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Part 4

Pressure Change in Aspen Plus

’
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Objectives:

1.Learn to use different pressure change elements such as pumps, valves, pipe
segments.

2.Become familiar with pages and Tabs of each element and how to fill in the required inputs.
3.Get to know the critical conditions and its causes for each pressure change elements.
4.Learn to use Sensitivity in Aspen Plus

5.Learn to use Design Specs in Aspen Plus

6.Understand pressure level heuristics for compressors and turbines

7.Understand the difference between heat, material, and work streams
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Problem Definition

Forty tons per hour of water with the temperature of 20 -C has to be pressured from 1 to 6 bar.

a. Calculate the electricity requirement of the pump if its efficiency is 70%.
b. The pump characteristic curve H=f(Q) provided by the producer is given in Table 4.1;
considering the same efficiency as in point a, calculate the discharge pressure, head developed,

and NPSH available.

Table 4.1 Pump performance curve data
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Use Aspen Plus in this simulation.

e Open Aspen Plus, select a component list and the appropriate thermodynamic method as
explained in Chapters 1 and 2.

Components « |+

[@Selection ‘Pe‘[roleum lNonconven‘[ional IEnterprise Database IComments I

Select components

Component ID Type Component name Alias CAS number
WATER Conventional WATER H20 7732-18-5
\ | Find | | Elec Wizard ‘ | SFE Assistant | | User Defined | ‘ Reorder H Review ‘ y

e Switch to Simulation environment and prepare the process flowsheet by the same method
as shown in Example 2.12; we need only a Pump block, which can be selected from the
menu of Pressure Changers; the flowsheet is completed by drawing one input and one
output material streams. Rewrite the block name from B1 to Pump (see Figure 4.2).
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PUMP

OUTLET
O INLET ’
F =

e Specify the inlet stream by the same method as in Example 3.1.

y _ o o . . . Y
[ @ Mixed IC Solid MC Solid [Flash Options l EO Options I Costing l Comments l
| Specifications
Flash Type Temperature ~ Pressure - Composition
B Mass-Frac -
State variables
Temperature 20 C - Component Value
Pressure 1 bar h WATER 100
Vapor fraction
Total flow basis Mass -
Total flow rate 40000 kg/hr -
Solvent
Reference Temperature
Volume flow reference temperature
C
Component concentration reference temperature
C
Total 100
e >

¢ To find a solution for case a in the Setup page of Pump block, select Discharge Pressure
and specify the required value as shown in Figure 4.3; on the same page, specify also
the value of pump efficiency.
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o _ N
& Specifications | Calculation Options I Flash Options I Utility l Comments
Model
@ Pump Turbine
Pump outlet specification
@) Discharge pressure 6 bar -
Pressure increase bar
Pressure ratio
Power required kKW
Use performance curve to determine discharge conditions @/ ‘
Efficiencies
Pump 0.7 Driver
., »

e Run the simulation; after the calculation is done, check the results for case a on the
Results sheet (Figure 4.4); required electricity has the same value as Brake powerwhich
is around 8 kW.

Main Flowsheet PUMP (Pump) - Results -+

Summary | Balance Performance Curve Utility Usage & Status

Fluid power 5.5654 kKW -
Brake power 7.95057 kW -
Electricity 7.95057 kW -
Volumetric flow rate B67.248  |/min -
Pressure change 5 bar -
MNPSH available 097676 m-kaf/kg hd

MNPSH required

Head developed 51.0762 m-kaf/kg hd
Pump efficiency used 0.7

MNet work reguired 7.95057 KW -
Outlet pressure & bar -

Outlet temperature 2000587 C -
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To find a solution for case b, select Use Performance Curve on the Setup page to
determine discharge conditions.

Use the value of efficiency from previous calculation.

Move to the Performance Curve sheet; and on the Curve Setup page, select Head as the
performance variable and Vol-Flow as the flowvariable; select curve format as Tabular
Data and number of curves as Single Curve at Operating Speed.

On the Curve Data page, select unit of head as meter and unit of flow as m3-h-1, then
enter curve data as shown in Figure 4.5.

[ Main Flowsheet - PUMP (Pump) - Setup | + A
@ Specifications | Calculation Options I Flash Options I Utility I Comments
Model
9 Pump Turbine
Pump autlet specification
Discharge pressure 6 bar
Pressure increase bar
Pressure ratio
Power required kW
@ Use performance curve to determine discharge conditions @/ ‘
Efficiencies
Pump 0.7 Driver
N y

Main Flowsheet PUMP (Pump) - Performance Curves -+

& Curve Setup | & Curve Data I Efficiencies I NPSHR I Operating Specs

Select curve format Select performance and flow variables
@) Tabular data Performance Head -
Polynomials Flow variable Vol-Flow -

User subroutine

Number of curves
@) Single curve at operating speed
Single curve at reference speed

Multiple curves at different speeds

€|

Mumber of curves 1

Options

Interpolation method for tabular data Hermite -




Educational Institute for Equipment and Process Design

- T 1 ™
[ @ Curve Setup | @Curve Data | Efficiencies I MNPSHR l Operating Specs
Units of curve variables
Head meter - Flow cum/hr -
Head vs. flow table Curve speeds
Curve No. 1 - Curve Shaft Speed
Point Head Flow Ne | rpm
1 60 10
2 57.5 20
3 55 30
4 53 40
5 50 50
6 47 60
7 425 70
8 37 80
e .

¢ Run the simulation and check the results on the Results page.
e As itresults from Figure 4.6, the outlet pressure is around 6.2 bar, head developed is
near 53 m, and NPSH available is 9.97 m.

# Main Flowsheet PUMP (Pump) - Results -+ 3
Summary ]m Performance Curve Utility Usage & Status
Fluid power 577317 kKW -
Brake power 8.24738 kW A
Electricity 8.24738 kKW -
Volumetric flow rate 667.848 I/min -
Pressure change 5.18666 bar -
MPSH available 9.97676 m-kaf/kg -
MNPSH required
Head developed 52.9829 m-kgf/kg -
Pump efficiency used 0.7
MNet work required 8.24738 kKW -
Outlet pressure 6.18666 bar -
L Outlet temperature 2000609 C - y
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Problem Definition

It is customery in process plants, refinaries and petrochemicals to transport a liquid or products
from one storage tank to another in case of emergencies or for storage purposes. For instance,
in some large methanol plants or refinaries there are a daily product storage tank as well as a
weekly storage tank. When the capacity of the daily tanks reaches its maximum, the control room
operators start transporting the purified methanol from daily tanks to weekly tanks. In this regard,
as shown below, in order to transport the liquid some equipment such as piping for transport,
control valve for measurement and level control and pumps for increasing the pressure are
required.

Example:

In a utility plant, the operator in control room is supposed to transport the water from TK-4001 to
TK-5001. As shown on the following P&ID, through passing the pipes, water passes through
valves LV-4010, FV-4010 and then a pump P-4010 and FV-4020, LV-4020 and finally reaches
TK-5001.
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How to simulate

1. Choose “Specialty Chemicals with Metric Units” template to create a steady-state flow sheet.
2. Go to Properties/Set-up/Specification and in Global Tab, give it the name of “Water Transport”
3. Go to Properties/Component/ and Find water.

4. Given the fact that the ASME steam tables are less accurate than the NBS/NRC steam tables,
set the property method to “STEAMNBS”. The NBS/NRC steam tables are embedded, similar to
any other equation of state, within the built-in “Aspen Physical Property System”. These steam
tables can calculate any thermodynamic property of water. There are no parameter requirements.
5. Click “Reset” followed by “Next” button to run the simulation and assure that properties’ analysis
completed successfully. Switch to “Simulation” environment.

