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CORRELATIONS OF CATALYTIC COMBUSTOR

PERFORMANCE PARAMETERS

by Daniel L. Bulzan

National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohio 44135

SUMMARY

Data from a 12-cm-diameter catalytic combustor test rig using propane fuel
at an inlet temperature of 800 K, a pressure of 3x10 5 Pa, and reference velocities
from 10 to 20 m/s was analyzed. Correlations were obtained for combustion effi-

c	 ciency, percentage pressure drop, and the minimum required adiabatic reaction
rntemperature to meet emissions goals.

W
Combustion efficiency at the test conditions was found to be a function of the

catalyst bed cell. density, cell cir. cuinference, reactor length, and the reference
velocity. Combustion efficiency was also dependent upon the adiabatic reaction
temperature to the tenth power.

The percentage,pressu:re drop was found to be proportional to the reference
velocity.to the 1.5 power. The percentage pressure drop was also proportional.
to the reactor length, and inversely proportional. to the cell hydraulic diameter,
fractional open area, and the pressure.

The minimum adiabatic reaction temperature required to meet the emissions
goals of 13.6 g CO/kg fuel. and 1.64 g HC/kg fuel was found to be proportional to
the reference velocity to the 0,1 power and inversely proportional to the cell cir-
cumference, cell density, and reactor length to the 0.1 power.

A catalyst factor was included in the correlations to account for differences
between catalysts. Combustion efficiency, the percentage pressure drop, and the
minimum* required adiabatic reaction temperature were found to be a function of
the catalyst factor. The catalyst factor ranged from 0,12 to 1.52. A reactor with
a larger catalyst factor achieves a higher combustion efficiency for a given adia-
batic reaction temperature. It also, however, has a higher pressure drop. Thus,
there is a tradeoff between combustion efficiency and pressure drop. The catalyst
factor decreased from 0 46 to 0.12 for one reactor after approximately 20 hours
of testing.
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Tht' purpose t it this pap t'1' is It , 1 1 1'c ,clll 1111'('(' t't 1 1'1't'latlt i ll~ 11;1.1;t ' tl t i ll ltl't'\'Itills
t':I1.11)'tic coIIII)IIstlt + tl tlat.1 1,lvfti	 1 to :il.	 The III'St t't1l'1't'1 .11t'-^ t't 1 u IM"ti011 t`ttl-

t'It'I14. , 	I'llt' St't't + lltl I 	 a co r I -c 1.11 lon  tit Illy l i t , I't't • Illal;t' l l rt'S:+Ill's' it11 1 11 .11 an :It 11.1

1 1 :11 It- rt:lt'tit'll IcIlllk • 1';IlI[IV t i t	 I L il l K	 JAW 11111'(! IS ;1 t't 1 1 ' 1't'i:III011 t i t 111(' Illllilllllllll

:Ullaballt' 1't':lt'I It`ll l('llll l t'1':Illll't' FC( I lllrt'(I to Illt't'l ;lit' SIC.Ith' SIA(' CIIIISSlt l liS t ;tialN

St1 Itil'tIC Ilk)! .: • ul l l i t l t 'tt'dG :l. 1'111-1!!11(' Ill.;llwal,	 \t'lllt'lt'ti\stculs I'rtilt't't I t lit'

r;t ia 1 ti nvc tit'a- 1 . 111t • t1 111 l't't	 .'1

Tht' CO1 , rt'1:It1011', t' ; IIi 11t' 11SC(I 111 Illt` tlt'Slp;ll lit ' .1 t':It:il)tit' t't 1 111I 1 1IN1t 1 l' Il l tillt'1':Ilt'

:It :1 "IVVII t't i llll l llNtit 1 11 t'itlt • icilt ' ll .111(1 Illt 't'l t'1111SNit 1 1ls t`als \\ 1111 t"1\t'll tl`11.-A1:1lilt

