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- 1 METHOD AND DEVI CE FOR DETERM NI NG THE SMOKE PO NT
OF HYDROCARBONS The present invention relates to an
i nproved nethod for 5 determ ning the snoke point of
hydrocarbons, conprising in particular the
ach|S|t|on and anal ysi s of‘&tgltal |nages and a
devj ce

poi HFTHPDaAH9dPB‘ééFBoﬁngDETEﬁ%F%IEF@r FEFu §M%Et ﬁQFNFSOF

routinely determ ned i nHfrbrOCARBOREOri es of

refineries, mainly on kerosenes, aviation fuels and

even lanp oils. This characteristic is an inportant
péhan@teﬁeathQVEmtibﬁinahﬁha&nHQ/aﬂrﬂmﬂtQVEdtmﬁthod for

hydracan Q%gcqmo%oik%n 1ntt her ft&ﬁ?chf'oé‘ rner et%omﬁPlsmg

practlce e greater t rati o,
t he [Werl dhefar bhat %%ﬁﬂé&@@ st énﬁlyﬁhé fifghékoital

t heaseeke spai at d@@@@@%o@anbﬂ%meﬁQEhgr stibe tuekthod.
behaves on its conmbustion. In other 20 words, the

snoke point is quantitatively linked to the potentia
t mamsfenolof padhatio/fe heaiycﬁfuﬂ:aﬂhbrﬁsiﬁutah a@sartbtsristic

h%%t tr QSf %ﬁrt @. %ednflgeQ§$ onggg%atogles of

tenpera ure c parts t he
tht@rfetl@ﬂfeebecomsnaypr@ul dtarwanﬂn,cata@na@flOMefu%s and
| angeviity0fisai d nmetallic parts. The snmoke point

does, unfortunately, however have the drawback of

being fairly difficult to nmeasure. Normally, for

tn%ﬁs ?ﬂm?%@ﬂéﬁﬁ%ﬂﬂ%ﬁi@taﬁ ﬂﬁ@@rﬁﬁﬂt Fﬁﬁﬁ&%ﬂ@i since it
Su e 0 S rdl zatl as e ne

Ga e I ThaRkeR B 1555 RUiHarerid fmpdSition of
etbiev dueyitss ,ursiich asst SIB0b4ackPch? amed NFMGER 028 C/H
t?a%n%bl :ﬁ@et%%%%%%g]n’tﬂ%eQO%%% MBS U SITEN ﬁg &gﬁpound

i he rmal’ly ‘exprésse
ap:@ngsnaecutcm e htighelre Pear e3$1t0]<t@enphl@f3 anﬁ@nﬁesmn@n the

caather optai nedif rosmshes hydr ocasban,underi &8st 1n other
mh%?%%t %%% smoke point 1is quantitatively linked to the
potential transfer of radiative heat and, in as much as
this heat transfer exerts a strong influence on the
temperature of the metallic parts, the smoke point
therefore becomes a predictive indicator of the

longevity of said metallic parts.

The smoke point does, unfortunately, however have the
drawback of being fairly difficult to measure.
Normally, for this, an analysis method is used that 1is
the subject of a standardization (such as the method
described in the ASTM D 1322 standard and its
equivalents, such as ISO 3014, IP 57 and NF M 07-028)
to enable the detection, then the measurement of the
maximum height of a flame (normally expressed in mm and
accurate to the nearest tenth of an mm) which can be
obtained from the hydrocarbon under test without the

formation of smoke.

In such a measurement, the sample is burned in a wick
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formati on of snmoke. In such a neasurenent, the sanple
is burned in a wwck - 2 |anp, also described in the
ASTM D 1322 standard, and the operator varies the
position of the burner so as to gradual ly nodify the
hei ght and the appearance of 4he flame, which changes
slowly froma relatively elongated 5 and25unpy state

wilERPa tac}ps%nﬁea?%’ﬂr}ﬂ%d i atkIWF ght MshokeZ 2t ¢ @rstegide and
i Rhehiogle rake rf |v@ﬁ_ﬁef$eltglhi pcﬁsﬁﬂl@fﬂ erf, tiw thumhdopsengs to

t hat f I twe h t f

Dbl R 1RET hRah oy (ONRCEE s BE WERD HIERopbiRabdTRr the
|ﬁﬂem&edm@n@hsh@@@@esn&mmwﬂﬁrﬁummaW|r@ﬂ@WuQ£ﬂy elongated
elLan gaﬁﬁﬂp§o%ﬂ£ﬁx§h%l%ﬂge§ of,, bﬁ@.aﬁpgfﬁgegﬂﬂﬁvg_'Plght

the top part ne in I ch the
J@@pkévséﬁp@aﬁ%@téhdﬂMWhﬂ?Rcﬁhﬁ;%ﬂim%uﬁ£%$hﬁ jg shorter,

shiight Ly topuraed tMAthol sdwkest il +Sumiedn, tﬂ%@t\fié@rﬁrethese
has th%i?lastFﬁgpeara ce that the operator rec rds t he

15"Rei ght™of St-Re Fr € 0RPETEEA e HFaHuELES | At i Roulsh
pmwbthmﬂ&ﬁ:iﬂ&t@emaddaab tﬁﬁﬂﬂaﬁk okriche | @mpt Theing an
f' ”%Eg‘é%' ﬁespofn}é“e ﬁﬁ%’k%d ai.nt, ié‘ﬁd Egeaﬁsheco%%e in

er ana e averag je o ree successi
né@@urtemem@rt cahdultatedrtco JtrheWhnealn esheQpp imped20@1thehas
"ﬁh‘%‘%d eﬁsgﬁgég&bag the S%K@hPOEBEmSaS dekipgd 1 Phat  is

22 standard, |ike al he anal¥5|s
n§9H6&§lWﬁfQ4ﬁ@€@yWéthHBés IﬁﬂﬁkveFt Have" ' EHi tHdS ohkame
i natsertrms_ Olfas%?CéJpS@@é/Karﬁ@é NtY¥aduehto dﬁ&a&sﬁesmds the

d ffi |% %g he oper at or, articular
?ﬁﬁ t he'd §|oﬁ 2§67 j utdge ?heSE%E?ecgr%gB%E?gnc%n i
boﬁhelbhade imstde diangl &0 tthes&mmﬂardf allsopat The

t%%ngﬁn%%Hd@“%ktEﬁ%hshggé Eh&% 1%%%'f%£“§$%”§9mple
vi sual | on the graduate P ractice
g@@deQuapnﬁQyéﬂSthéSneébareﬁﬁﬁrase o@fththrﬁ@|gﬁ@cce881ve

r e@uisheenmRakti cubarprecedutakhe nearest 0.1 mm.

The method of measuring the smoke point, as defined in
the ASTM D 1322 standard, like all the analysis methods
of this type, does, however, have limitations in terms
of accuracy, mainly due to the assessment difficulties
of the operator, in particular when taking the decision
to judge the correct appearance of the flame, according
to the standard, and also at the moment when the height
of this flame is measured visually on the graduated
scale. In practice, the good quality of the measurement
of this height requires particular procedural
precautions, the application of which depends entirely
on the operator. Thus, the repeatability and
reproducibility of the standardized test are

respectively 2 mm and 3 mm.

