MECHANICAL SCIENCE—2009
- Group — A
" (Multiple Choice Qnestlons)

1. Choose the correct altematlves of the following : - 10x1

(i) A perpetual motion machine is DR ‘ ‘
" (a) a thermodynamic machine  (b) a non-thermodynantic machine (c) a real machine

(d)a hypothetical machine whose operation would vrolate the laws of thermodynamics

(i) A thermodynamxc system may be defined as a quantxty of matter upon which attention-
- is focused for study if

(a) it is only bounded by real surface (b) ‘the boundary surface is constant in shape and

volume (c) it is not bounded by an imaginary surface (d) it is bounded by either real

surface or 1magmary surface, irrespective of shape or voulme

(iii) The expressron» I Pdv may be applied for obtammg work 0os - , '

(a) non-flow reversible process (b) steady flow reversible process (c) steady ﬂow non-

reversible process (d) steady flow adxabatxe»revermble process

(w) +The gas constant (R) is equal to the

(a) sum of two specific heats - (b) difference of two spec:ﬁc heats
(c) product of two specific heats : (d) none of these -

(v) A carnot cycle operates between the- temperature of 1000 K and 500 K. Then the effi-

ciency of the cycle is

(a) 50% (b) more then 50% (c)'iess than 50% ‘ (d) none of these

(vi) Ina reversible cycle, the entropy of the system s '
(a) increases : - (b) decreases
(¢) does not change - - (d) depends on the properties of workmg substances

(vii) The latent heat of vaporization at critical point is

(a) less than zero ~ (b) greater | than zero (c) equal to zero (d) all of these

(viii)- The work output of the theoretical Otto cycle

(a) increases with .increase in compression rat:o (b) i increases .wuh increase in pressure
ratio  (c) increases with increase in adiabatic index'y (d) follows all of these

- (ix) Atmospherlc pressure. is

(a) Gauge pressure-Absoluté pressure . (b) Absolu'te preséure—Gauge pressue
(c) Absolute pressue-Vacuum pressure  (d) Gauge pres;,ure-Vac_qum pressure

X A differential manometer is used for measuring the

(a) pressure at a point -+,  (b)velocity at a pomt -

- (c) difference of pressure at two points (d) discharge

240

o agl g

I P Y



WBUT (MECHANICAL SCIENCE) QUESTIONS——ZOOQ ' 241

(xi) Reynolds number is expressed as

: 20y ‘ 2 L 2542
pVD VD Vp“D VD
O O @@= @
(xii) During the thrott]mg process : R .
(a) internal energy does not change _ ) pressure does not change
(c) entropy does not change (d) enthalpy does not change

Ans @d; (n) d; (m) a; (rv) b; (v) a;(vijc; (vu) c; (vm) d;(x)b;X)c; (xr) a ; (xii) d

*~Group-B
(Sh’ort Answer Type Questions)
. Answer any three Questions

2; (a) What is the quality of wet stream"
(h) ‘What is the difference between a refngerator and a heat pump" Establish the
" relation : COPyp = COPp+1. 243
Ans. () Quality or dryness fractlon is defined as the ratlo of mass of saturated vapour to
the total mass of the mixture. . That i is, .

«

*  mass of saturated vapour m,  m
total mass of mixture m mg+m, .

* where m = total mass of liquid-vapour mixture
mf = mass of saturated liquid
m, = mass of saturated vapour

" Ans; (b) The transfer of heat from a low temperature medrum toa high temperature me-
dium requires speial devices called refngerators and heat pumps.
_ Refrigerators and heat pumps are simply heat engines’ operated in the reverse dnrectlon

A heat pump is a device which works on a cycle, maintains temperature of a body whlch is
more than the temperature of surroundings. -

' The objective of a refrigerator is to maintain the reftigerated space at a low temperature by
reoving heat from-it. A refngerator operates between the ambient temperature and a low tem-
perature : :

The objective of a heat pump is to reject - heat to a high temperature body. A heat pump
operates between the ambient temperature and a high temperature. )

3. Prove that entropy change for an ldeal gas

‘ : P, Vv, )
jds=mC Inf = |+mC In—=%| =
LY Pl . Y Vl ‘ .
~ Ans. For an ideal gas, dh = Cp dT, P RT and du C,dT -

PR
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The characteristic gas constant R = €, —C,
‘From the property of thermodynamic relation, we can write—
Tds = dh - vdP
dh vdP dT dP

o L e e L
2O T R p

Integrating between any two states 1 and 2 for an ideal gas
: .

