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Numerical Solution of Coupled, 
Ordinary Differential Equations 

John Ne'.Jman 

Inorganic Materials Research Division, 
Lawrence Radiation Laboratory, and 
Department of Chemical Engineering 
University of California, Berkeley 

August, 1967 

Abstract 

UCRL-17739 

A wide variety of problems involving ordinary differential 

equations can be linearized about a trial solution and then put into 

finite difference form. 'Ihe resulting coupled, tridiagonal matrices 

can be solved readily on a high speed, digital computer, and the 

nonline'3.I' problem can then be solved by iteration. 
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Introduction 

Many problems in the physical sciences can be reduced to ordinary 

differential equations. The availability of high-speed digital computers 

and a generalized method of solution allo",s many such problems to be 

treated without the drastic approximations frequently needed to obtain 

analytic solutions. 

Many of these problems are nonlinear and involve several- dependent 

variables, but by a proper linearization of such problems a convergent 

iteration scheme frequently results, although convergence cannot generally 

be assured. Consequently, vre shall first; s11mi how to solve coupled, 

linear differential equations. This will be followed by an illustration 

of the linearization method for a particular problem. 

Type~ of ~lerns 

The author has had many opportunities to apply the present method 

of calculation. The effect of migration on li.miting currents (Ne·tTman 

(1966)) results from the interaction of several diffusing ionic species 

through the electric potential.' Okada and others (1959) discovered a. 

non-iterative method for such problems. Hmiever, the present method is 

more generally applicable, and no special procedure has to be devised 

for each case. 

In hydrodynamiCS and mass transfer" a transformation. will frequently 

reduce the applicable partial differential equations to ordinary differen­

tial equations. This is tn,e for mass transfer to a rotating disk~ to 

a gro,ling mercury drop, and-to "penetration" problems" trJ3.t is, t:'ansie:-lt 

diffusion into a stagnan.t, serr,i-infinite regior... Thus" these sever2.1 

cases could be treated to deter:nine the effect of ionic rr:.igrat.ion on 

limiting currents. 
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However, in these situations one can also obtain a detailed veri-

fication of the mass-transfer equations, taking into account variation 

of physical properties and a non-zero interfacial velocity as well as 

ionj.c migration (Ne,.Jman and Hsueh (1967), Hsueh and Ne"Tman (1967)). 

The numerical method could be applied to multicomponent diffusion prob-

lems, but the necessary knowledge of the concentration dependence of 

the multicomponentdtffusion coefficients is lacking in most cases. 

The one-dimensional, macroscopic model of porous electrodes 

(Ne,·nnan and Tobias (1962), Grens and Tobias (1964)) provides a large 

class of problems involving coupled, nonlinear differential equations, 

at least in the steady or pseudo-steady state and also just after ~he 

current has been applied but before the composition has begun to change 

appreciably. 

Occasionally one runs into a Single, nonlinear differential equa-

tion. The linearization method outlined here Has used to solve the 

first hydrodynamic equation of the Bla.sius series 

f '2 - f f" = 1 + f II, 
1 111 

by Newman (1966), although this problem had already been sol 'fed by 

other methods. A nonlinear equa.tion encountered by Smyrl and Ne'dman 

(1967) was also attacked in this manner. 

(1 ) 

1"1'10 problems currently being worked on are free convection at the. 

limiting current in the presence of a supporting electrolyte and the 

calculation of liquid junction potentials. For free convection the 

concentration of the supporting electrolyte affects the density as "ell 

as the ionic ~.igration of the react:?nt. Models of liquid junctions 

such a-s restricted diffusion and free diffusion from an initially sharp 

boundary also yield to the present :nethod of afl.alysis. 
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The analysis of a distillation process involving a number of stages 

produces a set of equations representing material balances and entha.lpy 

balances. These equations are similar to the finite difference approxi-

mation to differential equations in that each equation can involve un-

known quantities for the stage above and the stage beloH the one in 

question. The equations are nonlinear and coupled and involve unkno"\VDS 

like the temperature, compositions, and floH rates for each stage. The 

present method is applicable to such problems. For a restricted class 

of distilla.tion problems, more efficient methods have already been 

developed (Ne,,1man (1963)), but the present w.ethod is more general and 

allm-1s greater flexibility. 

Solution of Coupled, Linear, Difference Equations 

At each point J', except J' == 1 and J' - J' there are n equations - - max' 

of the form 

(2 ) 

The unknowns are C through C. The subscrip_t i denotes the eq_uation ··1 ~ n 

number, and each of the equations can involve all of the unknovms~k' 

through the sum. A. k' B. k' and D. k are coefficients of the unk_nm-ms 
1, 1, 1, 

at the mesh points j-l, j, and j+l, and G. contains all terw.s independent 
1 

of the unkno"ms C • 
k 

The equations are linear, that is, the coefficients 

A, B, and D are independent of the unknovms. 

Equation (2) is sufficiently general to cover the finite-difference 

form of most coupled, linear, differential equations. For example, 

a second deri vati ve is frequently approxi",ated by 



.. 

- 5 - UCRL-17739 

cll = k 

where h is the mesh distance. 

At j~l the equations are 

n 

I G.(j) • 
1 

(4 ) 

k=l 

There is no point below j=l, so A. k does not appear. Hmrever, in order 
1, 

to allow the treatment of complex boundary conditions, the third term 

involving the unknoims at j+2 has been added. In this case, point 1 

is an ilY'.age point. In other ;'{ords: it is occasionally desirable to use 

the difference approximation to the differential equation at the boundary 

point even though this involves an imaginary image point outside the 

domain of interest. The finite difference form of the boundary conditioEs 

is then written as an extra set of e~uations which should be sufficient 

to eliminate the iJnage points. 

For j=l, let Ck(j) take the form 

n 

Ck(j) = ~k(j) + ~ Ek,,e(j)C.e(j+l) + xk ,.zC.e(j+2) . (5) 

.e=1 

Substitution into equation (4 ) shows that ~ 
~k' 

the equations 

= G.(j) 
1 

k 

I B (" )E (" ) - D. J(j) i,k J k,.e J 1,-" 

k 

I B . 1 (j) x. 2 (j ) - - Xi ,2 1,K K, 
k 

j 1 , (6 ) 
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which all have the same matrix of coefficients Bi,k and which can be 

readily solved. 

For the remaining points, except j==j ,the unknovms Ck asstune max 

the form n 

Ck(j) == ~k(j) + I Ek,.e(j)C.e(j+l) 

'£==1 

Substitution of equation (7) into equation (2) to eliminate first 

Ck(j-l) and then Ck(j) and setting the rerr~ining coefficient of each 

Ck(j+l) equal to zero yield a set of equations for the determination of 

~k and Ek .e: , 

L 
k 

I 
k 

where 

b. k(j)Ek (j) = - D
1
· m(j), 

1, ,m ,. 

A ( .)~ (. l' 
i .e J '?£'.J- ) , , (8) 

(10 ) 

The solution of these linear equations at each point j is again straight-

forward, but the point to the left must be calcuJ.ated first since 

~k(j-l) appears on the right side of equation (8) ann E.e,k(j-l) appears 

in the matrix of coefficients b. k' The equations for j=2 actually 
1, 

take a slightly different form since equation (5) should be used instead 

of equation (7) to eliminate Ck(l) frdn equation (2). 

At j=j the equations are max 

(11 ) 

" v ~ ,,_ _ , t e 1n ro uction of cor.rplex bOlmdary '-'here +he "oeJ.:-... .l.1·(.'1·en+'-::: -'J.T • k allo'l . h . t d 
1, 
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conditions at the right in the same way that X, k does at the left. 
1, 

If C
k

(j-2) and Ck(j-l) are eliminated by means of equation (7), then 

the values of C
k 
(j) can be determined -from the resulting equations 

I G, (j) -
1 

k 

m 

where 

b, k(j) 
1, 

B, k(j) + 
1, 

y. E 1 (j-2)]E n kU- l ) . 1,m m,h h, 

Having in harid Ck(j) for j=jmax' one is nml in a position to 

determine in reverse order in j from equatior, (7) and fina.lly to 

determine from equation (5). 

Linearization of Nonlinear Problems 

The preceding section shmls hml to solve coupled, linear, difference 

equations. Often, however, one is faced with a set of coupled, non-

linear, differential eqili'1.tions. A variety of experience shOltls that 

iteration Hith a linearized form of the eC',uations frequently converges 

to the correct result. 

The equations 

D "+ F( ",11-,-,,,,,,) 0 ,c, Z,U, c,'>' .c,'>' = 
1 1 111 1 

(14 ) 

represent Fick' ssecond laH for one dinel:sioE8.l, steady migration and 

diffusion of ionic species in a stagnant medium (Ne~l~.an (1)166)). Here 

c, is the concentra.tion: .~ is the eleetric potenti2.1, D. is the diffu-
1 1 

sion coefficient, u
i 

is the mobility, zi is the charge number._ acd ? is 

(12 ) 
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Faraday's constant. The diffusion term is already linear, but the 

migration terms a.re nonlinear. Equations (14) can be linearized by 

assuming that one has nearly correct values of c. and ¢, say c~ and ¢o, 
~ 1 

and that the change in these quantities during one iteration is rela-

tively small. Then we can write, for example, 

where the term quadratic in the small quantities Dei and 6¢" has been 

1 t d R 1 . A_ bOd A~" by ~"_~o", th·t neg ec e. ep aClng L.:1.:i y ci -ci an L"I! '!' '!' we can en vlrl e 

(16 ) 

The linearized form of equatiorls (14) carl nOl, be ',-iritten as 

These form a set of cOlJpled, linear, differential equations. The finite 

difference form is 

+ c.(j+l)[D. + tz.u.Fh4lo '] + 4l(j-l)[z;u.Fc? - ~z.u.Fhc?'] 
~ 1 1 1 ~ ~ 1 1 1 1 

+ 4l(j)[-2Z;Ul.FC~] + ¢(j+l)[z.u.Fc~ + ~-z.u.Fhc?'] 
~ ~ 1 1 1 1 1 1 

(18) 

The coefficients A. k in equation (2) then become the coefficients of 
1, 

Ci and 4l at j-l, etc., and 4l becomes one of the unknO'tms C
k

. The ter:n 

on the right in equation (18) becomes G
i 
(j). 

