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Sensitiviry anatysis has been widety us6d ,n chemicat kinstics ttl and ir has

'j:luenly 
!::| lpprF, o combusrion chamisrry t2l ror unc€da,nry a;alys,s and rorgan'ng |nsrght into m(c Enisms. Th6 hain combusrion srmutation cod€s, r;cludino theprograms ol rh€ CH E^l rN l3l packase or rhe RUN 1 DL pacr<age bI arr carcuiai;iJ

conc€ntralion s€nsitivni'3.
Mosr rat6 paiamrr s n combusrjon lro.known with rath€r targs €rors. Ths

unc€narnlres ot .6act,o paramstgrs ar€ tisted in colsc ons ot €vatu;tsd reactions.
uomDJslEn mechan;sns usua y inctud€ sev€ral hundred ,6action palam€r€ls, but
onry 

.som€ 
ot. th€m h. ro be tnown wirh high pr€cision. These param€r6rs are

usuarry tdgntrrted on the basis ot locat conc€ntration sonsniviti€s. Note, that otobal
melhods hsv6 not b€€n , ssd in combustion ch€misrry, wtrite suctr meUpCs trave-leen
appli€d widely to rh6 u edainty anatysis ot armosph€dc chsmicat mod€ts.

I n6 sensrtrvty matrt s€tt accountE to. th€ change ot a singl6 variabte as a rssutt
ol lh€ change ol mdivil, .t param€t€rs. Th€ simuhan;ous efl€ci ot para-erer ct ano6E
on lho concenr.arcn c. sbvsr.t sp€ci€s can srudi€d as rle sens,rrviV of oOie"i".
runcrtons. I ths obj6c,. e tundion is ths sum oi squar€s ot d€viafi6ns. th;n |h€
sensitivity ol rhis obj€c ,€ tundion. catrsd ov6rarr s",isiri"ity 1S1, " equiiio;; ";,
or squar€s ot s€ns'tNiv co€mct€nrs. tn ths summauon only rho specba prsssht h rhs
oDJ€Cirve runctton hav€ , be considar€d.

--lll:l?:,::-*l'*. ",."tysis (PCA) or rh€ s€nsiriviry mat'ix l5l atso inv€srisarss rhos€ns Nrty ot an objojuvs tunction. pCA is appticabto ro rh€ sludy ot ths;floct ofsmlraneous param€tj chang6s ori s6vorat outpr,{s ot 6 mod6l. Thia morhod is bas€don rn6 €rg€nvatue.ergar..€ctor dsmmpositrc.: ot th€ cross.poducr ot tocat s€nsn,v y

^ ̂ ollall :€jsjlivrl:€: ald enncipar componenrs can b€ usod tor uncadainty anarsis.As an €xamprs, il [ € n6asur€d conc€ntrations arc consid€rcd In th€ obi€;tverun(ron, r,uA snows * trch paramstors can bs d€tormined trom th€ measurc;enr. ttcan also ind;cate rt ont) .9. tho ratio of rwo param€r€rs can be det.rmin€d from them€asurom€nt. Chang n! th6 initbl conc€ntrations, msasur€msnt limes etc, altows anoplimizalion oi oxD€rin ' ris.
S€nsitivity anatysis Lr.thods ar€ w€I suitod to th€ tnvostigation and roduction otcombustion mochanisms. tnspection ot concontration sensitiviri€s ha3 lhe advantao€ov€r the study ot reaclir ) rat6s In lhat s6nsitivities atso actount lor non-Oirect efi€;:.Th€ tEditional app ca.:h tor ths id€ntiticaton oi r.te timiting sreps was finjino-a;app.ropnate anat}licat r rpression tor producrion rat€s. Th,s m;hod is nor appli;bbrn-m€ caso,ot rar96 rca.. on.mochanism8. tr has bo€n assum€d, withour jusiiiicsrjon,

