Why “in-line”?
Viscosity is a rheological
property . . . meaning a
property involved with the
deformation of flow. The key
word is flow. The best location
to measure and control a
property of the flow is within
the flow itself . . . not along
side the flow (a sidestream)
and not in a laboratory. The
measurement and control of
viscosity (and temperature)
directly in the flow provides
real time rheological data . . .
no lag time and no process
delays. In the end, plants will
achieve the highest process
efficiency while improving
product quality.

The TOV Viscometer System . . . what is it?
The Mansco Products TOV Viscometer System is a process viscometer designed and built for in-line
use. It is the most sensitive, stand-alone control device for measuring viscosity and temperature in
an in-line environment. It is unlike capillaries or laboratory viscometers in that the TOV
is installed directly into the main process pipeline . . .
no sidestream is needed. It is unlike any other viscometer because of its sensitivity, repeatability,
robustness, and low maintenance requirements. And,
Mansco Products provides installation, training, and
comprehensive support services. In other words, the
TOV System is the most effective process viscometer
available and the TOV System has no peer.
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Quite simply, the engineering
and “know-how” incorporated into
each TOV System is what makes
the TOV better. For example, the
TOV operates at a low shear rate.
By definition, viscosity is the ratio
of shear stress to shear rate. In
turn, the TOV measures shear
stress of the process fluid to
determine the process viscosity.
Sounds easy, right? . . . Well, it’s
not that simple. The instrument
must be engineered
and designed to
withstand the harsh
operating environments of process lines
while providing high
sensitivity and
repeatibility levels for
very reliable process
control . . . all while
eliminating the effects
of the plant environment. The TOV does
just that.

- Reliability & Repeatability:
With a repeatability factor of
over 99.5%, the TOV produces
the same results over and over
again, day after day, week after
week, year after year.

- Durability: The TOV System is
very durable. Many TOV’s have
been installed in pipelines for a
decade or more without interruption.

- Very User-Friendly: After
initial set up, the TOV requires
little or no maintenance . . .
including calibration.

- Lab-Like Results in Real-Time:
The TOV is designed so the
customer can measure viscosity
and temperature within range and
within the target viscosity level.

Process Data

Other In-Line Models Output:
Drift due to noise problems

Control Level (High)
Agitator Current: No sensitivity
Capillary: Little sensitivity
(See Capillary comparison)
Control Level (Low)

TOV Output: Can Match the actual process changes
Graphical Representation for Illustrative Purposes Only
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What is viscosity and why is it so important?
Viscosity is a rheologic
“All fluids possess a
definite resistance to change property. Rheology is the
of form and many solids show science of deformation and
flow of materials. Viscosity is
a gradual yielding to forces
tending to change their form. just one of the many important
This property, a sort of internal rheological properties. Befriction, is called viscosity; it is cause of this inter-relation,
viscosity can be used as an
expressed in dyne-seconds
per cm2 or poises.”* In terms indirect measurement of
properties such as crystal
of physics, viscosity is the
concentration, and other
ratio of shear stress to the
shear rate. The viscosity of a important properties. In other
polymer decreases as shear words, with the accurate
rate increases. This property measurement of viscosity,
is referred to as pseudoplastic plants can tightly control thier
entire process flow.
behavior or shear thinning.

“Shear” Layers
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*CRC Handbook of Chemistry and Physics, 62nd
Edition, Copyright 1981-82, pg. F-40, CRC Press.

More About Shear Rate:
Intrinsic Viscosity, Shear Rate, & the TOV Viscometer System
Melt Viscosity vs. Shear Rate
(b) Low
(b)
shear

Higher Molecular
Weight
(Thicker fluid)

Philappoffian
Region

rate

Lower Molecular
Weight
(Thinner Fluid)

(c) High
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Sensitivity
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rate

Little
Sensitivity
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Viscosity

M

l

Measures at a low
shear rate where
the difference is
much larger …this
means much
greater sensitivity

(a) Zero

Competition

shear
rate

Measures at a high shear rate
where the difference is
smaller…this means lower
sensitivity

Best
Sensitivity
0

Low Shear Rate

Mid Range Shear Rate

Shear Rate (sec- 1)

High Shear Rate

In a condensation
polymerization process the
material exits the “finisher”
and moves slowly toward
spinning with a shear rate of
less than 10 sec-1. To obtain
the most reliable viscosity
measurement apparent
viscosity at different shear
rates should be analyzed.
At low shear rates the
viscosity remains near η0,
sometimes referred to as the
intrinsic viscosity. But as the
shear rate of measurement
increases, the apparent
viscosity drops until reaching
another asymptotic plateau ,
called the Philappoffian
region. The reason for the
decrease of apparent
viscosity with increased shear
rate is not all segments of a

molecule can respond to
the more and more rapid
motion of the measuring
device. This is demonstrated in the accompanying curve “Viscosity vs.
Shear Rate.”
The TOV Viscometer
System (TOV) measures
viscosity well before the
Philappoffian region, at
much lower shear rates
where the measurement of
viscosity is much more
significant. With its
unsurpassed sensitivity at
its operating shear rate,
the TOV provides much
more effective results on a
more repeatable basis.

TOV Applications
The general rule is that: “If the fluid can be pumped,
then it can be measured using the TOV System.
Applications include, but are not limited to:
Polyester
Nylon
Acrylic
Polyethylene
Polyurethane
Polypropylene

Polycarbonate
Polysulfone
Spandex
Glass Fiber
High Viscosity
Special Polymers

Please note: Each TOV System is
custom designed to meet each applications
needs and specifications. The TOV sensor
is selected and designed for optimal
viscosity measurement while the Transducer is calibrated for optimal narrow
ranges within the product specifications.
TOV Viscometer System...What is it?: Page 2
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The Key Components of the TOV Viscometer System
The TOV Probe
The superior design of the TOV Probe provides the most
sensitive, accurate, and reliable viscosity measurement
in the world.

TOV Probe’s Construction
The superior engineering and design incorporates
decades of field and engineering experience leading to
today’s unmatched know-how. Each TOV Probe is
custom designed to provide the most effective and
reliable results on a repeatable basis.

The Probe’s Sensor
The TOV Probe’s sensor incorporates over 40
years of experience and know-how. The sensor is
designed for minimal flow disruption while providing
the most sensitive and reliable viscosity results.

Platinum RTD Element
The built-in Platinum RTD provide a very accurate
temperature reading at the point where temperature is
most significant . . . where the viscosity is measured.

Mass Flange
The Probe’s massive flange provides a reference
so that plant influences are eliminated.

Probe’s Interior and Torsional System

Safety
TOV Probes models are approved for Class 1, Division II, Group
A,B,C,D service by Entela and UL.

The TOV Viscometer System operates utilizing the
torsional principal. Each TOV Probe incorporates the
most advanced engineering . . . from the torsional
elements to the pickup to the electromagnets.

