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INTRODUCTION

This experiment compares several temperature measurement tools by evaluating how
closely their temperature measurements match, estimating the actual temperature of each
scenario with the average of these measurements, and finding the approximate accuracy of each
instrument using several methods of difference calculation. The next evaluation compares two
methods of thermocouple temperature measurement, one with an ice bath reference and one with
an electronic reference. Psychrometric evaluation then introduces the function of wet-bulb and
dry-bulb temperature measurement. Below are the listed primary objectives of this experiment.

● Use several temperature measurement tools to gather readings from the same materials
● Evaluate which instrument or instruments deviate the most from the average and why
● Compare the accuracy and difference between thermocouples with an electronic cold

reference junction vs ice water compensation
● Find the relative humidity, humidity ratio, specific volume, and enthalpy of the air based

on wet-bulb and dry-bulb measurements as well as how they change with different values

DISCUSSION

Different thermal measurement instruments are used in several scenarios to gather
temperature measurements under constant conditions and evaluate the accuracy between these
tools. These initial measurements are shown in Table 1. For each condition, the accurate
temperature is approximated by taking an average of these temperature measurements. This
average roughly reveals which instruments tend to perform the measurements accurately and also
which ones deviate the most. The scenario—or temperature of the material—seems to be one
factor that impacts the accuracy of each instrument because the least accurate instrument shown
in Table 2 is not the same for each condition. Regardless, the IR thermometer is the least accurate
instrument for three of the four conditions based on its high deviation from the average
temperature measurement. This instrument may experience such inaccuracy because it measures
the radiation of surfaces from a distance, so radiation from surrounding sources has an impact on
the temperature measurement. The level of this interfering radiation increases the further away
the IR thermometer is positioned from the surface it measures. Radiation measured by the IR
thermometer may also be an inaccurate reflection of the surface temperature of a material at
higher temperatures, which is particularly evident in the thermoweld temperature measurement
where the IR thermometer value deviates significantly from the average. The other instruments,
apart from thermal imaging, measure surface temperature directly and their results are highly
consistent.

For each condition, the difference is observed through calculations of direct difference
(C) and fractional deviation in both Celsius and Kelvin (absolute temperature). These
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calculations are shown by Equations 1 and 2 in Appendix A and used in Table 2. It is better to
calculate the observed difference as fractional deviation, because it quantifies the difference
between the measured value and the average—or expected—value as a fraction of the average
value. This provides an error value that can be accurately compared to other error values because
it presents the difference as a proportion of magnitude and therefore considers the impact of the
magnitude of the expected value on measures of accuracy. Differences of the same quantity, for
example, are less significant for a larger expected or theoretical value and yield a lower error.
Fractional deviation is not properly represented on the Celsius scale, because Celsius has
negative values above absolute zero. Calculating the error for an expected value in the negative
range will yield a negative result that is not valid in measures of fractional error. For expected
temperature near 0 degrees Celsius, the error measurement is too high to be representative of the
true error of the measurement. Kelvin, however, is a positive scale with 0 being absolute 0.
Calculating fractional deviation from Kelvin yields no negative or inflated values.

The thermocouple ice water compensation and electronic cold reference junction
temperature measurements are slightly different, but these values are close enough to conclude
that they agree. Table 3 shows these results. Since the ice water compensation method yields a
slightly higher value, it may indicate that the ice water bath has a temperature slightly higher
than 0 degrees Celsius. This may cause the slight increase in measured voltage and therefore air
temperature since the ice water bath is the reference that compensates for no electronic reference.
The electronic cold reference junction technique is therefore more accurate. The two methods do,
however, correspond to similar room temperature measurements of 22.24 C for ice water
compensation and 21.75 C for electronic cold reference junction as found from Table 5.

Parameters determined from wet-bulb and dry-bulb measurements are shown in Table 4.
These include relative humidity, humidity ratio, specific volume, and enthalpy found from the
relative humidity table and psychrometric chart shown in Figures 1 and 2. If the dry-bulb
temperature were to increase by 5 degrees F, all of the parameters experience the change shown
in Table 4. These changes include a significant drop in both the humidity ratio and relative
humidity for an increase in dry-bulb temperature when the wet-bulb temperature remains
constant. The specific volume is approximately the same and enthalpy experiences a small
decrease.

