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Abstract

The effect of sweep angles and locations of sweep angle of a helicopter rotor blade is
analyzed in terms of the rotor thrust, torque and Figure of Merit under hover condition. The
main focus to improve rotor thrust. The Reynolds Averaged Navier-Stokes computations
are done using the FINE/turbo flow solver developed by NUMECA International. The
Spalart-Allmaras turbulence model is used to calculate the viscosity. The baseline blade is
selected as the Black Hawk UHG0A rotor blade. The results of the study showed that, the
effect of different sweep angles and locations on the twisted UH60A blade is a little effect
in the thrust and figure of merit. Moreover, the effect on torque was much more pronounced
than the effect on thrust. A decrease of around 4 % in torque was possible for the UH60A
blade.

Keywords: Helicopter rotor blade, hover condition, CFD.
oadlall
IS5 sl iy Jloall ghall 558 Cum (e g pall s Bl Lgaisay (AT I ABLA Uls3l 8k (as 2
Reynolds Averaged <ililus ehal & . lgall ads Gauadl o)l Caagll L angatll Caghls a6V Blas
s .NUMECA International 4<)a 43ysha 3 FINE / Turbo sisi Jlas alassuls Navier—Stokes
Black sylsall 523l el e el 5230 aaas A .dag)lll Glual Spalart-Allmaras clylacal) = 3ga
i Ll 4l dgild) UHG0A 52 e dabiaall Wgadlsas W3l 5l o )l il <ijell \Hawk UH60A
8 5 o il e Bsiag ST ohsall pie e il GlS ¢ @y e sdle plaall J<as adall 88 S
UHO60A 823l (ysall aie A& 74 sy (alias) Gigas (Kaall (0 o8

asaill Alla, CFD , g yal) lsa i 1adlall calalsl)
1. Introduction

CFD has been used as a strong tool to study, analyze and improve the helicopter rotor
performance. Many researchers have used CFD tools to study the performance of Black
Hawk UHG0A helicopter blade.
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llkko et al. [1] conducted simulations based on Reynolds-averaged Navier-Stokes equations,
which they solved based on the available data of the UH-60A helicopter. The computations
were conducted for validating FINFLO flow solver applying several turbulence models.

Hamid F., Ahmad [2] used a latest free-wake CFD process to calculate the aerodynamic
loads for two-bladed helicopter rotors during a hovering flight and compared their numerical
calculations with the experimental data pertaining to the pressure distribution of the
Caradonna-Tung UH-60 blade.

Seokkwan et al. [3] conducted unsteady turbulent flow simulations for investigating the
turbulence models and their impact on the predicting efficiency of the isolated XV-15
hovering rotor. Many previous literature studies used UH-60 helicopter rotor for the
research. The validation of its 3D CFD framework was accomplished through comparing the
predictions pertaining to a baseline UH-60A rotor with the experimental data.

Yashwanth R. [4] tested slatted UH-60A rotor blade with 40% span-slatted airfoil section
and a couple of varying slat configurations. Patrick M. Shinoda [5] evaluated NASA Ames
80x120 feet wind tunnel for hover testing. He compared the rotor performance data with the
predicted data, flight data of UH-60 aircraft and UH-60 model-scale data, and all the data
showed good agreement when compared to the full-scale data. Choi et al. [6] used time-
spectral and discrete adjoint-based methods for optimization of UH-60 rotor blade reducing
torque without losing thrust.

Many studies use UHG0A rotor blade as baseline [7-11]. The baseline blade in this study has
also been selected same as that blade. In the current study, the effects of different sweep
angles, sweep angle locationn configurations on the performance of helicopter rotor blade is
investigated. The baseline blades is the twisted UH60A rotor blade. All the computations
are performed by solving the Reynolds Average Navier Stokes (RANS) equations with
implemeting the Spalart-Allmaras turbulence mode and the results are presented in terms of
change in thrust, torque and Figure of Merit.

2. Methodology
2.1 Flow Solver

All the computations in this study are done using the commercial CFD package FINE/Turbo
[12] developed by Numeca International. The FINE/Turbo solver is a three-dimensional,
density-based, structured, multi-block finite volume code.

The mesh around the blades is generated using O4H grid topology. The grid generation
software employed is IGG/AutoGrid5 [13] of Numeca International. A schematic of the 5-
block mesh is shown in Figurel and described below.

1. The O block around the blade.

2. The H block upstream the leading edge of the blade.
3. The H block downstream the trailing edge.

4. The H block up to the blade section.

5. The H block down to the blade section
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Figure 1. (O4H) grid block structure used

2.2 UH-60A Rotor Blade

The case is the UH-60A Black Hawk helicopter rotor which has 4 twisted blades with 20
degrees sweep at 92% span location. The UH-60A rotor has been studied in many researches
[14-18]. The UH-60A rotor blade consists of two different airfoils distributed as follow:
SC1095 airfoil in the root and tip regions and the SC1094R8 airfoil in the mid-span region.
The geometric sketch of the blade is shown in Figure 2.

