METHOD FOR REDUCI NG THROVBOCYTOPENI A AND THROVBOCYTOPENI A- ASSOCI ATED
MORTALI TY BACKGROUND OF THE | NVENTI ON Pl atel et reactivity (i.e., activation
and aggr eyet2oomn)77303 pi votal in the pathogenesis of conplrcTatscansoaEht er

per cut aneous coronary intervention (PCl) and the degree of platelet
inhibition during and imedi ately after PCl is critical for protecting

agai nst further ischemc events. Such events include reinfarction,
reoccl usi on of the target vessel and other vasooccl usive disorders. Such
events can occur spontaneously or in response to an invasive cardi ac
procedure, such asy kv ARDMBTHED FOX CONPROLVIRGEFIRYDIRCAPER L1 ng and
cardi ac valve replacenent. H storically, many neasures have been taken to

i nhibit platelet aggregation. AnongOPRFATHINSuUres is the intravenous

adm nistration of inhibitors of the glycoprotein (GP) Ilb/lIlla receptor
conmpl ex. These inhibitors include abciximab, tirofiban and eptifibatide.
These inhibitors shoul d be useBIEIddOIMTHENWENTIONt r eat mrent s known to
trigger unwanted pl atel et aggregation (e.g., admnistration of

unf r act i onat ¢0001¢Fae prepent Howetar relaitds th asthmds andsystampifatehiz obhslaeNablly t hat
there are inherent risks associated with the admnistration of GP IIb/llla
i nhi bitors. TthsmgNG@ksemissiohuddiredhaterandngriuabgasblregtiiidarathd praséntparti cul ar
concern, onset of thronbocytopenia. It has been observed, in fact, that
some pati ent SnwhforetatGpatiectonhedlndfalicited heaschrexdnsatteaidrefiabld gpuraipnPCl  can
instead suffer from and even succunb to, the effects (primarily

gast r oi nt est ivllk réduchigaNdatmikieggi ng) of the thronbocytopeni a i nduced by
treatment with platelet-aggregation inhibitors. In patients with ST-segnent
el evation nyocardial infarction (STEM), platelet reac tivity is associated
with the severity of nyocarBA@KGRIES® @RALEL INVBNTION rel ates with various
nmeasures of nyocardi al reperfusion, 1ncluding ST-segnent recovery after 2,3
treatment. In a recent study of abciximab vs placebo in patients undergoing
primary angi geieas CoymbuiteondrRgiceeinheditab@oessihg ittt heatical@soduc s didcant | y
improved with 4 5 abci ximab, as was the nortality rate at 12 nonths.

Ti rof i ban bel:gm@se speritivns 8RMEMGbERErRlof NTX enfibsddR| Aldiagenflsmas abci xi nmab,
nanely glycoprotein IIb/Illa inhibitors. However, tirofiban differs from

abci xi mab i n (¢ RFFuRfrediRtibn RRAE RRARANITREIuEind MO PORKLIBEO K Rt it rdangd i | es.
Simlar to abciximab, tirofiban inhibits platelet activity through

gl ycoprotein ﬂahx@’térhﬁéatﬁle?é&h%& idc?%é%? g{edél@ﬂxﬂells‘a@@amﬁuﬁomkdgk&miu%htgmb,

tirofi ban exerts a conpetitive an I dlyreversi bl e antagoni sm and does

not i nhibit of BeMaR hiEELd Ba i BdSnieNtIANE R bRGERN B A L N
surface of vascular cells or the activate c-1 receptor on | eukocytes.
These have traditionally been reqgarded as. .crucial [ t in

abor xi b ef LA SARY PRSI SRALPEL R IPLELS nob RSt BetfrBiRlsR 0o ng
nyocardi al i farct%gn. ThF férst head-t o- head conpari son between abci xi mab
and tirofi baf WSS VIORBPEA B8 ded on the preservation of a difference of at

| east 50% in the effect of abcixinmab as 9 conpared with that of placebo. In
t hat study, X i-mab 5. superjor.to tirofihan with 9.respect 1o the

bt espect 11 e b F LY LRAS P a8t Sntert BT bl BT BE st s Tt o
peri procedur al cardial infarction in the tirofjban .group uggesti ng
Pnadequat e eSPRYUIORKYET SomTARETES i o HopHeT b GE P RIS my/ k)
used. Subsequent  dose-rangi ng stydi es, showed that increasing the tirofiban
bol us dose f PEH f‘deazson%gaﬂgaof%m@aﬂ&ﬁ dBpes siaIsDcPe PR pIOPORSH. pl at el et

i nhibition, and several i ndependent pharnmacokinetics studi es suggested that
tirofiban, atlgWf¥plessderWdekancrPyAY (QIFdHCY Rk EHPE2iET REIFRIISMENIet pff at el et
i nhi bition than abcixi mab. To date, three small single-center

i nvest i gat i orfBallengesg A@r expennle. arepuiass psigngicaniGinadt phaxyEee Hthegh 1§ ahdoni zed
study have conpared high-dose tirofiban with abciximab in 719 patients
under goi ng POkdizieswgeet ,If fights iofodubedie the ydbteeamipidn adppfoatiee hasaeen,t o

eval uate the conpari son between the two drugs. There is a need for a

treat nent reghisrean drée¢ cdngigionk éordlgicriesiatehty@od/ood “fland @itt iongpcur. In
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pl atel et aggregation but in which there is at the sane tinme a reduction of
t hr ombocyt openi a and t hronbocyt openi a- associ ated nortality, particularly in
t hose patwenvm/wmcepti bl e to thronbocytopeni a. | nducti @aTafs2009/006562

t hr ombocyt openi a foll owi ng adm ni stration of tirofiban has been observed,
but not in significantly higher amobunts conpared to placebo or
null-treatment arm It has wi dely been thought that tirofiban, as a GP
II'b/I'l1la receptor antagoni st, would have a conparable risk profile to the
ot her drugs in the class. BRIEF SUMVARY OF THE | NVENTI ON The present

invention is .} 88 18LapOVehnelodtcondibbRY, i MheYis efthed sty &0 Bia1yRRbiHSuiéHalB)  of
tirofi ban hydrochloride followed by a continuous infuSion of tirofiban

hydrochloridgggﬁﬁ&gﬁ?gﬁg%?zm%Bwnﬂﬂéﬁng§§ﬁ$%%%%@§§£&ﬂhéhﬁﬁﬂ&%%ﬁkﬁdqﬁ%d

i nci dence of cytopenia and t t opent a- associ at ed

norbidity an r.{all L ¥I EF
DESCRI PTI ON %@%%@M@gp %erf%fef[egfrg %Fg%gfrtgés%‘l%?%g g"f“qﬁ%’n?‘ﬁﬁ riority
anal ysi s of tirofupan %@zneégn% 5%9% gegggh%inab. Figure 2 shows the effect
of t hr ombocy COEI %5 &I CE e FCTUrCIHE SIIS98Ei ent s subjected to a primary
PCl procedure. Figure 3 shows the results of conparison of the inpact of

t hr ombocyt opep nmortality | t.ie treated w t i.rQf i:hban or
abci i . PO SR et de Bt RO hEalRdn SR S RS 4 o
patients experiencing a.clinical, event (death,. or ocardi.al .i nfarction)

wi thin eight Wﬁﬁlﬂ?g%f“%bfee e S\?}[et%eﬁéég f?‘}dbtf‘?“ﬁg% tﬁ? ORI “*DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Ti rof i ban hydrochl oride, commercially
avai |l abl e as AGGRASTAT(r), i§ 2 B 'i; i~W hi4.0(0f the platelet GP
Ilb/11l1a receptor, the nmajor=p+e 2 fFace—receptor involved in platel et
aggregation. It is chemcally described either as

N- (but yl sul f goo0s) 1t@af Becdhdfourd ther Nk Padudiai gah Jbe hehiyvedsiaese b fafagdr ochl or i de
or 2-S-(n-butyl sul fonyl am no)-3[4- (piperidin-4-yl)butyl oxyphenyl ]

propi oni ¢ acigduditg Waab hiitsigingRehbieSopd R5i6k Whesl theprddeSs coRablesratepis 5, 292, 756.
Its structure is: From Gctober 2004 to April 2007, a Phase IIl, open-I|abel,
mul tinati onalcosditdféd 8) a fmeRAbIIRNEHsEXRE!, Ve CldngthIMoRLHEE MinaBleaydEE ON
nmyocardi al infarction (STEM), entitled the Milticentre Evaluation of

Singl e H gh- Pas&e (POl yisenddrt PriBaR soADmhMifBAsi¥ bdhsst yReFLsEloMler Ng St ent
or Bare Metal Stent 1n Acute Myocardial Infarction Stuady (MILTI STRATEGY)
was conduct e Do Ceal B3 100 et HomS tdelygs TdebRkLRdp ARG ST . 17
Briefly, pat%ggggg%gﬁéhfghggﬁg& aé??gned wﬁth*@he ugesof g92a£ 2 factoria
design to on - f I Dt [ ' I nf: usi ap: i Xi mab
W thoan uncodiauesRdd B YA Ahe oo Ak ARl BRI P R
tirofiban hydrochl orid i h,an.uncoat ed ent,; .or HDB ti.rofd ban

hydr ochl ori déat\%iof’ %ragons(%rto f‘er?ﬁesr-we}vﬁtr? r%‘é"“&l‘i‘?ff ?mﬁ%{ Tent ¢ lglrn C aén?el Wics were

simlar anpng all fo rqups except that. there s a.slightly higher

preval ence ogoﬁLF%P'ﬁi%ﬁ?ﬁgﬁﬂnﬁg%ﬁgﬁPg“ﬁ‘P%ﬁﬁgwﬁgg?ﬂg”%’ngmsuyuﬁm%b
tirofiban/uncoat ed- st ent -oups. The inclusion criteria were (1) chest pain
for |onger t Bpo ﬁkﬁ“é‘g‘]\%'?eﬁt%l etET’EE?‘JrYfgléfPﬁfaé‘ﬁﬁ%bﬁ?@eS‘*I"—hgééWé'rlﬁ“O“ P

el evation of 1nmor greater in two or nore contiguous el ectrocardi ogram

| eads, or wi t9RVige. RERYIqing ¢ fRmAARBHINAIFERCTSP SBIEraIG A HepRye et PSR AIEFFt &F t her
within 12 hours of synptom onset or between 12 and 24 hours after onset

wi th evi denceéndifecichatapististiro fiadtamerir flampp selated fo flamsrstability egongolling theded

adm ni stration of fibrinolytics in the previous 30 days, mmjor surgery

Wi thin 15 dagstermined s@uing eatisl of digildgjuent fesh lovhoepsbasi vicq ag penstraged sj x
nonths. Inmmediately after eligibility criteria were net and before the

vi sual i zat i obyef leassoonef () athteshéld yaluh fioogdt lenginegneapirymention atdeast org
physi ci an at each investigational site perfornmed open-|abel assignnments of
st udy tr eat ndlat® stabditys sakachnd (iv)ed thpsbold Ralndenau@of foel: dilmsntas Imeewged Wit h a
1:1:1:1 conputer-generated random sequence supplied by an academ c

stati stici an,fron dtheist ontfToad sehba@ahicach of the Blebaduscetind dduentsswaéd Inahe flow
hydrochl ori de was adm ni stered in a high-dose bolus (25 ng/ kg bol us)

fol  owed by ayge@ntinuous infusion (0.15 ng/kg/mn for 18-24 hours). This
type of reginen is described in U S P tga% No. 6, 770, 660. Abci xi mab was
admi nistered in a 0.25 ng/ kg bolus, fofl®6Wéd by 0.125 ng/ kg/ mi n conti nuous
i nfusion for 12 hours. The adm nistration of both drugs began at first
medi cal contact, before arterial sheath insertion. Heparin was given at 40
to 70 U kg, targeting an activated clotting tinme of at | east 200 seconds.
Patients received aspirin (160-325 ng orally or 250 ng intravenously,

foll owed by 80-125 ny/d orally




indefinitely) and cl opidogrel (300 ng orally and then 75 ng/d for at |east
three nonths). A 12-|ead el ectrocardi ogram was recorded before the
procedur evandio@073rnut es after the | ast balloon inflati eaTius2a00006562
infarct-related artery. Followup visits were schedul ed at one, four, and
ei ght nonths. The data for all patients with prinmary end-point events were
reviewed by an i ndepen dent adjudication conmttee whose nenbers were
blinded to treatnent assignnents. Events adjudication was perforned
separately by two nmenbers, and in case of disagreenent, the opinion of the

third menber ygs) aPb PR dmbB&ndch Ble HREASE Qecteaktsin BYe GARGERBUS.
Thecomm ttee was al so responsi ble for the adjudication of all clinical

events accor di 8 ) i dany t he
ST- segnent o? kt{l%gﬁ’gltég%ﬁ?' car i%g‘? g%té\%g'rs’g% V%d%?%g&%%,gﬁ% églg)ﬁ/ﬁ Bdgp) ore and
90 m nutes af -] £ tihan. - t i to the
nearest 0.5 r?’&%%g{neggﬁﬁ(‘%/ @I "shgg%rﬁﬁga%% gﬁgta zéﬁxgééﬁ&d%@éné’@?ﬁgﬁeggexperi enced

cardi ol ogi st .who, was hlinded to treatnment assignnments. The intraobserver
car cenent val el SiheenBSah God GERHITDL o dRERENER T M5 o1 Tenat 5056 of
ST-segnent el eyation i,n 217 r onmly | ec tients (30%.of. al

“ht or bt ot bl EPERPY U AfTog! SRR TR FELFR B GPbEH BEREYOairal yses were
performed with a validated edge-detection.system (CAAS Il; Pie Medical,
Maastricht . PRESREPHET P -}lgﬁrfanfe@rcaﬂ%wtﬁ*r%m)&gs e‘ﬁsas%m Sccor di ng to
Thronmbol ysis in _Mocardial Infarction (TIM) criteria, Angiographic

anal yses and SEPWEY ReIi(ig [ARSF Pyt $es FreBIreBT i BS AT TRBE TN ¥8Fdi ol ogi st
who was blinded to treatnment assignnents. Discrete data were summarized as
frequenci es, SYfIn.cdipdpdecondange Vi wae aspattad thenaventipn.khe flamesrnsertis & ¢ t est

or Fisher exact test. Continuous data were expressed as nean (SD) or nedi an
and i nt er quaptdusiac scapaye Praderabliti thg acaystihgsingords & prepsvng seosor. dbapresiusons wer e
made with a one-way anal ysis of variance or the Kruskal-Wallis test. Wth
respect to ceerparispaferbdy wpessswie dgfegervapspsa. frot@brdance58ith pwthiceagpsciwas
required for greater than 85% power in detecting a 9% absol ute difference,
0. 89 in ternsf ok prabitinweation, she, fldned suselitygesops a madhine vivi@pehidrepsterh.
patients who attained at | east 50%resol ution of STsegnent el evation, which
corresponds trae tachih®Vsioh 8stisorSisienDfis RFab@dinaladel dil@stbnkfcamercen bet ween
abci xi mb and pl acebo, with a two-sided 2.5% significance |evel and an 85%

expect ed evenécorddhee With {&@n6MBL 4spéct GF HPnRABEH IRINIPREIhQHSs 4 1aBeHopBSl The
noninferiority test was conputed with the continuity-corrected c¢c of Dunnett

and Gent on tdiRo€NitHeNRePHtic8Nens® AR the a MUVEINBE MR R IQInDRE dlode laser
intention-to-treat and per-protocol "principles and was applied to an

expl oratory @f@iY&h%r@fé{téﬁ s 8 YEmBhitdohs Befmbid &Q-Séwéi&d QQ\F%?eng{SHSQ?%F.é

Cochran- Mant el - Haenszel ¢ test was perforned to evaluate p

i mbal ances of, (%,tg 4 L B0 di g di ggﬁ: I inting centers.
Tirofi ban vyi etr eg' H%&l?‘?\rfee ?orlr?ér&g?gg\%%rgey f(?%)?ngo -gegaqrr&ergét)' el evation after
coronary intervention in conparison with abciximb; this result was

consi st ent awo@?gﬁﬁgﬁquﬁs&& of &€ ggs&ndéjrag?l&ggsrﬁgl%vﬂgéa BthBusBbE RIGPAGE! T 1 ed

[
subgroups. Sim e rate verse cardi ovascular events
(MACE, identtf.li . i at h. S el nfarction,
and clinical 'I{?lu?rg? %Z?\r}l@lgtr“%g@\?%slég‘fe?%oeu\?%ﬁéﬁllggrn?gaa@?%ﬁ)%%g’rs%tfééﬁi ng events
did notdiffer bet yeen t hﬁ]t iLr.of i ban or ﬁfpgiilxin{'rs%br(%rou t i nci dence

owe

s.. b h
of severe or HBFEHSFLN RGO tOhEHTTY Dadive o0 PR IeiA iy g@ielgr oup

conpared with abci xi mab. gro a findi af potential clinical

rel evance. 1@“4\%?%?%?&1?568}1‘“%? Vég‘t"%%’f?etﬂta %Waflf)eo‘i?“i%é’s% i"’:SF"T@arm"rranagi ng
hi gh-risk patients. ST-segnent resolution, correlated to small ipfarct size
and transmur SEPHY sepsor o %“?‘F'@Ff'ga RAFYTHRFED Ffct ?fr‘Bé;‘ﬁ‘i?éF}?aéacf"éEf‘?)P 81 deat h
or death/M IR}hdeath or nyocardial infarction), and internal controls from

t he MULTI STRAsEEhas ehaagesan iarruian of Aame stebiling flaws instability rasd/os thevi val  (95%
versus 89% P = 0.023) for patients achieving ST-segnment resolution of at

| east 50% VW#RAEOICBSQ Kar bloyophd-BQngngd at desst & crmpplier fogdnahtha defermia¢di mab,
the primary endpoint was the incidence of > 50%resolution in ST-segnent

el evation within 90 m nutes foll ow ng pegcutaneous coronary intervention.
The results of the study showed no si gﬁf’# cant difference in the percentage
of patients achieving at | east 50% ST-segnent resol uti on between the

abci xi mab (302 out of 361 patients, 83.6% and the HDB-tirofiban-treated
patients (308 out of 361 patients, 85.3% in the intention-to-treat

anal ysis (relative risk for tirofiban vs. abciximb, 1.020; 97.5%
confidence interval, 0.958-1.086; P value < 0.001 for




noni nferiority). The per-protocol analysis yielded simlar results
(relative risk, 1.020; 97.5% confidence interval, 0.959-1.086; P < .001 for
noni nf er iwoi20Kye773bhe data t hus showed that treatnent w PhTRBBIWI006HE ban | ed
to noninferior ST-segnment resolution conmpared with abciximab. (See Fig. 1.)
Surprisingly, the onset of thronbocytopenia had a significant effect on
patient outcone. As can be seen in Figure 2, patients with clinical

t hr ombocyt openia (a platel et count of <100,000/m [lighter shading]) were
greater than five tines nore likely to die follow ng the procedure than

nont hr onbocyt,8RER atiP8f fubdifichtds bRt@ined ‘B%‘ Atflaffe stabfifly BR&homlvaldar ker
shading]). Simlarly, thronbocytopenic patients were approximately three

and onehal f thigsq &fﬂohg(ﬁlexermréihgnegta&ﬂmeﬁsovy%%rqi@lunkma&sfi on and

greater than two and onehalf tinmes nore liKely to suffer a MACE foll ow ng

treatnment th L ' ' ] nd
henor r hagi c %ﬁf]@g%@E?%ﬁ?ﬁ%@ﬁ%b&?ﬁ&wg%ﬁt3?%%?8;%3?%% g?? %%?%?gqeﬁf/lu? maj or
and m nor bl eedin re simlap in th <Lirofiban_and i xi b groups
(725 ve. 7. gourenm dis STl B ! Dfebbint OGP BIRAL 5" %00 B
. 85). However, the ifnﬁi Feg e tof severe Of rmd?r at i.lt hr.onbocyt openi a was
found to be PEIe ARt PFdEREt e PapaibPetor MRS AR PR NI xi mab
conmpared with those treated with HDB tirofiban (4.0%vs. 0.8% P = 0.004).
(See Table 19™M$EPEH nore striking, while the nortality rates of

nont hr onbocyt openi c patients treated with HDB tirofiban or abci xi mabwere
virtually identical, ar [ L i n.the foll ow up
study of the data in the%..h Eﬁ§gﬂlé{@§gﬁﬁgéﬁwgﬁﬂﬁs becane

LALNAYY

t hronbocytopenic following treatnent with HDB tirofiban or abcixi mab. As

can be seen ipn Figqure 3, 20%of _the patients wth abcjximb-induce

t hr ombocyt opéﬂqoéll %fgé‘deiﬁs?tﬁ?w}b'in&rwaw%h?br‘?gf a Wﬁ‘é“tl%’égl'ﬁllihﬁ’lleﬁf ’t‘??é’e%ﬁ@ge nts

wi th HDB-tirofiban-induced thronbocytopenia died in the follow ng

ei ght - mont h M@&d L P‘&Hfthﬁb‘ﬁ‘f‘ﬁ’&“s‘iqﬂé <RAch PR YSSMSIKEE RIESNT ound to be
simlar between the HDBtirofiban and abci xi mab treatnment groups (9.9% vs.
12. 4% P =0. 3ohlicetielhl e 1). In the intent-to-treat popul ation, the
probability of death/M w thin eight nonths after treatnment was 7.5% for
patients treated with abci xi mab versus 5.9% for patients treated with HDB
tirofiban (PI[200]] Kigure g grovideggnen4inyHpe exagipleolp qompysiion deyice fant dSRIHSW i n
the first place that HDB-tirofiban treatnent surprisingly results in

si gni fi cant | Pif§rent preferead tm locatians dorofariges,fanee wability$ensat &¥Pehr onmbocyt openi a
conpared to abci ximab treatnent. The data further show a surprising
reduction in nortality of patients with HDB-tirofiban-induced ]

t hr ombocyt opd¥18] Figurg B choy e rsshueldeO erd DB SEYEsHms of & CORPIRPTIEIRPOUNDS
This application clainms priority fromU. S. Provisional Application No.

61/ 120, 443, #$ insepapag ampeits of tho didgent garborsligxidpisdod i the 8rmappl i cati on No.
61/ 235,888, filed August 21, 2009, the contents of each of which are hereby
incorporated by reference in their enti retty. TECHNI CAL FI ELD [ 0001] The
present i nverﬁQ(ﬁéhFFgé'lr&%‘b% agsh B ploathe\amoypisefiNQx emispigo apg theingabagy - 3, 4-

di hydro-(optionally 4-oxo0, 4-thioxo or

4-i m no) - | H pyirpbFopased o theyrachemiofrCQ( ldpd tonbe fuehstedamy alfleyingabdlyipound of
Formula | as described bel ow, processes for their production, their use as
phar maceut i cabpualidisgharedeicanthiecdPL Sompodéstiilpndsn E@upe 1.si ng them O
particular interest are novel conpounds useful as inhibitors of

phosphodi esterase 1 (PDEl), e.g., in the treatnment of diseases involving
di sorders of [QHa] Higuaerd eehiblts NOs@ptissions mensuced frorm dhre fhuet gavafa conbistias

Par ki nson' s di sease, depression, narcol epsy, damage to cognitive function,
e.g., In schideophfoemardguscreanits fuellenti®st hat nmay be anel i orated through
enhanced progesterone-signaling pathway, e.g., female sexual dysfunction.
BACKGROUND OF THE | NVENTI ON [ 0002] El even fam lies of phosphodi esterases
(PDEs) have W@d3] Figume bfdispthybudrmahized fRibisinstabikFgnautputd dertvhe from pressure

Ca2+- cal nodul i n- dependent phosphodi est erases (CaM PDEs), have been shown to
medi at e bot hséidersaad e mathiandisoyncensor pyscdneahpldging @.high-eApEraand fekaeP)

signal i ng pat hways. The three known Cag/# F%' genes, PDElI A, PDElI B, and PDEl C,
are all expressed in central nervous sy$ ti ssue. PDElI A is expressed

t hroughout the brain with higher levels of expression in the CAl to CA3

| ayers of the hippocanpus and cerebellumand at a low level in the
striatum PDEIA is also expressed in the lung and heart. PDEIB is

predom nately expressed in the striatum dentate gyrus, olfactory tract




and cerebellum and its expression correlates with brain regions having
hi gh | evel s of dopam nergic innervation. Al though PDEIB is primarily
expr essedwprotomg7ament ral nervous system it may be det eeceascovbbescheart .
PDEIC is primarily expressed in olfactory epithelium cerebellar granule
cells, and striatum PDEIC is also expressed in the heart and vascul ar
snoot h nmuscl e. [ 0003] Cyclic nucl eotide phosphodi est erases decrease
intracellular cAMP and cGWP signaling by hydrolyzing these cyclic

nucl eotides to their respective inactive 5 - nonophosphates (5 AMP and

5 GwW). CaM E%aakévto%@%{ n&ad shiliy ih’ﬁc@?ﬂhﬁfoin@gviéé gnglindgA/mgduction in

brain cells, particularly wmthin an area of the brain known as the basal

ganglia or str] , - t or activation
and/ or dopam’tﬁ%!é%%?gg%{ﬁta g@ggltﬂ%vﬁéy:\égﬁ’\ atrsé‘gﬁ?r?ll' P‘n}q?ﬁ%?’eg‘geggﬂfeht racel | ul ar
cal cium concentrations, leading to activation of effectors such as

cal nodul i n- dependent kinase Il (CaMKIl) and calcineurin and to activation
of CaM PDEs, resulting in reduced cAMP and cGW. Dopami ne D receptor
activation, on the other hand, |l eads to activation of nucleotide cyclases,
resulting in increasedpgEA\iy THONCO R sNVERHEGEIN des in turn
activate protein kinasg A (PRA~ CAVP-dependent protern Kinase) and/or
protein ki nase G (PKG cGwW-dependent protein kinase) that phosphoryl ate
downst r eam siDghiaftians ansduct i on pat hway el enents such as DARPP-32 (dopani ne
and cAMP-regul ated phosphoprotein) and cAMP responsive el enent bi nding
protein (CREB). Phosphorylated DARPP-32 in turn inhibits the activity of
prot ei n phospMHBEsAs usedbprefn), the thar edijuentideissdp any fid that 43 ot fipmmable
phosphoryl ati on of substrate proteins such as progesterone receptor (PR),

| eadi ng t o i Kehicbhoembddiphytssubbtantiatlymes lamweble) Sdusineisinjionidigugetmerave
suggested that inducing cAMP and cGW synthesis through activation of
dopam ne DI or agenggestyemowac bEfeids drat éotyancantain @ Jestmablerrempbgmabndng
associated wth various physiol ogi cal responses, including the |ordosis
response assdo¢saiortontaih An beidefrig alérhght opageat asgednipoaaite BeodRahis gerfoedlyMani ,
et al., Science (2000) 287: 1053, the contents of which are incorporated
herein by retensinssesout 9004, Sy PEES Lampoheitoh itk isahiRdizing element, it

dopam ne-regul ated and ot her intracellular signaling pathways in the basal
ganglia (striatddedsiool Medt Bidlideht RUtiludRtas tHallebB 6 (s€d Rérbil C OXi de,

nor adrenergi c, neurotensin, CCK, VIP, serotonin, glutamate (e.g., NVDA
receptor, AMPA receptor), GABA, acetylcholine, adenosine (e.g., A2A
receptor), caU13pRaldl HepifRhOlerm MAlel dfedd toGnP AR1d tHA i BarfmabléNRBierBNP, CNP),
DARPP- 32, and endorphin intracellular signaling pathways. [0005]

