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Apparats for measuremerof therma diffusivity of particulae matte in the temperatue range of
10-300 K is described The bass of the measuremeénis modulatel radid hed flow into a
cylindricd sample with a relatively smal temperatue gradient Data is analyzel by Fourier
transformationand thermd diffusivity is determiné from both the pha® lag and amplituck ratio of
the temperatue at various locatiors along the cross sectin of the cylinder. This apparats was
testal with solid benzengand found to give measuremestwithin =30%, in accod with the error
analysis It is especialf usefd for the determinatia of low therma diffusivity materials in the
range of 1X107 8 t05x10 8 m?>s™ . © 199 America Institute of Physics.
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I. INTRODUCTION

Most solid dielectric materiab exig in microcrystalline
form, as particulae materiaé (loose powder$ or microcrys-
talline conglomeratesknowledge of the effective thermal
conductiviy ard thermad diffusivity of particulag materials
is required in the desigrs of therma insulation refractory
materials and cryogent adsorbane vacuun systems this
information is also requiral for modelirg studies of hea dis-
sipatian in the uppe layers of the earth’s crug (e.g, in the
modelirg of surfa@ and undergroud explosionsin estima-
tion of hed dissipation from buried power-lire cables and
hot wate ard stean lines), and at the surface of planets.
Furthermore it is desirabé to be able to perform thermal
measuremeston particulae materiak with as littl e alteration
of the origind sampk as possible for example formation of
aconglomerat from apowde involves the risk of alteration
of the main pha® due to eithe pressure-induakplastc and
elastc deformatiors or pressure-induck solid-staé phase
transitions:

Severd technique hawe been developd for measure-
mert of therma transpot properties of dielectric particulate
materia$ (usualy very poa hea conductory? ard thee can
be divided into two groups quasidynamidaard dynamical,
whete the former deak with steady-stat hea flow and the
latter employs modulatel hea flow. Furthe classificatio in-
volves subdivisions e.g, accordimg to the apparats geom-
etry, methal of heating ard temperatue sensing* In dy-
namicd methods the temperatue field inside the sampe is
variabk in time, and therefoe thee method provide infor-
mation abou relaxation properties of the sample i.e., ther-
md diffusivity, D. The therma conductiviy coefficient, «,
can be calculatel from

xk=DC, 1)
whetre C is the hed capaciy per unit volume.
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The superio performane of the dynamicd methods
(their high sensitivity, accurag ard temperatue resolution,
ard applicability over a wide temperatue range determined
the choice of the techniqee to be usel here to design an
apparats for therma measuremestof low-diffusivity par-
ticulate materials Among dynamicd methods thoe em-
ploying high-energ pulse heatirg (sud as heatirg by irra-
diation with beans of high-energ elementay particles are
the mog popula and productie for measurig therma dif-
fusivity of solids However thes techniqus do not permit
measuremernof extremey low diffusivity; for example the
lower bourd of therma diffusivity measurd using lases is
estimated to be 10°7 m?s ™%, while some powdes of prac-
tical importane hawe lower values (e.g, for water-loaded
NaY zeolite® D=1.9x10"8 m?s~1). Transiet hot wire and
differentiatal line-hed soure method hawe been shown to
be superio in sensitivity, accuracy temperatue resolution,
ard time consumptio in measuremestof loose particulate
materials! The former methal was also shown to be well
suitad for high-pressue measuremestof therma properties
of powders’® Measuremerstof loose evacuatd powdes are
regulary accomplishd with relatively high temperatue gra-
dients ~20 K, althoudh measuremestwith lower tempera-
ture gradients ~5 K, hawe been reported®

