Heat transfer mechanisms

Select LEARNING OBJECTIVES:

e Understand there are three mechanisms by which thermal energy can be transferred as heat.

¢ Understand that all objects, everywhere, are constantly radiating (just maybe not in the visible spectrum
so we don't notice it).

¢ |dentify prevalent heat transfer mechanisms in systems.

e Giancoli (Physics Principles with Applications 7t") :: 14-6, 14-7, 14-8
* Knight (College Physics : A strategic approach 3) :: 12.8
¢ BoxSand :: Conduction, Convection, and Radiation

WARM UP: A metal at 300 °Cis placed into a glass beaker filled with water initially at 80 °C. The system isin
an oven at 100 °C. Would you use calorimetry to find the final temperature of the water after the metal is
placed into the 80 °C water?
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Recall that heat is the general term we use for describing the different mechanisms for transferring thermal energy

between systems. This lecture will explore the 3 different mechanisms of heat transfer; conduction, convection,
and radiation.

Conduction
Microscopic model (solid) Descriptive model
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molecules on the cold side. This
motional energy propagates through the
material via collisions with adjacent
molecules. Basically, one vibrates the
next which vibrates the next and so on.
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https://boxsand.physics.oregonstate.edu/ph202/thermodynamics/conduction-convection-and-radiation-fundamentals

PRACTICE: A glass pane in a window has dimensions 2.0 m by 1.5 m and is 4.0 mm thick. The outside
temperature is 0 °C, and the inside temperature is 20 °C. How much energy is lost in one hour? Ignore
radiation effects. The glass has a thermal conductivity of 0.84 J/(m s K)
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Assume 25% of the heat could be transferred into lifting a 1 kg object upward. How high could
that object be lifted in an hour?
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PRACTICE: Aniron skillet (c=4481/(kgK); k=801J/(msK)), glass casserole dish (c=837J/(kgK) ; k=
0.8J/(m s K)), and a silveringot ( ¢ =235 J/(kg K) ; k =420 J/(m s K) ) are all equal masses and have been
in an oven at 120 °C for some time. Rank each object based on the time it will take to burn you

significantly if you touch them.
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If they are all put into separate equal baths of 10 °C water, rank each object based on the final

temperature.
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Convection

Microscopic model (gas) Descriptive model
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H : ® @ @ ' Faster moving "hot" molecules move
: @ ® ,' to the slower moving "cold" side,
, ® | increasing the average translational
. @ ® ! kinetic energy of the cold side thus
! I raising the temperature. This action

may cause "cold" molecules to be
pushed to the hot side, creating
convection currents.

Pictorial representation Math model

'V\ Coupled partial differential equations...
...complicated...
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Radiation

Microscopic model Descriptive model

Radiation is energy transfer via

Radiation does not require the
electromagnetic radiation.

presence of matter to act as the
medium to transfer energy from
hotter locations to colder locations.

Physical representation Math model
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PRACTICE: AT is the same in both Celsius and Kelvin temperature scales. (To*-T*) is also the same in

both scales.
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PRACIICE: Al IS the same In both Lelsius and Kelvin temperature scales. (10" - 17 ) 1S also the same In

both scales.
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PRACTICE: The sun continuously radiates energy into space, some of which is intercepted by the earth.
The average temperature of the earth remains about 300 K. Why doesn't the earth's temperature rise
as it intercepts the sun's energy? (Ignore any global climate change effects).
(a) The earth reflects all the sun's Iight.’”hﬁJ NO Gae g 0y Our Dok pamate Thos T

The earth radiates an amount of energy into space equal to the amount it receives.
(c) The energy only raises the temperature of the upper atmosphere and never reaches the surface.
(d) The thermal conductivity of earth is low.
(e) The heat is carried away from the earth by convection currents
(f) The earth conducts the incident heat away into space.
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PRACTICE: An oven is maintained at 700 K. A hot metal ball is cooling down as it hangs inside the oven.
When the temperature of the ball is 900 K, it is losing heat at a rate of 0.10 J/min. At what rate will the
ball lose heat when the ball reaches 800 K? Assume that the emissivity of the ball does not change
appreciably within this temperature range.
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PRACTICE: Which heat transfer mechanism is most prevalent in a solid?

@ Conduction i
(b) Convection
(c) Radiation E

PRACTICE: Which heat transfer mechanism is most prevalent in a gas?

(a) Conduction 4/
@ Convection
(c) Radiation

To make a gas use more of the conduction mechanism to transfer heat, what might you do to the gas?
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Questions for discussion:

(1) The space between the inner walls of a thermos bottle is evacuated to minimize which heat
transfer mechanisms?

(2) The interior of a thermos bottle is silvered (reflective) to minimize which heat transfer
mechanism?

(3) Istouch an accurate measure of temperature? Explain your answer. Also, provide an example of
an experiment you could do that supports your answer.



