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Abstract: This study presents a thermodynamic analysis of a supercritical CO2 (SCO2) power cycle for waste heat recovery from an
ammonia-fueled marine gas turbine. The ammonia gas turbine and SCO2 power cycles were modeled, and the effects of key design
variables were evaluated. Thermodynamic simulations were performed under steady-state conditions using a commercial process sim-
ulation program. Parametric analyses were conducted for ammonia inlet pressure, gas turbine inlet temperature, CO2 turbine inlet
pressure, minimum approach temperature of COz heater, and cooling water outlet temperature of COz cooler. The results indicate that
higher ammonia inlet pressures and gas turbine inlet temperatures improve both the system efficiency and heat recovery rate. Reducing
the minimum approach temperature in the CO2 heater improves the cycle performance. Meanwhile, the COz turbine inlet pressure and
the cooling water outlet temperature of the COz cooler have specific ranges that maximize the system efficiency. When the design
variables that yield the highest system efficiency are combined, the resulting overall efficiency and heat recovery rate are 45.11% and
68.58%, respectively. This study presents an integrated thermodynamic evaluation of an ammonia-fueled gas turbine combined with
an SCO:z power cycle, which has received limited attention in previous studies.
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Nomenclature 0 : Heat transfer rate

c : Compressor ref : Reference state

co, - Carbon dioxide sco, - Supercritical carbon dioxide

Cp : Specific heat at constant pressure sys ~ :System

exh - Exhaust gas T : Turbine, Temperature
GT : Gas turbine 114 : Power

H : Energy rate n : Efficiency

H,0  : Steam

HHV  :High heating value L. Introduction

HRR  : Heat recovery rate Owing to stricter environmental regulations pertaining to ship

HX : Heat exchanger exhaust emissions imposed by the International Maritime Organ-

mn - Mass flow rate ization, the shipbuilding and shipping industries are accelerating

net . Net the development of propulsion systems based on low-carbon al-
. ternative fuels [1]-[3]. Among various low-flashpoint fuels, am-

NH;  : Ammonia
monia has garnered considerable attention as a carbon-free fuel

0, : Oxygen
owing to its low boiling point of -33.4 °C at atmospheric

¥  Corresponding Author (ORCID: https://orcid.org/0000-0002-9662-2175): Professor, Division of Marine System Engineering, Korea Maritime &
Ocean University, 727, Taejong-ro, Yeongdo-gu, Busan 49112, Korea, E-mail: kimyt@kmou.ac.kr, Tel: +82-51-410-4258
1 Assistant professor, Division of Marine System Engineering, Korea Maritime & Ocean University, E-mail: jskim87@kmou.ac.kr, Tel: +82-51-
410-4266
2 Associate professor, Division of Marine System Engineering, Korea Maritime & Ocean University, E-mail: doyeop@kmou.ac.kr, Tel: +82-51-
410-4282

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0), which permits unrestricted

non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © The Korean Society of Marine Engineering


https://crossmark.crossref.org/dialog/?doi=10.5916/jamet.2025.49.6.424&domain=https://e-jamet.org/&uri_scheme=http:&cm_version=v1.5

Jun-Seong Kim *

pressure, which renders it relatively easy to store and transport,
and its zero carbon dioxide (COz) emission during combustion
[4][5]. Consequently, interest in the development and commer-
cialization of ammonia-fueled ships has increased rapidly.

Recently, Hanwha Ocean has developed a marine gas turbine
propulsion system fueled by ammonia in collaboration with
Baker Hughes in the United States [6]. Compared with recipro-
cating internal combustion engines, gas turbines are smaller and
lighter for the same power output and are advantageous in terms
of start-up, shutdown, and maintenance [7]. Additionally, they
are highly compatible with electric propulsion systems, thus ren-
dering them a key component for integration with eco-friendly
ship propulsion technologies [8].

An inherent feature of gas turbines is the continuous release of hot
exhaust gases, which enables the generation of additional power by
recovering waste heat [9]. The supercritical carbon dioxide (SCO2)
power cycle has emerged as a next-generation option for the effective
use of medium- to high-temperature waste heat and has received con-
siderable attention in recent years [10]. Owing to its high thermody-
namic efficiency, compact configuration, and adaptability to differ-
ent heat sources, the SCO2 power cycle is considered a strong candi-
date for replacing the conventional steam Rankine cycle in waste
heat recovery systems [11]. The temperature of the gas turbine ex-
haust fulfills the heat source requirements of the SCO2 power cycle,
which renders the cycle particularly suitable for designing high-effi-
ciency waste heat recovery systems [12].

