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Tanta University - Faculty of Engineering
Department of Production Engineering and Mechanical Design

Course title: Furnaces and Heat Treatment Date: 14 June 2015

Course code: MPD 2213 Total marks: 75
Year: 2™ — Production Engineering and Mechanical Design Time allowed: 3 hrs
2" Term — Final Exam No. of pages: 2

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): (10 marks)

High voltage DC-current is used to heat up the induction furnace coils.
The latent heat of fusion is taken as one of the design considerations of heat treatment furnaces.

For concentration of iron ore, flotation cells are used to separate the light impurities.
surface area
volume
Plain carbon steel is rarely case hardened by nirtiding.

The greater the ratio for the part to be austenitized, the longer the soaking time.

N SR SR

Q2: Choose the most correct answer (20 marks)

1. Excess air in fuel heated furnaces (forms diffusion flame — maximizes the heat generated — leads
to incomplete combustion — reduces furnace thermal efficiency)

2. The charge of blast furnace consists of: (a) coke + limestone + pig iron; (b) coke + limestone +
iron ore; (c) coke + limestone + scrap; (d) coke + limestone + sponge iron

3. Permanent jamming of cupola is mainly caused by (delay of tapping the molten metal — low
furnace temperature — frequent pocking of the charge — lack of coke in charge).

4. The oxygen free steel obtained from steelmaking plant is called (killed — semi-killed — capped -
rimmed) steel.

5. Eutectoid steel contains about (6.67% — 4.30% % ~ 2.00% — 0.79) of carbon.

6. The guide ways of lathe beds 4ka_axll (i  are hardened by
(a) carburizing (b) cyaniding (c) nitriding (d) induction hardening

7. Austenite-to-pearlite transformation is considered a (diffusion — simple diffusive — meta-stable —
diffusionless) solid state transformation.

e

Hardenability is
a) A heat treatment to increase the hardness of steel
b) The ability of steel to be hardened by quenching
¢) The resistance of the material for indentation and scratching
d) The depth to which austenite can be transformed into pearlite

9. The most common nitriding agent is (ammonia — nitrogen —~ sodium carbide — sodium cyanide).

10. It was required to form 1.5 mm thick hard case on a steel shaft by carburizing. Find the required
carburizing time, if the diffusion coefficient of carbon in steel is 1.705x10” cm?/s:
() 1100 min (b) 1320 min (c) 11 min (d) 15 min (e) 22 min
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Q3: ‘ (5+10+5=20 marks) -
1) Explain with aid of sketches the basic steps of steelmaking in BOF.

2) Differentiate briefly between the following terms

a- Bauxite and alumina
b- The characteristics of combustion flame with- and without-recirculation.
c- Martempering and austempering

3) What are the causes and the consequences of residual stresses? Describe a heat treatment to relief
the residual stresses.

Q4: . (4+6+6=16 marks)
a) Austenite decomposes to different ¥ T T T P T T I T T T Iy 777
products by cooling. Explain with - A - g
sketches the effect of; the cooling rate 1400 3
(quench medium), the carbon content AT e | i3
on martensite structure. 1200
b) For the given IT-diagram draw ,
schemati-cally the cooling paths for . 1000
the following samples and find the 2
final microstruc-ture and the range g 80
of hardness values: =

Sample (1) is cooled from 1500°F to 600F
500°F in one second and then held at N
500°F for 10hr. Finally, it is cooled to 4001

room temperature in 1hr. B "",‘g‘g T Dingram 7

Sample (2) is cooled from 1500°F to 0 ]

A g - in. & R W
1000°F in 2 seconds and then held at HEmr |T11M1 ! mj *ﬂ""“’ Lbs 1—ﬂ—”"f‘ 66
. o . 1831 1 HE L LU
1000°F for one second. Finally, it is 051 2 5 10 1° 10 10° 16° 10°
cooled to 200°F in 7 seconds. Time - Seconds

¢) List the possible mechanisms of strengthening non-ferrous alloys. Describe the procedure of age
hardening of Al-4%Cu alloy.

Qs: (3+4+2=9 marks)

a- Explain with the aid of sketches the principle of 8282 4 cmllng,:gm’ “Cls 55 45

Jominy end-quench test for hardenability.

b- The hardenability test results of different steel
samples that contain 0.4% C are shown at right.
Arrange the samples according to their
hardenability in a descending order. Why?

3

4340

\3140 \m
N

(3]
L=}

c- Given that 1040 is a plain carbon steel, whereas the

Hardness, HRC
S
T

other samples contain some alloying elements, in 1040 N \\
addition to the 0.4%C. Which alloying elements 2 \
would you expect to find in 4340 to achieve this 10 I—
hardenability behaviour? 0 12 24 36 48
ardena 1_ ity behaviour Distance from quenchad end,mm
Best wiskes,

‘ Assac. Prof. Mabmoud Abmadeir
22
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FACULTY OF ENGINEERING
DEPARTMENT OF MECHANICAL POWER ENGIN EERING
SECOND YEAR STUDENTS OF PRODUCTION ENGINEERING & MACHINE DESIGN
COURSE TITLE: HEAT TRANSFER COURSE CODE: MEP2251

DATE: JUNE,4-2015 SECOND TERM TOTAL ASSESSMENT MARKS: 75 TIME ALLOWED : 3 HOURS

Remarks: (answer the following questions; assume any missing data, steam and heat tables and
charts are allowed)

Problem number (1) (15 Marks)

a) Consider a medium in which the heat conduction equation is given in its simplest form as

*T &*T 18T
Tt =
x> o a o

(a) Is heat transfer steady or transient?

