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  X  XXXX

Standard Test Method for
Rotational Viscosity of  Heavy Duty Diesel Drain Oils at 100( C 
This standard is issued under the fixed designation X XXXX; the number immediately following the designation indicates the year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript epsilon (() indicates an editorial change since the last revision or reapproval. 

1.  Scope 

1.1 This test method covers the determination of the rotational viscosity and the shear thinning properties of heavy duty diesel engine drain oils at 100(C, in the shear rate range of approximately 10 – 300 s-1 , in the shear stress range of approximately 0.1-10 Pa and the viscosity range of approximately 12-35 mPa-s.  The shear thinning property of a diesel drain oil is a measure of the oils ability to handle soot as evidenced by an increase in viscosity as determined in ASTM D5967-99a.  Rotational viscosity values can be compared at identical shear rates by this method (references 1,2)

1.2  This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility of the user of this standard to establish appropriate safety and health practices and to determine the applicability of regulatory limitations prior to use.

2.  Referenced Documents 
2.1  ASTM Standards:                                                                                           

                 ASTM D5967 - 99a Standard Test Method for Evaluation of Diesel Engine Oils in T-8 Diesel Engine

                ASTM D6299 - 00 Standard Practice for Applying Statistical Quality Assurance Techniques to Evaluate Analytical Measurement System Performance
                ASTM D4057-95(2000) Standard Practice for Manual Sampling of Petroleum and Petroleum Products

3.  Terminology
3.1  Terms Specific to this Standard: 

     Rotational Viscosity – the viscosity obtained by use of this method

     Rate Index -The exponent, c, in the expression relating shear rate and shear stress:

                                Shear Stress = b(shear rate)c                                                       (1)

    or                    ln(shear stress) = ln b + c ln(shear rate)                                             (2)

A rate index of c=1 signifies  Newtonian fluid behavior.  Values less than one indicate increasing non-Newtonian , shear thinning behavior (reference 2).

VIS100 INC – rotational viscosity at shear rate of 100 s-1, increasing shear stress or shear rate sweep

VIS100 DEC - rotational viscosity at shear rate of 100 s-1, decreasing shear stress or shear rate sweep     

4.  Summary of Test Method
4.1  The sample is placed in a controlled stress or controlled shear  rate rheometer/viscometer at 100(C.  The sample is presheared at 10 s-1 for 30 s followed by preheating at 100(C for 10 minutes. An increasing shear rate (approximately 10-300s-1) or shear stress (.1-10 Pa) sweep is run followed by a decreasing sweep.  The rotational viscosity for each step (increasing and decreasing) at 100 s-1 shear rate is interpolated from the viscosity versus shear rate data table.  The rate index, as a measure of shear thinning, is calculated from a plot of ln (shear stress) versus ln (shear rate).

5.  Significance and Use

 Rotational viscosity measurements allow the determination of the non-Newtonian, shear thinning property of drain oils.  This property is a result of the ability of the oil to handle soot as evaluated in the ASTM D5967-99a engine test method.  Oil thickening is a consequence of the oils inability to handle soot.   Rotational viscosity values can be compared at  identical shear rates by this method  (References1,2).

6.  Apparatus
 This test method uses rheometers/viscometers of the controlled stress or controlled rate mode of operation.  The method requires the use of cone and plate or concentric cylinders measuring geometry. capable of operating in the range of approximately 0.1-10 Pa for shear stress and 10-300 s-1 for shear rate.  Instrument data logging or software shall be capable of delivering shear stress versus shear rate data and viscosity versus shear rate data in tabular form.  Temperature shall be controlled to 100(C ( 0.2(C at equilibrium.  Some rheometers have a 99.9(C set point limit and would be acceptable for this method.  

7.  Reagents and Materials
7.1  Standard Oil, calibrated in viscosity in the range of 12 – 35  mPa-s at 100(C.
8.  Sampling, Test Specimens, and Test Units
8.1 Ensure the test specimen is homogeneous.  Engine sampling is generally specified in the test method, for example ASTM D5697-99a.  Manual sampling from the container can be done following ASTM D 4057.  
9.  Preparation of Apparatus
9.1 Prepare the apparatus in accordance with manufacturers directions. The apparatus shall be capable of viscosity measurement to within 5% for a standard oil and a rate index value of 0.98-1.02 indicating a Newtonian fluid for the standard oil.
10.  Calibration and Standardization
10.1 A Newtonian viscosity standard in the range 12 to 35 mPa-s at 100(C shall be used to verify instrument calibration.  Run the procedure as in section 12  A plot of shear stress (Pa) vs. shear rate (s-1) shall be linearly regressed to yield a slope and intercept.
Results should be:  
intercept ,  <0.1 Pa                         

slope = viscosity value within 5% of certified value, mPa-s

 correlation coefficient , r2  > .9998

The instrument manufacturer should be contacted if the instrument is out of calibration.

