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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 § 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 (QQCA) Booklet must be clearly struck off.
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Q1.

(a)

(b)

(c)

@ug A
SECTION A

T U ATET o Fah I fHeh1 R W 21 591 r 8, h 396 & 709 W
TFh % kg I AR TR &fed s P & ofen s R | fag hifse 6 P

2
W'Vfihh‘h 3 oirer o 2 |

A heavy carriage wheel of weight W, and radius r is to be dragged over
an obstacle of height h by a horizontal force P applied to the centre of

.y/2rh — h?
the wheel. Show that P is slightly greater than w o o .
r —

T Mo T TH Sisheht ol B T8 W 70 mm, 80 mm T 50 mm B ght
W 6 kg, 5 kg 41 4 kg & o ZAAH HEA: 45°, 135° AAT 240° HIU
feufernt w8 | it feafemt x-s1e 1 fen & e e @ amred e § =t
T 2 | Wfaes dgeH % T savEs 85 mm Brea gt W wfagemm Y o
Hifo |

A disc mounted on a shaft is having three masses of 6 kg, 5 kg and 4 kg,
which are attached at a radial distance of 70 mm, 80 mm and 50 mm at
the angular positions of 45°, 135° and 240° respectively. The angular
positions are measured counter-clockwise from the reference line along
the x-axis. Calculate the amount of countermass at the radial distance of
85 mm required for the static balance.

T TeR § S T 25 m/s % I ¥ TH qiTE i qag § SR A @ 8, T
TeeR e foam Sren @ i Bt Y o1 5 Sehve % W1E G ol @ |
1 97 340 m/s THA §C AR Hl HaTS 39 WY FQ HITC e ek Y e
ST R |

From a balloon ascending with a velocity of 25 m/s above the surface of a
lake, a stone is let fall and the sound of the splash is heard 5 seconds
later. Find the height of the balloon when the stone was dropped,
assuming that the velocity of sound is 340 m/s.
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Q2.

(d)

(e)

(a)

TS AR U w1 R HE § ? FCC fhed et &1 wEmve afdh
U ST T |

What is the importance of the atomic packing factor ? Compute the
atomic packing factor for the FCC crystal structure.

TF 20 cm SAH F 1.5 m o IR & &0 ) ot s3fom 5 @1 S 2 |
R & g W o wh Ikt &1 R 20 kg 2 | A IR+ U
TR AT 2 x 108 kg/em? &, @ W9 i Shif=de T =6 Ifd fiFe o
gferford HfvT |

A 1-5 m long shaft having diameter 2:0 cm is held at the ends by long
bearings. The weight of a disc at the centre of the shaft is 20 kg. If the
modulus of elasticity of the material of shaft is 2 x 106 kg/cm?, then

calculate the critical speed of the shaft in cycles per minute.

o 2(a) #, AB ™ g% ®8 2, CE, 20 mm = 6l MG hl B aA
DF, 20 mm =9/ & dfd 6 3 8 | I 3R A &5 & 991 30 kN &1 T 9K
W B B W o @I &, dl 399d 3N dfd i D8l 1 Afdes d91 A |

hafsean ma I |
feam ™ 2 ¢ Eq = 200 GN/m2 @21 E, = 100 GN/m2

TMME 30 kN
1m-r*3¥crraﬁ@g
A° l C - B
fe—1 m—i¢ 2m ~+—1m—>|
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In Figure 2(a), AB is a rigid bar, CE is a steel rod of 20 mm diameter
and DF is a copper rod of 20 mm diameter. If the end A is hinged and a
load of 30 kN acts at the free end B, find the stresses in the steel and
copper rods and the reaction at A.

Given : E; = 200 GN/m?2 and E_ = 100 GN/m? 20
upu B
T 30 kN
1 L— Steel rod

m

| |o N
A° B

f—1lm—e—2m 1m —y
1m

«— Copper rod

i F
Figure 2(a)

(b) TH U TR H TAH WS Hl @ 350 mm B | el yord goi s
25 mm 1 g W &g ¥ a8 & 9 FH qSC qUH NF W gy &
g W 250 N 1 91 8 q91 T3 g &1 g 25 N 2 | AfE el 61 gue
=1 225 rpm W 125 mm &, 91 FefaRaa =1 gftewfaa Sifsm .

() TR v 59 w=ha 55 mm I3 W B
(i) S
(iii) e &1 9fE

The length of each arm of a Porter governor is 350 mm. The lower arms

are attached to a sleeve at a distance of 25 mm from the axis and the
upper arms are pivoted on the axis of rotation. The load on the sleeve is

250 N and the weight of each ball is 25 N. If the radius of rotation of the
balls is 125 mm at a speed of 225 rpm, then calculate the following : 20
(i) Speed of governor after the sleeve has lifted 55 mm

(i) Effort

(iii) Power of the governor

(c) <ig Tayag & sgam@ WM B4 & 9 wRen 6t fga=m fifse qon g
Tagrarg & & @eon i off faasm Sifsie St sah swnfia s difa =@ g
Discuss three reasons why ferrous alloys are used so extensively and
also discuss three characteristics of ferrous alloys that limit their
utilization. 10

- A
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Q3. (a) T 3(a) o wft Truhiy waal &1 o¥v UM 0-2 B | FA1 25 kg 1 &A, TH
A N SR I TE R HUT, Gged § T, I1 I8 301 811 8 ok A =1 =
M Y qA B H @ I Y TE T TN 2 25 kg H § [Ch o HLA-AA T
o @ 2 Tl 6 20 58 auen ) audei 9 99 © |

06 m ———

15°

| "

e———25 kg

| e 50 kg

J77777777777777 7777777777777/

NOUOMONUONNNONUNNNNNNNNANANANYN

The coefficient of friction for all contacting surfaces in Figure 3(a) is
0-2. Does the 25 kg force move the block A up, hold it in equilibrium, or
is it too small to prevent A from coming down and B from moving out ?
The 25 kg force is exerted at the mid-plane of the block so that we can
consider this a coplanar problem.

06 m —>

15°

/

100 k/ B
e———25kg

////// 50 kg

77777777777 7777777777777/7/7/7

NOUONOUONONONNNNNNNNNANNANANNANN

0-6 m
Figure 3(a)
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(b) aeitd st 1 g TH WG T & T fog W Higg B | wfdwelt v afmm
qen feemd o 3(b) # U Ufqeer 31 W ewin W R | 39 a9 W Ul Hi
uRepfora i St T 58 o/ +1 15° % *v1 grr g 1 fen o g ww
frm A

4 Py= 20 N/mm?

qé— 1

P;=80 N/mm?

T 7 q=30N/mm?

Jl P2
1= 3(b)
A plane stress condition exists at a point in a loaded structure. The

stresses have the magnitude and directions shown on the stress element
of Figure 3(b). Calculate the stress acting on the planes obtained by

rotating the element clockwise through an angle of 15°. 20
4 Py=20 N/mm?
qb—mo— 1
P, = 80 N/mm?
Py

T 7 q=30N/mm?

VP,

Figure 3(b)
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(c) gmﬁ,mwmﬁqm-mwﬁ%gﬁﬁﬁéw
|

Discuss microstructure and mechanical properties of pearlite, bainite
and martensite. 10

Q4. (a) o Fqdferd R (W ®) &1 g« H0 20° T TAEF (ATSE) 6 mm 2 |
ot w et < g 28 dun o R W 52 2 7 |
ﬁmf%«rﬁaaﬁmmﬁﬁrq:

(i) H9Yh U
i) e afed oft fufem = fomen w0
(iti) IO 1 R A 9 1 A
(I) HUH & I H,
(1) fo= fagm,
(II1) 9 <ht FHIe W |
fafrem iR firer =il W wEe U T (Wised) % Set 7 S |

Two involute gears in mesh have pressure angle of 20° and module of

6 mm. The number of teeth on pinion is 28 and the larger gear has

52 teeth.