6. Set-up the flowsheet based on the P&ID or the following Aspen Plus flowsheet.

In “Model Palette”, click on “Pressure Changers” tab. Under this tab, you will have many options
that you can choose from for fluid flow purposes. Those unit operations can be used to model
fluid flow processes. Pipes, pumps, and valves are chosen from such a category. On the other
hand, the storage tank is chosen from the “Mixers/Splitters” tab under “Mixer” category. Figure
8.2 shows that water is brought to “TANK-4001" from an external source and it will be transported
to “TANK-5001" via means of connecting pipes, valves, fittings, and a pump. Moreover, “TANK-
4001” exists at a pressure of 2 atm where it suffices to push the liquid water until the entrance of
the installed pump (installed at the midpoint between the two tanks). Water will continue its journey
to “TANK-5001" by the virtue of the pump work (i.e., compression).
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7.Click Next and fill-up the inputs for stream 0 based on table XX and the figure XX:

r Y
Stream O Charachteristics
Temperature 25C
Pressure 2 atm
Flowrate 10000 kg/hr
e >
& Mixed ‘ Cl Solid | NC Solid l Flash Options l EQ Options l Costing l Comments l
~ | Specifications
Flash Type Temperature = Pressure ~ Composition
. Mass-Flow ¥ kag/hr h
State variables
Temperature 25 C M Component Value
Pressure 2 atm - WATER 10000
Vapor fraction
Total flow basis Mass A
Total flow rate kag/hr A
Solvent
Reference Temperature
Volume flow reference temperature
C
Component concentration reference temperature
C
Total 10000
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8. Click Next and fill-up the inputs for P-4001 based on the figure:

& Specifications | Calculation Options lFIash Options ll._J‘ciIi‘q,.r ICDmments ]

-Model

@ Pump ©) Turbine

-Pump outlet specification
@ Discharge pressure

() Pressure increase

() Pressure ratio

() Power required kW
() Use performance curve to determine discharge conditions Q/

- Efficiencies

Pump Driver
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9. Click Next and fill-up the inputs for Pipe segment 1 and 2 based on the figure:

Figure 8.7 shows specifications for “PIPE-1” block, where its length is set to 1 km and diameter
to 2.5" nominal, with 40S schedule number, in “Thermal Specification” tab window, select the
“Thermal specification type” to be “adiabatic”. In “Fittings1” tab window, the screwed connection
type was selected as shown in Figure 8.8. The AWWA [2] states that “Isolating valves in the
distribution system should be located less than 500 ft apart (150 m) in business districts and less
than 800 ft (240 m) apart in other parts of the system”. Let us install three valves at 250, 500, and
750m from the start of the pipe. We have already one valve just before and another just after the
pipe. In addition, we have six 90-celbows and ten straight tees. In general, screwed (threaded)
ends, usually but not necessarily confined to pipe sizes of 150mm or less, are widely used for
bronze valves and to a lesser extent in iron and steel valves. On the other hand, flanged end
valves are made in sizes from 150mm upward. A flanged fitting is a type of connection used to
join two or more pipes. Each of the pipes must be equipped with a flange, or raised ridge that runs
around the outside perimeter of the pipe. Installers connect the two flanges via compression using
bolts, clamps, or other fasteners. A flanged fitting may be used, however, in place of traditional
threaded connectors, welding, or soldering. Some types of flanges are used in conjunction with
welding or soldering to create a stronger pipe joint.

[ Characteristics Pipe segment 1 Pipe segment 2 )
Length 1 km 1 km
Material SS SS
Schedule 40S 40S
Nominal Diameter 2.5in 25in
Thermal Specification Adiabatic Adiabatic
Piping Elements 2GV+1BV+BEL90+10STee 2GV+1BV+6EL90+10STee
\
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(& Pipe Parameters ‘@Thermal Specification |(§Fi’rtings1 lFittingsZ |Flash Options | Solids Conveying | Comments
@ Fluid flow
_ Solids conveying
Length
Pipe length 1 km v
Diameter Pipe schedules
) Inner diameter 00627126 meter Material STAINLESS -
@) Use pipe schedules Schedule 405 M
_) Compute using user subroutine Nom diameter 2.5-IN M
Elevation Options
9 Pipe rise 0 meter ¥ | | Roughness 4572e-05 meter M
) Pipe angle deg Erosional velocity coefficient 100

—

[ (J Pipe Parameters | & Thermal Specification | & Fittings1 IFittingsE lFIash Options ]

Thermal specification type

_ Constant temperature

_ Linear temperature profile Outlet temperature
®Adiabatic (zero duty)

_ Perform energy balance nclude energy balance parameters

nclude heat flux
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[ (2 Pipe Parameters ] 2 Thermal Specification | I Fittings1 |Fitting52 ] Flash Options

-Connection type

) Flanged welded @ Screwed

-MNumber of fittings

Gate valves Straight tees

Butterfly valves Branched tees

<> < <>
< 4> <>

Large 90 deq. elbows Globe valves

~ Miscellaneous L/D

Value

-Miscellaneous K factor

Value 0
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10. Click Next and fill-up the inputs for V-4010, V-4020, V-4030, V-4040 based on the figure:

[ Characteristics V-4010 V-4020 V-4030 V-4040 )
Opening 50 50 50 50
Valve Type Butterfly Ball Globe Globe
Manufacturer Neles JB Neles JB Neles JB Neles JB
Rating Ansi-Class300 MSFP EQ Linear
Size 3in 3in 3in 3in
. y

Figures 8.4 shows the options for calculating the outlet pressure and specification for percent
valve opening pertaining to the first valve, that is, “VALVE-1" block.

V‘ @ Operation | @ Valve Parameters I Calculation Options ] Pipe Fittings ] Comments

Calculation type

() Adiabatic flash for specified outlet pressure (pressure changer)
() Calculate valve flow coefficient for specified outlet pressure (design)

@ Calculate outlet pressure for specified valve (rating)

Pressure specification Valve operating specification
Outlet pressure atm @ % Opening 50
Pressure drop atm ) Flow coef

Flash options

Valid phases Vapor-Liguid *  Maximum iterations 30 c
Error tolerance 0.0001
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Figure 8.5 shows “Valve Parameters” tab window where the user enters the valve type and its
manufacturer. Notice that the butterfly type valve is used to regulate the flow rate of fluid via
increasing or decreasing the opening area available for flow.

é [ & Operation @ Valve Parameters | Calculation Options l Pipe Fittings l Comments l D
Library valve
Valve type Butterfly - Manufacturer Meles-Jamesbury -
Series/Style Ansi_Class_300 - Size 3-IN -
Valve parameters table
% Opening Cv Xt Fl -
10 12.5 0.42 0.76
20 31.3 0.42 0.79 H
30 51 0.43 0.82
40 75 0.44 0.83
50 103 0.45 083
Valve characteristics Valve factors
Characteristic type Pres drop ratio factor
Cv at 100% opening Pres recovery factor
. -

[ & Operation l & Valve Parameters Calculation Options Pipe Fittings l Comments
Calculation options
Check for choked flow '
|:| Calculate cavitation index

Minimum outlet pressure

@ Use lower limit for simulation
() Specify minimum outlet pressure atm

() Set equal to choked outlet pressure

Valve convergence parameters

Maximum iterations 50 t
Error tolerance 0.0007

Figure 8.6 shows “Calculations Options” tab window where Aspen Plus checks for the existence
of choking condition. Notice that the choked flow for a compressible fluid, such as gases and
vapors, is a limiting condition at which the choking occurs for an isentropic expansion condition
(i.e., reduction in pressure below a certain critical value) such that the exit plane velocity is at
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sonic conditions or at a Mach number of 1 (velocity of sound in an open air). At a choked flow
condition, the mass flow rate is primarily dependent on the cross-sectional area of the hole, the
upstream pressure, PO, and weakly on the fluid temperature. The rate does not depend on the
downstream pressure, at all. On the other hand, for liquids, if the fluid is a liquid, a different type
of limiting condition (also known as choked flow) occurs when the venturi effect acting on the
liquid flow through the restriction decreases the liquid pressure to below that of the liquid vapor
pressure at the prevailing liquid temperature. At such a point, the liquid will partially flash into
bubbles of vapor (cavitation) and the subsequent collapse of the bubbles (implosion).