The Applicant has proposed to remedy this difficulty by
replacing the eye and the brain of the operator with a
technical system of acquiring digital 1images mainly

comprising a digital camera, or an equivalent of such a
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precautions, the application of which depends entirely
on the operator. Thus, the repeatability and
reproduci bility of the standardi zed test are
respectively 2 mmand 3 mm 35 The Applicant has
proposed to renedy this diffiTulty by replacing the
eye and _the brain of the operator, wwth a technica
PerPof FEHHTi ngRdi gt a@sﬁ’?ﬁg%%e%f?ﬁwu*:@érrpsry%ﬁ% tor
aadbgWFahgcaﬂﬁﬁagpfgcé@BE@@IWﬁkﬁg@t@&e$UChlglta3 images.
ital caner and_ an_associ.ated conputer,_ syst r
K 2|ng an&:proce%s?Eg the® s%o?ed g&glt&ieynage £Perent
thevectethetdnst|3ﬁﬁpsﬁnngfoftﬂhe dfiﬁmeentbetween the

CQ@&%%H%%E§I'§1 éd rﬁﬁe ﬁﬁ?gwﬂgﬁﬂ¥e§ﬂthh%15t8p end

rel atively el ongated wth a
ginivagJofdth @1gh%g%ﬁn@§©&ﬁd @%@ §@@te5%@%%eﬁﬂﬁﬁ§n&lng a

shobtekrf | anm el ghyn w khtﬁ taOPtc%‘deﬁHa‘ﬂ:hla% pey feettyctly
rounded, is subjective and is.ill U|te to the norma

useupfe g’cc}r?ptﬁ Jepﬁtdg‘fean?%rl%né zuSHé §Ad Y odEssimgraet
10sdi gift a ¢mm@@serTbeO@pQM|¢amtamaﬂn&ﬁjnpcmmieﬁfmw@951ng

“%Tglt%%s E%ggg tha&?ﬁ §%5§cggky’ ngegse ?éhsufgsgarch

€m assocl 0i ce of appropri
pafpaﬂmt érss ahourd c@haéet sealbirbrsatmiady, wowt dusekefi tsuch a

p%%;%%%lne té)s§<9@££@&&“ aerl)th' ncgeastem;lrtee ac%lfr acypQf ot Peate

hod and obtain the snoke £0|nt of
h?éFé@ﬁFﬁéﬁ Yrderd t €SLTBGE W b®¥a¥h%nprdﬁﬂgﬁioﬂa$ﬁe it

subjsecbinwi ty Bfedthe-operaf oincFbgssubhectRfurthe of the

inv t|on nsequent | nmet ho 20 for
GBEEPREn i+ AECARBhe ol BEoRF Bt ofhy s, hydrocarbon
c onpleirs itrg tartong WhEh@mthhenprsbép&.dﬁfHﬁeﬂ subidetivity

A gNkRFﬁgﬁérg%ggdard or its equivalents, the

ent tion, anong different appearances of the
flane according to the position of the burner in the

The subject of the invention is, consequently, a method
for determining the smoke point of a hydrocarbon,
comprising among the different steps defined in the
ASTM D 1322 standard or its equivalents, the
identification, among different appearances of the
flame according to the position of the burner in the
lamp, of a particular appearance of the flame and the
reading of the height of this flame on a scale
graduated in mm, characterized 1in that a series of
digital images of the flame is taken and stored using a
digital camera or an equivalent of such a camera, at
intervals that are sufficiently close to enable, by
analyzing these digital images, the detection of a
sudden change in the shape of the flame, and that the
height of said flame is measured at the moment of this
sudden change in its shape, salid height Dbeing
considered as the smoke point of the hydrocarbon under
test.

Preferably, the digital camera will be equipped with a
photodetecting charge-coupled device (CCD). The image-
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25 lanmp, of a particul ar appearance of the flane and
the reading of the height of this flane on a scale
graduated in mm characterized in that a series of
digital images of the flane is taken and stored using
a digital camera or an equiValent of such a canera,
at 3Q intervals that are sufficiently close to enabl e,

b&aké'ﬁgl ylz%%ri’%%e %Fi]di tQFeifFrﬁ@E?%,Y the fsetasonlof aand
sudderccbange | naitde shapepeftibelilametandeit hab.the and
hei ght of said.flame,.is sure t the monent of this
Guinkcghnna, tkl 8wk TR LRGP o fln 1B es
codsiidened as thefsmeké vpeitnteektt kguhyditocaPbon under

test. Preferably, the digital camera wll be equi pped
with a photodetecting charge-coupl ed device (CCD). .
TRES ndgeltalh Ifa@kiond dkater vaPSr I Pipr efet alblhy benalysis
behweehr&:ds andy 30 gacandsmaghd idh PagtheUkar the image
between 0.5 and 1.0 se%ond. T e($unber of di. |t%1

i TRGES SEPIEABH &t i B8 of Phmgddidsd p?%@%?%bﬂﬁ de shape
| edgstthequdlantco ak@ brefhe atilgr teal t dmmaget tiaking a dedicated
og%f%&gggs ggq %Ee anal ysis and processing of these

[ § Pdent

;
i mages y the image corresponding to the
first sudden change in the shape of the flanme are

preterabliy automyed, HStRg %fn@%ﬁi cRtedq ﬁr@%&%\%‘ﬁlg the

package. The various steps of the known netho ,
nEASKF NgCthe  Erkes i nBPEVScudBed Eboverghd to 1 the

r efresf@edet ad nthbe inpleeanilee tt and hend ndependenta rratdhpdout

olal MyeCaog U 15 L1 L0 Pooedul el SoNdL 1UOAR 1 132

eguievakent, s praiésasagfidvbawst s( aprpr eparondoand

CaRCLELLE9 R A T O g g, ST g0k Bining
the smoke point as 1indicated 1in the standard,
points 9 and 10,

(b) fitting a wick measuring at least 125 mm, soaked
with sample, 1in the wick-holder of the lamp's
burner,

(c) introducing 20 ml of sample into the burner's tank,

(d) screwing the wick-holder with the wick onto the
burner's tank,

(e) cutting the top end of the wick so that it extends
above the wick-holder by 6 mm and inserting the
burner into the lamp,

(f) lighting the wick and adjusting the wick until the
flame has a height of approximately 1 cm and, after
a combustion period of approximately 5 minutes,

(g) raising the burner until smoke appears, then,

(h) slowly lowering the burner until the flame no
longer gives off smoke and presents a top end that

is perfectly rounded.

