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| MPROVEMENTS FOR FUEL COVBUSTI ON Fi el d of the
I nvention This invention relates to apparatus for

wor@sesdess t reat ment of fuel prior to bei ng suppCT/682109/004814

the burners of a unit for conmpustion, particularly,
but not limted to, apparatus and a nethod for the
magnetic treatnment of fuels . Background to the

I nvention The magnetic treat ment pfc% Iﬁé rior to
burning in or AEROYEMENTS, FOR, FUEL, CORBUSIION 1 i ci ency

is already known. Many sinple devices and appar at us
for magnetising fossil fuels exist where magnets are
Faeddedfatbendnyehddonpi pe at vari ous angul ar
separation, for exanple 90. Further devices have been
di scl osed where the nmagnets are held within the fue
phpe (heenexamplre 1GR9 1608 paAd)us Tirs nargrastgemiteatment
over cones some of the disadvantages descrjbed above X
Pér gl RF L eV e eBehAEr §UPRe 1R8gITét st ePWBREFRdOf 02 unit
the eX%&ﬁ}bQétP&n} he Jfaugli pi1Re1 Hoveyer, dig to1theted  to,
'ack of understandi ng of the nméchanismin nmagneti sing
fapel randist hendesal tiaithadcrfeasethn coapostion treatment of
%Eficiency, such devices were not optimsed in terns

tfe various factors involved. Previous devices have
been either installed straight inline or are conpl ex
custoni sed products that use intricate fl ow paths for
Backgroundgitoyjither Tnyentdongeyi ces are known at

relatively | ow cost; however, they have not yet

The magnetic treatment of fuels prior to burning in order
to improve fuel combustion efficiency is already known.
Many simple devices and apparatus for magnetising fossil

fuels exist where magnets are secured around a fuel pipe

at various angular separation, for example 90°.

Further devices have been disclosed where the magnets are
held within the fuel pipe (for example EP 0976682-A2).
This arrangement overcomes some of the disadvantages
described above for simpler devices where the magnets are
secured to the exterior of the fuel pipe. However, due to
the lack of understanding of the mechanism in magnetising
fuel and the resulting increase in combustion efficiency,
such devices were not optimised in terms of the various

factors involved.

Previous devices have been either installed straight in-
line or are complex customised products that use intricate
flow paths for the fuel. Straight in-line devices are
known at relatively low cost; however, they have not yet

shown significant fuel efficiency improvements across a



shown significant fuel efficiency inprovements across
awi de range of conbustion systens . O her devices have

w@e@seshess f ecti ve, but too expensive in conparPGDGBR®4/004814
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the cost savings nade fromthe i ncreased fuel

efficiency. Conbustion, froma chem cal perspective,

is the rapid high -tenperature burn of fuels involving

t he oxidation of carbon_to carban nDnoxige or carbon

dFEXE TR P&y eFOBPUBHSEi ofY Tt bon” WBRbxi He’ 15 have
0WP- 50 B Riqadl y dundi €861 wepabsthe aff icdpeyio®dn to the

t’he conbustion process, as it is a result of the

i neshpbevengsi datkofirof thebdncteersd. faay sHEpREENCY -

present in the fuel oxidised to the dioxide or

trioxide form depending on the conditions, whilst

?@éﬁp?@ﬂibﬁ,prgg@@tﬁar&mmnn$aunrpacspdcoivbs convertted rapid
o nitrogen oxi des. Mst copbustipn reactionps occur, in

{ ReTBaEOPRASE UERCEPET Gif (HEHr QL GFIE henp| Regdation of

caLbgn,i nsold g Juelsho e advapi ages af opmgaet raat ilevel of

have been known for over a century follow ng the

destewépy bpfDr c¥aboder mphaixs dehatl si nffnevaneros g broadly

conmbustion were noti when, f uel S .t hr

nﬁﬁ%é??%lyﬁepé o to C6 . s?&o%&gsﬁﬁﬁgﬁgggf tﬁe s, as

| pyentd o Ageefiditngofo #hd i risiccagpette obxiHetion of carbon

invention, a magnetic fluid treatnent device

céHPrEsi ng at | east one fluid channel, the or each

fluid channel having at |east two peripherally | ocated

magnets, the device being adapted to co-operate with a

f hoiyd sslipploy  coredeint, igo theatfusln axdelisfacuite fatenidgpxide or

thr [ ' ' . . .

tr?%ggd%h%aE%FB%ﬁgﬁﬁyﬁé dﬁséﬁg”5%§§¥%féﬁ§% whilst nitrogen
if present, remains unreacted or is converted to nitrogen
oxides. Most combustion reactions occur in the gas phase,

except for the burning of the fixed carbon in solid fuels.

The advantages of magnetisation have been known for over a
century following the discovery by Dr Van der Waals that
improvements in combustion were noticed when fuel was

passed through a magnetic field prior to combustion.

Summary of the Invention

According to a first aspect of the invention, a magnetic
fluid treatment device comprising at leaét one fluid
channel, the or each fluid channel having at least two
peripherally located magnets, the device being adapted to
co-operate with a fluid supply conduit, so that, in use,
fluid flowing through the fluid channel is subjected to a

magnetic field; wherein the at least two magnets are



10

15

20

25

30

magnetic field; wherein the at | east two nmagnets
arel ocated on opposite sides of the or each fluid

web@snsiesaand have a separation of | ess than abpCit/GBRomI004814

According to a second aspect gf the present invention,
there is provided a magnetic fluid treatnent device
conprising at | east one fluid channel, the or each

fluid channel haVJn | eas e erl er ated
RRGAEE (o QRS Dt T bt SUF (9 tipor at bl EARTer ana
fHalied =S URRl - LOMSI 5 5954 hatan | 'a_(bdiﬁc_e 9 d 1 ovvl ng
through the fluid channel is subjected to a magnetic

field; the ratio of the cross -sectional area of the

fluid su condyj al r - j.anal ;
%ﬁfﬁ)Iﬁ£e¥PIJ$d%§ﬁ§hneI§%$é8 (ﬁ§ ?ﬁ% %Iu%%ﬁgﬂa%ﬂgfgtlon'

heigig | nLd heprenpeed: 1lal m@gﬂeﬂ16 ﬁtnbddihgeabmant device

third aspect of the inventjon, | ui d

{GERTHHN YT c & CESHprat§ n%l%&dl(é Sthhe Fﬁﬁ&. pr each fluid

channgly £861R5 %accméésw_ doﬁéa?%qllp'h%\ﬁaﬂg yatldeasdd ORggnet ;

peripherally |ocated magnet devi ce being adapted
ttdlec:o:iej\pm%\t kengh aéaprt@pld tousisiapageduiti ths o t RAridi gupply

use,  f.luid fl r
sdﬁ} t@d 19 gﬁﬁagn E %% igglﬁtg$g?nquP§%?%é%? FR% fluid
\Mhﬁﬂhéﬁ idesaidjeasd boeafhmgdesﬂppfyebdnduhe tettheof the

| ength of a section of the at ast, one fluid channe
zﬂ?ﬂﬁf\ﬂﬁQﬁﬂ?%%laﬁrﬁéaé?foFEenﬁﬁﬁﬁfie%? conduit-to the

ARRTLX1 B SLYsEBL§ BRal aRg8a0h £l 12Q tﬂulldﬁlQ:ha%@@I dbAdall of
to a fourth aspect of the invention, a nmagnetic f|UId

tihentFientd devdoee bonpe - 8¢ nin ath¢ esatgonk: f 1 bj ko 1
channel, the or each fluid channel having at |east one

According to a third aspect of the invention, a magnetic
fluid treatment device comprising at least one fluid
channel, the or each fluid channel having at least one
peripherally located magnet, the device being adapted to
co-operate with a fluid supply conduit, so that, in use,
fluid flowing through the fluid channel is subjected to a
magnetic field; wherein a ratio of the width of the at
least one fluid supply conduit to the length of a section
of the at least one fluid channel along which the at least
one magnet extends is approximately in the range of 1:20

to 1:40.

According to a fourth aspect of the invention, a magnetic
fluid treatment device comprising at least one fluid
channel, the or each fluid channel having at least one
peripherally located magnet, the device being adapted to
co-operate with a fluid supply conduit, so that, in use,
fluid flowing through the fluid channel is subjected to a

magnetic field; wherein a magnetic field strength in a
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peri pherally | ocated nmagnet, the device being adapted
to co-operate with a fluid supply conduit, so that, in

wais@s/084668 d fl ow ng through the fluid channel PGI/GB2004/004814

subjected to a magnetic field;4 wherein a magnetic
field strength in asection of the at |east one fluid
channel al ong which the at | east one nagnet extends is

en 0.02 nd,1.,0T...Faor a f .t ve cts.
CRTST ool B 8 tprrstt g i e P ERS kG icn cne
e ddaue] onanddmed amyende! Lsebaatesn ab sO2haindaveoT.
fluid properties, such as pul verised coal, gas and
oil. The ratio of the cross -sectional area of the

fﬁdﬂda§§pBEyﬂHH“%%évéanEQCEQt%%é”f%ﬁidﬁ%ﬁgiQP@'prﬁgerred

area of the or all of the fluid channels may be In't
rfgajeizesl. 2 to 1: 2.4, preferably 1:1.6 to 1:2.4, and

nore preferably 1:1.8 to 1:2.2. Were at |east two

magnets are provi ded on opposite sides of the or each

find df Thbadneky the sepaeati Chemfy iel lesp {haDuaborbterials
80mm preferably |ess than about 75mm nore preferablf
aptih eyval flyi6omioRtr iRy, ThRehr afi PWIVRHesd gtppl, gas
Qfnd heeat | east one fluid supply conduit to the | ength

of a section of the at |east one fluid channel along

whi ch the at | east one nagnet extends nay be

r oxi e iLp_ the range 1:.22 to 1:30, prefer
AR LT, Y e B TR Bhear ey L EHT STe queeLy
regrRiitc o etk stoenyt bBroHsasseeional okréheodat theast all of
one fluid channel along which the at |east one magnet

&henfiutd channels may be in the range 1:1.2 to 1:2.4,
preferably 1:1.6 to 1:2.4, and more preferably 1:1.8 to

1:2.2.

Where at least two magnets are provided on opposite sides
of the or each fluid channel, the separation may be less
than about 80mm, preferably less than about 75mm, more

preferably about equal to 60mm, or less.

The ratio of the width of the at least one fluid supply
conduit to the length of a section of the at least one
fluid channel along which the at least one magnet extends
may be approximately in the range 1:22 to 1:30, preferably
about 1:24, to 1:26, and most preferably about 1:24.

A magnetic field strength in a section of the at least one
fluid channel along which the at least one magnet extends
may be between approximately 0.025T and 0.5T and more
preferably between 0.1T and 0.5T.



may be between approxi mately 0.025T and .5T and nore
preferably between . T and 0.5T. According to fifth

w@spsens4666 the i nvention, a magnetic fl uid treBCTEBR004/004814

10

15

20

25

30

device conprises at |east one £luid channel, the or
each fluid channel having at |east one peripherally
| ocated magnet, wherein the at | east one magnet is

renovabl.y receiv in a body section of the device . ,
T§8C86§§%§ecT?oﬁ%s§jbr@FB?S%Iylﬁonger%%ﬂﬁﬂtﬁﬁﬂy bédynagnetic
sechian makohadmde Qfvil@ riddioals et i o sigel . odde F1uig
devi ce may incorporate at |east one internal magnet
wPBARRSthe Fhai @rchemdlel £19didd ehanmabt hewénigntat ndkast one

I [ ti seal ed .from.the
?P%?gbgggﬁ%gﬁ; $§§5§?d|2g§93§§é f%h%ﬁ%%ﬂ %ﬁﬁ%eﬁ%na§e5§t one
hoagedti nia nemovagnet receecedoni of at hieopds&aCtdrONof the
Tae rovi sion of renovabl e nagnets i s advant ageous
b 8¥g§§'the magnets can easily be reconfigured or
repl aced to change the characteristics of the device.

The device may be fitted within an existing fluid
stippl yoednduiactiorhe igevicefaugbbe mude feomus. The body

ngn- el i terial as .steel, staijnl.ess steel,
cgg%gggﬂaﬁéﬁi%?u%ﬁd%oﬁgg%%}ﬁﬁcaglO§IF VS E i sti®Es “or
carbon fibre, for exanple. The device may incorporate

iﬁternal,replaceable magnetic cartridge/s . The length
0

henés AT eM Pty BE RS 4dDbcheaPhe e efRAErnal magnet
remeNaRl ecHmogretiiG cahbhhhdge/ s mBYghave adenotBne internal

magnet may be located in a section sealed from the fluid
channel. The at least one internal magnet may be housed

in a non-magnetic section of the body section.

