



































































































































Piston cylinder am compressed

idealgas
V 0.4ms Vz 0.1ms

19 100kPa Be
71 802 Ta foe 82178 isothermal

Determine the workdone

IIHF closedsystem

W mfiPdu w fpduu tfm.ru Whn

mffRTheda
W fPdf

air idealgas pn RT
MRTffYudu F RITU

MRTlnU4u s puRT s u7hm
PTVm RT

RVlnU4u PF MRT const PVT RF const

Clookkal co4mA en f mm ig.mg Yui mfxm

55.5KJunmans






































































































































A piston cylinder gas

Vi O05ms compress thespring untilthevolume doubles

P 200kPa
33 k k 150KNIM Vz 0.1mi

heat is tranferred to thegas

µ
A 0.25ms

Q ca thefinalpressure
b thetotalwork done bythegas

cc thefraction ofthisworkdone againstspring

initial final
A t 2 OVVzV

v

B Patan B THA KXIA KOYA O05m70 ma 0.2M
k v

k
v 150kNtm 0.2mi

Patin x 0.25ms

Pa 12015Pa
a mmmm

17200kPa

Pi 200kPa Paton Ps PstPatm 2001120 320kPanvm Ans
f fix

acbs thetotalwork done bythegas

We WbtWs
Patm Ck Vi dfix

1kJHookPa O05m31 l5okN1m 0.2mF
lkpa.ms

toKJ 13KJ 13kJ
weans

Wspring 3kJ
mum Ans






































































































































Rigid Tank divided two equalparts

evacuated ca Determine the volume oftank
V

lbsfinal pressure

m5kg m5kg x heattransfer
V

Qin
p_200hPa Tf 25C
17 252

ca water

SatWater Table A4 17 252 Uf_0.001003mVkg
Psat at258 3.1698kPa 17 200kPa

Vt 2N 2 Ufxm
2 0.001003mVkg bkg 10,0mg

10.61 l 0.01ms
Ahs

cbs final pressure

0.01ms
Us_V4m gkg 0.002mih

TableA4 12252 Uf 0.001003m4kg UfLUztUgm
Ug 43.340Milky Ligvapormixture

P Potatoes 3.1698kPa
unmans

Ci Qin

oE Q µ all 10 01

Qin milk Uel Qin 5kg 104.89 10483k71g
0.3 KJUs Uf XUfg Xz U2 Uf2 Ufg mmans

TableA4 1 252 Ufg 2304.3kJ1kg
Uf 104.83

0.002 O001003 2304.3Use Uf1 2 Ufg 10483 43.340
10489k511g

mmmm






































































































































Mass bkg Gatwatervapor 300KP a

cheated

v

p const 122002
1

m5kg m5kgQpi 3ookPa Ps3006Pa Calculate the workdone bythesteam
satwatervapor 12 2002

