Announcements

1. 3rdexam
Redo due Thursday, Dec. 4t
Presentations for Exam 3 (or 1 or 2) ??7?
If ?? when?? how many??
2. Final exam, Wednesday, Dec. 10t
Extra problem solving sessions??
If ?? when?? how many??
3. Physics colloquium Thursday, Dec. 4" at 4 PM

Professor Scott Wollenwebber, WFU School of Medicine -- ""Positron Emission
Tomoqgraphy: From Basic Physics to Functional Images'"

4. Today’s lecture — analysis of thermodynamic processes
Efficiency of a thermodynamic process
Carnot, Otto, Diesel processes
Notion of entropy
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Review of thermodynamic 1deas
“First law” of thermodynamics: AE, .= Q-W
For an 1deal gas: PV =nRT

R C
AE = o where: y = C—P
’Y-
Special cases: Isovolumctrlc (V= constant) >W=0 !
Isobaric (P=constant)=» C, = ﬁ

Isothermal process (T=constant) =»AE. =0
\ \
= deV =NRT In| — |=PBV; In| —
VI Vi
Adiabatic process (Q=0)
RV," =PV/ TiViy_l :TfoY_1
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Examples process by an 1deal gas:
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A—>B B—C C-D D—A
Vi(P; —PR) P (Vi =V) -V, (P P (Vs -V)

v-1 v-1 v-1 v-1
W 0 P(V-V) 0 -Pi(VeVY)
AE; | Vi(Pi-PR) P (V¢ =V) -V, (P -P(Vi -V))

v-1 v-1 v-1 v-1

Efficiency as an engine:
€= Wnet/ Qinput
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Otto cycle:

Spark plug

: & v = % | == Exhaust

(a) Intake (b) Compression (¢) Spark (d) Power (e) Exhaust
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Otto cycle:
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P Otto cycle

Adiabati Qa0
iabatic 3
¢ processes Q.. A,
v—1
Qcp=0
Q, ’ N CD
B _—Vi(F = Py)
| Q. Qpa=
! y—1
() i A
: : PaVY” = PgVy;
|
I l Vv PoVy = RV
Vs V
- Qac +Qoa :1+%:1_V1(PD —Pa)
Qg Qg V,(Fc —Fg)

Example: r=5, =1.4
e=0.475
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Diesel cycle

Adiabatic
processes

VE =V V¢ i=V,4

Example: V/V =5, V V=15, =1.4 e=0.558

12/2/2003

PHY 113 -- Lecture 21



Stirling engine

10; A—B B—C C—D DA
5 Q nRThln[://ij —nR(;“_;TC) —nRTcln\\;:) nR(I“_;TC)
5 W | nRT, mwij 0 _NRT, In \\;f) 0

] AE,. |0 MR, -T) |0 PR(T, _T.)
- y-1 y—1

25 Example:

T,=3T, Vg=V~=5V =5V, v=1.3
I T ) YAV B
o= T W PRT, In(vy /v, )+ "RUn—Te)

Que +Qoa v—1

€y, = 66.7%
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Carnot process

A—B

Isothermal
expansion

(a) Energy reservoir at T),

D= A B—C

Adiabatic Cycle Adiabatic
compression : expansion

Q=10 Q=0

""""" b
C—D ™
Isothermal
compression

(c} Energy reservoir at T,
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Carnot cycle

A—B B—C

nRT, 1n£VBj 0
VA

nR(T, —T,
W | oRT, In| V& AR, =Te)
A y-1
AE,. |0 _NR(T, - T,)
v—1
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Carnot cycle
4
Va A 3 T]I =500K
Qpc=0 E \
V 2
Vp 1
Qpa=0 ¢
0
T 0.00 0.01 0.02 0.03 0.04
e:QAB+QCD:1__C - V(m)
Qas Ty
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Examples

Efficiency of a Carnot engine operating between the
temperatures of T ,=0°C and T,=100°C:

273.15
73.15

e=1 =26.8%

=» For a Carnot engine, it is clear that we cannot achieve e=100%;
not possible to completely transform heat into work. It 1s possible
to show that the Carnot engine 1s the most efficient that one can
construct between the two operating temperatures T and T,.
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Carnot cycle for cooling and heating

“coefficient of performance™
COP heat1ng_|Qh/ W| / (Th_Tc)

COPcooling:|Qc/ W|:Tc/ (Th_Tc)
o Tf.r.

