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unil 1 N15AATIEAINNg e 2 vasgamwaAIEnS

(2" Law analysis of Thermodynamics)

P2
a

Tuuniias
1. Availability (or Exergy)
2. Reversible Work, W,
3. lrreversible Work, W,
4. Surrounding work, Wy,
5. Useful Work, W,

6. Irreversibility, |

fifowharudletuusnAennumnevesnui 6 (6 Works) léun

= Reversible work: from given state to Environment state
= |deal work: from 1°*' state to 2™ state

= Actual work:

= Work done against surrounding = Py (V' — V)

= Useful work: Wi, - Wy,

= Lost work: W, - W,

About 1°t and 2™ law

About 2™ law

oA v

® nszuaunsla 9 asindulannediensuduly

Y A Y
G]’]llﬂg“ﬂ@‘ﬂ 1 LLaSﬂQGUE]‘V] 2

® nsinwnunmvsInaanuludeddguinves

N130DNLUUNIIAINTTU

Y A

v a ! = | =
.Nsuaﬂ']r]ﬂcl/]ﬂa']jﬂ@ﬂasﬂam 2 @qm’]ﬂ@iqﬁl L

oAy 2 TomNUNALANTAR

(K9]

® nFanugannliuselevild Iuegivingamy
YoLNaIINAIINSOUY (Heat source) Wudaun

Y

g}

]

Wieala

®nn Uo7 1 LNe2999n15UTUA(Quantity) Lay

FULUU(Form)uaenaesu

ol d I uuanTnINAANIINg U voIauIIOUY
(Performance) ¥94LA3 038UAAIUTBUY (Heat

engine) wsedniu (Heat pump)

® N Uo7 2 1NEIVBINY “NIzUIUNISIANTUlA

ae19ls” uarAnAIM(Quality) YeIndIny

o [5UpnNInannuesanssauy (Performance) ¥94

Uﬁﬁ%mmﬁ (Chemical Reactions)




Source

Heat input
100kJ] 100 kJ

Net
work
output
20 kJ

Waste heat

80 kJ

Sink

Tt = 20%

JUT 1 4anaAIseuianIusauiila

Net
work
output

Waste heat
70 kJ

30kJ

M2 = 30%

Yszansnimwanenany (1)

Thermal Efficiency
NFUN 1 azuliineseseudianunsaidsundanuainusou
TuiduanulauinninaedusgansSaniangn 99zaiuisanian

Useansnmmmiaanudaulaain

Net work output

Thermal ef ficiency =
ff y Total heat input

Whet,out
‘Vi%'é] Nen = net,ou
Qin
WINAAUN Carnot engine agla
_ _ T
Nmax = Ncarnot = 1 — T_
H
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Pogad ddnalielganeteyas saulufauan1iztayadnie(l)

nszuUNsHaunduls (Reversible Processes) wag nszulunisdaunaulile (rreversible Processes)

nszuunsdounauls (Reversible Processes) Ao nszuiuniIsnaunsadaundulalnglufiasessesazls

Lagndsnden wagiszuukazdwindeuavaniunauludnasun

nszurunsdeunaulule (rreversible Processes) Aa nszulun1sibilanssuiunisdounaulea

ANINYBINE91U (The Quality of Energy)
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faeee 1-1

A wind turbine with a 12-m-diameter rotor, as shown in Figure below, is to be installed at a
location where the wind is blowing steadily at an average velocity of 10 m/s. Determine the
maximum power that can be generated by the wind turbine.(1)

Assumptions:  2IMARYlUANIENINTFIUAD 1 atm war 25°C,

0 m/s 10 ms wazdlAuAuLNAY 1.18 kg/m”.

(Dead State) - ¢ a4 o o . .
Analysis: mmﬂl‘wammmwmmﬂuwmmmau LL@B@’Wﬂ’]ﬂﬁ]%qu Dead

-
-

- Y] ¢ Y] P A & ~
Lol state YunEnedandsusatiamuasgnildeulviduau uazauasd
- Anusdu 0 m/s

wisgariuidaaniazyilane

Maximum power = m X ke

! 2 2
| Tne ke = V; = Qom/s); nzl/s) = 0.05:—]
UM 4 nmdsenaudiegne 2-1(1) D2 gkg
LAY m=pAV=pTV= 1,335T
aglan Maximum power = 66.8 kW

fiaEe 1-2

Consider a large furnace that can transfer heat at a temperature of 1,100 K at a steady rate of
3,000 kW. Determine the rate of exergy flow associated with this heat transfer. Assume an
environment temperature is 25°C.(1)

Analysis: ta w1 (furnace) @ansafarsatunima sl
muFeunuugamnlinaiild duandnwosBveaunasls
aufouiidu useful work potential #111509W915041
IFnnsvaasseesessuinufounuuasludluld
AaunanalunInd 1uT19 wazatuisaniszd@nsaan

Nermax %82 Wigy loaadl

T, 298
Nthmax = Nthrev = 1-— E =1- m

gﬂﬁ 5 AMNUTENBUAIDENT 2-2 S Nehmax = 72.9%

Wrax = Winrer = NenrerQ@in = (0.729) x 3,000kW = 2,187 kW



(Y ' 3 Y1 A [ ] =) A |
Unavailable Energy 91nA9E199zLAUlA I NS 1 uaUNTe 27% Al
Exergy = I3 [ o 1 =3 'y}
3% ansaddsunndunulalidnagyinegnslsiniua

27%

wangbuns I

Reversible work and Irreversibility

desnlunisimuwameandnwesd wiazfmualianetatemaduaniizane wie Dead
state Faluszuumadmnssudilvgazliresfian1ngiivanemnadu Dead state azfiifies Intermediate
state ﬁQLLamﬂugUﬂ' 3 Sadufiuniisnasdesfinun Reversible work wa Ireversibility wagiaud
Aerdeadhunfissfiude Surroundings work (1)

Surroundings work, Wy, BH188 991471 LN 81919 UEE 1108 81U TERINNTEUIUATT F937A

T U 6 avansamnuiiangusAuindeulainaunis
..'I Atmospheric \\"\ ,"! Atmo'fi?heric \;
f air ; i b I ]/Vsurr == PO (Vz - Vl) €q. 1
w30 Wiwrr = | PAV
£ 1 al A [ 1 al
MNLTRzdUNAITEUUIEE W, 38l Aasgitveuunvesssuuil
SYSTEM Vs - a -
v, ; nsve18@Iniold (Volume changes) @usyuuiivinanudu Cycle
1*! state 2" state

nieszuudu Rigid tank veulnvesszuuazlifinsueedadeladl

SUN 6 LEAISTUVUANINISVENEAUND e
3 U W, SUU

LNYULUTTEINANI BAININA DY (1)

Useful work, W, nanedia snuitid uuselovid (Useful work) LOURaA 1952117199107 111259

(Actual work) Auaunldiiielevugdinden (Surroundings work) aazanansadauduaunslaii

Wuzw_wfsurrZW_PO(VZ_Vl) eq. 2

'
=

Reversible work, W,., wunefis sruilldidudseloningeiianfiszuvaunsoazvild (v3eaud

9

v a o v a ° o v o v « .
u@ﬂmq@‘mig‘UUmaﬂﬂ"li) Lll@33‘U‘UV|'N']UQ']ﬂﬁﬂ']'JSW\‘iﬁu'lﬂﬂ\'iaﬂq'lgﬂqﬂﬂqﬂlﬂ 9 The maximum

amount of useful work that can be produced (or the minimum work that needs to be supplied)



as a system undergoes a process between the specified initial and final states.” Waz 19 @n17%
anvinesdu Dead state suiillu Reversible work azwiniuidniwesd (1) Aawansluzun 3
ANULANANNTENIN W,o, WAz W, ABAT Irreversibility MAnTUTERINNNTEUIUAT Ineildnusee

Ao | vi3oldA1in Exergy destroyed wavanunsaliulvieglusuvesaunislidn

I = Wrev,out - Wu,out orl = Wu,in - Wrev,in eq. 3

WUURNYA

1. How much of the 100 kJ of thermal energy at 800 K can be converted to useful work?
Assume the environment to be at 25°C.

2. The electric power needs of a community are to be met by windmills with 10-m-diameter
rotors. The windmills are to be located where the wind is blowing steadily at an average velocity
of 10 m/s. Determine the minimum number of windmills that need to be installed if the required
power output is 600 kW.

3. A pool contains 800 tons of water at an average elevation of 75 m. The maximum amount
of electric power that can be generated from this water is ... (kWh)

4. Consider a thermal energy reservoir at 1500 K that can supply heat at a rate of 150,000
kl/h. Determine the exergy of this supplied energy, assuming an environmental temperature of

25°C.

* fa9819 1-3
A heat engine shown in the figure receives heat from a source at 1,200

K at a rate of 500 kJ/s and rejects the waste heat to a medium at 300

e : K. The power output of the heat engine is 180 kW. Determine the

reversible power and the irreversibility rate for this process.(1)

Given: T, = 1,200 K T, = 300 K
* Q;, = 500 kJ/s W = 180 kW
Find: Wiey =7 Irreversibility, | = 7

JUN 7 awdsenaudiiedne 1-3



e _ g _L_q 300 _ g5

Nthrev = E Ty 1,200
Wyep = NenrevQ@u = 0.75(500 kW) = 375 kW
[ =W, —W, =375—180 = 195 kW
aAUTI8: ndsuaudou 500 kW Wethunldiueiessudanslusazanunsadsulu@unuld 375 kw

[ [

Humnedasvggdenasaudiuig 500-375=125 kw Alianunsathluldusslovieslslsae diuen [

IufnaInnIzUIUNTIfounduiiately usadaaniusig o nsagdeananuliduawiu

Second-Law Efficiency

Nen = 30% Nen = 30%

Nenmax = 50% Nenmax = 70%

JUT 8 UanaATeguAnasuANsou 2 1aseeniiA1useansainvnaanuseuiniu

watlAnUsEAnSammsanuseougegasineiu

n3UT 8 aniulddnsvzneneteaninaAIoseus A U19EAnIATEIEUA B N50UNIALEINIY

wadlioen wszldoyaliiuSouiiunaned il ldaunsavenlasgsdnau wsevendudvaule

(%
Y o v

[ = < A A ) | a a a 12 a =1 ~ fa o

Faaule AU AdunuINLSIAITAEMUUAAIUTLANS AN a1U150 LT US s UL BULAS I8 URTRYIN9U
| | @ a | Y o

igﬁ’JNQWGN’m‘V}LLG]ﬂG]’Nﬂ‘Iﬂ,@

Second-law efficiency, 17;; W udndruszni1sa1UsEd@ns nmmieausoud vinla a3 sves

o
I3 &

LA3 0UANY 9 WeuAulTEdnSainnieauoununfigaini sseudduinlalun1angud 13

UszanSannuudaunduld anuisaewduaunisiain

Nth
Nth,rev

TunsalvaaumIaseusALSaU

Nn =



daisnhaunsiluiiansaneseseudlugui 8 gl
0.3 0.3
n”,A =—=0.60 uaz T’II,B =— =043

0. 0.7
F99LA1UNTOUDNLAINATDIBUSN A @ U150YUlARNINLATRIEUR B

[

Second-law efficiency, 77;; @1nsaueNIATIEINTEnvetUnTallanell

N = dmsugUnInlvinGnau
Wrev
W, oy cdy aw 4.' o
M === dwsugunsaindesianuiionisineu
u
COP . o \ - . L
= 255 dmiuszuuyinaadu (Refrigerators) uardnly (Heat
rev

Pump)
fined1e 1-4
A dealer advertises that he has just received a shipment of electric resistance heaters for
residential buildings which have and efficiency of 100%. Assuming an indoor temperature of 21°C
and outdoor temperature of 10°C, determine the second-law efficiency of these heaters.(1)
Analysis: 191 Heaters have efficiency of 100% u1e99iA1 COP

Y = v M ° Y Yo Y !
=1 uu‘ﬁll']ﬁ]ﬂﬂﬂ']Lﬂﬁa\‘ﬁ/nﬂ’J’]@JiaubLfﬂiUWENQquvLWﬂqu 1 %UY W

Resistance 10°C
cater

aunsadsudundinuanudeudiuiu 1 ey

[9ERansanlunsdiveaIasinaNusaudunszUIUNISWUY

d' v doundula
UM 9 nMmdsznausiess 2-4 (1)
_Qn _ 1

COPHP,rev T We  4_TL

E —_—

TH

1
COPHP,rev = 1_[10+273K] = 26.7
21+273K
RMNUANITAIUINETMN 9 waanulii 1 vy aglindsnuainuiou 26.7 wile
COP _ 1.0

= —— =10.037 %30 3.7% wnu1ds
COProp 267

n3atlnuanveasne1vglinuitneunlaguinaIesiausauaTesllvinenuld 100% wiizainen

LazAzAIN1I0NIAT second-law efficiency 6l 17, =

second-law efficiency a3u1elaanaIasviAuseullanunsaudasnszualadrunduanusoulaiie

3.7 % NTLATOIAITILINANIUNE )



Second-Law Analysis of Closed Systems

Wafiasansruulakuugnauaesui 6 Ainswasunlasananiien 1 ludw@nniei 2 was

Y

syuuiimsuaniUasuanuieuiudsinasy uazldfiansan ke uay pe aglan

1A 1St law Ql—Z = W1_2 + (UZ - Ul) eq. 4
911 2™ law Sgen = ASsystem + ASsurroundings eq. 5
Syen = (S, — §y) + Ysurr 6
gen (S, 1) /Tsurr €q
Sgen= Entropy generation

hp Tsurr = To 102 Qsyrr = Qo = —Q1-2 eq. 7

masunua Qg a0 2™ law nduidnlufiaunisves 1 law 2l
Wiy = Uy = Up) = To(S1 — S2) — ToSgen eq. 8
N Wy =Wy_5 = Weypr = Wiy — Po(Vz — V1) eq. 9

Jaguaunislniaglein

Wy = Uy —Uy) = To(S1 — S3) + Po(Vy = V3) — ToSgen eq. 10

vinunszurunswuueundulinad Sge, = 0
2zl¢ Reversible work
Wyep = (Uy — Uy) — To(S1 — S3) + Po(Vy — V) eq. 11
a =1 [y A 1 @ o v ¥ [~
LAEMINLSIAENATUNTEUULTIBUAY Dead State WienAn Exergy Nagmviualiannggaineiduaniieg
VDIANINADUNIE State 0 AlAdNNI5UDY Exergy Ao
® = (Uy — Upy) —To(S1 — Sp) + Po(Vy — V) eq. 12
a = 1 a <@ @ 1 . 7 (%]
o @ viunenaAn Exergy 184352 UUUA LASLIINEIREE@INNTONIA Irreversibility Taguriu
970 I = Wrep — Wy = ToSgen eq. 13
Tunszuiun15v9 Reversible work 13n15WasukUa1ndn e 1 lUdednied 2 aau1sanian
W, 91270
VVI"@V == q)l — CDZ eq. 14

A1315005UIEMBUHUNNIARIIUN 10



1 State ¥ state | 1%state [ Dead State] | 2¥State Dead State |
i 2 I 2 n R L -| """" S et
Po . 0 . 0 0
o \MAARAI I % HV””’*I_i INAAAAAA] HH””'VI_'
(AAARAAL T NAAAAAL} 110LETLLL R O 1111 T
T {2 =3\ [ | = = —>
P, T, | Po, To Po, To
Pl’ T1 i Pl! Tl PZ! T2
i N\
|
|

Surroundings
Po, To

= —_

JUT 10 4anINIsIATIZYiTEUUINaNNTS 14

dfuauns 12 iannsndeuliedluguvesdentmisuadsd
¢ = (u—up) —To(s —s¢) + Po(v — v) eq. 15

#9819 2-5

A piston cylinder device contains 0.05 kg of steam at 1 MPa and 300°C. The steam now expands

to a final state of 200 kPa and 150°C, doing work. Heat losses from the system to the surroundings

are estimated to be 2 kJ during this process. Assuming the

surroundings to be at T, = 25°C and P, = 100 kPa, determine ;;::_;;mcm

(a) the availability of the steam at the initial and final states,

(b) the reversible work, Steam

P, =200 kPa
(c) the irreversibility, and T,= 150°C

(d) the second law efficiency for the process.(1) State 1 State 2
System: Steam in piston cylinder, Closed system SUTH 11 nwdszneuiegng 2-5 (1)

Assumptions: ke and pe are negligible.

Analysis: 91Na@UNTSA 14 15798enRA1TNEa17 1 way 2 Wisuiuan1ie Dead state Viazdaglel

@1 = m[(uy —ug) — To(s1 — Sg) + Po(vy — vp)]
Lag

D, = m[(uy —ug) — To(sz — sp) + Po(v2 — vp)]

10



1m15719 A-6 uag A4 LilemA1an1Ied 0 1 uay 2 sglavayanuanslunisai 1-1

N34 1-1
an1ay P (MPa) T (°0) u (kJ/kg) v (m?/kg) s (kJ/kg.K)
State 0 0.1 25 104.83 0.00103 0.3672
State 1 1 300 2,193.7 0.25799 7.1246
State 2 0.2 150 2,577.1 0.95986 7.2810
wnuannegslumsadluluaunisves Exergy agld
@, = 35.0 kJ waz ®, = 254 kJ Ans (a)
N Wiep = @1 — @,
azle Wyop = 9.6 k] Ans (b)
910 [ = W, — W, 5nazdioamn W, Tulaidunou
N Wy = Wiy — Weyrr

9
wulAudewenmdn 2 waw de Wi_, way Wy a0uiuld 150 law w W, _, 2:la

1N

Q2 =Wi_; +m(u; —uy)

Wiy = Q12 —m(u; —uy)

W,_, = =2kJ — (0.05kg(2,577.1 — 2,793.7)k] /kg)
Wl—Z = 88 k]

Waurr = Pom(vz - 171)

Weurr = 100kPa(0.05kg)(0.95986 — 0.25799)m?3/kg
Wsurr = 3.51K]

~ W, =8.8-351=529k/

[ =9.6—-529=431kJ

azannsam [ e

INANATT

azle

Nn =

dmsugunsalnndnu

= 0.551 = 55.1%

NnUsEavEAmmungUen 2 veaneslulauiindeziinu 44.9% ayduluseninanssuiuns

11



Second Law Analysis of Stead-Flow Systems
NSESNENN5V8 W, V8958 0UaTENsInaluuasiaga1unsaiinlanaeiun1sas19aun1598 953Uy

Un YuRsweniiansatdu 2 d1ume aun1suee 15 law wazaun1suee 2™ law

0 1% law
: . v? ; . 14
ch+2mi(hi+7‘+zig)=ch+2me(he+7+zeg) eq. 16
910 2™ law
Y M,S, — ), Mm;S; = Q‘;f;rr + Sgen eq. 17
le qurr = _ch
ey W.,, = Actual work = Useful work \flasanszuulsifinisvenesaagle

. . s
Wiey = Wy, lunsdiit Sgepy = 0
WounuAraun1sves 2 law iluluaunisves 1% law agliagaunslugunilves W, dell

. . Viz . 4
M/Tev = Zmi (hl +7+ Z; g + TOSi) — Zme (he +7 + Zog + TOSe) w eqg. 18

A a I q' a aa % a Y
LﬂJan\]qﬁquUUﬂﬁﬂ‘UQUﬂqiiﬁaLLUUaﬂqjgﬂQV}ﬂqﬁlﬁaﬂﬁm (SSSF) V]llﬂ']ilﬂalﬂﬂ-@@ﬂwqﬂLﬂﬂ?ﬁ]%iﬂamﬂqi

; . V-V
Wrey = 11 ((hi = he) + =2+ g(zi = 2) + To(sy = 5¢) W eq. 19
39
V7 -VE
Wrep = (R — he) + > +9(z; — z,) + To(s; — se) kJ/kg eq. 20
Wyep = ToAs — Ah — Ake — Ape k] /kg eq. 21
WiNEfiansan Exerey azAnifisuiiuaniizidu Dead state agldiaunisues Exerey dwsuszuuidnfe
V2
Y = (h—h0)+7+g(z)+TO(s—so) kj/kg eq. 22
N3V SSSF
Vi/rev =Xmh; — Xmepe W or kW eq. 23
nsvee SSSF lualdn-oenmniamen
Vi/rev =m;(Y; — ) W or kW eq. 24
nsdlanseviloneuia
W=~ kj/kg eq 25

12



A1 Irreversibility %30 Exergy destroyed
I = Vi/rev - Wu = TOSgen eq. 26
[ = Wyey — Wy = ToSgen eq. 27

fa9819 1-5

Steam enters a turbine steadily at 3 MPa and 4500C at a rate of 8 kg/s and exit at 0.2 MPa and

1500C. The steam is losing heat to the surrounding air at 100 kPa and

250C at a rate of 300 kW, and the kinetic and potential energy Zsl\(/)lpcd 300 kW

changes are negligible. Determine

(a) the actual power output,

(b) the availability of the steam at the inlet and exit conditions.

