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A Numerical Study on OTEC Turbine Adopting
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Abstract : Carbon neutrality is emerging as an irresistible mission of the times. To realize this, the
proportion of renewable energy must be expanded, and ocean energy can be an alternative. OTEC (closed
type), one of ocean energy, has the largest theoretical potential among ocean energy. In the case of the
closed type of OTEC, two-phase flow may occur in the turbine, and it is necessary to model in CFD
(Computational Fluid Dynamics) for more accurate design and analysis. In this study, a non-equilibrium
(Non-eq) two-phase model was applied instead of the equilibrium (Eq) model assuming thermodynamic
equilibrium. The result was compared and analyzed with single-phase model, two-phase model, and
experimental results. In addition, the GCI method was used to estimate the discretization error. As a result
of the CFD simulations, the Non-eq model was the most similar to the experimental values compared to
the single-phase and Eq model. Qualitatively, the Non-eq model showed some differences in velocity field
and mass fraction at spanwise 50 percent. In conclusion, the model estimated to be closest to reality is

the Non-eq model, and the rationale for this is estimated quantitatively and qualitatively.
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: liquid phase

m  : mass property
M : momentum property
sat : saturated condition
sc  : supercooled level in gas phase
t : total property
v : vapor phase
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Fig. 1 Effect of surface tension on small drops and
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3.2 Non-equilibrium model
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4.1 Mesh and boundary conditions
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Fig. 3 Generated mesh and boundary conditions
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Table 2 Boundary conditions for the turbine analysis

Parameter Value Unit
Working Fluid R32 -
Mass flow rate 3.0 kg/s
Inlet pressure 1606.3 kPa
Inlet temperature 24.09 T
Outlet pressure 12443 kPa
Outlet temperature 13.99 T
47 2 e —— Nozzle
) y Rotor
340 1 ‘ L
.\ |
b 4
4+ 249 J : f!
S i i
| i i
pL\ .f/ i
o] T T T T 1
0.0 0.4 0.8 1.2 16 20

Streamline location

Fig. 4 y" distribution on blades at span 50%

Fig. 5 Drawing of the 20 kW OTEC turbine and

generator (Jinsol Turbo Inc.)
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Table 2 Number of nodes for different models

Meshl Mesh2 Mesh3
Stator 269,421 740,828 2,028,826
Rotor 266,476 746,636 | 2,018,286
Total 535,897 1,487,464 | 4,047,112
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Table 3 Grid convergence index and extrapolated

values to estimate discretization error

o

H.?:,

rel

=
e

TA Z

ol

5. i

o #3}

Mass flow Va:por Supercooling A A (Table 1)91A4] Meshl 7|E22 TdH(R32
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€21 218 -0.01 | 0.0006 | 0.11068 A4 A A FEAEATL0A Bfrst
3 311 -0.04 | -1E-04 | -0.08636 I = 20 kW OTEC Pilot ZHE (Flg 6% %
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GCline” | 3.35% 0.53% 0.00% 3.83% Table 4 Convergence result by different phase
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S 3 ot | N
u 1.0e-7 1.6e-6 1.7e-8
v 7.1e-8 1.5e-6 1.2e-8
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Mass 3.0e-9 4.4e-8 3.7e-5
Energy 6.4e-8 1.6e-5 7.9¢e-9
Tteration 2,000 6,000 4,000
Table 5 Performance  summary  for  different
Fig. 6 KRISO's 20 kW OTEC pilot plant installed conditions at design point
in Goseong, Republic of Korea Design il}lllilz Eq |Non-eq .
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© GCI &< &8 F4E = 3, ol 474 2 Power(kW) | 21.20 | 25.66 | 26.04 | 23.54 | 202
F FF 0.53%, F9 3.35%, FI7 257} 5.83% Power | o0l ey | gaa | 708 | 646
2 e density(kJ/kg)

HA

=

s 63

|ABIDOIS|X] R26 X6, 20224 12€



Non—equilibrium 24 = Z2HE ™S OTEC E{HIQ| £X| siA

H5 Yepgls A vEy =g Z1e 8l
Atk I olfE A fAVE HEE FsEA
WAsE Aol A 24 frEel ddE, ou F
Mol ol AR diFo] olF& 7HAS wiA
Az Fstel] o3 dEZI Aol wrg)rt A
Aol B 23] wEolth 24 2 F HY B
Qe oy maRg vid o 5 298 4
B, mde] ehgde] Aoz ve Ao
71918t Ao ® FAHHTE o] Table 491419
Zo] Ao g Ayt & A aA HAgolA
AA F7F 5~10%%F WSl = 4 F akete
T 3A Aol HolHr] fE o2 Hlth

A2 Ao BuE Y3 4E 2 S5 B
EE v oY BEE 4 mdd Z X
o7} 9y, £5 EXE Fig 794 RE A

-

Yelooi Say

1 .000e+002
7.500e+001
5.000e+001

R32g.Velocity
1.00e+002

(a) Single phase model

7.50e+001

5.006+001

o
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Fig. 7 Velocity contour for (a) single phase, (b) two
phase model at span 50%

64 FHA2HIZUYX| H26@ Moz, 2022 128

R32g.Supercooling
7.00+000
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Fig. 8 Supercooling distribution by non-equilibrium
model at span 50%
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Fig. 9 Liquid mass fraction contour by equilibrium
model at span 50%
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