CHE 654

Computer Application for Chemical
Engineering Practice

Homework Set #6 Solutions

Class-29

Prepared by

Asst. Prof. Dr. Hong-ming Ku

King Mongkut’s University of Technology Thonburi
Chemical Engineering Practice School
Department of Chemical Engineering

© August 2025 — Use with Permission of the Author Only



40. Purifying a Wastewater Stream
A 1000-1bmol/hr wastewater stream containing 5 mole% ammonia, 15 mole% acetone, 10
mole% aniline, 20 mole% 2-CHA (2-chloro-phenyl-acetonitrile, see the molecular structure
below), and 50 mole% water at 80 °C and 20 psia is to be purified in a series of two
distillation columns to remove the organics so that the treated water can be discharged safely
into the environment as shown in the figure below. Your task is to simulate the process using
ASPEN Plus and determine column operating conditions.

Ammonia
 Water ,
Column 1 Acetone
Column 2
. Feed
Organics

2-CHA is a non-databank component whose properties must be input into the simulator (be
careful with the units of all numbers). The following is known about 2-CHA:

Cl
Molecular Structure: @
N
CH,CN
MW = 151.595 Ts =280 °C Pc=33.0 atm Q=0.516

CPIG = 32.32 + 0.0925T — 7.008x107°T? + 2.085x10*T>  in cal/gmol-K and T in °C
In PYAP =_9.5745 + 0.0793T — 1.7854x10#T> + 1.8453x107T? in psia and T in °C

Heat of vaporization (Use Tabpoly to enter the data):

Temp (°C) HYA? (Btu/lbmol) Temp (°C)  HVAP (Btu/lbmol)
50 27,200 210 24,900
70 27,036 230 24,423
90 26,840 250 23,893
130 26,350 270 23,305
170 25,711 300 22,304



Use UNIFAC property method in your model since the interaction parameters between 2-CHA
and the other components are missing from the databanks.

You are given the following additional data on the two columns. Use RADFRAC in A+ to
simulate the columns. Environmental regulations stipulate that the treated water from the
second column must contain exactly 1.5 mole% impurities (i.e. the stream must contain 98.5
mole% water). Note that no two liquid phases are expected anywhere inside the columns.

Column-1 Column-2
Number of stages 20 20
(including condenser & reboiler)
Top pressure 14.7 psia 10 psia
Bottom pressure 16.0 psia 12 psia
Condenser 10 mole% vapor Total
Reboiler Kettle Kettle
Feed tray 10 10
Molar reflux ratio 2.0 0.5
Molar distillate to feed ratio 0.30 -—--

Hints: The two RADFRAC columns are not easy to converge. If you run into convergence
problems, try changing the convergence scheme, increase the maximum number of iterations,
specifying better bounds and a better initial guess from sensitivity analysis, etc.

Also, because of a warning in PCES, your run will terminate with “Results Available with
Warnings”. As long as your two columns converged, your solution should be correct. Finally,
because of PCES, during your session A+ will ask you if you want to replace all property
parameters with values estimated from PCES. Always click “No to All” to the question
because we want to keep the experimental property data such as Ts, Pc, and (2 that we entered
into A+.

Solution:
Condenser temperature in Column 1 = 33.85 °C

Molar distillate to feed ratio in Column 2 = (0.584

A+ Input Summary File:

;Input Summary created by Aspen Plus Rel. 40.0 at 16:12:10 Sun Aug 3, 2025
;Directory C:\Users\User\OneDrive\ChEPS\ChEPS Courses\ChE656-11thYear\Final

Filename C:\Users\User\AppData\Local\Temp\~ap4b2e.txt

’

DYNAMICS



DYNAMICS RESULTS=ON

IN-UNITS ENG TEMPERATURE=C DELTA-T=C INVERSE-TEMP='1l/K' &
SHORT-LENGTH=in

DEF-STREAMS CONVEN ALL
MODEL-OPTION

DESCRIPTION "
General Simulation with English Units
F, psi, 1lb/hr, lbmol/hr, Btu/hr, cuft/hr.