Calculate the following : 20

(i) Contact ratio
(i) Angle of action of gear wheel and pinion
(ii1) Ratio of sliding velocity to rolling velocity at
(I) Starting of contact,
(II) Pitch point,
(III) End of contact.

Consider the addenda on pinion and gear wheel as equal to one

module.
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(b) U TG % 3 Iq WH W 12 kNm I 5o 30 3 16 kNm 1 UaT
AT T A 2 | Th G Uh-39Ef - v § 38 verd w1 e
forg wfdeiet 300 N/mm? 9T TR | Gt Ui I 2 WA BT 39 adel W9 6
SAH IEIE A H A () Afuwan ger iiew fagi, den
(ii) Srferepan srequ Sioee fagia &1 T # g¢ AT |

A solid circular shaft made of steel is subjected to a bending moment of
12 kNm and a twisting moment of 16 kNm. In a simple uniaxial tensile
test of the same material it gave the stress at yield point = 300 N/mm?.
Assuming factor of safety = 2, estimate the minimum diameter required
for the circular shaft using (i) Maximum Principal Stress theory, and

(i) Maximum Shear Stress theory.

(c) Tm=afafaa w afem feofimi fafe .
gfte-firea
(i) F-uer
Write short notes on the following :
(i) Ceramics

(i1) Nano-materials
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wvs B
SECTION B

Q5. (a) Togd-omues % w9 ¥ Hifsan aeiss faerM 1 379 Hid g TH dle
Tag ! Tagm-vemtie wsfima gfen 6 78 e Freafafed Seor am -
ﬁ'ga-awaa =1 fafsre afeie = 5 Q cm (ohm-cm)
dieed Mmyfd = 15 V fose am
TAre 1 Tag I IFTIY-HE FIFA = 20 mm x 20 mm
3R 3 wEEE & i F1 FS = 0-3 mm
e % fou fefafaa stiwet 1w Hife
Gl = 2, THTY WK = 55-85, 991 T4 = 7860 kg/m?
ar1 ) 281 I 100% a1 H2 fRi = 96540 FAM HIHT |
I faga-uarfie aufi iR # uered-guedentor g aur Soidgis TR &
i U T |
In an electrochemical machining process of an iron surface using sodium
chloride solution as electrolyte, following observations were made :
Specific resistance of the electrolyte = 5 Q cm (ohm-cm)

Supply voltage = 15 VDC

Cross-sectional area of iron surface = 20 mm x 20 mm

Gap between the tool and workpiece = 0-3 mm

Use the following data for iron :

Valency = 2, Atomic weight = 55-85, and Density = 7860 kg/m3

Consider the current efficiency as 100% and Faraday’s
constant = 96540 Coulombs.

Calculate the material removal rate and electrode feed rate in the above

mentioned electrochemical machining process. 10

b) TH 2 x 10° W/mm?2 iw-gHar i oor fRuge ws Smdi-samm (e
i) &I 9 | firedt R | 32 Faa 10% frogs H ke sEwfia g 2,
@ 7@ Fa Hifvw fr SR -3EE H gag e g R T W9
St |
Freafefaa =1 w=m Hif
FE1 Il = 0-27 W/em-°C
e fafime s = 3-36 J/em3-°C
e feieg d9A™ = 1455°C
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A laser beam with power intensity of 2 x 109 W/mm? falls on a stainless
steel sheet. Find out the time required for the stainless steel surface to

reach melting temperature, assuming that only 10% of the beam power

is absorbed.
Use : Thermal conductivity = 0-27 W/em-°C
Volume specific heat = 3-36 J/cm3-°C

(c)  rgwgar <l fafie wmrdi 3t TR-srgeaa 1 arrl W foem w5 gu @ 3ik

Melting point temperature = 1455°C

TUTET % Sfte Jrear-aeet (gfaun) Fi e Fif |

Discuss the trade-off between cost and quality considering various costs

of conformance and costs of non-conformance.

d & Fm X ot T wheeht @ i efieer = W R | a8 oA
50 1S Teh U H IcdTied HUN | 350 &, THT a9 qEaadl i Fr=ifed

aiferet # femmn mn ?
Eap] qIcehiicth qaadi | el &1 a9 (FHUE)
A - 55
B A 30
C A 22
D B 35
E B, C 50
F C 15
G F 5
H '8 10

(i) <eTs @ difsu |

(i) NG 50 IHIE /G2 F1 T THY TR HIRT |

(iii) HHE-RIAT i Agifaes T Fa FIfT qon FE-LIE | w6 w5 fAds
HINT | o1 319 Hgifass =Faw @ 3ifies HE-RIA H1 ST Hh W

e e & 2

(iv) AT ! g&ar ug Soid feot 70 HifSw |
(Te@ o T fafr 1 v Hifsw)
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The corporation X’ is designing its new assembly line. The line will
produce 50 units per hour. The tasks, their times, and their predecessors
are shown in the following table :

Task Immediate Predecessor Task Time (sec.)
A - 55
B A 30
C A 22
D B 35
E B,C 50
F C 15
G F 5
H G 10

(i) Draw the network diagram.
(ii)) Compute the cycle time with a desired output of 50 units/hour.

(iii) Compute the theoretical number of work-stations and assign the
task on the work-stations. Did you end up using more work-stations
than the theoretical minimum ?

(iv) Compute the efficiency and balance delay of the line.

(Use longest time method)

(e) B IgHIG L g¢ o Ay =it fafy & s¢ @ 2, fou u arissi
W I H DS A6 H YAITHAE 1 6 fore wmmsrmr faveor Hife |
(y=aebx;aﬁa3ﬂlbf@1ﬁ$§,xaﬁﬁﬁmw yq@'ff_mTﬁﬂlﬁ"T%)

auEi hr e | 1 2 3 4 5

T (3H13A1) | 40 | 60 | 200 | 700 | 1000

On the given data, perform regression analysis to forecast the demand
for the 6th year, considering that the demand is increasing approximately
exponentially.

(y = aebX; where a and b are constants, x is the number of the year and

y is forecasted demand)

No. of the year 1 - 3 4 5

Demand (units) 40 60 200 700 | 1000

SKYC-U-MCHE 11
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Q6.

(a)

(b)

g @UE 7AW 1 faft =™ geret X 3fR Y & 9efiaa & e faeifea
e fird -

Had ISR 3 EXCRIIC]
FT e (frre) (st /fire)
20 125
a 15 150
45 250
= 25 300

afg w gged X 7 wered ?, @ SAWR B 3w H 50 fie smuR W g
araféres wefiTa-gentar s i |

Following data were observed while machining two different work
materials X and Y using a centre lathe machine :

Work Material Cutting fl‘ool Life | Cutting Speed
(min.) (m/min.)
20 125
- 15 150
45 250
Y
25 300
If work material X is standard material, then determine the relative
machinability considering the tool life of 50 minutes as criterion. 20

uig Feaehl 1 WeHav T qu fa fafy freifea @ifoes & fg gu @ 1 =
qiEl el i FEifehd alieh 8 shaeg (31guvn) foman ST 2

(i) Y& 3N UgA Uil (FCFS)

(ii) Siee-8-veg fa fafyr (EDD)

(iii) =Fa9 If¥eT (SLACK)

(iv) ~IAdH ThHYT T (SPT)

MY gRT 3 IR H | -9 v Faw i fawriar i smef 2

Fash | weeau T (feAi #) | fra fafy (fi )
A 5 10
B 10 15
C 2 5
D 8 12
E 6 8
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The work processing time and due date of five jobs are given in the

following table. These five jobs are to be sequenced as per :
(i) First Come First Serve (FCFS)

(i1)) Earliest Due Date (EDD)

(iii) Minimum Slack (SLACK)

