SOLUTIONS A-03 APPLIED MECHANICS  (June 2003)

Q1 a. A The resultant of any two forces, would be in the plane of these two
forces and must be equal, opposite and collinear with the third one.

b. D For a perfect plane truss, the relation between the number
of members n and the number of joints & is n = 2k -3.

c. A The total reaction must be vertically upward to balance the weight
of the body acting vertically downward.

d. D The magnitude of the total acceleration a = (ac2 + atz)l/ 2, where

centripetal acceleration a. = cozr, tangential acceleration a; = ar.

e. B For the beam span [, the support reactions are R; = - R, = M/I. The
B.M. at a distance x from the support is Rjx — M<x — [/2>.
Maximum B.M. is at the centre of the beam x = [/2, 1.e. M/2.

f. D The stiffness of a close-coiled spring k = P/J is proportional to d
If the diameter d is doubled the stiffness would be 2* = 16 times.

g. C The vacuum pressure is the pressure below the atmospheric
pressure.

h. B The runner vanes of a reaction turbine are made adjustable for

optimizing the efficiency at part loads.

Q.2.
The F.B.D. of the ladder AB with the man at point D, a

distance d up along the ladder is shown in Fig.2. The
normal reaction of the floor N4 and the friction force f act
on the end A of the ladder. The normal reaction of the
wall Np is at the end B of the ladder. The 800 N weight of
the man acts at D. The coefficient of friction u = tanl5.

The equilibrium equations for the ladder give

XF.,=0—>Np-f=0 (D)
XF,=0—>N4—800=0 2)
2 My=0 — 800dsina - Ngx 6¢cosa =0 3)
f<SuNj =Ny tanl5 4) F.B.D. of Ladder

Fig.2
Solving equations (1) to (4), d < 6 tan15/tana.
For a = 30, maximum d = 6 tan15/ tan30 = 2.78 m.
For d = 6 m, tana <tanl5, ie. a< 15°.



Q.3.
The F.B.Ds. of the whole frame and members CD and ABC are shown in Fig.3.
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As the end A of the frame is fixed, the reactions at A are the horizontal force H,, the
vertical force R4 and a couple C4. From the equilibrium equations of the frame
Hy=0,R4=1000N and C, = 1000x0.8 = 800 Nm.
The member CD is a two force member and hence the forces T at the ends C and D must
be collinear with CD.
Considering the equilibrium of ABC and taking moment about B to eliminate the

unknown reactions Hp, Rp at B from the equation,
XMp=0— C4 - Tx0.9sin45 — 1000x0.1 =0 — T'=1100 N.

Q.4a.

A circular area A of radius R in the xy plane is
shown in Fig.4a. Consider an infinitesimal
element of area dA = rdOdr. The second
moment of the area I of the circular area A
about the z axis, normal to the area and passing
through the centre O, would be

I:J-rsz
A

2r
j r (rd 6dr)
0

r27dr =aR* /2. Fig.4a
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Q.4b.

Let the superscripts 1 and 2 refer to the uniform
thin disc of radius R and the hole of radius R/2,
respectively. Then, the coordinates of the
centroid C of the disc with the hole would be

2 AX  aR*X0-m(R/2)’XR/2 _

c 2 2 _R/6.
DA 7R* —7(R/2)

X

From symmetry about the axis x, y. = 0.
Its second moment of area I, about an axis
through C and parallel to the z axis would be

I5=2.U5),

=l

4

)1 +A1(xc _x1)2]_[(122)2 +A2(xc _x2)2]

Fig. 4b

=[aR* 12+ 7R*(=R/6)*1-[n(R/2)* /2+m(R/2)*x(=R/6—R/2)*]

=1972R"* /136 —437R"* /1288 = 377aR" ] 96.

Q.5.

The F.B.Ds. of the pulleys 1, 2 and masses A, B, C are shown in Fig.5. As the pulleys are

light and frictionless, the tension in a string on both sides
of a pulley would be the same. Also from the F.B.D. of
the pulley 2,
T,=2T, (1

Let as, ap, ac be the accelerations of the masses A, B, C,
respectively and a, the acceleration of the pulley 2. Then

2
3)

ay) =-da
ag—ax=-(ac— ay)

The equations of motion for the masses A, B, C are

60 — T1 = 6ClA (4)
30-T,=3ap 5)
20-T,=2ac (6)

Solving equations (1) tO (6),
ar=1.11m/s% ag=-1.11 m/s*and ac=-1.11 m/s°.

2T

—_ 1

T, T,

2
A \Z2
T, T,
A
B| Jas

l30N




Q.6.

Let d be the diameter of the rod. From strength consideration,

o=P/A = 1000g/(7td2/4) < Gattowable = 150x10° > d > 0.0092 m = 9.2 mm.
From stiffness consideration,
0 =PL/AE = 1000g><5/[(7:d2/4)x210x109] < Satiowable = 3x10° — d>0.01 m = 10 mm.

Hence d = 10mm.

Spring constant of the rod k = P/6 = 1000¢/(3x107) = 10'/3 N/m.
The frequency f = (1/20)\(k/m) = (1/2m)N[(107/3)/1000] = 9.19 Hz.

Q.7.

The loading on the cantilever beam and the support reactions at the built in end are as

y
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shown in Fig. 7.

Considering the equilibrium of the
cantilever, the reactions at the built in
end A are

Rs =wb and Cy = wb(L-b/2).

Using singularity functions, the shear
force V and the bending moment M at
any section x are
V=-wb+wx-(L-b)>,

M= -wh(L-b/2)+wbx —w<x - (L - b)>/2.
The S.F. and B.M. diagrams are also
shown in Fig.7.

Their maximum values are at A, x =0,
Vinax = Wb, Mgy = -wb(L-b/2).

Let v be the deflection of the elastic line
at x, Eld*vidx* = M. Then,

EId*Idx* = - wb(L-b/l2) + wbx — w<x - (L - b)>*/2

Integrating,

Eldvidx = - wb(L—b/2)x + wbx*I2 — w<x - (L - b)>16 + C;

EIv = - wb(L-bI2)x*12 + wbx’16 — w<x - (L - b)>*/24 + C1x +C>.

Using the boundary conditions v =0 and dv/dx =0 atx=0 — C;=0and C, =0.

The maximum deflection occurs at the free end Bi.e. x =L,

Viax = [- Wh(L—bI2)L*12 + wbL16 — w<L - (L - b)>*/24)/EI = - wb(L’/3 — bL*/4 + b*[24).

Q.8a.

The spring is under an axial pull P. Let R be the radius of
the coil and d be the wire diameter. The F.B.D. of one part
of the spring cut by a section with normal along the spring
wire is shown in Fig.8a. Any coil section is subjected to a
direct shear force P and a moment 7 = PR. For a close
coiled spring the moment 7 is a twisting moment. Using
the torsion formula t = Tr/I,, the maximum shear stress

due to torsion would be
Tmax = PR(dI2)/(xd*132) = 16PR/(zxd’).