(c) the maximum possible power output (the reversible work), T,=25°C B |
Py =100 kPa

(d) the second law efficiency, ooprl

(e) the irreversibility (exergy destroyed) (1) 150°C

System: Steam flow through a turbine Eﬂﬁl 12 mwdsenauiietng 2-6 (1)
Assumption: SSSF process, ke and pe are negligible.

Analysis: 19011919 A-6 uag A-4 Wiemafianidz 0 10) uag 2(e) lntoyannisen 1-2

aN9197t 1-2
anne P (MPa) T(°0) h (kJ/kg) s (kJ/kg.K)
State 0 0.1 25 104.83 0.3672
State 1 3 450 3,344.9 7.0856
State 2 0.2 150 2,769.1 7.2810

(a) 11A1 Power 91n@un15v99 1% law

Qcy = We + (H, — Hy)
azle —300kW =W,_., +8kg/s (2,769.1 — 3,344.9)k]/kg

W., = =300 + 4606.4 kW = 4,306.4 kW

>
>
o
)

(b) v ¥, uaz W,
. W =m((h—hy) —To(s — Sp))

13



p, = g% [(3344.9 —104.83) < — 298 K(7.0856 — 0.3672) =L
S kg kg.K
W, = 9,903.89 kW
kg kJ kJj
g, =g [(2769.1 —104.83)<L — 298 K(7.2810 — 0.3672) =L
S kg kg.K
W, = 4,831.66 kW

(©) ¥ W,
QAL Vi/rev = mi(d)i - 1!1@) = lIJi - lPe
avlg W, = 9,903.89 — 4,831.66 = 5,072.23 kW
d vy
Wy, 0w ed -
37N M =, dnsugunTaINGnIIY
awly M = e = 0.849 = 84.9%
) w I
9N [ =W, —W,
azld I =5,072.23 — 4,306.4 = 765.83 kW

14



unil 2 ssuaNvaLRFgAUAR
(Mixture of Ideal Gases)
IngUsrasRveInsiseu;
1. ewanngdmiunmsaneuiRveafanauiliviiufAzendu
2. e musBinuildesuieesdusnouvesufane
3. ieldngdmsumavnaastRveufase

4. WovhunengAnssuved P-v-T vewianaulaglingved Dalton wag Amagat

aaﬁﬂsznawaauﬁawau
LN 9eM1A AN TRYDIUAANANLTINBINITNIIVBIAUTENOUVB A ANANTY 9 LHenou waz
wa [23 ! Y = (3 [24 a v A a ¢ a
AUFNUAUBILUNETUARSH %Q@Qﬂﬂi%ﬂ@UﬂJaflLLﬂﬁﬁWNWiﬂ?Lﬂ’i?%ﬁlﬂ 2 WUUAD NIASIEITelua (Molar

analysis) LazN1SAATIZATINIA (Mass analysis) Aauanslumisiain 2-1

M1599 2-1
Mass analysis Mole analysis
H, H,+0, H,
+ -
6 kg 38 kg 3 kmol
Conservation of mass: M,,, = {-czl m; Conservation of mass: N,,, =
. _my N:
Mass fraction: mf; = /mm Mole fraction: y; = l/Nm
xmfi=1 2yi=1
AUNTANUENNUSTZIINN Mole Laz Mass
m >m; M N;M; R
My, =-2"==2-==2J0=%k yM and R, =%
M Moy 1 1
Nm  Xmy/M;  YXmi/(mpM;) gk i
=1 Mi
_m _ NiM; M;
M = e = Nt~ Y
m mm m

15



Aot 2-1
Consider a gas mixture that consists of 3 kg of O,, 5 kg of N,, and 12 kg of CHy, as shown in Figure

below. Determine

(a) the mass fraction of each component, 3 kg of O,
(b) the mole fraction of each component, and 5 kg of N,
12 kg of CH,

(c) the average molar mass and gas constant of the mixture. (1)

System: Gas Mixture: O,+N,+CH, E‘U‘ﬁ' 13 nMwdsenau

Assumptions: All gases are ideal gas foge 2-1
Analysis:
9197t 2-2
Gases Mass (kg) mf; (a) M; (kg/kmol) N; (kmol) y; (b)
O, 3 3/20 = 0.15 32 3/32 = 0.094 0.092
N, 5 5/20 = 0.25 28 5/28 = 0.179 0.175
CH,4 12 12/20 = 0.60 16 12/16 = 0.750 0.733
m,=20 |Ymf;=1 Nm=1.023 | Xy; =
My, =2m = 2% __ _ 1955 kg/kmol

m N,  1.023 kmol

_ Ry _ 8314kJ/kmolK _
R, = M = 196 kg kmol 0.425 kj/kg.K

WORANTTUVRY P-v-T YBIuAskE

ANUFURNUSVRY P-v-T vesuAalugauafu11NAUduNUEYeaUN1T Ideal-gas equation of
state, Pv = RT dvulunsdlvesuiasisazfaunisdu Pv = ZRT e z 13w Compressibility
factor

dmsuuialugauni (deal gas) luanadvegvineiuuin 9 auannsneysuldiluanamaiy
lifinansgnudetuuay iy llunsdlveanfanauveufalugauaiiaunsofinnsanliiufavesasus

avansvzlilinansenudaiuwasiu MsviuengAnssuves P-v-T veduianaud 2 ngeleiufe

16



1. Dalton’s law of additive pressure: “The pressure of a gas mixture is equal to the sum
of the pressures each gas would exert if it existed alone at the mixture temperature

and volume” auanslugun 14

Gas
Gas A D Gas B f— A+B
V, T, Pa V, T, P P=p,+P

JUT 14 wanangn155IuiuALauues Dalton dvsunianay

anansaiigadauduiusilaan
PV
70 PV =NR,T - N=—
RyT
Mole balance: Ny,, = Ny + Np
PV _ PaVm PpVim
RuTm a RuTm RuTm
aunisazwiae P, = Py + Py wso P, = ). P;

WNUANLLS

1o P; 7o Partial pressure 30 Component pressure
P,, #® Pressure of mixture or Total pressure

I P; /P, f® Pressure fraction of gas i

2. Amagat’s law of additive volumes: “The volume of a gas mixture is equal to the sum
of the volumes each gas would occupy if it existed alone at the mixture temperature

and pressure” sawandluguil 15

Gas A Gas B Gas

ED:I A+B

P, T.Va P. T, Va P.T
V=V+V

SUN 15 Uanangn1s5uiuresl3unsues Amagat §1mSULiaNE

anansafigauaNduiusilaan




PV
20 PV =NR,T - N=—
RyT
Mole balance: N,,, = Ny + N
. w. PV P Va4 . PpV
wuanagly At =-_m A4 mbB
RyTm RyTm  RyTm
aunisazide V, =1V, +Vy wiee V,, = XV

e V; o Partial volume %38 Component volume
1}, @8 Volume of mixture or Total volume

way V;/V,,, @& Volume fraction of gas i

uidnaugANAR (Ideal-Gas Mixtures)
0 PnVin = Ny Ry, T,
PV; = NiR,T;

o, Pi _ NiRyTm/V, N;
azlan — =T ==y (Daltan’s law)
Pm NmRyTm/Vm  Nm
Vi _ Ni{RyTm/P N;
L= ZfuimiTm _ Z— 0 (Daltan’s law)
v & Py _ Vi Ni
AIUY —=—=—=Y; eq. 28

Pm Vm Nm

wNaNEaN39 (Real-Gas Mixtures)
Compressibility factor, Z fimuduwushe PV = ZNR, T %aﬁgﬂammﬁﬂé’wﬁ’u Ideal-gas
equation of state PV = NR, T

dmiuwianay Z Jaun1see Py, = Zy N Ry T

AUTURNADI i P;V,, = Z;N;R,T,, (Dalton’s law)
WaaN P,=)P
Aaiuazlagn Zym =Y y:Z,; eq. 29

Foduisusndmsunmsiuneauduiussening Pv-T vaauiaass

1o Z; wilgian Ty, waz 1, (Dalton’s law) tiungdmsunianauinaunum

130 Z; viloan Ty, wae Py, (Amagat’s law) WwisngdmSuuianauininueiugs
0 v ad o A y vaa ' L. y |
AUTUIB0ANIAD  Kay’s rule azlaisn1smAn pseudocritical pressure, P’. ., WagA"

pseudocritical temperature, T’ ., TasuAanaNdsnou wardsldvisaosalumen Z, saly

18



!

P erm = Li=1YiPer,i eq. 30
’ _ vk

Term = 2i=1Yiler,i eq. 31

AuaNUAYaILAENEY (Properties of Gas Mixtures)

T Y
va a

dmsunuauiAnIu

[y

vi1a (Extensive properties) LU 178 agannsaivaniulaas wulu

nsaindufianan N, 2 kg wag CO, 3 kg zlainunasiuwiiu 5 kg viilsmsuinauaudidy q NTuiu

1afaunsatunuIniulatas loun U H uaz S sauanslmdiuluauniseeluil

Up = X0 U = Xis mpuy = 35 Nt (K)) eq. 32
Hp = Y Hy =X mhy = X5 Nihy (K)) eq. 33
Sm=21Si =X mis; =X N5 (KI/K) eq. 34

%

5199 2-3 wandliiunsiiaaandinduiuiaveiauiaziuinduielvlinuaudfvesuiianas

Component Mole (kmol) U (k)
Gas A 2 1,000
Gas B 6 1,800

Gas Mixtures 8 2,800

5% ¥
[

ansadsuguaudintuiuiialyidunuaniinlivuiuma (ntensive properties) Tinail

nn U, = mpuu, =2 mu; war U, = N,u,, = X N;i;
my, =ym; wer Ny, = 2 N;
MU _ Y miuy

U, = = = Y mfiu;
= 0 I 5
— LN _ Y Niu; —

uay U, = = = U eq. 35
m Y N; N, Zyl i g

oA o o A Y
WwuReaiuiuaey 9 agla

h,, = Y mf;h; way h, =Y v:h; eq. 36
Sm = X, mf;s; uay Sm = 2 ViS; eq. 37
Com = LMfiCp; uae Com = X ViCyi eq. 38
Cpm = LMmfiCp; uaz Copm = LYiCpi eq. 39
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[
LY (2%

PN Y @ o wa o 12 ! U LY = v wva (24
H1TNN 2-4 LLﬁ(ﬂ\ﬂ,‘ViL‘Vi‘Lm’ﬁ‘L!’]ﬂmﬁll‘UﬁWllﬂJ“UUﬂUll’Ja‘UENLLﬂﬁLL@ﬁ%ﬁ’JU’JﬂﬂULWSImﬂﬂmﬁNUMﬂJBQLLﬂﬁ

5N
Component Mole (kmol) Uu (k)
Gas A 2 500
Gas B 3 600
i = — 2x500)+(3%x600
Gas Mixtures Np =5 Uy = ( ;-Ié ) — 560

~ v 1 o = o oA
ﬂ']ﬁLUaEJ‘ULLUaﬂsU@Qﬂs%‘U'JUﬂ']TUENLLﬂaNaﬂJaquqiﬂW'}l@ﬂqﬂallﬂ']i 32-34 IuaﬂﬁmgLﬂﬂqﬂUﬂ@

AU, = f=1 AU; = i‘C=1 m;Au; = ic=1 NiAu; (KJ) eq. 40
AH,, = YL AH; = T2y mAhy = By NiAh; (K)) eq- 41
AS,, = ?=1 AS; = Zf=1 m;As; = ?=1 N:As;  (K) eq 42

fI9E1N 2-2

An insulated rigid tank is divided into two compartments by a partition. One compartment
contains 7 kg of oxygen gas at 40°C and 100 kPa, and the other component contains 4 kg of
nitrogen gas at 20°C and 150 kPa. Now the partition is removed, and the two gases are allowed
to mix. Determine,

(a) the mixture temperature, and

(b) the mixture pressure after equilibrium has been established.(1)

N,
4 ke
20 °C

150 kPa
U7l 16 MwUsznoufegny 2-2

System: 0, war N, lduuianay Wussuula

Assumptions: 1. Ideal gases
2. Adiabatic tank

3. No Work

20



4. Constant C, @ room temp.(300K Table A-2a)
Analysis: 971 1% law 983 Closed system

Q12 =Wy, + (U —Uy)
MnaunAgIvEuNIsIvanjUasmie

AUy, = AU, + AUy, = 0
Awle

Mo, Cy0,(T2 —T1)o, + My, Cyn, (T2 = T1)y, = 0
NPT A-2a gld ¢, 0, = 0.658 kJ/kg. K

uay cyn, = 0.743 k] /kg. K

WUANUENNNTILL

7kg(0.658 kJ/kg.K)(T, — 40°C) + 4kg(0.743 kJ/kg.K)(T, — 20°C) = 0

d‘ v v
WowAaunsazle

T, =3216°C= T, Ans
N PV, = Ny,R, T, d0an13m By,
Suainm N, = No, + Ny, N N = % azlal
7k 4k
m = g 9 —0.2188 + 0.1429 = 0.3616
32 kg/kmol = 28 kg/kmol
. - C 4 A NiRyT;
aalum V,, 9anuiuinsues O, waz N, neudiazila partition aan a1n V; = %
i

"\]3‘15{ Vm == VOZ + VNZ

V. = 0.2188 kmol(8.314 kJ/kmol.K)(273+40)K n 0.1429 kmol(8.314 k] /kmol.K)(273+20)K
m = 100 kPa 150 kPa
V, =57+ 232 =8.02m3

wiuALiNeIA By, azla

_ 03616 kmol(8.314 k] /kmol.K)(273+32.16)K

P
m 8.02 m3

= 114.5 kPa An

(V2]

(b)
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UnNi 3 dsuanszrdInidnazla wazlalasuns

(Gas-vapor mixtures and Psychrometry)

TnUsraIRveInsiseu;

1o 1

1. e lamuuandnsseninditeniausia (Ory air) uageINAUTIEINIA (Atmospheric air)

2 ilefvun LasMUINANTUS L (Specific humidity) AT UELIE (Relative humidity)
YDIDINIAUTTVINALG

5. ansaduuguvniaminénsld

4. NIUANUFUNUTTENIN Adiabatic Saturation Temperature kaggauninszilnden (Wet-
bulb Temperature)

5. ansabinslelasiuns (Psychrometry chart) Lﬁam@mauﬁ’ammmﬂmmﬁmmﬂléf

6. @1usalInann1TaYINYLIaLaENa U (Conservation of mass and energy) Tun13A1130

nszUIUNISUSUDINALA

flgamgiisnningaingransiegluaniizufiaazgniseninle (Vapor) Fsdrinleasvsnefisanioy
vosufafieglndldudum uazilematioziinnsndushsewinanszuaunslel

Tuunirunseiufanaudeeguinaumiiegningituludanlalldaulafeafunsndus
sewienszuaums luunidesnaulanssuaunsiiuasnauszninsuiianazle leervvzansandy
freenainveNaEd sEriensrUauns I liinve sauLuLdesEn usiAnTy Savenndentsiuan
Fruseeaiiamsildunnssesnluanunneuntii

arsnauseniuiauwasledegunluaumedamingsy Tuuniisfinnsan ansnauszninsenne
wazlenh Fendrefuasnansywinuiawarle suluiinsduansyuiunmsuiueinal)
2INALAY LaZaINIAUTIEINTA (Dry and Atmospheric Air)

omAussENnAUsEneuse lulnsiou eendau uwiesy q uasaruiy (levh)

Atmospheric air = N, + O, + Other gases + Moisture (Water vapor)

duemAutneiermefilidenuty (o) é’aﬁ?u’[,uuwfmﬂmmﬁqﬁwdwmmﬂ A YaIN
omAussEnaTidudunauszie A wazlevh

Air = Atmospheric air = Dry air + Water vapor

22



AuYUlue1In1A (Moisture in the Atmospheric Air) Tun1silAsIEAs1@1LNsaNLR LD

a

flaouzdunfiagauadle Wy wnsifiansaniifigumgl 50 °C musu 12.3 kPa aziuldinianie

9 Y

Aanarisansafinsanteuliluufagauaflaeiidiiaunainndeusinil 0.2% duanstugun 17
r.°Cc

108 5.0 24 0.5 0.0 0.0 0.0

600

500 0.1 0.0 0.0

Ideal Gas

400 T f562 . £ 3 . 0.0

300

200

100 kPa

I 10 kPa

0.8 kPa

100

0 y
0.001 0.01 0.1 1 10 100 v. m7kg

d‘ a a A B a I & ay v
EUV]17‘UiUﬁU%iNq%ﬂ@QU3[%um1@uqﬁqﬂWiﬂQﬂWquﬂfNUu%ﬂﬂQ@Nﬂﬁlﬂ

Tneilanufianainsindt 0.1% (1)

Satundsaunsofinsanasuansswinenauiuarledninduasnanvewufalugaunils
WATAUAUUIIEINIAIZUTENDUMBANUAUTBILAE 2 dIURINNYVDI Dalton fAo
P=P,+P, eq. 43
\lo P = Total pressure #30 ANMUAUTINUIDANUAUUIIEINA
P, = Partial pressure of dry air #38 AUAULDEVDIDINTIALIAY
P, = Partial pressure of water vapor 38 a1usugesvasleuily

BRI
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AUY UTIUNIE NIAUY UFUY IOl N3N IUAUY U (Specific humidity or Absolute
humidity or Humidity ratio,w)

I [ ! 1 S L4 a I VN
L‘U‘HﬁG‘lﬁ’J‘L!i%ﬁ’)’]ﬂiﬂﬁﬂ’e)ﬂl@ﬁﬂﬂ@’]ﬂWﬂLLaSN’Ja‘U@\‘i@’]ﬂ’]ﬂLLMQ mmmmawﬂuaumﬂma

w = % (kg water vapor /kg dry air) eq. 44
a
P,V/R,T _ Py/R P
w="Tw = PV/RT _ Po/Ry g gopPy eq. 45
mq PaV/RqT Pg/Rq Pg
w = 0.622P, iy
—_ - _ - eq.
(P-Py) ’

AMUIUFUNNS (Relative humidity, ¢)
< [ 1 1 ’oj aa 1 & [y ’g a a a &
L‘Uua(ﬂmuizmwma%aﬁlau’muaqiuawmmmzuu ﬂuma%ﬂamwmmqwmmﬁﬁumzuu

a1u1503lle aunsadsuduaunislaee

my  P,V/R,T Py
¢ = — = — €q. a7
| mg  PgV/R,T Py
Tned
Pg = Fsat@T eq. 48
Aeanasndeuluguves ¢ uag o o
é wP 0
- eda.
(0.622+w)P .
uay
0.622¢P
=—2123 eqg. 50
P-$P,

Tunszurun1sUSUINIAAILNNINLIAYRI AL lUUAsULUAY LeudavadlaunlueIN ALl

nswdsuwlasannssemevsenaudd daulunismauautfvesasuauseniteinieuasletdkn

I J = 1 14 [ A
LUUG]EJ‘WLNWH’JEJ&I’J@SUENEJ’]ﬂ']ﬂLL‘VNLﬁﬂJ@ﬂ\‘iLLﬁﬂ\ﬂug‘UW 18 (1+ @) kgof

moist air

IS 20’ a 4 [
umatvesansnateiniakazlotiaunsadeulveglusy

aunsianail

| H=H,+H,=myh, +m,h,
WI9UNUaUDI9INFLAIANSHADAIL LA

H m
h=—= ha + —"hv = ha + whv h = hy + why. K)/kg dry air (2)
Mmq Mg . Y
%39 U7 18 teunalvesenniadu Wudndiu
h = h, + why (k]/kg dry air) AUNTaNIEUIaT0991NIAWIAS (1)
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P
bUBIAN

unatvesenAL, h,
dmunszuiumsUiuennian « Tasilisenmgiiogszwing -10 °C fis 50 °C Fdlutsdsnan
omawtsassafinsandunidlugauedld Taodwusliile ¢, asivinfiu 1.005 ki/kgK uazliian 0
°C \fugndneds ddu
hg = (T — Tyes) = ¢,T = (1.005 kJ /kg.°C)T (kJ/kg)  eq.51
ey

Ahgyyy 0y = ¢, AT = (1.005 kJ/kg.°C)AT (k]/kg) eq. 52

) T.°C
.oumatvedleunlueinia (Water vapor, hy) 1

Wesnisiarsavleurlueinialugisgamad -10 °C A N

LY 1 a

50 °C \JuuAalugauni daduaneunalasduileiduvesgungl

Y

WY 0=

h = const.

