Lecture 8
April 21, 2011

Chap’cer Il of RK Heat Engjnes
Ist Law of Thermodgnamics: AU = AQ + AW

Klest ancl Wor‘< are on the same Footing

Converting heat into useful work is on19 Possible i) “Lossg” fashion- we lose some heat to unwanted waste.

Lot energyﬁftkigss zystem Q006 Thor | O
Heat Engine <V> V\iork OUtPUt
Efficiency = QHOtQ;?COld x 100% W = Quot — Qcold
- Tooa | Cold Bink
Efficiency(Carnot) = Hot = 1cold x 100%

TH ot
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Heat PumlozRe]Crigerator

= Heat Engjne Run backwards

Coefticient of Performance:

COP

L QHot
e L)

Outside temperaturc of room contai ning the r@crigerator

THot Hot Reservoir
Heat Pump -
Teoold Cold Reservoir

=S e ——

Warm bCCII"OOITl iﬂSiClC l"IOUSC

QHot

Work inl:)ut

Cold outside air in winter

e — P - e

W= 0wttt C) ot

QCold

Cold milk in re?rigerator

x 100%

Often COP>500% or 600%

Remarkable fact is that

W < Qyyo, 1.€. we are getting
Q. amount of heat although Putting In

onlg W bg our external agencies.

Goocl altemati\/e to sPace heaters.
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Soleus Air 080

BTU Portable Air http: / /home.howstuttworks.com/home-

‘ "::::::,, 1 Conditioner / Heat
Pump with HEPA improvement,/ heatxnig;-a nd~coo|m,9;/ heat-
Filtration d ¥ o2
pumpl htm

$589.00/EA-Each
Bree SHPPing

A simple stglizecl cliagram of a heat pump's Val:)or~compression re?rigeration
§ cgcle: 1) condenser, 2) expansion valve, 3) evaporator, 4) compressor.

Heat Exchangers
The wor\dng Huicl, in its gaseous state, 1s Pressurizecl and circulated through
:rthe sgstem bg a COmpPressor. On the clischarge side of the compressor, the

Now hot and highlg Pressurizecl gas is cooled in a heat exc:hanger, called a

.condenser, until it condenses into a high pressure, moderate temperature
quuid. The condensed remcrigerant then passes tlﬁrough a Pressure~|owering
*devic:e like an expansion valve, caPi”arg tube, or Possiblg a work~extracting

ClCVICC such as a turbine. This device then passes the low pressure, (almost)

llqwcl relcrlgerant to anotlﬁer hcat exclﬁanger the evaporator where the

reFrlgerant eval:)orates into a gas via heat absorptlon Tlﬂe rcFr!gerant tlﬁen

returns to the compressor and the cgcle IS repeatecl

e o e e —— i . — e o S— — e e — = B e e e T —_— el - W
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| atent heat issues:

]:reon NCCCl to
AQ<O L
evaporates supply heat
r
Frcon AO>0 warms the
condenses neighbourhoo

Freon has a latent heat of va[:)orization 159 kJ/ kg
Boiling Point = <29 759C hence very convenient.
It is also very ComPressible.
Clean air act has issues with this gas and itisno longer acceptable, however it

llustrates the Principle well.

— — = = — -
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Condenses to a Liquid Liquid cools under exPansion/ valve

1 xqwcl vaporlzes and
= .:" orbs heat from cold

T THot Hot gas cools in the he, é ’J

warmi 4' T I Gt

reservoir.

G

e

\apor is comPressec] and generates

heat

\ Gas
ﬂ
\\ This is a schematic PV

Toald & GLeE

The green curves are adiabatic

f_ancl the Purple ones are \/
: lSOtherma}Vo’te that the curves in the A cl!agram represent a ComPosxte Process

Thls IS a ClOSCCl FCVCFSI!:)lC curve ancl hCﬂCC a thermal Pump QL reFrlgerator

Its eglcxencg wn” be tha’c o1C the Carnot cgcle between the two teml:)eratures Losses will

e — S e — R el el

S —— S —

"‘make it worse.

