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Question Paper Specific Instructions

Please read each of the following instructions carefully before attempting questions :
There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.

Questions no. 1 and 5 are compulsory and out of the remaining, any THREE are to be attempted
choosing at least ONE question from each section.

The number of marks carried by a question [ part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which must be

stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space provided. No
marks will be given for answers written in a medium other than the authorized one.

Wherever any assumptions are made for answering a question, they must be clearly indicated.
Diagrams/Figures, wherever required, shall be drawn in the space provided for answering the
question itself.

Unless otherwise mentioned, symbols and notations carry their usual standard meanings.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a question
shall be counted even if attempted partly. Any page or portion of the page left blank in the
Question-cum-Answer Booklet must be clearly struck off.
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SECTION A

Ql. (a) U R T fufd & 6 m/s2 % 0T & W19 ST IRY ) 2 St fs o F
|11 Waehd: T 10 Fvs H Y A 1 B, TEvET BR ORI @ el
Tl 8 | R T 3TRY ¥ 400 m T 1 A 7= et Fuifa Hifm |

A car starts from rest with an acceleration of 6 m/s2 which decreases
linearly with time to zero in 10 seconds after which the car continues at
a constant speed. Determine the time required for the car to travel
400 m from start.

(b) Th TR dH AR A R siee g (e @ | 3fe ar & 9919 =1 9fmmor 2500 N
8, A diee W x, y 701 2 fewnadt & frmftar so1 wewl @1 Frakor i |
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A tower guy wire is anchored by means of a bolt at A. If the magnitude
of the tension in the wire is 2500 N, determine the components of the

force acting on the bolt in the x, y and z directions. 10

S N

et g %
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qEgdt & |

A five-bar chain is shown in the figure. Prove that it is an

unconstrained chain. 5

URL-U-MCHE 3



Gi) o1 4 gufs 78 sj@en, geie Swen 4 2, fug Hifw |

Show that the chain shown in the figure is not a kinematic chain. 5

@  FIRviiE vg i wfenia HIRC | B2 B BhTT B TR FE § 2
Define the term hardenability. Which factors affect hardenability ? 10

(e) Th W i shifeh i vt Frifta e R =@ 25 mm @ o
0-8 m B, 3 St wey faregfa w 1 kg 5o0H & @ il W geifea |
WY GeTef 1 T 50 g/em3 T AT A 2 x 106 bar 2 |
1kg

A A

—— 08 m —

Determine the whirling speed of a shaft 25 mm diameter and 0-8 m long
with a mass of 1 kg placed at mid span, simply supported at ends. The
density of the shaft material is 50 g/cm® and Young’s modulus is
2 x 108 bar. 10

1kg

f—08m —»
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Q2. (a) Yoy ve We % Fiftvd fog W @R 120 MN/m2, 60 MN/m2 IRHTT <
ifereha:; SRR TEMHR a4 Jfdead & | 39 3Tamar, 80 MN/m?2 &l 3T9&9Y
gfdee, Afieie gfaael W 9aH—= €9 8 $RA 8 |
() Ygea gfse s ufenor @ fesm
(i) oTRreRan qwqu yfded w1 gfamor wg e
(iii) 120 MN/m2 gfderet Y feem o 30° P q61 R TR TF JAGEI0N it

cyy'=60MN/m2

S

Oy +—] > o, = 120 MN/m?

/
l = 7= 80 MN/m?

Oy

At a certain point in a piece of elastic material, there are normal tensile
stresses of magnitude 120 MN/m2, 60 MN/m? acting orthogonally to
each other. In addition, there is a shearing stress of 80 MN/m2 acting
normal to the normal stresses.

Determine :
(i) the magnitude and direction of the principal stresses
(ii) the magnitude and direction of the maximum shearing stress

(iii) the normal and shearing stress on a plane inclined at 30° to the
direction of 120 MN/m? stress 20

o, =60 MN/m?

o]

Oyt —> 0, = 120 MN/m?

i
= T = 80 MN/m?

Q<+—
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Determine the number of teeth and the speed of the pinion where
the driven gear wheel has 60 teeth of 10 mm module and rotates at

300 rpm. The two spur gears have a velocity ratio of i Also

compute the pitch line velocity. 10

(i) T 600 mm 3 W @ § g FuT=R WHET ® TR Rl grn dag
fohan 9T R | T MR I 360 rpm T§ G H 120 rpm W LET R |
il it atfirpreaan i afe Ieier s=0et 25 mm & |

Two parallel shafts, about 600 mm apart, are to be connected by
spur gears. One shaft is to run at 360 rpm and the other at
120 rpm. Design the gears, if the circular pitch is to be 25 mm. 10

(c) x-3& & "G Dfha & & JSca AT 1 Frafwor Hf |

y
240 mm ——>|

r= 90 mm
120mm

Determine the moment of inertia of the shaded area with respect to the

X-axis. 10
y B
’(—i 240 mm A>|
/
r=90 mm
mm

120

4t
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(a)

(b)

zﬁénﬁmqﬁw%mmwmﬁnwmmwl
aﬁmqu&aﬁﬁwwm%mmﬂm@ﬁﬁ%ﬂ
FIa HIRT |

90kN 54 kN 22 kN/m

A E
B C D \
T8ml 24m 3m 1 24m |

Draw the shear force and bending moment diagrams for the beam and
loading shown. Also determine the maximum values of shear force and

bending moment along with their respective locations.

