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1.

(@)
Linear density (LD) : It is defined as the number of atoms per unit length whose centres
lie on the direction vector for a specific crystallographic direction.

Number of atoms centered on direction vector

LD = Length of direction vector

Planar density (PD) : It is defined as the number of atoms per unit area that are centered
on a particular crystallographic plane.
Number of atoms centered on a plane

PD = Area of plane

Given : Atomic radius of zinc, r = 0.135 nm; Atomic weight of zinc, A = 65.39 g/mol

£_1856
a

Volume of the crystal structure,

V==6x % xa? xc (a = side of the hexagon)

3

= 6><T><a2><1.856a

= 4.82243
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For HCP crystal structure, n = 6
For HCP crystal structure, a = 2r

Avogadro’s number, N, = 6.023 x 10?® atoms/mol

nxA 6 % 65.39

Density = N %V~ 6.023x10% x 48224
B 6% 65.39
 6.023x10% x 4.822 % (2%0.135x1077)?

6.863 g/cc
1. (b)

Given : Side of square hole, 2 = 12 mm; Thickness of steel plate, t = 6 mm; Resistance,
R = 60 ; Capacitance, C = 12 uF; Supply voltage, V=220 V;
Discharge voltage, V, =150 V; Q ~ 27.4 W'

Amount of energy released per spark,
1 2
= —xCxV
E 5 d

%x 12x 1070 % (150)2 = 0.135 ]

Cycle time, t.= RC ln(v VOV )
0~ "d

60x12 x10~° ln( 220 )

220-150
= 8.245 x 10~* seconds

ocCopyright: [MADE ERSY www.madeeasy.in



MADE EASY Test No : 5 MECHANICAL ENGINEERING | 11

. E_ 0135

So, Power input = Z = —8.2 45 % 102

=163.73 Watts = 0.163 kW

Material removal rate, Q = 27.4 W14

= 27.4 x (0.163)1>* = 1.677 mm?>/min
Total amount of material removed = (12)? x 6 = 864 mm3
Therefore, time required to accomplish the operation,

864

t= = 515.2 min
1.677

1. (o)
Given : Diameter of hole, d = 150 mm; Thickness of plate, t = 8 mm;
Shear strength, T = 560 MPa; Penetration, p =40% = 0.4; F_ =250 kN

max
Clearance per side, ¢ = 0.0032tv

= 0.0032 x 8 x~/560 = 0.6058 mm
Punch diameter = Diameter of hole = 150 mm
Die diameter = d + 2¢
=150 + 2 x 0.6058 = 151.2116 mm
Without any shear, the maximum punching load is given by
F=txmxdxt
=560 x  x 150 x 8 = 2111.15 kN
Let, S be the penetration of the punch in the form of shear to reduce the punch load to
the available 250 kN and assuming S > pt
Fomax X Pt =Fg xS
2111.15x 0.4 x 8 =250 x S
§=27.023 mm
It is given that there is balanced shear on the punch as shown in the figure below:

W~
So, shear angle, 6 = tan”! (di) = tan_l(

0 =19.798°
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1. (d)
Given : Fitis 25 H,/hg ; 25 mm lies between 18 mm and 30 mm; Tolerance for IT7 = 16i;

Tolerance for IT8 = 251

§| 20,918 pm i Hole

132.684 um I W Shaft

For hole H, and shaft i, the fundamental deviation is zero.

As 25 mm lies in the range of 18 mm and 30 mm

So, D = V18 x30 = 23.238 mm
The value of standard tolerance unit,

i= 045x3D +0.001D
= 0.45 x 3/23.238 +0.001 x 23.238

= 1.30737 um
Tolerance value for IT7 = 16i
=16 x 1.30737
=20.918 um
= 0.0209 mm
Minimum size of hole = 25 mm Ans.
Maximum size of hole = 25.0209 mm Ans.
Tolerance value of IT8 = 25i
= 25 x 1.30737
= 32.684 um = 0.03268 mm
Maximum size of shaft = 25 mm Ans.
Minimum size of shaft = 25 - 0.03268
= 24.9673 mm Ans.
Allowance (or minimum clearance) = Minimum size of hole - Maximum size of shaft
=25-25=0 Ans.

www.madeeasy.in
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Maximum clearance = Maximum size of hole - Minimum size of shaft
= 25.0209 - 24.9673
= 0.0536 mm Ans.

(e)

910°C

6.67%

% C

()

This part is solved by employing a tie line (just below the eutectoid temperature) that
extends all the way across o + Fe,C phase.

Thus, at 0.4% of C

Mass fraction of total ferrite,

6.67 — 0.4
=——=0943
Mt‘)tal'“ 6.67 —0.022
and mass fraction of total cementite,
M 0.4-0.022 — 0.0568

FesC 6,67 —0.022
(i)

The fractions of proeutectoid ferrite and pearlite are determined by using the lever rule
and a tie line (just above the eutectoid temperature) that extends only to the eutectoid

composition.
Thus, at 0.4% of C

Mass fraction of proeutectoid ferrite,

0.8-04
= — 77 —0514
Miro- = 0.8 0.022
0.4-0.022
_ . = 02702 0486
Mass fraction of pearlite, M, 0.8-0.022
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(iii)

All ferrite is either proeutectoid or eutectoid (in the pearlite), so the sum of these two

ferrite fractions will be equal to the fraction of total ferrite.

So, Mpro-oc + Meut—oc = Mtotal-oc
= M, =0.943 - 0.514 = 0.429
2. (a)
Fs o
FC 9 <L
(1 B-o
Ns
F; ¢
R
F
B
N

Given : V =240 m/min; oo = 12°; Width of cut, b = 2 mm; Uncut thickness, t = 0.2 mm;
Coefficient of friction, u = 0.5; Shear stress, 1, = 420 N/ mm?; Machining constant,

cot™l(k) = 75° Angle of friction, B = tan"!u = tan~10.5 = 26.565°
()

Using Merchant’s second analysis

20 + B - o= cot™l(Kk)

= 2¢ +26.565 - 12 = 75°
N ¢ =30217° Ans.
FS
Shear stress, T, = 7, /sino
o ox bt  420x2x0.2 333,813
= F= % %5ne ~ sins02170  903813N
S T
Resultant force, R = 0s(0+P —a)
_ 333.813 = 470297 N

c0s(30.217 + 26.565 — 12)
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(i)

Cutting force, F. = Rcos (B - o)
=470.297 % c0s(26.565 - 12)
= 455183 N Ans.
Thrust force, F. = Rsin(p - o)
=470.296 % sin(26.565 - 12)
=118.269 N Ans.
Now, using Lee and Shaffer theory:
d=45°+0o -3
= Shear angle, ¢ = 45° +12° - 26.565°
= 30.435° Ans.

bt 2x0.2
X ——=420Xx—— =331.648 N
* " sing sin 30.435°

Shear force, F =T

FS
cos(0+p—o)

331.648

= cos(30435+ 26565 _12) 902N

Resultant force, R =

Cutting force, F- = Rcos (B - o)
= 469.021 % cos(26.565 - 12)
= 453.948 N Ans.
Thrust force, F. = Rsin(p - o)
= 469.021 x sin(26.565 - 12)
=117.948 N Ans.
COMPARISON : It is found that results obtained by Merchant’s second analysis and
Lee and Shaffer method do not vary much.
2. (b)
()
Some casting defects are as given below:

(I) Blow:Itisa fairly large, well rounded cavity produced by the gases which displace
the molten metal at the cope surface of a casting.
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(IT) Scar : A shallow blow, usually found on a flat casting surface is referred as scar.

