creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

TIPN PR

oNAA TEF}

20167 8H



Ay o fEHS
20164 6H

) TA WAL WS wies

FEEAKR W R

% B_ & iR

% B kb B e @

PINREAL KB

20164¢ 6H



Performance Evaluation of Solar—-OTEC (ocean
thermal energy conversion) system for power
generation and seawater desalination.

Yong Woo Yang

(Supervised by professor Nam Jin Kim)

A thesis submitted in partial fulfillment of the requirement

for the degree of Master of Science

2016. 6.

This thesis has been examined and approved.

)

Thesis director, Nam Jin Kim, Prof. of Nuc%)gi Energy Engineering

Yoon Joon Lee

Nam Jin Kim \ 7 U v:‘(,”&b

e

Sung Seek Park P %”(7C/

2016. 6.

Date
Department of Nuclear & Energy Engineering
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY



I
N

LIST OF FIGURES ‘eeeeeeseeeeeeesssssnneeeccssnneenccsssssnneeessssssnneesssssssnsssssssssssnsssssssns iii
LIST OF TABLES ‘teeeeeeeeeessesneeeccssnnenccssssnneessssnnneesssssnnsessssssnnessssssseesssssssssssssnns vii
SUMDMALRY ceeeeeeeeesneeeesssssssnneecsssssnnneisissssietississnntaesssisssnsatisissmsmeeesssiissesssnsse Viii
I }\-] B 1
. O] 2 HJZ croeerrrermmrmi 5
1 5HOO]:‘19:—11:— ‘}%—ﬁ ............................................................................................ 5

1) :ﬁ]gﬂ]ﬁo A}O]EE_L ......................................................................................... 6

2) FHHFE] AFO]E cooenimiiiiiiisistiit s 8

3) AN AP AF O] - cereeeerrmee et 10

4) %l—g]l/} A}O]EE_L ....................................................................................... 11

5) g@-ﬁo A}O]EE_L ....................................................................................... 12

2. B A -3 OTEC A] 2Bl oo, 14
1) B -7 OTEC A] ZoH] s 14

2) Bk -F3tE] QTEC Al 22 Bl oo 16

i }\]_/_\_1%4:1 ‘H@IHOI—% ........................................................................................ 18
1. A28 BLEIE] it s 18
1) 7]§],7] ................................................................................................... 271



24

A AT O TEE e

Azd

V.

24
24
28
32
- 32

Mo

jang
Jo

g
jang
Jjo

)

37
40

jang
Jo
70

)

IH
o}
Mo
Mo

0
~X
N
B

B

~H
B

=0

el

I

<]

oH

<]

~-OTEC A

i

=0

o,

el

- 43

M}

- 45

o
np

Ao 2



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

© 0 NS Ok W N

—_ =
= O

12.

13.

14.

15.

16.

17.

18.
19.

LIST OF FIGURES

Vertical temperature distribution of seawater «-sseeeeeeeeeeesmnenee 4
Schematic diagram of a closed SYStem « s 7
Schematic diagram of open OTEC System -« teeeesssessssssesssssenn: 9
Schematic diagram of a regenerative SyStem s-wweeeeeeeeeeeesemnneeee 10
Schematic diagram of a Kalina System e, 11
Schematic diagram of a hybrid Systerm -« «ssesesessesmenssisiinnnnn. 13
Schematic diagram of solar-open OTEC system eeeeeeeeeeeeeeee 15
Schematic diagram of solar—-hybrid OTEC system =:ooeeeeeeeeeeeees 17
Conceptual diagram of flash evaporator -« wwssseesiinns. 29
. Diagram of base open OTEC SyStem « e eereseesssssssesessssiinnnen. 25
. Solar-open OTEC system netpower for saturation
temperature diffErence « -« wwsssmmsmiiniiii s 25
Solar-open OTEC system efficiency for saturation
temperature diffErence « -« weesermsmiminii s 27
Solar-open OTEC system system Fresh water for saturation
temperature diffErence « e esremmsmmini s 27
Comparison of the Net power as a function of the
flash EVAPOrAtOT PrESSUIE e wsssssressssssmsssssistisisiitsistisisis st 29
Comparison of the system efficiency as a function of the flash
EVADOTALOT PIESSUI *+++++s+sssssssssssssssstsssss sttt sttt s 29
Comparison of the fresh water production as a function of the
flash eVAPOTALOT PrESSUIE «wwwsssssrerssssssmtssssistisstiitsistisisisisist s 31
System efficiency netpower and fresh water enhancement ratio
as a function of the flash evaporator pressure - sseeeeeeeeee 31
Diagram of base hybrid OTEC system (R134a) ««weeeeeeeeeeeeeee: 34
Base hybrid OTEC system’s Net power using various working