Let n be the number of turns, G the shear modulus of the wire material and J the
deflection. Then the strain energy U would be
U= Po/2 = T’LI(2GI,) = (PRY*(2aRn)/[2G(xd"32)] — = 64PR’n/Gd".

Q.8b.

Let d be the diameter of the solid shaft, and d,, d; the outer and internal diameters,
respectively of the hollow shaft. From the torsion formula, the torque transmitted 7 for
the same maximum shear stress 7y, in the shafts would be T = taxdp/Fmax.

For the solid shaft Tioiq = Tmax (d /32)/(d/2) = Timax 7d 116,

For the hollow shaft Thouow = Tmax [7(d,* — di*) 1321/(dol2) = tmaxr(d,,” — dH/(16d,).

As the shafts are of the same material length and weight, d,—d?=d.

Hence, the ratio Thouow/Tsotia = (o' — dd’dy = (d,* + d)ddy = doJd + di*lddy > 1.

Q.9a. |

A cube floating in water, with its sides vertical, is shown !.M v
in Fig9a. Let M be the metacentre, G the centre of __| __A__] T T
gravity and B the centre of buoyancy. If 4 is the height :g

of immersion in water, the weight of the water displaced h !

equals the weight of the cube, i.e. !

1000Ab* = 1000yb”> — h = by. |

BG =b/2-h/2=0b/2—-Dbyl2 =b(1 - y)/2 ﬁ

BM = I/V = b(b*/12)/ b*h = b/12y .

MG =BM - BG =b/12y - b(1 -»)/2=0 Fig.9a

— 9 =y +1/6 =0 — y = (1+V3)/2 = 0.789, 0.211.

Q.9b.

The velocity components u = 2x — x2y + y3/3 andv = xy2 -2y +x°13.

The continuity condition for an incompressible 2D flow is ou/0x + ov/0y = 0.
ou/Ox + ov/0y = (2 — 2xy) + (2xy - 2) = 0. — It is a possible 2D flow.

The irrotational flow condition for a 2D flow is 0v/0x - ou/0y = 0.

V/ox - duldy = (y* + x%) - (= x> + y*) = 2 x> # 0. — The flow is not irrotational.

Q.10a.

Consider a 2D inviscid steady flow in the xz plane. The gravity acts in the - z direction. A
differential control volume with the forces acting on it is shown in Fig.10a.

The mass in the control volume m = pdxdydz.
The sum of the forces in the x direction, z lp+ (Op/0z)dz
> F,= - [p+(0p/ox)dx)dydz + pdydz.

The total acceleration in the x direction, *

Du/Dt = udu/Ox+ wou/0z. dz | —» pg e

The equation of motion mDu/Dt = Y F, yields P l p+ (Op/0x)dx
the Euler’s equation in the x direction, v X

— uOu/Ox+wou/dz = - (1/p) Opl/ox. Tp

Similarly, mDw/Dt = ) F, yields the Euler’s < T >

equation in the z direction,
— uow/ox+wow/oz = - (1/p) Oploz - g. Fig.10a




Q.10b.

Let subscripts 1 and 2 refer to the inlet and outlet, respectively of the draft tube. The
continuity equation yields the velocity at the outlet V; as

Vo = ViA/A, = 5(ax3°/4)(nx5°/4) = 1.8 m/s.

The Bernoulli’s equation between the inlet and outlet sections is

pily + V12/2g + 71 =pafy+ V22/2g + 7o + losses.

Hence the pressure head p,/y at the inlet would be

(P1ly - paly) = (z2 - 1) + (Vo= Vi*)12g + losses = -5 + (1.8 = 59)/(2x9.81) + 0.1= - 6.01 m.

Q.11.

A bucket of a Pelton wheel with its inlet and outlet velocity diagrams is shown in Fig. 11.
The bucket speed is v and the turning angle is

6. Let subscripts 1 and 2 refer to the inlet and AN
outlet, respectively. Let uy, up be the absolute — — 0
jet velocities and w;, w, the relative u

velocities. As there is no friction,
Wr=WwWi=uy—V.
The peripheral jet velocity at the outlet is, Fig.11
vV + wrcosO = v + (11 — v)coso.
Force R on the jet would be
R=pO[v+ (u; —v)cosd —uy]
=- pQ(u; — v)(1- cos).
The force F on the bucket, F =- R = pQ(u; — v)(1- cosb).
The power developed P = Fxv = pQv(u; — v)(1- cos0).
The input energy E = pQu;*/2. The efficiency 5 = P/E = 2(W/u))A- v/u;)(1- cosB).
For maximum efficiency,
dnldv =0. — v =u,/2, i.e. the bucket speed must be half the absolute jet speed at inlet.

w3 17%)




SOLUTIONS A-03 APPLIED MECHANICS (December 2003)

Q1. a A Any horizontal section of the block is subjected to a shear force.

b. B The specific speed N, = NNP/H™ with speed N in rpm, power P
in kW and head H in m of a Francis turbine is from 60 to 300.

C. C T =tmax, p/ Fmax— Thotlow/ Tsolid=1, phollow/ 1, psolid =[do4 _(d()/ 2)4]/ do4 =15/16.

d. A The slope and deflection under the load are Wa*/2EI and Wa’/3EL
Free end deflection = Wa'/3EI + (I- a)( Wa’/2EI) = (3l-a)Wa*/6EI.

€. B The first moment of area of a semicircle about its diameter D is
D/2rx

j jrsina(rdadr)zzf/lz.
00

f. B A rigid body is in translation if all its points have the same velocity
V(#) (which may change with time #). Hence, it can move along a
straight or curved path.

g. D A point of the rigid body or its hypothetical extension, having zero
velocity always exists for plane motion.

h. C Due to the phenomenon of surface tension, a quantity of liquid
tries to minimize its free surface area.

Q.2a.

As the resultant of the three forces acting on the lever passes through O (refer Fig. 1 of
Q.2a), the sum of their moments about O must be zero.

> M, = Px250c0s20 — 120x200- 80x400 =0 — P =238.4 N.

The expression for the moment_Y M, does not depend on the angle € and consequently,
the force P does not depend on the angle 8.

Q.2b.

Let R,, R, be the x, y components, respectively of the resultant R of the three forces
acting on the eye bolt (refer Fig. 2 of Q.2b.).

R, =YF, =6+ 8cos45 -15c0s30 = - 1.33 kN,

Ry =YF), = 8sin45 + 15sin30 = 13.16 kN.

Hence R = (R, + R,")"*=[(-1.33)* + (13.16)*]"*= 13.23 kN.

The angle € which R makes with + x axis is

6 = cos ' (RJR) = cos™(-1.33/13.23) = 95.8".



