CHAPTER 28

HEAT TRANSFER
t, = 90°C, t, = 10°C 10 cm
I=1cm=1x10"m 7 z
A=10cmx10cm=0.1x 0.1 m?=1x 1072 m? o 7
K = 0.80 w/m-°C ﬁy é?,
_ -1 -2
Q _ KAWM=0;) _ 8x10 x1x107x80 _ g4 s - 64 x 60 3840 J.
t I 1x1072 10 1em
t=1cm=0.01m, A=0.8m?
91 = 300, 92 =80
K = 0.025,
Q _ KA(8;-9,) _ 0.025x0.8x(30030) _ 00 .
t | 0.01
K = 0.04 J/m-5°C, A= 16m’
t, = 97°F = 36.1°C t, = 47°F = 8.33°C
|=0.5cm =0.005m
_ -2
Q _ KA(0;-0;) _ 4x107°x1.6x27.78 _ o\
t I 5x1073
A=25cm?=25x 10" m?
I=1mm=10"m
K = 50 w/m-°C
% = Rate of conversion of water into steam
-3 6 -1 6
_ 100x10 xg.26x1o _ 1071x2.26x10° L e o
1 min 60
— _4 —
Q _ KA1 -05) _ (376 wqqt = 502 26x10™" x(6-100)
t [ 1073
-3 4 5
o= 107°x0876x10° _ 10°x0376 _, . _ .,
50%25x1074 50 x 25
K = 46 w/m-s°C
I=1m
A=0.04cm’=4 x10° m?
qussicn ice = 336 X 105 J/Kg
0°C 100°C

=6
%= 46><4><110 x100 =5_4x10_8kg=5.4x 10—59_
A = 2400 cm? = 2400 x 10~* m?

{=2mm=2x10"m

K = 0.06 w/m-°C
0, = 20°C
0, =0°C
_ -4
Q _ KAG:=0,) _ 0.06x2400x10 "x20 _ 54, 6 x 107 x 10 = 24 x 6 = 144 Jisec
t ‘ 2x1072
Rate in which ice melts = m. —Q = —144 Kg/h = —144X3600 Kg/s = 1.52 kg/s.
t txL 3.4x10° 3.4x10°
£=1mm=10"m m = 10 kg

A=200cm?=2x 1072 m?
Lyap = 2.27 x 10° J/kg
K = 0.80 J/m-s-°C
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Heat Transfer

10.

1.

dQ =2.27 x 10° x 10,
dQ _ 2.27x107
dt 105
Again we know
dQ _ 0.80x2x107?x(42-T)

=2.27 x 10% JIs

dt 1x1073
So, 8x2x1073(42-T) = 297 x 102
1073
= 16 x 42 — 16T = 227 = T = 27.8 = 28°C
K =45 w/m-°C
£=60cm=60x102%m Qr=40° Q; =20°

A=02cm’=02x10"*m?
Rate of heat flow,

KA(0; —0,) _ 45x0.2x107* x20

=30x107°0.03w

¢ 60 x 1072
A=10cm’, h=10cm
_ -3
AQ _ KA(B;—6,) _ 200x107° x30 _ 6000
At / 1x1072
Since heat goes out from both surfaces. Hence net heat coming.out.
= 29 _ 6000 x 2 = 12000, A9 _ ysad
At At At
_3 —1 Ae
=6000%x2=10"x10 X1OOOX4ZOOXE
= 20 72000 _ og 57
At 420

So, in 1 Sec. 28.57°C is dropped
Hence for drop of 1°C

sec. = 0.035 sec. is required
28.57

£=20cm=20x 1072 m

A=02cm? =0.2x 107 m?

064 = 80°C, 0, =20°C, K =385

KA(0; —0,) | 385x0.2x107#(80 - 20)

0 20x1072

(b) Let the temp of the 11<cm point be 6

AB _ Q

A tKA 20°C 80°C
AO 2.31 <

T AN T 00 11 cm

Al '885%x0.2x107*
0-20 _ 2.31

111072  385x0.2x107*

Lp-20= 23110% 4 402 = a3
385x0.2
=0=33+20=253
Let the point to be touched be ‘B’
No heat will flow when, the temp at that point is also 25°C
|e QAB = QBC < 100 cm >
So KA(100 -25) _ KA(25-0) c I |B IA

100 — x X <+— X —» «— 100-x —

= 75x=2500-25x =100 x = 2500 = x =25 cm from the end with 0°C

=385x6x 107 x10 = 2310 x 10~ = 2.31

Q _
(a)T_
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Heat Transfer

12.

