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MECHANICAL ENGINEERING

PAPER -1_REVIEW

Except one out of scope question from Fluid Mechanics, remaining questions in the paper can

be easily attempted. Particularly in this paper selection of Questions plays a vital role in

securing a good score. For example Section - B is relatively tougher than Section - A, so

choosing 3 questions from Section - A will fetch you a big advantage.

SUBJECT WISE REVIEW
Subjects Level Marks
Basic thermodynamics Easy 32
Refrigeration & Air conditioning Easy 52
IC Engine Easy to tough 62
Power plant Easy to moderate 102
Renewable sources of Energy Easy to tough 84
Heat transfer Easy to tough 64
Fluid Mechanics & Hydraulic Machines | Easy to tough 84

Getting 180 to 210 marks is a great achievement inview of time constraints and QCAB.

Subjects Experts,
ACE Engineering Academy
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SECTION - A

01(a). Discuss the sources of minor losses which can take place in circular pipes. (12 M)
01(a).
Sol: Sources of minor losses in a circular pipe are:
1. Loss due to sudden expansion (N exp)

Due to sudden change in cross-sectional area flow separates at the junction which leads to flow

separation and subsequent loss.

The head loss due to sudden expansion is given by Borda-Carnot equation.

2
h, . = Vi-V.) —'—LEJ/
L,exp 2g _!_.. _E+
m é

2. Loss due to sudden contraction (h., cont)

The sudden contraction causes convergence of the flow. The streamlines keep on converging due

to inertia upto a section called vena contracta. The flow upto vena contracta has negligible losses as

convergence process is efficient. |

—t* —F —»
| % @
Most of the loss occurs after vena contracta where flow expands. The loss during this process can
be calculated by applying formula of sudden expansion.
5 2 2
ho WVe=Va VI(Ve () _VI(A V(L
bt 2g 2g\ V, 2g\ A 2g( Cc
A ) .
where, C. = N Contraction coefficient.
2

3. Loss at pipe entrance (hent):

At sharp entrance of pipe, the flow separates as it cannot change its direction suddenly

2
K V— o

L,ent = L,ent 2

h

where Ky ene = 0.5 for sharp edged entrance.

— *_{

=====
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4.  Loss at pipe exiting into reservoir (hy,exit):
If pipe is discharging into a reservoir which contains liquid then kinetic energy of the fluid in the

pipe is completely lost when it mixes with liquid in the reservoir.

V2

L,exit — 2_ -
5.  Loss at pipe bend (h,genq):

When flow turns suddenly around bend it has tendency to separate at inner radius.

V? —
hL,Bend = KLJBend g ___—\-.\_ -"ﬁ
)
K1 gend depend upon bend radius. seperatea i | b
(="

6.  Losses due to miscellaneous pipe fittings:
The loss can be present due to pipe fittings such as valves, elbows, tees, and flow measuring

devices installed in the pipe.

2
h, :KLV_
2g

Ky depends upon type of fitting.

01(b). Calculate the decrease in available energy when 25 kg of water at 95°C mixed with 35 kg of
water at 35°C, the pressure being taken as constant and the temperature of the

surroundings being 15°C. (Specific heat of water = 4.2 kJ/kg.K) (12 M)

01(b).
Sol: Let the final temperature of mixture = T
By energy balance :
25 x ¢y x (95 -T) =35 x ¢, x (T -35)
2375 -25T=35T—-1225
60T = 3600
T=60°C
Total entropy change
AS = (AS); + (AS),
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A (™
= 25x4.2x% fn(ﬁj +35x4.2x% Zn(ﬁj
368 308
=-10.5+11.47
=0.972 kJ/K

So, the decrease in available energy = Increase in irreversibility
=T, AS
=(273+15) x 0.972
=280 kJ

01(c). Draw a typical boiling curve for pool boiling of water at saturation temperature and

atmospheric pressure, and mark each boiling regime. (azm

01(c).
Sol: Typical boiling curve for water at atmospheric pressure :

A !

, 5 Natural i Nucleate i Transitioni Film
q (W) | convection ! boiling | Dboiling |  boiling
Critical {----------- beeeeeo-- ' Radiation
heat flux : X |
: i Leiden frost!
: 1 Point |

ATexcess = (TW_ Tsat)oc —_

01(d). A diesel engine is working with a compression ratio of 18:1 and expansion ratio of 12:1.
Calculate the air-standard cycle efficiency. Assume y = 1.4. If the relative efficiency of the
engine is 50% and calorific value of diesel fuel is 45000 kJ/kg, find out the specific fuel
consumption of the engine in kg/kWh. If this engine has its application for DG set purpose
of 500 kW rating at full-load condition and is expected to operate for two hours every day,

work out the inventory requirement of diesel for next 15 days. Also work out fuel cost of

diesel for 15 days period if cost of fuel per litre is ¥ 60. Make suitable assumptions if

required. Consider diesel density as 0.83 kg/litre. (12 M)
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01(d).
Sol: Compression ratio =1 = 18

Expansion ratio = rg = 12

Cut off ratio =rc = ri:ﬁ =1.5
g 12
y=14
1 r.—1
T]airstd = 1 - y-1 |: € :|
yxn | 1. -1
14
=1- ! e L5 - 0.6564 or 65.64%
(1.4)18)“"| 1.5-1
T]relative = nBT~Th
air std
05 — 1’]Br.Th
0.6564
NBr.Th = 0.3282
_ 3600
bsfc(kg/kWhr)x CV(kJ/kg)
0.3282 = &
(bsfc)x 45000
bsfc = 3600 =0.2438kg/kWhr
0.3282x 45000

Power rating of DG set at full load = 500 kW

Fuel requirement for its operation = bsfc( k\li;gh Jx BP(kW) = 0.2438 x 500
r

m, =121.9kg/hr

Fuel requirement for 15 days = No.of days x Hours X m{gj
day hr
me =15%x2x121.9=3657kg

Fuel requirement for 15 days in litres, V= #
diesel density

v, =297 _ 4406.024litres
0.83

Fuel cost for 15 days = V¢ x cost/litre = 4406.024 x 60 = < 2,64,361.45
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01(e). A natural draught cooling tower used in a large cold storage plant receives water from the
condenser outlet at a flow rate of 35000 kg/s and 40°C temperature. The ratio of flow rate of
water to air is 1.2:1 in the cooling tower. Inlet condition of the air entering the cooling
tower is dry-bulb temperature (DBT) of 20°C and wet-bulb temperature (WBT) of 10°C.
Air leaves the cooling tower at DBT of 35°C with relative humidity of 90%. For this cooling
tower
(i) draw the inlet and exit conditions of air in psychrometric chart and name the process;
(ii) determine the rate of evaporation of water in kg/s;

(iii) determine the heat carried away by the air;
(iv) determine the maximum possible temperature drop of water realizable.

