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Summary

Since the release of GFSSP Versiob&80n d t he Us e thé develganent Gf | [ 1],
Version 7 started This document describes the additional features of Version 701 and
can be ustas a supplement to téersion6U s e r 6 s THeadditianal.capabilities
added to Version 701 are: 1) Psychrometric Property Package that edllowkation of
environmental property parameters such as relative humiditypullettemperature,
humidity ratio and dew point temperature, 2) Provision oftMuayer Insulation (MLI)

on a Cryogenic Tank that permits calculation lnéat leakfrom the ambient 3)
Incorporation of a plotting program, Multiplot, that allows animation of predicted
paramegrs during transient simulation, 4) Revised property packagéyfdrogen
peroxide and 5) Instructions to use REFPROP from User SubrouSeseral eample
problems were modified @dded in Version 701. They argExample 4 Simulation of

the Mixingof Combustion Gases and a Cold Gas Stré@amaxample 10 Pressurization

of a Propellant Tankiii) Example 12i Helium Pressurization of LOX and RP
Propellant Tanksy) Example 29 Self-Pressurization of a Cryogenic Propellant Tank
Due to Boitoff, v) Example 3% Modeling Psychrometrics of AMVater Vapor mixture

with GFSSPyi) Example 32 Flow Distribution in Manifold.
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1. New Features

Severahew features are added in Version 701. They arésyyhrometric Property
Package that allows calculation of environmental control parameters such as relative
humidity, humidity ratio and dew point temperature; b) Heat leak calculationghr

MLI blankets that permits estimation loil-off in a cryogenidank; c) Provision of
animation of trasient simulation using Multiplot program; Revised property packa

for hydrogenperoxide and e)nstructions to use REFPROP from User Subroutine.

1.1 Psychrometric Property Package

The purpose of including psychrometric property package in GFSSP is to perform

analysis to assess the potential of condensation during thermal transient for
Environmental Control . GFSSP6s capability h
psychrometric propertiesch as Dew Point Temperature, Relative Humidity, Wet Bulb

Temperature and Humidity Ratio.

Definition of Psychrometric Properties

In thissection the calculation of psychrometric properties are expl@hddgure 1.1
shows the thermodynamic statewadter in moist air.
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Figure 1,1 Thermodynamic state of moist air

State 1 represents a typical state of water vapor in moist air when relative humidity is less
than 100%. The temperature at state 1 is théudltytemperaturéTa,). State 2 and 3

are lccated in the saturation line and therefore, relative humidity is 100%. Saturation
temperature at vapor pressureiggthe dew point temperatureqfTpsis the vapor

pressure atgb.
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n nn (1.1)
The relative humidity is defined as
. — 1.2)

The humidity ratio is defined as
'| N

(1.3)

The Carrier Equation is an empirical equation for calculating wettbuolperature
expressed as:

: LB T ¥

The vaporpressuregelation for water can be expressed as:

! 6 — o6a¥ oY (1.5)

where A = 99.4824; B¥894.6011; C=11.9783; D = 0.01101
All psychrometric alculations are done in Sl units (pressure in Pascal and temperature in
degree Celsius). However the Carrier equation is an empirical equation in Engineering

Unit (pressure in psi and temperature in degree Fahrenheit). In equation (1.5), pressure is
in Pascal and temperature is in degree Kelvin.

Psychrometric Property Calculation in GFSSP

Foursubroutines are added in GFSSP to perform psychrometric calculation:
SUBROUTINE PSAT(T,P)

This subroutine calculates saturation pressure of water at a tgingrerature using
equation 1.5.

SUBROUTINE TSATT(P,T, TGUESS)

This subroutine calculates saturation temperature of water at a given pressure by
iteratively solving vapor pressure relation (equation 1.5) by New#&gwhson method.

SUBROUTINETWBCAR(TDB,PDP,PAMB,TWB)

This subroutinealculates wet bulb temperature by iteratively solving Carrier equation
(equation 1.4) by NewteRaphson method.

SUBROUTINE CARIER(TWB,TDB,PWB,PAMB,PDP)



This subroutine calculates pressure at the dew point tatape (p) from Carrier
eguation (equation 1.4).

