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The thermal wave interference techniqG@EWI) has been explored in recent years for the
investigation of the thermal and transport properties of gases and liquids. In this article we address
ourselves to the quantitative understanding of the transient thermal wave interference signal of
air:hydrocarbon vapor mixtures. This is the situation one faces when placing a given portion of
liquid hydrocarbon inside an initially air-filled thermal wave interference. What is observed in this
case is the thermal wave interference signal decay as a function of the time as a result of the change
of the gas thermal diffusivity with time due to the increase of the hydrocarbon vapor concentration
in air. In this article we show that value of the thermal diffusivity of the saturated mixture is readily
obtained from the saturation value of the normalized signal amplitude, without the need of
performing the conventional scan. © 2003 American Institute of Physics.
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I. INTRODUCTION TWI experimental setup has been discussed in detail else-

. . where. It consists of a temperature-controlled closed glass
In recent years a growing number of articles have re- P 9

cently applied thermal wave interferen@@Wi) to the inves- cell, adequately adapted for gas exchange and control of am-

L . Sl bient parameters, in which the TWI is enclosed. At the bot-
f the th I f I STh ' . .
tigation of the thermal properties of gases and liqdidsThe tom of the glass cell there is a screwed on reservoir of 30

TWI method consists essentially in recording the tempera- di i hich 18 ml of the liauid hvd bon i
ture fluctuation of the pyroelectric sensor as a function of thd'M dlameter on whic ml of Ine liquid nydrocarbon 1S

cavity gap length. This fact renders this technique well suitec?oured' The_ vapors resulting fr_om th(_a hydroca_rbon evapora-
for gas and liquid samples analysis. One of the immediatdon at ambient temperature diffuse into the air cell, filling

applications of the TWI technique is to evaluate the thermal'® T\_:_Vr: C?I'\\//I\?I/ W'th thefresqlt;)r:g Tur:hy: roc;arbondvs pormix-
diffusivity of air:hydrocarbon vapor mixtures. In these ex- ture. The cavity of variable length Is formed between a

periments a liquid portion of the hydrocarbon under investi-Lo#M tuict Al floil'anld a pyme.][fc”!c siqsor g%nsilsting Olf a
gation is placed inside the cell in which the initially air filed 227+M-thick polyvinyledene difluoride film with Al metal-

TWI cavity is assembled. The hydrocarbon vapor resultindzed surfaces. The surface of this Al foil facing the inner

from the evaporation process diffuses into the air inside th@la"ss tube space is painted with black ink so that it acts asa
TWI cavity. As a result of this, the thermal properties of the lght absorber. The second glass tube attached to the right

resulting gas mixture changes with time, following the glass cell end guides a nylon cylinder on top of which the

changes of the vapor concentration in the air. This procesBYroelectric sensor is assembled. This nylon cylinder is
evolves with time until the hydrocarbon vapor inside the cellcoUPled 0 a translational stage so that the distdndee-
reaches saturation. In this article we explore the TWI signafveen the Al foil and the pyroelectric sensor can be varied.

amplitude saturation value to determine the thermal diffusiv-1 N€ light beam from a 20 mW He—Ne las@veredith In-
ity of air:hydrocarbon vapor mixtures. strumenty modulated at 10 Hz by means of a mechanical

chopper(model 650 EG&G, impinges on the black-painted
outer surface of the Al foil. The thermal waves thus gener-
Il. METHODOLOGY ated propagate back and forth between the Al foil and the

Consider the typical experimental configuration used inPyroelectric sensor. The temperature rise at the pyroelectric
the conventional TWI measurements of the thermal diffusiv-Surface is probed using a lock-in amplifigmodel 5210

ity of, say, air:hydrocarbon mixtures, as shown in Fig. 1. TheEG&G) interfaced to a personal computer. As discussed in
Refs. 1-6, the method consists of measuring the temperature

fluctuation at the pyroelectric sensor as a function of the gas
dElectronic mail: japlima@uenf.br layer thickness. To this end the pyroelectric sensor is as-
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FIG. 1. Schematic view of the TWI. Y 500 1000 1500 2000 2500
Time (s)

sembled on a micrometer stage coupled to a computer cofG. 2. Time evolutionnormalized signalof the TWI signal correspond-
trolled stepping motor so that the cavity length can be variednd t© different hydrocarbon samples.
For a step resolution of am the time required for the scan-

ning d a 5 mmlong cavity is roughly 4 min. The resulting  ajr-hydrocarbon mixtures recorded at 10 Hz modulation fre-
voltageV is proportional to the average temperature rise i”quency for a fixed cavity length df =2 mm. These mea-
the pyroelectric sensor. This, in turn, is proportional{d.), surements were carried out at ambient temperat28eC)
so that the resulting measurable voltage may be written asgnq pressuré760 mm Hg with the laboratory relative hu-
e Lo midity at 60%. The signal decay as a function of time is
V=V, 1 %o (1)  reflecting the changes of the gas thermal diffusivity with
Y time as a result of the changes of the hydrocarbon vapor
where V,, is a complex function containing the frequency concentration in air until a saturated mixture is formed. For
response of the pyroelectric sensor signal and geometricéiie experimental situation, the gas layer in our TWI cavity
parameters. Here, we note that the pyroelectric sensor outputay be considered as thermally thick, thatligr>1. Ac-
voltage depends explicitly on the modulation frequency andordingly, the pyroelectric sensor output voltage, as given by
the cavity lengthL. The basic idea of the steady-state TWI Eq. (1), reduces to
technique consists in using a lock-in detection technique to
recording the real(in-phas¢ and imaginary(quadraturg V:VO.e—L/,u:Vo.e—L(wf/a)llz_ )
parts ofV, or, equivalently, its amplitude and phase, as a
function of the cavity length_.. From the resulting depen-
dence of the pyroelectric signal voltage on the cavity lengt
the thermal diffusivity is obtained from two different meth-