'The one remaining equation for this proolem .1wuld be the electro-

neutrali ty rela tior.. 
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which is already linear and does not involve the unknmms at j-l or 

j+l. 

For porous electrodes the equations might involve a reaction term 

involving exponentials, like 

-¢ 
J = e - c e 

3 
¢ , (20) 

where ¢ is a dimensionless potential and c
3 

is a reactant concentration. 

The linearized form of this equation Hould be 

(21 ) 

A rema.rk is in order for first and third order differential equa-

tions. For the purpose of computa+~ion} the third order equatiorl (1) 

could be replaced by t'tlO second order equations (with c{ = fl and 

C2 - f{) or a first order equation and a secor,d order equation (with 

Cl :: fl and C2 :: f;). In this way the finite difference forms still 

involve only the points at' j-l, j, and j+l. For a first order equation 

it is probably better to US'E' a backllard difference rather than a central 

difference. 'The order of the approximation -,-iill still be h2 if the 

coefficient takes on its average 'falue: 

(22 ) 

Distillation 

The numerical procedure described here \·las developed primarily 

for problems in hydrodYrlamics and electrolytic mass transfer. HO\vever, 

its application to distillation calculations has also been tested a~d 

compared \yith the method de'leloped by New;Tlarl (1963). Oree fi.rst :,oticeS 

a difference in the storage requi.reme:-:ts. The pl'eser.t :lethod req!.iires 
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at least the storage of the E array. A large number of components 

is frequently involved in distillation, and the E array requires 

55,200 storage locations for the calculation of 20 components and 

100 stages, compared to 10,000 locations for the largest array in the 

earlier method. 

The calculation time was perceptibly longer for the more general 

method. 'T'he earlier program is a slight modification of the rrhiele­

Geddes method and takes advantage of the fact that one set of variables, 

the temperatures on the stages, controls all the compositions if the 

flm." rates are fixed. The subseQuent adj1Js~AneGt of the flov rates to 

satisfy the enthalpy balances is less certain, ~'ihereas -She e;eneral 

method simultaneously treats the enthalpy balances in -che linearization. 

The general method has t'.-lO distinct advantages. First, it is 

easier to introduce composition-dependent activity coefficients for the 

liquid phase without upsetting the convergence characteristics. Second, 

there can be greater flexibility in the specification of conditions of 

column operation. In the standard extensions of the Thiele-Geddes 

method, the bottom-product flow rate and the reflux flm., rate are speci­

fied. With the more general method one should be able to replace one 

or both of these conditions by conditions such as a given mole fraction 

of a component in the top or bottom product, a given product amount of 

a component, a fixed reboiler or condenser tetnperature J or a fixed 

reboiler or condenser heat load. 

Conclusions 

The procedure outlined here for solving coupled .. nonlir:ear, dif­

ference eQu2.tions by linearization ar:d sl..;bseQuent iteratio" has proved 
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useful in a number of problems. For a given problem it may be possible 

to devise a more efficient method, but usually .,ith considemble expense 

of personnel effort. The method outHned, it should be emphasized, is 

very general and flexible. 
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Appendix A. Program for coupled, linear difference equations. 

The next two pages give subroutines implementing the solution of 

coupled, linear, difference equations as outlined in the body of this 

report. To save storage space, the arrays A, B, D, and G are to be 

supplied by the main program for each value of j, and the subroutine 

BAND(J) is to be called for each value of j. The values of X are to 

be supplied for j=l, and the values of Y for j=NJ=j . The val ues of 
max 

X are not to be disturbed for any intermediate calculations betvleen 

j=l and j=j . The di.rnensions have beer'. selected for n=6, the nU!;iber 
max 

of unknmm variables at each mesh :point, and jraax=103: the nUlllber of 

mesh points including image pOints, if any. 'l'hese can be changed appro-

priately for a particular proble!1l. The second dimension of the D array 

is to be 2n+l, although values need to be supplied only for the original 

n by n array. The second dimension of the E array is n+l since ~k is 

stored here. An example of a main program for the effect of ionic 

migration on limiting currents is given in appendix B. 

The subroutine MATIWif is used to solve the linear equations (6), 

(8), (9), and-(i2) which arise at each value of j. If, at any value of 

j, the determ.inant of the matrix of these equations is found to be zero, 

this fact is reported in the output. This usually indicates that all the 

equations have not been programmed or that they are not all independent. 

It can also indicate that the equations for j=l are not sufficient to 

deter['line the inage points althotlgh the eC!uations for j=cl and j=2 

'",auld be sufficient to deterrcdne both the boundary point and the i::'"lJ,ge 

pOint. In rare instances it may indicate that the trial sol~tion is 

ina.dequate and gives a zero deterlinant. 
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SUBROUTINE BANDIJ, 
DIMENSION CI6,l03',GI6"AI6,6"BI6,6',OI6.l3,.EI6.7,103"XI6,6'. 

lY16.61 
COMMON A,B.C,D.G,X.Y,N,NJ 

101 FORMAT 115HODETERM=0 AT J=.I41 
IF (J- 2 , l! 6 • 8 

1 NP1= N + 1 
DO 2 I =l.N 
DII,2*N+l,= GIl) 
DO 2 L=I,N 
LPN=L + N 

2 DII,LPNI= XII,LI 
CALL MATINVIN,2*N+1,DETERMI 
IF 10ETERM' 4,3,4 

3 PRINT 101, J 
4 DO 5 K=lPN 

EIK,NPl,I,= OIK.2*N+1) 
DO 5 L=l,N 
EIK,L,l'= --OIK,LI 
LPN= L + N 

5 XIK.L'= - DIK.LPN' 
RETURN 

6 DO 7 I=I,N 
DO 7 K=1.N 
DO 7 L=l,N _ 

7 OII,KI= OII,K' + AII,L)*XIL.KI 
8 IF IJ-NJ' 11.9,9 
9 DO 10 I=l.N 

DO 10 L=l.N 
GII'= GIll - YII.LI*EIL,NP1,J-2) 
DO 10 M=l.N-

10 AII,L)= AII.L) + YII.M'*EIM,L,J-21 
1100 12 I = 1 • N 

DII.NP1I= - GIl) 
DO 12 L=1.N 
DII,NP1,= DII,NPI1 + AII,LI*EIL,NPl.J-11 
DO 12 K=l.N 

12 BII,K'= BII.KI + AII,L)*EIL,K,J-l' 
CALL MATINVIN,NPI.DETERM, 
IF IDETERM' 14;13,14 

13 PRINT 101. J 
14 DO 15 K=l,N 

DO 15 M=1.NPI 
15 EIK,M,J'= - DIK.M' 

IF IJ-NJ) 20.16,16 
16 DO 17 K=1,N 
17 CIK.J'= EIK,NP1,J' 

DO 1.8 JJ=2,NJ 
M= N'J - JJ + 1 
DO 18 K=l.N 
CCK.M)= EIK,NPl,M) 
DO 18 L=l.N 

18 eIK.M)- CIK.M) + EIK,L,M'*CIL,M+l) 
DO 19 L=1.N 
DO 19 K=l.N 

19 CIK,l'= CIK.l' + XIK,L'*CIL,3) 
20 RETURN 

END 

XBL 679-4895 

UCRL-17739 
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SUBROUTINE. MATINVIN.M.DETERMI .. 
DIMENSION IDI61.BI6.61.D(6.131.A(6.6) .CI6.103) 
COMMoN A,B,C.D . . . 
DETERM= 1.0 
DO 1. t=l.N 

1 IOfIl" 0.0 
-'!iDO 18 NN=ltN 
. BMAX* 0,0 

DO 6 I=ltN 
IF IIDlln '2,2.6 

2 DO 5 J=hN 
IF IIDIJII 3.3,5 

3 IF (ABSF(B(I.JII - BMAx) 5.5.4 
4 BM.X= ABSFIB1I.JII 

tROW" I 
JCOL= J 

5 CONTINUE 
6 CONTINUE 

IF (BMAXI 7.7,8 
7 DETERM= 0.0 

RETURN 
8 IOIJCOLI= 1 

IF IJCOL-IROWI 9.12,9 
9 DO 10 J cz 1,N 

SAVE .. BIJROW.JI 
BIIROW,JI= BIJCOL.JI 

10 BIJCOL,JI= SAVE 
DO 1i K=l.M 
SAVE= DIIROW.KI 
DfIROW,KI= DIJCOL.KI 

11 DcJCO[,KI= SAVE 
12 F= 1.0/BIJCOL,JCOLI 

DO 13 J=l.N 
13 B(JCOL,JI= BIJCOL.JI*F 

DO 14 K=i'M 
14 DIJCOL.KI= DIJCOL.KI*F 

DO 18 I =1tN 
IF II-JCOLI 15.18/15 

15.F= B(I.JCOL) 
DO 16 J=l.N 

16 BCI.J)= BCI,JI - F*BCJcoL.JI 
DO 17 K=l,M 

17 DCI,K'= DCItRI - F*DCJCOltKI 
18 CONTINUE 

RETURN 
END 

UCRL-17739 

XBL 679:.4896 
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Appendix B. Effect of ionic migration. on limiting currents. 

