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Last week 

•  Data acquisition 
•  Uncertainty analysis 
•  Error propagation 
•  QA/QC  
•  Data analysis basics 

•  Assignment 1 due today 
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TEMPERATURE MEASUREMENT 
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Temperature Measurement 

•  Goal: To quantify temperature beyond qualitative 
physiological experience 

•  Temperature measurements are based on the Zeroth Law of 
Thermodynamics: 

–  “If two bodies are in thermal equilibrium with a third body, they are in 
thermal equilibrium with each other” 

–  ”Two bodies are in thermal equilibrium if both have the same 
temperature reading even if they are not in contact” 
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Temperature Scales 

•  What are the temperature scales? 
–  SI System? 
–  English (IP) System?  

•  What is absolute temperature?  

•  Two-point scales are based on the ice and water 
temperature. What is the value for: 
–  SI system? 
–  IP system? 
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Common Temperature Measurement Techniques 

6 

Wisegeek.com 

Liquid-in-Glass Mercy 
(Discontinued as of March 2011) 

Liquid-in-Glass 

thermcoproducts.com 

temperaturmesstechnik.de 

Resistance thermometers  Thermocouple 

Omega.com 

Globalspec.com 

Bimetallic Thermometers 



Common Temperature Measurement Techniques 
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•  These techniques work based on: 
–  Increase or decrease in size (e.g. expansion or contraction) 
–  Increase in pressure 
–  Change of color 
–  Change of state 
–  Change of surface radiation 
–  Change of electrical resistance 
–  Generation of electromotive force 

•  What factors influence the selection of measurement 
technique? 



Common Temperature Measurement Techniques 
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Common Temperature Measurement Techniques 

9 



Common Temperature Measurement Techniques 
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Common Temperature Measurement Techniques 
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Common Temperature Measurement Techniques 
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Temperature Measurement 

•  Relate the temperature sensor output to acceptable 
temperature scale 

•  Follow specifications of the manufacturer or calibrate the 
sensor against a temperature standard 

•  Rely on the International Temperature Scale of 1990 
(ITS-90) 

•  ITS-90 is an equipment calibration standard for 
measurements 

•  Understand that ITS-90: 
–  Is in Kelvin (K) 
–  Each size equals to the fraction 1/273.16 of the thermodynamic 

temperature of the triple point of water 
–  The National Institute of Standards and Technology (NIST) provides 

calibration based on this scale for laboratories 
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Does this stuff really matter? 

14 
Akram Ali, IIT M.S. thesis 2015 



FLUID THERMOMETERS 
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Mercury-in-Glass Thermometer 

•  Thermometer entails any device that changes monotonically 
with temperature  

•  Typically referred as the liquid-in-glass thermometer  
•  Very common in temperature measurements 

–  Very high accuracy  
–  Low cost 

•  Range of mercury-filled 
 thermometers are from −37.8°F to 
1000°F (Discontinued) 
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Mercury-in-Glass Thermometer 

•  Why mercury? 
•  How can we increase the upper limit of measurement? If 

there is a solution what would be the limiting factor beyond 
the fluid?  

•  How about the lower limit? 
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Resistance Thermometers 
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•  Depend on a change of the 
electrical resistance of a 
sensing element (usually 
metal; pure material) with a 
change in temperature 

•  Increase in resistance due to 
the increases in temperature 

•  Avoid using it for temperature 
measurements over 1000°F 

•  Typically 3 lead metals 



Resistance Temperature Devices 
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•  Categorized by the material: 
–  Platinum 
–  Rhodium-iron 
–  Nickel 
–  Nickel-iron  
–  Tungsten 
–  Copper  

•  Also by: 
–  Simple circuit designs 
–  High degree of linearity 
–  Good sensitivity 
–  Excellent stability 

•  What’s the selection criteria?  



