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Old TPS Details
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The old thermal 
protection system 

(TPS) model 
database can be 

accessed through 
the main menu.

You can establish a database of 
setups that may then be 

referenced by name when 
setting up an analysis, e.g., 

ά.ŀǊŜ ¢ŀƴƪέ ŀƴŘ ά9ȄŀƳǇƭŜ мέΦEdit Window, 
next slide
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Well-Mixed Liquid

Vapor

Tank Adjacent to Vapor
(Uniform Temperature)

Tank Adjacent to Liquid
(Uniform Temperature)

Bare 
metal 
tank

Lƴ ǘƘŜ ά.ŀǊŜέ ƻǇǘƛƻƴΣ ƘŜŀǘ ƛǎ ŎƻƴŘǳŎǘŜŘ ǘƘǊƻǳƎƘ 
the bare metal tank using the conductivity of the 
metal and, in the vapor space, a convective heat 
transfer coefficient.
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Tank Adjacent to Vapor
(Uniform Temperature)

Tank Adjacent to Liquid
(Uniform Temperature)

Material not 
specified.  A hard-
coded value for 
conductivity is 
used.

¢ƘŜ άCw! {ǘŀƴŘŀǊŘέ ƻǇǘƛƻƴ ƛǎ Ƨǳǎǘ ƭƛƪŜ ά.ŀǊŜέΣ 
except that the conductivity is a hard-coded 
value.

Well-Mixed Liquid

Vapor
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Well-Mixed Liquid
(Uniform temperature)
(Different from vapor)

Well-Mixed Vapor
(Uniform temperature)

Tank Adjacent to Vapor
(Uniform Temperature)

Tank Adjacent to Liquid
(Uniform Temperature)

Tank Wall

With any of the insulation options,  a liner can be 
added.  The liner adds another layer of resistance 
to heat conduction.  It linearly deteriorate over 
time, eventually disappearing completely.
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Multiple layers, in series, have a 
composite resistance.
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The resistance is cumulative and can 
be computed using a hierarchical 

harmonic sum.
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Resistance due to a convective film 
layer is included as an additional 

layer.
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Well-Mixed Liquid

Well-Mixed Vapor

Tank Adjacent to Vapor
(Uniform Temperature)

Tank Adjacent to Liquid
(Uniform Temperature)

Two Layers:
(1) Bare Tank 
(2) Liner

Three Layers:
(1) Bare Tank 
(2) Liner 
(3) Convective Film

In the vapor region, there is an additional 
resistance to heat transfer due to convection.  In 
the liquid, there is such excellent contact that the 
interior tank temperature equals the lading 
temperature.
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Conduction

Radiation

Flame Lading

Liner

Tank Wall
Insulation

Jacket

{

{
Lƴ ǘƘŜ ά{ǘŜŜƭ WŀŎƪŜǘŜŘέ ƻǇǘƛƻƴΣ ŎƻƴŘǳŎǘƛƻƴ 
through multiple layers is combined with radiative 
exchange with the steel jacket.
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Two radiation paths.

Flame Lading

Liner

Tank Wall
Insulation

Jacket
When there is partial coverage of insulation as 
established as part of the Analysis setup, there 
are two radiation paths.
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Flame Lading

Liner

Tank Wall
Insulation

Flame Lading

Liner

Tank Wall
Insulation

F
la

m
e

Lading

Liner

Tank Wall
Insulation

Example combinations:  In each combination, the 
ability to model the liner and insulation is limited.
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Examples of Insulation and Liner Models in Old TPS:

ÇDeterioration time
Ç Initial conductance ςFinal conductance
ÇQuadratic temperature-dependent model

These limitations are what motivated the new TPS 
model.
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Tutorial 10: Decaying Insulation
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Ç Infinite strength (cannot burst)
Ç100% Full of liquid
Ç100% Exposed to pool fire
ÇNo PRV

Well-Mixed Liquid
(Uniform temperature)

This tutorial uses a 100% full 
tank heated with a 1500 deg-F 
flame, but an insulation that 
deteriorates with time.
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1 2
3

4

Decaying InsulationCopy and paste Tutorial 9.  Name 
ǘƘŜ ƴŜǿ ŀƴŀƭȅǎƛǎ ά¢млΥ Cǳƭƭ ¢ŀƴƪ-
5ŜǘŜǊƛƻǊŀǘƛƴƎ ¢t{έΦ  9Řƛǘ ŀǎ 
Ŧƻƭƭƻǿǎ ŀƴŘ Ǌǳƴ ƛǘΦ  bƻǘŜ ȅƻǳΩƭƭ 
need to create a deteriorating 
insulation as shown here.
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Results for 
deteriorating TPS.



AFFTAC Training Class

Scott Runnels Consulting srconsult.com

Lading PropertiesTPS
Old TPS Details
Tutorial 10: Decaying Insulation
New TPS Model
Tutorial 11: Phase-Changing Insulation
Tutorial 12: Multi-Layer & Partial Coverage

Entry
Meaning

Databases
Analyses
Ladings
Old TPS
New TPS

19

New TPS Model
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Problems with the old insulation model

1. Time-based deterioration is unphysical.
2. Temperature-based 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 implemented.  Now in Beta testing.
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ÇAccommodate an arbitrary number of layers
ÇStore layer materials in a database
ÇStore the combinations of these layers, which form a specific TPS (thermal protection 
system) in  a database
ÇEach layer shall:

ÇThe 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.