This program gives an example of the use of the subroutines of 

appendix A to solve a particular problem, that of the effect of ionic 

migration on limiting currents (NewwBn (1966)). Each iteration begins 

at statement 8 and involves setting up the coefficients A, B, D, and 

G for each value of j follmled by calling subroutine BAND(J) for each 

value of j. In the program u(r) is proportional to z.u., and the 
1. 1. 

electric potential is then-th unknmrn variable, the other unknmlns 

being the n-l specj.es concentrations. MODE is 1 for a Nernst stagnant 

diffusion layer: 2 for a gro;dng mercury drop or unsteady diffusion 

into a stagnant flUid: and 3 for a rotc.ting disk. H is the ::;esh size, 

and eRO is the concentration of the reac~;ant at the electrode (equal to 

zero at the limiting current). 



, . 
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PROGRAM MIGR(INPUT,OUTPUT) 
C PROGRAM FOR EFFECT OF MIGRATION ON ~IMITING CURRENT 

D I MENS ION A 16,6) , B I 6,61 , C ( 6,103) ,D (6.13) • G (6) , X ( 6.61 • Y ( 6.61 ,U ( 61 , 
IV( 103) ,DIF(6! .ZI 6) ,5(6) ,CIN(6) .REF/6) 

COMMON A,B.C.D.G,X,Y,N.NJ 
101 FORMAT (2I4,E8.4! 
102 FORMAT (4E8.4,A6) 
103 FORMAT 14HONJ=.I4,5H. H=.F6.4/34HOSPECIES U OIF Z 

1 S/(3X.A6.2F8.5.2F5.1)1 
104 FORMAT (32H1NERNST STAGNANT DIFFUSION ~AYERI 
105 FORMAT (32H1GROWING-OROP OR P~ANE E~ECTROOEI 
106 FORMAT (14H1ROTATING DISKI 
107 FORMAT ISE8.4) 
108 FORMAT (30HOTHE NEXT RUN DID NOT CONVERGE I 
109 FORMAT (lHO,26X,FIO.6/(3X.A6.2F9.511 
110 FORMAT (35HOSPECfES CINF CZERO AMP) 

READ 101. MODE,NJ.H 
GO TO 11,2,3).MODE 

1H= 1.0/(NJ-21 
CONST= 0.0 
PRINT 104 
GO TO 99 

2 CONST:: 2.0 
PRINT 105 
GO TO 99 

3 CONST:: 3.0 
PRINT 106 

99 READ 101. N.J.CRO 
IF (N) 4.4,5 

4 STOP 
S NM1:: N - 1 

NM2= N - 2 
READ 102. IUClltDIFIIltZlIltS(IltRE-FIII,I=1.NM1) 
PR I NT 103. NJ. H. (~ EF ( I ! • U ( I ) • D I F I I ) • z: ( I I , S ( I ) • I:: 1, NM1) 
PRINT 110 

98 READ 107. (CINII),I=1.NM1) 
CtNIN):: 0.0 \ 
IF (CIN(l)) 99.6.6 

,6 DO 7 J= ltNJ 
VIJ)= CONST*(H~INJ-J-1))**(MODE-11*DIF(NM11 , 
C I NMlt J I = CRO + I C IN (NM 1 I ':'-c-RoT*TNj~J:;;iT/ (NJ-2 I 
C IN. Jt~~ _______ ,,_,_, __ ,, __ ,_~__ ' __ ' ____________ ---:-----'_ 
DO 7 1=1 .NM2 

7 CII.JI= CINtII 
JCOUNT = 0 

________ AMP= O_LO ' __ =--
8 JCOUNT= JCOUNT + 1 

J= a 
DO 9 I=l.N 
DO 9 K=l,N 
Y(I,K):: 0.0 

9 XII,KI:: 0.0 
10 JrtJ+ 1 

DO 11 I =l.N 
G'III= 0.0 
DO 11 K:tl.N 
AII.K):: 0.0 
B(I.K)= 0,0 

11 D ( I • KI II O~.~O----~----- -------~----:------'-------



. ~. , 

IF (.1-11 "12.12.14 
1'2 DO 13 I-liN 

BCI. n-l.0 
13 G I t ) - ci NH ) 

CALL BANDtJ) 
"GO TO 10. 

14 DO 1"5 K"I.NM1 
15 BIN.K).ZIKI 

tFU"NJ I 16.18.18 
16 DO 17 1~11NMl . 

-18 -

pp. UI Il/OI.F(II* ICIN,J+II-CfN.J-l II/Z.O 
,PPP= VI n 10IFI I 1*( C( N ,J+ll +C! N .J-l'-2. O*ceN. JII 
CP"CCfI,J+11 -C(1.J-111/2.0 
At I .n" ... ,1.0 + PP/Z,O -H*VI J IIZ.0/DIFI t 1 
Bll.II= Z.O ~ PPP 
O[I,tl- - 1.0~ PP/2.0 + ~*VIJI/2.0/DIFlll 
AII,NI- UlII/DIFIII*ICP/Z.O - CII.JI) 
BII.NI·2.0*UIII/DtF(II*CCl.J) 
OII.NI- - U1Il/0IFCII*ICP/2.0 + CCI.JII 

11 GCtl= ~ PPP*CII.JI - PP*CP. 
CALL BANDIJI 
GO TO 10 

18 DO 19 I-l.NM2 
PP .. urIllDIFJII*ICIN.NJI-C{N.NJ-2)1 
YII.II= ;.. 1,0 
AI t. II- PP 
BCItn .. l.0 
YII.NMlI= SHI*DIFINMlI1SCNM11 /DIFI I) 
B1I.NMl)= - YII,NMl) 
YtI~N}. ISIII/SINMl)*UINMl)*CRO-UII)*CII.NJ-1))/OIFCI1 
BI1.N). - YCI.NI . . 

19 GCII=PP*CCItNJ-11 
GINM1I.= CRO 
ACNM1,NM11= 1.0 
CAL.LBANOCJI 

UCRL-17739 

, AMPO.. AMP . ,." , 
AMP .. fUINMll*CRO*ICIN,NJ-2)-CCN,NJ))+DIFCNMl}*ICCNMl,NJ-2)-c1NMl. 

INJI,J/i.O/H/ICININMl)-CRO)/OIFCNMl) 
IF (ABSFIAMP-AMPOI-O.OOOOl *ABSFCAMPll 22.2Z.Z0 

20 IFIJCOUNT-IO I 8.8,21 
.. ' 21 PRINT 108 

22 PRINT 109, AMP, IREFII I .CI 1 •. 1' .CCltNJ-ll.I=l,NM1I 
GO TO 98. 
END 

XBL 679-4898 
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* Appendix C. Distillation calculations by the Thiele-Geddes method. 

This section contains the FORTRAN statements for a tested computer 

program employing the method discussed in "Temperature Computed for 

Distillation" (NeVlman (1963)). The program is designed to handle dis-

tillation calculations for a fractionating column ,'lith as many as 86 

plates and 20 components, ",here the equilibrium constants may be con-

side red to be independent of composition. A total or a partial condenser 

may be used, and the possibility of a feed, a side draw of liquid, and 

a side dra''! of vapor on each stage has bee" included. A tHo-prodLlct 

condenser can be achieved by a liquid dralv from the condenser. 

Equilibrium constants in the form of either pmler series in tempera-

ture or exponential functions may be used. These are put into a sub-

routine so that they can be changed without r:mch trouble. 

* This program is improved over the earlier program in the calculation 

of compositions and in the re-estimation of floll rates. For the corr,po-

8itions, with the flml rates and temperature fixed as in the Thiele-

Geddes method, the standard method for a tri-diagonal .'Il8.trix "ivorks for 

both light and-heavy components and avoids the necessity for calculating 

heavy components from the bottom, and vice versa. The adjustment of 

the flm" rates from the heat balances ,las also a source of difficulty, 

"'hich arises beeause the molal enthalpies depend on temperature and 

composi tion and really are not known. A crude but effective method of 

interpolation, extr3.:pol3.tio!l, and daDlping has therefore been 3.dded. 

* 'I'his section obsoletes ar:d supersede::; the repert "COf:':I)lJ."ter Prog:'];::. 
for Distillation" dated April 26, 1963. 
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The basic problem should specify all feeds, number and arrangement 

of plates, and the amount of reflux, bottom produc:t, and side-stream 

dravls. For problems 1-11th other variables specified, a specifics,tion 

subroutine 1-lould have to be used. Only a durruny subroutine of this 

type has been written. The arrays SPECS and IN are intended for trans-

mitting data to the SPEC subroutine without modifying the main program. 

The significance of the input data is outlined below. 

NC - number of components. 

NS - number of stages including reboiler and condenser. 

NF - number of feeds. 

JCO'l'Yp == 0 for partial condenser .. = 2 for total condenser. 

KTYP == 0 for exponential equilibriwn constants, == 2 for p01t7er-series 

equilibrium constants. 

LIM - maxi'l1l..lll nUlnber of times that the te:n:perature-correction procedure 

can be aplllied. 

NDRAVJ - number of stages on 'tlhi ch side dra'tls occur. 

IN(l) to IN(5) - not used. 

