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I. Introduction 

The property of a liquid whereby it resists the rela-

tive motion of its parts is callee viscosity. 

In the study of the flow of viscous fluids, complete 

solutions to problems may be obtained only when the viscosity of 

the fl*id is known. The subject of the measurement of viscosity 

is known as viscometry, or visco:simetry, and. the instruments em-

ployed for this purpose are called viscometers, or viscosimeters. 

The viscosity of liquids is of great importance in the 

paint, pyroxlin, silicate, starch and other industries as well as 

in the lubrication of machinery. 

The purpose of this study is the prepare.tion. of a digest 

of the literature on the present methods of measuring viscosity, 

and the construction and the calibration of a viscosimeter of the 

Stormer type for the Department of Physias. 



-2-

II. Nevrton' s Hypothesis 

Nervton was the first to formulate a h~rpothesis regard-

ing the magnitude of the force required. to overcome viscous re-

sistance andto treat a case of motion in a viscous fluid. 

" On the Circular Motion of Liquia_s 

Hypothesis 

Thei.t the resistance whioh arises :f'rom the laok o:f' 
slipperiness of the parts of the liquid, other things being 
equal, is proportional to the velocity with which the parts 
of the liq~id are separated from one another." 1 

Nevrton' s fundamental assumption &-n.ounts to the following: 

If two laminae having an area of contact A move with constant vel-

ocities v1 and v2, the force required to maintain the constant 

difference of velocity is 

F = nA ( v1 - v2) 
rz1 - z2) 

where the z' s ( thickness of liquia.) are measured in the a.irection 

perpen<Jicular to the laminae. Since the veloci tv in the liquid 

changes continuously the a.if:ferences should. be replaced by dif-

ferentials: 

F = nA dv 
dz 

n is a characteristic constant for each liauid and is callea the 

coefficient of viscosity. It decreases with temperature. 

The fundrunental unit (cgs) of absolute viscosity is the 

poise, anct its hundreth part, the centipoise (the practical unit). 

If a liquid placed between two parallel plates one centimeter 

a p~rt, introduces a resistance of one dyne ner SllUare centimeter 

when one plate is moved one centimeter per second, its viscosity 
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is said to be one noise. The unit is called a poise in honor of 

Poisettille! 

The reciprocal of the viscosity is called the fluidity 

and it is usually expressed, in rhes, as one divi0ed by the vis-

cosity in poises, 1/n in poises. 

* French physiet~~l799 - 1869 
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III. Absolute Viscosity ana the Flow of a Viscous Fluid 

In a Capillary 

The most widely used methoa. for determining viscosi t;r 
. . . 1 th t f P. 0 11 2 mh coefficients is still in nrincip e ·1. o oiseui e. Le 

liquid is forced through a capillary 

tube, and n is ded.uced. from the volume 

discharged in unit time, the pressure 

and the dimensions of the apparatus. 
tJ. V 
d~ The advantages of the apparatus Rre: 

the sim,lici t.Y ana. cheapness of the 

equipment, the small ouanity of li-

quid required for examination, the 

ease with which it can be maintainea 

at constant temuerature, ~nd finally 

that the mathematical theory ce.n be 

readily developed. 

fl --t-,---....&....,1-- R 

Consider~ portion AB of a 

cyli•1atrical tube having a circular 

cross section of radius R (Fig. 1). 

The a istance AB =. L, · ana o. a.iffer-

ence of' -ores~ure = P is me.intainei:1 

I , 
I 

\ I 1' ,,, ........ , 

R• 

Figure 1 

between A anc1 H, which causes the liouid. to flow through the 

t.ube. Assu.1:1.e the flow to be such that every particle of liquid 

moves parallel to the axis of the cylinder with constant veloc-

i t.v .!• For reasons of sy-.mmetr.v this velocity will be the same 

for all points lying on the sa:c"I1e circle, so that we may consid.er 

the liouid composed of cylind~rical laminae moving vd th velocities 
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v:.rhich are functions of their radii. 

The force exerted by the :pressure P on a. cylinder of 

radius r is 

F P • rr r2P 
the resistance around_ the surface of the cylina.er caused by the 

viscosity of the liauia. will, accord.ing to the fundamental as-

sumption, be given by the product: area x viscosity coefficient 

x velocity gradient, 

F - 2 7TrLndv 
v dr 

If the cylinder is not being accelerated, i.e., if v 

remains constant, the forces acting on the cylinder must be eq_ual 

and opposite, FP =-Fv' and 

the 

By 

rP = 

velocity gradient is 

dv -
dr 

integration we find: 

V = 

-

-2R'rLn dv 
dr 

2Ln dv 
dr 

rP 
- 2Ln 

r 2P ·'I 
•J 

- 4LI1 + 

( 1) 

( 2) 

{ 3) 

It now rems.ins to, a.et ermine the inte~ration constant C. The us-

ual 9ssu.rn.ption is that the lamina in contact with the wall of the 

tube ad.heres to it, thnt is, 

v = o, for r = R 

The integration constant then becomes 

C = R2P 
4Ln 

and the velocity 

V • rJ.P Ri,P 
- 4Ln + 4Ln 
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( 4) 

Thls is the equation of a parabola (Fig.l), the axis of which is 

the axis of :1!:, while the axis r is at t:10J a.ist.nnee R2P/4Ln from 

the apex of the curve, Since v is the distance tra.velea. in unit 

time, _ the particles of liquid which were in the plane AA e.t zero 

time will be on the surface of the p8.raboloia_, the profile of which 

is given by eouation (4) after unit time; the volume of this para-

boloid is the volune of liquid v1 which passes in unit time. 

The volume of this solid of revolution is 

Vi = 2 TT !oR vrdr 

introducing the value of v, 

= f 
(5) 

As the rate of flow is constant, it follows that the volume V.t 
discharged in time tis 

Vt : 7f PR4 
stn t 

( 5 ) 

Osbourne Reynolas3 founc the t Poiseuille' s law hola_s 

with great exactness when the rate of flow is slow, yet it breaks 

a.own when the me~m velocity· exceeds a certain value a.ePending 

on the size of the tube and_ the velocity of the liquid. 

The most accurate methoa for measuring viscosity appears 

to consist in measuring the rate of flow of a liquid_ through a 

l:mg narrovr tube .. If the a_imensions of the tube are knmi\Jll, it has 

been found from much exDeriment that the time of flow is directly 
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proportional to the absolute viscosity, to the length of the tube., 

ana_ to the volume of liquid that flows through it, anc.l. is inversely 

proportional to the pressure forcing the liquid through the tube, 

to the fourth power )f the radius of the tube, and to the force 

of gravity, that is 

t $ 8 LVn 
1TgPR4 

{ 7 ) 

which is Poiseuille' s law ( usually sol vea for n instead. of t). 

