ANy Lo
Al R STERI LI SATI ON DESCRI PTI ON-Thi s ‘invention relates to the sterilisation
of air and.is based upon the effect caused by the passage of a continuous
air-flow through a set of snall dianeter ducts, in which energy is .

di ssipated by Joule effect. 5 The high thernal gradient produced-in the
i nside of such ducts has an average val me lof- 220 C and, therefore, it i
capabl e of destroying the protein nenbrane of nost of the bacteria and
virus found in air. 10 The thermal effect as a sterilising agent is

| argely used and universally known in the sane maé that the Joule effect is
known as a heating source. The pr S PARLIONt r oduces as a novel
approach the enpl oynent of high thermal gradient ducts 15 which enhance

t he ster|I|S|ng§§8&;92g8R the Joule effect, thus inproving its efficiency

concerning th of mi cro-organisns present in the air, wthout
causing noti ceZ3bie anvesftioa relafes diurthelstrntlisat bonoofis aireead he

nventi ve arraggegBgbal aplf chisl¥fit Mitsd'dsf | ¥hddpdestgbcals soientific

prlnC|pIes on the rnvention relies are th | aws ‘of theérnod ynamcs in
particul ar, theoBsABBERFoAISF fdo¥e thnoushyR asafaw%/ sal dgddaresedt snal |
“dianeter. 25 ductsThinwneahlemdﬁyyaastktsﬁyafﬁd ¥ apalecefifers,. such
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Considerable such ducts has an average value of 240 C and,
therefore, it is capable of destroying the protein
membrane of most of the bacteria and virus found in
air. '

. 10 The thermal effect as a éterilising agent is
largely used and universally known in the same way that
the Joule effect is khown as a heating source. )

The present invention introduces as a novel
approach the employment of high thermal gradient ducts

15 which enhénce the steriliéing'action of the Joule
effect, thus improving its efficiency concerning the
destruction of micro-organisms present in the =air,
without causing noticeable ambient-air temperature
alteration in rooms where the inventive arrangement is

20 installed. -

i The underlying technical-scientific principles on g
which the invention relies are the laws of
thermodynamics, in particular, the convection of gases
through axially-heated ducts of small diameter.

25 The invention has a wide variety of appli;ations.
such as those which require indoor elimination of
micro-organisms found in air and/or modification of the
relative humidity of air, without causing considerable
change in the ambient temperature.

30 Also, the inventive apparatus can be built to suit
any air volume, because there exists a very well
defined correlation between volume and power of the

apparatus.



chhnge in the anbient tenperature. 30 Al so, the inventive apparatus
can be built to suit any air volume, because.there exists a very well
defined correl ati on between vol une .and power of the apparatus. - 2-
Accordingly, -one aspect of the present g nvention provides an air
stég{bisation apparatus conprising a refractory bl ock having a top and
bptt0n1 a plurality of vertically disposed ducts extending through said 5
bl ock fromsaid bottomto said top, said ducts including top and bottom
ends and said duct ends conmunicating directly with anbient air, resistive
. heating el enents di sbESRUEAMIAY - SBLJaEREES, °§n§hﬁeansssnpphyvngtébactr|cal

\Energy to said ﬁﬁ@ﬁiﬂesekﬂnﬁﬂfsstérinsQEQgﬂcgpﬁaQQQﬁganﬁb§QEeﬁb Ln said
ducts, whereby a |en ﬁaﬁmm i nto and upwar d g hrough sard ducts
solely by convety fﬁF R#ﬂ? aVﬁE?eﬁsE°Pna?€nB€F PﬂreaoplPHéléﬁﬁlent

air due to saldoﬁJverssuamgyfdmspeaed ducts. etbending tﬁaahaars?&aeft of
d t atlon refractory
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bl ock having a top a |ty 0 osed ducts
ext endi ng t hr olpcleding| ter ¢n6nbgttqmbgndsmmmd said dnpt endd ducts

i ncluding top adWndes et 8RESadREc Ly w§@bdaﬂyfén€ng§r ngﬁbéng
directly with anbient air, resistive eatlng di sposed™wthin said
duct s, _ heating elements disposed within sald ducts, and means

