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SUMMARY 

In certain high temperature-high pressure applications of the 

falling sphere viscosimeter it has become necessary to use extremely 

small bore quartz tubes as viscosimeter tubes. In these small bore 

tubes wall effect on the falling sphere becomes appreciable and Stokes' 

law fails. 

The purpose of this work was to find a general method of obtaining 

the correct absolute viscosity from measurements of the terminal velocity 

of a sphere, falling vertically and under wall effect, in a viscous 

fluid contained in a vertical cylindrical tube, 

In this study silicone oils of high viscosity index were used in 

a specially constructed falling sphere viscosimeter. Glass tubes of 

precision bore were used as viscosimeter tubes, and the spheres used 

were high grade chrome steel bearing balls* 

Four sizes of tubes covering a range of inside diameter from 0.2500 

inches to 0.7500 inches were used. The ratio of the diameter of the sphere 

to the diameter of the tube was varied from 0.1873 to 0.9370 by using 

spheres with diameters from 0.09365 inches to 0.68750 inches. Three 

silicone oils with viscosities of 0#9l8 poise, 2.93 poises and 8.80 

poises were used. 

From the data obtained a correction factor for Stokes1 formula 

for viscosity was plotted against the diameter ratio d/D. It was found 

that the absolute diameters of the tube and of the sphere do not affect 
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the correction factor, and that for the fluids studied the correction 

factor is dependent only on the diameter ratio d/D. 

From the data obtained the Froude and Reynolds numbers were cal­

culated. On logarithmic grid Groude number was plotted against Reynolds 

number, with the diameter ratio d/D as a parameter. This plot resulted 

in one family of straight lines for all fluids, tube sizes, and d/D 

values used in the experiment. The plot can be employed to obtain the 

viscosity of a fluid when a velocity measurement has been obtained with 

a falling sphere viscosimeter. This plot of dimensionless groups 

eliminates the use of Stokes1 formula for viscosity and the correcting 

of this formula for wall effect. 



CHAPTER I 

INTRODUCTION 

This study was carried out for the purpose of obtaining a suitable 

method for the measurement of absolute viscosity by the falling sphere 

method. The Stokes formula is invalid unless corrected when applied to 

a sphere falling axially in a vertical cylindrical tube containing a 

viscous liquid. This failure of Stokes' formula is due largely to the 

wall effect of the tube in which the sphere is falling. The wall effect 

increases as the ratio of the diameter of the sphere to the diameter of 

the tube increases. 

tfhere high temperatures and high pressures are considerations in 

measuring viscosity by the falling sphere method, it is often necessary 

to use small bore quartz tubes to withstand the temperature and pressure. 

In this case the sphere used for measurement of viscosity necessarily 

has an appreciable size in comparison with the tube bore; therefore the 

wall effect is large and some satisfactory method of determining the 

actual viscosity is essential. 

Previous corrections for wall effect.—Stokes1 formula assumes an in­

finite extent of fluid in which the sphere is falling. Various investi­

gators (1, 2, 3) have determined that when the fluid is limited by 

walls, the velocity of the falling sphere is decreased by wall effect 

and by end effect. The end effect may be completely disregarded if 

velocity measurements are restricted to that section of the tube 



sufficiently removed from the ends so that only terminal velocity is 

measured. The sphere must be given ample distance to accelerate; also 

measurements must be made at a sufficient distance from the bottom of 

the tube to avoid bottom effect. 

The Stokes formula for viscosity is 

S s ' 36 u 
(1) 

In general the type expression obtained by various invest igators 

to correct for wall effect may be expressed as a fac tor , F , by -which 

the Stokes v i scos i ty i s multiplied to give the true absolute v i scos i ty . 

Then 

J**/*. V (2) 

It has previously been stated by Francis (l) that the correction 

factor F for wall effect is a function of the diameter ratio d/D and w ' 

is, for all practical purposes, independent of the absolute diameters of 

the sphere and tube and is only slightly dependent on the absolute vis­

cosity of the fluid. 

Laderiburg (l) has proposed the following correction factor for 

Stokes1 law: 

F - 1 (3) 
*L - ! + 2.1* d ^ * U ; 

I t has been shown by Francis tha t Laderiburg fs correction i s 

applicable only when d/D i s l ess than 0 .0° . I t i s evident that when 



d/D approaches unity, the velocity of the falling sphere approaches zero, 

and that the correction factor F - proposed by Ladehburg should also 

approach zero* This is not the case for F - approaches 0.29U as d/D 

approaches unity. Where very small tubes are necessary, serious errors 

arise from the application of Ladenburg!s correction. 

Francis (l) has proposed that in order to use larger d/D values 

the Stokes viscosity should be corrected by some function containing 

(D-d) in the numerator and employing an empirical term and exponent 

in order to fit observed data. Francis used glycerol and glucose in 

his experiments, and made investigations -with d/D ranging up to 0.97. 

