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NEWCOMEN ATMOSPHERIC ENGINE
Ford Museum, 1760

14 strokes/min

atmospheric
pressure
i/l \ '
72 in
+ F stroke 15 psia (213 F)
assume | T
36inusable B8 | L 80 F (50745 psia)
— M= water v
15 psia _
steam |* 281n ’
F=pxA=(14.7 psia—.50745 psia)x 1x14% in* =8739.11bs
W = Fxd =8739.1lbs x (36/12) ft = 26,217 ft Ib/ stroke
Power = 26217, 110,14 SIOKES _ 567 43 TLID
stroke min min
Power = 367.0431t Ib/mlr_1 =11.12 HP or 8.29 kw
33,000 hp/ft Ib/min
2 3 3
M = Xxstrokes -| I X1_4 3X 63 ft x14 stro_kes /26.297]l =13.51b/min
\Y; 1718 in°/ft® ) stroke min Ib



Kelvin Planck Statement of the Second Law

It is impossible to construct an engine which, operating in a cycle, will produce no

other effect than the extraction of heat from a single reservoir and the performance of an
equivalent amount of work.

Clausius Statement of the Second Law

It is impossible to have a system operating in a cycle which transfers

heat from a cooler to a hotter body without work being done on the
system by the surroundings

‘Warm environment

Required
input
net out net in
5%9 /

Desired
output

High-temperature reservoir at Ty >Ty
at TH

L

Low-temperature reservoir Cold refrigerated
at Ty space at T

Reversible Heat Engine Reversible Refrigerator



Carnot Power Cycle

Reversible constant temperature heat transfer,
High-temperature reservoir process 1o 2’ process 334
at Ty : : . :
Reversible adiabatic expansion,

S process 2 — 3,process 4 —1
ﬂ_h.\ Wnet, out P ‘.
g
O,

Low-temperature reservoir
at TL

Desired Effect = W

Efficiency = . =
Required Input Q

in

r] _ QH _QL
CYCLE QH




Carnot Refrigeration Cycle

Reversible constant temperature heat transfer,
: process 4 —1, process 2 — 3
‘Warm environment
Ul Reversible adiabaticexpansion,

process 1— 2, process 3— 4
input

‘\ net in
P
Desired
output

L

Cold refrigerated
space at T

Desired Effect
Required Input

Coefficient of Performance =

Q Q

COPrefrigerator = Q _LQ N V\I/_
H L

COP -

heat pump ~—
QH _QL W




Carnot Principles

1. No engine operating between two heat reservoirs, each having a fixed
temperature, can be more efficient than a reversible engine operating
between the same reservoirs.

r]actual < n Carnot

2. All reversible engines operating between two heat reservoirs, each
having its own fixed temperature, have the same efficiency.

3. The efficiency of any reversible engine operating between two
reservoirs is independent of the nature of the working fluid and depends
only on the temperature of the reservoirs.

4. An absolute temperature scale can be defined in a manner
independent of the thermometric material.

Q. _ T

Q, T,




QL, irrev < QL, rev
(assumed)

(a) A reversible and an irreversible heat
engine operating between the same two
reservoirs (the reversible heat engine is
then reversed to run as a refrigerator)

(b) The equivalent combined system




Thermodynamic Temperature Scale

n = function(T,, T,)

% = function(T,, T,)

3
from engine schematics

Q_ f(T,T,) Q _ f(T,, T,) % f(T;, Ts)

Qz Q3 Q3
by identity,

Q_Q0Q,

Q Q,Q,

substituting,
(T, T,) = (T, To) x (T, T)
this equation can be satisfied only if,

Qu|_Tu _o
(aj—_ﬂ and QI_QhTh

Thermal energy reservoir

at Tl
0, Q)
Rev. HE W,
A
Q5
——————— T, Rev. HE
2, C
Rev. HE Wy
B
5
Qs

Thermal energy reservoir
at T3



SECOND LAW :5, T, = T{&j
2 2 Ql
T,and T, - absolute temperatures.
When a reversibleengine (or a real engine
correctable to reversible) is run between ice
and steam temperatures with a conatant heat

inputand Q_.is meaasured,

out

Q =1.3661= [Lj
. T

T, =1.3361T.
Temperature scales can be setup
for any arbitrarily sleected scale 0
point and Scale Range of degrees
between ice and steam.

T, —T. =ScaleRange
substituting for T,

1.3661T, —T. = Scale Range

T = Scale Range
! 3661

For : Celsius Scale

100° Scale Range
ice as Scale 0

T = 100 =273.15°K
3661

Celsius 0 = 273.15° K

For : Farenheight Scale
180° Scale Range

32°less than ice as Scale 0

T = 180 _ 491.68° K
3661

Farenheight 0 =491.68 - 32
Farenheight 0 = 459.68°R



Carnot Cycle Performance

Using the absolute thermodynamic temperature scale,

Q.)_ T,
Q) T,

The Carnot Efficiency and COP are,

o1 Qg T Tu-T W
H H TH in
Q T Q
COl:)refrigerator = Q _LQ = T _LT = V\;
H L H L
COP QT O

heat ump _QH_QL _TH_TL W
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NEWCOMEN ATMOSPHERIC ENGINE