In this investigation the modulatel radial-he& flow
techniqwe in the convergirg geomety (i.e., with heates lo-
catal on the periphey of the cylindricd cell) was chosen.
This configuration allows for eay sampk chang in acon-
trolled atmosphereand relatively smal temperatue gradi-
ent can be used Automatel dat collection and analyss can
be easily accomplishedSimilar method have been success-
fully applied to measue therma diffusivity of a diversity of
materials such as cerame specimens® ! molten glas$? and
metalst® The majar advancs reportel her are tha Fourier
analyss of the daf allows sensitive determinatio of low
therma diffusivity with relatively smal temperatue gradi-
ent (less than 1 K), allowing meaningfli determinatia of
the temperatug dependene of therma diffusivity/thermal
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conductivity, with the sensitiviyy optimized by a combination
of temperatug amplituce ard temperatug pha® lag mea-

surementsThis methal can allow determinatio of changes
in therma conductiviy during, for example pha® transfor-

matiors and lattice dynamic of particulag materials Test-

ing of the presemapparats was accomplishd with measure-
mens of solid benzee frozen into the cell.

Il. THEORY OF MODULATED HEAT FLOW IN A
CYLINDRICAL CELL

The desiq of the experimenthcel was chosa to satisfy
the approximatim of an infinite cylinder to avoid theoretical
complicatiors associaté with hed dissipatia at the cylinder
ends To med this approximationthe heigh of the cylinder,
Hcen, has to be at leag three times the diamete of the cyl-
inder, 2R Using this approximationthe time dependence
of the temperatue at the point located at a distane r from

the axis of the cylinder is given by
JT 5 9T . 10T )
ot Pl ) @

Assumirg tha the initial temperatue acros the cylinder is
uniform ard equd to T, (i.e, at=0 forall r, T=T,) ard at
time t>0 a sinusoidaly modulatel Jouk enery input, of

frequencyw, is applied to the cylindrical surface at distance

ro from the axis of the cylinder, causilg a corresponding
chang of the surfa@ temperaturethen

T—To=Ta(r=rg)cos(wt), €))
where T, is the amplituck of the temperatue wave ard the
following solution can be obtained"?

T-To _cos(wt)ber(z)+sin(wt)bei(z)

Ta(r=rg) ber’(z)+bei(z) ’
where z=ry(w/D)Y? ard ber(z) ard bei(z) representhe
Thompsm (also known as Bessé red and imaginary func-
tions definal throudh the modified Bessé function of the
zeroh order, |, as®®

ber(z)+i-bei(z)=14(zi¥?;

ber(z)—i-bei(z)=14(zi" ). (5)

The solution of Eq. (4) for maxima by zeroirg the time
derivative gives the following formula for the pha lag, A®,

betwea temperatue waves at the perimete r=r, (and at
the cente of the cylindricd sampé r =0), (see Fig. 1):
tan A6 — bei(z)
N A= ber(z)

Thus knowing z, therma diffusivity can be calculatel from
the following expression:

D=wr?/z2

(4)

(6)

(@)

The decy of the temperatue wawe is also relatal to the
therma diffusivity and therefore it can be use for diffusiv-
ity determinationsFor example it has been shown tha dif-
fusivity can be calculatel from the correlation betweea the
amplitudes of therma waves on the surfae of the cylindrical
sampe obtainel for two differert frequencies?® Therefore,
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Ta(r=r)
T,(r=0)

t

FIG. 1. Schemat of a temperatue wave inside a cylindricd sampe tha is
heatel with sinusoidaly modulatel powe at the cente (r =0) ard at some
distane (r,) from the axis as afunction of time, showirg the pha® lag,
AG.

Eqg. (6) can be usel further to expres z throudh the ratio of
amplitudes of the temperatug wave at the perimete [ T(r
=rg)] ard a the cente of the cylindricd sampé [Ta(r
=0)] (see Fig. 1), as follows:

First, sine and cosire can be expressé through the
Thompsa functiors as

) B bei(z)
sin A®_[berz(z)ereiz(z)]l’2 ®
and
ber(z)
C0s AO = e P b2 ©

Next, this pair of expressioa can be substitute into Eqg. (4)
to obtan an expressia for the ratio of the temperatue am-
plitudes (consideriiy only positive values of the amplitude
ratio to be physically meaningful

Ta(r=0) _ 1 _
Ta(r=ro) [ber’(2)+bei(2)]? My(2)’

where M(2) is the modulws of the modified Bessé function
of the first kind of zeroh order.

