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Ideal gas chart user's manual

Overall presentation

The THERMOPTIM ® series (www.thermoptim.com) is a set of software tools dedicated to the learning and
better understanding of applied thermodynamics. It is comprised of easy to use interactive charts: ideal gases,
vapors mixtures of an ideal gas and of water vapor (psychrometrics), and a modeling software package including
four closely interconnected working environments : a diagram editor (synoptic screen), a simulator, the
interactive charts, and an optimization tool.

The interactive charts have been developed with a view to replace classical paper thermodynamic charts. Indeed,
whatever care is taken by editors in the choice of color sets for distinguishing the various curves shown on the
classical charts, it is always difficult to read them, and interpolation may lead to significant errors. New
THERMOPTIM charts allow one, by a simple mouse click, to display all relevant thermodynamic properties of
the fluid, thus providing better accuracy. Their main asset is to be very easy to use: the thermodynamic
properties are immediately displayed on the screen, a user-friendly point editor allows the user to refine his/her
cycle analysis and to export the values in spreadsheets or text editors.

THERMOPTIM is applied thermodynamics software whose objective is to allow one to easily calculate complex
thermodynamic cycles without making very simplistic hypotheses or without being involved in tedious
calculations. Initially it has been developed to help solve problems encountered in teaching applied
thermodynamics. Its present functionalities make it possible to use it for also solving much more complicated
problems such as industrial schematic design (for instance it has been used for the system integration of
advanced electricity generation production plants involving several hundreds of components).

In this manual, we shall present the ideal gas entropy charts, successively showing how to :

- use the chart to display a point and recalculate it

- customize the working environnement (gas selection, calculation settings, choice of the line width and color,
layout of the axes...)

- work with point selections (named cycles), saving and loading them

- edita compound gas

- print a chart and exit the application

Thermodynamic properties of substances

The software includes a data base with the thermophysical properties of the substances considered. It makes use
of two kinds of substances: pure and compound ideal gases. Perfect gases are ideal gases whose specific heat is
independant of the temperature (let us recall that the equation of state of an ideal or perfect gas is Pv = rT).

The gas can be pure, in which case its properties are predefined in the software, or it can be compound. In this
case, the user has to define the composition from the other gases present in the database, by indicating for each
of them, its name and its molar or mass fraction. Properties of the composed substance are then determined from
those of its constituents. Two sets of compound gases exist: protected and non protected gases. This difference
has been introduced in order to avoid that some gases whose composition dos not vary, such as air, be
inadvertantly modified by a user. Only non protected gases may be modified and saved.

The accuracy of the calculations is excellent for ideal gases (error on the specific heat lower than 0.5 % as
compared with Janaf tables).

Detailed information on the equations used can be found in the following reference:

GICQUEL R, Systéemes Energétiques, Tomes 1 et 2, Presses de I'Ecole des Mines de Paris, février et
novembre 2001, (http://www.ensmp.fr/Presses/).
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Internationalisation, number formatting

The interactive charts exist in several languages (english, french, spanish, portuguese, catalan). They are
configured in the language corresponding to the inth.zip file located in the installation directory.

Numbers are automatically formatted in accordance with the language selected in the computer system. For
instance, in english, the decimal separator is the dot, and the thousand one the comma ; in french the decimal
separator is the comma, and the thousand one the space.

If you enter an ill-formated number, it is truncated at the level of the first non numerical character.
Chart use, display and recalculation of a point

Using the interactive charts is quite simple: position the crosshair cursor at the point whose thermodynamic
properties you wish to get, and click so that they may be displayed on the screen. For the ideal gas entropy charts
these properties are: pressure (bar), temperature (K or °C), enthalpy (kJ/kg), entropy (kJ/kg/K), mass volume
(m*/kg) and specific heat (kJ/kg).

As the cursor positionning accuracy is a function of the screen resolution and is generally not very high, it is
possible to make more precise calculations either by moving a target with the keyboard arrows, or by creating
and editing points (hamed cycle points as a set of points usually represents a thermodynamical cycle).

