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Introduction

A capillary tube viscometer was used to measuring the viscosity of water as a function of temperature. The purpose of the lab is to gain familiarity with this method of viscosity measurement, and to understand the data reduction process necessary to convert measurements to viscosity values.
Apparatus

Figure 1 is a schematic of the viscometer used in the test. Water from the upper chamber flows through the capillary tube and is collected in the graduated cylinder. The upper chamber is surrounded with a thermally regulated water bath that is used to control the temperature of the water during the viscosity measurements. A glass thermometer suspended in the upper chamber is used to record the temperature of the sample fluid. A plastic cooking spoon is used to stir the sample fluid so that its temperature is uniform and so that the system more quickly reached steady state after a change in the thermostat stetting. The flow through the capillary tube is turned on or off with a small ball valve near the outlet of the capillary tube.
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Figure 1
Capillary viscometer used in the measurements. Image from CD-ROM supplied with course textbook [1].
Procedure

Each measurement is at a specified temperature. To prepare for a reading, the water bath thermostat is set to a desired temperature and the system is allowed to come to thermal equilibrium. Typically it takes three to four hours for the temperature of the sample fluid to stabilize. 


When the system has achieved thermal equilibrium, the empty graduated cylinder is placed near, but not under the outlet of the capillary tube. The stop watch is reset and the valve on the capillary tube is opened. When the sample is flowing freely and with an apparently steady velocity (approximately 10 seconds after the valve is opened), the graduated cylinder is moved under the outlet of the capillary tube at the same instant that the stopwatch is started. When approximately 10 mL of sample fluid is accumulated in the graduated cylinder, the cylinder is slid to the side – out of the path of the flowing sample fluid – and the stopwatch is stopped. The valve on the capillary tube is stopped. The volume of fluid in the graduated cylinder, and the time measured on the stop watch are recorded. 

The first step
 in the data reduction is to convert the volume and time measurements to volumetric flow rate with
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where V is the volume of fluid collected in the graduated cylinder during time interval t.

Theory

The relationship between volumetric flow rate Q and kinematic viscosity ( for the viscometer is
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where K is the calibration constant for the viscometer. Measurements of Q are taken at several temperatures. At one temperature, say Tref, the measured Q is used to determine K from
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where ref is the value of the kinematic viscosity at Tref. The value of ref is computed by interpolation in a table of known reference values. With K known, the rest of the measured data is converted to ( = f(T) by rearranging Equation (1), i.e.




[image: image5.wmf]  

n

=

K

Q


(3)

Results

Raw data from the measurements are listed in Table B.1 in Appendix A. Sample calculations are presented in Appendix B. The data was reduced with a spreadsheet. A printed copy of the spreadsheet is in Appendix C. The reduced data are summarized in Table 1.

Table 1
Comparison of measured kinematic viscosity with published values from reference [1]. Percent difference values are relative to the reference value of viscosity. Measured data at T = 15.6 C are used to calibrate the viscometer, so measured viscosity is in perfect agreement with reference viscosity at that temperature.

	T (C)
	Measured  (m2/s)
	Reference  (m2/s)
	Percent Difference
	Comments

	12.3
	1.24(10-6
	1.24(10-6
	0
	

	15.6
	1.14(10-6
	1.14(10-6
	0
	Calibration

	21.3
	9.65x10-7
	9.78(10-7
	-1.3
	

	26.3
	8.61(10-7
	8.76(10-7
	-1.7
	

	34.3
	7.53(10-7
	7.40(10-7
	1.8
	

	50.4
	5.68(10-7
	5.50(10-7
	3.2
	

	58.1
	5.17(10-7
	4.90(10-7
	5.6
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Figure 2
Comparison of measured viscosity with reference values.

Discussion

The measured values of kinematic viscosity closely follow the reference viscosity data. The largest discrepancy is 5.6 percent, and occurs at the highest temperature. The magnitude of the discrepancy between measured and published values of viscosity increases with temperature. This may be caused by a systematic error in the measurements, such as an error in measurements at the calibration temperature of 15.6 C.


Despite the larger discrepancy at higher temperatures, the overall the agreement between the measurements and published values is quite good. Additional comparisons using measurements with this apparatus are recommended to determine whether the discrepancy with published data is strongly correlated with increases in temperature.
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Appendix A: Raw Data

Table B.1
Raw data recorded during the experiment.
	V, ml
	t, s
	T, deg C 

	9.2
	19.8
	15.6

	9.7
	15.8
	26.3

	9.2
	16.8
	21.3

	9.1
	21.3
	12.3

	9.2
	13.1
	34.3

	9.4
	10.1
	50.4

	9.1
	8.9
	58.1


Table B.2
Reference data for viscosity of water from Table B.2, p. 831, in Munson, Young, and Okiishi [1].

	T, deg C
	(, m2/s

	0
	1.787(10-6

	5
	1.519(10-6

	10
	1.307(10-6

	15
	1.004(10-6

	20
	0.8009(10-6

	30
	0.6580(10-6

	40
	0.5534(10-6


Appendix B: Sample Calculation
Note to EAS 361 Students: In order to make the sample lab a single, stand-alone document, the sample calculations were scanned and then imported into this word-processing document. That is not necessary. You can simply attach a photocopy of your sample calculations to your lab report..
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Appendix C: Data Reduction Spreadsheet
Note to EAS 361 Students: The spreadsheet was included in this document with a Copy/Paste Special operation. A simple Copy/Paste operation embeds a live Excel Worksheet into the lab report. A live spreadsheet object can be an advantage because you can edit the spreadsheet and have the changes automatically appear in the word-processing document. A live spreadsheet object can also be a disadvantage if you want to preserve the report as it was completed on a fixed date.
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Table B.2, Appendix B, p. 831

Raw Data

T, deg C nu,  m^2/s

V, ml

t, s T, deg C 

0 1.787E-06

9.2 19.8 15.6

5 1.519E-06

9.7 15.8 26.3

10 1.307E-06

9.2 16.8 21.3

20 1.004E-06

9.1 21.3 12.3

30 8.009E-07

9.2 13.1 34.3

40 6.580E-07

9.4 10.1 50.4

50 5.534E-07

9.1 8.9 58.1 60 4.745E-07

Calibration for K

At T = 15.6 C nu_ref = 1.137E-06 m^2/s Interpolate with data in yellow box

K = 5.285E-13 m^5/2 = Qmeasured *nu_ref

Reduced Data

Q (m^3/s) T, deg C  nu  (m^2/s) nu_ref (m^2/s) D_abs (m^2/s) D_rel (%)

4.646E-07 15.6 1.137E-06 1.137E-06 0.000E+00 NA

6.139E-07 26.3 8.608E-07 8.760E-07 -1.527E-08 -1.7

5.476E-07 21.3 9.650E-07 9.776E-07 -1.260E-08 -1.3

4.272E-07 12.3 1.237E-06 1.237E-06 -3.846E-10 0.0

7.023E-07 34.3 7.525E-07 7.395E-07 1.302E-08 1.8

9.307E-07 50.4 5.678E-07 5.502E-07 1.756E-08 3.2

1.022E-06 58.1 5.168E-07 4.895E-07 2.735E-08 5.6


_1032410490.unknown

_1158569323.unknown

_1032386626.unknown

_1032387023.unknown