Ht follows from Eq.(2) that the decreasing the thermal diffu-
sivity, as a result of the decrease of the gas thermal diffusiv-

ods. One of them is based upon the fact that lthéepen- ity due to the hydrocarbon vapor diffusion into the originally
dence of Eq(1) is such that their in-phase and quadratureair filled cell, the TWI signal decreases exponentially. Equa-

signals exhibit maxima and minima Refs. 3—4. The otherIion (2) is the basic equation we assume to determine the

method®~’ consists simply in fitting the recorded signal am-
plitude as a function ol to Eq. (1), using standard data 11 ——— ——
fitting procedures. i
Consider now the typical experimental situation in-
(01 0,0, ocgane = 0-90874

1.0

volved in the TWI monitoring of hydrocarbon vapor diffu- 0.9
sion in air. In these experiments a liquid portion of the hy-
drocarbon under investigation is placed inside the cell in I
which the initially air filled TWI cavity is assembled. The oz
hydrocarbon vapor resulting from its evaporation diffuses 3
into the air inside the TWI cavity. As a result of this, the
thermal properties of the resulting gas mixture change with ¢}
time, following the changes of the vapor concentration in the
air. This process evolves with time until the hydrocarbon [
vapor inside the cell reaches saturation. Once saturation ii g3 S W T T
reached, the standard TWI-scan procedure is then used to ° s00 1000 1500 2000 2500
measure the thermal diffusivity of the resulting mixture. Time (s)

_ In Fig. 2 we show a_typical _time_ _eVOIUtion of th_e TWI FiG. 3. Time evolution of the thermal diffusivity ratio for two air:hydrocar-
signal amplitude, normalized to its initial value, for different bon mixtures.
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TABLE |. Thermal diffusivity of air:hydrocarbon mixtures at saturation, calculated by three different proce-

dures.

Air:hydrocarbon mixture thermal diffusivitycn?/s)
Hydrocarbon Saturation data averaging Numerical data fitting Cavity length scanning
n-pentane 0.0597:2.0x 1074 0.0594+ 7.0x107° 0.069+0.002
n-hexane 0.0807:2.0x10°* 0.0816£2.0x10 * 0.112+0.002
n-heptane 0.1652+3.0x10° 4 0.1622:2.0x 104 0.148+0.003
n-octane 0.1999-4.0x10°° 0.1996+1.0x 10 © 0.201+0.003

thermal diffusivity of our air:hydrocarbon mixtures. At  sijvity by a,;,=0.22 cnf/s, we then get the following values
=0, Eq.(2) is simply that corresponding to the air-filled cell for the thermal diffusivity of the ain-hexane and ain:
so that the normalized voltagéy=V/Vy;: octane mixtures, respectively: 0.0816.00002 cri/s and
V= exp{L(mf/ az) Y2 [1— (agla) 2]} 3) 0.1996t 0.000 0Q1 crﬁ'_s. In contrast, the averaging of the
last five data points yielded the following saturation values
Now, the factorL (mf/a,y)" in the exponential is a well- for the thermal diffusivity ratio: 0.36840.000006 and
known value. For instance, for the current experimental situg 908 74+ 0.000 006, for the case @Ehexane anah-octane,
ation in whichL =2 mm andf =10 Hz, using the room tem- respectively. The corresponding values of the air mixtures
perature value of the air thermal diffusivity, namelya;  thermal diffusivites were 0.08160.0002 crf/s and
=0.22cnf/s, it is equal to 2.39. Equationf3) can be 0.1996+0.000001 criVs, for the case of air-hexane and
straightforwardly used to write the thermal diffusivity as  ajr:n-octane mixtures, respectively. In Table | we summarize
a 1 the results that we got for the thermal diffusivity of our ai-
—= 5. (4) r:hydrocarbon mixtures using both approaches.
X air [ In(Vy) }

 L(wflag) P

IlI. CONCLUSIONS

Equation(4) provides us with a simple relationship between  The difference in the values of the air:hydrocarbon mix-
the thermal diffusivity of the gas mixture and the normalizedtures thermal diffusivity as obtained by the currently pro-
TWI signal amplitude. In particular, we note that the value ofposed approach and the conventiobacan method may be
the thermal diffusivity of the saturated mixture is readily summarized as follows. For-octane, there is no difference
obtained from the saturation value of normalized signal ambetween the two methods. Ferpentane,n-hexane, and
plitude, without the need of performing the conventiohal n-heptane the thermal diffusivities differ by 17%, 37%, and
scan, as in the previous article® The use of this new pro- 9%, respectively. The main discrepancies appeared in the
cedure to evaluate the thermal diffusivity of gas mixtures iscases where the experimental data exhibited somewhat larger
the point we draw our attention to the remaining. fluctuations, namely, the casesmpentane ana-hexane.

In Fig. 3, we present the time evolution of the thermal
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