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L is an important factor for measurng vek d speed measurement device is

energy [} veiocrtyzm; im the phase change in multi-phase m ﬁah[s}ﬂgﬁ change occurs. The principle o

Doppler .-Meﬂ'lod (UDI\Qx[i ]of avoiding the parameter of the geol etrical dilattion when e ks

seectad in e Wbasedt on ﬂj:e differential time of ultrasonic wave flight. The present measirin

Mmeasurements is

ter. and it is now tested to measure the flow velocity of the MEPCMS.
waler,

INTRODUCTION

icles
(its average diameter of 0.51 pm). Tl}estpa:;t e
frequency shows a lognormal function again :me ;
diameter [5]. The PCM is sol%d whep the tzmper 0
MEPCMS is below its melting point (:lfl‘ PRy
this temperature, the parzftf.ﬁn melts a,nciv1 ?-n e e
totally in a liquid condition. The PCM 1} ol

study is compo'sed
(CuHznsz)- Its major ¢

CzsHas.

'Phase Change Material Sharies (PC%V?IIS)h:zz
composed of multi component . 'c}nd mu t;—;f)l e
suspgnsions. These PCMS as funct_lonai therma }llligh
are researched and (;}e;r]elgyhpec;,u ;}vg}l::g s::g;'g;rerga ik
energy density and hi By savine

i behavior has been observed
:;;zref)?ﬂgcf;;;\: however the opacity of th}s t);gzr (t)j
PCMS disturbs to visualife th§/1 ﬂ;l»:r)d pal(:tgigliw)n (Ez} Lo

ic Doppler Me :
lrirfeeasirir%gm;?eslcc’::ity of II)’pCMS. it is important to obtain
an accurate sound speed in a PCMS }ayer.d crmined by
Often the sound speed is exp?nmentally c; € mined by
a method of the Time Of Flight (TOF). ko;x e b};sed
ement systems available on tl}e market ar "
meail?irs rinciple. This principle is sensible on the
ogometrigal dilatation when tempgrature change oc:.c:fl;rsz.l
%he sound speed measurement is useful ft{) ;g(;ﬂm v 2

substance. The settlement of phase state of a

PCMS can be made by a DTF [4].

omponent of the PCM is tricos?

. S has a milk-like whlt
o app;;ian;:l(;;t:: I\:ilf)accrnt having‘ hydr:()ph_ﬂl
COcli('mals in the water side and hydrophobic rad'ical;]_
:ae]carafﬁn side, acts as an emulsifier or a covel'.uilfg-a:”
sepzfrating the PCM from water. The PCM particles’
water are immiscible each other [3].

The density of the paraffin has significant temperat
dence. Generally the . fin
ﬁﬁ? chain structure depends on the. prewc:;i rh;;tg;
. Density me 1t ¢
e and temperature [6] : |
IPl:/li‘Iaisls;l(llri\/lS used in the present ex_parlmen_t wlz:s \:’i(;;e
the reference [5] ,as shown in. Fig. L : ;i OS] u(])n e
literature {4], [5] that the density an the _

dispersed phase exe

COMPOSITION OF THE MICRO-EMUSLION

The micro-emulsion phase change _materiz}i
lurry (MEPCMS) used in the present experlme?/t 1?
zomgosed of 30 % (mass percent) of hﬁa;rgfﬁn,lfi ; ; Vs)n
This PCMb5 15 we
water and 5 % of surfactant. ] pell kown
i ional thermal fluids, whic
as a candidate of functiona _ s
i i fow pumping energy p
high energy density and .
rr:fsmli%ted heat [1]. Fine parraffin partlc:l.:s2 a:
distributed in its diameter range from 0.1 pmto 1.2 ¢

rt a strong influence on thf: 'so:_l;
d. The morphology of the PCM as a dlsﬁ#éé
S%Zese. is some complicated, but tl_xe present resud e
Elot consider s compiex‘ity like shape and: 3!
 distribution of the PCM particles.
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UND SPEED MEASUREMENT DEVICE USING
DIFFERENTIAL TIME OF FLIGHT (DTH)
- To avoid measuring error due to the
trical variation when the phase change of the
seeurs, the principle of sound speed measurement
Present study is based on the Differential Time of
(DTF) [8]. The measurement of the sound speed
tformed in multiple steps. An ultrasonic transducer
ed at a known distance from a reflecting wall,

reflected echo after the emission (dt) is recorded
scitloscope. After the first measurement, we shift
ition of the transducer with a micrometric screw

coefficient against
measurements from

seen in the Fig. 2 that there are two local maximum
metric expansion coefficients in the temperare
°C to 60°C. One is at temperature of
°C (crystal structure transition temperature) and
other is at temperature of about 47°C (the melting
t). The same peak appears in the measurement of
apparent specific heat capacity [5].
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(dx). The difference of the TOF between  two
measurements  corresponds  to  two  times the
displacement of the transducer. The present
measurement repeats this operation several times and
obtains dt-dx curve. The sound speed is given by the
slope of this curve. The slope and its accuracy are
determined by a classic least square method, as given in

{71.

