MR S A T T T T s R Rl AR A L SRS T e e mR T BT R T e A B o e T et s

10

15

20

25

30

1 | MPROVEMENTS FOR FUEL COMBUSTION Field of the
Invention 5 This invention relates to apparatus for
magnetic treatnment of fuel prior to being supplied to
the burners of a unit for conbustion, particularly,
but not limted to, apparatys and a nmethod for the
magnetic treatnment of fuels. 10 Background to the
bur ni ng. 1 n or PO vaird FoXme colfuseion " 10
efficiency is already known. 15 Many sinple devices
and apparatus_for magnetising fossil fuels exist where
SEARELSM ound a fuel pipe at various
angul ar separation, for exanple 90. Further devices
have been di scl osed where the magnets are 20 held
T itshiimvdre: farel rpl ey flor Exenpd BuEP. OO 76682 AR) tFhasment

rangenent overcones sone of. t he_di sadvant ages ,
(%%séw' e@régﬁvgof%F%ﬁ%nﬁ%ﬁéiﬁﬁgkgg ﬁﬁsr UrRETFagtetd unit
@  sesbnediba,t hepextienidriof, theukuelnt pelinited to,
However, due to the |ack of understanding of the

FREHRH S PA%adnetesied 257 udhaandagRetiesubrppgment  of
dgrease in conbustion efficiency, such devices were

not optimsed in terns of the various factors

i nvol ved. Previous devices have been either installed

traight §jn- | ine or_.are conpl ex custom sed
Eadfiadind Xo the MRAEE “TI0W haths for the fuel.

Straight in-line devices are known at relatively |ow
cost; however, they have not yet shown significant
Thfelmagigicieneyed Wpebvepenfyedér #8404 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 simpier 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 wvarious

factors involwved.

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 vyet

shown significant fuel efficiency improvements across a
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2 wde range of conbustion systens. O her devices
have proved effective, but too expensive in
conmparison to the cost savings made fromthe

i ncreased fuel efficiency. 5 Conbustion, froma

chem cal perspective, is thejyrapid high-tenperature
burn of fuels involving the oxidation of carbon to
Yﬁébon nonoxi de or _carbon d|0X|de The I vel of

SsitERIGF Lhr S RHGHOX He SYS TRAGWN t J Chr Ggdlyes have
prshLpt bvecofit8e et dRNCYxnd Nee CORPUINRY ison to the

process, as 10 it is a result of the inconplete

@ datd oot radborron Jdis . ingpieastrphine brebereisncy he
fuel oxidised to the dioxide or trioxide form

depending on the conditions, whilst nitrogen 15 if
(rmesesition,endirog uar eclcéreticdl IS capwer ied, t d i thegepapid
oxldes Most_ combustion_r ions occuyr in the ga )
B SRR OF S hebBuTHPRG P ad o P bR s Hon oF
éé&béhf@@|§arb5ﬁem@ﬂM§BBég%§ of: rRENeli Satldon Mavelevel of
been known for over a 20 century follow ng the

QW%%%V@?y‘b@ Dva Bjeen darorvigsd de t hibs kﬂ?W@veh@nt?elnbroadlY
SRIBURLLPY JPrah ol 00, Ahep Tl yosenRigess L pictal, -

Jd:tsdlsoses fmsmltt erofat tke nhgnetpLets eatseiitiofn 2% carbon
| ui ds. Sunmary of the Invention According to a first
t of the invention, a magnetic fluid treatnent
device conprising at |least one fluid channel, the or
each fluid channel having at |east two 30 peripherally
A@Caﬁt@kphmgrren%sertm@rdeﬁﬁi%eﬁb%l ner adape@dte othe dioxide or

gp %pg#apg mnt& IH? sup con U|t so tha

SE, q %f?l(ﬁﬁ ough ec??U| cﬂahne?ligt nltrogen
fﬁﬁpf@ééﬁhIOr@malns 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.

EP 0976682 discloses an alternative magnetic treatment of
fluids.

Summary of the Invention

According to a first aspect of the invention, a magnetic
fluid treatment device comprising at least 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 1least two magnets are
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magnetic field; wherein the at | east two nmagnets are 3
| ocated on opposite sides of the or each fluid channe
and have a separation of |ess than about 90mMm
According to a second aspect of the present invention,
5 there is provided a magnetisc fluid treatnment device
conprising at |east one fluid channel, the or each

fluid .channel having, at | east. one peripherally

Tostrsh THagietes L the v o8 being- haeptidt L 5 2o6papaes and
Mt 8 SddHhtSUpPloyr dluilan Sbhdbatgomm. use, fluid
flowi ng through the fluid 10 channel is subjected to a
magnetic field; the ratio of the cross-sectional area

cd e fd ukd suppl ndyi t . .
cf%ss-sé%tiona Rres gy %%é?#?u%ﬁsdﬂggngkegﬁ?ﬁ | Hgyention,
tieerd | uiel ohanniele bei ngnagnéthisc r aneid: 1t tebomdn?. 8device

15 According to a third pect of the inyention, a ,
AT C'S (Fhi UoRF bachints Ho O RBRGH oA & (e fluid
dHrhrid Ui Havehgnael 14 obneagh il aghgnnel el Ngagnet ;
at | east one peripherally |ocated nagnet, the device

Y e abaptletiine adarbpér aPe WP TR LR Widsuppfiuid supply
J ) ) b ) f'l . f i ] h 1
S oot B, 3B, R A NG P

atterred In s rathjeafed heo v dbdgroft idhefatld} eisé paeio of the

fluid suppl onduit to the length of a section . of
i oS p e B ehre Lo e i b thedyi Y to e

deast conespanetoext eadsai srappeodiatelshddhdiNer all of
range of 1:20 25 to 1:40. According to a fourth

tHepdeliuist amanniehreddiony i dgnatdnge 1l dl theat reri -
device conprising at |least one fluid 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 o¢r each fluid channel having at least one
peripherally located magnet, the device being adapted to
co-cperate with a fluid supply conduit, so that, in use,
fluid flowing through the fluid channel is subjected to a
magnhetic field; wherein a ratic 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 1s 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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30 peripherally |ocated magnet, the device being
adapted to co-operate with a fluid supply conduit, so
that, in use, fluid flowing through the fluid channe
is subjected to a magnetic field; wherein a magnetic
field strength in a 4 sectign of the at |east one
fluid channel along which the at |east one nagnet

t.end T and 1.QT, F the |,
e heblct e b FORFEPRG dow bt RErPBd Slebdryhign the
atherdd a4 Cbr[@}fna@ﬁ‘l@c fdelandde § Indwydmy d neddend 1.0T.

materials that have fluid properties, such as
pul veri sed coal, gas and oil. 10 The ratio of the

S [ I 0 | i I
SO TTSPEL R, B LbOe LIV SN O (ot Brerres
fidatiukechannel s may be in the range 1.1.2 to 1:2. 4,
preferably 1:1.6 to 1:2.4, and nore preferably 1:1.8

to 15 1:2.2. Were at |l east two magnets are provi ded

0 OPPESHT Ra§i @RS a Ofudhe Pheeath:bl wad, chadNele hA€erials
separation may be less than about 80nm  preferably

Yheds haap Abodd PSeBenises. 2009 epér abllycabosd eyual, gas
e{QiQQﬁP] or less. The ratio of the width of the at

east one fluid supply conduit to the length of a
sectlon of the at Ieast one fluid channel al ong whi ch

t he at eas% OF net ext ends_25 may
Hisor ok e @ h Fh SFaﬁGEtiDQQlt 8rfas<?f ot ef iptq supply
@ﬁmﬁltl 24, tHeD dohn ALt Prafer ablys abputnd: 24 afy orf

magnetic field strength in a section of the at |east
tgre finifd divamedls drangbghith the d@angsasl:éné ragneét2. 4,

ARSIy 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
conduilt 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.
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30 may be between approxi mately 0.025T and 0.5T and
nore preferably between 0.1T and 0.5T. 5 According
to fifth aspect of the invention, a magnetic fluid
treatment device conprises at |east one fluid

channel, the or each fluid channel having at |east one
peri pherally | ocated nagnet wherein the at |east one

5 na et i r em bl rec a bod sectlon of
B H by sbeetl u | thel PEPEREESA, °% Shagnetic
ﬂlezﬁcf erUsmekhte bﬂﬂ.db’lcesecédn%h:i@éfs b&aﬂadﬁe@étf eshdti€1uid
or electric steel. 10 The device naﬁ i ncor porate at
e

q?@é@te—‘lonethﬁt Ermatafdgriduidi ehaanehe HAMENG chBndeast one
?ah%trallei t&%%%te'at ﬁgﬁ{mtmi L DBy Q:?(hé o%act e?eé?ta one
FSec

on se romthe Flurd annel
nmmlamtesnaﬂemmgitelymyécbavbdus:ed alSbbdya SeCtlon of the
on- magneti c section of the body section. The
CJphl?rVd\Fies:i on of renovabl e nmagnets i s advant ageous because
the magnets can easily be reconfigured or replaced to
change the characteristics of the device. 20 The
Tdhevi @dﬁays%féti@tité{f wWPERERTAR1EX| BRI NEEFTeH 8- supphy body