[Psychrometric Chart is placed at the end] 1z ™M

01(e).
Sol:

Condensate % 2)

3) DBT =35°C=T,

$2=90%
®, = 0.032 kgvap/kgda
h, =117.5 kJ/kgda

90% RH

T =40°C
m, = 35000 kg/sec

h; =29.3 kJ/kgda
WBT=10°C

T o= 0.0033

Air(D Condensate DBT =20°C DBT = 35°C
.
T,=7?
DBT =20°C=T, o _ DBT —
WBT = 10°C m, =?

o; = 0.0033 kgvap/kgda
h; =29.3 kJ/kgda

Mass flow rate of water :

mass flow rateof water m, 12
massflowrateof air  m,

The process is heating and humidification

W

m, =mass flow rate of air = 12

_ % = 29166.67 kg/sec
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Heat carried away by air = m, (kg/sec)x (h, —h;) (kg/kgda)

=29166.67 (117.5 —29.3)

=2572500.3 kl/sec
=2572.5 MJ/sec

Rate of evaporation of water = m, (kg/sec) (w, — ;) kg/kgda

=29166.67 x (0.032 — 0.0033)
= 837.08 kg/sec

Maximum possible drop in temperature of water

=Ts— (WBT)inlet air — 40 - 10 =30°C

02(a). Glycerine is pumped at a constant rate of 20 litres/s through a straight, 100 mm diameter

pipe, 45 m long, inclined at 15° to the horizontal. The gauge pressure at the lower inlet end

of the pipe is 590 kPa. Verify that the flow is laminar and calculate the pressure at the outlet

end of the pipe and the average shear stress at the wall. (Relative density of glycerine = 1.26

and dynamic viscosity of glycerine = 0.9 Pa s)

02(a).

Sol: Given: Fluid is Glycerine
Relative density = 1.26
p=0.9 Pa.S
Q =20 litres/s = 20x10° m’/s

Pipe:
Diameter, D=100mm=0.1 m
Length, L=45m

Inclined at 15°to horizontal.
(P1)gauge (lower inlet) = 590 kPa
Reynolds number,

_pVvD

o

_pD4Q
u nD?

_4pQ
muD

Re

(20 M)
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_ 4x1.26x10°x20x107
nx0.9x0.1

=356

= Flow is laminar — verified

Applying energy equation between sections (1) and (2), we get

2 2
£+V—1+zl=&+v—2+z2+hL
Ya 28 Ya 28
Vi=V,, 71=0, 7> =45sin15°=11.647 m
and hL:—128uQL4
XYy xD

P, =590 kPa (gauge) (Given)
Substituting the values given :

-3
590 P, +11.647 + 128x0.9x20x107 x 45

+0= 1
1.26x9.81 1.26x9.81 nx1.26x10° x9.81x(0.1)

— P2
1.26x9.81

47.732 = % +38.347

26x9.81

+11.647+26.7 (let P,beinkPa) ........... (1)

= (P2)gauge = 9.385 x 1.26 x 9.81 = 116 kPa
Average shear stress at the wall,

dP” R
p— X —_—

T = _—
11
e ds 2

* . . . ) ! . P P
where dP is the difference in pressure due to difference of piezometric head, [—2 + ZZ] - (—1 + 21]
Ygl

Ygl

From the equation (i) we can see that

di=—26.7m
Ygl
Thus, ¢ 267X1260x981 005 oo
45
(OR)
o ydu_ dfo T
dr Mdr o R?
j— 2Mumaxr
=
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Ty = r(r = R) = % _ v {Umax = 2V} for laminar flow}
rW:4XO'9X2'546 Vo Q _ 002 5 s46m/s
005 E % DZ E % 0 12
1 .
=183.31 Pa
(OR)

The value of shear stress can also be found from free body diagram of fluid inside the pipe as:

t, x iDL + mgsin® = (P, —Pz)x%D2

rW><1tDL+pg(%D2><Ljsin6=(P1—P2)><%D2 Py x

T, = h-B xD—@sine
4L 4

_ (590-116)x10°x0.1 1260x9.81x 0.1xsin15
4% 45 4

=263.3-79.98

=183.32 Pa (same as above result)

G.S. ENGG.
APTITUDE BATCH

ESE - 2019
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02(b). A very long cylindrical rod of 30 mm diameter is having one of its ends attached to a wall
maintained at 500°C. Entire length of the rod is exposed to atmosphere at 25°C with
convective heat-transfer coefficient of 25 W/m”> K. Temperature along the length of the rod
at (xy) distance from the base is 400°C and at (x; + 10 mm) distance is 390°C.

(i) Find the thermal conductivity of the rod.

(i) Find the distance at which temperatures are measured.

(iii) Plot the graph on a plain paper showing the variation of temperature along the length
of the rod.

Consider the following relation:

T, _ e, wherem = il 20 M)
T,-T kA

0

02(b).
Sol:

4 o = 2_
a00°c 30 T, =25°C, h =25 W/m*-K

| | 0.03 m
Ty=500°C ! !

From the given formula:

T-T, o m

—==¢

T,-T,

A00=25  omi (1)
500-25

390225 mixsoon )
500 -25

from (1) + (2)

ﬁ — e—m(xl —X; —0.01)
365

1.0273 = g0tm

m = 2.702/meter =, /E
kA
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Ph

2.702% =—

kA

732 ndx25  4x25

kX%XdZ kX003

k =456.57 W/m-K

From equation (1)

375
——=¢

475

ﬁ — e—2.702><xl
475

X1 = 87.48 mm,

at x; = 87.48 mm, T = 400°C
atx; +10=97.48 mm, T =390°C

Temperature distribution
400°C 390°C

D]~

Ty=500°C
> —»
X 10 mm |
T(°C)
500°C

400°C - - --->

Exponential

390°C [ ------

1
I
I
I
1
r
1
1
1
I
I
I
1
1
1
1

87.48 97.48 x(mm)—
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02(c). Give general specifications of engine in terms of its power ratings and swept volume for any
commonly used two-wheeler and four-wheeler vehicle segment. Why now-a-days multiple
inlet and multiple exhaust valves are preferred in engine system of a car over earlier
conventional single inlet and single exhaust valve? Also find out for a four-stroke, four-
cylinder SI engine operating at 4000 r.p.m., how many number of times the spark will

trigger in one minute. 20 M)

02(c).
Sol:
Two wheeler SI Engine | Four wheeler SI Engine
Operating cycle 2/4 strokes 4 strokes
Compression ratio 6-10 8-10
Bore 0.05—-0.085 m 0.07—-0.1 m
Stroke to bore ratio 1.2-0.9 1.1-0.9

Speed 4500 — 7500 rpm 4500 — 6500 rpm
bmep 4 — 10 atmospheres 7 — 10 atmospheres
Weight to power ratio | 5.5 — 2.5 kg/kW 4.2 kg/kW

best bsfc 350 gms/kWhr 270 gms/kWhr

Now a days we use more than one inlet valve and more than one exhaust valve in IC engines.
Generally 2 inlet valves and 3 exhaust valves are used so as to improve the volumetric efficiency of
the engine and also valve area to piston area increases which permits higher engine speeds. As the
valves are small and light weight spring force required is less and inertia of the valves for opening

and closing is also less.

