unin 7

Thermodynamics of Flow Processes

nnunaauinanudidumsuasundsnuenudauliiiueu Teeodauns
lva (Working fluid) 1washuqﬂnmiﬁsiaﬁuL?Juﬁ’g%'ﬂmaztﬁmmﬂﬂ?;ﬂuLnJaqamaz
geuluuniiasiuBeuisfunamansaaslwa (fluid mechanics) ‘[mmﬁulﬂﬁqﬂﬂsai
1% Compressor, Pump, Turbine, Nozzle was Throttling valve %Qﬁ)ﬂ% ﬁu FIUUBINIG

auSN¥NIA (mass conservation) waz NENTINYTIAN 1 wazngded 2 vaamaslulawniing

7.1 Fundamental Equations

2£N@12D4 control volume $28874 control volume NRMININ 1 NN waznNBan 1
N waeelugun 7.1

Actual
velocity
profile

Wy

A

—:-J V.U H——u,

5U# 7.1 Control volume PR 1 M9 wazmeean 1 N9

A3 NBBN velocity profile WWNNUANNISIRRY u, 1aawan conservation of mass %16

rate of accumulation mass flow mass flow
of mass within the = rate in at - rate out
control volume entrances at exits
"
1982
rate of accumulation net mass flow

of mass within the + rate out by =0



control volume flowing streams

mass flow rate = M = puA
Lﬁja p = average fluid density

u = average velocity

A = cross sectional area

azuy aumstnauudsulugladamanslady
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dm
—+A(puA), =0 (7.1)
dt
(e fs #8970 flowing streams
N30l flow process Ju steady-state azladlu
A(puA), =0 (7.2)
N3N 7.1
pzuzAz _p1u1A1 =0
%30
m=p,u,A, =pu A, = const.
. UA UuUA, UA
%30 m = = =— (7.3)
V, V, V
Wa vV = specific volume = —
p 1
gumstnauudu continuity equation Hl#nuLiae
Conservation of Energy
@eaulamludiu
rate of accumulation net rate of energy
of energy within the + transport out =Q-W

control volume

@euleuy

by flowing streams
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d(muy),,

1, O
" +A[(U+Eu +Zg)m} =Q-W (7.4)

fs

v{® cv = control volume

W azsznauais 2 @@ shaft work W, was work done by piston A[(PV) M ],

W = W, +A[PV)],

wnuluanms (7.4) azladlu

MW f(upvLutezgn) ~o-w.
fs

e U+PV = H sty

d(muU)., +A{(H +EU2 +29) m} =0-W, (7.5)
dt 2 fs

mM3LUaeuLUas kinetic Uaz potential energy A¢UpEINNNBLNEUNUNBNDY

d(mu),,

S = A(Hm), = Q- W, (7.6)

da M= dmsdt, Q=dQ/dt uaz W, = dwy/dt wnilu (7.6) uaz@oi dt azlé
d(mU),, + A(Hdm) = dQ-dW, (7.7)

#ailu differential form AU process Aiimsiasundasiiannaenuly

aadei 7.1 Ansanmsiiumalusudarnnvenienuduaen 19 relation 5219
enthalpy 28997 lUM8N19T199 WAL internal energy aIunaluae lunsaiilli@iied heat
transfer S5¥IN gas UAZON

v < . = .. i a [ [ I ]

01 gas 1UU ideal gas WazH heat capacities ANN qmw{]mmm‘zﬂ,um%muamﬂi

eunugamgiiluviangd
33 nsdilaif shaft work, dW, = 0 wazan Eq (7.7)

d(mU),, - H'dm' = 0
Toe (") uni entrance stream (n58i LTviaaan) ALY

1t
=m,U,-m;U;, = Hm

A(mU)

tank
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As@lm, = 0 Wae m, =m’ azla

U, = H (A)
Zauaaa N lunsdi lidl heat transfer wasnuzasiznagluduiiaduganszuiums az
(AU enthalpy wafaitian U

N30 ideal gas

! ! !

H = U +pPV = U+RT
aums (A) aziily

U,-U' = RT
N99 heat capacity FN“?;

Cy (T2_T1) = RT

VED) e R Ty

Way = G/Cy

fauu T, = YT

]
=

mugarnauuniganeazlizunuiiuueesinings wailldlalesiteuladagilud

heat transfer S2¥I4 gas NUONIEWINATLUIUMNS

Aaad19f 7.2 692110 1.5 m® U599 500 kg uazagluanganulainaamgivaz

ANNAY 100°C waz 101.33 kPa irazluadndslasviafigauugi 70°C uazANNGY
1 v a ¥ a v v 1T c:

1NN 101.33 kPg Mzddana 750 kg Maamgiivazanuauludeliimswasuulas

WaeNHaYaenIzuIUMe NnasnulugUeed heat aztamluludanmls

359 @anouilu control volume iiasnnladdl W, wazliifa K.E. uae P.E.
9 Eq. (7.7) azla
d(mU),, - H'dm' = dQ

e | UUFIUE inlet stream

Audtnsaila H Jenesn azle
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!

Q = A(mU),, - Hm
NN H = U+PV
A(mU)tank = A(mH>tank - A(va)tank

9N mV A9 Uae P Aeai asiu A(PmV), , = 0

tank

B r ! ! !

