
WEAK TRANSVERSE MAGNETIC FfELD EFFECT ON THE VlSC0Sfl-Y OF 
WATER AT SEVERAL TEMPERATURES 

Experiments performed at IO, 20925,30, 35,40 and 50°C show that a trans- 
versally applied magnetic field H (H ranges from 0 to 12 kG)weakly imxeases the 
viscosity of distilled water_ The largest value of this imxease occurs at the applied 
magnetic field strength of 12 kg at the vicinity of a temperan~re of 25OC. 

The purpose of this work is to describe the observed effect of an applied trans- 
verse magnetic Geld H (H = 0,5,8,10 and I2 kc) on the viscosity of distilled water 
at SO, 20,25,30,3!5,40 and SOOC (Table I; Figs_ 2-Q 

The present study performed under carefully controlled experimental conditions 
confirms the recent findings by Liehnev et aI-* and Lieimezs and Alem&* 3 that an 
externally applied magnetic field causes small distilled water viscosity increase at 25°C 

fn addition to the results of the previous work, it was found that while on one 
band the observed water viscosity changes increased with the applied magnetic field 
strength H; the observed viscosity increases for each of the applied magnetic field N 
strength values (H = 0, 5,8, 12 kG) showed the largest viscosity increase ar 25°C 
isotherm (7’able 1, F& 24, 

The recent paper by Liehnezs et at.’ deseribts in detail the apparatus and 
m&mcLs used for the measurement and evaIuation of the transverse applied magnetic 
fieid effect on the viscosity of distilled water. The same manipulation, techniques and 
ealcu.laGon methods were used in this work. ‘The measuring apparatus consists of 
tsv~ parts; the elcctromzze& system ana the viscometer-tern~rature bath assembly, 
To recapfnrer-3 the overal! design of the measuring system, Fig- i shows the flow 
diagram of the apparatus. 

As previously’-- doubly distill& water was used for w.ater sampies far v;os;ty 
measurements-The samelw3 Cannon-Fen&e opaque (cahbrated, reverse flow, No. So, 
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V56I) viscometer and the same viscometer cleaning and m . easurement procedures 
were used in this work- As a result of this. the measurements of this work were 
performed at the same accuracy Ievel as discus& in our previous workfY3_ 

RESULTS AND DISCUSSION 

Foliowing the calculation method of our previous workfe3, the viscosity of 
distilled water for both, the applied and the no applied field conditions, was calculated 
from the simplified expression: 

v = cz (1) 

where v is the viscosity in stokes, C is a constant (determined by calibration) and t is 
the efliux time in seconds The results of this study are summarized in Table 1 and 
Figs. 24_ Table 1 presents for ah given temperatures and the applied magnetic field 
H strengths, the fractional viscosity coefficient, given as v* = [(P - v”)/voj x 100; 
such that v” is the arithmetic mean average viscosity at the ambient earth field (or 
the socalled no-field condition) while vn is the corresponding viscosity value at the 
given applied magnetic field strength H_ 

Table 1 also presents statistical analysis data, standard deviation, a,, calculated 
at the given applied magnetic field strength H; and the t-distriiution null-hypothesis 
results considering that the true mean cc, = pO, while the variances for the applied 
field and no-field conditions are not equal, i-e_, cr # a,. The obtained results (Table 1, 
Figs_ 24) show that for each giveu temperature (T = IO, 20,25,30,35,40 and SOOC) 



Fig 3_ Rdatiun bctwzm~ the fractional arcrage viscasity I+ = [(+_- r’)lv”l x lot anci the applied ___ __ _ 

the viscosity of the distilled water increases as the applied magnetic field strength H 
is increased. This observed viscosity increase although small, confirms* our previously 
reported finding. 

The obtained data reveal (Table I, Figs 24) that when the observed fractional 
viscosity V* values arc plotted against the applied magnetic strength, 11, the tempera- 
ture, z and the inverse temperature, IClOO/T; the measured magnetic field effect on 
the water viscosity increases up to the 25°C temperature where it reaches apparently 
the maximum value; then decreases to a minimum value in the vicinity of 35°C; with 
the subsequent increase approaching the 40°C isotherm. 

