



































































































































2kg ofsteam is contained in a 6Ltank at602
If 114Jofheat is added calculate thefinalentropy

Q
z mSz

L
steam Steam EY waterligtuap
m 2kg
f 6L Trial7 60C

Error
OE Q W oUtoKEtGPE

u v a

e Q Mak Ui

Ti 60C
Vi GL 1ms ooofmis s U 0.003ms

1000L

TableA4 17 602 Uf 0.00101 m7kg My UftXtcUg Uf
Ug 7.6670 m g µ Uf 0.003 0.001017

Xl Ug Uf 7.6670 O001017

0.000259i U UfTXCdg Uf mm
251.16 co000259 22047
251.73kJ1kgmmmm

Q Mus MU

U Qfm u
O

251.73147kg 751.73kJ1kg2kg mum

State2 U2_751.73kJkg Sz MSz 2kg 2.13013kg.la
Uz o.oo3m4kg 4.26KIK Ang1

ForSz Weneed to know I X

J
X Us Uf 0.003 0001127 0.00972 7 UseUftX2CUgUf

Vg Uf 0.19384 0001127 779.62

170 0.001114 0.24260 718.20 18575
Syfy

24.013036g

Xs 0.00781 3 Use732.71
Sz 2.0906 Co00872114.5335

175 0.001121 0.21659 740.02 18394 213013 kJkgk
Xa O00872 7 Use756of






































































































































0205 7411 54 FirstLawof Thermodynamics

Conservation ofEnergy

in system
Eflow

out
Eflow

OEsystem oEIionw o EET

du SQ SW du internal energy

the change of the energy
in the system

How to characterize thesystem
How to write the variables

du SQ Eyed extensive variables

1
Conjugateforce

extensive variables Xc Sw

pdV Mechanical Work

l Fdl Mechanical Work

E dP Dielectric work E theelectricfield
thetotalpolarization

14 HIM Magnetic Work of thedielectric

of 01dg Electrical Work

7 The work term extensive variable conjugateforce

2 The heat term SQ Tdf Temperature Entropy
its conjugate






































































































































System Closed system CHIHHH

Open system CHHEAD

Closed System

is Conservation of Energy

v w gW pdV DE SQ SW
A

os HEHE DU SQ pdV
oV A

Boundarywork

dtAds SQ dUtpdV
Sg dutpdv

OE OKE OPE 106
1

OpenSystem
Tho 712159 EEN EHLEN

CV 0103 EME
NEMEINHHEEFE

Conservation of EnergyQmm W
DE SQ SW 1k

Nittorktel N7ktMkEI HITHER
CV okNEAH 01724201984 01m48t

C V HE EEE FOISENHHEI IEQENHAHI
Mi ME ZEE and EFE

HEIM 1 EMEI 47th HEALEY
M m

dEcydt Q wtniicui VY gzil N.ro UotV tgZo
HEEDENEH4 LFEEHHINIEIEF.ME oIz7nlot8Eod W IlartnipU
inpu Ekgg Hm4Em g Hd

dEcydt Q hdutmiicuitpu VY gzil r.noCUotputvottgzo

dEoydt Q wafnlich.it tgZiI inoChotUo7tgZo






































































































































Entropy Transfer

Closed System 29 Sgen ossystem Safe

4 Adiabatic Sgen ofsystem Saf a 0 1 33 0

a toSB B 20441 0

A

2 Surrounding Sgen ossystossurr
OSBtossurn

Qsum Tsurr const
OSB t Jum B

Control Volume
OpenSystem 20 tfgent misi zmefe CS

sda.IOniiSi ineSe Sgen d
t

steady flow singlestream en InCseSi 2 s singlestream Ini nine

steadyflow adiabatic Jgen Ende Zimis

steadyflow singlestream adiabatic Sjen inCse Sil






































































































































mi7kg6
HeatExchanger

Steam 1 90 10 2 OKE OPE are negligible
114Pa s 90C
200C

A Theminimummassflowrate
water dig water ofthe cooling water

op lot
a 252Tma40C

4 g
3 lookpa b assume Ww 10kg6

Heattransfer internally reversible
1500KITS out WIEnvironment

isothermalTsurr 252 fgen

OpenSystem TD's 1stLaw

dEoydt Q wafnlichi VYgzil n.noChoiU tgZo
L

steadystate

out inihitnishs mishatmithy O a mis ing mirin

Nichiha misChshat out

state miKgb Steam 114Pa 200C

superheated Iata 179.88C CateMPa so superheated

hi 2828.3KJlkg.IS Se 6.6956

States 90C 0.914Pa 900hPa subcooled

TempTable T 90C Psat 70 kPa is isubcooledliquid fluid1004
PressureTable p 0.914Pa Tsat 175.35C temptable

