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Additional Capabilities in Version 605

GFSSP

— Expansion of User-Defined Fluid Tables

— Ultility Subroutines for Calculating Fluid Properties
— Efficiency Improvements in Indexing Subroutines
— Five New Example Problems

— Minor Bug Fixes

VTASC

— Expanded Tool Tips

— Show Text Description on Canvas

— Both Pressure Regulator and Flow Regulator in Same Model
— Choice of Inertia Formulation



User-Defined Fluid Tables

User-defined fluids may now be used in both steady-state and
transient models.

Saturation and phase change of user-defined fluids can be
added by providing an extra table of saturation properties.

Utility programs are provided in the GFSSP installation
directory to convert REFPROP fluid output into GFSSP user-
defined fluid tables.



User-Defined Fluid Tables

45 Global Options (==
i Instructions Setup for specifying fluid/th dynamic properti
General Information
Circuit Options Fluid
Unsteady Options ~Type
Fluid Options ¢ Constant Property ¢ Ideal Gas & General Fluid  H202
Density (bm/ft"3) I 0
Viscosity (bm/{ft-sec)) IC
Gas Constart ft4bf/(bm R)) |53.34 Ref. Pressure (psi) |147
Cp (Btu/(bm F)) Jo:24 Ref. Temperature (F) B
Viscosty (bm/t-sec)) |1.262-05 Ref. Enthalpy (Btu/bm) [0
Themal Conductivity (Btu/fftsec F)) Ii.133e~CE Ref. Entropy (Btu/(lbm-F)) IC
— Themmodynamic Package
(¢ Gasp and Wasp " GASPAK Switch Package
Library of Fuids Selected Fluids

User Fluid Files

Helium
Methane

Themmal Conductivity | AKFL1.DAT

Neon - Denstty |RHOFL1.DAT
Nitrogen

Carbon Monoxide Viscosity |EMUFL1.DAT
?A,x;f:n :I Specic Heat Ratio | GAMFLT.DAT
Cabon Dide 5 Enthalpy [HFLT.DAT

Entropy |SFL1.DAT

| SATFL1.DAT

ar Weight |29

v Phase Change

Mole Fraction H20 |0.5

Default |

Cancel Apply-Close | Apply

GFSSP Version 605




User-

efined Fluid Tables

@LJ'| . « Program Files (x86) » GFSSP605 » UTILITIES » SevenUserFluidFiles

Organize v Include in library v
-~ Favorites A
Bl Desktop

& Downloads
= Recent Places
. ER43_Commons
. wstf.02.2014
. LVSA Files for Adam
. Purge and Haz Gas

4 Libraries
il Documents
@' Music
| Pictures

E Videos

1% Computer

&, Local Disk (C:)

s DATADRIVEL (D;)
s DATADRIVE2 (E:)
S® iesapps (\\msfcies0Z
5® appsserv (\\msfc-ap
S® apps (\\msfc-appsl]
5# shared libs (\\msfc-i

“ﬁ Network

Share with v

Burn New folder

ConvertRefprop.exe
=] ConvertRefprop.for
'@ InstructionsToConvertREFPROPDataToSevenUserFluidFiles.pdf

- I +y l ‘ Search SevenUs

Date modified

3/12/2014 10:13 AM

3/12/2014 10:28 AM

=~ 0 @
Type Size
Application
FOR File

Adobe Acrobat D...

3 items

n
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Fluid Property Subroutines

User subroutines may sometimes require fluid properties at
pressures or temperatures other than the node P/T. For
example, some convection correlations use properties
evaluated at the film temperature.

Four new utility subroutines return fluid properties as
functions of P/T, P/H, P/S, or Psat.

The subroutines call GASP/WASP, RP-1 tables, and User-
Defined Fluid Tables. (GASPAK is not supported at this time.)