It is very difficult to construct a capillary of exactly 

·r a k b l. t· t 4 h tt h. uni orm an novm ore, severa inves iga ors ave a emptec! tis, 

and have used their best tubes to measure the absolute viscosity 

of ·water. Their results are in very good agreement and. the best 

of these give an average value of 1.005 centipoises at 20.0°c 

(68.00°F), which is now generally accepted as correct for the ab-

solute viscosity of water. 
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IV. Kinematic Viscosity 

In an instrument of the so called. Saybolt or Ostwald 

type5 wherein the force driving the oil through the capillary is 

the pressure producea by the column of oil above the outlet, 

gravatation, a.s well as the viscosity of the oil, a.etermines the 

time of flow. In such a case the time of flow is proportional to 

the absolute viscosity, ,!!,(in poises) di,rided by the density, d, 

(itj grams per cubic centimeter). This ratio is called the kine-

matic viscosity, KV, the unit being callea the stoke ana. its 

hundreth part the cent~stoke. This unit is very co~venient, be-

cause in instruments of the Saybolt type the time of flow is 

directly proportional to the kinematic vis-aosity, which can be 

determined without knowing the density. It is scientifically pre-

cise, since multiplying it by the density gives the absolute 

viscosity: KV x d: n. 

In calibrating a viscosimeter with water or any other 

standard liquid. it is convenient to transfer Poiseuille' s law 

into the form 

n : 7f gHdR4 
t 8 LV 

f 8) 

where the force driving the liquid throu.c_;h the capillary is due 

to the difference in level of the liquid in the two arms of the 

viscosimeter, the nressure P, being equal to the average head, H, 

times the a.ensity, d, of the liquid. If the kinematic viscosity 

is used instead of the absolute viscosity, this eauation becomes 

KV : '17gHR4 : C 
t 8 LY ( g ) 

KV: Ct 

For a given viscosimeter, all the terms on the right-
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hand side of equation (9) are constant, so that the entire ex-

pression can be set equal to a constant c. This calibration con-

stant, c, is evaluated. by measuring the time of flow, t, at the 

desired temperature for the standard. liquid of known kinemntic 

viscosity, KV; C = KV/t. If the viscosimeter has been so con-

structed that all errors cab be avoided, or corrected this cal-

ibration constant remains the same re<'2;araless of the viscosity 

of the liquid that is being examined. Eence, the kinematic vis-

cosity, KV, of. any liquid can be a_eterminea simnly by observing 

its time of flow, 1, and multiplying this time by the viscosi-

meter constant, C : KV= Ct. Once an Ostwald viscosimeter has 

been calibrated. it is easy to calculate the kinematic viscosity 

of any liauid from its time of flow. 

The U. s. Bureau of Stana_ards and the American Society 

for Testing Materials have ado:oted the Saybol t and. Ostwald Vis-

cosimeters as two of the official instru.~ents for measuring 

kinematic viscosity. 

Saybolt viscosity is expressed in Saybolt Universal 

(Furol) seconds which is the time for 60 ml. of oil to be de-

livered through the universal outlet tube. The relation between 

Saybolt and kinematic viscosity is given by the following table: 
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Table I •. Values for Converting Kinematic Viscosi t,y to Saybolt 

Universal Viscosity. 6 

Kinematic Viscosity 
(Centistokes) 

Eauivalent Saybolt Universal Vis-
cosity in Second.s at Temperatures 

l00°F 
Basic Valueslt 

2--------------------------5------~-------------------
10--------------------------
15--------------------------20--------------------------25--------------------------30--------------------------35--------------------------
40---------------------------
45---------------------------~0--------------------------
60--------------------------65--------------------------7~--------------------------
over 70---------------------

32.6 
42.3 
58.8 
77.2 
97.5 

118.9 
140.9 
163.2 
185.7 
2.08.4 
231.4 
254.4 
277. 4, 
300.4 

Sa.v11ol t sec. 
_ oentistoke 
X 4.620 

of: 
130°F 

32.7 32.8 
42.4 42.6 
58.9 59.2 
77.3 77.7 
97.7 98.2 

119.l 119.7 
141.2 141.9 
163.5 164.3 
186.l 187.0 
208.8 209.9 
231.8 233,0 
254.9 2.56. 2 
277.9 279.3 
301.0 302.5 
324.0 3f;5.7 
~~a~r. sed. Sa.v. sec = centis~k.= centistk 
X 4.629 X 4.652 

----------------------~-------·-------
'•'ri:io obtcdn the Saybol t TJn:t ve:rsal Viscosi t•.r enui VP lent to A. ldne-
n2tic ,rir·,:;or, i t:.r a etermi:1.ca 2 .. :, t 0 H', mul t, · 7ly the ea.ui valent Sa::r-
bolt Dniv8rs~l Zisco2ity 2~ 100° F by 1 + (t - 100).a.000054. 
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V. Descri u+,ion of Diff ,~rent i!iscosimeters 
- .,.J;. ~,--~--------- --

C2_7ill1:~ry viscor-:imeter, fell into tvro cl"'sses: ( 1) in-

ci:m.ensio:ns of the i::1struments encl from the exr)eri:r1enti.:il dci , e.nd 

( ?, ) in:,~,ru.P1ent2 for ae·t:,ermtr ir:g relative viscosities b~r reference 

liq_uid.s. 

The merisure:m.ent of relative viscosities j_s compari ti vely 

It is custonar:r to determine B.ccuratJ:ly ftt»w the viscosity of 

a;1s' given lir1uio. con::iares with thr t of w1:~ter, ana then ce l.Julate 

its 1:.1b-c:o -1.ute viscos:i. t7 from +,he known ab2olute iriscosi ty of water. 

This meens that instead of conc•trucj;.L 1g str-mda.ra ·viscoPi t,s:r tubes., 

r,n.v tube of approxi:mntel.Y -t-.J1e richt c ime:msions can be chosen and 

nalibrr ted bv :m.ePns of vr8.ter a"' P st~na.era. linuia, and c:::i_n then 

be ur-_iec for t'1 et.ermining the absolute vi,sco~'.i tv of other li".:uic1s. 

A. Stokes' Fallin~Sphere 'T.1,vne 

One of the siriplest v:tscoPimeters is thr=!t in which a small 

sob.ere is allr)v.red to fall through a column of liauid. 7 The rate 

at v~ich it fRlls is inversely proportional to the viscosity, 

which can he calculated vd th thfJ aid of Stokes' 11:n,-.r. The volUID.B 

of liq_uia recrnirer' is inconvenientl:r large; ana. the experimental 

Stokes"' ,hows that a sphere imnelled by a. constant force,F, 

in s viscous liq_uicl eventually assumes a constnnt velocity i!, and 

that the following lineer relation holds: 

6 7T nr·v 

The most important special CP~e, as f8r e.~ the f:etermination of 

' English mc=1t::hematical physicist, 1819 - 1903 
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Yiscosity coefficients is concernec, is that in whic-h the suhere 

falls ( or rises) thrOU°::h the linuic'l. owing to its weia;ht ( or buoy-

ancy). '"he force then becomes 

F = 4 7T r 3g ( p - p') 
3 

Introaucing this value into the previous exnression the equation 

knovm generally as Stokes' formula is obtained.: 

V = 2 r 2g(n - P'~ 
-9n -

r = radius of sphere 

p = density of sphere 

p': density of liquid. 