L.Q = A(mH),,, -Hm' = (m,H,-mH,),, - Hm
110 m’ (¥ mass NANLTIH99IN inlet stream LAE m, WAZ m, B mass 289U IUAIADY
BNAUULAEEUFAVDINTEUIUNS HBTFUFANTEUIUNITIUANENT saturated liquid wae
saturated vapor agﬂu Elllﬂq’difﬁ 100°C 8z 101.33 kP @91U mH, L8 m, H, 3¢
Usznauaamanye liquid phase WAz vapor phase

AN steam table 1(;{

H = 293.0Kk (sat. liquid 91 70°C)
H,, = 419.1 kJ/kg (sat. liquid 71 100°C)
H', . = 2676 ki/kg (sat. vapor 91 100°C)

USNa5289 vapor lUONSNAUAD

v _ 15-(500)(0.001044)
' 1.673
1 0.00104 W8z 1.673 m°®/kg Wu specific volume 28N saturated liquid LL8% saturated

= 0.772 kg

vapor 71 100°C
(mH)pw = M H +m’H’ = 500 (419.1) + 0.772 (2,676.0)

211,616 kJ

Lf’IaéuE!ﬂ process 108 mass balance
m, = 500 + 0.772 + 750 = m’ +m)
wazoeliUsunms 1.5 m® wiliaudn 1ae volume balance azl@
1.5 = 1.673 m; +0.001044m,

NnaaaNNIILa



m, 1,250.65 kg

m’ = 0.116 kg

138

(m,H,),,, = M H. +m’H’ = 1,250.65 (419.1) + 0.116 (2,676.0)

= 524,458 9

Wasan HY, = H} wsz HY = HY unuen (mH),, waz (m,H,),,. tusums Q azld

Q = 524,458-211,616-750 (293.0) = 93,092 kJ

Energy Balances for Steady-state Flow Process

n58] steady-state duM3 (7.5) azu

AHH +%u2 +Zgjm} =Q-W,

AMIANNTAUNT 1 M waz 1 nMeaan azlaidly

A(H+%u2 +Zgjm =Q-W,

WS m azle

A(H+1u2+Zgj =2—WS = Q-W;
2 m m

2

AH+Au +0AZ = Q-W;

ueazmanlugumsaziludavitieinwinaas fluid
@ u tfue bulk mean velocity ¥1210 u = M /pA

g lviaiud kinetic NU potential energy terms ANALAATN IWTETMiiae

wanane Sudunhesings man K.E. uaz P.E. luaumsdesmsens g,

(7.8)

(7.9)

(7.10)
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Mechanical Energy Balance; Bernoulli Equation

asanlrnasnuuaszuy (uldin) 51alaauns mechanical-energy balance

Au’®

“W, = L?VdP+ +gAZ+F (7.11)

Lﬁa F = friction

d1%5U Bernoulli equation Wunsdlaynsaiv ‘f!!\ﬁl 2N mechanical-energy balance
U nonviscous (Laiflanudaamu) uaz incompressible fluid Rl3ifiMse1ein shaft work
AU surrounding

AP Au?
—_—

p

+gAZ =0 (7.12)

7.2 Flow in Pipe
Tu steady state flow fanhaulademsivacuviense Tunsalll maximum velocity

mnziluldlaluva thielunsal ds = 0 azla

uz, = Vz(a—Pj (7.19)
oV )¢

Py Vo < o d o = o = = LA
PIAZLNINUAIINLIIYDNLFEN uuﬂaﬂ'ﬂ&lLS?ﬂBQLﬂﬂQﬁ]ZLﬂHﬂ’J'\NLﬁ']ﬁj\iﬁ!ﬂ?laq fluid mﬂulﬂ

lanazlvialuva

7.3 Expansion Processes
Expansion process LU Flow process fitNenda4numsananuauaenud w@ums

Tvasiu Nozzle, Turbine YED) Expander %38 Value

P 2 I d’ v Y a d’ . . . .
Nozzle fatpsaediannalitianisiudeuulavues internal wae kinetic energy 2aN fluid
e niNMstUasuwlas cross-sectional area ﬂamaﬂma ﬁ’.]’ﬂﬁhxﬂéﬂﬁ converging nozzle
wevhliieanuEig
a < | A A A v ] a O <y
gﬂ‘n 7.2 {WumslvaveseslvalunaNiinunvihae i (WI2@ 138 Nozzle)

2zLi@ Converging/Diverging nozzle 29Nl Isentropic flow ANN5IN Throat azilu

dP
u: =-V — 7.21
throat [avjs ( )
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gﬂﬁ 7.2 Converging/diverging nozzle

WEUAUENNS (7.19) W Uyyee NAMNEATNAULETES

2 o < P & v a o v o o

wluanumHigganazdulld aundhenuaud P, = anudussn P, dasmslva

2z1¥u 0 §180 P, 89 80IUBZAIINIFILANN AUFNAT P,/P, 111U Critical value i
< o @ = T L R ' & = =

ANNIEIN throat (hnUANNISITsTUiipan P, aedndlilinarannusidn (azaei)

N58 Isentropic N fluid AWHANTINWUU ideal gas N1 P waz T U unaNndd C, aed
wNANNTUNUSVEI u AU P A91