Fluid Property Subroutines

CALL PROPS PT (I NFLUID, Z P, Z T, Z RHO, Z H,
- Z_CP, 2 CV, 7 S, Z GAMMA, 7z MU
- Z K, I KR, Z XV)

Input

| _NFLUID: Fluid ID code (see next slide)
* Z P: Pressure

e Z T: Temperature

Output

Z RHO: Density

Z_H: Enthalpy

Z_CP, Z_CV: Specific heats

Z_S: Entropy

Z GAMMA: Ratio of specific heats
Z_MU: Viscosity

Z_K: Thermal conductivity

|_KR: Fluid phase code (0 unknown; 1 saturated; 2 liquid; 3 gas)
Z_XV: Quality (vapor mass fractlon)
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Fluid Property Subroutines

| Fluid | Pcrit(psia)
GASP He 33.0
GASP CH4 671.1
GASP Ne 384.9
GASP N2 495.6
GASP CO 507.4
GASP 02 737.2
GASP Ar 705.6
GASP CO2 1070.9
GASP F2 756.4
GASP H2 187.5
WASP H20 3204.0
RP-1 Tables
User Fluid 1 Tables
User Fluid 2 Tables
User Fluid 3 Tables



Fluid Property Subroutines

CALL PROPS PH(I NFLUID, Z P, 2 T, Z RHO, Z H, Z CP, Z CV,

+ Z S, Z GAMMA, Z MU, Zz K, I KR, Z XV,
+ Z RHOL, Z HL, Z CPL, Z CVL, Z SL, Z GAMMAL, Z MUL, Z KIL,
+ Z RHOV, Z HV, Z CPV, Z CVV, Z SV, Z GAMMAV, Z MUV, Z KV)
CALL PROPS PS(I NFLUID, Z P, Z T, Z RHO, Z H, Z CP, Z CV,
+ z S, Zz GAMMA, Zz MU, Z K, I RR, Z XV,
+ Z RHOL, Z HL, Z CPL, Z CVL, Z SL, Z GAMMAL, Z MUL, Z KI,
+ Z_RHOV, Z HV, Z CPV, Z CVV, Z SV, Z GAMMAV, Z MUV, Z KV)
* |nput

| _NFLUID: Fluid ID code

* Z P: Pressure

e Z HorZ_ S: Enthalpy or Entropy

*  Qutput

* Similar to PROPS_PT

* If the fluid is saturated (I_KR = 1), properties suffixed in “L” or “V” are the
properties of the pure liquid or vapor. The other properties are quality-
weighted averages of the two-phase mixture.

* PROPS_PS is for GASP/WASP fluids only.

GFSSP Version 605 10
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Fluid Property Subroutines

CALL PROPS PSATX (I NFLUID, 2 P, 2 T, Z RHO, Z H, %

+ Z S, Z GAMMA, Z MU, Z K, I KR, Z XV,

+ Z RHOL, 7z HL, Z CPL, Z CVL, Z SL, Z GAMMAL,

+ Z RHOV, Z HV, Z CPV, Z CVV, Z SV, Z GAMMAV,
Input

e | _NFLUID: Fluid ID code
 Z P: Saturation pressure
e Z XV: Quality
Output
e Z T: Saturation temperature
 PROPS_PSATX is for GASP/WASP fluids only.
* |f the input saturation pressure is greater than P
is returned.

GFSSP Version 605

crit’

_CP, Z CV,

7 MUL, % KL,
Z MUV, 7 KV)

an error message

11
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New Example Problems

Ex26: Fluid Transient in Pipes Due to Sudden Opening of Valve
 Models Georgia Tech experimental study
Ex27: Boiling Water Reactor
 Demonstrates use of User-Defined Fluid Tables with Phase Change
Ex28: No-Vent Tank Fill and Chill
 Models K-Site Test Facility Data
Ex29: Self-Pressurization of a Cryogenic Propellant Tank Due to Boil-Off
* Includes MLI User Subroutine to Model MHTB
Ex30: Modeling Solid Propellant Ballistic
 Demonstrates User Subroutine to Model Mass Source



Minor Bug Fixes

Miropolskii correlation was calculating unrealistically low values of the
convection coefficient when the fluid was pure liquid. (Two-phase and
pure vapor flows were correct.)

For steady-state models with 15t Law Energy Equation, printed entropy
was for initial guess P/T, not solution P/T.

In transient models, Fixed Flow Rate branch area was not converted from
in? to ft?



