ITAC Student Learning Modules
Module 2: Heating, Cooling, and Thermal Applications


Part 1: Heat and Boilers
Section 1: Boiler Basics

1. Explain the primary function of a boiler in industrial settings.
   
2. Describe the three principal categories of boilers and provide an example of each.

3. Define the Carnot cycle and explain how it applies to boiler operations.

4. List and explain at least three efficiency tips for maintaining optimal boiler performance.

5. Describe the purpose of blowdown in a boiler and its effect on efficiency.

Section 2: Combustion and Heat Transfer

6. Explain the difference between complete and incomplete combustion and the implications of each for boiler efficiency.

7. What is the optimal composition of flue gases for natural gas, liquid petroleum fuel, and coal?

8. Calculate the heat loss if the stack temperature increases by 100°F, given that a 1% efficiency loss occurs with every 40°F increase in stack temperature.

9. Describe the function of an economizer and its impact on boiler efficiency.

10. Explain the relationship between scale buildup on heat transfer surfaces and boiler efficiency.


Section 3: Heat Recovery Systems

11. Describe the general considerations when surveying a plant for heat recovery opportunities.

12. Explain how an economizer works and its primary application.

13. What are the advantages of using heat pipes for heat recovery?

14. List and describe the five types of heat recovery systems mentioned in the document.

15. Calculate the fuel savings if the flue gas temperature is reduced from 500°F to 400°F, given that a 1% fuel saving is achieved for every 40°F reduction.

Section 4: Practical Application and Case Studies

16. Using the case study provided, calculate the payback period for adjusting the boiler air-fuel ratio if the implementation cost is $1,500 and the annual savings is $4,760.

17. Explain the process of identifying and repairing steam leaks and its impact on energy savings.

18. Describe the function of a high-pressure condensate return system and its benefits.

19. Explain the role of variable frequency drives (VFDs) in combustion air blowers and how they contribute to energy savings.

20. Calculate the potential energy savings from installing a VFD on a 250 HP combustion air fan, given that the initial power consumption is 100 kW and the VFD reduces power consumption by 20%.




Part 2: Thermal Applications and Cooling Systems

Section 1: Cooling Systems

1. Explain the steps involved in process cooling for energy conservation, starting from the least expensive to the most energy-intensive method.

2. Describe the primary components of a chiller system and the function of each component.

3. Compare and contrast mechanical forced-draft towers and induced-draft towers.

4. What are the advantages of using hyperbolic cooling towers over other types?

5. Define the term "wet-bulb temperature" and explain its significance in cooling tower operations.

Section 2: Performance Improvements and Heat Recovery

6. What is the relationship between condenser water temperature and chiller efficiency? Provide a formula for calculating efficiency improvement.

7. How does resetting the chilled water supply temperature affect chiller performance?

8. Explain the principle of free cooling and its benefits.

9. Describe the concept of hot-gas defrost and its advantages over traditional defrost methods.

10. Calculate the cost savings for resetting the condenser water temperature, given the following data:
· Initial condenser water temperature: 85°F
· Reduced condenser water temperature: 75°F
· Chiller capacity: 1000 tons
· Annual operating hours: 5000 hours
· Cost of electricity: $0.10 per kWh

Section 3: Absorption Refrigeration

11. Describe the operation of a two-stage absorption chiller, including the role of lithium bromide.

12. Compare the energy requirements and costs of single-stage versus two-stage absorption refrigeration.

13. What are the potential problems associated with air leakage in absorption refrigeration systems?

14. Explain the concept of direct-fired two-stage absorption refrigeration and its applications.

15. List and describe at least three factors influencing the selection of insulation materials for refrigeration systems.

Section 4: Mechanical Refrigeration and Insulation

16. Explain the basic components and working principle of a mechanical compression refrigeration system.

17. How does the pressure-enthalpy diagram illustrate energy conservation in the refrigerant cycle?

18. Describe the importance of maintaining proper insulation in steam and hot water systems.

19. What are the typical performance improvements achieved by insulating process equipment?

20. Calculate the annual savings from insulating a 1000 ft² hot tank with an implementation cost of $2000, given that the insulation saves 1000 MMBtu per year and the cost of energy is $5 per MMBtu.
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