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General Instructions

1. Read all instructions carefully before answering the questions.

2. This question paper consists of Five (5) questions. Answer all questions.
3. All questions catry equal marks ‘

4. Answer for each question should commence from a new page.

5 Relevant data/ charts/ codes are provided.

6. This is a Closed Book Test (CBT).

7. Answers should be in clear handwriting.

8. Do not use Red color pen.

QUESTION 01 (20 marks)

(a)

(b)

Briefly explain the direct method of calculating boiler efficiency.
(3 marks)

As an energy Manager in a factory you are supposed to take a decision on replacing the
existing boiler with a new boiler of 84% efficiency. The cost of new boiler is Rs. 4
million. The following information is available related to the existing boiler.

Average steam generation: 5000 keg/hr

Fuel uscd: furnace oil

Enthalpy gained by the stcam in the boiler: 600 keal/kg of steam
Cost of furnace oil: Rs. 100/ kg

Gross calorific vatue of the fuel: 9650 keal/kg

Annual operating hours: 6000 h

Boiler efficiency: 80%

Evaluate the given information and indicate your decision with reasons.
(7 marks)
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(c) Distinguish between topping cycle and bottoming cycle in co-generation plant and give
two examples for a specific industry.
(4 marks)
#
(d)  Briefly explain the four main sizing methods of the co-gencration plants.
(6 marks)
QUESTION 02 (26 marks)
(a) What is a furnace? Explain the main components of a furnace.
: (3 marks)
(b} Explain why furnace efficiencies are lower than boiler efficiencies. List dawn four
energy conservation opportunities in furnaces.
- (4 marks)
(c) An energy audit was conducted in a process industry and the details of operating
parameters of reheating furnace, observed during the audit are given below.
(7 marks)
Furnace output: 10 TPH (Tons per Hour).
Temperature range of billet heating: from 50 °C to 1200 °C.
Oil Consumption rate; 700 liters/hr.
Specific gravity of fuel: 0.95
Net calorific value (NVC) of fuel: 9650 kCal/kg
Specific heat of billet: 0.12 kcal/ kg°C.
Annual furnace operating hours: 7000 hrs
Find out the thermal efficiency of the furnace on NCV basis.
(d) It is proposed to replace the above oil fired furnace by an electric furnace considering

environmental pollution. Estimate the annual savings or loss with this replacement
considering the following data:
(6 marks)

Efficiency of proposed electrical furnace: 75%
Electrical energy consumption: 5 MWh/batch
Number of batches: 5000 batches / year

Cost of electricity: Rs. 20 per kWh

Cost of furnace oil: Rs. 100 per kg

Note: Annual operating capacities of both furnaces are same
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QUESTION 03 (20 marks)

(a)

(b)

(©

Discuss the advantages and disadvantages of Shell and tube Heat Exchangers Vs Plate

and frame Heaf Exchangers.
(4 marks) .

The showers in the changing rooms of a gymnasium will need a continuous supply of 1
ton/min of hot water. One way of doing this is to heat city water from 10 °C to 90°Cin a
heat exchanger where water flows through the tubes while waste saturated steam at 1 atm
condenses in the shell, leaving as liquid at 100 0C. If the overall heat transfer coefficient,

“ U is, 500 W/m? K, Calculate,

() Amount of steam needed (in kg/h). .
’ (4 marks)
(i)  Area of heat exchanger needed
' (8 marks)
Assmme Countercurrent configuration
1atent heat of condensation = 2.29 x 10¢ J/kg, Cp for water = 4,184 J/kg K

Rriefly describe the core idea of the pinch technology.
(4 marks)

QUESTION 04 (20 marks)

(@)

(b)

(©)

(d)

Briefly explain what will happen to consumption of saturated steam for a given heating
process when dryness fraction of steam is increased. (1 mark)

In a process heating steam plant, why steam needs to be distributed at highest possible |
pressure and uscd at lowest possible pressure in an indirect heating process?
(4 marks)

Estimate the steam carrying capacity of a 100 NB Sch. 40 pipe at 7 barg and 14 barg
saturated steam for long steam pipe. What happens to steam carrying capacity of the pipe
with increased pressure of steam? (5 marks)
(Refer to Table 10.2.4)

In a section of a steam plant, there is a 300 m (equivalent length) long pipe line carrying
800 kg/h saturated steam at inlet pressure 7 barg and outlet pressurc 6.5 barg of pipe line.
Find out the line size suitable for these parameters. Comment on actual pressure drop
through the selected pipe. '

(10 marks)
F,-F

PDF = ——"
Where:
PDF = Pressure Drop Factor (Ref: Table 10.2.6 for pipe selection)
P — Pressure factor at inlet pressure (Ref: Table 10.2.5)
F2 - Pressure factor at pressure at a distance of L meters (Ref: Table 10.2.5)
L = Equivalent length of pipe (m)

Page 3 of 7




QUESTION 05 (20 marks)

(a)

(b)

(c)

(d)

What are the three main groups of steam traps? (3 marks)

]

In a steam plant, two indirect heating process equipment are used as given below. -

Equipment 1 - operating at rated 7 barg pressure (Steam consumption 1000 kg/h)
Equipment 2 - operating at rated 3 barg pressure (Steam consumption 200 kg/h)

With given data, suggest the major energy saving option for combined system operating at

- the same time. Assume operating pressures are fixed.

You are not required to do calculations. {4 marks)
i) What is the economical thickness of insulation? Show on a graph.

(2 marks)

i) What is the purpose of having air bubbles inside insulation material?
(1 mark)
1) In a freeze dryer, what will happen when solid ice is maintained at a pressure
below the triple point and then heated? (2 marks)
it) State first three stages of freeze drying. (3 marks)
iii)  List down five (5) energy saving measures in industrial dryers. (5 marks)

ALL RIGHT RESERVED

Page 4 of 7




Table 10.2.4

Saturated steam pipeline capacities in kgfh for different velociiies {Schedule 40 pipe}
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Table 10.2.5 Pressure factor (F) table
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Tabler 10.2.6 Plpeline « capacily | from pressure drop factor
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