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[ ot EditinsulationForm E@ﬁﬂ
=< I LY GKS a.FNB¢ 2LIWNOA2Y3I| KS
s the bare metal tank using the conductivity of the
@ Bare © Temperature independert metal and, in the vapor space, a convective heat
(7 FRA Standard (") Temperature-Dependent ..
) et st Sttt 0 companent) transfer coefficient.

Tank Adjacent to Vapor
(Uniform Temperature)
Bare
metal
tank

MNore . . |
Six (6) mil organic liner
316 inch thick rubber liner

OK | [ Cancel

T
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[ a5l EditInsulationForm E@gﬂ
FRAStandard | ¢tKS acCw! {dFyYRINRE 2LIA?Z
Type of nsudation except that the conductivity is a haxmbded
) Bare (7) Temperature-independent Value
@ FRA Standard () Temperaturs-Dependent
(©) Steel Jacketed ) Steel Jacketed (2 component)
|
Material not Tank Adjacent to Vapor
specified. A hard  (Uniform Temperature)
coded value for
conductivity is
used.
More ]
S i »
i

| ok ) (o ﬂ

T
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(Uniform Temperature) >
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Old TPS Model Detalls

ot EditlnsulationForm

Bare|

Type of Insulation

@ Bare

() FRA Standard
() Steel Jacketed

With any of the insulation options, a liner can b

TPS Lading Properties Databases
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New TPS Model Old TPS
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=E)

) Temperature-independent

() Temperature-Dependent

) Steel Jacketed (2 companent)

Tank Adjacent to Vapor

added. The liner adds another layer of resistance
to heat conduction. It linearly deteriorate over
time, eventually disappearing completely.

None

Six (B) mil organic liner
318 inch thick rubber liner

‘

Deteriorates over time
10

(Uniform Temperature)

Tank Wall _
Well-Mixed Vapor

(Uniform temperature)

ﬂ ok ] [ o
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D;| Dy| D3

Conduction
through
multiple layers

T Tr

ak g ak 8
The resistance is cumulative and c* a K g = ?ﬁgﬁu?ﬁs%
be computed using a hierarchica C i ) S0 akK@ L aka@
harmonic sum. aﬁg(? 6?5 :
CV=., CU

AFFTAC Training Class
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(o) ~
Conduction a Kk 0O
through multiple Q — %O (TL B TR)
layers 8 C Y =+ 2+3+film
R

Resistance due to a convective fil» ak
layer is included as an additiona a% o1, x
CU Hioizesim @ K 8

layer. a% mm
CLY =,

- OO
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- Tutorial 10: Decaying Insulation Meaning Ladings
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[ ol EditInsulationForm E@ér
- Three Layers:
(1) Bare Tank
Type of Insulation .
@ Bare () Temperaturesndependent (2) Llner ) .
() FRA Standard () Temperature-Dependert (3) COI’IVGC'[IVG Fllm .
) Steel Jacketed () Steel Jacketed (2 component) Tank Adjacent to Vapor

(Uniform Temperature)

In the vapor region, there is an additional

reS|§tance to hegt transfer due to convection. In Two Layers:
the liquid, there is such excellent contact that thie (1) Bare Tank
interior tank temperature equals the lading (2) Liner

temperature.

Well-Mixed Vapor

318 inch thick rubber liner

None \\‘
Six (B) mil organic liner

Deteriorates over time
10

ﬂ ok ] [ o ﬂ

T

AFFTAC Training Class Tan_k Adjacent to Liquid
Scott Runnels Consulting srconsult.com (Uniform Temperature) 10




TPS Lading Properties Databases

JOId TPS Details Entry Analyses
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OI d T PS M O d el Det al I S 'T’lsrgr}l;xlljill\:ﬁgﬁzlsé:hanging Insulation EI)SWT'I?PSS

Tutorial 12: MultiLayer & Partial Coverage

[ at! EditlnsulationForm E@g1 .
Jack Insulation
. acket - Tank Wall
Radiation _
Type of Insulation LI ner
) Bare (7) Temperature-independert y
) FRA Standard () Temperature-Dependent
@ Steel Jacketed () Steel Jacketed (2 component) 4\/\
B — R Flame “ 5 Lading
Ly GKS a{GiSSt wrO1SiSRe [[2LI A2y s VO2QNR A2y
through multiple layers is combined with radiatiye
exchange with the steel jacket.
Conduction
1 Intial conductance (BTU/hrft"2 deg-F)
1 Time interval for change (min) 3716 inch thick nubber liner
Deteriorates over time
10
oK | [ Cancel

