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Abstract

The main rotor is the principal factor effecting helicopter performance and fuel consumption. There are
many basic geometric parameters that constitutive the main rotor design. Radius and chord are among
these basic geometric parameters. In this study, it is aimed to examine the effects of variation in radius and
chord on required power at different flight conditions. Based on the design values of BO105 and S-76 from
utility helicopter the group, the power calculations were made for the main rotor only when the radius and
only the chord changed between +8% and -8%, and both parameters changed between +8% and 8%.
These calculations were repeated for hover, 50 knots, 90 knots, 130 knots forward flights, and for sea level,
5000 ft, 10000 ft altitudes. With the variation of radius and chord, the cases that the maximum reductions
and increases in required power were revealed. Results shows increasing the chord alone resulted in an
increase in required power in all flight conditions. It has been observed that the combinations obtained by
variation the radius and chord of maximum decrease and increase amount in the required power are
different from according to the altitude, hover condition and forward flight velocity.

Keywords: Helicopter main rotor, Required power, Hover, Forward flight velocity, Blade radius and chord
length

Helikopter Ana Rotor Parametrelerinin Gerekli Gugteki Etkisinin
Teorik Incelenmesi

Ozet

Ana rotor, helikopter performansini ve yakit tiketimini etkileyen temel faktérdir. Ana rotor tasarimini da
etkileyen birgok temel geometrik parametre bulunmaktadir. Yaricap ve veter bu temel geometrik
parametreler arasindadir. Bu ¢alismada, farkh ugus sartlarinda yarigap ve veter de@erlerinin degisimlerinin
gerekli gugcteki etkilerinin incelenmesi amaclandi. Hafif sinif helikopter grubundan B0105 ve S-76
helikopterlerinin tasarim degerleri baz alindi. Yalnizca yarigapin ve yalnizca genisligin %+8 ile %-8
arasinda degistigi ve her iki parametrenin de %+8 ile %-8 arasinda degistidi durumlarda gerekli gugc
hesaplamalari yapildi. Bu hesaplamalar, hover, 50 knots, 90 knots, 130 knots ileri uguslarda ve deniz
seviyesi, 5000 ft, 10000 ft irtifalar igin tekrarlandi. Yarigap ve veter uzunlugunun degisimi ile gerekli gicteki
maksimum azalma ve artislarin oldugu durumlar ortaya konuldu. Genisligin artirilmasi, tim ugus
kosullarinda gerekli glcte artisa neden olurken, genisligin azaltilmasi gerekli giigte azalmaya neden oldugu
saptandi. Ancak sadece yaricap degdisiminin gerekli gugcteki etkisi, irtifalara ve ileri ugus hizlarina goére
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farkhlik géstermektedir. Yaricap ve genigligin degistiriimesi ile elde edilen kombinasyonlarin da gerekli
gugcteki maksimum azalma ve artis miktarlari, irtifalara, aski durumu ve ileri ugus hizlarina gére farklilik
gostermektedir.

Anahtar Kelimeler: Helikopter ana rotor, gerekli gug, aski, ileri ugus hizi, pal yaricap ve veter uzunlugu

1. INTRODUCTION

The conceptual design process of a helicopter begins with planning combination changes from geometric
parameters to achieve the best design. Parameter changes are decided based on the results of performance
evaluations. Parameter selection decisions vary depending on which performance evaluation is intended,;
For example, while the minimum required power calculation is aimed at low speeds in one evaluation, the
capacity to carry more loads may be important in another performance evaluation [1]. The main rotor design
is the preliminary step of helicopter conceptual design. The main rotor is the most important subcomponent
in helicopters as it provides lift, thrust and control [2]. Lift against gravity generates thrust to sustain cruise
flight, and control forces for manoeuvres at different altitudes and velocity. The main rotor consumes most
of the power produced by the motor. For these reasons, the main rotor is the factor in defining helicopter
performance [3]. Among the basic parameters of the main rotor geometric design, there are radius, chord,
rotor tip speed, angular velocity, blade section airfoil. There are many studies on helicopter main rotor
design and optimization in the literature. Mihr Mistry and Farhan Gandy [4] studied a Uh-60 helicopter-
like utility helicopter design values with 3 different total weights of 16000, 18300 and 24 000 Ibs. They
examined the power consumption of the helicopter with changes in the radius and angular velocity.