Phosphodi est o83 enitiFPRlanffidsi ofifils intMdOdut 4k WotlimiRhesphedl g1tefisgs 1 (PDE)
activity, functions Tn brain tissue as a regul ator of |oconptor activity

and | earni ng ;angd,FRADMmntabid or'cBmBult ‘Fer@cgiﬁHé L%a{niﬁ%&%bo&f&% of 6@l ation of

intracel | ul a§ signal 'ng pat hways, preferably 1 e nervous system

i ncl udi ng bu I Thibad; 1 ] raceptor,
nitric oxi de?]a{r;l&g;ragi(ﬁ enerﬁgllbt(l:%)w%séﬁé)%tg gaﬁgﬁﬁaac%l%% ﬁ%f %Tocessg@g? gh‘?ﬁ’,cpé'l“ﬁ amat e
(e.g., NVDA receptor. -AVPA. receptor), BA,, acet vl choliin dengsi ne (e.g.,
hont eceptor Jorriatsta QTGP BEER ety 20y A SLARE PRI FFRIRET Bp
CNP) , endorphin intracellular signaling pathway and progesterone signaling
pat hway. Forﬁg H]?Hé}ec,o Hﬁlbgﬁ Tlﬁbf)tﬁn%ﬁ PDEI B shoul d act to potentiate the
effect of a dopam ne D agoni st by protecting cGW and cAMP from

degr adati on, houl d si.m ] arly inhi.bit_ dopan pe D2 receptor sjgnaling
pat hways, by "ﬁﬁﬁl Bf PFWQ‘GE&|‘Leac%°¥W? V.ho&ﬁ@gﬂ&iueg{lee\’fgtug%sna”i' Wﬁt?dacel | ul ar
calciumlevels is .|inked iio cel h death in .nuc;nsro s dis deri, %ar.t [ f:ul arly
i n neur odegePRevAr FingbadiluenLashatiernns pied indhis applisaigy. Jigpiolimg fatio o
Huntington's D seases and in disorders of the circulatory systemleading to
stroke and n‘?@éﬂﬁ%ﬁ“&ls théryolpme phi! {E"‘Iglﬁlde tohf Brme fy a&‘@"ttﬂ’éerfé%tﬁ?fie potentially
useful in diseases characterized by reduced dopam ne D receptaor signaling
activity, subHmesateny (ihsedpms Oaﬁlk@ﬁse@ss fedtorthe Same &y tas sepeaven HBBr essi on,
nar col epsy and cognitive inpairnment. PDEl inhibitors are also useful in

di seases that may be alleviated by the_ephancenent of

pr ogest erone-si gnal i ng such as fenal e §8E4 | dysfunction. [0006] There is
thus a need for conpounds that selectively inhibit PDEl activity,
especially PDEI A or PDEIB activity. SUMMARY OF THE | NVENTI ON [ 0007] The

i nvention provides optionally substituted (5- or 7-am no)- 3, 4-di hydro-
(optionally 4-oxo, 4-thioxo or

4-imno) -1 H pyrrol o] 3, 4-d] pyri m di n- 2( 6H) - ones,




preferably a Conmpound of Formula Il, e.g., Il-A and HB: Fornula I1-A
Formula HB wherein(i) Qis -C(=5)-, -C(=0-, -C(=N(R 7))- or -C(R 14)(R
15)-; (iiwoRMww7dd7or d~al kyl (e.g., nethyl or ethyl); @Criys2:@odeseH, C -
al kyl (e.g., isopropyl, isobutyl, 2-nmethylbutyl, 2,2- dinethylpropyl)
wherein said al kyl group is optionally substituted with halo (e.g., fluoro)
or hydroxy (e.g., 1- hydroxypropan-2-yl, 3-hydroxy-2-nethylpropyl), for
exanple, R2 may be a trifluoronmethyl or 2,2,2-trifluoroethyl, N(R 14) (Ri
5)-C -6al kyl (e.g., 2-(dinethylam no)ethyl or 2- am nopropyl), aryl Co-
alkyl (e.g., Qlt?@dqéﬁlen&ﬁin%ﬂ.zyﬁh)s’dehﬁ&ﬁoﬁgﬁ(ﬂé});ﬁ%‘s@@{hlélébn\(e?segelationship for the

pyri di nyl met Iﬁ’yl ), Cl-6al koxyaryl G -6al kyl (e.g., 4-nethoxybenzyl); -GJ
wherein: Gig, i el er fRRgk- L, al kylene (e.g., nethylene); J is cycloalkyl
or heterocycloal kyl (e.g., oxetan-2-yl, pyrolyin-3-yl, pyrolyin-2-yl)
optionally substituted with one or nore Cl-6al kyl (e.g.,

(I -met hyl pyr ohd@h Naz Yd ) e a0 e, . ay\ng‘)e_ N o) s y be -
CO- 4al kyl - C 36%1@/0?(@)3 e{gy}?sreelg gcf][?mgy% (r)E)nefiltry , glgi}cfe(g gxy lv%;elen%ﬂr]fr&ﬁ

cycl opropyl hvly)- opt i bstituted with one or nore Cl-6al kyl, am no
(e.q9., - NHZ?%E?%rO)je&rgtrtr%%?l Qéé%ynocycl opentyl or 2-am nocycl ohexyl, wherein
sai d cycl oal kyl optionally contains one or nore heteroatom sel ected fromN

and O (e.g., rek Ql i di - f a Y- Lb Doz Y arQrdedék pp! 1 di n-2-yl,
ety - py s AR B ein, RE OB o bl i 0 arffaciéE b
| - met hyl - pyrrolindin:2-yl -methyl .or |-pmethyl - ol indhn- 3-yl -methyl); (iv)
R sty - b Ecpiganep 8 oo PR B o B A OBl it ™ Y ey
or aryl al kyleng (e.qg. -benzyl e or - 2C H4-).- i in bond,
G ~al kyl ene ("é‘ﬁba.(“,o“ 9@%%‘5? %tﬁtg)o}(ﬁf?&g%’ Wﬁﬁi{@hé’m%f lfflgg?iﬁfﬁ%/ﬁ%rﬂe%()%e
prop-2-yn-lylene), eth | ene, prop-2-yn- 1l-ylene), -Co-4alkylarylene
(e.g., phenylf& eé O@gﬁiouf bqsﬁ‘éﬂ‘??l“?féwr?#c -arf’éﬁ?‘)@%‘i*lﬁ‘-t er d\’/\r/ﬁ%%'e " the
arylene group is optionally substituted with halo (e.g., d aor F),
het er oar yl endnqigcyy. of pflamgion flpmeebyoihe sensprand{ o yesAeIySCEINSAS C 1edAVISSS ene
(e.g., -CH2N(H)-), am no,(.eéyg. , -N(H)-); C3-8cycl oal kyl ene optionally
cont ai ni ng oneclyle ypire npEliaitshioRTied SRISPBHACORF iR SRNYFS: and @aghine vision
pi peridinylene), Fis H halo (e.g., F, Br, d), G alkyl (e. % , 1 sopropyl
or isobutyl) sensatso@lthoagl thy pregent gpecification deseaprstspgoifc examplesoéflgme phenyl ),
C3-8cycl oal kyl optionally containing at | east one atom sel ected

stability sensors below, it is understood that such descriptions are provided for

purposes of illustration and is not limited to the examples given. In various

embodiments of the present application, any flame stability sensor, including flame

stability sensors and/or flame monitoring sensors known in the art and yet not

discussed herein, can be used in the methods and systems of the present application.

It is also contemplated that the devices described herein may be used alone or in

combination with each other (e.g., multiple optical sensors, multiple pressure sensors,

machine vision sensors (e.g., camera), optical sensors in combination with pressure

and/or machine vision sensors, pressure sensors in combination with acoustic and/or

optical sensors, etc.) to produce the effect of safe operation and NOx reduction.
[0019] Reference will now be made to various aspects of the present application in
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froma group consisting of Nor O (e.g., cyclopentyl, cyclohexyl,

pi peridinyl, pyrrolidinyl, tetrahydro-2H pyran- 4-yl, or norpholinyl), said
cycl oal kywoisioaprioenal |y substituted with G -6al kyl (e.@Cr/usetlapbeser

i sopropyl), for example, |-nmethylpyrrolidin-2-yl, pyrrolidin-1-yl,
pyrrolidin-2-yl, piperidin-2-yl, |-nmethyrpiperidin-2-yl, 1-

et hyl pi peridin-2-yl, heteroaryl optionally substituted with G ~al kyl, (e.g.,
pyridyl, (for exanple, pyrid-2-yl), pyrimdinyl (for exanple,
pyrimdin-2-yl), thiadiazolyl (for exanple, 1,2, 3-thiadiazol- 4-yl),

di azolyl (€. gje ?Ntﬁ@é?ﬁr}{ jors 286w y)ﬁ‘gﬁélﬁon g &zﬂéun%e%{o\)d%tmptmol yl )(for

exanpl e, im dazo 't m dazal yl -nmet hyl i m dazol - 2-yl,

triazolyl (eotapiidy Pe hbARELcah Y Lapa 1) Lg@@w ahFalripd it Eaﬁ@éesﬁew

al koxadi azol y e.’g., oxa pyrazo

pyrazol -1-yl) herein ai d eroary ional |y substl tuted with halo
(e.g., fluoro o) %{POSS E'}E/ﬁy or 5?(%6%'%196(1 hBeref?uoropyrl d-2-yl; am no

(eg -NH2) , Cl 6al koxy, -OhaloClGaIkyI (e.g., -0-CF 3)

G- 6a| kyl sul f[ﬁﬁ)()k O%f% egﬁcgtq{?l ?rb eg?gpﬁ;{wa%l wa?(sarrlet%é%fc?p %gtl GO-R13 ,

-N(R14) (R15) etero tuted with
hal oal kyl ; 3) attached to t t ti F I
and 1o a msrabyTien 38 ?méi PP 2 nRiar ST RGP ey afd a 7T M @

i ndependent | Ye N.or . R8, , nd Ri 2 ar en H or

hal ogen (e. g édugfionin i Xe"a’ﬁﬁl“’f—’? R?'Iesmﬁé?‘g 81Hdesé’r@i‘ ﬁlagﬁg" tgﬁqaﬂ“ oxy (e.g.,
nmet hoxy), C3- 8cyc| oal kyl , het er oC3- 8cyc| oaI kyI (e. pyrrol i dinyl) hal oG
_6al kyl  (e. gdilugy ptg deleratipgdripiume o 4 3 flame irpthe com P‘)‘ devies BFQY fgﬂ (e g.,
pyridyl, (for exanple, pyrid-2-yl) or e.g., thiadiazoly gfor exanp

|, 2, 3-t hi adi 4aBesgbyity Sena@ratgéwwatfenﬁasur?wraaiépwra%@rlsmp ths|flpme thattru azol yl
(eg 1,2,4-triazol-1-yl), tetrazolyl (e.g., tetrazol-5-yl),
al koxadi azol YRrigseas g, ﬁm@ﬂﬁﬁf Agme ptabiliny, andefingeBing thqo@qt@:meww{l@egratm of
pyrazol -1-yl), G ~al kyl sulfonyl (e.g., nmethyl sulfonyl), aryl carbonyl
(e.qg., benzoftlle)l:,dilh@tt es casiydived hyoatyéast AB odl(ik axlyresmolsbovajue, frc(re.oge. or more

nmet hoxycar bonyl ), am nocarbonyl; wherein the aryl, heteroaryl, cycl oal kyl
or het er ocycneabdtgrhents froptane namoye Banxsstattilidy scnswrstand @iea treshaddeollime al kyl
(e.g., nethyl), halogen (e.g., chloro or fluoro), haloQ 25 alkyl (e.g.,
trifl uoromet yto)of flwyldiloans as gaadnesdyfrom SHeasd bnaflowadelisbi @naich af she fadl .
heteroaryl (e.g., biphenyl or pyridyl phenyl) preferably RO is phenyl or
pyridyl, e.gsourde md dithght sofrck ek Nywssyksii tuted with the substituents
previ ously

[0021] The diluent generally is a substance that is inert and is not flammable and is
not an oxidizing element or agent. Examples of suitable diluents include one or more
of the following substances, nitrogen, steam (e.g., superheated steam), carbon dioxide,
recycled combustion gas or a combination thereof. In one embodiment, the diluent
comprises at least 80% by volume of nitrogen. In an alternative embodiment, the
diluent component of the volume ratio of fuel:diluent comprises at least 1% by
volume of carbon dioxide. In one embodiment, the fluid is selected from one of, or

two of, superheated steam, recycled combustion gas and nitrogen.
[0022] As noted above, the flame stability sensor generally includes any device
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30 defined; provided that when X, Y or X is nitrogen, R8, RO or RO,
respectively, is not present; (v) R4 and R5 are independently H G -6alkyl
(e.g., nmawbybio/a7zmpr opyl ), C3-8cycl oal kyl (e.g., cycl op@aTiisSeg09/006562
C3-8het erocycl oal kyl (e.g., pyrrolidin-3-yl), aryl (e.g., phenyl) or
heteroaryl (e.g., pyrid-4-yl, pyrid-2-yl or pyrazol-3-yl) wherein said aryl
or heteroaryl is optionally substituted with halo (e.g., 4-fluorophenyl),
hydroxy (e.g., 4-hydroxyphenyl), Cl- 6al kyl, G -6al koxy or another aryl
group (e.g., biphenyl-4- ylnethyl); (vi) R6is H (e.g., nethyl), hydroxy,
G - 6al koxy, %Nfgh)féﬁ to proVidd arBhéiBhtiof)as t@gegte6@stgbmty&)mstaﬁm%f5@5%@@ kyl ;
(vii) R7 is H 6al kyl (e.g., nmethyl) or C3-8cycl oal kyl "wherein sald

| oal kyl i |
oty TP YR 4 ot S BB Wit

t hyl - f t hyl I
?2 gy )phenyl ?a%e&ﬁoéf@rggﬂ@?asggﬁ%%? ?J'S%lgﬂf%‘nﬁgﬁ‘%gﬂga%’éeg |§rﬁ1 gggﬁengli Ha(r)?/

C  6al kyl ; 7 are ndep ent.| 6al .k e.g.,
ohemyl) et SPERSHAE REhde BhEol AOSRTIER Ripdlon hyme b eRlotaldy

bstituted th.hal o fl 1- 6al k . cinp f
Salt o ot Gtk il s e %0“&%%856 etﬁtﬂﬂ@féﬁ@ smaleor rul &

|-A Forrmula |1-B wh sHor C). 6al | <

(iii) R is ﬁfsoflé“’gW“WE%@?‘B&W"“%‘%B@% ?Pd/"?cﬁg?@\(@-!te flgmg or flames

di met hyl propyl ) wherein said al kyl group is optionall y substl tuted with
1

halo (e.g., PR Brrla.)mgrtl %yﬁﬁd;@ylce%mﬁ ude ![ut ammtéwﬁgié(bg_pf cg iﬂnsors acoustic

3- hydr oxy- 2- met hyl propyl ), - CO- 4a|kyI-C3 8cycl oal kyl cycl opentyl,
cycl ohexyl ) &pwspBmid machingsisienscasPriv ko eesﬁepls;bwmwelnamtwa 89 figme - NH 2),
for exanple, 2-am nocyclopentyl or 2-am nocycl ohexyl),wherein said

cycl oal kyl optebibivatensordoarn eritiesl sopsor.oucheyan dpeical semboimsietledesedaserom N and O
and is optionally substituted with G ~al kyl (e.g.,

| - net hyl - pyr Poif¢rably rth@ opftiical $enswtemploysyone ot npi tnna®leydipdellasers (TDLs) tuned

met hyl - pyrrol i ndi n-2-yl -met hyl or |-nmethyl-pyrrolindin-3-ylnmethyl),

C3- 8het er ocy ol opieksylected waveleqpth bowadhlangths if e neacainfrired rgpyon, ehdhdistthade yl  or
pyrrolidin-2-yl) optionally substituted with G "al kyl (e.g., nmethyl), for
exanpl e, | - maiahsibnlis @krespondidgyd HOD absorprRinttyd tings. r @l andinbther sthbodiment,
C3-8cycl oal kyl -G . 6al kyl (e.g.,cyclopropylnethyl), haloG . 6alkyl (e.g.
trifluoromet helflan, szabanp sérdsbriohn aédigtio senDirRivd) 65 prbsutd scBddrk Prefé@blg;

2- (di net hyl am no) et hyl , 2- am nopropyl), (e.g., (e.g

3- hydr oxy- 2- fﬂ%tﬂae,slsm:@msbr is h-difIorE i X YRERPe ?ehydr)that?srlﬂp@ne(ﬁ@édlﬁflm&ﬁoﬂ ,
benzyl), heteroaryl G- alkyl (e.g., pyridinylnethyl),

G - 6al koxyar Ytb@trc@latildéﬁlan(n% & aconﬂsﬁ@ﬁ&@@ﬁ&b&%ﬁ%e‘) or flaffied WMRAGT £EdmbuRids @

single bond or, alkylene (e.g., nethylene);
device. In another embodiment, the flame stability sensor is a machine vision sensor

system having at least one camera.

[0023] A variety of techniques are suitable to control and/or constrain the volume
ratio of fuel:diluent using at least one measurements from one or more flame stability
sensors. For example, the process control can include decreasing the volume ratio of
fuel:diluent as limited by a predetermined critical flame instability threshold. In one
non-limiting embodiment, the flame instability threshold (Fruresnola) is @ predetermined

value derived from calculation of a flame stability factor, F, which in this example, is
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J is cycloal kyl or heterocycl oal kyl (e.g., oxetan-2-yl, pyrolyin-3-yl,
pyrolyin-2-yl) optionally substituted with (e.g.,

(1 - et hylwonrolowdrzws2-yl)); (iv) R3 is 1) -D E-F wherei npPCytssooa/086s6y)l e
bond, G -6al kylene (e.g., methylene), or arylalkylene (e.g., p-benzylene or
-CH 2C H4-); E is a single bond, G ~al kylene (e.g., nethylene)

C2- 6al kynyl ene (e.g., ethynylene, prop-2-yn-lylene), ethynylene, prop-2-yn-
1-yl ene), -Q0-4alkylarylene (e.g., phenylene or - C H4- , -benzyl ene- or -
CH2C6H4-), wherein the arylene group is optionally substituted with halo

(e.g., 4 or Fcbmpm%a%semabhﬁm@aﬁﬁ Gk M%lemy%h@mn% RYdshiret dighll stae) ,
am noQ - alkylene I—K , amno (e.qg., -N(H-);

C3- 8cycl oaI Kk more het er oat om sel ect ed
fromN or a%%fa%%%gérh?& ‘Xa 32%‘?6‘%73&9%‘%ﬂgﬁa| o(e.g., F, Br, d),

C1- 6al kyl (e g., 1sopropyl or i sobutyl), hal oG - al kyI (e.qg.,
trifluoronethyl ) , aryl (e.g., phenyl), C3.8cycloal kyl optionally containing

at | east one atom sel ected fg T consisting of Nor O (e.qg.,
cycl opentyl, cyclohexyl, pipefs=dinyl’ “pyrrolidinyl, tetrahydro-2H pyran-
4-yl, or norpholinyl), Fsad is optional I% s%lbst(f)t uted with

C -6al kyl (e.g., nethyl or 2'?5 K él for exanple,

| - met hyl pyrrolidin-2-yl, pyr yl pyrrolldln-2-yl, pi peridin-2-yl,
| - met hyl pi peridin-2-yl, 1- t“hyl pi peri di n- 2-yl, heteroaryl optionally
substituted wth G - 6a| kyI (e. g ) pyrldyl (for exarrple pyri d- 2- yI)

pyri m di nyl gyor exanp él’l md 3 t hi adi azoly gor exanp

1, 2, 3-t hi adi a¥kre F4s ghF)ﬂanms f&wfaC(Oé ﬁso e&??‘é&%b?ﬁa‘{‘fo@r"f ﬁaﬁ‘Fﬁ‘Fécontem

pyr azol 1-yl) or imdazolyl (for exanple, imdazol-

met hyl i m dazorlpe for| eqn%ttqmyll n&ﬁeépa@med@yyhe fatio pf ihazwy)lf fre@uegcy content for
1,2,4-triazol-1-yl), tetrazolyl (e.g., tetrazol-5-yl), al koxadi azolyl
(e.g., 5-nethyp specified Sfrequetica zarigps frpynraafmuymcy(seecgrum ﬁWﬁzzioﬂfrﬁntylﬁ)xap wher ei n
sai d heteroaryl is optionally substituted with halo (e.g., fluoro) or

hal oG - 6al kylsyctH that fax Sifipt B < fenfR 'Lscartirpwzirgling-ngcla$uran¢m@ig©el.fgzm theNHR)e,

Cl- 6al koxy, -OhaloC -6al kyl (e.g., -0-CF 3), Cl-6al kyl sul fonyl (for
exanpl e, et BibHin feasgrlsyDem- FTW@en@EHB Jhor-1GHOF elRict BansforN{ REHMMRLEN R or 2) a
substituted heteroaryl aklyl, e.g., substituted with hal oal kyl; or3)
attached to tffoen oitdilimpganiaDpoihii@ tigersfaheOmpButen2it, Of toRAbMp &inkl il ih S a

noi ety of Formula A Formula A wherein X, Y and Z are, independently, N or

C, daandORB RY%imeRiftheamehsRrededt, §, sudl eRenedentd wplds@its NaRgeMlué thafean el Or F);
an

used to manipulate the amplitude of F, which can vary functionally as:

fmnx

Cocz

f nin

Fth (R)' Equation (2)

Where the role of C can be used to normalize or scale F or cancel out the function of

the denominator defined in Equation 1.

In one non-limiting embodiment, a flame instability threshold (Frhreshola) 1s based on

the ratio, R, of the demodulated signals from one or more of the TDLs:

R 2f/1f Equation (3)
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i s hal ogen, alkyl, cycloal kyl, haloal kyl (e.g., trifluoronethyl), aryl
(e.g., phenyl), heteroaryl (e.g., pyridyl, (for exanple, pyrid-2-yl) or
e.g., thiwoizamal7ydo7(for exanple, 1,2,3-thiadiazol- 4-yl pcTdiSamoloydss2
triazolyl (e.g., 1,2,4-triazol-l-yl), tetrazolyl (e.g., tetrazol-5-yl),

al koxadi azolyl (e.g., 5-nethyl-1,2,4- oxadiazol), pyrazolyl (e.g.,

pyrazol -1-yl), alkyl sulfonyl (e.g., nethyl sulfonyl), arylcarbonyl (e.g
benzoyl ), or heteroaryl carbonyl, al koxycarbonyl, (e.g., nethoxycarbonyl),
am nocar bonyl ; preferably phenyl or pyridyl, e.g., 2-pyridyl; provided that

when X, Y or [ t laXd sbSonACkarRbseENt ;
(V) R4 and Rg%?aérril h gerrlﬁg thg%l% lsai&emrd%tp% ﬁr\régta (il/ls |nsoparopyl)

C3.8 | oal k |

pyrr glylcdloﬁ‘ 3¥ésp§c§wglyy|o(fy&1 0191%8151 enyl %a L?ﬁ?&gﬁaé?b@?} mtng( %xegrrl}lyle ] F_ )l/S 1
d- 2-yl d

pyri y Bgl‘[r)’ﬁta% asr %Og fgrhsy%ge ?ellrﬁlessuas‘}ng thon I’}x%}'elé ?oef{?w(ﬁ Eqﬁatlo(n 3, C

optionallysu uorophen

o) phonyl - -y bt Ry UF Pﬁ"xép%%tkvaﬂ%ngangrf”ﬁ»'étaﬁ‘”’”p gy 7600 1

C3-8cycl oal kyl ; (viJ) .1s -N 4) (R 15 Cl-6al kyl (e.g., nethyl),
- OCi - 6al kyl (‘Ee“‘pﬁf ively 1 “HéﬂhSéjf %%GWPYO)(’WS#‘%?% oret hyl ) , aryl (e.g.,
phenyl ), or heteroaryl and (viii) Rand Ri5 are independently H or

G - 6al kyl , fr r salt a further enmhodi nent, the
conpound of ﬂ%ﬁﬁa&qmq @Stéb‘L rfg%ﬁlg'fgg L‘? iTjesteys 410 d?ﬁjvng MG and Ris H
or in free or salt form In still another enbodinent, the conpound of
formula 11 i &eshadsfeByiHe MRABFENGHt e PYt AELigpstgpe éem@,)nsgﬁd tRsqnsony In eagy| ky |
(e.g., nethyl), hydroxy, ClAaIkoxy, aryl oxy, é Q (R 7), oxo (e.qg.

=0), or C3.8apeilignlingsmbodimentempymyg) criterion e dT OGO rivdvel VYR e f ur t her
provi des conpounds of Formula I (lI-A and I-B) as follows: 1.1 Formula I,
wherein Q i s up@y( thge-times the Wmﬂ dpviatiopkhbtheimpagyrprgent OGXPﬂl\(rRG)ﬂ}ﬁ flame 3 For mul a
|, wherein Qis -C(Ri4)(R 5)-; 1.4 Formula I, or any of 1.1-1.3, wherein
R3 i s- - D- E- Fstabilify feosonuinderbiable dpefasing cgindigins Vbdrm,wi(tioueéildcyﬂ @diéiO(le. g.,

net hyl ene), or aryl al kyl ene (e.g., benzylene or -CH 2C6H4-); 1.6 Formul a

1. 4, wher ei n PRferably, thi migble opemdng donditieartorbasa the definittoerof Fruclod & iCan 6al kyl ene
(e.g., nethylene); 1.8 Fornmula 1.4, wherein Dis nethylene; 1.9 Formula
1.4, wher ei noperasorawith allkent additiqreand.compainezat ag 10secotth @&GH¢Huemedt 10
Formula 1.4, wherein Dis benzylene or -CH 2C6H4- ; 1.1 1 Any of fornul ae
1.4-1.10, wh@a@i AlternaGvay,ShBiBmReTy, o abiky isiged 6 gx timeethaytatey,

C2- 6al kynyl ene (e.g., ethynylene, prop-2-yn-l-ylene), -C0. 4al kyl aryl ene
(e.g., phenyldengidy ofthGaE uremenbPORBM! fRMCat 1045t o 1a2bSdtibillty sWhLSF @irthgtahe
arylene group is optionally substituted with halo (e.g., d or F),

het er oary! en‘%‘taﬁ@ eratibty 5érgidr&f|t}f‘erl%n%stmﬁrdemcg' m’ﬂx@&%} 'a @fgeppﬁﬂeshﬁﬁhky | ene

(e.g., -CH2N(H)-), amno (e.g., -N(H-); C3-8cycloal kyl'ene optionally
containing o e r%lrg&){oemﬂ%&% q 8%%‘?%6&{0%9 eilern?sr%wa gfverpcérﬁb&tlon device.
plperldlnylene) ornmul ae rein si ngl e bond;

L i S0 B R, ™

?ts h?’,rg%llh;:’lgne appr8x1ma¥e1y 0. %)3 ¥o§18 }dwcil'e alé)négyco%];trgmt om'Hlea golume ratl:lo ojfo wherein E

fuel:diluent fed to the flame such that a potentially unsafe condition would be

avoided.

[0025] In an alternative non-limiting embodiment, an Frpeshold Value is defined based
on the knowledge of the system response over the range of operation from stable to

LBO. In the example above, where the stable flame is characterized by F~0.02 and
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1.16 Any of formulae 1.4-1.10, wherein E is ethynylene; 1.17 Any of
formulae 1.4-1.10, wherein Eis prop-2-yn- 1-ylene; 1.18 Any of formnul ae
1.4- 1.10wowhaveer3w7E is - Q'al kyl aryl ene (e.g., phenyl en@Corus20006bés62 ,

- benzyl ene- or -CH 2C6H4-), wherein the arylene group is optionally
substituted with halo (e.g., C or F); 1.19 Any of fornulae 1.4-1.10,
wherein E is phenylene or - C6H4- ; 1.20 Any of fornulae 1.4-1.10, wherein
E is heteroarylene (e.g., pyridy lene or pyrimdylene); 1.2 1 Any of
formulae 1.4- 1.10, wherein E is pyridylene; 1.22 Any of formulae 1.4-1.10,
wherein E is bépufisydt%ﬁg’lojaxza:ﬁum Sresholigégrmkl c‘fl‘)%se:h b%f\geeJiQhesNJQﬁ@s' tB E i's

am noC - 6al kyl ene Any of fornulae 1.4

wherein E.is ﬁiﬂy?gotfl%\g ’Ox J% F%or)s an&’sgfg ﬁﬂ)ﬁlc%f lrI QEMrPeQ ;Jr}béaﬁlneillpoftmer ein E

is C3-8cycloa ene optl cont al ni one or nor e eroat om sel ect ed

];:r Iogn H OLaloo(e(%rg%lb TIF,EShOrB dd (@/ ?%9 %%Ib%e aﬁeﬁerlafa‘an t?le ﬂame rengnse %etween gé IeV\'her ein

I sobutyl),

opt onai 1y coY HPF Rs4n Fsiéo??*?@wé c%}taow%éﬁ &v&g@bawﬁ’ o %Tna%w%ﬁ?(éf' P& ng of
N O
Let rahydr o- 2B ARCAN) nomﬁldﬁﬁé)f'ﬂ?ﬁé%ﬁ&rﬁh?ék.'”%wg T hal 1y

substituted with G "al k . or isopropyl), for exanple,
| - met hyl pyrr é? P%inﬁWQefylg @? Pﬁrhlﬂ Yl@ﬁl 59fr ol i di n-2-yl, piperidin-2-yl,

| - met hyl pi peridin-2-yl, I -et hyI pi perl d| n 2- yl; heteroaryl opti onal |y
substituted with G "al (for exanple rid-2-y
pyrim dinyl (9¢36] é&%{hﬁreéna"ﬁsfPPHlmltwsfrgnoﬂlm%%.taﬁ?%ral o ang 6{30@;65%?%
|, 2, 3-thiadiazol -4-yl), diazoly ., pyrazolyl (for exanp

pyrazol - 1- y| Jiheoyolyme eaip off yuel: éfl‘éﬁm@)@ édJuftrﬁgdhezﬂwn?f ghe ﬁlfzifromafuel
nmet hyl i m dazol yl, |-nethylim dazol - ,), triazolyl (e.

