2D Far wake of non-lifting bodies
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Figure 20.22 Laminar wake of a nonlifting body.

Assume Repoqy = % large, similarly for the velocity defect u = uy —

u,, and BL equations with p,, = 0.

uy+v, =0 Uy + VUy = VUy,, subscript w not shown
Uy =Uyg—U Dy, =V u =uy —u, = velocity defect

Upx = —Uy

Uyy = —Uy,

Uwyy, = TUyy

(wo —w)(—uy) + ”(_uy) = V(_uyy)

(up — Wuy + vy, = VU,



Assume u =, vV = -y

Y =AxPf(m) = al)f(n) n= B):Cq - ng)
a(x) = AxP b(x) = Bx1

by
Ny = b~ 1y = _TIT

a, = ApxP~1 b, = Bgx9~1
a,b = ABpxP*t1™1 ab, = ABqxPt971

A, B, p, q chosen as part of solution.
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UgUy — UUy + VUy = VUy,y,

uoB2x2471[(1)] — ABxP+4-1[(2)] = vf""

*fu u
Fp =pu59=pu3j u_:_(u:> ]dy

= pu%j ug *[uyue — ugldy = pf

=pj (uo —wu dy

subscript w not shown after last equality
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u= (ab™H)f’
(uo — (@ab™")f)(ab™H)f'

= uo(ab™)f" = (ab™)?*f"
2 2

éP—CI’_A_ 2p=29 £'2Y % Bx49 = AP’_A_ 2p—q fI2

= AxP (uof' = 5xP7Uf"?)
°° A
Fp = prpf luo - Exp_qf’] f'dn
p=0,q= % independent x as x — co. Shows as additional restriction
is required that x — oo,
uOBZ 1

. [_f/ _ nfll] _ ABx—l/Z [_%f/z _ Erlff”] — Vf”,

Highlight = nonlinear terms drop out Oseen approximation
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= [F—D] e’ velocity defect decays x~1/2

1/2
y = Bx1/? = (ﬂ) x?n grows x1/?

Ug

- F
Momentum thickness wake = constant = 0 = p—fz
0
- F
Whereas in the far wake Q = pTD = uy0
0

./
velocity defect V/s
It can be shown that Q = uy6” thus 8" = 6 in the far wake

Note we assumed large Re but additionally required x — oo, i.e., far wake.
It is interesting to note that the same result is obtained using the Oseen
equation, which are derived for low Re, i.e., linearized convection.

o0 (e 00 6"
j uody=j uwdy=J uody—f Uy dy
* 0 0 0
ie., UyS* = fooo(uo —u,,) dy = fooou dy = Q velocity defect flow rate

i.e., in the far wake the velocity defect momentum and displacement
thickness are equal



