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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 (QCA) Booklet must be clearly struck off.
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SECTION A

Ql. (a) %ﬁm@m(ﬁﬁm)w%mAWWWwww?w

% 9N I TG qH A |
] 400 N/m
Y B
Ta [ 30°
y v300 N 500 N

What is the supporting force system at A for the cantilever beam shown

in the figure ? Neglect the weight of the beam. 10
E 400 N/m
n — 3
y v300 N 500 N

(b)  x-y HHAA H T Toh HU BT S GHI t = 3-65 s W 6127 + 3-24] m/s g
fiftd 2 | st 002 s W= sER hwa @O 45 + 6) ms2 B | T
t =367 s T U 1 AT v qYAT Ol Gy Td A7 Gy % o= H1 107 0 774
i |

The velocity of a particle, moving in the x-y plane is given by
6121 + 3-243\ m/s at time t = 3-65 s. Its average acceleration, during
the next 0-02 s is 41 + 63'\ m/s2. Determine the velocity v of the particle
at t = 3:67 s, and the angle 6 between the acceleration vector and the
velocity vector at t = 3-67 s. 10

(¢) e HHged (CE) 1 2 ? SEI1d I hisd GHqed, HIAHH a9 IUGH i
8 JwTfad AT B ?

What is carbon equivalent (CE) ? How does the carbon equivalent of a
steel affect the hardening heat treatment ? 10
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In the epicyclic gear train shown in the figure, the wheel ‘C’ is keyed to
the shaft ‘B’. ‘D’ and ‘E’ are compound gears. ‘C’, ‘D’ and ‘E’ have 35, 65
and 32 teeth respectively. All the gears have same module.

If ‘A’ and ‘B’ rotate at 60 rpm and 28 rpm respectively in opposite

directions, find the speed and direction of rotation of arm ‘G’.
D| ==
I:——— E
G Ll
I_)
T
B C A
o o F
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(e) 8 mm &I T 50 m RIS 1 Ush $EA1d 1 d, 394 faw & w 2000 N
& AR ! 38W & fow v feran Strar 2 | 3 $9am@ 1w 8000 kg/m3 dAt

E =21x 105 N/mm? &, @ ar” & @equi defiertor i momn Hifsrg |

A steel wire of 8 mm diameter and length 50 m is used to lift a weight of
2000 N at its lowest end. Calculate the total elongation of the wire, if the
density of the steel is 8000 kg/m3 and E = 2-1 x 10° N/mm?2.
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Q2. (a) Uh Hdi-sheh Ao A7 Ytk § shep qom TASA 2ve I oFTE HES: 150 mm T
600 mm & | sh%h % IDC & 30° ¥F % o1e i feafa & forw %7 gfts & woft
I-shwsi o1 T fuifed 6T | afe S 30 rad/s W oo = @ A, @ G
(TATSEY) T AT qAT FAS 20 1 HIvig o ff ;1 HIfrT |

In a slider-crank mechanism, the lengths of the crank and connecting
rod are 150 mm and 600 mm respectively. Locate all the I-centres of the
mechanism for the position when the crank has turned 30° from IDC.
Also, find the velocity of the slider and the angular velocity of the
connecting rod, if the crank rotates at 30 rad/s. 15

(b) TH zogHE et WR 100 N B, U Ut & & oot 2 e s
k =4000 N/m & | @ t = 0 W ¥3fqe fRRaT (dqeM) % woF ¥ o o0
SHEBT:ﬁ%ﬁBﬂ“{ﬁ’T 1m/s% Iﬁwwrn:rsnaﬁﬁm:

() wfaes fem faeem |

(ii) o 1 T mafe |

(iil) H9F % Hel % ®Y § gogHM 1 €A (x), Taf x &1 79 e
e o TIF | TR Srar B |

(iv) GoIHM gRI oeY Afeehdy ool |

A mass weighing 100 N is suspended from a spring of constant

k = 4000 N/m. At time t = 0, it has a downward velocity of 1 m/s as it

passes through the position of static equilibrium. Determine the

following : 15

(i) The static spring deflection.

(ii)) The natural frequency of the system.

(iii) The displacement (x) of the mass as a function of time, where x is
measured from the position of static equilibrium.

(iv) The maximum acceleration attained by the mass.

() fo= o ZuiY aq@m 3% A 3 B W snuifa (fom) o wa & faftw @6l
(Fr) % T STuEwsh St 3R seh 3ol ¥ Tt fafge en SFD we

BMD 3mfigqd shifsu |
1kN 1kN
A cC DJ B
T 92 kN-m T E
le Sl ale ole |
SERD R s NS e
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Write the equations for shearing force and bending moment for various
sections and draw SFD and BMD for the beam supported at A and B as

shown in the figure. 20
1 kN 1 kN
& (C D) B
T ™2 kN-m 1 E
le e ia olietil
R T Zm - 2 R

3. (a) hOKIHhd LG & A (FAFET) T w1 TAGH & ? qI9eh AIHM <hl STTavaehal
AT Y& HTEANTA TREdH1 ! THTET Hd §U I9YH AeHTeg TN & HIEqH 8
e @ fagra =t e |

What is the purpose of tempering of hardened steel ? Explain the

principle of tempering using suitable schematics including heating

temperature requirement and microstructural changes. 15

(b) UH 3 aded % W 2500 N-m T sehd 701 3T 8000 N-m &1 -3l
ST A g | A9 F uerd T T dH Yfded qen W IEqu Jfded
SW: 700 MPa 3 500 MPa & | &1 0Tk &1 6 Ad gU 9 o oA hl

T hifSu |

A solid circular shaft is subjected to a bending moment of 2500 N-m and

a torque of 8000 N-m. The ultimate tensile stress and ultimate shear
“stress of the shaft material are 700 MPa and 500 MPa respectively.

Assuming a factor of safety as 6, determine the diameter of the shaft. 15

(¢) U Uehel fofeTet, IR-EIe 99 250 rpm W 20 kW fashfea ot 8 | 4t g
THT B H fopan man s |l W gdie wieh # fohu U wR 1 3 TAT R |
SYUT qAT Y= Tkl | AT T T 1 AT A Hehd & | TN 3R dfieT
@ﬁ%ﬁmﬁnw@waﬁﬁ*ﬁﬁam%mw% | gfe nifquTerss =5k
%1 geIaH 1500 kg a1 IRyHY B<A1 0-6 m 7, df Tfd & I=ATEEA I OIH

Td I |

A single cylinder, four-stroke engine develops 20 kW at 250 rpm. The
work done by the gases during the expansion stroke is 3 times the work
done on the gases during the compression stroke. The work done during
the suction and exhaust strokes may be neglected. During expansion
and compression strokes the turning moment curve is assumed to be
triangular. If the flywheel has a mass of 1500 kg and has a radius of
gyration of 0-6 m, find the coefficient of fluctuation of speed. 20
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Q4.

(a)

(b)

(c)

FCC fshteet ST & foTU W] Hehet 0k o1 A F1d HifrT |

T glifeam (Ir) T 6t frsen 1 oM Hifsie | fean w2 76 e Y g
T FCC fshted ST 2, 9 22+4 g/em3 9T THTY] MR 192-2 g/mol & |
[STTETRT < HE&AT (N ) = 6:022 x 1023 wHTp/Hie 2]

Find out the value of atomic packing factor for the FCC crystal
structure.

Calculate the radius of an iridium (Ir) atom, given that Ir has an FCC
crystal structure, a density of 22-4 g/cm3 and an atomic weight of
192-2 g/mol.

[Avogadro’s number (N ) = 6-022 x 1023 atoms/mol]

TAH WS ‘@’ AT T Tl eed W U eia foog saa (3r3ee) 2 | 39
U 1 Th Y o AU STHAT Tged T 31 HIfT |

An inscribed circular hole is made in a triangular lamina with each side
‘a’. Find the area moment of inertia of this lamina about one of the sides.

TR GeAWH A, B, C A1 D §9H B o oo itd § 31 U A9 W e gl
WE | G B YL 6 kg & | 2599 B 8 g9 C a9 D SHAY: 90°
240° <1 IV Th & foa # =1 & |

If¢ 7 quiaan Tged | ], 9 go¥HE A, C 991 D 1 9Rer 3R A i iy
feufa sma i |

Four masses A, B, C and D revolve at equal radii and are equally spaced
along a shaft. The mass B weighs 6 kg. Masses C and D make angles of
90° and 240° respectively with B in the same direction.

Find the magnitude of the masses A, C and D and the angular position
of A, if the system is in complete balance.
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Q5.

