
 

 

 

الجامعة التكنولوجية 
 

قسم الهندسة الكيمياوية 
 
  الثالثةالمرحلة
 

 انتقال كتلة
 

 أ.م. د. عامر عزيز

 

 
 

Save from: http://www.uotechnology.edu.iq/dep-chem-eng/index.htm 



-Tl or Pl ,t" C'\**^^5 <

AVIS co\.r*-'n pr '..w' ^t i\5 c- "'si St 't ^ vott t^\ c$i'.\"i t^\

"'L.\\ ^..I o..t -f " t"Jtt "ifo""'o'\ 
s " r{^t i''^'c\*Ao-:

j, f,r^) o' g\&L. o"' u\lc\\* ^1^:-\i1*i[ 
t-f^t " ccu'r s'

z- \*r^^5""flt f-- \\-t '{ t\" \1*tI \-'-' oY\{' \t"1 t'\'

lew r v o Yr & \t" ^^" 
\o Ao*r\ - c'a'n ('r '

s - l-\^t o'.J " .,if\;t rA-zzo-\ s \" tne t*o P\" s'(s'

Fi1.^-n t^\-- s\o-rs o.Lr- (ssoti^\ P^'G -\ o (s((ve-
tv^5 ) q-o\'r*..rr '

lL-* -\-r^1:- (nt&)
\t-*J\^s-tr. *T-r \*^.s,^:,

O l{t o.\\o.-, s t\n, 3o t t- \,-
-lL'o 

^X\ \" \-\os , \, 3ast,-Lt\-s t\-"dh \. \r1, r d

I b. \-.** ... 
1^J_\,1*.,.1 

'

t; tp rr sia 
^ 
", \. t,*) h.\A s

t\" J,, s F^, r 
t. 

o,,,., fr .

I.can gas

outlet

;-LJ-f.*

Lcan solvent

1-l\Jr,
TraY

spacing

,)-' Wei(

;iI'. rp:
J\-J ,\rvY

Bottom
sealpan

Liquid
level

Bottom
t3-P

7 /-..5r
)u-. 

t
e \. \'3 srp.rit- t\*

co\*'.r 
^',.*\., a"r'.*.L<.r -\

c-6'\f^tt-^.iT, ta, c\ "\ *\lJt
t l-:€b'Jr..^1,5, a sfir. r*t.T.

bS-.r-o"t {.. p\.srs o c (urrs
av1 o-:^\ \-.* \-r. tr^5,
c,\, ".r^\.\L C_ndN*U. t\o

.,.\r^^ + cr- c-\,rrrr." .N. p.r \o-rr rtq,\r ,-_ 4
,^f .n\r 

F^r\-.-vr^.\\ o-\ t\.\,' 
^,.

4 co.\**r. d.rf^J.



--_l r^\
-J

AV^S co\,.^-..n pr r.^ ".r i\5 co,'rsi tt 't ^ vet ca.\ .5\L\"i .^\
sL"\\ ^^I o.st -f "t'",]., r','f,t""to'\5" -{^t \'^'c\..^Ao-:

j, f,r^) o... F\.lL-. o^ rJ\ic\\* 1^s -\i1*i[ :-]t " cc.rp 3'

z- \"t^^5"-,,,f,t f-- U-. .[ t\" \ \*.! \---. o,.4- \to1 a'\.
lcur t e o 

", 
. \*. ^N 

\'o Ao*h - ca'n qr '

3 - l..\tt o'.J ' ut\;t rA-zz.\ g \-. t\'.e t*o g\r" s,(s .

Fi1*-n t^\.* S\o*rE o.Lr- (ssotio\ p^'G -\ o (s((vs-
tv -5 ) q-o \':*..rr '

+-
\\ l
\h\ \ ra.1oo -

)

Nt--J\*t-f-. *T-, Y*^cftns:
O It- ,.\\o.-, s tL, 3o, t- \.*,
-lL'o 

^X\ \" \-\os , \, 1ast.*LtLs t\-*1\r \. \i1*id

I b. \-.* ... 
1^r"_\,1^..1 

'

t; tprr 3ia^ ", \" t,.^J \.\A s
t\" .ll s p-r-r .., o,,r,,, fr .