T Py T P,
ds=|CpInT- RInP =CpIn—=-=R1 =Cp In—=-(Cp-C,,)In—=
_][ [Cp ]1 pln R Gl -(Cp-Cy) P

—cplnl-l+c it =Cp 2 +Cy, In—2 B2
TiPy Pl Vi P

4. A 0.025 m3 vessel contains 0.3 kg of steam at 2 MPa. Determine the quallty and

enthalpy of steam. Given t, = 212.2°C, v, = 0.001177 m 3/kg, v, = 0.0995 m3/kg, hy =
908.5 kJ/kg, hfg = 1888.7 kJr‘kg, 8p=2.447 kJ/kg-K, Sgg = 3 590g kJ/kg-K. 5
Soln. : Specific volume of the stea
_V_0.-025

=—=0-083 m’/k
o = D3 m’/kg

Let x be the quality of the steam.
v=vpt x(vg - Vy)
The specific enthalpy of the wet steam
h = hf + x(h, — hp) =908:5 + (0-8322)(1888-7) = 2480-28 kl/kg
5. State and prove Pascal’s law of pressure at a point of a fluid body.
Ans. Pascal’s law states that pressure (or intensity of pressure) at a point in a static fluid is
- equal in magnitude in all directions.
It, let a small wedge shaped fluid element of unit length in equilibrium be considered. The
. mean pressures at the three surfaces are P,, P, and P,. The forcés acting on the element are
pressure forces on the surfaces and the grawty forces The force acting on the surface is the
product of the mean pressure and the surface area.

z

A \ P Al
Al
P Ax b
Ax
A
«—X : >
12pgAxAd  AX

P Ax
» X
Figure. Static equilibrium of a fluid element.
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From Nowton’s second law, a corce balance in the x and z directions gives

Y FJ=0

P Az —P_Isin6 =0
DB =0

1
P,Az - P lcos6 — EpgAxAzh =0

Az : ' : .
where p is the density and pgéif-;— is the weight of the fluid element. From the Figure,

(right angle triangle) Ax = lcosd and Az = Isin®.
Substituting these in equaitons.
PK — PI‘I = 0
P, =P

Pe=P — zlpgAz =0
The last term of the equaiton drops out as Az — 0 and the wedge becomes infinitesimal
and thus the fluid element shrinks to a point.
Then from equations, P, =P, =P =P '
We can repeat the analysis for an element in the y — z plane and obtain a similar result.
Thus, the pressure at a point in a fluid has the same magnitude in all directions.
6. (a) State Newton laws of viscosity.
(b) A large plate moves with a speed Vv Over a stationary plate on a layer of oil. If
the velocity profile is that of a parabola (as shown in figure) with oil at the

plate having the velocity as the plates, what is the shear stress on the moving
_plate from the oil? 4

Linear profile

Y

Soln. : (a) Newton’s law of viscosity states that for a well-ordered flow whereby fluid
particles move in straight, parallel lines (parallel flow). Newton’s law of viscosity states that
for certain fluids, called Newtonian fluids, the shear stress (7) on an interface tangent to the
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' du
_dlrectton of ﬂow is propomonal o the distance rate of change of veloc1ty ( yJ where the

dni’fen entiation is taken in a direction normal dy to the mterface
. Mathematically, Newton’s law of viscosity can be expressed as

du

ToC— .
dy

fp ‘
de

where, the constant of proportionality p is known as the v15cos:ty coefficient or simply the

viscosity which is the property of the fluid and depends on its state. Common fluids, such as
. water, air, mercury obey Newton’s law of viscosity and are known as Newtonian fluids.
. Soln. : (b) Let the equation of the velocity profile (parabohc) be
u=Ay?+By+C

where A, B and C are constants and their values are determmed«from bcundary condmons