(a)

(b)

(c)

wvs B
SECTION B

5 mm A1 i 3 TMEU 1 TIG deed 200 A fagga ama (1) qum 12 V 31
aeedt (V) R foran S 8 | 9 fifore fop 3teh g Sifa 70% SsAT 61 39
Tt urg % fUgam & gar } | 3fe seura Rrmen e @ R st fraem %
o1 20 J/mm3 FsAT Y TAYIHaT BNl B, O e B 31 HifS

(i) doed 3mh i TRE (W)
(i) a8 & o W FHat T & e ygm $i arht 8 (W)
(iii) 98 3T T (mm3/sec) A T Joe U1g 1 IET BT 2

TIG welding of two sheets of 5 mm thickness is performed using welding
current (I) of 200 A and arc voltage (V) of 12 V. Assume 70% of
generated arc heat is utilised for melting of base metals. If the steel
being welded needs 20 J/mm3 heat for melting, then determine the

following :
(i) Power of welding arc (W)
(ii)) Rate at which energy is delivered for melting (W)

(iii) Volume rate (mm?/sec) at which weld metal is produced

U 3= 9 $T (HSS) % Hhad TR 1 vgffem & 60 #t./fime & =
T @UEH & G IR Sfiad H1a 38 8 | n H A 0-27 WA g a9
ST ATl 1 TN HLd gU = i Fma hife

() 80 /e A TTd W, WU T W TR 3117 |

(i) 9% S = 99 W AR At 3y 2 = B |
A high speed steel (HSS) cutting tool during turning of aluminium offers

tool life of 3 hours at cutting speed of 60 m/minute. Determine the

following using above data and assuming value of n is 0-27 :

(i)  Life of tool if turning is performed at 80 m/minute cutting speed.

(i) Cutting speed at which cutting tool will have tool life of 2 hours.

3caTeA T # ATEA-gE gEETd () I &1 HE B 2

What are the reasons for carrying inventories in production industries ?
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Q6.

(d)

(e)

(a)

Th XYZ H9H 4 T 1 3c91g adita feran Foraeht st % weom wie weiHi

4 fashl s 5, 17, 29, 419 39 3154 1 ot | e AR 379 ot Ty

fasha qatqam =med 8 | |

() Tr=fafga fafee @ fasea qaigam s $ifve - onfigd o &fy (Last
ValueMethod),WﬁfﬁaﬂT?ﬁ?aﬁmﬂ@ﬁﬁW@mﬁﬁT
ol |

(i) @ de fou TTq fosher wfoew & ogEm w1 sw & RE § 8 o
ferfer qaigem e & % fore suge & 2 =it 2

An XYZ company launched a new product which had sales of 5, 7,29,

41 and 39 units respectively in its first five months of launch. The Sales
Manager now wants a forecast of sales in the next month.

(1) Find out sales forecast by the last value method, the averaging
method and the moving average method with the 3 most recent
months.

(i) Given the sales pattern so far, do any of the above methods seem
inappropriate for obtaining the forecast ? Why ?

Th Hebfeh 1 30+06 mm =ATg b % Tl foat oefiam 21 2, % =arg 6
ST o fIe Uk 79 i STavashar 2 | afe wh wiivdes afewErn ol % uem
B R Al T A fomnd w@n Fift 2 wm A 76 T afew @ e ge
S, T AIESIIAT 1 10% 2 |

A mechanic needs a gauge for checking the diameter of holes to be
machined to a diameter of 30*+%6 mm. What should be the dimensions of
the gauge, if unilateral system of tolerances are incorporated ? Assume
gauge tolerance and wear allowance each as 10% of work tolerance.

qie $eahi A, B, C, Dd E T B4 W Yshav 841 & | Tpmor o (A} #) @
o fafar (anft @) freea & '

TSHHUT GHY i fafar

e (et #) (st @)
A 6 s
B 4 10
C 15 15
D 8 20
E 7 30

Tt el & T o1 wmem ww (fedi #), sihed vars w09, ufy foa frem
H HeIhi hl WIS FEAT qUT =IH JEEHY @99 (SPT) Frm @ wien e
A1 IS, fSad T Feasi & Tshaw & foe adtes wa faffa fean s o |
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Five jobs A, B, C,D and E need to be processed on a machine. Processing
time (in days) and due date (from now) are given below :

Jobs Processing Time Due Date
(in days) (from now)
A 6 5
B 4 10
C 5 15
D 8 20
E 7 30

Determine the total completion time (in days) for all jobs, averagé
flow time, average number of jobs in system per day and average
tardiness using Shortest Processing Time (SPT) rule so as to
establish appropriate sequence for processing of jobs.

i el 3, feeel @ HIHT B UH AT GEF H A G SAhIH A
2 | T wwiled eeeee % foe anfies fer @, aiteed |rm e
muﬁm%mﬁaaﬁ%@:ﬁ%MﬁﬁEW%llﬁa%%ﬂwﬁﬂ
4oooomﬁmmw%mmmmwﬁw
£ | T ke % U Ieared s g T A i HE R |

(b)

<t b
EEE foeeht | ietprar
foor @ (%) 800000 | 600000 | 500000
gfaed @rra ufd 3618 (%) 30 40 50
I wfd 3% (T) 60 60 60

Three cities namely Chennai, Delhi and Kolkata are being considered as
potential locations for a new plant. Estimated data of annual fixed cost,
variable cost and revenue per unit for each potential location are given
below in the table. Determine the most attractive location for the plant if
the estimated annual production volume desired is 40000 units. Also

determine break-even production volume for each location.
Head 2
Chennai | Delhi | Kolkata
Fixed cost (3) 800000 | 600000 | 500000
Variable cost per unit () 30 40 50
Revenue per unit (¥) 60 60 60

HXS-U-MCHE 9
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Q7.

(c)

(a)

Th TR fog Fi sfem fomw W w0 10° 3, @ a1 dEwi
QU foha S R | wed wn Pe wier 3T 0-2, A Fda T (Fp)
1400 N T HEATeR il I (Fy,) 2000 N I 7 2 | Y&V T I,
AT A, T BTk T et qr = i s B |

Orthogonal turning of a metal is performed using single point cutting
tool having rake angle of 10°. The turning operation produces
chip-thickness ratio of 0-2, horizontal cutting force (F) of 1400 N and
vertical cutting force (Fy) of 2000 N. Determine the shear plane angle,
normal force, friction force on rake face and friction angle.

@waﬁﬁnmmﬁmﬁ%fmmﬁmwmﬁﬁﬁr@?ﬁ% | 9
S e SR e g w9 & R TS T 1 T B S w0
& S Ikt R AfEE & W@ | Yei @ wed shea 3 dn s 6 s
2 | 39 Wfsha i 25 &7 a6 draoan s 2 | 39 J&I0T & "W RS fieraq
g

25 25
X; =1000, »" R; =250
i=1 i=1

(i) X & R=R e dand 3 Hifvo |

(i) I8 WA FT bl Feror & & don s e 1 foreor w2, o
e i Sfder 1 T e 50 fire & sarer sdften 78 e @ |

(i) 20 T Hiwrd s i |
(mw%@a?ﬁq-ﬁqmﬁwmmaﬁaﬁw%fmmaméww
A fereror Tt Se-a % ey T §)

A car servicing company is interested in reducing the waiting time for
its customers. They select four customers randomly each day and find
the waiting time for each customer while his/her car is serviced. From
these observations, the sample average and range are found. This
process is repeated for 25 days. The summary data for these
observations are as under :

25 25
Z X, = 1000, Z R; = 250
1=l 1=1

(i) Find out X and R chart control limits.

HXS-U-MCHE 10
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(ii) Assuming that the process is in control and the distribution of

waiting time is normal, find the percentage of customers who will

not have to wait for more than 50 minutes.

(iii) Find the 20 control limits.