Equation (10) relates the temperatug amplituce ratio to
z this will be usal for therma diffusivity calculatiors in the
“amplitude” method as distinguishe from the “phase”
method which employs Eq. (6) ard the pha lag.

Figure 2(a) illustrates the dependene of the pha® lag
ard amplituce decg on the parametez At smal values of z,
the modulws of the modified Bessé function grows more
gradualy compare with the phag of the function and
therefoe at smal values of z alarge uncertainy in z can be
expecte for agiven uncertainy in My(z) compare with the
sanme uncertainy in A®. To investigaé errar propagation
during evaluatia of z from eithe the pha lag or amplitude
attenuationit is illustrative to calculae a propagatio coef-
ficient Apop, CONnectiy the errar in variable x, and the
errarin function y, as (dy/y) = A, dX/X). It follows from
the definition that A,o,=x(d Iny/dX). Figure 2(b) shows
tha the threshotl value of z, at which the “amplitude” and
“phase” method swg their performane during Bessel
function evaluation lies at arourd 2.7. The amplitude
metha can be expectd to perfom bette at values for z
>2.7. In the phag methal the uncertainy is neary constant
for transformatia of the pha® lag into z for z rangirg from

(10
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FIG. 2. (a) Dependene of the pha® lag (solid line) ard the ratio of the
amplitudes of therma waves at the cente and at a distane r, from the
cente (dashd line) on the Bessé function parametez. (b) Dependene of
the errar propagatio factar in the phag metha (solid line) and in the
amplituce methal (dashe line) on z

0 to 4, wherea the amplituce methal resuls in a significant
magnification of the errar for z<<2. It is possibé to use the
differences betwee resuls obtainal with the phag and am-
plitude method to evaluae systemat errors’

IIl. SAMPLE ASSEMBLY

The therma conductivity/diffusiviy calorimete is
shown schematicall in Fig. 3. The sampé was containel in
the inner cel cylinder, with height H_,;=0.06 m ard inner
diamete 2R..=0.018 m; this fit snugly in the oute cell
cylinder. Both cylinders were mack of brass The spae be-
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FIG. 3. Schemat diagran of the therma conductiviy apparats measure-
mert assembly.
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tween the two cylinders was filled with Apiezon N vacuum
greas&® for goad therma contact The sampe heate was
mack of double-sik covera 38 SWG mangam wire (25
0 m ! resistancewourd bifilarly arourd the oute cel cyl-
inder and varnishel into place with low-temperatue GE
7031 varnish (TRI Researchlinc.). There were five 0.08-
mm-diam Au-0.03% Fe/Chromeé differentid thermocouples
(Johnso Matthey, suppliel ard calibratel by Cryogenic
Calibratiors Ltd., England with accurag +0.06 K from 30
to 300 K), ead held in acerame tube of 1.8 mm o.d. and 0.9
mm i.d. (Omea Engineering Inc.). The tubes were aligned
along the axis of the cell, allowing measuremerof the tem-
peratue variation at the axis of the cell ard at four equally
space positiors on a circle with radiuss 5 mm (see Fig. 3).
The tubes were seale@l into a phenolt disk with 1 hepox to
which 5 mas % phenolc powde was addal as afiller to
redue the coefficien of therma expansiort” The sane ep-
oxy composié was usel to make avacuum-tigh sea be-
tween a bras ring ard the phenolt disk. The vacuum inside
the inner cel cylinder was ensuré by indium o-ring seals
betwea the inner cel cylinder ard the lid of the cell at the
top of the assemblyand the bras ring of the phenolt disk at
the bottam of the assembly.

A platinum resistane thermomete(Cryocal PR-10Q 20
Q) a T=77K, calibratal by TRI Researchwas insertal into
a bras slee\e solderel to the oute cylinder. The spae be-
tween the thermomete housirg ard the thermomete was
filled with Apiezan N vacuum grease.

