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Tem per at ure dep enden ce on the l iqui d alumini um thermop ow er is re-

p orted for the ran ge 9 33 À 1043 K . I n order to highlig ht the ultrasoni c wave
e˜ect on the thermo electric pow er, the exp eriments were carried out under
similar conditio ns with and without sonicati on. T he low er values of the ther-
mop ower in sonication conditi ons are explained by the decrease in the melt

temp erature gradient and due to the speciÙc e˜ects of ultrasound propaga-
tion pro cess(acoustic Ûow and acoustic cavitation ). A functional relations hip
w as found, Q = À A = T + B T , w here A and B are positive constants. T hese

tw o terms are regarded as electron {ion collis ion s and spatial redistribu tio n
of conduction electrons in the necessary temp erature gradient. The e˜ect
of cavitation at high temp erature is debated. A good agreement betw een
the exp erimental data and theoretical mo dels of the transp ort prop erties is

achieved.

PAC S numb ers: 72.15.C z, 43.25.+ y

1. I n t rod uct io n

The electroni c tra nsport properti es, parti cul arl y electri cal resisti vi ty and
therm opower, of sim ple l iquid m etals and al loys have been studi ed wi th the Zi man
nearl y free-electron theory [1, 2] in conjuncti on wi th vari ous model potenti als (such
as tho se of Hei ne and Aba renkov [3], Ani m alu and Heine [4] and Ashcro ft [5]). The
electri cal resisti vi ty va lues and therm opower of simpl e l iqui d m etals calculated us-
ing these m odel potenti als are in good agreement wi th the exp erim enta l data .
Theo reti cal interpreta ti on of tra nsport processesin l iquids has often been concen-
tra ted on tho se wi th parti cularl y sim ple uni ts of structure , such as mol ten metals.
A systemati c study for certa in classes of mel t could pro vi de valuable diagnos-
ti c inf orm atio n about structure. Unf ortuna tel y, such inf orm ati on is sti l l far f rom
system ati c.
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In thi s report we present new experim enta l data concerni ng the therm opower
Q of l iquid alum ini um under ul tra sonic i rra diati on above the melti ng point. Thi s
m etal is the best electri cal conducto r wi th low resisti vi ty and i t is kno wn to be
the m ost nearl y free-electron m etal . Al so, alum ini um has a very low m elti ng tem -
perature [6].

The new and interesti ng Ùnding from these results is tha t there appears to
be a decrease in therm opower values due to the ul tra sound ẽ ect.

Al tho ugh these pseudopotenti al m odels have had rem arkabl e successin pre-
di cti ng the electri cal resisti vi ty of the most sim ple liqui d meta ls, there is no uni ta ry
theo ry of the tra nsport coe£ ci ent m odi Ùcati on phenom ena under the inÛuence of
ul tra sound. The present study may be the Ùrst attem pt to deal wi th the e˜ects of
ul tra soni c waves on therm opower of l iquid m etals. We start by presenti ng the mea-
surements of the therm opower in absence of ul tra sonic Ùeld. The therm opower of
m ol ten alum ini um was determ ined f rom measurements of the tem perature depen-
dence of the electri cal resistivi ty . Cl assical DC electri cal resisti vi ty m easurem ents
were m ade. The com pari son between therm opower values obta ined in the absence
of ul tra sound, and the values reported in several research works [1{ 5, 7{ 9] as well
as in T he Physi cal Prop ert ies of Li quid Met als (1993) [10] showed good agreement.
Fi nal ly, we discuss how the ul tra soni c Ùeld inÛuences therm opower values.

T aki ng into account the relati onship between the tra nsport coe£ ci ents in
the nearl y free-electron approxi matio n, the form of the therm opower is [7]:
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where k B i s Bol t zmann' s consta nt, " F i s the Ferm i energy, T i s the absolute tem -
perature and £ i s the electri cal resistivi ty . The quanti ty enclosed in brackets is
to be evaluated at " = " F . In spite of the general form al ism for calcul ati ng the
m etals therm opower, deta i led predi cti ons of the sign, m agni tude and tem perature
dependence of Q have so far been obta ined only for a hyp otheti cal metal whose
electrons behave as a free-electron gas.

