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1 Introduction

DDB Regression Pure fits parameters for a large variety of equations for pure component properties.
Parameters can be stored in and retrieved from a parameter database, they can be plotted, and they can be
used for calculations.

DDB Regression Pure normally uses the pure component properties data bank, which is a part of the
Dortmund Data Bank. It can also be used to fit data from other data sources since tables can be pasted from
the clipboard or loaded from files.
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2 List of Equations

\ r

Property Equation
Liquid Viscosity
B
T[K] 1. Andrade Ar e
n=¢
n [mPa s]
B
2. Vogel ’1‘ﬁ
n=e¢
3. DIPPR101 A+ B ClnT-DTE
n=e¢ '
C— T
4.PPDS 9 _E ‘4( ] 3(
"=EER A TTD T-D,
5. Extended Andrade A+ % CT+ DT +ET?
nN=e
6. Polynomial in 1/T 1= __q+E+£1+£+£
T r1r T
Vapor Viscosit
p y 4 T2
TIK] 1. DIPPR 102 . C D
1+?+F
n [mPa s]
2. Polynomial  'y=A+ B-T+ CT*+ DT + ET"
Saturated Vapor
Pressure 4__B
1. Antoine _4p T=C (P Other Units: T [°C], P [mmHg])
P=10
T [K]
P [kPa]
2. Wagner 2.5,5
" A(1-T,)+B(1-T.)"*+C(1-T,**+D(1-T,)
P=exp|In P+
] Tr
3. Wagner 3,6
| A(1-T )+B(1-T )*+c(1-T ) +D(1-T )
P=exp|In P_+ T
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Property Equation
[T\ [TV .
.4-5|_]-c|_) R
T T
4.Cox | p_exp|lin101.325+¢ ' B/ LB [1—?5]
A+L clar+DTE .
5. DIPPR 101 p— El T (P Other Units: P [Pa])
_ [ B .
6. Extended Antoine (Aspen) P=exp .-i‘ll+T C+DT+ElrJ iTI+FT J
G=1 or G=2 \ * .
_ . B (L o]
7. Extended Antoine (Hysys) P=exp| A+ e +DIn(T|+ET )
F=1or F=2 \ * .
e e T- B\ =
8. Rarey2P l'“':'l‘ 4 (r—_ﬁl] B=T,
| z —1] = 4=
P=P_ 10 | l=d=+1
9. Xiang/Tan P=P explin To| A+ A (1T " +4.{1-T, ||
_ (2 B . F o HI
10. PVExpansion: P=exp _-4+T+Clﬂ ITI+DT+ET +?+GT +F
11. Hoffman/Florin: |
f g WY
P:exp[ _.i'L+B( %—7.9151 107+2.6726-107-log,,(T)—0.8625-107%T ]]
(» Other Units: P [Pa]) |
Saturated Vapor 1. Mathias-Copeman Constants for EOS
Pressure by EOS
T [K] o=|1+m( 1T, ||
P [kPa] m=c,+ey{ 1=, |+ey(1-T,)

2. Twu-Bluck-Cunningham-Coon Constants for EOS

clea—1 - Y C1, C2, cz used in DDB programs
C{:_T: €, 'E;!ip{f‘l'l:l—f:'('u (1 2, C3 prog )

(L, M, N like original authors)

=T Veexp | L1 -]
EOS

3. Melhem-Saini-Goodwin Constants for
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Property

Equation

4.

. Stryjek-Vera-2 Constants for EOS

. Schwartzentruber/Renon/Watanasiri Constant for EOS

Stryjek-Vera Constants for EOS
K=K +K,[1+/ T,][0.7-T,|

a=(1+x(1—/ T

I{:I{_:,+[K1+I{J|: k=T |[1-T% Il 1+7%1(0.7-T, |
CJ'.:I: 1+I{|:1—Tfi:|.|‘

P, =0.37464+1.54226-0—0.26992- o’

a=1+P, 1=/ T, |-{1=/ T, Flc,+c, T +c, T?| :|1

.PPDS 15 fP:R(‘Ti+cT+DTJ+ET3+FT4] with T

Polynomial ¢ = A4+BT+CT*+DT*+ET*

L} [3

Liquid Heat Capacity |1.
T [K]
Cp [J/mol K] 2
Ideal Gas Heat 1. Polynomial  ¢p,=A+ BT+CT +DT +ET"
Capacity . .
2 | a, |
T [K] rd T
2. Aly'Lee, DIPPR 107 c :ﬂ'_:,+ﬂ1 +a3

¢ [I/mol K] ? inn 2 coch 2

T T

3.PPDS2  Cp=R[B+(C—BIy |1+ [y-1ID+Ev+ A +G]||  with
T
V= m—
A+T
4. Shomate rP:J{+Bf+CTJ+DT3+§—J
5. Wilhoit
If'p_ .B. | ,._C-, 5 7 E [ . I_T—G
?_A-'-(F.) Ehp(._?_.)-'-ﬂ ¥ +(.Ij'_:.'—m|I ¥ With ¥ T+iE
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Property

Equation

Solid Heat Capacity
T[K]

Cp [I/mol K]

Polynomial  ¢,=A+BT+CT*+DT +ET"

Liquid (Saturated)
Density

T[K]

p [kg/m’]

.'q.
P=—
1. DIPPR 105 1_|: 1 _fl
ST

2. Polynomial

p=A+B-T+CT*+DT*+ET*

3. DIPPR 116 (with additional addend pc, the critical density)

2 4 . ., T
p;=p,+ A" + B +Cr+ D+’ with =1 T

I3

4. DIPPR 119

1

1 16 2 10 with T
p=A+B-T+C'1

Lafra

4

5. Modified Rackett

= MW Pe with 7 = =
P = R-T-A1+(-TP)?/7 T,

+D-T+E- 1 +F1° +G-T ° TZI_T_

Liquid Density
T[K]

p [kg/m?]
Isothermal
Compressibility
[1/MPa]

Thermal Expansion

[1/K]

1. Tait (pressure-dependent data)

‘Prqf =max| f17),1.01325) MPa (Wagner-Equation)

ey B
Prr =S (T /=5 (DIPPR 105-Equation)

T

T

redced =

100 T,=

redhaced

C=cot+ T
B=by+ b T+ b, Tot b, T3+ b,T
Prer

B+P
B+P,,

p=
1-Cln

DDB Regression Pure
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Property Equation
Surface Tension 1. Polynomial | o=A+BT+CT*+DT°+ET*
T [K]
. " T
o [N/m] 2.Short DIPPR 106  o=A(1-T.]" with Tff—
3. o=A(T-T.)°®
B+CT + DT, +ET, : T
4. Full DIPPR o=A(1-T,| 106 with E—r:F
i T
Second Virial
Coefficient A B
1. BI.I.:—.-+?
TIK] VT
Bii [cm3/mol]
2.DIPPR104 g —44B5,C, 0 E
u I_ _?-J E—E E—'g‘
Heat of Vaporization 2 3
" B i v v Bt
T K] 1.DIPPR106 H, :_.4[1——] Ve Vel Ve
ap TE
Huap [J/mol] )
2. Extended Watson HF@:H'C‘—TF-FHT
T z I T_l—f—
3.PPDS12  H, =RT\AT’+BT +Ct+DT+ET’ ~ T,
with
1 2 Tzl_?
4. Pitzer/Carruth/Kobayashi H;.Gp:.-i‘L'TE+B'T?+C'T with €
Liquid Thermal 1. Polynomial ' A=A+BT+CT*+DT +ET"
Conductivity
T K] Lz T
2.PPDS8 \=A|l+BT +CT +D7| with T=I-%=
A [W/mK] £
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Equation

Vapor Thermal
Conductivity

T[K]

A [W/mK]

1. PPDS 3 with

2 3

A=
T

r r r

T

T ==
" T

F

Speed of Sound
[m/s]

1. Polynomial  A=A+BT+CT +DT +ET"

Melting Temperature

(Pressure
Dependency)

s

| T, ] 1
— -1

| rprmal ) |

Simon-Glatzel Equation P =a

|

I

Dielectric Constants of
Liquids, Permittivity

TK], e[.]

1. Polynomial  A=A+BT+CT +DT +ET"

DDB Regression Pure
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3  Using the program

3.1 Initial Dialog

]

DDE Regression Pure

File Calculate 7

W Component &d Check Data Availability e R CTET
2 3
| 12 ||Dieﬂwl ether | AR
Recommended Yalue: Undefined
W Component Details E Database Content
Dataset Number: 669

Equation Location: Public DDB
Vapor Pressure -~ Key value A

- Wagner 2.5-5 Equation

- \Wagner 3-6 Equation G BT

- Antoine Equation B 1151.8

- Cox Equation C 235.990

- DIPPR. 101 Equation - =

- Extended Antoine Equation (Lonza)

- Extended Antoine Equation (Hysys) 1 |EQID 4

- Extended Antoine Equation [Aspen) 1| rmax 35.00

- Rarey2® Tmin 101,00

- Xiang-Tan

- PVExpansion CounT 1

- DIPPR. 100 (Polynomial) DateD 15

- HoffmannFlarin _ DateM 2
Vapor Pressure (EOS Alpha Function)
Sublimation Pressure DateY 2001
Liquid Dynamic Viscosity Author Haorstma o
Vapor Dynamic Viscosity
Liquid Thermal Conductivity ) - o

4+ Delete th ter set| | B C % Edit
Vapor Thermal Conductivity N =E E 2 BEEE * Lo :
Plot | | 4 Details
G 7N et (o K
& Fit &> Fit Simultaneously <) Calculate :
i i say Delete archive entry

Figure 1: Main DDB Regression Pure Dialog

The program's start dialog contains three major parts:
1. The components area in the top left part allows:
1. selecting components
2. displaying component details with the component editor
3. displaying the content of the Dortmund Data Bank for the selected component

4. verifying if enough data sets or points are available (this is only a hint, since there might be
further constraints)

2. The list of equations. The list is organized hierarchically. The methods are summarized below the
property they describe.

3. The parameter data set shows the current content of the ParameterDDB.

DDB Regression Pure Page 10 of 45



DDB 2026

3.2 File Menu

The File Menu contains different global options for the whole database:

Open Component Murmbers File

Count
Statistics
Database Details (Current Equation)

Database COwverview

Archive

ParamDEQrganizer

Build ParameterDB Index

X @ E@ 2 2@l = W

Exit

Figure 2: File menu

e Open Component Numbers File
This function allows loading a file with a list of DDB component numbers. Such component files
can be created, for example, in the component selection dialog or in the main Dortmund Data Bank
program from search results. The data set numbers are shown in a separate window.

A click on a line sets the component number in the main fit window.

e Count
Count shows the number of

available parameter data sets for 8026 public and 0 private parameter sets.
the current model.

Figure 3: Parameter Data Set Count

DDB Regression Pure Page 11 of 45
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o Statistics 8 Statistics
13 1ct1 b3 1
Statistics” creates a table with Cony

an overview over all equations
Equation ID | Count |Systems/Components | Equation Short Term | Property Descriptio A
1 82 82 EQS-MR. Vapor-iquid Equilibria Equation of
2 732 680 WAG2S PCP - Saturated Vapor Pressures | Wadgner Equ
3 15 14 WAG3S PCP - Saturated Vapor Pressures Wagner Equ
o 8026 6848 ANT PCP - Saturated Vapor Pressures | Antoine Equ
5 914 914 Cox PCP - Saturated Vapor Pressures | Cox Equatio "
< >

Figure 4: Statistics

e Database Details (Current ~ Database Details
Eq_uatlon)_ . Copy | E Save XLS E Save C5Y
This function creates a table with
a" data sets avallable for the M athias-Copeman E quation for Soave-Redlich-Kwong EOS
current eq Uation Minimum data paints; |4 e Build Ligt
Minimurm T range: K
-3 Component | T min T max Sets Points References ~
exp. Data |exp.Data |exp.Data |exp.Data |exp.Data
1 1 175,150 382,900 51 158 45
2 2 358,200 455,150 10 15 10
3 3 273,150 535.032 196 073 192
4 4 168,400 508,650 434 1326 417 w
< >
3339 components with sufficient data but without parameters found.
Usze Az Companent List
[ Only components where Te and P are available
Figure 5: Database Details (Current Equation)
o Database Overview " Database Details

This function creates a table with Com | I Sovels [ SvoCSV
the number of components for : —
each equation for which enough # e === =
. . - A 1 2 i D842 Wagner PCP -
experimental data is available in 5 S S r————
the databank for a fit. 3 4 6 amore  Ipcp-
4 5 6372 Cox PCP -
5 20 5842 DIPPR PCP - W
Scanning PCP Database: 336719 of 365483
Figure 6: Database Overview
e Archive

See chapter “Fit Archive” on page 28.

o DDB Parameter Organizer
This function calls the program for managing the parameter database. This program is described in a
separate PDF (“DDBParameterOrganizer.pdf”).

e Build ParameterDB Index
This will rebuild the component index of the parameter database. This is normally done
automatically when needed. This function is only needed if changes outside DDB Regression Pure
have been made.

DDB Regression Pure Page 12 of 45
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3.3 ?-Menu

The help menu contains a button which brings this PDF help up and an “About” button which shows some
information about the program.

3.4 Component Selection

DDB component numbers can be typed directly in the left component field. After a Return the component
name is added.

The “- +” buttons allow navigating through the DDB component list.

The “Component” button calls the program DDB Components, which is described in details in another
document.

3.5 Check Data Availability

The “Check Data Availability”-button starts a search in the pure component property data bank for
experimental data for the currently selected equation.

When this search is finished, the “Check Data Availability” button is hidden and information about the
availability of data is shown. The information line shows for how many components the Dortmund Data
Bank contains experimental data sets. The example shows the number of components for the Antoine
equation (saturated vapor pressures). Clicking on the underlined label (“Components 7196”) will open DDB
Components with the list of components.

The “Data are available” line indicates that there are enough data points for the specific equation. This
number is normally set to <number of parameters + 1>. If no data are available, “No data available” line will
be displayed. .

The “Only components from loaded list” check box should be used in “walk-through” mode where a list of
components is in work. If checked this will avoid the display of components without experimental data
points.

A detailed description of all component selection features is available in the DDB Components
documentation.

DDB Regression Pure Page 13 of 45
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3.6 Fit

After the component and the equation has been selected and the program indicates with the “Data are
available” line that the database is big enough for a fit. The “Fit” button displays a model specific dialog
with almost the same content for the different models.

The used example for showing a typical fit is the Wagner 2.5-5 equation for saturated vapor pressures.

Vapor Pressure - Wagner 2.5-5

Data Source

Pure Component Properties Database ~ | 3| = Append PCP File gﬂz Append Points
Points Refs  Component

s60 | [131 | |12Diethyl ether &
Temperature Range Dependent Value Range

153.35467.05 |3 |0.00035997 3657.83| F &) Edit Data Paints

Tb [K] Tc [K] Pt [kPal Tm [K] pc [ka/m3]

|3u}'.?2{NE:P.[ v| |466.?D{STDF v| |363?.6 (STOF v| |156.85 (STOF v| |264.?2{5TDF vl

Start parameters:
8. 4.5 1, |
Fit F=Suml{yexp+ycal)/(syabs+syrel+sxabs dydx)" 2) e
E.I_=U.01K EP=U.5%

Figure 7: Fit Dialog for Wager 2.5-5 equation

The dialog displays the data source — which is in most cases the pure component properties data bank. All
possible sources are

Data Source
Pure Component Properties Database IEI

Pure Component Properties Database

1. Database
2. Input by hand
3. Reading from file

4. Calculated data or stored data points (here marked as '-)

DDB Regression Pure Page 14 of 45
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The “Append PCP File” would allow data to append from an external file.

The dialog displays the number of available data points and the number of different references (number of
different authors) and repeats the display of the component name. The three buttons beside the name invoke
the Dortmund Data Bank, the Components and the Predict Pure program.

The temperature and pressure range are also displayed. These limits are editable and can be used to cut
points by increasing the lower limit or decreasing the upper limit. The knife button will actually throw the
points outside the given ranges away. The “Edit Data Points” allows the data to modify from the data
sources. It uses the “Input by Hand” dialog.

The normal boiling point (Ty), the critical data (T¢, Pc, pc), and the melting point (Tr) are read from pure
component basic files (not from the pure component properties data bank).

The lower part of the dialog is model specific but contains in most cases starting parameters and a selection
for an objective function where appropriate.

3.6.1 Input by Hand

If this input mode is selected a dialog with a data grid is shown where the user can either type or paste or
load data.

"2% Jnput by Hand = O 4

~ Acocept | = Open E Save |Eﬂ Clear

3 data points are necessany.

P [kPa] |.«.

Figure 8: Input by Hand

DDB Regression Pure Page 15 of 45



DDB

2026

3.6.2 Fit Results

After pressing the Fit button, the fit will start and present a “New Parameters” box when it has finished:

Vapor Pressure - Wagner 2.5-5

Data Source

Pure Component Properties Database

v (3 [ Append PCPFile '3,_ Append Paints

Points Refs  Component

|55|:| | |131 ||12Dieﬁwl ether | oo=[go=ggeos|
Temperature Range Dependent Value Range

153.35467.05 |3 |0.00035997 3657.83| Edit Data Points

Tb [K] Tc [K] Pt [kPal Tm [K] pc [ka/m3]

|3u}'.?2{NE:P.[ v| |466.?D{STDF v| |363?.6 (STOF v| |156.85 (STOF v| |264.?2{5TDF vl

Start parameters:
|4a. 4 -5 1. |
[ Fit 2 F=Sumliyexpycal)/fsyabs ssyrel+sxabs dycdx)"2) v
o, =0.01K g,=0.5%
Mew Parameters
Tec [K] Pc [kPa] Error [%4] Limits [K]
|466.:r1:| | |363?.6 | |III.35?26 | |153.3546?.EIE |
Parameters
|-:r'. 19057 1.12862 -1,58285 -5.3924 |
Source Date
|P-:P | |2023-EI4-EIE |
i) save (Private DDE) [5] save (Public DDE) 5 Plot

Figure 9: Fit Result

This box shows the new parameters, a mean error, the used temperature limits, the data source and the
current date and in some cases additionally used constants like in this example T and Pe.

These entries will be stored in the ParameterDDB if one of the “Save” buttons will be pressed.

DDB Regression Pure
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3.6.3 Plot

For an overview on the fit quality, DDB Regression Pure provides several plots.

= Optimization Results Plots

Refit | @ Copy = | &P Print | T able of Devistions Data Points Edit Chart
2= 1/ va. logy) |ii =r Relative Deviations [%] |§ = Abzolute Deviations |E => [pexp-poal)fazp 4 0 *
12 Diethyl ether
Wagner Equation (2.55-Form) / PCP - Saturated Vapor Pressures
[v — PCP - newv Parameters -
3,500 | - 12pcp
W --- 12PCP
3,000 | v ® Exp.Points
— [w — Critical Tempersture
I:E 2,500 - [w — Critical Pressure
=, [w — Mormal Boiling Point
@ 2000 | v — Welting Poirt
a v — 1 atm
@ 1,500
|
o
1,000 -
500 -
0 1l
200 300 400
Temperature [K]
Dizcard data measured before (1330 | [Use context men) Diagram Limits
[] Color all pointz from curent reference 2 Exact 2 Experimental D'ata
[] Color all pointz from curment data set
[] Display deviations from stored parameter sets
[324E9] Taylor R.S.. Smith L.B.. JAm.Chem. Soc., 44, 2450-2463, 1922
DS# 15899 : 22228 y: 1.16924 Quality:

Figure 10: Plot — Fit Result

The list of plots slightly varies from model to model. Always the same is the rubber band drawn from the

mouse cursor to the nearest point. Detailed information on this point is displayed
Additionally the reference is shown below the tool bar.

in the status line.

The “Experimental Data” button adjusts the diagram so that the experimental data are filling the chart

window. This is useful in the cases where critical data and melting points are shown and the experimental

data are available only for a smaller range. The “Exact” button restores the original diagram so that all data

are shown.

DDB Regression Pure
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Figure 11: "Exact"

Figure 12: "Experimental Data"
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Through a context menu on the plot it is possible to:

Exclude this point Del
Exclude points from this reference

Exclude all points except from this reference

Exclude points from this data set

Exclude all points except from this data set

Exclude points with bad quality (<=3)

Exclude points measured before 1930

Include this point Ins
Include points from this reference

Include points from this data set

Exclude points cutside current frame
Exclude points inside current frame

Include all

Display Datasets for Reference 2080
Display Dataset 18482
Display Datasets for Component 47

Edit Datazet 18482

Chart Background Color

Figure 13: Plot Context Menu

Exclude points (either single or by criteria)
Include formerly excluded points

Display data sets shown in the chart (either
single or a list of data sets for the current
component or reference)

Call the data sets editor
Change the background color

Additionally a complete list of deviations can be created (“Table of Deviations” tool button) and the diagram

can be copied to the Windows clipboard or printed.

oo

Grid Output

% Erint Copy E Save
Grid Output

Dataset |Temperature [K] |Pressure [kPa] (Exp.) |Pressure [kPa](Calc) |Deviation Relative Deviation [%] |Used |~
H8640 | 153.35 0.00035397 0.0001462149 0.0002137551 | -59.38 Yes
19640 155.85 0.000856596 0.0002399957 0.0005256003 | -72.31 fes

19637 160.35 0.000687544 0.0005536812 0.0001252628 | -18.79 Yes

19637  163.15 0.00108258 0.0009185546 0.0001640254 | -15.15 fes

15640 168.45 0.00265645 0.002228124 0.0004383256 | -16.44 Yes

Figure 14: Table of Deviations

The “Data Points” tool button opens a dialog where all data points are listed. This dialog can also be used to

include and exclude data points.

DDB Regression Pure
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Data Points

Bl Update Plot
Use? |x |1|r |#Ref |#Set |Qua|'||:v |Refer-enoe A
153.350 0.00035997 50702 19640 O [50702] Drucker C., Jimeno E., Kangro W., Z.Phy
155.850 |0.000866595 50702 19640 O [50702] Drucker C., Jimeno E., Kangro W., Z.Phy
160,350 0.000637944 50702 19637 O [50702] Drucker C., Jimeno E., Kangro W., Z.Phy
163.150 0.00108258 50702 19637 O [50702] Drucker C., Jimeno E., Kangro W., Z.Phy
168.450 0.00266645 50702 19640 O [50702] Drucker C., Jimeno E., Kangro W., Z.Phy
169.150 0.00253313 50702 19637 O [50702] Drucker C., Jimeno E., Kangro W., Z.Phy
171,550 0.00586619 50702 19640 O [50702] Drucker C., Jimeno E., Kanaro W., Z.Phy
£

>

Figure 15: Data Points Selection

If points have been excluded it is necessary to start a new fit by the ,,Refit* button. This will return us to the

fit dialog allowing the modified parameters to store.
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4

Understanding the ParameterDDB Data Set Display

The ParameterDDB contains key/value pairs. The keys describe the values. The grid shows the list of keys
and the values belonging to them.

10.

11.

Key | Value

A -7,19274
1,13092
-1,56552
-3,98843

Ci 12

Pc 3637.6

Tc 406.7

EQID 2

Tmax 457.05

Tmin 153.33

User

COUNT 1

Datel 2

DiateM 3

Date’

Errar 0.37598

SETMUM 2

Source PCP

LOCATION 1

AUTQSELECT | true

Figure 16: Parameter Data Set
The keys “A”, “B”, “C”, “D” and so on are the parameters of the equations.
“C1” is the DDB component number. Its name can be found in the component editor.
“Pc”, “Tc” are critical temperature and pressure. Other possible entries are e.g. “Tb”.
“EQID” is the internal equation number.

“Tmax” and “Tmin” are the upper and lower temperature limits of the experimental data used. Please
regard these values also as validity range for the equation.

“User” specifies the person who stored the parameter data set.

“DateD”, “DateM”, “DateY” specify the date when the data set has been stored.
“Error” gives the model and fit specific error.

“Source” specifies the source of the data points which have been used for the fit.

“Location” specifies if the parameter set is stored in the public DDB (0) or in the private DDB (1) or,
if missing or another number, some other location.

“AUTOSELECT?” is necessary if more than one data set is available for a component and a single
equation. It specifies the preferred parameter set.
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5.1

Working with a Parameter Data Set

4 Delete this parameter set Copy Edit

& Calculate

Copy

o Plot

)

4 Details

rae Delete archive entry

The data set grid will be copied to the windows
clipboard.

Three formats are supported:

1.

“Copy as Table” with key and value
separated by tab. This is useful for pasting
the content into a spreadsheet.

“Copy as Text (Full)” with key and value
separated by the equation sign (“="). This
is a useful format for pasting into text
processors.

“Copy as Text (Short) with key and value
separated by the equation sign (“=") but
limited to parameters and validity limits.
This is a useful format for pasting into
mails.

The Copy functions are also available in a context
menu of the parameter grid.

Figure 17: Data set pasted in spreadsheet

EQID
Tmax
Tmin
COUNT
Error

DC#a%

B
Value

70.136
0.256971
a07
0.28571
459
9
a06
209.15
1
9.16E-05

1

5.2

Edit

The editor is another view on the parameter data set grid. The
grid is now editable and new values can be typed in the Value

column.

The Key column is not directly editable but new keys can be
added with the button at the bottom and keys with empty values
will be removed automatically when the data set is saved.

The “Recommended Value” check mark should be set if more
than one data set is available for the same component and
equation and the current data set should be preferred over all
others.

B save

Dataset Mumber: |50999
Location: |Private DB

Key Value ~
R 7. 13509
B 114438
-1.60745
-5.86095
Pc 3637.6
Tc 406.7
Tmax 467.05
Trnin 153.35 W

Recommended alue: Yes
C'% MNew Key

Figure 18: Data set editor
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5.3 Plot

This plot shows the stored equation parameters together with points from the pure component properties data
bank. It is the same plot as used in the fit procedure with the exception that some editing functions are not

available — like removal of data points.

= Optimization Results Plots
m Copy = | & Print | Table of Deviations Drata Points Edit Chart
2= 1/ va. logy) |§ =r wwe. 2qrtfy] |ii =» Relative Dewviations [%] |§ =» Abgalute Deviations
12 Diethyl ether
Wagner Equation {2.5-5-Form) / PCP - Saturated Vapor Pressures
W — [12 JPCP
3,500 | W — [B0985 JPCP
W — [12 JPCP
3,000 - v — [60999 JPoP
— v # Exp. Poirts
I:E 2,500 - [ — Critical Tempersture
= [v — Critical Pressure
@ 2,000 - [v — Mormal Boiling Poirt
a Iv — hietting Point
o 1,5{][] - v — 1 stm
e
o
1,000 |
500 |
D i
200 300 400
Temperature [K]
Dizcard data measured before (1330 | [Use context men) Diagram Limits
[] Color all pointz from curent reference 2 Exact l= Experimental D ata
[] Color all pointz from curment data set
[] Display deviations from stored parameter sets
Mearezt Point [nformation
D5 b ¥: Cuality

Figure 19: Plot output
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5.4 Details
This function displays a more detailed and explanatory view on the current parameter set. It is part of the
DDB Parameter Organizer program.

® Dataset Details [Private 60%99]

File Edit View
MR EE BB O
i 2 -Wagner Equation [2.5-5-Farm] [ Property | FCP - S aturated Y apor Pressures

S etnumber | G0933 Location Diate IEI

IJzer

Autozelect | pes e

Components | Number |Name
12 Diethyl ether

ER O E C
-7.19509 | 1.14438 -1.60749  -5.86095

Errar |0.36131 [%] Trmin |153.35 K]  Tmax |467.05 [K]

Parameters

S oLnce |F'|:F' | Source File | |
Additional |Tit. Press. [kPa] | arit, Temp. [K] |
Walues 2637.5 266.7
Cornrnent

Figure 20: Data set details

This program is described in detail in the separate document “DDBParameterOrganizer.pdf”.
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5.5 Calculate

Stored parameter sets can be used to calculate the property at arbitrary temperatures with the “Calculate”
button.

It is either possible to calculate values in a temperature range where start and end temperature as well as a
step width can be specified or single values typed in the data grid.

~ Calculation

Copy | Frint

Dratazet |nfarmation
Humber; [50333 Location: |Private & e

Start Temperature End Temperature Stepwidth

153.35 K 467.05 K, 1.00 K I Calculate

 SetWalidity A ange Values Calculate Grid Temperatures

Temperature [K] |Calculated Value [kPa] | ~

153.35 0.0001465525413
154.35 0.0001791172335
155.35 0.0002181915736
156.35 0.0002049794113
157.35 0.0003203339867 v

Figure 21: Calculate properties with stored parameters
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6 Fit Archive

DDB Regression Pure stores a history of fitted parameters and used data sets. This archive is accessible
through the “Archive” button in the “File” menu.

The archive dialog shows a list of parameter sets identified by component number and model description

separated for the public and private data banks.