Number of cylinders, n=4

Speed, N = 4000 rpm
4-stroke

Time, t =1 minute

Number of sparks = Number of cylinders x speed x t

_ nxNxt
120

4000
120

=4x x60 =4 x2000= 8000
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03(a). A furnace is shaped like a long equilateral triangular duct whose side is 1 m. The base

surface has an emissivity 0.7 and is maintained at 600 K. The heated left-side surface of
emissivity 1.0 is maintained at 1000 K. The right-side surface is fully insulated. Determine
the rate at which the energy must be supplied to the heated side externally per unit length of
the duct in order to maintain the given conditions. (Take ¢ =5.67 x 10®* W m™ K'4) Q20 M)

03(a).

Sol: Using summation rule:

Fia+Fi2+Fis=1

Fi,.=0 Im Im
Fio=F; [Due to symmetry| T]E:' 1:oz)01<
F1_2 = F1_3 =0.5
€,=0.7,T2=600K (2)

F2_3 = Fz-] =0.5 L N

1€ 1 o
F3_1 :F2_2:0.5 "
A=A =A;=1xLm

L=1m

A=A, =A;=1m’

Thermal circuit :

3
7
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ZRth:4><2 3
4+2 7
8§ 3 4 3 28+9 37
6 7 3 7 21 2l

Net heat exchange (Q) between side 1 and side 2

Q:dﬁ—ﬁ}

SR,
Q__567x1o*ﬁooo4—6oo4)
B 37
21
Q=28010.412 W/m
Q=28.01 kW/m

03(b). Comfort condition for a human being is 20°C DBT with relative humidity of 50%.

Atmospheric conditions at two places are given below during peak summer:

Place DBT | Relative Humidity
Jaisalmer | 45°C | 10%
Chennai 35°C | 80%

(i)

air to comfort condition.
(ii)
(iii)

places.

03(b).

Sol: Jaisalmer Condition :

[Psychrometric Chart is placed at the end]

o

50% RH
2 10% RH] o, = 0.0075
! ¥1 1 0, =0.0061
1 1
20°C 45°C
DBT —»

Draw the processes in a plain paper applicable to convert the atmospheric condition

Suggest suitable air-conditioning devices to achieve these processes.

Determine the quantity of moisture needed to be added/removed per kg of air in these

(20 M)

Cooling and humidification is recommended for Jaisalmer climate in air washer.
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Amount of moisture added per kg dry air = 0, — ®,

=0.0075 - 0.0061
=0.0014 kgvap

Chennai condition :

80% RH

- o; = 0.0285

o]

- o, =0.0075

Cooling and dehumidification process is recommended

For Chennai climate in air washer

Amount of moisture removed per kg dry air

=MW — M
=0.0285 - 0.0075
=0.021 kgvap

03(c). State various losses considered by actual cycle analysis of IC engines. Discuss any one of

03(c).

them in detail. 20 M)

Sol: In actual cycles when compared to fuel air cycles and air standard cycles, the actual efficiency is

much lower than air standard efficiency. The major losses are :

variation of specific heat with temperatures
dissociation of combustion products
progressive combustion

incomplete combustion of fuel

heat transfer into walls of combustion chamber
blow down at end of exhaust process

gas exchange process.
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FUEL AIR CYCLES AND THEIR ANALYSIS :
Variable specific heats :
All gases, except mono-atomic gases, show an increase in specific heat with temperature. In the
temperature range (300K to 2000K) the specific heat curve is nearly a straight line, which is
expressed in the form

Cpo=a +KkT

Cy=b; +KT
Where, a;, by and k; are constants. Now,

R =Cp—Cy = a;—b

Where, R is the characteristic gas constant.

Co=a; +kT+kT?

Cy=b; +kT+kT
The value of y decreases with increase in temperature due to variation of specific heats. During the
compression stroke, the final temperature and pressure would be lower if constant values of specific
heat are used. This is shown in the below figure.

p| 3 Cycle 1-2-3-4 : with constant
. specific heat

Cycle 1-2'-3"-4' : with variable
specific heat
Cycle 1-2-3'-4". with constant
specific heat
from point 3’

Fig: Loss of power due to variation of specific heat
With variable specific heats, the temperature at the end of compression will be 2', instead of 2. For

the process 1—2, with constant specific heats

T, =T, i}
L V2
With variable specific heats,
- k-1
T, =T, L}
v,

Where, k = Cp/ Cy.
Note that vo' = v, and v/ va=vi/ V) =r.
For given values of Tj, p; and r, the magnitude of T,' depends on k. Constant volume combustion,

from point 2’ will give a temperature T3' instead of Ts. This is due to increase in the value of C,.
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If expansion takes place at constant specific heats, this would result in the process 3'—>4"" where as

actual expansion due to variable specific heat will result in 3'>4’ and 4’ is higher than 4"". The

magnitude in the difference between 4’ and 4" is proportional to the reduction in the value of'y.

k-1

: 14 !/ v
Consider the process 3'— 4", T, =T;| —
Vi
— _ ’Y—l
v
For the process 3'— 4/, T, =T; —
LVa ]

Reduction in the value of k due to variable specific heat results in increase of temperature from T4
to T4'.

Dissociation:

Dissociation process can be considered as the disintegration of combustion products at high

temperature.

The dissociation of CO, into CO and O, starts commencing around 1000°C and the reaction

equation can be written as
CO; = 2CO + O, + Heat

Similarly, the dissociation of H,O occurs at temperature above 1300°C and is written as

H,O = 2H, + O, + Heat
The presence of CO and O; in the gases tends to prevent dissociation of CO, this is noticeable in a
rich fuel mixture, which, by producing more CO, suppresses dissociation of CO,. On the other
hand, there is no dissociation in the fact that the temperature produced is too low for this
phenomenon to occur. Hence, the maximum extent of dissociation occurs in the burnt gases of the
chemically correct fuel-air mixture when the temperature are expected to be high but decreases with

the leaner and richer mixtures.

3200 I | N[ T T
di . .
06‘3000 — ;’T\\lssomatmrl
"o 2800 |- - \(
L] ~ ]
£ 2600 2l S
e b
g g With
£ 2400 Eli EdlSSOC]athn
3 S 2
2200 2% ]
-ﬁll g

B /Lea.n
2000 —
60 40 20 0 =20 40 60

Degree of richness (%)
Fig: Effect of dissociation on temperature

- Rich
] |
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Effect of Dissociation on Power:
Dissociation effects are not so pronounced in a CI engine as in an SI engine. This is mainly due to
(1) the presence of a heterogeneous mixture and

(i1)) Excess air to ensure complete combustion.

If there was no reassociation due to fall of temperature during expansion the expansion process
would be represented by 3'—4"". But due to reassociation the expansion follows the path 3'—>4'. By
comparing with the ideal expansion 3—4, it is observed that the effect of dissociation is to lower
the temperature and consequently the pressure at the beginning of the expansion stroke. This causes
a loss of power and also efficiency. Through during recombining the heat is given back it is too late

to contribute a convincing positive increase in the output of the engine.

bp withno ~
dissociation

bp
I
sfc.

