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ABSTRACT

Ocean Thermal Energy Conversion (OTEC) har-
nesses the temperature difference between
warm surface seawater and cold deep seawater
to generate electricity. The evaporator, a key
component, facilitates heat absorption and
phase change in the working fluid. This study
presents a transient simulation and performance
analysis of a novel evaporator design for OTEC,
aiming to enhance heat transfer efficiency while
minimizing pressure drop. A computational fluid
dynamics (CFD) model was developed using AN-
SYS Fluent, incorporating various mass flow rates
and turbulence models. The k-omega SST model
proved most effective in capturing phase change
dynamics. Results show the proposed design ab-
sorbs 2 kW more thermal energy than conven-
tional designs at scale, with an optimal flow rate
of 0.01856 kg/s balancing energy
and pressure constraints. The maximum pres-
sure drop was 6.19 kPa for R-22, significantly
lower than traditional heat exchangers. The de-
sign improves heat transfer and reduces energy
losses, enhancing OTEC system efficiency.

chiongms@utm.my

Turbulence-enhancing modifications at the inlet
were identified to further accelerate phase
change without excessive pressure penalties.
These advancements support more efficient
Rankine cycle implementations, improving OTEC

feasibility and scalability. This study contributes
to the development of high-performance heat
exchangers, advancing OTEC as a sustainable en-
ergy solution.

KEYWORDS

Ocean Thermal Energy Conversion; Evaporator De-
sign; Transient CFD Simulation.

1.0 INTRODUCTION

OTEC is a renewable energy technology that gener-
ates electricity by utilizing the temperature differ-
ence between warm surface waters and deep cold
ocean waters, primarily in equatorial regions where
the differential exceeds 20°C year-round. A typical
100 MW OTEC facility requires 10-20 billion gallons
of water daily. In a closed-cycle OTEC system, warm
surface water evaporates a working fluid, such as
R717 (ammonia) or R22, which drives a turbine to
generate electricity. The vapor is then condensed
by cold water in a secondary heat exchanger, com-
pleting the cycle. The cold-water pipe, which must
extract water from depths of around 1000 meters,
is a key feature of OTEC systems and presents sig-
nificant engineering challenges. These systems are
housed on surface platforms, connected to the
power grid by cables. Beyond energy generation,
OTEC facilities can support aquaculture, seawater
air conditioning, and produce byproducts like
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potable water, ammonia, and hydrogen [1]. Figure
1lillustrates the basic configuration of a simple Ran-
kine cycle, consisting of the boiler (evaporator), tur-
bine, condenser, and pump operating in a closed-
loop system.

®

Qu—»| boiler

Figure 1: Simple Rankine cycle

The evaporator is a critical component of the OTEC
system and performs a role analogous to boilers in
conventional power plants. Because OTEC operates
within a narrow temperature difference, small inef-
ficiencies in heat transfer or excessive pressure
drops can significantly reduce net power output.
Conventional plate heat exchanger evaporators suf-
fer from several limitations, including high pressure
losses, gasket sealing failures, limited pressure re-
sistance, corrosion, and biofouling in marine envi-
ronments. These issues lead to increased pumping
power requirements, reduced turbine inlet pres-
sure, and lower system reliability [25].
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Figure 2: Pressure drop in traditional evaporators in the
OTEC [24]

Figure 2 shows the variation of ammonia pressure
drop with mass flow rate, where the total pressure
drops increases with flow rate and remains signifi-
cantly higher than the frictional pressure losses pre-
dicted by the model.

Moreover, most previous numerical and experi-
mental studies focus on steady-state operation or
simplified thermal models, which are insufficient to
describe the transient multiphase evaporation be-
haviour inside compact OTEC evaporators.

This study addresses these limitations through a
comprehensive transient CFD simulation of a newly
developed multi-channel OTEC evaporator using
ANSYS Fluent. The objectives are to evaluate tem-
perature distribution, vapor fraction evolution, and
pressure drop under transient conditions, deter-
mine the optimal refrigerant mass flow rate, ana-
lyse the evaporation behaviour of R-22, and com-
pare the proposed design with a conventional plate
heat exchanger. The findings aim to support the de-
velopment of high-performance, low-pressure-
drop evaporators for scalable OTEC applications.

