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e Example #2.1: absorber (Scrubber)

e scrubber
* Objective: CO2 elimination

Clean gas out

distributor

Contaminated

gas in = I. )

<—————reservoir

| = Scrubbing
F‘ liquid out
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e Example #2.1: absorber (Scrubber)

e Absorber

e Objective: CO2 elimination
e @GasFeed2:C0230% + CH470% 9,2bar 50C 40kgmol/hr
* Lig. Feed1 : NaOH 10% + water 90% 6,5bar 54C 200 kgmol/hr

\ Column: T-100 / COLT Fluid Pkg: Basis-1/ Peng-Robinson
T-100
Converged Design Column Mame | T-100 Sub-Flowsheet Tag | COL1
01287 Connections Ovhd Vapour Outlet
V1282
Monitor clean gas V|
Specs Top Stage Inlet
Specs Summary | Caustic v|
. i
1 Subcooling 1 : .
E: e SR Stm?ms 2 P1 Dmnsif:r: Drawj 5‘nge | Draw Stage |
| stream | Inlet Stage | |
| N f ] T T
— T<<stream | | | R ez | =
e | | |
L o
n
-

|
n=
...
Bottom Stage Inlet

ﬂg%: [Feed v| — [650.0kPa

~Stage Numbering:-
(® TopDown () Bottom Up Bottoms Liquid Outlet
' Edit Trays... | bot "|

= Design |Parameters !Side Ops ]Rating ! Waorksheet !Perfcrrmance JFIowsheet JReactions JD)vnamics jCostj

; Delete . Column Environment. .. i Run | Reset _ Update Outlets |:| Ignored
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[ - ek Example #2.2: absorber (Scrubber)

e Absorber with Recycle

* Objective: CO2 elimination

* Gas Feedl:C0230% + CH470% 9,2bar 50C 40kgmol/hr

* Lig. Feed2 : NaOH 10% + water 90% 6,5bar 54C 200 kgmol/hr

Spec Calc Value (Comp Recovery)

o b

ME-100

L

4553
kg/h
%" TEE100
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e Example #2.3: absorber (Scrubber)

e Absorber with Recycle + Caustic cooler

* Objective: CO2 elimination

e @Gas Feedl:C0230% + CH470% 9,2bar 50C 40kgmol/hr

* Lig. Feed2 : NaOH 10% + water 90% 6,5bar 54C 200 kgmol/hr

&) Optimizer =8 =N <=
e |
4 Optimizer =S [E=h
| optimizer === |
L1 i
T-100-2-2 4] Optimizer =] B =
Spec Calc Value (Comp Recovery)
Iteration Cum. Func. Eval. | Objective Fundtion | Temp[eqrature o
3,00000 | 3,00000 | 0,851652 20,0000 | L |
4,00000 | 3,00000 | 0,883368 | 20,0000 |
300000 3,00000 | 0,883368 | 20,0000 | L
2,00000 4,00000 0271302 23,0000 |
4043 . — 1,00000 3,00000 0811512 | 41,0000
kg'h 4504 kg :15_-1 e 4504 kg'h H Optimizer |
MI3-100-2 — Spreadsheet -
— |
H -
| 8
-
T-100-2-2 " TEE 1002
461.4 kg'h =
RCY-1-2 Configuration !‘u"ariables jFunctions JParameters Monitor

Do spreacshest. | S | S

UNISIM Design Course, 2019 6



UNIVERSITA

DU L) Example #2.4: absorber (Scrubber)

* Sizing of final column

iT Available Utilities :":' ‘:EI i1 Tray Sizing: Tray Sizing-1 | =]
Utility Set o S e -Section Results- i
(@) Unizim Design Utilties () UniSim Thermo Utiities e | O Trayed (@ Packed | | Export Pressures View Warnings...
i A
; Traved -~ Packing Results -
Existing Utilties - rAvailable Utilties - L hffl’ Section T Sectond | SectionZ]
Tray Sizing-1 Critical Properties 5 i Internals . Packed |
Vessel Sizing-1 Data Recon Utility Plot Section Diameter [m] 10,4572
Depressuring - Dynamics (Legacy} Max Flooding [r] | 2390
Derivative Liility | *-Sectional Area [m2] I 01842 |
Envelope Utility on Height [m] [ 04|
EO Blowdown Utility Section DeftaP (kPa] | 3,396e-002 |
FRI Tray Rating DP per Length [kPa/m] |  4,813e-002 |
Global PSD LHility Flood Gas Vel, [m3/h-m2] | 3831 | |
Hydrate Formation Utility Fload Gas Vel. [m/z] ] 1,070 | 02118 |
FalImEEicLiEhly Est. # Pieces of Packing | 7448 | 15835 |
Fipe Sizing N Est. Mass of Packing [ka] | 21 1534 |
Production Allocat|qr_1 Utility Est. Packing Cost (USS) i 1 |
FeCDEAIY Dalnce.URiiny HEPm [ ossm 04868
Property Table . HETP Correlation i Frank | Frank |
e Packing Correlation | Robbins | Robbins
T | Packing Type Ballast Rings | Ballast Rings |
User Property
Vessel Sizing v
View Uity [ Add Utility | =
= Design Performance |Dynamics
SR T L e e s M linnarad
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FIRENZE Break time
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UNIVERSITA Ex. #2.5: ORC CVCIE