This equati~enables us to deduce the viscosity coef-

ficient from the observed velocity of fall of a snhere of known 

mRss ana. radius in s. liquid of kno'Wll a.ensi ty, pir,ovia ef a nmmber 

of cond.itions assumed_ in deducing the formula. are satisfiea .• These 

are: 

(1) The velocit,v- is so small that hi!?.'her uowers of it 

ma,~r be nei;,:lectea. 
the. 

( 2) There is no slip betweenl\liqtdd and the surface of 

the sphere. 

(3) The liquid is infinitely extended. 

B. Mac Michael 

Mac Michael 8 has describe(' a visco;(simeter of the tor-

sional type (see Fig. 2), in which a disk is suspended by a 

wire in a rotating cup containing the liauid to be examined. 

i.Vhen the temperature and speef ,of rotation are controlled, the 

angular ~eflection is pronortional to the viscosity of the 

liquid. It is chd:med that the results are accurate to within 

t. 0.5 per cent~ The determination is more rBpia than with cap-

illary tube viscosimeters and the nresence of small pRrticles 
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Fig . 2. liacMi chs.el Visco sime ter. 
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of foreign materials in the liquid does not affect the accuracy. 

This instrument has been used. to determitje the apnarent viscosity 

of drilling muds. The results are obtained in entirely arbitrary 

units unless the scale is calibrated with fluids of knmm viscos-

ity. About 100 cc. of liquid is required for a determination. 

c. Savbolt 

The 9 viscosimeter best known in the oil industry is 

that officially adopted by the American Society for Testing 

Materials in 1926 and called_ the " Saybolt Universal Viscosimeter 

(see Fig. 3). It is about th.e only viscosimeter that is commer-

cially available in this country, calibrated. and reaay to use. 

It is a convenient viscosimeter for the testing of most lubri-

cating oils, consisting of a chamber A in which the oil is held 

at constamt temperature(usually 100°, 130°, or 210°F) while a 

given volume, 60 ml, is permitted to flow out through a small 

metal orifice in the bottom of the tube during a measured time. 

Viscosities measured with this instrument are expressed in 

Saybolt Universal seconds, which is the number of seconds re-

quired for 60 ml. ofthe oil to be delivered through a Master 

Saybolt tube kept at the Uniter States Bureau of Stahdards. 

The American Society for Testing Materials Specifications 

(1930) state that the time of flow for a commercial Saybolt shall 

be within ~l percent of the time with the master tube. One reason 

why the experimental errors become considerable in the low vis-

cosity range is the difficulty of measuring the time with suf-

ficient accuracy. If 60 cc. of a light moto:b oil are a_elivered 

in 50 seconds (at 210°F), the volume of oil in the recmiver is 
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changing by more than 1 cc. per second, ana_ if a stopwatch grad-

uated to 0.2 second is usea, the oberservation for the time of 

60 cc. delivery may be in error by as much as 0.4 second, which 

corresponds to an error of 0.8%. 
It :t.as been shovm that an even greater lack of nrecision 

in the 8aybolt instruments is introa.uced by the tables or eauat-

ions for converting Saybolt seconds to kinematic viscosity. The 

viscosi ty-tempera.ture chart arranged. hy a committee of the 

American Society for Testing Materials has recommended the use 

of two equations for convert'ing kinematic viscosity to Saybolt 

seconds, the first being used when the Sa,rbol t viscosity is less 

than 100 seconc1s and the second being usefl when +he Saybolt 

viscosity is greater than 100 seconds. 

{l) KV - 0.00226t 

( 2) KV: 0.002?0t 

1.95/t 

1.35/t 

After 1"1.nch experience vri th the Sa:rbolt and_ other vis-

cosimeters, w. H. Hersche110 of the Bureau of Standards has stated 

that only in a few e.s es do the a ata with Saybol t instruments 

warrant a. nrecision greater than about 5 per cent. 

A. few objections to the Saybol t in:-<trument from a sc ien-

tific standpoint may well be listed: (1) It requires about 75 

cc of a liouia. for a viscosity measurement. Frequently oil sam-

ples of 10 cc. or less are obtained and .it is inconvenient and 

expensive to run the exneriment on a scale large enough to ob-

tain 75 cc. (2) It gives results in units which are usecls only 

in the United States, e.nil at ',resent the~r cr-mnot. be chA.nged, 

~1th oerfeat accuracy, into absolute or other units. 

In th~ determinc:~tion of the viscosi t:rr of heavy fuel oils. 

and asphaltic i,oad TTJ.aterials a l~rger inYtruments known as the 
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Sa:rbol t-Furol viscosimeter is generally user1 • For the Furol in-

strument,measurements are generally maa.e at 122°F, although 77°, 

100°, and 210°F a.re usea, and for liquid asphaltic materials also 

140° ana 180° F. 

Sa:,bol t-Furol seconc1s (S. F. 8.) are the number of seconds 

required for 60 ml. of oil to flow through ,the orifice of the 

Saybolt-Furol viscosimeter at a s-oecifiea temperature. 

D. Ostwald 

1 . . + 12 1· 0 d b. In the Ost wa d ty9e o,. visvosime ver , the 1qu1 eing 

tested is permi ttea_ to flow s lowl_jT by gravity from one bulb to 

another through a long tube. The volurne that flows 

through the capillary is fixed by the capacity of the upner bulb, 

which is completely fill ea and then allowed to empty its elf',' the 

time required for the emptying brdng measured. The definition 

of viscosity is such that, as has been pointed out in thecase 

of capillaries, the time of flow is pronortional to the viscosity 

of the liquid. This is true in the case of the Ostwald viscosi-

meter. 

ty-:pe 

Among the precautions necessary for a viscosimeter of this 
13 are, 

( 1) Keep::tng the capillar~r free from cl.ust or air bubbles. 

( 2.) ~,~aint 01.i.ning the temperature constant. 

( 3) Meas:.1ring the time with sufficient accuracy. 

This instrument has certain decia.ea. advantages over the 

other viscosimeters, though it a.oes have some faults. Among its 

advantages ma.v be mentionecl.: 

(1) Only 5 to 10 cc. of liquid are require~. 

( 2) Several a.eter1:1inations C:"n be made with the same sampls 

with 2_ minimuJ:n of handling. 
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( 3) The experimental error in c'letermining relative viscos-

ities can be made ·very small. 

( 4) · Le.ws ,of flow and absolute viscosities have been 

·studied with cr:1pillary tubes, so that results can be 

accurately expressed in absolute units. 

(5) The dGterminations can be made at any temperature 

with almost equal ease. 