The TOV Transducer
The TOV Transducer makes up the
electronic component of the TOV
System. It supplies power to the
probe, receives probe signals, and
conditions these signals before
outputting as 4-20mA signals..

Conditioned Signal
To reduce noise influences from
the pipeline operation, the
signal from the Probe is
conditioned in the Transducer to
provide a steady, distortion free
signal.

Four Isolated Signals
·Compensated Viscosity
·Uncompensated Viscosity
·Broad Range Temperature
·Compensating Temperature

Pressure Compensation
(optional for Model TOVL)
Pressure compensation is
available to eliminate pressure
influences caused by pipeline
pressure changes (such as
filter or pump changes).

Front Panel Access
All Transducer settings are
made via the front door panel
access.

On-line Probe Checks
Operational Probe Checks
are included that allow for the
testing of the Probe and
Transducer functions without
removal in the field making
process troubleshooting
simpler.

Power Checks
Model SC-03 Slide Chassis
provides automatic and manual
checking of all power supplies
during TOV System operation. Also
included is a true differential meter
for making voltage measurements.

The TOV Adaptor
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Flow Splitter
Special flow splitters are used for protection of the Probe.
REV

Any Core Pipe Size or
Schedule

"A"
1/16

DESCRIPTION

DATE

POSITIONI NG DOWEL
SEE NOTE 5

R.F.

1 1/16

.375 REAM

1/1 6 x 45°
CHAMFER

*

63

*

*

NOTE 1

C
L

22 1/2°

FLOW

WP

1.435 DIA.
1.440 DIA.

PIPE I.D.

*

63

2.050
2.055 DIA

From the 1” unjacketed
pipelines used in research
and extrusion to the 8”
jacketed pipeline adaptor
(shown at left) used in CP’s,
the Adaptor can be designed
for any core pipe size.

6.066
6.071
4.595
4.597

4 9/16
DIA.

9 5/8
DIA.

C
L

C
L

45° (TYP)

63

NOTE 3

30°

± 15'

RA DIUS
2- 5/8 1
NO TE

DRILL & TAP FOR 1 1 /8-7UNC-2B x 1 3/8" DEEP
8 HOLES EQUALLY SPACED ON 7.500 B.C.
AS SHOWN

C
L

1 /16 x 45° CHAMFER

"A"
NOTES

C
L

1. BLEND CORNERS.
2. INTERIOR SURFACE WILL HAVE MILL FINI SH
EXCEPT AS NOTED
FACES PERPENDICULAR TO C.L. WITHI N .001"/IN.
DI A.'S CONCENTRIC TO C.L. WITHIN .005" T.I.R.
SURFACE FLAT WITHI N .005/IN.
* SURFACE MACHI NED AFTER WELDING
3. FLEXITALLIC GASKET TYPE R3-25D, REQUIRED FOR
INSTALLATION OF PROBE.
4. MATERIAL WILL BE 304 S.S. UNLESS OTHERWISE NOTED
5. POSITIONING DOWEL (1 PER ADAPTOR) .375 DIA. x 2" LONG STEEL
DOWEL PIN REQUIRED.

SPLITTER - SEE DETAIL "Y"
TYPICAL 2 PLACES

1"
(TYP.)

SECTION "A"-"A"
120°
(TYP.)

The Adaptor is designed
based on customer and
Minimal Flow
process specifications using
Disruption
the years of experience of
Mansco engineers. Even if
The Adaptor’s
Adaptor drawings for customer specially machined
manufacture are purchased in internal contour allow

smooth flow characteristics
and minimized pressure
drops.

63

Experienced Design

place of a Mansco
built Adaptor, the
same detail and
experience are used
to ensure the high
quality of the TOV
System.

RAD1"
IUS

The TOV Adaptor, designed
specifically for the Probe, is
machined for a smooth interior
transition between the Probe and
Adaptor, minimizing build-up and
disturbances.

PIPE I.D.

CAVITY REQUIREMENTS FOR MOUNTING
STANDARD POLYMER ELBOW
TYPE VISCOMETER

1/4 (TYP.)

1/8" x 45°
CHAMFER
(TYP.)

DETAIL - Y
MAT'L. TYPE 304 S.S.

TOLERANCES UNLESS NOTED OTHERWISE
ANGLES ±0°30'
FRACTIONS ± 1/8 INCH
DECIMALS
1- PLACE ± .05 INCH
2- PLACE ± .01 INCH
3- PLACE ± .005 INCH
REF. DRAWINGS
D3151377

PROJ ECT
SCAL E
DRAW N BY
DATE
APPR OVED BY
DATE

FULL
C.M.
4/9/97
D.L. MANGLE
4/9/97

MANSCO PRODUCTS, INC.
IVYLAND, PA 18974
DWG NO.

E3153178

RE V. NO.

0

Optional

Direction of
flow

TOV Probe

TOV Pipeline
Installation

What we need to
know about your
product and process

Flow Splitter

Weld
Smooth
contoured
surface
For minimum
flow disrption
or build-up

To prevent large
solids from reaching
the Probe sensor
while not disturbing
the flow.

Parabolic Flow

Recommended

Direction
of flow

Flexitallic
Gasket
Flange-to-Flange
Mounting

Provides tight
seal

Recommended
Static
Mixer

Even (“Plug”)
Flow for
accurate
measurement

TOV Installation:
Where Should the “TOV” Be Installed?
TOV Systems are custom designed. Characteristics of the
process fluid, the Probe’s installation location, and other specifics are important considerations:

Probe Location:
The most common pipeline installation of a TOV Probe is in a
pipe elbow. Straightline locations are also acceptable. In either, the Probe is installed into
the main process pipeline and in
a location where viscosity control can take place as possible.
In vessel installations, the Probe
is often located in a recycle line
(pipeline installation) or into the
vessel itself near the exit.

Features of note:
Adaptors are designed for minimal disruption to the process
flow. The contours of the Adaptor are engineered and machined to match the pipeline.
The Adaptor incorporates safety
features such as the Flow Splitters to protect the TOV Probe.

Homogenous Flow:

Integral Part of the Pipeline:

Fully developed, well mixed flow
is an important consideration for
any in-line measurement such
as viscosity, temperature or
pressure. In installations where
the Probe will be considerably
away from a mixing action
(pump, static mixer, etc..), a new
location or the addition of a
mixer should be considered.

Once the Probe is installed, it becomes a part of the pipeline or vessel. It should be heated the same as
the process with no outside cooling.
Adaptors are designed for all sizes,
from small pilot lines to large vessels.
Mansco’s years of experience and
know how provide the best design and
ultimate success of the TOV System.