Although ammonia appears to be a newer alter-
native working fluid for OTEC, the classical R22 of-
ten remains a favourable option for its popularity
and well understood thermodynamics characteris-
tic. For that reason, this study will focus on R22 as
the working fluid, with the findings can later be ex-
trapolated for R717 in future study.

2.0 LITERATURE REVIEW

2.1 OTEC as a Low-Temperature Renewable
Energy System

OTEC systems are particularly attractive for tropical
and equatorial regions, where the ocean thermal
gradient remains stable throughout the year [2]. A
commercial-scale 100 MW OTEC plant typically re-
quires a seawater flow rate of 10-20 billion gallons
per day, illustrating both the enormous energy po-
tential and the significant engineering challenges
associated with seawater handling and heat ex-
changer design [1]. Beyond electricity generation,
OTEC facilities can simultaneously support several
secondary applications, including seawater air-con-
ditioning, desalinated freshwater production, aqg-
uaculture, and hydrogen generation, thereby im-
proving the overall economic feasibility of the sys-
tem [3].

Despite its strong theoretical potential, the
practical implementation of OTEC remains limited
by low thermal efficiency, which is inherently con-
strained by the small temperature difference avail-
able for energy conversion. As a result, the perfor-
mance of heat exchangers—particularly the evap-
orator—becomes a dominant factor governing the
net power output and economic viability of OTEC
plants [2]. Any improvement in evaporator heat
transfer efficiency or reduction in pressure losses

12:2 (2025) 48-60 | www.jise.utm.my | elSSN 2289-9790 | 49



Journal of Transport System Engineering 12:2 (2025) 48-60

Eyad Abureisha, Siti Norasyigin Abdul Latif, Chun Mein Soon, Mahadhir Mohammad, Meng Soon Chiong

directly enhances turbine inlet conditions, reduces
pumping power consumption, and increases the
overall system efficiency. Therefore, continuous
advancements in evaporator design, materials, and
flow configuration are essential for the large-scale
commercialization of OTEC technology [1,5].

2.2 Importance of Evaporator Performance
in OTEC

The evaporator is one of the most critical compo-
nents in a closed-cycle Ocean Thermal Energy Con-
version (OTEC) system, as it directly governs the
conversion of low-grade thermal energy from warm
surface seawater into mechanical energy at the tur-
bine [4]. In the evaporator, the working fluid ab-
sorbs heat and undergoes phase change from liquid
to vapor, generating the driving force for the Ran-
kine power cycle. The efficiency of this heat and
mass transfer process strongly influences the tur-
bine inlet pressure, vapor quality, and mass flow
rate, all of which determine the net power output
of the system [1]. Because OTEC operates under a
small temperature difference, typically between
20-25 °C, even minor inefficiencies in heat transfer
or excessive pressure losses can result in a signifi-
cant reduction in overall system performance. The
evaporator must therefore accomplish three essen-
tial tasks simultaneously: (i) achieve near-complete
evaporation of the working fluid, (ii) maximize ther-
mal energy absorption from the warm seawater,
and (iii) minimize pressure drop across the heat ex-
changer to reduce pumping power requirements
[1]. Failure to satisfy any of these conditions leads
to reduced turbine work output and increased par-
asitic losses within the system [7].

The thermal and hydraulic performance of the
evaporator is governed by several interacting pa-
rameters, including the heat transfer surface area,
flow configuration, channel geometry, working fluid
properties, and operating pressure. Inadequate
evaporator design may lead to incomplete vapori-
zation, low vapor quality at the turbine inlet, or ex-
cessive pressure drop, all of which degrade turbine
efficiency and lower cycle performance [5,13,14].
Furthermore, since the evaporator operates contin-
uously in a corrosive marine environment and un-
der sustained thermal loading, its long-term struc-
tural integrity and material durability are equally
important to ensure reliable plant operation [7].

In practical OTEC systems, the evaporator also
contributes significantly to the total system cost
due to its large size, for the required heat transfer
area. Therefore, improving evaporator effective-
ness while simultaneously reducing pressure losses
and material usage is a key strategy for enhancing

the economic feasibility of OTEC power plants. For
these reasons, the development of high-perfor-
mance, low-pressure-drop evaporators remains a
primary research focus in advancing OTEC technol-
ogy toward commercial viability [15—-19].

