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1.0 Introduction

The Thermal Insulation System Analysis Tool (TISTool) was devéloped starting in 2004 by
Jonathan Demko and James Fesmire The first edition was written in Excel and Visual Basic as
macros It included the basic shapes such as a flat plate, cylinder, dished head, and sphere The
data was from several KSC tests that were already 1n the public literature realm as well as data
from NIST and other highly respectable sources This was presented at CEC 2007
Chattanooga, TN and was published 1n Advances in Cryogenic Engineering, Vol 53A (1) More
recently, the tool has been updated with more test data from the Cryogenics Test Laboratory and
the tank shape was added Additionally, the tool was converted to FORTRAN 95 to allow for
easter distribution of the material and tool

2.0 Theoretical Discussion

The calculations are based on one-dimensional heat conduction of standard basic shapes The
current shapes include a plane, cylinder, sphere, dished head, and tank (combination of cylinder
and dished head) The basic equation for a plane wall 1s

Q=247 .
for a cylinder,
Q= —znAL]:T'g/Tr—'i—) ),
and for a sphere,
Q= —4n/1rlrl_1% 3)

In equations (1-3), A 1s the thermal conductivity and 1s assumed constant over the finite thickness
between X, and X, ; orr, and r,.; The thermal conductivity 1s assumed to vary as the temperature
and material of the divisions change and 1s determined from test data that 1s documented 1n
Appendix B All other variables are defined in the List of Symbols The general finite
differencing setup for the flat plate and cylinder are shown in Figure 1 The energy 1s balanced
at all locations by assuming an mtial temperature distribution and determiming the thermal
resistance (eq 4) at each division and iteratively solving until the Q’s converge to a given
tolerance

(4)

Typically the maximum change 1n temperatures between 1terations can be reduced to less that 10°
? K 1n less than 25 1terations A block diagram of the logic 1s shown 1n Figure 2



(a) Planat

(b) Cylinduical spherical and
dished head

Figure 1 Tlustration of divisions of an insulation system for (a) planar and (b) cylindrical, spherical, and dished head geometries

(used from Ref 1)
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Figure 2 Flow chart of the iteration process for variable thermal conductivity calculation

3.0 User Interface and Inputs

The user can interface with the TISTool 1n two different ways The first uses only inputs when
queried from the TISTool command window while the second uses a user developed mput file



and mumimal mnputs to the TISTool command window At any point throughout the setup, 1f a
wrong keystroke 1s entered, the program will often merely send the user back one step to reenter
that parameter, however 1t may send the user back to the beginning of the process 1f a large error
1s made

Upon mitiating TISTool exe, the screen should look similar to Figure 3  Pressing enter will
show the mstructions on operating within the TISTool command window

Welcome to the Thermal Insulation Systems Analysis Tool
ritten hy:

{lesley Johnson

Cryvogenics Test Lahoratory

MS: NE-F6

Kennedy Space Center, FL 3289%%

(321> 8674865

and

N AN NN
N> NN

Jonathan Demko
Applied Superconductivity Group
PO Box 2868, MS - 6385

S\
Y 2
3

Oak Ridge. TN 37831
(865> 574-1467

AN

~ Ny s,

This program iz from March 2618
If you think the insulation database has been updated since that time.
. please contact one of the authors.

AW 77
N,
3

2

3

AN
PN

press Enter to continue.

%

<

15N

Figure 3 TISTool Introductory Screen

After the Instructions come the insulation data update options that are discussed 1n section 5 2
The next important screen encountered 1s the geometry selection shown in Figure 4 The
different geometries available with the TISTool are listed here and include a flat plate, cylinder,
sphere, dishhead, and tank Choosing any of option 1-5 causes you to continue 1n the TISTool
command window (3 1), option 6 allows the use of an existing input file and operates under the
nstruction located 1n section 3 2

To begin calculation, please choose a geometry.
1. Plane
Cylindex
. SpheresFraction of a Sphere
Dishhead (2:1)
Tank :
Use existing dinput flle- Tistool 1nput txt
,Enter'a nunher hetueen 1 and &

Figure 4 Geometry selection

3 1 TISTool Command Window Inputs
At this pornt, the user has selected one of geometry options 1-5 and 1s ready to proceed to the
system 1nputs Each geometry asks for different measurements to define the geometry selected,
all lengths are 1n meters The “Plane” selection asks for planar area (m?) The “Cylinder”
selection asks for inner diameter (must be greater than 0) in meters and length of the cylindrical
section in meters The “Sphere/Fraction of a Sphere” asks for inner radius (must be greater than
0) in meters and sphere fraction (between 0 and 1, this allows partially spherical domes) The
“Dishhead (2 1)” selection asks for mner radius (must be greater than 0) in meters and dishhead



fraction (between 0 and 1) The “Tank” selection requires cylindrical radius (must be greater
than 0), cylindrical length, and dishhead fraction (between 0 and 1, defines the shape of the
domes) Figure 5 shows the process for a cylinder and other geometries are shown 1n the tutorial
section

Please insert the inner radius <(m>

Please insert the cylinder length <{(m)
1.0

Figure 5 Defining the parameters of a cylinder
Next the boundary conditions are set Cold and warm boundary temperatures (input in Kelvin)
are required with optional inputs for boundary convection (input in W/mZ-K) Figure 6 shows
example mputs with a convection coefficient inputted on the warm boundary

; Please enter the cold houndary temperature in Kelvin

| Is there convection on the cold boundary? (¥/N>
Please enter the warm houndary temperature in Kelvin
1304 )
Is there conuection on the warm bhoundary? <Y¥Y/N>

Please input the convection coeficient, h (U/m2-K>

Figure 6 Boundary Condition Entries with Warm Boundary Convection

The default temperature tolerance 1s set to 10-5 K and the default iteration limit 1s set to 1000
Either can be changes by typing a “n” as the appropriate input Generally both are well within
the requirements for run time and accuracy for a given model Figure 7 shows the general
statements 1nvoled in changing these parameters, additionally, they are changed in the planar
tutoral (6 1)

default tolerance of 1.8=18"(-5> appropriate? (Y/N>

enter your desired temperature tolerance (K>

ACKO (el W X G

default maximum iterations of 13@3 appropriate? (¥Y/ND

enter your desired maximum number of iterations

DN

Figure 7 How to change the default tolerances and maximum iterations

After defining the geometry of the model, the user then must select the proper materals
Choosing one and pressing enter allows the user to cycle through the existing materials, once the
end 1t reach, TISTool will loop back to the beginning Entering any number other than a material
that 1s available will yield a warning message Figure 8 shows the first page of insulations that
appear after mmitializing TISTool Materials with user numbers below 11000 are vacuum
pressure dependant and require the additional input of vacuum pressure when defining the
thermal properties of the material (see 6 1) Note the user 1s limited to 15 matenals and 101
divisions



"Please choose your next material

299992 User Defined Insulation

18182 ’'Glass Bubbles, Ki,. 3IM’

10183 ’Perlite Powder, Ryolex’

10184 ‘SOFI, BX-265,. shaved’

18105 *SOFI,. NCF] 24-124, shaved’
18186 ’SOFI, NCFI 27-68, shaved’
18187 ’SOFI, NCFI 24-124, with pind’
18188 'Nanogel Beads. Cabot, white’
1818? ’‘Composite Beads., black’

18118 °'LCI#1, MLI + Aerogel Blankets’
10111 ‘Layered Pyrogel, Aspen’

Please choose a material by entering the material number, enter B to finish|or

1 to see more materials

Figure 8 Initial insulation systems that are available for use in TISTool

Once all of the matenals have been selected, typing “0” exits the matenal selection menu  All
that remains 1s to name the output file (imited to 20 characters including the file extension) At
this point the program does the thermal analysis and outputs the file with the results

3 2 User Input file
If the user desires to simply create their own nput file, one can be created using the 6t option 1n
the geometry defimition menu The file should be named “Tistool input txt” and stored in the
same file as the executable Figure 9 shows the input file for the plane tutorial Table shows the
inputs with their type defimtion and units in TISTool as well as specific options 1f appropriate

