PROSIMPLUS APPLICATION EXAMPLE

SIMULATION OF A BRAZED PLATE-FIN HEAT
EXCHANGER (BPFHE) wiTH PROSEC CAPE-
OPEN UNIT OPERATION

LPG RECOVERY UNIT

INTEREST OF THIS EXAMPLE

This example shows a brazed plate-fin heat exchanger used in a process of LPG recovery from a natural gas. This
heat exchanger is modeled using ProSec, ProSim’s CAPE-OPEN compliant unit operation dedicated to the
simulation of brazed plate-fin heat exchangers. ProSec allows taking into account the effect of the stacking and of
the pressure drop on the enthalpy curves. Regarding the thermodynamic and physico-chemical data needed, two
cases are considered: automatically calculated using the thermodynamic calculation server of the process

simulation software or given by the user as tabulated data.
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1. PROCESS MODELING

1.1. Process description

This example deals with a brazed plate-fin heat exchanger (BPFHE) used in a LPG (Liquefied Petroleum Gases)
recovery process from a natural gas mixture. The main LPG components are hydrocarbons (mainly in the C3-C4

range), propane and butane.

Only one BPFHE can contain more than ten different streams. Thanks to its low cost of production and its high
performances (they are generally made of aluminum) it is widely used in cryogenic processes. It will be simulated
with ProSec CAPE-OPEN unit operation. The model implemented in this unit operation is a detailed model which
takes into account all the complexity of the geometry of this type of heat exchangers. The staking is taken into

account. The assumption of common wall temperature is used only in the initialization step.

The main gas stream is the stream CO02in. This stream is partially condensed in the brazed plate-fin heat
exchanger E101. At the heat exchanger outlet, this stream (stream CO02out) is sent in a two-phase separator (not
considered in this example) to recover methane and ethane. The two outlet streams of the two-phase separator are
sent back in the brazed plate-fin heat exchanger as cold streams (streams CO03in and C04in). Once treated, the
gas (stream CO03in) is mainly composed of methane and ethane and flows out of the heat exchanger
(stream CO3out). The heavies (liquid stream CO04in) partially vaporized in the brazed plate-fin heat exchanger are
sent in a deethanizer column (not considered in this example). This column is set to recover at the bottom a liquid
having the specified mass fraction of methane. The main cold streams of the brazed plate-fin heat exchanger are

the two propane streams (C05in and C06in) circulating in a refrigerant closed loop (not considered in this example).
Regarding the thermodynamic and physico-chemical data needed for the simulation, two cases are considered:

v/ Automatically calculated by the unit operation: in this example, as the ProSec CAPE-OPEN unit operation
is used in ProSimPlus simulation environment, it uses Simulis Thermodynamics, the calculation server for
thermophysical properties and phase equilibria calculations available in ProSimPlus.

v' Given by the user as tabulated data calculated before the simulation and outside of the software (using for

example Simulis Thermodynamics in Excel or ProPhyPlus).

The example is extracted from [POL89].
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1.2. Process flowsheet
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1.3. Compounds

The compounds taken into account in the simulation, their chemical formula and CAS numbers are shown in the
following table. Their pure component properties are extracted from the standard data base provided with
ProSimPlus [ROW11].

Compound Chemical formula CAS number
Nitrogen N2 7727-37-9
Methane CHas 74-82-8
Ethane C2He 74-84-0
Propane CsHs 74-98-6
Isobutane CaH10 75-28-5
n-butane CaH10 106-97-8
Isopentane CsHi2 78-78-4
n-pentane CsHi2 109-66-0
n-hexane CeH1a 110-54-3
n-heptane C7H1e 142-82-5

1.4. Thermodynamic model

The thermodynamic model is based on an equation of state approach. The chosen equation of state is the Peng

Robinson (PR) [PEN76] model with binary interaction parameters extracted from the ProSimPlus database.

1.5. Tabulated data

If the user doesn’t want to use the automatic calculation of the thermodynamic and physico-chemical data needed
for the simulation, he can specified them as tabulated values. The following paragraphs present these tabulated
data, which have been generated using Simulis Thermodynamics in Excel with the compounds listed in the

paragraph 1.3 and the thermodynamic model described in the paragraph 1.4.
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1.5.1. Stream “Methane and LPG”
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1.5.2. Stream “Vapor return”
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1.5.3. Stream “Liquid return”
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1.5.4. Streams “Propane — 1" and “Propane — 2"
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1.6. Operating parameters
1.6.1. Process feed
Methane and LPG Vapor retrun Liquid return Propane - 1
Propane - 2
Temperature (°F) 113 -5 Bubble temperature
Pressure (psi) 833 829 31
Total flow rate (Ib/h) 25450 18 215 7236 3070
Mass fractions
Nitrogen 0.000235 0.000318 0.000026 0
Methane 0.608936 0.780905 0.176034 0
Ethane 0.101003 0.098790 0.106575 0.006574
Propane 0.142075 0.087232 0.280131 0.966526
Isobutane 0.039877 0.014381 0.104059 0.022367
n-butane 0.043558 0.012766 0.121071 0.004533
Isopentane 0.018874 0.002923 0.059027 0
n-pentane 0.012827 0.001777 0.040646 0
n-hexane 0.012997 0.000562 0.044298 0
n-heptane 0.019618 0.000346 0.068133 0
1.6.2. Brazed plate-fin heat exchanger E101
v General parameters
Parameters Value
Type of exchanger ProSec
Number of body 1
Orientation Horizontal
Fin data base 2011 -> Now
Material Aluminium TRANE
Used width (in) 12
Thickness of the side bars (in) 1
Thickness of the end bars (in) 0.25
Thickness of the separation plates (in) 0.1
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v/ Streams parameters

