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DROPLET FORMATION PHENOMENA IN DC ELECTRIC FIELDS

R. A. Malinauskas* and C. H. Byers
ABSTRACT

A new method of photographing and analyzing data from
pendant drops was studied.  This new method included using
high-speed video equipment and a digitized analyzer to
evaluate data in terms of the surface tensions of drops.
Experimentation on pendant drops of two different systems,
water—air and water—cyclohexane, was conducted in establishing
this photographic technique. The most common method of
evaluating pendant drops, as proposed by Andreas et al.

[J. Phys. Chem. 42, 1001 (1938)], was analyzed in helping to
construct a new computer program which solves for the actual
Laplacian curve and surface tension of a surface by means of
a curve~-fitting regression analysis. The preliminary theory
and applications described in this paper led to a recommenda-
tion using the proposed analytical methods on extended experi-
ments in this project on mass transfer of liquids and droplet
formation phenomena as a function of imposed electric fields.

1. INTRODUCTION

The imposition of electric’fields during the formation of droplets
has a profound effect upon the formation parameters, droplet stability,
and the subsequent mass transport characteristics of the fluid droplets.
Experimental studies on the effects of electric field parameters when
applied to basic fluid properties and droplet formation parameters were
the objectives for this research project, with an ultimate goal of pro-
posing a new theoretical analysis of droplet stability in electric
fields. The usefulness of this project in realistic applications is
to increase mass transfer during formation with the potential of
modifying extraction devices to improve uniformity and droplet size
during formation. A major use of droplets in electric fields is in the

operation of electrostatic printers.

*Current affiliation: Department of Engineering Physics, University of
Tennessee, Knoxville, Tennessee 37916.



This report describes the fundamental experimental and theoretical
work undertaken for the project. The work centered around studies in
basic droplet formation properties, including: (1) drop size and basic
geometry, (2) characteristlics of static water drops exposed to air and
liquid interfaces, (3) the establishwment of a precise photographic aad
measuring technique, and (4) the algorithmic methods and mathematical
models utilized to analyze the experimental data and corvelate it with
previous literature values on basic droplet properties and interfacial
phenomena. The outstanding features which made this particular study
unique in its applications were (1) the utilization of high—speed video
equipment for rapid and accurate recordings of droplet size and shape
for data analysis, and (2) the use and further revision of recently
derived computer programs to solve mathematically for the precise shape

of static droplets and their surface tensions.

2. THEORY AND MATHEMATICAL MODELS FOR COMPUTER PROGRAMS

The preliminary theory as to the basic shape of a surface of fluid
was first proposed by Young and Laplace in 1805, expanded and experi-
mentally supported by Bashforth and Adams in 1883,}! and transformed
into universally accepted nomenclature by Adamson in 1960.2 These
governing equations take into consideration the parameters of a droplet
(size, shape, and density) and define a measurable property of the
interface between two phases known as surface free energy or surface
tension. The stable existence of an interface occurs when the free
energy of formation of the interface between the two phases is positive,

that is, when the two liquids are immiscible in each other.

Surface tension (Y) is expressed in terms of energy per unit area
or as a force per unit length; therefore, customary units may be either
ergs/cm2 (joules/cm?) or dynes/cm (newtons/m). In order to precisely
examine data in later experiments, the surface tension of two systems
was analyzed to ensure a reasonable photographic technique with a mini~
mum of error suitable for more complicated experiments. Although there

are several general surface tension measuring methods, the pendant drop



method was chosen to measure the surface tension of the static drops
because: (1) it is based on the shape of the suspended drop,

(2) requires only small quantities of iiquid, and (3) is applicable to
the experimentally difficult situation of using reactive materials for
imposing an electric field on the forming droplets at the tip of a

nozzle to analyze mass transfer and flow.

The basic theory of surface tension and its measurement by the
pendant drop method is as follows: consider the small section of an
arbitrarily curved surface (Fig. 1) which is small enough that the two
radii of curvature, R; and Ry, may be considered constant. As mentioned
earlier, surface tension units are energy per unit area and can be
written as: Work/dA = Yy or Work = ydA, where dA is the area of the

surface affected by the energy present and Work is the energy term.

Thus, we have the equation:
Work = vydA . 1)

If the inward surface of Fig. 1 is displaced a distance dz until it is

at the outer surface, then the change in area will be

AA = Final Area ~ Initial Area ,

A = (x + dx)(y + dy) - xy = x dy + y dx . (2)
The work done to form this extra amount of surface 1s then,
Work = y(x dy + y dx) . (3

The pressure difference across the surface, AP, can also be incorporated
into an energy-related equation. This pressure difference across the
surface acts on the initial area (xy) and through the distance dz.

Thus, by this method, the corresponding work is:

Work = AP xy dz . (4
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Fig. 1. Differential slice of a moving droplet surface.



From a comparison of similar triangles in Fig. 1, we obtain:

x/Ry = (x +.dx)/(R1 + dz), or dx = x dz/R l (3)
and

y/Ry = (y + dy)/(Ry, + dz), or dy = y dz/R, . (6)
Since the surface 1s in mechanical equilibrium, the previously derived

work terms (Eqs. 3 and 4) can be equated and substituting in Eqs. 5 and 6

gives Y (xyRiz + xyRTz) = AP xy dz. Canceling out like terms then gives

the Laplacian equation of capillarity:
1 1
Y(Rl +-ﬁ—2-> AP . 7)

The first radius of curvature, R;, swings in the plane of the paper and
thus can be simply expressed as the equation which governs the curvature

of a line in analytical geometry terms:
1
T ARA S kS R (8)

where y! and y!1 are the first and second derivatives with respect to X.
The second radius of curvature, R;, must be in the plane perpendicular
to the first radius and can be seen in the plane of the paper in Fig. 2.
By trigonometric considerations,

x/Ry, or 1/R, = Sl; .

i

sin ¢

and since

sin
cos ¢

i

y1 = %§-= tan ¢ , tan ¢ s sec? $ =1 + tan? $ =1 + (yl)2 .

sec ¢ = [1 + (y1)211/2 = 1/cos ¢ ,

v/ + (y1)2]1/2 = tan ¢/(1/cos ¢) = (CO?Cii(:gn 9~ gin o
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then,
/Ry = S88 oyl + (y1)211/2 (9)

Consider Eq. 7 again for the case of a figure of revolution,
such as a pendant drop. At the vertex of the drop, the two radil are
equal and the equation becomes Ry = Ry = b at (x,y) = (0,0) (see Fig. 2),
where b = radius of curvature at the vertex. Then Y (%—+ %) = AP, or
AP = 2v/b . Therefore, at y = 0, 8P = 2y/b, but at other values of AP,
due to hydrostatic pressure, the change in AP = Apgy, where Ap is the
density difference across the two interfaces, g is the gravitational

constant, and y is the y-coordinate above the vertex origin:

AP = Apgy + 2Y/b = ¥y <%f-+ %—) . (10)
1 2
Rearranging,
1 1
(Rl + Rz) = Apgy/Y + 2/b ; (11)

b b\ _ . ,
(Rl + RZ) = Apgyb/Y + 2 , Ry x/sin ¢ ,

1/(R;/b) + 1/(x/sin ¢)b = Apgyb/y + 2 . (12)
To nondimensionalize Eq. 12, we define the parameter 8, where
8 = Lpgb?/Y ,‘ (13)
and incorporating this into Eq. 12 gives
1/(Ry/b) + sin ¢/(x/b) = B(y/b) + 2 . (14)

Assuming that b =1, i.e., taking b as the unit of length, we obtain

the equation

1/Ry + sin ¢/x = By + 2 , (15)



Substituting in Eq. 15 with the analytical geometry terms for the two

radil of curvature ylelds

y /L1 + (3121372 + yl/x(1

+

(y1H211/2 = gy + 2, or
yll o+ [1+ (yH)21yl/x - By + 2) [1 + (y}1)2}3/2 =0, (16)

The boundary conditions are x = 0, y = 0, and y1/x = 1 or yl = X S A 0.

Equation 16 is a nonlinear ordinary differential equation of
the second order. Since this equation cannot be solved analytically,
Bashforth and Adams! suggested resolution of the equation by incremental
series around the surface of the drops. The Runge-Kutta single-step
integration process was invoked to do such a progression in the first
computer program, which is listed in Appendix B as the program RUNGE.
A modification of this method, the Runge-Kutta~-Gill method, was then
utilized to reduce the computation time and storage area needed by the
many variables and to minimize round-off truncatlon errors In the calcu-
lations.3 The original Runge-Kutta-Gill program listing is in Appendix B

as program RKG, and the final executable program is program MAL.

The final program of this integrative method, MAL, gave low error
values that were highly consistent with actual data from Bashforth and
Adams' tables; however, the developed programs had a strict limitation
in using Eq. 16 because it uses a slope~dependent variable, As can
be seen from Fig. 3(a), if (x,y) is a point on the drop surface with a
tangent which crosses the x—axis and forms an angle ©, then this angle
is the slope of the surface at point (x,y) and that © = slope = %% = yl
for the surface. As the integrative process moves further along the
drop surface (i.e., in the positive x direction), there will be a point
on the surface at 90 degrees which has a tangent that approaches posi-
tive infinity. As we approach this point, the computer capacity for
numeric storage overloads, and the program is terminated by an overflow
error. The program PASTPT was designed to be able to resume series
iteration after this critical overflow point and to plot a total

droplet profile. 1Its requirements specify that it be given a slope,
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x-coordinate, and y-coordinate after the overflow point which are as

precise as the values calculated before the overflew.

To overcome the problem of slope dependency overflow in Eq. 16,
as Bashforth and Adams! pointed out, you must use the arc length s [see
Fig. 3(b)] of the pendaat drop as the independent variable. We again
recall Eq. 11,

(%T +'§;) = Apgy/Y + 2/b , (11)

where R; turns 1n the plame of the paper and about the axis of symmetry
(y-axis), b is the radius of curvature (R} = Ry = b at the origin), and
¢ 1s the turning angle measured between the tangent to the droplet
interface at the point (x,y) and the datum plane [Fig. 3(b)]. Since

R2 = x/sin ¢, Eq. 11 then becomes

Y(1/Ry; + sin ¢/x) = Apgy + 2v/b , (17)

and the governing equations for using the arc length, s, as the

independent variable are:
x} = dx/ds = cos ) (18)
[x = x(8), y = y(8), ¢ = ¢(s)] ,

yl = dy/ds = sin ¢ , (19)

aond by definition,
1/Ry = d¢/ds = ¢} . (20)
Rearranging Eq. 17 gives
¢ = de/ds = 2/b + Apgy/Y - sin ¢/x (21)
for the following boundary conditions:

x(0) = y(0) = ¢(0) =0,
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which form a set of first—-order differential equations with x, y, and ¢
as functions of the independent variable s. The final equation with x,

y, and s dimensionless,
x = x/b, v = y/b, s =38/b,
yields
6l = dp/ds = 2 + Apgb?y/Y - sin ¢/x . (22)

Note that Egs. 18 to 22 were proposed in varying degrees in references
4 to 7.

The difficulty in measuring the size parameter b in drops led to
the dimensionless shape~determining parameter 8, which was defined in
Eq. 13 as B8 = ~-Apgb?/Y for pendant drops due to the original sign
convention adopted by Bashforth and Adams.l Beta cannot be measured
directly and conveniently with any great accuracy, but as a shape deter~-
mining parameter it can be related to other variables that can be deter—

mined more easily and more accurately.

Andreas, Hauser, and Tucker® felt that the most conveniently
measurable shape-—dependent quantity is the ratio § = dg/dy, which is the
ratlo of the drop diameter ds measured a distance dg from the vertex as
seen in Fig. 3(a) to the equatorial diameter of a pendant drop (dg). To
remove the parameter b (radius of curvature at the origin) in the surface

tension equation (Eq. 13), Andreas et al.B defined a new quantity

H = -B(da/b)% . (23)

Rearranging Eq. 13 gives
-y = ~Apgb?/B = ~Apgdo?/8(da/b)? = Apgd?/H . (24)

Tables for values of S versus 1/H were obtained by a numerical inte-
gration procedure using some of the original Bashforth and Adamsl tables
and based on the fundamental equation (Eq. l4). Fordham® and Staufferl0

expanded the S-versus~l1/H tables, while retaining good accuracy, to
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covar all ratlos that are attainable for low and high surface tensions

of drops.

The computer programs SFIND and INV.HFIND were written to solve for
a large amount of data quickly and to interpolate through the Fordham
and Stauffer tables for the proper values of 3 and 1/H. The program
GAMMA. incorporated both files SFIND and INV.HFIND into a program that
would invariably interpolate to get the proper densities and acceptable
values for the surface tensions and use them in solving Eq. 24 for
the experimental surface tension and the percent error. The actual
error analysis is discussed later, along with the experimental results.
The basic theoretical analysis, as applied to the practical aspects of
the experiments, computer programs, and calculations, is further com—

mented on in the Discussion section (Sect. 5).

3. APPARATUS AND PROCEDURE

The experimental equipment for the experiments centered around an
8—in. (20 cm) Teflon-~coated nozzle with a single orifice at its tip.
Exact measurements are noted in Fig. 4(a). The nozzle was coated with
Teflon to ensure its application at its tip as a positive electrode
while still being functiomal in static drop experiments. Although
Teflon acts as an electrical conductive insulator, it will not dissolve
in any of the organic solvents utilized in the experiments and is non-

wetting in a large number of systems.

The nozzle was suspended from an upper stage and ceuntered in a
3-in.~(7.6—cm-)diam glass cylinder which had a plane glass rectaungular
window positioned midway in it for clear photographlic recordings of the
nozzle tip and the formed drops. Io the main viewing cylinder, a
thermocouple entered through the top for liquid-liquid interface tem—
perature readings for static drops. A 0.125-in. metal rod with a wire
mesh stage at its upper end entered through the bottom stage of the
cylinder. This metal rod acts as the negative electrode and ground for
the electric field tests with this equipment. Since the capability

existed for a wmaximum of 30 kV being established as a potential
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0.040 in. (1 mm)

NOZZLE 1
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|

(a) SINGLE - ORIFICE NOZZLE
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0.160 in.
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(b) 5-HOLE NOZZLE

Fig. 4. Nozzle configurations.
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between the nozzle tip and the metal rod and since sowme of the organle
liquids to be utilized in the experiments are combustible, a polycarbonate
(Lexan) air-tight plastic contalner enclosed the main cylinder and other
materials which way be exposed to high currents of electricity (Fig. 5).
The plastic containment box was further equipped with an interlock

which, when activated, azllowed a nitrogen blanket to surround the glass
cylinder and electrical connections within the box as a further safety

precaution.

The liquid feed through the nozzle was via a 5-cm?

syringe which

was operated by hand with a stopcock in the tubing to retaln resistance
against the gravitational pull on the liquid so that a drop could be
suspended for several minutes at the nozzle tip. The other liquid for
the liquid-liquid interfacial experiments was inserted through the bottom
of the glass cylinder and pumped out through the top by feed pumps with
0.125-in. tubing from the storage beakers., The feed pumps were powered
directly from the pressure transducer unit. All of the main equipment
mentioned previously rests on a stainless steel pan in a ventilated hood,
with the exception of the pressure traansducer, 30-kV power supply, and

the video recording equipment which had leads outside the hood to the

larger, housed equipment staged on the laboratory floor.

