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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

capiher opiai %%lf r@@h&@@s hygdr ogasbanmnderi et 1n other

wi thout the formation of  snoke.
words, the smoke point is 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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In such a nmeasurenent, the sanple is burned in a w ck

- 2 lanp, also described in the ASTM D 1322 st andard,
and the operator varies the position of the burner so
as to gradually nodify the height and the appearance

of the flane, mhlch changeei%lomdy froma relatlvely

elongated 5 and j state with a top_end givin

a ?W@htéﬂ§ku%eS?61%e§té{% e whr el Phé framd %ﬁﬂr and
[ eheh@@teeetorvmvtahlest Q[Dlee@ﬁ)si’lhﬁtori sbﬂaeﬂfeec:tdmenmeweﬂs to

Bet en these e he oper.at or
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h rt h e.in

mhlch éﬁ %p0|nte3 éiltﬁas£ Q; ﬁgappgg?%% mﬁ]chlght

f 6P Sa ﬁpa@eﬁﬂ%¥€|%$ Wﬂ%%ﬂnﬂ%ﬁrﬁﬁﬁﬂﬁxﬁ@%qm%u%ssﬁ%%eterr

| tyilcs whendt ke d lane hasodhisdBastrapRead an@@twé@ﬁ these
ator re ords the 15 height of the fla

the op
scHPe Gratiuatea PR/ mi i poSPERGHEd iMSF e 2id aflfhenduish
baclk ofthdre LatprmEbeatki nahayas ue nafnetiiye shoke hpeiimtg  an

retai or_the s e er S e average
oF PBEE -t ekl v aR s ecP o d S Cablebd” A o
néarestor0.damm a2@ The metchodh ofhhelasthengotineg eshoked has

p?iu@tt’ é%sgﬁfobﬁ%@d' nathewﬁ%M Drd 322 Séangﬂéﬁe Lkt  is

analysis nmethods of this t ig does, however
Y,

hé&égptﬁﬁtdﬂﬂﬁhgﬂﬁnwﬂéhﬁﬁt ofmHeur lﬁdeh?? die ¢ blame
t h@s_&l&&ﬁ%srﬂ&fﬁt da;ﬁﬁé@ﬂmct@StRétofchbhe@eertairorneddkds the

t | a the d d h .
PRErGEE aBbenrdRce  bitene Plant. SEebFdi wbeTtottRe in
Spaﬂdaﬂdnedndlm$s@eaEHKheaHDman whek tbe hdightlampf. The

fl%@%u. ashL gmgkéugbh%ter%g%P%%hqﬂﬁiegﬁe sample

Scaﬁe ractlce
n@@§eﬁenene13@léf ﬂﬁlsthélghVeFéqalr@§ peRr¢eul arccessive

pﬁ%@@%ﬁenter eeawkh@a%edt he appl heat-kan of 1Whkch
depends entirel y on the operator. Thus, the

repeatability and
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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reproduci bility of the standardi zed test are
respectively 2 mmand 3 mm 35 The Applicant has

proposed to renedy this difficulty by replacing the

eye and the brain of the operator with a technica
system of acquiring digital™ idrages mainly conprising

a di |taI canera, or an equivalent of such a -

dfjéigtléla C &8, 2 rand"an a&ss%%%%@e%t%%nﬁaf“@l*lt%stséfrﬁtfe&} tor
anakyzizaggandnpr q@m@ef@m@e t3icor ed ottiedl t ali gi FAYESimages.
Fﬁmever t he |st|n %hln ig% t he dlffer

t
gwgcteflstlc shapes e tafre, Betmegﬁnihe %lfferent
rehatavebylet@ngaﬁédnaﬂﬁ j afipy tsSteat efhbinbh, a tegwerdr the
gi\i obha 4y k nd st r ting
Shor o FIdme horgh i Choa 165 6nd that [e pert acePy =™
r@&ﬁd@@ <?%fs@b1%%@h¥e5@@&elsam¢It@@lt%ﬁa¥% ﬁﬁ@sﬁﬁﬁhﬂg a

Us@oRfted COMpY efe PHIOEr AMhor andd y2hAd tane Processragtly

10 di |taI i ma The Appl i cant fter ch research
aePRndREs d e S P BT A e SR armal
s;aséemfas—;som:@xa;bleﬂew phoarehoifoe @fnaa@mmmlatce processing

P%fg %fsl%”geé Ok ﬁSCtAﬁﬁhh@éﬁE' O”Ef’é&‘%' d, eke Jfé arch
e t 0 spectacularl ncreasé the accuracy o %
worlréit,hdchsanﬁomaﬂ:hathe symesgmgdw,oftm¢1euse of such a

gzs%ﬁrboé‘ss&'@ﬁﬁecﬁeshﬁ% Wyt hoyt the ppebl e%ﬁfof)?fate

ectivit of the operator. The subject of ,
|ﬁ@éﬁ@@6ﬁr§s apdnseqGEREPY L aCHBtBUC 190, f gfould make it

d@b@@ﬁbmen@ot hep shker ROt Ny ohicBcAydr egar Beuracy of the

n Imo the different steps de d in the
CeTRhet B CoRRalRs S | ShSBh AR et MRE ' AvdPScarpon
|dedbmfmﬁﬂtjdwutambh@o@tftheeptoa@pmamﬂhdﬁsaoéubmectivity