The steps preliminary to identifying the sudden change
in the shape of the flame are strictly in accordance
with the ASTM D 1322 standard (in particular the
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20 (b) fitting a wick neasuring at |east 125 nm

soaked wth sanple, in the w ck-holder of the |anmp's
burner, (c) introducing 20 mM of sanple into the
burner's tank, (d) screwing the w ck-holder with the
wick onto the 25 burner's ?a (e) cutting the top

end of the wick so that it extends above the

\Rj ST hDoIlCBéZrZ—@y' 6 smnam:d)nserqﬁ ngentde obur hep | Aeghnheal
| %tQB'I’V&t(f tl g@# ﬁ a%@e@dlﬂ@tdé’@cﬁ% WM SKgetail
un 30T ei ght of approximately 1 cm
md:e afllerthe p,@m@aéprr@h ﬁ@ndé&l@marﬁm%x%%%wmsasures

%L ,1&£Bo§§¥51éuk6f@b%&%éﬁﬂyL&ﬁt£y86@keta@pﬁatﬁod of
oW y Iowerlng t he burner until the flane

rﬁ?tQQﬂﬁﬂﬁnggF@éé sHFSs ke land presents a top end that

35 1is Perfect Ihy rounded. The steps prelimnary to

identifying the sudden chan

ﬂﬂﬁhéﬂﬁﬁé g???%?€§n9nl§cg%? ancé’n %%%%ﬁ%ﬁgfﬂééﬂ%E£3%25he

s\tlaﬂdamﬁ tha pampi'eullarride to50bASTM B 1Bpgn®7no longer
ere%{d%fforsﬂgﬁeOf eSCFJ 1Cqly equiy¥pl etk$, 3t is

s no need fo in detail here all the
pﬂrb@dﬂrﬁal eowdded ons odnd %%ﬁ et jefBadur & nBRFngPreEsent

ggfiﬁ%ﬁf%ﬁ‘J%%?fé%%LYh@@éﬁ?rOﬂioﬁhﬁhﬁebBQ&e@bonalng step
ni ng € SnpKe _pol.n t | St

ndPuaffy tGradiairyd| Gkeriity P-ﬁrgﬁ &n ggzg CJlaﬁp

bty dxer thet obt as',emﬁesﬁl atfe digyilterigeimagevi ngi offfe shbkwe 1is

%ggpﬁégﬁgp%%gggg eggquﬁ% I§t&9 é'&@@%kg%rﬁﬁﬁggg’are

"present  invention
mmmmyﬂedrmsnmmeamoappsppndahg smepe @hﬁl@ﬁlﬁh§Yﬁ§€WodSO

% the @éTMﬂ@e1%%? ?&QEQQrQrQ% tihe rfachakhatmanseghes of
dr gi I mages o ame is acquired and
stlor efllampdthak doeredadi Jlis ¢HageBOApe 1n other words

the smoke point of the fuel under test.

Figure 1 is related to example 1 and is a graph showing
the burner position relative to the Feret’s diameter of
the flame, and

Figure 2 is representing the grey level value of a
pixel 1line passing at mid level of the flame,
perpendicularly to the vertical symmetric axis of said

flame.

To understand the invention better, the Applicant first
describes the visual assessment of the maximum height
of the flame that does not give off smoke as provided
by the ASTM D 1322 standard, by here providing a

partial transcription of point 11.4 of this standard:

11.4 Light the burner and adjust the wick so that the
flame has a height of approximately 10 mm and leave the
lamp burning for approximately 5 minutes. Raise the
purner until smoke appears, then lower the burner

slowly passing through the following flame appearance



15 anal yzed using an appropriate i mage anal ysis
system so as to be able to deduce fromit the
maxi mum hei ght of the flanme that does not give off
smoke, in other words the smoke point of the fue
under test. 20 Figure 1 is Ttelated to exanple 1 and is
a graph showing the burner position relative to the
reset:' s diameter of the flanme, and Figure 2 is
representing the grey level value of a 25 pixel |ine
passing at md |level of the flane, er pendj.cyl ar | y--t
1tthet Mer ta calorynmeetitr axFEOHE sgﬁakeylaﬁégl%ge' £ldhe
S theydpvention better, the Applicant first
6%%%§%§%??g%§h?ﬁgpvisual assessnent of the maximum
hei ght of the flane that does not give off snoke as
proyvidedn by dretASTME A322ishanddrat,albyedgpe that are
providing a partial, tra [ ption of point 11.4 of
@?W%a%?agﬂ%?ﬂgsB%hﬁlF%éL?gﬁéﬁgh%Pburner and adj ust the
wick so that the flanme has a height of approximtely
and. | e e : LRgst orcapproxandtiehnyg 5
ﬁfng?%sPoﬁﬁﬁgé %@ j%%?gg%gﬁ%Fil sanke appgars, t hen
| ower the burner slowly passing through the follow ng
fl ame appearance 5a - steps: 11.4.1 a |ong point,
snoke weakly visible, flanme erratic and junpy, 5
11.4.2 an elongated point with |ateral edges that are
concave towards the top (flame A), 11.4.3 pointed end
just disappears, leaving a flame - 6 that is very
slightly "blunted" (flane B), 11.4.4 a well rounded

point (flame C) . Determine the height of the flanme B
to the nearest 0.5 nm Make a
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5 note of the observed height. 11.4.4.1 To elimnate
parallax errors, the eye of the observer nust be
slightly to one side of the central 1line so that the
reflected inmage of the flame is 10 visible on the
graduated scale to one S|dé'd?'1he central vertica
white line and the flame itsel vi si bl e agai nst

tﬁ§a5tH§rV§F§eSéFgPﬁéYg Q&H&F@@”sééﬂéme Phe results of
the two readi ngs should be identical. 15 In the nethod

e present i nvent the techni cal .. systemfar
storlng and S%%Iy2|n§k?naags use@%t re%facz)%Fﬁnunf the

ohetib&tobsker vee g@ﬁm@s Bottlv t bhdetreranass t ed mpmeiake a
%@et%% %hga?gge gehgq 5%sponds to the "flame B"

the stan asure as accurately as 20
p035|ble t he hei ght of thls flame B. Analysis of the

dllgl mag |1h”BJQ£Se§ix@£1@§te\é\hp|a@a%ﬂ@xgl€ﬂ&{jrs,| sthei Bge hof the
re that 1's acco ani the re LN the

R R UL LA I s B pahyeral

|m1hbe shath@f t tiee f | ranel], e d thad |ﬁmagduaofapp63raﬁ¢emef is

t I ,+,COrres ed, t udden _cha t hat
i§€§a% eﬁgl 9 %&%% %' gagl§ ?gduc $02§2¥3 % the
Feeat rdllamé@ ebioflt hfél lltn?agél o¢ tdel fhanel ldre Eérsetl f 1is

di,auetet QfyAmb8rt beheduak gLookhg 30 distance scale.
bet ween tmo tangents to the object, parallel to each

oflRér I e&Md tdePitnith§ 5W0aﬁ§ﬁ€l§gﬁeﬁQPP&@ b6 iHentical.
hori zontal, this angle being sonetines called

"di ti t of t F di t

(6 gt brerEoRor Ta T oFES=Phr o L ERGACE dapEndseoRLcal
35yshemarigire s&od&hgn@@cb)artdilegztlar@gem&q@lmed/etds ord¢mhkace
hepi, ZO&e{?‘hof“ﬁh‘@ Ly é‘f%é’ Q%rk}%‘éefk%t%odtéh%{e’t it the

case ose di rensi ons ar
negggnéd whehe tlies tvamdéd le 7 1oyt mqwn%g@t@hq o flame

the flameppakalh@ird 0 €36h to measure as accurately as
possible the height of this flame B.