Using keyboard arrows

It is possible to refine the positionning of the cursor with the keyboard arrows. To do that, click close to the point
whose properties you wish to get. The values are displayed in blue above the chart. If you press one of the
keyboard arrows, a red target appears and is moved in one of the four cardinal directions by an increment equal
to 1/1000 of the horizontal or vertical scale depending on the arrow key used. The point properties are
recalculated, so that you can gradually get closer to the desired point. By changing the chart scale as indicated in
the section entitled "Changing the axes layout", you can change the displacement sensitivity.

As soon as the red target appears, the mouse click is disabled, and the target can only be moved by the keyboard
arrows. To take control again on the cursor, you can either :

- press the "Escape™ key. The red target disappears and is displayed again only when you press one of the
arrows, close to the location you last clicked the mouse. If you have not clicked since it disappeared, it
appears where it previously was.

- double-click, which creates a point (see below) positionned on the target.

Point creation Enter the point name, then click on OK
To create a point, double-click at the requested location. A dialog frame |precise point |
asks you to enter a name to identify the point.

Once the point is named it is displayed on the J‘%Pmﬂ | OK | | cancel |
screen in the form of a little cross and its label. i
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You can open an editor which allows you to modify the point and recalculate it. To do
that, select the menu item "Edit a cycle" of menu "Cycle" or type Control C.

WUl Substance Tempel
Cycle manager

The cycle editor is then displayed. In its upper zone there are text fields which allow Connected points
you to add comments on the cycle if you wish to do so, in particular for saving the
cycle. The title is used for identifying the cycle in the cycle manager (see below). If | L°adaevcle

you simply wish to recalculate a point, this is not necessary. In the lower part of the | & the tvle
screen is a table comprising in columns the name of the point and its thermodynamic Erase the cyele
properties, and in lines each point entered (only one at this stage).

Edit a cyele Crl+c

All the possibilities offered by the cycle point editor will be presented in detail later.
For the time being, we will just show how to recalculate a point.

E%a[:ycle point editor £ file - 7

Cycle Title |

Description

The two first figure columns from the left define the input state variables for the calculations

point name temperature T pressure p enthalpy h entropy s specific heat volume v
precise point A78.33447 11.6172 58287276 0.551743 1,109.90725 0.210683
A
v
| mset | | copy | | Suppress | | Recaicuate | | validate | | Print | | cancel |

The point table has a particular feature: you can change the column order by clicking and dragging one of them
by its label. For instance, if you click on the label "Temperature T" and that, keeping the mouse pressed, you
move it on the right, the pressure column automatically is shifted to the second location.

If you keep on moving in the right
direction, the enthalpy column is shifted
in turn, and so on. After two moves, you
get this result.

The two first figure columns from the left define the input state variables for the

paint name | pressure p | enthalpy h | ternperature T |
precise point 11.6172 58247276 579.33447

THERMOPTIM interactive charts make use of this editor property to specify the input variables used when a
point is calculated: the two first figure columns from the left are considered by the software as designing the
known state variables from which the other thermodynamic properties are calculated.

Suppose that you wish to calculate a point with a pressure of 15 bars and a temperature of 340 °C. Enter these
values in the corresponding cells, making sure to indicate that the cell editing is finished by pressing enter or
clicking in another cell. Click then on button "Recalculate” located in the lower right part of the editor. The point
is recalculated and the values displayed :

The twao first figure columns from the left define the input state variables for the calculations

point name | pressure p | temperature T enthalpy h entropy s specific heat volume v
precise point 15 340 32317585 0121678 1.0571 011736
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If you wish the point with a pressure of 15 bars and an entropy of 0.15 kJ/kg/K, move the entropy column in
second or third position, enter this value, then click on button "Recalculate”. You get the following result:

The two first figure columns from the left define the input state variables for the calculations

point name | pressure p | entropy = temperature T enthalpy h specific heat valume v
precise point 15 014 356.63516 340.791498 1.06084 0120544

As you can see, calculating a point with accuracy is very easy.
All variable couples comprising the pressure can be calculated, except for the specific heat.