AFFTAC Training Class
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TPS
[]Old TPS Details

- Tutorial 10: Decaying Insulation
Old TPS Model Details REaEs
Tutorial 11: Phas€hanging Insulation
Tutorial 12: MultiLayer & Partial Coverage

When there is partial coverage of insulation as
establishedas part of the Analysis setuthere
are two radiation paths.

ol EditTPS [P

Select Old TPS Model

Bxample 2
Bxample 3
Sensttivity Test
Perfect Insulation
Barz

Fraction covered by TPS {nat valid for bare tanks)
= TR

F

|~ Manage Old TPS Mode Database |

wvered by TPS (not valid for bare tanks)

Switch to New Themmal Protection System ]

Consider Discontinuities 234 U Factor (BTU/hr deg-F)

[ Previous J[ Nezt ][ Cancel H Run Now

AFFTAC Training Class
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Lading Properties Databases
Entry Analyses
Meaning Ladings
Old TPS
New TPS
K Insulation
Jacket / Tank Wall
\ A// Liner
N
~*»
Flame ““ Lading
NN~
AVAVan

Two radiation paths.




TPS Lading Properties Databases
JOId TPS Details Entry Analyses
- Tutorial 10: Decaying Insulation Meaning Ladings
Old TPS Model Details BEmsiEs
Tutorial 11: Phas€hanging Insulation New TPS
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85 EditinsulationForm @I_@J&E W EditinsulationForm @%Ié: T EdtinsatationForm @%&]J
Example 1 BExample 1 Example 1
Type of Insulation Type of Insulation Type of Insulation
@) Bare @ Temperaturs-ndependsnt © Bare (0 Temperstureindependent ©) Bare (©) Temperature-independert
() FRA Standard () Temperature-Dependent () FRA Standard @ Temperature-Dependent () FRA Standard (7 Temperature-Dependert

@) Steel Jacketed

Conductivity's change with time
(@ Linear Decay
@ Constart

54 Final conductance (BTUMrt "2 deg-F) None

) Steel Jacketed (2 component)

Six Ii mil niam: liner
3/16 inch thick rubber liner

Deteriorates over time

10 Time interval {min)

() Steel Jacketed (@) Steel Jacketed (2 component)

1 Insulation thickness (inches)

K1 K2 K3
1 1 1

None:
Six (6) mil organic liner
3/16inch thick rubber liner

() Steel Jacketed

|
I -EA

| Ouier Layer Inner Layer
|

@ Steel Jacketed (2 componet)

Conductivity’s change with time 1 Insulation thickness (nches)
(7 Linear Decay
@) Constant L& (= &
1 1 1
1 Initial conductance (BTU/hrt"2 deg-F)
None.

Six (6) mil onganic liner
3/16 inch thick rubber liner

| ok ) (o]

Flame ““
~

Insulation

/ Tank Wall
/

Liner

Lading

Insulation

/ Tank Wall
/

Liner

Flame “ Lading
N

Insulation
Tank Wall

Liner

Lading

AFFTAC Training Class
Scott Runnels Consulting srconsult.com

Example combinations: In each combination, the
ability to model the liner and insulation is limited. 13




TPS Lading Properties Databases
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85 EditinsulationForm @@Ig W EditinsulationForm @ﬂg T EdtinsatationForm E@‘%
Example 1 BExample 1 Example 1
Type of Insulation Type of Insulation Type of Insulation
@) Bare @ Temperaturs-ndependsnt © Bare (0 Temperstureindependent ©) Bare (©) Temperature-independert
() FRA Standard () Temperature-Dependent () FRA Standard @ Temperature-Dependent () FRA Standard (7 Temperature-Dependert

@) Steel Jacketed

Conductivity's change with time
(@ Linear Decay
@ Constart

54 Final conductance [ETU/Mrft "2 deg F)

) Steel Jacketed (2 component)

None

Six Ii mil niam: liner
3/16 inch thick rubber liner

Deteriorates over time

10 Time interval {min)

() Steel Jacketed (@) Steel Jacketed (2 component)

1 Insulation thickness (inches)

K1 K2 K3
1 1 1

None:
Six (6) mil organic liner
3/16inch thick rubber liner

Examples of Insulation and Liner Models in Old TPS:

C Deterioration time
C Initial conductance Final conductance
C Quadratic temperaturadependent model

() Steel Jacketed

|

Conductivity's change with time
(7 Linear Decay
@) Constant

1 Initial conductance (BTU/hrt"2 deg-F)

@ Steel Jacketed (2 componet)

Inner Layer
Insulation thickness (nches)

K2 K3
1 1

None
Six (6) mil onganic liner
3/16 inch thick rubber liner

| ok ) (o]

These limitations are what motivated the new TPS

model.

