ALLEN JEE (Main + Advanced) : Physics

Fluid Mechanics

SOLUTIONS

Fluid Mechanics : RACE-01

1. Ans. (C)
Po+ pgdi = Py
Po+ pgdz = P;
pg(dz—di) =P - P1
103 x 10 (d2 - d1) = 3.03 x 106
d,-di1=303m
=~ 300m
2. Ans. (25600)

Using Pascals law

100kg
A, A
Hydraulic Lift
100xg mg
=— - (1)
A A

2 1

Let m mass can lift M? in second case then

M
_Og:ﬂ - (2)
164, A, /16

nd*

Since A =
{ 2 }

From equation (1) and (2) we get
MO -
16.100
= M0 =25600 kg
3. Ans. (A)
P1=pgd+P0=3x105Pa
- pgd=2x105Pa
P2 =2pgd + P°
=4x105+10°=5x 105Pa

P,—P;

%increase =—=—— x 100
Py
5%x105-3x10° 200
— — -0,
= " axaos X 100=77%
4. Ans. (C)

(R) is the statement of Pascal’s principle & which explains the assertion (S)
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Pressure in a static liquid will be same at each point on same horizontal level.

As per Pascal law, same pressure applied to enclosed water is transmitted in all directions equally.

5. Ans. (B)
P = Patm+ pgh
6. Ans.(A)
.‘}. C 4
R .
Rsina
0((, 4
Rsina | % .
“. “““ Rsina
)
S i rlsing)
B
Let Radius of circular tube is R
Also, PA=PC = PO
Pressure at point B
PB =P0 +d1(R-Rsina)g
=P0 +d2(Rsina + R cos a)g
= d1(cos a-sina)=d2(sin o + cos a)
di cosa+sina 1+tana
d, " cosa-sina 1-tana
7. Ans. (A)
o
—o0
h
Al L Rw?
i R YGeff = T
g
Applying pressure equation from A to B
2
Py +p.R%.R — pgh = P,
PRZw?
= pgh
5 P9
2 2 2
_Ro” ey 2507
h="2g =V 2g=27
www.allen.in
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8.

10.

Ans. (C)

PO A(8)=P'A(54 -x)
P08=P'(54-x)

P'=P0 - pgx

Comparing (P0)8 = (PO - pgx) (54 - x)
(76)8 = (76 -x) (54 - x)

Solving we get x = 38 cm

Air column =54 -38 =16 cm

Ans. (C)

h
v=pg| yady(h-y)
0

hI'

Ans. (B)

A

h
Pressure at half the dept =P, + Edg

Pressure at the bottom = F, +hdg

According to given condition,
h 2

PO +Edg=§(P0 +hdg)

=3F, +%dg =2P, +2hdg

Fluid Mechanics : RACE-02

ph 20 o
dg 10°x10

Ans. (A)

Fg=pv(g - a)

a=g

s~ Fg=0

Ans. (A)

Velocity of the ball as it reaches water surface is \/2gh i.e. \J4g

Lets say, p is the density of ball and o is the density of water. Now
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Net upward force acting on the body F = oVg - pVg

= ma=cVg-pVg
= (pV)a=Vg(o-p)

= g= g(g_lJ = g(i_lj -9 in upward direction
p 0.8 4

Lets say it sinks to the depth H, at this instant final velocity becomes v = 0, so
We have

0:(\/@)2—2x%xH w vZ=uyZ+ 2as

M =pL[0.5x0.5x 0.35]
=103[0.0875]
M=875kg

4. Ans. (B)

4 4

SR —r)prg=SnRp, g
3 8

1-(z) =2

r o (19\? 19%/3
5"
R \27 3
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V11000 g + V>, 800g
= (V1 + Vz) 900g

£.10+8:£.9+9
VZ VZ
i 4
2
7. Ans. (C)

In 1stsituation

Voprg = Vspwg

here V, is volume of block

Vs is submerged volume of block
pv is density of block

pw is density of water

& Let p, is density of oil

finally in equilibrium condition

Vopp g = - Pod + ~ Pud
2py=po + pw
3
Po _2_ 0.6
Pw 5
8. Ans. (C)
When steel balls in boat, volume of water displaced V, = (M+m)/5w
M M
When steel ball drinks V, = 5 +—
(0] Gs

c,>0,, V,<V, Solevel will falls.

9. Ans. (C)
W =20N
W,=40N
F =20
F. =20-F,=16
F,=4N

Now block exerts same buoyant force on water.
=~ Net force on water

=Mg+F, =40+4=44N
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10. Ans. (D)

In case of minimum density of liquid, sphere will be floating while completely submerged

So mg=B
m= fORp(47rr2dr) =B

R r2 4
= po J, (1 — F) Admr?dr = gnR3p&g
On Solving
2p
pe="5"
Fluid Mechanics : RACE-03
1. Ans. (B)
In flow volume = outflow volume
0.74 _
=5 = (mx4x10 Y x \/2gh
74%100
= V29h = =550
740
740x740
= 29h = 5asaax10 (@ = 10)
Lo 74x74
T 2X24x%24
= h = 4.8m
2. Ans. (D)

Since height of water column is constant therefore, water inflow rate (Qin)
= water outflow rate
Qin = 10-4 m3s-1
Qout = Au=10"* x \/2gh
10-4=10*v20 x h

1
h=ﬁm
h=5cm
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3.

