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For the given figure, find the ratio of 1 to 6 so that centroids, ¥ = j 7
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An element in plane stress is rotated through a known angle 6. On the rotated element, the normal
and shear stresses have the magnitudes and directions as shown in the figure. Dgtermine the normal
and shear stresses on the element whose sides are parallel to x, y-axis. Also find the principal stresses.

i
>
@ﬁ
PN
\<\ »
2 x
%>\ A
d,u"
o
2
Guven — [12 marks]

Ox) = 5&39qu, oy =—10.39Mfa, Tyy = _i1.32mPa (o)

Y
|
O"y)’

P Kz 68
' @’
iﬁ) ————— 7w
|
G230
o~
X M
A,sgumu'«vg; x’ and Yy ad oju‘g 4, mgﬁe/mcg p/@/ne ol —
Ty = XY 0306

— =828 + — U’lc%w 3 'G;j‘/s}ﬂze
NS P EAVS s
Gy C - )Z)]”w—@ + 'ny t0R20
{ Lle s
= =30° (ccofon P ane [l X Qn J oyxed- V
oy = [0 + R0.39 03 (-60) — 1132 3h (-60')= ‘50]‘4?&) 6% i

Tp = — (20.39) 8in (=66) —1h>2 (03 (FSO.)Z[I‘ZMPQ):CS [

409N 6(’7 o= +60° ((w).

’0’3 = |0 MPQ.X

OTZ - O".,L-f—o”y i/?fxfﬁv) .('z_:, 30410 — .
> —— — 1+ Ty = =0 (3;:/(9+,11

O1,,= 201562 J"T:35'62M@ {5—12 4.7 ol ><
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12

A beam of rectangular cross-section of width b mm and depth i mm. This cross-section carries a
transverse load of P Newton. Show that the shear stress variation along the depth of beam is parabolic
and its maximum value is at the center with magnitude 1.5 times of average shear stress in the cross-

section, ‘
. n N \ﬁ’\-\ [12 marks]
Véewn — : o
.,\\ =
Torampvend load=P x el
ARETIRE

_p NTTT T

v P i o
Zaj: bx,ﬁ_\_‘ 'J b V

We know ot Ahean  Blzers ot a Aocatonly foer
J , Ve b C = __P_ ﬁ
N A 92 y = \/

- bh3

whene T = owa Moment of Jnentia about NA =S
Y= bx(.ﬁ-y) [/SAac(ac/- area)

aveﬂsaje shean Aloehs

A= cowa eabove
" - . 9+ 2
G- cominoid o phaded cuwa_\}# (0.(;l 7) _ ‘
S 7
b= width ¢f auwa ») Pamedatic "

h — -
— P /5(’;—_1'"3)(2,’('5) 56P (T;;_— yz):z

C= 2= :LW

= 7 \/

6P /h _ 3p _ -
at centoe CNA = mé—)— 02—)(’[)—/’:———/‘570\29.—@\’{]

at }OP éj’:"bzl. >, —C=0

| Trngy = Trnp= |25 qug_

") foklom Y- ~.g)->\—3/o

. fmom e abowe equalbo b b cean et

o

hean Almess  osdurb whb 43 pasabolic.
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Q.1 (1)

A cantilever beam of span T mvis budlt into a wall of 20 em thickness, The beam carries a concentrated
load of 2 kN at the free end, Assume that (he pressure exerted by the wall on the beam due to
moment is lincarly varying along the 20 em (hickness of the wall into which the beam is embedded
as shown in figure. Find the pressure Intensity in kN/m by the wall on the beam due to moment and

reaction,

R [V | | L —
[ 2 kN

Pressure || | T l
varlation j j* ) 5 5

due to “"j [ ’ I

moment only el £ | I

Wall 4/_

[12 marks]
A 45 | 2N —> AB  (» embeded (ndo wall.
| Im &
e
2.0 Crmy

— led Poesr) (e m{em/S/Jj be w'EN

Y
I\ }oow¢ and Jld b acll('m(] yLineanl(y

Joom O

- [
torltl.  Max™ Madm—,(,ude o/ W

al A a-d B

\ = . %
— 94 can be comyjclertd on centnoid ef @J‘ua/ﬁj
| L" » = Q.
and ComUe)le'My b indo vﬁ.orzC&’SvOJ /"’aﬂy(lucﬂe a3/