supplying electrical energy to said heating elements to
10 produce a thermal gradient in said ducts, whereby
| ambient air is drawn into and ﬁpwardly through 'said
‘ducts solely by convection with minimal increase in
 _temperature of the ambient air due to said air issuing
frbm said ducts.
15 Another aspect of the invention prov;des a method
"'of air sterilisation using a refractory block having a
top and bottom, a plurality of vertically disposed
ducté extending through said block from said bottom to
said top, said ducts including top and bottom ends and
20 said duct ends communicating directly with ambient air,
' resistive heating elements disposed within said ducts,
and means supplying electrical energy to said heating
_ elements to produce a thermal gradieht in said ducts
K,) ' o wherein ambient airlis drawn into and upwardly through
25 said ducts solely by convection with minimal increase
o in temperature of the ambient air due to said air
issuing from said ducts.
Nowadays, several methods are employed to achieve
_ air sterilisation in places where micro-organisms
30 "proliferation is high. The most common methods are:
|  the direct use of Joule effect by simple heating,
'which does not preseht any thermodynamic improvement,
thus ekhibiting low efficiency as far as the
| steriliéation effect is concerned:



and nmeans, supplying electrical energy to said heating eIenents to produce a’
thermal gradient in said ducts wherein anbient air is drawn into and

upwardly through 25 sai d ducts solely by convection with mniml inerease

in tenperature of the ambient air dud to said air i ssuing from said ducts.
Nowadays, several nmethods are enployed to achieve air sterilisation in Y

£

pl aces where m cro-organi snms 30 proliferation is high. The nost connoﬁva
met hods are: the direct use of Joule effect by sinple heating, which-does
not present any ther yRdyQaei efi Apica¥Edent melwhlﬂidmgcéx%efflmen’cy __
as far as the sterilisation effect is- concerned he use of o
i ncandescent buFBESifRFeR ashepeommrased &y %ﬂRﬁﬁﬁﬁﬂﬂﬁHﬂ?ﬁP?4m§tR%%lous_&%ﬁ
nethod since thehehehekhagl e€tectt etenls cfﬁdmetwlﬂmbendaﬂuhe use of
the presant i nvent ofienbrel B BTSR o tan RAe BRI Tl ARALES
are as fobl ows: aimcecbambers.the efficiency in terns of sterilised 10
vol ume/ watt which 'STQHG {2l hQ%g@bQijtﬂenﬂréﬁéﬁt ék%% SnW4h axial
heating; sinplicity eatln process,” since hi: $\ |C|ency S
attai ned by a prgégﬁignoﬁgetgp pmgwgngentioned known processes are as
follows: _
increase in the efficiency in terms of sterilised
10 volume/watt which is due to the high thermal gradient
ducts with axial heating,
simplicity of the heating process, Since high - ;J
effic1ency is attained by a proper cho;ce of the duct
parameters according to the laws of thermodynamics- and
-15 _ protection is afforded against short—circuits by
means of a suitable fuse and no con31derab1e increase
in the ambient-air tempe ature is observed
According to some measurements taken in proto—
types of the 1nvention apparatus functioning at an
20 ideal operation p01nt, a consumption of 5
watt.hour/cubic meter was observed, 1eav1ng the air
with a negligible amount of micro-organisms..
When these results are compared_With_those
associated with incandescent bulbs, a factor_of 20 can
25 be observed, that is, for the same initial'amount of - -/

micro-organisms in the air, a sterilising system using
incandescent bulbs requires 100 watt hour/cubic meter
in order to achieve a negligible amount of micro-
organisms in the air. . _
30  Taking into account these_experimentai results, it
- can be concluded that the inventive steriiisation
apparatus and method based upon high thermal_gradient
ducts produced by Joule effect, is_highi? efficient
when conpared with existing alternatives;p The Joule
35 effect in the-inventive apparatus is produced by the
passage of an electric current through the resistive



iraneters accordlng to the laws of thernodynamcs; and 15
.protecti'on is afforded agarnst short-circuits by nmeans of a suitable fuse
and no consi derabl e increase in the anbient-air tenperature is observed.
According to some measurenents taken in proto- types of the invention
"appar atus functioning at an 20 |deal4operat|on poi nt, a consunption of 5
wat f~four/ cubi ¢ neter was observed, | eaving the air with a negligible
~anount of i cro- organi sns. Wen these results are conpared with those
associ ated with incandescent bul bs, a factor of 20 can 25 be observed,