e\. \'3 srp"rit t\-
Co\*^"^^ ',,*\., c"...,*'*L*- -\

c-ahfa!"t 
^.l\ ra, c\ "\ *\lJ,

can*it-^1;s a d^gr. s{.T.
bAr, r,u,n{. p\^r^-= , c(urrs
or^ ^t:^\.fG-..,, \-.. tr^5:,
a.5 ".r^L.\.r. c-ns\lGb t\o

(nt ^u)
I-can gas

oudet

;r-t ril erf

;i\t. "dl
JLJ -\\vY

Lcan solvcnt

a-r\Jr,
Tray

spacing

"\2Bottom ) T "->t
s""tpuoJ j /
Liquid
level

Bottom
sumP u j

c_

Rich solvent
outlet

t''\"t'-{ + ^c-\'r'rt"'-N. F*r\o--y vy1..a.\^,--4 4 c-\.-.-.. a}.rr-^J s*^f ,n \.. F^r\-.-vi^^\ o _\ t\"t ^b5.



\,'\ +

S\a3e "- \ *5 A*.rl .. ar c-o,^Li^o.t-.,, -l A".ri crs rn
u\i\t, o \".v...iclt\e. Fh^s4 s *r< tr-.^.$ i;t-, c_,f^.1
in --Jev t- ^ .k.".ro \'y\ass \ro...*[o- -& -^ e. cr \d\ot--t
s-\'.,N. Y--",. on( p\ase t- -1ilr.- \s a\\ a{ *SLT
N* *\h-i ufr c-'fr^t --! t\... g \^s r s in o. t^3r t",,J] t.
tr\"1g \o-^t- r1*l\*. l$ $,o .-it tn1 \s t .\t,ci{-nt
{"df {^,- i\o'*t ".L.\ o1,^i\"' w\cn L.a \c^vr , t r_sto5. is c^\\ a_A ..\^ " \tr"o\ sto3. ,,

Jh^e- AoX" "\g iciq,..S t i\re_s 4 yr\ ras qy-r- -\ \^.* s\-s{-.rto
a*\* \" p\*s{LS *i5 rr^& ir, a dny .

\^ r.Jco\ *f. \^s l__-^ /- .\[i.,.*J
\

D,g\crrncrp t"t,".n P^.k-l 
^.,nA 

p\*t. C_\.."n,

1- P\fn c--\. pr-v\A& \rna!,-( posft,vr c-.^t^.t Uf;^^n tLrt*r"
!\'^t) P\y.. L5. y*f ozt J ,,^; xtll ^,,J. s,parn&-n .

,,U,&r&4s ?a.k; c-- \. *j\^ E*U3..t t, tj _p4ss\v,jo. to..\
z- P\&. J=;:.l.'i"*^a\o .;)i1*rt )-^r, -s-rt!\-^J,g.3 - 3 t 

^ro rnrrart Lagt\1 c_\oin-l .

\^ - P"..\-oI c-\. 3 (t ( \awAr dry i""f \., 3o, \\_* )r^Ntc\t t 4 ?^-tt c.^\av tr,.^,p$..^* a:. va.cc . of";\\or.s,
E - \i1*t \ \-\A.- *F is \a.s : \.,rr p a. .\.s *A c ^\ .

6^ P^.\*.n-A c.-\, ".".^5t^ \^\er4 rcon-,,..i.<c.\ r,* pFac.sg5in"t.
? - S' ^\\ \i^. *- g*.k-A c--\. a."r rrsw..\\1 c\.r*prr t\n:.

p\ff. c-\, + \* so.,nr. S\z-



O sp*'5
e\)\s-\i.;--_

q!)r, Jr-,
l_:rS_;

' Ut-lisp.crsi-,r c)
C-fr('ruorfs ,\i

b E **\ St c,.a

-$u 
Jt- €.tJ,d

s1-t\leEr-- ,\.1) r;t

:vlic,v\:; Cf,f !,

c\

Ttcs oY b;sFq-rsion

@f'.t^
=) 

fr Jr* -er/-
3€r*-P t1+ f

\-SJr,,\l)$ Sf,3
E:l. a\:.\s_-.J

(. r,.rr\S i on
<_,VU.i,\

Ovo-'^\\ M. B o--

.Gr*)**, * LrX" __G 
iy, {L.Xn

G'Wp-Y.) -- L3 ( 1" xr)
ILs

=
\5s

(Yu- Yr)
( xs- &)

o g-tff.u5

t--

or
--

Ls

I**rl

-Jr

u_*
xsr --Xg

n- I

n
h+l

N

G:

,tt *Y**, tLt * *L5Xry

,t' "Yu *L' *x- -- G' Yr * L. Xp

x

Yr.- I
?

