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Contents Florian Dauber

« Comparison of thermodynamic property models
« The GERG 2004 - New equation of state for natural gases
* Liquid Densities
« Densities in the phase equilibrium
* Representations of experimental saturated liquid densities

« Embedding the GERG-2004 in simulation tools usingt  he
CAPE-OPEN standard

e Simulation of LNG-processes in Aspen HYSYS
 Energy balance
o Supercritical LNG-Evaporation
 Flash-Evaporation
o Liquefaction of natural gas

e Conclusion
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RUHR-UNIVERSITAT BOCHUM

Comparison of thermodynamic property [ ———

models

The GERG-2004 - New equation of state for natural ga ses

o Authors: Kunz, O.; Klimeck, R.; Wagner, W.; Jaesch ke, M. (2007)

» This equation was adopted by the GERG (Groupe Euro  péen de Recherches
Gazieres) as the reference equation of state GERG-2 004 for natural gases

* |t covers the gas and liquid phase as well as the supercritical region and the vapour-
liquid equilibrium with the highest accuracy possib le

» High accuracy (reference quality) for calculations of thermodynamic and caloric
properties of different natural gases and other mix tures consisting of up to 18
specified components

» Uncertainty for liquid densities of natural gas mi xtures:
Dr/r =0.1% - 0.5%

e Slide 3



Comparison of thermodynamic property

models

Deviation of experimental saturated liquid
densities of LNG-mixtures

Peng-Robinson
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Florian Dauber

¢ Haynes (1982)

B Hiza & Haynes (1980)
Haynes (1982)
Haynes (1982)

X Haynes (1982)

+ Hiza & Haynes (1980)

e Comparison of the GERG-2004
with the Peng-Robinson Equation
for the representation of experi-
mental saturated liquid densities
of LNG-mixtures

» Uncertainty of experimental data:
Haynes und Hiza (1977)
Dr/m 0.1%

 Better representation by the
GERG-2004

« GERG-2004 represents the data
within the uncertainties of the

equation

Slide 4
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Comparison of thermodynamic property [ ———

models
LNG
Comparison of liquid densities CH, = 90 mol-%
N, = 0.5mol-%
p =1.01325 bar C,H; = 4.5 mol-%
0.2 C,Hg = 4.0 mol-%
0.0 C4H10= 1.0 mol-%
. ~02 ' : : : » Comparison of the GERG-2004
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g 10 : : : : : : « Small deviations of industrial
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[ : the calculation of LNG densities
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Temperature [K]

——— Peng-Robinson (1976)
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Redlich-Kwong-Soave (1972) ——— Revised Klosek-McKinley (1980) - - -~ Phase boundary (110.74 K)
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Comparison of thermodynamic property
models

Comparison of saturated densities
,Full-Range“ Equations

Saturated liquid densities
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Florian Dauber

LNG
CH, = 90 mol-%
N, = 0.5mol-%

» Comparison of the GERG-2004
with the equation of
Redlich-Kwong-Soave and
of Peng-Robinson

« Different description of the
phase equilibrium

Slide 6



Embedding the GERG-2004 in simulation RUHR-UNIVERSITAT BOCHUM

_ Florian Dauber
tools using the CAPE-OPEN standard

* Motivation:

» Consistent and stable calculation of thermodynamic properties
of natural gases

 Allowing the use of the property package in several commercial
simulation tools

 Creating a product improving simulation software to achieve
higher accuracy when modelling natural gas processe S

» Experiences:

» Simplified dialogue between simulation tool and pro perty package

« Difficult integration of the EOS without the help o f the
software “COCQO” and the logging and testing tool “CO LTT”

 Very difficult if starting the integration / regist ration of the EOS from
the scratch

|:> Providing templates and examples

- ] Slide 7
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Simulation of LNG-processes in Aspen .
Florian Dauber

HYSYS

Successfully embedded the
GERG-2004 in Aspen HYSYS

* LNG - Evaporation terminal

» Open Rack Vaporizer
* LNG: 110 K; 0.1 MPa

* NGpPipeline : 6 MPa

] Slide 8



Simulation of LNG-processes in Aspen
HYSYS

Florian Dauber

Comparison of thermodynamic
property models for the simulation
of a open-rack vaporizer in the

supercritical region

« Comparing the equation of
Peng-Robinson with the GERG-2004

Seawater mass flow:

m = 3311 kg/s

. GERG g o
mPeng-Robinson = 3480 kg/S

Slide 9



Simulation of LNG-processes in Aspen
HYSYS

Comparison of thermodynamic property
models for the simulation of a LNG-
vaporization at supercritical pressure