He proposed the following correction factors for Stokes1 formula for 

viscosity: 

Pirf] = l ^ t ^ l for glucose,/*2720 p. (W 

and 

,u 
[ F * f ] = I D - m m ^ g l y o e r o l ^ ^ U P. (5) 

Suge (cited by Francis) has published a similar investigation 

covering a d/D range up to 0.371. His correction factor is 

2.1/ [i-(a^)2j 

Over the range of d/D investigated by Suge, this expression gives 

results practically identical -with those of Francis. For values of d/D 
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Figure 1. Various Wall Correction FactorB vs. Diameter Ratio. 



greater than 0.371 the function of Suge gives values of F „ somewhat 

smaller than corresponding values of F - . 

Faxen (2) mathematically arrived a t a function which corrects 

Stokes1 law as follows: 

M-JU j 1 - 2 * 1 0 ^ d / ° + 2.09(d/D)3 - 0.9S(d/D)^ ; (7) 

then 

F m - 1 - 2.10U d/D -f 2.09(d/D)3 - 0.95(d/D)^ (8) 
wi? 

Correction factors proposed by Ladenburg, Francis , Suge, and 

Faxen are p lot ted against d/D in Figure 1 for comparison. 

Method of correlation.—A thorough invest igat ion of the l i t e r a t u r e revealed 

only a t r u l y singular method of analysis and correla t ion of observed data — 

tha t of determining Fw as a function of d/D and using the r e su l t ing func-

t ion t o modify Stokes1 law to give the t rue absolute v i scos i ty . 

I t was thought tha t a d i f ferent type of cor re la t ion might prove 

useful , both i n the determination of absolute v i scos i ty , and in de te r ­

mining whether or not the Kozeny-Fair-Katch equation (l|.) for hindered 

s e t t l i n g could be applied to the case of a single sphere fa l l ing under 

the influence of -wall e f fec t . 

The Kozeny-Fair-Hatch equation i s 

4 a^L. SJ6 x 10-3 d u y. -ji (9) 
g d £ 3 Ac 



or 

e Fr *7j|-*.* (Re)- (10) 

Dimensional analysis of the problem of a sphere falling axially 

in a vertical tube containing a viscous fluid may be performed on the 

quantities £, D, u, {/) - P*)3 pu3 and g. This analysis yields the 

following relation: 

j£-yUdu(fr"A?.1 col 
g d " L y ^ J 

or 

F = (̂  ] d/D, R0 . (12) 

Such a correlation of experimental data, if successful, -would yield 

a satisfactory plot for obtaining corrected absolute viscosity* By 

modifying the Froude number the Kozeny-Fair-Hatch equation could easily 

be tested for the case of a falling sphere. 



CHAPTER I I 

I2ETRIEI3NTATI0N A*3D EQUIP13OT 

A photograph of the equipment i s shown i n Figure 2 . Detai ls are 

shown in Figures 3 and lw 

. 
The Viscosimeter.—Precision bore pyrex glass tubes t h i r t y - s i x inches 

i n length were used as viscosimeter tubes . The inside diameters and 

tolerances of the tubes are given i n Appendix I , A cork stopper was 

f i t t e d in to the bottom of each tube . Each tube was f i t t e d with a 

mounting device to enable i t to be held ve r t i c a l l y and cen t ra l ly in the 

thermostat . Plumb l ines were attached to the mounting device to a s s i s t 

in obtaining v e r t i c a l alignment of the viscosimeter tube. Alignment 

was f a c i l i t a t e d by three se t screws in the tube mount. 

The thermostat was a v e r t i c a l s ix inch ins ide diameter p l a s t i c 

tube . This tube was cemented to an eighteen inch square p l a s t i c base 

one-half inch t h i c k . The upper end of the thermostat tube was f i t t e d 

with a c i r cu la r p l a s t i c flange ten inches i n diameter and one-quarter 

inch t h i c k . This flange was cut with a four inch square hole in i t s 

center to receive the viscosimeter tube mount. The thermostat was 

equipped in t e rna l ly with a thermometer cal ibrated by the National Bureau 

of Standards and covering the range 0° G. t o 100° C. The f lu id used i n 

the thermostat was water . 
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A forty-eight inch vertical fluorescent light tube mounted behind 