Stream

Parameter

Cc02 CO03 C04

C05

Co6

Flow direction

From top to bottom

From bottom to top

Heat exchange correlation

HTFS85

Pressure drop

Taken into account

Maximum pressure drop (psi)

5 21

5

v" Fins characteristics

Name

Fin #1

Fin #2

Fin #3

Origin

User

Calculation mode

From geometry

Reference

2848

2858

2923

Type

Serrated

Perforated

Height (in)

0.25

0.25

Thickness (in)

0.016

0.010

Fins number per meter

669

748

551

Porosity (%)

5

Serration length (in)

0.125

v Reference passages

The fins used for each stream are shown in the table below:

Stream

Fin

Cco2

Fin #1

Co3

Fin #1

Co4

Fin #2

C05

Fin #3

C06

Fin #3

“MORT” elementary zone

Fin #1

The figure of the next page shows the three reference passages of the heat exchanger.

The characteristcis of the distributors are displayed in the following table:

Distributor type

Parameter

CEN

SIA

Opening (in)

Height (in)

Head height (in)

15

15
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Dimensions are expressed in inch.
E101
TOP cen . T TOP SIA T3 T TOP SIA -l T3 T
ECHA 20 ECHA 20
S ( |——— . 13 SIA —iad 13 — CO02
MORT s +0.25 MORT sy +0.25
SIA P am 3 SIA = —! 3 — C03
co4
ECHA 60.25 7225 7225 7225 CO5
— CO06
ECHA 40 ECHA 40
CEN N 6 e Tre——— 1 e e 1
BOTTOM . 1 BOTTOM SIA IE BOTTOM SiA IR
P P
}#‘ (Dimensions expressedinin} 18 (Dimensions expressed in in} 18
(Dimensions expressed inin)
A B C
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v' Stacking
Parameters Value
Number of repetitions of the sequence 10
Sequence ABACABA
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v" Number of meshs for each elementary zone (dimensions are expressed in inch)

Zone #1 (3) = J
Zone #2 (3) - "
Zone #3 (8)
(14) 23]
Zone #4 (3) I
znne#ﬁm — -
Zone #6 (3 - -
Zone #7 (18)
(20) 66.25
Zone #8 (3) o 5oos
Zone #9 (6) — —

18

17

37

72.25
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2. RESULTS

The results of the two cases being close, only the ones from the automatic calculations of the thermodynamic and

physico-chemical are presented.

2.1. Mass and energy balances
Streams CO2out CO3out C04out CO5out CO6out
From E101 E101 E101 E101 E101
To To separator| Gas outlet | To deethani...| Propane out..{ Propane out..
Partial flow s Ib/h Ib/h Ib/h Ib/h Ib/h
NITROGEN 6.0018 5.8116 0.18829 0 0
METHANE 15497 14224 1273.8 0 0
ETHANE 2570.6 1799.5 77117 20.183 20.183
PROPANE 3615.8 1588.9 2027 2967.2 2967.2
ISOBUTANE 1014.9 261.93 752.97 68.669 68.669
n-BUTANE 1108.6 2325 876.07 13.917 13.917
ISOPENTANE 480.3 53.211 427.12 0 0
n-PENTANE 326.42 32.371 294.12 0 0
n-HEXANE 330.79 10.265 320.55 0 0
n-HEPTANE 499.25 6.2662 493 0 0
Total flow Ib/h 25450 18215 7236 3070 3070
Mass fractions
NITROGEN 0.00023583 | 0.00031906 | 2.6021E-005 0 0
METHANE 0.60894 0.78091 0.17603 0 0
ETHANE 0.101 0.09879 0.10657 0.0065742 | 0.0065742
PROPANE 0.14208 0.087231 0.28013 0.96653 0.96653
ISOBUTANE 0.039877 0.01438 0.10406 0.022368 0.022368
n-BUTANE 0.043558 0.012764 0.12107 0.0045332 | 0.0045332
ISOPENTANE 0.018872 0.0029213 0.059027 0 0
n-PENTANE 0.012826 0.0017771 0.040646 0 0
n-HEXANE 0.012998 | 0.00056353 | 0.044299 0 0
n-HEPTANE 0.019617 | 0.00034401| 0.068131 0 0
Physical state Lig./Vap. Vapor Lig./Vap. Vapor Lig./Vap.
Temperature °F -9.6775 92.503 89.845 7.9776 -9.3059
Pressure psi 828.63 808.77 824.9 30.728 30.321
Enthalpic flow Btu/h -3.1084E006 | -3.9455E005( -8.3922E005 -89973 -2.3331E005
Vapor molar fraction 0.82171 1 0.34015 1 0.98969
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2.2. Brazed plate-fin heat exchanger E101 profiles

Several profiles (wall temperature, fluid temperature, pressure, heat transfer coefficient, vaporization ratio...) in the
heat exchanger are available after the simulation from ProSec edition window (“Results” tab). The following figures
show the wall temperature profiles (average and maximal deviation) and the fluid mean temperature profiles along

the length of the heat exchanger.
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