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21 (a)

In a 25 tonnes absorption refrigeration system the heating in generator is carried out by
using steam at 3 bar and 90% dry. The refrigeration temperature is -15°C. The condensation
of the refrigerant is carried out at 40°C using cooling water. Determine: |

(i) Maximum possible C.O.P. of the system and

(i} Quantity of steam required per hour to run the plant if the steam leaves the generator
as saturated water at same pressure. Assume relative C.O.P. = 0.35.

I

2

From steam tables we have

s [T g
At3 bar, T, = 133.5°C, h, = 21632 k]/kg Il

Yol k

.64
‘ffa, 2 3354 [12 marks]
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Q.1(b)

Air at 12°C flows past a flat plate 1.2 m wide and 1.6 m long. The plate is maintained at
88°C temperature and dissipates 3.95 kW of energy. Determine the convective heat transfer
coefficient and the velocity at which air flows along the length of the plate. At the mean
temperature of 50°C, the thermo-physical properties of air are:

p =1.09 kg/m3; k = 0.028 W/m°C; Pr = 0.73; ¢, =1007.5]/kgK

and P =2.029 x 10~ kg/m-s

Use the following correlations if required:

Nu = % = 0.664 (Re)0‘5 (Pr)ﬂ'% for laminar flow

Hl
=== [0.036(Re)"® - 836 | (Pr)** for turbulent flow

[12 marks]
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Q.1 (c}| What are the functions of condenser in a refrigerating machine? Name different types of
condensers. Describe with neat sketch the evaporative condenser.
[12 marks]
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Q.1(d)

Saturated steam at 120°C flows inside a copper pipe of thermal conductivity 450 W/mK,
having an internal diameter of 12 cm and external diameter of 14 cm. The surface resistance
on the steam side is 11500 W/m?2K and that on the outside surface of pipe is 20 W/m?K.
Determine the heat loss from the pipe if it is located in space at 30°C. How this heat loss

would be affected if the pipe is lagged with 3 cm thick insulation of thermal conductivity
0.20 W/mK? i
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Q.1 (e}

Saturated air at 5°C is required to be supplied to a room where the temperature must be

held at 21°C with a relative humidity of 55%. The air is heated and then water is sprayed
to give the required humidity. Determine the mass of spray water required per m? of air
at room conditions. Assume that the total pressure is constant at 1.0132 bar. (Refer steam

table for the properties of water vapour in moist air}
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The following data refer to a steam jet refrigeration system:
Condition of the moﬁVe steam = 10 bar, dry saturated
Temperature of water in the flash chamber = 6°
Temperature at which the make up water is supplied = 22°
The pressure at which condenser is operated = 0.06 bar
Nozzle efficiency = 0.85

Entrainment efficiency = 0.65

Compression efficiency = 0.8

The quality of steam and flash vapour at beginning of compression = 0.9
Determine the following:

(i} Mass of motive steam required per kg of flash vapour.
(i) Refrigerating effect per kg of flash vapour.

(iii) The coefficient of performance of the system.

[Refer steam table for properties of steam]

[20 marks]
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Q.2 (b)

/

”~

E

A hemispherical cavity of radius 0.8 m is covered with a plate having a hole of 0.3 m
diameter. The inner surface of the plate is maintained at 560 K by a heater embedded in

the surface. Assuming the surfaces to be black and the hemisphere to be well insulated.
Calculate:

(1) the temperature of the surface of the hemisphere
(2) the power input to the heater.

[20 marks]
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Q.2 (9

e

r

Ambient conditions for an aircraft cruising at 1200 km/h are 0.35 bar and ~15°C. The
cabin temperature is 25°C and turbine exit pressure is 1.06 bar. The pressure ratio of
compressor is 5.0. Assuming 100 percent efficiency of ram effect, compressor and turbine
and ideal heat exchanger, determine for simple gas refrigeration cycle of 30 tonnes

capacity.

(i) Temperatures and pressures at all points of cycle.

(i) Mass flow rate and volume flow rate at compressor inlet and turbine outlet.
(i) Work requirement

(iv) Coefficient of performance of cycle.

Assume : ¢, = 1.005 kJ/kgK, R, = 0286 k]/kgK, y= 1.4
: [20 marks]
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Q.3 (a)

() List the assumptions made while analysing the heat flow from a finned surface.

(ii) A turbine blade 6 cm long, 4.8 cm? cross-sectional area and 12 cm perimeter is
made of stainless steel of thermal conductivity 110 k] /m-hr-deg. The temperature
at the root of the blade is 520°C and it is exposed to products of combustion passing
through the turbine at 880°C. The film coefficient between the blade and the
combustion gases is 1200 k] /m?*-hr-deg. Determine the temperature at the middle
of blade and the rate of heat flow from it. The blade may be treated as a fin losing

heat at the tip.
[6 + 14 marks]
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Q.3 (b)

A Freon-12 VCRS installation has the following data:

Refrigeration capacity = 20 tons

Evaporator temperature = -10°C

Condenser temperature = 30°C

Temperature of refrigerant superheated as gas in evaporator = -5°C
Temperature of refrigerant subcooled as liquid in condenser = 25°C
Compressor particulars:

Number of cylinders = 2

Stroke = 1.5 times the bore

r.p.m. = 1200

Determine the following:

(i) refrigerating effect per kg ;

(i) theoretical power

(i)

{iv) bore and stroke and compressor

coefficient of performance

Saturation | Absolute Specific | Enthalpy of | Enthalpy of | Entropy of | Entropy of
temperature | pressure volume liquid vapour liquid vapour
t.°C p bar g m¥/kg hekjfkg hg kJ/kg S¢ kJ/kg'K | s, KJ/kg°K
-10 21928 0.07702 190.72 347.96 0.96561 1.5632
+30 7.4457 0.02372 22911 4 364.96 1.0999 1.5481

Take: Liquid specific heat, Cy = 0.963 kJ/kgK

Vapour specific heat ¢,, = 0.615 k]/kgK

[20 marks]
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Q.3 (o)
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An existing heat exchanger of 24 m? surface area is to be used to condense low pressure
steam. The cooling medium will be feed water available at 42°C, its flow rate being
0.94 kg/s. The overall heat transfer coefficient is estimated at 130 W/m?K.

Calculate the quantity of steam condensed and the exit temperature of the feed water. At
the condensing pressure steam has saturation temperature of 100°C and latent heat of
vapourisation is 2257 k] /kgK. Assume that the steam is initially just saturated and that
the condensate leaves the exchanger without sub-cooling. How would the performance
of the exchanger be affected if the overall heat transfer coefficient can be doubled by a
modification of feed water flow through the exchanger? Take C, of water 4.187 k] /kgK.

[20 marks]
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Q4 (a)

900 kg/hr of cream cheese at 16°C is pumped through 1.6 m length of 9 cm inner
diameter tube which is maintained at 98°C. Determine the temperature of cheese
leaving the heated section and the rates of heat transfer from the tube to the cheese.
The relevant thermo-physical properties of cheese are : p = 1150 kg/m?;
u=225kg/m-s; ¢, = 2750 J/kgK; k=042 W/mK.

Use the following correlation for laminar flow inside a tube

Nu:%=3.65+

0.067-‘;RePr

q 067
1+ 0.04[—1-Re Pr]

[20 marks]
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Q-4 (b)

Air flowing at the rate of 120 m®/min at 40°C DBT and 50% RH is mixed with another
stream flowing at the rate of 60 m>®/min at 26°C DBT and 50% RH. The mixture flows
over a cooling coil, whose ADP temperature is 10°C and by-pass factor is 0.2. Determine
DBT and RH of air leaving the coil. If this air is supplied to an air-conditioned room
where DBT of 26°C and RH of 50% are maintained estimate room sensible heat factor
and cooling load capacity of the coil in tonnes of refrigeration.

[Refer Pschrometric chart attached]
{20 marks]
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Q4 (9

(i) Duringheat treatment, cylindrical pieces of 26 mm diameter, 32 mm height and at 30°C
are placed in a furnace at 760°C with convection coefficient 84 W/m?-K. Calculate the
time required to heat the pieces to 620°C. What will be the shortfall in temperature if
the pieces are taken out from the furnace after 270 seconds? Assume the following
property values : p = 7850 kg/m? Cp = 480 J/kgK: K =42 W/m-K.

(ii) Draw a typical boiling curve for pool boiling of water at saturation temperature
and atmospheric pressure. Mark each boiling regime and explain briefly its various
regimes.

[10 + 10 marks]
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Q5 (a)

A pile of uniform section is embedded in soil by a depth H. The pile supports a structural
load P at its top which is transferred to the soil entirely by friction as shown in figure
below. The variation of friction (f) along the depth of the pile is given by f= ky?, where y
is the elevation above the bottom of the pile. Determine the shortening of the pile.

P

!

B }B
1 I
1 I
1 T
1 [
1 Il
1 I
A A
[12 marks]
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Q.5 (b)

il

A lump of steel of mass 15 kg at 800°C is dropped in 10 kg of water at 30°C contained in
an insulated container which is open to the atmosphere. If the specific heat of steel and
water are 0.5 kJ/kgK and 4.27 k]J/kgK respectively and latent heat of vaporization of
water at 100°C is 2257 k] / kg, then calculate the change in entropy of steel, water and the

universe. E jﬁﬂ
Mom d\— SM J N‘ = | ij,
. s = 10ABK.

Aol A= A \/y

P ader o= Wl
s e =y = 33k
I e & /

G wly b fuodn 1€

m BT 2989 kI

A R

[12 marks]
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Q.5 (c)| A 3-hinged arch loaded at C, at a distance EY from A. Find the resultant forces at A and

B as shown in figure below.

[12 marks]
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State and prove Clausius inequality.

