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ABSTRACT

This report contains a description of the computer program LIMENU for calculating the
thermodynamic and transport properties of aqueous solutions of lithium bromide. A user’s guide
is included, together with a description of how the program produces displays and plots on the
screen. The routines that calculate the properties are also described briefly. It is hoped that a
program of this nature, with plotting capabilities and up-to-date information, will be useful to
engineers and to researchers in the area of absorption.

vii



1. INTRODUCTION

Many engineering organizations have compiled design and property information in databases
that are relatively easy to access. In the absorption chiller industry, such databases exist, but their
proprietary nature excludes them from general use. The present work focuses on the development
of a menu-driven program with plotting features for use with personal computers. The program
contains the transport and thermodynamic properties of lithium bromide-water solutions. The
database is available to all users, although the original intent was its use to design and interpret
ongoing heat and mass transfer experiments at ORNL. Both the software employed and the
property values' used are extracted from the open literature.

This report contains the program on a floppy disk, a user’s guide to the program, and
additional information that a user interested in modifying or updating the program may require.
The various fits employed are of the form used by McNeely.? His work contains details of the fits
as well as their range of acceptable accuracy. The program structure is summarized, showing
interrelationships of the various codes. The function of each property routine is summarized, and
the arguments are described.

The plotting capabilities of this program are expected to aid in cycle analysis and design.
The user can either plot points (1) in a log of pressure (P) vs temperature (T) chart or (2) in a
Duhring chart. During the run, the computer program will plot points given by the user.
Conversely, one can draw a cycle in the Duhring chart. The state points in the plot are stored and
can then be retrieved for further calculations.



2. PROGRAM USER’S GUIDE TO LIMENU

LIMENU is a menu-driven program written to compute seven physical properties of a
lithium bromide-water solution and three physical properties of water, and to display two plots.
A user’s guide to the code LIMENU is described in this section. The seven physical property
routines for lithium bromide-water cover both the liquid and vapor phases. The vapor pressure and
the dewpoint temperature can be plotted as a function of solution temperature with parametric
lines for lithium bromide concentration in weight percent. The user can interact with the plots to
design processes or cycles. The program executes on an IBM PC (XT or AT) or compatible
computer that has the capability to display graphics and a math coprocessor. It requires 151K on
the diskette.

The 5.25-in. diskette on which LIMENU is written should be mounted in a disk drive, e.g.,
drive A, and DOS should be switched to that drive by issuing the command

C> A: <ENTER>
At this point the name of the code should be issued to invoke execution

A> LIMENU <ENTER>
The code will go into execution and prompt the user for the quantities MODE, COLOR. Mode
must be 6 on the IBM PC or IBM XT computers. Color can be chosen from the array of values
given in the output on the screen. These two values are to be entered on the same line separated

by a comma as in

A> 6,7 <ENTER>

2.1. FUNCTION SELECTION

The LIMENU program now displays the title on the screen, along with a menu of choices
for program flow to determine which properties the user will calculate. These choices are itemized
below:

Choice Action

13 exit from program,

0 continue same function,

1 enthalpy as a function of concentration X and
temperature T,

2 dew point as a function of concentration X and
temperature T,

3 vapor pressure as a function of concentration X

and temperature T,



4 thermal conductivity as a function of
concentration X and temperature T,

5 viscosity as a function of concentration X and
temperature T,

6 specific mass as a function of concentration X and
temperature T,

7 surface tension as a function of concentration X

and temperature T,

8 enthalpy of water as a function of temperature T,

9 enthalpy of saturated water as a function of
pressure P,

10 enthalpy of superheated water as a function of
temperature T and pressure P,

11 plot vapor pressure P vs temperature T with
parameter concentration X, and

12 plot dew point temperature vs solution temperature

T with parameter concentration X.

The program expects an integer between 0-13 followed by an "enter" (sometimes called a "return")
as input, e.g.,

A>3 <ENTER>

The above input requests that the vapor pressure be calculated, item 3 from the menu. In order
to calculate this quantity, the program requests the user first to define the concentration X in
weight percent of lithium bromide and next to enter the temperature in degrees Celsius. Each of
these quantities is entered on a single line following the prompt requesting the information. The
quantity can be entered with or without a decimal point, e.g.,

A> 50 <ENTER>
or

A> 500 <ENTER>
To specify the concentration X, either method is acceptable to the program and allows the use of
more precise specification with a decimal point only if necessary. Similarly, the temperature is
specified as 100°C,

A> 100 <ENTER>

and the program calculates 33376.7 Pascals as the vapor pressure.



