



















































































































































































































































































































































































































anisolatedsystem

water water OSsystem

2kg 3kg dueto themixing process
90C 10C

Cwater 4.18 kJkgK
A B

Reversible Irreversible

Ssystem OSA toSB
OE Q W ou O C isolatedsystem

OE Q W out OKETOPE L t
t t

Cmc Tf Ti At CMCTf Ti B O
L

Sq_dutpdu
Tds 2 Tf 363 33CTF 2833 0

5Tf 211363 31483
Tds CudTtpdu

i f 315K 22mmmm.cawater is incompressible

f ffdefend4i

DS Cwater ln OSsystem OSA 10
C 1.1857 t C1.34

OSA Mcwater In a 0.1543KJIK Ans

2kg 18k54gK In IT of.az jtSgen oSA ofB
I 1857 KIKmmmm

Igen O1543 KIK
OSB Mcwater In BB mmmm Ans

315K3kg 418k516gK In zgzk irreversible
I 34KIK Ans
mmmm






































































































































fanisolatedsystem

Liquid Liquid
m m show ot mcenfzif.EE
Ti Ta

Mi Ms

Sqdutpdu Sqqdu duCudT
MitMz M dunno incompressible

C constant ds CdT4
mmmm

isolatedsystem OE Q W ou ov v of Midkiff
ou ou o

CMicTf T Cms Tf Ta
MacIntft

offotal of 10 C Mi Ma Mk
Mif Mittman Mat o MzC Intf InTffe
MithraTf Met1MHz

Tf MIT 1Mt e m m m ME dn z
Mithra

CITI Text MC Inf ya a Tf TEK
2M 2

mm m C enfIEI.tk Ans






































































































































insulated
Assume idealgas

Air Air K Goku _7.4
tookPa tookPa
25C 25C Adiabatic reversible process Determine Pf
ym3 yup

A a B
idealgas Pre RT

frictionlesspiston PV MRT
adiabatic V mRFp MA 5MB

C 1 25
Air Air
tookPa lookpa total volume const

25C 25C MacRTia MBITB MAFIA MBERT2B

PIA Pip Pf Pf
ym3 yup

A B

T f f 4375 s Taa Ta

IT 2,354 a Tus TB gI

bMEDIA MLB IB 5m43 IA MaIns F t TATus 252
RA HB Pf Pf

b b ft y Yea

t s 41.4
boo 100 Pf Pf

w b ftp.oj 4 Pft cPffooj44

Pfto.ozCO847 Pf 41 268 Pf 4 Pf C I 278.56Pa
1.115 Pf 4.4 7

Ans






































































































































Vi Vi Tf 10C Vy

glassjar glassjar
Ug

water water
1kg 1kg

Ti 100C Uf
Theglassjar isbroken

andthe water expandsintothetank

oE Q W OUTOKE OPE O e
L L

aah
U Us 00

State fat Lig 71 1002 Ui4gofkTkgKL
assumption

States Tz 10C UI419co kJkg

Uf 42.020 Us Uf 1Xz UgUf
Ug 2388.7

UsUf 419.06 42020 0.1607X2 UgUf 2388.7 42.020 mm

Uz Uf Xz UgUf
mekg CO0017 0.1607 106.32 0001

Vy Va 17.08ms 17 ofm4kg
Ans mum






































































































































idealgas
Air V2You

cu 0.718 kJkgKVi 12 0.287kJ1kgKTi 300K Q 7 K l 4
pi latin nun

m tkg
compress isothermal

a Determine the heattransfer

Amixture of ice liquid waterCoE Iatm is used to absorbtheheat generatedfrom
the isothermal compression process Latentheatoffusion Lif 333.7kJ1kg

b Determine the total amount of ice that melts during this heattransfer process
mmelt

C Determine Osa Osb
theair theicedwater

a Determine the heattransfer

OE Q W ou OKE1OPE O 2 Q Wb ftp.dV idealgas PVmRT
L L L

fiMRId
F empty

MRTIn s be Vi
i V4v Yo

i Q Ilg CO287KJAg.la Zook lnYo mm

198.25 KJ
Ansca

b Determine the total amount of ice that melts during this heattransfer process
mmelt

