient flow velocity, so that the structure of US patent
5,575,153, if it were to be used for the sterilization of mlk, would
suffer from deposits and as a consequence require frequent cleaning. The
structure would, in any event, be difficult to clean to the degree that is

required in appar I‘\%\/étﬁ#h&%?;ggé‘ﬁﬁ WA sidifas %t@ﬁeq}n'lﬂ%\‘? afSnk &6 78R &

DESCRI PTI ON OF TH cordi ng to one aspect of e i nvention'there
Sori 11 roRTICHBR I A aieabrare i BoctERepEaReh g%rggggrﬁwe% B ube
extend ?\guglng,n ’g\etvhaenesgﬁgrt\é]mgtfgneng gngeelnrc]igof thg ?\%ugﬁtg\qgetr?e tC)Pheer The vane is

slotted and there is a gap between the vane and the inner surface of the housing. Such

a structure would be completely unsuitable for the sterilization of milk, because of the

many sharp corners where flow would stagnate and bacteria would be able to multiply.
10 There is a tendency for solids in milk to deposit on the surfaces defining the flow

passage, in regions where there is an insufficient flow velocity, so that the structure of

US patent 5,575,153, if it were to be used for the sterilization of milk, would suffer from

deposits and as a consequence require frequent cleaning. The structure would, in any

event, be difficult to clean to the degree that is required in apparatus that is used for the

16 handling of milk.

BRIEF DESCRIPTION OF THE INVENTION

According to one aspect of the invention there is provided a sterilizer for
reducing the bacteria count in a liquid, the sterilizer comprising an elongate sheath, an
elongate fluorescent tube extending along the sheath, there being a gap between the

20 tube and the sheath through which gap the liquid to be sterilized flows, said sheath



20 tube and the sheath through which gap the liquid to be sterilized flows,
said sheath WO 01/ 37675 PCT/ ZA0O0O/ 00189 -3 having an int o6 gglguratlon
i ncl udi n‘é’oﬂ?m‘;@%erances over which, in use, the liquid f{ﬁo]’%e g(ﬁ) Pwhi ch

i npart turbulence to the flowwng liquid. In one formthe sheath has a
spiral groove in the inner face thereof with a spiral |and between

adj acent turns of the groove, the | and Form ng said protuberances 5 over
whi ch t e,I| ui d bein erilized fl ows. The shape of the protuberances s .
br ef o abAYNG A NaFR! CORIGUIHIO HEUEHG MTAIDE SR Whighdh YRedba lakich a
snoothly curved, undul ating configuration. Preferably said tube and sheath
are wi t fiows and vdxiclehdpaﬂtMQUMceltorﬂgaﬂewir@Jtcnﬂd.housi ng. 10 According to a-
further aspect of the present invention there is provided a nethod of
reduci ng the bacteria count in mlk, the nmethod conprising causing the mlk
to flow froma mlking machine to a sterilizer in which the mlk is

Gl travi of et radi ol oie BupuhESEaltfine SprBLuG e e HRE SR E bRl Wit

i nclude the further step of coolin%hthe mlk down to  storage tenperature

after s&Biradandhgeiweanadipeert sl tha greavenihe larddrrmingEricbaatybarengsE
DRAW NGS
5 over which the liquid being sterilized flows. The shape of the protuberances is

preferably such that they provide the inner surface of the sheath with a smoothly

curved, undulating configuration.

Preferably said tube and sheath are within and extend along an elongate

outer housing.

10 According to a further aspect of the present invention there is provided a
method of reducing the bacteria count in milk, the method comprising causing the milk
to fiow from a milking machine to a sterilizer in which the milk is subjected to ultraviolet
radiation, the milk being subjected to said ultraviolet radiation before it cools to below

28°C.

