uni 8
= v < v @ o w
aswasuanssauluduanulaeinansnieg

(Conversion of Heat into Work by Power Cycles)

lussuumanuildnumll  (conventional power) wasululuanaszgnidas
v v 2 v . . & a
aannlagauaumsnlud wihfieean3asliau (work producing device) NaatUdeu
1% v v [ . '

anuSaunlaannmsien dlimdunssnuna (mechanical energy) a1y nuclear power
plant UIUNIT fission %30 fusion Ae¥NIHNWSIIUNN nucleus 2ovpzMoNUaREDBANNN LU
sUzasanudou  (heat) wazanudouvnduiiazgnudeululuglees work  Tums
ATILH  thermodynamics 89 heat engine fiaznamdelunil azanansoihlul#lans
conventional L@ neclear power plants

1y heat engine wazly steam power plant lovhv3e working fluid zlyaauasu

° 1 [ . 2] v & <)
293935 1hlgnszuiumsinins (cyclic process) Fusznaumeruaauzasmsnmeiule
UAZMINAUM ANNIDUILENENLIA working fluid MNEIUDUNIURIYID boundary BTy
coal fired plant Maflaannmswenludazuanaanainlaihlesria (boiler-tube wall) &
internal-combusion  engine  M3UABULUAWBINAIMNLATBITBIWAIRIU AU LUy
internal energy logasemealuiasasiionuu Matua3asliauwuuil Ao Otto engine WAL gas
turbine

Tuuniiazan@aenamsI@sIZHM thermal efficiencies 284 heat engine cycles

]
= L %

' Ao 4 =
LUUON ) mﬂu*ngaﬂ UM

8.1 Tsafnaalaih (The Steam Power Plant)

Aauauaziianson Carnot-engine cycle Fahnuuuudaundu (reversible) g
Usznauaia 2 isothermal steps @anNuAIY 2 adiabatic steps 1‘11%14 isothermal ﬁqmﬂgﬁ’c{jﬁ
T, heat |QH| ngﬂ@ﬂiﬂﬂ working fluid Y84 engine duly isothermal step ﬁqmw{]ﬁﬁ"w T
c heat |Q] azgnmAn@anaIN working fluid astunuingld W = |Qul-|Qc]  wax

efficiency 289 Carrnot engine k)

W T,
n= oo =1-C
Qul Ty

WU 1 winle T, tWnwaz T a0Un#lu heat engine M lua 1 azen

(Ha9NNKaYDN irreversibility wazluvhuaudennue n aziiaiia T, LWNLa: T, a0



31J‘7i 8.1 WHAINTEUIUMSUUUNE 9 2BINISIHBUUUAIAT (simple steady-state
flow process) 8N steam power plant ’Luﬂscﬁﬁlaﬁwzwamiu boiler uarlanaaan U
uEN8GI0g7 adiabatic trbine (NaHAN work lovieanan wrbine azsi1ulunFudadi
condenser WA¥a¥ANTNUUY adiabatic nAUTUT boiler WEINUAKAGTAY turbine azdiA
AN INEsURGaenslagda waz net power output NAUANNIDURIUIIN boiler

Q, aumsANN5auNUaaTINaIN condenser Q.

‘én
o Boiler 2
1
W, tpump)
. Condenser
Yo

gﬂﬁ 8.1 Simple steam power plant



mMstUdeuLUaas properties 284 fluid NI ULARZEIUYDIATENED DIAULTA
(Wuitemsly TS diagram 693U 8.2 Fiameazduigins (cycle)

gﬂﬁ 8.2 Carnot cycle on a TS diagram

ﬂﬁiﬁlugﬂﬁ 8.2 (Hunsdl ideal lae step 1 —> 2 \Wlu isothermal absorption &N

heat i Ty azevuIumsnaradulanenuaunsiiuazld saturated vapor steam 2101

step 2 —> 3 Wy reversible , adiabatic expansion Y&¥ staturated vapor 7 oTsat = T

A . . v v s A gy [% k4
auumsenawuuiiidy isentropic latduasedien S asiidsguuazazla wet vapor (lavh+

1
~

weai) step 3 —> 4 1{lu isothermal rejection 28 heat A T, azlatdunwruaulugun

8.2 {Whmunumsnaududliouysoivue step i 4 —> 1 Wumah iy sawrated-
liquid water TOgMIBALUY isentropic 39lALEUATIR

