Process Simulation with ASPEN Plus Sensitivity Analysis in ASPEN Plus

¢+ Sensitivity analysis examines the variation of process results
7505 Course Notes
with changes to key flowsheet variables.

Section 4: SenSItIVIty AnalySIS and ** Sensitivity generates tables in the base case report.
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Setting up a Sensitivity Analysis Block Setting up a Sensitivity Analysis (Cont’d)
N

1. Identify the flowsheet variables to be sampled.

2. Select or compute the variables that are to be tabulated Total No. of Evaluations = I ] o,

i=1
(dependent variable or tabulated function). _ _
where N = total number of independent variables

3. Identify the variables to be varied. Q. = total number of points in independent variable i
4. Select values for the independent variables.
Example: 2 independent variables to vary T and P

T(°F) = 100, 200, 300, 400, 500

Caution: Each combination of independent variable values requires one
evaluation of the sensitivity block. For sensitivity blocks with
several independent variables, the number of combination can be P(atm)=1,2,3,4,5,6,7,8,9, 10

surprisingly large. No. of Combinations = (5)(10) = 50 points




Sensitivity Analysis Input Forms

¢ Sensitivity feature is invoked by selecting Model Analysis

Tools in Data pulldown menu.

** Fill out 1. Vary tab => identify manipulated variable
2. Define tab => access variables from flowsheet
3. Tabulate tab => select/compute a function to be

tabulated based on sample variables

Sensitivity Analysis Input Forms (Cont’d)

Simulation < | Capital: ___USD Utilities: ____USD/Year D || Energy Savings: MW (%) (0 ) || Exchangers - Unknown: 0 OK: 0
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A9 Energy Analysis

Example: Vary Reaction Conversion between 0.50 to 0.90

(7]

SPLITTER

40% of

3H,+N, > 2NH,

7l
e (3]
H,: 150 kmol/hr REACTOR
N,: 150 kmol/hr Ju2=0.80
Vary £, Based on inlet:
- Hy: 1.0%
Ny 5.0%
Thermodynamic Method: IDEAL NH;: 95%
(dummy, because we are not doing energy balance) Tabulate Mole% NH,

Plot from the Sensitivity Analysis Table

VARY 1 100°XNH3 =
REACTOR
1
Row/Case Status Description Ny
CONV
1 oK 05 828948 |
2 oK 052 833606
3 0K 054 837965
4 OK 0.56 84.2054
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Calculator Block (Fortran Block)

Example 1: Calculate Reactor Outlet Pressure and Input It

** Allows users to insert Fortran statements or Excel spreadsheets into
flowsheet computations to perform user-defined tasks.

%* Applications:

— Calculating or setting input variables before they are used (feedforward
control) based on some upstream information/results (most common)

— Reading input parameters from a file or the terminal

— Writing results to the History file, Report file, the terminal, or any user-
specified external file

— Calling external subroutines

— Writing your own user models

MIXER
P=1.0 bar
B
P=1.0 bar

(7]

SPLITTER

40% of

3H,+N, > 2NH,

(2]
H,: 150 kmol/hr REACTOR
N,: 150 kmol/hr Jip=0.80
Based on inlet:
H,: 1.0%
Empirical correlation for the reactor pressure drop: N
3+ o

AP =1.5x107 M [=] bar, and M [=] kg/hr of Stream 2

Example: Let’s Do Manual Calculations First

Specifying a Calculator Block

Main Flowsheet » Results Summary - Streams (All) = | Design Specs | +

{Materiﬂ }Heat Load | Work | Power | Vol% Curves | Wt. % Curves | Petroleum | Polymers | Solids

Units 1 ~2 -3 <2 -
Enthalpy Flow cal/sec -2.98850+34
Average MW 15.0147 18.3616 22.8559 245714
+ Mole Flows kmol/hr 300 461.696 370.91 269.493
#* Mole Fractions
* Mass Flows kg/hr 4504.4 8477.49 6621.82
+ Mass Fractions
Volume Flow I/min
# Solid Phase
< [T
Model Palette

AP =-1.5x10" (8477.49)* bar = -0.1078 bar
P (Stream 3) =1 -0.1078 = 0.8922 bar

+* Define a Calculator block by:

1. Creating the Calculator block by selecting Flowsheeting Options

in Data pulldown menu

2. Identifying the flowsheet variables that the block samples or

manipulates.
3. Entering the Excel formulas or Fortran statements

4. Specifying when the Calculator block is executed




Specifying a Calculator Block (Cont’d)

Specifying a Calculator Block (Cont’d)

All Items
| Sensors

Main Flowsheet €1 REACTOR (RStoic) Control Panel Design Specs

C-1-Input » | MIXER (Mixer) « |+

Main Flowsheet Tl REACTOR (RStoic) Control Panel Design Specs Results Summary - Streams (All) © | MIXER (Mixer) &9

2 Utilities
(3 Reactions
b [@ Convergence
4 [ Flowsheeting Options
[ Design Specs
4 [ Calculator
4 BBC1
@] Input
[@] Block Options
[ Results
¥ EO Variables
[@] €O Input
(3 Transfer
[@] stream Library -

' Properties

) simulation
Ja) safety Analysis

AQ Enerav Analusis

[Qoeﬁne | @calcutate | @sequence | Tears [ stream Flash | comments
[¥] Active

) Sampled variables (drag and drop variables from form to the grid below)
|

{ Material } Heat | Load | Work | Power | Vol.% Curves | Wt % Curves | Petroleum | Polymers | Solids

© Property Parameters

© Reactions

\ ‘ Variable Information flow Definition
MFLOW2 Imoortvariable Stream-Var Stream=2 D Variabl -FLOW Units=kazh
( New |[  Deete |[  copy Movanowass | (Viendiaiables
~) Edit selected variable
Variable @ MFLoW2 v Reference Information flow
e Type Stream-Var - © Import variable
o Stream: 2 - © Export variable
ST Substream:  MIXED - O Tear variable
@ Steame Variable: MASS-FLOW -~ (@)
© Model Utiity Units: kg/hr b

Units 5 (P (S (5 (i -

Description
From MIXER REACTOR SEP SEP
To MIXER REACTOR SEP SPLITTER
Stream Class CONVEN CONVEN CONVEN CONVEN CONVEN
Maximum Relative Error
Cost Flow $/hr
— MIXED Substream
Phase Solid Phase Solid Phase Solid Phase

Solid Phase Solid Phase

Temperature & 10 0 10 10

1 0.892198 0.892251 0.892251

Molar Solid Fraction 1 1 1 3l 1

Pressure bar #
Molar Vapor Fraction

Molar Liquid Fraction

Example 2: Calculate a New Reaction Conversion and Use It

H,: 150 kmol/hr
N,: 150 kmol/hr

(7]

3H,+N, > 2NH,

SPLITTER

40% of

REACTOR
fin =0.80

Empirical correlation for the reaction conversion:

P =0.8922 bar
[3]
=2

Based on inlet:
H,: 1.0%

N,: 5.0%
NH;: 95%

Jip =21.355X3,X,/Pg; where x, is the mole fraction of i in Stream 2

Your Task

% Create a 2" Calculator Block to calculate the new reaction
conversion using the given empirical equation.

Questions:

1. What are the new variables you need to sample (import variables)?

2. What is the new variable you need to overwrite (export variable)?

3. What is the new reaction conversion used by the reactor?

Answer from A+:

Answer from hand calculations:




