18/11/2013

A new CAPE-OPEN Unit Operation Module

for Simulation of Brazed Aluminium

Plate-Fin Heat Exchangers

#710h - Advances in Information Management and Integration
2013 AIChE Annual Meeting

.;i;.
]SAIChE Hilton San Francisco Union Square, San Francisco, CA

Annual Mettng, San Francisco. CA

L

Outline

>

™ What is a “Brazed Aluminium Heat Exchanger™?
" What is CAPE-OPEN?

® What is CO-ProSec?
*r Accurate and robust model
" CAPE-OPEN compliant software

" Easy-to-use software

"8 Application example
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What is a BAHX?

>

Heat Exchanger Multi-streams Cryogenic industries

Temperature: -270°C to 65°C Dimensions max. Compact @ Efficient Light
P re: 14 ;
ressure: up to 140bars k0 3% 800 3% 2l Low pressure drops | Low pinch
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S A BAHX core
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Manifolded cores

What is a BAHX?
Components of BAHX

Cap sheet
Parting sheet

Fins (distributors, heat transfer)
Distributor

Side bars Nozzles

Headers
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What is a BAHX?

9 Brazing

fin
brazing alloy Vacuum brazing furnace
sheet To w\ Brazing Temperature ~ 620°C/1150°F
Melting T°|
parts
Brazing T°{-
Melting T2}
brazing alloy
fin
brazed joint
sheet
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What is a BAHX?

@ Fin corrugations - Principal types of fin

RS

(

N

Herringbone fin

Sarrated fin

Serrated fins Herringbone or wavy fins

Figures are from ALPEMA'’s standard (www.alpema.org)
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What is a BAHX?

@ Applications - A wide range of use

Hydrocarbons

Cold boxes: Air separation, “Core in Drum”: Heater, chiller, boiler On board Reliquefaction, FLNG

Ethylene, Natural gas... systems
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" What is CAPE-OPEN?
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What is CAPE-OPEN?

g Interoperability between software
" Computer Aided Process Engineering (CAPE)

# |n simulation software, a lot of software components interact together...
#r . and they are strongly inter-linked!!!

# Limits of these components are not always well defined!!!

#» Needs for interoperability between software (e.g.: use Pro/Il with Aspen’s
U.0O and ProSim’s thermodynamic model)
AIChE Annual Meeting - November 7t, 2013 - San Francisco - Paper 710h >

D. Averous, O. Baudouin, S. Déchelotte, R. Egal, F. Picard, R. Sardeing, A. Vacher ProSi m

What is CAPE-OPEN?

g Interoperability between software
*n CAPE-OPEN defines interfaces

Communication

NI via R NN
» “middleware”

N Software
-~ "Components
""""" (“objects™)
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What is CAPE-OPEN?

@ |nteroperability between software
" Areas covered

I1 1 F 1 [ |
| M |
Unit | ermodynami
peratio Server
D
D 1 I
Numerical L .
Solver E eactio
W
I It Il A
ocess Modeli R Physical Properties
Environmen - Database
&
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What is CAPE-OPEN?

g Interoperability between software
" History of the CAPE-OPEN specifications

1995 1996 1997 | 1998 1999 2000 2001 2002| 2003 2004

... today

00-CAPE
Developing the concept (1)
0S-CAPE

Developing the concept (2) .
CAPE-OPEN

Proving the concept -
Global cape-open  [RN S ‘

Implementing the technoluyy

CO-LaN

Maintaining the standard

GCO Support H

Disseminating results
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What is CAPE-OPEN?

@ Advantages of CAPE-OPEN
» No coding of interface required

#s You can continue using your favorite thermo package
or unit operation or process simulation software
without any programming effort

= An open system to value your earlier investments

® ProSim has been an early member of the CAPE-OPEN
initiative
“ ProSim is the only software provider implementing
» Unit Operation "Socket"
» Thermodynamic Plug (1.0 and 1.1)
» Thermodynamic Socket (1.0 and 1.1)
-yl
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 What is CO-ProSec?
# Accurate and robust model
*» CAPE-OPEN compliant software
" Easy-to-use software

”n
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What is CO-ProSec?
@ product of partnership

INP ENSIACET 47

+ LABORATORE
DEGENIE

P

fives cryogenie

2

ToTaL

= Making the most of R&D resources to
deliver commercial results
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What is CO-ProSec?

@ product of several years of research

" 4 PhD Thesis (FivesCryo/LGC/ProSim):
 Hervé PINGAUD (1985-1988)
# David AVEROUS (1997-2000)
» Khaled HAMMADI (1998-2001)

* Florian PICARD (2005-2008)

™ 30 years of development
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What is CO-ProSec?

@ Avery detailed and accurate model

" 2D representation of BAHX

e Stream 4 {outlet}

- — srsamz ooy » | ength and height are considered

* Real stacking is taken into account
{outiat)

" Streams:

length

temperature, enthalpy, pressure

H " Sheets (walls):
. Stroam 5
wtlet)
_ = St temperature
widt height
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What is CO-ProSec?