Thermal efficiency Tu cycle ‘ﬁﬁﬁawm Carnot engine é’qaum‘sﬁtﬁﬂuﬁwuu aly
HumnesguiieSsudisutu stam power plant 359 umMInugl 8.2 Tumalfia
wdullennnn  wumsiiveeseauvaidu  wbine awvhldiamsianiau  wazms
sanuuuiilituraamm+le anfuialdinmslilumaves cyce wuvauiafhunassu

SnsulSeudiaulu fossil-fuel-burning power plant (38077 Rankine cycle ﬁﬁgﬂﬁ 8.3



gﬂﬁ 8.3 The Rankine cycle

HNIN cycle NUAIAD step 1 —> 2 ¥ 1Y superheated vapor W step 3
— 4 s liiiamsnaumsgnanysal N8azidenupa step G 7 Ap

1 — 2:umsiienndeunianuauaaiily  boiler fAamslugdasitiulumaundy  isobar
(ANNAUMINT  ANNAU boiler) wU5eNBUMIE 3 sections Ad WANNIaWIN U

1
= CII =

& a . I & o Y o
\Wugaungfl saturation msnmedluleiigamgiivazanuauai wasmavhlidy

v
Y

superheated vapor logvilgamaiiganingamgiane

U

2 —> 31101 Reversible , adiabatic (isentropic) expansion waqlaﬁwﬁ turbine lUuanueu
289 condenser LAUMNALENY saturation curve ¥hlWlaiiveathdiananin (wet
exhaust)

3 —> aiflumanaud iy satrated liquid fienuduwasguvgiingitly condenser

4 —> 11y isentropic pumping ZawawwMITinaUGlURANNGUIEY boiler (duALTY
Wniaswszmssarhly T guaniias

Power plant 9349 zvhnuaelian Rankine cycle @39 work Ml@aaninuas
work fidaamslFasily ireversible u step 2 —> 3 waz 4 —> 1 dagul 8.4 Awiiuh

Aameaztuu lUNnE s tivaazu



gﬂﬁ 8.4 Simple practical power cycle.

Tudhil boiler AzvhuihNaemaNNSauNIBaNdINMaNl¥d (burning fuel)
1‘1JEj cycle WL condenser uthneameaNusauan cycle T surrounding o Liaileds
mMstUdeuuUa9a kinetic WA potential-energy duMS (7.9) uay (7.10) azaailu

Q = mAH (8.1)
wia Q = AH (8.2)
§3U turbine 48z pump MIMnlanaILaIluuni 7

raeil 8.1 lahilalu power plant fia1udu 8600 kPa uazamvgii 500 °C azku
TU# turbine WazaNINRANNGY 10 kPa 92137 condenser Aoy Fazndudadiu saturated
liquid Mntiuazgnialuf boiler
a) 1% thermal efficiency 2849 Rankine cycle ﬁammﬁwuuﬁ
b) ¥ thermal efficiency 284 cycle TUASEUIUNITAZION turbine AL pump
Uszandnw 75%
¢) M8a9 (rating) 89 power cycle Tuda (b) AU 80,000 kW LM ans1284
Iafwﬁlﬁ LAY heat transfer rates 14 boiler @ condenser

ac o . dz o d‘ <~ N 1 d' 35 4 IS L |
9N turbine Tuﬂsmuﬂwqwuﬂaawuszuaumamw 7.5 muuwamﬂﬂmuaunuﬂa

(AH) = -1274.2 kl/kg

Wy (isentropic) = —(AH)S = 1274.2 kl/kg



Y v | v ' v | ' Y ] A2 = o
LASAINAIDYNN 7.5 A H2 “ﬂlﬂf\]%:m']ﬂ‘u H3 h11/!(§I’JE)‘.EI’N‘L! Fdumsaengmuuy

isentropic

-~ Hj 2117.4 kJ/kg

Q (condenser)

Hy - Hy
Hy A8 enthalpy 284 saturated liquid 1 10 kPa (152t = 45.830C) %4a1n steam table
Hy = 191.8 kl/kg

.. Q (condenser) = 191.8-2117.4 = -1925.6 kJ/kg

To8LA39INEAULEAII heat ¥aBBNIN system

Pump Tudilasyhanuiigousiwiiaumaeed 7.10 Faazla
W, (isentropic)= -(AH)q = -8.7 kl/kg