T

Scar

(ITI) Blister : This is a scar covered by the thin layer of a metal.

i

Blister

(IV) Misrun : Many a time, the liquid metal may, due to insufficient superheat, start
freezing before reaching the farthest point of the mould cavity. This defect is called

@ﬂﬂi Unfilled mould cavity

Misrun

misrun.

(V) Mould shift : A misalignment between two halves of a mould may give rise to a
defect in casting known as mould shift.

Cope half

Drag half

Mould shift
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(ii)
Given : Casting area, A, = 1200 mm x 1200 mm; Casting height, 1, = 260 mm;
Manometric height, i, = 260 mm; Gate area, A = 600 mm?

Top Gate:

1200 x 1200 mm?
p Ve
f Ay X 29 x Iy

-3
= 1200 %1200 x 260 x 10 = 276.279 seconds

600 x V2 x9.81x0.26

Bottom Gate:

Ag = 600 mm? 1200 x 1200 mm?

24, 1
b= A: xﬁx(\/hj—,/ht—hm)

2x1200 %1200 « 1
a 600 V2x9.81

x (+/0.26 - /0.26 - 0.26

= 552.558 seconds
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Note : It can be noted that £, = 2t. This will be the case when manometric height is equal

to the height of casting.
2. (9
Various basic forms of corrosion, which can occur in a system can be recognized as
follows:
1.  Uniform 2. Pitting
3. Crevice 4. Galvanic
5. Stress corrosion 6. Hydrogen Embrittlement
7. Intergranular attack 8. Dealloying

Pitting corrosion: Pitting is a local corrosion damage characterized by cavities. It is a
particularly insidious form of corrosion, because even if one pit perforates the side of a
tank, serviceability is lost until the tank is repaired. Chemical nature of the environment
causes pitting which are as follows:

1. Halogen-containing solutions
2. Brackish water

3. Saltwater

4.  Chloride bleaches

5.

Reducing inorganic acids are solutions that tend to produce pitting.

Stainless steels are particularly prone to pitting. Pitting of brass conductive tubes
sometimes occurs due to dezincification. This consists in the solution of the brass
followed by precipitation of copper by zinc in the brass. The net result is selective removal
of zinc. A localized attack frequently occurs near the inlet ends of the condenser tubes,
due to impingement of air bubbles, which carry away the corrosion products. Pumps
and ship propellers are liable to an attack known as cavitation, an impact caused by the
collapse of vapour bubbles.

Remedies :

1.  Use of austenitic steels pit in salt water, so most designer tend to use copper alloys,
bronzes, monels and other materials having lower pitting tendencies.

2. Use of carbon steels in salt water in which corrosion rate is much higher than with
stainless steels, but attack is more uniform and no pitting takes places.

Stress corrosion: Stress corrosion cracking takes place under the combined action of
action of applied tensile stress and corrosive environment. Some materials, which are
inert in a particular corrosive medium become susceptible when a tensile stress is
applied. Small cracks are developed, which propagate in a direction perpendicular to
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tensile stress, resulting in eventual failure of the material. Most alloys are susceptible to
stress corrosion under specific environments. For example, stainless steels corrode in
solution of chloride ions and brasses corrode when exposed to ammonia.

It is not necessary that the stress has to be externally applied. Even a residual stress can
cause this type of corrosion. It is a form of environmentally assisted cracking (EAC).
Hydrogen embrittlement, caustic embrittlement and liquid metal corrosion are all forms
of EAC. This corrosion is time dependent, sometimes take months to occur.

Remedies :
1.  Stress relieving heat treatment.
2. Use of pure metals, which are immune to corrosion.

3. To consult available corrosion data and to avoid the environment - material
combination that tends to cause stress corrosion cracking.

Galvanic corrosion: If two dissimilar metals are connected electrically in an electrolyte,
an electrochemical cell is formed. If the two metals are significantly dissimilar, then one
metal will become anodic and corrode. Galvanic series of metals is established in sea
water. Farther apart, two metals in the list (galvanic series of metals), the greater is the
potential for corrosion, when they are coupled in an electrolyte. Magnesium to steel is a
bad combination, while monel to stainless steel is a good combination (with negligible
corrosion).

The other factor that controls galvanic corrosion is the relative size of the anode and the
cathode. If the anode is smaller in comparison to the cathode, the attack on anode will
be more, but if the size of the anode is bigger, then the situation is reversed. A steel bolt
in an aluminium plate wherein aluminium becomes the anode, anode plate is large in
comparison to steel bolt (cathode), and hence attack will be less.

Remedy :
1. If two metals are immersed in electrolyte and they are not mixed, galvanic corrosion
is avoided.
3. (a
@)

The balls of known diameters d, and d, are kept one over the other in bore as shown in
the figure below. The sum of the values of d, and d, should be greater than diameter of
bore. The height of highest point of upper ball from surface plate is measured with the
help of slip gauges and dial indicator. The slip blocks are piled such that the dial indicator
reading at slip blocks and highest point of ball is same. Knowing distance H, the diameter
of bore can be calculated as follows:
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@ DIAL

i

)
>
=

AN

AN

[
S

d1+d2+
2

AO?=(0C? - CA?

=(drhb)2_(H;fﬁ+d2T
2 2

Diameter of bore, d, = AO

=-H?+ (d, +d,) xH

So, AO= [(dy +dy)H - H?

_ d1+d2+

5 \/(d1+d2)H—H2

d
(i)
The diameter of bore can also be found by using three equal balls of diameter d less
than half of the bore diameter and a fourth ball of any diameter D but less than 0.75 of
the bore diameter. Balls are placed as shown in figure below. The height of highest
point of upper ball is measured accurately with the help of slip gauges and dial mounted
on a height gauge. It will be appreciated that bigger ball of diameter D resting over
three balls of equal diameter d will be always be located in the centre of bore and
therefore,
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7

ALY

VALY

d,

Diameter of bore, d, = d + 2AB
AB%2=AC? - BC?

(32T o2

AB= [H(D+d

_H?

~—

So, d, = d+2\/H(D+d)— H>
(iif)

The diameter of the bore can also be measured in the following way shown below.

VALY
VALY

Rollers

Here two balls (or rollers) are taken such that (d, + d,) is less than the diameter of bore.
Suitable slip blocks are inserted between the balls (or rollers).