{6) The viscosimeter is much cheaper than most other types • 

.AJnong its a_isadvr.mtages are the following: 

(1) For practical purposes each viscosimeter must be cal-

ibrated with a standard liquid. 

(2} Each viscosimeter is convenient for liauids of only 

a limitea. viscosity range. 

(3) Results in the desired units are not read. a.irectly, 

but must be obtainec by calculation or reference to a 

table or graph. 

Being of glass, viscosimeters of this type can not be ex-

actly duplicated, and. the variations between different instruments 

are allowec for in a viscosimeter constant. This constant must be 

determinea, as part of the calibration of each instrument. 

Since use of corrections is always inconvenient and often 

uncertain, especial attention is given to the elimination of the 
neccssa,-
"for corrections by improving the design of the apparatus and. by 

suitable methods of calibrating and using it. Practically all errors 

can be elimi~ated by the methods discussed below, so that the ap-

plication .'.)f corrections to the ohservea. data is usually unnecessary. 

It may be mentioned that early investigators proved by 

experiment that it makes no difference ·whether the internal surface 

of the CErnillPry is smooth or rough. In viscous flow, the layer 
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of liquid actually touching the walls is stationary, while the 

velocity increases tm a maximum at the center of the tube. 

(1) Drainage Error 

It is desirable to make the drainage both as nearly com-· 

plete 1::i.na. as constant as possible. There are three general ways 

of making the drainage more nearly complete: 

(1) By making the drainage surfaces more nerly vertical. 

(2) By increasing the time of drainage. 

(3) By increasing the volume of the bulb. 

Bingham14 gives the ideal shapepf the upper bulb as that 

of two 60° cones placed base to base, which will eliminate the 

nearly horizontal surfaces at the top and bottom of a spherical 

bulb. 

(_g) Average Head 

Since the liquid in the Ostwald viscosimeter flows under 

the force of gravity, the ttbme of flow depends (1) on the head of 

the liquid, ( 2) on the density, and ( 3) on the force of' ~-,ra.vi ty. 

None of these factors needs to be knovm if the pipette is cali-

brated with a standard liquid and usea fo:i:-.determining kinematic 

viscosities in the same locality. These variables are-all included 

in the calibration nonstant, C = KV/t. 

(3) Kinetic Energy Correction 

As the oil in the Ostwald type of viscosimeter flows from 

the upper bulb into the capillary, its velocity and kinetic energy 

increases, and this increase in kinetic energy must come from a 

loss of pressure or head. A number of in,restigators15 have agreed 

that it is difficult to predict or determine it accuratelv. Ho'N-

ever, it it is possible to design the viscosimeter in such R way 
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that correction is practically negligible, The kinetic energy 

correction becomes less a.s the length of the capillary is in-

creased and as the velocity of the liquid flowing through ~tis 

decr·eased. It is also diminished if the ends of ·the capillary are 

expended gradually (trumpet shaped ends) instead of abruptly. 

From a practical standpoint, the necessity of a kinetic 

energy correction can also be avoided by calibrating the pipette 

with a standard liquid of apnroximately the same viscosity as that 

of the liquids whose viscosities are later to be determined, the 

correction then being included in the calibration constant, Q• 

The most satisfactory wa.v16 of determining whether a kin-

etic energy correction is necessary for a given viscosimeter is 

to measure the time of flow of the same liquid with different heads. 

If these are not const~_nt a kinetic energy correction is necessary. 

Kinetic energy corrections are primarily d.ue to contract-
17 ion and expansion losses at the entrance and exit of the capillary. 

It is customary to include the kinetic energy oorrelltion in 

Poiseuille'.sequation as follows: 

KV: w 
p 

: 1[ gHR4t mV SI'V' - -a-t .... TT"""T ... 

w is the viscosity in poises. 

mis the kinetic energy coefficient 

The secona_ term on the right hand. side of this eque.tion itl 

the kinetic energy correction. 

For most types of viscosimeters the correct value of m 

may only be found experimentally, since it is associatea_ with the 

shape of the entrance and exit of the capillary. Values of m = o 
tom= 1.12 have been reported. 

The kinetic energy correction needs special attention only 
when designiug in~truments for non-viscous liquids. In viscosi-
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meters a es igned for more visvous liQUids the capillar;,r is large 

enough to make the correction negligible. Since the value of m 

is not knovm accurately·, it is not SRf e to 8.llow the kinetic 

energy correctio'1 to become n.pJreciable ana attempt to apply this 

correction to the results. 

(4) End Correction 

Associated with the kinetic energy correction is the so-

called ena correction. It has its origin in thephoki.ng effect 

the.t occurs at the entrance of the capillary. The end corrections 

can be macte negligible or very small by having the liquia flow 

rr, ther slowly through a capillary with trumniet shapea_ ends and 

no correction is necessary if the viscosimeter is celibrated with 

a liquid similar to that whose viscosity is to be measured .• 

(.§_) Surface Tension Correction 

If a U-tube having arms of different diameters is partly 

filled_ with a liquid, the surface will be somewhat higher in the 

narrower arm than in the wid.e one. This effect is :i:,roa_ucea by the 

surface tension of the liquid. In the usual types of Ostwald. 

viscosimeters, the eouilibrium level of the liquid_ would be a 

lj_ttle higher in the small bulb than in the large one. It is de-

sirable to have the bulbs l8rge en,1u&'.'.h 8.na. sufficiently near the 

same size that the surface tensior: correction is negligible. It 

becomes negligible if the viscosimeter is calibrated with a li-

quid of apuroximately the same surface tension as those whose 

viscosities are later to be measured. 

(6) Constant Temuerature Bath 

The viscosi t,y of many lubricating oils change by 1 or 2 

per cent for each aer:-ree chrmge of temperPture in the vicini t,r of 

lOOoF 19 - . Us11ally the percentage cha~nge is less at higher tempera-
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tures and. greater at lower temper.? tures. To have measurements 

accurate to within O.l uer cent at l00°F, it is necessary to con-

trol the temperature to within approximately 0.05°F. 

E. Moa if i ed Os tw9:ld 

In order to minimize any error in the head resulting 

11 "lt th . . t lS b lb. 1 d a· from a s ght ti 01. e viscosime er, one u . is p ace _1-

rectly over the other ( see Fig. 4). This modifier" Ostwald vis-
col/er 

cosimeter is made toAa largeT/range of viscosities. 

The oil is taken into the viscosimeter in thejfollowing 

manner: The instrument is hela_ in an inverted vertical position 

with the end of the capillary arm2 imm.ersea. in oil. Both bulbs 

on the capillary side of the viscosimeter are filled with oil 

by removing the air, and the oil brought into the working capil-

lary up to. the mark etched on it. After load.ing the viscosimeter 

in this way, it is placea in the constant temperature bath so 

that bulb A is below the surface of the bath liquid. During the 

heating stage the oil drains from the upper bulbs into the lower 

reservoir c. After the sample has attained bath temperature, the 

sample is drawn up to a point about 5 mm. above the mark between 

the bulbs A ana ~• Then the oil is releasea and the time for the 

meniscus to Dass from the upper to the lower mark is mea.s~ed. 