In this connection, it is of interest to recall that in 1956 Lavergucand Drost-Iians& 
suggested the existence of d&continuities in the temperature curve of the density of 
water near 15 and 30°C; while in 1955 Drost-Hansen and NeilI’ associated dis- 
continuities in the temperature dependence with vapour prcssunzV index of refraction, 
specific heat, second derivative of viscosity near temperatures of 15,30,45 and 60°C. 
Also several other investigators 6e have indicated that there may be kinks in the 
activation energy curve for viscous flow of water. However, the mterpretation of these 
results must be considered to be somewhat uncertain since the available data have 

* This is shown of Fig 2. where -1~ bvc ploued for 25-C isoIhcrm Ihe * values &abed from fhc 
prcriody 6ZaMishal limar approxirmtiud: r+ = 1.9324 x IO-’ H. As seen from Fig 2 (dashed 
lint). this apprmimafiw yields higher ~Q~Ks at Imvw applied ma-tic fuld strengths but smaller 
fmckmal Gsusiiy I) imcascs PL higher magnetic fold W rtrcngrhs. 
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Fig_ 4. Relation bet\amr lhc fractioml mean avc#agc v-scasrty r” = I(+ - r’)/~‘i x I@ and 
inwxsc tcrnpaturc, in lU.Xi/K; at various appkd atuna magrstr fiekl stmgths, lf in kG_ 

?xcn measured over large temperature intervals. Drost-Hansen’ statisticatfy analyzing 
the dielectric constant data of Devot~‘~ found what he, at that time, interpreted 

to be a break in the dielectric constant-temperature curve at 15°C. 

However, subsequent work by Rusche and Good’ ’ in measuring the dielectric 



constant of pure water from -5°C to neariy 25°C did not confirm DrOSt-H2UlWlS9 
analysis of Devoto’” data. The folIowing water vkcusity measurements of water by 
&mm, most-Hansen and Millcro’z in the range from 8 to 70°C, at 1 OC intervals, 
again did not present evidence for the previously observedL9 anomalies in the water 
structure. As a matter of fact, the obtained resulting prompted Korson et al.‘* to 
state that although these anomalies may be s-cd they owe their existence to the intcr- 
faciaf effects thus supporthg the so-called three fayer model of water near interfaazs 
as proposed by Drost-HausexP. 

Independent of these observations, Hastrjd” reports that further work to study 
the discoatinuities in the temperature-dependent functions of physical properties of 
water, is in progress, As a matter of fact, HastedI states that using small diameter 
capillary tube diameters (to possibly eliminate interf&iaJ water structure Iayer 
effims) the obtained static dielectric constant measurements of water in the tempera- 
ture region of 23.3% indicate that at this temperature there might exist water strut- 
tune in dependence of the temperature function of the reiaxation time. 

Recalling at the same time tbat water shear viscosity is a parameter which is 
determined by the rates of molecular reorientation and translation; then in this 
connection it is of particular interest to note Fig. 5. In this figure, we have plotted 
fractional viscosity vfaiffcrencc (be) and the corrqonding temperature T- 
difference (AT) ratio versus temperature, Tie “C; using difference values as obtained 
from Fig. 3. Within the accuracy of our measurements, Fig. 5 indicates that the 
fr;itctional viscosity vf-temperature co&Sent may suddenly change its sign in the 



temperature range of 22-5-27S°C_ However, closer inspection of Figs_ Z-4 and Fig. 5 

reveaI that if indeed there exists a discontinuity in P-Zfrefatian then this discontinuity 
should be found within the 25-26°C range_ 

Therefore, it is apparent that siualtef intenfaIs of temperature are neceSSary to 
be used (measured from I5-3S”CZ temperature, at Ieast in OS”C intervals) to coniirm 
the existence of such d-&continuity in the observed z *-Trelation (Figs. 24). Whether 
this possz%~e d&continuity in 6-T curve accentuates the possibly indicated structural 

changes of water by static di&ctric constant measurement$‘, is subject matter of 
further study- Such study might also yieId information rqardiug the susprrted 
discontinuitiesLS2 in functions and the associated existence of higher order water 
structural transitions as xv& as give additional insight into the presently held viewJ2-“= 
that such discontinuity effects are most likely attributable to experimentally caused 

inte&c%A phenomena. 
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