Resistance Temperature Devices 
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•  Platinum RTDs: 

–  Widely used for HVAC applications 

–  Are extremely stable and corrosion-resistant 

–  Are highly malleable and can thus be drawn into fine wires 

–  Can be manufactured inexpensively as thin films 

–  Have wide range of applications from 13.8033 K (triple point of 

equilibrium hydrogen) to 1234.93 K (freezing point of silver) 

–  Have one of the most linear relationships 

–  Designed with a resistance of 100 Ω at 32 ℉ 



Resistance Temperature Devices 

21 Omega.com  

2-wire 3-wire 

https://www.omega.com/techref/rtd-measurement-and-theory.html  

4-wire 



Resistance Temperature Devices 
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2-wire Resistance Temperature Measurement 
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R2 = R1 = RL = RLead 
Rtotal = R1 + R2 + RRTD 



Multi-wire Bridge Resistance Temperature Measurement 
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Multiple wires minimizes effects of the lead resistances 

https://www.electronics-tutorials.ws/blog/wheatstone-bridge.html  



Thermistors 
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•  Certain semiconductor compounds (usually sintered metallic 
oxides) exhibit large changes in resistance with temperature, 
usually decreasing as the temperature increases 

•  The thermistor element 
may be connected by lead 
wires into a galvanometer 
bridge circuit and calibrated 



Thermocouples 
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•  When two wires of dissimilar metals are joined by soldering, 
welding, or twisting, they form a thermocouple junction or 
“thermo-junction” 

•  An electromotive force (emf) that depends on the wire 
materials and the junction temperature exists between the 
wires. This is known as the Seebeck voltage 

•  The most common instruments of temperature measurement 
for the range of 32 to 1800°F (except platinum resistance 
thermometers) 

•  Because of their low cost, moderate reliability, and ease of 
use, thermocouples are widely accepted 



Thermocouples 
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Infrared Radiation Thermometers 
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•  All objects above absolute zero 
radiate electromagnetic energy 
according to: 

 

qrad = εσT
4

Where ε  = emissivity

σ = Stefan-Boltzmann constant = 5.67×10−8 W
m2·K4  

T = Absolute temperature [K]



Infrared Radiation Thermometers 
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http://support.fluke.com/raytek-sales/Download/Asset/IR_THEORY_55514_ENG_REVB_LR.PDF  



Globe temperatures 

•  Consider influence of surfaces and convection in the 
temperature calculations.  

•  Mean Radiant Temperature (MRT): 

–  𝑇↓𝑟𝑚𝑡↑ : Mean Radiant Temperature in R  or K
–  𝑇↓𝑔↑ : Globe temperature in R or K
–  𝐶: 0.103× 10↑9 (𝐼𝑃) 𝑜𝑟 0.247× 10↑9 (𝑆𝐼)
–  𝑉↑ :𝐴𝑖𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑖𝑛 𝑓𝑝𝑚 𝑜𝑟𝑚/𝑠 
–  𝑇↓𝑎 : ambient temperature in R or K 
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Cole-parmer.com 



Globe temperatures 

•  Globe Temperature (Tg) 
–  Black-globe thermometer measures mean radiant temperature (MRT) 

•  Wet Bulb Globe Temperature (WBGT) 
–  Apparent temperature used to estimate the effect temperature, 

humidity, wind speed, and visible and infrared radiation on humans 
–  WBGT = 0.7Tw + 0.2Tg + 0.1Td 

•  Tw = wet bulb temperature 
•  Tg = globe temperature 
•  Td = dry bulb temperature 

31 



Globe temperatures 

•  Example: Determine the operative temperature for a 
workstation in a room near a large window where the globa 
and dry bulb temperatures are measured to be 75 F and 81 
F, respectively. The air velocity is estimated to 30 ft/min at 
the station. 
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Globe temperatures 

•  Solution 
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HUMIDITY MEASUREMENT 
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Hygrometer 
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•  Humidity sensors, also known as hygrometers, measure 
humidity or psychrometric state of air 

•  A hygrometer can encompass: 
–  Wet-bulb temperature 
–  Relative humidity 
–  Humidity (mixing) ratio 
–  Dew point 
–  Frost point 



Humidity Sensors 
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Does this stuff really matter? 