(=D 7y

: 2PV, | (P

uz-u? =-2[ *vdp =y—111 1—[#} (7.22)
! Y- 1

o~ g o & o ~
NItU u, = 0 LLaZAANULIIN throat LMINUANNLIIILGEN AN

yv-1)
& = (ij (7.23)
P v+1

1
v v ' (4 <
ANNFUWUSIZVIIN u AU A utdu

A _ (M? —1)O|—u (7.24)
A u

) A lﬁju cross sectional area

= v v < . Y Y v I .
M (380 Mach number 81 M 3100 1 1UJu Supersonic MUasnNIN 1 11Uu Subsonic

dums (7.24) 5lansaimsluadiu Isentropic
P ' a = Vo ' PRt . . X o v g
81 P,/P, lainaiinanuisivindas dauidlu diverging section azvintin iy
diffuser Z9VDUNAIVAINIY throat 3¢H P LNNLA u 89 WeANTINNT ezt Subsonic

flow
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#2a8197 7.3 High velocity nozzle aanuuutital#iiulasiiii 700 kPa waz 300°C
AMNEINIMAn Nozzle = 30 m/s Wiehwaam A/A, (iie A, 1y Cross section area 289
Nozzle @59MN9L30) 115U section NAAMNGU 600, 500, 400, 300 LAz 200 kPa FNNG
Mslvaly Nozzle (iU Isentropic

29 9n dgums (7.3)

q = YA UpAy (7.3)
Vl VZ
asld A _WL Yy
A, u 'V,
o [~ V
Wl WY (A)
A u VvV

ANNEII u AN IS (7.10)

AH+A; rguf - 9/635 (7.10)

tiasniu Compressible fluid AZ=0 wazlaifimsgadoanudou uazlaifl Shaft work

wluiitazaaguidu

AH=2Y _g
2
win u’ = u’, - 2 (H-H) (B)

Wasueulalin 700 kPa 300°C @59MNLZNAN steam table MAKUIN ... =LA

V, = 371.39 cm’/g, H, = 3059.8x10° J/kg, S, = 7.2997 kJ/kg.K

wnueluanms (A) azle

A _( 30V
A 371.39 ) u

1

tile9niiu Isentropic S = S, = 7.2997 W50 P = 600 kPa AN steam table Azl

H = 3020.4x10° J/Kg, V = 418.25 cm’/g

unuenlu (B) e u, = 30 mssazla
u® = 900-2(3020.4-3059.8)x10°

u = 282.3 m/s

unulugumsuuazle
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A 30 \(418.25
— = = 0.120
A, (371.39)( 282.3 j

M A/A, Menuaudunminulauny aams9

P(kPa) V(em®/g) u(m/s) A/A,
700 371.39 30 1.0
600 418.25 282.3 0.120
500 418.26 441.2 0.095
400 571.23 523.0 0.088
300 711.93 633.0 0.091
200 970.04 752.2 0.104
o ” 523-633
MNN NP =385 N U = 635+ ————— x (385-300) = 539.5 kPa
400-300
~ A
NNTNALY N = 0.08845

m1a819h 7.4 NI nozzle Tumineen 7.3 duudlaindingdinssuuuy ideal gas
Tvidum
(a) AW critical pressure ratio Waz velocity 9 throat

(b) W ANNAUANTINNBBN (discharge pressure) 91 Mach number = 2.0

389 () 10 Eq (7.23) fiB C,/C, = y dwulaih = 1.30 azld

= 2 13/(1.3-1)
£ = = 0.55
P {1.3 +J

1

€

ANNSM throat Fensaiiiduanududesnan Eq (7.22)

(v=1)/v
2
u:—u’ = 2RV, 1- L
v-1 P

1

U, = (30) + (D{:3)(700.000)(0.37139) (1 (0.55)"")
1.3-1
= 291254
u 539.7 m/s

thrat
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Haf Lozl lnatAeanuaIag1ed 7.3 tn51e Steam NaoIusliingfnssuuuy
Ideal gas b) i M = 2 2z l@ Discharge velocity = 1079.4 m/s (#1lag U, . xM =
359.7x2 = 1079.4)

1079.4)* = (30)* + 2
( ) (80)" + 1.3-1 P

1

(L.3)(700,000) (0.37139) 1_[2 j

(1.3-1)/1.3
v P,
azle -z = 0.483
Pl
AU P, = (0.483)"¥"*V (700) = 29.9 kPa

Y

aatiulanddail davananuauluaudelseana 30 kPa a8y 1%A) Mach number (M) &

MIINAN 2

Turbines or Expanders

Turbine 92U52N8UG78 Nozzle Uaz Rotating blades 3993l f%ve18dI00nn
Nozzle ¥l laanany uﬂy’u aaul ‘5 8% Internal energy Tu¥lu Kinetic energy LavHIU
Tuwe ludlu Shaft work

Expanders (Hunszengfiaanain Nozzle fimuiusiulvawuly Refrigeration 5in
1% ud15 ammonia %38 ethylene

Process 284 Turbine UWNUMBFaNHAIAIFUN 7.3

(1)

Eﬂ‘ﬁ 7.3 Steady state flow WU Turbine VED) Expander
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1w Turbine @1 P.E. wat Heat transfer 819009416 waziiipaainvaniadn uas
mepanazlug vldenusiveweslvam asiuwney K.E. azaanila auns (7.9) uay
(7.10) azaniy

W, =—rmAH (7.25)
W, = -AH (7.26)

f1209l¥alu Turbine VeN8AILUY isentropic ABLUUNG Reversible Wae Adiabatic 1
is,=5, W,@aulaiu

W (isentropic) = -(AH)q (7.27)

U399 71@37n Turbine 2z18n31 W (Isentropic) 1512111 Trreversible process Riiis
9z HiieNN Turbine efficiency M il
W

= - 7.28
1 W, (isentropic) ( )

