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Abstract 

The results of experimental research on marine thermal power plants using a 

shell and tube heat exchanger made of copper-tin (Cu-Sn) alloy are the main 

focus of this study. This study uses a heat exchanger Scale Model measuring 60 

mm wide x 1 meter long. The system operated using a closed cycle and Organic 

Rankin cycle. A simulation study has been carried out using Ansys CFD software 

to model new heat exchangers, namely models A and B. The interaction between 

ammonia and hot water produces thermodynamic values in the form of an 

evaporator outlet temperature of 28°C in models A and B 260C. The weakness 

of model B is that the turbulent flow is divided into left and right sides so that 

heat loss occurs in the flow corner area. The seawater inlet temperature of 29°C 

can heat the working fluid from the ammonia flow inlet from 5°C to 28°C, 

resulting in saturated steam reaching 5-6 bar. 
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1. INTRODUCTION 

Indonesia's enormous renewable energy potential remains untapped, one of which is 

OTEC Ocean energy [1] . Ocean thermal energy power generation (OTEC) is generated 

through the temperature difference between warm water at the sea surface (290 °C) and 

water at 50 °C 1000 meters inland [2]. One of the OTEC plants is operated using the 

Rankine cycle with ammonia as the working fluid, where the seawater outlet from the 

condenser in the closed organic Rankine cycle is used to provide the cooling medium [3]. 

As part of renewable technology, OTEC produces a clean energy source; the working 

fluid ammonia in the evaporator in a closed cycle is not released or flowed into the 

environment, so it does not cause environmental pollution [4]. The selection of an 
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appropriate heat exchanger type based on temperature range and cost is a critical factor 

in industrial applications [5]. The OTEC plant with a titanium plate-type Heat Exchanger 

(PHE) has excellent corrosion resistance, but the cost factor of this material means that 

research into OTEC energy must consider alternatives to replace other anti-corrosion 

heat exchanger materials [6]. Given these conditions, we conducted this research using a 

tin-copper (Cu-Sn) alloy heat exchanger. It's more economical than titanium and readily 

available on the market. To produce the desired saturated steam, the shell-and-tube heat 

exchanger system uses ammonia as the working fluid, which powers the turbine [7]. 

OTEC is a power generator that uses the temperature difference in seawater as a realistic 

heat source with limited heat capacity; its temperature will change continuously from 

time to time during the heat transfer process in the evaporator [8]. This research aims to 

generate power using the work produced by the evaporator in a closed-cycle system that 

utilizes the temperature difference between surface seawater and deep seawater. 

Additionally, other studies have explored the use of solar energy to further increase 

seawater temperature in the Kalina combined cycle OTEC (Ocean Thermal Energy 

Conversion) system. Power output is evaluated using the Aspen Plus simulation, with 

turbine inlet pressures exceeding 2.9 MPa and turbine outlet pressures ranging between 

1.3 and 1.6 MPa [9]. Based on the references discussed above, the researcher intends to 

replace the titanium corrosion-resistant heat exchanger with a more affordable and 

economical copper-tin alloy. A shell-and-tube heat exchanger was selected to minimize 

power losses associated with turbulence, which frequently occurs in plate-type heat 

exchangers. 

2. LITERATURE REVIEW AND PROBLEM FORMULATION 

This journal [3] developed research on the analysis of three Ocean Thermal Energy 

Converter (OTEC)-based models or systems using the Aspen Plus simulation model 

approach at 1 bar pressure, where ammonia is operated as the working fluid, variations 

in the cooling water flow rate, and power. The highest efficiency value of the cycle is 

found in the amount of heat absorbed the most because it has the highest working fluid 

flow rate. Resulting in maximum energy and exergy efficiency of the OTEC plant of 

1.83% and 78.02%, and 1.37% and 56.17%, respectively. The research study in this 

paper [10] Discusses and examines gaps in current economic analysis, the impact of 

outputs such as net power, component costs, budget expenditures, or operational costs, 

and the impact on society in the form of interest rates and electricity operational costs in 

the OTEC industrial system. However, its weakness is that it does not yet consider 

Break-Even Point (BEP) costs. This research paper's findings study [11] This paper 

discusses an irreversible regenerative organic Rankine cycle model based on finite-time 

thermodynamics. It analyzes the effect of internal irreversible losses on the power output 

and thermal efficiency of this cycle. The study reveals that this paper requires attention, 

as internal power losses cannot be changed, significantly affecting the resulting power 

output. 