Diameter of bore, d, = (d, + d,) + slip inserted

This method is specially useful when the thickness of job is less.
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3. (b)

Given : Initial diameter of rod, d; = 8 mm; Final diameter of rod, d,= 6 mm;
Speed, V=05m/s

. ) d-
(i) True strain, e, = ZIn[é]

ZIn(g) =0.5753

n 0.5
Average flow stress, G, = 1kiT _ 200 X1(3'37553) = 455.11 MPa
n .

So, the drawing force, F, = GoAs X €

455.11 x g x (6)2 x 0.5753

7402.92 N
=7.403 kN
Power = F, x V=7.403 x 0.5 =3.7 kW
Since, frictional and redundant work constitutes 30% of the ideal work,
=3.7x1.3 =481 kW Ans.

So, the actual power required, P
(i)

Based on the yield criteria, the die pressure along the die contact length can be obtained

actual

from

pP= 0;-C ()
where, ¢ is the tensile stress in the deformation zone at a particular diameter and o is
the flow stress of the material at that particular diameter. Note ¢ is thus equal to o, at
the die exit and is zero at the die entry.

o= ke =900 (05753)"° = 682.636 MPa

From the above equation (i), o is the drawing stress 6. Hence using the actual force, we

have
. . 0
5= 12 XZ 4051000 _ 546 37 MPa
—x(6)7
4
So, the pressure at the exit would be
P = 682.636 - 340.37 = 342.266 MPa Ans.
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3. (9
(i)

The coating on electrodes comprises of the following ingredients:

(a)
(b)
(©)
(d)
(e)
(®)
(8

(h)

(i)

()

(k)

(i)

Cellulose : It provides a reducing gas shield and increases arc voltage.
Potassium aluminium silicate : It stabilizes the arc and gives strength to the coating.

Metal carbonates : These produce a reducing atmosphere and adjust the basic
nature of slag.

Mineral silicate : These provide slag forming materials and strengthen the coating.
Ferromanganese and ferrosilicon : These are used to deoxidise the weld metal.
Rutile : It forms a highly fluid and quick freezing slag and adjusts the basic nature
of slag.

Clays and gums : These are used to produce a pasty material for extruding the
coating during manufacturing of electrodes.

Iron powder : It increases the amount of metal deposited and draws larger current
and increases productivity. Deposition efficiency may by more than 100% with
high yielding electrodes.

Calcium fluoride : It produces shielding gas to protect the arc, provide fluidity,
adjust the basicity of slag and solubility of metal oxides.

Titanium dioxide : It helps in forming a highly fluid and quick freezing slag and
provides ionization of the arc of the welding.

Manganese or iron oxide : It helps in stabilizing the arc and adjusting the fluidity
and properties of the slag.

A __iC B

)

Current requirement for 15 mm thick plate = 200A

Current requirement for 22.5 mm thick plate = 420A

1
Area of weld = 5 x ABxOC
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= %x(thxtanG)xtztztane

Let the welding speed be V
So, volume of the weld = (t?tan) x V

As volume of the weld is directly proportional to the heat supplied and heat supplied
is directly proportional to the square of the current.

So, t2x tan® x Vo< [2
= Tect
or, I=a+0bt
Att=15mm, =200 A
= 200=a+bx15 (1)
Att=225mm; =420 A
= 420=a+bx225 ..(ii)
From equation (i) and (ii)
7.5b =220
= b=29.33 and a = -240
So, I=-240 + 29.33¢
Att=10 mm,
I=-240 + 29.33 x 10 = 53.33 Amperes
Hence, the welding current is 53.33 Amperes. Ans.
4. (a)

@)

Flank wear : The gradual or progressive wear that develops on the flank surface of a
cutting tool is called flank wear. Flank wear occurs as a result of friction between the
progressively increasing contact area on the tool flank and the newly generated workpiece
surface. Flank wear or wear land is on the clearance surface of the tool. The wear land
can be characterised by the length of wear land. It notifies the tool geometry and changes
the cutting parameters. With a high clearance angle, more flank wear is permissible
before the critical wear land is reached; however excessive clearance weakens the cutting
tool.

Crater wear : The gradual or progressive wear that develops on the rake surface of a
cutting tool is called crater wear. Crater wear occurs as a result of the friction developed
as the chip flows over the rake surface of the cutting tool. It is largely a temperature
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dependent phenomenon. The crater is on the rake face and is more or less circular. The
crater does not always extend to the tool tip, but may end at a distance from the tool tip,
but it increases the cutting forces, modifies the tool geometry and softens the tool tip.

Flank

Flank wear

Workpiece

(i)
Given : For HSS tools :

VTl/8=C,
= 30 x (150)1/8 = C, ..(i)
For tungsten carbide tools:

VTY5=C,
= 30 x (150)/5 = C, ..(ii)
Now, at the cutting speed of 40 m/min;
For HSS tools:

30 x (150)1/8 = 40x(T;)"/®

= T, =15.017 min

For tungsten carbide tools:

30 x (150)1/5 = 40x(T,)"/°

= T, = 35.595 min
T.
T, _ 3559 _ 537
;7  15.017

Hence, at 40 m/min, the life of tungsten carbide tools is 2.37 times more than the life of
HSS tools.
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(iif)

Factors affecting tool life are as follows:

e Cutting speed : It has greatest effect on tool life. Higher the cutting speed, smaller
is the tool life. Based on work of F.W Taylor, the relationship between cutting
speed and tool life can be given as VI" = c.

The figure shows the variation of tool life with cutting speed.

Cutting velocity (V) (m/min)—>

Tool life (T) (min) —

*  Feed and depth of cut : An increase in feed or depth of cut will result in reduced
tool life but not nearly as much as an increase in cutting speed. It can be noticed

from modified Taylor’s equation VT" f agb=

*  Tool material : Higher the hot hardness and toughness of a tool material, the longer
the tool life.

*  Cutting fluids : Cutting fluids with required properties and in adequate quantity
helps in increasing tool life by keeping the cutting edge of tool cooler and
lubricated.

*  Nature of cutting, whether continuous cutting or intermittent cutting, tool is
subjected to repeated impact loading. The continuous cutting is better for prolonged
tool life.

Some other factors that affect tool life are : type of the surface on the metal, profile of the
cutting tool, microstructure of the material, surface finish required by the workpiece
and cutting temperature.

4. (b)

Various methods involved in the production of metal powders in powder metallurgy:

(i) Atomisation (i) Chemical reduction
(iii) Electrolytic process (iv) Mechanical pulverisation
(v) Comminution (vi) Machining

(vii) Milling (viii) Condensation
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()

(ii)

(iii)

Atomisation : In this process, the molten metal is forced through an orifice into a
stream of high velocity air, steam or inert gas. This causes extremely rapid cooling
and disintegration into a very fine powder. The use of this process is usually limited
to metals with low melting point.

e |
Melt Melt . .
Gas source Vaccum induction melter
Furnace
Q and pump
\ 0
o Pressure source

Water
S~ Spray ~<— Chamber

Powder Collection chamber

(a) Water atomization (b) Gas atomization

Chemical reduction : This process consists of grinding the metallic oxide to a finely
divided state and then reducing it by hydrogen or carbon-monoxide. It is employed
for metals such as iron, tungsten and copper (whose melting points are near or
above 1100°C).