The first line 1s the name of the output file (limited to 20 characters including spaces and file
extension), this will be read into TISTool as a character string The second line defines the
geometry (and the geometric dimensions that come later) Options on the second line are limited
to “plane”, “cylinder”, “sphere”, “dishhead”, or “tank” Any other entry will result in no output
and an error The third line specifies the number of matenials (max 15) as an integer The fourth
line specified the cold boundary temperature in Kelvin as a double precision number (up to 16
significant figures) The fifth line specifies the cold boundary convection coefficient in Watts
per meter squared Kelvin as a double precision number (up to 16 significant figures), 1f no cold
boundary convection 1s desired, nsert “0 00” The sixth and seventh line are the warm boundary
temperature and convection coefficient with the same rules as the inner boundary conditions
The eighth line 1s the inner radius and 1s used for the cylinder, sphere, tank, and dishhead options
as a double precision number (up to 16 sigmficant figures) The ninth line 1s the planar area as a
double precision number (up to 16 significant figures) for the plane geometry The tenth line 1s
the cylinder length as a double precision number (up to 16 significant figures) used for the
cylinder and tank options The eleventh line 1s the spherical fraction as a double precision
number (up to 16 significant figures) used for the sphere, dishhead, and tank geometries The
twelfth line 1s the number of iterations allowed before forcing an output as an integer The
thirteenth line specifies the tolerance on the temperature convergence as a double precision
number (up to 16 sigmficant figures) The remaiming lines (the number left should match the 3
line) specify the materials to be used, first 1s the matenal code (5 digit integer), second 1s the
thickness (10 characters — including decimal point - with 6 coming after the decimal point), third
1s the number of division (2 digit integer), and finally 1s the vacuum pressure (10 characters —



including decimal point - with 3 coming after the decimal point, the 10 characters include the E

and the exponent, this number 1s read 1n as an exponent)

0

| File Edt Format View Help

{ plate_tut txt
plane

3

90 0000000000000
4 ©_000000000000000£+000
273 000000000000
0 000000000000000E+000
0 000000000000000E+000
2 00000000000000
0 00C000000000Q000E+000
0 00000C000000000E+000

SO
1 000000000000000E 004
19700 0 001000 2 O QOOE+00
25000 0 004000 4 O Q00E+Q0
10104 0 015000 35 O 100E+01

Figure 9 Example user input file (see planar tutorial 6 1) B

Table 1 User Input defimtions

Row Name Type definition Units Comments
The 20 character |
1 Output filename  Character *20 limat mcludes the |
_ ) L file extension |
Choose one of
Plane
Cylinder
2 Geometry Character Sphete
Dishhead
o ) ... Tank
Numbel of ] Cannot  exceed
3 Integer
- matetials o 15 g
4 Cold Boundary Double Precision K
) Tempetatwe  ~  ° 0
5 Cold Boundary Double Precision W/m*-K
o _Convection _ . L B
6 Warm Boundary Double Precision K
o o ... Temperatwre
7 Warm Boundary Double Precision W/m?-K :
~__ Convection o - - o
8 Inner Radius Double Precision m Used fot




Cylinder
Sphere
Dishhead
Used for
Plane o
Used for
10 Cylinder Length  Double Precision m Cyhinder
Between 0 and 1,
Used fo1
11 Sphere Fraction  Double Precision Sphere |
|

9 Planar Arca Double Preuision m

Dishhead
Tank |

. Recommended 1s
12 # Tterations Integer 1000

Recommended 15
o . 1000E-5
The remaining number of lines should match the number in line 3 and each specifics a
material Each material should have the following four items separated by a single space
Specitics the W

13 Tolerance Double Prewision K

Material Code Integer (5 digit)

- ~ - __.mnsulation

Number 10 The 10

Maternal characters with 6 characters
Thickness coming after the m cludes the
e __decimal pount ~ . _._ decimalpomt
# of Divisions Integer (2 digit) rll’(;) tdl less than
Engineering
number 10 characters
Vacuum Pressuie mullitor:
(example total

I 000E-003)

4.0 TISTool Output File

The output file 1s named by the user and put into the same folder as the executable The output
file includes information about the geometry (shape and size), both boundary conditions (warm
and cold boundary conditions, tolerances and the number of allowed iterations), a summary of
results (surface area, total heat load, heat fluxes — inner and outer, material system thickness, and
over-all field installed thermal conductivity — ko) The most important part 1s the bottom
section that details each division The material, material code, thickness, apparent thermal
conductivity, thermal resistance (as a function of distance through the system), temperature, and
heat transfer through the division are listed Figure 11 shows an example output file Typically
all of the Q(W) column should be 1dentical unless either the file didn’t converge, or the tolerance
was set too high The k-value 1s the actual thermal conductivity used 1n the final iteration and
thus 1s usually a function of temperature (1f available) The thickness and thermal resistance ((r-



R1)/(Ro-R1)) columns are continuous 1n that they show the value from starting at the cold
boundary to that of the current division

M plate_tut - Notepad
Fie Edt Format VYiew Help

This calculation used the basic geometry of a plane
area 000 mA2

Boundary Conditions
Inner Temperature 90 000 K

Inner convection 0 000 W/mAZ-x
[ outer Temperature 273 000 K
outer Convection 0 000 w/mA2-K

Tolerance 100e-03
Maximum Iterations 50
summary of Results

Inner Surface Area 2 000 mAZ

outer surface area 2 000 mA2Z

Total Heat Load 180 251 w

Inner Heat Flux 95 126 w/mA2

outer Hear Flux 95 438 w/mA2

Thickness 20 000 mm

koaf1 10 430 mv/m K
material Matl # thickness (m) k-value (m¢/m-K) (r-R1)/(Ro-r1)  T(K) Q(w)
AL6061-T6 NIST 19700 0 0000 92047 7978 0 0000 90 000 0 25
AL6061-T6 NIST 19700 0 0005 82047 7978 0 0250 90 001 188 385
ALBO6L-TE NIST 19700 0 0010 92048 0958 Q0 0500 90 001 190 885
G 10 Normal NIST 25000 0 0020 297 2101 0 1000 90 322 190 880
G-10 Normal NIST 25000 0 0030 297 6272 0 1500 90 643 190 874
G-10 Normal NIST 25000 0 0040 298 0438 0 2000 90 663 190 875
G 10 Normal NIST 25000 0 0050 298 4598 0 2500 91 283 190 876
SOFI BX-265 shaved 10104 0 0080 7 8780 0 4000 127 626 190 876
SOFI BX-265 shaved 10104 0 0110 7 8780 0 5500 163 970 190 876
SOFI BX%-265 shaved 10104 0 0140 7 8780 0 7000 200 313 190 876
SOri BX 265 shaved 10104 0 0170 7 B780 0 8500 236 657 190 876
SOFI BX 265 shaved 10104 0 0200 7 8780 1 0000 273 000 190 876

jo

Figure 10 Example TISTool Output File

5.0 TISTool Options

The TISTool has several options that allow for a broader and easier use of the tool These
options include the ability for the user to create new insulation data files and to incorporate them
seamlessly into the structure of the code (without changing the source code or recompiling)
Also, at some pomnt the Cryogenics Test Laboratory or other laboratories and agencies may
decide to publish additional data for use, the standard 1s described below 1n how to create these
files and how to update the approprate files that allow TISTool to know that the new materials
files exist and are able to be used Furthermore, multilayer insulations (MLI) receive a special
treatment 1n the TISTool that 1s fully discussed here The MLI inputs are not editable, but still a
further discussion of them will allow the user to understand the difference between these special
materials and standard 1sotropic matenals

51 Adding Insulation Systems
To import additional data sets, add the data set as a TIS file and the next time you run TISTool,
merely update the nsulation system file These files will be made available for download as
they are generated by the Cryogenics Test Laboratory and other NASA facilities

511 Creatinga TIS files
The TIS file has several major components the msulation number, the insulation name, the
number of data points, and the actual data The correct entry of each of these 1s imperative to



ensure that the new insulation system will work with the TISTool Figure 11 shows the basic
layout of the TIS file

The first line contains both the material number (as referenced 1n the TISTool) and the material
name Both are displayed as a part of the TISTool output, while the number 1s solely used during
TISTool operation to specify the exact material Depending on the matenal type, there are
several numbering conventions, these conventions determine the data to be input in the body of
the file The first rule 1s that there cannot be any duplicate numbers, this will confuse the filing
system, and overwrite previously existing data files Any matenal that 1s a function of vacuum
pressure (fixed boundary temperature) should be numbered between 10100 and 10200 As of
4/19/2010, 17 of these 101 slots have been filled If at some point the need for data exceeds
these slots, then that capacity will be expanded The numbers 27000 through 28000 have been
set asside for hardcoded MLI functions, currently there are 11 hardcoded MLI functions The
final number that has been reserved, 1s 99999, this 1s reserved for user inputed materials within
the code itself The name of the material 1s hmited to 50 characters including spaces and must be
surrounded by quotation marks The name should at mimimum give a common or trade name
and also should indicate what vacuum level the data was taken at (1e high vacuum (HV, 10-3
torr), soft vacuum (SV, 1 torr), no vacuum (NV, 760 torr)) The material number and name
should be seperated by a tab

The second line should have an exclamation point as 1t 1s commented out

The third line contains the number of data points (an integer) Following that should be a tab and
an exclamation pomnt and then and more information on the material that may be of interest to
other users

