Final EXAM 2011/2012 - First Term Energy Conversion (EPM2106)

.| For a rotating system with uniform air gap, electromechanical energy conversion is possible

if
A) only stator winding is excited.
B) only rotor winding is excited.
C) both stator and rotor windings are excited.
D) either stator or rotor winding is excited.

.| For a rotating systeni with a cylindrical stator and salient rotor:

A) only stator self inductance is a function of rotor position

B) rotor self inductance is a function of rotor position

C) both stator self inductance and mutual inductance are functions of rotor position
D) all inductances (self and mutual) are functions of rotor position

10| A rotating system with ac excitation for stator and dc excitation for the rotor is called a
A) reluctance machine B) synchronous machine
C) induction machine D) dc machine
The second question (10 marks)

Which of the following statements is correct? You can write down in your answer sheet the
question number followed by either v/ or X mark.

To reduce leakage flux in a magnetic circuit, air gaps are to be increased

For non-magnetic materials, the B-H relation is linear.

Motional (speed) voltage increases with increasing supply frequency

Mutual inductance between two coils depends on their self inductances

For linear magnetic system stored energy equals co-energy.

Direction of electromagnetic torque is to increase inductance

Transformer voltage depends on coil inductance variation with position.

Sl -l B ol o

The mutual inductance between two magnetically coupled coils may be lower than the
smaller self inductance of each coils

For doubly excited rotating system, it is necessary to have some saliency for possible
electromechanical energy conversion.

10.

Distributed winding provides more sinusoidal mmf space variation

The third question (20 marks)

1.

Discuss what is meant by magnetic flux fringing in the magnetic circuits; then show how to
minimize it. (4 marks)

With the aid of BH curve of a permanent magnet material show the effect of air gap length
on the position of the operation point (5 marks)
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3. | For two magnetically-coupled coils, show that the total stored energy W, is given by:
1 2 1 2
W, =Lyl +5L,1 £ M 11,
where I, and I, are the currents in the two coils.
L,; and L, are the self-inductances of the two coils.
M is the mutual inductance between the two coils. (5 mark)
4. | A magnetic circuit has three parts in series. The first part has a length of 10 cm and 2 cm’
cross section area and made of a magnetic material of infinite permeability. The second part
is an air gap of 2.5 cm” cross section area and 4 mm length. The third part is made of a
permanent magnet material having the following BH curve data:
H (kAT/m) -55 | -50 | -45 | -40 | -30 0
B (T) g 1035| 08 | 1.0 ] 1.3 | 125
It is required to establish a flux density of 0.8 T in the air gap. Determine the dimensions of
the permanent magnet of minimum volume. (6 marks)
The fourth question (25 marks)
. | For a singly-excited rotating electromechanical energy converter, derive a relation for the
developed torque in terms of both stored energy and co-energy. (5 mark)
2. | With the aids of current-flux linkage curves, derive how to determine energy converted into
mechanical motion from a certain position to another. (5 marks)
3 | Sketch the space variation of self and mutual inductances for a doubly-excited
electromechanical energy conversion device having saliency in both stator and rotor. (5 marks)
4. | The electromagnet relay shown in figure has 1000 turns.
The reluctance of the iron parts can be neglected. ;
a) If the air-gap length is 1 mm, what is the current required e
to develop a force of 30 Newton? (3 marks) 3 F
b) If the air-gap length is 2 mm, what is the current required j
to develop the same force of 30 Newton? (3 marks)
¢) What is the energy stored in the air-gap volume for the :
conditions in part a and part b? (4 marks)

The fifth question (20 marks)

1.

For a doubly-excited electromechanical energy conversion device of cylindrical stator and
rotor:

a) Derive a general expression for the electromagnetic torque acting on the rotor. (8 marks)
b) Show all the possible electrical machines can be obtained. (4 marks)

.| Show the MMF space distribution a dc-excited coil of uniform air gap, if the conductors are

a) concentrated b) distributed in 8 slots (4 in each side).
Which of the two cases are preferred? Why ? (8 marks)

Good Luck and best wishes
Prof. Essam Eddin M. Rashad and Exam Committee
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Attempt ALL the following questions and problems:

o Clarify your answer with the suitable sketches as you can. o Assume any missed data reasonably.

The first question (15 marks)

Choose the correct answer/answers for the following statements. It is sufficient to write down the
question number followed by your choice/choices in your answer sheet:

1.| Self inductance of a coil depends on
A) Number of coil turns B) Core material
C) Coil current D) All the above

2.| Iron losses depend on
A) electric supply frequency only B) flux level only
C) area of hysteresis loop of the material only D) all the above choices

3.| Compared with magnetic materials, permanent magnetic material has higher values of
A) magnetic field intensity (H) B) flux density (B)
C) relative permeability (U,) D) current

4.| For dc excitation, induced emf is
A) always zero B) only transformer voltage
C) both speed and transformer voltages D) only speed voltage

5.| Mutual inductance between two coils increases with increase of:
A) angle between their axes B) distance between them
C) their currents D) none of the above choices

6. For mutually coupled coils, if currents are both entering at the dot-marked terminals, coil
fluxes

A) are additive B) are subtractive
C) increase D) cancel each other

7.| For ideally coupled coils, coupling coefficient is
A) zero. B) unity C) infinity D) between zero and unity
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Problem number ( 4) (16 Marks)

(a) The conservation of heat can be used to develop a heat balance for a long thin rod. If the rod is

not insulated along its length and the system is at steady state. The equation that results is :

T"+9(T,-T)=0 ,T(0)=T, and T(L)=T,

For L = 10 m rod with 7, =20 , 7'(0)=40 , T(10) =100, 7 =0.01 use finite difference

method to solve this problem numerically by dividing the rod into five equal parts.