£ondui{ ma&&d‘?ﬂv'o&e feli egﬁ‘%‘: de Jyamd '?:Oc{kee'ﬁagﬁce“ 1©

mat er 1 al al T ess copper,
al um ni um copper - ni ckel aIons, pl astics or carbon

fibr for exanpl e. The device i ncor por.ate
T e %‘é?’c‘?eﬁ'laé(ce]afb?%rﬁ?%%%?l gt 53%‘9(% dgefs inggrnal magret

within the fluid channel. Said at Ieast one 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 advantageocus 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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The I ength of the device may be 10cmto 400cm The

i nternal renovable magnetic cartridge/s may have a
length of 5cmto 350cm 6 The internal replaceable
magnetic cartridge/s may be held in position inside

t he device by retaining meang into which the
renovabl e magnetic cartridge/s may slot. 5 The

i nternal replaceable magnetic cartridges may split the
fluid channel into subsidiary channel/s. The ratio of

e fhtkendl onepl eacobithpadevicee ardt/ridlge /) may be held
channel /s thereof to the fuel flow area of the fluid
Buppry 1éerdui infagebdne 198vige1: D8, Tleterdy y esem  into

which tHE ddHSFA e ng[HfH’éaé{ce é&%ﬁd%eetéﬁﬁa[ £. My

I nclude at |east on [ ow di rector ] acent
subsidiary 15 channel/s. The internal replacenent

netlc cartri substantlall Wi
TR e P St i 2 Rl “Sp PR ene
flafidvwEian2d Thetd rﬁ@:rﬁailamgnﬁtarmé&aﬁé.rl dge/ s may
contain at |east one nagnet. The internal nagnetic
cartridge/s may forma conduit made 25 of a materi al

fhat 1L bgolafe mﬂ{&rff %athyeﬁ @ﬁ&nag%céug*ﬂlaas/ or

a non magnetic material. T e i nter magneti
Qﬁﬁﬂn&b@£/§hma¢oﬁav90a1§EpaﬁaﬁdonflpWat@rﬂadenbfthetafluld

sol at e the .magnet.s %H
SR s e ey tbd # e Tie Rl 2t 1:2.
el ectric steel.
The internal removable magnetic cartridge/s may include at
least one flow director between 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 contalin at least one

magnet.

The internal magnetic cartridge/s may form a conduit made
of a material that will isoclate 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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7 The or each fluid channel may have externa
renovabl e magnetic cartridge/s |ocated on an exterior
of the device. The external renovable magnetic
cartridges may be located 5 within an externa

housi ng. The external housing may conprise a
plurality of sections, mhich may be arranged so that

hey can_be_secur.e eth The .ext ernal_hou
t%éilggatéaq%rgﬁﬁﬁifhggg n FY L5 £ e&?@'ceg%ﬂa¥able
ieRyh 418l el ok i daes Al Nidigh teRans tah tdieedbovi cetf the device.
external housing may be renovable to allow for the
external renovabl e magnetic cartridge/s to be

THE“é&%é%kéﬁ rééo&%ﬂpgeﬂa Eg€1SXE§&Q@1d&&§Hﬁgfqﬁ¥ PEeated

a ferritic stee Pectiic steel
wmeMhaEurepmmaﬂnxn hegsénigec c@heri dgeksnpdy beusing may

subst.anti al |y de as the fluid channel, preferab
PG B M R e st n LR PP hepAnatd so
iy alHe atcdreasd seiretb tﬂfﬁﬁt@ie}:.-rhe external nmagnetic
cartridge/s may be a conduit made of a material that

will isolate and/or contain the nagnets, such as a

THAN @Qggfﬁéf HBEE&hg'nm§okI9818EQESBS &Q%EQETan remalnder

I nternal magnetic cartrirdge and external nmagneti
afarthe dgeviray Bercarmanged @eﬂﬁeﬁemttgtadapegdnngnen'to the
he fuel that may pass through the magnetic 8 field
5t/ 4% cartridge/s and a ratio of the width of the

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 o¢f 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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fluid channel to the Iength of a section of the fluid
supply conduit along which the at | east one nmagnet
extends (dwell length ratio). 5 Magnets suitable for
use in any aspect of this invention include sintered
ferrite magnets, rare earth gagnets, samarium cobalt
magnets, sintered neodym umiron boron nmagnets,

| ni co et s_and.ni ckel gnets,, for ex le., Th
AsEro o7 hagReeE HAgRaE AHE  ext ST Regrel gridth GF the
fafitd | dgehiedNd/Or that erdiajtHragmeta ¢ seantibndgef s tiRy fluid
vary dependent upon the ratio of the width of the
FURR Y IBpluLt coridid tvitiech Hde efgt ked3t aosecie@pcbf extends

t Igﬁgg .15 fluid channel al ong which the at

¢%¥§£ﬁ one nébgggnéxténds (dwel | length ratio). The
arrangenent of the polarity of the magnets inside the

| nt er nal efic_cartridge/s and_external netjc .
eI 17 Se S rag o bhaige Gt oB AGPEGEL RE fUErs (ypEention
and el istineefreel  treapernat Unegnkuel, PLE$SUr8arthMnagnets,

bet ween magnetisation and conbustion and required

s iyengeRaliat Rageet s he Yeviceed 20 pceiengbl yrohe boron

j ¢ fqi.el ' lJ qﬁ%a [ \Yj [
a%’g| g%é "t oaltnﬁecq{‘ ?n()é\ﬁ%oi flf!é}%fj At elagr{a!gglnéetse’n?oo% (%%gnple'
device may be attached to a cone that may reduce the
i ze of the copduit to the,size of the 30 pipe work ,

Thtar THE Hevicb nByIBECFI 1 L8316, AN e Urite bndhpgnetic
dhe ey L/ nayd Rer at heshedlt Raghetaccess thlian@s's ay vary
dependent upon the ratic 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 reqguired dwell length

ratio of the device.

Preferably the magnetic field/s is 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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The access flange may be of a size to allow the

internal renovable magnetic cartridge/s to be pl aced

or removed fromthe fluid channel. 5 At | east one end

of the fluid channel may have a second access fl ange
attached to a cone that may reduce the size of the

fluid channel to the size of the pipe work that the

device nmay be fitted to. 10 The two access flanges nay

be attached to each other to forma continuation of

The &bukdscliannek. nlElvangesofind siek sey ewl tdweads ARYernal
be attafhed to the end 15 cones, which may allow the
TRV de MaeHiCedCRREBLERR  Spife REr kKOWReRE tHe removed

#ed Ry pefdtdwed.nfccording to another aspect of
this present invention at |east one or nore devices

may be fitted into the existing 20 pipe work to

[ ipt d | Lepgth rat.ips required to, ensure
‘%ﬁa?ggﬁgiéﬁghééﬁéa%%nﬁgeaﬁglE%ﬁi%@% 1eA B8¥ddi3"prandfcond
aaye He O5edgé oatbabhedone ar Jmie HIemMi Gesy £8dB€e the size
installed in a bank of devices. 25 Al of the features

Wes'chF bt Her iRy B eRwbbhed Wt hhearyPef wpks that the

bOVE apPEAS, £1 L AW Fonbi nation. Brief Description
of the Dram ngs 30 For a better understandi ng of the

i nvention, and to show how enbodi nrents of the same

fﬁ%oP%OC%@ES%%'fEé%&gée%Ey be attached to each other to

form a continuation of the fluid channel.