[12 marks]
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Q.5 (e)| A rectangular strain rosette strain gauge records the following values for linear strain at
a point in two dimensional stress system : e, = 520 x 10, ¢, = -140 x 10%, and
ez = 270 % 107°, the later being at 45° to the x and y axes. Calculate the principal strain

and stresses. Take E = 205 GPa and p = 0.32.
[12 marks]
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Q.6 (a)

A compound cylinder, formed by shrinking one tube on to another, is subjected to an
internal pressure of 60 MPa. Before the fluid is admitted, the internal and external
diameters of the compound cylinder are 120 mm and 220 mm, and the diameter at the
junction is 180 mm. If after shrinkage, the radial pressure at the common surface is 10 MPa,

calculate the final stresses set-up by the section.
[20 marks]
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Q.6 (b}

A system of 3 cables AB, AC and AD shown in figure below is subjected to a force of
800 kN along the x-direction by turn buckle AE. Calculate the forces developed in the

cables.

{20 marks]
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Q.6 (c)

(i) Show that the first law of thermodynamics leads to the fact that heat interactionis a
path function.

(i) A perfect gas undergoes a cycle comprises of three processes. It is first compressed
isothermally from 1 bar and 27°C to one-fifth of its initial volume. The energy is
than added at constant pressure, increasing the temperature of gas and the cycle is
completed by isentropic expansion to original conditions. Take ¢ , = 1.25 k]/kgK
and R = 0.5 k] /kgK. Calculate the maximum cycle temperature and pressure. Also
find the net work transfer.

[10 + 10 marks]
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Q.7 (a)| A rigid and insulated tank of volume 2.5 m® contains an ideal gas at 1 bar and 320 K. The
tank is connected to a line carrying the same gas at 25 bar and 550 K. The valve in between
the tank and the line is opened allowing the gas to enter the tank till the gas pressure in
the tank rises to 25 bar and then closed. Determine the final temperature of the gas in the
tank and the amount of gas that entered the tank. Neglect the effects of kinetic energy

and potential energy.
[Assume R = 0.287 k] /kgK; ¢, = 1.005 k] /kgK and y = 1.4 for ideal gas]
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Q.7 (b)

(i) A simply supported beam ACB supports a vertical load 2P by means of a bracket
CDE, as shown in figure below. Draw SFD and BMD for the beam.

A }C B
—A— L/8|p —é—
LT' L - L
|-<——4— } **4— 7 "’i—‘ {
2P

{ii) A steel rod and two brass rods, together support a load of 800 kN as shown in
figure below. Young’s modulus of steel and brass are 200 GPa and 100 GPa,
respectively. Cross-sectional area of steel and brass rod are 2500 mm? and 1500 mm?,
respectively. Calculate the stresses in the rods.

800 kN

—
‘Brass 'Steeli Brass 40bm,;1 X\Q

b (N

i
{10 + 10 marks]
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Q.7 {c)

)

Sketch the Mollier diagram and briefly explain its essential features.

@
(i) A rigid and sealed tank of volume 1 m? is initial filled with dry saturated steam at
230°C and left in the room. After a while the temperature of the steam is reduced to
190°C. Determine the final conditions of steam in the tank and the amount of ener

transferred as heat. (Refer steam table attached) ab R-C [ Cwsb fiows g
- cvnd M

(M) Vg =V

z |

%) &

DF\\S‘Q\ o \3'335k3 u
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Q38 {a)

A heat engine operating between two reservoirs at 1200 K and 300 K is used to drive a
heat pump which extracts heat from the rerservoir at 300 K at a rate twice that at which
the engine rejects heat to it. If the efficiency of the engine is 40% of the maximum possible
and the COP of the heat pump is 60% of the maximum possible, then determine:

(i} the temperature of the reservoir to which the heat pump rejects heat.

(i) the rate of heat rejection from the heat pump if the rate of heat supply to the engine

is 100 kW.
[20 marks]
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Q.8 (b)

At a certain point in a piece of elastic material, there are normal tensile stresses of
magnitude 135 MPa (in x-direction), 70 MPa acting orthogonally to each other. In
addition, there is a shearing stress of 90 MPa acting normal to the normal stresses.

Calculate : (i) the magnitude and direction of the principal stresses, (ii) the magnitude
and direction of the maximum shearing stress. (iii) the normal and shearing stress on a
plane inclined at 30° to the direction of 135 MPa stress.

o, = 70 MPa
A

—®

o, =135MPa

(C)i‘wy =90 MPa

[20 marks]
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Q.8 (¢)

Two vessels, A and B of volume 2 m® and 3.5 m? respectively, are connected by a tube of
negligible volume through a valve as shown below. Vessel A contains air at 0.4 MPa,
85°C while vessel B contains air at 0.2 MPa, 220°C. Determine the total change of entropy,
when the valve is opened and assuming the mixing to be complete and adiabatic. For air
take R = 0.287 kJ/kgK; c, = 1.005 kJ/kgK; ¢, = 0.717 k] /kgK.

"\~ 0.4 MPa A - 02 MPa
“‘;\3 85°C > 3;[3‘& K, = 220°C o L{ﬂk .
v 2m’ &) V- 35m’
Alr Air
| | “dad Gas .
‘A’ = 1 h
‘ \ M 3 P\I i NR .
“’fhlqn} T b b s Gou et T St
v bk b ‘ .
b T b e o oaie
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