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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main t
adopted by
Internationg

Attention is
rights. ISO

ISO 135034
for petroley
and well ce

This secon
revised. It g

ISO 13503
Completion|

— Part 1:
Part 2:
Part 3:
Part 4:
Part 5:

Part 6:

sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting. Publication "as
| Standard requires approval by at least 75 % of the member bodies casting a vote.

drawn to the possibility that some of the elements of this document may be the-subject of ps
shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 67, Materials, equipmentand offshore struct
m, petrochemical and natural gas industries, Subcommittee SC 3, Drilling and completion flt
ments.

H edition cancels and replaces the first edition (ISO 13503-1:2003), which has been techni
Iso incorporates the Technical Corrigendum ISO 13503-1:2003/Cor.1:2005.

consists of the following parts, under the general title-Petfroleum and natural gas industrie
fluids and materials:

Measurement of viscous properties of completion\fluids

Measurement of properties of proppants usedin hydraulic fracturing and gravel-packing operat
Testing of heavy brines

Procedure for measuring stimulation and gravel-pack fluid leakoff under static conditions
Procedures for measuring thelong-term conductivity of proppants

Procedure for measuring.léakoff of completion fluids under dynamic conditions

hrds
an

tent

ires
ids,

ally

"2

jons

© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=f00cc5f0ad73a53bd2c1147649b933a9

ISO 13503-1:2011(E)

Introduction

For the purposes of this part of ISO 13503, completion fluids are defined as viscosified treating fluids used
during the completion or workover of a petroleum- or natural-gas-producing well. The objective of this part
of ISO 13503 is to provide a standard procedure for measuring the viscous properties of single-phase, non-
particulate-laden completion fluids. These fluids are viscosified brines, gravel-pack carrier fluids, and fracturing
fluids. These fluids can be either crosslinked or non-crosslinked (aqueous, hydrocarbon- or acid-based).

An optional shear-history simulation procedure is provided for fluids that are potentially shear-sensitive.
This procedure is designed to simulate the shearing effects experienced by a fluid in surface apparatus and
duripgthe time 1S being conveyed down the weltbore. Shear-nistory simutation 15 most often usefl during the
development of new fracturing fluids to characterize their sensitivity to shear.

Theise standard procedures were compiled on the basis of several years of comparative’ testing, debate,
disqussion, and continued research by the industry.

Thig standard procedure is largely based on APl RP 13M, first edition, July 2004,

In this part of ISO 13503, where practical, US Customary units (USC) are included in parehtheses for
conyenience.

© 1SO 2011 — All rights reserved \%
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INTERNATIONAL STANDARD ISO 13503-1:2011(E)

Petroleum and natural gas industries — Completion fluids and
materials —

Part 1:
Measurement of viscous properties of completion fluids

1 [Scope

Thig part of ISO 13503 provides consistent methodology for determining the viscosity of completior] fluids used
in the petroleum and natural gas industries. For certain cases, methods are also provided to dgtermine the
rheglogical properties of a fluid.

2 [Terms and definitions
For [the purposes of this document, the following terms and definitions apply.

21
boh
inngr cylinder of a concentric-cylinder viscometer

2.2
completion fluid
visdosified treating fluid used during the completioror workover of a petroleum- or natural-gas-prqducing well

23
concentric-cylinder viscometer
rotational viscometer that consists of a-concentric-cylindrical bob and a cylindrical rotor

24
elagticity
cappbility of a material to regain-its original shape and condition upon removal of an acting stress

25
lamfinar flow
flow] property of fluids in which all layers of the fluid move parallel to each other and no material is| transferred
between layers

2.6
non-crosslinked fluid

line@r~ pelymer-viscosified solution or any fluid that does not exhibit significant elasticity leading to the
Wei ennhnrg effact (hnh r\limhing)

2.7
rheology
science of the deformation and flow of matter

2.8
rotor
outer rotating cylinder of a concentric-cylinder viscometer

29
shear history
sequence of shear rates and temperatures applied to fluids prior to and during measurements