I
xl

Y61 x'$I

IJ
Yr.r XN n,

Y** =YF



o+ t"Lq _
J

I
I
I

I

I

,, . , ,
-"9 *-r d, -.n E_

id> L+.a re1 i,{Lt5-c' I ap,,',,(in+-l),-,)teJ/ ?. , J
1 t eva l vztt1 _

J

o€--+ --



A-+>
{ts

</r
O- {F

/X' r,V\
J

- 9-\

)

d'r--ry

(f"?)

X

(C,t-) .*, ccn;t'^t

C.', [i) confr^t

G. -_G'-_ G('-:)
L. -L-=L(r-x)

Gs ,)=
l*Y

I

rlLS
l+ x

, K-_

(t.t et

(r.\rt

5
r-y
x
l-X

G. --.f, 4 !\ -* 'I P\'o's..' G
Ls --
G

L-_ 3

5

s

3

5S

35

SS

jL
rG
sL

(D.\iL sAtr" )
G'(Y-Y.)-- L'( X- \) G. 5 - G'5.=L1-L-x-t

.".c;t' + C^r.i"t)

t o, ( s-\*T. -^\)

==+> d= X(l-X)
a,A s-\.,s' - Fra^ tasis (^'tn6in.)
sJt.t$S

(.--t /t\-t
(

C c-",, ct. S-\;t" )



DJG-*.^;I.", , t
(^ .t
\- a u\l\\Af _

O C-v-.gLlc--.\ Co"r**u..ft ,,4. (,S ttL c,pr-,.t",g 
^*A

e{wt\ * o.< str-^;$t \t*n )
- lt{.B -r. 

^ -t og

G'(y.*,-yr)
Y',*\ = * x,.,

)^* :A Xr, * B

T1"1 
"^l[-T-io.\ t ^\onn co- :-

9'( Y" -yf :L s ( xR- x)
YeJr
xB- x1

-F.
o fcra\ rn1

o.. I tu.t-F :-
:Ls (x.- x.)

FxT+!-

Con *,f,.tr( on F ^i.
C.^rv r .

1*r\ - r*\;Fi-.

G,
xT

G
Yr.*,

L:= L-
- t^-\rs -- \r

sL,-*\ J

L5
X,,

t\"" N",

C.^rre"rt

nr-F Sta{rs ivr

L\-, 
J

Ls
XT

Lt
\ts

-F., idr^t F,\& ,\l < -n$ro 11,^t\,"^

Y"=;l
( Xn, y^)

Yrs.r =
Y,,r

P
(X.r,Yr

Tr
r--l TII
tl, lt I I

-ll^

Jr',= *
( X,.,r, y*)



@ N\Sr-tro..c D 
"Ls,^^.,,ulf 

( on.

C?^siJ -- {t* t^o.',t}o .l- +d"" s -\.fG \"..-. 1^t gLos.t,
l.11*tJ p\o,t o' ( ^t e a r p\t ' 'J .

(^ + A.'o-s 
^r., 

t in\" *-\q. "&-L--n c^"tr{tt orr s e'rt- a xPv.,'.55 4'd\

{\n-. p\^sr-\\-* "T- ; .n S-\T. -\'"^ ta.sts.
cl g^"if,*1 \l^* i s o.\wa5 s \i,,.r ar

y - a( X- ;t p-.^t (X* ,Y^ )
,9-' X". \-. 'p^'N"1 e1,^fti-.'

n\\-Yr= * (x.-xr)
+r -yr:5 ( L

N
x-r)

*^{ .*J'.

S.^t

Y

Y"

ut\.* c-- Nt =--[.t-i -,, t^$-

e1*;f i.- O , r li* t --Jer - r\c.!A \o*.,1.rno\s \i, ro.r-

I'.\q ey-(\e ' ^1*^I- t 
an

L-1 N

N.7 Lt
D( G.