Above, it has been explained how to calculate the vapor pressure. One can continue on
and calculate more values of the vapor pressure simply by pressing the "enter" key or entering 0.
Either of these actions tells the program to continue calculating the vapor pressure and new
prompts are issued for concentration and temperature. Alternatively, a different function can be
chosen at the end of the calculation of any one of the properties. The prompt states to press the
number corresponding to the desired function and press "enter” to begin to calculate the different
function.

22. GRAPHICS MODE

The state points calculated for functions 2 and 3, the dew point temperature, and the
vapor pressure are stored in arrays of concentration, temperature, pressure, and dew point
temperature that can be used in the graphics phase of the program, which is described here.

The two graphic functions are numbered 11, for the vapor pressure plot, and 12, for the
dew point temperature plot. By requesting function 12, the user can see a graphical presentation
of the dependence of the dew point temperature on the solution temperature and the
concentration. The user is requested first (Fig. 1) to enter the lower limit of the temperature
range of interest, and then a separate prompt requests the upper limit of the temperature range.
Parenthetically, one remarks that the full range of the temperature is (0,180 C). A range of 0 to
120 C has been chosen in Fig. 1. Selected subintervals can be studied more carefully with this
"zoom" presentation.

After pressing "enter", the display shows (Fig. 2) the dew point temperature vs solution
temperature with six parametric lines of constant concentration representing 0, 30, 40, 50, 60, and
65 weight percent lithium bromide. At this stage the graph is complete. A cursor "+" now appears
on the graph. The cursor can be moved by pressing the arrow keys. By pressing the P key, the
positional coordinates of the cursor are listed, aiding in moving the cursor to the desired position
on the graph (Fig. 3). Cycles or processes can thus be drawn and the state points stored.

By pressing the "enter" key, the position of the cursor is stored in an array as well as a
data file (POINTS.DAT). As one moves the cursor and stores data, lines are drawn from the
newly stored position to the last stored position, allowing cycles to be drawn on the graph. To exit
back to the main program, the user presses Q (for quit), the cursor vanishes, and one has returned
to the main program. One can now simply enter the function number of his choice and continue
on as before. All the stored points will be in the file POINTS.DAT and the lines will remain on
the screen until the graph is erased. Function 11 for the vapor pressure is executed in the same
manner.

2.3. RETURN TO FUNCTION CALCULATION

Following a plot, one can return to calculation of a property by entering the corresponding
function number following the prompt. For example, by entering the number "1" following the plot,
the user can choose to calculate enthalpy. After that, entering 30 or 100 following the respective
prompts for concentration and temperature yields the value of 262.9 kl/kg for enthalpy. The
prompt for function choice then reappears.
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24. EXIT FROM THE PROGRAM

In order to exit, the user must enter a 13 at a request for a function definition, i.e., when
the user is prompted to press a number to get a function. It is important to exit in this controlled
manner using a 13, because the graphics mode may be left turned on otherwise. Two "enter"
instructions must follow the 13 in order to return to the operating system, e.g., press "enter" twice.

If the user inadvertently exits from the code without using the function 13, the user should

type
A> TEXT <ENTER>

at command level in order to return to text mode from graphics mode. If the computer does not
have the command TEXT incorporated in it, the user may simply type

A> LIMENU <ENTER>
press "enter", type

A> 6,7 <ENTER>
press "enter", type

A> 13 <ENTER>

press "enter". This sequence will take the computer out of graphics mode back to text mode.

2.5. OUTPUT DATA

If either function 11 or 12 is used, LIMENU will create two files. These files are graphics files,
as mentioned in Sect. 2.2, DISOUT.DAT and TEKOUT.DAT. Both these files are created by the
routine ENDPL if either the pressure graph or the dew point graph is activated. A third file
POINTS.DAT is created if points are saved on the graph using the moving cursor routine.



3. DATABASE AND PROGRAM

When calculating the various thermodynamic properties on a computer, it is necessary that they
be systematically organized and linked together. In order that the routines be identified to the user
for future modification, correction, or extension, the following sections indicate where the different
properties are calculated. A measure of the goodness of fit to the various properties is also given
so that the user can assess the accuracy of the calculated values. The program requests one or two
of the following three variables from the user: concentration of lithium bromide in the solution
(weight percent), temperature of the system (degrees Celsius), or for two functions, the pressure
of the system (in pascals).