Fig. 20. Comparison of fresh water production with

VariouS Working ﬂuidS ...................................................................... 35
Fig. 21. Base hybrid OTEC system’s efficiency using

VariouS Working ﬂuidS ...................................................................... 35

Fig. 22. Comparison of relative turbine sizes with

VariouS Working ﬂuidS ...................................................................... 36
Fig. 23. Net power for warm sea water inlet temperature ««s-eee 38
Fig. 24. System efficiency for warm sea water inlet temperature -+ 38
Fig. 25. Fresh water for warm sea water inlet temperature «==--===+-- 39



LIST OF TABLES

Table 1. System operating conditions



SUMMARY

Ocean thermal energy conversion(OTEC) is a electric power generation
method that utilizes temperature difference between the warm surface
seawater and cold deep seawater of ocean. As potential sources of
clean-energy supply, OTEC power plants’ viability has been investigated.
However, The OTEC system has problems of low efficiency and high
investment cost because the temperature difference between the surface and
the deep sea is small, long pipe line and pumping cost for using cold deep

water.

Therefore, in this present study, the OTEC system combines with solar
system. It evaluated the thermodynamic performance of solar—-OTEC
convergence system for the simultaneous production with electric power and
desalinated water. The performance analysis of solar-OTEC convergence
system was carried out as the fluid temperature, saturated temperature
difference and pressure of flash evaporator under equivalent conditions. The
results showed that the performance of solar-open OTEC system is the
highest at the flash evaporator pressure of 10 kPa. At this time, the system
efficiency, electric power and desalination production enhancement ratios were
approximately 3.9, 13.9, 5.1 times higher than that of the base open OTEC

system, respectively.

The results showed that maximum system efficiency, electric power and
fresh water output of solar-open OTEC system show at 40, 10, 2.5 kPa of
the flash evaporator pressure, respectively. And the irrespective enhancement

ratios were approximately 15.3, 5.3, 8.6 times higher than that of the base

Vi



open OTEC system. Also, performance of solar—OTEC system is the highest

in the flash evaporator pressure of 10 kPa.

Also, the performance of solar-hybrid OTEC system is the highest at the
inflow fluid temperature of evaporator of 80C. The system efficiency, electric
power and desalination production enhancement ratios were approximately 3.4,

3.5, 14.4 times higher than that of the base hybrid OTEC system.

vii
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Table 1. System operating conditions.

255 ATEE (C) 28
55 FTEE (C) 25
AEF ATFEE (0 4
Z37] 9] LMTD (°C) 2.5
%719 LMTD (C) 25
SAEZY HHIES (%) 920
718
TAERY] HZEE (%) 8
7] 2 718 SLERF (kW) 150
EE50 AFRT (kg/s) 11.96
AEe AFRF (kg/s) .72
7187 & 0.85
71871 42 (kPa) 25
A= e otEc | EeT AFRF (kg/s) 6.16
A2 AE5 AFRT (kg/s) >98
71871 A= (°C) 60, 65, 70, 75, 80
RS
OTEC A 2:Hl 7187 &8 (kPa) 255 :0 1305 150'
HEE-EEE | o) s sAes (O 60, 65, 70, 75, 80

OTEC A Hl
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