The provision of removable magnets is advantageous because
the magnets can easily be reconfigured or replaced to

change the characteristics of the device.

The device may be fitted within an existing fluid supply

conduit.

The device may be made from non-magnetic material such as
steel, stainless steel, copper, aluminium, copper-nickel

alloys, plastics or carbon fibre, for example.

The device may incorporate internal replaceable magnetic

cartridge/s.

The length of the device may be 10cm to 400cm. The
internal removable magnetic cartridge/s may have a length

of 5cm to 350cm.
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of 5cmto 350cm The internal replaceabl e magnetic
cartridge/s may be held in position inside the device

whyooses@mshi ng neans i nto which the renovabl e nBCREBR@4/004814

cartridge/s may slot. The integnal replaceable
magnetic cartridges may split the fluid channel into
subsi diary channel/s. The ratio of the fluid flow area
of the device and / or channel/s thereof to the fue
flow area of the fluid supply conduit may be 1:1.1 to

1P S, 19£§f:ﬁé§blr3épﬁ%gab]ie2 maldtee & 1t ewfl{r{sg@y@bln%y be held

magnetic cartridge/s may include at [east one
dm e@tomltbeim\eemsadi@acehe sidysl ok albji/ chanaehﬁsg Trheans into

Obee & P RE TR RO B, FRFC AR P opTor.

exanpl e +/ - 1OQbMAder or narrower. The interna

magneti c cartridgel/s nai contain at |east one mag
THee i ieprapl nﬁ@ﬁéﬁic@aé et F‘@@é‘@/técnﬁ@rftérlﬁ%scé}?dfuﬁpllt the

@ﬂ%@fcﬁaﬁﬁéfrhﬁkot Qéks%hhrys%%ﬁeﬁ?@ or contain

the magnets, such as a non magnetic material. The
i nternal nagnetic cartridge/s may have a separation

at e de of tal .that, wi.ll isolate_the nagnets
MR TRIERE 85 (gt iar A0 ey B TME G pae / o
séeein®r/ el eqtdicost ar) . The orueachrfdwi drehansel Ry fluid
have external renovable nagnetic cartridge/s |ocated

oW RNl ex¢@Riet tomavhBedévileé. tPhé : 8%y ePHEIE crekBvaBleut 1:2.
magneti c cartridges nmay be located within an externa

housi ng. The external housi ng nay

The internal removable magnetic cartridge/s may include at

least one flow director Dbetween adjacent subsidiary

channel/s.

The internal replacement magnetic cartridge/s may be
substantially as wide as the fluid channel, for example

+/— 10% wider or narrower.

The internal magnetic cartridge/s may contain at least one

magnet.

The internal magnetic cartridge/s may form a conduit made
of a material that will isolate and/or contain the

magnets, such as a non magnetic material.

The internal magnetic cartridge/s may have a separation
plate made of metal that will isolate the magnets within
the cartridge/s, which metal may be a ferritic steel or

electric steel.
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conprise a plurality of sections, which may be
arranged so that they can be secured together. The

we@zaiosnsnass housi ng may be | ocated around the reP@l/G82004/004814

of the device and nay be held7y retaining neans to
the device. The external housing may be renovable to
aIIOM/for the external renovable magnetic cartridge/s

e oknst abl ed 0l 4 eRUee) TNE EXLELnal QUSING MY rovapie

of 'a ferriti eel”or e

metgerertaJc rcmﬁtaaamxs negneted carddfi gedsidhyobeche device.
substantially as wde as the fluid channel, preferably

+ or - 10% The external magnetic cartridge/s nmay

qont aéﬁ@fnépa%meesbﬂagﬁ%ne{% %@Jﬂ%g{ e located
cartridge/s may be a condui't nade of erial”t

wiithiins olaat e eartdyma a lc ooaisr niche [Fagneegtesned aboasmog may

tlc teri The nets_ ins id
RGNS DR thee Exterhiph Rt FE el Brageranged =0
ltelaa:rrtamged:ah fﬁermdwecﬂetpﬁj@w@ron the fuel that may
pass through the magneticfield of the cartridge/s and
aratio of the width of the fluid channel to the

|Tﬁgﬁékﬂgrﬁb§eﬁbb%@n%fﬂgyagéuigcéﬂgal%$5ﬁ%&“ﬁh@lﬁgﬂainder

whi ch the at | east one nmagnet extends

ot itd)e . dﬁ@gﬂ@t@nﬁnm@bléef@ehﬁ*ﬁynrahylaspgcmﬁmhs to the
d%%scynventlon include sintered ferrite magnets, rare

eartn nagnets

The external housing may be removable to allow for the
external removable magnetic cartridge/s to be installed or

removed.

The external housing may be of a ferritic steel or

electric steel.

The external replacement magnetic cartridge/s may be
substantially as wide as the fluid channel, preferably +

or — 10%.

The external magnetic cartridge/s may contain at least one

magnet.

The external magnetic cartridge/s may be a conduit made of
a material that will isolate and/or contain the magnets,

such as a non magnetic material.

The magnets inside the internal magnetic cartridge and
external magnetic cartridge may be arranged differently

depending on the fuel that may pass through the magnetic
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samari um cobalt magnets, sintered neodym umiron boron
magnets, al nico magnets and ni ckel magnets, for

wex@spses8 The nunber of magnets inside the extRPenaB2004/004814

magneti c cartxidge/s and/or internal nmagnetic

cartridge/s may vary dependent upon the ratio of the
width of the fluid supply conduit to the | ength of a

ection of the at |east one fluid _channel. gl.ong which

R et b ELEhl o hB rrg e B itie (BRGLP ongtiF Ay oF che
fheiay ranganent ©f the potagthy f bhesdmgngt soensiwe fluid
the internal magnetic cartridge/s and externa

FRABRAN cCcaahtyh dykrrd neyiehake akcéparfgons MRENElepxtends

t n | t fuel tenperature, fuel pressure,
(288 e ahe e Lo

magneti sati on and conbustion and required
dwell length ratio of the device. Preferably the

magnetic field is applied, substantially a i ght | .
TROREL s PRk Eowtor T L Sl dad=mis et bbEfpdnvention
devi eridaY RE atdpched - tio-a g dthat Mad eddeent h@agnets,
size of the conduit to the size of the pipe work that

shsaddvite aplp lde Mppnedsyo. sARtpeadt »ped@pbumf ifgn boron
' . at t Th
ggg%gcgrgazgglg@ @&@&&goaﬁa ﬁfgvﬁg}geﬁ%gggss £,ACLLSRp ..

ize to allo er nal
renovabl e magnetic cartridge/s to be placed or renoved

fromthe fluid channel . At,|east one end of th .
?FEidIBHQﬂ%EI y W&Q@egf%edﬂﬁﬁigiceggeflSﬁ 8r8?$acW€8netlc

LOr 8GN Ak nARYrr edueenbhe g d therfladd/s may vary
channel to the size of the pipe work that the

dependent upon the ratio of the width of the fluid supply
conduit to the length of a section of the at least one
fluid channel along which the at least one magnet extends

(dwell length ratio).

The arrangement of the polarity of the magnets inside the
internal magnetic <cartridge/s and external magnetic
cartridge/s may change according to the fuel type and
quality, fuel temperature, fuel pressure, time between
magnetisation and combustion and required dwell Ilength

ratio of the device.

Preferably the magnetic field/s 1s applied substantially
at right angles to the flow of fuel.

At least one end of the device may be attached to a cone
that may reduce the size of the conduit to the size of the

pipe work that the device may be fitted to.

At least one end of the device may be attached to an

access flange.
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device may be fitted to. The two access flanges may be
attached to each other to forma conti nuation of the

wo bawsdsesbsmnnel . Fl anges and / or screw t hr eadSPOHGBR@®4/004814

attached to the end cones, whicch may allow the unit to

be installed into the pipe work where the unit may be
fitted. According to another aspect of this present
invention at | east one or nore devices may be fitted

into the existing pipe work to maintain the dwell
reRgtdrdad é 081 haGHI kR e epsurestihat &f fdri®nc¥he internal
savi ngs are achieved. A conduit branch nmay be used to
sealvadife BRImSItd cdevpEbsifdache iRt &8 cBlpRcd Hahk removed

%Ed%? hGess Jﬁ% o) N features described herein may
€ Co |neJ‘mn h any of the above aspects, in any

conbi nation. Brief Description of the Drawi ngs For a
better understanding_of _the_Jinventjon nd to .show how
Sibok et S76 THe Shmd iyt BE Lar PRERSTafgY Have d Second
efdecds ref grencgrvhbhehe toBde,cdie W ©fmeyampligcet @he size
the acconpanyi ng di agranmati c drawi ngs, in which :-

Pifgures fluid ohameet spowhgraphrs ef £hel PRPewwasd that the

ressyre for : tion of the trials; Figures 2a,
g%s%é%%qﬁﬁpéﬁ%uﬁbgg%ﬁsﬁgf fuel tenperature at the
burner tip and at a point upstream of the burner for

the duration of the trials; Figures, 3 b, and 3c

LR BY ApRE G Sni ???eWﬁgrégﬁr%EFﬁgh?%eHﬁﬂ%ﬁgknog?er to
Rt rd At FLGME BSn 485 BRe BDNEi4CcrhAMegr aphs of the

total air flow

Flanges and / or screw threads may be attached to the end
cones, which may allow the unit to be installed into the

pipe work where the unit may be fitted.

According to another aspect of this present invention at
least one or more devices may be fitted into the existing
pipe work to maintain the dwell length ratios required to

ensure that efficiency savings are achieved.

A conduit branch may be used to enable one or more devices

to be installed in a bank of devices.

All of the features described herein may be combined with

any of the above aspects, in any combination.

Brief Description of the Drawings

For a better understanding of the invention, and to show

how embodiments of the same may be carried into effect,
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to the burner for the duration of the trials; Figures
5a, 5b, and 5c show graphs of the prinmary, secondary

w@easoewss ary fuel ratio for the duration of tPEI/GB2004/004814

trials; Figures 6a, bb , and Bz show graphs of the
conmbusti on chanber tenperature for the duration of the
trials; Figures 7a, 7b, and 7c shOM/graphs of the

t fl f dur at
Hhieparc ot e aIAL s r oLl eg, o7 4P SUBLEN oL ene

stackpaxyden ldewejrareddisisd mﬁmtgstharduﬂammn- of the
trials; Figures 9a, 9b, and 9c show graphs of the
carbon di oxide enmi ssions |evels for the duration of

rheutebal safi gus es 0@, 130bshand 48spEBOVGEr altsl Off1ow and
t he carbon nonoxi de em ssions | evels for the duration

BYCERerer f&lrs the glwredirr ahdhe kW igr aphs of the

carbon nonoxi de vs. stack oxygen differentiated by use
(or otherw se) of the magnetic enhancenent device;
Figures 12ashdks camdaph ehotherepthisorofonoxi deethpyedture at

a, functi Qn. o f _secondar tertiary air io . for
85 b bR e and SR Gurakinsoibi8hYalng f St ner for
gm@pﬂﬁrgtlbheoke%@ésﬁgigngﬁured at the Utube outlet
for the duration of the trials ; Figures 14a, 14b, and

14c show graphs of the NO |levels for the duration of

%??L#J:éé ab% Fjlhgur d 1§? @ngl ?t QW G G\P % eve%m?erature

ogen nonoxi'de [evel agal nst ack oxygen
foe dwe atliontabnt kef the trials;

Figures 4a, 4b, and 4c show graphs of the total air flow

to the burner for the duration of the trials;

Figures b5a, 5b, and 5c show graphs of the primary,
secondary and tertiary fuel ratio for the duration of the

trials;

Figures 6a, 6b, and 6c show graphs of the combustion

chamber temperature for the duration of the trials;

Figures 7a, 7b, and 7c¢ show graphs of the fluegas duct

temperature profiles for the duration of the trials;

Figures 8a, 8b, and 8c show graphs of the stack oxygen

levels emissions for the duration of the trials;

Figures 9a, 9b, and 9c show graphs of the carbon dioxide

emissions levels for the duration of the trials;
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trials; Figures 16a and bb show graphs of nitrogen
nmonoxi de levels v . the secondary : tertiary air ratio

wo eosokessgiur ati on of the trials; Figures 17 a PCIGB2004/004814

and 17c show graphs of the basiic variations in

tenperature during the course of the trials; Figure

18a shows the conbustion charrber tenperature data as a
nction f st ac oXxy en c nt Wit h magget and dunmy

i s ul tOSa’dIf ent 4l r SPRY dEFaPrsn 8f tT’llée carbon

hﬁdﬁﬂgid% @Hﬁ§§sigﬁsamgvégg %BQWtE%a@ﬁ§aQﬁcﬁﬁQﬁﬁqﬁ%&’trlals,
ctertiary air flow ratios versus stack oxygen |evels

durlng the duration of the trials; Figure 20 show a

%Lg;qﬂe%f 1|1e<§t ahapﬂﬁga%ﬂo%%&aﬁ%"‘&r Q:%educraltrl}go IXODnO}flde VS.