VTASC Improvements

Expanded tool-tips

45 Global Options

Setup for specifying general information

User Information | Solution Control Output Control
Solver Information

Solution Methods

This is the default option.
¢ Energy by Fir

(" Energy by Sq
then re-solves the mass and momentum equations, and so on.

Energy for Fluid When Simultaneous Solution is selected, GFSSP solves the mass, momentum, and energy equations simultaneously.

When unchecked, GFSSP solves the mass and momentum equations completely, then solves the energy equation to update the temperatures,

nfe Thls is numerically more conservative, but time-consuming. A very small number of models require non-simultaneous solution.
ce

ConvergenoeCritena [0— Relax K [— Relax H [— Relax HC [—
Maxmum kerations [500  RelaxD [05  RelaxNR [T RelaxTS [T
Initial Guess

" User Specified

" Successive Substitution

(¢ Intemally Specified

[~ Save Information Node Restart Save/Read File : IFNODE.DAT

[~ Read Information Branch Restart Save/Read File : IFBRANCH,DAT

Default

Cancel

Apply-Close

Apply

GFSSP Version 605
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VTASC Improvements

Show Text Description on Canvas

5 NodeProperties
Identifier

Node Description
Pressure (psia)

Temperature (F)

Thrust Area (in"2)

ory file

Node History File
Node Volume (in”"3)

Area Normal to Node (in"2)

[V Show Description

==

ISupply Reservoir )

Generate File |

]~ Cyclic Boundary

Concentration

—

Water [1.0000 ]

0 Upstream Node ID
oK | Cancel |

-

45 GFSSP605 VTASC6.501 BUILD605.101 -- C:\Program Files (x86)\GFSSP605\EXAMPLES\Ex1\Exl vts
File Edit Advanced Run Module Display Canvas Group Help

B B+~ 2&! HEHB x

|»

sonolli#teOa >

<

(10.4125,3.1625) : Inch

Pump Gate Valve Long Pipe
0—@ ~{—2k—[—m=—
Supply Reservoir 12 23 24 Destination Reservoir

GFSSP Version 605
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Can Have Both Pressure and Flow Regulator in Same Model

VTASC Improvements

45 Global Options
i Instructions

i General Information
i~ Circuit Options

i Unsteady Options
‘- Fluid Options

Setup for specifying unsteady information

=

Unsteady I
Options
" Steady ¢ Quasi-Steady

Time Step (sec) [01
Statt Time sec) [0
Final Time (ec) [100
Print Frequency W

¢ Unsteady

[~ Varable Rotation File |

el

[~ Varable Geometry File |
[~ Variable Heat Load

[~ Tank Pressurization

[V Pressure Regulator

[V Flow Regulator

el

Apply

Default Cancel Apply-Close

GFSSP Version 605

16

16



VTASC Improvements

Choice of Inertia Formulation

45 Global Options

Setup for specifying circuit information @
Creut | Iniial Values |
[~ Adal Thrust
[~ Cyclic Boundary
- Dat
|~ Diffusion
[~ Enthalpy Fomulation @ Stagnation € Static
I~ Fluid Conduction
[~ Fluid Mass Injection
[~ Gravity I™ Buoyancy Reference Node [
I Phase
[~ React
[~ Rotati
I~ Shea
™ FuidS c c B c
I Trensie
I Transy
[~ Tubopump
Defaut Cancel ropyCose | sonty |

GFSSP Version 605

DFLI (Differential Formulation for
Longitudinal Inertia) writes the
inertia term of the momentum
equation as m lij d(m /pA ).
When DFLI is unchecked, GFSSP
reverts to the original formulation:
m iy (wlupstream —uliy)

DFLI has been GFSSP’s default for
many vyears. It could only be
disabled by user subroutine.

If a pre-v605 model with the inertia
term activated gives different
results when run with v605, verify
that DFLI is checked.