16 The method can include the further step of cooling the milk down to

storage temperature after subjecting it to ultraviolet radiation,

BRIEF DESCRIPTION OF THE DRAWINGS
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een RePlaees ,This B Sheet Has 1111 11111 1111 11111 111 WO 01F37675

PCT/ ZAOQ 00189. -4 For a better understandi ng of the pr ' tion, and
to shoW R8P same may be carried into effect, referg“rs'l’glg‘k\?\'}lﬁffwnow be

made, by way of exanple, to the acconpanying drawings in which: Figure 1
is a side elevation of a sterilizer in,accordance with the present 5
I nvention; Figure 2 is a |ongitudinal %ection t hrough one end of the

.sterilizer, dra to.a, larger scale: . Figure 3 .S a.cross-sect]j on line
"111-111 of Fi gurE@h@ b&#swﬁ%rswﬁ@%n&ﬁ\egwaa?nt 'QX%'I?‘E%”*J?‘G%#P&&P&Q’%W@’%
detail of part of Figure 2: and
same may be carried into effect, reference will now be made, by way of example, to the

accompanying drawings in which:-

Figure 1 is a side elevation of a sterilizer in accordance with the present

5 invention; -

Figure 2 is a longitudinal section through one end of the sterilizer, drawn to a

larger scale;
Figure 3 is a cross-section on line lii-lll of Figure 1, drawn to the same larger
scale;
10 ' Figure 4 is a detail of part of Figure 2: and

Figure 5 is schematic diagram of a milk sterilization installation in accordance

with the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring firstly to Figures 1 to 4, the sterilizer 10 illustrated is designed
15 specifically for the purpose of sterilizing milk but can be used to sterilize not only turbid
liquids but also transparent or transiucent liquids. The sterilizer comprises an elongate
stainless steel outer housing 12 which is circular in cross section. A mounting plate 14
is tack welded to the housing 12 midway between its ends (see Figure 3). In anather

form the outer housing 12 is square in cross section.



Figure 5 is schematic diagramof a mlk sterilization installation in
accordan ' the invention. DETAI LED DESCRI PTI ON OF 23367
Referring'aql&{ y to Figures 1 to 4, the sterilizer 10 |} & ra}‘xelg@;ss
designed 15 specifically for the purpose of sterilizing mlk but can be

used to sterilize not only turbid |iqugds but also transparent or
translucent liquids. The sterilizer con%rlses an el ongate stainless steel

outer housing 12 ich is,circu ' Ss_section, untin te 14 .
is tack wel ded to ﬁ@%ﬁﬂg iafdha 0%'8%1?@8{%\)5’&? maé"fgedg) g‘?gﬂ e 3). In
another formthe outer housing 12 is square in cross sectlon WO 01/ 37675

PCT/ ZACfproungen inlet @a@mll@ﬁdaa)stenhéeda@r@lthg otizen meniold Sormingani dulletifors, one
mani fold formng an inlet for mlk to be sterilized, and the other manifold

f or m ng starilieed helk. The maiifoldd 18 edchihake aliert rra.n'rrfnelgﬁmsl&re%dh iRave a port
18. The ports are each in a conventional male dairy fitting 20 whereby a

hose Ca'&oﬁ@erﬁf&n@?ﬁ%‘i’e HQiﬁ{ fiif Z-H\ﬁhéfefb{y d‘ﬂo%’ee 65 85 A3 hé@m r@ od 5’Fﬁe'fﬁtfrfgo one

S|de of the verti cal |'ane of the sterilizer

nes i ure 3 L to the
nor 20 ¥ e 'fO?%ﬂPr'a%Paﬁédﬁéﬁﬁsmrﬁ'%‘?asv %Equen‘ééﬁ? ﬁterfﬁlaar @3, Each
mani fold 16 has aligned openings 22, 24 in opposite walls thereof. The
sterili sbpwhum fmarne@dnﬂgwes3)@r@dhe6¢fa19380 ohthet othesmanifold 1G&isdbith@etheni t h

the 10 opening 22 and extends the full Iength of the housing 12 betmeen t he
mani f ol @rjeld¥.the centre plane as shown in dotted lines in Figure 3. :

Each manifold 16 has aligned openings 22, 24 in opposite walls thereof.
The sterilizer further comprises a corrugated sheath 26 which is aligned with the -

10 opening 22 and extends the full length of the housing 12 between the manifolds 16.

Each manifold 16 has an internally threaded socket 28 secured thereto,

the sockets 28 being aligned with the openings 24

An externally threaded bush 30 is screwed into each socket 28 and there -

is a sealing ring 32 between each bush 30 and the wall of the manifold.

