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Figure E1.4.1a. Conversion (SI unit)
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Figure E1.4.1b. Conversion (English unit)
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Figure E1.4.2a. Conversion from the English unit system to the SI unit system
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Figure E1.4.2b. Conversion from the English unit system to the SI unit system
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Figure E1.6.1. Determine the specific volume, specific weight and density
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Figure 1.6.3.1 Bourdon gage
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Figure 1.6.3.2. manometer
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Figure 1.6.3.3. Graphical representation of pressure
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Figure 1.6.4.1. Graphical representation of temperature
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Figure E1.6.4.1a. Temperature conversion
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Figure E1.6.4.1b. Temperature conversion
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Figure 2.2.1. Liquid-vapor transition
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Figure 2.2.2. T-v diagram 
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Figure 2.2.3. T-v diagram 
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Figure 2.2.4. T-v diagram
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Figure 2.2.5. Three phase p-T diagram
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Figure 2.2.6. Mollier steam property diagram

Table 2.2.1. steam saturation table 
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Table 2.2.2. steam saturation table 
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Table 2.2.3. steam superheated vapor table 
Properties of water – Superheated table (SI units)
v in cm3/g, 1 cm3/g=0.001 m3/kg;; h and u in kJ/kg; 
s in kJ/[(K)kg]; p in bars, 1 bar=102 kPa.
[image: image20.png]C:\ney

X Corel WordPerf wchap2.wpd]. &)X

[ Fie Edt Vew Insert Fomat Tods window Help
NEES: =8B | ¥vRO-As- = m- XL
TmestewRoman v[10 v| B 7 U B <tone> v|| e 3be | Sge 9 M |lsince

Tahle223  steam superheated vapor fable
Properties of water - Superheated fable (ST unts)

vinem’ig, 1 endig=0.001 néfleg;; hand u in k¥hke; s in kJ/[(K)ke]; p inbars, 1 har=10" kPa.

I

K PR

500 kpa (151.85°C) 700 kP 164.97°C)

Taseta [ a7 ans | 265
w97 | w120 2995 | 201
20029 | w554 s 2maas
s | w395 o | w22
a2 | s Beso | 01
w7 | di0se 3| 109
w87 | ims 203 | aimar
2032 | 2o 609 | 2ea7
36 | 33560 soee | m3
34519 si2es | sem7

7 985 | w02
239 See | w2an

H

gBEEEERELY

) S Mpa 1983270

Fan 205 [ amaz
w9 2| amen
104 2669 | 20993
ook s | w7
w99 | 0ms
s v
2639 W13 | ssn
53403 Soiss | a2s
s 303 | w731
sses6 1 | 35500
79 2939 | 36940
w2 Sieas | s

(3B & wert | Py i5in1.65"Pos 03"

€00





[image: image21.png]8 CyclePad

Fie Edt Lbrary Assigments Groder Mode Toos Cyde Windows Hep

180 * Title: Untitled Design Author: <Your Name Here>

&———§&

s1 END1

BEGINT

WAIER
SATURATED
0.7400(0-1]
2i2.0°F

2878 psi
10.58 £0~3/1bm
260.9 Bru/lbm
917.3 Bru/lbm
1.36 Bru/R-1en_[v]

cam

: WATER

&—eo—&

BEGINZ

s2 END2

SATURATED
0.7758(0-1]
355.2°F

145.0 psi

2.42 £0°3/1bm
935.1 Bru/lbm
1000.0 Beu/1bm
1.33 Bru/ R-lbn

F

]

&——&
oz e
B% BE

Substance: WAIZR
cas

500.0°F

20.00 psi.

35.18 £0~3/1bm
1,218 Bru/lbm
1,335 Bru/lbm
5 = 1.95 Bru/"R-lbn

mE

13,389,992 bytes of memory available

= —
5 e W = B b/ > b 4 e
&B| nhorizontal tubine  throle  pump compressor source sink heat heat heat heater  reactor
= H cerfireren aopfitere e
foon. | wwan. [GEEE |0 AN EUG L HENO JUDPON w2mm