© 1SO 2011 — Al rights reserved 1
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210

shear-history simulator
apparatus used to simulate shear history in a fluid

2.1
shear rate

rate at which one particle of fluid is sliding by another particle divided by the distance between those particles

212

shear stress

force requir

ed to sustain fluid flow

213
viscoelast
crosslinked

(bob climbipg)

214
viscosity
measure of

3 Measurement and precision

Temperatur
units. All ot

c fluid
polymer solution or other fluid that exhibits significant elasticity, leading to the Weissenbérg e

the internal friction of a fluid when caused to flow by an external force

es shall be measured to an accuracy of +1 °C (£2 °F); pH shall be measured to an accuracy of
ner quantitative measurements shall be made to an accuragy of +2 %, unless specified otherw

preparation

ects of sample preparation and handling can aiffect the viscosity or rheological properties of a f
Focedures, steps shall be taken to minimize\entraining air into the fluid.

ure used to prepare the fluid sample. shall be documented, including the following information:

tion and/or composition of the base’ fluid; preparation of the fluid shall be described, starting
] source, such as deionized water, tap water, completion brines, produced water, seawater or

Cation of mixing apparatus, container volume, and total volume of fluid prepared;
Cation of each fluid-component and amount added;

er and method of addition of each component;

speeds, \with time at each speed;

or-hiolding time prior to measurements, if required;

fect

0,1
se.

uid.

Wwith
ype

ature;

aqueous fluids);

such as filtration of completion fluids.

4 Fluid
Certain asp
During all p|
The proced
a) descrig
the flui
of ail;
b) identifi
c) identifi
d) the ord
e) mixing
f) ageing
g) temper
h) pH (for
i)
2

all other aspects of the fluid preparation which are known to affect the outcome of the viscosity measurement,
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5 Fluid preparation using shear-history simulation (optional)

5.1 General

A shear-history simulation procedure is provided to simulate the effects of shear rate and time while a fluid is
being conveyed down well tubulars. This procedure is intended to characterize the effect of shear history on
fluid properties as part of the concept and development phase for a new fluid.

A shear-history apparatus is used to condition the fluid at specified shear rates, times and temperatures prior to
injection into a viscometer. It consists of mixing apparatus, pumping apparatus and tubing to simulate significant
asp cts of thn surfaca apparahue followad h\Jl shaar f\r\nrlitir\ne m-the-weltubulars—A-shear hietr\r / apparatus
that|satisfies the requirements can be generically classified as a tube or pipe flow device that opgrates in the
lam|nar flow regime. Flow shall occur in a single-pass mode.

A sghematic diagram of a shear-history simulator connected to a pressurized concentric-Cylinder viscometer is
shown in Figure 1. In laminar flow, the energy dissipation rate is the same in any shear-history apppratus even
if different tubing sizes are used. Thus, the design and functioning of the apparatus.can vary and still meet the
des|red preconditioning criteria.

Key
ubing coil sized o provide shear rate and time

Hifferential pressure measurement device (optional)

static mixingydevice

high-préssure injection for final additive, e.g. crosslinker or activator
highpressure injection for second additive, if needed

pase fluid (i.e. non-crosslinked) in piston accumulator

hydraulic oil from pump used to displace the base fluid

o N O O WOWN -

positive displacement pump

reservoir for hydraulic oil

10 flow diversion valve

11 collection container for fluid

12 pressurized concentric-cylinder viscometer

©

NOTE Based on the Chandler Model 5550 viscometer”.

