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1.0 INTRODUCTION 

The generation of electricity in Malaysia today is primarily reliant on natural gas as well as 

coal [1]. Carbon dioxide is a by-product that is created as a result of the use of these primary 

sources of energy [2]. The by-product may have unintended consequences for the 

environment, such as contributing to climate change [3]. As a result, Malaysia requires 

alternative energy sources, also known as renewable energy sources, in order to lessen its 

reliance on coal and natural gas [4]. It is for the purpose of minimizing the production of 

greenhouse gases (GHG), as numerous studies have mentioned that GHG has an adverse 

effect on the environment and shortens the earth's lifespan [5]. It is common knowledge 

that one of the potential sources of renewable energy in Malaysia is ocean energy, 

particularly in areas close to the South China Sea [6]. An Organic Rankine Cycle (ORC), 

also known as the OTEC system, can be used to extract energy from the ocean by taking 

advantage of the temperature difference between warm surface seawater caused by solar 
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ABSTRACT 

Organic Rankine Cycle (ORC) applications include ocean thermal energy conversion 

(OTEC), in which mechanical work is generated from heat energy to rotate generators 

and generate electricity. The OTEC system heated and cooled its refrigerant by taking 

advantage of the relatively small temperature difference between the warmer surface 

seawater and the colder deep seawater. The low-temperature difference between seawater 

and the rest of the system meant that the thermal efficiency of the system was relatively 

low; to address this problem, the OTEC cycles needed to be revised. To increase the basic 

OTEC cycle's thermal efficiency by 3.3–4.0%, various modifications have been developed. 

Two such cycles are the Solar Boosted OTEC (SOTEC) cycle and the Ejector Pump cycle 

(EP-OTEC). While the two improvements alter the rotating turbine parameters in different 

ways, they can be combined to create an improved OTEC cycle through the use of 

thermodynamics. In this study, an algorithm for revised OTEC was developed using 

MATLAB, and the performance of the system after the modifications was further 

quantified. This SEP-OTEC cycle thermal efficiency gives a 1.2-fold improvement when 

compared to the previous OTEC cycle thermal efficiency, which was 3.1%. 
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radiation and cold deep seawater. This temperature difference is mentioned in a number of 

studies that were conducted in the past [7]. 

The OTEC system makes use of heat to generate electricity by taking advantage of the 

difference in temperature that exists between warm seawater and cold seawater [8]. Under 

the Twelfth Malaysia Plan, Malaysia has recently invested nearly RM 6 million for its first 

experimental OTEC powerplant [9]. This move is part of the country's efforts to move 

toward a more sustainable environment. The low-temperature difference of seawater can 

only achieve a maximum thermal efficiency of 3.1%, according to the research that was 

reported in [10]. Solar Boosted OTEC (SOTEC) and Ejector Pump OTEC (EP-OTEC) are 

two examples of the revised OTEC cycles that have been developed and introduced by 

researchers so far in an effort to improve thermal efficiency [11, 12]. The SOTEC cycle 

made use of a solar collector to convert solar radiation into heat that was then used to heat 

the refrigerant in the evaporator [13]. This heat was then directed into the inlet of a turbine 

to produce power. In contrast, the EP-OTEC cycle generated low pressure at the turbine 

outlet by utilizing a liquid-vapor ejector that was integrated with a pump as the driving 

mechanism [14]. This allowed for the generation of power. It is true that SOTEC modifies 

the parameter of the turbine inlet, but EP-OTEC modifies the parameter of the turbine outlet, 

which results in a higher level of thermal efficiency (up to 3.3% and 4.0%, respectively) 

[10, 15]. 

Ammonia (NH3) has been shown to be one of the best refrigerants for the OTEC cycle 

in a number of studies due to the fact that it possesses favorable thermophysical properties 

[16]. Ammonia as a refrigerant improved the OTEC cycle to produce a higher power output 

compared to other refrigerants at an equivalent mass flow rate, which unquestionably 

increased the cycle's thermal efficiency [17]. The thermal efficiency of the cycle is a crucial 

factor in evaluating OTEC systems [18], so it's worth emphasizing here. The improvement 

of thermal efficiency results in an increase in the net power output while simultaneously 

resulting in a decrease in the heat load of the heat exchanger, the size of the main component, 

and the capital cost of building a power station [19]. As a result, a significant amount of 

research has been carried out in recent years to improve the thermal efficiency of the OTEC 

cycle through modifications to the cycle, the refrigerant, and the components [20]. 

