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8. :ii::~..s':'·:m.les~ r-eac t.i.on rate

P .E. Thomas

aN A!; APffiClXIlLAl'Ir7.i IN THE TREORY OF
SELF-r:EtSING-

and. k is a nuab er- 'llhich is zero for the slah. 1 for the cylinder end 2
for t."Ie sphere

by

"Ii", ~e e. zero oree:!" :!"eac".::.o::l -::;~-i..'lS the Arrile.:1iu:: La.... and an
i.3otropic ::ater-'..al lri t.."l :he:'l:l~ t...'1::' c1"> ....-:ica:i. p-:-op';r'tie3 tha:t are :'''1dep~t
of te::peratu.re.. '::'1e ccn".:er:tior::-U f-i~~~'e:'e-'1-;i"ll ef-luatio.-"l :'0:- the C~"'lServ-atia3.

of' heat between heat ccn ...~<:t:'c...~. ~e::"..si"ble ~~at toe. h~3,t genera.:tio..."1 for the
"t~ent st:1.te ma:,· be ~~te:: aa
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The the:"l:al theo:-r 0:· eX'Olo~icn(l) )3 cieri-ved f'roo CCIlSiders.ticl:1s of'
the ther::Dl balance oi a llI£l.te-:-ia.l in w:u.ch heat i3 lost by co::lductian to
the mu-f'ace and in lIhich heat is ge:lerate-i b)' a temperatu..""e dependent
reation. Becaaee cooCuction heat loss varies linearly with ter:rpera~

whil~ the rate of ~".ction inc~a~ee taste:- ths.'l linearly, equilibr:!::llIl is
" only possible u:lder cer-t••a.:il'l Calili.-:'ions, and the probletl is to find these.

In this paper.' we~ consider an ,,-pp:'Ori;ate cethod :,y ::esr..s of which.
the probler,. Cali. be red-weed to the si.-;ple i'o==uJ.atior. c=-:.S"~a'Jy give:n by
Setl~ot:r-ev'~ r ...th 13. bcun.~-:-· .:;cndit~ invcl-"-:..ng suz...:face cooling.



Th.i.s appro:x.:...ma"t:l~ ~ been \'ill~:~r '..J.S~. in ?~:'~;:'a=".:~~
:;'::-anic :..a=~et3ki i..."1 h.i~ tr'f.H1.:'t:l~ t O!-. :,ne c.z-::. 't1.C:L.. p3:").:.e-:~t <t , (;,::--J.j" and
Ra..."1'e=( 3) have ~l(..yed t.:'..e quai1rntl·:~:~:"'n:L,::.(,t;':~~.
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3IlC. E is th.e ~tl"t:lt i.cn energ:{
R 1;:) ~he ....t.'"li';e raal f:u.:l CQ~~t:,l."1. ~

T :'8 the ~solute t eapcruture
Q is the heat of r-eac tc.on
! i:.; the pr-e-expcn ential cons ten t.

t: is the h:U.f-~dth 0':-- t.he ~;.l::tb ::I~ the :"':l.c:.1.U:J:

1\ ~ ~..he then::al con.Iuc;;V'""~t:;
a in 'the th er::::I.l Ci.:..!.~1."w.:..v:

and ~ is ti..'ie.

Ec;u..llI.t.i.on ::.. i~ ::.. t;::l.e~;'
a:p-~roXJ.::L~.ee. '=7
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Th.., f'i..rst o~' two methods is an erlen:lion of 0. device used by
Frank lasJIe:net!5k:H7). The approxi.l:late equntio."'1 is

The lin~ tange:ntia..1. to tile 301u~ic.m at: zero a.s Semeno:'f':I solu1:ioo.
i.e. eq-.:.at:..on 4 r.l1l't C\,b:'3?r:mk K.a::lenetsk.:.'s(2j for o(.~ • Their
i.nte:-secti(.Jn deternir.es ';he ~i'fe-:':ti·.re ·.:-ar.3fer coe:f'fj c-i-.r:t as de...~od by
Frn..."'1lc KaJ:enet.~.i(7) and denoted by '~OJ • It ha3 va luea 2.4. 2.7 and 3.D
for the three ,con..~l:~tion k -.0. 1 5Jlet 2. W~ 1,011' nsh to :find a value
:for h (<. f!.=1 30 t ....l.at inser~"'c. i.."!.tC' eqt::at::"on i.. it gives C f'or 9.I':y value
of -of.... This C3l1 then be u-':U.i.3ed :fo~ ~P?roti:late me'thoUs 1."'1 transient
problem!! •