AFFTAC Training Class
Scott Runnels Consulting srconsult.com
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New TPS Model Old TPS
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Tutorial 10: Decaying Insulatior

1

15



TPS Lading Properties Databases

Old TPS Details Entry Analyses

. []Tutorial 10: Decaying Insulation Meaning Ladings
TUtOrIal 10 Setu p New TPS Model old TPS
Tutorial 11: Phas€hanging Insulation New TPS

Tutorial 12: MultiLayer & Partial Coverage

C Infinite strength (cannot burst)

C 100% Full of liquid
C 100% Exposed to pool fire
C No PRV

This tutorial uses a 100% full
tank heated with a 1500 del§
flame, but an insulation that
deteriorates with time.

AFFTAC Training Class
Scott Runnels Consulting srconsult.com
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Tutorial 10: Full Tank

and Deteriorating TPS

Copy and paste Tutorial 9. Name
0KS ySg
5SGSNA2NF 0AYy 3

T2 2

y!

Yy R NXzy
need to create a deteriorating
insulation as shown here——— | .

AN ~

TPS
Old TPS Details

New TPS Model

[]Tutorial 10: Decaying Insulation

Tutorial 11: Phas€hanging Insulation
Tutorial 12: MultiLayer & Partial Coverage

Lading Properties
Entry
Meaning

a5l EditlnsulationForm

E=meaf X

) Bare

A 8
¢t

a¢m

14
{Eandu s chanl with time
@ Ligar Dec
A n; arvt b

a

P’

500

) FRA Standard

Initial conductance (BTU/hrt"2 deg-F}

Final conductance (BTU/hrt "2 deg-F)

Time interval for change min)

Type of Insulation
(@ Temperature-independent

Databases
Analyses
Ladings

Old TPS
New TPS

Decaying Insulation

MY
9
b

Ny O«

AU
us

Dependent

Crdzt+

¢l vy

| a
e 2dzQf ¢

None
Six (6) mil organic liner
3/18inch thick rubber liner

a2l Editlading

= | [E] | G

Select Lading

Defautt Liqufied Gas
Defautt Lig. - Low H20 Content

Defauit Lig. - Hi H20 Cortent

Water
Fropane

Ethlyene Cxide
Propylene
Butadiene (1,3}

Vinyl Chloride

o) EditAnalysisConditions

Fire Condtions

(@) Standard Pool Fire
(©) Sandard Torch Fire

@ Special Condtions

1500 Aame Temperature (deg-F)
1 Fraction Expused to Fire
200 Length of Simulation {minutes) I
| o Angle of Rollover (degrees) [
g

85 EditTankCarProperties

Monomethylamine
Propylene Ohide
Anhydrous Ammoria
Sulfuric Acid

~

Tank Geometry Tank Material = [ Manags Ladings Database
ol EditTPS \ \
33000 Mominal Capacity (gal ) Imaginary material of infinite strength.
Select Old TP odel
13 Inside Diameter (in.) 850 Mirimum Bursting Pressure (psig)
Baample 1 I 1 Fraction Filled
0.75 Wiall Thickness i) 21000 Tenslie Strength of Tank Material (bsi) | | | Example 2
Example 3 g0 Initial Temperature (deg
1 Emissivity/Absorptivity of Tark Surface| Senr:,ﬁ:w Test Inttial Temperature {deg-F)
Bare Tank
Fefect lauiaioy [7] Padding Gas Present
Safety Relief Device il
Device Type
® None 25800 Rated Flow Capacity (SCFM of air)
® Valve 2855 Rating Pressure (psig)
() Vent with Rupture Disc 0 StarttoDischarge Pressure {psig) [
Manage Old TPS Model Database
Fraction covered by TPS fnot vaiid for bare tarics) _
08 Vapor Discharge Cosffcient (decimal fraction) L < '
06 Liquid Discharge Coefficient (decimal fraction) Switchto New Themnal Protction System
[ Previous | [ Mot 3 [ Cancel | [ RunNow

Cancel Run

[ Consider Discontinities

J

AFFTAC Training Class
Scott Runnels Consulting srconsult.com

Next

Previous H ][ Cancel ]

l Run Now




Tutorial 10: Full Tank

and Deteriorating TPS

Results for
deteriorating TPS.