Figure 1 — Shear-history simulation diagram

1) Chandler Model 5550 is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

© 1SO 2011 — Al rights reserved 3
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5.2 Requirements for proper shear-history simulation

The following procedures shall be followed:

a)

b)
tubing.

record and report the test temperature;

5.3 Conditions for sample delivery

The followir

a) continy

b) consta

c) whilefl
100 s71.

g conditions shall be fulfilled:

ous delivery of base fluid while additives are added and the cup is being filled;

nt shear rate within the shear-history tubing;

5.4 Condlitions for standard shear-history simulation

g conditions shall be fulfilled:
temperatures less than or equal to 93 °C (200 °F), shear rate 675 s~ for 2,5 min;

temperatures greater than 93 °C (200 °F), shear rate 350 s~ for 5 min.

ational considerations
g conditions shall be fulfilled:
ation caused by certain types of positive displacement pumps shall be minimized;

e fluid shall be prepared, charactérized and reported as described in Clause 5;

he fluid exiting the shear-history simulator away from the viscometer until stabilized flow
Sition are established;

valves and similarittings shall have internal diameters such that the shear rate of the fluid flo

through them is essentially the same as within the tubing;

he tubing is-coiled, the diameter of the coil shall be larger than a critical value (see 8.5.2).

Instrument calibration

The followir
a) for fluig
b) for fluig
5.5 Oper
The followir
a) the pul
b) the bas
c) itiscri
divert
compo
d) unions
e) where
6
The instrur

ensure thorough mixing of all fluid-activating additive(s) immediately before the fluid enters the shear-history

Lid is being injected into the viscometer, the shear rate within the gap of the viscometer is a nonjinal

ical that a representative sample of the test fluid be injected into the viscometer; therefore, inifially

and

ving

TETtS—associatedwithrtheseprocedures—shatt—becatibrated—accordingtoeach mmanufacto

recommended method.

7 Measurement procedures

7.1

General

ers

The procedures given in 7.2 and 7.3 are organized according to the type of fluid on which the measurement is
carried out. Where data are reported as being obtained using a particular procedure, the procedure given shall
be followed exactly. The fluid shall not react with instrument surfaces to generate contaminants, change critical
measurement dimensions, or impair proper mechanical operation.

© 1SO 2011 — All rights reserved
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7.2 Non-crosslinked fluids (see 2.6)

7.21 General

For proper rheological characterization of this type of fluid, the fluid shall wet the walls of the measuring
chamber and remain within the annular gap.

7.2.2 Apparatus

For proper viscometric and rheological characterization, the apparatus used shall meet the following criteria:

a) |the flow regime in the annular gap is laminar;
b) |slippage of the fluid at the walls within the gap is negligible;

c) |the fluid exhibits essentially time-independent behaviour during any given measurement.

7.2.2.1 Non-pressurized concentric-cylinder viscometer2), to measure visoous and rheological properties
at ambient pressure and at temperatures below the boiling point of the fluid.

Mulfiple-point measurements are required for the calculation of rheologicalparameters.

Any| non-pressurized concentric-cylinder viscometer that is described by the following dimensigns may be
usefl (see Figure 2).

a) |Rotor, R1:

1) inside diameter equal to 36,83 mm (1,450 in);

2) should be concentric with the bob and extend the full length of the bob;
3) surfaces need to be smooth.

b) [Bob, B1:

1) diameter equal to 34,49 mm (1,358 in);

2) cylinder length equal 088 mm (1,496 in);

3) cylindrical body with-a flat, closed bottom and a tapered top with a truncated cone angle pf 60°;
4) surfaces need, 10 be smooth.
c) |Torsion spring:

1) thesequipment is usually supplied with a #1 spring; however, for less viscous fluids, a #0.2 spring may
beappropriate.

2) Examples of non-pressurized concentric-cylinder viscometers are the Fann Model 35 viscometer equipped with rotor 1,
bob 1 (R1B1) and appropriate spring; Chandler Model 3500 equipped with rotor 1, bob 1 (R1B1) and appropriate spring;
OFI Model 800 equipped with rotor 1, bob 1 (R1B1) and appropriate spring; or viscometers with equivalent geometry. This
information is given for the convenience of users of this document and does not constitute an endorsement by ISO of these
products.