NFUT 19 awdudnsanansamnualinneunatvesleun

whiuAneumatvesvedlaindumnaumgiinedfiula Wegmumgil y | o 3
5o JUT 19 uaneen h Asingaumgisnd
#1131 50 °C Wl ! ,
50 °C Tulauvedlasoudsen (1)
h,(T,low P) = h,(T) eq. 53
AlauMaleadloun® 0 °C JAvinfu 2,500.9 ki/kg Armugauiowade cp vadloun
521711991990 -10 °C 64 50 °C anunsaldan 1.82 ki/kg.°C Aatiuaoumatvedlaunagaunsam

leannaunns
kJ )
hy(T) = 2500.9 + 1.82T (E) T in°C eq. 54
FanaanNn1saun1saeunun1san1s1anesiulauniindg A-4 aziiA1AUAAIALARA DU

LAAILUANTI9N 3-1
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= A J = YV d' 1 U
$13199 3-1 LLﬁ@ﬂﬂ?WNﬂﬁ?@Lﬂﬁ@u%@ﬂﬂ’]L@u%’l’]ﬁﬂ%']ﬂﬂ’]ﬂﬂm@llﬂﬁ‘lfll,mﬂWNﬂ‘Ll

Water vapor

hg (kJ/kg)
T (°C) Table A-4 Eq.54 Difference (kJ/kg)

-10 2482.1 2482.7 -0.6

0 2500.9 2500.9 0.0

10 2519.2 2519.1 0.1

20 2537.4 2537.3 0.1

30 2555.6 25555 0.1

40 2573.5 2573.7 -0.2

50 2591.3 2591.9 -0.6

Adp819 3-1

A 5-m x 5-m x 3-m room contains air at 25°C and 100 kPa at a relative humidity of 75 percent.

Determine
(a) the partial pressure of dry air,
(b) the specific humidity
(c) the enthalpy per unit mass of dry air, and
(d) the masses of dry air and water vapor in the room.
Assumption: Air and vapor are ideal gases.
Find: (a) Pa=7?
21N P=P,+P, wwlanP, =P —P,
LLazﬁl’mﬁNﬂﬁi‘ﬁ ar
P, = ¢P, = ¢Psgr@zsec = (0.75)(3.169 kPa) = 2.38 kPa

P, =100 — 2.38 kPa = 97.62 kPa Ans

W = 0622 = 0.622% = 0.0152 kg H,0/kg dry air  Ans (b)

a
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h=7?

N
h =h, + why (k]/kg dry air)
azla
h =c,T + w(2500.9 + 1.82T) (kJ/kg dry air)
WNUAT

h = (1.005 kJ/kg.°C)(25°C) + 0.0152(2546.4 kJ /kg)
h = 63.83 kJ/kg dry air

(dm,=?2wagm, =7

el
_ PgVq _ (97.62kPa)(5x5x3)m3
@™ R,T  (0.287kPam3/kg.K)(298K) 85.61 kg
LazaNn
m, = wm, = (0.0152)(85.61kg) = 1.30 kg Ans (d)

9auMQNYAUIAIY (Dew-Point Temperature)

o
a

. = aa a Y v oa X oA o8 v a
Dew-point temperature, Ty, M8 gaumiNizuinsnaudiinduiisainiegnyinliuas
MEANLAUAI Y38 vinefitgamgiiduiivadletnanusuletluenavayiy

Tap = Tsarep, eq. 55

Moist
air

Liquid water
droplets
(dew)

>
§

o od oo e s SUT 20 N5 T-s wanensLuiasues
JUN 21 RNz UaATosnuvigungll 3
ﬁmquqmmﬁwﬁﬁw aziilotiinieg (1) TownimnuAUAI? WAZALAUUNI]

P (1)
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A9E1 3-2
In cold weather, condensation frequently occurs on the inner surfaces of the windows due to the
lower air temperatures near the window surface. consider a house shown, that contains air at

20°Cand 75 percent relative humidity. At what window Cold

outdoors
10°¢

temperature will the moisture in the air start condensation

Air
20°C, 75%

on the inner surfaces of the windows? (1)

Analysis: Typical temperature
distribution
bl T;, =T
ap sat@py 20’ 20°C1 20°C ¥
153} Pv = ¢Pg@20°C 16°C 16°C
agla
_ P,=0.75(2.3391 kPa) = 1.754 kPa Ul 22 mmsznausiogns 3-2 (1)
F19tIU

—_— —_ o
po - Tsat@1.754kPa = 15.4°C
LaneInTRERessnwguulivemtisiedianit 15.4 °C wWedesiuliliiAnnisnaudivesleuin

N3¢N

guuiduduuunatieuwuin uasaaumngiinsziunzien (Adiabatic Saturation Temperature and

Wet-Bulb Temperature)

[ L3

WH999INANUIUAUNNS wazANUTUFLUSAIaNTTURENIN WAFILITAINLAEINIINBINIITNTIA

Y Y
1 a U

4 2 Ulaun5InnnedeNanUsunaiinlade 1y guugll wasAue

U
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Unsaturated air Saturated air TA
T, o, I, o, Adiabatic
0, 0, = 100% saturation

) ©

L Liquid-water—|
U
t

Liquid water at T,

(n) ()

temperature

Dew-point
temperature

vy

JUT 23 (N)uansanvenzasgUunIald M unaasInssuIUNITaUFAILUULBLALLUAN

(1) WEALAUNIINTEUIUNITOUFILUULBLABWURN (1)

Fasarldgunsalmvilininnisdudwuuieiiewuinadeuanslusuin 23 (n) Feusenaumevievy

1 a = ¥ < < v 1 =) 1
AUIUDYIAYT UNNLVIUBIDNALUUNLNELAY 1 LaEN1999nVI1NALUUNRUNYLAY 2 mummmﬂa

=

YasRNUINDSNwSEAU AN NNYoavaneay 1 aslaamnd T, Welnaunluvenigdnsd

9 Y

A WhfiegduasRziian1ssEmekazasslUrauiveinia vihligamgiveniiduasdigamaidu T,

Y

1%
v IS

A2Up1n AN Lrald NN~ T ALY ULRNULINT Y UINLIIEILS0as19vadnwuzil i iNeIane azvinle

5 a [

‘:l' ‘:l' 1< a v A A & o o =
9NNAVNDBNUINNUIULAY 2 L UUDINIADUAD UIBUAINUTUAUNNGLUU 100% WazlaUnNNUNINY T,

9 U
wirivgamglives wavgaumgiinieeniesisnienindu “gaumglidudinuuneldenuin”
lunszuiumstisiaunsalivanniseusneuin waroySnEnasuLiodI AT Ieh wazas
Wuaunisianusadllgladed
Mass balance:
Dry air \H8491n11898901N1ALAIASINADANTLUIUATS A iR
My, =My, =M,
Water and Water vapor
my, +ms=m,,
dl' g A 2 T A & 2 Y da Y S
dle My AevSunanhiiszive viseUsinanhiuievasemsszmevanilusyuy
Gl = Y 1
WILRHUANNTT A DN

MWy + My = Muw,
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me = mg(w; — wy)

Energy balance:

INNFIUNINALTITEUU WAUNEIUNINaD0NUBNTEUUNSATEUUULUUNS IMaAINanN1IzAIN way
Q=0 W=0 2zl

Thahl + mfhfz == mahz
WIDLNUAN My azle

mghy + Mg (w,; — wi)hy, = mgh,
14 M, minasnazle

hy + (w; — w1)hg, = hy
wiomnfinrsandu c, aeld

(CpTl + (l)lhgl) + ((1)2 - (Ul)hfz - (CpTZ + wzhgz)
anansaieulegluguvesaunisves wq 16

Cp(Tz—T1)+(1)2hfg2

wq = eg. 56
. hg1_hgz
Na@uN1sA 50 Ale
0.622P
Wy = — %2 eq. 57
P,~Pg,

Fenaun1stnenuasiulainssausaing T; T, Pop Wa2280N50WIAT W4 191
Tunsldnuasadudeseniisazaisgunsalifidnuazdsgun 23 (n) Wissnindeanisviedie
1N 9 fdaudeaddnisnshavannsaldioman T, wiveihluldluaunisi 56 dufe gaumginseie
\Uen (wet-bulb temperature) @silgunsaldsuandlugun 24
Ordina
II1LI‘::L;:1}:CM\ b
Wet-bulb %
lhermomeler\ @E

Wet-bulb
thermometer

Dry-bulb
thermometer

— Wet-bulb

) thermometer
(n) lelastiwasotnadng L
@) lalAsimaswuULnNIg %58

Sling psychrometer

U7 24 (n) lelasilwesednedng () lalasiiwesiuuunds Alddwmsumen T, (1)
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Y

Tngunfudgaumglidusuuuneifiouuin fugamaiinszielonaylsimiloudu wiegslsfnmy
msfansavewanszriemauisiuledhiinruduusssna gungiivests 2 wdidilndifeatuinn
Seenunsaldgaumpiinszinsenunua T, luaunsi 56 16
fI9819 3-3
The dry-bulb and wet-bulb temperatures of atmospheric air at 1 atm (101.325 kPa) pressure are
measured with a sling psychrometer and determined to be 25 and 15°C, respectively. Determine
(a) the specific humidity,

(b) the relative humidity, and
(c) the enthalpy of the air. (1)

Analysis:
1 W190
_ Cp(TZ_Tl)"'thfgz
1=
hg,—hg,

N¥3H1

0.622P

Wy = g2
P2—sz

FUTEM W, BerouudFn w,
Helan1519 A-a axlé
P, @1sc = 1.7057 kPa
h¢g,@15c = 2465.4 k] /kg
hy @isec = 62.982 kJ/kg

e

P, @25 = 31698 kPa
hg1@25°C = 2546.5 k]/kg

wnuAle

_ 0622(1.7057 kPa) .

W2 = Corszs-17057)KPa 0.01065 kg H,0/kg dry air

agle

(1005 k] /kg.°C)[(15-25)°C]+(0.01065) (2465.4k] /kg)

1= (2546.5-62.982)k] /kg
w; = 0.00653 kg H,0/kg dry air Ans (a)

A1 ¢ AN
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. w1 P, _ (0.00653)(101.325 kPa)
~ (0.622+w;)Py,  (0.622+0.00653)(3.1698 kPa)

$1
azla
¢, = 033240 33.2% Ans (b)
Anthumen hy an

hy = ¢,T; + 01(2500.9 + 1.82T,) (kJ/kg dry air)
hy = ¢,Ty + w hy, (k] /kg dry air)

hy, = (1.005 kJ /kg.°C)(25°C) + (0.00653)(2546.5 kJ/kg)
h, = 41.8 kJ/kg dry air Ans (c)

uHUnil Psychrometric (Psychrometric Chart)
lagunAisidesnisnuauts 2 Auaudidsazaiuisavenauaudidu q 1d F99n7euuis

aunsaszyAaNtRveIeINIAviNn 7 AaaudRlawn

Tdb (OC) % RH or ¢
o kJj
TWb ( C) h (kg dry air)
[o] m3
po ( C) v (kg ary air)
kg H20
o @ (kg dary air)
WATENNSNNYITDIAD
w="2=06222=0622-2
Mg P P-P,
my Py
¢ = m_g Py
P=P,+P,
h=h,+h,

NAUNTVDIAUANTRANG 9 190U MINSINNUAAIAIIUAUVTTEINAIIAY 1 atm UagAvuae
ANUTUALING 1 A1 15719zaNsaNaRRnIINSEnI1aknY X MU Ty, 5811919 0-50°C wagwnu Y Mvdu
1 v A o 1Y) a Y a 1 S VINNY) = 1% Y § v &
A1 w e Wevludnwasiieliulaeniswdsudinnududuinsluises o aglawundulannuiy

v 6 =

duinsauts ¢ = 100% anuwsegldtoyavesunazgadoyaadli wu v h udinAwmnuvesr1sg

9 aslu Aagldunugl Psychrometric Aawansluzun 25
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specific-volume scale N

g‘d‘ﬁ 25 LLﬁﬂﬂﬂ?iﬂ%ﬂﬂLLNuQﬁ Psychrometric

dowsnihdeyauvi i dunsuglisusnaie q seldunudsdayadwandlugui 26

3 3
2 2
9 k)
g 150c/ Tap=15C |§
< <
& SN &
g q N\ g
N
& 000/0\"\’\ I s, &
A P o
q
~
Dry-bulb temperature Dry-bulb temperature

U7 26 uansuruifsveausunil Psychrometic
finoEe 3-4
Consider a room that contains air at 1 atm (101.325 kPa) 35°C, and 40% relative humidity. Using
the psychrometric chart, determine
(a) the specific humidity,
(b) the enthalpy

(c) of wet-bulb temperature,
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(d) the dew-point temperature, and

(e) the specific volume of the air (1)

ASHRAE Psychrometric Chart No. 1 o ¥R
Normal Temperature g}
Barometric Pressure: 101.325 kPa 3

s,

©1992 American Society of Heating, 036
Refri ing and Air-Conditioning Engineers, Inc.

P}
Z

Sea Level X

%

040

&y BT LT El T

60

B
=

1
Ay
=

4

110

/ T8 SR Tl

I~ ™ 100

AAVAAMAR AR R R R AR

2
" ey
g T 7%
- Ny |

aty,

560
D

N\

A~ Gowt

I

%
Ly

(N
=
Ly

= 0.80

ANEN AUEUaIE
T4

i

2

\
: /’;/" BT RT LT ETRh
e /

I
L (S
©
Tumidity ratig (@) g

7777

= 0.85

g

- 0.90

= 095

=~ 1.0

A ]
=g N
7

2

Pa

A

11
ES

8
]
&
L]

Dry bulb temperature °C

JUN 27 uanasegnensldunugil Psychrometric Tunsmauasdfvesenia (1)

AUEUNBVRIYEE Lazn15UTUaINIA (Human Comfort and Air-Conditioning)

1 v

uywdroinisonanlifou livuna Tl lduvis viielddineinmaiiauty Inhludnssuiunis

a

Ysuannaieliuyudeglaluainiaiiauie Jsunfiagagi 22 - 27°C ANuTUdNing 40 - 60% waviidn

=

nilaiulsniinadeniuidnveswywdAsni1siAf ounive1e1NIATIIEiHanen1INIAIINTOUDBNN

39N18 @IUfUTdU o Nilnalaun muEEDINTeINIA NAU 1dBY LagnSUHSEveIRNEaU (1)
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g/ Y/ /| 028 o
5, / / 026 =
S °\°/ / ©
i AWAYA AN AR Y-
\b*\\ VAT 022 2
<*QP :?4\“z // Sﬁa/// 020 Ei
@Q‘a 80 N/ —~ B 018 &
S ~ /I 016 2
& % -’ ,/ ] o014 E
60( / / / X 012 E)
~V 7/ S Py
- // s> 008 E
7 SO .

4% ///// - ?\e\a{“'e“um \‘\ .006 é
/&\ 004 2

e —

0 5 10 15 20 25 30 35 40 45

Dry-bulb temperature °C

JUN 28 wanaiuiuwsiaiuywdsanauguuunugil Psychrometric (2)

ns2UUN15USUDINA (Air-Conditioning Processes)
Tums$nuanimeniAuarauduiidesnsagdosoIdunssuumsuueInia wu M
$ou mavharuibu mafiuanudu nsanendu deluunindienadesnianssuiuniannndi 2
nszuIuns lumsfinnsannszuviunsdndasinsandunssuiunisuuvannzasi msluansi Taedl
1aveeINIALInafl daulet viedrasinisiiuvieanainnsruiuns Senniundeuuuununi

Psychrometric agilitAmiesauanslugun 29

LNAILAU

ﬁimwméu

%mam%au
O
,{\KSO q(\"}&
o &
R %@$

JUT 29 uansiiAnneveansyuIunsUSueINAuLLEUAN Psychrometric

&
ANAINUY
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TuN5AATILRTEU VA NS UNTZUIUNISUSUDINIAEILSAULAUD LAP UL UAINTZUUD L1998 719

U7 30

Mg, hy, $1, W1

1787091 L1-00NTEUY

n lf nnseiulen vsenisndusheenluanseuy

a i ' )
UM 30 WARASLNUNINDY1N918TBINTEUIUNITUIUDINA
a ¢ a ~ O A
wazlunsiAszsRsRasanlufiazdune

1. AUAANIATDIDINIALI

2. #unaNavesn

3. AUAATDINGINY (WANUNT = WasuTioen)
AUARUIAVDIDINALIA:

Zin mg = Zout mg
A5 1 M wag 1 neeanazla

) Mg, = Mg, =M,
AunaNavesl:

o Zin m,, = Zout my, .
= 4 1 o aa 1 = 4 . o a a b4 .
n3dl 2 madh Wy lethiiflegluemaiilvaiunlussuu (g w,) uaglevhiddlvissuy 0y uag 1

meen W laihnidlegluaimaluasenliainssuy (h,w,)
| m,, +ms=m,,,
dlevilviegluguves w aeld
MWy + My = Muw,
AUl ARurIefseanaInTzuLasi laan
my = g (W, — wy)
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AUAAYDINGIY (WHIUNLT = Waauiioen):

. ch + Zin mgh; = V.ch + Zout mgh,
nsdln W, = 0 azlg

Qeo + 1ghy + ehy = 1hoh,
Qcy = mg(hy — hy) — mfhf

h = hy + wh,
317

my = mg(w,; — wy)

NIEUIUNTIAUTEU 3evhauueEafen (Simple heating and cooling, W = A7)
Wunszurunsimnuausou vseavianudulvduszuu deunavestovrluszuvayliinig

\WaguwUas anunsawanadunseuiunsiluduwiueuluunugll Psychrometric dauandlugui 31

0, =80%

¢ =30%
* Heating coils * ]
| {
Air 75 @ = constant : :
— - cooling I I
TI~ o, ¢] W) = 0 | |
& Heat < ¢ ! !
12°C 30°C
o v ' o < 1
Tunszurun1IYIAIUTBUSITUAT AN lunsgurun1IMIAINLI UsIINAT AN
& o ¢ A A Vo & & o ¢ A A K &
mm%uamyjim%mmmw LHIATATITUYU mm%uauyﬁm%mmmm BEATAITUYY

E‘Uﬁ 31 LAAIANULANFNTENINATZUIUNITIAIUTDULUUSIIUAN

LLﬁSﬂi%U’JUﬂ’]iﬁ’]ﬂ’J’]ﬂJLS‘L!LL‘U'UﬁiﬁJW] (1)

[

anunsoasuilugaunisdmiunssuiunslaned
AUARUINDINIALIAL:
Mg

1=ma2=ma
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AunaNaves:

my,, +me =m,,

w39
ol
thy = 0 = 1y (0 — 1)
uhe
W1 = W3
AUAAVBINAIU:

ch =1y (h, — hy)

NTUIUNTINAMUSBULASLANANTY (Heating with humidification, W)
I g Y a o - Yo a & . Yo
Wunszuiunisildiiuanuiou (Qg) Wiussuy waziinainuiu (M) TiAuIzUU @190