Figure E2.2.5a. Water property relationships
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Figure E2.2.5b. Water property relationships
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Figure E2.2.6. Water property relationships
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Figure E2.2.7. Refrigerant-134A property relationships
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Figure E2.2.8. Ammonia property relationships
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Figure E2.2.9. Refrigerant-22 property relationships
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Figure E2.2.10. Refrigerant-12 property relationships
Table 2.3.1. Air table 
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Figure E2.3.3. Air property relationships
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Figure E2.3.4. Helium properties
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Figure E2.3.5. Carbon dioxide (CO2) properties
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Figure E2.3.6. Air property changes
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Figure E2.3.7. Air property changes
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Figure E2.4.1. Specific volume of R-134a
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Figure E2.5.2. Compressed (Subcooled) Water properties
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Figure E2.5.3. Compressed (Subcooled) water properties
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Fig. 3.2.1. p-V diagram
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Fig. 3.2.2. Work of different processes on p-V diagram
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Figure E 3.2.1. Work of different processes on p-V diagram
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Figure E3.2.2. Work of different processes
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Figure E3.2.3. Polytropic process
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Figure E3.4.2. Isobaric process
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Figure 3.5.1. cycle
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Figure E3.6.1.1. Isobaric cooling
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Figure E3.6.1.2. Constant volume process
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Figure E3.6.2.1. Constant pressure process
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Figure E3.6.3.1. Isothermal process
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Figure E3.6.4.1. Adiabatic process
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Figure E3.6.4.2. Adiabatic process
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Figure E3.6.5.1. Isentropic process
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Figure E3.6.5.2. Isentropic process
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Figure E3.6.6.1. Polytropic process
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Figure E3.6.6.2. Polytropic process
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Figure E3.6.7.1. Cooling process
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Figure E3.6.7.2. Heating process
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Figure E3.6.8.1. Expansion process
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Figure E3.6.8.2. Compression process
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Figure E3.7.1. Multi process
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Figure E3.7.2. Multi process
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Figure E4.2.1. Mixing chamber
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Figure E4.4.1.1. Heater
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Figure E4.4.1.2. Heater
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Figure E4.4.1.3. Heater
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Figure E4.4.2.1. Cooler
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Figure E4.4.2.2. Cooler
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Figure E4.4.3.1. Freon Compressor
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Figure E4.4.3.2. Compressor
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Figure E4.4.3.3. Compressor
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Figure E4.4.4.1. Turbine
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Figure E4.4.4.2. Turbine
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Figure E4.4.4.3. Turbine
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Figure E4.4.4.4. Turbine
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Figure E4.4.5.1. Pump
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Figure E4.4.5.2. Pump
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Figure E4.4.6.1. Mixing chamber
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Figure E4.4.6.2. Mixing chamber
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Figure E4.4.6.3. Mixing chamber
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Figure E4.4.7.1. Splitter
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Figure E4.4.8.1. Heat exchanger
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Figure E4.4.8.2. Heat exchanger
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Figure E4.4.8.3. Heat exchanger
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Figure E4.4.8.4. Heat exchanger
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Figure E4.4.8.5. Heat exchanger
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Figure E4.4.9.1. Throttling valve
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Figure E4.4.9.2. Throttling valve
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Figure E4.4.9.3. Throttling valve
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Figure E4.4.10.1. Reactor
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Figure E4.6.1. Multi-process
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Figure E4.6.2. Device combination
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Figure E4.6.3. Device combination
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Figure 5.2.2.1. Heat engine
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Figure 5.2.2.2. Rankine heat engine
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Figure 5.2.2.3. Nuclear helium gas heat engine
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Figure E5.2.2.1. Heat engine efficiency
[image: image95.png]8 CyclePad
Fie Edt Lbrary Assnments Grader Mode Toos Cyde Vindows Hep

|« Title: Untitled Design _Author: <Your Name Here>

& cvee == 10
s4 Modeled aa: not EEATFBNE [

“'R' Modeled as: not REFRIGERATOR [= 1

Modeled as: HEAT-ENGINE
eta-carnor =

eca-chemmal

HTR1 Pnax
Fuin
max-m—dot.
Pover 1n
Pover out
net-power

back-work-ratic Al
PMP| work-ratio s

Q-dot in

gam|
| 13.243,184 bytes of memory available

= —
S - >a o= @

&B| nhorizontal tubine  throle  pump compressor source sink heat heat heat heater  reactor
[ T P e

ety |

PEeRUOLEUO

= S G 9EmO PRETVEO LY ZHAN s076m





Figure E5.2.2.2. Heat engine
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Figure 5.2.3.1. Refrigerator
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Figure 5.2.3.2. Domestic Refrigerator
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Figure E5.2.3.1. Refrigerator
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Figure E5.2.3.2. Refrigerator
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Figure 5.2.4.1. Heat pump
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Figure 5.2.4.2. House Heat pump
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Figure E5.2.4.1. Heat pump
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Figure E5.2.4.2. Heat pump
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Figure 5.5.1. Carnot heat engine cycle on p-v and T-s diagram
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Figure E5.5.1. Carnot heat engine
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Figure E5.5.2. Carnot heat engine
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Figure 5.5.2. Carnot heat pump or Carnot refrigerator cycle on p-v and T-s diagram
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Figure 6.3.1. T-s diagram
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Figure 6.4.1. Carnot T-s diagram
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Figure E6.7.1.1. Entropy change
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Figure E6.7.1.2. Entropy change
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Figure E6.7.1.3. Entropy relationship
[image: image114.png]8 CyclePad

Fie Edt Lbrary Assigments Groder Mode Toos Cyde Windows Hep

180 * Title: Untitled Design Author: <Your Name Here>

fr———e——8

'SOURCE1 1 PUP1

am|

SINK1

——————

L] BEI 8= BEE
Subscance: IR B Nodeied aa: TSI [ R B
. Vodeled aa; not TSENTROZIC Lo

aquatity = ofo-a] Voamich o3 Mote Resumprion oo
ssoastc Py XN
10500 vea Touc-3 = 85.76°¢ 010wk
ety aettas = 1,900 ke sacs K1/
47 v Glte b = 7120 W/ 207 kg
078 vorig deira e - 15 Ko/kg el
e eiracs = 010135 K0/koK Jaob v v
nedor = 0.7000 K375 edor = 0,700 Ko/
neomres = 40 Kok
Shatt soven = -5.08 1
sl
B - 20%00
ccas = 27478
Flow fraction = 1.0000(0-1]
spac shatrouork = -7.20 K3/kh
spec noves = 108 kg [v]