10.2 New SAE 15W-40 oil shall be used as a daily control chart standard.  Run the procedure (section 12) and perform an analysis (section 13).  Results shall be a rate index between .98-1.02 and a viscosity value at 100 s-1, mPa-s, VIS100.  Control chart the values of VIS100 and rate index.  The procedure shall be checked and the instrument calibration rechecked if the reference oil does not fall within control limits. ASTM D6299 shall be used as a guide in this area

10.3 Some instruments and geometries will exhibit significant noise at low shear stress and /or shear rate levels.  This may be determined by plotting viscosity vs. shear rate or viscosity vs. shear stress for measurements of the standard oil.  A horizontal line is obtained in regions far from noise.  Appendix 1 shows two examples of this type of plot.  The minimum shear rate or shear stress to use in the analysis of data can then be determined for the particular instrument and geometry.

11.  Conditioning
11.1 Shake all new and used oil samples using the following procedure.  Do not prepare more than two samples at one time for one instrument.
11.2 Ensure cap is tight on container.
11.3 Shake vigorously by hand for 30 s.  Wait 60 s for air bubbles to dissipate.
11.4 A specimen of the sample shall be taken for analysis promptly following the shaking and dissipation procedure. 
12.  Procedure

Run the procedure per the instrument geometry requirements and the manufacturer recommendations to obtain shear stress versus shear rate data in the appropriate ranges of 0.1-10 Pa and 10-300 s-1.  The order of steps is as follows:

12.1  Load Sample

12.2 Equilibrate at 100(C (maximum 10 minutes)

12.3 Preshear sample at 10 s-1 for 30 s

12.4 Stop preshear

12.5 Preheat sample at 100(C for 10 minutes

12.6 Run increasing stress or rate sweep for duration of approximately 10 minutes to generate data of shear stress, shear rate and viscosity followed immediately by the next step.  The run time will vary somewhat among different instruments and procedures.  Times as low as 2 minutes and as high as 20 minutes have been utilized successfully to run this method.

12.7 Run decreasing stress or rate sweep for duration of approximately 10 minutes to generate data of shear stress, shear rate and viscosity.

12.8  Clean sample from instrument per manufacturers instructions.  Cone and plate systems may be cleaned by wiping with a rag followed by a solvent clean such as textile spirits.

13.  Calculation or Interpretation of Results                                                                      Analyze the increasing and decreasing sweeps separately
13.1  Import the shear stress (Pa), shear rate (s-1) and viscosity (mPa-sec) into a spreadsheet program.  This calculation may be done with a calculator.  Delete data below the noise limit as determined in section 10.3   
13.2 Calculate two additional columns for ln (shear rate) and ln (shear stress).
13.3 Plot the ln stress vs ln rate columns as a scatter plot with ln rate on the x-axis.
13.4 Fit a least squares linear regression to the data plot – obtain the equation of the line and correlation coefficient.  This line follows equation (2).
13.5 Obtain the slope of the line, c which is the rate index, to three decimal places. the correlation coefficient r2 to four decimal places and the intercept as  ln b to four decimal places.
13.6 Calculate the viscosity at 100 s-1 by interpolation between two data points spanning 100sec-1 as follows        VIS100 = VIS1 + m (100-T1)                                                (3)
                                       Where M =((VIS2-VIS1)/T2-T1))

                                    VIS2 AND T2 are viscosity and shear rate at the first data point above 100 s-1 and VIS1 And T1 are viscosity and shear rate at the first data point below 100 s-1.

14.  Report
14.1 Report the rate index value as c, the viscosity as VIS100, correlation coefficient as r2, and intercept as ln b.  Label increasing and decreasing sweep data using INC and DEC.  
14.2 Rate index  c =  dimensionless, 3 deciaml places, .xxx
14.3 VIS100 = mPa-sec, 2 decimal places xx.xx
14.4 r2, dimensionless, 4 decimal places, .xxxx
14.5  ln b = Pa, 4 decimal places, x.xxxx
15. Precision 

     15.1 Precision was found to be dependent on the mean value of the measured property.  The data in this section was derived from a valid 6 laboratory/6 sample interlaboratory study and a 3 laboratory/7 sample interlaboratory study which did not meet the ASTM guidelines due to the small number of labs participating.  All data was used to generate the repeatability and reproducibility data for rate index. The valid ILS data was used to generate the reproducibility data for VIS100 as including the 3 laboratory data skewed the reproducibility data significantly.


r
R

Rate index, inc
.158-.149x
.604-.588x

Rate index, dec
.037-.028x
1.216-1.213x

Vis100, inc
-1.38+.12y
-1.10+.19y

Vis100, dec
-1.00+.11y
-.54+.20y

Where x = mean value of rate index and y = mean value of vis100 in mPa-s

15.2 Sample Precision Calculations

           The maximum value for rate index is 1.000.  This occurs for fluids which exhibit Newtonian behavior  as observed for fresh diesel oils within the shear rate range of measurement in this test method.  The rate index, inc  reproducibility for fresh oils would be :

                                        .604 - .588 (1.000) = .016

and for a drain with a value of .900

                                         .604 - .588(.900) = .075

         The VIS100 precision values are valid  for viscosities within the scope of this method , 12-35 mPa-s.  A drain with a VIS100, inc value of 15.20 mPa-s would have a repeatability of

                                       -1.38 +.12(15.20) = 0.44

and a reproducibility of

                                         -1.10 +.19(15.20) = 1.79

ANNEX
(mandatory Information)

X1.  
1.1 Typical  example to determine noise level and minimum shear rate value.   