2.3 Limitations of Plate Heat Exchangers in
OTEC Applications

Plate heat exchangers (PHEs) are commonly em-
ployed as evaporators in laboratory-scale and pilot
OTEC systems due to their compact size and rela-
tively high heat transfer coefficients. However, ex-
tensive experimental and operational studies have
revealed several critical limitations that restrict
their long-term effectiveness and large-scale ap-
plicability in OTEC environments [15-20].

One of the major drawbacks of plate heat ex-
changers is their sealing reliability. The perfor-
mance of PHEs is strongly dependent on rubber gas-
kets used to separate fluid streams and prevent
leakage [15]. These gaskets are highly susceptible to
degradation caused by temperature fluctuations,
chemical exposure, improper reconditioning, and
non-standard replacement parts. Misaligned or de-
formed gaskets frequently lead to internal leakage,
mixing of fluids, and mechanical failure, resulting in
frequent maintenance and increased downtime
[15]. Such failures significantly raise operational
costs and reduce system availability in continuous
OTEC operation.

Another critical limitation is the pressure con-
straint of PHEs. Due to their reliance on gasketed
sealing systems, the maximum allowable operating
pressure of PHEs is typically limited to approxi-
mately 1-1.5 MPa. This restricts their application in
high-pressure OTEC configurations, where elevated
refrigerant pressures are required to control boiling
temperature and optimize thermodynamic perfor-
mance [15]. Exceeding these limits increases the
risk of leakage and structural failure.

The pressure drop across PHEs also presents a
major challenge. Studies have reported pressure
drops ranging from 20 to 30 kPa under typical R-22
operating conditions, while in some cases values as
high as 20-100 kPa have been observed depending
on flow rate, plate spacing, and chevron angle [19].
Experimental studies using ammonia in OTEC plate
evaporators have reported pressure drops of ap-
proximately 11 kPa under optimized conditions
[20]. These pressure losses increase pumping
power requirements and reduce the net power out-
put of the OTEC system.

Furthermore, the corrugation angle of plates,
which is introduced to enhance turbulence and
heat transfer, significantly increases flow
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resistance. Plates with higher corrugation angles
(e.g., 60°) exhibit much larger pressure drops com-
pared to lower-angle configurations (30°-45°).
While turbulence improves heat transfer, the ac-
companying rise in frictional losses leads to higher
energy consumption by circulation pumps [16].

From a thermal performance perspective,
plate heat exchangers in OTEC applications gener-
ally achieve thermal efficiencies in the range of 10—
15%, with heat transfer coefficients typically be-
tween 2000 and 3500 W/m2K for R-22 under fa-
vourable operating conditions [15-18]. However,
this performance is strongly offset by the associ-
ated hydraulic losses. In subcritical OTEC cycles us-
ing R-22, an overall thermal efficiency of only about
2.92% has been reported when plate evaporators
are employed, primarily due to pressure losses and
turbine-pump inefficiencies [15].

In addition to thermal-hydraulic limitations,
PHEs also face operational challenges in marine en-
vironments, including corrosion, biofouling, and
structural fatigue. Continuous exposure to sea-
water accelerates material degradation, while bio-
fouling reduces effective heat transfer surface area
and increases pressure drop over time [6-9]. These
issues impose strict material requirements and lead
to high maintenance costs.

Collectively, the limitations of gasket sealing,
pressure resistance, hydraulic losses, thermal inef-
ficiency, and long-term durability significantly con-
strain the suitability of conventional plate heat ex-
changers for high-performance and large-scale
OTEC applications [26]. These weaknesses strongly
justify the development of alternative evaporator
designs that can provide enhanced heat transfer
performance while maintaining minimal pressure
drop and superior mechanical robustness [27].

3.0 METHODOLOGY
3.1 Geometry and Computational Domain

A three-dimensional model of the novel multi-chan-
nel OTEC evaporator was developed using Solid-
Works and imported into ANSYS Fluent for numeri-
cal analysis. The evaporator consists of 24 water
channels and 24 refrigerant (R-22) channels ar-
ranged in a counterflow configuration. Each refrig-
erant channel is surrounded by two water channels
to maximize heat transfer. To reduce computa-
tional cost while preserving physical accuracy, the
geometry was symmetrically sliced into representa-
tive segments, and results were later radially scaled
to predict the full evaporator performance.

