2-7
Add:tional wum’)l’iov\s —

() 'Deusilj o,‘» li’w\d , Pooawd Jeusila o* colant [
. ove cownshant,

) S'nd.fvic heats O’t Hee }izwﬂ' ,C, ound 0-'- He

wolawt , Cy, ave cons fant

Sivee V is wuwstont  wace balanes ffw He tunh 9ives
& B S R T
Ehavob lealance fbv hwl& s

pVCAT = q.pC (Te=T) ~KgTA(T-T5)

E“”’D loolane -f-w the )mkd- R
Vs CJ% = %fsct(Tt‘Tt) * K‘ligA -7 ©

Where A is He heak bvanfer avea in ft? between
e pocese Lizw‘d and +the coolant .

ETMHM () and (¢2) co\v.Pvfu e ijm{g wodel
'fw e St)c"em.
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Additional a.c:uw\f& ions —
G) Tha &wcib P armd A srwq-rc heot, C, o}

e process in:d ave contlant.

@) Tw +cmr¢vw|'uf€ n.,r steawa ,‘l’s , 15 uMaF)vu.
ovey the @nbive heak +mN‘+{v avea .

(‘lin‘) TS is a -r-c\vw.Hov\ o,F PS , _Ts -;_r(p‘)

Mass b alance ,Fw the fank s

adV = —
=t %F ! (D

e\i\QVJS belance fwf the “'uhk 13

pC JEVSZ'T”‘*)] = 9. PC(Te -Twy) - 3¢ (T-Tuy)

+ UA(T,-T) (2)
wheve 'T.,!"_ fs & cnv\s'l'au& ﬂ.’rew.uc.-. hmrcmhv{
A s the heat tansley avex
Eqnetion C2) 9imfl.‘l(iul ’v:) s'\.l.rkh\-i.j Fov %\(\% $oma
efm\ion (1), and nrlac:u.j Ts by 4(Ps), to give
fevar - P C(Te-T) + VA[$RY-T] @

Then, e'bv«aHOM (1) owd (3) comstibute Hae desamiL
w\odd “'b-l e S‘bshu.
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(@) For Limeav valve flod clavecherithes | the mats flows ave

wq = PQR—P! , W, = P|£P‘L , W, = P'LR- P" o
a b ¢

Mateviel balance fw Hhe Suvye tfawks —

dwm, d
dme _ o -w, ™ LW - W (2
dt &~ b At b e

Wheve WM, ,my ave walles Gf- 3&3 iw tha Suv‘je fewky.
q, deal 30.{ Lo hold s ) Hen

Pl V\ = .'V_h_._ R-“ ) P\-V‘L = "_“-‘—' RT?. (S)
M d|
Wheve M s He moleclar wa-i)(.l— o.’— He 30-5
T, Ta ave the hrmpevotuves in the CwIJo. Jonke .

S\uhk-lw‘iq:’ "bf ™, oawnd wq ‘{./M ﬁmh'oh (3) wh ﬁm‘\‘ov\ (1.),
awd ondvs Yot V. T, Va, To ave wwslont,

VM 4P, oM AP
RT, 4t = Ya~We o ——-{'_‘; —-—-d:' = Wp-We (w)

The &,Mt wode! concists o nsual'ious () awd (@).
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Assume.  Cowshant Lt;uue( de\usib , f
Mass L&\a@ -fuv 4he dwnk s

A (AN +mg) -
= = r(9:-9)

gfhu ’0’ A ) M MJ ave conslkent ,—HJS Lct.owus

A = . - U
dh e 79 &
The ﬁwc -vook n!aﬁ«&up 411 ,}(m H.wujk velve s
= ¢ (P Lo R\
1 (8t -n)" e
Fvom ideal gos las
P’ = (Ma/"'\) RT (3)
ACH-R)

Wheve T 75 e alsolute hmrw&v‘w& o} dhe get-
Ejmﬁo\\ C1) 3«&5‘ the UW}"QAD'S"&"( woelel upov\
substhbion  of § fam eguahion (2) omd 56 Ps from €5. @),

12
Adh = - C [("‘1/”)‘1—" f5h _p
dt LT NCES R S
Since tHa wodel containg Pg , +(vo.h'0u o.‘, A curhm s
wot ihderuniml' o'» P.. Fov aw orw\ et)chm Pﬂ = Pa

and Q%ua.‘HO\n ("1) shows ot S‘DK{'QW\ is ihdoreudeu\— o,f P,,h



q!‘ol‘)(si w":fs‘ ' \g w, f : .
sluvvy k3 7 woker

V

Xe, Ve fe
sluvvh -

Assume 1) Fevfed— wfcx'mg indhe fank
2) o volume c..LAujcs on wx‘miaj

Leb ¢ be e dewsﬂa o *»«vt watey , ascumed conttant
e be ‘l'L-ifv-dN’-ﬁ 0+ puve solid | oCsunned conslhmwt
fs.fe \-'u 4he eluwa densities Tn inlek and exit shreaws, veip.
Ws,We be the nast {-louo ~ote .of iwket and exit sluvvies, vecp.

