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(The First Law of Thermodynamics for a System Undergoing a Cycle)
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(The First Law of Thermodynamics for a Change in State of a System)
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wasaudng uag lifiaanuganuiou e SRR
ViSom 2
mozoskg |
VOINTTUONFLYNFU R 0.4:MP_aU
Yy A
NHRUaN 1, .0, = W,*m(u,-u)
2 2
P = constant: W, = [[PdV =P [[dV = P(V; —V}) = m(P,V, — P, V))
Y
ANUU 1Q2 = m(uz — ul) + m(P2V2 — Plvl) = m(h2 - hl)

2211 hy ldsdesainsaimunanizveslorneuusn 1 dideren aouflisiquauifets
iHe fie P, =0.4MPa uiduiAondmiafiezm1d fie

Vi 01md m3

m ~ 05kg ke

asaaUNNM I TodNR (A.12) finmudu 0.4 MPa wuh

V1 =

3 3 4 ' v ~ §
v; = 0.001084 f—g uaz v, = 0.4625 f—g'ﬁqmﬂﬂm v, uaaaan1ei 1 il ledu

Y
asiudeammaunnuedlo, x

1N vV = V¢ +xvfg
Vig = vy —vp = 0.4625 —0.001084 = 0.461416 m3/kg
- 0.2 — 0.001084
x = —1 = ——— = 0.4311

Vg 0.461416
h= hy+xhs, = 60474K]/kg+(0.4311x2,133.8)k] /kg

= 1,524.6 kl/kg
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AnNz2f0  P,= 04MPa, T,= 300°C
ATNAOUNANUAY 0.4 MPa, T = 143.63°C < T, Ua@AINANIIE 2 wh'leaa
N34 leAg (A.1.3) InNUGY 0.4 MPa Laz 300 °C, h=3,066.8 kl/kg

1Q2 (0.5 kg)(3,066.8-1,524.6) kJ/kg
771.1kJ

1W2 = mP(VZ — Vl)
ﬂ']ﬂﬂ'ﬁ']\jﬁll@%h Va2 = 0.6548 ms/kg

(0.5 kg)(400 kPa)(0.6548-0.2) m?/kg
= 91.0kJ

-
S
1
=3
[e2]
=

Y o = = = o =
4.6 ANUFBUIMINENSSINAsAIzInNUAUAIN

(The Constant — Volume and Constant — Pressure specific Heats)
9 o A A ~ 9 o ~ [ A VoA 9 S Y
ﬂ’.ﬂﬂJi’E]‘Ll%1LW1$‘VI‘]J§3JWI§?N‘VILLE1$ﬂ’ﬂlliﬁ]uiﬂl‘w1$ﬂﬂ31uﬂuﬂimﬂuﬂ1‘ﬂi°})’ﬂi$Iﬂ%uhlﬂlﬂﬂclu
o o a J VoA o o ) & Y =
ﬂﬁﬂTH’JmVleﬂiIiJ]lﬂuﬂJﬂﬁ TﬂﬂLﬂW”ISElEJNENﬂ'"I‘I’ﬁULLﬂﬂ' “]fﬁ%%llﬂﬂ61’31u318ﬁ$L@ﬂﬂ1u
Wavede I/

9 o d' a d' a v W o
ANuToUI AN NYTINasAan ( Cv ) ufﬂlliﬂflﬂ’ﬂllﬁllwu‘ﬁ

.- (%) s
v T aT v .

9 o d' [y d‘ a v W 4
ANUIDUIUWIENANUAUAIN ( Cp ) HenulagnNUaUWUS

= () oo

& Ao 1 2 Qs: a A o g v o | CZR
dhumihdunanilSnanigesinudomeivesgaaunia duinduiieataiuguauiang
o a J a Z Y a (R 1
mes lulaunlindvesdasaie Henmiaetinnnauuagiundmilsznevvosaas
{ [ a A a 1 ]
nfasumlas waz luegnieldonsnavesussasin, Tl nazuivian
3 39 Yo 1 9 . 9 o . 1 09/}
119a5an1FM N anuganuden  (heat capacity) UnUANUTBUIUNIEZ  (specific heat) UAN
{ Qo 1 A a wa " a Jdo ‘.
ava¥onds ludeanurineaseunquss s avesnuamiamunes lulaudadouil 1wy aog
A o ' o A A ~ Y] ] '
HNsanmgvessz Atz 4.3 Tuaesnsdine nsaiusnlianuSouunszuu 100 kJ uaz