F

TPS Lading Properties Databases
Old TPS Details Entry Analyses
[]Tutorial 10: Decaying Insulation Meaning Ladings
New TPS Model Old TPS
Tutorial 11: Phas€hanging Insulation New TPS
Tutorial 12: MultiLayer & Partial Coverage
o5 Plotter =RACIH| X |
Liquid [ Pressure In | ; |
Temperature [l Tank
Q@ G0o
=2 . 3000 .
Vapor RN Burst 2 2000 .
Temperature [T Pressure 5
g— I
I & 200 2 1000 F .
(=]
£
kS 0 4
| | | | | |
a 50 100 150 200 a 50 100 150 200
Time {min) Time {min)
L2 1.01 T T T 0.01 T T T
Fraction z
E
1.005 -1 w  0.005 -1
E=|
2 @
£ T 0
[l Fraction E %
Filled [ 9_:
0.985 - 1 S 0005 —
z
m
s
0.99 | | | 0.01 | 1 |
a 50 100 150 200 0 50 100 150 200
Time (min} Time (min)

AFFTAC Training Class
Scott Runnels Consulting srconsult.com
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Old TPS Details

Tutorial 10: Decaying Insulation

New TPS Model

Tutorial 11: Phas€hanging Insulation
Tutorial 12: MultiLayer & Partial Coverage

New TPS Mode

Lading Properties
Entry
Meaning

Databases
Analyses
Ladings

Old TPS
New TPS

19



TPS Lading Properties
Old TPS Details Entry

Tutorial 10: Decaying Insulation Meaning
New TPS Model

Tutorial 11: Phas€hanging Insulation
Tutorial 12: MultiLayer & Partial Coverage

Problems with the old insulation model

=

Timebased deterioration is unphysical.

2. Temperaturebased conductivity may be more complex
than linear or simple polynomial.

3. Multiple layers are needed for designing new cars.

So, while the original insulation model (with partial coverage) is still
present, a new general thermal protection system (TPS) model was
developed and implementedNow in Beta testing.

AFFTAC Training Class
Scott Runnels Consulting srconsult.com

Databases
Analyses
Ladings

Old TPS
New TPS

20



TPS Lading Properties Databases
Old TPS Details Entry Analyses
Tutorial 10: Decaying Insulation Meaning Ladings
NeW TPS Mod el [JNew TPS Model old TPS
Tutorial 11: Phas€hanging Insulation New TPS
Tutorial 12: MultiLayer & Partial Coverage

Requirements Have Been

¢ Accommodate an arbitrary number of layers

¢ Store layer materials in a database

¢ Store the combinations of these layers, which form a specific TPS (thermal protection
system) in a database

¢ Each layer shall:

1. Accommodate tables for all thermal properties

2. Each table shall be associated with a temperature history. As a layer
experiences a temperature history, its property values may migrate from one
table to another to represent degradation or melting.

¢ The user shall be able to designate one layer or a group of layers as exhibiting partial
coverage that is a function of angle on the tank.

AFFTAC Training Class
Scott Runnels Consulting srconsult.com
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TPS Lading Properties Databases

Old TPS Details Entry Analyses

Tutorial 10: Decaying Insulation Meaning Ladings
NeW TPS MOd el [JNew TPS Model old TPS

Tutorial 11: Phas€hanging Insulation New TPS

Tutorial 12: MultiLayer & Partial Coverage

Arbitrary number
of layers

Jacket

v

¢ An arbitrary number of layers is accommodated.
¢ Jacket, tank wall, and liners are also treated as
layers.

¢ Any layer may exhibit partial coverage.

Alr

AFFTAC Training Class
Scott Runnels Consulting srconsult.com
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New TPS Model

Material G

Material F

Material E

Material D

Material C

Material B

Material A

AFFTAC Training Class
Scott Runnels Consulting srconsult.com

TPS Lading Properties Databases

Old TPS Details Entry Analyses

Tutorial 10: Decaying Insulation Meaning Ladings
[INew TPS Model Old TPS

Tutorial 11: Phas€hanging Insulation New TPS

Tutorial 12: MultiLayer & Partial Coverage

4\/ For jacketed systems, the outermost layer
would be the jacket, and that would be part

of the database

]

¢ Layers can be named separat
I and saved in a database.

