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Remarks: (answer the following problems... assume any missing data... answers should be supported by sketches)

Problem number (1) (20 Marks)
8) Determine the roots of z* +1=0. 3 atks
b) Find the image of the lineRe(z ) =1 under f (z)=z 2, 5 Marks
¢) Find all values of z such that e =B+i 2)cosz=10 5 Marks
d) Verify u(x,y)=x>~3xy* -5y is harmonic in the entire complex plane. 3 Marks
Then find the conjugate harmonic function of u.
Problem number (2) (25 Marks)
5 Marks
0 Evaluate the integrals: 1) _[ e’dz 2) ‘[ —I;d z
z
where C is the ellipse (x — 20 +(y— 5)%/4=1.
b) 3 ¥ 5 Marks
Evaluate L —f—*ﬁTd z ,where C is shown as ()
“z(z —i)
0 X
G
c) e’ 8 Marks
Let C be the unit circle, for any real constanta, find the value of L p—dz ,
z
Then show that I:e“”” cos(asin@)d6=np.
d 7 Mark
) Evaluate the Cauchy principal value of ]:——Z——I——z———dx i
24D +9)
Problem number (3) (20 Marks)
10 Marks
Expand f(z)=- = in a Laurent series valid for 1 <|z-2|<2. "
ZZ =
b) Find the general solution of the following differential equation: 10 Marks
| y"+(cosx)y =0.
Problem number (4) (20 Marks)
4 -1
a) Prove that I(ln 2)2dx =alr. 5 Marks
0
b) Find the general solution of the following differential equations: 15 Marks
o x2y"+xy'+(cfx’-v?)y =0.
e xy"+3y'+9y =0.
With my best wishes
Dr. Waheed Kamal Zahra
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Remarks: (answer the following questions; assume any missing data, steam tables and charts are
allowed)

T ———————————————

Problem number (1) (15 Marks)
a) Explain the two statements of the second law of thermodynamics? (4 Marks)

b) Define the coefficient of performance of a refrigerator. Can it be greater than one?
(4 Marks)

¢) An engine operating on the Carnot cycle between the temperature limits 500 K and 350 K

receives 1000 kJ of heat and the heat rejected is delivered to a building for heating

purpose. The work from these engines drives a heat pump operating on the reversed Carnot

cycle between the temperature limits 225 K and 330 K and the rejected heat is delivered to

the same building. Calculate the total amount of heat which delivered to the building.

(7 Marks)

Problem number (2) . (15 Marks)

a) What three different mechanisms can cause the entropy of a control volume to change?
(4 Marks)
b) Is a process that is reversible and adiabatic necessarily isentropic? Explain. (4 Marks)
¢) One kilogram of liquid water is heated from 20 °C to 90 °C. Calculate the entropy change,
assuming constant specific heat, and compare the result with that found when using the
steam tables. (7 Marks)
Problem number (3) (15 Marks)

a) Plot reversed Brayton, Stirling and Ericsson cycles on P-V and T-S diagrams? (4 Marks)

b) Do diesel or gasoline engine operate at higher compression ratios? Why? (4 Marks)

¢) An air standard Otto cycle has a compression ratio of 8. The pressure and temperature at
the beginning of compression are 1 bar and 27 ° C respectively. The heat transfer to the air
per cycle is 1600 kJ/kg of air, Determine the following: (1) the pressure and temperature
at each corner of the cycle. (2) The thermal efficiency of the cycle. (3) The mean effective

pressure of the cycle. (7 Marks)
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Problem number (4) (15 Marks)

a) How can we increase the efficiency of Brayton cycle (4 Marks)
b) Why is the Carnot cycle not a realistic model for steam power plants? (4 Marks)
¢) A freezer is maintained at -7 °C by removing heat from it at a rate of 80 kJ/ min. The

power input to the freezer is 0.5 kW, and the surrounding air is at 25 °C. Determine (1) the

reversible power, (2) the irreversibility, and (3) the second-law efficiency of the freezer.