The proposed novel heat exchanger configura-
tion is illustrated in Figure 3, showing the overall
three-dimensional geometry of the design, while
the corresponding geometric parameters, including
the number of channels, cylinder length, and inlet
area, are summarized in Table 1.

L
Figure 3: Novel heat exchanger design
Table 1: Novel heat exchanger geometry
Property Water Channel | R22 Channel
Number of Channels | 24 24
Length of Cylinder 500 mm 500 mm
Area (inlet) 54.19 mm? 20.42 mm?

To clarify the internal fluid arrangement and phase
interaction, a sectional view of the heat exchanger is
presented in Figure 4, highlighting the flow paths of
water and R22 within the evaporator.

)

Water

Figure 4: Slice of the heat exchanger for fluid illustration

3.2 Grid Independence and Mesh Quality

Several mesh configurations were tested to estab-
lish grid-independent solutions. Table 2 shows the
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Model E, with 295,658 elements, strikes an excel-
lent balance between computational efficiency and
simulation accuracy. Its significantly lower element
count compared to Model N (792,376) and Model
Q (771,483) offers faster computation times with-
out compromising on precision.

The orthogonal quality of Model E stands at
0.99789, closely matching Model N's value
(0.99512) while outperforming Model Q
(0.985652). Skewness values range from 0.33011 to
0.66989, better than Model C and only slightly
higher than the more refined Models N and Q, yet
well within acceptable limits to maintain high mesh
quality. In terms of thermal results, Model E
demonstrates convergence, with the R-22 temper-
ature reaching 289.11 K (15.96°C) and the water
temperature at 296.69 K. (23.54°C). These values
closely align with those observed in Models N and
Q, supporting the reliability of its results. Addition-
ally, Model E maintains an element quality rating of
0.96006 and an acceptable aspect ratio, ensuring
well-shaped elements suitable for accurate simula-
tions.

The grid independence assessment is presented
in Appendix Figure A1, where the predicted outlet
temperatures of R22 and water are plotted against
the number of mesh nodes. A noticeable variation
is observed for coarse grids, while the results stabi-
lize after approximately 295,658 nodes. The corre-
sponding mesh quality parameters and thermal re-
sults are detailed in Table 2. Based on these obser-
vations, the mesh consisting of 295,658 nodes was
adopted for all subsequent simulations to ensure
solution accuracy without excessive computational
expense.

The numerical error associated with mesh re-
finement was quantified using the relative error
percentage between successive grid resolutions.
The error was calculated using the following expres-
sion:

Error (%) = |(Value_Model
— Value_Reference)
/ Value_Reference| x 100

0.025

=
2
5]

0.015

Error percentage in the
o
2
e

temperature outlet (%)
o
2

oK 200K 400K 600K 800K 1000K  1200K  1400K  1600K  1800K

-0.005
Number of nodes

—8—R-22 Error (%) Water Error (%)

Figure 5: Error percentage in Temperature Outlet

Figure 6 illustrates the variation of error percentage
in the outlet temperatures of both R-22 and water
with increasing number of mesh elements. At low
mesh densities, relatively higher numerical errors
were observed due to insufficient spatial resolu-
tion. However, as the mesh was progressively re-
fined, the error decreased rapidly and stabilized. It
is observed that beyond approximately 300,000 el-
ements, the maximum temperature error for both
water and R-22 remains below 0.0025 (0.25%), in-
dicating excellent numerical stability and independ-
ence from grid resolution. This confirms that fur-
ther mesh refinement does not lead to any mean-
ingful change in the outlet temperature predictions.
Therefore, the selected mesh density used in the fi-
nal simulations provides a reliable compromise be-
tween computational efficiency and numerical ac-
curacy.