3UN 7.4 WisUiBuseWing Reversible process (WNUae 12'498 S A9N) waz
Actual process (LU 12 74 S tndealunea)

Py

x

..___g_.

gﬂﬁ 7.4 Adiabatic expansion process Ty turbine %50 expander
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»188719% 7.5 Steam turbine 3 Capacity 56,400 kW #2191 NANuAY 8,600 kPa way
500°C wazaantield) Condenser NAMNAU 10 kPa duN&I Turbine 91 1 = 70% 1AW

donuzaadlatinNoanyuas mass rate 4841010
59 NENIL 8,600 kPa 1az 500°C AN steam table NAKUIN ...
H, = 3,391.6 ki/kg S, = 6.6858 kJ/kg.K

(iavena@uu Isentropic Wilu 10kPa S, =S, = 6.6858
(Wnsan S', nu ' AU S¥ 1 10 kP wud 8, agdsenin S’ waz S* waaed fhwanag)
AUUNN FNNT (6.53)

S = (1-x") §'+x's" = s'+x¥ (8'-sH

6.6858 = 0.6493 + x , (8.1511-0.6493)

S x', = 0.80467

2
-
=)
)
[
T
+

x' (H'-H")

SO H, 191.8 + 0.80467 (2,584.8-191.8) = 2,117.4 kl/kg
J. (AH), =H',-H, = 2,117.4-3391.6 = -2,174.2 kJ/kg
NNFNNS (7.28)

AH

N (AH); = (0.75) (-1274.2) = -955.6 kl/kg

H, = H+AH = 3,391.6-955.6 = 2,436.0 kl/kg
W x, BIALLHUN Steam N20ANN39 7 HTlU wet U Quality (= fraction 284 Vapor)

YWiAn

2,436.0 191.8+x, (2,584.8-191.8)

x, = 0.93782

S, 399 = 0.6493+(0.93782) (8.1511-0.6493)

= 7.6864 kJ/kg.K

Steam rate M ¥ANNFNNIT (7.25)

W, =—mAH
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56400 = -rmAH(-955.6)

m = 59.02 kg/s

Asalfildd Table 299 Properties (¥ U Steam table 9¢H 89119710 Generalized

correlation TUuN 6 @aAataNAznaNAa Ll

[

a1 7.6 Ethylene gas 1 300°C way 45 bar 281EAILUY Adiabatic b1 Turbine b
Wuanuau 2 bar lim Isentropic work ) Properties 284 Ethylene mlog
(a) §5U Ideal gas

(b) Generalized correlation
A5 MNFuNS (6.62) waz duns (6.63)

AH=C! (T,-T)+H}-H:

T P
AS=C;, In—*-RiIn-*—§] +]
nland P, = 45bar, P, = 2 bar uaz T, = 573.15 K
a) N30l Ideal gas
AH=C* (T,-T)

Pmh

Pms

AS = C* InL—RIni
T P

1 1

N30l Isentropic AS = 0

Cosn e P Zin2 __31135
R T P, 45
3.1135
Wi T, = +6.3511 A
2 TP {ijS/R } )
NNFNNT (5.17)
ce
Zems = A+BT,, +CT, T, (B)

R
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N table 4.1, A = 1.424, B = 14.394x10° usz C = -4.392x10°

Tag

am 2

T1 - Tz
T = ———<
In(T,/T,)

Wesnn T, lidmsfunadadls lteration Aoaund T, udrdnm C2 - a0 (B) udIm

T, 10 (A) wazld T, vl dnegh aue T, asiiacld
T, = 370.79 K
NNFNNT (7.27)
W, (Isentropic) = -(AH); = -C® = (T,-T,)

C:. wanndums (4.7)

= 7.224
Cm _aip T, +%(4ij ~T,T,)
= 7.224
. azld W, (Isentropic) = - (7.224) (8.314) (370.79-573.15)

= 12154 J/mol

(b) M3fiazm AH tiam W, (Isentropic) “u@asw H,* , H,5, S,* wag S,° nauan
H" dB’ dB’

=P |B -T o to|B -T — (6.58)
RT. dT. dT,

- ldT, dT

% = —Pr[dB +de J (6.59)



Tog

0.422
B° =0.083———— (3.48)
Tl.ﬁ
dB° 0.675
— = (6.60)
dT, T"
0.172
B' = 0.139 - —
dB'  0.733
dT, T
N MAKUIN.... B §1%5U Ethylene
T, = 2824 K P. = 50.4 bar (e o = 0.085
g0z 5Neu (T, = 573.15 K Waz P, = 45 bar) 2zl
573.15 45
T, = - 2.032 P=—"" - 0.893
282.4 50.4
unuaazla
. dB°
B = -0.053 — = 0.107
dT,
B° = 0.130 — = 0.018
dT,
~HY = -550 J/mole S = -0.806 J/mol.K
d0usgariieg (P, = 2 bar U T, lN9IU) G4 Tterate 11iilay Part (a)
duNALW T, = 370.79 K
370.79 2
T, = - 1.313 usr P, = —— = 0.040
282.4 50.4

unuelu dums (6.60) waz dun1s (6.61) azla



dB’ dB’
= 0.332

— = 0.175
aT, a7

W S5 N dums (6.59) la S, = -0.115 J/mol.K
N8l Isentropic AN dNMT (6.63)

0 =2C..In T; —8.314In£—0115+0.806
573.15 45

exp {ﬁ + 6.3511}

3
I

©

Pms

0 (B) uaz (C) Iteration wazgaeazla

T, = 365.79 K

ATUU
T, = 1.295 P, = 0.040
Wi H,°
dB° dB!
= 0.345 ~— = 0.188
dT, dT,
B° = -0.196 B' = 0.031

unumasluaums (6.58) azla

H = -62 J/mole

AEUUDINFNMS (6.62)
(AH), = C?_ (365.79-573.15) —62+550

M C*  ewnadudenu (a) loa T,, (573.15+365.79)/2 = 469.47 K

.CE = 59.843 J/mol.K
PNt

W, (isentropic) = -(AH); = 11,920 J/mol.