Property Method: None
Flow basis for input: Mole

Stream report composition: Mole flow

DATABANKS 'APV140 PURE40' / 'APV140 AQUEOUS' / 'APV140 SOLIDS' &
/ '"APV140 INORGANIC' / NOASPENPCD

PROP-SOURCES 'APV140 PURE40' / 'APV140 AQUEOUS' / &
'APV140 SOLIDS' / 'APV140 INORGANIC'

COMPONENTS
ACETONE C3H60-1 /
WATER H20 /
ANILINE C6H7N-1 /
2-CHA /
H3N H3N

SOLVE
RUN-MODE MODE=SIM

FLOWSHEET
BLOCK COLUMN-1 IN=FEED OUT=NH3 ACETONE H20+ORGS
BLOCK COLUMN-2 IN=H20+ORGS OUT=WATER ORGANICS

PROPERTIES UNIFAC

STRUCTURES
STRUCTURES 2-CHA Cl1 C6 B / C2 CL7 S/ C3 C8 S / C8 &
C9 s/ CONIO T

ESTIMATE ALL

PROP-DATA PCES-1

IN-UNITS ENG TEMPERATURE=C DELTA-T=C INVERSE-TEMP='l/K' &
SHORT-LENGTH=in

PROP-LIST MW / TC / VC / ZC / DHFORM / DGFORM / &
DHVLB / VB / RKTZRA / VLSTD

PVAL 2-CHA 151.5950800 / 517.3196750 / 7.216317750 / &
.2291990830 / 71259.67326 / 1.03400688E+5 / 22979.98285 / &
2.801072827 / .2427624410 / 2.204645398



PROP-DATA PURE-1
IN-UNITS ENG PRESSURE=atm TEMPERATURE=C DELTA-T=C PDROP=psi &
INVERSE-TEMP="'1/K' SHORT-LENGTH=in
PROP-LIST TB / PC / OMEGA
PVAL 2-CHA 280 / 33 / 0.516

PROP-DATA CPIG-1
IN-UNITS ENG MOLE-HEAT-CA='cal/mol-K' TEMPERATURE=C DELTA-T=C &
INVERSE-TEMP="'1/K' SHORT-LENGTH=in
PROP-LIST CPIG
PVAL 2-CHA 32.32 0.0925 -7.008E-5 2.085E-8

PROP-DATA DHVLWT-1
IN-UNITS ENG TEMPERATURE=C DELTA-T=C INVERSE-TEMP='1l/K' &
SHORT-LENGTH=in
PROP-LIST DHVLWT
PVAL 2-CHA 22979.98285 280.0000000 .4276639270 -.3027403470 &
280.0000000

PROP-DATA KLDIP-1
IN-UNITS ENG TEMPERATURE=C DELTA-T=C INVERSE-TEMP='1l/K' &
SHORT-LENGTH=in
PROP-LIST KLDIP
PVAL 2-CHA -.0721730325 1.61721405E-3 -7.1837668E-6 &
1.32801082E-8 -9.294772E-12 280.0000000 509.4149780

PROP-DATA MULAND-1
IN-UNITS ENG TEMPERATURE=C DELTA-T=C INVERSE-TEMP='1l/K' &
SHORT-LENGTH=in
PROP-LIST MULAND
PVAL 2-CHA 138.1130913 -9672.848600 -19.30376620 &
280.0000000 509.4149780

PROP-DATA MUVDIP-1
IN-UNITS ENG TEMPERATURE=C DELTA-T=C INVERSE-TEMP='1l/K' &
SHORT-LENGTH=in
PROP-LIST MUVDIP
PVAL 2-CHA 2.29965072E-5 .9690238520 0.0 0.0 0.0 &
6.850000000 826.8500000

PROP-DATA PLXANT-1
IN-UNITS ENG PRESSURE=psi TEMPERATURE=C DELTA-T=C PDROP=psi &
INVERSE-TEMP="'1/K' SHORT-LENGTH=in
PROP-LIST PLXANT
PVAL 2-CHA 71.88012021 -10962.70390 0.0 0.0 -7.824906460 &
1.5791329E-18 6.000000000 280.0000000 517.3196750

PROP-DATA SIGDIP-1
IN-UNITS ENG TEMPERATURE=C DELTA-T=C INVERSE-TEMP='1l/K' &
SHORT-LENGTH=1in
PROP-LIST SIGDIP
PVAL 2-CHA 77.55796720 1.222222220 9.9380573E-11 &
-1.116341E-10 4.4404949E-11 280.0000000 501.5102820

PROP-REPLACE
TABPOLY-MODE PL / DHVL



PROP-DATA T-1
TABPOLY-DATA PL
PROP-LIST PLPY
PVAL 2-CHA -9.5745 0.0793 -0.00017854 1.8453E-007

PROP-DATA T-2
TABPOLY-DATA DHVL
TABVAL 2-CHA 1 50 27200. / 70 27036. / 90 26840. / &
130 26350. / 170 25711. / 210 24900. / 230 24423. /
250 23893. / 270 23305. / 300 22304.