CONCLUSION

Through this investigation into accuracy and differences between thermal measurement
instruments, each of the initial objectives have been fulfilled. The instruments with the greatest
inaccuracies have been identified through fractional difference calculations with an explanation
while the comparison between the two thermocouple measurement methods draws the
conclusion that the inaccuracy from ice water compensation is present but minimal. The dry-bulb
thermometer has an impact on all of the psychrometric parameters given a constant wet-bulb
temperature, particularly relative humidity and the humidity ratio. To expand on this experiment,
the IR thermometer could be further investigated by making distance from the measured surface
an independent variable and evaluating its impact on the temperature measurement. The
psychrometric analysis could also include an evaluation into the effects of changing wet-bulb
temperature.
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APPENDIX A: Experimental Data, Figures, and Equations

Table 1: Temperature Measurements with Different Instruments

Table 2: Greatest Observed Differences from the Average Measured Temperature

Equation 1: Temperature Difference (C)
𝑇

𝑑𝑖𝑓𝑓
= |𝑇

𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑
− 𝑇

𝑎𝑣𝑔
|

Sample calculation:
𝑇

𝑑𝑖𝑓𝑓,𝐼𝑐𝑒
= |(− 2. 2) − (− 0. 57)| = 1. 63

Equation 2: Fractional Difference (%)
𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = (|𝑇

𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑
− 𝑇

𝑎𝑣𝑔
|)/𝑇

𝑎𝑣𝑔

Sample calculation:
𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒,  𝐼𝑐𝑒(𝐶) = (|(− 2. 2) − (− 0. 57)|)/(− 0. 57) =  − 2. 8824

Table 3: Comparative Air Temperature Measurements between Two Methods
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Table 4: Parameters Determined from Wet-Bulb and Dry-Bulb Measurements

Table 5: Temperature (C) to Thermoelectric Voltage (mV) Conversion Chart
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Figure 1: Relative Humidity Table (F)

Figure 2: Psychrometric Chart
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APPENDIX B: Experimental Setup

Figure 3: Main Control Panel and Components

Figure 4: Thermocouple (Ice Bath)                 Figure 5: Thermocouple (Reference Junction)
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APPENDIX C: Experimental Uncertainty

Several factors in this experiment may contribute to uncertainty in the results, particularly in the
temperature measurements of each scenario with each thermal instrument. These considerations
are listed below.

● Only one temperature measurement trial was taken for each thermal instrument and
scenario, so any precision error will have not been detected and led to inaccurate results.

● The instruments, particularly the thermocouple, RTD and thermistor, took time to reach a
steady-state value and experienced slight fluctuation in the temperature reading even after
reaching a steady state. This may have caused data acquisition bias error and affected
accuracy.

● For measurements of the ice bath temperature, the temperature may change from the 0 C
expected value over the time of the experiment due to melting ice. This may have
impacted the accuracy of later measurements including the measured mV value using the
ice bath reference thermocouple.

APPENDIX D: Time Spent on Experimental Process

Table 6: Time Spent on Experimental Process

Activity Day(s) Time(s)

Collect temperature data with each instrument for each scenario 9/2 11:00-12:30 pm

Record voltage from both thermocouple configurations 9/2 12-30-12:45 pm

Read wet-bulb and dry-bulb thermometers for psychrometric
evaluation

9/2 12:45-12:50 pm

Calculate average temperature of each scenario and differences
to identify the most significantly deviating instruments

9/28 9:00-9:45 pm

Find temperature values corresponding to thermocouple voltage
measurements and properties for psychrometric evaluation

9/29 7:30-8:30 pm

Conclude findings and write report 9/28-9/30 Various

Finalize appendices 9/30 8:00-9:30 pm

APPENDIX E: References

N/A
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