¢ Composite systems can be

assembled from named layers,
I and also saved in a database.

Z/ Innermost layer may be tank wall or liner. -



TPS Lading Properties Databases

Old TPS Details Entry Analyses

Tutorial 10: Decaying Insulation Meaning Ladings
NeW TPS Mod el [JNew TPS Model old TPS

Tutorial 11: Phas€hanging Insulation New TPS

Tutorial 12: MultiLayer & Partial Coverage

Thermal Protection System Model

Material Database
Conductivity, heat capacity, emissivity, User selects User assigns Usergives the
and percent coverage as a function gf materials in hick .
time and temperature history for t ICKNESS and composite

order. initial coverage.  system a name
Jacket [ |
SprayOn B ]  —
SprayOn A s — E
: I
Fiberglass B 100% coverage
Fiberglass AN — ol avers, .
Steé-Jacketed thin lining, thick Ready for use in
Steel m— with Lining nsulation an analysig
referred to by
Lining C——1 name.

AFFTAC Training Class 24
Scott Runnels Consulting srconsult.com




TPS Lading Properties Databases

Old TPS Details Entry Analyses

Tutorial 10: Decaying Insulation Meaning Ladings
NeW TPS MOd el [JNew TPS Model old TPS

Tutorial 11: Phas€hanging Insulation New TPS

Tutorial 12: MultiLayer & Partial Coverage

The new TPS model is very general.

Eachayerhas its own material
properties.

Each layer can have an individual
value for partial coverage.

Voidspermit radiative and convective
exchange with nofadjacent layers.

The voids are modeled as being
randomly distributed

2 /ﬁle T

\

-7 2y

h/

7

-\

Multiple interface temperatures are
involved.

T

AFFTAC Training Class o5
Scott Runnels Consulting srconsult.com




TPS Lading Properties
Old TPS Details Entry

Tutorial 10: Decaying Insulation Meaning

NeW TPS MOdEI [INew TPS Model

Tutorial 11: Phas€hanging Insulation
Tutorial 12: MultiLayer & Partial Coverage

Layer 1 Layer 2 Layer 3 Layer 4

Databases
Analyses
Ladings

Old TPS
New TPS

Layer 5

5 (~—|°
(70 @ O O

The shapes of the voids are not specified by the user.
They are assumed to be randomly distributed.

Heat can be radiated and convected through voids in
adjacent layers.

AFFTAC Training Class
Scott Runnels Consulting srconsult.com
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TPS
Old TPS Details
Tutorial 10: Decaying Insulation

NeW TPS MOdeI [INew TPS Model

Tutorial 11: Phas€hanging Insulation
Tutorial 12: MultiLayer & Partial Coverage

«— Settled insulation

AFFTAC Training Class
Scott Runnels Consulting srconsult.com

Lading Properties Databases

Entry Analyses

Meaning Ladings
Old TPS
New TPS

Fractional coverage is
modeled as a uniform
distribution of voids that
vary withangle.

Each layer can have its own
partial coverage vary with
angle.

27



New TPS Model

TPS
Old TPS Details

[ INew TPS Model

T

AFFTAC Training Class

Scott Runnels Consulting srconsult.com

Tutorial 10: Decaying Insulation

Tutorial 11: Phas€hanging Insulation
Tutorial 12: MultiLayer & Partial Coverage

Lading Properties
Entry
Meaning

Databases
Analyses
Ladings

Old TPS
New TPS

[(—
C)

These areas on Layer 2 can
radiate because they are not
covered by Layer 3.

28



TPS Lading Properties Databases
Old TPS Details Entry Analyses

Tutorial 10: Decaying Insulation Meaning Ladings
NeW TPS Mod el [JNew TPS Model old TPS

Tutorial 11: Phas€hanging Insulation New TPS
Tutorial 12: MultiLayer & Partial Coverage

Heat Balances:

Conduction path ()

Radiation/convection path due to view

g-l- ports in adjacent layer ().
DN
= 3xN simultaneous nonlinear algebraic
=k equations.

Expandedexisting NewtorARaphson and

? linearsolvers.