At hi gh tem perature, the relati onship between the therm opower for alu-
m inium and the absolute tem perature is [7 ]:

Q =
A

T
+ B T ; (2)

where A and B are positi ve constants. The term proporti onal wi th 1 =T character-
izes the electro n{ ion col l isions, being associated wi th the tra nsiti on probabi l i ty of
the electron, from one state to another. The term proporti onal wi th T describes
the contri buti on of a di ˜usi on process, associated wi th the spati al electrons re-
di stri buti on in temperature gradi ent Ùeld. In the presence of ul tra sound in l iqui d
m etal m ass, the therm opower values are decreasing.
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2. E x per i m ent a l m et hod

The sam ples used in thi s study were 99.97 wt % Al , electro lyti cal ly re-
Ùned, wi th im puri ties: Fe (< 80 ppm ) ; Si ( < 80 ppm ) ; Cu ( < 30 ppm ) and
Zn ( < 30 ppm ) .

The m ol ten meta l sampl e is put into a ceramic cruci ble, located inside the
electri cal furna ce suppl ied by the power suppl ier. Mea surements of the furna ce tem -
perature heats were made wi th a Pt / Pt{ 13 % Rh therm ocoupl e inserted thro ugh
the furna ce wa ll . The tem perature inside the cruci ble was separatel y determ ined
by two chrom el{ alum el therm ocoupl esencased in a quartz sheath of 1.7 m m (outer
di ameter) pl aced at vari ous locati ons on the centra l axi s of the cruci ble. The ther-
m ocoupl e moved along the axi s by a micro meter atta ched to the base of the
apparatus. Any errors in the measured absolute temperature inside the cruci ble
are smal l and do not a˜ect the measured temperature (the accuracy of tem per-
ature measurements is of Ï 0 :1 K). The therm opower wa s m easured by m eans of
smal l tem perature gradient into the l iqui d sam ple. The measurements were carri ed
out in the fol lowi ng m anner. The sam ple of liqui d alum inium was 55 m m long.
T o suppress convecti on, the surf ace temperature of m olten alum inium was kept
at a tem perature higher by about 3 K tha n the botto m tem perature. Since the
therm opower is deri ved from Eq. (1), we used the measured electri cal resisti vi ty
values to calcul ate it. The resisti vi ty was measured by a standard D C tw o-probe
techni que. The DC electri cal resisti vi ty m easurements are m ade accordi ng to the
fol lowi ng procedure: hi gh-alloyed sta inless steel electro des are imm ersed into the
m elted m etal . The electrode m ateri al does not react wi th the m elt. The di stance
between the electro des is 30 m m and the electro des latera l surf ace area is the same
for both imm ersion depths. Connecti on cabl es of large secti on and electri cal resis-
ta nce less tha n the resistance of the melt were used. T o have a better accuracy,
we used the indi rect m easurement m etho d of electri cal current, across the m elt.
Thus, the vol ta ge level on cal ibra ted shunt is measured by a valve vo l tm eter, typ e
EO302, wi th an accuracy of Ï 0 : 1 m V.

A power suppl ier of a vari able output vol ta ge and a recti Ùer bri dge obta in
the current across electrodes.

A magneto stri cti ve tra nsducer and an ul tra sound generato r were used to
generate conti nuous longi tudi na l waves into the l iqui d sam ple. W e pref erred to
intro duce the ul tra sound wa ves thro ugh the botto m of the cruci ble. W i th thi s ar-
rangement, there is no barri er between the ul tra sound source and the m elted meta l.
The stepped sta inless steel horn was used to tra nsmi t the ul tra sound to the m elt
and i t is com pletel y resistant to ul tra sonic erosion. Typi cal operati ng param eters
were frequency f = 2 0 : 3 3 8 kHz and the nom inal input power 600 W . The acous-
ti c power di ssipated by ul tra soni c pro be in 1000 m l deionized water at ambient
tem perature and pressure as a functi on of electri cal input power was determ ined
by calorim etry . These data were used to al low selecti on of the appro pri a te input
power to give constant tra nsmi tted power.
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The distance between the electrodes and the horn was selected as
h 1 = 0 : 3 5 Ñ and h 2 = 0 : 7 5 Ñ , where Ñ i s the ul tra sound wavel ength in the stainl ess
steel horn [11].

