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Abstract—Hydrogen propulsion using low-temperature proton
exchange membrane fuel cells (LT-PEMFC) offers a promising
alternative to conventional combustion engines by reducing
component complexity, lowering operating temperatures, and
potentially decreasing operating costs. This paper presents a
comprehensive system-level analysis of hydrogen-powered LT-
PEMFC propulsion systems for aircraft. Custom-developed mod-
els integrate fuel cells with auxiliary subsystems, including
thermal management, compression, and power electronics, to
size the propulsion system and fuel capacity according to a
defined mission profile. Key performance metrics, including
range, endurance, and liquid hydrogen volume requirements, are
evaluated for a generic general aviation class baseline aircraft
sized with an automotive-derived net 150 kW LT-PEMFCs. The
analysis considers six key design variables (gross takeoff weight
(GTOW), lift-to-drag ratio, propulsion efficiency, propulsion
specific power, liquid hydrogen gravimetric index, and GTOW
mass fraction) along with three operational parameters (climb
rate, service ceiling, and cruise speed). Validation against an
established flight mission demonstrates close agreement in liquid
hydrogen consumption predictions. Under baseline operational
conditions, the aircraft with a 1,814 kg GTOW is predicted to
achieve a range of 3,203 km and 17.5 hours of flight. Sensitivity
analyses indicate that when subjected to alternative design and
operational constraints, incremental improvements in the GTOW
mass fraction enable an additional 100 km of range with a
minimal adjustment, while enhancements in the lift-to-drag ratio
and propulsion efficiency reduce the liquid hydrogen required
by 64% and 50% per 100 km relative to other design variables,
respectively. Advanced technology improvements suggest a max-
imum performance potential of 15,474 km in range and 84.7
hours of flight time. These findings provide critical insights for
optimizing fuel cell propulsion systems and establishing a clean-
sheet design framework for next-generation hydrogen-powered
aircraft.

Index Terms—low-temperature proton exchange membrane,
fuel cells, system integration, liquid hydrogen, aircraft design,
sensitivity analysis.
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I. INTRODUCTION

This research investigates the potential of hydrogen and
low-temperature proton exchange membrane fuel cells (LT-
PEMFCs) as energy sources for new-generation aircraft
propulsion. Hydrogen offers a higher gravimetric energy den-
sity (120 MJ/kg) compared to conventional jet fuel (36 MJ/kg)
and lithium-ion (Li-ion) batteries (1 MJ/kg). Additionally, it
enables rapid refueling times ranging from 3 to 5 minutes
(gaseous hydrogen) to run 646 km, close to conventional
vehicle [1]-[3]. Fuel cells with hydrogen tanks, compared to
Li-ion batteries, provide superior energy density and extended
operational lifespans [4]. According to the U.S. Department of
Energy, fuel cell stacks for on-the-ground vehicles can achieve
a service life of up to 321,868 km, significantly outperforming
Li-ion batteries, rated for approximately 160,934 km [5].
Furthermore, fuel cells produce only water as an emission [6].

The research surveyed and collected data on the commercial
LT-PEMFC products and applications that came to market
between 2005 and 2025 at the stack and system level. Fig. 1
illustrates the gravimetric specific power progress of com-
mercial LT-PEMFC products and systems over the past two
decades [7]-[16]. The stack-specific power of LT-PEMFCs
has improved substantially from 0.5 kW/kg to 3 kW/kg over
20 years. However, the overall system-specific power remains
constrained at approximately 0.8 kW/kg, primarily due to the
substantial weight of the thermal management system required
to maintain membrane humidity in LT-PEMFCs.

Additionally, hydrogen as a fuel for fuel cells can be stored
in various forms, including as a pure gas, a pure liquid, or a
solid where hydrogen is chemically bonded to other molecules.
For the majority of aviation applications, hydrogen is typically
stored either as a liquid (LH2) or as a compressed gas
(CGH2) [17]. LH2 offers a higher volumetric energy density of
8.5 MJ/L and a gravimetric fraction ranging from 30% to 90%,
compared to CGH2, which provides 2.9 to 4.8 MJ/L and 1%
to 15%, respectively [18], [19]. These values are illustrated in
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Fig. 1. The stack and system specific power of commerical LT-PEMFC

products and systems in past 20 years.
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Fig. 2. The specific energy and energy density for several fuel types [20].