The theoretical coneiderations affecting the design and 

accuracy of viscosimeters permit requirement2 to be meet as follows: 

(1) Not more than a 5 cc. Sample. 

(2) Absolute accuracy within 0.5 per cent; duplicate de-

terminations within 0.2 per cent. 

(3) Measurements throughout the viscosity range of lubri-

cating mils. 

(4) Measurements at various temperatures. 

If the total volume of the sample is to be 5cc. a conven-
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ient capacity for the Upper bulb is about 2.5 cc. To keep the 

drainage error as small as possible, the shape of the upper bulb 

should approach that of two 60° cones placed base to base. 

The tube above the upner bulb must be large enough to 

prevent the collecting of liquids drops which will interfere with 

the free entrance of air. An inside a_iameter of approximately 

0.18 cm has been found sufficient. 

The ends of the capillary are made trumpet shaped since 

this construction decreases the kinetic energy, and end correction. 

It is a_esired to have the time of efflux of 2.B cc. to be 

between 150 and 2000 seconds. Too s~nrt a time of efflux will 9ro-

ruce a slight error. 

(ll General Specifications 

Overall length, rnm.---------240 to 260 

Length of Capillary, mm.---- 70 to 75 

Volume of bulbs A ana. B, each ml. 3 to 3.3 

Distance from center of bulb B to center 

of bulb c, mm.----85 to 95 

of bulb c, mm..--------28 to 30 

of bulb 1, Ill.Ille-------- 8 to 12 
Inside dia. 

of tube 2, :mm.--------1.5 to 

of tube 3, mm.-------- 3 to 5 

The yiscosimeter is illustrated. in Fig. 4. 

(2) Calibration 

2.5 

In ord~r to calibrate the viscosimeter it is only nec-

essary to fill it with the pron er volume of a standara_ oil, and 

measure the time of efflux at the a.esirea_ temperature according 1n 

the method previously discussea .• ;nhe viscosimeter constant can 

then be obtained by a.ivmding the known kinematic viscosity of 
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the stanaard liquia. by the time of efflux. That is, C = KV/t 

Another method of calibrating the Ostwald viscosimeter20 

is to use a q_uartz viscosimeter very similar to that of 'Nash-

burn and Williams 20 ·which is calibrated. by means of :pure water at 

20°c ( 6B.o°F). Water can not be used a.irectly for calibrating the 

moa.ifiea. Ostwala. viscosimeter because its time of efflux would. be 

too short. After calibrating the "'ashburn and 1Villiams tyne vis~ 

cosimeter with water as a stanctara it may be usec to standardize 

other oils. These oils in turn maybe usea to celibrate the modi-

fiec7 Ostvmld viscosimeter .. It will then be celibratea. against 

water as a standard through the use of an intermediate viscosi-

meter. 

Ad.Yantages of Quartz Instruments 

The aaventBges securea by using the 0uartz instrument are: 

(a) Its water constPnt et given temnerature is not changer' by 

cler>ning vii th hot cleaning mixtures O!' by subjecting the viscos-

imeters to lart~e temneratures VFJ.riations. ( b) The water constant 

at 85°c is 580 seconds ana is repeatedly reproducea to about 

0.03 secondt una_p,r a given set of concitions. It gives a precision 

of about 0.01%. The deviations from Poiseuille's law is very smell. 

( '.:!) e:r,•:)r of 1 cc. in the amount of li,7uid introduced does B:e-t 

not change the time of flmAJ by as much as o. 051.. ( d) /\ single in-

strument can be us ei'! for a l1:1rr:;e te:m.perFJ t.u:r.e rHnp;e s i:1.ce its a.i-
me11sions do not alter ivi tl1 tempera·tuJ:--e. 

If it is desired to perform all calibrations at 100°F 

(37.73°c), the calibration con8tants at eo°F (15.56°c), 130°~ 

(54 .. 4~0 c) and 21J°F {98.89°0) may be obtained as follows 22 : 



Ce 1 • co Ls t. et 210 ° Jf. -:. 0 • 9 9 6 x c e 1 . con st. at l O O 0 .ll. 
II II II l 30JJ?. = c. S99 X ti II ,. It 

11 II ti 60J]'. :. l CJOl :x II n II II 

The viscosimeter constant will vary with the ten0eraxure21 

but tbe chen6 e is srna11 and re2cily con,puted. '.rtlis correction 

~.ri ::-,,es oec:=1use of the cben6 e of s1)ecific volwne with temperature. 

If tlie viscor::d.rteter is loacieo at :::,5°c. ecnd cnen usea at some 

bi")Hn teq,er2ture 2 correction sl:loulci oe t:::pplied.. Kno~,in 6 ttle 

viscosimeter canst2nt at two aifferent temperatures, and tor 

'Jther ter:,per:::-tures one c;:m interpolate or extrEpolate. 

Jfor interrLeaiete terupera.tures the viscosiw.eter constarJt 

n)e;y be reeoily coD<rntec: from the known constant a·c cne s&.1iie 

~iven telliperature by the followin 6 equa.ti0n: 

ct 2 = viscosimeter constant at temperature t 2 • 

ti II II II 

- volume or li~uia in viscosimeter at te~p. 

II II II II II II n 

F - oriving heed, Ei"iproxirnetel.Y ec;ual to Urn aista11ce 

between centers of ei:tlux bulb arm loi,€1' reservoir. 

d - worKing aiemeter oi lower reservoir. 

V&rious other mooif1cat10ns oi the Ostwala instrument are 
2·, ecJvocrtec by :-::.Jn,e investibators ..:. u ubeloua.e' s sus)HJ.deci Level-

type o:t instrumeDt dit1ers from the t., e describeo here onl,y in 

eli11:in1"U.n6 lo20in0 error:::, and rea.ucin6 surf2ce tension errors. 

in tue desic_n presentE6. Lere suet .. errors are of net:Jli 6 ible maO-
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nitude, Zeitfuchs has recently described another moaific':ltion of 

the Ostwald instrument which also reduces loading errors. Slight 

modifications of the Ubbelohde type haYe been a.escribed by O. 

Fitzsim.'1lons 2,nd by E. H. Payne and C. c, Miller. 

Thousands of viscosity determinations have been made at 

fied Ostvmld viscosimeter. Some twenty research workers have usea 

it successfully. It has been founa- that a.ifferent operators using 

aifferent ap,aratus are able to check viscosities within 0.2 ner 
M~'t he. 

cent. Hence it"~ said that the modified Ostwala. viscosimeter is 

equal in accuracsr to an? now available. 