DEGLI STUDI

FIRENZE

* ORC cycle-Basic

Electric Generator

. "1\\\"; _____ \:‘ %
Electric Power
Output

\ WA AWAY
Cooling /

ORC BINARY
T POWER CYCLE

Heat Exchange
(Evaporator)

—
r | TR RO ey ) § PR e S TR
:. .....
| roduetion welr- oo W
s e | ......................

.......

-------------------------------------------
------------------------------------------

-------------------------------------------
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FIRENZE Ex. #2.5: ORC cycle

e Simulating ORC

* Feed: superheated steam: H20:92% + C02:8% 10bar 180C
— After evaporator : 10bar 89C

* ORC cycle composition : R141b 100%

— After evaporator: 170C
— Pump output pressure: 2300 kPa
— Turbine output : 200 kPa
— Turbine efficiency: 88%
— Condenser output: 35C

—  Condenser APtube = 0

— Condenser APshell =0 F;ﬂ.nn

— Evap. APtube = 0 ;
— Evap. APshell =0

W o

e
I' V-100

E-100
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DEGLI STUDI Ex. #2.5: ORC CyC|e

FIRENZE

ITULIE. DlEduy Sldlt

- Cond__Pump = (| 1 eeveiepe Ol O EVp.'TU rb. ; ===

Performance
Performance e
Plots o e ’J—ﬁ‘—t‘
Table = L = flable B S Ol e hes
o & omwgre | /-/
. Fd \ & A }
9!. e A : S
: 0 . E < J Clear
g ] Clear g wma
£ - 2
i / ( Envelope Ty / ( rEnvelope Type
£ O PT O w
PT
/ [ 8 PV 8 // [ QOpv OTH
-] & OPH @718
1] =4 (JPH (@) T T VR T T VI O
OPps Ertropy (kMgmales G} :
Erirepry (klkgmeia-C) ] 1 ;
View Ops [ Wiew Operating Point
B Design Performance |Dynamics | Besighy M
Delete [ 1gnored

Delete

T of
T Turb.-Cond.

Performance
i Plots =5
e =
N | L Lt R papat ) — e
: T ]
g ... | % i
E
5 i | Clear % - | Clear
2 e
" ( rEnvelope Ty / ( L r~Enyelope Type-
= . A OF O aun P QT O
L | Om A [ Orv O
K-100 / - o PH @ TS
e T T TR R TR TR Ori @ i TR TR T 3 =i e
we o = | O Ps |
Bk & LadF= Eregy (iigmale C) g =
View Opd View Operating Point
= Design Performance |Dynamics Design Performance |Dynamics |
Delete [ignored

Delete
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PIRENZE Ex. #2.6: ORC optimization

* Calculate efficiency of ORC e

* Optimizing the cycle e e 5

cell | Object Variable Description |
Bl [ Wt | Heat Ftcrw'
B2 | Wp | Heat Flow |
B3 | E-100 | Exchanger Hot Duty |
Bl Optimizer Spreadsheet
rCurrent Cell T ——
Variable T'_.rpe:| v|
| B& Variable: | |
| [=-81-B2)/B3
1,2082+00€ | kJ'h - z - = 7
B Wt | 6.039e+006 keal/h |
A Wp 2.904e+005 keal/h |
3 Qeva -3.495e+ 007 keal/h
4 Eff [ 01645 |
i Sti 2830 k/kgmole-C |
5 Sto 2951 kfkgmole-C |
Lad] TEi | 17ooc
a8 s | 1687 C |
4 limit 1687 C |
0 | [
TE | [
E-100 r m [ |
V-100 = . [ | !
K-100 : [
"~ Connections !Parameters !Formulas Spreadsheet | Calc
.Funu:..'tiun .l:lelp... . épreadsﬁeetd
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Ex. #2.6: ORC optimization

e (Calculate efficiency of ORC

* Optimizing the cycle

=i| Optimizer

Adjusted (Primary) Variables
Chject Wariable Description | Low Bound | Current Value | High Bound | Reset Value | Enabled |