Major studies pertaining to SCO2 power cycles for gas turbine
waste heat recovery are as follows: Kim et al. [13] compared various
cycle configurations and confirmed that the split cycle effectively
minimized exergy loss and improved thermal efficiency. Hou et al.
[14] suggested that a system combining SCO2 recompression and re-
generative cycles is advantageous for improving the part-load per-
formance of ships. Li et al. [15] compared different SCO2 power cy-
cles for gas turbine waste heat recovery and concluded that dual
heated cascade cycle-II is suitable for achieving maximum effi-
ciency, whereas a partial heating cycle is recommended for a bal-
anced overall performance. Li et al. [16] designed a partial-heating
SCO: power cycle using gas turbine waste heat through multi-objec-
tive optimization from both thermodynamic and economic perspec-
tives. Off-design analyses indicated that adjusting the maximum
pressure of the cycle effectively accommodated changes in the ex-
haust gas conditions, whereas adjusting the minimum pressure effec-
tively accommodated ambient-temperature variations. Park [17] an-

alyzed the effects of SCO impurity composition on cycle
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performance using a 500 kW SCOz Brayton cycle demonstration
system for LM500 gas turbine waste heat recovery and reported that
a decrease in SCOz purity reduced both efficiency and the power out-
put.

Although many studies have examined SCO2 power cycles for
general gas turbine waste heat recovery [13]-[17], they primarily fo-
cused on conventional gas turbines and did not consider the unique
exhaust characteristics of ammonia combustion. Meanwhile, previ-
ous studies pertaining to ammonia-based systems investigated the
fuel supply, thermochemical recuperation, and gas turbine perfor-
mance [6], whereas an integrated analysis combining an ammonia-
fueled gas turbine with an SCO2 power cycle has not been reported.
To address this research gap, an ammonia-fueled marine gas turbine
cycle and an SCO:2 power cycle utilizing turbine exhaust gas as the
heat source were modeled. The thermodynamic performance was an-
alyzed with respect to variations in the key design parameters. The
findings are expected to serve as useful guidelines for the develop-
ment of high-efficiency ammonia-fueled marine gas turbine systems

integrated with the SCO2 power cycle.

2. System Concept

Figure 1 shows schematic diagrams of the ammonia gas tur-
bine cycle (a) and SCO2 power cycle (b). The basic concept of

each system is as follows:
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Figure 1: Schematic illustrations of ammonia gas turbine cycle
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2.1 Ammonia Gas Turbine Cycle

Ammonia enters the system in state A1. In heat exchanger HX-
1, ammonia is heated to state A2 by recovering waste heat from
the exhaust gas (A6) discharged from the gas turbine (T-1).
Meanwhile, ambient air enters the air compressor (C-1) in state
A3 and is discharged in state A4. Subsequently, ammonia and air
are supplied to the combustor, where they undergo a chemical

reaction and combustion, as described in Equation (1) [18].

4NH, + 30, — 2N, + 6H,0 (1)

The combusted working fluid (AS5) causes the gas turbine (T-1)
to generate power, and the exhaust gas (A6) flows to HX-1 to
heat the ammonia fuel, which is then released in state A7. The
exhaust gas (A7) departing HX-1 enters the heater (HX-2) of the

SCOz power cycle and serves as the heat source for heating COa.

2.2 SCO;, Power Cycle

The SCO2 power cycle is located below the ammonia gas tur-
bine cycle, and its T—s diagram is presented in Figure 2. CO2
exhibits the critical state at 7.38 MPa and 30.98 °C [10]. The di-
agram shows that the SCO2 power cycle operates in the supercritical
region above this critical point. The exhaust gas (A7) entering the
heater (HX-2) heats COz and is then discharged in state A8. The
heated CO: (S1) expands to state S2 in the turbine (T-2) to generate
power. In this study, an intermediate heat exchanger (IHX, HX-3)
was considered to improve the cycle efficiency. The COz in state S2
is first cooled to S3 via heat exchange with COz in state S5 in HX-3.
Subsequently, it is further cooled to S4 through heat exchange with
cooling water in the cooler (HX-4). The COz in state S4 is com-
pressed to S5 by the compressor (C-2) and then heated to S6 in HX-
3. Finally, COz returns to HX-2, thus completing the cycle.
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3. System Modeling and Analysis Method

In this study, the system was modeled and analyzed under
steady-state conditions using the commercial process-simulation
software Aspen HYSYS V12.1 [19]. The real gas equation used
was the Peng—Robinson equation of state [20][21]. Pressure
drops and heat losses within the system were disregarded. This
assumption affects the absolute values but not the overall trends

discussed in this study.