Thew, 53 &e-triwi'ﬁov\, Ws = Pc Ye | Q)
P = Ws = i €D
ST (%sWs |, U-%)we) As L. |—x,)‘ ,
\ /ft ,‘ f ¢ ‘ft‘ I |

« - i \
e - C%{_._‘!-*e) @
' ’ < " r /
Sivee velume ,V, is constant, aw ovevall wmatevial belavce giveg:
| Vdd¢= Ws + W - We |
and \o. cwroncn’r belance f’-ov solrc_ls 9ives
Vv m = sts—wé"Q

cooEDN df'e - ‘ o
w\&fv %’% = —XgV%%A,stS —We Re =—Xe(ws‘\-w-we)«w‘x‘~vg('
?m'.'égh\-i@‘ —fw Pe . Pc, Wg Jvom equations (1-(3), gives Hhe wrodel

' Le _ | )
@"‘»,L’.?ie;)v’%f' %+|:Fﬁ) 1 (Xs-%e) e

i3




Let  Cai,Cg; be wolavy concewtvations (wo'e/ .fl") ,o.‘.
A and 3 iw the +L'J=( , ﬁ:reck"ln,

Ca,Ce,Ce be wolav comcewbvating (-w..lg/,f!-'&) o4
A, B, and C in e e<it steeaw , vecp.,

Ma, Mg be weolecdar wcijkb o\l Aowd B ) Y&SP.

Pa ,Pa be densifies o{- A ad B, vep.
An ovevall matevial balawnw ovev dhe CSTR indicates
Hdhet the ,f,(ow vate o‘{» exil Shreawma = % , Stnee V 1s conshant.

Sinee -eauci contains ov»(:) A and B, +he -BN vote % ewast
equal e sum Q]Q volumetvic How vates of & and B iw deed,,

g = %CA-‘LL"F“- + 3% Me

A Ps
ov Cay = % [\ - Ceg; P%:] Q)

Com?omv& bolances ovev the ¢S TR dov A, B, and C yield
Vo_t&e - Ch - % O V(kC¥ +kiCalg) @
v o 9C, - 1%+ V(kca® - kaCacs) @
v 4
at |
Suh:HM\’uj 'fw Ca: —‘-nm o.c;w.ﬂou () inte eiuo.t\'w (2) '3iv¢
dCa_ o Pali-c¢ .'Ma]_ Cp— < G
Vv Tt- T T"-A[ BQ.PE i A V(kch "’kICACB) ( )

Cime k, ,k,' ave constant ‘souxcvmu‘ veschoy )

e«(wﬁoss (3),(v), ond (§) velcte Ca,Cg,Ce Jo vavietions
iw Cpy omd G . These zyuod\‘ow Conshitube the unﬁnl)-s\u\-g wnadel.

~9Ce + Vk,CaCg (u)
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() Assuwme o
1) The -fv!t3¢v s Ttothevwal
) The ‘)‘tmrcva"vmt o‘r the Leevy iy unqp

v ovey Hie can.
3) The beev can ic a stuwdavd 2}:'OD, C Hall mowster
i a mwf\'.cc QAvea, 01- 0.32% ‘sz-

4)  Heok quv ocenyrs ou\b w He aiv @vound e R

b weans of matuvad codvechom | wilh & heat hranfer

Ceefl fCi \’ . - vy (1
fienr of 2.2 E{‘;#‘- (b~ Pemys havdLook ) |

Euevyj balance ovev 4he beey )

mC 4T, — :
Se = VAT -T)

Whkeve Y™ fs omage O!, ngv ( 0.8 U-)
C i Gf‘d*‘.‘ L\en..‘-q, Leev (v‘ B4u /u'# )
Ty it dhe beev tevmpevatuve

U s heat ‘h'Ml.gv mcﬂ-{qw\{» (2_2 Qh/kv",ﬂ“)
A is heat -hmn:f.g avex (0.32% H#7)

Ts s +0w\'r¢\l¢3\'v( o,‘, tha suvnm«djvﬁc, B
Tr.k.‘v:} (A.rlmg MM-’om of 03.(1) wrillew 1w deviation w\v{a(\cg,
sTe(s) = Tole) = L& (T(s) - Ti(s))

(v

s»’T‘b(;)— o = J.uz2 (:é'_:’_i -"T',,(s))

et _ =UxIlny P T q\

Te) sCs+1n2) S s+41u2
I Iy I e L [ CELy
| for 'T,,((-_): 60 ) 'E: 0.3§4kv.