(Factors for Computing Centerline and Three-Sigma Control Limits and
Cumulative Standard Normal Distribution table are appended in the

question paper) 15
Factors for Computing Centerline and Three-Sigma Control Limits
Dbeeruations X - Charts s - Charts R - Charts
in Factors for Control Factor for 5 & Factors for 3
dahaier i pescan Factors for Control Limits PR Factors for Control Limits
' AV s A B e il B By B | Uit B B
2 2121 1.880 2.659 |0.7979 1.2533(0.000 3.267 0.000 2.606 |1.128 0.8865 |0.853 0.000 3.686 0.000 3.267
3 1.732 1.023 1.954 |0.8862 1.1284 (0.000 2.568 0.000 2.276 |1.693 0.5907 {0.888 0.000 4.358 0.000 2.574
4 1.500 0.729 1.628 |0.9213 1.0854 [0.000 2.266 0.000 2.088 [2.059 0.4857 [0.880 0.000 4.698 0.000 2.282
1342 0577 1.427 |0.9400 1.0638(0.000 2.089 0.000 1.964 |2.326 0.4299 |0.864 0.000 4.918 0.000 2.114
6 1.225 0.483 1.287 |0.9515 1.0510(0.030 1.970 0.029 1.874 |2.534 0.3946 |0.848 0.000 5.078 0.000 2.004
7 1134 0.419 1.182 |0.9594 1.0423(0.118 1.882 0.113 1.806 |2.704 0.3698 |0.833 0.204 5.204 0.076 1.924
8 1.061 0373 1.099 |0.9650 1.0363(0.185 1.815 0.179 1.751 |2.847 0.3512 |0.820 0.388 5.306 0.136 1.864
9 1.000 0.337 1.032 |0.9693 1.0317(0.239 1.761 0.232 1.707 |2.970 0.3367 |0.808 0.547 5.393 0.184 1.816
10 0.949 0.308 0.975 [0.9727 1.02810.284 1.716 0.276 1.669 |3.078 0.3249 [0.797 0.687 5.469 0.223 1.777
31 0.905 0.285 0.927 [0.9754 1.0252|0.321 1.679 0.313 1.637 [3.173 0.3152 [0.787 0.811 5.535 0.256 1.744
12 0.866 0.266 0.886 |0.9776 1.0229 |0.354 1.646 0.346 1.610 (3.258 0.3069 [0.778 0.922 5.594 0.283 1.717
13 0.832 0.249 0.850 [0.9794 1.0210/0.382 1.618 0.374 1.585 [3.336 0.2998 {0.770 1.025 5.647 0.307 1.693
14 0.802 0.235 0.817 [0.9810 1.0194 |0.406 1.594 0.399 1.563 [3.407 0.2935 [0.763 1.118 5.696 0.328 1.672
15 0.775 0.223 0.789 [0.9823 1.01800.428 1.572 0.421 1.544 [3.472 0.2880 [0.756 1.203 5.741 0.347 1.653
16 0.750 0.212 0.763 [0.9835 1.0168 [0.448 1.552 0.440 1.526 |3.532 0.2831|0.750 1.282 5.782 0.363 1.637
17 0.728 0.203 0.739 [0.9845 1.0157 |0.466 1.534 0.458 1.511 (3.588 0.2787 |0.744 1.356 5.820 0.378 1.622
18 0.707 0.194 0.718 |0.9854 1.0148 |0.482 1.518 0.475 1.496 [3.640 0.2747 [0.739 1.424 5.856 0.391 1.608
19 0.688 0.187 0.698 [0.9862 1.01400.497 1.503 0.490 1.483 [3.689 0.2711 |0.734 1.487 5.891 0.403 1.597
20 0.671 0.180 0.680 [0.9869 1.01330.510 1.490 0.504 1.470 |3.735 0.2677|0.729 1.549 5.921 0.415 1.585
21 0.655 0.173 0.663 [0.9876 1.0126|0.523 1.477 0.516 1.459 |3.778 0.2647 |0.724 1.605 5.951 0.425 1.575
22 0.640 0.167 0.647 |0.9882 1.01190.534 1.466 0.528 1.448 (3.819 0.2618 [0.720 1.659 5.979 0.434 1.566
23 0.626 0.162 0.633 |0.9887 1.0114 |0.545 1.455 0.539 1.438 (3.858 0.2592 |0.716 1.710 6.006 0.443 1.557
24 0.612 0.157 0.619 |0.9892 1.0109 |0.555 1.445 0.549 1.429 (3.895 0.2567 |0.712 1.759 6.031 0.451 1.548
25 0.600 0.153 0.606 |0.9896 1.0105 |0.565 1.435 0.559 1.420 (3.931 0.2544 |0.708 1.806 6.056 0.459 1.541
HXS-U-MCHE b v 4




Cumulative Standard Normal Distribution

z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.00 0.5000 | 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359
0.10 0.5398 | 0.5438 | 0.5478 0.5517 | 0.5557 0.5596 0.5636 0.5675 0.5714 0.5753
0.20 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 | 0.6103 0.6141
0.30 0.6179 0.6217 | 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517
0.40 0.6554 | 0.6591 0.6628 0.6664 | 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879
0.50 0.6915 0.6950 | 0.6985 0.7019 0.7054 | 0.7088 0.7123 0.7157 0.7190 0.7224
0.60 0.7257 0.7291 0.7324 | 0.7357 | 0.7389 0.7422 0.7454 0.7486 0.7517 0.7549
0.70 0.7580 | 0.7611 0.7642 0.7673 0.7704 | 0.7734 0.7764 0.7794 0.7823 0.7852
0.80 0.7881 0.7910 0.7939 0.7967 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133
0.90 0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 | 0.8365 0.8389
1.00 0.8413 0.8438 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599 0.8621
1.10 0.8643 0.8665 0.8686 0.8708 0.8729 0.8749 0.8770 0.8790 0.8810 0.8830
1.20 0.8849 0.8869 0.8888 0.8907 0.8925 0.8944 0.8962 0.8980 0.8997 0.9015
1.30 0.9032 0.9049 0.9066 0.9082 0.9099 0.9115 0.9131 0.9147 0.9162 0.9177
1.40 0.9192 0.9207 | 0.9222 0.9236 0.9251 0.9265 0.9279 0.9292 | 0.9306 0.9319
1.50 0.9332 0.9345 0.9357 0.9370 | 0.9382 0.9394 0.9406 0.9418 0.9429 0.9441
1.60 0.9452 0.9463 0.9474 0.9484 | 0.9495 0.9505 0.9515 0.9525 0.9535 0.9545
1.70 0.9554 0.9564 | 0.9573 0.9582 0.9591 0.9599 0.9608 0.9616 0.9625 0.9633
1.80 0.9641 0.9649 0.9656 0.9664 0.9671 0.9678 0.9686 0.9693 0.9699 0.9706
1.90 0.9713 0.9719 0.9726 0.9732 0.9738 0.9744 0.9750 0.9756 0.9761 0.9767
2.00 0.9772 0.9778 0.9783 0.9788 0.9793 0.9798 0.9803 0.9808 0.9812 0.9817
2.10 0.9821 0.9826 0.9830 | 0.9834 0.9838 0.9842 0.9846 0.9850 0.9854 0.9857
2.20 0.9861 0.9864 | 0.9868 0.9871 0.9875 0.9878 0.9881 0.9884 0.9887 0.9890
2.30 0.9893 0.9896 0.9898 0.9901 0.9904 0.9906 0.9909 0.9911 0.9913 0.9916
2.40 0.9918 0.9920 | 0.9922 0.9925 0.9927 | 0.9929 0.9931 0.9932 0.9934 0.9936
2.50 0.9938 0.9940 | 0.9941 0.9943 0.9945 0.9946 0.9948 0.9949 0.9951 0.9952
2.60 0.9953 0.9955 0.9956 | 0.9957 | 0.9959 0.9960 0.9961 0.9962 0.9963 0.9964
2.70 0.9965 0.9966 | 0.9967 | 0.9968 | 0.9969 0.9970 0.9971 0.9972 0.9973 0.9974
2.80 0.9974 | 0.9975 0.9976 0.9977 0.9977 0.9978 0.9979 0.9979 0.9980 0.9981
2.90 0.9981 0.9982 0.9982 0.9983 0.9984 0.9984 0.9985 0.9985 0.9986 0.9986
3.00 0.9987 | 0.9987 | 0.9987 0.9988 0.9988 0.9989 0.9989 0.9989 0.9990 0.9990

(b)

&7 fehra fore yohr 1 wed & 2 of i % @ wa § 2 o Rt %

Al g SifEm i off fad=mr Hife |

How do lean systems function ? What are the characteristics of lean

systems ? Also, discuss the benefits and risks of lean systems.

HXS-U-MCHE
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(¢ el =8 wied % Hed #, 31 gAMIa eEdl & o9 UH F9 9E & B b
fore wftr soTs e W e a1 BISH o Wl 1A HH b [ STk ogcdd
HIF | I SHAh I Feud B o GH THT TS qEEROME i FdT5e |

In a case of open die forging, derive the expression for determining
forging force per unit length for forging a flat strip between two parallel
dies. Also, state the assumptions made while deriving the above

mentioned expression. 20

Q8. (a) fordi ECM wshm o frad w3 faga 9w = 1800 amps @ dieedl = 12 volts
2, o soiagrs 1 TH@ HHE-8F 2000 mm?2 ? | S ggred &t Frer S g, 98
et (Tasshar = 2) 8, et fafire guasmor @ 3-42 x 102 mm3/A-s
21
(i) afe wshH 90% 2& B, d mm3/minute # €Tq JFHT T FG HIFAT |

(i) ARG Soiagicmse i yfagehdl 140 ohm-mm 8, a1 HEsl fife
i |

The frontal working area of the electrode is 2000 mm? in a certain ECM
operation in which the applied current = 1800 amps and the
voltage = 12 volts. The material being cut is nickel (Valency = 2), whose

specific removal rate is 3-42 x 10~2 mm3/A-s.