1, 2, 4- t ri azolsowrgé ynd/qreadjusting Y flow. cg‘ the dlé{enhfzmagﬂwn)t Sogckd%a@raé?bolﬂxﬁl (e.g
5-nmet hyl - 1, 2, 4- oxadi azol), pyrazolyl (e.qg., pyrazol-1-yl), wherein sai d
het er oar yl i sompqlioéﬁalﬂlgl:@lubsmttqjs @drfovmted irheelabtir(neagd Is cfohsmm)d byra hal oCi
-6al kyl, for exanple, 6-fluoropyrid-2-yl; amno (e.g., -NH2), G -6al koxy,

- O hai oCi . 6ahrkstold ®egyuremet @faiddd fr@n-obabkmbsUlah@rsydbil{th censersding) &,

met hyl sul fonyl or - S(O2CH3), C(O-R 13 or -N(R 14)(R 5) ; 1.27 Any of
formul ae 1. 4F,Llandbdvalustdf0e03ras mdasurél byla 28ivAleygth Mddutated BRL terdor). Rfgre wher ei n
Fis halo (e.g., F, Br, d); 1.29 Any of fornulae 1.4- 1.26, wherein Fis
fluoro or chlpgsferably, B0 coMtyol of the Bhdndilaent tatb-id petformel & Rulntirhe hisd is€o Be |

i sopropyl or isobutyl); 1.31 Any of fornulae 1.4-1.26, wherein Fis

i sopropyl ; c3%tﬁﬂ%d@§m29&m§h%m rthedburbnfs frth @h@bimbrel fanieS@ABility kénsdrs33 Any
of fornul ae 4-1. 26 erein is haloCG -6alkyl (e.g., trifluoronethyl);

1.34 Any of f,04 g\é}laeiﬁre;ho‘?fd YoldRic rmeaf%a dfludr® a aerwea%mtléw oneklodp Any of
formul ae 1.4-1 wherein F is aryl (e.g., phenyl); 1.36 Any of fornul ae

1.4-1.26, Vm%%rﬁ'ornorl: ea‘cﬁ opﬁ%rﬁ){élsoJrcéanAtﬂMJef?tfsoLIQEWdh@?lo@vsystlmzes wherein F is
C3-8cycl oal kyl opt1 onal containing at | east one atomselected froma
group consisting of N or O (e.qg., cyclopentyl, cyclohexyl, piperidinyl,
pyrrolidinyl [6@57‘ ?rhé/cQBIQrar?ceHPNH thef aflect mﬁeog}géeh%p)watﬁ)ﬂd SehthRA& | Y

substituted wth or 1sopropyl), for exanple

| - met hyl pyrr i

pyrr ol yd% 1% tgh %ﬁ ?‘%)ll icddtl%?lt 158[1?&)%36594&%14 p({/gr%cg(é %yé dc?,%llgr er ? 'di n- 2- yl,
| - met hyl er, I hyl ae
|y P! Per gL Xd’ﬂuenaso%e%tﬁ i Shbippibagh, SRS QUL TP
1.4-1.26, Wher %hré dll_—lué:nst source h;}/ro IO{Jvdolf ?‘ue% a1¥A diluent at a determined volume

ratio to a flame in the combustion device, at least one flame stability sensor generates
one or more measurements of at least one characteristic of a flame or flames, and at

least one controller to control the determined volume ratio of fuel:diluent based upon
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1.40 Any of formulae 1.4-1 .26, wherein F is heteroaryl optionally
substituted with G "~al kyl (e.g., pyridyl, (for exanple, pyrid-2-yl),

pyri m di D 20foar773@ganpl e, pyrimdin-2-yl), thiadiazolyl pCTars2enangshe,

|, 2,3-thi adi azol -4- yl), diazolyl (e.g., pyrazolyl (for exanple,

pyrazol -1-yl) or imdazolyl (for exanple, imdazol-1-yl,

4-met hyl i m dazolyl, |-nmethylim dazol-2-yl,), triazolyl (e.g.,
1,2,4-triazol-1-yl), tetrazolyl (e.g., tetrazol-5-yl), al koxadi azol yl

(e.g., 5-nethyl-I, 2, 4-oxadi azol ), pyrazolyl (e.g., pyrazol-1- yl), wherein

sai d_het er Oara}ﬂi/ok §on‘§9£1h&ﬂ9}l ityea'%%tthlte%(ﬂ&jvé%é ﬂoﬁ%‘n@o( Biofb medshidRfeRs OF
hal oG _6al kyl ; 1. Any of” formulae 1.4-1.26, wherein F is pyrid-2-yl

optionally s ornmul ae 1.4-1
56, wher &i n‘fﬁﬁ'? bf‘e“éf brblrafic 38bfif enfors af‘%%%ﬁ’y“%%“?‘ﬁ'ﬁﬁ‘u@*z@f 4-1.26,

wherein Fis i f b :
formul ae 1. 4@962%1"%9 ag%eas(u% X S&%gé)}ga@glfwws%@e%ﬁ@ of < ﬂ@xll 45 Any of
fornmulae 1.4-1.2 nFlstlazo 2. 4-1rjazo o 1.46
Any of for rruISf;{‘érc‘ié"2f¥\{{}]1 dﬁ%em\s/\%’é? H’elfo ioéz%ﬁerfl l?aCCbrdambe V?'ghz!(?feﬁéé%%

exanpl e, pyrazol i r _ex iym da

net hyl i m dazd'i“fﬂmlorit\’/r ’tdﬁ§/faﬁf?nr%<‘ég’l%§ %f’lfb% QPGT?EEOAtﬁ?ﬂS‘Pe é’?lﬁu?délémﬁ 4-1. 26,
wherein Fis Ci -6al k¥ oxadla olyl (e.g., 5- methyl- 1,2, 4-oxadiazolyl);
1. 48 Any of fW’hﬁ‘F‘é%é‘o‘l tpmthe QomMBUSHPR SYSIGETi 5 anino (e.g., -NH2) : 1.49 Any
of formulae 1.4-1.26, wherein F is G -6al koxy; 1.50 Any of formnul ae
1.4-1.26, wherein Fis -OhaloG- alkyl (e .,-O - 1.51 Any of
formul ae 1. 1- 9"% AW}Q}‘@F ﬁleg’of@e“@%eﬂ a‘?—ﬂvgsthg flamge staly ‘y“yo%en?odrofrﬁﬁ“é 51.1-1. 26,
wherein Fis -N é‘ 2) 1.53 Any of fornulae 1.1 26, wherein F is
Gi - 6al kyl sul fe yeins ¢ AP ‘éﬁ“oflé}’sﬁimﬁ@ be, for purppge qué%t@n“ﬂn g got

met hyl sul fonyl or -S(O 2CH3; 1.55 Fornula | or any of 1.1-1.25, wherein R
i s a substit UetinetaaOpEea)seiepyeperaiing. ata@%@%qt%\vwl%@wrw@m% 1.56
Formula | or any of 1.1- 1.25, wherein R3 is attached to the nitrogen on

t he pyrrol o podedingulgfvilst, rvmﬂde|aném@frarsd@em¢a§t,yméf, OFBF DRLACHCIRORIEN? a A
wherein X, Y and Z are, independently, Nor C, and R8, R9, Rh and R 2 are
i ndependent | ya Sblwrosdrrmli@gsnrp(ien teaturdiierpred Epm mycthﬁtiacﬁeiisiChm)dvgeﬁiQmah«yl :
cycl oal kyl, hal oal kyl (e.g., trifluoronmethyl), aryl (e.g., phenyl),

het er oaryl ( euld.partjy,ror dhydomplefeoconebuatippl &, a foyirand/o? frgin)angrcompgnent othi adi azol yl
(for exanple, 1,2,3-thiadiazol- 4-yl), diazolyl, triazolyl (e.g.,

1, 2, 4-tri azolcolmpyhents predeneinahe/fuel &@.diluentisepplizd @b a Hayib Jn thakkakastbadeliyd
(e.g., 5-nethyl-I,2,4- oxadiazol), pyrazolyl (e.g., pyrazol-1-yl), alkyl
sul fonyl (e. ghat cabdyded SoilidrRRydither @iFack1oar ramydtly( & n@asurdeNTmyd skabikiy or

het er oaryl car bonyl, al koxycarbonyl, (e.g., nethoxycarbonyl), am nocarbonyl;

preferably phgemiiQr PRYERBY] the Bptébal S&S&Mﬁdlﬁhékald%ép\ébdiﬂﬁ atwidklcwb@n X, Y or X
is nitrogen, RS, or Rio, respectively, is not present 1.57 Formul a

1.56, wherei '?nc%%tldt&i tﬁna{mé &bde @Eer?ﬁbw bséh sy§8m lfed 1639 pADIdRied are each H

and Rio is phenyl; For nul a 56, wheréin R3 is a noiety of Formula A,

R8, R9, Rn ang, wﬁ il ggaagh aifl 6}4}?&& Mohﬂyém Qhe ﬁﬂa's@ebéaﬂvxbeléﬁw e

Formul a 1. 56, S noi ety of Fornula A and

each Hand R 0 E’a%el@%{géfls arégytﬁlaﬁpatrllgfpg%yeg%lﬁbﬁ/fo'ré &%%ﬁjagw Ene 6}%93&9% g AN

fluoro); 1. 60" P& erein I°s”a nol nmul a
and Z are all C., 1. 1 For wher. ei i [ 1.62
Formula 1.56, av\ﬁ Ir,l%t Ig.')rlx_%ave: nggh afr?géotlw erilell,br%upl339nmtsoa%3ut l%g

Alternatively, the preselected wavelengths are about 1.4 pm.

[0029] The diluents used in the combustion system are as described above.
Preferably, the controller in the combustion system provides real-time control using a

threshold measurement from at least one flame stability sensor. In one embodiment,
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1.63 Formula 1.56, wherein Riois pyrazol- 1-yl; 1.64 Fornula 1.56, wherein
Riois 1,2, 4-triazol-l-yl; 1.65 Fornmula 1.56, wherein Rio is am nocarbonyl;
1. 66 For mubaob/Ba07wherein R 0 is methylsul fonyl; 1.67 Pormske9Dod62
wherein Ri0O is 5-nmethyl- 1,2,4- oxadiazol-3-yl; 1.68 Fornula 1.56, wherein
Riois 5-fiuoropyrimdin-2-yl; 1.69 Fornula 1.56, wherein Riois
trifluoronmethyl; 1.70 Fornmula 1.56, wherein Ris a noiety of Fornmula A X
and Z are C, and Yis N, 1.71 Formula | or any of 1.1-1.70, wherein R2 is
H, (e.g., isopropyl, isobutyl, neopentyl, 2-nethyl butyl,

2, 2-di met hyl Qﬁ@&}a{r)mémfé&%agas s Sl hdetio BF RIPdiiuenORUnARAINY Y fretRErintietied Wi t h

halo (e.g., fluoro) or hydroxy (e.g., 1- hydroxypropan-2-yl,
3- hydr oxy- 2- {1&){ lﬂgﬁlgr?e/sjcti:)b’lhty e %@ic#wrme G- In%ﬁé{ ﬁJ)xPﬁHft}Hg e@rﬁvo&men?%ugpe ntyl,
cycl ohexyl) ereln sal d cycl oa tionally contains one or nore

substituted w re am ne
2- I k
ot Eﬁfy‘gy??ﬁi‘f%&awezn@%f“ P B i §X‘]96"eﬂf%em%d LF9m o ndi n-

2-yl t hyl - et hyl - | i ndi t I
(e?/g mE‘py?/ro uﬁf“ﬁ{}rens 1%31?8 ?r;ﬂ%%t?ogl CIhﬂVF'i%Fti'ccfl rﬁq é"ey}lils)ta%%bt?'%seé’%r] ;i/)%slﬁbo ? i tﬁt ed
with G ~alkyl (e.g., methyl), for exanple, 1- nethylpyrrolidin-3-yl;

(v uorome (0% 535 e SR SR I el B G (50

2-(dirrethy|an‘ino)e{)}rlr’|l 2-am nqpr op e.g. (e

3- hydr oxy- 2- PEtRYE ‘ﬁbwa}lo’i" aﬁ@&%‘@‘ﬁ% S2-yl) aryI Co- al kyl (e.g.,
benzyl); heteroaryl G ~al kyI (e.g., pyridinylnethyl); G- (e.
ﬁé{rﬁ;rgﬁg?egz Ie Djlue G r eIQ)Ga ignal Cox --' Of ord l?llls% e' g ' ,
pyrolyin-3-yl, pyrolyin- 2 yl) optionall y substl tuted vvlth CI ’\al kyl (e.qg.,

(I-methyl pyr - 2- 72 For, 69 wh .73 Formul a
(et Py b edél{PYé‘y he t%mg it grissy g e et oi
2-met hyl butyl ; 2, 2-dj rrethylpro ereln sai d. al k IS otlonally
substituted Wlemmably @r meers. embf’ "1‘1‘9”“‘3 HV%%’&)Q% ‘?%‘pd’m O’T ‘Z‘ng

hydr oxypr opan- 2-yl , 3-hydroxy- 2- n'eth 1.74 Formul a

wherein R2 i SlGnspisargeents, bvBspF@ﬁﬁ%Hya}l%n%ng%ﬁév iThergipre.duel:diluent oluie

3- hydr oxy-2-net hyl propyl; 1.76 Fornula 1.69, wherein R2 is

| - hydr oxypr opaiipsZloyiot inglutly thegmeuntofrigbat inmeshigpdingbe fegd to the flame i the
3-8cycl oal kyl (e.g., cyclopentyl, cyclohexyl) wherein said cycloal kyl
optional | y conmiisiondaeicorApgrsen héerdinent Skmﬁ/ tetheart ean dotasming araiti@ and i s
optionally substituted with one or nore amino (e.g., -NH2), for exanple,

2- am nocycl ofeeltdylhersrat, baseil nodyrexaheky e, co@ibustainidghice gsqg.and the nature of

| - met hyl - pyrrolindin-2-yl, 1-methylpyrrolindin- 3-yl,

| - met hyl - pyr rtid funldised 2r the eombmhs}nbn devide, aed arydyy of o inohiided in3hy feedei thyl ) ; 1.78
Formula 1.69, wherein R2 is |-nethyl-pyrrolindin-2-yl, 1-nethylpyrrolindin-
3-yl, |-nmethylan@yrrolindin-2-yl-nethyl or 1-nethyl pyrrol i ndin- 3-yl-nethyl;
1.79 Formula 1.69, wherein R2 is Ctheterocycl oal kyl (e.g., pyrrolidinyl,
for exanple, pyrrolidin-3-yl) optionally substituted with G -6al kyl (e.g.,
met hyl ), for [e0cPoeexampie iy Inmecsrdbnodiwith3onglembpdimened it pyesenol | di n- 2-yl
1.80 Formula 1.69, wherein R2 is |-nethylpyrrolidin-3-yl; 1.8 1 Formul a

1. 69, wher ei npRiation, @ GGt opdikicht €4 to thk e (Lat@ut L ad apuop§dorattieyl ) ; 1. 82
Formula 1.69, wherein R2 is -N(R 14) (R 15)-C -6al kyl (e.g., 2-

(di met hyl am %)lﬁﬂemﬁﬁlel3ecﬁlrd§|tﬂé395rﬁ@66xhudﬁ)g&3? Facdoudiagly, 6 dne phgie@hn R2 is
het eroaryl G -6al kyl (e.g., pyridinylnethyl),

embodiment, the fuel:diluent volume ratio can range from about 2 to about 100.

net er oat om sel ceted [1om %qugteaqgnaw dodl gk géf@,omeygde SmfRhi onal |y

More preferably, the volume of diluent fed to the flame is about 10% to about 40% of
the volume of fuel fed to the flame, thus the fuel:diluent volume ratio can range from
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1.84 Formula 1.69, wherein R2 is G -6al koxyaryl G "~al kyl (e.g., 4-

nmet hoxybenzyl; 1.85 Formula 1.69, wherein R2 is aryl Co-al kyl (e.g.,

benzyl); wo&610korieal a 1. 69, wherein R2 is cycl opentyl oPcCTyusc@oenssb2 1. 87
Formula | or any of 1.1-1.70, wherein R2 is -GJ; Gis a single bond or,

al kylene (e.g., nethylene); and J is cycl oal kyl or heterocycl oal kyl (e.g.,
oxetan-2-yl, pyrolyin-3-yl, pyrolyin-2-yl) optionally substituted with G .
6al kyl (e.g., (l-nmethylpyrolidin-2-yl)); 1.88 Fornula 1.87, wherein Gis

al kyl ene (e.g., nmethylene); 1.89 Fornula 1.87, wherein Gis nethylene; 1.90

Formul a 1. 87 o uhereiohpdut 19 SYEk %Iwkfeparbm%arow&mﬁiuwlfe&I%tge flafX @t an- 2-
yl, pyrolyin-3-ylI, pyrolyin-2-yl) optionally substituted with al kyl (e.g.

1- et hyl pyr %bﬂ z@o %ost)I,th 36(9& tﬁegw%@oilfu%hedgm%ﬂ?&e%hhm%%lfanugnyl

pyrol yi n-3-yl, 2 Fornu erein IS

I t hyl I f di f I wh R4 and
RS are | ndepdAld rego %In)refée e o 255 e e TSopropyl ) C3. 8oyl oal Ky
(e.g., cycl opentyl) C sheterocycl oal kyl (e.g., pyrrolidin-3-yl), or aryl
(e.g., phenyl[&%%ﬁ IJI‘ };eﬁgtﬁ%rayéom(bﬁstgm’dep%é lugné ﬁélmetﬁcyc{s oq]tl% é%ul:sef?tr %BK&{E’%R' -3-yl)

wherein said roaryl 1s optlona y substitut (e.qg.,

anot hor aryl 1 BuByﬁJgPéYue‘lﬁriap%%@‘r SRR e RS RG o

either R4 or s wherein.either R e.g.,
ret byl i soptBB IS RGN %@9 R EPERRPEiE R Fornan g highob
|sopropyl 1.97 Formula 1.93, wher ither R4 or s, C3-8cycl oal kyl
(e.g., cycl oé%ﬁ@/f‘)mtl Idas, ﬁ@r%mleigﬁ&gmg%mwe‘iaﬁwaI-*( begiet EH‘Y

Crsheter ocycl oal kyl g pyrrolidin- ; 1.99 Fornula 1.93, wher ein

ei ther R4 or high E©g- &F%PI“ (lgo)g"f alisFmafyely tl&ﬁb? ?@H’&Iqoyn‘é‘ﬁ‘c@I“F?iﬂ%tW?h hal o
(e.g., 4-fluorophenyl), hydroxy (e.g., 4- hydroxyphenyl), or another aryl
group (e.g., flsmshdhgcombystinpdexjieg operatimgengss el eonditions cagsewdha gablher R4 or
R5 i s 4-hydroxyphenyl; 1.101 Forrmula 1.93, wherein either R4 or RS is

4-f1 uor opheny]ame_’asmng:mmwraitelomzewﬂm\r obirsueh pipsatiords also Fkely & previde oar yl
(e.qg., pyrid-4-yl, pyrid- 2-yl or pyrazol-3-yl) optionally substituted with
hal o (e. g., 4u'ghfﬂlamrtepnhelagulre)s,anhyl'tghowyoq(@ngﬁss;onﬂ- hhaistalprodiyd flameGind6al kyl |
C ~al koxy or another aryl group (e.g., biphenyl-4-ylnethyl); 1.103 Formul a
1. 93, wher ei nheteinpetatuRddependdn ihe fidlaimhtio. 1. 104 Any of the foregoing

formul ae, wherein ROis H G -6al kyl (e.g., nethyl) or C3-8cycl oal kyl ;
1.105 Formula 1.104, wherein Ris H 1.106 Forrula 1.104, wherein R6 is

G - 6al kyl (e.[0034] @echfihe sthbili§7hasbeerudsaurtd, Ailamevne pEdifueRefed o tetflage; 1. 108
Any of the foregoing fornulae, wherein RI3 is -N(R 4)(R 5), C -6alkyl
(e.g., methylchn be MCieasedddbkyik afneug.of fueDERd3) thehdne(@an-be akdrydsed)ain pkdef foor
exanpl e phenyl), or heteroaryl; 1.109 Fornula 1.108, wherein R13 is -N(R
14) (R 5) (e.nfbve cid¥R) tHe IBAQinfFofofd kambustion deviber LlttivuRl & i 8esThbl6afrdey |
(e.g., nmethyl); 1.1 11 Formula 1.108, wherein R13 is -OC -6al kyl (e.g

-OCH3), 1.1 LAdeemukion dad@int\Mapeiakt RLst 8s pddsibl; to thelLHA lima, mul a 1. 108

wherein R13 is haloC -6alkyl (e.g., trifluoronethyl); 1.1 14 Formul a
1.108, wher e'p’?acﬁ@eal)l tﬁerIersh(;dl&’Qé QHEPgm/l)ferilorlo dRufah UL BOLRB isWaerein R13 is
aryl (e.g., phenyl); 1.1 Forrmula 1.108, wherein R13 is heteroaryl (e.g.,
pyridiyl); actually reached to prov1de safe operation. In order to provide a safe operating

margin, a “flame instability threshold” from one or more flame stability sensors can
be established based on the LBO limit, which can be determined empirically, and the
minimum acceptable cushion for safe operation of the combustion device can be
defined so as to avoid unsafe conditions such as flame blowouts. More preferably, a

safe operating margin is additionally ensured with constraint on the volume ratio of
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1.1 17 Any of the preceding formulae, wherein R4 and R 5 are independently
Hor G 7™alkyl (e.g., nethyl);1.1 18 Fornula | or any of 1.1-1 . 1 17,
wher ei n ewohero/Rmoer Ri s is independently H, 1.1 19 For mulrasskooono@ny of
1.1-1.1 17, wherein either R4 or RI5is C. alkyl (e.g., nmethyl); 1.120
Formula | or any of 1.1-1.1 17, wherein either R 14 or R5is nethyl; 1.121

any of the preceding fornul ae wherein conpound of formula I is 1.122 any of
t he preceding fornul ae wherein conpound of formula | is 1.123 any of the
preceding fornmul ae wherein R3 of forrmula | is 4- nmethoxybenzyl; 1.124 any

of the precediigfai R4 8% AR Qich that Qhddr AbARI Bpdratich e (Brufdeyi PRy r i d-
2-yl)benzyl; 1.125 any of the preceding fornulae wherein -N(R4) (R ) of

formula | iSfE{I%ﬂM&rﬁ@&%eMQJ%ME’@ .@Xg&g}rﬁ?a%utfllt‘d?a%?@@?%le?e%@ﬁ?ﬂ@y of

t he preceding tornul ae erern conpoun or mul a el ected froma

01 2 provi si iR G R P LG AR kAL g YO

contents of which are hereby incorporated by reference in their entirety.

ubst i tuted 00 Aoo R ERE e YR ThisAllod AEAERafdn Ry ORI, 67

H) - ones and their .4-i En eri i ves e4-(t hi oxo

or inino)-4, ﬁ?tdﬁlﬁ%ﬁ#%-‘fﬂqﬁgﬁ}eg}%‘i%i‘g‘zﬁﬂ’ dT ?)y(%];[ Y }Jtl‘gy%'(t%injap gfﬁlg)gg, ﬁé)rﬁd
3- ani no- 4- (t hj px; i ni no)- 4, 5- di hydr o- 2/ /.- 4. i ni din-6(7
e 10" (i, ot B G R Pl o 7

dlpyrimdin-6(7 )-ones, preferably, a c ound of Fornula | as described

bel ow, proces“@é‘émfeBPamianWHﬂﬂg%ﬁéﬁIZdﬁH tFat’tﬁ’s‘%[’%%gBﬂalr%‘é‘glfti cal s and
pharmaceutical conpositions conprising them O particular interest are
novel conpourifgsyig@eniof §amp srbibint: o@%ceg\‘e Prbdipradirae tsepelk hagthe Bppe) | e g. |

in the treatnent of diseases involving disorders of the dopam ne Dl

receptor int s@bBity diresholdas ¢isegded s HhaBampa isiapsesing vodilese i e LK hmeyi on,

nar col epsy, damage to cognitive function, e.g., in schizophrenia, or

di sorder s t hahenrthy/fugkdituent iabe aarelk inbreangd o enteanedde psabgeparatingmeargingnal i ng
pat hway, e.g., femal e sexual dysfunction. BACKGROUND OF THE | NVENTI ON
[0002] Eleven families of phosphodi esterases (PDEs) have been identified
but only PDE0036] bagriother pmbp¢imetaat+hepresendnveniiodehe fiepddilugphoxionddi est er ases
(CaMPDES), have been shown to nediate both the calciumand cyclic

nucl eot i de ( enigallycsahMRlaivdlydiRndshgnlaivered ap &t 4ppeoash tHEHB @ hmeteuniah dasedCaM PDE
genes, PDEl A, PDElI B, and PDElIC, are all expressed in central nervous system
ti ssue. PDEl Aposflex picasgederithfromghoflow tshserb(iad. rat Wastionhifighvenedseneslest of
expression in the CAl to CA3 layers of the hippocanpus and cerebel | um and
at a | ow | evéioni the tfild s@ired idwmealldnk Aoivamedssiemexir@n sediluanttsberck)iag and
heart. PDEIB is predom nately expressed in the striatum dentate gyrus,

ol factory tr aeddeRifine€ fieEAbIdUB: thaReluleSaeX G fRSISdiRBntGOsBtEIhed afh\that khebr ai n
regi ons having high | evels of dopam nergic innervation. Al though PDEIB is

primarily expResaRd it fotlbRaBeRhERY. PRIEMEBIS, BY 8dj8inchtandRY cORuaRt 8Cthed 1 n
the heart . PDEIC is primarily expressed in olfactory epithelium cerebellar

granul e cell gonaRdasd 6 @EMNucRREDSscll $n aP AR HREH S0t Frobd e h@@rsglsté’:ﬂd
vascul ar snooth muscle. [0003] Cyclic nucl eotide phosphodi est erases

decrease intpaeq lyldhingVh t%gh(ﬁ%uﬁliegﬁ?, (;f{}gel.tﬁYluquaQJeM%L %'lggcicﬁ'ﬁcﬁﬁ] cyclic
nucl eotides to their respgctl ve I nactive - nonophosphates (5" AMP and

5 Gw). CaM P Lid | e dn i at i i |, .ransduction in
br ai n) cells, Cé)rgs;?rta F](Itzg%ggloﬁ av(nfah%ie}élm%ﬁmgrﬂ{er?hgfﬂrﬁé aglrggtsﬁ ﬁggﬁgk}%&gs t he basal
NVDA- t

ganglia or striatum For exanpl e gl.utamat.e r.ecentor tivation
andror - dopantieactsnn ba s TRy srsr (1 B v AR A EGRhRInEN |5 o
cal cium concentratjqns,, | eadin ctivation qof. effectors such as