Q3

Let H4, R4 be the support reactions at A and Rp y < S »400N
the support reaction at D as shown in Fig.3(1). 3 s
Considering the equilibrium of the whole truss, N m m X
SF,=0— Hy+400=0 — Hy = - 400 N. Hy TRA 4m B 4m [C 4m
YMs=0—12Rp -9600 -1200 =0 — Rp =900 N. N Y1200N Rp

YF,=0— Ry +Rp-1200 =0 — R4= 300 N.
The sides AG = GC = ED = V(4*+3%) =5 m. Fig3(i)
Imagine the truss to be cut by a section 1-1 and
consider the equilibrium of the portion to the left
of the section 1-1 as shown in Fig.3(i1). The .
forces shown in the members are tensile. Fypdm >\ 3m > x
ZFy: 0— FAG(3/5) + Ry = 0.

— F46=-500N =500 N (C).

ZFXZO—>FA6(4/5)+FAB+HA=0. F1g3(11)
[ E---»400N  Imagine the truss to be cut by a section 2-2 as
) AN shown in Fig.3(ii1). Consider the equilibrium of

BC\?m X the portion to the left of the section 2-2.
SEERD YFi=0— Fag(4/5) + Fpc + Ha = 0.

' ! — FBC= 800 N T .

v
" 2 Y1200N Hp YFy=0— Fag(3/5) + Fsc + Ry = 0.

Fig.3(iii) = Fpe=0.

Imagine the truss to be cut by a section 3-3 and
consider the equilibrium of the portion to the
right of the section 3-3 as shown in Fig.3(iv).
y 7 3msFeg SF=0—-Fcg+Rp=0

’ h — Fep=900 N (T).
ZME: 0— - FDcX3 +RDX4 =0.
— FDC =1200 N (T!

H;'i.A'ZLEﬁ"'B"irH",C" 4
| 1200NY

R4 3 ZFXZO—>—FEg-FDc+400:0.
Fig.3(iv) — Fgg=-800N =800 N (C).

Finally, imagine it to be cut by a section 4-4 and y 3 E »400N
consider the equilibrium of the portion above the 4 ’I\ 40 4 n
section 4-4 as shown in Fig.3(v). F, Fscl FCNFCE X
YMg=0— - [Fpg (3/5) + Fcglx4 = 0. e Sl et AL LRt

— Fpe=-1500 N = 1500 N (C). Hy A 4m B 4m - C d4m 4D
SYMg =0 — [Fag (3/5) +Fpg+Fcc (3/5)]x4 = 0. R, YI1200N Rp

— FCG = 500N (T!
Fig.3(v)



Q.4.
The F.B.Ds. of the bodies A, B and the weight W for impending motion of the bodies A

and B down the planes are shown in Fig.4. This would correspond to the least magnitude
of W= Wmin-

From the equilibrium of body A,

Na = 1000 c0s20 = 939.7 N. 1000N Tay SOON
T4 =1000 sin20 — 0.2 Ny = 154.1 N. T,

From the equilibrium of body B, 7 0.25N3

Nj= 800 cos30 = 692.8 N, 2Na Ty }\
T5=2800 sin30 — 0.25 Np =226.8 N. A500 \a 200
From the equilibrium of weight W in A 459 K

the vertical direction

Wmin = TAsin45 + TBsin6O =305.4 N.
For horizontal equilibrium, additional
horizontal force is required.

The impending motion of the bodies A F.B.D.of W

and B up the planes correspond to the )

maximum magnitude of W = Wy In Fig.4

this case, the direction of frictional

forces on both the blocks would be reversed and must act down the planes. Considering
the equilibrium of the bodies A and B, the normal reactions remain the same. Then,

T, =1000 sin20 + 0.2 N4 = 530.0 N.

T5' =800 sin30 + 0.25 Np = 573.2 N.

Winax = T4'sin4d5 + Tp'sin60 = 871.2 N.

FB.D.of A FB.D.of B
W= Whin

Q..
Let subscripts 1 refer to the rectangular area ABGD, 2 to the triangular area DGC and 3

to the semicircular area EFB as shown in Fig.5. Then the

A given area A would be
A=A +A, —As.
The moment of inertia of area A;, (Igc); about BC and (I4p):
F 16 ¢ about AB, would be
e (Iso)1 = 8x16/12 + (8x16)(16/2)* = 10922.7 cm®.
(Isg)1 = 16x8°/12 + (8x16)(8/2)* =2730.7 cm”.
B G . The moment of inertia of area A,, (Ig¢), about BC and (I43)>
about AB, would be
L—J‘—Jg om aem (Isc)> = 4x167/36+ (4x16/2)(16/3)* = 1365.3 cm”.

_ (Iup)z = 1647136 + (4x16/2)(8+4/3)* = 2816 cm”.
Fig.5 The moment of inertia of area As, (Ig¢)s about BC and (4p)3
about AB, would be
(Is0)s = (mx4*14)12 + (nx4?12)x4* = 502.7 cm®. (I4p)3 = (nx4*/4)/2 = 100.5 cm*.

The moments of inertia for the area A, Igcabout BC and /45 about AB, would be
Isc = (Iso)1 + (Ise)a - (Isc)s = 10922.7 +1365.3 - 502.7 = 11785.3 cm”.

Ing = (Inp) + (Iap)a - (Iap)3 = 2730.7 + 2816 - 100.5 = 5446.2 cm”.



Q.6.

Let the common velocity after impact be V. The conservation of momentum yields,
(800+500)V = 800x12 + 500x9 — V =10.9 m/s.

The loss of kinetic energy (K.E.) due to impact would be

Initial K.E. — Final K. E. = 800x12%/2 + 500x9°/2 - (800+500)(10.9)*/2 = 623.5 J.

Q.7.
The F.B.D. of the beam is shown in Fig 7. Considering the equilibrium of the beam,

YMy =TRp — (4x2)x7 -5x3 -5 =0.

Y 5kNrr,,f kN 2kN/m . —Rp=76/7T=109KkN.
A I ¥ L3 ¥ 5 §R=0R+Ry-5-4x2.
< > > >le > > — Ry=15/7=2.1 kN.
3m "2m T2m 1 2m T 2m The S.F. Vand B.M. M at various
RA=2.1kN Rp=10.9kN sections is:

0<x<3m
x V=-21,M=21x.
3m<x<5m

| V=-21+4+5=209,

: M=21x+5-5(x-3).
Sm<x<7m
V=-2(x-9)+10.9,

M =-209-x)*2 +10.9(7 - x).
Tm<x<9m
V=-2(x-9),

Cx M=-20 -x)%2.

1 O9m<x<Ilm

' V=0,M=0.

The S.F. and B.M. diagrams are

‘ also shown in Fig.7.

Fig.7 The maximum S.F.
Vimax =69 kN at D, 1.e. x =7 m.

The maximum B.M. M.« =11.3kNm at B, i.e. x =3 m.

