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Course Description: 

This course focuses on developments of measurements in thermal systems. Such systems are 
complex, expensive and polluting. It is therefore important to be able to determine their 
performance and their efficiency, since thermal systems enter our daily life directly through 
generation of electricity, Heating, Ventilation and Air-Conditioning and Transport, and 
indirectly through chemical processes such as fabricating materials for daily use. Without 
measurements, scientific models and theories cannot be rigorously tested or challenged hence 
implying that they are indispensible. 
 
Course Objective: 

Energy systems have had numerous developments over the years. Large computers allow 
increasing number of areas to be numerically simulated. For this case numerical models and 
simulations need to be verified and experiments are necessary. Since many systems and 
components involve physics which is not known in detail, this course is intended to study 
experimental investigations and empirical models while focusing on the main measurement 
lines in thermal systems such as Research and Development, Acceptance tests and 
monitoring and diagnostics.  

At the end of this course, the student should be able to: 
 

• Describe the role of measurement in thermal systems’ studies 
• Describe the various techniques used  and compare their performance measures  
• Specify in detail the various methods available for measuring key thermal system 

characteristics  
• Explain and carry out the methods used for analysis of experimental data 
• Plan, execute and satisfactorily report experimental measurements of thermal systems 

characteristics 
 

Course Learning Outcome: 

The goal of the course is that the students should appreciate the role of measurements in 

testing or challenging scientific models and theories. 

Course Outline: 

General introduction to measurement techniques in Thermal Fluid systems:  (4 Hours) 
 

• The nature of measurements  
• Types of Measurements, 



• Measurement as a Process,  
• Measurement as a relation, the elements of a Measuring process,  
• Sources of Variability in Measurement,  
• Scales of Measurement 

Introduce different techniques:        (3Hours)
   

• Risk analysis, Introduction to risk analysis, 
• key objectives risk management process 

Evaluate available methods for a specific application:    (8 Hours) 

• Pressure measurements, pressure transducers,   
• High accuracy multi-channel system, averaging,  
• Dynamic characteristics, static and dynamic calibration,  
• Temperature measurements,  
• Methods for Temperature Measurement, Calibration, 
• Thermal conductivity, Viscosity, Calorimetry, 
• Surface tension, Heat flux, Density of fluids. Flow measurements. 

 
Uncertainty estimation of measured data:       (8 Hours) 

• Data Reduction and Associated Experimental Uncertainty,  
• Error analysis, uncertainty of functions,  
• Uncertainty of measurements, uncertainty of correlated input,  
• Basic data reduction, Type A and B uncertainty, 
• Confidence intervals, least square method regression analysis,  
• General considerations in data analysis. 

 
Planning experiments:         (4 Hours) 

• Preliminary, intermediate and final stages of an experimental program, 
• experimental log book, experimental reports,  
• report check list, similarity and analogy, case studies 

Reporting experiments        (3 Hours) 
 
Hands-on experiments        (15 hours) 

 
Delivery Methods 

Include formal lectures (including those from Visiting Lecturers), case studies, tutorial 

exercises, practical demonstrations, directed learning and individual work 

Assessment 

The method of assessment is by written examination and evaluation from case studies, Home 

Assignments and Laboratory Exercises as course work. The Course work takes (40%) and Final 

Exam takes (60%). 
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