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Answer all the following questions. The neat sketches are considered a part of your answer

Q1: Choose the most correct answer [23 marks]

1. Electric-resistance heating elements for steel melting furnaces are normally made of (80Ni-20Cr
|| 80Ni-20Cr+Al || 54Ni-46Cu || platinum || silicon carbide).

2. The basic lining of electric arc furnace walls is made of (magnesite || silica || clay || dolomite). It
helps in reduction of sulfur content (True || False).

3. The holding period for austenitizing a 50 mm diameter steel bar is about (0.5 || 1 || 2| 5) hr.

4. Induction hardening is conducted to low carbon steels (True || False). The induction coil with
frequency (10 || 200 || 350 || 400) kHz provides the thinnest hardened case.

5. Stress relief is achieved by annealing when the residual stress > yield strength (True || False).
The recommended heating temperature for this treatment is about (250 || 500 || 750 || 810)°C for
low carbon steel.

6. Isothermally annealed structure have the following characteristics except formation of (textured
ferrite and perlite || short pearlite lamella || coarse grained ferrite || high ferrite portion).

7. Nucleation of new crystals occurs during (recovery || stress relief || recrystallization || grain
growth) annealing.

8. Quenching is an important stage in age hardening to (increase the strength || form the coherent
precipitates’|| non-coherent precipitates || form supersaturated solution). Heating after this stage
at high temperature for very long time causes overaging (True || False).

9. The age hardenable alloy (Dural || 2%Be-bronze || Cu-0.5%Cr || Mg-5%Zn) is commercially used
for aircraft applications, whereas the resistance welding electrodes are made of (Dural || 2%Be-
bronze || Cu-0.5%Cr || Mg-5%Zn) alloy.

10.If the diffusion coefficient of carbon in a steel sleeve is 1.51%10" cm?/s at the carburizing
temperature, the calculated case depth after 15 min is then (0.21 || 1.17 || 1.65 || 0.27) mm.

11.A 80 mm diameter and 30 kg steel bar is to be austenitized by heating to 850°C. Given the heat
content of steel at room temperature and at 850°C is 40 and 720 kJ/kg, respectively, find the heat
required to heat up the bar (1200 || 54400 || 578000 || 20400 || 21600) kJ. If the furnace efficiency
is 85, what would be the heat to be by the fuel (1411.7 || 24000 || 64000 || 491300 || 17340) kJ.

12.Eutectoid steel contains about (6.67% || 4.30% % || 2.00% || 0.79) of carbon.

13. Temperature control fuels is less accurate in industrial furnaces operated with (liquid || oil ||
gaseous || solid ). However, heavy oils are to be preheated before atomization to (save energy ||
reduce heat losses || reduce their viscosity || avoid air contamination).

14. Absence of recirculation is a positive indication for complete fuel/air mixing. (True || False)

15. Temperature uniformity inside furnace load is not affected by the (thermal conductivity | density
|| thermal expansion coefficient || specific heat || thermal diffusivity) of the load material.

16.Sponge iron is produced from (iron ore || pig iron & scrap || steel scrap || limestone & scrap).
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Q2:

1)
2)

3)

4)

5)

[3+7+6+4+6=26 marks]
Why the flue gas exit temperature is always higher than the furnace temperature?

Draw schematic of the construction of the arc furnace used in steel making. List the operating
procedure.

What are the characteristics of the rimmed steel ingots? State briefly how the riming action occurs
(the stages of rimming)?

Compare between the composition and role of the electrolyte used in the electrolysis cells for
production of; (a) Aluminum, (b) Magnesium

How aluminum content affects (a) killing steel ingots, (b) martensite transformation temperature
on TTT diagram, and (c) nitriding case hardening of steel

Q3:

)

2)
3)

4)

5)

6)

[6+4+5+5+3+3=26 marks]

With the help of TTT diagram explain the procedure of austempering and list its advantages
and limitations.

High hardenability and high %C are not desirable for successful welding. Why?

“Spalling may occur for case hardened components. While nitriding increases the possibility of
spalling, flame/induction hardening reduces this risk”.

What is meant here by spalling? Explain why nitriding and flame/induction hardening have
contradicting 4= =i effects on spalling?