Table 2: Final meshing types for evaluation

NmmmEEEE:

2000K

Model | Meshing Elements | Orthogonal Skewness Aspect Element R22 R22 Water Water
Nodes Quality (Min / Max) Ratio Quality Temp Temp Temp Temp
(Min / (K) (°Q) (K) (°C)
Max)
A 5,691 8,029 0.956 0.659 1.862 0.96115 290.69 17.539 290.342 17.192
B 10,103 15,500 0.99406 0.078744 1.5056 0.95137 290.458 | 17.308 299.232 26.082
C 91,313 119,466 0.98388 0.67595 / 0.4381/ | 0.94137 286.809 13.659 298.591 25.441
0.32826 3.6881
M 439,048 659,659 0.98236 0.84669 / 0.4381/ 0.93982 288.945 15.795 296.642 23.492
0.52862 3.6881
E 452,908 295,658 0.99789 0.33011/ 1.2719/ | 0.96006 289.11 15.96 296.69 23.54
0.66989 3.1884
N 556,300 792,376 0.99512 0.003112 | 1.00234/2 0.95523 288.94 15.79 296.71 23.56
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Figure 6: Mesh quality assessment of the computational domain showing (a) skewness distribution, (b) aspect ratio distribu-
tion, (c) element quality, and (d) orthogonal quality for the selected grid used in the transient CFD simulations

The mesh quality was quantitatively assessed using
skewness, orthogonal quality, aspect ratio, and ele-
ment quality indicators, as illustrated in Figure 6.
The skewness metric, which measures element dis-
tortion, remained below 0.21, indicating high-qual-
ity cell shapes [21]. Orthogonal quality achieved a
value of 0.99789, reflecting excellent alignment of
cell faces with predominant flow directions, essen-
tial for accurate gradient prediction [21-22]. The av-
erage element quality of 0.99964 is consistent with
a well-shaped mesh capable of resolving thermal
and fluid dynamic gradients effectively.

These values fall well within accepted CFD best-
practice criteria (skewness < 0.25; orthogonal qual-
ity > 0.9), confirming that the mesh provides a sta-
ble, accurate foundation for the transient VOF
phase-change simulation. The selected final mesh
thus represents an optimal balance between com-
putational cost and numerical accuracy [21-22].

3.3 Boundary Conditions
Model

and Multiphase

A transient Volume of Fluid (VOF) multiphase model
was used to simulate water, air, R22 liquid, and R22
vapor, for its simplicity and its computation effi-
ciency. The fluids are assumed to have clear liquid—

vapor interface, and not too strongly dispersed
(e.g., in the case of boiling).

Mass-flow inlets and pressure outlets were ap-
plied. Gravity was aligned with water flow and op-
posite to R22 flow direction to match the UTM-LO-
CARTIC experimental setup. The boundary condi-
tions applied for the numerical simulation are sum-
marized in Table 3 for both the hot fluid (water) and
cold fluid (R22).

Table 3: Boundary Conditions

Parameter Hot Fluid Cold Fluid
(Water) (R22 Liquid)
Mass Flow Rate (kg/s) 1.5 0.0116
Pressure Inlet (kPa) 150 960
Temperature Inlet (°C) 30 5
Pressure Outlet Variable Variable
Temperature Outlet Variable Variable

12:2 (2025) 48-60 | www.jise.utm.my | elSSN 2289-9790 | 53




Journal of Transport System Engineering 12:2 (2025) 48-60
Eyad Abureisha, Siti Norasyigin Abdul Latif, Chun Mein Soon, Mahadhir Mohammad, Meng Soon Chiong

s OTEC (R717) circuit
- — == Warm water supply circuit
= = == Chilled water supply circuit

——  Measurement point

Expansion valve

>

727 kPa

13.0°C @ 14.9°C
x=10098

@ 30kPa Condenser - ® “
@ 10 kPa \‘:)‘
> Evaporator e o oo 0.080 {m)
@ 10 kPa @ [T 0045
¥/ Working fluid 068 1on
tank @ ;
@ |

_@ 14.3°C
Working fluid pump €9 00116 kas

(41.76 kg/hr)

Figure 8: Turbulence kinetic energy for R22
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Figure 6: Scaled OTEC Schematic at LOCARTIC
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Figure 7 presents the scaled schematic of the OTEC
system at LOCARTIC, illustrating the closed loop
working fluid circuit together with the warm and
cold seawater supply loops.
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3.4 Turbulence and Viscosity Models

——K-epsilion ——K-SST
Simulations were initially run under laminar as-
sumptions, which led to significant numerical diver-
gence. Therefore, k—€ Realizable and k—w SST mod-
els were tested. The k—w SST model showed supe-

Figure 9: Pressure drop across different viscosity models

rior convergence and better near-wall behaviour.
Turbulence kinetic energy distributions for water
and R22 are displayed in Figure 8 and Figure 9, con-
firming laminar behaviour at the inlet and transi-
tional effects during R22 evaporation.