LAAUKUNTNYBITEUUBEE WAZIHUNNUBINTEUIUNTAMTULNULE Psychrometric ladauanslugy

q'
N 32
Heating
+ coils * ﬂ Humidifier
ol
o
Air W=,
Heating Humidifying
section section
Heating o yymidifier
coils
AN 1=
Ty=10°C | < |T;=25°C
0;=30% ——> Air < 165=60%
7 31 | —
bl EVSEIAN | W
1 - 3

JUN 32 uanenseuiunsviauiou wasiiuanuiuliiussuuaindiegne 3-5 (1)
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#9819 3-5
An air-conditioning is to take in outdoor air at 10°C, and 30% relative humidity at a steady rate of
45 m>/min and to condition it to 22°C, and 60% relative humidity. The outdoor air is first heated
to 22°C in the heating section and then humidified by the injection of hot steam in the humidifying
section. Assuming the entire process takes place at a pressure of 100 kPa, determine
(a) the rate of heat supply in the heating section, and
(b) the mass flow rate of the steam required in the humidifying section. (1)
Assumptions:

1. SSSF

2. Dry air and vapor are ideal gases.

3. KE and PE are negligible.

Properties:

¢y, = 1.005 kJ /kg.K
R, = 0.287 kJ /kg.K
Pg@looc = 1.2281 kPa hg@looc == 2519.2 k]/kg

Pg@zsoc - 31698 kPCl
hg@zzc = 2541.0 kJ /kg

Analysis:

99 (a) 91 Q NPANUTLUVIINATLUIUNT 1 —> 2 IagtunIANUBANG19U89AT h

AUADUINDINIALIAL:

My, = Mg, =1,
AUNAIIAYBILN:

MW, = Myw, 91 W7 = W,
AUADVDINGIU:

Qcy = Mg (hy — hy)
wansdnwesin m, hy; h,

. dl o 1 dl
B Mg NALNRUIY 1 97N

. 14
Mg =~ war Py, = R, T,
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azle

R,T, 0.287%(273+10 m3
o = Rala _ 02872Q73410) _ g15y ™
P, 100—(0.3%1.2281) kg dry air
Ay
45 m3/min kg
my = = 55.2 .
@ 0.8152m3/kg dry air /mln

w1 hy37n
o W1 91AN
_0.622¢1Pg, _ 0.622%0.3+1.2281

W, = = = 0.0023 kg H,0/kg dry air

P—$1Pg, 100—(0.3%1.2281)

Fauayle
h, = (1.005 kJ/kg.°C)(10°C) + (0.0023)(2519.2 k] /kg)
h, = 15.844 kj/kg dry air
h, = (1.005 kJ/kg.°C)(22°C) + (0.0023)(2541.0 kJ/kg)
h, = 22.955 k] /kg dry air

ns1zaziy

Q. = 55.2kg/min (22.955 — 15.844) kj/kg dry air

0., = 668.49 kJ /min Ans (2)
o (b) AwmInavesle T lHTUTEUUANNNTEUIUMT 2 —> 3 TAELTMNANALLANAIUB9AN
amaamamaq‘fw:
sz + mf = mw3
ED)
mf = gy (w3 — ;)
M W3 90
_ 0.622¢5P,,  0.622 0.6 * 3.1698
“3 = P —¢;h, 100— (0.6 *3.1698)
w3 = 0.01206 kg H,0/kg dry air
azle
my = 55.2kg/min (0.01206 — 0.0023) kg H,0/kg dry air
ms = 0.5387 kg/min Ans (b)
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NM3¥ANLEULAYANAINNTY (Cooling with Dehumidification)
luanine1nAseuty 1wy Usemelng n1sangaumgiiegadeiagyilienanududuingaauin q
uuNessylildauies dedulunszulun1susuaINIAIIRaalinIsanmNuIUYRIDINIAaIR1e tneldas
< % )

angaumgivasreedidulisiningamgiigauidrviliinnisnaudivesieuitueinia Mndursegy

QU NTUING19ANFBIN 5T lE N SHANTURINAIINWBNTBIN g aum lgen I tuUSinamn gay

fa9819 3-6
Air enters a window type air conditioner at 1 atm, 30°C, and 80% relative humidity at a rate of 10
m?>/min and leaves as saturated air at 14°C determine the rate of heat and moisture removal
from the air.(1)
Assumptions:

1. SSSF

2. Dry air and vapor are ideal gases.

3. KE and PE are negligible.
Properties:
Py@30°c = 4.2469 kPa hg@30:c = 2555.5 kJ/kg anaunis 54
Py@14c = 1.6096 kPa (interpolation)  hy@iaoc = 2526.38 kJ/kg annaunns 54
ht@1aec = 58.79 kJ/kg (interpolation)

Analysis:
AUAAUIADINVALIA:

Mg, = Mg, =My,
Aunauavesl:

mg = g (w; — wq)
AUAAYDING I

ch ES ma(hz - hl) - mfhf
o W1 911AAN
_0.622¢1Pg, 0.622%0.8%4.2469

1T Thgip,, | 101325-(08+22469) 0.0216 kg H,0/kg dry air
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M W, 199N

_0.622¢Py,  0.622%1%1.6096 _
27 p—¢,P;,  101.325-(1x1.6096) 0.010 kg H,0/kg dry air
mhy uwag hy 90
h = h, + wh,

h, = (1.005kJ/kg.°C)(30°C) + (0.0216)(2500.9 + 1.82(30) kJ/ /kg)
h, = 85.297 kJ/kg dry air

h, = (1.005 kJ/kg.°C)(14°C) + (0.010)(2500.9 + 1.82(14) kJ/kg)
h, =39.436 kj/kg dry air

m m, mn
. 4
my, = — war  P,v, = R,T,
v
Agle
__ RqaT, _ 0.287%(273+30) m3
a P, 101.325—(0.8%4.2469) ' kg dry air
IGE
. 10 m3/min k
e = min__ _ 4126 %9/ .
0.8888 m3/kg dry air min
N

: : k
me = mgy(w, — w;) = 11.26 g/min

. kg
me =013 "9/ .

(0.0216 — 0.010)

270
ch =mg(h, — hy) — mfhf
kJ

)y = 11.26 k9 (39.4 — 85.3) il +o13kg 58.79
Qv = 11. min - kg dryair min( " kg

: k
Ocy = 5088 Y/,

seuurhaudunlenissemevesin (Evaporative Cooling)
Tunszurunisiaudusuumluildnisiauiuuiginsienudu mnlldlunziansie
nflanmeinasounazisaziamliiieas Auiumnseanisanaldiiensldssuuanuduiuuszmeds

o

Jumadenfithaulamszdidunuiising

a2



nszuIUNIsANLLiuLUUsTMEiindnnisAe Weluanavesinszmeazldausoundsie

luldlunsszmelagaziandenuaindifiegseu o kazeniaseu 4 Welindsuiiganalianaves

ASEUIUNITIMAIIULE ULUUSZLAELAS s U UNSEUIUNITB Uil UULaLA BuUAn Tnefidu
nizmumsLLuuqquﬁﬂizLﬂmﬂaﬂmﬁuuLLmuqﬁ Psychrometric ﬁmam‘iu'gﬂﬁ' 33 Laziiosanidy
onmpinsshnionasiduduiouniatasiieglndiuinn Saamnsoauslddindunssurunsuuuiey
mMadaaTiauiu ansaduaunslade

Typ = P9 LAY h = AN eq. 58

Ty = const.

/ h = const.
.2

< Liquid
water
| [
Cool, : > : Hot,
moist <«—— > <« dry
3 | 3
air B | air
e Pl
1

JUT 33 wanensyuiunsviAuiuwuusEme (1)

LUURNTIA

1. Desert dwellers often wrap their heads with a water soaked porous cloth. On a desert
where the pressure is 1 atm, temperature is 50°C and relative humidity is 10 percent, what

is the minimum temperature of this cloth?
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NITUIUNTHAULUULDLABLUANYBI8INPINEN (Adiabatic Mixing of Airstreams)

TuszuuUsuenAaIy § LUUABINITNITNENDINIAAIN 2 uwnasdeanulauinlusiaisuuinlg)

WU MNETTWAUA 159971 LSINE1UNE NRDINITENNIALANAINNANEUBNUNENAUBINAAIULY 15180150

[

ldnannisaunauia wasndsulunisinsgilasil

AUAUINDINIALIA:

Mg, + Mg, = Mg,
AunaNavesl:
AUAAUDINGIU:

Mg hy + Mg hy = ma3h3
dewsugdaunslaedionad 1, azld

Mg,  wy—w3z _ hpy—h3

Mg, w3—w1  hz—hy

o WaRIULLNUYI Psychrometric agiinszuiunisaauandly

Mixing

section

gﬂﬁ 34

JUT 34 UanaldunIEUIUNNTYBINTHANTUVBIBIMALUULBLAEWUAN (1)

eqg. 59

eq. 60

eq. 61

eq. 62

aa



faoEe 3-7

Saturated air leaving the cooling section of an air conditioning system at 14°C with a rate of 50
m>/min is mixed adiabatically with the outside air at 32°C, and 60% relative humidity at a rate of
20 m?/min. Assuming that the mixing occurs at 1 atm, determine, the specific humidity, the relative

humidity, the dry-bulb temperature, and the volume flow rate of the mixture.

Assumptions: Saturated air ;
T, = 14°C /

Vy=50m¥min_ AN ”,‘" &

1. SSSF ey - ¢

v 5 o a Q. Mixing 1@ % o/ 3 A2

2. omawisasledluuialugauaf >> secion | —> 0 M

< e o : !

3. KEuag PE=0 97\/ { Lo

V, =20 m¥/min 14°C 32°C

4. Ushamomeauiudussuusuusefewuin |
, SUN 35 amdsenaudiegna 3-7 (1)
Properties:

Tunugi Psychrometric Tun1smamaudfsng fanie 1 wag 2 agla

.:4' wa =
#1319 3-2 LEPRAUENUANTT INENTIS 1 ey 2

ane v (m3/kg) w h(kJ/kg dry air)
anmei 1 0.83 0.00997 393
anngh 2 0.89 0.01803 78.3
Analysis:
NNEUNT
mal + Thaz = ma3
LA s

Mg,  wy—w3z _ hpy—hj

Thaz w3z—wq h3—h1

! 3 3 d' o 1 ! d‘ v va 3 d' v
1319 T, UAY Mg, Wehlugmaman ws was hy Waisldnuaudiva 2 vesaniei 3 ui
ransnIaldunugi Psychrometric Tumsmauaudsau 4 selule
N

Vi 50m3/min

May =3 = Cesmijig 60.241 kg /min
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azle

317

wAEUN15ALL

. _&_ 20 m3/min _ .
Ma, =3 = Csom3/kg — 22.472 kg/min

m,., = 60.241 + 22.472 = 82.71 kg /min

3

m 60.241 wWy—w 0.01803-w

1 = = 2.6809 = > = :

Mg, 22.472 w3z—Wwq w3—0.00997
w3 = 0.012

warluanwaseiuazle

o ma 2 Arillunaenluunugil Psychrometric aglaedu qa1uandsil

agausam Vs leaan

h; =499 kJ/kg dry air

[

T, = 19.4°C
vs = 0.84 m3/kg

Vs = m,, X v; = 82.71kg/min X 0.84m>/kg = 69.48 m?/min

weRndunuuden (Wet Cooling Tower)

Wesnnlulssdnsaumdeiainissruulsvenmavunalug nisluuisgnavnssunenisia

v a A a = a Yaa | 1 oS o | '
ﬂ"]’]lliauwL'Vm@ﬁ]qﬂﬂigUQUﬂqiiu‘UiﬂJ’]mqqmqﬂ GZJ\TIUE]@@@Wﬁ]ﬁ]giﬁjﬁﬂaaﬁaﬂqLL@JU']LLG]Lu@ﬂ‘iﬂﬂﬁﬂﬂ\la@@

syuuilmiisesondeguniainazyislunisiennuiougdauindeulaei lidwansenudaussenie

¢ o kA = & =
LL@BQ‘Uﬂﬁﬂm&ﬂa’]’]ﬂﬂ@‘Vi’eJNQLEJULLUUL‘UEJﬂ
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%aﬁQLQULL‘U‘ULﬂEJﬂL‘fJU'ﬁBUUVTWﬂ’N&JLSULLUU?%mEJﬁQ‘lQ.J@ Janwagnsynaufanslu fe 91na

Hu vieemavssenimaznaiinanmeiuaisuazaglvasenlunasnuuuveae iy thguild
Sumnmdoumdefiaunanlsadnsiuidasnadgroiaduiuuu udgniuliduszessmnasgeenaiy
duans avessiuazeiniadlnamunistuasianswaniudsunnufourinlieniaguiunasd
USnaanuduiivanniy a";uﬁflaq'u%Lﬁummﬂwé’nmwaamﬁzmaLﬁamﬂmdéwé’méwwgﬂﬁu
dndulusummudounnlssdnssumildnafuilefuiennufouiianduin iethudussvesenlude

AosinsRNtnauLiNgsEUULNeNALNY

Air exit

Warm
water
\ Air
™~ .
¥ inlet
Cool \
—
water 1’/

JUT 36 wansn1svihaueseRadukuuden (1)

¥
o a 1

veRafuwvulenaiusouvsesnlaidu 2 vllamudsaldlunsudnoiniaaiunisiuinfviunn
A a a g [ 1 . a a & a
A A9 1. Fuanidunnanln (Forced-draft cooling tower) Wag 2. BUANLTULUULIINATITUYIA

(Natural-draft cooling tower) @slunwuu? 2 Aein1snensevUIAlRgLNoas19lMLAALIBNAIVDIDINA

& A
WUN

vV

MUsTINMANINNNeTRzAadldiulunisneastmesin dulunuuil 1 sgiedndvuanseviniald

PJaenin (1)

= [ a 1 1 H = Ya 1 H A a H 1 13 o
noRsdulalafeniainersnuazesiul (Spray pond) Fslgisn1snudntoninlug1eiuu

1% 1 '

oY

1 A

aa v A i = & A g o a4 A I3
SU‘UWWEL‘VIQJJ UL EYNUNUINNINNRBHNILEUY 25-50 111 EJﬂgiJLLUU“UENﬂ’]iVNﬂ’JW&JSE)uL‘I/Ia@ﬂam\‘iLﬂumﬂ

nsiadnguadlugravunalug uaildegliinisssuiganuseunuinariiinusssued 3935l

(% ' (%

NUNUINNIND N UATDDIUIDT 20 111 (1)
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#9819 3-8

Cooling water leaves the condenser of a power plant and enters a wet cooling tower at 35°C at
a rate of 100 kg/s. Water is cooled to 22°C in the cooling tower by air that enters the tower at 1
atm, 20°C, and 60% relative humidity and leaves saturated at 30°C. Neglecting power input to
the fan, determine

(a) the volume flow rate of the air into the cooling tower,

(b) the mass flow rate of the required makeup water.

30°C
System: Cooling tower @ ¢,=100%
Assumptions:
1. SSSF Warm
water
2. Dry air and vapor are ideal gases 35°C :
100 kg/s p .
3. KEand PE =0 — \ @ air
bound: 2 ¢ 1atm
4. No work oundary : ¥-20°C
@g ¥ 91=60%
5. Adiabatic wet cooling tower 100kes = 8 | v
Cool 1
e water =
Analysis: } 2
landanum 1V, =? uag my =7 Makeup
water
AUARUINDINIALIAL: § o
U 37 uansnmusenaumIngs 3-8 (1)
Mg, = Mg, = Mg
GHIRHPRREIGE

my,, + Mg, =1, +my,
makeup water = g, —m;y,
mmakeup = mvz - mvl = My (W, — wq)
AUAAYDINGIITU:
X H =X H,
malhl + mfghfs = ma2h2 + mf4hf4
Jaguaunislvale
m‘h(hl —hy) = mf4hf4 o mfshf3
mal(hl - hz) = [mfg - ma(wZ - wl)]hf4 o mfshf3
mal(hl —hy) = mf3hf4 - mahf4(w2 —wy) — mfshfs
mal (h1 - hz) + mahf4 (0)2 - wl) = mfghf4 o mfs hfz
48



Thﬂh[(h1 —hy) + hf4(w2 —wy)] = mfshf4 N mf3hf3
m. = Mys(hp,—hys3) My (hps—hyy)
U (h-hy)+hf, (We—wq)  (hp—hy)—hf, (W—w,)
WA Wy Wy way hy hy by, hy,

1N

B 0.622¢,F,, _0.622% 0.6 * 2.3392

- P—¢,P,,  101.325— (0.6 * 2.3392)
0.622¢,P,, 0.622 * 1 % 4.2469

~ P—¢,P,  101.325— (1 * 4.2469)

h, = (1.005 kJ/kg.°C)(20°C) + (0.008737)(2500.9 + 1.82(20) kJ/kg)

h, = 42.2677 k] /kg

h, = (1.005 kJ/kg.°C)(30°C) + (0.027211)(2500.9 + 1.82(30) kJ/kg)

h, =99.69 kJ/kg dry air

he, = hpy .. = 146.64 k] /kg

he, = Rfgypee = 92.28 k] /kg #eslaing interpolation

W1 = 0.008737 kg H,0/kg dry air

W5 = 0.027211 kg H,0/kg dry air

970
. my, (hy, — hg)
my. = =97.57 kg/s
“ o (hy — hy) + hy, (w0 — wq) J
N
.oV __ RqTy
Mg = —uay vy = e,
azla
_0287(273+20) 3
v_l T 101.325-(0.6%2.3392) 0.842m>/kg
V =97.57 x0.842 =82.112m3/s Ans (a)

el

Tnakeup = Ma(®; — @1) = 97.57(0.027211 — 0.008737) = 1.803 kg/s
Ans (b)
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uni 4 Uisemaaiiuaznisinind

(Chemical reactions and combustion)

TnUsraeRveINsseu;
1. pmsivesdemaasnislvsl
2. Hauganaiilenaaunisiadl
3. Auuafud sl lunshnsieiniswalug 1wy snsidueinia-Wemas Wesiduseniama

1%

Mo haraunnNantlAg
4. AnasewnatuesniniaUfize eumatvesnisulud uasAiaudourondomds
5. aunandsnuinngiszuunsifaufizendmiunssuaunsuuunsivansiiuazinansd
6. mwnmeamgiiailvliuuneienuind miunmaiinufisevesasuay
Tuuniriunsldnanieszuumaneslulaundnddldsuusnumdsuanuoumiiiu Q us
Hilaildndniefiinmes Q Tldunegsls luuniinagannsafunuuinademdadielils  mufis

A9IN5

\Wands wazn1swnlugl (Fuels and Combustion)
fanfanunsaunindlfududesndanueonuuisidonin Wemds dausnuszneudielslnsiay
uazansuau degniendt Weimaslelnsansueu dyvaunaiadivia qlude C,H,,aunsodeglduas
anuy 1wy thufiu diuutalsiu ufasssuni

ﬂﬁﬁ%mmﬁawdwﬁLﬁ??aL‘Wﬁagﬂaaﬂ%l@szmﬁaﬂamﬂéaﬂwé’amuﬁiwuaumﬂaaﬂmmﬁﬂﬂ’iw M3
sl Inefoondlawesiignlifeainia lesanileginlunazanansaldaulsiug

Tu 1 TuaveserniauieUsznauseg eendaulszana 21% uay lulasiudnuszana 79% iy
mnisBeuaunsvesemadiadisuidueendiau 1 luaegld

1 kmol 0, + 3.76kmolN, = 4.76kmol air eq. 63

seinamsunlndiasUsznousdeansnasu (Reactants) uazauuf oA lindsinnswnlnd

Ao @a1snandwal (Products) 1y nasinludvesarsusy 1 kmol 7u 99n8Lau 1 kmol tiatdu

I3 I3 = < av v
asvaulneanlen a@usaeuduaunisiaiilain

C + 02 - C02 eq. 64
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nsienlndasiindulaieindavdeciiosdusenauas 1. gunglasdiagngumvgiiyaiali 2.