What are the causes and the consequences of the residual stresses? Is the recrystallization
annealing sufficient to release such residual stresses?

With only sketches show how annealing temperature of a cold worked structure can influence
the grain structure, tensile strength, and ductility.

Explain why the finer-grained metals exhibit higher strength compared to coarser-grained ones.

Best wisbes,
Asrec. Prof. Mabmoud Abmadiin
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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 is the thermal contact resistance, how it can be reduced? (3 Marks)
(b) How does forced convection differ from natural convection? (3 Marks)

(c) Steam at 320°C flows in a stainless steel pipe (k = 15 W/m-K) whose inner and outer diameters
are 5 cm and 5.5 cm, respectively. The pipe is covered with 3-cm-thick glass wool insulation (k =
0.038 W/m-K). Heat is lost to the surroundings at 5°C by natural convection and radiation, with a
combined natural convection and radiation heat transfer coefficient of 15 W/m? K. Taking the
heat transfer coefficient inside the pipe to be 80 W/m?-K, determine the rate of heat loss from
the steam per unit length of the pipe. Also determine the temperature drops across the pipe shell

and the insulation, (8 Marks)

Problem number (2) (14 Marks)

A}

a) Hot water is to be cooled as it flows through the tubes-exposed to atmospheric air. Fins are to be
attached in order to enhance heat transfer. Would you recommend attaching the fins inside or
outside the tubes? Why? ‘ (3 Marks)

b) Does the (a) efficiency and (b) effectiveness of a fin increase or decrease as the fin length is
increased? | (3 Marks)

¢) A metallic electrical wire of diameter d = 5 mm is to be coated with insulation of thermal
conductivity k = 0.35 W/m.K. It is expected that, for the typical installation, the coated wire will
be exposed to conditions for which the total coefficient associated with convection and radiation
is h = 15 W/m?.K. To minimize the temperature rise of the wire due to ohmic heating, the
insulation thickness is specified so that the critical insulation radius is achieved. During the wire
coating process, however, the insulation thickness sometimes varies around the periphery of the
wire, resulting in eccentricity of the wire relative to the coating. Determine the change in the
thermal resistance of the insulation due to an eccentricity that is 50% of the critical insulation

thickness. (8 Marks)

Problem number (3) (14 Marks)
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a)

b)

a)

b)

Physically, what does the Grashof number represent? How does the Grashof number differ from
the Reynolds number? (3 Marks)
Will a hot horizontal plate whose back side is insulated cool faster or slower when its hot surface
is facing down instead of up? (3 Marks)
Aluminum fins of triangular profile are attached to a plane wall whose surface temperature is
250°C. The fin base thickness is 2 mm, and its length is 6 mm. The system is in ambient air at a
temperature of 20°C, and the surface convection coefficient is 40 W/m2.K.

(a) What are the fin efficiency and effectiveness? (b) What is the heat dissipated per unit width
by a single fin? (8 Marks)
Problem number (4) (14 Marks)

Steel balls 12 mm in diameter are annealed by heating to 1150 K and then slowly cooling to 400
K in an air environment for which To= 325 K and h = 20 W/m? .K. Assuming the properties of
the steel to be k = 40 W/m.K, p = 7800 kg/m?, and ¢ = 600 J/kg .K, estimate the time required for
the cooling process. (6 Marks)

Consider a cubic block whose sides are 5 cm long and a cylindrical block whose height and
diameter are also 5 cm. Both blocks are initially at 20°C and are made of granite (k = 2.5 W/m-K
and o = 1.15 x 10 m?/s). Now both blocks are exposed to hot gases at 500°C in a furnace on all

of their surfaces with a heat transfer coefficient of 40 W/m?- K. Determine the center temperature

of each geometry after 10 min. i (8 Marks)
Problem number (5) (14 Marks)
a) How does radiation influence the temperature measurements? (3 Marks)
b) What is the radiation shields? (3 Marks)
¢) A cubical furnace 2 m on a side is used for heat treating steel plate. The top surface of the

furnace consists of electrical radiant heaters that have an emissivity of 0.8 and a power input of
1.5 x 10° W. The sidewalls consist of a well-insulated refractory material, while the bottom
consists of the steel plate, which has an emissivity of 0.4. Assume diffuse, gray surface behavior
for the heater and the plate, and consider conditions for which the plate is at 300 K. What are the

corresponding temperatures of the heater surface and the sidewalls? (8 Marks)