] oo 003 im) \.’-"

Figure 7: Turbulence kinetic energy for water

A comparison of pressure loss using different mod-
els is shown in Figure 10, where the SST k—w model
predicted a realistic maximum pressure drop of
6.19 kPa. For that reason, the SST k—w model will
be employed in this study.

3.5 Lee Evaporation Model

The evaporation frequency represents the rate at
which phase change occurs during the boiling/evap-
oration process. In the absence of experimental val-
idation for the present configuration, the evapora-
tion frequency was adopted from previously re-
ported studies on ammonia flow in geometrically
similar tube-shaped heat exchangers for OTEC ap-
plications. Accordingly, an evaporation frequency
of 40 Hz was used as the reference value. To ac-
count for the different thermophysical properties
of R22, a conservative assumption was made
whereby the R22 bubble diameter was taken to be
four times larger than that of ammonia. Since bub-
ble diameter is inversely proportional to evapora-
tion frequency, the evaporation frequency for R22
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was therefore reduced by a factor of four. The rela-
tionship used for this assumption is given below:

6 M a
L _XLX( vpv)
dp 21 R Tsqr P1~ Py

Where: d,, = Diameter of bubble (m), # = Adaptation
coefficient  (Dimensionless), M = Molar
mass(kg/mol), Ty, = Saturation temperature (K), R
= Universal gas constant (J/K-mol), L = Latent heat
(J/kg), a,, = Phase volume fraction (Dimensionless),
p; = Density of the liquid (kg/m3), p, = Density of the
vapor (kg/m3).

Based on the test, the heat exchanger will evap-
orate 99.99903% of the R22 which is almost 100%,
the very small decimal that is still liquid is con-
densed which indicates that current heat exchanger
design is showing great evaporation potential.

Acz

3.6 Transient Flow and Time Step Selection

The time step size was determined using the
Courant—Friedrichs—Lewy (CFL) condition:

_AxxC
B u

At

with:
Velocity, u = starting from nominal 0.01957 m/s
Node spacing, 4x = 0.5 mm
CFL coefficient, C =1

The resulting time step was 0.0255 s for normal
flow. Time step adjustments for various mass flow
increments are listed in Table 4.

Table 4: Time Step Size at Different R22 Flow Rates

Flow Velocity (m/s) | Time Step At (s)
Normal flow 0.01957 0.0255
+20% 0.02304 0.0217
+40% 0.02651 0.0189
+60% 0.02998 0.0167
+80% 0.03346 0.0150
+100% 0.03693 0.0135

4.0 RESULTS

4.1 Temperature Variation Across the Heat
Exchanger

The transient simulation was performed until the
outlet temperature of R22 reached a steady state.
As shown in Figure 11, the R22 outlet temperature
increases rapidly during the initial phase of
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Temp of R22 outlet (C)

simulation and stabilizes after approximately 1.8
minutes of flow time. At steady state, the outlet
temperature of R22 reaches 27.65 °C, while the out-
let temperature of water reaches 29.2 °C.

The temperature distribution along the length
of the heat exchanger shows a smooth and contin-
uous heat transfer process between the hot water
and the working fluid. The water temperature de-
creases gradually, while the R22 temperature in-
creases due to heat absorption and phase change.
The small temperature drop on the water side is
reasonable because the mass flow rate of water is
approximately 129 times higher than that of R22,
ensuring sufficient thermal energy supply. The re-
sulting thermal efficiency of the evaporator is ap-
proximately 24%, which satisfies the thermody-
namic consistency of the system. Figure 12 illus-
trates the temperature variation of R22 outlet.

