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> Rotor induced-velocity plays an important role in

predicting helicopter rotor thrust and engine power
requirement. The induced-velocity is mainly coming from the
down-wash of the rotor wake and blade vortex. The relative
wind velocity (including induced-velocity) is one of the
major factor in rotor thrust and engine power requirement.
Momentum theory is a commonly used tool for rotor design in
estimating rotor induced-velocity and thrust. However,
lacking of profile drag and induced drag, the power
prediction for a rotor is not good enough for a refined
rotor blade design. The computational fluid dynamic (CFD)
method for analyzing rotor flow field is rather accurate.
However, due to its highly computing time consuming and
highly demanded academic background, it may not be suitable
for a practical rotor blade preliminary design. This
present research provides a semi-analytical and
experimental formula for industrial unmanned helicopter
rotor blade design. The momentum theory and blade element
theory are coupled to resolve a newly developed function
for rotor induced-velocity. The thrust and the power
required for a lifting rotor can be estimated accurately.
This research will develop the following subjects for
practical applications. (1) The optimal blade twist angle.
(2) Blade chord design. (3) Airfoil design and providing
several frequently used airfoil data for reference. (4)
Airfoil CG position design. (5) A simple and quick computer
program for evaluating rotor blade performance in the pitch
angle from lo~ 150. The experimental results will correlate



with the analytical predictions and collect the practical
performance data of this rotor blade.

# 2 B 423 ¢ Helicopter, Momentum theory, Blade element theory, Blade
design.
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T =p(R? )V +v,)2v,) # rotor #r& # ehge 4 (thrust (T))
P = p(aR> N +v|-(2v,)-(v +v,) = p[aR* )V +v, ' (2v,)
DR TSI IR SRR
22 ERAREH
A3 LA
T :b.j:%pac Qr-?&t —(v +v)]Qrdr :%pabCQZR3(9t - ) (1)

EREEA ST A S

R1 6,
P:b-jo EpaC Qr(V +v)-2

- —(V +v) +%-(Qr)2}§2rdr

=lpabCQ3 {w -+ 10} (2)
4 2 a

H ¥ @& F]= Y 0§ 5L % & 4o (Non-dimensionalized by Rotor tip speed):
V ) . V+v

=n 5 —=V; =n+v=A7-
OR OR OR
2.3 & & 12% (Combined Theory)
T= b-jOR%paC[Qr Ro - +v)]Qrdr =%pabCQzR3(6’t - ) (3)
r



1 6,-R C
P:b-IOREpaC[Qr(V +V)- r ~(v +v)2+?D-(Qr)2}Qrdr

_L abcar {,w Sy IC} (4)
4 2 a

3. F@ T KR (Design job)
URBEY A ARERRE YL L BEREA S 2R FE Y R ERZE 2N F
R 2z R IV T - FaEkE D .

(1) &+ & (ideal twist) 0 = %

(2) &fi-ﬂrﬂ b2 I)(i-af éli‘zkel
SRR LA GEE Y EAM G & A% Bgs. (5,6) £ Al NdeT:

_ (1, o,a n,0x8n 0,08, o
V(X) = (2+ 7 )+\/(2+ v )+ . 6, -x—1) )
% = pF (Hover, n=0)

o -a o-a) o -a
=Spy=—_X + X + 2 -0-X (6)
16 J(l6j 8

.‘Pv(x)g-_‘z'u9 Eljﬁ{%;}"g_% 1]:45%1‘: IJT}\Z\W:

= EpabyzQZR“Llo-x [X26?X —x(n+ v)]dx (17=0 for hover)

= %pab7zQ3R5J‘OIO'{X3 % + X260, (n+v)—x(n + v)z}dx (17=0 for hover)

(3) ¥ %3 £ (Blade chord) %3

oa oa
AT 2 A4 T4 E4eEE a=const Blv =conste % ’vzz?xaa | — X = const.