T

AFFTAC Training Class
Scott Runnels Consulting srconsult.com
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TPS Lading Properties Databases

Old TPS Details Entry Analyses

Tutorial 10: Decaying Insulation Meaning Ladings
NeW TPS MOd el [JNew TPS Model old TPS

Tutorial 11: Phas€hanging Insulation New TPS

Tutorial 12: MultiLayer & Partial Coverage

«— Settled insulation

Layer 1 Layer 2 Layer 3 Layer 4 Layer 5

> (——|°
(70 O 1] o o

Cy C Cs Cy Cs

Fraction of total area
covered by layer.

AFFTAC Training Class
Scott Runnels Consulting srconsult.com




TPS Lading Properties
Old TPS Details Entry
Tutorial 10: Decaying Insulation Meaning

NeW TPS MOdeI [INew TPS Model

Tutorial 11: Phas€hanging Insulation
Tutorial 12: MultiLayer & Partial Coverage

e

Tflame '\/\/\/\\> Tinner—wall

e

Conducted Heat In //
e
A\

Conducted
Heat In

Databases
Analyses
Ladings

Old TPS
New TPS

AFFTAC Training Class
Scott Runnels Consulting srconsult.com
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TPS Lading Properties Databases

Old TPS Details Entry Analyses

Tutorial 10: Decaying Insulation Meaning Ladings
NeW TPS MOd el [JNew TPS Model old TPS

Tutorial 11: Phas€hanging Insulation New TPS

Tutorial 12: MultiLayer & Partial Coverage

S —

Define Bulk Materials Define Components using Bulk Materials Build a TPS from Components

Conductivity Tables

What's this? What's this? What's this?
Fiberglass Fiberglass_01 Composed of RawMatName
Steel TankWall X .
Jacket Interior Emmissivity
o) AFFTAC_Net Main Window —= SETEnEY —
- R Width (inches)
Edit Databases | Options  Help . Add
Assign Before
Ladings Alt+L Ce i
An | General TPS  Alt+T What's this?
4 Pre-2003 TPS  Alt+9
] User Date Add
| After
000
|Bamiet  soot s 12712000 e B e W ey \ J
Example 1.2 Scott Runnels 2777200
Example 13 Scott Runnels 27 ||| [Copv ) [Pase ] [Copy ] [[Pase ]
Example 2 Scott Runnels 2777200
Example 3 Scott Runnels 2777200
TPS Test 1 Scott Runnels 2/18/2008
TPS Test 2 Enter Name 8/16/2008 I

Done (write to file)

TFS Test 3 Scott Runnels 8/16/2008
Done (dont write yet)
PhysTest Heat Up (L} FirstMame LastName | 12-05-200%

Phys Test Cool Down 12-05-200%

Adiabatic Blowdown Almost Empty Scott Runnels 12-08-2009

Adizhatic Blrwdrwn Half Foll § Sratt Ruinnele 24010 7

4| ’ Example 1.1

Create and Delete Edit

Analyses Analyses Plotting To run and then view the results for this case, click the blue
button above.

==

| Edit Admin Data

Release 2009-10-25

AFFTAC Training Class 37
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New TPS Model

(no geometry)

Define bulk materials

of TPS_Main

TPS

Old TPS Details

Tutorial 10: Decaying Insulation
[INew TPS Model

Tutorial 11: Phas€hanging Insulation

Tutorial 12: MultiLayer & Partial Coverage

surface treatment)

\

Define Bulk Matenials

N

Material Name Conductivity Tables

What's this? What's this?

Fiberglass

Stesl

[ Add |[Deete | [ Add | [ Dekete |
an][Paste] [Copy]lPastel

[ Done {write to file)

|

[ Done (dont write yet)

|

[ Cancel

)

Assign

\/

2 |Use bulk materials to define |3
layers (add geometry and

Lading Properties Databases

Entry Analyses

Meaning Ladings
Old TPS
New TPS

Define a TP system by
assembling layers.

Define Components using Bulk Materials

TPS Components

What's this?

Fiberglass_01
TankWall
Jacket

Composed of RawMatName
Interior Emmissivity

Exterior Emmissivity —_—
Width {inches)
Add
Cowverage (non-defects) Before
What's this?
Add
After

Delete

HE
2

Paste

v

Build a TPS from Components

ke

AFFTAC Training Class

Scott Runnels Consulting srconsult.com

Themmal Protection

Systems

What's this?

