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Performance analysis of vapor—-vapor ejector OTEC system

applying various working fluids

Byung Hyo Ye

Department of Refrigeration and Air—conditioning Engineering
The Graduate School

Pukyong National University

Abstract

In this paper, 20kW Ocean Thermal Energy Conversion(OTEC) with
vapor-vapor ejector 1s proposed. vapor-vapor ejector 1S to Increase
pressure as like pump without electricity. By installing the
vapor-vapor ejector in system, the needed working fluid rate and
evaporation capacity “are less than not installing. And then, The
system efficiency of OTEC is better -than not. The performance
analysis 1s conducted for optimizing the system with HYSYS
simulation program. The procedure of performance analysis includes
outlet pressure of high turbine, the mass flow ratio of working fluid
at separator and nozzle diameters of vapor—-vapor ejector. When the
nozzle diameters of vapor-vapor ejector are varied properly, the
performance of vapor-vapor ejector is highest. After optimizing this

proposed OTEC system with ejector, the increasing rate of efficiency
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of proposed OTEC system with ejector 1s about 15% comparing with
basic OTEC system. From these results, It i1s necessary to set the
pressure ratio, mass flow ratio, nozzle diameters in ejector to increase
the efficiency of proposed OTEC system. Additionally, in this study,
12 refrigerants were selected for performance comparison. 12
refrigerants applied to proposed OTEC system and were optimized in
system. And the results of performance comparison are system
efficiency, APRe, APRc, TPP and mass flow rate of working fluids,
pressure recovery rate of ejector. In case of system efficiency, R134a
1s the highest efficiency among 12. But, in case of ‘APR. and APR,,
R744 1s the optimized to minimize the size of heat exchangers. In
TPP, R717 is the most suitable to decrease the comsumption of pump
work. And R717 needs the least: amount of mass flow rate of
working fluids to make 20kW at turbine.

As mentioned above, with respect to factors of performance
comparison, the optimized ~working fluid - is different. So It 1is
necessary to select the optimized working fluid which is suitable

respectively.
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NOMENCLATURE

SYMBOLS

ds Difference of entropy

dt Difference of temperature

Pg Evaporation pressure

Pc Condensation pressure

QE Evaporation capacity

Qc Condensation capacity

W Net power

War High turbine gross power

Wit Low turbine gross power

Wp1 Pump 1 work

Wp2 Pump 2 work

Wes Pump 3 work

m Mass flow

s EOTEC system efficiency

MR BOTEC system efficiency

Ny Efficiency of turbine

Mp Efficiency of pump

h Entalpy

Py Discharge pressure of ejector

Ma Mass flow rate at Discharge in ejector
Va Velocity at Discharge in ejector

E Efficiency of ejector

Ms Discharge pressure of ejector

Vs Mass flow rate at Discharge in ejector
\Y/ Velocity at Discharge in ejector

Vi Mass flow rate at Discharge in ejector
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Ag Area of discharge in ejector [m?]

Ps Suction pressure of ejector [kPa]

Pr Repulsion pressure [kPal

Pa Attraction pressure [kPal

b Size of the hard spheres [m®]

g(v) Fuction of the molar volume [-]
Absolute temperature [K]

T Absolute temperature at the critical point [K]

R Universal gas constant [J/mol-K]

\% Velocity [m/s]

A Area [m”]

p Density [keg/m”]

Greek symbols

« Parameter of equation
w Acentric factor of the species

Collection @ pknu



A1Fd A E

1.1 95474

il

| Areds, oxs w9

°

Nl

stal glow oz

S

7}

o

=

A5 AHgol

A
ax

3}

0|/

o
3

ox

™
T
i~

o
Gl

aa

40000] o] =3k

ok

b EH A= R(OTEC) °]

3f
X

oF

f

A el A 2]

3

To-

o)
el

TH

finl

<]

I

o
fife)

_&O

<H

A

3l A

Nl

o £ A=

PN
T

gl

°

T

k9
.