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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reference will be nmade, by way of exanple, to the
acconpanyi ng di agranmatic draw ngs, in which: Figures

la, I'b, and |Ic show graphs of fuel flow and 5

pressure for the duration of the trials; Figures 2a,

2b, and 2c show graphs of fugl tenperature at the

burner tip and at a point upstream of the burner for

t duration-of the trials; .10 Figures_3a, 3b,.and 3c

L (?ﬁegr}caephsz&fol wibnedbé'%?"}aeefnpe*?%t T (o SIS i oro  the
fcdnpeartyira) $iigrguEes i4a,drdnimngd 46 showrgr-aphs of

the total air flow 15 to the burner for the duration

of the trials; Figures 5a, 5b, and 5c show graphs of
Hibgddd mMapy, 18ecCondar i Andnbar thasynfuels ratdad feloy and
the duration of the trials; 20 Figures 6a, 6b, and 6¢
PG Wiea gl dfhet s redrtsus ta fork hee Harisdrs it enperat ure for

the duration of the trials; Figures 7a, 7b, and 7c

show graphs of the fluegas duct 25 tenperature
Fpropfrid e 24 ,0r21 headdir ati ehoef gtrhehtsr icdl sfue Fitge@srBaire at

b, .and 8c show graphs of the stack oxyge | evel s
S ot Pt ﬁgdd&rtaﬁ dﬁojo‘?ttHBS‘EF‘?%%sD?séhf—% qitder for

98 Rratanth 95 shewigrigphs of the car bon di oxi de
em ssions levels for the duration of the trials; 11

Fi gures 10a, 10b, and 10c show graphs of the carbon

i em §si o | gvel or .t durat i.on,of the
e O oo i ST b Ser g o he S B
fnatadelwtsit imrsteackhexygeimldi;f ferenti ated by use (or
ot herwi se) of the

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

to the burner for the duration of the trials;

Figures 5a, 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 7¢ 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 %a, 9b, and 9c show graphs of the carbon dioxide

emissions levels for the duration of the trials;
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magneti ¢ enhancenent device; Figure 12 shows a graph
of the carbon nonoxide |evel as a function of
secondary : tertiary air ratio for day 2 of 10 the
trials; Figures 13a, 13b, and 13c show graphs of the
SO2 | evels as neasured at tHip U tube outlet for the
duration of the trials 15 Fi gures 14a, 14b, and 14c

how gra for the durati n f the

TR AR O 2oBe . ek TEBS oot et 2" eRe * Brpon
008N SN sles ﬁ@qél@efo@gm@s&uﬁemn Q%ﬁ/gﬁ{b levedls;
for the duration of the trials; Figures 16a and 16b

shOM/graphs of nitrogen nonoxide |evels vs. the

BRSO YL L eLkd L Aliod A LOAT ok NEne 20 8H0AL hORoR ce vs.

Figures 17a, and 1/c show graphs
sﬂﬁpMaexggenaduiﬁemastnatbdm@y%ﬂeme dur iotgpetrhe sedurs® the

of t ials So_fl ure 18a shows the conbustion
%ﬁhﬁﬁ?ﬁTﬁQa T 48 a function of stack oxygen

content wi th magnet and dummy unit results
differentiated for the duration of the trials; 12
Figiresl 4 oahand 29BT3RBWCEr &Pis GIrRsEc gra®ids ekevakyas a

fl.ow, Eatd r us S gen .| s d n
s RIS SRR A & e o
tHeatt iyl ; and heat recovered during day 2 of the

trials;

Figures 13a, 13b, and 13c show graphs of the 50, levels as
measured at the U tube outlet for the duration of the

trials;

Figures 14a, 14b, and 14c show graphs of the NOy; levels

for the duration of the trials;

Figures 153 and 15b show graphs of the nitrogen monoxide
level against stack oxygen level for the duration of the

trials;

Figures 1l6a and 16b show graphs of nitrogen monoxide
levels vs. the secondary : tertiary air ratio for the

duraticn of the trials:;

Figures 17a, 17b, and 117c¢ show graphs of the basic

variations in temperature during the course of the trials:;

Figure 1l8a 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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Figure 21 shows a diagranmatic sectional side view of

the 10 first enbodi nent of the nmagnetic fluid

treatment device; Figure 22 shows a sectional view

across the magnetic fluid treatnent device; 15 Figure

23 shows a sectional side vigw of an externa

magnetic cartridge; Figure 24 shows a sectional side
view of an internal nagnetic cartridge; and 20 Figure

25 shows a plan view of multiple magnetic fluid

tiQate@nt oderhaes sbDesehi RfdghOfot hecPreligFyelertiary air
Enbodi nents 25 In Figure 21 a fuel treatnent device %
f]sOV&rJF%Wg‘écd Yorpes stackedoxvdem exvsipnguriles shppfypration

ggb fgnprlses two peripheral box sections 8
and respectively into which a plurality of externa

magneti c cartrldges 10 are inserted. 30 The fuel

reat me vice 6 al so c rises.an inter
HHEFET 0 o SR qyeTT BN i T4t ndBPREd Tie, e pEscovered
@Wtdayﬂ.& fOFf g @gﬂwﬁ| ity of fuel flow channels
13 with a specified nmagnetic field gap. The device

may also be 13 fitted to new pipe work, such as in a

a aLl at.i r.at f..the 1.0
%&%&sgitfgﬁg érgga%QFmﬁg%l ée éﬂ%ﬁ$&ﬁ%ﬁ%§l%bﬁﬁ ?g the

fmmrmmmm meeanagﬁeﬂm fluid stpiyercontisice;

is approximately 1:1.5 to 5 1:2.5. The di stance

bet ween the magnetic cartridges 10 and 11 is

10xi At &y d Oz 69@@&1&45@1 retdw 96rbbe whdtRagRicibheriyid
fluid supply pipe 7 to the length of a section” of
treatment device;

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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the fluid channels 13 al ong which the magnetic
cartridges 10, 11 extend is in the range 1:30 to
1:40. 10 Fuel flow ng through the fuel treatnent
device 6 through the channels 13 on its way to a fue
conmbustion point or the |likg (not shown) is affected
by the magnetic fields of the nmagnets 28, 29, 30

f| 23 24 within the |ntern | 15 netic
:éarg%ldge 11" and BxP&r ndPThagnEticl c&ft ridhes® 10PeW plant

M el raesidt s iTha rar e ef f i chentobal NnERGs Pr 96€65onAS area
descrlbed bel ow. The fuel treatnent can be fossi
Fluethe shtridstory shangads 26 & v%ﬂf%%% $eefional area

ctfs/p%e I 815 e gLy cb%uflge' %Sggi |gure 22@6 6. 1:5 to

conprises two portions 8 an
Hd&ﬂia r vy adhl stamox bettieen Sﬁnurmdgnegethemanuundgbs 10

nduit _12 b a bol ts_14. The por gns 8
8 GP SpbEaRt R T s o e B R agh ] (RS Widtn
«frtie dgesidOshpbdiyngikem qarahéelehgthhercondibddtion of
12. The internal magnetic cartridgﬁlll is secured in

Plackt 13i dea el 2ohdurd oy Whethe e UgpRINSRES | @heFridges
TRUNLT NAS chry 116,5 eh Al pw (the 3Q, intgy nal magnetic

cartridge to be slid in and out” when Trequired. 14
The conduit 12 may be nmade of non ferritic steel or

ectric, steel is nerally terned a n
nefi%Wl%%n F?u %h gﬁ o Eﬁa%@ sgevﬁcﬁbg% higfough
&ﬁﬁ%ﬁanﬁ@welBS@ﬁ Qwer \Jd}mi‘tcanéi #0e3 rRYmmAldtelon int or
magnetic 5 propertles of the field produced by the

@8 el ignetlixvnicart rauiRasted oy The erdmitehagnkiebds of
ﬁﬁgtﬂdékgiéj28»m§§¥'§ﬂ (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 alsc secure in
place the external magnetic cartridges 10 holding them
parallel to the conduit 12. The internal magnetic
cartridge 11 is 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.
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having sim |l ar properties could al so be used.
Returning to figure 21 the internal nmagnetic cartridge
11 10 has a leading and trailing flow director 17
generally terned a baffle which serves to channe
fuel flowng through the fug}j treatnent device 6 into
the channels 13 and to ensure a snooth flow of the
1 t he c u 12 | f|t ed with
TS nGen 5 en s An G BN o THe SEREIFACerRREL oF non

&l st B asohe gaaduid gb%e&@l&'y' OttVeHﬂ@dl e magnetic
magnetic cartridge 11 to be slid in and out of the

FUUt eattheft? devi cEhesern sbegagsef | dffge dpget haptal become
mdy% h%lggneahat &5@% %8b '%ﬁﬁ%ﬁ? %ﬁe ﬁagnetlc

co dU|t 12 is fitted to a conduit ch may b
nﬂmpeﬂmqﬁscmfathenéleédugnmgmdmd(hymhh@ eﬁﬁeﬂmmh hagnetic

the size of the fuel suppl i pe. 7. The condui 0
T DT Ll O (e AP PR 17 bF LRE°t hr ealigierials
Haeing homm) 1 e pendi e iads thesal rangemantugagui red for

25 fitting to the fuel supply 7. Flanges 18 and 19 may

be fitted together using bolts 31. At the other end

égtd{ﬁiﬁingg' gre82&|%% df%ﬂ% (gftméﬁh“%!g %@%%?ﬁéﬁ% 11

Int ape of°a cofie re u0|ng e co
ko at oléddisgzaearaf theifldiek Sﬂpry<¢m¢EEﬂbr'TﬁQ generally

conduit 22 be fitted with a flan

R hed  ROEEIEr s e it e et ki jehght Flowing
tieeligredehor rhelt ingathRaheidwigle SEPPhY o7 < hkd chTah?ne:ts 13
flange 18, flange 19 conduit 20 flange 21, conduit 22

Y ¥ ATy 2s ardidse rddeovofo indh g éfydlti ¢ steel or non
el ectric steel (generally ternmed non magnetic), which
is 5 chosen because it dose not becone magneti sed over
Unereeradhbf 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 alsc 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.