4.2 Pressure Variation Across the Heat Ex-
changer

The pressure distribution along the water and R22
channels shown in Figures 13 and 14 indicates a
gradual pressure decrease from inlet to outlet. On
the water side, the pressure drop is relatively small
and remains within the safe operating limits of the
system. On the R22 side, a maximum pressure drop
of 6.19 kPa was observed at the nominal operating
condition.

This pressure drop is significantly lower than
that reported for conventional plate heat exchang-
ers used in OTEC systems, which typically exhibit
pressure drops exceeding 11 kPa. The reduced pres-
sure loss confirms the effectiveness of the pro-
posed channel configuration in minimizing frictional
and acceleration losses. Figure 13 illustrates the
pressure variation of water along the length of the
heat exchanger.

Temperature of R22 outlet across time
30

25
20
15

10

0 20 40 60 80 100
Time of Run (sec)

Figure 10: Temperature variation of the R22 outlet in-
creasing the flowtime
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Figure 11: Temperature variation of the R22 outlet and
water by increasing the flowtime
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Figure 12: Pressure variation of the water inside the R22
starting from inlet of water
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Figure 13: Pressure variation of the R22 inside the heat
exchanger starting from inlet of R22

Figure 14 shows the pressure variation of R22 along
the length of the heat exchanger from the inlet to
the outlet. The pressure decreases continuously
along the flow direction, with a more pronounced
drop observed toward the outlet region. This non-
linear pressure reduction indicates the combined
effects of frictional losses, acceleration, and phase-
change phenomena occurring within the R22 chan-
nel. The increasing pressure gradient near the

outlet suggests intensified vapor generation and
flow resistance during the evaporation process.

4.3 Effect of Mass Flow Rate on Pressure
Drop

The influence of R22 mass flow rate on pressure
drop was investigated by increasing the inlet mass
flow rate from the nominal value up to 100% incre-
ment. The results show that the pressure drop in-
creases monotonically with increasing mass flow
rate, reaching a maximum value of 8.47 kPa at the
highest flow condition.

An optimal operating mass flow rate of 0.01856
kg/s was identified, at which the pressure incre-
ment remains minimal while still providing high
thermal absorption. Beyond this value, the pressure
drops increases more rapidly, leading to higher
pumping power requirements. This confirms that
0.01856 kg/s represents the most economical oper-
ating condition for the evaporator.

Figure 15 illustrates the pressure variation of
R22 along the length of the heat exchanger at dif-
ferent inlet mass flow rates. For all flow conditions,
the pressure decreases continuously from the inlet
to the outlet, indicating progressive frictional and
momentum losses along the channel. It is observed
that higher mass flow rates result in a greater pres-
sure drop, particularly near the outlet region, due
to the increased flow resistance and enhanced two-
phase interaction.

This trend is further confirmed in Figure 16,
which shows that the total pressure drop across the
R22 side increases monotonically with increasing
mass flow rate. The rising pressure drop with flow
rate reflects the dominant influence of viscous and
acceleration effects during the evaporation pro-
cess.

4.4 Vapor Fraction and Evaporation Perfor-
mance

Figure 17 shows Rate of evaporation at different
flowrates. The vapor volume fraction distribution
along the R22 channel demonstrates that the novel
evaporator can achieve complete evaporation of
liquid R22 under all tested flow conditions. The va-
por fraction increases progressively along the chan-
nel length and reaches a value of nearly 1.0, indicat-
ing 100% vaporization.

At the nominal operating condition, the Lee
evaporation model predicts an evaporation effi-
ciency of 99.99903%, with only a negligible fraction
of liquid R22 remaining. This confirms the strong
heat transfer and phase-change capability of the
proposed evaporator design [23].
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Table 5: Performance Comparison Table

961K Performance Indicator Novel Heat | Plate Heat
— z::: Exchanger | Exchanger
£ osac Outlet temperature of R22 27.65 °C 26 °C
2 os7k
P Outlet temperature of water 29.265 °C 27°C
5 955K
£ . Thermal energy lost from water 10.15 kW 18 kW
95,
;sii Thermal energy absorbed by R22 2.45 kW 2.43 kW
[} 100 200 300 400 500 600
length of heat exchanger (mm) Thermal efficiency (evaporator) 24% 13.5%
—Normal flow —20% 40% 60% 80% 100%
LMTD 8.9°C 10.55°C
Figure 14: Pressure variation of the R22 inside the heat NTU 2.143 2
exchanger Effectiveness (NTU) 88.2% 86%
Pressure drops in R22 6.19 kPa 11 kPa
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4.5 Overall Performance of the Novel Heat Ex-

The thermal and hydraulic performance of the pro-
posed evaporator was compared with a conventional
001z 00w ool 0018 002 002 00 plate heat exchanger scaled to match the LOCARTIC-

Flowrate of R22 (kg/s)

Table 5.

