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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, performance analysis and optimization of a trigeneration system based on different
Received 09 December 2017 thermodynamic criteria such as energy and exergy efficiency, power and dimensionless power have

Accepted 08 January 2018

Available Online 23 January 2018 been investigated. The trigeneration system consists of three subsystems which including the solar

subsystem, Kalina subsystem and lithium bromide-water absorption chiller subsystem. The proposed

p ; system uses solar energy generates power, cooling and domestic water heating. Power is introduced as a

eywords: . N L A X " X R’

Exergy analysis tool for understanding thermodynamic concepts of limited time. Dimensionless power is defined as the

Kalina cycle ratio of power to the product of total thermal conductivity and minimum temperature of the system.

Finite-Time Thermodynamics Dimensionless power can be used as a tool to understand the concepts of finite time thermodynamics.
The exergy analysis has shown that the most exergy destruction is related to boiler. As a result, energy
and exergy efficiencies, capital cost rates and dimensionless power are 17.37%, 18.82% and 9.63
dollars per hour, 0.01781 respectively. Sensitivity analysis has shown that increasing parameters such as
ambient temperature, solar radiation, the dimensionless mass flow rate of the Kalina cycle, collector
inlet temperature and pressure ratio of the Kalina cycle increase energy and exergy efficiencies. Also
increasing pressure ratio the of Kalina Cycle, reducing the dimensionless mass flow rate of the Kalina
cycle, the ambient temperature and collector inlet temperature has led to increased dimensional power.
In addition, the optimization criteria such as energy efficiency, exergy efficiency, power and
dimensional power have been compared. The results showed that power and dimensional power are the
best thermodynamic optimization criteria.

Please cite this article using: s lod o3l 113 ©y)le 5 e cpl & glonf ghy
A. Ghasemkhani, S. Farahat, M. M. Naserian, Performance analysis and optimization Tri-Generation system using Finite-Time Thermodynamics concepts, Modares 'Meehanieal
Engineering, Vol. 18, No. 02, pp. 61-72, 2018 (in Persian)


http://mjmec.ir/
www.SID.ir

Ubad 9 (S eunld juel

3930 Ylo) Saoliadg0 55 eatdlie I 0 Slakwl b Ad D duw eiauws () Lwdisg 9 3 pSac Julxs

Fod S 355 sl pdvna Slehl pres wao e LS T @l o
B¢ ol axgi B oo T goladl byl i o

O3 S plal LTCHP) &)l 5 pl5 adgi (sl 039!
Ales,S oy Cawd duoys 60 51 s oo5b a4 e oy S 9 5K
5 D)8 ady b sy sanwg 5 25 4 [B] uliSen 5 st
A ol g 1y oKty 650 slajls sl bt ylen siabe S
s 0 pdgiea gl 5SS eslial 5 nsSile Wl o S,
5 2 Joloe (5855 a0 50 5l G g Sl Sl g Bl e b (oS S
SBLal Gl jlxs a4y az i b csiols slpriny 1) Sslate slo >l )b (golazdl
5 Br sbanmp (b G5 5 B Cl Ced Gl wg, wile
@lie oo 3l ool adpanass wlis 51 G oyt sln sl slacalox
Tk 5 L Ko esdle LT gl ok o win S bl 1) ate 50
Mg sl il oo b 5o 00y eolinl T o ST e0gicenyj jlusys ||
oolaiwl ([ SaS Cogw S glsis 4 edgicun) 5 5l Oyl 9 G
ol 00y JuSCis Q)L..J o B Geye 3 290 f‘lJo Xlos )5

S ol 3B 00 SIS 2 (il 6551 o
» el sk @ il Sile @5l epd aels sundye s
Jad o) cwl Gyiws jo Plas Jlade 4 gandyes b &5 K
sloania 2als Gy Syl 658l 0 5l ssliiul Ygene olins;
S e e e L  Caae SLE R
6] 223 o Gial38l 1) piaw 0850 B (9,5 5 (69,9 4O (&S aSS]