(b) Use the linear shooting method to get the solution of the BVP (by applying Euler's method).
Y'=y-xy'+2x+2/x y(1)=0,y(2)=4ln2, h=1/2

Problem number ( 5) (16 Marks)

(a) Approximate the solution of the one-dimensional parabolic PDE
Uy(x,)=U/(x,f) 0<x<l and 0<t<0.15, where

U@©,t) =U(1,t)=10 and 0<t<0.15

U(x,0)=10+10x(x—1) Usx<1 ; use h=0.25, k=005
(b) Determine the vertical displacement U(X, t) of a uniform perfectly flexible string of a constant
density that is lightly stretched between two fixed points 0, L. Consider the wave equation given by
U (x,)=U,(x,7) , 0<x<2, 0<¢<1

U@,)=U2,t)=0, U,(x,0)=0

biect t
TR U =160 02223  with h=08, k=035

Good luck
Dr. Manal Mohamed Hekal
Dr. Waheed Kamal Zahra
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Remarks: (Answer the following questions. Assume any missing data...)
S e — :
Problem number (1) (19 Marks) 7

(a) Consider f(x)=2x’e*+1, x=1 » 1.5, 2.5. Determine the coefficients of Lagrange
interpolation to evaluate approximate value of  /(2) .
(b) Determine the polynomial of degree <4 using Newton's divided differences that

interpolate the data in the following table:

" 1.0 2.0 3.0 1 S50 | 70
| 145 85 [, 29 | &5 i 1o

(c)Ina bﬁ)gy study, the growth of a bacteria culture recorded ﬁ{f-ﬁm’mg data:
b k. f Q.O_H_T—s._o_ —{_ 80 ]
() 5.0 J 9.0 }_ 180 |

Where b(f) denotes the number of bacteria at time t (hours). Use _n_alu_ral cubic spline to

estimate the number of bacteria at t = 4 and =0,

Problem number (2) (18 Marks) ‘

(a) Let f(x)=xcosx-3x*. Approximate F(1.2) , £7(1.2) using h = 0.1 with errors of the

2 -
order /' and A’ respectively. T

(b) By applying Richardson extrapolation technique, we can reduce the truncation error (o

approximate the first derivative of a function. Derive Richardson formula and the bound of

error that is of order A*.

(¢) Determine the number of subintervals n required to approximate the integral ‘
I( cosx +x*)dx, with an error L, less than 10™ using the Simpson's composite rule.
0 ‘
Problem number ( 3) (16 Marks) [

(a) Euler's method is the simplest method of all the numerical techniques for solving IVPs. Derive

formulas for local and global truncation errors of this method.

(b) Use the Adams third—order predictor—corrector method to obtain an approximation to the

solution of the IVP: ' = px~ ,xe[I,E]. y(1)=2 with h=0.25. Obtain the starting
values using second-order Runge-Kutta method.

P.T.O.
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A, Flod and plotthe electric field intensity and potential everywhere due to a point charge
(¢ which located at the center of a spherical conducting shell of radii zand 5. (5 Marks)

5

#. The plane z = { is a perfectly conducting suvface. & point charge of 5 nC is located at
A{Z, -3, B, and a point charge of - 8 nC is located at B(4, 3, 1).
i Determine ¥V 4t a point rmidway between the two charges.

He Pindy #V=0at {5y 13 (8 Marks)

. Bvaluate the force produced on a square loop connecting points A{1L0.0), B(3,0.0),
€{3,2,0) and D(1, 2, 0) which carries a current of 2 mA in counterclockwise direction
gue to a curvent carrying conductor of 15 A in the y-axis, {7 Marks)

(2% Marks)

current I directed in positive z-axis directon. {7 Maris

uzte the magretic field strength at the point P(2, £, 0} at the center of sguare loop
of 2 meter lengih located at z = 0 plane and carries current § A in counterciockwise
divection as shown in the figure. (8 Markss

o Leta magnetic flux density B == (0.5 X} 2, Tesla as in the figure. The position of the
stiding bar is given by x= 40262 meter. I the separation of the rails is 16 cm.
i+ Calculate the voltmeter reading at v =0.5 second

Calonlate the volimeter reading when x=1 meter

yeter reading for § <t < 3 second

P
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WISH YOU ALL THEBEST  Dr. Ayman Hoballah
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A. Using Gausys's law, derive an expression for the electric field intensity Eat apoint P a2

radial distance a meter from a uniformly charged infinite line by pr C/m. {5 Mavks)