Ford Museum, 1760

14 strokes/min

atmospheric
pressure

I

L 4 F 72 in
stroke
50 F
M—= D4 water
15 psia _
steam [* 281N |

F=pxA =(14.7 psia—.50745 psia ) x 114% in? =8739.11bs
W = Fxd =8739.1lbs x(36/12) ft = 26,217 ft Ib/ stroke

_.._.15psia (213 F)>
h=1150.7 BTU/Ib

48.06 BTU/Ib

v
Q,, =mxAh

Q;, =13.51b/min(1150.7 BTU/Ib —48.06 BTU/Ib)
Q,, =14,8885BTU/min  (~ 2tons/day coal )
W - 367,043 ftlb/min

=471.78 Btu/min

778 ftlb/BTU
Power = 262171014 STOKES _ 357 0g3MtID
stroke min min _ W _ 471.78. _317%

power = 0-043TLIDIMIN__ 41 45 i o 8.20 kw Q, 14872

33,000 hp/ft Ib/min ; _T,-T,_213-50 .,

2 3 3 CARNOT — = = .

My = xstrokes =| 1004 x0 ) T 1 SUOKES o6 297 ™ _ 135 1b/min Tn  460+213

\Y; 1718in°/ft” ) stroke min Ib



0
Half the work of an engine operating 800°C 22°C
between 800 C and 20 C is used to 62,000 kJ/kg

power a refrigeration machine hya\!

absorbing heat at 2 C and rejecting pump
62,000 kJ/hr at 22 C How much > —>
heat is supplied to the engine? h¥y
engine
20°C 2°C
COP = Qout _ Q.out _ T, _ 273.15+ 22 148
heat. pump Qout o Qin W Th _TI
heat pump
W = Q.out _ 62,000 kJ/hr _ 4189.2 ki/kg
heat pump COP 14.8
hea tpump
N _ Th _T| — 7800 K — 795= heat\{e\r{gine _ 2x heath{Jmp
heat engine Th 800+ 273.15 . Qin Qin
Q _ 2Xhea\{>){1mp . 2x4189.2
) N 725
Q., =11,556 kJ/hr 12

5-136



0103 kg steam executes the following cycle. The absolute high
temperature is twice the absolute low temperature and the net work
output is 25 kJ. Heat is rejected during a phase change from a vapor
to a liquid. What is the rejection temperature?

:Th_TI =Qin_Qout _ W I
Th Qin Qin
T, =2xT, I
_2T,—T,_5_W_25kJ 0103 K
L Qe Qn steam ’
Q - BK 5ok
"5 Q=50 kJ
QoutzQin_WZZSk‘] /
7
m  .0103kg T
T@h, =2427.2 v v
fg W // / W
T hy
35 2417.9 - Table values
31.09 2427.2 //
30  2429.8-Table vlaues Q=25kJ
T=35- (2427'2'2417'9)x5:31.090(: S - 13

(2429.8-2417.9)



Cycle efficiency is improved with an increased
heat source temperature. What do you think of
using a heat pump to increase the power cycle

high temperature?

Q3 - Q1 — T3 _Tl _ Wengine 1

n:

engine 1 Q3 T3 Q3
T,
~W._ |3
Q3 engmel(-l-3 _TlJ
cop =% L_ %

heat[pump Q3 _Ql N T3 —T1 B W

heatpump
T
Q3 = " W 2
eat pump T3 — T1

where Q,enginel=Q, heat pump
W = W

enginel heat pump

there is no net work gain with reversible machines
and there would be a net loss with real machines.

T3’Q3

W

enginel

W

heat pump

14
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Two Carnot engines operate in series at the
same efficiency. The high temperature engine

receives heat at 2400 K and the low temperature

engine rejects heat at 300. What is the
temperature between the engines?

N, =nN,
T —-T
n= h |
Th
2400-T T-300
2400 T

T(2400—T)=2400T —300x 2400
2400T —T* = 2400T —300x 2400
T =(300x400)°

T =848.5°K

15
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.9, Q
ST

g may be independent of path,

one of the characteristics
of a thermodynamoc property.

In First Law,

$(6Q—-3W)=0

cycle

lead to the definition of energy asa
thermodynamic property
Q=AE+W
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Ideal Gas Carnot Closed Cycle

Q ,=W, = mRTﬂn(&J -Q, Reversible constant temperature heat transfer,
. processl— 2,process3 — 4
P : L :
Qsyy =W, = mRTgln(p—gJ =Q, Reversible adiabatic expansion,
4 5 process 2 — 3,process4 —1
fw=§Q= mRTlln(&J - mRTgln(iJ —W,,
pl p4 P ‘

for pv" = constant
Py

ot
P P, T,
AR
P, P, P, P,

mRTlln(sz—mRTgln(F%J
Wnet _ Py P, — Th_TI
Q

Al

~0

r]:

n mRTlln(sz T
P,
Note Zd—QzRTln In| P2 _RTy In Py =0
T T P, 3 P,
dQ

Z? behavesin this reversible cycle like a property

17