GNUU Hy = Hy+ (AH)g = 191.8+8.7 = 200.5 kJ/kg
A enthalpy 284 superheated steam 1 8600 kPa waz 500°C @Aa

H, = 3391.6 kl/kg

N Eq (8.2)

Q(boiler) = Hg-Hy = 3391.6-200.5 = 3191.1 kl/kg

@1 net work 2849 Rankine cycle WVNNUNAUINYEN turbine work Ua pump work

W, (Rankine) = 1274.2-8.7 = 1265.5 kl/kg
WA UATH AN UNAN

W (Rankine)
=3191.1-1925.6

Q (boiler) + Q (condenser)
1265.5



AZUUA thermal efficiency 224 cycle ziu

W, (Rankine)  1265.5
Q (boiler) 3191.1

= 0.3966

b) " turbine H efficiency 0.75 t513¢ @AM BUNSHIINGIBENN 7.5 Ad
W(turbine) = -AH = 995.6 kJ/kg

Wae Hs = Hyg + AH = 3391.6 - 955.6 = 2436.0 kJ/kg
§95U condenser

Q (condenser) = Hy - Hg = 191.8 - 2436.0 = -2244.2 kJ/kg
PNTBENN 7.1 WU pump

W, (pump) = -AH = -11.6

G9UU Hy = Hy + AH = 191.8 + 11.6 = 203.4 kl/kg
Q (boiler) = Hg - H; = 3391.6 - 203.4 = 3188.2 kl/kg

_ Wi(net) 995.6-11.6

AL ~0.2961
Q(boiler) 3188.2
(c) 1o WL (net) = 80000 kW
V&S(net) = W (net)
2 W, (net
aviy s ("0 _ 80,000kl —84.75kg/s

W, (net) 984.0kdkg
0 Eq. (8.1)
& (boiler) = (84.75)(3188.2) = 270.2x103 kJ/s
uay & (condenser) = (84.75)(2244.2) = 190.2x103 KJ/s




dulugiudr power plants anelvnazdoulasan Rankine cycle lagtiy feed water
heaters 9UnUAaN condenser au U boiler Tasass 1hilazgninlidaunaulaalath
fioenan trbine Tasundazlisuuuunanssu (stages) Toeld  steam 290 turbine i
senaduurhiauvassouy  §1aeawas process i 4 feedwater heaters uaadlugl

8.5
P = 8,600 kPa
> Botler
P = 2900 kPa
1 P = 1,150 kPa
226°C
‘l { AAAAAAAL e
o AAA 1"‘ AAA 1”.C AAA
vy o\ ¥y ¥y
2397 186.05 141.30
Feedwater heaters

gﬂﬁ 8.5 Steam power plant with feedwater heating

1w v [ o v A . v v @ 1 A =
MMaaee 9 Wuwasniadei 8.2 steam 1 boiler NlaazasanuIne e 8.1 Aa 8600
kPa Waz 5000C ANNAUYBNLAINHBBNIN turbine AUNBUNUYNNAYU 10 kPa Rziy
saturated temperature ya9laihiaanin (exhaust steam) W = 45.839C RLUUN condenser
o q v & J a A S o v a - '
v lvnanaiduihngamvgiieanzensalilvhlviduastionially 450C d feed water
pump vhNUmiaUaEND 7.10 Faeeeaivhligamaiisiu 1 oC Wy 46 oC 7i
ANNAY 8600 kPa 1 boiler =& saturated temperature = 300.06°C Wueiazihly
Wsaneanuwuy asuuasszyan il lunsdillidanld 2260C §mSu feed water 9
AzLdn boiler UBNNNULUNTAUNEFNNABNT feedwater heaters AN Mg
Wy 226-46 = 180°C udiaz heater tNNMUYTIIINAUAD 108/4 = 45 OC
lothfisuluudas heater az@pslinnuauLiieawad saturated fifl temperature A4