---o

n+t

V lf v =v -/nr.r- In, - /r Aot.Kr



F-- f,= l, S-\Si.-^ * "1,*-\-i'rtO *ri\\ t^

T'.t\..it c-a.s{. }-, N= t
\i*n- *r i\\ L-.:-

^= 
+a , ',\.lA^ i*\r.Gr

Cr^rrr^ . 9 - \, -p.or"\t^3 \.. r o^l "1.^i\- C.^.vr (\l**)
t<c^ o- pcrra,\"\, tL^", \* eo.,r ffvti.^ &.c-5r 4 ^gLas<at r^ . \ *^tr I s .1.^^\ . -fi-or-.!- a\\r., \^ .,.,^,^L-<r i F\dU,
'ri\L' r1*'\ t-*\G- J u^tt^\ c-*.^fr,r^t,,"
.\c\atyt av'lrttn * c'o\-..-",., + tL^ e-n.r]ttr-^ q\,{.n{r-
aV,cY 4 Si*.5\ r frr-S^ ",n-Fff,

N_ NcT lNc.

Il-S , \.n s\'p 
" 
4 -gerfr*^1

X Gs

S<.t ^s -$, r s\-g* { {*^ rlxt\'

4- x ['X,

L-3 L
r\/ HXe-(+) r -\ -pC:ET tt- A ) -\ NN=

Ll(*-)

f=s*\ o,^^ ( stn.gg\^J \t * 1



f--,-

/ sio-f";l il $.. cerrcr^t"^\(-,. -\
u1-^{ 1on 5 ( :) ^^J [t{) c-.".. L. **}

t\"T

s-\:s,- ".t-{
,,.-\. ci. ^ c\ : -

J

(; z;

;t\.r r\B__
Lr Le

^cB
^.)t.^

t^A-d. f\ g

\=

( X I \i^^\ -.\\ t^ t\ u g.^-f.i,. rnr{a.n -!^ Ar.
af_

O U siil K.Lurrs er e\;t

6bs"t$F*

, Y*- o( Xr\
.' ' \ 

-i,]

, IB-* Xr/
',, i,,/

--z'

51ri9fi"1
rsoTffif*

Numbcr of theoretical stages,.ly'



- -f-..i\- "W i 
ci 

".n :J -
\,,. i J.*l =t^X^ p"ov iJ, q,^lt. ^.n 

Sl.ci{.;t .-ff^t
tit"'-'t\n^ phosrs, !at;b t\^*l itt^in "1.^i\t', or {n{p\a>.s l-qo.,l-^ ^.^:l^ 

-)

+ {^ .,.\i':" ..' ;:'_::, ;: J frY*,T'^f;".
s\r -r\\ ",.grtI\: L L,\qq."ft t'-^ tnt * o^11.,.\ .E#,

-TF \":5 "\!, c1 q,,,. c.N ^ Jtt qnirhr .r15 &'lii c.c..^ 3 (, q,n rx\,_cf.* i \., c\-."\l \ r
F-..\ orv4 4.v\ ca- * 

^.ca\ \.o.^ .^aa ts ^ ^\ l\ T t ,

) '\pp ro q. &,ot t\[I -{ q,r tl u^\+.-o),

LJ ' *t\\ c.eq:i,or tL.-.-k i.,.I = + "\lt c.ren.J 
=-

O P"t;t- "U icicn c5 ( E O G)
-\^" \") .\l i qt<.r,* c.
\-rt* -..- -,*^ *, i* 

is \'k t\ t- toJ L''- o\'r -(.\- clFt ,,^ to .^^--{S,ir )
Ji\"^,1 .

Eo* = \- o-N.$oG \ 
v

*\*"* * N TUoc..= k:, A'Z

: = L.^".5 M:f . ea"W
-- a^t5 i*^t\ i^..r.\ 4r.r.ca.

Z.: I^F\ * $o !"-\ o\^ {".T'j

€rt Jr*rt \q)rr :r\5 
|*\eB,' L e



q} M.,. F\l- e-!- -.ugi c,.qr^q\ ( f * 
")

t'. w..$ tr
"".(1eJ c-,nA.i\.,,

\\x-'nt\ Jn

N-r i s o..dtA-\",n. \fr^,r-, O^^I(tr i^tro crt^.r^ casxs:-
4-a\ \^ \t1r i\.^1A\,,.. ix"A {n",, E*a, = E.c-
t - f \ {^. \it.^.rl r, (* p \* U\-*,{\n,, o--

E*c- = x-L"*f (++)-
\/ P\*J [\-*'{

f
t- a,

[^tr* E*G( \I€^
f-l

\)

,0-", ( \\T)





















Packed column

Absorption is frequently conducted in packed column, particularly when:

(1) The required column diameter is less than 2 ft.
(2) The pressure drop must be low, as for a vacuum service.
(3) Corrosion consideration favors the use of ceramic or polymeric material.
(4) Low liquid holdup is desirable.