The data are plotted as shown and the minimum noise level determined.  Data below this level are deleted for analysis.  These examples are from two different cone and plate systems.
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APPENDIX 1

(nonmandatory information)

X1.1Analysis Example of data table following directions of section 13.

shear stress
shear rate
viscosity
ln(shear rate)
ln(shear stress)

Pa
1/s
Pa.s



1.034
15.79
0.06551
2.759376828
0.033434776

1.673
31.58
0.05299
3.452524009
0.514618422

2.183
47.37
0.04608
3.857989117
0.780700078

2.634
63.16
0.04171
4.145671189
0.968503603

3.04
78.95
0.03851
4.368814741
1.111857515

3.436
94.74
0.03627
4.551136297
1.234308004

3.814
110.5
0.03451
4.705015521
1.338678507

4.166
126.3
0.03298
4.838660029
1.426956343

4.515
142.1
0.03177
4.956531035
1.507405187

4.859
157.9
0.03077
5.061961921
1.580832655

5.184
173.7
0.02985
5.157329673
1.645576959

5.51
189.5
0.02908
5.244389025
1.706564623

5.83
205.3
0.0284
5.324472324
1.763017

6.15
221.1
0.02782
5.398615088
1.816452082

6.478
236.8
0.02735
5.467215903
1.868411821

6.777
252.6
0.02683
5.53180721
1.913534526

7.08
268.4
0.02638
5.592478405
1.957273908

7.374
284.2
0.02595
5.649678216
1.9979603

7.676
300
0.02559
5.703782475
2.038098578
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VIS100 = 36.27 + m(100-94.74) = 36.27 +M(5.26)





M = (34.51-36.27)/(110.5-94.74) = -.1117





VIS100 = 36.27 +(-.1117)(5.27)


             =36.27 -.59


             =35.68 mPa-s





rate index c = .677


r2= .9997


Intercept ln b = -1.8376 Pa   b = 0.1592
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ln(shear stress)