Fig. 2. Consequently, LH2 is more advantageous for aviation
purposes than CGH2, requiring less volume and weight to
store an equivalent amount of energy.

While much research has focused on fuel cells and their
subsystems like motors and converters [8], [21]-[25], there is a
gap in integrating fuel cell systems and performing sensitivity
analyses on aircraft performance. Most developments have
focused on improving the fuel cell system without addressing
how sensitive overall performance is to design parameters
related to the aircraft, which may affect vehicle performance.
This study aims to address this gap by integrating the com-
ponents and identifying key factors that influence aircraft
performance, ultimately contributing to the development of a
clean-sheet design for hydrogen fuel cell-powered aircraft.

II. TECHNICAL APPROACH

In this research, the aircraft design, fuel cell propulsion
system, and flight mission analysis are modeled using MAT-
LAB. The fuel cell propulsion system and fuel capacity are
sized based on the maximum power requirements of the design
mission. Six design variables are evaluated: (1) gross takeoff
weight (GTOW), (2) lift-to-drag ratio (L/D), (3) propulsion
system efficiency, (4) propulsion system specific power, (5)

LH2 gravimetric index, and (6) GTOW mass fraction. LH2
gravimetric index is the ratio of the mass of stored LH2
to the total mass of the tank, including LH2. The GTOW
mass fraction is the ratio of the mass of aircraft excluding
payload, propulsion system, and fuel to GTOW. Additionally,
three operational conditions are considered: (1) climb rate,
(2) service ceiling, and (3) cruise speed, which influence the
aircraft’s power demand and fuel capacity requirements.

This study evaluates aircraft performance under a range
of technology options, design configurations, and operational
scenarios. It employs sensitivity and trade-off analyses to
identify the key factors that influence the range and endurance
of the aircraft.

A. Low Temperature Proton Exchange Membrane Fuel Cells

LT-PEMFCs generate electricity through the electrochem-
ical reaction of hydrogen and oxygen. In this process, the
chemical energy of the fuel is converted into electricity and
exhaust heat. The electricity produced is delivered to external
electrical loads through circuits, while the exhaust heat is
released into the surrounding environment. Considering elec-
trochemical principles, thermodynamics, and potential losses
during operations—such as activation loss, ohmic loss, and
concentration loss—the actual potential output is given by
(1) [26].

U= ENernsl - Eacl - thm - Econ (1)

where U, Enernsts Facts Fonm and Eco, are the actual potential,
Nernst potential, the activation loss, the ohmic loss and the
concentration loss. According to electrochemical and thermo-
dynamic principles, when no external electrical load is applied,
the highest reversible voltage of a single LT-PEMFC, Enernst,
can be determined using the Nernst equation [27] in (2).

0.5
where E° is the ideal standard reference potential (298.15 K
and 1 atm) which is 1.229 V for liquid water; AS =
—164.25 Jmol ' K~ is the entropy change to generate liquid
water; n, = 2 is the number of electrons exchanged per
hydrogen molecule; F' is the Faraday’s constant; 7" and T} are
the temperature of LT-PEMFC and the ambient; R is the ideal
gas constant and pg,, po, and pg,o are the partial pressure
of hydrogen, oxygen and water (in atm), respectively.

The theoretical hydrogen consumption rate, ¢p, (kg/s) of
LT-PEMFCs is shown in (3) [28], [29], where j is current
density, Ag is reaction area of single cell, N.¢; is the number
of cells.

G, = 1.05 x 1078 x jAg X Nee 3)

B. Propulsion Architecture

The designed propulsion system (single propulsor), as
shown in Fig. 3, uses LT-PEMFCs as the primary power source
and LH2 as the fuel. The electricity generated by the fuel cells
is distributed through a power bus to support various systems:
15% of the total generated power is used to operate the
compression and cooling systems for the fuel cells [30], [31],
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Fig. 3. Single LT-PEMFC propulsion system configuration.
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around 10 kW is supplied as electrical power for the aircraft,
and the remaining power drives the electric motor (EM) that
propels the aircraft’s propeller. Before powering the EM, the
electricity must be converted and stabilized due to voltage
fluctuations caused by the uniform fuel distribution required
for the fuel cells’ electrochemical reaction. Converters are
applied to convert DC power into AC, as most high-efficiency
motors, such as permanent magnet synchronous motors, are
AC-based [32]. The direct-drive electric motor is connected
to the propeller via a shaft, generating thrust for the aircraft.