Analysis of the digital images stored while the burner
is being lowered that is accompanied by the reduction
in the size of the flame, has shown that the sudden
change 1n the shape of the flame, that 1is, the
appearance of the "flame B", corresponded to a sudden
change, that 1is easy to detect, 1in the speed of
reduction of the Feret diameter of the image of the
flame. The Feret diameter of an object is equal to the
distance between two tangents to the object, parallel
to each other, and defining an angle o relative to the
horizontal, this angle being sometimes called
"direction of measurement of the Feret diameter". When
the object is not a circle, this distance depends on
the angle a defined by the tangents relative to the

horizontal.

It will easily be understood that, in the case of the

flame whose dimensions are to be measured, the distance
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other and to the horizontal ((x = 0) is equal to the
hei ght of the flanme. This is why, in the description
bel ow, the height of the flame is sonetines called 5
Feret dianmeter with angle a = 0. The analysis of the
I mages as such, mhether ana1y&|ng t he shape of the
flanme or its hel requi res an__additiona

op&LYEFON, TRl Itéélqetnﬁrsesﬁ%l dififg" ToPME0 "R TR ISt itenneach
comnvient iomal ty used héranahyzl ngoard 0°pr ocessbigl to the

di gi.t al g is thr sholdin erati n nsi sts
ih%§g$Flﬁg?tgﬁ§ero%ﬁq |XSI kHg\/lng g: gr%@ ?r%%Tlon
I @séowraant}ae ceérdiaiht valfuetheal fledne " tilwr eshokd'ipeandce bled

ﬁ% Bga[ale%glrswg@w g 3.Val ue°15 above the
eshm

I'n practice, "a flame is a physi cal
phenonenon characterized by a | ocal increase in heat

an.r@hel g1 vd i ensi ttyle Alrtheughs & heubunanesediel Leyeszing
% can O dlSt% falrI% cl ear and_precise fl ane

ottFi ng ap(t"‘heo 3’1 ﬁ%e Ph t¥rie 6% nf# ay F&eVBfS§cof o
aaﬁham&onshoms dﬁ&ﬁaﬂﬂumw ncreaseéedn leﬁMrestmuﬂn@y'is or

CQ%HB%%?%%t?%ﬂ"thaéoéggéﬁ%éﬁa?lg Q$%%£ %_an g%iﬁg and

i ncreasi ngl i nesse 'S brlg .
compicrgist.pgappedrts lcl aadysi nThiigu rtél@amlchmg operation

represents ;d h%e\é%h%% OEot he gray;{ evels S ﬁixélé' rewfhg 2
pi xel s £a55|n t through the flane,

péﬁfﬁé(ndl aY at tolestshe @gﬁpl caf aﬁ%rtﬁl%ynﬁétliﬁ'of called

Saftﬁr%'s&@@d"30 dihe s;@dd;en achangee i pitdke sspeeding a value
%8ct| of .t he ret dianeter, corresponding to the
ewﬁpgﬁShPﬁ ““flame B" appears, is preferably
det er mi ned by dlfferent nmeasur enents of the Feret

dﬁ%UEt %%E gle fbﬁgat 'S oéhe$%§%%%aﬁer hgﬁéﬁenon

angl e never t eless as a relati I 'ow va .
pﬁ@ﬁéﬁé@ﬁylzpéssbyh@n 4scaki glm@eﬁ%ﬂ]oo\@ Fert foud light

?%Eft%h%@tty anghesodqh0, t48, B6nand Q0. Hbeityend of can
d?st?%%ulsh a fairly clear and precise flame outline,

the digital image in terms of gray levels of a flame
shows that the increase in 1light intensity 1is
continuous and that there 1s a gradual change to
increasingly higher Dbrightnesses. This brightness
continuity appears clearly in figure 2 which represents
the wvalue of the gray levels of a 1line of pixels
passing mid-height through the flame, perpendicular to

the vertical axis of symmetry of said flame.

The sudden change 1in the speed of reduction of the
Feret diameter, corresponding to the moment at which
the "flame B" appears, 1is preferably determined by
different measurements of the Feret diameter at an
angle o that is other than =zero. This angle «
nevertheless has a relatively low value, preferably
less than 45°. Figure 1 shows, for four different
angles o (0°, 18°, 36° and 90°), the trend of the Feret
diameter (in 1/10 mm) according to the lowering of the

position of the burner during the step (h) of the
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diameter (in 1/10 mm) according to the |owering of the
position of the burner during the step (h) of the - 8
method. On the three curves respectively correspondi ng
to an angle a = 0, 18 and 36, a break point is

observed, indicated by an atﬁbMI where the sl ope of

t he curve (reflecting the speed of reduction of the
h8PGhPIs S tHee f FRRBT CHANGEs ‘StiRfetiy7e Hihi SObf @aronding
peiont ar ang‘lai da eonrespodtls 401 t Be “nonentomhian phent is

flane is a ane.B in t he sense of .the
s?gﬁgaygd’flndlca6F30| e poﬁﬁﬁQNt(ﬁhﬁ%eﬁﬁﬁ?nefmﬁtOf the
mKMEVBeGnaﬁi¢dﬂung tHeorspeednglf e radacg00n( Eer ethe height

%WEE L Gany tn%%poeﬁalggego St dde i dih ; of gf@dﬁ' ameht or

his characteristic 0|nt i's not observ
Aftfeﬂddetfétltﬁerﬁmgﬂct%eteoéqaa GROTBRTE heyhBr riere 2lame is a

cenkespendinng Heo ddhesd |mecrod Avppo r@m;tjwzez gfhtart&trd for a
15 off snoke_ (flanme B sec he absol ute

givin
hé’F&ﬁgSSf RS i | S eb oF iﬁedI & HOtH
ampmopﬂtaaegleourecgmdmsE@m@@sdﬁhﬁesemk&qxndﬁpoﬁBth to

dkeEft%' u ?dgﬁ" St °f the HE%W OfahEBe f% t»?sit%Q break

erm ne with-a sca
whicght iis pattObﬁetﬁedlanp descrlbed in the ASTM D
1322 standard. In the known nethod, the operator
directly reads the height of the flame B on the
gﬁgéﬁétedd§E§F@lnlBBaceghBehiH@Séatanflaﬁé, t Bkfng Pwerer

pE@@@t@%b@ﬁalaé itaditgat QQ&JH’? R gﬁaﬂﬂqluﬂn Ahdigitn rﬁdﬂ@b?lving
I nventli v nme raaguar.e SCal e SnO VI, Sl
OREEnCT G b D hagE s o G iarmt 5t oPBaoDy End At OF
ditgiital £ lcarrer s Theeerimgéinghit wdiidine fi!faﬂ’e mist appropriate
C%@%?%‘é‘?mbbé bgfqu%%ert?f' ned By %Létpl?' mposi ng the

gi tal ["arme “on 0 digital imge of
the graduated scale (calibration inage), taken

| ndependent hye by,2ibe COP appar ﬁéh!?hf:r%’@ @Rl dendical s
pd%t%&%gnegu%yl%o&%%r%g%quftfytg a graduated scale which
is part of the lamp described in the ASTM D 1322
standard. In the known method, the operator directly
reads the height of the flame B on the graduated scale,
placed behind said flame, taking the precautions
indicated in point 11.4.4.1. In the inventive method,
the graduated scale is not visible on the digital image
of the flame stored by the CCD digital camera. The
height of the flame must consequently be determined by
superimposing the digital image of the flame on the
digital image of the graduated scale (calibration
image), taken independently by the CCD apparatus from
an identical position, but in the absence of flame, and

with appropriate lighting.