1908 Hemptable hf hz 377.04147kg
States dig water 252 100kPa Sf Sa l 1929154g.k

hf hz 104.83

Sf 83 0.3672 Nichiha misChsh4 out

States water Tmax40C 90hPa in out Nichiha 1500 CD 2828.3 37704
44 16753 hs hat 10483 167.53
54 0.5724 15.17194

Ans ca






































































































































HeatExchangerb Assume Ww 10kg6 in1kgIs
Heattransfer internally reversible steam op Ioi 2
WIEnvironment yµpa s 90C

isothermal 200C
Sgen

water dig water
op _lot 252Tma40C

28 zniisi zmiese fg.eu Mdt 4 3 tookPa
L
1500KITS outsteadystate

Tsurr 252
out mis miss Wassink Jgon O a mis ring Mirim
lb

Igor mics S insCsgSz 1 it
1kg6 1.1929 6.6956KJlkg.la t IO 0.57240.3672 t 15004

298K

55027 12.052 5.0335

1.58286 KJIKS
AnsCbl
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https://upload.wikimedia.org/wikipedia/commons/f/f4/T-s-diagram-steam.png


































































T n
900kPa 90C

N

v vf e s 7
11929 20941 7.4782 S

Sf Sg




































































17 452
in 27019th 45kg digwater 45C T intank_uniform

pin pout
8kW mi270kg1h

Ti 45C C 4 2KJlkg.ISBy water
45kg Coolingcoil 8kW ope_oke o

Determine the variationofthetankwatertemp

Te Flank T

in 270kg1h

dEoydt Q wafnlichiVYgzil n.noChotU gZd Q E CmT
U U u

crotchHel712
deafet michi he s dh CDT dEcydt mcfdtf.ee

ormcdTYdtkvQtnsCCTi

T1dYdt Qfmctnif Ti T
MCHs u 1h

SKITS 27019th 36oos 318 T k
45kg 42k7gK 45kg1

Kb Kk
0.0423 t 0.0017 318 T

dTdf 0.4983 0.0017T
Ans



adiabaticdesuperheater

steadystate
Superheated t 3
Steam y satsteam
water s

2

p_2.714Pa 11 3002
water Superheatedsteam satSteam hi_30027k711g Si 6.6019KJacgk

in loookgth loookglh.gghoos O278kg

spz27MPa.Ts4oE
A MYwater hz 174154kg Sa O571KJlkg.la
b thechange in entropy of cV

reversible 103 2514Pa Trs 223.99C sat
43 2803.1kJAg 53 6.2575 kJ1kgk

Energy Balance OpenSystem

dE t Qov Wartmiichi ineche
r v r

O
mich mish neighs s mis Nitin

1mi 1mih3

mischahs mich h
O278 2803.1 30027pinches HD

1 4 2803l
i mise heh c

o 02 Ans ca

Entropy OpenSystem

dS tinisi NieseiSgen
U m 0.278

en Niese m.is ME 0.0211
singSg MTS Miss Wiz O2991

0.2991 f2575 0.2781 6.6019 co0211 0.5711

0.02424 KIK'S AnsCb

Ige o irreversible Ans cc



Two air streams
took steadystate300hPa t
5kg6 s adiabatic

Okeope o
g 100kPa

idealgas withconstCSook i
lookpa 2 engine 120.287kJ1kgK C IkJlkgK
loKgb At

Determinethemaximumpoweroutput oftheengine

dE t Qu War smithi Imethe
he 1k59gK book tookJ1kg

Wengine he Cl foo SookJ4g
INengine smithi smoke his Cb 13 61575k511g

Mihitmih Mohs

inorderto havemaximum workout
isentropic noentropychangeL reversible

Cp p
DH sgdhIdpDT

i.Hmc.ph

engine f 5007 40 80011115 61575L
dS t 2 inisi Wiese Igen 1263.75 KHS

AnsL r

mis Nissa Nws 0

His 1013 0 C fq dhUdp
Tds_CpdT RTpdp
of Cpdn Rln7

g 1Intygoo 10.2877In 4300

ofz pisis
to a In 6.287 In Yoo in Cpln RINBp

L Bs

b Int In500 tiolnTz loenfoo o
A ME CpIn't RInIp

151m73 bInto 1.5765 lolnfoo
31.073 1.5765 66.846
96.3425

In13 6.423
6.423

615.75Ki Tz mum



adiabatic reversible steadystate
Cp I 87 kJkgK K4.3 U O001m31kg
idealgas Uo.oolm4kg

