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General Information

Introduction

The SenGenuity line of solid-state viscometers offers significant advantages over conventional process
viscometers with respect to installation location. Since the viscosity measurement can be taken while
the fluid is in motion in the processing application there are many possibilities for installation. However,
all installation locations and techniques are not equally valid. There are several variables that must be
taken into account to ensure that the viscosity reading is taken in the most authentic and meaningful
way. This document details some proper installation practices for a variety of different process
environments.

Figure 1: VS-2511 ViSmart® Viscosity Sensor with %” Male NPT Pipe Fitting
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Safety and Operating Information

Prior to installation, please ensure compliance to all specifications detailed in the respective SenGenuity
data sheets. The operating instructions and product manuals for the applicable ViSmart® Viscosity
Sensor, Shunt Diode Barrier and VisConnect® Converter contain important safety, installation, and
operating information and must be read prior to installation.

A All installation, electrical, and application work should be done by authorized and qualified
personnel.

Excessive mechanical force applied to the sensor and improper cleaning of the sensor can lead to
catastrophic failure, premature wear-out or erroneous measurement readings. Adherence to the
product manuals, operating manuals and the installation guidelines set forth should provide years of
quality and consistent viscosity measurements for the ViSmart® viscosity system.

Bulk Acoustic Wave Technology for Viscosity Sensing

The ViSmart® VS-25xx and VS-26xx Series of viscosity sensors are solid-state viscometers based on Bulk
Acoustic Wave (BAW) technology. A piezoelectric sensing element is excited by a high-frequency
oscillator and operates in the thickness shear mode (TSM) of vibration. In this mode, shear displacement
occurs on the crystal faces in the plane of the crystal plate.

As shown in Figure 2, the displacement profile occurs throughout the thickness of the plate and is a
maximum at the surfaces. Because the displacement motion is parallel to the plate, the TSM continues
to operate in fluids covering the surface, making it ideal for fluid sensing.

Top
Electrode

Electrode

Figure 2: Crystal Sensor Surface showing the Thickness Shear Mode (TSM) of vibration

When a TSM BAW device is placed in a liquid a layer of fluid couples to the sensors vibrating surface and
undergoes cyclical shear displacement. Increases in viscosity of a fluid placed on the top electrode
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results in an increase in the damping of the viscosity sensor and therefore, a decrease in the BAW
oscillator’s frequency. The viscosity measurement is achieved by correlating the measured BAW
electrical parameters to the acoustic viscosity (AV) of the fluid.

The general relationship between acoustic viscosity and kinematic viscosity (in centistokes (cSt)) is:
AV = kinematic viscosity x density” (cSt x (g/cm’)?).

However, all viscosity measurements are temperature, shear rate and material dependent. Variations in
material and homogeneity could result in varied interpretations of acoustic viscosity by the sensor.
Therefore, the above mentioned formula shall not be used in isolation.

Handling of the SenGenuity ViSmart® Viscosity Sensor

The ViSmart® VS-25xx and VS-26xx series of viscosity sensors are precision measuring devices. The
sensing element has a diamond like coating for protection but it is susceptible to breakage if the sensor
is dropped or excessive force is applied. Please refer to the data sheet for the recommend operating and
burst pressure ratings.
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Physical Installation of the ViSmart® Viscosity Sensor

General Comments

The physical installation is critical for the sensor to properly function and provide accurate and
repeatable measurements. Although the sensor might work and convey the impression of correct
viscosity and temperature readings it is possible these values are misleading or inconsistent. Depending
on the fluid a problematic installation can lead to contamination or fouling of the sensor surface,
suddenly or over short time period, caused by debris, particles or even air bubbles.

Therefore, SenGenuity recommends due diligence in determining the optimal physical location for the
sensor installation.

Important: Installation with Significant Temperature Changes / High Temperatures

The sensor has an integrated temperature sensor element directly below the sensor surface. Viscosity is
highly dependent on temperature, and therefore, this is not only important for the user but also for the
internal calculations in the sensor. A wrong temperature measurement will definitely lead to wrong
viscosity output.

It must be noted that the sensor has a big thermal mass and fast temperature changes as well as high
temperature will most likely cause issues for the sensor if not properly installed. It is highly
recommended for these kinds of installations to have the whole sensor head, with as much of the
thread as possible, inserted into the fluid. This will ensure that the temperature sensor gets fast to the
applied fluid temperature and also to keep the high temperature. To further improve the behavior the
sensor body may also be installed within a thermal isolation to prevent temperature loss.