The variation of the temperatue inside the sampe rela-
tive to the hed sink was detecté using the Au-0.03% Fe
(one piece 200 mm long)/Chromé (two pieces 200 mm
long each differentid thermocouplesSud long wires were
usal to minimize the flux of hed alorng them The junctions
were mack by spak welding in a helium atmospheré®

For bette contrd of hed dissipatia by the cell and to
accommodat adiabatt requiremerg of adiabatt calorim-
etry (for determinatio of hed capaciy using the sane ap-
paratug the cell was suspendé on nylon line inside another
bras cylinde (further referral to as the shield ses Fig. 3). A
three-sectin heate mace of double-sik wourd 38 SWG
mangam wire (25 Q m~! resistanck was wourd bifilarly
arourd the shied ard varnishe into place with low-
temperatue GE 703l varnish Three pairs of differential
thermocoupls (Cu/Constantan® were usal in the circuits of
the temperatug controller two were to minimize the tem-
peratue gradien along the shied and one was to sustan the
necessar temperatue differene betwea the shied and the
sampé cell. There was an indium o-ring sed betweea the
shied and the hed sink (see Fig. 3) and the spa@ within the
shied could be evacuatd or filled with helium gas to allow
better contrd of hed dissipation by the cell. To avoid con-
tamination of the signd on the hat junctiors of the thermo-
couples by modulatiors in the hed sink temperature all
measuremestin the modulatel enery flow regime were
undertake after evacuatig the inner vacuum chambe of the
apparats with a roughirg pump.

During operation the cell assemby is immersa in an
appropria¢ cryogen (liquid nitrogen for T>80 K, liquid he-
lium for 10 K<T<80K).
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FIG. 4. Block diagran of the therma conductiviyy apparatusPC. personal
computer RS232 serid interface IEEE488 paralld interface LFFG: pro-
grammabé low-frequeng function generatgr DVM: digital voltmeter;
PRT: platinum resistane thermometer PSU powea suppy for the upper
heatey PSM: powe suppl for the middle heater PSB powe supp for the
bottam heater R: relay control Thin connectirg lines denoe doubk wires.

IV. ELECTRONICS AND MEASUREMENT
PROCEDURE

The experimenth apparats was built to require mini-
mum participation of the operator ard therefoe all the elec-
tronics and mog operatiors are controlled by computer The
genera plan of the electronis is given in Fig. 4. The com-
puta employel is an IBM-PC compatibé compute with a
80486DX2S microprocesso with mathematich coproces-
sor, 66 MHz clock, 640 kbytes of base memory 3072 kbytes
of extende memory ard 256 kbytes of cacte memory A
multifunctiond Hewlet—Packad 3456A digital voltmeter
(DVM) is linked to the compute via the paralld IEEE488
interface.

A programmal# ultralow frequeng function generator
(LFFG) was specialy designé and built to med the require-
mens of supplyirg a powe signd with the requiral time
profile, i.e,, tunabk frequeng in the range betwea 0.001
ard 3 Hz, with variabke powea of up to 5 W. The power
suppy is characterize by 12 bit (i.e., 1 pait per 4096 func-
tion resolution and scalirg resolution and requires 256 float-
ing point entries betwee 0.0 and 1.0 for unipola outpu and
from —1.0 to +1.0 for bipolar outptt to define one periad of
a normalizel wave In the modulatel energy flow regime a
table of 256 floating-point values of [0.5 sin(x)+0.5]*2 rep-
resentilg one periad of a normalizel sine wave of power,
where x;=27i/256 fori from 0 to 255, are sent to the LFFG.
To ge a dc pulse in the constan enery flow regime (re-
quired during temperatug stabilization a table of 256 units
was used Communicatio with the compute was realized
throuch the serid RS-22 interface.

A triple programmale powe suppl was built to pro-
vide the required powe to the three shield sectiors (upper,
middle and lower): a maximum powe of 5 W (with 12 bits
resolutian in voltage could be applied to ead section.

A relay contrd containirg 11 mechanichswitches was
useal to selet a senso whos signd is to be directal to the
DVM for acquisition The DVM takes reading of the elec-
tromotive force (emf) create betwee the cold and hat ends
of the differentid thermocouplesor resistane of the plati-
num thermometein the four-wire () mode with termind emf
compensation.

