Advanced  Row Er\ﬂt'net:rn'r:j / Session 03

[@ ldeal Nea—lsq themal PFq

~ CGonsda  the _EE‘(L’- Q W +* Z:— e ‘un —Z. Fi,
ﬂenen‘\l ERE In most stances (A) ic«m con be r\eﬂlcc"cd hw and hie are spﬂtrtc M‘U)alf,/ [m‘lJ at ilet onmd
Alse for SS op- dcs;S/dt -0 exit wnditiens resp.
hevu:e the ERE \far dle enkve reactoy s sl/en by a “'Z. ) m 2 ' ie =0 @

however, F; and h; vary snce comp and T oy alony e Length f PERi s il i proceeds.

- sfneml Eke r—,wnb'd be: AQ + (ZF‘h() - (Z:F'h) -0 . FVM Q Fu;,ui
on a QV VrAV wm i he,out
lawail v eq- I i terms of sPeaf.c enU\a,(P/v on a "‘“SshbﬂSns T S T

e AQT(Z"’ ( meh) u=lgd) Fer™1, hi=c2
- =0
V!-I_\u

\_, lel h’ be the bpec:tuc en%alp of the reacfmg midure (mass basis
ond it s c‘cfmecl as: h )lzm‘h' @ ) :
. t Z‘h‘
@ ot @ _, ag . F[ZRh) ((Zm0h] 0 @
¢ v

Lot nv
i S [:Zm¢=m L tolal pass Hew rate f
ond M remans the same due to nservadion of mass.
L, hen .
ence, @ _ Aan(h{-h{ =0 @ Q
_The AQ Let 2 be distance alor g ¢ E/é
; —> ¢ alng the Length of PER Y
erm AQ = =V, '
> (BANT, -T) .
el b el Az _ A%_"Av D2 dicmeter of reacter
p) -1 apt

L = Aé:‘&&vcr-r)
_b kt -T
% E k] b)) e VD @U
*'aLu:j the Limit as OV—> 0 = 4:“1 —=l T)J @

dt
-SPeci‘f[c Due to sensible heat : m dl}:‘?/mal == C’:d—- (P s on a mass basis
v n
S Ty B
S J/kﬂ} = 43 ~3 f 7‘
~m d/ll .

Oue to energy released or conswmed in chewmical run: m :J'““I= (AHE,R )(-fﬁ )

hence, €q. VI becwmes: mic 9T
3 g Coomes mCPW.HN«/Rn)(-r )=%/L(T;-r)

— dT _ Ve (g T (MR,H)” /@

dV mCPD

Y (1 -1) - (a :
or if ff\e heal orpacities are e;«Pressed ool basies %5 A Hoon Xorp ) @
2_F:Gp

,TFE CD"'\P- balance 9" LTOL PFR is 3[\;3" by dXﬂ :_I__ j@ "’_—-—‘\—‘—_"_J
ﬂ:

~To ob‘*ain T and XF! as o fmd.'m cf PFR Valume we must solve the obove 5),5{“. ;{’ ODEs &mw“‘anuusly
_ Note that (-rp) must be exP/esscd n éerm.s n" Xﬁ and T
r_'CP{ ’AHQH ¥ ~ asa fw‘c(:an cf T

L E os \(unch'ons ‘f )(ﬁ

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

. i B (@ D

_Ex.al Nen-lsothermal PER f £ 1 ! 5 -;L-"_T:Zﬂa 5
gas phase rxn, ideal gses %_Hq +C, —> CLH_%CI T HU 2 Hh ;—VB1 kCﬁCg; 75«0 <€ G G C—"’T'J
2 m m’l‘/g mc MP" Lk
PREL  Dope™ , Vr=2 , Fa,=24 o =€ 1;’ ; Lo R ”/“mwf)
Tc\zT‘_ Cinle ¢ FuA T) , AH'&,’Z‘)‘P’ __2922 leealy ( : CPIR. B Co@_k, %828‘__}5 mcd . ke
Za Cal, , J) el ke
Tn?d x& = 5300&1 Uy belwe, 0 =30 B Cpe= B! C’/Nl.kf 0= .07 ’
pehles fer Ue=30 =&k T, betwees 530-550
-Ex. ol — Gmp. B is the L'milu'ng reactont = —VB=_— - d_FB_. ol d._).(_B =|¢CRCB
Solubien o ) d¥ T Pe4y
"HBE " 5+DI(th;l€“/:( "abFl‘C.- 5 Comp. e (n,le{ ) @ a,,m,\( o lerms c«f XB
cﬂz.F_C_q = ip,f;\ﬁ_ .,";_r A fae fa Fao~ Fa.Xo
Aot "B, B F‘So Fy} FB (t-Xp)
- Fooli-xp) R c & ; E 5
Fao+fa, RT D j b B B
& F X.F
thas, e 5 s e ('—-—'?940)(%4’3%&““‘3’ R, s b e
dv - P T (Fﬁu*%a)z rT Fe= FAO«»FB‘
Eeo ST Trp 00 -ggicry)
_Ex. =
soluticn dj/ Z. F(CPl
‘EBE” c ' T 0
> OHp p = BHp o0 jm (8G)dT = DHpoo AHp g +AG(T-295)
B G o N
Z_Flp; = (Fy - X,F, .
= (i = (Fp - XaF )Cp, o (1= %) Gpp + f3.%5 Co. + Gy ) Bl
Wy (1 -7)- [ are Bl = Xp)(Fy -X5 .
== f(mlly; %7\_; Il [AHR,293 "ACpéT—zgg)j,;j”o';“P‘—l;f,?‘Io) ——WIBM(%#
(Fy ~X,F, ) E (l- ‘
n + X
S R RCIE AR A A AP