A control parameter, IOPTPSY has been introduced. Depending upon the value of
IOPTPSY, GFSSP will activate psychrometric calculation and decide which input
parameter to use. Here are the possible opt@nOPTPSY.

IOPTPSY = 0: PSYCHROMETRIC PROPERTY INACTIVE
IOPTPSY = 1: INPUT RELATIVE HUMIDITY (PHI)
IOPTPSY = 2: INPUT WETBULB TEMPERATURE (TWB)
IOPTPSY = 3: INPUT HUMIDITY RATIO (OMEGA)

When Psychrometric Option is active, GFSSP reads either PHI, VOBI&GA for

both steadystate and transient models. Boundary History File requires one of the three
property in addition to pressure, temperature and concentr&EBSP uses watgom

the GASP/WASPRroperty packagand air fromthe GASPAK package

Exanple 31 illustrates the use of psychrometric option.

1.2 Heat Leak Calculation across MultiLayer Insulation (MLI)

Heat transfer through the MLI can be expressed bivitheified Lockheed equatior3]:

C,(0.017+7E-6%(800-T,,, )+228 E-2*In(T,, )} (N (7, -T,)
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+

(2.1)

The actual heat transfer, however, was calculated by introducing a degradatiorDfactor,
The heat transfer rate through the MLI was expressed as:

n 0n (2.2)
whereconstants
Cs =2.4310*
C: =4.9443 1010
Cy =14,600

ard variables and units



q = heat flux through MLI (W/rf)

Tavg = average of hot and cold boundary temperatures (K)
N* = MLI layer density (layers/cm)

Th = hot boundary temperature (K)

Tc = cold boundary temperature (K)

Ns =number of MLI layers

e =MLl layer emissivity = 0.031)

P =interstitial gas pressure (torr).

Typically, several MLI blankets constitutthe MLI. The mathematical modeling
methodology is shown in Figug&Ll According to the law of energy conservation:

Qrad= Q1= Q2=Qs, (2.3)

where radiative heat transfieom the shroud to the outer layer of Mklgiven as:

o(rt -1°
amb uter
qrad = (1 - 10 - ) : (24)
—t—=1
gMLI gshrd
Te T2 T Ty Tamb
Qs Q Q4 Qrad
8-Layer/cm_ 12-Layer/cm- 16-Layer/cm -
MLI Blanket MLI Blanket MLI Blanket
Figure2.1 MLI modeling methodology.
The law of energy conservation can also be expressed as:
Q2(Ty, T2) T Q3(T2, Te) =0, (2.5
Qu(Th, T1) T Qz(T1, T2) =0, (2.6)
and
Qr {famplH) T Qu(Tw,T1)= O 27)

Equations 2.5)i (2.7) are the governing equations to calculate temperature at the outer
boundary Th) and two intermediate temperaturds and T2) by the NewtorRaphson
method.Subroutine MLI_HEAT_RATE was developed to solve these equations. Figure
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2.2 shows the flowchart othe MLI_HEAT_RATE Subroutine that was called from
SubroutineTSOLID or TSEQNS of GFSSP Source code

MLI_HEAT_RATE Subroutine calls MLIEQNSMLICOEF, and GAUSSY to pé&rrm
main computational taskBILIEQNS calculates residuals of the governing equations (Egs.
(25)i (2.7)). Equations Z.1) and R.2) are computed in QFLUXMLI and Eqg2.6) is
computed in QFLUXRAD. The coefficients of the correntiequation are computed in
MLICOEF. The correction equations are solved in GAUSRY.

Example 29 demonstrates the use of MLI in a cryogenic tank.

Start

QFLUXMLI—Modified
Lockheed Equation

Develop Conservation
Equations for Each Layer LS QFLUXRAD—Radiation
‘ Equation in Outer Layer

Develop Partial
Derivatives for N-R Solver

v

Solve for Temperature
Corrections

!

Apply Temperature
Corrections

heck for Convergence

Yes

Calculate Average Heat
Flux

Figure 2.2 Flowchart of MLI_HEAT_RATE Subroutine.