From the measured vol ta ge, random and system ati c errors associ ated wi th
our m easuri ng techni que and equipm ent is unl ikel y to pro duce a standard devi ati on
larger tha n 0.15 ñ V/ K.

3. R esul t s an d d iscu ssio ns

In thi s section we pro vi de a qual i tati ve appro ach to the ul tra sound Ùeld
inÛuence on therm opower of l iqui d alum inium .

At present, close sim i li tude m ight be inf erred between the structures of
m etal l ic crysta ls and thei r m elts, tho ugh the possibi l ity of extended e˜ects in
the crysta l in thei r melts a˜ects tra nsport coe£ cients. On m elti ng, the loss of
long-range correl ati on of positi ons and the general increase in positi onal disorder
m ay be general ly expected to increase the conducti on electrons scatteri ng. The vi -
bra ti on am pl itudes of each ato m around mean positi on also increase. Fi na l ly, the
Ferm i level of the electrons m ay change as a consequence of the volume change.
Ho wever, these tra nsport properti es pro ve to be not very sensiti ve to structura l
changes on m elti ng. Cl oser characteri zati on of the Ferm i surface of crysta l l ine and
m ol ten m etals might help to expl ain the changes of electronic properti es on the
basis tha t a l iqui d m etal has \ no long-range order" , theref ore the Fermi surface
should be spheri cal and the relaxati on ti m e isotro pic. As to the mol ten metals,
whi ch can be adequatel y represented as quasicrysta l l ine, theo ries ref erred to above
can be regarded as givi ng at least a Ùrst appro xi m atio n.

In order to be abl e to describe the probable processesin the system l iqui d
m etal { ul tra sonic Ùeld, we had to use the m odel potenti als of sim ple l iquid metals.
These theo ri es are based on the assumpti on tha t each ion acts up on the conducti on
electrons thro ugh a local pseudopotenti al and tha t the conducti on electro ns are
nearl y free.

In order to account for the e˜ect of ul tra soni c wa ves, the m olten system s
were Ùrst studi ed in the absenceof ul tra sound. The therm opower values (i n vari ous
pseudopotenti al m odels) of l iquid alum ini um are given in T able I.

T AB LE I

T hermo electric power for liqui d alumini um.

T [K ] Q 1 [ ñ V /K ] Q 2 [ ñ V /K ] Q ex p [ñ V /K ]

976 1.87 1.23 2.10

Q 1 | using e˜ective electron mass in nearly

free-electron theory [7];
Q 1 | using free-electron theory [12] ;
Q e xp | using V . H eine et al. [3].
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W e ta ke the values of Q for m olten alum ini um (in absence of ul tra sound)
calculated by Wang and So [7] who consider both the nonlocal i ty and the energy
independence of the model pseudopotenti al and also the e˜ecti ve mass correc-
ti on. It shoul d be noted tha t Wang and So intro duced a theoreti cal electro nic
pseudopotenti al where al l the l iquid m etal ions are considered to form a periodic
latti ce. There is a di screpancy between the values calcul ated by W ang and So [7]
and exp erimenta l values. In the same silent condi ti ons, usi ng the value given by
Hei ne and Aba renko v [3] who consider the nonlocal and dependent energy poten-
ti al , the agreement between theo ry and experi ment f or the therm opower is largely
sati sfactory .

