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How to Use the Wells-Brookfield Viscometer  




General  

Shear viscosity is the ratio between shear stress  and the shear rate 

:



= /


It can be imagined that two flat plates are separated by the liquid of interest, a force F applied to one of the plates and the other held stationary:







   

The velocity of the top plate in the x direction is v = dx/dt.  The extent of shear deformation is  = dx/dy where dx is the sample thickness, and the shear rate is 

 = d/dt = dv/dy.  In the experiment drawn above, the force applied is F = mg (g = gravitational pull of earth; m = mass).  The force per unit area of plate surface is the shear force, 

 = F/A. 

Wells-Brookfield Cone & Plate Viscometer  

The cone and plate viscometer works by sandwiching a small amount of fluid in between a rotating cone and a fixed plate, as shown.  Instead of pulling with a weight, a motor turns the cone at a steady angular rate.    The torque required to do so is measured using a calibrated spring and reported digitally.  Analog outputs mean the Wells-Brookfield can be connected to a strip-chart or to a computer (using LabView, for example).  This could be useful in reacting or polymerizing systems--e.g., to follow the viscosification. 





Because the fluid is viscous, a torque  will be required to maintain an angular frequency  of the cone relative to the plate.  The reason for the conical design is that linear velocity of the cone goes up as a radius, but so does the gap between the cone and plate.  Hence, shear rate is constant at all locations undernearth the cone.  If we were to use a parallel plate rotating geometry (which is used in some instruments) then the shear rate varies, being higher as you go out from the center. 



Consider a strip along the cone, located at radius R from the center.  The area of the strip is easily shown to be:

2RdR/cos()

The shear rate developed as this strip spins around is its linear speed divided by the gap between the cone and the plate:




where we have assumed that  is a very small angle (it is).

Thus, the force developed by this strip is:  F = Astrip

 or...

F = (2RdR/costanRdR/sin
By integrating F ( R over R = 0 to R=r, the maximum cone radius, we will obtain the net torque, :

= 

 


= 

r3
Merging all the known constants, we can write:





Thus, from a knowledge of the torque, , angle , maximum radius, r, and rate of rotation, , the viscosity  can be determined absolutely.

The one remaining thing to do is obtain the expression for shear stress, just to see where it comes from in the Wells-Brookfield instruction manual.  The shear stress is equal to the viscosity  times the shear rate, /tan.  Using tan ( sin for low angles, and solving the equation for  for /sin, we obtain:

 = 3/(2r3).  

The rotating cone is driven by a spring, the deflection of which is translated into a digital reading. The constant K required to measure  ito within about 1-2% at a given  is tabulated by the manufacturer.  A simle calibration with water improves the accuracy.  

A sample experiment with the Wells-Brookfield 
· Prepare a 1% solution of hydroxypropylcellulose (M=100,000).  Allow sufficient time to dissolve.
· Operate at 20oC.
· Set gap (see an experienced user and/or carefully read the entire Wells Brookfield manual).
· Zero the viscometer with motor off.
· Zero the viscometer with motor on.
· Put 0.5 mL of water into viscometer.
· Make reading at 60 RPM:  should be about 19.5 (Why?  Because the Range Table says full scale--a reading of 100--corresponds to a viscosity of 5.14 cP.  Therefore, a fluid with viscosity of 1 cp should read 100/5.14 = 19.5).
· If the reading is very significantly different from 19.5 you should reset the gap.
· If the reading is consistently high or low after you have set the gap, compute an adjustment factor.  Suppose you consistently read 22 for water.  This would correspond to an error of 12.8% (i.e., the answer is 1.128 times larger than true).  You should then divide all your answers by the 1.128 correction.  Usually, the correction will be very nearly unity--e.g. 0.95 to 1.05.  
· In general, the viscosity is given by:
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Example:  a reading of 28 at 12 rpm corresponds to a 

viscosity of 0.28(25.70 = 7.196 ( 7.2 cP
· Place 0.5 mL into the measurement cup, using a Pipetman pipette
· Carefully close the chamber.
· Measure at different speeds (shear rates).
· Convert to viscosity using formula above.  
· Plot the viscosity vs. shear rate--is it Newtonian, shear thinning or shear thickening?  
Here is the Range Table for Our Viscometer (LVTDCP with Cone CP-40 0.5 ml)

	
	0.8o Cone
	

	Speed (RPM)
	Shear Rate (s-1)
	Range 

	60
	450.0
	5.14

	30
	225
	10.28

	12
	90.0
	25.70

	6
	45.0
	51.4

	3
	22.5
	102.8

	1.5
	11.25
	205.6

	0.6
	4.5
	514.0

	0.3
	2.25
	1028.0
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�You are encouraged to write a little code in LabView or Visual Basic for this purpose.  See me for instructions and availability of a suitable computer.  To simulate the polymerization, consider making solutions of polystyrene in THF, a volatile solvent.  As the solvent evaporates, the viscosity should increase.
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