P ro be P ro te ctive
C age

F la nge W eld ed
In to V es sel
G a ske t
A lign m en t R ods

T O V -L P rob e

Because each TOV
System is customized for
each process and installation, we need to understand
your product(s) and
process.
For product information,
product family (polyester,
nylon, etc.) and target
viscosity & temperature
range are important
considerations when
designing and manufacturing a customized TOV .
For process information,
data for the polymerization
process method (CP,
autoclave, etc.) and
operating pressure range
are important TOV considerations.
For TOV Adaptor design,
whether we make the
Adaptor or the customer
manufactures locally, the
pipeline specifications are
needed. The core pipe size,
schedule and materials of
construction are important
considerations. And, if the a
jacket is present, the jacket
specifications are needed.
Finally, to ensure proper
location of the TOV Probe
installation, we need your
hellp by providing a sketch
or even pictyures of the
process with available
locations for Probe
installation. This is even
more important in vessels
where agitators are present.
With your help, we can work
together to select a location
where the Probe can be
successfully installed to
produce the results you
expect.

TOV Vessel Installation

For more information, please contact:

34 Richard Road
Ivyland, Pennsylvania 18974
United States
Telephone: +215.674.4395
Fax: +215.674.4396
http:\\www.ManscoProducts.com
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the TOV viscometer

Probe

The Probe is the mechanical portion of the TOV System that
installs directly into the process environment.

TOV Probe’s Construction
The Probe’s Sensor
Viscosity sensor is sized and shaped
according to the process
specifications for greater sensitivity.

All weld construction allows Probe
designs for high pressures (over
10,000 PSI or 700 Kg/cm2) and high
temperatures (up to 350ºC)

Mass Flange
Mass flange provides
reference to reduce/
eliminate extraneous plant
noise influences.

RTD Element
Built-in Platinum RTD
provides accurate
temperature reading (.1%)

Safety
TOV Probe models are approved
for Class 1, Division II, Groups
A,B,C,D by Entela and UL
Approx. 9.625 Inch (244.5 MM) Dia.
Approx. 85 lbs (38.5 Kg)

Probe Interior Torsional System
Operates utilizing the torsional
principal...no motors or gears, less
moving parts, and no maintenance

Model TOVS
For Pipeline,
Vessel, and
Extruder
Installations

ML-SP-0705

Model TOVS Probe shown as example.
Specifications above are for Model TOVS Probes.
Operating temperatures vary by model.

Model TOVL
For Vessel and
Extruder
Installations

How it works . . .

Optional
Flow

The TOV Probe’s sensing device is immersed in process fluid.
The TOV Probe is allowed to oscillate at its own resonance
frequency…no motors or gears.

Recommended
Flow

Power to start and maintain the TOV Probe’s oscillation is
supplied by the TOV Transducer.
As the viscosity increases, more power is needed to maintain
the oscillation. For a lower viscosity, less power is needed.
The Transducer continually monitors how much power is
needed meaning the viscosity is also constantly monitored.
No sampling time….only REAL TIME measurement.

specifications
TOV Probe Model TOVS-HT,MT, or LT
Viscosity Range:
Working Temp. Range
Model TOVS-HT:
Model TOVS-MT:
Model TOVS-LT:

0.01 to 100,000 poise
(.001 to 10,000 Pa.s)
0°C to 350°C (32 to 662°F)
0°C to 230°C (32 to 446°F)
0°C to 120°C (32 to 248°F)

TOV Probe Model TOVL-HT, MT, or LT
Viscosity Range:
Working Temp. Range
Model TOVL-HT:
Model TOVL-MT:
Model TOVL-LT:

0.01 to 100,000 poise
(.001 to 10,000 Pa.s)
0°C to 350°C (32 to 662°F)
0°C to 230°C (32 to 446°F)
0°C to 120°C (32 to 248°F)

Temperature Accuracy:
Design Pressure Range:

±0.1°C of the balance point
0.01 to 10,000 PSIG
(700kg/cm2)
Installation and Mounting: Flange mounted with pipeline,
vessel, or extruder adaptor/flange
Mass Diameter:
9.625 in (244.5 MM)
Lid:
Standard thin Rupture Disk
available Special Thick Lid design
RTD:
Dual Element, 100 ohm Icepoint
Size:
Sensor Length 3 inches (76.2 MM)
Overall Length
14 inches (355.6 MM)
Weight:
Approx. 85 lbs. (38.5 Kg)
Materials:
Generally 316 S.S., others available
Safety Certification:
US Entela Certified for UL1604
Class 1, Division II, Groups A,B,C,D
Certification 8769
Viscosity Repeatability:
±0.2% of reading
Viscosity Accuracy:
±1% of range in use

Temperature Accuracy:
Design Pressure Range:

±0.1°C of the balance point
0.01 to 10,000 PSIG
(700kg/cm2)
Installation and Mounting: Flange mounted with vessel or
extruder adaptor/flange
Mass Diameter:
6.500 in (165.1 MM)
Lid:
Standard Thick Lid design
Thin Lid available
RTD:
Dual Element, 100 ohm Icepoint
Size:
Sensor Length 3 inches (76.2 MM)
Overall Length
14 inches (355.6 MM)
Weight:
Approx. 40 lbs. (18.1 Kg)
Materials:
Generally 316 S.S., others available
Safety Certification:
US Entela Certified for UL1604
Class 1, Division II, Groups A,B,C,D
Certification 8769
Viscosity Repeatability:
±0.2% of reading
Viscosity Accuracy:
±1% of range in use

Other TOVS models are available.

Other TOVL Model Probes are available.
For more information, please contact::

34 Richard Road
Ivyland, Pennsylvania 18974
United States
Telephone: +215.674.4395
Fax: +215.674.4396
http:\\www.ManscoProducts.com
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the TOV viscometer

Transducer
The TOV Transducer is the electronic component of the TOV System.

•
•
•
•

Constant feedback with TOV Probe to provide real-time viscosity measurement.
Monitors changes in power needed by the Probe and converts these into changes in the viscosity.
Conditions Probe signal to output “real” viscosity changes.
Located in or near the control room (control room envirnment)

Model TOVM 1.4

•
•
•
•

Most complete Transducer available
Includes 4 outputs (See specifications)
Includes Multi-feature option
Standard Pressure Compensation

Model TOVL 1.1

• Standard for one product use
• Includes 2 outputs (See specifications)
• Optional Pressure Compensation
from customer provided pressure signal (4-20 mA)

from customer provided pressure signal (4-20 mA)

New Model SC-03
Slide Chassis

• New features
• Standard for Model TOVM 1.4
•

and TOVL 1.1 Transducers
Available as upgrade for earlier
models

Built-in TOV System checks

Up to 4 Outputs available

• 4-20 mA outputs
• Isolated signals

Front Access adjustments
and Connections

• Probe Function Checks
• Probe Simulator

Model SC-03 Slide Chassis
New Features
• Built-in Differential Meter
• Automatic Start-up Power Supply Checks
• Manual Power Supply Checks
• New LCD Display
ML-SP-0705

Feature/Specification
Proces s or Model
Power Input from Field: 110VAC 50/60Hz Service

Transducer Model
T OVM 1.4

T OVM 1.3

T OVL 1.1

TOVM 1.4

TOVM 1.3

TOVL 1.1

√

√

√

Maxim um Power Output: 0.5 Am ps from P.S.