0,5 ol asle Slaal adsl 6550 a5l soliiul b i 15
S8 a808T 0§ s 5l LT ailes S adg o] O g 59,00
s (B (65,31 51 oolaiul b aS wiles S ob olapis wilaid,
oyp 4 (8] uilSen g i yme (7] aiS o adg 1) Gam SO 5l i
Sl b ol Baa b bopw 5 Ol (G plajer agTL s S
Fr oo 3BT imen ailaisls o)l ed e 50l slalaisL
Sl o (G bume Sl 3l psx 5ET s A 0 (Slite
28,5 b)) g Blod aleyucinS il #2505 0, Sles 450wl (golazil
odgr olSs s (65,35 - S jlas g luaings 4 (9] e 5 o]
sl oy 4 5 05515 338 5 5 Il 5O lojan s b banyd
@l saax Bas &b Giegh ol o byl ailasls, L3 Lad o
sloyell peizen g SSgm anje (Sllee ania o Jold a5 ailes S
08,5 4 sl el oo T 0dgs anie sile Cansjlae 4 Lo o
il A b Ll ool oo eolanwl LGy o,ssl 5l Bas &b
3 g WS duloe |y i (b layiell adungs wlgi slaolSy
Olyen g (gaerl losls Sgups oy 98 i 4 ) Baa Al cules
L olg g oimbeS il ody b adasan oy ptew o [7]
st a5 e 55,551 5 8551 el 4 o] s, (sl s
5 o5l 5 i ez Ko Sy S S G s S Sy ol
L ddonsiz 0y pieew o [10] G5 wlassls,y Asls Sp 50T

2 Combined heat and power

% Natural gas boilers

* Hot water biomass boilers

5 A steam backpressure turbine

02 opless 18 095 1397 i)l (e SHlle (S

doddo -1
0,8 e Sl axwg Sl S plgis 4 plgiee | ll axess
5 S ylae 5 Cglhael b pae a4 byt 1) 65,50 mlie 5l osliul
ool Sl drwg atls (golul obsl S e el s slajls
U.JT) dw line cage ol drwg 5 G jlase (65 e bLS)
5 o Ly ol sl nlaln ool @Yl gslate St S
L gelsz sods Olgs yiian 059yl 05 il arwg 5 Conjlame
Sy 3| S g0 el x5 S J) aiile ed slaige
3 eolanwl Ll tace (K1) 5 Sb 65,50 SO pduasass syl Koo
5 65 Ol dsdies Cemplame (Sl 4 e (hd lac g
1 g Syl Gl Sl Ghe Sl (ed Sl se (Sl
O a5 ol was wlw cel o Sogll ol ams el
aQ Ja;‘l,...; U”‘ aolol 9 "‘9“‘6“ 043 Qb?}a ij‘ u‘).u.u 9 OeR)
Mg G 95 sl S B 8 Gl ln |y e
S0l M oan] o oS o8 e slid lez je ST g8 S
plo g ol Codle Caxdg a5 iy Ml (g A G et
&5 oz slacss il gl L] s3lail s s a0 1) os) Slogge
Ll sl Jogomeioant o Gl oYL Joily o & aed o>
Ol 35k Vb anjarded 5l (M gundyn GBI )l 0 e
ol yotr ag 55 1, YU ' 5l BT 5 (5,98 DT (gands o5 Lials B o
G593 G (Sosgll crge Dlssol i cnl ol 5 o)l

w5 e b 2011 6 1971 Jls 511, (65, Sl slols 1 U
AW )‘LéT 2002 Jl 5l Glan 65,0 Glolss jals cpummen g cowl azdly
St ad, Sl piaass slayyl bl bl bWl
oo slaojsn nl pogde (1] codl ez 5o pigaas Glagssyl
A 0l asile oloyeiS aols slaadly o piasass lags sl o e
Gl,eiS i 5l i dzgi caimolis a5 ojls 0ezg UK g e
[2] el pisssass slogsspl 4 asd iy

b 50 0yl olyen a4 50 1) Il oslaudl ol deng K0 (ggm
oty el 555 Sl 6550 @il g Canio wolazil o bL3 ) ol
a 4] ol Sen 5 Susl ool sl 655wl aiejls Sl sl
WS oy pdidaes sla) sl laptus §30 Julov g 4520
ale> pdhasass glags sl b bl o lez (goladl al, wo s wlil 4

mCoal ~Oil mGas NNuclear  Renewable energy

4500
4000

2 3500 4

£ 3000

= 2500 -

<

S 2000 A

£ 1500 -

3

> 1000

ill

2 500

T oo N ]