37 
Akram Ali, IIT M.S. thesis 2015 



Psychrometers 
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•  A psychrometer contains a pair of matched electrical or 
mechanical temperature sensors: 
–  While one of them kept wet with a moistened wick 
–  Air blows over the sensor 
–  Evaporation occurs 

•  Different types of psychrometers are: 
–  Sling psychrometer: 

•  Consists of two thermometers mounted side by side 
•  A handle for whirling the device through the air 

–  Ventilated or aspirated psychrometer:  
•  Thermometers remain stationary 
•  A small fan, blower, or syringe moves air across 

the thermometer bulbs 

Carolina.com 

Th-friedrichs.com 



Dew-Point Hygrometers 

•  Condensation (chilled-mirror) Dew-Point Hygrometers:  
–  Accurate and reliable instrument 
–  Wide humidity range 
–  Complexity and cost (compared to the psychrometer) 
–  A surface is cooled (thermoelectrically, mechanically, or chemically)  

•  Until dew or frost begins to condense out 
•  Maintained electronically in vapor-pressure equilibrium  
•  Detected by optical, electrical, or nuclear techniques 

npl.co.uk 



Dew-Point Hygrometers 

•  Mechanical Hygrometers:  
–  Rely on organic materials: 

•  Human hair 
•  Nylon 
•  Dacron 
•  Animal membrane 
•  Wood 
•  Paper 

–  Unreliable below 32°F 
–  Inadequate for monitoring a changing process 
–  Can be affected significantly by exposure to extremes of humidity 
–  Require initial calibration and frequent recalibration 
–  Useful for reading relative humidity directly 
–  Simpler and less expensive than most other types 

Cabelas.com 



Dew-Point Hygrometers 

Tripathy et al., Sensors 2014, 14(9)



Spectroscopic “Radiation absorption” Hygrometers 

•  Operate on the principle: 
–  Selective absorption of radiation is a function of frequency for 

different media 
–  Water vapor absorbs infrared radiation at 2 to 3 µm wavelengths 
–  Ultraviolet radiation centered about the Lyman-alpha line at 0.122 µm 

•  Measure extremely quickly  
•  Provide response times of 0.1 to 1 s  
•  Can be used where a noncontact application is required 
•  Are high cost and relatively large size 

NIST.gov



Gravimetric Hygrometers 

•  Measure humidity by extracting/finding mass of water vapor  
in a known quantity or atmosphere.  

•  Use desiccant materials: 
–  Precise work: Powerful desiccants, such as phosphorous pentoxide  
–  Other purposes: Calcium chloride or silica gel 

NIST.gov



CLASS ACTIVITY 
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Group Formation 
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•  Assign students into groups 

•  Main tasks: 
1.  Calibration and deployment of HOBO U12 data loggers 

•  Use them to measure/log T/RH in the main office 
•  Periodic comparisons to sling psychrometer and WGBT 
•  Estimate response time (create a change) 

2.  Calibration and deployment of thermocouples (with LabJack DAQ) 
•  Use them to measure room air conditioner cooling performance in the 

classroom 



HOBO U12 
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•  Understand how to launch the HOBO U12 with different 
configurations 

•  Launch several HOBO U12 for measurements with 10 
second intervals 

•  Co-locate them for several minutes for calibration 
•  Estimate response time 

•  Review the provided HOBO U12 specification  
•  Install them in your designated room 
•  Download the data 
•  Stop HOBO reading to save battery 



HOBO U12 
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HOBO U12 
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LabJack U6 with Type K thermocouples 

49 https://labjack.com/support/app-notes/thermocouples/u6  



TP-50 
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•  Review the provided monitor specification  



TP-50 
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EXTECH HT30 
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•  Review the provided specification  
•  Read data (all 4 variables) every minute during 

your experiment 

•  Familiarize with the sensor 
•  Read data for the class (for several minutes) 



EXTECH HT30 
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EXTECH HT30 
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Sling Psychrometer 12-9015 
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Sling Psychrometer 12-9015 
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•  Understand how to work with sling psychrometer and read 
data 

•  Read data (all three variables) periodically during your 
measurements 



Reporting Results 
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Date/ 
Time 

HOBO U12  Thermocouple 
temperature 

T RH Monitor WBGT Reading Psychrometer 

T (F) RH 
(%) 

T (F) T (F) RH 
(%) 

WBGT TA TG RH 

•  Report the measurements in an Excel file similar to below: 



Reporting Results 
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•  Plot the results in a graph 

•  Briefly summarize your findings  

•  Which measurement is more accurate than the others? 