(b) Lowev T ov hishev U ave desivalle. Mtvh’ e can avound iu am
ice bath may Intvesse Utnowslh  give furbey woelivg esen Wit o higher Ty



(@) Assume Aot § 75 canthrmt.
Makevial Lalawce over the famk

Ak = 5 5.7y
in4i~3 iw deviclion vavialles and "E—‘t.omj (A'k« W"‘”"‘
AsH'G) = Q,/(s) « Q) )
G _

Q(’(S) As
(B /W= 556) -5 S(L-12)
QJ(") = —2:‘ - ";;‘ ™'

HG) = L g/s) = 5B/A _ SIA hs
AS ' S s>

h'Ce) = T{_t Slt) — .2:(4;-:7.) S(t-12)

h (b = {‘-I--" .f_€=4+o.l4?-£ o gtgz
b +(2un) = §122 l2<¢k
A

© h = C-I‘Z?_.F{- at ke V\;w ;{-&443 stobe £ 2 12.
@ ) = 53 —toS-1) + 5 §(r-24); £,:12
Q,’(s) - _g‘_ ( I__.Ze-lz.s_‘_ e—’l-M-S)

' - A io/A _-12s - XV
H'(s) = 5‘41_ e + Séﬁ‘.c ‘

h @)= 4to.77 £ S8)- 0354 {-12)S (t-12) + 0. |73 (£-20) S (£-24)

h =4+ 0~I‘4'-H-0.35'4(6—'1)+o.l‘4’4(é—z¢) = & St oy
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(@) Fov He ovijiwd eﬁs‘hw\,

A\é‘_}l = Cﬁ b_l_
dt R,

A d‘\; - _':_\__ — L\L

t e R, R

Jheve A = Ay = Tx(3 /4 = F.o3 p
C = 0.133F Hmin

_ 3~
2‘ = RI i _L\;____ = 2-S - O lg’l-_{__._.
C3.  6uU33Fxloo 43 i
Using devickion vasicbles awnd tekivg (.o.':\c.ce hraviforms,
H|,(S) - _fC - CR, - 6.02L%
Q:(s) A!9+-|§- AR,s+ (325 + |
H'LI(‘) - /R, = R. ] K, - |
M) hast g AR +)  I32s+
Hz"(;) _ 0025

Qi) (s )
Fov step change in . of wognihude M,
R, ou = 0025 M and

‘\-:w - O'OZS' M Since e S-et_od —Od-ov
'f"cmfftv —'wn.t.ﬁo\a g:—;:;r_,.)z ‘us’ cv;"-im.llj o\AmP«Q (Z= ')

Heee Moo, = 258 - 100
e 0-02€ ft/gpm o



dh . .- b
Adh - Cy, - b

A= TTx (W' /e = 12-¢ 2

V= V+V, = 2« FOoFHXGH = Fo.q pu3
hwae = V/A= 5624 . |
= :'ﬁ_ - OS—L\M _ O'S.XS.'GL_ = 0-2) :Eb-

c3. C 'o;'& 01333 x 100 463 [win
H'G) _ _C - CR _ 0028l
Q{s) A—s—c—-lk— AR S +) 2:64s «+ |
L\' = 0028 M

1
; Muae= A . | #

= oo gp™
o-ozm;ir_
Hece , Lol suchems can howmdle ke Same macimum skep
#‘hvk&hﬁg N % i

(b) Fov ohyp change of mognibde M, € (s)= M/s
Tov ovijiwd s\jrl'ew\ ,
/ - / - .
8, (s) = —!i'zH;(-‘) - o.l'g._,_ Oo.,:.:i‘)‘z 2
=onum [l 132 _ im ]
(1325+1) (32541 )*
T2 (&) = 0134M [u-(u—’c

—t/13
T )e ]
Fov wodi-l-id

fv.ﬂ'(lv\,
Q ’CC) - .\EH}(S) =) 0-00L%!

M
0-2) (2-64s+1) S

- onum [ L
$(E) = 0:13yMm [1-ea-tlrey

2:¢G4s+1
Ovigimal Svychenn provides betfer damp‘nj since 3,/(¢) € §'(E) for £ €34



(@) Assuwme Pe\éq—ed' m‘uxi\«j fw dhe mmix dank.
Ovevall Mateviod balance wdicehes thak ke
.’»(m.o vate o} telutiow »Quwh; He mix fawk Ig
QS‘M‘ + Gt G / Since He velume 15 comshant
awnd Ha du.su-b o} cawshic solubiow s ‘Hie same ag

that o} wakev.
Comfoheuk balanc -f-w the couthic ovev He "'ank,

v%%' = S ~ (%c+iW>c ’ c(e) =0

(b) <C¢>> ¢ mr\:cs Ce—C = C
Vde o o eem) ~ S & e 7B cls)=o

Thic condiHow will oteuy +ov swall €, |¢v3g Vv,
ond § << §-

(c) T;tkuj Larlau Hmurgm o" He ~model lfﬂﬁph T (b),
Ve CG) = Fe S ~ 9 CCs)

wheve ik 15 assumed ot Ce 18 conthant

C(s) = 3eCefV _ « %2
SCS+9w/V) S (s+ V)
DR SLTAZN S X ;ncg/vl %S
'Y (s+SulV)Isee Tj, 7 T s ls=-Sulv I

oS [0 _
cG)= 3o [ S s+Swv

= i_c__cc - '(‘o‘,v)'t]
c (t) » [l e