__\;hat I's, for telkemant, isudh s anWCtNDiwireraxbaydyi 3agednihhdueats, a

terilising sy, gggf tybu 1 ur/ cubic
meter in ordera’%‘gr%éﬁi%%ed?neg I gl I%Qa%%%%gayhéﬁ% ggl%géllgrgn; in the
air. 30 Tamﬁupﬂeﬁer¥ﬁ§xﬁmk°¢im5@te&%e@PB@h@ﬁPsréauacgordenean be

concl uded 't hatyidip éﬁa/gmée/@n@tﬁwéﬁé%ﬁ%ﬁppaaatué aagcgewadbpaésg upon
hi gh t her mal gradlent ts_produced by Joule effect, is highly efficient

when conpar ed 9 t9%aBRL8 i3nf H1Eh mefekence The ﬁBﬁIQCSBmPaﬁYFEEt in the

i nventive appamaumhggsjﬁcwhuam-by the passage of an electric current
el ement , . suc re axially layed in

ducts and desi gned AT bt h%r%’&fl‘hg Gapfrat BrRe S Bd el e
enbodi nent of s;t;q:edrlataa;tmn apparktes; and
_ Figures 2, 3 and 4 are respective perspective, top
10 and front views of an arrangement of ducts used in the
- apparatus; : :
— ‘Pigures—6—6—and 7 are—respective rear,-front-and .
o :he%#em—y;ews—eﬁ—a—housing—for_ihe_appa:atusf—
_ Figure 1 shows a circuit &iagram comprising a fuse
15 F, for protecting tﬁe apparatus, a LED as an on-off
indicator and a heating element made of NiCr resistive
wire whose electrical characteristics are selected in
order to suit an air volume to be sterilised.
Figure 2 shows the high thermal gradient ducts
20 which are alsoc designed as a'function.of the air volume
to be sterilised, the material in which the ducts are
made being refractory, in order to maximize the heat
transfer to the air, which circulates by convection.
kv/ Figure 3 shows high thermal gradient ducts of
25 circular form, although any other geometric form can be
used alternatively.
Figure 4 shows the front df'the above-mentioned
arrangement of ducts.
Eagu;e—s—shows—%he—rear—ef—an—efffffgg:ggnsing—1n
30 which the apparatus is located

. Figures 6 show the front and rear views of
-mentioned-in-thepreceding paragreph.
The application of the invention here discussed is
directly related to the optimization of apparatii
35 suitable for the sterilisation of air.



with the present invention will now be described by way 5 of, exanple and ~
with refdrence to the acconpanying drawings in which:- Figure 1 shows a
circuit "diagramused in air sterilisation apparatus; and Figures 2, 3 and 4
are respective perspective, top 10 and grant views of an arrangement of .
ducts used in the apparatus; Figure 1 shows a circuit diagramconprisinga
fuse 15 [ERR] for protecting the apparatus, a LED as an on-off |nd|catogjyﬁwg‘
and a heating el ement nade of N Cr reS|st|ve wi re whose electrlcal T
characteristics are fglecte in ordg ﬁ§ an air volune tt Qﬁﬁ
sterilised. Figure 2-5h8®R PReRFGniPn¥RREFC F&dl@ﬁ?mﬁUcF?réﬁ i ch are
al so desi gned agoad$ Uwatrebousést Aadaiin anlyucthier pdacieewhereehidrme- B
material in whi c tory, in order to maxi mi ze "
the heat transf%?g%gg?ﬁg £§t§ES E&%% E g?ﬁ%%%Qgé ‘convection. Figure 3

shows hi gh thernmal.. gfhuseﬂrraaggseot 25 alsgi hdghdy edifihcignth@agingty

other georgtri Cubid 444 Gsw%ﬂmgt esaﬁ.bh\igefouﬁag%evéra%%st he front of

t he above-nentioned arrangenent of ducts application of the invention
here di scussed #Et#FPectry1RERat 889t §heNd1K8ri mi zation of apparatii 35

suitable for the stertltaat ad8oobeaubed in- hospitals and clinics where -
the high level biological activity in the air shpuld be
kept to. a minimum.