STREAM FEED
SUBSTREAM MIXED TEMP=80. PRES=20. MOLE-FLOW=1000.
MOLE-FRAC ACETONE 0.15 / WATER 0.5 / ANILINE 0.1 / &
2-CHA 0.2 / H3N 0.05

BLOCK COLUMN-1 RADFRAC
PARAM NSTAGE=20 ALGORITHM=NONIDEAL INIT-OPTION=STANDARD
MAXOL=50 DAMPING=NONE
PARAM2
COL-CONFIG CONDENSER=PARTIAL-V-L
FEEDS FEED 10
PRODUCTS ACETONE 1 L / H20+ORGS 20 L / NH3 1 V
P-SPEC 1 14.7 / 20 1le6.
COL-SPECS D:F=0.3 MOLE-RDV=0.1 MOLE-RR=2.

BLOCK COLUMN-2 RADFRAC

PARAM NSTAGE=20 ALGORITHM=STANDARD INIT-OPTION=STANDARD
MAXOL=50 DAMPING=NONE

PARAM2

COL-CONFIG CONDENSER=TOTAL

FEEDS H20+0ORGS 10

PRODUCTS WATER 1 L / ORGANICS 20 L

P-SPEC 1 10. / 20 12.

COL-SPECS D:F=0.6 MOLE-RR=0.5

SPEC 1 MOLE-FRAC 0.985 COMPS=WATER STREAMS=WATER &
SPEC-DESCRIP="Mole purity, 0.985, PRODUCT"

VARY 1 D:F 0.5 0.7

EO-CONV-OPTI
STREAM-REPOR MOLEFLOW MOLEFRAC

PROPERTY-REP PCES

’
’
’
’

’



41. Flowsheet Convergence, 1
Consider the flowsheet below which consists of two flashes, one splitter, and one mixer. The
feed enters the process at 70 °F and 14.7 psia with the following composition: 10 Ibmol/hr n-
butane, 10 Ibmol/hr n-pentane, 10 Ibmol/hr n-hexane, and 10 lbmol/hr benzene. When you
create your flowsheet, you must use the same stream IDs and block IDs as shown in the figure.

The two flashes have the following operating conditions:
FLASH-1: Vfrac=0.3,AP =0 FLASH-2: Vfrac=0.7, AP=0

The splitter has the following split fraction: Stream 5 = 5%

6]
13]
5]
FLASH-1 SPLITTER
8]
2]
MIXER
7]
1
i 1] E > FLASH-2

(a) Using PENG-ROB, propose two convergence schemes to converge the given flowsheet.
You may use any tear stream convergence algorithm in A+ and select your own tear
streams (or use the A+ default), but in doing so you must:

(1) reinitialize your run.
(i1) not provide any guesses for the tear streams.
(ii1) not increase the default maximum number of iterations (30) in the algorithm or
change its default parameter settings.
Note that the two convergence schemes you propose must involve two different
algorithms, i.e. you cannot use the same algorithm and just change the tear streams in the
two schemes.

Answer the following questions:

Scheme 1: Tear streams: Stream 3 and Stream 4

Your convergence algorithm: Broyden



Note that Streams 3 and 4 are the only tear stream set that Broyden will converge in 25
iterations. Broyden will need more than 25 iterations if one uses other tear stream sets such
as Streams 6 and 7.

Scheme 2: Tear streams: Stream 6 and Stream 7

Your convergence algorithm: Newton
Total flow rate of Stream 6 = 760.212 Ibmol/hr
Mole fraction of benzene in Stream 4 = 0.315
Mole fraction of n-butane in Stream 7 = 0.141

Note that the other two algorithms, namely Wegstein and Direct, will not converge this
flowsheet.

(b) Now, we want to add two composition constraints to the flowsheet such that the mole
fraction of benzene in Stream 4 is equal to 0.35 (£0.0001) and the mole fraction of n-

butane in Stream 7 is 0.15 (£0.0001). These two constraints or design-specs are achieved
by varying the vapor fraction in FLASH-1 and FLASH-2, respectively. Propose two
different convergence schemes in ASPEN PLUS to solve this constrained problem.

Note that this is an extremely difficult problem to converge. You have to be creative and
try many different convergence schemes, including examining the bounds of your
manipulated variables (to make them narrow enough) and/or changing their initial guesses.
Once again, you must reinitialize each run and may not provide initial guesses for the tear
streams. But in this part, you are allowed to increase the maximum number of iterations in
the convergence algorithm.

Answer the following questions:

Your convergence scheme 1: (Be very specific with your answer, e.g. what algorithms
were used to converge tear streams and design-specs and whether the convergence was
simultaneous or nesting, and if nesting what was the order of nesting.)

