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THE OPEN UNIVERSITY OF SRI LANKA
FACULTY OF ENGINEERING TECHNOLOGY
DIPLOMA IN TECHNOLOGY - LEVEL 2
FINAL EXAMINATION 2006/2007

MEX 2331/MEF 2302 - HEAT AND FLUIDS - PART B

DATE : 09" MARCH 2007
TIME : 1445 HRS. - 1700 HRS.
DURATION : TWO HOURS AND FIFTEEN MINUTES [2 %]

>
el

' READ THE FOLLOWING INSTRUCTIONS CAREFULLY BEFORE ANSWERIN: G TH

QUESTIONPAEER 10

PfiRT;B. a

Part — B consists of eight questions. Answer only five qz:eslidns.

All questions carry equal marks.
Time allocation for Part B is 2ltrs and 15 minutes.

Do not spend more than 20 —25minutes for each question.

b A

Hand over Part B separately.
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PART B

Assume the densnty of water = 1000 kg/m® and acceleratlon due to
gravity = 10 ms ? and atmospheric pressure = 1.01 x 10° Nm™ wherever
necessary. —

1. (@ @ State the law of conservation of energy.

(i)  What is meant by “alternative sources of energy”. List four of them.

®) @ Define the terms “Energy” and “Power” with their dimensions and ST
units.

(i) “The Victoria hydropower plant is s found to have a power out put of
210MW and an annual total energy capacity is 686 GWh”
Discuss the significance of this statement.

(¢} ()  Write down the balanced chemical equation for burning of

(X) caffeine (Cg H]UN402)
{y) Paraffine Wax (C-)5H3;_)

(ii)  Calculate the amount of water produced when half a mole of Paraffine
wax is burnt. E

@ @ What is meant by the empirical formula of a compound 7

(i) A fuel has the following percentage of compositions by weight. °
Oxygen 21.96%, Carbon 66.8% and the rest is Hydrogen. Find the -
empirical formula of the compound.
(Atomic weights are; C =12, 0=16, H=1)

2. (2) (L What is meant by “Combustion” in Engineering view point?
(ii) State the factors, identified as 3T, that give good combustion.
B G) What are the main “Physical properties” that we should look at
when considering the suitability of a particular fuel for a specific
application ?
(ii)  Explain three of the above properties briefly.

() )y “Heat absorbed by a material depends on three factors™.
: Name these three factors. -

(ii) A copper vessel of mass 1 kg contains a certain amount of water. If the .
amount of heat needed to raise the temperature of the vessel by 75°C is
1,605 kJ. Find the amount of water in the vessel in kg.
Specific heat capamty of water and copper are 4.2 kI kg K™ and
0.4 kI kg' K™ respectively.
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()

(b)

(b)

(c)

(a)

{1 Name the three principal modes of heat transfer and explain them
briefly.

(il)  Write down the Fourier’s equation of heat transfer through a plate with

usual notations along with their respective units.

A rectangular shape composite slab is made out of ‘n’ different
materials glued together in layers. The temperatures at the boundaries are
T, Tz, T3 .vvvo. Towg Where Ty >Tq > T3 > ....>Ty+1. The coefficient of thermal
conductivities are ki, ko, k3 .....k, respectively and the thicknesses of the
layers are L, Ly, Ls.....L, respectively.

Under the steady state,total heat flow is Q. Show that Q can be expressed in
the form of Q = UA (T - Tps1),where A is the area through which heat flows

. 1
>(&)

()  Explain the term “Viscosity” briefly.

(ii)  Express coefficient of viscosity maﬂlemétically and explain briefly the
terms in that expression.

(i)  Define the terms “Bulk Modulus”, “Volumetric Strain” and
“Compressibility” along with their SI Units.

(i)  When a gas cylinder is filled up to its full capacity, the maximum
pressure inside is 40 bar. In order to reduce the liquid volume inside
the cylinder by 0.08% the pressure was Increased to 72 bar. Find the
compressibility of the liquid.

(i) State Boyle’s law and Charle’s law.
Show how these two laws can be combined to get PV/T = constant.

(i) A balloon of volume 0.5m’ containing Hydrogen at a pressure of =
2 x 10° Pa is released from the ground when the temperature is 27°C" -
What will be the temperature of the balloon when it reaches a height,
where the volume of the ballon is 0.66m’ and the pressure inside it is
1.5x 10° Pa.

(1) The differential U — tube manometer shown in the Figure 5(a) is used
to measure the pressure differences between points X and Y of a liquid
of relative density S;. The relative density of the liquid in the U tube is
S,. Derive an expression to find the pressure difference between the
two points X and Y.
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(i)  Hence deduce an expression for the pressure difference between the
two points X and Y if they are brought to the same level.

.}’7

S1

N

Sz

St & 8, - relative density of the relevant liquids.

Figure 5 (a)

(b) i) Define the term “Stream line” of a moving fluid.

(ii)  Name the two principal types of fluid flow and explaiﬁ them briefly.

(c) A pipe line has a diameter 80 cm and a bend 45° as shown in the Figure 5 (c).
Calculate the forces acting on the bend, if the velocity of the fluid is 4 ms™

Figure 5 (c)

@ @ Write down the Bernoulli’s equation along a stream line and state th
' conditions for the validity. :




s e —— ‘, ..,,__‘
Sl e bR TR |

i
o

s
S

(b)
(©)

(b)

©

(i)

(¥
(i1)

What is meant by “single acting pump” and “double acting pump™?

)

(ii)

What is an “internal combustion engine” ?

Explain the working cycles of a four stroke petrol engine with suitable
illustrations. |

Derive an expression for thermal efficiency of the Otio cycle in terms of
temperatures of each state of the air.

@
(i)

®

()
(@)

* water in the 1.2cm pipe is 3.6 ms”

(@ What is the mass flow rate ?

A horizontal water line necks down from a pipe with 1.2 cm radius to a
pipe with 0.9 cm radius as shown in Figure 5{d). The speed of the

R s
s

(p)  What is the speed of water in the smaller pipe ?
(9  What is the volume flow rate ?

(s)  If the gauge pressure at the point A is 64 kPa, find the gauge
pressure at the point B.

1.2 cm 'I— A ii
3_6_5‘-;_/3 St I To‘g om

Figure 5 (d)

Describe briefly the “Mechanical Principle” of lifting water.

Explain briefly the working principle of a “piston or bucket pump”

Name two main types of machines which are used in pressurizing
atmospheric air to obtain compressed air. :

A R

Give an example of a reciprocating compressor with a suitable
illustration. '

State “Archimedes Principle” in fluid mechanics.

A system consists of two cuboid shape blocks, made out of the same
material, floats in water as shown in the Figure 8 (a). The surface area -
of the smaller block is half of the surface area of the larger block.

Draw all the forces acting on the system

Derive an expression for height h shown in the figure. ,
Find the density of the material if the larger block of the system will
just floats completely submerged in water. i
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1

£~ Surface Area A/2 .

Figure 8 (a)

® @ Wirite down the equation for the metacentric height of a floating body
with usual notations. :

Identify each term in the equation along with their units.

(ii) A cylinder made out of a material of relative density = 0.6, radius
R and height H floats vertically in a fluid of relative density = 0.8.

(p)  Find the immersed height of the cylinder in terms of H.
(@  Find the required relationship between R and H in order that
the cylinder floats in stable equilibrium.

ALL RIGHTS RESERVED

Page 6 of 6