Nomenclature

EASA European Aviation Safety V; Induced Velocity
Agency
CFD Computer Fluid Dynamics Pi(hwer) Induced Power at Hover
Vtip Tip Velocity ppr(hover) Profile power at Hover
R Radius Ppp Parasit Power
c Chord PT(hover) Total Power in Hover
o Solidity Ppr(fwd) Profile Power in Forward Flight
Q Angular velocity pT( Fwd) Total power in Forward flight
w Gross Weight EFPA(ff) Equivalent Flat Plate area in
Forward Flight
T Thrust AR Aspect Ratio
Cao Profile Drag Coefficient p Density
B Tiploss factor Vp Thrust component of the induced

velocity of the main rotor

They showed on graphs the relationships between power consumption with radius and angular velocity
changes at different forward flight velocity, hover and 3 different altitudes. In their study, they investigated
the cases where only the radius, only the angular velocity and both parameters were changed by changing
the radius from +17% to —16%, and the angular velocity by +11%. They achieved up to 14% reductions in
required power at low gross weight and low speeds with a change in angular velocity alone, and up to 20%
reductions in required power at high altitude and 24 000 Ibs total weight with just a change in the radius. In
combinations where the radius is increased and the angular velocity is decreased, they have provided
reductions of up to 30% in required power at high altitude and 24000 Ibs total weight. Kim Chul Koo [1].
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calculated the required forces at hover, 60 knots and 150 knots forward flight velocity in the standard sea-
level with +£10% variation in the radius, chord and angular velocity of the baseline rotor parameters of UH
AN helicopter. By taking into account other parameters affected by the change of these parameters such as
solidity, blade tip speed, rotor disc area, calculations were made in 6 different cases. He concluded that an
increase in width and angular velocity would generally result in an increase in required power at forward
flight speeds. Stanislaw Kachel et al. [5] analyzed the results of the methods of modern helicopter designs.
They examined the values of 70 different rotorcraft parameters in terms of EASA requirements. The values
of the main rotor design parameters such as radius, chord, solidity, blade aspect ratio were examined. These
parameters were compared with the values of small and large helicopters and attack, general purpose, light
class, cargo helicopters separated according to their mission profile. In their article, they explained the basic
mathematical optimization steps in the helicopter preliminary design phase. M F Afthon and MA Moelyadi
[6] optimized the 5 blade design parameters of an unmanned helicopter to increase the power endurance
and reduce the required power. These are root chord, taper location, taper ratio, pitch angle, tip twist angle
parameters. They calculated thrust and power with BEMT theorem and CFD. As a result of the
optimization, they achieved an optimum blade design that increased efficiency by 11% with a 9.4%
reduction in required power. Joanne L. Walsh et al. [7] studied the optimization steps for helicopter
suspension and minimum required power in forward flight. They presented a systematic evaluation of the
interactions of rotor blade design variables. They compared their advanced rotor design optimization for
military helicopters with rotor values designed with traditional approaches. In this study, it is aimed to
calculate the effects of increases and decreases in the radius and chord length of the blade geometries on
the main rotor of the two selected helicopters on the amount of power to be consumed in the main rotor
under different flight conditions.

