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ABSTRACT: In this work, the combined cycle of a helium reactor gas turbine with an organic Rankine
cycle is studied and compared from the perspective of conventional and advanced exergy analysis.
Using Equation solving engineering software, modeling of this cycle has been done and the results
of conventional energy and exergy analysis have been obtained. Then, to determine the appropriate
prioritization of cycle component improvement from the perspective of advanced exergy analysis has
been studied. In fact, advanced exergy analysis provides accurate information about the real potential for
system performance improvement by dividing the exergy destruction of each component into endogenous,
exogenous, avoidable, and unavoidable components. The results of advanced exergy analysis show that
by modifying and upgrading the components of the system, 19.1% of the total exergy destruction of the
system can be reduced. According to the advanced exergy analysis, the improvement priority belongs to
the compressor and then to the reactor and gas turbine. However, from the conventional exergy analysis,
the reactor’s exergy destruction is greater than that of the compressor and the priority is on the reactor.
In addition, based on the prioritization of advanced exergy analysis, it is possible to increase the cycle
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exergy efficiency from 75.21% to 82.51% and the cycle energy efficiency from 51% to 56.22%.

1- Introduction

Achieving energy has been one of the most significant
challenges for human societies from the past to the present.
The advanced exergy analysis method is one of the methods
that reduce exergy destruction and consequently increases
the system efficiency by identifying the leading causes of
inefficiency in the system components. This method was first
proposed by Tsatsaronis [1].

In recent years, many researchers have studied
thermodynamic systems from advanced exergy analysis. For
instance, Fallah et al. [2-3] carried out an advanced exergy
analysis on the SCO2/ORC system [2], and SCO2 cycle [3].
Mohammadi et al. [4, 5] performed an advanced exergy study
on the supercritical carbon dioxide recompression cycle
[4] and a combined cooling and power system with low-
temperature geothermal heat [5].

Zare et al. [6] proposed an exergoeconomic study of
the system in which The waste heat from the Gas Turbine-
Modular Helium Reactor (GT-MHR) is recovered by an
ammonia-water power/cooling cogeneration system. They [7]
also performed a comparative thermodynamic analysis and
optimization for waste heat recovery from the Gas Turbine-
Modular Helium Reactor (GT-MHR) employing the Organic
Rankine Cycle (ORC) and Kalina cycle.

To our knowledge, the gas turbine-modular helium reactor
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(GT-MHR) combined with ORC has not been evaluated
using advanced exergy analysis, and the findings compared
to conventional exergy analysis. As a result, the role of each
component in terms of exergy destruction, as well as the
impact of component interactions on one another, has yet to
be defined for this system. The current study fills in the gaps
in knowledge by revealing the true sources of irreversibilities
as well as the actual possibility of modifying the cycle.

2- Methodology

The mass, energy, and exergy balances, which are shown
below, are used to evaluate the system components as control
volumes:

>m o =ym, (1)
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The first and second law efficiencies are calculated as
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Fig. 1. The schematic diagram for the combined GT-MHR/ORC

below for this system:
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Endogenous/exogenous and  avoidable/unavoidable
portions of the exergy destruction in the kth component can
be separated:
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The rates of endogenous and exogenous exergy
degradation can also be divided into two categories: avoidable
and unavoidable. Similarly, the rates of exergy destruction
that are unavoidable and avoidable can be separated into
endogenous and exogenous parts:
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3- Results and Discussion

In the present work, first, the analysis of energy and exergy
of the desired cycle is performed. The results show that the
total output power and efficiency of the first and second laws
in real conditions are equal to 307.02 MW, 51%, and 75.21%,
respectively. Also, the effect of superheating the output fluid
of the Heat Recovery Steam Generator (HRSG) on the energy
and exergy efficiencies is also shown in Fig. 2. This diagram
shows that by superheating the output fluid from HRSG,
energy efficiency and exergy decrease from 51.17 to 50.55%
and 75.21 to 74.3%, respectively.