BareTank
Onelayer
Twolayer

Delete
Component
[ Copy ] [ Paste ] [ Delete

33



TPS Lading Properties Databases

Old TPS Details Entry Analyses

Tutorial 10: Decaying Insulation Meaning Ladings

New TPS Model Old TPS
O Tutorial 11: Phas€hanging Insulation New TPS

Tutorial 12: MultiLayer & Partial Coverage

Tutorial 11: Phas€hanging Insulation

34



Tutorial 11 Setup

TPS Lading Properties
Old TPS Details Entry
Tutorial 10: Decaying Insulation Meaning
New TPS Model
O Tutorial 11: Phas€hanging Insulation
Tutorial 12: MultiLayer & Partial Coverage

Imaginary TPS
No tank wall or jacket.

C Infinite strength (cannot burst)
C 100% Full of liquid

C 100% Exposed to pool fire

C No PRV

AFFTAC Training Class
Scott Runnels Consulting srconsult.com

Databases
Analyses
Ladings

old TPS
New TPS

35



Tutorial 11: Modeling

Insulation Changes

Enter

ALYl 3AY
and clickAdd. <

Then
highlight it in
the list.

TPS

Old TPS Details

Tutorial 10: Decaying Insulation

New TPS Model
O Tutorial 11: Phas€hanging Insulation

Tutorial 12: MultiLayer & Partial Coverage

e

]

o=l TPS_Main

-
.

Define Bulk Matenals

Material Name

What's thig?
Fiberglass
Steel

Imaginary

Conductivity Tables

What's this?

[ Add | | Delete |

[ Add | [ Delete |

[Copy ][Paste]

[Copy][Paste]

Dione fwrite to file)

Done (don't write yet)

Cancel

)

Assign

Lading Properties Databases
Entry Analyses
Meaning Ladings
Old TPS
New TPS
= | B

Define Components using Bulk Matenals

TPS Components

Add
Before

Fiberglass_01 Composed of RawMatName
TankWall ] -
Jacket Interior Emmissivity
Exterior Emmissivity
Width inches)
Coverage {non-defects)
What's this?

Add
After

B )

AFFTAC Training Class
Scott Runnels Consulting srconsult.com

Build a TPS from Components

Thermal Protection

Systems

What's this?
BareTank
Onelayer
Twolayer
Delete I
Component
[ Copy ] ’ Paste ] [ Delete

36



Tutorial 11: Modeling

Insulation Changes

TPS

Old TPS Details

Tutorial 10: Decaying Insulation
New TPS Model

O Tutorial 11: Phas€hanging Insulation
Tutorial 12: MultiLayer & Partial Coverage

Lading Properties Databases

Entry Analyses

Meaning Ladings
Old TPS
New TPS

a5 Property Entry Window

Themal Conductivity as a function of Temp¢|

Enter a constant value of 5 and
then clickOK

L L
[ Insert ] Temperature (deg-F) k 501 T T T T
6 TPS_Main ED 2
Define Bulk Materials 20 5 %
Material Name 1o 5 4895 B
120 5
What's this? " e oo . ‘ . . .
Fiberglass 0 0 20 40 &0 80 100 120
Stee| Temperature (deg-F}
9 y‘ ':I '®| N Jé ('x 7\ y‘ Width fnches) —
e - n . Before
. Coverage fnon-defects)
this box and = e
click Add. T 0 s
=
Doing so adds
. . -Cram.r -F‘aste
it to the list.
Double click —
[ Done {write to file) l [ o ] [ a ] [ D
the _10 In the [ Done {dont write yet) l 24 __ _
[ Cancel ]
list.
AFFTAC Training ClI
. raining Class 37
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TPS Lading Properties Databases

1 - . Old TPS Details Entry Analyses
TU tO r I a.l 11 . M O d el I n g Tutorial 10: Décaying Insulation Meaning Ladir):gs
New TPS Model Old TPS

1 [ Tutorial 11: Phas€hanging Insulati New TPS
Insulation Changes Tutoril 12 Mticayer & Partal Coverage ™

At this point, the ——— =)
_ & TPS_Main T
bulk material

d L Y I 3 A y I BL‘E& Eélk Mﬂtﬁlll. é‘ I Define Components using Bulk Materials Build a TPS from Components

therm al Material Name Conductivity Tables TPS Compaonents Themal Protection
COﬂdUCtIVIty Of 5 What's this? What's this? What's this? What's this?
iberglass iberglass_| OMpoSse: awMatMame BareTank
for all = E— R :
ora Imagina Jacket Interior Emmissivity TMT'ELLBEY',B;
te m p e I'atu reS . _— Bxterior Emmissivity N
Width (inches)
Assign Before
Coverage (non-defects)
Now suppose P e
that at 500 degF ||| megray 0 s
this material [ Add | [Deete | [ Add | [ Deite |
undergoes a ||| G JlFee ] [com | [ Pae
phase change |
that causes it to Delee
turn Into a [ Dane (write ta file) l
| — [ Copy | [ Paste | [ Delete

perfect insulator. | Cencel |

AFFTAC Training Class 38
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TPS Lading Properties Databases

