BL_18

A four-bladed Apache helicopter rotor rotates at 200 rpm in air (with a density of 1.2 kg/m® and kinematic
viscosity 1.5*%10-> m?/s). Each blade has a chord length of 53 cm and extends a distance of 7.3 m from the
center of the rotor hub. To greatly simplify the problem, assume that the blades can be modeled as very
thin flat plates at a zero angle of attack (no lift is generated).

blade tip
/ 7.3m |
[

\_ | X 200 rpm

> [+ 53cm

a. At what radial distance from the hub center is the flow at the blade trailing edge turbulent?
. What is the (99%) boundary layer thickness at the blade tip trailing edge?
c.  Assuming that the flow over the entire length of the four blades is turbulent, estimate the power
required to drive the helicopter rotor (neglecting all other effects besides acrodynamic drag).
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SOLUTION:
The transition to turbulence occurs when Recrit = 500,000 where R
Reen = % B (rm:))L ay r— |i’||
CVRe,, (1.5*10*5 m%)(soo,ooo) © _'ldl'JL

I (20.94 fa%)(53*10‘2 m)

(Note: w:(zoo rot/ . ) Zrrad)fmin ) _ g4, racy)
min rot 60 s s

To determine the boundary layer thickness at the blade tip trailing edge, first calculate the Reynolds

number there.

Re, UL (Ro)L (73 m)(20.94 12d/)(53*10” m) e

v v (1.5*10‘5 m%)

- Re, =5.40%10° = the flow is turbulent

Using the turbulent boundary layer correlations:
o 0382

L Ref
5 0.382(53*10° m)

(5.40%10°)"

[.5=9.1%10" m=9.1 mm|
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In order to determine the power required to drive the rotor, first determine the torque resulting from the
skin friction drag acting on the blades.
0.0742

dF .= 2C3p U ’ d4  where C, = RS (turbulent BL correlation) (6)
two =rw =Ldr € LS
sides
AT} yage = TAF e (7
r=R r=R
T;l-blades = 4 '[ dT]-blade = 4 J rdF;-blade
r=0 r=0
r=R
.0742
=4 2007% Lp(ro)’ Ldr
r=0 eL
r=R
= I r 0.07 7 (ra))2 Ldr
=0 (VQJL ’
v
r=R
=2.97*%10" pv @’ L"* j % dy
r=0
2 Tpoes = 781107 pv/* 0 I*R% (8)
P vades = O ppages = 7.81%107 pv%a)l%L%R‘% ©
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For:

y e <

1.2 kg/m?
1.5%105 m%/s
20.94 rad/s
53*102 m
73 m

Taplades = 2790 Nem = |Pablades = 58.3 kW]
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