I _
L,
| Richj=jylean ™77 , |
11 12 13 14 15 16 17 18119 20 21
Air-fuel ratio
Fig: Effect of dissociation on power
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04(a). For the purpose of project calculations, the total cost of moving a fluid over a distance by
pipeline, at a steady flow rate Q, can be broken down into two items. First, the
manufacture, laying and maintenance of the pipeline are represented by the cost C;, which
is proportional to D’ (D = diameter of the pipe). The second item C, depends solely upon
the energy required to pump the fluid. A preliminary design study for a particular project
showed that the total cost was a minimum for D = 600 mm. If fuel prices are increased by

150%, and assuming only C; is affected, make a revised estimate of the optimum pipe

diameter. 20 M)
04(a).
Sol: Power required, P = pgQ hy¢n [where 1 is the pump efficiency].
fL.Q°
= X R
PeQ 12.1D°
_pgfLQ’
12.1nD’

= From the above relation, we can say that
cost oc D7

Total cost,
C=C+C=mD’+nD”

where m and n are two constants.

Now, C is minimum at d—C =0
dD
Now, 9€ 3mp?—s5nD =0
dD
or 3mD* =—

or D% = Sn or on
3m 3m

For initial fuel costs, we write,
n=n;, D= D1
We may then say that the diameter of the original pipe is
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And the diameter of the new pipe, D, corresponding to n = n; is given by

D, =4 5n, =8\/5><(1+1.5)n1
3m 3m

Hence, D, =% /&x 2.5
3m

- Dlg\/ﬁ [from eq.(1)]

=600x%/2.5 =673 mm

04(b). A refrigeration unit of 250 TR (1 TR = 3.5 kJ/s) capacity using R-12 as the refrigerant
operates between —10°C and 35°C as evaporator and condenser temperatures respectively.
Enthalpy of the refrigerant entering the evaporator is same as saturated liquid enthalpy at
the condenser outlet. Dry saturated vapour leaves the compressor. Find the following:

(i) Mass flow rate of the refrigerant required.

(ii) Power required to run the compressor assuming isentropic compression
(iii) COP of the unit

(iv) Carnot COP

(v) Heat rejected by the condenser

Refer the following property tables:

T P Vr Vg hf hfg hg Sf Sg

©C) | (bar) | (m*/kg) | (m*/kg) | (kI/kg) | (kI/kg) | (kI/kg) | (kI/kg K) | (kJ/kg K)

-10 | 2.191 | 0.000701 | 0.0821 | 26.87 | 156.32 | 183.19 | 0.1080 0.7019
35 | 8.48 | 0.000786 | 0.0207 | 69.56 | 131.89 | 201.45 | 0.2599 0.6839

20 M)
04(b).
Sol: NRE (kW) = 250 Tonnes A
=250 x3.5=875 kW

hy = (hg)3sec =201.45 kJ/kg 3500 +

s2 = (hg)3sec = 0.6839 kl/kg

hs = (hs)3sec = 69.56 kJ/kg -10°C 1

s2 =51 =0.6839 <0.7019 (sg)-10°c g
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Hence before compression in wet state
81 = Sf] + Xl(sg] —Sf] )
0.6839 = 0.1080 + x; (0.7019-0.1080)

. = 0.6839-0.1080 0.5759
' 0.7019-0.1080  0.5939

h,=h +x,(h, )

=0.969

=26.87 + 0.966 (156.32)
= 178.34 kl/kg

mr[ﬁj(hl - h4)E = NRE(kW)
sec kg

r, (178.34 — 69.56) = 875

Mass flow rate of refrigerant = m, = 85 _ 8.04kg/sec

08.78

Power required = mr(ﬁj(hz —h, )E
sec kg

=8.04 (201.45 - 178.34)
= 185.80 kW

NRE(kW) 875

COP = = =4.709
W.(kW) 185.80

Ty 263 263

Carnot COP = = —
T, -T; 308-263 45

=5.84

e

kg
= 8.04(201.45-69.56)
= 1060.39 kW

Heat rejected in condenser = mr(ﬁ)(hz —h,
sec

04(c). What are the different types of work in thermodynamics? State whether flow work is path
function or point function. Write the steady flow energy equation for a single stream
entering and single stream leaving a control volume. Also discuss steady flow energy
equation for the following engineering systems.

(i) Throttling device
(ii) Compressor Q20 M)
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In thermodynamics work done by a system on its surroundings is defined as an interaction whose
sole effect, external to the system, could be reduced to the raising of a mass through a distance.
Free expansion: Situation in which [PdV is finite but work done is zero.

Consider a vessel which is divided into two compartments. One compartment contains a gas at a
known pressure while the other compartment is evacuated. If the partition is removed, the gas
expands and occupies the entire container. In this case, the expansion of the gas is not restrained by
an opposing force (since the other side is vacuum) and the work done by the gas is equal to zero.
Such an expansion which is not restrained is called a free expansion and it is an irreversible
process. It is possible to obtain the values of the gas pressure at intermediate stages by allowing the
partition to the move in steps. Then one can plot P versus V and obtain the area under this curve.
Yes, the work done by the gas is equal to zero and it is not equal to | P dV.

W =] P dV for a reversible process only.

W =] P dV for an irreversible process or for free expansion.

Paddle Wheel Work: Situation in which ,f PdV is Zero But Work is Done:

e The paddle wheel work process is a process involving friction in which the volume of the system does

not change at all, and still work is done on the system.

e Representation of the process is provided by a system in which a paddle wheel churns a fixed mass of

fluid as shown in fig.

o Consider that the system is insulated. Now as the paddle wheel runs. Work enters the system. It

increases the stored energy of the system. The temperature of the fluid increases. There is a

corresponding change of state of the system from 1 and 2. But there is no movement of the system

boundary. Hence, [PdV is zero, although work has been done on the system. Thus, [PdV does not

represent work for this case. So work may be done on a closed system even though there is no volume

change.

Elastic work:

System boundary
oW =-cAdL or 67W=—Gde

For extension of an elastic rod.

Where, ¢ = stress, € = strain work
A = cross-sectional area of the rod;

V = Volume of solid rod, and

on i Fig: Paddle-wheel k
dL = deformation in the rod. I9: Paddle-wheel wor
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Work done in stretching of wire
6W = —tdL for stretching of a wire
Where, Tt = tension.
Electrical work
OW = — Eidt for a reversible cell

where, E = emf, 1 = current and t = time.

Flow work is a path function

FIRST LAW OF THERMODYNAMICS FOR A STEADY FLOW ENERGY EQUATION
ON TIME BASIS:

[+ ez, | s v

Where, Q= rate of heat transfer in kW.

Q-W=>'m

out

W = rate of shaft work done by the fluid

h = specific enthalpy in kJ/kg ; V = velocity of fluid in m/s

z = elevation above datum inm ; m= mass flow rate into and out of the control volume in kg/s

COMPRESSOR :

It is a device which converts low pressure fluid to high pressure fluid by giving external work input.

dW
- 2 \hy (kJ/k
dQ dw dm (ke
h+—=h,+—;
dm -
dw
s.—=(h —h
am (h, —hy) fao
=—(h, —h,) kl/kg h (/kg) | dm

—ve sign indicates work is done on system (compressor)

THROTTLING PROCESS:

Throttling valves are any type of flow restricting devices that cause a significant pressure drop in
the fluid. e.g: capillary tubes and valves

Unlike turbines they produce a pressure drop without involving any work.