Fi gure 1a and b shows the dependence of the l iqui d alum ini um therm opower
on the tem perature in tw o cases: wi th or wi tho ut ul tra sound presence in the l iqui d
m etal m assand in v arious experim enta l condi ti ons. It can be noti ced tha t the ther-
m opower values are smal ler in the presence of ul tra sound. W eexpl ain thi s decrease
by the relati onship between the two electroni c tra nsport coe£ cients (electri cal re-
sisti vi ty and therm opower) [7] and using the electron{ ion intera cti on. In a l iqui d
m etal , the presence of both an electri cal Ùeld and a tem perature gradient causes
a stro ng perturba ti on of the electron system , so tha t the energeti cal ly and ionic
charged parti cles (electrons and ions) m ove orderl y yi eldi ng energeti c and ionic
charged Ûows. D uri ng the ul tra sound wa ves propagati on thro ugh l iqui d meta l,
speciÙc lossesappear because of the exi stence of nearly free-electron gas in meta l.
The wa ve propagati on pro duces the modiÙcati on of the short- range ordered struc-
ture, whi ch further inv olves local Ferm i energy m odi Ùcati on and redistri buti on in
conducti on-electro ns system . As a consequence of thi s phenomenon, an electri c
current appears between tho se regions in whi ch the ul tra sound wa ve pro duces the
compression and the other regions in whi ch the m edium rarefacti on ta kes place.
Mo vi ng the charged parti cles is m ore di£ cult and current density is decreased,

Fig. 1. Temp erature dependence of the liquid alumin iu m thermop ower as function of

the electro de distance from the horn h 1 = 0 : 35 Ñ and h 2 = 0 :75 Ñ in the absence (empty

signs) and presence (f ull signs) of ultrasoun d. T he voltage level on electro des is: (a) for

U = 2 V and (b) for U = 2 : 5 V .
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expl aini ng the smal ler therm opower values.In addi ti on, thi s redi stri buti on m ech-
ani sm wi l l involve the relaxati on process, because the equal izing of local Fermi
energies is not accom panied by the com pensati on of the who le excess of electri cal
charge.

Fig. 2. Dep endence QT = 100 = f
È

( T = 100 ) 2
Ê

of liqui d alumini um as a function of the

electro de distance from the horn h 1 = 35 Ñ and h 2 = 0 :75 Ñ in the absence (empty signs)

and presence (f ull signs) of ultrasound . T he voltage level on electro des is: (a) for U = 2 V

and (b) for U = 2 :5 V .

Fi gure 2a and b shows the functi onal dependence Q T =1 0 0 = f [ ( T =1 0 0 ) 2 ] for
two sets of exp erimenta l data. The obta ined dependences are absolutel y linear in
the chosen tem perature range. These exp erimenta l data conÙrm the dependence
Q = À A= T + B T . The constants are num erically com puted by stati stical m etho ds.

The regression l ines are given in T able I I.

T ABLE I I

Regression lines for functional dependencies Q = À A =T + B T .

