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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 attemptea
choosing at least ONE 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. Nc
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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Qg A
SECTION A

Ql. TreafeiReam weft weat 1 S v

Answer all of the following questions :

(a)

(b)

(c)

x-y Guaa 4 fgfenfra orepfl werg 29, x-faam # orwes v, = — x & gA A
TR | YR B y T a7 favE ¢ 8g ek U <hifve, afe y = 0% o
y =0 Td qa-fomg W ¢ = 0 ez = &1 | 389 g foh TR & JATE TEW @
st feram ST 2 2

For a two-dimensional irrotational flow in the x-y plane, the velocity
component in the x-direction is given by vy = — x. Obtain expressions for
the stream function y and the velocity potential ¢, if it is given that
v =0 for y = 0 and ¢ = 0 at the origin. What type of flow pattern is
represented by this ?

300 mm X 600 mm THR (THTE) I Teh TSleAd Shshie 1 SRR AT
T AT H 20 mm U@ Al 4 Bl g Yefa @ | GiEd
weraHE-fadia TR 1 i fifve, Ee 9@, 8 m i Ygeled gHrE
forgfa W 98T R T | T R T SHehie < U8 T SO b US SHA:
M 20 T8 Fe 415 & | feu v wiewvfi gmeq &g JeeH 1 SHET A0
50 mm ® |

A reinforced concrete rectangular section of size 300 mm x 600 mm
(effective) is reinforced with 4 bars of 20 mm dia on the tension side.
Determine the safe uniformly distributed load that the beam can carry
over a simply supported effective span of 8 m. The grade of concrete and
steel used are M 20 and Fe 415 respectively. For the given
environmental exposure, the effective cover to reinforcement is 50 mm.
o 1(c) ® <viv T ™ U, m GEIHE T Uk Bl sdich Ud M GeIHH <hl
w AfwEfta sl e fae e, gH S % fag @A 8, u e
&ferst Yed W T §U E | B scieh I QA S AT FAAH T (v) T <HIISTT
TIfeh I8 S ST o ITAH fag T Tge T |

e 1(e)

!

10x5=50

10

10
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(d)

(e)

For the system shown in Figure 1(c), a small block of mass m and a
smooth irregular shaped block of mass M, both free to move, are placed
on a smooth horizontal plane. Find the minimum velocity (v) to be
imparted to the smaller block so that it reaches the highest point of the

larger block.
10 h
7 Y M
% i AR

Figure 1(c)

o 1(d) # 913 718 9 % SHawt T CD % o, st et et EfifH |
10 kN/m

z 10 kN/m
2 (2 EI) - © D
©)

® U
fA———40m #— 2:0 m—
7 1(d)

Draw the Bending Moment diagram for the CD portion only for the
beam shown in Figure 1(d).

10 kN/m 10 KN/m
(B) .
3&%?%%
@ Free @
roller
f————40m #— 2:0 m —

Figure 1(d)

T e, Skt §ee 30% &, W& a1 it 1 fafive omea 26 7, ¥ Gars
TS 8 | 39 G I 15 m HIA 98 W SEEqE! NE-ereedr 2:0 m @ | arsfi
(sfafen) % foreg gean 1o &1 W w0 R 2 Ak wEfi ¥ freg g T 2
6 AEIHA T, A GG b SR SORI I feral TEUE T SO
IELIHAT FIT ? TSI T Thh AR T b S JH g T6 a9t i ot
ST g1 1 T0g 7 S |
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Q2. (a)

An excavation is made in a soil whose porosity is 30% and the specific
gravity of soil solids = 2-6. A 1-5 m thick layer of this soil is subjected to
an upward seepage head of 2:0 m. Find out what factor of safety exists
against the piping (boiling). If a factor of safety of 2 is needed against
the piping, what depth of gravel is required to be placed above the soil
layer ? Assume the unit weight of gravel to be the same as that of the
soil and negligible loss of head in the gravel layer.