(iv) Shortest Processing Time (SPT)

Which sequencing rule among these four rules will be recommended by
you ? 20

Jobs Processing Time (days) | Due Date (days)
A 5 10
B 10 15
C 2 5
D 8 12
E 6 8

(¢) Uk Ul U9 sHI 8 | 99 H AT il AFd i TR 2
Tl A : T 1000/3TE
gfteh @ : T 500/3H18
giadsiier 3uk e : #ftes i ammft v #1 50%

Ife 99 s 1 fBR @E € 10,00,000 B @9 fasea g4 (S), S = 4D?, (FE
D |7 31§ & 9 §) % I’IET F6d @l 7, A Aeh-3a4 (-3 g
Tge & e Foft w1 et sepreat st Bl 2
A company is producing pumps. The cost of the structure of a pump is as
under :

Material cost : ¥ 1000/unit

Labour cost : T 500/unit

Variable cost overheads : 50% of labour and material cost
If the fixed cost for the production of pumps amounts to ¥ 10,00,000 and
selling price (S) varies as S = 4D2, where D is demand in units, how many
items will the company have to sell to reach break-even point ? 10

SKYC-U-MCHE 13



Q1. () ) T 726 o =¥, wm i =@ fearn mn ? fad @ =@ & w80 w
2 | 9 I BE FHIW A H, WHG Yfed 140 kN/mm2, T a9
T 1 ] IO 0-15 WA §U, AwIH HYU ArS (I) q°1 A hl
vifth sTa HIfST Sefer 2@ 1 0-50 nv/s it Tfd & oo R s @1 # |

¢ 18 mm |

<=

(a5t famrd ‘T 3 &)
1= 7(a)(i)
A tube is to be drawn as per the dimensions given in the following
Figure 7(a)(i) showing die, plug and tube. Assuming the metal in
work hardened condition with yield stress 1-40 kN/mm?, coefficient
of friction for die as well as for plug is 0-15, calculate the drawing

load and power of the motor required for drawing the tube with the
speed of drawing 0-50 m/s.

¢ 18 mmn |

<=

(All dimensions are in ‘mm’)
Figure 7(a)(1)

SKYC-U-MCHE 14
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(i) Fa8 G Wi o bk wa@ amifea Fifse afe wsfem =1 aftew
fafert o, T 1 @E 3:0 mm, R (A) K fom q@ F d=aq,
A B2 2 mm, GEUH R, = 6:3 um & | F=Ifhd 20 mm &€ &
T (o 7(a)Gi) F TR QR F FA T ofed qun 9 e e

AT ot T HifT |
nm /7 A 75 30
| 65 !
315 20 4|0
1 2 3 4 5 6 7 8
< 20 mm >
1= 7(a)(it)

Draw and label the surface roughness symbol, if the method of
machining was milling, sample length 3-0 mm, direction of lay is
perpendicular to the surface, machining allowance is 2 mm with
roughness R, as 6-3 um. Also, calculate the centre line average and

root mean square values of surface roughness for the following
measurements {figure 7(a)(ii)} taken over a sample length of

20 mm.
nm /70 75 30
[ 65 1!
315 20 4|O
1 2 3 4 5 6 7 8
< 20 mm >

Figure 7(a)(it)

SKYC-U-MCHE 15



(b) T GHMCR gRI THM! hi TG 3 fashi 1 Frferfea smeed § w2 -
f¥s | : 8000 AT
Y AR : T 180/3T7eW
R AR TRl 6 AR 1 10%
THMER I TN Ale |5 & forg Freferfaa wema fog T # -

SIS IEE I AT (3)
1-999 2200
1000 — 1499 20-00
1500 — 1999 19-00
2000 3R 39T i 18-50

firqemeht TTEW AT T I HA FY AT TG H! ARl hl A=
HIfT qen qaEr wdl i F a1 ATl ! GAAT HIT |

The following information is given for the items procured and sold by a

shopkeeper :
Annual Demand : 8000 units
Ordering Cost : < 180/order
Holding Cost : 10% of the item cost
Following offers are given to the shopkeeper for different lot sizes :
Lot Size Unit Price (%)
1-999 22-00
1000 — 1499 20-00
1500 — 1999 19:00
2000 and above 18-50
Check the feasibility of different offers using Economic Order Quantity
and compare the total annual costs of the feasible offers. 20

() TVIEE 9Tt el % ke, fmin ofv faawor & wem | wewl H wgfee
# gur % fou o oren yeeA i wiE fasivard #@ 8 2
What are the key features of Total Quality Management to improve

customer satisfaction through design, manufacture and delivery of
quality products ? 10
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Q8. (a) Trafafaa sifwe fisa 10 el & & S ws wroft i @ afpsti A 3tk B
GRI 50 FeRTs Tt Scatiea Feft shegex (f.wft.) & Frteror 3 afomt =6 gwia

3
e gfseam A gk B
T-3TETH THEAN 1 T | T-ATEIH 33T hl T
1 5 8
g 6 7
3 7 8
4 5 9
5 4 10
6 6 11
7 5 15
8 7 8
9 9 9
10 6 7

gl gfskment A 3R B % fou srem-stem femon diar uiefora Hifve qon ==
ot 2Rau for = foreft wfsran <1 fosror i & seema I =@ 2

FA 77 ot g wA R 6 Ser-a-same 50 sefed @, § 5 RsrETs @
T § | 79T 1 I F g s e % Ry afe st S
T8 WA H % o T wrft gra gqrn i 7€ 31 ket & fow @ @t &
&l | (I T arfetsrt s e Hife)
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The following data represents the results of inspecting 50 units/day of

personal computers produced by two processes A and B of a company for

the past ten days.
Sample No. Process A . . Process B . .
No. of Non-Conforming Units | No. of Non-Conforming Units
1 5 8
2 6 7
3 7 8
4 5 9
5 4 10
6 6 11
7 5 15
8 T 8
9 9 9
10 6 7

Calculate control limits for both the processes A and B separately and
also see if there is need for revision of control limits in any of the
processes.

The company claims that 5 PCs may be non-conforming at most out of
50 produced. Perform hypothesis tests for each process using
Z-distribution to determine whether the claim of the company is valid
for both or not. 20
(Use Normal Distribution table)

SKYC-U-MCHE 18



AREAS UNDER THE STANDARD
NORMAL PROBABILITY DISTRIBUTION

0 Z
Values in the table represent the proportion of area under the normal curve between the
mean (u = 0) and a positive value of z.

¥ .00 .01 .02 .03 .04 .05 .06 .07 .08 H9

0.0| 0.0000 0.0040 0.0080 0.0120 0.0160 0.0199 0.0239 0.0279 0.0319 0.0359
0.1 0.0398 0.0438 0.0478 0.0517 0.0557 0.0596 0.0636 0.0675 0.0714 0.0753
0.2| 0.0793 0.0832 0.0871 0.0910 0.0948 0.0987 0.1026 0.1064 0.1103 0.1141
0.3] 0.1179 0.1217 0.1255 0.1293 0.1331 0.1368 0.1406 0.1443 0.1480 0.1517
04| 0.1554 0.1591 0.1628 0.1664 0.1700 0.1736 0.1772 0.1808 0.1844 0.1879

0.5 0.1915 0.1950 0.1985 0.2019 0.2054 0.2088 0.2123 0.2157 0.2190 0.2224
0.6] 0.2257 0.2291 0.2324 0.2357 0.2389 0.2422 0.2454 0.2486 0.2517 0.2549
0.7 0.2580 0.2611 0.2642 0.2673 0.2703 0.2734 0.2764 0.2794 0.2823 0.2852
0.8 0.2881 0.2910 0.2939 0.2967 0.2995 0.3023 0.3051 0.3078 0.3106 0.3133
0.9] 03159 0.3186 0.3212 0.3238 0.3264 0.3289 0.3315 0.3340 0.3365 0.3389