N

Omw KN %'Qcm a/QIeQ: lKLOX = O\OSLO’ Kl\l
e e /c:O

;mewe'}m 0.05w' X 20

1w Moment C(seqled = M=0. =

7 cm 005 1w KN

M = A0, N-my
3

N Mome neodted
Due to (on(e/y,-[mqjec/ loced € 2 kN oment ¢

e
pan

A% fo6o X [ = 2060 N.-m | |
' /CCI ./)‘7 LQCJ( Orpﬂy - 9'000:“'3"'(_,1)

[T’Tmm clion = 2000 N '”‘m( [R=2k N1
| | (W)
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12

Calculate the tension T in the cable which supports the 500 kg mass with the pulley arrangement
shown. Each pulley is free to rotate about its bearing and the weights of all parts are small compared
with the load. Find the magnitude of total force on the bearing of pulley C.

ab s wm pdons \/ [12 marks]
p _

—pullyes ot oud ctionless amd Masa (A3

. . ) T
— Crstming  terdion v Blo 4wt rope be T
2 en 27T, :5002, = T,:o?‘152-5 N
T T T i
= 27 = T{
600(7 i

!Mﬂgy C -

Aotal Reaction R 15 gp‘uem, b]= R = \/7—;1+,7;7_+ P

T,=Th=T,= [226.25N, O=J20

R = \/;1+T1+ 272 (o (120) = T ﬁ(l{—ceblzo‘) =TT

\/
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Q2 (@

A beam ABCD is loaded as shown in figure given below. The beam is of square cross section 100 mm
x 100 mm. |

(i) Sketch the S.F. and B.M. diagram for the beam.

(ii) Determine the maximum bending stress in the beam.

80N/m
v
/
600 N
A ( ’ c \
' D
5000 N.m
3m 3m 4m
[15+5 marks]
V goonN
A ’pe 1~ @
?%r);b N \ F
= N @ - 273, 3% SFD

Vv

o BMD

O )
},(;ﬁw/
35 zov

very gooq presentation

Lt Reackions ot A and C be Ra cond Pe —
Ta/u‘rﬁ Momenth chout pé)n} A—> Ha=0

uyq%o%mﬂﬁ ugyﬁ&ﬁ Joad Can be comsidened on
ceninold of Axniangle whoge magm'iude = area ¢ A
| = £ x6x80=20oN

N
44027" Py 600N
e T

O

— o
Te, Soeonm Tre \/

506087
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2(

Z= béd AC,— H\— [6O™MM
) = oo '»v:m

Re X 6 +5000 =Y O xF — g\?lx[o =0
Re= 326 (7N
Ro+ Re = Goot2ud= &4YON Pp = 5/3.3>N

l %Q"(N/”') — Shean {0nQ at o dixtan@
% gmom A B given BY.

|

o
s >

2w
Bo
P = Ra— £xxx82x = 51323 66TX> A <6m

40 CD 'Po"u’%“’ﬂ BFue 5(3.2% — 240 +326.67
= 600N

y ] - $(3.%% 77277707
#0;\ Rf =0 L AC pm;&!ow - X = W_ s

Hence SE+0 in Al pov Liom

(8F)c= R73.33 N ,
BM (w  poxtion—> AR = V Raxx— lxxxgglx;;
Mo = 513.32% —2 229>

Mg =>(x=3m)= [H80.05NV

My => (B = 51332 ~2.22%>2-5000

Me = (x=6m)=>-2UY00 N-M

—= Mgy =-3526 N-M CM‘

3
N-mm
G/b)’qu: .,___MM; __%539——75(07_ = 212 MPa
= [6O0R OO

Mae™ 56,\,‘0@,“4(7 At vCAY = [zI-IZMP&]

3
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Q.2 (b)

Knowing that a 0.5 mm gap exists when the temperature is 75°F. Determine the forces in the bars
shown after a temperature rise of 180°F and the corresponding change in length of the bronze bar.

Je——350 mm | 450 mm

‘ Bronze Aluminium

Bronze : Aluminium :

A = 1500 mm? ‘ A = 1800 mm?

