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    	1 Uncertainty Estimation and Calculation Gerald Recktenwald Portland State University Department of Mechanical Engineering These slides are a supplement to the lectures in ME 449/549 Thermal Management Measurements and are c 2012, Gerald W. Recktenwald, all rights reserved. The material is provided to enhance the learning of students in the course, and should only be used for educational purposes. The material in these slides is subject to change without notice. The PDF version of these slides may be downloaded or stored or printed only for noncommercial, educational use. The repackaging or sale of these slides in any form, without written consent of the author, is prohibited.
2 The latest version of this PDF file, along with other supplemental material for the class, can be found at ~gerry/class/ME449. Note that the location (URL) for this web site may change. Version September 11, 2012. page 1. Overview Phases of Experimental measurement Types of Errors measurement chain estimating the true value of a measured quantity estimating uncertainties Uncertainty Estimation and Calculation page 2. Phases of an Experiment 1. Planning 2. Design 3. Fabrication 4. Shakedown 5. Data collection and analysis 6. Reporting Uncertainty analysis is very useful in the Design phase.
3 It should be considered mandatory in the Data collection and analysis phase. The discussion of Uncertainty analysis in these notes is focused on the data collection and analysis phase. Uncertainty Estimation and Calculation page 3. Start with the Truth Goal is to experimentally measure a physical quantity The true value of the quantity is a concept. In almost all cases, the true value cannot be measured. The error in a measurement is the difference between the true value and the value reported as a result of a measurement . If x is the quantity of interest Error = xmeasured xtrue A claim of numerical Accuracy establishes an upper bound on the error.
4 X is accurate to Maximum expected value of within 5 percent = . |xmeasured xtrue | is |xtrue |. A numerical value of Uncertainty is an estimate of the error. The Uncertainty quantifies the expected accuracy, but it is not a guarantee of accuracy. Uncertainty Estimation and Calculation page 4. Role of the True Value The true value of an object being measured is rarely ever known. 1. Identifying the true value needed by an end user is critical. What are we trying to measure? 2. The true value is often a concept that is very hard (or impossible) to measure. Moffat [3] uses the example of average surface temperature as a true value that is needed for defining the heat transfer coefficient.
5 measurement of an average surface temperature is impossible because of the huge number of sensors that would be needed. A large number of sensors would cause a large disturbance to the system. True surface temperatureRmust be area-weighted. For convection the appropriate area-weighting is (1/A) T dA. For radiation the appropriate area-weighting is 1/4. (1/A) T 4 dA. R. So even the same apparatus could require two (or more) true values to define the same concept. Uncertainty Estimation and Calculation page 5. Examining Errors Our Goal: Obtain an estimate of the Uncertainty in measured results The Plan: 1.
6 Classify errors 2. Identify sources of errors 3. Remove errors we can correct 4. Develop a procedure for computing Uncertainty 5. Demonstrate how to apply these methods to flow rate measurement . References: For additional information on Uncertainty analysis and errors measurements see [1, 3, 2, 4, 5] The following lecture notes are primarily based on Moffat [3]. Uncertainty Estimation and Calculation page 6. Classifying Errors (1). Ideal Distinction: bias versus random errors Bias error is a systematic inaccuracy caused by a mechanism that we can (ideally). control. We might be able to adjust the way measurement are taken in an attempt to reduce bias errors.
7 We can try to correct bias errors by including adjustments in our data analysis after the measurements are taken. Random error is a non-repeatable inaccuracy caused by an unknown or an uncontrollable influence. Random errors introduce scatter in the measured values, and propagate through the data analysis to produce scatter in values computed from the measurements. Ideally random errors establish the limits on the precision of a measurement , not on the accuracy of a measurement . Uncertainty Estimation and Calculation page 7. Classifying Errors (2). Moffat [3, ] makes a more practical distinction of three types of errors.
8 Fixed errors Random errors Variable but deterministic errors In Moffat's taxonomy, fixed errors and variable but deterministic errors are bias errors. Uncertainty Estimation and Calculation page 8. Fixed Error All repeatable errors are fixed errors. A fixed error is the same for each nominal operating point of the system Sources of fixed error sensor calibration non-random disturbance to system Examples A pressure gauge that always reads 2 psi high at 100 psi. Heat flow along thermocouple leads when measuring the temperature of an object Effect of probe blockage on flow field downstream of the probe Uncertainty Estimation and Calculation page 9.
9 Random Error Random errors have different magnitude during subsequent measurements of the same quantity. For well behaved systems, random errors in a measurement cause a cluster of observed values. We will assume that random errors are normally distributed. This is reasonable for large sample sizes and truly random errors percent of all observations fall within 2 . percent percent 2 + 2 . A large sample (say, 30 or more observations) of the system at the same operating point tends toward a normal (Gaussian) distribution of values about some mean value if the population is Gaussian.
10 Uncertainty Estimation and Calculation page 10. Variable but Deterministic Error (1). Some errors that appear to be random can be caused by faulty measurement techniques ( aliasing) or the errors may be variable but deterministic. Errors change even though the system is at the same nominal operating point Errors may not be recognized as deterministic: variations between tests, or test conditions, may seem random. Cause of these errors are initially hidden from the experimenter Uncertainty Estimation and Calculation page 11. Variable but Deterministic Error (2). Examples: Variations in room air conditions such as temperature and air circulation patterns.
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