Ans. (B)

A1vi = Ao,
104x 1= A2V2
Azvy = 104 (1)

L _
P+2p(vy —vy) + pgh =P

v =vi +2gh
v2=/v} +2gh
=v1+2x10x 0.15

10~4

A,
Az =5 x10-5m?2
Ans. (C)
Rate of flow of water = A4V = AgV5
(40)Va=(20)Vs
Vg =2Va o (1)

Using Bernoulli's theorem

Py +%pr = Py +%pV32

1
Py —Pp =§P(VBZ - VP
700 = % x 1000(4VZ —V2)
V4a=0.68m/s=68cm/s
Rate of flow = A,V

= (40) (68) =2720 cm3/s
Ans. (C)

X1 X2

v

X1 X2
Ui=(pSxi)g.—= + (pSx3)g.—

[30]
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Xf
Us= (prf)g.T X 2
By volume conservation
Sx1 + Sx2 = S(2xf)
X1 +x2
2

2,2
AU =pSg [("2_1+"2_2>_x]g

2 2 2
X X X1+Xx
:p59[21+ - (722

Xf=

pSg [x§ x5
== |7+t —x1x
2 2 2
pSg 2
=7 (x1 = x3)
6. Ans. (B)

Applying Bernoulli's Equation

1 2 1 2
Py +5pvi +pgy. = P, +5pv; +pgy,
P +%pv2 = §+%pvz
2P 1 pv?
2p " 2 p

Pive=v
\’p

7. Ans. (3)

x2 =V

Iy

m =24 kg

A=0.4 m?

a=1cm?

H=40cm

Using Bernoulli's equation

=>(PO+%)+ng+%O

= Py + 0+ 5 pv? ()
= Neglecting v!

V= 2gH+ZI% —v=+8+12

=v=3.033m/s =v=~3m/s
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8.

10.

Ans. (6)

12m| [t v=y/2gh

------------- (12-h)

A A inlinlinlliliiiiiiiiaiisiiaiin 4

12—-h)Xx2
R =[Zghx |20

J4h(12 —h) =R
For maximum R
dRr

dh

= h=6m

Ans. (C)

Apply Bernoulli’s theorem between Piston and hole P4 + pgh = Py + %pve2

Assuming there is no atmospheric pressure on piston

5x10°

3 _ 5, 1 3., 2
+ 10° X 10 x 10 = 1.01 x 10 +2><10 X v,

ve=17.8m/s

Ans. (2)

A1V1 =A2 Vz

750 x 104V =500 x 106 x 0.3

_ 500x3x10°

i=—755 —™m/s
=2x103m/s

d -3
— =-2X%X10"m/s
dt

Fluid Mechanics : RACE-04

Ans. (C)

Height of liquid rise in capillary tube
2T cos B¢

prg

1

= hoc—
r

when radius becomes double height become half
h

h'=—

2

Now, M = nrzh x p

and M' =n (2r)2 (h/2) x p=2M

[32]
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2. Ans. (C)

r — radius of capillary
R — Radius of meniscus.

T
From figure, ' cos 30°

R 27 _ 2X0.15x107°
V3 V3
0.3
=-—=x1073
73 m
Height of capillary
2T
h=—==2V3T
pPYR V3
h= 2><0-(?35 1073
OX
667><10><( 3 )
h=0.087m
3. Ans. (D)
We have

2712
Vﬂ;;(po —p,)g = vrcr?

since mass of the sphere will be same

4 4 R
pgnR3=27.§Tcr3p :r=§
2
v
e —=9
(%) T
4 Ans. (C)

am 5 4m 3 3
Volume V=?r =3 X (1)” = 4.19cm

a=9.8 cm/s? B
B-mg=ma
B Ia
Tgta
VPwg) _ Vow mg
m= = a
g+ta 1+§

(4.19)x1  4.19
1428 T 101
980 '

= 4.15gm

www.allen.in
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After falling through h, the velocity be

equal to terminal velocity

212
V2gh = ng(Pe = p)

_ 2 1*g(pe—p)?

h
~ 1 81 n2

= hort
6. Ans. (A)

Excess pressure at common surface is given by

1 1\ _ 4T
Po=4TP, =4T (3 —3) ="
1 1 1 ab
_=_—_;T=_
r a b b—a
7 Ans. (A)
4 4
—nR* + —nR> = —=nR”
3 3 3
1
R’= 23R - ()
A; = 2[4m R?]
A; = 4 R”?
Ui 4 2R? 13
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8. Ans. (C)
At terminal speed
a =0
Fpee=0
mg = F,=6nnRy
mg

V:
6mnRY
41T 3
Pw—R>9  2p, R? 400
3~ _ZPwi'g —m/s=494m/s

6mnR 9n
9. Ans. (A)
Water
Oc
0il
Oc > 900
For water oil interface
10. Ans. (A)

Work done = PAV

=3x105x 1600 x 10-¢

=480]

Only 10% of heat is used in work done.
Hence AQ = 4800 ]

The rest goes in internal energy, which is 90% of heat.

Change in internal energy = 0.9 x 4800 = 4320 J
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