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Introduction to HYSYS

In this exercise you will simulate a piping network based on homework that you have previously completed. You
will be using a chemical process simulation package from Hyprotech Inc of AEA Technologies. This program is
used by industry to design and simulate process plants such as oil and gas refineries, chemical and pharmaceuticals
production facilities. A typical sampling of well-known companies using this software are given below:

e DuPont, Eastman Kodak, Monsanto, Hoechst Celanese, Rohm & Haas

e  Shell, Amoco, Exxon Chemical, Olin, Conoco, Phillips

e  Foster Wheeler, Arthur D. Little, Ballard, Koch

e Hoffman LaRoche, International Flavors and Fragrances,

This software is written in C++ which is a language that you have learned. The cost of this software is
approximately $45,000 for the dynamic version and $20,000 for the steady-state version. This price is for only one
user! For more information on Hyprotech go to www.hyprotech.com

The overall process for this simulation is to

e Select a thermodynamics package that describes the physical and chemical properties of the chosen chemicals

e Select the pipe segments and unit operations

e  Define all required inputs and output streams. Specify required values of temperature, pressure, flowrate and
chemical concentration.

Piping Equipment - HELP

Piping Equipment is described in the HYSY'S manual in adobe pdf files located at from
\\galaxy\publicl\chemical engineering\HY SYS\Hysys_doc\HY SY S\Hymenu.pdf in the HYSYS Documentation
Suite, HYSYSS, under Steady State Modeling in Chapter 4: Piping Equipment.

This manual states that:

The PIPE SEGMENT is used to simulate a wide variety of piping situations ranging from single/multiphase plant
piping with rigorous heat transfer estimation, to large capacity looped pipeline problems. It offers two pressure drop
correlations: one developed by Gregory, Aziz and Mandhane', and the other by Beggs and Brill>. Four levels of
complexity in heat transfer estimation allow you to find a solution as rigorous as required while allowing for quick
generalized solutions to well-known problems.

The PIPE SEGMENT offers three calculation modes: Pressure Drop, Flow, and Length; the appropriate mode will
automatically be selected depending on the information supplied. In order to solve the pipe, you must supply
enough information to completely define both the material balance and energy balance.

This tutorial is found at the Chemical Engineering HYSY'S web site located at: \\galaxy\hesketh\www\HYSY'S.html
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Simple Pipe Flow Example 1:
Rowan University has a license to run HYSYS version 2.4.1, which is both a
steady state and dynamic simulation program.

In HYSYS there is a limited online Help package, which can be obtained using
the Help command from the menu bar or by pressing the F1 key. There is an
extensive collection of manuals that can be accessed from
\\galaxy\publicl\chemical
engineering\HYSYS\Hysys_doc\HYSYS\Hymenu.pdf

1) Start HYSYS

Motame hec - HYSYS

Bio f pee [k Wrdw b

Third Floor Lab Start => Engineering Network apps =>

Engineering Apps => HYSYS Units

First floor labs Press Start => Engineering Apps =>HYSYS T
This package will take about a minute to start up and when complete

you will see the screen given above. [Pt ~
_I‘fwfr-e;on Lmnresé ’_1 -
emporsting I Al I
In this introduction to the use of piping equipment in HYSY'S we will o —l |
. . s Flow. -
solve several examples from typical quizzes, homework and exams. In e ol x| |
most of these examples we will use water as the fluid. *\Simioton ) Variobles {Fiapots (Fies /Resources JErdansions J Ot {Tiey Siing /
Saye Froforance Set Logd Prafaronce St

To start a new case click on the white page icon or use the

commands File New Case. See previous page.

2) Change your units from American engineering to SI: (if

necessary)

a) Go to the command Tools, preferences

b) Choose the Units tab

c) Select SI

d) Press Save Preference Set to your galaxy drive

e) Press close. B Ly T T ey T (T

The result will be the following menu screen to choose a
thermodynamic property package. You will learn more about these
packages in your chemical engineering thermodynamics course.
We will use the ASME Steam Tables as our property package.