K 174 closedsystem W fipdV
pfidV

p VaVi h p 300kPa

T pi 300kPa sat Water vapor TabldA5 Ug 0.60582m4kg

Vy UgM 3.03mi
2 Ta 200C Table A 4 Psat 1554.9kPa

D 300kPa palpsat superheated

Table At p 0.314Pa Use0.71643

Tse 200C Vz Nam3.58215mi

i W p Va Vi 3006Pa 3 15 3.03ms
165KJ
Trans






































































































































frictionless pistoncylinder

boh ref134A satliquid heated until 1 702
p fookPa

Calculate the workdone duringthis process

R 134A Q
pconst

W p VaVi

Vi bof Im 0.05ms
oooh mum

12 708 TableAtl Psat2118.2kPa 7 Ps 5006Pa

TableAB pre fookPa U o05243mVkg12 70E

p 500kPa satliquid TableA12 Uf 0.0008059 m4kg Ui

Ui Htm 3 M Vyµ 0.05ms
0.0008059m4kg

6204kgW MpcaUn path mm

62.04kg 500kPa O05243 o 0008059 m g
Hoo KJ
unmans







































































































































Piston cylinderCND

pie114Pa 71 4272 isobaricprocess

12 274

Determine the heattransfer CkJlkg

OEsys Q W OU OKE OPEL

Q Wb all

Q out Wb SgdutpdV a Utpu h
OH dhUdp

fq dh CpdT

q oh Got 71

Na TableA 2 Cp 1039 kJlkgK

g Cpt Til Cl039KJag.la 27 427 K
4156k71g

mum Ans






































































































































Air Pistoncylinder Variable load
pi 500kPa Ti 27C
Wsh 50101kg into an

MQ heat is transferred to maintain a constant amtemp FEITH
WshtokJAg allowing thegas volume 3

calculatethe required amountof heattransfer Kmg

GE Q W UtopetokE
r

Q f Wsh Wb old
QtWsh Wb ow

Q Wsh1Wb tou s wb ffpdV
Wsh ffpdV Cutlet pu RT

L Ti Ta p Rut

q Wohtffpdu a PART

C50k721g t f RI du

C fo t RT InNYU s Ua 3 U

fo t co287kJhgK Sook 3

44.59 KJ1kg
mum Ana






























































































































































































































































































































Apistoncylinder i am liquidwater compression process
State7 States

Stage7 17 252 Stage2 a mixture ofwatervaporand an
pi 100kPa Tse180C
theair contains nowatervapor Vz o1ms
thecylinder volume 7ms

mass ofdigwater 1kg

The volume occupiedby theliquid can beneglected

An is assumed to be an idealgas with cu o728kJAgK 12 0287kJlkgK

a Assuming thewatervaporandair is an idealmixture
Determine the pressure inside thecylinder atState2 Pa
Neglectany air dissolved in the water

b During thecompression PV constant

Determine the total amount of work during thecompression

C Determine the heat transferfromthesurrounding into the pistoncylinderprocess

a Assuming thewatervaporandair is an idealmixture
Determine the pressure inside thecylinder atState2 Pa
Neglectany air dissolved in the water