90 kN 54 kN 22 kN/m

B C D

AR

[[T8m| 24m | 8m T22m |

T Wt TR i gHTE 300 mm T 8 | 90 YT U AE TR ¥ |
Freret yond gl 1w | 40 mm 1 g W &G F I Yo § | WiE T HR
1 T 70 kg T Y S H G 10 kg ® | Hgfera =Te shl TURT
i s Sic 6 gui Bear 200 mm § 1 AR T, wfiT W20 N WR %
waged 2, o 3@ ol & = < o (W) = w2

The arms of a Porter governor are 300 mm long. The upper arms are
pivoted on the axis of rotation. The lower arms are attached to a sleeve
at a distance of 40 mm from the axis of rotation. The mass of the load on
the sleeve is 70 kg and the mass of each ball is 10 kg. Determine the
equilibrium speed when the radius of rotation of the balls is 200 mm. If
the friction is equivalent to a load of 20 N at the sleeve, what will be the
range of speed for this position ?
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Q4.

(e

(a)

frflya frea-dwaTems oo % ARG T T A F T
(i) (101)

i) (110)

(iii) (221)

Draw the following crystallographic planes in cubic unit cell : 10
(@) (101) |

(i) (110)

(iii) (221)

Th 90 cm W, 20cmaiaﬁ$wmqé8mmﬁa§mm§w§am
HIY IYASHT TE@ W WA A W B | A 20 em3 Afafs W Fo * e
9q T s, & 3/ Hifve

() TS & GR So T T T e
(i) Ia afeefiw gfdea
ﬁ{!ﬂ = % 2
I AT = 2 x 105 N/mm?2
WEl U = 0-3
A cylindrical shell 90 cm long, 20 ¢cm internal diameter having thickness

of metal as 8 mm is filled with fluid at atmospheric pressure. If an
additional 20 cm3 of fluid is pumped into the cylinder, find

(i) the pressure exerted by the fluid on the cylinder.

(ii) the hoop stress induced. 20
Given :

Young’s modulus = 2 x 105 N/mm?2

Poisson’s ratio = 0-3
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(b)

URL-U-MCHE

o § quie SER © el (TX) qofa: Tgfera &a1 8 59 2 kg 3R 12kg
TN SRl ®F ¥ A 991 D dal W 200 mm BsT ® iR W@ @ |
A da ¥ ggfoa goaEe -39 % WY § Wafe D ad@ ¥ 98 120 mm e w
2 | BaYT C geaqH1 % qiwmer aun fegmstt st s il |

120°
D
T
250
/f .
500
f/ i
350
A

A rotor is completely balanced when masses of 2 kg and 1-2 kg are added
temporarily in planes A and D each at 200 mm radius as shown in the
figure. The balanced mass in the plane A is along the x-axis whereas in
the plane D, it is at 120 mm radius. Determine the magnitudes and the
directions of the masses B and C.

g
D

f

250

J C
50[) /
o
"
i
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(c)

URC-U-MCHE

e (N W) A famisht i dEn F omur W Fue w1 aiffe
HIRAY | F-w= arer gereif & TshAY % & Yend IYTTH w1 8 ?
Classify the nano-materials depending on the number of dimensions in

the nano range. What are the two basic approaches for processing of
nano-structural materials ? 10
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Q5.

(a)

(b)

(c)

(d)

wvs B
SECTION B

SISl # ‘Afiss’ 92 9 AT 1 GHEd & 2 @i <kl 98 9 gHEEy |

What do you understand by the term ‘flash’ in a forging ? Explain with
the help of a sketch.

T f5g qe WTHE BT S AW 25 mm qAT KT GHIA 6 Y FTFHRA
JESA 0-02 mm 3 I 7=HI 0-01 mm 2 | fog FH afgsa wwe Hi
afesoar @ 15 7 § | fog aen wwe St R Hand s Aifg

() fog smurfa vgfa gro |
(i) e ARG gl g |

A hole and shaft have a basic size of 25 mm and are to have a clearance
fit with maximum clearance of .0-02 mm and a minimum clearance of
0:01 mm. The hole tolerance is to .be 1-5 times the shaft tolerance.
Determine limits for both hole and shaft

(i) using a hole basis system.

(i) using a shaft basis system.

75 mm STE % Th A ANehd hash (A fufem ) gra soral wig 6
afgeht @ FifFa oo o dq TRaE W Sfiedd R W Fds H I
200 & 260 rpm TG4 % HRU IR AT Te 50 e & 30 fre &1 8 1 afg
o 120 rpm B AT = Tl i NEfdd T Y, O § Hah Y
=1 gt ?

The life of a plain milling cutter of diameter 75 mm was found to
decrease from 50 minutes to 30 minutes due to increase in speed of the
cutter from 200 to 260 rpm while milling a cast iron plate at given feed
and depth of cut. How much would be the life of that cutter if the speed
is 120 rpm keeping other parameters unchanged ?

10

10

10

faftm yr & @ AfE 1 geieg Hifve | Seag sif=me aen WA

Aft=ma Y gaan Hifv |

Enlist various types of plant layouts. Compare product layout and
process layout.
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(e)

(a)

T FHOH el aeq il T SR § 99 B A oA 3 1 A gL T 5
W |GG 1$ # % wft fom fosh areht axqd awm @it | s
fetmn = 2,0007 | FgE T 9t X W o=h S |

AT §4 A S T arell gl h g@n i i af

(i) HTR [ HA R

(i) T 400 ™ AT & |

(i) A HH 750 TEGAT B! S=AT 7, A L& G TE AW HI TR FHIWC |

A company plans to sell an article at a local market. The articles are
purchased at ¥ 5 on the condition that all unsold articles shall be

returned. The rent of the space is T 2,000. The articles will be sold
at T 9.
Determine the number of articles which must be sold

(i) To break-even.
(ii) To earn T 400 as profit.