' ~ | X o % o e
mnqumw{]u feedwater stream @80AN heater sl,‘uﬂiﬂ'!‘l‘!L‘fﬂL’ﬂfz]ﬂiz]iv_]ﬂl,L“IJ"Iﬂ,“lr‘iﬂ’:nﬂ\l(ﬂ‘ldl‘lflﬂ\l



sat fignannnhegutiasiigalszana 5C 189gmndl stream fiDNIINUADE heater 1

Aegamafiuansedmiumsteamenudauluudas heater axiienasutiasiiga 5 oC
condensate (fwﬁﬂé"uﬁa) Tuw@az heater A flashed WY throttle valve LUgA heater

dandiiienudusmnidausadlus uaz condensate 0 heater gANBAEL flashed L1l

condenser

k4
s 4 A

90UszaNAuRIMILNN heating feedwater luanwaziifiiaingumgiiwaezaiy

aauniinlianudouun boiler WMstyrniiasindszdnsmnees plant (I5enu

q u
=

NIDYUIUNT) FIEENN operate LLUU regenerative cycle

cmad1ah 8.2 1¥n thermal efficiency 284 power plant LLam“lugﬂﬁ 8.5 Iﬂﬂaz\n}la’h
turbine WwazUNH efficiencies = 0.75 D1AAFIANE (power rating) = 80,000 kW Tvm
8091810 (steam rate) M boiler WaLdAIMINYNANNIDY (heat—fransfer rate) 1u

boiler LL8% condenser

351 mMamuaaziNaIsan 1 kg 289 steam (2N turbine

turbine azgnuUNiu 5 sections (du) Fasillathundiugniaanueas section
was flow rate YN steam ﬁaanmasaﬂmmn section ‘Vif!!ﬂﬂ section ‘Vif!N mlag energy
balances.

ADUDUALABIMUIUY H 289 compressed feedwater streams MINFNMS (7.37)
AH=V(1-BT)AP (T 91)

270 steam table (V1) 578) saturated liquid water i 226°C az

psat = 2598.2kPa

H = 971.5 kl/kg

\% = 1201 cm3/kg
wosflgauvinfiti B = 1.582x1073 K~1

astuiaanueudsuan psat TUiflu 8600 kPa

(8600 — 2598.2)

AH = 1201 [1-(1.528x1073)(499.15)] 10’
= 1.5 kJ/kg
“H = H(sat. liquid) + AH = 971.5 + 1.5 = 973.0 kJ/kg
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a [

lurhuaudieniu @ enthalpy 289 feedwater figaunniiau 9 (fagu 8.5) asld

t(OC) 226 181 136 91 46

H(kJ/kg) d1%5U water
Ntuaz P = 8600 kPa 973.0 771.3 577.4 387.5 200.0

WA section LNV turbine WdT feedwater heater DULINAIFUN 8.6

Erthalpy: bJ kg '

Ve Entropr: ki g~ ' K

steam from boler
P = 3500 kPa
r = 300°C
H=336 —— L
§ = §68538
—
1~ ot kg
> Steam feed 10
-kg sechion N
¥ = 2,900 kPa
N =312
1 kg Squid - AN .- , :?"gc
waler 1 kg squd
P = 8 800 Py watns
r = 226C P = 8 600 kP
M-S0

= i condensste
Saturated Nousid
at 2900 Pa
" - 23197C
M - 9985

gﬂﬁ 8.6 section I 293 turbine tLae feedwater heater (L3N

@ enthalpy W82 entropy 2B4LBUILTILALB BN turbine 1210 steam table 115U

superheated steam

Wansvenaizaalainlu section T 289 turbine 114 isentropic TU# 2900 kPa g

(AH), -320.5 kJ/kg

. AH N (AH)g = (0.75)(-320.5) = -240.4 kl/kg

1eg Eq (7.26)
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W (D) = -AH = 240.4 KI.
ua enthalpy 289la1hfi@anan section v lalae
H - 3391.6 - 240.4 = 3151.2 kl/kg

energy balance 1 heater ¥ANaNMS3 (7.8) Taeluiileda kinetic Uae potential energy
wasuld wazazdiuhn &= W = 0 a:ld

A (MH)g = 0
Lf'la basis (YU 1 kg 98N steam whazle
m (999.5-3151.2) + (1) (978.0-771.3) = 0
~.m = 0.09374 kg oz (1-m) = 0.90626 kg
e 1-m duvsinadehiimuly section T 299 turbine
W30 Section II 2N turbine LA feedwater heater é’mam‘lugﬂﬁ 8.7 M3
AUIUYINZTULAEINY section T
9218 enthalpy 283le1haanan section 11
H = 2987.8 kJ/kg
iy TaeRansan 1 kg 283l0113N turbine
W (D= -(2987.8-3151.2)(0.90626) = 148.08 kJ
Energy balance 14 feedwater heater a1l@ (93U 8.7)
(0.0937+m)(789.9) - (0.09374)(999.5)-m (2987.8) + (1)(771.3-577.4)