1.0| 0.3413 0.3438 0.3461 0.3485 0.3508 0.3531 0.3554 0.3577 0.3599 0.3621
1.1 0.3643 0.3665 0.3686 0.3708 0.3729 0.3749 0.3770 0.3790 0.3810 0.3830
12| 0.3849 0.3869 0.3888 0.3907 0.3925 0.3944 0.3962 0.3980 0.3997 0.4015
13| 0.4032 0.4049 0.4066 0.4082 04099 04115 04131 0.4147 04162 0.4177
14| 04192 0.4207 04222 04236 04251 0.4265 0.4279 0.4292 0.4306 0.4319

15| 04332 0.4345 04357 04370 04382 04394 0.4406 04418 04429 04441
1.6| 04452 0.4463 04474 04484 04495 04505 04515 0.4525 04535 0.4545
1.7| 04554 0.4564 0.4573 0.4582 04591 04599 04608 0.4616 04625 0.4633
1.8| 04641 0.4649 04656 0.4664 04671 04678 0.4686 0.4693 0.4699 0.4706
19| 04713 04719 0.4726 04732 04738 04744 04750 04756 04761 0.4767

2.0| 04772 0.4778 04783 04788 04793 0.4798 0.4803 0.4808 0.4812 0.4817
2.1| 0.4821 04826 04830 04834 0.4838 04842 04846 0.4850 0.4854 0.4857
22| 04861 0.4864 04868 04871 04875 0.4878 0.4881 04884 0.4887 0.4890
23| 04893 0.4896 04898 04901 04904 0.4906 0.4909 04911 0.4913 0.4916
24| 04918 04920 04922 04925 0.4927 04929 04931 0.4932 0.4934 0.4936

25] 04938 0.4940 0.4941 04943 04945 04946 04948 0.4949 04951 0.4952
2.6| 04953 0.4955 0.4956 0.4957 04959 0.4960 0.4961 0.4962 0.4963 0.4964
2.7]1 04965 0.4966 0.4967 0.4968 0.4969 0.4970 0.4971 0.4972 0.4973 0.4974
2.8| 04974 04975 04976 04977 04977 04978 04979 04979 0.4980 0.4981
2.9] 04981 0.4982 04982 04983 0.4984 0.4984 0.4985 0.4985 0.4986 0.4986

3.0/ 0.4987 0.4987 0.4987 0.4988 0.4988 0.4989 0.4989 0.4989 0.4990 0.4990
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(b)

eI HTE TG 6! ISR B H1 AT SAifeeh b €T § HSS
e @ forn w2 fomree Afa o 120 7

T % 2 Frefafaa sifwst =t aifteraeg fren -
T FT T SHEATER TH = 1600 N

T 9 I &fasl T9eh = 1250 N

Fe H1 HIEE H IIE = 0-25

I Wi SraEen % foe frefafaa #t s il
G) Hfa () 99 F reaq HRI o9

Gi) ¥fa () 70 H fean & oo 5@

(iii) RO e T

(iv) S a1 VR % aHAsS H HY0 O

(v) 3969V qd & oieedd HRRd ad

(vi) STV T o G IEIV qA

A medium carbon steel cylindrical rod is being machined under
orthogonal cutting condition with an HSS cutting tool having rake angle
as 12°.

While machining, following data were recorded :

Vertical component of cutting force = 1600 N

Horizontal component of cutting force = 1250 N

Chip thickness ratio = 0-25

Calculate the following for the above mentioned machining condition :

(i) Normal force on the rake face

(i) Friction force along the rake face

(iii)) Resultant cutting force

(iv) Coefficient of friction at chip tool interface

(v) Normal force on the shear plane

(vi) Shear force along the shear plane

SKYC-U-MCHE 20
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(¢ U fafmio St FRERIF A, B, C 991 D ! 30 @& Fafedd &1 9mEdt 3
fSe@ a1 sfafdvra gw @ w9 8 ST | JEE S gar SR de
HE-TIH HT GTehT 1= g9 TR

A | B|C|D

A | - | 400 | 500 | 50

B [300| - |20/ 0

cC | o 0 | - | 700

D| o0 | 0| 0| -
HHHT 1 HR-RIE & = Jam

A B C D

|30m | 30 m |30m |
HIS[El k1 gRAT & |1
T @Rt 1 gema A |
A manufacturing company wants to arrange work-centres A, B, C and D,
so as to minimize inter-departmental parts handling costs. The flow of
parts and existing work-centres layout are shown below :

A B C D
A - 400 | 500 | 50
B 300 - 200 0
C 0 0 - 700
D 0 0 0 -

Parts moved between work-centres

A B C D

|30m |30m |30m |

Existing layout with distances
Suggest a modified layout. 10
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CIVIL SBRVICES (MAIN)EXAM- 2023

it effAadt (Sv-ua-11)
fruffa gmg : = ave i 37 : 250
TA-U Arat e srgew
(FTn T % IW P A @ Refifed g% FRw F eAMEs 1)

a0 e TE § W D wd #§ fwnfa # qon R oiv sisht ST B g R

Iaficar @ gl ufe T F I A §

T G 1 3R 5 fEr § au 9T v § Q Tl @Ue § HE-9-F0 T T g 4R T 6 W i)
% T /9 % fe faa i s wmm fg g d)

T ¥ I I Wit mem A T s ey, e sgE e waw-ww A R T R, iR g A 6w
3@ TH-TE-IR (Fo o To) Y&k F gays W fifds wm = fen s wifew) witepa mem & sifafew
= fef mem & @ Y SR W RS 5 A& fe

TR Rran wwa aR Hi gduron S, e wean FRe e s o)

vl avas A, sma/fm s F fog R g wm & 6 gy

et 3R GhaHl &yt e ¥, @ q% =W 7w TR

T % IR A O FAEER ) Seh| ke w9 A R T awE F s A wR & s ai 8 Fwena
T R TH-E-IW g § @rell B T HE Y8 A9a Y8 F A H qUla: w1 )

SKYC-B-MCHE

MECHANICAL ENGINEERING (PAPER-II)

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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1. (@)

(b)

(c)

(d)

@us—A / SECTION—A

500 K W Tie % 50 kg % UF TS I Gl AR § @1 it 2, R ae 285 K 2
e T 3ida: aTgHed % WY I W % g 9 31 R % R 045 kJ/kgK
# 3w fafie s qFER () AR % @8 oK angrea % i uRad Qo (ii) Srafaserrar =
Frufror Hifs)

A 50 kg block of iron at 500 K is placed into open atmosphere which is at a
temperature of 285 K. The iron block eventually reaches thermal equilibrium
with the atmosphere. Assuming an average specific heat of 0-45 kJ/kg-K for
iron, determine the (i) entropy change for the iron block and the atmosphere,
and (ii) irreversibility.

Tuige & o amedl g & g waE ¥ R MMy =1.

Show that for normal shock in a perfect gas, M;M; =1.

&1 yaTE Wl H, 50% Wil 3, wow ifiwen B F-wf wufd o Fa S 2
Sfa gt oiv shfecr 3 wr wnemse 6 58 T it Fa s )

In the axial flow compressor, for 50% reaction, the blading design is sometimes
called symmetrical blading. Explain, with proper equations and justification,
why it is called so.

2700 °C W T 3freifi w2t (Frn) o seafifa st 31 FrfaRaa ) orm it
() A=1-2pm R WFH IqsH wfth
(i) e, S| W I i stftean B 3
(iii)  SATerham TagH! I wfh
(iv) T s TG
F few T s faaror fem wefe @1 39E Hifv

Ep == <!