Erbor Sapuinion Emsronmant

HYSYS includes two steam packages’:

\j Y
« ASME Steam = NoName_2.hsc - HYSYS

Filz Edit Basis Tools \Window Help

* NBS Steam

Enwiranment: Basis
tdode: Stead

0=
Both of these property packages are CHl H @
restricted to a single component, namely . i

H,0. ASME Steam accesses the ASME

Te wlak] b i
Fluid Package: Basis-~

i ] P4

M [=1F

1967 steam tables*’. The limitations of ]

B

this steam package are the same as those
of the original ASME steam tables, i.e.,

. s Al Types
pressures less than 15,000 psia and -  EDSs
temperatures greater than 32°F (0°C) and Braun K10 (f: éﬁz\;it;:lazl‘f:dodels
less than 1500°F. Selecting NBS_Steam Chien Nul  \apour Press Madels
utilizes the National Bureau of Standards Erncba NATL ® lifeeleaue Tapes
(NBS) 1984 Steam Tables, which AErs =
reportedly has better calculations near ~Campanent Selection Contra
the Critical Point. ~ | & Only Property Package

R el KIDTI
£~ Full Pure Companert

<none>
Amine Pkg

mponents

cluding Mon-Recommended Components)

-,

3) Choose the Property package and * Prop Pka 4 Components KPalameters ;( Binary Cosffs /(StabTest KPhase Order #Rans £ Tabular £ Notes /
chemical COInpOIlentS Delete | Hame IBaSiS-1 Property Pkg | ASME Steam
a) Choose the button Add... |

b) Choose ASME Steam
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c) Press the Components tab

d) Add water by selecting one of the water components - H,O and pressing the Add Pure button. Yes this is a

bit silly!
e) Press the [X] button to close screen

f) Press the Enter Simulation Environment... Button (see figure above)

You should now see the following screen titled PFD - Case (Main). In the green screen you will construct a process
flow diagram (PFD) of a flash process. The pictures of equipment shown to the right of the green screen contains
the equipment that you will add. In this exercise we will add equipment simulating a flash.

4) Save the file on your galaxy drive. File, Save as, and change the path to your personal galaxy drive. I would
suggest always saving your files with a unique descriptor (your name). The files are always printed with your
filename showing on the page. To determine which letter designates your galaxy drive, open Windows

Explorer and find the letter corresponding to your “galaxy” drive.

5) Select a material stream by double clicking on the blue arrow and the menu labeled 1 will show on the pfd
screen. Notice that a yellow warning sign appears telling you what is required: “Unknown Compositions.”
The other warning colors are red: “requires a feed stream,” and green for “OK” for it has been solved.

6) Fill out this menu as follows:
a) Stream Name: Feed

7) For the first example we will
calculate the pressure drop of a

w3 NoName hsc - HYSYS.Plant

Fle Edit Simulaton Flowshest BFD Took  Window Help

=10l %]

horizontal pipeline. Calculate the

Dl [gma =X ¥lee 4

Enviranment Case (Mam)
Mode: Steady State

pressure loss in a horizontal 10 m
plastic pipe containing water
flowing at 4 m/s. The density of
water is 1000 kg/m3 and the
viscosity of water is 0.001 kg/(m
s). The pipe is Schedule 40, 1”
nominal diameter (1.049 in. or
0.0266 m ID).

a) Type in your value of
pressure as 2 atm. Type in
the number, a space and the
letters atm. Hit return and
notice that it converts the

H =1 #4 KA

Reduce or (PgDn)

¥ PFD - Case (Main)

Zoom by Mouse

TSI [cose (VT

- =
=g
oo E
=3
Fgdp
PR
P e
Bt
TS
L
€

& IDefau\t Colour Scheme LI

T BIE )
SiEeT Lz

units to SI automatically!

b) Now this part is really silly!
You have to tell HYSYS the
composition of the stream
even though you only have

water in the pipe line! To |

specify mole fractions of | e e

water do either:
i) select the composition options on the left side and
click on the Edit button or
ii) double click on the cell next to Molar Flow [kgmol/h]:
¢) Then type in the mole fraction as 1 for water.

d) The volumetric flowrate, based on 4 m/s and a diameter of
0.0266 m is 0.002223 m*/s. (Remember that you can enter
the value in m*/s and it will convert it to the standard units.

e) Assume a temperature of 25°C.

f) Check to see that all of your values are as show in the feed
stream window shown above. Make sure the only items
that you have specified are in blue!