13.

14.

15.

V =216 cm®
a=6cm, Surface area = 6 a° = 6 x 36 m?
t=0.1cm %=100W,
Q _ KA(®; - 0,)
t 14
4
— 100 = K><6><36><102 x5
0.1x10~
_ 100 _ o °
K= ———————— =0.9259 W/m°C = 0.92 W/m°C
6x36x5x10
Given 04 = 1°C, 0, =0°C
K = 0.50 w/m-°C, d=2mm=2x10"m
A=5x1072m? v=10cm/s = 0.1 m/s

Power = Force x Velocity = Mg x v

Again Power = 39 = KA1 =05)

dt d
So, Mgy = FAWO:1=02)
d
_ -1 -2
M= KA(6; -65) _ 5><'IO3 ><5><1 x1 = 12.5kg.
dvg 2x107° x107"' x10
K =1.7 W/im-°C fw = 1000 Kg/m® )
Lice = 3.36 x 10° J/kg T=10cm=10x 102m —0¢
@ Q - KAOI=0,) | ¢ KA@®:=0,) _ KA(® <)) mch
t 4 t Q mL
_ KA(8;-6,) _ 1.7x[0 - (~10)] 0°c
Atf,, L 10 %1072 x 1000 x 3.36 x 10°
17

——x1077 =5:059x 10" =5 x 10" m/sec
3.36

(b) let us assume that x length of ice‘has become formed to form a small strip of ice of length dx, dt time
is required.

dQ _ KAA0) _ dmb _KAQA0) _ Adxfol _ KA(A6)

dt X dt X dt X
- dxfol _ K(A6) _oxdxfol !
dt X K(A0) ;
|
t ¢ 2 2 d
:>_[dt= ol F i = Job x| o Jel P ”
o K(AD)o K(a0)| 2 |~ Kae 2
Putting values
5 -2 6
_ = 1000x3.36x10 «f10x10 = 336 108 sec. = 33810 o 97 45 hrs = 27.5 hrs.

1.7x10x 2 2x17 2x17 x 3600
let ‘B’ be the maximum level upto which ice is formed. Hence the heat conducted at that point from both
the levels is the same.

Let AB =x A -10°C
, t
ie. 9ice = 9water = Kice xAX10 _ Kyater x A x4 X T
t t X (1-x) Ve 1cm
*
1.7x10 _ 5x107'x4 17 _ 2 1—x l
= = = — = — n
X 1-x X 1-X c 4°C
:>17—17x=2x:>19x=17:>x=£=0.894=890m

—_
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Heat Transfer

16.

17.

18.

19.

20.

KAB =50 j/m-S-OC 9A =40°C
Kgc = 200 j/m-s-°c 0g = 80°C
Kac = 400 j/m-s-°c 6c =80°C

Length =20 cm =20 x 102 m
A=1cm’=1x10"m’

Qus _ Kpg xA(Bg —04) _ 50x1x107 x40

a = =1W.
@ = I 20x1072
_ -4
(b) Qac _ Kac xA(6¢c —0,4) _ 400x1x10 2><40 -800x102=8
t I 20x10~
© Qe _ Kgc xA(Bg —0c) _ 200x1x107*x0 _
t [ 20x1072
We know Q = M
Q= KA(91—92), Q, = KA(6; - 6,) /_\
KA(0, —6,) 0
Q1 r 2r 2 r r
== M == == d:r’ d, =2r
Q, KA, —0) w x [di=m 2 = 2r]
2r
The rate of heat flow per sec.
= dQA = K,Ad_e
dt dt
The rate of heat flow per sec.
= _dQB = KAd&
dt dt
This part of heat is absorbed by the red.
% = mztAe where ® Rate-of net temp. variation
=80 a0 _a B (L 5e 90 - [ Dn %
dt dt dt dt dt dt
do