A ¥ 4 m H AR W THaE et 6 Afoewor 7g, T T THER A
yRrare A & iifta Tl B site it et fmmd i 2(2) 3 aE
T$ ¥ | wad % A 1-2 m A TEUE W ger h Iucied G YR &HAT
165 kN/m? § | a1 &1 NSt SHI01 30° T 7T T hshie o sfiel ouy omish
0-52 8 | F&l I T ¥R 18 kN/m? 3 |

200

Fy |_| RS, GL

4000

T 7RRN
1200 1000 —

* 0020
400;
A2

o ———— o o o o e o o ——— o o

P00 ——rr|

3500 >

x

10

7 2(a)

M-ESC-U-CVL




Check the stability requirements for a cantilever type retaining wall of
the dimensions as shown in Figurc 2(a) to retain the lovelled earth for a
height of 4 m above G.L. The safe bearing capacity of soil available at a
depth of 1-2 m below the G.L. is 165 kN/m?2. The angle of repose of soil is
30° and the coefficient of friction between the soil and concrete is 0-52.

The unit weight of the soil is 18 kN/m?,

200
[ty

4000
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(b)

T T T - e ud gep qurend e o 20b) # gwie T E |
ST TR e 6t SU0 Tag8 ¥ 1-2 m = & | T8 A1 S Geha & 6 ot Y
Hqfa =B 50% & wE e (fee) T 9 wE €y 2 | e g T W
(e Tdg qeh), Tehel SEAIER Yidew, IEA Ffded (IR YWR) T A&
FEatat gfdsel 1 WA SH1ET | 919 &, A a8 8 1:0 m SR Th fog T
Turel Seaier Yfiee futfa i |

G, = 265, e = 0-650

=7 2(b)

The details of the subsoil conditions at a site are shown in Figure 2(b)
together with the details of the soil properties. The ground water level is
1-2 m below the upper surface of the silt. It can be assumed that the
gravel has a degree of saturation of 50% and that the silt layer is fully
saturated. Plot the total vertical stress, neutral stress (pore pressure)
and effective vertical stress over the entire depth of subsoil up to the
rock layer. Also, determine the effective vertical stress at a point 1-0 m
above the rock layer.

G, = 2:65, e = 0:650
1:8 m Gravel

15

Figure 2(b)
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(c) UHEHN THeHEH Hal, ek ST w0 S ¢ = 34° &, & Th Al H&q
W, TH geer AT i fe o R | fig f e 12 m 3 | Heea
TR HIH TEUS W 2 TS HHT THIS 0 HAT ST Gehl & | G Ok 3 %
Y, 9TE 1 IR AT AR 700 kN 2 | g 1 mepr futfa Hifse |
T : ¢ = 34°, Nc=52-6,Nq=36-5® N, = 37:0 T HaI 1 Thh HR
v = 18 kN/m3,

A square foundation has to be constructed on a thick deposit of uniform
cohesionless soil with angle of internal friction, ¢ = 34°. The depth of
foundation is 1:2 m. The water table is at a great depth and its effect can

be neglected. The allowable design load of the footing with a factor of
safety of 3 is 700 kN. Determine the size of the foundation. 15
Given ¢ = 34°, N, = 52'6, Nq = 36-5 and NY =37°0'and

unit weight of soil, y = 18 kN/m3,

Q3. (a) T 3(2)¥ s 78 H=ht (28) WA Mfemm 9K, I&% 100 kN, ¢ | ¢ 5
W@ 8 | Tfome 9’ S o, e BGH SAftehan W ST UReher S |
@) @)

100kN 100 kN T

5 m = 5J:n
e s O
,5m—*+5m—*45m—A5m—~+
=7 3(a)

Two moving loads of 100 kN each are moving from left to right on the
truss shown in Figure 3(a). Calculate the maximum load in member BG
due to the moving loads. 20

@@y

100 kN 100 kN T

&b s
N\
Moving load ®74>‘ © @ @C@
A 5m—A5m—"45m-—"A5m-—+

Figure 3(a)
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(b)