The data sets have boundaries to reflect crystallization regions or regions with unknown
data. Input properties outside these boundaries will return with a message informing the user that
the calculation cannot be made. The boundaries to which the program is set are those found in
McNeely’s report.” In general, one considers concentration to range from 0 to 70%, and
temperature to range from 0 to 180 C. The program returns the following properties from the fits
presented in ref. 1. The thermodynamic properties are enthalpy, dew point or refrigerant
temperature, and vapor pressure.

3.1. THERMODYNAMIC PROPERTIES

Enthalpy. For a given concentration and temperature input, the program returns enthalpy.
The function routine in LIMENU for enthalpy is HLIBR(X,T), where the variables are LiBr
concentration (wt%) and temperature (C). Calculations are made and the result is printed with
SI units kJ/kg. The standard deviation of the fit found is less than 0.5% of the mean value of the
enthalpy data.

Dew-Point Temperature. For a given concentration and temperature input, the program
returns the solution dew point. The function routine in LIMENU for dew point is TDEW(X,T),
where the variables are concentration (wt%) and temperature (C). The result is in degrees Celsius.
A routine is incorporated in LIMENU, which saves the input to TDEW and plots the requested
points on the graph for TDEW (function 12). The standard deviation found for the fit is less than
0.2% of the mean dew point.

Vapor Pressure. A function for vapor pressure is also incorporated into the program.
Using the function PRESS(X,T) one can find the corresponding pressure of the system in pascals.
As in TDEW there is an internal routine in LIMENU that saves the input data for plotting on the
graph (function 11) in the program. The standard deviation of the fit is less than 0.2% of the
mean value of the pressure data.
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3.2. TRANSPORT PROPERTIES

Four transport properties are calculated in LIMENU. The data that are used come from
the research of Uemura® and were fitted as were the previous thermodynamic properties. The four
properties are thermal conductivity, viscosity, specific mass, and surface tension.

Thermal Conductivity. These calculations are made in the function TCON(X,T) in
LIMENU. Concentration (wt%) and temperature (C) are entered by the user and the result is
printed in W/mC. The standard deviation of the fit is less than 0.4% of the mean of the
conductivity data.

Viscosity. One uses the function VISCOS(X,T) in LIMENU to calculate the viscosity of
the system. Concentration (wt%) and temperature (C) are entered and the result is printed in
pascal-second. The standard deviation for the viscosity fit is 5.84% of the mean value, which is
large as compared to the other properties.

Specific Mass. The function SPMASS(X,T) in LIMENU is a function incorporated in the
program to calculate the specific mass of the system, using as input concentration (wt%) and
temperature (C). The result is listed in kg/liter. The standard deviation found is less than 0.08%
of the mean.

Surface Tension. The function STEN(X,T) in LIMENU calculates the surface tension of
the solution of concentration X and temperature T. The SI units for surface tension are N/m. The
standard deviation found in this function is 0.33% of the mean.

3.3. ADDITIONAL PROPERTIES

There are three thermodynamic properties of water that are calculated in LIMENU. They
are the enthalpy of water, saturated water, and superheated steam. The equations and constants
were obtained from McNeely’s work,” and their variables in LIMENU are given below.

Enthalpy of water (ENTH20). The calculation for the enthalpy of water requires one
variable, temperature (C). The equation is a simple linear equation and is internally incorporated
into the program and not into an outside function. The SI units are kJ/kg.

Enthalpy of saturated steam (ENTHSAT). This calculation is also internally incorporated.
The input required is pressure in Pascals. The program then calculates the temperature

corresponding to this pressure. The enthalpy of saturated steam is then determined from this

temperature, and the pressure is entered. The constants are listed internally and the SI units are
kl/kg.

12



Enthalpy of superheated steam (ENTHSUP). To find the enthalpy of superheated water

the user inputs the temperature (C) and pressure, in pascals. A direct substitution is made in the
equation, and the results are printed out in kJ/kg.

3.4. GRAPHICS

Two plots on the display are available to the user. One graph displays the vapor pressure
versus the temperature, and a second graph displays dew-point temperature versus the solution
temperature. The range of temperature is selected by the user, and the scale of vapor pressure/dew
point depends on the temperature range chosen by the user.