1
& oxc— & o#CONSt  EHZERATZLZ B P LT ES TR FILEAMERE- BEF XD
X
52L& (tipchord) &% 0, , RS irFE R X% - section # (S F[ I E #
Mgz E Akt o F L2k AT

#3328 (blade root) = — 4R

N

(4) CG g 2 EE

TR ,ggv 5 CG ehiz} § =2 02C~025C 27 (C 2&) CG B § PFRF
B 4 fRIRRA 5 Rsng 4 (kB -
4. R %E

ZABE2 Y S MIS 2 VRT A6 =0 %5 35 F-HFEYEARL 20cme
Mwﬁmiﬁﬁ PFEERIT X i Fr3 g3 22 hF B R B ity 26 @i
SARAMPIEA S S RALS B gad > 5 MIS B35 ﬁaﬂrﬂ—\zﬁizﬁ. R £2F &
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g At FIOCRE TN A R F a0 XA SR FF0 g g LRI RR ) o R
Fi&- F@iFonpF o { § 422 %5 (acousticenergy) Z4rdem & 2 vk o AB i P MIS ¥ A4
4R ¢ L VR-7 FAIBE (AREFEF» V- VRT AR B A 2 :rfwﬁg:g )o mPRIRG b kR
FodV iR B g S 4pt 2 T > VR-T B Al ehfdan & R MIS E i) o

AFPTZETRE - waPHEa TR WHEp Lo s Ll 2 WR T R Y 2R
FTREAEFRF A RTHEY Gy PR EIT 2 VR-7 2 E3e 0 CG ¥ 0.023
ZE e FREH 13mo 52 E K 0.85m 0 23 G RIE 0 EE 9000 rpm > B 4R~ R 4o

Blade length or Rotor radius (M.) 1.3
Blade chord (M.) 0.85
Blade pitch angle (-5~ 15) deg (H2 @6 @B3)10
Airfoil lift slope coefficient (a 6.608 Recmd. 6.608
Airfoil drag coefficient (¢d 0.02 Recmd.) 0.02
Rotor RPM 900
Number of blades (2 ~6) 2

CEE S
Pitch angle deg. 2 6 10
Main rotor thrust kg 14.94 44.83 74.72
Power kW 3.71 6.34 8.97
Rotor torque kg-m 4.01 6.86 9.71

5.5 % &3t

Vo T My '.":",?”fi[}*&;ﬁﬁ”;ﬁti v X FE- ik id 4 REME D
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AsEiRI VR-7 22 NACA MI5 5 Eo Z 5 3ER - R R AR5 -F5228%
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BLER T REMIEL L 1R~ IS AR RS hd RE o FF AP LR
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mEEARFL AR 27 c WHEAG RHTIES FAZEFURETFZ TP EHENT 4 (i
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BLADE LENGTH (m.):
3

BLADE CHORD (m.):
0.85
BLADE TWIST ANGLE (DEG. (2 OR 3 Recmd.)):

Bl 1~ %L pmﬂ”.}\ 'w—rr Kﬁ )I—: {f:’ ﬁ“}ﬁ-

BLADE LENGTH (m.):

1.3

BLADE CHORD (m.):
85

ROTOR RPM :

000

NUMBER OF BLADES :
)

Indu. Vel. Thrust Powe r Rotor Torque
Sisees Kg kW Kg-m

. 00 .057378 8.74670 3.13636 3.39569
2.000 .079400 16.74904 3.73607 4.04499
3.000 .095769 24 .36680 4.45235 4,82050
4.000 109262 31.71611 5.24349 5.67706
5.000 .120943 38.85999 6.08674 6.59003
.000 .131354 45.83824 .96747 7.54359
.000 140814 52.67381 87547 8.52667
3. 000 . 149531 59.40253 3.80317 53107
.000 157646 66.02497 74471 .55047
.000 . 165262 72.55891 .69548 .57985
.000 172457 79.01466 .65174 61519
2.000 .179291 85.40067 61043 3.65315
. 185811 . 72432 3.56899 4.69096
192054 .99169 4.52526 5.72630
. 198052 20784 5.47738 L15716

B2~ & 0272 3 A Hed 0 TR

ERREE S LT
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4z 5] f§?$ﬂ 51 bR AR EAPER 2T gﬁ
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(1) B gFiTcnE F R &0 H 5 49(x)=a+8— s - E 2 a0 o4 0.05~0.1 2 R’ e
X

bod - B4 AR F (@) L 057 hoairfoil AT 0 6.9 4 00844V ~0.1194Ja 2
0.057Jor ~0.0844 o 2 B oded AR A F EA R AL GRS ED T 923 -1.5Va ~-2.0/a °
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%ax:const. B O'OCi & o#CONSt "o R-Z RZ2EFZE 2 B H v iE S ETizo
ER- BEF L (tip chord) i 0, , REGFE T X% - section w {8 F I E B I
(blade root) = — &% iz £ A i"/[{)’L °
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