| 13,341,676 bytes of memory available

- gl == @

horizontal

turbine  throtle  pump  compressor sol

> = P

heat

e

heat heat

Cfrene ctoe

urce sink

PEeRUOLEUO

[Bc ], 0l B, |

heater

@ @ 5 m

reactor

Al
s

O EY@aL ARUAPORQDN 70am





Figure E6.7.1.4. Entropy
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Figure E6.7.2.1. Entropy
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Figure E6.7.2.2. Entropy
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Figure E6.7.3.1. Entropy
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Figure E6.8.1. Entropy
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Figure E6.8.2. Entropy
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Figure E6.9.1. Turbine efficiency
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Figure E6.9.1.2. Turbine efficiency
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Figure E6.9.1.3. Isentropic efficiency of a multi-stage turbine
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Figure E6.9.2.1. Compressor efficiency
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Figure E6.9.2.2. Compressor efficiency
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Figure E6.9.3.1. Pump efficiency
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Figure E6.10.1. Entropy change of an isochoric process
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Figure E6.10.2. Entropy change of throttling process
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Figure E6.12.1. Second law efficiency of a Brayton cycle
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Figure E6.12.2. Second law COP of a refrigeration cycle
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Figure E6.12.3. Second law COP of a heat pump
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Figure 6.13.1. Carnot cycle T-s diagram
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Figure E7.2.1a. Reversible work
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Figure E7.2.1b. Irreversible work
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Figure E7.3.1. Reversible work of a closed system
[image: image135.png]8 CyclePad
Fie Edt Lbrary Assnments Grader Mode Toos Cyde Vindows Hep
|62 Title: Untitled Design _ Author: <Your Name Here>

ez

&————%——— @

BEGIN1 st ExP1 2 EnD1
] =0 [Eeet LJod| = T

AR
Gas
300.0 X
530.0 kea
0.2164 m3/k
285.7 ka/kg
3014 ka/kg
2.23 kI/kgK

Modeled as: not ADIABATIC

300.0 X
150.0 kea

0.5734 m3/k
215.0 ka/kg ¢
3010 kd/kg
231 k3/kgK

= 1.0000 kg 1.0000 kg~ [v] ~
Al
s
gam|
| 13.440,760 bytes of memory available o
= — |3
8 - >a i @ "
5| horizontal turbine throttle pump  compressor source sink heat heat heat heater reactor II
L e =

ety |

PPRI WO B | 07 02 | @

R EYYED 8 LS UAPAN 123w





Figure E7.3.2. Reversible work of a closed system
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Figure E7.5.1. Reversible work of a compressor
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Figure E7.5.2. Reversible work of a turbine
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Figure E7.6.1. Irreversibility of a closed system
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Figure E7.7.1. Irreversibility of a turbine
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Figure E7.7.2. Irreversibility of a heat exchanger
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Figure E7.7.3. Irreversibility of a valve
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Figure 7.9.1.Exergy of a heat reservoir
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Figure 7.10.1.Exergy and exergy change of a closed system
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Figure E7.10.1. Exergy of a closed air system
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Figure E7.10.2. Exergy change of a closed air system
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Figure E7.10.3. Exergy change of a closed water system
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Figure E7.11.1. Flow exergy change of a turbine
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Figure E7.11.2. Rate of flow exergy change of a heat exchanger 
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Figure E7.13.1. Exergy effectiveness of a heat exchanger
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Figure E7.14.1. Exergy cycle efficiency of refrigerator
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Figure E7.14.2. Exergy cycle efficiency of Rankine cycle
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Figure E7.14.3. Exergy cycle efficiency of heat pump
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Figure 8.1.1. Carnot vapor cycle
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Figure 8.1.2. Vapor Carnot cycle T-S diagram
[image: image155.png]8 CyclePad 9= % R
Fle Edt Ubrary Assgnments Grader Mode Toos Cyde Windows Hep 3
|80 * Title: Untitled Design Filename: Rankine.DSN  Author: <Your Name Here> BEX |

10

L] L] Bove RER
W72 [a] Temperature (C) Yodeled as: not HEAI-PUIA 1
SATURATED Modeled as: not REFRIGE:
st 347.4 Modeled as: HEAT-ENGINE
2 eta-Carnor = 22.67%
279.8 eta-chemal - 26.67%
B = Tnax = 250.0°C 1
ol 2122 Tnia - 100.0°C
- Puex = 3,974 kP2 .
E Buin - 101.4 kP2 -
V| 1448 max-zdot - UNHOW ko/ I
Power 1n = -111.8 ki
B 77.04 Bower out = 603.7 KW Bl
net-pover = 491.9 ki
944 back-work-ratio
T T T T vork-ratio
uality - 1.0000(0-1) 130 309 487 666 8.44 g-dot in
T-250.0C v Entropy (I/K) ot out
™ [ [Entropy (<) 401178 Temperature (C): 13.66025 per Qrdov v
Substance: WAIER - B [}
hase: SATURATED son mooeorla Wodeled as: nor TSOTHERIA)
e g 100.0°C el ADTABRATIC Modeled as: ISENTROPIC
pre s Modeled as: ADIAEATIC [w
> = ™
<lu >

| 12,376,086 bytes of memory available

> W o= @ P F e B @ @ I m

horizontal turbine  throtle  pump compressor Source sink heat heat heat heater  reactor

PORIO IO | Bee. | (0on. O] 2% OXEYGEL & REDBO YHON sisan





Figure E8.1.1. Carnot vapor cycle
[image: image156.png]clePad
File Edt Ubrary Assgnments Grader Mode Took Cyce Windows Help

* Title: Untitled Design _ Author: <Your Name Here>

sl
[ 13518.972 bytes of memory available

> W o= @ P F e 4 & & 0 W ¢} ¢ ¥

horizontal turbine  throtle  pump compressor Source sink heat heat heat heater  reactor  cooler  mixer splitter
exchanger exchanger exchanger