Furthermore, the conventional exergy analysis results
indicate that the first priority of improvement belongs to the
reactor, the compressor, the recuperator, the evaporator, the
pre-cooler, the gas turbine, the condenser, the Rankin turbine,
and the pump.

The effect of different components of the cycle on each
other is determined using advanced exergy analysis, which
divides exergy destruction into endogenous/exogenous
and avoidable/unavoidable parts. Against of improvement
priority determined by the conventional exergy analysis, the
advanced exergy investigation suggests other priorities such
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as the compressor, the reactor, the gas turbine, the recuperator,
the evaporator, the Rankin turbine, the pre-cooler, and the
condenser, respectively.

4- Conclusion

The results of comparing the performance of the cycle
in unavoidable and real conditions show that if the cycle
operates in unavoidable conditions, its exergy efficiency
is about 9.07% higher than in the real condition. Also,
based on the prioritization of advanced exergy analysis,
it is possible to increase the cycle exergy efficiency from
75.21% to 82.51% and the cycle energy efficiency from 51%
to 56.25%. Furthermore, Comparing the parts of avoidable
and unavoidable total exergy destruction, it can be seen that
only about 19.1% of the total cycle exergy destruction can be
reduced by improving the performance of cycle components
or replacing them with better-performing components.

The amount of avoidable exogenous exergy destruction in
reactors, pre-coolers, Rankin turbines, condensers, and pumps
is greater than the amount of avoidable endogenous exergy
destruction. Therefore, it can be concluded that improving
the performance of other components of the cycle is more
effective in reducing the inefficiency of these components
compared to improving the performance of these components
themselves.

References
[1] G. Tsatsaronis, Strengths and limitations of exergy
analysis, in: Thermodynamic optimization of complex

energy systems, Springer, 1999, pp. 93-100.

[2] M. Fallah, Z. Mohammadi, S.S. Mahmoudi, Advanced
exergy analysis of the combined S—-CO2/ORC system,
Energy, 241 (2022) 122870.

[3] M. Fallah, Z. Mohammadi, S.M. S Mahmoudi, Advanced
exergy and thermoeconomic analysis of the supercritical
carbon dioxide recompression cycle: A comparative
study, Amirkabir Journal of Mechanical Engineering,
53(5) (2021) 13-13.

[4] Z. Mohammadi, M. Fallah, S.S. Mahmoudi, Advanced
exergy analysis of recompression supercritical CO2
cycle, Energy, 178 (2019) 631-643.

[5]Z. Mohammadi, F. Musharavati, P. Ahmadi, S. Rahimi,
S. Khanmohammadi, Advanced exergy investigation
of a combined cooling and power system with low-
temperature geothermal heat as a prime mover for district
cooling applications, Sustainable Energy Technologies
and Assessments, 51 (2022) 101868.

[6] V. Zare, S. Mahmoudi, M. Yari, An exergoeconomic
investigation of waste heat recovery from the Gas
Turbine-Modular Helium Reactor (GT-MHR) employing
an ammonia—water power/cooling cycle, Energy, 61
(2013) 397-409.

[71V. Zare, S. Mahmoudi, A thermodynamic comparison
between organic Rankine and Kalina cycles for waste
heat recovery from the Gas Turbine-Modular Helium
Reactor, Energy, 79 (2015) 398-406.

HOW TO CITE THIS ARTICLE

54(7) (2022) 317-320.