F. Stormer Viscosimeter 

The Stormer Viscosimeter is used for aete:rmining viscoC!ities 

by measuring the time recuruirea- for a definite number of revolu-

tions of a rotating c:rlinder immersed in thtjsample plAcect in the 

test cup, maintained at a desired tem9erature by means of a water 

or oil bath, ~.nd driven by -~ definite wein·ht. 24 

The 'Neight attached to a stri:ig f 9.lls VPrtioally from :(;'he 

instru-:::r.ient ( see Fi~. 5). The string pa ~Ts out over a vertical pulley 

and the weight falls ana unv.rind.s from about the she ft of a large 

toothec wheel which lies in a horizontal plane. The large whwel 

fits into a small gear on the shaft of the viscosimeter cylinder. 

Wn.en the large wheel is causec1 to revol'l!re by the f8lling weight, 

this shaft is turned, and the cylina.er attAched to its lower end 

is reyolved in the liquid contained in the cuo below·. A screw 

gear at the ton of this sheft fits into the teeth of an indicator 
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Fiti,. 5. Stormer Viscosimeter. 
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Wheel and. the whole instrument is so. e;earec that a complete 

revolution of the ina.icator wheel reDresents 100 turns of the 

cylindsr in thejcup below. A small bath surrounas the container 

cup, and rough temperature control may be maintained .• 

The time is taken for 100 revolutions in water as unity. 

Then the relative viscosity of another fluid is obtained by di-

viding the time requirea for the cylina."'~r to make 'one hundred 

-&£ revolutions in the material und8r examination by the time 

required for the cylinder to make the same number of revolu-

tions in a.istillea water, or other reference, using the identi-

cal i,rocea.ure, at the same temperature, and with the same opera-

ting weight. The friction value of the machine must be taken into 

account for determining relative viscosities. The correcteo 

time being the obser"lred time minus the time for the cylinder to 

revolve 100 times in air. If a liquid. is found too viscous for 

comparison with water, it is first necessary to determine the 

viscosity of an intermediate liquid, increase the weight and then 

use the intermediate liouid as a sta.na.ard. After this it is 

possible to calculate the unknoiAm viscositv in terms of water as 

unity. 

For e:x:am:ple, if a liquid of meaium viscositv, say 6, is 

usea. as an intermediate to determine the viscosity of a very 

viscid liquid then the time for the unknown must be divided by 

the time for the known ana.{this result multiplied by the viscosity 

of the fluid used (in this case 6) to obtain the viscosity with 

reference to water, which is the standard or unity. 

Viscosi ties 25 can be a.etermineo and record ea_ in the ab-
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solute unit by means of a calibration table nre:pared by the user. 

Calibration is effected through the medium of castor oil or other 

standard. solution, so that the number of seconds required for 100 

revolutions of the spindle in the fluid is plotted against viscos-

ity for a particular weight. The Stormelft Viscosimeter is well 

adaptea for such use as its readings are independent of the speci-

fic gravity of the fluid. This is not true of" flow through" 

viscosimetere for which the results are kinematic rather than 

absolute. 

The application of the Stormer viscosimeter is limited 

to liquids whose viscosities are above 0.5 to 1.0 poise - i.e., 

to liquids from 50 to 100 times th0 viscosity of water. 26 

The27 principal points of advantage which ha-ve been gain-

ea. by the use of the Stormer Viscosimeter are: 

Only a 50 cc. S8.mple is renu1red. for the determination 

of the viscosity and the temperature of this small quaifi.ty 

may be easily controlled. 

Only a few seconds are required to make a test and the 

temperature variations during the eest are negligible. 

The reading may be repeatea an a checked with great ease, 

it being only necessary to win! the indicator back to zero in 

order to repeat the determinations. 

The force exerted is constant throughout the experiment. 

Different oils may be run successively without the loss 

of time, since a clefm cu, and a cleaning of the small cylind.er 

puts the instru..~ent in order for a new test • 

. However, with this viscosimeter there is not such a grert 

variation in measurable viscosities as is found for some of the 

out flowing types of instruments. 
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Only t~e stop watch need be kept in mind by the operator, 

since the number of revolutions ia automatically recorded and a 

convenient bra.ke stops the revolutions of the wheel instantly· at 

the desiren point. 

G. Recwood, Engler and Barbey Viscosimeter 

The Reawooa 28 No.land No. 2 instrumsnts are the standA.rd 

com..-rnerciel viscosimeters in Englana 8 .. na cover, res nee ti vel::r, the 

sarie rPnge of viscosi t~, a.eterminE,tions as the Saybolt Universal 

and. Sa7bol t-Furol instruments .. 

Redwood ste.nde.ra seconds (R.2 .r::.) are the number of sec-

onds required for 5o mL of oil to flow through the Redwood. No. 1 

viscosimeter at a specified temnerature. 

wood Ad.m:tra1.n.li ty secona.s (R. A. s.) are the number of 

seconds reQuired for :ml. of oil to flow throuf;h the orifice 

of the Re(•NOOd Admirav.i:li t~r viscosimeter at a specified. temperature. 

This i~ call.ea the Redvvood No. 2 instrument 

The Engler viscosimeter is used i~ virtually all of Conti-

nentr:il Europe ,Snrlis the standard instrument in Germany. The Barbey 

is uset to a limi tee e:x:tent in Frrrnce, Spain e.nd in a few other 

countties of Europe. 

of oil 
Engler secona_s are the number of seconds required for 200 

r:il./\ to fl,J'w through the orifice of the stand.s.ra Engler viscosimeter 

at 1:1. specified temnerature. 

Engler degrees are the Engler seconds aividea by the time 

in seconds reo_uirec1 for 200 ml. of distilled we_ter at 20°c to 
floW 
"~ through the orifice o::" the Engler instrument .. rnhis time is 

apT)roximetely 51 seconar1 end must be between 50 anc_ 52 seconds. 
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Barbey fluicti ty is the milliliters of oil that flow through 

the orifice of the Barb-ey irn=:trument in 10 mir.utes at a specifiea_ 

temperature. 
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VI. The Variation of Viscosity With Temperature 

The viscosity of all liquias 29 and solutions a_ecreases 

with rising tempera_ture. Ha.gen ftrst investigater: the volume of 

water discharged through capillari'ies at different temperatures 

and found an incree_se with rising temperature. The first q_uani-

tative investigations were carrie0 out by Poiseuille, who found 

that the viscosity nt of water at the temperature t could be 

. t f h . •+ t Oo d th t t expressed 1.n erms o t e v1.scos1. vY n0 a , an . __ ,e empera ure 

by the formula n 
0 

1+c<t + /J t 2 

For sm.9.11 temperature intervals Meyer finds the quadratic term un-

necessary, so that it becomes: 

nt = no .... 1-.,.-oc--,-t-

Vegetable30 oils such as castor oil are generally consid-
to be. 

eredl\tM less effected by temnerature than lubricating mineral 

oils, but blendf~a mineral oils are now on the market with tem-

perature- viscosity curves similar to that of castor oil. 