The remainder of the file 1s filled with the data points For any materials that are a function of
temperature, the format should be temperature then thermal condcutivity, seperated by a tab For
any materials that are a function of vacuum pressure (1 € matenal #s 10100 through 10200), the
data should be in the format cold vacuum pressure and then thermal conductivity seperated by a
tab The data 1s limited to one temperature or vacuum pressure data point per line

Examples of the input are shown 1n Figure 11 and Table 2



Fie Edit Format View Help
5000 G-10 Normal NIST |
; -
31 INJA
0 0 112
10 0 112
20 0 1586
30 0 191
40 0 217
50 0 238
60 0 255
70 0 270
80 0 284
90 0 297
100 0 310
110 0 322
120 0 335
130 0 347
140 0 360
150 0 374
160 0 387
170 0 401
180 0 415
190 0 430
200 0 445
210 0 460
220 0 475
230 0 401
240 0 507
250 0 523
260 0 540
270 0 557
280 0 574
290 0 591
300 0 608

Figure 11 TIS file defimtion and example

Table 2 General Rules and Guidelines for Insulation Matenial Data Files

Function Rules/Requirements Example Limitations
5 digits
Materml  teserved o 27000 - 25000
aterta 11515 99999
Number materials as a already taken
function of vacuum Y
e level . o
max 50 chatacters, "Pyrogel 5?:(33?5;?5
Material Name  quotation marks on Blanket, 2 mm & K
both side (KSC), NV quotation maiks
_____ . ... __._ 7. . __ andspaces
Number of !
 DataPomts "tPemmmtcee ! B
Temperature Temp and k-value unts

179 00136  Temperature K
___k-value W/m-K
units
01 000132  CVP mullitorr
k-value W/m-K |

Data Points separated by a tab

Cold Vacuum CVP and k-value
Data Points sepatated by a tab




52 Updating the Insulation Systems m TISTool

The architecture of the TISTool allows for the easy addition and use of new material data The
first option after the introduction and instructions 1s “If you would like to update your insulation
file, please enter a 1 Otherwise, enter 0” When a 1 1s mput, a MS-Batch file searches the
current file that the executable 1s stored in for any TIS (matenal data) files It writes the
contents of the first line of the file to the file TISTool WLJ which 1s read by TISTool to
determine what matenal files are available Every TIS file that 1s found 1s output to the screen
as shown 1n Figure 12 1t 1s hoped that the stmplicity of this system allows more users to easily
use the basic heat transfer routines for their specific purpose

) urites to an output
as this executable in addtion to the screen.
The output file can be named by the user.
The TIStool will inform wyou of any errors youw make during the input and
allow you to correct them.

N|

NG NN

press Enter to continue

If you would like to update your insulation file. please enter a 1
§ Othervise, enter @

1 file(s) copied.
18102.T1S
181683 .TIS
10104 .T1S
10105 .T1S
18186 . TI1S
18107.TIS
16108 .TIS
18189 .T1S
19118.T18
10111 . TIS
18112 .TIS8
189113.TIS
18114 .TIS
18116.T1T18
16117.T1S
10118 .TIS
10125 _TIS
11188.TIS
11560.T1S
1151 . TIS
11582.T18
11587 718
11508 . TIS
115892 .TIS
115160.TIS
11511 .TIS
11512.TIS
11513 .TI8

- 11514.TIS

Figure 12 Updating the Master Insulation File
53 Multilayer Insulation Systems

Multilayer insulations are treated a little bit differently than standard materials In the early
1970’s and mid-1990’s there were several investigations 1nto the roles of various combinations
of radiation, sohid conduction, and gas conduction/convection for different multilayer insulation
systems (2) (3) (4) These mnvestigations yielded several basic equations to determine the
performance of multilayer insulation systems Meanwhile, Barron used these basic equatiors to
develop a modified way to handle MLI systems layer by layer (5) Barron’s equations are used
in material 27000, '"MLI Dacron Spacer L-B-L (Barron) From the original Lockheed flat plate



calorimeter, material 27004, 'Lockheed (CR-12025) - Unperforated DAM/Unconditioned Silk
Net', was developed The main “Lockheed Report” (NASA-CR-13477) contained the equations
for the following systems

(27003) 'Lockheed (CR-13477) - Unperforated DAM/Tissuepaper'

(27005) 'Lockheed (CR-13477) - Unperforated DAM/Conditioned Silk Net'

(27008) 'Lockheed (CR-13477) - Pattern S602 DAM/Silk Net'

(27009) 'Lockheed (CR-13477) - Pattern S603 DAM/Silk Net'

(27010) "Lockheed (CR-13477) - Pattern S604 DAM/Silk Net'

(27011) 'Lockheed (CR-13477) - Pattern 937 DAM/Silk Net'

(27012) "Lockheed (CR-13477) - Pattern 937S DAM/Silk Net'

Based on NASA TM-2004-213175, a “Modified Lockheed Equation” was developed for variable
density MLI using perforated (0 5 holes with 2” spacing) double aluminized mylar with with
Dacron netting The material numbers are

(27001) 'Modified Lockheed (MHTB) - Constant Density'

(27002) "Modified Lockheed (MHTB) - Vanable Density'

Special nstructions for using these materials are that for the divisions, you must specify the
number of layers (reflector and spacer) as the number of divisions The TISTool automatically
sets the number of layers equal to the number of divisions specified and the layer density 1s the
number of divisions divided by the material thickness specified The TISTool does a layer by
layer analysis using these equations

By including these equations, the authors by no means endorse the validity of the resulting data,
often these equations are found to be a factor of 2 or more off of the actual heat transfer data
More information on these materials can be found 1n section 8 0

6.0 Tutorials

The following tutorials show the usage of all TISTool options and geometries (but not all
materials)

Note the actual characters to be typed are in quotation marks

6.1 Plane/Flat Plate
Select the plane or flat plate geometry by typing “1” in the TISTool command window
Press Enter

The TIStool writes to an output file that is located in the same location [
as this executahbhle in addtion to the screen.

The output file can be named by the user.

The TIStool will inform you of any errars you make during the input and
allow you to correct them.

press Enter to continue

If you would like to update your insulation file, please enter a 1
Othervise. enter 8@
r

To bhegin calculation,. please choose a geometry.

. Plane

. Cylinder

. Sphere-Fraction of a Sphere

. Dishhead (2:1>

. Tank

. Use existing input file: Tistool input.txt
nter a nunber hetween 1 and &

2
3
4
5
6
E




Enter a surface area of “2 0 m?
Press Enter

If you would like to update your insulation file, please enter a 1
BOthcrwisc. enter @

To begin caleculation. please choose a geometry.
] 1. Plane

2. Cylinder

3. Sphere/Fraction of a Sphere

4. Dishhead (2:1)>

5. Tank

6. Use existing input file: Tistool input.txt

Enter a number hetueen 1 and &

Pleaqc insert the planar area (N2>

Type “90” for the cold boundary temperature in Kelvin
Press Enter

Type “n” for a fixed temperature boundary condition
Press Enter

Type “273” for the warm boundary temperature in Kelvin
Press Enter

Type “n” for a fixed temperature boundary condition
Press Enter

f If you would like to update your insulation file. please enter a 1
Otherwise, enter 8

To hegin calculation, please choose a geometry.
1. Plane
2. Cylinder
3. SphereFraction of a Sphere
Dishhead <(2:1>
5. Tank
Use existing input file: Tistool input.txt
Enter a numher betueen 1 and 6

Please insert the planar area (mn™2)>

Please enter the enld boundary temperature in Kelvin
?s there convection on the cold boundary? {(¥Y/N>
Please enter the warm boundary temperature in Helvin

PAE]
iIo there convection on the warm boundary? (¥Y-/N)

Type “n” to change the default tolerance

Press Enter

Type “0 0001” to change the tolerance to 1 0E-4 K

Press Enter

Type “n” to change the default number of iterations

Press Enter

Type “50” to set the system to do a maximum of 50 iterations
Press Enter

| Iz the default tdlerance of 1.8%10"(-5> appropriate? C(Y/N>
n
Please enter your desired temperature tolerance (K>
A.88081
[ Is the default maximum iterations of 1008 appropriate? (¥-/N>
i)

VL DD D X &

‘Please enter your desired maximum number of iterations

Type “1” to see more materials
Type “1” to see more materials
Type “1” to see more materals