With my best wishes

EXAMINER DR. ELSAYED ELSAID
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Answer ALL the following questions:

The first question (17 marks)

A | Explain the load characteristic of D.C compound generator.
B | A4 pole, lap wound 750 r.p.m. d.c. shunt generator has an armature resistance of 0.4 ohm and
field resistance of 200 ohm. The armature has 720 conductors and the flux per pole is 30 mWhb.
If the load resistance is 15 ohm, determine the terminal voltage.
The second question (17 marks)
A | Explain the characteristic of d.c shunt motor.
B | A DC series motor has the following data:

Armature resistance = 1.5 ohm, series field resistance = 2.5 ohm, supply voltage = 300 Volt,

mechanical losses =300 W, if the input power is 6 KW at 3000 R.P.M, find the motor's
efficiency.

The third question (17 marks)

A

What is the difference between ideal transformer and practical transformer?

B

A SKVA, 500/250 V, 50 Hz, single-phase transformer gave the following readings,
Open circuit test : 500 V, 1 A, 50 W (L.V. side open)
Short circuit test : 25 V, 10 A, 60 W (L.V. side shorted)Determine
a- The efficiency on full load, 0.8 lagging power factor.
b- The voltage regulation on full load, 0.8 leading power factor.
¢- The efficiency on 60% full load, 0.8 leading power factor.
d- Draw the equivalent circuit referred to primary and insert all the values in it.

The fourth question (17 marks)

A | Write the various methods used for starting of three-phase induction motor.
A 480 V three-phase induction motor is drawing 60 A line current at 0.85 power factor lagging.
B The stator copper losses are 2000 W, the core losses are 1800 W, the rotor copper losses are 700

W and the friction and windage losses are 600 W. draw a power flow diagram of the motor and
calculate the quantities:

a- The air gap power d- The developed (converted) power
b- The output power (shaft power)e-The efficiency of the motor
c- The slip

The fifth question (17 marks)

A

Discuss the methods used for starting single-phase induction motors.

.B

A three-phase, 11 KV, IMVA, 60 Hz, two-pole, star-connected, synchronous generator has Xs =

3 ohm per phase and Rs =,0.4 ohm per phase. The generator operates at full load with 0.8
lagging power factor. Determine. )

a- The excitation voltage. Draw the phasor diagram for this condition.

b- The torque angle.c- The voltage regulation.

Good Luck and best wishes Dr. Abdelwahab Hassan
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Answer all the following questions:

Q1. (15 marks)

a. Define measurement? And mention the basic information about measurement?

b. What are the factors that influence the choice of measurement devices? With a

brief mention of both of them?

¢. What are the different types of calipers in the industry? Please identify your answer

with help of sketch?

d. Discuss the elements of measuring systems? Please identify your answer with help

of sketch?

(20 marks)

How to measure the following dimension by gage blocks )

- 5.020 mm, 6,120mm

- Select the gage blocks from the blow table.

(mm) (Bsbad) &3 ke | (mm) ol 58 Jf gk I gl s
0.005 1.01 JA11.0050< 2
0.01 1.10.1.020 9
0.1 1.90.311.200 9
1 101 s 10
10 30412004 2
30 60 1

Describe the gages used in difficult transferring dimension and not available in

ordinary measurement devices?

3- Explain in details each of the following:

1) Indicating and recording element (mechanical movement, electromechanical

movement, and electronic indication).

(172)



2) Mechanical amplification.
3) Fluid amplification.
4) Optical amplification.

5) Electrical amplification.

(10 marks)

a. Mention the four sources of errors in semi conductor strain gauges
b. A force transducer with sensitivity of 2mV/V and maximum capacity of 50 ton is
used in a platform scale. If the excitation of the sensor circuit is SV, obtain the
force (ton)-output (volt) equation and calculate the sensor output if the vehicle

weight was 30 ton.

(15 marks)

Explain in details with simple drawing the source of error in measurement
equipment;
ii. Define the calibration of measuring, and mention the steps of calibration?
iii. Explain in details with drawing the following Torque measurement:
a- Torque measurement by mechanical technique.

b- Torque measurement by electrical technique.




