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What's a Flowsheet?
� The process flow diagram (PFD) that we use to set up 

simulation computations is referred to as a flowsheet  
(at least in the computational community)

� The computation is called flowsheeting .

� The application is the flowsheeting system.

A brief history of simulators
Late 50s Individual unit op programs

ca. 1960 Research simulators
(e.g. PACER from Purdue)

1965 Industry in- house programs
(e.g. CHEOPS from Chevron)

1970 FLOWTRAN  from Monsanto
Others: DESIGN  (Chemshare), FLOWPACK , CAPES, …

1975 PROCESS from Simulation Sciences

1980 ASPEN  from MIT (and DOE); spawned Aspen Tech in
1981

Early 80s Specific applications, e.g., HEXTRAN, PIPHASE
from Simulation Sciences

1985 ASPEN PLUS from Aspen Tech

Late 80s Upgrades: PRO/ II  from Simulation Sciences
DESIGN/ 2000  from Chemshare
Equation- oriented approach: SPEEDUP  (dynamic
simulation), QUASILIN , ADVENT  from England
Migration to PCs: HYSIM  from Hyprotech,
CHEMCAD , and from all other major packages



History, continued

Early 90s • All major packages underwent periodic upgrades (~3
years/major revision)

• Advanced appls: pinch analysis, conceptual design, etc.
• New markets: e.g. ENPRO for environmental processes
• Special appls for PCs with interactive GUI: MAX

(AspenTech), PROvision  (SimSci)
• Migration of major packages on to PCs

Mid 90s • Migration of GUI development into Aspen Plus and PRO/II;
special PCs versions (MAX, PROvision) phased out

• HYSIM became HYSIS
• Major vendors expanded product lines

Late 90s • Process design simulators became matured; upgrades
became minor revisions

• Consolidation of companies
e.g., SimSci bought by Invensys, Hyprotech by AEA Tech

…and later by Aspen Tech,
  

Early 2000s • CAPE-OPEN  flowsheeting environment by the Europeans
(CAFE, TEA, CORN, etc. in COCO)

Simulators—some Common features

� Interactive graphical user interface
� Powerful thermodynamics and physical/transport property 

—packages both database and data regression
� Provision for user methods/models, data, & library
� Solids handling
� …Flowsheet analysis with optimization,
� More advanced architecture

� —System design data structure, file systems, etc.
� —Solution algorithm simultaneous equations, dynamic 

simulations, etc.
� “ ”An open  framework that allows for software interoperability 

(so-called CO compliant)

Extensions

� Batch processing
� Unit ops for polymers, pharmaceuticals, environmental 

(waste treatment, minimization, & remediation), food & 
…beverage,  industries

� Integrated process engineering (downstream applications)
� Economic analysis and supply chain forecast
� P&ID and CAD
� Engineering construction, inventory management
� Supervisory process control
� On-line modeling and optimization
� Safety & reliability analysis

� Process synthesis and design
� Heat integration and HE networks (pinch analysis)
� Conceptual design (commercialization aborted?)

What's a Flowsheet?  (Again)
� The process flow diagram (PFD) that we use to set up 

simulation computations is referred to as a flowsheet  
(at least in the computational community)

� The computation is called flowsheeting .

� The application is the flowsheeting system.



What’s in a flowsheet?

� Feed streams
� T, P, compositions, flow rates,... & r , H, S, etc.

� Product streams
� Unit operations

� Connections (material and information)
� Operating (rating) and design parameters

What’s in a flowsheeting system?

� Databases
� Models
� Algorithm (flowsheet architecture)
� Supporting software

� Interface with system architecture
� User interface

Thermodynamics 
models & 
database

Executive 
program or 
GUI

Unit Op modules 
& math functions

Flowsheet 
analyzer

Sizing, 
costing

Taken from the 
old(!) FLOWTRAN 
manual

Process input data categories

� Mandatory
� General info (for project management)
� Component data
� Thermodynamic models/methods/data
� (Feed) Stream data
� Unit operations data

� Connectivity
� Specifications

� Secondary
� Run time specific

� Recycle guesses; calculation sequence override
� …Convergence criteria, 

� Case studies, sensitivity calculations
� …Optimization



A sample (keyword) input file

TITLE  "Simple isothermal flash"

DESCRIPTION "Isothermal flash of given feed at 100F and 500 psi"