NPROB - problem munber for identification of OlltpUt. 

AK, BK, CK, DKare parameters in the expression for equilibrium constants. 

For the pO\ler- series expression, 

K. == AK. + (BK.)T + (CK. )T2 
+ (DK. )T3. 

l l l l l 

For the exponential expression, 

( AK 
I i K. == eXT> -<.--- + BK. 

l .t' l'I'+DKi 1 
(CKj) (T + DK. ) ~ 

l') 

A..'{L, BI-iL, CHL are parameters in a pO;'ler-series expression for the 

enthalpy of a liquid stream. Per :role of mixture .. 
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x. (AHL. + BBL. T + CUL. T2) • 
111 1 

ARV, BHV, CHV are parameters in a pmler-ser:les expression for the 

enthalpy of a vapor stream. Per mole of mixture 

H = I y. (AHV. + BHV. T + CHV. T2) • 
111 1 

i 

AI. are estimated molal flm{ rates of the lJquid stream leaving each 

stage (the last one being the reflux). 

T are estimated temperatures for each plate. 

J is the feed stage. 

Ell' is the total entha1:py of the feed. 

FX is the feed rate for each component. 

11}).e last three are re:pea ted for ea,~h feed stage. 

JD is the munter of a stage with a side dra\.J. 

81 and SV are molal flm{ rates for the lic;.uid and vapor side st.reams. 

'l1}).e last three (JD, 8L, and SV) are repeated for each stage '.vith a side dra'.!. 

SUlJiERFt - error limit on the sU.in of mole fractions. The sum of the mole 

fractions can differ from unity by no more than SU1-1..:;;~m. 

I{ErEEPB - error 1 imi t on heat balance. The errOr in the heat balance 

on any stage, divided by the a verage of the condenser and 

reboiler loads, must be less than HETERR. 

8OOCOL- subooling of reflux for total condenser (degrees belmr bubble }loint). 

DTLn.1 - l.imit on the tem'perature cOl're(~tion: degcees. 

SPEC3(1) to SPECS(4) - not used. 

CHECK is Oll111 +1 in columns 65 to 72. This is used to make sure thai: 

the correct nlJmber of cards has been read. 
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Any number of problems may be run without stopping. 

In the output, J is the stage number, T is the temperature, AL is 

the liquid flovl (or reflux for a total condenser), SUMX is the sum of 

the mole fractions, X are component mole fractions. The component 

flml rates are then listed for the botto;n product, the top product, 

and any side streams. 

- , 



C 
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PROGRAM DIST(INPUT,OUTPUTI 
PROGRAM FOR FRACTIONATING COLUMN WITH SIDE-STREAM DRAWS 
DIMENSION AK(201.BK(201.CK(ZOI,DK(20),AHL{20I,BHL(20),CHL(201,AHV 

1(201.BHV(201.CHV(201,X(20, 881.EQ(20, 881,T' 881.AL( S81.V('SSI,SI.. 
2( S8ltSV( 88ltQERR( 88) .OLDDL( 881,ERR( 881.HL( 88),HV( aaltA( 8S. 
3 88ItIN(SI.SPECS('41.F( 881.HF( 88"FX(20. 881 . 

COMMON AK.BK.CK,DK,KTYP,EQ,T,X,NC.N,QC.QR.QNET.CHECK.DL.OK.ITERAT. 
lITHEAT.ITTEMP.NIT,ERR,AL.V.SL,5V,NS.NF.NDRAW.JCOTYP.IN.SPECS.F.HF. 
2FX,DTLIM.SUMERR,HETERR~SUBCOL.NPROB.HL'HV.OLDDL,QERR.A 

101 FORMAT (74H1COMPONENTS STAGES FEEDS COTYP KTYP LIMIT DR 
lAWS INSTRueTIONs.26X.7HPROBLEM/(13I811 

1 02 FO R MAT (118 HOI A K ( I I ......--'B"'-'K"-'('--'Ic..;'-;-;-;-; .... .---'C~K'-'C-=I-!.' ;-;-.-...--_..!!!.O~K~C~I !.' ..........,,-,-__ _ 
1 AHL(II SHUll (HUll AHV(11 BHV(II CHVCII/ 
2(I3,7E12.4.3E11.411 

103 FORMAT (60HO STAGE FEED ENTHAL.PY COMPO 
lNENTS/I8.E22.7.6E1S.7/(8E1S.71) 

104 FORI4AT (40HO' STAGE LIQUID DRAW VAPOR DRAW/CI8.2E17.61.1 
_________ 10S FORMAT (69HO SUMERR HE:...!.T-=E~R~R ____ -,=S~U~B~C~O~L ____ ~D:..!T~L.c=.I.:.cM __ ~ 

1 SPECS/(8E1S.711 
1 FORMAT (9E8.41 
2 FORMAT (13141 
3 READ 2, NC.NS.NF,JCOTYP'KTYP,LIM.NDRAW.(IN(II.I=1~51.NPROB 

IF (NCI 98.98.99 ' 
98 STOP 
99 READ 1. (AKIII.BK(IltCK(ll.DK(II,AHUII,BHUII.CHt.(II.AHVCII. 

lBHVIII.CHV(II,I=l.NCI . 
READ 1, IALIJI.J=l.NSI 

- READ 1, (T(JltJ=lpNSI , 
PRINT 101. NC,NS,NF,JeOTyp.KTYP,LIM,NDRAW.(IN(II,I=1,51.NPROB 

_______ '-_ PRIlU,':"102. I I .AK.l.1J...tll.K( I I .eK( I1.DKl I I ,AHL( I I .BHt.e I I ,CHLC I I .AHV( I I. 
1BHV(tl.eHV(I).I=1,NCI 

, 

DO 4 J=l.NS 
St.(J)= 0.0 
6y(JI= 0.0 
FIJI= 0.0 ~ 
HF(J)= 0.0 
DO 4 I=l.NC 

4 FX(I.JI= 0.0 
DO 6 JF=l,NF 
READ 2, J 
READ 1. HFIJ)tCFX(I,JltI=l.NCI 
DO S 1=1 .NC 

S F(JI= F(JI + FX(I,JI 
6 PRINT.103. J.F(JI.HFIJlteFX(I,JltI=l,NCI 

IF (NDRAWI 9,9,7 
7 DO 8 J=l.NDRAW 

READ 2. JD 
READ 1, SLIJD).SV(JD) 

8 PRINT 104. JD.SLIJDI,SV(JDI 
9 READ 1. SUMERR.HETERR.SUBCOL.,DTL.IM,ISPECS(II,I=1,41.CHEeK 

PRINT 105. SUMERR,HETERR.SUBCOL.DTt.IM,(SPECS(II,I=1.41 
ITERAT= 0 
IF (ABSFICHECK - 11.1111 - 0.011 10,16.3 

10 ITERAT= ITERAT + 1 
JC= -1 
!THEAT: - 1 
ITTEMP= 0 
L.= NS - 1 
N: N5 
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IF IJCOTYP - 1) 13,11,11 
11 N= L. 

DO 12 I=I,NC 
12 EQI hNS):: 1.0 
13 NM.l:: N - 1 
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Vll)= AL.(2) - AL(l) - S~(l) -~S~V~C~l~!)~+~F~(l~I~ ______________________ __ 
DO 14 J=2,L 

14 V(J): AL(J+ll + V(J-ll - AL(JI - SL.IJI - 5V(JI + FIJl 
V(NS)= V(L.I - AL(NS) - SL.INSI - 5VINSI + F(NSI 

______ -21~5~C~AL.L EQUIL(200) 
DO 17 I: 1, NC 

______ EJ~R(ll;. l.O/(AUl! + SL(lJ + (V'lll+SV(ll1*EQ(I,lll 
X ( 1.11" FX I 1,1) *ERR ( 11 
DO 16 J=2.NS 
ERR(J): 1.0/CALIJI + SLIJI + (VCJI+SVCJII*EQ(ItJ) 

1 - ERR(J-1)*V(J-l)*EQ(I,J-ll*ALIJ») ------16-)( II tJ):: (FX ( I • J) + V ( J-1) *i:Q I I tJ'':::_--7l-"-,-C:*"7CX-'(--=I-,""""'J-_-':-l7"1 ~I ~*=E~RR~( J"77""1 ---------'---------
________ ..J2Q..._17 JD::1.L 

J: NS -JD 
17 XII.J)= X(I,J)+ ERRIJI*XII.J+11*AL.IJ+11 

DO 18 J=I,NS 
_________________ E.I3.R I J):: - 1. 0 ____ __ 

------------------------------------------~ 

DO 18 I=l,NC 
__________ ~f_R R ( J ) = ER R ( J I + X ( -"-I:.... J,,-,--I ____________ -" ____________________________ _ 