As for the detection of the shape of the flame
corresponding to the flame B, 1in the sense of the
ASTM D 1322 standard, determining the height of the
flame also entails a digital 1image thresholding

operation.
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with appropriate lighting. 35 As for the detection of

the shape of the flane <corresponding to the flane B

in the sense of the ASTM D 1322 standard, determ ning
the height of the flane also entails a dlgltal i mage
threshol ding operation. - 99|h practice, to

determ ne the height of a flane, it is necessary

first to decide the light intensity from which the

f fampkegiing., T sdeechsion ahountsghe bSrfset tfilngheg it is

th hal d I I hit i

cOReEaarey hatoEhere 14 AR anahe oW GRTERCY, Trom
| ghdohsi déred ftlkate t Hergiriss nd'flamededis foguran@inthe to
C'%%%% EhresbﬁigsﬁQI&e%EQ%gs fé%élhevéj?&@?df%?ﬁ'gzg{?{aiﬁdeh it

|ne arr ows mts o

10 sf 6PTERIOSTERY &518¢] dheTife 1 fof ifchATtSy 135 bl Thoosialy 1t
tﬁ@ thresheld o arhe used: 189 praetige,. the ﬂggﬁee" 2 hethe

sen thresh the | ower the abso] ute val ue. of
R By A e T FarbiSBoRAE: ) Fhbe ohrahater Sintal
b&dn@ESTHHuﬁfu¢W$pA|ahd B htaashotide that tksoft the flame

t hreshaol. s the absolute height of the flane
Igag Q% g Eﬂge coﬁsect snoke point of the fuel under

t est can be determ ned wusing one or nore standard

faele i xEeres; (1t1%| ueng/ g, Aritdd ”%BBVHF}%%@M f8r pe
which the ASTM D 1322 standard i ndi cates the snpoke

p&ﬁﬁ@. ﬁﬂ'PQQﬁE%C%rc%@?eE%B?an§PﬁIQQ9%ﬂﬂxﬂﬁﬁ%E99%ﬁ is,
used towepr Q@@%&&%rti@&&fu&icm tiale in@OES: O f athe flame

c stion st andar,d f uel nd, .
a%gg an’ 25! ap%?bpr?ggﬁ th esﬁ%?ﬁ?%ﬁsope&EFlona%%rOPrlate
I ntreaheddabovéat t hes,di gilteal tihwegehcclal r espondi mgvé®  the

tﬁ%s%‘ig%” k?é‘f‘é‘@@ 2 H?% g‘ﬁ%?%egﬁteESQHﬁt"@@ %et Neorrect

I amet er sel ec 'S rmage
S@@p@@téunﬂd:aogeﬁﬁ@g pfel under test can be determlned

using one or more standard fuel mixtures
(toluene/2,2,4-trimethylpentane), for which the
ASTM D 1322 standard indicates the smoke point. For
this, a correctly installed apparatus 1s wused to
produce a series of digital images of a combustion
flame of a standard fuel mixture, and, after an
appropriate thresholding operation as indicated above,
the digital image corresponding to the sudden change in
the speed o0f reduction of the Feret diameter is
selected, then this image is subjected to a series of
thresholding operations with different thresholds and
the threshold that gives a flame height equal to the
smoke point indicated by the ASTM D 1322 standard for
the standard fuel mixture used is retained. The duly
determined threshold must be retained throughout the

series of measurements.

To complement the automation of the measurement of the
smoke point of a hydrocarbon, according to the present
invention, an ancillary continuous servo-control device

between the position of the burner in the lamp and the
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t hreshol di ng operations with different threshol ds and
30 the threshold that gives a flanme height equal to
the snoke point indicated by the ASTM D 1322 standard
for the standard fuel mxture used is retained. The
duly determned threshol d nmiSt “be retained throughout
the series of neasurenents. 35 To conplenent the
atfoREEToR Y0P It RS Eremen Yot teh &l Eiivkle HITH® dfaly P
hydseeanban, taecandhimg tioeihe phnesent daweenidoitid@ted at
a ciIIar% Cc ntiqgous servo-control device et ween. t he

&f %e{

pSdITT PO Sf HE bur hBr 11 the f aiy dRd theol f0 oo ric

t mogger.i ng of i mage-taking by the digital camera can

be installed, the burner being in this case

positioned at different levels in the | anp by neans
offnasherect e CcloPér L5 ARGERERCsubjEdItism t he a device

pregente HaaRtinen tirfe asklerd CBoiher odeterdidighdteh fuel,
snoke poi.nt of a hydrocarbon fuel, conprising: (A) an
appafatds™for determ ning the snoke point 10

cdaform ngooartaheisspetaf | cattonsiont nyhe tASTMddi322 point

st andar igital A, ef e y
di gi tnggg%@%,g qgn&,h%l Siiden ocagcgluod”{:gobnﬁer%}?e (%”5 D 1322
conpuséengystiem desi gned and progranmed to enable 15

diightal Jinpges taken by therdighial ;camer aipbe camera,
stored, analyzed and processed. is device al so
pr ef ePBBV y L&BKBFi §essandarelmerafrared filter placed

be(_tcweanxblfm@u%@@ﬁrs@tg_@mf lere ﬂ@r@dﬁdﬂggaﬁ&%r%@&cﬁn@dﬂeenable
p0|nt LA a I he |gt caner . a |1 C serves
Do | RESPAEAL CHETSR ChFBa7r o aLPon Hiiitdd Bytethe fo be
f | amesthatdwoahdlgatdr ahd phecesagds and render

This device also preferably comprises an anti-infrared
filter placed between the apparatus for determining the
smoke point (A) and the digital camera (B), and which
serves to intercept the infrared radiation emitted by
the flame that would saturate the images and render

them unusable.

The CCD device digital <camera ©preferably covers
wavelengths ranging from the ultraviolet to the
infrared, but models covering only the visible spectrum
or the visible-UV spectrum can, however, also be used.
The use o0of an anti-infrared filter then Dbecomes

superfluous.