Requirements Have Been

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.
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Jacket
Arbitrary number 
of layers

Air

ÇAn arbitrary number of layers is accommodated.
ÇJacket, tank wall, and liners are also treated as 
layers.
ÇAny layer may exhibit partial coverage.
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Material B

Material C

Material D

Material E

Material F

Material G

Material A

Innermost layer may be tank wall or liner.

For jacketed systems, the outermost layer 

would be the jacket, and that would be part 

of the database

ÇLayers can be named separately 
and saved in a database.
ÇComposite systems can be 
assembled from named layers, 
and also saved in a database.
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Thermal Protection System Model

Material Database

Jacket

Spray-On B

Spray-On A

Fiberglass B

Fiberglass A

Steel

User selects 
materials in 
order.

User assigns 
thickness and 
initial coverage.

User gives the 
composite 
system a name

1 2 3

Lining

Conductivity, heat capacity, emissivity, 
and percent coverage as a function of 
time and temperature history for

Steel-Jacketed 

with Lining

100% coverage 

for all layers, 

thin lining, thick 

insulation
Ready for use in 

an analysis ï

referred to by 

name.
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T2

Tl2

T2

Tr2

The new TPS model is very general.

Each layer has its own material 
properties.

Each layer can have an individual 
value for partial coverage.

Voids permit radiative and convective 
exchange with non-adjacent layers.

The voids are modeled as being 
randomly distributed.

Multiple interface temperatures are 
involved.
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Layer 1 Layer 2 Layer 3 Layer 4 Layer 5

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.
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Settled insulation

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

Each layer can have its own 
partial coverage vary with 
angle.
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T2

Tl2

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

T2

Tl2

Conduction path (T2)

Radiation/convection path due to view 
ports in adjacent layer (Tl2).

3xN simultaneous nonlinear algebraic 
equations.

Expanded existing Newton-Raphson and 
linear solvers.
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Layer 1 Layer 2 Layer 3 Layer 4 Layer 5

c1 c2 c3 c4 c5

Fraction of total area 
covered by layer.

Settled insulation
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Tlading Tflame

Tinner-wallTflame

Conducted Heat In

Convected & Radiated

Conducted 
Heat In
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1 2 3Define bulk materials 
(no geometry)

Use bulk materials to define 
layers (add geometry and 
surface treatment)

Define a TP system by 
assembling layers.

33
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Tutorial 11: Phase-Changing Insulation
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Ç Infinite strength (cannot burst)
Ç100% Full of liquid
Ç100% Exposed to pool fire
ÇNo PRV

Well-Mixed Liquid
(Uniform temperature)

Imaginary TPS
No tank wall or jacket.
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36

Enter 
άLƳŀƎƛƴŀǊȅέ 
and click Add.

Then 
highlight it in 
the list.
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9ƴǘŜǊ ά-млέ  ƛƴ 
this box and 
click Add.  
Doing so adds 
it to the list.

Double click 
the -10 in the 
list.

Enter a constant value of 5 and 
then click OK.
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At this point, the 
bulk material 
άLƳŀƎƛƴŀǊȅέ Ƙŀǎ ŀ 
thermal 
conductivity of 5 
for all 
temperatures.

Now suppose 
that at 500 deg-F 
this material 
undergoes a 
phase change 
that causes it to 
turn into a 
perfect insulator.
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To model 
that, add 
άрллέ ǘƻ ǘƘŜ 
list.  Double 
click it and set 
it to all zeros.

This second 
function will 
take over 
permanently 
once the 
material 
reaches 500 
deg-F.
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Insulation Changes

This is an unrealistic material used for demonstration only.  At 
500 deg-F, it becomes a perfect insulator. 40

This k=k(T) becomes 
effective at -10 deg-F.

This k=k(T) becomes 
effective at 500 deg-F.
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A TPS component (layer) is added using the text box under the list and the associated 
AddōǳǘǘƻƴΦ  IŜǊŜΣ ǘƘŜ ǎŀƳŜ ǿƻǊŘ άLƳŀƎƛƴŀǊȅψ[ŀȅŜǊέ ƛǎ ǳǎŜŘ ŦƻǊ ǎƛƳǇƭƛŎƛǘȅΦ   Lǘ ƛǎ 
ŎƻƳǇƻǎŜŘ ƻŦ ǘƘŜ άLƳŀƎƛƴŀǊȅέ ōǳƭƪ ƳŀǘŜǊƛŀƭΦ  .ǳǘ ŀ ŎƻƳǇƻƴŜƴǘ ŀƭǎƻ Ƙŀǎ ƛƴƴŜǊ ŀƴŘ ƻǳǘŜǊ 
surface emissivities, a width, and defect information.