15 A fluorescent tube 34 (also referred to as a germicidal UV lamp) passes
through the bushes 30, sockets 28, sealing rings 32, manifolds 16 and sheath 26, the
ends of the fluorescent tube protruding from the bushes 30. When the bushes 30 are

tightened the sealing rings 32 are compressed and grip the fluorescent tube 34, thereby



Each manifold 16 has an.internally threaded socket 28 secured thereto, the
sockets 28 b(é A9 aligned with the openings 24 An externgdyzidfegmged bush
30 is s I'nt 0 each socket 28 and there 1is a sealing ring 32 between
each bush 30 and the wall of the manifold. 15 A fluorescent tube 34 (also
referred to as a germcidal W |anp) passes through the bushes 30, sockets
28, sealing rings 32, manifolds 16 and sheath 26, the ends of the
.quores ent tube qlng fromthe bushes 30. Wen the bushes 30 are
ti ght en@ H“FWJK§@¥P P&qu gs 32 are conpressed and grip the fluorescent tube
34, thereby WO 01/37675 PCT/ ZAOQ 00189 -6- formng liquid-tight seals: The
sheath 26 is of stainless steel and is fornmed with a helically extending
corrugation. As can best be seen in Figure 4, the helical corrugation has a
pitch P of aboutTashestt 26 i8\0f desinlebe statd iadd ioforhier! witihe helithilaedendingl v
curved undul ating 5 surface when the tube is viewed in radial cross

secti on, @HM Aiart BREPHE QORI BLre 8] MM aRtiRHR 4 UK P of

stagnatl on an occur a nom na out 40mMm

Bei ng of t nl e te t he nnr rface of th sheat h, 26,1 S
re:c I gct?@‘i“ @5@&?&\/@5&“8&%@%9 m?zlﬁbf’lvﬂg} R h'ﬁll?b‘éveé%u%%atﬂ% sheat h

26 varies between about 5nm at the troughs of the 10 corrugations (the
§i st anceurdjce whandhe tubenis viewerbirciadial srqasreecipst witbeutmny sharp corners or

discontinuities where flow stagnation can occur.

The sheath 26 has a nominal diameter of about 40mm. Being of stainless
steel, the inner surface of the sheath 26 is reflective. The radial gap between the
fluorescent tube 34 and the sheath 26 varies between about 5mm at the troughs of the

10 corrugations (the distance d) to about 7mm at the crests (the distance D).

in another form the sheath 26 has a spiral groove extending along the
inner face thereof with a spiral land separating adjacent turns of the groove. The gap

between the land and the outer face of the tube 34 is approximately Smm.

Milk flowing through the sterilizer 10 passes through the narrow annular

15 gap between the fluorescent tube 34 and the corrugated sheath 26. As the milk flows
into the sterilizer a swirling motion is imparted to it, and hence turbulence is introduced,

by the tangential position of the inlet fitting 20. The corrugations maintain, throughout

the length of the sterilizer, the turbulence introduced into the milk as it flows into the



In another formthe sheath 26 has a spiral groove extending al ong the
I nner fa&g)otl)g%lgof with a spiral |and separating adj aceni,ﬁ-}m ooRko t he

I
gr oove. e gap” between the land and the outer face of the tube 34 is
approximately 5mrm M1l k flowi ng through the sterilizer 10 passes through
the narrow annul ar 15 gap between the_-;_l uorescent tube 34 and the
corrugated sheath 26. As the mlk flows into the sterilizer a swirling

notion i s i ed to i n e turbul en IS dntroduced, by the
Fangent MANTARE TR ref st B8 Wik b SHBese G 1V lght. . 86¢ Edontdll e a5,

t hroughout the length of the sterilizer, the turbulence introduced into

t he m | Rrrapgement efiei aitlet fiting\RO enywes Ymat pia nElkdomeosrsocthlyroutedithel d. Thi s-
ensures that all the milk is subjected to UV |ight. The tangenti al

ar r angegwlizer wittheutakié fittingf dausingoa Bacle prabsese hith ddifd dampehltssurbaient hl y -
out of the sterilizer without the fitting causing a back pressure which
coul d dagpen the turbulent flow 5 If the inlet manifold and fitting do
not inpart turbulence to the incomng Iliquid, then the surface of the
sheath breaks up the snooth flow of the incomng liquid and introduces
turbul ence. It has been found that the best results are obtai ned when the
velocity of the mlk flow ng through the gap between the fluorescent tube
™ and the sheat h!f2ise inlet menieid @ndJitig do potimepaibiybulenoe tntre iaremNs ' s.
At lower flow velocities there is a fall off

liquid, then the surface of the sheath breaks up the smooth flow of the incoming liquid

and introduces turbulence. .