© 1SO 2011 — Al rights reserved 5
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3 bob B1

4  sample qup
5 stage

Figure 2 — Geometry of‘a non-pressurized concentric-cylinder viscometer

7.2.2.1.1 Calibration

Calibration |shall be carfied out according to the manufacturer's recommended procedure, or using a
standardizgd Newtorian calibration fluid traceable to an international/national standard such as 1SO, ASTM,
DIN, or equjivalent:

Calibration |oit.viscosity shall be selected to encompass the shear rate and shear stress envelopes t¢ be
evaluated.

7.2.21.2 Operation

7.2.21.2.1 Preparation

Rotor and bob shall be properly aligned. All parts in contact with the fluid shall be at the same temperature as
the fluid. Use of the standard cup provided by the manufacturer is recommended. Other vessels may be used;
however, the vertical space between the bottom of the bob and bottom of the vessel shall be at least 13 mm
(0,50 in).

6 © 1SO 2011 — Al rights reserved
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7.2.2.1.2.2 Procedure

The non-crosslinked fluid sample to be tested shall be representative of the fluid as a whole, and air entrainment
shall be minimal. After being placed in the viscometer, the fluid is stirred for 10 s to 15 s at the highest shear
rate for which a measurement is to be made. Viscosity measurements should be made from lowest to highest
shear rate. Record the average reading 20 s after the reading is stabilized at each shear rate.

7.2.2.1.3 Calculations

In order to convert a reading in revolutions per minute to the shear rate for the recommended R1B1 combination,
use the following formula:

1 r/min = 1,704 s~

Forshear stress at the bob, use 511 Pa (0,010 66 Ib/100 ft2) per degree of deflection.
Visgometric calculations shall be performed according to the manufacturer’s spegified procedure.

Forrheological calculations, see Clause 8.

7.2.2.2 Pressurized concentric-cylinder viscometer3), to measure the viscous and rheologicdl properties
of fluids at elevated temperatures.

Presgsurization minimizes the effect of entrained air on measured’/parameters and allows measurements to be
made at temperatures above the atmospheric boiling point of\the sample. Multiple-point measurgments may
be guitable for determining the rheological parameters of fluids.

Any| pressurized concentric-cylinder viscometer that.issdescribed by the following dimensions may be used
(seq Figure 3).

a) |Rotor, R1:

1) inside diameter equal to 36,828 mm (1,450 in);

2) should be concentric with the*bob and extend the full length of the bob;
3) surfaces need to be smooth.

b) |Bob, B5:

1) diameter equahto 31,934 mm (1,257 in);

2) cylinderdength equal to 76,17 mm (2,999 in);

3) surfaces need to be smooth.

7.2..2.1 Calibration

Measure the temperature of the fluid being tested according to the manufacturer’s specified procedure, which
shall be traceable to a national/international standard such as ISO, ASTM, DIN, or equivalent.

Measure the rotor or sleeve speed according to the manufacturer’s specified tachometer calibration procedure,
which shall be traceable to a national/international standard such as ISO, ASTM, DIN, or equivalent.

3) Examples of pressurized concentric-cylinder viscometers are the Fann Model 50 viscometer equipped with rotor 1,
bob 5 (R1B5); Chandler Model 5550 viscometer with rotor 1, bob 5 (R1B5), or viscometers with equivalent geometry. This
information is given for the convenience of users of this document and does not constitute an endorsement by ISO of these
products.

© 1SO 2011 — Al rights reserved 7
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Use one of the following calibration methods.

a)

b)

7.2.2.2.2 OQperation

7.2.2.2.2.1 | Instrument preparation

Preferred method:

Verify the system using a standardized Newtonian calibration fluid traceable to a national/international
standard such as ISO, ASTM, DIN, or equivalent. A calibration oil viscosity shall be selected to encompass
the shear rate/shear stress envelope to be evaluated. The calibration shall be conducted at ambient
pressure.

NOTE While the compressibility of aqueous fluids is not significantly affected by the pressure, some calibration
oils, in particular silicone oils, are affected by pressure.

Alterndtive torque-only calibration:

Measufe according to the manufacturer’s specified calibration procedure (e.g. hanging weight)/which ghall
be traceable to a national/international standard such as ISO, ASTM, DIN, or equivalent.

