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- A\l50 callzd irj2 conservation of energy

can be neither created nor
it can only change formes.
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Thereneroy crnanae

of a systemiduring e

PrOCess| IS equal o

the net work ana ey T

heat transter v e

pw, in

between, the system
and Its surreundings.
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ENergy: change = Eneroy at il Staie=S=n ey aNeifStele

UAE S / zem fnrlngw
+ Energy can exist Infnumerous ferms SUCAIasy || gt

( lear), kinetic,
, and
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contained In the system.
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leaving mass takes out Seme er eg / vva ]
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iorm
in

Net energy transfe
by heat, work, and mas

+ Rate form
E.in - E.out A\:

%f—J
Rate of net energy transfer Rate of change in

by heat, work, and mass kinetic, potential, etc., e
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Balance for Clos

+ [E0I & CIOSEUrSYSIEMPUNUECEINERENCY/ CIENHETNE
thenitralfanc el statestareN e eEnticzls

A=

system

= [For closed! systen there IS e meass
boundaries

Wnet, out = Qnet, in or Wnet, out = Qnet, in
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PDECOMES

Qnet, In
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Example

A pIsten-cyINCERGEVICE CONAINSIZS0
ofi Saturated WatelrVapeIFIEmS
maintained at a constant pressuieieirso
kKPa. A resistance neater WItilarie
cylinder IS turmed on and [Passesia
current off 0.2 A for 5 min fmemrar 120\ e

source. At the same time; a heat 1essioif P‘Z’Zt“’;pfr

3.7 KJ occurs. ]

(@) show that for a clesed systemitheboundany
work W, andthe changg in internal energy AU
In the flrst law relation canibe combinediinto
one term, AH, for a constant-pressure: Process.

(b) Determine the final temperature: ofi the: steam.
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Example

A pIsten-eyiincerdeviceNnaiiy;

contanms alif at 150 KPaaner27SENAT

this state, therpIstenIS esting eRrepail;

of StepS, as Shewn, anditne ENciesen

volume: s 400 L=, Tine mass; el the pIsten -
IS such|that a S50=-kPa pressirens
lequire to move It. e air IS new. AIR
heated until itsivelume has douikled:
Determine V, = 400 L

P, = 300 kPa
(a) the final temperature, Ti=27°C
(b) the work dene by the air, and

(c) the total heat transferred torthe: air.
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+ =zl ofgeass cltiflnle) wrllen
a fllnd flews thieughrarcenie] Vol UITESIEEEAz

Control
volume

mey = constant

F~y = constant
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— Single inlet —Sing
m, =
— Multiple inlets — Multiple exiis

> mo=>m, (kgls)
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+ During a '*"FE‘rlFI/~IJJ\J\/ PIECESS; ENOLAI e lgre)  of el coplife]
Velumeremains constantamnaitatsnerciangeENnpiENeLel
energy. of the: contiol VelumEeNS ZEro;

E.in - E.out
%f_J

Rate of net energy transfer Rate
by heat, work, and mass nC

Ein Eout
—_— —

Rate of net energy transfer in Rate of net energy transfer ou
by heat, work, and mass by heat, work, and mass
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Mass; therefone energy/Aloal ancee ] B BHNIECOINES
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# L ISIcCOmMMBnaCHCENOIESSUNENIEEINONIENEISIENED
IRtertne systemi(eatinpusancNVeIKapEE ICEUN)
the: system (Work outelt); enoftien SeIVErENO eI

+ The fist lavw errenergy el ance el auenirtiaiicese
for general steady/-filev Sy/StenECOIMES
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Nozzles and Diffusers

+ A nozzIe s a deViCenaInCHEEsEs e el OCIAGIRE
fllid at the EXPENSE ol PrESsUIe:

+ A dIffsers 1S a deviCe et Increases e pIessuieoipe
flurd oy slewing It GewWi:
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Nozzles and Diffusers

+ [Heat transferisiusualiyAverysmzil:

+ [nvolve nerwork.

W =0

+ Neglect change in potential Energy:

Ape=0

+ Involve only Kinetic energy’ change.