I've proposed edits to clarify and improve the flow of your paragraph, emphasizing 

the unavoidable nature of internal power losses and their impact on the cycle’s 

performance. Analysis of this Journal [12] Discussing the advantages of titanium flat-plate 

heat exchangers for OTEC plants due to their corrosion resistance. Titanium is a heating 

or cooling source for working fluids, making it a very suitable plate material at PHE due 

to its excellent corrosion resistance to seawater. However, the downside in our 

environment is the high cost factor, which means that very few energy enthusiasts are 

turning to this OTEC business. 

The problem formulation that can be taken from this research is based on the results 

of the research and considering that the source of this OTEC system is seawater which 

is very susceptible to corrosive hazards but must also be in accordance with the political 

and economic conditions of this country, then copper tin (Cu-Sn) is very suitable as an 

alternative to titanium which is very capable of corrosion. The suitable model is also 
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taken as a shell and tube compared to the flat plate model because it avoids the 

occurrence of saturated steam loss that occurs during production.  

3. RESEARCH PURPOSES 

This research study is entitled " Validation of Experimental Research Results and 

advanced simulation of Ocean Thermal Conversion Power Plants (OTEC) using a shell 

and tube heat exchanger model made of copper-tin alloy and ammonia as the fluid. This 

research was conducted with the aim of obtaining validation of a new model of a heat 

exchanger from the results of experimental testing with simulations of an OTEC ocean 

thermal conversion power plant using a shell and tube heat exchanger model made of 

copper-tin alloy (Cu-Sn) with ammonia as the fluid. In order to achieve this goal, it is 

necessary to conduct investigations including: building a simulation flow diagram of the 

heat exchanger cycle and then assembling a prototype of the heat exchanger, analyzing 

and validating the results of simulation data processing and experimental investigation 

studies, and drawing conclusions from the results of the investigation. 

4. RESEARCH MATERIALS AND METHODS 

Chapter four is related to research materials and methods, which is a study in the research 

methodology section that discusses materials, methods, and research variables, prototype 

tool design, data collection techniques, and conclusions of the research flow diagram 

from a series of simulation and experimental studies. 

4.1. Materials of research 

In the experimental test, the focus of the research was a prototype of a new model of a 

Cu-Sn shell and tube heat exchanger. The shell was assembled from steel (Cu) and 

equipped with a tubing chamber for the working fluid ammonia made of copper alloy to 

produce good heat conductivity, which is assumed to be able to rotate the turbine. 

Meanwhile, the computer simulation research study used Aspen Plus and Computational 

Fluid Dynamics (CFD) applications. 

4.2. Methods of Study 

This experimental research was conducted in the energy conversion laboratory of Al-

Azhar University by creating a prototype of a laboratory-scale heat exchanger to obtain 

experimental data in the form of inlet and outlet water temperatures from the heat 

exchanger area, seawater capacity, ammonia inlet and outlet temperatures, and mass 

flow rates, and then validated with the results of simulation research. CFD is a simulation 

method carried out in order to observe variations in the evaporator outlet temperature, 

condenser outlet temperature, warm water mass flow rate, and ammonia working fluid 

pressure. The evaporator condenser, pump, turbine, and electric generator are active 

components of the OTEC plant, which is a representation of a closed Rankine cycle [13]. 

Ammonia will form a saturated gas phase, which is expanded to drive the turbine. A 

simple ideal Rankine cycle calculates the work output of the power cycle and the cycle 

efficiency based on the design parameters [14]. 