= Archived Data

ReFit
Location Entry Component: Start values:
Frivate Database W of 7 entries. |12 | |-8. 4 51 |
# |C°'T'|:" |M°dEI todel: Equation number.  Parameters:
1 151 | Antoine [Viapor Pressure Wagner| |2 | |-7.19509 114438 -1 60743 -5, 86095 |
2 1713 |Heat Capadty Polynomia  User: Date/Time
3 1713 Heat Capacity Polynomia| |. =1 | [FEnE =L |
4 1713 Aly-lee ENumber X |y |Ref. |Daiaset |Used | ~
5 |1713 |Alyilee fy 1.533500E+2 | 3.599700E-4 50702 | 19640  +
§ 174 | DIPPR Liquid Density | f5 1.558500E+2  8.665060E-4 50702 | 19640  +
17 12| Vapor Pressure Wagner- i 1.603500E+2  6.379440E-4 50702 19637  +
4 1.631500E+2  1.0B2580E-3 50702 19637  +
5 1.684500E+2 | LG6G450E-3 50702 19640 | +
3 1,691500E+2  2.533130E-3 50702 19637  +
< > |[lz 1,715500E+2  5.866190E-3 50702 19640 |+ v

Figure 22: Fit archive

The details grid shows the x and y, the reference number and the data set number and in the “Used” column a

(T3]

“+” if the value has been used in the fit or a

if the point has been excluded.

The “Refit” button creates a fit dialog for the given equation and component with the stored data points.

Vapor Pressure - Wagner 2.5-3

Data Source
Archive

Points Refs  Component

=

« | 3| = Append PCP File S Append Paints

EE [12 Diethyl ether

|® 9F

Temperature Range

Dependent Value Range

[153.35 467.05

|3 [0.00035557 3657.83] 3

Edit Data Paints

Tb [K] Tc [K]

Pc [kPa] r

m [kg
307.65 (BRI | [466.70 (5TOF | [3637.6 (STOF | [156.85 (STOF | [264.72 (5TOF |

Start parameters:
8.4 -5. 1.

Fit F=Sumf{{yexp-ycal)/(syabs+syrel+sxabs “dydx)"2) o

ET=0‘01K EP=0.5%

Figure 23: Refit with archived data
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7 T</Pc Evaluation

DDB Regression Pure allows with the “Tc/Pc Evaluation” function in the “Calculate” menu the evaluation
of experimental pure component critical data and saturated vapor pressures together with calculated and

estimated values.

For a full investigation, it is necessary to have at least a parameter set for a vapor pressure equation and the
PredictPure program package should be present since it is used for displaying estimated critical data.

Pressure [kPa)

Diethyl ether

3.50 4 T e -{[ 180
3.00 1 E========= =========i=== ==f_15|:|
2.501 sooorrzrzzzoizzzocicifqap
UL | S S e e | PP
150 Hf-------1- - g e - E
PIOE | Suiiututetriets .. il ettt i - oo
0.50 4 [epepepuiubababui jupajepapapaie o T gapapepepaiaieeebpel- e e x:—sﬂ
(TR | EECEEEEEEE SEERPREES. . T -4 60
111 | § SRR S SR -4F 40
-1.00 4 e i jujeefap E(':_ZD
-1.504 -k
1504} 1 o
200 4T -f
TR | - b 20
RN E | ELIEetetel e et et defefeieie e ,}c;'-"f':'
_3_E_|:|_ ==:::::::;:::::::::::::::::::;:::::::::::::é-—ﬁ-l:l
u L T T ——
3 4 5 6
Temperature [K]
Figure 24: Critical Data Evaluation — Plot

uoieAa ] |8y

The “Options” page allows selecting vapor pressure equations from DDB Regression Pure and T and P¢

estimation methods from DDB Predict Pure.
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= Ewaluation of Critical Temperature and Pres... — O

M Plat Te.Pe fram PCP

L T SN SR N PRl el | E ztimation Methods | P Estimation Methods

YW agner 2.5-5 Equation

] agner 3-6 E quation

[] &ntoine E quation

[] Cox Equation

] DIPPR 101 Equation

] Extended Antoine E quation [Lonza)

[] Extended Antoine E quation [Hysys)

[] Extended Antoine E quation [4zpen)

] PVE =pansion

L] DIFPR 100

[] Mathiaz-Copeman [van der Waalz EOS)

[] Mathiaz-Copeman [Peng-Fobinzon EQS)

[] Mathiaz-Copeman [Soave-Fedich-Kwong EOS)

] Twu-Bluck-Cunningham-Coon [van der ‘W aal: EQS)

] Twu-Bluck-Cunningham-Coon [Peng-Fobinzon EQS)

] Twu-Bluck-Cunningham-Coon [Soave-Fedich-Kwong EDS)
] Melhem-5 aini-Goodwin [Peng-Fobinson EOS)

] Stviekera [Peng-Fobingon EQS)

] StviekAera-2 [Peng-Fobinson EOS)

] Schwartzentruber-F enon-w atanasii [wan der Waalz EDS)
[] Schwartzentruber-F enon i atanasii [Peng-Fobinzon EDS]
] Schwartzentruber-F enon-w atanasii [Soave-Fedich-Kwong EDS)

£ >

Plat STAOFF Te/Pc

Plot PCP To/Po el

TK]: P [kPal: Chuality:

Figure 25: Critical Data Evaluation - Vapor Pressure Equations
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Figure 26: Zoomed in for Critical Point

[ 145

uogEAag |2y

The resulting diagram shows all experimental, calculated, and estimated data points in a Temperature vs.

Pressure plot. Deviations are shown in the same diagram with its scale on the diagram'’s right side.

The diagram allows switching between “T vs. P and “1000/T vs. logio P” and the display of the deviations
can be switched on and off.

The important point is the end of the vapor pressure curve. The experimental and estimated critical T and P
are shown as horizontal and vertical line. The intersections give a hint where the correct critical point lies.
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8 Density Prediction by Equation of State

The “Density Calculation by EOS” function in the “Calculate” menu allow the calculation of liquid and
vapor densities and volumes of pure components by equation of states

~ Density Prediction

Maodel

Peng-Robinson + Mathias/Copeman - E E Calculate
Available Sets | FTEFT (Public DDE) T | [Juse Saturated Vapar Pressures

Temperature [K] |Pressure [kPa] |Vapor Volume [mz2/mol] |L'|qu'|d Volume [m2/mol] |Vapor Density [kg/m2] |Liquid Density [kg/m3] ~

430 400 0.00890497 0.00820497 8.3238 8.3238

475 230 0.01540334 0.01540334 4.8121 4.8121

422 101,325 0.03412449 0.00016381 21721 452.4828 W
£ >

Figure 27: Density Prediction

The supported equations of state are the same that can be used regressing a-function parameters in the main
dialog and the regressed a-function parameters are used for this density calculation.

Input for the calculation by the equation of state, are temperatures and pressures. The pressure can either be
given directly or the saturated vapor pressure can be used. The saturated vapor pressure would be determined
by the equation of state.

Temperature [K] | Pressure [kPa]

450 2820.859192
475 4106. 520926
422 1764.635871

Figure 28: Using saturated vapor pressures
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9 Virial Coefficients

Original Author: Romana Laznickova

9.1 Isotherms

9.1.1 Rationale

The sub program ISOTHERM calculates second and third virial coefficients from qualified isothermal gas-
phase PVT-data. The program also allows the data sets to compare and judge their quality.

9.1.2 Application Flow

The program either allows loading a pure component properties file containing PVT data or searches the
datasets after a component has been selected.

The data from this list are sorted by temperature and data points measured at the same temperatures are
collected and combined in isotherms.

These isotherms are searched for applicable data. For the calculation of virial coefficients, only data up to %
of the critical density are used. Near the critical isotherm, at reduced temperatures between T,=0.95 and
T:=1.2, only data with densities up to ¥ of the critical density are used. If an isotherm has at least two data
points in the specified range, it will be used to regress the second and third virial coefficients.