E =103.42 GPa E =73.08 GPa
=12 x10"°/°F 0.=129 x 107°/°F

[20 marks]
Guven -

AT_c}q‘))e: 150 F
Increcve leng,-{%\ duye 4o ,Hmpenq;ﬁw sAre =

BD’LOV}‘BQ} Bon—-> AL= LALAT

= 350 |2 X (0"6 X l%o\:/0‘756 mm

A Lo pinium Boon Aﬂ:%oxlz.%ro'éﬂ%o: 04U 9 mMm
Zince Cchamge in denghi i Gneode? ALan  Jop 057
Bofh Pors il be Compme,%ecl due  sea cliow fonces
let P be Hu o@0chion fon @ = p (Newlons

Lom Boonzu B Ag=—PL _ —Px(350)

At 1560 X (16342 )% [0

Ag (duminitm) = PX 45O
[%60 X 73.0%X (0>

=342/ X167 X P mm

2@*‘055;07.% = — 2856 K167 x P mm \ V

(29 temp ~(BVgone = (B0 gap

6.756 + oYU — (2.256 +3.L/21)X(°'3P = 0.5

Mb«‘mmse =0756-8. BE6X0.229I1¢ =

[Aﬂb: 0\2-59777773]“
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Q2 (c)

The given sphere of radius 1 m and weight 160 N rests on an inclined plane. If the friction between
the plane and sphere is (u = 0.5). Find the magnitude and directions of the angular acceleration of
sphere, the acceleration of its mass center and the friction force between the sphere and the plane. If
the friction between the plane and sphere changes to (1 = 0.25). What will be the linear acceleration
and angular acceleration of sphere? (Assume g =10 m/ s?)

G—d Ve —
care-(1) =05

R=d1m
D TE 6o N V [20 marks]

4 o & K
tano= L, sino= 5, C0B0=3

= %: 16 K > Moment of Tnentia about (&= %ml{?‘

Tephene = é‘—XIé x| = 6\4-/ij—m7—
. ' 3
Nenmed | Rea ction =N= mg 040 = Isox.ﬁ_: 96N )
Max™ value of Joickion fonce = 4 max= 2N =48

44 o ~ et angulan accele v akion o Aphert
\ & aboul (B (entne be & and
mg A6 Linean ccceleration = -
FBD- el gmickion qosuee be =4
—*?Uni,{li«j Fosnice balamce €9’ and Moments about 6.

Mj,f);y](g,- -é: mar V

~ 4= lexa — (1)
T = ¢Xl= E&UXX -—a(i})

[60x%

4 X

A
5
R=

'*Azs/sumu'ng sphere |3 moﬂ('nj to o e b zsb‘ppibﬁ
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.»»»%PLIE’.H’ wiL? ,)Jﬁ!t“()é’ (‘mo/ ~£/ AJ(ICI(C‘V! .

and Ao lvi nJ eqM — ¢[) Ctan ol i) with A= ke
Fg“:“ 0:3({ ,3/ /\/ ‘ (o e Cvp [ﬂ’ »l’.‘;;‘f'_;l 7 /13(?(*.7!;} 3 6;(:-:. ‘}0 Bl ‘\’//.IJ("( f

"é A less ,:H\am ‘{ 9 0o (8 N) , Mecun e D((Tt CLAR (l)/}mj?.fl() .

, ‘ _ e ul #Lippin.
O (O,ﬁ_@y(i‘(:ﬁ. (L) cf{) ,9\[) /’]CJI,Q f:J(,C).[ ()A o] »(I 1 (L./ 2 // P‘ J

051 Ce (A m&adé/mcn

4o }"’?Q\J(‘u( )w(?loﬂlﬂ(/, Bed m Ly cobe 1(}(,10(10'4 /5

CC‘O'(:""" [;}) V(J-’i C)|?6 ’énqg”x’: ﬂv{’/\/
" [l ’ b, ‘Ga—i“ 4
In Lbhiy  case , Aince an v Weqeised 7o »Arclivg

c'};» 3657 N and  {mox veltie 15 24 N, U witl Alicle

; 24 Mo
s .t ot , c et ne o WL he
Ctm el .{Juc,f;!om fooce ¢ J
ger . CO'BJ,;Q;I'Mj PO cmcl Morend eqi'b—
2‘?,\}”\\. NG
D [26 —24= [6XQ

128N .
1 = G.Sfm//ae(,’-( V

1= T Guves — 29X L= 64 XX

[X="375 o1ad /sec*|

V4

very good

{




MRADE ERSY Question Cum Answer Booklet | Page 11 of 52

Do not
writein
this margin

a){ A pillar of varying circular cross-section carry a load of P Newton and having uniform stress of ©
throughout the pillar, v is the specific weight of the material and /1 is the height of the pillar. Prove
that volume of the pillar of uniform allowable stress is

J
777 7.