You will notice after you enter the value of Vapour/Phase Fraction,
the remaining values of this stream are calculated by HYSYS. The
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| | I
Worksheet Stream MName Feed
- apour / Phase Fraction 0.00000
Gl [Termperaturs [C] 25.000
Properties Fressure [kPa] 20265
. holar Flow [kgmals/h] 44333
Camposition Mass Flow [kg/h] 79867
Motes Liquid “Valume Flow [m3/h] 8.003
K value holar Enthalpy [kdfkgmale] -2 850e+005
haolar Entrapy [kdfkgmaole-C] E.6125
Heat Flow [kJ/h] -1.2635e+08
Stdd Lig Yol Flow [m3/h] 7.935

KN |

 Worksheet [ Attachmenis KDynamics ,( UserVariahles /

| (== ]

T Helete | Define fram Other Stream




values in blue are the ones that you have entered and the values in black have been

calculated by HYSYS. Never enter both the black and blue values seen on a screen —

otherwise you will have problems with HYSYS. To enter in a new number you must

first delete a stream value and type in a new number. Since most printers are use only black ink - -~

the values that you have specified are designated with an asterisk in the upper right hand corner. “”%‘* \\\

8) Now add the pipe segment by double clicking on the pipe segment on the object palette
shown in the adjacent graphic.

= =>

9) Select the feed stream from the drop down list. { '1: 'ﬁ:

10) Fill out the remaining streams as shown in the figure below. EIE
% pIPE-100 aril

| | =[5 B &

Design Mame  [PIPE-100
Connections et Outlet
Fararmeters Feed ;I IF'ru:u:qu:t ;I

Calculation

Ilzer YW ariables 4{ ) j—)—
Mates |

Energy

INDHE ;I

4 4 8
€4

FLOW CLSTOM
SHEET COLUMM]

%, Design # Rating KWDrksheet 1( Ferformance )(D_I,Inamics

Delste | | Mo Segment Added ™ lgnared é : ':‘:_

11) Now go to the Rating tab and press Append Segment. Add a pipe length of 10 m. Specify ;_II’. I l
the Pipe Material as smooth by choosing this value from the drop down list.

* PIPE-100 (=]
E | B
Rating —Length - Elewation Profile
. Segment 1
b T Fitting/Pipe Fipe
Heat Tranzfer Length 10.00
Elevation Change 0.0000
Outer Diameter 33.40
Inner Diameter Lemphys
b aterial Smooth
|ncrements 5
Lppend Segment | Ingert Segment | Yiew Segment... |
Delete Segment | Clear Profile |

_\Design % Rating / Warkshest ,( Performance ,(D_I.Jnamics ,((Deposition F
Delete | [ Unknown Fipe Diameter [~ lgnaored

Introduction to HYSYSS Plant2.2 piping2002.doc 4



12) Press View Segment and select Schedule 40. Then click on the
nominal diameter entry and select the 1 inch diameter. To choose one
of the options — click on 25.4 mm and press the specify button.

13) Now type in a temperature in the product stream of 25°C.

14) After this action the pipe line segment will calculate a pressure drop
and the status bar on the PIPE-100 segment will turn green. Go back
to the Parameters page and look at the pressure drop. You should
have a value of 51.38 kPa.

15) Save your case in your personal drive by executing the commands
File, Save choose your drive letter and give a unique name to the case.

Roughness Factors used by HYSYS:

Drawn Tube 0.0000015
Mild Steel 0.0000457
Asphalted Iron 0.0001220
Galvanized Iron 0.0001520
Cast Iron 0.0002590
Smooth Concrete 0.0003050
Rough Concrete 0.0030500
Smooth Steel 0.0009140
Rough Steel 0.0091400
Smooth Wood Stave 0.0001830
Rough Wood Stave 0.0009140

* PIPE-100

~1 Pipe Info: PIPE-100 x|

| Scheduls 40

B

—Fipe Parameter

Fipe Schedule schedule 40 |
Mominal Diameter 25.4000
Inner Diameter 26,6446
Fipe M aterial Smooth
FRoughness 0.000e-01

—wailable Hominal Diameter

[mm] [rmim] [rim]
25.40 152.4 406.4
ag.10 203.2 457.2
A0.80 254.0 a08.0
7E.20 a04.8 E09.5
101.6 355.5