The high-speed videc equipment used included a camera, video
cassette recorder, television screen, video timer, and a digitized
analyzer. The camera was the only component of the video equipment
which was statiouned inside the hood on a platform and rubber-meshed
antivibratory pad. A piece of similar pad also supported the contain-
ment box to reduce the vibrational effects transmitted by the hood and
laboratory floor. The lighting for the video recordings was supplied by
lights behind and to the front sides of the containment box so that the

drops would receive the maximum image resolution on the video screen.

The most unique aspect of this experimental setup was the use of
this high-speed video equipment to record data on drops. Previous
researchers used enlarged photographs from which they took measurements
using a digitizer.7 Not only is the video equipment used here con-—

venient and accurate, but the digitized analyzer works faster than the
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old method of photographing and enlarging the drop before it can be

analyzed. The video timer also time codes each frame of the recording
cassette with the day, date, hour, minute, second, tenth of second, and
hundredth of second on the printout tape which can optionally suppress

any one or all of these time frames.

Because surfactaunts such as dirt and dust drastlically lower the
surface tension of drops, the experimental chamber and liquids used had
to be purified and cleaned as much as possible for the experiments.
Thus, all glassware was washed, oven—dried, and cleaned with ethanol and
acetone. All the tubing was also clezned by flushing distilled water,
ethanol, and acetone through them. The liquid samples of distilled
water were taken from a Millipore flltration and deionizer unit in the
biotechnical laboratory, while the cyclohexane used was 99.97 pure as

received from Stores.

Runs were then conducted in computing the surface tensions of
distilled water in air and a liquid-liquid interface of water in cyclo-
hexane. For the latter case, separatory funnels were utilized to make
the distilled water saturated with cyclohexane and the cyclohexane
saturated with distilled water. In this way, the interface would appear
sharp and clearer than if the two phases were allowed to be pure and
slightly miscible in each other, causing a fuzzy interface. The formed
drops usually hung suspended from the nozzle for at least 30 s before
filming began to ensure that they had reached a maximal droplet stability
in the test chamber.

In establishing a technique to record the size and shape of pendant
drops accurately, the first experiments run were for finding the surface
tension of water in air by using Eq. 24 and the various tables of §
versus 1/H. The drop was focused and recorded for measurement of the
reference nozzle, the equatorial diameter dg, and the diameter dg.

Along with these parameters, the temperature range and the known
densities of air and water for input into the program GAMMA were noted.
Note also that an optical bench with a ceatimeter scale was set up to

check the accuracy of the photographic method mentioned above.
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4. RESULTS

The program GAMMA interpolated the known densities and surface
tensions of water in alr in solving for the experimental surface tension
and finding the percent error relative to literature values. The error
steadily decreased as the measuring technique was improved; for instance,
Fig. 6 is a graph of surface tension versus drop hang time. The nominal
time to record data on suspended water drops is approximately 90 s after
stable formation. Some actual data and taped runs of the two systems
are also given in Appendix A. We see from these original calculations
that the sustained minimum error attainable was about 1 to 3% for the
water—alr system, which translates to a percentage of confidence for
surface tension measurement of 72.6 ¥ 1.0 dynes/em (0.0726 * 0.001 N/m)
at approximately 23°C. This error calculation takes the temperature
range of subsequent data on drops intc consideratioun. Table 1 shows

some of the general results from the water—air interfacial experiments.

Table 1, Surface tension at a water—in—-alr 1interface

Average
Temperature Y measured Y literature®
°o) (dynes/cm)2a (dynes/cm)
Water in air 20 74.10 72.75
23 72.61 * 1.0 72.28
25 70.00 71,97

std. dev. = 1,0

4] dyne/ecm = 0.001 newton/m.

bsource: Handbook of Chemistry and Physics, Forty-Ninth Edition,
Chemical Rubber Publishing Co., Cleveland, Ohio, 1968.

Data from actual runs of the water—cyclohexane system are also
supplied in Appendix A, along with a listing of the runs on video

cassette. The literature results compiled through a library search were
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for cyclohexane and water at the standard 20°C, while the experimental
runs were done at around 25 * 0.2°C; thus, the experimental data were
invariably lower than the accepted values. The program DENSITY.VC

(in Magicalc) was initiated to find the upper and lower density limits
for the temperature range by using a liquid-density estimation method
when given certain known parameters11 (see Appendix B). The experi-~
mental results for the water~cyclohexane system are presented in

Table 2. As can be seen from the table, there is a confidence of

46.5 * 3.8 dynes/cm (0.0465 £ 0.0038 N/m) at 20°C as the surface tension
of water in cyclohexane. These test results were about an eight percent
error, which is not acceptable considering the maximum two percent error

attained for the water—in-air runs.

Table 2. Surface tension of water in
cyclohexane (liquid-liquid interface)

Temperature Y measured Y literature?®
(°C) {dynes/cm)? (dynes/cm)
20 ~46,5 * 3.8¢ 50.2, 51.0
25 44,90 £ 3.3 ~48,5¢C

std. dev. = 3.27

4] dyne/cm = 0.001 newton/m.

bsource: G. Petre and M. L. Schayer-Polischuk,
J. Chim. Phys. 63(10), 1409~15 (1966).

CInterpolated.

5. DISCUSSION OF RESULTS

The photographic method established for using the high-speed video
recording equipment proved to be sufficiently accurate (as low as %) in
the water—air experiments. This limit was imposed because the reference
nozzle and the suspended drop almost totally filled the entire video
screen and therefore the digitized analyzer was used to its maximum
capabilities. The latest study using a plain-series digitizer gave a

resolution of approximately 0.003 cm, which ylelded a gross error
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analysis of between ong to three pe?cent.7 The resolution for the
experiments conducted in this study was approximately 0.0035 cm, which
ylelded a slightly highev exvor percentage for the water—air system.
The eight percent error for the water-cyclohexane system was due to the
fact that the drops formed were more spherical and did not fill the
screen as much as the water—alr drops had because of the lower density

difference between the two liquids.

As mentioned by Stauffew,lo there is an important error compilation
in using the pendant drop method. The two shape parameter diameters,
de. and dg, must be measured extremely accurately (especilally the
equatorial diameter) because dg is directly based on that measurement.
As can be seen In Flg, 7, an error in measurement of £ is achieved on
either side ¢f the drop when measuring the equatorial diameter. The

percent error in this method comes from the following equation:
error = 2e/d, x 100 . (25)

For the measured experimental d, values, with the assumption that the
digitized analyzer can only be measured to the nearest 1 unit, an ervor
percentage using Eq. 25 gives a compounding error of approximately two
percent for all data. When this measured do value 1s used to find dg,
another error subsequently is invoked in measuring the dg diameter and
the final S ratio. Thus, due to the error in droplet surface data
resolution and the subsequent calculations of 5, 1/H, and the surface
tension, Y, there is a compounded error which wmakes the percent error in
the water—air system experiments acceptable and the percent error im the

water—cyclohexane system nominally acceptable.

As noted in Sect. 2 of this paper, other mathematical and solution
methods have been developed to solve more accurately for the surface
tension by the pendant drop method. These solutions were begun in
1969,4’5 for the most general form of a drop surface, and were not
developed for pendant drops until last year.6:7 An overview of the
theory utilized in the computer solution involves only the input of the

density differeace between the two phases, some (x,y) coordinate points
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taken along the drop suvrface interface relative to a randomly selected
origin, and the resolution capabllities of the equipment in the ratio
of cm/unit, This last value for the resolution is calculated by
entering the length of the nozzle reference in centimeters and dividing
by the number of corresponding units of the reference length measured
from the digitized analyzer. This program then uses the theory
expressed in Egs. 18 to 22 using the arc length, s, as the independent

variable to solve for the surface tension of the drop.

The computer method utilized was first published by Rotenberg
et al.b while being concurveatly investigated by Bridger,12 Bridger's
method of solving the pendant drop problem was identical to that of
Rotenberg's et al. as expressed in his acquired computer program (see
Appendix B). As mentioned earlier, the program takes as input the den-
sity difference of the two phases, some data points on the surface, and
the reference lengths entered in cm and in units measured. One stipula~-
tion which must be overcome is that the method described here only works
for axisymmetric fluid interfaces, and that it does onot rotate the drop

to make it reliable as a data source if it 1s not axisymmetric.

After entering the surface data points, the program locates the
central axis of the drop and transposes the origin to the vertex of the
drop. Next, it selects the right or left side of the drop from which
to run a regression analysis in the estimation of a rough surface ten-
sion and radius of curvature at the origin. Then,; it solves the
Bashforth and Adams differential equations (Eqs. 18 to 22) using the

arc length as the independent variable by the Runge-Kutta method.

The unique solution technique which is next utilized involves using
a regression analysis of the least—-squares method to curve~fit the
experimental data to a known Laplacian curve as based on his basic

equation (Eq. 7) and expanded for the pendant drop case to Eq. 17:
1 1
Y (Rl + RZ) - P, 7

1 1 )
Y (i’f + -R;> = Apgy + 2Y/b . (17)
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This analysis is done by varying the parameters Y (surface tension) and
b (radius of curvature of the origin) until the square of the distance
of an experimental data point to the actual Laplacian curve reaches a
minimum and the surface tenmsion is found and printed out. An added
feature to this program includes a subroutine which prints out a graph

of standard deviation.

Currently, the program does operate at a minimum error of around
ten percent. Some of the bugs which have delayed proper operation of
the program include: (1) the long program itself had to be translated
from VAX FORTRAN 43 to UNIX LMC Megamicro FORTRAN 77 and typed in,

(2) some of the translational commands between the two versions of
FORTRAN were incompatible, and (3) the program itself had possibilities

for some extenuating errors in calculation.
6. CONCLUSIONS

The photographic technique using the high-speed video equipment was
rapid, convenient, and accurate enough to minimize the limitation errors
that compound the pendant drop method's measurement of the surface
tension of drops. In all of the filmed runs, the error analysis was
reasonable and within the expected limitations. The equipment for doing
the imposed electric field experiments has worked satisfactorily with
the planned procedures and is appropriate for proper data acquisition
and analysis, but the Bridger computer program has not been completely

implemented in making surface tension measurements as yet.
7. RECOMMENDATIONS

1. For subsequent static~drop surface tension data and calcula-
tions, use a smaller, Teflon—coated reference nozzle so that the pendant
drop will fill the limits of the video screen almost completely and then

the resolution and accuracy of the measurements will increase.
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2. Adjust the lighting via the Varlac power intensifiers so that
the back light behind the contalnment box Is the brightest and gives a

sharp, dark edge on the sides of the nozzle and drop.

3. Use a dimmer light to focus on the drop front to give the

finest video image resolution of its edges.

4, Furthev computational woerk should be conducted on the Bridger
program so that surface tension measurements can be done on drops that
are not axisymmetric so they can be effectively analyzed. Also, some
equations present possibilities for errors due to division by zerc and
not being able to run the regression analysis concurrently on both sides

of the drop at one time,

5. Lastly, for the Bridger program, we propose that the IMC
Megamicro graphlics be utilized by constructing a plot subroutine which
will graphically represent the entered surface coordinate data and also

plot the fit curve to the data points in the shape of a pendant drop.

As concluded earlier, the photographic and analytical methods
established here are adequate for the forthcoming experiments with the
imposed electric fields. The preliminary theory and experiments that
were studied in this summer research project lead to a firm recommenda-
tion for using the aforementioned methods in extended theory appli-
cations on mass transfer of liquids and droplet formation phenomena as

a function of imposed electric fields.
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10. LIST OF SYMBOLS

A area, cm?

b radius of curvature at origin, cm

de equatorial diameter, cm

dg diameter measured based on de {Fig. 3(a)], cm

g gravitational constant at level of apparatus, 979.69928 cm/s?

1/H  dimensionless shape quantity, Eq. (23)



AA
AP

Ap
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radius of curvature in the plane of the paper, cm
radius of curvature in the plane tangent to R}, cm
arc length, cm

Andreas et al. ratio of dg/dg

usually standard horizontal axis; cm

dx/ds

usually standard vertical axis, cm

dy/dx or dy/ds

d?y/dx?

incremental distance in Fig. 1

beta; dimensionless, €q. (13)

delta; change in

change in area, cm

pressure difference across an interface, dynes/cm?
density difference between the two phases, g/cm3
epsilon; small liwit of resolution measurement, Fig. 6

gamma, surface tension in dynes/cm or ergs/cm?

erg/cm?® = dynescm/cn? = dyne/cm
dyne/cm

l erg = dyneecm Y
1 joule = newton*meter Y

phi; angle (%x,y) coordinate makes to y-axis, Fig. 3(b)
d¢/ds
theta; angle (x,y) coordinate normal makes to x axis; also slope

@ = yl = dy/dx, Fig. 3(a)
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APPENDIX A. SAMPLE DATA AND CALCULATIONS

Some sample data and calculations for the water-alr and water-—
cyclohexane systems from the original taped data are given in this
section. Cassette tape #1 contains the following: runs on water-air
system on 6/28/84, 7/2/84, and 7/3/84, with the optical bench correla-
tions being conducted between the 7/2 and 7/3 sequences, and water-

cyclohexane runs on 7/16/84. Total tape time is 33 min, 10 s.