Cal rodut § oo T b P S Bt Rl SUbF R G PEER0E 0t i on of
CaM PDEs, resulting in reduced c and cGWP. Dopam.ne DI receptor

activati on, 6#’5? F?etg‘c’){‘ﬁgrl”ﬁ%g“,e“It@'atMggl:‘{}B‘e’ét(f?ﬁ“?/%ﬁoiugﬂ’edf‘crﬁ%?@? &89 tgée‘}!?bl ases,
resulting in increased cAWVP

the combustion device to a safe operating margin.
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and cGW. These cyclic nucleotides in turn activate protein kinase A (PKA
cAMPdependent protein kinase) and/or protein kinase G (PKG cGQGwP-dependent
prot ei n kWwoaswyo7rdwat phosphoryl ate downstream si gnal tr a&agdiseanmoncspat hway
el ements such as DARPP-32 (dopam ne and cAMP-regul at ed phosphoprotein) and
CAMP responsive el enent binding protein (CREB). Phosphoryl ated DARPP-32 in
turn inhibits the activity of protein phosphates- 1 (PP-1), thereby

i ncreasing the state of phosphorylation of substrate proteins such as
progesterone receptor (PR), leading to induction of physiologic responses.
Studi es in rqgsaherbavarsigogested that i nducing cAVMP and cGW synt hesi s

t hrough activatrton o opam ne DI or progesterone receptor enhances

progest er one [0 alhk A0u@S $RA e tHRAlaMetIT theadohbustidaiésice katbLiatrodRePANG €S,
i ncluding the |ordosis response associated with receptivity to mating in

sone rodent s.ge5efe ¥bditatediredin; or fibERERbInEP Wt 1HSflel/atORRam!piRr kPNt ent s of

whi ch are incorporated herei n reference. [0004] CaM PDEs can therefore
af fect dopamnes{.egi ALeinan &Fm r@ttr,@amlelnytt%msaa%@tmgfﬂ@tém@ys in the
basal ganglla striatum, |nCU|ng ut not limted to nitric oxide,

nor adr energ Rt VDA
receptor, r@ g’i‘:{é&{e égnédgg% r%%:de uT)Fﬁlggt%; %gdnqa ellr?g}él ne O?nb(]%& %fﬁi\l

receptor) cannabl n0|d receptor, natriuretic peptide (e.g., ANP BNP, CNP),

DARPP- 32, a) ﬁioﬁi%)é%%r’édidnﬁén@ﬁﬁlhk R S

Phosphodi est activity, épho lest eggse 1 (PDEl)

activity, f unct | ﬁ)ea§ed srt]eabr %nec:[o}l fehrre% 0‘91ue ? C(Ped bug)tcl:o%n% Or]%lgﬁ: tivity
andl ear ni ng anef nenory erapeu on of

intracel lular_si.gn t hways, f er abl the nervous system

i ncl udi ng but® 0%5 af%ﬁr&?‘efp e %?B%Mﬂ’gd%lan‘y%%bt’a&o dopani ne” D2 receptor,
nitric oxide, noradrenergic, neurotensin, CCK, VIP, serotonin, glutamte
(e.g., NVDA rgce A eAs receptor) GABA, acetyl choli ne, adenosi ne (e.qg.,
A2A receptor Mﬁ%cept or, natriuretic peptide (e.g., ANP, BNP,

ONP) , endor pgg, | n\t>a,r1%Py #tgéhﬁéroﬁfeg?ﬁjﬁéﬁgﬁéi?@{] n@gld%%%e%lé?&% é,‘%f.&’s@e signaling

pat hway. For exa act to iate the
rot

effect of a d Elacrﬂ tgalala (& ge,ﬂefazer?y ?Sﬁlfﬁ% an}fggagclgvpﬂﬁﬂf IP%tAbNEEyO?n (i)réheal i ng

degr adat i on d
at hways, i biti P tivit ni.c el evation traceIIuIar
(F:)al ci urr/1 I eveI qgo Idloﬁgg@ E%nézfafnedgg{ﬁa ﬁ gﬁvéc%‘%%‘o’?‘&bf’g” S cul arl y

in neurodegera ve di seases sych as Al he| ner's,  Parkjnson's and

Hunt i ngt on’ s 2Bf/SBRd i5direct girasirh Obe duse Dee Phgsaciirisiit Ao 85 ste APBEdi ng to
stroke and nyocardial infarction. PDEl inhibitors are therefore fpotentr ally
useful in di SBRYEESERRIAdRBIISERHIHSEISURIEN 1HBIA N BRCTIC ? B! fSMnal i ng
activity, such as Parkinson's disease, restless |eg syndrone, depression,
nar col epsy ant#bdiayrlapievestabiiyi andéasthe IBERoqdHiLIQ treughrdireg aned/on ingirgst i n

di seases that nmay be alleviated by the enhancenent of

pr ogest er one-siemegtipmgl eneah meege flemra charsasristits. dos fourposdsed thif epdiedtionhere i s
thus a need for conpounds that selectively inhibit PDEl activity,

especi al | y PBEy Aeaswi off flaaREnBalabty oriindicatiSubiiaRNe Gkelifibed bAMBENTeOMd 0007] The
i nvention provides optionally substituted 3-am no-(optionally 4-imno or

4-t hi 0x0) - 4, Jroth swehndeyice bt @rie26f Jevipys foz diequipode di pyikaring] confroMink) - ones and
their 4-imno and 4-thioxo derivatives, e.g., 3-am no-4-(thioxo or

i M no) - 4, 5- dicbiysiratiring, bRy 6recp@inizing a At dyor isyBtdhh for@édiictibn 6MLOx emissions in

3-am no-4-(thioxo or imno)-4,5-di hydro-1 Hpyrazol o[ 3,4-d]pyrimdin-6(7
H) - ones or 3-{aéd MArtefls »5n1dtrra>édﬂmohbfa§w@zw faé13ads witliR¥edpaiothis 6( 7 ) - ones,
preferably (optionally 1 or 2 and/or 5 and/or 7 substituted)-

3-am no- (opt 'agﬁl?sla i, ndilifOthe imAe fbh@%eh ot ﬁaQ'JM@f@r‘i}(ﬂy{)é 6f flame stability

2H) - pyrazol o[ 3, 4- d]'pyri m di n-6-ones, nore preferably a conpound of formul a

1 F ! e n esa eas € Sensors i e: 15
(i )OrRle 2 H odrlyefce:rlé%rgﬁ (l&h@lbgﬁ- , %nléé)‘ﬂy Of%ﬁ‘g@%@fig ngélSl rghﬁ ? éd,? Cl) 6a| kyl

(e.g., isopr Q%Brs (l.é?lg%%lased?seﬁg%}sjy,ydcgﬁgtx lseﬁ%rs%l.g, pressure sensors), and
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di met hyl propyl) wherein said alkyl group is optionally substituted with one
or nore halo (e.g., fluoro) or hydroxy (e.g., hydroxyC 1-6al kyl, for
exanpl e Iwbydroowryprop- 2-yl or 3-hydroxy- 2- et hyl propyl ) pChaiSe@9/0e6dat ky|
(e.g., trifluoronethyl or 2,2,2-trifluoroethyl), N(R 14) (R 15)-C 1-6al kyl
(e.g., 2-(dinmethylam no)ethyl or 2- am nopropyl), aryl CO-6al kyl (e.g.,
phenyl or benzyl), wherein said aryl is optionally substituted with one or
nore Cl-6al koxy, for exanple, Cl-6al koxyarylC 0-6al kyl (e.g.

4- met hoxybenzyl ), heteroaryl Co-6al kyl (e.g., pyridinylnmethyl), wherein said
heteroaryl i s,QRleQNad %nﬁale?sttérw@ @da\ég,été;n ONMpNindPéfindrd 1o RALARM (€. 9.,

Cl- 6al koxyhet eroaryl C 1-6al kyl); Wherein Gis a single bond or

Cl- 6al kyl ene g)cgjnlé%?hylene) and J is C3-8cycloal kyl or heteroC

3- 8cycl oal kyl ? xetan-2-yl, pyrrolidin-3-yl, pyrrolidin-2-yl) wherein
t he cycl oal kyl and heterocycl oal kyl group are optionally substituted with

(()ge or @Cgfaﬁﬁﬂﬁ P‘;f/%f}aragl ﬁiﬂ'l@ﬁablflﬁlrseﬁ%?{rm ;ﬁi Ore%?; zﬁﬁvl(l)lgéﬂong%e Be¥Haqal kyl
) COAal kyl - cyg 992[1%8%%1) yﬁé@ﬁﬁ ﬁl'pﬂ) ¥tccln%aflﬂ(1ylan a Oé.lg% baaklxo \tn: tuted

with one or or exanpgl e, am nocyc op
2- am nocycl ohex 8heteroc C,

CO0- 4al ky?/pyrr F%dgm%lat le?St Onee&rgssufe Sensordﬁldf nﬁﬂ%% Sl(eg S?SStenP) wherein
ai d heterocycl oal kyl t onal b te

mothyly . f or causr e ?P@Fﬂf"mgm qsfﬁf)% a‘zﬂra%gwr}s?‘ﬁwwﬁ‘&?/ﬁcﬁéﬁgaz 0,
1-met hyl - pyrrglindi n-2-y hI thyl -pyrrol.indin- 3- Lmethéll) (|v)
R3 is 1) -D Ehesqiarsdans: beD‘SF aan%Prnlg|cem Bdon Ge-Rfk Isérh%r("é

QCOUSU
nmet hyl ene), or aryIO 6al kyl ene (e.qg., benzyl ene qQr -CH 2C6H4-); Eis a
singl e bond, besedseRSPr aRfiorraacine Vr’l%‘f"hiﬂ"é‘ﬁé Regard)ess 0 s sensoplyPe. dfit | yI ene) ,
CO- 4al kyl aryl ene (e.g., phenylene or - C6H4- , -benzylene- or -CH 2C H4-),

wher ei n' t he &F9dcess @n&emeifgm@ﬁtqn@rmpws'%quneméﬁltw@rﬁle}dap@lr{t%i g., d or
F), heteroarylene (e.g., pyridinylene or pyrimdinylene), am noC -6al kyl ene
(e.g., -CH 2¢M)jng)deviggiand/of &n igdqpenwmwleyt,ric@somymnoemxpp@tmor@ptrimmal ly
contai ning one or nore heteroatom selected fromN or O (e.qg.,

pi peri di nyl ene)singRevies]withadrovitheugdirecFeonBnyni@tion tCihe®at Rymofesseysing i sopr opyl
or isobutyl), haloC -6alkyl (e.g., trifluoronethyi),aryl (e.g., phenyl),
C3- 8cycl oal kyeviogs, mixhizd loyatedeithar i thg fielder or amacksat ¢ie. sel amelyed shelem a gr oup
consisting of N, S or O (e.g., cyclopentyl, cyclohexyl, piperidinyl,
pyrrolidi nyl cohtedliradiy @y 2Ai: @niitdmatbn\olf twoor Mol flaalel sphljty sandr gpdsioonal |y
substituted with one or nore G -6al kyl (e.g.,

sensor systems also falls within scope of this application (i.e., one of a laser optical

sensor system and two of machine vision sensor systems, etc).

[0041] In general, changes in signal from flame stability sensors result from a change
in at least one flame characteristic over time. The change in a flame characteristic or
flame stability sensor signal over time can be characterized in the frequency domain
by performing a Fourier transform on the sensor output prior to further alteration over
a specified amount of sampling time (i.e., 10 seconds). The available frequency
information contained within an output for a given sensor type is limited to one half
of the device sampling rate. Thus, a frequency range or subset of frequency ranges

can be defined that contains a sufficient amount of information useful in the measure
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met hyl or isopropyl), for exanple, 1-nethylpyrrolidin- 2-yl,
pyrrolidin-1-yl, pyrrolidin-2-yl, piperidin-2-yl, 1- nethyl piperidin-2-yl,
1- et hyl piwernova17sd7yl , heteroaryl (e.g., pyridyl (for erammiSeqoopyesozl-2-yl),
pyri mdinyl (for exanple, pyrimdin-2-yl), thiadiazolyl (for exanple,

|, 2,3-thiadi azol -4-yl), diazolyl (e.g., pyrazolyl (for exanple,

pyrazol -1-yl) or imdazolyl (for exanple, imdazol-1-yl,

4- et hyl i m dazolyl, 1- nmethylim dazol-2-yl)), triazolyl (e.g.,
1,2,4-triazol-lyl), tetrazolyl (e.g., tetrazol-5-yl), alkyl oxadi azolyl

(e 9., S-methyhahe gtaﬂ”‘ll%xﬁféﬂ’(ﬁmmeammﬁ I BoS&afh Wu@ﬂ@tﬂfrﬂlltatioﬁ Ppressanal |y

substituted with one or nore Cl- 6alkyl, halo (e.g., fluoro) or hal oG

-6al kyl; G - @@ASBP bt rec(iqfig"@ét S0 1§A & éksowes’sur&?fu%at%ns upko Gy lasul f onyl

(for exanple ony or - wherein R13 is

“N(R 14) (R 13 Ur(lftgrraggflohx on(lﬁﬁ‘gﬁoﬁ‘d arp?%(sls%l‘e dat%eveﬁﬁ%*}él-esglﬁe uctuatw

hal oC, . 6al ky uor one eteroaryl; -N(R

14) (R 15); ckv%cterbs?mgcjs h%t u%n%%lgg%f ggcgﬁ{erythF ratnﬁe otk { ¥b Hz o %wgr% %%&Brt ut ed W th

1l al oC 1- 6al 0 e nitrogens e pyrazolo
portion of Fornul and is a of Formul.a AFg wher ei

ana 2'are, | rtpavép%%béﬁ??fysysmﬁg% f@%ﬂﬂﬂl Vi BHYy et&ﬁez 3P\ AR Ty H
or hal ogen ( 0 ha uoro or chloro),
G - 6al kyl, célzealye ﬁ&afrqawgcywéﬁ@f@eg * Ot k@& %t&) 9.2  al dﬁ%%}’ iR Waf
plperldlnyl) 15 hal oG  -6al k -, tr|fluoronethyl), aryl (e.g.

phenyl ) or hét e digreyd 0“(343“ fjom t%?y?rFifWe Se(‘sf%Farb%‘f?ﬁ‘iilé’ mEJ"}FPWthai“lW ) or e.g.

t hi adi azolyl (for exa 2, 3-thi adi azol -4-yl ), diazolyl, trlazolyl
(e.g., 1,2, 4nts|taibslman llyellhpe@ pBLBOy IIn praciice, the portionsos pertions ¢f data
aIkonxadlazonI (e.g., 5-nethyl- 1,2, 4-oxadiazol), pyrazolyl (e.g.,
pyrazol - 1-y| genextted by a flame dtab gy S,enmwfghfoyﬂ@mcmlabéit}kwte@ion contained

het er ocycl oal kyl is optionally substituted with one or nore G -6al kyl
(e.g., methymithiththt ogipnt ¥gnal,ecgprdlesshlf sensomypd, Iflame spyrchabmBist®aldeyice,( e. g. ,
trifluoronmethyl), hydroxy, carboxy, -SH, or an additional aryl or

het er oaryl ( endjor combpkigsnydysiem qay b dylephi@ed hs)set Orth6dn kdditie i hd mnid case. g. ,
met hyl sul fonyl), aryl carbonyl (e.g., benzoyl), heteroaryl carbonyl,

G - 6al koxycamhimnyd pre{stresensorpdithexalCanhi@ yla)or a AsTeat@oRTIA@TY¥Ensor data may

be used to measure flame stability provided an adequate measurement can be

generated for the given combustion system.

[0042] A variety of computation methods currently exist or could be developed by
those skilled in the art to generate a value and/or set of values with correlation to
flame stability, flame instability, and/or the likelihood of LBO, denoted herein as a
flame stability factor, F, that is derived from one or more outputs from one or more
flame stability sensors, described above in Paragraph [0040]. A preferred non-
limiting example of such a computation method has been described in Paragraph
[0024]. Other preferred computation methods include computation of statistical
variables (i.e., standard deviation, variance, etc.) on the measured outputs of flame

stability sensors. Regardless of computation method, a hardware and/or software
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-N(R 14) (R 15); preferably RO is phenyl, pyridyl, piperidinyl or
pyrrolidinyl optionally substituted with the substituents previously

defi ned, wogotoaprioenal |y substituted with hal o or al kyl pCpruseéodmdssshat when
X, Yor Xis nitrogen, R8, Ror R 0, respectively, is not present; (v) R4
and R are independently: H, G -6alkyl (e.g., nethyl, isopropyl, isobutyl,

n- propyl), C3.8cycloal kyl (e.g., cyclopentyl or cycl ohexyl),

C3. 8heterocycl oal kyl (e.g., pyrrolidinyl (for exanple pyrrolidin- 3-yl or
pyrrolidin-1-yl), piperidinyl (for exanple, piperidin- 1-yl), norpholinyl),
- C0- 6al kyl ar phsedgil@ring Ri28IMlor RletH3BOEY! NigRipassEePainkiiok Rak@hoahyihg (€. J. _
pyrid-4-yl, pyrld-2-y% or pyrazol-3- yi) wherein said aryl or heteroaryl is

optional 'y sufsddtdftnGahdis hiy %%&Epdm@amh%fm &ympuéant,hla@mm@nyl)
hydroxy (e.g., 4- hydroxyphgnyl 6al Kyl , 6al koxy or anot her aryl

et o e BRIETRAI, T *’“%‘“ﬁ’“éf“#%‘%“é’sa?ém?ﬁ Rkt iy Ry 1 0
G -6alkyl, ing ogror%%ug dér(i)\reg]fro[mogqoeis a{%fe{j ,%HA[% )Fp E%B&’oﬁ_t he

i nvention fur? rovi des conpounds ornula

[l or 2.1, mherel R 14 R

Formula Il OI’“"’?S‘TCd %’éﬂi%?tf%lbe%@} OIE(OT§3° ¢ g?a%g ﬁ‘Sﬁ‘#&i Sq’ 19548 %gc‘iﬁd liss V\Hé)l’ e| nQis
- CC=N( R6 2.5 Fornula Il or

oy o 97 i E PN e S acﬁoggafwf% (egh%i(manﬁe@w dugomatieal) 2. 6
Formula Il or any of 2.1-2.5, mhgreln Ri 7 Farmyla I ] of
2.1-2.5, whed® sniplling cefimgapggp EC@Stralﬂ%ﬂgﬂv%lfm%{aﬂf}"ﬁlebd%uqﬂb? or

any of 2.4-2.7, wherein R2 is; H  C-6alkyl (e.g., isopropyl |sobutyl

2- et hyl but ymidigatpnaf flamgskpHjsy sigyany mgthedde chse&mtham{y)'meg'?%

optionally substituted with one or nore halo (e.g., fluoro) or hydroxy
(e.g., hydroxyaidilugntidp¢luding theagmey! of dilueptfrem g sigam-fod toghe combustion
3-hydroxy 2-met hyl propyl ), hal oG -6alkyl (e.g., trifluoromethyl or
2,2,2-trifludeoethyl), N(R 4)(R 5)-C -6alkyl (e.g.,

2- (di met hyl am no) et hyl or 2- am nopropyl), aryl CO-6al kyl (e.g., phenyl or
benzyl), wherein said aryl is optionally substituted with one or nore

G - 6al koxy, fQnticakSensbes Ci - 6al koxyaryl C 0-6al kyl (e.g., 4-nethoxybenzyl),
het eroaryl C 0-6al kyl (e.g., pyridinylnethyl), wherein said heteroaryl is

optionally substituted mnth one or nore Ci - 6al koxy (e.qg.
al koxyhet er od9A3LI As uskd perpin, thetgmygnsicel sansars refess wiany B@Sbbthélt ttﬁnSImtS 6al kyl ene
(e.g., methylene) and J is C3-8cycloal kyl or heteroC 3-8cycloal kyl (e.g.,
oxet an- 2-yl , rgpgivesbi atherwiseyses Igght piod lighit sedrey/(e)g. vehleghe emittigedioge (Ldddk y | and
het er ocycl oal kyl group are optionally

TDL, globar, and quantum cascade laser (QCL)) to ascertain qualities or

characteristics of a flame that are indicative of and/or correlated to flame stability,

flame instability, and/or the likelihood of LBO. Such optical sensors are not limited

to those that transmit, receive or use near-infrared light, as optical flame sensors, as

used in the present application, and includes sensors that transmit, receive or

otherwise light in the infrared (IR), visible (VIS), Ultraviolet (UV), or any

combination of UV, VIS, and IR radiation.

[0044] As disclosed in U.S. Patent No. 7,019,306, which is hereby incorporated by

reference in its entirety, a UV flame sensor typically detects radiation emitted in the
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substituted wth one or nore G -6al kyl or am no, for exanple, -Co-4alkyl-C
3-8cycl oal kyl (e.g., -Co”al kyl-cycl opentyl, - CO-4al kyl -cycl ohexyl or -
CO- 4al kylwoyeloaprapyl ), wherein said cycl oal kyl i s opti ®@a&usg009/006562
substitutedwi th one or nore G -6al kyl or am no (for exanple,

2-am nocycl opentyl or 2-am nocycl ohexyl), -Co”al kyl -Cs-sheterocycl oal kyl
(e.g., -Co-4al kyl pyrrolidinyl, for exanple, - CO-4al kylpyrrolidin-3-yl) 5
wherein said heterocycloal kyl is optionally substituted with G -6al kyl
(e.g., methyl), for exanple, |-nmethylpyrrolidin-3-yl, 1-nmethylpyrrolindin-
2-yl, 1-met hﬂoo!?a/!ié@ﬁm '?Qfg@.'(g't}’cjaf %Ei'ﬂ%lde\%es incorporating a UV detector to sense
1-nethy|-pyrrollndln-3-yl-nE?hyI); 10 2.9 Formula I'l or any of 2.4-2.8,
wherein R2 i %Pe) g\?\%egé‘é gfythe g@%lgeanl’[(t(r;}fd%rlg EXJ mrHi&%ﬁ%f&éL cingé WJQXIM%H yl or 2,2-

di et hyl pr opy erern sail grotp i's optronally substituted with one
" hydr oxypr ot g e G 0lar (G SEa sty VRSt el B wgh % T
o e P TR B O B D i o
benzyl), wherein said aryl is 20 optionally substituted with one or nore
SR Y e e R

optionally substituted with one or. nore C.- 6al kox . 9., G- .
P koxyhet or o1 bt Mediogy pid 58t F e inveatps mahugb oyl areshimigd o
C -6al kylene (e.g., neth IengL and J_ is C3-8gyc|oal&gl or
het er 0C3- 8cy dhoienays dgseribed in bl Bkatend Noy 7.333,4 1o Pi1d7-A3 5449 13311 i di n- 2- yI)
wherein the cycl oal kyl and heterocycl oal kyl group are optionally
substitut ed W89 0Aeadyofidrieh ap imarneyatedy wirense 1 Geir sptisanpl e, -
CO- 4al kyl - C3-8cycl oal kyl (e.g., -Co”al kyl -cycl opentyl, - CO.
4al kyl - cycl ohexyl or -Co-4al kyl -cycl opropyl), wherein said cycloal kyl is
optionally sd%‘(ﬁl PURTEETIigf bt Welnmtm&ﬁptécai):fe@a@wPSC@f‘alarﬂaH@ stabBity BiehsAN e,
2-am nocycl opentyl or 2- am nocycl ohexyl), - CO0”al kyl-C 3. 8heterocycl oal kyl
(e.g., - Co"altkyrsedipihompidipdsaf the prescakapbicetion-inghpdes Alag s it pangerp that y | )
wherein said heterocycloal kyl is optionally substituted with (e.qg.,
met hyl ), for eswdoyd leser! Agwsddyhiepsin,rtb¢ fedindasgr fpfers t-a apberayt andior callimatedn- 2- y| |
1-nmet hyl - pyrrolindin-2-yl-nethyl or |-nmethyl-pyrrolindin-3-yl-nmethyl); 2.10
Formul a || orbeanyf bfht2: 4defi@d weveleegth oR®avaertdth @ngde. 1A poafentddatypd ofor any of
2.4-2.9, wherein R2 is G -6alkyl (e.g., isopropyl, isobutyl, 2-nmethylbutyl
or 2, 2-di et toptign @by thudiecledds adadeelisal WwapMelegpthupoduttaidihabiadibye wedyst i t ut ed
with one or nore halo (e.g., fluoro) or hydroxy (e.g., hydroxyC 1-6al kyl,
for exanpl e kendoy cvhiotyipdederiBed/below fad-puyihisepof-Rustratidty bpr pYilmitatign. 12 For nul a
Il or any of 2.4-2.9, wherein R2 is hal oC 1-6al kyl (e.g., trifluoromnethyl
or 2,2,2-trifluoroethyl); 2.13 Fornula Il or any of 2.4-2.9, wherein R2 is
N(R 4) (R 5) -Whvel@itik Modutated TuraljldiDieddilvdsan{T). e$diigbrs2- am nopropyl ); 2. 14
Formula Il or any of 2.4-2.9, wherein R2 is aryl C0-6al kyl (e.g.,

[0047] In an embodiment of the present application, a tunable diode laser sensor is

employed to determine gas temperature based on measuring line-of-sight (LOS) water
vapor absorption, whose time dependence in turn provides a measure for establishing
flame stability. . Nonintrusive wavelength-multiplexed temperature measurements
based on two or more water vapor absorptions can be employed, whereby such
absorptions can be from two neighboring or non-neighboring near-infrared (NIR)
transitions of water vapor. Commercially available telecommunication fiber-coupled

tunable diode lasers and optical components can be employed in TDL sensors. Such
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phenyl or benzyl), wherein said aryl is optionally substituted with one or
nore G -6al koxy, for exanple, G -6al koxyaryl CO-6al kyl (e.g., 4-nethoxybenzy
1) ; 2.15weantul7a3oll or any of 2.4-2.9, wherein R2 is hetcensasoplo®s6z 6al kyl
(e.qg., pyridinylnethyl), wherein said heteroaryl is optionally substituted
with one or nore G -6al koxy (e.g., C - 6al koxyheteroaryl C i-6alkyl); 2.16
Formula Il or any of 2.4-2.9, wherein R is -GJ wherein Gis a single bond
or Ci -6al kylene (e.g., nethylene) and J is C . 8cycl oal kyl or

het er oC3- 8cycl oal kyl (e.g., oxetan-2-yl, pyrrolidin-3- yl, pyrrolidin-2-yl)

wherein the Gygheabkh b@@ﬁ]pmeggaeys@h@@hmn BEALR f@ms@@bpmﬂyl y
substituted with one or nore G -6al kyl "or am no, for exanple:-

CO- 4al kyl - 0
4al kyl - cycl oﬁg%ﬁhg%%wmgﬁﬁ&dy(gfc g’lr" g%b?’fﬁ‘gi\ﬁhg’? é‘%% egneaal}lalggg/rglnggln%(yl is

opti onal |y Sulisiti, gqiwv&l@n%ﬂ%ofagl exgﬁﬁedlg@%w ARy for exampl e,

2- am nocycl openty ocyc Cs-shet erocycl oal kyl
wherel n sa o e LPERTRIERRL ot B ATRY ST et Y Ry
et by - pyr ?Xla?ﬂﬂawﬁuaémw%ry HerelTE RS regﬁm'f%'re% ‘%‘X’hﬁ?rﬁ%ﬁ"“&’“g 0

wherein R21 rggéc'é;ggc'%eﬁbéqrn“% el ‘%ﬁ“ﬁf&ﬁz OBt <Breery s POABLYE S ki or

het er oC3- 8cycl oal kyl ‘% oxet an- pyrrolidin-3-yl, pyrrolidin-2-yl)
wherein the wﬁaabézr wpma EP‘}?é’cbéﬁt&t{vgla(fa?llé9?m@?bﬁ?f“éméC%BE‘?“SW&IPF%SW in
substituted with one or nore G -6al kyl or amno; 2.18 Fornula Il or any of

2.4-2.9, whertkd fyclrr dilgent @ippligh &t @flamein ascambusien dayicsiie-(mgee onkailsi ene)
and J is C3-8cycl oal kyl or heteroC3. 8cycl oal kyl (e.g., oxetan-2-yl,

pyrrol i di n- 3iydludipg/anyaiptigally-a@tiy¢ 90Weﬁintheh@at:yérla@élekb¢r intgetionally or
het er ocycl oal kyl group are optionally substituted with one or nore

G - 6al kyl or vamtemoipnflyeddécotorthd el or dluentrspuroé. 2. 4-2. 9, wherein R2 is -

CO- 4al kyl - C3-8cycl oal kyl (e.g., -CO-4al kyl-cyclopentyl, -

CO- 4al kyl cycl ohexyl or -Co-4al kyl -cycl opropyl), wherein said cycloalkyl is
optional |y su®¥8] Aunwedimiting cxameplopf snshe saisostiakazn boremplrynd in the meghodapl e,
2-am nocycl opentyl or 2-am nocycl ohexyl), - CO-4al kyl - C3-8het erocycl oal kyl
(e.qg., -Co”alakybyspysraflthedireseht infertioexanipieahe se@edyatidsgtidrbydliiedalneB- yl )
wherein said heterocycloal kyl is optionally substituted with G "al kyl
(e.g., nethylStanférdUneveadiylaad phblisatdid thy Al AAIJdumal3Vyl. 45, INeef Fepryayy r ol i ndi n-
2-yl, |-methyl-pyrrolindin-2-yl-nethyl or 1-

met hyl - pyrr O|20@’dipﬂr33)0)’398nﬁhhy|is) herébyZficdrpsraiet By kdfer@ficean Yits @htirdty4-Ghe9, wherein
R2 is 2,2-dinethyl propyl;2.21 Fornmula Il or any of 2.4-2.9, wherein R2 is

i sobutyl; 2. 22sbodditdlbly 19%: ANK bafedDndrodinGusiWIRE&uFenRAts oF gas
1- hydroxyprop 2-yl or 3-hydroxy-2-nethyl propyl; 2.23 For rruI all or any of