DOI: 10.22060/me;j.2022.20637.7284

M. Fallah, Z. Mohammadi, S. M. S. Mahmoudi, Advanced Exergy Investigation of Combined
Cycle of Helium Reactor Gas Turbine with Organic Rankine Cycle, Amirkabir J. Mech Eng.,

319






75 ool SlSo (owigee g pui

VOVE 5 V0OY Slxis VF ) o &V 0yloud OF 0,93 ¢S ol CSlSlo pwio 4y pui
DOI: 10.22060/me;j.2022.20637.7284

$50551 Jalosi a8 51 I (STl JSew b
&l

Podd (5T, B (oo ye5 (oS 5 S (w2

T (835050 S Jadte duw ¢ puSSlen (gdedme [ypj M oMo s
Al oy byl Gae daps oSl (Sl wdige 018> -
Il et oy oSl (Sl i oSl -

Ol oy ey ol (SlSe  wiige 0uSiisly Y

18,5913 ey ,U

A RRIRA7AN TP
NEDARAREREI
VNV 2y
VN VIVD 1o T )

1605 Clols

A iy (65,551 Jeloos

559001595 53,55 6392
Ipholal @558 el
ribote

390 &b ey 5 J3lto (65381 el o503 31 I 0l IS b pedes y5iST, S8 ey (S 5 IS calllio o) o 20 M&
o gl 5 48,8 ploxl Sams 2] (5o e sodigee 3laa o 158y 3] 03Uil U il 48,5 1,5 duaglie 5 adllne
65235 Juloos o5 31 IS <l dgun cawlio (ghincoglgl paass ygkato 4y s Canol ool Cannd 4y Jolio (65,351 ¢ (655!
50 d5590 Glagion a2 1 (65551 O el b by (63,351 Jelod Bl 5 Canl 485 )5 aalllan )50 B iy
S5 S g 4 o gl Amd so &l s 3 Sdos (3Bl 3900 Jamiliy )90 53 (88> CleMbl e pdbiclind 5l
s S (65,551 (6390 31 00)2 YUY (simgy (nl 53 dalllas 390 it (il (Sl 5 ol L 45 amd 0o (i3 48 iy
gk Cagllsix 2 )3 13900 pliolinl iz (58,5 e 0 L ai ey (65,551 s 5 o (iopen Al e ol LB
5 e gl (65,351 o g 4525 5148 Cd Jlo 15l o0 (515 oy 5 55555 42 s 9 sm00S 4 P 4
o etz glgl by (] 2 09Me .l g3ST) L gt Caaglyl g 0392 yguw 0S| s y538Ty (gl 05 dsmslome (55,550

)15 3939 4 DFIVY 4 70V 5| S 6551 035l 9 4 AVION 4 ZVOIYY 5| S 65,551 035l Lal3al Kol by (55,551

i b &S Sl B9y adpiin (5551 Jlo &ly 50 29800 Ol
9 pholial digp gy (sl i5u 4 piass 5l e3> 0 (65,51 629
ladlo o [¥ 5 V] a5 o 8T 1) 08l oo ptlS” BB i (512!
S35 Jelos o5 1y (Senlodge i (slapiinss (53b5 (pudins i
e @ g o dlon ] 5 a8 [V-F] wlools 13 adllae 590 atd i
eS| (B9 S (0] delr 28T (g o (155 95 oSS
sitadlys 5 1zl [V] LS IS o [8] 8T ol ohsdsl b el
o1 03l (sl S | Sy 53 1y (5,551 csop 2alS B s
oS, S il gl auglio & [A] oS 5 03ljiiusy sk
s o gl sl atb ity 5 st (65,35 oo oSy 31 ]
o3l S & s 2V Jomsiliy O3 b I 05, S o8 s> 0
vzl (65,551 5355 )5 s pbbeniSy alS sl J oS,

2 ool 0 )5 Z¥0 5 LFY (s yeShe S 93 gy 1igyd

dodlo -
IS eyl 4 b aslS ol 4 abews gty 5 5yl
5 P SBUlS drwgi bl 03 gyl @l e il
o odlisl 51 b (Sogll Gl g lewd wlie 2l S0 (gow ]
@ obhb 5 gredige jiln dagi el ob)S sbedgw i ay)
P9y D9 Olg Mg solgy (g5l WM yials 5 (gilwdi
bl elgs oLl b oS conl ol o) 1 (S aid iy (65,551 Jobos
a5 40 g 65551 o9l LEalS o pian (sl3a )3 o], SL sl
og)lusles g 5l (sl sl gy ol D9 S 033k I3
Sl @1 @b jlade Jgliie (65,551 Jebos (bg) a8 Il [V ]
b b puien (5351 Sl o conl (Il g ) S (o0 aSilie |y it
O b @l pleld & gl i) e (S Oliee O
5 oMol Hohaio @ clinl Cunyd aucaglyl bl b g 4y (ol WU

