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ABSTRACT - 

~ x t e n d e d  tables a r e  presented for the reduction of measurements 
. . 

drops, f o r  the determination of surface tension by the pendant drop 
, 

method. As they cover the range 0 .20  5 S 5 1. 10, these new tables can,be 

used for  liquid metals a s  well a s  more conventional liquids, and probably 

cover all cases  of practical interest. The significances of the various 
" parameters  used in the pendant drop method a r e  clarified. 
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TABLES FOR THE DETERMINATION OF THE SURFACE TENSIONS 

OF LIQUID METALS BY THE PENDANT DROP METHOD 

The pendant drop method seems one of the most promising for the 

measurement of interfacial tensions involving liquid metals. It has, in fact, 

been called the only method practicable for determining the surface tensions of 
1 

the refractory metals. Liquid metals a r e  frequently easily oxidizable, and 

the new and renewable surface of a pendant drop i s  less  likely to be affected by 
' 

contamination than those of other techniques, particularly the commonly used 

sessi le 'drop. 

Data obtained on pendant drops a r e  most conveniently reduced by the 
2 

tables of Fordham. On attempting to interpret measurements on liquid metals, 

however, it was found,that their characteristically high surface tensions 1.ed to 

parameters outside the range of values tabulated. The tables were therefore 

recalculated and extended, using the DST code on an IBM 7090/ 7094 digital 

. computer. 

DERIVATION OF PARAMETERS 
3 

A s  was originally pointed out by Laplace, the surface configuration of 

a hanging o r  sessi le  drop of homogeneous liquid can be described exactly in 

mathematic'al terms.  ' ~ a b l e s  relating the parameters involved in the shape of 
4 

. a  drop were'published by Bashforth and Adams and Andreas, Hauser and . 

5 .  Tucker. The tables of the former  investigators require a considerable amount 

of calculation for application to measurements on a given drop. The latter 

group, although they recognized. that the fundamental equations relating 

curvatures to physical properties could be integrated numerically, based 

their tables on empirical observations on liquid of known surface tension. 
2 

Fordham actually carried out the integration and tables to five sig- 

nificant. fifpres for the reduction of measurements on hanging drops. 'These 

tables a r e  si'mple to use and a r e  adequate for  calculating surface tensions of 

ordiilary liquido, but. a r e  n.nt generally applica'ble to liquid metals. 



It was shown that the most easily measured significant dimensions of 

a pendant drop a r e  i ts  maximum diameter d and the diameter d a t  the height 
e s 

d above the lowest point of the d r o p  (Fig. 1). The ratio S = d / d i s  a 
e s e 

function of the physical properties of the liquid, which can be used to calculate 

the surface tension. The derivation of the expressions used in the calculations 

will follow generally that of Fordham, with minor modifications in nomenclature. 

, The relationships between the dimensions of a drop can be handled most 

conveniently if expressed in dimensionless'form, taking a s  a unit of length b, 
the radius of curvature at the origin, o r  lowest point of the drop. Considering 

a vertical plane through the center of the drop, the equations for  the line of 

intersection of the plane with the drop then appear as: 

where - R is the radius of curvature at the point (x, z), tancP is the slope at 

point (x, z), 2 is the a r c  distance from the origin at the bottom of the drop to 

- point (x, z) , and 

8 = -gpb2/y, 

where g i s  the acceleration of gravity, p is the difference in density across  the 

surface and Y i s  the surface tension. The parameter 6 describes the shape of 

the drop (Fig. 2), all drops having the same value of ,8 being geometrically 

, s imi lar .  Liquid metals,  having high values of surface tension, give drops more  

nearly spherical, corresponding to low values of 8. 

Equations 1 to 3 were solved simultaneously t;y the computer, using Gill' s 
6 

variation of the Runge-Kutta method. A s  in Fordham' s work, x/ b and z/ b 

were calculated for  n c ~ u m e d  va l i~es  of 8 and s/ b, integrating along the profile of 



Drop Method. 



Fig. 2. Contours of ljendant Drops Described as a F'-tmctinn of P,  



the drop from the origin. .The maximum x / b  were selected from the tabulated 
e 

values, and the corresponding x / b obtained at the ordinates where z =, 2x . 
s e 

Since (x / b)/ (xe/ b) = ds/ de , 5 isdhus determined. 
s .  
The parameter i/ H, a unique function of S, i s  defined by the equation: 

whence : 

Y = g p d ; /  H, 

from which the surface tension i s  obtained directly. 

I/ H was calculated for each assumed 6 and resulting x / b. The final 
e 

value for 1/ H in terms of S were calculated by Aitkin' s iterative table inter- 
7 

polation method and a r e  presented in Table I. 

The initial calculations of x/ b and z/ b were carried out to eight figures, 

rather than the six reported by Fordham, and the final values of i/ H were 

tabulated to five decimal places (Table I), a s  in the previous work. The range 

cover'ed was 0.20 c, S 5 1. 10. 

, RESULTS 

A t  most points complete agreement to five decimal places was found 

with Fordham' s tables. Where they existed, differences amounted usually to 

only one o r  two units in the fifth place. Somewhat larger deviations existed at 

the ends of Fordham' s tables, which were admitted to be somewhat less  accurate 

than the other parts.! From a comparison of the methods used, i t  was concluded 

that the present values were in essential agreement with Fordham, being probably 

somewhat more accurate. 

The range computed i s  believed to cover all practical cases to be en- 

countered in the measurement of the surface tensions of liquid metals as  well as 

ordinary liquids. Although the tables could in principle be calculated to any 

desired degree of precision, available methods of measuring drops do not seem 

to justify more than the five decimal places tabulated. 



PARAMETERS FOR CALCULATING SURFACE TENSION 
(1/ H as a Function of S at Intervals of 0.001) 



Table I (Continued) 

PARAMETERS FOR CALCULATING SURFAEE TENSION 
(11 H ;is a Function of S at Intervals of 0.001) 



Table I (Continued) 

PARAMETERS FOR CALCULATING SURFACE TENSION 
(i/ H as a Function of S.at Intervals of 0. 001) 
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