(7 Marks)
Problem number (5) (15 Marks)
a) Explain Linde-Hampson system for liquefying gases? (4 Marks)
b) What is cascade refrigeration system? What are the advantages of it? (4 Marks)

¢) Consider a steam power plant operating on the ideal reheat Rankine cycle. Steam enters the
high-pressure turbine at 15 MPa and 600 °C and is condensed in the condenser at a
pressure of 10 kPa. If the moisture content of the steam at the exit of the low-pressure
turbine is not to exceed 9.0 percent, determine (a) the pressure at which the steam should
be reheated (b) the thermal efficiency of the cycle, assume the steam is reheated to the

inlet temperature of the high-pressure turbine. (7 Marks)

With my best wishes
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2/ Good Luck
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Date: Jan 22'" 2013 (First Term) No. of Pages: (2) Power Engineering
L Remarks: (Answer all the following questions, Assume any missing data) ‘
Question number (1): (30 Marks)

A) Consider a glass container, half-full of water and half-full of air, at rest on a laboratory table (Shown in
Figure 1). List some similarities and differences between the liquid (water) and the gas (air).

Air

Water

Figure 1
B) Density of sea water at the surface was measured as 1040 k§/m3 at an atmospheric pressure of 1 bar. At
certain depth in water, the density was found to be 1055 kg/m”. Determine the pressure at that point.
Given: The bulk modulus is 2290 X 10° N/m”.
C) Mark the following statements with true or false:
1- Poise is the unit used to measure the density and it equals 0.1 Ns/m®.
2- Bulk modulus of gases depends on the process law for the change in volume and it is different for
different processes.
3- All liquids exhibit a free surface known as meniscus when it is in contact with vapor or gas.
4- Even though Bernoulli’s equation is derived for inviscid fluids, it provides a good estimation for
real fluids when the viscosity is small.
5- Dilatant fluids exhibit a decrease in viscosity with increasing shear stress.
6- A solid deforms continuously under the action of shear force, however small.

D) A tank 20 ft deep and 7 ft wide is layered with 8 ft of oil, 6 ft of water, and 4 ft of mercury (Shown in Figure
2). Compute the total hydrostatic force.

Figure 2

Exam in Two Pages, and Four Questions (1of2)
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Question number (2): (20 Marks)

A) Assume the conduit shown in (Figure 3) has inside diameters of 12 in and 18 in at sections 1 and 2,
respectively. If water is flowing in the conduit at a velocity of 16.6 ft/s at section 2. Find the following:

(a) velocity at section 1, (b) volume flow rate at section 1, (c) volume flow rate at section 2, (d) weight flow
rate, and (e) mass flow rate.

Given: Density of water (p,, = 62.31b,/ft’) , acceleration of gravity (g = 32 ft/s®)
® : 7
\

Figure 3

B) Calculate the surface tension if the pressure difference between the inside and outside of a soap bubble of
3mm diameter is 18 N/m?

C) Derive an expression for Euler’s equation of motion for one dimensional non-viscous fluid flow.

Question number (3): (20 Marks)=
A) Is the following equation dimensionally homogeneous?
a:2d/t2—2vo/t
Where, a=acceleration, d =distance, v,= velocity, and t = time.
B) Derive an expression for the Pressure variation due to elevation in a static fluid.

C) Write short notes (use clear drawings where relevant) about three different systems of measuring pressure.

Question number (4): (20 Marks)

A) A Venturi meter fitted in a 15 cm pipeline has a throat diameter of 7.5 cm (Shown in Figure 3). The pipe
carries water, and a U-tube manometer mounted across the Venturi has a reading of 95.2 mm of mercury.
Determine:

1. The pressure drop in Pascal’s, indicated by the manometer
2. The ideal throat velocity (m/s)

3. The actual flow rate (I/s) if the meter C, is 0.975.

Given: Density of water (p,, = lOOOkg/ﬁi}

[Density of mercury = 13600kg/m"]

Figure 3

B) Describe the following expressions with short words (use clear drawings where relevant)