√

√

√

Analog Output Signals (4-20 m A)

4

4

2

Com pens ated Vis cos ity

√

√

√

Uncom pens ated Vis cos ity

√

√

√

√

√

√

√

Standard

Standard

Optional

Standard

Standard

Standard

Trans ducer Accuracy: ±0.1% of reading

√

√

√

Trans ducer Precis ion: ±0.1% of reading

√

√

√

Multi-Features

Standard

Standard

Not Available

In-line Probe Perform ance Tes ts for tes ting Probe
operating param eters :

Standard

Standard

Standard

Built-in Sim ulator feature

Standard

Standard

Standard

Built-in Calibration features

Standard

Standard

Standard

Pus h Button Com pens ating Tem perature Balance

Standard

Standard

Standard

LED Readout of Direct Proces s Tem perature

Standard

Standard

Standard

New Slide Chas s is Model SC-03

Broad Tem perature Output Ranges Available:
0 to 100°C (32 to 212°F)
•
100
to 200°C (212 to 392°F)
•
• 200 to 300°C (392 to 572°F)
• 250 to 350°C (482 to 662°F)
0 to 350°C (32 to 662°F)
•
Com pens ating Tem perature:
+/-5°C (9°F) f rom Temperature Compensation setpoint

Pres s ure Com pens ation

(P res s input 4-20M A by c us to m er) :

Max Press Comp: Span of Incoming Pressure Transmitter

Linear Tem perature Com pens ation from Probe RTD
s ignal within +/- 14°C (57.2°F) from s etpoint

Standard

Not Available

Standard

Differential Voltage Meter

√

Not Available

√

Start-up Power Checks

√

Not Available

√

ALL

Lim ited

ALL

LCD Meter Dis play

√

Not Available

√

Front panel acces s to Trans ducer s ettings

√

On-line Power Supply Checks

√

√

Microproces s or features

√

√ Lim ited

√

Nois e reduction conditioning

√

√

√

Not Available

√

Not Available

CE Com pliant Availability

For more information, please contact::

34 Richard Road
Ivyland, Pennsylvania 18974
United States
Telephone: +215.674.4395
Fax: +215.674.4396
http:\\www.ManscoProducts.com
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tov viscometer system

focus

Intrinsic Viscosity,
Shear Rate, & the
TOV Viscometer System

Value
Considerations
The TOV Viscometer System,
because of its operating shear
rate, is the only viscometer with a
sensitivity that allows all portions
of a polymer molecule to enter the
damping equation. The end result
is a more meaningful viscosity
measurement. For plant managers and process engineers, this
translates into value:

LOW MAINTENANCE
The TOV is a very low maintenance device. Many plants have
been running with them continuously for over 10 years.
NARROW RANGE
With every TOV purchase, the
customer selects the viscosity
units and range of operation.
Calibration is then set in the range
specified by the customer.

ML-SP-0705

Philappoffian
Region

η0

Viscosity

CONTROL LOOP
The TOV can and should
become part of the vacuum
control loop for the final
polymerization vessel. In a
CP (continurous polymerization) system with a TOV at
each end of the transfer line,
either cascade or double
cascade control systems can
be used. In single cascade,
the TOV at the finisher is
used with proportional
control. In double cascade
the unit near spinning would
be the “master” or integralonly control and the other
TOV near the finisher would
be the “slave.” (In a polymerization process, viscosity
derviative action is never
used.)

In a condensation polymerization process the material exit the
“finisher” moves slowly to spinning with a shear rate of probably
less than 10 sec-1. To obtain the most reliable viscosity measurement of this material the apparent viscosity vs. shear rate curve
must be observed.

0

Low Shear Rate

Instrument

Mid Range Shear Rate

Shear Rate (sec-1)

The Viscosity vs. Shear Rate Curve

High Shear Rate

At very low shear rates the
viscosity remains near η0,
the viscosity at zero shear
rate, sometimes referred to
as the Newtonian viscosity.
But as the shear rate of
measurement increases,
the apparent viscosity
drops, rather precipitously,
until reaching another
plateau asymptotically,
called the Philappoffian
region. The reason for the
decrease of apparent
viscosity with shear rate is
that not all segments of a
molecule can respond to
the more and more rapid
motion of the measuring
device. This is demonstrated in the accompanying curve of viscosity vs.
shear rate.

The TOV Viscometer System (TOV) measures viscosity well before the Philappoffian
region, at much lower shear rates where the measurement of viscosity is much more
significant. With its unsurpassed sensitivity at its operating shear rate, the TOV
provides much more effective and meaningful results on a repeatable basis.

Viscosity and Shear Rate
. . . a closer look
(b) Low Shear Rate:

(a) Zero Shear
Rate:

In a non-Newtonian fluid, as shear rate increases, the viscosity
decreases. On the graph below, two curves are shown: one for a
fluid at high molecular weight (Mh) and one for a lower molecular
weight (Ml). At lower shear rates, there is a significant difference in
viscosity, depending on the molecular weight. The TOV Viscometer
System (TOV) measures viscosity at this lower shear rate where
viscosity measurement is most significant. The TOV operates with
the most sensitivity within this narrow range thereby producing a
much more effective and reliable result.

Also called the
Newtonian Viscosity.
The highest viscosity
possible for a given
polymer at a given
temperature.

Melt Viscosity vs. Shear Rate
(c) High Shear Rate:

(b)
low shear
rate

Mh

(c)

Philappoffian
Region

high
shear
rate

Viscosity

(a)
zero
shear
rate

Ml

Competition

0

Low Shear Rate

Mid Range Shear Rate

Instrument Shear Rate (sec-1)

High Shear Rate

As the shear rate continues to
increase, it reaches a
plateau, called the
Philapoffian region. As the
fluid approaches, the differences in the viscosity of the
fluid with higher molecular
weight (Mh) and lower
molecular weight (Ml) become
more and more negligible. At
this point, in the Philapoffian
region, although viscosity can
be measured or derived, the
results are much less
effective and the reliability
factors decrease by significant proportions.