17



The file SupplementaryDocumentationOfGFSSPVersion605.pdf is

For More Information

located in the v605 installation directory. It documents:

User-defined fluids

Utility programs for creating user-defined fluid tables from
REFPROP

New utility subroutines for getting fluid properties
Revised Example 14
New Examples 26-30



New Example Problems

* Version 605 has five new example problems (Examples
26-30) and revised Example 14
— Chilldown of a Cryogenic Pipeline (Revised Example 14)

— Fluid Transients in Pipes Due to Sudden Opening of Valve
(EXAMPLE 26)

— Boiling Water Reactor (Example 27)
— No-Vent Tank Chill & Fill Model (Example 28)

— Self-Pressurization of a Cryogenic Propellant Tank Due to Boil-off
(Example 29)

— Modeling Solid Propellant Ballistic with GFSSP (Example 30)



Example 14)

Storage SUPPLY DEWAR

Pressurizing \
Gas
o 6.94 4ps

(1.83¢gps)
Turbine
Flowmeter

;’ f
v .o r 4
Vopor Pfe,ssure 4
Thermometer Ball Valve Globe and Gate

Location
\_/ Valve Location

Pressure T ransducers,
Thermocouple Reference

| Vacuum
“

6./m —
(20 1r)

*—Vocvum—= \
43.0m
Static Pressure (141 1t)

FLow— Top 7 Pitot
\\ 7 Tubes

—_—— 1

Stream / 1 -{
Thermocouple Sealing
Gland
Wall

Thermocouple

Inner Tube 61.0m (200 /1) x
1.90cm (X4in) Q0. x
1.59¢cm(5/8in) 1.0., COPPEA

N

GFSSP Version 605

Chilldown of a Cryogenic Pipeline (Revised

* This example models
NBS Chilldown Test
(Vacuum-jacketed 200
foot long copper pipe of
5/8 inch dia) with LH2

 [lllustrates two-phase
flows with phase change

« Calculates temperature
history of fluid and solid
nodes and compared
with Test Data

Reference: Brennan, J. A.,
Brentari, E. G., Smith, R. V., and
Steward, W. G., “Cooldown of
Cryogenic Transfer Lines, An
Experimental Report,” National
Bureau of Standards Report 9264,
November 1966.

20




GFSSP Model

2435 2838 2837 s 2833
Y —E—vw—]
¥3 L ] L2 | |
HTCR HTCGR HTCR HTCR HTGR HTGR HT[R 2z HTER HTCR
2% =¥ LW =W e e ey e ey
1 | | | | | | | |
B = ] o] ] (e ] . ] e
12 2 3 a5 % &7 8 53 910
voc o
(e [ (] [ [ (]
\\ \HTER \HTI:R \HT[R‘ \Hn;p “SSHTER “HTCR NHTCR “urer
e HIER 5 743 w W 47 wW 1345 W 1 44’\"’ "4.}’\’
FS ~. \ =
2092 .—w—E—W—.—«/v—.—«/v—.—w—.—w—.—'vv—.—w—E
4349 4748 4847 4445 4344
2021 I A}i/
5458 960

i
/%ﬂx—w—lwlw—
HTEH w/ /P{LE/R./ w/ IH\T/E/R/ wre” mm/ HTER/ HT[R/ HTE/ \

/ P - W W /
D—_—b—_—b—_———_—b.—_—b.—_—b.—_—b.—_—b-—_—b

301 N

gE Y
6263 “YY

-
B
3232 | 3132 \
HTCR HTCR
AV 384 Y
Fs Fs
| 3'53\
6384

GFSSP Version 605

30 Pipe Branches
each 80 inches
long

31 Fluid and Solid
Nodes

Dewar Pressure
and Temperatures
are 74.97 psia and
-411 °F

Time step =

Heat Transfer
Coefficient was
computed by
Miropolsky
Correlation

21




Comparison with Test Data

NBS Chilldown Comparison

1000 -

== - 5 g
: \ \ %
0.0

A\ N R

-100.0 1 \\ \ \ e GFSSP Station 1
] \ e GFSSP Station 2
] \ @G FSSP Station 3
-150.0 |
] 3 \ | GFSSP Station 4
] \ \ \ —— Station 1
-200.0 \ !
] \\ h\ \ —— Station 2
1 \ \ —— Station 3
-250.0 ‘.