Table 1. Helicopter baseline parameters for Bo105 and S-76 helicopters

Baseline rotor parameters B0105 helicopter S-76 helicopter
Description Unit Value value

Radius ft 16 22

Number of Blades - 4 4

Chord ft 0.88 1.26

Angular velocity rad/sec 44.4 30.7

Rotor solidity - 0.07 0.07

Weight Ibs 5511 10000

Airfoil - NACA0012 SC-1095R8

These calculations were repeated hover and three different forward velocity. Increases and decreases in
required power were examined at partially low (50 knots) and partially high cruise speeds (90 knots-130
knots) and their values in different flight conditions were calculated. Another reason for choosing 50 knots
and 130 knots forward flight velocity is the minimum power consumption and maximum forward flight
speed of the BO105 helicopter. Three different situations are included in the calculations: sea level, 5000
ft and 10000 ft altitude. S76 and BO105 helicopters basic rotor parameter values taken from the literature
[8-10] are shown in Table 1.
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2. MATERIAL AND METHOD

The thrust force that with the rotation of the blades on the main rotor of the helicopter consisted, in the
vertical direction to the rotor plane balances the weight of the helicopter and this balancing beside provides
the required force in the forward direction in forward flight. The thrust required in the forward direction
varies depending on the acceleration requirement in forward flight, the angular accelerations required in
the maneuvers, and the parameters affecting the dynamic calculations such as the mass moment of inertia
of the helicopter fuselage. In order for the rotor to make this movement, it must overcome the profile
resistance and induced resistance forces formed in the blade in the case of hover, and in addition to these,
the parasitic resistance forces in forward flight. (see Figure 1.)
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Figure 1. Power required and power available in straight and level flight.[11]

The power required the rotor to continue this movement is equal to the product of the torque on the rotor
shaft and the rotational angular velocity of the rotor. The helicopter engine provides this power. The amount
of power required by the helicopter is not just for the main rotor; for tail rotor, fuselage, other power-
consuming mechanical and electronic components, there are also losses [12]. The thrust required in the
rotor determines the torque value, which affects the amount of power required in the main rotor. The thrust
that can be obtained depends on the rotor hub and blade design, rotor rotation speed and flight conditions.
For blade design, airfoil selection, blade length and chord are important decision However, there are some
limiting criteria for such design parameters. For example, strength and vibration problems caused by
excessive shear stress, normal force, centrifugal force and bending moment values that will occur in the
blade impose a limit on the blade's aspect ratio, rotor solidity and angular rotation values. While AR value
is defined as the ratio of blade length to chord (or blade span ratio), stiffness is more related to the number
of blades in the rotor. The aspect ratio should be between 15 and 20 for single main rotor helicopters [13].
The fact that the blade tip speed is below certain values of the Mach value is also related to the aerodynamic
restrictions and the strength, vibration and noise problems that will be caused by the centripetal forces. If
the blade tip speed is greater than the Mach number of 0.3, the compressible property of the air should be
taken into account, while if this value is close to or higher than 1, undesirable aerodynamic flow conditions
such as shocks occur in the helicopter [14]. That the helicopter flies at different altitudes, the change in air
density, which is the most important factor, significantly affects the thrust that can be obtained and the
amount of power required. Another situation that affects thrust and power calculations is that the air
between the rotor plane and the ground creates additional lifting force like a pillow during the
helicopter's flight close to the ground and especially in the hover [15]. This situation is mostly
explained by the reduction of the blade end losses due to the ground effect of the vortices formed
at the blade tips. The amount of power required by the helicopter in the main rotor varies according
to the flight conditions. For example, the amount of power required for suspended position is
greater than the amount required for forward flight at low speed. For each helicopter, forward
flight is made at minimum power at a critical speed. Establishing the relations between the force,
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moment, power values in the helicopter main rotor and the rotor and especially the blade geometry
(length, chord, section profile and making the calculations is according to the wing element
momentum theorem. However, equations that are more reliable were obtained by making
empirical corrections to these theoretical formulas with the data obtained from the experimental
and field flight tests obtained after the helicopter design. Some of these, that are required to
calculate the required power according to the helicopter main rotor design, presented in the
literature and used in this study, are the equations in the range equations (2.1) to (2.17).