The container packed with the MEPCMS is composed
of a plexiglass cylinder with a volume of about two
liters. A micrometric screw is mounted on the top of its
container to control and measure the dispacement of the
ultrasonic transducer, The reflecting wall is in stainless
steel sheet. The height from the transducer and the
reflected wall is around 7 cm. A mixing element with
two proppelers is located inside the container with the
aim to avoid stratification of the sample. The prototype

offers the possibility to test different frequency of US
beam.

The validation of the present measuring method was
confirmed using a distilled water. The ultrasonic signal,
emit by a function generator device Tabor 8550, is a
burst of 2 perieds with an amplitude of 16 V peak to
peak. The frequency of repetition is adjustable. The
echo signal was observed by an Iwatsu DS-8814 digitai
oscilloscope. The temperature is measured with a
thermocouple with an accuracy of 0.1 K. Measurements
are made at different temperature and the obtained dara
is compared with values obtained by Grosso and Mader
modified by Povey [4]. Resuits are shown in Fig. 3.
Systematic errors seem to occur for the performed
validation’s measures at three frequency, 2and 8 MHz.
In the case of 4 MHz, measuring results of the sound
speed show a lower random error. At this stage of the
devellopement of the DTF, the frequency of 4 MHz
seems to be most appropriate for the measurement.

19 20 30
Temgerature (°C}

Figure 3. Results of the validation of the sound speed by
the prototype based on the principle of the differential
time of flight (DTF). The difference in % between the
approximation equation of del Grosso and Mader
modified by Povey [4], and measurement performed by
DTF is shown by the graphic. Medium of measurements
is distilled water. Squares represent results for a signal
of 8 MHz, black rounds for 4 MHz and triangles 2 MHz.
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The US signal attenuation of the MEPCMS layer is too
strong to use the same signal (4 MHz — 16 V peak to
peak) in the temperature range in the present
measurement. Because of the parrafin particle diameter,
scattering of the beam is more probable than absorption
of the signa! by the PCM particle. It is the reason why
we finally choose the shift of the frequency of the US
signal, from 4 to 2 MHz for measuring the MEPCMS.
The penetration of the beam is stronger when reducing
the frequency. The chosen amplitude for the US beam is
150 V. The signal is control and emit by a UvP
instrument. One series of measurements was performed
with an increase in the temperature of the MEPCMS,
starting from the ambient temperature. The other series
was done during the cooling process, starting with a
temperature above the solidification point of the PCM.
Every measurement was done after a stabilization of the
temperature. Results of these measurements are shown

in the Fig. 4.

Because the container is not hermetic, some evaporation
of water can occur, In the present experiment, the water
content in the MEPCMS can decrease during 'the
measurément. The water content in the sample was
57 % at the end of the measurement.”
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Figure 4, Results of the sound speed measurements by
DTF method on a micro-emulsion slurry. Square points
show measurements obtain with the increase of the
temperature sample between successif point. Cirlce
point show measurements obtain at stabilizate
temperature, with cooling between two of them. The

black line represents sound speed in water, from i41.

Regarding the Fig. 4, a dramatic variation in the sound
speed appears in the case of the MEPCMS; whether the (8]
PCM particle are liquid or solid. This behavior is similar
to the density curve of the MEPCMS - see Fig.1.
Hysteresis on sound speed against temperature appears
for the heating and the cooling process. In the reference
[8], the authors have reported about a hysteresis about

10 K for most paraffins, wich is higher than 1 K

reprorted for mono paraffin. This phenomenon appears

also in the reference [4] with other PCMs when the

sound speed was measured.

After multiple-use of the same MEPCMS, some

problems appeared. Measurements were not possible -
anymore. The solidification of the parrafin was not i
micro particles, but in one large block, in which
MEPCMS particles agglomerated each other. That is;"
some doubt appears of variation in shape and size of the
MEPCMS during sotidification of the PCM After frying |
to dissolve the parrafin by melting, stratification of
materials appeared. After mixing and cooling the.
MEPCMS, same problem of agglomeration remained.

CONCLUSION

A device to measure sound speed in the MEPCMS wa
developed with the aim to avoid measuring error of th
volumetric variation when temperature change occur:
The method is based on the Differential Time of Fligh
DTF. Measurement in a distiled water showe
reasonable results with a high accuracy. This metho
was applied to measure the sound speed of a MEPCM;
at various temperatures. Effort must be done to avoi
water evaporation from the MEPCMS  durin;
measurements. Some doubt appears concerning th
capacity of the MEPCMS to take the same form whe
is cooled down from a temperature above the meltin
point. Sound speed in MEPCMS is an importa
quantity for many reasons, for example, to characteri
the phase state in multi-phase media, to measur
accurate velocity profile in the MEPCM layer b
Ultrasonic Doppler Method.
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about 5.3% on average in spite of the same compositi
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