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Exergy analysis for a power generation system using
thermosyphon-based trilateral cycle

CHU Zhulei, LI Bin, WANG Li

(School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: By riser two-phase flow model and thermodynamic model, exergy analysis for the thermosyphon-based
trilateral cycle (TTLC) proposed in the previous work by the authors is carried out to investigate the exergy
performance of the system and the relevant influencing factors. The results show that, the system exergy efficiency
varies in the range of 15%~30% with the increasing inlet temperature of heat source, which always helps to enhance
the exergy efficiency. As the inlet temperature of cooling source decreases, the exergy efficiency changes from 23%
to 27% with an optimum value. An optimization opportunity exists for the temperature difference of heater at the
hot side, for example, a setting value of 4 ‘C seems to be a better choice. The riser exergy loss rate is a key factor
to determine the system efficiency, especially under the condition where the temperature difference of the cycle is
relatively larger. Decreasing temperature pinch point of the heater helps to decrease the internal and external exergy
loss rates of the heater, but will lead to more exergy destructions in other processes. However, it exerts positive
effects on system efficiency on the whole.
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LB HTHML (reverse electrodialysis heat engine,
RED-HE). J&/JREIRIZ I ZE 1 (pressure-retarded
membrane distillation, PRMD) Z£461, 4Xifj, PRO-
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F1386E, f& BN 100% KRR, Brfst i
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HNX R G = A B P, R502 K EA /N
PR B LA B TS, 0 R e ) AR
BUNO RS m TR, HAE EFHE B EIK AR R
FFE 88% /e ty, mm TWIAHZIKHL, 1&EA1E TTLC
RGHCR A PEm AR B AE LB IR
FTPEE e 77, PN AR PR,
VRS 35 o 2 3 s i A OR B FR IR
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Fig.1 Schematic diagram of the TTLC system and its T-S diagram
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Io,l = Ex,h2 (21)
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ORI HEFE T S AR R RE 45 2k 19032,
FAKE S WAH KR
1.4 #RBYEGIE
AR F 3 B A e 3 PG AR R A E T
BRI . 0T ROIEIERL, DR
BRIRIE G Z X TTLC RGBT, (HH S TLC 7534
AL, PRItk B g ST B i P AR R T LR AL B 5
TLC A AH L EGEATIRE . 3R 1 ELE 7 ARSI 5
Yari % NMHRIER] TLC RGEAHE LA N HiH 5
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EE S E S, AT IR SRS, KWL
5 LR 4 R TR A FRIAE TR B R s e
B, HMMEAF I — %A EAE ST AR, A
AN HdE ok B AR 48 3 KA DL ROK PR B . AT
TTLC RGEA R EMFFFA, MR ER, £
KRR T, WA HGD TS AR
HAN R 2B, R STk g BT R R R I

200 kg/(m? s)ff) 268 /Il ¥4 77 75 497 52 0 H50 48
Muller-Steinhagen & Heck BT IGIE, 75 H
fib 4 AN RERGEEAT R, S5 R R 2. B 2
A[LLE Y, Muller-Steinhagen & Heck S<BERAE 10%
Je 159% % 7 X [) ] A5 81.0% A1 87.3% 4045 5t
HEAFRNOTRIRE, BIE T iZ &R
AR

F 1 BDBIMERIE
Tab.1 Validation of present thermodynamic model

n-butane (T1=65. 75. 85 C)

W

#

R134a (T1=65. 75, 85 C)

Yari % A\ AR Yari A AR
/% 2490, 352, 454 2490, 3.56, 4.60 215, 3.26, 4.40 214, 326, 441
We/KW 729, 1031, 1335 730, 1041, 1343 625, 942, 1270 623, 944, 1270

TE: Ayi=10 'C, my=100Kkg/s, 15=40 C, npum;=85%, ny=75%, =120 C.