4.3. Research Variables in the OTEC Research Simulation  

The independent variables are based on simulation variation modeling. These include 

varying the seawater temperature leaving the evaporator, varying the seawater 

temperature leaving the condenser, varying the seawater mass flow rate, and varying the 

ammonia working fluid pressure. The dependent variable is the variable that changes 

after the independent variable is varied. These include varying the seawater temperature 

leaving the evaporator, varying the seawater temperature leaving the condenser, varying 

the seawater mass flow rate, and varying the ammonia working fluid pressure. Building 
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a flow diagram of the cycle is the stage in the Aspen Plus simulation. The initial step is 

the flowsheet, which maps the entire system, flows, and unit operations that have been 

identified. The next step is to determine the chemical components of the thermodynamic 

process. The final step is to condition the temperature, pressure, and size. The heat 

exchanger simulation design results obtained from the ANSYS CFD simulation results 

for temperatures varying from 24°C to 28°C with 5-point variations. 

Table 1. Boundary Conditions of Type A Heat Exchanger 

Inf Boundary Conditions Type  Value 

A. inlet Ammonia  Mass flow rate 0,02 kg/s 

 Inlet pressure - temperature Inlet pressure-temperature 957.000 Pascal 80C 

B Ammonia outlet Outlet pressure 0 Pa (gauge) 

C Water inlet Mass flow rate 0,02 kg/s 

 Inlet pressure Inlet pressure 1.015 Pascal 

D Ammonia inlet temperature Outlet temperaturepressure 300C 0 Pa (gauge) 

Table 2. Boundary Conditions of Type B Heat  

Inf Boundary Conditions Type  Value 

A. Inlet Ammonia Mass flow rate 0,02 kg/s 

 Preasure Inlet Inlet pressure 957.000 Pascal 

 Inlet Temperature  Temperature 80C 

B Outlet Amonia Outlet Pressure 0 Pa (gauge) 

C. Inlet Water Mass flow rate 0,02 kg/s 

 Inlet pressure & temperature Inlet pressure-temperature 1.015 Pascal 300C 

D Outlet 1 Amonia Outlet Pressure 0 Pa (gauge) 

Outlet 2 Amonia Outlet Pressure Pa (gauge) 

 

Tables 1 and 2 show that the Ansys CFD simulation process begins with importing 

geometry, followed by grid generation, and then defining boundary conditions. There 

are four boundary points: A, B, C, and boundary condition D. A represents the ammonia 

inlet boundary, B represents the ammonia working fluid outlet pressure, C determines 

the warm water inlet boundary, and the warm water inlet pressure and temperature. D 

determines the ammonia working fluid outlet. Table 3 presents the aspects and settings 

of a sign description that must be understood in the simulation process. The simulation 

is conducted from various perspectives, including the problem basis (solver model), 

viscosity basis (viscous model), materials, operating conditions, initiation, and residue 

monitoring. 

Table 3. Computerization/Simulation aspects 

Aspects Arrangement 

Basic Problem Base pressure, three-dimensional, fluid condition: Steady 

Viscosity Basics Turbulent k-ε Standard Material: Air with constant density, 

Operational Conditions 101325 Pa 

Initiation Inlet fluid velocity: (inlet residual velocity monitor 10-6) 

4.4. Experimental Study of OTEC Work 

The next concrete step is to create a heat exchanger prototype based on the best 

simulation results. The heat exchanger model is made of a copper-tin alloy (Cu-Sn). The 

design that is closest to the best of the two models is the heat exchanger prototype, Model 

A.  
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4.4.1.  Production of heat exchangers 

It has 32 tubing rod lines with 6 buffles assembled in a single pipe (tubing) circuit. The 

prototype design of a type A heat exchanger without an inlet hole in the middle is used 

as an experimental research access, which is a comparison with the type B heat 

exchanger design with an added hole in the middle of the HE unit. The production 

process for this research uses materials that are in accordance with the planning, design, 

and machine tools, according to existing standards. 