the thermostat -was used for lighting. The thermostat was marked by cir­

cumferential horizontal black marks UO.O cm. apart to facilitate velo­

city determinations. This spacing gave a sufficient distance over which 

to measure terminal velocity but at the same time permitted the top 

mark to be twenty cm, from the entrance of the tube and the bottom mark 

to be approximately thirty-eight cm, from the bottom of the tube. These 

distances are greatly in excess of the minimum distance necessary for 

acceleration to terminal velocity and the distance in Y/hich bottom effect 

occurs. Measurements of the velocity of a falling sphere in this appara­

tus showed that terminal velocity was present at the marks. The distance 

from the bottom mark to the cork stopper was sufficient to allow a large 

number of spheres to collect in the bottom of the viscosimeter tube 

before it was necessary to empty the tube of spheres because of bottom 

effect, 

The spheres used in this experiment were SKF bearing balls of 

chrome steel and of Grade 1 quality. Sizes, tolerances, and densities 

of the spheres are presented in Appendix I# 

Auxiliary Equipment.—A properly regulated stopwatch for timing the fall 

of the spheres, a precision balance for weighing the spheres, a micro­

meter for measuring the sphere diameters, a VJestphal balance for deter­

mining the specific gravity of the fluids, a Brookfield Viscosimeter, 

and a Hoeppler Precision Viscosimeter complete the apparatus used in 

this experiment. 
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Fluids.—Because the thermostat was not equipped with a temperature con­

trol device and was operated at room temperature, it was necessary to 

select fluids with a high viscosity index i.e. fluids that show only a 

very small change in viscosity with temperature variations. Dow Corning 

200 Fluids were selected, as they meet this requirement very satisfac­

torily (5)i also these fluids of the viscosities used in this experiment 

are Newtonian (6). Pertinent densities and viscosities of the fluids 

are presented in Appendix I. 

/ 
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Figure 2. Experimental Apparatus 
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Figure 3. Viscosimeter Tube Mounting Device 
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Figure k. Viscosimeter in Use 
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CHAPTER H I 

EXPERIMENTAL PROCEDURE 

Velocity measurements.—The experimental procedure -was straight forward. 

The viscosimeter tube containing the fluid was immersed in the thermo­

stat; vertical alignment was accomplished by observing the plumb lines 

and adjusting the set screws in the tube mount* This adjustment was 

sometimes facilitated by the use of a plumb line down the center of the 

viscosimeter tube, 

The apparatus was allowed to reach an equilibrium temperature, 

From two to ten spheres of each size applicable to the particular tube 

in use were timed between the marks by means of a stopwatch. Only one 

sphere was allowed to be in motion at a. time. It was necessary to drop 

the spheres carefully in the center of the tube. This was accomplished 

by use of a pair of tweezers. In most cases the spheres were easily made 

to fall down the center of the viscosimeter tube. In a few Instances 

some difficulty was encountered^ but these runs were disqualified when 

the sphere appeared to be radically off center. The observed data for 

the velocity determinations are presented in Appendix II. 

When the runs for one fluid were completed, the tubes were care­

fully cleaned with carbon tetrachloride before filling with a different 

fluid, 

The temperature of the thermostat in no instance varied more than 

0.2° C. during the testing of a particular fluid. The effect of this 
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temperature variation on the viscosity of the fluids under test is 

negligible (£)• 

Measurements of physical properties«—The diameters of representative 

samples of each size of sphere were carefully measured by the use of a 

micrometer. The spheres were then weighed and their density calculated, 

The sizes, tolerances, and densities of the spheres are presented in 

Appendix I. 

The viscosities of the fluids at the temperatures encountered in 

the velocity measurements were obtained by two viscosimeters. A Hoeppler 

Precision Viscosimeter was used and the results checked with a Brookfield 

Yiscosimeter. The densities on the fluids at the operating temperatures 

were calculated from specific gravity measurements made with a properly 

calibrated VJestphal balance. Densities and viscosities of the fluids 

at the operating temperatures are presented in Appendix I. 
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CHAPTER IV 

DISCUSSION OF RESULTS 

The data and calculated results are presented in Appendices II 

and III. 

Corrections for -wall effect.—In Figure f> is shown the Stokes1 viscosity 

correction factor from this experiment plotted against the diameter ratio 

d/D. In Figure 6 this correction factor is compared -with the correction 

factors of Faxen (2) and Francis (l) • Comparison -with the factor of 

Francis shows considerable difference• Francis' factor is the only 

result of previous investigations which has been shown to be accurate 

for d/D values up to 0.9 (1)* Because of the difference in the correc­

tion factor curve resulting from this study and the correction factor 

curve of Francis, it is evident that the nature of the fluid has some 

bearing on the choice of a suitable correction. From Figure $ it is 

seen that within experimental error the points for the correction factors 

for the three fluids used in this experiment fall on the same curve when 

plotted against d/D. Since four sizes of viscosimeter tubes and seven­

teen sizes of spheres were used it is evident that the absolute diameters 

of the tube and of the sphere have little or no effect on the correction 

factor, at least within the ranges of the tube diameters and the sphere 

diameters used in this work. 
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Figure 6. Wall Correction Factors for Fluids Tested Conipared with 