Lubricating oils from different crudes vary in their 

temperature coefficient of viscosity and, in general, oils from 

paraffin base are less affected by temperature than those from 

naphthene base crude. 
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VIl=...!. The Variations of Viscosity with Pressure 

Experiment11 at higher 9~essuees were first carried out 

almost simultaneously by Rontgen, and_ by Warburg and Saclis, who 

used capillary viscosimeters enclosef in glass piezometers. Ront-

gen observeo a decrease in the viscosity of water with increasing 

pressure, which wa,s also confirmec1 by Warburg and Sachs, who 

used pressuresup to 150 k~./cm2 • In addition to water they ex-

a1J1ine0"" '6M liquidi carbon c'lioxide, ether, and. benzene. The vis-

cosity of these increase with pressure. 

Vfarburg and Sachs found that their results could be. re-

presented by a. linear formula 

n, = n0 ( 1+c< p) 

in which n0 and np are respectively the viscosity coefficients at 

atmospheric pressure and at "9ressure p, and o<'ls a constant. If S 

is the reduction of volume Produced by the pressure p, 

n : n0 (11-,Bs) p 
and the constants c,( and t3 are connected by the relation 

t being the coefficient of compressibility. •lfarburg and. Sachs give 

the following values of the const~nts: 

Ether Benzene Water 
730 930 -170 

173 91 45 

t3 2.5 4.2 -3.8 

It has been proved by experiment that all classes of oil 

exhibit an increase in viscosity when sub jectec_ to increased. press-

ure. No definite law:: can be laid. a own regarding this in.crease in 

viscosity due to pressure, but Hyd.e has shown that with extremely 

high pressures, of the ord.P.r of 16,000 lbs./ in2, the/viscosity 
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of mineral oils is sbout ten times greater than at atmosphereic 

pressure. whereas with vegetable oils such as rape a.na castor this 

increase r:-eaches only four times. 

While oils of mineral and. vegete.ble origin retain their vis-

cosity much more readily with rise in temperature than is usually 

the case with mineral oils, the influence of pressure seems to have 

an inverse effect as the viscosity of petroleum. oils increases 

much more rapidly with rise in pressure. 
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.:... Stormer. 

A modification of the Stormer viscesi.meter was constructed in the 

.Jepartment of Physics (see .i!'ig. 4.}. The dimensions are not the same a.s 

t;·,ose found in the uomrnercia.l Stormer Visoosin:e ter. however, it wa.s 

designed to operate on the same _principle. 

The Viscosimeter consists of a flat bottomed cylindrical cup having 

a.n internal diarueter of two inches ana. a depth of 2 l/2 inct1es. As 

obstructions to prevent rotary fluw of the li(J_uid, two vertical vanes, 

or septa, 3/lo inch wide, were attached to the inner wall. These ex-

tended the entire leng'th of the cup a.nd are situated dla.metrica.lly opposite 

each other. 

1/i thin this cu..p is a sus1)ended stirrer or cylindrical rotor, the 

revolution of which is resisted by the viscosity of the liquid. This 

stirrer is a hollow monel nietal cylinder l 11/16 inches long and l 11/32 

inches in diameter, its lower end being entirely open and the upper end 

having fou.r symrnetrically :placed perforations ea.ch 4/16 inch in diameter. 

:rhe upper erni of' the rotor is a vertlca.l rod or shaft wl: ich is concentric 

with the cylincter itself. It extends 2 l/4 inches above the rotating cylin-

der and is 1-1/16 inch in diameter. 

'.;.'he uJrper end of the rotor is attacr1ed by a. collar and. screw to the 

b-.ittom of a. vertical sbaft which carries a. pinion 1/2 inch in diameter with 

16 teeth. 'l'his pinion is driven by a gear 5 inches in diara8ter with 160 
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Fi 6 • 6. Scormer Viscoaimeter. 
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teeth. To this large wheel is attaciied a drum 1 3/4 b.ches in diameter and 

l 1/<± inches L.1 heit;ht, iuvund which is wound a cord supporting the driving 

weight. A vertical pulley is usea. to a;p,ly :he t'orce exerted. by tbe weight 

J:;0ri.zontally to tb.e drum. 

The stirrer is suspended so that its bottom is about 3/lo inch above 

the buttom oi' the cup. 1ihen in use the cup is :r'illed to within about 

'i:/16 inch of' its top with liquid. which thus sth1.1d.s a.bout '-../16 inch above 

the top uf the stirrer. 1·he st i.i'.'rer cumes within & bout l/8 inch of each 

of t:ne side vanes menti0ne,,. above. 1'0 :make a hundred. revolutions of the 

stirrer the wei 6ht d.escencts a.bout 56 inches. :;:he :nmdred rev~liltions is 

counted by observinc;; ten revolu.tions of the large wheel, which has u 1:10 

rativ ,,viti, respect t_, t.be rots.ting cylind.er. 

· 'o.ble lI gives an exact acco1lllt u:f "'"ll dimensicns c} usen ln t. :i.s 
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1able ll: .Jimeusions for the Stormo:: Type Viscesimetor • 

Over..i.L heiJ:1 t • • . . . . . . . . . . . . • 2 ft. 

::H:.;e 0 f b:z,. se • • • • • • • • • • • 9 x 13 l/2 in. 

Lenc;,;"th of supporting rods ••••••••• 20 in. 

cJiameter oi' large wheel, 160 teeth ••••• 5 in • 

.Jirunetor of small wheel, 16 teeth • • • • 1/2 in • 

.Dia.meter of supporting base for large wheel •• 8 in. 

Thickness of supporting base • • • • • • 15/32 in. 

Diameter of drum attached to large wheel. l 3/4 in. 

neight of drum ••••••••••••• 11/4 in. 

Inside diameter of test cup •••••••• 2 in. 

Height of test oup • • • • • • • • • • • 2 1/2 in. 

Width of septa or vanes 

Within test oup •••••••.•••••• 3/16 in. 

Inside diameter of bath • • • . . • • • 4 in. 

Height of bath • • .. . • . • . • • • • • • • 5 in. 

Inside diameter of oylindrioal rotor • • 1 7/32 in • 

Outside diameter of sylindrioal rotor • l ll/32 in • 
I 

height of cylindrical rotor . • • • • l ll/16 in • 

Diameter of the four holes symmet rioally 

Placed in top of the cylindrical rotor •• 7/32 in. 

J..ength of rotor shaft • 

.LJiameter of' rotor shaft 

• • • . . . • • 

• • . . . . . . 
2 1/4 in. 