4.4.2.  Testing of shell and tube model heat exchangers at OTEC 

After the shell and tube heat exchanger is finished being manufactured, the next step is 

the testing procedure and experimental data collection. The heat exchanger works with 

an evaporation system that occurs in some of the hot water that evaporates through the 

moving air flow, and the heat is lost to the atmosphere [15]. The components of the heat 

exchanger include: Pressure gauges on the inlet and outlet sides for both the working 

fluid and the seawater, seawater flowmeters, and tubing for the working fluid and 

seawater must be installed in the heat exchanger unit.  

 
Figure 1. Seawater flowmeter and seawater inlet line. 

The flowmeter is positioned in the heat exchanger unit, set at 200 l/h. The valve on the 

flowmeter control lever is positioned to only require 4 kg/s, as shown in Figure 2 below. 

 
Figure 2. Observation of the pressure outlet from the ammonia condenser. 

4.4.3.  OTEC research data collection methods 

Experimental testing, the data collection method takes data from nine criteria, including: 

time, ammonia inlet temperature, ammonia outlet temperature, seawater capacity, 

surface seawater inlet temperature, seawater outlet temperature from the evaporator, 

vapor pressure inlet from the condenser, vapor pressure exit from the condenser, mass 

flow rate, and ambient temperature. The initial method is carried out by running a CFD 

simulation, conducting an experimental study,, and then validating the results of both 

studies. 
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4.4.4.  OTEC research flowchart. 

 
Figure 3. A brief sequence of the research flowchart 

5. RESULTS AND DISCUSSION  

This research initially used the ANSYS CFD computer simulation method, and the 

second stage used experimental methods. The OTEC system study parameters were a 

shell-and-tube heat exchanger model using Cu-Sn material, temperature, pressure, 

thermal conductivity, and basic technological principles. Two different models were 

developed to produce the best model for testing in the experimental study. Results for 

the heat exchanger/evaporator model A. 

This model shows that there is no support void partition in the middle. 

 
Figure 4. Heat exchanger/evaporator shell unit model  

Results of heat exchanger / evaporator model B:  

This model features a support void partition in the middle, which distinguishes it from 

Model A above. 

 
Figure 5. Model B heat exchanger/evaporator shell unit 

5.1. Testing of Shell and Tube Heat Exchanger Simulation 

Input parameters: The hot water entering the evaporator at sea level has a temperature of 

30℃, which decreases to 28℃ upon exiting the evaporator. The ammonia enters at 7.9℃ 

and exits at 26℃. The results of the CFD simulation for model A are summarized in 

Table X below. (Note: The second row of Table X corresponds to the relevant chapter 

or subchapter and provides detailed values for each measured parameter.) 
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5.1.1.  CFD Simulation of Temperature Contour Angle  

The working fluid ammonia is at a temperature of 2.81 K (8°C) until the exit of the heat 

exchanger shell unit shows a temperature of 3.03 K (30°C). The CFD temperature starts 

with the entry of ammonia, which is at 2.81 K (8°C), and ends with the exit of the heat 

exchanger shell unit, showing a temperature of 3,010 K (30°C). 

Table 4. Simulation Results of the temperature side of model A 

Model Parameter Temperature Value (°K) 

 

A 
Inlet Temperatur Amonia 281.15 K 

Inlet Temperatur Air Pemanas 303.15 K 

Outlet Temperatur Amonia 281.15 K 

Outlet Temperatur Air Pemanas 301.15 K 

 

In the evaporator system, the ammonia working fluid is at a temperature of 281 K (8℃) 

until the HE evaporator exits, showing a temperature value of 303 K (30℃). Meanwhile, 

for the heating water, the CFD temperature value begins with the entry of the heating 

water, which is at a temperature of 303.15 K (30℃) until the exit of the heat exchanger 

shell unit shows a temperature of 299.15 K (26.5℃). 

Table 5. Simulation results of the temperature side of model B. 