§n%h%c%§ ding. to the position of the burner in the
£'a artlcular appearance of the flanme and

the readlng of the height of this flame on a scale

graduat.ed cich M tgharasisrdized i thats@aqsefi 8p, of 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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digital images of the flane is taken and stored using

a digital canera or an equival ent of such a canera,

at 30 intervals that are sufficiently close to enable,
by analyzing these digital inages, the detection of a
sudden change in the shape of% the flane, and that the

helght of , said flame is neasured at the nonent of thls

slré éﬁgchla%%r%l?t§”31Hap8re§§F6‘bl%éﬁ ght BEtpess 0.1 and
cansi dereddas th£n<$n0l§_@1 popattotut he hy@gt@@@dﬂoon ounderand

tes Pref ra wll be e ped .
wich SoCBRar oqBLedl TG chdr qU-Eou CHART oF () Series

Tbé images- i4 ptakemgbﬂmtetvébesmnEHUpdeterably be
between 0.1 and 2.0 seconds, and in particul ar

between 0.5 and 1.0 second. The nunber of digital
i Fegesdb¥1 eakh Fedicesakdny nﬁ@@§aFéObEeﬁeﬁhb¢%eatanalYSlS

| east waadsd thdO0orS thesdi gintigksi rege: faktng the 1mage
operations and the anal ysis, and, processin o tﬂ
shape

|ﬁ€§é§SP8nP1&élﬁtutf%/ the Thagé TBires pondid
f blfsttheuddelmecM@nﬁdmmMomtdmméim afl€dicated

pr Ly ted using a dedicated 10 software
ggkg&gg g%%gggous steps of the known net hod of

neasurlng the snoke point discussed above and

refer red it d rbﬁébes bf e@HQ' fnb@nt %%th%@ie%%r‘%s&ﬁﬂl?dthe

claim carried out 15 in the procedural conditions
défPhed PRlthe ASTMIFAB22P0FCandafd, rorerEed to in the

e@wembeet S0 atke aenfdeblee\&ent( a)e i@PatiAgnandarried out

calt mat ing s dam or feter g, (e sTake poLpt,o5s,.

fetemdgrd womk1MBaequunglahtbeaatela5 mml 1s@aked with

"L Soabigtlp ek halen iy ks g bilning
the smoke point as indicated 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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(d) screwing the wick-holder with the wick onto the
25 burner's tank, (e) cutting the top end of the w ck
so that it extends above the w ck-holder by 6 nm and
inserting the burner into the lanp, (f) lighting the
WICk and adjusting the WICk uhtil the 30 flame has a
t of a%prom mat el y cmand, after _a conbustion

B[dDof 3appPdxi ﬁé}taé]idﬁr@l mi nftes °Ny) ai sty t hechnical
b@qneﬁrall@hntb srmke:k&p@aiés nbhﬁ@ed( kb Si@MMHGJV\ﬁEI@Qtall

t b t th

a8 oant €% VB BhU That o 44 FE BT BEL Ty %toﬁlg%‘?asures
The kéhg@ps tppelsismicdar ytq cdmettifyiary theosudden odiange o
i pthe ﬂ@ﬁ gfne %ﬁf& @lrte strictly in accordance

Wi th th ard(ln particular the - 5
ASTM D 1322 97 st andard) or one of its techni cal

equicvalte Scorsdi dthet® 18 Ranneedyt grdesenihe idivdetad [ the
here all_the p ocedur% condi tions and safety nmeasures

mHR g 9% &%sﬁﬁ@@ £ o PESPFECtlS @%m,noat RE “néthod9er
obyivindet ef M nimngkd hershokecpenntingThe st@p eowmsi sheng is

| 0y7aneally aradually Lewering the i ckoof the | ampis,,

ain a’flane no l'onger @giving of
apdvphesenti nig fdetrop évvdetteat ﬁrsomotksﬂ i gt ¥ gswouhided, step

of b he, frethod Qfc e PFf esgrt adAventy :-Pz'b 9&55851?@1 by the
hovvever fromthe corrgﬁgondln step (h) of the nethod

off afhe ASTIM D £3F2 st afddb aﬂ-héma@&st ?hathg e 1is

Ofacd{iugirte@' drdagesofd t hend | ane ksoracquiiigdAndinages are
st or %nd the stored di gtlfgfaﬂ [ T8 es ar 15 anal zed

usi'ft Y&ﬁ approfr ifat €55mad SLH SHELRy s°
besallce o dedeceof Heniude the)maxt nmhehmagditnuxmf hdieht of

fk%gefﬁgﬁ$ qgﬁﬁ:ﬂ%% %'H?t Fﬁvéng%% sh@k%ih%+1W§Eﬁ§E words

he sno under "t es
uirder §tn9ﬁ@ Pthénitneénthen fbett endetrh&eAppl i cant first