The pressure drop in the fluid is often accompanied a large drop in temperature.

Hence throttling devices are commonly used in refrigeration and air conditioning applications.
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Consider the steady —state flow of a fluid through a horizontal, insulated pipe in which a porous
plug is inserted as shown in fig. Choose the dotted portion of fig. as the control volume and apply

the first law of thermodynamics.

P
P;)J;)us Insullated

The flow conditions imply the following:

Steady state:m, =M, =m and (dE /dt) =0

Horizontal pipe: Z, = Z,

Insulated: Q =0

No shaft work is involved: W s =0
Ignore the changes in KE i.e,V, =V,

Then the first law of thermodynamics reduces to h, = h;
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05(a). Discuss why Pelton turbines are unsuitable for low heads. (12 M)

05(a).

Sol: Pelton turbine is classified as a an impulse type water turbine.

In case of impulse type turbines, pressure in and around runner is constant and equal to atmospheric
pressure. So, only energy available for turbine is kinetic energy of water. So higher is the K.E,
higher is the output of the turbine, subsequently higher overall efficiency (for same frictional
losses).

|

KE=—mV
2

where 'V =,/2gH

So higher is the head before runner, higher is the power output.
If low heads permitted, then for same power output, larger flow rates are required, but flow rate for
a Pelton wheel is determined by the maximum efficiency condition. Hence the inlet velocity of jet
coming from nozzle can not be altered. Therefore, jet diameter needs to be increased for more flow
rate. But this leads to larger diameter of runner wheel, which causes bulky and slow rotation speed
of turbine runner.
Mathematically,
Output power, P=pgQH=7yQH
For y = specific weight of water constant
PxcQH

In order to develop required power to match with electric generator, either Q is less for high head
available (or) Q is more for low heads.

PxQlandHT

PxQTandH
In Pelton wheel, water jet hits the bucket once at a time to produce the large impulse force in an
open atmosphere. It is possible to reduce flow rate by governing method for high heads available.

At low heads, discharge is not enough to meet power output demand.
Impulse action is not available at low heads (V = ,/2gH ), hence impulse force may not be enough

to produce required force.

All impulse turbine are not suitable for low heads for the above mentioned reasons.
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05(b). Mention the various advantages and disadvantages of the pulsejet engine and also draw the

theoretical and actual pulsejet cycle on a P-V diagram. azzm

05(b).

Sol:

Advantages of pulse jet engine:

This is a very simple device next to ramjet and is light in weight. It requires very small and
occasional maintenance.

Unlike ramjet, it has static thrust because of the compressed air starting, thus it does not need a
device for initial propulsion. The static thrust is even more than the cruise thrust.

It can run on almost any types of liquid fuels without much effect on the performance. It can also
operate on gaseous fuel with a little modifications.

Pulse jet engine is relatively cheap.

Disadvantages of pulse jet engine:

The biggest disadvantages is very short life of flapper valves and high rates of fuel consumption.
The specific fuel consumption is as high as that of ramjet.

The speed of the pulse jet is limited to a very narrow range of about 650- 800 km/h because of the
limitations in the aerodynamic design of an efficient diffuser suitable for a wide speed range.

The operational range of the pulse jet is also limited in altitude range.

The high degree of vibrations due to intermittent nature of the cycle and the buzzing noise has made
it suitable for pilotless crafts only.

It has lower propulsive efficiency than turbojet engines.

Pressure
®)
2]
L,
v
Temperature

Qr 1

Volume Entropy

v
v

P-V and T-s diagrams of Pulse Jet Engine.

| ACE Engineering Academy yderabad | Delhi | Bhopal | Pune | Bhubaneswar | Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally| Kolkata




PR . ACE e
‘:." IIIIIII L,;‘Engmeermg Academy :128:

ESE -2018 _ Conventional Paper - 1

05(c). Dry saturated steam at 40°C enters the surface condenser of a 500 MW thermal power plant

having specific steam consumption of 3 kg/kWh. This steam is cooled by the water entering

at 25°C. Minimum terminal temperature difference in the condenser is 7°C. Water flows

through the tubes of internal diameter 3.75 ¢cm and thickness of 3 mm with a velocity of 1

m/s. The overall heat-transfer coefficient of the condenser, Uy, = 1500 W/m’K.

Determine the following for the condenser.

(i) Mass flow rate of water required in kg/s

(i) Number of tubes required for the given heat-transfer rate

(iii) Length of each tube

Assume correction factor =1

Density of water = 1000 kg/m3

Specific heat of water = 4.2 kJ/kg K

Latent heat of condensation (h¢) = 2407 kJ/kg

Condensed water leaves at saturated condition.

5(c).
Sol:
40°C = 40°C
T I 7°C
33°C
15°C
251C
LMTD = ﬂ =10.49°C
7)
/n| —
7
Mass flow rate of steam = ﬁ
kW hr
_ 3kgx500x1000kW
kW x3600s

mg =416.7kg/s

Heat transfer rate = mg h,

=416.7x2407 = 1002.916 MW

(12 M)

| ACE Engineering Academy yderabad | Delhi | Bhopal | Pune | Bhubaneswar | Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally| Kolkata




[ St |

“SR: ACE
"D Engineering Academy :29: Mains _ MECHANICAL ENGINEERING

Energy balance:

Heat released by steam = Heat absorbed by water

1002.916x10° =ty ¢, (33 - 25)

1002.916x10° = my, x4.2x8

Total mass flow rate of water m, =29848.69kg/s

Mass flow rate of water in each tube = p. A; V [ V=1m/s (given)]
= 1000x%>< 0.0375% x1
=1.1044 kg/s

Number of tubes (n) = Total mass flow rate of water

Mass flowrate of waterin each tube

_ 2984869 _ 57025 44 tubes ~ 27026 tubes

1.1044
Heat transfer rate = 1002.916x10°W
UAoxLMTD = 1002.916x10°
1500xnx7mdoLx10.49 = 1002.916x10°
1500x27026xmx0.0435xLx10.49 = 1002.916x10° (dy = d+2t = 0.0375+2x0.003 = 0.0435)
= L=1725m
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05(d). State the factors affecting the performance efficiency of solar PV cell. An inventor claims

that his 1 m” size PV cell panel is capable of producing 2 kW of instantaneous power for a
given location in the Indian context. Is his claim valid? Justify.

Assume suitable data wherever necessary. Consider the normally available PV cell

efficiency as 15%. (azm
05(d).
Sol: Factors affecting the performance of solar PV cell are listed below.
(i) Type of solar cell :
o Mono-crystalline silicon cell - highest efficiency. (around 15 - 20%)
o Poly-crystalline silicon cell - moderate efficiency. (around 10 - 15%)
e  Amorphous silicon cell - (3 - 5%)
(ii) Effect of ambient condition

A particular range of wave length photons are necessary for PV cell. So if intensity of sun light is

more or less than required, its efficiency will drop.