< 3% Floppy (A1) (ot





Figure 8.2.1. Basic Rankine cycle
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Figure 8.2.2. Basic Rankine cycle T-S diagram
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Figure E8.2.1. Rankine cycle
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Figure E8.2.2. Rankine cycle 
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Figure E8.2.3a. Superheated Rankine cycle
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Figure E8.2.3b. Superheated Rankine cycle sensitivity analysis
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Figure 8.4.1. Actual Rankine cycle T-s diagram
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Figure E8.4.1a. Rankine cycle T-s diagram 
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Figure E8.4.1b. Rankine cycle results 
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Figure E8.4.1c. Rankine cycle efficiency versus pump efficiency sensitivity analysis
Figure E8.4.1d. Rankine cycle efficiency versus turbine efficiency sensitivity analysis
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Figure 8.4.2. Throttling Rankine cycle
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Figure E8.4.2a. Rankine cycle with throttling valve off 
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Figure E8.4.2b. Rankine cycle with throttling valve on 
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Figure E8.4.2c. Rankine throttling cycle T-s diagram 
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Figure 8.5.1. Reheat Rankine cycle
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Figure 8.5.2. Reheat Rankine T-S diagram
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Figure E8.5.1. Reheat Rankine cycle
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Figure E8.5.2. Reheat Rankine cycle
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Figure 8.6.1. Regenerative Rankine cycle
[image: image175.png]% Corel WordPerfect - [Document1]. &)X

[ Fie Edt Vew Insert Fomat Tods window Help BEE]
NEES ! =89 C|([¥vyBO-As- @-|
Tmestienroman v[12 v| B £ U S aione> v| Pe 3| Ig- 9 M ||

Ty

w¥

Document1 newchapd. wpd PAB& Insert | Pg1lna.74'pos1”

T O o = = 00





Figure 8.6.2. Regenerative Rankine cycle T-S diagram
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Figure E8.6.1a. Regenerative Rankine cycle
[image: image177.png]8 CyclePad 9= % R
Fle Edt Ubrary Assgnments Grader Mode Toos Cyde Windows Hep 3
2 * Title: Untitled Design  Author: <Your Name Here> BEX] 4

10

€ Eta-Thermal Of Cycle vs P Of S3

leta-thermal (%) HRTER 0 |
SATURATED 5ot REFRIGERATOR
24.4 or HEAT-ENGINE £
166.7°C eta-Carnot 5.53%
2437 730.0 k22 eta-thernal = 24.423
0.0011 mrs Tmax - 400.0°C 5
704.0 K3/ke Tmin - s3.51°C
24.32 7048 ki/kg Puex = 3,000 kP2 A
2.01 kJ/kgK Pmin 0.00 kPa Bl
24.28 1.0000 ko/s|p| ‘max-m-dot = UNKNOWN kg/s
Fower in
2124 Fover out
nec-pover
24.20 back-work-ratio
ork-zatio
379.3 5201 660.9 801.8 942.6 Q-dot in
P (kPa) @-dot out [
IP (kPa) 996 56944 eta-thermal (%) 24 38096
- A A o2 v
am >

| 8.722,796 bytes of memory available

> W o= @ P F e B @ @ I m

horizontal turbine  throtle  pump compressor Source sink heat heat heat heater  reactor

)4k 2E1Eic) T o O EUE L RAED U SU@RON em

6 core.. | (12





Figure E8.6.1b. Regenerative Rankine cycle
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Figure E8.6.2a. Regenerative Rankine cycle
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Figure E8.6.2b. Regenerative Rankine cycle sensitivity diagram
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Figure E8.6.2c. Regenerative Rankine cycle optimization
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Figure E8.6.3a. 4-stage steam regenerative Rankine cycle
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Figure E8.6.3b. 4-stage steam regenerative Rankine cycle input
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Figure E8.6.3c. 4-stage steam regenerative Rankine cycle output
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Figure 8.8.1. Solar heat engine
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Figure E8.8.1a. Solar heat engine 
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Figure E8.8.1b. Solar heat engine output information 
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Figure E8.8.2. Solar Rankine heat engine
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Figure 8.9.1. Dry-steam geothermal power plant
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Figure E8.9.1a. Dry-steam geothermal power plant with condenser
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Figure E8.9.1b. Dry-steam geothermal power plant without condenser
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Figure 8.9.2. Hot water-steam mixture geothermal power plant
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Figure E8.9.2. Hot water-steam mixture geothermal power plant
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Figure E8.9.3a. Geothermal hot water power plant
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Figure E8.9.3b. Optimization of Geothermal hot water power plant
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Figure E8.9.4a. Two flash evaporators and two geothermal steam turbines system
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Figure E8.9.4b. Input information
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Figure E8.9.4c. Output information
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Figure E8.9.4d. Sensitivity diagram of total turbine power versus pressure

[image: image199.wmf]
Figure 8.9.3. A closed-cycle low-temperature dry geothermal Rankine cycle
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Figure E8.9.5. A closed-cycle low-temperature dry geothermal Rankine cycle
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Figure 8.10.1. Open OTEC cycle
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Figure 8.10.2. Closed OTEC cycle
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Figure E8.10.1a. OTEC Rankine cycle
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Figure E8.10.1b. OTEC Rankine cycle


[image: image205.wmf]
Figure 8.11.1. Solar pond heat engine.
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Figure E8.11.1. Solar pond heat engine.
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Figure E8.12.1. Waste heat engine.
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Figure 8.15.1. T-s diagram of ideal Non-azeotropic cycle and Carnot cycle.
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Figure 8.16.1. T-s diagram of Super-critical cycle.
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Figure E8.17.1a. 4-stage turbine with reheat and 3-stage regenerative Rankine cycle.
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Figure E8.17.1b. 4-stage turbine with reheat and 3-stage regenerative Rankine cycle.
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Figure E8.17.1c. 4-stage turbine with reheat and 3-stage regenerative Rankine cycle.
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Figure E8.17.1d. 4-stage turbine with reheat and 3-stage regenerative Rankine cycle.
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Figure E8.17.1e. Rankine cycle sensitivity diagram

[image: image215.wmf]
Figure E8.17.1f. 4-stage turbine with reheat and 3-stage regenerative Rankine cycle sensitivity diagram.
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Figure E8.17.1g. 4-stage turbine with reheat and 3-stage regenerative Rankine cycle sensitivity diagram

[image: image217.wmf]
Figure E8.17.2a. Rankine cycle preliminary design.
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Figure E8.17.2b. Rankine cycle preliminary design input data.
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Figure E8.17.2c. Rankine cycle preliminary design output data
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Figure E8.17.2d. Rankine cycle sensitivity diagram.