WCEAS
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Exampler-
Deceleration of Ailr I1n a Diffuser

Al at 10°€C ano 80 kPa enters tHEdIHSERGIREN EHERTINE
steadily withraveleeiiy eirZ00Nm/SlEN I e R e E G IHUEEN
1S 0.4 m?. Theair leaves the aliftiserwithianel GeIAHENSVER
small compared Wit taenlet Vel oeii IDeiermnine

(@) the mass Hew: rate eirthe air
() the temperature of tieralfeaving therdIfftSer:

P, =80 kPa
T, =10°C

7, =200 m/s
A =0.4 m’
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TURINES e COIMPIESSOIS

Ugolgles dideltice POWEer Output.
SSSOIS; PUMpPS; RN nSHEGUIE

+ No heat transters chnangeNnipoLentialane
Kinetic energies.

Ake =0
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Turbines

Casing of
Low Pressure Turbine

Low Pressure Turbine

Intermedwate Fressure
Turbine

High Pressure
Turbine

A

H.'.'l :
. gl -
h ' " =
i F‘ r

L

_.
fl

a a ! = ot A Q/ ¥ ¥ of oA
ﬂ?ﬂ’)%?flf”f’)ﬂiﬁ‘&lmgﬂﬂﬂﬁ AMEIAFINTTHANGET WNIRNITaTVLHLLAIN [27] AREAT S5 215) 7)%)



°

—

ﬁ_

JDITIPIressors

: ssett, 2A
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Exaniples-
PeWwerGeneraioRMeyarSieaiNIlidIne

TIhEe pewer oupuieliran adiziaie
steam turInes sHVINY S andsiie
Inlet and the exit CORaItens Girthe
steam ane as IndicatedNnrng
figure.

(a) Compare the magnitldes i Al
Ake, and Ape.

(b) Determine the work doene per unit
mass of the steam flowing|thretgh

_ P, =15 kPa
the turbine. X, —90%

(c) Calculate the mass flow: rate of /=180 m/s
the steam. 2,=6m

a a ! = ot = Qs U ¥ of av
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Example

A steam tieIne receIVES Steani a0 ONERENE RS EE;

Iihe mass flew rate Gl thErSte i ISIS S g/ SsalliENIE AN GSS
from! the turBINE IS SOKI/KG Gl St ISHRAGVANMEIAIE
POWEN OUtPUL O the tUHBINENSIA0310 S KAV SN iRtENUIROINE

exhausts at 10 kPa; determine: tergualiy/ G liESIean]
leaving the turdInge:

a a ! = ot = Q/ ¥
ﬂ?ﬂ’l%?flﬁ?ﬂﬁilﬂﬂ?@ﬂﬂﬁ AMEIAFINTTHANGET WNIRNITaTVLHLLAIN [30]



Example

Al flows steadiy at e rater i OMNg/Sie g el
COMPresser, ENtErng at 6 /S IR PrESS e G NERE 6 e
lemperature oif 235C; anaeaving a2 S/ SAVIt N ESSUENG);
6.9 bar and a temperattie el 2 eI eI ENSIE)
from) the: CompPressol; to; terSUIeUREINGNS GONANCEICHI ZLENIE
POWEr required to drive: the compresser and tienmieaneine
outlet pipe cross-sectional.
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relineRValVves

“Jrettlingvalves arerany acreisioyE
[estricting devices inat CalSErarsIGRIicanL
pressure drep e Huie;

, =h (kJ/kg)
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Energy halance:-
Ein e Eout - AEsystem

Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc., energies

(Qin +Win + Z m; hi ) - (Qout +Wout + Z mehe
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Examples CharginereirRIgic
ARk BYASIEZI

A rgia; rnstiaiedianketraisiniuel eV CUEIeONSICONNECIEH
threugh a valveio astppiyAinesaicaiaesisieaniraismViZaRaii
300°C. Now thevalve s Gpenes; anaisteanins el ieyee eI oYY
slowly Inte the tank tntil tne: pressureeaches VI Easainnviinc

poInt the valve 1S closea. DEetermine tesieiNemperaLuieo)
the steam 1n the tank:

Imaginary
piston

(a) Flow of steam into
an evacuated tank

A AN RN
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