PV cell

The solar constant is 1367 W/m®. This is the energy available outside the atmosphere of earth.

As India is near the tropical region, let us assume that the intensity of solar radiation coming on
surface of PV cell = 700 W/m® = I

Neetl = 15%,

_ 2
Acell =1m

outputpower Poutput

Neell = input power LA
0.15 = Poutput
©700x1

Poutput =105W=0.105 kW
Inventor claims 2 kW
Claim of inventor is totally wrong. 2 kW/m® from PV panel is not possible under any

circumstances.
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05(e). With reference to wind turbine, what is tip speed ratio? State its significance. For a wind

turbine meant for generation of electricity, how many number of blades are desirable in

general? If the tip of a wind rotor blade is travelling at 45 m/s and wind speed is 32 km/h,

obtain the tip speed ratio.

05(e).

Sol:

Tip-speed ratio = A
tipspeed of theblade

B undisturbed wind velocity

If the radius of blade = R,

Angular velocity = o (rad/sec)
Undisturbed wind velocity = u, (m/s)
F38

U,

A

Significance of tip-speed ratio :

cp = power coefficient for wind turbine

A
Cp

v

For a particular A , ¢, will be maximum.

If A is more than required

e Higher tip-speed results higher noise level.

(12 M)

e Because of higher A, Rm will be higher, it means more amount of turbulence will be generated

when wind will approach the turbine.

If A is less than required

Ro is less with respect to the wind velocity. More amount of air will pass from the gap of two

without producing any energy.
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For optimum power generation,

A= hud (n = number of blades)
n

= Rw=45m/s
U, = 32 km/h,
U, = 8.89 m/s

RO _ A 506
u, 8.89

For optimum power generation,

5 Am
n

n=d 2 4T 248 or 3 blades
A 5.06

In general also two or three blades are required.
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06(a). What are surging and stalling in axial flow compressors? Explain briefly how they are

developed and their effects. Q20 M)

06(a).

Sol:

SURGING
Unstable flow in axial compressors can be due to two reasons
(i) the separation of flow from the blade surface called stalling and

(1)) complete breakdown of the steady through flow called surging

4

’
Surge cycle L
\ D S/ . .
E o —_r ,Iﬂ-\ B

P A Ny

”_/ ‘, \
e s
’(—_,-____ N3

Surge line e ]
\ 4

Pressure rise

/

My mnpnp g mpg IN

Flow rate
The surge phenomenon is explained with the aid of one of the curves in this figure.
Let the operation of the compressor at a given instant of time be represented by point A(pa, ma) on
the characteristic N3 curve.
If the flow rate through the machine is reduced to mg by closing a valve on the delivery pipe, the
static pressure upstream of valve is increased.
This higher pressure, pg is matched with increased delivery pressure (at B) developed by the
COMpIessor.
With further throttling of the flow ( to mc and mg ), the increased pressures in the delivery pipe are
matched by the compressor delivery pressures at C and S on the characteristic curve
The characteristic curve at flow rates below mg provides lower pressure as to D and E. However, the
pipe pressure due to further closure of the valve (point D) will be higher than these.
This mismatching between the pipe pressure and compressor delivery pressure can only exist for a
very short time.
This is because the higher pressure in the pipe will blow the air towards the compressor, thus
reversing the flow leading to a complete breakdown of the normal steady flow from the compressor

to the pipe.
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During this very short period the pressure in the pipe falls and compressor regains its normal stable
operation (say at point B) delivering higher flow rate (mg)

However, the valve position still corresponding to the flow rate mp. Therefore, the compressor
operating conditions return through point C and S to D. Due to the breakdown of the flow through
the compressor, the pressure falls further to pg and the entire phenomenon, i.e., the surge cycle
EBCSDE is repeated again and again.

The frequency and magnitude of this to and fro motion of the air (surging) depend on the relative
volumes of the compressor and delivery pipe, and the flow rate below ms.

Surging of the compressor leads to vibration of the entire machine which can ultimately lead to
mechanical failure. Therefore, the operation of compressors on the left of the peak of the

performance curve is injurious to the machine and must be avoided.

STALLING :

Stalling is the separation of flow form the blade surface.

At low flow rates (lower axial velocities) the incidence is increased.

At large values of the incidence, flow separation occurs on the suction side of the blades which is
referred to as positive stalling.

Negative stall is due to the separation of flow occurring on the pressure side of the blade due to
large values of negative incidence.

In a great majority of cases this is not as significant.

In high pressure ratio multistage compressor the axial velocity is already relatively small in the
higher pressure states on account of higher densities.

In such stages a small deviation from the design point causes the incidence to exceed its stalling
value and stall cells first appear near the hub and tip regions.

The size and number of these stall cells or patches increase with the decreasing flow rate.

At very low flow rates they grow larger and cause a significant drop in the delivery pressure which
can lead to the reversal of flow or surge.

The stage efficiency also droops considerably on account of higher losses.
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06(b). A coal - based 660 MW capacity thermal power plant is having overall efficiency of 45%. It
uses 600 kg/s of steam for running the turbine. Coal used in the power plant is having
calorific value of 10000 kJ/kg. Fuel to air ratio is 1:10 for combustion in the boiler. Find the
following:

(i) Specific steam consumption in kg/kWh
(ii) Mass flow rate of coal required in Tph (Tonnes per hour)
(iii) Mass flow rate of air required for combustion in kg/s

(iv) Heat required to be supplied to generate one unit of power (in kJ/kWh)

(v) Coal required to be supplied to generate one unit of power (in kg/kWh) 20 M)
06(b).
Sol: Power = 660 x 10° kW
n=42%

Mass flow rate of steam, m_ = 600 kg/sec
m, (kg/sec) x Wy (kJ/kg) = Power (kW)
600x Wit (kJ/kg) = 660x10°

3
Wit (kJ/kg) = % = 1100 ki/kg

Specific steam consumption = 3600 ( kg j

W, =W, | kW hr
= @ = 3.273 kg/kWhr
1100
Heat rate = 3600 = @ = 8571.42 kJ/kWhr
N 0.42

Amount of heat to be supplied = Power (kW) x Heat rate (kJ/kWhr)
= 660x10° x 8571.42
=5657137.2 % 10°
Q =5657.1372 x 10° kJ/hr
Calorific value of fuel, CV = 10000 kJ/kg
Q

Coal requirement = ——
Cv
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_5657.1372x10°
10x10°

=565713.72 kg/hr
C = 565.71372 Tonnes/hour

Air requirement = A = Cx AFR

A =565.71372x 10 = 5657.1372 Tonnes per hour

_ 5657.1372x10°

A (kg/sec) 3600

=1571.43 kg/sec

C (kg / hr)

Coal requirement per unit power =
q p p P(kW)

_565.71372x10°
660x10°

=0.8571 kg/kWhr

06(c). A hotel industry intends to replace its existing electric water heating system with a solar
water heating system. The requirement of hot water is around 5000 litres per day. The
proposed solar collector area is around 100 m>. If the collector efficiency is 60%, estimate
the reduction in electric bill of the hotel on a yearly average basis. Consider cost of
electricity as Rs. 6/kWh. Make suitable assumptions wherever required. Consider average
value of length of the day as 10 hours. Also estimate temperature rise of water for given
radiation and collector efficiency data. Assume Indian context. Assume electric geyser

efficiency as 95%. Q20 M)

06(c).