Specify |

Pipe Flow Carrelatiar

Design
C . Aziz, Govier and Fogarasi il
HNNECONS Baxendell and Thomas Hiew Larmelstion. . |
Parameters ;I
Calculation
Ilzer Variables 4{ ) D—)—
Motes |
Delta P Druky
|51 .38 IE?EI.E

Gravitation Energy Change

IEI.EIEIEIEI klth

', Design /R ating J(Wu:urksheet _‘( Fetformance _‘(Dynamics _,(Depu:usitiu:un

Doee | I | Iorore
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Pipe Flow (Given D and AP calculate v) Example 2

Now let’s a trial and error pipe flow problem. Calculate the velocity in a horizontal 10 m plastic pipe containing

water with the pressure drop in the pipe equal to 1.18 x 10° Pa. The pipe is Schedule 40, 1” nominal diameter
(1.049 in. or 0.0266 m ID). If you remember from this quiz this is a trial and error calculation, since the flowrate or

velocity are not given.
16) To solve this problem first delete the specification of flowrate in the feed stream.
17) Next go to the parameters page of the = DIPE-100

pipe segment and specify the pressure

(=]l

of 118 kPa. Now wait for the green I | kPa =l
bar t.o appear! Whoops the new Desi Pipe Flow Corrlation
version of HYSY'S says that the S —— .

. o Conmsctions Aziz, Govier and Fogarasi 3 : :
pressure drop is greater than 10%. Barendell and Thomas Wiew Carrelation... |
This is only a warning and we will Farameters =
ignore Calculation

18) To see the velocity go to the User Variables 4{) 3—»—
performance tab and select View Motes
Profile I—»—
19) To duplicate the figure below you will Delta P Duty
need to resize the window. Another [s0 | |
option is to use the scroll bar to see the Gravitation Energy Change
velocity. HYSYS gives the velocity as [n.0000 ki

6.336 m/s which is nearly identical to
y ' Design £ Rating ,{(WDrksheet ,{( Performnanice ,{(Dynamics _.(‘Deposilion 7

the value of 6.3 obtained from the trial

and error solution on the quiz. &I [ Increment dP > 10%. Check hace. [~ lgnored
* pipe Profile View - PIPE-100 =~
Length Elesation Fressure Temperature | Heat Transfered Flow e Liauid Hold Fiiction Gradient | Static Gradient | Accel Gradient Licuid R W
T T [k IC] [k)dhem] o REdime Lt Aoidup [kPaim] [kPa/m] [kPadm] L e
0.000 0.000000 202,650 25.0000 Liguid Ornly 1.00000 11.7997 0.000000 0.000000 188338
2.000 0.000000 173.052 25.0000 138.473 Liguid Orly 1.00000 11.7932 0.000000 0.000000 188338
4.000 0.000000 155.453 25.0000 138477 Liquid Onjy 1.00000 11.7933 0.000000 0.000000 188588
E.000 0.000000 131.855 25.0000 138.481 Liguid Only 1.00000 11.7994 0.000000 0.000000 188988
§.000 0.000000 108.256 25.0000 138.485 Liguid Ornly 1.00000 11.7936 0.000000 0.000000 188338
10.000 0.000000 84.6563 25.0000 138.483 Liquid Orily 1.00000 11.7937 0.000000 0.000000 188338
| o
Table /Flot
* Pipe Profile View - PIPE-100 [=]xl
Erred X X Friction Gradient | Static Gradient | Accel Gradient . Liquid Welocity | % apourelocity ([Deposit Thickness Depasit Wolume
Flow Fegime Liquid Holdup [kPa/m] [kPa/m] [kPa/m] Liquid Re Wapour Re [m?s] [ms] (o] 3]
Liquid Only 1.00000 11.7997 0.000000 0.000000 188988 E.33557
473 Liguid Only 1.00000 11.7952 0.000000 0.000000 188988 £.33530
477 Liguid Orily 1.00000 11.7333 0.000000 0.000000 188388 £.33537
481 Liquid Only 1.00000 11.7934 0.000000 0.000000 188988 £.33543
485 Liguid Only 1.00000 11.7936 0.000000 0.000000 188988 E.33550
483 Liguid Orily 1.00000 11.7957 0.000000 0.000000 188388 5.33557
o sl

Table /Flat
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Cutlip and Shacham Problem 5.10: Calculation of the Flow Rate in a Pipeline
Example 3

In this problem you are supposed to calculate the flowrate of water in the pipeline at 60°F. The pipeline is nominal

6 in. diameter schedule 40 commercial steel pipe with L = 5000 ft, P;=150 psig, P, =0 psig and z;= 0 ft and

z, =300 ft.

