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A method is presented for the automatic synthesis of minimum drag hull shapes for axisymmetric
vehicles of specified enclosed volume and constant speed submerged in incompressible, nonseparat-
ing, noncavitating flow at zero incidence. The computer-oriented optimization procedure does not
consider propulsion or maneuvering; drag reduction is accomplished solely through manipulation of
the vehicle hull shape. The selected optimization formulation is a nongradient algorithm in a finite,
constrained parameter space. This study considers an eight-parameter class of rounded-nose tail-
boom bodies constrained to be well behaved as determined by previous hydrodynamic experience.
The drag model, for nonseparating flows at zero incidence, is based on classical hydrodynamics and
consists of computer programs from work available in the literature; the model is representative of
state-of-the-art drag prediction methods. By exploiting laminar flow while avoiding turbulent sepa-
ration, a body with a drag coefficient one-third below the best existing laminar design has been ob-
tained. The evidence suggests that the method produces realistic hull shapes useful in engineering
design. The optimization procedure is independent of any particular drag model so that the effects
on minimum drag shapes due to alternate drag models can be studied.

Nomenclature D = free-stream static pressure.
R; = profile radius at X; defined as Y(X;).
component of parameterset a;, 1 =1, ..., N. R,

= radius of curvature at nose defined as 1/(d2X/dY?)

a(L;), a(U;) = for Complex Method, the temporary lower and upper at X = 0.
parameter boundaries, respectively, used during Rs = running surface-length Reynolds number defined as
the initial complex generation. Sue/v.
Cp = drag coefficient defined as Drag/(1/2 pU«2V2/3), Ry = body volume Reynolds number defined as V1/3Ux/v.
Cy = skin friction coefficient defined as 7, /(1/2 pU- 2). Ry = momentum thickness Reynolds number defined as
Cp = pressure coefficient defined as (p — p.. )/(1/2 pU »2). Oue/v.
D = vehicle drag. Also maximum diameter of body r = radial coordinate of a point in the boundary layer
Y(Xm). defined as r, + v cos o.
fr = fineness ratio defined as L/D where D is the maxi- ri = nondimensional profile radius at X; defined as
mum diameter. 2R;/D = 2f» R;/L.
H = shape factor defined as §* /6. ™ = nondimensional radius of curvature at nose defined
K = number of vertices in N-dimensional complex figure as (4Xm /D?)R, = (4xmfr2)Rn /L.
of the Complex Method. Normally K = 2N. o = body radius. Same as Y.
K, = body curvature at X, defined as d2Y(X,,)/dX2. S = surface length. Same as x.
ky = nondimensional curvature at X, defined as S; = profile slope at X; defined as d Y(X;)/dX.
(=2Xm2/D)Ky1 = (—2xm?fr)K:iL where D is the Srotal = total surface arc-length.
maximum diameter. Si = nondimensional profile slope at X; defined as
k(1) = nondimensional curvature at X,, in terms of mid- [(Xi = Xm)/(D/2 — R)IS; = [-2fr(x; = xm)/
body coordinates. Defined in Eq. (4k). (I =r)lS:.
L = over-all body length. s(ig) = nondimensional profile slope at X; in terms of tail-
N = number of independent parameters. Equivalently, boom aftbody coordinates. Defined in Eq. (4q).
the dimensionality of the search space. T = terminal profile radius defined as Y(L).
NN = total number of body profile points used in drag t = nondimensional terminal profile radius defined as
computation. 2T/D = 2f,T/L.
PF = performance function. For drag minimization PF is u = tangential velocity component at a point (x,y) in
the same as Cp. the boundary layer.
P = pressure impressed on the boundary layer. Ue = local velocity at the edge of the boundary layer.
U= = freestream reference velocity, same as the specified
- constant design speed of vehicle.
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y = normal curvilinear coordinate for boundary layer.
