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 b5 minutes. Raise the
burner until smoke appears, then lower the burner
slowly passing through the following flame appearance

steps:

11.4.1 a 1long point, smoke weakly visible, flame

erratic and jumpy,

11.4.2 an elongated point with lateral edges that are

concave towards the top (flame A),

11.4.3 pointed end Jjust disappears, leaving a flame
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descri bes the visual assessnent of the maxi mum hei ght
of the flane that does not give off snoke as provided
by the ASTM D 1322 standard, by here providing a
partial transcription of point 11.4 of this standard:
25 11.4 Light the burner and @djust the wick so that
the flanme has a helght of apprOX|nater 10 nmm and

| ¢8¢¢& e VeFns BEPRIHg  POPR&SHr oXitnat€l V)5 mi nut es.

Rai se the burner until snoke appears, then | ower the

b rner ,30 sIo y pass thro gh he fol.| ow
agééarance p% :P ({491 gngzébf% &Lﬁoggimgqﬁ%? the
viheiibhé, tiﬁaﬁbeeﬁk&mecBaﬁdJJUhpyneﬂiaﬂt4025anm Make a

e at.ed [ I edges that are concave
th%g%dg%tﬁgg BES%%%E%EﬁEQQﬁkl 4.3 pointed end just

dlsappears leaving a flane - 6 that is very slightly
“bhunted’ (fd ageiBinadd. ﬂaaﬂ'a@l\é&' le rr@ndedt PO @t_ye of the

(flame O . te mn th he| of the fl
{ ReSREarksim G 5 o AoPer 1 BhegRredoentral
hellgd@t sdl. 4h4t1l ﬂlmeelﬂenﬁmmecparladd@x erfr otde theamye is

Ofm 1%1e°b8§“’ter{e e sld ghtly to 8”eor§é de;0f th% ethe

cen £ral ine soO nﬁ' ref?ec &d I age” of the f
§e11®r‘a|lsnb¢letm1al hefhg@duhm@l seal ethe ofhlearsd det@ﬁ%lf is

tk}%sﬁﬁ@ rafi’g'al‘ﬁ%rt“tq?é cy\ﬂhéle kige ard ttH%e Jﬂa&f@aﬂéé%éale

is visible against the other side of gr aduat ed
sgéﬁeﬁes?ﬁésréguFP§ 6W0tﬁ§aﬁ&69§eéapﬁé§ §ﬁo&ﬁ&n5écal
identical. 15 In the nethod of the present invention,

the technical  syst for_ stor and_anal yzi ng es
08 T Tt e R s e oL IR R P Rl i fRRSTea
t sydetrer Mome stthe i ngpraent  adedry 2iey vingddd e fdedreto replace
CQiLe e@%‘dé £t Qyihe ?éé?\?@r Bor Ok st R8st apdarg: 404 1O the
measur as accur ate
moment when the v151ble flame corresponds to the "flame
B" of the standard, and 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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20 possible the height of this flanme B. Anal ysis of
the digital imges stored while the burner is being

| onered that is acconpanied by the reduction in the
size of the flanme, has shown that the sudden 25 change
in the shape of the flane, that"is, the appearance of
t he flane B", corresponded to a sudden change, that

| SSEHEPTL o et RISt hEC sPded 6fPedRATON Bf fRe ach

F@Itﬁterdlaa’m?t ev ahd heornbgetof the= l°aneis Tegukerefo the
ect is qual to the 30 qtstance

%rt ? %ge%f@mto the® obfedty paraII {o° ehmRtton

obleépw,anuhelethmqtgt a@fanghe af Yahat ilvve tomehemes called
h %Eé%nﬁﬁame%gkswﬁ@glgn ?%n sopet i mes cal | ed

irection of neasurene the Feret dianeter”. Wen
the object is not a C|rcle this di stance depends on

3gnkthesrangls o def iched 1%gtése tangepts relatiae $9a1P.ing
hgglzontal It wll be understoad . that, in.the