9 9 Y

[ 1

DNTIAIUNSHAUTEMINUTDNAILALDINAILADINUNLEYN F9e810TUY whasIIuTIRa bl ludluainia

Y

A3lAU Ut UL a8 5 WasiHuRnsauInnI 15% wasnin@ain1sazyinlinnn1senludinazdaail
a9AUsENaU (3T) Al

1. guunilvzrosguiisane dwmsunisyafnln (Temperature)

Y 9

2. MSHENNENUIETINLYaNAAzeINARBIANe (Turbulent)
3. vanavdeaiisanengyiiiansn ndegsauysal (Time)

nsnaaun1siailaglinannisvesnisannaing (Mass balance) lngiiaveIs9uAags1nIL e

[y

WihsiusenInmsiiauisenedl dufeiiavesnsenivaunsalaudieleiuviniossaearini

v o s

USuauitguaslunisiiasierinssuiun1snsintng Wi elduiusunavaadandsdunasan

FRI1EIUTETNINDINFLAZITDINGY anuTaeuduaunsiaae

AF = e eq. 65

Mpryel

A & & v o ¢ ! A
LLa%ﬁllﬂ’]TV]L'Uuallﬂ']5WU§WUQ’NN33JWU§53VVNQN’J§LLa%IlIﬁ 0]

m=NM
e N Aataulua diu M Ao waliiana (Molar mass)

fineg1e 4-1

One kmol of octane (CgH1g) is burned with air that contains 20 kmol of O,, Assuming the products
contain only CO,, H,O, O,, and N,, determine the mole number of each gas in the products and
the air-fuel ratio for this combustion process.

AUAALIAANNTTHAL

CgHig + 20(0, + 3.76N,) = xC0O, + yH,0 + z0, + wN,
MnUuaunauIalufiazsm

C: 8=x -x=8

H: 18=2y - y=9

0: 2002)=2x+y+2z
40=16+9+ 2z
15 =2z
z=17.5

N,: 203.76)=w - w =:75.2
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wlpaunisiaiife

CgH.g + 20(0, + 3.76N,) - 8C0, + 9H,0 + 7.50, + 75.2N,
INUUATWIUABATIAIUBINFA-LTDLNEIRN

Meyir — (NM)air

| Meyer  (NM)¢ + (NM)y,

Wosanlu 1 Aeuoimadsenaume 0, waz N, vivlvian N veseiniasie 20 X 4.76kmol

AF =

war M wesenieime 28.97 kg/kmol = 29 kg /kmol aana1se A-1 agla
(20 x 4.76 kmol)(29 kg/kmol)

AF = 8 kemol) (12 kg /kemol) + (9 kmol)(2 kg /kemol)
AF = 24.2 <997
77" kg fuel

nszulauNIsT Ininnmgeuasnszuaun1 s lnidase (Theoretical and Actual Combustion

Processes)

Tunszvrumswnlusifauysaiaznuin € aggnunlndfnanedu CO, dau H azgnuwnlnsl

[

nanendu H, O wielunsdifisl S ae gnuntndnanedu SO, awnsadeuluaunisiaiile ail
C+0,—-CO,
1
Hz + EOZ - H20

S+ 0, - S0,
wasmnianisw nlildanysalndadunilaeenunazusenaumeamdsin ndlivuadauan i

Dushegnsluguuwuuaunisindawsialuil

Fuel + Air - C+ H, +CO + OH
dauanvsven s indlaauysallaun

1. USueeendiauluiisane

2. finsuanfuldifismeludesmnlniidosannatluniswiludiisiin vilddemdwazoendiou
laidusanu

3. msuanivesansiigamgigaduiiensveulasenludlasugumyifiguivlunaniamidldas

I s [ a
nanalluasusulausnlen LazoonTiau
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YSunauanAnung ey (Stoichiometric Air or Theoretical Air)
mnefalSinaemantdeengandeanisluniswindegsauysal dunineisaglidoandiau

s a i a o ¢ ) I Aaa o vy
A1IUDU L‘Via@@%luwaﬁﬂmeﬂ EJﬂGn@?J'Nﬁllﬂ']iLﬂlW]llﬂ']ﬁLNWlWQJaNyjﬁﬂﬁ,ﬂﬂ@

CH, + 2(0, + 3.76N,) = CO, + 2H,0 + 7.52N,
lunsgurunsm e ngdase Wesieanndndavinlinsueuuazeandiaulianunsaiugiizen

fuldegnaieraiuifessaelasnisldaomediluunniennanmguiniedenitenaiy
(Excess air) §99zuanifiefosazuasoInanIungus] (%Theoretical air) n3o¥ouazyaseniadiiu
(%Excess air) 14U 80% excess air = 180% theoretical air

nsdlsldomadilulidfeiinuenanunguiisazisoniteniavia (Deficiency of air)
4 19zuanef29508a¥109011591A0N"A (%deficiency of air) W3e §e8asUDI0INIARILNG L]
(%Theoretical air) Al@ WU 10% deficiency of air = 90% theoretical air

USunawesomanldlunszuiunmseninidaunsawanslalumenvesnisau yavesainiaiu

Wolnds (Equivalence ratio)
AFactual

. . AFseoich. .
! A A 6 ¥ L3 4 a ! ] Ao a & ey A
mumiamamiwmﬁ]aaummamgimmmmsLvamJmt:wmq LATDIUBILATIEULNE NIB Gas

Equivalence ratio =

analyzer danwagaauandlusun 38

JUN 38 LanaATeella AT s kiauuuATneadvie testo Ju 3208 (4)
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un1alusinisnatnea waztauni1alvaenisinalud (Enthalpy of Formation and Enthalpy of
Combustion)

Lﬁawjmﬁﬂwé’qmuimwﬁ’uiuLaqa WA Udula (Sensible energy) wagwa191uLLE (Latent
energy) anifendostunisiUasunlatan1nzvesads wasumiaadl (Chemical energy) e84
wduiiAgdestumavasuuladasaivesuena ndanudundes (Nuclear energy) azsnefia

nasumAgIeumMaUisuwlatluseiuornandsanunsauwanslanaguin 39

Nuclear energy

Chemical energy

Latent energy

Sensible

energy ¥, &

< >
‘ \-j
Molecule @Y‘

Molecule

JUN 39 uanaguuuurenasuanidn aun sensible, latent, chemical waz nuclear energies (1)

Tusgninenisiiaujiseadl aziianisaateiuseniaadl wazursiusemanifnedmauluslds

Y] a v YR A A a N, o ° v O v
wasumaaiiiigesiuiussvaililasideulvegluslvesaunaveandeanu lngfvualiaisnsiu
wazndndneiagluaniizifeliuasnuinisuiguilaemasuvesssuuasindunsldsunda

NEIUVDINAIULAT AT e duaNnSslaAD

0
AEsys = ABState + AEchem

Tumamesiulauniindsaulanisiuasuwladveanas U AT usenINenszuIUnskazss bula

[ (%
a = Y

AulD9ANNAINUNLARZENIIE NS IEINITANINUAFNILD19BITULNLA TagdDIRdnN1IEHUd AN

a

nasunislunazaeuniatiluy 0 Felundis1azldan1izeedsiomnnd 25°C AuUAY 1 atm %39

9 Y

3N 0UaN122819830 M35 (Standard reference state) Huniefian1siAsIzALEUNNaTNAN 1Y

a9 (h) uaragdeufiguiINan1ILe198au19sg L (h0) waue WeulugUaunmslare h — h° wu
' = v a A o Y Y a 1%

Aeumatvesiia N, gaumgil 500K Weliguiuan1izdnedaunnsgiuagle

hsoox — h° = 14,581 — 8,669 = 5,912 kJ /kmol (1)
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deRsanmsiinlaanaves CO, Felsznaumemsiivdsening C waz 0, dsaunslugy

" 40
393,520 kJ
> |
1 kmol C
—>
25°C, 1 atm _ CO,
C+0,=CO0, Co}r:}buts)tlon C;; >
I kmol O, chamber 25°C, 1 atm
—>
25°C, 1 atm

U 40 uansuAsennisiin CO2 seninanseuiunIsnIsivansiinaamgl 25°C audu 1 atm (1)

a

dlo C way 0, ingvioswilvniifigamgd 25°C arudiu 1 atm winiuagldndndusioanundu

Y

[y

CO, Mumgiinazanuduiediusuluiglinmdsunvaalas seanuianssuuluysunamingu

Y

393,520 kJ n3zUaUN1S Ll i dn15UanUanenda1ueenuien3eninu]ise1n1ea1usau

(Exothermic reaction) anunsadeulvieglusUaunisvesmasnulaee

Q = Hproqg — Hyeqe = —393,520 kJ /kkmol eq. 66

AAUMaUMUAsuwUadly 1HATUaNNNISIUABULUAIBIAUSENBUNILATIVBITEUUTIRLLANFAULAE

[
[ a

Juegivyiavetizen awnsamnumduauaud@nldiavennisiisuwlamdanuniuaiisesning
nsinuisenlane Ateuniatveufjizen (Enthalpy of reaction, hy) dmsunssuruniswnluiiiou
matveslisenazgnisenitaneumatvesnisikilug (Enthalpy of combustion, h,)
hg = h, = Hprod — Hreact eq. 67
~ v wa oo ¢ o W a ¢ % & a
eumatvaniswrdiluauaudinduseloriund msunmsinseinssuiun s idveaudomas

| < a & a o a1 o o ! = v A a
EJ‘EJ'NIiﬂGﬂlIlIL‘UEJLWﬁQ‘iﬂu'Jumﬂ‘i/lellﬁ'mWiﬂuqiﬂi“m’Uﬂqiﬂ?MUWﬂ’]LEJUVI’]@IJ?JEJ\?ﬂWﬁLN’]l‘WﬁLG‘I bUBLNANTT

(% £
=

v fldanysal dsiulunaujuiseensiinnsiuanaauiAnugiuduuiedudunu sandanu

&3

NNLANYD999AUTENDUTBIENTNAN UL 1989TUTININ LouNIaUuesn1snaiia (Enthalpy of formation,

hy) @eagrneds AneulnsUvesaalstiulsunm 1 kmol NanneNnnualiiesainesrusenaunILaAlives

%4

a15uu 9 @nsanfmegrsneulnlveinisnefinliainnise A-26 Tuena1se19ds (1)

PN Y a A dl ~ N = I a & s 7.0 1
Waﬂ']']%@']ﬂaﬂﬂ'mﬁi']u’ﬁqﬂﬂLﬂﬂEJ'ﬁV]ﬁﬂ']')%u‘i]%llﬂ']LQUVI']ﬁUSUI’]\‘iﬂ'ﬁﬂE]LﬂﬂLUU@UEJ hf = 0 u

0, N, H, waz C
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AMNNSaUYRLTBINEY (Heating Value)
AoUSnuAuTounUanUdosoanuilowaindgniindegsauysallunseuiunis SSSF wag

[ a [ 1 L3

TNAn A U9199NUN I UENILLAEINUAUAITAIFU ANAINNSBUVDNYDINAIALLANYINAUANENUS VD IALEU

Y

Matvosnswvg aunsagatiliannmisne A-27 vesenanssnssa (1)

Heating value = |h.]| (k]/kg fuel)
mm’miaumamaLwawumuaaﬂuamuumaq H,0 floonindindasdost is1azidenaranusoud

i ndurrmnuiougauead sinds (Higher heating value, HHV) 1ile H, 0 findnfusiogluaniug
Younal wazs1agisenAainusaunlainduainiuseus1vetainds (Lower heating value, LHV)

dlo Hy O findnsausiegluaniizvedle aunsadisuduaunislae

HHV = LHV + (mhfg)H , (k] /kg fuel) eq. 68

fia9d1e 4-2

Determine the enthalpy of combustion of liquid octane (CgH,g) at 25°C and 1 atm, using enthalpy-
of-formation data from Table A-26. Assume the water in the products is in the liquid form.
Solution:

Weuannsiadivaani s lng

CgHig + a;, (0, + 3.76N,) = xCO, + yH,0 + zN,

AUARLIALARYE0)
hf = Hprod - Hreucl

C: 8=x ->x=38 ol
CgHyg(f)
H: 18 = Zy Y= 9 25°C, 1 atm 25°C €0,
0: ap(2) =2x+y AIR Tam 2000
2a;, =16+ 9 25°C, 1 atm e
Q== =125 ) o
SUN 41 nwdsenausieens 4-2 (1)
N,: a,,(3.76) =z - z = 47 ’
zlaaunisiaiine

CsHyg + 12.5(0, + 3.76N,) - 8CO, + 9H,0 + 47N,
10

he = Hp — Hg; Enthalpy = Hf + Hgensipie
azla
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Hp = z NE]QProduct =8 (}_l})coz) +9 (EJQHZO) +47.3758 (EJQNZ)
N9k

Hy = ) N = 1 (Re,) + 125 (R, + 473758 (R, )

d‘ 1 Sl U
AN 4-1 LEAIALDUNIAUVDILAATET

a3 Products Reactants
N h? Hy N h? Hy
CgHqg 0 -249,950 1 -249,950 -249,950
0, 0 0 12.5 0
N, art 0 a7 0
co, 8 -393,520 -3,148,160 0 -393,520
H,0 9 -285,830 -2,572,470 0 -285,830

h, = Hp — Hy = (3,148,160 — 2,572,470) — (—249,950)
h, = —5,470,680 kJ/kmol
h, = —47,988.42 k] /kg

n153ATIzRRIUNg e 1 vasssuun1siinufisen (1% Law Analysis of Reacting Systems)
inaglivannsvesaunandsaulasunueiounatinuszneulusie hf uagAneulnstndy
sensible enthalpy Wewisuiuaniizensdunasgiu h — h° Wewduaunislei
— IO 7 7,0
Enthalpy = h? + (h — h°) (k] /kmol)
seuudunuunisivani (Steady-Flow Systems)
IINAUNTAUAANS I
Ein = Eout

ansanszaendllane

’ i > (RO 2 h — KO — ¢ i > (RO L F _ HoO

Qin + Win + X 1g(Rf +h—h )R = Qout + Wour + X12p(h? + h —h )P eq. 69
\dle 118y molar flow rates Tun1shasiziniswilndazazainnitmnaziansaniunidie deluaves

aunds (per mole of fuel) Fagfiguaunisilu
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Qin + Win + ENg(hf + R —h°) = Qour + Woue + ENp(hf + R — h°) | eq. 70
%39
%W—mm=2M{@+ﬁ—ﬁﬂp—zmd@+ﬁ—ﬁﬂR eq. 71
Waellgudu qlai
Qev = Wey = Hproa — Hyeac eq. 72
finete 4-3
Liquid propane (C;Hg) enters a combustion chamber at 25°C at a rate of 0.05 kg/min where it is
mixed and burned with 50 percent excess air that enters the combustion chamber at 7°C, as
shown in Figure below. An analysis of the combustion gases reveals that all the hydrogen in the
fuel burns to H,O but only 90% of the carbon burns to CO,, with the remaining 10% forming CO.
If the exit temperature of the combustion gases is 1500 K, determine
(a) the mass flow rate of air and

(b) the rate of heat transfer from the combustion chamber. (1)

Assumptions: 5t
|
1. SSSF e
CH(O) o 6
2. Al gases are ideal gas T sc | 500K CO,
0.05 kg/min | Combustion |CZ3—> CO
hamb
3. KEand PE=0 - chamber (’31
e = .
Analysis:

aadunsiaivasn sl Liquid propane (CsHg) U 42 awenmsumaedns 4-3 (1)

CsHg + a;, (0, + 3.76N,) = xC0O, + yH,0 + zN,

C: 3=x -ox=3
H: 8=2y oy=+4%
O: a,(2) =6+4
a;, =5
N,: a:n,(3.76) =z - z=18.8
glagunisieiife

CyHg + 5(0, + 3.76N,) — 3C0, + 4H,0 + 18.8N,
walangszyan 90% ves C nanavdu CO, waz 10% narelidu CO

Tufe 30O, aznanendu 3(0.9)CO, + 3(0.1)CO wardmsiivornAiudilu 509% Tufe 150%ay,
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zanunsallsuannsadlalngin
C;Hg + 5(1.5)(0, + 3.76N,)
— 2.7C0, + 0.3CO + 4H,0 + x0, + 5(1.5)(3.76)N,
O: 7.5(2) = 2.7(2) + 0.3 + 4 + 2x
x=(15—54—4.3)/2 = 2.65
Fouduanunsiauysalls

C3Hg + 7.5(0, + 3.76N,) = 2.7C0, + 0.3CO + 4H,0 + 2.650, + 28.2N,
W Mg 90 My pp W AF

Myir (7.5%4.76 kmol)(29 kg /kmol) kg air
Mfyel (3 kmol)(12 kg /kmol)+(4 kmol)(2 kg /kmol) kg fuel
azlg
kg fuel kg air kg air
Mair = Mgy X AF = 0.05——— X% 23.53———+=1.18 -
min kg fuel min
M13199 4-2 waRIAUANURIINAITI A-18 D9A15N9 A-23 UaEAI1e A-26
s hf har=280k h® =hgass har=1s00k
CsHg - 118,590 0 0 0
O, - 8,150 8,692 49,292
N, - 8,141 8,669 47,073
CO, - 393,520 0 9,364 71,087
cO - 110,530 0 8,669 47,517
H,O - 241,820 0 9,904 57,999

wwdunauiulddne hY 183 CHyg Tun1as A-26 aeilifissanitosaniuzuia iflanusvonnain
& o v " T.0 1.0 __ 1.0 _ 'R
TaNIMNUA L51R91IAN hf YD C3H8<Uf\]’mhf(l) = hf(g) hsg
9 hfgy = —103,850 k] /kmol  anmsna A-26
hey = 335k]/kg a7nan31s A-27 Enthalpy of vaporization

RGN heg Tnanedu hsg Toewlasunulelmdu ki/kmol MEN3AM molar mass wily

R =335L w44 29 _ 14740 Y
19— kg kmol kmol

ke

hqy = —103,850 — 14,740 = —118,590 k/ /kmol

Anauns 1% law agle
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_ — 7,0 1 O _ 7,0 h __ JO
0., — W, ZNP(hf +R—F°) zNR(hf +h—F)
wWENRNINTULAAZAIUIE LA

Products Np ]_1]‘2 h=hg1s00¢ R°=hgpos H.
Cco, 2.70 -393,520 71,087 9,364 | - 895,851.90
CcO 0.30 -110,530 47,517 8,669 | - 21,504.60
H,O 4 -241,820 57,999 9,904 | - 774,900.00
O, 2.65 0 49,292 8,692 107,590.00
N, 28.20 0 47,073 8,669 1,082,992.80

Hproq = |- 501,673.70

Reactants Ng ]TL]‘Z l_l:h@zgoK EO:h@Zgg Hi
C3Hg 1 - 118,590 0 0]- 118,590.00
O, 7.50 0 8,150 8,692 | - 4,065.00
N, 28.20 0 8,141 8,669 | - 14,889.60

Hppqe = |- 137,544.60

d‘ Ia d‘ a :’; v
Waldfansanauminduaslaaunis
Qe = Hprod — Hyeqc

k
Qe = —501,673.70 — (—137,544.60) = —364,129.1 /

kmol of C3Hg

ch = Mpyer X Qcv
kg X 1 X (—364,129.1 K
min 44 kg/kmol ( SR )kmol of C3Hg
0., = —413.78 kJ /min = —6.90 kW

Q., = 0.05

seuuln (Closed Systems)
Tunsalvesszuvlnananuduniusees H = U + PV
aglpaunisvemasnuneluae U = H — PV
dlofimnsanaunisves 1% law dmsuszuudafidaunsiiu

Q2 —Wi_, = Uprod — Ureac €q.
G a I P2l
ﬁi@LGUEJULﬂuallﬂ']iLL‘U‘Uﬂi%"U']EJ‘l@'J"I
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Orz = Wiy = ) Np(Rg +F =0 = P), = > Ne(Rf + R~ h° = P9),
eq. 74

A10819 4-4

Constant volume tank contains 1 kmol of methane (CHg) gas and 3 kmol of O, at 25°C and 1

atm. The contents of the tank are ignited, and the methane gas burns completely. If the final

temperature is 1,000K, determine

(a) the final pressure in the tank and

(b) the heat transfer during this process.(1)

Assumptions:

1. SSSF

2. Al gases are ideal gas

3. KEandPE=0

4. W=0

Analysis:

AAANNITANVDINITLH LY
CHygy + 30, = xCO, + yH,0 + 20,

wlPaUNITAD

AUN1SN 1/aun1sh 2 agla

ke

00U Q 911 1% law

Q1p = ZNP(E}’ +h—F°—Pp) —ZNR(E}’ +h—F°—Pp)

P, N, T,

Before After
reaction reaction
CO,
1 kmol CH, H 6
2
3 kzrzglcoz | 0,
: 1000 K
1 atm P,

CHygy + 30, = CO, + 2H,0 + 0,

A1 Final pressure 2MN@uN1S equation of state

PVy = NiR, T,

P Vi = N;R,T)

AunSN 1

AUNNSN 2

N, T, latm 4kmol 298K
S S SN —

P, = 3.356 atm

P,  4kmol 1,000K

U7 43 mwdmiuseens d-a (1)
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21N

azle

P5 =R,T

01z = ) Np(Rg + R =R —R,T), = > Ne(Rg +F —F° = R,T),

M13199 4-3 wansnaudRvesE I 9

GUF f_l]? EO:h@z% hzh@LOOOK
CH, 74,850
O, 0 8,682 31,389
CcoO, -393,520 9,364 42,769
H2O) -241,820 9,904 35,882
wonfinnsanusazaiuazle
3197 4-0 uansnaLTRvesasngUNEn ST
Product N ]TL]‘Z f_lozh@zgg }_l:h@l,OOOK Hi
0O, 1 0 8,682 31,389 14,393
Cco, 1 -393,520 9,364 42,769 -368,429
H,0() 2 -241,820 9,904 35,882 -448,312
Hprod = - 802,348.00
P31 4-5 wansnuaNTRvesaINUATIRIAY
Reactant N l_l](c) Hi
CHq 1 -74,850 -717,327.572
O, 3 0 -7,432.716
Hypge = - 84,760.29
Q12 = Uprod — Ureac
Q,_, = —802,348 — (—84,760.29) = —717,587.71 kmol]:)]fCH4
kJ
Q.-, = —44,849.23 m
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aaumpiianlwuuunarfauuin (Adiabatic Flame Temperature)

9 Y

MNsvRRUILIUInAvisa lnlisg wanysalazilvndenuldannsadieiesninainssuula

dwaliiguunivessdninsigeiuauiangign e Sonoumndidhaungiauuieeuuin
1199910 Q = 0 waz W = 0 ¢ldaunsinlude
Hprod = Hpeqc eq. 75
3 Np(2 +h—R°) = 3 Ne(R +F — ) eq. 76
galumdetazldnisduimnundnvesnisaugaveamdanuduior i evifisumn udly
fumeuresnisdunisazinlioglusuresaunisiuds fouavaunisunde udldmautaunmsdae
38n15UuU trial and error Feazuandlifunuiiegieoluil
fin0te 4-5
Liquid octane (CgH,g) enters the combustion chamber of a gas turbine steadily at 1 atm and 25°C,

and it is burns with air that enters the combustion chamber at the same state, as shown in the

figure. Determine the adiabatic flame temperature for complete combustion at 100% theoretical

air (1)
Assumptions:
CyHyg co
1. Completed combustion - 2
p 25°C, 1 amm [ e b s e H,0
2. Products are ideal gas mixtures Air chambet. " |1 aun N,
e — 0,
25°C, 1 atm “
3. KEand PE=0
4. W=0 JUN 44 awdmTudaegne 4-5 (1)

aauNsATiven1silug Liquid octane (CgHyg)

CgHygqy + 12.5(0, + 3.76N,) - 8C0, + 9H,0 + 47N,
NAUNITVDY 1°F law

Hprod = Hyeqc

D Np(Rg +R—R0), = > Ne(Rg + R —R°),
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M3 4-6 wansnaUTRveILARLaNS

819 E]‘Z RO =hgpoq
CH, 74,850 0
O, 0 8,682
N, 0 8,669
CO, -393,520 9,364
H,0() -241,820 9,904
WUUANNITUD

Hproq = 8% (—=393,520 + h¢o, — 9,364)
+9 * (—241,820 + hy,o — 9,904)
+47 % (0 + hy, — 8,669)
Hyoge = 1% (—249,950 + 0 — 0)
Jaguaunislnivgla

8hco, + Yhy,o + 47 hy, = 5,646,081 k]
gumA T 2N

5,646,081 5,646,081

8+9+47 = ol = 88,220 kJ/kmol

AMNTUTANITI A-23 Wigu e b vesidausasiinindifssan 88,220 kl/kmol agle

Qi ! = ' N a 1 )
#1319 4-7 LLﬁ@Qﬂ’WLEJUVH@U“UEJ\?LLG\@%ﬁ’]iVIQﬂJﬁQ@JLLG]ﬂG]’Nﬂu

a3 Temp. (K) h (kJ /kmol)
N 2,650 88,488
CO, 1,800 88,806
H.04 2,100 87,735

199310 kmol v8a Ny 1nnduiasinau Jsguldamlndiu T ves N, ussindt en T = 2,500 K

quasad 1
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M1597 4-8 Uanananisidenldmigamgil 2,500K 31nn1sduaTan 1

2,500K N h (kJ/kmol) H (kJ)
N, ar 82,918 3,897,146
CO, 8 131,290 1,050,320
H,0( 9 108,868 979,812
5,927,278
a’qmmqmﬁlﬁqmw 5,646,081 kJ gy -281,197 kJ
dundsd 2
31971 4-9 uananansidenldrngumgil 2,400K ﬁﬂﬂﬂﬁ?jﬂﬂ%’jﬂ‘ﬁ 2
2400K N h (kJ/kmol) H (kJ)
N, 47 79,320 3,728,040
CO, 8 125,152 1,001,216
H,O) 9 103,508 931,572
5,660,828

ﬁ’\‘imﬁ]’j’]ﬁ’]ﬁlﬁ&‘jﬂﬂ’j’] 5,646,081 kJ wHilnasPeaunmeny -14,747 kJ

4519015700 019 interpolation (NSAlguAINT 2 AkarAToNYItAINBULAElNA W EING) N3B

extrapolation (nsglduaun 2 Ausiliiasenyaesdneu wilielaAvildnaifssneu)

d‘ . P I a a a
$15191 4-10 WL@AINT Interpolation LW@W?QWQNVTQMLU@’JLLEJL@EJLL‘UGW

TK H (kJ)

2400 5,660,828
X = 2,394.47 5,646,081

2500 5,927,278

whauN15agla X = 2,394.47 K Ans
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uni 5 nsluauuudanald
(Compressible flow)
Tuunfidun s ldauuigiulunisiarsanveslnainvesvawmaiuduveslvanliaiuisadnsa
1o Tuunilisaziudedndalunisiiansavesiva duAsanuuwivansadsuuladld da515en70
I3 v oy = Y saa | o A <
Junislvauuudadild Fasieitesivaunsainiinmsivavesvesiva wu uiia Aeusias
(3 a b4
AUTLAIATVOINITLILU]
1. uuziAwdUvesdniiz Stagnation AULTIABS Mach Number dwiumsivanuudala
2. nsuannduiusseninguandiveswedvaaiinuazauantfvesvesiva Stagnation d1msu
N3lvawuy Isentropic vatuialugauad
3. WilaenuduiusseninnuaudivesesivaainuasAuautfvesvedlna Stagnation Tuflandu
V999RTIAIUAININTOUTUNE (Specific-heat ratios) wagA1 Mach Number
4. aansovitlandUgmvesnsinawuu Isentropic Kuidauuugitigeants

5. 1Wnlausingnisainisiiin Shockwave

Stagnation Properties
NAIUYINIS A Usznaumenaisanalud

Energy flow = u + Pv + ke + pe
WA¥IINANATT

h =u+ Pv
Tunsddunsivasuuanusigeamdsnudndves vaalnaszlignihunfiarsanudazdng

WAvemaNINAatill wazsaraunsalleuAteunalnegluguveteunaliundenuaatlnee

VZ
ho = h+— (k] /kg)

e?fwzgm%smdw Stagnation enthalpy #50 U alsu (Total enthalpy) lnedl h \Wuateunialaing

(Static enthalpy)
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hy hy

v, Control | v,
volume |

ho, hoy = ho,

JUN 45 wanadnuaien1snaluuAiinTuiowuULBLRELURAN (1)

mnldngaunavesmdsnulunsiesziindansedniwesfigui 45 snazanunsadeumduaunis

Y

G0
Ein 2= Eout ,
V. V-
h+—=h,+= eq. 77
2 2
ED)
h01 = hoz eq. 78

A o v '3 ) Yo < a P 1 [y ' (%
NaNN1SA 77 invesluagnilivealagauysalagyilvAinnuiifian1ien 2 virduaududiae

annsaleuaunisiaduy

V2
hy + - = hy, = hy;
am13095ulai1A1 Stagnation enthaun/ﬂx%ngﬁqﬁwLaumwaﬂmaﬂmaqlmaLﬁEmTugﬂﬁwTﬁmqmima
auysllunITUIUNMILUULBLALLURAN
TunsyuIums Stagnation Andanusavvewesivaszgniudsuldidudioumadl (ndsau
agluniniungsaunisivg) ?quﬁﬂﬁqmmﬁﬁuawmlwaLLagmmﬁmawaﬂmLﬁuﬁu GRIGFREKILN

vpslnan aniig Stagnation 1 15139158071 Stagnation properties T 9UsgnoUun Y Stagnation

temperature Stagnation pressure Uy Stagnation density
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hA

Isentropic
stagnation
State

hof==x==--

1
/ )
I' Actual
]

stagnation
"
V- f state

hfp—-1

Actual state

>
>
s

5U7 46 n319 h-s LanINIzUIUNITLUL Actual stagnation state

LAZNTTUIUNITHUY Isentropic stagnation state (1)

NN3UT 46 Mnvestnagnyilingasenszuiunsueiienuinuuudeunduls annyfanaas
9ni38n71 Isentropic stagnation state Fslunszurunis Adiabatic stagnation A1 hy ALAANTIIAU hs
uinnuanTAfdy Stagnation Pressure azdiAndninilesninAeulnsdveanszurunisunfagannnis
nszvIuMshuudaunaule

dmfuuidlugauaifiiiainiuousimizasd (c,=constant) wazmnldgamgisnsdaed 0°C
(h,.=0) azlAaun15In

h—hyes = Cp(T = Trep) = T
ho = h + V2/2

cpTo =c,T+V?/2
azle

TO=T+V2/2Cp eq. 79

\dla T, 10U Stagnation temperature Fududigamgiivesuidlugaunfidagnilinenlunszuiunis

a a ¢ 2 a @ aa I~ a a !
LUULBLABLURN wazwal IV /2 Cp f\]%llﬂ']L‘l/l']ﬂU@qﬂJﬂQll‘Vlﬁ]%q@‘ﬂu‘ﬂqﬂﬂizUUUﬂqiﬂiaﬂgLiﬂﬂﬁq

Dynamic temperature duiAuAuveatlvaiusnguaenvesvagnyinliveanenssuIunIswuL
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| i

lawwulnsUn 92158091 Stagnation pressure #38 P, dm5uLAdaaNARNTA1AINTOUTINIZAIT LAz
nszuaunsuuulewulnstin Pv® = constant azilanuduiusues P, Ao
_ k/(k-1
P,/P = (T,/T) /(k=1) eq. 80
wazlunszuaunistowwulnsdn Pv* = constant wazanumuiuwdy p ssifudiunduvesums

N 1/17 1519¢18 Stagnation density fsaunseellil
po/p = (To/T)/ED eq. 81
Jdlolden Stagnation enthalpy lugdaumsaunavendanu avlifinguamdanuaa iliaun1sves
NaIUUTENOUMIY
q+h, +Vi*/24+ 2,9 =w+h, +V,%/2+ z,g

agle

q+hy +z,9 =w+ hy, + 2,9 eq. 82
e hgq war g, \Ju Stagnation enthalpy flan1ig 1 uag 2 mudfu waranunsawdeu Stagnation
enthalpy Tegluguvasranudoudnme ¢, lodsaunis

hoz — ho1 = ¢p(To2 — To1) eq. 83

fia9819 5-1
An aircraft is flying at a cruising speed of 250 m/s at an altitude of 5,000 m where the atmospheric
pressure is 54.05 kPa and the ambient air temperature is 255.7 K. The ambient air is first

decelerated in a diffuser before it enters the compressor. Assuming both the diffuser and the

compressor to be isentropic, determine Diffiiser —
(a) the stagnation pressure at the compressor inlet and S—
] — «JJ.
(b) the required compressor work per unit mass if the — F1=3405kPa
Vi =250 m/s

stagnation pressure ratio of the compressor is 8. | : Aircraft
I I engine
Assumption: SUN 47 anwdsenausiegne 5-1 (1)

1. Both apparatuses are isentropic
2. Airis ideal gas

3. cp= constant = 1.005 ki/kg.K hag k = 1.4 (31091579 A-2a)
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Analysis:
Po@o1 =7
INAUNT
_ k/(k—-1
Po/Py = (To/T,)*/ Y
A Py dosmen T,

N
250%(m/s)? 1(k//kg)
— 2 — .
To=Ti+Vi"/2¢p = 225.7K + 2(1.005)k//kg.K 1,000 m?2/s2
azle
T, = 286.8K
Wathluunuailuaunisves Py agla
Py=P (—")k/k_l = 54.05kPa - <286'8K)1n4/0'4
oI\ ' 255.7K

P0@01 = 8077 kPa
Win =7
N

q + h01 =w+ hoz
azle

w = ho, —hyy = Cp(Toz — To1)
N
P, B (T())k/(k—l)
P \T

Poz _ (&)k/(k_l)

Po1 To1
azle

_ (Toz>1'4/0-4
8 =(—=%
T01

Ty, =8 /14Ty, = 8""/14-286.8K
TOZ = 519K

w = (1.005kJ /kg. K)(519 — 286.8)K = 233.9 kJ /kg
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AMUSAFY waz Mach number

AUSULEE 58 Sonic speed 158 Sonic velocity g AI1ULSIVDIAA WA LT LAR DU H 1Y
AN WALl DAAULFLLARBUNHIUAINANIILLANNITNTEENNYINIANUAUTB N AN NSUAsULUAY
< v
Antoe

Tun193LAT1I2RIZUUM oM ANNFURUS waz T d1usuAIULS LA 89151928971 Control

volume loasusausindualinay Control volume H1Ad auil bUANUAA UG I8 AANTSUR BULUAY

v A

Auaudfvewedlvassninawetnanegauniirdunazvedlvanegiumanau anuuldnisaunauia

Y Y

wazn1saunandsu sauludsauduiusnianeslulauiiind (Thermodynamics relation) wag

a o ¥ I3 =) =
nszvrunsiuulomulnsn sy lnlaaunisvesnnusde@e

c = VkRT eq. 84

fulsh 2 Aflanudrrglunisiesisivesirawuusnsilanfe Mach Number dailun1ves
gndinvesnuiINTweatina (MTeanusivesingiiegluredualiu) Weudumnusudeduves
luatiu 9 NanMzREITU AIENNIT

Mach number,Ma = V/C eq. 85

[ [%

v v Y

Augn1IrUeIvadina o YeustU AUl

Mach Number 3¢9 uag JUAIAINNLS 1A 89T 9T ua e

Y

Mach Number gaapsasiundusennusinilueinirasuanseiuiiudaziuinugeduanly

SU7 48

Y

Air
200 K

Air
300 K

U 48 uand Mach number Nuananefiuusiazauasveunsaady (1)

a A a A A A YR
NN9L58NYDNITLAADUNLUDLNYUNUAT Mach Number
Mach Number windu 1 158071 A (Sonic)

Mach Number ©aen31 1 58171 fuleda (Subsonic)
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Mach Number 11nni1 1 158n71 guaslada (Super Sonic)

Mach Number 731nn31 1 11n 9 138a71 lawaslatia (Hypersonic)

wa¥ Mach Number fianUszanad 1 5eni1 nsiuleda (Transonic)

*gunsavunisiuluumiiodes waziinusngnisalnaudenldniu QR Code 1

fa9819 5-2
Air enters a diffuser with a velocity of 200 m/s. Determine (a) the speed of sound, and (b) the
Mach number at the diffuser inlet when the air temperature is 30°C. (1)

System: Diffuser

\
\
\
\
\
\
\
\
\
\
-

\

Alr —:—» Diffuser
V=200m/s J__
- . T =30°C S
1. Airis an ideal gas. <=

Assumption:

- — — —

2. Ry = 0.287 kJ/kg.K gﬂﬁ 49 nnUsenausiegy 5-2 (2)

3. k=14

Analysis:
a) c=7?

¢ = VkRT

c = (1.4(0.287i)(30 + 273)1((%))
kg.K 1k]/kg
Agle
c =349 m/s

b) Ma = ?

Ma=V/c

Ma = M = 0.573
349m/s

72



nsinauvulawulnstn 1 47 (One Dimensional Isentropic Flow)
nsivawuy 1 16 v auaudivesvedivaszuusiunufianenisivawinty vsena1iladn
vadlvavsiinaantimiiouiunaanimidnfediu nislnavewetlnaniugunsaiy de Andluwes

L4 = Y1 < a aa = I o =
weslul azansadelaindunisirawuulowulnstn 1 JRwardanuusiugiieame

#9819 5-3

Carbon dioxide flows steadily through a varying cross-sectional area duct such as a nozzle shown
in the figure at a mass flow rate of 3 keg/s. The carbon dioxide enters the duct at a pressure of
1,400 kPa and 200°C with a low velocity, and it expands in the nozzle to a pressure of 200 kPa.
The duct is designed so that the flow can be approximated as isentropic. Determine the density,
velocity, flow area and Mach number at each location along the duct that corresponds to a
pressure drop of 200 kPa. (1)

Assumptions:

1. CO, is an ideal gas with constant specific heat at  Stagnation

| |

| |

I I

region: I |

room temperature 1400 kPa i I

200°C ! !