Type “1” to see more materials

Type “1” to see more materals

Type “1” to see more materals

Type “19700” to choose 6061-T6 Aluminum as the cold mass material
Press Enter

Type “1” to set the aluminum thickness at 1 0 mm

Press Enter

Type *2” to select two nodes for the aluminum
i 19680 ’S8S8316 NIST’
19618 ‘SAE 1828 BNL 160208-R’
19628 ’SAE 1895’
19638 ’SAE 4136 BNL 182868-R’
| 19700 ‘ALeBe1-T6H MNIST’
! 24480 ‘MLI Foil&Paper, &8 layers, 79 kgsm3 (KSC)’
[ 24418 ’'MLI Foil&Paper. 68 lavers. 79 kg/m3 (KSCG)*
| 24428 °‘HMLI Foil&Paper, 68 lavers, 79 kg/m3 (KSC)’
25080 ‘G~18 Normal NIST’

Please choose a material by entering the material number. enter 0 to finish or

to see more materials
9700
Please enter a thickness (mm» for
AL6A61-T6 NIST

Please enter the numbher of divisions/layers for

! AL6B61-T6 NIST

!
< : : . ,
Type “1” followed by enter several times until 25000 G-10 Normal NIST appears
Type “25000” to select G-10, Normal to warp fiber conductivity
Press Enter
Type “4” to set the thickness at 4 mm
Press Enter
Type “4” to choose 4 divisions within the G-10
Press Enter ) ‘
24410 "MLl Foil&Paper. 68 lavyers, 2?9 kg/m3 (KSC>’
24428 ’MLI Foil&Paper, 68 layers, 79 kg/m3 (KSC)’
t 25008 *G-18 Normal NIST’

| Please choose a material by entering the material number. enter 8 to finish or

1.to see more materials

5000
i Please enter a thickness <(mm)> for
| G-18 Normal NIST
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Please enter the number of divisiens/layers for
G186 Normal NIST
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FE)

Type “10104° to select SOFI, BX-265, shaved as the next matenal in the insulation system
Press Enter

Type “15” to set the SOFI thickness to 15 mm

Press Enter

Type “5” to select S division within the SOFI

Press Enter

Type “1” to select a vacuum level of 1 0 millitorr (1 3*10™* kPa)



Press Enter

} Please choose a material by entering the material number, enter B to finish or

Il 1 to see more materials
a104
Please enter a thickness (mn> for
SOF1. BX-265. shavad

Please enter the numher of divisionsrslayers for
BX-265. shaved

Please enter the wacuum level <(millitorr? for
! SOFI. BX-265, shaved

Type “0” to indicate that your insulation system design 1s complete
Press Enter

*LCI#1L, MLI + Aerogel Blankets’
‘Layered Pyrogel, #Aspen’
se choose a material by entering the material number. enter B to finish or
to see more materials

| Name your output file, make sure to include the extension (.txt)
late tut.txt

This completes this tutonal, the output file named “plate _tut txt” should look something like the
next figure

ate_tut - Netepa
File Edit Format View Help

frhis calculation used the basic geometry of a plane

area 2 000 ma2
Boundary conditions

Inner Temperature 90 000 K

Inner convection Q0 000 w/mA2-K

Quter Temperature 273 000 K

outer Convection 0 000 w/mA2-K

Tolerance 100E-03

Maximum Iterations 50
summary of Results

Inner Ssurface Area 2 000 mA2

outer surface area 2 000 mA2

Total Heat toad 190 251 w

Inner Heat Flux 95 126 w/mA2

outer Heat Flux 95 438 w/mA2

Thickness 20 000 mm

koafy 10 430 mw/m-K
Material Mat] # thickness (m) k-value
AL6061-TE NIST 19700 0000 47
AL6061-T6 NIST 19700
AL6061 T6 NIST 19700
G-10 NdFma] NIST 25000
G-10 Normal NIST 25000
G-10 Normal NIST 25000
G-10 Normal NIST 25000
SOFI BX-265 shaved 10104
S0FI BX-265 shaved 10104
SOFI BX-265 shaved 10104
SOFI BX-265 shaved 10104
SOFI BX-265 shaved 10104

(mw/m-K) {r-rR1)/(RO-R1) T(K)
978 0 0000 90 000 190 251

oococoooooco0O
o
o
=
S
~N
o
o
e
v
Y3
(]
Hroo0C0OCOOO0O
~
I
=
(=)
(-1
=
~
®
w
-
o
o
=]
~
(o]

0000 273 000 190 876

The total thickness was 20 mm, the heat loads were around 190 W, or 95 W/m2 Notice on the
left hand side the various heat loads (not quite convergent) associated with changing the




tolerance of to 10* K Changing the number of 1terations to where the system doesn’t converge
can show this effect further

6.2 Cylinder
Select the cylindrical geometry by typing ‘“2” into the TISTool command window
Press Enter

Currently, the TIStool is limited to 15 materials and 108 divisions for
each insulation.

The TIStool urites to an cutput file that is located in the same location
as this executahle in addtion to the screen.

The output file can be named by the user.

The TIStool will dinform vou of any errors you make during the input and
allow you to correct them.

NN AN
e

3

&

P If you would like to update your insulation file. please enter a 1
I Othervise, enter B

o IMOY
SRS

O,

To hegin calculation, please choose a geometry.
. Plane

@RI O2

. Cylinder

. SpheresFraction of a Sphere

. Dishhead <2:1)>

. Tank

. Use existing input file: Tistool input.txt
nter a nunher hetween 1 and 6

SA.
R
@

2
3
4
5
6
E

Type 1n an inner radius of “0 0254 m (1 0 inch)
Press Enter

Type 1n a cylinder length of “1 0” m (39 4 1inches)
Press Enter

as this executa e Scheen.

The output file can he named by the user.

The TIStool will inform you of any errors you make during the input and
allow you to correct them.

2@ »
AWYZANZA

press Enter to continue
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If you would like to update your insulation file., please enter a 1
Otheruvise, enter O
a
To begin calculation,. please choose a geometry.
Plane
Cylinder
Spheve/Fraction of a Sphere
Dizshhead (2:1>
Tank
Use existing input file: Tistool input.txt
Enter a numher hetueen 1 and 6
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Please insert the inner radius <(md

B
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Please insert the cylinder length (m>
1.0

Next we define the boundary conditions

Type 1n a warm boundary of “77” K

Press Enter

Type “n” for no convection on the cold boundary

Press Enter

Type “300” for the warm boundary temperature (300 K)



Press Enter
Type “y” for convection on the warm boundary
Press Enter

Type “22 7” for the warm boundary convection coefficient h, (W/m*-K)
Press Enter

To hegin calculation,. please choose a geometry.
1. Plane
2. Cylinder
3. SpheresFraction of a Sphere
4. Dishhead (2:1)
5. Tank
6. Use existing input file: Tistool input.txt
Enter a number hetuween 1 and 6
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Type “y” to accept the default temperature tolerance
Press Enter

Type “y” to accept the default iteration tolerance
Press Enter

Is the default maximum iterations of 10688 appropriate? (¥Y/N)

Next we get to choose the insulation system

Type “1” to see more materials

Type “1” to see more matenals

Type “1” to see more matenals

Type “1” to see more matenals

Type “1” to see more materals

Type “19000” to choose SST 304/304L as the cold boundary material

Type “1 0” for a 1 mm thick tank

Type “1” for a single division of the tank (in the big picture the tank will not carry much thermal
gradient, so not much nsight 1s needed 1into the thermal gradients inside the tank wall)



! Please choose a material by entering the material number, enter @ to finish

1 to see more materials

20008

Please enter a thickness {(mm> for
f S53P84 NIST

Please enter the pumber of divisions/layers for
t 55304 NIST

Type “1” to see more matenials

Type “1” to see more materials

Type “11515” to choose Pyrogel Blanket, 2mm (KSC), NV

Type “8 0” for an 8 mm thick blanket of pyrogel (4 wraps of 2mm blanket)
Type “4” for a four divisions of the blanket, one for each wrap

Please choose a material by entering the material number, enter 8 to finish or

L 1 to see more materials

11515
Please enter a thickness <mm> for
Pyrogel Blanket. 2 mm (KSC)

8 .
Pleasze enter the numher of divisions/lavers for
Pyrogel Blanket, 2 mm (KSC)

Type “1” to see more materials

Type “1” to see more materials

Type “11512” to choose Cryogel Blanket, 10mm (KSC), NV

Type “10 0” for an 10 mm thick blanket of cryogel (1 wraps of 10 mm blanket)
Type “5” for five divisions of the blanket, same spacing as the pyrogel blanket

1 to see more materials

1512

Please enter a thickness {(mm)> for
Cryogel Blanket 18mm (KSC)>

D
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lease enter the number of divisions/layers for
ryogel Blanket 18mm (KSC>

Type “0” to fimish matenal entry

Press Enter

Type “cylinder_tut txt” to name the output file
Press Enter



! 18186 ’SOFI, NCFI 27-68, shaved’
I1Bi@7 *SOFI,. NCFI 24-124, with »rind’
1 18188 ’Nanogel Beads. Cabot, wvhite’
‘18189 ‘Composite Beads, black’
18116 'LCI#1, MLI + Aerogel Blankets'’
18111 ’'Layered Pyrogel, Aspen’