(i) If the process is 90% efficient, determine the rate of material

removal in mm3/minute.

(ii) If the resistivity of the electrolyte is 140 ohm-mm, determine the
working gap. 18

HXS-U-MCHE 1=



(b)  wered Werw fawmt w1 famma = foan o R | vered warg AT &9 (dew 6)
9 3= 9 favmy/es & &= & w1 R | ur ik 8 6 @ fffeiiney 8 16
AR TG fope s @ § el o wft v e fwmivast @, 3, 4, 5,
7,8,9) | AR & 6 I TWH TAATARG fohu 91d & | faamit /A sitga arffes

R EAHT=01/5aTg Feraa &
YaE | 9Ty 3fEd | 99 i e
H-d% | WR (F=) | gl (m)
29 67 200 50
34 67 300 50
49 6TH 400. 50
@ © ® 59 6dh 500 50
ONG, &%@a @ 79 6T 600 50
©) 84 6% 700 50
9¥ 6 TH 800 50
1086dh | 900 50
64 1% 4400 100

AT o T W1 Hit 36 G (m) AR @ B @@ T 148 R | gae
e i el diieh @rTd shi 0T I |
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The layout of material storage section is given below. The material flow

occurs between packing area (No. 6) and other 9 sections/areas. Loads

are moved from packing area 6 to shipping/receiving area 1, while all

other loads move from different sections/areas (2, 3, 4, 5, 7, 8, 9) to

packing area No. 6. Average annual load movement/flow to/from sections

is as under :

Flow Average | Distance
Fogi ot Annual | Covered
Load (No.) (m)
2to 6 200 50
3 to6 300 50
4to6 400 50
@ ® O 5to 6 500 50
ON6) PaCkiCr;S e L () 7t06 1600 50
©) 8t0 6 700 50
9to 6 800 50
10to 6 900 50
Gtol i 4400 100

Assume cost of moving a load by unit distance (m) is ¥ 1/m. Determine

the annual total cost of material handling.

(¢) NC i & ded # Fdwries yorelt’ 9 “oifg famor’ i s Hifsw |

Explain ‘Coordinate system’ and ‘Motion control’ with reference to

NC machines.

HXS-U-MCHE 15
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MECHANICAL ENGINEERING (Paper II)

freiRa wm : i que siferraa 3a : 250
Time Allowed : Three Hours Maximum Marks : 250

AYA-T FqrET a9 e
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SHIGAR H Fo wiw g % I oA § |
ma'@mlﬂtsaﬁaﬁ%waﬁ%uﬁﬁﬁmm%m-é—m@mwﬁﬂ
UE & SR ST |
WAF W/ & forn Fem siw wws wwe R o E
M%Waﬁwﬁgﬁmﬁ%@aﬁw,ﬁwmmmﬁwﬁ%mwi
IR 3| W F T IO WH-HE-IR (F.#1.0.) gferw & gy ® fffs @ w R
mmluﬁﬁw%aﬁﬁﬁm%ﬁmmﬁﬁémwwaﬁimﬁﬁﬁm
m%@%maﬁaﬁiﬂﬁmﬁm,mmwﬁﬁgﬁmmaﬁ%m
el IS 9, @ /f SR & g o o wm § § e |
Wﬁﬁtm%wﬁaﬂ%,mwmamwim
m%wﬁﬁmmﬁmlmﬁmm%@mmﬁ%waﬁﬁwé
mﬁuﬁaﬁmawﬁlwaa-az-wg%mﬁ@ﬁ}@ﬁ%maﬁéggmgs%m
H Qia: w1 i |

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.

1 HXS-B-MCHE




1.(a)

1.(b)

1.(c)

1.(d)

‘n-\"‘
%

g us ‘A’ SECTION ‘A’
qar (%), e (sBR) ¥R AdEE S TEEE Al w R H
AT |

Discuss briefly the functional differences between a fan, a blower and a compressor.
10

fig fifvu fr smeafe wae # wuE ufed T @ wwar R |

Prove that shock cannot occur in subsonic flow. 10
e L=04m, ST ST k=23 Wm°C 3R g8 &% 4 =20 m? it
g W gNae 9ER R FER W | fER ¥ aEf SR @ e 7; = 80°C W
fBR U @l o 8, SEfE e @R 7, =15°C AWM W 9Rew Hoger H
FIET TR SO G h=24 Wm2°C % WA IS W W el R |
R o1 Aehal ¥R AR § FS o I ST 7 W W AEd €
() dEr # qumE uRedd & fou ww wEw wE K |

(i) SR ¥ WEem ¥ IO TEAW H R F AR R |

Consider a large plane wall of thickness L=0-4m, thermal conductivity
k=2-3 W/m°C and surface area 4 =20 m?. The left side of the wall is maintained
at a constant temperature of T} = 80°C while the right side loses heat by convection
to the surrounding air at T,=15°C with a heat transfer coefficient of
h =24 W/m?°C. Assuming constant thermal conductivity and no heat generation
in the wall,

(i) obtain a relation for the variation of temperature in the wall.
(ii) evaluate the rate of heat transfer through the wall. 10

qrgHsE qaE W wa FeAfeR fifee & g #§ Wk daed & oy e g
UM T IR

5_536-5(1;—&)"'33

€ T
mmﬁa%.aﬁr=mw=@—;—@aﬁmomooocamﬁm

ﬁ%|ﬁnn%amﬁWaWE}L=C(GrPr)m%l

ﬁaﬁwﬁﬁwm,@imﬁcﬁm%mﬁﬁmﬁaaﬁ
S Tea wlleRor ¥ UH |1 GRUME M | 100°C R TH AGHSHE TeE W YSH
@ % A o w SwEE W
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1.(e)

K = 0-0307 W/(mk), g=9-8 m/sec?
u = 21-673x10% NS/m?2
C,= 1022 J/(kg K)
T digHedd 9 g@ = 101,000 N/m?
ag & fau @ f@ae R = 287 JkgK
Heharei & g 3 # |
The following equation has been proposed for the heat transfer coefficient in natural
convection from long vertical cylinders to air at atmospheric pressure :
_5365(T, - T.)"
- T
(T, + T..)
2

b

where T=the film temperature = and T is in the range 0 to 200°C.

The corresponding equation in dimensionless form is thL = C(Gr Pr)".

Compare the two equations to determine the values of C and m such that the second
equation will give the same results as the first. Use properties of dry air at 100°C
and one atmosphere :

K = 0-0307 W/(mk), g=9-8 m/sec?
= 21-673x107% NS/m?
C,= 1022 J/(kg K)
The absolute pressure of one atmosphere = 101,000 N/m?
The gas constant R (for air) = 287 J/kg K
Symbols have their usual meaning. 10

QT AT ST @ foh Siote S & e sriafies freere fRafd w g drar @ 9 gen §
TamE foR e | ag $u9 suE 27 : 1, 6 W a9 43000 ki/kg, GE &
Sl i fafie s (3R st ) ¢, = (0471 + 20 x 105 7) K)/(kg K) T3 Seqarey
& fo1g R = 0287 ki/(kg K) foam man & (afe wdfiewt suma 15: 12, ok ddiew & s
# arE 870K ®, W # fF foraw wfvwe s (81%) R ggr wakan € |

Combustion in a diesel engine is assumed to begin at inner dead centre and to
be at constant pressure. The air-fuel ratio is 27 : 1, the calorific value of the fuel
is 43000 kJ/kg, and the specific heat (at constant volume) of the products of
combustion is given by :
C,=(071+20x10°7) kl/(kg K)
R for products = 0-287 kJ/(kg K)
If the compression ratio is 15: 1, and the temperature at the end of compression
is 870 K, determine the percentage of stroke at which combustion is completed.
10
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2.(2)(i)

(i)

2.(b)

2.(c)

3.(a)(1)

100 kPa, 40°C & 1000 kPa T UF WRighe safadi ware wiefigiues Wi # 3 kg
WW@@%I%W%WWWPV”S=CWW@W%|
sm-m,mﬁamwwrﬁﬁqﬁaéﬁﬁﬁﬁaﬁlw%ﬁq
C,=0717kl/kgK 3R R=0287ki/kgK #H |