Boundary conditions are ‘

(Hu= f- Oaty=0

(iJu=vgaty=d

.. du '
'(iii)’——='0aty=d

From (i), 0 A(O) + B(O) + C

= Ad? + Bd
From (i), S~ =2Ay+B L
“From (ii) _dy | | - ‘
N 2v
After solvmg the above equatnons, ‘we get A = —a—‘ and B= 1
oo , o L2V | Cdu. 2V 2v
'The velocity profile becomes u : \ 'g—g-yz +2~£~9y o, Eg: ——d—zg-y + «La"— ’

du -
 Velocity. gradlent ‘a}—, =-240y + 24

Shear stress on the moving plate from the 011 is given by
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7. fa) Prove that where, PV'= mRT where P = pressare, V volume of m mass of gas,
o T = temperature, R = characteristic gas constant. : 4
- (b) Wnte down- the sigmﬁcance of the umversal gas censtant (R )y and ‘prove that

R .
R= ~—ﬁ~, where M molecular welght of the substance Co C 244

(c) When 0.1421 kg . of a gas is heated from 27°C to 27°C itis observed that the gas

' requires 202 kJ of heat at constant pressure. and 142 kJ of heat at constant
_volume. Find the adlabatic charactenstlc of gas constant and molecular weight
,ofthegas,, L o : . e _ 5

Ans. (@) For an ideal gas P V=R T..........(1)
" ‘When Rm is the universal gas constant, 3 is the volume per unit mole
-SinceV is the total volume and n is the number of moles of the gas.

~ oV )
Lnv=V o3 v= - nseennenn2)
" From (1), we can Gvrité'—

PV IR

—=Rn RpT = PV=nRT .......... eei(3)
If M is the molecular mass and m is the total mass of the-gas then—

-m- . -
nN=— e
ed5)

- From (3) PV = ";nZRmT = mﬁ"—T =mRT [-%I‘ﬂ =R, R is characteristic gas constant].

Ans. (b) The universal gas constant is the same for all gases. 1 kg mole of all gases
occupy the smae volume and the volume of 1 kg mole of all gases at NTP (273- 115k and
1:0132 per) is 224146 m3.

Ans. (¢) Given -

‘m=0-1421 kg
T; =27°C :
T,=127°C - .
., mCp(T, ~ 1) 202 kJ
or, (0-1421) CP (127 -27) = 202 kJ or, Cp = = 142153 kJ/kg°C
- Again, mC, (T, - T,) = 142 kJ (given) or, (0-1421) C,(127-27)= - 142 kJ
cor,Cy =9 993 kJ/kg®C SRR
Characteristic gas constant, R = C;, - Cv = 14 2153 - 9:993 = 4 2223 kJ/kg"C

R 83143
1 Ms—=——=1.96 k /
- Molecular welght R 15 9 kg / kgmol
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8. (a) What is steady flow. process? Write the steady-flow energy- equatlon for a
single stream entering and a single stream leaving a control volume and ex-
plain the various terms in it. Calculate work done from SFEE for turbme

(b) A turbine operates under steady flow condition and recelvmg at the followmg
' ‘conditions :
Pressure = 1.2 MPa, Temperature = 188°C Enthalpy 2785 lekg, veloclty =
33.3 m/s and elevation = 3m.
‘Steam leaves the ‘turbine at the following state :

P =20 kPa, V = 20 kPa, V = 100 m/s, enthalpy = 2512 kakg and ‘héat lost to-

the surrounding at the rate 0.29 kJ/sec and the rate of steam flow through the
turbine is 0.42 kg/sec. What is the power output of the turbine in kW? - 8