Please choose a material by entering the material number, enter B to finizh or %f

1 to see more materials

fﬂame gour output file, make sure to include the extension (.txt>
cylinder tutorial.txt

TISTool now performs the calculation and exits

JINJ Url . » o
181686 ’SOFI, NCFI 27-68. shaved’
! 18187 ’*SOFI,. NCFI 24-124, uwith r»ind’
16188 ’Nanogel Beads. Cabot, white’
t 10109 ‘Composite Beads, black’
¢t 10118 ' LCI#1, MLI + Aerogel Blankets’
t 18111 ‘Lavered Pyrogel, fAspen’

Please choose a material by entering the material number, enter B to finish

1 to see more materials

f Name vour output file, make sure to include the extension {.txt)
jcylinder_tut . txt
Thank you for using the
Thermal Insulation Systems Analysis Tool
Have a blessed day
to continue .

cylinder_tut txt can be found 1n the folder with the executable
Open cylinder_tut txt, 1s should look something like this



B cylinder_tut.- Notepad - ! )
Fle Edt Format View Help = R . -

This calculation used the basic ge-o;netry of a cylinder
Inner Radius 0 025 m Cylinder Length 1 000’ m
Boundary Conditions

Inner Temperature 77 000 K

Inner Convection 0 000 w/mAZ-K

outer Temperature 300 000 X

Quier convection 22 700 w/mn2-X

Tolerance 100£-04

Maximum Iterations 1000
summary of Results

Inner surface Area 0 160 mr2

outer surface Area 0 279 mAZ

Total Heat Load 34 831 W

Inner Heat Flux 218 248 w/mA2

outer Heat flux 124 839 w/mn2

Thickness 19 000 mm

koaf1 14 234 mw/m-K
Material Mat] # thickness (m) k-value (mw/m-K) (r-f1)/(Ro-R1)  T(K) Q{w)
$5304 NIST 19000 0 0254 8120 7908 a 0000 77 000 34 831
55304 NIST 19000 0 0264 8120 7908 Q 0526 77 Q26 34 831
pyragel Blanket 2 mm (KSC) 11515 0 0284 12 4004 @ 1579 109 668 34 827
pyrogel 8lanket 2 mm ?(SC% 11515 0 0304 13 0226 0 2632 138 633 34 827
Pyrogel Blanket 2 mm (KSC 11515 0 0324 13 3909 0 3684 165 007 34 B27
pyrogel Blanket 2 mm (KSC) 11515 0 0344 13 5863 0 4737 189 444 34 827
cryogel Blanket 10mm (KSC 11512 0 0364 12 8414 0 5789 213 837 34 827
cryogel Blanket 10mm {KSC 11512 0 0384 13 3406 0 6842 236 060 34 B27
Cryogel Blanket 10mm {(KSC 11512 0 0404 13 7700 0 7895 256 498 34 827
cryogel Blanket 10mm (KSC) 11512 0 0424 13 7700 Q 8947 275 947 34 827
cryogel Blanket 10mm (rsc) 11512 0 0444 13 7700 1 0000 294 501 34 827

Thus the koafi was 14 234 mW/m-K, the heat flux on the mner vessel was 218 W/m? and the
total heat transfer was 34 8 W Note that the insulation system 1s well defined 1n the outputs,
showing the geometry, the thermal outputs and temperature distribution through the material

6 3 Sphere
Select the spherical geometry by typing “3” into the TISTool command window
Press Enter
Type “0 7674 to specify the inner radius of the sphere (this corresponds to roughly a 500 gallon

sphere)

Press Enter

Type “1 0” to choose the whole sphere
Press Enter

To hegin calculation, please choose a geometry.
Plane
Cylinder
SpheresFraction of a Sphere
Dishhead (2:1)
Tank
. Use existing input file: Tisteol input.txt
Enter a number hetween 1 and 6

NI
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Please insert the inner radius <m)

Please insert the sphere fraction (B<sf<1>

Type “20 4” for a cold temperature at the normal boiling point of liquid hydrogen
Press Enter



(125

Type “y” to indicate convection on the cold surface

Press Enter

Type “15 0” to quantify the convection on the cold surface in W/m2/K

Press Enter

Type “250 0” to indicate the approximate temperature of a 200 km altitude parking orbat
Press Enter

Type “n” to indicate no convection on the warm boundary

Press Enter

Type “y” to accept the default tolerance

Press Enter

Type “y” to accept the default iteration scheme
Press Enter

Please insert the inner radius (m>
0. 7674
Please insert the sphere fraction (Bsf<{1>

2N

7

kzglease enter the cold bhoundary temperature in Helvin
-4
Is there convection on the cold houndary? (¥/N>

7

\

.

TR

Please input the convection coeficient, h {I/m2-K>
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T

Type “1” five times (followed by enter) to get to the metals
Type “19700” to choose aluminum 6061-T6 as the tank material
Press Enter

Type “0 5” to set the tank thickness at 0 5 mm

Press Enter

Type “1” to choose one division of tank material

Press Enter

i 19508 *Inconel-718 NIST’
192600 ~SS316 NIST’
19610 ‘SAE 1028 BNL 18208-R’
19620 'SAE 18%5°
19630 °'SAE 4138 BNL 16288-R’
19780 °*ALeBG1-T6 NIST’
24408 'MLI Foil&Paper, 68 layers, ?? kgsmn3 (KSCO'
24410 ’'MLI FoilkPaper, 68 lavyers, 7% kgsm3 (KSC)’
24428 ‘MLI Foil&Paper, @ layers, ?% kg/m3 (KSCH'
2580 ’G-18 Mormal NIST’

Please choose a material by entering the material number. enter @ to finis)

1 to see more materials

706

Please enter a thickness {(mm) for
AL6B61-Te NIST

Please enter the number of divisionsslayers for
ALeAC1-Te NIST




Type “1” three times (followed by enter) to get to the foams

Type “12400” to select a substrate of 2 Ib/ft° polyurethane foam

Press Enter

Type “12 5” to create a half of an inch of foam bonded to the tank wall
Press Enter

Type “2” to create 2 divisions of foam

Press Enter

11538 ‘LCI,. 38 layers 78 kgsm3 C(KSC)'’

11548 ‘LCI, 38 layers 78 kg/m3 (KSC)'’

11558 ‘LCI, 38 layers 78 kgrsm3 (KSC)’

12008 ’‘Polystyrene NIST <(B.7% 1hsf3)’

12188 ‘'Polystyrene NIST (2.8 1bh-£f3)°

12208 'Polystyrene HIST (3.12 1b-Ff3)’

12388 ’Polyurethane NIST (d = 3.86 lh/ft3)’
12400 ’Polyurethane NIST (d = 1.99 1h/ft3>’
12458 ’PU Foam 32 kg-/m3 (HSC)’ _
138080 ‘Cellular Glass Foaml28 kg-sm3 (KSC>’

Please choose a material by entering the material number,. enter O to finish o

1 to see more materials

2409

Please enter a thickness (mm) for
Polyurethane NIST <(d = 1.99 1lbh/£ft3>

2.5
Please enter the numbher of divisions/layers for
Polyurethane NIST (@ = 1.29 1lh/ft3>

Type “1” eight (8) times (followed by enter) to get to the intrinsic MLI list

Type “27000” to choose the Barron layer by layer MLI model (Dacron netting)

Press Enter

Type “25 4” to make the MLI 1 inch thick

Press Enter

Type “37 to create 37 layers of MLI (37 layer in 25 4 mm, gives 1 45 layer/mm layer density)
Press Enter

270804 - Lockheed <(CR-12825> Unperforated nconditioned Silk Net
27805 Lockheed (CR-13477) Unperforated DAM/Conditioned Silk Net
27008 Lockheed (CR-13477) Pattern S682 DAM/Silk Net

27089 Lockheed (CR-13477) Pattern 5603 DAM/Silk Net

27018 Lockheed (CR-13477) Pattern S604 DAM/Silk Net

27611 Lockheed (CR-13477) Pattern 937 DAM/Silk Net

27012 Lockheed (CR-13477)> — Pattern 9375 DAM/Silk Net

i Please choose a material by entering the material number, enter @ to finish or

1 to see more materials

LeQPEKD NI PEED M8

X

602

Please enter a thickness (mm)> for
MLI Dacron Spacer L-B-L <(Ba¥ron’>

Please enter the number of divisions-/lavers for
MLI Dacron Spacer L-B-L {(Barron?>

COMEP I 7

?



Type “0” to exit the matenals selection list
Type “sphere_tut txt” to name the

!.

