Simplification to BE theory
Without simplification: (Climb or hover)

VR = [(Vo +ui)? +r(@ — w)?] = (@r)?

Assume no swirl — a7 = 0.
Assume [Qr| >> |V + v;].
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Recall
dT = BC% pVA(Cycos ¢ — Cdsin ¢)dr
Using small angle approximation (sin ¢ ~ ¢, cos ¢ ~ 1)
dT ~ dL ~ BC’%pVI%Cldr

Cy¢p << C; as Cy and ¢ are small quantities.
Recall

dQ = BC(% pVE)(Cysin ¢ + Cy cos ¢)rdr
1
dQ = BC(ipV]%)(C’lqb + Cy)rdr

Where C = C(r), C; = Ci(r,a, Re, M, &), and Cy = Cy(r, o, Re, M, &).
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Where 7 =r/R, 05 = f—g, and C = C(7).
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dCo = %Gs(f)s(csz + Ca)d(T)
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Where
v | Votuw ] [Votuw]| _Up
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A = Axial inflow ration = %

Up is velocity normal to the tip path plane. When the rotor is in forward flight with no coning and no
flapping
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In axial translation (a = 90°)
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Approximation (C; = Cio(a — aro))
Where ay is an angle of attack at zero lift.
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Possible approximation for 6

e Uniform pitch: 8 = 8y = const.
e Linear twist: 6 = 60 + 0y, 7 or 6 = 0g.75 + Otw(F — 3/4)
e Ideal twist: 0 = 0y, T

Other approximations

e Constant chord (C' is a constant)

e Uniform inflow (A is a constant)

Ay — %Us(f)QCld(f)

dCqo = %Us(f)g(cmﬁ + Ca)d(T)

= %JS(F)B’(ClQZ))d(r‘) + %Us(r_)S(Cd)d(F)
= dCro7 + 5ou(7) (C))

=dCr) + %as(f)g(Cd)d(f)
Ca = [ [aCrr+ jon(r*(Caatn
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If X\ is a constant (uniform inflow) and (Cy = Cy,)

Co = CrA+ %cdo



Figure of Merit

_ Induced power
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Neglecting swirl dCq = dCrA + $0,(7)3(Cq)d(7)
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FM = [dCrA+ Lo (F)3(Ca)d(F)

If we assume uniform inflow \ = const.
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Constant chord (o5 = o)

FM = B —
CrA+ 50 [(r)3(Ca)d(r)
If Cy = Cy, = const.
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Integrating from 7 = 0 to 1 we get
FM = L)‘C
Cr) + Txde 8d°

In hover for uniform inflow momentum theory gives A = 4/ (’;—T
V2
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To account for other losses a factor k is added to give
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Where k is 1.0 to 1.15
The integration limits do not always go from 7 = 0 to 1.0. Parameters such as root cut-out and tip loss
factor can change the limits.