(ii1) If the company sells 750 articles, calculate margin of safety and
profit.

fefafea sffa & Sier g o o1g it 95 # g At wwe ()
% 3 9 T fob TRiAET 9T e hdd 9 % e uesh % uiHmT
SHHYT: 600 N 9T 200 N & |

AMfd 0T = 0°
Atfeereh Afd = 0°
T A 9R H1 (¥ €)= 90°
B g (Feaed) o = 1732

g fRifa & fog #=e % g9 o &1 ST FA g, ATEIV I A
TN /e o qREmn Y ToET HiRv |

During pure orthogonal turning of a metal rod by a tool of the following
geometry it was noted that the magnitudes of the tangential component
and the axial component of the cutting force are 600 N and 200 N
respectively.

Inclination angle = 0°

Orthogonal rake = 0°

Principal cutting edge angle = 90°

Chip reduction coefficient = 1-:732
Using Merchant’s circle diagram, determine the magnitudes of the
shear force and the frictional force for the above condition.

10

20




(b)

Tsh e hrg WUE JAYAT 2 Wie W [fifa fomm o1 gsdt R | 9o & W

H AT Td qHT T TEHR A ST R
oo F3 @] [ACAC
o T U 30 fiFe 120 fire
o TRH §WY 10 fime 5 e
o IR fom=ame @rra (3) 200 500
o it @ ufd wer T2 T 2
o TTUBH W I ARG Ufd Her T 10 T 20

FR fome arra WS T N § H T R qen SeH 1 HIE GEe
& ® | STavhdre B 4 99 (dAte) § T A s R

G U " A oA Hifse red St faesren steR ara @ afom 2 8@ o
(BEP)

(i) @S % T & gey ¥ Furiaes frm i |

(i) I} 800 AN e o < STTerTHA R, N Y FA-H 7 AT B 2

A component can be manufactured either on a centre lathe or on a turret
lathe. The cost and time information to process a component is given
below :

Particulars Centre lathe | Turret lathe
e Set-up time 30 minutes | 120 minutes
® Processing time 10 minutes 5 minutes
e Tooling-up cost () 200 500
e Labour cost/hr T 2 T2
e Depreciation and other costs per hour T 10 T 20

The tooling-up cost is to be recovered within a year and there are no
repeat orders. The requirements are to be met in two lots.

(i) Calculate the quantity at which both alternatives result in equal
cost. (BEP)

(ii) Give the decision rule regarding the choice of lathes.

(iii) If the quantity required is 800 nos/year, which of the machines do
you propose ?
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(¢ s W@ifE g’ i u1g o desd (9 Hed 3h dfesw) WehA § B4 I
g 3T=ROT WshH hY =T IR |

Explain the process of metal transfer in gas metal arc welding process
with neat sketches. 10

Q7. (a) TH wuf gy Neifies Fuifia wifdes gewl & fehl f90 & o€ ® | wmsEm
(forem) faftr & g et i ot it gewht it ain ot gaigaia Hivw

CL fehl (°000)
1986 30
1987 33
1988 37
1989 39
1990 42
1991 46
1992 48
1993 50
1994 55
1995 58

The sales for a critical component manufactured by a company are given
below. Forecast the demand for the components for the next three years

using regression method : 20
Years Sales (°000)
1986 30
1987 33
1988 37
1989 39
1990 42
1991 46
1992 48
1993 50
1994 55
1995 58
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Q8.

(b)

(c)

(a)

T$h 39 dR 127 mm & YR =9 § 10-2 mm % 3faw =\ 9%
90 m/min H Tq ¥ ¥ fr s } | =¥ W wdniH Fw 60§ A
FABIE (ST9-818) SFYSS T TS0LA01% 0-1 % | 3690 F T YA W
TE 207 N/mm? 7 w0wE Sfieaa a1 § | T @wed T 05 gl
414 N/mm? 9 T9e Sfoerer foaman 2 | wered  Yeia sfveer- Rt dea =i
UM g HEO Wl wd I e & wny o dwRe g ) oE
HIRY | dtS i 3 B a=1E T T4 2 |

A steel wire is drawn from an initial diameter of 12:7 mm to a final
diameter of 10-2 mm at a speed of 90 m/min. The half-cone angle of the
die is 6° and the coefficient of friction at the job-die interface is 0-1. A
tensile test on the original steel specimen gives a tensile yield stress
of 207 N/mm?2. A similar specimen shows a tensile yield stress of
414 N/mm? at a strain of 0-5. Assuming a linear stress-strain
relationship for the material, determine the drawing power and the
maximum possible reduction with the same die. N6 back tension is
applied.

SARA. JIT) F ger uehl # gelag HIY a1 HaeT T (Faa
1) i HAY § RT IV |

Enlist the basic elements of JIT and explain Kanban card in brief.

T g9 H aififes wim 2500 U (S79) B | SO TH e A He F T 750
fd 9f hi A Tl ? | o g yEh-amht ww v 18% R gfie
oY 8 qUT AW AEE T 1,080 Wi AW § | Hht 9 F 250 Raw w wd
2 | 38 99 % T ot 1 fhe yeer geft-amnht frmor yoneh 6 sileser
HT =MW ? 39 A1 A Tyl AT ww gl 2

The annual demand for a component is 2500 boxes. The company
procures the item from a supplier at the rate of ¥ 750 per box. The
company estimates the cost of carrying inventory to be 18% per unit per
annum and the cost of ordering as ¥ 1,080 per order. The company
works for 250 days in a year. How should the company design an

inventory control system for this component ? What will be the overall
cost of the plan ?
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b) WC fmisli 1 Hdd @ At suwed wefiad % wefiae ewa # seare st
T HfT whh SR gare dfe @ Raae Wie § agen TR |
Determine the percentage change in the machining time for a USM
(Ultrasonic Machining) operation cutting WC plates when the tool

material is changed from copper to stainless steel. 20

(o e et (o A=geaatan) % v e aRemn w@n # 2 seres Pt
qepefieh Y U T o7 aTelt siergdl ==t il |

What are the advantages and limitations of lean manufacturing ?