= 04x - =200 1% 107 (5 = 2.5) °Clcm

- om% = 200.x 10% x 2.5

4
d9_ 20025510 ° oy = 1950 x 102 = 12.5 °C/m

dt . 0.4%102
Given
Krubber X 015 J/m-S-OC T2 _ T1 = gooC \ /
We know for radial conduction in a Cylinder Y ‘
Q _ 2nKIT, - Ty) gt ;
t In(R, /R,) \
2 1
_ 2x3.14x15x10“x50x10"" x90 =232.5=233j/s. P o om N
In(1.2/1)
@

. = Rate of flow of heat

Let us consider a strip at a distance r from the center of thickness dr.
dQ = K x 2nrd x do

TS r [d6 = Temperature diff across the thickness dr]
r
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Heat Transfer

_ Kx2nrdx de de
=C= " 2erEr c==
dr dr
= ¢ = K2nd do )
f 0
Integrating
Iy d 0,
=C j Tr = K2nd j do = Cllogr]? = K2nd (6, - 61)
Iy

6,

= C(log 1, — log 1) = K2xd (8, — 6;) = C log ('%J = K2nd (0, — 6)
1

log(r, /1y)
. Ty> T,
A = (R,? - Ry%) v 7
So.Q = KA(Tzl ~T) - KAR, - le )T~ Ty) ak O
T2
Considering a concentric cylindrical shell of radius ‘r' and thickness R !
‘dr’. The radial heat flow through the shell /
H= da __ A@ [(-)ve because as r — increases 6 + I >
dt dt
decreases]
A =27l H=-2nr K do
dt

R 2nLK ¢
or a.__er Ide

r H
R T

Integrating and simplifying we get
_dQ _ 2aKL(T, -Ty) _ 27KL(T, =T;)
" dt  Loge(R,/R;)  In(R,/Ry)
. Here the thermal conductivities are in'series,
KiA(01 - 02)  KoA(B1 -65)

I I, _ KA(0,-0,) +
" K4A((0,-65) N KyA(0, —0,) Iy +1,
Iy I L
Ki Ko E
:> —
Ky N Koo 1y +1, +
N KKy, _ K —~ K= (KK +15)
. Kcy =390 w/m-°C Kst = 46 w/m-°C
Now, Since they are in series connection,
So, the heat passed through the crossections in the same.
So, Q1 =Q, 0°C| Cu Steel |100°C

Koy xAx(0-0) _ Kg xAx(100-6) 6°C
I I

= 390(0 — 0) =46 x 100 — 46 6 = 436 6 = 4600

4600

=>0=——=10.55=10.6°C
436

Or

28.5



Heat Transfer

24. As the Aluminum rod and Copper rod joined are in parallel

Q_(Q 4 Q 40°C
t t )y Ut ey 80°C Al Cu 80°C
. KA(61|—92> _ K1A(e|1 ~6,) K2A<e|1 —0)
= K=K; +K;=(390 + 200) = 590
p— _4 p—
% = KA(91I %) - 590””01 x(60=20) _ 590 x 10 x 40 = 2.36 Watt
25. Ku =200 w/m-°C Kcu =400 w/m-°C
A=02cm’=2x10"°m’
1=20cm=2x10"m
Heat drawn per second
_ _ -5
= Qu + Qo = Ka xA(80 40)+KCU><A(80 40) _ 2x10 X40[200+400] —ody
[ | 2x107"
Heat drawn per min = 2.4 x 60 = 144 J
26. (Q/)as = (Q/t)sE bent + (Q/t)se
KA(6,-65,) KA(8;—6,)
Qt)gepent = ———=+ Q/lt)gg = ——1—+=~
( )BEb t 70 ( )BE 60
(Q/t)gepent _ 60 _ 6 o c
(Q/t)ge 70 7
RS E Moosc
(Q/t)se bert * (Qlt)ee = 130 | K |
N (Q/t)BE bont + (Q/t)BE 7/6 = 130 420 cm—<«—60 cm—»<«20 cm—>
- [g v 1j (Q/t)ag penc = 130 = (UM s = = 60
27 gbent= 780 x Ax100
t 70 60
Q. _ 390xAx100 ] om ]
- - A~ cm cm
t 60 | |
(Q/t)bent _ 780xAx100 60 _12 ' 20cm 20 cm
(Q/1) str 70 390%xAx100 7
28. (a) Q = KAG:=6;) _ 1X2X1(40_;32) = 8000 J/sec.
t 4 2x10 1 mm
. l 4
(b) Resistance of glass = — + —
aky akg
glalg
Resistance of air =
a a
Net resistance = L+L+ £
aky akg ak,
_ 2, 1) L ZKkatkg
alky ki) al Kgk,
_ 1x107° (2x0.025 +1
2 0.025
_ 1x107°x1.05
0.05
Q%8 8005 _gh9-381w
t R 1x107° x1.05
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Heat Transfer