3.1 Ammonia Gas-Turbine Cycle
The default modeling conditions of the ammonia gas
turbine were obtained from a paper by Kim [6] and are

summarized in Table 1.

Table 1: Default modeling conditions of ammonia gas turbine

cycle

Item Parameter Unit Value
Al NH3 inlet mass flow rate kg/h 550
Al NHj3 inlet temperature °C 20
Al NHj inlet pressure bar 15
A3 Air inlet temperature °C 20
A3 Air inlet pressure atm 1
AS Gas turbine inlet temperature °C 1100
A6 Gas turbine outlet pressure atm 1
C-1 Air compressor efficiency % 85
T-1 Gas turbine efficiency % 90

Table 2: Default modeling conditions of supercritical CO2 power

cycle
Item Parameter Unit Value
S1 CO:z turbine inlet pressure bar 220
S4 | COz compressor inlet temperature| °C 32
S4 COz compressor inlet pressure | bar 74
W1  |Cooling water inlet mass flow rate| kg/h | 90000
Wi Cooling water inlet temperature | °C 20
Wi Cooling water inlet pressure bar 2
W2 | Cooling water outlet temperature | °C 27
C-2 CO2 compressor efficiency % 80
T-2 CO: turbine efficiency % 90

Table 3: Value ranges of key design variables for thermodynamic

ss Lot side analysis
100 D g5C. \ les Item Parameter Unit | Value
s0 | Oq_t V 1 Al NH3 inlet pressure bar 9~21
o _ ' .- o~ Ceoli A5 Gas turbine inlet temperature °C ]900~1300
ﬂz_ll I Iz_ 3 25 97 29 31 33 35 S1 COgz turbine inlet pressure bar | 200~240
Mass entropy (kJ/(kg-°C)) HX-2 | Minimum approach temperature | °C 10~30
W2 | Cooling water outlet temperature | °C 25~29

Figure 2: T—s diagram of supercritical CO2 power cycle
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Referring to the study by Pashchenko et al. [20], the temperature
of the ammonia (A2) heated in HX-1 was assumed to be 50 °C
lower than that of the exhaust gas (A6) discharged from the gas
turbine. Based on a previous study [6], the pressure of the air (A4)
discharged from the air compressor was set to be equal to the pres-
sure of the supplied ammonia fuel (A1). The airflow supplied to the
compressor (A3) was controlled to satisfy the required turbine inlet

temperature (A5).

3.2 SCO; Power Cycle

The default modeling conditions of the SCO2 power cycle
were obtained from a paper by Hou et al. [14] and are summa-
rized in Table 2. Here, the minimum approach temperature of the
CO: heater (HX-2) for heat exchange between the gas turbine
exhaust gas and CO2 was set to 20 °C. Additionally, the minimum

approach temperature of the IHX (HX-3) was set to 10 °C.

3.3 System analysis method

Table 3 lists the value ranges of the key design variables for
the thermodynamic analysis. The ranges were selected by vary-
ing each design variable around the baseline modeling condi-
tions, as summarized in Tables 1 and 2. Using these ranges, par-
ametric analyses were performed under the default modeling
conditions.

In this study, the thermodynamic performance was evaluated
based on the net power output, system efficiency, and heat recov-
ery rate, while exergy analysis was not considered. The net power
output of the system was calculated using Equations (2)-(4) [6].
The total net power output (,,,¢) was obtained by summing the

net power outputs of the ammonia gas turbine cycle (WGT’net)

and the SCO: power cycle (WSCOZ,net)'

WGT,net = WT—1 - Wc—1 @)
WSCOZ,net = WT—Z - Wc—z (3)
Wiet = Wer et + WSCOZ,net “4)

The system efficiency (75y) can be expressed as shown in
Equation (5) [6]. Specifically, it can be calculated using the am-
monia mass flow rate (rhNHS), higher heating value (HHVyy,),

and system net power output (W,,;).

Wneb
Ty, HHV i,

)

Nsys =

Equations (6) and (7) represent the heat-recovery rate (HRR)
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and energy rate of the exhaust gas (H,,y), respectively [6]. Here,
Y Qyx denotes the sum of the heat transfer rates from HX-1 and
HX-2, which recover the waste heat energy from the exhaust gas.
The exhaust gas composition was obtained from the combustion
reaction, and the software calculated the C;, and related properties

using the Peng—Robinson equation of state.