Model Parameter Temperature Value (°K) 

 

B 

Inlet Ammonia 281,15 K 

Inlet Hot Water 303,15 K 

Outlet Ammonia 299,45 K 

Outlet Hot Water 299,15 K 

5.1.2.  Ansys CFD Simulation Of Pressure Contour Angle 

Shows the results of the distribution of pressure values in the pipe, starting with the entry 

of ammonia pressure at -3.15 Pa until it exits the heat exchanger shell with a pressure of 

3.81 Pa. This occurs several times back and forth, not just a single turn, after which it 

exits the heat exchanger unit. ANSYS CFD simulation, when observed at the pressure 

contour angle, similar to the readings on the temperature contour angle, the distribution 

tends to increase as the pressure values in the component increase. The distribution value 

in the pressure pipe in the hot water begins with the entry of the pressure distribution at 

a temperature of 1.8 Pa until it exits the heat exchanger unit shell with a red mark 

indicating a temperature of 4.8 Pa. 

Table 6. CFD simulation results of pressure contour angle of model A. 

Model Parameter Pressure Value (Pa) 

 

A 

 

Inlet Ammonia Pressure -3.15 Pa 

Heating Water Pressure Inlet 1,8 Pa 

Ammonia Pressure Outlet 3.81 Pa 

Heating Water Pressure Outlet 4,8 Pa 

 

The pressure contour angle is nearly identical to the temperature contour angle. The 

closer the color is to the red distribution, the higher the pressure values in the heat 

exchanger shell component.  

The figure shows the distribution of pressure values in the pipe, starting with the 

ammonia inlet at -1.832 Pa and ending with the exit of the heat exchanger shell unit at 

3.81 Pa. This occurs several times, not just a single bend, after which the heat exchanger 

shell unit exits. The stress distribution values resulting from the simulation data are 

shown in Figure 5, model A below: 
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Figure 6. Pressure contour angle position in model A 

The ANSYS CFD simulation, when observing the pressure contour angle, is similar to 

the temperature contour reading. The distribution tends to increase as the pressure values 

in the components increase. The distribution value in the hot water pressure pipe begins 

at 1,832 Pa and continues until the heat exchanger shell unit exits at 4.8 Pa. 

Table 7. CFD Simulation Results of Pressure Side of Model B 

Model Parameter Pressure Value (Pa) 

 

 

B 

 

Inlet Ammonia Pressure -1.832 Pa 

Heating Water Pressure Inlet 1,8 Pa 

Ammonia Pressure Outlet 3.43 Pa 

Heating Water Pressure Outlet 4,8 Pa 

 

The stress distribution value that occurs from the simulation work results from the data 

can be seen in Figure 4 model B below: 

 
Figure 7. Pressure contour angle position of model B. 

As seen in the image above, the closer the distribution toward red indicates higher 

pressure values in the heat exchanger shell unit component. 

Compared to model A, model B does not yet exhibit significant pressure or 

temperature distribution values. Therefore, for experimental research, model A can be 

used as a reference for further experimental research. 

5.1.3.  Testing the Results of Hot Water Streamline Velocity in the 

Evaporator  

The velocity streamline of hot water in the evaporator is shown in Figure 5 below, where 

the fluids are parallel but flow in opposite directions. This results in good heat transfer 

efficiency among existing heat exchanger types. However, in this experiment, there were 

two inlets because the water at the bottom was cold. around 50 °C entering the heat 

exchanger inlet position will meet the hot water coming out of the heat exchanger shell 

unit. 

. 
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Gambar 8. Velocity streamline air panas pada evaporator HE tipe A 

At a temperature of 300°C, warm water from the sea surface flows into the heat 

exchanger inlet through the shell side, and ammonia enters through the inlet tubing of 

the heat exchanger, turbulently passing through the installed baffle. The position of the 

fluid can be seen in Figure 6 below. 

 
Figure 9. Results of the heat transfer efficiency of the hot water streamline velocity. 