W
iy

_&O

—

AA 2]

p==

[€)

U A, W f

= Sl
Collection @ pknu



112 sjg2=a TAANEE 7le TF

1.1.2.1 &3

Mol FAE A% FAstL Ak o2 s A A g
Aol Ge o]l dE EopAm Sk AALAUAY F bl o

juiii}
il
o:
i‘l
ol
o,
LN
o
rot,
2
-
N
=

Aol EFT 257 FolA= A5 A A0l sbedtthe EAH
S A dsty] Y8l FAE AR A% T nLF gl BH A oA
BT dollUAE F&sts Alagoth[2] e dge Ad 19 53
oF 9% 3pebd 4o 10kWH Pilot Plant 2 X2 ¢5ata A4 A&
Folm 20154 3€7hA] AT A¥] @HE v Aol e AT
S AA JesEgeds 13 7)9 IMWE C-OTECS 483 75
149 7heFel AAA 5347 dS AR YrrE

EF 2010958 FHNAATL G

20kWH sl 2=a THaA A" S Fafgte] dA|sto] AdFHPS HA

Collection @ pknu



Fig 1.1 : Experimental equipment of 20kW OTEC

system in Korea(Go-Sung)
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Fig 1.2 : Generating system of C-OTEC in

Korea
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ds/dt>0

ds/dt=0 - ds/dt<0

s s
(@) (b) c)

Fig 2.9 Three types of working fluids(Dry(a), Isentropic(b), Wet(c))

Table 2.1 : Fluid groups of OTEC power cycle used in this study

Dry fluids Isent fluids

Wet fluids
R717, R290, R1270,
R744, R410A, R404A,
R22, R600a R245fa, R134a, R125
R500, R507A, R32,
R152a
— 22 —

Collection @ pknu



1

°
pud

Al 37 olAES} Z2H7IE o &

il
Tk

<
o

—

TH
<]

)

3.1

o7 FAE

o

o

a9 313 #o 29 3194

T =
EE

A A" o2 TY

il

7] ol Ag]

_zﬁ

g

AgrE . of

o},

o

—

R

o] ¥ 2

1-571

N
Nlo

o 4B 1) 7ol

=7

7]~

Nlo

_23_

Collection @ pknu



[—=
o

oj

3)

Az 9

H

o)
=}

FrE kA 7

=]
=

—~
file)

o

M

s 740l

S

°] 7b&

o

=
[e)

sofslel AR F7]-F7] olHAH=E

o] 4)

7]

flae R SR

Nlo
N
Nlo

ol

3} 7]

Aol e

o

o] 3t 74

Tl AR S

9|

SEE Y

_24_

Collection @ pknu



l Surface sea

T water
=2
—D— :
14 Mixer Evaporator
13 @
High turbine
Pumpl . >
12 3
Separatorl
A Pump2 1
4
9
@ Low turbine
i Pump3
Condenser Z
11 10 M Separator2
- 8
Deep sea water T * Vapor-vapor ejector

Fig 3.1 : Schematics

of proposed vapor—-vapor ejector OTEC system
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Fig 3.2 : P-h diagram of proposed OTEC system
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3.2 H5 &4

Table 3.1 Energy balance equation of each components of OTEC
power cycle.

Component Energy Mass
Evaporator (1—=2) Q, =m(h,—h,) ml=m2
High turbine (2—3) Wy = m(h, —hy)n, m2=m3
Low turbine (6—7) W, TREhSS h)n) m7=mb6
Pump 1 (5—14) Wpy = m(hy, —hg)/n. ml4=m5
Pump 2 (9—13) Wpy =m(h;—hy)/n, m13=m9
Pump 3 (11_>12) ng = m(hm*hn)/vy‘) ml2=mll
Vapor-vapor ejector m4+m8
Py=(Mgs Vo B =M,V =M, «V_)/A,/1000 +
(4,8—10) = mlO0
Condenser (10—11) Qc =m(h,,—hy,) ml0=ml1
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Table 3.2 Analysis initial conditions of Proposed OTEC power cycle

