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Specifications
Weights Value Velocity Value Performance Value
Gross Weight: 2,000 kg 4,409 Ib Veimb 26.13 m/s 50.79 knots  Loitering Mission Time 39.34 min
Empty Weight: 1,804 kg 3,976Ib Vi (Cruise) i 52.22 m/s 101.51 knots Maximum Speed 70.5 m/s |137 knots
Fuel Weight 11 k 24 1b Y 25.00 m/s 48.60 knots i ili i
g ¢ descent Maximum C%ng Altitude 4.300 m | 14,100 ft
Payload 185 kg 408 1b Vpe (Loiter) i 41.65 m/s 80.96 knots @
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HOPPER - HydrOgen ProPulsion for long-
Endurance Rotorcraft —is a

Slowed-Rotor Compound Helicopter

with Variable-Incidence Wing and Tail
developed by the SNU Graduate Student
Design Team.

Powered by PEMFC, HOPPER ‘redefines’
endurance and sustainability in the rotorcraft
domain.

HOPPER, at a gross weight of 2,000 kg (4,409 Ib), completes a 69.25-minute
mission—39.34 minutes of immersive sightseeing loiter over the Alligator River—
using just 11 kg of hydrogen fuel while carrying a 185 kg payload.

This achievement was possible by constructing a physics-based fuel cell system
design optimization considering thermal demands, and hover-optimum rotor with
slowed down forward flight capability. By adopting the variable incidence wing &
tail mechanism, HOPPER maximizes lifting force in every forward flight mission
segment. Its fuselage was designed while accounting for internal components
volume constraints, aerodynamic & structural efficiency, and target CG location.

HOPPER is not a mere technical leap—it is a symbolic hop toward sustainable
aviation. It fulfills all mission requirements while offering an uncompromised eco-
tourism experience.

Let’s hop for hope with HOPPER.
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Mission Requirements Analysis

Values shown in red were
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Aircraft Configuration Selection

SindlaRElicabter Compound Coaxial rotor
9 P Single helicopter helicopter
b Compounc;l TR Multicopter Lift+Cruise
rotor helicopter
Eaper Vectored thrust Tailsitter Tand‘em rotor
helicopter

Mission Analysis (AHP & HOQ) Configuration Candidates
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From Initial Sizing & Trade-Off Study
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2. Propulsion System Sizing

C

Input data
MTOW, Rotor & Wing Geometry

}

1. Mission Profile Optimization
Optimize Loitering/Climb/Descent Speed

!

Evaluate Hover Performance

!

Calculate Pmax,a,,,, = fmargiu X Phover

!

FCS / BoP Sizing

1

4. Allocate Fuel vs. Tank Mass

I

5. Mission Segment Analysis

TIPS

}

6. Compute Available Fuel Mass for Loiter

Wh2 fuel @ loiter > 0?2

Feasible

3. Compute Useful Hydrogen Load (Wﬂ'jg,,,,)

7. Evaluate Loiter Endurance

}

C

Output data
Loiter time, Optimized Mission Profile, etc.

“Variable incidence wing"” concept was selected
through the customized sizing framework

& CHoerer
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An Innovative Multidisciplinary Design
Optimization Framework Was Adopted
Our Multidisciplinary Design Optimization (MDO) framework

efficiently generates a preliminary design for a hydrogen fualell-
powered compound helicopter with a focus onmaximizing loiter

endurance.

By structuring the process intafive coordinated modules with
minimal feedback loops , the framework expands design flexibility,
reduces computational cost, and quickly identifies endurance -

optimized configurations within defined constraints

MTOW Optimizer

l G1. Airframe & Mission | ‘ G2. Motor & Gearbox ‘ ‘ G3. FCS Weight | |ca. FCS Performance ‘ G5. Subsystem Design
Profile Optimization Optimization Minimization Optimizati Refin
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Preliminary Design

Shaft Power Optimizer (NSGA-II)

Velocity Optimizer

Fuselage Drag Estimation

Wing/Rotor Geometry

Wing Regression Model

BlwiNn|=|O0|®|>»

Rotor Regression Model

Mission Segment Performance
Analysis

D Motor/Gearbox Optimizer

10 Motor Efficiency Estimation

n Gearbox Efficiency Estimation

Total Power Required

U= (from FCS) Calculation

E Motor Operation Optimizer

s Evaluate Cruise Power

14 Evaluate Loiter Power

15 Evaluate Climb Power

16 Evaluate Descent Power

17 Weight Estimation (1)

Optimizer
Module

F FCS Sizing Optimizer 25 | Stack Analysis
18 Stack Sizing 26 | CEM Analysis
19 | Humidifier Sizing K HTC Operation Optimizer
20 | CEMSizing 27 | Required Power Calculation
H | HTC Sizing Optimizer L | LTC Operation Optimizer
21 | HTC Weight Calculation 28 | Required Power Calculation

1R R NS 29 | Additional BoP Power
22 | LTC Weight Calculation Calculation
23 | Additional BoP Power Calculation 30 | H2 Fuel Weight Estimation
24 | Weight Estimation (2) N Endurance Estimation