149
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NILUIUNITNTAANDN (Throttling Process)
Wururunsi fluid Ivarudaieu9 wu 8a3We (Orifice) ¥3aHIUNE Nitle
a ] = VAo a g 1 = Ao v i o Y a
fiavias viavaniiTagniduswiuaaag wiagniduld (5Ui 7.5) Taavlvdhians
a o P o o ¢ g v - a Vo
wWasuwlaswasnuasiuazwasnudngudsunaaiaenn wiaanndi bidsuudas
188 HaRBANNAUYDILBILALIAIAAAY (Pressure drop) L1385 Llraluaneueiin
ASLUIUNISNTBANDY TITENINATLUIUNITNTDANDININENNAL LUAANTIUIATBULNY
G T % 4 a T 1 4 a g
WU W38 LNHWEINY shaft work uaztaundn laifimsaalauenaiouioduy azaansa
= QI Y 1 &I
@eauanganasnulaaaa Ui
AH = 0
H, = H,
g siaunulunszuiumsilteumstl (Enthalpy) 2e9zaeluaicmaei e
P P & 2 v a ¥ ? o o
gauasalafinumlidelsznaudranzuiumsnsaanas laungunsalinanandu

(Refrigeration system) (Hu@u

(a) Orifice plate (b) Porous plug

,”‘ n o . m o

(¢) Butterfly valve (d) Any type of flow or
pressure control valve

gﬂﬁ 7.5 Schematically illustrates a variety of common throttling devices.

?288749% 7.7 Propane gas 91 20 bar a% 400 K Wuzaslunszuiunsiuauuy Steady
state U9 1 bar 19Uszu104@1 Final temperature Y84 Propane LL8$%1 Entropy change Tag

A Properties ¥®4 Propane W L#a1n Generalized correlations.

251 NN (6.62)

AH=C2, (T, ~T)+H: —H

Tagfl AH = 0 uazaonuzga ey 1 bar auNAINTY ideal gas 79 H,* = 0 azuy
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T, = —— +T, (A)

F0IULNAY

AN MNPNUIN ... B

T, = 369.8K P, = 42.5 bar ® =0.152
T = 400 =1.0817 P = 20 =0.4706
" 369.8 " 425

NNFNMS (3.48) FUMS (6.60) dNMS (3.49) wae aums (6.61) azla

B° = -0.289 9B 055
dT,
B' = 0.015 OI£=0.480
TI'
unulugums (6.58) azla
H =-0.452
TC
wie  H® = (-0.452) (8.314) (369.8) = -1,390 J/mol

NNFNM3 (A) wiuhazwda C* NGNS INMAKNUIN B Table 4.1 UazENMS

(4.7)

C
g“" _ A+BTam+%(4Ta2m—T1T2)+ D (4.7)
172
azla
?m“ = 1.213+28.785x107° T, —8.824x10°°T?
T+T
o T, = 12 2

7891735 Iteration ¥ T, Nl
1. T, = T, = 400 azla

C® = 94.074 J/mol.K

Pmh
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10 (A) azle

, = — 1390 | 400 - 3852k
94.074
y o dnw 400 + 385.2 v
2. 15T, Nlom T, = —— — = 392.6K 2zle
Ct = 92.734 J/mole.K

Pmh

N (A) e T,

3. MU 2$ U T, aanazla T, = 385K
Entropy change %1310 Eq. (6.63)

AS = CP2 In %— R |ni—s§*

1 1

{Heen T, uaz T, lnatAesnu 15181319
Cisms = C:fmh = 92‘734 J/mOle.K

N Eq. (6.59) ¥ S,° azla

SN = -2.437 J/mole.K

. AS = 92.734 lnﬁ - 8.3141ni+ 2.437 = 23.8 J/mole.K
400 20

M AS Wu+uaasi throttling process Ty irreversibility

21 Wet vapor (la +RUAVDILYD) muﬂszmumsmawﬁlq (Throttling process)
Tenuduaiiisans 2z1@ Superheated vapor 8NN

Sasunadin 9 munszuaumsnsaanas lufianudud veduaeumaiaz
Flashes vazaamvalaznanzdiule lvuaslvasansndsznaudielathuazwemi wu
it 1,000 kPa (£* = 179.88 °C) Flash 1Uf} 101.325 kPa (t* = 100°C)

"+ H, = H, = 762.602 kl/kg
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v v

LiiBBBNINALIN quality (x* %38 x) lanail
H, = (1-x") H,' + x'H,"
762.605 = (1-x) (419.064) + x (2676.0)

x = 0.1522

7.4 Compression Processes

Wunszuiumsiinenueu lawn Compressor, Pump, Fan, Blower 8¢ Vacuum

pump

Compressors

mssafzaziihlag compressor 2 WUU LUUWSHEIULUY rotating blades (uuuuil
1% volume flow pRNNIG wazlimrweulainin dnuvuiduuuy cylinders with
reciprocating pistons LﬂuLLUUﬁIﬁﬂ’JWNG‘fugﬁ

gun1swasnuazlidusuriiovewuaissn azmioufuzae wrbine waza
potential Ua kinetic energy 311881960 ld 2u1i1N5Hl adiabatic compression 813150
T#aums (7.25) da (7.27) lowas