Example: Suppose that on a cold
winter day, a heat pump has a
compressor which brings outdoor
air at T .=-3°C into a room at

T,=22°C. What 1s the COP?
COP=295.15/25=11.8

V
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More about Carnot cycle

P V V
=nRT, In| & = —nRT. In| &
o emmnl) oo
Notice that :
~ T Qh _|_Qc :|Qh |_|Qc|:0
' Th Tc Th Tc
V
Vv A
Define entropy :
Spg = T Va
A
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Carnot cycle shown 1n a T-S diagram:

Qy
a b
©
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c 4 \ 5
oD} w2
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% o ® 1y, -
— d %
QL
Entropy $ 0 Volume
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Other examples of entropy calculations:

Ideal gas:
Isovolumetric process Isobaric process:
dQ =nC, dT = —dT dQ = nC,odT = "™ g7
y -1 y -1
B B
g MR pdT _ R h{TB] S:ynRde:yann(TB]
y—1aT vy-1 A y=1aT y—=1 \T,

Melting of solid having mass m and latent heat L at
melting temperature T,,:

m
S:demsz
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Peer instruction guestion:

Consider the “square cycle” shown below. What can you say
about the entropy change in each cycle:

2
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(A)Sppcpa=0
15
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i (C) Sapcpa< 0
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Vi ! V;
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Onhne Quz for Lecture 21
Entropy -- Dec. 2, 2003

Suppose that you have 1 kg of ice at temperature 273.16 K. What
would be the change in entropy 1f the 1ce were completely melted
to water at 273.16 K7

(a) 1.219 J/K (b) 1219 J/K (¢) 333000 J/K (d) 2256000 J/K
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4. Hrwe 21 F 023 [52279) A Carnot engine operates between 226°C and 126°C, absorbing 6.30 x 10*7 per
cycle at the higher temperature.

(a) What 1s the efficiency of the engine?

[1] %
(b) How much work per cycle is this engine capable of performing?
[1] J
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£. HRWE 21.P.045. [52282] An mventor claims to have mvented four engines, each of wlich operates between constant-temperature
reservolrs at 400 and 300 K. Data on each engine, per cycle of operation, are:

engine A, Oy =2007, OL=-1757, and W=40T,
engine B, On =500 T, 01 =-200 T, and =400 T:
engine C, On = 6007, QL = -200 7, and =400 T;
engine D, Oy =1007, 0L =-90T and W=10T

Of the first and second laws of thermodynamics, which (if etther) does each engine wiolate”

engine £ engme
T both  neither
" neither  zecond law
 second law  first law
 first law [1] | C hoth [1]
engine B Efgite D.r-
T second law both
 hoth  first law
 first law  zecond law
 neither [1]  neither [1]
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5. Hrwi 21 P.029. [52280) One mole of an ideal monatomic gas is taken through the cycle shown in Fig, 21-24. -
Assume that p = 2pg, V=2V, po = 1.03 x 10° Pa, and Vg = 0.0227 m’.

Pressure

Volume
Figure 21-24.

(a) Calculate the work done during the cycle.
[1] [2340]7
(b) Calculate the energy added during stroke abc.
[1] [15200] 7 .
(¢) Calculate the efficiency of the cycle.
[ 1] [15.4]%

(d) What iz the efficiency of an ideal engine operating between the highest and lowest
temperatures that occur in the cycle?

L1 [751%
How does this compare to the efficiency calculated in (c)?

‘ £l
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