Sol: Given data;
Solar collector area = 100 m*= A
Intensity of radiation = 500 W/m?” = I

Collector efficiency = 60% = nc

I
Cost of electricity = T 6/kWh
A
Average length of day = 10 hours Solar
Electric geyser efficiency = 95% = 1, " Collector
= Amount of energy given by solar collector = Q¢ nelA

Qc=nc.LA
Qc = 0.6 x 500 (W/m?)x 100 m*
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Qc =30,000 W =30 kW = 30 kJ/sec
Qc =30 kJ/sec x length of the day
Qc =30 klJ/sec x (10x60x60) sec/day
Qc =10,80,0100 kJ/day

lszlﬁxsec:lﬁx( L jh

sec sec \ 3600
1kJ = L(kWh)
3600
10,80,000
= "> kWh/da
Qe = =500 Y

Qc = 300 kWh/day

Now to calculate the money saving, let us say that same amount of energy is given by electric

geyser.
Input electric power needed in geyser >
300 Input power 300 kWh/day
= ——=315.8kWh/day 300 Geyser |—»
0.95 =—
g

Reduction of electricity bill in one day

=315.8 kWh/day x T 6/kWh = 1895 Z/day

Let’s assume in a year approx. 300 sunny days are there.

Then electricity bill saving on yearly basis = 1895 J/day x 300 days/year

Annual saving = 5,68,500 J/year

—  Hot water requirement = 5000 It/day
Let us assume the inlet water temperature is 25°C.
—  Specific heat of water = 4.187 kJ/kg.K
Assume the density of water = 1000 kg/m’, 1m® = 1000 It = 1 kg/It
Hot water requirement = 5000 kg/day
Q =mc(Ty-T)
10,80,000 kJ/day = 5000 kg/day x 4187kJ/kg.K(To—25)K
Ty =76.58°C
Temperature rise of water for given condition = To— T;
=76.58 —25
AT =51.58°C
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07(a). A Parsons turbine runs at 400 r.p.m with 50% reaction and it develops 75 kW of power per

unit mass of steam flow per second. The exit angle of the blades is 20° and the steam velocity

is 1.4 times the blade velocity. Find the blade velocity and inlet angle of the blades. (20 M)

07(a).

Sol:

O
>
os]
@!

Power = 75 kW
Speed = N =400 rpm
o = PB2=90° (For 50% reaction turbine)
Blade speed = U

Steam speed = V; = 1.4U

Vi = Vi sino; = 1.4U sin20

______;<______

Vw1 = Vicosa; = 1.4U cos20

BC=Vy; —U=1.4U cos20 - U
=U (1.4 cos20-1)

Ve 1.4Usin20

tanpy = =
Pr=3c U(1.4c0s20-1)
_ 1.4sin20
1.4cos20-1
_0.4788 _ 15171
0.3156
Br=tan" (1.5171)=56.61° = a,
[31 =0 = 56.61°
Blade velocity ,
P m(2V1 cosa — U)U (kW) _ m(2 x1.4Ucosa — U)U (kW)
1000 1000
_ 2(1.400520—1)U2
1000

= U=214.43 m/s
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07(b)(i) Compare the supercritical Rankine cycle and subcritical Rankine cycle used in coal-based

thermal power plants. (10 M)

07(b)(i).
Sol:

3 > S\ 8
-
T-s diagram for subcritical and supercritical Rankine cycle

. Cycle 1-2-3-4-1 — Subcritical Rankine cycle.

. Cycle 1'-2'- 3-4" - 1" — Super critical Rankine cycle.

. In super critical plants steam generation occurs at a pressure above critical pressure whereas in
subcritical plants steam generation occurs at a pressure below critical pressure.

o Supercritical plants produce steam at a pressure and temperature near 30 MPa and 600°C
respectively, permitting thermal efficiency upto 47% where as subcritical plants have efficiency
only upto 40%.

o Installation costs of supercritical plants are higher per unit of power generated than subcritical
plants.

o Fuel costs of supercritical plants are considerably lower owing to increased thermal efficiency.

o Since less fuel is used for a given power output, super critical plants produce less carbon dioxide,

other combustion gases and solid waste than subcritical plants.

07(b).

(ii)). How do you estimate the theoretical minimum air required for combustion by knowing the
ultimate analysis of the coal? Molecular weight of C_ O, H and S can be taken as 12, 16, 1 and
32 units respectively. (10 M)
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07(b)(ii).
Sol: C+ Oz —> C02
12 kg C + 32 kg O, — 44 kg CO,

lkgC+§kgOz—>

kg CO,

2H;+0,—>2H,0

4 kg H, +32 kg O, — 36 kg H,O
1 kg H, + 8 kg O, — 9 kg H,O
S+ 0, — SO,

32 kg S + 32 kg O, — 64 kg SO,
1kgS+1kgO, —>2kg SO,

O, requirement per kg fuel = [gC +8H, +1S— 02}

Air requirement per kg fuel = %{% C+8H, +1S- Oz}

Air contains 23 % O, by weight.
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07(c). What is the approximate composition of biogas? State any two factors that govern the

biogas production. A family living in a village having 5 cows is interested to set up a biogas
plant to meet its cooking requirements on daily basis. The family has 5 adult persons.
Estimate its biogas requirements on daily basis. Also work out the cow dung requirement on
daily basis and also find out whether the number of cows available with family is sufficient
to meet its requirement.

The following data may be useful:

Collectable cow dung per cow = 7 kg (approx)

Percent of solid mass in cow dung with balance moisture = 18%

Gas yield per kg of dry matter of cow dung = 0.34 m3/kg of dry mass

07(c).

Gas requirement for cooking = 0.227 m3/person/day Q20 M)
Sol: Approximate composition of biogas
Compound Formula | %
Methane CH,4 50-75%
Carbon dioxide Co, 25-50%
Nitrogen N» 0-10%
Hydrogen H, 0-1%
Hydrogen-Sulphide | H,S 0-3%

Factors affecting the biogas production

1.