Chemical reduction

Electrolytic process : In this process of producing powder, the conditions of
electrode position are controlled in such a way, that a soft spongy deposit is formed;
which is then pulverised to form the powder. The particle size can be varied over
a wide range by varying the electrolyte composition and various electrical
parameters.
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{*
T e Power supply 81
Concentrated = 1
WPCBs metal ET Y Porous glass
powders X membrane
o
i Cathode

Cwt L Cut ., cut € ) Recovered
CuwICwt = helCul,, | copper
ca2Cu2t T Cute powders

| e
M Anode H,SO, - Cuj0O,-NaClg 2o 9 oo
Electrolytic process

(iv) Mechanical pulverisation : This method is applicable to brittle materials like

antimony. Brittle metals and alloys can be powdered down to a size of 0.001 mm.

Many varieties of mechanical pulverisers are in use; some of these have counter-

rotating plates or rapidly moving hammers. These methods carry out mechanical
disintegration to the maximum fineness possible.

(vii) (viii) (ix)

Mechanical Purlverisation Techniques
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Applications of the powder metallurgy products:

(i) Porous and graphite containing metal bearings.

(ii) Electrical contacts consisting of a current and heat-conducting matrix in which wear
resisting particles are embedded.

iii) Tungsten wires.

iv) Rotors of gear pump.

v) Diamond impregnated tools.

vi) Magnetic materials.

1
vii) Refractory metal composites.
viii) Metallic filters.
ix) Motor brushes.

(
(
(
(
(
(
(
(

x) Babbit bearings for automobiles.

4. (¢)
Given : Rake angle, oo = 12°; Depth of cut, d = 2 mm; Feed rate, f = 0.2 mm/rev; Cutting
speed, V =240 m/min; Chip thickness ratio, r = 0.36; Vertical cutting force, F, = 1300 N;

Horizontal cutting force, F. = 700 N; Thickness of primary shear zone, ¢, = 20 um

Sh 1 ) tand = — 05 _ 0.36cos12°

cat plane angie, AN = g ina | 1-036sin12°
=(0.3806

- o = 20.837°

Shear force along the shear plane,
F,=F_cos¢ - F,sind
=700 c0s20.837° - 1300sin 20.837°
=191.793 N
Frictional force along the rake face,

F= chinoc + Ftcosoc

=700 sin12° + 1300 cos12°
=141713 N
) & _ coso
Shear velocity, V" os(o—a) (0-0)
240cos12°
- V.= 8 = 237.575 m/min

s c0s(20.837 —12)
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_ _ V. sin¢
Chip velocity, v = 0s(0 - 0))
240sin 20.837
= = 86.396 i
= V= C0s(20.837 - 12) m/min

Total work done = F_x V = (700 x 240) N-m/min

F, xVy 191.793 x 237.575
F.xV 700 x 240

(i) Percentage of shear work =

=0.2712=2712% Ans.

FxV, 1417.13 x86.396
F. xV 700 x 240

(ii) Percentage of frictional work =

=0.7287 =72.87% Ans.
Sh t S S
(iii) ear stress, T = bt/sinG  fd/sing
_ 191.793 x sin 20.837
- T 02x2
=170.556 MPa Ans.

Shear strain, y = cot + tan(¢ - o)
= cot(20.837) + tan(20.837 - 12)

=2.7828 Ans.
_ .. Vs _ 237575
(iv) Rate of shear strain, i = . 20x10°° x60
=1.979 x 10°s7! Ans.
5. (a)
The logarithmic decrement is given by,
0 6.75
S = lné =In =5 = 0405 Ans.
Now, we have
2n
o= Cz
1-¢
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0.405 = =&
. =z
or (0.405)2 x (1 - £2) = 4n? x (2
or 0.405% = (4n2 + 0.4052)(2
) 0.405
(4n2 + 0.4052)
¢ = 0.0643
Now, C.= 2ke I

=500 kg-cm? = 0.05 kg.m?

_ G _45x10° m
L 0.5 32
k,=14.13 x 10° Nm/rad

x0.24

=0 c = 0.0643x2v14.13x10° x 0.05

. Damping torque at unit velocity = 108.093 x 1 = 108.093 Nm Ans.
Periodic time of vibration, T = —=—2
eriodic time of vibration, ==
(OF] [1 _ &2 N
6
®, = \/k—T = \/m =16810.7 rad/s
" I 0.05
21
T

" 16810.7 x'1-0.06437
T=23.74 x 107 sec Ans.
5. (b)
Given : Kinematic viscosity = 3.684 stokes = 3.684 x 10* m?/s;
Density (p) = 950 kg/m?; Diameter of pipe (D) =120 mm = 0.12 m;
Length of pipe = 600 m; Discharge (Q) = 0.003 m3/s

Dynamic viscosity (i) = Kinematic viscosity x Density

or, 1 =23.684 x 10 x 950 = 0.35 Pa-s
Q  0.003x4
- =P R 02652 m/s
and V= AT mx(012) 4
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pVD 950x%0.2652 x0.12
(i) Reynolds number, Re = u = 035

or Re =86.3794 Ans.
As Re < 2000, the flow is laminar.

(i) Head loss due to friction,

_32uVL
" pgD?
32 % 0.35x0.2652 x 600
M= 950 x 9.81 % (0.12)?
h,=13.2796 m
If A is the pump level and B is outlet, then applying Bernoulli’s equation between point
A and B.
P, V? P V2
AL 40= 2425+ _—+hy
Pg 28 P8 28
But P, = 0 = atmospheric, as the outlet is free
Also, hf= 13.2796 m
then, P, = (25+13.2796) x 950 x 9.81
or P, = 356.746 kPa Ans.
(iii) Power required for pumping the fluid
P =pgQH

where, H = Overall head,

H = Static head + Friction head

H=25+13.2796 = 38.2796 m

Power = 950 x 9.81 x 0.003 x 38.2796

P =1070.2401 Watt

As the overall efficiency of the pump set is 70%.
1070.2401
Power input required = o7 1528.914 Watt Ans.
5. (¢)

Let a link AR rotate about a fixed point A. On it is a point on a slider on the link.

At any given instant,
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Let o = angular velocity of the link; o. = angular acceleration of the link; f=linear velocity
of the slider on the link; r = radial distance of point P on the slider

In a short interval of time 6t, let d6 be the angular displacement of the link and 6r, the
radial displacement of the slider in the outward direction.

V'sin 80
D
1% o
Slee/ vV
~
R
R

o’r’ cos &0

Pon 3
slider M g
Qon AR Ng

After a short interval of time ¢, let
o' = o + 0dt = angular velocity of the link
V' =V + f. 6t = linear velocity of the slider on the link
r’ =r + dr = radial distance of the slider
Acceleration of P parallel to AR

Initial velocity of P along AR =v =10, = or

Final velocity of P along AR = v'cos80 — @'r"sin 60
Change of velocity along AR = (v’cos80 — ®’r’sind6) — v

(v+ £8t)cos 80 — (@ + odt)(r + 8r)sind6 — v
ot

Acceleration of P along AR =

In the limit, as 6t — 0
cosd8 — 1 and sin 66 — 60
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dae

Acceleration of P along AR = f - (orE

=f-oro=f- o’

= Acceleration of slider-centripetal acc.