42 incompressible

A pump 100kPa 20C 1000kPa Wpump ffUdp o.oolnigg 1000 lookpa

liq water O9k71gAnsca
abi compressor 1006Pa 5008 1000kPa Mamp findp

steam

isentropic idealgas
Tag_µyudH CP4p

12 71 Pyp
773K 100

0
3 1315.1K

mum

Sg Sw dhtdketdpeL rL

VSWin_dh CpdT
Win_Cpt Ti 187k511gK 1315 I 773k 101373k71g Anscg

dwp Udp dkaydt Qarwcv E.mithVIgzD zinchzV.ITgza

Qar War final initial
Qa War OHtokEtopE

ReversibleSteadyflowwork

Ignou Shirov dhtdketdpe

Safra Tds
Tds dhudp Sona dhUdp

dhndp Swneu dhtdketdpe
u L

Shinar_Udp
Wmv fiudp SystemaHEod

www.in ffudp system'll HEEL



expansion steam
am150ihumidity am watervapors idealgas

17 1002 y z 12252 fear 1.4 Ran_0.287kJ1kgK
pi 200hPa 7 7 ps few_1.327 Rwv 0.4615

f
pi pi.am piiwv peps.am1pswV

adiabatic

reversible

10 relativehumidity watervapor pressure

equilibratedvaporpressure

Statee

WV Ti 100C pi 101.42hPa

Pwm 10.5 101.44 50.7kPa

Air pi 200hPa pi.am pi pi wv

200 50.7 149.3kPa

States

Air adiabatic IfyuafIpyppktkpz.an

Cpi.am tf 1.4
149.36Pa 298K 6.4

373K
68.05kPa

Pse 68.05 3.17
WV adiabaticIrreversible isentropic 71.22 Angof_O

71 1002 Si Sg 7.3522IT kglIhm Sef

12 252 Sf 0.3672

Sfg 8.1895 3 SftXaCSgSf
Sg 8.5567 G3542 0.3674

0.8532i Xz 8.1895 mmmm

L
p2iwv Psatcat12527

3.17kPa



i
Asystem 1kg satwatervapor at1004

condensed isobaric s heattransfer
ofTres_25C

satliquid at100C the netincrease inentropy
2 system water surrounding

ofsystem OSwater to Ssurr

Water 17 1002 s S_Sg 7 3542154cgK
f Sf 1.3072

Swater Sa S
I3072 7.3544

6.047kJ1kgk

Heat ossurr Qb
Tb

oE QzWOH Mth ha 1kg 2675.6 419.17kJ4g
2256 4KJmmmm

22564kJ 7.572 KIKi assurer
298k

OSsystem f 6.047 7572 1.53KJ1K Ans



HighPressureWaterjet adiabatic reversible

compress liqwater 100hPa 20006Pa Patm lookpa 1bar_105Pa
20C

tank jet
Assume steadystate A Wto theenergy per unitvolumeflowrate

water 204,1006Pa Cu 418k516gK
V o 001m31kg b Uwaterjet
h 2675kJ1kg
p 997kg1ms

snipudpdjtaydtoiawai nich.tvgznzinchzvygz
Wren Udp Systema81 01 QarWau finalinitial

