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ABSTRACT

Fatty acid composition has a significant effectloa viscosities of fats and oils and in turn
biodiesel fuels. The fatty acid composition of fatl oils are feedstock dependent and are also
affected by factors such as climatic conditiond,tgpe, and plant health and maturity upon
harvest. Due to the reasons mentioned, theraéed to determined major fuel properties
locally for biodiesel samples. The viscosity ofefilsiodiesel fuel in Northern Cyprus are
measured up to temperature 140°C; temperatur@lste the flash point of biodiesel fuel
proposed by ASTM.

The temperature — viscosity relationship was datezthtogether with temperature — mixing

percentages composition relationship
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CHAPTER 1

INTRODUCTION

The increasing industrialization and motorizatidhe world causes a steep rise for the demand
of petroleum-based fuel [1]. Today fossil fuelsealp to 80% of the primary energy consumed
in the world, of which 58% alone is consumed bytthesport sector [2]. The source of these
fossil fuels are becoming exhausted and found ne@ptribution in greenhouse gases (GHG)
emissions by consumption of fossil fuels to fulfiile energy demands which affects global
economic activity directly or indirectly . Progressdepletion of convectional fossil fuels with
increasing energy consumption and GHG emission lealv® a move towards alternative,

renewable, sustainable, efficient and cost-effectimergy sources with lesser emissions [3,4].

In an attempt to replace percentage of world’s gndependence on fossil fuel by biofuel,
biodiesel and other biofuels are being produceddigsel; Fatty Acid Methyl Ester (FAME) are
been consider as possible replacement or blencbforectional diesel fuel and are produce
according to the required standards. This stahgases specific requirement and properties in
order to promote high quality and harmonized fbe&diesel) on a global basis, considering the
need for optimum engine and vehicle performancedamdbility and for the cleanest possible

operation of engine and vehicle technologies [5].

Viscosity is one of the most important fuel propestas it impacts the performance of fuel
injection system. The effect of viscosity can ddecseen in the quality of atomization and
combustion as well as engine wears. FAME genehallyimproved lubricity; however, their
higher viscosity level tends to form larger dromatinjection which can cause poor combustion
and increase exhaust smoke under certain opeaimdjtion. ASTM D 975 requires a
kinematic viscosity range of 1.9 minimum to 4.1 fnaxm mnf/s at 40°C and World Fuel
Charter Committee (WFCC) requires 2.0 - 5.0 %sr{5,6].



Fatty acid composition has a significant effectlom viscosities of fats and oils and in turn
biodiesel fuels. The fatty acid composition of fatgl oils are feedstock dependent and are also
affected by factors such as climatic conditiond,tgpe, and plant health and maturity upon
harvest [7]. Biodiesel fatty acid composition andlfproperties can vary significantly form one
supplier/region to the other even if it is from g@@me plant/ animal [8]. Due to the fact that
viscosity values shows significant variation betweéferent regional feedstock and biodiesel
fuel, there is a need to measure the temperatpendent viscosity regionally with necessary

prediction models and check if it fall within ancaptable range of value.

The aim of this work is to determine experimentétlg viscosity of five biodiesel fuel produced
in Northern Cyprus with their temperature relatiuips up to 140°C; temperature just above the
flash point of biodiesel fuel proposed by ASTMisl&a part of a larger project that is aimed to

give a general prediction model for all major regioAdditionally, the relationship between the

viscosity and mixing composition percentages wdbabe given.



CHAPTER 2

METHODS AND MATERIALS

The theoretical background of the viscosity andilgsel fuel is very important in order to fully

understand the relationship between temperatureigndsity.
2.1 Concept of Viscosity

Viscosity is a fundamental characteristic propeitall liquid. When a liquid flows, it has an
internal resistance to flow. Viscosity is a measafréhis resistance to flow or shear. Viscosity
can also be termed as a drag force and is a meafstine frictional properties of the liquid [9]. It

is sometime refers to as the “thickness” of a fluid
Viscosity is governed by combination of three mdgmtors:

* Intermolecular forced: The stronger the bond bebhweelecules, the more viscous the
fluid.

* Molecular size: Smaller molecules flow past onetl@omore easily than larger
molecules.

* Molecular shape: This property can be tricky. Sames, linear molecules flow past
each other than branched molecules. On the otimel, sametimes linear molecules can
more easily stack on top of one another than bohamolecules, which can increase the

intermolecular bonding between linear molecules.
2.1.1 Importance of Viscosity in Fuel Properties

In an engine, fuel is delivered to the cylindex gifuel system. The major components of the
fuel system include the fuel tank, fuel lines, thel pump, the fuel filter, and the fuel injectors.
When a fuel in pumped into a vehicle, it entersftled tank. The fuel is then pumped out when

the vehicle is driven through fuel lines and throtige fuel filter to fuel injector, which injects a



fine spray of fuel into the cylinders at exactlg tiight moment. The fuel then explodes. The
component of the fuel system are designed to digtia certain amount of fuel at a certain rate
as shown in figure 2.1 , which is affected by fustosity [10].

Correct High
Viscosity Viscosity
Equals Equals
Proper Poor
Dispersion Dispersion
—_— . —

Figure 2.1Viscosity affecting spray pattern [6].

Additionally, in the fuel system, the viscositytbe fuel is needed to be known at all possible
temperature because it is used for the following:

» Continuum Mechanics: The viscosity in needed ferfthid mechanics and rheological
analysis of the fuel in the fuel system.

* Thermodynamics: The viscosity is also needed faesjimbe thermodynamic analysis in
the fuel system.

» Heat Transfer: It is also needed for the conveelitveat transfer parameters in the fuel

system.

In general, fuel viscosity is needed by enginegtesngineers for fixing the optimum conditions
for the chemical processes and operations as wédrahe determination of the important
dimensionless groups like Reynolds number and Branchber. Fuel viscosity is also important

in the calculation of the power requirement for tim¢ operation such as mixing, fuel passage



design, necessary pump characteristics, atomizétiehdroplet), storage, injection, and

transportation.

By process engineers it is needed for quality abatnd fuel characteristic.

2.1.2 Types of Viscosity

Viscosity is basically expressed in two distinainfis or types

I.  Absolute or dynamic viscosity: It is the tangent@ice per unit area required to slide one
layer (A) against another layer (B) as shown iruFeg2.2 when the two layer are
maintained at a unit distance. In Figure 2.2, fdf@auses layer A and B to slide at
velocity vi andv,, respectively.

Since the viscosity of a fluid is defined as theaswee of how resistive the fluid is to
flow, in mathematical form, it can be describe as:
Shear stress g (strain or shear rate)

Whereyp is the dynamic viscosity

v, A R
S e—Z F
v, B {?\‘
Figure 2.2 Simple shear of a liquid film [9].
If o is shear stress amds strain rate, then the expression becomes:
o= uE 2.1
The strain rate is generally expressed as
ldx v
ESIq % 22

Where x is the length, t is the time, and dx/dhesvelocity v. Therefore, the dynamic

viscosity can be written as



— g2 2.3
/J—O'v .

Also by for a Newtonian fluid as in Figure 2.3, tledationship between the shear stress
and the deformation is linearly proportional wittoportionality constant g8 wherec

could also be replace hy

YA /
r_rf n=1 g
E
7 @ Slope =
@ \Pﬁoo\a ope = L
b7 We shear stress, r 3
© radient,—
9 ¢ 0x
£
v
b H
Shear rate (dv/dx, s ) velocity, 4
Figure 2.3Shear stress - deformation relationship [10].
These yield a similar equation to (2.3)
(dv>" _dv P -
oa I —/,tdx Jifn= .

Centipoise (cP) is the most convenient unit to regbsolute or dynamic viscosity of
liquids. It is 1/2000 of Poise. “Poise is the sHortn of Poiseuille named after a French
physician, Jean Louis Poiseuille (1799-1869)". @thdts are:
« Sl system: Ns/f Pa.s or kg/m.s where N is Newton and Pa is Pamcdl
1Pa.s = 1 N.s/fic 1 kg/m.s
« Metric system: CGS (centimeter-gram-second) as glotyne.s/cfor poise (P)
where, 1 poise = dyne.s/ém g/cm.s = 1/10 Pa.s
« British unit system: Ib/ft.s or Ibf.sfitVVarious conversion factors will be given in
appendix 1.
II.  Kinematic viscosity: With the knowledge of densityrequired temperature and pressure,

kinematic viscosity can be defined as



U=E 2.5

p
Wherep is density of the fluid.

For Sl system, kinematic viscosity is expressemhs or reported using stoke (St) or
centistokes hundredth of stoke, where 1St 2ni¥s [9].

2.1.3 Factors Affecting Viscosity

The viscosity of Newtonian fluid is generally knowmnbe affected by temperature, pressure,
and, in the case of solution and mixture, by contfws The effect of temperature and

composition is the major concern of this work anig illustrated in later chapters.
2.1.4 Measurement of Viscosity

The instruments used for measuring viscosity amwknas viscometers. The rheological
measurement procedures are mainly based on theameahmethods, since tension and
elongation are mechanical values which are detexanom the basis of a defined deformation of
the sample.

Also simultaneous measurement of the electricagmatic, and optical properties which may
change during the deformation or flow process effthids is becoming more and more

interesting.

Figure 2.4 shows the major manners of realizingiefermation of the sample, introducing the

principles of determining the viscosity of the sdenp

-2
4 -
’ o - M1
P ——e]
3 «" ~1L°
2 N4 6
- Mgz
v
P R
R

Figure 2.4Measurement principles of viscometers
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Where, a: Capillary viscometer, b: Rotational viseter, c: Falling-ball viscometer, 1:
Capillary, 2: Sample, 3: Coaxial cylinder, 4: Toeggensor, 5: Measurement ball, 6: Glass
Cylinder, My, M,: Measurement marks [11].

The following subsection illustrates and gives det@bout capillary viscometer, a type of

viscometer chosen for this study.

2.2 Capillary Viscometers

Inside the capillary viscometers, the velocity drequired for the viscosity measurement is built

up in the form of a laminar tube flow within a massment capillary under idealized conditions

Laminar, isothermal flow condition

» Stationary flow condition

* Newtonian flow behavior of the liquid
» Pressure-independence of viscosity
* Incompressibility of the liquid

» Wall adherence of the liquid

* Neglect of the flow influence at the entry and efithe capillary of sufficient length
The liquid flows in coaxial layers towards the @@® drop through the capillary.
2.2.1 Theory of Capillary Viscometers

The calculation of viscosity from the data measwsidg glass capillary viscometer is based on
Poiseuille’s equation of a Newtonian fluid [9]. Erg 2.5 shows a fully developed laminar flow

through a straight vertical tube of circular cresstion.
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Figure 2.5 Hagen-Poiseuille flothrough a vertical pip

If z-axis is taken as the axis of the tube along whiictina fluid particle travels and consideri

rotational symmetry to make the flow t-dimensional axisymmetry, the
v, #0,v, =0,v9 =0
From continuity equation,

ovr vr O0vz

or r 0z
—— o}
0 0

For rotational symmetry,
1 d .
— o= 0; v, = v,(r,t) or %(any quantity) =0

Inserting 2.6, 2.7 & 2.&to the Navier Stoke’s Equation, we ob

at  p 0z

ov, 1 dp <62vz 1 0dv,

= . in z direction
or2 ' r or >

2.6

2.7

2.8

2.9



And for steady flow it becomes

0%v, 1 dv, 1dp

or? +r. or _EE

Solving differential equation 2.10 with boundarynddions

r=0; v, is finite

r=R;v,=0
Yields
R?/ dp r?
Y P
4u\ dz R?
While
dp Ap
dz L

The volume flow rate discharge is given by

R
Q =f 2nv, r dr
0

Inserting 2.13 & 2.14 into 2.15, we obtain

o=

Also

= <<
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2.14
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if Ap =pgH as in Pressure — Height relationship,
Then,

_mgHR® 2.19
Y57 '

Declaring a calibration constant k,

TgHR*
k= 3LV 2.20
Then,
v=kt 2.21

Equation 2.19 is similar to ASTM kinematic viscgs#iquation [12] with an exception of the

correction factor.

v= (10ngD*HY/128VL) — E/f 2.22
where E is the correction factor.

2.2.2 Types of Capillary Viscometers

The list and specification of different types opikary viscometers are given in appendix 2. The

Ubbelohde viscometer used in this work will be exped in details in later subsections.

2.3 Biodiesel Samples

Five different samples of biodiesel were used. Bigsel can be produced by different methods
and numbers of possible different routes [13]. Simlarities in the constitution of the vegetable
oils/animal fats and petroleum derived diesel thake the vegetable oils suitable for conversion
to biodiesel [14,15,16].

2.3.1 Production of Biodiesel

In these work the biodiesel samples are producddabgesterification technique which is one of

the most promising method [3]. The Transesteriftcaof oil with alcohol in the presence of a

11



catalyst produced biodiesel and glycerol. The ieadgs normally a sequence of three

consecutive reversible reactions. In this proceggyceride is converted stepwise into

diglyceride, monoglyceride, and finally, glycernlwhich 1 mol of alkyl esters formed in each

step [13, 17]. Figure 2.6 and figure 2.7 giveslastration.

10% Methanol

-
/‘:/—/—.

Biodiesel
FAME

Transesterification

Process

Animal Fat
Vegetable Oil

Figure 2.6 Schematics of transesterification process.

O O
Il Il
CH-0O-C-Ry CH;-0-C-Ry
I
I o 0 CH; - OH
I Il Il |
—_ e
B O i + -0-C- + =
ClIH O-C-R; 3 CH;0H CH;-0-C-Ry (IZH OH
| (o} o CH, - OH
I { [
CH;-0O-C-R; CH;-0-C-R3
Triglyceride Methanol Fatty Esters Glycerin

Figure 2.7 Transesterification of triglycerides; R, R, are the hydrocarbon chain length

In other to avoid the negative impacts of biofumisfood prices and supplies [18], waste frying
oil (WFO), waste canola oil (WCO) and different gemtage mixture of WFO and WCO were

use for the transesterification process. Forwlugk 100% methyl esters of WFO,

12



100% methyl esters of WCO, 100% methyl esters &6 2BFO plus 75% WCO, 100% methyl
esters of 50% WFO plus 50% WCO, and 100% methgrestf 75% WFO plus 25% WCO were
used. These are referred to WFME, WCME, 25-WFMEVWFOME, 75-WFME in this paper.

2.3.2 Required Standards for Biodiesel

By process engineering, quality control and speaifon of fuel characteristic, ASTM D 975
requires a kinematic viscosity range of 1.9 minirord.1 maximum mfs at 40°C, biodiesel
per ASTM D 6751 requires 1.9 — 6.0 fimat 40°C, biodiesel per EN 590 requires 2.0 — 4.5
mnt/s at 40°C, biodiesel per DIN 51606 requires 3%0-mnf/s at 40°C and WFCC requires
2.0 - 5.0 mrfis at 40°C [5,6]. The unit “mffs” can be replace directly by cSt. Table 2.1 gives

some necessary standard properties for a biodiesel.

Table 2.1.ASTM Biodiesel Standard D 6751A.

Property Test method Limits Units
Flash point (closed D 93 130.0 min °C
cup)
Water and sediment D 2709 0.050 max % volume
Kinematic viscosity, D 445 1.9-6.0 mAts
@40°C
Sulfated ash D 874 0.020 max % mass
Sulfur D 5453 0.0015 max (S15)

0.05 max (S500)
Copper strip corrosion D 130 No. 3 max
Certane number D 613 47 min
Cloud point D 2500 Report °C
Carbon residue D 4530 0.050 max % mass
Acid number D 664 0.50 max mg KOH/g
Temperature, 90% D 1160 360 max °C
recovered

13



2.4 Experimental Setup and Methods
Figure 2.8show an illustrated diagram of the experimente-up.

L 5
4
4 3 1: Silicone Oil
o ) 2:3000ml Standard Beaker / Oil Bath
( 3 “r ; 2 3: Capillary Holder
5 | 4: Thermometer
= 1 5: Capillary Viscometer

" 6: Electromagnetic mixer
7: Electromagnetic plate

8: Biodiesel sample

Figure 2.8 Experimental set-up

Siliconoil (1) in a standard beaker (2) is used as ol bahe capillary viscometer (5) is plac
in its holder (3) which holds it in an upright pidan in the oil bath. The oil bath is heated by
electromagnetic plate (7) and its temperature mgrotled by a standard thermometer

2.4.1Ubbelohde Viscomete

An Ubbelohde type viscometer or susper-level viscometer is eneasuring instrume which
uses a capillary based method of meastviscosity, It is recommended for higher viscos
cellulosic polymer glutions. The advantage of this instrument is thatvalues obtained a
independent of the total volume. The device wasmted by the German cherrLeo
Ubbelohde (1877-1964) [19].

14



The Ubbelohde viscometer is closely related toQk&vald viscometer. Both are U-shaped
pieces of glassware with a reservoir on one sideaameasuring bulb with a capillary on the
other. A liquid is introduced into the reservoiethsucked through the capillary and measuring
bulb. The liquid is allowed to travel back throujle measuring bulb and the time it takes for the
liquid to pass through two calibrated marks is @soee for viscosity. The Ubbelohde device has
a third arm extending from the end of the capillangl open to the atmosphere. In this way the

pressure head only depends on a fixed height ahohiger on the total volume of liquid.