Y Y 1 Y
Asaa IR NUNIZMRTE UL 100 kI sariuwasaumieluvesiiaes sz uuaz NN

v A

9 9
Wufe an1zgamenaz guvgigaievsanidessz uLzmiloun Auiunnaums (4.9) 1
1 Y o A A AyY 1 o qa}l = 19 9 o Aa
wmimanuSoudumizMinasasi lamiuisaesnsal uamanuieusunizdoulumenveos
o Y A o <3 1 ;/ d/iy P 9 o 1 Y
mygamennuiou (Murevesu) wwiuniiasInsditiez Idmanuieusuwizarany

U ~ ~ 1o o % ' = [ 1 < 4 VA
nanfe nIdiusniimsdemeanuiousuniaansaivasmsdeanuiowiugud uinie
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1]
v a9 1

Y o A v ' o O o= & A o =
ﬂ:nmeuinL‘WwWi@ﬂ’amgﬂ’nm@u%@'lummzﬁm muumLﬂuljmmﬂiy%ﬂmﬂmuﬁmm

O v o a J Aa
Tuilunuamiamames lulaurling taz Tdemmuaums (4.9) uag (4.10)

A B

Fluid Fluid

/ +Q =100 kJ /- -W=100 kJ

3 45 mmuaaITiwdIuMeluaeds

v v v v v
feeah 4.7 wlsznamanudoudunizianudunanuedlorinh 0.5 Mpa, 375 °C

= o

a A a = = P2
W eninsanmsasuutlasaniizaums (4.10) o19veu AN
c _ (Ah)
o= (=

Y ) AT p
NAM3519 101190 0.5 MPa, 350 °C; h=3167.7 ki/kg

0.5 MPa, 400 °C; h=3271.9 kJ/kg

driud C, Taolszanaifi 0.5 MPa, 375 °C;
c (8271.9 - 3167.7)
P (400 — 350)

C, = 2084 klkgK §191
% = Y o o A
4.7 Na QQN«!J’HEIG!‘H !91»!1?1%11] HaZAINNIDUINNISUDUUNAIUANN
=) Y [ Y a d? Y]
NNNITINANVIVDY  Joule Gl,‘Ll‘]J f.71.1843 ﬁ‘a:‘l]klﬂ?ﬂ wmammaclmlmuﬂﬁﬁjuﬁmwmuagnu
a s 1 ~ [ o I J [ qg/' ) [ Y a =t Y
Qmﬂgmwm@mqmm"lmwmwmmmﬂumﬂi ANUUTUTULNTIUANTNIVYU "l@m
u — £(T) (4.11)
du
N C, = \—=
' o o Y a Y -7 ldal o =) o =KX A Y
UAFIH TULNTIUANIN wawmmﬂiummuu"lmuﬂuﬂsmmmmwz iNL"UEJullﬂ’J"I
co =(®
vo dT
du = C,,dT (4.12)

dU = mC,,dT (4.13)
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130 Subscript o NINgBIUAAIUAN N

>
1

HAZNAAINANNUVDUBU 1) u+Pv
o [} Y Aa
NS ULNFIUSNIN Pv = RT
h =u+RT (4.14)
d‘ 1 I~ 1 d‘ dgl [ Aa o :/1 dgl Y a ] = [ 3
(HBaNM R 1umMAINLag u YuAUguKHN AU A VUMK gleeuAgNNTY
h = f(T) (4.15)

_(6h)
, = (=
5T/

9 o @ A ddgl o a = 142‘ @ Y SR A I
mwimmfﬁmmmwmumaﬂwmqmwgmﬂwmm"lmuﬂummm iNLEUEJ‘Llllﬂ’N

1N C

c = (52)

po ~\dr
dh = CpodT (4.16)
dH = mC,,dT (4.17)

A 24 A A @ FY 4 A Y o @ A o q’/} 1 9
teannunannyiananuaulndgude: Ia Indifes MunaduanIminn  AsiuAmIANNIoY
o o a o ' A 2 o a I 9 o A o s
FUMIZVRIUNAIUANINVOILNTUFAS ¥ AINNTENTIY ANNTOUTUWITNANNAUGUS  (Zero —
Y
Pressure Specific Heat) Anva1iiaadlumsig A9
de

v o 7 ' 1 o 3 0 A < v o @ 1
ﬂ'J'llIﬁllWu‘ﬁi%ﬂ')%‘iﬂ'lﬂ'ﬂll%j@uﬁﬂw\l'w‘VN’ff’ENGU'ENLLﬂﬁ'ﬁ]uGlﬂ'lWLﬂUﬂ'ﬂiJﬁﬂJWUﬁVI 1YNNBDYN