From, M =-2(9 - x)2/2 +10.9(7 - x) =0, = x =6.36 m, is the point of contraflexure.

Q.8.
Let d, be the outside diameter and d; = 0.6 d, the inside diameter of the shaft.

The polar moment of inertia I,= 7 (dy*- d;*)/32 = nd,*(1- 0.6%/32 = 0.0272xd,".
Using the torsion formula, from stiffness consideration,

6 = TLIGI, = 25000x3/[85x10°x0.0272xd,"] < 2.57/180.

— d,*>25000x3x180/[85%10°%0.02727x2.57] — d,>=0.124 m = 12.4 cm.
Using the torsion formula, from strength consideration,

Tnax = Trmand I, = 25000(d,/2)/[ 0.02727d,*] < 90x10°

— d,> > 25000/[2x90x10°%0.02727r] — d,>0.118 m = 11.8 cm.

Hence, d, = 12.5 cm should be selected. Then, d; =0.6 d, = 7.5 cm.



Q.9a.

Consider a vertical surface BD in the xz plane, submerged
in a liquid with free surface at atmospheric pressure p, as
shown in Fig.9a.

The relation between the pressure p at a depth z in a static
incompressible fluid of density p is

P =Do+ pgz.

The force dF on an elemental area dA would be dF = pdA.
The resultant force Fr = ) APdA ==p,A + pngZdA.

If C is the centroid of the area A, f 42dA = ZCA.

The pressure at the centroid C, pc = p, + pgzc . Then,
Fr=poA + pgzcA = (po + pgzc) A = pcA.

The resultant force F acts at the centre of pressure P(xp, zp) such that the moment of the
resultant Fr about the x and z axes must be the same as the moment of the distributed
pressure loading on the surface.

2pFR = 2ppcA =lazdF = [azpdA = [x2(po + pgz)dA = pozcA + pglaz’dA

As [47%dA = I, the moment of inertia of the area A about the x axis,

2P PCA = PoZcA + pgli. — Zp.= (Do2cA + pglo)/pCA.

xpFr=xppcA =[yxdF = | AXpdA :TAx(po + pg7)dA = poxcA + pgf AXzdA

As f axzdA = I, the product of inertia about the x,z axes,

XpDCA = PoXcA + pgliz. — Xp = (DoXCA + pgl)IPCA.

Q.9b.

Consider an inclined surface BD in the xz plane at an P

angle 6 to the horizontal, submerged in a liquid with =~~~ 777777 h '%N}}
free surface at atmospheric pressure p, as in Fig.9b. The d N >
relation between the pressure p at a depth z in a static AN
incompressible fluid of density p is dA
P = po + pgh = pgzsing. D N4
The force dF on an element dA would be dF = pdA. dz
The resultant Fg = [, pdA = p,A + pgsin@f AZdA. D

If C is the centroid of the area A, f 42dA = ZCA.

The pressure at the centroid C, pc = p, + pgzcsing. Fig.9b

Then, Fr = p,A + pgzcsinfA = (p, + pghc) A = pcA.

The resultant force F acts at the centre of pressure P(xp, zp) such that the moment of the
resultant Fr about the x and z axes must be the same as the moment of the distributed
pressure loading on the surface.

2pFg = 2p DA =lazdF = [azpdA = [az(p, + pgzsin@)dA = p,zcA + pgsinblaz’dA

As| Az2dA = I, the moment of inertia of the area A about the x axis,

2P PcA = PoZcA + pgsinbl.. — zp = (D,2cA + pgzsinbl,.)/pA.

xpFr=xppcA = wxdF = ) AXpdA = ) AX(Po + pgzsind)dA = p,xcA + pgsin@f AxzdA

As f axzdA = I, the product of inertia about the x,z axes,

Xp.PcA = poXcA + pgsinbly,. — xp = (p,XcA + pgsinbl,)/pcA.




Q.10.
The stream function y = 3x% - y3.

The velocity component « in the x direction, u = dy/dy = - 3y".

The velocity component v in the y direction, v = - Ow/0Ox = - 6x.

The velocity components at the point P(3,1) are up = -3 and vp = - 18.

Hence at the point (3,1), the velocity vector v = -3i - 18j.

Magnitude v = V(3? +18%) = 18.25, inclination with x axis 6 = tan'1(18/3) -180 = -99.5".

The flow is derived from a stream function and hence is a possible 2D flow. The stream
function y = 3% — y3 does not satisfy the Laplace equation,

821///8)c2 + 821///8)12 =6 — 6y # 0. Therefore, the flow is not irrotational and the potential
function would not exist for this flow.

Q.11.

The continuity equation between the inlet section 1 and the outlet section 2 is,
0 = AV, = A1Vy = (mx6%/4)x15 = 424.115 m’/s.

— Vo= QlA; = 424.115/ (7x4.8°/4) = 23.4375 m/s.

The Bernoulli’s equation between the inlet sections 1 and the outlet section 2 would be
Pylpg + V22/2g + 20 =Pilpg + V12/2g + 71.

— Py=Py +p(Vi® - V22 + (21 - 20)

=282x10°+ 0.9x10°(15% - 23.4375%)/2 = 136.1x10° Pa = 136.1 kPa.

The gage pressure at the inlet and outlet are,

Py =282 -101.325 = 180.675 kPa and Py, = 136.1 — 101.325 = 34.775 kPa.
The momentum equation in the x direction yields:

- Fy+ Pg1A| — PgpArc0s60 = pQ(Vacos60 - V).

— Fy = Pg1A1 — PpAsc0860 - pQ(Voc0s60 - Vi)

= 180.675x10°(xx67/4) - 34.775x10°(7x4.8%/4)c0s60

— 0.9%x10°x424.115(23.4375¢c0s60 -15) = 6046.3x10° N = 6046.3 kN.

The momentum equation in the y direction yields:

Fy — P4A>51n60 = pQV>sin60.

— F, = P;A>c0s60 + pQV,sin60

= 34.775x10°(x4.87/4)sin60 + 0.9x10°x424.115x 23.4375sin60

= 8292.6x10° N = 8292.6 kN.
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Q.1. a. C The resultant force magnitude R = (P*+ P*+2PPcos120)"* = P.
Hence, the acceleration magnitude = R/m = P/m.

b. C The simplest resultant of a system of parallel forces is either a
force or a couple.

C. B The block is in equilibrium, i.e. Y F;,=0. The frictional force must
be equal and opposite to the applied force P/2.

d. D The second moment of area of a square area about any centroidal
axis in the plane of the area is the same, i.e. b*/12.

e. A The total distance traveled d = 20 + 20 = 40 km. the time to travel ¢
=20/20 + 20/60 = 4/3 h. average speed = d/t = 40/(4/3) = 30 km/h.

f. B The nominal stress = load/original area of cross-section is
maximum at the ultimate load.

g. D The B.M. is constant. The curvature d*v/dx*= M/EI = constant.
Hence, the deflection v would have a quadratic variation.

h. A A manometer connected to a pipeline is used to measure the static
pressure.