Pre-heat thg thermal bath (if so equipped) to test temperature. All temperatures-in this part of ISO 13503 refer

to the actugl temperature of the fluid.

7.2.2.2.2.2 | Procedure

The following procedures shall be observed.

a)

b)

Loading, pressurizing and heating the fluid:

Load the fluid to be evaluated into the viscometer immediately after the last component is added accorfling
to the mixing procedure. Supply sufficient volume.tofully cover the bob. Pressurize the system with nitrdgen
to a mihimum of 2,75 MPa (400 psi) and immediately start shearing at 100 s~!. When shearing of the fluid
starts, fefine the elapsed time as zero (1 =-0)and begin heating the fluid. All actions in this paragraph ghall
be conjpleted within 45 s.

Optionglly, for an ambient-temperature shear ramp [described in 7.2.2.2.2.2 b)], elapsed time is definef as
zero (¢t 0) immediately after completing this ramp, and fluid heating is then begun.

At 20 nin elapsed time, the fldid temperature shall be no lower than 5 % below (base = 0 °C), an$ no
higher than 3 °C (+5 °F)above, the desired test temperature. In addition, at 30 min elapsed time, andl for
the remainder of the test, the fluid temperature shall be within £3 °C (£5 °F) of the test temperature.

Application of shearrate ramps:

The flujd shall.be sheared at a constant 100 s~ initially and between shear rate ramps.

The tinpe-Teported for each shear rate ramp is the total time elapsed when the ramp begins. Starting at
t = 20 min, shear rate ramps shall begin every 15 min up to t =2 h 5 min. Beginning at ¢t = 2 h 35 min and
continuing up to 4 h 5 min, ramps shall begin every 30 min. After 4 h 5 min, the time elapsed when ramps
begin is at the discretion of the operator; however, these shall be reported.

The specified shear rates for all shear rate ramps are 25 s~!, 50 s=!, 75 s~! and 100 s~'. The shear
rates during a ramp shall occur in the sequence specified; however, the sequence of rates may be either
monotonically increasing or decreasing. Following each change in shear rate, the fluid shall be allowed
to equilibrate for 25 s. This is followed by 5 s of data collection. Each new shear rate shall be attained
within the first 5 s following completion of data collection at the previous shear rate. When a sequence
of increasing shear rates is used, a 40 s equilibration period shall be allowed before collecting data at
25 s~1. Then, proceed as described above. Table 1 shows the viscometer speed, in revolutions per minute,
corresponding to each shear rate based on the specified viscometer geometry.

© 1SO 2011 — All rights reserved
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c) Data reporting:
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For each shear rate during a shear rate ramp, record viscosity data at least once per second and report the
arithmetic average of the data obtained. At all other times, report viscosity data at least once per minute.

Table 1 — Viscometer speed and corresponding shear rate

7.2..2.3 Calculations

In ofder to convert a reading in revolutions per minute to a shear rate, use the following formula:

1 r/min = 0,850 3 s~

Viscometer speed Shear rate
r/min s
29,40 25
58-86 58
88,20 75
117,6 100

Visgometric calculations shall be made according to the manufaeturer’'s recommended calculation procedure.

Forrheological calculations, see Clause 8.

© 1SO 2011 — All rights reserved
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Key

1 bobB5
2 measurgdment gap

3 rotor R1fsample cup

Figure 3 — Geometry of a pressurized concentric-cylinder viscometer
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7.3 Crosslinked polymer and surfactant fluids

7.3.1 General

For proper rheological characterization of these types of fluids, the fluid shall wet the walls of the measuring
chamber and remain within the annular gap.

7.3.2 Apparatus

Therproperties-of-viscoelastic-surfactantfluids-shall-be-measured-ina-pressurized-viseometerwith a relatively
wide gap. Pressurization of the viscometer minimizes the effect of entrained air and reduces the*\lfeissenberg
effect (bob climb). Multiple-point measurements are suitable for determining the rheological behavipur of fluids.