IN-UNITS  ENG 

DATABANKS ASPENPCD

COMPONENTS 
    H2 HYDROGEN / 
    C1 METHANE / 
    BZ BENZENE /
    TOL TOLUENE

FLOWSHEET 
    BLOCK B1 IN =1 OUT=2 3 

;
; Need Manual or better yet Help under ModelManger
; to find out what the property set means
;
PROPERTIES RK-SOAVE 

STREAM 1 TEMP=100 PRES=500 
         MOLE-FLOW C1 2000 / BZ 2000 / TOL 500 

BLOCK B1 FLASH2 
    DESCRIPTION "ISOTHERMAL FLASH AT SPECIFIED T & P" 
    PARAM PRES=500 TEMP=100

This is what A SPEN Plus and PRO/II 
really do underneath the GUI.

Make a habit of exporting 
them as a backup (tiny 
ASCII files).

Much quicker to edit them 
for major 
changes/revisions—when 
you are on a large project.

COCO adopts a syntax 
more common in open-
source and XML software

Once translated into an input file, a PFD 
resembles a block diagram again!

(ASPEN Plus Manual)

Sample idea of a “block” or module

Each “block” is really a function (or subroutine) c all to 
an instance of an object. A pump here:

Inlet streams

Outlet streams

Efficiency, 
power, sizing, 
etc.

(FLOWTRAN Manual)

What does the program solve?

� A huge set of material and energy balance 
equations
� —Steady-state simulation > algebraic equations
� —Thermodynamic equilibria > nonlinear
� “ ”Design or optimization situations, the missing  process 

parameters



The (conceptual) problem statement

U1 U2

y 11  = x 21 y 21  = x 31

U3

y 31

x 12  = y 32

?

x 11

1. Assign notations (labels) for flow streams, unit 
ops & set up connectivity table

2. Assign a model (i.e. a nonlinear set of equation)  
for each unit

f 1(u 1, x 1, y 1) = 0

f 2(u 2, x 2, y 2) = 0

f 3(u 3, x 3, y 3) = 0

x , y , u  — input, output, internal unit parameter vectors

And how to solve them?

� Sequential modular
� i.e., solve each set (unit) one by one and iterate

� Simultaneous equation (a.k.a. equation oriented)
� i.e., solve all the unit equations simultaneously

F = [ f 1  f 2  f 3] = F( x , u ) = 0
with constraint   max P(x , u )

When we solve the equations simultaneously, we of 
course will be using some iterative schemes (e.g., 
Newton’s method)

But with the sequential modular approach, we have t o 
insert an iterative module for each iterative varia ble.

A recycle loop requires “tearing”
— choosing a tear stream to insert a module to 
perform the iterative search

•Choose y 32 as the tear stream
•Guess y 41

•Solve sequentially the sets of equations for the u nits
•Test y 32  =? y 41  and iterate

• The tearing is done automatically
• Initial guess typically generated by setting x12 = 0
• Not foolproof in big complex problems
• Provide your own guess or override defaults

U1 U2

y 11  = x 21 y 21  = x 31

U3

y 31

x 41  = y 41

x 11

U4

x 41  = y 32x 12  = y 41

?

Tear stream

Why sequential modular approach?

� Logical
� Easy to program and manage
� Can trace errors

� Can make some sense out of a run that does not 
converge and fix that



Sequential modular—disadvantages

� Computationally not the most efficient
� Amenable to steady-state calculations only
� Handles operational (a.k.a. performance, rating) 

calculations effectively, but not design
� Design calculations have to be handled by 

different modules or by iterative calculations

Sample approach to handle design

Some 
unit op

D

B

F

Di/F i

Fi, R, etc.

A “ control 
block ” (PRO/II) 
or a design-spec  
(ASPEN Plus) 
handles the 
iterative 
calculation

To meet some desired output specifications (e.g. 
percent recovery), we vary some upstream or unit 
operation parameters.

Simultaneous Equations—pros and cons

� Advantages
� Computationally more efficient
� Can be adapted to do dynamic simulations

� Disadvantages
� Need good starting values
� ’If there s no convergence, you get absolutely nothing
� Theoretically more complex; difficult to generalize

� “ ”So earlier developments began with more homogeneous  
problems such as distillation column sequences, heat 
exchanger networks, etc.