Table 3. Air + water interfaclial tension measurements
(Temperature = 22.7°C)
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ATime

= 0:30:68

6/28/84
Temp. Time
Drop No. (°c) (hr/min/s/.1 s8/.01 g)
Run No. 2 1 22.8 - 23,1 15:30:46:17 ~ 15:31:46:48
ATime = 1:00:31
Same 2 23.1 - 23.3 15:36:29:04 ~ 15:37:27:82
drop ATime = 0:58:78
3 23.1 -~ 23.3 15:41:03:04 ~ 15:42:03:26
ATime = 1:00:22
4 22.7 —~ 22.8 15:48:54:42 ~ 15:49:24:74
Same ATime = 0:30:32
drop
5 22.8 - 23.1 15:53:04:89 ~ 15:53:35:01
ATime = 0:30:12
6 22,7 ~ 22.8 15:58:49:83 ~ 15:59:19:28
ATime = 0:29:45
7 22.8 - 23.0 16:03:23:70 - 16:03:53:59
ATine = 0:29:89
8 22.8 -~ 23.0 16:08:31:41 ~ 16:09:01:03
ATime = 0:29:62
Run No. 3 1 22.7 - 22.8 16:14:49:92 —~ 16:15:20:10
ATime = 0:30:18
Run No. 4 1 22.7 - 22.9 16:20:16:26 - 16: 46:94




Table 3 (contd)
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Avg. Temp. Reference
Drop No. Time De - Dg (°c) size
Run No. 2 1 15:31:26:00 115 101 23.0 268
15:31:46:00 115 101
2 15:36:48:99 115 101 23.2
15:37:08:99 115 101
3 15:41:23:00 115 101 23.2
15:41:43:00 116 101
{Not 4 15:49:14:00 120 103 22.8
developed)
5 15:53:24:03 119 108 23,0
Off 6 15:59:09:00 120 106 22,8
7 16:03:53:01 118 105 22.9
8 16:08:50:99 119 107 22,9
Run No. 3 13 16:15:29:02 117 105 22.8 268
Run No. 4 14 16:20:36:02 118 104 22.8 269

4Best focus on drop.
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Table 3 (contd)

Values used (from page 54)

Temperature Density (g/cmd)

(°C) Water Ar (dynes/cm)
22.8 0.99761 0.0011938 72.3132
22.9 0.997584 0.0011934% 72,2976
23.0 0.99756 0.001193 72.282
23,2 0.99751 0.0011922 72,2508
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Table 4. Alr-water interfacial tension analysis
of data using the GAMMA program

(6/28/84)
Gamma
Drop No. (dynes/cm) % error

Run No. 2 1 72.0052 0.38
72.0052 0.38
Same 2 72.0016 0.34
drop 72.0016 0.34
3 72.0016 0.34
74.9754 3.77
5 70.5861 2.35
6 77.2075 6.717
7 73.2002 1.25
8 72.3857 0.12
Run No. 3 1 70.3384 2.73

Run No. 4 1 74,5474 3.09

Averages for Runs 2 and 3
using SFIND and GAMMA

Average (including 72.5688 0.40
No. 6)
Average (excluding 72.1132 0.23
No. 6)

Mean = 72.61, Std. dev. = 1.86
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Table 4 (contd)

(Data‘taken 7/3/84)

Drop No. Temp. (°C) Time ATime
1 20.5 - 21.1 15:38:30:72 ~ 40:30:67 1:59.95

Data No. 10-s8 intervals de dg Temp. (°C)
1 38:40.49 100 81 20.55
2 38:50.49 99 80 20.60
3 39:00.49 99 81 20.65
4 39:10.49 99 82 20.70
5 39:20.49 99 82 20.75
6 39:30.49 29 82 20.80
7 39:40.49 99 82 20.85
8 39:50.49 99 82 20.90
9 40:00,49 99 82 20.95
10 40:10.49 99 83 21.00
11 40:20.49 99 83 21.05
12 40:30.49 99 83 21,10

- e v s e e J—

Run No. 1 Scaled runs for graph at 10-s intervals

Data No. Y (dynes/cm) % Deviation?
1 80.1575 10.31
2 79.0560 8.81
3 76.5004 5.30
4 74.0530 1.94
5 74,0522 1.95
6 74,0514 1.96
7 74,0507 1.97
8 74.0499 1.98
9 74.0492 1.99

10 71.7087 1.22
11 71.7079 1.21
12 71.7072 1.20

4peviation from literature value (ref. 8).
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Table 5. Water—cyclohexane interfacial tension data

Water (saturated with cyclohexane) drops formed in cyclohexane
(saturated with water). Temperature by thermocouple in cyclohexane.

(7/16/84)
Temp.
Drop No. (°F) Time
1 74.5 - 75.9 11:32:23:91 to 32:53:66
ATime = 29.75 s
2 75.1 -~ 75.3 11:40:03:85 to 40:05:92
ATime = 2.07 s
3 75.2 = 76.4 11:44:56:83 to 45:16:41
ATime = 19.58 s
4 75.4 - 76.7 11:49:17:37 to 49:38:32
ATime = 20.95 s
5 75.7 - 77.0 11:52:04:40 to 52:23:52
ATime = 19:12 s
6 75.9 - 77.2 11:55:02:34 to 55:23:49
ATime = 21.15 s
1 76.5 = 77.4 12:05:00:39 to 05:20:11
ATime = 19.72 s
(Small) 2 76.6 ~ 77.6 12:10:21:60 to 10:41:81
ATime = 20.21 s
3 76.8 - 77.8 12:13:32:30 to 13:52:35
ATime = 20.05 s
(Big) 4 77.0 = 77.8 12:16:26:57 to 16:45:75
ATime = 19.18 s
5 77.0 - 77.9 12:22:57:38 to 23:17:83
ATime = 20.45 s
(Small) 6 77.4 - 78,2 12:35:52:06 to 36:12:15
ATime = 20.09 s
New lighting
(Big) 1 78.4 ~ 78.6 12:37:20:76 to 37:41:08

(Not 2-min hang) ATime = 20.32 s




Reference Nozzle = 261 units
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Table 5 (contd)

Temp. Temp.
Drop No. Time (°F) de dg (°C)

1 11:32:38:48 75.2 118 70 24.00
2 11:40:04:89 75.2 124 81 24.00
3 11:45:06:86 75.8 112 66 24.33
4 11:49:27:70 76.05 121 78 24.47
5 11:52:14:86 76.35 123 78 24.64
6 11:55:12:91 76.55 124 81 24.75
1 12:05:10:59 76.95 120 75 24,97
2 12:10:31:70 77.1 109 59 25.06
3 12:13:42:80 77.3 120 75 25.17
4 12:16:37:09 77.4 123 80 25.22
5 12:23:07:85 77.45 122 79 25.25
6 12:36:02:10 77.8 115 68 25.44
1 12:37:30:95 78.5 125 81 25.83

By program DENSITY.VC (on Visicalc, Magicalc)

°C

23.61
25.83

PCeH) »
0.7755175 0.9943325
0.7734832 0.9921716

Using values from:

The Properties of Gases and Liquids, Third Edition, McGraw-Hill,

R. Reid, J. Prausnitz, and T. Sherwood,

New York,

1977.
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Table 6, Water—cyclohexane
interfacial tension data

Calculated using program GAMMA

Surface teunsion, ¥

Drop No. (dynes/cm)
1 49,3016
2 ; 42.3045
3 45.1905
4 41.7008
5 44,9803
6 | 42.2962
1 ; 44,4695
2 53.4061
3 44,4672
4 42,0863
5 41.8865
6 47.2065
1 43,8836

Std. dev., = 3-270

Mean = 44.87 dynes/cm.



APPENDIX B. COMPUTER PROGRAMS

The computer programs used in the current project are listed below.

Coples are available on request.

Language: BASIC (performed on an Apple Ile computer)

Programs: RUNGE, RKG, 1., and PASTPT

Function: All are variations of the Runge~Kutta or Runge-Kutta-Gill
method of solving second~order differential equations.

Programs: SFIND, INV.HFIND, and GAMMA

Function: Developed programs to find S, 1/H, and the surface temsion, Y
by Eq. (24),

Y = Apg de?/H , (24)

taking into consideration the density differences caused by
fluctuating temperatures due to the video lights.

Program: DENSITY.VC (Magicalc)

Function: Solves for the estimation of liquid densities over a certain
temperature range when given the parameters: NAME, MOL WT (molecular
weight), TC (critical temperature, K), OMEGA (Pitzer's acentric
factor), LIQ DEN (liquid density at reference temperature, g/cm3),
and T DEN (the reference temperature for LIQ DEN, K).ll

Language: FORTRAN 77

Program: (Bridger's Program) (performed on the LMC Megamicro computer)

Function: To solve for the surface tension of a pendant drop by means
of a wire~fitting regression analysis to a Laplacian curve of

calculated surface tension. Input: date, reference length
(cm), and (x,y) coordinate points on the drop surface.
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APPLE II COMPUTER PROGRAMS

The following are the listings of the computer codes generated and
used as a part of the current research program. All function on the

Apple 11 series of computer or compatibles.

KEEERKKERF AR R KRR R AR R R IOHORRARRRRR A RRRkRk kR kR R KRRk kKK
Runge

E 2322232323233 2320332322083 3333222 2¢ 3322333333333 233 3333333333983 3¢1
10GOSUB1000

20PRINT" ORDINARY DIFFERENTIAL EQUATION SOLVER"
22PRINT:PRINT

24PRINT" USING"
26PRINT: PRINT
28PRINT" 4TH ORDER RUNGE KUTTA METHOD"

29PRINT: PRINT: PRINT

30PRINT: PRINT: PRINT: PRINT:PRINT:PRINT:PRINT
31PRINT: PRINT: PRINT: PRINT

32INPUT"DO YOU WANT INSTRUCTIONS? (Y/N)";Q$
34IFQ$="N"GOTC100

36GOSUB1000

3BPRINT"EXAMPLE Y''+.3Y’+SIN(Y)=0"

40PRINT: PRINT"EQUATIONS MUST FIRST BE CHANGED TO A"

42PRINT" SET OF FIRST ORDER EQUATIONS"
44PRINT:PRINT"E.G. LET Y(1l)=Y AND Y(2)=Y'"
46PRINT™ THEN THE EQUATION BECOMES"
48PRINT" Y(1)’=vY(2)"

50PRINT" Y(2)'==.3Y(2)-SIN(Y(1))"

52PRINT: PRINT: PRINT

6OPRINT"F(1),F(2),ETC ARE DEFINED AS"

62PRINT” Y(1)°,Y(2)',ETC IN PROGRAM"

64PRINT" INSERT THE EQUATIONS FOR F(1),F(2),ETC"
S66PRINT" AT LINES 500,510,ETC"

68PRINT" LIST 500-510 TC SEE FOR THIS EXAMPLE"
GIPRINT: PRINT

TOINPUT"CONTINUE INSTRUCTIONS? (Y/N)";Q$
T2IFQ$="""GOT0100

74PRINT: PRINT: PRINT

TEPRINT"X IS THE INDEPENTDENT VARIABLE"
78PRINT: PRINT:

BOPRINT"FOR THIS EXAMPLE USE"

82PRINT" NUMBER OF EQUATIONS = 2"

84PRINT" STARTING X = O

BGPRINT" END X = 10

88PRINT" X INCREMENT FOR INTEGRATION = .1"
SO0PRINT" X INCREMENT FOR PRINTOUT = .2"
9ZPRINT" INITIAL VALUE OF Y(1) = 1"
94PRINT" INITIAL VALUE OF Y(2) = 0"

9BPRINT: PRINT: PRINT
100INPUT"NUMBER OF FIRST ORDER EQUATIONS = ";N
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110INPUT"STARTING VALUE OF X = ";X
115INPUT"END VALUE OF X = ";X1 ]
120INPUT" INCREMENT OF X FOR INTEGRATION = ";H
130INPUT"INCREMENT OF X FOR PRINTOUT = ";X2

140FORI=1TON
150PRINT"INITIAL VALUE FOR Y(";I;") = ";
160INPUTY(I)

170NEXTI

175PRINT: PRINT: PRINT
180PRINT" X Y(1) Y(2)*"
190X4=X+X2
200GOSUB500
210GOSUBGO0
220GOSUB500
230GOSUB700
240GOSUBS500
250GOSUB8OO
260GOSUB500
270G0SUBS00
2751IFX<X4THEN200
280PRINTX,Y(1),Y(2)
285X4=X4+X2
290IFX<X1THEN200
300G0T08000

400Y(1)=0

410Y(2)=0

490RETURN

500F(1)=Y(2)
510F(2)=(6.3215+239.76309%Y(1))*(1+(Y(2))"2)"1.5~(1+(Y(2))"2H)%(Y(2)/X)
590RETURN
600FORI=1TON
610S(I)=Y(I)
620P(I)=F(1)
630Y(I)=8S(I)+.5%H*F(I)
640NEXTI

850X=%+.5%H

660RETURN
700FORI=1TON
T10P(I)=P(I)+2%F(I)
720Y(I)=S(I)+.5%H*F (1)
T30NEXTI

T40RETURN
‘B00FORI=1TON
8lO0P(I)=P(I)+2%F(1I)
820Y(I)=S(I)+H*F(I)
830NEXTI

840X=X+.5%H

850RETURN
900FORI=1TON
910Y(IL)=S(I)+(P(I)+F(1))%H/B
920NEXTI

930RETURN
1000FORI=1T040
1010PRINT

1020NEXTI



1020RETURN
9000END

ER 222223220220 Rttt st 033032333333 33 3323233332 F5F

RKG
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10D$=CHR$(4)

100HOME: TE
110PRINT"

XT: NORMAL
ORDINARY DIFFERENTIAL EQUATION SOLVER"

120PRINT: PRINT

130PRINT"

USING"

140PRINT: PRINT

150PRINT™

160PRINT: HTAB7: PRINT"

170HTAB14:

RUNGE-KUTTA-GILL METHOD ":PRINT
REVISED BY CHARLES H. BYERS"

PRINT" FEBRUARY 1984"

180PRINT: PRINT: PRINT: PRINT: PRINT: PRINT

180VTAB20

200PRINT"DO YOU WANT INSTRUCTIONS? (Y/N)":GETQ$

2101IFQ$="N
220G0sUB11
230PRINT"
240PRINT: P
250PRINT"
260PRINT: P
270PRINT"
280PRINT"
290PRINT"
300PRINT: P
310PRINT"
320PRINT"
330PRINT"
340PRINT"
350PRINT"
360PRINT: P

EXAMPLE

"GOTO500

00

Y’ +.3Y’+SIN(Y)=0"

RINT" EQUATIONS MUST FIRST BE CHANGED TO
SET OF FIRST ORDER EQUATIONS™

RINT" E.G. LET Y(1l)=Y AND Y(2)=Y'"

THEN THE EQUATION BECOMES"
Y(L)’=Y(2)"
Y(2)'=~.3Y(2)-SIN(Y(1))"

RINT:PRINT

F(1),F(2),ETC ARE DEFINED AS"
Y(1)',Y(2)*,ETC IN PROGRAM"

INSERT THE EQUATIONS FOR F(1),F(2),ETC"
AT LINES 830,835,840,845"

LIST 825-845 TO SEE FOR THIS EXAMPLE"

RINT

A"

370INPUT" CONTINUE INSTRUCTIONS? (Y/N)";Q$
380IFQ$="N"GOTO500

390PRINT: P
400PRINT"X

RINT: PRINT
IS THE INDEPENDENT VARIABLE

1"

410PRINT:PRINT:

420PRINT"
430PRINT"
440PRINT"
450PRINT"
460PRINT"
470PRINT"
480PRINT"
4S0PRINT"
500GOSUB11
505PRINT"
507IFYN$="

510INPUT"NUMBER OF FIRST ORDER EQUATIONS (MAX=4)

FOR THIS EXAMPLE USE"

NUMBER OF EQUATIONS = 2"
STARTING X = 0 "
END X = 10 "

-2"

X INCREMENT FOR INTEGRATION L1t
X INCREMENT FOR PRINTOUT
INITIAL VALUE OF Y(1)

INITIAL VALUE OF Y(2)

1 1t
0"

0o

STANDARD DISPERSION EQUATION PROBLEM (Y/N) ?":GETYNS

Y"THEN565

- M

' N
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520DIMK(4),Y(4),F(4),0(4),YN(4,100),YS$(4)