29.

30.

31.

Now; Q/t remains same in both cases

In Case 1: KaxAx(100-70) _ Kg xAx(70-0) 100°C =
‘ ‘ A s |oC
= 30KA=70Kg
In Case II - Kg xAx(100-6) _ Ky xAx(0-0)
¢ ¢ .
= 100Kg —Kp 0 = Ka 0 100°C o 0°C
70 B A
100Kg —Kg 6= —Kg 6
= B B 30 B
=100 = Z6+6 =0= @=30°C
3 0
91—92=100
% = 5 ;{92 o a | Cu | A Jwooc
R_R1+R2+R3_ ¢ ¢ ¢ =£[L+Lj :ﬁ[ﬂj =£i
aK, aKg, aK, al200 400 al 400 a 80
Q_ 100 40-80x100x 2
t  (¢/a)1/80) /
a_ 1
=a3-_1
¢ 200
For (b)
I | |
+ +
R=R,+R,=R, + RelRa =Ry + ReuRai = AKa o AKey  AKy
Reu +Ra Reu +Ra ! +L
Acu A R,
I | (1 1 | 4 R, Cu_ Rjroocc
= + —+ = | — 4= = —x— Al Al
AK, A Kp +Kg, A(ZOO 200+400j A" 600
Q _6,-6, _ 100 _ 100x600°A _ 100x600 1 _
— = = = — = Xx——=175
t R (1/A)4/600) 4 | 4 200 -
For (c)
1 = i+i+i = 1 4 1 + 1 o o 100°¢
R R, R, R I I I Al
aK,  aKg, aKy
a a a T3 i
= T(KAI +Koy FKyp) = T(2><200+400) = T(800) F E
| 1 Qs Qc
=>R= =x=—— B
a 800 c D
_ Q_0;-0, _ 100x800xa Q.
t R | A
T
_ 100x800 _ ,00\y w
200
Let the temp. atBbe T
_ _ _ T T,
Q Qs Qc _ KA -T) _KA(T-T;) KA(T-T) 3 c
t t ot [ 1+(1/2) 1+(1/2)
B B B Qs Qc
S hoT _T-T T-T = 3T = 3T =4T - 2(T, + Ts)
| 3l/2 3l/2 c D
Q
= 7T =—3T;—2(T,+ Ta) 3“% A
Til A
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Heat Transfer

32. The temp at the both ends of bar F is same
Rate of Heat flow to right = Rate of heat flow through left

33.

34.

= (Qit)a + (Qlt)e = (Q/t)e + (QUt)
_ Ka(M-DA KoM -TA _

Kg(T-T,)A N Kp(T-Ty)A

| | I
= 2K0(T1 — T) =2x 2K0(T — T2)
:>T1—T=2T—2T2

:)T:ﬂ
3

Tan ¢ = fo—h _ (Y‘ﬁ)
L X

= Xrp—xry =yL—-rL

Differentiating wr to X’
Ldy

rp—ri=—-0
=r—-r dx
dy _rp,—n dyL
— == = dx=
dx L (r2 - )
2
Now & = KWyd0 _ Ak _ /240
T dx T
= Oldy _ Kny?do from(1)
o QLY
(rp =1y )Kny

Integrating both side
B PN,
5, (rp 1 ey
aL  [-1]?
B e —}
27"
QL [+ 4
0,— 04) = g%
=000 e