1971 2002 2008 2011
Fig. 1 World primary energy demand

[3] 65,1 Sl slolis 1 Jsi

* Optical losses and thermal losses

62


www.SID.ir

Ubad 9 (S eunld juel

3930 Ylo) Saoliadg0 55 eatdlie I 0 Slakwl b Ad D duw eiauws () Lwdisg 9 3 pSac Julxs

5 el 08,5 j90 Bly S SOl pienn oS Slaogase sden
P90 3l g dguze ol waaze o) Cudgaze daw LS ol
9 =l @ Gl el Dyge cnl el ead sl Sealinoge s
281555 575 s 5> ol (g SR bl 5 ol o
Zabls

Sloslital banje (13,5 a5 s Iy RIPI L g o
Oley Sealusgays )3 Jse slopsite Giludinge 5 pdyaa slagss )l
i ol Bl S el 4nilIE Il anwgs ol 45 pad wgame
e So Jelod 50 dgaome pley Seslisge s pealie (giluesly
Jelos elal r (3lwonly ol Ol 5 (ale S e iale p a5 b adanans
oloy Sealipogay mealin (olol 2 Ll (0,5 S50 5 Jige (sla yeicio
Jlesl cosss Gy 5yl ol Cod 5 a0 (02 (o0 dile dguse
Solnage i Bas wilgs bl o (silwaigs cply odle 5 Cunl oo
b sgaze ploy Seslusge i Bas b 5 63,551 (5550 033k aile DS
S Ol el 5 Gy gy nl sl ol o plnil a0 Ol
5 &5 Jel asile Sl Salipoge s sladelos b o] anslis g
Sl & LS S 5l oslionl (tghy cnl 5500 slagsysly ool 65,551
Sl Sl iz 5 Cenl alls O ol Jlows b (S0, S
S 007 @ ety G e les wile preal slojenie
033k S LIS JSos L3S s 5,585 (50555 sloo (LS JSos
el oad plomil 5 (653,551 5 6551

(s 093 2
ol 00 LSS i) dus ) axllland jse el 2 JSS Gully
Aoy @ 1) gaebyss G55 &S Gandyet e (sl e
el )l 5 FUSnT Sl i e il s s cshges slygasls
GalS Bt 4yl J s 4 o ke syl lie 4 Wigd oo
E51 ot 3 52 88 2 86 Jsivoys Syl JUBL Jlo b
S onS gt Sl i sl sl ool Sl J Jls
] 00 oolaz!

opd Gie b GRS gardygE (Ul a5 el o
ez S g s 2 0 (5 B Iy s p3Y 21> (>
el St y53 S 3111)1093 0l a8 el O - a2
S e

4 S 207l S 4 D)l JE Jlade o5 ) 4 azg L
IS 50 loy Caogaze 1 lgi oo ol b w5l oy LIS JSGow
LS S g sy 0,5 Jlaidpo Ologagn met) (22 Sl
CLE oS Canl 53 4 p3Y el S Slgel biglive o1 Jole Jlws a5
Lyl olol y anllland yon s ol 00 o8 200% - Sligal
bl 1 Jgaz sl 428,555 b3, 050 oy o lspgs]
2 A0 A s Sled e oo LS | aalllas 3590w (53959
i opl 50 Slis 3 ple el oo cpeans [20,19,11,7] golye ulusl
2 dgame Ol Jh Ll e e gt 285 5 o Jels
el 05 0 Ji s (5,5 58 Sl s 5 sln e