Converge tear streams 3 and 4 simultaneously using Broyden and converge the two
design-specs without changing the given Vfrac initial guesses in Part (a) using Newton.
The flowsheet will converge in both cases in which we nest the design-specs loop either
inside or outside the tear stream loop. The maximum number of iterations in Broyden was
increased from 30 to 100.

Your convergence scheme 2: (Be very specific with your answer, e.g. what algorithms
were used to converge tear streams and design-specs and whether the convergence was
simultaneous or nesting, and if nesting what was the order of nesting.)



Converge tear streams 3 and 4 simultaneously using Broyden and converge the two
design-specs separately without changing the given Vfrac initial guesses in Part (a) using
Secant. Then nest the two design-spec loops inside the tear stream loop. The maximum
number of iterations in Broyden was increased from 30 to 100.

Vapor fraction in FLASH-1 = 0.4628 Vapor fraction in FLASH-2 = 0.5177

Input Summary:

; Input Summary created by Aspen Plus Rel. 40.0 at 16:32:32 Sun Aug 3, 2025
;Directory C:\Users\User\OneDrive\ChEPS\ChEPS Courses\ChE656-15thYear\Final
Filename C:\Users\User\AppData\Local\Temp\~apeeee.txt

r

DYNAMICS
DYNAMICS RESULTS=ON

IN-UNITS ENG SHORT-LENGTH=in
DEF-STREAMS CONVEN ALL

DESCRIPTION "
General Simulation with English Units
F, psi, 1lb/hr, lbmol/hr, Btu/hr, cuft/hr.

Property Method: None
Flow basis for input: Mole

Stream report composition: Mole flow

DATABANKS 'APV140 PURE40' / 'APV140 AQUEOUS' / 'APV140 SOLIDS' &
/ '"APV140 INORGANIC' / NOASPENPCD

PROP-SOURCES 'APV140 PURE40' / 'APV140 AQUEOUS' / &
'"APV140 SOLIDS' / 'APV140 INORGANIC'

COMPONENTS
N-BUTANE C4H10-1 /
N-PENTAN C5H12-1 /
N-HEXANE C6H14-1 /
BENZENE C6H6

SOLVE
RUN-MODE MODE=SIM

FLOWSHEET
BLOCK FLASH-1 IN=2 7 OUT=3 4
BLOCK FLASH-2 IN=4 OUT=7 8



BLOCK MIXER IN=1 6 OUT=2
BLOCK SPLITTER IN=3 8 OUT=5 6

PROPERTIES PENG-ROB

PROP-DATA PRKBV-1

IN-UNITS ENG SHORT-LENGTH=in

PROP-LIST PRKBV

BPVAL N-BUTANE N-PENTAN .0174000000 0.0 0.0 -459.6700000
1340.330000

BPVAL N-PENTAN N-BUTANE .0174000000 0.0 0.0 -459.6700000
1340.330000

BPVAL N-BUTANE N-HEXANE -5.6000000E-3 0.0 0.0 -459.6700000
1340.330000

BPVAL N-HEXANE N-BUTANE -5.6000000E-3 0.0 0.0 -459.6700000
1340.330000

BPVAL N-PENTAN BENZENE .0174000000 0.0 0.0 -459.6700000 &
1340.330000

BPVAL BENZENE N-PENTAN .0174000000 0.0 0.0 -459.6700000 &
1340.330000

BPVAL N-HEXANE BENZENE 9.30000000E-3 0.0 0.0 -459.6700000
1340.330000

BPVAL BENZENE N-HEXANE 9.30000000E-3 0.0 0.0 -459.6700000
1340.330000

STREAM 1
SUBSTREAM MIXED TEMP=70. PRES=14.7
MOLE-FLOW N-BUTANE 10. / N-PENTAN 10. / N-HEXANE 10. / &
BENZENE 10.

BLOCK MIXER MIXER
PARAM

BLOCK SPLITTER FSPLIT
FRAC 5 0.05

BLOCK FLASH-1 FLASH2
PARAM PRES=0. VFRAC=0.3

BLOCK FLASH-2 FLASH2
PARAM PRES=0. VFRAC=0.7

DESIGN-SPEC DS-1
DEFINE XBZ MOLE-FRAC STREAM=4 SUBSTREAM=MIXED &
COMPONENT=BENZENE
SPEC "XBz"™ TO "0.35"
TOL-SPEC "0.0001"
VARY BLOCK-VAR BLOCK=FLASH-1 VARIABLE=VFRAC SENTENCE=PARAM
LIMITS "0.1"™ "0.9"