Temperature (F)'

-300.0? \\ y\\\ \ l\l ——— Station 4
<350,oé \\ \ \

] N N
4000 \&0‘-— ii
] e

-450.0 ] :
0 10 20 30 40 50 60 70 80 90

Time (sec)

GFSSP Version 605



Flowrate & Pressure History

0.75

0.50

0.25

0.00

-0.25
0

—
F12 LBM/SEC

20

Ty
F1617 LBM/SEC

40 60

TIME SECONDS

80

100

80

60

40

20

P2 PSIA

20

P16 PSIA

40 60
TIME SECONDS

GFSSP Version 605

80

Initially flow oscillation
occurs due to
instabilities of two-
phase flow

Flowrates gradually
increases as pipes
chilldown and vapor
starts condensing
Pressure difference in
the pipe diminishes as
more and more liquid
flows through the pipe

23




Fluid Transients in Pipes Due to Sudden
Opening of Valve (EXAMPLE 26)

— :
i L = L :
i 1 v i
% S | Water Control Volume —V | I‘l Air p
: b 5 F Ball-Valve Opening
) | History
Schematic of the Pipeline System with ball- /%- ~
valve location (C-D). 2 //
Parameters: 5 /
a=L/l; /
Pr = Pr/Po ! /

Time (Seconds)

GFSSP Version 605 24



GFSSP MODEL

Internal
Nodes

Node PN

—2 {2} m=3}-mm{i}mm{Stem{6|-mm{7}-m-{3]
67

12 23 34 45 56 78 .
Valve Pipe Variable Volumes % ah Plpe Length =20 ft
s | Pipe Diameter = 1.025in
""" [~ [~ [3]
------ 1112 1011 910

Imaginary Control
Volume of Air

e Node 1: Reservoir pressure = 29.4 to 102.9 psia

e Node 12: Volume change due to change in entrapped air
volume.

e Air pressure at the end of node 12 is calculated using Adiabatic
gas expansion relation for ideal gas.

e The valve opening area is based on ball-valve opening of the
original problem.

e Momentum Source due to pressurization of water column due
to air pressure.

GFSSP Version 605 25



Modeling Interaction between Water and Air Column

*\Volume Change with time for pseudo node 12 due to air pressure:

A\/YW = _AV = mairR I TIZAp/pIZZ

air air

Ap =(p,, - plkz)

Air Pressure Calculation: (Using Adiabatic Gas Relation):

-
p=|pV+p V' (l) ~1{ |/(V +AV)

p, V etc indicates pressure and Volume at the current time step
and p’, V' indicates pressure and volume at the previous time
step. The volume and pressure changes are with respect to

time.

*‘Momentum Source in Node 12: -(p_;-P+12)A



Pressure (Node 12) (psia)

&

Pressure (Node 12) (psia)

Comparison of GFSSP and Experimental

a= 0.45

— GFSSP
-e - Experiment

0 T T
0 2 3
Time (s)
300
— GFSSpP
250 -e - Experiment
200 —
150
100
50
0 T T T T T T
0 0.5 1.5 2 2.5 3 3.5

Time (s)

Data

60

50

40

30

Pressure (Node 12) (psia)

— GFSSp
-e - Experiment

0 0.5 1.5 2

a) Time (s)

350

o — GFSSpP
- 300 -e - Experiment
Zz
Q
o
=
=]
&
2
:
2
o

Time (s)

Bandyopadhyay, A. and Majumdar, A., “Network Flow Simulation of Fluid Transients in Rocket
Propulsion System” submitted to Journal of Propulsion and Power for publication

GFSSP Version 605
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Pressure Amplitude (psia)

Fast Fourier Transform (FFT) of the

Pressure Oscillations

a=045
e * FFT Analysis transforms the time
domain pressure oscillations into the
P.=4 frequency domain
* A Fortran Program, “FFT Multiple.for”
has been developed based on
S Danielson and Lanczos algorithm is

Frequency (Hz)

available in Example 26 Folder in

T Exeiment GFSSP Installation Directory

» The program reads “p_t.txt" which
contains time in first column and
pressures in subsequent columns

» The output is stored in “p_f.xIs”

Pe=17

(3]

4 6 8 10
Frequency (Hz)