Sensor Threads

Referring to Figure 3, the VS-25xx and VS-26xx series of viscosity sensors have a 1” hex bolt head with
%” male NPT (National Pipe Thread) threads. NPT threads are tapered in contrast to straight threads and
are ideal for providing fluid tight seals.
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Figure 3: Physical Dimensions of VS-25xx and VS-26xx Series Sensors
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The use of a 1” torque or open-ended wrench is suggested for installation of the VS-25xx or VS-26xx
series sensors into a burr-free, tapered hole or pipe fitting. The maximum torque that should be applied
to the hex bolt for fastening is 40 N-m.

Liquid thread sealant or an appropriate thread seal tape on the NPT threads may be used to help seal,
limit corrosion and ensure fastening/removal of the sensor. The liquid thread sealant is preferred but if
using thread seal tape, we suggest only using one-and-a-half wraps around the ViSmart sensors thread.
The tape should be located two threads back from the face of the sensor.

The opposite end of the sensor has a M12 x 1, 8 pin male connector to allow quick connection or
disconnection to the sensor cable. Vectron recommends a double shielded 8x24 AWG cable with a
M12 x 1, 8 pin female connector on one end and pigtail termination at the other. The sensor cable
connector should be hand tightened to the sensor. No wrench of any type should be used on the female
connector of the cord set, nor on the hex locking nut that secures the male connector to the sensor
housing. Doing so could result in damage to the sensor and/or compromise its structural integrity.

Sensor Installation in Dynamic Flow Conditions

Having the sensor exposed to a fluid over time can lead to sensor fouling or deposits forming on its
surface. This will likely affect the sensors’ reading and its repeatability. Therefore, the sensor should be
located in a position where there is good laminar flow along the sensor face. With the sensor optimally
installed, the fluid flow can serve a secondary purpose of acting as a cleaning agent and promoting self-
cleaning. This will extend the time between cleaning cycles and ensure accurate and repeatable results.

Did we mention the sensors position in tlikeid is very critical!

The upcoming sections will show various dynamic flow conditions and the suggested physical installation
point for the sensor. Additionally, once the location is decided, a particular type of pipe fitting must be
chosen. The use of standard pipe fittings such as Tee, Wye and Elbows require special considerations for
use with the VS-25xx and VS-26xx series viscosity sensors. We show the recommended and non-
recommended implementations.
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Vertical Runs

For vertical runs the sensor may be installed within a Tee pipe fitting towards the middle to top of the
run as shown in Figure 4. The middle to top of the vertical piping will be less susceptible to particulates
settling and will ensure the sensor surface stays clean.

Physical Orientation

=
@)
e

NOT
Recommended

Figure 4: Recommended Sensor Installation for a Vertical Run

Avoid installing the sensor toward the bottom of the vertical run. For example in printing ink
applications, ink pigments or miscellaneous debris will settle over time toward the bottom of the run,
especially for slower flowing ink delivery systems. If the ink pigments and debris settle on the sensor
face, the sensor will interpret the debris on its surface as increasing viscosity change. Contaminations
and soot, e.g. lubricant applications may have the same effect.

Furthermore, the sensor can also be installed with an angle, surface pointing towards the fluid flow.
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Important: for high temperatures and significantly changing temperatures the most recommended
position is screwed with an angle (~30°) towards the fluid flow with entering the thread as far as
possible also into the fluid!

Horizontal Runs

For horizontal runs, also an installation of the sensor in a Tee pipe fitting toward the middle of the run is
feasible. This ensures laminar flow conditions and good movement of the fluid across the sensor face.
The ideal orientation of the sensor in the piping is horizontal or slightly angled, however the angle
should not exceed +45° from the horizontal position. This ensures the sensor face does not get dirty due
to settling of pigments and miscellaneous debris. This also ensures that trapped air bubbles due not
come into contact with the sensor face causing the viscosity ready to suddenly drop in viscosity.

Important: Again, for high temperatures and significantly changing temperatures the most
recommended position is screwed with an angle (~30°) towards the fluid flow with entering the thread
as far as possible also into the fluid!

Avoid installing the sensor in a vertical position with the face of the sensor pointing up. Pigments and
miscellaneous debris in the fluid may settle on the face of the sensor due to gravity causing an increase
in the perceived viscosity.