Process §1MNs0@EUUNUGGY 7.5

U 7.5 Steady-state compression process
Y

Isentropic work MUIMINFNMS (7.27) 22481 Minimum shaft work Naael#iiva

20 logna Compressor efficiency #1310



W (isentropic)
wW

S

(AH),

T AR

(7.29)
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LOZUEANULNUAIEY HS diagram éﬁg‘ﬂ 7.6 U 1-2" Ju Isentropic compression A1 P, Tu

P, g 1-2 W Actual compression process.

i

(7

gﬂﬁ 7.6 Adiabatic expansion process

cagan 7.8 lau1daN@? (Saturated-vapor steam) 7 100 kPa (t

= 99.63°C) gnNam

WUU Adiabatic 1Utd1 300 kPa #1 Compressor efficiency = 75% 1%n1 Work N@aens

WaT¥) Properties YN Steam GNNNBBN

35%1  1a1h# 100 kPa 20 steam table (Wt 582) 1@

S, = 7.3598 kJ/kg.K

H, = 2675.4 kJ/kg.
N30l isentropic compressor 1 300 kPa 2z

s', =S, = 7.3598 kJ/kg.K
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RINAIANUIN ... Steam table 181 300 kPa uaz S’, = 7.3598 (1@ Interpolation)
azle

’

H, = 2,888.8 kJ/kg

¢NUU (AH) = 2,888.8 — 2675.4 = 213.4 kl/kg
NNFNNIT (7.92)

_ (AH), 2134

AH =
n 0.75

= 284.5 kl/kg

GNUU H, = H+AH = 2,675.4+284.5 = 2,959.9 kl/kg

4 kJ v
AN Steam table (T,G]El Interpotation) 91 P, = 300 kPa taz H, = 2,959.9 k_ 2zle
g

T, = 246.1°C S, =17.5019 kJ/kg.K
NNFINNIT (7.26) Nunlaasa ‘] 7D

-W, = AH = 284.5 kJ/kg

msldauns (7.27) Wunsdiinidayaain able w3an519W (18U HS diagram)

st laifidiaya 1@aslH generalized correlation ZUSuUgelaaail

N304 Isentropic
P R/Cpms
T, = T, (FJ (7.30)

[

Wa T', Wuguugiiiamagnaean T, uas P, Wiy P, wuy Isentropic

(AH)S = C,th (T,Z_Tl)
Faonuanms (7.27) azla

W (isentropic) = -C'p, (T',-T,) (7.31)
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Qﬂ(ﬂy Actual results Lﬂu

W, (isentropic)

W, = (7.32)
n
AH
T, = T, + (7.33)
Pmh
nsdifitemiiaiu Ideal gas Hifi C, Aeii
R/Cp
P
T, = T,| =
Pl
R/Cp
W, (isentropic) = -C, T, [P—ZJ -1 (7.34)

duM3 (7.34) 1WAz n3U Monatomic gases 14U He %38 Ar #) R/C, = 2/5 = 0.4
dM3U Diatomic gases (35U O, ¥38 N, A1 R/C, = 2/7 = 0.2857

e oda o oy X B X o a2 4 ay
suufaniendudouduiuar C, asiunvgamgil Flimansaniasldanms (7.34)
wanNnUUNEIEsaudaslaaiai sanudliaenigenusauiumaciuanzla

duns (7.35)

(7.35)

AI8NN 7.9 61 Methane (8NN® 1T ideal gas) gNAAUUY adiabatic 10 20°C WY
140 kPa lUi¥u 560 kPa 1 Usza1oe work 199015 wae discharge temperature 84

methane AU LA compressor efficiency = 75%

35 Tegauns (5.17) wazmesiann MAKWIN B Table 4.1 Azl

o D
=A+BT +T, T, |C+——= (5.17)
R (T,T2)

C B _
% = 1.702 + 9.081x107° T, -2.164x10° T, T,,
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TI_TZ
T, = i
In(T,/T,)

~ & | Aw Y . o al A v [}
NI T2 A T o NABNNITWN Iﬂfﬂ,‘lf]ﬁ Iteration A8 NNAAILINGOU T 9 > 293.15 K

we C',. /R uan T', 90 Eq (7.30)

R/Cpms
: P
T, =T (—2
Pl
udae T', flalum ¢, /R udan T/, enlusi vl Fes 9 au T, il ganeazla

c
T', = 397.37K uaz %4.5574

wien C,,,, 10 Eq (4.7)

1
Com _ A+BT, +E(4Ta2m -T,T,)
R 3

azla

C: .=.
ZPmh _ 45774 wsa C',,, = 38.056 J/mol.K
Nn Eq (7.31)
W (isentropic) = -C',, (T',-T,)
= -(38.056)(397.37-293.15) = -3,966.2 J/mol

Actual work ¥ Eq (7.32)

—3966.2
= ——— = -5288.3 J/mole

S 0.75
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w1 T, 30 Eq (7.33)

aH _ 393.15+ 5288.3

Pmh Pmh

T, = T, +

(A)

nIRUA C,,,py WTUAY T, 2EUUMIANNIUABILEIT iteration AaauNG T, AMUIM Cppy N
lAlneue uddwan T, 0 (A) e T, ndmed C,,, v uwan T, 8nasa
Muni5es q au T, a9 azle