I-—rl—ﬂ

Considen an e?e'me/fv() Cy pmall Lh'cknes de [20 marks]
at a clistonce X Jnom Jop- 19
| let Av be #leo asea ‘?] c/s ot V

distence x and
Aride be #lo ovua % e/ at b~

| clistammce  (etdx) j;z;)/ﬁ;p.
— Vodume c] gmel an omd MUknodt dy = Axdz
- wel9dt °f His element = Y Ande (ABCD)

- let Vx be £he vVolume above Mz&\?mem,% (AB)
amel  Viirde be o voltone choveVelemend whokte
»&eis,h} » (xtdx) fmom op. (above cp)

— load ac&frﬁ onn s element = P+ Vv (AR

...)LQQC() qc@jhy G(OVLJU)M e/eMP/n{— C’(‘{—C{'{)@\ﬂeme,ﬂ-é:

> let oz be HMe Almers incduced jn elemend AB

and  oride be Ale Alness imduced v elerment Cp.
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O*V o~ o
’YA)LC{?-L

dAx =

@wa)Ao = X (x©)
.
—_—
g
oM e S M= e Ao
Ao 7 A o

3|

o

[1
ﬁ%
~ N

Ainess b bop “Eibejz—‘“— o= > P= Noo

\ — = £
SR m* Hemce  fowoved

vh
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P+ ¥ Vx P+ ’\/1/36{1-]
T = . g Tatde T by
\ C Axtde
But o > wmilorm ;&L&éqﬁbot(f Hto pillas — Cx=0ytde =
vV PV V \/
Ana PEYVE g e B ridx
d o
Bu/"1 AZ-P'CJ"C = A)C -+ d A’C CU\/LCQ \/‘tz.(—d—g = \/’l -+ AZ d’(’
vV, V A dn
Aw + dAx = P-f—YVa(-}-'YAxO’x—: Pt < s Al
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Q.3 (b)

A solid rod of bronze 25 mm in diameter is surrounded by a fitting steel cylinder of external diameter
35 mm. If the permissible bending stresses in bronze and steel are 90 N/mm? and 120 N/mm?
respectively, find the moment of resistance of composite section. Young's modulus for steel may be
taken as 1.75 times that of bronze.

25 mm

[20 marks]

Aspuming  fhed  compopide seclion will adf Like
ct /S)nﬁ,ae c/s  (na B&mdh«j—»

TB.nonZe — 7{‘d£” . 7'((25)?_ 1917 4.9 mm T
61 T T ey T
=l Y 554)
Tateel = N(dol‘j(c) . K (355257Y. 4
g = Za = 54487 mm
Frax, b = iS: [2.5mm Imax,steel = 325: [7.5mm,

E,s{ee( = 75 Eﬁnonze D) O’b]qu= 90 MPa, 3,m0 ¢ = [20 MPa

M 9k _ & R= Roclw ¢f Cupvatwrt
g J k — R will e Acwme (O bo At Bmorgea«d

aicel, Bince Aecklon 4 helhaving o4 compog it Rection.
!

aye - (1) — .AMWW'VC\] Bnonze will Reach wpto Maximto

bemoUmj Alonerd Dimit- Ob,max = 9o M a

M = = Mg= [38.06 N-m
19174, % 2.5
A _ Me Ms
R~ 1pEp Toks
GR6& SSN-m
£l e = ———K’S"" = Ms=YAE N7V
//_’__—— —r
1917u.%><4.45E_§ﬂ‘75 syyg7 xES \/
cRES55 » |
O’b,/S,'mChL Ms _ 224 l%?(./b N-mm e _ 220.5 MPq
i B 544e T mm?t bpax 5

Yma
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Q3 (9

Max™ alzess indued iv fleel Aeclion= yjﬁﬁyq X (20 MPcL -
T4 1 C(""'?SOje conclifion . Hemer o 15 Not pogsi Lie.