= 0
0.07971 kg

=
I
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pm———

0.90628 g stesm Enthaipy: kJ kg~
froen secSan | Eﬂﬂ’v".J K-
H=31512 B

) —
0.50625 — =) kg
- Sicom feed 0
l'*kg section W
F = 1,760 vPs
| S H=-29818
1 kg watss <o AN St 1 kg water
H=T7713 H=-57T4

e (D087 4 =) <9

008374 by condensate
CONORNEAS Saturated bgusd
o 88 S at 1,180 kP2
™ = 188.08°C
N~T889%

gﬂﬁ 8.7 section IT 284 turbine WA feedwater heater 21 2

daum9 throttling 289lathnaumazlaivili enthalpy Wasuulas
WA section I, IV, waz V AEIMEULHINY aelanamsa

H(kKJ/kg) W(kJ) t(°0) o m(ke 283l01h
A90DNYDN section  EINIU section ‘Vd;‘VINE]E]n?IEN section ‘ﬁ extracted

Sec. 1 3151.2 240.40 363.65 superteated vapor 0.09374

Sec. II 2987.8 148.08 272.48 superheated vapor 0.07928

Sec. III 2827.4 132.65 183.84 superheated vapor 0.06993

Sec. IV 2651.3 133.32 96.00  Wet vapor (x = 0.9919) 0.06257
Sec. V 2435.9 149.59 45.83  Wet vapor (x = 0.9378)

XW, = 804.0kJ Xm =0.3055

Work ifasl#lu pump udaslua@iedi 7.10 = 11.6 kJ
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Aiud) 1 kg 289le1dn turbine 9:1W work 8an 804.0 kJ waz laazgnii
(extracted) AN turbine 1uUl#1u feedwater heaters 0.3055 kg RZUU net work SNV cycle
Fadu

Ws(net) = 804.0-11.6 = 792.4 k]
wazh heat NN boiler Ap
Q (boiler) = AH = 3391.6-973.0 = 2418.6kJ

.. thermal efficiency 9®N cycle k)

~ Wg(net) 7924
T Q(oiler) 24186

(WEUNUMBENN 8.1 71 =0.2961)
e W._(net) = 80000 kJ/s

- Ws(net) 80000
W (net) 7924

=100.96 kg/s

[l 1 . gj . =
11AD steam rate N2 turbine RSUY heat transfer rate 114 boiler %1(31’ Wu

O(boiler) =mAH=(100.96)(2418.6)=244.2x10° kJ/s
Lo heat transfer rate Iﬂéj cooling water 11 condenser @@
Q(condenser ) =Q(boiler) — Ws (net)
= 224.2x13 - 80.0x103 = 164.2x103 kJ/s
8.2 Gas-Turbine Power Plant

Gas turbine azgniulasngaupigeitionnmsuenlvd asgun 8.11 axmei

ihluasgnaaluinanudugsviars bar Aeuaztiomsuwnlvgd centrifugal compressor Az
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UUUUNUTYY (shaft) (GEIAUALLEN turbine REUUNUNAANN turbine UNEIWALH
Tumsau compressor WWae Gas turbine WTNNUBULAEINY steam power plant NIIUEN
gamaizasgiieonnmsenluifiasdn wibine Bega Ussinimweesmihefazinniiy

N WASNUADINYWINNSIN IRaaawEnazny  agalsAomuazidasnauad

!
a s

AUVAN HBINANNNUANNIDUYBILUNAUDY urbine RSUUADILAN excess air LNEN

q u
]

=~ ¥ o a s [ o
‘W?J‘VI‘\]S'L‘VINQENWQNGI'IWBﬂUﬂ’J'IN‘IJaBﬂﬂEI

Compressor
Combustion
L 1 ) A
D - £ '3 -—A
£ o |
[ =
'3 :: 3 I :
- )
gt TR o
\ l" / =;,
[ % 4 e
L ] ! |".
i £
? C ::
l_, l_.,
B -
Combustion
chamber —_4_“‘
"