S ——

20 deg—l ?
| 0.92R |

Rotation direction

Figure 2. 3D UH-60A helicopter blade geometry.

The mesh was generated for a single blade under periodic conditions to account for the other
blade. The number of nods on the entire mesh including the blade and external flow is about
9 million nodes. Mesh around the UH-60A blade shown in Figure 3

The thickness of the first cell to the wall was kept at (2.0 x10® m ) so that the y* value is
close to 1, which is suitable for the implemented Spalart-Allmaras turbulence model and the
low Reynolds number. The meshes for all the cases are generated in the same way and
working time for one grid is about 3hrs.The mesh around the blade is shown in Figure 4.
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Figure 3: Figure 4: Mesh around the UH-60A blade.
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The CFD results are validated against the experimental data using terms of the pressure

distribution coefficient on different sections along the blade in Figure 5. There is a good
match in general between the CFD results and the experimental data with small discrepancy

at the outboard spanwise sections.

Figure 4 Mesh around the UH-60A blade
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The Y* value located between 0.75 and 2 in the wall blade. Such range of is suitable for the

tested Spalart-Allmaras turbulence model, the Figure 6 is show that in below.

Span location r/R =.775

Cp

15

span location r/R = 0.92
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Figure 5: Comparison of Pressure distribution coefficients for UH-60A.

3. Cases Analyzed.
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As mentioned before, the UH-60 Black Hawk helicopter blade was chosen for the cases
study. The shape of blade and its tip are significant for the helicopter's aerodynamic
performance. The blade tips encounter the peak pressure and high Mach number while strong
trailing tip vortices are produced.

Pressure Side Suction side
y+
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1.25]
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Figure 6: Y* Value for UH-60A helicopter

A poor tip design causes serious implications for the performance of a rotor. In this section,
the changes in the shape of the blades and will be discussed of analyzed the effect of the
blades' sweepback angle and location angle of UH60A blade on the rotor performance and
study its impact on the rotor thrust and torque. All those studies are conducted under the
hovering condition.

3.1 Sweep angle and sweep location for UH-60A.

Various geometries of the baseline blade of UH-60A rotor with different sweep locations
(80%, 90% 92% and 94% along the span) and for different sweep angles (5, 10, 15, 20, 25
and 30 degrees) were generated at the same collective pitch angle. Some of the generated
cases are shown in Figure 6.
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Figure 6. Different sweep angles and sweep locations of UH-60A.

All the computations are carried out at rotational speed of 1425 RPM, Collective pitch angle
of 10.47 degrees and coning of -2.31 degrees.

The helicopter rotor blade efficiency during hover condition is usually expressed in terms of
Figure of Merit (FM). The Figure of Merit is an indication of both the thrust and torque (Eqgn.
1)
c3/?

FM i, (1)
Where Crand Cgare the thrust and torque coefficients respectively.
The results of the percentage increase in thrust, percentage decrease in torque and percentage
increase in figure of merit with respect to the baseline blade are summarized in Table 1. We
should refer that the baseline blade has a sweep angle of 20° located at 92% span.

Table 1. The results of thrust, torque and figure of merit (F.M) for different cases generated from UH-60A

blade.
Sweep Sweep Increase | Decrease
back Location | F.M Thrust | Torque
Angle r'R (%) (%)
0 0 0.730 |-0.466 | 0.036

90% 0.698 |[-0.699 |-4.173
Sdegree | 92% 0.732 | -0.513 |0.468
94% 0.733 | -0.559 |0.540
90% 0.732 | -0.466 | 0.288
10 degree | 92% 0.709 | -2.657 |0.468
94% 0.733 | -0.466 |0.432
15 degree | 90% 0.735 | 0.047 -0.036
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92% 0.736 | 0.047 0.072
94% 0.737 | 0.047 0.216
90% 0.729 |-0.466 |-0.072
20 degree | 92% 0.731 | baseline
94% 0.731 | -0.420 |0.180
90% 0.732 | -0.093 |-0.252
25 degree | 92% 0.733 | -0.047 |-0.216
94% 0.734 |-0.093 |0.000
80% 0.734 10.420 -0.719
90% 0.730 |-0.233 |-0.288

30 degree

From the results mentioned above, there is a little change in the thrust and figure of merit for
the different sweep and location angles. This might be due to the fact that the UH-60A blade
is already an optimized commercial blade. And improving an optimized blade is not an easy
task.

4. Conclusion.

In this study, the effect of sweepback angle and sweepback angle location for UHG0A blade
rotor has been analyzed in terms of thrust force, Torque and figure of merit. Analyses have
been performed for the same rotational speed value. Various cases are generated by allowing
the change sweepback angle and angle locations to tip rotor. The results obtained showing
that varying had effects on rotor performance. It was observed that little increase in the value
of thrust and figure of merit and change in value of torque. In the fact the blade of UH60A
it is optimum design.
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