Question (4) (16 marks)
(a) Glycerin at 20°C and 0.3 kg/s is to be heated by ethylene glycol at 60°C and the

same mass flow rate in a thin-walled double pipe parallel-flow heat exchanger. If the
overall heat transfer coefficient is 380 W/m?%°C and the heat transfer surface area is
5.3 m?, determine (a) the rate of heat transfer and (b) the outlet temperatures of the
glycerin and the glycol.

(b) A circular pipe of 25 mm outside diameter is placed in an air stream at 25 °C and 1

atm pressure. The air moves in cross flow over the pipe at 15 m/s, while the outer
surface of the pipe is maintained at 100 °C. What is the rate of heat transfer from the
pipe per unit length?

Question (5) (15 marks)

(@)

Consider laminar flow over a flat plate. Will the heat transfer coefficient change with
distance from the leading edge for the following cases?

i) - Blow a cold fluid over a hot flat plate,

ii)- Blow a hot fluid over a cold flat plate.

— Tube [— Plate Uniform temperature plates
1 at 40°C .; I
<} +
(:L —-1 r'— 1.6 mm
+
+ I
M 6.4 mm
+
> + _.l.
L-i L _ -
Front view Side view
(with one plate removed) Tube

You have been asked to perform a feasibility study on the design of a blood warmer
to be used during the transfusion of blood to a patient. This exchanger is to heat
blood taken from the bank at 10°C to 37°C at a flow rate of 200 ml/min. The blood
passes through a rectangular cross-section tube, 6.4 mm by 1.6 mm, which is
sandwiched between two plates held at a constant temperature of 40°C. Compute the
length of the tubing required to achieve the desired outlet conditions at the specified

flow rate. Assume the flow is fully developed and the blood has the same properties
as water.

All the best

Course Examination Committee : Dr. Y. EL-Samadony
Course Coordinator . Prof. Abdel Naby Kabeel
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Question (1) (15 marks)

(@)  Will a hot horizontal plate whose backside is insulated cool faster or slower when its
hot surface is facing down instead of up? Explain

(b) A horizontal plate has the shape of an equilateral triangle 45 cm on each side and
exposed to atmospheric quiescent air at 40 °C. Calculate the heat Jost by/to the top
surface of the plate if the plate has a uniform temperature of 290 K

Question (2) (15 marks)

(@) A person claimed that heat loss from a human body is faster in 10 °C water than in air

(b) An array of 30 silicon chips, each of length 10 mm
on a side, is insulated on one surface and cooled fils

on the opposite surface by atmospheric air in Aﬁ':: e
parallel flow with t = 24 °C ang U, =40 m/s. If } '

the tcp surface of the array nearly has a uniform
temperature of 80 °C. At what chip is the electrical
input @ minimum? What is the value of this input?

Question (3) (14 marks)

(a) Discuss all factors that may have an influence on the pool boiling process and explain
how this/these factor(s) may change the pool boiling modes (types).

(b) Saturated water at 100 °C is boiled with a brass heating element having a heating
surface A= (.04 m?® which is maintained at a uniform temperature of 115 =C.
Calculate the surface heat flux and the rate of evaporation?
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e ONLY tables of refrigeration and air conditioning are allowed (available with students).

o Assume any missing data and assumptions.

University of Tanta Rinal Fsi

January 2012

1. An air-cooling machine for a jet plane operates on a simple air cycle. The cockpit is to
be maintained at 295 K. The ambient air pressure and temperature are 0.05 MPa and
230 K. Calculate the stagnation pressure of air entering the main compressor if the
plane speed is 1000 km/h assuming 100% ram efficiency. If the compressor pressure
ratio is 5 and the stagnation temperature of air entering the cooling turbine is 350 K and
for a cockpit pressure of 0.1 MPa, calculate:

i) The stagnation temperature of air entering and leaving the compressor, assuming
isentropic compression.

i) The temperature of air leaving the cooling turbine, assuming isentropic expansion.

i) The airflow rate for a cooling load of 5 TR.

iv) The COP of the system.

2. An absorption system uses Lithium-Bromide water solution and heat exchanger that
heats the cool solution from the absorber on its way to the generator and cools the
strong solution returning from the generator to the absorber. Use the following data:

Temperature:  in evaporator 283 K in condenser 313K
In generator 373K in absorber 303 K
entering generator 323 K pump flow rate 0.6 kg/s

Determine the properties of all state points of the cycle and then find the cooling capcity
of the cycle and its COP. Neglect all pressure drops in lines and components.