Discuss the difficulties in adopting lean technique. 10
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MECHANICAL ENGINEERING (PAPER-II)

URC-B-MCHE

Time Allowed : Three Hours Maximum Marks : 250

QUESTION PAPER SPECIFIC INSTRUCTIONS

(Please read each of the following instructions carefully before attempting questions)

There are EIGHT questions divided in two Sections and printed both in HINDI and
in ENGLISH.

Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5§ are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question from each Section.

The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the
space provided. No marks will be given for answers written in a medium other than the
authorized one.

Wherever any assumptions are made for answering a question, they must be clearly indicated.
Diagrams/figures, wherever required, shall be drawn in the space provided for answering the
question itself.

Unless otherwise mentioned, symbols and notations carry their usual standard meanings.
Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a
question shall be counted even if attempted partly. Any page or portion of the page left blank
in the Question-cum-Answer Booklet must be clearly struck off.
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@Us—A / SECTION—A

1. (a) Y Th M @ o & ddfies § qi@W TM 100 kPa 791 25 °C W T9g A1 W AW A

(b)

(c)

(d)

T 1 MPa @1 347 °C W 90 m/s ¥ W a1 Pt §1 6died 1 1500 kJ/min 6w A
& FA ¢ 7w hew # wfe FAW 250 kW A1 31 htsw } A T A T TR T W
fm) T F T C, = 1-005 kJ /kgK, C, = 0-717 kJ /kg-K @1 R = 0-287 kJ /kgK
A sy

Air enters the compressor of a gas turbine plant at ambient conditions of 100 kPa
and 25 °C with negligible velocity, and exits at 1 MPa and 347 °C with a velocity of
90 m/s. The compressor is cooled at a rate of 1500 kJ /min and the power input to
the compressor is 250 kW. Determine the mass flow rate of air through the
compressor. For air, consider Cp =1-005kJ /kg-K, C, =0-717 kJ /kg-K and
R=0-287 kJ /kg-K.

T 800 W #i iy fagg v f wvm wRew, Rrrh W L= 0.6 cm, R 25w
=160 cm? 991 S8 ARA k = 60 W/m-K ¥, W frar fiftg IR 9 & A-RF Y8 W
= T yfeldra s & S WA SO go o @1 R 9 e YEen s o S &, 9|
fEeh1 % STEQ 98 F A 112 °C A1 Sl ¥) Tl % S0 v A R of se-af e A
@ Fo—

() o d | el H-frfm sun 9w ¥ Rw saww it 9 aRdm shew =56
Hifrg;

(i) TR TR I T A T IMUR IR § amAE qiad F e w6 wnfta Hivg;
(i) R I8 F AHH P YT T |

Consider the base plate of an 800 W household electric iron with thickness of
L=0-6cm, base area = 160 cm? and thermal conductivity k = 60 W/m-K. The
inner surface of the base plate is subjected to uniform heat flux generated by the
resistance heater inside. When steady operating conditions are reached, the outer
surface temperature of the plate is measured to be 112 °C. Disregarding any heat
loss through the upper part of the iron—

(i) express the differential equation and boundary conditions for steady
one-dimensional heat conduction through the plate;

(i) obtain a relation for the variation of temperature in the base plate by solving
the differential equation;

(iij) evaluate the inner surface temperature.

Ch 9P GHIE o Fifvig, St gz <wiar ) % & i et wE vt a6 i
i A B

Derive an appropriate equation to show that a divergent duct acts as a supersonic
nozzle.

T fasF 399 di9 St A, Bad C ¥ N $E wWal §1 9 FSTE A 99 B R, S e
Ty 3R Tp 9H W W T E, Fo0 i W@HAR 71 @G e § 9o FHRE C R, N T
AYHH R 7@ R, S FRiYa Fe ¥) A i owm s SR R e f o TR, AR

SRR A a1 c%aﬂamwalﬁaaﬁm%;‘—"=(2a—n+2(1—a);_f‘.
B c
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(e)

(a)

(b)

A reversible engine works between three thermal reservoirs A, Band C. The engine
absorbs an equal amount of heat from the thermal reservoirs A and B kept at
temperatures T, and Ty respectively, and rejects heat to the thermal reservoir C
kept at temperature Tc. The efficiency of the engine is o times the efficiency of the
reversible engine, which works between the two reservoirs A and C. Prove that

Ta _ oo - —ayfa
T Qo - 1) +2(1 a)TC.

AT S5 A WY FT AR el STEETF R T ¥ Tos @ 6 wear @ WS ww B qen
R W GG F I B AW

When does reheating of steam become necessary in Rankine cycle? With the help of
T-s diagram, explain the effect of reheating on the Rankine cycle output and
efficiency.

3m =™ f T MNAHR Th, S o § 1 atm Y1 —196 °C W Fd TRZSA @ w0 Th R,
R R fifsm) i ohash ag, 9 15 °C R wfifea o Haed aun fafwwr sieor i
35 W /m?-K ¥ ®r &, & aTga 81 waeht Fi el MR S 5 ao o a8 2 S ar
mm%lqﬁsﬁa@ﬁmm%méﬁﬂﬁmﬁwamﬁmaﬁﬁq,
afe 3t () Aa =}, (i) 5 cm WA FEETE g6 A (k = 0- 035 W/m-K) & IR ¥ aun
(i) 2 cm WA ARRAME, Rreh Tt s TfAT 0-00005 W/m-K ?, | W@ 1 g9 Amgem
N AT FAT 198 kJ/kg T 301 1 atm R 99 810 kg /mS qH wifT)

Consider a 3 m diameter spherical tank that is initially filled with liquid nitrogen at
1 atm and -196 °C. The tank is exposed to ambient air at 15 °C with a combined
convective and radiative heat transfer coefficient of 35 W / m2-K. The temperature
of the thin-shelled spherical tank is observed to be almost the same as the
temperature of the nitrogen inside. Determine the rate of evaporation of the liquid
nitrogen in the tank as a result of the heat transfer from the ambient air if the tank
is (i) not insulated, (ii} insulated with 5 cm thick fiberglass wool insulation
(k = 0-035W/m-K) and (iii) insulated with 2 cm thick superinsulation which has
an effective thermal conductivity of 0-00005 W/m-K. Consider the heat of
vaporization of liquid nitrogen as 198 kJ/kg and its density as 810 kg /m3 at
1 atm.

