Lecture 6
APril 15:2012

Heat Engines

Thermodgnamics
and
Egiciencg

Concepts:
Temperature T, Heat AQ, Specific heat C, Latent heat L, Pressure
Laws of Thermodynamics 0,1,2,3
Mixtures and resulting temperatures
Carnot Cycle for efficiency
Quality of Heat and 2nd law efficiencies



T scale: CeIsius, Kelvin and Fahrenheit
DECE*273 =32

VR =0T C/5=(F—32)/9
Ice at meIting temp at sea level = 00 C=27%° K=%2° F

Cautionarg note regarcIing conversion from F to C

C/5=(F-%2)/9 is used for However to convert teml:)erature
converting a gjiven temperature thCFerences) we should use
from one scale to another A G N
Fahrenheit
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Heat 1s written as AQ.
Here and everywherc A (Pronounced as delta) represents a change .e. a difference:
Whg cant we speak of Q7
Heat is energy in How (or motion), whereas we can speak of

energy itself as a characteristic of a state.

Example: A Piece of copper may be said to have
a total energy of 4.2 GJ but we cannot say it has
a heat content O{:] G calorie.

“Path depencﬂence” analogous to work done.



Heat capacit\g: and SPechCic Heat

When we add heat AQ to a materia], its temperature increases AT

lncomple’ce eqn

ANE) = ey (something}

C= heat cal:)acitg that differs from material to material.

o itsehc depends on the amount OF matter Present

G=oCs ANAe sPechCic heat)

C‘f

Coml:)lete eqn

cM

NC)—ic VAT

We will see tgpical numbers for c as kJ/kg O

e

ca[orics/gm e

Water has I”xighest speci‘

SPechCic heat ky/ (kgx CO) calories/ gmx C°
e G50 0.09%
Carbon (gr) 0712 0.169
Granite Qreil 0.195
Window Glass © Sik Chy
Water B 1.0
Corciete ORI Q2
Brick 0.84 0.20
Wet Earth 2} 0.50
Dry Earth 0.84 0.19

e heat (more than copper here)



Whatis T angway? (microscopic level)

T is definable from Maxwell Boltzmann thcorg of gascs/ lic]uicls

Thermal agitation. Here Boltzmann’s constant

makes its appearance.

Tr 2\

:3kB<U/

i

fogp el 3RS CAIE ST T

: http: / /www.chm.davidson.edu/vce/ kincticmolccularthcorg 3 basicconccpts.html



http://www.chm.davidson.edu/vce/kineticmoleculartheory/basicconcepts.html
http://www.chm.davidson.edu/vce/kineticmoleculartheory/basicconcepts.html

Problems
Relevant f‘ormula: Heat absorbed AQ=M x c x AT

i oA Piece of copper of weight 3 kg is heated up ]:)9 10CO Calculate the heat

oacike! specificheat  kJ/tkgxC®)  calories/gmx CO |
Solution: Cu 268 39 | 0.09%
(D AQ= Z‘(g X §l<~)/ (‘(g X CO> x 10CO =4 ‘(J Carbor? (gr) CEAIZ 0.169
Granite O824 0.195
Window Glass CES4 )
®(2) A floor made of concrete of weight I Tonne (metric) is Water =2 1.0
heated up ]39 the sun from 40 °F to 80°F in a dag. Calculate the Con?rete 092+ 0.22
heat absorbed. Use kJ and convertto Btu Brick 0.84 0.20
Wet Earth =1 10
Dry Earth 0.84 0.19

(2) Solution

Ca A= OSE 22C
- (b) AQ=1000 kgx0.924 kJ/ (kgx C9) x 22.22 CO=
' 205%%.3 kJ=20.5%% MJ

()1 J= 9.49x10~* Btu from tables. Hence
() AQ=1.95 x 10* Btu
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oth law of Thermodunamics

it Aand B arein (thermal) “equiiibrium” and
B and C are in “ec:]uiiibrium”

then A and C are in “equiiibrium”

A Equilibrium means Temperatures
B ec]ualizel!
A
&
B &
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First Law

Heat is energy and energy is conserved!!
AE = AQ + AW

We can increase the energy bg either working on a system
or ]:)3 aclding heat energy to it. Hence work done and heat

have identical units:

caloric 4.2

J = Newton meter Piston
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