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ABSTRACT

The concept of C-OTEC (Combined-Ocean Thermal Energy Conversion) was proposed to run a heat engine using the
temperature difference between the steam exhausted into the condenser of an existing power plant and the deep sea water. To
vaporize a working fluid of the heat engine, saturated steam in the condenser needs to be extracted to the evaporator of
C-OTEC. Installation of steam guide vanes inside the condenser is considered to effectively extract steam from the condenser
to the C-OTEC evaporator. In the present study, three-dimensional computational fluid dynamics analysis of flow inside the
condenser with various sizes of steam guide vanes is conducted. Influences of the steam guide vane size upon flow and pressure
distributions in the condenser are analyzed using the conventional CFD method while fluid flow and pressure drops inside small
complicated channels of plate-type heat exchanger units in the C-OTEC evaporator is equivalently simulated using the porous
medium approach. It is found from the analysis results that as the steam guide vane diameter increases, the steam extraction
rate as a figure of merit linearly increases while the condenser pressure rise as a penalty exponentially increases. As a result,

an optimal size of the steam guide vane for the condenser analyzed in the present study is proposed.
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Table 1 Conditions of the simulation to calculate

resistance coefficients of the porous medium

Conditions Value
Working fluid Air (1 atm)
Time Steady
Space Symmetry
Number of mesh 3,000,000
Turbulence model SST model
y' 15
1" layer thickness < 0.2 mm

Inlet: Velocity inlet

Boundary conditions
ary outlet: Pressure outlet
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Table 2 Velocity and pressure at the core inlet and outlet

to calculate resistance coefficients

Inlet velocity Location Velocity Pressure
(m/s) (m/s) (kPa)
Core inlet 6.2 0.523
I/in =0.50
Core outlet - 0.098
Core inlet 9.3 1.086
I/in =0.75
Core outlet - 0.187
Core inlet 12.3 1.815
I/in =1.00
Core outlet - 0.272
Core inlet 18.2 3.584
I/in =150
Core outlet - 0.161

* Reference pressure: 101.325 kPa

Table 3 Superficial velocity and pressure drop when the
fluid passes through the heat exchanger

Inlet velocity Superficial velocity Pressure
(m/s) (m/s) (kPa)
V., =0.50 3.10 1215
V., =0.75 4.65 2.569
V., =1.00 6.15 4.408
Vv, =150 9.10 9.778

Table 4 Calculations procedure of resistance coefficients
for saturated steam at 5 kPa using the results of air at 1 atm

Inertial resistance coefficient Viscous resistance coefficient
175, (1) ~ 150p,,, (1—x)
iair Xst vyair Xstz
. 1'75/)sfeam (1 - X) P o 150:“5tf'am (1 B X)
i,steam 394 v,steam 312
XD, XD,
P),,steam, _ p.slcam ’P'H.Sf(»’u,m _ N’slcam
,a1r pLLZY‘ v,arr /'LalT
Pste Hte
i,steam - o i,air 1)7,'.sfea,m = Lo v,air
Pair Hair

Table 5 Properties of air at 1 atm and
saturated steam at 5 kPa

Value Density(kg/m®) Viscosity( / Pa.s)
Air 1.185 18.3
Saturated steam 0.03548 10.1
¢ste(1,’m,/¢u.ir 0.0299 0.5519
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Table 6 Conditions for CFD simulation

Conditions Value
Working fluid Steam (5 kPa)
Time Steady

Flow Coupled flow

Equation of state Incompressible

Viscous regime Turbulent

Reynolds-averaged turbulence k— e turbulence model

Table 7 Conditions for turbulence model

Conditions Value
y 20
Wall treatment option All-y" wall treatment
Freestream velocity (m/s) 44.5
Density (kg/m’) 0.03548
Dynamic viscosity (#Pa - s) 10.0945
Reference length (m) 1.1
Number of prism layer 6
Growth rate of prism layer 1.25
Thickness of prism layer (mm) 16.7
Thickness of first layer (mm) 1.5

Table 8 Mesh information with different mesh level

Mesh level Base mesh size (m) Number of meshes
1 0.0750 433,472
2 0.0625 597,873
3 0.0500 958,212
4 0.0375 1,820,260
5 0.0250 4,510,690
6 0.0125 26,637,000
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(d) Mesh level 4

Fig. 8 Cross—sectional view of mesh for
the CFD domain
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Fig. 16 Horizontal plane to extract velocity distribution
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