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CONDUCTION

(Needs medium, Temperature gradient)
T4>T, T,

[
-

qJ?

RATE:
q(W) or (J/s) (heat flow per unit time)

32
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Conduction
(contd...)

§ Rate equations (1D conduction):

A 0 Differential Form
q=-kAdT/dx, W
q T, k = Thermal Conductivity, W/mK
A = Cross-sectional Area. m?
T = Temperature, K or °C
x = Heat flow path. m
1 Daifference Form
q=-kA(M-T)/ (% —xy)

T

Heat flux: " =q/A=-kdT/dx (W/m?)

(negative sign denotes heat transfer in the direction of

decreasing temperature) o Sl
o Sy Culs 4 slY IS )l ol
oot (el Sl 3) Les SYEST 315,35 e

b dsp S plpaY db g
q=-*.grad T 33

Thermal

Wim.K) " conductivity
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Conduction

et ol Calas oo S
e ~£.-_ el < L_{;'q,..p_":g" "-,| a5 __é.'_ﬂ):.s- l_.JI9:

A KD) , Thermal cre— (Dl <Jls 3) Lea DS S 5,55 .

conductivity :
125 A s Se ol Y Bl o

q=- 7 .grad T
Ls.’)v_b.w LS'.;JT}" Cu&slia
Jaay s b &6 pe oyl s mle cllls
S Ll
(ol b o) o b a¥ S jl me

Thermal _
resistance 295 O J1 s bl (G0 Ul
R = (T-To)/q

J'_‘.jv'_g Lﬂ JE S d el L i_s].-,ﬁ__._"}’ 3yse 42

bl b Jed Ay b geml el R

m’ K/W R

R=d/i
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Conduction

JJ.IMIPR ERIU’.AJLSL‘L’I.J IaMJM@Lﬁ&%Y@Jﬁm&m

_._"R (dI )+ (d mg) F o ()

dl R1 dn
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CONVECTION

moving fluid -

¢+ Energy transferred by diffusion + bulk motion of fluid
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Rate equation

(convection)
U, , Y Vs ” VI
7 uly) g T(y)
TS

Heat transfer rate q=hA(T-T ) W
Heat flux " =h( T-T ) W/m?

h=heat transfer co-efficient (W /m?K)

not a fluid property alone, but also depends on flow
geometry, nature of flow (laminar/turbulent),
thermodynamics properties etc.

e g 3 Oyl Il o b
Surface

/ . SME 4 e Sl e Gad s
W/(m”.K) h coefficient of ‘-‘I
heat transfer | ° 255 e sl g e aw Lo
Sl s
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Convection
(contd...)

-\
Free or natural

convection (induced by
buoyancy forces) May occur with
> phase change

(boiling,
condensation)

convection

Forced convection
(induced by external
means) J
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Convection (contd...)

Typical values of h (W/m?’K)

Free convection gases: 2 - 25

liquud: 50 -100

Forced convection gases: 25 - 250
liquid: 50 - 20,000
Boiling/Condensation 2500 -100.000
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RADIATION

m{_ T,

RATE:
q(W) or (J/s) Heat flow per unit time.

Flux : q” (W/m?)
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Rate equations
(Radiation)

RADIATION:

Heat Transfer by electro-magnetic waves or photons( no
medium required. )

Emuissive power of a surface (energy released per unit area):

E=ecT.4 (W/ m2)

&= emissivity (property)........

c=Stefan-Boltzmann constant
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Rate equations
(Contd....)

Radiation exchange between a large surface and
surrounding

Q”. .= eo(TAT Y W/ m?
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