DESIGN-SPEC DS-2
DEFINE XNC4 MOLE-FRAC STREAM=7 SUBSTREAM=MIXED &
COMPONENT=N-BUTANE
SPEC "XNC4" TO "0.15"
TOL-SPEC "0.0001"
VARY BLOCK-VAR BLOCK=FLASH-2 VARIABLE=VFRAC SENTENCE=PARAM
LIMITS "0.4"™ "0.7"
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EO-CONV-OPTI

CONV-OPTIONS
PARAM TEAR-METHOD=NEWTON

CONVERGENCE C-2 BROYDEN
SPEC DS-1 / DS-2
PARAM MAXIT=100

CONVERGENCE C-1 NEWTON
TEAR 3 / 4

CONV-ORDER C-2 C-1

STREAM-REPOR MOLEFLOW MOLEFRAC

’
’
’
’

’

11



43. Flowsheet Convergence, 111

Feed

ed JA Lt g L2 Jc [ ¢ ID

Consider the complex flowsheet from Problem 4 shown below, but this time with a process
feed and two process output streams also included. We wish to use ASPEN PLUS to study
the convergence behavior of this flowsheet by replacing each block with either a mixer or a
splitter. For simplicity, we will assume that the process fresh feed contains pure water at 70
°F and 14.7 psia (flowrate is unknown). Except for splitter Block B whose split fraction is
unknown, all other splitter blocks split the total inlet feed into outlet streams with equal flow
rates. The two unknowns can be determined from the following two constraints:

1. The total molar flow rate of the product stream (Product-1) from Block D is equal to

40 Ibmol/hr (£0.01 Ibmol/hr).

2. The ratio of the molar flow rate of Stream 2 to the molar flow rate of Stream 3 is
maintained at 2.0 (£0.001).

3 Product-1

A 4
A 4

A 4

13

10 15
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11
Product-2

A 4

12

(a) Using A+ and automatic convergence and sequencing (Level 1), determine the water feed
flow in Stream Feed and the split fraction in Block B going to Stream 2.

Water flow rate in Stream Feed = Ibmol/hr

Split fraction in Block B going to Stream 2 =

Also, write down the CPU seconds required by your computer to converge this flowsheet.

Simulation time in CPU seconds:

12



(b) You undoubtedly noticed that, because of the nesting of various loops, this problem took
some time to converge (on my laptop, this CPU time was nearly 50 seconds before Report
Writer is entered). Propose two different Level 3 convergence schemes and use them to
converge the flowsheet in Part (a) again. Your aim is to cut down the CPU time by half or
less. In both cases, you are not allowed to initialize the tear streams and each run must
start with a re-initialization, i.e. purge all the results first before running the model.

Briefly write down your two schemes:

Scheme 1:

CPU seconds of Scheme 1:

Scheme 2:

CPU seconds of Scheme 2:

Solution:

(a) Using A+ and automatic convergence and sequencing (Level 1), determine the water feed
flow in Stream Feed and the split fraction of Stream 2 in Block B.

Water feed flow in Stream Feed = 120.024 lbmol/hr

Split fraction of Stream 2 in Block B = 0.8570
Also, write down the CPU seconds required by your computer to converge this flowsheet.
Simulation time in CPU seconds: 0.97

(b) You undoubtedly noticed that, because of the nesting of various loops, this problem took
some time to converge (on my laptop, this CPU time was nearly 1 second before Report
Writer is entered). Propose two different Level 3 convergence schemes and use them to
converge the flowsheet in Part (a) again. Your aim is to cut down the CPU time. In both
cases, you are not required to initialize the tear streams and each run must start with a

Reset, i.e. purge all the results first before running the model.

Briefly write down your two schemes:

13



Scheme 1: Converge DS-2 (flow ratio design-spec) and Tear Streams 1. 5, and 11

together using Broyden, and then converge DS-1 (Product-1 flow design-spec)

in the outside loop using Secant.

CPU seconds of Scheme 1: 0.60

Scheme 2: Converge all 3 loops (2 design-specs and one tear-stream set) using Newton.

Note that trying to converge all 3 loops together using Broyden will also work.