The virial coefficients are regressed by an optimizing algorithm that minimizes the sum of the squared errors
of the compressibility factor. The quality of the optimization can be judged by the absolute and relative
deviation in the compressibility factor and the density of the regressed virial equation from the experimental
values. The regression quality is also characterized by the numbers square root from the mean squared error
of the compressibility factor and the density. Additionally the program determines a maximum pressure
(PmaxB), which gives a real density value for a virial equation made up only with the second coefficient B.

The results are listed on screen giving an overview over all temperatures. Regression results are given for all
temperatures where experimental data points have been available. The experimental datasets are listed
together with the regressed second and third virial coefficients, the maximum pressure (PmaxB), the absolute
and relative density deviation and both characterization numbers.

9.1.3 Description of the Graphics Output

Compressibility Factor—1

The main chart is the display of Density against the density. The virial equation build
with B and C is a straight line in this case. The axis intercept on the y-axis is the second virial coefficient B
and slope of the straight line is the third virial coefficient C. This projection allows evaluating the quality of
the optimization in a very clear way. For isotherms where B and C have been obtained a calculated line is
included.

There are four other charts that display differences between the experimental values and the correlation:
1. Absolute deviation in the density,
2. Relative deviation in the density,
3. Absolute deviation in the compressibility factor,

4. Relative deviation in the compressibility factor

against the density.

The chart also includes the critical density.
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9.1.4 Mathematical and Physical Relations

9.14.1 Display of Compressibility Factor-1 against Density
This presentation is based on the relation for second virial coefficient

i

B=lim

d=+0}

2—1)

d )

and the third virial coefficient
. (.‘ 7—1 '.] i
8

d
C=lim|— -
a0 | él’j |

The equation evolved up to the third virial coefficient

z=1+Bxd+Cxd”

. . . . Compressibility Factor—1
is a straight line in the presentation of

Density

against density.

2——;i: B+C+p

Because virial coefficients are normally shown in molar units (B [cm®*mol], C[cm®*mol?]) and densities in

Compressibility Factor—1
Density

[kg*m?] the ordinate shows in [cm®*mol™] and the abscissa shows

densities in [kg*m=3]. If the third virial coefficient shall be determined graphically from this presentation, it is
necessary to convert both units.

9.1.4.2 Optimization

The optimization routine searches for a combination of the second and third virial coefficients where the sum
of squares of errors of the compressibility factor is minimal.

F=) (1~ zmit,-]li' Min

i runs over all experimental data points for a specified isotherm. The compressibility factor z; is calculated
from the measured temperature T, pressure P;, and density pi.
P:M

“ToRT

The virial equation calculates the compressibility factor zcalc; for the experimental density p;
zr-:-:.l'-:,l': 1 +B I'f:'f+c I F:II-
with

—_— B T —
M M*
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The minimum of the objective function F=F{B",C"} is determined mathematically exact. The necessary
condition for a minimum is the existence of a combination of the second and third virial coefficients that the
partial derivations of the objective function by B' and C' are zero.

OF o and |OF _

B ok

These conditions lead to linear equation system.

P-M :
2 ==—0~—B"2 p-C"2 p;=0

P-Mp , _ ,
—f:ll-— ' pl.— ' pl.:
> ————p,~B 2. 0—C"2 p/=0

This equation system is solved by the GauRR-Jordan method. The results are the second and third virial
coefficients B'and C' in mass units. These values are converted by equations (8) into molar units. The
program displays the second virial coefficient in [cm®*mol?] and the third in [cm®*mol?].

9.14.3 Evaluation of the Optimization Quality

The goodness of the optimization can be evaluated by the difference between the experimental values and
the calculated values.

e absolute deviation in the density
Pi— F:'-:al'-:, i

o relative deviation in the density

Pi— pCGI'-.’.I'I
— 100,

e absolute deviation in the compressibility factor
Z,—Z

calc i

o relative deviation in the compressibility factor
z|'_z-:-:.|'-:. IIDD
Z;
These deviations are determined for all experimental values.

Additional quality numbers are square root from the mean squared error of the compressibility factor

12
| Z _Ecal'-:,l'-

":Z i Peotei]

n
and the square root from the mean squared error of the density
Z F}I'_F:I-.’GI'-.’.I'-
V==

These numbers are obtained only from the experimental values used in the optimization. n is the number of
these values.
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9.14.4 Pressure PmaxB

A virial equation with only B is quadratic against the density. If the second virial coefficient is negative, it
depends on the pressure if the quadratic equation yields real solutions for the density. The pressure PmaxB is
the maximum pressure where the equation with only B yields a real solution.

E-B
PmﬂxB_—H

9.1.5 Practical Tips
This program only calculates virial coefficients from measured values in a reasonable range; despite this

statement, it is still necessary to carefully evaluate the results.

o Experimental values might be distributed only in a narrow range that might lead to an arbitrary result
depending on scattering.

o If the densities are very small, the experimental error will increase.

9.1.6 Gas Constant, Molar Mass, Critical Density

J

R=8.3144 ——

This program uses the gas constant
from the DDB file STOFF.

. The molar mass and the critical density are taken

9.2 All Data Simultaneously

9.2.1 Rationale

The simultaneous correlation can be used for the evaluation of PVT data sets, especially for non-isothermal
data (see previous section 9.1: “Isotherms” for isothermal data). Additionally the program allows the user to
select data sets and interpolation between different data. The implemented virial equation regresses the
second and the third virial coefficient and uses a two-parameter temperature relation. Therefore, the
correlation needs at least four points in a system.

9.2.2 Problem Description

The correlation is a three-dimensional problem. T;, Pi, pi are lying on a surface. This surface has to be
described by the virial equation with second and third coefficient and a two-parameter temperature function.
Because it is hard to obtain meaningful three-dimensional graphical displays the program uses a projection of
the PpT space to the Pp (pressure against density) plain. The virial equation is drawn as a series of
isothermal P=f(p) curves.

9.2.3 Regression
The objective function is

F:Z |2|.—2€G|.l___ll.:'-} Min with F= L
-
The virial equation is

2. =1+B; |%]+c|%] with M [kg/mol], B [m¥/mol], C [m**mol?]
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The two-parameter temperature dependence for the second virial coefficient B is

c, €,
Ci= T
T~ T,
The exact mathematical solution ( C_’:F =0, E F =0, E F =0, E'F =( ) leads to the linear equation
system: cb, ob, Oc, dc,

.-411'.—:'(1 +_-41 1' X1+-41 ].I x3+__414'x4: D1
Ap X+ Ay X+ Ay X+ Ay X, =Dy
Ay X+ Ay X+ Ay X3+ Ay X, =Dy
Ay X+ A X+ A X+ A X, =D,

with

b1 = X1, b2 = X2, C1=X3, C2 = X4

An=yp Zpl .11 Z F}‘ A= .&-Z ;‘3 A“:%' - :rID‘_3
A= Mth'j:u Mth' Apy ZT._._"l L}Zrﬁ_i
‘:Z(_ R-I;“_Tf'g-fm)

Lu:Z ( o ff'; ]

M-RT® T°M |
This equation system is solved by the GauR-Jordan method. The results are

b,[nr-mol™"-K"]
b -mol™-K]

ci[mP-mol K"
c[m mol™ K"

On screen the values are multiplied by 108 for b; and b, and 10 for ¢; and ¢, (m=>cm).
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9.2.4 Short Tutorial

.E Flat Output
P
Component 12 (Diethy1 ether)
Molecular weight: 0.0741228 kg/mol
Total number of points:
Possible number of points:
Used number of points: (Limited)
Texp[K] Pexp[kPa] Dexp[kg/m3] Ref
244.74 4. 360 D.160 [ 92567]
244.74 4.573 0.168 [ 92567)
244.74 4,693 0.173 [ 92567] W
£ >

Figure 29: Start Screen

Start Screen, Figure 31, shows the start screen. The PVT data are obtained from the DDB pure component

properties database for the selected component. Now the program displays the ranges in density, pressure,
and temperature and allows the user to set new limits.