Once the point is recalculated as you wish, the modifications made in the editor can be transferred on the chart
by clicking on button "Validate". Automatically, the editor table points are then repositionned on the screen.

When you are back in the Iowermmm

main chart window, you can
enter additional points. If you E The cycle point editor will be closed without the points being validated. Do you wish to continue?

want to display them in the ’—
cycle points editor, you must | Cancel |
select again menu item "Edit a

cycle” of menu "Cycle". If the editor was previously opened, a message informs you that the points will not be
validated if you continue.

The reason for this is that the software cannot guess which values are the right ones: those from the chart or
those from the editor. If you do not want to validate the points previously modified, click on "OK". Otherwise
cancel, and then go into the editor, validate the old points, and iterate.

Customizing the working environnement

The working environnement of THERMOPTIM interactive charts can be customized in several ways so that you
can adapt it to your own taste. When you first run the software, default values are used. Subsequently, your
modifications are automatically saved in various configuration files, so that your selections are kept between two
sessions.

itor
Choice of the temperature unit H

Temperatures can be expressed either in Kelvin or in Celsius degrees. To select the unit
chosen, click on menu item "K" or "°C" of menu "Temperature".

. Eg_;gl:hall parameters
GaS SeleCt|0n Minimum temperature (K) 3on |
i i i Maximum temperature (K} |1 oan |
The software contains about fifteen pure gases which |
. minimum pressure (bar) |D.1 |
can be used to constitute as many compound gases as
you wish: maximum pressure {bar) |1 a0 |

. . 3 ) [_] Load a gas from the data base
The compound gases can either be defined in an editor,

. .- Defi d
or chosen from among the list of existing gases. EDenne arev commund oo

[] Show the gas composition
In either case, to modify the selected gas, you select the
menu item “parameters” of menu "Chart", and this
window is displayed.

| ok | | cancel

THERMOPTIM ideal gas charts - User's Manual October 2011



: :
ChOOSIng agasin the data base Select the substance, then click on OK
" " H B[] Pure gases =
If you select the checkbox "Load a gas _from the data base", the list of 1 Protected compound gases
available pure and compound gases is displayed. 24 Other compound gases
- @ burnt_gases
. A . " " - % hurnt gases
Select the gas whose chart you wish to build, then click on "OK". & burnt gases 2
- & Clean_gas
Lo - # Clean_gas_sat
Definition of a new compound gas ® combustion products
- & diesel_intake
- # diesel products 1
" - " - # diesel products 2
If you select the _checkbox [_Defme a new compound gas 3 fche & diesel products 3 =
software asks you first to name it, and then opens the gas composition - ® gasaline intake
H : . P : : : - # gasoline products
ed_ltor, which is S|m|I§r to the cycle point editor we saw previously, « gasoline products 2
with however some differences. ~@ gasoline products 3 =l
There are only three columns in this editor: the first one contains the
pure gases available in the data base, and the two other ones are used [Lok | | suwmress | | cancel |
to enter the molar and mass fractions. Thermoptim considers that the

first column of numbers on the left contains the data to be taken into account, the others being calculated from
those (you can move a column by clicking on its headband and dragging it laterally). However, if you choose to
enter the mass fractions, it is necessary that the values of the molar fractions are set to 0. Obviously, the sum of
the mole or mass fractions must be equal to 1.

To define a compound gas, choose

from along the list of pure gases in | [EIEERIEIILTE =10l x]
the Constituent Column (Which |S The first figure column from the |eft selects the input walues fram among malar and mass fractions

diSpIayed When yOU Click in '[he component name malar fraction mass fraction
corresponding cell), then enter its
molar or mass fraction.

Insert then a new line by clicking on
button "Insert", and define similarly a
second constituent, a third one, etc.