355 il bom g i JS 3,Skes 39z 4y yovie o] Lo £l

mfallah@azaruniv.ac.ir :oble sosgs by ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

Voo



S b poale 5557, 55 payg8 oS5 S [10] e 5 )5

S ol g &ly > sals sl 1) Sbigel 9 ol L5 g oy Mg
Sligel g ol U 5l oly sl S8 oy S 51 (ST (sloyS
OB o 11y Sk ol (gl aise bl puioman ol 0ab o3zl
s cpl 4 g 0l el (eolaiBl =65, 51 9 Seeludge s po> 9 Jol
Jgame soly ain oolatdl sliw y (gjls dge plol b & W)
IS o)k aiyip g5 oS ol Jb 3 ol b e SialS /o 0fF
S5 S 2 poele oz 3 15 Mbor Gl 7Y b s
o] sl s pscl ,55T, 58 oy JSem ) 208 o] (ooloiiy
slo)S oozl gl 1, LIS 5 JI 0SSl S 93 [V2] 50 )
oL S 93 ol dumlie gl 530 )18 41 S8 g S 51 S0
A 053 =8 s oS 5 IS 65,51 5 651 o)k &5 a0
5 il dinte WV (2 5 9 ibie WIS =51 Lomygd S 1 5L
03851 b Vade (6 g S5 SSem eolal =5, 551 oo
380ee g (b 4 pbcwd jolate a1y I oSSl i JSw 5 poala
S yially adlllan 4y piomon Ll 30l plowl L edlpig S digy
By s 3,8 3 (538 5 oo (gl el )l oy (gl i
38las o 1y 8l op i podn HLid Cons 5 Led a5 Wy ol ag
pore S sl Jlow o il ) RVEYA 5, ol 51yl s
5 RIYFA awgio glos ol caslio |, RYY 5 RYOYE (b Lo
DAL oyl 5 6,55 155,8 Bymo Y bod pords ki |, RVOYA
S b p plaloyw 5 (eSOl Glojer My JSew adllas &
G g 53baiBl (5535 o551 o505 5l Y gdo 515y poaln 55T,
Uil o S pl 0 Bal cogw jl ealatwl sl e
sl slocd gl odlazal I 56 VL glaanze g la (SuY
app g Jpase sy e (63,551 sipleall  lalyd cpl 3 i
LD YN SNYIVO Ly ey & ae (SauYT 4 bgyye Ul
1551y i (153 Oy 9> cyomen 3L VA D/S 5 #IVA G/$
9 35k R )8y aidbie 65551 639l i SIS 5B g g
3 oo poale )51y S 51 (B (sleS 5l elizal V4] e
Coonl )Ll b o Azl aliasdmgo i Jhg) 4 0Jg)ke Mg 4
055871y S 5 (BT (slo)S Sy s lsie 4y (g g
Bre Oiarien Mi sl a5 cp cwlie | (1) 58 g poala