T T A e P i T M A T ALY T T S et oy
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will not dissipate the magnetic field produced by the
external magnetic cartridge 10 and internal magnetic
cartridge 11 back along the existing supply pipe 7. It
will also not dissipate the nagnetic effect on the
fuel. 10 The dwell length 24s of the fuel treatnent
device 6 wll be determned by the supply pipe 7 flow
area, the magnetic field gap, and the tinme between
magneti sation and conbustion, and nmay al so take into

TGN SE Baidd | D9, thEaﬁ?’@' 1915chkowtr atess1 ! DI essai@uit 22
and fuel type. The flow area and width of the channel s

a3l Wi ange “detedyr he BRdehecsupsry fRpeli ¢ | eheate®r non
éfgﬁﬁgﬁpegtgelf'gbgsggﬂi aqgaﬁ$§atﬁ§§ng§b%%%QC which is

magneti sation an ustion al'so take
dhtserc dresiadeyatitondddwe fatelbeddnow majmtléeml opsesisime and

30915 R S 522 RIOIS,S OB BSOS 05 e

é’é@féﬂﬂﬂge%%&qﬂm“cﬁiﬁ:&fld@é al Oonght t irﬁ‘ﬁ@rﬂ\é‘l Chndgnetic
plurality of magnets 28, 29, 30 (figure 23) is

Gaideridst The Residuprlon2 e bexhaBEN®f SURBH-Yf epibei & It
wsitlez‘telaquo Y %%%Ellﬁa%es%%% %rtailé yeﬁﬁcq%e%n the Ifuel.

non- magneti c. |nterna gnetlc cartridge 1
conprises a upper and |ower peripheral box sectlons

5 and 26 .and tion |ate 27. The a
T aaie B D E E i B B & &indnly 18P ¥ i1 e
EeRarat{Qn 1@& att@e2 s IfPrprbuo sconduj t s-48, ItrHeo magnetic

which a plurality of nmagnets 28, 29, 30 (flgure 24)
faed d nse®ed. aTHe (hser BHEE | OREEWBOR sEEINGHS 28 immd and

ég%bqg%ﬁcgﬁ QHQf,ﬁgyngfséeE kglﬁnﬁte%on% JL éié%ngﬂg fuel
st ee

flow rates, fuel pressure and fuel type.

The flow area and width of the <c¢hannels 13 will be
determine by the supply pipe 7 flow area, the magnetic
field gap, and the time between magnetisation and
combustion, and may alsoc 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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- generally termed non-magnetic. The separation plate 27

may 5 be nade of ferritic steel or electric stee
generally terned nagnetic. A second enbodi ment of
fuel treatnent device 6 is showmn in figure 25 the
fuel treatment device 6 is cpastructed in a 10
sinilar way except that there may be nore than one

el tre ment _devi.ce 6 fitted in a,pank referred to

%, SR TR e a s i GlaShehe alr  eokariibnitigtre 24)
adﬁéllﬁe§eﬁtdadi1 aThERLpper HiRl Contt hd2 Branrches f2omng 26
one conduit diameter, which is the sane dianmeter as
“%arié Paemagifppbly ﬁpaefmrét}e tSfeebndti Mishaesic steel

r I e
con |ltahaﬂiaérr\h!{;htleset?lr??O %%%@enrf %f%]ﬁgpécondffag% ¢4 may
H4 t tnadiet ooa fﬂesm:gls:ﬁS staledh on talrevctmEyc betekdl t@dnafally
to th flaqgébs4 of the fuel supply pipe 7. The
fth have a flange 36 fitted to the

conduit 33 20 which in turn may be bolted 37 to the
fuel treatnment device 6. The conduit 33 flange 35 and

7 |1 saigey! oUpdi s rerfe Bfel roredierent i desier| 6 oks shown in
A& %55 S%&‘Si Qﬁggméw H%%g?@ 6%?%:{@9}1?&& in a

Figure a dou matri X fuel treatnen
sﬂmmk&f;wﬁy butepheﬂﬂmﬂnythera nagybére oficdevichea one fuel

|nstalled in 3, 4, et ¢ _branche or tri .

FiRe Sfirer CBF LFael 6 g Ltest noit. dovr Fredepngas
it Ahe froelufd oye ageay of twbh@uta,meltr%taameyltpld%%ﬂoesth@ in a
magnetic field gap, the dwell Ilength, the fuel type

e igual Ty, Cari it i etamdes nigeietorat ¢ordahe diameter,
mﬁnﬁ%f{t%o?rxu a&@ééc{?f%ﬁ@@eﬁ egg %%eOffL?elnugggple pipe 7 to
two conduilt diameters, which are the same as the fuel
treatment device 6 conduit diameter. The single end of the
conduit 33 1is 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 fto 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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devices with varying factors has enabl ed the
construction of a device which gives particularly
advant ageous fuel efficiency conpared to earlier
devices. 5 Previous devices have resulted in uneven
magneti sation due to the figjd only extending across
a portion of the fuel pipe. For magnetic fluid

reat nent devj ces ere th magnets are. se
SIS (SRS S0he piPer "o Sttt i Ed gt reatment
dh-siachant pgeSvarei A§senvedrkon api Ramfed didBLEst ruction
greater than 5 cm his is due to the nagnetic field

Mas s Yh@%ugthai:hsnﬁweﬁ gmltﬁmpbafrlmeaﬁmnt@@eom fuel
; M?gn also be secured
%ﬁ%ﬁnggkhp%ﬁﬁﬁééga é%%n angu ar separatlons 15

The factors which have been found to play an inportant

ole in verning the level of fuel efficiency, gained
SRt R L SR TE At 15 VBT e (Feb Raphgt gon due

fd etie gapiqt leomgolea{te@mfriggtﬁa}w@ ang gkl gRAMRMH @Ae fuel
magnets, the 20 time (the tinme in which the fuel

RiPsubj eEeed Magndia.c nﬁéﬁetiu ct¥eetmyntt Mevigas b@hm:en the

n b fuel essure and t he
ggrg%% q%a%e %?Q?ﬁgg f%gﬁhgﬁanneI$4%%tur1ﬁﬁmedeV|angular
JdpRartidl &f 9©hedl§é/&me§?@§ hbe omgretle fisl Cblpes of
t hrough which the fuel 25 fTlows has been found to

cﬁamat@ﬁ drsater eVhan. S eror defhis det e e tihee magnetlc
l(:“ci:tﬁeasssgT :;f ro% rragsn%}elrlf f louftdlcg ! ea% net[l]t P Vi Cgtle to

serl e un OV\BI‘ gen

aCﬁ]j’E’Qu&tﬂﬂm Test flaei |fiitey) dat Ratgﬁllert%f anay3eilso be secured
hbttln hanshire, UK. Tests were undertaken with the
q|gﬁgptaqﬁﬁqﬁ§ﬁrent angular separations.

The factors which have been found to play an important
role 1in 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 pressufe and the overall shape of the
fuel <channels within the device. 1In 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,
Neottinghamshire, UK.