This is the acceleration of P along AR in the radially outward direction. f will be negative
if the slider has deceleration while moving in the outward direction or has acceleration
while moving in the inward direction.

Acceleration of P perpendicular to AR

Initial velocity of P perpendicular to AR = wr

Final velocity of P perpendicular to AR = ©v’sind0 + ®’r’ cos 60

Change of velocity perpendicular to AR = (v"sind0 + 'r’cos 86) — r

(v+ £8t)sind6 — (w + odt)(r + 8r) cos 56 — oor
ot

Acceleration of P perpendicular to AR =

In the limit, as 6t = 0
c0s00—1 and sind® — 60

Acceleration of P perpendicular to AR = UE + wd—z + ro

=00+ OU + 1oL = 200 + 1o
= 200 + tangential acc.

This is the acceleration of P perpendicular to AR. The component 2wv is known as the
Coriolis acceleration component. It is positive if both ® and v are either positive or
negative.

Thus, the coriolis component is positive if the
* link AR rotates clockwise and the slider moves radially outwards.

* link rotates counter-clockwise and the slider moves radially inwards.
Otherwise, the Coriolis component will be negative.

5. (d)
Given : Length of pipeline = 6000 m; Diameter of pipeline = 700 mm = 0.7 m
Friction factor, f = 0.03

Qo_’}) hd o]
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First an expression for head loss in a pipe having a uniform withdrawal of g* m3/s per
metre length is derived.

Consider a section at a distance x from the start of the uniform withdrawal at g* per
metre length.

Discharge, Q.= Q, - g*x
V2 Q _ *x2
P G T
f 2gD T 5
ZgX(Z) x D

8

or dh,= ——=(Qy —¢ x)2 dx

Taking integration on both sides,
e [ 3]
= | dh “x
he= I ! = 3n2e? g (Qo-a%)

S 8f 1 « 3
= 3200 [QS—(QO—Q Lo) ]

Lo

0

In the question, it is given that,

= 1600 ) 098 = 0.448 m3/s
0.098 4

s 298 10

7= 7350 /s/m

L, =1600 m

H, = Total head loss = (Head lost in first (6000 - 1600) m with a discharge Q, = 0.448 m?/s)
+ Head lost in 1600 m with a uniform withdrawal of g*.

H; = hp +hy,
L fLQE  0.03x 4400 x (0.448)°
AT 121 D3 12.1%(0.7)°
hf =13.0273 m
_8f 1 4 P 3
Now, hf2 = 31 gD5 E]* [QO _(QO -4 LO) :|

o 8x0038 1
27 372 x9.81x(0.7)°  2.8x107*

[0.448% - (0.448 - 2.8 107* x 1600)* |
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3
hy, = 17.5579[0.4483 - (0.448 —28x107% x 1600) ]

hy, =17.5579 x 0.448% = 1.5787 m

Total head loss = hfl + hfz =13.0273+1.5787 = 14.606 m
Residual head at the dead end = 180 - 14.606 = 165.34 m

5. (e)
Given : Isentropic efficiency = 0.85; Speed (N) = 18000 rpm; Pressure ratio Py ) = 6;
Inducing air temperature (T,,) = 288 K; Prewhirl = 28°; Mean diameter of eye (D,) = 0.28 m;
Impeller tip diameter (D,) = 0.65 m; Absolute velocity at inlet (V,) =180 m/s

Inlet velocity triangle
For process 02 - 01 T
v-1

Tp _ (@J ¥

Too P
or, T,, = 288x(6)"** = 480.777 K
Isentropic temperature rise,

T,, - Ty, =480.777 - 288 =192.777 K §

Isentropic temperature rise

Actual temperature rise, AT = Isentropic efficiency

_192.777
085

Power input per unit mass flow rate

=226.796 K

= ¢, X AT =1.005 x 226.796 = 227.93 kJ/kg
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aD;N _ 7x0.28 x 18000
60 60

u, = = 263.893 m/s

From inlet velocity triangle

Vi, =V, sin28° = 180 sin(28°) = 84.504 m/s

nX Dy, XN  1x0.65x18000
60 60

=612.6106 m/s

At exit, u, =

Power input per unit mass flow rate = V- Uy =V, - Uy = 227.93 K] /kg

or, Vi, X 612.6105 = 227.93 x 10% +84.504 x 263.893
or, Vi, =408.465 m/s

Vi,  408.465

; = = = 0.667
We know, Slip factor (o) U, 6126105
6. (a)

Given: o =25% N; =240 rpm; m = 75 kg; k =150 mm; T =320 Nm; 0 = 45°;
NZmax - NZmin =24 pPm

Let suffix ‘1" and ‘2’ denotes driving and driven shaft respectively.

Now, maximum and minimum speed of driven shaft

N; 240

= = =264.81
Zmax  cosor  €0$25° P Ans.
N, i = Njcoso = 240 cos25° = 217.5 rpm Ans.

Velocity ratio is unity when,

tan® = ++/coso = +/c0s25° = +0.952

or 0 = 43.59°, 223.6° or 316.4°, 136.4° Ans.
Now, o, = % = 2513 rad/s

Angular acceleration, at 6 = 45°
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2 2

—®7 cososin” o.sin 20
&= (1- cos? 9sin? oc)2

—(25.13)? c0s25°sin 25°sin 90°
%27 (1 - cos? 45°sin? 25°)?

o, = -123.25 rad/s?
Torque required for retardation of the driven shaft,

AT = I,o,

AT = mk?* x o,

AT =72 % 0.15% x (-123.25)

=-199.66 Nm
Total torque required on the driven shaft
T3= Thean T AT

=320 -199.6
=120.33 Nm

®5 coso.
— = T2 X 5

07 1— cos? 0sin? o

Torque at driving shaft, T, =Ty

cos25°

1 - cos? 45°sin? 25°

= 120.33 x

T, = 119.75 Nm Ans.

Now, for maximum variation in speed,

NZmax_NZmin _ 1—COSZOC [N -N :|
szeun cosa. : 2mean 1
or 24 _1- cosZ o
240 CoSs O
cos?o, + 0.1cosa =1
On solving, o =17.96° Ans.
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6.