4 Optical losses
® Therminol 66

63

9 025 Lol .l ool 5 w2 0590 | g g Giulayw «D)l> g
5 ] aliioes Sy 0 (65,551 oS s ools Lt Seslipogey Jubw
o 5 )b s b s 2B B sk Ol 8Lk L ks
RWLY FPERESWAPCTRININ 9 b &1 X OV RPN ER ORI PR
losls S8 gy y50 1y B g Gale)S Gialeyw (Senliunge s Slaal
B0 G S S G Gy e S Jeld ddasan ag gt
Iy oloje® 9 Aapdus i 45ed)o ol 0 31 ST i L S
ol s Slo BTy (falS g 035k (IR sln )l plgreas
4 O SUisel bybs 5l a5 conl Sealiyogeys JSems LS S
2 ehShisel byl nee (Fhy S oolinal ble Jlow Jlsie
Jole Jlow 3ldasl (0T b anslio 0 a5 ol oo Gbles Loo- JLST Jloges
o [13] s 5 Ul [12] el iy 5yl aie b o - Sligel
U 005 45 W) ol Loy ] slazslo y LS S (65,357 anlllas
oud (gilwainty e, S Sl it 3250 10 ond (sluaige LIS
) soed s il e b LIS IS 3 [14] 1S 5 Sy o
S5 s 55k S liredl glateds Lol siols 13 puyp 990
s 45T W30 SIELST ioran 5 Ws )T olaiul Syl 03 d i
S b ) Ik s Ll 0nt 05 65 053

Sl bS5l b S (S e So 5l Wl oo (20> Sl
Loy S8 (sl gl 9 (eSSl ooty IS aiile 1500 sla S
Ol = Sligalo 1 S5 il S [15] il Kan g Ty .S ooliul
9 Sesbudge i (osp @ (nl poodle S ile o |; pisbesSiL
s 5 a0~ dsS E¥olee Lolol i anl B oy
5 ooliial Bk 5l ez 0 Slae s il slacs piglicasS 36
[16] (il Ko 5 (o255 caml 00 ploxil gogos (gp9mg Sole dolae S,
5 S —ete) Sy St S| OIS a Toladl - 65,551 el 4
&5 s 2 ) e Slles loially Sl rizen 5 wlaizby O
P Wl @l WS sy w5 )Tl 5 ool anje
OO O b ol g deep = e 5 et 3ol 5 (b Sl
obandl Jlai abii 51 Ol 5 e = et 0] 59 (3o kr calse 5 Ll
REOU V-9

ooy Sealizage s el ol o5 (59, 2 [17] BsSuslb liios
Sl S5 (Senlnges Jlow 4 ASladon )5 ol Zawl 039) dg95me
ol a3,y (Sl @55l 4 ol bas g laee G 1 a6
2 RSy S5 S b)) & (18] il Ken 5 S euls
Olg Ll ailaisls y sgamme (o) Saliyoge i 5o akeden ls5 jlene (ol
S g @lod S Jold amo lopiie elul 1) 085l g ame
Shladls sgame (loy Sealusge s WioS anle ()l el
2 Py slasgazme 5 bad Jlosl jolie 4 a5 cul Salusge
el ond iy i Scalinoga s pgs 98 g o3l oy atle i
Saliusgey atdbanwss JSO sgame ploj Sslusgey Sod s
HBly slcgsgaze Jlasl sgaome yloy Salizge 5 Bu ] SIS
@ 9sbe 655 Sl dsee 4 e Sl g5 Gl el s
Oy Sasliodge i sarmg b owd Sllas Sl g (695 Julow &5 559k
Jlesl (g gume loy Snlsge i g oo Su35 K0Ss 4 dgaoe

! Kalina
2 Colburn-Drew equations
3 Exergoeconomic

02 opless 18 095 1397 sl (t)u)vé.h '_Y.ulSa FPdis


www.SID.ir

Ubad 9 (S eunld juel

3930 Ylo) Saoliadg0 55 eatdlie I 0 Slakwl b Ad D duw eiauws () Lwdisg 9 3 pSac Julxs

10 chiller

3
3 10

Parabolic
solar collector —
' : T 18 l/—’l 19
_..(2—. i i) Storage
Heat 11 tank 1 L\,
Absorber e mgCr < ' —
) Boiler -
Solar cycle 16 15 Kalina cycle
Absorption