Ubbelohde suspended level viscometer, is usefuh®determination of the kinematic viscosity
of transparent Newtonian liquids in the range 8ft6.100,000 mfis. An Ubbelohde

viscometer possesses the same viscometer constdhtesnperatures. This property is
advantageous when measurements are to be mademabar of different temperatures. The
liquid is induced to flow only down the walls ofettoulb below the capillary, thus forming a
suspended level, ensuring that the lower liquielléyautomatically fixed and coincides with the
lower end of the capillary, avoiding the need thtlie viscometer with a definite volume of the
liquid and application of corrections for the exp@m of glass due to changes in temperature.
The viscometer is charged by vertical the instrumneith the reservoir below the capillary, by
introducing the liquid into filling tube up to thewer filling line. Care should be taken to see
that the liquid does not go above the upper filling when the viscometer is brought to the
vertical position. The U-tube must be filled conelg at the bottom and should be free from air
bubbles and particulate matter. The viscometeosstipned in a path-temperature maintained at
the required temperature. After desired temperasua¢tained, a plug is placed over venting tube
and suction is applied to capillary tube, until liggiid reaches the center of the pre-run sphere.
The suction is disconnected from capillary tube; plug is removed from venting tube and is
immediately placed over capillary tube until samgileps away from the lower end of the
capillary. The plug is removed and the efflux tim@oted. The advantages of Ubbelohde type
viscometers are speed, accuracy (within £0.1%)]Issample size (about 15 mL is sufficient),
low susceptibility to errors (due to drainage, alignment), and cost effectiveness (the
equipment is cheaper than the other models prayitiiea same type of accuracy). The main

concern with this viscometer is the prospect ofiglng (specially, in small capillaries) [20, 21].

15



There are 16 types of Ubbelohde viscometers cogéhi@ kinematic viscosity in the range of 0.3
to 100,000 cSt. In Table 2.1 is listed the size benof Ubbelohde viscometers and

corresponding kinematic viscosity range.

Table 2.2Ubbelohde viscometers for transparent fluid [21].

Size no:  Approximate Kinematic Inside Diameter Volume, Inside
Constant, Viscosity Range of Tube ,R, mm Bulb Diameter of
(mm2/s)/s mm2/s (£2%) C,ml Tube P,ml
(£5%) (£5%)

0 0.001 0.8to1 0.24 1.0 6.0

oC 0.003 0.6t03 0.36 2.0 6.0

0B 0.005 1to5 0.46 3.0 6.0

1 0.01 2to 10 0.58 4.0 6.0

1C 0.03 6 to 30 0.78 4.0 6.0

1B 0.05 10 to 50 0.88 4.0 6.0

2 0.1 20 to 100 1.03 4.0 6..0

2C 0.3 60 to 300 1.36 4.0 6.0

2B 0.5 100 to 500 1.55 4.0 6.0

3 1.0 200 to 1000 1.83 4.0 6.0

3C 3.0 600 to 3000 2.43 4.0 6.0

3B 5.0 1000 to 5000 2.75 4.0 6.5

4 10 2000 to 10,000  3.27 4.0 7.0

4C 30 6000 to 30,000  4.32 4.0 8.0

4B 50 10,000t050,000 5.20 5.0 8.5

5 100 20,000t0100,000 6.25 5.0 10.0

A300-s minimum flow time:;200-s minimum flow time fall other units

The ubbelohde viscometer (ASTM) was choosing bexatigs wide known application and
accuracy. It enables transparent and high temperateasurement. Two viscometers of size Oc
and 1 are used, they are both calibrated with eotsfor manual measurements. Appendix 4
shows the technical specifications of the visconsete
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The viscometer in figure 2.9 basically consistghef capillary tube (1), venting tube (2) and the
filling tube (3), the capillary (7) with the measwuy sphere (8), the pre-run sphere (9) and
reference level vessel (5). Above and below thesan@ag sphere (8) are printed on timing
marks M1 and M2. These marks not only define tbeflhrough volume of the sample, but also
the mean hydrostatic head (h). the capillary endke upper part of the reference level vessel
(5). The sample runs down from the capillary (7adBin film on the inner surface of the
reference level vessel (5) (suspended level bEigure 2.9 shows an illustrated diagram of the
ubbelohde viscometer.

12 3
i

—

1 Capillary tube 1 ‘2 T

2 Venting tube

3 Filling tube

4 Reservoir

5 Reference level vessel

6 Dome-shaped [

7 Capillary -

8 Measuring sphere

9 Pre-run sphere

M, Upper timing mark o i O _y
B —4
M, Lower timing mark \\—S))

Figure 2.9lllustrated diagram of ubbelohde viscometer
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2.4.2Electromagnetic Hot Plate and Stirrer

For the purpose safe heating and mixing, the HE#dMR He-tecelectromagnetic heater a
stirrer was used. It is made of aluminum, thus mguli to provide fast heating times and
waterthin ceramic coating makes the heating plate bo#mgcally and scratch resiste Figure

2.10 gives a sample of the usede.

The extended heating capacity of 8oo W

reduces heat-up times by 35 % compared

to other units at 6oo W

The chemically resistant KeraDisk®
T hot plate allows for immediate heat

Hermetically-sealed housing transfer resuiting in quick heat-up
protects all mechanical and electronic times
components from aggressive
emnwironments

In case the heating function fails,
stirring will not be discontinued
to prevent bumping

The temperature senscr
consists of two independent
safety circuits which switches
off heating in case of any
overtemperature situation

In case of a short-circuit, a A separate on/off button for heating
damage or remaval of the Damage to the stirrer ks categorically | prevents unintentional heat-up - the
temperature sensor from the ruled out even if exposed to highest button is illuminated for visual control
media, the unit powers off temperatures — all models come wkh
completely a fire-resistant aluminum die-cast

housing

Figure 2.10Heidolph MR Hei-Tec [22].

18



2.4.3 Silicone QOil

Due to the selected temperature range, it is imiplesto use water as an appropriate temperature

bath. A wacker silicone fluid AK oil was used. Waclsilicone fluid AK are dimethyl

polyslloxane whose un-branched chains are madé alpeonate silicon and oxygen atoms, the

free valences of the silicon being saturated bynhgiejroup. While the carbon chains of organic

compounds show little resistance to certain extenflaences, the stability of inorganic Si-O

linkage is, in many ways, like the chemical inestmef silicate minerals. The structure of

silicone fluid AK can be represented by the follogigeneral formula as in figure 2.11

Figure 2.11Structural formula of silicone oil.

The selected silicone oil was AK 350 with the faling properties in table 2.2

Table 2.3Properties of silicone oil

Kinematic ~ Dynamic Viscosity- Coefficient of Thermal Flash Pour

Viscosity Viscosity Temperature  Thermal expansion conductivity point point  Volatility® Density
at20°Cc* at20°C Coefficient®  at0-150°C at50°C ISO 2592

mm?/s mPa.s cm®.10%cm®C Wk Im? °C °C % glem?®

350 340 0.595 9.25 0.15 >300 -50 <15 0.968
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AThe tolerance for up to 50 nifa is + 10 %, for higher viscosity fluids + 5 %

kinematic viscosity at 99 °C

B Viscosity-temperature coefficientl — — — - .
kinematic viscosity at 38 ° C

1) Percentage weight loss of a 5-g sample weighedaidi@-cm3 metal capsule and heated
at 230 °C for two hours [23].

2.4.4 Temperature Measurement

A standard, calibrated mercury thermometer is tigewntrol the temperature in the bath. It is
required by the standard of ASTM D445 to keep @mepgerature constant to avoid or reduce
unnecessary errors. To ensure that the temperatthie oil bath is uniform, two thermometers

are used. One for fixed control and the other oying control.

2.4.5 Accessories
For a conservative and an effective measuremeditti@uhl accessories were used. This includes

* Glass pipette: used for transporting a measurasn®bf Biodiesel sample into the
viscometer.

* Vacuumed Syringe: used for suction process duriagsurement.

» Stop watch: used for accurate measurement of temequired by the standard

procedure.

» Beaker Insulator: used to prevent heat loss t@tivironment at relatively high elevated
temperature.

* Viscometer Holder: used to keep the ubbelohddlaapviscometer vertically upright in
the oil bath.

2.4.6 Methodology

The following explains the necessary procedure éasuaring the kinematic viscosity of the
biodiesel sample.

1. Before use, first clean with 15 %@, and 15 % HCI. Thereafter rinse viscometer with a
suitable solvent (Acetone is choosing for our calsehust be completely dry and dust-

free before it is put to use for either manual meas.

20



If there is a possibility of lint, dust, or otheslisl material in the liquid sample, filter the
sample through a fritted glass filter or fine mesteen.

Charge the viscometer by introducing sample thrdillying tube into the lower
reservoir; introduce enough sample to bring thellbetween lines which placed on the
reservoir.

Place the viscometer into the holder, and insémntat the constant temperature bath.
Vertically align the viscometer in the bath if dfsdigning holder has not been used.

Allow approximately 20 minutes for the sample toneoto the bath temperature.

6. Apply vacuum to venting tube (2) as in figure ZBsing venting tube (2) by a finger or

rubber stopper. This will cause the successiviadilbf the reference level vessel (5), the
capillary tube (1), the measuring sphere (8), &edore-run sphere (9). Fill to
approximately 10 mm above the upper timing makrk Nbw suction is discontinued and
the venting tube (2) opened again. This causebofhie column to separate at the lower
end of the capillary (7) and to form the suspendedl at the dome-shaped top part (6).
What is measured in the time interval (efflux tithé takes the leading edge of the
meniscus of the sample to descend from the uppgr efdthe upper timing mark; to

the upper edge of the lower timing mauk.

Calculate the kinematic viscosity of the samplerwtiplying the efflux time t by the
viscometer constant k in (Table 2.2).We chooseihetic energy correction for
calculating "v” using formula in equation 2.22

Without recharging the viscometer, make check datetions by repeating steps 6 to 8

four or five times for each experiment.

Additionally, the following must be noted.

Calibration: In order to determine the relationsbgiween the time of flow and the
kinematic viscosity, a calibration of the instrurhenneeded. The calibration was done
by the manufacturer, Sl Analytics GmbH, Mainz adoog to ASTM D 2525/ D 446 and
ISO/DIS 3105. The instrument constant k were deitezd and given as in table 2.2. The
calibration constant can be used up to the temperaf 140°C. The influence of the

temperature on the capillary constant due to theex@ansion of the glass is very small,

33X107°~ [24]
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» Kinematic Viscosity: in place of equation 2.21, &osolute measurement, the corrected
flow time multiplied by the viscometer constantiltas the kinematic viscosity [nfits]
directly.

v=k(t—y) 2.22

Where y is the kinetic energy correction (HC)atd®ed in table 2.4.

Table 2.4Table of kinetic energy correction

Ubbelohde Viscometer 1ISO 3105/DIN51 562/Part1/B$488 60-100
Ref.N0.501..053532..

Correction seconds

Flow Capillary no
time 0 Oc Oa | Ic la 1
40 B B B 1.02 0.4t 0.15
50 -B -B -B 3.96 0.66 0.29 0.10
60 B B B 2.75 0.46 0.20 0.07
70 B B B 2.02 0.34 0.15 0.05
B B B 1.55 0.26
gg B B g';gs 1.22 0.20 géé 883
B B " AB 0.99 0.17 ) '
100 B 7.078 3.06 0.07 0.02
110 B 5.84° 2.52 0.82 0.14 0.06 0.02
120 B 4.91° 2.13 0.69 0.12 0.05 0.02
130 5 418> 181 059 010 004 001
140 B 361 156 0.51 0.08 0.04 0.01
150 B 3.14 1.36 0.44 0.07 0.03 0.01
160 B 2.7€ 1.20 0.39 0.06 0.03 0.01
170 B 2.45 1.06 0.34 0.06 0.02 0.01
180 B 2.18 0.94 0.30 0.05 0.02 0.01
190 B 1.96 0.85 0.28 0.05 0.02 0.01
200 1033 L.77 0.77 025 004 002 001
225 8.2( 1.4C 0.60 0.20 0.03 0.01 0.01

250 6.64 1.13 0.49 0.16 0.03 0.01 <0.01
275 5.47 0.93 0.40 0.13 0.02 0.01 <0.01
300 4.61 0.79 0.34 0.11 0.02 0.01 <0.01

325 3.90 0.6€ 0.29 0.09 0.02 0.01
350 3.39 0.58 0.25 0.08 0.01 0.01
375 2.95 0.50 0.22 0.07 0.01 0.01
400 2.59 0.44 0.19 0.06 0.01 <0.01
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425
450
475
500

550
600
650
700
750

800
850
900
950
1000

2.30
2.05
1.84
1.66

1.37
1.15
0.98
0.85
0.74

0.65
0.57
0.51
0.46
0.42

0.6¢
0.58
0.50
0.44

0.2t
0.20
0.17
0.14
0.13

0.11
0.10
0.09
0.08
0.07

0.29
0.25
0.22
0.19

0.1

0.09
0.07
0.06
0.05

0.05
0.04
0.04
0.03
0.03

0.09
0.08
0.07
0.06

0.03
0.03
0.03
0.02
0.02

0.01
0.01
0.01
0.01
0.01

0.01 <0.01
0.01 <0.01
0.01
0.01

0.01
0.01
<0.01
<0.01
<0.01

A The correction seconds stated are related toeective theoretical constant
® For precision measurement, thélsev times should not be applied. Selection of a
viscometer with a smaller capillary diameter isgesjed.

2.4.7 Flow Chart for Determining Kinematic Viscosiy

For full understanding of methodology, a systemnwflthart is designed. Figure 2.12 illustrate the

methodology flow chart for determination of kinematiscosity using an ubbelohde viscometer.
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¢Clean the ubbelohde viscometer

*Set the oil bath to required temperature
etransfer required amount of sample into the viscometer

ePlace the viscometer in the holder then into the oil bath

econtrol bath temperature

—

eclose vent tube and apply suction

eopen vent tube and measure time of flow between M, and M,

euse equation * to determine the kinematic viscosity

*Repeat step 1- 7 four different times
oif absolute erroris more than 1% ; remeasure
stake average of the four kinematic viscosities

*Repeat step 1-8 for the next temperature.

Figure 2.12Methodology flow chat.
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These measurements may be done at room temperalwes/s pour the solutions slowly.
Otherwise, they will entrain air bubbles that aeeywslow to escape and can affect the

experimental results.

The measurements of the kinematic viscosity fohesample have been performed according to
the flow chart given in figure 2.12. As mentionexfdre, for each sample four experiments
(measurements) have been conducted at the samertgarg, and the average value has been
taken for foregoing calculations of kinematic vistties.

Table 2.5 shows the results of four experimentd0at for biodiesel sample, WFME. As seen in
the Table 2.5, the flow times measured are veryecto each other. They are + 1% below or up
to the average time flow, which is allowable in gtandard norms + 5% of the average value is
permitted.

With this average flow time, the average kinemuiscosity has been calculated by using
equation 2.22.

In Table 2.5, the other parameters are also giwendiculation of the viscosity such as “k” (k is
constant of capillary) and “HC” or “y” (HC is kinietenergy correction) kinematic viscosity

values used are the average kinematic viscosityegah table and figures.

Table 2.5Kinematic Viscosity Calculation of WFME.

Experiments Time(min) Time(sec) Constant k for  Kinetic Kinematic
(T @ 40°C) Capillary no Energy Viscosity(mmz/s)
"I") Correction
(HC)
1 8.31:47 511.47 0.009132 0.04 4.67037876
2 8.30:78 510.78 0.009132 0.04 4.66407768
3 8.31:29 511.29 0.009132 0.04 4.668735
4 8.30:32 510.32 0.009132 0.04 4.65987696
Ave.Viscosity
4.6657671
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In the same manner and using the flow chart, therkatic viscosity of all samples has been
calculated from 2@ up to 140C stepwise 1T and it is shown and discussed in the next

chapter.
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CHAPTER 3

RESULTS AND DISCUSSIONS

The hypothesis of this work is balanced with reanli necessary discussions that follows.

3.1 Accuracy and Repeatability

To ensure the accuracy of the devices we measeidrtbmatic viscosity of a fluid of which it's
kinematic viscosity is known. That fluid is puretera The kinematic viscosity of the pure water
is given in the literature and is 0.80908 fsrat 30°C [20].

When we use the same experimental conditions arduned the kinematic viscosity of pure
H,O with using Ubbelohde Viscometer we obtained tiherkatic viscosity 0.803 mffs.

The absolute error calculated is less than 1% J0t&khow that the devices we used are well
calibrated.

To ensure a precise measurement, repeatabilityeestarried out. Table 3.1 shows an

ubbelohed viscometer repeatability results.

Table 3.1Ubbelohde viscometer repeatability results for sbimdiesel samples.