@e- (i) Ohav,s = |20 MPa

Ms _ P06, mg= 373.62N-7v

SuygF 7.5

Ms Mp 373.62% 19174,

-2 _ = — HMp= __9__#_%}( EB — 75 13 N-
DIsE_S TRER 5“‘4\‘&7 ).75 ER

MB o A CENES

UL T T 1S BXIOINIT a9 MPa

amax 19174.%

O/b,qu, Bxomze

E(%Rs N -
# %

tolal Redis{an o Moment= MBtMS =

A cantilever of uniform strength is to be turned from a mild steel bar of 50 mm diameter. A
Joad of 4000 N is to be supported from the free end, and the maximum bending stress is limited to 70
N/mm?2. Determine the maximum length of the cantilever and its end deflection

ancl tola! Moment 0}/ Reyizdamce =Mp-t MS:‘%@—Z—M‘?’*\‘

-ygMpPa < goMPa — Henc M > Aoje comel™|

if E = 205,000 N/ mm?. '
P:L%OOI\/ Guiven— [20 marks]
o} —
gj 2 :A b)mC()L—7OMPQ,
a’ : Emg= 205 GPa
:_ ' V d: 50 mrv
) ) [
pl ¢ I
| | 1et "Qe'hg% Gd Bean = Dmy.
|
' ' P= woooN
GMp
IN = f_ciq,. 7t (50)7‘
A= —gq =——F = 30679645 mm™

Mmasx = px Al
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Anlp = o L Moment of 0n0c

- slideey a.d 0. asstmin
o M ata gt e belween A d b, : 7

L
A ar m;u‘giw.ﬁ/-\%

f ) ’ & ,,p A
AA/ﬁv g?/,zf%, A %. Cmm)

ot

B oo 2
YooO x4~ % (R , d= 2475 mmn

R

265 %107 X %06 79615

‘ ' o | & - ’ i 2| 177y
D f e clio ad fnee end  =|%n = G’LJLJ ¥ #
s, g L t e

3 X

moment of inertia will vary
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Q5 @] () A7Z3 mm dlameter aluminium (5C = 2,04) platon of 100 mm lepgth resides in a stationary 7%

mm inner dlameter steel tube Hned with ofl gt 26°C of vincosity 0,179 Vas, A inaws i =2 kg,
s suspended from the end of the plston, The platon fs set into motion by cutting a support cord,
What I the terminal velocity of masy m? Assume a Hnear velocity profile within the oil,

=l (o get in motion

v u] g

i N U1

L Pluton 3

£ 4 0l
(7]

(if) Assume you are performing an experiment and you Intend to gently place several steel needles
on the free surface of the water in a large tank, The needles come In two lengths, Some are 5 cm
long and some are 10 em long. Needles of cach length are available with diameter of 1 mm, 2.5
mm and 5 mm. Make a prediction as to which needles, if any will float, Given specific gravity of
steel 18 7.83 and surface tension of water is 00728 N/m.

[6+ 6 = 12 marks]
(i) Mars o Ha  pirton = Mp= 7%{_ng 158

- 7 (0.073)™ X (0,4) X 2.64Yxlooo = 1. 105 K-
4

~» COniclent " pision Qvncl - »l
mons (M) o he a Ayslem )
moving widh derminal velodly G2 kg
W, and ol devminal velodty e i
accel e+ aliov ° AYsden = 0. £ i -’06/5 1 Jidm=

Mp ‘%

Cuvenm = A= 0,]% Pa-hec. |
and ab&(,dej Linecn velotity «pa b4 e widhin oil .

(v -0)

= *’L{ i“j; fon) Oal /<-z i il For ’30,\{)ﬂ.«,~\/_~
v d# /‘/j {i, M:z.
__A/c(ocm

Badam vy Fooce = [uincow = Fgravlly

1309 X A L = (74-{"7‘7'@/;_)5'

s
1y

@+ 1105 ¥ 98]

hfod) KeSL mzrm//s ]
/l:(a()/g)%fﬂi/)%/ﬁ V(

Ltyiva
HIRE it
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1) Guven —
Needled lengfth = Scm, [OON

digme leg = Imm, 2.5mm, 5™

S.Gr- Kteeld = 783

o = 0.0728 N/V

welght o/ ecach Needle = _75_:1;})( 7.3 X%

Maxm Boupouncy fonca Fo= 2 g x Suxg
Max™ vbOJlCQ olye %O 2>(,UE7C(C0 {MIOW:CU"LCOﬁ@)MGaL

