Induced velocity and thrust in non-axial translation

The thrust developed by a rotor moving along its axis at a speed V' is equal to the rate of mass flow through
the disc times the doubled induced velocity at the disc. In this case, the rate of mass flow is clearly defined
as the product of the disc area (A = 7R?) times the air density p, times the resultant flow through the disc:
Vd = 170 + ¥; which in axial translation is identical to the algebraic sum.

The rotor makes an angle o with the x-axis. Therefore the freestream V, makes an angle (90 — «) with
the thrust vector. The resultant velocity through the rotor is

Vi=Vo+

Far downstream the velocity is postulated to be Vo + 2; where #; is the induced velocity also along the
same direction as thrust but in the opposite sense.
For axial translation Glauert hypothesis states

T = 1AV
= pAVy(Ve — Vo)
T = QpAVdUZ‘

For non-axial translation a similar analysis is used.

Forward Flight (Glauert)
Vi=Vo+

Glauerts hypothesis ¢ .

Ve = Vo +20;

T = (AV)
= pAVa(Ve — Vo)
= pAV4(2v;)

Va = [(Vo cos a)? + (v; + Vpsin a)2] 2
T = 2pA [(Vo cos)? + (v; + Vosina)?] ¥ v;

T 2
(M) = (VZ 4 2Vhuisina + v2)v?  eqn.(A)
p

When the rotor is hovering with the same thrust

T \2
T = 2pAVy(V, — Vi) = 2pAvi or vy, = <2pA) eqn.(B)

Substitute eqn.(B) in eqn.(A) to get
vy = Viv? + 2Vpudsina + v}

Divide by ”;t and rearrange to get
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Power required (= Pigeq; = P;)

1

P = im(vf - V)
1
= 5m [(Vosina + 2v;) + (Vo cos ) — Vf |

1
im [VOQ sin? a + 4v; Vo sin o + 4111.2 + VO2 cos? o — VOQ]

= %m [4v; (Vo sin o + v;)]

= 1m(2v;) (Vo sin o + v;)
=T (Vosina + v;)

Ideal power required by the rotor is given by the product of the thrust and velocity normal to the disc. If
we denoted the idea (induced) power required to hover and produce the same thrust P; ;. Then

P =Tuvy
b T(Vosina + v;) o\ . v;
= = e S1n & + —
Py Ty vp Up

Methods
Given T,«, and Vj calculate P; solve

T 2
v 4 2V sinaw? + V2 - (2pA> -

to obtain v; and then calculate P; from
P, =T(Vysina + v;)
This also provided in the form of charts by solving
4 3 2 2
(&) ~2(@) (@)me(5) (o) 1m0
Vh Vh Vp, Uh Uh

and

sequentially.



