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ABSTRACT

A new numerical method for determining the surface tension of a liquid drop by experimental measurement
of the contour of the sessile drop is explained. [n the present methed, a very simple and short computer
program enables the calculation of surface tension in a few seconds even by a low speed personal computer,
It need not the use of any other numerical iables or complex techriques. X and Z-coordinates at one point
on the contour of a sesstle drop and the tangennial angle at that point are all the dala needed when the
density of the drop is known. The results were compared with the values derived by a conventional method.
This method can be used for the confirmation of measuring accuracy. Also the same concepts can be applied

for the pendant drop method by changing only the sign of Z-caordinate {from “+" to “—".
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Fig. 1. Profile of a sessile drop and identification of
the geometrical parameters.
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Fig. 2. Profile of a pendant drop and identification of
the geometrical parameters.
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16 INPUT "DENSITY = "D REM UNIT=g/cm3

110 INPUT "ANGLE = "A REM UNIT=degree

120 INPUT "X = "XX.-REM UNIT=cm

130 INPUT "2 = "ZZ REM UNIT=cm

140 B={XX+ZZ)/2/5 DB=B $=D+100/5 D5=5 RAD=3 14159/180
150 XBl=i ZB1=1 N0

160 7Z=0 T1=0.D7T'= 2 R=B X=000001.N=N11

170 IF M>200 THEN GOTO 320

180 TZ2=TI1+DT

190 X=X rRe{SINCTZARADY-SIN(TL-RADY

200 Z=Z+R+(COSITI*RADI-COS(T2+RADN

210 R=1/(2/D1+080xD/S#Z-SIN{T2*RADY/X)

220 T1=T2

270 IF T2>A THEN GOTO 23%

240 GOTO 180

230 PRINT M.X.XX.ZZZ.B.5

260 XIB32~XX-X ZR2=ZZ-Z

270 IF ABSIKB2)< 0001 AND ABS(ZB2< 0001 THEN GOTO 330
280 T XBZ»XD1<0 THEN DB=- 5D}

280 IF ZI32+ZB1<0 THEN DS=-5DS

300 B=B+DB.5=5+DS XB1=XD2Z ZB]1-7ZR2

310 GOTO 160

320 PRINT "ERRCR. CHECK INPUT DATA“GOTO 240
330 PRINT-PRINT PRINT “SURFACE TENSION 137 INT{S),"mi/m"
340 END

Fig. 3. BASIC program for the calculation of surface
tension of a sessile drop.

Table 1. Densities and Surface Tensions of Several

Materials
.. | Surface
Maierial T;g))p. ]();’[;i?; tensicn | Reference
(N/m)
Ag 1160 | 9.17 0.894 9
Cu 1100 | 7924 [1.220 9
Fe 1550 | 7.01 1.865 9
Water 10 | 0.5997 |0.07422 9)
Sodium silicate | 1022 | 217  |0.306 7
(416 wt.%Na,0) |
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Tahle 2, Comparison of Surface Tensions Calculated by the Present Numeric Method and those Obtained using

= - IR

T

Tables*
Surface tension obtained | Surface tension
Material K** (em) Y** (cm) Angle by the numerical obtained using
(") methed (N/m) tabltes (N/m)
Ag £.3000 0.2552 90 0.894 0.889
Ag 0.2500 0.2897 110 0.894 —
Cu 0.3000 0.2686 a0 1.213 1219
Cu 0.2700 0.3429 114 1.213 -
Fe 0.3000 0.2803 90 1.864 1.873
Fe 03301 0.2607 80 1.863 -
Water 0.3000 (.2456 90 0.07426 0.0751
Water 02032 (0.3301 140 0.07426 -
Sodium silicate (0.4891 0.3782 S0 0.306 0.306
{(41.6wt.%Na0)

*in ref. 1, ** in Fig. 1

Table 3. Calculation of Surface Tensions for Various Ligwd Drops

Density Surface tension ol_)tained Surface tensi.on

No. Angle (%) X (cm} Z {cm) by the numerical pbtaned using

(g/em’) method (N/m) tables (N/m)
1 1 &0 0.18452 0.14534 81 —
2 1 80 0.18818 0.15102 118 -
3 1 80 0.32521 022977 80 —
4 1 80 0.34123 0.25074 120 —
5 1 90 0.18680 0.17169 82 82
6 1 90 0.19063 0.17946 122 123
7 1 90 0.32824 0.26461 81 81
8 1 G0 (.34473 0.29100 121 121
g 1 120 0.16863 0.24077 81 —
10 1 120 0.17056 0.25545 121 =
11 1 120 {.30581 0.35101 20 -
12 1 120 0.31839 0.39217 120 —
13 5 80 0.18452 (.14534 404 -
14 5 80 0.18818 0.15102 580 -
15 5 80 0.32521 0.22977 400 —
16 .5 80 0.34123 0.25074 601 -
17 5 90 0.18680 0.17169 410 408
18 5 O} 0.19063 0.1746 609 616
19 5 50 0.32824 0.26461 404 403
20 5 90 0.34473 0.29100 605 /05
21 5 120 0.16863 0.24077 405 -
22 5 120 0.17056 0.25545 606 -
23 ) 120 (.30581 0.35101 402 —
24 5 120 0.31839 0,39217 602 -
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Table 3. Continued

A e B B I A S

ol

Density Surface tension obtained| Surface tensi.on

No. 3 Angle () X (cm) Z (cm) by the numerical obtained using
(/) method (N/m) tables (N/m)

25 9 80 0.18423 0.14489 707 —

26 g 80 0.18832 0.15125 1072 -

27 9 a0 0.32400 0.22825 697 -

28 9 80 0.34190 0.25164 1102 -

29 9 90 0.18649 0.17108 719 714

30 a 90 019078 0.17%77 1114 1130

31 9 90 0.32700 0.26271 705 706

32 9 90 0.34541 0.29214 1105 1109

33 9 120 0.16346 0.23966 706 —

34 9 120 0.17062 0.25605 1114 -

35 g 120 0.20484 0.34813 703 -

36 9 120 0.31889 0.39401 1105 —
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