3. Compare the COP of the vapor compression cycle that uses wet compression (so that
gas leaving compressor is dry saturated), dry saturated compression and superheated
compression with gas entering compressor having 15 K superheat. In all cases R-134a
is the refrigerant, condensing temp. is 313 K and evaporating temperature is 253 K.
Assume simple ideal vapor compression cycle.

4. a) A three stores vapor compression plant uses R-22 as refrigerant and having
evaporation temperatures of 273 K, 263 K and 248 K with cooling loads 20, 10 and
5 TR, respectively. Condensing temperature is 313 K. The system utilizes multiple
expansion with flash tanks and multiple compression. The system utilizes a liquid-
to-suction heat exchanger after the intermediate store at 263 K and affects the liquid
line with 10 K subcooling. Compressions begin with superheated vapor with 7 K
superheat due to line losses. Assume 60 kPa pressure drop in each discharge valve
and 30 kPa pressure drop in each suction valve. Assume 30 kPa pressure drop in
the condenser and 50 kPa in each evaporator. Determine the work done required
for each compressor and the COP of the cycle.

b) Compare with the COP of a simple cycle with all cooling loads at 248 K evaporator.

With best wishes ,,, A.Prof. Dr. Alsaied Khalil
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Tanta University Date: Jane 2012

Faculty of Engineering Time allowed: 3 Hr~
Department of Mechanical Engineering Full mark:
Year: Master  Subject: advanced fluid mechanics Final Exam: }pages

Name: Talal Abou elmaaty

1- Mention with sketch the basic parts of a power system and the different types used in
power systems

2- Clarify with sketch the typical velocity and shear distributions in turbulent flow near a wall
and state the velocity distribution law in each layer
Air at 20 °C flows through a 14 — cm diameter tube under fully developed conditions the
centre line velocity is u, = 5 m/s. Estimate the friction velocity u’, the wall shear stress T,
and the average velocity (v = 1.51x107)

3. Fora laminar flow inside a circular pipe, deduce that, the Darcy friction coefficient (f) is four
times the Skin friction coefficient (Cy)
Oil with a viscosity of 1.5 poise and density 843.3 kg/m? flows through 30 cm ID pipe if the
head loses inside a 3000 m length of a pipe is 20 m, find
e The average velocity
e Darcy friction coefficient
e The skin friction coefficient

4- A slipper bearing has the following data: U =0.76 m/s, = 0.144 Pa.s, I/h; =400, k = 2, and
ho ( = 2hy hy /(hy+hy)) = 2.54% 10° m . Plot the pressure distribution in the gap as a function of
x/l.
Calculate also the following;
e The location of the maximum pressure in the lubricating fluid
e The total load that the bearing guide will support
e The shearing force on the bearing guide

5-  For a plane wall, two dimension, steady incompressible flow deduce the continuity equation
as a function of the stream function (P}
The velocity components in a steady, incompressible, two dimensional flow field are
U= 2y, v = 4x, Determine the corresponding stream function and show on s sketch several
streamlines.
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Problem number (4) (15 Marks)

‘ a) Define the water hammer, mention the factors affecting on it. (5 Marks)

| b) Water is flowing through a 2000 m long pipe of 20 cm diameter and 0.8 cm wall thickness with
a velocity of 2 m/s. The bulk’s modulus of elasticity of water is 2.1x10° Pa and the Young’s
modulus of elasticity of the pipe material is 2. 1x10'! Pa. If the valve at the end of the pipe line
is closed instantaneously calculate:

‘ 1- The rise in pressure due to water hammer.
2- The velocity of the pressure wave and the time taken by the pressure wave to return at the

With the best wishes

valvz after the valve is closed. (10 Marks)
Problem number (5) (10 Marks)
a) Derive an expression for calculating the volume flow rate through a large diameter pipe.
| (4 Marks)
l b) Derive an expression for calculating the pressure loss through a tapering pipe. (6 Marks)

Course Examination Committee:

Dr. Eng. Mohamed Mahgoub Bassuni
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Remarks: (answer the following questions, assume any missing data, answers may be supported by
sketches)

Problem number (1) (15 Marks)

a) Find an expression for calculating the Darcy-Weisbach formula for loss of head in pipes.
(6 Marks)

b) Water is being discharged from a reservoir through a pipe 5000 m long and of 60 cm diameter
to apother reservoir having water level 13 m below the first reservoir. It is required to feed a
third reservoir whose water level is 16 m below the first reservoir through a pipe line 2600 m
long to be connected to the pipe at a distance of 2000 m from its entrance. Find the diameter of
this new pipe, so that the discharge into both reservoirs is the same. Assume f = (.032 for all
pipes. (9 Marks)