Aoy &y S slinl Mol Coglgl osal Cawd 4 guls wlul
haixe ol 0 03l LT 4,35 sl sS Sl g i ygudlaiS il ol
&> Sle 1 S bty (65,551 Jebos plsl & [A] o)
Ll 31 S 5551 i a2y S o515 5]
Osized 13,5 5 IS AAVIY g ZAEIEY (s 5 4y pisbobin] 5 bl
390 JSuw S (65,51 630 (ghuoyd 0+ LgalS a8 winly LS L]
bl JSeos (ST 35100 gl Lol 9 43k oo s Sl plasllns
9 0% Oned NS e phiolia] 4l5gy (65,551 o9 (b
byl 53351 Jelos o5 1) (g8l by IS [V -] oS
Cogdgl oYU ()l eiSal a8 wnly L oyl sy 1,8 adlllas 50
ALbb g g Maua 55135 g 9 y9uliST 1) g g sl 29
21y 586 e gl 5 55155 L daglie 53 jsuiiS o oo SIS
83 il 0333 e Sy [NV S 5 5 )l IS (65,551 53520
8 aallae 390 (o3latBl g byt (63,551 o0 1) e (3058 4]
0AiS Laugio b dguty Cuglel a5 dad o )l o0y g3 o dze Lob
ZOEYIN &S amd o Ui byt (65,55 Julows ulis ppiomen a3l o
L BAINY 5 S (55)51 o3 g ) 74 FYIEY (5,351 (03926 S 1
S5 asbn ElS BB o] )l b s JS (65155 aloy 230
05 oS 55 S sl 51 6395 s b VY] S
5 pholia] otz 4 JI 50l IS b 008 281 (05 g3l
ot s RYA: g il S o 158 ol iliclis
5P Ui gl duslis . (VVV/SA MW) il o 2ol Jausly
2 o9 Jsine Sole ol (odloiitny JSew 0 iy 5 Johte
ST Jelos sl S (gilvsinge plsl sl byt (65,551 Sl
5 by 5l (I sleyS (objb Bun 4 oS I oSSy S 4 iy
13 sl 4285 plosl VW] S 5 L Lamsgs el 005 425,515 &y
ribolial Gise I yuin 65,51 @9 pholinl (s ps 5]
2 28l oo i Cl Sgate VL iy (Sl &8 sl 00l )15
e S Ggnly JSew 93 <S5 L NF] LYy g Lol 5008
2 Gl daise a5 sl i (65,551 Judoo pbsl b g 10,8 slpiiay
b sl @YL pdbeaSy cll JShw izl plo b anlie
@l A8be 15950 phlolinl g ool 3 phileuis y elael iy o5
Voo cpalS Veve Sl Gl dlbases slod (]38l &S amd o i