SlICII as t l l i t' rat lil.; Icilll i t'I':II III'(' i l l' I l l- ct--llrt • (m i ll .1 cal .1l\'tit , 1't'.It'tt i l' t't+llltl lit' tit'

nl:',:ltll \\'1111 a Spcolllt' f',t 't`lllt'l 1'\ ,	 It • Il,;lll, and c.11.11\ sl l\ lit , 111.11 1S Ilt 't't'"A1'\ It`

Ilit't'l Illy t'ltlt'i ncl, .1 lit 	 t + 1' t'IIII - SSl ms l ;tiaI 	 llt'Nt'l'lilt it 1 11S t+I solllt' t i t Ill y \.II'lt+ll.^

l\ lh': t i t catal\ -^1	 .l\ alla lilt , ".III tit' It i :llltl IIi Ill(' rt'It'1't'ilt't'^

111(' t't l l't't' 1:11 1011N .11't' 11;1 ^t 't1 t i ll all 1111(-I l ('1111 1 t • I:lt ll re t i t boo h,	 a PIV'	 ^Sll IV Of
1

: i \Il l 	 I'a,	 a lit I IVIc'rt'llt't' \t' li l t' It It' :< 11'(`111	 I 1 1 it' . ' l l 111	 s loo t l l i t't ' ;Il It`ll \\ 1111 1111111;1111'

Cuc'1.	 .\.11 C.lt.1l\	 11-W 1 \\t'1't' lIt I II It	 III 't:11

I'll(' ltt'rttil'lll;llit't' t 1t lIlk , (,It.11\IIc 1't':lt'lt i l'h t i ll \\Iilt'11 Illt' COI 1't • l:lllt + ils .Irt' 11a:t'd

:,llt+.ltl l it' \1('\\t't1 	 IS ( 1 1 11-• t'1-\.111\t'	 11(.11	 1t` 	 r•(' > ; 11'( 1 111 111(' i.'	 till	 dI.11lltIc1 , lt'st	 I'll;

\\ t' IV I:I I V \	 1:11':;( 	 :11 1 ( + 111	 I l l lit , I't't'ilt	 of I lit , I t`I a 1 11(':11	 a\ .I I1.11i!t'	 I'llt' :IdI.II l al it , 	1't':lt'

11' 1 11 IcII lilt , I%ltuI'( , ilt'k-c SSA l'\	 tt ) 1' .1 t; II,C11 t't'1111)11StIt I II t'tlII' It' Ilt'\ \\t + llltl lit' t' \ l 1t't'tt'tl 10

tlt't't't'a1t' t01' lt':•^ t1+lFtllt h i lls CIOSt'I' Il l :I1111I1;lI It'

Itl':til	 AM)	 tiSUl\

l ' t 1 1111 )List 1t`n I':IIII,IclU'\

l't+lllliilNtloll t'III.' It'll t'\	 1( 1 1' i.'	 ('ill	 tll:l111t'tt'I - t'alal\tlt' t'c'at'lt l l'K :i^ili:; lll'tili;lllt`

Iut'1 at :ul 1111(( it'llll,t'ralurt' of SOO h. :1 111-cSsurt • tit :1^li1'' l ` .I, autl rt'1t , IVII 't • \t'
10k , It 	 (Fi l m Ill to ., l i Ill	 1^ t'til'l't'lalt'tl 111 tl:;lll't' I	 :\l lllt`^t' t't 1 11t1ItIt'llS,	 (1+1111111:•

Iloll (A Iwit • llt '\	1S 1(+1111(1 lt+ I
l
k' : l 1111lt'IIt`	 tit
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1-:111 "o of C, lit' IVCIIt kit Ills' • orivl:o Ion.	 At 
:1 

4 4 millust IOU elfik . wIlk , \ k i t 9 1 ) pt,

lilk-li is prol l ' thk .1 liortlial olicrat Im, poiW	 I licut , is a rallo t , of 1 1 licivent Ill Ills'

S ttI I :+ I k	 I k I anti III II -  I	 s I it , i	 i , k , a t .11 vst factors arc I istcd Ill
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C i u11 1 ' 1' \• ltl:l^

\\ lit ` l-c

11 11	ct'll Ilvill-aulit • diallwIt`1 • , enl

pressure, 11a

F	 1 l':lt`tional opcn :1 rca

and Cf , L. Intl \•l%VF art` tit'tillt'd ill the discussi011 of CollINlstion cfficicnc.