The countercurrent packed towers operates in a different manner from plated towers.
In packed towers the fluids are in contact continuously in their path through the
tower, while in plated towers the fluids are contacted occasionally. So, packed
columns are continuous differential contacting devices that do not have the
physically distinguishable stages found in tray towers. Thus, packed columns are
best analyzed by mass transfer considerations rather than by the equitibrium -
stage concept. Nevertheless, in practice packed - towers performance is often

analyzed on the basis of equivalent equilibrium stages using a packed height equivalent
to a theoretical (equilibrium) plates (stage), called the HETp.

The most important reason to use packed towers in absorption is to provide a large
contact area as possible as can. There are many types of packing such as, Rasching rings,
Lessing rings, Bert Saddles, Pall ring, and many others, most of these types of packing
are made of cheap inert materials such as glass, ceramico graphite or, plastic, but
sometimes it may be made of stainless -steal.



For dilute mixtures :

Consider mass transfer occur in the column of cross sectional area equal to ( S ) ( -t ),containing packing of specific surface area equar to ( a ), ( -r / -. ). 
'

specific surface area: total surface area / volume of the column

Total surface area : surface area of one pack * number of packing

Volume of column: S * dZ

Total mass transfer area in height dZ (Interfacial area for transfer) : a . S . dZ

The total no. of moles of (A) transfer per unit area per unit time = Nr

Total moles of (A) transfer / time: N.l *a * S * dZ

According to Whitman two-film theory:-

Nr = Koc (Pa - Pn* ) ........(l)

Na *a * S * dZ=Ke6(Po-p,r. ) *a * S * dZ .........e)

The equation is based on gas phase and is used in calculating the height of the packing(z) are applied only for ditute or weak solution which leads to the assumption that Lp1& Gm are constant through out the solution. Don't forget that the solutions can
Be considered dilute if the mole fraction of the solute in the inlet streams (gas & liquid)
are less than 0'1 (i'e' S l0%). The change in gas composition of (A) through the height
(dZ) equal to (dya).

\



Total no. of moles of (A) transfer / time: N.l *a * S * dZ

Nr *a * S * dZ: G, * dya ...........(3)

G,n *dyn = KocGl-po*) * a * S * dZ ...o......(4)

Divide the right hand side of the above equation by (pr lpr):-

G, * dyo = Koc (ya-ya*) pr * a * S * dZ ..........(5)

f! aZ: 6 c- .1 lyen dyr
"u 'Koc *Pr * a * S./ Jyar (yn - y,r. )

Integration eq.:-

z: 1 G' 
-) . [1*; dyo]; 

.........(6)tKoc *Pr 
'l' a * S'/ ''yar (ya -yr- .t

Z= (HTU)oc * (NTtI)oc [Height of packing for ditute solution for gas phase]

Where:- ( HTU) = height of transfer unit.

(NTID = number of transfer unit.

Koc = is constant depends on the physical properties of gas

and hydrodynamic properties of fluid.

G,n : constant for dilute solution - (c'e+cs"' )-----'--- \ z )'
Pr = constant, no friction losses.

Koc, Kol = volumetric overall mass transfer coefficient ( Kmole/ sec. mole fraction. m3 packing).

H.w :- Derive the (z) equation for liquid phases:-

Z= (HTfDo" * (NTU)o" [Height of packing for ditute solution for tiquid phasel.

\



Summary:-

For dilute solutions:-

For gases ( Overall Mass Transfer):-

Z= (HTtDo" * (NTU)oc [Height of packing for dilute solution for gas phase]

(Hrrr)oc= C#l
,ryhrn ryeg dyo
(N r U)e6 : Jy* (y^ _ yt' )

X'or liquids (Overall Mass Transfer):-

Z= (HTU)o" * (NTU)or. [Height of packing for dilute solution for liquid phase]

( HTCIor.: (
I' lrm-t, 

)
Kol *Cr:F a:r S/'

(Nru)o": fii dY'A

Q(o. - Xo )

Where the integration of (NTfI)1 - rvas dyo
,6 - Jyer (y^ _ yt' ) rs :-

(NTrr)oc- 6-vB 
- Yr-)

r (y _y*)r^,

(.s- ts) - (Yr - Yr*)(Y-Y.)t-:ffi
(yr - yr.)

