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Abstract @ The IMO (International Maritime Organization) is discussing the improvement of energy efficiency of ships in order to reduce greenhouse gas
emissions from ships. Currently, by applying an ORC power generation system using waste heat generated from ships, high energy conversion efficiency
can be expected from ships. This technology uses an organic medium based on Freon or hydrocarbons as the working fluid, which evaporates at a lower
temperature range than water. Through this, it is possible to generate steam (gas) and generate power at a low and low temperature relatively. In this
study, the analysis of heat flow between the refrigerant and waste heat in the ORC power generation system, which is an organic Rankine cycle, is
analyzed using 3D simulation techniques to determine the temperature change, velocity change, pressure change, and mass change of the fluid flowing
of the WHRU (Waste Heat Recovery Unit) inside and the outside the structure. The purpose of this study is to analyze how the mass change affects the

structure, and this study analyzed the heat transfer of the heat exchanger from the refiigerant and the exhaust gas of the ship's main engine in the ORC
power generation system using this technique.
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Fig. 1. Prospect of Technology development in accordance with
IMO GHG Reduction Regulations.
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Table 1. Fuel oil consumption of 3,000kW marine diesel engine generator

Classification Numerical Value Reference
Length x Width 0.75 x0.75 m
Body Height 3m
Area of In & Out 02m
Working Fluid Exh. gas (Air)
Layer
Tub Diameter 28.4 mm G— & @@ 60 0 ®
(Evaporating Side) Sap 3 mm AR
Area 11.68 m’ - -l
Working Fluid R152a .
Layer
Tub Diameter 28.4 mm Thickness : 2.8 mm
(Heatitlllg eSide) Gap 85 mm
Area 4.64 m’
Working Fluid R152a
st ORC 3 Al4gl Ul Wmo} Mul =77k wj7|7t2~ & A2 7] € 58 Ao] 2 Juy oz A2dA 18t
2HE dojubs dudhr) o] dAgE Attt o F7I7F oA BE A2 49 o] &3ste] 1EES 5
= AL F Uk
2. &% sjMdzd Rago A Fh g AAS MRS fFEEoR T
ato] A o] f-= thed 2tk 2 Gudtr|e] A 54
SRS 98] AlRte mdge Awsly] A Zra 2 2% 3509 A YriRI2a)7F friEo] HTHow o
2ol HTRIE AAFE 232 w#s9dtl HIRI AAS 7|6k 2EV|ZFE 100C FLET7I2 MESHES s& zo|th
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Fig. 2. Modeling of heat exchanger.
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Fig. 5. Section-Grid of heat exchanger.
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Table 2. Steady-State Numerical Analysis Calculation Conditions and Results

Analysis Condition and Result

Evaporating Process Heating Process
Flow (kg/s) 15.7 15.7
Gas inlet Temperature (C) 300 278
_ Pressure (kPa) 15.8 -
(S;SL ‘S'CI;Z) Flow (kg/s) 17.5 15.7
Temperature (C) 278 267
Gas outlet
- 47.8
Pressure (kPa) . .
Differential Press. : 32
Flow (kg/s) 1.55 1.55
Temperature (C) 35.7 40.1
R152a inlet Pressure (kPa) 800 (abt. Press.) 799 (abt. Press.)
Enthalpy (kJ/kg) 260 535
Tube Side Vapor rate 0.00 (Full Liquid) 1 (Full Steam)
(R152a) Flow (kg/s) 1.55 1.55
Temperature (C) 355 104.5
R152a outlet Pressure (kPa) 801 kPa (abt. Press.) 801 kPa (abt. Press.)
Enthalpy (kJ/kg) 510 618
Vapor rate 0.95 Super heated steam
Interface Wall Thin Material (Steel 3 mm), k& = 60 [Wm 'K
Heat-transfer rate (Result) Exh. gas (515 kW) = Refrigerant Evaporating (387 kW) + Refrigerant Heating (128 kW)
Average Vapor Rate on Tube 0.58 (Steady Status)
Analysis Condition
Fluid Air Ideal Gas, R152a (Vap), R152a (Liq)
Turbulence model k- model
Simulation type Steady State analysis (Steady Status)
Heat transfer Total Energy
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Fig. 6. Setup of fluid model on steady state.
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Fig. 7. Physical propertics of refrigerant (R152a).
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