Variable Value
Working fluid R32
Gross power of Turbine (kW) 20
Inlet temperature of deep sea water (C) 5
Temperature difference of deep sea water (C) 5.8
Inlet temperature of surface sea water (TC) 26
Temperature difference of surface sea water (T) 3
Efficiency of turbine. (%) 80
Efficiency of working fluid pump (%) 65
Heat exchanger LMTD (C) 3.5
Pressure drop in heat exchanger(Working fluids/ Water)(kPa) 10/50
Initial diameter of ejector(Motive/Suction/Discharge) (mm) 50/50/50
Initial flow ratio of seperator 0.5/0.5
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Fig 3.5 The results of system performance with respect to
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Table 3.3 Proposed diameters in ejector

Case Motive/Suction/Discharge diameters in ejector(mm)
1 65/75/70
2 55/65/60
3 45/55/50
4 35/45/40
5 25/35/30
29 15 - 850
m. ¢
28¢t e[ :
@ ': 11.4 s | 800 E
g X oy
o 1 5
g 26t i 5 S
g2 , v 113 8 750 2
= -4 System efficiency B 3 S
E 25} |-® Pumpwork ; g- c
@ - @ Evaporation capacity .-" 3 2
€ o4l 12 o 700 %
L = % — el
0 - ral
4 ' o &
& 237 = = S
Q 1141 - 650 [
221 »
21 1.0 - 600

Case1 Case2?2 Case3 Cased C(Caseb

Fig 3.7 The results of system performance with respect to

variation of diameters in ejector
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Fig 3.8 The results of ejector performance with respect to

variation of diameters in ejector
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Table 3.4 The results of performance analysis of R32 proposed OTEC

system
Factor Value
Motive pressure(kPa) 1.200.00
Suction pressure(kPa) 1,138.50
Discharge pressure(kPa) 1,195.60
Mass flow ratio(Motive/Suction) 0.4/0.6
Pressure.-recovery(kPa) 53.17
Ejector nozzle diameter
(Motive/Suction/Discharge)(mm) 2540
Mass flow rate(kg/h) 8,360
Evaporator capacity(kW) 724.53
Condensation . capacity(kW) 705.80
System “efficiency(%) 2.49
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Table 4.1 Refrigerants group of Proposed OTEC power cycle

Dry fluids Isent fluids Wet fluids Mixed

R32 / R290

(70:30)
R32 / RI1270

(70:30)
R32 / R134a

(70:30)
R32 / R152a

(87:13)
R32 / R744

(90:10)
R32 / R744

(10:90)

R22 R32 R134a
R600a R744

R717

Table 4.2 Thermodynamic and environmental data of the selected
fluids[21,22]

Critical
Working Chemical Critical
s DP
fluid formula Pressure(MPa) Tempeé;l ret GWP O
R22 CHCIF2 4.99 96.20 1700 0.05
R600a CH(CH3)3 3.64 134.71 0.1 0
R32 CH2F2 5.80 78.40 550 0
R744 CcOo2 7.30 31.10 1 -
R717 NH3 11.42 133.00 0 0
R134a CF3CH2F 4.05 101.10 1300 0
R290 C3HS8 4.25 96.70 3 0
R1270 C3H6 4.62 91.8 1.8 0
R152a CHF2CH3 4.50 113.5 120 0
— 43 —
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Table 5.1 The results of performance comparison with respect to

working fluids in proposed OTEC system

(A) Pure working fluid

System Mass
o, APR. APR. TPP
efficiency flow rate

Suitability R134a R744 R744 R717 R717

unsuitability R717 R717 R717 R744 R22
Re Rs

Suitability R134a R134a

unsuitability R717 R717
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(B) Mixed working fluid

Mass
System
. APR. APR. TPP flow
efficiency
rate
R32 R32 R32 R32 R32
Suitability /R152a /R744 /R744 /R152a /R152a
(87:13) (10:90) (10:90)  (87:13)  (87:13)
R32 R32 R32 R32 R32
unsuitability /R744 /R290 /R290 /R744 /R744
(10:90) (70:30) (70:30)  (10:90)  (10:90)
Re R-S
R32 R32
Suitability /R744 /R744
(10:90) (10:90)
R32 R32
unsuitability /R290 /R744
(70:30) (90:10)
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