-

—y numerial solubicn us;'ng Rw\ﬁe-kutfa ﬁ‘harder with T
{ollowing initiad condibions: @ V=0, T=T,, X =¢

vV
@ms[h\dfy af PF)Q_,—\ A

—ln the previads we saw extreme responses in the T pud Gorcentradion mef’CS resulff'g fom small changes in c,aera,&'nj tondibions

exomp le Lr The Y
ool L ce,.;i :”::;,f ‘ ::Sirem resporses a-f a PER gccur oy h49m7: exothernic rans whea the reactor is apem&}\ﬂ under
PER e '
Sn;dl' behm{:r is formed vafMt"ﬂ'c smsih'w'ly.
}__.,O. v-:-.«:.l)l.,. € most nportant P/ablem associded with Pm’mefric serls[h'vi(y is to deternune @nditions wider which
Hus 5@5&;«,}, is to be expecled and what criferia :mybe established to ensure (ts v.é.senq-_
|5 Such dramalic rise des bo)l cadalyst which are T-sensc Give.
aT moy Causes 'fabgue in the reacter cons bruction material.
) Lead to enplosion.
Accurence of v e . dT el 2 (a4 rq)
- Accurence fEBE i a PFR: a/ = s Ta-T) - R’;: @
'le:spvb'i’\ 5 o tu_bwlw F ¢ m m
! nD ]
iy @ . @ P; qule @ s whee 2 (s the distance along the reactor.
[7g]
s _T__, 70U, T -T) BHp p) 1o a0t @,_. describes the varintion o, T along t
d . a = 74 (_—') . ) ’\3 ‘b
> mto _"_ch 4 lm:}lk of the rencte. Tiia
The Hal’-spoi "' T is defined as the max reactor T. T
T 0CCurs when: dT

max

o T 0
dz
heace, ok ¢ = :
e hot-spct T, we howe . %(E"E@x):‘_(AHR,R“"A) @

N \ e il
heat removed heat stnem.ft’d
by heat frrns fovr by the rxn
to SWPund pg g

J
ot T,

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

- To establish
Scmg Ccn{rol
over smsih‘v‘ty

; (f.: wh md/e ctor b (¢
we can SP<c‘F}' some alloweble Tmax and "147."‘{‘“1'%"c heat transfer coeticie Ve endler veactor walt la)

Such that ot me rofe ol Seuemiicﬂ of heat < ke of removal of head ®

suppose al the hot-spet T, Tous » the reacter concenbrakien s G
we can rewnte 3-5 as. 4_‘60_ (E—Tma“).—_(AHR‘H)[";Q(T,MXI cﬁ,max)] @

rmoa

The P{cblem s Q}lm 15 not known af‘n/l"';. n rate @1"”‘n and cw/upandt‘nj to cﬂ,”“,(
To obtain CR,W we must scive the CDC_T c enelay ond '“‘\«‘tImJ. bOJM((_ r—.’ea(&, s .
However, we ¢ make a censecvxdive estimake.
? n-yR(Tm’Cﬂl"‘“l) 5 -rﬂ(r'mx_’g)o) @
. €g. is twe b pewer daw kinebics (= R"‘(n)
s U -
@,® %(T“ Tmax) N (AHQ/H)E"H (Tmax 'Cﬁo)_]
hence , e aveid pernunetric sens;'&"viél. we can specsly T;mx_Md MMQ U, and/e, T suek thal Hie

above q'nealmut/ holds Bl ) v
plt Note that the twe cwves are cblained by sptg,‘fy,;,j ot Ta (T, &)
a T, ax and €V(’JMA&‘43 - %

-';'}(Imu'g’v'm)

-A (Tmax, Cao) is known since we know Ca, and Spm‘fied

Tmauu but -I’ﬂ( TMM ¢ gLnan) 's not Knwwn Af)n'ori.

-IF'C Sdll‘d .St’ﬂ-(gu .l(,')e,s (n focePt = Tt’( 1’: T
E S'Dpe = ‘W“/o 7:) Tq menc, 1
ond @rresponds b the heat removol

man,2 is the deSujn SP&‘ﬂru:d mox T bmscd o “rup TMM ’ CR ) Curve |
the actual may T that oy be obfou'ned, hawerer, s T

mMax, 1.

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