Q.2.
The F.B.Ds. of the sphere B and the cylindrical tube C are as shown in Fig.2. The forces

on the sphere B are its weight W, the radial reaction P from the tube C and the reaction Q
from the sphere A along the common normal. From the geometry of the spheres inside
the tube, 2R = 2r + 2rcosd — cosd = (R - r)/R.

Considering the equilibrium of sphere B, 2R
P = Qcosf and W = Qsinf — P = W/tand. C —lP
The tube C would be subjected to its weight
We, the radial reactions P and P’ from the l
spheres B and A, respectively and the P P’ le— W,
vertical reactions N, N, from the horizontal 0 w i ¢ 1
table. From the force equilibrium equation v, N,
in the horizontal direction,

P'= P = Witanb. F.B.D of Sphere B F.B.D. of Tube B
At impending clockwise tipping of the tube, )

the vertical reaction N; vanishes, i.e. N1 = 0. Fig.2

Considering the moment equilibrium about the point of application of N,,

WeXR - Px2rsinf < 0 — r/R < (1- Wc/2W).




Q.3.
The F.B.D. of the truss is shown in Fig.3(1). As the

support A is hinged, the reaction at A has both a
horizontal component H4 and a vertical component,
R4. At the roller support C, the reaction R¢ is
vertical. The equilibrium equations of the truss,
YFy=Hys+80=0— Hy=- 80 kN.

> My = Rcx8 - 80x3 - 40x4 =0 — Rc= 50 kN.
ZFy:RA+Rc—40:0—>RA:- 10 kN.

Also tan® = 3/4. — sin = 3/5, cosf = 4/5. Fig.3(1)

The tensile force (T) in a member would be given a positive sign. Consider the
equilibrium of the joints whose F.B.Ds are shown in Figs.3(i1) to (vi).

/I\ Consider Joint A:
y ZFX=FAB+HA=O—>FAB=—HA=8OkN!T!. y
Fur ZFy:FAF+RA:0—>FAF:—RA:IOkN!T[. /I\ Fer
Consider Joint F:
F«ag
Hy Fap ? Y Fy=FgpcosO + Fgrcos® =0 — Fgrp=- Fgp ?
R, sz =-Fur + F.EF sinf - Fr sinf =0 Fy Fyr
X . X _)FEF = FAF/2s1n6 =8.3 kN(T),
Fig.3(i) Joint A g — 8 3kN, i.e. 8.3 KN(C). Fig.3(iii) Joint F
OkN y y
o Fpe /]\
0 4;5\ N v
Fg DE ROKN  x —>x
BE Fgp Fgc
y¢ Fep 50kN
Fig.3(iv) Joint E Fig.3(v) Joint D Fig.3(vi) Joint C

Consider Joint E:

ZFx = FDECOSO — FEF cosf=0. — FDE = FEF =8.3 kN(T)

sz = 'FBE - FDE sinf — FEF sin6 — 40 = 0. _’FBE =-50 kN, 1.e. 50 kN(C ).

Consider Joint D:

ZFX = —FDECOSG - FBDCOSG +80=0.—> Fpp=275/3=91.7 kN(T)

ZF)’ = 'FCD + FDEsinO - FBD sind =0 — FCD =-50 kN, i.e 50 kN(C)

Consider Joint C:

Considering the equilibrium equation of the joint C in the x direction, Y F, = - Fgc = 0.
The member BC is a zero force member.

Q4.

The unequal Z section is divided into three parts 1, 2, 3 as shown in Fig.4. The area of the
Z section is A and x., y. are the coordinates of its centroid. Let A; refer to the area and x;,
y; the coordinates of the centroid of its i part.

Xe =D Ax/YA;i=[20x5 + 24x1 + 12%(-1)]/ 20 + 24 + 12) = 112/56 =2 cm.

Ve =YAYIYAi=[20x1 + 24x8 + 12x15)]/ (20 + 24 + 12) =392/56 = 57/8 =7 cm.



Let I, and Iy, be the second moment of area of A
the Z section about centriodal axes through C | |
parallel to the x,y axes. ? om
Foo= Y )i = YIbihi 112 + Ayi— o)l —
= 10x27/12 +20(1 - 7)° 3
+2x12%/12 + 248 - 7)°
+6x2712 +12(15 - 7)*
=1810.67 cm”. 2 C
Iy = Y(I)i = Y1hibi 112 + bi(xi— x0)°] 1
=2x10%12 +20(5 - 2)° —~ .
+12x2%/12 + 24(1 - 2)° {pem o S
+2x6°/12 + 12(-1 - 2)* |
=522.67 cm”. M
The polar moment of the area I°,, about an axis Fig.4
through C, would be

=1+, =1810.67 + 522.67 = 2333.3 cm".

Q.5a.

The train starts from rest, i.e. initial speed u = 0. It moves with uniform tangential
acceleration a, and reaches a speed v; = 36 km/h in a distance s; = 0.6 km. Therefore,
using the relation V=u+ 2a;s,

a, = vi*/2s, = 1080 km/h’.

The speed v, at the middle of the distance s, = 0.3 km, would be

v2 = V(2ays,) = V648 = 25.456 km/h.

The centripetal acceleration a,, at the mid-distance s is a,» = sz/R = 810 km/h>.

The total acceleration a = V(a,” + a;°) = V(810% + 1080%) = 1350 km/h’.

Q.5b.
Let v," and v,' be the velocities of spheres of m; and m;, respectively, just after impact.
The momentum is conserved,

mvi' + mavy' = mivi+ movy — ma(v2'=v2) =mi(vi—vi) (1)
As the impact is perfectly elastic, the velocity of separation = the velocity of approach,
v -vi'=vi-v—= v+ =v vy 2)

Multiplying equations (1) and (2),
ma(2” = v2’) = my(v* = v1%) = mp? + mov” = mpvi” + mava”. — (K.Efina = (K.Einitial
Thus, the kinetic energy is conserved.

Q.6.
The F.B.D. of the cylinder is shown in Fig. Q.6.The forces on the

cylinder are the weight mg, normal reaction N and the frictional
force f.

Let a. be the acceleration of the centre C parallel to the plane and

o the angular acceleration of the cylinder.




As there is no slip,

a.= oR. (1)

The equations of motion parallel to the plane and for rotation are

mgsinf — f = ma,. 2)

fR=1Ia=(mR*2)a. (3)

From equations (1) to (3), o = 2gsinf/3R, a. = 2gsinf/3, and f = mgsinb/3.

As the centre of mass C has no acceleration normal to the plane, N = mgcosf and the
frictional force f < uN,

mgsinf/3 < umgcosd — tand < 3u.

Q.7a.