MLICOEF

GAUSSY

1.3  Multiplot Program for Animation

MultiPlot is an interactive plotting package specifically designed to visualize the output
of time-dependent simulations run using the Generalized Fluid System Simulation
Program (GFSSH]]. MultiPlot adds to the existing visualization capabilities
incorporatednto the graphical user interface to GFSSP, the Visual Thermofluid Dynamic
Analyzer for SystemandComponents (VTASE. VTASC currently has an option to

use the utilities WinPlothttps://software.nasa.gov/software/MB$6641) or TecPlot
(http://www.tecplot.cor)y two standalone plotting packages. The new option to plot
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results using MultiPlot will add the ability to animate line plots. Spmadly, the results
for each node can be displayed on a single plot that is animated over time.

1.3.1 Format of Input File

The input file used by MultiPlot is witen specifically by GFSSPThe format of the file
and how it is read into MultiPlot is stussed below.

The input filefor MultiPlot is an ASCII file that follows a specific format. The first four
lines contain header information. Each of these lines starts with a key word followed by
the data that is specific to the particular case. Thd, shown below, gives details on
this header information.

Keyword | Meaning Details
CaseName| The name of the case This value is used as the title on the constru
plot/animation. The title can contain blanks. C
will read to the end of thine.
Ex: CaseName: Valve Opening
TimeSteps:; Number of time steps in th For each timestep in the simulation a plot of valug
simulation nodes will be constructed. The animation will th
run through each of these plots
Ex: TimeSteps: 100
Nodes: The number of nodes in th The name of each node is a numeric value but
simulation followed by thq order of the nodes does not need to be in nun
name of each node order. Therefore, the list of node names is given
each node.
Ex: Nodes: 1212 386789101112
Values: The number of valuel The number of separate function values containg
contained in the file followe( the file is specified on this line. For each value
by the name and units of ea] name and units are then speaxifi
value
Ex: Values 2 Press PSIA Temp DEG_F

Table 1.3.1 Explanation of Header Lines

After the four header lines follows the data for each time step. Each line starts with the
time value for that time step. After the time valuenes each of the function values for
each node in the simulation.

Figure 1.3.1 shows part of an example data file. The four header lines are given first. Then
the first three data lines are shown. The values highlighted in blue are time values, the red

color block highlights the pressure values for each of the 12 nodes in the simulation.

The

green color block highlights the temperature values for the 12 nodes in the simulation.
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CaseName: Valve Opening
TimeSteps: 100

Nodes: 12123456789101112
Values: 2 Press PSIA Temp DEG_F

0.050000
0.100000

0.150000

Figure 1.3.1. Example Data File

1.3.2 Reading Input File into MultiPlot

On the main menu bar of MultiPlot is the File option. Currently this option contains the
two choiced.oad MultiPlot FileandExit. Thisprocess is shown in Figure 1.3.2.

" T
2. MuliPlot (= |
Plots Options Save Exit

Load MultiPlot File
- Sudden Valve Closure (Water Hammer) 3-000000
4400.00
Function Min: 2816.2200
4300.00
Function Max: 4314.8001
4200.00
Animation Controls:
4100.00
Go to First Frame
4000.00
l Fre J{ ) 3900.00
G to Min Frame Go to Max Frame
l J J 7 3800.00
[ licyde | [ start gy ] =
1 Full cycl tart Cydii
g 7 3700.00
g
o
3600.00
3500.00

3400.00 \

3300.00

3200.00 x
3100.00

3000.00
2900.00
3800.00
2 3 4 5 6 7
Nodes

Figure 1.3.2. How to Read in MultiPlot File



1.3.3 Navigating Through Animation

Once the data file has been readhidefault plot is constructed. The default plot represents

the first time step and all nodes foetfirst function listed in the input file. Figure 1.3.3

shows such a plot generated from the data shown in Figure 1.3.1. The title on the plot is
AVal ve Openingo. The defaul't function s
example that funain is pressure. The values for all twelve nodes are displayed. Once

this plot has been displayed it is then possible to move through each time step as well as
view an animation of the full solution over time.

= | MultiPlot [E——
File Plots Options Save Exit
Valve Opening

0.050000
0

Gz 250.00
Function Min 14.6991

Function Max: 240.1810
225.00

Animation Controls:
I 200.00

Go to First Frame.