530INPUT" STARTING VALUE OF X = ";X

540INPUT" END VALUE OF X = ";Xl

550INPUT” INCREMENT OF X FOR INTEGRATION = ";H
560INPUT" INCREMENT OF X FOR PRINTOUT = ";X2
563G0T0570

565N=2:¥=0:X1=1:H=0.01:X2=0.1
57T0FORI=1TON

580PRINT" INITIAL VALUE FOR Y(";X;") = "3
590INPUTY(I)

S00NEXTI

S01PRINT"INPUT PECLET NUMBER ":INPUTPE
G03PRINT"INPUT REACTION RATE CONSTANT ":INPUTKR
SO0SPRINT"INPUT BUG RATE CONSTANT ":INPUTKB

606 IFYN$="Y"THENGOS

607GOTO610

60BY(2)=~-PEX(1-Y(1))
§10PRINT: PRINT: PRINT
620PRINT" X Y(1) Y(2)"
630PRINT" ___ "
635PRINTX,Y(1),Y(2)
640X4=X+X2
650S0=SQR(2):SR=2-5Q:58=2+5Q:ST=1-(1/80):8U=1+(1/8Q)
6605V=(3/SQ)-2:8W=-((3/8Q)+2)
870G05SUB825

680G0SUBB60

690GOSURB25

700GOSUB930

710GOSUB825

720G0SUR990

730GOSUB825

740GOSUR1060
745XN=X4-(X2/1000)
750TFX<XNTHENB70
760PRINTX,Y(1),Y(2)
770X4=X4+X2

T8O0IFX<X1THENB70

790G0T01140

800Y(1)=1

810Y(2)=0

820RETURN

B25REM FUNCTIONS

826PR=PE*KR

830F(1)=Y(2)
840F(2)=PEXY(2)+(PRXY(1)/(1+(KBXY(1))))
R50RETURN

8GO0FORI=1TON

S8TOK(I)=H%F(I)
880Y(I)=Y{I)+{(0.5%xK(I))
890Q(I1)=X(I1)

900ONEXTI

910X=X+.5%H

920RETURN

930FORI=1TON

940K(TI)=HXxF(I)
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50Y( D) =Y (I)+(STX(X(1)~-Q(I} )
960Q{I)=(SRXK(I))+(SV*Q(1))
97ONEXTI

9B80RETURN

990FORI=1TON

1000K(I)=H%*F(I)
1010Y(X)=Y(I)+{(SUx(K(I)-Q(I)))
1020Q(1)=(SS*K(I1))+(5W%Q(I))
1030NEXTI

1040X=X+.5%H

1050RETURN

1060FORI=1TON
1070Y(I)=Y(I)+(H*F(I)/6)-(Q(I)/3)
1080NEXTI

1090RETURN

1100FORI=1T040

1110PRINT

1120NEXTI

1130RETURN

1140END

L2 2222222222222 2332233223230 3223222323333 32332333 3333731
MAL

3k ok ok ook okok ook sk ok ok ok ook 3ok ik sk kok Kok kokokOR Kok ok ok Sk K ORROK KR 0K KKK J0K KOk R 30K0K0Kk 0K KO Rk Ok K Rk K
10D$=CHR$(4)

100HOME : TEXT: NORMAL

110PRINT" ORDINARY DIFFERENTIAL EQUATION SOLVER"
1Z0PRINT: PRINT

130PRINT" USING"
140PRINT: PRINT
150PRINT" RUNGE-KUTTA-GILL METHOD ":PRINT

160PRINT: HTAB7: PRINT" REVISED BY CHARLES H. BYERS"
170HTAB14: PRINT" FEBRUARY 1984"

180PRINT: PRINT: PRINT: PRINT: PRINT: PRINT

190VTARBZ20

200PRINT"DO YOU WANT INSTRUCTIONS? (Y/N)":GETQ$
210IFQ$="N"GOTOE00

220G0SUB1100

2Z30PRINT" EXAMPLE Y’ +.3Y'+SIN(Y)=0"

240PRINT: PRINT" EQUATIONS MUST FIRST BE CHANGED TO A"

Z50PRINT" SET OF FIRST ORDER EQUATIONS"
2B80PRINT: PRINT" E.G. LET Y(1l)=Y AND Y(2)=Y'"
270PRINT" THEN THE EQUATION BECOMES"
Z80PRINT" Y(1)’'=y(2)"

2Z90PRINT" Y(2)’'=~.3Y(2)-SIN(Y(1))"

300PRINT: PRINT: PRINT
310PRINT" F(1),F(2),ETC ARE DEFINED AS"

320PRINT" Y{1)',Y(2)’,ETC IN PROGRAM"
330PRINT" INSERT THE EQUATIONS FOR F(1),F(2),ETC"
340PRINT" AT LINES B830,835,840,845"

350PRINT” LIST 825-8B45 TO SEE FOR THIS EXAMPLE"
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360PRINT: PRINT

370INPUT" CONTINUE INSTRUCTIONS? (Y/N)";Q$
3801IFQ$="N"GOT0500

390PRINT: PRINT: PRINT

400PRINT"X IS THE INDEPERKDENT VARIABLE ”
410PRINT: PRINT:

A20PRINT” FOR THIS EXAMPLE USE"

430PRINT" NUMBER OF EQUATIONS = 2"
440PRINT" STARTING X = 0 "

450PRINT" END X = 10 7

460PRINT” X INCREMENT FOR INTEGRATION = .1"
4TOPRINT" X INCREMENT FOR PRINTOUT = .2"
480PRINT"™ INITIAL VALUE OF Y(1) = 1"
A90PRINT" INITIAL VALUE OF Y(2) = 0"
500G608UB1100

510INPUT"NUMBER OF FIRST ORDER EQUATIONS (MAX=4) =";N
520DIMK(4),Y(4),F(4),Q(4),YN{(4,100),YS%(4)
H530INPUT" STARTING VALUE OF X = ";X

540INPUT" END VALUE OF X = ";Xl1

550INPUT" INCREMENT OF X FOR INTEGRATION =";Z
560INPUT" INCREMENT OF ‘X FOR PRINTOUT = ";X2

S7TOFORI=1TON

580FPRINT" INITIAL VALUE FOR ¥(";I;") = ";
580INPUTY(I)

600NEXTI

601INPUT"VALUE FOR THE VERTEX RADIUS OF CURVATURE =";R
603INPUT"VALUE FOR BETA =";B
G10PRINT:PRINT: PRINT

S11PRINT"FILE: MAL":PRINT:PRINT:PRINT
6164=0

818H=2

619X4=X+X2

620PRINT" X Y(1) Y(2)"
621PRINT: PRINT

622P=10%H

623T=100%H

630PRINT

642IFX>0THENSGTO

648PRINTX,Y(1),Y(2)

649PRINT
65080=SQR(2):SR=2-5Q:88=2+8Q:8T=1-(1/5Q):SU=1+(1/5Q)
6605V=(3/8Q)-2:8W=-((3/8Q)+2)

662X=H

664Y(1)=(H"2)/2

666Y(2)=H

670G0OsSUB8BZ5

580GOSUBE6D

690G0OSUB825

700G0SUB930

710GOSUB8Z5

720GOSUBS20

730G0OSUB825

740GOSUB1060

745XN=X4-(X2/1000)

T50IFX<XNTHENG70
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760PRINTX,Y(1),Y(2)
763IFA>PTHEN768

764A=A+2

7T65H=Z: IFH=ZTHENG30
76BIFX>X1THEN1140

770PRINT

771H=T: IFH=TTHENB42
T75X4=X4+X2

TR0IFX<XITHENBTO

790G0T01140

820RETURN

825REM FUNCTIONS

830F(1)=Y(2)

BA0F(2)=( (2%R+B¥Y(1))/R™2) ¥ (1+(¥(2))"2) 1.5~ ((1+(Y(2))"2)*Y(2)/X)
850RETURN

860FORI=1TON

870K(I)=H¥F(I)
880Y(1)=Y(I)+(0.5%K(I))
890Q(I)=K(I)

9O0ONEXTI

910X=X+.5%H

920RETURN

G30FORI=1TON

940K(Y)=H%F(I)
950Y(I)=Y(I)+{(ST*(K(I)-Q(I)))
960Q(I)=(SR¥K(I))+(SV¥%Q(I))
970NEXTI

980RETURN

990FORI=1TON

1000K(I)=HXF(I)
1010Y(I)=Y(I)+(83Ux(K(I)~a(1I))})
1020Q(I)=(SSXK{I))+(SWxQ(I))
LO3ONEXTI

1040X=X+.5%H

1050RETURN

1080FORI=1TON
1070Y(I)=Y(I)+(HXF(I)/6)-(Q(I)/3)
1080NEXTI ;
1090RETURN

1096IFX>X1THEN1100
1098X4=X+X2

1099GOSUBBTO

1100FORI=1T040

1110PRINT

1120NEXTI

1130RETURN

1140END

FE3S2S2 PSSR0 0222022333 22322232233232223822323222532522
SFIND
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12=0

2T=0

3P=0

APRINT"FILE: SFIND™

S5PRINT:PRINT

SINPUT"NUMBER OF TOTAL DATA POINTS = ";N
TPRINT

B8FORI=1TON

QPRINT

10INPUT"ENTER THE VALUE OF DS =";D8
20INPUT"ENTER THE VALUE OF DE =";DE
308=DS/DE

33IFI=1THEN43

35IFI>1THEN47

36PRINT

37P=P+DS

38T=T+S

39Z=Z+DE

40NEXTI

41G0OTOG60

43PRINT

45PRINT"DS DE s”

46PRINT" "

47TPRINT: PRINT

A9PRINTDS" "DE" "s

52PRINT

S53PRINT" ~———m e rm e e e "

59GOTO37

60PBAR=P/N

G62ZBAR=Z/N

63PRINT: PRINT"THE AVERAGE DE VALUE =7";ZBAR
64SBAR=T/N

GHOPRINT:PRINT"THE AVERAGE DS VALUE = ";PBAR
G66PRINT: PRINT"THE AVERAGE S VALUE =";SBAR
T0END

0Kk K o o KK R OK K kK ok K K KRR OIOKOIOR ok okokok K ROk Kok koo IOK ok sk R okok Aok Kok ok ok kkoRkok kok ok koK
INV,.HFIND

AR CHOK O %K 0K 0K A OR K OK k0K K R OK 0K k0K kR 0k R R KK R 0Kk Sk Kok R okoOk Kk K ok ok ok R kokok Kok ok ok Kok kK Kk

S5PRINT:PRINT

10PRINT"FILE: INV.HFIND"
15PRINT: PRINT

20INPUT"ENTER THE VALUE OF SO
25INPUT"ENTER THE VALUE OF S1
30INPUT"ENTER THE VALUE OF S2
35PRINT

44PRINT

A45INPUT"ENTER THE VALUE OF INVHO= ";INVHO
50INPUT"ENTER THE VALUE OF INVHZ2= ";IHZ2
51HO0=INVHO

52H2=1H2

";S0
";Sl
n;sz

[EN 1 I
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53K=H0-H2

54P=82~-50

SEPRINT: PRINT: PRINT
56T=82-51

57X=0

60X=(T*K)/P
65H1=TH2+X
TOPRINT"S™,"1/H"

T6PRINT"X= ";X
BOPRINT:PRINTS]1,H1

BZPRINT"INVHZ= ";IH2
83PRINT"T= ";T
84PRINT"INVHO= ";HO

85PRINT"K= ";K
BEPRINT"P= ";P
87END

ERRERRA R R AR R R KKK KKK KRR KEE KK KRR R KRR KRR KRR KRR KRR KKK
PASTPT

EKEKKEKKRRER KKK ERKKR R BRI R R AR RKE KKK R KR AR RRK R R KRR R AR KE KK
10D$=CHR$(4)

100HOME: TEXT: NORMAL

110PRINT" ORDINARY DIFFERENTIAL EQUATION SOLVER"
120PRINT: PRINT

130PRINT" USING"
140PRINT:. PRINT
150PRINT" RUNGE-KUTTA-GILL METHOD "“:PRINT

160PRINT: HTAB7: PRINT" REVISED BY CHARLES H. BYERS"
170HTAB14:PRINT" FEBRUARY 1984"

180PRINT: PRINT: PRINT: PRINT: PRINT: PRINT

190VTAB20

200PRINT"DO YOU WANT INSTRUCTIONS? (Y/N)":GETQ$
210IFQ$="N"GOTO500

220G08UB1100

230PRINT" EXAMPLE Y'+.3Y'+SIN(Y)=0"
240PRINT:PRINT" EQUATIONS MUST FIRST BE CHANGED TO A"

250PRINT" SET OF FIRST ORDER EQUATIONS"
260PRINT:PRINT" E.G. LET Y(1)=Y AND Y(2)=Y*'"
270PRINT" THEN THE EQUATION BECOMES"
280PRINT" Y{1)'=Y(2)"

290PRINT" Y(2)'=-.3Y(2)-SIN(Y(1))"

300PRINT: PRINT: PRINT ;

310PRINT" ¥{(1),F(2),ETC ARE DEFINED AS"

32Z0PRINT" Y(1)*,Y(2)’,ETC IN PROGRAM"

330PRINT" INSERT THE EQUATIONS FOR F(1),F(2),ETC"
340PRINT" AT LINES 830,835,840,845"

350PRINT" LIST 825-845 TO SEE FOR THIS EXAMPLE"
360PRINT: PRINT

370INPUT" CONTINUE INSTRUCTIONS? (Y/N)";Q$
3B0IFQ$="N"GOTO500
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39QPRINT: PRINT: PRINT

400PRINT”X IS THE INDEPENDENT VARIABLE "
410PRINT: PRINT:

420PRINT” FOR THIS EXAMPLE USE"™

A30PRINT" NUMBER OF EQUATIONS = 2"
440PRINT" STARTING X¥ = 0 "

450PRINT" END X = 10 "

460PRINT" X INCREMZEKNT FOR INTEGRATION = 1"
470PRINT™ X INCREMEHT FOR PRINTOUT = .2"
480PRINT" INITIAL VALUE OF Y(1) = 1"V
430PRINT" INITIAL VALUE OF Y(2) = 0"
500G0OSURL1I00

510INPUT"NUMBRR OF FIRST ORDER EQUATIONS (MAX=4) =";N
520DIMK(4),Y(4),F(4),0(4),YK(4,100),Y5%(4)
530INPUT” STARTING VALUE OF X = ";X

540INPUT" END VALUE OF X = ";X1

S550INPUT" INCREMENT OF X FOR INTEGRATION =";Z
580INPUT" INCREMENT OF X FOR PRINTOUT = ";X2
570FORI=1TON

S580PRINT" INITIAL VALUE FOR Y(";I;") = ";

590 INPUTY (L)

600NEXTI

601INPUT"VALUE FOR THE VERTEX RADIUS OF CURVATURE =";R
GO3INPUT"VALUE FOR BETA =";B

610PRINT: PRINT: PRINT

611PRINT"FILE: MAL":PRINT:PRINT:PRINT

6164=0

618H=2

819X4=X+X2

S§20PRINT” X Y(1) Y(2)"
621PRINT: PRINT

622P=10%H

623T=100%H

630PRINT

642IFX>0THENGT0

648FPRINTX,Y(1),Y(2)