In this investigation, the traditional OTEC cycle is rethought as a modified OTEC cycle 

with combined EP-OTEC and SOTEC characteristics. These characteristics are achieved 

with the help of additional components, primarily a solar collector and an ejector pump. An 

algorithm of thermodynamic analysis has been specifically developed for the purpose of 

calculating the net power output of this modified cycle by using several input parameters 

such as the temperature of the seawater's surface, the mass flow rate ratio, and the motive 

pressure ratio.  To achieve the ultimate purpose of this research, the thermal efficiency of 

the modified cycle is quantified through the numerical simulation of thermodynamic 

analysis. 

 

 

2.0 SETUP AND METHODOLOGY 
 

Based on the proposed SEP-OTEC cycle, we used a solar collector array and liquid-vapor 

ejector with its motive pump to improve the thermal efficiency of the conventional OTEC 

cycle (Fig. 1). After the condenser, we attached a distributor to divide the refrigerant into 

two streams (see states 7 and 8). The first stream of refrigerant (state 7) passed a pump 

before reached an evaporator to extract heat from surface seawater, and the refrigerant 

transformed to saturated gas (state 1-2). After that, this saturated gas absorbed heat from 

the solar collector and accordingly changes to superheated gas (state 2-3). The superheated 

gas is then channeled into a turbine before being pulled by the ejector’s suction nozzle 

(state 3-4). Meanwhile, the second stream of the refrigerant (state 8) was streamed into a 

motive pump, pressurized, and further headed into a primary ejector’s nozzle (state 9). This 
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compressed refrigerant then reduced its pressure after the primary nozzle (Pn) outlet. The 

low-pressure condition at the Pn outlet induced the low-pressure condition at the secondary 

nozzle (Sn) outlet, which resulting suction at the turbine outlet (state 4). After that, both Pn 

and Sn outlets were channeled into an ejector mixing chamber before being discharged 

through an ejector diffuser at condensation pressure (state M-5). The discharged refrigerant 

then released heat to cold seawater that passed through the condenser until it reached a 

saturated liquid state (state 5-6) and finally completed the cycle. 

For the model analysis, all the calculations only involved one-dimensional analysis, 

including the ejector. The ejector model analysis was based on the two-phase ejector (liquid 

from the pump and vapor from the turbine), and it was assumed as a homogeneous 

equilibrium [21]. Meanwhile, the mixing part of the ejector used the Constant-Area Mixing 

(CAM) assumption instead of the Constant-Pressure Mixing (CPM) due to better 

performance at the optimum suction nozzle pressure [22]. It was considered that the ejector 

only operated at the subsonic velocity region instead of the supersonic because the motive 

pressure value was not in the suitable range; thus, converging-diverging nozzle and 

shockwave calculation was excluded [23]. In this analysis, we assumed the pressure drop 

in piping, evaporator, and condenser was negligible and considerably minor. On the other 

note, the heat transfer only occurs in the evaporator, solar collector, and condenser [24]. 

The refrigerant left the evaporator and condenser as saturated vapor and saturated liquid, 

respectively [25].  

 

Figure 1: Schematic drawing and pressure-enthalpy (P-h) diagram of the proposed SEP-OTEC. 

 

 
Table 1: Parameter for the SEP-OTEC cycle. 

