
IIIGCHANICAL GNGINGGAING 

Ttme Allowed Three Hou10 

Canchdates should attempt FIVE questions 

For aJr R = 0 287 kJ!kg K, 

===1005kJ!kgK,y=14, 

Assume 1 bar= 1 kg£'cm', 1fnecessaJY 

MaXJmwn Marks 200 

SECnONA 

(a) A revemble engme rece1ves equal quanhty of heat from two reserv01rs A and B mamtamed 
at temperatures T 1 and T, respechvely The engme reJects heat to areserv01r C at temperature 
T3 In case the thermal effiaency of the above engme 1S K hmes, the effic1ency of reverSible 
engme rece1vmg heat only from reserv01r A and reJechng heat to reserv01r C and also 1fthe 
heat supplied by the reserv01r C and also 1fthe heat supphed by the reserv01r A 1S the same as 
11 supphes m the combmed case show that 

(2 0) 

K = (112) ([(T,- T,) /(T,- T,)) + (T, IT,) x (T,!T,) 

(b) A heat source at 627° C transfers heat at the rate o£3000 KJ/tllln to a system mamtamed at 
287° C A heat smk" avaJ!able at 27° C Assummg these temperatures to remam constant, 
fiod 

(1) change m entropy of source 

(u) Entropy produch on accompanymg heat transfer 

(111) The ong1nal available enerGil 

(1v) The avail able energy after heat transfer 

(2 0) 

(a) Calrulate the percentage loss 1n the 1deal effic1ency of a d1esel engme Wl th compresS! on rat1o 
14 1f the fuel cut-off 1S delayed from 5% to 8% 

(1 0) 

(b) Explain the phenomenon of knockmg m SI eng1ne What are the d1fferent factors wlnch 
mfluence the knockmg? Descnbe the methods to suppress 1t 

(1 5) 

(c) A two stage air compressor takes 1n air at 1 013 bar and 15° C and dehvers at 43 4 bar The 
mtercooler pressure 1S 7 56 bar The mtercoohng 1S perfect and the mdex of compress10n 1S 
1 3 Calculate the work done m compresSing 1 kg of air If both cyhnders have the same 
stroke and the p!Ston d1ameters are 9 em and 3 em and the volumetr1c effiaency of the 
compressor 1S 90% Wlll the mtercooler pressure be steady or W!ll nse or fall as the 
compressor conhnues workmg? 

(1 5) 
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(a) A steel pipe havmg 10 em bore and 12 em outSide diameter cames hot water at 80° C when 
the surroundmg temperature 1S 15° C The thermal conduchvity ofpi?e matenal!S 54 WI 
mK and mner and outer heat transfer coeffiaents are 1 KW I m K and 9 W I m'K, 
resp echvely Calculate the heat loss per meter length of the pipe and the surface temperatures 
Also calculate the heat loss and the surface temperatures when the pipe 1S covered W!th a 4 
em thick msulahon havmg thermal conduchvity of 0 048 WI mK W!th outer surface heat 
transfer co effia ent reduced to 7 W I m' K 

(2 0) 

Steel balls 12 mm diameter are annealed by heahng to 800° C and then slowly coolmg to 
127° C m a1r at 50° C The heat transfer coefficient for air" 20 Wlm'K Calculate the hme 
reqmred for coolmg process The properhes of steel are taken ask= 45 WlmK, p = 7830 
Kg/m3 and Cp = 600 JIKg K 

(2 0) 

(a) A four cyhnder smgle actmg ammoma compressor W!th cyhnder d!mens10ns as 7 5 x 10 em 
operates at 600 rpm Condenser and evaporator pressures are 12 and 2 bar respechvely The 
vapour from the evaporator to such on of compressor 1S dty and saturated and there 1S no 
under-coohng m the condenser Compress10n takes place accord!ng to law PV12 =constant 
If clearance 1S 2% of the stroke, calculate 

(i) Refngerahng cap aa ty m tons of refn gerat10n 

(11) Powerreqmred to dnve the compressor m KW 

(111) Heat reJected to cylmder Jacket water m k.Jimm 

(iv) Heat reJected to the condenser m KJimm 

TakevalueofyforNH3 as 131 

(2 0) 