Factors of Francis and Faxen. 
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Correlations by Dimensionless Groups•—An attempt to obtain a correla t ion 

of the data by use of the Kozeny-Fair-Hatch equation fa i led completely; 

u2 1 F the points were widely scat tered on a p lo t of ~ » against 

*»<A-A'. '* E3 

y ^ u2 du (/? - p~) 
The p lo t of, the dimensionless groups — - , / 5 / * , and 

g d IS* 
d/D i s shown in Figure 7» Points on t h i s p lo t were obtained from plo ts 

u2 du (/*s - ft ) 
of against d/D and of * — J j t r ^ against d/D for all experimental 

g d ^M-
runs . These p lo t s are shown i n Figures 8, 9, 10, 11 , 12, and 13 in u2 *. d u ( A - #A Appendix I I I . I t i s seen tha t p lo t s of v s . d/D and of f — , . f 

g d yA* 
vs. d/D yield maxima. This phenomena is due to the fact that the velocity 

increases with increasing sphere size, as it should by Stokes1 law, until 

the wall effect controls; then as sphere size increases further, the wall 

effect reduces the velocity drastically. 

The three fluids investigated fall on the same straight lines when 
„2 d u {/> - J) . 
u is plotted against / s / Z with d/D as a parameter. This 
g d JU> 

plot enables one to calculate the viscosity of the fluid under investiga­

tion. It is only necessary to use the diameter of the sphere and its 

terminal velocity to calculate the Froude number and to calculate the 

diameter ratio from the sphere and tube diameters; the chart is then 

entered with these calculated values and the appropriate Reynolds number 

read from the ordinate. The viscosity of the fluid is then calculated 

from the Reynolds number. 

Experimental error.—The accuracies of the diameters of the tubes and 

spheres are presented in Appendix I. Densities and viscosities of 

the fluids are accurate to within 0.5> per cent. The densities of the 
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steel spheres are accurate to within at least 1.0 per cent. The time 

of fall between the marks could be measured only to within 0.1 second 

with a stopwatch and under the conditions of the experiment. The 

maximum velocity timed was approximately 3U cm ./sec; the minimum velocity 

was approximately 0.2 cm ./sec. This gives a range of error from the 

timing procedure of from approximately 7«5 per cent to approximately 

0.15 per cent of the velocity. Generally, however, the error in velocity 

is within 2.5 per cent as the average velocity was approximately 10 cm./ 

sec; also an average time of fall for several spheres of the same 

diameter was used to calculate the velocity. 
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Figure 7» Correlation of Data by Dimensionlese Groups. 
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CHAPTER IV 

CONCLUSIONS 

The conclusions resulting from the present investigation may be 

summarized as follows: 

1. A plot of Fronde number against Reynolds number using d/D 

as a parameter can be used as a method of determining the absolute 

viscosity of fluids from terminal velocity measurements made in a falling 

sphere viscosimeter. This method of arriving at the true viscosity-

eliminates the dependence on corrections for wall effect to Stokes' 

formula for viscosity. 

2. The hitherto used wall effect corrections applied to the 

..jtokes formula are independent cf the absolute diameters of the sphere 

and tube used in the falling sphere viscosimeter. 

3. The Kozeny-Fair-Hatch correlation for hindered settling does 

not apply to a single sphere falling axially and under wall effect in 

a tube containing a viscous fluid. 
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APPENDIX I 

DATA ON TUBES, SPHERES, AND FLUIDS USED IN TESTS 

Tubes*—The following Pyrex precision bore tubes obtained from the 

Corning Glass Works were used as viscosimeter tubes: 

Tube Inside Inside Diameter 
Diameter^ i n . Tolerance , i n . Lengthy in, 

0.2500 • ± 0.0OO2 36 

0.5000 ± 0.0005 36 

0.6250 ±0 .0005 36 

0.7500 ±0 .0005 36 

Spheres.—The following chrome s t e e l bearing ba l l s of Grade 1 obtained 

from SKF Indus t r i e s , I n c . , were used in the t e s t s : 

Nominal Diameter3 i n . Measured Diameter5 i n . 

3/32 0.09365 

1/8 0.12U9 

5/32 0.1561 

3/16 0.1875 

7/32 0.2185 

1/k 0.2l;99 

9/32 0.2810 

5/16 0.3123 

11/32 0.3U38 



2k 

Nominal Diameter, in, Measured Diameter^ in* 

3/8 0.37U9 

13/32 0.U063 

7/16 0.14373 

15/32 O.U685 

1/2 0.5000 

9/16 0.5625 

5/8 0.6250 

11/16 0.6875 

Tolerance specifications by the maker are as follows for the 

spheres used in the tests: 

Sphericity and diameter variation per ball, 0.000025 in. 

Size variation per container of balls, _ 0.000025 in. 

Calculated densities of the balls are as follows: 

Nominal Diameter,, in. 

3/32 

1/8 - 11/16 

o 

tensity, gm./cm. 

7.823 

7.79 (average) 

Fluids.—Densities and viscosities of the Dow Corning 200 fluids used in 

the tests at the operating temperatures encountered are as follows: 

Dow Corning 
200 Fluid Designation Temp. °C. 