¥ 1 Y
Nl Faazuaasliiiuaaae 1

N h = u+Pv =u+RT
dh = du+ RdT
Cpo dT = C,,dT+ RdAT

Cpo -Ch = R (4.18)
v A 1 ' 9 o 0911 < J A 1 1
HUAD ANUANANTEHINANNIOUIUNIE N @oUTUMAIN  uazm Cpo unnn Cvo U
A g o
W52 R Uanduuinaueiumey

[ 1 9 o A o A 9 o A (A A VoA
DATIFIUVOIANNIDUIUN I NANUAUAINAOANNTOUT AN NYTINasasdumnee wuas

9 dd‘ = 1 (% 1 Y o .. . A A d‘ d! J
18190011l HeiSenh sasrauvesanusauiume (Specific heat ratio) H30UONFOHHIN
v A 2 Ay w Jd o 1
il Totaru Tnstla (Isentropic — index) Tdayanualtilu k wieludsnnuanly y

k= 2 4.19
c, (4.19)

[y v d‘ A ~ a A Yo Y

fAI0819N 4.8 M slasunlaseusiallvesoendiau 1 ke e ldsuanufeunn 300 K
I Aaq Y o Aa

anedlu 1500 K auua lviluunaduanin

ada o

Wi 1FManuSaUIUNIZ NI A9
fTZ —
Gl

0, _
J, " Cpo(0) X 100d0

hy—hq
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_ _ 0.020102 25 178.57 .. . 10,215
= 40,525 kJ/kmol
o Riy — Ry 40,525
Ricgo— h = = = 1,266 kJ/k $191
150? 300 M 32 g ) A0l
ANUTOUIUNIZINGY (Average specific heat) FMTUATZUMMIVoUTaumMs 1@ fail
Ty <
C hy Gt (4.20)
= 42— 420
) p(av) ' T,-T,
ATUAMSUAIDE19N 4.6
. 1266 ki/kg
= ——————— =1.055 kikgK
P@) = (1500 —300) K &
fed19n 4.9 TuTasouussylunszuenguiauiilsmnes 0.1 m3 150 kPa 25°C 9Iniuda

anguannszisanuiumeluiu 1 MPauazguugiiihu 150 °C Taeldamll20 ki waglu

G Y

9 9
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. W, =20 kJ
sruy smuald lulasoulunszuenguidiusz oy 1 Jl ’ 2
I

CUNZ

Y
seuviiuszuuila

auaniy auudld lulasudhundaduanin il

HAAMANUIDUIUNIE AN P, =150 kPa - g
: T,=25°C -} 1Q | p Z1MPa

= = [ o [ [ Y4 2= 4 virds -
lifimsiaeuasndsnuamitas ndeaudng [ T;=150°C - -

ﬂg]ﬂs.llﬁlﬁ L; .0, = W,*m(u,-u)
= 1W2+ vao (TZ - Tl)

2 9 o W Aa ]
sazraved lu Tasiulunszuenguld Tasldaumssmuadnizveannaduaninmas 14
AR 910A1519 A8 LALMUIUNATNE |

PV (150 kPa)(0.1 m?)

RT  (0.2968 ki/kg K)(298.15 K)
auuan lilimsasuutasmanudeudume 19mse A8; C,, = 0.7448 kikgK

m = = 0.1695 kg

1Q = (W+mCyp, (T, — Ty)

(—20kJ) +(0.1695 kg)(0.7448 kJ/kg K)(150—25)K

—42k]

=
[e)]
=
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4.8 ngennilalugilaums13idns (The First Law as a Rate Equation)

] 1
= =

o I o & A Y P Y} A o A A A
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M58 5t 92 IaUTinaena 9 1fusan
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Lo AU du

st50 8t dt

. AKE _ d(KE)

sis0 8t dt

. APE _ d(PE)

st50 8t . dt

aaiungdonvilaluglaumasidaine
. _ dU) , dKE) , d(PE) , .
q = S04 B4 S 4y “21)

nioeueulugl

Q :%va
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. dUu .
Q = qt +w
W = —VI = —20x12.8 = —256 W
U QBII dU . .
AU Pl Q—W = (-10W) — (—256 W)
du
— = 246W foU

dt
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Concussion : tT‘;“lJ ﬁ’wimﬁ 4
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Exercises : HULANYaT8UNT 4 J

Source: Cengel, YA., and Boles, M.A., THERMODYNAMICS :An Engineering Approach, 5" Edition in SI

unit, Mc Graw-Hill, 2006. Prepared by: Assoc.Prof.Sommai Priprem,PhD.