18182 ’*Glass Bubhles, Ki, 3M’

18183 ‘Perlite Pouder,. Ryolex’

16104 ‘'S0FI, BX-265. shaved’

160185 ’SOFI, NCFI 24-124, shaved’
18186 ’SOFI, NCFI 2?7-68, shaved’
181687 ’SOFI, NCFI 24-124, with rind’
18188 ’Nanogel Beads,. Cabot, white’
10189 ‘Composite Beads, bhlack’

10118 'LCI#1, MLI + Aerogel Blankets’
18111 ’'Layered Pyrogel. Aspen’

~

////\\%R// RS %

N CaNNN

SN

s
A

Please choose a material by entering the material number, enter 8 to finish or
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AN

1 to see more materials
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Name your output file, make sure to include the extension (.txt>
sphere_tut.txt

NS
IS

Now the program executes and 1s done within a few seconds

Looking 1n the same folder as the executable, sphere tut txt should have been created Open the
output file and 1t should look something like what 1s shown below All 37 layers of MLI are
shown

File Edt Format View Help

Boundary conditions 1~
Inner Temperature 20 400 K ;
Inner convection 15 000 w/mr2-K
Outer Temperature 250 000 K I
Outer Convection 0 000 w/mA2-K
Tolerance 100E 04
Maximum Iterations 1000

summary of Results
Inner surface Area 7 400 mA2
outer Surface Area 8 160 mA2
Totral Heat Load 2 698 W
Inner Heat Flux 0 365 w/mn2
outer Heat Flux 0 327 w/mA2
Thichness 38 400 mm
koaf1 . 0 058 mw/m K

marerial Matl # thickness {m) k-value (mv/m-x) (r-rRi)/(Ro-rR1) T(K) QW)

AL6061-T6 NIST 19700 0 7674 29006 9478 0 0000 20 424 0 270e+01

AL6061 T6 NIST 19700 0 7679 29006 9478 0 0130 20 424 0 270E+01

Polyurethane NIST gd =199 “J/fth 12400 0 7742 9 8000 01758 20 652 0 267e+01

polyurethane NIST {d = 1 99 1b/fr3 12400 Q 7804 9 B00O 0 3385 20 876 O 267e+01

ML1 Dacron Spacer L B-L {Barron 27000 0 7811 0 0388 0 3564 27 042 0 267E+01

MLI Dacron Spacer L-B-L (Barron 27000 0 7818 0 0384 0 3743 33 264 0 267€+01

MLI Dacron spacer L-B-L (Barron 27000 0 7825 0 0379 0 3922 39 551 O 267e+01

MLI Dacron Spacer L-B-L (Barrcn 27000 0 7831 0 0374 0 4101 45 907 0 267401 b

MLI Dacron Spacer L-B-L (Barron 27000 Q 7838 0 0369 0 4279 $2 338 0 267E+01

MLI Dacron Spacer L-B-L (Barron 27000 Q 7845 0 0364 0 4458 58 844 O 267E+01 3

MLI Dacron Spacer b-B-L (Barron 27000 0 7852 0 0359 0 4637 65 426 0 267401

MLI Dacron Spacer L-8-bL (Barron 27000 0 7859 0 0355 0 4816 72 083 0 267E401 {

MLI Dacron Spacer tL-B-L (Barron 27000 0 7866 0 0350 0 4994 78 811 O 267E+01

MLI Dacron Spacer i-B-L (Barron, 27000 0 7873 0 0346 0 5173 85 607 0 267e+01 !

MLI Dacron spacer L-B-L {Barron 27000 0 7880 0 0343 0 5352 92 463 0 267e+01 =t

MLI Dacran Spacer L-B-L (Barron 27000 Q 7886 0 0339 0 5531 99 370 0 267e+01

MLI pQacron spacer t-B-L {(Barron 27000 0 7893 Q 0337 0 5709 106 319 0 2678+01

MLI pacron Spacer L-B-L (Barron 27000 0 7500 0 0335 0 5888 113 296 0 267e+01

MLI Dacron Spacer L-B-L (Barron 27000 0 7907 0 0334 0 6067 120 287 0 267E+01

MLI Dacron Spacer L-B L (Barron 27000 0 7314 0 0333 0 6246 127 276 0 267E+01

MLI Dacron Spacer L-B-L (Barron, 27000 0 7921 0 0333 0 6425 134 247 0 267E+01

MLI Dacron Spacer L-B-L (Barron 27000 0 7928 0 0335 0 6603 141 180 0O 267e+01

MLI pacron spacer t-B-t. (Barron 27000 0 7934 0 0337 0 6782 148 059 0 267e+01

MLI Dacron Spacer L-B-L (Barron 27000 0 7941 0 0340 0 6961 154 866 0 267e+01

MLI Dacron Spacer t-B-t (Barron 27000 Q0 7548 0 0344 0 7140 161 583 0 267e+01

MLI Dacron Spacer L-B-t (Barron 27000 Q0 7955 0 0349 0 7318 168 195 0 267e+01

MLI Dacron Spacer L-B-L {Barron 27000 Q 7962 0 0354 0 7497 174 688 0 267E+01

MLI Dacron spacer L-B-L (Barron 27000 Q 7969 0 0361 0 7676 181 050 O 267401

MLI Dacron Spacer L-B-L (Barron 27000 0 7976 0 0368 0 7855 187 272 0 267E+01

MLI pacron Spacer L-B-L (Barron 27000 0 7982 0 0377 0 8034 193 346 0 267401

MLI Dacron Spacer L-B-1 {(Barron 27000 0 75989 0 0386 0 8212 199 267 0 267e+01

MLI Dacron Spacet L-B-L gsarron 27000 Q0 7996 0 0396 0 8391 205 031 0 267E+01 |

MLI Dacron Spacer L-8-bL (Barion 27000 0 8003 0 0406 0 8570 210 637 0 267E+01 i

MLI Dacron spacer t-B-L (Barron 27000 0 8010 0 0417 0 8749 216 084 0 267e+01 |

MLI Dacron Spacer L-B-L {Barron 27000 0 8017 0 0429 0 8927 221 375 0 267e+01 [

MLI Dacron Spacer L-B-L (Barron 27000 0 8024 0 0441 0 9106 226 510 0 267e+01

MLI Dacron Spacer L-B-L (Barron 27000 0 8031 0 0454 0 9285 231 454 0 267e+401

MLI Dacron Spacer L-B-L (Barron 27000 0 8037 0 0467 0 9464 236 331 0 267E401

MLI Dacron Spacer L-B-L (8arron 27000 0 8044 0 0480 0 9642 241 024 © 267E+01

MLI Dacron spacer t-B-t (Barron, 27000 0 8051 0 0494 0 9821 245 579 0 267e+01

MLI Dacron Spacer tL-B-t {Barron 27000 0 8058 0 0508 1 0000 250 000 O 267e+01
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Several things are immediately apparent, the first 1s that the total heat load 1s just under 27 W,
which gives a heat flux on the order of 0 35 W/m? (note to calculate the geometric mean heat
flux, the square root of the product of the inner and outer heat flux 1s generally less that 5% off)
This 1s a reasonable heat flux for this number of layers However, examining the temperature
distribution, 1t 1s noted that the first layer supports a thermal gradient of approximately 7 K, this
1s low (generally one would expect a temperature difference of at least several 10’s of K across
the first shield), and thus the temperature distributions of this method 1s not entirely accurate (for
MLI systems) due to the effects of radiation heat transfer Next, you may have noticed that your
screen said that the solution did not converge, this 1s shown 1n the metallic tank, as 1t 1s shown to
be transferring roughly 1% more heat than the other layers Examining the relative thermal
conductivities shows that the aluminum has about four orders of magnitude greater thermal
conductivity than foam which has a roughly three order magnitude greater thermal conductivity
than the MLI, thus the seven order of magmtude difference means that there are almost not
temperature gradients through the tank or foam

Other Exercises
Run this case on a flat plate and a cylinder to see the effects of shape on the calculation
outputs

Run this case with vanious other intrinsic MLI functions to see the differential heating
due to the various equations

6 4 Dishhead
Select the dishhead geometry by typing “4” into the TISTool command window
Press Enter
Type “0 7674” to set the inner radius of the dishhead
Press Enter
Type “1 0” to specify a complete dishhead

conductivity or a specified input file C.T18).

&
X!

For each material, a thickness, the numbher of divisions of that material
desired, and a vacuum level or specified thermal conductivity is input.

Currently, the TIStool is limited to 15 materials and 188 divisions for

each insulation.

TS
O

D

The TIStonl writes to an output file that is located in the same location
as this executabhle in addtion to the screen.

The output file can be named by the user.