1'he d:1t:1 upon \\ltielt tilt` correlation is ..,..`d \v as taken at a l 0 ressule of

I ^lll `) P	 tllt` effect. of pressurc was ollt.ained trout reference :; 	 l'he perccnta e

pressur, (11-01) is corl-clatcd oclicralIN within :t) 5 perccnt. 1•:lcnlcnt lcn tlls, cell

h.d1-atllic• dia11lclers • :uld fr:ICtlo11;11 Open :Irt`as used till- the e0rrcl:11toll t'an 1)c

folllid in • lal)lt' 11

l he measured perct`ntahr pressure drop includc`d the I,t't`ssut•o (11~ 0 1) tint` Its

inlet anti c • atakst lied 1hcr11t0e0uplc6, anti also an exit inst I'll Ill ('111:1ti0n section

eolltainino 120 thcr11locouples Intl ;1 1.	 c111-di:ultetcr ;ls sanlplln ; mice. Tilt'

exit plane 1)locka p, was approxllll;ltck 1s.:) pl`rct ,iII.	 Rt`t't'llt lt`StS f0lllld lilt` l,l't'S-

surc (11-01) dlle 10 the inst1-untc11tali011 to lit` furl\ •111,111	 1lc4erenc0 :;, h0\\'c\e1-,

repol-It'd a pressure (11-op of ab011t half that used f01- 1111s e0l-rcl,1ti0n for reactor J•1

\\ithout tilt` instrumentation. Tilt` pressure drop col-l-C1.11ioll should, iflt`rctote, lie

rel;articd ns :Ili cstiumte L
i
t' the pr('SSUIe tll't01) expee(ed (OF :1 l't`aelot,

I t'lllpcl';lturt' lic(illll'cd to Acct t Illls 's iolis Goals

Hic nlininlunl adiahatie reaction te11lperatures, '1 \I ^lmin) retluired t0 111cet

tilt` t`Illlssiolis o-oals set for tilt` nutomotl\'e h;ls tlll'bint , l,l'01; Ianis \\':15 e01'1't`lated

from tilt , data as

l) . 1
I:\11tIn ill)	

`.,l).1	 1111;1'	 1S1f	 ta)
l' (, l' it 1,

and is piottcd in figure ;, for .ill reactors listed in Fah1t' 1 	 1'Ilc ^-\ 1111101• wcly

dct ills` . previous .	 Tilt ` clllissiolls h(0als :11't` t.i.(; g CO k, tllel, I .64 b ' j , '	 T, ;'l
and 1 till g \l),,/ko tucl. No	 emissions with prol 0 anc Curl wort , ncoli o ibit , t rot. 1).

The : oals corl - cspt ) Ild to ;1 coll11)llstioll ettlelt`llt •\ t i t appl'OX1111:N1`1\' ;l;l ;, pcivellt.

1•:yua ion (.;) correlates the 111n1i111unl rc( t uired athal)atW 1'cactl(011 lclllpcl;itmv with 11

::) pt recut
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CA.L \st Factor

'I'ht' caIal. st fac'tur' \\'as list tI tt` account for reactor I fiffel't'nt't`s slut' to

c• aLiktic inatt`rials ;ultl loatiinh, Illalullat`turtng tt't'luli(jurs, t'fft't'ts tlut' Lt, tllt^

wasil coat, ctt'. It provides a Illt`:l.surc of tilt' relative perfor'nl anct' of a catal.\tic
rt'ac•toI-. Combustiull t'fficit'n.-\, tllt' lx`rt'rntaot` pressure droll anti the mintnlunl

rt'tluirt'(l atiiahalic rt'artion tt'lliperaltlrt' art` :I lunctiull of tilt` t'alal .\st factor,
Thu,, t lit , ty is a tratit'oft ht'tWCCII t'orllhustloll t`lfit • it`llC anti lurssurt' drop.