(b)
Given : Nozzle angle (o) = 22°, Entrance velocity (V,) = 1200 m/s; Peripheral velocity
(u) =350m/s

(i) As given in question

Blades are symmetrical (B, = B,)

No friction effect (Vrz = Vrl)

So, from inlet velocity triangle
Vi, =V, cosoy

= 1200 cos (22°)
=1112.62 m/s

Vi = Vpsinoy =1200sin(22°) = 449.527 m/s

Vi 449527
tanf, =y "y T 1112.62-350
VNZ

or B, =30.5173° = B, Velocity diagram
and Vy sinpy = Vg

) Vo VA _ 449527
o1, " " sinB; sin(30.5173°)
or, V, =885.246m/s ="V,

From exit velocity triangle,

Viy = Vi, cos(By) ~

2
sz = 885.246 cos(30.5173°) - 350
or, Vi, =412.6187 m/s

Vs

, = V,, sin(B,) = 885.2465in(30.5173)

or, Vi, =449.5264 m/s

Tangential thrust (F,) = 11X (le + Ve, )

0.85(1112.62 + 412.6187)
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or, F,=1296.452 N Ans.
Diagram power (P) = F, x u = 1296.452 x 350
= 453.7585 kW Ans.
453.7585 % 10°

Diagram efficiency = 7
5 %085 12002

Np = 0.74143 = 74.143% Ans.
Axial thrust =0 Ans.

(i)
Given : k =0.88; V,, =0.88V,
or, Vy, =0.88 x 885.246 = 779.0164 m/s
Vi, =V, cos(Ba)—u
Vi, =779.0164 co0s(30.5173°) - 350
or Vi, =321.1039 m/s
sz =V, sin(B,)
= 779.0164 5in(30.5173°)

or, Vi, =395.5838 m/s

Axial thrust (F)) = 17'1(er1 - sz)
= 0.85(449.527 - 395.5838)
or, F =45.852N Ans.
Diagram power = M(le + Vo, )u

P’ =0.85 (1112.62 + 321.1039) x 350
P’ =426.532 kW Ans.

Diagram efficiency, np = 0.6969 = 69.69 % Ans.

ocCopyright: [MADE ERSY www.madeeasy.in



MADE EASY Test No : 5 MECHANICAL ENGINEERING | 41

6.

(©)
Given : n =10; d = 20 mm; 7, = 250 N/mm?; ¢, = 0.2; D =1.5; 1 = 0.9; 6 = 6 N/mm?
p = 7500 kg/m?>; b =2t
Maximum shear force required /punching
F .= T, % Tdt
=250 x t x 20 x 30
=471238.89 N

Energy required per punching or stroke,

E = Fm% x Thickness of plate
= 471238.89 < 0.03
E, . = 7068.58 Nm
Energy required per second = E, |, X Number of strokes per second
10

= 7068.58 x w0 1178.097 Nm/s

Energy required per second
n

Power of the motor, P =

_ 1178.097 _ 1309 Nm/s Ans.

As the actual punching is done in of a cycle, the energy is stored in the flywheel

10th

9
during the To®™ of the cycle.

Maximum fluctuation of energy,
Ae_ .. = Energy stored in flywheel per stroke
=7068.58 x 0.9
= 6361.72 Nm

Since the hub and the spokes of the flywheel delivers 10% of the rotational inertia of the
wheel, maximum fluctuation of energy provided by rim,

Ae. =6361.72 x 0.9 =57255 Nm
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Mean angular speed of the flywheel,

2n(10x 15
. 2n(10x15)

=15.7 rad/sec
60

Now, Ae, = Iwzcs

5725.5=1x%15.72 % 0.2
[=116.14 kg/m?

D 2
or m X (E) =116.14
116.14
= =206.47 k
M= 0752 5

Density x Volume = 206.47 kg
7500 x © x 1.5 x t x 2t = 206.47
t=0.054 m
b=2t=0.108 m

or t=54 mm, b =108 mm

7. (a

Ans.

The constants can be evaluated subject to the following compatibility (boundary)

conditions:
*At the wall surface, y=0and u =0
0=asin(b x 0) + c;
and this gives c =0
Thus, u = asin(by)
*At the outer edge of boundary layer (y = )

u
u = U, (free stream velocity) and M -0

The application of these boundary conditions gives:
U, = asin(bo)

)
dy ys =abcos(bd) =0
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From the equalities (ii) and (iii)

Uy
beos(b8) =
sin(ps) < cos(t0) =0

Uyb cot (b3) = 0
A look at expression (i) would show that constant b cannot be equal to zero because that
will make velocity zero at every cross-section throughout the boundary layer region.

Obviously then,

cot (b 8) = 0; b = g; h=—

LIO = asin[(%) X 8] = asing =a

Substituting these values of constants a2 and b in expression (i), we obtain the velocity

Then from expression (ii),

profile as:
u= U sin(ﬂ)
26

Inserting the given velocity function into the momentum integral equation:

Ty = pUj g—g
o2 ?(1—L]Ldyjl
o 2 Uy Uy
2 d e . (my . (my
- {f1-n(33) (3
2 d & y S, Ty
= pUOa— E[mn(——)dy—‘([sm (Eg)dyjl
Making the substitution,
o 1-cos20
sin“0 = s we get

20 2 Ty 18 Ty
1, = PUp 8_x|i'([ sm(Eg) dy — E-([{l - (cos?)}dy]
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98
= 0.137pU% = i
p o (i)

At the solid surface, Newton’s of law of viscosity gives:

ou d . ny)
w2 =pZuysin 22
wools) a3

- 1571 (i)
0
Equating the expressions (i) and (ii) for wall shear stress,

0.137pu§§—8 - 1.57“—1810
X

and this can be written in the differential form as

505 = 11.46——ax
ply
Since § is a function of x only, integration yields
2
O 1146 4c
2 pUo

The integration constant is obtained from the boundary condition : 6 = 0 at x = 0, and
that gives C = 0. Therefore,

52

o _ 1146

2 pUy

LY

or §2=2292——
pUy

This can be expressed in the non-dimensional form as

S _ oo |-H
X xpUy
479

~ JRe,
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xpUy

where Re, = is the Reynolds number based on distance x from the leading edge.

(b) Shear stress and the local skin friction coefficient : An estimate of the wall shear
stress can be made by substituting the value of boundary layer thickness in the expression

for wall shear stress

_ HUO _ 157HUO
To = 1.57 §  4.79%
Re,
2
pUp o 0.655
2 Re,
In the non-dimensional form,
T 0.655
1 .27 [Re
ol X
ZP 0
0.655

or C 5= [Re,
where C, (ratio of local wall shear stress to the dynamic pressure of uniform flow stream)

is the local skin friction (drag) coefficient.

(c) Drag force and the drag coefficient: The total drag on the one side of the plate with
width b and length [ is given by:

l
Total drag force, F, = ITob dx
0

) 2
_ quo y 0.655 bax
0 2 JRe,
2 l
_ Ui 0655, dv
2 pU, o VX
u
2 2
_ puo % 1.31 <bl = puo % 1.31 < bl
pllol JRel
u
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pUy!

where Re; = is the Reynolds number based on total length I of the plate. The

total drag force F|, can be expressed in the drag coefficient C,, dynamic head of

2
undisturbed flow stream pUy and the area of plate.