The dynamic range of the digital camera used to acquire
the digital images 1is not a determining factor. To
obtain images offering a satisfactory resolution, at
least 10-bit CCD digital cameras should however be
used, making it possible to store digital images with
at least 512 gray levels. 16-bit or higher CCD digital
cameras giving images with 32 768 gray levels, or more,

are particularly preferred.
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t hem unusabl e. 25 The CCD device digital canera
preferably covers wavel engths ranging fromthe
ultraviolet to the infrared, but nodels covering only
the visible spectrum or the visible-UV spectrum can,
however, also be used. The tde of an anti-infrared
filter then becones 30 superfluous. The dynam c range
of the digital camera used to acquire the digita
[ rmgescins daeti ta 1detsefgrianimgrfaadtyorconkri 8 ad nieddmgesd is
offer| § sakfsfactory esol uti.on east. 1

I

t 35 | b|
carmer é?s “Shou dﬁFi;ﬁaorv\o/exvleraztbe81 ﬁsed t?m%lg %rom
p@@sl blc'an}b00§t oteedigitcadativrgésrwi C&ehtelattlmmt tﬁ:ez smoke

glb@inltev%lh% z]o%np fs ofh(%’égggf QGD qi)] Q' tteHe %é(@sdlgltal

giving i ma ray levels, or nore,
parﬂﬁg@mcmgﬁ;al@rsefféw efgnage 1<1f qfﬁé cep dmcwt%maale of
neneal dypL0mid sesra d@é&'ﬂn@ﬂﬂlﬂgs taba%@ Bodihstange is

of approximtely .5 mtfrom of the
o EPB 81T G i il W5 TheCRMDREDE. o e e ZooH a1
ISambeB Setels itshat td hehst draegh, dirghit ato ivemge eonteadmstwo

f ag'ggge oheal %Q%i%@%%g?d?%‘?a%ﬁisf 59%:?88“?5“5 in
OI‘ eterm ni ng sm)epln.l IS ssen
t ké feeltat ithe pﬂmem@mbfcm@imdﬂ:mtamak@@mﬂa possible

r%bakk%%éfbt@ﬁelQﬁ&fé?gnﬂos¥§2¥db@%%ﬁgétg@dehe smoke

i mages. The invariability of this position Is,
ePPagt, ‘farﬂélee%s%ﬁ%iﬂéﬂra*é%ﬁdlftrloﬁln Tt LAkkes -i tf fpos%@%?%erf
t @heomRayie ithe i ffies ent gstor edanarges ranthd h@o@ﬂog@ttlng

t I | t d f the | att )
R S b UL SR B PR ot AR

15inege alft erled gnadiver¢@nsty]eainewhealddweatdcorn i mhgame)
(bg%gggg ohhe gragggh 8acale in the absence of flane)

an and nust be ac G ven the very high
sensitivity of the sensors of CCD

Given the very high sensitivity of the sensors of CCD
digital cameras, a certain number of measures must be
taken to ensure a good image quality. The different
protocols for calibrating and eliminating background
noise are familiar to those skilled in the art using
CCD sensors and do not need to be described in detail
here. As an example, measures ensuring a good image
quality, cooling of the CCD sensors by a Peltier
module, 1in order to eliminate the formation of so-

called "thermal" charges, can be cited.

The present invention 1s illustrated by the following

exemplary applications.
Example 1

Validation of the method according to the invention by

determination of the smoke point of a fuel mixture with

known smoke point - determination of an appropriate
threshold
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20 digital caneras, a certain nunber of neasures nust

be taken to ensure a good inmage quality. The

different protocols for calibrating and elimnating

background noise are famliar to those skilled in the

art using CCD sensors and dé2not need to be descri bed

|n detall 25 here. ex anple nmeasur es ensurlng a
enrnﬁg“téfln&uélfﬁstt;?ll@éioﬁnﬁg OF e (D dhJbr & byAlp and

Pehtel eﬁevmceul &codbndorglertd o teld npratentheifioenatonon two

of _so- led "t hermal"_ char can be. %lted 30 The

S,
pF5§55F5|n§en?lone?s |??€%tr e&?@ Fﬁg 8llo ﬁ%es’ are
exefrpharyt appl cecabiohson BEXdmplce Qfs&ivmhxdateonabf16ﬁeiby
”%'i%eac%% di f'&l!%@neh ahpvenddon by @%%%@ ”%ﬂ 0“2 0%, 4-
t he snoke point n1xture W th nown

p@ﬁﬁﬂeihdépéﬁﬁﬁﬁﬁtl@ﬁﬂﬁﬂ*ﬁﬁxhpﬁm@b$lQpéntthﬁeeﬁ%ﬂ@m the

1ael@k&ebfhwﬂl% iiRstald e 1and @u&g@tﬁd dheoMiLkee with
I%gg and deV|ce accarding to the pr
n

B o SRE e e e it T REPAN name; b o322

|@age@arare RBakeh obna aardbusdigontél amenefgesd m olbtuiened,

OE %%14%’ %u% E%%% f t0|LgH} §H81&§‘y Q¥EY§L¥£§ gfequal
2 pentane (reference SHo oint:~25. 8
mﬁrp amromﬂemgwﬂlsof lwhi ot | sher amﬁﬁauryenmﬁucedngﬁ of the

age@r dance, i th -the protogel desgribed x}a!ldéo' HE ]ﬂeo‘b a
of the ASTM D 1322 standard. Based on the ital

| FEGES 68%aﬁ@%dvaigeppévﬁﬁu%l@e%%%J@é?@@tﬁé é> the flame

t hgesheldicy afora v ahdgsessabnet elae@t%hrr&t esfy t]1r513( same
asurenent r

e o R B e R LA I b 65 ' PR R ot e i b Yion
t be& FehetkﬁuaﬁBLeromf hbeef |@necissl pl otadced,rdiorg ato the

”‘?ﬁ%&regﬁg@e‘}' rect Iél%e%t g:fhta:f]n?e 1%3”%61 }Eee&?tofj 95'5&8{1on

equal accor posi tion t he bur
opfnotee phecisel pf a@c@r@ﬂﬁ@eteﬁ hebserved for the lmage

number 4. Various thresholding operations are then
applied to this image and the threshold that gives a
Feret diameter at o = 0° that is the closest to the
theoretical value of the standard (25.8 mm) is
retained. The duly determined threshold of 4000 gives a
Feret diameter (a = 0°) of 26.2 mm for the first series

of images and 25.9 mm for the second series of images.

The software for analyzing and processing the two
series of ten digital images, used in the present test,
is supplied by Neosis, marketed by the name Visilog 6.
The threshold wvalues retained and the values of the
angle a for the calculation of the corresponding Feret
diameters were determined previously using different
reference products according to the present invention
in the procedural conditions conforming to the
ASTM D 1322 standard.