I al's; ure r anatic Sect] o
Sﬂtlm:hllcewf@énthﬁ_ﬂﬁe’:ﬁéntam nept u@sfe t her maghetivEse) of the
fluid treatnent device; ure 2 2 shows a sectional

ViR o ST R HRC ARG RE fiEVF §fd treatnent device;
Fi gure 23 shows a sectional side view of an external
magnetic cartridge; Figure 2 4 shows a sectional side
Viignrst lan $h@?§ﬁn@l grEgpiet9l thetchdgen awdoRiger dexed as a

p 0 [tipl netlcflwdtr at nt
él\?l:lé%elgm scrl %n%afc? fhgce%rr}%%Me&%nﬁ ay 2 of

Fihgurter 121 sg fuel treatnment device 6 is arranged to be

Figures 13a, 13b, and 13c show graphs of the SO, levels as
measured at the U tube outlet for the duration of the

trials;

Figures 1l4a, 14b, and 1l4c show graphs of the NO, levels

for the duration of the trials;

Figures 15a and 15b show graphs of the nitrogen monoxide
level against stack oxygen level for the duration of the

trials;

Figures 16a and 16b show graphs of nitrogen monoxide
levels vs. the secondary : tertiary air ratio for the

duration of the trials;

Figures 17a, 17b, and 17c show graphs of the basic

variations in temperature during the course of the trials;

Figure 18a shows the combustion chamber temperature data
as a function of stack oxygen content with magnet and
dummy unit results differentiated for the duration of the

trials;
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fitted in an existing fuel supply pipe 7 and conprises
two peripheral box sections 8 and 9 respectively into

waondoshsaspl ural ity of external magnetic cartriPOEEB1®4/004814

are inserted. The fuel treatnent device al so conprises
an internal magnetic cartridge 11 which is inserted
inside the conduit 12 formng a plurality of fuel flow
channels 13 with a specified nmagnetic field gap. The
device nmay al so befitted to new pi pe work, such as in
gigevepl d¥ta iarsd al blat show Ghephat icf ofeddedboyateetDssy air
-sectiopal area of é§§ fluid flow chapnels 13 to the ,
EPGH st 2bens GRtsuT et K (HE/9 i tFSuppl JUESREUFRS] Suration
apPERXI prtighy.1: 1.5 to 1:2.5. The distance between the
magnetic cartridges 10 and 11 is approxi mately O-
bOM The ratio of the width of the fluid supply pipe

; h e f tign.of_.th id c s_13
E5Ret AR LroPhE Raoleff' bE sl atetnkbt' BroapERy " ratovered
doarihe dagge bif3QdHe tkidd.s;Fuel flow ng through the
fuel treatnent device 6 through the channels 13 on its
way to a fuel combustion point or the like (not shown)
Fsgatéeonedhy,d he grgpebintathel deehi dhe Mponet$idf. of the
297 30 (figure 23, 24) " within the internal magnetic
carsti egbodimgnd @& dhsalmasgietd of loard rigepiemdnt device;
Which results in a nore efficient burning process, as
descri bed bel ow. The fuel treatnment can be fossi
figlre sBeh saswel la avubtgasaOr e vadtenés f ure hypastitnfluid
nore detail, the fuel treatnent device conprises two
bbPEFBRRE8AENG F(see figure 22) which forma

r enovabl e

Figure 23 shows a sectional side view of an external

magnetic cartridge;

Figure 24 shows a sectional side view of an internal

magnetic cartridge; and

Figure 25 shows a plan view of multiple magnetic fluid

treatment devices.

Description of the Preferred Embodiments

In Figure 21 a fuel treatment device 6 is arranged to be
fitted in an existing fuel supply pipe 7 and comprises two
peripheral box sections 8 and 9 respectively into which a
plurality of external magnetic cartridges 10 are inserted.
The fuel treatment device 6 also comprises an internal
magnetic cartridge 11 which is inserted inside the conduit
12 forming a plurality of fuel flow channels 13 with a

specified magnetic field gap. The device may also be
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box section secured together around the conduit 12 by
means of bolts 14 . The portions 8 and 9 al so secure

WO pooplosuses t he external magnetic cartridges 10 PoOT/GBREW4/004814

them parallel to the conduit 12. The internal magnetic
cartridge 11 is secured in place inside the conduit 12
bet ween upper and | ower nountings 15, 16, which all ow
ﬁﬁgﬂ“%%ernal magneti,c cartridge to be slid,in and out

qui ¢ eo"l e RORGuUi "L % neffPe nadle & nén nevw plant

fiergddiiiasieel ahdopaelh8ChEi enat eeland ik gensraldnal area
termed a non magnetic conduit, which is chosen because

iaf ddze hbtidbetbre whgmeralsed vee thee candsdoestional area

e he pe t| of the field. pr ced b
:% éx%ern nagnggg£ cé{tr ges “fo BFPrRfel ﬁg 177.5 to

rmg?nesu C CaetrdidgenAdde Malterdeal sthavingyrsd id aE:artr:Ldges 10

ro e ties could al sa used, Returning to figure 2
Ito e%ﬁafipﬁﬁ@ﬁemactegdh]r(?d@%‘mh had'$ ¥%%H?n@faﬁ@e width

tdﬁﬂﬂﬂégfiﬁﬂflg ¢tor genepakhy ter aoga5f|% i .
whi ch serves tou%ﬁaﬁggu%%he f1ow ng tﬁg%%bh the fuel =~ °

thheatanitd devamee 165 | Ao allmn e hvelnineth stha aln@ntectlenmrldges
t he he cQ dU|t 12 is
&f?g ré}{tl’?%\é{f(?LIat'L ?% m%hc%ehasgé IC8pen g the sane

i nternal dianeter as the conduit 12 to allow the

in magnetic cartridge 11 to be slid in and out o
uteﬁre ffajlrfefflnggr et ddicef 6ol AtESCTMETY afgE1 29 Phdthrough

alnRo diasmAan Opedi 59 thes SRIe Bt ar nale (i @ORHEE 28! p%mt or
conduit 12 is fitted to a conduit 20, which may

tthe dH&se m@ba&mwmn}edﬂcaﬁéechedcbmdMME magnetlc fields of
the magnets 28, 29, 30 (figure 23, 24) within the internal

magnetic cartridge 11 and external magnetic cartridges 10.
Which results in a more efficient burning process, as

described below.

The fuel treatment can be fossil fuel, such as oil and gas

or equivalent fuel types.

In more detail, the fuel treatment device 6 comprises two
portions 8 and 9 (see figure 22) which form a removable
box section secured together around the conduit 12 by
means of bolts 14. The portions 8 and 9 also secure in
place the external magnetic cartridges 10 holding them
parallel to the conduit 12. The internal magnetic
cartridge 11 1is secured in place inside the conduit 12
between upper and lower mountings 15, 16, which allow the
internal magnetic cartridge to be slid in and out when

required.



10

15

20

25

30

12 down to the size of the fuel supply pipe 7 . The
conduit 20 may be fitted with a second flange 21 or be

wao boosasiesss (not shown) dependi ng on the arrangeP@nGB2004/004814

required for fitting to the fiuel supply 7 . Flanges 18

and 19 may be fitted together using bolts 31. At the

other end of the conduit 12 is fitted a conduit 22

whi ch may be in the shape of a _cone reduci th

’Ebﬁu_ﬂ@prldllztddhﬁ] TaYt e shaee oPtt RPT uE‘Frgagng Sgﬁeﬁel T onon
condui 2 f ht.h 2 r i

ehTeatod (HESSholy dspeRdrag ok t oo ar cangemany, Foetie

cefjgiied fenithttisg tboske flhekassppl ¢t. THESEl ange Lecome

18, flan 19 conduit 20 flange 21, conduit .22 d :
mpgﬁag}gggnﬁgvsé nﬁﬁ@eofa%%n é?%itqé%.sgééengrt%%h magnetic
?ESﬁéEt§e§t%%|tﬁﬁ?ﬂﬁi@lﬁypEQH&Eédnmﬂfnﬂgmeéktérmhlcmagnetic
s chosen because it dose not become na netise? over :
thmbraddewi 1D ot iditeyinmk AFRe FagnetFETfPgpgll. Materials

roduced. he ernal ?ﬁﬂﬂﬁt'Qa tyd dge=d0 and
BﬁYéPﬁaF%ﬁ%é%éiﬁg%)afﬂ?ﬁage 11(%a6§§gld%g ??e'existing
supply pipe 7. It will also not dissipate the magnetic

effect on the fuel. T I'l, I,ength 24 :
BPGRERBAS v CESW 1 Zbe Bt driiIat by TRes Sgpry brpase 11
éa@|Q¥’QEQQHJ{@eaﬂﬁQnQEleﬁh%Idfgaw, antetbert it generally

etween nmagnetisation and conbustion, and may sq ,
takeeidnt 8 con§fder athoaht heeFues fFow FhaAwEe f%e flowing

B3NS 16 FUEL boscolie Fdow stes skl b ehabhens 1
fanewtar easuree aragnettlc f1lek dofapheahdethe tine

bet ween magneti sati on and

one end of the conduit 12 is fitted with a flange 18 which
has an opening the same internal diameter as the conduit
12 to allow the internal magnetic cartridge 11 to be slid
in and out of the fuel treatment device 6. A second
flange 19 that also has an opening the same internal
diameter as the conduit 12 is fitted to a conduit 20,
which may be in the shape of a cone reducing the conduit
12 down to the size of the fuel supply pipe 7. The conduit
20 may be fitted with a second flange 21 or be threaded
(not shown) depending on the arrangement required for

fitting to the fuel supply 7. Flanges 18 and 19 may be
fitted together using bolts 31.

At the other end of the conduit 12 is fitted a conduit 22
which may be in the shape of a cone reducing the conduit
12 down to the size of the fuel supply pipe 7. The conduit
22 may be fitted with a flange 23 or be threaded (not
shown) depending on the arrangement required for fitting

to the fuel supply 7.
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conmbustion, and may al so take into consideration the
fuel flow rates, fuel pressure and fuel type. Figure

WQ2005/004688 a cross section of the fuel treatmentCTieBRae/ 004814

6 . The external magnetic carixidges 10 conprise of a
conduit into which a plurality of magnets 28, 29, 30
(figure 23) is inserted. The conduit 32 nmay be made of
non-ferritic steel or non -electric steel generally

termed non-magnetic . The internal magnetic cartridge

THe cOhpngsed 8a dpateand | oprduper cphenaindaox sectoomsit 22
25 a q 26 and_a separation plate 27. The upper and

Ber pece pr?erar\akso%eseeeriensofareorﬂl (heE o ¢ hgteel or non

§§@é\£§ié oR¢plat e g?e%éroaipg%%%eeow%tﬁbghetw )Ch #hich is
plurality of nagnets 28 9, 30 (figure 2 are

G;lm@ermel@lecameeuppedoeﬁd nlom/véqedmn@ srean@tnssa@ engr2time and
b d ferritic cOrsnop -elec
‘D?eel G IR 81% El?a@e he n%ggg fJ.I.% praor at%cT*eoll,] by the

generally ermed mor- netrc. S
gkaten2l nayghetiradecafrtirdidge i clst egld origteehsic magnetic
steel ,generally termed magnetic. A second enbodi nent

oF L FEEFIR r dat n%%?kdé&i%r 6the mtrrﬁgfrsgrmpelyzsprﬁe 7. It

fel 41881 ABRtqdeyi Ser bS thRNELIMEHES IdE @ & B fnd@e .
except that there nmay be nore than one fuel treatnent

device 6 fitted in a bank referred to as a nmatri x.