It has been found that the best results are obtained when the velocity of
the milk flowing through the gap between the fluorescent tube 34 and the sheath 26 is
10 about 3 m/s, preferably between 3 and 3.5 m/s. At lower flﬁw velocities there is a fall off
in the turbulence that is recjuired to ensuré a proper irradiétion of all the milk. At higher
flow velocities, there is a tendency for butter formation to take place. There is also at

higher velocity a tendency for the tube 34 to be coated thereby blocking off UV light.
Referring now to Figure 5. reference numeral 36 generally indicates an
15 installation for sterilizing milk, the instailation being erected on a dairy farm and

including a sterilizer 10 of the type described above with reference to Figures 1 to 4.

The installation 36 comprises a pump 38, a first filter 40 connected

upstream of the sterilizer 10, a second filter 42 connected downstream of the sterilizer

SN



in the turbulence that is required to ensure a proper irradiation of all
the m '&ooﬁﬁm% gher flow velocities, there is a tendenegrizabo/tuiss er
formation to take place. There is also at higher velocity a tendency for
the tube 34 to be coated thereby blocking off UV light. Referring now to
Figure 5. reference nuneral 36 generalgy indicates an 15 installation for
sterilizing mlk, the installation being erected on a dairy farm and

-i ncl udiyRg tien L | L0 | fien to
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connecteg . upstr of the sterilizer 10, a second filter 42 cqnnected
downst coleete and 48 &a il Mrening andigugBe3he Tk cam e o IeeHs “and a
bul kK cooler tank 44. The punp 38 has its suction inlet connected to the
mlk domWl tethenbulbcabletganis 44 via theifitgt fittes MiOn&he stedlizarfsandthensedontrfitert he
mlk collecting bowl to the bulk cooler tank 44 via the first filter 40,

the st el Doskhg bPtHukhilk Bekesasiasslirf thiettahk 442. Cool ing of the m Ik takes
place in the tank 44. 5 The installation 36 includes a bypass |ine 48

bypassing the sterilizer 10. Bypass valves 50 are provided to divert flow
fromthe sterilizer 10 to the bypass line and to isolate the sterilizer.
|f desired, the pass, | ine 48 nay, be substifut by a.second sterjlizer
50 so that 11 ow JHR R S8MGNdRH RUDSILITE 15 oybassing B pieahesT
filter 40 is provided to filter out hair and other dirt fromthe mlk that
i s 10 Bypess walvebraddharehwowidel to divestiiowidropothie stehlizesrd@dndheibypass e asd
provided as a safety

to isolate the sterilizer. If desired, the bypass line 48 may be substituted by a second

sterilizer 10 so that flow can be diverted from one sterilizer to the other.

The filter 40 is provided to filter out hair and other dirt from the milk that is
10 - received from the milk collecting bowl. The second filter 42 is provided as a safety
feature, to prevent glass fragments or other parts of the fluorescent tube 34 from finding

their way into the tank 44 in the event of a breakage.
Two or more sterilizers 10 ¢an be provided in series.

Itis an important feature of the invention that the milk is subjected to
15 ultraviolet radiation in the sterilizer 10 while the milk is still warm. The fatty constituents
of milk start to separate from the rest of the milk when the temperature falls below 28°C.
This is referred to as "crystallization". By passing the milk through the sterilizer while the

milk is still at a temperature of 28°C or above the tendency of the fatty constituents to



feature, to prevent glass fragnents or other parts of the fluorescent tube
34 fromfindi n? their way into the tank 44 in the event, /Zfbﬂ%f@kage' Two
or more ¥P&316/%ers 10 can be provided in series. It is an TAportant
feature of the invention that the mlk is subjected to 15 ultraviol et
radiation in the sterilizer 10 while t mlk is still warm The fatty
constituents of mlk start to separate fromthe rest of the nilk when the

t enper at
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tenperature of 28C or above the tendency of the fatty constituents to WO
01/ 3767befoaT thennik coesdo betow @8f€ct on the inside surfaces of the
sterilizer is mnimzed. Thus sterilization occurs before the mlk cools
to below 28C. While the use of the sterilizer 10 to irradiate nm |k has been
descri bed above, it is to be understood that the sterilizer could al so be

used 1o Ster! 1 12 uithe Bkl thd onfls AIBRR8Ias Gt dassione
o0 CRE e K P o C TN M TR N