[image: image221.wmf]
Figure E8.17.2e. Rankine cycle optimized design output data
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Figure P8.17.5. Rankine cycle design.
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Figure P8.17.7a. Processes of shipboard Rankine power plant
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Figure P8.17.7b. Input Data of shipboard Rankine power plant
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Figure P8.17.7c. Output Data of shipboard Rankine power plant
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Figure P8.17.7d. Sensitivity diagram efficiency versus p8
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Figure P8.17.7e. Sensitivity diagram net power output versus p8
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Figure P8.17.7f. Engine output data at emergency maximum power condition
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Figure 9.1.1. Otto cycle.
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Figure 9.1.2. Otto cycle p-v and T-s diagrams.
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Figure 9.1.3.Four-stroke Otto cycle.
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Figure E9.1.1a. Otto cycle
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Figure E9.1.1b. Otto cycle T-s diagram
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Figure E9.1.1c. Otto cycle sensitivity analysis
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Figure E9.1.2a. Otto cycle.
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Figure E9.1.2b. Otto cycle T-s diagram plot.
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Figure 9.1.3. Otto engine with turbo-charging.
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Figure E9.1.4. Otto engine without turbo-charging.
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Figure E9.1.3. Otto engine without turbo-charging.
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Figure E9.1.4. Otto engine with turbo-charging.
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Figure 9.1.5. Wankel engine.
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Figure 9.2.1. Diesel cycle.
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Figure 9.2.2. Diesel cycle p-v and T-s diagrams
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Figure E9.2.1a. Diesel cycle.
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Figure E9.2.1b. Diesel cycle sensitivity analysis.
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Figure E9.2.2. Diesel cycle.
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Figure 9.2.3. Diesel cycle with super-charging.
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Figure 9.2.4. Diesel cycle with super-charging and pre-cooling.
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Figure E9.2.3. Diesel cycle without pre-cooler and without turbo-charger.
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Figure E9.2.4. Diesel cycle with turbo-charger.
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Figure E9.2.5. Diesel cycle with pre-cooler and turbo-charger.
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Figure 9.3.1. Atkinson cycle.
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Figure E9.3.1. Atkinson cycle.
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Figure 9.4.1. Dual cycle.
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[image: image256.wmf]
Figure E9.4.1a. Dual cycle.

[image: image257.wmf]
Figure E9.4.1b. Dual cycle sensitivity analysis.
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Figure E9.4.1c. Dual cycle T-s diagram.
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Figure 9.5.1. Lenoir cycle.
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Figure 9.5.2. Lenoir cycle p-v diagram and T-s diagram.
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Figure E9.5.1. Lenoir cycle
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Figure 9.6.1. Stirling cycle on p-v and T-s diagrams.

[image: image263.wmf]
Figure 9.6.2. Stirling cycle operation.
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Figure E9.6.1. Stirling cycle.
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Figure E9.6.2. Regenerative Stirling cycle.
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Figure 9.7.1. Miller-Otto cycle.
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Figure 9.7.2. Miller-Diesel cycle.

[image: image268.wmf]
Figure 9.7.3. Miller-Otto cycle without supercharger and inter-cooler.
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Figure 9.7.4. Miller-Otto cycle with supercharger.

[image: image270.wmf]
Figure E9.7.1. Otto cycle.
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Figure E9.7.2. Miller-Otto cycle with supercharger and inter-cooler.
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Figure 9.8.1. Wicks cycle.
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Figure 9.8.2. p-v and T-s diagrams of the Wicks cycle.
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Figure E9.8.1. Wicks cycle.
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Figure 9.9.1. Rallis cycle.
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Figure 9.9.2. p-v and T-s diagram of Rallis cycle.
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Figure E9.9.1a. Rallis heat engine.

[image: image278.wmf]
Figure E9.9.1b. Rallis heat engine input.

[image: image279.wmf]
Figure E9.9.1c. Rallis cycle output results.
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Figure E9.9.1d. Rallis cycle T-s diagram.
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Figure E9.10.1a. Six-process internal combustion engine design.

[image: image282.wmf]
Figure E9.10.1b. Six-process internal combustion engine design results.
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Figure E9.10.1c. T-s diagram.
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Figure E9.10.1d. Sensitivity diagram.
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Figure E9.10.2a. Six process internal combustion engine.

[image: image286.wmf]
Figure E9.10.2b. Six-process internal combustion engine design results.

[image: image287.wmf]
Figure E9.10.2c
. T-s diagram and sensitivity diagram of  (cycle efficiency) vs r (compression ratio).
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Figure E9.10.3a. Turbo-charger and pre-cooler Dual cycle.
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Figure E9.10.3b. Turbo-charger and pre-cooler Dual cycle input.