Tests were undertaken with the magnetic fluld treatment

device on the 1 MW:, test facility using Heavy Fuel 0©il
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device on the 1 MNh test facility using Heavy Fue
Gl 18 fired on a single burner firing horizontally
into a conbustion chanber. As with all firing tests
of this nature, the quality of 5 the burner, its
installation and set-up are ¢f very high quality,
wth the efficiency of conbustion well in excess of

he typical_industrial applicatians ere th net.i
TP (P bacertt B cO BT fimd T s radedea 1y into a
apbicabbh | ¢lyame pr ot ocol was established to

effectively 10 de-rate the burner to provide nore

representative conbustion conditions. Having

‘§§t§9khsgﬁg.t€§$$§inﬁésfgaQﬂpt?§i%tbgﬁur@,VQ%%§B%uafity of

tests were un en to establis Irstly t se-
e | bnenper f dtpanos il tdfeldsurared befonp me ngt ovety high

i nvestigate, the inmpact of the netic fluid treatment
WATRS O bukr ANF BarfGrREfde O tas WEETSSEY ol bwi " TRECSSS
df MM Eophusti andlestribacidgdiv it iROVer@esrs RO magnetic

Ratcliffe research site is designed to reproduce the
Flafe cofrRtroms, fdenbee resvdbdce finds ahlis  greatest

%é??&%égfﬁf% prgfkhﬁﬁxﬁgﬁpdwég E%Egglﬂ%%%ﬁ t Coffe Eively
ITers as used i the power generation 1 ndustry. )
dherdest thg | soprovrdedoM thravidei etnordf acepsssentative

gorts i hat ah50m4sanpling and neasurenent. Ful
SRR Y R LT 5Yding facilities are provided. The
test rig was fitted and equi pped with a horizontal 30

single Y jet twin fluid atom ser burner firing on
FeEd Egepbbiphedg the burner characteristics, a variety

of tests were undertaken to establish firstly the base-
line performance o¢f 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 wvariety 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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The system all owed full independent control of
primary, secondary and tertiary air flows in to the
conmbustion chanber. In the standard configuration,
conbustion air is preheated and the tertiary :
secondary air split is 3.5: 119 5 Initial test results
showed the configuration to be extrenely efficient

th ex rerrely S thea solute .
d TSRS T it By B Ser® b, SRBCER s Lagimary,
B EOISELAY t QnidNCteaseaaye £t r erekds | OW aSo CemRar e8mbdftion

to a typical industrial burner. In order to attenpt to
PrR e alhoFker 84PPEEFE GoBFEvERtAOTon SRS igicadir 15

Adustid @l o eiie! .+ 0e puy ner e t .5:1.
E?ncr ease tahe over aﬁ% m%%ncesn%ratlﬂ?a 15Egto rlasl se’

the CO breakpoint. These effects were achi eved by

sin mhi ent te atur rat her, t han eheat e
PR | SRS S nd L REEISEAE e o be
m@hémoa‘@mm@ﬁt zﬁtmﬁré@tﬁaﬂ@g 1he mepyniekbest  Both
was on CO breakpoi nt which npoved from about 0.2%

I8 gS ¢ R olREL DS 630 A ALNEX $FER S Sc OFTSIRY atl onsigin the CO
a 9 h es..had ffec

R ol probl e of-"barasr et op Bud edt ablTohs ngpared

wvald dymeferlencedwondiali dmeas .al ways pl agued trials of

magnetic fluid treatnent devices. It has al ways been

recogni sed that conbusti on enhancenent devices are

1St orlikkel d 0 getdmer the gratesde bepef idsrahepealistic

applied to 30 typical industrial applications. A new

mRTReTeoriedt 1§L i astypieal dedugpriggedmtiddandthe burner

»% ntained Ll ghve.gxtrenel v ghefdd cigncy and { oW . g

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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20 em ssions. Typical industrial burners are
characterised by relatively poor set-up and

mai nt enance and correspondi ngly higher em ssion
rates. 5 Al though the burner was de-tuned to give

hi gher COrates and to redugg the CO break-point, the
results were still extrenely good as conpared to

typical industrial burners, ere typical stack oxygen

T B o SR SRR ) DR OO TV ar 236 S g by
P t kb Bagesd i nestmas Wedeid snf Sfadde gedrabedebysnaingly
were obtained with the fuel flow ng through a dummy

hirffhe® oyl sstiqk ©@8Rfen concentrations of 0.3, 0.6 &

0.9% 15 Measurenents included heat flux, tenperature

at stages down the fluegas duct, CO levels, CO

Argakpdi nthandurpart weasl ate-twedi ngs. gEirguhd. dhaer 180 rates

and | ¢ show fu fl ow.and pressure for the _20 ,
0 a7 oA CARCEhEher (] ST SRR Ean b s bor, TASHET e till
Auridig1 ¢ hgobai bisale p%ﬁ:te'dlptongﬁiEbQWi%é}fﬁ%slurﬁurners
were extrenely stable. It can therefore be concl uded
wheiate afye i subseyuelnt oxviangesderol 8d agre ansgepwendent 8df (dry)

' Q t P ers. 25 Figures 2a, 2b,and 2c
a&%vlﬁ ule%vetlegr:pezzfat g{(gq%t the burner tip and at a

point in the supply line upstream of the burner. 30
Sone vea% m nor changes (ground 1C) are apparent but
en

Riidse ate ofeHdt 81 ntPEr mElS Atpact B ¢ he Were
i @ldg hgatnbahances1or epeki REMNGRUGh theqsualeMnit 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, 1b, and 1lc¢ 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 terms of impact on the

overall heat balances or performance of the system.
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21 Figures 3a, 3b, and 3c show the w ndbox
tenperature. As wth the fuel tenperature, there is
some variability but insufficient to significantly
affect the overall heat balances or performance of
the system 5 Figures 4a, 4by; and 4c show the total
air flowto the burner (primary, secondary and

erti h t is set- and
B Lar iren T dncaitionthE precbhar amnsretyre. As
ictral tige r thbow veag et aohieve:di baenta AISXCESS but

oxygen levels, it can be seen that the air flowis
WEYE elgnisst et Fiigndd isanddyonsffacés the iaverall heat

St Of oot NefncMIh rd : secondary air
raf?o of(%rgﬁﬁgﬂ%:lﬁu¥%fi 1%§pﬁ%§¥%%%sequently reduced
to approximately 1:1 as part of the test protocol.

nmbusti gn chanber tenperatures. shown in figur 6a,
R S TRe die G (Busk Yot TG OEED fddoufLov to the
HALGIHAT gy 1mdQyl, ar gekynBgeausendf 4dha i0pl emof once the
accurate location and calibration of the nmeasurenent

VELTe I AS b e skt Frioh 391 i dshe tereertsomopd the
1.Se t. [sanal _ s r oxi [z 2 t

R T AT RS IR S e AR af Pferenc

arefdsectoectdmn gesrerad, nof seanahd waenahihkitt yhassoict af ey is

with flames. A nunber of thernocouples are | ocated

Yifown THE Y of the fluegas duct and are used to

measure the tenperature 30 of the fluegas. Heat is

removed fromthe fluegas duct wwth the profile said to

Mgy pharlegongtigsiesal throwenistatli ciet-bai | ef. the burner

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

the test protccol.

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 device.

As can be seen from the figures, there is some noise on
the signal (approximately +/- 20°C about the mean wvalue)
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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22 Figures 7a, b & c show the tenperature profiles
for the duration of the trials. As can be seen, the
exit tenperature reduces to around 740C, which only
represents a snmall part of the total heat recovery
fromthe fluegas 5 in a typigal boiler. However, the
heat transfer area is fixed and any differences in

erat rop between ,the exit f om t he conbust
SPELRE B P SRR At o Sk rabRaRs PegERlae 4 the
cﬂpﬁtatcdrng c@ﬂndtmde onsrc¢ansbe gensicder etbe t dh, the exit

representative of changes in overall heat transfer 10
R EEE YIS Ba %%P@%dsﬁegr%id%@l%&y@%hy SgREesents

;Qegfﬁg Jboﬁargo'osfe&:hé Stmrﬁ‘@étf E‘é@oﬁrgg e ffrlcgr{"r@r?e agluegas

Is to be expecte however, overall contro
Qveaallypitiad Variylang. 1Boupeeat|m@a%ﬂﬁmestcansﬁers@aea is

orrespondin t ack en levels of O
X TEC | ST nof ERRereS st T oCe At U m i tWeen the
Sgerrbavalife abebeEENbAI GaRkibed essat hare these Whidsh the

woul d normally be 20 encountered on typica

Yrhighu st pqear B%FJ'L@‘#SpPﬁﬁFatﬁipguFé@dééito@S%?aédet%‘éﬁSidered
19&%&%%@9%9% SV%'fS JJQJ (;H}? QR 101, ransfer
ure uaes e

sts I ncl stack oxygen eve
éiﬁlmmmnauatlve purposes and it can be seen that as
expected, the CO2 concentration increases as the

stack oxygen decreases in line with the change in

Hidustd O d acd e Abi Qe 1ayodPb, sand &é@ré@oﬁ\fgﬁ01se

overall results for CO plotted vs. stack oxygen
i pepragentor fagygdma s elfd guirgsexasssidf tar obRd agpected,

hcg%éveevre,lso@ ?aﬂ?glé&{@cﬁ aHsarSHBQ. %&pﬁl, 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 9a to 9c¢ show the corresponding CO; levels for the

duration of the tests.