Auns. () A-steady flow is defined for a control volume as that type of flow in which the
‘thermodynamic properties at a given position within or at the boundaries of the control
volume are invariant with time. The properties inclide temperature, pressure, density, internal
energy as well as velocity and acceleration of the flow stream. However, in a steady flow
process, the state of the fluid can change as it passes through the control volume. ,
~ The steady flow energy equation for a single stream entering and a single stre“am leaving a
control volume can be written as

4 V2 . * Vz - ) .
m “1+P1V1+‘21—+gzn +Q=m| u, +P,v, +—2- S+ +W

Where
., M = mass flow rate at inlet
, = mass flow rate at outlet

u, = specific internal energy of fluid stream at inlet
u, = specific internal energ& of fluid stream at outlet
P,v, = specific flow work done on the control volume by the entering fluid
) sz2 = specific flow work done by the control volume on the leaving fluid
' = velocity of fluid stream at inlet
‘ V2 velocity of fluid stream at outlet
vl = specific volume of fluid at inlet
= specific volume of fluid at outlet
Q = rate of heat added to the control volume
W = rate of work done by the control volume durmg the same time.
" Ans. (b) Mass flow rate = 0-42 kg/s

h1 =2785 ki/kg
V, =333 m/s

.»*4;‘
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Z,=3m

h, = 2512 ki/kg
V, =100 m/s
Z,=0m

Rate of heat transfer = — 0-42 x 0-29 x 103 J/s
v 2 'V 2 .
m(hl +—£— +8Z, [+Q=ml h, +—;——+gz_:2}+ws

3332

0-42[2?ss:<103+ +9.s|]-0-42x-o-29x103

2
“ =0-42[2412 x10° +%+o]+ws

Ws =112683-4 J/s = 112:68 kW.
9. (a) Derive an expression for continuity equation for a three-dimensional steady in-
compressible flow.
(b) A jet of water from a 25-mm diameter nozzle is directed vertically upwards,
assuming that jet remains steady and neglecting any los of energy. What will be

the diameter at a point 45 m above the nozzle, if the velocity with which jet
leaves the nozzle is 12 m/s?

Jet of water

25-_rnm dia

A
—_— A

]\
I

(¢) The velocity vector for a 2D incompressible flow field is given by

1
i
! 4.5m
]
i
!

[ —

i+ i ; ¢ b
= yz 2 + yz . State whether the flow is continuous or discontinuous. 5

Ans. (a) A rectangular parallelepiped with sides dx, dy and dz in the x, y and z directions,
respectively, is considered as the control volume in three-dimensional Cartesian coordinates.

Let hte fluid enter through the surface ABCD (normal to the x-axis) with a velocity u and
a density p. Rate of Rate of mass inflow through the surface ABCD (normal to x axis) =
pudydz



248 WBUT SOLVED BOOK
y 9 T F
pudydz A : k I _/—'[PW+%(pw)dz]dxdy

‘M-“"'N.P

-

P [pu - %(pu)dx]dydz

X
ol
2 pwdxdy /D C AH Y
s >
; pvdxdz >
Rate of mass outflow through the surface EFGH (normal to x axis) = [PU +a(pu)dx]dydz

dy

' ad
Net rate of mass outflow in x direction = a(pﬂ) dxdydz

Similariy,

0
Net rate of mass outflow in y direction = E(PV) dxdydz

a0
Net rate of mass outflow in z direction = E(QW) dxdydz

Therefore, total net rate of mass outflow in x, y and z direction

= I:%(pu) + %(pv) + %(pw)]dxdydz

The effect of mass loss in Eq (0.1) is to cause the time rate of decrease of mass encom-
passes by he volume.