[image: image290.wmf]
Figure E9.10.3c. Turbo-charger and pre-cooler Dual cycle result.
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Figure E9.10.3d. Dual cycle without result turbo-charger and pre-cooler.
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Figure 10.1.1. Brayton cycle p-v and T-s diagrams.
[image: image293.png]8 CyclePad

Fie Edt Lbrary Assigments Groder Mode Toos Cyde Windows Hep

180 * Title: Untitled Design Author: <Your Name Here>

By—e—Po—o—

cHpt HTR1

SOURCE1

am|

f{—eo—<<

TURY s4 SINK1

13,550,640 bytes of memory available

=)

= o >a
el

5| horizontal tu
L1

B

® @ @ 0 m

throttle pump  compressor source sink heat heat heat heater  reactor
PPRIO LU0 o S e DR U6 L & MPRD PON s





Figure 10.1.2. Open Brayton cycle.
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Figure 10.1.3. Closed Brayton cycle.
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Figure E10.1.1. Open Brayton cycle.
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Figure 10.1.4. Actual Brayton cycle T-s diagram.

[image: image297.wmf]
Figure E10.1.2. Open actual Brayton cycle.

[image: image298.wmf]
Figure E10.1.3. Closed Brayton cycle.
Figure 10.2.1. Split-shaft gas turbine.
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Figure 10.2.1. Split-shaft gas turbine.


[image: image300.wmf]
Figure E10.2.1. Split-shaft open Brayton cycle.
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Figure 10.4.1. Reheat Brayton cycle.
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Figure 10.4.2. Reheat and inter-cool Brayton cycle.

[image: image303.wmf]6

8

5

7

9

2

4

10

3

1

T

s


Figure 10.4.3. Reheat and inter-cool Brayton cycle T-s diagram.

[image: image304.wmf]
Figure E10.4.1. Ideal reheat and inter-cool Brayton cycle.

[image: image305.wmf]
Figure E10.4.2a. Actual reheat open Brayton cycle.


[image: image306.wmf]
Figure E10.4.2b. Actual reheat open Brayton cycle sensitivity analysis.
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Figure 10.5.1. Regenerative Brayton cycle.
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Figure 10.5.2. Regenerative Brayton cycle T-s diagram.


[image: image309.wmf]
Figure E10.5.1a. Actual regenerative Brayton cycle.

[image: image310.wmf]
Figure E10.5.1b. Actual Regenerative Brayton cycle sensitive analysis.
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Figure 10.6.1. Bleed air Brayton cycle.
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Figure E10.6.1. Bleed air Brayton cycle.
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Figure E10.6.2. Bleed air Brayton cycle.

[image: image314.wmf]
Figure E10.6.3a. Bleed air Brayton cycle (regenerator off).
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Figure E10.6.3b. Bleed air Brayton cycle (regenerator off).

[image: image316.wmf]
Figure E10.6.4. Bleed air Brayton cycle (regenerator on).
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Figure 10.7.1. Feher cycle.

[image: image318.wmf]
Figure 10.7.2. Feher cycle T-s diagram.

[image: image319.wmf]
Figure 10.7.3. Feher cycle with regenerator.
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Figure E10.7.1. Feher cycle
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Figure 10.8.1. Schematic Ericsson cycle.
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Figure 10.8.2. Ericsson cycle p-v and T-s diagram.
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Figure 10.8.3. Schematic Ericsson cycle with a regenerator.
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Figure E10.8.1. Ericsson cycle.
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Figure E10.8.2. Ericsson cycle with regenerator.
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Figure 10.9.1. Braysson cycle.
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Figure 10.9.2. Braysson cycle T-s diagram.
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Figure 10.9.3. Braysson cycle.
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Figure E10.9.1a. Braysson cycle.

[image: image330.wmf]
Figure E10.9.1b. Braysson cycle sensitivity diagram.
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Figure E10.9.1c. Braysson cycle sensitivity diagram.
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Figure 10.10.1. Steam injection gas turbine cycle.
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Figure 10.11.1. Field cycle schematic diagram.
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Figure E10.11.1. Field cycle.
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Figure 10.12.1. Wicks cycle.
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Figure E10.12.1. Wicks cycle.
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Figure 10.13.1. Ice cycle.
[image: image338.png]Brayton - Microsoft Word

TMIN TR





Figure 10.13.2. Ice cycle T-s diagram.
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Figure E10.13.1. Ice cycle.

[image: image340.wmf]
Figure E10.14.1a. 4-stage reheat and 4-stage inter-cool Brayton air cycle.
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Figure E10.14.1b. Brayton air cycle design input.

[image: image342.wmf]
Figure E10.14.1c. Brayton air cycle design output.

[image: image343.wmf]
Figure E10.14.1d. Brayton air cycle T-s diagram.
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Figure E10.14.1e. Brayton air cycle design parameter optimization.
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Figure E10.14.1f. Brayton air cycle design parameter optimization.
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Figure 11.1.1. Cascaded cycle.
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Figure 11.1.2. Combined cycle.
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Figure 11.1.3. Combined cycle energy flow diagram.
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Figure E11.1.1. Combined Rankine cycle.
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Figure E11.1.2a. Combined Rankine cycle.
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Figure E11.1.2b. Combined Rankine cycle.
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Figure 11.2.1. Triple cycle.

[image: image353.wmf]T

H

T

L

W

1

A

Q

1

Q

2

Q

3

Q

4

B

C

W

2

W

3


Figure 11.2.2. Triple cycle in series energy flow diagram.
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Figure E11.2.1a. Input information.
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Figure E11.2.1b. Output information.
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Figure 11.3.1. Triple cycle in parallel.
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Figure E11.3.1a. Input information.
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Figure E11.3.1b. Output information.
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Figure 11.4.1. Cascade cycle with n=3.
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Figure 11.4.2. Cascade cycle energy flow diagram.
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Figure 11.5.1. Brayton/Rankine combined cycle.

[image: image362.wmf]
Figure 11.5.2. (Two-stage-Brayton)/(Two-stage-Rankine) combined cycle.