1 00 m3 per mmute outdo or air at 4 3 3 o C d b t and 37% relahve hum!dity is m1xed W!th 20 0 
m3 per mmute of a1r at 38 2° C db t and 24 5° C wet bulb temperature The mmed a1r" 
dehmmdified first by a coohng c01l havmg by-pass factor of 0 32 and apparatus dew pomt of 
15° C and then by a che1mcal dehmmdifier Air leaves the chemical dehumid!fier at 30° C 
dl)' bulb temperature Air" then passed over a coohng c01l whose surface temperature" 15° 
C and by-pass factor 0 26 Calculate 

(i) Capacity of two coohng coils m tons of refngerahon 

(11) Capacity of c01l dehmmdifier m Kg I mm 

(111) Capacity of chem1cal dehmmd!fier m Kg I mm 

(iv) Total hum!difymg capacity of the system m Kg I mm 

(2 0) 

(a) A sohd cone ofradms ro, and vertex angle 28 1S to rotate at an angular velocity OJ An 01! of 
V!SCOS!ty ~ and thickness h fills the gap between the cone and the housmg Determme the 
torque T reqmred to rotate the cone 

(2 0) 

(b) A rectangular container havmg base area of 1 5 m' and length 0 9 m 1S floahng m water W!th 
the open end downwards If the difference m water levels mS!de and outS! de the container 1S 
10 em, 

(i) Determ1ne the mass of the conta1ner 

(11) What force W!ll be reqmred to depress the bottom of the container to a depth of 1 0 m 
m water if the trapped a1r has constant temperature? 
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( ,, 
(2 0) 

Atmosphenc pressure= 100 KPa 

A nozzle of d!ameter 20 mm 1S fitted to a p1pe of d!ameter 40 mm Fmd the force exerted by 
the nozzle 3 fl the water will ch 1S flowmg through the p1p e at the rate of 1 2 m3/mm 

(2 0) 

(b) A 20m long corneal d!ffuser 20 em 1n d!ameter at the upstream end has 80 em d!ameter at 
the downstream end At a certam mstant the d!scharge through the d1ffuser1s observed to be 
200 l!tres/sec of water and 1S found to mcrease urufonnly at a rate of 50 l!tres/sec Eshmate 
the local, convechve and total accelerahon at a sechon 1 5 m from the upstream end 

(2 0) 

(a) A centnfugal pump has an 1mpeller of 80 em 1n d1ameter and 11 del1vers 1 m3/sec agamst a 
head of 80 m The 1mpeller runs at 1000 rpm and the Width at outlet 1S 8 em If the leakage 
loss 1S 3 percent of the d!scharge, external mechan1calloss 1S 10 KW and the hydraul1c 
effiaency 1S 80 percent, calculate the blade angle at outlet, the power requued and overall 
effiaency of the pump 

(2 0) 

(b) A smgle actmg, two stage a1r compressor runrung at 300 rpm dehvers a1r at 20 bar, wlnle the 
mtake cond1hons are 0 98 bar and 305 K The 1ntermed!ale pressure 1S 5 bar and the clearance 
volume for low pressure compressor 1S 4 percent of 1ts stroke volume The compressor 
del1vers 3 m3/mm at 1 bar and 1 5° C Eshmate 

(1) PowerreqU1red to dnve the compressor m KW 

(11) Low pressure cyhnder d!mens10ns 1f L = D 

(111) Isothermal eff!C!ency when the mtercoohng 1S perfect and the mdex n 
compress10n and expanSion 

1 3 for 

(2 0) 

(a) What are the advantages of US!ng h1gh pressure bo1lers ? W1th the help of a neat sketch 
descnbe a Loeffler B01ler What 1S usual! y the workmg pressure of such bo1ler? 

(2 0) 

(b) In a mulh-stage Parson's reachon h!rbme at one of the stages the rotor d!ameter 1S 125 em 
and speed rah o 0 72 The speed of the rotor 1S 3 00 0 rpm Determme 

(1) The blade mlet angle 1fthe blade outlet angle" 22° 

(11) D1agram effiaency 

(111) Percentage 1ncrease m d!agram effic1ency and rotor speed 1f the turbme 1S deSigned to 
run at the best theoret1cal speed 

(2 0) 
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IIIBCHANICAL BNGINBBAING 

Ttme Allowed Three Hou10 MaXimum Marks 200 

Cand!dates should attempt queshon 1 1n Sechon A wh1ch 1S compulsory, nNO quest10ns from Secl!on B 
and nNO queshons from Sechon C Quest10n 1 1S of short answeriiGie, hm1hng answer of each part to 30 
words 

SEC:nONA 

(a) Name two S!tual!ons where worm-worm gear dnve 1S preferred 

(b) Wnte the expresSion for secondaJY unbalanced force m case of a smgle cyhnder mtemal 
combushon engme How many hmes tlus secondaJY unbalanced force reaches the max~ mum 
m one revoluhon of the crank? 