Density Limits: | 0,1600

Figure 30: Density Limits

Pressure Limits [kPa]:

Pressure Limits [kPa]: | 4.3596 98100.0000

Cancel

Figure 31: Pressure Limits

Temperature Limits:

Temperature Limits: | 244.74 598.15

Figure 32: Temperature Limits

After the dialogs have been committed, the program immediately regresses the virial coefficients and
displays a result. The result list gives
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1. name of component with its molecular weight,
2. number of points given and used,
3. the experimental values either from file or database,
4. used temperature, pressure, and density limits,
5. the regressed by, by, ¢z, C3 values,
6. examples if the B and C at 353 K,
7. atable with experimental and calculated data,
8. error numbers for specifying the quality of the regression.

The plot output displays six charts.

1.
2.
3.
4,

7.

8.

normal plot (no isotherms)

B against T

Cagainst T

relative compressibility factor deviation
compressibility factor deviation

relative density deviation

density deviation

normal plot: P against molar density

The plot output has a context menu (see Figure 35) which allows displaying the experimental data in the
database retrieval program or all the data coming from a single reference or some component details.

Display Dataset
Display Reference Data
Display Component Daka

Regress Data From Reference 299

Figure 33: Plot context menu

Additionally it allows data to select from a single reference for correlation. In this case, the program re-
correlates bs, by, c1, ¢2 only from this reference’s data sets.

The chart contains some additional lines that are the critical density, 0.5 and 0.75 of the critical density, a

zero line and the critical pressure, if the ordinate shows pressure values.
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10 Volume Translation

VTPR uses a volume translation based on the difference between the experimental volume and the volume
calculated by the Peng-Robinson equation of state at T=T¢*0.7. This temperature is normally quite close to
the normal boiling point. PSRK normally does not use a volume translation for the Redlich-Kwong EOS but
it can use such a correction, in principle.

Vapor Pressure
(_JDIFFR 101

(®) E0S-Alpha Function

& save (Private DOE)

E Save (Public DDE)

ParameterDE Content
1

Recommended Value: Yes

Dataset Mumber: 43460
Location: Public DDB

Key Value

AUTOSELECT true

C1 1051

COUNT 1

DateD 14

DateM 01

DateY

EQS Peng/Robinson

EQID 101

LOCATION a

Model 2

SETMUM 453460

Source DIPPR 116 Liquid Density Parameters

Unit cm?fmol

User DOBST

I Calculation |ﬁDiagram |
Density Equation Equation of State
(®) DIPPR 105 (®) Peng-Rabinson
ODIPPR 116 (") Soave-Redlich-+Kwong
() Polynomial
#DDB 1051
Mame Methane
Acentric Factor 0.003
Te [K] 190,65
TatTr=0.7 [K] 133.42
Pc [kPa] 4500, 156
c by Te,Pc,Ve (Rackett) [cm?/fmal] -3.60664
Psat by EOS [kPa] 454,334
Volume by EQS [cm2/mal] 37,2243
Volume by EOS + ¢ [cm3/mal] 40,8314
Density by EQS [ka)fm?] 430,97
Tmin {DIFPR, [K]) 91.69
Tmax (DIPPR, [K]) 189.55
Density by DIPPR [kg/m?] 387.851
Volume by DIFPR. [cm?/mel] 41,3632
c by density diff. -4,13347
Rel. Dev. in ¢ [%%] -12.9
Rel. Dev. in V(PR)+c and V(DIPPR) [3%]  -1.3

T= Violumes=

Figure 34: Volume Translation - Calculation

In this dialog, the volumes calculated by the equations DIPPR 105, DIPPR 116, or Polynomial. The left table
shows the calculation result with the volume translation value ¢ in light green.

||: by density diff,

The next table shows the already stored values in the parameter data bank.

Density Equation
(®) DIPPR. 105
(_JDIPPR 115
() Polynomial

-4, 13847

The “Diagram” page shows the different calculated volume (1/p) curves, a vertical line at T¢*0.7 and
experimental values from the pure component property database.
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Calmlah’on $5 Diagram |
NPe PO e DR

Methane

— DIPPR 105
DIPFPR 116
— Palynaomial
— Tr =0.7
= EQS (P from EOQS)
B 20738 [0]
B 23202 [0]
@O 27020 [0]
@ 27022 [0]
B 27024 [0]
0 27026 [0]
0 s3818 [0]
W 28924 [0]
O 55768 [0]
@ 39770 [0]
@ 59772 [0]
B So864 [0]
B 59365 [0]
B 59366 [0]
0 59867 [0]
@ 59368 [0]
B 55865 [0]
O 99870 [0]
@ 99371 [0]
100 120 140 160 180 | 59372 [0]
T[K] 0@ 59373 [0]

Volume [em?/maol]

T= | 133.15 Volume= 355493 199770 [0]

Figure 35: Volume Translation - Diagram
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11 Simultaneous Regression of a Function Parameters

A simultaneous fitting tool for o function parameters is available for Mathias-Copeman constants for Soave-
Redlich-Kwong (used in PSRK) and for Twu-Bluck-Cunningham-Coon constants (used in VTPR).

The fitting routine supports the simultaneous fit of parameters to vapor pressures, heats of vaporization,
second virial coefficients, and liquid heat capacities.

- Mathias-Lapeman (soave-Hedich-+wong EUs) -

Twu-Bluck-Cunningham-Coan (van der Waals EQS) C
| Twu-Bluck-Cunningham-Coon (Peng-Robinson EOS) | AF
Twu-Bluck-Cunningham-Coon (Soave-Redlich+wang EQS)
- Melhem-5aini-Goodwin (Peng-Robinsan ECS) -
- Stryjek-Vera (Peng-Robinson EQS) P
- Stryjek-Vera-2 (Peng-Robinson EQS) Tc
- Schwartzentruber-Renon-Watanasiri (van der Waals EQS) EQID

- Schwartzentruber-Renon-Watanasiri (Peng-Robinson EQS)

- Schwartzentruber-Renon-Watanasiri (Soave-Redlich+wonc ¥ Tmax
£ >

Tmin

4k Delet

&) Fit | € Fit Simultaneously

o
5

e {
Fh

Figure 36: Start simultaneous fit

The calculation dialog allows
1. selecting or editing the appropriate critical temperature and pressure
2. setting weights for the different properties

3. setting temperature and property ranges (cutting data points)

Vapor Pressure
Points Refs Temperature Range Dependent Value Range  Weight

86.3 191.05 3 [pesmswerzs [ 1|

4. selecting the objective function with regard to the pressure (logarithmic or not) and with regard to all
properties (quadratic or linear)

5. selecting the optimization routine (Simplex-Nelder-Mead or Levenberg-Marquardt)

6. plotting the calculated properties together with experimental data from the PCPDDB.
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Fit

0.58325%4 -0.806032 1.53033

Logarithmic P Quadratic OF
Fit by
(@) SMM iLm

] save (Private DDE)

Fit

i) save (Public DDE)

The found parameters can be stored in the public (from DDBST) or private data bank (for custom

parameters).