[image: image363.wmf]
Figure E11.5.1a. Brayton/Rankine combined cycle.

[image: image364.wmf]
Figure E11.5.1b. Brayton/Rankine combined cycle.
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Figure 11.6.1. Brayton/Brayton combined cycle.

[image: image366.wmf]
Figure E11.6.1a. Brayton/Brayton combined cycle result.
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Figure E11.6.1b. Brayton/Brayton combined cycle result.
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Figure 11.7.1. Rankine/Rankine combined cycle.
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Figure E11.7.1a. Rankine/Rankine combined cycle.
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Figure E11.7.1b. Rankine/Rankine combined cycle.
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Figure 11.8.1. Field cycle schematic diagram.
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Figure E11.8.1. Field cycle .
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Figure 11.9.1. Co-generation plant.
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Figure 11.9.2. Co-generation plant.
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Figure E11.9.1. Co-generation.
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Figure E11.9.2. Co-generation without heat output.
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Figure E11.9.3. Co-generation.
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Figure 11.9.3. Co-generation.
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Figure 11.9.4. Co-generation.
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Figure E11.9.4. Co-generation.

[image: image381.wmf]
Figure E11.9.5. Co-generation.

[image: image382.wmf]
Figure E11.10.1a. Combined Brayton-Rankine cycle.

[image: image383.wmf]
Figure E11.10.1b. Combined Brayton-Rankine cycle input.

[image: image384.wmf]
Figure E11.10.1c. Combined Brayton-Rankine cycle output.

[image: image385.wmf]
Figure E11.10.1d. Combined Brayton-Rankine cycle sensitivity diagram.

[image: image386.wmf]
Figure E11.10.1e. Combined Brayton-Rankine cycle sensitivity diagram.
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Figure E11.10.1f. Combined Brayton-Rankine cycle sensitivity diagram.

[image: image388.wmf]
Figure E11.10.1g. Combined Brayton-Rankine cycle sensitivity diagram.
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Figure 12.1.1. Carnot refrigerator or Carnot heat pump.
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Figure E12.1.1. Carnot vapor refrigeration cycle.
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Figure 12.2.1. Basic vapor refrigeration system.
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Figure 12.2.2. T-s diagram of the basic vapor refrigeration cycle.
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Figure E12.2.1. Basic vapor refrigeration cycle.
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Figure E12.2.2. Actual vapor refrigeration cycle.
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Figure 12.3.1. T-s diagram of actual vapor refrigeration cycle.
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Figure 12.3.2. T-s diagram of actual vapor refrigeration cycle.
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Figure E12.3.1a. Actual refrigeration cycle.
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Figure E12.3.1b. Actual refrigeration cycle sensitivity analysis.
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Figure 12.4.1. Basic vapor heat pump.
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Figure 12.4.2. T-s diagram of the basic vapor heat pump cycle.
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Figure E12.4.1a. Basic vapor heat pump cycle.
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Figure E12.4.1b. Basic vapor heat pump cycle sensitivity analysis.
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Figure E12.5.1. Basic vapor heat pump cycle.
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Figure 12.7.1.1. Cascade vapor refrigerator.
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Figure E12.7.1.1a. Cascade refrigerator.
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Figure E12.7.1.1b. Cascade refrigerator.
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Figure 12.7.2.1. Multi-stage vapor refrigerator.
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Figure 12.7.2.2. Cascaded or multi-staged refrigerator.
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Figure E12.7.2.1a. Two-stage vapor refrigerator.
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Figure E12.7.2.1b. Two-stage vapor refrigerator cooling load sensitivity analysis.
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Figure E12.7.2.2. Cascaded or multi-staged refrigerator.
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Figure 12.8.1.1. Refrigerator and freezer with dual evaporator.
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Figure E12.8.1.1. Refrigerator and freezer with dual evaporator.
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Figure 12.8.2.1. Domestic air conditioning and heat pump system.
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Figure E12.8.2.1. Domestic air conditioning system.
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Figure 12.9.1. Absorption air-conditioning.
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Figure 12.9.2. Absorption air-conditioning with regenerator.
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Figure 12.10.1. Basic Brayton refrigeration cycle.
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Figure 12.10.2. T-s diagram of the basic Brayton refrigeration cycle.
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Figure E12.10.1a. Ideal gas refrigeration cycle.
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Figure E12.10.1b. Ideal gas refrigeration cycle sensitivity analysis. 
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Figure E12.10.2a. Gas refrigeration systems comparison.
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Figure E12.10.2b. Gas refrigeration systems comparison.
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Figure 12.11.1. Stirling refrigeration cycle.
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Figure 12.11.2. Stirling refrigeration cycle T-s diagram.
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Figure 12.11.3. Stirling refrigeration cycle with regeneration.
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Figure E12.11.1. Stirling refrigeration cycle.
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Figure 12.12.1. Ericsson refrigeration cycle.

[image: image429.wmf]
Figure E12.12.1. Ericsson refrigeration cycle.
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Figure 12.13.1. Hampson-Linde gas liquefaction system schematic diagram.
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Figure 12.13.2. Hampson-Linde gas liquefaction system T-s diagram.
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Figure 12.13.3. Claude gas liquefaction system.
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Figure 12.14.1. T-s diagram of ideal non-azeotropic refrigeration cycle and Carnot cycle.
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Figure 12.14.2. COP of ideal non-azeotropic R-114 and R-12 refrigeration cycle.
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Figure E12.15.1a. Combined gas turbine power plant and gas refrigeration system design.
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Figure E12.15.1b. Combined gas turbine power plant and gas refrigeration system design input.
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Figure E12.15.1c. Combined gas turbine power plant and gas refrigeration system design at cruise condition.
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Figure E12.15.1d. Combined gas turbine power plant and gas refrigeration system design at take-off condition.
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Figure E12.15.1e. Combined gas turbine power plant and gas refrigeration system design at high-wind condition.
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Figure E12.15.2a. 
Single-stage-compressor and Three-stage-compressor refrigeration systems.
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Figure E12.15.2b. Three-stage-compressor refrigeration system using R-12.
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Figure E12.15.2c. One-stage-compressor refrigeration system using R-12.
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Figure E12.15.2d. Three-stage-compressor refrigeration system using ammonia.
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Figure E12.15.2e. Three-stage-compressor refrigeration system using R-134a.