Figure 9b includes the stack oxygen level for comparative
purposes and 1t 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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23 As stack oxygen levels are reduced to 0.3 - 0.6 %
so the CO levels increase as would be expected. A
very wide spread of results is apparent when
operating at |ow stack 5 oxygen levels. Figures Ila &
b illustrate CO vs. stack oxygen differentiated by
use (or otherwi se) of the magnetic enhancenent

device. 10 FromFigure 1la it is apparent that there
is no obvious or significant change in CO | evels when

Adhest@gnedk ggdevieeel bSacanpasenedo f.gure dld s, so the
éresults for days 2 & 3) appears to show a marked .
Q@ddEieds | AnFBEaIEPeRTOMRNE sbe5 eRPewr¢éhi fy Faek wide

LL, 1whi i 0 M- itjye un|ess
URTC s DEBh. Somd orhEr ST otl o e b m o7 stack
Potaat ildveelfdsects i nclude a delay period which has 20
resulted in activation of the feed pipework or a

consequence of the change in secondary Tertiary air

radirss Fi gupe 12 shows; CRidevete ascd funstiont@fck  oxygen
secondary 25 tertiary air ratio for day 2 (the only .
Halyf TR sleh  Udat a (are athiersgbee) . oft kA beagnetic

5gﬁgngfggi§éé sone evidence for an increase in
f Tea

the range o di ngs when the nmagnet is in
operation although the m ninmumreadings renmain

naltered. It. should be noted that, the absolute 30 .
Tl Fehrtai Nt ext T el PRI Hor™ %r&e%% botRewpkious or

anchi midhaut chhegaagpets whap CPNMPRERd the Wit ic device
industrial applications. It should also be noted that

thecemrg sgioned. 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 1in 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 available). 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 unaltered. 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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tertiary air

increase in COlevels as the secondary

ratio is decreased. Figures 13a, 13b,

and 13c plot the SO2 | evels as neasured 5 at the U

tube outl et.

SO2 levels are effectively determ ned by

the sul phur content of the fggd fuel oil. The sharp

i ncrease in SQ2 Ievel during Day 2 is attributable to

a change.in_fuel onposi.ti on bet ween

G SRL0T HhREREST - O Ehe TRTBILShih 1S TABPAISED el Shtiary

Aal yieid 2s Jderdsdegontent 0.03 0.05 0.08 0. 06

Asphal tenes 7.42 7.44 8.92 8.78 Carbon 87.45 87. 47
87.08 86.98 G oss CV 42,547 42,610 42,530 42,577

ﬂ*&’%g;@%§ ?Q

hor 20%80 % 85 171, 36 U

£67.fﬁe679170t@@9 72u?B6t96 SOOC Talvled s1 -a£@e|effectlvely

09e0, d; 63,

ScoSity

Q@ggasured

nal ysi s em,ssions arise froma n er Q
R B R Bl oG P T Bhe Festb BusT o011
Tidé | ugneeg by neraurker i 0f fact orsvefi g%@inya Da:!-ﬁb 2 i

and l4c plot NG .
el oumkle ete4a W@Coh%i ééeébloelvawrawﬂtyom nbetween

| evel s for t

e duration

of

o002Vl UL L 0RAOT S ODAD AN St e
h&&mmllon becones establlshed
Analyte 1 2 3 4
Ash content 0.03 0.05 0.08 0.06
Asphaltenes 7.42 7.44 8.92 8.78
Carbkon 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 0.862
Sulphur 0.82 0.89 1.12 1.26
Viscosity @ 667.72 679.70 719.72 736.96
40°C

Table 1 - Fuel analysis

NO, emissions arise from a number of complex formation
mechanisms and thus NOx levels are influenced by a number

of factors.

Figures l4a, 14b, and l4c plot NOy levels for the duration

of the tests. Figure l4a shows considerable variability in
NOy levels during the commissioning and set-up operations
somewhat as operation

but that the levels stabilising

becomes established.
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25 Figure 14b (Day 2) shows a generally rising trend
of NOx Ilevels whilst 14c (Day 3) shows remarkably
stable operation until the shut-down sequence was
initiated. 5 Days 1 & 2 are of particular interest
since they include operatiopgat a nunber of different
operating conditions wth respect to excess air and

econda . tertiary air ratio. 10_.In an attenpt to
ERA1GE ohtP Do ke e (TR O PPBFEALLY dril trend %of wo,
iafduencingl MO, flaematimn, the resukis havmbesmy stablie
repl otted agai nst stack oxygen |evel and secondary
ARFEIBHIR AT H] g SIBFRIe S ABFEED i Dt LING Fadiad -

agai nst stack oxygen level and fromthese figures it

is apparent that the magnetic device is having no
BHayniii ¢amt sofd et partNOchigsel s$ntSireslkardiynce itheesinclude

16a and 16b_sh i gnifi 20 variation in NO
A b 8t aaneBdOBRES 1 ADBRGESTF 1 R = SbrRaRyLtLons

WElH | ae¥pabt Rat i@ doHgR ther esdsos@a®y eviddense dp air

suggest a smaller variability in NO|evels. A nunber

Hiti%®nperature neasurenments are avail able at 25

poi nts through the experinental rig. Gas tenperatures

are neasured using a Cyclops single colour infra-red

Toyr et erttehpget her diflicaenutber obecerani ctsheatihétlerent
her nocou | pcat ed s%jficiently far into_the _gas

|
R £ 0061 GRS R Pablte TEdy. o GalSFaMer i, been
2 ilermel atdy:e rdat a sits i otkedenn Fhgdnesalda, sddbndary

and 17c for the 3 days of the experinental work which
v e iz flows.

Figures 15a & b plot NO level against stack oxygen level
and from these figures i1t i1s 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 conseguence of changes in the
secondary : tertiary air ratic although there is some

evidence to suggest a smaller variability in NC levels.

A number of temperature measurements are availables 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 17c¢

for the 3 days of the experimental work which shows the
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basi c variations in tenperature during the course of
the tests. Figures 18a and 18b show t he conbustion
chanber 5 tenperature data replotted as a function of
stack oxygen content with magnet and dummy unit
results differentiated. For, Day 1 (Figure 18a), the
conparative data relates to a stack oxygen content of
0.6%and it is apparent by 10 inspection that the
L V@ﬁﬁ@Fé@%?elﬁnﬁﬁmﬂﬁ¥%ﬁﬂﬁﬁﬂdm%ln%lEﬁérQQﬂﬁﬁqr@ﬁ the
for 4 he dummy unit. This conclusion is born out by
statlstlcal analysis of the results which

denonstrates that at the 99% confidence 15 |evel

i.e. the is a @6 n f the_concl usion hein

VT e A 1 et ERBEr actlie | GPTENE Oyet anphanber

ﬂbré&l@r@agﬁﬁé |r§pg6€@te@r dd nathusceasa by as@udd oxygen

15C) than for the systemoperating with the dummy

Gt ies gel Tapragngt 2o AN egtibl ieHed & Hbl%%\%@mth%ted
performance of the system wth fuel flow ng through a
dumry housing with no nagnets, the magnetic fluid
Eoeabaeni déipuee’ 46ki ve'theomdirdegritige ulditts (dviee to a

and devi ce 2) e.tes 3 The tes durations ar
Siftar (ST FRNETE B EmgRe: - hevito SHPSFEE by
Meahe dd86n Sta201+8c Sﬂl@?(%ar@er@é/t@ﬁlh@@ J.r@tK 9 Nwagfet is
data points 1406 1093 Table 2 - Conparison of

Flgrhrist i loan cHerbelrot dffserdittarie Yokt - dunmy and Device 1
(Day 1) 27 Applying a two popul ation inference test

for the nul

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’ conditiocning

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 cof combustion chamber temperature for

dummy and Device 1 (Day 1)
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hypot hesi s that nean (nmagnet) - nmean (dunmy) = 0 (i.e.
popul ations are the sane), shows that at the 99%5
confidence |level, the difference in nean val ues of the
popul ations is in fact 15.25 to 15.35. Since the nul

hypot hesis value (0) lies outside this range, it can

be concluded at the 99% confi dence | evel that the

nmean values for the two popul ations are different.