CPU seconds of Scheme 2: 0.43
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;Input Summary created by Aspen Plus Rel. 40.0 at 17:10:36 Sun Aug 3, 2025

;Directory C:\Users\User\OneDrive\ChEPS\ChEPS Courses\ChE656-11thYear\Final
Filename C:\Users\User\AppData\Local\Temp\~apcb37.txt

’

DYNAMICS
DYNAMICS RESULTS=ON

IN-UNITS ENG SHORT-LENGTH=in

DEF-STREAMS CONVEN ALL

DESCRIPTION "
General Simulation with English Units
F, psi, 1lb/hr, lbmol/hr, Btu/hr, cuft/hr.
Property Method: None

Flow basis for input: Mole

Stream report composition: Mole flow

14




DATABANKS 'APV140 PURE40' / 'APV140 AQUEOUS' / 'APV140 SOLIDS'

/ '"APV140 INORGANIC' / NOASPENPCD

PROP-SOURCES 'APV140 PURE40' / 'APV140 AQUEOUS' / &
'"APV140 SOLIDS' / 'APV140 INORGANIC'

COMPONENTS
H20 H20

SOLVE
RUN-MODE MODE=SIM

FLOWSHEET
BLOCK A IN=3 8 FEED OUT=1
BLOCK B IN=1 OUT=2 7
BLOCK C IN=2 6 14 OUT=3 4 13
BLOCK D IN=4 OUT=5 15 PROD-1
BLOCK E IN=7 12 OUT=6 8 9
BLOCK G IN=5 11 OUT=10 12 14 PROD-2
BLOCK B1 IN=9 13 10 15 OUT=11

PROPERTIES STEAMNBS

STREAM FEED
SUBSTREAM MIXED TEMP=70. PRES=14.7
MOLE-FLOW H20 100.

BLOCK A MIXER
PARAM

BLOCK B1 MIXER
PARAM

BLOCK B FSPLIT
FRAC 2 0.5

BLOCK C FSPLIT
FRAC 3 0.3333 / 4 0.3333

BLOCK D FSPLIT
FRAC 5 0.33333 / 15 0.33333

BLOCK E FSPLIT
FRAC 6 0.33333 / 8 0.33333

BLOCK G FSPLIT
FRAC 10 0.25 / 12 0.25 / 14 0.25

DESIGN-SPEC DS-1
DEFINE PROD1 STREAM-VAR STREAM=PROD-1 SUBSTREAM=MIXED
VARIABLE=MOLE-FLOW UOM="lbmol/hr"
SPEC "PROD1" TO "40"
TOL-SPEC "0.01"
VARY STREAM-VAR STREAM=FEED SUBSTREAM=MIXED &
VARIABLE=MOLE-FLOW UOM="lbmol/hr"

15
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LIMITS "50"™ "150"

DESIGN-SPEC DS-2

DEFINE F2 STREAM-VAR STREAM=2 SUBSTREAM=MIXED &
VARIABLE=MOLE-FLOW UOM="lbmol/hr"

DEFINE F3 STREAM-VAR STREAM=3 SUBSTREAM=MIXED &
VARIABLE=MOLE-FLOW UOM="lbmol/hr"

SPEC "F2/F3" TO "2.0"

TOL-SPEC "0.001"

VARY BLOCK-VAR BLOCK=B SENTENCE=FRAC VARIABLE=FRAC ID1=2

LIMITS "0.1"™ "0.9"

EO-CONV-OPTI

STREAM-REPOR MOLEFLOW

’
’
’
’

’
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45. Flowsheet Convergence, V'

Consider the following flowsheet which consists of one mixer, three flashes, and two flow
splitters. Stream 1 is the process feed which has a total flow rate of 100 Ibmol/hr at 100 °F

and 20 psia and consists of the following components: benzene, toluene, n-hexane, n-octane,

and cumene each at 20 mol%.

Stream 5 takes 5 mol% of the inlet into SPLIT-1, while Stream 9 takes 95 mol% of the inlet
into SPLIT-2. FLASH-1, FLASH-2, and FLASH-3 all have zero pressure drops and whose
vapor fractions are 0.1, 0.2, and 0.3, respectively.

Use PENG-ROB as the property method. When you create your flowsheet, you must use the
same stream IDs and block IDs as shown in the figure.

-
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(a) Converge this base-case flowsheet in A+. In your simulation, you must

(i) reset your run.

(i) use the system-generated tear streams
(ii1) not provide any guesses for the tear streams.
(iv) not increase the default maximum number of iterations in the algorithm or change its

default parameter settings.

17
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Answer the following questions:

Your convergence scheme:

Total flow rate of Stream 11 = Ibmol/hr

(b) A design-spec will now be set up to ensure that the total flow rate of Stream 11 is exactly
2000 Ibmol/hr (£0.0001). This is achieved by varying the split fraction of SPLIT-1, again
using the number from Part (a) as the initial guess. Propose a convergence scheme to solve
this flowsheet. Again, be very specific with your answers, e.g. what algorithms are used,
what tear streams are used, and whether the convergence is simultaneous or nesting; and if
nesting is used, what is the order of nesting.