[ &% Operation | @ Valve Parameters | Calculation Options l Pipe Fittings l Comments l )
- Library valve
Valve type  Ball = Manufacturer MNeles-Jamesbury -
Series/Style Metal_Seated_Full_Port - Sjze 3-IN -
-Valve parameters table
% Opening Cv Xt Fl -
10 5.94 0.82 0.91 E|
20 15.8 082 0.91
30 29.7 08 0.9
40 495 075 0.88
50 75.7 0.67 085 «
-Valve characteristics -Valve factors
Characteristic type Pres drop ratio factor
Cv at 100% opening Pres recovery factor y
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[ & Operation & Valve Parameters | Calculation Options l Pipe Fittings l Comments

Library valve

Valve type  Globe * Manufacturer Neles-Jamesbury

Series/Style  W810_Equal_Percent_Flow - Size 3-IN

Valve parameters table

% Opening Cv Xt Fl -
10 1 0.77 0.96 E|
20 3 0.77 0.96
30 5 0.77 0.96
40 10 0.77 0.96
50 19 0.77 0.96 -
Valve characteristics Valve factors
Characteristic type Pres drop ratio factor
Cwv at 100% opening Pres recovery factor

”
[ 2 Operation @ Valve Parameters | Calculation Options l Pipe Fittings l Comments

Library valve

Valve type  Globe * Manufacturer Meles-Jamesbury

Series/Style W810_Linear_Flow - Size 3-IN

Valve parameters table

% Opening Cv Xt Fl -
10 8 0.77 0.96
20 20 0.77 0.96
30 36 0.76 0.95
40 52 0.74 0.94
50 66 0.71 092
Valve characteristics Valve factors
Characteristic type Pres drop ratio factor

Cv at 100% opening Pres recovery factor
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When you click the Reset and then Next, you get the following warning; simply click ok and
continue running the simulation.

o . Ny
9 Required Input Complete X
All required input is complete. You can run the simulation now, or enter more input. To enter
more input, select Cancel, then select the input you want from the Simulation pane.
Run the simulation now?
OK ] ‘ Cancel
h w

Results
PIPESEG 1/2

Let us look at some simulation results and show where they can be accessed. Figure 8.13 shows
the results summary pertaining to “PIPE Segment-1” block that is 1 km long. Notice here that
there is a significant pressure drop due to friction along the pipe, in addition to the presence of 19
fitting objects (see Figure 8.8). That is why the pressure inside “TANK-4001" is at 2 atm, which is
sufficiently large to overcome all types of friction along fittings-augmented “PIPE Segment-1”
pipeline. Moreover, the reported equivalent length is 1025.11m>1000m (original length). What
does this mean? From fluid mechanics point of view, such an extra length of 25.11m accounts for
the resulting friction due to the presence of fitting objects in a manner equivalent to having a pipe
of a total length equal to 1025.11m but with no installed fitting objects.

Summary | Streams l Balance l Profiles l Properties | Property Grid & Status
Total pressure drop 146957649 | atm -
Frictional pressure drop 146958 atm -
Elevation pressure drop 0 atm -
Acceleration 0 atm -
Heat duty 0 kcal/hr -
Equivalent length 1025.11  meter -
.

Figure 8.14 shows the fluid and flow properties throughout the pipe itself. For example, you can
see P, T, the mixture velocity (in this case liquid velocity as there is only one phase), and Reynolds
number that tells we have a turbulent regime prevailing within the pipe.
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Summary | Streams | Balance lProﬁIes l Properties Property Grid [ & Status
Inlet Outlet
Pressure 1.987438179 0517906 atm -
Temperature 25.0003 250332 C -
Mixture velocity 0.901897 0901966 m/sec -
Erosional velocity 3.86327 3.86341 m/sec -
Reynolds number 63330.7 63375.7
Liguid volume fraction 1 1
Vapor volume fraction 0 0
L Flow regime All liquid All liquid y

If you click on “Profiles” tab, you will be able to see the pressure profile along the pipe. For
example, while the “Profile” tab window is active, you may go to “Home” ribbon |“Plot” group and
make use of the available buttons that can be clicked on to generate the corresponding plot.
Figure 8.15 shows the pressure profile (or, pressure gradient) throughout “PIPESEG-1" pipeline.

( )
Block PIPESEG 1: Pressure Profile o

=& Pressure atm

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800 825 850 875 900 925 950 975 1000

Length meter
\ v,

The slope of the line is negative (i.e., AP/AX<0) simply because we have a friction that will result
in a drop of pressure with increasing X along the pipe. If the pipe is frictionless, then we will have
a constant pressure value along a horizontal pipe.



9
/ Educational Institute for Equipment and Process Design

P-4001

Figure 8.16 shows the results summary pertaining to the pump characteristics and performance.
First, the fluid power is 0.69616kW, which is equal to the brake power times the pump efficiency;
that is 0.69616kW=1.65186kW* 0.42144. This means that out of the input power supplied to the
pump, only 42.14% is utilized to elevate the pressure of the fluid; the rest goes in the form of
viscous dissipation (frictional heating as a result of moving fluid and pump rotor/blades). The
brake power is equal to the supplied electricity as the motor efficiency is assumed one. The
pressure change is about 2.5 bar, which is the difference in pressure between the inlet and outlet
streams. The available net positive suction head (ANPSH) of the pump is 4.8 m. If ANPSH value
is equal to or less than the required net positive suction head (RNPSH), the pump will then suffer
from cavitation (see next section). Cavitation means formation of vapor bubbles at the inlet of the
pump, which will travel with the liquid until they hit the solid boundaries (such as blades or vanes)
where they burst (implode) or collapse causing a negative pressure pulse, or vibration. This
continuous cycle of formation and collapse of bubbles will cause an early wear and tear ofthe
pump blades/vanes, in addition to the reduction in its pumping performance.

| Summary Balance Performance Curve Utility Usage [ &2 Status
Fluid power 0696156 kKW -
Brake power 1.65186 KW -
Electricity 1.65186 KW -
Volumetric flow rate 10,0298 cum/hr -
Pressure change 246604 atm -
MNPSH available 480224 meter -

MPSH required

Head developed 255557 meter -
Pump efficiency used 0421437

Met work required 1.65186 KW -
QOutlet pressure 2.96077 atm -

QOutlet temperature 251206 C -
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V-4010/V-4020/V-4030/V-4040

Figure 8.17 shows the summary of the first valve (“VALVE-1") results where again it shows if the
reduction in pressure due to the reduction in flow area as a result of being semi-closed (i.e., valve
% opening is 50%) may cause valve choking. The liquid flow through the restriction decreases
the liquid pressure to below that of the liquid vapor pressure at the prevailing liquid temperature.
At that point, the liquid will partially flash into vapor bubbles and the subsequent collapse of the
bubbles (i.e., cavitation).