2.1 Calculation Procedure

1. The following equations are used for main rotor basic blade geometry calculations [13].

V,, = QR (2.1)
A=7R? (2.2)
bc (2.3)

o =—

7R
AR = R 24)

C

2. The thrust coefficient is calculated by equation (2.5) [16].
T
C =

T pRzﬂ'Vtip (25)

3. To for account losses due to tip vortex interactions, the tip loss factor is calculated by equation (2.6)[13]

B=1-,/2C (2.6)
4. Putting this value of in the equation of the power coefficient equation 2.7 Leads to:

g_q NZTPRV,) 2.7)

b

5. According to the momentum theorem, induced power is equal to the product of rotor thrust and induced
velocity (P; = TV;). Taking into account the effect of tip loss factors, the equation P; = BTV; is formed.
For the aim of the present analysis, the vertical drag produced by the main rotor downwash on the fuselage
and appendages is also disregarded. According to Glauert's hypothesis, the induced velocity and main rotor
thrust are related by equation (2.8) [17].

T
V, = ’
! 27rR2pVD (28)

V, = \/(vi ~Vsina)® +(V cos )’ (2.9)

6. That a hovering condition is analyzed, such that V=0, D =0, and T = W, a closed-form expression is
obtained for the induced velocity from equation [18] (2.8). The induced power in the hover is calculated by
equation (2.10). Newton Raphson approach is used for the V}, solution in forward flight.

Pi(hover) = - d (2 10)

- 2
1—(\/2T(pR2Vn-p) tpny V2mRZp
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7. In hover the profile power resulting from the blade profile drag is calculated by equation Assuming an
average drag coefficient such as cdo from the BEM theorem and a constant veter length, the following
equation can be obtained. (2.11).[13]

Ppr(hover) = 01256CdopA\/t|::3 (211)
8. Equation 2.3 instead of solidity, equation 2.1 instead of Vtip, equation 2.2 instead of A

P tnovery = 0-125bcCd pO°R* (2.12)
9. In the hover, the required power on the main rotor is calculated by equation (2.5).[13]

PThover = Pi(hover) + Pp(hover) (213)
10. In forward flight the profile power resulting from the blade profile drag is calculated by equation. [13]

2

Porcruay = A+ 4.317) (P 100er)) (2.14)

11. The advanced ratio is calculated by equation (2.15).[13]
_ Vg (2.15)
V

tip

T cos o

tip path plane

%%
Figure 2. Side view of rotorcraft platform. [18]

12. Non-carrying body elements such as the main body, landing gear, main rotor head, engine hoods,
vertical and horizontal tail, tail rotor head cause parasitic drag. Parasitic drag (D), measured parallel to but
opposite to the direction of flight, also includes form drag and surface friction associated with these fuselage
elements. The power required to create the T sina (see figure 2) component of the thrust is called the
"parasite power". Equality (2.16) [13].

P =0,5pV,,EFPA(ff) (2.16)
PT, =P, +P +P, (2.17)

In this study, blade tip losses were subsumed, but ground effect was not included in the calculations. These
calculations were made for steady level. MATLAB and EXCEL programs were used to make the
calculations and create the graphics.
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3. RESULTS AND DISCUSSION

Fig.3 and Fig.4 shows the values obtained by calculating the required power in the main rotor at forward
flight speeds of Bo105 and S-76 helicopters at sea level, 5000 ft, 10000 ft altitude. Figure 5 shows
Experimental data describe the relationship between speed and total required power of the B0105
helicopter. The calculations are only the required power on the main rotor. The difference is that the
required amount of power in the tail rotor is not included in the calculation. The required power in the main
rotor accounts for a too amount of the total required power. Considering this situation, it is seen that the
calculation is close to the experimental data.

—— e level e 5000 it 10000 ft

600 BO105 Helicopter
% 500
T 400
g
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Figure 3. The required power calculation in the main rotor for the Bo105 helicopter baseline
rotor in three different altitudes

—t— deniz seviyesi — 5000 ft 10000 ft

1000 | 5-76 Helicopter

S00

2800

700

600

500 .

