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Abstract: In order to improve the stage operation such as extraction with a minimum of plant
alteration, the effluents from the stage will both be led to another sage identical in construction.
The combination, two stages in series, is in effect a single stage. The combination, two stages or
more in series, is in effect a single stage is a simple technique to improve the existing operation. In
this work, we have presented a derivation that relates combined stage overall Murphree efficiency
to individual stage efficiency.

Keywords - Staged Operation; Series Operation; Murphree Stage Efficiency; Overall Murphree
Stage Efficiency

I. INTRODUCTION

In order to improve the performance of the staged operations with a minimum of plant alteration,
the effluents from the stage will both be led to another sage identical in construction the
combination, two stages in series, is in effect a single stage [1]. In this manner any numbers of
stages have been recommended to connect in series. Ultimately we bring the flowing streams close
to equilibrium [2]. The efficiencies of individual stage may be reported as Murphree stage
efficiencies. This efficiency is defined as [3,4] the actual vapour stream enrichment over one stage
divide by the theoretical vapour stream enrichment which would have been obtained if the liquid
stream on the stage and vapours stream leaving the plate had reached equilibrium. Thus, if a vapour
stream of composition Yy enters stage n —1, the actual vapours evolved have a composition of vy, ;.
If the evolved vapours had left the liquid on the stage n—1 under equilibrium conditions, the
composition of the vapours stream would have beeny, ,. Therefore, the actual vapour stream

enrichment is then y_ —y and the theoretically vapour stream enrichment is y:  —y,_ therefore

Murphree stage efficiency for vapour stream for stage, n-1, Ny = M
Yo =Y

There is another definition for stage efficiency which is defined as the ratio of actual enrichment to
possible enrichment in a single stage. Therefore

Stage efficiency for vapour stream for stage, n-1, y=Y22=%n
Ye = ¥n

In the following section a theoretical derivation has been derived to compute the overall Murphree
stage efficiency, n, from the individual efficiencies.
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I1. DERIVATION

Solute free (i.e., mole ratios) coordinates are very useful in staged operation [1]. Mole ratios are
usually designated by Y and X, whereas mole fractions are designated by yand x for vapour
stream and liquid stream respectively. However, mole ratios are equal to mole fractions for very
dilute systems. Hence mole ratios are used in the following derivation.

Referring to Figure-1, when solute is transferred in a single stage. The following definitions are
applicable.

Murphree stage efficiency (n,, ) is defined as v, -v, ;Efficiency (n) is defined as Y. -Y;
Y; =Y, Ye _Yl

Where subscripts 1 and 2 indicate inlet and outlet of a stage

(XY

X

Figure-1. Single stage transfer

Referring to Figure-11 when solute is transferred in multistage.

For stage one efficiency, » --2-1,
Ye-V,
For stage two efficiency, », -22=Y2and so on for n'" stage, » -YnL-"n
e~ Y2 " Ye=Yn
Y (XgYe)
(Xg¥5)
Y=f(X) ()
(Xg¥g)
(K %)
(Y
X

Figure-11. Multistage transfer

Let several sages are combined in series as shown in Figure-11 and assuming all are having equal
efficiencies

When two stages combined that is
Y. -Y)=Y,-Y, M)
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(Y. -Y,)=Y;-Y, (@)
Add Eq. (1) &Eq.(2) gives
Ys_Yzzn[Ye_Yl"'Ye_Yz] ®)

Divide both sides by (v, -, )

Y3-Y1 _ Ye—Y2
Ye—er{lJr Ye‘YJ ?
_Y3-Y1
We know (v, 2
-~ Yl — Yl + Ye — Y2
therefore » = n{h TSy } ©
implies n__ =gft+(1-m] @

Let three stages are combined

Similarly Y4_Y1=,{1+ Ye-Y1+Ye—Yp +Ye—Y3} @®)
Y87Y1 Ye*Yl
Weknow — , -4-1 ©
= Ye-M
. Un:3 =7 1+M+M (10)
Ye-Y1 Ye-Yi
77:3:771+Y67Y1+Y17Y2+Y67Y1+Y17Y3 (11)
n Ye_Yl Ye—Yl

=pfi+@-n) +1-nn_2]
=77b+(l—n) +1+ 1?2 —ZnJ

s -+ (-2 (12)

So on when ‘n’ stage are combined
S B BUCIT G i NU— (-2 (13)
Where n,_, Is called as overall efficiency when ‘n’ stages are combined.

I1l. Relation between n,,. and n

It is possible to derive a relation between n,,. and n only when we establish a relation between

them and it is possible only in a special case such as when equilibrium line and operating lines are

straight lines.
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Slope of the equilibrium line, m = Y=Y, (or) Yo —Ye (or) Y2~ Yy (14)
Xo=Xo X=X X=X
Slope of operating line, Rs _ Yo=Y, (on) Y=Y, (on) Y.—Y, (15)
Es 1_x2 Xl_xe XZ_Xe
We know . = Y2 = Y1 ang n= YooY _ X=X (16)
YZ*_Yl Ye_Yl Xe_Xl
Therefore, 1, can be arranged in terms of n as follows
nY.-Yy) _ n n B n (17)
ME — * - * - * - *
Yz _Yl Y2_Y1 Yz _Yl 1+1 Yz_Ye +1
Ye - Yl Ye - Yl Ye - Yl
N = n _ n _ n
VEL M —Xe) 4 I:1(><2—><e) 1 mES(XZ—XejJrl (18)
(Ye = Y1) B (%q — Xe) Rs | X1 —Xe
ES
Xy =X
_ XX _1=22""e
We know 7 = Xo X, therefore 77 Xo— X1 (19)
7 n
- 20
o Es )41 (20)
RS
S = mEs ,stripping factor
RS
- (21)
Mve =50 )+ 1
Rearranging Eq.(21)
_ C+Dnye 22)

Snye +1

The following examples illustrate how to use Eq.(21) and Eq.(22) in computing overall Murphee

stage efficiency from individual Murphree stage efficiency

Example: A single stage liquid-extraction operation with a linear equilibrium distribution curve (Y

=m X at equilibrium) operates with a stripping factor S = m Es/Rs = 1.0 and has a Murphree stage
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efficiency n,,= 0.6. In order to improve the extraction with a minimum of plant alteration, the
effluents from the stage will both be led to another sage identical in construction, also of efficiency
nwe = 0.6. The combination, two stages in series, is in effect a single stage. It is desired to

compute the overall Murphree stage efficiency n,,, of the combination [2].

Solution:

Given S= 1.0 and nye =06

S+1
Therefore n=M=o.75
Snve +1

Mo =1 [L+(1-1)]=0.9375

n =—_MN=2 __(ggp4
MEO  S(1-mp=p) +1

3. CONCLUSION

A theoretical derivation has been presented to compute overall Murphree stage efficiency from
individual stage efficiency. We have presented a model problem along with the calculations to
calculate the overall efficiency from individual efficiency. Although the derivations for other cases
are not present here, the same concept can be extended to absorption, stripping and adsorption.

REFERENCES
[1] R.E. Treybal, Mass Transfer Operations (New York: McGraw-Hill, 1982).

[2] ibid., p.136

[3] Stanley Middleman, An Introduction to mass and heat transfer principles of analysis and
design (New York: John Wiley & Sons, 1998).

[4] Max Peters, Elementary Chemical Engineering (New York: McGraw-Hill, 1984).

[5] E.Murphree, Rectifying Column Calculations, Ind. Eng. Chem, 17(7), 1925, 747-750.

439