Parameter Value Author 

Working fluid Ammonia (NH3) [10] 

Gross turbine power 100-200 kW [15] 

Cold seawater 5 – 8 °C [26] 

Seawater temperature difference at the condenser 5.8 °C [18] 

Warm seawater temperature 25.3-31.3 °C [27] 

Seawater temperature difference at the evaporator 3 °C [18] 

Refrigerant temperature at the evaporator outlet Warm surface seawater -1°C - 

Refrigerant temperature difference at the solar collector 20 - 40 °C 

[18] Turbine efficiency 80% – 85% 

Pump efficiency  65% - 80% 

Primary nozzle efficiency 95% 
[28] 

Secondary nozzle efficiency 85 % 
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Mixer efficiency 95 % 

Diffuser efficiency 85 % 

Mass fraction of motive part 0.3 – 0.9 
[18] 

Motive pressure ratio  0.8 – 1.3 kPa 

 

The numerical simulation was carried out in Matlab R2018a using the refrigerant's 

thermodynamic properties as obtained from CoolProp v6.1.3. At the evaporator's outlet, 

state 2 was used as the starting point for the calculation. At a temperature 1ºC below the 

surface seawater inlet temperature of the counter-current heat exchanger, the evaporation 

pressure was the same as the saturation pressure. Equations (1) through (4) were utilized to 

determine the properties at the evaporator outlet. 

 

𝑇2 = 𝑇𝑤𝑠,𝑖 − 1          ( 1 ) 

𝑃2 = 𝑃(𝑇2, 𝑄 = 1) = 𝑃𝑒        ( 2 ) 

ℎ2 = ℎ(𝑇2, 𝑄 = 1)        ( 3 ) 

𝑠2 = 𝑠(𝑇2, 𝑄 = 1)         ( 4 ) 

 

In accordance with the isobaric process that took place at the output of the solar collector, 

the pressure was equivalent to the evaporation pressure, and it was then assumed that the 

temperature would rise by 20 degrees Celsius after that (see equations 5-7 to calculate the 

other thermodynamic properties). 

 

𝑇3 = 𝑇2 + 𝛥𝑇𝑠𝑐         ( 5 ) 

ℎ3 = ℎ(𝑇3, 𝑃2)         ( 6 ) 

𝑠3 = 𝑠(𝑇3, 𝑃2)         ( 7 ) 

 

Due to the isobaric nature of the process, it was assumed that the pressure at the main 

pump outlet was equal to the evaporation pressure and the temperature was 5 degrees 

Celsius lower than the evaporator outlet temperature. Using equations 8 to 10, the 

properties of the refrigerant at the evaporator inlet were calculated. 

 

𝑇1 = 𝑇2 − 5         ( 8 ) 

ℎ1 = ℎ(𝑇1, 𝑃2)         ( 9 ) 

𝑠1 = 𝑠(𝑇1, 𝑃2)                ( 10 ) 

 

The motive pressure in the secondary channel was calculated using the equation of 

motive pressure ratio (see equation 11), and its entropy was equal to the evaporator inlet 

entropy due to the isentropic process. The main pump outlet’s entropy was used as initial 

data instead of the condenser outlet’s entropy (see equation 12 and 13). 

 

𝑋𝑝 =
𝑃𝑚

𝑃𝑒
                 ( 11 ) 

ℎ9 = ℎ(𝑃𝑚, 𝑠1)                ( 12 ) 

𝑇9 = 𝑇(𝑃𝑚, 𝑠1)                ( 13 ) 

 

Given the isentropic process, the pressure and entropy at the ejector's primary nozzle 

outlet were assumed to be identical to those at the motive pump outlet. The isentropic 

enthalpy was calculated using equation 14, while the actual enthalpy can be calculated 

using the primary nozzle efficiency equation (equation 15). Using the mass balance 

equation and the energy balance equation (equations 16 and 17), an iterative computational 

process was used to adjust the primary nozzle outlet and then the calculated velocities were 

compared to ensure the properties obeyed one another (see equation 18-20). 
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ℎ𝑝𝑛 = ℎ(𝑠9, 𝑃𝑝𝑛)               ( 14 ) 

𝜂𝑝𝑛 =
ℎ9−ℎ𝑝𝑛

ℎ9−ℎ𝑝𝑛,𝑖𝑠
                ( 15 ) 

𝑚̇𝑚 = 𝜌𝑝𝑛𝐴𝑝𝑛𝑉𝑝𝑛,𝑚𝑎𝑠𝑠              ( 16 ) 