3 kg of air is compressed in a reversible steady flow polytropic process from
100 kPa, 40°C to 1000 kPa. During this process the law of compression followed
is PV1'25 = C. Determine the shaft work, heat transferred and the change in entropy.
Assume for air C,=0-717 kJ/kg K and R = 0-287 kJ/kg K.

pdvmﬁt—vdpﬁlﬁaiéﬁ’ﬁa'(ﬁl
Distinguish between pdv work and —vdp work. 20
frfifea 3 frao & fog sfifea dwia wa A 6 % W # w4 wer
wa @ freagw Aerd ok g Aerd f e W

L=Sm(£z)

U, 26

Calculate the displacement thickness and momentum thickness of a laminar
boundary layer, in terms of the nominal boundary layer thickness 6, for the following

velocity distribution :
o sin(z x)
U, 26 2

s Ay N eRaEA T gad Iud 18:1 3R e Qe 700°C W
Frate-atel 91 ¥ G @ | g 100 kPa 3R 20°C TR ®gH H wawr
%|E&ﬁwaam,mmaﬁziaﬂmmamﬁﬁaﬁaﬁlw%ﬁq
C,=1:0035 kl/kg K IR y=14 o |

An ideal gas turbine engine operates with air as the working fluid at a pressure
ratio 18 : 1 and a maximum temperature of 700°C. The air enters the compressor
at 100 kPa and 20°C. Determine the thermal efficiency, the heat addition and the
temperature of exhaust air. For air take C,=1-0035kJ/kg K and y =14. 10

=tz f5 R awmm | TfifRe aRl @ g§ @ @m, W @aw 6w
TAMIR @t & fog wwmEl Srsd (4, F,) | AIF]_2=A1(1+F"2] ear € |

2

A, NRHEICTCIRACIN

/ Re-radiating Walls
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(i)

3.(b)

3.(c)

4.(a)

Show that the effective conductance, (4, F,) for two black, parallel plates of equal
area connected by re-radiating walls at constant temperature is

- 1+ F_
A1F1—2=A1( ] 2)-

2
555K 3R 278 K & AWM R Q 30 @Wdel § o9 @reh @ ¥ @ oS

%ﬁmmﬁ%mﬁaﬁmamﬁwﬁaﬁwailmﬁwﬁﬁm
0-8 %1
[6 = W% diegemm f8Ris = 5.670 x108 W/m? K4]

Determine the steady-state temperatures of two radiation shields placed in the
evacuated space between two infinite planes at temperatures of 555 K and 278 K.
The emissivity of all surfaces is 0-8.

[o = Stefan-Boltzmann constant = 5-670 x10® W/m? K*] 20

7 W Afde wae & fou swi@ w (FR) F A fawr @ wRifife

1

ul=(1—i)7m%mmm%,ﬁﬁucaﬁm%ﬁawén%aﬂnﬂﬁwr

To

& Proan ® | wla Su-wa d Aerd & fog <ifmm e gy w1 o

A T TH HIERT FoIA W | T Gl & Y ey 3 o @ g

b AEd 9 R A AT wHA R | I9-wa F Waw dw (e

AT o |

Assume that the velocity distribution in the turbulent core for tube flow may be
1

7
(1 —LJ where u, is the velocity at the centre of the tube and

u
represented by ==
rO

c

ro is the tube radius. Using the Blasius relation for friction factor, derive an equation
for the thickness of the laminar sublayer. For this problem the average flow velocity
may be calculated using the turbulent velocity distribution. Assume linear profile
in sublayer. 20

@%mmmmmmﬁﬁ%&wﬁaw%wﬁ
ATl &R |

Explain how the process of reheating in a gas turbine affects its operational
performance. 10

QU ARl 4 R B W EAN: T, 3R T, AR W S @l ST R | 7 s
awit o1g H vy F TF R AR 4 F smenta R, w@ 5 g Rk dEw
B # Jqefid ® | BF 7, AWM W @i ¥ 6967 gRI SO &1 g ol
¢ | frafafes @t fifa w3 & fg o 2vs 6 et w=
() ¥ A quEE faasw
(i) B3 G 999 I g
(iii) SAR 4 & TFEART F&AT
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4.(b)

Two walls 4 and B are maintained at temperatures 7, and T}, respectively. One
end of a metal rod of length / is embedded in the wall 4, while the other end
is fixed to wall B, the rod loses heat by convection to the environment at <
Derive an expression to determine

(i) the temperature distribution in the rod

(ii) the total heat lost by the rod

(iii) the heat transferred from the wall 4 20
arg p, =90 kPa, ¥, =520m/s 3R T, =558°C & TF T &orher qreft arfedt #
TR FA 2 | 9 0 v uen F | 31 fon s €, 5 % {6 7€ p, = 160 kPa
w ffa 9 & W | smeeR W

@ 7

(i) T,

(iii) shaem 6 g qui-geAr (TEed) Kikg ¥ | Gom arfershl & ITEE W |
Air enters a constant-area duct at p, =90 kPa, ¥; =520 m/s and T, = 558°C. It is
then cooled with negligible friction until it exists at p, =160 kPa. Estimate :

@ 7
(i) T, and
(iii) the total enthalpy of cooling in kJ/kg. Use attached chart. 20

FST EEIERW k=1-4 ¥ G¥ UNUEH difed are
Frictionless Duct Flow with Heat Transfer for k=1-4

Ma TyT§ pip* IiT* p*lp = VIv* pops

0.0 0.0 2.4000 0.0 0.0 1.2679
0.02 0.0019 2.3987 0.0023 0.0010 1.2675
0.04 0.0076 2.3946 0.0092 0.0038 1.2665
0.06 0.0171 2.3800 0.0205 0.0086 1.2647
0.08 0.0302 2.3787 0.0362 0.0152 1.2623
0.1 0.0468 2.3669 0.0560 0.0237 1.2591
0.12 0.0666 2.3526 0.0797 0.0339 1.2554
0.14 0.0895 2.3359 0.1069 0.0458 1.2510
0.16 0.1151 2.3170 0.1374 0.0593 1.2461
0.18 0.1432. 2.2959 0.1708 0.0744 1.2406
0.2 0.1736 22727 0.2066 0.0909 1.2346
0.22 0.2057 22477 0.2445 0.1088 - 1.2281
0.24 0.2395 2.2209 0.2841 0.1279 ' 1.2213
0.26 0.2745 2.1925 0.3250 0.1482 1.2140
0.28 0.3104 2.1626 0.3667 0.1696 1.2064
0.3 0.3469 2.1314 0.4089 0.1918 1.1985
0.32 0.3837 2.0991 0.4512 0.2149 1.1904
0.34 0.4206 2.0657 0.4933 0.2388 1.1822
0.36 0.4572 2.0314 0.5348 0.2633 1.1737
0.38 0.4935 1.9964 0.5755 0.2883 1.1652
04 0.5290 1.9608 0.6151 0.3137 1.1566
0.42 0.5638 1.9247 0.6535 0.3395 1.1480
0.44 d 0.5975 1.8882 0.6903 0.3656 1.1394
0.46 0.6301 1.8515 0.7254 0.3918 ' 1.1308
0.48 0.6614 1.8147 0.7587 0.4181 1.1224
0.5 0.6914 1.7778 0.7901 0.4444 1.1141
0.52 0.7199 1.7409 0.8196 0.4708 1.1059
0.54 0.7470 1.7043 0.8469 0.4970 1.0979
0.56 0.7725 1.6678 0.8723 0.5230 1.0901
0.58 0.7965 1.6316 0.8955 0.5489 1.0826
0.6 0.8189 1.5957 0.9167 0.5745 1.0753
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(m)mmk=1-4%maﬁv®qm%ﬁm