There is, 10 therefore, evidence that the flane

ASFPRIRS Ue ko Ipeseaserbby it appld catken fbrthee null
magnetic fuel pre- treatnment device. The correspondi ng
Rap et Aot ibayhatapieat t(Baghel) a cotigear (dBueffect 0 (i.e.
éo lé{EgnéhEaE%an%ﬁ%em%ﬁﬁg}Ue éﬁo%ge SROE Ofr  the 993
per haps marginally higher tor the case of operation

awit fii déhee duemel; attier thdifetreeomghet neami tadseshawh the

in Tabl 2. .Du t_(devi 2 193. 0
B Fag e e O e TRy oS a7E 60 210 Sof HERGE néif snuLl
Hpdotldsi 20viabke 3)- Cospapisan def tqpi@ujsaﬂa@@bglﬁg?@an be

tenperature for du and magnet (device 1) y
r¢heteamlt yshes hoveerhidenere tovehahlges thesrask values

PXYgen, 25 J|.eyel éo???a%f?ggdarayr'.tSE%EgE%gn irlguels i,
undertaken in a enp o realise e ftull
potenidad, resulitenteom thwet sysitcem fidmés nemppossidde is

o make ni ngf ul conpari sons et ween t he nmgnet /
i Shitpibe Bontid 1 6ro00Gata ackt oft "ecoRePStbht fucl pre-
opelatdNg data-d or the magnet condition. The 28

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 1198G.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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variation in stack oxygen | evels and secondary :
tertiary air flows is shown in Figure 20. For a
system such as the test facility with a fixed heat 5
transfer area, a crude neasure of overall therma
efficiency for conparative pyy poses can be defined as
follows: Efficiency = Heat recovered / heat input 10

Wher e heat, i t be defi f
YL S bl by SLERE BAVGPL e EIrue S IHOTIY ThPgrtiary

#hef | i duon exslagesid e gffecto of changes in input 15
air flow and tenperature, however, in this case, it

has been shown that changes in inlet air tenperature

%Kxe a”@%k‘cgfnb's%cﬁndasf Ay ??9@ %88%1553/6%%&' e&“‘%@&'eheat
ased o a constant fue ow ate and- st a oxygen
{maredfett hegeeagef f ect scmate bemegaored. oZ0 Hmﬁrall thermal

recovered is defined for . the purposes of th
SUGh 49 oFPBRAISFAHE rRRONErEY 1 ubas dpfiged as
#diownate x fluegas average 25 specific heat capacity
X tenperature difference (conbustion chanber to
stack) By definition, in the absence of any air

he the sum of the
%ﬁ@g%af &%#% {% the%ﬁ 3% fl ow (both
nmeasured directly). Although t he speC|f|c heat
apacity of, the fluegas varjes t enper at ur e,
s S9 4 h  F rances i %eét %?anﬁla?@éwltlplwd by
HreITRey 1A LI d SySIngd |o§QfH@fﬁﬂalt.0 the absolute

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

affects can be ignored.

Heat recovered is defined for the purposes of this

comparison as follows:-

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

(combustion chamber to stack)

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

flewrate 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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value, it is permssible to use a fixed average val ue

of fluegas specific heat capacity for the purposes of
conmparison. 5 Fluegas tenperature difference is

defined as the difference between the conbustion

chanber tenperature and the %verage of the exit

tenperatures. 10 Wil st the a@bove cal cul ati on does not
represent an absolute determ nation of t he thernal

Ergshargryterreraturestiunfralit GrpATRS AR ddeguabeolute

S, fP{ Egege%&ﬁg§ﬁb§%nﬂg er%EQQQ %V%? e value of

I TTerent conditions given that great care as been

flakered 0 gpscifici mMhéati t yaphciSyopdoat i ntheomnplitpasss of

el sewhere through the system (sonething not generally

FYWF Gt ndustrial boiler plant). Two periods have

been sel ected for conparative purposes as 20 follows

reflecting device 1 (Day 1) and device 2(Da

2).
ThrEA DevitcBPETAFE Sge FLAERTBRGBen 56 O lr(e%:ﬁry gp the
2931
%ﬁ?fgﬁéﬁﬁélﬁg%ﬁg gﬁe %Q%byé%%%ﬁg%ﬁgﬁﬂéf?p%%gﬁéé%re and

e 4 - i Cl enc magnet
theanerdge devitdes Hapt ll:empdﬂ\atnﬁreila 25 It is apparent
that a small increase in efficiency is apparent from

these results as a consequence of the application of
weMige 1lh80 above calculation does not represent an

absclute determination of the thermal efficiency c¢f the
test unit, 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 Dboiler

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 283 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 conseguence of the

application of device 1.
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Applying a two popul ation inference test for the nul

hypot hesi s that average efficiency (device 1) -

average efficiency (dumry) = 0 (i.e. populations are

the sane) 5 shows that at the 99% confi dence | evel,

the difference in nean valugs of the populations is

in fact 0.10 to 0.497. Since the null hypothesis

value (0) lies outside this range, it can be

concluded at the 99% confidence |level that the nmean

Ueshd oh theot W, RoRM 3l ongrakencdO differgit. the null

here is, therefore, evidence that the application of

ktyr@thfai}rﬁet toatl Wdartageat ﬁéﬁtcclewze (W i sbehef ici average

S felerty SuhELETEL oY PP Aoyt hen 0 s Sane)

dhdws (thiar %t (Ehg 929b) cAvgisencrddryel] lkhd eiffdyence in
air f|OMIratI0 No of data points 416 120 Average

M oY 2hegs 181 4“1‘8’ PPPUEIPHSI WeviAt F6RT0.0289 %CQ?@ 497.
Sﬁe}ﬁiee 2he eﬂ‘uﬁl}?' eNpbtPled:Ne pagneti cof | uiidd reakaeRk this

device, Day 2 - Device 2. 20 These results appear to
Hge a deryrasl i ght agneg uded edti dihencyOWi dentfliglence level

éﬁg%lcgﬁéon 8f the qgkae gira the two populations are

different.

There 1s, 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 wvery slight dreop in

efficiency with the application of the device 2, a
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31 conclusion which is confirned to be true to a
confidence Ilevel of 99% (just). However, due to other
changes in the system being undertaken at the tine,
there was conparatively little steady state data
avai |l able for the 5 device 2,condition. It is also
apparent that the overaII e% iciency is significantly
| ower than for the Day 1., Analysis of Figure 20 shows
TPRE LW P18t WRAER lﬁe&loqﬁ"}p‘iﬁed retraPfis thHEt P n%cﬁonfldence

ronsi apk, obhe (heat ) reagyered chanpoes, 10 1md.onk é' ¥n the
during the perlod at the latfer end of the

Fesen r editng wernedeokbhéened. aRef etlence tiand,i gurtdaleréb wWas
W ll_ show t this coincides stron wth,th

e TRl 1 B Rr e AR S A e ol Ay M RS S the
dsecondar yondi @ibhar taiis rat ) apparAhtemidotdi® overall
neasure overall conbustion efficiencies and

et @t ever yis s Siaaet Bhakiyest vk nfoin e peay 1.
notoriously difficult due to the nunber of different
factors which can influence the results. 20 The test
Rﬂ%ﬁxﬁiﬁmbﬁhEﬁests @0 tHeofuethaer ehddsdudtceckl heat input

resents excepti onal nge acilities b ich
L T b e By B B Y PP e R ot e Chidnges
&f dn Cf eyt BANduben@ssass e rand quanthéi edst2s AndMEh the
all laboratory tests, the problem of the condition

dhd gern uiﬁl%ffetw%wéve%dc%%%%ﬁﬂ@m }ﬁ@f%i?ﬁﬁl*llﬁrto figure
w%ﬁiinghegn@hgtoeﬁlgo ctofm .&ﬁé &(o%dt %1 period
'S C se es e

remal ns resol ve
wﬁﬁﬂ(nxhe outer / inner air ratlo was belng adjusted

(secondary : tertiary air ratic).

Attempting to measure overall combustion efficiencies and
(relatively) small scale changes are known to Dbe
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 1likely to be encountered in typical industrial

service. The scope for any improvement in performance on
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30 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

i nprovenent in performance on, 32 the test rigis
therefore far nore limted tHfan with a typical burner

in industrial service. Overall, apart from changes
1ﬂﬁ%ttﬁé¥eﬁ¥ﬂ|%%r5hé¢§f05ﬁrﬁ&%d@@éé h#ﬂ%ﬁ%ﬁf@ panceth a

it §§f g o] . There is
tgftpatclggltl ca yIJ %H\Sﬁ?}@ﬁ%&cﬁla&v%ence t'hat passing the

fuel through device 1 resulted in a statistically 10
significant increase in qverall co ustion efflcieb g
iberately

Qi lathe‘?wjé% abic %G Dnsther &€ no

iRl RNt %ﬁbdeﬁéﬁféﬁhaﬁﬁénggﬁ | LOdmel $:gaswds very
consequence of use of device 1 or device 2 that is 15

dangdpaidént of any other changes in operating
condi tions al though once again it nust be stressed

that the observed CO levels are very significantly
ﬂhﬁfﬁthﬁnsaayhhtﬁgalmpseﬁm&mﬁﬂnawm|eakdendﬂs&Maﬂ passing

I lant. 20 Based on these results, it
q“r?e gPSEe eIt e FT 1S5y i wi FR5'6595¢ erlthi ﬁtys’f%‘é%s’fh%ally
&lil G rAeViiGRS-chand i3, haygs r4 IPr Q& COMUST I OfF i ciency
efficiency by 0.3 percentage points (approximtely

unde padveralise afadhiowsanditalsins 4. 25 The nmagnetic

fluid treatnent device therefore has severa

advant ages over the devices currently available for
TRgnRetic ﬁmeaigﬁnfioénﬁuebsdeﬁhe fegnethac:gklsuiich Co levels
treatment device is a si cost-efficient,

%t rai GRESPAVPPRE Cdevitte gﬁaﬁegﬁﬁgn&eso%o%ﬁé??oﬁ that is
Hdh e dange QBquﬂﬁér 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 i1s therefore possible tc 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 1is a simple, cost-efficient, straight in-line

device that enhances combustion across a range of units.

