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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this article, the effects of helicopter main rotor blade tip geometric shapes on the aerodynamic of
Received 25 September 2016 hover flight are analyzed. Aerodynamic coefficients, vortical flows and vortex wakes are discussed.
Accepted 12 October 2016 Fluent software with implicit finite volume method has been used for numerical simulation process. The

Available Online 01 November 2016 grids are structured. Experimental results of the Caradonna and Tung have been used for aerodynamic

validations. In this investigation, the flow has been considered turbulent, compressible, and viscous. The

Keywords:

Helicopter main blade tip geometry results of several RANS models for a specific rotor have been compared and the standard k-¢ turbulent
Vortex wake model is finallyselected. The Roe method with second order scheme was selected. Thirteen different
Vortical flows geometrical shapes on the tip of the blades have been presented and the results of the models have been
Transonic shock compared. These studies show that the blades of BERP IV, Blue edge, Actual, Bell-214 and BERP 11|

Numerical simulation

produce maximum thrust and MIL-17, Sikorsky RH-53D, Tapered, Bell-412, Sikorsky SH-3D and
Comanche RAH-66 produce minimum torque and also the blades of BERP Illand IV, Ogee and Bell-214
produce maximum torque.
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Table 1 Comparison of the aerodynamic coefficients of the coarse,
medium and fine grids

A . . e
Ohote wo o JECEX U 55 olass 5 ole
0.01240 0.001635 271580 o

0.00450 0.000517
o (-6346H) o (-68.38) 565528 baws
ey Al 4 sy AL

0.00455 0.000521
S (0.A4) 4 oo (PO.TTH) 905236 5
Lavgie oS0 @ Lagie 4

Shes e 13 0y25 @l g (59, gl 51 0.96 §0.89 0.80) Lidatus
el So03 228 gl 4 s B

Jolo ilizes Sl slacie s sl (Sealinogpl cul o 2 Jsaz 50
[6] b 5 Lol S 225 @l & o0 olysies ward polie g oo
S sloce w10 228 @B b ol cupe amlis il
Al oo 2o )0 1.3 350 8 lge plad jo Uas jlade calises

loop ,olaS o ohoin (Seeludgpl culps amlie 3 Jyuo
Sysd S S 0 Kb Lgal S ilates 0 b 1) bl calisee
e QLo e RlPl ST kB y95s, Joe 03 @l 4 a4z g
ol e B o slaon Sl s o Aok ke el
oy J}' cél 9 w‘;&l g;“‘""’“““ 0y A Cod 3 (=) 214‘J.\ le’?!S‘

—— Experiment
*  Current Study

Y

G
Fig. 6 Comparison of the experiment pressure distribution and current
study in three section

e 4w 30 (228 @l L HLad e amlia 6 S0

67 @ b (Seeludgnl culpd anlis 2 Jgu
Table 2 Comparison of the aerodynamic coefficients and experiment

[EOWERE:) LES RIS

S yd

Ggal I gl RPM) 50 e

3 5%&5 % is s ( JIERSET
-1.3072% 0.000517  0.00453 1250
+1.3187% 0.000541  0.00461 1750
+1.3097% 0.000569  0.00468 2250
+1.3027% 0.000609  0.00479 2500

451

4 X
Fig. 4 The grid structure on the BERP IV blade
BERP IV o5 (59, »» oylojlob aSiis 4 i

Wall
Il Periodic
[0 Symmetric
I Pressure Far - Field

v [m]

A -0
Fig. 5 Boundary conditions

S bl 5 S

Had 4 il (s 3

5 5aS (Sealdgpnl colpo 1 Jsaz )0 a5 4 Sl ooy 612
e 69y Ry 9 bawgte s ok Sl b 4l 4w ln ohoie
sl Jole slael el oads annlie K085 b g ol Ceway Kb g Lol 57
Hlis 1) g b e yo 4 b o] Cavs o polie S 55 1 Jgan
ey aSed o Seeludgnl culyps alie 51 Jouz 4 4z b ams e
4 S o8 ) 4SS eizmen g Senl (SBU Joho shaws B 5l S 610
15 b aiS oo Job (ool olo) Do Lol cans oo il (5 5 380 slacls>
oy s sl 45 sl 1S 0o ] Lnmsgie s gl iy 095
g oo ooliiul bawgie a5 (g b Sl 5l 5 allie nl Sais 0

W e lasl-4

S Gl > SaintSd (5] o (B 5 0dd gm0 ol
&y ol b sl Sup Slmgledon SeSuap plyr Sy
e pl 0 .0g8 oo imwliel 6 JSS" J0 Kb g Lol IS by lud
59 9 dlie ;U8 b By e 5585, S slp () ilides sla o gl
P90 A Cdd b (5,) CewaVL 3o, o o, laileul ke Seanl Jas colys
0y y d90s adafe dus o Lid 1505 dwolie "6 K" ol ool Ll

! Grid resolution

11 o plads 16 0,93 1395 (yars « yo)e SailSe ouwdidco



LI LS 9 5L Ld pule

29390 d,;dh';).}‘shglg_);,‘,ﬁpug.\g)*Tﬁl)aé»o)ﬁh ol 0 3 T g3 Lilie (w3 S S 3l s3e Hbwdub 9 (w0

[
1

S w=u Tapered

N

N R MIL-17 A |

FE T s e RH-53D 4 1

f ===e. BERP IV M

— Reclangular i 1

14 .

_ ]
E 12fF

z
o 1
= 08
0.6
04
02
0 . :

0 0.1 02 03 04 05 06 07 O0OR 09 1 1.1 1.2
r{m)

Fig. 8 Comparison of the torque distribution along the selected blades
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Fig. 7 Comparison of the thrust distribution along the selected blades
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