ℎ9 = ℎ𝑝𝑛 +
𝑣2

𝑝𝑛,𝑒𝑛𝑒𝑟𝑔𝑦

2
              ( 17 ) 

𝜌𝑝𝑛 = 𝜌(𝑃𝑝𝑛, ℎ𝑝𝑛)               ( 18 ) 

𝑇𝑝𝑛 = 𝑇(𝑃𝑝𝑛, ℎ𝑝𝑛)               ( 19 ) 

𝑠𝑝𝑛 = 𝑠(𝑃𝑝𝑛, ℎ𝑝𝑛)               ( 20 ) 

 

Assuming a suction pressure at the turbine's outlet, the actual enthalpy can be calculated 

using equations 21 and 22, and the other thermodynamic properties using equations 23 and 

24. 

 

ℎ4,𝑖𝑠 = ℎ(𝑃4, 𝑠3)               ( 21 ) 

𝜂𝑇 =
ℎ3−ℎ4

ℎ3−ℎ4,𝑖𝑠
                ( 22 ) 

𝑇4 = 𝑇(𝑃4, ℎ4)                ( 23 ) 

𝑠4 = 𝑠(𝑃4, ℎ4)                ( 24 ) 

 

Equations 25 and 26 were used to figure out the real enthalpy of the secondary nozzle 

outlet. The energy balance equation and the mass balance equation were used to compare 

the calculated speeds by changing the pressure at the turbine outlet (equations 27 and 28). 

Equations 29 and 30 can be used to figure out the other thermodynamic properties. 

 

ℎ𝑠𝑛,𝑖𝑠 = ℎ(𝑃𝑝𝑛, 𝑠3)               ( 25 ) 

𝜂𝑠𝑛 =
ℎ4−ℎ𝑠𝑛

ℎ4−ℎ𝑠𝑛,𝑖𝑠
                ( 26 ) 

ℎ𝑠 = ℎ𝑠𝑛 +
𝑣2

𝑠𝑛,𝑒𝑛𝑒𝑟𝑔𝑦

2
               ( 27 ) 

𝑚𝑒 = 𝜌𝑠𝑛𝐴𝑠𝑛𝑉𝑠𝑛,𝑚𝑎𝑠𝑠               ( 28 ) 

𝜌𝑠𝑛 = 𝜌(𝑃𝑝𝑛, ℎ𝑠𝑛)               ( 29 ) 

𝑇𝑠𝑛 = 𝑇(𝑃𝑝𝑛, ℎ𝑠𝑛)               ( 30 ) 

 

The mixing pressure was assumed when calculating the velocity at the ejector's mixer 

outlet using the momentum equation (equation 31). Then the calculated velocity to 

determine the actual enthalpy of the mixer using equation 32. In addition, the mass balance 

equation (equation 33) was utilized to calculate the velocity, which was then compared to 

the velocity derived from the momentum equation. Iterative processes were carried out by 

varying the mixing pressure until the convergence criteria were met. Equations 34-36 can 

be used to compute the other thermodynamic properties under the mixing pressure. 

 

𝜂𝑚𝑖𝑥(𝑚̇𝑚𝑖𝑥𝑉𝑝𝑛 + 𝑚𝑒𝑉𝑠𝑛) + 𝑃𝑝𝑛𝐴𝑝𝑛 + 𝑃𝑠𝑛 =  𝑚̇𝑡𝑜𝑡𝑎𝑙𝑉𝑚𝑖𝑥,𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚 + 𝑃𝑚𝑖𝑥𝐴𝑚𝑖𝑥    ( 31 ) 

𝑚̇𝑝𝑛 (ℎ𝑝𝑛 +
𝑣2

𝑝𝑛

2
) + 𝑚̇𝑠𝑛 (ℎ𝑠𝑛 +

𝑣2
𝑠𝑛

2
) = 𝑚̇𝑡𝑜𝑡𝑎𝑙 (ℎ𝑚𝑖𝑥 +

𝑣2
𝑚𝑖𝑥,𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚

2
)         ( 32 ) 