ln shear rate

ln shear stress

0.0334347761

0.514618422

0.7807000776

0.9685036033

1.1118575154

1.2343080041

1.3386785072

1.4269563428

1.5074051869

1.5808326554

1.645576959

1.7065646232

1.7630170004

1.8164520818

1.8684118207

1.9135345262

1.9572739077

1.9979602998

2.0380985781



AA-1

		shear stress		shear rate		viscosity

		Pa		1/s		Pa.s

		1.1		15.79		0.06965

		1.723		31.58		0.05457

		2.206		47.37		0.04657

		2.664		63.16		0.04218

		3.046		78.95		0.03858

		3.438		94.74		0.03629

		3.814		110.5		0.03451

		4.172		126.3		0.03303

		4.527		142.1		0.03185

		4.856		157.9		0.03075

		5.194		173.7		0.0299

		5.528		189.5		0.02917

		5.846		205.3		0.02848

		6.158		221.1		0.02786

		6.472		236.8		0.02733

		6.782		252.6		0.02684

		7.102		268.4		0.02646

		7.414		284.2		0.02609

		7.708		300		0.02569
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AA-2

		shear stress		shear rate		viscosity

		Pa		1/s		Pa.s

		1.078		15.79		0.06829

		1.711		31.58		0.05418

		2.206		47.37		0.04658

		2.652		63.16		0.04198

		3.065		78.95		0.03883

		3.464		94.74		0.03656

		3.836		110.5		0.03471

		4.189		126.3		0.03316

		4.547		142.1		0.03199

		4.888		157.9		0.03096

		5.218		173.7		0.03004

		5.546		189.5		0.02927

		5.872		205.3		0.02861

		6.181		221.1		0.02796

		6.492		236.8		0.02741

		6.804		252.6		0.02693

		7.106		268.4		0.02647

		7.419		284.2		0.0261

		7.724		300		0.02575
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AA-3

		shear stress		shear rate		viscosity

		Pa		1/s		Pa.s

		1.048		15.79		0.0664

		1.68		31.58		0.05319

		2.184		47.37		0.0461

		2.627		63.16		0.04159

		3.036		78.95		0.03846

		3.442		94.74		0.03633

		3.807		110.5		0.03445

		4.172		126.3		0.03302

		4.521		142.1		0.03181

		4.861		157.9		0.03079

		5.191		173.7		0.02989

		5.51		189.5		0.02908

		5.829		205.3		0.0284

		6.137		221.1		0.02776

		6.448		236.9		0.02722

		6.769		252.6		0.02679

		7.065		268.4		0.02632

		7.379		284.2		0.02596

		7.697		300		0.02566
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AA-4

		shear stress		shear rate		viscosity

		Pa		1/s		Pa.s

		1.088		15.79		0.06894

		1.737		31.58		0.055

		2.218		47.37		0.04682

		2.654		63.16		0.04202

		3.074		78.95		0.03893

		3.475		94.74		0.03668

		3.855		110.5		0.03488

		4.228		126.3		0.03347

		4.585		142.1		0.03226

		4.936		157.9		0.03126

		5.273		173.7		0.03036

		5.599		189.5		0.02955

		5.923		205.3		0.02885

		6.241		221.1		0.02823

		6.556		236.8		0.02768

		6.871		252.6		0.0272

		7.179		268.4		0.02674

		7.484		284.2		0.02633

		7.797		300		0.02599
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AA-5

		shear stress		shear rate		viscosity

		Pa		1/s		Pa.s

		1.039		15.79		0.0658

		1.685		31.58		0.05336

		2.196		47.37		0.04635

		2.646		63.16		0.04189

		3.07		78.95		0.03888

		3.462		94.74		0.03655

		3.848		110.5		0.03481

		4.216		126.3		0.03338

		4.565		142.1		0.03212

		4.908		157.9		0.03108

		5.242		173.7		0.03018

		5.57		189.5		0.0294

		5.892		205.3		0.02871

		6.217		221.1		0.02813

		6.525		236.9		0.02755

		6.84		252.6		0.02708

		7.145		268.4		0.02662

		7.458		284.2		0.02624

		7.77		300		0.0259



&A

Page &P



AA-6

		shear stress		shear rate		viscosity

		Pa		1/s		Pa.s

		1.022		15.79		0.06472

		1.643		31.58		0.05202

		2.144		47.37		0.04526

		2.601		63.16		0.04118

		3.018		78.95		0.03823

		3.411		94.74		0.036

		3.791		110.5		0.0343

		4.136		126.3		0.03275

		4.496		142.1		0.03164

		4.831		157.9		0.03059

		5.162		173.7		0.02972

		5.489		189.5		0.02897

		5.807		205.3		0.02829

		6.122		221		0.0277

		6.426		236.8		0.02713

		6.725		252.6		0.02662

		7.028		268.4		0.02618

		7.336		284.2		0.02581

		7.658		300		0.02553



&A

Page &P



AA-7

		shear stress		shear rate		viscosity

		Pa		1/s		Pa.s

		1.029		15.79		0.06515

		1.679		31.58		0.05318

		2.182		47.37		0.04607

		2.643		63.16		0.04185

		3.057		78.95		0.03873

		3.46		94.74		0.03652

		3.849		110.5		0.03483

		4.209		126.3		0.03332

		4.558		142.1		0.03207

		4.901		157.9		0.03104

		5.236		173.7		0.03014

		5.556		189.5		0.02933

		5.881		205.3		0.02865

		6.196		221.1		0.02803

		6.535		236.9		0.02759

		6.843		252.6		0.02709

		7.161		268.4		0.02668

		7.462		284.2		0.02626

		7.777		300		0.02592
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AA-8

		shear stress		shear rate		viscosity

		Pa		1/s		Pa.s

		1.037		15.79		0.06566

		1.679		31.58		0.05316

		2.205		47.37		0.04654

		2.657		63.16		0.04206

		3.061		78.95		0.03877

		3.457		94.74		0.03649

		3.843		110.5		0.03477

		4.202		126.3		0.03326

		4.557		142.1		0.03206

		4.905		157.9		0.03106

		5.236		173.7		0.03015

		5.567		189.5		0.02938

		5.891		205.3		0.0287

		6.208		221.1		0.02808

		6.516		236.8		0.02751

		6.831		252.6		0.02704

		7.147		268.4		0.02663

		7.441		284.2		0.02618

		7.75		300		0.02583
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AA-9

		shear stress		shear rate		viscosity

		Pa		1/s		Pa.s

		0.9915		15.79		0.0628

		1.63		31.58		0.05162

		2.141		47.37		0.04519

		2.574		63.16		0.04075

		2.981		78.95		0.03776

		3.373		94.74		0.0356

		3.74		110.5		0.03384

		4.103		126.3		0.03248

		4.456		142.1		0.03136

		4.784		157.9		0.0303

		5.111		173.7		0.02943

		5.438		189.5		0.0287

		5.747		205.3		0.028

		6.059		221.1		0.02741

		6.37		236.8		0.0269

		6.682		252.6		0.02645

		6.981		268.4		0.02601

		7.275		284.2		0.0256

		7.583		300		0.02528
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AA-10

		shear stress		shear rate		viscosity		ln(shear rate)		ln(shear stress)

		Pa		1/s		Pa.s

		1.034		15.79		0.06551		2.7593768283		0.0334347761

		1.673		31.58		0.05299		3.4525240088		0.514618422

		2.183		47.37		0.04608		3.8579891169		0.7807000776

		2.634		63.16		0.04171		4.1456711894		0.9685036033

		3.04		78.95		0.03851		4.3688147407		1.1118575154

		3.436		94.74		0.03627		4.5511362975		1.2343080041

		3.814		110.5		0.03451		4.705015521		1.3386785072

		4.166		126.3		0.03298		4.8386600294		1.4269563428

		4.515		142.1		0.03177		4.9565310351		1.5074051869

		4.859		157.9		0.03077		5.0619619213		1.5808326554

		5.184		173.7		0.02985		5.1573296732		1.645576959

		5.51		189.5		0.02908		5.2443890245		1.7065646232

		5.83		205.3		0.0284		5.324472324		1.7630170004

		6.15		221.1		0.02782		5.3986150879		1.8164520818

		6.478		236.8		0.02735		5.467215903		1.8684118207

		6.777		252.6		0.02683		5.5318072099		1.9135345262

		7.08		268.4		0.02638		5.5924784051		1.9572739077

		7.374		284.2		0.02595		5.6496782157		1.9979602998

		7.676		300		0.02559		5.7037824747		2.0380985781
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AA-10