V. V. Murashov and M. A. White 4201

The parallé IEEE483 interface was usal to contrd both
the shied powe supply ard the relay.

Contrd over the experimenh was realized in the Quick-
Basic environmentAs the sped of the progran executia is
nat a limiting factar in thee measurementthe codes were
run unde the QuickBast interpreter At the beginning the
progran initializes interfaceschecls ard reses administered
electronics and identifies operationh thermocouplesAfter
that the compute stabilizes the temperatue of the cel at the
required value or identifies the lowed achievabd tempera-
turein tha particula hed exchang regime by manipulating
the powe applied to the three-sectio shied heate using the
proportional-integral-differentla(PID) controlle algorithm
with predeterming parametes for operationhhea exchange
regimes.

In the modulate energy flow regime an equivalen dc
powe is applied to the cel during temperatug stabilization
to simulae an offse powe of the modulatel enery pulse
ard therefoe prevern an increag of the sampé temperature
during measurementsWhen the temperatue drift rate is
brough to a magnituek less than the threshotl value (corre-
spondimg to a chang of mean sampé temperatue lessthan 1
K during data acquisition for one temperatue point, i.e., drift
rate less than abou 3x 10 ° K s71), asine wave of powe of
the desiral frequeng and amplituce generatd by the LFFG
is applied during the periad requireal to colled a presé num-
ber of points and cycles The powea applied to the three-
sectio heate of the shield is kept constam to preven con-
tamination of the time dependeneof the temperatug field in
the sampe by low-frequeng fluctuatiors due to stabilization
of the averag@ temperatue of the calorimeter Upon comple-
tion of the data collection at one temperaturgthe program
automaticaly heas the cel to the nex temperatue point
using the prese value of the temperatue step which is typi-
cally 10 K. Then the temperatue is stabilized ard measure-
ment are taken again.

V. DATA ACQUISITION AND ANALYSIS

Data from arun contan record of the time of collec-
tion, the temperatue at the surfae of the cell as detectd by
the platinum resistane thermometerand values of emfs at
the sample (hea sink) ard cell-shiell differentid thermo-
couples The numbe of points accumulatd during the
modulatel energy-flav regime has to be a powea of 2 to
allow for the fag Fourieg transformatio (FFT), and hence,
during a regula run 1024 dat points (2" with N’ =10)
were collected with 10 points per cycle.

The discree Fourig transfom mays the 2N experimen-
tal values of a time-dependenvariable sud as temperature

(or emfy, Ty, onto 2N complex numbes F(f,,) according
to the formula:

2N’ -1
Fr(fg=2"N" 3 T, " (11)
k=0
Thus the Fourig transformatio yields information about
the temperatue waves at the cel surfae and inside the
sampek in the form of specta in complex space ard the
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magnituds of the red and imaginay parts ard therefore,
the amplitudes and phase of the waves can be obtained.
Fourieg transformatia of the experimenthdat pointsis per-
formed using a fag Fourig transfom algorithm imple-
mentel in a standad Bast routine?°

The shifting theoren! allows investigatio of the phase
differene betweea the signak of interest If, for a given
frequeng fg, Fourie transforns of signak 1and 2 are given
by

Fri(fg)=a;+bqi; Fra(fy)=a,+Dbai, (12

respectively then signd phases®, with respet to the be-
ginning of the samplirg for ead signal t; and t,, are

®,=arctai(b,/a,); O,=arcta(b,/a,), (13
and the amplitudes of the waves T,, are found as
Ta=(ai+bD"%  Tp=(a3+b)" (14

Thus the pha® difference betwea the two signals AO, is
A®:®2_®1+(t2_t1)277f3. (15)

In the next stage of our therma diffusivity data analysis,
specialy written routines calculae the parameterz, of the
modified Bessé function of the first kind of zeroh orde for
a given pha® and amplituce ratio. This is accomplishd by
mears of series summatiom until the convergene criterion
for the Bessé function series is less than 107 3%. (As these
series are alternating the infinite sum over the remaining
terns is less than the absolué value of the cutoff term)

The temperatue of the surfa@ of the cel is recovered
from resistane values using a spline function fitted to the Pt
thermomete calibratian data.