DO 19 J=l.NS 
IF (ABSFIERR(J)I - SUMERRI 19,19,35 

19 CONTINUE 
ITHEAT= ITHEAT ..:+~l~--=-=-~-:­
IF (JCOTYP- 1)21.20,20 

20 CAL.L. EQUIL(NSI 
T(NS):: T(NSI - SUBCOL 

21 DO 22 J=I,NS 
Hl.IJ)= 0.0 

____________ HV( J):: 0.0 
DO 22 I: 1. NC 
HL(J): HL(JI + X(I,J)*IAHL.(II+6HLII)*T(JI+CHL.(II*TIJI**21 

22 HV(JI= HV(JI + X(I,JI*EQ(I,J)*(AHVIII+BHV(I)*TIJI+CHV(II*TIJ'**21 
IF (JCOTYP - 11 24,23.23 

23 HVINS):: HL(NSI 
24 QNET: HV(LI*V(LI - HL(NSI*AL(NSI 

QC" QNET-':S"l:TNSI*HL.(NSI -';;;--CVCNsT+svfNSI f*HVINSI + HF(NS) 
IF (JCI 226~224,225 

224 DAMP= DAMP*( SUM/FLOATF( l.':l-f~-.-O) --~---.---------

EPSP= 0.0 
JCII 1 

_________ GO TO 228 
225 DAMP:: DAMP*EPSl/(EPSl - EPSP) 

IF (ABSF(DAMP - 0.51 - 0.51 _2~2~7~.2~2~7~'~2~2~6~ ________ ~ ____________ _ 
226 DAMP .. 1.0 
227 JC= 0 

SUM" 0,0 
228 EPSl= EPS 

EPS'" 0,0 
DO 32 K-2,L. 
J= l. - K + 2 
QNET:: QNET + HV(JI*SV(JI + HL.(JI*SLIJ) - HFIJI 
QER= QNET + HLIJI*ALIJI - HVIJ-ll*VIJ-ll 
IF (JCI 27,21,25 

25 EPSP", EPSP + QERRIJI*IQER/ABSFI(fERRI"JII) 

XSL 67-9-4900 
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IF CABSFIQERRCJI - QERI - ABSFIQERR(JI + QER1/3.01 27,26,26 
26 DL= QER*IOLDD~IJ'/(Q~E~R~R~C~J~'_-~Q~E~R~'~I ________________________________ _ 

GO TO 31 -
, _____ 21 DL:: QERI I HV I J-1) - HI.. C J, , *DAMP _________ _ --CHECK = A L ("Jr- -------------------- -------------

IF IVCJ-1' - Ai..tJII 28,29,29 
---------Zif--CHECK;- V C J-1 ,------------------

29 IF IABSFIDLI - -0.2~*CHECKI 31,31,30 
30 SUM= SUM + O.25*CHECK/ABSFCDI..I:~-~1~.~0~--------------~---------------

DL=0.25*CHECK*DL/ABSFIDLI -31 CLDDL (J I = DL----- ---------- ----------- -------

_______________ 9 EI~H.LLL_::: __ .9.fR _______________________________________ _ 
ALCJI= AI..CJI + DL 

32 EPS= EPS + ABSFIQERI 
33 QR= QNET + IAI..Ill+SLI1,,*HI..(1) + 5VIl)*HV(11 - HF(ll 

DO 34 J"'2,L 
---- -----IF---(ABSFIQERRIJ;-,-,;;--O.5-Ji.-H-ETERR*ABS-F(QC--+ QRI' 34,34,13 

____________ 1~ CONTINUE 
CAI..L 0'"'U'""T'-=p-U-'-r-c-I -=-17"", - --------.-0;-------

OK=- 0.0 
CAI..1.. SPEC 

_________ IE..Jl)_K~~~wlQ ______________ " _________________ _ 
35 IF IITTEMP - L.IM, 37,36.36 

_______ ~('_CAJ,.j,. OU TPl,LLLzJ __________________________________________________ _ 
GO TO 3 

37 DO 38 J=1,N 
AINStJ,=O.O 
HVIJ'= - IERRIJ' + 1.01*1..0GFIERRIJL_! __ 1.!Q.L ____________________ _ ------------l5038 K =-T-;"N------------------------------

_______ .1~L A I J , K , =-=-O~ • .::.o ___ ~ 

0044 I=l,NC 
ERRlll= 1.0/1ALIll + 5LI1I + (VIl)+SVIlll*EQII,111 
DO 39 J"2,NS 

___ ----=39 ERRIJ'= 1.0/IALlJ' + SL(JI + (VI.JI+SVIJII*EQII,JI 
1 ~ ERR 1 J-11 *V I J-ll *EOI I ,J-11 *Al.1 In-

DO 44 K=l,N 
DO 40 J=l,NS 

40 HI..IJI:: 0.0 
CHECK= -_X 1 I, K I *EQT I AK (l , ,BK C I I • CK I I I • OK C II , T I K I • EQ I I , KI • KTVP I 
HLIKI= CHECK*CVCKI + SV(KII*ERRIK' 
IF (K - N5) 41.43 ,4~ - ----------

41 HLIK+l'" - CHEC~*VCKI 
DO 42 J=K,L 

42 HLI J+ll" I HLI J+ll+ VI J '*EQ 1 ItJ '*HLC J )_:..'_*-=E~R~R_'__C--=-J.:..+::..l~I ________________ '____ 
43 ACNS,K)= AINS,KI + H~IN5' 

DO 44 JF"2~NS 
J::i NS - JF + 1 
HL(JI= Hl.IJI + ERRIJI*HLIJ+l'*AL(J+l~' ___ _ 

44 AIJ,KI= AIJ,K' + HLIJ' 
00-46 I=l,NMl 
IP1= I + 1 

_____ .6.11'1'= 1.0/AII,I) 
HVII,= HVII'*AlItI, 
DO 45 K=IPl,N 

45 AIltK'" AII,K'*ACltI' 
DO 46 J=IP1,N 
HVIJ,= HVIJ' - HVII'*A(J,x, 
DO 46 K=IPl,N 

46 AIJ,K'= A1J,K) - AII,K'*A(J.I, 
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HVIN)= HVINl/AIN,Nl 
DO 47 I=l,NMl 
J= NMl + 1 - I 
JP1= J + 1 
DO 47 K=l,J 

-26-

47 HVIKI= HVIKI - AIK,JPll*HV(JP1) 
DO 49 J=hN 
IF IA13SFIHVIJI I - DTLIM) 49,49,48 

48 HVIJ)= DTLIM*HVIJI/ABSFIHVIJI) 
49 TIJI: TIJI + HVIJI 

ITTEMP=' ITTEMP +, 1 
GO TO 15 
ENO 

SUBROUTINE EQUILINl 

UCRL-17739 

SUBROUTINE FOR EQUIbIBRIUM CONSTANTS AND BUBB~E POINT 
D I MENS ION AK 120" 13K I 20 I ,ei<. I 20) , DK 120" EQI 20. 8;-;8"l:-,.-';T"I-'-;:;8-;;8")-.~XCTI"2'0;;;-'-.----"8';<'8'-1-­

----, , COMMON AK, 13K, CK, OK,K ryp ,EQ. T, X .NC. ~. A. B.C. D. SUMX.SUMO 

C 

IF CN - 1501 1.1,7 
1 IF IKTYP ~ II 2,2.4 
2 SUMX=O.O 

SUMD= 0.0 
DO 3 i-I ,NC 

__ ----""A=J<PFI AKI I I II TlN)+DKI I)! + BKI I) + CKI 1)*1 T<N)+DK( I») 
SU~~= SUMX + XII.NI*IA - 1.01 

3 SUMD= SUMO + XII,N)*A*ICKII) ~ AKII)/I(TIN)+OKII)I**21) 
TINI= TIN) - SUMX/SUMO 
IF IABSFISUMXI - 0.000011 J.JJ_l"-1"-',,,-2~, _________________ _ 

4 A= 0.0 " 
13= 0.0 
C= 0.0 
D=·O.O 
DO 5 1=1 ,NC 
A= A + IAKII) - 1.01*XII,N) 
B= B + BKIII*XII,NI 
C=C + CKII)*XII.NI 

5 D= 0 + DKlll*XII,NI 
6 SUMX= A + B*TIN) + C*T(N)**2 ~ D*T(NI**3 

SUMO: B + 2.0*C*T(N) + 3.0*0*T(N)**2 
'TINI= TIN) - SUMX/SUMD 

IF IABSFISUMX) - 0.00001) li.1l,6----··-
7 0010 J=l,L 

DO 1Q I-1,NC 
----------,--------

IF I KTYP - 11 8,8,9 
8 EQII,J)= EXPFIAKlr)/IT(J)+OKIII1 + Bk(l) + C~(I)*(T(Jl+DK(rl)) 

______ GQ TO .10 
9 EQ(I,JJ= AKlf1 + BKII)*TI~I~ ~KII)*T(J)**2 + OKIII*T(JI**3 

10 CONTINUE 
11 RETURN 

END 

C FUNCTION FOR DERIVATIV~S OF EQUI~IBRIUM CONSTANTS 
IF (K - II 1,1.2 

1 EQT= EQ*IC - A/IT+OI**ZI 
GO TO 3 . 

2 EQT: B + 2.0*C*T + 3.0*0*T**2 
3 RETURN 

END 

XBL 679-4902 
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SUBROUTINE OUTPUTIJOUT) 
DIMENSION AKI81l,EQ(20. 88),TI 88).A!.( 88).X(ZO,88ltSTANO(4lt 

ItTERAT(4) ,SUMXI 88.),VI 88) .St.( 88).SV( 88) 
COMMON AK,EQ,T,X,NC,N,QC,QR.STAND,ITERAT.SUMX,At..y,SL.,SV.NS 

110 FORMAT I11H1ITERATtONS,4I8) 
111 FORMAT 1118HO J TIJ) 

lXll,J) XI2,J) 
2(I3,5E15.6,3E14.6» 

112 FORMAT 1119HO J XI6,J) 
1XI9,J) X(lO,J)' 
2 (I3,5EI5.6,3EI4,6» 

AI..IJ) 
XI3,J) 

X(7,J) 
X(ll,J) 

SUM X ... 1.0 
X(4.J) X(S.J) I 

XIB,J) 
XI12.J) X(13.J) I 

113 FORMAT (105HO J X(14,J) XI15,J) XI16.J) 
lX(17,J)X(18,J) 
22E14.6) I 

X(19,J) X(20,J)/(I3,5ElS.6. 