(Cont.) Frictionless Duct Flow with Heat Transfer for k=14

Ma YT plp* Y ) g p¥lp = VIv* PoDs
0.62 0.8398 1.5603 0.9358 0.5998 1.0682
0.64 0.8592 1.5253 0.9530 0.6248 1.0615
0.66 0.8771 1.4908 0.9682 0.6494 1.0550
0.68 0.8935 1.4569 0.9814 0.6737 1.0489
0.7 0.9085 1.4235 0.9929 0.6975 1.0431
0.72 0.9221 1.3907 1.0026 0.7209 1.0376
0.74 0.9344 1.3585 1.0106 0.7439 1.0325
0.76 0.9455 1.3270 1.0171 0.7665 1.0278
0.78 0.9553 1.2961 1.0220 0.7885 1.0234
0.8 0.9639 1.2658 1.0255 0.8101 1.0193
0.82 0.9715 1.2362 1.0276 0.8313 1.0157
0.84 0.9781 1.2073 1.0285 0.8519 1.0124
0.86 0.9836 1.1791 1.0283 0.8721 1.0095
0.88 0.9883 1.1515 1.0269 0.8918 1.0070
0.9 0.9921 1.1246 1.0245 0.9110 1.0049
0.92 0.9951 1.0984 1.0212 0.9297 1.0031
0.94 0.9973 1.0728 1.0170 0.9480 1.0017
0.96 0.9988 1.0479 1.0121 0.9658 1.0008
0.98 0.9997 1.0236 1.0064 0.9831 1.0002
1.0 1.0000 1.0000 1.0000 1.0000 1.0000
1.02 0.9997 0.9770 0.9930 1.0164 1.0002
1.04 0.9989 0.9546 0.9855 1.0325 1.0008
1.06 0.9977 0.9327 0.9776 1.0480 1.0017
1.08 0.9960 0.9115 0.9691 1.0632 1.0031
1.1 0.9939 0.8909 0.9603 1.0780 1.0049
1.12 0.9915 0.8708 0.9512 1.0923 1.0070
1.14 0.9887 0.8512 0.9417 1.1063 1.0095
1.16 0.9856 0.8322 0.9320 1.1198 1.0124
1.18 0.9823 0.8137 0.9220 1.1330 1.0157
1.2 0.9787 0.7958 0.9118 1.1459 1.0194
1.22 0.9749 0.7783 0.9015 1.1584 1.0235
1.24 0.9709 0.7613 0.8911 1.1705 1.0279
1.26 0.9668 0.7447 0.8805 1.1823 1.0328
1.28 0.9624 0.7287 0.8699 1.1938 1.0380
1.3 0.9580 0.7130 0.8592 1.2050 1.0437
1.32 0.9534 0.6978 0.8484 1.2159 1.0497
1.34 0.9487 0.6830 0.8377 1.2264 1.0561
1.36 0.9440 0.6686 0.8269 1.2367 1.0629
1.38 0.9391 0.6546 0.8161 1.2467 1.0701
1.4 0.9343 0.6410 0.8054 1.2564 1.0777
1.42 0.9293 0.6278 0.7947 1.2659 1.0856
1.44 0.9243 0.6149 0.7840 1.2751 1.0940
"1.46 0.9193 0.6024 0.7735 1.2840 1.1028
1.48 0.9143 0.5902 0.7629 1.2927 1.1120
L5 0.9093 0.5783 0.7525 1.3012 1.1215
1.52 0.9042 0.5668 0.7422 1.3095 1.1315
1.54 0.8992 0.5555 0.7319 1.3175 1.1419
1.56 0.8942 0.5446 0.7217 1.3253 1.1527
1.58 0.8892 0.5339 0.7117 1.3329 1.1640
1.6 0.8842 0.5236 0.7017 1.3403 1.1756
1.62 0.8792 0.5135 0.6919 1.3475 1.1877
1.64 0.8743 0.5036 0.6822 1.3546 1.2002
1.66 0.8694 0.4940 0.6726 13614 12131
1.68 0.8645 0.4847 0.6631 1.3681 1.2264
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(W) FE TR k=14 % WA GEEH AlfeAl T

(Cont.) Frictionless Duct Flow with Heat Transfer for k=1-4

Ma TYT rip* T/T* p*lp = VIv* oG
1.7 0.8597 0.4756 0.6538 1.3746 1.2402
1.72 0.8549 0.4668 0.6445 1.3809 1.2545
1.74 0.8502 0.4581 0.6355 1.3870 1.2692
1.76 0.8455 0.4497 0.6265 1.3931 1.2843
1.78 0.8409 0.4415 0.6176 1.3989 1.2999
1.8 0.8363 0.4335 0.6089 1.4046 1.3159
1.82 0.8317 0.4257 0.6004 1.4102 1.3324
1.84 0.8273 0.4181 0.5919 1.4156 1.3494
1.86 0.8228 0.4107 0.5836 1.4209 1.3669
1.88 0.8185 0.4035 0.5754 1.4261 1.3849
1.9 0.8141 0.3964 0.5673 1.4311 1.4033
1.92 0.8099 0.3895 0.5594 1.4360 1.4222
1.94 0.8057 0.3828 0.5516 1.4408 - 1.4417
1.96 0.8015 0.3763 0.5439 1.4455 1.4616
1.98 0.7974 0.3699 0.5364 1.4501 1.4821
20 0.7934 03636 0.5289 1.4545 1.5031
2.02 0.7894 0.3575 0.5216 1.4589 1.5246
2,04 0.7855 0.3516 05144 - 1.4632 1.5467
2.06 0.7816 0.3458 05074 1.4673 1.5693
2.08 0.7778 0.3401 0.5004 1.4714 1.5924
2.1 0.7741 0.3345 0.4936 1.4753 1.6162
2.12 0.7704 0.3291 0.4868 1.4792 1.6404
2.14 0.7667 0.3238 0.4802 1.4830 1.6653
2.16 0.7631 0.3186 0.4737 1.4867 1.6908
2.18 0.7596 0.3136 0.4673 1.4903 1.7168
22 0.7561 0.3086 0.4611 1.4938 1.7434
2.22 0.7527 0.3038 0.4549 1.4973 1.7707
2.24 0.7493 0.2991 0.4488 1.5007 1.7986
2.26 0.7460 0.2945 0.4428 1.5040 1.8271
2.28 0.7428 0.2899 0.4370 1.5072 1.8562
23 0.7395 0.2855 0.4312 1.5104 1.8860
2.32 0.7364 0.2812 0.4256 1.5134 1.9165
2.34 0.7333 0.2769 0.4200 1.5165 1.9476
2.36 0.7302 0.2728 0.4145 1.5194 1.9794
2.38 0.7272 0.2688 0.4091 1.5223 2.0119
2.4 0.7242 0.2648 0.4038 1.5252 2.0451
2.42 0.7213 0.2609 0.3986 1.5279 2.0789
2.44 0.7184 0.2571 0.3935 1.5306 2.1136
2.46 0.7156 0.2534 0.3885 1.5333 2.1489
248 0.7128 0.2497 0.3836 1.5359 2.1850
25 0.7101 0.2462 0.3787 1.5385 2.2218
2.52 0.7074 0.2427 0.3739 1.5410 2.2594
2.54 0.7047 0.2392 0.3692 1.5434 2.2978
2.56 0.7021 0.2359 0.3646 1.5458 2.3370
2.58 0.6995 0.2326 0.3601 1.5482 2.3770
2.6 0.6970 0.2294 0.3556 1.5505 24177
2.62 0.6945 0.2262 0.3512 1.5527 2.4593
264 0.6921 0.2231 0.3469 1.5549 2.5018
2.66 0.6896 0.2201 0.3427 1.5571 2.5451
2.68 0.6873 0.2171 0.3385 1.5592 2.5892
27 0.6849 0.2142 0.3344 1.5613 2.6343
272 0.6826 0.2113 0.3304 1.5634 2.6802
274 0.6804 0.2085 0.3264 1.5654 2.7270
2.76 0.6781 0.2058 0.3225 1.5673 2.7748
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4.(c)

5.(a)

5.(b)

5.(c)

UG A 391 hl el A EFINT Foaed 9l i eaidTS AT i e
i 2 7 f5 oitfeufEt § ssaeEt feve (geemk) afts soge & wea 2

Why is it more difficult to turbocharge spark ignition engines than compression
ignition engines ? Under what circumstances might supercharger be more
appropriate ? 10

9vug ‘B’ SECTION ‘B’

EGR 9§ ¥ U F1 §95d & ? 99l fF EGR, NO, J6oH &l 48 &9 a=al ¢ |

What do you understand by the term EGR ? Explain how EGR reduces NO,
emission in CI engines. 10

I TTEGIHEA C,Hy & o @ oM A aifem ¥ fay sikée Suew g
At T W N wE fEEr @ o R

CO, : 8-0%, CO: 0:9%, O, :8-8% 3R N, : 82:3%

RICCTS

() 2 H =T

(i) A9 R GEAM F AYR | a7 TF H AU

(iii) waRT & TE sfafes gar @ wfasa

The flue gas composition measured by Orsat apparatus for a boiler burning a fuel
of unknown hydrocarbon C,H, is given as follows :
CO, : 8:0%, CO:0-9%, O,:88% and N, :82:3%

Determine
(1) the composition of the fuel
(i) the air fuel ratio on mole and mass basis

(iii) the percentage of excess air used 10
R 42 & ded # frafafea asgt @ aofa &1

(i) TE&AT (1)

(i) ¥ T (C,)

Describe the following terms with reference to stream nozzle :

(i) Efficiency (ny)
(if) Velocity coefficient (C,) 10
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5.(d)

S5.(e)

6.(a)

6.(b)

6.(c)

wefta vonferat & dftger 3R Fwmel & oW "qe fag it sEaRon Hi =Anen
FX |

Explain the concept of balance point between the compressor and the capillary
tube in refrigeration systems. 10

g At sfterer whiram & fog ‘wwm ww fafd’ @ w@ew # "

Briefly explain the ‘Equal Friction Method’ of air-conditioning duct design
procedure. 10

() T CL 359 & gea-wa & fiowr <ev, SI oW & form wor fmr &ran & 2

(i) &7 IRT ¥R F w1 Al ® 7 @A F @9 CL e FW & q Hew
afrredt @ feamy et W) 3@ gl & S g )

(i) How does the mixture combustion in the combustion chamber of a C.L
engine differ from that of an S.I. engine ?