A’ [exp(Cy /AT)-1]

wEl, C; =3-742x108 W-pm*/m?2, C, =1.438x10% pm-K
6=5-67x10"% W/m?2-K* <fifSm)
An industrial furnace (blackbody) is emitting radiation at 2700 °C. Calculate
the following :
(i) Spectral emissive power at A=1-2 um
() Wavelength at which the emissive power is maximum
(i) Maximum spectral emissive power

(iv) Total emissive power

SKYC-B-MCHE/14 2
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Use Planck’s distribution law equation given below :
- G
A° [exp(Cy /AT)-1]

Ep,

where C; =3-742x10% W-ym*/m?, C, =1-438x10" pm-K.
Take 6 =5-67x1078 W/m?-K*. 10

(e) (i) <o fafmie fxewe % wme § o o fo o fift F forg 7w srftremond fafeg)

(i) Tafay B @ Fon fafmbe frew § B Rl § w@e e fo o fofy ot fF
feufa # wo Ho go fafty amy Aft

() Write down the basic assumptions for LMTD method in case of heat
exchanger analysis. 5

(i) Write down in which case LMTD method and in which case NTU method
will be applicable in basic heat exchanger analysis. S

2. (@ 0.-6m?2 ¥ ITRU-FE IFA A& Th 15 m I fafeF * 20 kg THEA F T
FoRfE e ¥ i W 25 °C W3 m3 @t o fifed 71 fieed % A9, 15 °C W3 m?
e % @y o T 2, S fa § qwln o ) el e f egfd 3@ wER R
I 2 5 fred ow e & ok a1 90 R A ae whera 1 I FRT (@) fre %
IR A [ U FreEen F fae R o e (kJ) iR (i) TR % RE I R e
s (kJ). (i) 31 % T wshe &1 P-v Ii@ @i |
aEEed @@ (Py) ® 101 kPa, 3R ¥ faw C, @ik R %7 0312 kJ/kg-K 3R
0-2081 kJ/kg-K 7 S| 25 °C W 9 i faf¥e maa+ 0001003 m3 /kg #1 o

A 15 m high cylinder with a cross-sectional area of 0-6 m? contains 3 m?® of
liquid water at 25 °C on the top of a thin insulated piston of mass 20 kg. Below
the piston, argon gas is at 15 °C with a volume of 3 m?3, as shown in the figure.
Heat is supplied to argon such that the piston rises and pushes the water out
over the top edge. Find the (i) work done (kJ) to remove the whole water from
the top of the piston and (ii) heat transferred (kJ) to argon during the process.
(iii) Plot the process on P-v diagram for argon.

SKYC-B-MCHE/ 14 3 [ P.T.O.



(b)

()

Assume atmospheric pressure (P)) as 101 .kPa, C, and R for argon as
0-312 kJ/kg-K and 02081 kJ/kg-K respectively. The specific volume of water
at 25 °C is 0001003 m3 /kg. Neglect piston thickness :

100 kPa 3R 290 K W a1 ¥t & 3 =il 3R yewor F Q) =Roit % W vF N e
B g Fft | T8 T el o, g qun sriiaes @ I o ¥ Sel w1
% 7@ IPIE 4 R T Fa IR A wAS § 300 kJ/kg I SR el ¥) gt
Y F AEHAF 20 °C ¥ ¥ 7@ ¥ T-s M@ Gy @) y@ Hiw () 9 Reww
I (kJ/kg), (i) & 3cared #@ (kJ/kg) a9 (i) b 6 arfia zaan) asht ddiest ok
TaTEA & foTe TR yeTeE 7 i)

T %Y C, = 1-005 kJ/kg-K 91y =1- 4 #hfir)

Air at 100 kPa and 290 K enters a gas turbine cycle with two stages of
compression and two stages of expansion. This system uses ideal regenerator,
reheater and intercooler. The pressure ratio across each stage is 4.
300 kJ/kg of heat is added in combustion chamber and reheater each. The
regenerator increases the air temperature by 20 °C. Draw T-s plot and
determine the (i) total heat rejected (kJ/kg), (ii) net work output (kJ/kg) and
(i) thermal efficiency of the system. Assume isentropic operation for all
compressors and turbines.

Take C, of air = 1005 kJ/kg-K and y=1-4.

T AEHI-39E g8 1 F3 &9 250 mm? 7o fiEE 89 500 mm? }) 9 350 K ¥
@R 99 a1 1 MPa % fRR 2@ % w19 ge § vaw o ¥ g8 % mem @ a1y A stftean
yare a1 Wfves 7@, Wivs aowm, ¥ g o0k 9, g ¥ P w, 3@ S

y=1.-4, R=0-287 kJ/kg-K & wn &

T % B o T arfershn w1 3w i

A convergent-divergent nozzle has a throat area of 250 mm?2 and an exit area
of 500 mm?2. Air enters the nozzle with a stagnation temperature of 350 K and
stagnation pressure of 1 MPa. Determine the maximum flow rate of air through
the nozzle and the static pressure, static temperature, Mach number and
velocity at the exit from the nozzle.

Given y=1-4, R=0-287 kJ/kg-K.

Use Gas Table to solve the problem.

SKYC-B-MCHE/14 4

20

20

10



Table : U4 ¥a18 (Isentropic Flow)

g @ifete (Gas Table)

A p T

M M* rg p% P T
0 0 oo 1:00000 1-00000 1-00000
0-10 0:10943 58218 0-99303 0-99502 099800
0-20 021822 29635 097250 098027 0-99206
0-30 0-32572 2:0351 093947 095638 098232
0-40 0-43133 1-5901 0-89562 092428 0-96899
0-50 0-53452 1-3398 0-84302 0-88517 095238
0-60 063480 1-1882 0-78400 0-84045 0-93284
0-70 073179 1:09437 0-72092 0-79158 091075
0-80 0-82514 1-03823 065602 0-74000 0-88652
090 091460 1-00886 059126 068704 0-86058
1-00 1-00000 1-00000 0-52828 063394 0-83333
1-10 1-08124 1:00793 0-46835 0-58169 0-80515
1-:20 1-1583 1:03044 041238 0-53114 0-77640
1:30 12311 1-06631 036092 0-48291 074738
1-40 12999 11149 0-31424 0-43742 0-71839
1-50 1-3646 111762 027240 039498 068965
160 1-4254 1-2502 023527 0-35573 066138
170 1-4825 13376 020259 031969 063372
1-80 1-5360 1-4390 017404 028682 0-60680
190 1-5861 1-5552 014924 0-25699 0-58072
2:00 16330 16875 0-12780 023005 055556
210 16769 1-8369 0-10935 020580 053135
220 17179 2:0050 009352 0-18405 0-50813
2:30 17563 2-1931 007997 0-16458 0-48591
2-40 1:7922 24031 0-06840 014720 0-46468
2:50 1-8258 26367 005853 013169 044444
2:60 1-8572 2:8960 005012 0-11787 042517
270 1-8865 31830 004295 0-10557 0-40684
2:80 19140 35001 003685 009462 0-38941
290 19398 3-8498 0:03165 0-08489 0-37286
3-00 1-9640 42346 002722 0-07623 0-35714
350 20642 67896 001311 004523 028986
4-00 2-1381 10-719 0-:00658 0-02766 0-23810
450 21936 16-562 0-00346 001745 0-19802
500 22361 25-000 189(10)5 001134 016667
6-00 22953 53-180 633(10) 0-00519 012195
7:00 2:3333 104-143 242(10y6 000261 0-09259
9-:00 2:3772 327-189 474(10)‘7 0-000815 0-05814
10-00 2:3904 535938 236(10)7 0000495 0-04762

- 2:4495 o0 0 0 0
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8. (@) 1 cm et A Th RN T WRF (I AeHA = 22 W/m-K) § 600 MW/m3 6
THEAH W T 394 Bt 2| 9 F 9 3w awE 200 °C W FRR T @ s 3
¥ Tl M F 100 °C R R G w@ S ¥ () e F e Aew, (@) e
AYHA 1 T R A F1 8T Q1 (iii) T F ST AR A I Gorg SR I Rem
Bft? - 3T, Tmr-gen S =er 7F wifig)