(c)

Q4. (a)

AR I=se HI Th Jaford hshic sl o7 6 e 230 mm T TN
TEE 500 mm § | T & TS YeeH &1 JHTel TSR0 SHAST; 40 mm T
30 mm 2 | O T ¥ 20 mm I It 3 Bl T TS § 16 mm A
arell 3 BEI < g YAd 8 | O <Al HHIG SATEUI-ROT &T9aT T shifig |
SEAHTE TeRT TTT hshie 3T U M 20 TR FEITA 61 IS Fe 415 2 |

A reinforced concrete beam of rectangular section has a width of 230 mm
and an effective depth of 500 mm. The effective covers to tension and
compression reinforcements are 40 mm and 30 mm respectively. The
beam is reinforced with 3 bars of 20 mm dia in tension and 3 bars of
16 mm dia in compression. Find the limiting moment carrying capacity

of the beam. The grade of concrete used is M 20 and steel grade is
Fe 415.

&St | 30° % IV T Ieh! Teh - Wi W, Th T (§IH A p, Tfdeh
FAMAT ) 1 3aitadt, feforfia, oof fefia sl vame & @ R | &« A wa
! Hiers h 8 TF 3MY Udg T IgHSH @ & | YaTg i foen H, ofwa yarg
AT o forg sHTes T Hifv |

Steady, two-dimensional, fully developed laminar flow of a fluid (mass
density p, dynamic viscosity u) is taking place on an infinite plate
inclined at an angle of 30° from the horizontal. The thickness of the fluid

layer is h and the top surface has atmospheric pressure. Obtain an
expression for the average flow velocity in the direction of flow.

I Tk 1:0 m A < U159, TSkl ®era1 9, €, 0-1 mm B, # @ Yafeq &
W@ g | Aftehan Tua JaT8 X F41 8 Afe Srer=ar 81 5 m 9fd km @
Hiftrg werft g8 2 wur Uk & fere freferfea et 1 = Hife .

0-25

1 € 5.7
%10/ 37D RO9
e

Teftehl o A9 AT 31 B |

Water flows through a 1:0 m diameter pipe which has a roughness
height, €, of 0:-1 mm. What will be the maximum possible flow rate if the
head loss is to be limited to 5 m per km ? Use the following equation for
the friction factor :

£ =

fos

2

0-25

lo B O
®10|3.7D " RO?

2

15

15

Symbols have their usual meanings.

M-ESC-U-CVL
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(b)

(c)

Th GHgssit 5 m/s I Tfd § g ©
p = 1030 kg/m3, u—115><103Ns/m2)’a"671'§f% | TIgSEt % AIHY
HiSS W, AU S &bl H WM bl hich TAgest T HYU-SA T Jacbeld
ma@rﬂa% | Af TFaTE AT 1 : 25 B, A Hisd ¥ Tfy At S
=feT ? Afe Aled T HYUI-a 1000 N HTIT STl B, d1 GHgss T vt ==

B ?

57 TEUS W (THE % U @

A submarine is travelling at a large depth in the sea (seawater
= 115 x 10~3 N-s/m?) with a speed of 6 m/s. It is
desired to estimate the drag force on the submarine by conducting

p — 1030 kg/m3, u

experiments in a freshwater tank on a scaled model of the submarine. If

the length scale is 1 : 25, what should be the speed in the model ? If the
drag force on the model is measured as 1000 N, what is the drag force on

the submarine ?

w W R % W R T gee s S we d
Frefeiftad afome STt gT | 91 % uEuw gmed gl (STt Sfee wE

bt gfdeer 1) =t fRuffta il
o3 (0 —og ) M@ W R w
(kPa) (kPa) (kPa)
100 137 28
200 210 86
300 283 147

The following results were obtained from a series of consolidated
undrained triaxial tests on specimens of saturated clay. Determine the
shear strength parameters (both effective stress and total stress) of the

soil.