Problem number (2) (20 Marks)

a) Prove that the discharge over a triangular notch (V-notch) is given by the following relation:
Q= %cd,/zg x mngﬂm

where:
H : is the height of the liquid above the apex of the notch, 0 is the angle of the notch, C, is the

coefficient of discharge of the notch. (6 Marks)

b) Water flows over a rectangular notch 60 cm wide over a depth of 12 ¢cm. Then the same quantity
of water passes through a right angle triangular notch. If the discharge coefficients of the
rectangular and triangular notches are 0.6 and 0.62 respectively, find the height of the water
above the apex of the V-notch. (6 Marks)

A 2500 m length trapezoidal channel lies in Tushki with side slopes of 1:1 has to be designed to
convey 12 m’/s at a velocity of 3 m/s, so that the amount of concrete lining (At Al Ailkadl) for
the bed and sides is minimum. Find out the total cost required for channel lining, if the cost of
one square meter of the wetted area of lining is 140 L.E. (8 Marks)

Problem number (3) (15 Marks)

Find an expression for calculating the time of flow from one reservoir into another reservoir
through a long pipe. (5 Marks)
Two tanks of 8 m and 6 m diameters are connected by a 300 m long and 25 c¢m diameter pipe.
The level of water in the bigger tank is 5 m higher than that in the smaller tank. Assume f =
0.015, find:

1- The time in hours taken to have no flow between tanks.

3- The maximum quantity of water in liters that could be transmitted between tanks.
2- The time in hours taken to transmit 16000 liters of water between tanks. (10 Marks)

P.T.O. Page: 1 /2



to the ventilator to reduce the vibration. Derive the dynamic equations for small
oscillations using Lagrange equations and determine the natural frequencies and

normal modes of the system. (Marks 20%)
M

Fig. 1
&

5- A physical model of a winch is represented in Fig. 2, in which the stiffness of the
torsional shafts are k,; and k. The two mass-less gears have a gear ratio of n. The
inertia of the rotor of the motor is J, while the inertia of the drum is 7;. The rope is
modeled as a mass-less spring of stiffness of k. A block of mass m is attached to
the end of the rope. The damping properties of the system are modeled by a
damper with a coefficient ¢. Derive the equations of motion using Lagrange's
method.’ (Marks 20%)

Fig. 2
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1- A circular disc Weighting 178 N is mounted midway on a 15 mm diameter steel

shaft 915 mm long and its Young’s modulus is 2 x 10''N/m>. The center of gravity
of the disc is 3 mm from its geometric center. The unit rotates at 600 r.p.m and the
damping factor is 0.05. Determine the critical speed of the shaft and the bending
stress at the operating speed. Where the disc should be located in order to increase
the critical speed by 20 %. (Note, the deflection of simply supported shaft

2 b2
). (Marks 20%)

subjected to a load pisJ, = ‘: =

2- A vibrometer having a spring stiffness of 4 KN/m and a viscous damping 50% of
the critical is used to measure a vibration of 2000 cpm. If the etror is not exceeding
2%, which one of the following masses (1.5, 2, 2.5, 3) kg is used in the instrument.
If it is desired to use this instrument as an accelerometer by changing the spring,
which one of the following stiffness (110, 114, 118, 122) KN/m can be used,
comment on the result. (Marks 20%)

3- A washing machine is simplified by a rotating unbalance machine. A bundle of wet
clothes forms an unbalance mass of 1 kg and the total mass of the washer including
the clothes is 20 kg. The radius of the washing basket is 0.25 m. Assume that the
spin cycle rotates at 300 r.p.m. The stiffness and the damping of the support of the
machine are 1000 N/m and 0.01, respectively.

a- Calculate the magnitude of the unbalance force causing the vibration.

b- What percent of the above force is transmitted to the foundation?

¢~ Calculate the amplitude of the machine and the force transmitted to the
foundation.

d- For the un-damped case, in order to reduce the force transmitted to the
foundation, a dynamic vibration absorber is attached to the machine. Design
the absorber to keep the resultant resonant frequencies at least £20% of the
operating speed and then calculate the amplitude of the absorber and the
force transmitted to the foundation. Comment on the result.

e- Suggest with explanation another way to reduce the force transmitted to the
foundation without altering the speed of the spin cycle. (Marks 20%)

4- An assembly of a ventilator with its base, as shown in Fig. 1, is free to oscillate
about O. It is kept in the horizontal position by means of a spring and a damper (k;,
c1). Its moment of inertia about O is (I,). The rotor of the ventilator has unbalance
of (me) and rotates with a constant angular velocity of (y). A damped dynamic
vibration absorber of mass (M) w1th a stlffness and a damper of (kz, ¢y) is attached

I Dr. Samy F. M. Assal
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