20) For this problem we will change to units to Field Units. Go to Tools and choose Preferences

21) Select the Variables tab and choose Field.

22) Examine the units for flowrate and you will see that it is in Barrel’s per day! Let’s change that to GPM. Press
the clone button.

- & Jeszion Preferences [HYSYS_PRF)

! barrel/day :_j

Variables —fyailable Lnit Set
- EvroS|
Units
Formats =l
Unit Set Mame  |Field
~[izplay Lt
it
Fressure pzia j
Fla Ibrnaleh Sdl . ;
bdazs Flow i =il
Lig. Wil Flow
E nergy
1. Simulation ', Variables £ FReports ;{Files ;{Hesuurces ;{ Extensions ,{Dil [ripuat ‘,{Tra_l,l Sizing
Save Preference Set... i Load Preference Set... 1

23) Give the Unit Set a new name: such as US GPM units

- & Jesszion Preferences [HYSYS_PRF)

[ )[>x] [ usaru :_jj

barrelhr .
............ Varl LS min
Units | USGPH
L ey

ol

Formats| ft3/day

e e

Unit Set Mame  |US units
~Dizplay Uit
Il ik N Wigw ..
Preszure Csia ||
Flow broies — ___Add. |
fazs Flow Ib/hir |
Lin. Vol. Flow USGEM || Dette_ |
E nergy Etushr | |
% Simulation -,\Uanahles / Reports ;{Flles ;{Hesuurces ;{ E=tensions ,{Dll Iriput ‘,{Tra_l,l Sizing
Save Preference Set... 1 Load Preference Set... 1
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25) Next change the pressure units from psia to psig following a
similar procedure to that given above.
26) Save the preference Set in your drive on galaxy.

27) Now make the following changes. Set the Feed stream Worksheet | [Sieam Nams —
temperature to 60°F and the pressure to 150 psig. Remember | = | Mapou / Fhase Fraction 0.00000
to select psig units otherwise HYSY'S will assume absolute Eund't_m"s T emperature [F] 60,000
units. After you select these units it will immediately B0 EDEIZS[”F'EEEELDIB il 115001'33
convert the pressure to absolute. To avoid this go back and Composition Mass Flow [Ib/hi] 1.8373e+005
change the default units of pressure from psia to psig! (If you el Liquid tolume Flow [SGP 3677
haven’t already done this return to step 25) el mz::: E:Er;p'?[é?ﬂl’!:gﬂeg] '1'2208;g315
28) Set the product stream temperature to 60°F Heat Flow [Btushr] 19527003
29) Delete the pressure drop reading in the Design tab — it Lig Vol Flow [LISGPH] 367.3
Parameters window of the pipe segment. 4| 1A
30) Next change the pipe length to 5000 ft and the elevation to
300 ft. Change the Pipe to 6 nominal schedule 40
constructed from Mild Steel ( f- = 0.00015ft).

31) Now go to the Wgrksheet tab and choose set the feed stream "ﬁx__\wmksheel / attachments £ Dyramics £ UserVariables 7
pressure to 150 psig and the product stream pressure to

0 psig and wait for the program to converge! e
32) The liquid flowrate is given in several places — see Delete' Defing fram Other Stream... | ES

worksheet tab as well as the Feed stream. The flowrate
given by HYSYSS for the liquid volume

flow is 367.6 GPM which is within 0.4% EEaLa=s 010 - (x|
of the value given in the solutions | | =l
provided by Hesketh of 367.8GPM. If

you go to the stream feed and scroll Design Pz Pl Lok,

down to actual llqgld flow (and go back Conmechions g‘ZI:éEdDE\iIllZ[n%n-?h’:tlol‘ﬁ\:;a& :I R |

and change the units to USGPM in Tools Parameters .|

Preferences) you will get a value of T

367.13 GPM. .
33) To complete the Cutlip and Shacham User Variables 4{ ) D—»
problem change the inlet pressure or Motes |