M-ESC-U-CVL

g (o; — og) at peak u at peak
(kPa) (kkPa) (5
100 137 28
200 210 86
300 283 147
9
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©us B
SECTION B

Q5. (a) T 5(a) § <¥lT MY oAl 6 ATRI-HIE o Y AR ATV & o
forg W sraaor wfdee & fomro %1 Mm@ sy |

R

O R

T

N

Y

. — e

%
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Sketch the variation of shear stresses for the cross-sections of the beams

shown in Iigure 5(a) at the point of maximum shear force.

s

W —ZZZ

R AN

N

(i)

N

(iii)

Figure 5(a)
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(b)

(c)

T 5 mm SAE F A9, NFA | 10 m/s F T & FEAR-SEIET-S-9E
%1 T o @1 R | ¥E e ot sifienan S99 vgem 2 9fE 15 N W
el SUE Wi I T e W Hgfera fRar SmE, dt WAl e A FHarg fehat
Bt ?

A 5 mm diameter nozzle is discharging a vertically upward jet of water
with a velocity of 10 m/s at the nozzle. What is the maximum height to

which this jet will reach ? If a flat plate weighing 1'5 N is balanced on
the jet, what will be its height from the nozzle ?

T 250 mm € T 450 mm e qEad qEuiaeiad $shie 9, 50 mm
AT IchegaT W @ a/ (89%A 420 mm?2) % g qEEid 8 T
1 kKN/mm? 1 YR Tioee a8 o @ & | o i foqfa 12 m 2 | a8
gfersret <t wferera gif=t < momn AR | FrfaRaa sifemst w1 SR shifony

FETT b1 TRl ATqTh Eg = 200 kN/m?

Shshie o1 TITEIAT WU E,, = 40 kN/m?

e T IO = 280 x 1078

e ferequr (3hT9) hT 70N = 1-6
A pretensioned prestressed concrete beam, 250 mm wide and 450 mm
deep, is prestressed with wires (area 420 mm?) located at a constant
eccentricity of 50 mm and carrying an initial stress of 1 kN/mm?. The

span of the beam is 12 m. Calculate the percentage losses of stress in the
wires using the following data :

Modulus of Elasticity of steel Eg = 200 kN/m?
Modulus of Elasticity of concrete E; = 40 kN/m?
Coeffictent of shrinkage = 280 x 10~°

Coefficient of creep = 1:6

10

i

S

M-ESC-U-CVL
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(d)

= 5(d) ¥, U T THAS B, AT dd U 45° % I W, Tk AT AR
o et iR W we T R | TS [ U9 gogHE M sl Ush UshERH g, SR
T A a7 W 3H YR Tehl 7 o6 High 31 da W ard o91dl & | 39
ENUT TUTTeh 1 JHqH T 91 B o TR Tl omd a1 W ek &l 2

o

LA AT LA AL T ST S SAIATLAA SIS S

In Figure 5(d), an inclined plane is kept at an angle of 45° from
horizontal plane at the bottom edge of a smooth wall. A uniform ladder
of length / and mass M rests on the inclined plane against the wall such
that it is perpendicular to the incline. What is the minimum coefficient
of friction necessary so that the ladder does not slip on the incline ? 10

Wall

Ladder Inclined plane

Tl sl A B A L7 B o B o il Wy s W

Figure 5(d)

M-ESC-U-CVL
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(e)

10 m A& gE&ll o1 & &fos faw, a0 9 (S Th) & 3|
Fre-&Y foredr 9Tt wrse o 219:Ty, Rrgert YRfeies dmer Bea 509 o1, i
HfH AU B 80% o WEd fohdl TR | WIe] T AfIhad TS =T

fCehal SUTd ShHST: 1-0 T 0-5 9T | ¥&H o 91¢ Tag-fweq 37a Hifv |

A site with a large areal extent underlain by 10 m thick, horizontal
deposit of dry sand over bed rock, initially at a relative density of 50%,
was compacted to a final relative density of 80%. The sand was
characterised with the maximum and minimum void ratios of 1-0 and

