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147. (i)
(iii)
(i)

(ii)

(iii)

(iv)

v)

he =h{l+acA8}, A; = A{L+20 A8}, V, = Ah{l+3a_A8) (i) V}; = Ah (L+y, A0)

hy s =h{1+y, A8} (iv) h, ¢ =h;(1-2a,.A0) (v) 3ha, =hy_

New height h; =h{l+ aA8}

New area of cross section A; = A{l+2a,.A6}

New volume of container V¢ = Ah{l+30,A6)

New volume of liquid Vi =Vg(1+y AB) = Ah;(1+y A6)

The height of liquid level when expansion of container is neglected

Vi AR+, 40)

h,, =
1f A A

=

his =hi{1+y A6}

The area of container will increase, the area of container at this temperature will be

A¢ = AlL+ 20, A6}

As liquid does not expand the volume of the liquid will be as initial volume = Ah;.

Hence height of the liquid column will be

Ah; Ah
CA; AL+ 20,46)

h1f

1 = hy; =h;(1-20,A0)

The initial volume of container above the liquid V; = Ah — Ah;

Final volume of container above the liquid V, = Ah(1 + 3a.A8)— Ahy(1 + v A8)

If volume of container above liquid remains constant, V, =V,
[Ah1+ 30,,A6) — Ah (1 + v, AB)] =[Ah — Ah,]

Which gives 3ha. =h;y,

148. (2 x 10‘4/°C)

We start from the liquid surface of column A, as we move along the tube to liquid surface in column D.
When we move down, pressure increase and decreases as we move up.

Po +Padha —Pgdhg +pcdhc —ppghp =Py

as

as

Hence vy =(

pagha —pgdhg +pcdhc —ppghp =0

Pa =Pc =Pgsec

PE =Pp =P5c = posc (Na +he ) =psc (hg +hp)

Psec :hA+hC :52.8+49
Pogsec  hp +hp 49 +51

=1.018

oo = 15T
95°C " T1+y(90°C)]

P5¢ _[144(090°C)]=1.018
Posec
1.018-1

] -2x1074/°C
90°C
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140, [knqyzﬂé-—Tl)]
L

dx
r2 — rl _.l I‘_
Here r=r +|—=—=|X
L
As shown in figure we consider an elemental
disc at a distance x from left face. Then thermal
resistance of this elemental disc is given as

1 dx

]

T

thh :E. 2 e L |
L2y I I
Y
oL
Total thermal resistance of frustum is
R J.dR 1 j- dx
th = th =——
kn ( rr—n JZ
Ol +=—=-x
L
L
L 1 L {1 1} L
kn(ro —rp) (r1+r2_r1~x] kn(r, —r)|rp 1y kmryry
L 0
d T,-T, Kknunr(T,-T
Thus heat current through frustum is dQ _To-T _Kafyfp(Ta ~T)
dt Ry, L
2 2
(r -R )T -T
150. |T=T,- £)(T-T>)
RZ2 -R?
2 1
Let heat transferred per second is H, then
daT
H =-K(2nr)—
adQo /N o h
H o T 5 o dT
or T e M ar 1 Irlredr AR,
R 27l T N
J' 2rdr=— naJ' 29t N\
Ry H i
Anlo(T, =T
H :% (D)
(RZ-R2)
r 2rnla T r2—R12 27la
[ rar= [ ar, A B
R, H Jn 2 H
(r2-R2)H (r2-R2)H
T-T= or T=T,-——+— )
4rlo 4rlo
2 52
rc —R:- (T, =T
Fromegns. (1)and (2), T :Tl—( ;)( 12 2)
RS -R{

Assume that heat absorbed by sphere is negligible. Take specific heat of water
heat of vaporization L, = 2268 kJ/kg.

c=4.2 kd/kgK , latent
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151. (i) 9 min 39 s (i) 54 min 49 s
() Let T be the instantaneous temperature of the water. The rate of heat flow is given by
dQ Tp-T .
— = ()]

Where Ry, is the equivalent thermal resistance of the

hollow sphere. Consider a thin spherical sheet of radius r and
thickness dr as shown in the figure. Then

Reservior
dr _ o
dRy, = T, = 1000°C
K (4nr2)
1 (R2dr Ry-Rg
Rih = —I I R —
4nK JRy r 47KR1R»
102
For R; =0.25 m; R, =0.50m; K :4—W/m-K S
T
0.5-0.25 5
R = =2x10"° K/W
100
4n| = [(0.50) (0.25)
4n

Heat required to raise the temperature of water by dT is given by dQ =mc dT. Substituting the value of
dQ in equation (1), we get

dt
0 dr

mc——= or mcR =

dT  To-T T dT jt
dt R 0Ty-T

To
To-T

or mcR In =t

On substituting numerical values, we get t
4
¢ =4.2x10% J/kg;m =pV =(10)° x {En(o.zs)‘ﬂ =65.45kg

R =2x1072 K/W R
T =1000°C; T =100°C

[oS]

(4.2x10%)(2x102)In|—°P | _s765=9mi

t =(65.45)(4.2x10%){2x107% ) In|——— =576 s=9min39s
1000 -100

(i) Heat required to convert 65.45 kg of water into steam is

Q=mL, = (65.45)(2268 x103) =1.48 108

The rate of heat flow is
dQ _ AT 1000-100

- o T _45x10%W
dt R 2x1072
) o 1.48x108 .
Time required is t =———=3289s=54 min 49 s
4.5x10%
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Heat conducted through metallic slab,
dQ KA(T-Ty)
dat b
Heat gain by water through heater = H
Net rate at which heat is gained by water,

dQ KA dT KA
E:H—T(T—TO), c—= —T(T—TO)
J.T KZdT =J.tdt, C[__J In{H AK(T —TO)} L
To (T-To) °° ° To
AK

H-" (1o [ AKt
be b (T-To) . CAK(T-Ty) e [ - ]
AK H b

AKt AK
AK(T-To) _ e_[bc] T=T +—L— [bctﬂ
b ! 6]
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