(c) D!Shngmsh between the maclune and the structure 

(d) List two reasons for the center ofgra~l!ty of the loaded shaft!S bemg diSplaced from the ax1s 
ofrotahon 

(e) What 1S the amount of clearance and the need for the clearance between nommal d!ameter of 
the nvet and nvet hole? 

(f) Why 1S taper promded m a cotter? What 1S the normal value of taper m cotter J om!? 

(g) At a pomt in a two dimensiOnal stress system the normal stresses on two mutually 
perpend!cular planes are Ox and cry and the shear stress 1S Cey At what value of shear stress 
one of the pnncipal stress W!ll become zero ? 

(h) The raho of mS!de to outS! de diameter of a hollow shaft 1S 0 6 If there iS a solid shall W!th 
same tomonal strength, what 1S the raho of the outSide diameter of hollow shaft to the 
diameter of the eqmvalent solid shall ? 

(i) D!Shngmsh between a beam and a short colunm L!St two differences 

6) Name the strongest and weakest type of atomic bonds 

(k) Calculate the number of atoms, from first pnnciple~ per urut cell ofF C C and B C C 
shucture 

(i) List two effects of Manganese m plam carbon steels 

(m) Bnefly explam the charactenshc feature of stretch formmg 

(n) List four parameters to be conSidered m the gahng deSign for moulds 

( o) N arne two en ten a for cuthng to ollife 

(p) ClasSify the folloWing cost elements under two types for mventoty control 

(i) Costofmatenalhandhng 

(11) Cost of msp echon upon rece1vmg 

(111) Cost of adverhsmg to sel eel vendor 

(iv) P!lferage 
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(q) Certam spare parts can be purchased at two different rates R1 and R2, W!th a boundaJY 
volume V3 If the parts are to be manufactured, the total cost data hnearly VaJYmg W!th 
volume 1S ava1lable 

With a break-even chart, show how the deciSion to buy/make can be made 

Assume V1 < V3 < V2 and R1 > R2 where 

V1 and V2 are the break-even volumes for R1 and R2 respecl!vely 

(r) What 1S the approach wlule allocahng quanhhes in cells usmg Vogel ApproX!mahon method 
for solmng Transporahon problems? 

(s) What 1S the standard demahon of the proJect complehon hme along the cnhcal path, if the 
standard demahons of the correspondmg achvihes are S1, S2 and S3? 

(t) Name four parts of feedmg demces m automat10n 

[2x20=40] 

SEI:nON B 
(a) A rope pulley 1S deSigned to transmit 30 kW Diameter of pulley 360 mm Speed= 120 rpm 

Angle of groove= 450 Angle of lap on smaller pulley= 1700 Coefficient of fncl!on = 0 27 
Number of ropes = 1 0 Mass of the rope = 55 c' kg/m Length and workmg tens10n of rope 1S 
hmited to 125 c' kN, where C 1S the arcumference of rope m meter Fmd (i) the imhal 
tens10n and (11) d!ameter of each rope 

(2 0) 

(b) In an epicychc gear of the sun and planet type showm Fig 1, the pitch mcle diameter of the 
mtemally toothed nng 1S 252 mm and the module 1S 3 5 mm The nng D 1S stahonaJY The 
spider A, w!uch cames three planet wheel P of equal S!Ze, 1S to make one revoluhon m the 
same sense as the sun wheel S for evety five revoluhon on the dnvmg spindle canymg the 
sun wheel S Detenrune appropn ate number of teeth for all the wheels 

"'' (2 0) 

(a) A hollow shaft W!th d!ameter raho 0 7 1S requued to transm1t 500 kW at 300 rpm W!th a 
uruform tw:!stmg moment Allowable shear stress in the matenal!S 65 N/mm' and the tw:!st in 
a length of 2 4 m 1S not to exceed one degree Calculate the mimmum external diameter of the 
shaft sahsfymgthese cond!t10ns Modulus ofng1d!ty = 8 2 x 104 N/mm' 

(2 0) 

(b) For a symmetncal tangent cam W!th a roller follower, the leastrad!us of the cam 1S 25 mm 
and the roller rad!us" 18 mm The angle for outward movement iS 90° and total hfe" 20 
mm The cam shaft runs at 900 rpm Detenrune 
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(1) pnnc1pal d1menS1ons of the cam 