h = 0 :35 Ñ

Without ultrasound With ultrasound

U = 2 V À 19 4: 24 =T + 2: 3 6 È 10 T À 201 : 75 =T + 2 : 37 È 10 T

U = 2: 5 V À 43 : 77 =T + 2 : 19 È 10 T À 91 : 24 =T + 2 :20 È 10 T

h = 0 :75 Ñ

U = 2 V À 197 :9 =T + 2 : 56 È 10 T À 297 : 47 =T + 2 : 63 È 10 T

U = 2: 5 V À 160 :8 =T + 2 : 39 È 10 T À 237 : 91 =T + 2 : 42 È 10 T

The speciÙc mechanism of ul tra sound pro pagati on a˜ects the tra nsport phe-
nom enon. It is very likel y tha t the decrease in therm opower under the acti on of
ul tra sound may be basical ly accounted for by the coupl ing between the ul tra sound
wa ve and conducti on electro ns and by the electron{ ion intera cti ons. Scatteri ng
electron{ ion pro cesses cause the decrease in Q and consequentl y the m ean free
path of electrons is l im i ted thro ugh the \ ions latti ce" deform ed under the acti on
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of the ul tra sonic Ùeld. At the same ti m e, we have appreci ated the modiÙcati on
of the Ferm i surf ace energy. W hen T Ñ È ( È i s the Debye characteri sti c tem -
perature), the m axi mum am ount of energy k È tha t an electron can gain or lose
in a col l ision is lesstha n the thi ckness k T of the therm al layer at the Ferm i sur-
face, and the e˜ecti ve m ean free path becom es the sam e for both electri cal and
therm al conducti on. The ul tra sonic wa ve pro pagati on produces the modiÙcati on
of the short- range ordered structure and involv es the local Fermi energy m odiÙ-
cati on, hence redistri buti on in conducti on-electrons system . As a consequence of
thi s phenom enon, an electri c current appears between tho se regions where ul tra -
sound pro duces the com pression and tho se regions where medium rarefacti on ta kes
pl ace. The m ovi ng of the charged parti cles is more di £ cul t and current density
decreases whi le therm opower values are smal ler. W em ay conclude tha t al l scatter-
ing pro cessesare e˜ecti vely contri buti ng to the heat Ûow l im ita ti on in the mol ten
m etals.

The e˜ect of convecti on ari sesfrom a tem perature gradi ent in a l iqui d sam -
pl e and bri ngs about overesti mati on of therm opower values. T o suppress steady
convecti on, the surface temperature of m olten sam ple was kept at a tem perature
hi gher by about 3 K tha n i ts botto m tem perature, as mentio ned in Sec. 2. Thi s
tem perature di ˜erence was conÙrmed by therm ocoupl es in each experim ent. D ur-
ing the pro pagati on of hi gh-energy ul tra sounds thro ugh the m elt, acousti c Ûows
are present [13]. In thi s study , the e˜ect of the ul tra sound absorpti on is neglected
accordi ng to Beyer and Coppens [14] and Gi ti s and Mi kha i lov [15], so the tem -
perature ri se of the m ol ten caused by thi s e˜ect has been el im inated. In the same
wa y, the temperature di ˜erence of about 3 K between cruci ble ends was main-
ta ined even in the ul tra soni c Ùeld presence and the conti nuous m ixi ng process of
the liqui d metal m ass was operati ve due to acousti c Ûow. Thi s pro cess induces
m ol ten therm al gradi ent decreasing, as a result of the tem perature equal izati on
in the l iquid m ass. The decrease in the therm al gradi ent inÛuences both electri cal
and therm al conducti on of the sam ple.

The e˜ect of the long-range externa l electri c Ùeld, namely the dri ft m oti on,
is simul ta neous wi th the e˜ect of the m ixing process,nam ely a di sorder of conduc-
ti on electro n m oti on. Thi s pro cesscan be understo od as a current density decrease
in m olten mass tha t induces decrease in therm opower. It is cl earl y demonstra ted
[16, 17] tha t the acousti c Ûows are to be associated wi th the ul tra sound absorpti on,
wha tever i ts nature m ight be. Accura te m easurements of the ul tra sound pro paga-
ti on in l iqui d meta ls developed slowl y, because of techni cal pro blems associated
wi th getti ng the ul tra sound into the mel ted metal . At present the accuracy of
soni c m easurem ents is reasonabl e ta ki ng into account the di £ cul ti es of experi -
m ents. However, a num ber of studi es showed tha t the absorpti on coe£ ci ent is
qui te smal l f or the liqui d m etals [14, 15] and then only the acousti c Ûows a˜ected
the therm opower.
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W e suggest tha t the rel ati onshi p between therm opower and tem perature
given by Eq. (2) represents avai lable means f or separati ng the therm opower of
alum inium into i ts two component parts. The term proporti onal wi th 1 =T char-
acteri zes the electro n{ ion col l isions, being associ ated wi th the probabi l i ty of the
electron tra nsiti on, from one state to another. The term proporti onal wi th T i s as-
soci ated wi th the spati a l redi stri buti on pro cess of the conducti on-electrons system
in the temperature gradient Ùeld. From the analysis of the values of A and B con-
stants obta ined in silent and sonicati on condi ti ons, i t results tha t the redi stri buti on
of conducti on electro ns system in therm al Ùeld has no determ ined contri buti on to
decrease in Q and tha t the electro n{ ion col l ision and the pro babi l i ty of tra nsi ti on
from a state to another becomes m ore importa nt in ul tra sonic Ùeld and a˜ects the
Q values.