3-70 A closed system undergoes a cycle consisting of two process During the first
process, 40 kJ of heat is transferred to the system while the system does 60 kJ of work.
During the second process, 45 kJ of work is done on the system.

(a) Determine the heat transfer during the second process.
(b) Calculate the net work and net heat transfer for the cycle.
Answers: (a) -25kJ; (b) 15kJ, 15kJ
3-35 Amass of 5 kg of saturated water vapor at 200 kPa is heated at constant pressure

until the temperature reaches 300 9C. Calculate the work done by the steam during this
process. (430.5 kJ)

3-39 Nitrogen at an initial state 0f 300 K, 150 kPa, and 0.2 m3 is compressed slowly in an
isothermal process to a final pressure of 800 kPa. Determine the work done during this
process.

3-41 During an expansion process, the pressure of a gas changes from 100 to 900 kPa
according to the relationP =aV + b, wherea=1 MPa/m3 and b is a constant. If the initial
volume of the gas is 0.2 m3, calculate the work during the process. (400 kJ)

3-42 During some actual expansion and compression process in piston-cylinder devices,

the gases have been observed to satisfy the relationship pv = C, where n and C are
constant. Calculate the work done when a gas expands from a state of 150 and 0.03 m3
to a final volume 0f0.2 m3 , for the case of n=1.3.

3-72 A classroom that normally contains 40 people is to be air conditioned with window
air-conditioning units of 5-kW rating. A person at rest may be assumed to dissipate heat
at a rate of about 360 kJ/h. There are 10 light bulbs in the room, each with a rating of 100
W. The rate of heat transfer to the classroom through the walls and the window is
estimated to be 15,000 kJ/h. If the room air is to be maintained at constant temperature of

219C, determine the number of window air conditioning units required.
Answer: 2 units

3-78 A piston-cylinder device contains 5 kg of refrigerant-12 at 800 kPa and 60°C. The

refrigerant is now cooled at constant pressure until it exists as a liquid at 20°C. Determine
the amount of heat transfer, and show the process on a T -v diagram with respect to
saturation lines. Answer: -829.25 kJ

379 A piston-cylinder device contains 0.2 kg of water initially at 800 kPa and 0.08 mS,

Now 180 kJ of heat is transferred to the water while its pressure is kept constant.
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Determine the final temperature of the water. Also show the process on a T-v diagram
with respect to saturation lines.

3-80 An insulated piston-cylinder device contains 5 L of saturated liquid water at a
constant pressure of 150 kPa. Water is stirred by a paddle wheel while a current of 8 A
flows for 45 min through a resistor places in the water. If one-half -of the liquid is
evaporated during this constant-pressure process and the paddle-wheel work amounts to
300 kJ. determine the voltage of the source. Also, show the process ona P-v diagram with
respect to saturation lines. Answer:230.9 V

3-81 A piston-cylinder device contains steam initially at 1 MPa, 350°C, and 1.5 m’.
Steam is allowed to cool at constant pressure until it first starts condensing. Show the
process on a T-v diagram with respect to saturation lines, and determine (a) the mass of
the steam, (b) the final temperature. and (c) the amount of heat transfer.

3-82 A piston-cylinder device initially contains steam at 200 kPa, 200°C, and 0.5 m3. At
this state, a linear spring (F a x) is touching the piston but exerts no force on it. Heat is
now slowly transferred to the steam, causing the pressure and the volume to rise to 500
kPa and 0.6 m3, respectively . Show the process on a P-v diagram with respect to
saturation lines, and determine (a) the final temperature, (b) the work done by the steam,
and (c) the total heat transferred. Answers: (a) 1131°C, (b) 35 kJ, (c) 807 kJ

3-83 A piston-cylinder device initially contains 0.5 m® of saturated water vapor at 200
kPa. At this state, the piston is resting on a set of stops, and the mass of the piston is such
that a pressure of 300 kPa is required to move it. Heat is now slowly transferred to the
steam until the volume doubles. Show the process on a P-v diagram with respect to
saturation lies and determine (a) the final temperature, (b) the work done during this
process, and (c) the total heat transfer. Answers: (a) 878.90°C, (b) 150 kJ, (c) 875 kJ

3-84 A piston-cylinder device with a set of stops on the top contains 3 kg of saturated
liquid water at 200 kPa. Heat is now transferred to the water, causing some of the liquid
to evaporate and move the piston up. when the piston reaches the stops, the enclosed
volume is 60 L. More heat is added until the pressure is doubled. Show the process on a
P-v diagram with respect to saturation lines, and determine

(a) the amount of liquid at the final state, if any,
(b) the final temperature, and
(c) the total work and heat transfer.
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