Heat is generated in a stainless steel plate (thermal conductivity = 22 W/m-K)
of thickness 1 cm, at a uniform rate of 600 MW/m3. The left side of the plate is
maintained at 200 °C and the right side is maintained at 100 °C. What will be
the (i) temperature distribution across the plate, (ii) location and value of
maximum temperature and (i) heat flux from both sides of the plate and its
direction? Assume one-dimensional, steady-state heat conduction. 20

(b) F T TAW I FHT 9 F 0 waAeE (R 2Raw) 50 °C w e st A ows w,
Qw,» % T &, 30 °C T F1 IR FH a1 S 357 § & e 21 9w, Quy, » T 7F #

et STt & S 150 °C R Qy Yo il B AR Fat safte =t 5 MW 2, @) 31 aowe ™
Terafa st it == @ FRTY) Fo1 $o oIk o Ty B R T AR

| 3aRte F= 50 °C |

A le Y OW2
4

Y QL 4 QH
30 °C 150 °C
el [

Ty

A combination of a heat engine driving a heat pump (see the figure) takes waste
energy at 50 °C as a source, QWI» to the heat engine rejecting heat at 30 °C.

The remainder, sz , goes into the heat pumnip that delivers QH at 150 °C. If the

total waste energy is 5 MW, find the rate of energy delivered at the higher
temperature. Assume heat engine and heat pump as reversible :

L Waste energy 50 °C J

Y le Y QW2
4
e — ¥
Y QL \ OH
| 30 °C ' 150 °C I
Ty

20
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() TH ¥z wdfish 6000 r.p.m. W Jad @99 1-25 kg/s A YW Hl &1 A<riH a1
il W =@ FHE: 05 m 3R 1 m ¥ ufF Ffee e 104 ?, swfE wdon s @R R
Hdies g @9d H ¢ The 50 kW B | 3780 TR T yoies 1 TR 45T, AR 98 3, B
71 9ed T B 9 Pis s qF <hfsi 6 i i g@-amed @ R

A centrifugal compressor delivers 1-25 kg/s of air while running at 6000 r.p.m.
The diameters at the inlet and outlet are 0-5 m and 1 m respectively. The
power input factor is 1-04, while the slip factor is unity. The power consumed
by the compressor is 50 kW. State the type of impeller used, whether forward,
radial or backward curved. Draw velocity triangles. Assume no prewhirl at the
inlet. 10

4. (a) T GE F AW A BRI Th EH, FH i wate W faER #a ge swise 6 A% wen
(M) = 1 T SRIEE 8|

Considering an ideal, isentropic gas flow through a nozzle, show that choking
will occur at Mach number (M) =1. 20

(b)) 30 °CRUF 1 m/s % AMA 1-5 cm AW Tl TF Afas Aferw § waw a1 €| qwht H
ER A 90 °C ¥ R q9HHA W =AY W@ Sl §) AR b g F amEE 65 °C B,
AR Y TS ) o IR HE ' T ekl @ T TR faggew R, o o @ fafhd @ el
Aferent 1 2tiaie g8 faa 21

it % e fog e E
Fe1 =Tl (k) =0-656 W/m-K
oed () =984 -4 kg/m>
& WMl (v) =0-497 x107% m?/s
fafie 5o (C,) =4178 J/kg-K
Wigel €& (Pr) =3-12
o] U7 (F) = 0- 079 (Wicew @)~ 02°
Hiegq &1 =Re
. (£)(Re p—1000) Pr
A e T (N p) = 1+122-7(§)1/2(Pr2/3—1)

% T, AT % 7eF § g % qoeE IR Aferet # q@-urd i o Hifsg

Water at 30 °C enters a 1'5 cm diameter horizontal tube with a velocity of
1 m/s. The tube wall is maintained at a constant temperature of 90 °C.
Calculate the length of the tube if the exit water temperature is 65 °C. One may
assume that the flow is turbulent, fully developed and the internal surface of
the tube is smooth.

SKYC-B-MCHE/14 7 | BT.0.



The properties of water are given :

Thermal conductivity (k) =0-656 W/m-K

Density (p) =984 -4 kg/m?

Kinematic viscosity (v) =0-497 x10"® m?2/s

Specific heat (Cp)=4178 J/kg-K

Prandtl number (Pr)=3-12

Friction factor (F) =0-079 (Reynolds number)‘o'25

Reynolds number =Re [,

(%) (Re ,-1000) Pr

1+12-7(E)V/2 (pr3/3-y)

Average Nusselt number (Nup) =

Also, calculate the water temperature at the middle of the tube and pressure
drop across the tube. 20

(c) TF Wret H T 150 L A ZH FR F A9 25 °C 3R 8 MPa T« W w83 ameht 9 (RN
fafire o) A o @A A FR ) T dren I R, R ag B T F 7@ 9 vaRa
T <t R, 5@ % % et 1 <@ 6 MPa 7 8 91T 39 &1 W ared 52 R S 21 9% W
1wl oSt & Bt @ 3R e w6 1 R IR N siewwr & v S R, el 9 oiqa: R
% AUHH W G99 37 ST B | T F i sifem @ w4 27

An evacuated 150 L tank is connected to a line flowing air (constant specific
heat) at room temperature 25 °C and 8 MPa pressure. The valve is opened,
allowing air to flow into the tank until the pressure inside is 6 MPa. At this
point, the valve is closed. The filling process occurs rapidly and is essentially
adiabatic. The tank is then placed in storage, where it eventually returns to
room temperature. What is the final pressure inside the tank? 10

@Uvs—B / SECTION—B

5. (a) U diicedn & &9 & gwiisy f Frafafas =@ & ofy, ddied wsaem (o am0) 99 % voawm
forerva =@ =1 2 gwifaa (3 =1 ) w2

(i) @ TsdeH q9EH
(i) € "Em
(i) EdET g
(iv) I=ig =
(v) TR AIEH
(vi) TTG-Fe AT
(vii) = TE GAEER

SKYC-B-MCHE/14 8



Show in the form of a table, how the increase in the following variables affects
(increase or decrease) the ignition delay period of a compression ignition (CI)
engine :

(i) Self-ignition temperature
(ii) Cetane number

(iii) Compression ratio

(iv) Intake pressure

(v) Intake temperature

(vi) Air-fuel ratio

(vii) Exhaust gas recirculation

(b) a9 Ifth =56 BY U AR FHREBH A hl Ao faevard w=n &7

What are the desirable characteristics of an ideal working fluid for vapour
power cycle?

(c) WT9-TETEA 1 YFTT 0T 1 87 G TUIeh gHN T W 9191 Bl 8, I8 WA oG TH A5
#i syt i

What is reheat factor of a steam turbine? Derive an expression to show that the
reheat factor is always greater than unity.

(d) a3 wftes aun ATy TR yEftad wonfert it gaen i)

Compare vapour compression and vapour absorption refrigeration systems.

(e) wTEHMHITEH a1 H IwEwT TRy fom worn A (i) smifdres amdan, (i) dan U, (i) i
AGHA T (iv) 3R ag ht TAt, 519 Qo o Ao 35 °C 3R z=ego fo Fo 23 °C R
AR 755 mm Hg sl @ #)
aiifta wdisia afieon 1 3@ AT (bar § 3@ 1 9F <fifSw) :

, 1.8pt-t

pu=pu—'—2p7£)—o)

W&, p, =S dio Ao & JFEY TetaT™d H1 AR I
p,, =g Mo Fo F ITET FAaT FH AR T8
t =Slo o Fo
t':g&?l’{gd’lo?ﬁo
p = NHiedt 7"

10

10

10
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= fou ¢ SreraTsy % ot 1 I9EeT AR

t (°C) arq-ara (bar)
10 0012272
12 0014017
14 0015977
16 0018173
18 0020630
20 0023373
22 0026431
24 0029832
32 0-047552
34 0053201
36 0059423

Without using psychrometric chart, calculate (i) relative humidity, (ii)) humidity
ratio, (iij) dew point temperature and (iv) enthalpy of moist air, when DBT is
35 °C and WBT is 23 °C. The barometer reads 755 mm of Hg.