6 oPIERE |41 arrdianole i ket SPe 6 /perealites an
medslittednatthe distaaicieor, 7 betmaen tmnjﬁangeﬁw&ﬂgy or

th%lk%%ﬁ%?tggkalle%oﬁQeS@fg a &Qﬁ thggglyﬁlng and

horizo IS equa
f baweesThing idlauhal | hmahes de%rlﬁpttttmestbeﬂdmg theeration

hei,ght se& tﬂ? f'e%‘r‘E?m'gS @8”%%'r'<‘5‘93a£3?| led 5118t having a
di aneter_w th angl = 0. The analysis of the images

a§r§MCh,l%%%%heﬂfﬁﬁhlyfbﬁﬁ t%e steager gt t Hélfrane eflled

i t"?zhEr@is@tBtLd"r eqithid esocant addi ttpsalbiepesathoningald edalue
resh dl@ "0 iﬁ_"binarization", conventional ly

u§ &Ven ﬁalgf ﬁé d processing digital images. This

t hreshol ding operation consists in setting to zero

Lt e havi ng ray | evel n
certaﬂﬁ %5? éé Caﬁtedf?a?%reéﬁoldg éﬁl tCQ%. a?he%omenon
ppiaelrecﬁewﬁ@da val ge 1a8ahbovendrsa hisshtal bad light

pragthcerya fhamgoligna phxsi galhaRheBgreNglI icves it can
distinguish 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
prassing 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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characterized by a |local increase in heat and |ight
intensity. Although the human eye believes it can 20
di stinguish a fairly clear and precise flane outline,
the digital image in terms of gray levels of a flane
shows that the increase |n'1ﬁbht intensity is
continuous and that there is a gradual change to

i Reregsi-ng™y Higherr BRI §HFH€§sé%eSpﬁﬁfs“{?r]1th?%%%s%ndmg
capt i A ta;ngempears olearlg°i marfd g@r«sé 2 a\hlkﬁ_heak po:Lnt is

re resent.s |l ue.of the gra vel s 0

pi SF%’VeSas chit %hé%-‘/gr?tn I?fough erfhereﬂ n%s ope Of the
pempgedMamﬁﬂedﬁlnqtﬁhwe$@¢@élOéxmsduttspmnaﬁqthﬁ height
S@ ied {ﬁ@n% %@ Th@h§H€g§n:ﬁﬂﬁﬂgﬁg)n %H?s Q%%gi P01nt or

ucti on o the Feret diameter,” corresp ondln o th

EfeRe " atc i atPond. €p| dive B“O%%fb*'eai”@enl S ef bpmpl s a

detenai med nbythediddreyents naas uterment swzfz t@@a&%&ﬂ for a
di aneter at an anglé €hthat IS oth n.zero.
S

is
aRgFE 18 35 Hverthel %a@uﬁn%ra11| vé’l I&ﬁ\}%\%% that,
prrefrerabl yngl ess =han °45(Fdtgur é1imshews,cdratefaiding  to

dlt%fer%%thang%esch%(%lh% 3%&‘% 99?1 59% E§E9c°fbreak

t he "Fere di anet er Sccord
I@wemtngsoﬁoth@b8§@§eﬁlon of the burner durlng t he
step (h) of the - 8 nethod. On the three curves
respectlvel¥ corresponding to an angle a = 0, 18 and

36 C&Thr eARCpETAR LIPS oEE@rveHOSFEHPEate@fby Bhe ar rigwner

\Aﬂ@&eetsb@nalmge t@l;] t‘lrﬂéﬁ flgilﬂfe;/%ﬂh rn@%i egin rtgeltghet speedsDfing

I‘ e cti O e e t (0] e es }
ke g sh i Ve G B bR P IaREn qetapt of

thhmroniiahmﬂe/\hesn e efrimame di svlaicH | apEtBri mhcheasenseriate

8%0%%%c%§£%%D %ﬁ%%ﬁf%ﬁ%dgﬁgkeeg ﬁatpreCISe posi tion

e burnef be not for an angle a
= 900 (Feret dianeter corresponding to 10 the w dth of

theeof | angd utdi s0harastenisl i gehEgak o POLRE i1 L B is
o%%%%%%gneéf%grc%%&%&q%%!n%1d¥%h fléééghégeérgzéﬁgrﬁglch
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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corresponding to the flame of maxi num hei ght not

giving 15 off snoke (flane B), secondly, the absolute
hei ght of this flane is determ ned which, after the
appropriate corrections, gives the snDke point. The
absol ute value of the height %f the flane Bis 20
determ ned by conparing it with a graduated scal e

which is part of the |lanp described in the ASTM D

1322 prsicandayr,d.td ruetﬁ‘senknwmtlmet hédghthefO@erﬂIa@t{e, it is

direct| reads the he| f the fla B on
PaBesphavecarast D el el nd a4 P e REERF ALY, pErom

pW@G&htl@h@ Zﬁhamﬁcxh&ginam;xﬁhﬂsjjdehzﬁﬂgnlram¢wﬁts to
%\é%‘&&hge a!TEEﬁ'?PQshoIHe g&%% %ﬁ%,lscééfuéﬁ B%v‘é' %Bc% it

on the digita ame stored by t
dilgi canscarers. © Uﬂﬁ%ﬂnl%ﬁatﬁkﬁWQQnﬁﬁanﬁlOW Wthh it