T WA & Yafed Wi SR YA R/ F A O GORE S e grn B s ) e
HJH N 7-0 TR R A F 33wl ¥) 390 ¥ F8 (W) W 3-6 IR 1 7@ W W@ Ah F
T iR e & AW FE: 538:5 mm T4 75 mm ¥) AgA F AW W 9 H AT 10 m/s B
oo ) IO AER G AT A T R e SR (9 % T & el g awen @
o E)

HgH N9 F
faRre amga fafkre et fafire T2idt
s
a5 (“g‘)‘ (m3 / k) (kJ/ke) (kJ/kg-K)
(R) F
vf Vg hg hg sf Sg

36 1400 | 000108 | 0-511 5886 27337 1-738 6-931
7-0 1650 | 0001108 | 0273 6972 27635 1:992 6-708
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The mass flow rate of steam flowing in a pipeline is measured with the help of a
well-insulated Venturi meter. Dry saturated steam at 7:0 bar enters the Venturi.
The pressure at the throat of the Venturi is measured to be 3:6 bar. The inlet and
throat diameters of the Venturi are 538:5 mm and 75 mm respectively. The velocity
of steam at the inlet to the Venturi is 10 m/s. Calculate the mass flow rate of steam
neglecting friction. (The properties of steam are to be taken from the steam table as
given below) :

Properties of Saturated Steam

Specific volume Specific enthalpy Specific entropy
Pressure, P tsat (m3 / kg (kJ/kg) (kJ/kg-K)
(bar) ¢C)
vf Vg hy hg Sf Sg
3-6 140-0 0-:00108 0-511 5886 2733-7 1-738 6-931
7-0 1650 0-001108 0273 697-2 2763-5 1-992 6-708

(c)

(@)

o e & a1 SREdl JEE ¥ ¥ ¥ 140 kPa, 17 °C Tl 70 m/s W N Rf ¥ W
350 kPa, 127 °C @1 110 m/s W o sl §) wafem 7 °C W {1 Wi kg 97 i T0A
HRT—() FH N AR TR T F R, () W T FE F g aw (iii) A R
srufesea & fw) O & fog €, = 1-005 kJ/kg-K a1 R = 0-287 kJ/kg-K wifsm)

Air enters a compressor in steady flow at 140 kPa, 17 °C and 70 m/s and
leaves it at 350 kPa, 127 °C and 110 m/s. The environment is at 7 °C.
Calculate per kg of air for (i) the actual amount of work required, (i the
minimum work required and (iii) the irreversibility of the process. For air, take
Cp, =1-005 kJ/kg-K and R =0-287 kJ/kg-K.

w ., i 50 Wi SREF A TR MY TERA W T S 1S aed fifta , #
5T 99 S 140 cm 21 =¥ 991 WY 6 e F A 0-7 ¥ YU I« 3000 r.p.m. R
af fofn B 20° 2, W e H R avF T3 B0 FE@ FRE TR I IRW fho WMo yalRa
m%%qmﬁﬁaﬁaawmsﬂﬁu&wﬁﬁm%nﬁmmaﬁﬁqm%ﬁmuﬁaﬁs
TEaW TETER STEe 3 R e frg g § aon waten dare 99 W 9O €, @ ARa qu H
wreraan gie hit Tor AR

One stage comprising a pair of blade rings of a 50 percent reaction axial flow
steam turbine has a mean ring diameter of 140 cm. The blade to steam speed
ratio is 0-7. The speed of rotation is 3000 r.p.m. Determine the required
entrance angle for the blading if the exit angle is 20°. Also, determine the work
done per kg of steam flowing per second and the diagram efficiency. Calculate
the percentage increase in diagram efficiency if the blades are designed for,
and run at the best theoretical speed corresponding to the optimum operating
condition, for the given steam speed and the exit angle.

URC-B-MCHE/46 4
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4.

(b)

(c)

(a)

() wem Fram zgan, fade Fam g qo SH 2aa § Gy wfe iRl

(i) T FiAER F TR A FWREL, S 1000 °C WM 40 °C R B, F v wE W @ ) T
T Wi wefifam, st 40 °C awn -10 °C ¥ 7o }, A d=lerd AW W@ ) 9 F I
e h AEH 4000 kJ a9 1000 kJ % € Frin w1 i v, woiRa 9 gehfes gomeh
B W At }1 (1) TS B S Aol Y A A (2) 40 °C F FWEE W SO AW
= 38 "E i v A

() Establish the relation between 1st law efficiency, 2nd law efficiency and
Carnot efficiency.

(i) A reversible heat engine operates between two thermal reservoirs of 1000 °C
and 40 °C. The engine drives a reversible refrigerator operating between 40 °C
and -10 °C. The amount of heat transfer to the engine is 4000 kJ and a net
amount of work output of 1000 kJ is obtained from the combined engine-
refrigerator system. Determine (1) the amount of heat transfer to the
refrigerator and (2) the net amount of heat transfer to 40 °C reservoir.