HRR = 2%x 6)
Hexn
Hexn = MexnCp (Texh - Tref) @)

4. Results and Discussion

4.1 Ammonia Inlet Pressure

Figure 3 presents the analysis results for various ammonia in-
let pressures in the ammonia gas turbine cycle. As shown in Fig-
ure 3(a), both the power output of T-1 and the power consump-
tion of C-1 increased with pressure. An increase in the inlet pres-
sure of ammonia increased the outlet pressure of the air compres-
sor, thereby increasing the power consumption of C-1. Addition-
ally, the air mass flow rate increased, as shown in Figure 3(b).
As the ammonia inlet pressure increased, the combustion process
released more energy; thus, a higher air mass flow rate was re-
quired to maintain a constant gas turbine inlet temperature. The
increase in both the pressure and air mass flow rate resulted into
a higher power output for T-1. In Figure 3(b), the exhaust gas
temperature decreased with increasing ammonia inlet pressure.
This is because, with the turbine outlet pressure fixed at atmos-
pheric pressure, a higher pressure ratio results in a greater en-
thalpy drop. Consequently, the reduced exhaust gas temperature
decreases the power output of T-2, as shown in Figure 3(a).

Table 4 shows that the power generated by the gas turbine cy-
cle increased with pressure, whereas that generated by the SCO2
cycle decreased. The total net power output and system effi-
ciency increased proportionally with the ammonia inlet pressure.

Figure 3(c) shows the exhaust gas energy and heat transfer
rates of HX-1 and HX-2. Although all the values decreased with
increasing ammonia inlet pressure, the decrease in the exhaust
gas energy rate was greater than that in the heat transfer of HX-1
and HX-2, thus resulting in an increase in the HRR.

In general, varying the ammonia inlet pressure first changed
the air mass flow rate and the work of the compressor and tur-
bine. This altered the exhaust gas temperature and heat transfer
characteristics of HX-1 and HX-2, thus resulting in the observed

changes in the total net power, system efficiency, and HRR.
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Figure 3: Analysis results based on ammonia inlet pressure

Table 4: Key performance results based on ammonia inlet pres-

sure
Pressure WGT,net WSCOZ,net Wnet Nsys
(bar) (kW) (kW) (kW) ()
9 1066.9 254.1 1321.0 0.389
12 1142.8 221.0 1363.8 0.402
15 1191.4 197.1 1388.5 0.409
18 1223.8 179.1 1402.9 0.413
21 1245.6 165.0 1410.7 0.416

4.2 Gas Turbine Inlet Temperature

Figure 4 shows the analysis results for various gas turbine in-
let temperatures in the ammonia gas turbine cycle. As shown in
Figure 4(a), the power output of T-1 and the power consumption

of C-1 decreased with increasing temperature.
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Figure 4: Analysis results based on gas turbine inlet tempera-

ture

When the gas turbine inlet temperature increased, the required
air mass flow rate decreased, as illustrated in Figure 4(b). At a
higher gas turbine inlet temperature, less air is required to reach
the target combustion temperature, thus reducing the power con-
sumption of C-1. Additionally, the reduced working fluid flow
into the gas turbine decreases the power output of T-1. Based on
Figure 4(b), an increase in the gas turbine inlet temperature re-
sults in a higher exhaust gas temperature and a greater power out-
put by T-2.

As shown in Table 5, the net output of the gas turbine cycle
increased with the turbine inlet temperature. As the gas turbine
inlet temperature increased, the decrease in the power consump-
tion of C-1 exceeded the decrease in the power output by T-1, and
the net power output of the SCO2 power cycle also increased.

Consequently, both the total net power output and system
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Table 5: Key performance indicators for various gas turbine inlet
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temperatures

Temperature| Werner | Wsco,net Wiet TNsys
(°C) (kW) (kW) (kW) )
900 1092.3 168.2 1260.5 0.371
1000 11493 184.0 13333 0.393
1100 1191.4 197.1 1388.5 0.409
1200 1224.1 208.2 1432.3 0.422
1300 1250.9 217.4 1468.4 0.433

efficiency improved at higher gas turbine inlet temperatures.
Figure 4(c) shows the exhaust gas energy and heat transfer
rates of HX-1 and HX-2. Although the exhaust gas energy rate
remained almost unchanged as the gas turbine inlet temperature
increased, the heat transfer rates of HX-1 and HX-2 increased.