nar rn6 n.gh E€nsrtivn, aclions are idBnticat to rhe rar6 tim,ting sr€ps. F€;snw h wasshown [1]lhar idenntr I rn ot rale timiting sr€ps on th" l"* ir u,j ri." ii,i"'"ii""iin€- conc€nrral.on s€nsiility matdx is in agrcem€d wiu th€ ctassicat d€tinirion and yercan D€ apptr€d to moc, nisms ot anv siz6.
.. Whil€, in uncsdainty studi€s th€ iniriat tims ot s€n!tuvrty carcutations |s atwavs'oen cai to th€ initial , na of Eimutarions, in mschanism inv6stigarion ssnsi viy
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analysis can be applj€d to a narrcw jnreruat during rh€ stmutation. Ths fgatlres ot a
mechanisn dep€nd on th€ concsntrarior8 and chang6 continuollsty during a
simulalion. By moving this observation window, changing tealurss ot a mechaoism €an
be monllorod. For exampl€, PCA can b€ us6d to det€ct which ars lh€ OSSA so€cjes
and lhe rsdundanr reactions during th6 interual insp€ctod.

Th€ logical €xlr€m€ o, this concept is th€ study ot mechanisms at a singte rim6, i.6.
al a fx€d concenlralion vector. Dynamical s€nsirivitjes ars nor appticabte h€re, bur rhe
sensitivity ot r€action rates b€com€s a us€fut measur€. Th6 parriat d€dvativ€ matrix
ol produclion rales with resp€ct to kineric parameters is 6quat to the matix normsd
r€action ral6 contributions [6]. The pincipal cofipon€nr anatysis of this ma!.ix rev€ats
kinetic detajls ol ths mechanism aid altows tho detection ot inoffectivs pafamot€rs and
h€nce l€ads to lho rsduction otthe mechanism.

The Jacobian ot ths kin€tic OOE shows the sensitivity ot r6action fates to lhe
conc€ntrarions. This marrix can b€ us€d lor finding rodlndant spscies in th€
m€chanism Pl ahd tor rhe catcutation ot rhe instantaneous 6110r ot QSSA spocies [81.A program has b€3n wdnsn tor th€ Kln€ric aNAlysis ot Combustion mechanis;;.
This proglam, callsd KINALC, ls e posrprocsssor to rh€ simutation progGms ot tho
C-HEMKIN packags. lt has bo€n intsrtaced ro the programs ot u|e CHE[,{ktN packago
(SENXIN, PREMIX, PSR, SHOCK, and EJLIB) and atso lo rh€ RUNTOL pachas€:

KINALC card€s oul thr€s typss ol analysisr procossing concontratjon sensiaivity
analysis r€sulrs, sxlracting infomalion from.eaction rat€s and stojchjomet . ana
providing knotic intormalion about rhe sp€ci€s.

KINALC can onracl th€ impodant piec€s ot In,o.marion trom th€ ssnsitiviry resutts
dump€d by lh€ simulation prcglams. tt can atso calculate rh6 sensjtjvity ot obj€ctivs
tunclions, formed lrom ths conc€nrations ot sov€ral speci€s. pdncipal colnponent
analysis ot lh€ concentration s€nsitivity matrix can be used tor uncertainty a;atysis,
panmeler €stimation, €xperimsntat d6si9n, and m€chanism r€duction. The prodram
can arso sugg€st a list ot rate limiting st6ps.

Pdncipal compon€nt ahalysis ol rh6 atgebraic lat6 ssnsitivity matix provid6s an
etloctivg m6thod lor m€ch6nism r€ducrion. The program atso oftsrs traditionat ways
lor m€chanisrn jnv€stigation and r€duction, such as rat6-ot-Droduction analvsis ;d
calcuiaton ot rhs llux€s ot €tom€nrs trom sDsci€s ro sp€ci€s and the conrd6urion ol
€ach r€action to th6s€ flux€s, Th6 analysis iJf lhs Jacobian a ows a r€duction in ths
numbff ot species and lhs €slimation ot ih€ instantan€ous 610r ot QSSA sg6ciss.

KINALC has b6€n dasign€d to b€ v€ry us6r tri€ndty. I accepts simpte t6ywod and
may provido a d€tajl€d explanalion ot ths r€sutrs. ThE program has , modutar
slruslur€ 6nd can bs €asily sxtsndsd by othsr m€thods tor rhs anatysis ot r€action
mechanisms and can be int€rlac€d 6asity to orher simutation progr6rns. KINALC is
availabls from the World Wida W€b at address:

http://ch€m.l6eds.ac.uUcombustior/Combustion.html
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