Generator

5
9 s 1 4
Evaperator C
T
22 23

25 24

Fig. 2 Schematic of tri- generation system studied

S = Iptpa )
P ome Gl oo T e sapdyes by (2) ol )0
ol (@3 Gl g o @ (Sl il o
Psdse Ol B) alolae & )50 & Il o
A, =TD,L ®)
el SIS Jsb L g W3l 5 ki Dy «(3) alsles o
sl 5y Apline (4) ala], Lasgs ailos Corlus

A, = (w—D)L @)
Jsb Ly 03l ity ()5 S8 D 0nipeS (oo WA Wolas )
1wl 00l uu).vu 2 u)}od.vu)b} C»SL')L‘ g0
ThHTF Cp) A.,.UL F’
Fp=(—E2) 1 — exp [ L 5
R ( AU, [ eXp( e, " 4

o ﬁlHTF s(.))l)} JLLJI JLa.m Lf"‘)‘)” wﬁ).la Cp 4(5) aolro )
colus Ay IS Syl Jil coys Uy oyl Jusl gl sop>
[22] el 5> Hlesily copo F! g bl
] 00 iy 5 5 O yg0 a0 Bl leasly co po
1
U,
&)
T D, D0
(I Hie D; + 2k In Di)
8 Dp gl U5l slrals &yl Jlisl ooy He «(6) olas 4o
126-23]

F' = ®)

&> opBd (350 -2-3
e (Gl ys Gl (gl )5 Sl (giluosky ML Sl (S
3 o A 035 S sl s ol sty M
Gysr 5l Slapten 53 (G 0SS (il eslinal 5, Jsb
Ll (55902
el ool 42895 (2) abal) D90 403 ey (5550 VL
Qs = Qu — Qroading — %
ods ool &yl @y 3P 0 o S Oyl Qs (7)) dolee yo
el piPee ST D)l Q1 5 65135,k &)1 Quoading <0
109 o0 domlie (B) Aolrs (wlul 35 ;0 0uls 0,55 (65

drT.
Qs = Mcpd_ts ®

Ll (350 slod Ty «(8) dlolro yo

02 opless 18 095 1397 i)l (e SHlle (S

14 21
condenser
20 7

asdllass jge adaBAw gl Silads 2 JSb

4808 dus s (§99,9 Dledbl 1 Jgus
Table 1 Input date tri-generation system

b Goste HslS
LS-3 255 s
66-Jsire s <)l Juest Jhes
o) i Sjas oYed
15 (0 i Sz ,5lnlsl sles
894 (°0) o= bz 5155 sleo
9.32 (°C) 2o Lz o3> sl
399 (°C) 2>l jsailass sles

LS JSes

ol — Sligal Jele Jls
20 (%) o - Slgal cdile
90 (%) LS S 058 Sig 55T 0030
85 (%) LS’ S omy Sgg 55T 0230

i S50 30571 9 8351 Julow -3

S0 &0 @ (5351 el ond JS25 (65,55 5 (5551 ggome 5l (555
e 650 Hlaie b ooy Sl o )5 aniin lal (65,57
Slaptans Jlow Ll 165,551 5 551 Jelod apboe iy
5 65 Gl al p (Seeludge i Slapu laml o ol (Soaliysge 5
wloads obj)l Sealsge s pgs g Jsl 038 b w4 (63,551 Vb
[21]

B Sgotew Heisdls -1-3
sgb & e S pete g Vb Lo (slayeiSIS e o (o (Ggae (slay SIS
G 60 o (plos oogums Jald (ad (sgotem slo)gisIS sla s SIS
aolrs .ol gladg) L3l 985 610 55 i s g o5 il a5 400

122] el onss arig (L) alal, & g0 4 L,e3SIS dgbe Ol daseis

Ar
Qu = Fhla [s =55 U1y = T)| @
a

ohaly sandyer b .l [eSIST (63555 sled Tr (1) alolee 4o

bl 2 a5 ole 21 555 Jobo 53 piten 3 Shos dagte (26 o

G S e JE sin dpse Tl Jhel b olas e e
2pd g0 dlne (2) alal) Lawsgs )oiSIS 0 (2855 5905555

1 Spring equinox

64


www.SID.ir

Ued 9 S amls juel

39370 glo) Saolis 390 53 palie I o liusl by A3 &ws @immwn & bwding 9 3 Slac Julxs