As of ten happ ens, thi s investi gatio n has tended to ra ise new questi ons rather
tha n answer the old ones. One new question is the pro blem of cavi ta ti on and i ts
m icrostream ing e˜ect. The e˜ect of ul tra sound increases wi th increasing power,
but not indeÙnitel y since there is an opti mum value beyond whi ch the e˜ect di m in-
ishes. The acousti c am pl i tude a˜ects the m axi mum bubbl e size atta ined duri ng the
rarefacti on phase and thi s in turn a˜ects both the ti m erequi red for bubbl e col lapse
and the resul ti ng col lapse intensi t y. Ca vi ta ti on intensi ty is maxi mi zed when the
col lapse of the bubbl e coinci des wi th the peak in the compressive cycl e, f or whi ch
the col lapse ti me is equal to half the period of oscil lati on. There is a peak in the
cavi ta ti on intensi ty due to the e˜ect of power on maxi mum cavi ty size atta ined
duri ng rarefacti on; increasing cavi ty size leads to increased cavi ta ti on intensi ty
pro vi ded the col lapse ti m e does not exceed hal f the period of ul tra sound.

The resonant condi ti on, whi ch produces the maximum e˜ect of soni cati on,
m ust be a functi on of power as well as of f requency. As far as frequency is con-
cerned, thi s wi l l a˜ect the strength of cavi ta ti onal col lapse, whi ch wi l l be m axi -
m ized when the frequency coincides wi th the resonant frequency of the cavi ta ti on
nucl ei.

W hen 20.338 kHz high- intensi ty ul tra sound was appl ied to the mol ten sys-
tem , a m ixi ng of the mel ted meta l close to the electro de due to cavi ta ti on was pro-
duced. Near the sol id surf ace, cumulati ve j ets can be generated and the di ˜usi on
layer is thi nned owi ng to enhanced m ass tra nsport resul ti ng from microstream -
ing. Church [18] conÙrm s tha t, when m icrostreaming is present, i t m ay a˜ect the
bubbl e size distri buti on and theref ore the cavi ta ti onal e˜ects.

In our exp eriment, these opti m um condi ti ons in cavi ta ti on were studi ed in
deionized water at ambient tem perature. The ul tra sonic trea tm ent of l iqui d m etals
di ˜ered essential ly from tha t of aqueous soluti ons and organic l iqui ds. Thi s is due
to the di ˜erent nature of cavi tati on nucl ei and, hence di ˜erent condi ti ons requi red
for the ini ti ati on and devel opm ent of acousti c cavi tati on. Onl y Ùne sol id parti -
cl es (m ainl y oxi des, e.g. Al 2O3 in alum ini um melt) can act as cavi ta ti on nucl ei
in m etal l ic mel ts [19]. At the same ti m e, the tem perature of experim ental system
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is strongly increasing and, as the m ol ten metals f eature l ight opacity , the cavi ta-
ti on cannot be studi ed di rectl y. Thus, the cavi ta ti on e˜ect is a˜ected. Sarveswara
R ao et al . [20] report an ul tra sound pronounced e˜ect at lower tem peratures by
im pro ved cavi ta ti on, ta ki ng into account tw o di ˜erent tem peratures in the range
288 K to 318 K. In concl usion, addi ti onal experim ents at di ˜erent acousti c power
are necessary to check the dependence of electri cal change on the acousti c power.

The exp erimenta l condi ti ons to gether wi th the analysis of the acousti c Ûows
and the cavi ta ti on e˜ect perm i t to predi ct tha t at hi gh temperature, al l these
facto rs equally contri bute to the therm opower decrease in l iquid m etals exp osed
to ul tra sound.