Forlproper viscometric and rheological characterization, the following criteria shall be met:
a) [the flow regime in the annular gap is laminar;
b) [slippage of the fluid at the walls within the gap is negligible;

c) |the fluid exhibits essentially time-independent behaviour during any, given measurement.
7.3.2.1 Pressurized concentric-cylinder viscometer, with the dimensions specified in 7.2.2.2.

7.3.2.1.1 Calibration

Measure the temperature of the fluid being tested agéording to the manufacturer’s specified calibration
pro¢edure, which shall be traceable to a national/international standard such as ISO, ASTM, DIN, of equivalent.

Meagsure the rotor speed according to the manufacturer’s specified tachometer calibration procedure, which
sha|l be traceable to a national/international standard such as ISO, ASTM, DIN, or equivalent.

Usdg one of the following calibration methads.
a) |Preferred method:

Verify the system using a(standardized Newtonian calibration fluid traceable to a national/international
standard such as ISO, ASTM, DIN, or equivalent. A calibration oil viscosity shall be selected tofencompass
the shear rate/shear stress envelope to be evaluated.

b) |Alternative torquée-only calibration:

Measure according to the manufacturer’s specified calibration procedure (e.g. hanging weight){ which shall
be traceablé to an international/national standard such as ISO, ASTM, DIN, or equivalent.

7.3.2.12 ¥ Operation

7.3.2.1.2.1 Preparation

Pre-heat the thermal bath (if so equipped) to test temperature. All temperatures in this part of ISO 13503 refer
to the actual temperature of the fluid.

7.3.2.1.2.2 Procedure
The following procedures shall be observed.
a) Loading, pressurizing and heating the fluid:

Load the fluid to be evaluated into the viscometer immediately after the last component is added according
to the mixing procedure. Supply sufficient volume to fully cover the bob. Pressurize the system with

© 1SO 2011 — Al rights reserved 1
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nitrogen to a minimum of 2,76 MPa (400 psi) and immediately start shearing at 100 s~!. When shearing of
the fluid starts, the elapsed time is defined as zero (s = 0) and heating of the fluid is begun. All actions in
this paragraph shall be completed within 45 s.

Optionally, for an ambient-temperature shear ramp [described in 7.3.2.1.2.2 b)], elapsed time is defined as
zero (t = 0) immediately after completing this ramp, and fluid heating is then begun.

At 20 min elapsed time, the fluid temperature shall be no lower than 5 % below (base = 0 °C) and no higher
than 3 °C (+5 °F) above the desired test temperature. In addition, at 30 min elapsed time, and for the
remainder of the test, the fluid temperature shall be within £3 °C (£5 °F) of the test temperature.

b) Applica
The flu

The tin
t=20n
continy
begin i

The s
rates d
monotg
to equi

t;UII Uf b: cdal |atc rartipgos.
d shall be sheared at a constant 100 s~! initially and between shear rate ramps (see Tahle 1).

he reported for each shear rate ramp is the elapsed time before the ramp begins. Startin
hin, shear rate ramps shall begin every 15 min up to r =2 h 5 min. Beginning at /=2 h 35 min
ing up to 4 h 5 min, ramps shall begin every 30 min. After 4 h 5 min, the elapse@-time before ra
5 at the discretion of the operator; however, these shall be reported.

j at
and
mps

ecified shear rates for all shear rate ramps are 25 s=1, 50 s~1, 75 s=I~and 100 s~'. The slear

uring a ramp shall occur in the specified sequence; however, the sequence of rates may be e
nically increasing or decreasing. Following each change in sheartrate, the fluid shall be allo
ibrate for 25 s. This is followed by 5 s of data collection. Eaeh‘new shear rate shall be atta

within fhe first 5 s following completion of data collection at the preyious shear rate. When a sequeng

increag
rate of
minute

c) Datarg

For eaq

ing shear rates is used, a 40 s equilibration period shall bexallowed before collecting dataata s
D5 s~1. Then, proceed as described above. Table 1 shows-the viscometer speed, in revolutiong
corresponding to each shear rate based on the specified viscometer geometry.

porting:

h shear rate during a shear rate ramp, record Viscosity data at least once per second and repor

arithmetic average of the data obtained. At all other times, report viscosity data at least once per min

7.3.21.3
Viscometrid

For rheolog

Calculations
calculations shall be made. according to the manufacturer’s recommended calculation proced

ical calculations, see Clause 8.