Ps Paam t pz.hr

States i pV2 MRI
psair MRI 121802 120.287KJlkg.la i

V2 2 0yup
m

State TableA4 T 25C Psat 3.17kPa

pi piwe pi.am 100kPa i pi.am96ISaPam

3.17kPapiVi
mRTe Mair Iggy c volumeoccupiedbyliquid neglected

96.83kPa 1m31 1.13kg
O287kJkgK 298k mm

pz.am 413kg 0.287154kgK 453k 146gykpa
1ms mm

States 12 1802 TableA4 PsWv 1002.8kPa peps.am173wirmum
2471.9kPanvm Ans



b During thecompression PV constant

Determine the total amount of work during thecompression

W fYpdV s pm const pin pVan p another P'V n

a const IVJv Vn
const ftp.vtn een skVi

const KH Vinl n

pdkn.V.tn pinVin parkpill 24719 Oil 100kV 3 4.53KJ
I n l N l 1.393mm mm Ans

N pili pavan

1001MY 2471.9 OTT
1002471g

Oy

mlog10.97 dog40471g N t393m

CC Determine the heat transferfromthesurrounding into the pistoncylinderprocess

State1 States
Ligwater Ligwater watervapor

am an

OE Q W out OKE OPEL L

Q C Win Wb all
Q outWb Win H Utpv

OH outoCPV
Q OH Win a dH dUtdPVtPDV

Swb

Q OH Win
OH am 1 oh wut Cottwe Win

mcpctzTB.am t MahaMikiwv t MahaMikiwe Win

OHam MainGo Tz Ti s CpCu R
Cp Cutts

1.13kg C1.015kJkgK Ufo253K
177.78 KJmm



Mi digwater 1kg

if all liq water turnedinto satVapor Useo.im

kgTablesA4T lfoC Uf O001127 Ng o 19384

0.7msMawr Hug o ygggy
051589kgm4kg me

Mzwe Y O51589 o484kg
mm

GHwv Mawr thawv Miwv hi wv
L no watervaporatstage1

CO5159 kg 1802161 9297

71802 TableA4 Lf 763.05
hfg 2014.2
hg 2777.2

0.5159
X2 y hzWv 1802.16

I

Hwe M2wehawe Mi Wlhi we

Mswe 0.484 kg hawe hf 763of

Michel 1kg hiwe 104.83 a TableA4 71 252

0.484 763.05 l 104.83 26448rum

i Q 177.78 1 929.73 1 264.487 37453

997.46 KJ
mmmm Ans



ClosedSystem Piston Cylinder isothermal vs adiabatic vs polytropic

Pi Pi
friction

s idealgas proRT

To P2 P2 friction01 WE DEEMLHI
7 WE QE BEEHLHI
7 QI SE that770kt

isothermal adiabatic

pV C pVk C

Expansion Compression

Pm Pm
isothermal pv c

isothermal Ic I
polytropic pVn C 1 snake

adiabatic

g
Vi Vz V k a v v adiabatic pVk c

PV c
EEatHool OLE El olstet EIEathool OLE El EEolEFotet



1ms of diatomic idealgas is first expandedfrom an initialstate CT298K pi 15atom

Cp KR 5 12 to a finalstate Cpelatm

During the expansion thermally insulated

Afterthis expansion the insulation is removed andthegas is allowedto cool or heat
backto298K

while keeping thepressure constant at 1atm

what is the amount of workdone on thegas in these twoprocesses

Pa
15ohm

4 IT298K
i

n
n

t

Isents pkc
pVko

2 3 13298K
Iatm

isobaric

Vi Va Vs F
Imf 6.92 15

y 2 isentropic idealgas pmkp.VE Kr specific heatratio

gk jpg
Goku 7212,2

14

Yu He

i Vz Vi CPYp.IQ 4m37 c Ifaattmm y 6.92ms
mum

pVmRT

MR PVT P EYE 703

Tse Pak T latin 6.92ms 298kg 137.48K
rumpit 45ohm Ini

atm 6.92ms 298k 15mvz P MP3
137.48K Ktm mum



1 72 yw ffpdV s puke

L or Kay
Fork

Eee vital

FI Natta Vita a puke
atm Ums PmkPa fgzo.tt To4

I 1.4
2047KJ
mmmm

2 3 IN f pdV
PIUSV2

latam 101325kPa 15 f92m31
Iatm

818KJ
mm

1h13 eWa t 2h13

20471818 2865.7 KJ
unmans

another way
y 22 isentropic

1st Law OE Q W Utq topE
L

WEoU IncudT
N CIR TEI s Ta137tk

T 298K

pU RT 52 P TET
pVmRT MRT

NB PTV
52 ftp.picm C137f 298k

2047KJ
Nunn



evaporation

The heatofevaporation of water is 2261Jig at 1008 latm I gpwatervapor 0.597 kg1ms 1008 atm
looklatm

ca whatpercentage of that energy is used as workdone bythevapor a

cb what is the internalenergy change for the evaporation ofwater Q
final

Vapor

pdua W finitiale
big

wrapf pdu a U Volumelmass
verge 169.7 Noo 7.5
p Jumpdu c isobaric 22614g run Ansveig

a
p CUnap Weigl pUnap

Wrap Neige

w pUuap p Vraphmuapon P Ypwatervapor

Hms asai ian5 lkajmJ
l69.7k7kgm 169.7JIGmmmm

b Isobaric UE HZHEITHET
H UtpV

OH auto PV
out govtpoll oh_outpour

isobaric

ou oh pom
OH CpOT Cp Cdfp 2261Hg 169.7

p 2094Jtgmmmm Anastealthy UE breakingbond THEmetal

W fpdu pour 169.7Jigmum
1

The heat to transfer to waterto evaporate it
is used for increasing the internalenergy ofcounter