Also, avoid installing the sensor in a vertical position with the sensor face pointing down unless you are
100% sure no trapped air bubbles can get into the flow delivery system. Air bubbles in the fluid can
collect over time and become trapped in the sensor Tee pipe fitting causing the sensor to only see air
with a viscosity of zero.

Avoid placing the sensor in a horizontal section of piping that is located at the bottom of a long vertical
run. Once again, pigments and debris tend to settle over time at the bottom of the flow system. Placing
the horizontal section of piping with a sensor at the bottom of a vertical run will most likely result in the
sensor face becoming dirty and reporting higher than expected viscosity readings.

Tee Pipe Fittings

The Tee pipe fitting is a preferred pipe fitting for sensor installation as it promotes very good laminar
flow across the sensor face. The input and output ports of the Tee fitting also provide an opportunity for
adding convenient shut off valves to promote removal and ease of cleaning the sensor.

Important: For high temperatures or with significantly changing temperatures a Tee Fitting is not
recommended!

A %" NPT Tee is a standard fitting and is readily available. However the sensor port may need to be
threaded or tapped a little deeper to ensure the sensor face is in-line or slightly protruding with the wall
of the Tee as indicated below in Figure 5. This will ensure steady and laminar flow of the fluid across the
face of the sensor and will also minimize the possibility of air getting trapped near the sensor face.
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Figure 5: Sensor Installation using Tee Pipe Fitting

Avoid using a Tee fitting that causes the sensor face to be sunken away from the inner wall of the Tee
fitting (i.e. sensor does not protrude into the fitting inner wall). This will result in non-laminar flow of the
ink around the sensor face which may cause dead spots of non-existent flow. This can also result in
pigment and debris collection around the face of the sensor delivering poor viscosity measurements.
Furthermore, any extra space in the Tee fitting around the sensor face will be a collection point for air
and may impact the sensor measurement results.

A distance of % to % inches (13-19mm) should exist between the sensor face and the back wall of the
Tee pipe fitting. This ensures acoustic waves do not reflect off the back wall of the fitting and arrive back
at the sensor face causing additional measurement noise.

Can’t find the right Tee fitting? The SenGenuity brand QuickVis™ Tee Fitting (Figure 6) is an accessory
that supports the rapid installation and operation of the ViSmart® Viscosity Sensor within the fluid path
allowing for Quick time to Viscosity measurements. For further information, please see the product data
sheet located on the SenGenuity website.

Important: Also the QuickVis™ Tee Fitting is not recommended with high temperatures and significantly
changing temperatures. It even adds thermal mass to the sensor which makes a proper function in such
circumstances barely possible.
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Figure 6: QuickVis'" Tee Fitting with 3/4" NPT x 3/4" NPT Hex Nipple

Pipe Elbows

Referring to Figure 7, another means of installing the sensor into the fluid path is through the use of an
Elbow fitting. The Elbow is a variation on the Tee fitting however the flow tends to be not as good. The
risks of dead spots, turbulences in flow and collecting points for debris are increased. Especially with
slow flowing systems the risk of debris gathering on the bottom of the elbow fitting is higher.

7] NOT OK

Figure 7: Sensor Installation using Elbow Fitting

When using a pipe elbow fitting the sensor should be placed with the surface plane to the fitting wall so
as to minimally impact the fluid flow and not create turbulence. Having the sensor inserted too far into
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the elbow will disturb the flow, whereby having the sensor away from the flow can lead to an erratically
flow and turbulences on the sensor surface.

Wye Pipe Fittings

Compared to pipe elbows, Wye fittings are more recommended for sensor installations. If a Wye fitting
is used it must only be taken care of any dead spots and eddies. These can usually emerge when the
sensor is screwed into the fitting either too far or not far enough (refer to Figure 8).

Having the sensor in a good position results in the elimination of dead spots and eddies and can
promote self-cleaning during normal fluid flow.

O K but not as desirable as

T-fitting

Figure 8: Sensor Installation using Wye Fitting

Static Fluids/Tanks

For measuring fluids in a static condition such as in a tank, drum, or bucket there are several things to
consider. First, the fluid should be homogenous to ensure a proper and reliable measurement. In the
case where there may be some small suspended particles, it is suggested to use a continuous running
mixer to ensure homogenization and minimize the chance for settling of particles or pigments. Also note
that a sensor that is in such an environment is more likely to accrue faster with particles thereby
shortening the interval between necessary cleaning cycles.