%%?uéﬁefihfggﬁégu?? 3 bran 'Hréngc ‘%feg 6 will be

esfrmﬂé%eco

@leraérﬁﬁﬁﬁedwbycrthes thepsanep thanet efl&s hheaf uelhe magnetic
ly pipe 7 to two conduit dianeters, which are the
r»rg das9BRe f (19 t riett nertiMfevi ReCESEBNdMASTH it teron  and

agﬁb§é@9$§,egﬂdoﬁa§h§lso take into consideration the fuel

flow rates, fuel pressure and fuel type.

The flow area and width of the channels 13 will be
determine by the supply pipe 7 flow area, the magnetic
field gap, and the time Dbetween magnetisation and
combustion, and may also take into consideration the fuel

flow rates, fuel pressure and fuel type.

Figure 22 shows a cross section of the fuel treatment
device 6. The external magnetic cartridges 10 comprise of
a conduit into which a plurality of magnets 28, 29, 30
(figure 23) 1is inserted. The conduit 32 may be made of
non-ferritic steel or non-electric steel generally termed

non-magnetic.

The internal magnetic cartridge 11 comprises a upper and
lower peripheral box sections 25 and 26 and a separation
plate 27. The upper and lower peripheral box sections are

fitted to the separation plate 27 to form two conduits
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conduit 33 is fitted t o a flange 35, which in turn
may be bolted 37 to the flange 34 of the fuel supply

wWERre/074658 The doubl e ends each have a fl ange 3rPET/GBe@4/004814

to the conduit 33 which in tureh may b e bolted 37 to
the fuel treatnment device 6. The conduit 33 flange 35
and flanges 36 may be nade of non-ferritic steel or

non -electric steel generally ternmed,pon: i €.
B S dE LA A P 10Tt | e e 24
9?&'%%%e§te@qtiﬁ%§ﬁ§xﬂ%¥ heda ersef deviGesns 25 and 26

Installed in 3, , 6, etc branches or matrices. The
maybére ohadeebft reenmiRarrdekrcasamll | cdepemt OregHeic steel

fuel flow area qf the fuel pl [

rigrserdY: Perledapb i ome sy bl PR e tF pyase 27 my
aad @i of Fherithe betwedn omgrdtdctation samel generally
combusti on. Extensive testing o f a nunmber of nmagnetic
frEmgct FegPREAE - devi ces with varying factors has

enabl ed the construction of a device which gives

particul arly advantageous fuel efficiency conpared to .
@askicenddevboddmener efi dike ld i @ranerly edeBs@ft 6dipnshown 1n

neven tisati h el d ! ' ;
S0EHER ZR00TH Sl it HhEt Dl B T ST SO i 2
shieatgentwdevié cespmhehat hehemgneky dre secar ethaar oome fuel

a fuel t [ [
uel pipe_at, angul ar. separation of 9Q di sadvant agﬁg as &

&re GBSOy et T HTS pi%pes 18-S anBt et ef St &5

Thiks ks due k@ bhe JRAPEt LGof irakd RasIMEAhrasghcds 6 in a
smal l er portion of the fuel due to attenuation of the

friaglrd x .MEtpee condmy taBSo easdres efrom one conduit diameter,
which is the same diameter as the fuel supply pipe 7 to
two conduit diameters, which are the same as the fuel
treatment device 6 conduit diameter. The single end of the
conduit 33 is fitted to a flange 35, which in turn may be
bolted 37 to the flange 34 of the fuel supply pipe 7. The
double ends each have a flange 36 fitted to the conduit 33
which in turn may be bolted 37 to the fuel treatment

device 6.

The conduit 33 flange 35 and flanges 36 may be made of
non-ferritic steel or non-electric steel generally termed

non-magnetic.

Figure 25 shows a double matrix of fuel treatment devices
6, but there may be a number of devices installed in 3, 4,
5, 6, etc branches or matrices. The number of fuel
treatment devices 6 will depend on the fuel flow area of
the fuel supply pipe 7, the magnetic field gap, the dwell
length, the fuel type and quality, the time between

magnetisation and combustion.
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around the pipe at different angul ar separations. The
factors which have been found to play an inportant

w0 odos/054s585y0ver ni ng the | evel of fuel efficiencRCaBa@®d/ 004814

i nclude the strength of magnetic field, the nmagnetic
field gap, the polar configuration and alignnment of
magnets, the dwell time(thetimein which the fuel is

ﬁgg%ggﬁsg EQSEE% n%%petl u&bgkd%ft neﬂ%&pg%ﬁe ?hgreatment

$atroR -and conbus ion, fuel Pesalre

dvetatk shape vefrytiksey fﬁ&d:t@hanhelss e\MalHllemi tige deyhgeruction
IE particul ar, the evenness of the magnetic field
Phr

GugReWACEh YHECR Ul ¥ DuP Hdd BeAT NouRdvegtggeous fuel

@@ﬂtggha{;l Mofhﬁla?é!éntto kR AQnder d%%ld:%tserm ne the
fectiveness of the magnetic fluid treatnent device,

a series of tests wer e undertaken on the Powergen

f I I 0 f
CORPLELoRTFeks BRI L A B Sl ilhonp magnetpgcion aue

gagnaki ¢ ifdld obﬁl}eatesmehdd.w cersd he potresbnf ach | #hy fuel
usi ng Heavy Fuel Ol fired on a single burner firi p}l%
RoPEzont Py TagBehIConblidt ot taplfint Aeviiqes amhere the

ﬁ&éh@gste§ké ol cbhirs patirSund hesqualichy of; Jhe a%_ ﬁngular
burner, its installation and set- up are of "ver g

qalaaray:,ow bli e efifdaaiventia pfs conbusbiemrveel Ifdm pipes of
excess of the typical industrial applications where
thensbghefFeafrEi FN3kat nBlit déiice WouPlder ited e magnetic

gieahest sapphi eaPLLLLY o Aralac ofﬁ%rﬁ%@%éhfgeiodue to

effectively de-rate"the burner to0 provide nore
pbpersentati af cohbustfieddcondagnens. may also be secured

around the pipe at different angular separations.

The factors which have been found to play an important
role in governing the level of fuel efficiency gained
include the strength of magnetic field, the magnetic field
gap, the polar configuration and alignment of magnets, the
dwell time (the time in which the fuel is subjected to the
magnetic field), the time between magnetisation and
combustion, fuel pressure and the overall shape of the
fuel channels within the device. In particular, the
evenness of the magnetic field through which the fuel

flows has been found to be particularly relevant.

In order to determine the effectiveness of the magnetic
fluid treatment device, a series of tests were undertaken
on the Powergen Combustion Test facility at Ratcliffe,

Nottinghamshire, UK.

Tests were undertaken with the magnetic fluid treatment

device on the 1 MWen test facility using Heavy Fuel 0il
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Havi ng established the burner characteristics, a
variety of tests were undertaken to establish firstly

W b@shsses - | i ne performance of the burner befPCEGB2004/004814

noving on to investigate thejgnpact of the magnetic
fluid treatnent device on overall performance, a s

di scussed bel ow. The 1 Conbustion Test Facility at

Powergen's Ratc|iffe research site is desi

| d .
feprBduc? the ?%%%%3c&Hﬁqumuﬁl?%ﬁ%ac%o¥%ggggﬁigy into a

LERBSsandnt egpghature profiles found in |arge water
tube boilers as used in the power generation industry.

The test rig is provided with a variety of access

orts.that. al l.ow.sanpl.in n ur Ful | :
gﬁt&ﬁﬁ%iﬁi tglféﬁarﬁgsggc%flfﬁ@g%afgﬁgg%%idggé fﬂéallty of
tast buirgewgs fid t edseanrl eeibpped o ddtauoairzonrifal very high
single Y jet twin fluid atom ser burper firing o

AEavY tFue 1o thve ifstdRnan Gled CPEPESEAGED tin excess

EeNthal Qfp 1RV MBS Yoy secondary, @Bndat ebhkaidhAd hOWeagnetic
in to thé conbustion chanber. I n the standard

¢dnfidgur reetmentnbusevoncai r wpsilsh ehefaied anéitehe greatest

tertiary.:.secondar ir split i .1 1, it al ;
PEBhTEebihbnda thorboRrtetirder orce i Bel s o cEBEbtively
gbfirgtent wid h extrhemel ytd owpCotiekel smoBet h tBpresentative
absol ute val ues ;and the excess oxygen at which the CO
¢ambestare seBAitdonfcrease are extremely |ow as

conpared to a typical industrial burner. In order to

attenpt to provide a nore realistic representation of
Hdavypocalstigmustiradl thei berperhecharaereristics, a variety

of tests were undertaken to establish firstly the base-
line performance of the burner before moving on to
investigate the impact of the magnetic fluid treatment

device on overall performance, as discussed below.

The 1 MWy Combustion Test Facility at Powergen’s
Ratcliffe research site is designed to reproduce the flame
conditions, furnace residence times and temperature
profiles found in large water tube boilers as used in the

power generation industry.

The test rig is provided with a variety of access ports
that allow sampling and measurement. Full automatic data

logging facilities are provided.

The test rig was fitted and equipped with a horizontal
single Y jet twin fluid atomiser burner firing on Heavy

Fuel 0il.
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was de-tuned to increase the overall CO concentration
and to raise the CO breakpoint. These effects were

w@elsesesss by usi ng anbi ent tenperature (ratherP@1GB2004/004814

preheated) conbustion air. These changes had an effect
on the overall conbustion performance. The main effect
was on CO breakpoi nt which noved from about 0.2%

g r 69 n ent lat S
O S b gy, s PR ES N R P Lo mpimary,
nhobedproblaan otchiiney setr upleumd e&taltlol shhBg @mbustion

lid reference condition has_al ways, plagued trials of
ﬁﬁ Befo FRuitde; (ERTARRS (BUTELEITIELRRe SOREyS Wewn air is

géﬂsatégd t8atneopbustd py enbapeepent, davi &s 3.5:1.
rmst |kel?/ to del ?%er thg gr eat est Eé/neflts(‘s%\?\l/hlgLr °

appl i ed to typical industrial applicati ons A new

- up, d
byt oeE coLCeet | Kolpstgl! sdiynet o RSB A, Lo e

ntained Wil give extre
éﬁbﬂémslpnsfflwﬂbaalxMhﬁUSbkt&bnﬁuﬁﬂeléwaKE) levels. Both
characteri sed bx relatively poor set- up and
v

hBF nEBRAhEES aRalEEFr é‘§1ﬂoﬁﬂ1@ng€’r’}9c%$%h@?yéﬁﬁs§|toﬁqf¥la?tfésthe Cco
€$1@@§9Qréh§e@HrQ%rfﬁ%&é%%étﬁ¥%‘éQthM@l?th$LSS§1%ompared

rates and to reduce the CO break -point

era sypltabxiréwetyigbdoduaseconpared to typical

i ndustrial burners where typical stack oxygen |evels

around 3 - 8% (dry) and CO | evels 20 - 50 ppm Base

Ihi nermeasurenenastéaptt heed epratvedeburder mggee realistic
obtained with the fuel flow ng through_ a dummy unit
$%ﬁresentatlon of a typical industrial boiler, the burner
was de-tuned to increase the overall CO concentration and
to raise the CO breakpoint. These effects were achieved by
using ambient temperature (rather than preheated)

combustion air.

These changes had an effect on the overall combustion
performance. The main effect was on CO breakpoint which
moved from about 0.2% oxygen to around 0.6%. At oxygen
concentrations in excess of about 1%, these changes had no

effect.

The whole problem of burner set-up and establishing a
valid reference condition has always plagued trials of
magnetic fluid treatment devices. It has always been
recognised that combustion enhancement devices are most
likely to deliver the greatest benefits when applied to

typical industrial applications.