L



For gases (Individual Mass Transfer):-

Z= (HT[D. * (NTU)G [Height of packing for dilute solution for gas phase]

(Hru;"- C#l
(NToc: [-!,o' , o'o 

.
"ynr (ye - ya,)

For liquids (Individual Mass Transfer):-

Z= (HTU)L * (NTU)L [Height of packing for dilute solution for liquid phase]

(Hru)r: Cffil
(NrrD": fiI Q(Ai -XA)

rhe integration of (Nrtr)": {lT*s, is :-

(NTOc- (#) rvhere (y - y,)r, - (vg - vni) - (vr - v'')- t'-Yt)m/ \' r-/---- t"ffi

Notice: 1) # slope of operating line = ffi from ( M.B.).

D m: slope of equilibrium line : 0t.-- vt. )
lrrd liom ( equilibrium data )'

b



Relation between overall and individual mass transfer coefficient

1 
- 

L J- H -,r\- !.
K* - R; T K,. ""........(l) (in gas phase)

1_L r L

K* - K -f 
HJ(, ............(2) (in liquid phase)

Multiply equation (1) by (G, / a . s . pr):-

G- _ Gm H.Gm
Koc.a.s.p:r G.a.s.T; + ffi """""'(3)

( HrrDoc: (Hrrr)" + +-l - + g
Kr.. a . s. Pr' Lm Cr

(HTU)oc:(HTU).*(HTU)' Gm * H'ct
Lm P1 """'(4)

r.PA=H.c.^ + +=T !.yA: H. Xe

!. yA : m . Xe .. . . straight line equation

( HTU)oc: ( HT[D" * ( HTU)L .m .# ..............(5) (For gas phase)

same steps can be applied to equation (2) for liquid phase to get :

( HTU)o': ( HT[D, * ( HTU)c # ..............(6) (For Iiquid phase)

,LM
Where ( --- ) is the absorption factor (A).t m. Gm'

I



How to find the intermediate concentration

To find ( xrr , yir ) and ( XiB r yin ), we must following these steps:-

1- Plot the equilibrium data.

2- Plotp (xr o yr ) and q ( xn, yn ).

3- Plot the line ( pq ), which is represent the operating line.

4- Calculate the slopes which are:

s _ -K*- .a/(l-xs)
- K;.a/(r-ys)

Sz: -K;.a/(l-xr)
K;.a/(!-yr)

5- From point P ( xr , Yr ) and slope 52 o intersect the equilibrium line which

give (XirrYir) and frompoint g(xn,ys) and slop€sr, intersect the

equilibrium line which give ( xis , yin ).

S**'1s):.r" .o4t
)'T

€s

t.

Sig

({r'5r)

"1t::'**

U

:\IT



Heieht Equivalent To A Theoretical prate ( H. B. T. p )

( H. E. T. P ) : packed height required to achieve the same separation as on

the(nth)tray.

( H. E. T. P ) is often used to characterize the performance of a packing.

A good packing has a small ( H. E. T. P ).

( H. E. T. P ) range from ( I -3 ).

(H. E. r. P ) = (Hru)o" * [ i"t Hfl,"] I
l. -' r-/-1

(H.E.T.P)*N:Z ---) N:Z/(H.E.T.P)

( H. E. T. P) depends on :-

1- Type and size of packing.

2- Gas and liquid flow rates.

3- Transport properties.

4- Equilibrium relation.

S-Uniformity of tiquid and gas distribution.



Minimum Liquid Flow Rate Jn Adsorption Column

Reducing liquid flow rate --+ reducing slope (L/G) of operating line.

This mean ( xs ) increase -+ tall column -r ( oo ).

( less driving force , absorption more difficult ).

rf liquid flow reduced until it reach equilibrium line at ( R ), this give

minimum liquid flow and driving force : zero.

So ( Pr R ) give minimum slope or (L/G),n;n.

(L/G)"p. = ( 1.1 - 1.5 ) * ( L/G).;".

Steps of calculations:-

1- Find ( xu. ) from yn = p1 . XB* ,

2- Find L/G),;n. : (ys-yr)
( xn.-xr) '

3- Find L/G)"p. - ( 1.1 - 1.5 ) * ( L/G).;". .

4- Finally find ( x3 ) from L/G)"^ - 
(ys-yt) 
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