Danielson, G. C. and Lanczos C., “Some improvements in practical
Fourier analysis and their application to X-ray scattering from liquids”, Journal of
Franklin Institute, vol. 233, pp 365-380 and 435-452

GFSSP Version 605



Boiling Water Reactor (Example 27)

Superheated Vapor

1

Arema
Gasmm——
femwm—r
3 m—
e
m
Subcooled Water

a. Problem Schematic

GFSSP Version 605

14.7 psia

30 psia, 80 Deg F

b. GFSSP Model

29



Instructions
General Information
Circuit Options
Unsteady Options
Fluid Options

Setup for specifying fluid/th

&5 Fluid Option in VTASC for User Specified

Fluid |
~Type

¢ Constant Property ¢ |ldeal Gas & General Fluid

Density (Ibm/ft"3) 0
Viscosity (Ibm/(ft-sec)) |0

Gas Constant (ft-Ibf/(Ibm R)) 153.34

Ref. Pressure (psi) |14.7

Cp (Btu/(lbm F)) Jo24

Ref. Temperature (F) |SD

Viscosity (Ibm/(ft-sec)) |1 26e-05

Ref. Enthalpy (Btu/lbm) [0

Thermal Conductivity (Btu/(ft-sec F)) |4.133e-06

Ref. Entropy (Btu/(Ibm-F)) [0

— Thermodynamic Package

& Gasp and Wasp

 GASPAK

Switch Package

~Fluid Specification

Library of Fluids Selected Fluids

Helium i‘ (13) Fluid1
Methane
Neon :I

Nitrogen
Carbon Monoxid

Oxygen o ﬂ
e (5

User Fluid Files

Thermal Conductivity |aakwater2.dat

Density |rhowater2.dat

Viscosity |emuwater2.dat

Specific Heat Ratio Igammawateerat

Enthalpy |hwater2.dat

Entropy |swater2.dat

Specific Heat |cpwater2.dal

Saturation Table

Fluid Molecular Weight |18

v Phase Change Apply Fluid Info

Mole Fraction H20 (0.5

Default

Cancel |App|y—CIose| Apply I

GFSSP Version 605
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Comparison between solutions with WASP and Property Table
generated by REFPROP

S e e
0.1125 0.1131 0.5333
“ 29.745 29.747 0.00672
“ 18.517 18.536 0.103
15.946 15.935 0.069
209.99 209.59 0.191
223.88 223.02 0.384
354.39 352.55 0.519
— 0.00 0.00 0.00
_ 0.3906 0.3909 0.077
“ 1.00 1.0 0.00

~ x is the vapor mass fraction or quality

GFSSP Version 605
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Results

Pressure (psia)

Lo b b b b

10

20 30 4
Distances from in

0
let (inc

50
hes)

60

340

1320

N =] ] o

= [=>) 0 o

o o o o
Temperature (Deg F)

[
=Y
o

0.8

0.6

Quality

04

0.2

PR |

O

\

\\

10

20

Distance from inl

30 40 50
let (inches)

@
OZ/
PR |

10™

Density (Ibm/ft%)

GFSSP Version 605

10’:

A
5 | 4
e F
e f
g |
> [
810‘_
©
>

10° j

[SEE'S SRS WEUTTS FHPES PEUS S D |

Distance from inlet (inches)
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No-Vent Tank Chill & Fill Model (Example 28)

= K-site Test Tank - The LH2 chilldown test was run on February 15,

1991

Capacitance
probe —~__

@ Internal temperature sensors

% External wall temperature sensors

W Close-spaced temperature sensors
near liquid-vapor interface

Figure 6. —Tank instrumentation.