First apnrox:il:lnte :tcthod

is ~ cons"ar+ we s ee f~ .jj" I~",;"";-~"":.(\n::: ··~a- .-........ --:"'ical cccdition
-,oe" no...-.;,...,.oJ.~;.~~ ~~~ on~·· ~~~~;~~~:-':::~-;r,~:. ',..,f" w.:;._ ~-.;;~S _'"
~..., ........ _ _ (" (.......... -J -....., .. " ..... '-..J> ~.- t'~ ...... '.' • ..- ~

Set1enoti" s c:-igina.:;. 1\)~ulf.l.t.ion\),. '::he sues t; ~..::r;:..or. :'::l::- ~'5 ~ d S
~2:' .., .:zc'-

"':Jy _ ( I ¥ -k)j3 8 does ,jus t ..~~ 39fe ~:~/6 ..;.$_~~:':x.e-c by soee a..";'i~-a..7 hec:t
'transfer ooe~clent. ne r-e ,--:> :.s ~f_:: yet ~'~e:~tl:'i.ed. n 'til a..~ physical.
'Ol4--n:ete::- but i t ~ exoec ~-~d :.o::~ a ""..::1::-": ~c."! 0;' o; and a1JOro::o.ca'telv
. , .. ~ _ .-;~O -:;>_r·.· •. - _~""r;t.7'i;,~ ,~+.: ..... d '-: )e'r~"o '=", V' r • _ • a;~•• _•._ ..~-:: .~~•. \ , .l.'lS -, _a.c .. tlSe «l,ua ....CIl-+

to ob"~j- DC ";.he pa.:-tiCLL.a: v f~~ .• '.~~ i)f .Bi? :l~t. ;:-1.7~ ':he ccr-rec't v~ue of
<J fo::- ci'-;CT..'. 7he exa..:.t :10:",::(:.0:' <.:;;c.:.:l:t; ..-':-,:!'.3.S"been bi.en(o) for

-'o!l a-.....=tJit.rar:; vc.Lue of' cI.-.. bu~:...~ ::-~ 2e~.:"1~1;l~ ':,'-: 6ot.ain So acr-e flexible
approximate rencl:. "ile :;h0W tl--le r-e.~£:' ":':'.:).~ b~~~e:: :he ....~;..-:-:O':..s a:pp=oacbes in

?ig.l whic.."'l ~~ ~8.~~3ti~ ..
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..mere D... is solutiCll of

G-'t eoA-o,lI. -r of. -I - 0
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•

Fnmk K~c:net3ki uc ed -:he boundary conda :..:.c--:.:L -" co :,'or w.i:li.ch a I

eG.u.a1.s 11 -..hich f':ra:l ..q-..:.ati..oru 4.; a:J.d 13 gives <:fc equal to 3.64 cccpared. with
3.32 f'or the exact solution (wit.~ the A:'"riumiW3 te.:':'~ !l:pproril:ated by the
exponent~all.a. can :-eo.d.il:; be obtai."ed fro.: tabulated solt .::tier'-s of
equ8:tioo. (6 ~ SIr.! value of ~ • Eence frx e<;:'..Uition (8) ft~ is ob~ed
and ~ (4 ~ is obtained. 3i::::Lla.:-ly ~ fr;>r ';he cyli."lder. \:Sing the solution
for cm&1Ction in an .L"'li':iIrlce C"jlinder'\ 10) ,ye ob'a.i."1 8: i'::tJ...

i .

2/5 - ~"2
, I I

where t i3 the t'll'3t root of
I

);, 'rb' - cI J:(~/)J,'/ ,)

•••••• (9)

••.••• (10;

where J 0 and J 1 are Bessel functi~ of' tb e first k:ind of' ordor zerc
and unity. Si:rl.lar17'for the n1tlb

,
C, ...•.•(ll)

•••••• (12)
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X-X-'1. :'~:)r()<lmatlon b()s~d on conduction Irl,:inlZrt motlZriols

Er tccr.ve t rcnste r co;c'.c:er.t approximations

FIG.2 EXACT AND APPROXIMATE ·~qITiCAL VALUES· OF Jr
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Excct solution ~s,n9 exponenuc! ap~rox,mation

to Arrent-,jus . term

- - -- -_._:- QezriviZd ceproxlmcre solution I"jsing equotton (16)

FIG.3. THE EXACT AND APPROXIMATE DIMENSIONLESS

CRITICAL SURFACE TEMPER.ATURE 8 s AS A

FUNCTION OF 0<. FOR A SPHERE, A CYLINDER

AND A SLAB
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