A new burner correctly installed, set-up, operated and

maintained will give extremely high efficiency and low CO
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stack oxygen concentrations of 0.3, 0.6 & 0.9%
Measurenents included heat flux, tenperature at stages

walomm/os4ee8 f | uegas duct, CO | evel s, CO breakpoi PCT/aB2004/004814

particul ate loadings . Figurexda, Ib, and ¢ show fuel
flow and pressure for the duration of the trials. As
can be seen, apart fromduring the initial start -up,
bot h fIOM/and ressure mere extrenely stable. It can

G v & hat2 arfPSis8gaeht GRafgesrised by
natied Brel @@E‘Iu@fa@d thernfndhese spar Q‘B%tx%rs%ondlngly

Fi gures 2a,2b, and 2c show fuel tenperature at the
thQhﬁrtQWﬂﬁﬁﬂPQur%t%m4nt in the supply |ine upstream
of the burner . Sone very mnor changes (around 1C)
are apparent but these are of no consequence in texns

Hltimpatt oihet baraeer alals ft&’ﬂtl.biﬁd’int&es QArveperfreance rates
of the system Fi gures_ 3a, and 3c show t he. wi ndbox ,
aéﬁae?%t FEUCAs thiet Q h]%r?%]éTP‘PJeWiyer‘élhﬁr efeshkfe pere still

OB 1AL O Y JRUt dnpsiifdd cient f)@(:%lgnilfﬁiﬁ@m:h_ 1 burners
af fect the overall heat bal ances or perfornmance of the

sirsrem t W gea esstack 4bxyaen devehowettee aovahd aBr —f 186w (dry)
téh&r§§1 urner. (iH'rmgq secondary and tertiary) and

once € SysS 1S se up and stabilised, with the
exception of the variations in total air f|OMIYGQUIred

to achieve different excess oxygen | evels, it can be
tH&E t HBCAFRIETNEF s ¥eFy EBAsi Stenfatefigupersgr were

dRnstd At @St heneni il 8ebwidp hrHNGIPUE & ummy unit for

stack oxygen concentrations of 0.3, 0.6 & 0.9%.

Measurements included heat flux, temperature at stages
down the fluegas duct, CO levels, CO breakpoint and

particulate loadings.

Figure la, 1lb, and lc show fuel flow and pressure for the
duration of the trials. As can be seen, apart from during
the initial start-up, both flow and pressure were
extremely stable. It can therefore be concluded that any
subsequent changes noted are independent of either of

these parameters.

Figures 2a,2b,and 2c¢ show fuel temperature at the burner

tip and at a point in the supply line upstream of the

burner.

Some very minor changes (around 1°C) are apparent but
these are of no consequence in texms of impact on the

overall heat balances or performance of the system.
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with a primary : secondary air ratio of around 3:1.
Thi s was subsequently reduced to approximately 1:1 as

W@ 2005/09f658 he t est protocol. Conbusti on chanberPCT/GB2004/004814

tenperatures shown in figuregi6a, 6b, and 6c are
notoriously difficult to neasure accurately |argely
because of the problemo f accurate | ocation and

tiQ t he surenment . devi ce. ,As can be s
FRGLPERL A g "o S R s e ke . As
GapRr axienahed iy ﬂ'émpaf)a‘@lﬁ@,outhébé nBans ¥k Uekh b itihisy but
is tao _be exgected and reflects the general noi se and
%%FP%E%FF?? as&Bci Bt @Y W At mmatfechunbee opverall heat

%QE&H@@QUBkeﬁe?&‘ESthﬁ%e&*fd@l‘{\é‘ é;EQ ¢bgngth of the

[uegas duct and are used to neaSure the tenperature
of the fluegas. Heat is renoved fromthe fluegas duct

th the profile said to rror_that_ of a typic
LAﬁ%\lemita‘lnon “Boi rav %$g§b8¥ 7Hie b%é%?%h&éﬁth_‘”v to the
berperat Ui of) | esddidatie duaat kertabrihe bhtal Snce the

As can be seen, the exit tenperature reduces to around
yUeFen 1anhpeh—BAl §riepreleht 8e@. sialth pdq wfcameion of the

\‘%Q{ef‘ét%ﬁ& ESC%EE%EQ}EP”HQS %gé‘[%%d' RA 4 tc%&ﬁxé%% different

l er. However eat transfer area Is
@ngedﬁfbeygﬂoeéewﬁlEQHQEraaur@aﬂsmemetMBEnthbea&dtflow is
om t he copbustion chanber and the exit fromthe unit
u%ﬁ%rcggﬁf% §"bperating conditions can be considered
to be representative of changes in overall heat
transfer efficiency. Figures 8a to 8c show stack

%&9@%% SGorReTRRT eta tFs nbhge'initial set-up of the burner

with a primary : secondary air ratio of around 3:1. This
was subsequently reduced to approximately 1l:1 as part of

the test protocol.

Combustion chamber temperatures shown in figures 6a, 6b,
and 6c are notoriously difficult to measure accurately
largely because of the problem of accurate location and

calibration of the measurement dewvice.

As can be seen from the figures, there is some noise on
the signal (approximately +/- 20°C about the mean value)
but this is to be expected and reflects the general noise

and variability associated with flames.

A number of thermocouples are located down the length of
the fluegas duct and are used to measure the temperature
of the fluegas. Heat is removed from the fluegas duct with
the profile said to mirror that of a typical power station

boiler.
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Is apparent fromthese figures as is to be expected,
however, overall control is good. Overall, the varying

wWo@p@sasiehy) regi mnes can be seen correspondi ng tPCHEGB04/004814

oxygen levels of 0.3, 0.6 & 029% It is inportant to
stress that these stack oxygen |levels are:
significantly | ess than those which would normal ly be

: ered ypi C | N tei [ p
BPGEPEEeast, B ot Btlahetts, Felpstand B PlbLpgs, for the
ttheatiioat i ofi oththe tirastls.. Fizgur ec®b i hel udesnt,he the exit

gtack o%gﬁen | evel for conparative purpgses and it can

ETEREACERSt T8 ERPetPeATOPRE CAHCENCHRLCR [Ny Tepresents

kNeheasesas tde stackopxygeradecreasesci Nnckbpe thd Neivegas
the change in dilution factor. Figure 10a, 10b, and .
10c asHayPidml oberdet . r douwlerverf,ortiCo plestt ebrayssferackea is

n - far e I n_excess . of
R e S S kT i e o e
sx$tadicoaxygied lcewdlstdoe rathmedrt ard 3the0.&x $@om the
the CO | evels increase as woul d be expected. A ver

d y .
Witk SpFEad Vaf 1rEsulors Had g UL hehs opePatichg s idered
towpst addo R digel 5 EhgHEes L1A & brdllusknat & (Bisrer
v . stack oxygen differentiated by use (or otherw se)
offipeenayneti ¢ enhancenent device. FromFigure 1la it
is apparent that there i s no obvious or significant
change in CO | evel s when the magnetic device is
Ebgurssi daedo Frguhewl sbatkesul enf. osottrysledfes3)of ‘noise’

is apparent from these figures as 1s to be expected,
however, overall control is good. Overall, the wvarying
operating regimes can be seen corresponding to stack

oxygen levels of 0.3, 0.6 & 0.9%.

It is important to stress that these stack oxygen levels
are significantly less than those which would normally be

encountered on typical industrial boiler plant.

Figures %a to 9c show the corresponding CO, levels for the

duration of the tests.

Figure 9b includes the stack oxygen level for comparative
purpcses and it can be seen that as expected, the CO,
concentration increases as the stack oxygen decreases in

line with the change in dilution factor.

Figure 10a, 10b, and 10c show the overall results for CO
plotted wvs. stack oxygen. As expected, for oxygen levels
in excess of around 1%, CO levels are negligible at around

30 ppm.
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appears to show a marked reduction in neasured CO
| evel s on switching back to the dunmy unit, which is

w@owsne16s§ ntui ti ve unl ess there has been some PECTHEB2004/004814

effect in the interim Potentizal effects include a
del ay period which has resulted in activation of the
feed pi pework or a consequence of the change in
secondary : Tertiary air ratio. Figure 12 shows CO

| evel as a function o f secondary : tertiary air ratio

her sdayk? ddRemonlevdday £ whdwdedsuch @lag3 a—are 6 %, so the
available) . It can be seen that there is sone

.

0 dbPERLF oringr e eafe VAUifie FUnGEPEFLTED 1 edui NGEY wide
ek AMaaNeh {5 10 QRS ALLON R NG EDBMA M stack

Ings remain unaltered. It should be noted that the
alzygkut éelvevel.s remain extrenely | ow for operation
both with and wi thout the nmagnets when conpared to
typi cal industrial applications. It should al so be

meledekhat1ther g i spaganaraltrater ease i FsCO | erelek asoxygen
the secondary : tertiary air ratio i s decreased. ,
Figdeasntdated3bbyandse3c (pFot ORI RN s U neBsurBggnetic

%ghgﬁgeHegQggegﬁggqt. level s are effectively

etermne e sul phur content of the feed fue
oil. The sharp increase in level during Day 2 is
%Itri utableléo a,chan onposi tio
I

s o Rdpas 31013 Seratninebat sBREna 1 U&F cbvious or
3NNV FiiSandbleh efOWi n Anal Mtetrell s2 wheh the magnetic device
is commissioned. Figure 1lb (results for days 2 & 3)
appears to show a marked reduction in measured CO levels
on switching back to the dummy unit, which 1s counter-

intuitive unless there has been some other effect in the

interim.

Potential effects include a delay period which has
resulted in activation of the feed pipework or a
consequence of the change in secondary =: Tertiary air

ratio.

Figure 12 shows CO level as a function of secondary

tertiary air ratio for day 2 (the only day for which such
data are availlable). It can be seen that there is some
evidence for an increase in the range of CO readings when
the magnet is in operation although the minimum readings
remain wunaltered. It should be noted that the absolute
levels remain extremely low for operation both with and
without the magnets when compared to typical industrial

applications. It should also be noted that there is a
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Ash content 0.03 0.05 0 .08 0.06 Asphaltenes 7.42 7.44
8 .92 8.78 Carbon 87.45 87.47 87.08 86.98 G oss CV

WA 20054746882, 610 42,530 42,577 Hydrogen 10. 44 10r@BGBR003904814

10.39 Nitrogen 0.63 0.56 0 .58 0.62 Sul phur 0.82 0.89
1 .12 1.26 Viscosity @667.72 679.70 719.72 736.96 40

C Table 1 - Fue

nunber .of. conpl ex format
I8 lar B 3 e ntR d By
Ha ¢

the tests.

in NO levels during the comm ssioning and set

NI s

.0 ut
%ggﬁg%ﬁ%gﬁ%ebo

1§B?ta

nes’ es

chani

VAufber

st.apl

I gure

ld-si
g e
atgenetal | y ritsiby toentetof NOOL evebseWBi | frddcefBPaytively

g%ﬁfhows remar kably stabl e operation untij] _
ST dlie hEE VRIS G | aPRESN Bagd 1tRe 2 TEeE ofuel oil.

t he

anal ysis N em ssions arise froma
ms and t hus ,
°f SGARIATYE guiFegtiary
o and ddc-4 Qiqg NO | evel s for the duration of
Fi gure 14a shows considerable variability
up

gag%ésured

NO

Bard | cyihaFp i Nt aEeSh s8I NGQ they i ndyde oggrahion @iy a 2
nunber of different operating conditions withTrespect

ted texidedgldis emdasedendar yin feeliaiy aigmpeasiovionnbetween

LG oL cLgm L e PR P Selhoe cabac
ediow .
Analyte 1 2 3 4
Ash content 0.03 0.05 0.08 0.06
Asphaltenes 7.42 7.44 8.92 8.78
Carbon 87.45 87.47 87.08 86.98
Gross CV 42,547 42,610 42,530 42,577
Hydrogen 10.44 10.45 10.39 10.39
Nitrogen 0.63 0.56 0.59 0.62
Sulphur 0.82 0.89 1.12 1.26
Viscosity @ 667.72 679.70 719.72 736.96

40°C

Table 1 - Fuel analysis

NOx emissions

mechanisms and thus NOx levels are influenced by a number

of factors.