The TiStool will inform you of any errors you make during the input and
allow you to correct then.
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'press Enter to continue

Mo
I Y

| If you would like to update your insulation file, please enter a 1

| Otherwise, enter B

O
X
32

<
&

i To hegin calculation, please choose a geometry.
1. Plane
2. Cylinder
3. Sphere/Fraction of a Sphere
4. Dishhead <2:1>
5. Tank
6. Use existing input file: Tisteool input.txt
Enter a number betuween 1 and

O

X
¥y
COXS
N

3

T
LB

S

Please insert the inner radius (md

4

! Please insert the dishhead fraction (B<sf<1)
1.0




Type “38 0” to set the cold boundary to the normal boiling point of liquid fluorine
Press Enter

Type “n” to turn off cold boundary convection

Press Enter

Type “293 15” to set the warm boundary temperature to ambient room temperature
Press Enter

Type “n” to turn off warm boundary convection

Press Enter

Type “y” to accept the default tolerance

Press Enter

Type “y” to accept the default 1teration scheme

Press Enter

Q Please insert the inner radius (md>
0.7674
Please insert the dishhead fraction <@<sf<1>

3 ﬁlease enter the cold boundary temperature in Kelvin
138.0
Is there convection on the cold boundary? (Y /N>

i Please enter the warm boundary temperature in Kelvin
293 .15 .
113 there convection on the warm houndary? (¥/N>

Is the default tolerance of 1.8%18°(-5> appropriate? (Y¥Y/N>
ly

Iz the default maximum iterations of 1008 appropriate? (¥ /N>

'y

Type “1” six times (followed by enter) to get to the list of metals
Type “19500” to select Inconel-718 as the tank material

Press Enter

Type “10 0” to set the tank wall thickness to 10 mm

Press Enter

Type “2” to select 2 divisions within the tank wall

Press Enter

MLI Foil&Paper. 60 layers. ?9 kg m3 (KSGC>’
*MLI Foil&Paper, 68 layers. 79 kg/m3 (KSC)'
*MLI Foil&Paper, 68 layers. 79 kgs/m3 (KSGO'
’G-18 Normal NIST’

Please choose a material by entering the material number. enter 8 to finish or

1 to see more materials
2580

R ZZ AN S NS

Please enter a thickness (mm) for
Inconel-718 HNIST

AN

~7

a.8
Please enter the number of divisionsrslayers for
Inconel-718 NIST

Type “1” three times to get to fine perlite
Type “14420” to select Fine Perlite 128 kg/m3, NV



Press Enter

Type “30 0” to specify a 30 mm gap filled with perlite
Press Enter

Type “10” to set up 10 nodes within the perlite

Press Enter

14428 ’Fine Perlite 128 kgrm3 C(KSG)'’
14508 *COARSE PERLITE <Barron>’

14608 ’PERLITE <(Barron> (5@ kg/m3)>’
147880 ‘PERLITE (Barron> (218 kg/m3)>’
14888 ’‘Santocel (Barron>’

160080 ‘Polyethelyne—teraphthalate HNIST'
161800 ’Fine Perlite 128 kgrsm3 (KSC)’
16200 ’*Fine Perlite 128 kgs/mn3 (KSCH'

Please choose a material by entering the material number, enter B to finish o

1 to see more materials

Please enter a thickness (mm> for
Fine Perlite 128 kgs/m3 (KSC>

Please enter the number of divisions/layers for
Fine Perlite 128 kgrm3 (KSGC>

a

Type “1” four times to get to the gases

Type “17001” to select gaseous nitrogen

Press enter

Type “30 0” 1o specify a 30 mm gap between the perlite and outer wall that 1s filled with GN?2
Press enter

Type “5” to create 5 nodes within the GN2

16308 ’‘Fibherglass 16 kg/m3 (KSC>'
17091 ’Gaseous Nitrogen (NIST>’
17882 ’‘Gasepus Heliwm (NIST)’
176883  ’Gaseous Hydrogen (NIST>’
17084 - ’Gasous Argon <NIST)’

17885 'Gaseous Neon (NIST>’

17086 ’Gasebus Oxyger (NIST)>*
17807 ’Ga“cou° Krupton (NIST>’
17008 - ’Gaseous Xenon (NIST)
19888 ’'S5S3@4 NIST’

Please choose a material by entering the nmaterial number, enter 8 to finish or

1 to see more materials
1768081 ,

Please enter a thickness (mm)> for
i Gaseous Nitrogen (NIST)

.o
Pleaszse enter the numher of divisionsrs/layers for
Gaseous Nitrogen (NIST>

Type “1” six times (followed by enter) to get to the list of metals
Type “19610” to select SAE 1020 carbon steel as the outer vessel
Press Enter



Type “20 0” to set the wall thickness to 20 mm
Press Enter
Type “4” to set up 4 nodes within the carbon steel

to see more materials

a thickness (mm> for
192608-R

i Please enter the numher of divisions-/layers for
| SAE 1620 BNL 1082008-R

Type “0” to exit the matenals selection process
Press Enter
Type “dish_tut txt” to name the output file

] JENJ ) - » 3
18188 ‘Nanogel Beads. Cabhot,. white’

F 10160% '’ Composite Beads, black’

{ ‘LCIH#1, MLI + Aerogel Blankets’
18111 ‘Layered Pyrogel. Aspen’

Please choose a material by entering the material number, enter B8 to finish or

1 to see more materials

| Name vour ocutput file, nmake sure to include the extension (.txtD)
ish_tut_txt

Now the heat transfer analysis takes place and the program writes the output file to the same
folder in which the executable 1s located Find this folder and open the output file, 1t should look
something very similar to below A few things catch the eye in this output file Once again,
there 1s very little temperature drop across either of the metallic sections Also, checking the
outer temperature of the nitrogen gas, 1t 1s above the normal boiling point of mitrogen, this will
drastically cut down on the liquefaction as the perlite will prevent large scale convection of the
gas to the cold surface, however a pressure drop will probably occur This would make this an
impractical insulation system to actually implement The radius of the dishhead 1s listed as twice
the value that was inputted, thus the inputted value was assumed to be the height of the dishhead,
keep this in mind for future calculations



ish_tut - Notepad
Fle Edit Format View Help

Inner Radius 1 535 m
Boundary Conditions
Inner Temperature
Inner Convection
outer Temperature
outer Convection
Tolerance
Maximum Iterations
summary of Results
Inner surface Area
outer surface aArea
Total Heat Load
Inner Heat Flux
outer Heat Flux
Thickness
koaf1
Material
Inconel-718 NIST
Inconel-718 NIST
Inconel-718 NIST
Fine perlite 128 hg/m3
Fine perlite 128 kg/m3
Fine perlite 128 kg/m3
Fine Perlite 128 hg/m3
Fine pPerlite 128 kg/m3
Fine perlite 128 kg/m3
Fine Perlite 128 kg/m3
Fine Perlite 128 kg/m3
Fine perlite 128 kg/ml
Fine Perlite 128 kg/m3
Gaseous Nitragen (NIST)
Gaseous Nitrogen (NIST)
Gaseous Nitrogen (NIST)
Gaseous Nitrogen (NISTg
Gaseous Nitrogen (NIST,
SAE 1020 8Nt 10200-R
SAE 1020 BNL 10200-R
SAE 1020 BNL 10200-p
SAE 1020 BNL 10200-R

Thys calculation used the basic geometr

of a dishhead
Fraction of Dish O 067

38 000 K
0 000 W/mr2-K
293 150 K
Q 000 W/mA2-X
100E-04
1000

1 983 mA2

2 222 mA2
217 286 w
108 579 w/mr2
97 965 w/mA2
90 000 mm

36 511 mw/m-K

XSC

KSC
KSC
KSC
KSC
KSC

KSC
KSC

matl
19500
19500
19500
14420
14420
14420
14420
14420
14420
14420
14420
14420
14420
17001
17003
17001
17001
17001
19610
19610
19610
19610

B 1 et e e et e

5398

6833

HOOQOO0O00D0OOOOOOOO0000O00

# thichness (m) k-value (mv/m-K) (r-r1)/(Ro-R1)
5348 4596 3961 0000

T(K)
38 000

38

QOOO0O00O00OODOCODOODOODO0

q(w)
217E+03
217e+03
217e+03
217€+03
217e+03
217€+03
217e+03
217e+03
217e+03
217e+03
217e+03
217e+03
217E+03
217e+03
217e+03
217e403
217e+03
217e+03
217€+03
217e+03
217E+03
218e+03

Other Excercises
Run same analysis, but with helium as the interstitial gas
Try all of the other gasses in TISTool to get a feel for their properties

6.5 Tank
Select the tank geometry by typing “5” into the TISTool command window
Press Enter
Type “2 0” to set the inner radius of the cylinder to 2 m
Press Enter
Type “1 0” to set the length of the cylinder to 1 m
Press Enter
Type “1” to set the dishhead fraction to 1
Press Enter