When you are done with entering —
constituent lines, validate by clicking | msert || comy || suppress |
on "Save". The software checks that
the sum of the molar or mass F“E|
fractions is equal to 1. If this is not
true, the gas cannot be saved and a message informs you.

Save | | Sawe as .. | | Export... | | Create = humid gas | | Frirt | | Cancel

You can however ask the software to

complement to 1 the sum of the molar | [ Ty [ ]
or mass fractions, by calculating that of
one of the components that you leave ﬁ the total of the mass or molar fractions is not equal to 1

undetermined, by entering no value in

the corresponding field. Only the first m
undetermined value is taken into -

account, the other ones being set to 0. Furthermore, molar or mass fractions must obviously be positive.

If the gas composition is consistent, the gas is saved and its molar and mass fractions recalculated, as in the
following example. Then the chart is built and displayed.

COmpanent narme | molar fraction | rmass fraction
M2 074 07670824
02 0.21 02329174

The gas editor is equipped with other buttons which will be presented later.
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Selection of the chart type

The substance properties can be displayed in several coordinate systems used by

thermodynamicians.

For ideal gases the following charts are available:

- (T,s) entropic chart, with entropy in abscissa and temperature in ordinate (open by

default when the application is started);

- (P,v) Clapeyron chart, with volume in abscissa and pressure in ordinate.

Chart BT

narron line
W Anis
T ARIS

parameters

v(Tz)
(Pl

To select one of the types, click on the corresponding menu item. The screen is immediately updated.

Choosing the line width

By default, the curves are plotted in bold line.You can reduce the line width by clicking on the menu item
"narrow line" of the menu "Chart". It is then labelled "bold line". If you select it subsequently the lines are again

plotted in bold lines.

Modifying drawing and screen background colors

=creen background
= p=5012

The whole set of colors used for plotting curves and for the screen background can
be customized. To modify a color, double-click on one of the small rectangles where it appears in the legend on

the right of the screen:

The following color editor is E’_%Ehnice of the screen background color
displayed (this example retates to Red Blue
the screen background color). __ __
) : Kl 2]
Three cursors corresponding to
the red, green and blue
components of the color allow ||%22% 6239 8221 | | | |  R220 G239 B 221
you to customize the color. In the
rectangle located center left, the
original color is displayed, [ ok | ‘ cancel |
whereas the new one is shown in
the right one, reflecting the cursor
moves. When you have made your selection, click on "OK". The color is saved.
Changing the axes layout
E%%X axiz layout

The abscissa and ordinate axes layout can be
modified by selecting the menu item "X Axis"
ou "Y Axis" of menu "Chart". The following
window is then displayed:

If you select checkbox "Grid", vertical lines for
the abscissa axis and horizontal lines for the
ordinate axis are plotted on the chart, at the main
unit tick.

If you select checkbox "automatic scale", the
software searches a scale covering the whole
range of values. The scale is logarithmic if you
select the corresponding checkbox, linear
otherwise.

THERMOPTIM ideal gas charts - User's Manual
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When the "automatic scale™ checkbox is not selected, you can enter the minimum and maximum values that you
wish. The values of the main and minor units can be either automatically calculated, either entered by you,
depending whether the corresponding "Auto" checkbox is selected or not. If the unit values are not consistent
with those of the minimum and maximum or between themselves, a beep warns you.

Watch out: if the "automatic scale" checkbox is selected, your values will be replaced by those that the software
will calculate.

When you are done with your modifications, click on "OK" to save the new layout, or on “Cancel" to go back to
the previous values.

Other chart parameters

The parameter frame allows you to choose the temperature and pressure range for which the chart is plotted.
Enter the minimum and maximum values of the temperature and pressure you are interested with and the chart
will be drawn accordingly.

Lastly you can edit the composition of the gas for which the chart is built. To do this select the checkbox "Show
the gas composition™ of the parameter window. The gas composition editor is then displayed. You can modify it
if you wish. To save these modifications, click either "Save", which modifies accordingly the composition of the
selected gas, or "Save as", which allows you to save your modifications by creating a new gas.