Consequently, HRR increased at higher inlet temperatures.

4.3 CO; Turbine Inlet Pressure
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Figure 5: Analysis results based on CO: turbine inlet pressure
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Figure 5 shows the analysis results for various COz turbine
inlet pressures during the CO2 power cycle. As shown in Figure
5(a), the power output of T-2 increased as the pressure ratio in-
creased with the inlet pressure. Simultaneously, the power con-
sumption of C-2 increased. However, the growth rates of T-2’s
power output and C-2’s power consumption differed as the CO2
inlet pressure increased. Based on the result, the SCO2 power cy-
cle achieved its maximum net power output of 200 bar. This in-
dicates that, at approximately 200 bar, the effective enthalpy drop
available for expansion in T-2 exceeded the enthalpy increase re-
quired for compression in C-2 by the largest margin.

Figure 5(b) shows that the exhaust gas temperature at A8 de-
creased with pressure up to 200 bar and then increased again,
whereas the heat transfer rate of HX-2 increased to its peak at
200 bar before decreasing at higher pressures. As shown in Fig-
ure 5(c), both the system efficiency and HRR reached their max-
imum values at 200 bar. This suggests that a turbine inlet pressure
of approximately 200 bar provides the optimal operating condi-
tions for the SCO2 power cycle.

Based on these results, varying the COx turbine inlet pressure
changed the pressure ratio and the work of the turbine and com-
pressor, thus altering the heat transfer rate of HX-2 and the ex-
haust gas temperature. These effects resulted in the observed
maximum net power and system efficiency at approximately 200

bar.

4.4 Minimum Approach Temperature of HX-2

Figure 6 shows the analysis results obtained by varying the
minimum approach temperature of HX-2 during the SCO: power
cycle. In previous studies pertaining to SCO2 power cycles using
exhaust gas as the heat source, the minimum approach tempera-
ture between the exhaust gas and CO: in the heater was com-
monly fixed at 30 °C [13][22]. In the present study, this value
was used as a reference, and the analysis range was extended by
varying the HX-2 minimum approach temperature from 10 °C to
30 °C.

Figure 6(a) shows that the power output of T-2 decreased with
increasing temperature. This is because, under a constant heat
source inlet temperature, a higher minimum approach tempera-
ture reduces the COz turbine inlet temperature. Meanwhile, the
power consumption of C-2 remained almost unchanged. There-
fore, the net power output of the SCO2 power cycle decreased as
the minimum approach temperature increased.

Figure 6(b) shows that an increase in the minimum approach

temperature reduced the utilization of the exhaust gas waste heat
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Figure 6: Analysis results based on minimum approach tem-

perature of HX-2

in HX-2, thereby increasing the exhaust gas temperature at A8
and decreasing the heat transfer rate of HX-2.

Thus, Figure 6(c) shows that both the overall system effi-
ciency and HRR reached their maximum when the minimum ap-
proach temperature was at its lowest. At a lower minimum ap-
proach temperature, the CO2 departing from HX-2 can reach a
temperature closer to that of the exhaust gas, thus increasing the
enthalpy drop available for expansion in T-2 and reducing the un-
used exhaust gas energy. This indicates that, in the SCO2 power
cycle, minimizing the minimum approach temperature of the heat
exchanger serving as the heater is advantageous for both the sys-

tem performance and heat recovery.

4.5 Cooling Water Outlet Temperature
Figure 7 shows the results obtained by varying the cooling

water outlet temperature of the COz cooler during the SCO2

Journal of Advanced Marine Engineering and Technology, Vol. 49, No. 6, 2025. 12

500 220
450 20 =
200 =
_. 400 190 el
=
é 350 150 ,E'
2 10 ¢
Z 250 g
& 00 150 &
140 ©
150 130 ~
100 120
25 26 27 28 29
Temperature (°C)
T-2 c-2 Net power output
(a)
28000 1200
26000
1000 ~
= 24000 z
B =
< 22000 800 3
& g
= 20000 600 -
£ 18000 <
= E
w 16000 400 =
" -
= 14000 S
200 =
12000
10000 - 0
25 26 27 28 29
Temperature (*C)
—C02 e HX-2? ---HX3 - —HXA
(®)
0.415 0.80
- 0410 075 T
. 2
g 0.405 070 E
2 [
g 0.400 065 ¢
: 8
2 0395 060 £
® =
@ 0.390 0.55 =
0.385 0.50
25 26 27 28 29
Temperature (°C)
= System efficiency HRR
(c)

Figure 7: Analysis results based on cooling water outlet tem-

perature

power cycle. Figure 7(a) shows the variations in T-2’s power
output and C-2’s power consumption with respect to the cooling
water outlet temperature. Both values increased with the outlet
temperature, and the net power output of the SCO2 power cycle
reached its maximum at 26 °C.