𝑚̇𝑡𝑜𝑡𝑎𝑙 = 𝜌𝑚𝑖𝑥𝐴𝑚𝑖𝑥𝑉𝑚𝑖𝑥,𝑚𝑎𝑠𝑠             ( 33 ) 

𝜌𝑚𝑖𝑥 = 𝜌(𝑃𝑚𝑖𝑥 , ℎ𝑚𝑖𝑥)              ( 34 ) 

𝑇𝑚𝑖𝑥 = 𝑇(𝑃𝑚𝑖𝑥 , ℎ𝑚𝑖𝑥)              ( 35 ) 

𝑠𝑚𝑖𝑥 = 𝑠(𝑃𝑚𝑖𝑥 , ℎ𝑚𝑖𝑥)               ( 36 ) 

 

The entropy of the diffuser outlet at the ejector was equal to the mixer entropy, and its 

actual enthalpy was obtained using the energy equation (equation 37). We also calculated 
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other thermodynamic properties, including the isentropic enthalpy, and the efficiency, 

using equations 38-40. 

 

ℎ𝑚 +
𝑣2

𝑚𝑖𝑥,𝑚𝑎𝑠𝑠

2
= ℎ𝑑               ( 37 ) 

𝜂𝑑 =
ℎ𝑑,𝑖𝑠−ℎ𝑚

ℎ𝑑−ℎ𝑚
                ( 38 ) 

𝑃𝑑 = 𝑃(ℎ𝑑,𝑖𝑠, 𝑆𝑚)               ( 39 ) 

𝑇𝑑 = 𝑇(ℎ𝑑,𝑖𝑠, 𝑆𝑚)               ( 40 ) 

 

Considering the isobaric process, the condenser pressure outlet was equal to the diffuser 

outlet pressure, and the refrigerant’s state was saturated liquid. The other thermodynamic 

properties can be calculated using equations 41-43. 

 

𝑇𝑐 = 𝑇(𝑃𝑑 , 𝑄 = 0)               ( 41 ) 

ℎ𝑐 = ℎ(𝑃𝑑 , 𝑄 = 0)               ( 42 ) 

𝑠𝑐 = 𝑠(𝑃𝑑 , 𝑄 = 0)               ( 43 ) 

 

By considering the isentropic efficiency, computational recalculation at the main pump 

was required using equations 44-46. The entropy value can be considered equivalent to the 

entropy of the condenser outlet. 

 

ℎ1,𝑖𝑠 = ℎ(𝑃𝑒 , 𝑠𝑐)               ( 44 ) 

𝜂𝑝 =
ℎ1,𝑖𝑠−ℎ𝑐

ℎ1−ℎ𝑐
                ( 45 ) 

𝑇1 = 𝑇(𝑃𝑒 , ℎ1)                ( 46 ) 

 

On the other note, the motive pump also required recalculation, which considering 

isentropic efficiency. Besides, the entropy was equal to the entropy of the condenser outlet, 

and other properties can be calculated with the following equation 47-49. 

 

ℎ9,𝑖𝑠 = ℎ(𝑃𝑚, 𝑆𝑐)               ( 47 ) 

𝜂𝑝 =
ℎ9,𝑖𝑠−ℎ𝑐

ℎ9−ℎ𝑐
                ( 48 ) 

𝑇1 = 𝑇(𝑃𝑚, ℎ9)                ( 49 ) 

 

After the recalculation procedure, we used this value to revise the value of the primary 

nozzle to the condenser outlet until the new entropy of the condenser outlet was obtained. 

We compared this new entropy value with the entropy of the main pump outlet, then 

executed the iteration by adjusting the inlet temperature of the evaporator assumed earlier 

(See fig. 2 for the calculation flowchart). To quantify the overall performance of the cycle, 

including thermal efficiency and pressure drop ratio as shown in equations 50-58. 
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Figure 2: Flowchart of SEP-OTEC Cycle Calculation 

 

 

For the cycle analysis, data such as thermal efficiency [equation 50-57], pressure drop 

ratio [equation 58], suction pressure was collected by varying the motive pressure ratio, 

mass fraction of motive, and the surface seawater temperature. 