C. Flight Mission Profile

The design mission in this research consists of the following
segments: Takeoff, Climb, Cruise, Loiter, and Descent, which
is a generic flight profile relative to manned aircraft, but also
applicable to some unmanned aircraft system missions as well.
During takeoff, the aircraft accelerates to the required speed
to take off at full throttle within one minute. In the climb
phase, the aircraft continues to accelerate until it reaches the
designated cruise speed at the top of climb. The climb time
is calculated based on the design climb rate and the service
ceiling. In the cruise phase, the aircraft maintains a constant
speed and altitude. For safety concerns, the aircraft must carry
enough fuel for an additional 30-minute of the loiter phase as
a reserve. Finally, the aircraft begins its descent at 80% of the
climb rate. The range and endurance of the aircraft depend
on whether there is sufficient fuel to complete takeoff, climb,
the 30-minute loiter, and descent, under varying design and
operational conditions.

D. Power Requirement Estimation

The power requirements for the flight mission are analyzed
based on the law of conservation of energy. The power
supplied by the fuel cells must match the power needed to

overcome drag and changes in the aircraft speed and altitude,
scaled by the relevant efficiency losses. Thus, B4, at each
point in the mission can be determined using (4) [33]:

dt dt

where T is thrust; V is the aircraft speed; D is the drag
of the aircraft; m is the aircraft mass; g is the gravitational
acceleration; h is the altitude; dh/dt and dV//dt are the climb
rate and acceleration of the aircraft, respectively; P,..q is the
power required to fly the mission.

The power output of fuel cells (Prc,o.t) depends on P4,
the efficiencies of the propeller (7prop), shaft (9spqy¢), electric
motor (ngar), inverter (1ry,), and converters (Ncoony), and
the power fraction consumed by the compression and cooling
systems (PF,fr_take) [8], [22], [34]. Accordingly, the power
output of the fuel cells can be expressed in (5)

P’r‘eq
Tlprop Nshaft MEM MNInv TConv (1 - PFoff—tak(eS))

dh dV
Preg =TV =DV + (mg + mV) 4)

PFC,out =

III. AIRCRAFT WEIGHT BREAKDOWN

This aircraft design integrates three main systems: aircraft,
propulsion, and fuel system, with GTOW as their sum. The
aircraft system is GTOW multiplied by GTOW mass fraction.
Propulsion system weight is derived in two steps: first, spe-
cific power is calculated from a 150 kW Powercell Pstack
and advanced subsystems [8], [22], [34]; second, it’s sized
by required power and specific power, including fuel cells,
compression, thermal management, control, humidifier, motor,
converters, inverter, propeller, and shaft. The fuel system,
comprising a cryogenic tank and LH2, depends on the tank’s
gravimetric index. Payload fully supports the fuel system.
GTOW composition is given by (6).

P, req
SPprop
where m ¢ crow represents the GTOW mass fraction, S Pp,p
represents the specific power of the propulsion system

(kW/kg), Wr o represents the weight of stored LH2 (kg),
and my 12 represent the gravimetric index of LH2 tank.

%%
4 Vw2 ©)
myf LH2

GTOW = GTOW x mys.arow +

IV. RESULTS AND DISCUSSIONS
A. LT-PEMFC modeling and model validation

This research examines various LT-PEMFC technologies by
modeling their polarization curves (shown in Fig. 5) to evalu-
ate performance characteristics. The Powercell Pstack product
tested at 100 kPa [12] serves as the baseline technology,
referred to as the “Baseline” scenario. The “Ref. ¢” in Fig. 5
[35] represents the state-of-the-art LT-PEMFC technology,
referred to as the “State-of-the-Art: 2024” scenario. Addition-
ally, a future performance target, termed “Future (Powercell
4 A/ecm?)”, is proposed, representing an estimated improve-
ment over the current Powercell product based on potential
technological advancements. For sensitivity analysis, these
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Fig. 5. The polarization curves of different LT-PEMFC designs.

three polarization curves are selected. When these fuel cell
designs are integrated with all subsystems—including thermal
management, compression, electrical components, and propul-
sion components [8], [12], [22], [34]—the specific power
of the propulsion system is calculated to be 0.494 kW/kg,
0.557 kW/kg, and 0.615 kW/kg, respectively, indicating a
trend of increasing efficiency and reduced weight.