F[ Summary | Balance l &9 Status D
Choking status Valwe is not choked
Outlet pressure 1.98748 atm -
Pressure drop 0.0125182 atm -
Choked outlet pressure 0642812 atm -
Outlet temperature 250002 C hd
Outlet vapor fraction 0
Valwve flow coefficient 103
Valve % opening 50
Cavitation index
Pressure drop ratio factor 0.45
Pressure recovery factor 0.83

L Piping geometry factor 1 y

Cavitation is quite noisy and physically damages valves, pipes, and associated fitting objects. The
outlet pressure is 2.014 bar that lies above the calculated choked outlet pressure of 0.651 bar. If
the “Calculate cavitation index” option is enabled in “Calculation Options” tab window (see Figure
8.6), Aspen Plus will provide a cavitation index for each of the four valves as shown in Figure
8.18. The likelihood of cavitation in a valve is measured by the cavitation index. Aspen Plus
calculates the cavitation index as

Kc = ((Pin = Pout)/ (Pin = Pv))
Where

KC Cavitation index

Pin Inlet pressure

Pout Outlet pressure

Pv Vapor pressure at the given temperature

In principle, we should run our liquid flow system such that 0 < Kc < 1. If KC is exactly one, then we will
have cavitation (boiling or formation of gas bubbles) and the valve will choke. Obviously, if Pout drops below
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Pv, then we will end up with KC >1. This means that the process liquid will be converted into superheated
vapor. This will make the situation even worse than cavitation condition. Notice that transport of vapor/gas
is different from that of liquid in terms of used pieces of equipment as well as the extent of heat transfer,
mass transfer, or both.

f Outlet pressure 1.98748 0.494729 2.59289 1.08624)
Pressure drop 0.0125182 0.023177 0.367878 0.0304805
Choked outlet pressure 0.642812 0.165379 0.259897 0.197099
QOutlet temperature 25,0003 250337 25.1289 25.1626
QOutlet vapor fraction 0 0 0 0
Valve flow coefficient 103 75.7 19 66
Valve % opening 50 50 50 50
Cavitation index 0.00635854 0.0476337 0.125587 0.028098
Pressure drop ratio factor 045 0.67 077 0.71
Pressure recovery factor 0.83 0.85 0.96 0.92

\ Piping geometry factor 1 1 1 1y

Finally, the pressure at the end of the journey (i.e., inside TANK-2) is 1.123 bar, which is larger
than atmospheric so that it can discharge liquid water to an open (i.e., ventilated) tank.
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MODEL ANALYSIS TOOLS: SENSITIVITY FOR THE ONSET OF CAVITATION OR VALVE
CHOKING CONDITION

Before we move to “Model Analysis Tools”, let us define two stream properties using “Property
Sets” in “Navigation” pane. The first property will be the density of stream “DENSL” as shown in
Figure 8.19. Under “Qualifiers” tab, select the phase to be “liquid”. Notice here that the mixture
property “RHOMX” must be used in case we have a liquid mixture, not a pure liquid as is the case

here.
fill items Main Flowsheet V-4040 (Valve) - Input Control Panel PIPESEG?2 (Pipe) - Setup P-4001 (Pump) - Results V-4030 (Valve) - Input
g Setup ‘
la |3 Property Sets
E EAPH: New Copy Paste Export Edit Input | View Results Find Reconcile \
%LT[LJJEESIGN Name Status Description Delete —
[¥]
E HXDSGN2 = FAPP Input Complete Apparent component mole flow rate in... X
E LVOLFLOW FTRUE Input Complete True component mole flow rate in liqui... X
MASSCONC
% MOLECONC HXDESIGN Input Complete Thermal and transport, for heat exchan... X
E PH HXDSGN2 Input Complete Thermal and transport, for heat exchan... X =
E SOLINDEX LVOLFLOW Input Complete Liquid volumetric flow rate X
%Iiﬁﬁﬁ:\i MASSCONC Input Complete Mass concentration (component mass/I... X
]
E THERMAL? MOLECONC Input Complete Mole concentration (component mole/I... X
(@] TxpoORT PH Input Complete pH at current temperature X L
%FL(:ORTZ SOLINDEX Input Complete Salt solubility index X
V]
E VLLE TBUBBLE Input Complete Bubble point temperature at current pr... X
[@] VMOLFLOW THERMAL Input Complete Enthalpy, heat capacity, and thermal co... X
%x:]:g;FRAC THERMAL2Z Input Complete Enthalpy, heat capacity, and thermal co... X
]
E WXAPP TXPORT Input Complete Density, viscosity, and surface tension X
\, ~ = /
r@ X ' [ | ' Properties | Qualifiers l Comments \ h
Create New ID
o Substream MIXED - l Search ‘
Enter ID: Properties
D ENSLI Physical properties Units
»
[ OK ] | Cancel ‘ RE
W : g y REFICRV
! " REFIDX-R
{ @ Praperties &Qualifiers | Comments } REFINDEX
REIDVP
RELHUMID
Phase Liquid RHO i
RLOLSTD Density for a pure component.
Companent RHOMX
RHOST-0
2nd liquid key component RHOST-15
RHOSTD-R
Temperature || System  C
P l i RIDX-API
Pressure System  atm ROCNCRV
ROC-NO
\ % Distilled FA S RON-C-R1 y
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The second property will be the vapor pressure of water at the given temperature as shown in
Figure 8.20. Again, under “Qualifiers” tab, select the phase to be “liquid”.

w Properties | Qualifiers ICDmments l

Substream MIXED - Search .

-Properties
Physical properties Units
> -]
PHIPC =
PHYDRATE
PL
PLIG2

Liquid vapor pressure (bubble point pressure)
for a pure component calculated by the

POH specified property method.

POH25

POURCRY

POURP-R1

POURP-R2

POURPT

PPMX
PR

PRES

PRMX

PRPT-API

) -

We would like to show heremore useful calculations regarding the fluid and flow characteristics.
In “Navigation” pane, under “Model Analysis Tools” folder, choose “Sensitivity” subfolder and click
on “New...” button and “Create New ID” window will pop up with the default name “S-1”. Click on
“OK” button to accept the default name. Figure 8.21 shows “Vary” tab window, where we define
a range and increment for the mass flow rate of liquid water (i.e., manipulated variable). In other
words, changing the mass flow rate of liquid water means changing Reynolds number, which, in
turn, will affect the rest of Reynolds-dependent defined variables. Moreover, at the bottom of the
window (“Report labels” section), the user may enter one word for each line so that it will describe
the manipulated variable in the “Results” section.
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4 - -
| @ vary | @@ Define ] w Tabulate ]Options \ Cases IFDrTran ]Declarations IComments

Active [] Case study

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

‘ Variable Active Manipulated variable Units
1 Stream-Var Stream=50 Substream=MIXED Variable... kg/hr

[

{ New ] | Delete I { Copy

# | Edit selected variable

Manipulated variable Manipulated variable limits

Variable 1 @ Equidistant () Logarithmic ) List of values
Type Stream-Var - Start point 10000 o/
Stream: ] - End point 11500 1o /hr
Substream:  MIXED - 0 Number of points 758

