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• Why this tutorial?
• Ablative TPS - early studies
• Organic resin composites
• Surface recession mechanisms/modeling
• High fidelity model development
• Testing approaches/requirements
• Future needs
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Ablative TPS Community Ablative TPS Community 
in the 60s and 70sin the 60s and 70s
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Ablative TPS Community TodayAblative TPS Community Today

Time is not 
our friend
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The first material seriously studied for ablative 
TPS applications was …
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The first material seriously studied for ablative 
TPS applications was teflon
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Implications of teflon studiesImplications of teflon studies

• Unfortunately, the study of 
teflon ablation led to some 
misconceptions about ablation 
that persist to this day

• Because teflon ablates over a 
very narrow surface 
temperature range, early 
models were constrained by 
the concept of an “ablation 
temperature”

• This led to the development of 
the “heat of ablation” concept 
which is poorly understood and 
typically misapplied 0
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Heat of Ablation Heat of Ablation -- 11

• The “heat of ablation” (Q*), is 
often referred to as a material 
“property.” It is not a property –
it is a data correlation 
parameter! Furthermore, it is a 
data correlation  parameter that 
is only valid at steady-state 
ablation conditions. It is this 
last requirement that is often 
ignored leading to confusion 
and meaningless comparisons
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Heat of Ablation Heat of Ablation -- 22

• The term Q*, commonly referred to as the heat of ablation, was defined 
by the reentry community during the late ‘50s as a convenient way to 
correlate arc jet ablation data. Based on what was known at the time, 
teflon was a simple sublimer that appeared to ablate at a relatively 
constant surface temperature. The energy “absorbed” by the ablation 
process was only attributable to two phenomena: vaporization and
transpiration. 

• As researchers began to develop analytical techniques to predict ablation 
rates and thermal response, they formulated a surface energy equation 
that essentially described the phenomena they knew about. The early 
formulations could be written simply as:

transvapcondreradconv qqqqq &&&&& ++=−

convq&  is the net convective heating rate to the surface in the absence of 
ablation 

reradq&  is the reradiated heat flux from the surface  

condq&  is the net heat flux conducted into the material 

vapq&  is the energy absorbed in vaporization of the surface material 

transq&  is the energy flux “absorbed” due to transpiration of ablation products 
into the boundary layer 

(1)
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Heat of Ablation Heat of Ablation -- 33

(2)



Space Technology Division   

BL-15

Heat of Ablation Heat of Ablation -- 44
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Heat of Ablation Heat of Ablation -- 55

∆Hv η
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Heat of Ablation Heat of Ablation -- 66
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Heat of Ablation Heat of Ablation -- 77

• Example:†
– Tape-wrapped silica 

phenolic (ρ = 1.63 g/cm3)
– PTFE (ρ = 2.18 g/cm3) 
– Tests in Avco’s Model 500 

arc jet (circa 1965)
– Flat-faced stagnation 

samples in air
– Cold-wall heat fluxes in 

the range from ≈ 0.7 - 1.5 
kW/cm2 
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September 1966.
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Heat of Ablation Heat of Ablation -- 88



Space Technology Division   

BL-20

Heat of Ablation Heat of Ablation -- 99
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Topic SummaryTopic Summary

• Early studies used the heat of ablation (Q*) as a data 
correlation parameter from which fundamental 
“properties” were derived for use with transient 
thermal/ablation codes
– Q* can only be derived from steady-state ablation data

• The early focus on teflon ablation led to the 
misconception that all materials could be modeled in 
terms of an “ablation temperature”
– This erroneous assumption became readily apparent in 

subsequent studies of the ablation of glass, graphite and organic 
resin composites
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