2.4-2.9, V"hert&h;fbral%gfe'tﬁmg%thﬂgﬂlkﬁ{/eler?gﬂ?-ﬂ]oﬁgﬁﬂw &ebiosPbpyWMSH ard 4 2. 9,
wherein R2 is -Co”al kyl -pyrrolidinyl wherein the pyrroliidnyl "is Optionally

substi tuted %&al&nﬁat% gf]fqrﬁzd:fmeﬁta i K¥elar arfl 4 T mﬁb&w@av@} Bad- Y1

1- met hyl - pyrrol i ndin- 2- pyrro |nd|n met h
{I\l;lrer?te:‘lﬁl pyr é?lll%?“%brg c V\?.lr)g %EH%EParlﬁer%%r{ rlr @H%\%ﬁg ln HE n&tb%: 1%&10% o?th% 24,

burned gas, are more important than the absolute value of the determined temperature.
For additional details, see Zhou et al., “Development of a Fast Temperature Sensor for
Combustion Gases Using a Single Tunable Diode Laser,” Applied Physics B (Lasers
and Optics), Vol. 81, No. 5, 2005, pp. 711-722, which is hereby incorporated by

reference in its entirety.
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G - 6al kyl ene (e.g., nethylene), or aryl G -6alkylene (e.g., benzylene or
-CH CéH4-); E is a single bond, C “al kylene (e.g., nethylene, ethynylene,
prop- 2- yrwbyebmnmgy3o7CO- 4al kyl aryl ene (e.g., phenyl ene or PCTTBRENI/006562

- benzyl ene- or -CH 2C6H4-), wherein the arylene group is optionally
substituted wth halo (e.g., O or F), heteroarylene (e.g., pyridinylene or
pyri m di nyl ene), am noC -6al kylene (e.g., -CH N(H)-), amno (e.g.,

-N(H)-); C3-8cycl oal kyl ene optionally containing one or nore heteroatom
selected fromN, Sor O(e.g., piperidinylene), Fis H halo (e.g., F, Br,

a), G-éal kxbo@?wanoméaeﬁ ﬂwthngoermmﬁﬁaﬁythé flakl@b@Gility LaldF¥ Ip(o@s fhree
trifluoromethyl), aryl (e.g., phenyl), C3-8cycl oal kyl optlona |y containing

one or nore ; : 0
cycl opentyl , %z@?l%@es)%&}efaq%,gggg:ag’f% pyrrolgﬁﬁ (Qg P34MNim 3 396 nfd 4n-

tetrahydro- Zésa%aﬁ%g fheVi Hy TR wn%amr% zmh%nﬁergﬁurgom% séﬁéflﬁkﬁés“t ed with

one or nore a I SOPropy r exa

1- met hyl I | d | id di n-2-yl,
dmeihyipy gzp%bz? s o it Fifien g 2721

§L?;d?|§??l"yf 'd'g}pé%n g ¢ éﬂpé%r)@g 15? chy hfﬁ%#@%ﬂddeQ 0
i dazol - 1(yf§£ec§rﬁ?f2>’én$a’ne s 41@0%13112 OhASTTE it fé’granﬁfa%ﬁ% yi

(e.g., 1,2,4-triazol- tetrazolé]I &Bg tetrazol - ﬁP

al kyl oxadi az §Figrtoy with up t‘531}4'éltzﬁ’9’l‘ wideh (4kPz defp sater )Asqnﬁ’é‘ﬁ%‘? tb%lFecfl‘S‘Pfet eroaryl
is optionally substituted with one or nore Cl- 6al kyl, halo (e.g., fluoro)
or hal oC 1- 6aY¥§m 30 & sebfrtagn §figured- hial qe non-giglitigg crpkodiment, gsiggte @fercen-

al kyl sul fonyl (for exanple, nmethylsulfonyl or - S(O2CH3), -C(O-R13 ,

wher ei n R13 ibs uséq(fiar qwb)qrmmsy,OSmea@anemnts(tlgoggh,aﬂgnmrl f)a,meside@al kyl (e.g.,
-OCH3), haloC -6alkyl (trifluoromethyl), aryl (e.g., phenyl), or

het eroaryl, -<bihRistp(REGye.; TR @&eFonpentian 2 1R intevded & e IRDBed © thNfsRiof 4XRi 5)
G -6al kyl (e.g., nmethyl), -OC -6al kyl (e.g., -OCH3), hal oG -6alkyl

(trifl uoronetsimgle)lasegrryther; engor, mgrh éazyisjare @msidetee tolr wtlj wahdthdsopriba 2. 25,
wherein Dis C -6al kylene (e.g., nethylene), E is C3- 8cycloal kyl ene
optional |y comesthnigvéeitionOFuliiti@oleh afcadirool Sahegitility fdeavedNron® or O (e. g.,
pi peridinylene) and F is G "alkyl (e.g., isopropyl or isobutyl), for

example, Rig m%ﬂ&|ophﬁ%ia§ﬁr@énsﬁfs Biyilg a Fngd8athsefpiidh dahd (i@, HaOYisOf
2.4-2. 24, V\herrﬂglﬁﬁl is a substltutega%eteroaryl C 0-6aklyl, e.qg.,

substituted Wiihih §8pO6F the BREY Invehidin. exanpl e;
[0050] In one embodiment of the present application, the “flame instability threshold”
based on output from a Wavelength-Multiplexed, Wavelength Modulated Tunable
Diode Laser (TDL) Sensor is established. The flame instability threshold is primarily
based on the temperature fluctuations within the LOS (line-of-sight), which includes
fluctuations of flame shape that may cause the flame to stray outside of the LOS. In
one non-limiting embodiment, when fluctuations in sensor signal occur in a particular
frequency range characteristic to flame instability (e.g., 1 — 5 Hz) constituting a
fraction of frequency content, F, that is greater than a given threshold (e.g., greater

than 0.02, or greater than 0.03 or greater than 0.06) then the flame instability
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2.29 Forrmula Il or any of 2.4-2.24, wherein R3 is attached to one of the
nitrogens on the pyrazolo portion of Fornula | and is a noiety of Fornmula A
Formul a Avetrerogi7mo7X, Y and Z are, independently, N or EGCTRB20029065Rn and R
2 are independently H or halogen (e.g., C or F); and Rio is halogen (e.g.,
fluoro or chloro), C, .6alkyl, C3-8cycloal kyl, heteroC3-8cycloal kyl (e.g.,
pyrrolidinyl or piperidinyl), haloC -6alkyl (e.g., trifluoronethyl), aryl
(e.g., phenyl) or heteroaryl (e.g., pyridyl, (for exanple, pyrid-2-yl) or
e.g., thiadiazolyl (for exanple, |,2,3-thiadiazol-4-yl), diazolyl,

triazolyl (e tﬂeshoi’d gThﬁshEIé ihaZden Ireaﬂmt)d dueh Na&Rhtns (£thd sensbedigid Odir 5- yl),
al kyl oxadi azolyl (é.g met hyl - 1, 2, 4- oxadi azol ), pyrazolyl (e.g.

pyrazol - 1-yl)
het er ocycl oalcﬁn%?é@%’&nﬁghg f{/&ﬁlébﬁ%ggi?}]? EP S%M%/Enmtn ﬁ%ﬁg%bgﬁ?g%aramgisﬂﬁ (e.0.,

met hyl), hal QP& pgu%éﬂarl}l Cig' lo% %HQ{dlélLﬁ{Qv}@l F Qsethgt valJerlé Iiétyr[(r’l{ ?&P&smﬁl f})rth

hydr oxy, carboX Ional aryl or heteroa bi phenyl

dyl ph I | f b I
o, 1L U Ao ot el ARy ke b

met hoxycar bon amn r R preferably RO is phenyl or
pyridyl, e. gv%h§ld@??&@@a“gﬁ?%&ngﬁﬁ gﬁ%%? uted with one or nore G -6al kyl
(e.g., nethyl), halogen (e.g., chloro or fluoro), hal oG -6alkyl (e.qg.

11 o et g, XSO B4 AR EbeRigin gt o 0o
t R3, .R9 t t 30 F | 2. 29,
o 17 S P R T R

are H provided that when X, Qr Z are nitro )
respect i vel y Witytae waﬁenﬁmg@mn Télegombvt%&oﬁ&rﬂag lwludﬁmlﬂ@iswgp@ fayinga v and z
are C. R8, RO, R 1 and R 2 are H 2.32 Fornul ae 2. , 2.30 or 2.31, wherein

Riois hal ogé’Hm(léatg 11. A\t Ipgptone flapg senreg 12 Qlo‘ééﬂdWIthe engle | balhgflemenet er oC
3-8cycl oal kyl ? pyrrolidinyl or piperidinyl), haloG -6alkyl (e.g.
trifluoromet rsytllryc érs;ﬂlpel(aévejy corpigetag [9 a Bl gpstsewreat 4 pnd adidpent spprdedyl | (f or
exanpl e, pyrid-2-yl) or e.g., thiadiazolyl (for exanple, 1,2, 3-
t hi adi azol - 4-Tyk Yyel gassand| dyllugntimayabeondividpdlygfed tolthg flgme sperzol 2 br gombinedt r azol yl
(e.g., tetrazol-5-yl), alkyloxadi azolyl (e.g., 5-

and fed as a single stream to the flame source 12. The housing 10 further includes a

bridgewall 13. In accordance with the present invention, the housing 10 includes at

least one tap hole through which a sensor may be located in order to sense and

measure the flame characteristic of the combustion device 1. One or more tap holes

21 may located in the combustion device | near tthe flame source 12. The tap holes

21 are preferably located a point just above the burn plate 11 and the flame sources

12. Tap holes 22 and 23 may be located in the burn plate 11 in close proximity to the

flame sources 12. At least one tap hole 24 may be provided in housing 10 in close

proximity to the bridgewall 13. It is contemplated that the present invention is not

intended to limited to these locations; rather it is contemplated that other locations are

considered to be well within the scope of the present invention, including but not

limited to spaced locations along the wall of the combustion device 1 between the

23 0of 43



met hyl -1, 2, 4- oxadi azol ), pyrazolyl (e.g., pyrazol-1-yl), wherein said aryl,
het eroaryl, cycl oal kyl or heterocycloal kyl is optionally substituted with
one or nowe WivBadokyl (e.g., nmethyl), hal ogen (e.g., chlparaisesosfobasez o),

hal oG -6al kyl (e.g., trifluoronethyl), hydroxy, carboxy, -SH or an
additional aryl or heteroaryl (e.g., biphenyl or pyridylphenyl), G -6alkyl
sul fonyl (e.g., nmethyl sulfonyl), arylcarbonyl (e.g., benzoyl),

het er oaryl car bonyl, G -6al koxycarbonyl, (e.g., methoxycarbonyl),

am nocar bonyl, -N(R14)(R15); 2.33 Any of formulae 2.29-2.32, wherein RO is

hal ogen (e.g burrf ﬁlh'@rl@ aﬁﬂ tHeWr ?Wall B. 314he'%i?é’seﬂtf1n*‘/é?ﬁ18h'bﬁﬁzeg oggogmgr%,ofober ein
Ri 0 is hal oC 1-6al kyl (e.g. rifluoronmethyl); 2.35 Any of formnul ae

2.29-2.32, %ﬁﬂlﬂ%gﬁgekﬁbl{ﬁ%’ 84, l?ﬁérﬁé’ﬁ@ 48; %em aR)fneBan%lnﬁn%a%ogg 2.32,

wherein RO is sul’fonyl (e.g., ‘'methyl sulfonyl) .37 Any of

fornmul ae 2.2 gpgr I 2.38 Any
of fornul ae %p§8§§ﬂ§ mﬁgﬁ%f%9¥$§ ?@xﬁg?%gggpy¥@§r gﬁnﬁQn§&§%%%ﬁy of
fornul ae 2. 29- erein RO is 6 Ik c

nmet hoxycar bon?/'sf% %8 jlg S PG 8perat gég %é&)?%lél}%ol( as %03' nig Fig. 2,
anlnocarbonyl 9- in H ryI (e.g

o nocarbonyl i zaesamenfes Sl Gt F@SY&&B&%% A0l Prriems B hor e & -
6al kyl (e g., meth hal oge e chl gr.o. or fluoro hal oCi -6a|ky|
(e-g- trifl ueﬁmf%g#tfmﬂw?l b i 0 Gy B S OB DRETO ST o

het eroaryl (e. 42 Any of forpulae 2.29-2.32, wherein Riois
het er oar vyl éh‘gdllueBS}' F'd?%/ %@W“&W%maWﬁe@a?“%h?raﬁﬁe“é‘“g Thet hi adi azol yl
(for exanple 1, 2,3-thiadi azol -4-yl), diazolyl, triazolyl

1, 2, 4-t ri azolcoptrjjey 60 may cantetl pithqralingctly qrandiggdy ths oypl)atwlwf&lyq %H?B'Gﬁsdﬁ‘ol yl

(e g., 5-nethyl- 1,2, 4-oxadiazol), pyrazolyl (e.g., pyrazol-1-yl), wherein
said heteroa@yd15§>mpvﬂeﬁahwwﬂgub§ﬂu@mﬁéﬂﬂ“ﬂth one or nore Ci-6al kyl (e.g.
met hyl ), halogen (e.g., chloro or fluoro), hal oG -6alkyl (e.qg.
trifluoronmeth 3 hydroxy, carboxy, -SH or an additional aryl or heteroaryl
(e.g., bi pherlgﬂ Zbrln;99¢qf@BﬂP®W§h)¢P? embomweﬂmfﬂ@ﬁprﬁiﬁﬂm}’%loz uphzipg 3B, wher ei n
RiOis triazolyl (e.g., 1,2,4- triazol-l-yl); 2.44 Any of fornmul ae
2.29-2.33, woptiel aen@\iblmyistsmp%ﬂr iZehyiéas( eneg).p,ticqiwxisdr systepi 30 is 2ocagdAmiheddp f or mul ae
2.29-2.32, wherein RI0 is -N(R4)(R 5) ; 2.46 Forrmula Il or any of
2.1-2.45, whéokil. RheandofRbe tapdolen dé pBovdemarsynissidn a@il re@aiving of (optical, et hyl |

i sopropyl, isobutyl, n-propyl), C3-8cycloal kyl (e.g., cyclopentyl or

cycl ohexyl), ea3gdlretrathesynsbrogbteml thftdagpassqaythrongh aiflamk of flemeeacdensl @ne
pyrrolidin-3-yl or pyrrolidin-1-yl), piperidinyl (for exanple,

pi peri di n- 1- yine, justab@heahé Adthe souréDrBialokddr & mbasuee f .the Phivaytarteranzyl ) or -
C0. 6al kyl heteroaryl (e.g., pyrid-4-yl, pyrid-2-yl or pyrazol- 3-yl)

wher ei n sai d vam h@koRBl@oRaEke i S P%I&ﬂa&@adhle Yosiblgibh HeMi€dl WctudePMBreOr NMor e
hal o (e.g., 4-fluorophenyl),

than one flame source 12. With such an arrangement, the tap holes 21 are located
such that the optical energy transmitted and received by the optical sensor systems 30
pass through one or more flames from the flame sources 12. It is contemplated that
the optical energy from the sensor system 30 can be emitted from a single tap hole 21
and received by the sensor system 30 located in another tap hole 21. It is also
contemplated the optical sensor system 30 both transmit and receive optical energy

from a single tap hole 21 following at least one reflection of an optical

beam.Information from the sensor system 30 is transmitted to the controller 60 to
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hydroxy (e.g., 4-hydroxyphenyl), C "alkyl, G -6al koxy or another aryl group
(e.g., biphenyl-4-ylnmethyl); 2.47 Fornula Il or any of 2.1-2.46, wherein R4
and R5 aswOesuvi7he®d in Formula |1 above. 2.48 Formul a 2PaT/uSadvenedsnz R4 or R
is H 2.49 Fornula 2.47 or 2.48, wherein R4 or R5 is C -6al kyl (e.g.,

met hyl, isopropyl, isobutyl, n-propyl); 2.50 Any of fornulae 2.47-2.49,
wherein either Ror R5 is C3- 8cycloal kyl (e.g., cyclopentyl or

cycl ohexyl);2.51 Any of fornulae 2.47-2.50, wherein either R4 or R5 is C3.
sheterocycloalkyl (e.g., pyrrolidinyl (for exanple pyrrolidin-3-yl or

pyer ol di N LddlchminB URSUECHi ¥ r%tﬁ&{v%gmlaﬁovemne?%oq{rﬁkna Kb igfLRER! | Y1)

2.52 Any of formil ae 2 erein either I's -Coal kyl aryl
(e.g., phenyl yl,
byr 20yt oS eRER e P R RIS dnd e TN
substituted w t e.g., 4- fluorophenyl), hydroxy (e g.,
4- hydr oxypheﬁ\ﬁ’%lamést%jﬂ fli%[})’i’e C}’QraC%élé %oxy or another aryl group (e

bi phenyl -4-yl methyl); 2.53 Formula 2.47, wherein R4 or RS is H or 6a|ky|
(e.qg., nethyhx | SOREO gl i sobutyl, n-propyl), and the other is G -6a|ky|
(e.?., nsthF——r%g?iﬁgyfi)isggugzli n-proFyl?k F3E8cycloalkyllgg:g.i (i

cycl opentyl or cycl ohexy et erocycl oal ky e.g pyrrolidiny or
exanpl e pyrr ] s accoﬁda &w £n0 d%)% !‘]('Of){ﬂlc) ) &: p %%anogyin efc Qgtlc%xr?sgpl €,

pi peri di n- I'5%h ﬁ¥ f %F P enzyl) or
- Q0- 6a|ky|hete razo

wherein said?® ?ﬁtr O?‘é%’aﬁé’tﬁé“g%daﬁ‘)fg elngmo%%(fiagtné’% f%mgﬁggr?ftfrtﬁt o AN lbeﬁél Mor nore

halo (e.g., quorophen dr ox 4- drox henyl G - 6al kyl ,
G- Bal Koxy oY Ha~ s 6 attgpenciip g %@fwoﬁzﬂwsswef&ny of
formul ae 2.47-2.53, wherein either R4 or RS is hen | optional

substitut ed WMEROUSHESBICESBe APATSSUTE SeNSOT, nncrppmﬁoaﬁﬁ@ﬁrmeter rﬁ?aﬁﬂsw (e.g.

4- hydr oxyphenyl ), G - alkyl, G -6al koxy or another aryl group (e

bi pheny! - 4- y [cHBt Ry sopTtain agkagiepe eharacsiritic aba Hamg opflaaes, Q)ﬁ@l“éloﬁ“@ir?%b’r R4 or
R5 is 4- fluorophenyl; 2.56 Any of fornulae 2.47-2.53, wherein either R4 or
R5 is 4- hydlstyondiagtive of flame atabilisy, flamennsitability, aplop tiedikelibeadeif B t her R4
or R5 is C3- 8cycloal kyl (e.g., cyclopentyl or cyclohexyl), 2.58 Any of
formul ae 2. 4Bugh &Justigrsensirnare npthlenitgtoitlsospithan tiakbi, seCpiNenyuse@pmiIS(tjnsal |y
substituted wwth one or nore halo (e.g., 4-fluorophenyl), hydroxy (e.g.,

4- hydr oxyphenrydh) as tiigd préssukeydensoCdessabbinythopresenodppdicatamydndgndugbes(sensgrs,

bi phenyl -4-yl methyl); 2.59 Any of the preceding fornulae wherein Ris H,

G - 6al kyl (e tignt rramseiit)ydceve oebthytwiscoacoGRic8ipnalsoal kyl ; 2. 60 Any of the
precedi ng fornmul ae wherein R6 i s C3-8cycloal kyl; 2.61 Any of the preceding
formul ae wherein R6 is H 2.62 Any of the preceding fornulae wherein Ris
G - 6al kyl (e [e054] agirbfgtredbutetohylin)iiin@ typ8 oAmypustic seher pr sscadiimthefsataaf ae
wherein the conpound is selected fromany of the foll ow ng: SYSTEM AND
METHOD FOR CEniikGlabiliNGarfd/ drREh ta A ikt CRRERATS ONShE InfekHa dObf theliprdséENTI ON

[ 0001] The present invention relates to nethods and systens for safely and

reliably application include flame stability sensors that employ a pressure sensor. As used
herein, the term pressure sensor refers to a device used for the purpose of measuring
pressure inside the combustion device. A preferred type of pressure sensor is a
differential pressure sensor, which is described below for purposes of illustration, but

not limitation.

[0055] A differential pressure sensor 40 is employed to measure draft in a combustion
device 1, whose time dependence in turn provides a measure for establishing flame

25 of 43



reducing NOx emssions in fired heaters using fuel gas. In particular, the
present invention relates to the control of the fired heater provide safe
and rel i avbeomparari on whil e reduci ng NOx em ssi ons. BAGKGRGNBWS6T HE

| NVENTI ON [ 0002] Conbustion devices in chem cal processing and
petrochem cal production and refining operations are a major source of NOx
em ssions. Adiabatic flame tenperature reduction is one nethod of reducing
NOx em ssions. Efforts to reduce flanme tenperature, such as increasing the
air/fuel ratio and introducing flane diluents to the flane can lead to

unstabl e flangsilic A& ifHBIRG! Fie Qbilid B REAMOYsed BRbnE@ sk eat e
potentially dangerous operating conditions (e. oodi ng of the

g., fl
conbusti on deyi i hi | hinstabi lity
censor's have Thane Sl snTBe Bl bncle D elheibt BB ok ook Bt AR
systens has tr)lg(arthg (r)rl?%f) osf%ja'melingtgb% i 'aﬁﬁ/& Eﬁoal%ongrhe?r\é\{ah aparigwe%gesgﬁ}gl I ean

oper ation of He eombustion 'devi ¢ as al'so been proposed. wever,
exclusive reliance gn air. to reduce flane tenperatur es S.its own set
of chall enge§‘?“sﬁ§rw'@3<%%ﬁlt18?l aﬁ?lP’S‘%Bzhctk%eﬁsmgug'{Hgﬁl’ ?&vgﬁtdﬁge&%rﬁ% gS‘T'geo?({;gen,
which is an o§kgizin aggnt. | f fuel is introduced to ghe ﬁ%ﬁ %tnﬁan1at an
i nappr opr i at @ TOUAIMEASHTCTPE QUIPLES: (AN PS5 EBPLYRE AT FHFOUTtsOA L mS PR | ity
and/or a "flane out" -to occur. Inunshgple andﬁ&r,"flage out" conditions,
the flame is SeIPhetuchAFapiduEscap fe ICPEEd MGrSHEY 18 BFhOTREE SAsifabl e gas
enters the furnace, potentially resulting in an explosion. This scenario is
appl i cabl e t @nalysis of dcaustic witBicthe seyabustiat devige mepsusd By ESepsRAYPIEH Yor any
schene being enployed to reduce NOx em ssions. [0004] There remains a need
to achi eve N@kratesalétzopan be usohrincomipyie ideifigbls apfh petionallp shatpperingcaolst abl e
flame and safe operating conditions for the conbustion device. SUMVARY OF
THE | NVENTI OlofhO:0d4q andtuniablelserditiésiid flahgtor Nawes. elasotaltomaden be achi eved
via use of flame diluents, while maintaining stable operation when the
process cont rolbodinreat, egyfférentmbpistsuad seesbriwithaufd satestistl abalysis packegesmn (e. g.
Wavel engt h Modul ated Tunabl e Di ode Laser (TDL) sensors, pressure sensors,
machi ne vi si b8 eaphsed asy Aimeasabititytseaidipwhdresh sralivgalemalyhiatnd/anothe dasmed
detect flane instability). The present application provides a nmethod for
control i ng tha@yapaktboiOeande idplehfeattdoaah aidepsrdicatelqironicdesicé ardesiaé @
operation of the heater while reduci ng NOx em ssions and avoi ding flane out
condi tions. ThasuBbhAsiné siebiddas RheRhRikty Bascd ohl0\WuiMS irem thé dchsingans to
control the flow of fuel and diluent at a determned volune ratio to a
flame in thegg@pbustion device, providing a flame stability sensor to
generate a neasurenent of a direct or indirect characteristic of a flame or
flames related to flanme stability, controlling the determ ned volune ratio

of fuel.dil uggisef ad faphelilQati BRFIRSEHONY HBVHCABEsHABaidddnRIfilfedt | east one
of (i) a threshold value fromat |east one neasurenent from at |east one

flame stabil iyl g S@NSQY ncﬁ'ﬂgliée:di&tp%t bR ki val H’?f%nt'r’i]ﬁtpi‘éQSL{?E sdrld6is Gthé gent as

1
nmeasured from at~ | east one ow sensor on each of the fuel source an

di puent sour Genefind il BN SARARLed th AESURANEHLA wiiRaR ment . the
diluent is selecte romone or nore-of nitrogen, steam (e.g., superheated
" , I . , i oxi oo d g,
Pl 1 um or o GOy S okt BRRT 0 AR PALIE Ve Bl iR sfrstt € (29

super heat ed steqnland/or recycled co F a furthek epbodi nment ,
Lesyar nce) that.is

it ied conbustion gas. |

the anount of 831 WEW“CHNEI G ¥ UePss Bd StaOIS{'?? p%rg%grs nodevice i's adj ust ed
b d [ -ti t | trai nt that | t. t fl

orabi 1 Ty seRtpie g En R & areaebr o PF et 12t no

vi sion sensor._ system etc.). |ln accordance with one aspect of the

i nvention, tRe)fhehibe dlamsipstabality thres gjsffhczshgfé}i%l?e.enlf’?aé & 2By, the acoustic
sensor is a pressure sensor. The pressure sensor is preferably a pressure
di fferential fWewagens in fhepressyrg sensar ienah arg st e frepa garaasye of #deast etent
invention, the flame stability sensor is a nachine vision sensor system
The machi ne ViaBicshargelprisiic, &ithst dinscy of Bxdipetly, thacerigiaajesawithia ghercogbustionner a.

I n accordance with yet another aspect of the invention, the flane sensor is
a | aser optical sensor. The | aser optgﬁgl ensor may be a wavel ength
nodul at ed tunabl e di ode | aser (TDL) s ‘3H'systen1tuned to nonitor one or
nore pre-selected wavel engths (e.g., about 1.4 mm corresponding to discrete
H O absorption features).