Variable: MASS-FLOW - IE @ Increment 250 1cq/hr

Units: kg/hr -

| Report labels

Y Line 1 H20 FLOW

Figure 8.22 shows “Define” tab window, where we define a number of variables so that we can
reference them either in “Tabulate” or in “Fortran” tab window. The variables defined here refer to
a block-variable, stream-variable, or stream-property variable that refers to a previously defined
property set. The defined variables will give us more insight on the nature of fluid and flow when
we attempt to change the total mass flow rate of water being transported from “TANK-1" to “TANK-
2”. “V1CHOKST” up to “V4CHOKST” account for the choking status of valves 1 up to 4,
respectively. “ANPSH” accounts for the available net positive suction head of the pump.
“‘PIPENRE” accounts for Reynolds number in “PIPE-1”. “STRMDEN” accounts for the liquid
density (kg/m3) of stream“4”, entering the pump. Finally, “STRMPRS” accounts for the vapor
pressure (Pa) of liquid water at the given temperature for stream “4” entering the pump. We will
go now to “Fortran” tab and be back later to “Tabulate” tab window. Figure 8.23 shows one line
FORTRAN (Formula Translation) code that will evaluate the required net positive suction head
(RNPSH).
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P (1)
RNPSH = 20~
P8

[ & Vary ] & Define l & Tabulate ]Options ‘ Cases I & Fortran

Enter executable Fortran statements
ENPSH=STREMPRS/ (9.830&6%STREMDNS)

Declarations l Comments

Now, let us get back to “Tabulate” tab window where we decide what variables to present in the
“‘Results” table. To import the list of variables, click on “Fill Variables” button at the bottom of
“Tabulate” tab window. There is no need to keep “STRMDEN” and “STRMPRS” variable in the
tabulated list; hence, highlight (right click on) the assigned number and select “Delete Row”
submenu item from the context menu. On the other hand, manually enter “RNPSH” variable,
which is defined in “Fortran” tab window.

| Fill Variables | | Table Format |

F[ & Vary ]@Deﬁne | @ Tabulate | Options | Cases [ & Fortran lDecIaratiDns lCommentsTl

Column No.

1

= & v & W M

VICHOKST
V2CHOKST
V3ICHOKST
VACHOKST
ANPSH
PIPENRE
RNPSH

Tabulated variable or expression

Figure 8.24shows the rows that will appear as columns in “S-1" Results, after deleting
“‘STRMDEN” and “STRMPRS” and adding “RNPSH” row. Notice that the tabulated variables are
either defined in “Define” or in “Fortran” tab window. Reinitialize and run the show. Figure 8.25
shows the “Summary” tab sheet for tabulated columns in “Model Analysis Tools” | “Sensitivity” |
“S-1” | “Results”. The number “3” for the valve status indicates that there is no choking condition.
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Although valves do not show any choking condition, nevertheless, the pump will suffer from
cavitation at a water massflow rate higher than or equal to 11,500 kg/h.

Row/Case

oK
OK
oK
oK
oK
OK

e B L R ¥ L L

oK

VARY 1
H20 FLOW

KG/HR

10000
10250
10500
10750
11000
11250
11500

VICHOKST

Woow oW W W W W

V2CHOKST

WoWw o W W L W

V3CHOKST

Woow W W W W W

V4CHOKST

ANPSH

METER
4.80224
4.06709
3.31566
2.54797
1.76403

0.963861
0.14747

PIPENRE

633306
64913.9
66497.2
68080.5
60663.8
712471
728304

RNPSH

0.324789
0324822
0.324854
0324888
0324922
0.324957

0224992
v

Notice at a water flow rate of 11,500 kg/h (NRe =72,830) or above, ANPSH is less than RNPSH.
Of course, the higher the mass flow rate is, the worse will be the situation in terms of cavitation.
One can say that at the given operating pressure and temperature, a mass flow rate of 11,250
kg/h represents the critical value above which cavitation will occur. This means that the pump
entrance is vulnerable to the phenomenon called cavitation. Cavitation means the formation of
vapor (in this case water vapor) along with the liquid stream itself. Such vapor bubbles will burst
at the vanes (impellers or blades) of the pump. In addition to the intermittent flow, the bursting of
bubbles will cause an oscillation in pressure values and result in early wearing of pump blades.
The valve choking status is fine with all four valves; there is no valve choking in any of them.

Let us imposemore restriction on the fluid flow using “VALVE-2". Go to “VALVE-2" | “Input” |
“Operation” tab window, change the percent opening from 50 to 40%, as shown in Figure 8.26.
Reinitialize and run the show. Figure 8.27 shows the “S-1” sensitivity analysis results. Obviously,

at last run, both “VALVE-2" and “VALVE-3” do suffer now from choking condition.
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Row/Case

-

F N VE R

VARY 1 VICHOKST  V2CHOKST  V3CHOKST  W4CHOKST ANPSH PIPEMRE
H20 FLOW
Status Description
KG/HR METER
oK 10000 3 3 3 3 448068 633306
oK 10250 3 3 3 3 372924 649133
oK 10500 3 3 3 3 296113 66497.2
oK 10750 3 3 3 3 217635 68080.5
oK 11000 3 3 3 3 137493 69663.8
oK 11250 3 3 3 3 0.556872 712471
Errars 11500 3 2 3 3 0 728304

RNPSH

0.324804
0.324836
0.32487
0.324904
0.324939
0.324974
0.0470579

Moreover, the “Control Panel” of Aspen Plus warns the user that there is a choking condition in
“VALVE-2” and VALVE-3 and pump cavitation, as shown in Figure 8.28.

r N
Block: V-4848 Model: WALVE
Sensitivity Block 5-1 Row 7 begins
VARY VARIABLES: 3.1944
Block: TK-4881 Model: MIXER
Block: V-4018 Model: WALVE
Block: PIPESEG1 Model: PIPE
Block: V-4828 Model: WALVE
= WARNING
FLOW IMN THE VALVE IS CHOKED.
CHOKED FLOW PRES DROP = 3628.5 CALC PRES DROP = 7263.8
Block: P-4861 Model: PUMP
**= ERROR
FEED HAS 4.57 % VAPOR. OUTLET COMDITIONS MAY BE WRONG.
Block: V-4838 Model: WALVE
b, .
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Part 2
Problem Definition

In this section, we will be working on a process involving an exothermic reactor whose products
exit at 420°C. These need to be cooled before downstream treatment and separation. Rather than
just rejecting this heat to the environment, this high-temperature heat can be used for something
more useful: electricity generation. To do this, let us consider the addition of a steam power plant
to the process, as shown in Figure 3.1. In this process, boiler feedwater (BFW) just below the
boiling point at 95°C and 1 bar (stream 1) is pumped to high pressure at 20.5 bar (stream 2). The
high-pressure BFW enters a heat exchanger where it is boiled to high-pressure steam (HPS) at
360°C (stream 3) using heat from the reactor effluent. The reactor effluent is subsequently cooled
to 150°C. The HPS is then sent through a series of two turbines, which produce electricity in each.
The steam exits the second turbine at low pressure again (1 bar) and at a temperature just above
its boiling point (still a vapor, stream 5). Then, cooling towers are used to condense the steam
into a liquid at 95°C and provide a little additional subcooling.

Reactor

420°C
150°C

T2, P? Condenser
(Cooling Tower)

HX

1 bar
Water, 95°C, 1 bar

]
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The problem is that we don’t know what intermediate pressure to select for the two stage turbines;
that is, we don’t know what the discharge pressure of turbine 1 should be. Clearly, anything
between 1 and 20.5 bar will theoretically work. The question is, which is best? In addition, we do
not know what the flow rate of steam should be. So how can we find these answers?

The strategy is as follows:

(1) Create a model in Aspen Plus for the steam plant using what we know.

(2) Use a model with a Design Spec to figure out how much steam we need to achieve a steam
temperature of 360°C and a hot outlet temperature of 150°C.

(3) Complete the model to determine how much power is produced for one specific guess of the
intermediate pressure.

(4) Use a sensitivity analysis (Part 2) to vary the pressure and determine how the power produced
changes with the intermediate pressure.