2dise s Sl e 0l 22 55)51 29 GlS el cpslS

Yoot



VOVY B YDAY dorao V¥ ) Jlo ¥ ojlass Y 090 ¢ pusS yuol SOl uwiins 4 puis

39d 53 oS 5 U cpl 033b Cpezmen )b (1SSl sla S il 4
5o 5 (ol 1S3 )15 3 ol b (G5 g8 S 3 i 4 )
S 311 4 gl poale 58T, 58 iy (NI (sle)S 1 [VY]
Jols L 550Ul 5l ool b cpiomoans Ll cilod 7 odliasl T .S,
S w5 bl il @l 23 (59,00 A5 4 (g
Sk a3l g A 7900 £y 655 033k e bl yd o
ala VAYY 5 05/Y K@/h L¥UNY o 5 4 ooloiuiin oS 5 pitmpes
G855 S olaBl g (6551 65l oS piomen sl 00
ol gl 28,5 plo [Y0] e 5 Slrls Lawss T 3, 5 55
Sagrspl 033l 5 Ui Cuns > Gl & dmde lits Sl
dgec |y i (Seoliadge s 38Mos 5 (s 035k g Igp g a8
IS 1y S a3 5 do sl ol i I3l Jlo ol b i e
U5 & (58 (sl s 45 ol 45 o)Ll L [Y5] o)ylSem o 15 am3 oo
Bt M5 203,58 o & il Sllas i3m0l (ol VL o2
Sl yye Sl 5l iy eolawl gly .58 o )8 oolatnl 550
Sy Sly s ol e glgis 4 JT oS8l S K 558
ool S 48" ol L 5 Wl sl 355 5 8
[YV] s 5 SSg o)l ool (655 opoysr S & a5 500 3,8 bos
=35 Oy Sl JSutite (S 5 e S ) 2 ol addllan S
Gan 630 plosl S aSTed Slymulyd S 93 g male Yoo 59357,
&gty s (LBl 5 (55T o551 U8, (obj)) cadlllan oyl ]
VIAY (sy 2 3590 JSuw (65531 035b a8 amd o LS ol sl o lny]
@) A sl )3 odle B g8 S (55531 033k 5l il oy
65351 8990l E 5 oy &S 50y LS lmcj Oeed (Canl 3 Sl
2 38l go Bl Ob3L g el g8 > o 5l aw g am e & 5958T, 0
Syl ygige So | JSiite plejn Mg pians Ko sladllas S
a5 Ygho porde y538T) IS g wloyy postd [l 01 93 (il L
ol 283 (slo)S 8,5 S5 Ly D90 [VA] digusdl g JYT Lawgs 55
2 Slp @959 S35 Olgie 458 g SYgae porl 58T, 45y ]
g Blol oy W5 Gl ol 90 il a5 Sidpl 550 9
OS> 53 i 9 pledl &S aad o Ll ot A edlatul 5y
Oey9 (63955 (sled 039050 13 Mo )3 BIYF= FIVY e 4 ) 035 (555
A0 o il 38l o Sl dsyd A=Y
Oaf S oS sl ST b S plol Slalllas 950 5 (02

Yooo

oSl ax ) Ad+ (slod jd poue 005 S wlo 4l p)SelS A -
ol I oSSl S 93 53 poalen ygi5T) 58 g S 51 (U1
o 85 )15 adlle 350 [¥+] oy Kad 5 Sbdarce busgs &S 35
@ S ol 0305 s 9 LBl —55)551 e & S ol
amd e i ] gl sy laauje el g edjb iuljél jslate
3Ll = (65351 Bld 4 jouilaiS 5 (J9)> (SIS (S S &S
i F 5 oolaidl - 65,551 o5 O] 2 ogMe Wyl s 5,Sles
TIVIAD i o S JS sl 55)51 o296 ajn £ 5 Ao
&S aiob olis LmOT Oeded 3,5 lo VIVYFY h/$ 9 FAYF h/$
g & 299 podle o> GRIEI L g Mg Oy anje
395575 poale S (myg5 9 WIS dds (oS 5 S S o 138
b S pal)l adlles pols oo slpidn [YV] o) en 5 (050500 lawgs
G Wilo (6 S oo Cilien gyl )l b (3,5 pasie Bua
5SS (65,351 033l Sigel Cle oy )b s ¢ygm S L2
223 o s Oldllas pl gl .cd )5 pbxl oudg Jpame dnlg 4l ja
3 gt o eIBY 5 LY 39an 5 & JSw ol (55,55 o33k oS
25515 55 s oS 5 IS 9 e 58T, pode S oy S
IS 93 51 5oyl £ YIOY o 7 WY S o) sg5 Jgnae S5l
58 oty JSew 3 porle o2 (0 ol ogdle aBloe S
5 e o2 holS el & cul )T, pola S g S )
s [TY] led 5 oty 2900 s slodiusa (2alS Lo
S S sl Yate 55T, b 55 g S ol S 5
latil-(s5)581 5 (65,550 55l ke 1) Sligel-ol e S
IS ¢ LS S 3l onlatol a5 055,S" lo byl oassls S5 oy 50
S5 CEymn 5l Ssle 3 e B b SSew (lgie @ (2l
S s S > S o33l el (65 gt S 50
kW IS cpibewsib & ¥Fey kKW S I8 oS cal o] 51 S
tle 2oy FAR lajen g S LIS (55,551 o)k 5 YARYSS
bl sly xSl S calises glol 51VY] (g350200 duw 5 (5L
o S 3,Skas 153,5 o3lizl 5 oy 55T, Sy B glo)S
85 )5 adlllan 5)50 Sialidga s g3 g Jol (16l ikl | oS 5
Cond (5 3 ySas 0ol S pSSl) S a8 o o i ol