To validate the accuracy of this technical approach, fuel
consumption is modeled using the specifications and mission
profile of Joby Aviation’s SHy4 hydrogen-electric aircraft. The
SHy4 completed a flight of 847 km over 4.8 hours, consuming
36 kg of LH2, while cruising at an altitude of approximately
274 m with a lift-to-drag (L/D) ratio of 12.5 and a maximum
takeoff weight of 2,404 kg [36], [37]. In our MATLAB-based
simulation, the LH2 consumption is estimated at 35.5 kg—a
deviation of -1.4% from the actual value. This close alignment
suggests that the proposed modeling method can provide
reliable and reasonable estimations.

B. Sensitivity analysis of design and operational variables

The baseline design, operational conditions, and design
space boundaries for fixed-wing aircraft are defined in Ta-
ble I. A constant payload power consumption of 10 kW is
assumed for the entire mission duration. The lower bounds
reflect current technological feasibility, while the upper bounds
for GTOW, climb rate, service ceiling, and cruise speed
correspond to publicly available specifications for the MQ-
9 Reaper [38], [39]. Upper bounds for propulsion efficiency
and specific power reflect projections for future technologies
and state-of-the-art electric components.

The baseline configuration corresponds to a high-aspect-
ratio, efficient aircraft constructed from conventional materials,
akin to designs typical of general aviation and unmanned aerial
vehicles. Using parameters from Table I, aircraft performance
is evaluated across GTOW scenarios listed in Table II, specif-
ically: (I) 907 kg (comparable to a Trainer Diamond DA40
XLT), (I) 1,814 kg (baseline) (II) 2,948 kg (similar to a
Cessna Caravan), and (IV) 5,216 kg (similar to an MQ-9
Reaper). The propulsion system is sized based on maximum
power required during the mission.

TABLE I
DESIGN SPACE BOUNDARIES FOR FIXED-WING AIRCRAFT SENSITIVITY

ANALYSIS
Variable Boundary Baseline | Unit
GTOW 907 - 5,216 1,814 kg
L/D ratio 18 - 22 18 -
Propulsion efficiency 0.646 — 0.8 0.646 -
Propulsion specific power | 0.494 — 0.615 0.494 | kg/kW
LH2 gravimetric index 04 -0.6 04 -
GTOW mass fraction 0.7 -0.6 0.7 -
Climb rate 152 — 456 152 m/min
Service ceiling 1,524 — 10,668 1,524 m
Cruise speed 51 -85 51 m/s
TABLE II

THE CONFIGURATIONS AND PERFORMANCE OF HYDROGEN LT-PEMFC
AIRCRAFT UNDER BASELINE SETTINGS WITH VARYING GTOW.

Case GTOW | Propulsion system | LH2 weight | Range | Endurance
(kg) weight (kg) (kg) (km) (hr)
I 907 159.6 449 2,670 14.6
I 1,814 301.0 96.8 3,203 17.5
I | 2,948 479.7 161.7 3,465 19
IV | 5,216 835.4 291.6 3,680 20.1

Results indicate marginal benefits in range and endurance
with increased LH2 capacity, shown as an aggregate increase
in GTOW under baseline design conditions. Higher GTOW
corresponds to higher LH2 storage but heavier operation empty
weight and faster fuel consumption due to higher power de-
mand, offsetting the benefit of increased LH2 storage. Specif-
ically, moving from Case I to Case II, each additional 100 kg
of GTOW adds 58 km of range and 0.3 hours of endurance.
However, from Case I to Case III, each additional 100 kg of
GTOW results in smaller gains of 38 km in range and 0.2 hours
in endurance. This diminishing return occurs because although
a baseline aircraft with higher GTOW provides higher LH2
capacity, it also elevates power requirements, increasing fuel
consumption and limiting net benefits.

Fig. 6 illustrates aircraft performance under varying opera-
tional conditions: service ceiling, climb rate, and cruise speed.
Blank regions in the plots expand at higher cruise speeds and
climb rates, indicating insufficient fuel capacity to complete
the mission. Higher climb rates and cruise speeds require
greater power from the fuel cells, necessitating a heavier
propulsion system. This added weight reduces available LH2
storage capacity and accelerates fuel consumption, rendering
certain design points infeasible.