Let’s do it! Two more things we need to know before we start: (1) Assume for now that we know
that 200 MW of cooling is needed to take the reactor effluent from 420°C to 150°C.2 This means
that we can use a Heat stream to model the heat transfer without needing to model the reactor
effluent or the reaction.
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How to simulate

1. Choose “Specialty Chemicals with Metric Units” template to create a steady-state flow sheet.
2. Go to Properties/Set-up/Specification and in Global Tab, give it the name of “Water Transport”
3. Go to Properties/Component/ and Find water.

4. Given the fact that the ASME steam tables are less accurate than the NBS/NRC steam tables,
set the property method to “STEAMNBS”. The NBS/NRC steam tables are embedded, similar to
any other equation of state, within the built-in “Aspen Physical Property System”. These steam
tables can calculate any thermodynamic property of water. There are no parameter requirements.
5. Click “Reset” followed by “Next” button to run the simulation and assure that properties’ analysis
completed successfully. Switch to “Simulation” environment.

6. Set-up the flowsheet based on the P&ID or the following Aspen Plus flowsheet.

r Q N
ey
P-7001 E-2022
| =] > @ [
> - i
- |
Q!
e ﬁ o
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7.Specify the E-2022 and Q6 stream input based on above explenation and P&ID.

@ Specifications

Flash specifications

Flash Type

Temperature

Temperature chang

Degrees of subcoo
Pressure

Duty

Vapor fraction

Pressure drop corre

Valid phases
Vapor-Liquid

.,

Flash Options | Utility | Comments

Pressure

Duty

€

Degrees of superheating

'Hg

200

ation parameter

["] Always calculate pressure drop correlation parameter

(NI NI el N

MwW

4 N N
@ Specifications ‘_oac [EO Options l[omments \

Stream specifications

8.Specify P-7001 inputs and S1 inputs based on PFD.

Stream class Heat

Duty 200 Mw -

Start temperature C -
L End temperature C - )

@ Specifications

Model

® Pump)

Pump outlet specification
@ Discharge pressure

) Pressure increase

) Pressure ratio

) Power required

) Use performance curve to determine discharge conditions

Efficiencies

Pump

Calculation Options I Flash Options l Utility l Comments

Q|
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4 ] Y
| & Mixed |C Solid MNC Solid | Flash Options I EO Options ] Costing I Comments
~ | Specifications
Flash Type Temperature ~ Pressure - Composition
) Mole-Frac A
State variables
Temperature 95 C v Component Value
Pressure 1 bar - WATER 1
Vapor fraction
Total flow basis Mole A
Total flow rate 14000 kmeol/hr hd
Solvent
Reference Temperature
Volume flow reference temperature
C
Component concentration reference temperature
C
Total 1
N v,

9. Click Reset and Next and run the Aspen Plus. Based on above explonation the desired E-2022
outlet tempreture should be 360 C but based on 14000 kmol/hr flowrate the outlet temperature is
403.9 C, which means we have to increase the flowrate.

~
Units s3 -
Phase Vapor Phase
Temperature C 402,913
Pressure atm 20.2319
Molar Vapor Fraction 1
Molar Liguid Fraction o]
Molar Solid Fraction (0]
Mass Vapor Fraction 1
Mass Liguid Fraction Q
Mass Solid Fraction (0]
» Molar Enthalpy cal/mol -54754.1
Mass Enthalpy cal/gm -3039.31
Molar Entropy cal/mol-K -9.87837
Mass Entropy cal/fgm-K -0.5483233
Molar Density mol/cc 0.00037417 4
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10.Now we increase the flowrate to 15000 to see what happens.

Units 3 -

Phase Vapor Phase

Temperature C 318.8289
Pressure atm 20.2319
Molar Vapor Fraction 1
Malar Liguid Fraction ]
Molar Solid Fraction 0
Mass Vapor Fraction 1
Mass Liquid Fraction 0
Mass Solid Fraction 0
Molar Enthalpy cal/mol -55573
Mass Enthalpy calf/gm -3084.77
Molar Entropy cal/mol-K -11.1715
Mass Entropy calf/gm-K -0.62011
Maolar Density mol/fcc 0.000436592

Ok, so we know that the flow rate of water that will achieve a stream 3 temperature of 360°C wiill
be between 14,000 and 15,000 kmol/hr, but you can see how tedious this is going to be if we
keep changing and checking by hand until we get 360°C to exact precision. So let’'s automate the
process by using the Aspen Plus Design Specs tool.

Under the Simulation tab, go to Flowsheeting Options | Design Specs. Here, you will see an
Object Manager that lists the set of design specifications you have created. Click New to make a
new one, and give it a name (or leave it at the default of DS-1). The

Design Specs tool works like this:

You tell it what output you want to achieve. For example, you want to achieve 360°C in stream 3.
You do this with a combination of the Define and Spec tabs. You tell it what input specification or
block model parameter you want Aspen Plus to change until your specification is met. For
example, you want to change the water flow rate of stream 1. You do this in the Vary tab. The
other tabs are advanced. For example, in the Fortran tab, you can write a program to make
complicated decisions. We won’t do that here.

Let’s start with item 1. Go to the Define tab. This is where you define variables to be used later
in the Spec tab. This is like defining a variable in a programming language, except instead of
making a blank variable we will be getting the value from Aspen Plus.

Click New to make a new variable. Give it a name. You are going to make a variable that is the
temperature of steam in stream 3, so perhaps T3 might be a good name. Then when you click



O
/ Educational Institute for Equipment and Process Design

OK, you get another dialogue that shows you more details. This is where you search for all the
variables in your model that you can get. Here, you can access anything that can be seen on the
Results tab of a stream or block (Crtl+R), or typed into an input box for a block.

In the Reference section at the right, choose Stream-Var from the Type drop-down. This filters
out the variables to be only stream variables. Then in the Stream drop-down just below it, choose
your stream 3.

Whatever names you used on your flowsheet will appear here. Leave the substream as MIXED
(this book does not cover substreams). Then, in the Variable drop-down, select TEMP, and then
select the appropriate units. Now, you have selected the temperature of stream 3.

4 - - - - - "N
& Define | @ Spec I(’j\."ary IForTran IDecIarations IEO Options lComments ‘
V| Active
| Sampled variables {drag and drop variables from form to the grid below)
‘ Variable Definition él
» ETEMP Stream-Var Stream=53 Substream=MIXED Variable=TEMP Units=C —
|- MNew | | Delete | | Copy | . View Variables |
| Edit selected variable
Variable QETEMP - Reference
o Type Stream-Var v
Stream: s3 -
All
Substream: MIXED A
Blocks : (34 |
Variable:  TEMP v |3
@ Streams Units: C v
Maodel Utility
Property Parameters
Reactions
- >

Go to the Spec tab. This is where you tell Aspen Plus the exact specifications you want. We want
the temperature of stream 3 to be 360°C. To do this, type T3 into the Spec box and 360 into the
Target box. The meaning should be obvious. Note that you cannot change the units on the Spec
tab, so your units will be whatever you defined on the Define tab. But what is not obvious is
tolerance. Since this is a guess-andcheck algorithm, and floating points3 are imprecise, Aspen
Plus will never get exactly 360°C, or at least take a very long time to get there. However, it could
get 359.938382°C rather quickly, for example, and you have to decide if you are ok with that. You
need to define your tolerance, that is, you need to tell Aspen Plus how close to 360 is acceptable.
Type 0.1 into the tolerance box. This means that anything within 0.1°C of 360°C is acceptable.
So once Aspen Plus has reached a value between 359.9°C and 360.1°C, it will stop.
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| & Define & Spec & Vary lFor‘tran IDecIarations IEO Options IComments

Design specification expressions

Target 360
0.1
\ Tolerance y

Last, we go to the Vary tab. This is where you tell Aspen Plus what to change, which is the molar

flow rate of stream 1.4 Use the Stream-Var type, select your stream 1, and choose MOLE-FLOW
as thevariable. Then you have to change your manipulated variable limits.
You have to tell Aspen Plus what is the lowest guess it can make (the Lower field on the right)
and the highest guess it can make (the Upper field on the right). From Q1 and Q2, we know that
the range will be from 14,000 to 15,000 since one was too high and one was too low when we
were exploring “by hand.”