The l iqui d m etals possess som e sort of interna l arra ngement of ato m [7].
It may be speculated tha t duri ng the ul tra sound propagati on thro ugh the l iqui d
m etal the deform ati on of \ ioni c latti ce" ta kes place. Thi s process modi Ùes the
state energy of conducti on electrons and they return to the equi l ibri um state by
successive col l isions wi th the ions associated to the pseudolatti ce. These col l ision
pro cesses contri bute to the electrons disordered movement and produce a vari ati on
of electron distri buti on. Thi s suggests a relaxati on pro cess, when electrons try to
achi eve a local equi l ibri um distri buti on and an energeti c dissipati on phenomenon
occurs. Its may also reÛect the lower therm opower values.

The l inear dependence Q = Q ( T ) for h 1 = 0 : 3 5 Ñ distance from the ul tra -
soni c source is characteri zed by smal ler exp erimenta l di spersion values. W e may
even say tha t the linear dependence Q = Q (T ) i s better repro duced whi le the
appl ied electri c Ùeld increases. The decreasing dispersion v alues of Q for smal ler
di stance of electro des from ul tra sonic horn may be expl ained by a degassing e˜ect
of the l iquid meta l under the acti on of ul tra sound [21]. Consequentl y, the m elt
surf ace layers are conta minated wi th these gas bubbl es tha t di sturb ed the experi -
m enta l condi ti ons. For h 2 = 0 : 7 5 Ñ di stance from horn, the exp erimenta l di spersion
values are hi gher. The experim ental results showed tha t the e˜ect of sonicati on
increased as the ul tra sonic pro be appro ached the electro des. The therm opower
decreases wi th decrease in horn to electrode di stance. There must in fact be a
cri ti cal di stance, whi ch represents the m axi mum extent of the e˜ecti ve cavi ta ti on
Ùeld. Chi vate and Pandi t [22] showed tha t the e˜ect of cavi ta ti on (nam ely m ax-
im um pressure impulse) increased appro xi m atel y exponenti ally wi th decreasing
di stance. The pressure intensi ty developed by the oscil lati ng horn ti p decreases
exp onenti al ly as i t moves away from the horn ti p, so tha t the energy avai labl e to
overcome the cavi ta ti on thresho ld is lowered. For di stance h 2 = 0 : 7 5 Ñ f rom horn,
fewer cavi ti es are form ed. The therm opower valuesare hi gher tha n tho se measured
at h 1 = 0 : 3 5 Ñ distance from horn.

The m elt m etal bath has not been protected from oxi datio n and the im m er-
sion depths of electrodes are necessary to reduce as m uch as possible the inÛuence
of alum inium oxi de layer form ed at the melted surf ace.
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4. Co n cl usion s

In thi s study the inÛuence of ul tra sound on the l iqui d alum ini um ther-
m opower is investigated.

The decrease in Q values in the presence of ul tra sonic Ùeld has been expl ained
by both electron{ ion col l ision and scatteri ng of conducti on electro n pro cesses. The
ul tra sound pro pagati on thro ugh the l iqui d m etal induces i ts \ ioni c latti ce" defor-
m ati on; therefore a dri ft m ovement perturba ti on of electrons appears. The elec-
tro ns return to thei r equi libri um state due to the electron{ ion intera cti on, the
resul t being exactl y the decrease in the liqui d m etal therm opower. At the same
ti m e, due to the acousti c Ûows the tem perature equal izati on between di ˜erent
zones of the l iquid m etal ta kes pl ace and the m elt tem perature gradi ent is de-
creasing. The smaller values of tem perature gradi ent determ ine lower Q values of
l iqui d alum ini um. The cavi ta ti on e˜ect is consi dered.

Fi nal ly, i t shoul d be pointed out tha t discussions on these interesti ng di ˜er-
ences in the behavi or under sonicati on condi ti ons are sti l l far from deÙniti ve.
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