Fluid type Temperature Measured Average Kinematic Absolute Percent
(°C) kinematic viscosity error absolute
viscosity (mm?/s) (mm?/s) (mm?/s) error (%)
WFME 40 4.67037876 4.665767 0.004612 0.098743
4.66407768 0.001689 0.036222
4.668735 0.002968 0.06357
4.65987696 0.00589 0.126401
80 2.3553432 2.353344 0.001999 0.084879
2.3510592 0.002285 0.097182
2.3536296 0.000286 0.012134
2.353344 0 0
WCME 40 4.6988706 4.678278 0.020593 0.438247
4.66407768 0.0142 0.30446
4.65896376 0.019314 0.41456
4.69119972 0.012922 0.275447
50-WFME 40 5.42185104 5.421151 0.0007 0.012913
5.41838088 0.00277 0.051123
5.42322084 0.00207 0.038168
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From the results in table 3.1, it can be discuglsatithe measurement by the viscometer are
precise. The repeatability is below 1% error corafgarthe average value. With this notion, there
is 99% probability that the kinematic viscosityuks to be discussed in the next sub-section are
true value.

The accuracy and repeatability tests posed a ughytndency of genuine results.
3.2 Kinematic Viscosity

Figure 3.1 — 3.5 show the relationship betweerkthematic viscosity and temperature of
WFME, WCME, 50-WFME, 75-WFME and 25-WFME, respeetiu The viscosity of a desire
sample can be gotten from the charts at a knoweestyre. There has been no comprehensive
theory on the viscosity of the liquids so far bessof its complex nature. Theoretical methods
of calculating liquid viscosities like those propdshy Kirkwood [25]. And the molecular
dynamic approaches reported by cummings and eraf2 useful in providing valuable
insights into the theory even though they resularge deviations from the measure viscosity
data. In contrast, semi-empirical and empiricalhods provide reasonable results but lack
generality of approach. At temperature below themnab boiling point, the logarithm of liquid
viscosity varies linearly with the reciprocal okethbsolute temperature as described by the

model;

1()—A+<B) = Al (B) 3.1
nw) = T or V= exp T .

With the constants A and B determined empiricalytemperature above the normal boiling
point, the Inv versus (1/T) relationship becomes non-linear arakscribed by a number of
semi-empirical methods including those based ormptimeiple of corresponding state. At this
state kinematic viscosity is often representedhigyAndrade equation or a modified form

proposed by Tat and Van Gerpen [27].

1()—A+<B>+C 3.2
nw) = T T2 .
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Figure 3.1Kinematic viscosity of 100% waste frying methyleastWFME).
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Figure 3.2Kinematic viscosity of 100% waste canola methyeestWVCME).
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Figure 3.3Kinematic viscosity of 50% waste frying methyl este50% waste canola methyl
ester (50 - WFME).
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Figure 3.4Kinematic viscosity of 75% waste frying methyl este25% waste canola methyl
ester (75 - WFME).
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Figure 3.5Kinematic viscosity of 25% waste frying methyl este/5% waste canola methyl
ester (25- WFME).

Since our temperature range is below the boilingtpef our samples, Equation 3.1 is used in
analysis, validation and discussion of our data.

Assuming the prescribed behavior we plotted)inversus 1/T, where is the measured viscosity
and T is the absolute temperature in Kelvin. Figlife3.10 show the regression based of
equation 3.1.
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Figure 3.6 Empirical model for waste frying methyl ester (WFME
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Figure 3.7 Empirical model for waste canola methyl ester (WQME
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Figure 3.8 Empirical model for 50% waste frying methyl esté50% waste canola ester
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Figure 3.9Empirical model for 75% waste frying methyl este25% waste canola methyl ester
(75 -WFME).
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Figure 3.10Empirical model for 25% waste frying methyl estét5% waste canola methyl
ester (25 - WFME).

As a validation, in all cases, straight lines resuth correlation coefficients are greater than
0.99 implying that all our correlations are sciadilly alright. Table 3.2 gives the empirical

equations for all tested samples between 293.18k3-15K, (20°C -140°C).

Table 3.2Viscosity correlation constants for the five bickii&fuel over the range of 20 -140°C.

Fuel type A B R

WFME 1807.3 -4.2346 0.9967
WCME 1826.1 -4.294 0.9955
50-WFME 1881.7 -4.3343 0.9909
75-WFME 1822.5 -4.1925 0.9917
25-WFME 1934.6 -4.4396 0.9953
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Figure 3.11 show that viscosity decreases as tanperincreases as expected. From the figure
we could see that for all samples tested, as teatyrerincreases, the kinematic viscosity
decreases. This is in line with other samples dieslleover the world. It can be explained by

kinetic molecular theory.

10
9 - +
8 .
< *
T o7 +
E .
Z 6 P X WFME
("]
g 5 - ° ® WCME
'S ] +
g 4 | 50 - WFME
s 4 -
E, 3 g ; ¢ 75 - WFME
< o +25 - WFME
2 - -
1 -4
0 T T T T T T T
0 20 40 60 80 100 120 140 160

Temperature (°C)

Figure 3.11Viscosity — Temperature relationship for all sarsple
Since viscosity is the resistance to flow of molesuo slide over one another, as temperature
increases, the molecules gain heat energy whitchnsform molecularly into kinetic energy,
enabling them to move more faster with reductiofiaw resistance; viscosity. Figure 3.12 show
this idea.
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[
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Control Volume
| e e s e e e e AE=0

Figure 3.12Energy balance of molecules.
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Where Q is the heat energy transferred into theesysE is total energy of the system, and K.E
is kinetic energy of the molecules. Because ofg@nbalance, conservation of energy; = 0,

then kinetic energy of the molecules have to ineeess heat energy is being transferred into the
system.

We can also explain this with theory of mechaniasib molecular concept. It is generally
known that the size of the atoms or molecules siflzstance increases when the temperature
decreases and decreases when the temperaturesencféarefore as temperature of a molecule
increases, the radius of the molecule decreaseseliyn enabling the molecules to slide over
each other more easily as it was stated in ch@ptnaller molecule. The idea is, smaller radius
increases contact area which increases the shaedfiposite of rolling resistance theory”.

We also examine the relationship between the vigcobthe sample and their relative mixing
proportions. Figure 3.13 explain this in details.

10

—\/is @ 20°C

97 —Vis @ 30°C
) / ——Vis @ 40°C

= 7 — —Vis @ 50°C
£
£ —\/is @ 60°C
- 6
Z —\/is @ 70°C
8 5 h /
2 —\/is @ 80°C
o /\ . o
= 4 A —\/is @ 90°C
E’ 3 - § ——Vis @ 100°C
* , Vis @ 110°C
Vis @ 120°C
1 .
Vis @ 130°C
0 - ' . e \is @ 140°C
0 25 50 75 100
0 % WCME 25% WCME 50% WCME 75% WCME 100% WCME
100% WFME  75% WFME 50% WFME 25% WFME 0% WFME

Figure 3.13Viscosity — Composition relationship.
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From figure 3.13 the kinematic viscosity of WCMEaidittle greater than the kinematic viscosity
of WFME at same temperature and pressure. Sintedidhem are under the same condition
with the same molecular structure (they are babibsel sample), it could be concluded that the
variation in the viscosity is due to variation mdlecular size”. As discussed in chapter 2, it
implies that WFME has a smaller radius compare @©WE.

Also, as the percentage of WCME increases, th@siscincreases until at 75% where it drops.
It is easy to make a mistake by thinking that tiseasity of 50-WFME should be the average of
the kinematic viscosity of WFME and WCME. On comjrat increases. This is due to the fact
that the smaller molecules of WCME are gradualling up the intermolecular space between
the WFME molecular structures. Figure 3.14 -3.16xshhis in details.

U

Figure 3.14Approximated molecular structure of WCME.

Where the molecules represented by “+” are biggaking them to slide slower

Figure 3.15Approximated molecular structure of WFME.

Where the molecules represented by “-“are smattaking them to slide more faster.
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Figure 3.16 Approximated molecular structures of 25 - WFME.
Where the WCME molecule is gradually filling up tinéermolecular space between the WFME
molecules, making it much more difficult for the lexules to slide over one-another. This
continues until the molecules of WCME become dominand then viscosity drops (at a
noticeable percentage of 25- WFME and 75 — WCME).
At an elevated temperature the effect of tempeedbecome more dominant and then all samples
seems to have approximately same kinematic vigcat# particular temperature.
We can also find computational empirical coeffitgefor the kinematic viscosity — composition
relationships. This is done by forth order polynalhnegression as shown in Figure 3.17.

7
w)
6
£
€5 |
9
'Eg- ¢ Vis. @ 40'C
-.§ , ——Poly. (Vis. @ 40'C)
£ v = -1E-07x* + 1E-05x3 - 0.0005x + 0.017x +
£1 - 4.6658
X

0 .

0 50 100

Composition percentages

Figure 3.17Polynomial regressions for composition percentage®’C.
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In similar way, the regression is computed for temagure range between 20°C to 140°C in form
of:
v=Ax*+Bx3+Cx*+Dx+E 3.3

Where x is the desire WCME percentage in our mextur

Table 3.3Polynomial coefficients for kinematic viscosity eraposition relationship.

Temperatures A B C D E R
§9)

20 -2E-07 3E-05 -0.0015 0.564 7.355 1
30 -2E-07 2E-05 -0.0011 0.0422 5.7583 1
40 -1E-07 1E-05 -0.0005 0.017 4.6658 1
50 -2E-07 AE-05 -0.0018 0.0346 3.8112 1
60 -2E-07 AE-05 -0.002 0.0397 3.1608 1
70 -1E-07 2E-05 -0.0012 0.0277 2.051 1
80 -7E-08 2E-05 -0.0012 0.0359 2.3533 1
90 -6E-08 1E-05 -0.001 0.0295 2.0332 1
100 -6E-08 1E-05 -0.0009 0.0252 1.814 1
110 -5E-08 1E-05 -0.0008 0.0216 1.6367 1
120 -2E-08 AE-06 -0.0004 0.0126 1.4822 1
130 -5E-08 1E-05 -0.0008 0.0215 1.3228 1
140 -3E-08 7E-06 -0.0005 0.0164 1.1904 1

R? = 1 means that all correlations are within an ptatgle range. The data could be used to get
the kinematic viscosity of biodiesel sample proditoen varying mixture of waste frying oil and
waste canola oil.

Table 3.4 shows the general result for kinemascasity at varying temperature.
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Table 3.4Kinematic viscosities of five biodiesel fuels imtperature range of (20— 140°C)

Temperature Kinematic Viscosity (mnt/s)

(°C)

WEME WCME 75-WFME 50-WFME 25-WFME
20 7.35502695 7.48472418  8.49465489 8.82023352 9.75
30 5.75829675 5.78697123  6.40497172 6.9325578 7.238844
40 4.6657671 4.67827794  4.97882728 5.42115092 5.748571
50 3.81119454 3.80076884  4.02787407 4.1833692 4.682757
60 3.1608135 3.07853418  3.3952776 3.43319823 3.7995512
70 2.70514953 2.67289074  2.91733916 2.856791 3.1682242
80 2.353344 2.332709 2.553907 2.614311 2.705489
90 2.033174976 2.023108 2.226526 2.259513 2.322059
100 1.813971264 1.806903 1.955272 1.976977 2.04595
110 1.636679352 1.626112 1.745065 1.755703 1.82439
120 1.48216404 1.473239 1.571557 1.609613 1.626249
130 1.32279924 1.304664 1.481379 1.488804 1.527432
140 1.19035224 1.1775 1.329796 1.346647 1.362783

As discussed in chapter 2, the data in table :1dbeaby used design engineers to optimize the
performance in the fuel system and even to cottithree Tof combustion.

* Temperature

* Turbulence

e Time.
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The temperature at each point in the fuel systewerg important which is one of the major
dependent factors of viscosity. In like manner,ttirbulence is very important. the turbulence
cannot be determined without the Reynolds’s numddetermining parameter derived from
viscosity. Also the time flow rate is important.

With respect to results in table 3.4, we can alseck and compare the kinematic viscosity at
40°C to require standards. This is given in tabfe 3

Table 3.5Standardization of kinematic viscosity of the fhiediesel samples.

Analysis Method ASTM WFME  WCME  75-WFME 50-WFME 25-WFME
D 6751

Min. Max.

Viscosity ASTM  1.€ 6.C 466576 4.67827 4.9788272 5.4211509 5.7485711
@ 40°C D 445
(mm?2/s)

As discussed in chapter 2 also, the data in tableah be used by quality control engineers to
check if they pass control test or not.

Complete experimental results and data are givé&ppendix five.
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CHAPTER 4

CONCLUSIONS

The ubbelohde viscometer was used to obtain thergewpntal data for kinematic viscosity of
the five biodiesel samples tested and the follovignge concluded.
* The entire sample passed the ASTM standard kinemiatosity test.
» The viscosity of the biodiesel samples tested @seréogarithmically with increases in
temperature, experimentally as predicted by Andegfigation.
» The viscosity of sample produced from mixture dfvairies from mixture of biodiesel
sample mixture after production.
* The data can be use by design engineers for ogiiozof fuel performance during
combustion in fuel system line.
The experiment is done with characterized limitedreas discussed in Chapter 3. Source of
limited errors may include.
» Parallax error.
* Reading and averaging error.
» Certainty error like non-uniform perfect distribwti of temperature in the oil bath.
* Mechanical vibration of instruments.
Future works are also recommended. From the prosp#as work, the following future works
are suggested.
» Effect of pressure on kinematic viscosity of bicgiesample
* Investigation of the flash point of the biodiesafrples
* Investigation of combustion efficiency of the biesel sample

» Testing the biodiesel samples for detailed efficieand performances.+
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APPENDIX 1.

DYNAMIC VISCOSITY CONVERSION FACTOR

Multiply by To
From Poiseuille Poise Centipoise  kg/m.h b.s/ft? Ib/ft.s Ib/ft.h

(Pa.s) (dyne.s/cni

=g/cm.s)

Poiseuille 1 10 1¢3 3.63*1C 2.09*1C%* 0.67: 2.42%1C
(Pa.s)
Poise 0.1 1 10C 36( 2.09*1C° 6.72*1C% 24z
(dyne.s/cnf
=g/cm.s)
Centipoise  0.001 0.01 1 3.€ 2.09%1C° 6.72*1C* 2.4z
kg/m.h 2.78*1C*  2.78*1C° 2.78*1Ct 1 0.672
Iby.s/ft? 47.¢ 47¢ 479*1¢* 1.72x1¢C 1 1.16*1C
Ib/ft.s 1.4¢ 14.¢ 1.4941¢* 5.36*1C 3.11*1C% 1 3.63*1C
Ib/ft.h 4.13*1C*  4.13*1C° 0.41: 1.4¢ 6.62*1C° 2.78*1C* 1

KINEMATIC VISCOSITY CONVERSION FACTORS

Multiply by To

From Stoke CentiStokes m?/s nf/h ft°/s ft°/h
Stoke 1 100 1.0001d 3.60*10*° 1.076*10°  3.875969
CentiStokes 0.01 1 1.00*10 3.60*10° 1.08*10° 0.03876
m?/s 1.0071¢" 1.00*1¢ 1 3.60*¢1G  1.08*1¢ 3.88*1(
m?/h 2.78 2.78*16 2.78*10% 1 2.99*10° 1.08*10"
ft/s 929.0 9.29*10 9.29*10° 3.34*10¢ 1 3.60*1G
ft/h 0.258 25.8 2.58*16 9.28*10° 2.78*10% 1
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[I Designation: D 446 — 07
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INTERNATIONAL

1P,

Designation: 71/2/95

An American National Standard

Standard Specifications and Operating Instructions for
Glass Capillary Kinematic Viscometers'

This standard is issued under the fixed designation D 446; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 These specifications cover operating instructions for
glass capillary kinematic viscometers of all the types described
in detail in Annex Al, Annex A2, and Annex A3 as follows:

Modified Ostwald viscometers, Annex A1
Suspended-level viscometers, Annex A2
Reverse-flow viscometers, Annex A3

1.2 The calibration of the viscometers is described in
Section 6.

1.3 This standard covers some widely used viscometers
suitable for use in accordance with Test Method D 445. Other
viscometers of the glass capillary type which are capable of
measuring kinematic viscosity within the limits of precision
given in Test Method D 445 may be used.

1.4 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

2. Referenced Documents

2.1 ASTM Standards:*
D:445 Test Method for Kinematic Viscosity of Transparent
and Opaque Liquids (and Calculation of Dynamic Viscos-

ity)

D:2162 Practice for Basic Calibration of Master Viscom-
eters and Viscosity Oil Standards

22 ISO Documents:>

ISO 3104 Petroleum Products—Transparent and Opaque
Liquids—Determination of Kinematic Viscosity and Cal-
culation of Dynamic Viscosity

" These specifications and operating instructions are under the jurisdiction of
ASTM Committee D02 on Petroleum Products and Lubricants and are the direct
responsibility of Subcommittee D02.07 on Flow Properties.

Current edition approved Jan. 1, 2007. Published January 2007. Originally
approved in 1966 as D 2515 - 66. Redesignated D 446 in 1977. Last previous
edition approved in 2006 as D 446 — 06.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036.

