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Q3: Differentiate briefly between the following (use neat sketches when possible) (5+4+3+3=15 marks)

(=5
[

Iron, iron ore, pig iron, sponge iron, and cast iron.

Steel making in BOF and in arc furnace

Complete and incomplete oxidation of the combustion fuel.

Primary and secondary air in fuel burners.

Q4:

1) List five major objectives of heat treatment.

2) Discuss the interrelationship between the
cooling rate, phase transformation. and
formation of residual stresses.

3) For the given schematic IT-diagram, where
A=austenite, P=pearlite, B= bainite,
answer the following:

a.
b.

What are the benifets of IT diagrams

Why austenite exists below the lower

transformation temperature on the left
of S-curve?

What is the resulting structure for the
time lines A > D?

Draw  schematically the slowest
cooling rate to form 100% martensite.
Draw the cooling pathes for mar-
tempering and isothermal tempering
and quenching.

Temperature

(3+3+14= 20 marks)

*{Ji Upper transformation temperature line
1600<l\\i\
b 1\ "\ Lower transformation temperature line
1200 [
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Cooling time (in secongs)

0s:

(2+3+5= 10 marks)

1) What is meant by high and shallow hardenable steels? How to achieve each?

2) Explain the different types of surface carburizing methods.

3) Steel balls are required to be case hardened by carburizing to a depth of 1.9 mm.

a. Given that the diffusion coefficient of carbon, D, was 1.504*%10° c¢cm?/s at 800°C calculate the

carburizing time in minutes.

b. How will be the process time influenced if the carburizing temperature is increased to 850°C, which

corresponds to D =2.31*10" ecm’/s.

Beat widhes,
Dn. Eng. Wabkmoud Ahmadein
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Answer all the following questions. The neat sketches are considered a part of your answer

Q1: State which of the following statements is true ( v' ) and which is false ( X ): (12 marks)

I. In blast furnace limestone reacts with impurities to form the slag

2

The higher the furnace pressure, the lower the heat losses

L¥S]

The maximum operating temperature of an electrical resistance furnace is limited by the melting
point of the used heating elements.

4. Compared to case hardening, through hardening produces components with tougher cores.
5. Carburizing is a process utilized to harden the surface layer of medium and high carbon steel.

6. The greater the hardenability, the slower the cooling rate required to form martensite.

Q2: Underline the most correct answer: (18 marks)
I. The main function of coke in blast furnace is to:

a) Generate the heat and introduce carbon in pig iron.
b) React with impurities to form the slag.

¢) Produce the flue gases to heat stoves.

d) Thermal isolation in-between the charge layers.

2. Tuyere in blast furnace and cupola acts as (distribution for furnace charge — passage for burning gases —
outlet for flue gases — mixer for the charge).

3. In Egypt, aluminum is produced from the bauxite that is ( mined from Aswan — mined from Alwahaat
sl sl ) — imported — extracted from sea water — mined from Sinai)

4. In heat treatment furnaces, heat is transferred within the load by (convection —conduction —radiation — all)
5. Increasing the momentum of primary air in the confined jet combustion system leads to formation of:

a) Diffusion flam

b) Expansion of the jet boundary

¢) External recirculation of exhaust gases
d) Internal recirculation of exhaust gases.

6. Brine is faster quenchant than water since the soluble salts (provides thicker vapor blanket — increases
thermal conductivity of water — explodes causing elimination of vapor blanket — stabilize the water).

7. Final structure of austempered steel is (pearlite — ferrite and graphite — bainite — martensite).

2o

Of the problems arising from surface nitriding:
a) Formation of a dirty appearance surface.
b) Coarsening due to heating above 500°C

¢) Nitrides are poisonous and require environmental precautions.
d) Separation of the hardened case from the soft under-layer

9. Hardenability is measured by the (Rockwell scale — Brinell scale — depth of the hardened layer — time of
transformation).

1/2



Question (4
a) Describe with simple drawings the construction and the principle of
operation for induction motor.

b) Draw the speed torque characteristics for 3-phase induction motor
and list its advantages.