Use modified Apjohn equation (take values of pressure in bar)
, _1-8p(t-t’)
Py =Dy — 2700
where, p, = = partial pressure of water vapour (w.v.) corresponding to DPT
p, = partial pressure of w.v. corresponding to WBT
t= DBT
t’= WBT
p = barometric pressure
Use the properties of water vapour given below :

t (°C) Vapour pressure (bar)
10 0012272
12 0-014017
14 0-015977
16 0-018173
18 0-:020630
20 0-023373
22 0-026431
24 0-029832
32 0-047552
34 0-053201
36 0-059423
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6.

(@)

(b)

TF B:-faferet, IR-Rs Ho 130 W i Frim wifs wh gaford s s/ stamfa

mﬁmen%,ﬁmsmp:% frm %, 5l P, kW & wftp 3, W = § s (3)

YR B @ N, r.p.m. ¥ 559 I (T 8| $99 R U qiewr & SR el smaeea feg o
IR = 100 mm; €% = 110 mm; WY (dF) ¥R = 540 N; oA 7
= 2500 r.p.m.; $¥F % C/H 31U (F59H 1) = 83/17; 9Ra™ & = 1-0 bar;
IREae qUEH = 27 °C; 100 cc $¥F @WUd % fou fon mn w99 = 18 s; & uAe
= 780 kg/m?3; M = I WA = 45 MJ/kg; TH TR I A T anpee
a1y il FFWH FEE R = 5:301126 kg/min.

3% e et <@, o Tl fum aua, s A qaan, st qarar qen srfafwe 9 %
gfeeTd i 7o iR |

Rarg =0-287 kJ/kg-K féan mi |

The power output of a six-cylinder, four-stroke CI engine is absorbed by a
WN

20000
in kW, W is the brake load in newton and N is the engine speed in r.p.m.
The following observations are made during a test on the engine :

hydraulic dynamometer for which the law is P = , where P is the power

Bore = 100 mm; Stroke = 110 mm; Brake load 540 N; Engine
speed = 2500 r.p.m.; C/H ratio of the fuel (by mass) = 83/17; Ambient
pressure = 1-0 bar; Ambient temperature = 27 °C; Time taken for 100 cc of
fuel consumption = 18 s; Fuel density = 780 kg/ m3; Calorific value of the
fuel = 45 MJ/kg; Mass flow rate of atmospheric air consumed by the
engine = 5:301126 kg/min.

Il

Calculate the bmep, bsfc, brake thermal efficiency, volumetric efficiency and
the percentage of excess air.

Given, R,;, =0-287 kJ/kg-K.

(i) s SEmEA % T = % fafire 3 Piye s, < e w9 @ fafim 3 e gl @

(i) ATEE TR @R % soig-H- Ifd STAT, p 1 EAH IH p = cos o | T S B,
I8 T TG TH A oA hivrg, el o, FRR e o1 sF=wia o R
(i) I% +f <wisy fop urd=g wfafren <xamga A eifteran qaran
2 cos?a

2

‘n o e ————— i
St 1+cos“a

@ R
(i) P epam T G IR0 Ffdfshan Mg % o Bigs s9EY)

20
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() Draw typical velocity triangles of a stage of a reaction turbine, clearly
showing the various velocities.

(i) Derive an expression to show that the optimum value of p, the
blade-to-steam speed ratio for a Parsons reaction turbine is given by
p =cosa, where o is the inlet angle of the fixed blades.

(i) Also, show that the maximum efficiency of the Parsons reaction turbine is

given by

2 cos?

1+cos?a

Nmaximum =

(iv) Draw the velocity triangles of the Parsons reaction turbine operating at

P optimum * 20
(c) aagEReR arfet Alrwea hit fafim faftmt £ 9au 9 s=men i)
Explain briefly the various methods of air-conditioning duct design. 10

7. (a) T AREEA-IGER e 5 bar, 250 °C W NY ¥ Hal & 3R W 1 bar | FHedt (i @
ol & & werRa oan R e 3 R Nen Fa g Frafafaa 7me % T 05 keg/s F
T VAR % T stawass fim & it o fifs

() 9 YaTE §geE | &
({) <= vaR pr'd = foris ¥ srfowgy @
fa T}, 5 bar, 250 °C W
v=0-4744 m3 /kg, s=7-2709 kJ/kg-K, h=2960-7 kJ/kg
3R 1 bar ®
v; =0-001044 m>/kg, v, =1-6729 m>/kg
hy =419-04 kJ/kg, hy, =2676-1 kJ/kg
sy =1-3069 kJ/kg-K, s, =7-3549 kJ/kg-K
A convergent-divergent nozzle receives steam at 5 bar, 250 °C and expands it

isentropically into a space at 1 bar. Neglecting the inlet velocity, calculate the
exit area required for a mass flow of 0-5 kg/s for the following cases :

(i) When the flow is in equilibrium
(i) When the flow is supersaturated with pv'"® = constant
Given, at 5 bar, 250 °C
v=0-4744 m3/kg, s=7-2709 kJ/kg-K, h=2960-7 kJ/kg
and at 1 bar
v; =0-001044 m® /kg, v, =1-6729 m®/kg
hy =419-04 kJ/kg, h,; =2676-1 kJ/kg
Sy =1-3069 kJ/kg-K, Sg = 7-3549 kJ/kg-K 20
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(b)) TF 1 TR Wiicd 49 R134a §@ §qW o ddied wefiaa =% W HH @ 8| aifas 3R
T ¥ THE F: —10 °C 3R 44 °C R I HREY (1) Wids H 5T0H TR R,
(i) GfeF W, (iii) St waed gwar e (iv) e o (Ho o o) | 77 +ff I
HRY (v) AT g1 F Hro ahes F Afm @ § 3 T (vi) IWEE TH, FEE TIEH
et F i Ten aTe o FH I i gal 3 | Gl § N i HgW a9 % ®9 4 A1
iR e FH o § Guf A Gg @@ Tfiah SR 3T W@ 2| R134a % 0 drferh # g

R
/g0 T | GgH arsq &1 i =

T P qge qgq (kJ /kg) (kJ /kg-K)
(°C) (bar) !

o ar

(kg/m3) (m3/kg) [ arsg T arsq
hf hg Sf Sg

-10 2-005 1326 0-09963 186-78 | 39275 0-951 1-734
44 11-3 1129 001786 | 262:38 | 421-28 1-209 171

g wefaes o fafke s = 1-26 kJ/kg-K fifsm)

A 1 TR refrigeration plant works on R134a simple saturated vapour
compression refrigeration cycle. The evaporator and condenser temperatures
are —10 °C and 44 °C respectively. Determine the (i) mass flow rate of the
refrigerant, (i) compressor power, (iii) volumetric cooling capacity and (iv) COP.
Also, calculate the (v) increase in the specific compressor work due to
superheat horn and (vi) throttling loss, in comparison to reversed Carnot cycle
operating between the same temperature limits. Consider the entry to
compressor as saturated vapour and saturated liquid refrigerant is leaving the
condenser in the reversed Carnot cycle. The properties of R134a are given in

the table :
. Specific Enthalpy Entropy
Density of
r P saturated volume of (kJ/kg) (kJ /kg-K)
o saturated
(°C) (bar) hqwd3 — Liquid Vapour | Liquid Vapour
(kg/m%) | 13 /1g) hg hg f ‘g
-10 2:005 1326 0:09963 18678 39275 0-951 1-734
A4 11-3 1129 001786 262-:38 42128 1-209 171
Take specific heat of vapour refrigerant as 1-26 kJ/kg-K. 20
(c) =arem i % Sew qa h Frefafea vt sade (me o) A F T=H B
gTferd Tt B
(i) HHE@
(i) A GRS
(i) =eE fog