Figures 1l4a, 1l4b,
of the tests. Figure l4a shows considerable variability in

NOy levels during the commissioning and set—up operations

but that the

levels

becomes established.

stabilising

somewhat

arise from a number of complex formation

and l4c plot NOy levels for the duration

operation
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repl otted agai nst stack oxygen | evel and secondary :
tertiary air flows . Figures 15a & b plot NO | evel

wa@gasnstesst ack oxygen | evel and from these fi geCEEBR04/004814

is apparent that the magnetie5device i s having no
significant effect on NO levels. Simlarly, figures
16a and b show no significant variation in NO |evels
as a consequence of changes in the secondary :
tertiary air ratio although there i s sone evidence to
Eﬂggeet ldabsn@ldyer2 vashabs! iat Wane N Uevel sind ﬁﬁeher of NOy
nper%éﬁre measur enent s %re avai |l abl e at poi nt

]

iﬁV% gh Stperttfent 4P2Yi g3) cashBtper 8807 B a%%% stable

BBasHE ednUshigl ar R¥CLRRS- ébﬁﬂ'@e&@éﬁéé 6T 8nif £l ed.
pyroneter together with a nunber "of ceram c sheat hed

thernncouples Iocated suff|C|entIy far into the gas

ﬁz&&%aq‘ t &0 9' Eel | a cu&%@dllrr_.lq:ere as te?7%ﬁt§r glnclude

HMUm alsﬁone ures
dperbotohhet3 éiayﬁlnmfeﬂ hef em@e&em‘emal opﬁ@fi(tw[t_l; CBonditions
shows thebasic variations in tenperature during the
UéEPs§QQPQQE3?%s?§cesﬁléﬁﬁe§“¥%asﬁﬁ8n§85YshomF?ﬁ%larY air
¢gpbysti on chanber tenperature data replotted as a
function of stack oxygen content wi th magnet and dumry
unit results differentiated For Day 1 (Figure 18a) ,

%Eeogrgnpﬂ@ m dﬁ% a o[le% tesnttl%t% Stbaecc%ve%;( g(%l% Co&t etnferent

% an i s apparen ispect Oy That "the

fhaﬁersemeaaﬁelmrcen\g to,t hﬁ)]fmgﬂﬁin,l stheghessuihan nhat been
for_the dummy unit. This conclusion is born out by
EeRLPEEREA) a%?’l%@‘?/%i sStpck heoxygen level and secondary

tertiary air flows.

Figures 15a & b plot NO level against stack oxygen level
and from these figures it is apparent that the magnetic

device is having no significant effect on NO levels.

Similarly, figures 16a and 16b show no significant
variation in NO levels as a consequence of changes in the
secondary : tertiary air ratio although there is some

evidence to suggest a smaller variability in NO lewvels.

A number of temperature measurements are availlable at
points through the experimental rig. Gas temperatures are
measured using a Cyclops single colour infra-red pyrometer
together with a number of ceramic sheathed thermocouples
located sufficiently far into the gas stream to give a

reliable reading of gas temperature.

Temperature data is plotted in Figures 17a, 17b, and 1l7c

for the 3 days of the experimental work which shows the
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resul ts which denpnstrates that at the 99% confidence
level (i.e. there is a 1% chance of the concl usion

wheingsioss/al i d) , the nean flame tenperature fRCT/GB2004/004814

systemw th the magnet is gregter (in this case by

around 1 5 C) than for the systemoperating wth the
dummy unit (see Table 1) Having established the base

l'ine performance of the systemwth fuel flown
PREbAGIT AT IRiAPhotRi RETRPFATHESNEYRERS, Tife naghasi OF the
Etl di.d treatnent device active' conditioning units

dévice 1 and device 2) were tested. The test

durations are sunmarised in Table 1 . Dummy /C Magnet

device 1) C Mean 1 .5 1201. 8 Stand iation
%égﬁrfg No?é%f cf’éid; pi?ﬁts 4% 165@ Ta%{irgb%ﬁ’iéﬁ chambex
CrEparhs R Ofqpanbuspl obrehasbera tRmerasur ef f etadkmyxygen
and Device 1 (Day 1)Applying a two popul ation .
icon&eac &l iths mapme tt /e ch Gurmyy Fodfeses Ulhst dfdfprentiated.
(magnet) - nean (dummy) = 0 (i.e. popul ations are the
sane), shows that at the 9 9% confidence |evel, the

diohf eragncle (Nigessm V& lestbeé thappopblidei dasa galptes to a

fact 15.25 to 15.35. Since the [l _h { hesij
EOPA eSXIGEL dEOH ie§l§r afige Bi'?gga%nﬂggf%oﬁlg%a \e/%g%?ent by

tihe A0%1eantilencenbevelarthaterihe aman vial tiesther mdunet is
two popul ations are different. There is, therefore,
dviioderc & helmatt e FAtark s SHFEVat e - s i ncreased by

the application of the magnetic fuel pre -

This conclusion is born out by statistical analysis of the
results which demonstrates that at the 99% confidence
level (i.e. there is a 1% chance of the conclusion being
invalid), the mean flame temperature for the system with
the magnet is greater (in this case by around 15°C) than

for the system operating with the dummy unit (see Table 1)

Having established the base line performance of the system
with fuel flowing through a dummy housing with no magnets,
the magnetic fluid treatment device ‘active’ conditioning

units (device 1 and device 2) were tested.

The test durations are summarised in Table 1.

Dummy /°C Magnet (device 1)
/°C
Mean 1186.5 1201.8
Standard Deviation 10.7 19
No. of data points 1406 1093
Table 2 - Comparison of combustion chamber temperature for

dummy and Device 1 (Day 1)
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treatment device. The corresponding data for Day 2
appear to show a counter effect, i.e. that the flane

wWa eovpes@atsire i s the sane o r perhaps margi nal | BCTIGGR@®R/004814

for the case of operation wi th the dummy rather than

the magnetic unit as shown in TabLe 2 . Dummy Magnet
(device 2) Mean 1193.0 1190.7 Standard Deviation 8.1

15.5 No. of data points 764 416 Table 3 - Conpari son

of conbustion chanber tenperature fox dunmy and magnet
hgpyiytagl)d Daw?) pbpulbet canalysd sersdows efshrat fdde 2 null
changes iin stack oxygen |evels and secondary :

FEPP_B??lé|ih%ReF@aEndEW€ﬂ@%iiﬁ ot t EAPIYL = 0_(i-e-
pephiseibhe fulde pofgnti ahnLesul LaofEOMde systempLt o 93
I s not possible to make neani ngful conpari sons between

thefihdgnee /latoml maghet dionindrore dde teedrackadfies of the

' N dat a.for, .t h dition.
SRR I SN T STackeaky dén 2PeveP s Bid ecgnlaPy the mull

hepbtaeyiai wdllws (0p shewn dut shicguren29. rkegea sistegh be
such as the test facility with a fixed heat transfer
apealudcer ade theasdre CORLAJBRERI LEHEL MBN2Ef D6 BRGy values

Egr caqpparatiue SAS ordn berdefinedeas fol lovgers g,
Efficiency = Fba?ﬂﬁggbvepeg / ﬁ%at inqu Wiere heat = ~°

thpuefoas, be dfefdereck asthael filow milleipl i ederyyetdipure dis
Jc.:ralllcgglagle \i)aﬁlzu%h(e)f at1phpelifcuaec|ion of the magnetic fuel pre-

treatment device.

The corresponding data for Day 2 appear to show a counter
effect, i.e. that the flame temperature is the same or
perhaps marginally higher for the case of operation with
the dummy rather than the magnetic unit as shown in Table

2.

Dummy Magnet (device 2)
Mean 1193.0 1190.7
Standard Deviation 8.1 15.5
No. of data points 764 416
Table 3 - Comparison of combustion chamber temperature for

dummy and magnet (device 1) (Day 2)

Further analysis shows that due to changes in stack oxygen
levels and secondary : tertiary air levels undertaken in
an attempt to realise the full potential results from the
system, it is not possible to make meaningful comparisons
between the magnet / non magnet condition due to lack of

consistent operating data for the magnet condition. The
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This definition excludes the effect of changes in
input air flow and tenperature, however, in this case,

w0 pookastebeen shown that changes in inlet air PCT/GB2004/004814

tenperature are negligible and for conparisons in
efficiency made based on a constant fuel flowate and
stack oxygen |evel, these effects can be ignored Heat

recovered i,s d ed for the rposes of th

KBRRAER 86N s TATOWR T4 ol oveh eRCEONMaGYad hEEELETY
thowrabasx ikl uegan aweragarspeoific heat capacity x
tenperature difference (conbustion chanber to stack)

By definition, in the absence of any air |eakage, the

[ f it
b SRR Jhoue fhoets LieoumEn i Juel Fussic neac

dirneetfky) .axddhough thedepem@hsmrheatoﬁapa@etylbf tthermal
fluegas varies with tenperature, because the .
GEFREREREY | hOBt ceRIH LTt PUFRERRr 63 BRmijetined as
¢genparad-to the absolute value, it is permssible to

use a fixed average value of fluegas specific heat
capacity for the purposes of conparison. Fluegas

E%EE%&%B e dlfa%r?gggve ege/lﬁggta§ gg% di fference

e conbustion chambér tenperature and the
average of the exit tenperatures. Wil st the above

| cul ati on does not represent an ahsol ut 4
HBEEFmRat IRENE CRE Prorvat "ert P 3%%} i Phaédpiied by
YRkt calllb A @%&u@nogdea@aEae@aSIS for the
conmparis.on of performance under different conditions
gi ven

This definition excludes the effect of changes in input
air flow and temperature, however, in this case, it has
been shown that changes in 1inlet air temperature are
negligible and for comparisons in efficiency made based on
a constant fuel flowrate and stack oxygen level, these

effects can be ignored.

Heat recovered 1is defined for the purposes of this

comparison as follows:-

Heat recovered = fluegas mass flowrate x fluegas average
specific heat capacity be temperature difference

(combustion chamber to stack)

By definition, in the absence of any air leakage, the
total fluegas flowrate 1s the sum of the fuel mass

flowrate and the total air flow (both measured directly).

Although the specific heat capacity of the fluegas varies

with  temperature, because the difference in stack
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that great care has been taken to ensure simlarity of
operating conditions el sewhere through the system

w@ s@ses4ess1g not generally found on industrial POT/GBR004/004814
plant) . Two periods have bees sel ected for
conparative purposes as follows reflecting device 1
(Day 1) and device (Day 2). Dummy Device 1 Averagi2 0
1 ry. % No.of data points 293
%g?gagéé?ﬁéﬁpgenrca&‘% g 8.Sina‘|lgbl %OIHPE-‘P%% itté)i erie§ gpsolute
thtuangdet iics fhetmi dsHalarend dew e, £ilad lavedleyd Coalue of
..t is apparent that a small increase in efficiency
FLueppar eﬁgeﬂlgﬁﬂct hd$et eIARCHSY a ¥Ohsekenceuspospe of
appbheatban of device 1. Applying a two population
inference test for the null hypothesis that average
efficiency (device 1) - average efficiency (dunmy) =0

i 0 ions, are th ne) shows that at the 99%
g%%%?%gng;%%ae%%lf?tlﬁee dicﬁ‘fgée‘ﬁ)@ 9 n hBan é/%ﬁ%%dof Fhe the
popatathoasbieswiernf atle Gdibudt b %harbaeetthgebitlire and
h got hesis value (0) |lies outside this range, It can
B% cdheFadedoat thRecs9Y, EBHPPHRRBESFevel that the nean
val ues for the two populations are different. There
is, therefore, evidence that the application of the
fagheti cthbui dboveat medicwdatiice hatbes bemet i ckrapresent an

géggfﬁtgndetermination of the thermal efficiency of the
test wunit, it ©provides an adequate basis for the
comparison of performance under different conditions given
that great care has been taken to ensure similarity of
operating conditions elsewhere through the system
(something not generally found on industrial boiler

plant).

Two periods have been selected for comparative purposes as

follows reflecting device 1 (Day 1) and device 2(Day 2).

Dummy Device 1
Average stack oxygen 0.6 0.6
(dry %)
No of data points 293 1200
Average efficiency 17.8 18.1
Table 4 -~ efficiency of the magnetic fluid treatment

device, Day 1 - device 1.