Density, 
gm./cm .3 

Viscos5.ty, 
Poises 

100 centistoke 30.0 ± 0.1 0.960 0.918 

350 centistoke 28.5 i 0.1 0.962 2.93 

1000 centistoke 27.5 t 0.2 0.91*9 8.80 
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Table 1 . Data for Dow Corning 200 Fluid of Viscosity 
0.918 p . - Time of Fa l l of Spheres Measured for a 
Distance of 1*0.0 cm. - Temperature 30.0 ± 0 . 1 p C. 

(continued) 

Run No. Tube i . d . , i n . Sphere Diam., i n . Time, s ec . 

5-A 
5-B 
5-c 
5-D 
5-E 
$-F 

0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
0.2500 

0.2185 
0.2185 
0.2185 
0.2185 
0.2185 
0.2185 

he.s 
1*6.1* 
1*6.5 
k6.h 
1*6.1* 
1*6.1* 

6-A 
6-B 
6-C 
6-D 

0.5000 
0.5000 
0.5000 
0.5000 

0.3123 
0.3123 
0.3123 
0.3123 

2.1 
2.1 
2.2 
2.1 

7-A 
7-B 
7-C 

0.5000 
0.5000 
0.5000 

0.31*38 
0.3U38 
0.31*38 

2.9 
2.9 
2.9 

8-A 
8-B 
8-C 

0.5000 
0.5000 
0.5000 

0.371*9 
0.37U9 
0.371*9 

1*.3 
lu3 
1*.3 

9-A 
9-B 
9-C 
9-D 
9-E 
9-F 

0.5000 
0.5000 
0.5000 
0.5000 
0.5000 
0.5000 

OJ4O63 
OJ4O63 
O.UO63 
O.I4O63 
O.J4O63 
O.UO63 

8.2 
8.1 
8.1 
8.0 
8.1 
8.1 

10-A 
10-B 
10-C 
10-D 

0.5000 
0.5000 
0.5000 
0.5000 

0.1*373 
0.1*373 
0.1*373 
0.1*373 

20.1 
20.2 
20.2 
20.2 

11-A 
11-B 
11-C 

0.5000 
0.5000 
0.5000 

.1*685 

.1*685 

.1*685 

76.6 
76.8 
76.7 

12-A 
12-B 
12-G 
12-D 

0.6250 
0.6250 
0.6250 
0.6250 

0.09365 
0.09365 
0.09365 
0.09365 

2.9 
2.9 
3.0 
3.0 

(continued) 



Table 1 . Data for Dow Corning 200 Fluid of Viscosity 
0.918 p . - Time of Fa l l of Spheres lleasured for a 
Distance of UO.O cm. - Temperature 30.0 ± 0.1° C. 

(continued) 

Run No. Tube i . d . 5 i n . Sphere Diara.5 i n . Time, s ec . 

13-A 
13-B 
13-C 
13-D 
13-E 

0.6250 
0.6250 
0.6250 
0.6250 
0.6250 

0.12U9 
0.12h9 
0.12U9 
0.121-9 
0.12U9 

2.1 
2.1 
2.0 
2.1 
2.0 

lil-A 
lU-B 
1U-C 
1U-D 
ll±-E 

0.6250 
0.6250 
0.6250 
0.6250 
0.6250 

0.1561 
0.1561 
0.1561 
0.1561 
0.1561 

1.7 
1.7 
1.7 
1.8 
1.8 

15-A 
15-B 
15-C 
15-D 

0.6250 
0.6250 
0.6250 
0.6250 

0.1875 
0.1875 
0.1875 
0.1875 

u 
l.U 
i.U 
l . l ; 

16-A 
16-B 
16-C 
16-D 

0.6250 
0.6250 
0.6250 
0.6250 

0.2810 
0.2810 
0.2810 
0.2810 

l . l 
1.2 
1.2 
1.2 

17-A 
17-B 
17-C 
17-D 
17-E 

0.6250 
0.6250 
0.6250 
0.6250 
0.6250 

0.37U9 
0.37U9 
0.37U9 
0.37ii9 
0.37U9 

i.U 
i.U 
1.5 
1.5 
i.U 

18-A 
18-B 
18-C 

0.6250 
0.6250 
0.6250 

O.L.373 
O.U373 
O.U373 

2.0 
2.1 
2.1 

19-A 
1 9 ^ 
19-C 

0.6250 
0.6250 
0.6250 

O.I4685 
0J4685 
O.U685 

2.9 
2.9 
2.9 

20-A 
20-B 
20-C 
20-D 
20-E 

0.6250 
0.6250 
0.6250 
0.6250 
0.6250 

0.5000 
0.5000 
0.5000 
0.5000 
0.5000 

U.5 
1.5 
U.6 
U.5 
U.5 

(continued) 
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Table 1 . Data for Dow Corning 200 Fluid of Viscosity 
0.918 p . - Time of Fa l l of Spheres Measured for a 
Distance of UO.O Cm, - Temperature 30.0 ± 0.1* C. 