649PRINT

B6505Q=SQR(2):SR=2-8Q:88=2+80Q:8T=1-(1/8Q):8U=1+(1/8Q)
660SV=(3/SQ)-2:89W=-((3/8Q)+2)
662X=H

664Y(1)=(H~2)/2

666Y(2)=H

670GOSURBB25

680GOSUB860

630G0OSUBR25

700G0SUB930

710GOSUR825

720G0SUBSS0

T30GOSUBRBZS5

740GOSURL0O60
745XN=X4-(X2/1000)
TO0IFX<XNTHENGTO
T60PRINTX,Y(1),Y(2)
7631FA>PTHEN768

764A=A+7
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T65H=Z: IFH=ZTHENG630
TE8IFX>X1THEN1140

T70PRINT

T71H=T: IFH=TTHENG42
TT5X4=X4+X2

TEBOIFX<X1THENGT0

730G0T01140

82Z0RETURN

825REM FUNCTIONS
B30F(1)=Y(2)
B40F(2)=((2%R+BXY(1))/R" 2)*(1+(Y(2)) 2)71.5-((1+(Y(2))" 2)*Y(2)/X)
B850RETURN

B60FORI=1TON

B70K(I)=HXxF(I)
880VY(I)=Y(I)+(0. 5*K(I))
890Q(I)=K(I)

G00REXTI

910X=X+.5%H

920RETURN

930FORI=1TON

Q40K (1)=HXxF (1)
950Y(I)=Y(L)+(ST((K{(I)-Q(I1)))
960Q(I)=(SRXKE(I))+(8v*Q(I))
9T7ONEXTI

9BORETURN

990FORI=1TON

1000K(I)=H%F(1)
1010Y(I)=Y{(I)+(SUX(K(I)-Q(I)))
1020Q(I)=(8SSxK{I))+(8WxQ(I))
1030NEXTI

1040X=X+.5%H

1050RETURN

1060FORI=1TON
1070Y(I)=Y(I)+(HXF(I)/8)-(Q(I)/3)
1080NEXTI

1090RETURN
lOSSIFX)XlTHENllOO
1098X4=X+X2

1099GOSUBG670

1100FORI=1T040

1110PRINT

1120NEXTI

1130RETURN

1140END

********************X*****}k********************************************
GAMMA

***********************************************************************
ZINPUT"ENTER THE VALUE OF DS

3INPUT"ENTER THE VALUE OF DE
481=DS/DE:PRINT

";DS
":DE

i
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S5PRINT"DS DE S":PRINT

E6PRINTDS" "DE" "S1

OPRINT:PRINT

10PRINT"FILE: INV.HFIND":PRINT

12PRINT"ASSUMING USING FORDHAM TABLES FOR § VALUES ABOVE .87 AND STAUFFER
TABLES FOR 8 VALUES BELOW .67,WITH LINEAR INTERPOLATION BETWEEN S VALURS,
WHICH ARE AT 0.001 INTERVALS, TO FIND 1/H VALUES.™®

13PRINT"INTERPOLATION IS DONE BETWEEN THE S ARRAY AND THE 1/H ARRAY,
CONSTRUCTED IN THE FOLLOWING MAMNER:"

14PRINT"S2 172"
15PRINT"S] 1/H1"
16PRINT"S0 1/H0"

17PRINT"S]1 IS THE DS:DE RATIO AND IS THUS KNOWN TO THE PROGRAM, YOU MUST ENTEFR
THE NEXT HIGHER S2 VALUE."

18PRINT"FOR EXAMPLE, IF §1=0.6243 : YOU ENTER 0.625 FOR 82 WHILE S§0=0.624.
NEXT GO TO THE TABLES AND READ OFF THR CORRESPONDING 1/H VALUES."

28PRINT: PRINT

29PRINT"S1= "S1:PRINT:PRINT

30INPUT"ENTER THE VALUE OF 82 = ";82

35PRINT: PRINT

45INPUT"ENTER THE VALUE OF INVHO
S0INPUT"ENTER THE VALUE OF INVH2
53K=HO~-HZ

54P=0.001

SSPRINT:PRINT: PRINT

56T=82-51

80X=(T*K)/P

65H1=H2+X

TOPRINT"S","1/H"

"+ HO
";32

[ 1}

BOPRINT: PRINTS1,H1

O5PRINT: PRINT: PRINT

100REF=0.9525

110INPUT"LENGTE OF REFERENCE ON VIDEO SCREEN = ";L

115PRINT

120C=REF/L

130PRINT"THE LENGTH OF DE FOR CONVERSION TO CENTIMETERS HAS BEEN PREVIOQUSLY
ENTERED" :

140D=C*DE

141PRINT: PRINT

143PRINT"FOR THE FOLLOWING DENSITY INTEGRATIONS, IT IS ASSUMED THAT THE SAME
TEMPERATURE SCALE IS USED IN THE CALCULTIONS, THUS THE DENSITIES OF ERACH
CONSTITUENT ARE KNOWN AT THE UPPER AND LOWER TEMPERATURE BOUNDS."

145PRINT: PRINT

1486PRINT"DENSITY OF FIRST CONSTITUENT CALCULATIONS : T2 IS YOUR DATA
TEMPERATURE."

147INPUT"ENTER T1 = "; Tl

148 INPUT"ENTER T2 = ";T2

14SINPUT"ENTER T3 = ";T3:PRINT

150INPUT"CORRESPONDING DENSITY AT TEMPERATURR T1l, Dl = ";Dl
151INPUT"CORRESPONDING DENSITY AT TEMPERATURE T3, D3 = ";D3

1562D2=((T3~T2)%(D1-D3))/(T3-T1)+D3:PRINT

153PRINT"DENSITY OF CONSTITUENT NUMBER 1 AT GIVEN T2 = "D2
154PRINT: PRINT

155PRINT"DENSITY OF SECOND CONSTITUENT CALCULATIONS":PRINT
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156A=D2 '

157INPUT"ENTER CORRESPONDING DENSITY AT TEMPERATURE T1, D4
158INPUT"ENTER CORRESPONDING DENSITY AT TEMPERATURE 13, D6

159D56=((T3~-T2)%(D4~-D6))/(T3~T1)+D8

[I30 11

";D4
“;DS

160PRINT: PRINT"DENSITY OF CONSTITUENT NUMBER 2 AT GIVEN T2 = "B5

161B=D5

162IFA>BTHEN165

163DR=B~A

164IFDR>OTHEN1SY

165DR=A-B

169G=979.69928

170PRINT: PRINT

180GAMMA= (DR¥GX(D"2) ) %H1

190PRINT"DS DE s
2O0PRINT "™ o e e e e e e "
210PRINTDS" "DE" "s1
220PRINT " "
230PRINT: PRINT

240PRINT"1/H D (cM)"
2AGPRINT M = o e ot et e e e "
250PRINTHL1" "D

255PRINT

270PRINT '
271PRINT"DENSITY 1 = "D2

272PRINT"DENSITY 2 =

273PRINT

275PRINT"DELTA RO IN (GM/CM™3) = "DR
279PRINT: PRINT

280PRINT"SURFACE TENSION IN DYNES/CM = "GAMMA
280PRINT

291PRINT"INTEGRATION FOR FINDING GAMMA ACCEPTED":PRINT

292INPUT"ENTER T4 = "; T4
2837T5=T2
294INPUT"ENTER T6 = ";T6:PRINT

295 INPUT"CORRESPONDING SURFACE TENSION AT TEMPERATURE
296 INPUT"CORRESPONDING SURFACE TENSION AT TEMPERATURE
297G5=( (T6-T5)*(G4-GB) )/ (T6~T4) +G6

300W=G5

305PRINT

310Y=( (W-GAMMA) /W) %100

320PRINT" GAMMA GAMMA (ACCEPTED)"

330PRINT" "

335PRINT

340PRINTGAMMA" "W

345PRINT

350PRINT"PERCENT ERROR = "Y"X"

360PRINT: PRINT: PRINT

S000END

T4, G4
T6, G6

";G4
";GB

1 H
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END OF APPLESOFT FILES
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SAMPLE GAMMA RUN OUTPUT

The following interactive session is typical of the
data-analysis sessions one might have after data are
gathered in the clessical manner. The rum in question in a
water run at 23 degrees C.

JRUN GAMMA

ENTER THE VALUE OF DS = 105
ENTER THE VALUE OF DE = 118
DS DE S

105 118 .88%9830509

FILE: INV.HFIND

ASSUMING USING FORDHAM TAEBLES FOR 8 VALUES AROVE .47 AND STAUFFER TABRLES FOR S V
ALUES BELOW .67 . WITH LINEAR INTERPOLATION BETWEEN § VALUES, WHICH ARE AT 0.001 1
NTERVALS, TO FIND 1/H VALUES.

INTERFOLATION IS DOME BETWEEN THME S ARRAY AND THE 1/H ARRAY, CONSTRUCTED IN THE

FOLLOWING MANNER:

g2 1/HZ2
S1 1/H1
So 1 /HO

S1 IS THE DS:DE RATIO AND IS THUS KNOWN TO THE FROGRAM, YOU MUST ENTER THE NEXT
HIBGHER S2 VALUE.

FOR EXAMFLE, IF S1=0,624F : YOU ENTER 0,425 FOR S2 WHILE S0=0,624, NEXT GO TOQ TH
£ TABLES AND READ OFF THE CORRESFONDING 1/H VALUES,

Si= .B89830509

ENTER THE VALUE OF S2 = 0.890

CAZT7ER
. 42600

ENTER THE VALUE OF INVHO
ENTER THE VALUE OF INVHDZ

4R

. 889820509 . 426218644

LENGTH OF REFERENCE ON VIDEQ SCREEN = 268

THE LENGTH OF DE FOR CONVERSION TO CENTIMETERS HAS BEEN FREVIOUSLY ENTERED

FOR THE FOLLOWING DENSITY INTEGRATIONS, IT IS ASSUMED THAT THE SAME TEMFERATURE
SCALE IS USED IN THE CALCULTIONE, THUS THE DENSITIES OF EACH CONSTITUENT ARE END
WN AT THE UFFER AND LOWER TEMFERATURE BOUNDS.

DENSITY OF FIRST CONSTITUENT CALCULATIONS : T2 IS YOUR DATA TEMFERATURE.
ENTER T1 = 22,0
ENTER T2 =
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lrded
e @

ENTER T3 = 23.0¢

CORRESFONDING DENSITY AT TEMFERATURE  T1, D1 = 99780
CORRESFONDING DENSITY: AT TEMFERATURE T3, DI = ,99756

DENSITY OF CONSTITUENT NUMEER 1 AT GIVEN T2 = , 997584

DENSITY OF SECOND CONSTITUENT CALCULATIONS

ENTER CORRESFONDING DENSITY AT TEMFERARTURE T1. D4 = 001197
ENTER CORRESFONDING DENSITY AT TEMFERATURE T3, D6 = 001193

DENSITY OF CONSTITUENT MUMBER 2 AT BIVEN T2 = 1.1934E~03

DS DE §
105 118 . BB9BIOS09
1/H D (CH)
LA2621B644 . 419384328
DENSITY 1 = .997584

DENSITY 2 = 1.1934E~03

DELTA RO IN (GM/CM™J) (= .9946T906

SURFACE TENSION IN DYNES/CM = 73.17778B32
INTEGRATION FOR FINDING GAMMA ACCEFTED

ENTER T4
ENTER T6

20.0

Hon

e
-t

CORRESPOMDING SURFACE TENSION AT TEMFERATURE T4, G4 = 72,75
CORRESFONDING SURFACE  TENSION AT TEMFERATURE Té&, B& = 71.57

GAMMA GAMMA (ACCEFTED)

7301777632 72.2976

FERCENT ERROR = —1.2179444535%
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Density Calculations for Binary Mixtures
Pure Components- Gunn/Yamada Method # Mixtures- Amagat’'s Rule

SECTION One:~ LCONSTANTS CALCULATICNS

NAHE iCyclohex  Water  {C4{<( User Input
MOL WT 1 84162  18.015 <{{{<( User Input
1C H 39%.4 647,27 (KKK User Imput
OMeen L3 44 (44 User Input
LIQ DEN J79 998 (LK User Input
T DEN H 297 293 {444 User Input
V REF 1 1.2B3697 1.002004{----

TR=T/TC | ,5294543 .4527194 i

VR{OH 1561644 1822182 H

YR(O)2 . 5820882 .4934284 i=--Universal

VR0 3690805 3525282
GAM-REF | 2346077 .2451976
SIGMA-REF: 3.661042 I,104167{----
TEMP INCRI .535 23,61 T INIT {64 User Input

VRIO}I 1 .2B13247 3037237 : Constants

WFOINIT 1.2 .2 P INCR <44 User Input
#1  COMPONENT DENSITY CALCULATION Material: Cyclohexane
TEHE ) T TR VRIG) VRO GAMMA  VOLUME DENSITY HMOL VOL

i Deg C ¢ Deg kK T/TC 15T TERM TOTAL €Tk  CC/GRAM GRAM/CC CC/MOLE
2361 0 296,77 5342667 (S90BOAT (3706373 2336400 1,289442 7733179 108.3237
24,165 1 297,325 3372056 5921017 .370BBBY (2334971 1.290307 7750092 108,5948
24,72 ¢ 297.88 5382725 (3934001 (3711203 2333347 1.291154 (7743007 108.b0661
25,275 1 298,435 5392734 (5947015 (3713823 (2332111 1.292003 (7739920 10B.73174
25.83 1 298.9% 5402783 .5960060 3715847 2330680 1,292833 7734832 108.80%1

¥2  COMPONENT DENSITY CALCULATIGN Material: Water
TERF 0 T TR VR(D) VRO GAMMA  VOLUME DENSITY  MOL VOL
Deg € ¢ Degk  T/TC IST TERN TOTAL 8TR  CC/GRAM GRAM/CC CC/MOLE
23,61 1 296,77 4583445 (4997162 3537246 (2444137 1.005701 9943318 1B.11770
24,105 ¢ 297,320 4094020 .3006210 (35339015 2442780 1.004247 .9937915 18.12754
28,72 1 297.88 4602396 .5015282 .3540786 2441827 1.006795 ,9932512 18.13741
23,277 1 Z9B.435 411171 5024175 (3342559 2440445 1.007347 .9927108 18.14728
25,83 1 298,99 L 4A19747 5033491 (3344331 2439504 1.007891 9921704 1B.15716

Mixture Density % Mole Voluee vs Mole Fraction Comp#! : Cyclohex Comp#2 : Water

TEMP  ifiol Volume gcfg aole Density g/el
Deg £ 1.2 4 b .8 P el 4 .b .8
2361 1 36.19889 34.28008 72.36128 90,44247. 8631313 .B193392 7974320 .7842842
28,165 1 36.22100 34.31447 72,40793 90.301391 86246044 ,81BB205 7969183 .7837734
24.72 1 36.24715 54.34890 72.45465 90.360401 (8620773 ,BIB3I0LT 7964044 7832629
25,275 ¢ 36,26533 54,38339 72,50145 90.4619901 8615300 ,B177828 7938903 .7B27520
25,83 | 36.28735 G4.41793 72,54832 90.478710 .Ba10226 .B172637 (7933761 7822410

R R R R R R R R R R R R R A A RN R IR R AN R R AR R R LR A H
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Aug 13 22313 1984 wmain.f Pade 1

[ 3222233337233 ¢+ P28 230333433333 33 3943323324333 333331333 3233343333357 1=
c Frogram to eveluate 2 dror of liauid. c

c Variables.

dimension #x (2002 s ww(200)»r1(200)sPr2(200)rc(200)
(-1 T.7-1, smsin/ x(200) (200} sr0rthishbetarnmlynm2rdmin
common foutreut/ nout
real msmlsm2sintert
characterxB80 filnam
charscterxs8 date
inteder tfreme
c dats grarv /0s90490./
¢ Formatl section.
1000 format(’s Enter inrut Tilename! ‘)
1010 format(a)
1012 format(f1l2.4)
1019 format(fi2,46:712.68)
1016 format(f12.6r4%s112.6)
c 1018 format(2(i3?))
2000 format(’% Enter demsitw difference! ’)
1020 format(1lxs8Brixsig)

c Write srodram header to screen.
write(ésk) *
write{(ér»%) - Analysis of Dror Profiles.’
write(s+s%) ‘ Dats is read in from library files.,

c Constant gravitur #.
4=979.,69%28

¢ Oren file for #3ss of rerameters to LOCKWQAOD.
oren (unit=1,file=’'GAMMA ’ rstatus="UNKNOWN‘,
1 access='SERUENTIAL’)
write(1i.%) 4
write(lrx)
write(l+%)
write(lsx)

hnalusiskof Dror Profiles.’
Ngts is read in from library files.’