[ ‘ & Define I & Spec @ Vary | Fortran l Declarations l EO Options l Comments h
Manipulated variable Manipulated variable limits
Type Stream-Var - Lower 14000
Stream: 51 - Upper 15000
Substream: MIXED - Step size
Variable: MOLE-FLOW - |£| Maximum step size
Units: kmol/hr -

Report labels

Line 1 Line 2 Line 3 Line 4

EQ input
Open variable

Description

Copy _ | Clear _
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The other tabs can be left at the default. You could make changes such as limiting the step size
of the guess to a certain amount (i.e., how big of a jump Aspen Plus is allowed to make between
the previous guess and the next guess), but it is almost always better to use the default settings
except in very special cases. That'’s it. If you've done it correctly, rerun the simulation. You can
see the stream results (Crtl+R) of the input or any of the other streams to find out the final water
flow rate. Or, you can go to the results tab of the Design Spec that you made and see where the
variables ended up. Make sure you get the Results Available message! Also, verify that your
Design Spec (temperature) was met within tolerances.

It can be useful and interesting to look at the actual guesses that the solver took when arriving at
the final value. Go to Convergence | Convergence and look for the solver that goes with your
Design Spec (for this example, it should be the only one there). Go to the Spec History tab on the
form for this solver, and you will see what guesses it made in each iteration. In my case, it only
required four guesses. Readers who are savvy about numerical methods will notice that the solver
is using a classic Secant method, where the second guess is exactly 1% of the range away from
the initial point.

—— ) — N
Summary | Spec History | & Status
Design spec  DS-1 -
Iteration Variable value Errar Error /
Tolerance

1 15000 -41.1107 -411.107
2 14990 -40.335 -403.35
3 14470 2.10384 21.0384

L 4 144947 0.00188351 0.0768351 y

If you do not know what this means, it suffices to know that if the system of equations of interest
is linear, this means it will always converge on the third guess as long as a feasible solution exists
and the specification is well posed. The more the system deviates from linearity (which happens
most of the time), the more guesses will be required. Sometimes, the Design Spec never
converges. This can be either because the solver did not have enough iterations to find the
solution, the system is so nonlinear or stiff that it just simply cannot find it without very good
guesses, the specification is attempting to vary something that does not impact what is being
measured, or the solution simply may not exist at all within the bounds that you specify and so
there is nothing to find. If your Design Specs do not converge, you should focus on identifying
which of the three this could be before continuing on with the rest of the flowsheet. For example,
it is quite common for beginners to create Design Specs that are thermodynamically impossible
without realizing it.
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Ok, now that we know the steam flow rate, we can design the rest of the system. First, add the
remaining streams and blocks into the model according to Figure 3.2. For the turbine models,
you’ll find them in the Model Palette under the Pressure Changers | Compr model section drop-
down. Aspen Plus uses the same model for both compressors and turbines, so it actually does
not matter which icon you select, but try to get into the habit of choosing the correct icon anyway.
Make sure the models use an isentropic turbine and leave the efficiencies empty (meaning that
Aspen will use default efficiency correlations which are somewhat complex). Let’s make a guess
at the outlet pressure of the first turbine of 5 bar. You can specify the outlet pressure of the second
turbine according to the process diagram in Figure 3.2. You should be able to handle the
condenser already. (You know the requirements for the hot stream and don’t know anything about
the cold stream, so which block do we use?) Assume no pressure drop in the condenser.

In the convergence tab of turbine setup, change valid phases from Vapor to Vapor-Liquid. This
will allow the model to function properly in case a liquid phase is formed in the output since the
stream will get colder after expansion. In most real cases we don’t want liquid formation in our
turbines, but we can always go back and see if this is a problem and avoid it. Do this for both
turbines, as shown in Figure 3.6.

g ")
Q
--------- )%
53
P.7001 E-2022 FT-3001A . FT-3001B
J 52
s - i
A :
a
%
N w

{ 5 B z Y f - N
et Hovsheet X | I 3018 Compr) - Sefup X ] Main Flowsheet  FT-30018 (Compr) - Setup - /FT-3001A (Compr) » | +
& Specifications ‘@(al(ulatiun Optians anwerLuss |(’)(unvergen[e I ntegration Parameters ‘Utlllty |[ummems ‘ = = -
; ‘ @ Specifications I @ Calculation Options |P0wer Loss ‘ @ Convergence ‘ ntegration P
i ~Model and type
i | Model Compressor © Turbine Flash "
25N parameters
i | Type Isentropic v ) .
i Valid phases Vapor-Liquid M
{ i Maximum iterations 0%
i | @ Discharge pressure 5 bar - v
Pressure decrease atm Tolerance 0.0001
Pressure ratio
i 1 Entropy balance parameters
Use performance curves to determine discharge conditions G f hTy et
onstant entropy Tlasn type iterative A
i ~Efficiencies . 5 3 A
; ) ! Maximum iterations 30 Tolerance 0.0001
I Isentropic Polytrapic Mechanical ) \ J
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Main Flowsheet » /FT-3001B (Compr) - Setup » FT-3001A (Compr) » + 4 Main Flowsheat Fr3001B(Oompr)Setup FT3[}[}1A(C0mpr) +

’(’lSpeciﬂcat\'ons ‘(’l[alculanun QOptions |Puwerluss | (G Convergence ‘ ntegration Parameters ‘Utillty ]Cummems

Model and type

Model Compressor 9 Turbine

¢ -Flash parameters
Type Isentropic ) .
¢ Valid phases Vapor-Liquid M
Outlet specification - A
© Discharge pressure 1 bar v Maximum iterations 30 v
Pressure decrease atm Tolerance 0.0001
Pressure ratio :
Power produced kw

i ~Entropy balance parameters
Use performance curves to determine discharge conditions :

Constant entropy flash type Iterative M

Efficiencies

oY P—— A
et ; . ¢ Maximum iterations 30, Tolerance 0.0001
L sentropic olytropic Mechanical ) 1

‘ @ Specifications | { Calculation Options | Power Loss ‘ & Convergence ‘ ntegration P

\

Now Reset and click Next to run Aspen Plus and see the results.

Finally, we are interested in the total work produced by the system. To find this conveniently, use
Work streams (like Heat streams, but different). Add Work streams to the outlets of the two
turbines and the pump (which consumes some of the power). This represents what in reality might
be a shaft for a compressor/turbine system to transmit mechanical work, or an electrical
connection for electrical work. Now we can model the magic that appears in calculations.

To get the total work, we can either add them together by hand, or have Aspen Plus add them for
us by using a Work Mixer. This is not a physical thing in itself (don’t go around asking people for
a work mixer), it just lets us add the work together to get a sum easily. The Work Mixer icon is in
the regular Mixer section, but you have to get it from the drop-down arrow, as shown in Figure
3.7. Unlike other cases, the icon for the work mixer represents a completely different

model than the others in this case. Add a third Work stream to the outlet of the Work Mixer to
make a stream that has both turbine works combined. So, it’s just like a mass mixer, but for work.
Run the simulation, using the correct water flow rate that resulted from the Design Spec and the
assumed 5 bar outlet pressure in the first turbine.