5 liquids. For example, it could be used to sterilize liquids such as wine and petroleum.
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conprising an elongate sheath, an elongate fluorescent tube extending al ong

the shedtdhgrdbere being a gap between the tube and thepefreabtiodiBs ough
whi ch gap tlﬁ liquid to be sterilized flows, said sheath having an

i nternal configuration including protuberances over which, in use, the
liquid flows and which inpart turbuleope to the flowing liquid. 2. A
sterilizer as clained in claiml1l, wherein the sheath has a spiral groove
-in thedinfrs:face thereof with a spiral land between adjacent turns of the
groove, the land form ng said protuberances over which the |iquid being
sterilized flows. 3. A sterilizer as clained in claiml or 2, wherein said
tube and sheath are wthin and extend al ong an el ongate outer housi ng. 4.
A sterilizer as clainmed in claim1, wherein the protuberances_ provide the

i nner slurface of Ptﬁéﬂklﬁa‘é@hr&ﬁupmgathﬂhﬁ%&ﬂ%/cwtv&é liakieh dne stenzer
configuration. 5. A stabilizer as clainmed in claim1l or 2, and including an

inl et Wonsdrisirgy a@fefoe@ata\shéatheap@mngame ﬂbembeaﬁﬂubammmg aloagstheas to
cause the incomng liquid to swirl in the sheath. 1111111 11111 ©T11JI

11111 | he%ii‘Hhere n§ %%t@%@ﬁﬁh@ﬂ%@é@t@&mﬁﬁgﬁh tl%ﬂougp vﬁftﬁéﬁ gablthger as

cl ai rre l'ar m I ng an out

liquid to be sterilized flows, said sheath having an internal configuration including
protuberances over which, in use, the liquid flows and which impart turbulence to the

flowing liquid.

2, A sterilizer as claimed in claim 1, wherein the sheath has a spiral groove
in the inner face thereof with a spiral land between adjacent turns of the groove, the

land forming said protuberances over which the liquid being sterilized flows.

3. A sterilizer as claimed in claim 1 or 2, wherein said tube and sheath are

within 'and extend along an elongate outer housing.

4, A sterilizer as claimed in claim 1, wherein the protuberances provide the

inner surface of the sheath with a smoothly curved, undulating configuration.
5. A stabilizer as claimed in claim 1 or 2, and including an inlet which is

offset with respect to the sheath and the tube so as to cause the incoming liquid to swirl

in the sheath.
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wWith respect to the sheath and the tube, the outlet being so positioned

that the_liqui flowing in said gap, and which has a sw,frlj,l | on

i nposed Wﬁ“&g?&fl ows into said outlet which is general Y\?&Jfl%%goéﬂﬁglal to the
swirling liquid. 7. A nethod of reducing the bacteria count in mlk, the
met hod conprising causing the mlk to flowfroma mlking machine to a

sterilizer in which the mlk is subj edtted to ultraviol et radi ation, the

m | k being subjected to said ultraviolet radiation before it cools to i
bel ow 28C. 8. A nPthR¥dizgsag claimed 7 flaimal, Ang ingHAINg AP YAt WIS affegt t he
mlk down to storage tenperature after subjecting it to ultraviolet

radi at i with r@spekt$o éhe sheath ahdrthe duhe;ithg outiet being eoipositionet that theliiggid d
substantially as hereinbefore described with reference to the acconpanyi ng

dr awi ngfigwiHe: inAalPg AR, thrRf whigH HaissWitthd aGd ihfbdsRUYn it oW iktossdig baéd al |y
as hereinbefore described-wth reference to the acconpanyi ng draw ngs.

huliui il«)hic:lhi i igienéﬂr]lly tangential to the swirling liquid.

7. A method of reducing the bacteria count in milk, the method comprising -
causing the milk to flow from a milking machine to a sterilizer in which the milk is
subjected to ultraviolet radiation, the milk being subjected to said uitraviolet radiation

before it cools to below 28°C.

8. A method as claimed in claim 5, and comprising cooling the milk down to

storage temperature after subjecting it to ultraviolet radiation.

9. A sterilizer for reducing the bacteria count in a liquid substantially as

hereinbefore described with reference to the accompanying drawings.

10. A method of reducing the bacteria count in milk substantially as

hereinbefore described with reference to the accompanying drawings.
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