For more information, please contact::

34 Richard Road
Ivyland, Pennsylvania 18974
United States
Telephone: +215.674.4395
Fax: +215.674.4396
http:\\www.ManscoProducts.com
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Value Considerations

Control Feedback & the
TOV Viscometer System

Setpoint

The TOV Viscometer System (TOV) is the
only viscometer with sensitivity to allow
precise control that can provide proportional unity gain (one-to-one). Thus, the
The TOV Viscometer System (TOV) is a vital link in the
TOV is the best device to control the final
control loop so that a 1% change in the vacuum range
polymerization vessel. For plant managers
and process engineers, this translates into
results in a 1% change in the viscosity reading . . .
value:
. . . a unity gain in the control feedback loop.
IMPROVED PRODUCT QUALITY
The Mansco Products TOV Viscometer System illustrated as part
The TOV provides the most sensitive and
of a PID control loop. Please refer to the diagram for the desciption, below:
reliable results and, as part of the feedback
loop, rheological properP (proportional action):
ties are controlled . . .
The first TOV Probe (a) is
resulting in improved
installed in-line directly after
Vacuum
(c) Vacuum
DCS
the finisher. The TOV
product quality.
Controller
(located in
Probe’s sensor transmits a
IMPROVES PROCESS
DCS)
signal to the first TOV
Finisher
EFFICIENCY
Transducer (b). The TOV
Viscosity measurements
Transducer then transmits
are direct on a real-time
the signal to the Vacuum
basis. Lab tests are
(a) TOV (b) TOV
Controller (c). The Vacuum
Transducer
(f) TOV Probe
Probe
reduced, no delays in
Controller compares the set
point with the transmitted
process time . . . any way
signal and produces an
Setpoint
you look at it, the TOV
P (proportional)
Controller
error signal for precise
helps improve process
(located in
vacuum (viscosity) control.
DCS
efficiency.
DCS)
Time Lag
I (integral action):
REDUCES HUMAN
Setpoint
A second TOV Probe (d) is
ERROR
installed in-line at a location
The TOV, as part of the
To Extrusion
I
(integral)
close to extrusion.
control loop, reduces
Although the principal
manual or operator control
(d) TOV Probe
functions of the 2nd TOV
(e) TOV Transducer
resulting in substantial
Probe are for viscosity
reductions in human error.
This process illustration is a sample portion of a typical continuous polycondensation process
control (at the point closest
(CP) from the final stages of polymerization to just before extrusion.
to extrusion) and to monitor
REDUCES SCRAP
thermal degradation, it also provides the intregal action (I) in the control feedback
Improved product quality combined with
loop. As with the P Action, the TOV Probe transmits a signal to the second TOV
improved process efficiency and less
Transducer (e). The second TOV Transducer then transmits the signal to the
human error translates into better product
Vacuum Controller (c). The Vacuum Controller compares the signal for the time
with less scrap, for less money.
duration, or integral of time, to the set point for the I Action. This I Action acts as
SAVES TIME
a “macro” adjustment for the unity gain (P Action) and provides even more
process control.
With direct in-line viscosity on a real-time
basis and significant reduction in lab tests,
Note: (1) The third TOV Probe (f) & TOV Transducer are installed for in-line
reference and as an operating spare, thus assuring optimal process control at all
the TOV saves valuable process time.
times. (2) The Derivative Action (D) of a PID controller is not required and is
(i.e., no process delays)
typically not used in slow moving processes.
SAVES MONEY
The TOV Viscometer System’s effective
results are reflected on the bottom line . . .
better product for less money.
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The PID Control Feedback Loop
. . . a closer look
Other Points to
Consider

Setpoint
of
Desired
Value

(1) A single TOV Probe installed
directly after the finisher is a
very effective control device for
the final polymerization vessel
(the finisher) by allowing unity
gain with the vacuum.

PID Controller Functions

The TOV is the most efP
P
K
K
fective and reliable device
u(t)
U(s)
e(t)
E(s)
I
I
K
available for measuring vis∫K ( )dt
+
+
s
cosity in an in-line environd( )
D
D
ment. The TOV provides
Ks
K dt
the most sensitivity at low
shear rates and operates in
extreme environments (up
to 350°C, no pressure limit,
Graphical representation of the PID controller functions.
etc.). But, the benefits do
not end there. More important, it can be a vital link in the control loop of
a condensation polymer (e.g., polyamide or polyester). The TOV Probe
is installed in a location as
Closed-Loop Control System
close to the final polymerization vessel as possible.
Disturbances
Then, whatever the vacuum
range of the final polymer+
Process
Process
ization vessel, be it 0-5mm
or 0-1mm absolute, the
sensitivity of the TOV is set
so a 1% change in the
vacuum range results in a
1% change in the viscosity
Inside Controller
reading. This procedure will
Graphical representation of a typical closed loop
result in a unity gain in the
system.
control feedback loop.
p

p

i

i

d

d

Setpoint

(3) The TOV Probe measures
viscosity at a low shear rate
which provides greater sensitivity in molecular weight change
and, thereby, providing the most
effective and reliable viscosity
reading possible.

(5) The TOV Viscometer
System (TOV) is the only
viscometer with sensitivity to
allow precise control that can
provide proportional unity gain
(one-to-one). Thus, the TOV is
the best device to control the
final polymerization vessel.

Controlled
Variable

Sensed
(measured)
Value

(2) For the most effective TOV
results, Mansco Products highly
recommends a homogeneous
flow at the point where viscosity
is measured (i.e., eliminate the
parabolic flow). A Mansco
Products process technician
can help provide alternatives
and solutions.

(4) The recommended TOV
Viscometer System for a
typical CP includes 3 TOV
Probe and Transducer installations. The 2nd and 3rd TOV
Probes are used for viscosity
and thermal degradation
control, a built-in reference and
in-line spare, respectively.

Disturbances

Error

TOV focus

When properly installed into a
control loop for the final polymerization vessel (the finisher),
P
the TOV Viscometer System
I
(TOV) will provide the ProporProcess
D
tional Action in a single-mode
proportional control and the Integral Action of a double-mode
Graphical representation of a typical PID controller.
PI control. As a result, the TOV
Viscometer System becomes an integral control device in the polymerization process.
PID Controller

Input
Elements

Feedback
Controller

Proportional Action
Integral Action

Output Feedback
Eliminate steady state offset

Derivative Action

Anticipation

Compare output with setpoint
Apply constant control even when error
is zero
React to rapid rate of change before
error grows too big

Final
Control
Element

In-Line Sensor

Feedback
Transmission
System

Recorded
(optional)

For more information, please contact::

34 Richard Road
Ivyland, Pennsylvania 18974
United States
Telephone: +215.674.4395
Fax: +215.674.4396
http:\\www.ManscoProducts.com
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CP TOV Assessment Survey
Please help us so we can address
your process solution

HELP!

The TOV System is a special customized instrument designed for your process specifications
and your control needs. To provide the best solution possible, we need you help. Please
answer the following questionairre questions as completely as you can espcecailly if it directly
relates to the process viscosity and/or to the TOV itself. The more information you can give us
means the better customized solution we can provide.
Let us start easy. Please take a few minutes and fill in your information below:

Name
Company
Address

City
State/

Province
State/Province

Postal Code

Country
Telephone No.
Fax
E-Mail

Now, let’s move onto your process...