4

N~ NN

¢ Ask for outrut direction.
csll fileor(nout)

¢ Query for inrut filengme.

S write(érXx) * 7
write(é6:1000)
read{(S5»1010)filnam

o Qren ineut file.
oren (unit=2yfTile=filnamrstatus='pld’ serr=é)
rewindg 2
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~n

r

write(nouts»1010)" ERELXKKKKKKKKKKERRKEKKKKKKKKKKKK KKK RKKKK KKK K 7

writel{rnouts1010)° % ‘//filnam
Write(rnouty1010) % HRKKXKKKKKRREEEXKIAORK KK KK KKK KRR KKKEK KKK R KKKKK 7
g0 to 7

write(ésx)

write(és%) / Error in file name. Try sdgain!’
write(éds%) 7 ¢

40 to 5

Query for temrerature.
write(6,1010) ’‘$ Enter temrerature of datat!: -
read(Ss¥rerr=7rend=7) temr
urite(1,1012) temr

Querw for density difference.
write(brx) 7/
write(é»%) ’ Densitw diff. is ocuter rhase-inner phases’
write(és%) ’ invert if ricture is turned urside down.’
write(6,2000)

read(SyXserr=8) delrho

write(1,1012) delrho

write(br%x) *

40 to ¢

write{(&sx) *© 7

write(ésx3 ¢ Error in input, Try adgain!’
40 to 7

The first line of inrput file is the dste and frame number.
reed(2+1020) daterframe

Resd in from inrFut file the known reference lendgth in centimeters» and the

meagsured reference in units.,
read(2:1015) dcarsydlear

Read in dror share data from the exreriment into XX a3nd YY arraus,
n=90
uwrite(1,1020)daterframe
read{2,1015rend=2)ux{n+l)ryuin+t+l)
Wwrite(1,1018)ux(n+l)euww(ntl)
n=ntl
g0 to 1
close{(unit=2)

Fointers for loading of arravs.
nml=n-1
nm2=n-é

Fing minimum of YY,.
wul=gu (1)
do 62 n=2synml
iflug(n).lt.uu0) wul=wu(n)
continue

o
)
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¢ Find center of dror.

¢ Choose two lzwersy one auarter and three guarters of the mimnimum.
wt=0,29%kuuwl
ubh=0.,75%kuwnd
do &3 i=1rnml
if{wu(id).lt.ut) g0 to &4
43 continue

b4 suml=xx(id¥{gt-wau(i))

bé i=i+l
sumli=sumlixx(idk(wu(i-1)~9ul(i))
iflug(id).gt.xb) g0 to &6

suml=sumi-~-xx(i)X{gb-wy(i))
it=1
do &7 i=itsnmi
if{uw{i).dt.ob) do0 to 48
&7 continue

68 sumr=ux (i) X{(wg{id)~ub)

69 i=i+l
sumr=sumrtxx (i) XK{(yg{i)~auwl{i-1)1
if{uyu(id.lt.y¥t) d0 to &9
sumrssumr-xx(i)XK{(gy(i)-gt)
uO=(sunltsumr)/ (vt-uwb)/2

530 H{1)=x(1)-ux0
do S1 n=2ynml
win)s=xulnd)-xx0
yin)=uy{n)~ywd
if{ui{n).ea.0.) x{n)=-1,0e~10
if{sign{l.yx(n)l.ne.sign(i,sx(n-1)3) nm3z=n-1

o1 continue

determination of sidgnificant fidgures
write(é4,2030)
format(/+ " $Enter number of sig, figs! ‘)
read (S»%X)nfidg
do BI n=lsnml
iedr=int{(alogl0{(x{n)))
idig=nfig~iexe~1
ne=int(«{n)X10.0%x(idig))
wlr)=nx/(10,0%kk{idig))
ieup=int(alodl10(ui{n)))
idig=nfig~iexs~1
nez=int(x(n)X10.0%X%k(idid))
wln)=ng/(10.0kXx(idig))
continue

[ o]
o8]
Lo ]
2]
<

nnonon

0o

Do

2]
«
3.}

writelss%3y * ¢
write(4s3000)

2000 format( ‘% Which side? 1l=rights0=leftr~1=botht /)
reed(3:3100) kside
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if (kside.ea.l) then
write{noutr»1010) ’ Using right side of drosr’

else
if (kside.2e.9) then
write(nouts1010) “ Using left side of dros’
else
write(nowtri010) ’ Using both sides of dror’
endif
endif

format (i2)

if (kside) B80,8¢,%0

nl=rm3~1

n2=nmnl/2

do 102 n=1lsn2
d=rm3+ti-n
dummg=~x(n)
#{n)=-x(.d)
®{d)=dummw
dummgsw(n)
wln)=v{i)
w{d)=dummy

continue

IFC(nZ41),.14.04) 2(m24+1)==x(n2+1)

ifl{kside.ea.0) g0 to 95

d=Enmi+l

nl=nml

do 120 n=1leynmi
if{u(n).le.w(d)) g0 to 120
dummel=x{(J)
dummy2=w ()
bmax=Jd-n
do 110 k=1iskmax
wldtl~k)=x(.~-k)
g(itl-k)=g{i~k)
continue
i) =dunmyl
y(n)=dummy?2
J=.+1
if(i.gtynml) do to 95
40 to 105

continue

40 to 23

ni=rel-rim3—1

do 92 n=ilsynl
k=rim3+n
wlnd)=ulk)
wl{n)=g (k)

continue

nm2=nl-5

¢ Calculate scale in em,/unit

scale=dcar/dlcar
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write(l,%X} scale

¢ Initialize data for redression asnalusis.

nt=0

sumx=0,

sumx2=0.

‘sumw=0,

sume2=0,

sumw=0,

write(nouts490)
40 format{” s’/ i7s4xs "MOidsu(i) 9sPxr KsSrys »Pus ' ri(i) "y
1 Sur/vssyuss’ v8xy " r2{i) s 7%’ /)

¢ Loor to find curvature.
i=é
[ do 99 i=érnm2
if(i.gt.3) g0 to 42
41 i=it+l
if(i.gt.mm2) €0 to 97
42 test=abs(wwd/10)
if({abs(g(i)~-9(1)}),1t.test) g0 to 97
if(ahs({g{id-wy0l),lt.test) d0 to 97
?1 continue

¢ Find midroints.
if(i.eaq:.1? do0 to 200
#l=0x (i) 4x(i~8))/2
Wl=(uw(id+uw(i-5))/2
#2={ul{id)+u(it+8)) /2
w2={u{idY+e{(it+S9)) /2

c Test for horizontal segments.
if({uliteea.w(i-9))sand, (w{i).ea.uv{i4+5))) g0 to 900
iT{w{i)sne.s(i-5)) g0 to 810
®s=x1
m2==1K{R{(i+T) -1 (1)) /(9 (it+5)~a(i))
b2=-1%kx2%m2+u2
gs5=m2EX2+02
40 to 100
B10 continue
if{g(i)erme.,w(itd)? g0 to 820
xe=rd
mi=-1%{x{(i)-x(i~-8))/(2{i)-uw(i-5))
bi=-1%x1¥mltul
ds=mlkxstbl
40 to 100
220 continue
ml=—1%{(id~x{i-S))3/{uli)~9(i~5))
bl=-1%xlXml+ul
MmI2=-1 k(12— % C(i+9) )/ {u{id)~u(itd))
D2=-1%x2%km2+s2

¢ Test for colinearity.,
if{mli.ea.m2) g0 to 400
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ws=(h2-bi)/{(mi-m2)
gs=makustn2

c Find slore of radius of curve.
100 m=lus-w{i))/(xs~-x{1i))
ves=0,
ges=u(i)—{mkx{i))

¢ Find dot product.
101 d=(uss~n{i))¥{xe~x (i) )+ (uss-w{i) )k (uws-w(i))

rl(i)=sart({xs~x(i))X¥Rk2+(uws~uw (i) I KXD)

if¢ds1te0.) rlli)=-1%r1(i)
r2(id=sart((uss-n{1))XXk2+(uss~a(1i))I%%2)
cl(id)={1./7P1 (i)Y +(1./72(1))

write(rnout»y35) isx(idsg(idexsrusrrl(idrwsssr2(idrc(i)

59 Pormat(i3s2usfP.e8s 3 s fB. 453 T30 9 ' 9fE, 3
1 2usP7.453%5°0.09  2Ff8.415%»FBAr3xsT6.3)
g0 to 98
200 caontinue

¢ when i=1
15=0,
®655=0,
Hez (g (1)+ (2)) X .S+, 5%x (22 %X2/(9(23~3(1))
YESTUSG
g0 to 101
200 continue
Wwrite(nout,210)isyx(idsuy(i)
210 format (‘07 ryi3sfs.3s 3/ sP6.3:3uy’horizontal line sedment’)
do to 98
600 continue
¢ when slores are eaual
wes=1eld
yaxleld
1ss=0,
wss=uw(id+x (i) /ml
40 tao 101
?8 continue

accumuslate regression datsa
yrsmrthi where y=c(il)y x=y(i)

o nNnnn

sumx=sumste (i)
sumu2=gum:2+u (i) ke (i)
sumyTsumytel{i)
cumw2=aumu2+e (i) ke (i)
sumxy=sumrets (iYke (i)
mt=nt+i

Q7 ifli.le.na2) g0 to 41

c 99 continue
o regression analysis

Writed(s5208) ntrsumiyYrsumXsSums s SUMNH2
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208 format(ixs ‘nt="9idsixr’sumxg="pf12.621%r ' sumN="2F12,4621%r ' sUumy=">
1 T12.6s 15y " sumx2=‘'yf12.6)
if(intXsumx2-sumxksumx).ne.0.? do0 to 99
write(rioyuts10595)

1055 format{ixr’/slore = infinityy do adain!’)
g0 to 41
29 slore=(rt¥sumxy-sunxXsum) /(ntiksumx2-sumuXsiims)

intcrt={sumy-sloreXsumx)/nt
sdxg=ntXsumxd-sumxisumy
sdx2=rntEsunx2-sumn¥sumx
sdg2=nt¥sum¥2-sums¥sumy
corr=sdnu/sart (sdulXsdyl)
sdevy=sart{sdul/(nt-1))/nt
write(s.209ntrcorrrsdevy
209 format(lxs/'Nt="914»3xr’'corr="9 12,6235y ' sdevu=’»f12.6)
iIf{nt-2Y%{il.~corrXcorr)).ne.0.) go to 210
write(rout,211)
211 format(1xs 'svyest = infinityr do adaint’)
go to 41

zean={{nt~13}/(nt-22%k(l.~corrkcorr)liksdevy
write(6,210)zean
format{lixy ' zean="21xsf12.4)
tean=abs{(zean)
write(és211)tean
format{lxy’tean='s1xsf12.,4)
syest=sart(tean)

10 swest=sart({nt-1)/(nt-2)%{1l~corrkcorr))Xsdevy

errs=gyest/sart{sdx2/nt)
tteta=slore
damma~dXdelrhoXscaleXscale/slore
damerr=errsX100/slore
write(rnout,2030) scaleryx0ruuwdsrdelrho

N0 D060 0an

2030 format(/y»’ scale=+F11.3y’ com./unit’ +3Ixr’oridin="»¥7.3+’+'1t7.3>
1 ! delrho=/sf7.3)
write(rout»2010) sdMuysrsdx2ysdulrsdevy
2010 format(/r sdxu='»1rell. .52y 54122 531rel2.5: 24y s5du4l="y1rel2.5,

1 2xs’sdeve='rirel.5)
r0=2/intcrt
write({nouty2020) rQ
2020 format{/+’ rO="¥9.4)
write(nouts1050) dazmmardamerr
1050 formet(/s’ surface tension='sf7.3y’ dune/cm +/-"9f6.22»7%°)
write{nouts1060) corr
1040 format{(/+’ the correlation coeff. isi{ "»f7.4)
write(nouts1070)
1970 format(/»310xs20(10hX)}
write(ér2060)
2060 format(/»’'% Curve-fit data? 0=nos l=yesg! /)
read (35,2070 kfit
2070 format(il)
nn2=nl
if(kfit,ea.1) call cftas
damma=gidelrho¥scaleXsoale/beta
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write(rnout,»199%) drdelrhcrscalerbetsa
1999 format(lus‘a="2f7.392%r delrho="9T7.312%r"'sca3le="y17,3s23
1 ‘“heta=’"»f7.3)
write(rnout»2003) damma

2003 format{lixs’ Surface Tension = "yf7.3)
writedl{sry2001)
2001 format (‘% Reanalzssze this data? O=nor 1=wes? ‘)

read(3,2003)mrnal
20095 format(il)
if{mrnal.rne.0)go to 50
Wwrite(éy1080)
1080 format(’% Anasluese more data? O=noy l=ygyes? ‘)
read(3r10%02ianal
1090 format(il)
if(ianal.ne2.0) dgo to S
stop
end