C) A 3-phase induction motor its wound for 4-poles and is supplied
from a 50 Hz system. Calculate (i) synchronous speed

(ii) speed of rotor when slip is 4%

Good luck
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Answer all the following questions

Question (1)

a) Draw the power stages (diagram) for d.c generator and d.c motor
b) A 30 kw, 300V, d.c shunt generator has armature and field
resistances of 0.05 Qand 100 Qrespectively. Calculate the total power

developed by the armature when delivers full output power.
¢) A 440 shunt motor has an armature resistance of 0.08 Qand field

resistance of 200 Q). Determine the back e.m.f when giving an output
of 7.46 kw at 85% efficiency.
Question (2)

a) show that the E.M.F equation of the transformer is
E, =4.44fN ¢,
E, =444fN ,¢

b) A 300 KVA transformer has core losses of 1.5 kw and full load
copper loss of 4.5 kw. Calculate its efficiency for 75% and 125%
of full load output at unity power factor.

¢) A 100 KVA lighting transformer has a full load loss of 3 kw, the
losses equally divided between iron and copper. During a day, the
transformer operates on full-load for 3 hours, one half load for 4
hours, the output being negligible for the reminder of the day,
calculate the all-day efficiency.

Question (3

a- Describe with simple drawings the construction and the principle
of operation for synchronous generator (alternator).

b- Draw the phasor diagrams of a loaded alternator for unity and lag
power factor.

c- A 500 KVA, 1100V, 50 Hz, Y connected, 3phase alternator has
armature resistance /phase of 0.1 Q and synchronous
reactance/phase of 1.5 Q. Find its voltage regulation for unity
power factor.

;'J';-——'/’-\c?”‘-.‘_;cd\



b) A long 20 cm diameter cylindrical shaft made of stainless steel 304 comes out of an oven at a

uniform temperature of 600 °C. The shaft is then allowed to cool slowly in an environment

chamber at 200 °C with an average heat transfer coefficient of h = 80 W/m?. °C. Determine the

temperature at the center of the shaft 45 min after the start of the cooling process. Also,

determine the heat transfer per unit length of the shaft during this time period. The properties of
stainless steel304 at room temperature are k = 14.9 W/m. °C, p = 7900 kg/m’, and Cp = 477 J/kg.
°C and a =3.95 x 10° m%s. (10 Marks)

Problem number (5) (14 Marks)

a) Define irradiation and radiosity. (4 Marks)
b) What is a black body? (3 Marks)

¢) A mercury-in-class thermometer having € =0.9 hangs in a metal building and indicates a

temperature of 20 °C. The walls of the building are poorly 5 °C. The value of h for the

thermometer may be taken as 8.3 W/m?. °C. Calculate the true air temperature. (7 Marks)
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Remarks: (answer the following questions; assume any missing data, steam and heat tables and charts are
allowed)

Problem number (1) (14 Marks)

a) What are the thermal contact resistance, critical radius of insulation, and fin effectiveness?

(6 Marks)

b) An insulated steam pipe having outside diameter of 3 cm is to be covered with two layers o

insulation each having a thickness of 2.5 cm. The average thermal conductivity of one material is|

5 times that of the other. Assuming that the inner and outer surface temperatures of composite
insulation are fixed, how much will the heat transfer be reduced when the better insulating

material is next to the pipe than it is outer layer? (8 Marks)

Problem number (2) (14 Marks)

What are the types of heat exchangers? (6 Marks)

An aluminum rod of 2.5 cm diameter and 15 cm long is protrudes from a wall maintained at 260
°C. The rod is exposed to an environment at 16 °C. The convective heat transfer coefficient is 15

W/m’°C. If the thermal conductivity of aluminum is 200 W/m.K. Calculate the heat loss by the

rod. (8 Marks)

Problem number (3) (14 Marks)

a) Define the Grashof number. What is its physical significance? (4 Marks)

| b) What are the heat exchanger effectiveness, and the fouling factor? (4 Marks)
¢) A horizontal pipe 15 cm in diameter and 4 m long is buried in the earth at a depth of 20 cm. The
pipe wall temperature is 70 °C, and the earth surface temperature is 5 °C. Assuming that the

thermal conductivity of the earth is 0.8 W/m. °C. Calculate heat lost by the pipe. (6 Marks) l'

|

Problem number (4) (14 Marks)

a) What is meant by a lumped capacity? What are the physical assumptions necessary for a lumped-

capacity unsteady-state analysis to apply? (4 Marks)

Page: 1 /2
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