It is apparent that a small increase in efficiency is
apparent from these results as a consequence of the

application of device 1.
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efficiency. Dummy Device 2 Tinme span 22:15 - 21:25 -
21:55 mdnight Av. stack oxygen 0.6 0.6 (dry %) (Fig

WA AP/ 068 secondary: 1 1 tertiary air flow ratPOI/SB20f/004814

data points 416 120 Average gfficiency 15.4 15.31
St andard deviation 0.289 0.279 Table 5 - efficiency of
the magnetic fluid treatnent device, Day 2 - Device 2
These results appear to show a very slight drop in

efficiency wwth the application of the device 2,

| 15 Which,b8,890 b MBth £0-die-d r #@skO Bor the null
ggﬁ?%gﬁcgl evé‘l 8?&59%(] ust) . However, due to other
nhpngkssiie ttretsysvemabei mf findemcakendariene Wi np, average
there ,was copparatijvely.little stegg]y { a
%EFFéBPSyfo WY evi c® 2¢SndikS on.atfjt&?sg g?%o the same)
appaterhatthats the oyex atbnefdéciencyves, stpai Hiiddetdepce in

ower than for the Day 1 . Analysis of Figur ho

nRan wWEilusts tof athﬁeQPPP%BEFOPénéFnsmpr%%% ﬁuiﬁ B0 1 497.
a t ea ed gfanges 8i gnibkcanityide thi

gggf%%gn%%% Blglrllqodhgio%?%\eégﬁgtter ends(g? t he day,\/\,heln © e

these,r esul tanwdre cohkéctled. aRef thend®@% ocengidensp level

%%gk Smﬂgtfggaﬁhi%aigggci o% SH&&QQ|¥W$AtBOEG§aE§55%d are

different.

There is, therefore, evidence that the application of the

magnetic fluid treatment device had a beneficial effect on

efficiency.
Dummy Device 2
Time span 22:15 - 21:25 - 21:55
midnight
Av. stack oxygen 0.6 0.6
(dry %) (Fig 19b)
Avg secondary: 1 1
tertiary air flow
ratio
No of data points 416 120
Average efficiency 15.4 15.31
Standard deviation 0.289 0.279
Table 5 ~- efficiency of the magnetic £fluid treatment

device, Day 2 - Device 2.

These results appear to show a very slight drop in

efficiency with the application of the device 2, a



10

15

20

25

30

when the outer / inner air ratio was being adjusted
(secondary : tertiary air ratio) . Attenpting to

woreasioswsoveral | conbustion efficiencies and PCT/GB2004/004814

(relatively) small scale chadges are known to be
notoriously difficult due to the nunber of different
factors which can influence the results. The test rig

eanmghohe% Al ithe {;r&’xfi &etSOBgUCJ\@de r&?rss%%%ldence
an exceptlona range o |t|es
ﬁéﬁébreﬂt9ﬁaraneeens ﬁhnkﬂaﬁieaﬁu£dnbustheﬂ ehfngeenty the

can_be a sessed an tified, As with al]l I|aboratory
PESEET ¢ HEPIDDI élr?\drﬁg&t Tconditt i oh@nd 'sEEes up R Ehe Was

@@ﬁp@b@ﬂ%ﬁt ablicshi No S dY | 3f a2 0peBatENG-FONABIONBor the
to those typically found in the field remains to be

fesdroed. dmdifiioncask; Hespilse tarﬁ?@adf@ﬁdllﬂgabfthﬁeoverall
f
SHENETOREY 06 TBIGRILOLLAE, PLORRE PRt ERE LES Ity |

remai ns orders o nagni an-any or
likely to be encountered in typical |ndustr|a

i ce. The scope fo ny i ovenent. in performnce
ERE heSTasthr mg B rl cfBtus T Bhahor@ it ik 4 haheal « Anput
@emaphgabretawe&nudh | pgtistshel SEEViHt Q/@&@«bére@pehgnges
from changes that were dellberately i ntroduced, th

ﬁ%@ﬁbﬁh@ﬂ@elbfdﬂﬁéngeiﬁawgfﬁmﬁﬁv@tytbenéaﬂuan end of the
gsﬁhéﬁ ghatLstleatly QLo0! bLEROL Y dRAGE LARL o £igure

I'ng t roug device 1 rasu
S}ba‘t\w_islll sably tabgnithicantoimcrdasesttooykey aklth the period
on eff|C|enc under otherw se static
%gnbrfﬁghsou ter ¥nner af& ratio was being adjusted

(secondary : tertiary air ratio).

Attempting to measure overall combustion efficiencies and
(relatively) small scale <changes are known to be
notoriously difficult due to the number of different

factors which can influence the results.

The test rig on which tests of the fuel were conducted
represents an exceptional range of facilities by which the
different parameters that affect combustion efficiency can

be assessed and quantified.

As with all laboratory tests, the problem of the condition
and set-up of the burner and establishing similar
operating conditions to those typically found in the field
remains to be resolved. In this case, despite the de-
rating of the burner performance for the purposes of the
test, it remains orders of magnitude better than any oil
burner likely to be encountered in typical industrial

service. The scope for any improvement in performance on
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There is no significant evidence for changes in CO
| evel s as a consequence of use of device 1 or device 2

wa b@bt/05458 ndependent of any ot her changes in OpPEr/aBR(vg/004814

condi ti ons al though once agaiz it nust be stressed
that the observed CO |l evels are very significantly
| ess than anything observed on typical industria

il I . B h I Pt h f .
0oL ) ol Bweh o khese eoulLay bigl ShSIELeISicn o

dopices Buandr2ihavadusprovedseefhyati on ef ficiency by
0. 3 percentage points (approximately 1.7 % overall) as
shown in Table 4. The magnetic fluid treatment device

tgk}@&sﬁ@re @%%rﬁ:evef%mad\éﬁﬁtn &S OMEl: thg.deVvi CRS iperately

urrent{y available for magnétic treatnent of fuels.
Thtrodynedi ¢ fhei dertatmente defi céhies hestnptey was very
cost:e%fi ient, straight in-line device that enhances
EOMBUstTOh - across a range of units. The increased
efficiency denonstrated in the tests provi des cost
savi ngs as the sane anount of heat can be achi eved

WHERS| é8s $hrtishbeabthepigngiecpats |iidanas nehet passing
ﬁ¥!qgﬁﬂ_thQ%u%%y'ﬁgvigEe fHQ%%Eﬂ%eBlyig E{egkgﬁggtically
evice, due to i'ts nore I nproved efficiency provides a

clignhéichutn ftesuktbrg in | oweraddi ntembnseibar efEiciency

co usttgn devi ce, The redacgd fuel usage together

WERTt RENCTBAREr ShAFAChES EhE 8FFect of reduci ng

em ssions of harnful pollutants, |ike carbon dioxide,

fromthe conbusti on process. The magnetic fluid

Theaenéft N@eviicd lifsi cndo aitvianagycbus dengesiis Elsyevels
Lostald aldhente JEVIEE icy CQ ALY or device 2 that is

independent of any other changes in operating conditions
although once again it must be stressed that the observed
CO levels are very significantly less than anything

observed on typical industrial boiler plant.

Based on these results, it is therefore possible to say
with 99% certainty that the magnetic devices 1 and 2 have
improved combustion efficiency by 0.3 percentage points

(approximately 1.7 % overall) as shown in Table 4.

The magnetic fluid treatment device therefore has several
advantages over the devices currently available for
magnetic treatment of fuels. The magnetic fluid treatment
device 1s a simple, cost-efficient, straight in-line

device that enhances combustion across a range of units.

The increased efficiency demonstrated in the tests
provides cost savings as the same amount of heat can be

achieved with less fuel than other magnetic fluid
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within a specifically designed housing that allows
insertion and renoval in to an existing fuel pipe. The

wore@saes4668 f | ui d treat ment devi ce theref ore hasPGEHGBR@H/004814

advant ages over the devices ggrrently available for
magnetic treatnent of fuels. The magnetic fluid

treatnent device is a sinple, cost-efficient, straight
in-I%ne devi ce, t hat enhances conbustion%across a ranggluid

GECBRTERE THEVIAEFeasRt &1%F i SREMEY -denohdt r A1EH T ¢ h

thbakseREOVHERS-EPStdSaVitROSias thersammpwdsd Qffficiency
heat can be achieved with |ess fuel than other,
pagiétes Al gile¢apedatmam r¢ewilEésd dn AWy Mg ntrf@nce for

Eﬁgngghgygkﬂbg E%%g%gent device is able to achieve

€l "Cost savin greater than 5% which should
exceed the costs associated with install ation and

mai nt enance. Th tic fluid:t t t device,
Frenates The manet o (LULS, (eaL NG dguice, S hao

buen desdit i Bg i fedoeig MBihntengnse JornkharaomMustiamants,

device. This would lead to | ess downtine of the
ddisuseirbandeiioxd dend firleey her EolREpEa9adpProcess.
efficiency. The reduced fuel usage together with the

cl eaner burn has the effect of reducing em ssions of
raenfudgrpal it abtsd kidketeanborlediiad des Biem tdbrantageous
conbusti on process. The _nmagnetic fluid treatnent

8¢i ce i $ LAl P RvARCEGELES Ale toTI'Bs WasyFe 1S contained
hshak! atd ongpIBerdeni e | yceaRRidnethMishd athat allows
speci fically designed housing that allows insertion

amg erérovalnich regoam lexins tiongnf &l spilpe dred mawe -
installation. The magnetic fluid treatnent device

The magnetic fluid treatment device therefore has several
advantages over the devices currently available for
magnetic treatment of fuels. The magnetic fluid treatment

device 1is a simple, cost-efficient, straight in-line

device that enhances combustion across a range of units.

The increased efficiency demonstrated in the trials
provides cost savings as the same amount of heat can be
achieved with less fuel than other magnetic fluid
treatment devices, or no device. The magnetic fluid
treatment device is able to achieve fuel cost savings of
greater than 5%, which should exceed the costs associated

with installation and maintenance.

The magnetic fluid treatment device, due to its more
improved efficiency provides a cleaner burn resulting in
lower maintenance for the combustion device. This would
lead to less downtime of the combustion device and

therefore increased efficiency.
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provi des inproved conbustibility to create the
benefits of costs savings and greater efficiency of a

W@ ewbstesHN device . I n other enbodi nents the Pel/aBRoog/004814

di mensions of the fluid suppBy pipe 7 and fluid
channel s 10, 11 of the enbodi ments shown in Figure 21,
can be changed in accordance with the invention

descri bed herei nbefore to yield apparatus having the
benefits descri bed above. The reader's attention is

theectddctd dulelpapeige aubdtorimnent sh whehcaeankk! Bdrn has
concurrently with or previous to this specification in

EBANEGGSST WPt h BaHvSigsh| FRBE PO An® TR AR e BFedutents,

PHEE'@akBéHGBEbQEd$‘t@r&ﬁ'%héPEShﬁhgéEbﬁnpréE@ the
contents of all such papers and ocunents are

i ncor por at ed hereln by reference. of the features

sclo i.n t pecificatjo |nclud|n any
ShECHRaReg orhnig PERbeHiaht §ﬁ&1-raMA%g B aaptageons
ahé Qk)thESSkﬁﬂgzoingﬂalnﬁth@ﬂ or @M@C@%ﬁﬁﬂé is contained
di scl osed, may be conbi ned in any conbi nati on, except
toRbiRat PonsShPeF EL @1} vasfesbrBeef diRysiuat ukkat allows

ﬁﬂgéPEléﬁegﬁdakgmavgyahhytsxshu %thgﬁghfﬁ%ﬁt% i®e or a new

disclosed in this specification (inc I ng any
ac@bﬂbhﬂynng c|a|d%beabmagaetland:EHQWdngsygahmynbe device

e al ternative [ erv n sa :
RO DaF e Drp P oL E T ot EBLLL G PELE B pbodery Tepsfdgs of
@bhesvvl S&vidhys, and| epse £ es@ﬂﬁi@ﬂé@l‘hﬁﬁ dheram gembustion
each feature disclosed is one exanple only of a
gehefte series of equivalent or sinilar features.

In other embodiments the relative dimensions of the fluid
supply pipe 7 and fluid channels 10, 11 of the embodiments
shown in Figure 21, can be changed in accordance with the
invention described hereinbefore to yield apparatus having

the benefits described above.

The reader’s attention 1is directed to all papers and
documents which are filed concurrently with or previous to
this specification in connection with this application and
which are open to public inspection with this
specification, and the contents of all such papers and

documents are incorporated herein by reference.