Tilt` Lope of catalyst for rt'at'turs G1, G3, and GS as shown in Tahlos I anti 11,

\\as 11'tJPd. Cat a1\A loatiinr;s raIIoec1 from :,.5 to 1 ).•1 Ic1;, nl''. tiuu`t' pt'rfor-

1
	 nl:uu`t' tlilft'lV11COs slut' to t'atalyst loatling;s are rt`f1cc •tt`tl in tilt` fatal .\ st factor,

tilt` t•unstallt lat'tol . of 1 . ( ► for tht`st` IV.Wtur_ intlicntt`r this rall-c of loa(lin"s had

no t`11CI.'t 0 1 tilt` PC14ot • nlant • t' al Ilit'sc t'oIItIit it) ns for this t .\ 11t` of catal.St. TIIL'
c•atah st t 111' fur I-t'at'tors 01 throu'h o7 was l 1 1t:11'ti. A comparison of t'atak st

factors from 'faille I for rt`at •tur's U:, anti 05 sho\\ s no c`lft'c •t 01 t'atak st loatiin"

llowt`ver, colliparill" I't'at'tOrs 02 :111(1 U -I show., all 111CIV.1st` Ill tilt' total\ st lactor
tl'olll l l . W, to 1 . OO \\ 1111 all llicl , cast' 111 calal\ st loadill" frolll I	 to 3. ti k— tll 

:i

I ht' t ` ttt ` t'L 1.11 t ;llal\ St 10.1dlll" leas .\ t't to be 11111\ tlt'lt`I'Illlilt'll.

lit'aclor J-1

Tilt ` t • UlllhtlStloll t'ltl(`lC11C', 11t'1't't`I1t:1 0 t`	 droll, and tilt` I1llillllllllll t't'-

111Irt`(1 .1111:11 1 a11c 1'cact11 It Ic ill llt'laltll't' t'ol'l't'l :11 It I llr .1 VC hast'tl 0111\ t I  11.11:1 ON Illlt'tl

tol' 1'tat'10l', ICStt'tl to l' .1 Il1aXIllllllll of :1 110th'- t'\t't'111 10 l' 1't`a4101' J 1.	 I\tactoI. J•1

\\as tcstt'ti for a1111roxillialcl\ _'t) hours wit11 11ro11ant', diesel, anti Jct A tucls. I)t'

F.Idltioll ill pcNol'llixict` \\ as obtained for opt , ralIon \1'1111 pro1l :lilt' lllt'I on1 .\, not

diesel or Jet A. Tilt' catal\ st factor tiot'roast'ti t rom U. -it; to o. l''	 Tllc t`ffect of

:l oill" \\ 'Is prilllarik l'ollt't'lt`d ill tilt` COIlIbIlStlull t'ltlt`lt'lll'\ :11111 tilt' llllllillllllll l't'-

LI1111 • t`t1 .11IMIMIIC I'(`:lt`t1011 1t'IIIJW1'a1111*t' 	 hilt' 1 rc , sIIrc tI1'o1) tit`t'1't' ;I-It' \\as ,111:111.

Tho Inttial tt rt. It\t'I't` nlatit' \\ it It tllc : 1 - ;, IIt'rt't`nt I,ul'll. 11ro11ant'. \\ Ill  It , ;l;). ^, per-

l elit 11tII .i t\ 1)ro11 :1111` \\':1s	 C l ;IJICI - a oIII o .	 Tht' sl11a11 lllt'I't'ast` Ill pit I'll 	 111.1\ 11.1\c

l`olltributt`tI SOIII('\\ heft It` lilt' tlt't'I't':1Nt` lII lilt' 1',11,1\st I:ll'lor, Ilk) \\'t'\cr. 11111111hils lit , kI