T —

175.00

[ Go to Min Frame ] [ Go to Max Frame

150.00

Press (PSIA)

[ 1rugee || starcyang

125.00

100.00

75.00

50.00

25.00

0.00

1 2 3 4 5 6 7 8 9 10 11 12
Nodes

Figure 1.32. Default Plot of First Time Step

File Plots Options Save Exit

Function: Press
Function Min: 14.6991
Function Max: 240.1810

Animation Controls:

I | —rm—
l Go to Min Frame I [ Go to Max Frame ]
| ieiicee || strtodng |

Figure 1.33. Control Options

Figure 1.3.4 is a close up view of the control options provided for moving through the
different time steps of the animation. The button lab&ledo First Frame does just that.

It moves the animation to the first frame. In the case of a long simulation where there are
numerous time steps the ability to move all the way back to the beginning is sometimes
useful.
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The buttons labeleBrevandNext allow the useto move to the previous frame, or time
step, and the following frame respectively. These options move only a single frame either
backwards or forwards. If the user is currently looking at the first frame, as in Figure 1.3.3,
and thePrev button is seleetd the display will move to the last frame of the simulation.
Figure 1.3.5 shows the resulting plot if fReevbutton were selected.

2 | MultiPlot (=
File Plots Options Save Exit
Valve Opening 5.000000
Function: Press 250.00 99
Function Min: 14.6991
Function Max: 240.1810
225.00
Animation Controls:
| — 200.00
Go to First Frame
‘ Lrey, J( ed | 17500
[cotomnerame | [ GotomaxFrame |
B 1s50.00

[ 1rRiigde | [  startcyding |5§
g

a 125.00
100.00
75.00
50.00

25.00

0.00

1 2 3 4 5 6 8 9 10 11 12

7
Hodes

ﬁgurel.BA. Last Frame of Animation

Similarly, if theNextbutton is pressed the animation moves ahead to the next time step and
cycles back to the initial time step if currently at the last frame.

The next two buttong;o to Min Frame andGo to Max Frame show the specific frames
where the maximum and minimuralues, respectively, are reached. It is sometimes useful

to be able to identify the point where these relative values are reached, and this allows the
user to go directly to that frame in the animation.

The remaining two buttond;Full -Cycleand Start Cycling allow for MultiPlot to move
through multiple frames without having to step through each frame individually.1-The
Full -Cyclebutton will start at the initial frame and show all time frames in sequence until
the last frame has been reached. Tptgoa will always cycle through the entire sequence
of time steps, starting at the first frame and ending with the last frame.

The Start Cyclingbutton will start at the current frame being displayed and continually
show the next frame. Once this optienselected the animation will start to sequence
through each frame and the text on the button will change 8tart Cyclingto Stop
Cycling. The animation will continuously cycle through all of the frames untilStop
Cycling button is pressed.
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1.34 Customization of Animation

The ability to customize the display of the animation is also possible. One of the tabs in
the menu of the main window @ptions This tab currently has the single choice
Animation Options The selection of this panelsiown in Figure 1.3.6.

= | MultiPlot =5
File Plots Save Exit
Animation Options
__| Animation Options | Valve Opening 3.250000
Function: Press 250.00 64
Function Min 14.6091
Function Max: 240.1810 2500
Animation Controls:
200.00
Go to First Frame
[ pev | Next ] 500
[cotomin Frame | [ Goto MaxFrame |
@ 150.00
[ 1rigde || strtgeng |
i
&

125.00

100.00

75.00

50.00

25.00

1 2 3 4 5 6 7 8 9 10 11 12
Nodes

Figure 1.35. How to Open Animation Control Panel

The panel that allows the user to make modifications to the format of each frame is shown
in Figure 1.3.7.

Mode Display List
Wi M2 Wa W4 W5
Meé M7 W& Mo 1o
W] 11 [#] 12

Starting Frame Mumber: 0

Ending Frame Mumber: 100

[ Hide Time ] [Hide Frame Num]

[ Show Min Line ] [ Show Max Line ]

Showr Ref Line 6.50

[ Bxt ]

Figure 1.36. Animation Control Panel

Function Selection

When the input file is read in all function values are stored. Fimetionoption in the
Animation Optionganel allows the user to select which function is to be displayed in the
plot. By default, the first faction is plotted initially. In the partial data file shown in
Figure 1.3.1, the user has the option of plotting Press or Temp.
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Whenever a new function is selected the values displayed in the main window will be
updated to reflect the change in functidn.the example data file used in this manual the
values for pressure are shown in Figure 1.3.8.