(u) the accelerahon of the follower at the begmmng of the hft, where the straight flank 
merge mto the c1wJlar nose 

(111) acceleral!on of the follower at the apex of the arrularnose 1 e when the angle turned 
by cam measured from the poS!hon when the roller 1S at the top of the nose, 1S zero 
Assume there 1S no dwell between outward and mward travel of the follower 

(2 0) 

(a) Explam the funch ons of the four components of F1eX1bl e M anufactunng System Ind! cate the 
S1luat10n where FMS 1S preferred as compared to Transfer hnes 

(1 0) 

(b) ABC Company has to supply 30,000 SWitches per year to 1ts customer Tins demand 1S fixed 
and known The rustomer uses 1ts 1tems m assembly operahons and has no storage space A 
shortage cost of Rs 1 0/umt 1s mcurred 1f the company fa1ls to del1ver the reqmred uruts The 
setup costperrun!S Rs 3,500 Determme 

(1) the opl!mum run S!ze, q 

(u) the ophmum 1 eve! of mventoty at the b eguuung of any peno d 

(111) the opl!mum scheduling penod 

(1v) them1mmum total expected annual cost 

(2 0) 

(c) Calrulate the fundamental dev1at10n and tolerance and hence the hnuts of S!ze for the shaft 
and hole for the folloWing fit 64 nun H8-f7 The d1ameter steps are 50 mm and 80 nun For 
shaft deS!gnahon £ upper dem ah on " assumed as -5 5 D0 41 

-

Data tolerance 

H 8 25 1 

f 7 161 

(1 0) 

SECnON C 
(a) The folloWing data from the orthogonal cuthng test 1S available 

Rake angle = 1 0°, clup tlu ckness rat! o = 0 35, uncut ch1p th1ckness 0 5 1, Width of cut = 3 mm, 
y1eld shear stress of work matenal = 285 N/nun2, Mean fnchon coeffic1ent on tool face= 
0 65 Determme the (1) Cuthng force (u) Ra1hal force (111) Normal force on tool and (1v) 
Shear force on the tool 

(2 0) 

(b) A governor of Pro ell type has each arm 250 mm The upper and lower ends of the arms are 
p1voted on the ax!S of the governor sleeve Each ball has amass of 15 kg and attached to the 
extens10n of the lower arms wluch are 100 mm long The m1mmum and max1mum rad!1 of 
the governor are 125 and 175 mm The central sleeve 1s of mass 75 kg Determme the range 
of eqmhbnum speeds, assunung that the extens10ns of the lower arms are parallel to the 
governor ax1s, at the nummum rad!us 

(2 0) 

(a) List four types of reS! stance weldmg and explain any two of them W!th sketches 

(1 0) 
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(b) Name four types of defects found m forgmg and menhon the causes and remedies for two of 
the defects 

(1 0) 

(c) Two planes AB and BC w!uch are at nght angles are acted upon by tenSile stress of 140 
N/mm' and a compresSive stress of 70 Ninun' respechvely and also by shear stress 35 
N/mm' Determme the pnnapal stresses and pnncipal planes Fmd also the ma:nmum shear 
stress and planes on wlnch they act 

Sketch the Mohr mcle and mark the relevant data 

(2 0) 

(a) A company has three plants at A, Band C which supply to warehouses located at D, E, F, G 
and H Weekly plant capacihes are 200, 125 and 225 tons respectively Weekly warehouse 
reqmrements are 75, 105, 130, 155 and 85 tons respechvely Umt transportahon cost matnx 1S 
given below 

~ 
D E F G " R 

A 50 .. " 00 "' B ., 
"' 70 " 50 

c 00 ., 75 00 "' 
Determme the ophmum cost d!stnbuhon pattern and also the mirumum total cost 

(2 0) 

(b) A set of data obtamed from inspechon of cashngs, W!th a sample S!Ze of 20 castmgs are 
shownm the table-

Gloup No, of c"""" Nnof 

"' """" 
,., """"" 1 76 6 69 

2 .. 7 "' 3 76 8 "' 
4 " 

9 "' 5 <I 
'---'- ""--" 

10 "' 
Compute 

(i) the process average and control hmils 

(11) the process average for future produchon and 

(111) rem sed control hmils 

(1 0) 

(c) Conshuct a flow chart to find the velocity and accelerahon of the p!Ston in a smgle shder 
mechaniSm 

(1 0) 
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