Example 2

Repeatability of the flame height measurement
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i mage numnber. A sudden change in the speed of
reduction of the height of the flame is observed for
the i mage nunber 4. Various threshol ding operations
are then 20 applied to this inage and the threshol d
that gives a Feret diameterldt—a = 0 that is the
closest to the theoretical value of the standard
(25.8 mm) is retained. The duly determ ned threshold
ofri400@ @bweseaacEe&atn@iaaetaé @avenﬁﬁoﬁfcaﬁp21ﬁﬁh6®r
tge first series, 25 of. i mages_an for th

E3nd serfe ot “FimgdS” Tﬁ%aggF%m%re'§d? aﬁgpyflnnglnt

and paocesgﬂng thethaoAS§ErDe33®€ SEandagdtal i mages,

useqg Ln £8g P f‘fﬁht dS SupR;i Mo th
nzrgeted é§nane 3§§ :%g 6 SOJT e t fes ?’ v .
vaIueéOP@talned and the values of the angle a for the

cakguhatiken afo thee ca&g%a@ndjamar%er et c@m@m@b@r SviWeS ethe

det erm. ned previou usin ifferent referenc
oy 0aut ST aeBoran RGTtHat e FELEHED nbuntin 3 npEal led,
pr ocedapableondi t sonsicgnf armaIng itray t heen 3P rASEMng the

1322 d. I t f
o1 ght. OB acur SFEE S, T3 TR S devi's o B ol gt e
the i aeéntion conprising: (a) an apparatus for

1322%%1”9&93ﬁﬁ%%e%'ﬂﬁte%%%%ﬁ%é@w&@ﬁ §§T'VEPP§1 ,

standard, 5 (b) igit camera
pF@%ﬁ@e&WQQQ§%%V%o%ﬁ¥l%%) Fefkedt ofPHE &%ﬂ%@ﬂl lmages,

camf@r a, a @neDrPUt er reisth cthee1Vi sidogrbssoidiveie to  four
bl.i_shed by Neosi |n§ﬁglled, c ab{e of storing,

|
élfﬁFﬁ&tt he ejp?%ﬁ%ssi t fe 10°BPYPra?"i e~ of a
ohygmoabmbgnfﬁmnwbhea@b@&t&b.caﬁﬁfadulandMXEQimﬂd digital
bb egf%?re%ﬁ@ dp&%9%91ﬁ1 %ﬂx&. 45@10n with a
ﬁ g successl v ser es eac OUI‘ glta
threshold equal to 4000 determined in the example 1.

The following flame height values are obtained

(expressed in mm) :

Series No. Flame 1 Flame 2 Flame 3 Flame 4
1 15.9 11.4 9.4 5.6
2 15.9 11.2 9.4 5.6
3 16.1 11.2 9.2 5.7
Average 15.9 11.3 9.3 5.6
Standard 0.1 0.1 0.1 0.1
deviation

Calculated 0.3 0.3 0.3 0.3
repeatability

ASTM D 1322 2 2 2 2
repeatability

It can be seen that the standard deviations are of the

order of 0.1 mm.

The repeatabilities obtained with the method and the

device according to the present invention are of the



are acquired, respectively corresponding to four 15
different heights of a conbustion flane of a
hydrocarbon to be analyzed. The duly obtained digital

i mges are subjected to a thresholding operation with
a threshold equal to 40007 détermined in the exanple
1. 20 The fO||0MAn% fl ame hei ght values are obtai ned
(é?%ﬁlrefe"s% % ntrmy': %@reisesb%teﬁil Givel 1 CRPSRe S aEeshel 3 the
Fhame & 13225s59ah8a4d9.4 5.6 2 15.9 11.2 9.4 5.6 3
16.1 11.2 9.2 5.7 Average 15.9 11.3 9.3 5.6 Standard
0.1 0.10.10.1 deviation Calculated 0.3 0.3 0.3 0.3
repeatability ASTM D 1322 2 2 2 2 repeatability It
can be seen that the standard deviations are of the
order of 0.1 mm 25 The repeatabilities obtained with
the nmethod and the device according to the present
invention are of the - 14 order of 6 to 7 tines
better than those stated in the ASTM D 1322 standard.
- 15 - CLAIMS 1. A method for determ ning the snoke
poi nt of a hydrocarbon, conprising anong the different
steps 5 defined in the ASTM D 1322 standard or its
equi val ents, the identification, anong different
appearances of the flame according to the position
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of the burner in the lanp, of a particular appearance
of the flanme and the reading of the 10 height of this
flame on a scale graduated in nm characterized in
that a series of digital inages of the flame is taken
and stored using a digital~ éanera or an equival ent of
such a canera, at intervals_that are sufficiently

cl ose to enable, 15 by anaF?%F%ﬁ these digital inages,
the detection of a sudden change in the shape of the

flane, and f hat the height .of sai flane |s neasure

ag t he™ b h gofﬁ%ﬁn det 5an @ﬁange in sﬁh it @
said hadghtabépng @mmpmmmﬂdimmwm@ shek@qﬁﬁanenﬂ steps
the 2Qclydencarhon uader foslp235the geLhod:as ts
clained in claim1, aracterlze t hat e di |taI

caner acEBABRILEBESa pﬁ@@cmkﬁ%&ﬁ%ﬁk?a%%%bgeaﬁéﬁﬁle@lfferent

deV'Ceab§@@fan%553ofTﬁ%d“¥ﬂHMéfﬁtdﬂﬁﬁﬂﬁ§iﬁ@ @ﬁ@'ﬁ@sitlon

and 2, characterized in that the inmage-takin
Cntervfs Thfe GetWedn 071 4 2 G Secorth. andParticular

pr ef er abbyarbetweent 0.theandl dmé s&ﬁbndheSOrdadﬂm@ of the

net hod ai in a f th cedi |.ai.ns,
characpeigggdCHgd?%Q ?% 8ef§bt|oﬁcgig %qa%gﬁggthHF oy
changecharehéeshapd ofn t heafl| anesésieachifevEdiifpl images

measur Lrg tthe sudgen; gh%%@%n!Qn&ﬁes§§r§&e%%1%5-ea %1gltal

reduction of the Feret dianeter of i mage “of
fl ame. “5M"€The fet ho'd é§Nﬂ¥ﬁ%ﬁ&Flﬁ”%l§Uﬁ¢4,a camera, at

char actlarcbzeal'tsn tHah:at arko ﬁﬁﬁ@léﬂﬁ;ﬁuéﬂﬁﬁed‘c@g@né@le,
t he spged of ﬁuctlog of the, Feret di

thi s Fevetha tndtr LS hed0ut ot “BATangl &I | gsbection

than 45f a sudden change in the shape of the flame, and
that the height of said flame is measured at the
moment of this sudden change in its shape, said
height being considered as the smoke point of the

hydrocarbon under test.

2. The method as claimed in claim 1, characterized in
that the digital camera comprises a photodetecting

charge-coupled device (CCD).

3. The method as claimed in c¢laims 1 and 2,
characterized in that the image-taking intervals
are between 0.1 and 2.0 seconds, and preferably

between 0.5 and 1.0 second.

4, The method as claimed in any one of the preceding
claims, characterized in that the detection of the
sudden change 1in the shape of the flame 1is
achieved by measuring the sudden change in the
speed of reduction of the Feret diameter of the

image of the flame.