 

𝑊̇𝑡𝑢𝑟𝑏𝑖𝑛𝑒 = 𝑚̇𝑒(ℎ3 − ℎ4)              ( 50 ) 

𝑊̇𝑚𝑎𝑖𝑛𝑝𝑢𝑚𝑝 = 𝑚̇𝑒(ℎ1 − ℎ𝑐)              ( 51 ) 

𝑊̇𝑚𝑜𝑡𝑖𝑣𝑒𝑝𝑢𝑚𝑝 = 𝑚̇𝑚(ℎ9 − ℎ𝑐)             ( 52 ) 
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𝑊̇𝑡𝑜𝑡𝑎𝑙𝑝𝑢𝑚𝑝 = 𝑊̇𝑚𝑎𝑖𝑛𝑝𝑢𝑚𝑝 + 𝑊̇𝑚𝑜𝑡𝑖𝑣𝑒𝑝𝑢𝑚𝑝               ( 53 ) 

𝑄̇𝑒 = 𝑚̇𝑒(ℎ2 − ℎ1)               ( 54 ) 

𝑄̇𝑠𝑐 = 𝑚̇𝑒(ℎ3 − ℎ2)               ( 55 ) 

𝑄̇
in,total

= 𝑄̇𝑒 + 𝑄̇𝑠𝑐               ( 56 ) 

𝜂𝑡ℎ =
𝑊̇𝑡𝑢𝑟𝑏𝑖𝑛𝑒−𝑊̇𝑡𝑜𝑡𝑎𝑙𝑝𝑢𝑚𝑝

𝑄̇𝑖𝑛,𝑡𝑜𝑡𝑎𝑙
× 100             ( 57 ) 

4d

d

P P

P


−
=

                ( 58 ) 

 

 

3.0 RESULTS AND DISCUSSION 
 

Several manipulated thermodynamic parameters of the proposed revised SEP-OTEC cycle, 

including surface seawater temperature, motive pressure ratio, and motive mass fraction, 

were assessed. The hot surface seawater (between 25.3 and 31.3 ºC) was directed to the 

evaporator water inlet, heating up the refrigerant that passed through. The other variable, 

such as motive's mass fraction, was fixed at 0.28, while its pressure ratio was fixed at 1.2. 

In many research, it is noted that the motive pressure depended on the surface seawater 

temperature because the evaporator outlet temperature was always in the range of 1ºC 

below the surface seawater temperature, and the mass flow rate of the evaporator was fixed 

at 2.4 kgs-1. The analysis shows that the proposed SEP-OTEC cycle's net turbine power and 

thermal efficiency were linearly related to the increase in seawater temperature from 25.3 

to 31.3 ºC (for thermal efficiency y = 0.26 x 1.46 with norm residual 0.0294, for turbine 

net power y = 5.78 x 34.51 with norm residual of 0.5970, see Fig. 3). Previous research 

also obtain the same relation but with different gradient due to the existing of solar collector, 

different refrigerant used, and different ejector’s geometry parameter [18]. 

 
Figure 3: Net turbine power and thermal efficiency of the proposed cycle at different seawater 

temperatures. 
 

On the other note, the turbine power increase due to the increment of the enthalpy 

changes in the turbine; likewise, the thermal efficiency also grows because of its linear 

relationship to the turbine power. It's also worth noting that as the mass fraction of the 

motive changes, so do the suction pressure, turbine power, pump power, pressure drop ratio, 

and thermal efficiency of the system. For instance, the suction pressure gradually decreases 
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as the mass fraction of motive rises, reaching a minimum value of 435.6 kPa at a mass 

fraction of motive value of 0.1671 (Fig. 4A). The motive pump's suction pressure, however, 

recovers and increases once more as a result of the increased suction nozzle outlet density. 

Meanwhile, as the motive pump's mass fraction rises, the pressure drop ratio does too 

(4692x2 + 1964.4x 183.5 with a norm of residual of 0.3734, Fig. 4C), underscoring the 

significance of the ejector in boosting refrigerant velocity in the tubing and causing the 

pressure drop at the primary nozzle outlet. Additionally, at a mass fraction of motive value 

of 0.1536, the revised cycle's thermal efficiency reaches a peak value of 6.83%. (Fig. 4D). 