11.11.1 lildic.11c that tilt' th`crc.ist' I robahl\ was caused maml\ h\ ;1;111

l't l \l • 1.11)IM; UVMAUNS

halal \tic 1 - cat'tol' 11.11.1 trolil :t 1., cill-tllallictcl' lt'st ri o lisillo 11ropant' tnt'l at

all 1111 1'1 lt`lill)t' rat llrt' of tillO K. A 111't'^sIll't' oI 3 ^1(l^l 1';l, ;11111 t't`It'rt'i it , l` \t' lot . lt it , S

from 10 to 211 nl ^- has ht'on corl'olatt'tl fo r t'olllhustiun t'fii.'lt`nc`\ . 1lressuro 111.011

1

1

tt	 I	 1	 1
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:lntI the III 111111111111 ,'t't;lIIred :ik Imhatic 1'cactimi tt'inpuratlll't'. t_'l)11111tISh011 c1liCienCy

\\ :15 found to be a function of

x`11

\llllltl	 ,	V I{I':F

At .1 combustion efficient' (11 , 99 hcrct'nt, the data cur'r'clates \\' ithilt 1 pt 'rcent.

' 111l` I)t'I't'CIIt,ahl' IWIL'SSlll't' dl't 1 11 \V IS found to be 11roportion.il lt1

L	 V I i 1': 1''
1111	 It.	

1.

at :111 adull>atic rt'aetiorl Leullu'ra LlIV of l 1:► u I\	 I ht' Iu'rt't'nta'e I)tCSSUIV dl'011

t;ent'rall\ owl-clate5 \\ 1111111 .t l .:i Iu'rct'ut.	 lilt' n1ir1lmu111 ldillb :11W reaction Ll'111-

1	 PCI%Illll't' I't'tlllll't'd 10 meet lilt cmissions goals tit 13.6 g	 1q, luct :md 1 .64 g

Ill 1,0 Cu(l 0.111 be lullntl 1l-0111 the cxI)IVSSion

U.1

f :\1 ) lnlinl	 ^ , 1
1 ► . 1. 	 V lzl':h	

1511

C

This t'xl)ression col-rcIACS the III i11111111111 rt't l uiI-Cd ldiallati(' reacLion LVIIIIWrature

\\ ithill approxilliatel)	 5 l)ereent .

Cali I \ .4 (Ill I . .IbIIit\ is an iIIIportalit conSidcration for a cala Iii, tit , reactor. The

decrease of the catal y st factor 11'onl 0 . .16 to U. 12 for one rt'aclor alter ;11111roxi-

ulait'k 20 hours of Wstin;; \\a, IW1)bl1hI\	 due to U'ill". 'l ht' t'lcul"c In tilt'

t'at:l	 Iat'loI' \\ It 11 t,, ill" t'011ld 1)t' uSt'd ;1S a Ills ;lSlll't' tit tilt` durabilll\ t i t a cora-

1 \ l lt' 1't`acttl l' .

l ilt' t'Ul'I't'lallt 1 115 art' hlISed t i ll data k l htall'.'d :ll 011t' llllt'l te1111 1 t'l':Illll't' alld (A-

t'eI)L 1k) I- tilt' 1 1 1't': ^llIV d1 - 011 col'1't'lal lull, thc\ :lit' ha.'Cd t i ll g ilt` Prt'SSUIV. A I1101'e

^;t'llt`lal t'Ul'rel:Il lull is 11CCdt'd tt1 t`t 1 \el' .1 1': ► Ili;t' t`1 lidt'l 1t'11111t'Iallll't'^ .111d 11l'eS^IUIVS
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1.	 - Combustion efficiency correlation
Inlet temperature of 800 K. 	 Pressure of
3x10 5 Pa.	 Propane fuel.
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Figure 2. -Pressure drop correlation. Inlet
temperat ire of SOO K with pr(Vane tuel.
Adiabc'ic reaction temperature of 1450 K.
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