Function: Press
Function Min: 14.6991
Function Max: 240.1810

Figure 1.37. Current Function Values

Node Display List

When the default plot is constructed the values for each node in the GiR3##&tion are
displayed. The section of taimation Optionganel tittedNode Display Lisallows the
user to select which nodeds values are actua

Each node is listed individually. By default each node is displayed. To turn dighiay

of a particular node the use simply clicks on the check box for that particular node.

Note that when the display status of a node is modified the maximum and minimum values
are recalculated to include orionexclude that

Frame Selection

By default all time steps are shown in the animation. The starting frame is frame 0 and the
ending frame is the last time step in the animation. The user has the ability to set the
starting and ending frames. The cycle options dvdplay only those frames between the
starting and ending values.

Note that when the starting or ending frame value is modified the maximum and minimum
values are recalculated to reflect these changes.

Display Values

There are five additional items thedn be displayed each frame of the animation. The
frame number and the time step value appear by default in the upper right hand corner of
each plot. These values are highlighted in FiguB9. The display of each of these
values can be turned on awifl by toggling the associated buttokide Time/$ow Time
andHide Frame Num/Show Frame Num
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Valve Opening

3.250000
64

Function Press 250.00
Function Min: 14.6991

Function Max: 240.1810
225.00

Animation Controls:

200.00
Go to First Frame

I Frev ] I Next

175.00

[ Go to Min Frame ] [ Go to Max Frame

Press (PSI&)

I 1 Full Cycle ] I Start Cycling 150.00

125.00

100.00

75.00

50.00

25.00

1 2 3 4 5 8 9 10 11 12

6 7
Nodes

Figure 1.38. Frame Number and Time Step Value

It is also possible to display lines on the plot that represent the maximum amneumini
function value. These lines are turned on or off by togglin@tiav Min Line/Hide Min

Line and Show Max Line/Hide Max Linebuttons on theAnimation Optionspanel.
Turning on the display of both of these lines is shown in Figud&0. The maximum
fuction value line is drawn in red and the mimimum function value line is drawn in blue.
The final item that can be displayed on each frame is a user defined reference line. In many
cases there is a value of interest that is not necesgeilgaximum or minimum function
value. The display of this line is controlled by toggling &tw Ref Line/Hide Ref Line
button. The specification of the lines value is done in the text box on the side of the toggle
button. Figure 11 shows the disptafya reference line. The reference line is the horizontal
line drawn in green. In this example the reference line is drawn at the value 130.0.

= | MultiPlot = |
File Plots Options Save Exit
i 0.800000
Valve Opening o

Function: Press 200.00
Function Min: 14.7000

Function Max: 196.9790 187.50

175.00
Animation Controls:

Go to First Frame.

[ e J[ wee ]

162.50

150.00

137.50

[ Go to Min Frame ] [ Go to Max Frame ]

[ 1 Full cyele ] [ Start Cyeling ] 1200

2 112.50

Press (PSI&)

100.00

87.50

75.00

62.50

50.00

37.50

25.00

12.50

3 4 5 6 7 8 9 10 11
Nodes

Figure 1.39. Display of Max and Min Value Lines
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v ol x
Valve Opening 1.150000
Function: Press 200.00 22
Function Min 14.7000
Function Max: 196.9790 180,00
||| Animation Controk:
160.00
Go to First Frame
l By ] [ tiod, ] 140.00
[cotominFrame | [ cotomaxFrame | =
& 120,00
[ 1 Full cyde ] [ Start Cycling ] =
8
&
100.00
80.00 —
60.00
40.00
20.00
0.00
2 3 T 5 3 7 8 9 10 11
Nodes

Figure 1.310. Display of a Reference Line

1.3.5 Save Options

In addition to generating plots in the display window, MultiPlot gives the user two
options to save individual frames as JPEG files. The use of this option is shown in Figure
1.3.12.