- g

400 o

300

200

o 20 a0 100

120 140

required power

welocity(knots)

Figure 4. The required power calculation in the main rotor for the S-76 helicopter baseline rotor
in three different altitudes
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Figure 5. Trim power values for the Bo-105 baseline rotor ( flight experimental data (Ref.
19)) as compared to main rotor required power calculations at sea level
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3.1 BO105 Helicopter

3.1.1 Required power as a function of only radius

While the rotor radius of the Bo105 helicopter was 16 ft, this value was changed according to different
values between 14.6 ft and 17.2 ft, and the change in the required power on the rotor was investigated.
Power values are calculated as a function of R change only. No changes were made to the chord length.
Fig.6a. Showing by reducing the radius at sea level, a reduction in all flight conditions is achieved. The
maximum reduction in required power is 6.1% at 90 knots forward velocity. Increasing the radius resulted
in increase at hover and 3 different forward flight velocity. Figéb Shows Reducing the radius at 5000 ft
altitude results in a reduction in required power at forward flight speeds of 90 knots and 130 knots, while

Main Rotor Parameters in Required Power

resulting in increased at hover.

150

B0105 Power=f(R) c=not change ,sea level

15
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S 10
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> 5 &«
<
S 0 * -
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Figure 6a. standart sea level
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Figure 6b. 5000 ft altitude
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Figure 6¢. 10000 ft altitude
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5000 ft altitude results in a reduction in required power at forward flight speeds of 90 knots and 130 knots,
while resulting in increased at hover. The maximum reduction in required power is 4.2% at a forward flight
velocity of 130 knots. Fig6.c shows an increase in the radius 10000 ft results in a reduction in required
power in the hover and an increase in required power at forward flight velocity. Increasing the radius by
4% (R=16.64 ft) results in a maximum reduction of 0.38% in required power in the hover. With a decrease
in the radius, 90 and 130 knots forward. There is an increase in required power at flight velocity. The
maximum reduction in required power is 3.7% at a forward flight velocity of 130 knots.

In general, the induced power decreases as the radius increases, but the profile power increases. The
reduction provided by the induced power is equated with the increase in the profile power. The cases where
the decrease in induced power outweighs the increase in profile power varies with altitude and forward
flight velocity.

3.1.2 Required power as a function of only chord

Table 2 shows the percentage change in required power with chord variation for B0105 helicopter. In all
cases where the chord length is reduced, the required power is reduced, while increasing the chord length
causes an increase in the required power. As the chord length decreases, the aspect ratio decreases and the
solidity increases. The maximum changes in required power at all altitudes are at 50 knots and 90 knots
forward flight velocity. The maximum reduction in required power is 3.35% at sea level 50 knots flight
velocity. As the altitude increased, the change in required power decreased.

Table 2. Effect of chord change of Bo105 helicopter on required
power value

B0105 Helicopter Chord length change (%)
Velocity
Altitude (knots) 0.92c  0.96c 1.04c  1.08c
sea level Hover -2.02 -1.01 1.01 2.02
50 -3.35 -1.67 1.67 3.35
90 -3.30 -1.65 1.65 3.30
130 -2.34  -117 117 2.34

5000 ft Hover -1.70 -0.85 0.85 1.70

required 50 -2.85 -142 142 2.85
power 90 -3.03 -152 152 3.03
change(%) 130 -2.26  -1.13 1.13 2.26

10000 ft Hover -141 -0.70 0.70 141
50 -236  -1.18 1.18 2.36
90 -272 -136 1.36 2.72
130 -2.15 -1.07  1.07 2.15

3.1.3 Required power as a function of Radius and chord

The required power changes as a function f(R, c) in the hover of the Bo105 helicopter are shown in Fig.7a.
Fig7b. and Fig7c. for three different conditions (sea level, 5000 ft and 10000 ft altitudes), respectively.
Fig7.a Shows In the Bo105 helicopter, when the radius were reduced at sea level by 1.94% and the chord
is reduced by 7.9%, a maximum reduction in required power of 2.21% is obtained. These values are the
combination of R is value of 15.69 ft and c is value of 0.815 ft. The maximum increase in required power
is approximately 5.10% in combinations where the radius and chord are increased by 8%. Fig7.b shows
when the radius was increased at 5000 ft altitude by 4.93% and the chord is decreased by 7.8%, the
maximum reduction in required power by 1.9% is obtained. These values are the combination of R is 16.79ft
and c is value of 0.82. In the combination of the radius and chord are increased by 8%, there is an increase
in the required power by 3.71%. Fig7.c shows when the radius is increased at 10000 ft altitude by 4.93%
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and the chord were decreased by 4.31%, a maximum reduction of 1.82% in required power is obtained.
These values are the combination of R is value of 16.79 ft and c is value of 0.84. The maximum increase in