2 mx 3 m N Th 9 9fEH F FR F M TER T @ {75 30 3 m o=l oo F qUeR g
6% Y81 F FAFR Faied & W ¥ G U W q9HE 991 g9 1 AT FE: 20 °C 3R 7 m/s
B uftw W i@ g ot 9@ 7E 37 0-86 N uEn | wide % R shwa daes s siw
oI 1d i)

g ¥ fw 20°C @w 1atm W T & p=1.204 kg/m?3, Cp =1-007 kJ /kg-K,
Pr = 0-7309.

A 2 m x 3 m flat plate is suspended in a room and subjected to air flow parallel to
its surfaces along its 3 m long side. The free stream temperature and velocity of air
are 20 °C and 7 m/s respectively. The total drag force acting on the plate is

measured to be 0:86 N. Determine the average convective heat transfer coefficient
for the plate.

The properties of air at 20°C and 1atm are p=1-204kg/m3,
Cp =1.007 kJ /kg-K, Pr = 0-7309.

T Teu-Uea e/ fiforst =t = Wia B (R fam & gufy sger) ¥ s fen wn, R
@ f@ri® 100 kN/m ¥ qu1 e 1 SIR-F &%et 0-1m? ¥ Riftrer, R it
AT 20 L 8, 919 1 200 kPa 91 9f@eft a9 300 K W iafie o §1 R § w =
M} S 3 AFAT 50 L § IR W W I 81 T 91 Rifv N o a1g angfd @ @
sirgat @ St a1y 800 kPa, 325 K W yaiied & 1t #1 arca # 3  @ia e 7 § ok % 91y
FI q9 TH FAR] N a1 99 % % RafeFex 1 T@ aon a9 sw: 800 kPa 3k 350 K 7@ &
AT B THH 918 Aled 95 R oA A @ 9w weEn A T ) S R sifm srawen ® w7 s
R R e 87 WA % A S 0 1 Raie fif) afg F fw Cp, = 1.005 kJ /kg-K
q R = 0-287 kJ/kg-K difse :
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A frictionless piston/cylinder is loaded with a linear spring (as shown in the figure
below) having a spring constant of 100 kN/m, and the piston cross-sectional area
is 0-1m?. The cylinder having an initial volume of 20 L contains air at 200 kPa
and ambient temperature 300 K. There exists a stop in the cylinder which prevents
its volume from exceeding 50 L. A valve connects the cylinder to an air supply line
flowing air at 800 kPa, 325 K. The valve is now opened, allowing air to flow in until
the cylinder pressure and temperature reach 800 kPa and 350 K respectively. The
valve is then closed and the process ends. At the final state does the piston reach
the stop? Calculate the heat transfer during the process. Take C, = 1-005 kJ /kg-K
and R=0-287 kJ/kg-K for air :

i A4 5 A7 4

$i

(b) T Wia-vare R-weh Fom fafmRE # 1-2 kg/s A A 5 H 20 °C | 80 °C T T F1 R

(c)

A B - e, S 160 °C T 2 kg/s FANH WER | W IqoE T, § IW HAT RN
AR 2o Jaeh <R arelt 3R 1-5 cm =@ Hi ¥) 9l Fon fafmRe w1 Al s siaw i
640 W /m2-K 9, 9 difsa a9 ) 7w 0 ¥ e o0 fifmfe f sews o= @ fikg)
ol a1 - A A fake Fesilt S e 4418 kJ/kg-K 3R 4-31 kJ/kg-K i)

A counter-flow double-pipe heat exchanger is to heat water from 20 °C to 80 °C
at a rate of 1:2 kg/s. The heating is to be accomplished by geothermal water
available at 160 °C at a mass flow rate of 2 kg/s. The inner tube is thin-walled and
has a diameter of 1:5 cm. If the overall heat transfer coefficient of the heat
exchanger is 640 W /m2-K, determine the length of the heat exchanger required to
achieve the desired heating. Take specific heat of water and geothermal fluid as
4-18 kJ/kg-K and 4-31 kJ/kg-K respectively.

& W9 Wi G4 F A1 Brgelt i wemar @ wrene 5 o=l W@ fFd wwa-as <is B @ T
TG YaE TR F 9§ 91 R 1@ R sm-as% s 31 € 3 WA Yo 9@ ¥ w9 § .
T e R

Explain, with the help of velocity triangles, why centrifugal fans with backward-
curved blading are used for forced draught fans, and centrifugal fans with
forward-curved blading are used for induced draught fans in a steam power plant.

URC-B-MCHE/46 6
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@us—B / SECTION—B

5. (a) difsa &9 Q 559 A1 = 89 I Fafie 92w+ gaarers 9 F 9 % T 9ot % TR
R, Sl Tho 3MMgo YUl o HZo I9HT A TR I HH HLl £

THo 37730 357 | Hio 3750 T
(=/F=) | (3=/f=)

FHUET |  HEH

Give a comparative statement in the form of a table of the various factors desired to
be high or low which tend to reduce knock in Sl and CI engines.

SI engine CI engine

Sl. No. Factor (High/ Low) (High/ Low)

10
(b} TH W 1T GV Wefiad a5 % SEeH aHH SR 100 °C; HuFA a9l 3R 45 °C;
i 2 °C. a3 A wefiad &war 125 kW a9l 9 # o fAw 180 kW B Y&+ w4 & wF
o B ,
(i) @ P o (o e do) qe F1 TN WA T I HIT|
(i) TF FAERS Tl Har ¥ B g 9 F wft semal # gurR % a8 FI0 FAw @
90 kW d% W & M, Fafh Fefiad &mar a1 Yoo argnH qd i wifd & @) 3@ H
e it wita hif)
The operating temperatures of a simple vapour absorption refrigeration system
are—generator 100 °C; condenser and absorber 45 °C; evaporator 2 °C. The system
has refrigeration capacity of 125 kW and heat input to the system is 180 kW. The
solution pump work is negligible.
(i) Find the COP of the system and total heat rejection rate from the system.
(i) An inventor claims that by improving the design of all the components of
the above system, he could reduce the heat input to the system by 90 kW,
while keeping the refrigeration capacity and operating temperature same
as before. Examine the validity of the claim. 10