Simultaneous Modular Approach

(Also referred to as two-tier approach)
Simple idea:

Linear or 
simplified models 
that can be solved 
simultaneously

Rigorous 
nonlinear 
sequential 
models

Updated stream 
variables

Generate coefficients 
for the simplified model



Thermodynamic methods

� We cannot overstate the importance of using the 
proper thermodynamic models/methods and our 
ability to judge the validity of the result
� Each chosen method will give us different numerical 

answers! (That is even if those methods are considered 
proper.)

� So there is never a set of unique answers
� Review Chapter 2 of Seader & Henley
� To make sensible selections, use the help (or 

manual) of ASPEN Plus or PRO/II as the first step.

What have to be computed?

� K-values
� Hi, Si, Cp, etc.

� m, D, s, etc.

Thermodynamic quantities for 
phase equilibria and energy 
calculations

Transport properties for 
sizing

A much simplified view of methods

Thermo.
methods

Equation of 
state 
(E.O.S.)

Liquid activity 
coefficient 
models

Group 
contribution 
methods

Specialized 
applications
(packages)

van Laar
Wilson
Nonrandom Two Liquid (NRTL)
UNIQUAC

UNIFAC
ASOG

Steam table
Solids
Electrolytes,
Amines/sour gas,
Polymers, etc.

Cubic equations (SRK, PR, etc.)
Empirical (esp. for petroleum 
fractions)

When the thermo method is most important?

Illustrative idea with a McCabe-Thiele diagram:

Low purity product
Error in the phase envelop has little effect

High purity product
Error in the phase envelop has 
significant effect in the calculation

The tighter the specs, the more important and sensitive 

is the simulation to the thermodynamic method/model.

Azeotrope



So the choice is critical if…

� High recovery
� High purity
� Small separation factor a ij

� Very nonideal mixtures, including those with 
azeotropes and phase separation

Precautions!

� Do not develop a black box mentality and acceptance with 
religious faith toward any canned functions or design 
programs and their results.

� Analyze the outputs critically.
� Do not just "lock" into one or two numbers you are 

interested in. Other parts of the output may indicate that the 
numbers are garbage.

� But a complete stream table of a complex plant can be difficult to 
trace. Make a compact stream table with the crucial streams for 
easy reference.

� Learn to check the calculation trace for both errors and 
warnings.

Precautions, continued

� Make intelligent guesses. This is why order of magnitude 
analyzes and short-cut methods are still so important in the 
computer age. Blind guesses will only waste time with 
nonconvergent calculations or garbage results. Quick order 
of magnitude or short-cut calculations also allow you to 
assess whether the outputs are meaningful.

� Think about alternatives. That includes not only the design 
but also how you set up the flowsheet.

� This includes using ratio and recovery specifications (that float) as 
opposed to absolute specifications like flow rates and purity (mole 
fractions)

Precautions,… (3)

Be careful with the use of design-specs:

Mass balance envelope

DESIGN
-SPEC



Some common sense steps…
� Start with a simple flowsheet, then add on 

complex features in gradual systematic steps.
� For a complex unit, set up on the side an input file with 

only this unit and analyze its properties.
� Even if you have a relatively matured design, 

you do not simulate all details immediately.

Example:

Hydrogenation of benzene

C6H6 + 3H 2 —> C 6H12

(ASPEN Plus Manual)

The reduced flow diagram

HEATER

FLASH2

RADFRAC

FSPLIT

FSPLIT

RSTOIC

Omit details in pressure drop, valves, compressors, 

heating/cooling utilities, and for sure heat integration

(ASPEN Plus Manual)

Common sense, continued
� Lump non-critical units together
� Where appropriate, use a simple SEP to establish a 

preliminary material balance
� Keep in mind that every time you add a design 

specification (DESIGN-SPEC), the program has to set 
“ ”up a new iterative variable and loop

� Skip trace components (impurities or byproducts) in 
preliminary simulations



Common sense,… (3)
� Analyze a design with the case study and sensitivity 

features
� Optimization definitely should not be attempted 

ahead of these analyses. We need to know (1) the 
effective variables to vary, (2) if the objective 

“ ”function is meaningful (The optimization  may have 
“ ”to be done by hand  as in TBWS.)

When convergence is difficult…
� Again check the calculation trace for telltale signs
� Check material balance against your hand calculations

� Use mass flow rates and not molar flow rates, 
esp. when you have chemical reactions

� Question the validity of your choice of thermodynamic 
methods

� Consider different ways to set up your specifications
� Consider overriding defaults with your own

� Guess initial recycled streams
� Tear stream/variable and calculation sequence
� Relax tolerance
� Try mass balance only simulations
� …