As the pin is in double shear, for determining the diameter d of the pin,

T < Prad Qud*14) — d > (2P ol 7)"? = [2x78.5x10%/(rx80x10%)]"* = 0.025 m = 25 mm.
For the tension member,

0 <P, /[(b—d)t] =Pp.,/(dt),as b=2d.

— > Poad (0 d) = 78.5%10°/(157x10° x0.025) = 0.020 m = 20mm.

Q.7b.
Consider a V notch with an angle 6 as shown in Fig. !
7b. The liquid is at a level H above the base point. i

The discharge dQ through an elementary strip of N—L— - /
depth dh at a depth h below the free liquid level h\L ________ oo /
would be dh N : /|
dQ = VdA = (2gh)bdh. A \%/
The discharge Q through the whole notch would be v,

a <>
0= jq/(Zgh)bdh. ‘ b

0 .
For a V notch, b = 2(H — h)tan(6/2). Hence, Fig.7b

H
0= 2tan(9/2),/2gj(H — Wh'"?dh
0

Q =2tan(8/2)y2g[(2/3)HRY* —(2/5Rr"*)! =(8/15)tan(8/2)\[2gH"*.
Q.8.
Let d; and d, be the internal and external diameters, respectively of the shaft. The polar
moment of the cross-sectional area would be [, = 7r(d,)4 - d,~4)/32. (D
Using the torsion formula, from stiffness consideration, 8 = TL/GI,. 2)
Using the torsion formula, from strength consideration, 7. = T(d,/2)/1,. 3)
Eliminating I, From equations (2) and (3),
dy = 20,0l /(GO) = 2x82x10°%2.5/(82x10°x27/180) = 0.144 m = 14.4 cm. 4)

Using equations, (1), (2) and (4),
di* <d," - 321/w = (32TL/GOIm) =32x25000%2.5/(82x10°x1/90x )
—d;=0.118m=11.8 cm.



Let d be the diameter of the solid shaft. Then, I, = = d*/32.
From stiffness consideration, 8 < TL/GI, = 32TL/(G7rd4)

— 7/90 < 32x25000%2.5/(82x10°x 7 d*) — d > .123m =12.3cm.
From strength consideration, 7, < T(d./2)/, = 16T/(7rd3).
82x10° < 16x25000/(zd”) — d>.116 m = 11.6 cm.

Hence d =12.3 cm.

The % increase in weight = 100[d* — (d,> — d)1/(d,> — d?)
=100[12.3* - (14.4* - 11.8%)]/(14.4> - 11.8%) = 122.1

Q.9.

The beam with the loading and support reactions is shown in Fig.9. From the equilibrium
equations of the beam,
>Mp=RsxL — (WL/2)L/4 =0 — Ry = wlL/8.
ZF}: Ri+ R +wL/2=0— Rg=3wlL/8.

y/r The S.F. V at any section x of the beam,

using singularity functions would be,

. - V=-wL/8 +w<x - LI2>.
The S.F. diagram is also shown in Fig. 9.
| The maximum S.F.
L2 Rp Vimax= 3wL/8 at the right support, x = L.
IwL/8 V' =-wL2+w<x-L/2>=0atx=5L/3.

The B.M. M at any section x is

M = (WLI8)x + w<x - LI2>%/2 .

The B.M.diagram is also shown in Fig.9.
The maximum B.M.

Mo = 9WL/128 at x = SL/S.

-wL/8

S.F.D.

OwL?/128
The maximum bending stress g, in the

B.M. D.

Fig.9

beam would be at x = 5L/8 at the top and
bottom fibers, y = + h/2.

| Omaxl = Miax(h12)/1

= (9wL*/128) (+ h/2)/(bh*/12)

= 27wL2/(64b1>).

Q.10a.

The F.B.D. of the wooden block is shown in Fig.
10a. Assume the length of the block normal to —
the plane of paper to be unity. At the pivot A, it
is subjected to the reactions R and H. The weight

leL2

0.6m

W acts at the centre of gravity G. It is also "/ D G L =12m
subjected to a linear pressure distribution on the 0.6% 114

left from O at D to pgp at B and a constant _\ :AJ:‘» Y »H
pressure distribution pp at the bottom from B to PB A

A. Let y be the specific gravity of the wood.

Take the density of water p = 1000 kg/m’. Then, Px



W = ypgL* = 1000(1.2)%yg = 1440yg.

ps=pgh=1000(0.6)g = 600g.

Considering the moment equilibrium about the pivot A, Y M, = 0.

— Wx0.6 — (px0.6/2)x0.6/3 - (px1.2)x0.6 = 0.

—1440ygx0.6 - (600g%0.6/2)x0.6/3 - (600g x1.2)x0.6 = 0. — v = 0.542.

Q.10b.

Let the subscripts i and o refer to the nozzle inlet and outlet, respectively. Applying the
continuity equation for incompressible flow,

0=AVi=A,V,=50x0.02 =1— V; =A,V,/A; = 0.02x50/0.1 = 10 m/s.

Now applying the Bernoulli’s equation between the nozzle inlet and outlet,

pilpg + V,~2/2g + Zi=polpg + V02/2g + 2o,

the gauge pressure (p; - p,) at the inlet would be,

(i - po) = p(V,2 - VOI2 + pg(zo - 70) = 1.23%(50* — 10%)/2 + 0 = 1476 Pa = 1.476 kPa.
If R is the axial force required to hold the nozzle in place,

R+ (pi-po) Ai=pQ(V,-V))

— R =pQ(V, - V) - (pi - po) Ai = 1.23%(50 — 10) - 1476x0.1 = - 98.4 N.

Q.11.

The inlet and outlet velocity triangles are as shown in Fig.11. Let subscripts 1 and 2 refer
to the inlet and outlet diagrams, respectively. As water enters
the runner blades in the radial direction and leaves the runner
blades axially,

Vﬂ = Vrl and szZ V2.

From the inlet velocity triangle,

u; = Vp/tana = 8/tanl5 = 29.856 m/s = V..

Let D; and D5 be the inlet and outlet diameters of the runner.
As u; = zDN/60 — D; = 60x29.856/(7x350) = 1.629 m.

D, =0.6D; =0.977 m.

The head applied

H = V,ulg + Vo*/2g =(29.856)%/9.81 + 8/(2x9.81) = 48.69 m. Fig.11

From the outlet velocity diagram, tanf = Vp/u,.

The flow velocity is constant, V = 8 m/s, and the blade velocity at the outlet u, = 0.6u;.
Hence, the blade angle at outlet £ = tan™ [8/(0.6x29.856)] = 24.06".

The discharge Q = K(7D1b1)Vp = 0.95(rx1.629x0.1x1.629)x8 = 6.34 m’/s.

The power output P = pQV,,1u; =1000x6.34%29.856x%29.856 = 5651000 W = 5.651 MW.

u1=Vy1




Q.1.
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Q.2a.
Fr=(ZFy) i+ (ZF))j=100i-75jN.