Fit TBCC Parameters

Settings
Component
| 1051 Methane ey O3
T [K] Pc [kPa]
|1gn.en (STOFF) v| |4600.2{5TDFF} v|
Vapor Pressure
Points Refs Temperature Range Dependent Value Range  Weight
784 | |107 | |86.3 19105 |$  |seams4eer.33 | |1 |
Heat of Vaparization
Foints Refs Temperature Range Dependent Value Range Weight
42 |11 | |ss.54188.6 |3 2220937215 3 o |

Second Virial Coeffident

i save (Private DDE)

4] save (Public DDE)

Paints Refs  Temperature Range Dependent Value Range  Weight
w8 || | |wse1sesis [ |-30134 |0 |
Liquid Heat Capacity i
Points Refs Temperature Range Dependent Yalue Range Weight
st |7 | [esaeimss2e |3 [s2o2r21see ([0 ]
Fit ¥ Plot
0.214336  0.,903114 1.3889 Fit Vapor Pressures
Heat of Vaporization
Logarithmic P Quadratic OF Second Virial Coefficents
Fit by
() SMM ® LM Liguid Heat Capadity

Figure 37: Settings for simultaneous fitting
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12 Simultaneous Regression of Vapor Pressure Equations

A simultaneous fitting tool of some vapor pressure equations is available. It contains a simultaneous fit of
vapor pressures and heat of vaporizations. The “Fit Simultaneously” button opens it.

The calculation dialog allows

1. selecting or editing the appropriate critical temperature and pressure
2. setting weights for the different properties
3. setting temperature and property ranges (cutting data points)
Vapor Pressure .
Points Ref's  Temnperature Range Dependent Value Range  Weight
382|131 | [1533546705 |3 [0.00035997 3738.89 | FC |1 |
4. selecting the objective function with regard to the pressure (logarithmic or not) and with regard to all
properties (quadratic or linear)
5. selecting the optimization routine (Simplex-Nelder-Mead (SNM) or Levenberg-Marquardt (LM))
6. plotting the calculated properties together with experimental data from the PCPDDB.
The found parameters can be stored in the public (from DDBST) or private data bank (for custom
parameters).

ooB

Compo

= FitPsatHVapForm

Settings

nent

|12 Diethyl ether | ] E &)

Te [K]

Pc [kPa] Th [K]

|455.m (STOFF) v| |363?.6(STDFFJ v| |30?.?;1 (NBP.D: v| [ Add Tc, Pc to exp. data

Vapor Pressure .
Points Ref's  Temperature Range Dependent Value Range  Weight

Heat

3862 131 | [1533546705 | 9K [0.00035997 3738.89 | K |1 |

of Vaporization

Points Ref's  Temperature Range Dependent Value Range  Veight
45 14 | 21315466105 |§ [35229432117 k lo |
Fit B Plot
-2 4 -5 1 Fit Vapor Pressures

Heat of Waporization
|F:Sum((yacp-yca|)fyexp]"l"n v|

[] Use Tredmin Criterium ] Legarithmic
Fit by
® SNM Om [ Save (Public DDB)

E Save (Private DDB)

DDB Regression Pure Page 42 of 45



DDB

2026

13 Liquid Density/Compressibility/Expansion Fit

A tool for the fit of temperature and pressure dependent densities on basis of a tait equation is available. The
equation can be used to calculate thermal expansion coefficients and isothermal compressibility factors.

The prerequisite for the fit is an equation for the vapor pressure and the saturated density.

The fit dialogs allows choosing a data source like the Pure Component Database, transferred datapoints or
the datapoints from an appended pcp file. It is possible to limit the temperature, pressure and density range.

Up to five b and two ¢ temperature dependent parameters can be chosen for the fit.

After the fit, the new parameters and the error are shown in the middle of the menu.

B Liquid Density/Compressibility/Expansion by Tait = O *

Data Source

Pure Component Properties Database e = Append PCP File
| Points Component

5354 161 Toluene = W E
| Temperature Range [K] Pressure Range [MFa] Density Range [ka/m3]

213,15 573.13 ¢ 0.10518.80 3¢ 4am2sw03850 0 3

b b1 @bz Eb3 (b4 @ [(Jel

| Temperature Reduction Factor; 100. 1600 -= 0.08303775

additional functions, shows the calculated densities in a table and plots them in 2D and 3D.

Mew Parameters
Error [%&] Parameters

0.03304 0.08573  0.00000
43102867 -170.94620 21.99180 -0.93368 0.00000

Source Date [ save (Public DOE) ¥ Plot
PCP 06.02.2025

E Save (Private DDE)

63450 413172 423.30 K 27.6 MPa 777.3 kg/m* -> FF2.1 kg/m® ( 0,
63462 413172 423.32 K 34.5 MPa 785.1 kg/m* -»> 7F&7.0 kg/m® ( 0.
63471 413172 423.31 K 41.4 MPa 792.5 kg/m* -> 794.4 kg/m® ( 0.
6348: 413172 423.31 K 45.2 MPa 799.3 kg/m* -> 801.1 kg/m= ( 0.
63491 413172 423.31 K E5.1 MPa B0OS.& kg/m* -> B807.4 kg/m® ( 0.
63501 413172 423.32 K 62.0 MPa 811.6 kg/m* -> B813.3 kg/m= ( 0.
6351: 413172 423.32 K 63.4 MPa 81Z.8 kg/m* -> B814.5 kg/m= ( 0.
63521 464672 303.15 K 1.1 MPa B58.0 kg/m* -> B8L58.7 kg/m® ( 0.
63531 464672 303.15 K 1.6 MPa 858.4 kg/m* -»> B853.1 kg/m= ( 0,
63541 464672 303.15 K 2.1 MPa B58.9 kg/m* -»> B853.5 kg/m® ( 0.

It is possible to save the parameter set in the private and public parameter databank. The plot function opens
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| E Tait Calculaticn = l
: Copy | Brint
Start Temperature End Temperature Stepridth
;21315 Kk 57318 LK 2400 K Calculate ;
Start Pressure End Prezzure Stepwidth |
01 | MPa 5183 | MPa [17.29 | MPa
a Set Validity Range Values [ ] Respect \alidity Limits
i| Calzulate D ata Density3D |Densily |Isu:|. Comprezsibility |Therma| Expatizion
R 0 (%) ;J E ﬁ BH @ @ Rotation: 348° Elevation: 340°
575.058
540.05
504.055
&58.052
432,028
| = l-:gﬁﬂ'r:e'a:r\e ¥]
1 SLEF 11374 ooy e “313.':1:55
TEER MR s Lo P 513.?;{5_‘53_:3
)
Additionally, this menu allows also calculating thermal expansion coefficients and isothermal
compressibility factors.
0.0022
0.002
213.15 K
0.0018 237.15 K
= 261.15 K
= 0.0016 285.15 K
o 309.15 K
S 0.0014 333.15 K
n 357.15 K
5 0.0012 381.15 K
= 405.15 K
=~ 0.001 429.15 K
= 453.15 K
T 0.0008 477.15 K
e
l_
0.0006
0.0004

100 200 200

Pressure [MPa]
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0.0055
E‘ 0.005 — 213.15 K
S — 237.15K
= 0.0045 261.15 K
= — 285.15K
= 0004 309.15 K
= 0.0035 333.15 K
= 357.15 K
& 0.003 — 381.15K
= — 405.15 K
£
g 0.0023 429.15 K
= 0.002 453.15 K
£ — 477.15K
T 0.0015
L
)
2 0.001

0.0005

0 100 200 300 400 500
Pressure [MPa]
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