Tank Material — 2219 Aluminum
Tank Volume = 175 ft3 (87 x 72.5
inch)

Tank Weight = 329.25 Ibs

Tank Insulation — 34 layers of MLI

Chilldown Method:

» 6 Cycles of Charge-Hold-Vent

I Process

* Injection rates were measured

» 714.35 Ibs of LH2 was injected in
2.35 hrs

» Tank was filled to 94%

 Fluid and wall temperatures
measured

 Estimated consumption of LH2 = 32
lbs

g 33




GFSSP Nine Node Tank Model

[ X~

Rv 1011 112

120 Agm voc
_ "‘E] HTCR .
i “'9
138 | -
= =@—¥sv—El
e 158
|
= |
a7 - o 197
_ D HTCR
136 176
56
E——— G Table 3.4.1. Internal Model Tank Parameters
135 - 4 185
1) D =] Branch Number Branch Length (in) Branch Diameter Branch Volume (in)
134 194 (|n)
_—ﬁ___ﬂ.__a 34HTI:R .
13 - L 12 11.063 38.59 4,118.72n
_K\H L e
2 (]I 23 11.063 62.71 10,876.43n
. - " 212
' I HTCR
B -5 ] 34 11.063 74.61 15,395.967
221
45 11.063 79.88 17,647.731
* No heat leak was assumed
. . 56 11.063 79.88 17,647.731
« Initial Tank Pressure = 2 psia
* Initial Tank Temperature =-20 ° F 67 11.063 74.61 15,395.967
78 11.063 62.71 10,876.431
89 11.063 38.59 4,118.72n

GFSSP Version 605 34



GFSSP Model Results

-»¢ P1 PSIA Node 1 & [f31]*9
e
030 Ib/sec
60
0.25
0.20
40
0.15
o Pressure &
Inlet Flowrate
0.05
-0.00 0
0 2000 4000 6000 8000 10000
oo TIME SECONDS J—
-~ F1112 LBMW/SEC Restrict 1112
oo _

w Calculated Propellant
Estimated Propellant
nee (From T

0.04
0.03
0.02

0.01

Loss = 32.5 Ibs
Loss = 32 Ibs
est)

Vent Flowrate

0.00
2000 4000

TIME SECONDS

6000 8000 10000

123 oM 222

% [EM+[EM2]+[EM3]+[EM4]+[EMS5]+[EM6]+[EM7]+[EMB]+[EM9]
700

Lbm

600

500

LH2 Mass in Tank

0 2000 4000 6000
TIME SECONDS

=¥ XV4 - Node 4
~4 XV5 - Node 5
~»- XV6 - Node 6

0.5

0.0

-0.5

Vapor Quality in Tank

0 2000 4000 6000
TIME SECONDS

8000

WinPlot vagret

WinProt vagrct
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Self-Pressurization of a Cryogenic Propellant

Tank Due to Boil-off (Example 29)

Back Pressure

Onifice ~.
-
-
Spray.
Bu \
-+
-+

JT Valee

Pump

Thermodynamic Vent
System in MHTB Tank

Manhole Cover and

1|
NS SN SN NN SN SN NN

Work Platform

Pump-Out Port ~

TVS Vent Flow Back-

Pressure Orifice - 3

| || — Environmental Shroud Assembly

Insulation Interstitial
Pressure Probe —

Internal Instrument Rake
(Secondary) —_|

Spray Bar/Heat Exchanger

(Zero-Gravity Pressure Control) |
I

TVS Enclosure

N

x

Purge/Evacuation ==

Line

TVS Enclosure (Contains —
Subsystem Hardware)

|| Pressurization Penetration
- Fill/Drain Penetration

| ————a
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GFSSP Model & Evaporative Mass Transfer

GFSSP Model

- £
ars 410 g

Evaporative Mass Transfer at Liquid-Vapor Interface

W/ Ullage
m,
| i
d ]"j[
Liquid 7¥Z l

011

» Ullage to Interface heat transfer, Q
QLU =hlUT A(TLU —TI7 ),

« The Interface to Liquid heat transfer, Q,_
QUIL =hiIL AT —TIL )

« The evaporative mass transfer
m=QlUl—-QIIL /hlfg
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Heat transfer thru MLI blankets

Tc T2 Tl TH Tamb
- i i = 1 Radiative
Heat Transfer
qQ=o(7lambT4 —.
Q3 Q2 Ql Qrad
) 8 Layer/cm 12 Layer/cm 16 Layer/cm
MLI Blanket  MLI Blanket MLI Blanket

Modified Lockheed Equation

Hastings, L. J., Hedayat, A., and Brown, T. M., Analytical Modeling and Test Correlation of Variable Density Multilayer
Insulation for Cryogenic Storage, NASA/IMSFC, NASA/TM-2004-213175, May 2004.