[ 0007] Anot her aspect of the present application provides a conbustion
systemthat includes a conbustion device, a fuel source, a diluent source,
a fl ow sywobemoar7memruni cati on with the fuel source andpChmasdidomwesss2 sour ce
to provide a flow of fuel and diluent at a determ ned volune ratio to a
flame in the conbustion device, a flane stability sensor to generate a
measurenent of a direct or indirect characteristic of the flane that
changes as a function of flame stability, flame instability, and/or the
approach to | ean bl owout (LBO), and at |east one controller to control the

det er m nedvolyuge MMAbicpaficulfl in diklcHBBbinRA GRAShE AIEYEE R¥raged hadre stability
t hreshol d value or values defived fromone or nore flane stability sensors

and/ or a VOl Yiiatd Gufhed Hithe Aph R RISFHRL havRhS A VEEh fipTeat | east

one flow sensor on eac uel source and di !’uent source in the flow
ooul ting 1 n Dape BEarel Rl e it o RERRANIAR SouIE alfl B3 B o
OF THE DRAWNGS [0008] Figure 1 sets forth information about a _
Ve et T PR RN IR LG SRS AR50, 00 used 1
referred tagutaoayhaRuTsR AT SRR e AbiBlns PR e ol EpBRbsly
ustion devi ce,

Figure 3 sho the resul t.s of . CO and em ssi gns _of C .

asgi ncr easi nggsa?ﬂﬁﬂr?fes“‘g? hﬁ’ﬁt@atb‘inls Jathgn t?glé%”&ﬁas P >8<?Vd°ee ' i-\gﬁ?ne@uct G PRE " | ame.
[ 0011] Figures 4A.ar;g 4B g_Lot t'h‘-ﬁ ?munt of N% em ssi onﬂand.th%.l.

i nstability STRSPLYSNAEOCYLERHPERYHETFAPLY iFyIeCSr2reratiada ae {5t ke

stream The instability outs)ut F, is derjved fromthe TDL Sere,sor descri bed
in Figure 1. CgodTIHEPAr &0 Hzbsonstiupiag nefangrinati@tsicahpaamesd (f5om t he 1 ue
gas of a conbustion device for various steamto fuel ratios. [0013] Figure
6 di spl ays né@pgard dedatiand frem the swibef MmegniBidesries 2 definedaengerip thegresstr e
sensors and a machi ne vi sion sensor system enpl oying a hi gh-tenperature

f ur nacecamer dreaerady speciramithaiis grcatprthan abiven thyesheldde g o atsast then Oddwrce with

i ncreasing fractions of steam added to the fuel gas, as set forth in Figure
5, over ti megredETAlah BDIHRESERIFRT i@halghtyThiEsha/ENTHoN Bebean reachad MhO4] As
used herein, the term"diluent” refers to any fluid that is not flamrmable
(or in one entzotindemdtdevtitys btht haluktyc fioquehidyaspaethine)s samchedgromo? —dA Hoxi di zi ng
el enrent or agent, or any mxture of fluids that does not contain a

f | ammabl e corfgneng candatdaeds asbdrt-dmetfast Hoader oehdom fog 18Isedvadt ofor agent as a
conponent. Because air generally contains about 2 1 vol % of oxygen as a
conponent , WhkeAbukly nidas@réd gieZdun@d£h, e0Bmbter thhn,ifér dxaci@les0.08 thehhikd F@ldoqd S Not
a diluent as that termis used herein. [0015J As used herein, the term
"fuel " refer$ad ReaMachddnd thdadlums rdtlodTPdgudm bRl dbe ind¥efselti M ti ng

exanpl es of fuels include, but are not limted to, natural gas, refinery
gas, gasoline, flammble or conbustible volatile organic conpounds or other

f1 ammabl e/ com; Mattere agice tdFig a2l GhSpressQrs BRI SelsoRM0GESRLAIE] Mrat
petrochem cal refining operations, bionass-derived fuels, coal gas or other

hydr ocar bon- hasesheidpiom@bl ehcombyahibPing ndbst AR 8 an bIQ] sidml #opd herei n,

the "volune ratio of fuehdiluent" excludes air. As noted above, air is not

a diluent as Lfaht eSibistiol 8&Hcd. lnl“}#etliex%o@%@'tein?% @ be p&@teﬁm HpR ratio of

fuel:dilucnt s the volune of al uels fed to the flame for a given tine

eriod (nume : L, I islhu f t t hat
garre gi \(/en' tﬁ)?r&e}gré)rq (c?dat ?ﬁgér/l%gm natzgé)ta.eb ﬂ'ﬂll%smdg?% ?ﬁnts:g%ﬁgtgrlsﬁ%}p [ eggt?(f) t he
converse rel at|] 1B for . J | ; As used
herein, the ft%e% %?%rglé%r{lﬁﬁ“oﬁsa?@g%@{;l% oth('%ljrld) g%gq?'ovgp%/\%l\slgeﬁ%g%{gp%%% ynqeabout
0.7 nmto about 1.6 18 used herein, the term"fl.anme stapilit
sensor" refe %Caieé "éﬁ%&’@\[/e?%eorlot}l@@%ﬁ"f@fﬁegr\_ag? loﬁgt\llolnceé'gldr?:gct)arwifré)tr}]rré’ﬁﬁlf) fco? p_rozi de
seeb ey SRhBRte Dok AldE0R ol SRB el SRSt
based on a neasured characteristic, either directly or indirectly, of a
flame or fl aREROTERPCE WEh SeRigienLIRYEPN Aoy dgmberRfcampinatiens ofiRp s Les
include but are not limted to opti cal27sefrl§ors, acoustic sensors, and

machi ne vi si on °



sensors. Al though the present specification describes specific exanples of
flame stability sensors below, it is understood that such descriptions are
provi ded worzopurps®ges of illustration and is not |imtea&Craseéve/oassanpl es
given. In various enbodi nents of the present application, any flane
stability sensor, including flame stability sensors and/or flanme nonitoring
sensors known in the art and yet not discussed herein, can be used in the
nmet hods and systens of the present application. It is also contenplated
that the devices described herein nmay be used alone or in conmbination with

each other (&yp3 an'aﬂ'-?|4trthJ R RPZLER) (RENFOERal B}gs§dr9§e%sc9rs?§§ﬂrlr4@ sensors,

machi ne vi sion sensors (e.g., canera), optical sensors rn conblnatlon with
pressure andigp n@fon'ftt,% tﬁ'e%lar%@r ﬁsttm@fs SR B AEOSRIoRe! QERI-ARE on
W th acoustlc and/ or optlca ors to produce th fect of safe

operati on an?hel\Q(l c{ll%er;ﬁ T tlos desc[r%g&%ov%ea% rreef:gﬁff‘r{ ﬁﬁ aJctjd/EI mpl?e'?ne!mg to Var ' ous

aspects of the préese Pron° T Rvitew o tions a ove.
addltlon i u erst od t

"i nst abi | i ty mogétthcaﬁ%“stfgg'tf P @r Cﬁ%q@é%‘%] Ha’bdé%r 4’?5‘3 SPHMY)stgr%a"gg's" i% ed
function for é@ me stability sensor” as described herein. [0020] One
aspect of thémﬁ? BKChaREr¥t i on provi des a nethod of operating a
conmbustion device (e.g., a furnace, a boiler, etc.) that results in a safe
operation ang.,a redyctiaon in «_em ssi ons The method i ncl udes providing a
flow of fuel IO ERPOr DY r i ned vol une ratio to a flame in the
conbustion device, providing a flane stability sensor to generate a

measur enent haracterlstlc t hat. varies as ,a function of
rane otapi | 10091 hireadmeenr) qteﬁésF’&é‘t"efal?ﬁ WEH L BY ey SERg R Vioh

fuel : dil uent as constrai ned by at least o e of % a threshol d val ye from
one or nore AERSUVETENEMEY BHIGAL Bicerap at F‘fséﬂ‘éeé mhFharacierisihsds &ednd (i)
a threshold volunme ratio of fuel:diluent as neasured fromat |east one flow
sensor on eadRred thergmt washiagyisier senser Yslemetfreeiip @y pepseHRsEmdlitsy st em
[0021] The diluent generally is a substance that is inert and is not

f1 ammabl e andrapgnifsptecaifesoX| aicFVise uedsaoRticad imagsdae., a mdgmSRBeraofic. 316 t abl e

di luents include one or nore of the follow ng substances, nitrogen, steam
(e.qg., super hesstteid asicasippe campdiaristidobx iflame or Baryes dicectly wbnslireesty. @h?slsor a
conbi nation thereof. In one enbodi nent, the diluent conprises at |east 80%
by vol une ofimﬁ@M@geﬁﬂmhmmdhhalﬂennénk&éhﬁnbébtw@hkﬁﬂmhéOGLBGbmmﬁc@nponent
of the volunme ratio of fuel:diluent conprises at |east 1% by vol une of

car bon di oxi dembustiondeviesrificth mechine tvisgonfdystemls 68 asaloebiméaed fortboseole of , or
two of, superheated steam recycled conbustion gas and nitrogen. [0022] As
not ed above, ulahenif, resebesir abd Vikible (VeSislight,ge pateadid ypticacimagdesfoaflyme

devi ceconfigured to provide an indication as to state of stability or
instability @énsigfAsaied @ thé bRE®HS applbhtsn, bhi@inkiuked dehpdysdémachbd @iiema) f 1 anes
to be extinguished or blow out based on a direct or indirect measured

charact eri st i&eRk oRothbAiEe Qtichll iBABSs compriBeddralpghtinahd fdat- Si¥rdrC(NIg one or
nore of: flame ionization, flame shape, flame color, flame intensity, flame

m xi ng patt effgred dlﬁﬁ@lﬁ%@ﬁ(‘tﬁ\?)%‘n arlyl BHBifa8OPEH @VUVFS NiRDkf) [@ssoci at ed
with the flame, acoustic noise, ‘and/or light emtted froma flane or flames
and/ or burner,{ils5. The devices include but are not limted to optical
sensors, acoustic sensors, and machi ne vision sensors. For exanple, but not
Iinitation the flane stabllity sensor is an optical sensor, such as an

opti cal Sens8(506“1ﬁeférﬁ\?l&%ﬁ@ﬁta@hnh@%@fon SEJSSI 5}&1%91 Mclu&&ga Mé s(f?dtlt@%%gf

enpl oys one nore tunabl e di ode |asers tuned to a pre-sel ected

| th
wavel engt hs CUs eSE‘JB%E%t é gl RE e *?f%’ﬁ“f%s{"ﬁ?%@&a (gD E8clidooe
enbodi ment, Qe% ffo %mﬁ fibcl)fl obE%tg%%:}z §%tlca§ n%ge ?%9: mglde th%%?)%eusetﬁ)g%% tcgs a

pressure sensor ure sensor r pressure

sensor that is i itor statistica uctuations of acoustic
o1 6. from aPPRAGIGH TR, %remeﬁwea?f%%ﬁm%ﬁ*&me&%‘"@ A SPRST
enbodi nent, the flanme stability sensor is a machine vision sensor system
havi ng at | east one canera. [0023] A variety of techniques are suitable to
control and/or constrain the vol ume rai¥*3f fuel: dil uent usi ng at | east
one neasurenents fromone or nore flame stability sensors. For exanple, the
process control can include decreasing the volune ratio of fuel:diluent as
limted by a predetermned critical flane instability threshold. In one
non-limting enbodiment, the flame instability threshold (Fxhreshoid) is a
predeterm ned val ue derived fromcalculation of a flane stability factor,
F mhlch |n this exanple |sa conputed result fromthe anal ysis of

o o o



flame stability sensor via the follow ng equation: Equation (1) Wiere F is
the flame stability factor, also defined as the fraction of frequency

cont ent wbureloior3ogquati on 1, i s determ ned by the rati @eCofustéve/osasnz of
frequency content for two specified frequency ranges froma frequency
spectrum// to/, and/ mn to/n ac, such that/ nin <ft <f hf max- is atine
varyi ng neasurenent signal fromthe flane stability sensor system FT
denotes a short-tinme Fourier transformperforned on Rfroma rolling

initial point in time of the neasurenent, " to a rolling final point in
time of the HAEMRAL visibR aliahord §RErum wijch i ch%e&saam BpRbS6r val ue
that can be u @13 t‘(’g man}]lps)lu | ate t%eg’gnﬁur{ltudlg gf © F, which c?ilra1p vary

functionally (2) Where the role of C can be used to
normal i ze or l@iséflﬁorf:(%t @gﬁgﬁ {;)hut the function of the denom nator defined

in Equation 1. In one non-limting enbodinent, a flanme instability

t hr eshol d (Fnomﬁbe%rqmg'tﬁa?naﬁmcr%@lomsngo 5327&711 g;qutﬂfzewﬁ flaompithdted

signals fromone or uat 1 on 3)V\here I f and 2f

refer to the 1%' ?nega é%ﬁafndanaé 1chelmalﬁ<§ FbmAthis gggrgguslﬁgﬁ le:ecl whose

respectively, | O R I'n"one non-| | mting exanple, F

L5 comput ¢ :e%mﬁim tpmtéré;vﬂae%; gy e"Fﬁgsjﬁ@a,m RS s R o
1 E. -
50, [ o02a]  AvFPEite HRAEeRRRF PO (Thedianbirg vefééwisgnsowfa?eé% E@my B R der i ved

via several nethods fromthe neasurenent output of at |east one fl ane
instability SEH9H ca"T‘HﬁaSOWEerﬁ@hd?t?‘iﬁbc?Htjmé??ﬂﬁﬁi‘ RRHR! TMRSRORIRAEST &FSC%r i on to
define an FThreshoid value is based upon three tines the standard devi ation
of the nmeasurenrethemsghal Temsimsabdity padrer kBabGommeraiathsdiailableighst abl e
operating conditions with or without diluent addition. Preferably, the

st abl e oper ati¢mpgrapigdhmpesrcamsrdsage be paplesed 5 narton agaciiop vsswdiaged s i n an
operation with diluent addition and conprises at |east 10 seconds of

measur ement dlimg stabilite sanacr systew, S0t IMachingivinion fengor eptternsare alsagypicallvased on
six tinmes the standard devi ation of the neasurenent output fromat | east
one flanme st abmprited of @enswral grocesspgamngttliblich opewatlisplay peit,iandmege draéysis
conbustion device. In practice, a larger F hreshoid may be required to

m nim ze det gatkage, cdbothp Suclosistesenh be Eaplogedsucedss iy cadeflaome. | n t he
exanple cited above with F ~ 0.02 for a stable flane, an Fr hreshoid of
appr oxi mat el yntbhsitg, srQightlinpheiv, Getheh 1O BbmBhstion dsticedantbe Aitatied Wpihdne rati o
of fuel:diluent fed to the flame such that a potentially unsafe condition

woul d be avoisgr sylsRAr diredtly criinditet @y, Aad bMBbibRndifidbld dnaGcesrReri ment, an
Fj hreshoid value is defined based on the know edge of the systemresponse

over the ranggaféices &t bomsthbi0 Thd b bl fifind-#es. hOwkgs BURARLE0AROVE, Wwhere
the stable flame is characterized by F~0. 02 andLBO occurs at F-0. 10, a
value o f Fthreshgi g4y be chosen between these values to ensure both | ow
NOx em ssions and safe operation. In a preferred enbodi mnent of this
exanple, F-nreshoid ~ 0.03-0.05. Mdre generally, if the flame response

bet ween st abl @0625‘% &El@fé?ﬁ@r%b&%énﬁ ARk vESsh Qe 59CR n@@éaﬁ% p and 10,
with F rmal zed: or a stable fl'ame and FnOrmai zed= B%)

Fthreshoi d i g ng;n:g%gr:g efhx‘ﬁfgeoo%&j%fﬁeﬁcfsﬁ%na{ﬂ InEhe Faﬁ (1)19% ?9&‘(&‘3?&0& rﬁé) nd 5 on

this normaliz an ternative n-T1mting i ment,

th trol I I t

i nol udes adj Lﬁét.%ﬂg&?fro"gr‘)%?’%“#@% té"f“f “%?sr%fis‘% il fedha] %r?%ng} OEQde usting
rol of

the fl ow of t f source. Prefe 0

the fuel : dil Geaﬁf“"al %“ads‘s KI% """ gﬁe“véai’ mref‘%ree tfc'f‘ es“%"é‘h‘%t‘ ‘C*hp‘ by a

t hreshol d rreas en fromone or nore f ta ili sensors
(i-e., a Fthradh ﬂ'%%?ﬂﬁ%faloﬂfﬁgaﬁé OB S% B BBy BOGPRRYE A bdul at ed TOL
sensor). More ?f erabl the control of the fuel diluent ratiq is

per formed i n OPHGAl Ipasgoblingd;by thecamers o R Goirplly 68yran fhen deterpiag s d
measurenent fromone or nore flame stability sensors and (ii) a threshold
vol ume rati o fesldflpeat ragio dessribedsabqus prebigeePRdand/ dwplepsat axdow sensor on
each o f the fuel source and diluent s ur.c inthe flow system [0027J In
accordance with another aspect of the 2% nt application, a conbustion

systemis provided that includes a corrbustl on device (e.g., a furnace,
boiler, etc), a



fuel source, a diluent source, a flow systemin conmunication wth the fuel
source and the diluent source to provide a flow of fuel and diluent at a
det er m nesovolunTesorati o to a flane in the conbusti on deectals2@v/obe@ast one
flame stability sensor generates one or nore neasurenents of at |east one
characteristic of a flame or flanes, and at |east one controller to control
the determ ned volune ratio o f fuel:diluent based uponand/ or constrained
by at |east one threshold value fromone or nore neasurenents from one or
nore flame stability sensors and/or a threshold volunme ratio of

fuel : di | uent ﬂ%@%%t%%é’%néhé qAGd asmh@gaﬁaaﬁmmmbpﬁys Fhsaah #f the

fuel source an e diluent source. The co tion systemin accordance
with the pre £ vi des safe, reliable and stable operation of
the flane m%ﬁ%ﬁer%%%c&tﬁgagwcgm ssion fromthe conbustion system [0028] As
wi th the nethod described above, the flanme stability sensor or sensors

enpl oyed in 36@633%@&%}&9% SUEDRIIHE oPfhe FRERANRASE (A b fliiafiyon and

not limtati n optlca sensor operati g at a prese ecte wavel éngt h or
"‘@VG' engt hs, knregho"ll(g11 19%&%‘ n@&/b)ptth:Ont}/dll%t%Ease@‘nxgaxln éagp%(?n&)' fhan oREA"

md-, or fa , corr espond Spectroscopl ¢ a tron ea?ure derlved
fromany charact ris d arti.a ete
conbusti on of ™ ‘feﬁ?@? a&h%‘ﬁ%‘ﬁ F%‘rﬁn%lﬁf/ls 8@%603 maggsr(’bé%% syf)er g@ent inthe
fuel or diluent pSup l.Lied to a flane ﬂgﬁ conbusti o deV| ce th can be
used to deri JRAChEE ?“iﬁ’f‘?oééﬁtV“S?‘ploﬁfmgr gh- [PPSR A SUPRCSF P Pane st abi i ty
or instabilit Preferably, the optical sensor includes a | asef , such as a
wavel engt h medpiepi E‘Wﬁ%‘ﬁf“é’l%is@&@ap&)&@se? aplight dpdensdy f%‘?%‘f“é‘?ﬂs ¥Hed to a
pre-sel ected wavel ength or wavel engths. In a preferred enbodi nent, the

pre- sel ect ed flaaee MahEt heambusaele GBI UEdN B series of ARGl InMRESINdRna g b .

More preferably, the pre-selected wavel ength or wavel engths are between
about 1349 nrhytthe mbeune Wig9s senger sxbteay hin/ljopuationseinsersorsignal (g Wil engt hs
are about 1.4 nm [0029] The diluents used in the conbustion systemare as
descri bed abowtensiPriefadecds] portiensef ewnptical ingage) erctihepngiombings? tlomgs inst em
provides real-tine control using a threshold neasurenent from at | east one
fl ame st abi | istayiss@hpaameten(ioneammoe)dthaengreathethaoagiveh teeshdelde ga gester he
volune ratio of fuel:diluent as limted by a predeterm ned critical flane
instability tthane®003, dr griedibr @3 hoigekatdr thadri@ theanhd flamd insgbiéingbchishadt , whi ch
enpl oys a wavel engt h nodul ated tunabl e di ode | aser sensor, the

pr edet er m ned gLk, g bednl radthed. NSichiuctuaMonshh @fyohddr sighilaspdunidsd Bpmtad about
0.06 as derived fromfluctuations in H20 absorption characteristic to flame

instability hgdae@enfdt IbRt nedamd HARRIeriRad, irsdtlyddr iRBRESY, ShaRbrikingesret hod and

system are described further below for purpose of illustration, and not
limtation. Ruglin th@'cbh’lﬁﬁ@ﬂoﬁ@%h@§l ame%eer@afnhmmft&qnéasd@a@bu&m&télﬁf
Conbusti on Devi ces As notetl above, the term"diluent" generally

includes fl uigg,;{ Qﬁ&m@ﬁ%fﬁgtog{léé@m n&'l?ﬁ&i%r {hn %Ieex%g%'fkdb@gﬁwhensfﬁjebﬂ antially

not flammable) and are not o enents or ag but specifically
do not inclu air nclude
t he anount o%e Toggipia J %S %}I; gefa?}:ilc anglﬂ?m%'kﬁ%%ee e?' gﬁltle{?ggl*olggirr%qpﬁ%sﬁg

conbustion device. A person of ordinary skill in the art can determ ne an

initial fuel [ﬁ'ﬁd&]“fﬁ'&cc}pﬂfah@e’\? ?1%%69 Spefcp(gftﬁg(@g%b?mv&nﬁmcg)%ﬁé i'thQl()jlq vice

used and the nature o use In the ustion device nount
of air inclu i nei-h fl

accor dance V\nqﬁr%ShOId 12 ﬁ%segg?réhr?ﬁ ! o &tpﬁn&rr?aveh%ﬁ%ﬂ F%eteﬁé %g&)hfrﬂ%&@ol ume of
diluent fed to the. f (Vto me of fuel fed

f th
Lo the 11 ame LKA T A1) SOREL APaEhGP e ﬁmghé 8&?%?&@% bodi rent
t he fuel :dil t t e f . ab 00, M
oref erabl y,  IHESWERUNGNGFOURONECH g Es THED FDaIFEeL %@5'&%%%&05%0%2&

40% of the volune of fuel fed to . the flanme,_ thus the L di | uent vol une
rati o can raﬁ@“emf‘grbﬁ‘ﬁfoB{I‘Pp“ﬁalﬁnieﬁs"é’bq}tﬁ“ai‘ensfE?}E s Wit ‘t“é SRS} he vol une
of diluent fed to the flane is about 20%to about 30% of the volume of fuel
fed to the fldgrige WMhgs adpaedsgdl seapqrsigngl %Mﬁﬁbara%tﬁ"%wéarheraawgédf9 om about
2.5 to about 3.33. [0033] In operating,a %nbustl on device using the

nmet hods of the present application, tht? 96t i al fuel : diluent ratio can be
set such that the entire stream uItlrrater fed to a flane results in a
relatively stable feed, thus operating far away fromthe | ean bl owout (LBO
limt. Thus, for exanple, the fuel:diluent ratio can initially be set
relatively high (e.g., around 100), or alternatively there can be no
initial diluent flowto the




flame. The conbusti on device operating under such conditions can provide a
stable flanme assum ng appropriate oxidizer flow, yet such operation is also
i kel y towvpreowdesoni gh flane tenperatures and hi gher NOpCemss@woness2 The
stability of the flame and the tenperature depend on the fuel/air ratio.
[0034] Once flanme stability has been assured, the anmpbunt of diluent fed to
the flame can be increased (or the ambunt of fuel fed to the flanme can be
decreased) in order to nove closer to the LBOIlimt for a conbustion
device. Although it is desirable, froma NOx em ssion standpoint, to

operate as clse Ak MRSSH PhS Q. 1M L@ 30 o B BRI Y cdeRangboul d be

a margin of error to ehsure that the LBOlimt is not actually reached to

provi de Safeci?@fg{egﬁ %h%;&gg%@lirgérgﬁ nfeRsuREft 6% Aed §s§ r}gnglgtgﬁgep?rﬂ%&i n, a

"flame instabi om one or nore y sensors can

b tabl i shed b n t.h limt.. i i irically,
SRR O U R R o
devi b fi At i f diti h fl

RN GE U N T A ST A L.

wi th constrai.nt on tGe vol unme rati? of fuel :djluent fed to a flanme, such
that under ndMRRAY SPRF SOPLN BVREREG 8 (REeP QPiPYsJrom & Bchips Yis9P sekRhot exceed
a value (i.e., less than about 1 to about 2) where the flane instability

t hreshol d valSY&em iolasstthan f9rgnamleadi e (e dameor hascsERTeaEhedad g, 10035]
one enbodi nent of the present invention, the fuel:diluent ratio is
initially setvolgedpiiqel fickdilantzhauldbeinaeigd ed until, based on the out put
of one or nore flame stability sensors, the flane instability threshold is
approached. Preferably, the adjustnment and/or constraint of the

fuel : di | uent (90651 & pesorigresavighysd apeheraspare ohibe BIFsEYBEN AN, FYQNERNG abi | ity.
Once the fuel:diluent ratio is such that the flane stability threshold is
exceeded (i . énstabilie threshetdsT Base@en Hieiaveragoef Wnodeendant petpusdion analysis t hen
the fuel:diluent ratio can be increased so as to provide a safe operating
mar gi n. [ 0036] both oaerat! frgensgmbodiintamsity Gactudionp fremenptica] imegasiobrained Hgm
fuel:diluent ratiois initially set relatively high and then | owered as to
appr oach t he theB@stemmOtandntd dnalybededtha pontrdlleo 6. nElasilanenmatbilify threshdids f | ow
system (i.e., at |east one flow neasurenent fromthe fuel source and at

| east one fl| aw beabaet thaearhe primipléds sdi fortke i prscudirgejaragaaphs.eSedher m ned
threshold for the volune ratio of fuelidiluent is obtained such that the
LBO limt is tdthhiqaeddiablcyesstiihgel asMieheadhadd Wsiof besadjystsinagntheand/ or
constraint of the volune ratio of fuel:diluent is based on real-tine

measur enent s chgBMty Rexeb@Wosy &t iBvetahalsié me®hodSsT e andy partibhy ersdpat4 vol une
ratio of fuehdiluent as well as an additional constraint based on a fl ane

instability tnhageafaeiaﬂaearbgmeaéardeeﬁsxis QIR WiRAlihd FIE,.JBRS BE@Bthediora flame
stability sensor. If either the flame instability threshold or the

threshol d vol.yng aBQ%iQmQ{hoEiéé%lSFﬂ,CLhH??}r tHa® sy%’c%‘ﬁ’?ﬁg%qer( teabhed ahBehef VoM 1 S

operating too close’to the m then the fuel:diluent ratio should
be increased - . stion device to a safe operating

mar gi n. Di Iueﬁ?gfggga%Ppgggé&f%g§9ﬁﬁ£$%é diluent feed to the flane of the
combustion device can be introduced in a separate dedicated stream or can
be combi ned ‘fb(t}éﬁ] y‘f‘ccf)}a%ée%i'ih éIésgéUI‘oP{He%vehf? A I hifRydn e Tl ane.
Furt hernore, 'the diluent stream can consi st of more than ohe conponent
(e.g., a mxtur . st t S 0038]
N pret errod dPrabiilBERIPR ERLRE A REY b B B8 1)
super heat ed stea S nd preferred di.luent is recycled,co tion gas,
whi ch consi st?lgl%fg]r’gzeglaﬂr/‘?icsigi bﬁiatc?rgﬁreah,ﬁ(e:é) “@E"H?%%rgé)f&grﬁé@m% ae'r?é%\L;frZ(’&)r. Fl ame

Stability S ; 39J A i et t | 0gj | i St | d

be- devel oped 1By ETENE BRI ot EbaER R RE PE S Rl e
tability, fl instability, d/ t l'i kelih LBO f fl

i i - ConbIeie ofF SR ibe FOBHZF pih EKER BPIeGEC CaR L BFF B AR moacur e

of one or nore flame characteristics. As used herein, a flame stability
sensor or f| &Ass ¢¢ Mewidiheyptdigerigrobiain the anpges, d BePiesrng HYERtANES BotiaigRdRde of
flame stability, flanme instability, agﬁﬁga the likelihood of LBO through
direct and/or indirect interrogation neé or nore flame characteristics.
For purposes of this application, any neasure of flame instability or
indication as to the likelihood of LBO derived fromsuch a device or series
of devices for the purpose of nonitoring, controlling, constraining, and/or
optim zing a nmethod or systemfor reduction of NOx em ssions in



fired heaters with the addition of a diluent to fuel falls within scope of
this application, including the inplenentation of at | east one of any type
of fl ame woabidd7t3p7sensor. Current technol ogi es appl i calpiCe/tsg000loa6m62
stability sensors include optical sensors (i.e., |aser-based sensors),
acoustic sensors (i.e., pressure sensors), andnmachine vision sensor systens
(i.e., a systemconprising a canera to generate an optical image). [004Q
Preferably, flanme stability sensors in the present application are

| aser - based optical sensor systens enploying at | east one TDL, an

acoust i c- basedhSHRARE 1oV FNap AORNb&HIDE; Bihel, BRBEonWILatRNGS MehGorSEMFPr . and a
machi ne vi sion sensor system consisting of at |east one canera, nore

pref erably aihj.gh- ) - p be used al one
or in conbingPFg%(%gggﬁFﬁ%g%?galh?@ﬁﬁ%?%&??%(gggﬁgﬁgggggiﬁﬁggnsor and/ or
machi ne vision sensor). Regardless of the sensor type, data processing can
be per f or med 7Pk HERSUAmOGARRANGIThe Weld Bofichidh], § sTBUBbARNSENST NG
devi ce and/ or an' 1 ndependent electrical conponent comon f{o one or nore
sensi ng devi - W - WM j gﬂHp?~ i or nore
sensi ng devi @ggl,on%%ﬁbogﬁllc%%? géééagﬂ{rier ?ﬁlgt e *1?@{. 5&%?} sgrslge%ﬁsogdr?lgl osure
(i.e., an angj, %%Fapﬁﬁ%&seséd by BRALL Qo 1R800 frGe mé%?&ﬁ?ﬁ%@?x%ﬁiﬂ%, of two or
ity sensor €s or or systens also talls

more flanme stabi S ¥yp sens thin scope
st em.and .t wo of

of this application (i, e. ne. o | aser optigcal sensor. .s

mmchi ne i oi GRERUTEGPUSS LtelitSe 810" A pirnfifen SRR OriRl BN L gna
fromflanme stabi[iiy senso#% Hesglt from chan%e iqg@t | east one {l ame
char act eri st PR OBYR3f IMagfgan s uilzgd foranplysis thaf proxides,a, phaggctaristie measyiye fof 5 e
stability sensor signal over time can be characterized in the frequency
domai n by pePFBYIEGIAME segtae vethip @ SAaPRYIRD dfVied Rartiswary ingivlbuiian sogEcet o
further alteration over a specified amount of sanpling time (i.e., 10
seconds). The&ombestipaEedcEsy @ﬁm@;ﬁ prafembhaen opti@bimage sanbabrokemdoa out put
for a given sensor type is linmted to one half of the device sanpling rate.
Thus, a freqieéney pegivge faranalyys ef cagh réspeciive Heye pemeehilly aiewsd bief | ned t hat
contains a sufficient anount of information useful in the neasureof flanme
stabi |l ity anddoeraf Thereixipngtoabincludy ondsat oBangoinmplimentamosectipnsithait i on, a
pressure sensor that records data at 22 Hz can resol ve pressure

f | uct uat i ons engentpasslitotialvefofFba flame souras he sanobtwddngdmmmdsy edctipnssthstur e
data reveals that pressure fluctuations characteristic to flame instability
occur in theenangassaivohal@s bPtht flama sgurvervtaah$bdegtaep evithaespbeiad bom syst em
and conbustion device. Thus, either a select portion of the signal in the
frequency dofgives selecd in theFirdtZetponedpdBtibizthaeib 6rcudiscAbdd Watha ifneodnmber si gnal
inthe time domain fromthe pressure sensor can be used to neasure

stability, i 8pihalahktyurc@ndd Ohe pdrkien tlAPAFtuRTscitdOthel dutdd Rkl tHehe portion
or portions of data generated by a flane stability sensor useful for flane

instability @ehessire 16PRiEHEEEbnYihitind chiBBdiRikhRUWneSr @At porkiggiar dl ess of
sensor type, flame source, conbustion device, and/or con%ustlon system can

be determ ne%cﬂalirfg%yfaga Efi'corhﬁ'ingt‘ij&isttﬂe?sfbef,c(?ﬁhé hifchiGinta sanvgetd?u%&?fopressure

sensor, either all” sénsor data or a se portion of sensor data may be

used to neas : WLtV Dr Qv te : n be
generated f o?ﬁaﬁ%sgé \g?%gﬁgg%iﬁk‘hg%gf%nsg}s{%g? gsrtﬁ%] fog%glgﬁd?e& %ﬁﬁ%{{}ﬁ%%gﬁgut ation
met hods Curr%@ﬁieﬁ ir(i:“ﬁlie tl%ds%gttyog %eth?e}/e%én(?geqicgt\{or} hose skilled in the art
to generate a val ue and7 or Set o? var Hes W th' €0t rel ation to flane
stability, flame instability, and/or the |ikelihood of LBO, denoted herein
as a flane stability factor, F, that is derived fromone or nore outputs
fromone or nore flame stability sensors, described above in Paragraph

[0040] . A preferrpd nonlimting exanple of such a conputation nethod has
been describe%‘@%—garagraph [0024] . O her preferred conputation nethods

I nclude compyjolj o Gscht Aipliedddnal fahet &’é@%ﬁ&lda' rffcans glftiﬂgg%n‘iipl&?\/i ation,

variance, etc.) on the neasured outputs of f sta Ity sensors.