Aug 12 16158 1984 3.7 Fade 1

subroutine f3(srrusthrsverOrbeta)
call FPllssthsz=)
v=1l./r0+betaku—~z/u

return

end

fAug 12 16154 1984 f2.f Fade 1

subroutine f2¢(ssthev)
v=eos{stth)

return

erd
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subroutine cale
integer tetlyfitest
common /main/ #{(200)s8{(200)»r0rthisbetarnmlrnmy inin
_common /outrut/ nout -
common /comcal/ diff(200)rerrsumsdcountrfitest(200)
common  Jeomfit/ xc(2003990(200) v (12)2ul{l12)vssi0snlststlesd(12)

solves dror profile problem by intesrating the bashforth ean.
28 a function of arc length (s)

initiglise data

NN nnn

errsum=0Q,
tete=v{l)
rO=v{2)
Jderr=l
Jecount=0
do 30 J=1snm2
fitest{J)=0
Heddi=0.
we(d)=0.
50 continue
if{beta,1e.0.28) ds=0.,05%r0
if(beta.dt,0.29) ds=,01%r0%(1+1/beta)

s=ds
thil=r0XrO0%kbeta/8X{(s/r0)%X%x3
thi=thil

“eale=r0¥sin{s/r0)
yeale=rf¥{(l~casi{s/rd))

100 continue }

¢ runge~kuttaz method
#old=ucalce
wold=wycale
thold=thi
sr=g /10
call f(spythirnkl)
whl=uklXxds
call fl{srsthirnll)
xll=x1i%¥ds
call f3(srixcalorwcalosthisumlisrOsbheta)
“ml=umlXds
sr=l{gtds/2.,)/r0
ue=xcaletukis 2,
gr=dcale+nll/ 2,
te=thitumlisr 2.
call f2(spstreuk)
ik 2=xk 2Xds
call fllgprtreull)
112=x12%ds
call f3{spruprupstrrsum2rrOsheta)
rm2=umikds
wr=neale+uk2/2,
Wrpseealodul2s 2,
tr=thitxm2/2,
call f2({spstrruk3)
wkI=xk 3Kds
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call fl(serstryl3)
#13=x13%ds
call f3(srrXpryrrtrrxm3»rOrbeta)
¥m3I=xkm3kds
sp={gtdsd/ D
we=xcalotxkd
ursycalcotxl3
tr=thi+umd
call f2(spripyxkd)
call fl(srrtrrxla)
call f3(srrxprurrtrrumdryrOrhata)
s=5+ds
Mealo=uealot (k142 %0k 242 Xk 3+ bk 4Xds) /6.
ycaleo=mwcalot (x114+2.%1242,.%x134+114%ds) /4.
thi=thit(umi+2. Xxm24+2,. kum3+xmiXds) /b,
thir=(thi-thold)/ds
difmin=1leé
c find closest data roint and calculate diff¥xk2

Jdmin=derr
do 300 Jd=dminsrnm2
test=(xcale—x(d)Yk{xcale~x(.id))t(ucale-2{Ji))k(gcale~g(d))
c test for serrendicular
®xO0=xold
gO0=gold
®l=xcalc
yl=ycale
“es=x(Jd)
Qs d)
delt=(x1-2x0)¥%2+(g21-uw0) k%2
stest0=((xl1-x0)K{xs—x02+(2l-w0)iX({us—-u0))/deltl
stestl={(xl-M0)R{xs-x1)+(91l-w0)k(uws-ul))/delt
if(stestli.ne,.0.) g0 to 210
fitest(i)=1
we(d)=x1
yel(d)=yl
diff{d)=test
Jerp=+l
Jeount=doournt+l
grrsum=evrrsumtdiff{.)
g0 to 330
210 ifistestl.eq,.0.,) d0 to 300
iflsign(l.sstestO).er.sidn(l,rstestl)) g0 to 300
fitest(Jj)=1
el(Jd)=u0tstestOX(xl1~0)
ve(d)=gltstestOX(wl~90)
testi=(xs-me (W) )&(us-wocli))d(us-vo(J) I k{us-wyc (i)}
diff(i)=testl
Jderr=j+1
Jdeount=deount+l
errsum=erreumtdiff(d)

o writel{nouts3100) Jdsdiff(i)sstestlsrstestl
3100 format(i3»3(2xylrel2.5))

300 continue

35 iflderr.gt.Nm2) do0 to 1010

if(se.dt.3.7) g0 to 1010
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if{ucale.le.0.) g0 to 1010
if{sp+thi.=gt.3.14159) =g to 1010

¢ write{nout:2010) thisthirsrsrxcalorweale
2010 format (F(Sxsirel2.5))
g0 to 100
1610 continue
c write{nouts3V00) .rdcount
3000 format{(/y»’ finzsl #t.

f noe = 7“9ils2%r'no, eoints fFit=’,i3)
c if(jeount.ea.2) g0 to 3001

weidht=(nm2~2)%XX2/ (Joount-2) X2
¢ 3001 weisht=(nm2-2)¥%2/(float{icount)~1.99999)%%2
arrgum=errsunkueisht
return
end

Aug 13 146:38 1984 ersum.f Fage 1

subroutine ersum{iis k)
integer toti
common /main/ x{(200)yuw(200)yrO0sthisbetarnmisnmrmin
cCommon /outrut/ nout
common/comfit/ He(200)s9c(200)sv(12)u{12)s55i0rnlstrtird(12)
if(tl) S02+,510.502

502 do 504 i=1,i0
S04 v{id=ul(idkexr(v(i))
410 ca8ll cazle
if{tl) 551,590,591
591 do 553 i=1+10
P {u{id¥vl{i)) 552,552,553
32 ii=i ‘
return 1
553 v(id=alod{(u{ilkv(i))
SS90 return
2nd

Audg 12 146153 1984 f1.f Fasge 1

supbroutine flissthsv)
vesinl{st+th)

return

end
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KAEKRKRKKKRAKKKRKKERKERRKE Fileoren subroutine EXKKXRAKXXKRHKK

X

K= e

rJ

1010
500
501
600

Calied to oren & fTile

subroutine filear(nout)

charactarkl1?28 filenm
logical 52

inauire{unit=10vorened=yn)
if (un) close(19)
write(6:%) 7 7
Writelé6,500)

write(4,501)

write(és%x) 7
filenm="Here’
read(5,600)filenm

if (filenm.eac.’ 7)) then

nout = &
return
alge
oren{unit=10rsfile=filenmratatus="UNKNOWN"
serr=1)
nout = 10
return
endif

write(s.%x) 7 7

write(és%) ’ Error in file name, Try ada3in!’
write(ésx) 7 7

g0 to 2

farmat{ a)

format(’ What file should the outrut be stored in?
format(‘’% A null resronse means screen output! )
format(a3l128)

end

)
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810

812

subroutine rlotithead)

translated from basic bw dale murtlow 7/1/75
logical®kl linesblanksstarschrsshead
characterXl linel(éS)sblankrstarschrs(10)yhead(80)
charzecter line(éS)yblanksstarshead(B80)
inteder chre{10)

integer nretydrididststl

common /main/ (2003 y3(200):rO0sthirbetaramlisnm2s imin
commore /comfit/“c(200)suc(200)sv(12)Ysu(12)rssiQrnistytlsd(l12)
common/comdev/out2(100)

common Foutruts/ nout

data chers/ 0 sy L0/ 2 23 0/ 47 y'S'3y/4" 37773787497/
data blank/” “/ystar/ ' %'/

tlank=" ¢ i

star=%’

dats line/11l/

write(lout»8465) heazd

lout=nout ,
format(lh~sbdur21ihdeviation pattern forsi1xr80a1)
n3=nl+l ‘

do 840 n2=1sn3

write(ésX) 'betw. 840 and 810 do loors,”’

do B10 .=1545

linel{dl=blank

n=nl-n2+1

if (n) 827:827,812
out2(m)=out2(n)+.05ksign(l.rout2(n))
rt=int(out2(nd¥10.0)

line(é2i=gtar .

if (30-iabs(rt)) 82%,820,820

J=31-wt :

Wwrite(édrX) ‘hefore idig’
ididsiabs{et~int{out2(n))%10)
line{J)=chrs{i+idig)

if(n=(n/10)%1¢) 830,826»830
linme(é2)=chrsin/10+1) '

line(é3)=chrs(l)

g0 to 830

do 829 =162

line(d)=star

write{louteBO5) line

farmat{(lh réxsbSal)
continue

write(lout 86072

Tormat(1urbxr '3/ vy P72 sFs 717 +Pus 0% 28u%y =198y " =2/98xs’~37)

return
end
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nTNoNDNONNNNApNNNNDNDYMNMNONDNONNNNONMNNDNDND

N

N NN

2000

subroutine cftids

multirarametric curve fitting srrogram ¥% cftas %x

written by 1. meites

chemistry derariments clarkson collese of technolosy

rotsdamy new woTk 134764

January 15,1977

this tramsletion from basic to foriran-iv was done in such 8 waw

as to be as faithful to the basic version a5 possible. most

variable mames and rertinent statement numbers have been retained
d. arnoldy d, murtlow: and 2. shia -— translators

inrput data!
wher using the call resd driver format reauirements are not
necessary, date input on csrds serarated buy commas. inteder
numbers must rnot have a decimal rpoint associated with them.
card-12

heading forma2t(8031)

carg-2¢
t 11 rlot format(3il)
t ~-- random errors! l=relatives O=absolute
t1 -- signs of psrameters! l=signs certains O0=sidns uncertain
#lot—- rlot of deviation rattern! O=nosr l=ues
card~33
P i0 nl d0 format(2i3sibrfb.4)
= =~- rrint cucle: 0=final cwcle anlusr prO0=everw rth cucle
10 —-- numbher of rarameters (1-12)
nl -- number of dats rpoints (ur to 100)

do -~ ipitial relative increment width
next 10 cards? initial estimates of rarameters format(el10.5)
next nl cards! dats roints one x» one ¥ Pper card format(2el10.,5)

imrlicit rezl (z-o0sa~z)

inteder ryr2ye3ryrSerébrrlotsicountrfitest

inteder iy112i0sdrdminskeskkkbkersnlsnmlisnm2rnentris2isIststl
inteder isi0rdsdminskkkhkrnsnlsnnlis-nm2inextrrs2,;s3stetl

logical¥*l head(80)

inteder head{80C)

characterXl head(80)

common /m3in/ x(200),9(200),r0sthirbetarnmlyrm2sdmin
common/comcal/ diff(200)rerrsumsdcountsfitest(200)
common/comfit/ ®c(200),9c(200) v (12)5u(12)9s»i0smiststlscd(12)
common/comdev/out2(100)

common /owutrput/ nout

dimensionn €(12)res (12290 (1)

integer lout,linFrsnout

initialise dats

lout=nout

t=0

write(4:2000)

format(’% Ineut t1! 1=signs certaind O=signs uncertaind )
resd(Ssx) t1

2100 format(i3)

rlot~=1
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=10
i0=2
ni=nm2
d0=0.1
v{i)=beta
v{2)=rQ
data line/11/
writel{loutr»3000) head
writel{louts»3333) trtirrplot
Wwrite(lout»3334) #ri0snlrdQ
3233 formet(3i3)
3334 format(3(i3)sfo.2)
write{(louts31Q0)
do 18 i=1+1i0
¢ The nmext line writes the value of v(i) inm the file GAMMA.
if {isea.l) write(ls%) v{i)
write{lout,3200) isv(i)
18 continue
write(lout3300)
do 1% n=lrni .
write(lout 3400 in)ew(n)

19 continue

write(louts3600)d0

20 write{lout:3500)

c30 do 49 i=1,1i0
i=1
if(i.dgt.0) d0 to 31

30 i=i+l
ifdi.gt,.i0) g0 to 49

31 if (t1~1) 44+466+64

64 3{i)=abs(d0%kv(i))
ifl{i.1e,i0) g0 to 30

bb d{id=3log(1l.4+d0)

ul{id=sign(l.,rv{i))}
vii)=alog{uli)xv{i))

49 if(i.le.10) g0 to 30
nextr=0
FR=-1
paO=6
wbh=(

100 =2=p2+1
#3=pd-10%Xint(float(r»2)/10.) +1
rbzpbtl
write(bds%) ‘bhefore call”
c3ll ersum{hkikiki»%x200)
writel(ésX) after call ersum’
BEQ@P SN
sl=zerrsum
if (P2-10) 11351135112

112 if (8bs{{ci{r3)/s)-1, Y-S.8~6) 400+113,113

113 cl{plli=g
if(p2-p5~73121+140,121

121 if (p2-=51 200,125,200

125 do 130 i=1+1i0

130 g{i)=v{i)
g0 to 200
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140
145
150

155

1463

170

190
193
200

308

J04

310
311

52=

do 143 i=1,10
g(id=(v(i)-=#(i)) /4,
do 199 i=1:10
viid=v (i) +a(i)

wiritel{bdr X)) call2’

call ersumlklhkl »%700)

writelbésk) 'bhack?’

GSRTTSUD

if{s-s1) 1655165170
sl=¢

nextranextetl

52=g2+1

g0 to 150
#3==5+10

do 195 i=1,1i0

vii)=y(1)-=g(1)

if(s2) 195,195,190
dlid)=d{i)%kfloat{i0+2)/float(id)
continue
m=1.:0

do 280 i=1,i0

do 220 J=1,2

v(id)=v (i) +Ploat (JX(2¥XJ-3) ) %kd (1)

urite(érXk)‘call 37

call ersumi{bkkhkksX200)

write(ésk)‘back 3’

GTEPTSUM

ssl{irdd=s/s51l

if (m~s5(isd)) 220,220,210
m=ssl{isd)
continue

vii)=v{(1i)-d(i)

if (p~=1) 280:250,240
r100=flozt(e2)/Ffloat(s)

if (r100-float(int(r100))) 280,250,280
if (L1-1) 253,260,255
Wwrite{louts3700)isv(i)sd(idrss(isl)rss(is?)

g0 to 270
outl=u(i) Xexup(v(i))

outI=exr(d(i))

write(louty3700)isoutisoutdrss(isldrss(ir?)
if(i-10) 280,275,275
write(lout»3800)r2yslrnextrr.icount

nextr=0
continue

ifim-1,) 325+300,300
32=0

do 315 1i=1-10

d(i)=d¢(ir/2.

if(t1i-1) 310+,305+310
if{a(i)-1,e~3) 306,315,315
g2=g2+1

40 to 313
ifid{i)-abs(v{i))/1.25) 311+315,315

s2=g2+1
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3264
330
331

335
336

340
341

350
355
360
341
345

378

376
377

400

401

412
420

440

442
450
482

484

486

continue
rb=0
if(float(s2)~-float(i0)+0.3) 100,1005400
£3=0
do 369 i=15i0
s2=0
do 3335 J=1,2
if(abs(ss(irid)~1:4)-2,0~5) 326+330»330
53=s3+1
ifl{aes(irdd-m) 331,331,335
v{id=v i)+ {2:%kFfloat(d)-3,)%d(i)
d{id=1.1%d(1)
do to 355
iflabs(ss(isf)~1.)~%,0~6) 334,340,240
d(id=dg(idX1.2
if{ss(isdd~1.) J415,341,350
r={l,~88(is,J))/(1s~m) :
viid=v{i)+{float(d)-1.5)%d(i)%xr/3.
dglit={(1.+r/10.)%d¢(1i)
g0 to 355
s2=6241
continue
it (float(s2)~-1.,5) T465,3465+361
gi{i)=7.%d4(i)/8.
continue
1P (s3-2%i0) 375+400,375
it(rb~-3%i0) 100+3746+376
do 377 i=1+10

d0id=b.%d(i) /5,

rb=Q
do0 to 100
continue
write(lout»3000) head
write(louts»4000) &2
p2=0
do 420 i=1.1i0
if(el) 412:420+412
viid=u(i)¥eur(v(il))
write(louts3200) irvii)
beta=v(l)
s2=sart (sl /(float(nl-id)))
call cale
iP(t=1) 440,442,440
write(lout»4100)head
g0 to 450
write(louts»4200)
do 4460 n=lsnl
if{x{n)~xcin)) 482,484,484

deign=-=1,0
0 to 451

deidgn=1, ;
if(uwi{m).dt.uci{n)) dsidn=-1,0
if{n.gt.nl1/2) dsidgn=~dsidn
g3 to 451

deign=1,0
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451 if(t~-1) 452,454:452
452 auti=sert(diff(n) I Xdsign
g0 to 4546