SqdhUdp
198.25KJ L

Q Q OH
mum 6HlicettDwaterUMi.yMwa Mi Mwr

ice water
gas ice1 water some icestillremains Weassumethat providedheat wasused

COE latm OE latm to phasechang from ice to water198.256J

Q Mmelt hit
Mme 1984 KJ 0.594kg

333.7kJkg Ans






































































































































C Determine Osa Osb
theair theicedwater

Ofa lb Sgen a n assume reversible

198.25KJ 0.6608 KIK
300k Ans

611

off 19825KJ 0.7262KIK
273K Ans 621

Offotal ofa oSb C O6608 0.7262

0.06539 KIK
Ans








































































































































AtSgen during the unconstrained expansion process

Unconstrained expansion Reversible expansion
TR withheataddition

Theheatcomesfromthethermal reservoirCTRTe
Requirement

b what canbedone between thethermalreservoir
and the system in orderto have atotally
reversible process

Uncontrolled Expansion cs Determine thetotal amount ofwork

2 ossystem OF Sgen 7 Assumeadiabatic Q o SSsystem Sgen RdnP4p

R In OEPI
1 Tds_IhUdpcpU Ii

Cpdt RTdpq R Ink

f dsficpdtff.pl p as RenPyp Rln2
L AnsCas

C 71 127

pistoncylinder

totally reversible process Sgen o

UncontrolledHE
pistoncylinderGE

2 DSsystem Off Sgen Hifistate 4 Q RTaln2
ofsurrounding Sgen N

Sgen ossystem ossurrounding piston Sgen Rdn2 Fa O

ossystem Qb4g Rdn2 RTIn2
Tk

Renz QQ o
for atotallyreversibleprocess

there shouldbeno entropy generation repel ftp
mmmm

Q RTrln2 AnsCbi uncontrolled

expansionSgen Rln2
OE Q W oUtoKE oPEL L

Mittag
w Q OU RV MRT

Q cutlet W ffpdV ffR dV RTIn s pk.fmKTs
C Vz2VRTidnt

Ansin the reversible process entropy generation doesn't exist
which means total heat input in the system was converted into c