2
F,= Cp X%XArea
For the flow configuration under investigation, A = bl

1.31

CD - ‘/Rel

7. (b)

Refer figure as shown below,

S
Aﬁ :
mg Lower mg -
2 Position 2 Top position
Now, N, =15(N,-N,)
N;+N
or — 2 =15(N,-N,)
240+ N,
5 - 15 (N, - 240)
240 + N, = 30 (N, - 240)
240 + N, = 30N, - 7200
N, =256.5 rpm
Angle turned by bell crank level between two extreme positions
A GG
b a
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@ _ C1 +C2
o 80 100
o ¢, + (=625 mm
But C,=r-r,=120-100 = 20 mm

C, =425 mm

r,=r+C, =120 + 425 =162.5 mm

®, = % =25.13 rad/s

In the extreme positions,
F,-b
mrwia; = —512 ! +mgCy

;= y100 — 20 = 97.98 mm
b, = V80 = 25% =76 mm =D,

ay = \100% — 42.5% = 90.52 mm

At lower position,

F, x0.076

5% 0.1 x 25.13? x 0.09798 = +5%9.81x0.02

30.93 = K, %< 0.038 +0.981

F,, =788.13N
oy 2 F52' bl
At upper position,  mMnRWA; = 5 -mgC,
F, x0.076
5 x 0.1625 x 26.86 x 0.09052 = —2————9.81x5x0.0425

53.06 = K, x0.038 —2.084

F, =1451.95N

AF,  1451.95-788.13
50

Spring stiffness, s =

s=13.26 N/mm

M=0,f=0]
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Initial compression = Fi _ 78813
P s 1326
x; = 59.43 mm
Now, at mid position of sleeve
F =F +25xs
F, =788.13 + 25 x 13.261
F =1119.65N
At the mid position, considering friction,
mrw%a = %(FS +f)b
) (1119.65 + 130) x 0.08
5x012xw] x0.1 = >
w% = 833.103
= o, = 28.86 rad/s
1
Also, mrw%a = E(FS —f)b

(1119.65 — 130) x 0.08

5><0.12><(o% x0.1

2
w3 = 659.767
®, = 25.686 rad/s
- w = 245.282 rpm
and 1= % = 275.592 rpm
Alteration of speed = N, - N,
= 275.592 - 245.282
= 30.31 rpm
7. ()

@)
The fact of obtaining very high pressure ratios of about 8 to 10 by ram compression has

made it possible to design a jet engine without a mechanical compressor. A deceleration
of the air from Mach number 3 at diffusion inlet to Mach number 0.3 in combustion
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chamber would cause pressure ratio of more than 30. Due to shock and other losses
inevitable at such velocities, all of this pressure rise is not available; still whatever we
get is more than sufficient for raising the air pressure to the required combustion pressure.
This principle of ram pressure rise is used in the ramjet engines. The ram pressure rise
can be achieved in diffusers.

It may be noted that the simplest type of air breathing engine is the ramjet engine and a
simplified sketch of the engine is illustrated in figure.

The engine consists of

(i) supersonic diffusion (1 - 2),

(ii) subsonic diffuser section (2 - 3),
(iii) combustion chamber (3 - 4), and
(

iv) discharge nozzle section (4-5).

Air inlet and
supersonic ~ Subsonic
diffuser diffuser Combustor Nozzle
~—F
B
D— A, iy * 1y
D — c
i— P,
B
Oblique 3 . ‘
shock 2 Normal ¥ 4 5
shock
Central body housing accessories
Ramjet Engine

Both supersonic and subsonic diffusers convert the kinetic energy of the entering
air into pressure rise. This energy transformation is called ram effect and the pressure
rise is called ram pressure. The principle of operation is as follows:

Air from the atmosphere enters the engine at a very high speed and its velocity
gets reduced first in the supersonic diffuser, thereby its static pressure increases.
The air then enters the subsonic diffuser wherein it is compressed further.

ocCopyright: [MADE ERSY www.madeeasy.in



50 | ESE 2023: MAINS TEST SERIES MADE ERSYH

Afterwards, the air flows into the combustion chamber, the fuel is injected by suitable

injectors and mixed with the unburnt air. The air is heated to a temperature of the
order of 1500 - 2000 K by the continuous combustion of fuel. The fresh supply of
air to the diffuser builds up pressure at the diffuser end so that these gases cannot
expand towards the diffuser. Instead, the gases are made to expand in the
combustion chamber towards the tail pipe. Further, they are allowed to expand in
the exhaust nozzle section. The products will leave the engine with a speed
exceeding that of the entering air. Because of the rate of increase in the momentum
of the work fluid, a thrust, F, is developed in the direction of flight.

Advantages of Ramjet:

*  Ramjet is very simple and does not have any moving part. It is very cheap to
produce and requires almost no maintenance.

*  Due to the fact that a turbine is not used to drive the mechanical compressor,
the maximum temperature which can be allowed in ramjet is very high, about
2000°C as compared to about 900°C in turbojets. This allows a greater thrust
to be obtained by burning fuel at air-fuel ratio of about 13 : 1, which gives
higher temperatures.

*  The specific fuel consumption is better than other gas turbine power plants at
high speed and high altitudes.

*  Theoretically, there seems to be no upper limit to the flight speed of the ramjet.

Disadvantages of Ramjet:

*  Since the compression of air is obtained by virtue of its speed relative to the
engine, the take-off thrust is zero and it is not possible to start a ramjet without
an external launching device.

*  The engine heavily relies on the diffuser and it is very difficult to design a
diffuser which will give good pressure recovery over a wide range of speeds.

*  Due to high air speed, the combustion chamber requires flame holder to
stabilize the combustion.

Basic Characteristics and Applications:
The basic characteristics of the ramjet engine can be summarized as follows:

* Itisasimple engine and should be adaptable for mass production at relatively
low cost.

* It is independent of fuel technology and a wide range of liquids, and even
solid fuels can be used.
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*  Its fuel consumption is comparatively very large for its application in aircraft

propulsion or in missiles at low and moderate speeds.

* Its fuel consumption decreases with flight speed and approaches reasonable

values when the flight Mach number is between 2 and 5 and therefore, it is

suitable for propelling supersonic missiles.

Due to its high thrust at high operational speed, it is widely used in high-speed military

aircrafts and missiles. Subsonic ramjets are used in target weapons, in conjunction with

turbojets or rockets for getting the starting torque.

(ii)

Given: Air inlet velocity (C)) = 275 m/s; Air inlet temperature = 290 K; Air inlet pressure

=1 bar; Mass flow rate (ma) =35 kg/s; Temperature after compression =190°C = 463 K;

Temperature at entry of turbine (T;) = 920°C = 1193 K; Temperature at exit of turbine
(T, = 715°C = 988 K; Compressor pressure ratio (rp) = 4; Nozzle efficiency (n,) = 0.92

T

For process 02 - 01

2901, ,10.286

or 463 - 290 = —[(4) - 1]
Ne

or, M. = 0.8156 = 81.56%

1, (Cp air (TOZ =T )

Compressor work ()

35 x 1.005 (463 - 290)
= 6085.275 kW

We

Ans.