7 8.11 Gas-turbine power plant

gas—turbine cycle ltUUQﬂNﬂa (lFametsnazi38nn Brayton cycle) uaadlu PV diagram
oa3UN 8.12

gﬂﬁ 8.12 Ideal cycle §msu gas turbine power plant
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susaaziugin AB Fufly adiabatic , reversible (isentropic) Vhl¥anuduifinan P,
(anuauussenme) LU py #11 conbustion LUNUAIEFNATANUTUAA BC Feaziiia
heat WNU Qg NN work AAaulAY turbine HB4NHAYDINTUENHTILUL
isentropic 2avanmeluifluanudu P, issnfigdauan wrbine FEUNDDNGUITENMA

AU P, = P, @1 thermal efficiency 284 cycle ¥

_ Ws(net) = W, + Wy

(8.8)
QBC QBC
4! 1 a I~ 1 .
FaeazUsunaaziduas 1 mole 299 air
3o lunanvesgunnd
T +T
n=1--=22-—-2 (8.9)
Tc _TB

(#8990 AB waz CD WuaunauULUL isentropic ANNFNWUSVEY T wae P azidlu (a0n
aunis (3.23))

(y-D1y
T P
B _|_B (8.10)
TA PA
e
(r-D/vy (r-D/vy
T_D = P_D = P_A (8.11)
Tc Pc PB

& = [ Y
azuu n adsulumanasenuaulalaiiy

(r-D/y
P
PB

0 compressor WA turbine YNNIUWUU adiabatic udly irreversible ol
USEANTMNW M, ez 1, M thermal efficiency 284 plant azfidanaaihannnnnsdii
(T ideal n3diiigamafiunsemaiidn compressor T, WozgamRfiin wrbine (szyifiu
@’hgﬂf;jﬂ To) WNNBUNY ideal cycle ANUU Lwiqmﬂgﬁwaqmmﬂlu compressor Ty g
NNQUNYNUUY isentropic T', UAZAMUANVBNDINMANAIVENLEILUY irreversible K1Y

turbine Tp, %gmiwqm%nﬁmiwmﬂ(?mmu isendtropic T'D
N5l work Naaldlu compressor R



-W(comp) = C(T3-T,)
#30813A%W1AN isentopic work AD

C,(Ty-T
—W(Comp) = M
Nc

FULdEt i work MARAIN turbine 92N

W(turb) = -Gy (TD_TC> = _CPTIL(T,D_TC)
LLee heat ﬁléfﬁnﬂ combustion @8

Q = CP(TC_TB)

22UY thermal efficiency 2849 power plant iy

N = W(comp)+W(turb)

Q
wia _ NMe (T /Ty A-1/0)~ (o —1)
| N, (eI Tp—D—(a—1)
B

(/v
P
o =2
(PAJ

(A)

(B)

©

(D)

(8.13)
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M0819N 8.4 Gas-turbine power plant ¥NIUMILDATIFIUANINAY P /P, whiu 6

qmw_]ﬁﬂaammmih compressor Y 25°C LLazqm%Qﬁgj\‘\qmﬁﬂaﬂé’ﬂaq turbine

7600C

a) Tom efficiency 2®N reversible ideal-gas cycle Tugouzililie Yy = 1.4

b) W efficiency 284 power plant 310 compressor Wag tubine ¥NNIULUU adiabatic

udt¥u irreversible Faunueae efficiency N, = 0.83 az 1 = 0.86

acst o

20M
(a) MpaNNT (8.12)

Il
—
|

N = 1-(1/6) (1.4-1)/1.4

0.6 = 0.40



_ (T /Ty)A-10) —(a—1)

(b) anndgums (8.13)
Ne(Te /Ty =D —(a-1)

T.  760+273.15

ila BT Al Y
Ta 25+273.15
(y-D1y
o = (i] — (6)(1.4—1)/1.4 = 1.67
PA
unueazle

~(0.86)(0.83)(3.47) ()1 -1/1.67 - (1.67 -1)
- (0.83)(3.47-1)—(1.6-1)
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foenetiuaas Wi wrbine war compressor awdiUszAnEMwgs  wdnazllan

thermal efficiency 09 409% DINTAULUY ideal cycle