(b) Is heat transfer one-, two-, or three-dimensional?

(c¢) Is there heat generation in the medium?

(d) Is the thermal conductivity of the medium constant or variable? (4 Marks)

(b) Consider two surface pressed against each other. Now the air at the interface is

evacuated. Will the thermal contact resistance at the interface increase or decrease as a
result? (3 Marks)

(¢) Determine the loss of heat through the wall of a sphere shaped boiling pan with an inner
diameter d; = 1.5 m and total boiler wall thickness 8§ = 20 cm. The inner surface

temperature is 200 °C and that of the outer surface T2= 50 °C. The equivalent thermal

conductivity is 0.12 W/m.K. Also find the heat flux at inside area. (8 Marks)
Problem number (2) (15 Marks)

a) What is a conduction shape factor? How is it related to the thermal resistance? (3 Marks)

b) Hot air is to be cooled as it is forced to flow 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? (4 Marks)

¢) Twelve thin brass fins with thermal conductivity of 78 W/m.K. and 0.75 mm thick are
placed axially on a 55 cm diameter and 50 cm long cylinder which stand vertically and is
surrounded by air at 38 °C. If the fins extended 2.5 cm from the cylinder surface and the
heat transfer coefficient from the fins and the cylinder to air is 22.7 W/m%k. What is the

rate of heat transfer to the air from the cylinder when its surface is at 150 °C? (8 Marks)

P.T.O. Page: 1/2



Problem number (3) (15 Marks)

a) For which solid is the lumped system analysis more likely to be applicable: an actual

apple or a golden apple of the same size? Why? (5 Marks)

b) A short brass cylinder of diameter D = 10 cm and height H = 12 c¢m is initially at a
uniform temperature T; = 120 °C. The cylinder is now placed in atmospheric air at 25 °C,
where heat transfer takes place by convection, with a heat transfer coefficient of h = 60
w/m?* °C. Calculate at15 min after the start of the cooling the temperature at:

(a) the center of the cylinder.

(b) the center of the top surface of the cylinder.

(c) determine the total heat transfer from the short brass cylinder.
The properties of brass at room temperature are (p = 8530 kg/m’, Cp = 0.380 kJ/kg.°C,
k=110 W/m. °C, 0.=33.9 x 10°°m%s.). (10 Marks)

Problem number (4) (15 Marks)

a) How does radiosity for a surface differ from the emitted energy? For what kind of surfaces
are these two quantities identical? (4 Marks)
b) How does radiation influence the temperature measurements? (3 Marks)
¢) Consider a hemispherical furnace of diameter D = 5 m with a flat base. The dome of the
furnace is black, and the base has an emissivity of 0.7. the base and the dome of the
furnace are maintained at uniform temperatures of 400 and 1000 K, respectively.

Determine the net rate of radiation heat transfer from the dome to the base surface during

steady operation. (8 Marks)
Problem number (5) (15 Marks)

a) What are the types of heat exchangers? (4 Marks)

b) What are the Reynolds number and Grashof number. | (4 Marks)

¢) Water at 15 °C enters 4 cm diameter tube at a rate of 5 L/s. Determine the exit water

temperature if the tube is 3.0 m long and the wall temperature is constant at 80 °C.

(7 Marks)

With my best wishes

EXAMINERS DR. ELSAYED ELSAID
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Students | 2"¢ Year (Production Engineering and Mechanical Design) Total Mark 85
Date 11/ 6/2015 Number of page |1

Answer ALL the following questions:

The first question (17 marks)

A | Explain the procedure of voltage building in self-excited generator.

B A 50 kW, 250 V series generator has an armature resistance of 0.02€2 and series field resistance
of 0.045€2 The stray losses are 2.5 kW. At rated load. Calculate:

a) Armature current. d) Generated voltage.

b) Armature copper losses. e) Field copper losses.

¢) The generator efficiency.

The second question (17 marks)

—
A | Why a d.c. series motor cannot be started on no load?

B | A 250V d.c shunt motor has a shunt field resistance of 200 ohm and armature resistance of 0.3
ohm. For a given load, motor runs at 1500 r. p. m. drawing a current of 22 A from the supply. If
a resistance of 150 ohm is added in series with the field winding, find the new armature current
and speed. Assume load torque constant and magnetization curve to be linear.
The third question (17 marks)

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 I- A three-phase induction motor does not run at synchronous speed. Why?

2- List out the names of starters used for three-phase induction motor. |

A 3-phase, 20hp, 500V, 50Hz, 6-pole, star connected induction motor running at 950rpm with
0.85 lagging power factor. The mechanical losses are lhp, the stator copper losses are
1500W, while the core losses are S00W. Calculate:

a- The rotor copper losses c- The line current
B b- Motor efficiency d- The slip
The fifth question (17 marks) "
A 1- State the various types of single-phase induction motor.

2- Draw the phasor diagram of three-phase synchronous generator at lag power factor, lead
power factor and unity power factor

. B | A 3-phase, star connected, 6-pole synchronous generator supplies a 3-phase load of 100 kW, 0.8
leading power factor at 60 Hz, 2kV line voltage. The machine per phase armature resistance &
reactance are 0.4Q & 4Q respectively Find: :

a)Voltage regulation b) Maximum developed power ¢) Efficiency if P, =10 kW

Good Luck and best wishes Dr. Abdelwahab Hassan