VI. ERROR ANALYSIS

The main source of errors include measurementsiata
analysis and assumptios usal in the theoretich models.
The larges$ experimentherrors are temperatug uncertainty,
giving rise to randam error, and uncertainy in the positions
of thermocoupleswhich leads to systemat: error.

Therma fluctuatiors in enf in thermocouple (<10
wV)? and therma fluctuatiors in the platinum resistance
thermomete (PRT) lead to randon errois ard the® can be
reducel by averagitg in eithe the Fourig transfom routine
(emf) or linear least-squar fit (PRT). Analysis of the spectra
of enf indicates tha statistich errar in the measurd enf due
to the noise in the electronic and therma fluctuatiors in
temperatug sensos left after averagig over 2° points
(~100 cycles can be maintainel undea 5% (excep for the
lowed temperaturewhen alow powe signd is required and
this errar can increa® to 20%) for the amplituce of the tem-
peratue wave and arourd 2'2 times that for the red and
imaginay pars of the wave Calibration accuray of the
PRT temperatue is =0.01L K and therefoe uncertainy at
100 K is 0.01% Uncertainy in the PRT temperatue due to
sef heatirg in the four-wire methal with compensatio for
thermd enf can be neglected Temperatue drift allowed
during diffusivity measuremestwas 1K pe periad of data
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accumulationand therefor uncertainy in the temperatue in
the modulated-energy-fle technigue can be acceptd as 0.5
K.

Uncertainy in the positiors of thermocoupt junctions
gives rise to systemat erra tha can be estimate as ~5%.
Averagirg over all four thermocouple reducs this uncer-
tainty.

Uncertainy in frequeng gives statistich erra that can
be estimate as half the frequeny resolution i.e., df/2, nor-
malized with the working frequency which leads to errar in
frequeng given by the reciprocéd of the numbe of cycles
collected Thus it is 1% for 100 cycles collected.

Randan errors acquirel during data analyss are small
(e.g, uncertainy in the determinatio of the Bessé function
parametezis less than 0.001% ard can be neglecté in the
therma diffusivity measurements.

The theoretich modd assumptioa usal in the data
analyss could give rise to systemati errors The dat analy-
sis is basa& on the following suppositions the materid is
homogeneousthe cel is an infinite cylinder (in diffusivity
ard therma conductiviy measurementsthe therma sensors
do nat affed the temperatug distribution in the sample the
therma properties of the sampé do nat chang with time;
there is an ided thermd conta¢ betwea the thermd sensors
ard the sample The effed of hed dissipatia by the finite
sampé boundaris was shown to be negligible for athreefold
ratio of lengh to diamete usel in this work 2® Othe types of
errors are difficult to estimate.

Assumirg errois describe above the overal relative er-
ror of diffusivity measurementsjD/D, arising from errors
in frequency,o6f/f, in the position of thermocouple junctions
in the sample,dr/r, and in thez parameter,6z/z, can be
estimatd as*

SDID=|8f1f|+2|6rlr|+2|62/7], (16)

where §z/z~|5A®/AB| for the phase method. The error in
the pha® lag, SAG/AO, is estimated as 11% for 30° phase
lag, assumig 7% errar in the complex componerg of emf.
Thus overal uncertainy of the phag methal in the diffu-
sivity measuremest[Eq. (16)] can be estimate as 1%+2
X5%+2X11%=33% In the cas of the amplituce method,
uncertainy in the ratios of wave amplitudes gives 6z/z of
10% ard thus overal uncertainy in therma diffusivity can
be taken as 31% for the amplituce method.

Discrepancie in the resuls of phag® and amplitude
method of dat analyss of experimenth measuremestof
therma diffusivity can be usel to estimae errar in the mea-
suremerg ard extra¢ a “real’’ therma diffusivity, with an
uncertainy of ~30%:

VIl. TEST MEASUREMENTS

The apparats was testel with solid bulk materid to
avoid complicatiors of powders Solid benzer (ACS grade,
9% pure purchasd from AnalR and dried for 6 h over
molecula sieves, frozen into the cell, was found to be sat-
isfactowy for testing.