= (02-04) = Q. je-h
(r2 —"1)(75 [ t+0

_ Karirp (65 —67)

=Q
L
@ = X =0.1°C/sec
dt 10 x 60
dQ _ KA
— =—1(0,-0
- o,-0,)

KAx0.1 KAx0.2
+ +oee +
d d d

= %(0.1+0.2+ ........ 1+ 60) = %x 600, (2x0.1+599x0.1)
[~a+2a+........ +na=n/2{2a + (n—1)a}]
200 x1x 107 200 %102 x 300 x 60.1

R raere ks 300% (0.2 +59.9) =
X

3x10x60.1 =1803 w = 1800 w

20

(r2l—r1) r,

0,

v

28.8



Heat Transfer

35. a=ri=5cm=0.05m
b=r,=20cm=0.2m

91 = T1 =50°C 92 = T2 =10°C
Now, considering a small strip of thickness ‘dr’ at a distance r'.
A=4nr’
H=-4n’ K% [(~)ve because with increase of r, 6 decreases]
b _ 0
= d_zr = nua do On integration,
a r H Jo
H - @ - K4Ttab(91 _62)
dt (b—a)
Putting the values we get
-3
K><4><3.14><5><202><40><10 =100
15x10~
15 °
=>K= — =2.985=3w/m-°C
4%x3.14%x4x%x10
36. 3 - KAMi—To) Rise in Temp. in T, = KA ~Tp)
t L Lms
Fallin Temp in Ty = KA = T2) Final Temp. Ty = T, - KA(T, =T5)
Lms Lms
Final Temp. T,= T, LKA = To)
Lms
Final £ - T1 _ KA(T1 _TZ) _-I-2 _ KA(T‘] _T2)
dt Lms Lms
_ KA(T,~T,) _ dT _ KA AT "% gt kA
—(T1—T2)———— = —— = = = dt
Lms dt Lms (T, -Ty) Lms
(T4-T2)
— Ln (Ti-Ty)/2 _ —2KAt = IN(112) = —2KAt o iny = 2KAt —t=In, Lms
(T, -Ty) Lms Lms Lms 2KA
g7, Q- KAM—To) Rise in Temp. in T, = KA~ T2)
t L Lm,s,
Fallin Temp in Ty = KA, —T,) Final Temp. T, = T, _KAM - T,)
Lm,s, Lm,s,
Final Temp. Tz =T, LKA —T2)
Lm,s,
AT _ T - KA(T; - Ty) T,- KA(T -T,) _ (T,-T,)- KA(T, - Ty) + KA(T, - Ty)
dt Lmys, Lm,s, Lm;s, Lm,s,
:>£=_KA(T1—T2) 11 L 4T _ KA(mys;+mgs |,
dt L m;S;  MyS, (T1 —T2) L { mysim,s,
= InAt = _ﬁ(—mzsz * MiSy Jt+C
L { msim,s,
Attimet=0,T =T, AT = ATy = C =1InAT,
7@[ M,S;+M,s, ]t
—In - _ m;sm,S,

AT _ KA[mysp+mysy | AT _ "L
ATy L { mysmys, ATy

KA[mﬂs1 +M,S,

7@[ M,S;+M,s, ]t
L

jt
=S AT=AType "\ ™M) = (T,_T))e || MM
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Heat Transfer

38.

39.

40.

41.

42.

43.

Q _ KA(T,~Ty) _ nCedT _KA(T, -Tp)
t

X dt X l
- n(5/2)RdT _ KA(T, - Tp) N £ _ —-2LA (Ts - Ty) Tg
dt X dt 5nRx
- dT - 2KAdt = In(Tg - T, )$ - 2KAdt i
(Ts —Ty) 5nRx 0 5nRx T
2KAt

To-T _ KA o oy s

=In =
Ts—To 5nRx
_2KAt | 2KAt
=>T=Ts—(Ts—Tple 5"Rx = Tg +(Tg +Ty)e 5nRx

+2KAt +ZKAt
SAT=T=To= (Tg -Ty)+(Ts ~Ty)e X = (Tg —T,)+|1+e 5N

2KAt
B P A TR [p.dv=nRdt PAl=nRdf dT= et
nR nR
2KAt
=R —T0)+{1—e SnRxJ
PA
A=16m’ T=37°C=310K, o =6.0% 107 w/im*K*