F 2 AREREUNE
Tab.2 Validation of void fraction model

S TR EHE R 43 B S enrcel%
+10% +15% +20%
Bhagwat and Ghajar 81.0 87.3 90.7 13.1
Steiner 81.0 86.9 914 13.8
Wolddsemavat and Ghajar 83.2 88.4 94.8 14.3
Rouhani | 77.6 85.4 95.9 13.2
Rouhani I 735 83.2 88.1 14.9

2 TTLC TRuEEMSE R

A G K B R DR R S R G R B
BN T, FEENERIRE T KA M
SRR . PRCRAE RS N T
RIS T S HCR A RGR IR, A S0 —
e BB N EM (R 3). PIERAK NEHG, H
JRERERAN 1 kgls, NREEBERRN 98%, XfR
) 200 Pa/m [ Fi B R B2, 3X A2 DL IR SR AR
BH AR RIKF o R TIE PR N 80%, HLAR X
9 85%0%, b A HE IR R MR A, AR A
ERNO C, ARFAREZERN2 Co RA4HHT
A RRE DR DDAk 11 i 22 A AR e AR
=T SRR

A kst DR FENE I N-10~25 °C, DURBLIR
BR iR FEAR AL R REe o B R A A 3 Bl 4 7E
45~75 “C, AR HH B v Pl 2 1) Ji DXL iy 090t 9
RILTTLC RAHEE A TR ALAIERA, fn#ids Je
BIRZ AL TEE . 2~4 °C, RTARG A $R &
M, X —DNEERARMX R, RE TR A
BEoE BT E SR AEIR R 4t FE 5K 1) R5021221,

FIHE R ERLEE Y 500 kgl(m? s), A ET 7R
RYL, RN, EFHERCRAT Rom T 6 X B
A B B UR RO BA S5 B2 D v A5k FRLRE

3 NIMEESH
Tab.3 The fixed parameters assumed for the case study

2 HfE
b T 3k D 2895 = X 0
A At/ C 0
W1 I5FS R %o 80
/7\‘/)5( ‘JEL# Atcz-cll T 3
PRI SR Atacol 'C 2
T ﬁ%%%{% "Idown/% 98
IR R R me/(kg s7Y) 1
13T HL R netel % 85

I TR Gl(kg {m? s)) 500

4 FMEZRSENZITSH
Tab.4 Operation conditions for the parametric study

24 FEAME ALY
AU IR to/C 25 —10~25
AR Rt/ C 55 45~75
IHFABIN T2 At/ C 4 3~7
TR SR ZE Atginn/ C 3 2~4
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3 LRI

£S5 4LHT TTLC REGEIAR LI FHPIRES
MR, TEH AUERECREZ /78 55, 25 C4%
R, WEARE EAEREN 82.52%, Rbim
FER 1357 m, SEELT 1.58%MIHE, HHIhh
1.409 KW, 3R 6 J91ZFEAR T L0 R 4 73 B 45 3
FLFE S IR AR A . Bl 2 JBR T
TTLC RGHm .

SRR TTLC RGN Z B KB/ MK
PN EERS (16.8%) LTHE (15.76%). In#kas.
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BE AT AN R, G AR
HBRAZEA K, 7E T%~9% 2 [8] . A HEA TR B
KA BT A PR AT IR OSSR T
JRR 5 2 A1 FE DL RC AR 22 5158, ETHE SR
5 ETHERCRMSR, M ETHERCRA/NEZH E
THE I ART TR IR R e, 52 ETHE P T
SFAFRMENR .

RSTTLC RFRIBEARTRRZIN
Tab.5 The TTLC system state under basic working condition

TiH t/°C pv/kPa X H/m

1 51 2147 1.0 0 104.9

2 30 1318 0.211 135.7 103.6

TJi R502 3 30 1318 0 135.7 77.9
4
5

hi(kd kg9)

31.07 2872 0 0 79.2
30.68 2147 0 0 78.7
X hl 55 100 0 0 230.3
h2 33.68 100 0 0 141.3
o cl 25 100 0 135.7 104.8
AR
c2 28 100 0 135.7 117.4
ZE 7 =1.58%, H=135.7m, #nu,p=82.52%

ROTTILC REEEATR TS  H47: kikg
Tab.6 Exergy analysis of the TTLC system under basic
working condition

TH #H1E ps¥iil
HER AR AR 0.536 4
A HARAR 0.480 4
TR AR 0.940 6
peasE ki 1.004 0
5.978 0
TR 0.088 7
LB e iE 0.654 5
G ET G 0.864 4
far 1.409 0
LPNE=Y i 5.978 0 59780

YRR A EE LT A A RS R ET

i E PR R MR PR IR R R "’f;- JHIA %
9o~ qisa= qi12= q..= 9z qi34= Gias—
8.9% 14.5% 15.8% 7.3% 17.5% 1.5% _11.0%
y ey N
HEA
i\’;’[:f’?'l‘; / Y,
puy il
100% ——
J J