32

Internal Layout Generation

Fuselage Refinement Optimizer

33 Fuselage CFD Solver

34 Internal Volume Constraint Check Module
N Wing Refinement Optimizer

35 Quasi-3D Wing Aerodynamic Solver

36 Wing Box Structure Analysis Module

(o] Rotor Refinement Optimizer

37 CAMRAD Il (free-wake model based)

P Tail Rotor Optimizer

38 BET
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Final Design Results
Aircraft and Cabin Dimensions

Aircraft Dimension Constraints (1I0m 10 m 4 m)

11.9 m
Top view Front view

Cabin Minimum Dimension Constraints (1.25m 1.5m 1.5 m)

1.5m

-----
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Final Design Results

Internal Components and Layout

No. Component No. Component
1. Hingeless rotor hub 8. Heat exchanger
2. Gearbox airintake 9. Fuel cell stack
3. Digital instrument 10. Hydrogen tank

4. FCS air intake 11. Tail wing with tilt mechanism
5. Firewall 12. Auxiliary ba.ttery source
for tail rotor
6. Gearbox 13. Tail rotor
7. Wing structure 14. Fuselage structure

Team HOPPER at Seoul National University



Integrated Aero-structural Blade Design

Airfoil Brain
2D Aerodynamic Performance Predictor

V Using only 6 parameters to generate airfoils - .H | i
V Trained by 2D URANS CFD data o
V Fast and accurate prediction of C81tables 14 o

X-ray image

€c C-beam Generator
Parameterization 2D Structural Performance Predictor
. 1 V Parameterization based on X-ray scan data
" + " .V Trained by 2D cross section solver KESC2D-AE
Newmms S Foem oo V Fast and accurate prediction of beam properties

CAMRAD i

Comprehensive solver for aeroelastic analysis
V Multi-disciplinary Design Space using 40 design variables
V Realistic design consideration with 22 design constraints

0.00044

: i Main Rotor Blade Performance

FM 0.7661

0.00042

- >0 vyl 0.0003977

T E 0.02231
| m g v Y 2492kg

Best design out of
6400 design candidates

CP. loiter

0.0004

0.00038 b—tml—
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Main Rotor Blade Design Results
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Aerodynamically Efficient and Manufacturable Rotor Blade Design
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Variable Incidence Wing Design

V Advantages: Variable Incidence Winq

A Maximum lift sharing ratio during the whole flight
A Controling wing incidence C, to be 0.8
(Lift sharing constraint up to 50%)
A Minimize the interaction between rotor wake and wing

Hover flight Forward flight o .
: . , ; Wing tilting mechanism
(90 deg tilted wing) (variable tilt) - 0

Force [N]

0.6 1 20000
§ 0.5
= - 15000
S 04-
=
=]
§ 0.3 4 A 10000
g 0.2 A
 — A 5000
5..*5 X —&— Lift share ratio
— 0.1 X —l— Rotor thrust

A A— Wing lift
00 T T T T 0
0 20 40 60 80 100

Forward speed [m/s]

Consideration on Main Rotor Wake Lift share ratio with forward speed
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Integrated Fuselage Design:

Center of gravity, Internal volume, Structure, and Aerodynamics

V Fuselage design considering:

A Target CG (desired CG)

A Fuselage structural constraints
A Internal component volume

A Low drag coefficient

Targeted Center of Gravity
with internal component volume

Fuselage structural analysis

Internal component volume Optimized fuselage configuration von-Mises equivalent stress (MPa)

Fuselage aerodynamic analysis

Pressure coefficient
-7.6e-01 0 0.5 1.0e+00

Pressure coefficient variation - ; J ‘

SKkin friction coefficient
0.0e+00 0.004 7.1e-03

SKkin friction coefficient variation - ‘ ‘

Final design of HOPPER's fuselage

Team HOPPER at Seoul National University
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Rotor Hub and Transmission

Hub fairing

Rotating scissor

Spherical bearing Hydraulic actuators

Non-rotating swash plate ..
Transmission adapter

Compact and Efficient Robust and Simple
Transmission System Hingeless Hub System

, Planet gear
= - with bearings

_______________________________________________________________________________
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Fuel Cell System Layout

V Advantages of HOPPER's Fuel Cell System
A Designed to be low-powered, lightweight and compact system

A Realistic integration among the components G vcrosen Pern

Airflow Path

A Added expander to maximize energy recovery =

Coolant Path

D Air In/Outlet
442 kW Tank valve
Hydrogen  \yater tank Stack
supply j & regulator
system Precooler 700 bar
FCS Hydrogen
controller Tank

Coolant

pump
of HTCS

Efficient Crossflow
offset strip-fin

heat exchanger Power-free
(HTCS) Membrane

Humidifier
Compact
compressor
-expander-motor

Crossflow offset
exchanger (LTCS) Pump

*HTCS : High Temperature Cooling System

**¥LTCS : Low Temperature Cooling System
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