cqgswl%nl _He&ke@eftdﬁihtert}fl}léw by nﬁugggmgpoalnngfltdiﬁ:e 2, the
Ita | e .0 e ane o t he | t

t FEOGFRAuAT cCPELFPBPANFON® ﬁﬁae?ﬂfa%ﬁggﬂzomal
I ndependent |yriywd he €60 @ppar@at ushér atmian iodemtliecat lame

pQsition, e absence of flane, and wth
ag%rogglateﬁ#esﬁ?lg . 35 As for the detection of the

shape of the flame corresponding to the flanme B, in
:ﬁgeﬁ§?§§%9%%1?f _ﬂ¥§EM;911%%%m§h§RPaEHe d@ﬁf%éﬂdhfpgto be

lanme also entails a digital inmage
t He€shol ﬁfaQﬁkﬁ%ﬂl%ﬂﬁ hlgherntﬁpaéﬁqﬁgntqpreshold is,

deter mone rt iteleh%ﬂb@tbthﬁfe ardihame f ithd sﬂeln;ﬁﬁeS@ﬁwhe flame

to decide th i.nt Slt fro which t
[Py bastEE' "B Rk Ahan hiaded o B BE | g Ropr iate
t thesbobdd( gr ayaltevels,valte) zﬁhﬂ&fhﬂﬁdﬁ1thatlsglves the

d h , .hel h
A B
chos&r tdrigsthobd ddrer eSpohdsndert Heedashed Mi@@m@mned

|b@%n The argows A andyB-park dhgddmts ef;chhe flapeures
10 for this threshold

(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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The difficulty lies in choosing the threshold to be

used. In practice, the higher the chosen threshold is,
the | ower the absolute val ue of the height of the
flame 15 that will be obtai ned becones. The
appropriate threshold, thatlPs; the threshold that

gives the absolute hel ht of the flame |l eading to the
c6|r|188€rl§ﬁol9§ BERAE %tlﬁl@ el M derdtiest fiptR can be
deherailned, mewgameemrbM@ shandawsd dauel pnsqttulrc%ed at

20 . (Lol 12,24t I t f whi-ch th
ASHITD 1355 G tar U1 Meat B0 RG. SHURE pof e Foectric

t hiospora correctly installed apparatus is used to

produce a series of digital inmages of a conbustion

flame of a standard fuel m xture, and, after an 25
appépeirat® i e@sheldiiy opefraenen &yanididat ed abovevice

t e rdid@itteainiiniage «aQf r espeadbegnt ootrthe Sflé‘ﬂﬁ@bé?ﬂﬂﬁgefuel,
in the speed of reduction of the Feret dianmeter is
séPE&ted Phen this inage is subjected to a series of

thm@shnlmaypanumﬁﬁioﬁSrmAﬁbtdkﬁﬂﬁﬁagt tthees aldse andoint
30 ”‘%OEE %%98' d ”‘ £, 91 Cblafjt%a%%c%h eq“ﬂ%m&o 1322

the Sioke p0| cat andard
f or Ehénéﬁaddard fuel m xture used is retai ned. The

dl{'BX ad %fl%rl'f'arledcatﬂb’&? hol, do f‘%’?&b%{\g 5%@1}1%@{1*1{%298&9&61 ,

series of neasurenments conpl enen
autonﬁpﬁonléﬁk?ﬁetﬁeééaﬁeﬁéﬁﬁréf the snoke point of a

hydn ogab*@%ut@@ccyy@t@@ te dihe dor Qa%ﬁﬁtprdg’Weﬁﬁﬁéchto adfnable

arct | Lt SOrLiugys pepye SN gl 981 se) PELEED e v

tr|ggetbmgdofanaﬁgEedahndgpbycbheedlgltal canera can

be installed, the burner being in this case

positioned at different levels in the [anp by neans
offhap aleadiad calgmt prefgrably 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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Anot her subject of the present invention is a device

for determ ning the snoke point of a hydrocarbon fuel,
conprising: (A) an apparatus for deternining the snoke
point 10 conformng to the specifications of the ASTM

D 1322 standard, (B) a digital “camera, preferably a

CCD digital canera, and, linked to said canera, (C a
comput er system desi gned and programmed to enable 15
dirgiet glcm malgeiat&akﬁglema trimndidlgiy ?Jomn&rd 23 taOlzbﬁ)m and is
stored,. analyz an raocessed. .Thi,s devjce als
DPAPEFEDRY Gompri Se ar Tamt iR P G Y 11 11t er” pf sl £Xom
béhweehamihe cdppahat wdearatdet efoirni dgt ¢ heln 20y sivbke smoke
paint. +( Arran I 0 : i e
PRLOL( Anand. ddie £l othal carets (B and é@ebayl}b@hgy&&al
f

) intercept the infrar ation emtte
HaFgct KR hReESd St Bk eC t Ak PAagédcantradided sdrehs of

uRusSabl s a 2o he 6D gevd 6 g t aheCamna ppeigtablnt is
covers . .wavel engths r ing fromthe ultraviolet to, .

