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Then let's explore a problem from fire engineering!
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Incident Radiation

Test Sample

Sample Holder

Figure 1: Common experimental configuration: horizontal heating.
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The model
My students: heat-transfer (Barnes & Fulford)
dT
cm- - = —hS (T — T,) + €LS, T(0) = T.. (4)
1T
mﬁ?:f%(FfEHdS
(

Most of my students rewrote the equation

dT

@ = —a(T— Ta)+b,
or

dT

LI

dt ?
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Solution. The solution of the differential equation is

eL el hS
Sample ignites when T = Tign at t = tign.
Show that
hS el
= ten| = . 6
eXp[cm g] L — h(Tign— Ta) (6)
Why do this?
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Question 3.1 (Pre-calculus)
Use equation (6) to show there is a critical heat-flux, L
Q@ if L < L, the sample does not ignite;
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© if L > L., the sample ignites after a finite amount of time.
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Question 3.1 (Pre-calculus)
Use equation (6) to show there is a critical heat-flux, L
Q@ if L < L, the sample does not ignite;
Q if L = L., the sample ignites after an infinite amount of time;

© if L > L., the sample ignites after a finite amount of time.

h(Tign — T2) cm eL
=—— =7 ion = —— |
Ler € ’ lig hSs el - h(Tign — T2)
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cm el
fen = 5 " LR (Te = To) | (7)

© Set L. Measure tig,.

@ Estimate Tig, (experimentalist’s job, not ours)
© Values for h and S defined by test method.

@ Value for T, known. If € unknown then ¢ = 1.

@ Isn't cm known?

@ What's the best value of cm to fit data?

@ Show that...

cm L
tign = E In |:E— [,C',:| . (8)
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@ Show that
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© Show that (fire engineering version, assuming € = 1)

1

tign ~ C5P(Tign - TO) : Za

(10)
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Another way to rewrite the model

AT -T)+b
dt a )+
= —a(T-T3)
Q@ T.: effective steady-state temperature. (L)

© Behaviour understood by students.

© Sample can not ignite if T; < Tigy.

Q Critical Heat Flux: T} = Tigp.

@ Intuitive way to understand basic properties
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Heat-flux is not time dependent

@ L (t) rather than L.
2]
dT  hSc

E'f‘cm'-r:f(t)a T(O):Ta7 (11)

£(t) = Cim[hsra+es.c(t)].

Q@ L1TorL]: why?
o

Increasing power-law.
L(t)=at’, (b>1).
Linearly decreasing rate.

L(t) =L — at.
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