0-5, respectively. Find the surface settlement following compaction. 10
Q6. (a) o1 % W = Pl o 6(a) F ATER Hafeerd fopan st R | = 9t arg-Ea
T 1000 N/mm? T THEAM Fied Ffdae T ST @ | 57 2 <hl STedih
farepfcr <Al o RIS, A x-3781 W foreeo sfer &t |
(ii) E;=BEg=12x10° N/mm?
(iv)  Eg=2-1x10° N/mm?
(V) Nl - N3 = 020
(vi)  Ny=03
oy, = 1000 N/mm?
Y ¥V V¥V N \ V2
70 | ® | ® [
/] L
% %
A5 Ay Ag Ag 2
TEE — A I R o D
7 L
y B Eg Es [
4+ Ny Ny N3 [
X S T7T777 AT 7777777777777
z —— Tg 3MUR
=7 6(q)
M-ESC-U-CVL 14




(b)

Three metal cubes are arranged as shown in Figure 6(a). The central
metal cube is subjected to a uniform compressive stress of 1000 N/mm?,
(Calculate the volumetric strain of cube 2, if displacement is restrained
about the x-axis. 20
(1) A1=A2=A3=A

(i) Eq=Eg=12x 10° N/mm?

(av) LR =]

v)  N;=Nz=020

(vi) Ng=0-3
oy = 1000 N/mm?
VYVYVY 5
’ ® @ ® v
Y L
1 A Ay Ay [
Rigid face —4 i l; f—— Rigidface
7 L/
y 1 E1 Eo E3 [
/ /
ANy Ny Ns |
X D77 7777777 /-[//////////////
Z Rigid base

Figure 6(a)
500 mm SATH i Teh <hshic UTSt i Ueh YiRishoRT &1 H SETaT ST & | Iige
i e &war 500 kN 2 | ga1 1 gund fom 6(b) o WS 7S 7 | 39
AfFreT &HaT % foag, qisw & fore omawas @ Ruifa whifm |
(A <fifST o = 0:75)

Qutfirgas = 900 kN

I
\

A s
gferent

M-ESC-U-CVL

qy = 116 kN/m?
 y=181kN/m?
L2 |
=7 6(b)
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A 500 mm diameter concrete pile is to be driven in a clayey soil. The
design capacity of the pile is 500 kN. The soil conditions are shown in
Figure 6(b). Determine the length required for the pile for the above
design capacity. (Assume o = 0-75) 15

Qdesign = 500 kN

-

7ARS 7N
Clay
L
qy = 115 kN/m?2
v = 18-1 kN/m3
AL |
Figure 6(b)

() T-3Mhfd & ATIEY-IR=eq dcll Th Yafad sshie o & fu asas
IgEqu Yfdew Fuiia Hive, o s =SeE 1500 mm, N T
100 mm, 9§ =EE 300 mm T IHTE TEUE 600 mm & | 9%, a9 hl &
25 mm ¢ ! 8 T Td TeT il TWH 16 mm ¢ Hl 4 DSl % g, Jaferd 2 |
TeeH UG 9 ¥ el § I 8 | 9, 10 m i ereny faegle w,
80 kN/m =T T0Id Thad fadiia R 91U it 8 | shshie =T IS M 20 T
3T o1 US Fe 4157 | shshie o1 S9&90r gy = fean = 2

N/mm? % M 20 % foe
SETA <hl TfcTeaT s S
2:10 0-797
2:12 _ 0-799
214 0-802
2-16 0-804
2:18 0-806
2:20 0-:808
M-ESC-U-CVL 16




Determine the shear reinforcement required for a reinforced concrete
beam of T-shaped cross-section with a flange width of 1500 mm, a flange
thickness of 100 mm, a web width of 300 mm and an effective depth of
600 mm. The beam is reinforced with 8 bars of 25 mm ¢ on the tension
side and 4 bars of 16 mm ¢ on the compression side. The reinforcements
continue uninterrupted into the supports. The beam supports a factored
u.d.l. of 80 kIN/m over a clear span of 10 m. The grade of concrete is M 20
and steel is Fe 415. The shear strength of concrete is given below :