Cycle handling

You have previously learnt how to create and modify points. In next pages, we shall refer to a set of points as a
cycle.

Point creation from the cycle editor

In addition to the recalculation and validation functions discussed previously, the cycle editor is equipped with
five other buttons : "Insert", "Copy" and "Suppress", which allow you to add, copy or suppress one table line,
and "Print" and "Cancel™" which allow you to print the table or to close the frame. Furthermore, on the right of

the frame appear two small arrows which can be used to move a line to the next above or below position.

To add a new point, select one line, then click on "Insert". The software inserts a new line just above the
previous one, all the values being set to zero. Name this new point, choose two input variables, move the
corresponding columns on the left and enter their values, then click on "Recalculate” to get all the point
thermodynamical properties.

Once the new line is inserted, you can also copy another line and paste it. To do that, select the line
corresponding to the point that you wish to copy, and click on "Copy". The button label is modified and becomes
"Paste". Select the destination line, and click on "Paste". The values are copied.

To suppress a line, select it then click on "Suppress".

Once the points are created as you wish, click on "Validate" to have them transferred on the chart and displayed.

To print the table, click on "Print" and select the paper format from the printer dialogs, then confirm the printing.
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10

Connecting points

When the points are
displayed on the chart, they

are disconnected by default. | ssss 2
It is possible to connect ]
them by a broken line by ]

temperature T (°C) Thermodynamic Chart air

sereen background
Ao et 7 [l

P09

N

P54z
=308

=173

selecting the menu item | 7%
"Connected points” of menu ]

"Cycle". This way of doing ] .

is widely used  for |
representing a  thermo- | a

dynamical  cycle.  This
example represents an air

gas turbine cycle. | /
T inle) ‘ / ‘

=057

=045

=031z

=07

=0
v = 4088
V=229

v = 1297
32685

v=07E

v = 04144

v = 02343

v=0.1334

v = 007487

v = 004332

The software connects the | '™ |
points in the same order as /%/

v = 003303
s

NSRS

NN

-

they appear in the editor, ; ‘ ; A ) - 1 ;
starting from the first line. If enirapy <

@
=)

this order is not the right one, you may have to sort the points in the cycle editor.

To do that you can move the points using the arrows which appear in the right of the editor:

- select a line that you wish to move

- click on the up or down arrow to move the point to the previous or next line position

- when you have rearranged all points, end up by clicking on "Validate". The cycle is then displayed on the
chart in the right order.

Improvements in cycle plotting

Version 1.4 brings a number of improvements in cycle plotting:

- first, it is possible to link points by various iso-value lines (isobaric, isentropic...)
- second, each cycle color may be changed according to the user desire
- third, several cycles can be plotted on the same chart

Linking points by iso-value lines

Let us consider the gas turbine cycle we have previously displayed. When the cycle is first plotted on (T, s)
chart, the cycle appears as shown above: the points are connected by straight lines. Opening the cycle point
editor displays the cycle elements as below.

point name |temperature T(“C)| pressure P | enthalpy h | entropy s | specific heat | yolume w
compressorinlet |15 1 -8,87037 0128011 1001,88 0,827301
compressor outlet |412,22698 16 40011465 0,221755 1073,38 0122986
turhine inlet 926,85 16 97987042 0,850123 11733 0,215331
turhine outlet 409,03408 1 396 685861 101278 107268 1,H586
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It is possible to connect points "compressor
outlet" and "turbine inlet" by an isobaric e T 00

line: select both lines at the same time, and / / fet

(T ) entropy chart for air

click on "Insert". A combo box with various
iso-value choices is shown. Select "iso-
pressure”. You are requested to give the
number of points you want to insert. Enter
10. The new points are created in the cycle
point editor. Click on "Validate": the plot
now follows the iso-pressure 16 bars line.

The number of points entered determines the
number of segments with which the iso-
value line is approximated. The larger their
number, the better the accuracy.