(i) What is meant by combustion induced swirl? Show with sketches two
important designs of C.I. combustion chamber using this method of swirl.
20

TF THA 9 Gt Wk § WG 30 bar, 400°C R AR H AN Fdl 3R
WS a1 0-1 bar § | WORU A dUF Uk FoAH U WER H g S 0-3 MPa
R AT BT @ | 99 FE R ST KA g¢ Wh A qEal W A |

(30 bar, 400°C R : h=3230-9 kl/kg 3R s=6-9212kJ/kgK ® | W9/ &
it % foro gfer & s # G W difers @ W WERT 9K

In a single-heater regenerative cycle the steam enters the turbine at 30 bar, 400°C
and the exhaust pressure is 0-1 bar. The feed water heater is a direct-contact type
which operates at 0-3 MPa. Find the efficiency of the cycle neglecting pump work.
(At 30 bar, 400°C : A= 32309 kJ/kg and s = 6-9212 kJ/kg K. Also use steam tables
given towards the end of booklet for steam/water properties). 20

TF TH €A1 6 I H YR ool qOFH 30°C 3R fafie smear 115 9 S A
wit ferdom gk @19 @ | aft 30°C W 9t & HgH AT T 424 kPa 3R I
T@ 90kPa B, d1 4 (T1) & T H ANE-IAGAT FT € |

A moist air sample has dry bulb temperature of 30°C and specific humidity of
11-5gm of water vapour per kg dry air. If the saturation vapour pressure of
water at 30°C is 4-24 kPa and the total pressure is 90 kPa then what is the
relative humidity of the air sample ? 10
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7.(a)

7.(b)

(i) @WWWWW%Wmml-zm%aﬁwemmrpm
WA R | GE B 18° ¥ | e I e 042 ¥ | Bl w ahm S
mu%armaﬁa%w%agmaoe%lmma%ﬁnaﬁwmm%
3°@a%|10kg/sﬁmma%ﬁthaﬁta%ﬁqwmahvﬁ
mm,ﬁaﬁnwaﬁwmﬁtﬁﬁaaﬁmmmﬁﬁql

(ii) ﬁsmmmmgmﬁﬁmmw@umaﬁm
mavhailugggﬁawmamaza%%éwﬁam%?

() A single stage impulse steam turbine rotor has a diameter of 1-2 m and runs
at 3000 rpm. The nozzle angle is 18°. The blade speed ratio is 0-42. The
relative velocity at the outlet to the relative velocity at inlet is 0-9. The outlet
angle of the blade is 3° smaller than the inlet angle. For a steam flow rate
of 10 kg/s find Blade angles at inlet and outlet, Axial thrust on the bearing
and Power developed.

(i) Describe the phenomenon of super saturated flow observed in steam nozzle
using 7-s diagram. How does it influence the mass flow rate through the
nozzle ? 20

TF AEIIEAd I 27°C DBT 3R 50% (@) RH W sA1Q @ wmar € |

wﬁﬁmaﬁ%ﬁmomnm3ﬁzz7°CWBT%|wmﬁ14kwaﬂﬁamm

%|7°Cwﬁ§wagﬁwqﬁsawaﬁaﬁW%|ﬁw%%aﬁaf&aﬁ:

() @&\ # amyfd & 7 W e W ocamwm

(i) ®&@ | @ I qw

(iii) m(a?an)asrsﬁamm,w%waﬁmwﬁmwﬁwﬁaqﬁﬁ
SR R, A T w GAEER R S 2

e fafre oo = 1022 kikg K oM ¥ | sméanfidia SarRe dew ?I

An air-conditioned space is maintained at 27°C DBT and 50% relative humidity.
The ambient conditions are 40°C DBT and 27°C WBT. The space has a sensible
heat gain of 14 kW. Air is supplied to the space at 7°C saturated. Determine the
following :

(1) Mass of moist air supplied to the space
(ii) Latent heat gain of space

(iif) Cooling load of air washer if 30% of the air supplied to the space is fresh,
the remainder being recirculated.

Assume humid specific heat = 1.022 kJ/kg K. Psychrometric chart is given. 20
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BELOW 0 °C PROPERTIES AND ENTHALPY DEVIATION LINES ARE FOR ICE

SPECIFIC VOLUME, m%kg DRY AIR
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DRY BULB TEMPERATURE, °C : :
0.75 m¥kg 0.80 m¥kg 0.85 m¥kg 0.90 m¥kg

SENSIBLE HEAT FACTOR

[Ref. Point for SHF is 25 °C, 50% RH]
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7.(c)

8.(a)

qas@:ﬁqﬁamz@asﬁmémlsoommwzsokwaﬁsﬁﬁm&mm
%l%mﬁﬁméaaa%@qaoskg/kwrx%laa:aweﬁagﬁmﬁaﬁzaiazaw
& o # Rl # g1 = 2w s 30 SR 3R 60 SR ¥ | yeamd § 3R siq:egw
% 39 # M AU w1 e wAy 2zoamaﬁt550a'm%laiaza§was%%q
ﬁwhgvﬁao-ﬁ,éaaﬁﬁmmo-ssaﬁxalgﬁeﬁaml-owwmﬁl
mmmaﬁaia:aqwaaﬁ:maﬁmaawasmﬁﬁl

afd s ¥ fog, Wmﬁgmmﬁaf&aaﬁ,aﬁaﬁ:é‘mm%m
Wﬁm“%lﬂﬁﬁaﬁmﬁ(ﬁﬁﬁﬁm4%ﬁ}aﬁﬁmmm
A H | (FREd 1 9R = 105 )

A six-cylinder four-stroke diesel engine develops a power of 250 kW at 1500 rpm.
The brake specific fuel consumption is 0-3 kg/kWh. The pressures of air in the
cylinder at the beginning of injection and at the end of injection are 30 bar and
60 bar respectively. The fuel injection pressures at the beginning and end of injection
are 220 bar and 550 bar respectively. Assume the coefficient of discharge for the
injector to be 0-65, specific gravity of fuel to be 0-85 and the atmospheric pressure
to be 1-013 bar. Also assume the effective pressure difference to be the average
pressure difference over the injection period.

Determine the nozzle area required per injection if the injection takes place over
15° crank angle. If the number of orifices used in the nozzle are 4, find the diameter
of the orifice. (Conversion 1 bar = 10° Pascal) 10

W%ldﬁ@%aﬁﬁmw%aﬁ?ﬁmwmm%&aﬁ
mmmaﬁémﬁﬁaﬁ‘eﬁ@m%lmﬁaaﬂﬁ.aﬁﬁ.mﬁlam‘rﬁm%
frafafea T & swEm % .

A °C T Fn (zarell) (kkg)  [Sm A (TEr) WAgK
Temperature Enthalpy (kJ/kg) Entropy kl/kg K
°C hy hg h Sy Sg
-6-7 -293 1293-8 1264-5 -0-113 4-752
26-7 125-6 1172-4 12979 0-427 4-334

An ammonia vapour compression refrigeration system works between temperature
limits of —6-7°C and 26-7°C. The vapour is dry at the end of compression and
there is no under cooling of the liquid which is further throttled to the lower
temperature. Find the COP of the machine. Use the above properties of ammonia.