ISO 3105 Glass Capillary Kinematic Viscometers—
Specifications and Operating Instructions

ISO 5725 Basic Methods for the Determination of Repeat-
ability and Reproducibility of a Standard Measurement
Method

ISO 17025 General Requirements for the Competence of
Testing and Calibration Laboratories

ISO Guide 25 General Requirements for the Calibration and
Testing Laboratories

2.3 NIST Standards:*

NIST 1297 Guidelines for Evaluating and Expressing the
Uncertainty of NIST Measurement Results

3. Materials and Manufacture

3.1 Fully annealed, low-expansion borosilicate glass shall
be used for the construction of all viscometers. The size
number, serial number, and manufacturer’s designation shall be
permanently marked on each viscometer. All timing marks
shall be etched and filled with an opaque color, or otherwise
made a permanent part of the viscometer. See detailed descrip-
tion of each type of viscometer in Annex Al, Annex A2, and
Annex A3.

3.2 With the exception of the FitzSimons and Atlantic
viscometers, all viscometers are designed to fit through a
51-mm hole in the lid of a constant-temperature bath having a
liquid depth of at least 280 mm; and it is assumed that the
surface of the liquid will be not more than 45 mm from the top
of the bath lid. For certain constant-temperature baths, espe-
cially at low or high temperatures, it may be necessary to
construct the viscometers with the uppermost tubes longer than
shown to ensure adequate immersion in the constant-
temperature bath. Viscometers so modified can be used to
measure kinematic viscosity within the precision of the test
method. The lengths of tubes and bulbs on the figures should be
held within =10 % or £10 mm, whichever is less, such that
the calibration constant of the viscometer does not vary by
more than =15 % from the nominal value.

4 Available from National Institute of Standards and Technology (NIST), 100
Bureau Dr., Stop 1070, Gaithersburg, MD 20899-1070, http://www.nist.gov.

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.

Copyright ASTM International
Provided by IHS under license with ASTM
No reproduction or networking permitted without license from IHS
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Not for Resale, 04/27/2010 08:13:16 MDT
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4. Nomenclature for Figures

4.1 The figures in the annexes contain letters to designate
specific parts of each viscometer. These letters are also used in
the text of the standard when reference to the viscometers is
given. The more frequently used letters on the figures in the
annexes are as follows:

A lower reservoir
B suspended level

bulb
CandJ timing bulbs
D upper reservoir
E, F, and | timing marks
G and H filling marks
K overflow tube
L mounting tube
M lower vent tube
N upper vent tube
P connecting tube
R working capillary

5. Viscometer Holder and Alignment

5.1 All viscometers which have the upper meniscus directly
above the lower meniscus (Cannon-Fenske routine in Annex
Al and all in Annex A2) shall be mounted in a constant
temperature bath with tube L held within 1° of the vertical as
observed with a plumb bob or other equally accurate inspection
means. A number of commercially available holders are so
designed that the tube L is held perpendicular to the lid of a
constant-temperature bath; nevertheless, the viscometer should
be tested'with a plumb line in order to ensure that the tube L
is in a vertical position.

5.1.1 Those viscometers whose upper meniscus is offset
from directly above the lower meniscus (all others in Annex Al
and all in Annex A3) shall be mounted in a constant-
temperature bath with tube L held within 0.3° of the vertical.

5.2 Round metal tops, designed to fit above a 51-mm hole in
the lid of ithe bath, are frequently cemented on to the Zeitfuchs,
Zeitfuchs cross-arm, and Lantz-Zeitfuchs viscometers which
then are permanently mounted on the lid of the bath. Also a
rectangular metal top, 25 mm X 59 mm, is often cemented on
to the Zeitfuchs cross-arm and Zeitfuchs viscometers. Viscom-
eters fitted with metal tops should also be set vertically in the
constant-temperature bath with the aid of a plumb line.

5.3 In each figure, the numbers which follow the tube
designation indicate the outside tube diameter in millimetres. It
is important to maintain these diameters and the designated
spacing to ensure that holders will be interchangeable.

6. Calibration of Viscometers

6.1 Procedures:

6.1.1 Calibrate the kinematic glass capillary viscometers
covered by this standard using the procedures described in
Annex Al, Annex A2, and Annex A3.

6.2 Reference Viscometers:

6.2.1 Select a clear petroleum oil, free from solid particles
and possessing Newtonian flow characteristics, with a kine-
matic viscosity within the range of both the reference viscom-
eter and the viscometer to be calibrated. The minimum flow
time shall be greater than that specified in the appropriate table
of the annex in both the reference viscometer and the viscom-
eter which is to be calibrated in order that the kinetic energy
correction (see 7.1 and 7.2) may be less than 0.2 %.

6.2.2 Select a calibrated viscometer of known viscometer
constant C,. This viscometer may be a reference viscometer
(driving head at least 400 mm) that has been calibrated by the
step-up procedure using viscometers of successively larger
capillary diameters, starting with distilled water as the basic
kinematic viscosity standard or a routine viscometer of the
same type that has been calibrated by comparison with a
reference viscometer. See Test Method D 2162.

6.2.3 Mount the calibrated viscometer together with the
viscometer to be calibrated in the same bath and determine the
flow times of the oil in accordance with Test Method D 445.

6.2.3.1 The calibration of the reference viscometer should
only be carried out by a reputable laboratory meeting the
requirements of, for example, ISO Guide 25.

6.2.4 Calculate the viscometer constant C, as follows:

C,= (Xl D
where:
C, = the constant of the viscometer being calibrated,
t, = the flow time to the nearest 0.1 s in the viscometer
being calibrated,
C, = the constant of the calibrated viscometer, and
t, = the flow time to the nearest 0.1 s in the calibrated

viscometer.

6.2.5 Repeat 6.2.1-6.2.3 with a second oil whose flow times
are at least 50 % longer than the first oil. If the two values of
C, differ by less than 0.2 % for those viscometers listed in
Annex Al and Annex A2 and less than 0.3 % for those
viscometers listed in Annex A3, use the average. If the
constants differ by more than this value, repeat the procedure
taking care to examine all possible sources of errors.

6.2.5.1 The calibration constant, C, is dependent upon the
gravitational acceleration at the place of calibration and this
must, therefore, be supplied by the standardization laboratory
together with the instrument constant. Where the acceleration
of gravity, g, differs by more than 0.1 %, correct the calibration
constant as follows:

C, = (g./g1) X C, (2)

where subscripts 1 and 2 indicate respectively the standard-
ization laboratory and the testing laboratory.

6.3 Certified Viscosity Reference Standards:

6.3.1 Certified viscosity reference standards shall be certi-
fied by a laboratory that has been shown to meet the require-
ments of ISO 17025 by independent assessment. Certified
viscosity reference standards shall be traceable to master
viscometer procedures described in Practice D 2162.

6.3.1.1 The uncertainty of the certified viscosity reference
standard shall be stated for each certified value (k=2, 95%
confidence). See ISO 5725 or NIST 1297.

6.3.2 Select from Table | a certified viscosity reference
standard with a kinematic viscosity at the calibration tempera-
ture within the kinematic viscosity range of the viscometer to
be calibrated and a minimum flow time greater than that
specified in the appropriate table of the annex. Determine the
flow time to the nearest 0.1 s in accordance with Test Method
D 445 and calculate the viscometer constant, C, as follows:

C=nlt (3)

Copyright ASTM International
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TABLE 1 Certified Viscosity Reference Standards

Approximate Kinematic Viscosity, mm?/s

Designation
20°C 25°C 40°C 50°C 80°C 100°C
S3 4.6 4.0 2.9 1.2
S6 11 8.9 5.7 1.8
$20 44 34 18 3.9
S60 170 120 54 7.2
$200 640 450 180 17
$600 2400 1600 520 280 67 32
$2000 8700 5600 1700 75
$8000 37 000 23000 6700
$30000 81000 23 000 11 000
where: correction term, E/f, is negligible if the flow time is more than
v = the kinematic viscosity, mm?*/s, for the certified vis- 200 s. In the case of several sizes of viscometers for the
cosity reference standard, and measurement of low-kinematic viscosity liquids, a minimum
t = the flow time, s. flow time greater than 200 s is required in order that the kinetic

6.3.3 Repeat with a second certified viscosity reference
standard whose flow times are at least 50 % longer than the
first certified viscosity reference standard. If the two values of
C differ by less than 0.2 % for those viscometers listed in
Annex Al and Annex A2 and less than 0.3 % for those
viscometers listed in Annex A3, use the average as the
viscometer constant for the viscometer being calibrated. If the
constants differ by more than this value, repeat the procedure
taking care to examine all possible sources of errors.

6.4 Expression of Constant:

6.4.1 Report the constant to the nearest 0.1 % of the
determined value. This generally means four significant figures
from 1 X 10N to 6.999 X 10N and three significant figures
from 7 X 10~ to 9.99 X 10™.

7. Kinematic Viscosity Calculation

7.1 Basic Formula:
7.1.1 Kinematic viscosity, expressed in mm?/s, can be
calculated from the viscometer dimensions as follows:

v = (10%wgD*H1/128 VL) — EIf* 4)

v = the kinematic viscosity, mm?/s,

g = the acceleration due to gravity, m/s?,

D = the diameter of the capillary, m,

L = the length of the capillary, m,

H = the average distance between the upper and lower

menisci, m,

V= the timed volume of liquids passing through the
capillary, m*(approximately the volume of the timing
bulb),

= the kinetic energy factor, mm?s, and

= the flow time, s.

7.1.2 1If the viscometer is selected so that the minimum flow
time shown in the tables of Annex Al, Annex A2, and Annex
A3 are exceeded, the kinetic energy term, E/f*, becomes
insignificant and Eq 4 may be simplified by grouping the
non-variable terms into a constant, C, as follows:

v=_Ct (5)

-
I

7.2 Kinetic Energy Correction:
7.2.1 The viscometers described in the Annex Al, Annex
A2, and Annex A3 are designed such that the kinetic energy

energy correction term, E/ %, shall be negligible. The minimum
flow times required are set out as footnotes to the appropriate
tables of viscometer dimensions given in the Annex A1, Annex
A2, and Annex A3. 3
7.2.2 For viscometers whose constants are 0.05 mm?/s* or -
less, a kinetic energy correction can be significant if the
minimum 200 s flow is not observed. Where this is not"
possible, Eq 5 takes on the following form: :

kinematic viscosity, mm%s = Ct-EIf* (6) :

where:
E = kinetic energy factor, mm?X s,
C = viscometer constant, mm?>/s>,
t = flow time, s.

7.2.3 Although the kinetic energy factor, E, is not a con-
stant, it may be approximated by means of the following
equation:

E =525 V?/L(Cd)"? N

where:
(using the units given in Figs. A1.1-A3.4)
V= volume of the timing bulb, mL,
L = capillary working length, mm,
d = capillary working diameter, mm,
C = viscometer constant, mm?2/s>.

Note 1—The kinetic energy factor for certain viscometer designs and
flow time use can result in significant kinematic viscosity errors. Deter-
mine the effect of the kinetic energy factor for viscometers not described
in this specification.

7.3 Maximum Flow Time:

7.3.1 The limit of 1000 s has been set arbitrarily for
convenience as the recommended maximum flow time for the
viscometers covered by this standard. Longer flow times may
be used.

7.4 Surface Tension Correction:

7.4.1 If the two menisci have different average diameters
during the flow time and if the surface tension of the sample
differs substantially from the calibrating liquid, a surface
tension correction is necessary. The changed C constant, C ,, is
given approximately as follows:

C, = C[1 + g (ir, = Ur)(vilpy = ¥a/py)] (®)
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where 7.5.3 The following equation can be used to calculate the
g = the acceleration due to gravity, m/s?, viscometer constant at temperatures other than the calibration
h = the average driving head, m, temperature for the Cannon-Fenske routine, Pinkevitch, and
r, = the average radius of the upper meniscus, m, Cannon-Manning semi-micro viscometers:
r, = the average radius of the lower meniscus, m, B 3 )
v = the surface tension, N/m, and G, = Cy[1 + (4000 V(p, = p1))imDhp)] ©)
p = the density, in kg/m>. where:

Subscripts 1 and 2 relate to values with the calibrating liquid C, = the constant of the viscometer when filled and

and the test portion, respectively.

calibrated at the same temperature,

7.4.2 While this correction applies to all viscometers, a V= the volume of charge, mL,
number of viscometers are designed to minimize the surface D = the average diameter of the meniscus in the lower
tension correction. The greatest correction normally encoun- reservoir for the Cannon-Fenske routine, Pinkevitch,
tered is with a viscometer calibrated with water and used for and Cannon-Manning semi-micro viscometers, and
oils. Generally, viscometers are calibrated and used with in the upper reservoir of the Cannon-Fenske opaque
hydrocarbons whose surface tensions are close enough for viscometer, mm,
these corrections to be insignificant. h = the average driving head, mm,

7.5 Effect of Temperature: p; = the densit}; of the3test liquid at the filling tempera-

7.5.1 The viscometer constant, C, is independent of tem- ture, kg/ m” X 107, and )

p, = the density of the test liquid at the test temperature,

perature for all those viscometers which have the volume of
sample adjusted at bath temperature and in the case of all
suspended-level viscometers.

7.5.2 The following viscometers, which have a fixed vol-
ume charged at ambient temperature, have a viscometer
constant, C, which varies with temperature: Cannon-Fenske
routine, Pinkevitch, Cannon-Manning semi-micro, Cannon-
Fenske opaque.

kg/m® X 1073,
7.5.4 The temperature dependence of C for the Cannon-
Fenske opaque (reverse-flow) viscometer is given as follows:

C, = C[1 — (4000 V(p, — p ))(mD’hp,)] (10)

8. Keywords

8.1 kinematic viscosity; viscometer; viscosity

ANNEXES

(Mandatory Information)

Al.

Al.1 General

Al.1.1 The following viscometers of the modified Ostwald
type for transparent liquids follow the basic design of the
Ostwald viscometer, but are modified to ensure a constant
volume test portion in the viscometer as described in Al.1.2
and A1.1.3.

A1.1.2 These viscometers are used for the measurement of
the kinematic viscosity of transparent Newtonian liquids up to
20 000 mm?/s.

A1.1.3 For the modified Ostwald viscometers, detailed
drawings, size designations, nominal constants, kinematic
viscosity range, capillary diameter, and bulb volumes for each
viscometer are shown in Figs. A1.1-A1.7.

Al1.1.3.1 Constant volume at filling temperature:

(1) Cannon-Fenske routine viscometer
(2) Cannon-Manning semi-micro viscometer
(3) Pinkevitch viscometer
A1.1.3.2 Constant volume at the test temperature:
(1) Zeitfuchs viscometer’
(2) SIL viscometer

3 Zeitfuchs is a tradename of Cannon Instrument Co., P. O. Box 16, State
College, PA 16804-0016.

MODIFIED OSTWALD VISCOMETERS

(3) BS/U-tube viscometer
(4) BS/U-tube miniature viscometer

A1.2 Operating Instructions

Al1.2.1 A standard operating procedure applicable to all
glass capillary kinematic viscometers is contained in Test
Method D 445. Operating instructions for the modified Ost-
wald viscometers are outlined in A1.2.2-A1.2.7 with emphasis
on procedures that are specific to this group of viscometers.

Note A1.1—ISO methods 3104 and 3105 correspond to Test Methods
D 445 and D 446, respectively.

A1.2.2 Select a clean, dry calibrated viscometer which will
give a flow-time greater than 200 s or the minimum shown in
the table of dimensions, whichever is greater.

A1.2.3 Charge the viscometer in the manner dictated by the
design of the instrument, the operation being in conformity
with that employed when the unit was calibrated. If the sample
is thought or known to contain fibers or solid particles, filter
through a 75—pm screen either prior to or during charging.

Note Al.2—To minimize the potential of particles passing through the
filter from aggregating, it is recommended that the time lapse between
filtering and charging be kept to a minimum.
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Note 1—All dimensions are in millimetres.

Note 2—For size 25 only, the capillary N extends straight through bulbs D and C to about 10 mm below bulb C; the timing mark F encircles this

capillary.
Si Approximate Constant, ) Kln_ematlc Inside Diameter of Inside Diameter of Tubes Bulb Ilfléjg/]? mt
ize No. > Viscosity Range, Tube R, mm -9 7
(mm?/s)/s 5 N, E, and P, mm

mm?/s (*2 %) D c
25 0.002 0.5%to0 2 0.30 2,610 3.0 3.1 1.6
50 0.004 0.8to0 4 0.44 2.6t0 3.0 3.1 3.1
75 0.008 1.61t08 0.54 2.6t03.2 3.1 3.1
100 0.015 3to 15 0.63 2.8t03.6 3.1 3.1
150 0.035 71035 0.78 2.8103.6 3.1 3.1
200 0.1 20 to 100 1.01 2.8103.6 3.1 3.1
300 0.25 50 to 250 1.27 2.81t0 3.6 3.1 3.1
350 0.5 100 to 500 1.52 3.0t0 3.8 3.1 3.1
400 1.2 240 to 1200 1.92 3.0t0 3.8 3.1 3.1
450 25 500 to 2500 2.35 3.5t04.2 3.1 3.1
500 8 1600 to 8000 3.20 3.7t04.2 3.1 3.1
600 20 4000 to 20 000 4.20 4.4105.0 4.3 3.1

A 250-s minimum flow time; 200-s minimum flow time for all other units.

