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I Overview

The TCV 300 Laboratory Viscometer is asdf conta ned device which
will enable rapid and accurate measurement of fluid viscosity off line.

It requires only avery small one milliliter sample, which speeds
thermal stabi lizati on and measurement time, greatly reduces waste,
and virtually eliminates disposa costs. Thereis no need for lengthy
delays while large samples temperature equilibrate.

The data obtained will agree with data obtained in-li ne using our
process viscometers, so it is an invauable tool for incoming QC, alow
cost instrument for measuring process fluids that require only occas-
siond test, and an i mportant "sanity test" for continuously operating
in-line instruments.

To measure viscosity simply 1) dial in the appropriate range, 2) set the
cdibrati on coefficient, 3) fil| the measurement chamber with 1 ml of
fluid, 4) insert the measurement piston, 5) cap the chamber,and

6) record the data when it i s stable (typically 60 seconds).

Our unique eectroni c temperature control enables quick and easy
adjustments in the measurement temperature, which isimpossible with
bulky constant-temperature baths. By increasing or decreasing the
temperature afew degrees the observed viscosity changes can be used
to determine Viscosity Index, another important fluid characteristic.

Theforce imparted on the piston during measurement can be varied,

which means quantitati ve data can be obtained with regard to shear
rate sensitivity of non-Newtonian fluids like paint.
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I Principle of Operation

Viscosity Measurement

The TCV 300 Laboratory Viscometer empl oys the accurate and reliable
forced-piston principle which is aso used in our process viscometers.
Two electromagneti ¢ coils drive an internal pi ston up and down inside
ameasurement chamber filled with test fluid. Magnetic force on the
piston is resisted by viscous flow of the fluid around the piston. Gravi-
tati onal effects are éiminated by measuring round trip travel time.

M easurement time is € ectronically converted into absolute vi scosity
(centi poise).

fluid
coil
piston
coil

RTD

Figure 1: Cut away view of the sensor
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Temperature M easurement

Temperature is measured at the base of the measurement chamber
using aplatinum Resistance Therma Detector (RTD). Platinum has a
thermal coefficient of about .38 percent per degree Celsius. Itsresis-
tance is 100 ohms at 0 deg Celsius. Increases in temperature result in
increased resistance which is measured and converted to temperature.

Temperature Control

The body of the sensor is 316L stainl ess stedl, which is very corosion
resistant. At the base of the measurement section thereis aresistance
heater that is used to increase the temperature of the measurement
chamber by conduction through an inner aluminum sleeve. Using the
internal temperature detector as areference, heat is added to assure
the measurement chamber i s at the reference temperature set point.
The"DATA READY" green light is avisud indication that the set
point temperature and actual temperature are within £0.15 degree.

Note Temperaturecontrol will befast, accurate,
and very stableunless theinstrument is operated in
gusty conditions. If you areworkingin gusty condi-
tions, usethe high temperaturethermal shied.
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I Operating the System

Setting the Measurement Temper ature

Under the cover of the calibration well there are four multiturn adjust-
ment knobs, shown below. Thetop knob is used to set the reference
temperature. To set a new temperature simply 1) press and hold the
"READ SET TEMP" button on the face of theinstrument, then 2)
adjust the temperaturer efer ence set knob until the desired tempera-
tureis displayed.

temper ature reference set

high shear calibration

viscosity calibration

low shear calibr ation

Figure 2: Adjustments inside the cdibration well.

Note To get acurateand quick temperature control
the set temperaturemust be at least ten degrees
Cdsius greater than theambient temperature.
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Cleaning the Sensor and Piston

After compl eting ameasurement, remove and clean the cap with a lint-
freewipe, and set it aside.

Remove the piston using a pair of long nose pliers or forceps pulling
on thenob on the piston. Clean the piston and put it i n the storage
carousd for safekeeping.

Note: Good surfacefinish on the piston and inside
the sensor isimportant. Becareful not to scratch or
abusethem.