Second, the sensor position should be such that it is completely covered by the fluid in all operating
conditions of the system. Installing the sensor near the bottom of the tank could expose it to
sedimentary fallout and inversely affect the sensors readings. Installation of the sensor too high in the
tank may create a condition where the fluid level drops partially or completely below the sensor face.
Other conditions to avoid is positioning the sensor where foam or air can occur causing a false reading
of the fluids viscosity.

Lastly, it should be kept in mind that the sensor position should lend itself to disassembly of the sensor
for regular cleaning and/or maintenance. In some installations this might require that fluid is let off to
have access to the sensor surface.
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Important: Also for tank applications with high temperatures and significantly changing temperatures
the sensor should be installed with its thread covered in fluid into the tank.

Through-Wall and Tank Fittings

For many tanks or drums, the wall thickness may be insufficient for tapping and holding the VisSmart®
Sensor in place so the installation of a receptacle in the tank is recommended. A common receptacle for
doing this is called a Weld Bung or Weld-In Bung (Figure 9). The bung should be specified for %” NPT
female threads. The bung material type, flange OD (outer diameter), and stepped down OD are then
specified to match that of the tank’s material and roughing hole size. The use of a replaceable chemical
resistant o-ring ensures a trouble free seal.

Figure 9: Weld-In Bung Fitting, Female ;" NPT, Steel for Through-Wall

ViSmart® Viscosity Sensor Cable Installation

Cable Choice

Vectron recommends a double shielded 8x24 AWG cable with a M12 x 1, 8 pin female connector on one
end and pigtail termination at the other. The shielding should consist of aluminum foil and a copper
braided shield. The sensor cable connector should be hand tightened to the sensor. No wrench of any
type should be used on the female connector of the cord set, nor on the hex locking nut that secures the
male connector to the sensor housing. Doing so could result in damage to the sensor and/or
compromise its structural integrity.

Can’t find the right length cable or need a cable with a right angled connector? Vectron offers a variety
of cables in different lengths and connector styles to satisfy most applications. For further information,
please see the ViSmart® Sensor section on the SenGenuity website.

General Cable Installation Recommendations

In addition to using the properly recommended double shielded sensor cables, the use of cable trays is
recommended, especially in high EMI/RFI environments. The use of grounded cable trays has several
advantages: providing a well-grounded conduit, protecting the cables against dirt and reducing the risk
of damage through stumbling or overrunning with loads.
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If possible, avoid installing the sensor system and its associated cables within close physical proximity of
large motors or RF noise sources. In cases of noisy electromagnetic installations, where for example
highly inductive loads are switching, it may be necessary to ground the sensor cable shield at one or
more locations along the cable length.

Grounding

Grounding is a very critical part of the sensor and electronics installation. Omission or faulty grounding
can lead to intermittent data corruption, false measurements, or possibly even damage to the sensor
and auxiliary equipment.

A low impedance path to ground is fundamental to good grounding. A low impedance path from the
sensor cable shield to ground allows transient currents on the cable shield to conduct to ground. This is
important because stray transient currents on the shield may couple to the internal conductors of the
sensor cable causing unwanted noise. The unwanted noise may then upset the circuit ground in either
the sensor or converter leading to erroneous viscosity or temperature values.

Sensor Wiring to VC-20xx Series VisConnect® Converters
Please refer to the VisConnect® VC-20xx Series Converter product manual for detailed instructions on

wiring the ViSmart® Sensor to the VisConnect VC-20xx Series of Converters.

The recommended maximum cable length between the ViSmart® Sensor and VisConnect® Converter is
30m.

Sensor Wiring to VB-2510 Shunt-Diode Barrier

For the wiring connections of VB-2510 Shunt-Diode Barrier and the VS-2511 ViSmart® Sensor, please
refer to the “Operating Instructions for the VS-2511 Solid State Viscosity Sensor & VB-2510 Shunt-Diode
Barrier” located on the SenGenuity website.