required power is 3.66% in the combination of the radius is reduced by 8% and the chord is increased by
8%.
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Figure 7. Required power variation for hover with radius and chord change of Bo105
helicopter

152



ALKU Fen Bilimleri Dergisi 2023, Say1 4(3): Theoretical Investigation on Effect of Helicopter
143-158 Main Rotor Parameters in Required Power

Table 3 shows the radius and chord combinations selected for three different situations and the changes in
the required power in these combinations. These situations are the minimum required power, the maximum
required power and the other selected combinations that decrease required power.

There are many combinations of R and c that the required power decreases and increases in the rotor. The
combinations of R and ¢, where the maximum decreases in the required power, vary according to the
altitudes and flight speeds. For hover state, the maximum decrease in required power was obtained with the
radius decreases at sea level with that the radius increases at other altitudes. In 50 knots forward velocity
sea level, when the R value is reduced by 6% and the c value by 8%, the required power decreases by
4.85%.

Table 3. Required power variation of radius and chord combinations for different flight conditions

B0105 other
max Power Reduction combination max power increment

velocity

altitude (knots) R c HP % R c HP % R c HP %

sea

level  Hover 0.98R| 0.92c| -1155 -221 097R| 0.96c| -7.27 -1.39 1.08Rt 1.08ct 26.66 5.1
50 094R | 092c| -16.21 -485 O098R| 096c| -868 -26 1.08R1 1.08ct 39.49 11.83
90 092R| 092c| -3247 -851 0.94R| 1.06ct -1117 -2.93 1.08R{1 1.08c1 54.37 14.25
130 0.92R| 092c| -4422 -697 096R| 1.02ct -1284 -2.02 1.08Rt 1.08ct 66.01 104

5000 ft Hover 149Rr 0.92c, -10.18 -190 O098R| 094c| -6.27 -1.17 1.08R?t 1.08ct 19.28 3.60
50 098R| 092c, -994 -294 098R| 096c| -549 -1.62 1.08R+ 1.08c1 27.05 8.00
90 092R | 092c| -2249 -6.28 094R| 1.02ct -9.99 -279 1.08R1t 1.08ct 4257 11.89
130 092R| 092c| -3426 -6.04 094R| 094c| -2741 -483 1.08R1t 1.08ct 53.89 9.50

10000

ft Hover 149R 1t 0.96c| -10.09 -1.82 0.99R| 098c, -0.61 -0.11 0.98R| 1.08ct 20.28 3.66
50 1.02R1 093¢ -833 -2.38 1.02Rt 0.96c| -491 -140 092R| 1.08ct 17.72 5.06
90 094R | 092c| -13.08 -3.82 096R| 0.96c| -792 -231 1.08R1 1.08ct 31.36 9.16
130 092R | 092c| -2475 -484 094R| 1.04ctr -9.02 -1.77 1.08R1 1.08ct 42.60 8.34