		



ln(shear stress)

ln shear rate

ln shear stress



1-10CHART

		15.79		15.79		15.79		15.79		15.79		15.79		15.79		15.79		15.79		15.79

		31.58		31.58		31.58		31.58		31.58		31.58		31.58		31.58		31.58		31.58

		47.37		47.37		47.37		47.37		47.37		47.37		47.37		47.37		47.37		47.37

		63.16		63.16		63.16		63.16		63.16		63.16		63.16		63.16		63.16		63.16

		78.95		78.95		78.95		78.95		78.95		78.95		78.95		78.95		78.95		78.95

		94.74		94.74		94.74		94.74		94.74		94.74		94.74		94.74		94.74		94.74

		110.5		110.5		110.5		110.5		110.5		110.5		110.5		110.5		110.5		110.5

		126.3		126.3		126.3		126.3		126.3		126.3		126.3		126.3		126.3		126.3

		142.1		142.1		142.1		142.1		142.1		142.1		142.1		142.1		142.1		142.1

		157.9		157.9		157.9		157.9		157.9		157.9		157.9		157.9		157.9		157.9

		173.7		173.7		173.7		173.7		173.7		173.7		173.7		173.7		173.7		173.7

		189.5		189.5		189.5		189.5		189.5		189.5		189.5		189.5		189.5		189.5

		205.3		205.3		205.3		205.3		205.3		205.3		205.3		205.3		205.3		205.3

		221.1		221.1		221.1		221.1		221.1		221.1		221.1		221.1		221.1		221.1

		236.8		236.8		236.8		236.8		236.8		236.8		236.8		236.8		236.8		236.8

		252.6		252.6		252.6		252.6		252.6		252.6		252.6		252.6		252.6		252.6

		268.4		268.4		268.4		268.4		268.4		268.4		268.4		268.4		268.4		268.4

		284.2		284.2		284.2		284.2		284.2		284.2		284.2		284.2		284.2		284.2

		300		300		300		300		300		300		300		300		300		300



AA1

AA2

AA3

AA4

AA5

AA6

AA7

AA8

AA9

AA10

SHEAR RATE

SHEAR STRESS

ASTM DRAIN AA

1.1

1.078

1.048

1.088

1.039

1.022

1.029

1.037

0.9915

1.034

1.723

1.711

1.68

1.737

1.685

1.643

1.679

1.679

1.63

1.673

2.206

2.206

2.184

2.218

2.196

2.144

2.182

2.205

2.141

2.183

2.664

2.652

2.627

2.654

2.646

2.601

2.643

2.657

2.574

2.634

3.046

3.065

3.036

3.074

3.07

3.018

3.057

3.061

2.981

3.04

3.438

3.464

3.442

3.475

3.462

3.411

3.46

3.457

3.373

3.436

3.814

3.836

3.807

3.855

3.848

3.791

3.849

3.843

3.74

3.814

4.172

4.189

4.172

4.228

4.216

4.136

4.209

4.202

4.103

4.166

4.527

4.547

4.521

4.585

4.565

4.496

4.558

4.557

4.456

4.515

4.856

4.888

4.861

4.936

4.908

4.831

4.901

4.905

4.784

4.859

5.194

5.218

5.191

5.273

5.242

5.162

5.236

5.236

5.111

5.184

5.528

5.546

5.51

5.599

5.57

5.489

5.556

5.567

5.438

5.51

5.846

5.872

5.829

5.923

5.892

5.807

5.881

5.891

5.747

5.83

6.158

6.181

6.137

6.241

6.217

6.122

6.196

6.208

6.059

6.15

6.472

6.492

6.448

6.556

6.525

6.426

6.535

6.516

6.37

6.478

6.782

6.804

6.769

6.871

6.84

6.725

6.843

6.831

6.682

6.777

7.102

7.106

7.065

7.179

7.145

7.028

7.161

7.147

6.981

7.08

7.414

7.419

7.379

7.484

7.458

7.336

7.462

7.441

7.275

7.374

7.708

7.724

7.697

7.797

7.77

7.658

7.777

7.75

7.583

7.676



1-10

		shear rate		shear stress

		SHEAR RATE		AA1		AA2		AA3		AA4		AA5		AA6		AA7		AA8		AA9		AA10

		15.79		1.1		1.078		1.048		1.088		1.039		1.022		1.029		1.037		0.9915		1.034

		31.58		1.723		1.711		1.68		1.737		1.685		1.643		1.679		1.679		1.63		1.673

		47.37		2.206		2.206		2.184		2.218		2.196		2.144		2.182		2.205		2.141		2.183

		63.16		2.664		2.652		2.627		2.654		2.646		2.601		2.643		2.657		2.574		2.634

		78.95		3.046		3.065		3.036		3.074		3.07		3.018		3.057		3.061		2.981		3.04

		94.74		3.438		3.464		3.442		3.475		3.462		3.411		3.46		3.457		3.373		3.436

		110.5		3.814		3.836		3.807		3.855		3.848		3.791		3.849		3.843		3.74		3.814

		126.3		4.172		4.189		4.172		4.228		4.216		4.136		4.209		4.202		4.103		4.166

		142.1		4.527		4.547		4.521		4.585		4.565		4.496		4.558		4.557		4.456		4.515

		157.9		4.856		4.888		4.861		4.936		4.908		4.831		4.901		4.905		4.784		4.859

		173.7		5.194		5.218		5.191		5.273		5.242		5.162		5.236		5.236		5.111		5.184

		189.5		5.528		5.546		5.51		5.599		5.57		5.489		5.556		5.567		5.438		5.51

		205.3		5.846		5.872		5.829		5.923		5.892		5.807		5.881		5.891		5.747		5.83

		221.1		6.158		6.181		6.137		6.241		6.217		6.122		6.196		6.208		6.059		6.15

		236.8		6.472		6.492		6.448		6.556		6.525		6.426		6.535		6.516		6.37		6.478

		252.6		6.782		6.804		6.769		6.871		6.84		6.725		6.843		6.831		6.682		6.777

		268.4		7.102		7.106		7.065		7.179		7.145		7.028		7.161		7.147		6.981		7.08

		284.2		7.414		7.419		7.379		7.484		7.458		7.336		7.462		7.441		7.275		7.374

		300		7.708		7.724		7.697		7.797		7.77		7.658		7.777		7.75		7.583		7.676
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LN1-10

		ln		ln stress

		shear rate		AA1		AA2		AA3		AA4		AA5		AA6		AA7		AA8		AA9		AA10

		2.7593768283		0.0953101798		0.0751074725		0.0468835859		0.0843411484		0.0382587121		0.0217614918		0.0285874569		0.0363319292		-0.008536331		0.0334347761

		3.4525240088		0.5440669575		0.5370779949		0.5187937934		0.5521594873		0.5217655638		0.4965238391		0.5181983781		0.5181983781		0.4885800148		0.514618422

		3.8579891169		0.7911809208		0.7911809208		0.7811580579		0.7966058889		0.7866375236		0.7626732432		0.7802418874		0.7907275089		0.7612730096		0.7807000776

		4.1456711894		0.9798287527		0.9753140723		0.9658425107		0.9760679359		0.9730490657		0.9558959865		0.9719146356		0.9771976668		0.9454611092		0.9685036033

		4.3688147407		1.1138292545		1.1200475694		1.1105408595		1.1229796451		1.1216775616		1.1045943603		1.1174340429		1.11874166		1.0922588147		1.1118575154

		4.5511362975		1.234889907		1.2424239907		1.2360526978		1.245594479		1.2418464568		1.2270055034		1.2412685891		1.2404011609		1.2158025561		1.2343080041

		4.705015521		1.3386785072		1.344430157		1.3368414774		1.349371007		1.3475535328		1.3326298365		1.3478133743		1.3462533116		1.3190856114		1.3386785072

		4.8386600294		1.4283955371		1.432462042		1.4283955371		1.441729068		1.4388868112		1.4197291372		1.4372250898		1.4355606024		1.4117184135		1.4269563428

		4.9565310351		1.5100594685		1.5144676748		1.5087332083		1.5227901057		1.518418514		1.5031881126		1.5168839308		1.5166645123		1.4942515026		1.5074051869

		5.0619619213		1.5802150538		1.5867832219		1.5812441781		1.5965552866		1.5908665268		1.5750534856		1.5894392659		1.590255093		1.5652770166		1.5808326554

		5.1573296732		1.6475041132		1.6521141867		1.6469263568		1.6625994605		1.6567031049		1.6413241013		1.655557848		1.655557848		1.6313950798		1.645576959

		5.2443890245		1.7098260865		1.7130769472		1.7065646232		1.7225880104		1.7173950539		1.7027460896		1.7148784249		1.7168563092		1.6934113462		1.7065646232

		5.324472324		1.7657576667		1.7701952913		1.7628454591		1.7788430773		1.7735954986		1.7590640864		1.7717268155		1.7734257625		1.7486779795		1.7630170004

		5.3986150879		1.8177520495		1.8214800707		1.8143360234		1.831140426		1.8272874753		1.8118888405		1.8239039226		1.8258387829		1.80154477		1.8164520818

		5.467215903		1.8674851798		1.8705706497		1.8637700052		1.8803806609		1.8756409532		1.8603522607		1.8771723471		1.8742606907		1.8515994696		1.8684118207

		5.5318072099		1.9142720437		1.9175106745		1.9123533655		1.927309656		1.9227877316		1.9058319255		1.923226232		1.9214710757		1.8994173439		1.9135345262

		5.5924784051		1.9603764345		1.9609394976		1.9551530161		1.9711600976		1.9664128114		1.9499021703		1.968649636		1.9666926882		1.943192173		1.9572739077

		5.6496782157		2.0033701047		2.0040442772		1.9986381281		2.0127674084		2.0092872818		1.992793735		2.0098234748		2.0070052484		1.9844438131		1.9979602998

		5.7037824747		2.0422587506		2.0443323646		2.0408306426		2.0537390443		2.0502701644		2.0357508531		2.0511706597		2.0476928434		2.0259088997		2.0380985781
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LN1-10

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0
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LN SHEAR RATE

LN SHEAR STRESS

LN  VS LN CHART

0

0

0

0
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0



REGRESS

		ln		ln stress

		shear rate		AA1		AA2		AA3		AA4		AA5		AA6		AA7		AA8		AA9		AA10

		2.7593768283		0.0953101798		0.0751074725		0.0468835859		0.0843411484		0.0382587121		0.0217614918		0.0285874569		0.0363319292		-0.008536331		0.0334347761