O
s

To bhegin calculation, please choose a geometry.
1. PFlane
2. Cylinder
3. Sphere/Fraction of a Sphere
4. Dishhead (2:1>
. Tank
6. Use existing input file: Tistool input.txt
Enter a number hetween 1 and 6

2

4
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%
X

Sy
X

rg
R

S

& B
XX

SR

O

£<0, 01 X030,
% 2
>

insert the inner radius (m)

s
o

Please

SR

RO &K
§>

insert the cylinder length (md>

f Please
.8

t Please

1

©

EEOPBE
<

a‘i % O

insert the dishhead fraction (B{=f<{1>

o
>

> OX

s

Type “77 4” to set the cold boundary temperature to 77 4 K, the normal boiling pont of liquid
nitrogen



Press Enter

Type “n” to turn off the cold boundary convection

Press Enter

Type “305” to set the warm boundary temperature to 305 K
Press Enter

Type “n” to turn off the warm boundary convection

Press Enter

Type “y” to accept the default conversion tolerance

Press Enter

Type “y” to accept the maximum 1terations for convergence
Press Enter

insert the inner radius <(md
insert the cylinder length <(m)
insert the dishhead fraction (B{sf<1>

enter the cold boundary temperature in HKelvin

>
<
3
Z

2%
SHCTENG RN

Lo O

VN

there convection on the warm bhoundary? (¥/N>

s
PR

2280 %
g
2

the default tolerance of 1.8=18"<(-5)> appropriate? (¥/N>

<O
S
G

%y
R

the default maximum iterations of 1088 appropriate? (¥/N>

<2
s
8%

Type “10107” to choose SOFI, NCFI 24-124 with rind as the insulation material

note 1s has been previously shown that the metallic inner walls have little 1if any effect on the
total system heat transfer

Press Enter

Type “25 4” to set the total thickness of the foam to 1 inch

Press Enter

Type “15” to create 15 nodes within the foam

Press Enter

Type “760000” to set the vacuum level to 760,000 millatorr (760 torr = 14 7 psia)

Press Enter

Type “0” to exiat the material selection look

Press Enter

Type “tank_tut txt” to name the output file

Press Enter

Now the TISTool does the heat transfer analysis on the cylindrical portion and the dishhead
portion separately  Since two different geometnies are analyzed, the process will take
approximately twice as long Both geometries are output to the file Opening the file shows that
indeed the two geometries are both output with the temperature distributions for each The total
heat load assumes two domes and one cylinder The dish fraction 1s calculated by TISTool as
before



To exit the materials loop, select the material 8"
29997 User Defined Insulation

141082 ’'Glass Bubbles, Ki. 3M’

18183 ’Perlite Pouder, Ryolex’

18184 ’'SOFI, BX-265, shaved’

18105 ’SOFI, NCFI 24-124., shaved’

18186 *SOFI,. NCFI 27-68,. shaved’

10187 ’SOFI. NCFl 24-124, with »rind’

14188 'MNanogel Beads,. Cabot, wvhite’

181892 'Composite Beads. black’
10116 'LCI#1, MLI + Aerogel Blankets’

18111 'Layered Pyrogel. fAspen’

A,
D
AR A

&

K

2

Please choose a material by entering the material number, enter 8 to finish or

&

A
N~ A

X

1 to see more materials

8187

Please enter a thickness <(mm> for
SOFI, NCFI 24-124, with r»ind

N e AN
BT HX
QO

25 .4
| Please enter the number of divisions/layers for
i SOF1,. NCFI 24-124, with rind

-

<

M
SN

¥

S

S
z\/>/

Yy

Y

5
Please enter the vacuum level (millitorr> for
SOFI, NCFI 24124, with »ind

N4 Y
PEITX
NN A NRA

4 £
&

Fle Edt Format View Help

Th1s calculation used the basic geometry of a tank ~
Cylinder Inner Radius 2 000 m  Cylinder Length 1 000 m
Head Inner Radius 2 000 m Fraction of Dish 067
Boundary Conditions

Inner Temperature 77 400 K

Inner Convection 0 000 w/mr2-K

Outer Temperature 305 000 K

Outer Convection 0 000 w/mA2-K

Tolerance Q00£+00

Maximum Iterations 1000
Summary of Results

Inner Surface Area 39 437 mA2

outer surface Area 39 980 mA2

Toral Heat toad 8322 452 W

Inner Heat Flux 210 653 w/mA2

outer Heat Flux 208 017 w/mA2

Thickness 25 400 mm

koaf 23 390 mwW/m K
Domed section
Material Matl # thickness (m) k-value {mw/m-K) {(r-r1)/(Ro-r1) T(K) Q(w)
SOFTI NCFI 24-124 with rind 10107 4 0000 23 3630 0 0000 77 400 0O 2B4£+04
SOFI NCFI 24-124 with rind 10107 4 0017 23 3630 0 0667 92 663 O 2B4E+04
SOFI NCFI 24-124 with rind 10107 4 0034 23 3630 0 1333 107 914 0O 284E+04
SOFI NCFI 24-124 with rind 10107 4 0051 23 3630 0 2000 123 151 0 284E+04
SOFI NCFI 24-124 with rind 10107 4 0068 23 3630 0 2667 138 376 0 284E+04
SOFI NCFI 24-124 with rind 10107 4 0085 23 3630 0 3333 153 587 O 284E+04
SOFT NCFI 24-124 with raind 10107 4 0102 23 3630 Q 4000 168 786 O 284E+04
SOFT NCFI 24 124 wnth rind 10107 4 0119 23 3630 0 4667 183 972 0O 284E+04
SOFI NCFI 24-124 with raind 10107 4 0135 23 3630 Q 5333 199 145 O 284E+04
SOFI NCFI 24-124 with rind 10107 4 0152 23 3630 Q 6000 214 306 O 284E+04
SOFI NCFI 24 124 with rind 10107 4 0169 23 3630 0 6667 229 453 0O 284E+04
SOFI NCFI 24-124 wnth rind 10107 4 0186 23 3630 0 7333 244 588 O 284E+04
SOFI NCFI 24-124 with raind 10107 4 0203 23 3630 O 8000 259 710 0 284E+04
SOFI NCFI 24 124 with rind 10107 4 0220 23 3630 0 8667 274 820 O 2B4E+04
SOFI  NCFI 24-124 with rind 10107 4 0237 23 3630 0 9333 289 916 O 284£+04
SOFI NCFI 24-124 with rind 10107 4 0254 23 3630 1 0000 305 000 O 284£+04
cylinder section
Mmaterial Matl # thickness (m) k-value (m¢/m-K) (r-R1)/(Ro-RY) T(K) Q(w)
SOFI NCFI 24-124 with rind 10107 2 0000 23 3630 Q0 0000 77 400 O 265E+04
SOFI NCFI 24-124 with rind 10107 2 0017 23 3630 0 0667 92 663 0 265E£+04
SOFI NCFI 24-124 with rind 10107 2 0034 23 3630 0 1333 107 913 0 265E+04
SOFI NCFI 24-124 with rind 10107 2 0051 23 3630 Q 2000 123 150 O 265E+04
SOFI NCFI 24-124 with rind 10107 2 0068 23 3630 0 2667 138 375 0 2656404
S0FI NCFI 24-124 with rind 10107 2 0085 23 3630 0 3333 153 586 0O 265404
S50FT NCFI 24-124 with rind 10107 2 0102 23 3630 Q 4000 168 785 O 265E+04
SOFI NCFI 24-124 with rind 10107 2 0119 23 3630 0 4667 183 971 0 265e+04
SOFI NCFI 24-124 with rind 10107 2 0135 23 3630 0 5333 199 144 O 265£+04
SOFI NCFI 24-124 with rind 10107 2 0152 23 3630 0 6000 214 304 O 265€+04
SOFI NCFI 24-124 with rind 10107 2 0169 23 3630 0 6667 229 452 0 265E+04
SOFI NCFI 24 124 with rind 10107 2 0186 23 3630 0 7333 244 587 O 265E+04
SOFI NCFI 24-124 with rind 10107 2 0203 23 3630 0 8000 259 709 O 265E+04
SOFI NCFI 24-124 with rind 10107 2 0220 23 3630 0 8667 274 819 0 265e+04
SOFI NCFI 24 124 with rind 10107 2 0237 23 3630 0 9333 289 916 O 265E+04
SOFI NCFI 24-124 with rind 10107 2 0254 23 3630 1 0000 305 000 0 265e+04
“ o)



7.0 Appendix A: Cryostat-100 Test Apparatus



8.0Appendix B: Insulation Systems Test Data
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