@2) ddolas by (23> Shzr 5> e 50 65,5515 655 oL
D so i (23)

iy (hy — hs) = My (h; — hy) @2)

Exgnex = 14 (Exy — Exs)—my(Ex; — Ex,) (23)

@92l Hgmilass -7-3
Dedse uend Q4) alal) & j50 @y i Sz jeudlaS 0 02 sl
m, = g 24)
o drulns (25) abaly © 50 & (23 Shz HeedlaS o 655l sl

e

tghg + Qcon = M7k, @5
et (26) abal) Djg0 4 pde L jeudlasS jo (65,81 VL
30,5 oo
. R Ty
Exqcon = 17 (Ex; — Exg) — (1 -7 ) Qcon (26)
con

@ bz )9l nlgl -8-3
29 50 dplime 27) ablal) & j90 a4 23 Lz H5ilnlsl o 0y sl

The = Tty @7

Ot @8) dolae ulol i Sl eilalyl o 5l sla
D9l g0

titghg + Qeva = Myghig @8)

arlre @9) alal; ©jgo 4 (i Lz skl 0 65,551 VL
5

Exgeva = Myo(Exe — Exyo) + (1 - Ti> Qcon @9)

con

9 e odl -9-3
B0 Wolee w50 @y (2 Shzr Q3 o e gl 5 Sdale VL

m1x1 = Th6x6 + mloxlo (30)
Til1 = Th6 + Tilm (31)

welise Sy B2) dobas &30 @ i Sler D3 50 65 sl
Mehe + Mighio = 1M1hy + Qaps 32)
dnlre (33) dole by @iz Jhx Sdlx 0 (65,81 LWL

g s
To

ThGEx6 + TthExlo = ThlExl + (1 -

) Qabs
A abs
+ Exd,abs (33)

&9 s oy -10-3
35) 9 34) Jﬁ%‘ﬁ) SHge L gs"-" )L-‘> ] 6-‘3,4.@ C)‘?J 5 Py u“JYL‘

99 g0 Aumlore
my = 1, 34)
W, = 1y (hy — hy) 35)
129] 55 oo drloe (36) dolae & 50 4 (5551 0 Shoe o b
cop,, = Zev2 @)
Qgen

65

dule Q) dolee Sjpo @ Jlw 5 o o o)l Jlasl c o
120,191 55 o
1 1
11,5
UA hA kA
el ol oo Koy mle Cwlses & (9) doles o

()

2550 drlns (10) aball) &0 4 (Ql) SNyl
Qz =UA(Ti — Ty) a0
Lo s Ty g 0,53 guie &5 Jlow (699,5 slooT; «(10) aoles 5o
[27,25] .

;3[5 USP;UT -3-3

5 3sde B Se SOl oy b 5l e awn ol Jlil Jlew

Syge 4 53 Vb S g0 0,5 60 °C slas U1, O S (Se S

el 00 aings (11) sles

deh = msc(h14 - h17) b mw(hls - h16) an
Sl ebyst S Bl JEBL S (g0 Tge (A1) Wskes o

121,201

LAl g ol yo2 IS (e (10> Jouo b sy -4-3

LS s oy sty s 51 1y S 5 Sl s 1 (G sy

S G ol e Gl ) pshaie allie nl o a8 e S

el LB g (095

Qboiler =UA(Ty3 — T14) a2)
o S mhwd s 5 Ol sl oyl U 12) dolre o

[28,20,19] = g

92 bz 598155 -5-3

DS Geys e I 03 Sk S5 Dl w i L el

20,5 oo dawlbxe (13) alayl) 51 5651 55 4 oo Jiie &)l >

Qgen = Mgc(hy7 — hyo) ()
G yo3 S &yl Wl Sl g0, (20 Mge «(13) dolss 5o

Wl Caws 0 (14) alasly 51 95155 50 (6550 (Vb Az jo

mhzhs + Qgen = myhy + Mzh; a4

Sgdse dmaline (19) alolas ©jg0 4y o5l 35 )0 a5 5,55
28,20,19]