Vapor Pressure. The graph for vapor pressure requires the user to input the lower and
upper temperature limits. The main program LIMENU then calls up the subroutine PRESPL,
which contains the graphics. PRESPL then calls up the function PRESU(X,T), which is a
modified version of the function PRESS(X,T). The graph is drawn for the pressure in mmHg that
corresponds to the temperature along lines representing the concentration of the solution. At this
stage isopleths of the graph are complete. The subroutine POINTS is called up and a cursor is
positioned on the screen. The user may move the cursor with the arrow keys and can save points
on the graph by pressing the "enter" key. The points are stored in a data file called POINTS.DAT.
Lines are drawn from the previously stored point to the current point. This method allows cycles
to be drawn on the screen and the coordinates of the cycles to be stored in the data file. The user
presses "P" to list the current x,y coordinates of the cursor or presses "Q" to exit at any time from
this routine and return back to the main program. At this point the user is asked again to select
a function from the menu.

Dew Point Temperature. The graph for the dew point also requires the user to input the
lower and upper temperature limits. The main program then calls up the subroutine TDEWPL,
which contains the graphics. From TDEWPL the function TDEWU(X,T) is called up, calculating
the dew-point temperature that corresponds to the system temperature along lines representing the
concentration of the solution. Then POINTS is called up, positioning a cursor on the screen as
in the vapor pressure plot described in the previous paragraph.

13



4. CODE DESCRIPTIONS

The following description of the LIMENU code is given to provide some insight into
how the code is organized and how it might be altered. Future additions to the code should be
included in the code in a similar manner in order to proceed rapidly.

The LIMENU program contains three types of routines. The first type handles data input
by the user. The second type comprises function routines that perform property calculations. The
third type involves the graphics and its corresponding subroutines.

Data Input. These routines are called when data input is needed from the user. In
LIMENU there are three data input routines: INTEMP for temperature, INCONC for
concentration, and INPRES for pressure.

Function Routines. There are nine function routines that perform all calculations for the
properties of the lithium bromide solution, described in 3.1 to 3.3.

Graphics Routines. There are several subroutines involved with the graphics. However,
because of their number, we will describe only the ones that deal with the execution of LIMENU.
The others, those that prepare and draw the graph, are referenced.*

4.1. SUBROUTINE DESCRIPTIONS

The following six subroutines were written by R. C. Ward of the Computing and
Telecommunications Division of ORNL and were provided graciously.

CURPOS(IROW,ICOL) -- a routine that positions the cursor to a designated row and
column on the screen. IROW and ICOL are integer*4 variables.

SOUND(IFREQ,IDUR) -- a routine that sounds the prompt in LIMENU. The integer2
variables, IFREQ and IDUR, refer to frequency and duration of the sound, respectively.

GMODE(IMODE,ICOLOR) -- the routine that puts the program into graphics mode and
designates the screen color. IMODE and ICOLOR are integer*2 variables.

TMODE -- the routine that sends the program back to text mode when exiting from
LIMENU.

PIXEL(ICOL,IX,IY) -- the routine that turns on a pixel at screen coordinates IX and IY
to color ICOL. Here, ICOL, IX and IY are integer*2 variables.

TWINDO(IXL,IXR,IYBJIYT) -- the routine that sets the screen (terminal) window,

specifying the x screen co-ordinates left and right (IXL,IXR) and y screen coordinates
bottom and top (IYB,IYT). Here, IXLLIXR, IYB, and IYT are integer*2 variables.

15
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The following two subroutines were written by W.L. Jackson of the Computing and
Telecommunications Division of ORNL and were similarly provided in a kindly fashion:

PIXIN(ICOL,IX,IY) -- PIXIN is a routine that stores whether a pixel at screen coordinates
(IX,IY) is turned on at color ICOL or not. ICOL, IX, and IY are integer*2 variables.

GETKEY(KEY) -- a routine that returns the ASCII code of a key that is pressed. KEY
is an integer*2 variable, and GETKEY is called up in the subroutine POINTS.

In addition to the main routine, the following routines were written by the authors.

INCONC(IROW,ICOL,X) -- an internal subroutine that prompts, reads, and passes the
concentration from the user to other routines. IROW and ICOL are integer*2 variables
which are passed to CURPOS. X is a real*8 variable.

INTEMP(IROW,ICOL,T) -- an internal subroutine that prompts, reads, and passes the
temperature from the user to other routines. IROW and ICOL are integer*2 variables
which are passed to CURPOS. T is a real*8 variable.