Important notice: the points added are of
course recalculated assuming that the associated substance is that for which the chart is plotted. If it happens that
the initial points were determined for one or two other substances, the iso-value line added may look
discontinued, which may appear surprizing but can be perfectly explained. This is indeed what happens if you try
to plot, for example on the air chart, the cycle of an internal combustion motor calculated with Thermoptim, the
combustions being duly taken into account; the changes in the composition of the fluid which flows through the
machine in principle forbid to plot it on a single chart...

All the points inserted can be recalculated one by one if need be (i.e. if one of them does not exactly correspond
to the user requirements). If necessary they can be suppressed either one by one or as a group, by selecting them
and clicking on "Suppress".

If you want to save this cycle, just open the cycle point editor, enter any title and description you may wish and

save it s explained below. 3 -

TRl S—

Cycle manager

name selected active | ocheckallogles |

] ‘

default

Update the cycle table ‘

A new menu line named "Cycle
manager" has been added in menu

"Cycle". If you select it you open |
this frame. If you click on "Update

the cycle table", all cycles already ‘
loaded are displayed. Here, two
cycles are loaded: the default one ‘

Suppress |

Set as active cycle ‘

Change the cycle color ‘

which is active, and a second one
which has been loaded from a file.

The title defined in the cycle point editor is displayed as the cycle name.

You select the active cycle by choosing its line and clicking on "Set as active cycle". The active cycle has the
following properties:

- it is connected to the simulator (when the charts used are connected to Thermoptim) ;

- it is the one on which the "Cycle" menu lines operate, i.e. it can be erased, saved, its points can be edited in the
cycle point editor...

If you double-click on a line, you change the column "selected" status: if it is checked, the cycle is plotted on the
chart, otherwise not. You can deselect all cycles by clicking on "Uncheck all cycles". You can suppress a cycle
in the list by selecting its line and clicking on "Suppress". Its plot is also suppressed from the chart.

In the upper right of the screen is a multiple choice list that lets you choose the kind of plot of the selected cycle:
solid line, dotted or dashed.
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Changing the cycle color EE Cycle color choice ]
Red Blue

Until version 1.3, all cycles were plotted in T [ [E OO °

black. It is now possible to select any color

in the same way as you do it for the chart

curves. To change a cycle color, select its ze ot ool NN ok
line and click on "Change the cycle color".
A frame allowing you to choose its color is
displayed. If you want to save the new color,
set the cycle as the active one and save it. _—
Suppressing the active cycle is equivalent to erasing it from the chart menu. You generate a new active cycle
either by setting another cycle as the active one, or by interactively creating points in the chart, opening the cycle
point editor and validating.

| Ok | | Cancel |

Superposition of several cycles on a chart

To plot several cycles on a chart, just load them together and set them as selected in the cycle manager screen.

Erasing a cycle

It is possible to erase a cycle displayed on the screen: to do that, select menu item "Erase the cycle” of menu
"Cycle". This operation suppresses the corresponding point values, which cannot be displayed again if the cycle
has not been saved. If you just wish to hide a cycle from the screen, unselect it in the cycle manager frame by
double-clicking on its line.

Saving a cycle

Once a set of points has been entered, and possibly recalculated and validated, it can be saved as an ASCII text
file, in order to be subsequently processed either by the software, or by a spreadsheet or a text editor. To do that,
select the menu item "Save the cycle" of menu "Cycle".

A dialog window allowing you to name the file is shown. Name it and click on "Save" to save the cycle.