[image: image445.wmf]
Figure E12.15.2f. Three-stage-compressor refrigeration system using R-22.
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Figure E12.15.2g. Three-stage-compressor refrigeration system sensitivity diagrams.
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Figure 13.2.1. Rate of heat transfer in a heat exchanger.
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Figure 13.3.1. 
Operation of parallel-flow and counter-flow heat exchanger and their associated temperature profiles.
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Figure E13.3.2a. Heat exchanger.
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Figure E13.3.2b. Heat exchanger input and output results.
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Figure E13.3.2c. Heat exchanger input and output results.
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(b)
Figure E13.3.3a and b. Heat exchanger input and output results.
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Figure 13.4.1. Curzon and Ahlborn cycle T-s diagram.

[image: image455.wmf]
Figure 13.4.2. Curzon and Ahlborn cycle schematic diagram.
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Figure E13.4.2. Endo-reversible (Curzon and Ahlborn) steam cycle.
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Figure E13.4.3. Endo-reversible cycle Sensitivity analysis.
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Figure E13.4.4a. Finite-time Carnot cycle.
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Figure E13.4.4b. Finite-time Carnot cycle input and output.
Table E13.4.4a. Specific power optimization with respect to T7
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Table E13.4.4bSpecific power optimization with respect to T5
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Figure E13.4.4c. Finite-time Carnot cycle optimization result.

[image: image463.wmf]
Figure13.5.1
Curzon and Ahlborn cycle with finite heat capacity source and sink T-s diagram
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Figure 13.5.2
 Curzon and Ahlborn cycle with finite heat capacity source and sink schematic diagram

[image: image465.wmf]
Figure E13.5.1. Curzon and Ahlborn cycle with finite heat capacity heat source and sink.
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Figure E13.5.2. Endo-reversible cycle with finite heat capacity heat source and sink sensitivity analysis.
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Figure 13.6.1. Finite time ideal Rankine cycle with infinitely large heat reservoirs.
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Figure 13.6.2. Finite-time ideal Rankine cycle T-s diagram.
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Figure Example 13.6.1a Finite time ideal Rankine cycle with infinitely large heat reservoirs
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Figure E13.6.1b Finite time ideal Rankine cycle with infinite largely heat reservoirs sensitivity diagram
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Figure 13.7.1. Finite time actual Rankine cycle with infinitely large heat reservoirs.
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Figure E13.7.1a. Finite time actual Rankine cycle with infinitely large heat reservoirs.
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Figure E13.7.1b Finite time actual Rankine cycle with infinite largely heat reservoirs sensitivity diagram
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Figure 13.8.1. Finite time ideal Rankine cycle with finite heat reservoirs.
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Figure E13.8.1a. Finite time ideal Rankine cycle with finite capacity heat reservoirs.
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Figure E13.8.1b. Finite time ideal Rankine cycle with finite heat reservoirs sensitivity diagram.
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Figure E13.8.2a.  Finite time ideal Rankine cycle with finite heat capacity source and sink input.
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Figure E13.8.2b. Finite time ideal Rankine cycle with finite heat capacity source and sink output.
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Figure E13.8.2c.  Net power per unit conductance of heat exchangers.
Table E13.8.2 Net power per unit conductance of heat exchanger
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Figure E13.8.3a. Finite-time OTEC cycle.
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Figure E13.8.3b. Finite-time OTEC cycle input and output.
Table E13.8.3a
Specific power optimization with respect to T7
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Table E13.8.3b Specific power optimization with respect to T5
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Figure E13.8.3c. Finite-time OTEC cycle optimization.
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Figure 13.9.1. Finite time actual Rankine cycle with finite heat reservoirs.
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Figure E13.9.1a.  Finite time actual Rankine cycle with finite capacity heat reservoirs.
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Figure E13.9.1b. Finite time actual Rankine cycle with finite heat reservoirs sensitivity diagram.
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Figure E13.9.2a. Finite time actual Rankine cycle with finite capacity heat reservoirs.
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Figure E13.9.2b. Finite time actual Rankine cycle with finite heat reservoirs sensitivity diagram.
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Figure 13.10.1. Schematic diagram of the ideal Finite time Brayton cycle.
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Figure 13.10.2. T-s diagrams of the ideal Finite time Brayton cycle.
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Figure E13.10.1a. Finite time ideal Brayton cycle.
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Figure E13.10.1b. Finite time ideal Brayton cycle Sensitivity diagram.
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Figure E13.10.1c. Finite time ideal Brayton cycle Sensitivity diagram.
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Figure E13.10.2a .Finite time Brayton cycle input.
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Figure E13.10.2b. Finite time Brayton cycle output.
Table E13.10.2. Finite time Brayton cycle optimization
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Figure 13.11.1. Actual finite time Brayton cycle.
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Figure E13.11.1a. Finite time actual Brayton cycle.
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Figure E13.11.1b. Finite time actual Brayton cycle Sensitivity diagram.
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Figure E13.11.1c. Finite time actual Brayton cycle Sensitivity diagram.
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