Wit I Power 3263 o952 1,305e+004 “<empty= [

—f — R el T e - e

Rl | virl i olsbour o T byl | el il e | B e At | e R e dE | = o A | 2 =g

01 | Temperature | 160,0 | 17,0 | 1700  <empty> | [

01 Pressure | 2000 | 2450 2450 | <empty> |

2 Prece)re 200 0 0040 1060 < prnts L

AC-100 | Fandesignair flow (Fa. | 2,500e+007 |  5000e+007 |  1.000e+008 | <empty> | ¥

1) Optimizer I
| B4 (D Minimize,
0,163880563 (@) Maximize
-Constraint Functions- 3‘] Qptimizer

Num  LHS Cell Current Value Cond| RHS Cell  Curre -Optimizer Parameters =
= T —— Med_]
B et 1 = Maximum Function Evaluatio 500000 |
Tolerance I 1,000e-08 |
Maximum lterations L 20|
Maximum Change/lteration | 10,3000 |
Add... Edit... Delete shift A i 5,000e-01 |

=] Configuration Variables |Functions J Parameters JMDﬂitD

: Ijelete Spreadshest.

"~ Configuration Variables Functions |Parameters |l
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PTRENZE Ex. #2.2: ORC cycle

* Adding air cooler
e Adjust the air flow

'T geothermal brine |

i 200
l 3%‘ ot 150
!.'.'_".'.:"_'.'.'.:': PH Zti EVA ot oo &
- 3ag > o
4a g W
P 50 -
| 5 5
| S =
' - D T T T T
0.2 03 0.8 13
' Entropy, ki/kgK b)
— py & EVA -
il U 150 - Rec= =
ot . he—

g
; 2 100 -
S o . A A e =
| 1]
| =N

E

k]

L2, 50
s COND _-_.B.Q'E?,
| ORC =3
Woumsore — inH20  Wo,pew a) 5 0 5 10 15 20 25 30
cond Power, MW c)
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PIRENZE Ex. #1.5: Refrigeration Cycle

e Adding air cooler

e Adjust the air flow
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FIRENZE INTRODUCTION

e Also we can optimize the air flow of air coolers...

< —_— e ]
=N —
- . ~Curves—————
E:E | K A& F & ! % | Default Colour Scheme ~| 1 L Curves . Isobar 1 || <empty |
— " Isobar 1 || <empty | L lsobar2 | <empty |
= lsobar2 | <empty | — e lsobar3 | <empty |
—— i Lo Isobar3 | <empty | A vt
w4 i
AC-100 & I n \
£
o [
= 3 i _
Product Pressure 100,0 25 J = g ] J Clear
2 Clear £
e : 3,147e+005 g &
Feed Molar Flow | 3,147+005 L | L 2 |l | e
152 / -Envelope Type /
7 O O P [
W AC-100 Ope (O
; ™ TR T s (R i)
— | | WP @75
Ops R (5.5 LS
Ertregyy (kikgmaie- G} 5 View Operating Poin
Wiew Operating Point
= e |Dynamics
s Bt |
[ lgnored
Optimizer Spreadsheet [ianored
=leEl=] o]
Curves: e
F = Isobar 1
sabiar | LSEinpty | Isobar 2
<empty | — = e
e PR | O Isobar 3
A | = empty | @ & Commmen | /
g \ ‘ g
;
F{ J Clear é P e
g | S 2 = =
= ( -Enyvelope Type- /f Envelne Type
b o O™ ® l Qe QW
L I Orv OTH -] { JEMRC ]
OPH @TS AP Tma . sas F=T) =a o Ori @78
v my @y san T o) e OPS ‘Ops
{kdbgmaie-C) e
Erteegry fllgprcie C s i
J Wiew Operating Point Aew Gneraing Pot
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vl
>
_l [ianored [ignorec
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* http://tiny.cc/Odokgz
°Or
* https://bit.ly/2r9KUiR