i —
| MultiPlot ;EE
File Plots Options Exit
Save as JPG file
. Valve Opening 1.150000
— Frel  Save all frames for animation 2
Function Min: 14.7000
Function Max: 196.9790
180.00
Animation Controls:
160.00
Go to First Frame
l Erey J Lo ] 14000
[cotomin Frame | [ Goto MaxFrame | =
g 12000
[ 1 Full Cycle ] [ Start Cycling e
g
&
100.00
80.00 —
60.00
40.00
20.00
0.00
2 3 [ 5 3 7 8 9 10 11
Nodes

Figure 1.3.12. Save Options

The first option,Save as JPG filewill save the current frame as a .jpg file. The second
option, Save all frames for animatipomill save a separate .jpg file for each frame in the
current screen animation. One file for each flmgtween the start and end frame values.
Once this collection of files has been constructed the user can use a separate tod|, ffmpeg
to generate an mpeg animation file.
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1.4  Revised property packae for hydrogenperoxide

Previous versions of GFSSP allowed tiser to select hydrogen peroxide (H202) as a

fluid, with properties calculated by the GASPAK property package. GASPAK handles

peroxide properties as a mixture of peroxide and water, with some user specified mole

fraction. In GFSSP, boundary and initjatoperties are based on the input pressure and

temperature. BBFSSPO&6s energy equation i s based on ¢
eqguation is solved, the property package is asked to return the temperatugFregsane

and enthalpy.Unfortunately for a given pressur& ASPAKGOS peroxi de prope
not selfconsistent between calls given temperature and@ahslpy. This leads to

incorrect internal node temperatures or failure of the model to converge.

For v701, GFSSPOs catygackage weretmbhddfiedGAtImPtReK pr op
were always done given pressure and temperature. When properties are needed given

enthalpy, an iterative solution scheme varies the temperature until the proper enthalpy is

found. Note that this method precludes #bility to model phase change, during which

ent hal py varies while temperature stays cons
properties have not been validated in the vapor phdsendecomposition makes

property predictions difficultFor this reasarthe maximum peroxide temperature is

limited to the boiling point at any pressure.

100.00
90.00 |e—
80.00 e ————

70.00

Density (Ibm/ft*)

60.00

50.00
40.00
30.00
20.00

10.00

0.00

500 540 580 620 660 700 740

Temperature (Rankine)

e===Handbook GASPAK

Figure 1.4.1: Density of 95 wt% H202 as a Function of Temperature
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A study was made to compare GASPAKOGs predict
the |Iiterature, mainly Rocketdynebds Hydrogen
below compare the properties of 95 wt% peroxide (approximately 9 mol% water) at a

pressuref 14.7 psia. Itis seen that there is some disagreement; however, properties

should still be accurate enough for many engineering calculations.

1.40E-03
1.20E-03
1.00E-03

8.00E-04

Viscosity (lbm/(ft*s))

6.00E-04
4.00E-04
2.00E-04

0.00E+00
480 500 520 540 560 580 600

Temperature (Rankine)

emHandbook e GASPAK

Figure 1.4.2 Viscosity of 95 wt% H202 as a Function of Temperature

15 Instructions to use REFPROP fromUser Subroutine

This section provides instructions for calli
subroutines. You must have REFPROP installed on your computer and a Fortran compiler
(Intel, Compaq, or G95).

PART 1: CREATE THE REFPROP FORTRAN FILE
1. Inyour GFSSP model foldemeate assulfolder tohold the REFPROP Fortran files
2. Copy all files from the REFPROHR-ortran folder (usually CProgram
Files(x86)REFPRORFortran)into your workingfolder.
3. Del ete the fil e AP a dilesinfpduNvorkimgrfolderf r om t he ¢
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4. Combineall remainingFortranf i | es i nto a file called ARE

achieved using the command prompt.
a. Open the command prompt.
b. Change the directory in the command prompt to your working directory by
t ypi ng viedlyaspéce,théndhe address of your working directory,
for example:
i ¢ d\Us€rdUsernam®ocumentsGFSSP_REFPROPO
c. Once the directory is set to your working directory, type the command:
Acopy *.for REFPROP.foro
&8 Administrator: Command Prompt [E=EER

Microsoft Windows [Wersion 6.1.76811
Copyright <{c> 208% Microsoft Corporation. All rights reserved.