t RESCRffar 60T BtS nbueT st LovBPPhGLORI § 1t He%vidibl eioital
speakrrum el dtherevi s bkae UV aspgctatim tanyvahgwdetween two
al. used, . anti-pnfrar Llter en

b S L S AR ot ARl A R L)
diegitealt, c drer o 3w 1ol acquili elonhéhditgimedlesi megegossible
neL, a-dgterdn phag {actorenT0-+8bLal Ny SaRff e gsRoke

satisfactory resolution, at 35 least 10-bit CCD

dPgiLfal EeiErasCaheul atAowdvem beie usedterakildg ikowever,
pessi Hlwitacst oy e ehgi abitargesmerbh orattHeeasdo®ldetting
gra¥_IeVﬁ£S. &6-b|t or_hi gher CCD di |tallﬁ§an§ra5

gi'Vifig Fragesiwi 1 EFY Ay 1%vers, G hofé;*CareMe9e
pditiagel arfl ytlpr efeadedted ddalFheénCCDediagidcalcecanker Alame)
n?%gaghﬁ_%ngrkge%cauégggland is placed at a distance
0 y [

approxi nate nto 1.5 mfrom

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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the lanmp of the apparatus for determning the snoke 5
point. The zoomis then set so that the stored digital
i mage contains the inage of all the graduated scal e of
t he apparatus for deternining the snoke point. It is

essential for the relative‘p dition of the CCD digital
canera, relative to the r££ not to vary between two

161 Ragbs 7 1TRe |W§|i|l§631 lEncly GFl i Fosi s ont§ls, 1P and

efdh%Ct deﬁheeeS§@@®I@in@Ortdj titore t bates@akesmtzep@ssnbl etwo
npar. e e different stor d |rrag s and .t he_snoke

pgluﬁtce?gl ugs ESFchate%a?rorﬁ he Fjltfafl hOWeVar

t hekposi ¢t om ofotlhes di gt aﬂlacfaamoﬁ (H tmhatzoem skt t1|5r%g by
1%‘&%&% a'&ﬁre@'oi nagdver tent I ;o2 ngw cabibrati Qﬁ ' ”?9%‘3 4-

(imge o e gra uated scale 1 n the absence of
can lasdhmisenbaengcquisiear ergerne he verythi giv-8 mm) the

seRsighitViotry w@flchhqfsswlﬁaquy Q@?auc?e(a dirQid&do CMBEASHi th
a ertain nu er o SuUres nust t ake to ensure

o B iPhahe o ey e g e el 4t oot AFEE ®1322
caltebpatridng atdseejll nmbnat itg: badkgtbmnd Jmalgm arebtained,

f I il Led in.t r Si nge
R A o
hére. arAsr anlrexan) el Streaslur ébeenmaduigprergoodangaget the

q@@'D' (Yon &O0! i F‘LgeOf the C@Plée”csé%rts by %aﬂ@ié'@f 2000, a

modul e, in order to elinmnate the formation of so-
c&lrdg "atherimml vaénar @és thaanfdec ki feaneserTRd p?ké%eﬁ%ame
| Akeptlicentdas iddusd fﬁé@ﬂubé’méﬁ@ fokkewipg ceXEMAY same
appl i catj.ons 135 al i dation.of the thod . .
R e e SR T an b | GorernRg ion Tie tRgsition
sodketpei umfer f vel mxéurmrmmelynomcmmhaqaoitnt the
r L.on »of, p 1
Aﬁ?% % %h%%% A q&@g&Fﬁygﬁg fﬁ g%g %%9 %f geductlon

havi ng i'nst al I brate
and e @@W@é adcorh n§levet He prlesented nfent |tch$ image

tWonber 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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successive series, each of ten digital inmges, are
taken of a conbustion flame of a mxture of 15 %Woby 5
vol une of toluene and 85% by vol unme of 2,2, 4-

trimethyl pentane (reference snoke point: 25.8 mm, the
hei ght of which is gradual fylfeduced in accordance
wWth the protocol described in point 11.4 of the ASTM
D 1322 standard. Based on the digital inmges

oltiahned del0 cpr evicousliygstib] eakedntrena ibhr eshplkdisnggof

lue equal _to approxi mately 15' x; af the .
f)r %g 9: ngFhiSPOlnt

a V? n prardatus agsurin he
I’Tég u?erren? rang% of the d&% nsor, 1.e.,

t est, aacvabdegoto2006, A§TMclUr v828f sthedwablue of the

Feret m@&ﬁe'Itiwéiﬁﬁai%@%ﬁFd’E%fad ith
rrgagu?errent dclﬁlr(gct%on ao thi(s sane 5?5 Eeretl gi arrveqtler a
equal 4P8M36, according to the position of the burner,