Energy radiated per second

=AcT*=1.6 x6 x 107 x (310)* = 8865801 x 10~ = 886.58 = 887 J
A=12cm’=12x 107 m? T =20°C =293K

e=0.8 c =6 x 107 wm%k*

% =AecT'=12x1070.8 x 6 x 107° (293)* = 4.245 x 10" x 107"° = 0.4245 = 0.42

E — Energy radiated per unit area per_unit'time
Rate of heat flow — Energy radiated
(a) Pertime =E x A

4 2
SO,EA|=eGT4XA= 4nr2=l 1-4
ecT*xA  4xn(2r) 4

(b) Emissivity of both are same
_ mS,dT, -1

m,S,dT,

dT, _ mySs. _ Si4nr® xS, _  1xmx900 Z1:2:9

dT, mSi  s,4mr,° xS,  3.4x81x390 T
% = Ae oT"
LT 0 _ 100

AN
teAc 0.8x2x3.14x4x107%x1x6x1078

= T=1697.0 = 1700 K

(@) A=20 cm?=20x 10 m?, T=57°C=330K
E=AcT'=20x10"x 6 x 10°x (330)* x 10*=1.42 J

(b) % = Ace(T;* — T, A=20cm?=20x 10 m?

c=6x10" T, = 473K, T, =330K
=20x 107" x 6 x 107° x 1[(473)" - (330)"]

=20 x 6 x [5.005 x 10"° - 1.185 x 10"
=20x6x3.82x102=4.58w from the ball.

28.10



44.

45.

46.

47.

48.

r=1em=1x10"m
A=47(102)2 =47 x 107 m?
E=0.3, c=6x10"°

% = Ace(T,* - T.")

=0.3x6x 107 x 47 x 107~ x [(100)* — (300)]
=0.3x6x4rx10"?x [1-0.0081] x 10"
=0.3x6x4x3.14x9919 x 10~
=4x18x3.14x 9919 x 10°=224=22 W
Since the Cube can be assumed as black body

Heat Transfer

e={
6 =6x 107 w/m?k*

A=6x25x 10" m?
m =1 kg

s =400 J/kg-°K

T, =227°C =500 K
T,=27°C=300K

= ms% = ecA(T14 - T24)

do _ esAlT, -T,*)
3 —

E ms

_ 1x6x1078 x6x25x107* x[(500)* - (300)*]
- 1x 400

_ 36x25x544

x107% = 1224 x 107 = 0.1224°C/s = 0.12°C/s.
400

Q = ecA(T, = T4
For any body, 210 = eAc[(500)* — (300)*]
For black body, 700 = 1 x Ac{(500)*= (300)]

Dividing 22 = € — ¢=03

700 1
A =20 cm?, Ag'=80 cm?
(MS)a = 42 JI°C, (mS)s = 82 J/I°C,
Ta=100°C, Tg = 20°C

Kg is low thus it is a poor conducter and K, is high.
Thus A will absorb:no heat and conduct all

(%] = oA [(373)* = (293)] = (ms)A(%J = 6AA[(373)" - (293)"]
A A
4 4 -8 4 4

. (@j _oA[673) - (293)*] _ 6x102[373)* - (203)*] _ | 1 ecss

dt ), (mS) 42
Similarly [@j =0.043 °C/S

dt Jg

% = eAe(T,* - T
= % =1 x 6 x 107 [(300)* - (290)*] =6x107°(81x10°-70.7 x 10°) =6 x 10.3
Q _ KA(6,-6,)
t |
:8: K(e1_62):KX17=6X1O_3=KX17 :K:M:']S

tA | 0.5 0.5 17

28.11
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Heat Transfer

49.

50.

51.

6 =6x 107 wm?k*
L=20cm=0.2 m, K=?