[Cs (0.017+7.0E-6*(800.0-T7,,) +2.28E - 2*In(T, NN*""(T, -T.) Ce(T;" -1}") CPT™-T")

q =
NS NS
N* MLI layer density, layers/cm Variables and units
N. number of MLI layers q heat flux through MLI, W/m?
€ MLI layer emissivity, £ = 0.031 T,  hotboundary temperature, K
P interstitial gas pressure, torr T.  cold boundary temperature, K

T.. average ofhot and cold boundary
GFSSP Version 605 temperatures, K



Modeling of MLI| Heat Transfer in GFSSP

Develop Conservation

Equations for each layer )

A 4

Develop Partial

MLIEQNS

QFLUXMLI- Modified

,| Lockheed Equation

4

Derivatives for N-R Solver )

Solve for Temperature

MLICOEF

y

Corrections

N

Apply Temperature
Corrections

. Check for Convergence

Yes |

Calculate average heat
flux

GAUSSY

QFLUXRAD- Radiation
Equation in outer layer

q=o(7lambT4 —Tlout

The law of energy conservation
Qrg= Q= Q= Q,
Q,(T,, T,)-Q4(T,, T)=0

Q,(T,, T,)- Qu(T,, T,)=0

Qlrad (Tlamb ,TIH )-QI1 (TIH,.

GFSSP Version 605
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Model

P2,P2
Edit w/menu Style->Nomenclature->Set Sub-Title

GFSSP MLI Modeling Ullage Pressure

WinPiot vd 50

21

MLI DF=2.8

MHTB Ullage Pressure_P2.csv P2 psia - mhtb_sp_cht mliFN_DF1.CSV P2 PSIA -5~ mhtb_sp_cht mliFN_2.8.CSV P2 PSIA

16 — i ; ;
120000 130000 140000 150000 160000
sec

GFSSP Version 605

170000 180000 190000

12:62:62°0 04202014

Application Results for MHTB Self Pressurization
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Modeling Solid Propellant Ballistic with
GFSSP (Example 30)

Plenum
Nozzle Nozzle Chamber Endof  Endof PropellantBurning,
(supersonic)  1hroat (fixed volume)  Type Grain Mass as a function of
E (fixed) (fixed)  (dynamic) Apum, Pressure

e

AR A A R AR PR

WY AT AR AR
Nozzle
27| oot The propellant burning rate (in/sec) was
expressed as:
- r=alBR PLCTnIBR
Where agz = 0.0687 and ngg = 0.3
Orifice Propellant Density, g, = 0.06 Ibm/in®

Chamber 41
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SORCEMAS,F1617
Edit wmenu Style->Nomenclature->Set Sub-Title

Results & Computational Details

Pressure History

P2 PSIA Node 2 P16 PSIA Node 16
P10 PSIA Node 10 —%¥— P1 PSIA Node 1

04

0.3

0.2

0.1

0.0

0.00

0.02 0.04 0.06 0.08 0.10
TIME SECONDS

SORCEMAS - Mass Generated due to burn, F1617 - Exit Flowrate
SORCEMAS Ibls F1617 LBM/SEC Restrict 1617

0.02 0.04 0.08 0.08 0.10
TIME SECONDS

GFSSP Version 605

0.12

Numerical Control Parameters:

Very Small Time Step:
(DTAU = 0.0001 sec)

Stringent Convergence Criterion
(CC =1e-07)

Heavy Under-Relaxation on Density
(RELAXD = 0.05)

During Tail-Off, RELAXNR was set to

0.3 in User Subroutine
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Summary & Future Work

Version 605 is the final release of Version 6

Supplementary Documentation released with this version
describes all additional capabillities and example
problems

There is a plan to merge the Version 604 User’s Manual
with the Supplementary Documentation into an updated
User’s Manual

All existing models should be migrated to Version 605

The planned Version 701 will include:
— Psychrometric Properties
— Significant improvement in Computational Efficiency
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