@ Avery detailed and accurate model

*» Model is based on:

i-1 i i+1
) “He [FITTITITTINT]
* Conservation laws for mass, momentum and energy He [

D — w\‘ Hs
. . SLLLLLIILLLY
* Heat is transferred between adjacent passages: :
oz
» through the separating plates

* by conduction through the fins
i-1 i

Tie E\ Normal efficiency
m ] (fluid - fin)
L a7 - -
By-pass efficiency Ak
(fin - fin)
z
AIChE Annual Meeting - November 7t, 2013 - San Francisco - Paper 710h

D. Averous, O. Baudouin, S. Déchelotte, R. Egal, F. Picard, R. Sardeing, A. Vacher

Proéim

18/11/2013



What is CO-ProSec?

@ Avery detailed and accurate model
#n User has to provide the topology of the BAHX:

*r Description of the reference layers (geometry, fins, streams)

#n Stacking definition 3

= L2

7

it 7

Il
li
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" Application example
B
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What is CO-ProSec?

N ProtimPlus Standard . Vi Esem

@ An application example (Averous, 2000)

fie £t Cofigmnion Dowhers Tooh Simutien ndows el |
DQ-He) o558 |- D

L3

[T

mmmnwa—m

User daTeed ust operaton VT
= Weacters

© Liguidsoid saparation

* Sirigpars

* ustias

© Subfiowsheet

fivescryogenie

"
ProSim
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What is CO-ProSec?

@ An application example (Averous, 2000)

] L0PraSec
HOME
GHE o &# & ==
Losd Swve Save  Smepss  Mumerical  Converton 2 Ouiput
e e ol
File Dacument Unite
PARAMETERS | STREAMES | FINS REFERENCE PASSAGE | o vaLIDaTION
Bady Damendions
Body number Used wasth (Ul
1t ] = I
Orientatien ial P Trwckness of thee st bars [Tt
s rd Trasknads of thae #nd base [t}
F -, éu" o Il
Fin database Trickness of the separation pistes ()
2001 > Now - i3em H
—
Materaat
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[ o wm,
.
ProSim
) Sofwars & Services In Process Simulaticn
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What is CO-ProSec?

@ An application example (Averous, 2000)

L] STREAMS TOOLS [LOFimSec
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What is CO-ProSec?

@ An application example (Averous, 2000)
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What is CO-ProSec?

An application example (Averous, 2000)

- EXCHANGER TOOLS COPresec 8
HOME EXCHANGER

A n passage & Dementary zones % Add s block entop - Mo | e | G ke s o

] Dsplicate the passage ol Define stacking Iumnmary g Inient  block below = ] M domn 3 . i

BHOcetetheprisege | B View prisages Height [ mm) 20 W Dbt *+re | Bra

Passages Stackings

Cursent passage.

pamameTens | stngams | i | REFERENCE PassacE | @) vauanow

ok Cancel
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What is CO-ProSec?
@ An application example (Averous, 2000)
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What is CO-ProSec?

@ An application example (Averous, 2000)

PN ProSec stackings [= @ = |
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What is CO-ProSec?

@ An application example (Averous, 2000)

Sequence 1

Sequence 2
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What is CO-ProSec?

@ An application example (Averous, 2000)

Sequence 1 simulation results

Output temperatures (°C) Differences (°C)
Stream Spec CWT |CO-ProSec|CWT - CO-ProSec|CO-ProSec - Spec
S01 -159.00|-162.31| -156.32 -5.99 2.68
s02 35.00] 36.26]  38.83| -2.57 3.83
S03 35.00] 35.13 31.02 4.11 -3.98
= S04 35.00| 35.13 32.66 2.47 -2.34
Strgglm '”p‘;gTsé 9 Iso5 35.00] 35.55|  34.73 0.82 20.27
wo | iases | 150 35.00] 35.95]  37.31 -1.36 2.31

S03 -168.15 Sequence 2 simulation results

28‘51' igg;g Output temperatures (°C) Differences (°C)
. Stream Spec CWT |CO-ProSec|CWT - CO-ProSec|CO-ProSec - Spec
S06 -179.05 S01 -159.00|-162.37 -2.20 -1.17
S02 35.00] 36.31 -0.97 2.28
S03 35.00| 35.23 -1.33 1.56
S04 35.00 35.21 -1.30 1.51
S05 35.00| 35.53 -1.12 1.65
S06 35.00| 35.84 -0.55 1.39

g
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What is CO-ProSec?

@ An application example (Averous, 2000)

Sequence 1: wall temperature analysis
.

YR 0 @ B
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What is CO-ProSec?

@ An application example (Averous, 2000)

Sequence 2: wall temperature analysis

—
Bl A
= =
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Thank you for your attention!
S ... any question?

ProSim

Computer Aided Process Engineering
Process Engineering Studies and Software

Eﬂ H o L HoEH Www.prosim.net
I:LD [ Llf _ | H H

info@prosim.net

ProSim SA ProSim, Inc.
51, rue Ampeére Science Center
Immeuble Stratége A 3711 Market street, 8th floor
F-31670 Labége Cedex Philadelphia, PA 19104
France U.S.A.
Phone: +33 (0) 5 62 88 24 30 Phone: +1 215 600 3760
Fax: +33 (0) 5 62 88 24 39 Fax: +1 215 600 3759
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