T W ——
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Here and in next slide we will omit multiplging bﬂ 100

SO these are not Percentages but {:ractions instead

Coetticient of Peﬁcormance of heat pump

~ Heat conveyed to higher level

e Work done

Qu QH

RS e AT °.'77:TH—TL

Egiciencg of a reFrigerator

i  Heat removed from the Fridge

b= Work done

L QL
T Qu-Qu
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5ummar9:

Given Ty and T, we may define three functions

Heat Engjne Egiciencg Gl S e e
Refrigerator IR = A

Heat pump COP=iiakamT

COP= coefficient of Per{:ormancc
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b7 — 20° ¢ = 203° K

T, =-5"C=268" K

25

NHeat Engine — @ = .085

— — _— = = — - s —

Example:

T/Re frigerator —

2
3 = 0=7
25

NHeat Pump —

293
———= I
25
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Second law efficiencies:

Carnot Cgiciencg refers to an ideal reversible engine, in realitg we must deal with
losses, friction etc. Hence it is useful to define a second law egiciencg of an engine
as;

second law egiciencgz

first law @Cﬁciencg/ Garnet @Cﬁciencg for best process for

3 % task
T'First Law L= CW
T)Second Law = NCarmor w = Available work
\ J W =G0y —-Uc
DR IS S ey | osses make c<I

Read this from right to left

W 3 W/QH TICarnot

w
i) nS:C:—
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Heat Engine

TR0 i

Iw W
NNFirst Law — W e — =
Qn Qr

Bl S v R AR B K LR
TlSecond Law — e
TIC arnot
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Rewcrigerétor

i arnol sr W = C W, C > 1

%74
w= work done on the Friclge
L W= work done bg the best Possible
"IFirst Law = e machine (Carnot {:riclge)
NFirst Law
NSecond Law —
: TICarnot Qr/w Jicns=]
"Second Law — == B et
O e S e

Hence second law egiciencg alwags gives us the rea Picture:

How are we cloing relative to the best Possible Pemcormance.
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Water heatin First Law
, & Second law eﬁ:iciencg

Electric )]
Ols

Gas Ly
029

SPace Heating First law Second

At room .6 .028
At Furnace V) TS
Airconclitioning L) S

PEER 153 Practical unit often found in ac ads.

What is an energy efficiency rating?

Each air conditioner has an energy efficiency rating that
lists how many BTU's per hour are used for each watt of

power it draws. For room air conditioners, this rating is the

- Energy Efficiency Ratio, or EER. F

The NewAir AC-10000E is one of our
most popular portable air conditioners
because of its power, compact size and
price. This 10,000 BTU AC easily cools
down areas up to 250 square feet and
comes with a remote, timer and air filter.
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A Heat Storage device from Granite

When water in Panel reaches S pump it througlﬂ rock at bottom.

Solar Panel with water

Home

Water poe
Granite slab

Problem: How big should the granite slab be, so that it can

store enough energy (@) heat the house 1Cor a whole month’:’

Answer: Granite slab is aPleg 18t x18ft S, bt

= = =
S PF = — P————— =y o o mm _— - ——
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A whole month of hea’cing is estimated to be about 24 kwh/ clag X 50=720 kwh
Assume house is maintained at 15°C (= 59°F).

Heat stored in the rock:
m= (unknown) mass of granite,

AQ = CmAT GHits sPechCic heat=820 J/kG/K

Heat rec]uired, as guessecl from electricit9 consumption data

AOQ = T20kWh =T20 x 3.6 x 10°J

gt 3 6.2 108
820 x3.5x 103

m ~ 100, 000kG next we use the clensitg of granite

p = 2750kG /m?°

i V =36m> =6 x6x 1m°
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