When completed, send or fax to Mansco
Products.
Address: Mansco Products, Inc.
34 Richard Road
Ivyland, PA 18974
USA
Phone: +215.674.4395
Fax:
+215.674.4396
email: info@manscoproducts.com
ML-SP-0705

Postal Code

“Based on DuPont’s multi-decade experience with Mansco’s
TOV Viscometer Systems , . . . DuPont completely recommends (the TOV Viscometer system) to any interested party.”
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PIPELINE AND PROCESS EQUIPMENT
CP TOV
INFORMATION

DuPont Testimonial Letter 10/30/98

ABOUT YOUR PLANT AND PROCESS
1. Industry classification (of plant):
Polymer
Petrochemical
Petroleum

Other_______

Pulp & Paper

Pharmaceuticals
Food Processing
Other ____________________________
2. Production output: (e.g., PET chips, polyester
yarn, etc.)
___________________________________
Polymerization Method:
Continuous Process
Remelt

Batch

4

4

Average production rate:
___________________________________

5

Do you measure viscosity before, during, or
after polymerization?
Before
After
Both Before and After
Target Viscosity:
Minimum ___________ poise
Maximum ___________ poise

7. Operating Pressure Range:
Under 1000 psi
1000 to 2000 psi
3000 to 4000 psi

4000 to 5000 psi
Over 5000 psi ______
Other ____________________________
Design Pressure Required
___________________________________
8. Temperature:
0 to 100-C
200 to 300-C

r 100 to 200-C
Over 300-C _______

Shear Rate (if known)_________________ at
_____________________ temperature.
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3. Materials of construction of jacket
Carbon Steel (type_______)
Stainless Steel (type______)
4. At present, are you using an “at-line” or “in-line”
viscometer?
at-line
in-line

5 or more ________________

2000 to 3000 psi

2. Pipeline Size:
Core _______________
Jacket _______________

Other_________________

3. Number of Process Lines:
1
2
3

6

1. Materials of construction of core pipeline
Carbon Steel (type_______)
Stainless Steel (type______)

What viscometer are you presently using?
Manufacturer____________________
Model _______________________
5. Output device(s):
Chart recorder
Both

Control System/Center
Other __________

A FEW PLANT PERFORMANCE
QUESTIONS . . .
1. Number of reported upsets (annually):
0

1-2

3-4

5 or more

2. Is your current viscosity control method reliable?
Yes

No

3. Accurate?
Yes

No

4. How long is your lag time before test results
verification and corresponding adjustments,
etc.?
0-10min
20-30 min
Not Applicable

10-20 min

r more __________

tov viscometer system

focus

Vessel(Autoclave) Application

CP versus Batch
The TOV Batch Vessel application is quite different from the Continuous Process (CP) and other pipeline
applications of the TOV System such as extruder applications. In a polyester or polyamide CP application, the
TOV is typically installed downstream from and as close to the Finisher (polymerization vessel) as possible.
This location offers the best opportunity to control the viscosity of the process on a real-time basis and with the
least amount of lag time for results, meaning a more proactive approach to control as compared to a reactive
approach.
In Batch applications, the preferred installation is
directly into the vessel itself along its base and as
close to the nozzle as possible. This location
allows for the plant engineers and process control
engineers to follow the product viscosity during the
polymerization before its extrusion. This will
provide for a real-time analysis of the polymerization as well as providing for the integration of the
extruded batch results. When compared to other
methods such as relying on residence time or lab
results, the TOV allows for more accurate control
of the viscosity. What does this mean....quite
simply it means less downtime, better process
results, and improved quality of the polymerization
itself while providing meaningful data in the form of
the integration of the extruded results. In other
words, the TOV can remove the “guesswork” of
the Autoclave polymerization method.

Location, Location, Location
The TOV Autoclave
Probe is custom
designed to meet the
application needs.
Process variables such
as solids, degradation,
vessel agitators, and
process conditions are
all factors in the design
process.

ML-SP-0705

Location of the Probe in the Autoclave Vessel has an important
factor....space. Since the TOV needs to be installed and, in some
applications, removed, there must be adequate space in order to accomplish this. In cases where there is not enough “room” for the TOV Probe
along the base, it may be possible to locate the unit near the base along
a side. In some cases, even this may not be an option. For instance if
the vessel is close to the ground or if a wipe-walled agitator make the
suggested location impractical, other locations can be utilized. A recirculation line is another possible location where the TOV can be of great
benefit. No matter where the location may be, the TOV can be of great
use in the Autoclave application in improving the process control and
reducing the long lag times of viscosity measurement, which can often
be associated with these applications.

What’s Being Produced?
Since the Autoclave applications can vary greatly in the materials being produced, there are many variables
which are addressed during the analysis of the process. Characteristics of the material being made must be
known in order to accomodate these variables and provide the best instrument possible for your apllication.....Is
the material corrosive, are the materials always in a molten state or must solids be taken into account, does the
material freeze, what are the nominal operating temperatures and pressures, does the product degrade, and
how the vessel is cleaned are all considerations when designing the TOV Probe. In all cases, the proper design
of the TOV System will account for these variances and provide for the best results possible.

The Methods Comparison
The most common method of viscosity measurement for
autoclaves requires a sample of the extruded material, for
example chips, being analyzed in the laboratory. This is
usually done using a dilute solution to determine the viscosity.
Although this method can determine viscosity, it has a major
drawback when using this method as part of a proactive
approach to your process. There is a time factor for all
laboratory tests which can be anywhere from a half hour to
several hours during which production continues without
knowing the status of the product. Should this batch be
added to other batches in a multi-batch blender and risk
contaminating the new material if the product is substandard?
Or should it be segregated and used in future blending? Or
should the product be discarded altogether? The TOV
eliminates these difficulties. By providing real-time information during the polymerization itself, the TOV can provide
these answers before valuable time is lost....and time is
money. Not to mention the ability to determine a substandard
product immediately so that it can be acted on appropriately.
The TOV is fast, real-time, reliable, and has a sensitivity that
goes beyond that which is even necesssary. The proof is in
its 35+ years experience and success.

TOV
Batch
Survey

TOV

vs. Lab Test Alone

- Real-time results
- Long Lag-times
- Proactive process
equals less control
analysis
- Reactive process
- Reduced lost product
analysis

What’s the next step?
Simply complete the Batch Survey completely and let us do the rest. Our
engineers will analyze the application, suggest possible mounting locations
and design the right Probe for your needs. With our longstanding policy of
working with the customer, we will be able to help you in your viscosity needs
by providing a customized instrument that will work for you..... not you for it.
For more information about the TOV System, please see our literature packet,
supplemental handouts or our website.

For more information, please contact::

34 Richard Road
Ivyland, Pennsylvania 18974
United States
Telephone: +215.674.4395
Fax: +215.674.4396
http:\\www.ManscoProducts.com
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TOV Batch Assessment Survey
Please help us so we can address
your process solution

HELP!