(c) TH A& Yarg Y& 1200 r.p.m. W HA FAT Bl AS & 3@ P16 AW 1-1 m a1 7 (39)
F M@ 0-8 m &1 PH ad % ARG A F A w1 Fu w0 F: 30° qu1 60° B i
e 39 V= H TAY WP a6 S TRY 60° F U W FAF 98 211 R IR F AR-IR AT &
FEg Ega § HE S & Qa1 &) () @ T A A TaR R AYT (i) T H Gl FA H
o =an w1-smepl aur v w1 Rafor AR 9 F e B 1-225 kg /m3 6iftm

An axial flow fan operates at 1200 r.p.m. The blade tip diameter is 1:1 m and hub
diameter is 0-8 m. The blade inlet and exit angles are 30° and 60° respectively with
respect to the plane of rotation. Inlet guide vanes give the absolute flow entering
the rotor at an angle of 60° with the plane of rotation. There is no change in the
axial component of velocity across the rotor. Determine (i) the volume flow rate
through the fan and (i) the minimum torque and power needed to drive the fan.
Take the density of air as 1-225 kg /m3. 10
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(d)

(e)

(a)

(b)

1-D WU e % YR W, sy % & uRadfa aawe ae aifeft & el af=de w
% qEa M, =32 ¥ &a%a A R Fieeq wefta @

A =1[L(1+1:3M2)]%’
A* Miy+1 2 .
el A* afet 1 Qa%d R 9T M = 19 A9 @ B

On the basis of 1-D isentropic flow, show that in a duct of varying area, the
Mach number M at any section is related to the area A of the section by

Y+1
= 3(y=1)
A_1 __.2___(1+_Y le) =D
A* Mly+1 2

where A* is the area of the duct corresponds to M =1

Ay # gugnge % 9 weifes & HRew Toht o I wnEl F wng ® Al S9gw awe
e 81

Explain in brief as to why capillary tube is preferred to other throttling devices in
household refrigerator.

TF A 9, S T-AEh R-wF W FEE R, F Rt X 250 mm 3R g% A T=E
300 mm ¥ THST T FUR AW FA: 10 9 6 Bl 9 T A F g UG I 9 AN
FAN: 1-0 R F 27 °C ¥ fOR 3@ W @ Wit Fwn, R e | @ @t Fom 6 g )
oft yy@ forgelt @ g 3l am w1 Pufor AR aon 9% A TY-I7F @@ I FRC FE F
JEHE AFAA B oft e AT wF w1 p-V M@ ditg) g $ fow oy =1-4 @
Cp = 1-005 kJ/kg-K wifg|

An oil engine operating on air-standard dual cycle has cylinder bore of 250 mm
and stroke length of 300 mm. The compression and expansion ratios are 10 and 6
respectively. The initial pressure and temperature of air before compression are 1-0
bar and 27 °C respectively. The heat added at constant pressure is twice the heat
added at constant volume. Determine the pressure and temperature at all the
salient points in the cycle, and the air-standard efficiency of the cycle. Also,
calculate the clearance volume of the engine. Draw the P-V diagram of the cycle.
Take, for air, y=1-4 and C, = 1-005 kJ/kg-K.

TF @l MRV %) A TF 12 TR &@uar & wefaq fem, Rt anfels =1 @gw @@ -8 °C au
Hafs #1 qI99H 30 °C B, Sl JEvEwdl 81 TEias R-12 F W 99 # a9 & 9§ 5 °C
I9saa qu aT ) TheE § W_@w % g arfeaw 3 6 °C Afvanfua frn S @1 IR 3@ 9o ams
H fake o waw: 1-235 kJ/kg-K a9 0-733 kJ/kg-K &, @ (i) 9t fho Tmo w=fiaa 1w,
(i) it e waia wefias &1 g=@m adn (i) Fsare e (dio 3o dio) wa HRM) R-12
it % e o1 Feeg ®

: . et (kJ /ke) T (kJ/kg-K)
&g am (°C)
9 |rq 59 ar9
-8 2870 | 184-06 | 0-1148 | 07007
30 6459 | 19962 | 02400 | 06853
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(c)

(a)

A food storage chamber requires a refrigeration system of 12 TR capacity with an
evaporator saturation temperature of —8 °C and condenser temperature of 30 °C.
The refrigerant R-12 is sub-cooled by 5 °C before entering the throttle valve, and
the vapour is superheated inside the evaporator by 6 °C before entering the
compressor. If the liquid and vapour specific heats are 1:235 kJ/kg-K and
0733 kJ/kg-K respectively, find the (i) refrigerating effect per kg, (i) mass of
refrigerant circulated per minute and (ifi) COP. The relevant properties of the
refrigerant R-12 are given below :

Saturation Enthalpy (kJ/kg) Entropy (kJ/kg-K)
temperature (°C) Ligquid Vapour | Liquid Vapour
-8 28:70 184-06 01148 0-7007

30 64-59 19962 | 0-2400 0-6853

50% TR AT 910 T 98 vaTe Tiiesh 18 % I au VR el # Frafafa yare == 6w
TR 9 § (T B/ &/ WA §), T uF arofi % w9 T IR -
(i) X A
(i) fesw =
(iii) U AHHH
(iv) W <4
() Imféres am
i) Fag
et T-s s sft wifew)
Show, in the form of a table, how the following flow parameters change

(increase /decrease/remain constant) in the rotor and stator blades of an axial flow
compressor stage with 50% degree of reaction :

(i) Static temperature

(iij) Static pressure

(iii) Stagnation temperature

(iv) Stagnation pressure

(v) Relative velocity

(vi) Absolute velocity
Also, draw the corresponding T-s diagram.