114 FORMAT (34HOTOP PRODUCT AMOUNTS BY COMPONENTS/E63.6,E15.6,3E14.61 
lIE18.6.4E15.6,3E14.6) j-

115 FORMAT (41HOHEAT BALANCE SATISFIED, CONDENSER L.OAD =,E14.6.19H , 
lREBOILER LOAD =,E14.6) 

134 FORMAT (15HOBOTTOM PRODUCT/E63.6,E15,6,3E14.6/(E18.6,4E15.6.3E14.6 
1) 

135 FORMAT (20HOVAPOR DRAW ON STAGE,I4/E63.6,EI5.6,3E14.6/(EI8.6.4E 
115.6,3EI4.6» .. 

136 FORMAT (21HOt.IQUID DRAW ON STAGE'I4/E63.6,EI5.6,3E14.6/(El~.6.4E 
115.6,3E14.6) ) 

117 PRINT 110, (ITERATII),I=1.3) 
IF (NC-20) 118.120.12~ 

118 DO 119 I=NC.19 
DO 119 J=l,NS 

119 X(I+l.J)= ,0.0 
120 PRINT Ill, (J,TIJ),AL.(J),5UMX(J)fjXII.JhI=1,5),J=1,NS) 

IF INC-5) 123,123.121 
121 PRINT 112, (J,(X(I,J),I=6.13),J=I,NS) 

IF INC-13) 123,123,122 
122 PRINT 113, (J,(X(I.J),I=14,20),J=1.NS) 
123 DO 124 I=l,NC 
124 SUMX(I)= X(I,1)*At.t1) 

PRINT 134, (SUMX(t),I=l,NC) 
DO 125 I=i ,filC 

125 SUMX(I)= X(I,NSl*EQII,NS)*V(NS) 
PRINT 114) (SUMX(I),I=l,NC) 
DO 131 J=I,NS 
IF (SLIJ» 128,128,12~ 

126 DO 127 I=I,NC 
127 SUMXII)= X(I,J)*SL.(J) 

PRINT 136, J,(SUMX(l),I=l,NC) 
128 IF ISV(J» 131,131.129 
129 DO 130 I=l,NC 
130 SUMX(I)= X(I,J)*EQ(I,J)*SV(J) 

PRINT 135, J,(SUMX(Il.I=l,NC) 
131 CONTINUE 

-_ .. __ .. ------------------

GO TO (132,133),JOUT 
132 PRINT 115, QC,QR 
133 RETURN 

END 
SUBROUTINE SPEC 
DUMMY SPECIFICATION SUBROUTINE 
01<= 0.0 
RETURN 
END 

------ ... --------------

XBL 679-4903 
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Appendix D. Distillation calculations by linearization 

The program in this section solves the same problem as the program 

in appendix C, but by the method outlined in the body of this report 

iastead of the Thiele-Geddes method. The input data are the same as for 

the last program, but some quanti ties have a different Significance, as 

follows: 

LJM is a limit on the total number of iterations. 

IN(5) controls the number of times that temperature corrections are made 

without changes in the liquid and vapor flo", rates (see the state­

ment just before statement 39). A value of 0 or 1 for IN(5) should 

be satisfactory. 

SUME};.E. is used to check convergence. The mole frg,ction of each campoClent 

in the reboiler must change by less than S1:.JMERR bet;i-ieen one itera-

tion and the next in order to satisfy the convergence criterion. 

HETERR is not used. 

The output is also similar to that of the preceding program. 

The dimensions in the progr~n correspond to 10 components and 40 

stages (including the reboiler g,nd condenser). For problems outside 

these limits, the dimensions can be changed appropriately. The BAiID(J) 

and MATINV subroutines of appendix A have rrot been repeated here. The 

nutnber of unk...'101ms on each stage is taken to be n = ]\Ie + 3. The three 

additional unkno"i·/Ds are proposed char:ges i:-L the temperature, liquid flO'll 

rate,. and vapor flm.; rate . 

. The flow rate of the botto!Tl product: is (;ontrolled (that is, left 

unchanged) by stater.:ent 41, and that of the refl,lX by stater:le;:;.t 52. 

These represent the ~\fO re:::aining degrees of freedom afl:,er the n'..L:Lber 

• 

" . 
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of stages, nature of feed, etc., have been specified. At the top or 

bottom of the column one might wish to control one of the follm"ing: 

1. Bottom product amount or top product amount. 

2. Reflux br V'dpor flow rate from the reboiler . 

3. The mole fractton of a component in the top or bottom product. 

4. The flow rate of a component in the top or bottom product. 

5. The reboiler or condenser temperature. 

6. The heat'load for the condenser or the reboiler. 

On page 36 we have given FORTRAN statements for implementing the 

first five of these possibilities at both the top and the bottom of the 

column. Statemeat 41 and the fol1ovltng state:nent should be replaced by 

statements 41 through 43, and for the top, state:nent 52 and the followtng 

statement should be replaced by statements 52 through 62. These added 

statements use n~(l) through IN(4) and SPSCS(l) arId SPECS(2) to decide 

which specification to use, ';vhich coccponent to control, and ;{hat value 

to achteve. 

These additional, more flexible specifications must be used with 

caution. First, they can contradict each other. One can't specify both 

the top and bottom product amounts independently. Second, one must stay 

within the range of possible operatin.g conditions of the column. For 

example, the reboiler temperature can be no higher than the boiltng 

point of the heaviest component. Ot;her limitations may be found 'Nhieh 

are more subtle than these examples. 
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--------- ---PRO(3-RA l'1'lHsTTIN PUr,<:HJTPUTr--~-"'----- . 
C PROGRA~ FOR FRACTIONAT1NG COLUMN WITH SIDE-STREAM DRAWS 

D 1 MENS IoN A I 13 013) ,B 1 13 , 13 ) ,C I 13 , 4 ° I ,D ( 13, 2 7J ,G ( 13 ) , X ( 13, 13) tV ( 13, 
113) ,AK ( 10) ,13K nO) ,CK ( 10) ,DK ( 10) ,AHL( 10) ,BHU 10 I ,CHL (10) ,AHV (10) ,9H 

u------zl;"lTuT;C-Ai71TO),-FT4OTfRFT4OTfmlO,40 I, IN 151 ,SPECs (4) ,~r415TfSVI 40) 
3,ERR(40),SAVE(10),T(40)'ALI40),VI40) . 

---------COMMON- A ,B ,-t-,D;wX-;Y,NJ)3fN~, BK ,CK ,DKJl(TVP .NC ,JCOTYP, I TERAT ,NPl, 
1NP2,QC,QR.SL,SV'ERR,T~AL,V,F'HF,FX,IN,SPECS 

KfVP 101 FORMAT 174HlcOMPONENTS STAGES FEEDS COTYP 
1AWSINSTRUCTIONS,26X,7HPROBLEM/II3I8)) 

-----n)"2 FORMAT-TTIBFFT"T---ARTIT--- BK ( r ) CKIT) 
BHVI I) 1 AHLI I ) BHU 1 ) CHL( 1 ) AHV 1 I) 

LIMIT OR 

. DK ( I ) 
CHVI I )/ 

----2TT3, 7E 12.4, 3t:TTI4IT-----· --------

UCRL-17739 

103 FORMAT (60HO STAGE FEED rNTHALPY COMPO~ 

INENf$71B,E22. ,,6E15. 77(BEl5. ()) 
104 FORMAT (40HO STAGE LIQUID DRAW VAPOR DRAW/(I8,2E17.6)) 

--TlJ5-F'<JR1'fArn-91io' .. -SUqrn R' ------HE ITRrTR ~~ -----5UBCm:;---------- ·-OiCrn-----

1 SPEC~/(8EI5.7)) 
"---T -"FOR-MArTlJE8~4T ------ .. 

2 FORMAT (1314) 
3 READ 2, NC,N$,NFtJCC'TYPtR:IVP,LIM,NDRA'il,(IN(I),I=r.S"NPROB 

IF INC) 98,98;99 ------9"'8:-;0-5· TOP ---.... ----... -.. --.--.-.----.-.--.- .. --...... -.--- .--... ----------- -..... --- .... -..... --.- -.-.-. -.. ------.-- .. -.- .. ---

99 READ 1, (AK(I),BKIIl,CKII),DKIIltAHLII),BHUI).O-iLIIltAHVlIlt 
---f9HVTTT,(HVTT,-,'f=I,HC1- ----- .... --------~----... ---.-----.-----.. --------.. ---.. 