2094J1g breakingbond

but also includesthe workrequired for expansion of the vapor



monoatomic idealgas b 9 543formonoatomic
Allofthechanges oftheStates are conductedreverselyet idealgas calculateVs and thetotalworkdone on or bygas

p latm
V Il isothermally Veal
T 373k expanded Ts 373K

cooled
reversible isobaric
adiabaticcompress'm

vz

p n
idealgas pV nRT s R f 31451mikt

Iatm
isothermal n PV

RTisentropic 2
3 isobaric datm PatnfPa le

f3144mm 373k
F373K O 033Mol

mmmm

Il vz 21 V
52L

1 72 isothermal 2 73 isobaric

yw ftp.dt tpV nRT
NRTp vIf NYT dv 3 1 isentropic

idealgas i pVkConst

NRT In psVsk pink
co033m01 83144miK 373k bn Fl gig4ov e I 2 isothermal

pillpakconst
70.9 J

mum L I 151 Il pep Vhs0.5
1.521 Clatm I

run a 0.5ohm
mmmm

psp3
2 73 isobaric

IVs pdV
101325Pa 1ms

p Vz Vz O5atm 1.52 2b latm wood

24.3 J
mum



3 71 isentropic

3W fjpdV a pvkanst pivik.ph P n
i

p const v k
Iatm

isothermal

f c VkdV isentropic 2
pink 1k VtkJj 3 isobaric

Cpivity ftp.cvik vj k F373K

latam Il 1ms pts
wool Id vz 21 V

Cle wife 5 4.521 toome5 Ese

37 J
run

Wtotae 70 9 243 C 37 III Ang

9.6J work done by gas Ans



adiabaticFree expansion insulating is whatis thework performedbygas

gas vacuum in OU thechangeoninternalenergy
after it hasequilibrated afterthe expansion

iii idealgas oT

gasvolume V 2V is notidealgas i.e U UCTV OT

assume the wall conducts heat
gas vacuum vs idealgas U

vis notidealgas i.e U UCTV all

is whatis thework performedbygas
W fpdV cannot be applied since the process is not reversible

