Heat & Mass Transfer Chapter 10. Hear Transfer by Conduction

5. Unsteady Heat Conduction (slab)

i. Heat conduction equation
Assume no heat generation (no heat source)

I.C. T(x,0) =T,
B.C.1) T(%s,t) =T,

8.C.2) 6T(0t) —0

| ii. Solution = Temp. profile
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Heat & Mass Transfer Chapter 10. Hear Transfer by Conduction

iii. Mean Temp. T(t)
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Heat & Mass Transfer Chapter 10. Hear Transfer by Conduction

iv. Total heat transferred Qr
Qr =m Cp(T —T,) = p{A S}Cp(T —Ty)

Or total heat transferred per unit area

AsYC,(T-T,
QT/A=p{ s} ,jq( )

=ps Cp(T - Ta)
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Heat & Mass Transfer

Chapter 10. Hear Transfer by Conduction

5. Unsteady Heat Conduction (cylinder)

Assume no heat generation (no heat source)

=

oy
=4

¢

i. Heat conduction equation

or_ 9 (ary 4
o~ “rar\ or )" pC,

.C.T(r,0) = T,
B.C.1)T(R,t) =T.

8.C.2) aT(Ot) — 0

ii. Solution = Temp. profile

T(T t) z 2 ]o [ml R]

T T ml]l( ml)

m;: eigenvalues of Bessel function J,(m;) = 0

.
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iii. Mean Temp. T (t
(®) Fourier’s number, Fo, (Ng,)

- at
L0y 2 i) e
T, — T, n=1m?
i Fo (= %5),> 0.1 then,
or
Ts — T(t) -5 78(a_2t) 5.78 Fo R? Ts —Tqg
— =0, ' = 0. > t= 1 =
T.—T, 0.692¢ s 0.692¢ 578 g n T.—T
iv. Total heat transferred Qr
Qr =m Cp(T —Tg) = p(T[RZL)Cp(T —Ta)
Also, total heat transferred per unit area
R?2L)C,(T — T,
Qr/A = pTR™L)Cy( a) Cf. for slab

2mRL Qr/A = psCy(T — Ty)

.
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Chapter 10. Hear Transfer by Conduction

Ex. 10.10) A layer of pulverized cork (insulator)

p =900 kg /m3 T, = 121.1°C
k =0.13 W/m°C Ty = 21.1°C
C, = 1.67J/g°C = 1.67 x 103 ] /kg°C
2.54
s=——a = 1.27an = 1.27 X 107%m

w
a<= k ) B 0.13 (m)

T pCy) kg 3 () )
p 900 <m3) 1.67 X 10 (kg 5C

= 8.65 x 1078 (m?/s)

T =98.9°CctH 1 UjO|¢?

_121.1-989

-1 = 0.222
T,—T, 121.1-211

1.0 eyt = ) Ly
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e
11 1 1 1 Slob [Eq. (10.20]) [
orhnd——+ 1 1 1l e Cylinder [Eq. [10.21)] 1

A —w= Sphere [Eq. [10.22])] |H

0.08 \_ E= ===
o.or . ' 4

008 \ -

0.05 —

004 4

0.03 -

00z i 1 __\
0.01

0 010203040504 07 080710101 12131415
5 i

aly  al
Fo=—or —

Fig. 10.5 Ol A y = 2| 240] 0.222 H Fo ~ 0.52
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Qr = p{A S}Cp(T —Ta)

dr .
a = pSCp(T —Ta)

—900(9 ) 167 x 10% () 127 x 102 (m)(98.9 — 21.1)°C
— )L o)t .
= 1686.43 kJ /m?
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Chapter 10. Hear Transfer by Conduction

5. Unsteady Heat Conduction

2) Semi-infinite solids (constant surface temperature)

1. Heat Conduction Equation

I.C. T(x,0) =T,

2 ’ a
aT _ aa_z B.C.1) T(0,t) = T,
o  Ox B.C.2) T(o0,t) =T,

2. Solution 2 Temperature distribution (profile)

T,—T

2 jz 2
=—| e % dz where, z =
Is =Ty +m 0

/

\

Solid

X
2Va x

Error f unction (Gauss Error Integration)

2 VA
erf(z) == j e 2’ dz
0

et erf(0) =0
erf(e0) =1

erfc(z) = 1 — erfc(oo)

erfc(0) =1
erfc(o0) =0

erfc(x)
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Chapter 10. Hear Transfer by Conduction

5. Unsteady Heat Conduction

3) Penetration depth, x,,

" P |
Distance from the surface at which the temperature change is 1% of 0K /f
the initial change in the surface change it
3 F? [
Fl.‘ | X181 Jlllrlllr
B~ | A
(I —'il/
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X
Z =
2Vat

erf(z) = 0.99atz = 1.82 - (zp)
ie.zp = == 1.82

X, = 3.64\/at
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5. Unsteady Heat Conduction

4) Total heat transferred, Qr

- xodt_HkA L
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| = :
[RD lIIII“'_..i
Ex. 10.7) o -
T, =5°C 48 hr. T =—-20°C eS Tc g 7
I LIy = J,l'r
a = 0.0011 m?/hr I il
il "‘I
||_Ii ' . I N .|_ — —
a) x|T=0°C =7 ) 0.5 [ B I 'x | :
z= _ZM fig. 10.10
Ts—T (=20)-0 X _
= erf(z)) = ———=0.8 = z|l=——]|=0091 From fig. 10.10
Ts—Ta( (2)) (—20) -5 < 2«/&)

= x =091 x 2vat = 0.91 X 2,/0.0011(m2/hr) x 48(hr) = 0.418 m

T,—T
Axp =7 T,

=099 5T =475C  %|

%, = 3.64/af = 3.641/0.0011(m?/hr) x 48(hr) = 0.836 m

Problems good to solve : (Probs.) 10.1, 10.2, 10.4, 10.5, 10.6, 10.7 and 10.10

.



