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Recap: The Three Mechanisms of Heat Transfer

Conduction

Energy transport by atomic/molecular
interactions due to a temperature
difference

Fourier's law of conduction:

One-dimensional:

, dT
Gx =4 dx

: dT
0=

Convective Heat Transfer

In a flowing fluid, energy is
transported by the macroscopic
motion of the fluid; always
accompanied by energy transport
through conduction

Heat transfer between a solid wall

and a flowing fluid:

qw = a (Ty — Too)

Q= aA(Tw_Too)

Thermal Radiation

Energy transport by electromagnetic
waves

Stefan-Boltzmann law:

For a black body:

qb =0 T4

For a grey body:

g=eco T*

Radiation exchange between two

arey bodies with Ty > T, :

q=o0 Fp (T14 - T24)
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Introduction to Overall Heat Transfer

—| St S |
Example: Zil:tdoor ) indoor
Heat transferthrough a air
multilayer building wall T,

Tua |

Qka
—>

convective heat transfer conduc- conduc- convectiver heat transfer
tion tion

-> Series combination of convective and conductive heat transfer processes:
overall heat transfer (Warmedurchgang)
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Heat Conduction and Convection

Heat conduction XXXXXXXX Heat convection

One-dimensional T Gw = a (T, — Ts)

. 1 dT

qx = —A 7= .

" dx 0 = aA(T, —Ts)
| (T, — Ty)

qgx = —A

S

_ A
dx =E (T, — T3)

. A
Q=;A(T1_T2)

XXXXXXXX



Universitat
Bremen

Analogy Between Thermal and Electrical Resistance

Heat conduction Electrical engineering
: 1A AA 1
Q =— [ —T) =|—|AT a) [ =-|U
S S R
Q: heat flow rate (Warmestrom) &) . electric current
AT: temperature difference @) U: voltage
1A . : 1 . . :
T: reciprocal of thermal resistance < = reciprocal of electrical resistance

S

- thermal resistance Ry, = T2
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Analogy Between Thermal and Electrical Resistance
Resistances in Series

Rges — Rl +R2 +R3

Resistances in Parallel

=
|
_|_
_|_
>

ges Rl RZ RB
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Overall Heat Transfer

outdoor

Overall heat transfer (Warmedurchgang): air iar;f"‘”
Q=[kA (T, —Tr) <) 1=%U T
k . Overall heat transfer coefficient
(Warmedurchgangskoeffizient) ék Tx
Unit: [k] = W/(m2K) —
—
Qki
— R, H R, Ry [ Rs —
Thermal resistances in series (Reihenschaltung):
Ringes = Rin1 + Repo + Rens + Reng
Rep ooe = —— = Rup 1 + Ry + Ry g + Ryp g = —— 4 —1— 4 2 !
th,ges - kA - th,l th,2 th,3 th,4 - aa Aa Al Am1 AZ Am2