C:swindowsssystem3d2red C:slUserssUsername~GFS5SP_REFPROP

C:sUserssUsername~GFSSF_REFPROP >copy *.for REFFPROFP.for

d A new file named O6REFPROP. for o6 wil!/ be
| ] PROP_SUB.FOR FOR File 141 KB
7] REALGAS.FOR FOR File 11 KB
' REFPROP.for FOR File 1,747 KB
7] SAT_SUB.FOR FOR File 177 KB

5. Open the newly created file AREFPROP. for o
6. Since GFSSP and REFPROP use the same subroutine name for two subroutines, it

will be necessary to rename those two in the REFPROP.for file to prevent any

conflicts. The subroutines are ATHERMO an
these is by wusing the replace feature in
THERMO andRMOBGalkhdTHEpl|l ace them with ASubr
ACal | RPTHERMO respectively. Do the same

three additional subroutines ATHERMOO, AT

be renamed. This will have no adverse effects, sincealls will match their
corresponding subroutines.

Replace [-LhJ Replace
Findwhat:  Subroutine THERM [ FndNest | ||| Fndwhat:  CALL THERM m
Replace with:  Subroutine RPTHERM Replace with: CALL RPTHERM Replace
|7w| | Replace All |
Replace @ Replace @
Find what:  subroutine ROOT Fndwhat:  CALLROOT
Replace with:  subroutine RPROOT] ‘ Beplace | Replace with: CALL RPROOT]| | Replace |
‘ Replace All | | Replace Al |
Match case | Gancel | Match case | Ccancal |

Next the REFPROP directory should be updated to ensure that the correct location

is given to call the fluid and mixture files. The location is set in the subroutine
OPENFL. The directory in thR EF PROP . f o file should ma
installation directory. Please note that the location is set twice, once for the fluids

and once for the mixtures. A common difference is that the directory is given as

18



A GProgram File'®w when REFPROR nwashei nddPmoggbohteod v 1 C
Files (x86)0 .

1f (1d1r ne. 2) then

f (k.eg.1) hfilei=’ ! Current directory
if (k.eq.2) hfilei="fluids'//bs ! Fluids subdirectory
if (k.eq.3) hf11e1—bsff refprop ffbsf/ fluids"//bs ! From \Refgrop\F1u1ds\

I
I
I
if (k.eq.4) hfilei=". Jos// Fluids ™ //bs ' From .
I
I

uids®,
if (k.eq.5) hfilei=’ f1u1ds I Mac
if (k.eqg.6) hfilei="c:'//bs//"’ '/’/bsf/ ! c:“program files\Refprop\Fluids
& ‘refprop’//bs uids "’/ /bs
else

if (k.eg.1) hfilei=" "'

if (k.eqg.2) hfilei="mixtures’//bs

if (k.eq.3) hfilei=bs//'refprop’//bs// 'mixtures’//bs
if (k.eqg.4) hf11e1='..'/fbsff'mixtures'/fbs

if (k.eq.5) hf11e1=':m1xtures

if (k.eg.8) hfilei="c: /fbsff Program Files’

& Sibs// refprop™//bs// "mixtures” //bs
endif
Replace 1
Find what: program files m
Replace with: | program files (<86) |E'CE
Iace Al

if ('|d'|r' ne.2) then
if (k.eq.1) hfilei=’ ! current directory
if (k.eq.2) hfilei=’ f'lu‘ids'//bs ' Fluids subdirectory
if (k.eq.3) hf'i'le1=b5// refprop //bs// fluids'//bs ' From \Refﬁ:rop\F'Iu‘ids\
I

if (k.eqg.4) hfilei=". //bs// fluids"//bs ' From . uids®,
if (k.eq.5) hfilei=’ f1u1ds ! Mac
if (k.eqg.6) hfilei="c:'//bs//" '//bs// v ¢:\program files\refprop'Fluids
& ] 'Refprop’ //bs uids bs
else

if (k.eg.1) hfilei=" "'
if (k.eqg.2) hfilei="mixtures’ //bs
if (k.eq.3) hfilei bs// refprop Srbs/ S mixtures 't/ bs
if (k.eqg.4) hfilei=".."//bs//" m'lxtures '//bs
if (k.eq.5) hfilei=’ m1xtures
if (k.eq.6) hfilei="c: //bs// Program Files (x86)"
& Sibs/ refprop” //bs /S " mixtures” //bs