NP1= NC + 1 
NP2= NC + 2 
NP3= NC + 3 
READ 1, (AL (JT;J=I.-N-:i:)) 
READ 1 , (T I J) ,J= 1, NS) 
PR I ~lT 1 ,Jr,~-;1\f-s.lrFtJ<:OTYP-il(iVp, LI M, NDRA',4, ( IN ( I I , 1= 1, 5) ,NPROB 
PRINT 102, II,AK(I),BKII),CK(I),DKII),AHLII),BHLII),CHLII),AHV(I), 

IBHV(I),CHV(I),I-l,N() 
DO 4 J=l,NS 
SLlJ)= 0.0 
SV(J)= 0.0 

.--~~-~~-

F ( J) = 0.0 ---------.------.... -------------------.... ------.-
HF(J)= 0.0 
DO 4 1=I,NC 

4 FX('I,J)= 0.0 
/)0 6 JF=l,NF 
READ 2, J 

READ 1, HFIJ).(FX(I,j),I=I,NC .. '------------------­
DO 5 I =l'-NC 

5 FIJI= FIJI ft Fx(r.JI 
6 PR I NT 1 J 3,. J, F ( J, ,H F ( J ) tI FX ·1 1_,_J_'_,_I_=_l_,C.-N_C'-) _____________ _ 

IF INDR~W' 9,9,7 
7 DO B J=l,NDRAW 

READ 2, JI) 
~EAD 1,SLIJD),SVeJD) 

~ P~INT 104, JD,sLeJD),$V(JO) 
9 READ 1, SU~ERR,HETERR,SUBCOL,DTLIM,ISPECS(I),I21'4"CHECK 

PRI~T 105, SUMERR,HETERR,SOBCOL,DTLIM,(SPECS(I),I=l,4) 
L= NS - 1 
DO 11 1=I,NC 

11 SAVEII,= 0.0 
IIERAI= -1 
IF (ABSF(CHECK - 11.111) - 0.01' 12,12,3 

12 ITERAT= ITERAT + 1 

XBL 679-4904 

.' 



, -

-31- UCRL-17739 

V(1)= AL(2) - ALII) - SL(1) - SV(1) + F(1) 
DO 10 J=2.L 

10 VIJ)= ALIJ+1) + VIJ-1) - ALIJ) - sl!J} - 5V!J) + FIJl 
VINS)= VIL) - ALINS) - SL(NS) - SV(NS) + FINS) 

---- --DO- 17 1= 1. NC ---------------'--------

EO'= EOUILCI.TIl)) . 
----'E""R""R- I I) = 1.oiTI\L( 1) +! to I D --+fVIT)i-S V"("l")"),-;*'·E"O;-;,:--------------

CI I .11:: FXI I.1)*ERR( 11 
DO 16 J=2,NS 

------W~-=-E6B I L-I-I-.-TT)Tf-----­

IF IJ-NSI 15,13.13 
---1:-C3~I F I JcOT~B-;-I5;T4---··-·-

14 EQ" 1.0 
15 ERRIJ)=1.0/IALIJI+SLIJI+IVIJ)+SV{J) )*EQ-ERR!J-ll*vIJ-ll*EQB*AL/J)) 
16 CII,J)= IFX(I,J) + V(J-l)*EOB*CII.J-ll)*ERR(J) -------·0017-T6;-r;I----------·---·---·----·· 

J= NS - Jf) 
-------l'r<:II • J) = -c(1,J-'-+--ERR ( J fiCll,J+lT*ACTJ+n 

DO 19 J=l.NS 
SUMX:: 0.0 
DO 18 I=l,NC -----rasLJF.f)f=-s UMX-+-·cTr;JT-------------- ------.-- --------- ------ --------------.-----
DO 19 I=l.NC ---19cTT; J) = CITtJT7sUMX------·----·-···-·---~--·-·--·-·-------------'-

IF (ITERAT-LIMI 20,20,22 
20 DO 21 I=l,NC 

IF IA'3SFICCItll-SAVE(Ill-SUMERRI 21,21,27 
21 cQNTTf\lUE------------- ---... -- .. -.~--.- .--.. ,--. "-"---. 

___ ~22 HL= 0.0 
HV= 0.0 
HLU= 0.0 
TO,. T(2) 

--_._----_.-. __ .. _ .. _---

DO 23 I::1.NC 
HL = HL +ClTf";'1~1 ~* ~( A~R~L-rrT+Bl1L n-) * TIl H CHl:r n *TTITlnf2r----- -"----
HV= HV+CI 1.1 )*EQUILC I .TI II )*(AHV( I )+BHV( I I*TI 1 )+CHV( I I *T( 1)**21 

------Z3HLU= RLO +C !T,Z--T*-( AHL ( n+BH[Tn*T1T~[( l)*'nJlAfrr------·-------------
QR: '(VIl)+SV/111*IiV + (AL(1)+SLC1)1*f-ll. - HLU*A!.(21 - HF(ll 
HL= 0.0 
HV= 0.0 

---- - ----- RVB=--tJ.O----------

TB= TILl -----D""O..--2'4 I=l.NC ____ ._.m____ _m __ • __________ _ 

Hl.a HL+CII,NS)*IAHLII)+BHl.(I)*T(NS)+CHL(II*TINS)**2) 
RV=HV+c ( I • NS) *EtJO I L ( I. f ( NS ) ) *' ( AHV ( I ) +BHV ( I ) *' T "'IS I +CHv ( r I *.r (NS' **2' 

24 HVB,. HVB + C(I.LI*E(UIl.II.TBI*IAHV(I)+BHV(II*TB+CHV(I)*TB**21 
-----n'·-TJV)TVP I 26, 26, 2 5-------.... --

25 HV= HL 
26 QC= HVB*V(U-HL*(ACnfST+51:TNSTFHV*rVfJIfSr+SVINSII Of m:-n~S) 

CAl.L OUTPUT 
GO TO 3 

27 DO 28 I=l.NC 
28 SAVEIII: CII,ll 

J= 0 
DO 29 r=r,1'W3 
DO 29 K=1.NP3 
VCI,KI" 0.0 

2.9 X(I.KI .. 0.0 
30 Jill J + 1 

-----_ ... _----_ .... -
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DO 31 I=1.NP3 
G!II= 0.0 
DO 31 K=1.NP3 
AII.KI= 0.0 
sII,KI: 0.0 

31 DII,KI= 0.0 
GINPlI .. 1.0 
DO 38 I=l,NC 
SINP1. I I- ~l.O 
EQ .. EQUILII,TIJII 

-32-

Blt.NP1J= EQOTlt,TIJII*C(I.JI*lvIJI,+SvIJII 
IF IJ-NSI ·32,33.33 

32 Dlr,II= - ALIJ+lJ 
DII'N~21= - CII.J+ll 
GO To 35 

33 IF IJCOTYPI 35.35.34 
34 EQ= 1.0 

BII.NP1'= 0.0 
al NP1, I J = EQOIL/ I .TI J J+SOBCOIOJ 
BINPl,NPl'= BINPl.NPll + CII.JI*EQOTII,TIJI+SUBCO~I 

35 If· (J-lJ 37,37.36 
36 TB= TIJ-11 

EQB= EQUILII,TB) 
AII.I,= - EQS*VIJ-11 
AII.NP1'= - EQDTll,TBI*C(I.J-1J*VIJ-11 
AII,NP31= - EQB*CII,J-ll 

37 B(t,I)= AL(J) + SL(JI + EQ*IVIJI+sVIJll 
BII,NP21= CII,JI 
BII,NP31= EQ*CII,JI 

38 GIII= FXII,JI 
IF IITERAT-IN(51) 39.39,40 

39 NP3= NP3 - 2 
CALL 9AND(J) 
NP3= NP3 + 2 
IF /J>"NSJ 30,65.65 

40 BINP3.NP21= 1.0 
B/NP3.NP3J= 1.0 
GINP3)= FIJI - SLIJI .. SVIJI - ALI~I .. VIJI 
D/NP3,NP21= - 1.0 
ACNP3.NP3'= - 1.0 
IF (J-ll 41,41.49 

41 BINP2.NP21= 1.0 
GINP3)= GINP3) + ALCJ+l) 
CALL BANDIJ) 
GO TO 30 

49 IF (J-NS) 50.52·.52 
50 TU= T I J+l) 

GINP3)= GINP3) + ALIJ+l) + VIJ~l) 

UCRL-17739 

DO 51 I=l.NC ~----------~----------------------

EQ= EQUILI ItTIJ)) 
EQB= EQDIL/I,IB) 
HVIB= AHVII) + BHVII)*TB + CHVII)*TB**2 
RVI= AHV/I) + BHVIII*fIJ) + CHVIII*fIJI**Z 
HLIU= AHLII) + BHLII)*TU + CHLII)*TU**2 
HLI= AHLII) + BALI I)*f IJf + CALII).f (J)**2 
BINP2.NP21= BINP2,NP2) + HLI*CII,J) 
BINP2.NP3)= BINP2.NP31 + HVI*EQ*CII.JI 
DINP2.NP21= DINP2'N~21 - HLIU*CII.J+1) 
A(NP2.NP3)= A(NP2,NF31 .. AVIB*EQB*CI I,J-ll 

XBL 679-4906 
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AINP2.I'= - HVIB*EQB*VIJ-11 
BINP2,I,= HLI*IALIJI+SL(JI 1+ HVt*IVIJI+SVIJI I*·EQ 
DINP2,I,= - HLIU*ALIJ+11 
AINP2,NP1,= AINP2,NPII-VIJ-11*CII,J-11*IHVIB*EQDTII.TBI+EQB*IBHVII 

11+2.0*CHVtII*TBI I 
BINP2.NP11= BINP2.NP11+CII.JI*IIALIJI+SLIJII*IBHL(II+2.0*CHLltl*TI 

--------~l~J~,~,~+~(~V~I~J~,+~S=VIJ,,*(HVI*EQDT(I.T(J))+EQ*(BHV(II+z.O*CHV(I)*TIJ)II) 
51 D(NP2,NP11= OINP2.NP11 - ALIJ+lI*C(I.J+11*IBHL/rlt2.0*CHLIII*TU) 

GINP21= HFIJ) , 
CAl.L BANDIJ) 
GO TO 30 

52 BINP2.NP21= 1.0 
GINP31= GINP31 + VIJ-11 
CAl.L 8ANDIJ) 
DO 64 J=I.NS 
IF (ABSFICINP2,JI)-0.4*ALIJII 64.64,63 

----6""""'3-- C ( N P 2, J I '" A L/ J ) it C I N P 2, J )/ AtBF'T7'C7(TfNT.P';"2-:-. J.:.n-, ;"', *1<70...-.--4c------,-----------------
64 ALIJI= ALIJ) + CINP2.J) . 
65 DO 67 J=l,NS ---------------------------------------

IF IABSFIC(NPbJ"-DTUM' - 67.'67.66 
~6 cINP1,J)", PTLIM*C(NPI.JI/ABsF(ctNPl.JII 
67 TIJI= T(JI + C(NP1.JI 

GO TO 12 
END 

XBL~79-4907 
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SUBROUTINE OUTPUT '. ....... . . 
DIMENSION At 13.1 al.Bt 13".] ~ 1.'113.401 .O(U.21ltQ( 13) .X( l'3tU, .Y41S. 

lU).AK (10 ),BI( 110 ).·CK flO I ,OK ( 10 I. 51. {40' .5V (40hSUMX( 40) • Tf40 hAl.l4, . 
'20\tVt401' . .... 