The TOV System is a special customized instrument designed for your process specifications
and your control needs. To provide the best solution possible, we need you help. Please
answer the following questionairre questions as completely as you can espcecailly if it directly
relates to the process viscosity and/or to the TOV itself. The more information you can give us
means the better customized solution we can provide.
Let us start easy. Please take a few minutes and fill in your information below:
Name
Company
Address

City
State/

Province
State/Province

Postal Code

Country
Telephone No.
Fax
E-Mail

Now, let’s move onto your process...

When completed, send or fax to Mansco
Products.
Address: Mansco Products, Inc.
34 Richard Road
Ivyland, PA 18974
USA
Phone: +215.674.4395
Fax:
+215.674.4396
email: info@manscoproducts.com
ML-SP-0705

Postal Code

“Based on DuPont’s multi-decade experience with Mansco’s
TOV Viscometer Systems , . . . DuPont completely recommends (the TOV Viscometer system) to any interested party.”
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TOV
VESSEL AND PROCESS EQUIPMENT
INFORMATION

DuPont Testimonial Letter 10/30/98

ABOUT YOUR PLANT AND PROCESS
1. Process Diagram:
The first step to understanding an application is to
understand the process. A detailed sketch of the
process will provide the information needed to
analyize the process to determine how the TOV
System can help you. (A sample sketch is provided with this survey.)
2. Vessel Sketch:
Since the location of the TOV Probe is important,
determining where there is enough space as well
as where the TOV would work best for an application is an important part of the design process. A
sketch of the vessel and of the elevation of the
vessel will provide the information needed to
determine where to best use the TOV Probe based
on physical installation. (A sample sketch is
provided with this survey.)
3. What is the Product(s):____________________
4. Number of Autoclaves: ________________
5. Please list any additives or chemicals present that
should be considered in the design of the TOV
Probe?
_____________________________________
6. Is there solid content? If so, please describe.
7. Does the material freeze to create a “heel” at the
bottom of the vessel between batches?

___________________________
8. How is viscosity measured currently?

___________________________
9. Target Viscosity Range:(include units)
Minimum ___________
Maximum ___________
10. Operating Pressure Range:_________________
Design Pressure Required:_________________
11. Temperature Range:_______________________
(if known) Viscosity vs. Shear Rate
(Please state Temperature)
ML-SP-0705

12. Materials of construction vessel: ____________
13. How is vessel heated?:
____________________
14. On the sketch of the vessel (#2), please
indicate any special characteristics, flanges,
agitators, or other special notes that must be
known during the design of a TOV Probe.
If a recirclulation line is present:
15. Recirculation Pipeline Material, Size, and
schedule::
Core _______________________
Jacket (if present) _______________________
16. At present, are you using a viscometer or lab
tests to determine viscosity?
at-line viscometer
lab tests
17. Output device(s):
Chart recorder
Both

in-line viscometer
not measuring
Control System/Center
Other __________

A FEW PLANT PERFORMANCE
QUESTIONS . . .
18. Is your current viscosity control method reliable?
Yes

No

19. Accurate?
Yes

No

19. Repeatable?
Yes

No

20. How long is your lag time before test results
verification and corresponding adjustments,
etc.?
0-10min

10-20 min

20-30 min

more __________

Not Applicable

Batch TOV Vessel
Sample Sketch
Wipe-wall
Agitator Area

TOV Sensor
Envelope Requirements
4" (101.60 mm) Deep x
4" (101.60 mm) Diameter

Recirculation
Pump

Typical and Preferred
TOV Installation Point

Exit

2 Feet (609.60 mm)
Minimum Clearance
Required for Installation
and Servicing

Alternate
TOV Installation
Point

This represents a sample of a sketch that is required under step 2 of the Autoclave TOV Assessment
Survey. Please note the following:
1. Please dimension the sketch with all sizes possible and distances. Since mounting area and location
are important to a TOV installation, this information is essential.
2. Please be sure to indicate if there is an agitator. If there is one present, the distance from the vessel
wall or any open areas need to be identified.
3. If a recirculation line is present, please specify the distances around the alternate TOV installation
point and include the pipeline specifications including jacket specifications is present.
4. Please indicate any nozzles that may already be present on the vessel. In some instances, we are
able to match an existing nozzle and use it for a TOV installation.
5. Please include any other special items that may be present that warrant attention during the analysis
of TOV installation sites.
Mansco Products, Inc.
34 Richard Road
Ivyland, Pennsylvania 18974
United States
Telephone: +215.674.4395
Fax: +215.674.4396
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Batch TOV Vessel
Sample Sketch
Wipe-wall
Agitator Area

TOV Sensor
Envelope Requirements
4" (101.60 mm) Deep x
4" (101.60 mm) Diameter

Recirculation
Pump

Typical and Preferred
TOV Installation Point

Exit

2 Feet (609.60 mm)
Minimum Clearance
Required for Installation
and Servicing

Alternate
TOV Installation
Point

This represents a sample of a sketch that is required under step 2 of the Autoclave TOV Assessment
Survey. Please note the following:
1. Please dimension the sketch with all sizes possible and distances. Since mounting area and location
are important to a TOV installation, this information is essential.
2. Please be sure to indicate if there is an agitator. If there is one present, the distance from the vessel
wall or any open areas need to be identified.
3. If a recirculation line is present, please specify the distances around the alternate TOV installation
point and include the pipeline specifications including jacket specifications is present.
4. Please indicate any nozzles that may already be present on the vessel. In some instances, we are
able to match an existing nozzle and use it for a TOV installation.
5. Please include any other special items that may be present that warrant attention during the analysis
of TOV installation sites.
Mansco Products, Inc.
34 Richard Road
Ivyland, Pennsylvania 18974
United States
Telephone: +215.674.4395
Fax: +215.674.4396
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the tov viscometer system

application
The Extrusion Process
Chip or flake, scrap or recycle, . . . the TOV Viscometer Systemtm can measure and help control the
viscosity levels in the extrusion process. The “TOV” is a very effective process control tool for extrusion processes and will help plants achieve more effective and reliable product output at dramatically
improved operating efficiencies.
The TOV Viscometer Systemtm is a true in-line device providing real time results. The TOV Probe is
immersed directly into the process fluid, no capillary or bypass lines, no valves, no lab sampling
required . . . the TOV is installed directly into the pipeline using
an adaptor just after screw melt extrusion.
Viscosity measurement provides accuracy
to within 99.5% while the dual platinum
RTD element provides temperature readings
at the point where temperature is most
significant . . . directly in the flow. The
end result is very accurate and repeatable
viscosity measurements with no process
delays or missed endpoints.
Let’s face it. Most plant managers can
only dream of a real-time in-line process
solution that actually works or performs to
its advertised specifications. The Mansco
Products solution has proven to be the
most effective and reliable process instrumentation available. By using
the Mansco Products TOV Viscometer System, plants can:
Reduce $200,000 to $250,000 per year in lab test
costs (4 tests per day at $150 per test).
Reduce process delays by up to 1500 hours per year
(1 hour per test, 4 tests per day).
Save approximately $150,000 per year on labor and decreased lab time ($50 per labor hour, 2
hours per test, 4 tests per day).
Improve product quality and reliability by undeterminable factors.
When all is said and done, the TOV Viscometer System is an investment in improved quality and
productivity.