0 - .
Since Btg is the rate of change of mass density, the rate of change of mass in control

5
2 dxdydz.

ot
Therefore, according to the principle of conservation of mass,
Total net rate of mass outflow in x, y andz direction = rate of change of mass in control
volume -

volume =—

{;;(Pu)%(m) * %(PW)]dxdydx = -%F:-dxdydz

[§ + %(pu)gg(pu) + %(pw)]dxdydx =0

Since the volume of control volume can not be zero, the above equation, becomes

% +Ei—(pu) + %(pv) - %(pw) =0
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Equatlon ( 2) is known as continuity. equation.

P+ 2 (pu)+ (pv)+§z<pw) 0

;ygi)+uaax+v§,+waz p[8x+ax+%¥]=(_)
Dp, [ou, dv, ow |

Dt“’[ax ax‘“ax] °
- 1Dp_ du ov  ow
Vln‘th+6x+6x+8x*0

LE

' 1. Dp
For, mcompressrb!e flow, the rate of volumetric dilation per umt volume (**) of a fluid

element i m motion is zero. Then the above equatxon becomes
ou_ dv ow
—F = 0
Equatlon 13 6) can be written in a vector form as A, V‘ 0.

_ Ans. (b) Let the nozzle exit and the point 4-5 m above the nozzle be desxgnated by pomt
1, and 2 respectwely, as shown in Flg

7 D iaméter at nezzle D | = 25 mm = 0-025 m _
Velocity of jet at the exit of the nozzle V, = 12 m/s

_ Let the diameter of the _|et at a point 4-5 m above nozzle be D2 and veloctty of jet at point
2 be V2 m/s

Considering the motion of the Jet from the exit of the nozzle to point 2, we have V22 =
V 2 2gh : L S '
~ where. h is the dlstance between pomt 1 and 2 (here h 4 5 m)

 Putting the values of V; and h, we get V,2 = 122 —2 x 9-81 x 4 s or, V, =746 m/s |

Applying the continuity equatlons between the exit of the. nbzzle and the pomt 2 we have
A Vl A,V,

7-46

Ans. (c) The contlmulty equation in’ dlfferentlal form for a two-dnamensnonal incompress-
ible flow is—

Voo 12 o
or D2V =70V, o D22=D2-¥1—=0-0252-——-—’ or, Dy = 00317 m
4 2

—_—t—=

3x3y
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e e

2 2
Bx h i f (x2+y2)
av 1 2y2
e 2
oy x“+y (xz_wz)
- ou EE‘V =0
6x ay

Velocity field satisfies the continuity equatlon Therefore, the flow is continuous.

10. (a) Draw the nature of p — v and T — s plots of a Rankine cycle (with saturated

steam at turbine inlet). 4

(b) A lump of steel of 15-kg mass at 557°C is dropped in 120 kg of oil at 25°C.

The specific heats of steel and oil are 0.5 kJ/kg-K respectively. Calculate the
entropy change of the steel the oil and the universe.

- (¢) The bodies, each of equal mass m and heat capacity C are of temperature T,

and T, (T, > T,) respectively. The first body is used as source of heat for

reversible engine and the second body as the sink. Show that the maximum

work obtainable from such arrangement is “'C(JT - \/_2 ) &

Ans. (a) The Rankine cycle is an ideal cycel for vapour cycles. The cycle is shown in Fig.
on P-vand T — s diagrams. the Rankine cycle comprises of the following processes :

4 — 1 : Reversible (constant pressure) heat addition in a boiler

1 —2: Reversible adiabatic expansion in a turbine

2 — 3 : Reversible (constant pressure) heat rejection in a condenser

3 —4 : Reversible adiabatic compression in a pump

Dry saturated steam enters the turbine and expands reversibly and adiabatically to
condenser pressure. The steam is then condensed at constant pressure and temperature to a
saturated liquid. The saturated liquid leaving the condenser is then pumped reversibly and
adiabatically into the boiler pressure. The compressed liquid is first heated to the saturation
temperature at boiler pressure and then evaporated to the state 1 to complete the cycle.