FIG. A1.1 Cannon-Fenske Routine Viscometer for Transparent Liquids

Al1.2.3.1 To charge the Cannon-Fenske routine, Cannon-
Manning semi-micro, and Pinkevitch viscometers, invert the
viscometer and apply suction to tube L (the Pinkevitch vis-
cometer has a side arm O to which vacuum is applied, with the
finger on tube L being used to control the liquid flow) with tube
N immersed in the liquid sample. Draw the sample to timing
mark F for the Cannon-Fenske routine and Pinkevitch viscom-
eters and to filling mark G for the Cannon-Manning semi-
micro viscometer. Mount the viscometer upright in the
constant-temperature bath keeping tube L vertical.

A1.2.3.2 Mount the Zeitfuchs viscometer in the constant-
temperature bath, keeping tube L vertical. Pour sample through
tube L to fill mark G. Allow 15 min for the sample to attain
bath temperature and become free of air bubbles. Attach the

vacuum line with stopcock and trap to tube K. Slowly draw the
sample into timing bulb C by partially opening the stopcock in
the vacuum line and partially closing tube N with the finger.
Allow the excess liquid to flow into bulb D and through tube
K into the trap in the vacuum line. When the liquid in tube L
reaches a point 2 mm to 5 mm above filling mark H, hold it at
this point by alternately closing the opening tube N to the
atmosphere with the finger for the time in the Table Al.l
shown as follows to permit the sample to drain from the walls
of tube L.

(1) Adjust the working volume by drawing the meniscus at
the bottom of the column of the liquid exactly to filling mark
H, making sure that the sample completely fills the viscometer
between mark H and the tip of the overflow in bulb D; after this
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Note—All dimensions are in millimetres.

. Approximate Constant, ) Klr?ematlc A Inside Diameter of Tube Inside Diameter of Tubes P, E,  Volume, Bulb C, mL

Size No. (mm?2/s)/s Viscosity Range, R, mm and F. mm (=5 %)
mm?/s (+2 %) ' -0

1 0.003 0.6t03 0.42 3.81t04.2 3.0

2 0.01 2to 10 0.59 3.8t04.2 4.0

3 0.03 6 to 30 0.78 3.81t04.2 4.0

4 0.1 20 to 100 1.16 3.81t04.2 5.0

5 0.3 60 to 300 1.54 3.8t04.2 5.0

6 1.0 200 to 1000 2.08 3.81t04.2 5.0

7 3.0 600 to 3000 2.76 3.81t04.2 5.0

A200-s minimum flow time for all units.

FIG. A1.2 Zeitfuchs Viscometer for Transparent Liquids

final adjustment of the working volume, remove the finger and
close or remove the connection to the vacuum source. The final
adjustment may be more conveniently made by disconnecting
the vacuum and applying pressure to the mounting tube L by
use of a rubber bulb.

A1.2.3.3 Charge the SIL viscometer by tilting it about 30°
from the vertical, with bulb A below capillary R. Introduce
enough of the sample into tube L for bulb A to fill completely
and overflow into the gallery. Return the viscometer to the
vertical position and mount it in the constant-temperature bath
so that tube L is vertical. The quantity of sample charged
should be such that the level in the lower reservoir is 3 mm to
14 mm above opening S. The sample will rise in capillary R

somewhat higher than opening S. After the temperature equi-
librium has been reached, remove any excess sample from the
gallery by suction applied to tube K.

A1.2.3.4 Mount the BS/U-tube or BS/U/M miniature vis-
cometer in the constant-temperature bath keeping the tube L
vertical. Using a long pipette to minimize any wetting of tube
L above filling mark G, fill bulb A with a slight excess of the
sample. After allowing the sample to attain the bath tempera-
ture, adjust the volume of the sample to bring the liquid level
within 0.2 mm of filling mark G by withdrawing the sample
with a pipette.

Al1.2.4 Allow the charged viscometer to remain in the bath
long enough to reach the test temperature. Because this time
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Note—All dimensions are in millimetres.

Size No. Approximat;a Constant, Viscgls?gm;;:ge,*‘ Ins?jbeD';r‘nrit;r of Inside Diameter of Vqume,+Bulb C, mL
(mm>=/s)/s mm2/s (=2 %) Tubes E and P, mm (+5 %)
oC 0.003 0.6t03 0.41 45t 5.5 3.0
1 0.01 2.0to 10 0.61 45t 5.5 4.0
1C 0.03 6 to 30 0.79 45t05.5 4.0
2 0.1 20 to 100 1.14 45t05.5 5.0
2C 0.3 60 to 300 1.50 45t 5.5 5.0
3 1.0 200 to 1000 2.03 45t05.5 5.0
3C 3.0 600 to 3000 2.68 45t05.5 5.0
4 10.0 2000 to 10 000 3.61 45t 5.5 5.0

A200-s minimum flow time for all units.

FIG. A1.3 SIL Viscometer for Transparent Liquids

will vary for different instruments, for different temperatures,
and for different kinematic viscosities, establish a safe equilib-
rium time by trial (30 min should be sufficient except for the
highest kinematic viscosities). One bath is often used to
accommodate several viscometers. Never add or withdraw a
viscometer while any other viscometer is in use for measuring
a flow time.

Al1.2.5 Use vacuum (or pressure if the sample contains
volatile constituents) to draw the sample through bulb C to
about 5 mm above upper timing mark E. Release the vacuum,
and allow the sample to flow by gravity.

A1.2.6 Measure, to the nearest 0.1 s, the time required for
the leading edge of the meniscus to pass from timing mark E
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to timing mark F. If this flow time is less than the minimum
flow time specified for the viscometer, select a viscometer with
a smaller diameter capillary and repeat steps A1.2.3-A1.2.6.

Al1.2.7 Repeat steps A1.2.5 to A1.2.6 making a duplicate
measurement of flow time. If the two measurements agree
within the determinability given in Test Method D 445 for the
product being measured, use the average for calculating
kinematic viscosity.

A1.2.8 Clean the viscometer thoroughly by several rinsings
with an appropriate solvent completely miscible with the
sample, followed by rinsing with a completely volatile solvent.
Dry the viscometer by passing a slow stream of filtered, dry air
through the viscometer for 2 min, or until the last trace of
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Note—All dimensions are in millimetres.
Approximate Kinematic Inside Diameter of Tube Inside Diameter of Tubes Volume. Bulb
Size No. Constant, Viscosity Range,” R, mm C mL (;5 %)
(mm?/s)/s mm?/s (=2 %) Nand F, mm P, mm ’ -2
25 0.002 0.41t0 2.0 0.22 = 0.01 1.0to 1.2 0.4t0 0.7 0.31
50 0.004 0.8to 4 0.26 = 0.01 1.0to 1.2 0.5100.8 0.31
75 0.008 16t08 0.31 = 0.01 11t01.3 0.6 t0 0.8 0.31
100 0.015 3to 15 0.36 = 0.02 12to 1.4 0.7 t0o 0.9 0.31
150 0.035 7 to 35 0.47 = 0.02 12to 1.4 0.8t0 1.0 0.31
200 0.1 20 to 100 0.61 = 0.02 14t01.7 09to 1.2 0.31
300 0.25 50 to 250 0.76 = 0.02 15t 1.8 1.2t0 1.6 0.31
350 0.5 100 to 500 0.90 = 0.03 1.8to022 1.5t 1.8 0.31
400 1.2 240 to 1200 1.13 = 0.03 20to 24 1.6t0 2.0 0.31
450 2.5 500 to 2500 1.40 = 0.04 221026 20to 2.5 0.31
500 8 1600 to 8000 1.85 £ 0.05 241028 251028 0.31
600 20 4000 to 20 000 2.35 = 0.05 3.0t0 3.4 2.71t0 3.0 0.31

A200-s minimum flow time for all units.

FIG. A1.4 Cannon-Manning Semi-Micro Viscometer for Transparent Liquids

solvent is removed. The use of alkaline cleaning solutions is
not recommended as changes in the viscometer calibration may

occur.
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Note—All dimensions are in millimetres.

Size ‘Nominal Viscometer Kinematic Viscosity Inside Diameter Outside Diameter of Tubes” Volume Bulb Vertical Distance Outside Diameter
No. :Constant, (mm?/s)/s Range, mm?/s of Tube R, mm C, mL (£5 %) F to G, mm of Bulbs A and C,
: ’ ! (=2 %) L and P, mm N, mm ’ ’ mm
A 0.003 0.95t0 3 0.50 8t09 6to7 5.0 91 x4 21 to 23
B 0.01 2.0to 10 0.71 8109 6to7 5.0 87 £ 4 21to 23
C 0.03 6 to 30 0.88 8t09 6to7 5.0 83 = 4 21to 23
D 0.1 20 to 100 1.40 9to 10 7t08 10.0 78 = 4 25 to 27
E 0.3 60 to 300 2.00 9to 10 7108 10.0 73 = 4 25 to 27
F 1.0 200 to 1000 2.50 9to 10 7108 10.0 70 + 4 25 to 27
G 3.0 600 to 3000 4.00 10 to 11 9to 10 20.0 60 £ 3 32 to 35
H 10.0 2000 to 10 000 6.10 10 to 11 9to 10 20.0 50 £ 3 32 to 35

AUse 1 to 1.25 mm wall tubing for N, P, and L.
5300 s minimum flow time; 200 s minimum flow time for all other sizes.

FIG. A1.5 BS/U-Tube Viscometer for Transparent Liquids
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Note—All dimensions are in millimetres.

Size Nominal Viscometer Kinematic Viscosity Range,” Inside Diameter of Tube R, Outside Diameter of Tubes o
No. Constant, (mm?/s)/s mm?/s mm (+2 %) L, N, and P&, mm Volume Bulb C, mL (5 %)
M1 0.001 0.2to1 0.20 6to7 0.50

M2 0.005 1to5 0.30 6to07 0.50

M3 0.015 3to 15 0.40 6to7 0.50

M4 0.04 8 to 40 0.50 6to7 0.50

M5 0.1 20 to 100 0.65 6to07 0.50

4200 s minimum flow time for all sizes.

B Use 1 to 1.25 mm wall tubing for N, P, and L.
FIG. A1.6 BS/U/M Miniature Viscometer for Transparent Liquids
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Note—All dimensions are in millimetres.
Nominal Kinematic Inside Bulb Volume, mL
Size Viscometer Viscosity Diameter of (+5 %)
No. Constant, Range,? Tube R,
(mm?/s)/s mm?/s mm (=2 %) D C
0 0.0017 0.6to0 1.7 0.40 37 3.7
1 0.0085 1.7t0 85 0.60 3.7 3.7
2 0.027 5.4 to 27 0.80 3.7 3.7
3 0.065 13 to 65 1.00 3.7 3.7
4 0.14 28 to 140 1.20 3.7 3.7
5 0.35 70 to 350 1.50 3.7 3.7
6 1.0 200 to 1000 2.00 3.7 3.7
7 2.6 520 to 2600 2.50 3.7 3.7
8 5.3 1060 to 5300 3.00 3.7 3.7
9 9.9 1980 to 9900 3.50 3.7 3.7
10 17 3400 to 17 000 4.00 3.7 3.7

A 350 s minimum flow time: 200 s minimum flow time for all other sizes.
FIG. A1.7 Pinkevitch Viscometer for Transparent Liquids

TABLE A1.1 Drainage Time for Various Kinematic Viscosity
Ranges in the Zeitfuchs Viscometer

Kinematic Viscosity of

Sample, Drainage Time,

mm?/s s
Under 10 10 to 20
10 to 100 40 to 60
100 to 1000 100 to 120
Over 1000 180 to 200
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A2. SUSPENDED LEVEL VISCOMETERS FOR TRANSPARENT LIQUIDS

A2.1 General

A2.1.1 The suspended level viscometers include the BS/IP/
SL, BS/IP/SL(S), BS/IP/MSL, Ubbelohde, FitzSimons, Atlan-
tic, Cannon-Ubbelohde, and Cannon-Ubbelohde semi-micro
designs. The distinctive feature of suspended-level viscometers
is that the liquid is suspended in the capillary which it fills
completely. This suspension ensures a uniform driving head of
liquid independent of the quantity of sample charged into the
viscometer, making the viscometer constant independent of
temperature. By making the diameter of the lower meniscus
approximately equal to the average diameter of the upper
meniscus, the surface tension correction is greatly reduced.
Suspended-level viscometers are used for the measurement of
the kinematic viscosities of transparent, Newtonian liquids up
to 100 000 mm?/s.

A2.1.2 For the suspended-level viscometers, detailed draw-
ings, size designations, nominal viscometer constants, kine-
matic viscosity range, capillary diameter and bulb volumes for
each viscometer are shown on Figs. A2.1-A2.7.

A2.2 Operating Instructions

A2.2.1 A standard operating procedure, applicable to all
glass capillary kinematic viscometers, is contained in Test
Method D 445. Operating instructions for the suspended-level
types are outlined in A2.2.2-A2.2.7 with emphasis on proce-
dures that are specific to this group of viscometers.

Note A2.1—ISO methods 3104 and 3105 correspond to Test Methods
D 445 and D 446, respectively.

A2.2.2 Select a clean, dry calibrated viscometer which will
give a flow time greater than 200 s or the minimum shown in
the table of dimensions, whichever is greater.

A2.2.3 Charge the sample into the viscometer in the manner
dictated by the design of the instrument, this operation being in
conformity with that employed when the instrument was
calibrated. If the sample is thought or known to contain fibers
or solid particles, filter through a 75—um screen either prior to
or during charging (see Note Al.1).

A2.2.3.1 Charge the Ubbelohde and Cannon-Ubbelohde
viscometers by tilting the instrument about 30° from the
vertical and pouring sufficient sample through the L into bulb
A so that when the viscometer is returned to the vertical the
meniscus is between fill marks G and H, and tube P completely
fills without entrapping air. Mount the viscometer in the
constant-temperature bath keeping tube L vertical. To facilitate
charging very viscous liquids, the viscometer may be inverted
with tube L placed in the sample. Apply vacuum to tube N,
closing tube M by a finger or rubber stopper; draw sufficient
sample into tube L such that after wiping L clean and placing
the viscometer in the constant-temperature bath, bulb A will fill
as described above. The Cannon-Ubbelohde Semi-Micro de-
sign omits marks G and H since this viscometer is designed
both for semi-micro and dilution use; pour sufficient sample
through L into bulb A to ensure that capillary R and bulb C can
be filled as described in A2.2.6.
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A2.2.3.2 Charge the BS/IP/SL, BS/IP/SL(S), BS/IP/MSL,
and FitzSimons viscometers through tube L with sufficient
sample to fill bulb A, but not bulb B. The viscometer may be
mounted vertically in the constant-temperature bath either prior
to or following charging of the sample into the viscometer.

A2.2.3.3 Permanently mount the Atlantic viscometer in the
constant-temperature bath with the enlargement S resting on
the top-split collar, and the lower end of capillary tube R, 25
mm from the bottom of the bath. Pour the sample into a clean
50-mL beaker. Charge the viscometer by positioning the beaker
and sample under tube L so that it will be completely immersed
in the sample. Slowly apply vacuum to tube N by turning the
three-way stopcock O to vacuum. Draw the sample into the
viscometer filling capillary R, timing bulb C, and partially
filling upper bulb D. Close stopcock O, holding the sample in
the viscometer. If only a small sample is available, a short
length of rubber-tipped glass tubing can be placed in the beaker
with the rubber against the bottom of capillary tube R, and the
sample drawn up as above.

A2.2.4 Allow the charged viscometer to remain in the bath
long enough to reach the test temperature. Because this time
will vary for different instruments, for different temperatures
and for different kinematic viscosities, establish a safe equilib-
rium time by trial (30 min should be sufficient except for the
highest kinematic viscosities). One bath is often used to
accommodate several viscometers. Never add or withdraw a
viscometer while any other viscometer is in use for measuring
a flow time.

A2.2.5 Except for the Atlantic viscometer which already has
the sample in position, close tube M with the finger and use
vacuum (or pressure, if the sample contains volatile constitu-
ents) to draw the sample slowly through bulb C to about 8§ mm
above upper timing mark E. Release vacuum from tube N and
immediately place a finger from tube M to tube N, holding the
meniscus above timing mark E until the lower meniscus has
dropped below the end of capillary R in bulb B. Release finger
and allow the sample to flow by gravity.

A2.2.6 Measure, to the nearest 0.1 s, the time required for
the leading edge of the meniscus to pass from timing mark E
to timing mark F. If this flow time is less than 200 s, select a
smaller capillary viscometer and repeat A2.2.3-A2.2.6.

A2.2.7 Repeat steps A2.2.6 and A2.2.7 making a duplicate
measurement of flow time. If the two measurements agree
within the determinability given in Test Method D 445 for the
product being measured, use the average for calculating
kinematic viscosity.

A2.2.8 Clean viscometer thoroughly by several rinsings
with an appropriate solvent completely miscible with the
sample, followed by rinsing with a completely volatile solvent.
Dry the viscometer by passing a slow stream of filtered, dry air
through the viscometer for 2 min, or until the last trace of
solvent is removed. The use of alkaline cleaning solutions is
not recommended as changes in the viscometer calibration may
occur.