Regar dl ess OF ' P@ r. - filtering
met hod or ne ﬁ% S (|é§§ﬁiﬁ%ﬁ%gg§§hgf tg@¥ﬁéﬁ§$§$&%&ﬁg?%}bvgsg iﬁg“%ethod or
nmet hods may be incorporated as part 05 tE§3conputation of a flane stability
factor. Wthin spirit of this applicat?@ ,~a flame stability factor rel ates
to any information or value derived fromat |east one neasured signal or
any conbi nati on of neasured signals obtained by one or nore flane stability
sensors, regardless of type, that could be used as the basis for a control
action, either manually or automatically, for controlling, optimzing, and
or constraining the volunme ratio of fuel:diluent and/or mitigation of flane
instability via any nethod to increase the volunme ratio of



fuel :diluent, including the renoval of diluent fromthe streamfed to the
conbustion device. Optical Sensors [0043] As used herein, the termoptical
sensors rwbepn/areoany sensor that transmts, receives 0OPCOIUSRINN08E6LUSES
light or a light source (e.g., a light emtting diode (LED), TDL, gl obar,
and quantum cascade |l aser (QCL)) to ascertain qualities or characteristics
of a flane that are indicative of and/or correlated to flame stability,
flame instability, and/or the |ikelihood of LBO Such optical sensors are
not limted to those that transmt, receive or use near-infrared light, as

optical flanmg,S@B5O04RE m&RidsTehd védiBn BF gﬁﬁﬂtex@tﬂﬁﬂlﬁ&i&ém%nk@@ﬁ,e ithgl udes
sensors that transmt, recerve or otherwise'light in the i nfrared (IR,

visible (VS) d IR
radi ation. 68%1%?{1%12% ﬁ 1t£d‘1t§a’nﬁ(p5rtf%mé Pgrggg#[eﬁﬁédbggn%tnsld&cnyp%or%ﬁ s

hereby ‘i nc Or Rﬁ)de%d erga ym(Ecﬁf'lgartr%Hé: rraaéns%ri}ilte 19&%11 Wbé lapgﬁge ?&)&Dgsre

typically detects ra I on enl rn theZ200 to nmr

sensing dey Cg,greannct% RRLAL 4R . et aeior, e%r?v%ssot 15 BLEREAGG A (he

augnent or f1a i e ngl Nes sense At Pon em omthe
augnent or f| a ai nst the ba round o nmet al erature
envi r onment é tﬁ%@ﬁ’\?ﬁ}de\% Cga}”gf Hg “f%dﬂ%ﬁ"lldc?r’eerdfﬁng‘l‘ F'ﬂf ?‘1 é‘ Sl es
of optical gfors tha can be used in accordance with the methods and
syst ens of tﬁ “ﬁ?@?éﬁ?t?%ventron include, but are not linited to, the

sensors described in U S Patent No. 7,334,413, 6,127,932 4,709, 155 and
3,689, 773 each of which are incorporated by reference in their entirety.
[0046] A prefidamplel ¢ non- limting optical sensor to ascertain flanme

stability th e used in the thods 0 se tion
holudes” 1 anbof ReRfed §osrnty Mron oG B ar SACGRBH TN ¢ he
termlaser refers to a coherent and/or coll f t at a

defi ned wavel"8R ﬁlga%?’aﬁ/\%ﬂ?% eéidﬁlaﬁ"‘rggenﬁ’énm%c‘ﬁ %fr“iera%rai ﬁoéfé‘%‘a? i?t4l sensor
that includes a Iaser is a wavel ength nodul ated tunabl e di ode | aser sensor,
which is descfrrnsé%reeérwrbMBprb@@s7 WTWHa&rr%&reéﬂeryrsaamwﬁ MRt i on.
Wavel engt h Modul ated Tunabl e D ode Laser (TDL) Sensors [0047] In an

enbodi ment offortthe Natusad &186- Blapieistahtlity ias geg Wigh 3 Wegelengibdylulsiplssesh i s

enpl oyed to determ ne gas tenperature based on neasuring |ine-of-sight
(LOS) wat er Wapnstenathdedilateth Tunghipsidiode kesed Eindeanser bapediamrthe progagobises a
neasure for establishing flame stability. Nonintrusive

wavel engt h- mibith goex.efatbemgmxalewat ambmensionditeny wasyaideditoghe fugbtogimulgtee wat er
vapor absorptions can be enpl oyed, whereby such absorptions can be fromtwo
nei ghbori ng olte additioneif gielpced ngnineton gaxf urmg thdllesy, Hervares i0tand F80OFCIEL er
vapor. Commercially avail abl e tel ecommuni cation fi ber-coupl ed tunabl e di ode
| asers and opitareiatd abitpfoaget Bowtpof O, eapdddydds iltusirided gefigaes. CO (ppm)

Sucht echni ques can be enpl oyed successfully in part because H2O is an
optically absadBOYpsanBuBtioswee ddidahined adtytle ecankdao sétdetisin Higuran.
alternative nonlimting enbodi nent, a wavel ength nodul at ed tunabl e di ode

llaser, W th QgheWiniddRul werRVBkARNGt ForirsbRNI8%4tedn tHedhcRRCKSRY sRSwvidinf | ane
stability sensor for the neasurenment and eval uation of any wavel ength in

the near-inf gy eds NGOk ORisEBRE SSRARM RGhd Snéunt BECEBASHORECis3RGOLBd | RN
feature derived fromany characteristic product fromthe full, partial, or

| ncompl et e copR, Riluchbneah bElaciBlaGBoR hadifidEflefiOTPONENE S present in
the fuel or diluent supp I'n a conbustion device (i.e.
furnace or boiler), including any optically active conponent in the

near-infrar efﬂo@‘r‘o[ @%Eed‘ dﬁtrgﬂxtlt's Ao this Rimpiel IQE)F %Hxégﬂﬁk LnYd @ddpd 4iQe bithe fuel or

di l uent source non-Ilnltlng exanpl e such a sensor that can be

52‘328?5%;20??&5%99 ‘E? B LR e SR ‘%E?%Z‘F@r PN 87”%‘169%%*‘55. 't he
AI AA Jour nal tO:JichPrLrl%f Caom Flgur%pﬁk%rg4g hér&_l% C(§zn%ra<§u ﬁ n%e I sh her eby

|ncorporated y re ence i n°rts en SCT I ed by Li et

vavel ongt n midH AT O BB oﬁbe%‘ira%yefwﬁs 1o oafb e el FlfE a1 o

| ine pair near around 1.4 mm IS rfg é}4 however, that tenperature
changes, particularly tenperature cha d% Pn the hott est regi on of the
burned gas, are nore inportant than the absolute val ue of the determ ned
tenperature. For additional details, see Zhou et al., "Devel opment of a
Fast Tenperature Sensor for



Conbustion Gases Using a Single Tunable D ode Laser," Applied Physics B
(Lasers and Optics), Vol. 81, No. 5, 2005, pp. 7 11-722, which is hereby
i ncor por aveadotwo7rmirerence in its entirety.[0049] |In anotrh&ruseamsobisatti ng
enbodi ment, the flame stability sensor enploys three diode |lasers tuned to
3 H O absorption wavel engths (e.g., 1349 nm 1376 nm and 1395 nm. The 3
H20 absorption features with different tenperature sensitivities enable the
probi ng of tenperature fluctuations and other flane characteristics that
may fluctuate within the flane (e.g. flanme shape). Wavel ength nodul ation

spect r 0scopy 4iaSaR&'E QolBfat(chd ﬁi@ﬁ’e_rsf@bg §&gt’ion%l?&)rréd§éd&o Ihe greatest
frequency-multipl exed detector wth up to 3MHz bandw dth (4kHz data rate).

A schematic - I ' ' one

on- 11 m 1 ng e BASLEnEUhERet il LRbTE) frfis Bttt £ 20°) s
measur enent s rou flame or fla I0S] | { ce. The
present i nveﬁ{rfr&g %Eerﬁb&{a ?rﬁt En (Sétai)@g? %ﬁésﬁmr#?ne% (?eg'%?ﬁgédutgg X \éla&gibﬁgl e

| aser; rather, pne or re lasers are.cqonsidered.to b |l within the
scope of the uﬁ?(fe)’gé’rf?eqbga(eﬁi"fr8ﬁ§ra%§ytt%lé’?’ﬁél?seegﬁ?m%%v% E?rtge ggmf’"i BRI i 1ty
derived from enpl oyi one or re l.aser sensors t. ing.a single
absorption b t(“i“.sgg?e qRSEBfIOR ?Wf ?W‘%‘”%@Bg"%ﬁfst ?%é‘%[?%gé’éﬁ'%‘sﬁlﬂ%nti on.

[ 0050] In one enbodi nent of the present application, the "flame instability
threshold" b out put. .froma Wav ngt.h- Mul tiplexed, .\\avel ength

Vodul ated Tond e B e RO BtrdBl SR e T
instability threshold is_primarily based on the tenperature fluctuations
within the LA ipriepss-use okdiasny 1t wipe IFHEPQH@EaFPHgﬁﬂH?éﬁhEW%F IFane shape
that may cause the flanme to stray outside of the LOS. In one non-limting
embodi nent ,  \Kimesho:| Rt ideatifignansiahleoppragpn vel heforedelewrout Ar extinghiqn Qegprsy
frequency range characteristic to flanme instability (e.g., 1- 5 Hz)

const it uti ng particuladyi fonexmple, émerabrdimensh eaploying real figge feed back of &edt han a
given threshold (e.g., greater than 0.02, or greater than 0.03 or greater
t han 0.06) t Hemvarheontriohbased o besiflaiseysohdessiiedddn tis praseioisinghatdedseens
reached. Such fluctuations in the sensor signal can correspond to one or
any conbi nat ivevelofigth taiddteratinofisnaninstabitityt, hea $dnagreencorapasstddry atyiof the Mbor e
particularly, in one enbodi nent when F, as that value is determ ned as set
forth above, cismgofat eres¢rhapplichkosn.exanpl e, 0.02 then the Fthreshoid has
been reached and the volune ratio of fuel:diluent should be increased.

[ 0051] The present invention will now be described in greater detail in
connection wixanfple2 2. Fig. 2 is a schematic di agram of a conbustion
device 1 in accordance with the present invention. The conbustion device 1
i ncl udes a hdo@i2hRefiterhaes @g. aypoally ghtinengl CHa, A Hy ddsanddi{e) Waasuppbiodir ce 12
is located on the burn plate 11. The flane source 12 is operatively
connect ed t otaatlued copasersialigrade Whradroy BOdi Bt atsofimirggerateof abhwe 6f uel gas and
diluent may be individually fed to the flame source 12 or conbined and fed
as a single MBEEMrt Blableatdbilaye as aigieediwith d b ob ius pregsutdschsurs fera | ncl udes
a bridgewall 13. In accordance with the present invention, the housing 10
includes at In@RBinc @R®ntsBRsONSYstenh Hithbgh hiphitehpaasfBiiacd@amdiLandbateesl i n
order to sense and neasure the flane characteristic of the conmbustion

device 1. OngnAysifficBodsaRitlIRRopAcal ifBde. | @mifuediohdf FlaMe 6RBMIMSWhPMe devi ce 1
near tthe flanme source 12. The tap holes 21 are preferably | ocated a point

j ust above t Qe thiflofhiztd vaihct BRall efMarchRiisGRsin dach t?ﬁ@oﬁl@rhs%? 22 and 23

may be located ih the burn plate 11 in close proximty to the flanme sources
o oxi ity to TR b PR Ry P T PR PR DR e U] e el D lger

cont ompl at ea TRAr SV AGH bR bNBAG R Bk Mol Lhe
oot i ons. ai Ghgeend 0P s TR b ol NRIRRHRBEEFfres ot e
Fol Fowi ng 11 ARETerabrd 1 et B SETRUL a0 Sadne s ER NEE i or in

conbi nation: optical sensor system 30, acoystic sensor system 40, and a
machi ne vi sion sensor system 50. The é?@#é are operatively coupled to a
controller 60, as shown in Fig. 2, which receives the sensed output from
the systens 30, 40, 50 and perfornms the necessary determ nations regarding
flame stability and any necessary corrections to the diluent: fuel ratio to
establish and naintain safe flame characteristic. The controller 60 may
control either directly or indirectly the operationof the supplies 14 and
15 to provide the necessary diluent: fuel ratio.



[ 0052 In accordance wi th one enbodi nent of the present invention utilizing
an optical sensor system 30. At |east one optical sensor system30 is

| ocat ed iwothm/t7agw7hol e 2 1. The use of the tap hol es 2PLTAlSE@®06562

transm ssion and receiving of optical energy fromthe sensor systemthat
has passed through a flanme or flanes at | east one tinme just above the flane
source 12 in order to nmeasure of the flame characteristic within the
conbustion device 1. Preferably, the conbustion device 1 includes nore than
one flame source 12. Wth such an arrangenent, the tap holes 2 1 are

I ocat ed such g halentdi€ 1Rkl Gfthe SNE SEYk. L AQ8HDWhtik ?qu?eﬂﬂ NEE&hssEndy the
optical sensor systens 30 pass through one or nore flames fromthe flane

AT dE%k%eEQQ&m%gHprﬁﬂt%qs{eQﬁtw f?x‘?cha@écLOﬁL g&sw rEdREbANGasSENsor

system 30 can be emt roma single tap and recei ved by the
sensor SVSteachWmQﬁ?%gﬂné@8%§8§E8§u&?&xﬁ@£$ 21. It is also contenpl ated
the optical sensor em 0 ransmt and receive optical energy from
a single tap hole 2 1 following at | east one reflection of an optical
beanllnforna I \ I . dpb ntroller
60 todeternia @ﬂhh ? n”ﬁl@ﬁ@ﬁ@{¢§f%%ﬁ 2@8%% H%ﬁﬂgg@%&gng ?%E%ﬁ%@%d and/ or
I np | ement anﬁvjm%%lgrts:g;s? LSI[ ert](asrrr;[lrgjedtbge dro%tt}\O ocﬁf set F?t(fllla,fox %L B\ﬁ")ﬂ@tﬁ) é/rS\?snd/ or

di | uent sSupp aln a st a ar act erl S oustirc Sensors

0053 I d t h th t t.h t
[aCOUStJI c 2 eﬁg‘%%r‘g@gﬁlgﬁ\émﬂbg gr%ﬁéaetlr?gg’g tf?%n géeie"?'?eg‘? ﬁ'r gfegrllqeaé{ftngr%ﬂ«%h* I arre

characteristi.c. used herein e terma stic sensor refers_to any
sensor that t‘ﬁ“%&?ﬁé?ﬁ &2 ?Cé'é’éio{/% f’bﬁg §P‘F?EPWS§§H£%@§ flgpe 28 g g idnts gh? ce (e.qg.,
a pressure sensor, microphone, accelerometer, cantilever, etc.) t

ascertain at reslisin ggee SHad 4igues ¢ ghqve thak thg highegisteam addigpp levely 1 ect ly or
indirectly, that is indicative of flane stability, flame instability,

and/ or the | icREPsPREDE the SIeBEH ralisHomENQX prd WehaBicatesrstabsity isigark @Y t o
those that transmt, receive or use acoustics, such as the pressure sensor
described in r@g@edlgﬂS@é sqmsorAppd- | Bus denonstpies ¢ sictesyehesebygrisice Hagtahiitins m t |
recei ve or otherw se acoustic signals. [0054JA preferred but non- Ilnltlng
type of acoushreshosbrade debnals aeillustiated ind igirab éorglesdriptirepwpadsis. antyhiand/ or
instability that can be used in the nethods of the present application

i ncl ude fl anmBigatladah bk yedse ndardbadkhantreinyoheyy o @nessn e dleasdiow wshased
herein, the termpressure sensor refers to a device used for the purpose of
measuri ng pr esfidf B droGitd eainidin cablRwptiadon WBild sshievivgnhefoavrestgbssiploaN @f
pressure sensor is a differential pressure sensor, which is described bel ow
for purposeseffissidnkustration, but not Iimtation. [0055] A differential
pressure sensor 40 is enployed to neasure draft in a conbustion device 1,
whose tinme dependence in turn provides a neasure for establishing

fl amest abi | i {g07ANEadde ihstsBiAl dctdipankds N &Haddioh] dnd thie AStba TR i Gukkdded on
one or nore pressure sensors can be enpl oyed, whereby detectable changes in

acoustic si gm@l indlehesO8Bdildche 10RPBEsiKIE 1of idaiiiy b RATi@H kHréshpldantl{east F-BO.
Commercial Iy available pressure sensors with statistical analysis packages,

i ncluding these ShVY'd,ttﬁ‘atqjdefntlﬁéselms{aﬁi@opgl%HgﬁweQBei%FéslﬂbNI(ﬁt BEASME IR uQUL put s,
can be enployed:as an acoustic-based flane stability sensor. Such

techni ques c %Qn#&ﬁlaﬂﬁpﬂopé{ ﬂ-; @rﬁ@gdrﬂr);gr%s !argﬁlgﬁnrg rOf! Ql?ﬂésfgecﬁga%k lop Fde @l

anal ysis of acousticTs Wt e conbusti oh devi ce neasured by the sensor,

typically at gaLepcaiht bied s.gl st SR, KRSNIRNLEs LAGHIL &glggbérﬁacaeg.c

acti onabl e charac erls I CS oth stabl e an uns t1ons of a

flame or flang nsor or m%chl (A Jlselrnnsaetnlsc}/resgsq (?o d%ermme fla dfli)}cnfst%f)ﬁl gn}p@s§§¢"| ame

sensor wt hOU I cal ana age can

tabilit tatisti th |
et hods. can B8° a{ﬂ“ﬂﬁ% eg‘ﬁgrﬁhassfﬁﬁf:beypaélﬁd’gﬂ%éscl*}%‘é‘ti? et v

measur e of flane stablllty or flame instability based on an output fromthe
sensi ng devi 5 i nsta be established
based on ¢ ne 1175 dPearesyaisgi * BRLAHs it boiroR0Py e B ar ¢t rom 11 ve
differential pressure sensors. The flanme instability threshold is primarily
based on pressure fluctuations within %P%qgonbustion device relative 1 to
at mospheric pressure. \Wen fluctuation® §'n'”sensor signal occur constituting
a change in a statistical paraneter (i.e., variance) that is greater than a
given threshold (e.g., greater than 0.1, or greater 0.12, or greater than
0.2), then the flanme instability threshold, F hreshoid, has been reached.
Such



fluctuations in the pressure sensor signal are derived froma neasure of at
| east one flanme characteristic, either directly or indirectly, that

ori gi nat esowntoi7morhe conbusti ondevi ce. More parti cul ar IPgT/USR009/086562

enbodi mrent when the filtered, averaged, and nornalized variance of the
measured draft is greater than, for exanple, 0.12 then the Ff hreshoid h s
been reached and the volune ratio of fuel:diluent should be increased.
[0057] Alternatively, a "flame instability threshold" may be established
based on output froma differential pressure sensor. The flane instability

threshol d i s RbERIchlsYeRREA hGRINPIRRIU! RribhdtabAEARAS oht RivBnddiEincOMbUST i on
devi ce. Wen fluctuations in sensor signal occur in a particular frequency

range char aCtaﬁﬁiitiﬁrti lnogth)é% Jechméd E{h&%fna\pfllll ﬂe&éfmé Spprent 1% those skf1e®fn t%s artlo Hz)

constituting a cha In a statistical paraneter (i.e., standard devi ation)
fromthe sum.of I e ver i { h 1.0 uency
spectrum t hatfr%trﬂgrgé}g%ée{gg ?ﬁgﬁﬁg n&n@ 21];1]& #E&Bé‘ﬁ'gﬁg f%ggrégs; sugsr:lglgt&tgrc &f({r]lgﬁgo. 05 or

greater than.5 | ane i nst bl|lt%g%QE%%pe[ , &Bg&g§%9|d, has been

n.the f. d
reached. Mheﬂ“%ﬁggif%@d&#&“ﬁ?&?%??’ OPPERE AC0UST & F r8QuEy spectrumiis
summed from2 - 10 ol l owi ng cal cu] ati on of hort-ti fast Fourier
transform f of\dﬂ%‘}%ﬁgﬁﬁgﬁr&fn HREGY'8& S Oﬂﬁéivsal‘ﬁaé‘?ﬁ%ﬂ)foé&eﬁ?lg'@agfe 1Y eat er
than, for exanple, .0.05 then the Frhreshoid s been reached and the vol une
ratio of fue™ 'qrd@%f’ug%‘iffeagwemwﬂe é%e@.r(“’[gggﬁ]“%w%tl@fle ¥ to Fig. 2,
the pressure differential sensors 40 are |located in at |east one tap hole
21, 22, 23, 2weveenghmegulsianwaeripms aad/ogmogdulgtien freauepeigarng YaioUH t hin t he
conbustion device. The sensor system 40 may b e |ocated in close proximty
to a flane scUptegiesfr manipalsting ravsdaa to arfiec alangbie indigatevmoli Bama stabiéity. ocat ed
in atap hole 24 in close proximty to the bridgewall 13. The sensor system
40 may be | odlmednstabilitytamd/dndikelitpad dor kBR). DY hiethe preserd inventen kas|beerat i on
equidistant fromnmultiple flame sources 12 or within closer proximty to
one fl ane souesebed ingcohagetihmith2Zombostanaterdeah cea wifinmgl reerophreas et
i nvention, any nunber of conbinations of tap holes 21,22, 23 and 24 may be
utilized for prdressiligfdpplietiohahe ppesshiliey delnspesesyiat@niod@s ndt mftardedts b fr om
the sensor system 40 is transmtted to the controller 60 to determ ne the
fuel : di | uent sp ahii9f. deseohoflabddans tedstescacane®iod naydleatilicétphangnt and
nodi fications to the ratio (i.e., nodify fuel supply and/or diluent supply)

to maintain osbaibe dHi@é@il&h\?%laaﬁﬂéﬁgds%b%el MagHY inElul¥ing banov@iRaed tSyst em
[ 0059] In accordance with another aspect of the present invention, a

machi ne vi si pBweLRSefatisY,3tc@IMne@] Frodudi®n UAE Prok&sRg Calhds Prdtudiiod fRIFapane fl ane
characteristic. As used herein, the term machi ne vision sensor system 50
refers to any, SERSSY sSystemthat transmts, receives or otherw se uses an
optical image (e.g., a video canera, etc.) to ascertain at |l.east one
characteristic of a flane or flanes, directly or indirectly, that is

i ndi cative ofjodefis Rirei foiteXimd B8 tahsil Albdsiatd apprtihi, ddGird plsGidbinood of
LBO wi thin a conbustion device. Such machine vision systens 50 are not
limted to thgs S&ﬂggnﬁransnit, receive or use visible (MIS) light, to
generate optical 1nmages for flame sensing, as used in the present
application, and includes sensor systens that transmt, receive or

ot herwi se opty I | -' i = LOf, | R),

i nfrared (lR§yﬁ3}f?g@?gﬁgﬁ?%%Qk%ﬁg?H%ﬁ@bﬁgk,fﬁg%Pgﬁﬁgﬁﬁfkgagﬁ sﬂﬁ%g, and IR
radi ation. [QO6 r anb e | pe Y Sl I SySt ' des a
flame stabiIgﬁvg%gﬁgg%ﬁggg%éﬁgb?%Q?Egﬁ%&%?xga%gﬁgéénﬁgg“ﬁgéBﬁﬁg?gﬁﬁg t he
term canera rg}‘e?rbs }e%r%cgeﬁ/litceem#e egorfaﬂr o hotgesour pose of obtaining an optical
i mge from in€icdet Ke CSROUST TON evicé’gﬁnprised of light. A preferred
type of canera is a high-tenperature furnace cameraoperating in the visible
radi ati on spectrum which is described bel ow for purposes of illustration,
but not limtation. |0061] Preferably, the machine vision sensor system 50
utilizes a high-tenperature furnace canera to obtain an optical imge from
Wi thin a conbustion device 1, whose output in turn provides a neans for
establishing flame stability, flame instability, and/or the Iikelihood of
LBO. The nachi ne vi sion sensor systenp%? Y utilize one or nore caneras,
wher eby detectabl e changes in an optical ®i'Mfage or images arise at or near
the onset of flame instability and/or LBO. Conmercially avail able

hi ght enperature furnace caneras can be enployed as part of a machi ne vision
based flanme stability sensor system 50. Machi ne vision sensor systens are
al so typically conprised of a central processing unit 60 with a visual

di splay unit, an inage analysis



package, or both. Such systens can be enpl oyed successfully in part because
flame intensity, or light intensity, wthin the conbustion device can be
measur ed W9 20tp078@nsor system directly or indirectly, &0u/US2000/006562
identifiable and actionable characteristics of both stable and unstable
flane states, as well as indication to the approach of LBO [0062] In a
preferred enbodi nent, a machi ne vision system 50 conprised of a

hi ght enperature furnace canera positioned in or near the tap hole, a
central processing unit or controller 60 which contains an inmage anal ysis
package and performnms statistical anal ygigmnmdhe controller 60 derives a
nmeasure of flame stability, instability, and/or |ikelihood of LBO based on

one or nore outputs fromthe analysis of an optical imge obtai ned by the
camera. The cont rdl | er AgpetBethokeea 0@@8§Fﬁﬂﬁ@“9ﬁ@f?ﬂﬁwmﬁg?%@ﬁ@“¥&@98§
described abqye. st GLRITRMYiAE/RMme! BXRRRt andnodi fications to the
ratio (i.e., nodify fuel supply and/or diluent supply) to naintain a stable
flame charact eri sprayidipoBgy of fuch feuraifinkwurand driesnaSpmct diyentsqurcppes ent
(nventon, Do h A Vbl llndl BINOLMhbus ol ned by the
controller 6 ased on an average of nore than one tihe dependant outputs
from anal ysis of optvidiad atilemyes tincaitabelity aeontvadeyeretd abyeaaummenti af@ vi si on
sensor system enployi ng..a high-tenperature furnace canera. The flane
instability Eﬁ?§§ﬂ8¥ﬁ‘$§w3??%h?? y based on light intensity fluctuations
fromflanmes w thi gomrotioapoitis determided/valeme egpiolf éaklidiluent basddapooht lepdti cal

i mges and anal yzed 3 t he chi pe vision sensor system en fluctuations
in sensor si @HSP%@&‘ %/a,St ?qedgsqoﬁ‘{]@{‘é‘? 9miaﬁfe§%ﬂ°88f’§%suﬁ?5?et”it R B¢ atéﬁasbpti cal

i mage) occur @@Rahk bidbiligseAsdsiNAAGR) htNedt SitcAdve ineSsateniat BBRILH {f the. ,
variance) that is greater than a given threshold (e.g., greater than 0.002,
or greater 0.fgelspyrcqpnsdgdibients:qui¢e1) then the flane instability threshold,