— e )

B
= 2

S—

Fig. Rankine cycle on P —v and T — s diagram
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Ans. (b) Let the final tempcrature be T
15 x 0.5(557 — Tp) = 120 x 3.5(T; - 25)
Ty =34.33°C = 307.33K

T

8Q T; 307-33

Tntropy change of steel =I—=mC In— =15x0-5n =-7-45 kJ/K
: T, T L 830

T 5Q Tf
Entropy change of oil = _f = mC, In7[_—+ =120x3-5/n
T, i
Entropy change of universe = Entropy change of steel + Entropy change of oil = 7-45 +
12-95 = 5.5 kI/K

" Ans. (c) As heat is transferred from the first body and heat is rejected to the second body,
the temperature of the first bod will be decreasing and that of the second body will be increas-
ing. When both the bodies attain the same temperature, the heat engine will stop operating.

Let T, be the final temperature.

Total heat transfer from the first body, Q, = me(T, - Ty

Total heat rejected to second body, Q, = me(T ¢=Tp)

Work done by the heat engine, W = Q, - Q,
W= me(Tl + T, - 2Ty

For minimum value of T; maximum value of W will be maximum.
I . First bod}"initlaﬂy at

307-33

=12-95 kJ/K

Qs

Q

I Second body initially at ‘
atT;

Change of entropy of the first body

T mC_dT T
AS =f —=mC_ In—t
T, 1

: - Te mC _dT T
Change of entropy of the second body AS, = I =mC/ In—'i‘-
2 !
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We know that the heat engine is a cyclic device, and cyclic integral of any. property is zero.
Since entropy is a property of a system.

Entropy change for the heat engine, ASy; = ASl +AS, + ASHE

Total entropy change of the universe

T, - T, T
(AS) ASI + A82 + ASHE mC [n-—+mC ln;i;— = me InAt—
T 2. S

o

um

.~ From the entropy principle (AS)
. , I 2
mC p In— 2 0
R b
- For minimum valu_e of Tf
7

Te
mC ‘m—t-=0
12 )
TZ"'
Ih—L—=0=In1 7
2 .
T =yhL

'l Maximum work obtainable me == mC p(T1.+ T; =2 VTiT’z») ,--vm.C.p(\/ﬁ - \/i )2 ,

11. l(i’) Prove that PV in adiabatic process and also prove

-1

(b) Whatisa cychc heat engme"“ Fmd the efﬁclency of heat engme in terms of source
and sink temperature.
Which change is more effective to icrease the efficiency of the engine. 1+3+3

- Ans. (a) From the first law of thermodynamxcs we get
‘ 5Q - 8W = dU . - -
CsW=-dU L ‘
W=t =, | '
- For adiabatic process, Q=0 iy
~ Now, for a non-flow process, 3Q = dU + PdV.
For an adiabatic non-flow reversible process,
0=dU+PdV = ‘
0=m. c dT + PdV

.

T (pYT (V) o |
i S el Ce 543
T, P, v, S , |

3
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pPav- T e : e
m. cv o ' .

For an ideal gas, PV = m.RT
PdV + VdP = mRdT

PAV+PAV = ﬁ.R(- Pdv J

dT=;

. ,va :
PdV +VdP + (Cp v) PdY =0
C, -
o (PdV +VdP) + (c,, ~-C)PdV.=0

-

‘ v dP . dV dV
——F __.._____._()
. Dwndmg byC PV, we get v Y V.V

[nteg;ratmg, we get
InP+ylnV=In constant .
‘PVY-= constant R
PVIRV

T_ P v,‘(_'\_/z_)’y,_

. »\TZ Pz V2 \ll~ VZ o
, ‘;33.__.‘ RN
1
L.k Vl Pl Pz L
T, Pz 'V, PP
: Y-l , -

. Ti P] T—- E
Tz P, ,

253

. Ans. (b) The heat engine that operates on the Cnmot cyule is called the Carnot heat

engine. The thermal efficiency of any heat engme is glven hy o
_Q1-Q Q o
Men 1" , :
ther = , Q Qi S : T