• 4/16 in • 
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J. ustwald 

The calibratiun of a uurfo.ercial vstv,a.1(1 Visoasi:cieter was under-

ta,rnn as a part uf t,;i s study tsee .c'ig. 7). Viscusi ties of a much 

luwer ran[_;,B can be measured with the vstwald than with the Stormer 

Viscesimeter. It was deerued advisaule t..:i calibrate the Ostwald 

instrument, s0 tl"at it may be used tu ruea;:aire tbe re.nge of viscosities 

not ap1)licable t0 the Dtoruer Viscosimeter. • 

.t\. Uomuercial Ostwald visce,simeter was obtained.. '.l.he overci.11 

:height '.lf this instrument is 28 cm., the inside ciia:meter of the 

large a.rm being 1 1/2 cr:1. , and tbs. t of the small a:r;.n <:1., nm. 'I'he 

diameter of the capillary is approximately l mm. ;.':,. convenient size 

fur tl:e test san:.ple is about 25 ml. 

fhe calibration c0nstants were dete1mined Vii th 25 ml. of a. 

stc..adurd liquid. It is x·ecornr:ended tbat all mea.:Jurem:::nts of vis-

cosity be made with a test sample of 2b ml. 
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Fig. 7. Ostwald Viscoaimeter. 
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A. Storraer. 

'ihe Storrner instrument was calibrated through the medium of 

castor oil. ~::. constant volume of 96 ml. was used fur each test. 

Every precautiun was ta.l!~en to :perform each test under exactly the 

sai:1e conditions, such as cen tt:rine;; the stirrer within the test cup, 

submere:,-1.ng to the same depth each tir;1e and maintaining a constant 

tem:pcra-c:.u.re i\)r eacll reau.ine';• :rhe calib:tatiun curves were cun-

stru.cted by pluttint; the time in secunds for lOO revolutions of the 

stirrer ag<'linst tlle viscwsity in eentipoises. :the curves are given 

on the following pa.Gos t ;;ee .l!'if;S• I, f, an,j_ JO). 

Bevoral different d.eter.minatiuns were mad.e. '.l'ypical Bets of 

data appear in :rables III and IV. 
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'.l'aole III: Ca.stur Oil with weight of 700 grams. 

t. secs. viscosity in oentipoises 

i:; • • • • • 135.8 • • • • • • • • • 2d90 

9 • • • . • 129.5 • • • • • • • • • 2640 

10 • • • • • 124.l • • • • • • • • • 2420 

ll • . • • • 116.4 • • . • • • • • • 2210 

12 • • • • • 104.6 • • • • • • • • • 2010 

13 • • • • • 89.5 • • • • • • • • . 1820 

1,,;, • • • • • 78.0 • • • • • • • • • 1661 

17 • • • • • 4:5.2 • • • • • • • • • 1265 

18 • • • • • 37.4 • • • • • • • • • 1162 

19 • • . • • 34.l • . • • . • • • • 1071 

20 • • • • • 30.0 • . • . • • • • • 986 
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'.lhi.J le lV: Jastor 0il w it:1 weight of 300 u·alrn. 

_t. secs. viscosity in centipoises 

12 . . ••• 227.0 •• . . . . . . 2010 

13 • . . . • 20'J.4 • • . . . • • 1820 

15. . . • • 174.2 •• • • • • . . 
17 . . . . . . . . . . . 1265 

20 • • • 86. l • • • . . 986 

23 • • • 70. 7 • • . . . . . 767 

. . 55.5 . . . • 604 

28 . . . • • • • • • • • 521 

30 • • • • • • • • • • • • 451 

61 • . . . • • • • • • • • • ¾21 

33. . . . . . . . . 365 

. . • • . . . • • • 
36. . . • • 23.5. • • • it • 316 

• • • • • . . • • 

• • • • • 10. 5 • • • . . . . . 
3d. • • • • 18. 5 •• . . . • • • 258 

. . 17 .o • . . . • • 

• • • 16.6. • • • • • • • 231 
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B. Ostwald. 

In calibrating the Ostwald Viscasimeter 25 ml. each of distilled 

water and lOO}b absolute alchohol were used. The test liquid was in-

troduced in the large arm. The sample was forced to about l cm. above 

the etched work on the working bulb. The time was taken for the meniscus 

to pass from the upper to the lower etched mark. Using the equation 

KV : Ct, tfo=- visdasimeter constants were determined at 20°0., 25°0., and 

sa 0c. 
The data and results are given in tables V and VI. 
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Table V: Determination of visc4simeter constant using 25 ml. of distilled 

water. 

. . •• 96.4 sec. 25°c. • . . • 87.0 sec • 

• • • • 96.4 " 25°c. 87.0 ff . . • • 

. . . 2s0 c. 87.l ff . . . • 

2s0c. 87.2 It . • . • 
• • 25°c. 87.l ,, 

• . • • 

viscasimeter constant: o.01043 viscasimeter constant - ().01029 -
3a0c. • • • • . . • 71.0 sec • 

3a0 c. • • . • • • • 71.2 " 
3a0 c. 71.3 H . • . . . . . 
38°c. • • . • 71.5 " • • 

viscasimeter constant= 0.009630 
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Table VI: Determination of viscasimeter constant using 25 ml. of 100% 

absolute alcohol. 

25°c. . . . • 140.4 sec • 

• • •• 154.2 " 25°c. 140.5 " • . . • 

20°c •••• • 154.1 " 25°c. 140.6 " • . . • 

. . • • 154.0 " 25°c. • 140.5 tt . . • 

• 154.0 " 25°c. 140.7 tt . . • • 

viscasimeter constant• o.00986 viscasimeter constant. 0.00983 

• • • • • 112.2 sec. 

• • 113.0 " 

•• 113.5 " 

• • • . . • 113.8 " 

viscasimeter constant= 0.0098 
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X. DISCUSSION 

Preliminary determinations were made on the Stormer Viscasimeter 

using distiHed water as a standard liquid. It was found that the results 

were inconsistent, which supports the observation of other experimenters.2-' 

that the Stormer instrument is proper for the study of viscosities ranging 
above. 
"~ 0.5 to 1.0 poise, that is, several times the viscosity of water. 

Calibration of the Stormer Viscasimeter was actually made through 

the medium of castor oil. Several determinations were made. Jl'..,ach set 

of data was very consistent. 

It was found that the rotating cylinder mu.st be centered exactly 

in the middle of the test cup, and the test cu.p mu.st be held very sta-

tionary. If the test cup was allowed to become shifted from the center, 

the resuits were in error by as much as one second to over one minute 

depending upon the time for 100 revolutions of the stirrer. In the region 

around 5°c. the errorwas sometimes as large as one minu.te. At very low 

velocities there seemed to be a slight drag in the instrument, due to air 

bubbles collecting within the rotor. The friction appeared to be uniform 

under all conditions. 

In calibrating the Ostwald Viscssimeter it was found that air 

bu.bbles mu.st not be allowed to be trapped in the liquid. When air bubbles 

were trapped errors as large as ten to thirty seconds occured. 

For future work with the Stormer Viscasimeter, it is recommended 
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that the test cup b?. made larger and a thermometer holder placed on 

the inside. Provisions for holding the test cup perfectly sationary 

would insure results with greater accuracy. Also that the side vanes 

should not extend to the top of the test cup. The present arrangement 

wi'th the side vanes extending· to the top ca.uses the liquid to overflow 

during operation, thus changing the volume of the liquid under test. 
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