VOVE G VOAY asaw ¥ JL» A% b)‘..@ﬁ OHY 0)92 ‘).:.‘5).:.01 ‘StJlS\‘ (swNR Ai).u.‘u

OR.C-Turbine

17

Condenser

16

! Gas turbine-modular helium reactor/ organic rankine cycle

ORC fluid
m—— Helium

— water

ST Sty IS b gald 19357, 518 (w595 (oS 5 SIS (i S ) JSS

Fig. 1. Schematic diagram for the combined GT-MHR/ORC' .

it o095 ¥
0Sly S =) ¥o0 poaln y958T) S g (S 5 S 5k
oo poales 55T, 58 5 ISms sl o 0l lis Y S5 5 I
251 lgl aiS SUS i objL slatd )5Sy (g <m0 eS Jols
Lol 5l g cdby Loy yex8T) 5o poale (S ol 3 wcaml Juyym
SI g ) odd ) pards (V) S90S slod Ay
D515 o s 5 45 35 < il 3 s I8 350 b
dyly iy o Kl dopd Yo v dgas (glod )3 (Y-Y) sl o oyl
U posle « (S S8 Gy ) D9800 (S SB Gl 9 )9ilnlsl ¢ o g
JompeaS L 3y50 48U (F) gu5 oo 5 0Kl axyd YA 5\39» «lod
Jsh yglplol 5 yuppgw )3 (Y=F) 2k (2ol by (9,5 03,88 sy
S 2050 sboS 0,5 0 Syge REV Sl 4 porda 5l & ) >
Jole s 95038 o w3 1) ool (uSSly IS o3Il oly &y (gl

oy 050 Jlo 0 b oloasiS loral la Shy S 4 poale 55T, 55
@i & Cdbyd Glyie ommen sl 48518 cpdie I (5
s il &S amde ) ) guihe CleMbl adyiy (5,51 Jubs g
obis Sl (o) Cond bcuwd BB Jgone 55,51 il
053l S b poale 15587, 515 py8 (oS 5SS (9585 45 A3
sl 4855 )8 g 2 3590 4 g (6581 Jels o6y 51 58 I
2 e G Slgi e e il G Jols & (pl 4 a2 b el
sl andly Seolydgeys pod eild o) jl i caxs blas ololis
SleMbl 39008 1) gy sl sl LS bl S 13 e Caren] Flo
S 35 (o8ly Juilty g o pdglicdS s (Bly bl (0,8 ST
S 2l Cul sal N S0y S L ol 59587, 55y 8 o5 5
o olhb g Glodize lp b Jols ad iy (65,51 4520 |

9 ly

Vool



VOVY B YDAY dorao V¥ ) Jlo ¥ ojlass Y 090 ¢ pusS yuol SOl uwiins 4 puis

V7] (819 Bl i 53 I (S5, IS = gl 1357, U (5 (o8 (oS 5 IS (5L (9399 (5100315 ) Jguta

Table 1. The input data for the simulation of the GT-MHR/ORC under real operating condition [16].
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Table 2. Energy and exergy balance equations of the GT-MHR/ORC.
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Fig. 2. GT-MHR/ORC cycle calculation algorithm
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Table 3. The main assumptions for the components of the GT-MHR/ORC cycle under real [16], ideal and una-
voidable conditions [4-7].
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Table 4. Comparison between the present results and those of Ref. [S] for the GT-MHR/ORC cycle.