Radius and chord change : 1 for increase, | (-) ho
for decrease change

3.2 S76 Helicopter
3.2.1 Required power as a function of only radius

While the rotor radius of the S-76 helicopter was 22 ft, this value was changed according to different values
between 20.2 ft and 23.8 ft, and the change in the required power on the rotor was investigated. Power
values are calculated as a function of R change only. Fig.8a. shows with the reduction of the radius at sea
level, the required power decreases at forward flight speeds of 90 knots and 130 knots, while causing an
increase in other flight situations. With increasing radius, there is an increase in required power in all flight
situations. Maximum changes in required power occur at a forward flight speed of 130 knots. Maximum
reduction in required power is 5.60%. Fig.8b. shows reducing the radius at 5000 ft altitude results in a
reduction in required power at 90 knots and 130 knots forward flight velocity, and an increase in required
power at hover and 50 knots forward flight velocity. With the increase in the radius, the required power
increases at 90 knots and 130 knots forward flight velocity. The maximum reduction in required power is
4% at 130 knots velocity. Fig.8c. shows At 10000 ft, reducing the radius results in reduction in required
power at 130 knots, while hover causes an increase in required power at a forward flight velocity of 50
knots and 90 knots. By increasing the radius, the required power is reduced at hover and at 50 knots forward
flight velocity. The maximum reduction in required power is 2.8% with the increase in the radius.
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Figure 8. Required power variation radius of S76 helicopter in different flight conditions

3.2.2 Required power as a function of only chord

While the chord length the S-76 helicopter was 1.26 ft, this value was changed according to different values
between 1.16 ft and 1.36 ft, and the change in the required power on the rotor was investigated. Table 4.
shows in all cases that the rotor blade chord length of the S-76 helicopter is reduced, the required power
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reduction is obtained. The maximum reduction in the required power amount is 3.48 at sea level, at a
forward flight speed of 90 knots. The increase and decrease in the chord length and the amount of change
in the required power are equal.

Table 4. Effect of chord change of Bo105 helicopter on
required power value

S-76 Helicopter Chord length change (%)
Velocity
Altitude (knots)  0.92c 0.96c 1.04c 1.08c

sea level Hover -154 -0.77 077 154

50 -2.83 -141 141 283

90 -348 -174 174 3.48

130 -3.13 -156 156 3.13

5000 ft  Hover -1.28 -0.64 064 1.28

required 50 -233 -1.16 116 2.33
power 90 -3.07 -154 154 3.07
change(%) 130 -2.88 -144 144 288
10000 ft Hover -1.05 -052 052 1.05

50 -1.87 -094 094 1.87

90 -264 -132 132 264

130 -264 -132 132 2.64

3.2.3 Required power as a function of Radius and chord

Fig.9a. Shows In the S-76 helicopter When the radius is increased at sea level by 3.81% and the chord is
decreased by 7.85%, a maximum reduction of 1.76% in required power is obtained. These values are the
combination that R= 22.84 ft and c= 1.16. Fig.9b. Shows When the radius is increased at 5000 ft altitude
by 4.31% and the chord is decreased by 7.69%, a maximum reduction of 2.18% in required power is
obtained. These values are the combination of R=22.95 ft and c= 1.16 ft. Fig.9c. In the S-76 helicopter,
when the radius is increased at 10000 ft altitude by 6.22% and the chord is decreased by 6.75%, the
maximum reduction in required power by 2.94% is obtained. These values are the combination of R=23.37
ft and c= 1.18 ft.
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Figure 9a. Sea level
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Figure 9. Required power variation for hover with
radius and chord change of Bo105 helicopter

Table 5 shows in order to reduce the required power in the rotor, R value is 2% and ¢ value is 8 % at sea
level 50 knots forward flight velocity, R value is 8% and ¢ value is 8% at 90 knots velocity, R value is 8%
and c value is % at 130 knots velocity. It is seen from Table.3 that 8 should be reduced. However, for
minimum fuel consumption in 50 knots forward flight at 5000 ft altitude, the R value should be increased
by 2% and the chord value should be decreased by 7%.