		3.4525240088		0.5440669575		0.5370779949		0.5187937934		0.5521594873		0.5217655638		0.4965238391		0.5181983781		0.5181983781		0.4885800148		0.514618422

		3.8579891169		0.7911809208		0.7911809208		0.7811580579		0.7966058889		0.7866375236		0.7626732432		0.7802418874		0.7907275089		0.7612730096		0.7807000776

		4.1456711894		0.9798287527		0.9753140723		0.9658425107		0.9760679359		0.9730490657		0.9558959865		0.9719146356		0.9771976668		0.9454611092		0.9685036033

		4.3688147407		1.1138292545		1.1200475694		1.1105408595		1.1229796451		1.1216775616		1.1045943603		1.1174340429		1.11874166		1.0922588147		1.1118575154

		4.5511362975		1.234889907		1.2424239907		1.2360526978		1.245594479		1.2418464568		1.2270055034		1.2412685891		1.2404011609		1.2158025561		1.2343080041

		4.705015521		1.3386785072		1.344430157		1.3368414774		1.349371007		1.3475535328		1.3326298365		1.3478133743		1.3462533116		1.3190856114		1.3386785072

		4.8386600294		1.4283955371		1.432462042		1.4283955371		1.441729068		1.4388868112		1.4197291372		1.4372250898		1.4355606024		1.4117184135		1.4269563428

		4.9565310351		1.5100594685		1.5144676748		1.5087332083		1.5227901057		1.518418514		1.5031881126		1.5168839308		1.5166645123		1.4942515026		1.5074051869

		5.0619619213		1.5802150538		1.5867832219		1.5812441781		1.5965552866		1.5908665268		1.5750534856		1.5894392659		1.590255093		1.5652770166		1.5808326554

		5.1573296732		1.6475041132		1.6521141867		1.6469263568		1.6625994605		1.6567031049		1.6413241013		1.655557848		1.655557848		1.6313950798		1.645576959

		5.2443890245		1.7098260865		1.7130769472		1.7065646232		1.7225880104		1.7173950539		1.7027460896		1.7148784249		1.7168563092		1.6934113462		1.7065646232

		5.324472324		1.7657576667		1.7701952913		1.7628454591		1.7788430773		1.7735954986		1.7590640864		1.7717268155		1.7734257625		1.7486779795		1.7630170004

		5.3986150879		1.8177520495		1.8214800707		1.8143360234		1.831140426		1.8272874753		1.8118888405		1.8239039226		1.8258387829		1.80154477		1.8164520818

		5.467215903		1.8674851798		1.8705706497		1.8637700052		1.8803806609		1.8756409532		1.8603522607		1.8771723471		1.8742606907		1.8515994696		1.8684118207

		5.5318072099		1.9142720437		1.9175106745		1.9123533655		1.927309656		1.9227877316		1.9058319255		1.923226232		1.9214710757		1.8994173439		1.9135345262

		5.5924784051		1.9603764345		1.9609394976		1.9551530161		1.9711600976		1.9664128114		1.9499021703		1.968649636		1.9666926882		1.943192173		1.9572739077

		5.6496782157		2.0033701047		2.0040442772		1.9986381281		2.0127674084		2.0092872818		1.992793735		2.0098234748		2.0070052484		1.9844438131		1.9979602998

		5.7037824747		2.0422587506		2.0443323646		2.0408306426		2.0537390443		2.0502701644		2.0357508531		2.0511706597		2.0476928434		2.0259088997		2.0380985781

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9998706268

		R Square		0.9997412704

		Adjusted R Square		0.999726051

		Standard Error		0.0090479541

		Observations		19

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		5.3776329516		5.3776329516		65688.6565873974		6.15992232224644E-32

		Residual		17		0.001391713		0.0000818655

		Total		18		5.3790246647

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-1.8376186436		0.0129240971		-142.1854568622		1.3730010100874E-27		-1.864886143		-1.8103511442		-1.864886143		-1.8103511442

		X Variable 1		0.6769169219		0.0026411324		256.2979839706		6.1599223222458E-32		0.6713446118		0.6824892321		0.6713446118		0.6824892321

				0.1591960777				B		159.2

								C		0.68

				0.0756570294

										25.660449627
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Figure  1   Calibration fluid