434 continue
c 454 suti={(u(n)-a(rm))/sart(abs(uinlialnl)))
456 write(4rk) at 43467
Wwrite(4,3600)s552
if(ss2.ea.0.,) g0 1o 500
out2({n)=outl/ss2
write(d,y%x) ' gg2=0."
if(fitesti{n)) 500,500+s310
300 write(4sX)‘here at 3500
write(lout»4173) x(r)sw(n)routl
da to 520
510 write(louts»4300) w(m)rsglnm)rxci{m)rsdc(n)routl
520 if (n-1) 457,459+457
457 if (int(sign(l.rout2(ni))-»3) 459,458,459

458 r2=p2+1
459 e3=int(sidn{l,rout2{(n)))
440 continue

df=float(nl~1)
chi2=Ffloast ((2%Xer2-int (df))XX2)/df
if(t~1) 44454485444
464 write(louts4400) slyss2schi2
do to 470
4468 write(loutr»4300) sisssZschi?
470 if (plot=1) 490:472.420
472 call rlotit(head)
4990 return
200 continue
c?00 Write{(loutsy?000) kkkksyvikkkk)
return
3000 format(d44hlimultirarametric curve fitting srodgram cft4a/1h0+8021)
2100 format(33h0initial estimates of rarameters?)
3200 format{(3us2hv(»i2s»2n)192%rireld.6 )
3300 format(ih0sSxslihinrut datal/éuslhues17xslhys17uslhwslZxelhz)
3400 format(luslrel3 . 6930y 1reld b9 1rel3 629 xs1rel3,.s)
3500 format{(2n0isl10xs4hv (i) s13xs4hd(i)s12x%vbdhs(irl)sllinsbhs(ir2))
34600 format(26h0initial increment width!: »ireld, 4
3700 format(lxsi2y3Ixylreld. .63 1relldibédsSxrlrellébsSurlrell.s)
3800 format(7h cucledrids10:xry4hsl! +»3xrireld.é6910x2210inos of extrarols
ltionsrd4:s1494xsidy‘roints fit’ //)
4000 formzt(in0+i3s8h cucles)
24100 format(1h0s 4100'/1h0:8021)
c4100 Tormat(10h0 a3t 4100 >
cd41900 format(1lh0sSxslilhinrut datatl)
c4100 format(i1h0»3xwy8hheredl0)
4100 fTormat(1lh0yéxslhnxel12xs7huyrmeas.y10xr7hxscale,yPur7hercalcey 7421004
1iffs(m~-c3?/1h0s80a1)
41530 format (1h0s»4:y3hmet 12y 3hmohsy 12y 7nm2¢0h) 25131y 3hmoh» 13 ihb)
4170 format (1x»3(1rel3.b6+3:))
4175 format (1xs2(1lrel3.6s3)y2(1ur12(1hX)s3x)eirel3.A)
c4200 format(1hO0sSxyB8hhered4200)
4200 format(i1hOsréxrlhnry124s7hurmeas,» sy 7hdrcale.sPue2hrel . .diff.»?xs%2h
1diff./rad/Slxsldbh(m-cl)/sar(mic))
4300 format(1lxsS(lrelld.b653:1))
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4400 format(13hO0sumidev)¥¥2:,3xrirel3.46/10h0stddev.ir2urlreld.é&r/8h0c
1hikx23s1lreld,.s)

4500 Tormat{iB8hOsumirel .dev.)XX2!:2uvlprel3,.6/1%h0rel. .std,.dev. (red)s2n
1rirpel3.69/BhOchik¥2trlreld .60

9000 format(i?h0 XXX ¢ r r o0 r XXk/10h0rarsmetersy3h v{(si2,2Nn) y22hatta
lined 3 value of! »21pei3.4/42h while running under signs certsinm or
2tion./40h re-run these dats with sigms uncertain )

end
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SAMPLE INPUT DATA DROP SHAPE PROGRAM

The following data are used as input data for the drop shape
program. The output one would expect from such an input
follows.

020584 1
0.11110, 6.19781
5.08000, -2.51460
4.97840, -2.92100
4.80220, -3.276860
4.77520, -3.58140
4.67360, -3.91160
4.54660, -4.26720
4.44500, ~4.64820
4.31800, -5.08000
4.24180, -5.45100
4.14020, -6.01980
4.08840, -6.32460
4.08940, -65.70560
4.08940, -7.08660
4.140620, -7.49300
4.21640, -7.92480
4.39420, -8.43280
4.59740, -8.83920
4.87680, -9.22020
5.18160, -9.52500
5.48640, -9.80440
5.79120, -9.98220
6.22300, -10.21080
6.70560, ~10.36320
7.13740, -10.38860
7.39140, -10.38860
7.72780, -10.33780
8.05180, -10.28700
8.45820, -10.10920
8.76300, -9.88060
9.19480, -9.55040
9.88060, -4.31800
9.77900, -3.96240
9.65200, ~3.55600
9.52500, -3.20040
9.44880, —-2.84480
9.37260, -2.56540
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QUTPUT FROM THE DROP SHAFE EVALUATION OF INTERFACIAL TENSION
The following file results from the use of the ‘ROB2’ file to the comriled

version of Lhe dros~share FORTRAN 77 prosrss which is resident on the LNC Hesamicro commuter,
The: *RO02’ dats are taken from the original Bashford and Adaes rdata for a substance with an interfacial
tension of 8.7 dynas/ca. The method areezrs to be sound but needs more testina,

ERKAKRAEXNELR LRI RRENK AR R KR ERNE XL LA AR
X rood
AEERRERERARKRERRRREE KA EXARERXAXRARRRAKERARNL
Usina risght side of droe

i i) rw(i) HSrYS r1(i) NS ¥SS r2eiy 4

? 2.3471, 1.1938 ~+340. 3.377 3,4421 0.0r 3.1013 3.0245 - 619
8 2.401%r 1.3494 ~.445, 3.429 3.5794 0.0y 3.1547 3.05488 +6Q7
9 2,8043, 1.9304 ~,442, 3,398 3.%4621 0.0y 3.1981 3.077% 2606
10 2.9313, 2.3144 °  ~.72%, 3.837 3.888% 8.0 3.3738 31179 1578
11 3.0329, 2.7178 ~1.077, 3.725% 4.2318 0.0r 3.4410 3.1227 587
12 3.1091s 3.0734 ~1.220¢ 3.734 4.3790 0.0 3.5479 3.14%1 1848
13 3.1345, 3.4290 -1.723, 3.792 4.870%9 0.0r 3.6832 3.1433 + 523
14 3.1091, 3,6B30 ~2,88%, 3.823 5.9960 0.0 3.755%5 3. 1100 +488
135 2.1348, 4.1148 -2.679s 3.857 $.8197 0.0¢ 3.975%7 3.1378 » 491
16 3.0837, 4,4958 -3.792, 3.803 6.9101 0.0, 4.1848 J.0994 447
17 3.0075, 4.8768 “6.028s 3.443 P.14585 0.0, 44,4043 3.0441 438
18 2.9059, 5.3084 ~8.34%, 2,987 11.48a3 0,00+ #,7089 2.9672 424
scales 01793 cm./unit origina  7,178+-10.389 delrhovw -1.1%4

sdxw=-1,17084e+01 sdxle 2,.33426e+02 sdu2= 5.97634e-01 sdevys 1.94231e-02
rQ= 2.8970

surface tensions 7,243 dune/cm ¥/~ ~1,146%X

the cortelstion coeff, is! -,9913

EAXXARKERKAKEARRNXKEKS
imultirarametric curve fittindg prodram cfisa
0

o 1t
10 2 23 10
Qinitial estimates of mrarameters!
vt 11 -5.015882e-02

wi 228 2.897028e400
0 input datal
% v " z
2,135243e~01 9.000000e+00
4.19724%2-01 5.080032e-02
8,739243e-01 1.01460048¢~01
1.,280325e400 2.794008e-01
1.585124e+00 5.080004e~01
2.016725e400 8.382004e~01

2.3471248400 1.193800e+00
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2,501125e400
2.804324e400
2,731324e+400
3.030925e400
J. 1991242400
3.134524€400
3.129124€400
J.1345243e400
5.083724e+00
J3,0075242400
1.90592%e+00
2,8043242400
2.702724e400
2.,601125+400
2.474125e+00
2.347124e400

in1tial dncrement widthi
(Y v(i)

cuclet 0

cucled 4]

cdcle? 1
cuclet 1
cycle# 2
cycle# 2

cycled 3

cdcled 3
cycled 4
cucled 4
cucled S
cuycle# S

cyclet -3

rerort Fade 2

1.5494900e+00Q
1.930400e+00
2,3113400e+400
2.717800e+00
3.073400e+00
3.429000e400
3.683001e+00
4,114800e+00
4,495800et00
4.876801e+00
5.3084600e+00
3.715000e+00
6.070601e+00
4.426200e400
6,832601e+00
7.188200e+0¢

1.0000e-01
dii)
st 2.681719e~-02
s13 2.6B1719e-02
st} 5.103%913e+00
$13 $.103913e100
st 1.160797et01
st 1.160797e+01
sli 1.4644638e+01
sit 1,4544638e+01
sii 1,431373e+401
s13 1.431373e+01
513 1.542501e+01
sl 1.5623501e401
sl 1.5546560e+01

s(ir»1)

no.

ne.

no.

no.

Nno,

no.»

(21~ X3

no.

na.

no.s

O,

of

of

aof

ot

of

af

af

af

af

of

ey

o

ot

s(is2)
extrarola

extrarcla

extrarola

extrarola

extrarola

extrarola

extrarola

extrarola

extrarola

extrarola

extrarola

extrarala

extrarola

tion

tien

tian

tion

tien

tion

tion

tion

tion

tion

tion

tion

tion

23roints

2rcints

23roints

22raints

21roints

20roints

20raints

21lroints

21lr0ints

21roints

21raints

20ro0ints

20roints

fit

fit

fit

fit

fit

fit

fit

fit

fit

fit

fit

fit
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cwcled é

cweled 7

cwcled 7

cucled g

cwcled a

cycled 9

cucled b4

cycled 10

cucle® 10

cweleé 11

suzlad 1t
cyclet 12
cucled 12
cucled 13
cycled 13

imultirarasetric curve fitting srosram cftéa

[

0 13 cwcles
vi 1)
v 298

0 X

0

2.138243e~01
6.199245e~01
8.739243e~01

rerort Fase I

LI R 1.556560e401
s 1.583770e401
sl 1,5837902401
s1! 1, 5951680401
13 1.5951580+01
sl 1,600873e+01
si1? 1.600873e4+01
si: 1,403724@401
s1} 1.603724e4+01
s1: 1.605141e401
st 1.60%142940;3
s 1.60586%e401
51! 1,460586924018
513 1.4605793e401
s1: 1.605793e+01

~4,145405e~02
2,3942662400.

RIITIIN

xrcale.

0.000000e400
$5.080032e-02
1.014004e~01

2.127740e-901
5,1175%56e~01
8.521802e~01

77

no., of extrarole tion

no, of extrascla tion

rno, of extrarola tion

no. of extrarols tion

ne. of sxtrasola tion

nos af extrarols tion

no, of extrarols tion

no. of extrasols tien

no. af sxtrgrola tion

no, of extramsola tion

e, wi extrervis tion

no. of extrarola tion

no. of extrasola tion

no. of extrasols tion

no, of sxtrarols tion

vecale.

?.787232e-03
7.982197e~02
1.570953e-01

diffr(m~c)

1.001538e~-02

‘3.014942e-02

5.960252e-02

21s0ints

21saints

2lenints

21rointsy

21r0ints

21roints

2irnints

21raints

2ir0ints

Uroints

Ziroints

21r0ints

20rp0ints

20roints

20r0ints

fit

fit

fit

rit

fit

it

fit

fit

it

fit

fit

fit

fit

fit

fit
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Ostd.dev.!

1.280325e400
1.585124e400
2,016925e400
2,347124e+00
2.601125e400
2.,804324e100
2.9313242100
3.03292%e400
3.109124e100
3.134524e+400
3.109124e400
3.134524e+00
3.0B3724e400
3.007524e400
2.905925e100
2.804324e+00
2.702724e400
2.4601125e400
2.474125e+00
2.347124e100
Osum(dev) k%23
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2,794008e-01
5.080004e-01
8.382006e-01
1.193800e+00
1,549400e+00
1,930400e400
2,3114002100
2.717800e+4090
3.0734002400
3.422000e400
3.4683001e400Q
4.,114800e400
4,495800e+00
4,876801et00
5.30B4600e400
5.7150002400
6.,070601e400
6,426200e+00
6,B32601e+00
7.188200e400

1.605793e401
8.,744503e-01

0c hikxx2 2.200000et01

78

1,2421702400
KXRKKXLRRIAK
1.,9055482+400
2.1544972400
2.319636e400
2.429114€400
2.4861142400
2,.503035e400
2.485211e400
2.444053e400
EXOORE KX KK KK
2.2946112e400
2.1888958400
2,048532e400
1.877365e400
1.701738e+00
1.521310e4+00
1.332439e+00
1,067482e+00
KXLAFKEXERAR

3.,459253e-012
KAXRRKKKRKEX

«26154%e-01
1.295567e100
1.653315e400
2.0164492400
2.356945e400
2.709001et00
3.015426e2109
3.,287678e100
SRS 22228
3.820626e400
4.085056e100
4,.36R634e400
4,6585331e100
4.917727e400
541587342400
5.395627e400
5.725025et00
KRR XERE KK

7,668971e-02
6,547181e-02
1.419020e-01
2,178570e-01
3.000572e-01
3.849551e-01
4,475335e-01
5.299628e-01
4,266008e-01
7.0478592-01
7.132761e-01
8.885234e-01
9.845946%e-01
1,085311e400
1.21676%e400
1.360640e400
1.492394e400
1:634516e400
1,790354e400
1,671624e100

(=]

P Y W I W e M W I b I I I W W e W W I P M W
S

1
1
o]
0
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Surface Tension = B.764
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