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Natural gas:

Reasons tor OPtimism:
1) undiscovered resources

2) Methane is now more “tamed” lots of methane in coal beds
2)~1100 Tcf estimated left (used up 1000Tch)

Tuesday, April 12, 2011



Heat Engjnes
Thermodgnamics
and
L ife with Sadi Carnot

Energy eclui\/alents:

1 Gallon gas= 1.25x10? Btu

| Btu=.8x107 Gallon gas = I match stick

=778 Ft~Pouncls (lift up | Pouncl bg 778 ft! That is a lot)

But: / -
Usemcul energy content i1s muclﬂ less: Carmot eglcxencg

limits us in converting heat into energy. Entropic loss.
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Concepts:
Temperature T, Heat AQ, Speciﬁc heat C, Latent heat L, Pressure
Laws of Thermoclgnamics Ok
Mixtures and resulting temperatures
Carnot Cgcle for egiciencg
Qualitg of Heat and 2nd law eHiciencies

B - e, e R i T o e W ———— — —_e
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T scale: Celsius, Kelvin and Fahrenheit
DECE*273 =32

VR = CE 3 C/5=(F—32)/9
Ice at melting temP at sea level = 0° CEW5 K50

Heat 1s written as AQ.
Here and e\/ergwhcre A represents a change i.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 e ) "
a total energy of 4.2 GJ but we cannot say it has

a heat CORECHt oﬁ G calorie.

— _— = = — - —— —
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Heat capacit\g: and SPeciFic Heat

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

A=
C= heat ca]:)acitg that differs from material to material.

o itsehc depends on the amount omc matter Present

G=oCs ANAe sPechCic heat)

Speciﬁc heat ky/ (kgx CO) calories/ gmx C°
C'=cM Cu 0% | 0.09
Carbon (er) 61715 0.169
I VPl Granite 0.82 0.195
Window Glass 0.84 (I
Water 2P s )
We will see tgpical numbers for c as kJ/kg oAl o e T 0.924 022
or Brick 0.84 0.20
calories/gm C° Wet Earth 2.] 0.50
Dry Earth 0.84 0.19

ADDED NOTE: water indeed has highest “c” (more than copper here)
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Probl
LA Piece of copper of weight 2 kg is heated ulgcég lgglos Calculate the heat

Eﬁ)SC)FkNiCL

oA Hloor made of concrete of weight 1 Tonne (metric) is heated up bg the sun
Spechcic heat kJ/ (kgx CO) calories/ gm x C°

from 40 °F to 80°F in a clag. Calculate the heat absorbed. Use kJ and
: (&0 268 39 0.09%
b «convert to Btu

Heat absorbed= M x c x AT Carbon(gr) O./12 0.169
Relevant Formula: e dS 0.82 0.195

) Solu’cions: Window Glass @185 ©%

Water 2 &

- & @ SR,

Brick 0.84 0.20
2) Wet Earth 2.1 0.50
Dry Earth 0.84 0.19

(a) AT=40°F=22.22 C° (caution banana skin here.)
- (b) Q=1000 kg x0.924 kJ/(kgx C9) x22.22 CO=
- 1205%%.3 kJ=20.5%% MJ
()1 J= 9.49x10-* Btu from tables. Hence
() Q=19486 Btu
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T IR

Cautionarg note regarding conversion from F to C

C/5=(F-32) /9 is used for
Conver’cing a given teml:)erature

1Crom one scale {0, another

However to convert teml:)cratu re

Ch‘H:CréﬂCCS) we ShOUICl usc

AC /5=AF /9
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o th law of Thermoclgnamics

it Aand B arein “ec]uilibrium” and B and C are in “equilibrium” then A and C are in

“equlibrium”
A A

C

Equilibrium means Temperatures

equalize!!
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First Law

Heat is energy and energy is conserved!!

AE = AQ + AW

We can increase the energy ]39 either Working on a sgstem
or bg aclcling I’weat energy to it. Hence WOI”‘( clone ancl l’leat
have identical units:

Lealoric =54 22

J = Newton meter Piston

s DL
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Since energy is conserved, we have many

aPPlications of this idea.

Mixtures: two bodies with masses M1 and M2
are brought toge’ther with temperatures Ttand T2

what is the final temPerature’? @G E=T2)
]

%
AQq = Mici ATy Sl Ll
AQQ = MQCQATQ ATQ = Tf . T2
My + Macods

B TR
SR / Micy + Maey
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Mixing Problems and solution

A2 kg block of copper at 90CP s dumped into Zga”on bucket of water at 20 C°. What is the final temperature

: of the water?
, Answer: First convert 2 ga”ons = I AN itre =E 560 ety s weight is 7560 gm since clensitg s 1 gm/ cm?
" Next use the formula given in last slide.
g MiciTh + MacTs
Micy + Maco

In applgingthi&
Mi= Zkg; cl=27 |<J/!<g E SO ONCE COPPer
M2=7.56kg; c2= 4.2 kJ/kg CO; T2=20 CO Water

Note added:

In class used a wrong value of

c for copper and hence gota large change of
plepec = 2{e7C? temperature. In fact2 kg copper makes very little

difference to the final temperature.
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