(continued) 

Run No. Tube i . d . , i n . Sphere Diam., i n . Time, sec . 

21-A 
21-B 
21-C 

0.6250 
0.6250 
0.6250 

0.5625 
0.$62$ 
0.5625 

21.8 
21.8 
21.8 

22-A 
22-B 
22-C 
22-D 
22-E 
22-F 

0.7500 
0.7500 
0.7500 
0.7500 
0.7500 
o#75oo 

0,936$ 
0.936$ 
0.936$ 
0.9365 
0.936$ 
0.936$ 

2.6 
2.7 
2.6 
2.6 
2.7 
2.7 

23-A 
23-B 
23-C 
23-D 

0.7500 
0.7500 
0.7500 
0.7500 

0.12U9 
0.12U9 
0.12U9 
0.1219 

1.6 
1.7 
1.8 
1.8 

2U-A 
2i|-B 
2ii-C 

0.7500 
0.7500 
0.7500 

0.1561 
0.1561 
0.1561 

1.5 
1.5 
1.5 

25-A 
25-B 
25-C 

0.7500 
0.7500 
0.7500 

0.1875 
0.1875 
0.1875 

1.2 
1.2 
1.1 

26-A 
26-B 
26-C 
26-D 

0.7500 
0.7500 
0.7500 
0.7500 

0.2810 
0.2810 
0.2810 
0.2810 

1.0 
1.0 
aio 
1.0 

27-A 
27-B 
27-C 
27-D 
27-E 

0.7500 
0.7500 
0.7500 
0.7500 
0.7500 

O.U685 
O.L..685 
O.U685 
O.U685 
O.U685 

1.3 
1.3 
1.3 
1.2 
1.3 

28-A 
28-B 

0.7500 
0.7500 

0.6250 
0.6250 

U.7 
U.7 

29-A 
29-B 
29-C 
29-D 

0.7500 
0.7500 
0.7500 
0.7500 

0.6875 
0.6875 
0.6875 
0.6875 

2h.6 
2ii.5 
2U.5 
2U.5 



Table 2 . Data for Dow Corning 200 Fluid of Viscosity 
2,93 P» - Time of Fa l l of -Spheres pleasured for a 

Distance of UO.O cm. - Temperature 28.5 i 0.1° C. 
(continued) 

Run No. Tube i . d . , i n . Sphere Biam., i n . Time, s ec . 

30-A 0.2^00 0.09365 17.7 
30-B 0.2500 0.09365 17.5 
30-C 0.2500 0.09365 17.6 

31-A 0.2500 0.121*9 16.8 
31-B 0.2500 0.12 h.9 17 .U 
31-C 0.2500 0.12U9 17.8 
31-B 0.2500 0.121.9 18.6 
31-E 0.2500 0.121-9 18 .1* 
31-F 0.2500 0.121+9 18.0 
31-G 0.2500 0.121*9 17 ;o 
31-H 0.2500 0.121+9 18. 1+ 

32-A 0.2500 0.1561 21.8 
32-B 0.2500 0.1561 21.2 
32-C 0.2500 0.1561 21.8 
32-D 0.2500 0.1561 21.6 

33-A 0.5000 0.09365 9.S 
33-B 0.5000 0.09365 9*k 
33-C 0.5000 0.09365 9.6 
33-D 0.5000 0.09365 9.$ 
33-E 0.5000 0.09365 9.$ 

3U-A 0.5000 0.12U9 6.7 
3U-B 0.5000 0.12i;9 6.8 
3U-C 0.5000 0.121*9 6.8 
3U-D 0.5000 0.121*9 6.7 
3h-E 0.5000 0.121*9 6.8 
3U-F 0.5000 0.121+9 6.S 
3U-G 0.5000 0.121+9 6.5 
3U-H 0.5000 0.121.9 6.6 
3U-I 0.5000 0.121*9 6.7 
3U-J 0.5000 0.121+9 6.7 

35-A 0.5000 0.1875 h.9 
35-B 0.5000 0.1875 h.9 
35-C 0.5000 0.1875 h.9 

(continued) 
• 



Table 2. Data for Dow Corning 200 Fluid of Viscosity 
2.93 p. - Time of Fall of Spheres Measured for a 

Distance of UO.O cm. - Temperature 28.5 ± 0.1* C. 
(continued) 

Run No. Tube i.d., in. Sphere Dian., in* Time, sec. 