T, = 428.65 K Wan t, = 155.5°C

Un (Pump)

Wuesasiiadmiuiedaudnezaanan aumsmsmuInuensy Adiabatic pump 2%
ARIENU Adiabatic compressors REUULDITNNIT (7.25) 4 (7.27) wuaz (7.29) Tul#la
] < L o I 4 v v o Py
aghalsnonluaums (7.26) "N W= -(AH) I uUaaans1uaaunatyoauaawad o4

[ v d' v & & = P v uq&l
Wueimenn aeumaidananmenilsdamsligunisvasaduidnugiu auns (6.8)
Tosanudliaulnstaen a9uy dH = TdS + VAP 391 dH = VAP waztipsiNgyns
k4 v ] %
uaazlonuwhnuaums (7.36)
wianandntavile a1 H dulvajzae Compressed liquid ¥nazlaifidaya azuulnd
Paunainasanndn v ldzunu P asuuazlaaums

W,(isentropic) = -(AH); = -V(P,-P,) (7.36)
yanNnia o lgUszlaniannanmsnlonanuiual aulaunaunsnINnuilenyuag

AINI15281802289U58105 (Volume expansivity; B) paudna i luaunis (6.27) uay

aums (6.28)

dH = CdT+V (1-BT)dP (6.27)
s = de?T—BVdP (6.28)

) B = Volume expansivity
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PNV anantGzeswawradly Pump imswdsuwlasgamngil T tae uas
Tigunuanuauls Ps@samnsoauudn C,, v uaz B ilumesd waziiiarhnms

a a k4 Vv k4
BUNLNINTY ms?mmuﬂzlm

AH = C, AT + V (1-BT) AP (7.37)

AS = C, ln%—BVAP (7.38)

1

AIae19f 7.10 Maunndl 45°C 10 kPa gnUalufinnuau 8,600 kP lag Adiabatic

]
=

pump &NNGI Pump FUszENEMW 75% T Work, gauvgiiniildsulaanh azd

mMstUdsuwUas Entropy 2891t ls

v

3591 19 45°C waz Saturated 1o

1010 cm®/kg

<
[

=
Il

425x10° K (wan B = i(ﬂ))
VAT
C, = 4.178 kJ/kg.K
NNFNNIT (7.36)
W (isentropic) = -(AH), = -(1010)(8600-10) = -8.676x10° kPa cm®/kg
“+ 1kJ] = 10° kPa cm’®
.. Wi(isentropic) = -(AH); = -8..676 kJ/kg

NN dunNIT (7.29)

(AH,) 8.676
n 075

AH = = 11.57 kJ/kg

uwe Wy = -AH

W, = -11.57 kJ/kg
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AT wnnaguns (7.37)

AH = C, AT+V (1-BT) AP
8590

11.57 = 4.178AT + 1010 [1-(425x10°°)(318.15)] o

AT = 0.97K ¥¥38 0.97°C

AS wanaums (7.38)

AS=C, In%—BVAP

1

31912 25x10)1010) X
18.15 10°

4.178 In

0.009 kJ/kg.K

T~
[

g‘ﬂﬁ 7.7 Simple stage ejector




161

MBENNMANUIA .. B

Appendix B. Ideal-Gas Heat Capacities

Table B-1: Ideal-gas heat capacity of selected substances

according to the equation
ce .

l,; =ay+a T+ aT? + a3 T° + ag T?
where R is the ideal-gas constant and T is in kelvin. The range of validitv is in
kelwvin.
Name Formula  Range ) ar % 1P ap = 10% ag = 10° gy x 104
Argon Ar 2.5 1] I 0 0
Bromine Bra 3.212 716 —1.628 L.445 —0.499
Carbon tetrachloride CCly Al-10000 2.5618 41.882 —T7.16 A5.739 —1.756
Chloroform CHCls 20001100000 2,389 26,218 3.145 1857 0.423
Dichloromet hane CHaCle  200-1000 2,71 11.561 0,324 —1.37 .662
Methyl chloride CHaCl 200—110N0 3578 —L.75 3071 —3.714 1408
Met hane CHa 2000110000 4,508 BATH 3.631 3.407 1.091
Methanol CH4O S0-1000 4714 —6.986 4.211 —4.443 1.535
Methylamine CHsN H0—-1000 4.193 —2.122 4,039 —4.738 1.757
Carbon monoxide (] SO-1000 3012 30913 152 1.302 0515
Carbon dioxide CO4 S0-1000 3.259 1,356 |.502 —2.374 1.056
Acetylene (595 E A0-1000 2.41 10,926 —0.255 —0.79 0.524
R-134a HaFy SO—10000 3.064 25,42 1.58G —3.339 1.176
R-134 LT1,Fy  50-1000 3.084 32841  —2.425 0,488 0.162
Ethvlene Cally H0-1000 4,221 —R.TRZ 5,795 —6G.729 2.511
Acetic acid CH 0 S0-1000 4,370 =2.397 G.757 —8. 764 3.ATE
Ethyl chloride CaHs S0—1000 3.029 0.885 2.967 =4.55 1.871
Ethane g 2001000 4178 —4.427 566 —6.651 2.ABT
Eihanol CaHg O S0—10000 4,396 (.628 HIRSE [§] —=T.0024 2.685
Ethylamine CaHN A0-1000 1.64 2.069 5.797 —T7.659 3.043
Propylene Callg A0-1000 3,834 3.893 4,688 —6.013 2.283
Acetone CyHg O SO-1000 5.126 1.511 5.731 —T.177 2. 728
Methy] acetate CyHaOw  200-1000 4.242 14.388 1338 —4.893 1.931