As shown in Figure 7(b), the heat transfer rate of HX-4 in-
creased with the cooling water outlet temperature, thus resulting
in a higher CO2 mass flow rate in the cycle. This higher mass
flow rate enhanced the power output of T-2 and the power con-
sumption of C-2. However, the increased flow reduced the heat
transfer capability of HX-3 because the gas passed through with-
out sufficient thermal exchange. Consequently, the CO2 depart-
ing from HX-3 (S6) entered HX-2 at a relatively low tempera-
ture, and HX-2 must provide additional heat transfer to satisfy

the required turbine inlet condition.
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Table 6: Values of key design variables yielding maximum effi-

ciency
Item Parameter Unit | Value |
Al NHj3 inlet pressure bar 21
AS Gas turbine inlet temperature °C 1300
S1 CO: turbine inlet pressure bar 200
HX-2 | Minimum approach temperature | °C 10
W2 | Cooling water outlet temperature | °C 26

As shown in Figure 7(c), the overall system efficiency
reached its maximum at 26 °C, where the net power output of the
SCO2 power cycle was at its maximum as well. This implies that
a cooling water outlet temperature of approximately 26 °C pro-
vides an appropriate balance among the increased CO2 mass flow
rate, the power output of T-2, the power consumption of C-2, and
the internal heat transfer within the cycle. Additionally, it indi-
cates that the cooling water outlet temperature must be controlled
appropriately to achieve the maximum system efficiency. Mean-
while, the HRR reached its peak under the maximum heat trans-
fer rate of HX-2.

These observations indicate that the cooling water outlet tem-
perature controls the CO2 mass flow rate and the heat transfer
characteristics of HX-2, HX-3, and HX-4, which consequently
affect the power output of T-2 and the power consumption of C-
2, thus resulting in the maximum net power and system efficiency

at approximately 26 °C.

4.6 Key Design Variables with Maximum Efficiency

Table 6 lists the values of key design variables that yielded the
highest efficiency within the thermodynamic analysis range of
this study. In the ammonia gas turbine cycle, higher ammonia inlet
pressure and gas turbine inlet temperature resulted in a higher system
efficiency. In the SCO:2 power cycle, a lower minimum approach
temperature of HX-2 was advantageous. Additionally, the CO2
turbine inlet pressure and the cooling water outlet temperature
should be set to the appropriate values.

Using the variable values listed in Table 6, the system analysis
results show that the overall system efficiency and HRR were
45.11% and 68.58%, respectively. These values can be improved
through optimization by defining an objective function and adjusting

the variables simultaneously.

5. Conclusion
In this study, an ammonia-fueled marine gas turbine cycle was
modeled simultaneously with an SCOz power cycle that used the

gas turbine exhaust as a heat source. Thermodynamic analysis

Journal of Advanced Marine Engineering and Technology, Vol. 49, No. 6, 2025. 12

Do-Yeop Kim *

You-Taek Kim

was performed to evaluate the effects of varying the key design

variables, and the main results are summarized as follows:

1)  Higher ammonia inlet pressures and gas turbine inlet tem-
peratures resulted in higher system efficiencies and HRRs.

2)  Alower minimum approach temperature of HX-2 was ad-
vantageous for improving the system efficiency and HRR.

3)  The appropriate CO:2 turbine inlet pressure yielded the
highest system efficiency and HRR.

4)  For maximum system efficiency, the appropriate cooling
water outlet temperature should be adopted; however, the
HRR increased with the cooling water outlet temperature.

5)  Using the key design variables that yielded the maximum
system efficiency, the resulting system efficiency and HRR

were 45.11% and 68.58%, respectively.

Future studies may include system optimization, economic
and environmental assessments, off-design performance evalua-
tions under varying engine loads, and investigations into integra-
tion strategies with other shipboard systems. Additionally, the
simplified steady-state model used in this study, which does not
consider pressure drops, heat losses, and detailed component ef-
ficiencies, should be refined to reduce modeling uncertainty.
The thermodynamic characteristics identified in this study sup-
port the preliminary design and integration of SCOz-based waste
heat recovery into ammonia-fueled marine gas turbine propul-
sion and provide reference data for the further development of

related systems.
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