Temperature inside the digestor
The choice of temperature is critical for the development of anaerobic digestion process.
It has a strong influence over quality and quantity of biogas production.
Retention time of biomass in the digestor
It is very important to decide the retention time of biomass according to the type of biomass, as it
will affect the anaerobic digestion process.
—  No. of person =5
Gas requirement for cooking = 0.227 m’/person/day
Biogas requirement on daily basis = 0.227 x 5 = 1.135 m’/day
—  Collectable cow dung = 7 kg/cow/day
% of solid mass in cow dung =7 % 0.18 = 1.26 kg of dry mass/cow/day
—  Gas yield per kg of dry matter of cow dung = 0.34 m’/kg of dry mass
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—  Gas yield from cow dung = 1.26 x 0.34 = 0.4284 m’/cow/day

1.135m’/day

3 =2.65cows
0.4284m” /cow /day

—  Requirement of cows on daily basis =

It means that approx 3 cows we need.
So, in the family, number of cows are more than sufficient
Cow dung required per day = 2.65 cows x 7 kg/day/cow

= 18.55 kg/day

08(a). What do you mean by Net Positive Suction Head (NPSH)? Find the height from the water
surface at which a centrifugal pump may be installed to avoid cavitation when atmospheric
pressure = 1.01bar, vapour pressure = 0.022 bar, losses in suction pipe = 1.42 m, effective

head of pump = 49 m and cavitation factor = 0.115. Q20 M)

08(a).
Sol: Net positive suction head. It is a cavitation criteria and defined as the difference between the pump

inlet stagnation pressure head and the vapour pressure head.
NPSH = (i + V—Zj -—
PE 22 ) pmpiner P8
° Pump manufacturers provide the values of NPSHcquirea Which is the minimum NPSH necessary to
avoid cavitation in the pump.
. These values are plotted on the same pump performance curve.
° It is to be noted that NPSH cquired 1S independent of the type of fluid if expressed properly in units of
head of head of liquid being pumped.
° NPSH;cquired 18 usually much smaller than H over the majority of the performance curve.
° NPSH,cquired increases with volume flow rate (Q) although for some pumps it decreases with Q at
low flow rates where the pump is not operating very efficiently.
The actual or available NPSH which depends on the system must be greater than NPSH;cquirea for
cavitation not to occur.

By Bernoulli’s equation,

P VvV’
%:(_+_J +H, +h @“@
inlet

pg (pg 2g -TF -~ inlet
V2 IH

i.’.— :Pai_Hs_hfS 12 v 2

pg 2g) ~ pg
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NPSH = Lam _py B
P2 pg

NPSH = Hym — Hs— Hy — hg

- hfs

5
- 1.01x10 —103m.
9810
5
- 0.022x10 —02243m
9810
The critical Thoma’s cavitation factor is given by
_ Hatm — Hsmax — HV — hfs
¢ H
10.3-H,,  —0.2243-1.42
0.115=
45
Hg max =3.02 m

08(b). Economizer of a power boiler operating at 150 bar pressure receives 500 kg/s of water from
boiler feed pump with specific enthalpy of 340 kJ/kg. Superheated steam leaves the boiler at
550°C with specific enthalpy of 3448.6 kJ/kg. Efficiency of the boiler is 90% and calorific
value of the coal used is 10000 kJ/kg. Find the following:

(i) Heat added in economizer, evaporator and superheater in kJ/s
(ii) Percentage of heat added in economizer, evaporator and superheater out of total heat.
(iii) Rate of coal consumption in kg/s
Also draw T-s plot showing the position of different components and heat added.
For 150 bar pressure, use the following table:
P (bar) | T, (°C) | hr (kJ/kg) | hg (kJ/kg) | hg (kJ/kg)
150 324.24 1610.5 1000 2610.5

(20 M)
08(b).

Sol: ha= (h )
261 (l)s.%ka/kg Super heater  h,=3448.6 kl/kg
3

h, = 340 kl/kg

2 E .
hy = (he) 150 bar conomizer

=1610.5 kl/kg feed water pump
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Boiler efficiency = 90 %

: . . (k k
Heat added in economizer, evaporator and super heater = m [—gj(h4 —h; )k—J
sec g

=500 x (3448.6 —340)

Q =1554300kW

Calorific value of coal = 10,000 klJ/kg

Heat added in economizer = (h,— h;) kJ/kg = 1610.5 — 340
A =1270.5 kl/kg

Heat added in evaporator = B = (h3;— hy)

=(2610.5-1610.5)
B =1000 kl/kg

Heat added in super heater = (hs— h3) = 3448.6 — 2610.5
C=2838.1 kl/kg

Total heat = A+B+C = 3108.6 kl/kg

Percentage heat in economizer = 4 x100
A+B+C

= LG x100 = 40.87%
3108.6

00 = LUk x100 =32.17%
3108.6

% Heatin evaporator =| ——— |x
A+B+C

% Heatin sup er heater = _‘m x100
A+B+C

_838.1
3108.6

x100 = 26.96%

Q(kW) 1554300
Nboiler 0.9

4 T4=550°C

Heat supplied by fuel =
342.24

Q; =1727000kW

Qi (kW)

CV(ki/kg) AN — R
. | | >

1727000 Heat added Heatadded ~— °

=—————=172.7kg/sec in economizer in evaporator

10,000

82°C + 1
: Heat added

Coal consumption = in super heater
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08(c). Explain the working principle of solar cooker. What are the challenges in making solar
cooker more popular? Also describe the thermal energy storage system of solar energy.

(20 M)

08(c).
Sol: Working principle of solar cooker :
Most solar cooker works on the basic principle that sunlight is converted into heat energy and it is

retained for cooking.

Fig: Solar cooker

o On the sides thermal insulation is there which reduces the heat loss.
. On the top transparent cover is provided which will trap the heat inside the cooker.
J A reflecting mirror will reflect more amount of radiation towards transparent cover

o Inside the transparent cover, place the cook pot.

Challenges for solar cooker :

o It needs a location which is sunny for several hours.

o It should be protected from strong winds, otherwise heat loss will be more.

J It can not work at night or on cloudy days, that is why an alternative cooking source is required.
J Some solar cookers need more time for cooking than the conventional stove or oven.

o Cooks may need to learn special cooking techniques.

. The cost is higher than conventional cooker.

Solar thermal energy storage :
In order to run the system smoothly or to match the supply and demand, we need a thermal energy

storage device.
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Schematic representation of thermal energy storage device

Storage tank should be insulated otherwise heat will be lost to the atmosphere.

Thermal Energy can be stored by two modes: Solar heaterTfo o
(a) Sensible heat storage raiﬁgg ) \\Aj T ke i—' pply
(b) Latent heat storage o\ cnerey § Stt‘;;afe § C;’;‘l
(a) Sensible heat storage: Ts - Make up water
Heat is stored by virtue of temperature difference.
Q=mcy AT
Tz
or Q=m I cpdT [where, ¢, = specific heat of liquid/solid ]
Tl
Heat can be stored in
(1) solid media (Rock, pebbles etc)
(i1) liquid media (Water, refrigerants)
(111) hybrid (solid + liquid)
o Heat is not stored in gases due to large volume handling problems and lesser specific heat of gases.
(b) Latent heat storage :

Heat is stored due to phase change.
Q=mL [where, L = latent heat (kJ/kg)]
Heat is stored in solid -liquid transformation only.
Because in solid-gas and liquid-gas transformation we have to handle the large volumes associated
with the gases.

Generally heat is stored in sensible and latent modes both.

A
LY B~ \
Ty -eeeeees —
T, F-- ‘ i latent i Sensible i
1 Sensible ! peat ! heat |
E heat ! ! |

Q= mTJ‘chdT +mL + mTcpdT

T T,
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