You may select your own tear streams (or use the A+ default), but in doing so you must:
(1) reset your run.
(i) not provide any guesses for the tear streams.
(ii1) not increase the default maximum number of iterations (30) in the algorithm or
change its default parameter settings.

(a) Converge this base-case flowsheet in A+. In your simulation, you must
(1) reset your run.
(i1) use the system-generated tear streams
(iii) not provide any guesses for the tear streams.
(iv) not increase the default maximum number of iterations in the algorithm or change
its default parameter settings.

Answer the following questions:

Your convergence scheme:

There are 2 tear streams in this flowsheet, and A+ chose Stream 3 and Stream 10 as the
tears. But the default convergence method of Wegstein failed to converge the flowsheet.
Switching to Broyden also failed to converge the flowsheet in 30 iterations (even though
increasing the maximum number of iterations should help). The Direct method didn’t help
either.

So Newton’s method must be used to converge the two system-generated tear streams.

Total flow rate of Stream 11 = 1734.22 Ibmol/hr

18



’

;Input Summary created by Aspen Plus Rel. 40.0 at 17:29:51 Sun Aug 3,

;Directory Filename C:\Users\User\AppData\Local\Temp\~ap6bf7.txt

’

DYNAMICS
DYNAMICS RESULTS=ON

IN-UNITS ENG SHORT-LENGTH=in
DEF-STREAMS CONVEN ALL

DESCRIPTION "
Chemical Simulation with English Units
F, psi, 1lb/hr, lbmol/hr, Btu/hr, cuft/hr.

Property Method: NRTL
Flow basis for input: Mole

Stream report composition: Mole flow

DATABANKS 'APV140 PURE40' / 'APV140 AQUEOUS' / 'APV140 SOLIDS' &
/ '"APV140 INORGANIC' / NOASPENPCD

PROP-SOURCES 'APV140 PURE40' / 'APV140 AQUEOUS' / &
'APV140 SOLIDS' / 'APV140 INORGANIC'

COMPONENTS
BENZENE C6H6 /
TOLUENE C7H8 /
N-HEXANE C6H14-1 /
CUMENE C9H12-2 /
N-OCTANE C8H18-1

SOLVE
RUN-MODE MODE=SIM

FLOWSHEET
BLOCK FLASH-2 IN=3 OUT=4 6
BLOCK FLASH-3 IN=6 8 10 OUT=2 7
BLOCK SPLIT-1 IN=4 OUT=5 8
BLOCK SPLIT-2 IN=7 OUT=9 12
BLOCK MIXER IN=1 2 11 OUT=3
BLOCK FLASH-1 IN=5 9 OUT=10 11

PROPERTIES PENG-ROB
PROPERTIES NRTL

PROP-DATA NRTL-1
IN-UNITS ENG SHORT-LENGTH=in
PROP-LIST NRTL
BPVAL BENZENE TOLUENE -2.885200000 2023.110180 .3000000000 &
0.0 0.0 0.0 104.0000000 231.3500000
BPVAL TOLUENE BENZENE 2.191100000 -1554.715440 .3000000000 &
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0.0 0.0 0.0 104.0000000 231.3500000