Next we want to find the turbine 1 discharge pressure that maximizes our work produced by the
turbines. We can’t use a Design Spec because we don’t know what the exact power output

we want to produce actually is, we just know we want the highest possible. So, we’ll use another
tool called Sensitivity. This is basically just the “guess” part of the guess-and-check. It just reruns
your simulation a bunch of times and tells you the results. We will use a Sensitivity to run many
different simulations and different turbine outlet pressures and record the net work produced in
each case. Then, we can look at the result and choose the one that has the

highest net work.

In other words:

Design Spec: You tell it exactly what you want and it changes something in your simulation until
you get it (or it can’t find it and it gives up). The thing you change is almost always something you
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normally type into a box by hand. It does the work of figuring out the right value to type in the box
for you and actually uses that value in the simulation. Only the final result is reported.

Sensitivity: This changes a value in a box, just like the Design Spec, but it shows the results in a
separate place because it doesn’t pick any one of them for you. You get a nice table of results
instead and you can decide what to pick later.

Let’s do it Make a new Sensitivity in Model Analysis Tools |Sensitivity. This is going to look a lot
like the Design Spec, but now we have the Define, Vary, and Tabulate tabs. The Define and Vary
tabs are just like in a Design Spec. The Tabulate tab is where you tell Aspen Plus what you want
it to report.

Start with the Vary tab. In this tab, we can have Aspen Plus vary one or more variables. We'll just
do one for now: the specified outlet pressure for turbine 1. Select this variable just like you did for
the Design Spec | Vary case. Select <New> from the Variable drop-down button, choose Block-
Var for the type, and then select your turbine 1 unit. For the variable, choose PRES. If you hover
your mouse over the long list of options, you'll see that PRES is “Specified outlet pressure.” You
can see that there is a lot here you can mess with. Once selected, you should see the units pop
up in bar. If not, change it here, and/or make sure your simulation units are set to METCBAR. For
the range, vary from 2 to 20 bar in increments of 0.1 bar. You should be able to specify this on
the right side since it is similar to the vaporliquid equilibria (VLE) stuff we did in Tutorial 2. Leave
the Report labels blank. See Figure 3.8 for final form settings.

4 1 r ™)
[ @ vary | & Define I & Tabulate I Options ] Cases | Fortran I Declarations I Comments
o | Active Case study
~ | Manipulated variables (drag and drop variables from form to the grid below)
‘ Variable Active Manipulated variable Units
1 L Block-Var Block=FT-3001A Variable=PRES Sentence... bar
|
|. New | | Delete | | Copy | | Paste
| Edit selected variable
Manipulated variable Manipulated variable limits
@ .- . . .
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Ok, we told Aspen Plus what to vary. Now we have to tell it what to report to us, that is, what do
we care about? We care about the total work produced by the turbines. So to do this, first go to
the Define tab, and make a new flowsheet variable and give it a name (I called it TOTALW for
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total work, as shown in Figure 3.9). You want thisvariable to be the total work produced by the
turbines, so select Work-Power from the drop-down for type and select the Work stream
that is leaving your WORK Mixer. (See why we did this now?)
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Once you are done, click Close and go to the Tabulate tab, as shown in Figure 3.10. This is where
you tell Aspen Plus which values it should report for each iteration of your Vary variables. To do
this, you pick the variable hame or expression on the right side and select which column you want
it to go into on the left. The column number doesn’t really matter much; it’s just the order in which
you want to see the results.

For the tabulated variable or expression, you can start by just typing your variable name. For my
case, | would type TOTALW because that’'s what | called it in the design tab.

You can also write whole mathematical expressions. For example, | know that TOTALW is in kW
but | want to see the results in MW. | could type TOTALWY/1000 to do this. It uses Fortran syntax,
but it’s just like Microsoft Excel equations without the = sign. So it’s not scary.
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Ok, when you’re done, you should see the yellow Input Changed message, and then run the
simulation. It may take a little while. If everything worked, you'll get the Results Available
message. Now, if you were to go look at the stream results in the simulation, you would still see
the same results as your Q4 and Q5 answers. This is because by default, after the sensitivity
analysis is finished, it runs the flowsheet one last time using your original settings, so nothing
will look different on your flowsheet. What you want to do is go to the special place where
sensitivity results are held. So, on the left go to Model Analysis Tools | Sensitivity | S-1 |Results.
Now, you should get a little table showing each of the Vary values (going from 2 to 20 bar in steps
of 0.1), the values of anything you put into the Tabulate tab, and a status message under the
Status tab saying completed normally (if it is not ok then there was an error or warning in your
simulation).If you want to see the results visually, you can copy-paste the table into Microsoft
Excel or some other software and make a plot there if you like. If you click the little grey area on
the upper left handof the results table (just to the left of the “Row/Case” column header), it will
highlight the whole table. You can right-click and choose Copy or hit CTRL+C, then paste into
your desired software. Now, if you're being observant, you'll notice that the very sneaky

Aspen Plus has added another menu option in the menu bar that only appears when you are
looking at sensitivity results! The Plot menu has just appeared in the Home ribbon to help you plot
the data in a table. Although we can copy-paste into Excel and make plots there, it is often
convenient to use the Aspen Plus plotting tool to plot the results quickly. Ultimately, we would like
a plot similar to the one in Figure 3.11.There are a few ways you can do this easily:
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Lastly, let’'s update our final simulation using the results from the Design Specs and the sensitivity
block. (Remember, what’s on the current flowsheet does not reflect the sensitivity results, only
your initial guess.) Type your final value for the water flow rate into the parameter specifications
box for stream 1 (i.e., where you normally type flow rates and temperature). Type the final value
for the pressure into the input box for discharge pressure in turbine 1. Now, go back to the Design
Specs and Sensitivity Tabs and disable them. It is not obvious how. Go to Flowsheeting Options
|Design Specs. Look on the left-hand side where it lists the different Design Specs, right-click your
Design Spec (whatever name you gave to it in Part 1 or DS-1 by default), and choose
DEACTIVATE. It will then have a grey symbol and all related folders will be grey (see Figure 3.13).
This means that Aspen Plus will ignore the Design Spec completely. You can always reactivate it
again later. It’s a nice way of saving you from the work of deleting and remaking it when you are
playing around. Do the same for the sensitivity analysis. Rerun your final design.
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Vapor fraction
Displacement

Volumetric efficiency

Results
y N
Fluid power 147.041611 | kW Compressor model Isentropic Turbine
Phase calculations Two phase calculation
Brake power 187686 kW B
. Indicated horsepower -16736.2 kW
Electricity 187.686 kW
Brake horsepower -16736.2 kW
Volumetric flow rate 271461 I/hr
MNet work required -16736.2 kW
Pressure change 19.245 atm P D Y
NPSH available 1.64002 meter Efficiency 072
NPSH required Mechanical efficiency 1
Head developed 206.715 meter Outlet pressure 542808 atm
Pump efficiency used 0.783445 Outlet temperature 235138 C
- Isentropi tlet t It 3
Met work FEC]UIFECI 187.686 kW sentropic outlet temperature 192128 C
Vapor fraction 1
Outlet pressure 20.2319  atm
Displacement
QOutlet temperature 95.2614 C
h Volumetric efficiency y
4 ™
» Compressor model Isentropic Turbine
Phase calculations Two phase calculation
Indicated horsepawer -18977.7 kW
Brake horsepower -16977.7 kW
Net work required -18977.7 kW
Power lass 0 kW
Efficiency 0.72
Mechanical efficiency 1
Outlet pressure 0.986923 atm
Outlet temperature 108459 C
Isentropic outlet temperature 99.6324 C
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