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Design of Mach-Scale Blade for LCH Main Rotor Wind Tunnel Test

YoungJung Kee* and JoongYong Park™

Rotorcraft Research Team, Korea Aerospace Research Institute™

ABSTRACT

In this study, the internal structural design, dynamic characteristics and load analyses of the
small scaled rotor blade required for LCH(Light Civil Helicopter) main rotor wind tunnel test
were carried out. The test is performed to evaluate the aerodynamic performance and noise
characteristics of the LCH main rotor system. Therefore, the Mach—scale technique was appled
to design the small scaled blade to simulate the equivalent aerodynamic characteristics as
the full scale rotor system. It is necessary to increase the rotor speed to maintain the same
blade tip speed as the full scale blade. In addition, the blade weight, section stiffness, and
natural frequency were scaled according to the Mach-type scaling factor()\). For the design
of skin, spar, torsion box, which are the main components of the blade, carbon and glass
fiber composite materials were adopted, and composite materials are prepreg types that can
be supplied domestically. The KSecZD program was used to evaluate the section stiffness of
the blade. Also, structural loads and dynamic characteristics of the Mach scale blade were
investigated through the comprehensive rotorcraft analysis program CAMRADIL
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Non-dimensional parameters
)\ V/)\Q)\l =1
A/ A =1

/\V)\p)\l/)\“=l

A/, =1

- advance ratio

- density rato

- Reynolds number
- Mach number

- Froude number,

- elastic modulus ratio
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Table 1. Basic physical variables needed for
helicopter rotor analysis
. Nondimensional
Variables Symbol parameter
Angular velocity 9] Ao
Density of fluid p P
Viscosity of fluid 7 i
Fluid velocity V v
Speed of sound in
the fluid a Ao
Blade length l Y
Blade structural \
density g 4
Elastic modulus of £ A
the rotor blade 2
Acceleration due to
gravity g Ag
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Table 2. Scaling considerations for model rotors

Parameter Scaling factor
Mach Froude
Length Al A
Angle 1.0 1.0
Tip Mach number 1.0 )\1/2
Linear velocity 1.0 )\11/ ?
Angular velocity 1/ 1/)\11/2
Time A /\,1/ ?
Force A A
Moment A A
Power N )\17/ 2
Lock number 1.0 1.0
Mass A A
Structural stiffness A A
Natural frequency 2y 1/)\1/2
Reynolds number A )\?/2
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Table 4. Rotating natural frequencies ({2)

o |t | pres | B0
Sign target Present

1L 8.69 8.95 3.1

1F 30.01 30.11 0.3

2F 73.72 71.58 -29

3F 126.30 128.33 1.6

2L 152.83 161.84 59

1T 172.86 175.69 1.6

4F 201.07 209.23 4.0

5F 298.07 315.19 57

3L 400.96 436.36 8.8

oF 419.97 44760 6.6
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Fig. 5. Natural frequencies versus rotor speed
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Table 5. Wind-tunnel test conditions
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- Advance Thr Shaft
contion | "0 | (Cfe) | a0
Flyover 0.286 0.0636 -4.60
Approach 0.159 0.0633 4.38
Takeoff 0.178 0.0638 -13.03
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