Equating the moment of the resultant and the given force system about O,
xri x Fr = 50K + 2.5i x (-75)j + 0.4j x 100i

— -75xrk = 50k — 187.5k — 40k =-177.5k — xg = 2.37 m.

Q.2b.

y\/

Force, velocity and Linear momentum all follow the parallelogram
law of addition.

At the top of the trajectory, the speed is vcosé and centripetal
acceleration g. Hence radius of curvature R = (vcos@)zlg.

As the impact is perfectly elastic the kinetic energy is conserved.
The impulse from the fixed plane changes the momentum.

Force = md*x/df* = mdz(Asina)t)/dt2 = - mAw’sinwt. Hence, the
maximum force = mAw>.

Yield stress is a material property.

As the bending moment is maximum under the load, the curvature
1s also maximum there.

Froude number is (inertia force/gravity force)"’?.

The energy gradient represents the total head and the hydraulic
gradient line the pressure and datum head only.

The F.B.D. of the unit length of the dam is shown in Fig.2b. It is
subjected to its own weight v,ah, the linearly increasing pressure
on the left from O at the top to vh at the bottom, the shear force F
and the normal reaction N from the foundation.

Considering the equilibrium of the dam,

SF, = (0h)h/2 -F =0 — F=oh’/2.

YXFy=N-viah=0— N=ypah.

M = Nxy— (viah)al2 — (oh*/2)hi3 = 0.

—xy=al2 + vh2/(6vla).




Q.3a.
Consider the equilibrium of the portion of the truss to the right of the section XX as

shown in Fig.3a. The forces acting on this portion are the
500 N loads at D, C and the tensile forces of the sectioned
members Fgr, Fgrand Fpe.
Taking moment of all the forces about D
Y>Mp=10xFgr +5x500 =0
— Fpp=-250 N, i.e. 250 N (C).
Taking moment about F
YMg=-10sin30xFgc -5%500 - 10x500 = 0
— Fpc=-1500 N, i.e. 1500 N(C).

Q.3b.
There is inevitable play between the column and the collar and | X P
hence the collar will be in contact with the column at A and B. <
The F.B.D. of the collar is as shown in Fig.3b with load P, —
normal reactions Na, Ng and frictional forces fa, fg. ai A :IVA
At impending slip fa = uNa, fz = uNg. i fst
Considering the equilibrium of the collar, - Ne B
YFu=-Nao+Ng=0— Npo=Ng=N. Hence,fA=fB =f=,uN. I
YMc = Npa — fa(x + b12) - fa(x - b/2) = 0. — Na — 2fx =0. |ﬁb
Hence x = a/2u. Fig.3b
Q4.
y The channel section is divided in parts 1, 2, 3 as shown in
3 . Fig.4. Let a; be the area and x;, y; the coordinates of the
! ®2cm centroid C; of the i® part. C is the centroid of the Channel
sl4em|< — section. Then,
L i Xc = (a1x1 + arxp + 613)C3)/(Cl1 +ap + Cl3)
P2em 1 +¢ = (8X5 + 48X2 + 4x5)/(8 + 48 + 4) = 2.6 cm.
! $ ye = (aiy1 + azy2 + asys)/(a; + ax + az)
/ ACIL "7 (8D + 48x6 + 4x11)/( 8 + 48 + 4) = 5.8 cm.
X

0o |enll Let chx and I€ yy be the second moments of area about the x, y
axes through C. Then,
. = Y[ 112 + ai(yi - yo)']
Fig4 = (2x4°/12) + 8(2 — 5.8)* + (4x12%/12) + 48(6 — 5.8)* +
(2x2°/12) + 4(11-5.8)°
=813.6 cm™.
1€, = YThib 12 + ai(x; — x¢)°]
= (4x2°/12) + 8(5 = 2.6)* + (12x4°/12) + 48(2 — 2.6)* + (2x2°/12) + 4(5 — 2.6)*
=154.4 cm*.
Polar moment of area about the axis through centroid I° = I° ot I° =968 cm”



Q.5a.

Tangential acceleration in the positive x direction is a, = 3 m/s”.

Centripetal acceleration in the positive y direction is a, = V¥/R = 4*/4 = 4 m/s’.
The total acceleration vector a = 3i + 4j m/s*.

Magnitude a = \/(32 + 42) =5 m/s” at angle 6 = tan'1(4/3) = &O with the x axis.

Q.5b.

The initial velocity of the car is V;; = 8 km/h = 8x1000/3600 = 20/9 m/s.

As the impact with the rigid wall is perfectly plastic, the final velocity Vy = 0.
Energy absorbed by the bumper during impact Ey= mV;;%/2 = 1100(20/9)*/2 = 2716 J.

Let U be the maximum initial speed of the moving car at which it can hit a similar
stationary car without causing any damage. As the impact is perfectly plastic, the
common velocity after impact would be V for both the cars.

From linear momentum conservation: 1100U = 1100V + 1100V — V = U/2.

Initial kinetic energy KE; = 1100U%/2.

Kinetic energy after impact KE, = (1100 +1100)V*/2 = 1100U*/4.

Energy to be absorbed by the bumpers during impact = KE| - KE, = 1100U%/4.

The energy which can be absorbed by the two bumpers without damage is: 2E, = 5432 J.
Therefore, 1100U%/4 = 5432 — U = 4.444 m/s = 16 km/h.

Q.6a.

The reference xyz is fixed to the bent rod and at the instant of interest have the same
orientation as the ground reference XYZ.
Unit vectors along x, y, z are i, j, k and along the X, Y, Z are I, J, K, respectively.
Angular velocity of the disc C,
oc=mw1j+w,K=10j+5Krad/s =10J + 5 K rad/s at this instant.
Angular acceleration of the disc C
oc = (doc/dt)xyz = (dwi/dt)j + wdj/dt + (dwx/dO)K + w,dK/dt = w,dj/dt = w(w.K xj)
= wiwoi = 50i rad/s? = 501 rad/s” at this instant.

Q.6b.

As the string breaks, the F.B.D. of the rod 4'44

. - y

is shown in Fig.6b.

The rod AB would start rotating about f =0
B

the pinned end A.
At this instant, its angular velocity @ = 0, H :T YN lc 75

X

and angular acceleration is a.

The equation of motion for rotation is mg
SMa = Ixo — -mgL/I2 = (mL*/3)a

— a=-3g/2L. Fig.6b
Acceleration of the centre of mass C is acx =0 and acy = alL/2 = -3g/4.

The equations of motion for the centre of mass give the reactions at the hinge A
H=macx =0.

R —mg=m acy = m(-3g/4) = -3mgl4 — R = mg/4.