All of the features disclosed in this specification
(including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or
process so disclosed, may be combined in any combination,
except combinations where at least some of such features

and/or steps are mutually exclusive.
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The invention is not restricted to the details of the
foregoi ng enbodi nent(s) . The invention extends to any

woewslswse, or any novel conbination, of the fRet/GBe®4/004814

di sclosed in this specificatiden (including any
acconpanyi ng cl ai ns, abstract and drawings) , or to

any novel one, or any novel conbination, of the steps

of any nethod or process so disclosed. CCAIMS 1 . A
magnetic fluid treatnent device conprising at |east

aaehf [k chanaekc1bbedorireaehikl ussk eheiwet i davi(Agcatiding
| east two perlpherally | ocat ed magnets, the deV|ce

BBY nG SAPAREEY T cB1BPEP at @RE TR f?%ﬁiddsr@pﬂﬁﬂgs may be
gegggbéd Sw haty ¢ &P dseye f | gid fil-w n%éﬂvlq]t@gh the  same,

flurd channeél is subjected to a magnetic fi
eheiebhenhe at Isaarstlarvmpnagnees anelé¢psatepmyesly stated
opposite sides of the or each fluid channel d_have a
SERSFAEFon dPis s TRRTE abaBEo00Mh StoA MgREbPEVTFor doach
FeeatpeNtidevbeedcarprdny ngkaipleashl Pner f hubdneric series
channel, the or each fluid channel having at |east one

Bér PRREVal PYt| BEafellhagnéeatEh8Sdevi ce bei ng adapt ed
to cooperate with a fluid supply conduit, so that, in

use, fluid flow ng through the fluid channel is
Shbj dotwhitiora Aegneet c riisélrd,ctidie tat ithef deheitsosst the
- sectiona r he, flyi,d supply conduit to
FoEEpoLPBese MR RO Shr e 51 LR T AR oty to any
abkedf die, fldt d seRanneks1bets@oinatheny ange the features

substantlally 1:1.1 to substantially 1:2.8. 3.
FagRePFRIf | Uil trebbhent EPFCAE1CEHHMSI ng h‘%CJr‘éCélng any

accompanying claims, abstract and drawings), or to any
novel one, or any novel combination, of the steps of any

method or process so disclosed.
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one fluid channel, the or each fluid channel having at

| east one peripherally | ocated magnet, the device
wheingsasapt ed to co-operate with a fluid suppP@I/GB2004/004814

conduit, so that, in use, flgikd fl ow ng through the

fluid channel is subjected to a magnetic field;

wherein a ratio of the wwdth of the at |least one fluid

supply conduit to the |eng Qs section of the at

| east one fluid channel al i ch the at | east one

magnet extends is in the range of substantially 1:20

10 shbsbankitald ¥1lii40. dreathdrBgnedvLcé | vblipki eahgeat least

device conprising_at |east one fluid channel, the or

eaeh FiuidY ehannei- hadftshgCat 9a&dst £bned pé’rlﬁaﬂﬁ)é’rlal pyving at

b 863t ed NSt ok bk, ey ¢6:0ebA0ALARIRY (0 E0NORELR! @eing

wth a fluid supply conduit, so that, in use, fl

ﬁldewfcngl t o ouwghr crteer efdeui dltharmelfhusdsub}lepiied ¢cm@ult SO

eti.c fleld erei:n _a.mgn tic d strength

EBEEr onfori The & TfdacioBiEBr Mg tanhnmio b ShS WhrBRSY is

thpjattkaasio onenapgRet cextiends Iﬁh@ﬁé_\i\ﬁeﬂthe at least two

substantially 0.02T and substanti al

Wagﬁ@wcaffﬁuﬁ@@ﬁ@s& RENCPREVILES &éd@ﬁauoée&hen Oéél &aqhy fluid

PShELD bhE AL LCASLebae RRORCLE NBUE RnaRPaLBLOBofh.

 ess than about 60mm ~. A magnetic fluid treatnent

devi ce as clqlned yn Claim?2 mhereln t he rat[olof t he
érosd megoeitoralflarigh vfeatheerfy ulelvsepprynpohduny g least

PG efihnel T PEIrn e PAngE SULEHARE) Sy, DTAne =t

1anne I'S7in ge substa
1=2s4. oneA pagheheeafll yi ddd=gatdrentgrevi ceamms eéaioedbeing
in daim

adapted to cooperate with a fluid supply conduit, so that,
in wuse, fluid flowing through the fluid channel 1is
subjected to a magnetic field; the ratio of the cross-
sectional area of the fluid supply conduit to the total
cross-sectional area of the fluid channel or all of the
fluid channels being in the range substantially 1:1.1 to
substantially 1:2.8.

3. A magnetic fluid treatment device comprising at least
one fluid channel, the or each fluid channel having at
least one peripherally located magnet, the device being
adapted to co-operate with a fluid supply conduit, so
that, in use, fluid flowing through the fluid channel is
subjected to a magnetic field; wherein a ratio of the
width of the at least one fluid supply condult to the
length of a section of the at least one fluid channel
along which the at least one magnet extends is in the

range of substantially 1:20 to substantially 1:40.
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3 wherein the ratio of the wwdth of the at |east one
fluid supply conduit to the length of a section of the

wa@eoosessss one fluid channel al ong which the atPCBEaB2004/004814

one magnet extends is in the3range substantially 1:20
to 1:30. . A magnetic fluid treatnent device as
clainmed in Cdaim4 wherein the nmagnetic field strength

i,n the ti.Qn t, at l.east. one fl ui hann alaon
i LRGSR ot e et 06 L, LoghRnEhotLe dcnet
substfntidl tya@n825T @d Or5Each Alabgnethanddlui Baving at
treatnment device as clainmed in any preceding claim

WREPE (e f PAFAPNETal{VielloRR ol ragHREFc iR ddevice being

LHERLERNT L devi L& oMY S| Rghat, | 838k PNguhbbyd conduit, so
channel, the or éach fluid channel having at | east one
bbricphémaluse | ofhted fagnéng wheosioh titee af lhddsthensel is

TRABELLD, EIPHBLELRSE YL, 3 el L RgRlet o ricne

gkaeagdhi Nl ai Bet@ivherd ntideabodyasactb@@ ifSuid channel
non-ferrous. 12. A magnetic fluid treatnment device as
elarfed i &bRs a0 Hp23% ARG MBRIBBRpIE*aiyisat 1f edsttween

eﬁgska}l@&f@ghymgagﬁ: %ahgabwsnf;hmyc@awel- 13. A

magnet i c uird treatnent device as clained in any one
of Cainms 10 to 12 wherein the device is fitted within
an eki srighg tilcuifd usuppineadarahii tdevidce Aapaghetimedf ini ¢laim

reat ment deyice,a |_ai in_an n f ai
&3%@ﬁ§§2fh ?%% ggvﬁf%s%oﬁﬁg?s@%ggﬁggoﬁmﬁ%?g%iﬁggﬁ%gFggn ot
Lepkackahl ebpagnetinm. cartri dges.

6. A magnetic fluid treatment device as claimed in Claim
2 wherein the ratio of the cross—-sectional area of the
fluid supply conduit to the total cross-sectional area of
the or all of the fluid channels 4is in the range

substantially 1:1.2 to 1:2.4.

7. A magnetic fluid treatment device as claimed in Claim
3 wherein the ratio of the width of the at least one fluid
supply conduit to the length of a section of the at least
one fluid channel along which the at least one magnet

extends is in the range substantially 1:20 to 1:30.

8. A magnetic fluid treatment device as claimed in Claim
4 wherein the magnetic field strength in the section of
the at least one fluid channel along which the at least
one magnet extends 1s between substantially 0.025T and

0.5T.

9. A magnetic fluid treatment device as claimed in any

preceding claim where the fluid is a fuel.
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15. A magnetic fluid treatment device as claimed in
Claim 14 wherein the internal replaceable nmagnetic

w@a0os05ege(s) is held in position inside the deuT/G8209y/004814

retai ning nmeans into which tis renovabl e magnet
cartridge(s) will slot. 16. A magnetic fluid treatnent
device as clained in Cains 14 or 15 wherein the or

chi l. repl tic cartridge.splits
RS DR RGP TP NS LS ORISR e eas
wagnetiwid | shdnheeat nerd  devieerasfthadnethanhanyh@tiéng at

aine 10 to 1 wherein.the ratio of the fluid fl ow

f d _
g@éﬁtofo?ﬁe'Qﬁﬁﬂﬁﬂfﬁﬂ&ﬂ¥n Toraiel sTPHBPEOf YoSTRmen the at
flledisd fdrRw @ @a0f 18 EEHbQ‘a%?A?P'ﬂéc“eQ%@ tid oaweloag, ¢ 10n
device is attached is substantially 1:1.2 to 1:2.5. 18.
Afnggrede@itkui d treatnent device as clainmed in any

one of Cains 10 to 17 wherein the or each fluid

anpe e Qr..npr I vabl e net,i ¢ .
TRt 200 I SR G B AL oo TIGREL 61 i
dévivbereih9thA badpetictibui dst heatmenikodevi ce as

clained in Claim18 wherein the or each externa

noyabl e netic.cartridge is |ocated within an, ,
3 ol naFORBGE nbL- 030, CACRKURBE: €oPRaPae EdiBRa in Claims
devicge 1as chath@e tBmFrakihd9 athereidt thee exheerakl magnet
housing is | ocated around the device by retaining

We&hdn, the ThujdgRBEPBeLl Ui d treat ment device as
claimed in any one of Clains 18 to 20 wherein the

@xL EANYHa HRYSIANGr] $:1 § eRUaRLE RO BddaW f Ok tc{)leaimed in any
external ‘renovabl e magnetic cartridge(s) to be
past af| edaamd Lénbved?2 wherein the device is fitted within

an existing fluid supply conduit.

14. A magnetic fluid treatment device as claimed in any
one of Claims 10 to 13 wherein the device comprises one or

more internal replaceable magnetic cartridges.

15. A magnetic fluid treatment device as claimed in Claim
14 wherein the internal replaceable magnetic cartridge(s)
is held in position inside the device by retaining means

into which the removable magnet cartridge(s) will slot.

16. A magnetic fluid treatment device as claimed in Claims
14 or 15 wherein the or each internal replaceable magnetic
cartridge splits the fluid channel into subsidiary

channels.

17. A magnetic fluid treatment device as claimed in any
one of Claims 10 to 16 wherein the ratio of the fluid flow
area of the device and/or channels thereof to the fluid
flow area of a fluid supply conduit to which the device is

attached is substantially 1:1.2 to 1:2.5.
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22. A magnetic fluid treatnment device as clained in
any one of Clains 10 to 21 wherein the magnets inside

w0 b@siostess nal magnetic cartridge and/ or exter nBCT/GB2004/004814

magnetic cartridge is/are arpanged differently
dependi ng on the fuel passing through the magnetic
field of the cartridges and a ratio of the width of
I I ui c e_ device_ js,
L PF aendr R HRL Y FERD e oy s G R iifped in any
ohanndl CH.Ia)mgs wihd Chot he atheclreast tore smgsethexledds channel
gnetic fluid treatnent deV|ce as claiped in

éﬁ? o‘?fée oPrCI PR Bt wWheleVAPL e BRYRPEEFeMRgFridges
t Beapehabht XnOExEQ§16§9Qﬁt:%abgsbgethgedbgﬁéénal
magneti c cartridge(s) and/or external magnetic

cartridge(s) changes according to the fuel type and
glal At agngslct dipecattireatofandl darelssures cﬂ-ﬁembét veeflaim

gn on d conbu n equir
ng?"ﬂ epalhon and carbusiien 4g>@g\é9aa£ WEREGA | nagnetic
teearidge teviceaasdclaihed an aﬁyebhemeﬂbﬁglﬁbalm

wherein the nagnetic field(s) is applied substantial ly
Eb_rAgEEgQQQESS J“%rea méﬁ&f ev1ce as claimed in Claim

19 wherein the external housing 1is located around the

device by retaining means.

21. A magnetic fluid treatment device as claimed in any
one of Claims 18 to 20 wherein the external housing is
removable to allow for the external removable magnetic

cartridge(s) to be installed and removed.

22. A H@gﬁetic fluid treatment device as claimed in any
one of Claims 10 to 21 wherein the magnets inside the
internal magnetic cartridge and/or external magnetic
cartridge is/are arranged differently depending on the
fuel passing through the magnetic field of the cartridges
and a ratio of the width of the fluid supply conduit to
which the device 1s attached to the length of a section of
the fluid channel along which the at least one magnet

extends.

23. A magnetic fluid treatment device as claimed in any
one of Claims 10 to 22 wherein the arrangement of the
polarity of the magnets inside the internal magnetic
cartridge(s) and/or external magnetic cartridge(s) changes
according to the fuel type and quality, fuel temperature,
fuel pressure, time between magnetisation and combustion

and/or required dwell length ratio of the device.
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24. A magnetic fluid treatment device as claimed in any
preceding claim wherein the magnetic field(s) 1s applied

substantially at right angles to the flow of fluid.