5. The method as claimed in claim 4, characterized in

that, to detect the sudden change in the speed of
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6. The method as clainmed in one of clains 4 and 5, 5
characterized in that the height of the flane is

equal to the Feret dianmeter for a = 0 of the inage of
the flame. 7. The nmethod as clainmed in one of clains 4
to 6, 10 characterized in"th&t the digital imge
correspondi ng to the sudden_change in the speed of

reduct F6AY6FTPRe Feér et tiff anBEerti s Id@Bécted tigts Feret
t hr eshalidinage@pesahncapuusiingtaadetegmenad 1eklr eshal d5° .
with the help of one or nore standard 15 fuel

m xtures, in particular wwth tol uene/ 2, 2, 4-

t Bi.met Akpenttdnel adt kllkenown sihokenpoioft dbrimexdnprel 5,
measur eflatatlovh DGASTM [, 132848, G L POANRS f1ame 15
claimed 1n one of the preceding 20 clai ns, .

char acE@€epzedt® n Gfat Feretehat geceotpl &r @gevi ¢e (efp)the

di gi takngarepa eauers wavel engths ranging fromthe
ultraviolet to the infrared. 9. The nethod as cl ai ned

in one of the preceding 25 clains, characterized in
t fat amhantmetiinfd aned cfdinteet is plracedfbetlweers theto o,

flame and Lhe OfDoqdigital camera 10, The,neigd 8siy,qe

cl ai med n"one of The preceding 30 clains,
char acterirzedonainpatot @ edisgidcsn cdreeree M ttheaCClream of

be use@eﬁﬁc%ﬁgﬁeo%ighkg!Féfgﬁeéiﬁhégeraﬁsl@ﬁ@gjé%%%d to a
gray |levels, corresponding to 10 bits and preferably,

at | easPrsshoégdigpay IRAEIE 0% or r88pBAdi ng to dgtermined
bits. d_%ﬁrééhloﬂfie wneimhoehas Hd 18 g@_@l idmﬁan&rom@r@g_ $hendard
precedi_n clainms, characterize n that a igita

P rer a "t (1 OHOH TS 0t ST HASE g Eaner ior e/ 272, 4-
pl acedtrameahdiptaneecpfl apprioxilkmbwhy Emokeo hdinmh for
fron]'ekgmble measured following ASTM D 1322.

8. The method as claimed 1n one of the preceding
claims, characterized in that the charge-coupled
device (CCD) digital camera covers wavelengths

ranging from the ultraviolet to the infrared.

9. The method as claimed 1n one of the preceding
claims, <characterized 1in that an anti-infrared
filter 1is placed between the flame and the CCD

digital camera.

10. The method as claimed in one of the preceding
claims, characterized in that the digital camera
with CCD can be used to store digital images with
at least 512 gray levels, corresponding to 10 bits
and preferably at least 32 768 gray levels,

corresponding to 16 bits.

11. The method as claimed in any one of the preceding
claims, characterized in that a CCD digital camera
with zoom is used and that this camera is placed

at a distance of approximately 1 m to 1.5 m from
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the lanp. 12. The nmethod as clainmed in claim 11,
characterized in that the zoomis set so that the
stored digital 5 inmage contains the inmage of all the
graduated scale of the device_for determ ning the
snmoke point. 13. The methodlds—clainmed in any one of
the preceding 10 clains, characterized in that series
of inmyes AFBP-done with the nunber of digital images
of each serles is at Ieast equal to 10. 14. The

nﬁEhOd %S Cl (Pt%%t éf;ﬁ?ln Clalqﬁak %haracterlzed

characteri 75

operatuon$hamdthhe2@@aly§|§eandxpr@cﬁs§ﬂng @tor¢®e@egltal
| Mages j ﬁ%% au&gﬂggggsusﬁﬁ C%ﬁedal§OfEH@re raduated
package 8 evice for determning the sno %

poi nt &Ff2ac h9fr oed® bote¥id , feghprAesicrginingn the smoke
appar apysntor determ ning the smoke poi nt  conform ng

to the specifications of the ASTM D 1322 standard, 25

- adigital camera and, linked to said canera, - a
coﬁput@hesy&tamwde&igﬂEﬁnaaﬂ pnoghanmee Kﬂf1ﬂnabbﬁeceding

digital es gi I r
stored, ana% e%% %%6%2?5@ ?ﬁ% 16, %$§E§d%VIC S
cl ai nedoinn oMJathn 1:51e chariet erdzedigihathatmdgesl 96 each

compri ses138 aat hil DEagtedqhbhigp 1placed betueen the
apparatus for determning t snoke point and the

digital canera. 35 17. The deV|ce as clainmed in claim

154qr 16e I@@@ﬁ@@t eld zedaiifiehhain t hewdi girkakdeageralaims,
covers mavelen % ranglggagrogkthe ul t gylolet

to
t he |ﬁP?5P€5er dIgl Ifageltaking
operations and the analysis and processing of

these 1mages are automated using a dedicated

software package.

15. A device for determining the smoke point of a

hydrocarbon fuel, comprising:

- an apparatus for determining the smoke point
conforming to the specifications of the
ASTM D 1322 standard,

- a digital camera and, linked to said camera,

- a computer system designed and programmed to
enable digital 1images taken Dby the digital

camera to be stored, analyzed and processed.

l16. The device as claimed in claim 15, characterized
in that it also comprises an anti-infrared filter
placed between the apparatus for determining the

smoke point and the digital camera.

17. The device as c¢laimed in claim 15 or 16,
characterized in that the digital camera covers
wavelengths ranging from the ultraviolet to the

infrared.
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18. The device as clained in one of clains 15 to 17,
characterized in that the digital canmera can be used
to store digital imges with at [east 512 gray

| evel s, corresponding to 10 bits, preferably 5 at

| east 32 768 gray |evels, Coﬂ?eSpondlng to 16 blts
19. The devjce as clalned in gne of clainms 15 tq

charactlBFi #6745 ﬁﬁ%tc%ﬁém%@gﬂpaFnEhﬁ%$acééﬁﬁF|§é§'U1017
a zoomcandacsepltiaead at ahdicstance dalyiappr oxameat £l yah  be

mto 1, 5 fromthe | a he arat fo

det er m'f ﬁb'?%esgﬁofe G?[n{:a‘IL Eﬁﬁ devﬁ%e 5% egﬁ%ed512
in cIagwal9Jﬁﬂhﬁﬁactgw;zeﬁPOQQQm@ thatl & he. tzoomprefeesbly
SO thagtth@eéggre§2dbg%ta?rag?3?§v899ta'Qérfggpbﬂagﬁg to

of all the uated scale e appar at us
deternﬂﬁlﬁg fhe snmoke point.

19. The device as claimed in one of claims 15 to 18,
characterized in that the digital camera comprises
a Z0OOm and is placed at a distance of
approximately 1 m to 1.5 m from the lamp of the

apparatus for determining the smoke point.

20. The device as claimed in claim 19, characterized
in that the zoom is set so that the stored digital
image contains the image of all the graduated
scale of the apparatus for determining the smoke

point.