2. 1-D Isentropic flow €0, | |

I I

= ¢ ! 2 o Y o a_ a 2 o ! !
Lu@ﬁ]qﬂi"ﬂ%ﬂi%u’J’]ﬂ’J’]iJLi'JVW]’NLGU'TVT’JQG’IMWNZJLTJWW N | [
3 y y . 1400 1000 767 200

mmiamémulmmmammu 9 VIV]']\‘IL‘U’]R]%L‘IJUQW&M‘UG] P, kPa

Stagnation f@ 5UN 50 aMmUseznaudiegna 5-3 (2)

Ty = 200°C uax Py = 1400kPa
a1unsalgAmalanalie (31nR1579 A-1 way A-2(a))

cp = 0.846 kJ/kg.K
k =1.289
R, =0.1889 kJ/kg.K
Foveslnathgidnazvinlian P anasiFos 9 auflaniusiu 200 kPa uansis1zAuaue P lufiay

0 Inglvien P anasiiaz 200 kPa lUi3es « #e 1,400 1,200 1,000 800 600 400 200 kPa
awannsnfmauauiions q Aanddonsldanaunisdelui

Ty = To(Pi/Po) ™ 1/*

V; = 2cp(To = Ty)
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pi = P.i/RaTi
A; =m/p;V;
¢i = VKkRT;, Ma; =V;/c;

e i Aemunled P daanasiiay 200 kPa 19vua 7 Aunud lagazendle819luswniei i Ae Py =

1400 kPa agle
po = Po/R,Ty = 1,400kPa/((0.1889 kJ/kg.K)(273 + 200K))
po = 15.67 kg/m3

co = +/1.289 (0.1889 kj/kg.K)(473K)
co = 339.37 m/s
Ma, = 0 desarnsussanainanuiiimadidiuinauviiiu 0

Funad i fe P, = 1,200 kPa 2l4

T, = 473K(1,200kPa/1,400kPq)(1289-1)/1.289
T, = 456.93 K

V, = /2(1.289)(473 — 456.93K)

V; =164.89 m/s

p1 = P,/R,T; = 1,200kPa/((0.1889 kJ/kg.K)(456.93K))
p, = 13.90 kg/m?3

Ay =m/pVy = Bkg/s)/((13.90 kg/m3)(164.89 m/s))
A; = 13.09 cm?

c; =+/1.289 (0.1889 kJ/kg.K)(473K)

¢, = 333.56 m/s

Ma, = (164.89 m/s)/(333.56 m/s)

Ma, = 0.494
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ynwihluiges o WerhuWeudumssazlddeyadsil (wusdlild Microsoft Excel Tunsduam)

AN 5-1 WEAIHNANISAUILRARAT P a9fiay 200 kPa

P (kPa) T, (°Q) T, (K) V (m/s) P (kg /m?) | A (cm?) c (m/s) Ma
1,400 200.000 473.000 ~0 15.669 N/A 339.370 0.000
1,200 183.932 456.932 164.886 13.903 13.087 333,556 0.494
1,000 165.630 438.630 241.151 12.069 10.308 326.807 0.738

800 144.225 417.225 307.198 10.150 9.621 318.734 0.964
600 118.164 391.164 372.111 8.120 9.929 208.618 1.206
400 84.173 357.173 442.696 5.929 11.431 294.905 1.501
200 32.764 305.764 531.943 3.463 16.287 272.857 1.950
wazdiothinwdennsasl@nswiAsisnvasad
600 18.00
17.00
\ // 16.00
500 A 15.00
\\ /;0 14.00
\ \ M 13.00
400 \ \ / / 12.00
S
: — 10.00
300 //P,%é 9.00
\ 8.00
/ \l 7.00
200 / \ 6.00
// \.\ 5.00
4.00
100 I'd \ 3.00
.\ \. 2.00
T O————0c 1.00
0 o 0.00
0 200 400 1000 1200 1400 1600
—p=TO (K) el V (M/S)  dfe C (M/S) oy 1 (KG/M3) i A (CM2) e M

JUN 51 uanawan1siA1eng 9 lusisned 5-1 amaennsm
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+24
g A v ow

A15UABULUAIYBIANLS vV lnaril sl suLisunuN unwindansiua (Variation of Fluid
Velocity with Flow Area)

aglduanniswazanudunusaasaluiusznauiuiiavinlvlaaunisinansmnudunusszning A P way
|74

1. ngnseysnyina

2. ngMITEUSNENGINY
3. ATTUIUNTLUY Isentropic
4. anuduiusyamesiulaunding (Thermodynamics relation)

@ a
5. AULRILAYS
6. Mach number

yMlilaaunis

a_ar (1 - Ma?) eq. 86

A pv?
ynRasantunssindudulatianse Mach number o011 1 (Ma < 1) Tufaun1siuInaule
I =4 v v &4 A v oo o ¥ v 4 A v o a X
Wuuinaue 91naun1sastiula AN unNuNfnanaInINLAUALanad9Y Lara I NUANTNAANNTUAINL
v @ N é’ v
FUNILLALT UMY
wazkiloNansanlunsdin Mach number 11nA71 1 (Ma > 1) dudeaunisiutduaziduay fatiy

ANAUNITILIIULAINENUNMTNFAAAAIAUFUILLAUTY LAZETNUNMLNFALRNTUAINLSUA L aNAY

wazaunsit 86 vnunuen pV = — dP/dV agldaunis
dA _ _av .. .
= (1—Ma*) eq. 87

minansaunlunsaimduduladevse Mach number 1a8n31 1 (Ma < 1) HufpaunsluILauas

Wuvaniaue 91naun15aziuleina i unningnanasnuLsI9sinTy Lasa I NUNiuGaL ALY UAIL

[
= v

UAALLANT UMY
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&Y

wazkiloNansanlunsiin Mach number 11nA971 1 (Ma > 1) dudeaunisiunduaziduay fatiy

[ ' [ '
A ) A )

ANANNITAZRULF I N UTNUNIEPAAAIAIILISI92aAAT LATa IR UNNUNAALAN LT UAINNLSILLA LYY

anansaagulanagui 52

P decreases

. D increase
P decreases P increases P increases

V increases V increases

Ma< 1 Ma<1 V decreases Ma> 1 4 Ma> | V decreases
—_— Ma increases e Ma decreases = Ma increases — Ma decreases
T decreases T increases T decreases T increases
p decreases pincreases p decreases p increases
Subsonic nozzle Subsonic diffuser Supersonic nozzle Supersonic diffuser
(a) Subsonic flow (b) Supersonic flow

JUN 52 uaninsildsunlasesanaudivesetinadmsunisinawuuduletn wagguiesialia (1)

AMNFuNUSvaIRuaNTRdmIUN1sluawuY Isentropic Yadufidlugauaid (Property Relations for

Isentropic Flow of Ideal Gases)

LSIEuNTamANNFNTUs TEnieR auaudRsNg 9 WelisuiuA Mach number leds

aunsaioluil
%z 1+(%)M0L2 eq. 88
B (w7 o
o (] w

AuaNURYDaIlnaTifwmUeN Mach number d@A1vinAy 1 98138071 Critical properties La¥31N
AunN159 88 feaun13N 90 awisenin Critical ratios laed1nsua Critical agludgydnwal (*) Laztilownu

A1 Ma = 1 919 3 @un15azlan

r__z 91
To  k+1 €%
o 5 \k/(k=1)

P_o = et eq. 92
e 5 \1/(k=1)

E = (m) eq. 93

14



#9819 5-4
Calculate the critical temperature and pressure of carbon dioxide for the flow condition in fn@819
5-3
Solution :
Assumptions:
1. SSSF, Adibatic and 1-D
2. CO,is an ideal gas & const. sp. Heat
21N Table A-2a, k = 1.289

r__2 = 0.8737
T, k+1
T* = (0.8737)T, = (0.8737)(473K) = 413K
p* 2 k/(k-1)
—=(— = 0.5477
(e

P* = (0.5477) P, = (0.5477)(1,400kPa) = 767 kPa

aslnauuy Isentropic W1UHIRA (Isentropic Flows Through Nozzles)
aanuugidn viemdauuugiingesn azanunsanuiiuldunniuaunisdmnssusiuluisssuy

Lo Aviuufiaweslui wIesdu smedinia Wdanuluaugaamnssy Widey

Y =

Back Pressure #39A1NUAUGdUNSU 1WUAMUSUNNTZYINAURIAANUSIIAUN19990 F99:TNanD

AIEIINIIeen dnsinsivaveuia waznsnsEatefveInNAURaeniaan fuandlugun 53
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inaauuugidn (Converging Nozzle)

Reservoir {3
913U 53 azanunsautangdnssunisivaldoenidu 4 nsdl
e

N5 1 Back Pressure fAwvinfu P, avldfinisivating ulu

e

ASMT 2 Back Pressure TA1u1nn7 P* agdinnsezlsiinTy wag
ANMUAUILTANAY HADALULIVDIVIONIRA

3
Py 4 nN3MIN 3 Back Pressure dA1 MU P* agindns1nisivags

Lowest exit P, <P*
pressure

q' < a Y < = A a
5 Pp=0 NER LLagﬂ’ﬂllLi’J“UE]\‘i“U@Qiﬁﬁﬁ]%llﬂ']LVl’mUﬂ'NZJL’i'QLﬂENVlUiL'JELI

v = | a & o s
. NUINAVDINNDDN FILTYNINNAANTT DU K158 “Choked

=

5UN 53 uARBVENAYBIAUAY

v o oA . ASAIN 4 Back Pressure A1 ANA31 P* 9gnuUINNISNSEaNgmIued
UNAUNLNANBNISNTLIYF VD | o
v o i e ANUAUlUEAlULANAI9INNSAN 3 YSPALNaNIAINAINLANTY
aNusuluviaman (1)

o = ) A
lumhAnvzmdouiunsalf 3 NnUsens
émemﬂﬁasuaqmaﬁm%’umﬂuaiuviaﬁﬁmLLU‘U;jLﬁﬁwzawmmwﬂﬁéﬁ’anﬂﬁﬁ 94

. AMaPy.[k/(RTy)

T [1+(k—1)Ma? /2] (k+D)/[2(k=1)]
¥ a [y PN dl' & o a1 (Y o
Lagd MmN RTUIBNTINMIIMAgINgn Wenusnnsesnilen Mach number winfiu 1 agldaunis

eq. 94

9n51N15VagNEAAIENNTTN 95
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mA

. 5 4 3
mnm\
I
|
I
|
| 2
|
|
I
I
I
I I
I_f 1.0 PI)
Po Py

P,/PyA

|
|
|
|
|
|
|
|
|
|
|
|
|
|

-

[

|

|

[

I

|

! »
P 1.0 P,

>

Py Po

JUT 54 WanIBnSNavaIAUi
SUNAUNTNANUDATINTG bAaUD9
178 WALANUAUNUNIRANIIDNUDY

Waauwuugd (1)
I*—Mn,: | —>t¢Ma, < >

mA

Increase in P,

decrease in T,
or both

P()' T()

Decrease in P,

increase in 7,
or both

S e R e s it

>
=

JUT 55 uanansifguuwlasdng
nsivaannsusuauaudR

Stagnation 7ivnawdA (1)

. ’ k [ 2 \k+tD/[2(k-1)]
Mpmax = 4 * P R_TO (m) eq. 95

= 1 v A

dwsunialugauai ansn1sivaveuiaaiannuii@aningg
AMUARN U N1 AYDIN1900NILYNINAAAILAT  Stagnation
pressure WaraMUANNYLIT N1IAIVANNITIMaaINITaAIUAN LA
a ' 3 & ' a o v
31NN15UABULUAIAT Stagnation pressure 138AR UM Y14
Wdauuugiindaunsaldilu Flow meter wagau150AIUANNIT
Tualamenisiasunlasnunntnfnvesnisoondanannistidfey
WNdMTUNIEUINNININAT gUNTaiMaNITUNTd LATeilaTndnsy

A Y o U U U 24 a

st viselddmsumsingnsinisivavesuidlugauead
W eudnsinisinanindeansiiiisuiusnsndiu
581374 Back Pressure iU Py aglainsidanandlugui 54 uagns
AIUAN  Stagnation temperature W@ Stagnation Pressure Az

HafuansINsinavesiadanslugu 55

A1015091AUF NN US T2 19N 19U BULUaI 0
NuNntdavewaansiuusle o suduiunniidnvemisesn

laeaaun1si 96

2 = () (2w o

Fadadrlunaennsudtglantinieanuideanddusui 56
\8331nA1 A/A* nilaAnaglviA1 Mach number 88031 2 AN @93

Wlugdnvazvevhidanduluugidngesn
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JUN 56 nsmAudNiussEning A/A* uag Mach number (2)

#9819 5-5
Air at 1 MPa and 600°C enters a converging nozzle with a velocity of 150 m/s. Determine the
mass flow rate through the nozzle of the nozzle throat area of 50 cm? when the back pressure is

(a) 0.7 MPa and (b) 0.4 MPa. (1)

Given:
Pi =1MPa Converging
T; = 600°C T;=600°C nozzle 50 cm?2

' V;=150 m/s
V; =150 m/s

— 2

A@throar = 50 cm } o
Assumption: JUN 57 awdsznauniesny 5-5 (1)

1. Air is an ideal gas with constant Cp
2. SSSF, 1-D Flow and isentropic
Analysis: 1NA15N A-2a 1961 ¢, = 1.005 ki/kgK wag k = 1.4
1A
To=T, +V1%/2¢,
el
T, k/k—1
Py =P | =
01 (Tl)
azle
T, = (273 + 600K) + ((150m/s)%/2(1.005 k] /kg. K))
T, = 884.194 K
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ey

P, =1MPa (22t
0 a( 873

P, = 1.046 MPa
1NdUN1T 91-93

azle

*

884.194)1'4/ 14-1

— =0.52828 - P* = 0.5524

Py

nsalve a) P, = 0.7 MPa mﬂgﬂﬁ 5381 Py, > P* azlenn P, = Py,

flunsdll P, = 0.7 > P* = 0.5524

agla P, = 0.7 MPa wazifunmsivawuusmninges viedulaia
2N m = pAV waz V = MaVvVkRT waz p = P/RT
THaun1s9 89 M1A1 Ma uazaun1sn 88 1A T Angeen wsslynisne A-32 wienal P, /Py FefiAn
. » 07MPa oy o
Wity ————— = 0.67 2giiuinfian Ma 08581119 0.7 - 0.8 (1)
1.046MP v
TABLE A-32
One-dimensional isentropic compressible-flow functions for an ideal
gas with k= 1.4
Ma  Ma* AIA* PIP, T,
07 07318 1.0944 07209 07916  0.9107
08  0.8251 1.0382  0.6560 07400  0.8865
JUN 58 uanIn1319 A-32 91llA1 Ma 5e1d19 0.7 - 0.8 (1)
NANNTT
m = paA.Vq
m = ta
Pa =

m V, = Ma,./kRT,

39nN13 Interpolation A1 T/T, wagA1 Ma 7ien P/P, = 0.67 agld

T,/T, = 0.892 > T, = 0.892(884.194 K) = 788.7 K

Ma, = 0.778
azle

700 kPa

Pa

= (0.287 kPa -m3 kg - K)(788.7K)

=3.092 kg/m?3

82



V, = 0.778,/1.4(0.287 kPa - m?/kg - K)(788.7K) = 438 m/s
Awle

m = (3.092 kg/m3)(50 X 10~*m?) (438 m/s) = 6.77 kg/s

nsdife b) P, = 0.4 MPa 903Ul 53 &1 P, < P* agléfi P, = P* = 0.5524
anansoldaunisi 95 lumsAuan esan Ma = 1

1N

Kk, 2 \KFD/[20-D)]
inx =420 |z (557)

. ~ 5 a s k 14 2 2.4/2.8
Mpax = ( 0X10™*m )(1,046 Pa)\/(0.287kPa-m3/kg'K)(884-194K) (_)

2.4
Mg = 7-10 kg/s

fi19819 5-6
Nitrogen enters a duct with varying area at T; = 400 K, P; = 100 kPa, and Ma; = 0.3. Assuming
steady isentropic flow, determine T,, P,, and Ma, at a location where the flow area has been

reduced by 20%.(1)

T,=400 K T,
Assumptions: P, =100 kPa A
Ma, =0.3 \/ Ma,
1. Nitrogen is an ideal gas with k=1.4 (Table A-2a) A Ay-0.84,

1

2. Flow through the nozzle is steady, 1-D flow, and .

_ _ SUT 59 AmUsenouiieg1s 5-6 (1)
isentropic. N
Analysis:

91NA159 A-32 il Ma = 0.3 a¢ld (1)
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TABLE A-32

One-dimensional isentropic compressible-flow functions for an ideal
gaswith k= 1.4

Ma  Ma* AlA* PIP, plpo T,

0.3 0.3257 2.0351 0.9395 0.9564 0.9823
0.4 0.4313 1.5901 0.8956 0.9243 0.9690

SUT 60 uanImI31a A-32 sl Ma 529319 0.3 — 0.4 (1)

Y

10
A _ At _ (0.8)(2.0351) = 1.62808
A* - Al A* — . . - .
Alaly interpolate Tuansne A-32 agla
2209701 > T, = 2222 (400K) = 22222 (400K) = 395K
To T1/To 0.9823
% = 08993 - P, = 2222 (100kPa) = 2222 (100kPa) = 95.73kPa
Py P1/Pg 0.9395
Ma, = 0.391

wdauuvadngean (Converging-Diverging Nozzle)
v v

Indanuugmdiazdaiuiigeganinisesn 1 Ma = 1 n1siiazsdivesivaiinaugy
wilendndes vie Ma > 1 avanunsailasignisienvhaauuugesnusoail nsldi@auuugiinnie
geonldlinisufidvetvasvanunsafinnudmnnindedld Jsdudsildmuaudieadsliinnisivai

= < ] 2 = vy P ' a
anunsniinusnnnIAusLdesldfean Back Pressure 31n3UN 61 agansauUsngfinssunisiva
Tuidneenidu 5 nsdderiufe
NSMN 1 Back Pressure (Py) A P, agliinisivaiindulusmin

A a o A = 2 o i 2 o [ A & |

3 2 Py > Py, > Pc aziianisivaluii@auazianuniaiiniianuiudss arusiasiiuduludiy
voeiidauuugnidudltzgeigafiviianmensn antuauszanadiudiuvesiidauuugeen way

AUAUNNUNIRANI9DDN ALLAVINAU Back Pressure

84



Throat
P, '
—> |
V;=0 : 1
| |
I I
| |
| |
| I
I |
I I
| I
I |
| I
I I
A
N : : Ph
| [
I |
| A
Po T Bl PA'\ subsonic flow
: l Py Vat nozzle exit
C (no shock)
| Pc
: D! 5 Subsonic flow
Prf——m D }at nozzle exit
| :/——i (shock in nozzle)
Sonic flow : _IL Py
atthroat - | Supersonic flow
I Shock & ! P, pat nozzle exit
| in nozzle -y G, P (no shock in nozzle)
0 L . >
Inlet Throat Exit 2
I
Ma I Shock !
1% Gl
| in nozzle F:-F'
Sonic flow ! I | Supersonic flow
at throat : 1 | pat nozzle exit
| | I | (no shock in nozzle)
| I I
|Fremmre A o= L___l)_: Subsonic flow
| s
I \‘ at nozzle exit
: C: (shock in nozzle)
: Subsonic flow
: B }atnozzle exit
0 | Al | (no shock)
Inlet Throat Exit x

JUN1 61 wawes Back pressure Nilnasianisivaly

Waakuugidigesn (1)

A19819 5-7

= dl a dld <

NN 3 P, = Pcagkianisbuan dainasigan

o & a o a s I3
WinduausBdeiusaAeAesn 1naa11u599s
dinuludiuvesiouuugniiniaazgeiannusiim
ARABA (P*, T*, M) 9NTUANLSI9vanasludIy
YBINAAUUUFDRN karANUIUIMINFANI@EN g
a0 1 U
Ay Py
NS 4 P, > Py > P, agiinnislwanianusumile
=) . 1 v a !

\deq Super sonic luguvasi@auuugesn wazlu
dureaiIdauuug 1U9ElngAnssunisivag
o v A U =2 a
miloudunsdii 3 neuveslnaszianisesnaziia
pauden vilviveslnanduidngauiwuuninia
AUL5 LAY Subsonic flow 9ntduaziingAnTTy

nslamdeiunsdin 2 uaz 3

ASEN 5 P, > P, = P. auiinnnsiuawuuinilowdes
paeALWITIdALUUgeN udIindenTuTIUIIN
wifinvamseannan

NSEN 6 P.> P, > 0 agiianisinaviiedasnasn

wwhdauuugesn uazarlififeniniu

Air enters a converging-diverging nozzle at 1.0 MPA and 800K with a negligible velocity. the flow

is steady, 1-dimensional, and isentropic with k = 1.4. For an exit Mach number of Ma=2 and at

throat area of 20 cm?, determine

(a) the throat conditions,

(b) the exit plan conditions, including the exit area, and

(c) the mass flow rate through the nozzle. (1)
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Assumptions:
ssumptions T, =800 K

1 SSSE Py=1.0 MPa
2. Airis an ideal gas k=1.4 and ¢, = constant
A, =20cm?
3. 1-Disentropic flow p o
UM 62 nnusznaumBee 5-7 (1)
Analysis:
Inadnfianusunndsiuanansesyuuldiguaniinmadnlunueaud® Stagnation

(a) MaAINUDIBINIAN Throat L9991 NI98NDINAN Ma = 2 LaA9I1UTII8d Throat A3l

AULEY Ma = 1 @usaldnnsna A-32 wemauaudiini « lafe

Ma P/Pqy p/Po T/To

1.0 0.5283 0.6339 0.8333

azle

P* =0.5283 (1,000kPa) = 528.3 kPa
T* = 0.8333 (800K) = 666.64 K
p* = 0.6339p,
m Po 3N

Pyvg = R, T

R,T, (0.287kPa-m3/kg-K)(800K)
Yo ="p 1,000kPa m*/kg

1
po = — = 4.355 kg/m3
Vo

azle

p* =276 kg/m?3
N

*

Ma* = - - V*=Ma*c* = 1VkRT*

1000m?/s?
V' = |(14)(0287 kPa-m?/kg - K)(666.64K) (—p—

V*=517.5m/s

(b) MEANINVBIDINANREIAANIIODN Mae=2 LAZVUIAVDINUNALAR
NAT A-32 e Ma = 2 agla
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Ma AN P/P, P/Po T/T,
2.0 1.6875 0.1278 0.2300 0.5556
agle
P, =0.1278(1,000 kPa) = 127.8 kPa
T, = 0.5556(800K) = 444.5 K
pe = 0.2300(4.355 kg/m3) = 1.002 kg /m?>
A, = 1.6875(20cm?) = 33.75cm?
000m?2/s?