R FARRS | AN A O LR-FL E oA oo - T F O
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2 @ d.
WUUHNBAUND 7

7.1 Boilers 2 Uasglathaaninludimaiuniudhgranan 1a1hann boiler nilaiinnu
@YU 1400 kPa oz 225°C daudnAININIANNAY 1400 kPa wazd quality = 0.94 1%

M AS, . @WSUNTTUIUNSY

total
7.2 692119 60 m® {181 5000 kPa waz 400°C tlaignszungaanlulay relief valve
<& [ [ I . A g
aunssneaNNGuludeanasy 4000 kPa laanszuiIun1sssue (Venting) iy
adiabatic 1Uszanmaamgiigamezaslainluds uazsnazaslaifssuzaanly

7.3 9U51105 0.085 m® UTI9INAN 21°C waz 101.33 kPa B3GBNUYRIIEDINIATN
v v o o v ¢ - 4 o9 v
2IMABALAININIZANN 38°C waz 1380 kPa tnadlurialiisasdd iliamea
Tvan698819%) 9 AUATENIPNNAUINAUNDINEDINA LaLDINTLUIUMSHAEINN
unsznshgun)iluddiaeiin 21°C ensFauigadenndaztuuile suudi
<& . ~
2IM@ALY ideal gas 3 C, = (7/2)R uaz C, = (5/2)R

7.4 Adiabatic air compressor ﬂuﬁﬂLﬁﬂiﬁﬁN mmﬂlﬂﬁfﬁﬁ:uamuwum 19.8 m° Lf'IE]
SuWsnEIRe1n AR 26.7°C waz 101.33 kPa Fufluaniizmilautuainiaign
compressor N3zuaUn1sTNLIGdNdulUaunsenaaaduludedia 810 kPa 81
aszuIUnI5 U adiabatic wazn1samily isentropic 1991 shaft work 289 compressor
aund omendy ideal gas § C, = (7/2)R waz C, = (5/2)R

7.5 692119 3 m® U391 1200 kg 71 200°C lezhagluaugadniulaifiaglulsnasn
waaluds 69 800 kg 71 60°C gniandnluluds azdasdamenaiawdinlmle

1 ngll P o 4 a (4 ] c}
seninnssuIumsil iiarhiiaamailudsliu/deuudag

7.6 692110 3 m® LNBIINAUUITIPUDINANTZWINI (saturated water) AU lai (saturated
vapor) 11 3400 kPa lagfinazavlaintiiny 15% iignleaanaindy Wiu&r
unsznanaluduily 409% 29I NINABUGNAY szuTNNTZULIUMST Bamgl

29NN EN LU 19N Az@astemanudaumla

7.747% 65°C B4l¥an18805) 3 kg/s LHAINAITHENYBNIN 20°C uazlaindued
(saturated steam) 91 140°C @NNAIINTLUIUMITHENLIY adiabatic THAUIUMIBAT
(rates) 2adlathuazinitaunuanluesaananiva lvlarniaaims
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7.8 lunssUIUNS desuperheater 1191 2900 kPa waz 40°C nilawing superheated steam i
3 2800 kPa waz 325°C ludsuanyhlvaeves saturated-vapor steam 1 2700 kPa
Twasanuan desuperheater MEBNT 10 kg/s anudnszuIumsilu adiabatic 19w

flow rate 28910 wag AS,, ¥9NNTEUIUNT

total
7.9 Superheated steam 71 100 psia 8% 500°F 1802887051 100 1b_/s EIHFNAVUIN
100°F tiWand® 1@ fiiAueu 100 psia way 380°F axuud Ny adiabatic T

DOVBNNNENNEN az AS, | 2BINTLUIUMNS

total
7.10 laihaegna@iuuy adiabatic 14 nozzle 1a8Ln nozzle 1 100 psia W8z 400°F L
AN 200 ft/s WAIBBNNIANINAYU 20 psia AILANNEI 2000 ft/s IRNFNIULYDY
lathfeanan nozzle Miinauaztiidgaanadlsim quality zaslatihuazm AS,, 1809

NITUIUNT

7.11  Steam turbine ¥MNIUWUY adiabatic NSLAUAISIIU 3000 kW 1810121 turbine
2100 kPa wd¢ 475°C 4908 turbine 113U saturated vapor 71 30 kPa 1%ima 5

28912117IWU turbine WS turbine efficiency

7.12 Turbine ¥N9IULUU adiabatic Lo g superheated steam L%’ﬂﬁqquﬁ T, = 400°C
wag P, = 7000 kPa @28 mass flow rate M = 65 kg/s ANMNAUTIBBNAIN turbine P,
= 50 kPa wa¢ turbine efficiency 1 = 0.75 Tvin power output 484 turbine UYL W)

enthalpy L% entropy ¥ a9laihfieanan wrbine

7.13  Expander ¥9IULUU adiabatic laadilulasiauiznf T, = 480°C uay P, = 6 bar
¢18 molar flow rate 1 = 200 mole/s ANNAUTIBDNN P, = 1 bar expander efficiency
N =0.80 lviuUssu1au power output 284 expander WasgMNHWBIMFN DB NN

(exhaust stream)