= o (Perimeter [exgfh)mau

4
d ]d Ly = 7—[~0+d)

2
Fosn Needles 1o 'HOOU% FBt+ Fsr

Z Fot

_7:5_13/} Cw 9 + o x2(dtd) Z ZLE"—/?_M X7 83580 F
20 (L+d) =z ff{';b()xé'% Sug

£ >>d
e 2x0.0728 ¥ z 7 (d?) x A x 683 x1000x9.8 |
Y

d* < 2,766 xiv~® V

[d < 16633 mm/

Henco Needles 1 mmn iamedess il Jlo el
i oplimum conolidbny, of 0my demgt Auchk
Aot L>>d.

good approach




MRDE ERSY Question Cum Answer Booklet | Page 24 of 52

Do not
write in
this margin

Q5 (b)

Draw the boiling curve and identify the different boiling regimes for water. Also, explain the
characteristics of each regime.

[12 marks]
)) w b
A\‘l/ Cw/m>)

C'CJ-L);@,‘CQ/ Heed JAu x)

! |
' Busm ouf
IDG—- i : Ic_-____l___--—.—~-,c_/
5 ! | |
i | |
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Q5 (9

Anavel wplo , b incneases conve (Al heed 1acrsfer
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A cam of circular arc type is to operate a flat-faced follower of a four-stroke engine. The exhaust
valve opens 50° before top dead centre and closes 15° after bottom dead centre. The valve lift is 10
mm, base circle radius of cam is 20 mm and nose radius is 3 mm. Calculate the maximum velocity,

acceleration and retardation, if cam rotates at 1800 rpm.
Write down the parameters which defines the size of cam.
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[1042 = 12 marks]
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A centrifugal pump having three stages in parallel delivers 360 m® of water per hour, against a head
of 16 m when running at a speed of 1500 rpm. Diameter of its impeller being 150 mm.,

A multistage pumyp, geomeltrically similar to the one given above, but having stages in series is to be
designed to run at 1200 rpm and to deliver 450 m?/hr of water against a head of 140 m. Find the
tmpeller diameter and number of stages required,

[12 marks]
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The inclined tube manometer shown has I = 76 mm and f = 8 mm, and is filled with Meriam red oil
having specific gravity 0.827, What is the angle 0, that will give a 15 cm oil deflection along the
inclined tube for an applied pressure of 25 mm of water (gauge)? Also determine the sensitivity of

Q.5 (e)

this manomeler,

[12 marks]
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Q.6 (a)

A 4 m long quarter-circular gate of radius 4 m and of negligible weight is hinged about its upper
edge A as shown in figure. The gate controls the flow of water over the edge at B, whure the gate is
pressed by a spring, Determine the minimum spring force required to keep the gate closed when the
water level rises to A at the upper edge of the gate. If the spring constant is 25 MN/m, what s the
leakage rate (in m?/s) from the dam assuming rectangular cross-section of area of leakage?

Spring |
i B VY l

[20 marks]

= Hosizondal Fomce b 9dvew on
g-m

Alnface on @ vertical plane
e éimd?uj fonc ou Hys  Rec [Mﬁu,(’cm plaqe.

Fr = 8§39 Heonirotd Anea ) Her = %EL V
= 1000X9.8/X Sx Y x UxXY = HE&S6HN = ¥I3.92 kN
2.

iy dosimonlal fona (m) widl pars Ehough

Contone of paepsne (C p) of Reclamguln e chion ed

| heig bt of CP Ay gdven L(x/h

AX

To %+ Te Bin*0 V

whert o = —K:‘ 2m

e
0= 0mg le WA vendical= 90
A%ma -~ Ux Y= |ém* i
: « 3
T = oA moment ¢f Ineviia ebout cenndatol Cl:'“‘/’z?