1- Reynolds Transport Theorem. 2- Vena Contracta
3- Fluid as a continuum. 4- Lagrangian Description of fluid motion.
5- Viscosity. 6- Specific Weight.
7- Absolute Pressure. 8- Centre of Buoyancy
9- Streak Line. 10- Velocity Field.
End of Questions............. ALy eyl

With Best WISHES........ aysgill g alailly sslyaill sl ga
ayphas sara uysll gl gala [ usmida sgilsm
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Answer All The Questions With Neat Sketches Whenever Possible:-
Q(1):- (15%)

(a) Define the following:-
(i) link or element. (ii) kinematic pair. (iii) mechanism. (iv) machine. (v) structure.
(vi) mechanics. (vii) mobility.
(b) What are quick return mechanisms? Where are they used? Sketch and explain
the functioning of any one of them (and find time ratio?).
(c) Sketch and describe the four bar chain mechanism. Why it is considered to be the
basic chain.

Q(2):- (15%)
(a) Explain how the velocities and accelerations of a slider and the connecting rod
are obtained in a slider crank mechanism?.
(b) For the configuration of a slider crank mechanism shown in the following figure,
find :- (i) The velocity and acceleration of slider at B.

(ii) The velocity and acceleration of point E.

(iii) The angular acceleration of link AB.
The crank rotates at 20 rad/sec counter clock wise. Given: OA=480 mm; AB=1600
mm.

Fig.[Q(2)]

Q(3):- (15 %)
(a) Sketch an intermittent motion mechanism and explain its practical applications.
(b) In the mechanism shown in the following figure, the crank AB is 100 mm long
and rotates uniformly clockwise at 30 rad/sec. Given that BC = 300 mm; BD = 150
mm; DE = 250 mm; EF = 200 mm; DG = 167 mm; angle CAB = 30°.
Find the following:-
(a) The velocity and acceleration of G for the configuration shown.
(b) The angular velocity and acceleration of the link DE. . (1)



Fig.[Q3(b)]

Q(4):- (15%)

(a) Define the following:-

Module - Velocity ratio - Circular pitch - Diametral pitch - Base circle diameter -
Pressure angle — involute — Normal pitch.

(b) State and prove the law of gearing of gearing. Show that involute profile satisfies
the conditions for correct gearing.

(c) A shaft running at 2000 rpm from an electric motor carries the first gear wheel (T,
= 18 teeth). The second shaft was the second to the first gear box and the input to
the second gear box (which has four spur gears). The fourth shaft in the second gear
box carries output pulley which has diameter 500 mm and runs with linear velocity 3

mt/sec. Find the suitable teeth numbers and the dimensions of gears, if module
m=4mm.

Q(5):- (15%)

(a) Write short notes on the cams and followers? Explain with sketches the different
types of cams and followers.

(b) With the data given below the follower moves with uniform acceleration/
retardation during ascent and with S.H.M. during descent. Draw the cam profile.

..Least radius of the cam =3cm.
..Angle of ascent =80°.
..Angle of dwell between ascent and descen =60°.
..Angle of descent =120°,
..Lift of the follower =4 cm.
..Offset of the roller =1.5cm.

If the cam rotates at 300 rpm, determine the maximum velocity and acceleration of

the follower during ascent and descent.[The displacement diagram shown is below]..
Y % I

S=.4fm————'4

(2)

J

B0 e 3o°+_ 1200 ol 100°




Q(6):- (10%)

(a) Figure[Q6(a)] shows the layout of a quick return mechanism of the oscillating link
type, for a special purpose machine. The driving crank BC is 30 mm long and time
ratio of the working stroke to the return stroke is to be 1.7. If the length of the

working stroke of R is 120 mm, determine the dimensions of AC and AR, find the
number of degrees of freedom.

Fig.[Q6(a)]
(b) Define the flywheel? What is its function? What is the coefficient of fluctuation?.
(c) From the figure [Q6(b)] draw graphically the pass of point M .

4

Fig.[Q6(c)]

.. (((With My Best Wishes)))...
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