8 Calcujation procedtres

8.1 General concepts

It is assumd

d thatthe fluid is homogeneous, with power-law behaviour as shown in Equation (1):

ther
wed
ned
e of
hear
per

the
Ite.

ure.

t is the shear stress;

K s the fluid consistency index;

e

is the shear rate;

n is the flow behaviour index.

12
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For a power-law fluid, the shear rate at the measurement surface depends on the geometry of the

viscometer and on the flow behaviour index. The shear rate can be approximated using Newtonian behaviour,
and this shear rate is known as the nominal Newtonian shear rate. The consistency index determined using
the shear stress and the viscometer nominal shear rate is designated K. Similarly, the consistency indices are
designated K and K, respectively, when the power-law model is expressed in terms of the nominal shear rate
in a pipe and a slot (e.g. a fracture). The nominal shear rate and geometry-dependent consistency index may
be converted, respectively, to the actual shear rate at the measurement surface and the geometry-independent
consistency index, K, using the flow behaviour index.

8.2.
exp
bety
be g
the
indg

8.2.
for

indg
con

whe

P Apparent (Newtonian) viscosity, w, for the viscometer is calculated using a specific nominz
ression with the corresponding geometry-dependent consistency index. Apparent viscosity-valu
veen geometries. Although apparent viscosity differs between geometries, consistent shear stres
alculated using nominal shear rate with the appropriate geometry-dependent consistency index
power law expressed in terms of either a geometry-dependent or a geometry~independent

B The calculation approach used in this subclause is based on using.nominal shear rate in thd
lata reduction, then converting the fluid consistency index, Ky, to thie geometry-independent
X, K. Equations (2), (3) and (4) are provided for converting geometry-independent K to geometry
sistency indices Kp and K for pipe and slot flows, respectively:

Basic equations:

n
r:KV(;nJ =K

° (n_1)
v’n

n

y

is the sHeat stress, in mPa (Ibf/ft2);

is the, geometry-dependent consistency index, in mPa-s” (Ibf-s"/ft2);

% is the nominal (Newtonian) shear rate, in s7;

x will provide the proper shear stress value and, hence, pressure loss in the,selected geometry.

| shear rate
es will differ
S values will
. Therefore,
consistency

viscometer
consistency
-dependent

K is the geometry-independent consistency index, in mPa-s” (Ibf-s"/ft2);
v is the shear rate, in s~7;

n is the power-law flow behaviour index, dimensionless;

Ly is the nominal viscosity, in mPa-s (cP);

u is the viscosity, in mPa-s (cP).

© 1SO 2011 — All rights reserved
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b) Calculation of viscosity, using Sl units for K, with Equation (5):
o (n—1)
p=Ky ®)
where
u is the viscosity, in mPa-s (cP);
K is the geometry-independent consistency index, in mPa-s” (Ibf-s"/ft2);
y is the shear rate, in s~7;
n is the power-law flow behaviour index, dimensionless.
8.3 Limitations/problems that can produce erroneous results
Non-powerjlaw behaviour over the shear rate measurement range will be exhibited ifthe following occur:
a) changg in power-law indices versus shear rate;
b) slip (hdn-homogeneous) flow, due to
1) flu|ds with high normal forces (e.g. highly elastic fluids), which.may climb out of the gap in a concenric-
cylinder viscometer,
2) an|under- or over-filled viscometer cup,
3) thikotropic fluids, where the breakdown of internal-structure is a function of time as well as shear fate,
4) tthendancy of rheopectic material to build up structure with time while being sheared at a condtant
ra
8.4 Calcplation method for concentric-cylinder viscometers
8.41 General
The following procedures may be(used for data reduction and analysis when working with viscometers tha{ are
not automated.
8.4.2 Calqulation of shear stress from torque values
Helical torsion springs.are typically attached to the stationary cylinder (bob) in concentric-cylinder viscomefers.
Torque applied to:the stationary cylinder by the fluid couple within the gap causes the torsion spring to deflect.
The deflectlop’is.detected either electronically or visually through a dial reading.
14 © 1SO 2011 — Al rights reserved