Patmv The amount of work done bythegas isZerfuangTT T TT
P

thegasdoes no work onthesurroundings outside ofthechamber

quasiequilibrium CEIEto

Freeexpansion insulatinggladiabatic
in OU thechangeoninternalenergy

gas vacuumafter it hasequilibrated afterthe expansion

Thermodynamic's 1stLaw OU Q W mmAng
insulating nowork gasvolume V W

iii idealgas oT idealgas U ft only afunction oftemp IduCudjT
d T Cu

is notidealgas i.e U UCTV OT
51 0 Initial Tfmal

OU UCTfinalVfmal UCTinitialUnitial 0 Mmm Ang

T willchange after afree expansion in an insulatedchamber since Vchanges



assume the wall conducts heat
gas vacuum vs idealgas U

vis notidealgas i.e U UCTV oU

idealgas U ft

Initial Tfnal Tenuronment OU O
unmans

notidealgas U fails

UFO c heatexchange UFOunmans

ht Ht'THE UCTV Z Ht et

U ft U ft VI
ideal gas nonideal gas

oU Q o U O Utf Vf Uct Vi
insulation sµ o act Ti Tf Otto OTTO Ti Tf

equilibrium Ti TfTew UCTV
conduct UCT alto auto UFO

Ideal Gas

PV NRT R themolarGasconstant idealgas realgas
atlowpressure

Ppp P
p o Yffudeependent ofthe nature ofthegaff

PuaP V N kami Na
a Vin 02 T theboilingtemp

dimCPulsteam 3.1027KJlmol
p o

pcMPal
Pur HzCKJlmol

N T attriplepoint
molPWTp 2.2712mmol Oz

pcMPa
Pur

KJlmol Hz
1.6629101mg

Nz
02

papal



plimo Pu A function of temperature only
independent of gas

Du A cltBP C.pt I powerseries curialexpansion
Realgas

u L

Ppp P
p o Yianudeependent ofthe nature ofthegas

1 273.16k fmfPptp constv s I theidealgastemperature

273.16K em Pkn
PtpVln

273.16 dim thyCpuTP
dimCPakP T y pu RT U UnLim u 3.16K

PVNRT
R

themolargas constant

Prypy It Bp cp7Dp3t powerseries virialexpansion

Realgas

idealgas PknRT

Yap 0 Hav Haptic IT

av NRIs Pq to

f O U ft
mm



1ms diatomic idealgas Vi lm VE
Ti 298K Tz 298K isothermal

p 15ohm Pa 2atm
Pt y A VzPii5atm bi theamountof work done bythegas isothermal

c the amountofthework

adiabatic
t Eileen Y.nuasYmatedmdImIothaesEPai

a
aIEmj2atm

pVEcont
isobaric 2

P2 72atm y

V lm3 Vz V

A Vz
idealgas pith Pak_NRT s isothermal

const

Va_PypV batm
2atm

Ims 7.5ms
mm Ans

b theamountof work done bythegas isothermal

W ffpdV PVconst

p constr

f ConstIV
Const In a const pill

15ohm 1m31 101325kPa In 7.5ms 3062.4 KJ
atm 1ms mm Ana



Pr
c the amountofthework Eisatm

thermally insulatedduringtheexpansion batm 2atm
isotherethencoolorwarm backto 298K isobaric2atm adpiaf.IE

isobancEaatm
4 9 isentropic pivikpy.VE

Vi k Pi viim ve v

R
Vi V IRpiYksk l4

Imf 5atmf.am A4

4.22m Wtotal 2328.3KJ
mum ummm Ans

awe f pdV pvkconst.po.tk
e
c vkdV

pink ily wit v
t

15ohm Y'aFm5kPa 1ms t
1,4 1422

0 t T t 1663.61inAng

2 isobaric yiws fpdV p.lk Vi baton 3 kPa 7.5 4.22ms
atom

6647 KJ
nm Ans

another way µ A ft
y 2 isothermal idealgas y p v NRT 101325Pa 1ms15ohm latm
1stLaw oU Q w Wim

A k1 8.31451mgK Sky
at 8 isothermalidealgas 613.5mot

mum Ana

7 Y isentropic eQi O 2 Cp IR diatomicidealgasrun mum

Y 2 isobaric e'Qz nCpoT 3 pi 2atm Ti Pith
Ncpc12 Te Vr 4.22ms MR 101325Pa

22m37Gatm latm
N 6135m01 83147dmoik

Cp 167.6KTy mm

i fQz Ncp Tz Ti
613.5mob 72 Cf3147dm.lk 298 167.6k
2327.9KJ
unmans



The energy of a system AApV Clmol s A apositiveconstant 455

Findthe equation of the reversible adiabats in the p Vplane

1stLaw du SQSW

reversible SW pdV
adiabatic SQ o

A Apt DU SQSW Newegnim

dU pdV AApv UcpV
v

dU YapvdVtE vpdV

dU C2ApV1dptCAp7dV pdV
Apvdp tAptp1dV

plAptdV

GAVIdp CtApdV
CtAp Vk Const

flap dp dV mmmm Ans

At InclAp Intl a

l Incl Ap IInVtAc
IntlAp lnV Aa

InclAp tzlnV Aa G

en CtAp V's G



AsAn insulated tank gas 10ohm b Aballoon gas 10atm
Ta thetemp ofthelastair comingoutoftank Tb thetempoftheairontheballoon

when it is deflated

pi40atm Ps latm

Ta Tb Tb Ta Ta Tb

1stLaw du SQ SW IolEDEN HIEY.nlOLESHEET

a Cbl
DUSQSW DUSQSWu

insulated nowork insulated SW extrawork

olla DUB incase b extrawork is done on thegas
Ela L OTB so that is internal energy will remain higher

TahTb thaninCamm Ans