36-A 
36-B 
36-C 
36-D 
36-E 
36-F 

0.5000 
0.5000 
0.5000 
0.5000 
0.5000 
0.5000 

0.21+99 
0.2U99 
0.2^99 
0.2U99 
0.2h99 
0.2h99 

5.0 
5.0 
5.0 
1.9 
ii.9 
5.0 

37-A 
37-B 
37-C 

0.5000 
0.5000 
0.5000 

0.3123 
0.3123 
0.3123 

7.2 
7.2 
7.2 

38-A 
38-B 
38-C 

0.5000 
0.5000 
0.5000 

0.3U38 
O.3I138 
0.3i^38 

9.7 
9.7 
9.7 

3 9-A 
39-B 
39-C 
39-D 
39-E 

0.5000 
0.5000 
0.5000 
0.5000 
0.5000 

0.37U9 
0.37U9 
0.37U9 
0.37U9 
0.37U9 

15.0 
UuS 
1U.9 
15.0 
15.0 

LA-A 
UO-B 
iiO-C 

0.5000 
0.5000 
0.5000 

0.1.063 
0.i;063 
O.UO63 

26 A 
26.2 
26 .k 

Ul-A 
iil-B 
Ui-c 
Ul-D 

0.5000 
0.5000 
0.5000 
0.5000 

0.h373 
0.2*373 
O.U373 
0.1073 

l£.6 
la.k 
U0.5 
Ul.8 

U2-A 
U2-B 

0.5000 
0.5000 

O.U685 
O.U685 

185. h 
185.2 

U3-A 
U3-B 
U3-C 

0.6250 
0.6250 
0.6250 

0.09365 
0.09365 
0.0936^ 

8.6 
8.7 
8.7 

Uii-A 
UU-B 
UU-c 

0.6250 
0.6250 
0.6250 

0.1561 
0.1561 
0.1561 

1.3 
h.3 
k.3 

Ccontinued) 



Table 2 . Data for Dow Corning 200 Fluid of Viscosity 
2.93 p* - Time of Fa l l of Spheres Measured for a 

Distance of UO.O cm. - Temperature 28,5 i 0.1° C. 
(continued) 

Run No. Tube i . d . , i n . Sphere Diam., i n . 'Time, s ec . 

U5-A 
U5-B 
U5-c 

0.6250 
0.6250 
0.6250 

0.2185 
0.2185 
0.2185 

3.3 
3.3 
3.3 

U6-A 
U6-B 
16-C 

0.6250 
0.6250 
0.6250 

0.21*99 
0.2U99 
0.21+99 

3 .1 
3.1 
3.2 

U7-A 
U7-B 
U7-C 

0.6250 
0.6250 
0.6250 

0.3123 
0.3123 
0.3123 

3.3 
3.2 
3.2 

U8-A 
U8-B 
U8-C 

O.625O 
0.6250 
0.6250 

0.37U9 
0.371+9 
0.37U9 

lull 
k& 
h.3 

U9-A 
U9-B 
k9-C 

0.6250 
0.6250 
0.6250 

.UO63 
M&3 
.U063 

5.1 
5.1 
5.1 

50-A 
50-B 

0.6250 
0.6250 

.U373 

.li373 
6.6 
6.6 

51-A 
51-B 
51-c 

0.6250 
0.6250 
0.6250 

0.1^685 
0.1x685 
0.L685 

9.6 
9.< 
9.7 

52-A 
52-B 
52-C 

0.6250 
0.6250 
0.6250 

0.5000 
0.5000 
0.5000 

15.2 
15.1; 
15.3 

53-A 
53-B 
53-C 
53-D 
53-2 
53-F 
53-G 

0.6250 
0.6250 
0.6250 
0.6250 
0.6250 
0.6250 
0.6250 

0.5625 
0.5625 
0.5625 
0.5625 
0.5625 
0.5625 
0.5625 

52.2 
51.0 
h9.9 
h$.6 
U8.2 
h9.S 
h9.2 

(continued) 



Table 2 . Data for Dow Corning 200 Fluid of Viscosity 
2.93 P . - Time of Fa l l of Spheres Measured for a 

Distance of UO.O cm. - Temperature 28.5 i 0.1° C. 
(continued) 

Run No. Tube i . d . , i n . Sphere Diam., i n . Time, s e c . 