If the viscosity of the fluid in the sensor is more than 100cp it may be
helpful to add about 0.5ml of solvent prior to cleaning. In either case,
rotate the sensor forward to drain the mg ority of the fluid out, catch-
ing thewaste in atowd, bucket, or draintray. With a lint-free wipe
wound tighhtly around the tip of the forceps, swab theinsideuntil it is
"sgueeky" clean, then return the sensor to its near-vertical position
against the mechanica stop.

Note: to clean volatilefluids, rinsewith a solvent or
damp swab and repeat the cleaning process until all
interior filmisremoved. Consult factory for sugges-
tions with difficult materials.
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Selecting and Setting the Measurement Range

There are four measurement ranges avail able, 1-10cp, 10-100cp, 100-
1,000cp, and 10-100poise. Each range has its own piston and its own
cdibrati on coefficient.

If you have no knowledge of the viscosity of your fluid, compareit to
each of the calibration fluids provided to select arange.

Once the measurement range is selected:

1. Set the measurement range on the front panel

1-10cP
10 - 100 cP
100 - 1,000 cP

10 - 100 Poise

RANGE

Figure 3: Range Selector Switch.

Note the Range Selector Switch will properly posi-
tion thedecimal point in thedisplay, but it will not
automatically enter the correct calibration coeffi-
cient.

2. Enter the correct calibrati on coefficient.
To enter acalibration coefficient lift the cover on the the cdibration
well and adjust the third knob until the appropri ate coefficient gppears

on the knob's counter dial (seefigure 2, page 3-1). Coefficients are
listed in the appendix.
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Measuring Viscosity
1. Gradudly draw a1 ml sample of fluid into a pipette and slowly
introduce it i nto the measurement chamber near the bottom with
the tip of the pi pette touching the near wall.
Note If thesampleistoo rapidly drawn or dis-

pensed, air may beinjested into the sample. Sepa-
ration of theair may take several minutes.

Figure 4. Inserting a sampl e into the measurement chamber.
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2. Sdect an gppropriate piston from the carousd, clean it with a lint-
free cloth, and insert it into the measurement chamber with the nob
end up.

10-100cp 100-1000cp

1-10cp 10-100poise

Figure5: The piston carousd.

3. Gently seat the piston on the bottom of the measurement chamber
using the pipette tip or a similar soft instrument.

Figure 6: Sesting the piston i n the measurement chamber.
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4. Cap the measurement chamber.

5. Wait for thegreen "DATA READY" light to go ON and thered
"OUT OF RANGE" light to go OFF then, when the datais stable,
record the displayed viscosity.

Note: Each timethegreen " PISTON DIRECTION"
light is ON, thedata displayed is a new measure-
ment.

Calculating Shear Rate
What i s shear rate?

If two paral e plates are separated by a gap which isfilled with fluid
and the plates are moved pard ld to one another (sheared), the shear
rate induced in the fluid is defined as the rati o of the shear velocity
(speed of one plate vis-a-vis the other) divided by the gap. It has the
dimensions of ve ocity divided by distance, or L/time. Theunits are
inverse seconds (sec-1).

How is it determined with atranslati ng piston device?

The TCV 300 viscometer imparts a constant magneti c force to the
piston which results in atwo-way motion which is accurately known.
K nowing the piston geometry, di splacement, and trave time, the shear
velocity and shear rate can be ca culated. In a given range the lower
the viscosity the faster the piston motion and the greater the shear rate.
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To cd culate the shear ratein the"NORMAL" setting simply divide
the displayed viscosity into the number listed in the following chart.
For example, if the viscosity displayed is 50 cp with ameasurement
range of 10-100cp, the shear rateis 16,600/50 = 332 inverse seconds.
The shear rate with a"HIGH SHEAR" setting will be about 30 percent
higher. Similarly, inthe "LOW SHEAR" setting the shear rate will be
about 30 percent | ower than the"NORMAL" shear given by the
cdculation bdow. The exact coefficient to beused in the"HIGH",
"NORMAL", and "LOW" shear settings are listed i n the appendix.