The increased efficiency demconstrated 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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30 The increased efficiency denonstrated in the tests
provi des cost savings as the sane anount of heat can

be achieved with | ess fuel than other magnetic fluid

33 treatnent devices, or no device. The magnetic

fluid treatnent deV|ce due,to its nore inproved
efficiency provides a cleaﬁ% burn resulting in | owner

mai nt enance for the conbustion device. 5 The reduced .
wtrwa*gedteo@aew@r wrt hne hedeTeamer bJhe hBggnehéc fluid

ng ss n I an ‘
ﬁ %ﬁ%%§£ ?%%ﬁ’ ro%?tﬁggio%§;5t|oﬁBng%ESSéf56Clency
ﬁ%&yiﬁgﬁmﬁldiédm&ﬂ bmﬁmtmmsmltEWQCEnlsomésomalntenance for

advant ageous e to its easy installation. The device
e st %ﬁ&?nvé%?ﬁ??a.speC|f|caIIy desi gned housi ng

that allows insertion and renpval in to an existing
fuel pipe. 15 The magnetic fluid treatnment device
Th@rw@m@e%agugévéﬁage acgahbages iovertitheckranesourn has

T ERtLy Ay | B0Le Lor JIRANaUG, LpPALIBRC T bUelfeancs,

e mag ne |c vice is a si

xosd ﬁi:fbcm edt ox Sd < i Hfdm | tthd | cwEnbwevi e gﬁﬂ'tatemhances
conmbustion across a range of. units. 20 The increased
efficiency demonstrated in the trials provides cost

SRy R9§nasi Ehe1sane amuenf Hedicean hes1fachbevedtageous
wth Iess fuel than other nagnetic fluid treatnent

céteau ces,ltow ﬁ@Sﬁevllt&éialﬂrﬁetmg-nethﬁ’lefl detios tieafappapined
EV|ce [ bIe t ve t | of
wW1ith ?ha Qﬁ% l &%%ﬁ%ﬁgé %%%ngg that allows

gr ea r sho xceed th
Bssoct Bdredand removal in to an existing fuel pipe.

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

device that enhances combustion across a range of units.

The increased efficiency demonstrated 1in the trials
provides cost savings aé 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 1its 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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with installation and mai ntenance. The nagnetic fluid
treatnent device, due to its nore 30 inproved

ef ficiency provides a cleaner burn resulting in | ower
mai nt enance for the conbustion device. This would

|l ead to | ess downtime of the conmbustion device and
therefore increased eff|C|eﬁ%§ 34 The reduced fue
usage together with the cleaner burn has the effect

reduci ng em ssions of harnful pollutants, |ike
arbon d|o fromth tion,pr ces 2L
C[‘rirqagne? ?4( dé%r%a?ﬁ%n? g%%%% f’“'gtgl stgl ad&ana} aeg%g%um has

tHee éﬁfet:s eﬁSyréﬂﬁéﬂMyateinﬁ%sﬂSlﬁﬁ defi ¢arrfudonpa@l netants,
within a speC|f|caIIy desi gned housing that allows

S rta v rartt Pefsral LHHR t ear‘FOéBH%‘"T G fRRIEICHIPe or a
new 10 installation. The magnetic fluid treatnent

device provides inproved conmbustibility to create the
Tenefi¢gsebic foutid sandatgerdnddgybat e sefdlissl eadyantageous

onbusti.qn device. 15.1n other emhodi nent s_the
cﬁﬁ?a#?v &;n%ﬁ§¥oﬁgl%ﬁ' A7Ui d q?hppagvbgﬁe apgptatned
JWitHih channelbscli@ichligf khﬁuﬁﬁbﬁﬂinﬁﬁbSlnghOWﬂmﬁﬂ allows

Figure 21, can be changed in accordance with the
et h adékcfrﬁ%‘balhelrrél%érbreéﬂt%t%ﬂ%l HiahpatRg ygr @ new

e ng 4 dshe, benef iths deseridhed. abeygi 320 hhe drader’ Sevice

attention 1s directed to all papers and docunents
owtvi~ciidesr eLrﬁprtcemctarmmthylMy Horcpeeve ouse tloenghiss of
appllcatl

i f
%é% Icatk%%hlgﬁﬁg % teﬁspg%?ﬁgﬁgncyh P IS coébustlon

device.

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 1s 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 pubklic 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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Al'l of the features disclosed in this specification

(i ncl udi ng any acconpanyi ng cl ai ns, abstract and 30

drawi ngs), and/or all of thggsteps of any nethod or
process so disclosed, may b conbi ned i n any

conmbi nation, except conbinations where at |east sone

of such features and/or steps are nutually excl usi ve.

gl ERCh PRl Mie i aplpoeq 101 SpBBEELLLEALRON including
including “any acconpanyil ng stract an

athyawk agsppanpinde clieplsacesbbyratt ennat | deat eagsy esmay be

serving the same, 5 equivalent or simlar purpos

RS ox pr Go o Py LETARGA VEot HEAHRE S ThESEVRPesdhe  same,

RRRIYINE Shat egh Rf NeF WisiSpRach uheakyr ecdhbsekased dsated
one exanple only of a generic series of equival ent or

ogiheirwds ef.eafluees. um®e$ﬁeaxnn§ﬂakW1$§ah@d rédervitsed each
ﬁteattu % dcﬁtﬁ osegl né oéggﬁgﬁg SH?%d'o'lEe'}} (qigr\l/eerl'-rirke series

Vet on ex 1o an novel “one; ~“or “any
cdordpjuiatalemt ofr @h&uﬂ&&t&@@&un&ssclosed in this
specification (including any acconpanying cl ains,
abstract and drawi ngs), or to any 15 novel one, or any

TRV ek nGeAPE BAt i5an, et tf@%é%fﬂ%%x9ft%nythHEﬁigﬁbfﬁé of the
process so disclosed. 36 CLAIMS 1. A magnetic fluid

forsgtorent  ¢aviccld ey @dnprﬁbenglaventeast eneenflgi dto any
cha neI 13), the or eac h 3) Vi

é?”ﬁeas génebﬁerlrﬁ%eracmy Iocgg % nagnét % O)tp1 #g%tures
desilesdiei ngindaptedst o coopertieatidh a flinmcdusdppl y 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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conduit (7), so that, in use, fluid flow ng through
the fluid channel (13) is subjected to a nagnetic
field; the ratio of the cross-sectional area of the
fluid supply conduit (7) to the total cross-sectiona
area of the fluid 10 channel,(13) or all of the fluid
channel s being in the range Substantially 1:1.1 to
substantially 1:2.8. 2. A magnetic fluid treatnent

(6) as clained in Caim1l wherein the ratio of
the cross-sectional area of the fluid supply conduit

](7)z$OmépﬁeEQEaﬁﬁﬁﬁ9§3t§§§ﬁmgﬂé|cﬂﬁnﬁkﬁa (8f theidldy at
of the flfuid channels (13) is in the range

Inadsst anbealfllyigh: kﬁ@nnﬁh.zla 3th@ mmgneapb1ﬁluxﬂ channel

reat.ment devi as cl in an rec
it Ret CE T LR R s R A S
tHeaddente doyite éﬁ&pﬂédeal@@6péiat%0mﬂnylpieﬁﬁmﬁ@gsupply
clai mwherein the magnetic field(s) is

UBstEnt (Al ty s&t Fhafit aARglUest %thedfrféWWéflg fqh}icalgh the

fluid channel (13) is subjected to a magnetic field; the
ratio of the cross-sectional area of the fluid supply
conduit {7) to the total cross-sectional area of the fluid
channel (13) or all of the fluid channels being in the
range substantially 1:1.1 to substantially 1:2.8.

2. A magnetic filuid treatment device (6) as claimed in
Claim 1 wherein the ratio of the cross-secticnal area of
the fluid supply conduit (7) to the total cross-sectional
area of the or all of the fluid channels (13) is in the

range substantially 1:1.2 to 1:2.4.

3. A magnetic fluid treatment device (6) as claimed in

any preceding claim where the fluid is a fuel.

4. A magnetic fluid treatment device (6) as claimed in
any preceding claim wherein the magnetic field{s) is
applied substantially at right angles to the flow of
fluid.