Licensee=Bogazici University/5964815002
Not for Resale, 04/27/2010 08:13:16 MDT



i’
_.’ 18
s 200

oM.
\6/< s L 11

7ﬁT— [
50 N-7
;20 {
¢— E
L] d: C
\
< F
10
283
90 — =R
x /—G
15 A \} "
is r e
30 AT ~a-2
qtzo \/‘*P
4

Note—All dimensions are in millimetres.

Approximate Kinematic Inside Diameter Volume, Inside Diameter
Size No. Constant, Viscosity Range,” of Tube R, mm Bulb C, mL of Tube P, mL
(mm?/s)/s mm?/s (+2 %) (£5 %) (=5 %)
0 0.001 0.3%to 1 0.24 1.0 6.0
oC 0.003 0.6to3 0.36 2.0 6.0
0B 0.005 1to5 0.46 3.0 6.0
1 0.01 210 10 0.58 4.0 6.0
1C 0.03 6 to 30 0.78 4.0 6.0
1B 0.05 10 to 50 0.88 4.0 6.0
2 0.1 20 to 100 1.03 4.0 6.0
2C 0.3 60 to 300 1.36 4.0 6.0
2B 0.5 100 to 500 1.55 4.0 6.0
.3 1.0 200 to 1 000 1.83 4.0 6.0
-3C 3.0 600 to 3 000 2.43 4.0 6.0
3B 5.0 1 000 to 5 000 2.75 4.0 6.5
4 10 2000 to 10 000 3.27 4.0 7.0
2 4C 30 6 000 to 30 000 4.32 4.0 8.0
4B 50 10 000 to 50 000 5.20 5.0 8.5
5 100 20 000 to 100 000 6.25 5.0 10.0

A300-s m@himum flow time; 200-s minimum flow time for all other units.
- FIG. A2.1 Ubbelohde Viscometer for Transparent Liquids

Copyright ASTM International b
Provided by IHS under license with ASTM Licensee=Bogazici University/5964815002
No reproduction or networking permitted without license from IHS Not for Resale, 04/27/2010 08:13:16 MDT



A D 446 — 07

i’

1 (] B L
N-—6
85
le—| |— M~ 7
4 3
© c
b :
e —»|
-
’[ f I
350
120 o} [—— 8
l qu A% \JJN
20 B ém
A_ 26
80
, l !
ONE CAPILLARY TWO CAP (LLARY

Note—All dimensions are in millimetres.

Approximate Kinematic Inside Diameter of Volume,
Size No. Constant, Viscosity Range,”? Tube R, mm Bulb C, mL
(mm?/s)/s mm?/s (=2 %) (=5 %)
1 0.003 0.6 to 3.0 0.43 3.0
2 0.01 2to 10 0.60 3.7
3 0.035 7 to 35 0.81 3.7
4 0.10 20 to 100 1.05 3.7
5 0.25 50 to 250 1.32 3.7
6 1.20 240 to 1200 1.96 3.7

A 200-s minimum flow time for all units.
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Note—All dimensions are in millimetres.
Approximate Kinematic Inside Diameter Volume,
Size No. Constant, Viscosity Range, of Tube R, mm Bulb C, mL
(mm?/s)/s mm?/s (£2 %) (£5 %)
0oC 0.003 0.7%1t0 3 0.42 3.2
0B 0.005 1to5 0.46 3.2
1 0.01 2to 10 0.56 3.2
1C 0.03 6 to 30 0.74 3.2
1B 0.05 10 to 50 0.83 3.2
2 0.1 20 to 100 1.00 3.2
2C 0.3 60 to 300 1.31 3.2
2B 0.5 100 to 500 1.48 3.2
3 1.0 200 to 1000 1.77 3.2
3C 3.0 600 to 3000 2.33 3.2
3B 5.0 1000 to 5000 2.64 3.2

A 250-s minimum flow time; 200-s minimum flow time for all other units.
FIG. A2.3 Atlantic Viscometer for Transparent Liquids
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Note—All dimensions are in millimetres.

Approximate Kinematic Inside Diameter Volume,
Size No. Constant, Viscosity Range, of Tube R, mm Bulb C, mL

(mm?/s)/s mm?/s (£2 %) (£5 %)
25 0.002 0.5 to 2 0.31 1.5
50 0.004 0.8 to 4.0 0.44 3.0
75 0.008 1.6 t0 8.0 0.54 3.0
100 0.015 3to 15 0.63 3.0
150 0.035 710 35 0.78 3.0
200 0.1 20 to 100 1.01 3.0
300 0.25 50 to 250 1.26 3.0
350 0.5 100 to 500 1.48 3.0
400 1.2 240 to 1200 1.88 3.0
450 25 500 to 2500 2.25 3.0
500 8 1600 to 8000 3.00 3.0
600 20 4000 to 20 000 3.75 3.0
650 45 9000 to 45 000 4.60 3.0
700 100 20 000 to 100 000 5.60 3.0

A 250-s minimum flow time; 200-s minimum flow time for all other units.
FIG. A2.4 Cannon-Ubbelohde (A) and Cannon-Ubbelohde Dilution (B) Viscometers for Transparent Liquids

Copyright ASTM I:nternational
Provided by IHS under license with ASTM
No reproduction or‘networking permitted without license from IHS

Licensee=Bogazici University/5964815002
Not for Resale, 04/27/2010 08:13:16 MDT



A D 446 — 07

i’

3 4————nN-_38
— n_ 7
100
L~ 13
—
20
]E—z E
0
— -—
335
130 ¢ "
’Ess @!
—
4 -_— A . 30
50 A
l — ¢
Note—All dimensions are in millimetres.
Approximate Kinematic Inside Diameter Volume, Inside Diameter of
Size No. Constant, Viscosity Range,” of Tube R, mm Bulb C, mL Tubes N, E, F,
(mm?/s)/s mm?2/s (+2 %) (=5 %) and P, mm
25 0.002 0.41t02.0 0.22 0.30 1.2t01.4
50 0.004 0.8to0 4 0.25 0.30 12to 1.4
75 0.008 16t08 0.30 0.30 1.2t01.4
100 0.015 3to 15 0.36 0.30 1.2t01.4
150 0.035 7 10 35 0.47 0.30 12to 1.4
200 0.1 20 to 100 0.61 0.30 1.4t01.7
300 0.25 50 to 250 0.76 0.30 1.5t 1.8
350 0.5 100 to 500 0.90 0.30 1.8t02.2
400 1.2 240 to 1200 1.13 0.30 21t025
450 25 500 to 2500 1.40 0.30 241028
500 8 1600 to 8000 1.85 0.30 2.7 to 3.1
600 20 4000 to 20 000 2.35 0.30 3.7t0 4.0

A 200-s minimum flow time for all units.
FIG. A2.5 Cannon-Ubbelohde Semi-Micro Viscometer for Transparent Liquids
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Note—All dimensions are in millimeters.
Size Nominal Viscometer Kinematic Viscosity Range, Inside Diameter of Volume Bulb C, mL Inside Diameter of Inside Diameter of
No. Constant, (mm?/s)/s mm?/s Tube R, mm (+2%) (£5%) Tube N, mm Tube at E, mm
1 0.0008 1.05% min 0.36 5.6 2810 3.2 3
2 0.003 21810 3 0.49 5.6 2810 3.2 3
3 0.01 3.8t0 10 0.66 5.6 2.81t03.2 3
4 0.03 6 to 30 0.87 5.6 2810 3.2 3
5 0.1 20 to 100 1.18 5.6 2810 3.2 3
6 0.3 60 to 300 1.55 5.6 2.8t03.2 3
7 1.0 200 to 1000 2.10 5.6 3.7t04.3 4
8 3.0 600 to 3000 2.76 5.6 46t05.4 5
9 10.0 2000 to 10 000 3.80 5.6 46t05.4 5

A1320 s minimum flow time;
5600 s minimum flow time;
€380 s minimum flow time; 200 s minimum flow time for all other sizes.

FIG. A2.6 BS/IP/SL(S) Viscometer for Transparent Liquids
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Note—All dimensions are in millimetres.

Nominal Kinematic Inside Volume Inside
Size  Viscometer Viscosity Diameter of Bulb C Diameter of
No. Constant, Range,”  Tube R, mm L (=5 o’/ Tubes N and
(mm?/s)/s mm?/s (+2 %) mL (5 %) P, mm
1 0.003 06t 3 0.35 1.2 4106
2 0.01 2to 10 0.45 1.2 4106
3 0.03 6 to 30 0.62 1.2 4106
4 0.1 20 to 100 0.81 1.2 4106
5 0.3 60 to 300 1.10 1.2 4106
6 1.0 200 to 1000 1.45 1.2 4t06
7 3.0 600 to 3000 1.98 1.2 4106
4200 s minimum flow time for all sizes.

FIG. A2.7 BS/IP/MSL Viscometer for Transparent Liquids

A3. REVERSE FLOW VISCOMETERS FOR TRANSPARENT AND OPAQUE LIQUIDS

A3.1 General thin films are opaque. Reverse-flow viscometers are used for
A3.1.1 The reverse-flow viscometers for transparent and the measurement of kinematic ViSCSSitieS of opaque and

opaque liquids include the Zeitfuchs cross-arm, Cannon-  transparent liquids up to 300 000 mm-/s.

Fenske opaque, BS/IP/RF and Lantz-Zeitfuchs viscometers. A3.1.2 For the reverse-flow viscometers, detailed drawings,

Unlike the modified Ostwald and suspended-level viscometers, size designations, nominal viscometer constants, kinematic

the sample of liquid flows into a timing bulb not previously viscosity range, capillary diameter and bulb volumes for each
wetted by sample, thus allowing the timing of liquids whose viscometer are shown in Figs. A3.1-A3.4.
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Note—All dimensions are in millimetres.
Approximate . C . A Inside Diameter Lower Bulb Horizontal Tube
Size No. Constant, Kinematic \r/rl]sr1(1:<z)/sslty Range, of Tube R, mm Length ;fn;l'ube R Volume, mL Diameter, mm
(mm?/s)/s (£2 %) (£5 %) (£5 %)
1 0.003 0.6t03 0.27 210 0.3 3.9
2 0.01 2to 10 0.35 210 0.3 3.9
3 0.03 6 to 30 0.46 210 0.3 3.9
4 0.10 20 to 100 0.64 210 0.3 3.9
5 0.3 60 to 300 0.84 210 0.3 3.9
6 1.0 200 to 1000 1.15 210 0.3 4.3
7 3.0 600 to 3000 1.42 210 0.3 4.3
8 10.0 2000 to 10 000 1.93 165 0.25 4.3
9 30.0 6000 to 30 000 2.52 165 0.25 4.3
10 100.0 20 000 to 100 000 3.06 165 0.25 4.3

A 200-s minimum flow time for all units.

FIG. A3.1 Zeitfuchs Cross-Arm Viscometers for Transparent and Opaque Liquids

A3.2 Operation Instructions

A3.2.1 A standard operating procedure applicable to all
glass capillary kinematic viscometers is contained in Test
Method D 445. Operating instructions for the reverse-flow
viscometers are outlined in A3.2.2-A3.2.7 with emphasis on
procedures that are specific to a particular instrument or this
group of instruments.

Note A3;1—ISO methods 3104 and 3105 correspond to Test Methods
D 445 and D 446, respectively.

A3.2.2 Select a clean, dry calibrated viscometer which will
give a flow time greater than 200 s and a kinetic energy
correction of less than 0.2 %.

A3.2.3 Charge the viscometer in the manner dictated by the
design of the instrument, this operation being in conformity
with that employed when the unit was calibrated. If the sample
is thought or known to contain fibers or solid particles, filter
through a 75 pm screen either prior to or during charging. See
Note Al.1.
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B . ) . ) . Inside Diameter
: Approximate Kinematic Inside Diameter of Volume, Bulbs
L . . A of Tube N Volume, Bulb D,
Size No. Constant, Viscosity Range, Tube R, A, C,and J, o
(mm?/s)/s mm2/s mm (=2 %) Tubes £, F, and |, mL (=5 %) mL (5 %)
- mm (+5 %) -
25 0.002 041to02 0.31 3.0 1.6 1
50 0.004 0.8to 4 0.42 3.0 2.1 11
75 0.008 16t08 0.54 3.0 21 11
100 0.015 3to 15 0.63 3.2 2.1 11
150 0.035 7 t0 35 0.78 3.2 2.1 11
200 0.1 20 to 100 1.02 3.2 21 11
300 0.25 50 to 200 1.26 3.4 2.1 11
350 0.5 100 to 500 1.48 3.4 2.1 11
400 1.2 240 to 1 200 1.88 3.4 2.1 11
450 25 500 to 2500 2.20 3.7 2.1 11
500 8 1600 to 8000 3.10 4.0 2.1 11
600 20 4000 to 20 000 4.00 4.7 241 13

A200-s minimum flow time for all units.

FIG. A3.2 Cannon-Fenske Opaque Viscometer for Transparent and Opaque Liquids

A3.2.3.1 To charge the Cannon-Fenske opaque viscometer,
invert the viscometer and apply suction to the tube L, immers-
ing tube N in the liquid sample. Draw liquid through tube N,
filling bulb D to filling mark G. Wipe any excess sample off
tube N and invert the viscometer to its normal position. Mount
the viscometer in the constant temperature bath, keeping tube
L vertical. Close tube N with a rubber stopper or a short length
of rubber tube with a screw clamp.

A3.2.3.2 Mount the Zeitfuchs cross-arm viscometer in the
constant-temperature bath, keeping tube N vertical. Introduce
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the test specimen through tube N, taking care not to wet the
sides of tube N, into the cross-arm D until the leading edge
stands within 0.5 mm of fill mark G on the siphon tube. The
volume of the test specimen is dependent on the location of the
fill mark G. When the flow time of the lower meniscus is being
measured between timing marks E and F (see A3.2.6), the
upper meniscus shall be in the horizontal cross-arm D, thus
making the location of fill mark G critical.

A3.2.3.3 Mount the Lantz-Zeitfuchs viscometer in the
constant-temperature bath, keeping tube N vertical. Introduce
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Note—All dimensions are in millimetres.

Approximate Kinematic Inside Diameter Length of Volume. Bulb C
Size No. Constant, Viscosity Range,” of Tube R, Tube R, L -Y*-S o ’
(mm?/s)/s mm?/s mm (+2 %) mm mL (=5 %)

5 0.3 60 to 300 1.65 490 2.7

6 1.0 200 to 1000 2.25 490 2.7

7 3.0 600 to 3000 3.00 490 2.7

8 10.0 2000 to 10 000 4.10 490 2.7

9 30.0 6000 to 30 000 5.20 490 2.7

10 100.0 20 000 to 100 000 5.20 490 0.85

A 200-s minimum flow time for all units.

FIG. A3.3 Lantz-Zeitfuchs Viscometer for Transparent and Opaque Liquids

sufficient sample through tube N to completely fill bulb D,
overflowing slightly into overflow tube K. If the sample is
poured’ at a temperature above the test temperature, wait 15
min for the sample in the viscometer to attain bath temperature
and add more sample to overflow slightly into tube K.

A3.2.3.4 Mount the BS/IP/RF viscometer in the constant-
temperature bath keeping the straight portion of the capillary
tube R vertical by using a plumb-line observed in two
directions at right angles, or as stated in the certificate of
calibration.

(1) Allow the viscometer to reach the bath temperature and
then pour sufficient of the filtered test sample into the filling
tube N to a point just below the filling mark G avoiding wetting
the glass above G.

(2) Allow the liquid to flow through the capillary tube R,
taking care that the liquid column remains unbroken, until it
reaches a position about 5 mm below the filling mark H and
arrest its flow at this point by closing the timing tube L with a
rubber bung. It is desirable that the rubber bung is fitted with
a glass tube and stopcock so that one can apply a controllable,
very slight excess pressure to tube L.

(3) Add more liquid to the filling tube N to bring the oil
surface to just below mark G. Allow the sample to reach the
bath temperature and air bubbles to rise to the surface (at least
30 min is required).

(4) Gently manipulate the stopcock or bung closing the
tube L until the level of the liquid is arrested at mark H. The
uppermost ring of contact of the sample with the glass should
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Note—All dimensions are in millimetres.

Nominal viscometer Kinematic viscosity

Inside Diameter

Inside diameter at E,

Length of tube R, Volume bulb C

Size No. constant range,” of tube R, F, and H
(mm?/s)/s mrr?z/s mm (2 %) mm mm mL (=5 %)
1 0.003 0.6t0 3 0.51 185 3.0t0 3.3 4.0
2 0.01 2t0 10 0.71 185 3.0t0 3.3 4.0
3 0.03 6 to 30 0.93 185 3.0t0 3.3 4.0
4 0.1 20 to 100 1.26 185 3.0t0 3.3 4.0
5 0.3 60 to 300 1.64 185 3.0t0 3.3 4.0
6 1.0 200 to 1000 2.24 185 3.0t0 3.3 4.0
7 3.0 600 to 3000 2.93 185 3.3t0 3.6 4.0
8 10 2000 to 10 000 4.00 185 441048 4.0
9 30 6000 to 30 000 5.5 185 6.0 t0 6.7 4.0
10 100 20 000 to 100 000 7.70 210 7.70 4.0
1 300 60 000 to 300 000 10.00 210 10.00 4.0

4200 s minimum flow time for all units.