Percentage of | Permissible Shear Stress
Steel for M 20 in N/mm?
2:10 0-797
2:12 0-799
2:14 0-802
2:16 0-804
2-18 0-806
2-20 0-808

Q7. (3) T 2m 9IS AEAEHR Ia, i 2 m3/s it X A S yaifza gian 8, ®
FAreaIe SHaT & | T8 T TR AT Toh IeAiesel & €I Sil-greiadl Jarese
% U s F-SEI=AT T AH 5% 8 | TAMSSIA % I8 hl Td TAresld &
e hl TEUSAT RIS 8 ?
A hydraulic jump is formed in a 2 m wide rectangular channel carrying
water at a flow rate of 2 m®/s. It was found that the velocity head after
the jump is only 5% of that before the jump. What are the pre-jump and
post-jump depths ?

() 10 kN/m % T/ UhEWH foria ¥R i 96T Hd & oY, T 8 m i wweh
foregfer arelt Y@ aw i siftepedn e | gdfer wis ot gl
TR W UPed: FRf & denm T o wuwe gfdse 250 MPa & |
31E.wE. w5t 300 TR & TureH e fog o § -

%A = 5870 mm?

D =300 mm

be = 140 mm

tg=13'1 mm

t, =77 mm

I, = 89857 cm*

rry = 124 mm

Tov = 28:6 mm

T N w = 0-461 kN/m

Z, =599 X 103 mm3
M-ESC-U-CVL 17
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(c)

Design a simply supported beam with an effective span of 8 m carrying a
factored u.d.l. of 10 kN/m. The compression flange is restrained laterally
along its entire length and the yield stress of steel is 250 MPa. 20

The properties of ISMB 300 section are given below :
Area = 5870 mm?

D = 300 mm

bg = 140 mm

te=13"1 mm

t, = 77 mm

I, = 89857 cm*

Iy, = 124 mm

o= 286 mm

Unit weight w = 00461 kIN/m
Z, = 599 x 102 mm?

anfe-adied Y@t W 1 fagait & fdsrme fmfafea 2
o, =400 kPa, e; =0'8; o' =800kPa, e, =075

& H, 39 9 6l Th 3 m Al AHRIG: FUMT Wd W HH0 YR TR W

IFq JATet HEater Tfaea 250 kPa ¥ 91§ X 450 kPa & = o | fauffa

=i :

6) TRl T I HHIS FEhish T8 TRFeh fhar 1guma

(i1) W &1 GuAA fAued, it

(i) 25 mm % AW 9 FNEE i Yo F@ F e wr gig ik 8%
TG ondt ST

low :

0;" =400 kPa, e; = 0-8; oy’ = 800 kPa, e, =075

In the field, a 3 m thick normally conselidated layer of this seil subjected

to construction load and the average effective vertical stress increased
from 250 kPa to 450 kPa. Determine

g

M-ESC-U-CVL

) the compression index and initial void ratio of the clay layer,
(ii) the consolidation settlement of the layer, and
(i11) the load increment to cause 25 mm final consolidation
settlement to occur and the corresponding void ratio. 20
i8




Q8. (a)

@)

(i1)

M-ESC-U-CVL

T T WE AN § Her @ Td el RR W hewer R | =gad
Weed SMEE I, 9 Wik B, GAEN Uerel qem sheal oM i
Hs-8-h3 6l gt L am <iom | g <hifsie fop waww < forg swifoen
smwﬁgéml

A long column is initially straight and hinged at both ends.
Consider, least moment of inertia I, Young’s  modulus E,
homogeneous material and centre-to-centre distance of hinge

support L. Prove that the critical load for the column will be
2
e 10

W:LZ

c

.