Continuing with Fig. 6, doubling the climb rate from 152 to
304 m/min at a baseline service ceiling of 6,000 m reduces the
range from 3,245 km to 1,615 km (-50%). Increasing cruise
speed from 51 m/s to 85 m/s (+66%) at a fixed climb rate of
152 m/min reduces range to 1,694 km (-48%). These results
underscore the trade-off between higher propulsion demands
and available LH2 storage. In contrast, higher GTOW under
baseline conditions provides additional fuel storage capacity,
thus compensating for the elevated power demands due to
higher cruise speeds.
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Fig. 6. The range estimation of the aircraft with different operational variables and GTOW.

Fig. 6 also shows negligible (~1%) effect on range and
endurance when increasing the service ceiling from 1,524 m
to 6,000 m at lower cruise speeds, as propulsion system sizing
and LH2 storage requirements remain similar. However, at
higher cruise speeds attained at the top of climb, lowering the
ceiling from 6,000 m to 1,524 m demands additional climb
power to achieve the required kinetic energy (i.e., heavier
propulsion system at the same GTOW), thus reducing available
LH2 storage capacity. For example, for a baseline aircraft at
85 m/s cruise speed, a lower ceiling reduces range by 20%
and endurance by 25%.

Thus, under baseline conditions, maximizing aircraft range
involves balancing climb rate, cruise speed, and service ceiling
relative to LH2 capacity. To maximize range, lower climb rates
and cruise speeds are optimal. Higher climb rates and cruise
speeds should be coupled with increased service ceilings to
minimize power demand and maintain LH2 capacity.

Table III summarizes the sensitivity analysis of key design
variables impacting aircraft range (R), endurance (t), and
required LH2 volume in liters (L). Two evaluation approaches
are applied: (i) performance improvements within predefined
design constraints and (ii) incremental improvements required
for an additional 100 km of range under design variable
boundaries. The first approach identifies GTOW mass fraction
as most beneficial, whereas specific power of the propulsion
system (related to fuel cell technology) has the least impact
due to limited improvement potential. However, different
boundaries limit the fairness of comparisons.

The second approach in Table IV standardizes comparisons
by quantifying LH2 volume needed for an additional 100 km
from baseline. Improvements in L/D ratio and propulsion
efficiency require significantly less LH2 (13.67 L and 18.81 L,
respectively) compared to GTOW mass fraction (38 L), repre-
senting reductions of approximately 64% and 50%. These re-
ductions stem from reduced power demands, enabling a lighter
propulsion system and freeing capacity for LH2 storage, thus
maintaining range with minimal LH2 increases. Conversely,

TABLE III
PERFORMANCE ESTIMATION OF HYDROGEN LT-PEMFC AIRCRAFT WITH
GTOW = 1,814 KG AND BASELINE OPERATIONAL SETTINGS (RANGE =
3,203 KM, ENDURANCE = 17.5 HR AND LH2 VOLUME = 1,369 L).

L/D GTOW LH2 Propulsion | Propulsion
. mass gravi. system specific
ratio . : .
fraction index efficiency power
Improve
(from—t0) 18 — 22(0.7 — 0.6/0.4 — 0.6]0.646 — 0.8]0.494 — 0.615
AR +1,217 | +2,690 +1,825 +1,633 +630
(km) (+38%) | (+84%) | (+57%) (+51%) (+20%)
At +6.3 +14.4 +9.6 +8.9 +3.4
(hr) (+36%) | (+82%) | (+55%) (+51%) (+19%)
ALH2 +164 +1,026 +684 +301 +336
(L) (+12%) | (+75%) | (+50%) (+22%) (+24%)
TABLE IV

DESIGN VARIABLE IMPROVEMENT OF HYDROGEN LT-PEMFC AIRCRAFT
FOR EACH ADDITIONAL 100 KM FROM BASELINE SETTINGS.

Incremental Changes per +100 km from baseline:
AGTOW | ALH2 | APropulsion | APropulsion
AL/D . .
. mass | gravi. system specific
ratio . . s
fraction | index | efficiency power
Value/100 km | +0.33 | -0.004 | +0.01 +0.009 +0.019
At
(ht/100 km) +0.53 | +0.53 | +0.53 +0.56 +0.54
ALH2
(L/100 km) +13.67| +38 +38 +18.81 +53.33

improvements in GTOW mass fraction and LH2 gravimetric
index directly increase storage capacity but require greater
LH2 volume (38 L) to achieve additional 100 km of range
as power demands remain unchanged.

