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CONDUCTIVITY AND CONVECTION

Steady State
It is a condition where the flow of heat energy through a T,
specific medium remains steady. Area=A
In this scenario, where T1 > T2), heat flows from left to l
right, and q denotes the rate of heat flow. Throughout the m’
heat transfer process, the temperature at each point
evolves over time. Heat flow persists until both bodies
reach a uniform temperature.
This state is referred to as thermal equilibrium. In this stable condition, the temperature at any
given point within the medium remains constant over time. This signifies that the rate of
temperature change at any point within the medium is zero. Consequently, the heat arriving at that
point is effectively transferred to the next point in succession.
In a steady state, the temperature of a specific cross-sectional area within the medium remains
constant over time. This is in accordance with Fourier's law of heat conduction, which defines the
rate of heat transfer.
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Rate of heat transfer q= % = _kAE
Thermal conductivity k=-——
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Thermal resistance Ry = -

Combination of metallic slabs
Analogy between thermal resistance and electrical resistance
We are aware that the electric current is expressed as:

j=a_4v =k
1—t—Rand,R—pA . (D
The thermal current is given as follows:
i =9 ATy 2 AT
ir =3 =kAD) = - (2)
1L
Where Rr=-()
In the above equation,
p = Electrical resistivity k = Thermal conductivity of the material
R = Electrical resistance RT = Thermal resistance

By comparing equations (1) and (2), it becomes evident that R and Rr are similar terms.

Hence, we can depict the resistance presented by a metal slab to the flow of heat through it using
electrical resistances.

The diagram below illustrates a combination of metallic slabs alongside their counterparts
represented by a combination of resistors.
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Combination of Metallic Slabs

Series Parallel
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Series combination

In a series arrangement of slabs, there are n slabs with respective lengths L1, Lz... Ln and thermal
conductivities ki, kz... kn. These slabs are connected in series, as depicted in the figure.

q—]_.l—)- 1—L2—|— -] —
n

Heat is provided to the initial slab, and the temperatures at the interfaces are T1, Tz... Tn = 1, T
(where T1 > Tn). The heat flow remains consistent across all the slabs.
Since the heat current, g, remains constant, we can write it as follows:

_ T1-Tn
1= =93 =qn =9 =7
Req
q_AT
Req
_ T1-Ty
Req = :
Tno1-Tn , Tne2—Tn— T,-T
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Reg =Ry + Ry +-+ Ry

A0
9  q

This formula mirrors the series combination of resistors. Therefore, the equivalent thermal
resistance is determined by.
Lo e p e

Req = Keqh  KaA; | KAz T knAn
Litlototly _ Ly | Ly | Ly
KeqA KiA;  KpAp KnAp
If the cross-sectional areas of all the slabs are identical (A1 = Az = ... = An), then the equivalent
thermal conductivity is expressed as follows:
Keq = Ly+Lp+-+Ly

T, L, Lo
Rt TRy

Now, if the length of all the slabs are equal, then,
k ;1

eq ERPES
g
For the combination of two slabs, the same formula gets modified as follows:
_ 2kqky

€4 7 Kk, +k,

Ex. Two metallic slabs of the same area of cross section, length,
and thickness having thermal conductivities 300 Wm-1°C-1
and 200 Wm-1°C-1, respectively, are connected in a series
combination. Calculate the equivalent thermal conductivity
in terms of Wm-1°C-1,

(a) 240 (b) 360 (c) 250 (d) 275
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Sol. Given, A=A, =A
L,=L, =L
k, = 300Wm~?*°C™?!
k, = 200Wm~1°C™?
By using the equivalent thermal conductivity equation, we get the following.

w = 2kiky _ 2X300%200 _ 120000 _ 4 oar o1 001
ki+ky 3004200 500
Thus, option (A) is the correct answer.

Ex. The coefficient of thermal conductivity of copper is 100°C _ 8°C
nine times than that of steel. In the composite slab ' . I
shown in the figure, what will be the temperature at the o ‘;

i ion?

junction? & cm S om
(@) 77°C (b) 75°C

(c)67°C (d) 27 °C

Sol. Given, ke = 9kg
k¢ = Thermal conductivity of copper
kg = Thermal conductivity of steel
qc = Rate of heat transfer for copper
qs = Rate of heat transfer for composite steel

6="7

By using the concept of the rate of heat transfer,
dc = Qs
kC = 9ks

kc(100-0)  kg(6-8)

15 5
9kg(100-0) _ kg(6-8)

15 5
9(100-0) _ (6-8)

15 5
3(100-0) =0 —8
e=34£=77°c

Thus, option (A) is the correct answer.

Parallel Combination
In a parallel arrangement of slabs, the temperature change (AT) remains
constant across all the slabs. However, the heat flow varies among the
different slabs.
The total heat flow for the parallel arrangement of the slabs is expressed as.

Qnet = q1 tqz +--+0qn

(T1=T3) | (T1-Tp) (T1-Tp)
Onet = 1R1 2+ le Z 4.4 1Rn 2
(T1=Tz) _ (T1=Tp) | (T1-T>) (T1-Tp)
Req Ry R3 Rp
1 1 1 1
Rea R TR

The net thermal conductivity (keq) is given by,

Qpet =q1 gz + -+ qy
Quet = KyAy (T1£Tz) +k,A, (T1£T2) + o+ kA, (T1£T2)

(A1+Az++An)(T1-T2)

Also, Qnet = Keq .

Ky A;+kpAg+-+knAp
Keg =" — =+

Aq+Az+-+Ay
For the slabs having an equal area, we get the following:

Ay =A== Ay

_ kytkptotky

Keqg = =————
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Ex.

Sol.

Two dimensionally similar slabs A and B of different materials
are welded together, as shown in the figure, and their thermal
conductivities are ki and kz. What will be the thermal
conductivity of the composite slab?

T

L2

(a) (k1+k2) (b) 3(k1+k2) ‘_ C[ _>
2 2
(© (ky +k3) (d) 2(k; +kz)

Since both the slabs are identical in terms of dimensions, we get the following:
_ Kytkptotky
n

keq -
ki+k
k 1 2

eq 2
Thus, option (A) is the correct answer.