Lt"cah be used i.n wardrobes, roons, perishable goods warehouses and in any
«other place where mcro- organisns action nust . |
arrdngenEht is also highly efficient against-5 nmoul d and bad snells

commonly found in wardrobes attics, cellars, andunmmmmllumnﬂm al so be
used i.n-hospitals and clinics whereghe high |ev ICeAl 18Rl vity in

the*EfF/éhould be kept to a mniffu CLAIMB: 1% @An‘'air sferilization

apparatus conprising a refractory block having a top and bottom a
plurality of vertically disposed ducts extending through said block from
said bottom®o sai @L&IMS:said ducts 5 including top and bottom ends and

sai d duct ends conmmunicating directly with ambient air, resistive heating
el enents di sposed within said ducts, and neans supplying electrical energy
to said heating el dnent &0t 3ifr §e&d lAzakhdpRapPgREAtYSt COMPTdisd nguét s,

wher eby 10" apgiredlctdry blogkaWavinb0aagepUanar Bb¥tbh,0d0p1sadiad idyct S
sol ely by convection ,w m_ni mal i_ngrease int erature of the anbient
air due to salf XFFtF§§EHﬂngFBRF§Qi§uH §t§3t2.8 ﬂntbFP S at i on
appar at us acchldckgfromlsai@ bottbmiber saiidetop,hsatignguetement conprises
an axi al |y ex4g0di 89,51 kaEPIha"bbRtBn' bRag Sha’Bdsa7hlck Lamgnt conprises
communicating directly with ambient air, resistive
heating elements disposed within said ducts, and means
supplying electrical energy to said heating elements to
produce a thermal gradient in said ducts, whereby
10 ambient air is drawn into and upwardly through said
ducts solely by convection with minimal increase in
temperature of the ambient air due to said air issuing
from said ducts.
2. An air sterilization apparatus according to
15 Claim 1 wherein each heating element comprises an
| axially extending filament within its duct and said
filament comprises NiCr wire.
3. .A method of air sterilization using a
refractory block having a top and bottom, a plurality
20 of vertically disposed ducts extending through said
block from said bottom to said top, said ducts
Qy) including top and bottom ends and said duct ends
communicating directly with ambient air, resistive
heating elements disposed within said'ducts, and means
25 supplying electrical energy to said heating elements to
produce a thermal gradient in said ducts wherein
ambient air is drawn into and upwardly through said
ducts solely by convection with minimal increase in
temperature of the ambient air due to said air issuing
30 from said ducts.
4, An air sterilization apparatus substantially
as hereinbefore described with reference to the

accompanying drawings.



3.. A method of air sterilization usi ng a refractory bl ock having a top
and ottom a plurality 20 of vertically disposed ducts extending through

sai d bl eck ”mmmmﬂm to said top, sai.d ducts including top and
bot t om ends m,rm,ds Com*rumfati ng directly with anbient tair, . _
resi stive heatihg ‘el dreft s*di spose.dlgvl hin said ducts, and neans 25 . - ;_V —
supplying electrical energy to said’heating elenents to produce-~a_t herfek > < "
gradient in said ducts wherein anbient air is drawn into and upvvardly P o
thr oughtsaI d gutcths %JnLelsaatbweaafjWfotlﬂ& V!Eékﬂﬂé@ioﬁ%%@é?@n&ﬂalld duct
enperature o e anbient_air due tQ s ir issuin rom sai ucts.

4, An air st &S heraimhe Jstlﬁit"ﬁirﬁ i r&? RS ore descri bed

Wt h referencea&ddﬁtﬁﬁ&@www aw ngs. 5. A nmet hod of air :
sterilization substantially as herei nbefore described wlth reference to the

acconpanyi ng draw ngs.




