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Laser flash method

Measuring thermal diffusivity of solids

Most popular (Vozér and Hohenauer, 2003) and standard method (ASTM E1461-13, 2013)
for measuring the thermal diffusivity of solids.
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Half-rise time approach

Heat conduction model

Governing equations (Parker et al., 1961):

oT 2*T
E(x/t)—aﬁ(x,f), O<x<L, t>0,
2 O<x<d,
T(x,0) ={ pct
0 {<x<L,

aT oT
5(0, t) = 0 (front surface), g(L, t) =0 (rear surface).

Nomenclature:

T(x,t): temperature rise above initial temperature at location x and time f [°C].

a: thermal diffusivity [m?s71].

¢: depth at the front surface in which the heat pulse is instantaneously absorbed [m].
L: length of the sample [m].

e Q: amount of heat absorbed through the front surface per unit area [J m~2].

e pc: volumetric heat capacity [JK™' m=].
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Half-rise time approach

Example spatial profile of temperature over time
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Half-rise time approach

Formula for thermal diffusivity

Theoretical temperature rise at rear-surface:

142 Z(_l)n sin (nnf/L)enzw] )

T8 = Tew nml/L

n=1

20t J6) Half maximum (0.5T)
where w = "L—Z“ and Teo = el

For small ¢:

Temperature rise [T'(L, t)]

142 (1% | = T(L, 1), 0 tos

n=1

T(L,t) ~ Teo

Time [¢]

Since T(L, ) = 0.5T when w = 1.370 (displayed to four significant figures), we have:
13712

2t

where tg 5 is the time required for the rear-surface temperature to reach 0.5T.
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Rear-surface integral approach

Carr (2019), Chemical Engineering Science

Aim: obtain a closed-form expression for

éﬂ

[ re-twnra
0
involving the thermal diffusivity, a. T(L,t)

New formula for the thermal diffusivity:

(=}

Too(L2 - £2)
a = 00
6f) [T —T(L,b] dt

Temperature rise [T'(L, t)]

(=]

Time [t]

For equally-spaced discrete rear-surface temperature data (T fori=0,...,N):

12 N ’i:'—l + :f
~ — 1—- =t .
a 3 [;[ T At;

-1

where At; is the time between rear-surface temperature measurements.
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Rear-surface integral approach

Carr (2019), Chemical Engineering Science

Qexact — Qestimate
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AMSI VRS Project

Christyn Wood

Christyn Wood

QUT Bachelor of Mathematics student (now MPhil student)
AMSI Vacation Research Scholar (VRS) Project (2018-2019)

Project Objectives:
1. Remove non-physical assumption that heat is instanta-
neously absorbed at the front surface.

2. Extend to heterogeneous samples comprising two layers
with different thermo-physical properties.
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Rear-surface integral approach

Incorporating heat pulse

Governing equations (Azumi and Takahashi, 1981; Czél et al., 2013; Heckman, 1973):

dT PT
E(x,t)zaﬁ(x,t), O0<x<L, t>0,
T(x,00=0, O<x<L,

aT aT
—kx(o, t) = q(t) (front surface), X(L’ t) =0 (rear surface).

Nomenclature: Heat pulse

e T(x,t): temperature rise above initial
temperature at location x and time t
[°C].

o q: thermal diffusivity [mZs71].

e k: thermal conductivity [W m K.

q(t): heat fluxapplied by the laser pulse
at the front surface [m].

L: length of the sample [m].
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Rear-surface integral approach

Incorporating heat pulse
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Rear-surface integral approach

Incorporating heat pulse

Aim: obtain a closed-form expression for

éﬂ

fm [T = T(L,1)] dt,
0

involving the thermal diffusivity, a. 7L

Note that [ [Teo — T(L, )] dt = u(L), where

(=}

Temperature rise [T'(L, t)]

(=]

u(x) = f [Teo — T(x,t)] dt.
0 Time [t]
Derive a differential equation satisfied by u(x):

00 2 00
u”(x):f 2 Tdt:f LT - M 0) = T = = L
0 0 o a

T ox2 a ot
L 1
aT T
Z 2=
ot ox?
Lo . Too?
Solution is a quadratic: u(x) = cp + c1x — 7
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Rear-surface integral approach

Incorporating heat pulse

Boundary and auxiliary conditions (where Qo = fooo q(t) dt):

0 t
Front surface : u'(0) = f ——(O fdt = f O dt = Q
0

Rear surface : ' (L) = f aT(L t)ydt = f 0dt =
0 0
L
Heat conservation : pc f u(x)dx = f [Qw — Q)] dt.
0 0

Solution of boundary value problem (where Q(t) = fot q(s) ds):

00 - — d
R (=) t+E[X L xz].

pcL a

Recalling fooo [Teo — T(L, t)] dt = u(L) yields thermal diffusivity:
SR st W e
6 o Teo 0 Qoo

Dr Elliot Carr https://elliotcarr.github.io/ 11/14



https://elliotcarr.github.io/

Rear-surface integral approach

Two-layer samples

Heat pulse
Rear-surface

F£1+£2%

Dr Elliot Carr

Ty

T
Syt = 0:1W21(x,t), O<x<t, t>0,

T *T,
W(x,t) = azﬁ(x,t), 1 <x<L, t>0,

Initial conditions:
Tl (x, 0) = O,
T>(x,0) =0,

Boundary conditions:

0<x<{ty,
€1<X<L,

T
~ki a—xl(o, H=qt), t>0,

oM
W(L,t)—o, t>0,

Interface conditions:
Ty(6,t) = Taly, 1), t>0,

aT aT.
kst =k 52 (0,h, >0,
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Rear-surface integral approach

Two-layer samples

Similar analysis yields the thermal diffusivity in each layer:

G (trp1cr +36apaca)ar
a

6as(prcily + pacala) (It = I) — B2(3Lrprcy + bapacy)
R 053tp1c1 + bapaca)a
2 =
6a1(prc1ly + pacala)(I = I) = 5[ prcy + 3Lapaca]

(], T
Ir = fo [1 = ] dt,
o t

Formulas express the thermal diffusivity in each layer in terms of the other layer.

where

Level of accuracy is similar to homogeneous (single-layer) estimate.
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Summary and Conclusions

Carr and Wood (2019)

New formulas for calculating thermal diffusivity from laser flash experiments:

e Remove assumption that heat is instantaneously absorbed at front surface.

e Accommodate arbitrary heat pulse shapes and two-layer samples.

e Accuracy and variability of estimates is similar to original formula of Carr (2019).
Limitations:

o Analysis is one-dimensional.
e Material is assumed to be perfectly thermally insulated (no heat loss).

International Journal of Heat and Mass Transfer 144 (2019) 118609
Contents lists available at ScienceDirect

International Journal of Heat and Mass Transfer

journal homepage: www.elsevier.com/locate/ijhmt

Rear-surface integral method for calculating thermal diffusivity:
Finite pulse time correction and two-layer samples sy

Elliot ]. Carr *, Christyn J. Wood
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Rear-surface integral approach

Incorporating heat pulse
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