INPRES(IROW,ICOL,P) -- an internal subroutine that prompts, reads, and passes the
pressure from the user to other routines. IROW and ICOL are integer*2 variables which
are passed to CURPOS. P is a real*8 variable.

PRESPL(ILO,THLICOLOR) -- the subroutine the program calls up when the user desires
to graph the pressure. PRESPL calls up other routines from EZPLOT" to graph the
pressure. PRESPL also calls up the function routine PRESU(X,T) which calculates points
to be graphed by the routine CURVE. TLO and THI are real*4 variables for temperature
low and high respectively, and integer*2 ICOLOR passes the color.

TDEWPL(TLO,THLICOLOR) -- a modification of PRESPL which performs the same
plotting operations as PRESPL with the dew point rather than with the pressure.

POINTS(TORIG,TSTEP, TUP,PORIG,PSTEP,PUP,ICOLOR,JFL) -- the subroutine that
is called up in both PRESPL and TDEWPL to position the cursor on the graph. With the
arrow keys the user can position the cursor on the graph to find coordinates and draw
cycles. There are a number of subroutines called within POINTS. TORIG is x-axis origin,
PORIG is y-axis origin. TUP and PUP are x,y-axis upper limits. TSTEP and PSTEP are
not used. ICOLOR is integer*2 variable for color and JFL is an incorporated flag.

PIXINO(IA,IX,IY) -- the subroutine that saves the pixel background values on the graph
as the cursor passes over. This routine is contained in POINTS. IA is the background
color and IX,IY are the screen coordinates. The variables are integer*2.

PIXELO(IA,IX,IY) -- the subroutine that redraws the background on the graph which

PIXINO saved. This routine is also contained within POINTS. TA is the background color
and IX,IY are the screen coordinates. The variables are integer*2.

16



SYMI(IMODE,COL,IX,IY) -- the routine that draws the cursor on the graph in POINTS.
The color of the cursor is COL, and IX,IY are the screen co-ordinates. The variables are
integer*2.

FIND(TORIG,TUP,PORIG,PUP,IX IY,XC,YC) -- the subroutine that converts the screen
co-ordinates to graph coordinates in POINTS. TORIG and PORIG are the y,x-axis origins,
respectively. TUP and PUP are the y,x-axis upper limits, respectively. IX,IY are the screen
coordinates and XC and YC are the converted graph coordinates. TORIG, TUP, PORIG,
PUP, XC, and YC are real*4 variables. IX and IY are integer*2 variables.

ENDPL -- the routine that saves the graph drawn in two data files, DISOUT.DAT and
TEKOUT.DAT. These files can be used to draw a high-resolution graph if so desired.

EZPLOT -- The subroutines listed are taken from ref. 4 as follows:

BGNPL XAXANG
PAGE YAXANG
FRAME XINTAX
HEIGHT GRAF
TITLE CURVE
MESSAGE

4.2. FUNCTION ROUTINES

The function routines were obtained from ref. 1. The functions are implicit double
precision.

HLIBR(X,T) is the function that calculates the enthalpy of the solution.
TDEW(X,T) is the function that calculates the dew point temperature of the solution.

TDEWU(X,T) is a modification of TDEW to calculate the dew point temperature for the
graph in TDEWPL.

PRESS(X,T) is the function that calculates the vapor pressure of the solution.

PRESU(X,T) is a modification of PRESS that calculates the vapor pressure of the solution
to be plotted in the routine PRESPL.

TCON(X,T) is the function that calculates the thermal conductivity of the solution.
VISCOS(X,T) is the function that calculates the viscosity of the solution.
SPMASS(X,T) is the function that calculates the specific mass of the solution.

STEN(X,T) is the function that calculates the surface tension of the solution.

17



5. SUMMARY

This report describes the capabilities and structure of a menu-driven program for calculating
the properties of lithium bromide water solutions. The database employed to construct the program
covers a wider range than correlations presented before and also incorporates transport properties.
In a single package, the menu-driven program provides a great deal of information about lithium
bromide solutions that previously was scattered among various sources. The boundaries for the
range of validity of correlations are also incorporated in the program.

Among the most useful features of the software are the plotting capabilities. Cycles and
processes can be drawn in a P-T-X diagram on the screen. This feature can greatly enhance the
user’s ability to analyze the design cycles.
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