thework doneby thesystemtotally






































































































































Ah 7kg
Cp 7k516gK 120.287kJ1kg K

ai of

b W

pi 1000kPa Ps ZookPa

71 1200K I 500K

Cal
of Sa f Sq dhUdp

Tds CpdtRTdpp
DsGott Rdpp

Mfcpentf RdnPTp

1kg 1k54gK In505 0.2877tn ffoHfpaa

0.4136 KIK Ans Cal 0.28KJkig.la CbooKX
O344m7kgb U RTFM

toookPa
Pa e

pelooo Us_RT4p 287 500 0.7175m3kgAssume pdecreaseslinearly 2007

withrespectto volume

W Ch U p t Usui P2K
p 2oo 2 pipsUs Ul z

0.7175 O344g
10001200

2
U U U 224 7k511g

W m.w 224.1 KJ AnsCbQ
E

o U OE Q W out toPEtL LSW Q WtoU
Sg dutpdm

t
EE s Sgzdutpdu
Etta 7
Eat
polytropic

i






































































































































A closedsystem idealgas constantspecificheat
AT myexpansion Vi V2

67 Ksp
Showthat theratio ofthe entropy changefor an isothermalprocess to Kkk

the isobaric process

theratio Ato B AB AB

assume reversible Sgen o

Tds dutpdu s puRT
7 CudTtRidge

System ossurrtsgen I 5 Sgen da Cud Robyn

finds os CulnT4qtRdnU4ue

Sg Tds
of RdnU4u

QI
p

tds dh.FIaafmRTSqdutpdvsfg Tds oS CplnTYT 12dmMpi

oSp CplnT4T

oS
q

RAMEN RdnU4ui fqadutpdu.dkUdp
CpdnNyu

R
CplnT4T CP CudTtpdu CpdTUdp

LR Cp CudT pdUtUdp

mmmm
Ans GEEK CpKou

pity EMTs
Kou Ae Cuckt Rif isobaric peps 7 V4Tz

T4z Nyu
i Rfa g Cp kRyf

mmmm








































































































































P
kPa

fatLig Sat vapor
p 100kPa p lookPa
m O2kg Uf Ug U

A theVolumechange
Ufg Ug Uf

1.6941 0.001043

I6931m7kg

OV MUfg 0.2kg 1.6931m4kg
O 3386ms

b theamount of energy transferred tothewater

Energy theenthalpy ofvaporization atthatpressure

E mhfg CO2kg 22575k51g I bKJ






































































































































Air idealgas
Cu O728kJ1kgk CpCu Rr
12 0.287 kJ1kgK CpCutR

A Statesis idealmixture pa
Ti 25C 17 1802 Neglectany am dissolved in water

p tookPa bi pvn const W
air liqwater 1kg aintwatervapor
v 1ms Va o Tm C Determine the heattransferfromthesurrounding

A States aintwatervapor

P2 Pa am PaWU

T
preRT
p mRTv

Statet TableA4 71252 Psat 3 I kPa

air liqwater pi piwetpe.am 100kPa

e pi air 96.83kPammmm

pili MRT M PNYRT C Volumeoccupiedbyliquid is neglected

man 96.8315Pa Imb I 13kg
0.2871501kgK 298K

State2 path_MRI
pagan MRI

K
d137 0.28711453 1469.1kpa pre 1469.9kPa 111002.8

O l 24719kPa
Ang CaTableA 4 12 1802 s Psw 1002.8kPa

Cbl pVn const W

W f pdV pVn C pivilpakn
i too I M 2471.9 0.17

porkpit 0.97 10
47 g

I N
2471.9 ol Ooga

Nlogo't dog 0
47 g

l 1.393 i N I393mmmm

374.53 KJ
Anscbl






































































































































c Determine theheattransferfromthesurrounding

Energy theenthalpy ofvaporization

OE mhfg OH Q W

Q OH1W T 25C Ta 180C

p 100kPa
Q OHamt OH wvt OHwe 1W air liqwater4kg aintwatervapor

1ms Vz oym3

Mi we 1kg 7 be0.9mi

if all dig water turned intosat.Uapon Us o.imkg

TableA 4 T2 180C 7 Uf 0.001127

Ug 0.19384

UseKlm 0.1ms
Ug V4mzw Mawr Krug o gzg4myg O5t589kgmMz.weI 0.51589 0484kgmmmm

OH am Man Cpt Ti Cp CntR
Cl13kg I 015154kgK 18025k
17778KJ

OHWu Mswv hawir Miwir hiWV F18oz hf 763.05

hfg 2014.2
0.51589kg 180216 Tng 2777.2

929.73 KJ
Xa O

figs 19 0.51589 ha.wv hftxachf.gl
OH we M2wdhawe Miwehiwe tlfo2 hn

0.484 763.05 l 104.83
264.48KJ

Q foH amt oH wvt OH wetW

177.78 t 92973 26448 t 37453

09746KJ Ans cc






































































































































A g
insulated B

feat on nQ
TH 600k TH book

Ti 300K Tz Sook Ti 300K Tz Sook
pi 1bar pa 1bar pi Iban psi1bar

Sgen.A fgen.rs CCp 1kJ1kgK
A oSQFftSgenoSQFftSgen Sqdhqdp

tds cpd fgen.A q.INTT Cl In59300
dsCpdT4 0.510869kg K
of CpbnT4T

B OS 0
Sgen

gqdhUndp
Sgen.B of b CpdT

CplnTyT 200 Gb Cpt T
600 Cl 5003001SgenA 7 SgeniB 5108 Y3 200KINGANS 0.1775147kgK

SgenA CpdnT4T SagenB CplnT4T Off

Tb N s SgeniB fgen.tt






































































































































2 3 reversible isothermal expansion

ReversibleProcess a processthat can be reversed withoutleavinganytrace on thesurroundings
Irreversibilities