3

. Letapoint charge Q1 = 25 nC be located at point Py (4, -2, 7} and a charge Q; = 60 n( at
P2 (-3, 4, -2} In free space.
Lo Bar ¥y (3,2,3)
i seify at what podnt on

£ rge s distribuie o sphers of rading 2 meter and centered at

Cwith uniform density p O /e B
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b)

a)

b)

Question (4) (18 Marks)

Derive an expression for the sag in transmission lines between supports at the same level.
(6 Marks)

An overhead line with copper conductors is supported on two towers 200 m apart having a
difference in level of 10 m. The conductor diameter is 2 cm and weighs 2.3 kg/m. Calculate
the sag at the lower support under the conditions if wind provides a pressure of 57.5/m? of
the projected area and a factor ol safety is 4. The maximum tensile strength of copper is
1220 kg/em?. (12 Marks)

Duestion (5) (18 Miuirks)

Compare between the weight of copper used in 3-wire and 2-wire DC distribution system.
(6 Marks)

A distributor AB of 600 m is fed from both the ends at 250 V and is loaded with loads of
100 A, 50 A and 80 A at distances of 200, 300 and 500 m respectively from the feeding end
A. If the maximum allowed voltage drop is 5 V, find the resistance in ohm/m of the

conductor. (12 Marks)

With my Best Wishes

Dr. Doaa Mokhtar
and Examination Commitiee
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Answer all the following questions:

Question (1) (12 Marks)

The six conductors of a double circuit

transmission line are arranged as shown in the

figure. The diameter of each conductor is 2.5 & O C’O I
cm. Find the capacitive reactance to neutral

and the charging current per Km per phase at £
132 kV and 50 Hz, assuming that the line is L 9m i T

regularly transposed.

Question (2) (24 Marks)

Explain using phasor diagram the Ferranti effect. (4 Marks)

b) Derive an expression for A, B, C, D constants for two networks in series having constants
A], B], C|, D| and Az, Bz, C_‘g, Dg. (4 Marks)

¢) A 3-phase transmission line of length 150 km delivers a load of 50 MW at 110 kV and 0.8
lagging power factor. The line has a resistance, inductive reactance and capacitive shunt
admittance of 0.1 Q/phase/km, 0.5 Q/phase/km and 3x107° mho/phase/km, respectively.
Using nominal-T method, determine: (16 Marks)

[. The efficiency.
2. The regulation of the line.
3. The charging current.

Question (3) (18 Marks)

Mention the different types of insulators used in transmission lines. (4 Marks)

b) What is the reason of unequal voltage distribution over suspension insulators? Mention three
methods to improve this voltage distribution. (5 Marks)

¢) The self capacitance of each unit in a string of three suspension insulators is . The shunting
capacitance of each insulator to earth is 0.15 C while the capacitance between the pin and
the guard ring is 0.1 C. Calculate:
i.  The voltage across each insulator as a percentage of the line voltage to earth.
ii.  String efficiency.

(9 Marks)
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and delivery pipe is 20 cm and length of suction pipe 5.5 m and length of delivery
pipe is 20 m. the friction factor of pipe material 0.04 m. Determine the shaft power
input to the pump. Given pump efficiency 0.86.

5-What are Ti, Tj, and Tr in the wall shown in the followi ng Figure

e

100°C T 25°C T T

0-Determine the value of maximum temperature and its position of the wall with
the uniform distributed heat source having volumetric rate of heat generation g, =
8*%10° w/m’, the plate thickness 10 mm and thermal conductivity of the plate
material K=20 w/m. ¢, the surface temperature of the plate are T,,; = 80°C , Ty, =
80 °C

With my best wishes
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I- Autombile engine that operates on four-stroke engine produced brake power 94
kw at speed 2000 rpm, number of cylinder 6 cylinder, cylinder diameter 80 mm,
stroke length 108 mm.

Calculate:

a- Stroke volume

b- Engine capacity

c- Brake mean effective pressure
d- Torque.

2- The velocity distribution for the flow of a Newtonian fluid between two wide,
parallel plates is given by the equation

31;;;“ ; (‘ ):} o
u=—il—1|- .
21 4

Where V is the mean velocity. The fluid has a viscosity of 0.04 pa. s. When
V=2 m/s and h = 0.1 m determine: (a) the shearing stress acting on the bottom
wall, and (b) the shearing stress acting on a plane parallel to the walls and
passing through the centerline (midplane).

3-  The mercury manometer of Fig. indicates a differential reading of 0.30 m
when the pressure in pipe A is 30-mm Hg vacuum. Determine the pressure in
pipe B.

| i Cit

LA
()

M

4- A centrifugal pump deliver 0.2 m>/s discharge of the water from suction reservoir
in to delivery reservoir. The static suction head 5 m blow the atmospheric pressure
and static delivery head 18 m above the atmospheric pressure. Diameter of suction
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