V,=2- |(1.4)(0.287 kPa-m3/kg - K)<444-5K)(11k/—/kg

V, = 842.5 m/s

(©) MPRIINTSIMaVRIUIA TALRNTUIANUNGA LANTNARNLS TUNTRITUINNENFAN19e9n

1N

azle

m = peA,Ve

m = (1.002 kg/m?3)(33.75cm?)(842.5 m/s)

ARudan (Shockwave)

m = 2.85 kg/s

A15.AA Shock Az AATUTUBUITZUIUTAIRINAUAANIINIS I K139 AURANIINISIAR D UT

109309 nszuIumsaludnuaziazdanudeunduliligann wagliausodsanufgiuindunisiva

LUU Isentropic 1o

hA

v
2

Subsonic flow
Ma<1)

hoy = hpp

hy b= ——————

Supersonic flow
Ma>1)

JUT 63 wnunw h-s dmsunisivaniunduden (1)

>
s

87



9n3UN 63 1Wuukuis h-S Jafliduaunisves Fanno (a) Aina1nn15590A Uz 1981N15701

115U NYNIAUALAUNITVOINITOUTNY NS 1 Lazlduaun139e9 Rayleigh (b) ALANIINNTTTINAY

v A

TEMINAUNITVRINTOUSNYINARATANNITVRINTOUSNElUUAY denalviiingndin 2 90 Aegavunglay

q q q

U L3

1 uazuruneias 2 Fudugafaun1snisoysnvuia aun1sn1seusNUNaIL wazaun1sn1soysny
THLUFULNUTTAUTUNDA TIFUNUIT 1 MU18IaN1IZNDUNIZANNITTON wazaunuan 2 1Wuaniish
a X Y] A a & P ~ ] o & a a ) ¢

AR undRInTiadenlda kagaingun 63 asumsiiuduveseulnit v3e S, > S, Wunnefng

Inanuu Shock aztdunislratuuwafewuinue liaunsaidunszuiun1swuy reversible e (1)

#iaanlaun (Steam Nozzles) hp

Q\

° (YY) H = P 1Y = <
ﬁ’]ﬁ’iUﬂ\‘WUl@U’]"\]%iJl@U'Wlﬂ’)’]llﬂu%jﬂ LL@%QJ?"]'J']‘LIL?’JQQ

wn Fevilildannsafasandunialugaunfls diudn

Enthalpy ezt uilenduves Pressure uay Temperature Wiale

Saturation
Y line

wwgnedlutaiunesluieuiagann vsenunsfeiiuns

= . )

aneh 1 lUFangi 2 a95Ua

Y

64 launaglianunsamuniiy Willsou Thvies G 0.8

«¥Y

3 oUasualaunusududual vinldmisanneleurdus p
SUN 64 WNUAN h-s d1SUNTEUIUNT

Y

8482A1AnT U Supersaturated steam @siduan1az7 lafiaau 5 v
YIUAILUU Isentropic vadlouluda (1)

auna lethezfansmuudundsaniudududluudadion
4% Moisture line x ~ 96 % (Wilson line)

annsamdasduanuiuingaldanaunisi 92 lneRarsanananinveslotrfiniads lu
nsditethivndnduledhuuuledoudsean (Super-heated steam) a¢ld k = 1.3 uawildnsnauay
fuAngawiniu 0546 wagledhfimadndulethuuudus 9614 k = 1.14 wesildnsdrumudiings

WInAu 0.576
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unfl 6 Aeiulet AeiuusenauazfaiuUfizen
(Steam turbine, impulse turbine and reaction turbine)
TnUsrasRveInIsiseu;
1. Whlsaunmsvesluusiuvesadivadniuusuinsaiunu (Control volume)
2. ilavdnmisvesussiinssyhifufiavesUiinnsaauay
3. @wsnninaweiauEIveInIsinarugaluindiy
dauusznauvasyalunaneiiu (Components of Turbine)

dlsgneunddglugaluindsivanusauanslangui 65

NO.& BEARING
AlIR SEAL

VANES
HONEYCOMB STAGE 6
SHROUDS BLADE

REAR FLANGE

CASING BODY
FLANGE
STATOR

U7 65 dauusznauves LP Turbine @ik Stator uag Rotor (5)




[

lngduidulsnes (Rotor) aziluyadviuiifneg uuinatauisanyusoumaild duidu

awnad (Stator) azgnialiduiaa (Case) iludiufiog e amnsadnwinisvitauvesyadeiuly

Y

6

LATBIEUALN (Jet engine) INLANAIN (6)

Aoiuaiuisawdssanlaidu 2 wdade Awiuusana (Impulse turbine) wazfaiunsaUfisen

(Reaction turbine) ansaaguidudnuaznisiauiuandrsiuldnuandlugui 66

Impulse Turbine Reaction Turbine

Moving
buckets Rotor
Fixed _ Rotating
nozzle = nozzle
Moving \ )
buckets :J Rotating
_& nozzle
Fixed Rotor %c_//
e AN
Stator %
T Rotation T
Steam Pressure Steamn Pressure
Steam Velocity Steam Velocity

JUN 66 MmUTeuiiguanwaznsviuYesiaiusng wagieiuseufisen (7)

v W 1Y

faiuusea (Impulse turbine) agldn1s@nvasivanindenuaataslundnluinidyusreadne
v 1% el' [ L4 I a a
funeni wazidsundsulaivesvesinaluiunmvyuvesnan wasvesvassgniuisufianie Ay
v a &£ = = a [ o c{' = s =& o b4 <
Aunnaziinduillevativadeuniiuluiniuuawmtues nisawmnes Jeiliausiveseadlg

VALY
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https://youtu.be/KjiUUJdPGX0

'
aaa = )

AaviuussUizen (Reaction turbine) aglddalusinvimiiiindnefusidaiinadesodu iied
vaslnasiuioauiguninussUjisedeidailidandounlulufiemmsaiutwiuiang
vosaslnaiivjseanty

Tuuniaeilaunfigulunmsfinnsanvesivatndunsivadidunsivanuudentu Sidunislinad

uuiy waziiansandunisinewuu 1 87 dwsugunsainldyaluiniaiuazdeguinunglumamnssy

9 9

\U Steam turbine Gas turbine Axial flow compressor Blower wag Pump tJusu Iumﬁmiwﬁsqm

Toiuluinazldesdaiusisesmnusduda wasaruiauysal lnedanuuanaeiuide Anuwss

[y v [

anysalfdannazegdiui diuanudidummsidunnzindeuilunsenduluin Jeasiiausmewnund
YDWINADT (8)

Tausuvasvaslnadmiuusannsaiual (Momentum Equation for the Control Volume)

nneil 2 veellndn “wasinveiusinieueniiuinszyinuingluiienisiidvueli azdu

Fadrulaensadudnsinisiuasuntasvadlunuduvesinaiulufieniaidivus 7 Fearunsadaundy

q

aunisauduiusluswknulaae (8)

a(mv,)
2 F o ==

wazansaeuduaunisia As

ZFx:% eq. 97
Py
v bbby y
P; .'II Fe
om; E - om,
T; T,

Flow in plane Flow out plane

Direction + X o
>

- 2 a8 va L3 v
JUN 67 uanausunnvesUsunsauANAliATIzivannsluwudy
INFUN 67 Weaiansaninvsuiasmvauldlanfoun warlusenineiswewian Ot azdluiai

Inangusuinsauauludunn dm; waslianuswingu V; wagluvaeidenduidiailvaeenly
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Ysinawiiu m, fanuSwindu 1V, Tutdudusidsuaunisiuwudulufiani@saunu X lugeai
waulaaglaannis (8)

A(mVx) (MmVy),—(mVy),
ot

QE) g =

eq. 98
PINAIAUA A

(mV,)¢ = Iumuﬁmaaﬂ%mmmuqmLﬁanm t

MV ) 4ot = Iumuﬁmaaﬂ%mmmuqmLﬁanm t+ ot

o

(mV,); = (mVy): + (V);0m; = Immuﬁmaamamuquﬁnm t

(mV), = (MV) erse + (V) eOm, = Tumuduvosamuvauiina t + 8t
FeaunsaLlouaunslalngin

(mVy), — MV = [(MVy)erse — MVl + [(Vi)edm, — (Vi) i6my] eq. 99
dlovhaunsd 99 Tuunluaunisi 98 azld

(MVy)trse—(MVyx)t (Vx)edme—(Vy)idm;
E, = + eq. 100
| (2 Fo) g ” 5 q
Waws1dunld imit 8t = 0
lim O} F, =
lim (S F),, = L5
awleaun1svolumuANveIUsIINTAIVAN AB
d(mVy)cw. .
LE = ——==+ X (Ve)x — X1 (Vy)x eq. 101
quwﬁLiwﬁf\mmﬂmﬂwaLfJmwumﬂwammamaummLLauwm/mmi"lmal,ﬂmﬁﬂlﬁmi’mlﬂﬁq
waa a = ° - 0§ v ¢ d(mVX)C.v. ~ o ¢
AaauUAneglulsunsaruauilnuadate vse SSS vilvinauvesaunis — . dawviiugud
AatudmTunszuunswuy SSSF anansaldeuleglugulnale fie
ZF :Zme(v)x_zm'(v')x eq. 102
wardmSunsaiiensnsivaveanaifiss 1 Joamadiuay 1 Yemnseenazaansaidouaunisiaiiu
2 E =m[(Vo)x — (V] eq. 103
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w3eNINs2IINNURIYeIUIUINIAIUAN (Force Acting on a Control Surface)

S SAR

(A

Direction + X o
>

JUN 68 uanausannsgyiniuiilinnsmiuay

N = d’ o w a al <) N [
ﬂ’]ﬂEU‘V] 68 LLﬁGNOQLLiQVlﬂﬁ%Vl’]ﬂUUiﬂJ'miﬂ’lUﬂll Toed R JJuuseniguaniiunnssyin wagainy
Y] a 1 N | o = o w a v | ' I3 v A o
AuIINdawngeudiainiu Py dansevihiuusuiasaauadlunn o su duen P; idunnuduiinggih
v oa PN a v a = 1 1 & v A o w a
AuRiszuIunvedlualutuntulsunsauan wse A; de P, Wuanuduiinssyiiuiiseuiuees
a = = o [y S <
ﬂ@ﬂiﬂﬁlﬁﬁ@@ﬂﬁﬂﬂﬂill’lfﬂiﬂﬁmﬂll %39 Ae LllE]U’]NWW’]LLNﬁWﬂuLLU'JLLﬂU X bbeIZLNUY Yy anunsneuly

aunishane
Z E, = (PiAi)x - (POAi)x + (PeAe)x - (POAe)x + R,
. Z Fy = (PiAi)y - (POAi)y + (PeAe)y - (POAe)y + Ry
WIDTIUNAUVBIANUAULINIETUILL VU A Lyiaan
ZFx = [(Pi - PO)Ai]x + [(Pe - PO)Ae]x + R,
YE =[P - PO)Ai]y + [(P. — PO)Ae]y + Ry eq. 104
wazidiodeusuivaunmsveduuusuazle
ZFx = m(Ve - Vi)x = [(Pi - PO)Ai]x + [(Pe - PO)Ae]x + R,
Z E = m(Ve - Vi)y [(Pi - PO)Ai]y + [(Pe - PO)Ae]y + Ry eq. 105

= X a N A v 1Y) ° ) aNaa &
%Qauﬂ"]il,ﬁaquaqllflﬁﬂl,mEJUSLM'@E\JJIUEIJV]@@WEJF]UimULLU?LLﬂu Z ﬁqV§Uﬂ§mWW§]T§quUUﬂ'ﬁlﬁﬁLLUU 3

)
=3)

lunsfinnsantunsaiidenanfellielidnsinisivavesnaiies 1 daaniadiuay 1 Yowmndeen
P; = P, uaz A; = A, 9naun1si 105 aglerin
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X E. =Ry
ey

R, =m(V, — V),

NFAATINABUNUNNVBUINIADT

a o aa ¢ v W Y 5% Y] a
NIANANTUTH 1 ﬂu‘ﬂl@ﬂﬂsmﬂaqﬂﬂ‘UﬁgﬂsW@gﬂqu‘Uu@QLLﬁﬂ\{L‘UE‘U‘W 69

m |41

Nozzle

+ x Direction >

Ql' cs' v a Y a o = 1Y v a Y
EU“V] 69 LLa@ﬂGU@Ql‘wa‘ﬂ@aﬂﬁ]qﬂﬂqaﬂiﬂﬂigﬂ/lU@gﬂin’JLiEJ‘ULﬁu@ﬁﬂ LLa’JagV]QuaaﬂiJ’]IUV]ﬁmiﬂﬂuslﬂll

ssiiwindesdnvedvalufianis V; deguil 69 saagisludeainusa Vg wazasiinnig

Wavuiiansvesvedlnaluanduvosnunannagnitluianiswes V, wWeihundesizinsslufieniswes

[

vawmeslunwanduuin wwzduiduvedvalagldaunavemssislugui 70 agldauniseeil

R, = m(AV)
| | Ry =m(=V, = V) = —m(V, + V;)
wazllannsanidisn wazlingi 3 vesdiaduazle
Rt = —Rx = m(VZ + Vl) €q. 106

o9 R, Wuusailosanlumusuveweslvainsgyiniusa
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= = o v a = Y
E‘U‘Vl 70 LLE‘WNLLN‘VIﬂi%‘V]’]ﬂUN?UiNW@iF"I’JUQN NS AP

NAUNTVONTY
W=F-s
awla
Wg=F V=R,V
WB = mVB (VZ + Vl) ]/S eqg. 107
dloldf 1 msnaoaifievhliaumseglusudendonienna azld
Wp = VB(VZ + Vl) ]/kg eq. 108

a

aa | Yo Y] 1 [ a & o o e Yo ei
AFEUNARITNEINAUIDYUUTE ﬁ]gLUUﬂ’W’iWﬁ]’ﬁmWLLUUﬂ’NQJLﬁ'JaMWVlﬁ“U\‘Iﬁlgﬁ'uﬂiﬂLLﬁﬂQ‘lﬂﬂQEUV} 71

Vi — Vg

]

?Vz _VB

@

JUT 71 wanspnusivesvesivalieAnduinsiu Vg
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wazvndauuAgiuindineniluiussduaniuazlaaunis

Vi =Vp)+(-V,=V5) =0
Vl - VZ - ZVB = 0
VZ - Vl - ZVB - 0 eq. 109
11auns 109 wnuluaunis 108 agle

wg =Vp(V; —2Vg + V1) J/kg

NAUNITVDIUTEANTAN
__ Required output _ wp
Ne = Desired in T
put V1
_ 2Vg(V,—2Vg)
nB - 1..2
21
VB VB
B 7 ( 7

o ¥ V = 1%
AU V—B A9 Blade speed ratio (BSR) axle

1
ng = 4BSR(1 — BSR)
ng = 4BSR — 4BSR?
\WloUsgavsnmgaannilaie = 1 agldaunis
1 = 4BSR — 4BSR?
4BSR? —4BSR+1=0
(2BSR—-1)(2BSR—-1) =0
| o BSR@T,le == 0.5
Arundssuatieudunsinsizsinisinaniu Turbine blade 9819478 nRaTsUAT AR

Turbine blade NldnvMzAMEUDITRTTANYULAIFUN 72
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JUTI 72 wansnpmesnusiveswedlvailnaru Turbine blade

WoNsu It udeItuiuaNN1S 106 Az le

R, = m(V,ycos8 + Vjcosa) eq.
wazlunsaififfdanmmssinaudilunieniiu Turbine blade 9:l6i

R; = m(Vygcosy + Vigcosp) eq.
AzlPaun13v09iae Ao

Wy = mVg(V,cos8 + V,cosa) eq.
ey

Wy = mVz(Vopcosy + VircosB) eq.
Slold i msnaeaileviliaunseelugudevionioing azld

wg = Vg(V,co0s8 + Vicosa) eq.
ey

wg = Vg (Vogcosy + Vigcosf) eq.
TneUnd Turbine blade zdimuidenmuiily Vyp < Vg wardidaudsiiieadesie
Blade velocity coefficient; kB = ;i—z eq.

111

112

113

114

115

116

117

n13AnUIEANS A1N9 Turbine blade Tunsaivi Blade auuns B =y uwazlifausadoaniu

Vor = Vig
ohl

97



V,cosd + Vi cosa = 2V zcosf
way

Vigrcosp = Vicosa — Vg
~wg = Vg(2(Vycosa — Vg))
__ 4Vg(Vycosa—Vg)
N = V.2
4y, ! 4 V)
ng = *B (cosa — —B) -2 fo Blade speed ratio (BSR)
V1 Vl V1

a U . . . U ¥ a U v s A [ V ¥ %
N \38n31 Diagram efficiency waga11130M1A1AIEALAINNTAANAANOUNUS B UAY V—B IlelR%

1
wiriuaug agle

d 8V,
max.ng = (Zg) = 4cosa ——=2 =0
a2 41
Vi
1 a1 & 1 a VB cosa a < FYA
awlein g wilengegaiseiler - = —— ausadlswduaunsle e
1
4cosa cosa
max.ng = — (cosa — . )
max.ng = cos’a eq. 118

usslunuiunuwan (The Axial Thrust)
903U 72 iWemusadndlunuauny y lnefvualiiiienissaaduuin sgldaunisveausslu
LUIUNUNAT AD
R, =m(V,sind — V; sina) eq. 119
oy

R, = m(V,g siny — Vg sinf) eq. 120

A o s va ¢ & | w Ao ) PN
LJJEJL!’]L'JﬂLﬁ@ill']'lqﬂiﬂﬂiﬂlli']usﬂaﬂL'JﬂLG]EJiL‘Uu VB LV]']ﬂU"\]%iJ@ﬂ‘UﬂJSGUENL'JﬂLﬁ@i@ﬂLLﬁ@ﬂiuzﬂ‘W 73
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_ Vycosd+Vicosa

V,siny — V; sinf

U7 73 wanen13310 Velocity diagram tngliifigiuvesiawmesdu Vg wirdu

fa9819 6-1

Steam enters the blade passage of one stage of steam turbine with a velocity of 550 m/s an at
an angle (a) of 20°. The steam leaves the blade (as seen by the moving observer) at an angle (y)
of 50°. There is no pressure change across the blade and there are no irreversibilities (which
means there is no change in magnitude of the relative velocity during the flow through the blade

passage). Determine the work per kg. of steam and the axial thrust. The blade speed is 250 m/s.

(8)

Fiﬂdl WBZ?

R,=?
Given: V; =550m/s

a = 20°

y = 50°

Vg =250m/s

Pi = Pe VB

Vir = Vag o v

SUN 74 LNUNINUTZNBUNIDYNN 6-1

1NAUNTT ¥

| wg = Vg (V, cos§ + V; cos @)
wsinam Vi iethlugnismen 1,
PNAMALUINMDTVEY Steam vt Weld Law of cosine agls
Vig? = Vi2 4+ V% — 2V, Vg cosa
Vir = /5502 + 2502 — 2(550 X 250)(cos 20°)

VlR == 32647m/5 = VZR
NUUAINSUNNAUMRLUINADS Steam V1990 Iagld Law of cosine agla
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VZZ = VZRZ + VBZ - ZVZRVB Cosy

V, = /326.472% + 2502 — 2(326.47 x 250)(cos 50°)
V, = 253.29m/s
A1 & INAUNABULINGBS Steam V188N LA
V,coséd + Vg =V,gpcosy
253.29 cos§ + 250 = 326.47 cos 50°

—40.15
Ccoso =

253.29
0 =99.12°

o luknueiagls

wg = 250(253.29 c0s99.12° + 550 cos 20°)
wg = 119.17 k] /kg

1A

R, = m(V,siné — V; sina)
azla
Ba — (253.295in99.12° — 550 5in 20°)

m R N
-2 =61.85 —
m kg/s
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