COMMON A.B.C. D,G',X.v .NP3.NS .AK ,SK, CI( .DK.KTYP .NC .JC:OTYP.ITERAT .NPI. 
1NP2tQC.QR.SI.,SV,SUMX.!.AL.y . . 

110 FORMATIlHht4.11H ITERATIONS) 
11] FQRMAT(I3.5E15~6.3E14.61 . 
112 FORMAT 11lSHO J TfJ) .\0(.1, V'(J) 

]X 11, n . XI 2 oJ I Xl 3. J I X I 4. J I )(.(5. J' 
.113 FORMAT 1119HO ~ XI6.J) X/7.J, X(S,J1, 

1Xt9.11 x110.JI Xl11.JI XI12.JIXI13.JI I 
11'4 FORMAT CI05HO J X( 14.J.I XI15.J, XI16.J' 

1X(11.Jl 'X(18,JI X119.JI Xf20.JI i 
115 FORMAT (HHOCONDENS~R L.OAD .,E14.6,19H. REB.OII.ER L.OAO -.E14,61 
116 FORMAT 134HQTOP PROOUCT'AMOUNTSBYCOMPONENT5/E63.6.E15.6.3El4.61 

l1ElS.6.4E15.6~3~14.6)' . 
H7 FORMAT I15HOBDTTOM 'PRQDUCTlE63. 6 .E1S.6. lE14.61! Ela. 6 ,4E15.6. 3El4.6 

I)) , 
118 FORMAt 120HOYAPOR DRAW ON 5TAGE,I4/E63.6.E15.6.3E14.6/IE18.6.4E 

115.6.3E14,6, ) 
119 FORMAT t21HOl.IQUIO DRAW ON STAGE'I4/E63.6,El~.6.3E14.6/(E18.6.4E 

115.6.3E14. 6') 
PRINJ 110' IURA! 
PRINT 112 
IF INC-51 120,120.122 

120 00 121 J=l.NS . . 
. 121 PRiNT 1111 J.TIJI,AL(JI,VIJ1.IC/I.JI.t-1.NCI 

GO TO 127 
122 PRINT 111, IJ.TIJ),ALIJ),VIJI.ICII,JI.r o l.S),J=l.NS' 

PRINT 113 . 
If (NC-131' 123.123.125 

123 DO 124 J.=ltN5 . 
124 PRINT tl1. J.rC{I~J).t=6.NC) 

GO TO 127 . 
125 PRINTlll.IJ.{CII.J).1=6.131,J=l,NS) 

PRINT U4 
DO 126 JohNS 

126 PRINT 111. J.IC(I.J'.I o I4rNCI 
127 00128 I.l.Ne 
128 SUMXlrJ. CCt.ll*AL.(ll 

PRINT 111 •. (SUMXII).I=11NC) 
00 130 l=l.NC . 
Eg- EQUt~II,TINS)) 
IF IJCOTYPI ' 130,130.129 

129 Ega 1.0 
1'30 SUMXfII. CfI.NS)*EQ*VINSI 

PRINT 116. (SUMXII).Ial'NC~.I ______________ ~ ____________________ ~ 
DO 137 J=1.('-I5 
If fSLfJ») 133.133.131 

131 DO 132 I~l.NC 
132SUMX(II= C(I.JI*SLIJ\ 

PRINT119.J. (SUMX/ II ,I a l.NCI 
. 133 If 15V(J11 137.137.134 
',13-4 00136 I"ltNC 

Ega EQUILII.T{Jll 
IF (J-NSI 136,138.138 

13SlFIJCOTYP 1 136,136.135 
". 135EQ- 1.0 
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• 
136 SUMXII)= C(I.J)*EQ*SV(J) 

PRINT 118, J,(SUMX(I),I=l.NC) 
137 CONTINUE 

PRINT 115, QC.QR 
. RETURN 

END 

FUNCTION EQUI~(I.T) 
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D I MENS ION A ( 13,131 , B ( 13,131 ,C ( 1·3,401 • D ( 13.27) • G ( 13) ,X I 13,13) • Y ( 11. 
113 ) , AK ( 101 , BK ( 10 1 • CK I 10) • OK I 10 ) 
COMMONA.B'C'D'G'X'Y.·~N~P~3~'~N~S~.~AK~'B~K~'-C~K~'~D~K~'~K~T~Y~~------------------------
IF (KTYP-ll 1.1,2 

1 EQUIL= EXPF(AK(III(T+DK(lll + BK(II+CK(II*(T+DKIIIII 
RETURN 

2 EQUIL= AK(II + BKIII*T + (K(I'*T**2 + DK(I)*T**3 
RETlJRN 
END 

FUNCTION EQDTII.TI 
DIMENS ION A( 13.13) ,8 (13'131 ,C( 13.401 ,D( 13.27) fG( 131 'X (13.13) .VI 13. 

1131,AK(10).8K(10l.CKII01.DK(101 
COMMON A.BtCtD.G.~~Y'NP3tNS.AK'B~~KL~ ____________________ __ 
IF (KTYP-ll 1.1.2 

1 EQDh EXPF( AK( I I III+DK( I) I +6K( I I+CK( I I*!T+DK (11".1 eKC I I-AKI II/( 
IT+DK(III**21 

RETURN 
2 EQDT= BK(II + 2.0*CK(I)*T + 3,0*0K,CI I*T**2 

RETURN 
END 
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.4.1 IF IIf'H n)"4'7.41.42 
42 hINt" '. 

~o TO f43,44.45.461.K . . . ., . . 
C . FIXED BOTTOM PRODUCT COMPOSlTtoN.SF»Ec:iHll"·X (II 

C 

C 

C 

C 

C 

C. 

C 

C 

43 t- tN1.31· :-
BCNP2.I'= 1.0 
GCNP21" Sr>ECSClI 
GO .TO 48 

FIXED BOTTOM PRODUCT COMPONENT AMOUNT, SPEcslll" X(IliA~ljl 
44 I" INI31 

BfNP2tII:' AI. 11 I 
BINP2,NP21= CII.l)· 
GINP2)= SPECSII) . 
GO TO 48 
FIXED REBOILER TE:MPERATURE. 'SPECS! 11= TlJI 

45 BINP2,NPI)= 1.0 
GINP2)" SPECS(I) - TIl) ; 
GO TO 48 
FIXED VAPOR F~OW FROM REBOII.ER. SPECS(llm VIII 

46 BINP2~NP31= 1.0 
GINP2)= SPECS(I) - veil 
GO' TO 48 . 
FIXED BOTTOM PRODUCT AMOUNT 

47 BINP2.NP2)= 1.0 . 
48 G(NP3).~ GINP1) + ALIJ+I) 

52 IF (·INI21) .61.6h53 
53 K= IN(21 

GO TO (54,56.59.60).K 
FIXED TOP PRODUCT COMPOSITION. SPECSI21= YII) 

54 1= IN(4) 
BINPUI)= EQUILI I,TINS)) 
B(NP2,NPl)= CII,NS)*EQDTII.TCNS)) 
GINP2)= SPECS(2) . 
IF (JCOTYP) 62,62.55 

55 BINP2tI)= 1.0 
BINP2.NPl)= 0.0 

.GO TO 62 
". FIXED TOP .PRODUCT COMPONENT AMoONt, SPECS(ZI= Y(II*V)jl 

56 I= I N I 4) 
EQ= EQUILII.TINS)) . 
BINe2.NPl)= C{I.NS)*VINS)*EQDTII.TINS)) 
IF (JCOTYPI . 58.58.57 

51 EQ .. 1.0 
B(NP2,NPl)= 0.0 

58 B(NP2,NP3)= CII.NS)*EQ 
BINP2.I)= EQ*VINS) 
GINP21= SPECS(2) 
GO TO 62 
FIXED CONDENSER TEMPERATURE. SPECS(2)= TIJ) 

59 8INP2.NPII= 1,0 
GINR2)= SPECS(2) - TINS) 
GO TO 62 
FIXED TOP PRODUCT AMOUNT 

60 8INP2.NP3)= 1,0 
GO TO 62 

C FIXED REFLUX 
61 BINP2.NP21= 1.0 
62 GINP31= GINP3) + V(J-l) 
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This report was prepared as an account of Government 
sponsored worko Neither the United States, nor the Com­
m1SS10n, nor any person acting on behalf of the Commission: 

Ao Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 

or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

80 Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report 0 

As used in the above, "person acting on behal f of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractoro 