armyattheinterfaceofthesetwobodies

1 Friction somework is needed

to overcome thefrictionforce
v

f Thisenergy is convertedto heat

Temperature
2 HeatTransfer

20C 20C 20Cforward reverse Q7 7

Q wbE 202 202

Theinternalenergy ofthesurroundings

will increase by W
Q Q Q

Q cmT
TH I TH Th DQ cmoT
OTTH I 01 0 OT O

0THIfe 7547 OQIHIFT
irreversible lessandlessirreversible reversible

044 reversibleol 42ZHE

OTKoodHottionate oIIEkX






































































































































Cwater 418k01gK
CAL O941 kJ1kgk

At
O5kgwater look

10kg The maximum potential work thatis lost
30C

OE Q W autokEtopE O
c L

OSsystem ossurrtsgen Q e s w
b Sgen OSwatentosan

QAL CAL Man OT
of fief SgCaugdT fqdutpdn co941k 14Co5kg 30.81look

CndT 32 5KJ
dqdhUdp OU o

o
t IE iIiYioFIE.moiIT't

OSAL CALMALIn TL 0.9411 co5 CTs look so

40.18Ct 30 10.4705 Ct 1001 0

Sgen Dfw10fat 40.6512 1252.45
12 30.812mmmm

WAL 32bKJ1 32bKJAns






































































































































CpCu 7k511g.k Twoblocks Carnotcycle

iron iron iron Carnot iron c Tf1kg 1kg 1kg 1kg
A Tf I W
bi of e of

v
Ti OE 31 1004 W

Goata b OE Q W OUTOKETOPE O c die Nc IL L L fin
OU ouiron.e ouiron.rs U CaugOT I MCCTFT e Tfg 12

McCTfT McCTf 14 McCTfT2
L L
o McCTfT TLI L I

271 Titta McCITf IH
L

Tf CITI 72 502 Ansca i
323K

Sgdutpdu
Ssyst ofsurrtsgen ofetofs Tds_CudT Tf Ti

Is Crudity Tz Tf
mc.eu 33kktmc.ln333kkos C lnT4T

gIn TI0.02425 KIK
AnsiCbl

DI W QinQout
Tf

4TH H McCTstt McCTf1T

f dTyTnfdTtyT kg lksqg.ie 373k 319.1K I I 319.12731
Ti Tf
dnt lnTH5I 7 8 KJ AngcallIf

Intef lnT4Tf
oQ oUtpo

Ttf_TYTf adiabatic QQ outpov
TE TiTa isothermal

Tf T.I isobaric oQ outpov
constvolume oQ outpov

273k373k
319.9K Anscc oftotal O i cannotcycle

Ans ee






































































































































Surrounding 272 Go1k54gK Heatcapacityofwater isassumedconstant

A
µ Theenthalpy offusion atfreezingpoint oh_333kJ1kg

agate of I2204KJlkg.is at water0C ice 0C

27C water 08ice

The cost of 1kg of ice 2
Price ofelectricity 0.1 Kwhour

A to freeze waterfrom 0C to ice at 0C

b to cool waterfrom 27 C to 0C

freeze Waterloo iceCoE

OS tintnew reversible

Q Tos T Mos
273k C1kg 1.2204KJlkg.la
333.17KJ

cost 011kWhour wg Iho 333.17KJ 92510 3
Ans ca

cool water 270 7 Waterloo

QzW oUtqKEtEPE
Q MCOT

1kg 1k71gK 27 o k
27kjJ

cost 0 lawhour f wg Iho C27kJ 7 5 104 Anscb






































































































































rigidvessel insulation rigidvessel insulation

air a oUFEIc
if FIE if os

Win114J Win114J

0.1ms 0.1ms
U 0.001m31kg Cu O72k516gK
C 418k516gK R o29k516gK

Ai Liquidwater B Air

AE Q W outoKE o.PE U 114JAnsL L L

oU W C114J I MJAns fq dutpdU
Tds CudT

Q Cimo ds CndYT
SQ Comdt Tdf of_mailing

i IS and4T
preRT pVmRT m PYRT

of CmlnT4T 1006Pa 0.1ms

29k54gK 3K
U Ym m Vfa 0.1ms

Ooo1mg
lkoTm 0.1177kg

mm
oU W moot j dutpdu o

McCTs T
Mct W 1Mt OE Q W OU W Win1 Wb

Qtwm Wb all
i T2 mwc IT QtWm oU Wb outPOVL r

C INT
100kg 418k54gK 293k DU_Win 114Ja

femcudt W
295 LK mouth T W 10005J 293KTs WmCu T go.im 0721

oS 418k54gK 100kg Ind54
3 3.41KIK 12,093K

Ans
og moubutt

co1177 co In 12093
293

0.3153 KIK Ans