R



Ans.7(a)
The bar is imagined to be cut by a plane at 45° to the cross-section and the F.B.D. of the

portion to the left is shown in Fig.7a.
P cos45’ The area of the inclined section A' = A/cos45° = AN2.
Ped _ {\% é S0 p The axial force P can be resolved into components
N normal to the area A" and in the plane of the area A'.
/ X pginds’ Normal Force P, =Pcos45° =P\2
A’ —Normal stress =P,/A' =(PN2)/AN2 = PI2A.

Fig.7a Shear force P, = Psind5° =P/\2
— Shear stress = PJA' = (PIN2)/AN2 = P2A.

Q.7b.

Hoop stress oy = pd/2t = 0.8x10°%2000/2x10 = 80x10° Pa.

Axial stress o,, = pd/4t = 8x10°%x2000/4x10 = 40x10° Pa.

Hoop strain &g = (099 — vo)/E = (80x10° — 0.25x40x10%)/200x10° = 35x107.
Change in diameter Ad = ggod = 35%10°x2000 = 0.7 mm.

Q.8.
y 10kN The F.B.D. of the beam is shown in
T 40kNm—» 10kN/m Fig.8. From equilibrium of the beam,
H—» y Vv 2F,=0—H=0.
AT C X IMp=0—8Rp = -40 +10x4 + 40x2 =80
Ra <“—FB.D. Ry — Ra=10kN
o om am 10 XFy=0— Rg=50—-Rs =40 kN.
V(kN) SFD. The S.F. at a section x is
-10 V =Rx - 10<x-4>
| — Vimax =40 kN at the right support B.
60 The B.M. at a section x is
M(kNmy| o M = Rpx +40<x - 25°- 10<x - 2>
-10<x - 2772,
B.M.D. M max = 80 kNm at the centre C.
) The S.F. and B.M. diagrams are also
Fig.8 shown in Fig.8.
Q.9a.

Let D be the diameter of the solid shaft in mm.

The polar moment of the cross-section [, = xD*/32.

If 744 1s the maximum shear stress in the shaft, the torque transmitted

T = Tyl /(DI2) = Ty TD/16. (1)

Number of bolts n = 8, diameter of bolts d = 12.5 mm, pitch circle radius R =115 mm.
If 701 1s the average shear stress in a bolt, the torque transmitted

T = nXTpo(Md*14)XR = 8XTpo(nx12.5%/4)x115 ()

As the torque transmitted 7" is the same and 7,45 = Tho, from equations (1) and (2)
D16 = 8x(7x12.5°/4)x115 — D = 83.2 mm.



Q.9b.
The inlet and outlet velocity diagrams are shown in Fig.9b. The subscripts 1 and 2 refer
to the inlet and outlet conditions. Bucket speed U, = U; = 15 m/s. Inlet jet velocity
Vi=CN(Q2gH) = 0.985V(2x9.81x42) = 28.27 m/s.
> » From inlet velocity triangle
Ui Vi ) Va=Vi-U;=2857-15=13.27 m/s.
Vi Vi1 = Vi =28.27 m/s.
Inlet The blade outlet angle 4, = 180° — 165° = 15°.
R Neglecting frictional losses
| U2 i Vrl = Vrz =13.27 m/s.
From outlet velocity triangle
165° Vi =Us- Vo cos fr=15-13.27 cos15” = 2.18 m/s.
2 Vi Power developed P = pQ(V,,1 - Vo) U
=1000x1x(28.27 — 2.18)x15 = 3913500 W = 391.35 kW.

Outlet Available Power = pgH
] =1000%x9.81x42 = 41202 W =412.02 kW.
Fig.9b Turbine efficiency # = Power developed/available power

=391.35/412.02 = 0.95 = 95%.

Q.10a.

At the section 6 m below the throat, i.e. section 1

Pressure p; = 5 atm = 5x10.33 = 51.65m of water, velocity V; and datum z; = 0.
At the throat, i.e. section 2

Pressure p, = 10.33 + 0.20 = 10.53 m of water, velocity V, and datum z; = 6.
Applying Bernoulli’s equation between sections 1 and 2

51.65 + Vi2/2g + 0= 10.53 + Vo, 2g + 6 — Vo7 - Vi = 35.12x2x9.81 = 689 (m/s)”.
Area of section 1, A; = 1x0.15%/4 = 0.0177 m2,

Area of section 2, A, = 1x0.07%/4 = 0.00385 m”.

Using the continuity equation, discharge Q = A;V; = A,V,.

Vi=0IA, =Q/0.0177 =56.6Q and V, = Q/A, = 0/0.00385 = 260.

Hence V5 - V,* = (2607 -56.6%)Q% = 689 — Q = 0.1034 m/s.

Q.10b.

Let the subscripts m and p denote the model and prototype, respectively.

The inertial and viscous forces are important. Hence, the Reynolds number must be
identical in the model and prototype flow.

R.=(pVLIuw),= (pVLIW),

As the fluid is the same p and u of the model and prototype are the same, Hence

(VL)y, =(VL), = V,y = ViuLy/L,, = 60x6 = 360 km/h.

The non-dimensional term for the drag force F and inertia force pV?L? is (F/pV*L?) and
would be the same for the model and prototype, i.e. (F/p V2L2)p = (Flp VL

Hence, prototype drag F, = F,, (V,,"/V,”)( L,’/L,%) = 510x(360/60)*(1/6)* = 510 N.



Q.11a.

V, = (0wld0)r = V(1 - R*r*)cos , Vy = -0wldr = -V(1 + R*/r)sind.

For the stagnation points in the flow V,=0 - r=Rand Vy=0— 0=0, 7.

Hence the two stagnation points are (R, 0) and (R, 7).

The velocity on the surface of the cylinder is V, = 0 and Vy = -2Vsiné.

As the flow is given to be irrotational, Bernoulli’s equation can be applied between a
point on the surface of the cylinder » = R and a point far upstream in the uniform flow
where the velocity is V and pressure p.. If p is the pressure on a point on the cylinder,

plp + (-2Vsind)*/2 = polp + V212 — p = po + p(1 - 4sin’O)V*/2.

Q.11b.
A fully developed
:, u J dx L 1 laminar flow through a
>\ > < horizontal  pipe  of
_%x_ _ _I __________ I_,_T radius R is shown in
> <« b Fig.11b. The axial
P> > :p tap equilibrium of a
7 cylinder of fluid of

. radius r and length dx is
Fig.11b considered.

(p + dp) mr* — pr’ =t 2zrdx — = (r12) dpldx

According to Newton’s law of viscosity t = udu/dr. Hence, udul/dr = (r/2)dp/dx
— duldr = (1/2u)rdp/dx

On integrating u = (1/4u)r*dpldx + C

At r=R, u=0. Hence, C = - (1/41)R*dpldbx.

Substituting for C, u = (1/4u)(R* - *)dpldx.

This is a parabolic distribution. The maximum velocity is at the centre-line r = 0.

Upar = (1/41) R*dpldsx.