FIG. A3.4 BS/IP/RF U-Tube Reverse Flow Viscometers for Opaque Liquids

coincide with the bottom of mark H. Add sample to tube N
until the uppermost ring of its contact with tube N coincides
with the bottom of mark G.

A3.2.4 Allow the charged viscometer to remain in the bath
long enough to reach the test temperature. Because this time
will vary for different instruments, for different temperatures,
and for different kinematic viscosities, establish a safe equilib-
rium time by trial (30 min should be sufficient except for the
highest kinematic viscosities). One bath is often used to
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accommodate several viscometers. Never add or withdraw a
viscometer while any other viscometer is in use for measuring
a flow time.

A3.2.5 For the Cannon-Fenske opaque and BS/IP/RF vis-
cometers, remove the stopper in tubes N and L, respectively,
and allow the sample to flow by gravity. For the Zeitfuchs
cross-arm viscometer, apply slight vacuum to tube M (or
pressure to tube N) to cause the meniscus to move over the
siphon tube, and about 30 mm below the level of tube D in
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capillary R; gravity flow is thus initiated. For the Lantz-
Zeitfuchs viscometer, apply slight vacuum to tube M (or
pressure tube N with tube K closed) until the lower meniscus
is opposite the lower timing mark E; allow the sample to flow
by gravity.

A3.2.6 Measure to the nearest 0.1 s the time required for the
uppermost ring of contact of the sample with the glass to rise
from the bottom of timing mark E to the bottom of timing mark
F. The lower filling mark H, as shown in Fig. A3.4 (BS/IP/RF
U-tube) if applicable, must not be confused with the lower
timing mark E. Do not use timing marks F and I and bulb J (as
shown in Fig. A3.2) for determining viscosity of the sample. If
the flow time is less than the minimum specified for the
viscometer, select a clean, dry viscometer with a smaller
diameter capillary and repeat steps A3.2.2-A3.2.6.

A3.2.7 Using this viscometer after it has been thoroughly
cleaned and dried, or a second clean and dry viscometer, repeat

steps A3.2.3-A3.2.6 making a duplicate determination of the
kinematic viscosity. If the two determinations agree within the
determinability given in Test Method D 445 for the product
being measured, report the average of the calculated kinematic
viscosities. Note that the precision of the viscometers in Annex
A3 is slightly poorer than those in Annex Al and Annex A2
(see 6.3.3).

A3.2.8 Clean the viscometer thoroughly by several rinsings
with the appropriate solvent completely miscible with the
sample, followed by a completely volatile solvent. Dry the
viscometer by passing a slow stream of filtered, dry air through
the viscometer for 2 min, or until the last trace of solvent is
removed. The use of alkaline cleaning solutions is not recom-
mended as changes in the viscometer calibration may occur.
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(D 446-06) that may impact the use of this standard. (Approved Jan. 1, 2007.)

(1) Revised 6.3 and Table 1.

(2) Removed Footnote 4.

Subcommittee D02.07 has identified the location of selected changes to this standard since the last issue
(D 446-04) that may impact the use of this standard. (Approved May 15, 2006.)

(1) Revised A3.2.6.
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MANUFACTURER'S CERTIFICATE
FOR CAPILLARY VISCOMETER

(Manttacturer's cortificate M aceording fo
QIN 65 350, Parl 15)
subject Ubbelohde viscomeler with  suspending
balllevel for the datermination of the kine-
matic vigcasily according o ISOMIDIS 3106
and ASTM D 25150 440

Manulacturer SCHOTT-GERATE. Mainz

626 03/ Uo
1013381

Viscomaler Type and capillary no

Apparalus no

This viscometer 15 suilable to determing he kinematic
viscosity of newlonian liquids according lo

ISO/DIS 3105, Annex B The instrument constant K re-
fers to the timing marks during the visual survey of the
maniscus passage. It comes 1o

[iisduction de 1a version allernande l&gale

CERTIFICAT DU FABRICANT DE TUBE
VISCOSIMETRIQUE CAPILLAIRE

(Cortfieat di fabricant M salon: DIN S5 360 Partie 18]

Jiscosiméle selon Ubbelohde avec un e
veat sphérique pendant pour la détemmi
nalion de la viscosité cinémalique selon
[eOinls 3105t ASTM D 2515/ 448

el

Fabficant.  SCHOTT-GERATE, Mainz

Mo de type el de capillaire 52503 [lc
lo dappareil 1013381

Viscosimalre

Ce viscosimélre est approprié pour la déterminalion de
la viscosite cinemalique de liquides newtaniens selon
ISO/DIS 3105, Annex B La constante K de I'm‘stm_ment
est valable pour des index rotalifs avec une saisie visuegl-
lg du passage du ménisque. Elle est de

K = 0,002856 mm?/s®

It was determined by using comparalive measurements
with reference viscometers, of which the conslants were
determined at lhe Physikalisch-Technischen Bundes-
ansfalt, 0-38116 Braunschweig

The instrument constant K t5 valid for liquids with a sur-
face tenston of 20 1o 30 mh/m and an acceleration of the
fall of 9.8125 m/s*. For temperatures up to 100 °C it is
not required to pay attention to the heat expansion of the
viscometer. The kinemalic viscosily v within mm?/s of
liguids can be calculated using the instrument constant
In the equation

Elle a été déterminée par des mesures de comparason
avec des viscosimélres étalons dond les constantes oni

éle dalerminées aupres de la Phﬁik_ﬂhsmfl'edmisﬂmn
Bundesanstall, D-38116 Braunschweig

La constants K de lnstrument est valable pour des li-
quides avec une lension de surface de 20 a 30 mN/m et

avec une accelération de fa pesanteur de 9,8125 mis®
Dans le cas de lempératures jusqu'a 100 °C, il n'est pas
nécessaire de {enir compte de la dilatation thermigue du
viscosimétre La viecosité cinématique v en mmrfs de
liquides peul élre calculée & laide de la constante de
linstrumenl selon 'égqualion:

veKet,

whereby t is the flow time In seconds which was cor-
recled -if necessary- according la
ISO/DIS 3105, Part 6.2

The relative uncerlainly of the mentioned numencal va-
lue of K comes lo 07 % at a confidence level of 95 %

it is required fo check the instrument constant in regular
intervals, In particular any change lo the viscometer, for
example when using liquids that carode glass or a glass
blowing repair took place, makes a new determination of
the instrument constant necessary

t est e lemps d'écoulement en secondes qui_ a élé cor-
rigé -5t nécessare- selon 1SO/DIS 3105, Parte 6.2,

Linsécunté relative de la'valeur numérique de K ind-
quée est de 0.7 % dans |e cas d'un niveau de confiance
de 85 %

|| est nécessaire de contriler la constante de Tinstrument
en intervalles réguliers. Une nouvelle détermination de la
canstante de Ninstrument devient absolument necessaire
lors de loule modification du viscosimeétre, par exemple,
en raison de |utilisation de liquides qui attaquent le verre,
ou dans le cas de reparations par un souffleur de verre

SCHOTT-GERATE GmbH, Hattenberg-Strafie 10, D-55122Mainz

This cerificate was prepared mechanically and
i valld without signature
The decument may only bae duplicated if no changes were

el et e I L e L

Ce certificat a étd dtabli mecaniquament at
ost valable sans signature.
Le dacument ne peut ¢tre reprodult que sans commection,



155 | i 4
[ranstalion of the lagally binding gecman version

MANUFACTURER'S CERTIFICATE
FOR CAPILLARY VISCOMETER

(Manufacturer's cerificale M according to
DIN 66 350, Part 18)

Subjec! Ubbelohde viscomeler with suspending
ball-level for the determination of the kine-
matic viscosity according to  1SOMIS 3106

and ASTM D 2515/0 446
Manutacturer S| Analytics GmbH, Mainz
viscomeler

Type and capillary no . 525 10/1
Apparatus no 1049553

This wiscomeler is suitable to determine the kinematic
viscosity of newlonian liquids according to

ISO/MNS 3105, Annex B. The instrument constant K re-
fers 1o the timing marks during the visual survey of the
meniscus passage. It comes fo

[ raduction te la yersion dkemande g 1

CERTIFICAT DU FABRICANT DE TUBE
VISCOSIMETRIQUE CAPILLAIRE

ertifical du fabricant M selon DIN 6 360, Parte 10

Ohbjel Viscasimatie selon Ubbelohde @vec L |
vaal sphéngue p.rand.am pour 1a difermi
nalion de la viscosité cinématique snlom
ISCI/DIS 3105 6t ASTHM [ 2615/ 445

Fabricant. Sl Analytics GmbH, Mainz

525 10/ 1

Viscasimétre No de type el de capillairé 229 "2
Mo d appareil [ 048553

Ce viscosimelre est approprie pour 13 détermnation de
|3 viscosité cinématique de liquides newtoniens selon
ISO/DIS 3105, Annex B La constante K de linstrument
est valable pour des index rotatifs avec une saisie visuel
le du passage du menisque. Elle est de

K = 0,009132 mm?/s®

It was determined by using comparative measurements
with reference viscometers, of which the constants were
determined at the Physikalisch-Technischen Bundes-
anstalt, D-38116 Braunschweig

The instrument constant K is valid for liquids with a sur-
face tension of 20 to 30 mN/m and an acceleration of the
fall of 9.8105 m/sZ. For temperatures up to 100°C it is
not required 1o pay attention to the heal gxpansion of the
viscometer The kinematic viscasity v within mm?s of
liquids can be calculated using the instrument constant
in the equation

Elle & été déterminée par des mesures de Comparason
avec des viscosimélres étalons donl les constantes onl
été déterminées auprés de la Physikalisch-Technischen
Bundesanstalt, D-38116 Braunschwelg

La constante K de linstrument est valable pour des K
quides avec une tension de syrface de 20 a 30 mhN/m el
avec une accélération de la pesanteur de 98105 m/s

Dans le cas de températures jusqua 100 °C, il nest pas
nécessaire de tenir compte de la dilatation thermigue du
viscosimétre La viscosilé cinématique v en mm-fs de
liquides peut &lre calculée a l'aide de |a constante de
l'instrument selon 'égquation.

vaK-et

wheraby t is the flow time in seconds which was cor-
rected -if necessary- according lo
1S0/DIS 3105, Part 6.2

The relative uncertainty of the mentioned numerical va-
lue of K comes to 0.7 % at a confidence level of 85 %

It is required 1o check the instrument constant in regular
intervals In particular any change to the viscometer, for
example when using liquids that corrode glass or a glass
blowing repair took place, makes a new determination of
{he nstrument constant necessary

t est le temps d'écoulement en secondes qui a ¢le cor
rigé -si necessaire- selon 1SO/DIS 3105, Partie 6.2

Linsécunté relative de la valeur numénque de K indi-
quée est de 0.7 % dans le cas dun niveau de conhance
de 95 % '

Il est nécessaire de contrdler la constante de [instrurment
en intervalles réguliers. Une nouvelle détermunation de 1a
constante de [instrument devient absolument necessaire
lors de toule modification du viscosimétre, par exemple
en raison de ['utilisation de liquides qui attaquent le vetre,
ou dans le cas de réparations par un souffleur de veme

S Analytics GmbH, Hattenbergstralie 10, D-55122Mainz

This certificate was prepared mechanlcally and
is valid without signaturoe.
The document may only bo duplicated if no changes ware

AGOSFOO2T-805M- DIGS0424

Co cortificat a étd établi mécaniquement ot
st valable sans signature
Le document ne peut étre reproduit que sans correction



APPENDIX 4.

EXPERIMENTAL DATA

WASTE FRYING OIL
Temperature = 20°C
time "t" Visc. Constant "K" Correction factor | Kin. Viscosity
(sec) "y' (mm?/s)
1 806.06 0.009132 0.01 7.3608486
2 803.47 0.009132 0.01 7.33719672
3 806.01 0.009132 0.01 7.360392
4 806.15 0.009132 0.01 7.36167048
AV. VISCOSITY = | 7.35502695
Temperature =
30°C
time "t" Visc. Constant "K" Correction factor | Kin. Viscosity
(sec) "y' (mm?/s)
1 630.21 0.009132 0.03 5.75480376
2 632.75 0.009132 0.03 5.77799904
3 630.13 0.009132 0.03 5.7540732
4 629.28 0.009132 0.03 5.746311
AV. VISCOSITY = | 5.75829675
Temperature =
40°C
time "t" Visc. Constant "K" Correction factor | Kin. Viscosity
(sec) "Y' (mm?/s)
1 511.47 0.009132 0.04 4.67037876
2 510.78 0.009132 0.04 4.66407768
3 511.29 0.009132 0.04 4.668735
4 510.32 0.009132 0.04 4.65987696
AV. VISCOSITY = | 4.6657671
Temperature = ‘
50°C
time"t" Visc. Constant "K" Correction factor | Kin. Viscosity
(sec) "y' (mm?/s)
418.12 0.009132 0.05 3.81781524
417.31 0.009132 0.05 3.81041832
417.9 0.009132 0.05 3.8158062
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4 416.25 0.009132 0.05 3.8007384
AV. VISCOSITY = | 3.81119454
Temperature =
60°C
time"t" Visc. Constant "K" Correction factor | Kin. Viscosity
(sec) "y' (mm?/s)
1 347.12 0.009132 0.08 3.16916928
2 346.44 0.009132 0.08 3.16295952
3 346.01 0.009132 0.08 3.15903276
4 345.25 0.009132 0.08 3.15209244
AV. VISCOSITY = | 3.1608135
Temperature =
70°C
time"t" Visc. Constant "K" Correction factor | Kin. Viscosity
(sec) "Y' (mm?/s)
1 296.06 0.009132 0.11 2.7026154
2 296.25 0.009132 0.11 2.70435048
3 296.47 0.009132 0.11 2.70635952
4 296.56 0.009132 0.11 2.7071814
AV. VISCOSITY = | 2.7051267
Temperature =
75°C
time"t" Visc. Constant "K" Correction factor | Kin. Viscosity
(sec) "y (mm?/s)
1 278.25 0.009132 0.13 2.53979184
2 279.41 0.009132 0.13 2.55038496
3 280.63 0.009132 0.13 2.561526
4 280.1 0.009132 0.13 2.55668604
AV. VISCOSITY = | 2.55209721
Temperature =
80°C
time"t" Visc. Constant "K" Correction factor | Kin. Viscosity
(sec) "y' (mm?/s)
1 824.7 0.002856 0 2.3553432
2 823.2 0.002856 0 2.3510592
3 824.1 0.002856 0 2.3536296
4 824 0.002856 0 2.353344
AV. VISCOSITY = | 2.353344
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Temperature =
90°C
time"t" Visc. Constant "K" Correction factor | Kin. Viscosity
(sec) "y' (mm?/s)
1 711.9 0.002856 0.004 2.033174976
2 712.1 0.002856 0.004 2.033746176
3 711.1 0.002856 0.004 2.030890176
4 712.5 0.002856 0.004 2.034888576
AV. VISCOSITY = | 2.033174976
Temperature = 100°C
time"t" Visc. Constant "K" Correction factor | Kin. Viscosity
(sec) "y (mm?/s)
1 635.1 0.002856 0.006 1.813828464
2 635.7 0.002856 0.006 1.815542064
3 634.2 0.002856 0.006 1.811258064
4 635.6 0.002856 0.006 1.815256464
AV. VISCOSITY = 1.813971264
Temperature = 110°C
time"t" Visc. Constant "K" Correction factor | Kin. Viscosity
(sec) "y (mm?/s)
1 572.3 0.002856 0.008 1.634465952
2 574.5 0.002856 0.008 1.640749152
3 572.7 0.002856 0.008 1.635608352
4 572.8 0.002856 0.008 1.635893952
AV. VISCOSITY = 1.636679352
Temperature = 120°C
time"t" Visc. Constant "K" Correction factor | Kin. Viscosity
(sec) "y (mm?/s)
1 520.6 0.002856 0.01 1.48680504
2 518.2 0.002856 0.01 1.47995064
3 518.9 0.002856 0.01 1.48194984
4 518.2 0.002856 0.01 1.47995064
AV. VISCOSITY = 1.48216404
Temperature = 130°C
time"t" Visc. Constant "K" Correction factor | Kin. Viscosity
(sec) "y' (mm?/s)
1 462.4 0.002856 0.01 1.32058584
2 463 0.002856 0.01 1.32229944
3 462.6 0.002856 0.01 1.32115704
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4 464.7 0.002856 0.01 1.32715464
AV. VISCOSITY = 1.32279924
Temperature = 140°C
time"t" Visc. Constant "K" Correction factor | Kin. Viscosity
(sec) "y (mm?/s)
1 418.7 0.002856 0.01 1.19577864
2 415.8 0.002856 0.01 1.18749624
3 416.2 0.002856 0.01 1.18863864
4 416.5 0.002856 0.01 1.18949544
AV. VISCOSITY = 1.19035224
WASTE CANOLA OIL
Temperature =
20°C
time "t" Visc. Constant "K" Correction Kin. Viscosity
(sec) factor"y' (mm?/s)
1 820.13 0.009132 0.01 7.48933584
2 819.96 0.009132 0.01 7.4877834
3 818.06 0.009132 0.01 7.4704326
4 820.35 0.009132 0.01 7.49134488
AV. VISCOSITY | 7.48472418
Temperature =
30°C
time "t" Visc. Constant "K" Correction Kin. Viscosity
(sec) factor"y' (mm?/s)
1 632.28 0.009132 0.03 5.773707
2 633.47 0.009132 0.03 5.78457408
3 635.46 0.009132 0.03 5.80274676
4 633.72 0.009132 0.03 5.78685708
AV. VISCOSITY | 5.78697123
Temperature =
40°C
time "t" Visc. Constant "K" Correction Kin. Viscosity
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(sec) factor"y' (mm?/s)
1 514.59 0.009132 0.04 4.6988706
2 510.78 0.009132 0.04 4.66407768
3 510.22 0.009132 0.04 4.65896376
4 513.75 0.009132 0.04 4.69119972
AV. VISCOSITY | 4.67827794
Temperature = |
50°C
time"t" Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 417.72 0.009132 0.05 3.81416244
2 414.84 0.009132 0.05 3.78786228
3 416.47 0.009132 0.05 3.80274744
4 417.45 0.009132 0.05 3.8116968
AV. VISCOSITY | 3.80411724
Temperature =
60°C
time"t" Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 336.6 0.009132 0.08 3.07310064
2 336.4 0.009132 0.08 3.07127424
3 338.44 0.009132 0.08 3.08990352
4 337.35 0.009132 0.08 3.07994964
AV. VISCOSITY | 3.07855701
Temperature =
70°C
time"t" Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 292.75 0.009132 0.11 2.67238848
2 293.78 0.009132 0.11 2.68179444
3 292.6 0.009132 0.11 2.67101868
4 292.09 0.009132 0.11 2.66636136
AV. VISCOSITY | 2.67289074
Temperature =
75°C
time"t" Visc. Constant "K" Correction Kin. Viscosity
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(sec) factor"y' (mm?/s)
1 2754 0.009132 0.13 2.51376564
2 275.28 0.009132 0.13 2.5126698
3 275.36 0.009132 0.13 2.51340036
4 276.01 0.009132 0.13 2.51933616
AV. VISCOSITY | 2.51479299
Temperature =
80°C
time"t" Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 815.2 0.002856 0 2.3282112
2 818.2 0.002856 0 2.3367792
3 816.4 0.002856 0 2.3316384
4 817.3 0.002856 0 2.3342088
AV. VISCOSITY | 2.3327094
Temperature =
90°C
time"t" Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 708.3 0.002856 0.004 2.022893376
2 706.9 0.002856 0.004 2.018894976
3 709.6 0.002856 0.004 2.026606176
4 708.7 0.002856 0.004 2.024035776
AV. VISCOSITY | 2.023107576
Temperature =
100°C
time"t" Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 632.3 0.002856 0.006 1.805831664
2 632.5 0.002856 0.006 1.806402864
3 633.1 0.002856 0.006 1.808116464
4 632.8 0.002856 0.006 1.807259664
AV. VISCOSITY | 1.806902664
Temperature =
110°C
time"t" Visc. Constant "K" Correction Kin. Viscosity
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(sec) factor"y' (mm?/s)
1 569.7 0.002856 0.008 1.627040352
2 570.8 0.002856 0.008 1.630181952
3 568.6 0.002856 0.008 1.623898752
4 568.4 0.002856 0.008 1.623327552
AV. VISCOSITY | 1.626112152
Temperature =
120°C
time"t" Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 515.7 0.002856 0.01 1.47281064
2 514.6 0.002856 0.01 1.46966904
3 516.5 0.002856 0.01 1.47509544
4 516.6 0.002856 0.01 1.47538104
AV. VISCOSITY | 1.47323904
Temperature =
130°C
time"t" Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 458.4 0.002856 0.01 1.30916184
2 458.6 0.002856 0.01 1.30973304
3 459.6 0.002856 0.01 1.31258904
4 450.7 0.002856 0.01 1.28717064
AV. VISCOSITY | 1.30466364
Temperature =
140°C
time"t" Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 412.7 0.002856 0.01 1.17864264
2 411.9 0.002856 0.01 1.17635784
3 411.7 0.002856 0.01 1.17578664
4 412.9 0.002856 0.01 1.17921384
AV. VISCOSITY | 1.17750024
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WASTE FRYING OIL 50-50 WASTE CANOLA OIL