— )

v
i IR %y =23.5%

B 2 TTLC REMRE
Fig.2 Exergy flow diagram of the system

http://rifd.cbpt.cnki.net

3.1 MERET U REAYERZ M

PR B 3G I s R e e AR R e e, FLYE
At N 4 CHF, RGUABCREARIRL. B 3%
T AJRIRE N 25 Cy At 9 3~7 CHF ARG
SRR, I 3 WTLLEH: 4RI
45 CHEINE| 75 CH, RGHARCEMN 15%3E N2
32%; MAJFEIREEN 45 CHF, SRR R
Atn1=3 C, T4 KT 67 CH), [RIFEIM#HAES
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SAFA AL FE IR FE e p B s Bl ity 18 IR
Uiy AR T30 Pt T s T 5 | RS K PR A o

35r-

—=—Af, =3C
- - A’m.w_4 C
30 A A’h\—\75 c
= —w--Ar, =6 C =
;:E 25 _"“"A’m.w_-" < "‘ .
E 20t
E o
IsfF &0
A
Y.’
10+ ¢
L 1 1 1 1 1 .

45 50 55 60 65 70 75
AR BT

3 PR LR E X ARG RS0
Fig.3 Effect of inlet temperature of heat source on exergy
efficiency of system

Bl 4a)h Atnea A 4 CHF 53070 451 26 bl Hv)i
T AR AE B . 1 da)n] LA e AR N
45 CIf, AEESMIIRE R (21.5%), HICRIE
HEHGAIIR (18.5%) FIAVEHERAMII R (17.7%);
YRR ETEE 75 CH, ETHE . WJ1E PR
BEAS IR 2R IR, 237 19.7%. 14.9%7F1 11.5%;
YRR E T 53 CHY, #. A IRHERGA R A
XA, T AR A5 R 403 2 I 46 28 B 1K (1.3%~1.5% )5
TR g 1-2 S BE R L EBE I ARG
SRR THUR, X2 RN BT H T B B AR IR
FERE IO AN, PEARR TR AR, Rk
S R AR I T A et B R
PR BESE RGN, X2 PR R R A A b FAR IR
FEMERIMIE R Bhabh, RS HTR . In#simin
2 T4 TS K7 2 15 I AR IR FEE B AN T sk /DS, 3K A2 B
ANTT 05 72 S 05 IR 22 1 P AE DN B

Bl 4b)4h T R it s B R B E SRS
PR R BB 4b)ATLLE . B AEIRE T
H, T RGN, EAERCREL; BARTE
IR N 75 CHF, RGE R Eik 437 m, H EF
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+’7w~
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S 4400
= 90} §
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#n e
{': 4200 :f
4 801 Ne
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70—1 _L 1 1 L Lo

1
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IR T

by b FHE R R R G e BE B A DGR BE AR b

4 JRE, RESERLABYESHRREXR
Fig.4 Effects of inlet temperature of heat source on exergy
loss rate, system height and riser tube efficiency

3.2 ARIRE N RGIHER N

K5 45 T A VRIRERT RGUHECR s, FE
TR R E N 55 °C, T AR IR R a5t
KT 0 C, TEiZEH i, R T & EEHRAE
AT HE S AL, BEEARIREMN 25 TR
KE-10 C, MR 2SI /M

28

—=—A, =3°C

5| ~®- At =4TC W
A A, =5TC \"‘ v
~v-AL,,=6 C \
201 - A =T C e
1 1 1 1 I 1 1 I ]
-15-10 -5 0 5 10 15 20 25 3

¥R BT

& 5 MMEMALIRHEDRETLANE
Fig.5 Effect of inlet temperature of cold source on exergy
efficiency of the system
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S (Atea=4 °C), HA S HInE W E
T35 2 AT R 453 256 i o A 5L R B AT T ARG, X
RGP 22 B VA DR T P PR AT 3 K, S8l %
IR AN AT 22 S AR IR 22 LU o T VAR
WL, AEFTERm, SgBHRs
Ky EFHERCEBEAE, EEE A 2 0 i A YR RS
FAAR T L 2R . 763X 2 AN ALK R 1
ZEERT, 2 Atna=4 CH, RGMIRCRLEA I
N 10 CEABRIHR K.

IEAh, FiR 22 At BAFFERAL AT RE (5D,
I /NBGE K Atney ZBZE 5 3 AR R 41 2 1
T PR R RCR, RILAELE LA i #a
ZEy M Atha=4 CH, RGUHABCE LA R EAt.

P 6b) R 1 YAVRIRERT R G BN - eR
Mgz, B 6b)rTLAEH, BEAIEREM 25 C
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