The maximum value of thermal efficiency and the trend of its changes, however, do not 

match the maximum value of turbine power. Due to the decrease in pressure drop ratio, low 

total pump power, and decreased evaporation capacity (12307x2+2797.2x 1902.6 with a 

norm of residual of 1.5899, Fig. 4C), this misalignment occurs. At the area with the highest 

turbine power, it is clear that an increase in turbine power does not result in an increase in 

total pump power; instead, a decrease in efficiency is caused by a reduction in evaporation 

capacity. 

As the motive pressure ratio rises and total pump power decreases, the thermal 

efficiency of the revised SEP-OTEC cycle increases (0.5 to 0.6, Fig. 5A). When the motive 

pressure ratio was 0.68, the proposed cycle's efficiency peaked at 6.8%; however, as the 

gradient of the pump power began to decline (4.971015e-223.6x + 26.89e-5.24x with an 

adjusted R-square of 0.9127), the efficiency gradually decreased (y=-9582x+7.49 with an 

adjusted R-square of 0.9955) due to the decline in gross turbine power (-26.75x+181.85 

with a norm of residual (Fig. 5B). It should be noted that when the ideal motive pressure 

ratio and ideal mass fraction of the used motive are 0.68 and 0.1536, respectively, he 

maximum thermal efficiency can be achieved (Fig. 5A). 
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Figure 4: The relationship of thermodynamic performance with various ranges of a mass fraction of 

motive. 

 

As a conclusion, this SEP-OTEC cycle thermal efficiency results in an 

improvement of 1.2 times over the previous traditional OTEC cycle thermal 

efficiency of 3.1%. Further comparing the individual SOTEC and EP-OTEC cycles 

reveals that the improvements are only about 106% and 70%, respectively [11, see 

Table 1]. 
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Figure 5: The relationship of suction pressure, pump, and turbine power with various ranges of a 

mass fraction of motive. 

 

 

4.0  CONCLUSION 
 

The purpose of the present study is to determine the thermal efficiency of ORC by adding 

the solar collector into the EP-OTEC system and demonstrate the significance of 

developing a SEP-OTEC system, which combines an ejector pump and solar energy, as an 

improvement to the conventional OTEC system. Matlab and Coolprop were used to 

develop a computer programme that solved the numerical simulation. According to the 

study, the 3.1% thermal efficiency of the traditional OTEC cycle is improved by 1.2 times 

by using the SEP-OTEC cycle. Further comparison of the individual SOTEC and EP-OTEC 

cycles reveals that the improvements are about 106% and 70%, respectively. This study is 

highly recommended to help the OTEC system to generate the renewable energy to 

electrical energy. Establishing the methodology can help the OTEC system increase the 

thermal efficiency and reduce the dependency to the conventional fuel to generate 

electricity in the future. 
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NOMENCLATURE 
 

Ø Diameter ( 𝑚 ) 

A Cross-sectional area ( 𝑚2 ) 
m  Mass flowrate ( 𝑘𝑔 ∙ 𝑠−1 ) 

P Pressure ( kPa ) 

Q Vapour quality 

s Entropy ( 𝑘𝐽 ∙ 𝑘𝑔−1 ∙ 𝐾−1 ) 

h Enthalpy ( 𝑘𝐽 ∙ 𝑘𝑔−1 ) 

Xm Mass fraction of motive 

Xp Motive pressure ratio 

V Volume (  𝑚3  ) 
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Greek symbols 
  pressure drop ratio (ratio between 

suction pressure and condenser) 
  Efficiency 

v Velocity ( 𝑚 ∙ 𝑠−1 ) 

ρ Density (𝑘𝑔 ∙ 𝑚−3) 

 

Subscripts 

c Condenser 

d Diffuser 

e Evaporator 

i Inlet 

is Isentropic 

m Motive 

mix Mixer 

o Outlet 

p Pump 

pn Primary nozzle 

sc Cold seawater 

sn Secondary nozzle 

sw Warm seawater 

t Turbine 

th Thermal 
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