Temperature = 20°C
time "t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor"y' (mm?/s)
1 966.68 0.009132 0.01 8.82763044
2 965.21 0.009132 0.01 8.8142064
3 965.72 0.009132 0.01 8.81886372
4 0
AV. VISCOSITY | 8.82023352
Temperature =
30°C
time "t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor"y' (mm?/s)
1 760.44 0.009132 0.02 6.94415544
2 758.44 0.009132 0.02 6.92589144
3 759.22 0.009132 0.02 6.9330144
4 758.58 0.009132 0.02 6.92716992
AV. VISCOSITY | 6.9325578
Temperature =
40°C
time "t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 593.75 0.009132 0.03 5.42185104
2 593.37 0.009132 0.03 5.41838088
3 593.9 0.009132 0.03 5.42322084
4
AV. VISCOSITY | 5.42115092
Temperature = |
50°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor"y' (mm?/s)
1 457.16 0.009132 0.05 4.17432852
2 457.4 0.009132 0.05 4.1765202
3 459.75 0.009132 0.05 4.1979804
4 458.29 0.009132 0.05 4.18464768
AV. VISCOSITY | 4.1833692
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Temperature =
60°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor"y' (mm?/s)
1 375.84 0.009132 0.07 3.43153164
2 377.25 0.009132 0.07 3.44440776
3 375.41 0.009132 0.07 3.42760488
4 375.59 0.009132 0.07 3.42924864
AV. VISCOSITY | 3.43319823
Temperature =
70°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor"y' (mm?/s)
1 324.78 0.009132 0.09 2.96506908
2 324.12 0.009132 0.09 2.95904196
3 325.29 0.009132 0.09 2.9697264
4
AV. VISCOSITY | 2.96461248
Temperature =
75°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 284.69 0.009132 0.13 2.59860192
2 286.18 0.009132 0.13 2.6122086
3 285.2 0.009132 0.13 2.60325924
4 284.88 0.009132 0.13 2.600337
AV. VISCOSITY | 2.60360169
Temperature =
80°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 915.8 0.002856 0 2.6155248
2 915.9 0.002856 0 2.6158104
3 914.2 0.002856 0 2.6109552
4 915.6 0.002856 0 2.6149536
AV. VISCOSITY | 2.614311
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Temperature =
90°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor"y' (mm?/s)
1 791 0.002856 0.004 2.259084576
2 790.6 0.002856 0.004 2.257942176
3 791.4 0.002856 0.004 2.260226976
4 791.6 0.002856 0.004 2.260798176
AV. VISCOSITY 2.259512976
Temperature = 100°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor"y' (mm?/s)
1 693.6 0.002856 0.006 1.980904464
2 691.4 0.002856 0.006 1.974621264
3 692.7 0.002856 0.006 1.978334064
4 691.2 0.002856 0.006 1.974050064
AV. VISCOSITY 1.976977464
Temperature = 110°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor"y' (mm?/s)
1 616.3 0.002856 0.008 1.760129952
2 614.4 0.002856 0.008 1.754703552
3 614.7 0.002856 0.008 1.755560352
4 613.6 0.002856 0.008 1.752418752
AV. VISCOSITY 1.755703152
Temperature = 120°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 563.4 0.002856 0.01 1.60904184
2 565.6 0.002856 0.01 1.61532504
3 561.7 0.002856 0.01 1.60418664
4 563.7 0.002856 0.01 1.60989864
AV. VISCOSITY | 1.60961304
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Temperature = 130°C

time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor"y' (mm?/s)
1 521.7 0.002856 0.01 1.48994664
2 521.2 0.002856 0.01 1.48851864
3 521.6 0.002856 0.01 1.48966104
4 520.7 0.002856 0.01 1.48709064
AV. VISCOSITY | 1.48880424
Temperature = 140°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor"y' (mm?/s)
1 472.2 0.002856 0.01 1.34857464
2 471.7 0.002856 0.01 1.34714664
3 471.6 0.002856 0.01 1.34686104
4 470.6 0.002856 0.01 1.34400504
AV. VISCOSITY | 1.34664684
WASTE FRYING OIL 75-25 WASTE CANOLA OIL
Temperature=‘ 20"C|
time "t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor"y' (mm?/s)
1 929.38 0.009132 0.01 8.48700684
2 931.6 0.009132 0.01 8.50727988
3 929.88 0.009132 0.01 8.49157284
4 930.01 0.009132 0.01 8.49276
AV. VISCOSITY | 8.49465489
Temperature =
30°C
time "t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 700.19 0.009132 0.02 6.39395244
2 701.6 0.009132 0.02 6.40682856
3 702.4 0.009132 0.02 6.41413416
4
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AV. VISCOSITY 6.40497172
Temperature =
40°C
time "t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 544.74 0.009132 0.03 4.97429172
2 545 0.009132 0.03 4.97666604
3 545.97 0.009132 0.03 4.98552408
4
AV. VISCOSITY | 4.97882728
Temperature = |
50°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 440.34 0.009132 0.05 4.02072828
2 441.31 0.009132 0.05 4.02958632
3 441.56 0.009132 0.05 4.03186932
4 441.28 0.009132 0.05 4.02931236
AV. VISCOSITY | 4.02787407
Temperature =
60°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 371.65 0.009132 0.07 3.39326856
2 372.26 0.009132 0.07 3.39883908
3 371.68 0.009132 0.07 3.39354252
4 371.89 0.009132 0.07 3.39546024
AV. VISCOSITY | 3.3952776
Temperature =
70°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 319.91 0.009132 0.09 2.92059624
2 319.34 0.009132 0.09 2.915391
3 319.41 0.009132 0.09 2.91603024
4
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AV. VISCOSITY | 2.91733916
Temperature =
75°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor"y' (mm?/s)
1 290.03 0.009132 0.11 2.64754944
2 288.38 0.009132 0.11 2.63248164
3 290.21 0.009132 0.11 2.6491932
4
AV. VISCOSITY 2.64307476
Temperature =
80°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 894.1 0.002856 0 2.5535496
2 894.5 0.002856 0 2.554692
3 893.7 0.002856 0 2.5524072
4 894.6 0.002856 0 2.5549776
AV. VISCOSITY | 2.5539066
Temperature =
90°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 780.7 0.002856 0.004 2.229667776
2 779.2 0.002856 0.004 2.225383776
3 779.7 0.002856 0.004 2.226811776
4 778.8 0.002856 0.004 2.224241376
AV. VISCOSITY | 2.226526176
Temperature = 100°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 685 0.002856 0.006 1.956342864
2 684.2 0.002856 0.006 1.954058064
3 684.7 0.002856 0.006 1.955486064
4 684.6 0.002856 0.006 1.955200464
AV. VISCOSITY 1.955271864
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Temperature = 110°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor"y' (mm?/s)
1 610.5 0.002856 0.008 1.743565152
2 611.6 0.002856 0.008 1.746706752
3 611.8 0.002856 0.008 1.747277952
4 610.2 0.002856 0.008 1.742708352
AV. VISCOSITY 1.745064552
Temperature = 120°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor "y' (mm?/s)
1 550.3 0.002856 0.01 1.57162824
2 550 0.002856 0.01 1.57077144
3 550.7 0.002856 0.01 1.57277064
4 550.1 0.002856 0.01 1.57105704
AV. VISCOSITY 1.57155684
Temperature = 130°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor"y' (mm?/s)
1 518.6 0.002856 0.01 1.48109304
2 519.6 0.002856 0.01 1.48394904
3 519.1 0.002856 0.01 1.48252104
4 517.5 0.002856 0.01 1.47795144
AV. VISCOSITY 1.48137864
Temperature = 140°C
time"t" | Visc. Constant "K" Correction Kin. Viscosity
(sec) factor"y' (mm?/s)
1 465.4 0.002856 0.01 1.32915384
2 465.6 0.002856 0.01 1.32972504
3 465.7 0.002856 0.01 1.33001064
4 465.8 0.002856 0.01 1.33029624
AV. VISCOSITY 1.32979644




WASTE FRYING OIL

25-75 WASTE
CANOLA OIL

Temperature = 20°C

time "t" Visc. Constant "K" Correction factor Kin. Viscosity
(sec) "y' (mm?/s)
1 1006.78 0.009132 0.01 9.19382364
2 1007.22 0.009132 0.01 9.19784172
3 1007.78 0.009132 0.01 9.20295564
4
AV. VISCOSITY = 9.198207
Temperature = 30°C
time "t" Visc. Constant "K" Correction factor Kin. Viscosity
(sec) "y' (mm?/s)
1 795.22 0.009132 0.01 7.26185772
2 793.66 0.009132 0.01 7.2476118
3 795.43 0.009132 0.01 7.26377544
4 795.25 0.009132 0.01 7.26213168
AV. VISCOSITY = 7.25884416
Temperature = 40°C
time "t" Visc. Constant "K" Correction factor Kin. Viscosity
(sec) "y' (mm?/s)
1 630.63 0.009132 0.03 5.7586392
2 629.69 0.009132 0.03 5.75005512
3 628.09 0.009132 0.03 5.73544392
4 629.7 0.009132 0.03 5.75014644
AV. VISCOSITY = 5.74857117
Temperature = 50°C |
time"t" Visc. Constant "K" Correction factor Kin. Viscosity
(sec) "y' (mm?/s)
1 508.85 0.009132 0.04 4.64645292
2 509.06 0.009132 0.04 4.64837064
3 508.74 0.009132 0.04 4.6454484
4
AV. VISCOSITY = 4.64675732
Temperature = 60°C
time"t" Visc. Constant "K" Correction factor Kin. Viscosity
(sec) "y' (mm?/s)
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1 416.07 0.009132 0.05 3.79909464
2 416.28 0.009132 0.05 3.80101236
3 416.01 0.009132 0.05 3.79854672
4
AV. VISCOSITY = 3.79955124
Temperature = 70°C
time"t" Visc. Constant "K" Correction factor Kin. Viscosity
(sec) "y' (mm?/s)
1 346.01 0.009132 0.08 3.15903276
2 346.81 0.009132 0.08 3.16633836
3 347.24 0.009132 0.08 3.17026512
4 347.13 0.009132 0.08 3.1692606
AV. VISCOSITY = 3.16622421
Temperature = 75°C
time"t" Visc. Constant "K" Correction factor Kin. Viscosity
(sec) "y (mm?/s)
1 317.29 0.009132 0.09 2.8966704
2 318.27 0.009132 0.09 2.90561976
3 318.12 0.009132 0.09 2.90424996
4
AV. VISCOSITY = 2.90218004
Temperature = 80°C
time"t" Visc. Constant "K" Correction factor Kin. Viscosity
(sec) "y' (mm?/s)
1 947.9 0.002856 0 2.7072024
2 947.2 0.002856 0 2.7052032
3 946.3 0.002856 0 2.7026328
4 947.8 0.002856 0 2.7069168
AV. VISCOSITY = 2.7054888
Temperature = 90°C
time"t" Visc. Constant "K" Correction factor Kin. Viscosity
(sec) "y' (mm?/s)
1 814.3 0.002856 0.004 2.325629376
2 812.5 0.002856 0.004 2.320488576
3 812.8 0.002856 0.004 2.321345376
4 812.6 0.002856 0.004 2.320774176
AV. VISCOSITY = 2.322059376
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Temperature = 100°C

time"t" Visc. Constant "K" Correction factor Kin. Viscosity
(sec) "y (mm?/s)
1 715.9 0.002856 0.006 2.044593264
2 717 0.002856 0.006 2.047734864
3 716.2 0.002856 0.006 2.045450064
4 716.4 0.002856 0.006 2.046021264
AV. VISCOSITY = 2.045949864
Temperature = 110°C
time"t" Visc. Constant "K" Correction factor Kin. Viscosity
(sec) "y' (mm?/s)
1 639.7 0.002856 0.008 1.826960352
2 638.8 0.002856 0.008 1.824389952
3 638.5 0.002856 0.008 1.823533152
4 638.2 0.002856 0.008 1.822676352
AV. VISCOSITY = 1.824389952
Temperature = 120°C
time"t" Visc. Constant "K" Correction factor Kin. Viscosity
(sec) "y (mm?/s)
1 569 0.002856 0.01 1.62503544
2 569.3 0.002856 0.01 1.62589224
3 569.4 0.002856 0.01 1.62617784
4 570 0.002856 0.01 1.62789144
AV. VISCOSITY = 1.62624924
Temperature = 130°C
time"t" Visc. Constant "K" Correction factor Kin. Viscosity
(sec) "y' (mm?/s)
1 535 0.002856 0.01 1.52793144
2 535.6 0.002856 0.01 1.52964504
3 5354 0.002856 0.01 1.52907384
4 533.3 0.002856 0.01 1.52307624
AV. VISCOSITY = 1.52743164
Temperature = 140°C
time"t" Visc. Constant "K" Correction factor Kin. Viscosity
(sec) "y' (mm?/s)
1 478.9 0.002856 0.01 1.36770984
2 478.2 0.002856 0.01 1.36571064
3 475.4 0.002856 0.01 1.35771384
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476.2

0.002856

0.01

1.35999864

AV. VISCOSITY =

1.36278324
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