Ft hreshoi d, has been reached. Such fluctuations in the sensor signal are
derived froma nmeasure of at |east one flame characteristic, directly or
indirectly, that @&ri gi hhe sthailohflainm hewlkeser b 4t depstgug iflame ptabilife pensere

vari ance of t. r - i i 1. £ hi 14 0BioRkedsBE Opti cal

i mage is greé %H&Eﬁanfﬁgggséﬁg%%?g?&8Q%%%%¥%%%P€ﬂégggﬁ&esthgSﬁgs'been
reached and the volune ratio of fuelrdiluent should be increased. [0064] In
hatabi 1ty thr esol d- e BSAST B RevEs o Hepkadne cavaPupe: Bt

pr edet er m nedna lwdetondiblldigiaMetrsnits, ameaniahy détsctof, anpd daabhcquisk@asaandbt ai ned

fromthe system 50, which isanalyzed h e.controller 60. The flane
i nstability tPRPEEIRA YSFR tb?tipﬁ%fﬁﬁc%/%ﬂ“tféé‘g%tbg‘ﬁ‘%’I‘?‘E“Wﬂﬂﬁ“’t"&&é PEICHt i cal
intensity fl uehialel @ Ed i @BChAresmeitidlidiuédigatonbusti on devi ce. Wien a
decrease in sensor signal occurs characteristic to the approach of fl ane
instability or LBO (e.g., from50 to 20 or 60 to 25 or 100 to 30)
constituting a change irfe hidgho@RELIGR 31 WAEHR lYoPIRASHIRPRH wiveld@gth decrease
in light intensity) fromanalysis of optical images |ess than a given

t hreshol d ( e.repdulateskignabiigadioglagar (TRESsanpeIvidsyt leaseanetlaner funegio asdeanfi | ity
threshold, FIdE BRAAIhealRScBEER Wi MithoulORRIhDR- AYRPRAR! Nt ensity val ue
froman average of thirteen outputs froma nmachrne vision-sensor systemis
| ess than, for exanple, 25 then the FThreshoi d has been reached and the
volume ratio of fuyel:di]uen houl d be increased.. I rdance with
yet anot her aspecﬁ'of ?h%”%b@é@ﬁ?“&ﬂ g%??%%/‘@ﬁ%ﬂmpggg§L$ﬁ§ g%ﬁ?ity

t hreshol ds" Babédy sansdrtieamy@uagsendort i me dependant out puts from anal ysis of
both overall intensity and intensity fluctuations fromoptical inages
obtained fromthe system 50 and are anal yzed by the controller 60. The
flame instabilityethreshoh@thoahecdp@sgeth Qfint beviRadi®hRRtAGtPk&Soasaset forth
i n precedi ng paragraphs. Such techniques are successful in part as the
machi ne vi si d¥essdRddferayiat ¥AtHas t he capability to execute one or nore

anal ysi s met hods on one or nore portions of optical inmages obtained by the
canmera. As such, when the FThresho id has been reached for either analysis
met hods, an F hreshoid for that system has been reached and the vol une
ratio of fuelidiluent should be incre q, [ 0066] In accordance with an
aspect of the invention utilizing senstt®system 50, optical inmages from

wi thin the conmbustion device 1 may be captured at any one of tap holes 21,
22 and 24 by a canera. The optical inages are preferably obtained from

| ocations offering the nost clear unobstructed view of the flanme(s).
Preferably, the inmages are obtained by tap holes 2 1 or 22. Even nore
preferably, one or nore tap



hol es 24 would be utilized to obtain the inages. The present invention is
not intendedto be limted to a single tap hole | ocation, rather, any

conbi nat w0 20ro/d7e3wat i on of tap holes is contenpl ated toPo@/useédd/omsshi n t he
scope of the present invention [0067] In a preferred enbodi nent of the
present application, a select portion or portions of an optical imge
captured by a nmachine vision sensor system50 are utilized and processed by
the controller 60 to derive a neasure of flame stability, instability,

and/ or |ikelihood of LBO More preferably, a select portion or portions of
an optical inmage gan behdkihbd asbot@hg &N@iNSI, wheh@l theaPiéhd@fe Bame
characteristic neasure for a specific flame source within a conbustion

devi ce, part isehiliy sopsqris airaehing yigiop seQf.ce conbusti on devi ces Even nore
preferably, an optical image can be broken down into six portions for

anal ysis of each respective flame source fully viewed by a canera The siXx
portions include 8ne s&he methpdmcandipg tonadaital, whermat thommchinavisemcoreass t wo
hal ves of the fl ane so e.. one set of two conplinentary sections that
enconpass tvﬁpl%f@3§§%¥gﬁﬁgnpﬂﬁne source rotated 90 degrees with respect to
two hal ves selected in the first set, one portion that is circunscribed by
t he inner dianeter, of e fla ource,, and on ort.ion th circunscri bes
the outer diameter: of #H%mﬁﬁhaﬁfi'w ’W}feﬁe‘Bf}?s@fcg?‘gga”ﬁlfanltl? i EThY

enbodi nent s, s@B&edfroMk Raft@ht bONSme ionthatich, MImaRNapRNTdardd MixiedPdtRals| ons
thereof, of the optical inage can be utilized for analysis wth the machine
vi si on sensorlPBYSPERPTHOTY SABF strepcatreatreokeraatsciafadyvidh G deme pepestisdled in t he
net hods set fgfst hinli MighhEniREEREMthaRRhd. cati on Exanpl es [0068] The present
application is further described by neans of the exanples, presented bel ow
The use of such exanples is illustrative only and in no way |imtsthe scope
and meani ng of 't gyl nVeRt heMoRhcddtaiith FARDHElfb BhtthorlridieW ifecad NI S
application is not limted to any pafticular preferred enmpodi ments

descri bed hemsasurabilabethd at leastpneflding sehiditosessand vari ati ons of the
invention wll be apparent to those skilled in the art upon reading this
specification. The invention is to be understood by the terns of the
appended cl ai ns allbng Whd fmethbé adookding wopamdf, whettin/éhk eldracterdstiold ch t he

clains are entjtled. Exanple 069 finery.gas (e.g., typically

cont ai ni ng Cﬁ‘d,"e ?W?aswagﬁabyé%ﬁ%’tqﬁﬁﬂl’ﬁ%? esﬁ%ﬁ{]ﬁ&éf”"%ﬁs was supplied to a
single commercial grade Utra Low NOx Burner at a firing rate of about 11
MBTU hr and 7 MBTU . H for the refinery gas and .7 MBTU hr faor .the Natura
Gas. Flame stabil ity whie mehedpeelaim {-nvheramithe dilneptisomnnsss g fbudttlecigdvel engt h
Modul at ed Tumah @rbbddaededT@fboh BldxldeDRRFAE BARRMONdsh aRbAbRGHn Set forth
above. Carbon di oxide at anbient conditions was added to the fuel to

si mul at e t heth§®®fti on of recycled conbustion gas. During the tests, between
0 and 5000 SCFH (standard cubic feet per hour) O CO was added, as
illustrated in Figure 3. CO (ppn) and NOx (ppm em ssions were determ ned
and the results al® seThdwethpd phelingld, evhBreimthe ddndng spopresepsupsrisbtedi ned from
sensors |ocated in the flue stack. As shown in Figure 3, NOx enissions
decreased as the anount of carbon dioxide is increased. 3- fold NOx
reductions can be achieved upon addition of diluent. [0070] Based on
results fromthis exanple 1.5S].pns and,t "F" val ue of fl ame
sensor, as deter r’ril%ednﬁ es'@ﬁ%"fﬂ%’"b%@%&ﬁlm @Sgﬁ'ﬁ?ﬂt ERMRSY 8 eﬁgg&{?lb@t t ed
agai nst the Wolagkiodnitkdg& i N Fi gures 4A and 4B, where the CO gradually
increased as a fraction of the fuel. Sone air is fed to the flanme as an
oxidant. The results in Figures4A and 4B show that the hi ghest CO addition
| evel s correspondi$0 tfg @E@ad 66¢laine AU GheRih ihB deht 8ophiRs hiBasd @Ay est
instability signal (F). This denonstrates a strategy m%ereby a critical
instability velPESRbFH emAopEedefined and this signal can be used in a
feedback control strategy to limt the diluent flow to the burner in order
to maintain stable operation while achieving the | owest possible NOx

emi ssi ons. [0071] 1%l ankhd methedpf ¢laign bedwrpaheegmiaytionadvict isome obmd t hi s
instability i y..the increase use of diluent. It is possible to
identify a cP??%%gﬁggﬁ?éghold val ue ofSF,4§threshoid > that identifies

unst abl e operation well before bIom#o&tcgr extinction occurs, particularly,
for exanple, in enbodinments enploying real-time feed back or feed forward
control based on use of a sensor described in this exanple using at |east
one wavel ength to determne flanme instability, or a sensor enconpassed by
any of the clainms of the present application.



Exanple 2 [0072] Refinery gas (e.g., typically containing CH4, CH, H2 and
CO) was supplied to a three commercial grade Utra Low NOx Burners at a
firing raweofoameat 6 MBTU hr. Flanme stability was nea®oraseoobesa2 set of
five pressure sensors and a machi ne vision sensor systemwth one
hi gh-tenperature furnace canera and thirteen analysis sections within the
optical imge. Conputation of flanme stability was the average and
normal i zed variance of all nmeasurenents from each type of sensor, including
a software-based high pass filter. Steamwas added to the fuel to reduce
measured NOx em ssions until flanme instability was detected. During the
test, between 0 and 0.23 | bs of steamper |Ib of fuel was added. NOx (ppm
em ssi ons were detl@r m hbeimathgd ohelayme suwhesein centendling the defermyingd yalyee 5. The
em ssi ons mrﬁlooé}(f@él%q&g?m&{%%%i ﬁlrjezgctﬁ'ﬁeegask@uﬁ&%t Ua%ﬁmﬁto@gb(at 165 5&0"\’” in
Fi gure 5, NOX' €m sST 0ns t he anmobunt™ of steam was’ | ncreased
Two- f ol d NOx threghott vabuesfrava st la@dupwmdasdmmemgfrbﬂmasleasme tipoa s@bditt $coperof
dlluent [ 0073 d.on results from s and the
"F" val ue ofaP%g'@? ﬁgoggﬂggﬁgawﬁgnﬁ%t%ﬁ I he ?ggé Somc?ﬁgl&ﬁlggcol set
forth above, sp@se.pl otted versus tinme with |ncrea5|ng vol une ratios of
steam fuel, where the steamwas gradually increased as a fraction of the
fuel. Sone air is fed to the flane as an oxidant. The results in Figure 5
and Figure 6 showjghat Théigictho8BeEking | BarReadisltHeicoftrdIBY, ihs dét@frﬁﬁScDOHd to the
greatest reduction in NOx and to theﬁgreatest i nst abi hgnal Fi
regardl ess ofokuKsario ok iyel:dipRpignelass ?W%%@%mﬁvgﬂFﬁfgﬁv) Hontangk i ti ca
i nstabi lity T‘a[}ﬁ&ﬁ%ﬁleg@ﬂt]pﬁ gk '1&%111@‘?}“&5'}15“% fatigd. in Figure 6 for
descriptive purposes, and this signal tan be used in a feedback control
strategy to constrain the diluent flow to the burner in order to maintain
st abl e operation ile s. [0074J
Fl ame |nstablI|tngccoﬁﬁgﬁfgéhEﬁxﬁnﬁéggmﬁgﬁnHQE%% kﬁ?bgﬁétgﬁﬁﬁ?ﬁg i s caused
by the i ncreasembilig thotshdld asemsponts tol ascaprmbsddoflaandt sabiilokg dadtdryakueck.i t i cal
t hreshold value of F, F hreshoid, that identifies unstable operation well
before bl ow out or extinction occurs, particularly, for exanple, in
enbodi nents enpl ogdng Tﬁahmﬂbaeféﬁem1b@ﬁkmﬁﬂmmmmdommgﬂmnﬂ&mmnkd&bmbased on

use of a sensor descrjbed.in this exa usin ac ensqr

machi ne V|S|6ﬁ“§ﬁﬁgﬂﬁh@9@f%ﬁﬂ$’a%é?&%ﬁ?k@“ﬁ?ﬁﬁﬁ”?EEWﬁﬁuﬁi%ﬁlé 3“9 type of
flame stabil ishircs SiiSHRE NERGIMAEREA YN adMudit sdie:. cl ai ms of the present
application. [0075] The present invention is not to be limted in scope by

the specificenbodi ments described herein. Indeed, various nodifications of
the invention in agdi t'TQ@mteﬁ‘)oHIa@gl@quQQﬁHep&x‘ijtﬂé%@'l@a Mel asbecome apparent to
those skilled in the art fromthe foregoing description and the
acconpanying figures. Such nodifications are intended to fall within the
scope of the appenged ghaholiBs Orim 2 Wi¥Sh ntrmqgtﬁtq%ml?}ed%smﬁ@r

enpl oyi ng only one wavel engt measuri ng ne st wth or wthout
wavel engt h- nuttd ¢l feadidilgent tphovadey sa fie foperia g eﬁtbmmbusnomﬂevv@rl ous wavel ength
nodul ati on wavef orns and/ or nodul ati on frequencies, and various strategies
for mani pulating raw data to arrive at a value indicative of flane
stability, flame Qastamhéhkymdaﬂdkﬂm1JWMQ&hhﬁﬂﬂnﬁoMmgH&WmuNthevbhewpresent
i nvention has bee cribe onnectl a conbustion device 1 in a
refln|ng/petFﬂgﬁgﬁ?géﬁ“ﬁpéﬁg§§ﬁﬂéxQBBFFP r%ﬂwcPﬁ@u%BB%FPQ%ility of the
present invention is not intended to be so limting. It is contenplated

that the present invention nmay be utilized in any conbpustion. device
utilizing a fuel dg4s agdh "amﬁﬁ’@p agidipg q ﬂ@%bl%r%fhe%fnelsfagilt%éenﬁ?f power
generati on, %ﬁshéag%tdéblcpnﬁdg&kfa@& APl ARERShAGs dlgltagcs wWNeRGH Gl on and
paper productlon [ 0076] I's further to be understood that all values are
appr oxi mat e, %Wedrl@agﬁ @@f@é%ﬁe‘ﬂ by agerealicpthaen ena7z timgshold walugigt ent
applicati ons, cited
A i A S R e

i ncor por at ed cherditie WWhumefatoofifwldiuint.s entirety for all purposes. CLAIMS 1.
A nmethod of controlling the operation of a conbustion device, wherein the
conbustion device having a flame, conp 'ﬁh@g: providing a flow of fuel from
a fuel source and diluent froma dilue source at a determ ned vol une
ratio to a flame in the conbustion devi ce;



providing at | east one flanme stability sensor to generate a neasurenent of
a characteristic of the flame; and controlling the determ ned volune ratio
of fuel: dvbeerwo7bmsed upon at | east one of (i) at | east pomasstémmsadser d val ue
fromat | east one nmeasurenment fromthe at |east one flanme stability sensor,
and (ii) at |least one flow neasurenent from each of the fuel source and

di luent source. 2 . The nethod of claim1l, wherein the at |east one flane
stability sensor is at | east one of an optical sensor, an acoustic sensor
and a machi ne vision sensor. 3. The nethod of claim2, wherein the optical
sensor conprises 385 | eqfl 1efGd hafding HAUMiROI, W HRR e Db Rl Fity Bsdreast one
detector, and a data acquisition and processi ng systemthat produces an
act i onabl e sicgmatises malaging thaenieasores apmscasyng dame ohdregterisyce gither idneqtlyeorcont r ol

ensor i 5 a BRI prhark R RGP En il Arlobie I hBaldlE O R

| east one | aser tuned to at Ieast one pre sel ected wavel ength with or

wi t hout wavel engtg mul t| XI n% et hod according to claim 2,
wherein the at &t oﬁ‘ SSP'?JBE“I F\Pr@gﬁsor is an acoustic sensor. 6.
The net hod accor dblagmbasu@haem@ wherein the acoustic sensor is a pressure
differential sensor. 7. The met hod according to claim2, wherein the at

| east one flanme sBdtfl PPYS sensor is a machi ne vision sensor. 8. The nethod
according to clai Bdfiuent&ir&;n the machi ne vision sensor includes at |east
one canera. 9. The nethod of claim1, wherein the characteristic of the
flame i s sel ect edaflopmysiem s gemmynisaian vithhs g spyas snskihe filugrbsarrgge, f1ame
mxing patteq %dJJWopﬁgp%'&lfugﬂ’atgld@tgﬁmh@c{%ﬁﬁé Hi®sto 3 TRIE iggoci at ed
with the flake, acoustical noise l1Tght emtted fromthe flame. 10. The
met hod accor @pmbustiondbaian 9, wherein the characteristic is directly

nmeasur abl e by the as 0

according to cl ai afa%aSt hargg&?%llglr%résfoggij 64rrl F%eiazwi% Inﬁéﬂeja Surgﬁ&tgasurabl e
by the at | edsit @rehihamsststodltid fldnye; sehsor. 12. The nmethod of claim1,
wherein the dil uent co r| ses id sel ed fr.om.nitroge eam carbon
di oxi de, recycl ed?&8NH Sglsti’%aetgr"%?fg\' PRk Oﬁg‘fei‘gﬁ'ge ?Seél'ﬁ% *Iret hod
of ﬁl gi rr} 12|, avxtaesrtgh@%@)ea mrdsmﬁawgmemrﬂ ﬁ&@sﬁ&ﬁeﬁdﬁaﬁémént&’fcﬁfagﬂoleaﬁkﬁonﬁhle f
met hod of c alml erein the diluent conprises_at | east % vol unme o
nitrogen. 15. tlamg stahilin spsesrang () arnhiefh"lﬂﬁ’f@lr”élerfatt‘%%fﬁ?lt‘ﬁé‘ﬁ‘?taé(’}’r?ﬁ?‘iréqa@' at

| east 1% by upleidiBn@flow MdaQRe et Feeach@f thETReIMBA0OshOhe all@nftcurcarher ei n

t he conbustion device is one of a furnace and a boiler.17. The net hod of
claim11l, wherein controlling the determ ned volune ratio of fuel:diluent is
perfor med in real 271 MeThasS bR syRlen SEHimUEe whbreln the Ahmé @tﬁﬁilt}%ﬁsor

t hreshol d val ue from at | east one ‘neasurenment fromat |east one flane
stability sensaleagnehe(ofial optical seaser, emecopstmgenionsnd maehing yigion éﬁ’mhr of the
fuel source and diluent source. 18. The nethod of claim 17, wherein the
controlling the determ ned volune ratio of fuel: diluent includes
decreasing the voR8ne Tht contoktibrusisteti ofitdaitn Anvherea the eptehbsensared criti cal
flame instability threshold is reached. 19. The nethod of claim 18, wherein
t he predeter r‘f‘PWB%Se&a{'te?sééWe BFe instability threshol d corresponds to a
calculated flane stability factor value, F. 20. The nethod of claim1,
wherein the controlllnggthe det erm ned v tio Bf fuel :dil ent

|.u
i ncl udes adj ustin %%ctmlﬁﬁ?éorb’fysfeﬁéoqq BW Wﬁ?fémft e lasgridimave ?féﬂth sour ce

and the flowpQfqulf@ i@hdoedibdd b BDH) $eSdttrurdUs &8easore prélR@leéted hod of claim
20, wherein the fuel is a fuel gas. 22. The nmethod of claim1, wherein the

control i ng t¥&clgegthr ni ned vol une

30. The combustion system of claim 29, wherein the wavelength

modulated TDL sensor has wavelength-multiplexing.

40 of 43



ratio of fuel:diluent provides safe operation of the conmbustion device. 23.
The method of claim1l, wherein the controlling the determ ned volune ratio
of fuel: dvbueerwo7rm®duces NOx emi ssion fromthe conbusti omrCaas2@e/006542 The
met hod according to claim1l, wherein the flane stability sensor conprises a
device that generates an optical inmage that is digitized, wherein the
digitized image is processed by a controller that can generate a threshold
value to differentiate between stable and unstable flane conditions and
provi de an output to control the volune ratio of fuel:diluent.25. The

met hod according 59 cl ghmdmbldhie] §/sent RLofdidd B cRiRDb! Whoteid WA NeaSIIHRT | S€S A
device that neasures a tinme varying flanme characteristic either directly or
i ndi rectly i dldimeatabiy efnsérigapadonsticatshsdrt y, whereby a control signal is
generated. 26. A conbustion system conprising: a conbustion device; a fuel
source; a diluent source; a flow systemin conmunication wth the fuel
source and the di Baent Thocorsmistion gysew ateorlirfg towlaoh 31 yeheraindhedicbustiat at a
determ ned volune. ratio t%. fla in the conbustion device; at |east one
flame stabi | iSEYPO5ERPEF°YS b‘ﬁ%%?‘éf%“&?‘ | east one measurenent of at |east one
characteristic of the flanme; and a controller to control the determ ned

volune ratio of fuyelidi|uent based upon at |east.o of (i), a threshold
val ue from at |east: ongL?T‘é‘Hgll}‘rSE%Wtem HePuling tgﬁgafmgﬁewg’qréﬂéhesatti%ﬂ My

sensor and (ifiame@tablit@sdnedids ¥OhdRnd @kioR s&fsof. uel i di l uent as neasured by at
| east one flow nmeasurenment from each of the fuel source and the dil uent
source. 27. The conbustion system of claim 26, wherein the flane stability
sensor is at |easgqonerhf capRRbl SRlenPSiERHing 812123 89SVhGein @RSAACHAR @
machi ne vi sion sensor. 28. The coribustion system of claim 27, wherein the
optical sensomsiaosepsar seedudgs af leassoncogaanckamser. 29. The conbustion syst em of
claim 28, wherein the laser is a wavel ength nodul ated tunabl e di ode | aser
(TDL) sensor tuned to at |east one pre-sel ected wavel ength. 30. The
conbusti on syst em36f cllhé cor@stiovhgyrsenmoftdemiddy ehemegt the phirdadiaisadoflibe sensor
has wavel ength- mul ttil ngi n(%g.pl. .Thetco ustihon '.hérsnt emrglx%ccoa{tedrinsn ahQ claim
26, wherein tHE<At 2 ERE TN & MC AR En1 11§ Y Ren€Or TEER EE0usTIC sensor.
32. The conbusipediticy Slametaieedtateandke asdoaiarad3vith theffieme] asotidiealawdust i C
sensor is a prﬁ? .sure,di({,\ﬁfﬁerent' al sensor. 33. The conbustion system
according to?8 Egli‘ﬁ%t,te %‘Pé}ﬁﬁat“?‘f’e at least one flanme stability sensor is
an machi ne vision sensor. 34. The conbustion system according to claim 33,

wherein the nmachine vision sensor includes at |east one canera. 35. The
conbustion system’df cilhf RBIstighyiskIhaccingda chin dpi whsreinge the flame is

at | east one firadibadR il SRcAF IR ratit 8EcSPRAG onf hAWE sEbXiy@nRAt terns, flame
conposition, flanme tenperature, snoke associated with thé flane, acoustical
noi se and light emtted fromthe flame. 36. The conbusti on system accordi ng
to claim35, whergin t : lostl e ] s di 3 e by the at

| east one flane s?Zibi I ?ﬁg?@%ﬁéﬂ%%ﬁd %ﬁgﬁé%ﬁgggwérsl’mg@%ﬁé%waccor ding to

cl ai m 35, whehsnctetistie ichdirentlyendasuralgle bg theradilaasiaine flameatbrapbasdry t he at

| east one flane stability sensor. 38. The conbustion system of claim 26,
wherein the diluent conprises a fluid selected froma group consisting of

ni trogen, steam G&r boThétanbuddon syeEycoditdhim@dhuheremnhegdducancbraprzesdi nat i on

t hereof. 39. _Th 0 stion systemof c¢laim 38, wherein,.the diluent

conpri ses su&@f‘ﬁ%’gﬁcg’g%‘él’%%\ﬁ’io“ 69“51515‘838gﬁ’t5r8§?r]’Bﬁa@y%af%dd?x’%f’é?cﬁﬁﬁ@, wher ei n
the diluent compidtidegadind Lanibikktidn Mersosl une of nitrogen. 41. The conbustion
system of claim 38, wherein the diluent conprises at |east 1% by vol une of

car bon di oxi de.
39. The combustion system of claim 38, wherein the diluent comprises

superheated steam.

40. The combustion system of claim 39, wherein the diluent comprises at

least 80% by volume of nitrogen.
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42. The conbustion system of claim 26, wherein the conmbustion device is one
of a furnace and a boiler. 43. The conbustion system of claim 26, wherein
t he cont rwbl2ero/qrwvi des real -ti ne control based upon at pCeamstoooesse: (i) a
t hreshol d value froma measurenment or neasurenents fromat |east one flame
stability sensor and (ii) at |east one flow nmeasurenent from each of the
fuel source and diluent source. 44. The conbustion system of cl aim 43,
wherein the controller decreases the volume ratio of fuel:diluent until a
predetermned critical flame instability threshold is reached. 45. The
conmbusti on system of claim 44, wherein the predeterm ned critical flane
instability threshold corresponds to power fluctuations up to 0.06 in the
frequency spectrufhfr ofhe pembustien sY5iemoef dlaimgife wagretdhe dieng eRIMBISESathet ween

0.5 to 10Hz H&ﬁ{ﬂgPﬂwgﬁh%Qng%ggdgxﬁgt to 2kHz in the denom nator for a
! ¢ ,

| aser sensor. e conmbustion system of claim 26, wherein the controller
adjusts flow of the fuel froma fuel source. 47. The conbustion system of

claim26, wherein,bhe gontraller adiusis LS d Lo o mt B Sidibeal il iom a
di | uent source.
one of a furnace and a boiler.

43. The combustion system of claim 26, wherein the controller provides
real-time control based upon at least one of (i) a threshold value from a measurement
or measurements from at least one flame stability sensor and (ii) at least one flow

measurement from each of the fuel source and diluent source.

44, The combustion system of claim 43, wherein the controller decreases
the volume ratio of fuel:diluent until a predetermined critical flame instability

threshold is reached.

45. The combustion system of claim 44, wherein the predetermined critical
flame instability threshold corresponds to power fluctuations up to 0.06 in the
frequency spectrum from the fraction of frequency content analysis between 0.5 to

10Hz in the numerator and 0.5Hz to 2kHz in the denominator for a laser sensor.

46. The combustion system of claim 26, wherein the controller adjusts

flow of the fuel from a fuel source.

47.  The combustion system of claim 26, wherein the controller adjusts the

flow of the diluent from a diluent source.
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