The recommended maximum cable length between the ViSmart® Sensor and Shunt-Diode Barrier is
15m.
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ViSmart® Viscosity Sensors - Fluid Use and Considerations

Sensor Cleaning - Automated

Sensor fouling is a common concern for not only the SenGenuity ViSmart® Sensor but other viscometers.
Whenever there is a barrier between the sensor and the fluid to be measured, for example dried ink or
fouling matter, the measurement will be impacted to some degree. If there is a slight amount of fouling,
the sensor reading may show a slightly higher AV / viscosity value reading than normal. For extreme
cases of fouling, the sensor’s acoustic-mechanical properties will be impacted to the point where no
reading can be obtained and the ViSmart sensor will produce an error code.

The ViSmart® Sensor surface is likely to get contaminated over time and must be cleaned regularly to
maintain accuracy and repeatability. How it becomes apparent differs from fluid to fluid. A common
indication is a slight increasing of the displayed AV / viscosity values or when the sensor is removed from
the fluid, the sensor AV reading doesn’t return to < 1 AV. In air and with a clean dry surface on the
sensor face, the AV / viscosity value should equal 0 AV.

Especially at the beginning of working with the ViSmart® Sensor, it is highly recommended to closely
monitor the output and regularly clean the sensor surface to get experience with the propensity the
application fluid has to fouling the sensor.

The ViSmart® Sensor surface can either been cleaned with an automated machine cleaning or a manual
cleaning of the surface. If automated machine cleaning is installed and the AV values does not get back
to its original initial value an additional manual cleaning is highly recommended! With the presence of
sensor fouling, some customers have asked if the ViSmart® Sensor needs to be recalibrated to eliminate
any offset AV reading, and the answer is an emphatic NO. Please note that the ViSmart® Sensor comes
from the factory calibrated and should not require re-calibration over its life.

Solvents such as Acetone, Isopropanol, Ethyl Acetate, and Ethanol are recommended for cleaning the
VisSmart® Sensor. Tests showed that 100% Ethyl Acetate is the most effective cleansing fluid for inks,
however, different inks or fluids might require different cleaning fluids.

The frequency of these cleaning cycles is highly dependent upon the application. Fluids with adhesive
properties will likely require more frequent and thorough cleaning. Another factor leading to the
potential need for cleaning more frequently is if the sensor is installed in a static configuration where
there is little to no fluid flow across the face of the sensor. The environmental conditions can also
contribute to how often the sensor needs to be cleaned.

Sensor Cleaning - Manual

NOTE: The sensor surface has been treated with a diamond like coating but it is still sensitive to
abrasions and scratches. Any tool like a metal brush or a screwdriver will likely cause permanent
damage! Vectron recommends cleaning the sensor surface with utensils such as Q-tips, soft wipes,
tissues, or soft-to-medium grade tooth brushes. At first, after removing the sensor from the fluid any
rough particles present on the sensor surface should be removed via compressed air or by blowing them
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off. Otherwise, they may cause scratches on the surface. Afterwards, the sensor can be exposed to
cleansing fluid or can be wiped off with a tissue. Also: The use of any sharp, hard material to clean
around the sensor surface is not recommended as this could damage or compromise the sealing
integrity of the sensor element to the sensor NPT bolt housing.

The sensor element is made of crystal material that mechanically vibrates in air or the presence of a
fluid. The surface is thin and prone to breakage if the sensor is dropped or if excessive pressure is
applied to the surface! The normal recommended operating pressure is 4.1bar (60 PSIG) or less.
However, the sensor is qualified to withstand a short duration burst pressure of 6bar (90 PSIG). Higher
pressure can cause an irreparable defect to the sensor surface so please take care that gentle and
moderate pressure is applied not only during operation but also while cleaning.

High Viscosity Fluids
The ViSmart® Sensor will measure viscosities well above 5000 cSt but will start to lose resolution beyond
500cSt so precautions should be taken when using the sensor in these type of viscous applications.

Low Viscosity Fluids

The ViSmart® Viscosity Sensor is designed for a broad range of fluids but when measuring low viscosity
fluids such as water or solvents with Acoustic Viscosities of 5 AV or less (~5cSt), safeguard should be
considered. In this region of viscosity, the sensors performance is non-linear and its repeatability cannot
be guaranteed.

Fluids with Particles/Non-homogenous Fluids

Vectron does not recommended the use of its sensor for non-homogenous fluids, such as slurries, as the
suspended matter/particles in the fluid will provide an inconsistent coupling to the sensor surface
leading to erroneous measurements of viscosity. Additionally, fluids that have large particles of greater
than 5 microns should be avoided for the same reason. Other examples include specialty inks with large
pigments or metal particles.
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