[-EaiE R ag a9 9ed 9 F 39-6 m3 /min few T e Feell, 1 31 °C T
Fod A9 3R 18-5 °C 3T wea d9AM W §, § AW Fdl ¥ | FSh F I9H0 1 i AGHH
44 °C ) Fcit F Y8 F A% @ THR ¥ F 98 ag i & i w@w sEEn # 12:5 kW W
wefiem Fft| Feeh A FrereR aTeh a1y 1 56 do9 9 NS Fed AH AU I JoRH Fd HiTg)
(wrgsRHi = U8 Wo 10 # fomn man ®)

39-6m® /min of a mixture of recirculated room air and outdoor air enters a cooling
coil at 31°C dry-bulb temperature and 18:5°C wet-bulb temperature. The
apparatus dew-point temperature of the coil is 4-4 °C. The surface area of the coil
is such that it would give 12:5 kW of refrigeration with the given entering air state.
Determine the dry-bulb and wet-bulb temperatures of air leaving the coil, and the
bypass factor. (Psychrometric Chart is given in Page No. 10)

20
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(b) & vETE &3 % forelt farg W stfraam e dem (M) iR arafis s dEn M) F A9 Pl

(c)

(a)

ﬁéqu:

M+ - (y + YM2

2+(y-)M?2
T Aifet # o A EE ¥ o 91g R, R uE sred e wm o wwar ¥ vEE ¥
FAYEe W T § 7; =5°C, p, =65kPa a1 V, =668 m/s. YO ¥ 3R W WRE
m,%mawmmmﬂﬁma@%m% =1-005kJ/kg-KamMy=1-4
i)
Obtain the following relationship between the characteristic Mach number (M*)
and actual Mach number (M) at a point in a flow field :

2 (y+)M?

M= T
2+ (- YM?>

A normal shock stands in a duct. The fluid is air, which can be considered as an
ideal gas. Properties at upstream of the shock are T =5°C, p, = 65 kPa and
V| =668 m /s. Determine the static temperature, static pressure and stagnation
temperature downstream of the shock. For air, take Cp =1-005kJ/kg-K and
Yy=1-4.

TRy T it siftreiva: Ao s 9 AR S99 P iR Arpfl % B ¥ R
o=t W =1 = T Wies ) T a0 9 B

Explain why most of the medium-sized automobile engines are close to square
shape with the cylinder bore diameter approximately equal to the stroke length.

F g @A T § 85% HWu qgn 91 "t § 91 1-0 ¥R a0 27 °C q 60 9K W
% wifea it IR ¥ 1 TavEq 9 T F4 Q@ R € et duw fremn st @) o A e @
90% WWTRIMt qaal W wafim Bt &)1 =% 3§ Afteran a9EE 1300 °C R fom %1 =g R
44 MJ/kg 2 aR 3¢ frin oifr 3-0 MW §, @ Fr=fifta < o hif

(i) =ish Q&, (i) T AW, (iii) I N FATA FA® R, (iv) 3 RE $97 @ua (kg/kWh)

WA {3 FRIH W/ F 0 R 6 % WA TG F 0 F T §| A ingg ~ingg. 33 @f
A Ty W) 9y F o, y=1.4 9w Cp =1-005kJ/kg-K <hifsq) <% #1 T-s
g ff "ifuw)

In a gas turbine plant, air at 1:0 bar and 27 °C is compressed to a pressure of
6:0 bar in a compressor with isentropic efficiency of 85%. The air then passes
through the combustion chamber where fuel is added. The hot gases expand in
the turbine with an isentropic efficiency of 90%. The maximum temperature in
the cycle is 1300 °C. The calorific value of the fuel is 44 MJ/kg. If the net power
output is 3:0 MW, calculate the following :

(i) Cycle efficiency, (iij) Work ratio, (iij) Mass flow rate of air, (iv) Brake-specific fuel
consumption (kg/kWh)

20

10
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4

Consider the working fluid to have the properties of air throughout the cycle.
Assume  ing; =iNgages. Neglect all other losses. For air, y=1-4 and
Cp = 1-005 kJ/kg-K. Also, draw the T-s diagram of the cycle. ' 20

(b) T G-RIFFR IR-EF TWo ARo $H, N 4500 r.p.m. W ¥ W &, ¥ 190 kW e
R w0 A e ¥ A& I @@ 32% B Tg/SEE P 12:5: 1 a1 W 9™ W
SRR 3aT 68% 21 AR Wieh/dR UM 0-8 R, A ewdw 9 R awr IR A ik R
et =1 Pt $1R) fom w1 Fefim 7= 44200 kJ/kg 791 G 91g A 1-013 IR A
15 °C &) 4R =ifvw 3aa 80% B, A W& ffte $ua @wa qun gfra S zgar Hi o R
Ramy = 0-287 kJ/kg-K.

A six-cylinder four-stroke SI engine is required to develop 190 kW of power running
at 4500 r.p.m. The brake thermal efficiency is 32%. The air/fuel ratio is 12:5:1
and the volumetric efficiency at this speed is 68%. If the stroke/bore ratio is 0-8,
determine the engine displacement required and the dimensions of bore and
stroke. The calorific value of the fuel is 44200 kJ/kg and the free air conditions are
1:013 bar and 15°C. If the mechanical efficiency is 80%, calculate the

brake-specific fuel consumption and the indicated thermal efficiency.
R,y = 0-287 kJ/kg-K. 20

() T Y wefas & vatawia iR g o = §7

What are the environmental and safety properties of an ideal refrigerant? 10

* & K
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