onggou@nﬁe@chﬁﬁlw?ea@@@&@gmgfk@mghgt_én@gﬁfuﬁﬁbeﬁ¢@% the
sudden.change in e spee redu on__of .the. hej

of thaiPRang 4 SBeEroRE A ke tmbd Nedtier talied,
Var i ousptbieshof dsngropegy atdararisy zainey t hean 2@ rappldsachd othe
this i nd_t t hreshol d . t-.gives a

i et SE25¢ - 1o ar SN el Rt LTI AL camers,
theoréndcal val ue of the standard (25.8 mm) is _
r?bﬁ'B%danIEEiHQEXrQQt%Eﬂk@§d threshobd, 06,4099 ghvesy)
a eret dianeter (a = 0) of 56.2 mm for the first.
séfires B ofeiTalfesSahc25. ¢amhm foOr LRBIs&Edhd er B39es,
Oﬁrbnag£§quiﬂ@@,S?&b@@%gtﬁ@%lﬁﬂa|ddfﬁ@s@ﬁﬂ%ﬂm@Ceﬁﬁﬂngfour
the two series.of ten gital i es, . use n the
oradehrerker Beidhetopidhd by OBt HiR kerddtty tRE 2
nayelr¥icsirbog 6.0 30e Thaatllyzeshol Thevabueg rodttaiimed! addgital
th lLu of gl f cal cul at i of th
cé?ﬁé%ﬁo% iengsuft?gr%gtt%%ditg)n% e%r%}%el%e%%r%éng%lén with 2
pitéveebsly ggiag dof féPént defefraiance ipr 6tgcegample 1.
according to the present invention in the procedura
conditions conformng to the, 35 ASTM D 1322 standard,
Exafpl et 2L RepEa? abiflice of PEhelF| anE? HEght are  obtained
measwirerery 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



- 13 Wth a device according to the invention
conprising: (a) an apparatus for neasuring the snoke
poi nt according to the ASTM D 1322 standard, 5 (b) a
CCD digital canera (16 bits) provided with a zoom

(c) linked to the digital cahtra, a conputer with the
Visilog 6 software published by Neosis installed,
capabfe BVf &tbPi dg,mdrA voA gt heepr bEessi ig e g2 the
dirgirtiaD iiBRgestandgiraati ng fromthe digital canera,
and (d) an anti-infrared filter placed between (a) and
(b), three successive series, each of four digital

i mages, are acquired, respectively corresponding to
four 15 different heights of a conbustion flame of a
hydr ocarbon to be anal yzed. The duly obtained digital

i mges are subjected to a threshol ding operation with
a threshold equal to 4000, determ ned in the exanple
1. 20 The follow ng flane hei ght val ues are obtai ned
(expressed in nm: Series No. Flane 1 Flane 2 Flane 3
Flane 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
0.10.10.10.1 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
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The repeatabilities obtained wwth the nethod and the
devi ce according to the present invention are of the -
14 order of 6 to 7 times better than those stated in
the ASTM D 1322 standard. - 15 - CLAIMS 1. A nethod
for determning the snoke potat —of a hydrocarbon,
conprising anong the different steps 5 defined in the
ASTM D 1322 standard or itgLAE§§ivalents, t he

i dentification, anDng di fferent appearances of the
flane accor osi t.i on the b rner_i.n.the

ghng L h%le rmimnirl Té e a
Iaﬁp of 5" parti culfar Epearan@e P t he" ané)an&:tﬁe
readi ngydfothebd0, h@qynruﬁlndnam¢m@nehendiﬁﬁﬁﬂaﬁt steps

gr aduatied; b, ChARBC! SIAPD b dhat pageEies Ofr  jts

di gital 1mages | ame 1s taken and stored using
a di gi fAM1VeaRBia  ortlan dqiAnalferta toforsucArangangt ferent

at i nb@béé'rénbﬁét o&f Qh%Ufﬂlla@[{eeerdb&iﬁﬁf t® enabbesition
15 by a %ﬁlng t hese dhg{t ng1f the detectlon

of a 58 defr"EhaRye e t ?FAFe Miye fQamed afgrticular
that thepherghteofosaitthef | Aemés arebsuhed mtadiey of the

nonent i's de einijt p |
hei ght %@9&3 cgigglegegmgﬁgtﬁg'é%o %gg% %Fa%@ ﬁd Jib R
hydr ocahboactnderetesin PhafThe nethods aefclcauqve@h nimages

claimlr charactgrd zed 't%ketnhaénci h§t9£8at alsiCRMS gigital
conprises a photodetecting charge-coupled device