Experimenth thermd diffusivity daf estimaté with
both pha® and amplituce method [Eqs (6), (7), and (10)]
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FIG. 5. Experimentavalues of therma diffusivity of solid benzeneOpen
circles denog points obtainal with the phag method filled circles denote
points obtainel with the amplituce method A fit to literature values (Refs.
25-27) is representas by the solid line (bars shov =10% range. T, repre-
sens the melting point of benzene.

are shown in Fig. 5 along with literature values obtainel by
fitting experimental data for benzene's thermal
conductivity?® heat capacity?® and volume thermal
expansiorf’ There is agoad agreemenbetwee resuls ob-
tainad with the modulated-radial-eneygflow apparats and
datreportal elsewhereScatte of the experimenthpoints is
within 25% at temperature betwea 110 ard 300 K, which
isin agreemenwith the estimae of the experimenthuncer-
tainty given above At temperaturs betwea 85 and 110 K,
scatte can be as high as 50%; this could be related to loos-
enirg of the therma conta¢ betwee the junctiors of ther-
mocoupls and solid benzer due to differences in coeffi-
cienss of thermd expansion The phag and the amplitude
methods were found to perform with similar accurag and
precision for values of z arourd 3.

This apparats was also usal to measue therma diffu-
sivity of particulage materias in the temperatug range be-
tween 10 ard 80 K using liquid helium as acoolant

VIII. DISCUSSION

The presemhapparats is found to be capabé of measur-
ing therma diffusivity in the range betwea 1x10 8 and
5x10 % m?s™1, but extensim of this range is possible.

The lower bourd of the measurd therma diffusivity is
restrictel by hed leaks along the thermocoup wires by the
uppe limit of powe applied to the surfa@ (leadirg to higher
temperatue gradientg, and by the sensitiviy of temperature
sensorsHeda leaks can be reducel by bette therma insula-
tion of the ba® of the cel and/a further increa® in the
length-to-widh ratio of the cell.

The highe diffusivity bourd resuls from the upper
bourd of the working frequency which in tum is determined
by the time requiral to perfom all measuremestwith one
voltmeter Allocation of a separa¢ measurig device to
monitar the mog time consumily procedureviz., PRT re-
sistane measurementould be usal to increag the upper
bourd on therma diffusivity.

Sensitiviy of the apparats is limited by the resolution
of the DVM engagd with the apparats and the sensitivity
of the temperatue detectorsResolutia of the DVM used in

this work (HP3456A is 0.1 uV, therefore the lower bound

of uncertainy is 0.05 V. A signal with about 20% uncer-
tainty correspondig to a temperatue wave amplituce of
0.02 K in the cente of the cel can be createl by an orde of
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magnitue large temperatug wave on the surfae of the cell
(for a sampe with therma diffusivity of arourd 107 m?s).
Thus the temperatue gradiert used can be unde 1 K for
low-therma diffusivity materias which is significanty lower
than the usud temperatue gradiens employal in the mea-
suremerg of therma conductivity/diffusivity of evacuated
loos dielectrc powders.

In orde to redue statistica error, averagilg over alarge
numbe of cycles can be used On the othe hand long runs
make it difficult to maintan stabe mean temperaturesFor
this reasonthe dependeneof the scatte of the therma dif-
fusivity values on the numbe of dat points was investi-
gated It was found tha the minimum numbe of points to
redue@ statistich noise belov the DVMs sensitiviy level,
while maintainirg a smal temperatue gradient is 2° (cor-
respondig to ~100 cycles.

This apparats can be also usel for hed capaciy mea-
suremert (as an adiabatt calorimetey and therma conduc-
tivity measuremest(in the modulated-hezlow regime after
estimatian of the energ flux applied to the sample requiring
only somre changsin the contrd softwae apparats and heat
exchang conditions! As for Fourig spectroscopiesappli-
cation of the Fourig transfom dat analyss allows signifi-
cart improvemers in sensitiviyy of the apparatus.
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