Increasing specific power of the propulsion system enables
weight savings, which can be allocated to extra LH2 storage
capacity. However, actual gains depend on the performance of
the LT-PEMFC:s. In this paper, three LT-PEMFC technologies
(Fig. 5, modeled based on [12], [35]) with different voltages
and current densities at peak power conditions were ana-
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lyzed. Although future LT-PEMFC technologies offer higher
specific power, their lower voltage at peak load increases
fuel consumption, partially offsetting weight savings. Further
improvements depend significantly on reducing the thermal
management system mass, which, in this paper, is assumed to
have a specific power of around 0.7 kW/kg, accounting for
over 60% of the fuel cell propulsion system mass.

Fig. 7 provides a performance matrix for a 1,814 kg
GTOW aircraft, analyzing the global sensitivity of design and
operational variables. With a fixed L/D ratio and varying LH2
propulsion assumptions, the results under baseline operational
settings show that GTOW mass fraction paired with LH2
gravimetric index boosts range by +179%, more than the
GTOW mass fraction with propulsion efficiency (+148%), or
LH2 gravimetric index with propulsion efficiency (+130%),
due to having higher LH2 capacity. Despite having improved
aerodynamic design (L/D ratio), GTOW mass fraction remains
critical in impacting LH2 storage capacity and range. For
example, if we only consider the combination of L/D ratio
with propulsion efficiency and LH2 gravimetric index, the
range will increase +93% and +106%, lower than 179%.
Optimizing both power-reducing factors (L/D, propulsion ef-
ficiency) and storage-enhancing variables (GTOW mass frac-
tion, LH2 gravimetric index) simultaneously yields substantial
performance gains—up to a 380% (15,474 km) increase in
range-highlighting the importance of integrated optimization
for maximum aircraft performance.

V. CONCLUSION

This research presented a comprehensive system-level sensi-
tivity analysis of hydrogen LT-PEMFC propulsion for aircraft.
Custom-developed models were used to evaluate the impact
of six design variables and three operational parameters on
critical performance metrics such as range, flight duration,
and LH2 requirements. The analysis reveals that a higher
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Performance matrix of the aircraft with 1,814 kg of GTOW based on multi design variable changes.

GTOW with increased LH2 storage capacity can compensate
for the higher fuel consumption associated with increased
aircraft weight, thereby enabling greater range and endurance
capabilities. Furthermore, improvements in aerodynamic effi-
ciency (L/D ratio) and propulsion system efficiency effectively
reduce power requirements, while enhancements in GTOW
mass fraction (i.e., lower values) and LH2 gravimetric index
substantially increase LH2 storage. In combination, reducing
power demand and enhancing LH?2 storage significantly boost
aircraft performance, with the GTOW mass fraction proving
particularly influential in increasing LH2 storage capacity. In
contrast, improvements in specific power of the propulsion
system have limited effects on overall performance due to the
significant weight of the thermal management system.

Operationally, higher cruise speeds and climb rates reduce
range and endurance by increasing power demand and propul-
sion system weight, which in turn increases fuel consumption
and limits LH2 storage capacity. At lower speeds and climb
rates, the service ceiling has a relatively minor impact on
range and endurance. However, under high cruise speed and
climb rate conditions, a higher service ceiling can enhance
performance by lowering power requirements, easing climb
acceleration demands, and allowing for a less powerful and
hence lighter propulsion system and greater LH2 capacity.

For optimal aircraft design, investment should be prioritized
in reducing the GTOW mass fraction (like reducing the air-
frame and other operational empty weights) to free additional
capacity for LH2 storage. Even modest improvements in this
area yield significant increases in storage capacity, thereby
extending both range and endurance. When combined with
enhancements to the L/D ratio or propulsion system efficiency,
this approach reduces the fuel consumption and increases LH2
storage, delivering substantial performance benefits.

Future work should focus on quantifying the cost and
feasibility of improving these design variables, exploring



hybrid electrified configurations, and further optimizing fuel
consumption for specific mission profiles to refine the design
framework for next-generation hydrogen-powered aircraft.
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