(CCD) . C25e32 The mdt hPs'&ledithedd nseicai ne 1camare; at
charactiarcbzeal'tsn et bhe imdlaﬁmielewalt@ afgble,

between 0. 1, and 2.0 geconds,, and preferably . betueen i,
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, 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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4. The nmethod as clained in any one of the preceding
clains, characterized in that the detection of the
sudden change in the shape of the flanme is achieved

by nmeasuring the sudden change in the 35 speed of
reduction of the Feret diametér-of the image of the
flame. 5. The nethod as clained in claimd4,

char acF8PPZ&d°Pn Ahatthg o Hefebt CHE™S(iGden cHenge F%ret
the speedmeter 16 meeduetdontofnt hegker et 1disanehen, 45°
this Feret dianeter is neasured at an angle a | ess

than 45. 6. The nethod as clainmed in one of clains 4
and 5, Tsechartdctcer #zed Lenmehatint henheioghtc bf inhedf leare S,
IS eqH?Br%QtFP?zgargﬁl ﬁ&@tﬁﬁ f%%f%'t ontthflame is
i mage o . e met hod alned I n one of

cl ai mrse4uee 650 ﬂ@*thﬁ?é@ﬁer@%@@etﬁrth%?ftﬁ@—dﬂbltﬁﬁ the
i mge igapkesponRdingikfet he sudden change in the speed

of reduction of the Feret dianeter is subjected to a

t hreshol di ng operation using a determ ned threshold
w7t.h t lteehelqriofd one arlamreel standared 45 falelinms X4 urtes 6,

(tol ue thyI ent h knag ke

poi nt ?ﬁé%ﬁ%ﬁéfggﬁge rﬁ d %od as clafﬁgﬁﬁgﬁ'onelmage
of thecpreeedngingl apmhechsaxdaiﬁnerqmeéwa nitt hidte tdreeed of
chargeyegypked, 2¢ Q§%£C?e£é¥I%;9h9té§|1%a@§&%e£9¥§fsto a

wavel engths ranging fromthe ultraviolet to
i nf rar E8CegROFRE N At hGPHS I nedUfARene of th‘éetermlned

pr eCedE?gesﬁg&HmlftQFatﬂ@t Qféllz[cﬁdo'fnéirféat o@n mrc])ref standard

anti-infrare 2 ilter aceg% en. the i

and thav SSearet 20 101E The’ bt Hbia5h ¢ A Reere)

in onewmththeopnesadkegpomhalWBSTMharaéﬁéaned in that

the digital canera 30 wth CCD can be used to store

digital images with

8. The method as c¢laimed in 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 (10 bits) and preferably
at least 32 768 gray levels (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

the lamp.
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at |l east 512 gray levels (10 bits) and preferably at
| east 32 768 gray levels (16 bits). 11. The nethod as
claimed in any one of the preceding 35 clains,
characterized in that a CCD digital canera w th zoom
is used and that this cameralis placed at a distance
of apprOX|nater 1 mto 1.5 mfrom the |anp

132 -Th&DRetiod 4t e aicméd ™o cai m 240 éﬂara%?%??%%%rlzed

i n thatint heazoome Sosal iSO ddiatsd henst orled dtgréal dlgltal

f all th
of the BBVECe POFT bt or Wi i 16 CHoke 1o pufntLqguaced

The methedeasotl atimed daviary dhe‘oﬁethempme@gdlhge smoke
clainms,.characterized in that the nunber of digital

i mages o each series is at least equal to 10 10. 14.
The nmethod as clainmed in the precedi ng clains,

Cﬂ@racﬁﬁél%@@gb@hkﬂﬁtc%iﬁmé@gi%abnynﬁﬁ@?ﬁﬁ$|?@ispr%cedlng
operations and the analysis an ocessing.o t hese
 mges CAPeTANt ofAPEd TG o8 deth cabBAt soffvargmbet  of
packagéiglbalAideykee offoradét eranirisng < het simke: pojqudl to
of a drocarbon fuel, conprising: 20 - an apparatus

for deferm ning the snoke point conformng to the
specifications of the ASTM D 1322 standard, - a

dhgi tahbneangLa,gpd. d i BK%QmE@ S?ﬁd1ﬁﬁﬁeb§eced§ng claims,
comput er system designed and programmed to 25 énabl e

di gi t aFPPRRGESTEAREN BY t RBAAI gFtal dtahkerh tbdee taklng

st oredppanakyzed aaddpr@ﬁ@ssgﬁa1;§1sTh@ndthﬁec@§51ng of
cIaineggln claim15, charact rlzq: inthat it als

conpri 5B§58n AAEPSENf Fafed F11FE°%0 HiHtRd %etﬁ%@hcated
t he apparfatvasef pecleterm ni ng the

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.

18. The device as claimed in one of claims 15 to 17,

characterized in that the digital camera can be
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snoke point and the digital camera. 17. The device as
clainmed in claim15 or 16, <characterized in that the

di gital canera covers 35 wavel engths ranging fromthe
ultraviolet to the infrared. 18. The device as

clained in one of clainms 15 8 17 characterized in

that the digital canmera can be - used to sto
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conprises a zoomand is placed at a distance of
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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.