Mansco Products, Inc.
34 Richard Road
Ivyland, Pennsylvania 18974
Tel. +215.674.4395
Fax +215.674.4396
http://www.ManscoProducts.com
ML-SP-0705

The Mansco Products TOV Viscometer SystemTM

and the extrusion process
The TOV in-line Viscometer system can be used to control the viscosity in
Extruder applications
1. The TOV can control the residence
time of the flake or chip in the
Heater to control the moisture and
viscosity.
2. If present, the TOV can control the
vacuum on the extruder much like
on the finisher in CP applications to
control the viscosity.

For more information, please contact::

34 Richard Road
Ivyland, Pennsylvania 18974
United States
Telephone: +215.674.4395
Fax: +215.674.4396
http:\\www.ManscoProducts.com

ML-SP-0705

tov viscometer system

focus
Principles:
Capillaries:
TOV:

Capillary

TOV

Operating principles of TOV and capillaries
Uses Pressure, pipe radius, other
parameters to calculate viscosity.
Simply uses the constant shear rate
Viscosity
of the TOV Probe and the changing
Formulas:
shear stress.

Pressure:
Capillaries:
TOV:

Typically does not directly affect the structure of the polymer
Rely on pressure in equation. A process pressure change, will directly affect capillary results.
Not affected by normal pressure changes in the process and compensates for large changes.

Pipe Radius:
Capillaries:
TOV:

Material builds-up on pipe walls over time causing radius to change
Use pipe radius in equation. As radius changes, measurement accuracy/sensitivity decreases.
Does not rely on the pipe radius in the equation.

Bypass line:
Capillaries:

Time delay of viscosity measurement
- located in bypass line NOT in the main process line
- viscosity of product not the same as nominal production conditions
- pressure and temperature different than main process line
- located in the main process pipeline,
- measures the viscosity of the main process itself
- measures viscosity at the nominal production pressure and temperature.

TOV:

Temperature:
Capillaries:
TOV:

Bypass lines (side-streams) and main process line temperatures are different.
Needs a separate temperature system that is NOT the same temperature as the actual process.
Measures viscosity at the actual process temperature in the main process pipeline.

Maintenance:
Capillaries:

Need for recalibration, regular repair, frequency of breakdown
- Require a bypass line that needs pumps and a separate temperature bath.
- Bypass lines must be cleaned regularly due to pipe wall buildup.
- Pumps often break down meaning more total line shutdowns.
- The Probe is insulated like the pipeline and once installed, becomes a part of the pipeline.
- The TOV does not use any gears or motors, so it does not break down.
- Once installed, the TOV Probe does not require recalibration.

TOV:

Summary

TOV System vs.
Capillary Comparison

Capillaries
• Appear to be less expensive at first, actually are more
expensive when considering:
- installation costs of the complete side-stream
- maintenance costs over the life of the instrument
- lack of ability for tight process control
• Equation relies on changing factors such as pressure
and pipeline radius
• Requires regular cleaning and recalibration
• Measures viscosity in side-stream where the process
viscosity may differ from the main process TOV
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TOV
• Appear to be more expensive at first, actually is an investment with a payback when considering:
- virtually no maintenance costs
- ability for tight, real-time process control
• The most accurate and sensitive viscosity measuring
instrument
• Equation relies on only one changing parameter, does NOT
require recalibration, maintains performance over time
• Some processes using the TOV have achieved under 1%
and even under 1/2% viscosity control

Method Comparisons

Other In-Line Models Output:
Drift due to noise problems

Process Data

There are many methods to measure
viscosity, but how do they compare?

Control Level (High)

Agitator Current:

Agitator Current: No sensitivity

- Power used to drive the agitator
- By far least sensitive method
- Provides only a very general guess of
the viscosity and how it is changing

Capillary: Little sensitivity
(See Capillary comparison)
Control Level (Low)

TOV Output: Can Match the actual process changes
In-line Models:

- Can measure process viscosity in real time
- Some in-lines are extremely sensitive to vibrations
- Some in-lines require special installation for cooling
- Illustration shows some in-line models can drift and
are not as sensitive as they should be.

Graphical Representation for Illustrative Purposes Only

Capillary:

- Illustration shows capillary’s long lag time in results
- Not very sensitive to changes main process viscosity
- Measures only large viscosity changes, not in real-time

Then there is the TOV SYSTEM by Mansco Products:
- TOV measurement is in-line, in the actual process, and in real-time
- Designed to eliminate problems of vibrations of the pipeline
Influence of
- No special cooling required (up to 350° C)
Temperature
- Most sensitive instrument for in-line measurement with 40+ years experience to prove it
Temperature and viscosity
- High sensitivity based upon simple physics (see Viscosity vs. Shear Rate sheet)
are directly related. In a
- TOV designed for use with Extruders, Vessels (Batch Systems), and CP process lines
typical polymer, an increase
Vacuum
Controller

DCS

Finisher

TOV Probe

TOV Transducer

Setpoint

in temperature will
decrease the viscosity.
This change may or may
not be a real structure
(“real” viscosity) change of
the polymer. Since only
“real” viscosity changes are
important in viscosity
control, temperature
compensation must be
used. The Transducer has
Temperature compensation
so that the TOV results only
show real or structure
changes of the polymer.
Capillaries do not compensate for a temperature
variance and, in fact,
measure the viscosity at a
completely different
temperature than the
nominal temperature of the
main process.

Where should the TOV be installed
(CP Polymer process as example)
• Install the Probe in the main process line...not a side-stream or bypass line
• Probe installed immediately after Finisher and as close as possible to minimize lag
time.

Influence of Pressure
Pressure: In true viscosity
equations, Pressure has no
affect. In practice, pressure
may affect the “apparent”
viscosity when sudden
pressure changes are
made. This is most
common during a filter
change when the Pressure
very suddenly drops from
very high to very low. The
Transducer has Pressure
compensation available to
eliminate this affect on the
viscosity measurement.
This same change will
drastically affect the
measurement of the
capillary.

• Process must be well mixed, ex. after a pump/static mixer
• Can be installed into pipe elbow or straight section
• Insulate the Probe to eliminate heat loss

When sensitive, reliable viscosity measurement is needed . . . . the TOV is the answer.

For more information, please contact::

34 Richard Road
Ivyland, Pennsylvania 18974
United States
Telephone: +215.674.4395
Fax: +215.674.4396
http:\\www.ManscoProducts.com

ML-SP-0705