=E-= —KA(GL —92) - po(T# - T

=K=

300 K

(T, —Tp)xd _ 6x107° x(750* —300*)x2x10”"

0, -0, 50
= K=73.993 = 74.
v =100 cc
AB =5°C
t=5min
For water
mSA0 _ KA

= —Ab
dt |

- 100 x 1073 x 1000 x 4200 _ KA
5 |

For Kerosene

ms _ KA

at |
N 100 %1072 x 800 x 2100 _ KA

t |
_,100x107 x800x2100 _ 100x 10~ x 1000 x 4200

t 5
T= 5%x800x2100
1000 x 4200
50°C 45°C 40°C
Let the surrounding temperature be ‘T’°C
_ 50+45
S 2

=2 min

Avg. t =475

Avg. temp. diff. from surrounding

T=475-T

Rate of fall of temp = @ = 1.°C/mm

From Newton’s Law

1°C/mm = bA x t

3bA=1=¥ (1)
t _475-T

In second.case;

40 + 45
2

Avg, temp = =425

Avg. temp. diff. from surrounding
t=425-t

Rate of fall of temp =

45-40 - §°C/mm
8 8

From Newton’s Law

é = bAt'

B

=S 1  as-T)
8 (475-T)
By C & D [Componendo & Dividendo method]

We find, T = 34.1°C

800 K

750 K

20 cm >
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Heat Transfer

52. Let the water eq. of calorimeter = m

-3
(m+50x1077)x4200x5 _ o i of heat flow

10
-3

(m+1oox1c1)8)x4zoox5 - Rate of flow

- (M+50x107)x4200x5 _ (m+100x10"°)x4200x5
10 18

= (m+50 x 107°)18 = 10m + 1000 x 10~
= 18m + 18 x 50 x 107> = 10m + 1000 x 10~°
= 8m =100 x 10~ kg
—>m=125%x10"kg=125g
53. In steady state condition as no heat is absorbed, the rate of loss of heat by
conduction is equal to that of the supplied.
ie.H=P
m = 1Kg, Power of Heater = 20 W, Room Temp. = 20°C
(a)H= % =P =20 watt
(b) by Newton’s law of cooling
—do
— =K(®-06
pm ( 0)
—-20=K(50-20)=>K=2/3

-do 2 20
Again, — =K(0 —0g) = =x(30-20) = —
gain, —= =K(0~00) = £x(30-20) = Z° w
dQ _ dQ _20 dQ _ 10
© (=] =o, === ==
dt ), dt J; 3 dt avg 3
T=5min=300"

Heat liberated = %xSOO =1000 J

Net Heat absorbed = Heat supplied — Heat Radiated = 6000 — 1000 = 5000 J
Now, mA©’ = 5000
== 2000 5000 _ 54 kgec

X

54. Given:
Heat capacity = m x s =80 JI°C

(@j =2°Cl/s
dt increase

(@j =0.2 °C/s
dt decrease
do

(a) .Power of heater = mS[—J =80%x2=160 W
increasing

do

(b) Power radiated = mS[—j =80%x0.2=16 W
t decreasing
(c) Now ms(@j =K(T = Typ)
t decreasing
16
= 16 = K(30 — 20) :>K=ﬁ=1.6

Now, %=K(T—T0)=1.6><(30—25)=1.6><5=8W

(d)Pt=H=8xt
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Heat Transfer

55.

de
priaie K(T - To)
Temp. att=0is 04
(a) Max. Heat that the body can loose = AQ,, = ms(6, — ;)
(.. as, At=0,—06p)
(b) if the body loses 90% of the max heat the decrease in its temp. will be
AQ,, x9 _ (8,-04)x9
10ms 10
If it takes time t,, for this process, the temp. at t4
9 _ 106,-96,-96, _ 6;-96 y

=0, —(0,-0y)— =
1= (0 0)10 10 10

1

do
Now, — =-K(6 -0
pm (6-61)

Leto=0,att=0; &0 betemp. attimet

0 t

do = K[ ot
00,

0 0

or, In -0, = — Kt

1= 06
or, 0 — 0y = (0 — 0p) e™ (2
Putting value in the Eq (1) and Eq (2
0, -90,
10

—0y = (81— 6p) &™

In10
Stz ——
k

foohohohn
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