Toz dx B _ 64 «
q A

Pmojec{;[h& J?i\n‘ ¢ conve o A’Lé)mefged




Do not
I Page 30 of 52 r’h’i':f‘;:rgin

MRADE ERSY Question Cum Answer Booklet

64 x4 ” o
= _ = + 5= = <
'ET 2+ 3% 16 %2 21 = : vy
Fox uew‘cd Fosnco —Fur ~y ”'1
A \ ] |
Magnlluele o vedical font Ri_ N
95ven WA of 2haoded auea. a “)ﬁ-g—“
3Y, 736 kN

Fo= SioX gx (R WR) ) = (000 x9.8] %% = (-Z) x4

Fr= VAr+ s> = V313,92 + 15U.735> = B4, 815 kW
— Repql donk fonce will clways Havugh centse ©f

anC (o), presslnt ot alwoayd aclg honrmal 40
B lonfe ce ool each mosmeold Jo Mo anc pAded Ab~ough

Al ot et Burs
o > FH fFH 3(3.9%2

0= R3.23°
A — Fon door 40 vewmncuw closed , Ma=0.

h->'7/oJ<L‘v&7 Momentt, about /u'bﬂe A-
J/ﬁ"* Fs Fr. B/C030 = F3 xf

Fa= ﬂPJU'Vﬁ '60‘)7&-‘— 3‘4/-6[_5))(60,323‘23: 15,0 Ny
- *

RDejlection Bpring = Ax= B 389>, o)
X/ 7 J A Texns = 2.5 LV

—Now weder il deak j&wmuﬁ,l{ gap cheated b(y
spaig «t poind 8- VEry good |

— coua ¢f Gap = Aexl= 005022mM"

Zaapp}%jiwg Bevnawli €eg¥ Hw pt A ad B-

VL PA ‘\/& fﬁ 5 \/Ao__-,o )PA::FB )'ZA‘ZB::E_

— +
Q/J'I'ZA P = __3—-.(-*? +f3
\/15=w/’2-9/2 = J2x9.8) x4 =&.8Em™/)ec. V

Volume Jlow nafe O = Av:,o.wqu wb/AC“C-:Q(mW




MRDE ERSY Question Cum Answer Booklet | Page 31 of 52

Do not
write in
this margin

Q.6 (b)

(i) A diffuse, fire brick wall of temperature, T, = 500 K has the spectral emissivity shown and is
exposed to a bed of coal at 2000 K.

i

1.0
08 |-~

AT = 600 umK | Fo_, = 0.000
AT =750 pmK__ | Fo., = 0.000
AT = 3000 pmK | Fo_, =0.273
AT = 5000 pmK | Fo_y = 0.634
AT =5800 umK | Fo. =0.720
AT = 20000 pmK | Fo_, =0.986

daead

05

g —

mmmm ol _———————————-

Determine the total hemispherical emissivity and emissive power of the fire brick wall. What is
the total absorptivity of the wall to irradiation resulting from emission by the coal?

(ii) The spectral distribution of surface irradiation is as follows :

1000 f-------~

N
AMm2—pm

:
500 F---Ft--- booeeneae
5

0 10 5 20 25
A(um) —
What is the total irradiation?
. . ol [15+5 = 20 marks]
D) /d/%w}@ Bouck w
Ty = 500K > ariluming avenage /%Pec%ﬂaj
ol Bed Lt
/ s oot H anol Bl
= et eminy vy CE€x) ¢

— pelow gYC(P"L [» ob dcuned

E) A
68t~ —— V {02 avevade EA - V
05 1~ ,' o let fotal heMP"W'CCJ |
oL i {’ R s be &—
. = i) eom/mu/fﬁ e
E




@ MRADE ERNSY4Y Question Cum Answer Booklet

‘ Page 32 of 52

Do not
writein
this margin

(W4 on -
<= OfEadA o‘J.éA Epaclh
Eb th

lo

3]

)

'-5 oo
j 0.1 Ebxclh + f 0.5 Ebpcly -+ 0.3 EbA dA
(@) [.2

Eb

— Ox! FO,_I_5 —f— 016 Fllc)-__lo -{—0(8 FlO—CU

F= dnaction of Ene~9y Ly Cug b/ otoA

0-A

Ofé\,\ EEAdﬁ
Epacl

O

Fo-x= T3 =500k

= ox 0+ 05 (063%-0)+0:8 (10639

ced A= lowm, AT= 5000

4

Wt Black Body.

po_[o = 0634'

” 4
£= 0.6098 | , emissive powens CoTet= 0.6098x5.€7x 5

at steady At
Heed absovbed=

- 2AE0:9%
= AleSio o+
5.67 x(>°)

cii) Total &
14 000c o @

He it ewmited

/&: 20 kW

=]/

\/ [E=21€0.98 w/mV
q}e =

3 Lotal ab oxp;b'an(jJ

dfcclon On /BLUjQCQ CC"):

A ond A eliagyan= Ix (256 +15)X1600 ==

o
L)

m

17
2

2
i
e
%
s

%
5
he
R

FoE A TN




MRBRDE ERASY Question Cum Answer Booklet | Page 34 of 52

Do not
write in
this margin

Q6 (c)

A team of students while designing various parameters for formula student race car, came across the
following parameters of a car.