Qa wa otlokx.pe
Wiblesteadyflowwork

www.in ffndp v
Boraswrardhidkeidpewrev.ininffudp

SoonerTds
Wrevify fjudp a Ufcp incompressible Tdsdamp

Ssonerdhadp

U Uz const cqhudpjswneu dhtduketdpe

U.CHpi specific volume
Swan udp
wrev Siudp system.is od

QAV in_pAV pQ
m my.fms3 wrev.in findp system atone

wrev.in
Q UiCpzpi

i When.in
Q pUCpzpy C997kg1m3 0.001msAg 2000kPa lookpa

1900KIM Ansca

Pa2oookPa patmslookpa Energy Balance

dE9dt Qu War Emichitketpe Emichetketpe

steadystate ar W'a finalexit initial i
Tank iadiabatic OH OKETOPE

MIO Estationary

1202 p lookPa oh 2675kJqg Us veryfast Velocity

Ps 20006Pa h

p3 lookpa h3 O OH10K Uuno
O ohtake a oke dCUIYE

Y 2 O ohsha tzU5 oh hz hz
Q W OHtokEtopeL Us 12cL hs hi h3U F man N kgMls

win fUdp heh 12thHD mqg.lvmz Nmgg Ygm5 m

2 UCpaPD f
2 10.001m4kg 2000 100kPa I paPa m 2

61 fmsAnscb7



Ref 134A NEO8
non 1kg6 Al Qin

Compressor
Evaporator b Win

17 202 y 2 38
UFO.olm7kg 7 C Sgen

Y Pi Ps Ps 114Pa

Satvapor
Qin

Tsan 0C
Win

A QIN OH
Qin michTn

State Ti 20C Uf 0.0007362 Lf 25.49
Ui o olm7kg Ug 0.14729 h51212.91 D

U Uf TX CvgUf X Ui Uf
UgUf
Co01 0.0007362
0.14729 0.0007364

0.0632
i hi _Lf 1Xichfg Munir

25.49 0.06 21291
38.26 kJ4g

States Sat.napor peps
he hg 238.41kJ9g

Sg 0.94564

i Qin inch hi
1kg6 23841 38.26k g
200.15kW

Ans.ca

b Q WOH statess ps 114Pa ideal isentropicog

Q W mish f S3 0.94564L h S
CWin ninth 271.71 0.9179

i Wm michha has 0.94564
282.74 0.9525

271.71h3S 0.9179 0.94564 0.02774 o.jo73WmiidealClkg1s 280.57238.41 27117128274 0.9179 09525 o 0346

42.16kW

271.73 ha C 11.03 0.80173

i hzg 27173 11.03110.80173 280.57Kmg



Winiideal jumped Whideal 42 ll 52.7kWME win.red Me co87 Ansacb

C entropy generation

IS 2 Eniise Intesetjgen c ni Wiinie
L

Jgen Mic Ise Isi E lb

milfs15,2 Sl Sj Q1 1kg6 0.9786 O1550KJkg.la 200.15
lb 273K

0.8236 0.73315
State Ti 20C Uufgio.oo.gg362hyf 2549 009045KWIK Ang cc

Ui o o1m7kg 29 212.91

1 0.06 Sf 0.10463
0.8410

I If 191Spy
Co1046311 006 co841011

0.1550

stated Pz 114Pa ideal isentropicog

f S3 0.94564 8
h s

271.71 0.9179
how 0.94564

282.74 0.9525

Winideal 1m13s ha 28057 238.44 o f
Winreal Imchs ha h3 2384

Chs 238.4 0.87 42.16
1h3 2384 42166g 291.1

h s
282.74 o9525 0.952553 282.74291.1

0.95250.9858 282.74 293.3g 07857Hhs 291.1 S3
293.38 0.9858

0.952553 0.02616 83 0.9786



Dieselturbocharger Turbin Compressor

Okeope o
400C

p 114Pa adiabatic ideal reversible

Cp 0.28kJ1kgK K l 4
4 t

Compressor Engine i Turbine
calculatethe air pressure

20C i lookpa atthecompressor exit
100kPa 3 to increase thepressureofair 2 engine intake

714002 pi Hepa adiabatic

Q W OH BT_Nyu.lk ftp.YK

g w oh i Ta Ti P4p A

Sg sur dh s dhCpdT
673K toooo 5 4

i adiabatic T
WT

WT_faith ficpdT 348.58K
Cpt 1

Mt CpTe T2
Co28k711gK 673 348.58k

go 84k71g
adiabatic

Q W OH Tq u EYpL T
Wo

Mo OH CpCTq Tz ht cp4 q.gl THE P4p

i p4 P3 T4
MT 14 73 1M 14

100kPa 617.43K 4
3k 9084km9 293k

o28KJlkg.la 1358.4hPa
617.43K Ans