Loading a cycle

You can import in A I B [ ¢ ] D I E F G
. 1 [THERMOPTIM INTERACTIVE GHART.  Copyright 1983-2002 R. GICQUEL
the software, either ||z cyce e May 2, 2002 1.43.20 o'clock PM CEST
H H H | 3 |lang=fr color=true savellni=true
for dlsplaylng_ It or | 4 |Cycle Title simple gas turbine
to process it, a |5 Description
- | B |Selected gas: air | °C
CyC|e WhICh has | 7 |Number of points 14
i _ 8 point name ternperature T (*C) pressure P (bar) enthalpy b (kdfkg) entropy s (kdfko/l) specific heat (kd/ko/k) volume v (m3dkg)
been saved previou- |2 p
. | 9 |compressorinlet 15 1-8.87037 0128011 1,001 85 0.827301
sly, or created in | |10 compressor outlet 412 22658 16 400.11485 0.221758 107338 0.122985
- 11 459.01085 16 45057685 0.292574 0131381 1
anOther Worklng E 606.7943 16501.52654 0.360425 0139778 1
enVironment. TO dO [ 13 552 57871 16/552.95177 0.424536 0148171 1
R |14 5599 36262 16 604.844 0.435662 0.156566 1
that you just have ||is] 54514553 16 B57.16677 0.5441 0164961 1
H 16 G592.93045 16/ 709.97118 0.600101 0.173356 1
to Conflgure a data E 73971436 16/763.175632 0.653679 0181751 1
file structured as |[%& 78649827 16 516.78454 0.70562 0.190145 1
[ 19 83328218 16/870.78173 0.755484 0198541 1
shown here. |20 550.06609 16/525.14951 0.50361 0206336 1
| 21 |turbine inlet 926,85 16/979.87042 0.850123 11733 0.215331
A | 22 |turbine outlet 409.03408 1/396.66561 1.01278 1,072 66 1.9586
In this example the ||z
. p | 24 |Couleurs des traits du graphigue
file has  been ||z 0

created by the
software, but any file structured similarly can be read and processed. The line separator is the 'Enter' character,
and the column separator the tabulation.
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The two first lines are not taken into account (but they must exist). The third one provides various information:
here the cycle is in colour and has been saved in a universal way (i.e. with the english format).

The fourth and fifth lines give in second column the cycle title and a comment describing it. If the first column
cells are empty, these informations are not read.

The sixth line first column must include a text in which appears the name of the substance used (in order to warn
the user if the substance selected for the chart is not the same as that for which the cycle has been calculated).
The second column indicates the temperature unit.

The seventh line first column must be a non-empty text, and the second one the number of points.

The eighth line is not taken into account (but it must exist)

The following lines give the name and the state values of the points, in the order given in the above example:
name, temperature, pressure, enthalpy, entropy, specific heat, volume.

The two last lines define the cycle color with a RGB coding.
Any file structured similarly can be read by the software.

To import a cycle file, select the menu item "Load a cycle" of menu "Cycle". A dialog window allows you to
select the file.

Compound gas editor

The software includes a compound gas editor which we rapidly presented when introducing the definition of a
new gas. In this section, we shall give details on the different possibilities of this editor, as well as on the
functions of menu "Gas Editor". We have explained previously how a compound gas can be defined or modified.
We shall present here the available functions for saving, suppressing, exporting or importing compound gases in
the software data base.

You can open several compound gas editors at the same time, and the gases which they display are not
necessarily the one which corresponds to the psychrometric chart.

The three first lines of menu "Gas Editor" operate in the same way as the actions available in the parameter
screen.

Loading a gas from the data base

The first line opens the pure and compound gas selection window, es,thenc.ick.,no.(

in which you select a new gas whose chart is then plotted.

E-_4 Compound gases

- . L [ S S . i
Displaying the gas compositon | | . * air atmosphériaue
----- # air_humide
----- & air_injection
. . FP T S TAU B R S - clean_gas
The second line allows you to display the composition of the [ | = . e
selectedgas. | | = # gaz_brulés
----- #® gaz_hrllés_IGCC
----- # gaz_de_Montoir
- [ R # gaz_|GCC
Creationofanewgas | | = ® H2 humide
----- & prod_caomb_TAG1
----- # prod_essence

The third line allows you to createanewgas. [ | = # produits_combustion

Editing a gas, functions of the gas editor

To edit a gas, select the menu item "Edit a gas..." of menu "Gas
Editor". | 0K | | Suppress | | Cancel
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A screen similar to that which allowed to choose the gas for the chart is displayed. There are two differences:

- only available compound gases are shown, as editing a pure gas does not make sense

- a button "Suppress" allows you to suppress from the compound gas list those which you do not need any
more. Select them turn in turn, then click on the button. A confirmation message allows you to cancel in

case of error.