» Moment of inertia of each wheel (I,) = 2 kg.m?

+ Effective diameter of wheel (d,) = 0.6 m

» M.O.L of rotating part of engine (I,) = 1.25 kg.m?

* Gear ratio of back axel (G) =3:1

* Mass of automobile (M) = 1500 kg

* C.G. above the road level (h.) =05 m

»  Wheel track and wheel base (f, b) = 1.5 m and 1.9 m (respectively)

If engine axis is parallel to rear axle and the crank shaft rotation is in the same direction as the
wheels, then determine limiting speed (in km/h) of the vehicle around a curve of 100 m mean radius,
for all four wheels to maintain contact with the road surface.

Also, comment how variation of above parameter will increase the cornering speed.

[16+4 = 20 marks]
.\\T\} dw= 0 67U , Tz 2 Km>=
oyt Gl """" A

Axel "
wheel Bade= 1 Im(b) «—| 15°© kg]

oo (=) That
Rep o ———1 D\/ N “

ey

wheel tvack = 1.5 (

let con Atakey Jgi— Aioon with \/dod% =

G ol 4 trning Raclih R = LJP—,E: - A
160

Eng.ume seed= 3x speed ol wheely  tn 2ame LUR™
= 3 W

Can a~d wheelk.

Cembu{;uaaf 40 & a cting ou}wm&ﬁ——a):ﬁi

NoO W .)('akjv-ﬁ all +a %OJ[CQ& On

2 2 .
Foim (MY m_v: IsvE N,
R 100

ggjw,scop.fc couple on w heeld a~00 &Ayhe C =T Wy
C= quwa+ IeXE’;LQX'LJP

= Yxaxwx_ v A /zSXSX&JX—l-/ = ﬂ“ﬁ)fw

—_—

[0O (0O 400

4




Do not
write in

@ MADE ERSY Question Cum Answer Booklet | Page 35 of 52 | i rmargin
arh Lumi\«\d NO ?:,inpl't«g - V= W Rwaneels =

Ve WXO 3= 6.3W m|Aec.

W (D\( — Due Jo lefd  Aurn Rea ctive
T ‘ Ll sy o Lipt
6\"\ ) Z,ﬁ:*:%;'{‘i-a-t).\ g yaoncopsc Colp o will by Ao Lift
¥ wheelsy N o o ¢ Cinney whee R).

0 gov e widl be palamcod by Jniction Jonu.

s Cen{nigl 9o
y wheell=D

— fon dimidivg cale Mogonal fonte ou (e

¢ F s ks W

1»*1—‘-“-?-’*‘*>\

\. 3
kM(ﬂ

PEdrToEm
470 | BB o
ved feTn=1r9  rep o 4 wheel (B

s fe

B el am cing Momen:td —

cthexho= Nxt check solution

(ls00)x9.81% 1.5

T X
—-{—Zx Vx_ W + 159 x0.5=

160 o3

” .‘ . .AQ'
ol i wg [26 V7" _ 11636.26 —s = 3Y. @B ™M/B€C

15

W= 34.8% x_;gg ﬁ[(z 5,6 K m/zf,glj,kxwu’%fvg Apeed

o jon dange Awining sradiny (R), Wp becomed Ve
(ehs , bhad 90 ACopiC couple paoduied b Amall

mc@\c*ohmez\jwy A peed eoled be higl,

ahanp Awns (Amatl Atnhivg Radd
| vadle '057 RGC 5 dhe ctudo rnobi (e
at L9l Bpeedh)

— o W) , Wp Mtretypy,
| wohich Ineare
e about OtHen o heelA

' »’A(MM to o pp ,
clecne aned Joy 2mall R,