"NORMAL"
Range Shear Rate Coefficient
1-10 cp 9,000
10-100cp 17,000
100-1,000cp 27,000
10-100poise 330

page 3-7




I Calibration

Normal Shear-Rate Calibration

Calibration of the TCV 300 is quitesimple. There are four reference
fluids provided with the unit for this purpose. Each fluid has aknown
viscosity which is listed in the gppendix for severa test temperatures.

Follow the procedures for measurement of a sampl e using the appro-
priate cdibration fluid. For example, if you are calibrating the 10-
100cp range at 40 deg Celsius, K60 would be the appropriate fluid.
Thegod isto useafluid which isin the upper hdf of the measurement
range, e.g. 50-100 cp on a 10-100cp range.

Note: Thereare small differ ences between calibra-
tion coefficients at different temperatures, so cali-
brate at thetemperature at which you intend to
makeyour measurements.

After achieving stability of the data, compare the indicated viscosity to
the val ue listed in the appendix for the reference fluid used. If the
values agree, the systemisin cdibration. If they do not:

1. Open the calibration cover plate.

2. Push the"PRESS TO CALIBRATE" button on the face of the
instrument while adjusting the VISCOSITY CALIBRATION
(third) knob in the calibration wel | until the displayed viscosity
reading agrees with the published vaue for the referencefluid.

3. Record the knob setting (ca ibration coefficient) for future refer-
ence.

4. If HIGH and LOW shear rate cdibrati on will not be attempted,
closethe cover to the calibration well.
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High- and L ow-Shear Rate Calibration

After the system is calibrated in the NORMAL setting, as descri bed
above, if you want to calibrate the HIGH SHEAR setting, place the
front pand switch in the HIGH SHEAR setting then wait severd
minutes for the datato stabilize. The calibration fluid is Newtonian, so
the displayed viscosity should be independent of shear rate. After the
data has stabili zed adjust the HIGH SHEAR (second) knob in the
cdibration wel until the displayed viscosity agrees with the known
vaue, then record the knob setting.

Note: When changing the shear ratethe sensor
temperature may change enough to extinguish the
DATA READY light for aminuteor so. Besureto
let it restabilize.

To cdibratethe LOW shear rate, set the sel ector switch to LOW
SHEAR and after stabilizati on adjust the LOW SHEAR (bottom) knob
in the cdibration wdl until the displayed viscosity agrees with the
published val ues, then record the knob setti ng.

Note TheHIGH and LOW SHEAR calibration
knobsareenabled only when thefront pand shear
rateswitch is set to HIGH or LOW shear respec-
tively.

After compl eting cdibration, secure the cover to the calibration well to
prevent i nadvertent adjustment of the setti ngs.
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| Reference Materials

Certificate of Calibration
Customer
System Seriad Number
Viscosity Calibration Coefficients
(Dial Settings)
Gain RP3 Gain RP3
Range 40°C  40°C __°C __°C
1-10cp k _k
10-100cp k _k
100-1,000cp k _k
10-100poise k _k
Shear Rate Coefficient
Range LOW NORMAL HIGH
1-10cp 9,000
10-100cp 17,000
100-1,000cp 27,000
10-100poise 330
Signature: Date
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Reference Fluid Viscosities
(Valuesin centipoise)

Reference Temperature
Fluid 35C 40C 45C 50C 60C 80C 100C

K6 563 486 425 374 296 199 144
|ot#94102

QG60E 588 460 365 294 198 104 6.19
lot#94501

K600 648 461 335 248 144 581 283
[ot#94301

Q8000  90.4p 60.7p 41.0p 28.4p 14.4p 45.1p 17.4poise
|0t#93202
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! Notes
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