Feed stream pressure to 200 psig. Your

Delta P Dt
new flowrate is calculated to be 711 I = I ~
GPM.
34) The Cutlip and Shacham problem Eresalizie Elsty Hiie

requests that you plot the calculated flow |

rate as a function of pressure drop with . , - "
. . % Design £ Ratin “Warksheet £ Performance £ Dynamics 4 Deposition
200 psig as the maximum. A useful tool - a /. / Aoy Aep /

for making this plot is in the HYSYS Delete | | Increment dF > 10%. Check race. [~ lgnored
DataBook.
35) First delete the inlet pressure in the “ DataBook (=]
feed stream of 200 psig | | =l |
36) Next, Go to Tools, Databook. _ _
37) Select Insert. And add the following Fosatetet _
Object Wariable

variables: Feed, Actual Liquid flow
and then press the OK button.

38) Add the pressure drop from the pipe Insert...
segment. You will need to scroll
down to find the pressure drop.

Edi...

Delete

03

% Wariables / Process Data Tables A’ Strip Charts ,(’ Drata Recorder ,( Case Studies
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Yariable Mavigator

Ohject

Flawzhest

Mone
Froduct

FIFE-100
FeederBlock_Feed
ProductBlock_Produ

-

- Variable Navigator

Wariable

warable Specifics

Actual Gag Flow

Actual Yolume Flow
Average Liguid Density
Comp K Yalue - Heawy Li
Comp K Y alue - Light Ligu
Comp K *alue - Miked Lic
Comp M azs Flow

Flawshest Ohject W ariahle Yarahble Specifics
Feed Heat Lozs -
MHone Heat Transter Coeffizient
Product [nlet Liquid elocity
FIFE-100 [ nlet Y apour Yelacity

FeedeBlock_Feed
ProductBlock_Produs

—Mavigator Scope————
% Flowsheet
{~ Caze
" Basiz
£ Utiliby

|nzide Diameter
|nzulation Conductivity
|nzulation Thicknesz
M arminal Diameter
Outlet Liquid elocity
Cutlet W apour YWelocity
Outzide Diameter

| Pipe Length

Temperature Drop
Iser v aniables

Yariable Description: IF'ressure Drop

=] E3

Ohbject Filte
i+ Al

i Shearns
i UnitOps

= 10| x|
oK |

—Object Filker——
Al

= Streams

= UnitDps

 Logicals

" ColumnOps
= Custom

Custar... |

Cancel |

39) Press Close and then choose the Case Studies. And choose the pressure drop as the
independent variable and Actual liquid flow as the dependent variable.

# DataBook

—&vailable Case Studie

Add
Delete

Wie,

—Available Dizplaw
{* Table
" Graph

Besultz...

dlli.

—Caze Studies D ata Selection

Current Case Study Casze Study 1
Dbject Wariable Ind | De
FIFE-100 Freszure Drop E [ ]
Feed Actual Liguid Flaw | |

% Wariables ;( Frocess Data Tables _,( Strip Charts ;( Data Recorder \Ease Studies

40) Now View the Case Study by pressing the view button.
41) Use a minimum feed pressure of 130 psig and a maximum pressure of 200 psig.

42) Press Start and as the calculations are proceding press the Results button. View both the data

table and the graph.
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43) See the manual for more details on the Databook.

~ Case Studies - Main

State State 1 State 2 State 3 State 4
FIPE-100 - Prezzure Drop [psi] 130.0 140.0 150.0 160.0
Feed - Actual Liguid Flow [I15GPR] 1299 2537 3671 4551
State State & State & State 7 State 3
FIFE-100 - Prezsure Drop [psi] 170.0 180.0 190.0 200.0
Feed - &ctual Liguid Flow [I15GPR] 5297 R95.5 E55.3 104

' Case Study 1 /
Delete | {# Table " Graph Be-Murber |

~ Case Studies - Main

| —=- Feed- Actual Liquid Flow |
Case Study 1
. B00.0 5
s
o 700.0 3_/-;
(] E
2 B003 /ﬂ/’E
E 500.0 4
(T 3
o ] /Ea/
5 400,03
g E T
= 30003 /
g /l:a/
8 mod
= 100.04
i /
0.0000 s
130.0 140.0 140.0 160.0 170.0 180.0 190.0 200.0
PIPE-100 - Pressure Drop (psi)
% Case Study 1 /