5U-A 
5U-B 
5U-c 

0.7500 
0.7500 
0.7500 

55-A 
55-B 
55-c 

0.7500 
0.7500 
0.7500 

56-A 
56-B 
56-c 

0.7500 
0.7500 
0.7500 

57-A 
57-B 
57-C 

0.7500 
0.7500 
0.7500 

58-A 
58-B 
58-c 

0.7500 
0.7500 
0.7500 

59-A 
59-B 

0.7500 
0.7500 

60-A 
60-B 

0.7500 
0.7500 

61-A 
61-B 
61-C 

0.7500 
0.7500 
0.7500 

62-A 
62-B 

0.7500 
0.7500 

63-A 
63-B 

0.7500 
0.7500 

6U-A 
6U-B 
6U-C 
6U-D 
6U-E 

0.7500 
0.7500 
0.7500 
0.7500 
0.7500 

0.09365 
0.09365 
0.09365 

8.1 
8.1 
8.1 

0.1561 
0.1561 
0.1561 

3.7 
3.8 
3.7 

0.2U99 
0.2U99 
0.21*99 

2.5 
2.1; 
2.5 

0.3123 
0.3123 
0.3123 

2.3 
2.2 
2.3 

0.37U9 
0.37U9 
0.37^9 

2.3 
2.1* 
2.3 

O.U373 
O.U373 

2.8 
2.8 

0.2*685 
0.1;685 

3.3 
3.3 

0.5000 
0.5000 
0.5000 

U.l 
U.l 
l u l 

0.5625 
0.5625 

6.8 
6.8 

0.6250 
0.6250 

16.2 
16.2 

0.6875 
0.6875 
0.6875 
0.6875 
0.6875 

50.1 
h9.7 
1*8.2 
50.0 
U8.5 
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Table 3 . Data for Dow Corning 200 Fluid of Viscosity 
8.80 p . - Time of Fa l l of Spheres Measured for a 

Distance of UO.O cm. - Temperature 27.5 i 0.2° C. 

Run No. Tube i . d . 5 i n . Sphere Diaui.. i n . Time, s ec . 

65-A 
65-B 
6^G 

0.5000 
0.5000 
0.5000 

0.09365 
0.09365 
0.09365 

26.0 
26.0 
26.0 

66-A 
66-B 
66-C 
66-D 
66-E 

0.5000 
0.5000 
0.5000 
0.5000 
0.5000 

0.12U9 
0.12^9 
0.12U9 
0.12U9 
0.12)49 

18.0 
18.2 
17.8 
17.8 
18.2 

67-A 
67-B 
67-C 
67-D 
67-E 

0.5000 
0.5000 
0.5000 
0.5000 
0.5000 

0.1875 
0.1875 
0.1875 
0.1875 
0.1875 

12.6 
12.8 
12 .h 
12.8 
13.0 

68-A 
68-B 
68-C 
68-D 

0.5000 
0.5000 
0.5000 
0.5000 

0.2lt99 
0.2U99 
0.2U99 
0.2U99 

13.5 
13.2 
13 .h 
13 ail 

-69-A 
69-B 
69-C 
69-D 

0.5000 
0.5000 
0.5000 
0.5000 

0.3123 
0.3123 
0.3123 
0.3123 

17 .U 
17.9 
17.8 
18.0 

70-A 
70-B 
70-C 

0.6250 
0.6250 
0.6250 

0.122*9 
0.12U9 
0.12U9 

15.5 
15.5 
15.5 

71-A 
71-B 
71-C 

0.6250 
0.6250 
0.6250 

0.1875 
0.1875 
0.1875 

9.7 
9.7 
9.7 

72-A 
72-B 
72-C 

0.6250 
0.6250 
0.6250 

0.2J499 
0.21*99 
0.2)499 

8.1 
8.1 
8.1 

73-A 
73-B 
73-C 
73-D 

0.6250 
0.6250 
0.6250 
0.6250 

0.3123 
0.3123 
0.3123 

N 0.3123 

8.8 
8.8 
8.8 
8.8 

(continued) 



Table 3 . Data for Dow Corning 200 Fluid of Viscosity 
8.80 p . - Time of Fa l l of Spheres Measured for a 

Distance of ijO.O cm, - Temperature 27.5 i 0*2° G. 
(continued) 

Run No. Tube i . d . , i n . Sphere Dianu, i n . Time, s e c . 

7l*-A 0.6250 0.37U9 11.3 
7U-B 0.6250 0.37U9 11.3 
7U-C 0.6250 0.37U9 11.3 
7U-D 0.6250 0.37U9 11.3 

75-A 0.6250 O.U373 18.1 
75-B 0.6250 O.U373 18.2 
75-C 0.6250 0.1373 18.1 
75-D 0.6250 O.U373 18.1 
75-E 0.6250 O.U373 18.1 

76-A 0.6250 0.5000 25.9 
76-B 0.6250 0.5000 28.2 
76-C 0.6250 0.5000 25.9 
76-D 0.6250 0.5000 25.0 

77-A 0.7500 0.1875 8.1 
77-B 0.7500 0.1875 8.1 
77-C 0.7500 0.1875 8.1 
77-D 0.7500 0.1875 8.1 

78-A 0.7500 0.2U99 6.3 
78-B 0.7500 0.2li99 6.1 
78-C 0.7500 0.2ii99 6.1 
78-D 0.7500 0.21+99 6.1 
78-E 0.7500 0.2i;99 6.1 

79-A 0.7500 0.37^9 6.1 
79-B 0.7500 0.3719 6.2 
79-C 0.7500 0.37U9 6.2 
79-D 0.7500 0.37U9 6.0 
79-E 0.7500 0.37U9 6.0 
79-F 0.7500 0.37^9 6.1 
79-G 0.7500 0.37U9 6.1 

80-A 0.7500 0.5000 10.5 
80-B 0.7500 0.5000 10.5 
80-C 0.7500 0.5000 10.5 
80-D 0.7500 0.5000 10.5 

(continued) 


