Let’s consider a typical F.8 Engi nes p

engine process...
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Now we’d like to analyze the engine cycle in more detail....

First, it’s common to draw in the isotherms representing the temperatures of the hot and cold sources:

And then we’d like to calculate....

The heat added to the gas by the hot temperature source, Q, during the cycle.

The heat subtracted by the cold temperature source, Q, during the cycle.

The work done on the piston by the gas, during the cycle: W

cycle

W
The efficiency of the engine, n: 5 = energy you get _ _oycle

~ energy you have to putin Q4

Note an important relationship between W ., Q,;, Qc, obtained from the
first law:

_Wgas(cycle) + Qcycle = AEcycle - _chcle + (QH _Qc) =0

— chcle = QH _QC

= area inside curve.

Ry

_~

J A :
D chcle B
) C
= <
Qe
T, isotherm

wtherm




p(kPa)

0.02
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Let’s say we have n = 1.2 mol of diatomic gas operating in an isometric/baric cycle
between 0.02m?3 and 0.05m3, and between reservoirs with temperature
T. = 300K and 900K respectively.

What are the pressures p,, p,, and the temperatures T,, T;?

NRT, _ (1.2)(8.31)(300)

D, = —15x10°Pa =150kPa
v, 0.02
1.2)(8.31)(900
p =R _MRT, _ A2XESVO0) _; g, 10°pa ~180kPa
Vv, 0.05
1.8x10°)(0.02
- o Q8A0)092) _ge0x
R (12)8.31)
1.5x10°)(0.05
1, =P _(@ox10)0%) 50,

nR (1.2)(8.31)



p(kPa)| T, = 360K F.8 Engi nes
180~ What’s W,, Q,,?
150 . W, = pAV Q,=W,+AE,
— (180x10%Pa)(0.05m* —0.02m?) W, %nRATA
. =400 _ 5400+ (1.2)(8.31)(900 — 360)
0.02 005 ™) 2
=18900]
What’s W;, Qg? What’s W, Q.? What’s W, Q,?
W, =0 W = pAV W, =0
= (150x10°Pa)(0.02m* —0.05m*)
= —4500]
Qs =W; +AE, Q. =W, +AE, Q, =W, +AE,
=W, +£nRATB =W, +£nRATC =W, +%nRATD
=0+ g (1.2)(8.31)(750 —900) = 4500+ g (1.2)(8.31)(300 — 750) =0+ g (1.2)(8.31)(360 —300)

=-3700J — _15800J =1500J
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What'’s the heat supplied to the gas during cycle?
QH = Z"'QIS

=18900J +1500J

=20400J

What’s the heat taken from the gas during cycle?

Q. =[2.-Q's
= \—3700\] —15800\]\
=19500J

What is the work done by the gas during cycle?
We,e =W, +Wg + W +W,

=5400J +0J —-4500J +0J

=900J
What is the efficiency of the engine?
W
p =m0 _ 6044 - 4.4%

Q,  20400J

How much heat must be supplied to raise 500kg beam 30m into air?
If the engine runs at 2 cycles/second, how long would this take?

_ W W, _ Mgh  (500)(9.8)(30)
n — Qy (total) — =

" Quora n n 0.044

~ 1s [ Wi 1s ) _((500)(9.8)(30) (1)
At = (#eycles) [ 2cyc|es} - [chc,e J(chcles) - ( 900 )(2)_ 81s

=3.3x10°J
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Now let’s consider why the efficiency was small, and what could be done to
T, augment it. To that end consider an arbitrary cycle and thermal reservoirs.

W Generally speaking, heat Q,, is extracted from the hot reservoir, into the gas:

Qc T The gas outputs work, W

’
c cycle

Then heat Qg is extracted from the gas into the cold reservoir:

The only laws that apply to any cycle are the 15t and 2" law. So what does the 15t law say about our cycle?
Applying it to the engine, we already concluded:

QH _QC :chcle
What does the 2" law say about our cycle? Let’s apply it to both the engine and the reservoirs:

+ AS

hot reservoir cold reservoir

| O_lr—Qmsim_ = AS 4 +AS

0+AS, L0, Qe

H TC
Q Q4o

T. T,

int.



QH o QC :chcle
& - Q—H - ASint
T. T,

F.8 Engines

Now let’s see what implications those two equations have for the efficiency n = chde/QH.
We’'ll use the equations to solve for Q;;, and plug it back into n.

QH _QC :chcle
+
W, . +TCAS,,
TC &_Q_H - Asi”t - _T_C QH :chCIe +TCASint — QH = yl : -
Tc TH | H ' _L
T Ty
QH _T_CQH =chcle +TCASint.
H
W, T 1
Plugging into the efficiency —— p= e — = (1— < ]
chcle +TCASint. TH 1+TCASint. /chcle
1-T. /T,
T
This implies the efficiency is maximized when AS;, =0, in which case we get: |7 = 1_T_
H

But what would such a cycle look like?
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There is only one process that strictly satisfies AS, , = 0.
* Isentropic process

But we cannot power an engine with only isentropic processes, because
then we could never add heat/energy. But there is another process which
can come close to satisfying AS, . = 0. Heat transfer between two objects at
unequal temperatures is an internal process which always increases S, but if
the two objects are at close to the same temperature, then the S increase
would be small. So what we want is a process where the temperature of the
gas remains very close to the temperatures of the reservoirs. So we need an ...

e |sothermal process if the gas is always held close to the
same temperature as the reservoir(s).

So the max efficiency cycle, called the Carnot cycle, looks like this:

A. isothermal expansion C. isothermal cooling

B. isentropic cooling D. isentropic heating



Let’s consider the Carnot process.... F-8 Engl nes
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Let’s consider a Carnot engine operating between the same two hot/cold reservoirs,
as our last engine. What is its efficiency?

p=1-1c 1300 _ 567679
00

Ty

How much heat must be supplied to raise 500kg beam 30m into air?

W Wew _MIN _ (500)9.8)30)  _ 519y)

— total total -
> — -
n QH (total)

B Qy (total) n n 0.67

as compared to 3300kJ, for the previous engine cycle.
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