1 - . Old TPS Details Entry Analyses
TU tO r I a.l 11 . M O d el I n g Tutorial 10: D;.-caying Insulation Meaning Ladir):gs

New TPS Model Old TPS

1 [ Tutorial 11: Phas€hanging Insulati New TPS
Insulation Changes Tutoril 12 Mticayer & Partal Coverage ™

o Property Entry Window i PR ey Sl S Bl o 1N S | amg———— =i [ |
I Thermal C ivity as a fi ion of Temperature
Refresh
Insert Temperature (deg-F) k 0.01 T T T T 1
To model el (] | ;
okl TPS_Main i . . 0.005 [ ]
that, add o n E
=
, , r e ~ 80 o »é
a p ,I-I ,I-I 8 Dane BulkuatKaIS Eﬁ ﬁ 0.005 - 4
-OK -Cancel
1 Material Name
I IStl Dou ble wee = = - {'.015 ZICI 4I'J 5".] EI'J ‘H!ICI 120
Cl iCk It and Se What's this? Temperature (deg-F)
Fiberglass
Steel
I Taokel e STy T
it to all zeros. ||| ™ olayer

R Bxterior Emmissivity

What's this?

_—
Width (inches)
. Coverage (non-defects) T
This second o

Component
functlon WI” Imaginany Accept fgd S
take over [ Add | [Delte | [ Add | [ Deete |
[ Copy H Paste l [ Copy ] ’ Paste ]
permanently
once the
materlal [ Dane {write to file) l

reaches 500 o Detlrtmer) e L
degF.
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TPS Lading Properties Databases

1 - . Old TPS Details Entry Analyses
TU tO r I a.l 11 . M O d el I n g Tutorial 10: D;.-caying Insulation Meaning Ladir):gs
New TPS Model Old TPS

1 [ Tutorial 11: Phas€hanging Insulati New TPS
Insulation Changes Tutoril 12 Mticayer & Partal Coverage ™

[ ol Property Entry Window = | |
Thermmal Conductivity as a function of Temperature
Refresh
Insert Temperature (deg-F) k 5.0 T T T T T
: :
20 5 5.005 [ 1
"o 7S e [ Pese | «© 5 .
5 |
20 5 [
]
- 100 > 4985 [ B
Define Bulk Materials 2 This k=k(T) becomes
Material Name Conductivity Tables '’ eﬁ; e CtiV e at-10 d e g‘F s9s ] zln 4In 5In BID 1 ; - 3
) Temperature (deg-F)
What's this?
Fiberglass
Steel
ol Property Entry Window wiliten e Wbty ool W e L — =k
I Thermmal Conductivity as a function of Temperature
Refresh
Insert Temperature (deg-F) k a.01 T T T T T
: :
. 20 0 0.005 e
iagary pocent o : 5
[ add | [Deete | [ Add | [ Dolete | & 0 £
a0 0 5
| Copy || Paste | [ Copy | | Paste | 100 0 0005 L ]
=3 . _
Th|S k_k(T) becomes 201 zln 4In 5In BID 1:;:1 120
effective at500 degF. Temperature (deg-F)
| Done (write to file) |
I | Done {dont write yet) | - | i O | | - — — ; |
I Cancel ‘

This is an unrealistic material used for demonstration only. /
AFFTAC Training Class . .
Scott Runnels Consulting srconsult.com 500 degF, it becomes aerfect insulator 40




TPS Lading Properties Databases

5 . s Old TPS Details Entry Analyses
Tu to r I a.l 11 5 M O d el I n g Tutorial 10: Décaying Insulation Meaning Ladir):gs
: New TPS Model Old TPS
[JTutorial 11: Phas€h ing | lati New TPS
Insulation Changes Tiora 12 W ayer & Pl Coverage .

A TPS component (layer) is added using the text box under the list and the associated
Addo dzi G 2 Yy @ | SNBFX (0KS alFYS 62NR aLYF3IAYL
O2YLIRASR 2F OGKS aLYIFIAYIFENERBE o0dz 1 YI SN
surface emissivities, a width, and defect information.
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