20
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8.(b)

8.(c)

@médaﬁm&qzm%HanﬁlMPa,zomcmu%ara:@h
%aﬁts‘?{0-3MPam@3ﬁ%lwﬁgm,§amﬁﬁzaﬁaaﬂ%§h@
mﬁﬁwmﬁ%m&aﬁmm%cﬁ@%Mhmd@m%mﬁ@ﬁg
im%limmm%wqaiiMkPaamﬁmﬁ%lz@sﬂah1MWa’€t
e it Sared &t sk Fen fafmmes @ 500 kW I AT W F I wRA
ﬁmmﬁ%iaﬁw&mﬁaﬁmim@m%mmﬁm
£ sfad EEE VAR ® B A W |

(1 MPa, 200°C T : h=28279 klkg 3R 5=6-6939 kl/kg K)
@m%mﬁmm—aﬁmmﬁmaﬁ

In a cogeneration plant, steam enters the HP stage of a two-stage turbine at 1 MPa,
200°C and leaves it at 0-3 MPa. At this point some of the steam is bled off and
passed through a heat exchanger which it leaves as saturated liquid at 0-3 MPa.
The remaining steam expands in the LP stage of the turbine to 40 kPa. The turbine
is required to produce a total power of 1 MW and the heat exchanger is required
to provide a heating rate of 500 kW. Assuming all processes to be ideal, calculate
the required mass flow rate of steam into the HP stage of the turbine.

(At 1 MPa, 200°C: h=28279 kl/kg and s=6-6939 klkg K)
Also use Steam Tables given at the end of the booklet. 20

m-aﬁmﬁﬁmﬁ%ﬁwﬁm@ﬁaﬁwﬂtﬁﬁm@ﬁwﬁaﬁx
T-saﬁ@mmmgqﬁfmﬁﬂﬁf@HMﬁﬁwﬁﬁﬁﬁ:

@) aﬁrﬁﬁﬂwéﬁqzﬁsﬁ%mmmml

(ii) @ammmtﬁmaﬁaﬁﬁaqﬂm|

Compare the throttling processes happening at the following two locations in the
steam power plant and using T-s diagrams contrast the observed phenomena :

(i) throttling of steam at inlet to turbine for governing.

(ii) throttling of condensate in closed feed heater trap exit. 10
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Saturated Water Pressure Entry

STEAM TABLE

Enthalpy, kJ/kg Entropy, kJ/kg-K
Press. Temp.  Sat. Liquid Evap. Sat. Vapor Sat. Liquid Evap. sSat. Vapor
(kPa) (°O) hy hy, hy Sy St Sg
06113 0-01 0-00 2501-3 2501-3 0 9:1562 91562
1-0 6-98 29-29 2484-89 2514-18 0-1059 8:8697 89756
1-5 13-03 54-70 2470-59 2525-30 0-1956 8:6322 8-8278
2:0 17-50 73-47 2460-02 2533-49 0-2607 8-4629 8:7236
2:5 21-08 88-47 2451-56 2540-03 0-3120 8:3311 8:6431
30 24-08 101-03 2444-47 2545-50 0-3545 8:2231 8-:5775
4-0 28-96 121-44 2432-93 2554-37 0-4226 8:0520 84746
50 32-88 137-79 2423-66 2561-45 04763 7-9187 8:3950
75 40-29 16877 2406-02 257479 0-5763 7-6751 82514
10 45-81 191-81 239282 2584-63 0-6492 7-5010 8:1501
15 53-97 225-91 2373:14 2599-06 0-7548 7-2536 8:0084
20 60-06 251-38 2358:33 2609-70 0-8319 7-0766 79085
25 64-97 271-90 2346-29 2618-19 0-8930 6-9383 7-8313
30 69-10 289-21 2336-07 2625-28 0-9439 6-8247 7-7686
40 75-87 317-55 2319-19 263674 1-:0258 6-6441 76700
50 81-33 340-47 2305-40 2645-87 1-:0910 6-5029 7-5939
75 91-77 384-36 2278-59 2662-96 12129 6-2434 74563
100 99-62 417-44 2258-02 2675-46 1-3025 6-:0568 7-3593
125 105-99 444-30 2241-05 2685-35 1-3739 5:9104 7:2843
150 111-37 467-08 2226-46 2693-54 1-4335 5-7897 7-2232
175 116:06 486-97 2213-57 2700-53 1-4848 5-6868 71717
200 120-23 504-68 2201-96 270663 1-5300 5-5970 71271
225 124-00 520-69 2191-35 2712:04 1-5705 5-5173 7-0878
250 12743 535-34 2181-55 2716-89 1-6072 5-4455 7-0526
275 13060 548-87 2172:42 2721-29 1-6407 5-3801 7-0208
300 133-55 561-45 2163-85 2725-30 1-6717 5-3201 6-9918
325 136-30 573-23 2155-76 2728-99 1-7005 5-2646 69651
350 138-88 584-31 2148:10 273240 1-7274 5-2130 6-9404
375 141-32 594-79 214079 2735-58 1-7527 5-1647 6:9174
400 143-63 604-73 2133-81 273853 1-7766 5-1193 6-8958
450 147-93 623-24 212067 274391 1-8206 5-:0359 6-8565
500 151-86 640-21 2108-47 274867 1-8606 4-9606 68212
550 155-48 655-91 2097-04 2752-94 1-8972 4-8920 67892
600 158-85 670-54 2086-26 2756-80 1-9311 4-8289 6:7600
650 162-01 684-26 2076-04 2760-30 1-9627 4-7704 6:7330
700 164-97 697-20 2066-30 276350 1-9922 4-7158 6:7080
750 16777 709-45 2056-98 2766-43 2:0199 4-6647 6:6846
800 17043 72110 2048:04 2769-13 2:0461 4-6166 6-6627

15
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Saturated Water Pressure Entry

Specific Volume, m’/kg Internal Energy, kJ/kg
Press. Temp.  Sat. Liquid Evap. Sat. Vapor  Sat. Liquid  Evap. Sat. Vapor
(kPa) (°C) vy Up Vg ur Up Ug
06113 0-01 0-001000  206-131 206132 0 23753 23753
1 698 0:001000 129-20702  129:20802 29-29 2355-69 2384-98
15 13-03 0-001001 87-97913 87-98013 54-70 233863 2393-32
2 17-50 0:001001 67-00285 67-:00385 73-47 2326-02 239948
25 21-08 0:001002 54-25285 54-25385 88-47 2315-93 2404-40
3 24-08 0-001003 45-66402 45-66502 101-03 2307-48 2408-51
4 28-96 0-001004 34:79915 34-80015 121-44 229373 241517
5 3288 0-001005 28:19150 28-19251 137-79 228270 242049
75 40-29 0-001008 19-23674 19-23775 168-76 226174 2430-50
10 45-81 0-:001010 14-67254 14-67355 191-79 2246-10 2437-89
15 53-97 0-001014 10-02117 1002218 22590 2222-83 244873
20 60-06 0-001017 7-64835 7-64937 251-35 2205-36 2456-71
25 64-97 0-001020 6-20322 620424 271-88 2191-21 2463:08
30 69-10 0-001022 5:22816 522918 289-18 2179-22 246840
40 75-87 0-001026 399243 3-99345 317-51 2159-49 2477-00
50 81-33 0-001030 323931 324034 340-42 2143-43 2483-85
75 91-77 0-001037 2:21607 2:21711 394-29 2112-39 2496-67
100 99-62 0-001043 1-69296 1-69400 417-33 2088-72 2506-06
125 105-99 0-001048 1-37385 1-37490 444-16 2069-32 251348
150 111-37 0-001053 1-15828 1-15933 466-92 2052-72 2519-64
175 116-:06 0-001057 1-00257 1-00363 48678 2038-12 2524-90
200 120-23 0:001061 0-88467 0-88573 504-47 2025-02 252949
225 124-00 0:001064 079219 079325 520-45 201310 2533-56
250 127-43 0-001067 071765 071871 535-08 2002-14 2537-21
275 130-60 0-001070 065624 065731 548-57 1991-95 2540-53
300 . 133:55 0-001073 060475 0-60582 561-13 1982-43 2543-55
325 136-30 0-001076 0-56093 0-56201 572-88 1973-46 2546-34
350 138:88 0-001079 0-52317 0-52425 583-93 1964-98 2548-92
375 141-32 0-001081 049029 049137 594-38 1956-93 2551-31
400 143-63 0-:001084 0-46138 0-46246 604-29 1949-26 2553-55
450 147-93 0-001088 0-41289 041398 622-75 1934-87 255762
500 151-86 0-001093 0-37380 0-37489 639:66 1921-57 2561-23
550 155-48 0:001097 0-34159 034268 655-30 190917 2564-47
600 158-85 0-:001101 0-31457 0-31567 669-88 1897-52 2567-40
650 162:01 0-001104 0-29158 029268 683-55 1886-51 2570-06
700 164-97 0-001108 0:27176 0-27286 696-43 1876-07 257249
750 16777 0-001111 0-25449 0-25560 70862 186611 257473
800 17043 0-001115 0-23931 0-24043 720-20 1856-58 2576-79
HXS-B-MCHE 16
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