(iv) TFTH @ AW qUH
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(a)

(b)

Explain how the following characteristics of the lubricating oils affect the
operation of an internal combustion (IC) engine :

(i) Viscosity
(i) Viscosity index
(i) Pour point

(iv) Flash point and fire point

HA TF W FA A a0 TH o AZo 9 F fufiet SR 210 mm 3R RiF =T
240 mm | 3THW AT 1550 cc ¥ | GhieA % e & 7@ 3R q99H 99 1 bar 3R
17 °C §| 5 1 I T 50 bar ¥1 ¥ % e fargall W 3@ 3R qromm, arg-qm
3El, P qA1 Heg woret o i R = A Py 3R Tos sRE W Twize) IR
%1 W AH 40 MJ/kg ?, T kg/kWh § $u7 i @ua %1 g Fifv |

g% C, 3R C, F F: 1-005 kJ/kg-K 3R 0-718 kJ/kg-K wifm)

An SI engine working on the Otto cycle has cylinder bore of 210 mm and stroke
length of 240 mm. The clearance volume is 1550 cc. The pressure and
temperature at the beginning of compression are 1 bar and 17 °C respectively.
The maximum pressure of the cycle is 50 bar. Determine the pressure and
temperature at the salient points in the cycle, the air-standard efficiency, the
work done and the mean effective pressure. Show the cycle on P-v and T-s
diagrams. Evaluate the fuel consumption in kg/kWh, if the calorific value of
the fuel is 40 MJ/kg.

Take C, and C, of air as 1-005 kJ/kg-K and 0-718 kJ/kg-K respectively.

40 °C o flo do 3R 50% Mo TAo W 100 m? /min A R A yarfea a7y A 26 °C
o o do 3R 50% Mo TAo W 20 m?/min A @ A yarfRd ag H g@d um F @™
foreman s 21 o sfiaem Feeht W A yarfea dar @ R wo So fo qmWE 10 °C @
ST O 0-2 1 Fecht A Frshen areh a1y #1 Ao dio Fo 3R 3Ro THo 1 AT IR 77
Y T AR e 3mgfd i e B, @l o do fo 26 °C R FRo THo 50% Y
@1 S ®, A TR R () e H S I A (i) Seftad 24 § el viaed &)

T 1 T AoHIEG, TRG 1Y 3R @l a0 uw amifE =16 % oY W sty

wrgife =T faan gan R

Air flowing at the rate of 100 m3 /min at 40 °C DBT and 50% RH is mixed with
another stream of air flowing at the rate of 20 m?3 /min at 26 °C DBT and
50% RH. The mixture flows over a cooling coil whose ADP temperature is 10 °C
and bypass factor is 0-2. Find the DBT and RH of air leaving the coil. If this air
is supplied to an air-conditioned room, where DBT of 26 °C and RH of 50% are
maintained, then calculate the (i) room sensible heat factor and (i) coil cooling
capacity in tons of refrigeration.

SKYC-B-MCHE/14 14
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Draw a schematic diagram of the system and show all the processes on a

skeleton psychrometric chart.

20

Psychrometric chart is given.

% 120 125 130 135 140 145 0.35
< e v
20,633
w -vllo /B § Jm ( N‘cbon
g o Vimy, Sy @WANS SUmy, m
& & / VT 0031 [0.40
8 "3 AV 00 |,
° S » / ~A L/ N 0.029
C 1 h. 5 s J \ ] \ m.ub»w v
~ Lo ! 4 'S \ 3
) ML S @ e / / F0.027 [
o \\ SV4E E4 10.45
m w W %\ % — ™ wE 4
m 23 N b I Fo.025 |
= B < 8 &, N NVEES \/ m 0 B et S
W) < [ N ‘\ .
m CS \lOD. & % N A < q W & 0023 [
N £0.022 g
B 5 yirav, VAURS IR ZN TS 3} S e
<al A 74 Y \/ = ‘ 0. .
O s .r4 3 ™ X A % £0.020 |
“ S ~ ’ N I 0019 [0.60
P M % % N \1 — * ™ :\ ™ 0.018 [
- = N Villn A 0017 065
o 8 /as \i ANZIEA N -
% &u / <] J_\ \ J/.me 4] \\ Kl m N0 .luo_u m\o.uo
& A N ~NA N TN N ot E075
G 8 S N THY N SEASAFEIS SN_E o F0.80
& @ S AL C NS TN N o E I~ mcl“““ wo.om
o o LA PRI x| ] RUARNIZ5N SIANBN P Foon 020
E AN D ] TR N ] 15 7S E o £0-08
& 30 \ 2 > s J\Q«/ v q PN *.\1 ] N N q Amhgo 1.00
& 2 Q> VA(W/V%.A N DRy Y N IS N N A T o
o=V 2= TN < N N AT N T oo
E K N sees U e ] HI P >4 N .m..esm
0 o > XX)VA(W s Q) N%Y AN SNIENERNED s N Fos E|E
3 S5 PSR 5 SRS EEEAE INENA SN ST s Vs SR SARS I
e <] T = NI D NPR ™ ~ADK 0,00 & &
) / = e L o RO N ST DN ] NEANERR a.snm o
A SR EANNNANEDS aNNYA ™ NOHRA R NN T b ...8_ @ M
= 2108 ABVENE NINN N O TR TR N ua.som
-10 / -5 0 5 10 15, 20 25 / 30 35 40 A 50 55
DRY BULB TEMPERATURE, °C
0.75 m¥kg 0.80 m¥g 0.85 m¥kg 0.90 m¥kg

BELOW 0 °C PROPERTIES AND ENTHALPY DEVIATION LINES ARE FOR ICE

SPECIFIC VOLUME, m%kg DRY AIR

SENSIBLE HEAT FACTOR

[ P.T.O.
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(c) T WEhH JENT MY I I FA ¥ TF TEAH T 910 SR 1 G40 el §1 3aim fg g
$uA il THUH YR W 0-847 kg/s ® 3R $w7 w1 I=fim wm (CV) 44 MJ/kg B T
TEA ¥, I kg A F 16 kg ag A avasmar gt 7, Fras g R % snar w s@ www
¥ 30 mm ¥F YA A AavEHA AN 21 T AW SR | 350 °C R Freradt 31 ®RF H W
%1 3ff|a awH 300 °C o s whan B @R 20 °C W 71

7% 7 g¢ F6 Re & Frin w b @ 9 e 3, e A FEE 3R I6F uR w1 M

fruifa Hifr)
S A, Tt H g57uH ar ) A ft e Fifvg)
Pargiesr =101-3 kPa, Rapy = Ryg =0-287 kJ/kgK, g=9-81 m/s?,

Pum = 1000 kg/m? &S

A process industry employs a medium pressure boiler to produce steam. The
mass flow rate of fuel consumed is 0-847 kg/s and c.v. of the fuel is 44 MJ/kg.
For efficient combustion, 16 kg of air per kg of fuel is required, for which a
draught of 30 mm of the water column is required at the base of the chimney.
The flue gases leave the boiler at 350 °C. The average temperature of gases in
the stack may be taken as 300 °C. The atmosphere is at 20 °C.

Assuming the velocity of gases at the stack exit to be negligible, determine the
height of the stack and the diameter at its base.

Also, calculate the mass flow rate of the gases.
Take Pymosphere =101+3 kPa, Ry = Rgaees =0-287 kJ/kg-K, g=9-81 m/s?,
Pwater =1000 kg/m®. 10

* K k
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