Exqgen = Exz + Exgen — Exq — Ex; A5)

. TO ) .
EXgen =|1——|0Q 16)
gen ( Tgen gen

Ex3 =1z(hs — ho) — To(S3 — Sp) an

Ex4 = 1y (hy — ho) — To(Ss — So) 18)

Ex7 =1, (h; — ho) — To(S7 — So) a9

o bz (FHle Jowe —6-3
@) 5 @0) dolae &j90 4 23> Lz Gl o 0 e Gl

D9 0 dulino
mz = ﬁl3 (20)
Ti’l.4_ = ms (21)

02 oplesis 18 0951397 i)l ‘uu)v_u Ao i


www.SID.ir

Ubled 9 S @mld juol

39370 glo) Saolis 390 53 palie I o liusl by A3 &ws @immwn & bwding 9 3 Slac Julxs

QYo sy opl Kejm Sligss 0,5 anje Zy (45) doles yo

13556 CRF 3 g Slhilee colos olass N o5l 5 &l poons 55358
1301 ol oas iy x5 (46) abaly & 90 45 45 dolo s i3k

(x(@+D"
zW-5

Gl ddaddns piugw (639,9 Sledlbl 5 oalls ;53 DY olas 5l oolatul b
Pl Tdie 5100l (sl Gl 1331 05 alowy & (iluaned ol ous
b S5 Seaaliydga i ol oSS (gl @ e Sl (6l sl 0y
Jis sl it ) G dlily (glojuiite [l8) ) K00 Sls &
Ol el oas solauwl sgaze oy Swliusgey ple oSS Jglae
Sug Slopiie g oo (L)) dmie e & S ataly sl i
Colae slacuns 5 LI S 5 godyor SSom dme (20 Jols
BRIRT PRI TUON SR IWr- P SWounipg g\ JEy |-+ R~ SE T G S p g e
ool azd S Sl o (and e S sles (neS dme ols oo le
G S el gandyes e Lo oppyiaS bl s e
slos GlolS 5l (o386 s ribiesSil Gl 5 anes slos gt yo>
ol i3 2 Jao 5o 555 el qulis el (s S 0 Yl
Aoz oo Gy e S50 003 2 Jgoz @ ezl b el 0ad
08145 17.37% 5y a4 ciwloyw ,b 5 ryg oy Oly (i
o Jaxe Sesliyszes pgd o3l el Slgsls 2852 5 5467
it oy (o515 Ll sl g, Sl (oS ol (Siolizage 5 (slopion
oy 4 (D3l ke 351 L (63,581 s o el (65,51 podal]
9 sl oadicn 55 (65,5513 S 09d e plnil 0ads 55 65,551 1
ol oad ool ol 3 ISs o aS jebles e e plid ]y o IS
2 65,51 Dlgle 104 el Ly 4y bogs e o ;565 (55,55 oy
Jas LB IS a0 1) g0l y55 JSes )l a5 S5l e L b
olBl g Jawe ol jo YU sles Lol 3 il oo g B S e
@l b oadea 3 65,551 AT @ azmgi L osdioe sy (955
Sher 50 eddicu 50 (65,551 ead el Al o wenl canliie oy
S s cel ot G581 S bl Sk 3 s

Vb sles 0Lal,5 51 (36 aST3I8 00l o 55 (65,551 (i et 9>
Sy 4 aS ol 18.82% g JS (65,51 003k sl S ol po

S5 Jelos i 2 Jguer
Table 2 Energy analysis results
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Table 5 dimensionless power and thermal conductance calculation
results
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Fig. 4 The decrease of exergy principle in tri- generation system studied
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Table 6 shows the changes in temperature and enthalpy in the turbine
of the Kalina cycle

y h21 h22 T21 T22

F W/Cr Tin  (kJ/kg) (KIkg) (K) (K)
0.046 0.01895 1678.19 134525 513.82 3616
0.048 0.01889 1674.90 1343.09 513.76 3615

0051 001893 167137 1338.76 5137 3615
0.053 0.01886 1667.64 1336.31 5136 3615
0.055 001878 1663.72 133376 51357 3615
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Table 8 Optimization based on the different criterion
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