BPVAL BENZENE N-HEXANE -1.554000000 1435.629600 .3000000000
0.0 0.0 0.0 77.00000000 175.2800000

BPVAL N-HEXANE BENZENE .4066000000 -384.7228200 .3000000000
0.0 0.0 0.0 77.00000000 175.2800000

BPVAL TOLUENE N-HEXANE -2.948300000 2266.642440 .3000000000
0.0 0.0 0.0 76.64000000 231.1700000

BPVAL N-HEXANE TOLUENE 1.518200000 -1072.206360 .3000000000
0.0 0.0 0.0 76.64000000 231.1700000

BPVAL BENZENE CUMENE 0.0 98.06436000 .3000000000 0.0 0.0 &
0.0 178.8800000 277.5200000

BPVAL CUMENE BENZENE 0.0 -80.40420000 .3000000000 0.0 0.0 &
0.0 178.8800000 277.5200000

BPVAL BENZENE N-OCTANE -7.234400000 5407.750260 .3000000000
0.0 0.0 0.0 149.0000000 248.0000000

BPVAL N-OCTANE BENZENE 2.832500000 -2244.722760 .3000000000
0.0 0.0 0.0 149.0000000 248.0000000

BPVAL TOLUENE N-OCTANE 0.0 477.4008600 .3000000000 0.0 0.0 &
0.0 229.1000000 255.4520000

BPVAL N-OCTANE TOLUENE 0.0 -255.8093400 .3000000000 0.0 &
0.0 0.0 229.1000000 255.4520000

BPVAL N-HEXANE N-OCTANE -.3447000000 486.7939800 .3000000000
0.0 0.0 0.0 57.20000000 255.7400000

BPVAL N-OCTANE N-HEXANE -1.029400000 269.1432000 .3000000000
0.0 0.0 0.0 57.20000000 255.7400000

PROP-DATA PRKBV-1

IN-UNITS ENG SHORT-LENGTH=in

PROP-LIST PRKBV

BPVAL BENZENE N-HEXANE 9.30000000E-3 0.0 0.0 -459.6700000 &
1340.330000

BPVAL N-HEXANE BENZENE 9.30000000E-3 0.0 0.0 -459.6700000 &
1340.330000

BPVAL BENZENE N-OCTANE 3.00000000E-3 0.0 0.0 -459.6700000 &
1340.330000

BPVAL N-OCTANE BENZENE 3.00000000E-3 0.0 0.0 -459.6700000 &
1340.330000

STREAM 1
SUBSTREAM MIXED TEMP=100. PRES=20. MOLE-FLOW=100.
MOLE-FRAC BENZENE 0.2 / TOLUENE 0.2 / N-HEXANE 0.2 / &
CUMENE 0.2 / N-OCTANE 0.2

BLOCK MIXER MIXER
PARAM

BLOCK SPLIT-1 FSPLIT
FRAC 5 0.05

BLOCK SPLIT-2 FSPLIT
FRAC 9 0.95

BLOCK FLASH-1 FLASH2
PARAM PRES=0. VFRAC=0.1

BLOCK FLASH-2 FLASH2
PARAM PRES=0. VFRAC=0.2
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BLOCK FLASH-3 FLASH2
PARAM PRES=0. VFRAC=0.3

DESIGN-SPEC DS-2

DEFINE TF11 STREAM-VAR STREAM=11 SUBSTREAM=MIXED &
VARIABLE=MOLE-FLOW UOM="lbmol/hr"

SPEC "TF11" TO "2000"

TOL-SPEC "0.0001"

VARY BLOCK-VAR BLOCK=SPLIT-1 SENTENCE=FRAC VARIABLE=FRAC &
ID1=5

LIMITS "0.01"™ "0.60"

EO-CONV-OPTI

CONV-OPTIONS
PARAM TEAR-METHOD=NEWTON SPEC-METHOD=BROYDEN &
SPEC-LOOP=0OUTSIDE

STREAM-REPOR MOLEFLOW MOLEFRAC

(b) A design-spec will now be set up to ensure that the total flow rate of Stream 11 is exactly
2000 Ibmol/hr (£0.0001). This is achieved by varying the split fraction of SPLIT-1, again
using the number from Part (a) as the initial guess. Propose a convergence scheme to solve
this flowsheet. Again, be very specific with your answers, e.g. what algorithms are used,
what tear streams are used, and whether the convergence is simultaneous or nesting; and if
nesting is used, what is the order of nesting.

You may select your own tear streams (or use the A+ default), but in doing so you must:
(1) reset your run.
(i1) not provide any guesses for the tear streams.
(ii1) not increase the default maximum number of iterations (30) in the algorithm or
change its default parameter settings.

Answer the following questions:

Your convergence scheme:

One obvious option is to converge both the 2 tear streams selected by A+ and the design-
spec together using Newton. When the tolerance on the design-spec is £0.01 or £0.001, the
simultaneous convergence works fine, but with a much tighter tolerance of £0.0001, we
need another convergence scheme, such as nesting.

One convergence scheme that will work is to nest the two tear streams inside the design-
spec. The inner loop of tear streams will be converged using Newton, while outer loop of
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design-spec will be converged using Broyden (note that using Secant or Newton for the
design-spec will not work).

Split fraction of SPLIT-1 for Stream 5 = 0.544833

These are the additional input in A+:

DESIGN-SPEC DS-2

DEFINE TF11 STREAM-VAR STREAM=11 SUBSTREAM=MIXED &
VARIABLE=MOLE-FLOW UOM="lbmol/hr"

SPEC "TF11" TO "2000"

TOL-SPEC "0.0001"

VARY BLOCK-VAR BLOCK=SPLIT-1 SENTENCE=FRAC VARIABLE=FRAC &
ID1=5

LIMITS "0.01"™ "O0.e0"

EO-CONV-OPTI
CONV-OPTIONS

PARAM TEAR-METHOD=NEWTON SPEC-METHOD=BROYDEN &
SPEC-LOOP=0OUTSIDE
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