Ans.
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For process 03-04

1
Tos = Toy = Mrlos| 1 - ——337

(r,) 133

where r, = pressure ratio across turbine; . =1, = 0.8156 (given)

1
So, 1193 - 988 = 1193 x 0.8156[1 - W}
t
or, r,=2.59
Pys 4
—2 = =1.5407
then 4= 7, 259

For process 04 - 5

Yg_l
I3 (ﬁ) s
Toa Pos
033
1 Y133
/! = 988 x = 887.524 K
ot T5 (1.5407)
Tos —T5
We know, n,= Toy — T2
00y 88T
ot 727 988 - 887.524
or, T =895.562 K
Hence,
Exit velocity of nozzle, c, = \/2 X (Cp)gas X (T04 - T5)
or, ¢, = /2 x 1147 x (988 — 895.562)

=460.4918 m/s

Thrust developed (F) = ritg (e = ¢;)
F =35(460.4918 - 275)
F=6492.216 N

Ans.

Ans.
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8. (a)
Given:m=5kg; L =1m;d =0.02m; e = 0.0025 m; c = 50 N-sec/m; N = 320 rpmy;
E=1.5x 10" N/m?

T 4 T 4
= —d*=—x0.02
For shaft, I ol ol

1=7.85 %107 m*

WIS 5%9.81x1°
48E]  48x1.5x10' x7.85%10~°

Static deflection, A =
A=8.67x10"*m

. g 9.81
Critical speed, ®, = A = W

o, =106.32rad/s
k = mw? =5x106.32>
k =56519.7 N/m

or

2nN _ 2mx 320
Angular speed of shaft, ® = 20 - 0 33.5rad/s
o 335
Frequency ratio, r = "= = 73035 = 0.315
1 .
) ¢ 50
Damping factor, 4 = 5 7 = 5% J56519.7 x 5
€=0.047
Steady state amplitude is given by,
A= rle
) 2)? 2
(1-72) +(2¢)
A= 0.315% x 0.0025

2
\/(1 ~0315%) +(2x0.047 x0.315)°

A=275%x10"%m

Dynamic load on the bearings
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Fp= AV + %0

F, = 275x107/(56519.7) + (50 x 33.5)>

=15.56 N
Dead load on shaft, w = mg =5 x 9.81
w =49.056 N
Total maximum load on the shaft,
F =15.56 + 49.05
=64.61 N
Maximum bending moment on shaft,

M= %L - 764'2 X1 _ 1615 Nm

Maximum stress under dynamic conditions,
32M  32x16.15
Omax = md®  mx(0.02)°
6. =20.56 MPa

max

The maximum stress under dead load condition

8wL
(Gmax)dead load — TCd3

8x49.05x1
T nx0.02°
Damping torque, T = Damping force x Amplitude
= CoA x A = CoA?
=50 x 33.5 x (2.75 x 107%)?
=1.267 x 10** Nm
Power required to drive the shaft,
P=Tw
=1.267 x 10* x 33.5
=424 x 10° W

=15.61 MPa

Ans.

Ans.
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8. (b)
Given : Stagnation temperature rise (AT,) = 20 K; Rotational speed (N) = 5000 rpm; Work
done factor (F) = 0.92; Hub-tip ratio = 0.7; Isentropic efficiency (n,) = 0.87; Ambient

pressure (P,,) =1 bar; Ambient temperature (Ty,) = 290 K; Inlet velocity (V;) =160 m/s;
Mach number (M,) = 0.9

T
0z 92
01
S
We know, T,=Tn - %
T,=290- 2(16103(2)5 =277.263 K
V,, = My JYRT; = 0.9v1.4x 287 x 277.263
=300.395 m/s
Assuming axial inlet
V=V, h
e Vi, —
e— U — l u l
Inlet velocity triangle Exit velocity triangle
From inlet velocity triangle:
vV, 160
cosP, =y, 300395
or, B, =57.816°
U=V, sinBy =300.395 x sin(57.816)
or, U=254.238 m/s
We know,
Work input = ¢, AT = FUV, (tanp, - tanf,)
cp AT
or, tanP, - tanf3, = Fuv,
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_ tan(57.816) — — 1000 % 20
0.92 x254.238 x 160
or, tanf3, = 1.051866
B, = 46.4479° Ans.
For process 1 - 01
p,= 35 = 55 = 0.85453 bar
Ty, ) ( 290 ) '
T, 277.263
P, 0.85463x10° 3
= = =1.07387 k
and P17 RT, ~ 287x277.263 g/m
Radi ttio (R ) = 60xU 60 x254.238
adius at tip (Rip) = =N~ = 225000
or Ry, = 0.48556 m
So, Radius at root (R, ) = 0.7 x 0.48556 = 0.3398 m

Mean radius (R ) = %(0.48556 +0.3398) = 0.412725 m

Blade height, h= Rtjp - Rroot

=(0.48556 - 0.3398 = 0.14576 m
Mass flow entering the stage (11) =p x2nx R_xh x Vg

or m =1.07387 x 21t x 0.412725 x 0.14576 x 160

M = 64.94574 kg /sec
For process 01 - 02’

-1
Toy Rt
— =) (i
Ty ( P) @)
Tor = Ton 3
and N = T, Ty, ...(ii)

From (i) and (ii)

v
14 N:AT; Jy—l

Tox

Stagnation pressure ratio, r,= (

3.5
0.87 x 20
=|1+—— =1.22622
or, r, ( 290 )
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Input power = rhcpATs = 64.94574 x 1.005 x 20 = 1305.409 kW

Rotor air angle at root section,

21X Ry XN 21x0.3398 % 5000

uroot 60 60
or, root = 177.9188 m/s
177.9188
then, tanBi = T =1.11199
or, B1 = 48.0353°
anp cpATg
t ’ = n ’ _
Bz = A U <
111199 1005 % 20
0.92x177.9188 x 160
B5> =19.009° Ans.
8. ()
The kinetic energy of the barrel must be equal to the potential energy of the spring so,
1. mi> = 1 kx?
2 2
2 _ k23500015
m 500

o x =3252m/s ..Ans (i)
Critical damping coefficient, c. = 2./km

= 2x+/235000 x 500

=21679.5 N-s/m ...Ans (i)

235000
Natural frequency, ®, = ,/ 00 - 21.68 rad/s

2 2%

a

Ti iod, T=——= =0.29 sec
ime perio ©, 2168
T 0.29
Time for recoil, t, = 1 = 4 =0.072 sec
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For critical damping, the displacement is given as,
x = (Ag + Apt)e !
The initial conditions are given as,

Att=0,x=15 x=0

A =15
Now, x=A,-Ajo, att=0,
or 0=A,-15x21.68
A,=3252

So, the equation of motion can be written as,

x = (1.5+32.52¢)¢ 168!

At x = 0.05, we have
0.05 = (1.5 + 32.52t)¢2168¢

On solving, we get

t, = 0.24 sec
Total time = ¢, + ¢,
=(0.072 +0.24
= (0.31 sec
x(m)
0.072 | 0.24 |
15 | |
C1;itica1
Undamped
=0
0.05 |
0 t(sec)
Q000
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