4.2.2 Initial and Boundary Conditions

Temperature distribution
within a solid

Heat Diffusion Equation/
Governing Equation

Conduction Equation/ Solution >

02T 10T We need
| > T(x,1)

9x2  adt
Two boundary conditions
One initial condition
dzT We need
pr > T(x)

Two boundary conditions only
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4.2.2 Initial and Boundary Conditions

2.2. Boundary and initial conditions

Initial condition:
Temperature in the medium at t=0: T(x,0), T(r,0)

Boundary conditions:

» Thermal conditions at the boundaries of the medium
» BCs are of various types

(1) Temperature BC—1st kind
(2) Heat flux BC—2"d kind
(3) Convection BC—3 kind
(4) Interface BC
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4.2.2 Initial and Boundary Conditions

st ki
(1) Temperature BC—1st kind o L
T(0,t)=T,=150 150°C T(x, 1) 70°C
T(L’ t) = 7-2 =70 e ¢ >
L X

Mathematical formulation is given by:

’T 10T

Z T3 for 0<x<L, t>0
T=150 at x=0

T=70 at x=L

T =F(x) att=0,0<x<L
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4.2.2 Initial and Boundary Conditions

(2) Heat Flux BC—2" kind

Values of q, and g, are known.

aT(0,t)
ax - qO
oT(L,t)
dx 't

Mathematical formulation is given by:

17 Nov 2018

o _ 1ot
ax2  a dt
oT
'—kgg-QO
'_k5;==QL

T =F(x)

...... for O<x<L, t>0

at x=0

at x=L
att=0, 0<x<L
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4.2.2 Initial and Boundary Conditions

(2) Heat Flux BC—2" kind
e

Insulation
Insulated boundary

T(x, 1)

60°C

Mathematical formulation is given by:

*T 10T

ﬁ = ;E ...... for O<x<L, t>0
or _ 0 at x=0

dx

T =60 at x=L

T = F(x) att=0, 0<x<L
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4.2.2 Initial and Boundary Conditions

(2) Heat Flux BC—2"d kind

Thermal symmetry

Mathematical formulation is given by:

A*T 19T
ﬁ = ;E ...... for O<x<L, t>0
T _ at x=L/2
ox
L7 at x=L
.7 att=0, 0<x<L
17 Nov 2018
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4.2.2 Initial and Boundary Conditions

(3) Convection BC—3"4 kind Convection | Conduction ;
: | ; L,
T.,

. L T\0. :
Mathematical formulation is given by: T, - T0. D] =0 éx !
Conduction | Convection
’T 10T h
— === ... for O<x<L, t>0 Txl, ) m—)
ax a Ot JdT(L, 1)
k=D LT,
ox E =
oT B _ «
-ka + T =T at x=0 1 tL x

oT
ka + hzT — hZTOCZ at X=L

.7 att=0,0<x<L
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4.2.2 Initial and Boundary Conditions

Interface

(4) Interface BC Material '/ Material
A B

T, (g 1) = Tyl )

Ta(Xo, t) = Tg(Xp, £)

TA(X, l') TB(X, )

Conducti Conducti
_k 8TA(x0,t) _ i aTB(on) onduction | Conduction
A a - B a
X X o dT (X, 1) _ ITy(x, 1)
A ox B ox
Oe Txo QL -

If the perfect contact is not maintained,
» Contact conductance h, is important
» q=h(Ty—Tp) atx
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4.2.3 Steady Heat Conduction

4.2.3

Steady Heat Conduction

4.2.3.1 | Solutions to 1D-SS HC problems

4.2.3.2 | Thermal resistances

4.2.3.3 | R-values of Insulation

4.2.3.4 | Critical thickness of insulation

4.2.3.5 | Thermal Analysis of fins

General Assumptions:

17 Nov 2018

1. One dimensional heat flow: Heat flows in
x-direction or r-direction only

2. Steady state condition existség—: =0

3. lIsotropic & homogeneous solids:
K, p, ¢ are constant
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4.2.3 Steady Heat Conduction

For one dimensional (1D) homogeneous, isotropic solids
without heat generation:

Coordinate Governing Equation | Governing Equation

System (Transient) (Steady State )
Cartesian 0°T 10T d*T
9x2  aat dx?z

Cylindrical 10/ T\ 10T d ( dT\ 0
ror\' or) " aot dar\"dr)”

Spherical 10(,0T\ 10T d(,dT\ 0
Zor\| or) aat ar\' dr)”

k = Thermal conductivity, W/m.K
a - Thermal diffusivity = k/pc, m?/s
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4.2.3 Steady Heat Conduction

EP#2.1 Heat Conduction in the Base Plate of an Iron
(Cengel et al Example 2-12)

Consider the base plate of a 1200-W household iron that has a thickness of L=0.5 cm, base area of
A=300 cm?, and thermal conductivity of k=15 W/m°C. The inner surface of the base plate is subjected
to uniform heat flux generated by the resistance heaters inside, and the outer surface loses heat to
the surroundings at T=20°C by convection. Taking the convection heat transfer coefficient to be h=80
W/m?°C and disregarding heat loss by radiation, obtain an expression for the variation of
temperature in the base plate, and evaluate the temperatures at the inner and the outer surfaces

Resistance heater
1200 W

Insulation

™ Base plate

P 300 ¢cm?

T,=20°C

cC
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EP#2.1 (Soln)
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