Figure 15: Relation between the mass flowrate and the

pressure drop

Vapor fraction (100%)

Rate of Evaporation of R22 in the Novel heat exchanger
Lo at different flowrate
. p———
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Length of the R22 channel across the heat exchanger (mm)
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In comparison, the plate heat exchanger exhibits a
lower thermal efficiency of 13.5% and a higher-

Figure 16: Rate of evaporation at different flowrates

pressure drop of 11 kPa. The novel evaporator
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making it more economical and suitable for OTEC
applications.

Based on the optimal flow rate of 0.01856 kg/s,
the resulting specific thermal energy absorbed by
the working fluid using the new concept heat ex-
changer would be 132 ki/kg. In real-world OTEC
plant design, the evaporator heat exchanger may
be sized according to this specific performance to
match the desired plant capacity.

5.0 CONCLUSION

This study presented a transient CFD analysis of a
novel evaporator designed for Ocean Thermal En-
ergy Conversion (OTEC) applications. The simula-
tion results confirm that the proposed evaporator
can achieve complete evaporation (100%) of liquid
R22 while maintaining a maximum pressure drop of
only 6.19 kPa under nominal operating conditions.
The pressure drop was found to increase with in-
creasing mass flow rate, reaching a maximum value
of 8.6 kPa at a 100% flow increment, which remains
significantly lower than the typical values reported
for conventional plate heat exchangers.

The absorbed thermal energy was observed to
increase with mass flow rate, reaching 3.9 kW at a
60% increment and 4.9 kW at a 100% increment, in-
dicating strong heat transfer capability. An optimal
operating mass flow rate of 0.01856 kg/s was iden-
tified, which provides a favourable balance be-
tween heat absorption and pressure drop when
compared to the initial flow rate of 0.0116 kg/s. The
transient temperature analysis further showed that
the R22 outlet temperature reaches approximately
27.85 °C within 1.6 minutes, confirming rapid ther-
mal stabilization.

Scaling analysis indicates that the proposed
heat exchanger could increase the thermal energy
absorbed by approximately 2 kW when applied to a
full-scale OTEC plant reported in the literature.
Based on the overall thermal and hydraulic perfor-
mance, the simulation results demonstrate that the
novel evaporator meets the operational require-
ments of OTEC systems. The evaporator is therefore
technically valid for fabrication, and experimental
testing is strongly recommended as the next stage
to validate the numerical predictions and support
real-world deployment.

5.1 Future work

Future work shall focus on enhancing heat transfer
by introducing controlled turbulence at the inlets of
both water and R22, made possible by the low-pres-
sure drop of the present design. This may be

achieved by adding surface scratches, small internal
tunnels, or simple flow-disturbing elements such as
horizontal rods to improve flow mixing, accelerate
boiling, and reduce the evaporation length to below
200 mm. Experimental validation of the CFD model
is also essential by testing different mass flow rates
and measuring pressure drops and turbine output
to confirm whether, at the optimal R22 flow rate of
0.01856 kg/s, the turbine power exceeds the pump-
ing power. In addition, the gasket-free structure of
the novel heat exchanger enables the introduction
of a new hybrid concept, namely Solar-Ocean Ther-
mal Energy Conversion (Solar-OTEC), where solar
energy from Fresnel lenses or concentrated solar
collectors can be used to increase seawater tem-
perature to 60-90°C or higher. With further en-
hancement, direct boiling of water above 120°C
may be achievable without using refrigerants, offer-
ing a promising solution for low-temperature re-
gions such as middle East.
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APPENDIX
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Figure Al: Grid independent test
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