https://standardsiso.com/api/?name=f00cc5f0ad73a53bd2c1147649b933a9

Torq

ISO 13503-1:2011(E)

ue applied by the fluid couple within the gap can be determined using Equation (6):

M=c0

Torq

ue is also force acting through a distance; see Equation (7):

M= FRp

where

A force balance allows the shear stress to be calculated from torque measurements; see Equationg

whe

Mar

to be used over a broader range:af viscosity. Factors for these springs are also available in the

Mar

to sgnse torque.

8.4.p Nominal shearrate from angular velocity

The
stat

M s thetorque; N (b ft);
¢ is the spring constant, in N-m/rad (Ibf-ft/deg);
is the spring deflection, in rad (deg);
F is the shear force tangential to the cylinder surface, in N (Ibf);

Rp is the outside radius of the bob, in m (ft).

tA=M/Rp
=M/ 2n-Rp%l

re
t is the shear stress acting on the bob, in mPa (Ibf/ft2);
A is the surface area of the bob, in m2 (ft?):

[ is the stationary inner cylinder lehgth, in m (ft).

y manufacturers supply interchangeable torsion springs of various strengths, which allow thg

ufacturers’ literature should.also be consulted if the instrument uses any means other than a to

angular velogity, expressed in radians per second, is converted to nominal shear rate at the s
onary inper'cylinder (bob) using Equation (10):

7 =20/ 1~ (Ro/ Rc)?]

(6)

(7)

(8) and (9):
8)

©)

instrument
ir literature.
Fsion spring

rface of the

(10)

where

yn is the nominal shear rate at the surface of the bob, in s~';
o is the angular velocity of the rotor, in rad/s (deg/s);
Rp is the outside radius of the bob, in m (ft);

Rc is the inner radius of the rotor, in m (ft).

© 1SO 2011 — All rights reserved
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8.4.4 Consistency index calculation

For each shear rate ramp, perform a logarithmic linear regression of the power-law, expressed in terms of the
viscometer consistency index, using Equation (11):

log1o 7=10g10 Ky + n log10 ;?n (11)

which is of the form given in Equation (12):

y=ax+b (12)

where

vy isthelogio (2);

x s fhe logio (vp );
b isthelogio (Ky)at1s T,
a is the slope of line, dimensionless;

t is [he shear stress, in mPa (Ibf/ft2);

Yy is [he nominal shear rate, in s,
The intercept, b, resulting from the regression analysis can be.gonverted to Ky using the following method
Using base}10 logarithms,

Ky = 10f mPa-s” (Ibf-s"/ft2) (13)

The coefficlent of determination, R?, shall be réported for each calculation of » and K. Ky, may be convertdd to
Ibf-s"/ft2 by |dividing by 478,8.

8.4.5 Fluid consistency index calculation
Calculate the geometry-independent fluid consistency index, K, from the viscometer-specific Ky:

K= KA ~ (Ro/ Re)?] L1~ (Ro | Re)?/my (14)

The consistency indéx) Ks, for a slot (e.g. fracture) can be calculated using Equation (15):

n
e

and that for a pipe, Kp, is calculated using Equation (16):

3n+1}n (16)

K,=K
P {471

8.5 Calculations for optional shear-history simulation

8.5.1 Flow rate and tubing length requirement

To keep a shear-history simulator within a reasonable size, a tubing internal diameter (ID) in the range of
0,002 m to 0,008 m [0,080 in to 0,305 in] is recommended. Once the ID of the tubing has been selected, the

16 © 1SO 2011 — Al rights reserved
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