Tl SIIEA-HIE TH Uered i Th gt o7 T = 8(a)i) d
9Iie 7Y e o SHIET WR o g¢ § | o H e e ufiese ©
% fog D @ (2) W whd Fidse 1 Tishe hIfeY |

(W % A9 MR =) 100
10 kN/m F—
Or o
100kN | _[100kN 2jf mm
© @
i iy e C T yi=se
—50m—~=
1= 8(a)(ii)

19
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(b)

@)

(i)

A simply supported beam of homogeneous cross-section and
material is subjected to axial and transverse loads as shown in
Figure 8(a)(ii). Calculate the total stresses at points @ and
(2) of the section C as shown in the figure. 10

(including self-weight of beam) 100 mm
10 kN/m A—

O

100 kN - 100kN | | 200 mm

Lgoon 1

® © @
f—100m —F Section at C
—50m—%

Figure 8(a)(ii)

FaTE <l foum o it Wil T8 T AAHR I9E e R a1y (FHHH
Ted 1-2 kg/m3, Tideh T 1:8 x 10~5 N-s/m2) 1 418 & & 2 |
FETE 97 10 m/s & T WIe <l Ts 3o @ o Wieed TRt geht
HIT W I g (A, THG-Wa T 0T ) | < I =eE
IGeh! TS hi STER B | Wi i SET oh THAS H 90° I AT STl &
qIfeh T« a8 3Eh! DI Yl % THER & W R | I o Y6’
et @ forhe el ST 3TgUTA FTa <RI |

Flow of air (mass density 1-2 kg/m3, dynamic viscosity
1:8 x 10~° N-s/m?) takes place over a rectangular flat plate kept
parallel to the flow direction. The flow velocity is 10 m/s and the
length of the plate is such that the Reynolds number is critical
at the trailing edge (i.e., the boundary layer is laminar
throughout). The width of the plate is half of its length. The
plate is then rotated by 90° in its plane so that the flow is now

taking place along the shorter side. Find the ratio of the drag
forces under these two flow situations. 10

TEEA % faw Afrenefies skl Al STERIRdT ¥l Bl B 2
YT shi o hiF-shi A fafie TR € 2 Yoed =Eel <@E %
faw, 38 nifer oMk 3618 Wit & e w Tt fdr-sfd erfiremerfors
5 QNIST |

Why are the characteristic curves needed for a turbine ? What
are the various types of characteristic curves ? Show a typical
constant head characteristic curve between unit speed and unit

M-ESC-U-CVL

—power for a Peltonr wheel turbine: 10
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(c)

St foh o 8(c) ® ST TR B, Ueh THR disl 6l B8 200 kN o T R 61
T BTG ¢ | dlsl =l BT o Tofrg B o [T =l T it |

sl shl T T ATIEA-HIE FAFA = 5000 mm?2

FOUTA <hl Tcdeh BE T STTIEI-HIE FTHA = 5000 mm?2
atd 6 B8 & TS = 30 m

TG ! T4 B hl TIE = 1-0 m

Eqeqq = 210 GPa, Egr = 120 GPa

3¢ Wi
A
Y oo e et e
SHId 8¢
\ / 35 ”E[ Eg
1-0 m
Rt e E LT TITriTirriiiy F77777iT7iT7i7
3:0m
/aﬁﬁ@g

M-ESC-U-CVL
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A circular copper bar is carrying a tensile load of 200 kN as shown in
Figure 8(c). Calculate the displacement of point B of the copper bar. 10

Cross-sectional area of the copper bar = 5000 mm?
Cross-sectional area of each of the steel bars = 5000 mm?
Length of the copper bar = 3:0 m

Length of each of the steel bars = 1-0 m

Egteel = 210 GPa, Ewpper =120 GPa
Rigid plate
A
= N Y e s
Steel bar 5 Steel bar
11:0m
L i S e
[ITTTTrTIre7y FETTTrrrrrly
3:0 m
- Copper bar
o) AN N e DL B I
200 kKN
Figure 8(c)

M-ESC-U-CVL

22