Florian Dauber

e Comparison of the GERG-2004
with cubic equation

e Continuous increase of the
enthalpy by 70 kJ/kg

 Total vaporization of the
compressed LNG

Slide 10



Simulation of LNG-processes in Aspen
HYSYS

Comparison of thermodynamic property
models for the simulation of a LNG-
vaporization at supercritical pressure

p = 6 MPa (overcritical, h; =-466 kJ/kg )

Comparison of calculated temperatures

T GERG

© A O A~
4

T cub. Eq. -

-1000 -800 -600 -400 -200
Enthalpy [kJ/kg]

— GERG-2004 —e—Peng-Robinson —a— Redlich-Kwong-Soave

Florian Dauber

 Maximum deviation in
temperature (P-R): -1.8 K

 Maximum deviation in
temperature (R-K-S): -3.9 K

Slide 11



Simulation of LNG-processes in Aspen
HYSYS

Comparison of thermodynamic property
models for the simulation of a LNG-
vaporization at supercritical pressure

Florian Dauber

o Comparison of the GERG- 2004
with cubic equations

e Continuous increase of the
temperature by 10 K

 Total vaporization of the
compressed LNG

Slide 12



Simulation of LNG-processes in Aspen

HYSYS

Comparison of thermodynamic property

models for the simulation of a LNG-
vaporization at supercritical pressure

100*pQ/ Q

-10 -
-15

p = 6 MPa (supercritical,

Tei =202 K)

Comparison of calculated heat duties
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150

@ Peng-Robinson

200

Temperature / K

B Redlich-Kwong-Soave

250

—— GERG-2004

Florian Dauber

Max. deviation of the calculated
heat duty:

Peng-Robinson: -11.5%
Redlich-Kwong-Soave: 10.1 %

Slide 13



Simulation of LNG-processes in Aspen
HYSYS

Comparison of thermodynamic
property models for the simulation
of a LNG-flash vaporization

Florian Dauber

e Comparison of the GERG-2004
with cubic equation

e Continuous increase of the
enthalpy by 65 kJ/kg

 Total vaporization of the
LNG through the two-phase area

Slide 14



Simulation of LNG-processes in Aspen
HYSYS

Teuw.Eq. - TGERG

100 (Xcub. Eq. - XGERG) / X cub. Eq.

p =0.1 MPa

Comparison of calculated temperatures
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Phase boundary (-901.41 kJ/kg; -281.41 kJ/kg)

Florian Dauber

* Maximum deviation of the
vapor fraction: -10.2%

« Maximum deviation in
temperature: -3.1K

Slide 15



Simulation of LNG-processes in Aspen
HYSYS

Florian Dauber

Comparison of thermodynamic property models for the simulation
of a natural gas liquefaction

 Vaporization of the hydrocarbons used as refrigeran ts

« Comparison of the GERG-2004 with cubic equation

» Counter flow heat exchanger with a temperature diff  erence of 5K

 Total liguefaction of the natural gas with an press ure of 6 MPa
Slide 16



Simulation of LNG-processes in Aspen

HYSYS

Comparison of thermodynamic
property models for the simulation

of a natural gas liquefaction

Florian Dauber

Peng- Redl.-Kwong-
GERG 2004 Robinson Deviation % Soave Deviation %
Precooling Q/kW 120.2 118.4 -1.52 119.2 -0.84
Liquefaction Q /kW 279.7 261.2 -7.08 266.3 -5.03
Subcooling Q/kwW 346.6 359.9 3.70 368.3 5.89

Maximum deviation of calculated heat duties up to 7 %

Slide 17



Conclusions Florian Dauber

* With the GERG-2004 an EOS exists which covers the w hole fluid

region for different natural gases and other mixtur es very precisely

» Successfully embedded the GERG-2004 in Aspen HYSYS

* Influence of fluid property models of different qua lities on the simulation

of processes in the natural gas industry should not be disregarded

 Deviations on this order of magnitude may lead to

sub-optimal solutions in terms of technology and ec onomics

Slide 18
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Simulation of LNG-processes in Aspen

HYSYS

Energy balance:

Florian Dauber

Components GERG-2004 Peng-Robinson  Deviation
MW MW %

Tank Pump: 0.1511 0.1505 0.34

Compressor: 0.004 0.006 35.5

2nd Pump: 1.632 1,627 0.31

Vaporizer: 76.00 75.14 1.15
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