WSS KWK sle il )l KWK KWK
Ls L 5 ampe ampe wosSlee L Llas 15 ampe amee oo,Shes oyl
ey ez b ] D] S S ez e b YA [N0] 6 e S
AR AL S [val Dol
s
VY AR YALY  SAOY  FASO T O YYD IAY OY#IN  OYAMA  DOYIA MW) oy olgs
MW) s
Ol o33k
YIYY Y/AY YYIYY \Y/# \Y/PA 1 Jy <INF At YEVY  YSYA YSAY (MW) 5w 08 olgs
() Js )
456 053L LS
/Y IA v fPIN FYIVA uj_J > VIYY YIoY Ye2If YV YAO/P St
() pgs (MW) (S S
A IYE QRAIY AREID AVAY (MW)oLL be,s
poeld (0> (29
des Y F E e ED .
(kg.s™
=q..°Cr, :y/\.,TM =w-°C, T, =%-°C,

voy



VOVY B YDAY dorao V¥ ) Jlo ¥ ojlass Y 090 ¢ pusS yuol SOl uwiins 4 puis

512 75.4
51
75
50.9 o
~ S
S 748 <
< 508 s
74.6
50.7
50.6 74.4
50— . AN — Y
0 5 10 15

AT, (C)

I SNy S U 0udd 45557, 515 ot yo5 (oS 5 IS (65,351 9 (5591 835 2 Cud praww (5Lod Ol puds 13T Ioges Y JSCS

Fig. 3. Influence of AT wp ON the energy and exergy efficiencies of GT-MHR/ORC.
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Fig. 4. Influence of ATsup on the total exergy destruction, evaporator and ORC-turbine exergy
destruction.
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Table 5. Thermodynamic properties at different state points of the GT-MHR/ORC cycle under real conditions.
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Table 6. Thermodynamic properties at different state points of the GT-MHR/ORC cycle under ideal conditions.

SHFEs e 295! ! e Lo S Lol
E(MW) i (kg/s) s (kJ/kgK) h(kI/kg) P (bar) 7(°C)

Y YVOAA Ya/AY FYAT Y10 AD- \
AYAIY YVo/A YA/AY YFAf A - 0/f \
OARIY YVO/A Y#IAY VYY) A VEFIY ¥
OAFIV YVoA YEIAY YY) Yo VPRI ¥

0PIV YVoA YEIvF RN Yo VYO 0
00+ /4 YVo/A YE/AY YIvY A va s
YEVVY YVo/A YE/AY A Ax £YI0 VEYIA \
AAVIVE YVo/A YV/AN YEVY £YI0 014 A

Y FY/AA [ VAY VAT AN Yo A
A FY/AA /YA YEIYA VAAY YOI80 Ve
BIAVA FY/AA ital 0Fa/A VAAY I "
AN FY/AA htal 0F/A VAIRY Ve VY
AR FY/AA VIESY fo8/Y AN \EZRN Y

FYAA Sitzdl V- ¥/A ) YO Ve
YIYYY FYAA <10+ F4 VESIY | Yo Vo
FOO/) Sieedl V- ¥IA | Yo VF
JARE! f08/) AR VEFIY ) o N

RAUOLa] byl 53 I Sl SSomr — 098l )95, b (6315 my98 (o5 5 S (Soliadge 5 Slasdio ¥ Jgoia

Table 7. Thermodynamic properties of the GT-MHR/ORC cycle under unavoidable conditions.
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Table 8. Performance parameters of GT-MHR/ORC cycle in real, ideal, and unavoidable conditions.
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Table 9. The exergy analysis results of the GT-MHR/ORC cycle in real, ideal, unavoidable conditions.
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Table 10. The results of advanced exergy analysis for the GT-MHR/ORC.
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Fig. 5. Diagram of the different parts of the exergy destruction for the GT-MHR/ORC cycle.(Continude)
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Fig. 5. Diagram of the different parts of the exergy destruction for the GT-MHR/ORC cycle.
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destruction rates of the system.(Continude)
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Fig. 6. Contributions of the system components in the total endogenous, exogenous, avoidable, unavoidable,
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destruction rates of the system.
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