8. The AREFPROP.fab file should now be readysave the file and copy it to your
model 6s working directory.

PART 2: CREATE AND COMPILE THE USER SUBROUTINE
1. Instead of the standard GFSSP user subroutinieé (Auserrtn701. for 0)
Auserrtn701l. REFPROPcall .foro to your mo C
contains code in subroutine PRPUSER to overwrite the fluid properties calculated
by the property codes built into GFSSP.

IF (I_GIVEN .EQ. 1) THEN
CALL REFPROP_PT(I_NFLUID,
+ Z_S,Z_GAMMA, Z_MU,
ELSE IF (I_GIVEN .EQ. 2) THEN
CALL REFPROP_PH(I_NFLUID, Z_P, Z_T, Z_RHO, Z_H, Z_CP, Z_CV,
+ Z_S,Z_GAMMA, Z_MU, Z_K, |_KR, Z_XV,
+  Z_RHOL,Z HL,Z_CPL,Z_CVL, Z_SL, Z_ GAMMAL, Z_MUL, Z_KL,
+  Z_RHOV,Z_HV,Z_CPV,Z_CVWV, Z_SV, Z_GAMMAV, Z_MUV, Z_KV)
ELSE IF (I_GIVEN .EQ. 3) THEN
CALL REFPROP_PS(I_NFLUID, Z_P, Z_T, Z_RHO, Z_H, Z_CP, Z_CV,
+  Z.S,Z_GAMMA, Z_MU, Z K, |_KR, Z_XV,

Z P,Z T,Z RHO,Z H,Z CP,Z_CV,
Z K1

P,
K, KR, Z_XV)
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Z_CPL,Z_CVL, Z_SL, Z_GAMMAL, Z_MUL, Z_KL,
Z_CPV, Z_CVV, Z_SV, Z_ GAMMAYV, Z_MUV, Z_KV)

This code calls one of three subroutines, depending on whether properties are to be
calculated as a function of P/T, P/H, or P/S.

. The three subroutines already contain the REFPROP filenames for helium,
nitrogen, oxygen, hydrogen, andtera If you will be using a different REFPROP

fluid, modify the code that stores the filename in variable hf(1) in each of the three
subroutines.

IF (I_NFLUID .EQ. 1) THEN
hf(1) = 'helium.fld'

ELSE IF (I_NFLUID .EQ. 4) THEN
hf(1) = 'nitrogen.fid'

ELSE IF (I_NFLUID .EQ. 6) THEN
hf(1) = 'oxygen.fld'

ELSE IF (I_NFLUID .EQ. 10) THEN
hf(1) = 'hydrogen.fld'

ELSE IF (I_NFLUID .EQ. 11) THEN
hf(1) = 'water.fld'

ELSE
RETURN

END IF

Note that _NFLUID is the GFSSP ID number of the fluid whose properties will be
overwritten. | f desired, the above | FéTEt
filename simply hargtoded, for example:

hf (1) = o6water.fl do

. Atthebottorof t he user subroutine is the state

file that you created in Part 1.

I nclude OREFPROP.for 6
In VTASC, click Module/Build. Identify your user subroutine, select your
compiler, and click Build. Compiling may take a mie, as there is a lot of
REFPROP code being included.
.0On the User I nformation page, GFSSPG&6s st a
with fAuserrtn701. REFPROPcall .exeo0. Wh e n
executable, fluid properties will first be calctdd with the builkin property
package (such as GASP or WASP), and then overwritten by a call to REFPROP.
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GENERAL CONSIDERATIONS WHEN CALLING REFPROP

The table below shows the results of testir
problems umg properties from REFPROP. It is noted that the results agree quite well
with those obtained when running with GASP/WASP. However, the REFPROP models
run considerably more slowly.
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