Delete I " Table &

Setup... |
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Cutlip and Shacham
Problem 5.13 Pipe and
Pump Network Example 4

In this problem we will modify the
above case to include fittings and a

pump. Water at 60°F and one
atmosphere is being transferred with a
2 hp pump that is 75% efficient. All the
piping is 4 inch schedule 40 steel pipe

except for the last section, which is 2

inch schedule 40 steel pipe. There are 3
4 inch nominal diameter standard
90° elbows and one reducer to connect

the 2 inch pipe. The change in elevation

between the start and the end is 60 ft.

Elevation change is 60 ft
thick lines are 4" Sch 40
Thin line is 2" Sch 40
Material is Steel Pipe

L=300 ft

~—L=15ft

4' { %«L=150 ft—»

1. In this problem modify the previous case by deleting the pressure drop.
2. Then add the following all of the pipe segments in one pipe section as follows:
= pIPE-100 =]l
g I Il
Rating Length - Elevation Profile
Sizing Segment 1 2 3 4 5 3 7
Fiting/Pipe Pins Elbow: 90 Std Pipa Fipe Elbow: 90 Sid Fipe Elbow. 90 Std
Heat Transfer Length £.000 0.0000 15.00 1500 0.0000 annn 0.0000
[Elevation Change -6.000 00000 0.0000 0.0000 0.0000 £6.00 0.0000
(Outer Diameter 4500 <empty> 4.500 4.500 <empty> 4.500 <ermpty>
Inner Diameter 4026 4026 4026 4026 4026 4026 4026
aterial hild Steel Mild Steel hild Steel hild Steel Mild Steel tdild Steel ild Steel
Increments [} 1 5 5 1 5 1
K| i

Add Segment
Delete Segment

Wiew Segment
Clear Profile

Deaign\nﬂlingx\r\t‘mksheel erdnrman:e KDynam\cs /

SOl —

= pIPE-100

EY

E ! - |
Rating —Length - Elewvation Profile
Sizing Segment 5 B 7 g g |
Fitting/Fipe HO Std Fipe Elbow: 90 St Coupling/Unian Fipe
Heat Transfer Length .00oo 300.0 0.0000 0.0000 3750
Eleswation Change .00oo EB.00 0.0000 0.0000 0.0000
Outer Diameter by 4800 <empty> <empty> 2,375
Inner Diameter 4.026 4.026 4.026 4.026 2.067
aterial Steel Iildl Steel Mildl Steel tild Steel tildd Steel
Increments 1 5 1 1 5
Kl v
Add Segment | Wiew Segment.. |
Delete Segment | Clear Profile |
Worksheet /(Performance /(Dynamics /
pocte | I | ored
3. Try a value of 65 GPM as the input and determine the pressure drop required.
4. Now add a pump. Is the pressure drop 39.6 psi.
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P-100 Ea

Design MName [P-100
Connections
Parameters Clutlet
Curves Inlet iDuHEt :j
Linksz Froduct ll
Izer W anables :-_j
M otes
Energy
iF"u:uwer j

_=
* Design / Hating X"v’v"nrksheet ,( Perfarmance ,(D_I,Inamiu:s

Delete i | Unknowe Delta P ¥ On [ lgnored

P-100 =

Design

Cornections Delta P Adiabatic Efficiency

Parameters I?‘E.EIEI %

Curves
Links
I zer W ariables ,__j

M otes
Cruky

!EDEE.E? Etudhr

% Design / Fating A'Wnrksheet ,( Perfarmance ,(D_I,Inamin:s

Delete 14 Unknown Delta P I On [ lgnored
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Printing out Documents:
1. Printout the pipe segments: Use the following format
2. To print the pipe segment double click on the pipe segment. Select the push pin and then go to the print button.