5.2. Experimental Testing Results of a Shell-and-Tube Heat Exchanger. 

The experimental testing adopted seven work processes to generate accurate data. These 

work criteria include the working fluid outlet temperature, seawater capacity, seawater 

inlet temperature, seawater outlet temperature, condenser inlet vapor pressure, condenser 

outlet vapor pressure, mass flow rate, and ambient temperature.. 

 
Figure 10. Heat exchanger unit for experimental data. 
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The effect of the copper tin alloy shell and tube heat exchanger system on Ocean Thermal 

Energy Conversion (OTEC) power plants can be seen in the following table. 

Table 8. Test Results 

T in 
Seawater 

(°C) 

T out 
Seawater 

(°C) 

Q  
Sea 

Water 
(l/h) 

T in 
Ammonia 

(°C) 

T out 
Ammonia 

(°C) 

P in 
Ammonia 

(bar) 

P out 
Ammonia 

(bar) 

29.66 28.66 400 11.49 23.45 4.37 4.37 

29.71 28.71 400 12.08 23.74 4.38 4.38 

29.76 28.76 400 12.6 23.83 4.39 4.39 

29.81 28.81 400 13.13 23.92 4.4 4.4 

29.86 28.86 400 14.08 24.07 4.41 4.41 

30 29 400 11.2 24 4.2 4.3 

 

In this test, the sea surface water fluid entering (Tin) into the evaporator showed a 

temperature value of 29.10°C, and a phenomenon of temperature changes occurred at 

the ammonia inlet temperature of 11.49°C. And so on for 5 trials. From the graph trend 

of Figure 7, it can be seen that the seawater inlet temperature and the ammonia working 

fluid inlet temperature are functions of time, where the ammonia working fluid tends to 

experience an increase in temperature. When the working fluid temperature reaches 

11,490 °C, and the seawater inlet temperature is stable at 29.66 0C 

 
Figure 11. Seawater inlet temperature Vs Ammonia inlet temperature. 

5.3. Mass Flowrate of Hot Water (ṁ). 

The density of warm seawater fluid is ρ=1.206 kg/m3. with a flow velocity of 0.877 m/s. 

then the mass flow rate (ṁ) becomes 0.114 kg/s. 

5.4. Heat Capacity Released by  Hot Water in the Evaporator (Q)  

Take the specific heat of water by value 𝐜𝐩 = (𝟒𝟐𝟎𝟎
𝐉

𝐤𝐠
℃). 

 𝑇ℎ1 =5,06,  𝑇ℎ2 = 4,30, 𝑇1=8,70,𝑇2=21,57 

Q = 0.114 
kg

s⁄ (4200 
kg

J
℃)(0.72)℃ 

 Q = 363  
J

s
= 363𝑤𝑎𝑡𝑡. 

Table 9. Results of the calculation of heat released by hot water 

∆𝑻𝒆𝒗𝒂 
(°C) 

A= 𝛑 𝟒 𝐝𝟐⁄  
(m²) 

Qin 
Seawater 

200 l/h 
(m3/s) 

V Velocity 
of 

Seawater  
(m/s) 

𝑸𝒆𝒗𝒂 
ṁ ×

𝑪𝑷 × ∆𝑻 
(watt) 

𝑸𝒄𝒐𝒏𝒅 
ṁ × 𝑪𝑷

× ∆𝑻 
(watt) 

∆𝑻𝒄𝒐𝒏𝒅 
(°C) 

(𝒎)̇  

𝐌𝐚𝐬𝐬  

𝐟𝐥𝐨𝐰𝐫𝐚𝐭𝐞  
(kg/s) 

0.29 0.0001266  0,00011 0,877  133.852 363 0.72 0.114 

0.272 0.0001266  0,00011 0,877 25.664 378 .72 0.114 
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6. CONCLUSION 

The heat transfer coefficient value in the evaporator is 523 W/m2 0C and the condenser 

is 524 W/m2 0C, because in the ammonia working fluid tube space during the trial period, 

it must be maintained at 50 °C, based on a comparison of optimal performance results 

with other research experimental OTEC systems that have been published in the 

literature. 
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