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1. (40 points): Mixed gas stream of hydrogen, nitrogen and hydrocarbons is fed to a
flash vessel in order to obtain vapor and liquid phases which came out into OVH and
BTM streams, respectively.

Feed stream conditions and thermodynamic package entirely used are listed
below:

Molar flow Alias formula

rate (Ibmol/hr)
Hydrogen 25 C2
Nitrogen 13 N2
Methane 40 CH4
Cyclohexane 1.24 C6H12-1
Benzene 0.003 C6H6

Temp (°F) 420
Pressure (atm) 20

@Giobal | Flowsheet Sections | Referenced | Information

~Property metheds & options - - 1 Method name:
Method filter: COMMON vl

Base method: NRTL

NRTL

Henry components:

-~ Petrol calculation
Free-water method: STEAM-TA
Water solubility: 3

P

- Electrolyte calculation options -
| Chemistry ID:

| [@] Use true components

Flash vessel (B1) is selected from Model Palette of Separators (Flash2)

(a) You have to use model analysis tools for the sensitivity for varying
FLASH tank temperature in order to find (1) molar flow rate (in Ibmol/ hr) of
overhead stream (OVH) (2) mass fraction of cyclohexane in OVH and (3) mass
fraction of methane in BTM. (Set pressure of BI to be 20 atm during sensitivity
operation)
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Explain your variables used in sensitivity analysis

Define (5 points)

Flowsheet variable | Definition (as shown in your simulation)

Vary (5 points)

Manipulated variable

of manipulated variable

Lower

Upper

#points =4

Show your sensitivity results (10 points)

4 2% Model Analysis Tools
4[58 Sensitivity
4 g5
Input
] Results . |

Point# | Manipulated; | molar flow rate ;| mass fraction ; | mass fraction ;
\iz \iz \io \is

variable

1

2
3
4
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(b) You have to use model analysis tools for optimization (without constraints)
in order to minimize the objective function of {mass flowrate of cyclohexane
in OVH stream+ mass flowrate of methane in BTM stream}. In this

case set temperature of Bl to be 6 °F.

Express your variables used in optimization analysis

Define @ points)

Flowsheet variable | Definition (as shown in your simulation)

Vary(4 points)

Manipulated variable Manipulated variable limits

Lower

Upper

FORTRAN code for minimization (2 points)
| @efine | @bjective & Constaints | @Vary | @Fortran | Declrations | Information

- Enter executable Fortran statements
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Show your optimization results (10 points)

i [£% Model Analysis Tools
(3 Sensitivity
4 [£% Optimization

4 [ggo1

~Variable results

§ Wariable Initial value Final value Units

Show your stream results after successful optimization
Display: Allstreams  v| Format: CHEM_E vl [ Stream Table J l Copy All j

BTM '~ FEED lv| OVH v

Temperature F
Pressure psia

Vapor Frac

Mole Flow lbmol/hr
Mass Flow lb/hr

Volume Flow cuft/hr

Display: All ;t}eams ?;i Format: CHEM_E
BTM v FEED ¥ OVH v

Mole Flow Ibmol/hr

HYDROGEN 25

NITROGEN 13

METHANE 40

CYCLOHEX 124

BENZENE 0.003
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2. (40 points) Considering a flash vessel of hydrocarbon separation; the feed stream
contains methane, ethane, propane, n-butane, 1-butene and Hexachloro-1,3 butadiene;
the feed rate of each component is 50, 100, 700, 870, 1176 and 5,130 Ibm / h,
respectively. Previous entering to the flash tank, the mixture of feed stream is mixed
with the RECYL stream to form FLS-FEED stream via a Mixer unit as shown below.
The BOTTOMS stream of the FLASH tank is separated onto two streams
(PRODUCT and RECYL) via a splitter FSplit unit.

Feed stream, FLASH tank conditions, Pump specification and thermodynamic
package entirely used are listed below:

FEED stream Mas flow rate Alias formula
(Ibm/hr)

Methane 50 CH4
Ethane 100 C2H6
Propane 700 C3H8
n-Butane 870 C4H10-1
i-Butene 1176 C4H8-1
HEXACHLORO- 5130 C4CL6

I, Butadien

Temp (°F) 85
Pressure (psia) 50

FLASH tank conditions: 41°F and 25 psia

&Global | Flowsheet Sections l Referenced ] Information l o

-Property methods & options ——————————— pethod name:
Method filter: COMMON ¥ | SRk o
Base method: SRK 2.2
Henry components ! ] Modly =
~Petroleum calculation options -~ o l,‘
| Free-water method: STEAM-TA vl ! e
| Water solubility: 3 v i:"
| A

 Electrolyte calculation options -
| Chemistry ID: v

| [@ Usetrue components
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(model palette) ===

Compr Pipeline

l @ Specifications l Calculation Options | Flash Options I Utility l Information

~Model
\ @ Pump ¢ Turbine

~Pump outlet specification

i @ Discharge pressure: s0 psia - [al
() Pressure increase: 25 psi L*’Z

) Pressure ratio:

<" Power required: b ’*
) Use performance curve to determine discharge conditions

- Efficiencies

l Pump: Driver:

(a) (10 points) Fill in the blanks for the stream results after simulation in case of
percent recycle of the bottom is equal to 35. (35 % recycle)

Format selected

Display: Al streams v| Fomat: CHEM_ { Copy Al ‘

BOTTOMS v FEED v HSFED v OVERHEAD v PRODUCT v RECHL v

Temperature f
Pressure psia

Vapor Frac

Mole Flow bmol/hr

Mass Flow Ib/hr

BOTTOMS  [v| FEED v FISFEED  [v| OVERHEAD v|
Mole Flow lomol/hr

METHANE

ETHANE

PROPANE

N-BUTANE

1-BUTENE

1380TAD z
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(b) Using ‘Flowsheeting options’ for ‘Design Spec’ to get mass fraction of
Hexachloro 1,3-Butadiene in stream ‘OVERHEAD’ equal to 0.0007 by
varying temperature of the FLASH tank.

Express your simulation by writing down variables and their definitions on the
following windows.

a) - &Deﬁne; |(4 points)

 O5Spec

b) = (4 points)

c) 9"‘7’?’ (4 points)

d)  Click Results after successful simulating(2 points)

4[58 Design'Specs
4 [E%Ds-1

@In ut

EaRe ults

Fill all design spec results 1n the following window:

Results | Status ! S

h Variable results B —

} Variable Initial value Final value Units

e) Ans. Temperature = °F(1 points)
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(c) Using ‘Flowsheeting options’ for ‘Design Spec’ to get molar flow of iso-
butene in the stream ‘OVERHEAD’ equal to 5.0 Ibmol/h by varying pressure of
the FLASH tank.

Express your simulation by writing down variables and their definitions on the
following windows.

2) Q,DEﬁ"e,_lm points)

~238ss.

b) (4 points)

c) &Vary (4 points)

d) Click Results after successful simulating (2 points)

4 £ Design bpecs
4 [53DS2 -
@] Input

Results

Fill all design spec results in the following window:
Results l .Stat!’f’w l e SR oo s,

-Variable results

Variable Initial value : Final value Units

e) Ans. Pressure = Psia (1 points)
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