When the radius length R (Radius) value is reduced by 8% and the width ¢ (chord) value is reduced by 8%
in the Bo105 helicopter blade, when the new values are taken, it is calculated that the required power amount
in the rotor will decrease by 44 HP by approximately 6.97%.When the radius length R value and width ¢
value are reduced by 8% and the width ¢ value is reduced by 8% in the S-76 helicopter blade, it is calculated
that there will be a 49 HP reduction in the required power amount in the rotor, approximately 7.93%.
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Table 5. Required power variation of radius and chord combinations for different
flight conditions

other
B0105 max Power Reduction combination max power increment
velocity
altitudes  (knots) R c HP % R c HP % R c HP %
sea
level Hover 1.04R{1 092c| 1516 -176 1.04R1 095¢c| -948 -11 1.08Rt 1.08ct 2385 277
50 1R(-) 092c| -1418 -2.83 0.98R| 094c| -101 -2.01 1.08Rt 1.08ct 3572 712

90 092R| 092c| -30.82 -6.63 094R| 1.06ct -6.46 -1.39 108R1 1.08ct 61.22 13.17
130 092R| 092c| -49.79 -793 096R| 1.02ct -1576 -251 108Rt 1.08ct 79.38 12.65

5000 ft  Hover 1.04R{ 0923 1949 -2.18 1.06R{ 096c| -13.23 -148 093R| 1.08c1 33.08 3.70
50  1.04R1 092c| -16.69 -3.18 1.06R1 096c| -9.08 -1.73 1.08R7 1.08ct 17.58 3.35
90  0.96R| 092c| -1759 -3.88 0.94R| 1.02c1 -3.60 -0.79 1.08Rt 1.08c1 4473 9.86
130  092R| 092c| -3561 -6.17 0.94R| 094c| -29.15 -505 1.08R{ 1.08c1 62.80 10.87

10000 ft Hover 1.04R{ 0.93c| 2750 -2.94 1.07R{ 095c| -27.22 -2.91 092R| 1.06c1 4696 5.2
50  1.06R1 0094c| -2303 -412 1.02R1 096c| -1158 -2.07 0.92R| 1.08ct 47.93 857
90 1IR() 092c| -11.95 -2.64 0.96R| 096c| -406 -090 1.08R{1 1.08ct 2867 6.33
130  092R| 0.92c| -21.69 -402 094R| 1.04ct -410 -0.76 1.08R{ 1.08ct 47.07 8.72

Radius and chord change : 1 for increase, | (-) no
for decrease change

4. CONCLUSION

This paper examines effect and possible reductions in rotor power requirement over a range of airspeed,
and operating altitude achieved by using variation in rotor radius and chord. Only in all cases that C
decreases (hover, forward flight) the required power is decreased. With the increase of the C value, the
required power increases. Results similar to those obtained in the study of Kim C. K. [1] were obtained
from the literature. Therefore, the following conclusion can be reached: in order to reduce the required
power, it is necessary to reduce the chord length, provided that it remains within the strength limits. The
effect of only the change of the radius on the required power differed according to the altitudes and velocity.
In general, for both helicopters, only at forward flight speeds of 90 and 130 knots, the reduction of the
required power in the rotor can be achieved by reducing the R. That the combinations obtained with the R
and C changes are examined, the following results are obtained: For the Hover, the maximum decrease in
the required power in the main rotor depending on the altitude is between 1.82%-2.21% for the Bo105
helicopter, and 1.76%-2% for the S-76 helicopter. It occurs in the range of 94. These maximum reductions
can be achieved by increasing R and decreasing C at altitudes of 5000 ft and 10000 ft for both helicopters.
In other words, by changing the R and C values, the reduction in the amount of power required in the rotor
for hover can be achieved more in the S-76 helicopter than in the Bo105 helicopter. By changing the R and
C values, the maximum reduction in the required power in the rotor at forward flight speeds is obtained in
the range of 2.38%-8.51% in the Bo105 helicopter for different situations (different velocity values and
altitudes), this range is in the S-76 helicopter 2.64-7.93%. This study is important in two respects. The first
is that it shows that fuel savings can be achieved when the helicopter blades we will design are made
according to the correct values for the determined purposes. The second is the possibility that blade designs
that change according to these calculations when smart materials are used effectively are an initial study in
terms of power optimization. As a continuation of this study, the calculations can be repeated by taking into
account the ground effect. The results obtained can be compared by analyzing the effect of blade design
parameters on the required power with Computer Fluid Dynamics (CFD).
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