If you select a gas and click on "OK", its composition appears in the editor.

You can modify the gas composition, | Er NI _lol x|
by ChOOSing the ConStituent names in The first figure colurnn from the left selects the input walues from among molar and mass fractions
the list of pure gases which is shown

i A ) compaonent name malar fraction mass fraction
when you click in the first comlumn CH4 * methane 0.01484549 0.01075041
cells, and entering either the molar or | * D.008497103 0.0Ma32284
. .y - - Co 0500746 06331234
the mass fractions. Once it is defined, | |coz 0.03195908 006354814
the Compound gas can be: H2 01826877 0.01 662362
H20 0.1544377 01255574
) ) M2 0.1067969 01350442
- saved, by clicking on "Save". The
software checks that the sum of the
fractions is equal to 1, and then

Line edition PCI = 5,928 .28 [kikg)

saves the gas. If the sum differs
from 1, nothing is done, except if
you have left undetermined a | '
fraction value (see above).

Insert | | Copy | | Suppress |

| Save | | Save as .. | | Export... | | Create 3 humid gas | | Prirt | | Cancel |

- renamed, by clicking on "Save as...". The test on the sum of the fractions is made, and the gas saved with
the new name that you have entered.

- exported, by clicking on |THERMOPTIM INTERACTIWE CHART. Copyright 1933 R. GICQUEL
"Export...". The gas composition |Compound gas file June 21,1999 4:54:38 o'clock AM PDT
is then copied in a text file that you
name, and that you can open with |Gas name gaz_brdlés GCC
a spreadsheet or a text editor. For |Mumber of components 7
instance, the previous gas can be |companent name malar fraction  |mass fraction
exported  with  the  format |02 0115221 01264573
displayed. M2 07540377 0724501

H2C 0.05062008 0031276836

- you can also create, from the gas |C02 0.07498776 01131931
displayed in the editor, a moist gas |CO 0.002952054 | 0.00284576
of a given absolute humidity. To |HZ 0.000951704 | 6.64946E-05
do that, click on "Create a humid |Af 0.00120955 0.00165743

gas". The software asks you to
enter the gas name and the absolute humidity requested, and then creates a new compound gas, whose dry
gas is the same as that of the gas displayed in the editor, and with the given absolute humidity. This gas is
added to the list of compound gases of the data base. You get access to it by the previous screens.

- lastly, if you cancel, the compound gas editor is closed.

Importing a gas

As you can export a gas in the form of a text file, it is possible to import one by selecting the menu item "Import
a gas" of menu "Gas Editor". The file format must be the same as that which is used for export files.

The data which are read are the following : the second cell of the fourth and fifth lines, which give the name of

the gas and the number of constituents, and the three first cells of lines seven and next, depending on the number
of constituents, which give their names and molar and mass fractions.
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The first cells of the fourth and fifth lines are not read, but must not be blank. Lines 1 to 3 and 6 must also exist
and not be blank.

Printing a chart, end of session

Printing a chart

Printing a chart can be done either from the menu item "Print" of menu "File", or by the keyboard accelerator
Control P. A printer selection screen is then displayed.

End of session

To quit the application, you can do it either from the menu item "Quit" of menu "File", either using the keyboard
accelerator Control Q. A confirmation screen is displayed. The environnement parameters are automatically
saved.

LIV Cycle  Gi
Selecting isovalue curve display v Temperature
Entropy

Menu "View" allows you to select the isovalue curves which are displayed on the screen.

Only those isovalues whose name is checked are plotted. If for instance you check only temperatures, the
Clapeyron chart looks as follows:

pressure P bar Clapeyron (P,v) chart air
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