noise below 10
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Sheet1

		shear stress		shear rate		viscosity		time		temperature

		Pa		1/s		Pa.s		s		Deg C

		0.01837		0.6146		0.02989		0.988		100

		0.05592		1.991		0.02809		1.984		100

		0.08312		3.106		0.02676		2.984		100

		0.09239		3.562		0.02594		3.984		100

		0.1003		3.917		0.02561		4.984		100

		0.1082		4.185		0.02585		5.984		100

		0.1151		4.39		0.02621		6.984		100

		0.1154		4.584		0.02518		7.98		100

		0.1211		4.85		0.02496		8.984		100

		0.1256		5.098		0.02465		9.98		100

		0.1324		5.337		0.0248		10.98		100

		0.1373		5.553		0.02473		11.98		100

		0.1425		5.789		0.02462		12.98		100

		0.1476		6.029		0.02449		13.98		100

		0.1572		6.36		0.02472		14.98		100

		0.1632		6.609		0.0247		15.99		100

		0.1727		6.833		0.02528		16.99		100

		0.1741		7.091		0.02455		18		100

		0.1813		7.377		0.02457		18.98		100

		0.1946		7.628		0.02551		19.98		100

		0.1961		7.898		0.02483		20.98		100

		0.2043		8.19		0.02494		21.98		100

		0.2158		8.439		0.02558		22.98		100

		0.2215		8.707		0.02544		23.98		100

		0.2254		9.043		0.02492		24.98		100

		0.2339		9.419		0.02483		25.98		100

		0.2485		10.04		0.02476		26.98		100

		0.2561		10.45		0.02451		27.98		100

		0.2661		10.91		0.0244		28.99		100

		0.2724		11.37		0.02396		29.98		100

		0.2856		11.89		0.02402		30.98		100

		0.2955		12.4		0.02383		31.98		100

		0.3092		12.95		0.02388		32.98		100

		0.3203		13.49		0.02374		33.98		100

		0.3318		13.99		0.02372		34.98		100

		0.3488		14.52		0.02402		35.98		100

		0.3602		15.06		0.02392		36.98		100

		0.3752		15.56		0.02411		37.98		100

		0.3952		16.35		0.02418		38.98		100

		0.4097		16.91		0.02423		39.98		100

		0.4265		17.53		0.02433		40.98		100

		0.4381		18.21		0.02406		41.99		100

		0.4527		18.96		0.02388		42.98		100

		0.468		19.78		0.02366		43.98		100

		0.4878		20.61		0.02367		44.98		100

		0.5072		21.41		0.02369		45.98		100

		0.533		22.18		0.02403		46.98		100

		0.5537		22.92		0.02416		47.98		100

		0.5735		23.7		0.0242		48.98		100

		0.5933		24.54		0.02418		49.98		100

		0.6212		25.97		0.02392		50.98		100

		0.6438		27.05		0.0238		51.98		100

		0.6701		28.13		0.02382		52.98		100

		0.6989		29.19		0.02395		53.98		100

		0.728		30.2		0.02411		54.98		100

		0.7526		31.26		0.02408		55.98		100

		0.7772		32.42		0.02397		56.98		100

		0.8012		33.73		0.02375		57.98		100

		0.8374		35.1		0.02386		58.98		100

		0.8718		36.39		0.02395		59.98		100

		0.9074		37.68		0.02408		60.98		100

		0.9357		39.05		0.02396		61.98		100

		0.984		41.4		0.02376		62.98		100

		1.025		43.04		0.02382		63.98		100

		1.07		44.57		0.024		64.98		100

		1.107		46.15		0.02399		65.98		100

		1.141		47.93		0.02382		66.98		100

		1.187		49.82		0.02384		67.98		100

		1.238		51.64		0.02396		68.98		100

		1.28		53.53		0.02391		69.98		100

		1.325		55.59		0.02384		70.98		100

		1.382		57.7		0.02396		71.98		100

		1.434		59.77		0.02399		72.98		100

		1.478		62.04		0.02382		73.98		100

		1.541		64.46		0.0239		74.98		100

		1.627		68.04		0.02392		75.98		100

		1.686		70.69		0.02385		76.98		100

		1.758		73.23		0.02401		77.98		100

		1.811		75.94		0.02385		78.98		100

		1.888		78.87		0.02394		79.97		100

		1.958		81.76		0.02394		80.98		100

		2.026		84.94		0.02385		81.98		100

		2.116		88.06		0.02403		82.98		100

		2.181		91.34		0.02387		83.98		100

		2.274		94.66		0.02402		84.98		100

		2.346		98.24		0.02388		85.98		100

		2.448		101.9		0.02403		86.98		100

		2.585		107.7		0.02399		87.98		100

		2.676		111.7		0.02396		88.98		100

		2.791		115.7		0.02411		89.98		100

		2.884		120.1		0.02402		90.98		100

		2.983		124.5		0.02396		91.98		100

		3.112		129.2		0.02408		92.98		100

		3.216		134.2		0.02397		93.98		100

		3.331		139.2		0.02393		94.98		100

		3.472		144.3		0.02406		95.98		100

		3.604		149.8		0.02407		96.98		100

		3.728		155.4		0.02399		97.98		100

		3.855		161.3		0.0239		98.98		100

		4.095		170.6		0.02401		99.98		100

		4.253		176.9		0.02404		101		100

		4.402		183.5		0.02399		102		100

		4.565		190.3		0.02398		103		100

		4.735		197.5		0.02397		104		100

		4.921		205		0.02401		105		100

		5.114		212.8		0.02404		106		100

		5.324		220.7		0.02412		107		100

		5.497		228.8		0.02403		108		100

		5.677		237.3		0.02392		109		100

		5.91		246.3		0.024		110		100

		6.152		255.4		0.02409		111		100

		6.494		270		0.02406		112		100

		6.725		280		0.02401		113		100

		7.004		290.2		0.02413		114		100

		7.235		301.1		0.02403		115		100

		7.496		312.3		0.024		116		100

		7.82		324.1		0.02413		117		100

		8.08		336.4		0.02402		118		100

		8.377		349.1		0.024		119		100

		8.68		361.9		0.02398		120		100
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