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1 

An Introductory Note 

 
This Experimental Methods in Heat Transfer and Fluid Mechanics book focuses on fundamental 

principles, detailed measurement techniques, data presentation, and uncertainty analysis. 

Experiments can be conducted under steady-state or transient conditions. This book covers basic 

(standard) experimental methods to advanced (detailed) measurement techniques. The basic 

experimental methods include pressure and flow measurements by standard pressure probes and 

flow meters, temperature and heat flux measurements by standard thermocouples, electric heaters, 

and thin-film gages. The advanced experimental methods include pressure measurements by 

pressure sensitive paint, flow measurements by hot-wire and cold-wire anemometry and particle 

image velocimetry, temperature and heat flux measurements by liquid crystal paint, infrared 

thermal imaging camera, temperature sensitive paint, and naphthalene sublimation mass transfer 

analogy.  

 

This book is divided into twelve chapters, chapters 1-6 cover the basic (standard) experimental 

methods, and chapters 7-12 cover the advanced (detailed) measurement techniques. It provides (1) 

detailed step-by-step measurement principles, (2) detailed step-by-step measurement procedures, 

and (3) detailed step-by-step measurement results for many existing research project examples. In 

the solutions manual, fairly detailed calculation steps and results are provided for chapters 2-6. 

However, only brief experimental methods, key measurement procedures, primary test section 

surface material selection, and expected measurement result trends or contours are mentioned for 

chapters 1 and 7-12. Most homework problems are intended to be very similar to the examples 

that have already been fully discussed in the book. The homework problems are chosen to be very 

similar to the existing research projects. Instructors may select some of the problems, or create 

new similar problems for their homework assignments, depending upon their research interests 

and laboratory facility conditions. 
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Chapter 1 
 

1. Refer to Figure 1.2 or Figure 1.3: Choose a test sample with a diameter around 1-inch and 

a length around 12-inch.  Insert 4-5 thermocouples into the rod, wrap 1-inch thick 

insulation material, such as fiberglass, around the test sample, connect an electric heater to 

one end of the sample, supply electrical power to heat the test sample to a temperature 

around 50-60°C.  The conductivity can be determined from the conduction formula with 

the given dimensions and measured quantities.  The calculated conductivity values can be 

compared to the table available in the textbook. 
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2. Refer to Figure 1.6: Choose a copper plate with 6-inch width, 20-inch length in the flow 

direction, and ¼-inch thickness.  Insert 5-6 thermocouples along the plate, glue a ⅛-inch 

diameter copper rod at the leading-edge region of the plate to maintain turbulent flow over 

the plate, add a thin electric heating matt under the copper plate and with 1-inch thick 

insulation material below the electric heater, turn on the wind tunnel flow to have a velocity 

level around 10-20 m/s, supply power to the electric heater to heat the surface to a 

temperature level around 50-60°C, and insert thermocouples to measure the air flow 

temperature.  Heat transfer coefficients can be calculated from the convection formula with 

the given dimensions and measured quantities, the calculated h or Nu values vs velocity or 

Re number can be compared to the correlation available in the textbook. 
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Copper k ≈ 400 W/m-K 

Aluminum k ≈ 200 W/m-K 

Stainless Steel k ≈ 15 W/m-K 

Carbon Steel k ≈ 50 W/m-K 
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3. Refer to Figure 1.8: Choose a hollow copper tube with 2-inch outer diameter, 1-inch inner 

diameter, and 10-inch length.  Insert 4-5 thermocouples along the tube wall, insert a 1-inch 

diameter rod-heater inside the hollow tube, turn on the wind tunnel flow to have a velocity 

level around 10-20 m/s, supply power to the electric heater to heat the tube to a temperature 

level around 50-60°C, and insert the thermocouples to measure the air flow temperature.  

Heat transfer coefficients can be calculated from the convection formula with the given 

dimensions and measured quantities, the calculated h or Nu values vs velocity or Re 

number can be compared to the correlation available in the textbook. 
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4. Refer to Figure 1.10: Choose a thin-wall, hollow, copper tube with 2-inch inner diameter 

and 30-inch length.  Insert 5-6 thermocouples along the tube wall, wrap insulated electric 

heating wires around the entire tube, add 1-inch insulation material around the tube, turn 

on the air flow through the tube with a velocity level around 10-20 m/s (or based on proper 

air mass flow rate), supply power to the electric heater to heat the tube to a temperature 

level around 50-60°C, insert thermocouples to measure the inlet and outlet air flow 

temperatures.  Heat transfer coefficients can be calculated from the convection formula 

with the given dimensions and measured quantities, the calculated h or Nu values vs 

velocity/flow rate or Re number can be compared to the correlation available in the 

textbook. 
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5. Refer to Figure 1.11: Choose a test sample plate with 5-inch width, 5-inch length, and ⅛-

inch thickness.  Insert two thermocouples into the test sample plate, add an electric heating 

matt beneath the test sample, supply power to the electric heater to heat the test sample to 

a temperature level around 50-60°C, use the calibrated IR camera or radiation pyrometer 

to capture or measure the radiation heat.  The emissivity can be determined from the IR 

camera or radiation pyrometer by inputting the measured test sample temperature.  The 

calculated emissivity of the copper, aluminum, carbon steel, and stainless steel test samples 

can be compared to the table available in the textbook. 
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Copper (polished)  ≈ 0.03 

Aluminum (polished)  ≈ 0.04 

Stainless Steel (polished)  ≈ 0.17 

Carbon Steel (cast & polished)  ≈ 0.53 
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Chapter 2 
 

 

1.  

a. 0 – 36 inH2O (0 – 1.3 psig) 

b. 0 – 488 inH2O (0 – 17.6 psig) 

c. 0 – 10 inH2O  (0 – 0.36 psig) 

d. 0 – 2 inH2O  (0 – 0.072 psig) 

e. 0 – 83000 inH2O (0 – 3000 psig) 

 

Values may vary slightly. 

 

 

 

2. 4 inH2O (996.4 Pa = 0.145 psig) 

 

 

 

3. As described in the text, static “pressure taps” can be used at points 1 and 2.  A hole can 

be drilled through the pipe wall, and small tubes (inner diameter ~ 1/16”) can be inserted 

through the holes.  The small, rigid tubes should be affixed to the pipe, so the end of the 

tube is flush with the inside of the pipe (not protruding into the flow).  The two taps can be 

connected to a differential, U-tube manometer to provide the pressure difference between 

the two locations within the pipe. 

 

 

 

4. As described in the text, the Pitot-static probe should be inserted through the wall of the 

pipe.  The probe should be oriented so it is aligned directly into the flow.  The two pressure 

ports on the probe should be connected separately to pressure transducers to separately 

measure the total and static pressures. 
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6.  
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7.  

 

50°C = 122°F 
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8.  
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9.  
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10.  
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 D1 = 2.067 in 
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