™ Select Datablock(s) to Print for Pipe Segment "PIPE-100"  [Hi[=] E3 |

—Awvailable D atablock

Print

=8 . D esign Select All _—l

- [ Connections [~ TexttoFile
...... E Parameters Invert Selection | 7 Delimited

------ [ Calzulation

------ to ] User Variables

------ D Perfarmance
EI [<] ‘workshest - Uze F'referenc:esl

Checked D atablock s will be included in the D atashest. F kAL " |
Datablocks with tralling elipses have additional options that —orme e

will appear here when zelected.

Set Freferences

Print Setup... |
Bonus Problem: The REAL Cutlip & Shacham 5.13
From the above analysis you know that at a flowrate of 65 Y
GPM the pressure drop across the pump is 39.6 psi. In the p lpsg <]
actual or real Cutlip and Shacham problem you specified the Connections Adustiame  [DIT
pump horsepower, the inlet and outlet pressures of 0 psig and  |Cennections ~Adjusted Variabl
all of the pipe related geometry. In this problem you do not Object[ | Seledtvar

Warisble: |

know the flowrate. Instead you have the unknowns of the

—Target Variahl

Ohject ’W Select Var

Wariable: Fressure

fanning friction factor, f > and the flowrate. Your two

equations are the mechanical energy balance and a friction
factor equation such as the Shacham equation. If you do this
in HYSYS you get problems. After specifying the inlet and SoCE g Tegstvalus
outlet stream pressures and the pump horsepower the & User Supplied
HYSYS solver sits there and doesn’t do anything. The £ Anoher Goiee

reason for this is that these are sequential solvers. HYSYS ™\ Connections /Parameters {Monitar / User Varisbles /

needs to solver each operation in a sequence — even though
HYSYS can go in the forward or reverse directions. Delete e | I lancred

Target Yalu

So to solve this problem
you have to add a logical
operation called an Adjust.

(See HYSYS Plant 2.2

menu, Steady State PIPE-100

Modeling, Ch 10 Logical

Operations.) The adjust N T

takes a variable, (you will pumpfeed P-100 Feed Product

need to decide which one)
and varies (or adjusts) this
variable to obtain the target Power
value of the outlet pressure

of 0 psig. The outlet

pressure variable is known

as the Target variable and

the Target value is 0 psig.

Remember that you need to delete the outlet variable specification and you need to delete the value of the adjusted
variable.
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Do the following:
1) Determine the liquid flowrate for problem 5.13 using the adjust logical operation — as shown above.
2) Repeat this analysis for n-butyl alcohol. Use the UNIQUAC activity coefficient model for your thermodynamic
property package.
Submit the following:
a) a summary of this work. Compare the results from POLYMATH and HYSYS.
b) your polymath solutions for water and n-butyl alcohol
¢) HYSYS printouts of the pfd (graphical) and worksheet (report). Also include the reports from the pump,
adjust and pipe unit operations/utilities as done in-class. Since you already have the worksheet printed out
then exclude this from your unit operation/utility printouts. See the example below:

»d select Datablock(s) to Print for Pump “"P-100" - |EI |£|

—Awvailable Datablocks

_ Erint |

?----E Design Select All
EEE Fating [T Textto File
E?----D Wotksheet Irevert Selection F Delimited
&[] Performance
[ Drvnami : -

L1 Dynamics Set Preferences . Preview..

Lze Preferences

Checked Datablocks will be included in the Datasheet, Farmat/Layaout..
Datablocks with trailing ellipses hawe additional options that —
will appear here when selected.

Frint Setup...

! Gregory, G.A., Mandhane, J. and Aziz, K., “Some Design Considerations for Two-Phase Flow in Pipes,” J. Can.
Petrol. Technol., Jan. - Mar. (1975).

? Beggs, H.D., and Brill, I.P., “A Study of Two-Phase Flow in Inclined Pipes,” J. Petrol. Technol., p. 607, May
(1973).

3 Hyprotech Manuals (in pdf format) HYSYS Plant 2.2, Simulation Basis, Thermodynamics Packages, Appendix A-
Property Methods and Calculations, AEA Technology - Hyprotech Ltd., Page A-40.

* Keenan, J. H. and Keyes, F. G., Thermodynamic Properties of Steam, Wiley and Sons (1959).

> "Thermodynamic and Transport Properties of Steam" - The American Society of Mechanical Engineers - Prepared
by C.A. Meyer, R.B. McClintock, G.J. Silvestri and R.C. Spencer Jr.20.
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