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Abstract

We estimate the pressure fluctuation inside fuselages.

One of the most important point on the designers of fuselages for missiles, torpedous,
etc... with very sensitive electronics and radioactive liquid explosives inside is to estimate
the turbulent pressure component transmission to the fuselage interior ([1]).

In this brief report, we propose a mathematical-pedagogical model to analyze this
problem.

Let us consider a infinite beam backed on the lower side by a space of depth d which is
filled with a fluid of density p, and sound speed v,. On the upper side of the beam which is
modelling the torpedous’ fuselage there is a supersonic boundary-layer turbulent pressure
P. The fluid on the upper side of the beam which is on the turbulence is supposed to
have a free stream velocity Uy, density p; and sound speed vy .

The effective equation governing the “outside” pressure in our model is given by
(d <z < o00)

9 a9\’ L[ 2 O
<%+Uw%) pi(z, z,t) — o3 (% %) pi(z, z,t) =0 (l.a)

with the boundary condition (2"¢ Newton’s law)
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z=d
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Here the beam’s deflection W (x,t) is given by the beam small deflection equation

MW (z,t) N OPW (z,t)

B
0*x mn 0%t

= P(x,t) + (p1 — p2)(7,d, 1) (2)

with B denoting the bending rigidity, m the mass per unit lenght of the beam and p(z, z, t)
the (supersonic) boundary-layer pressure fluctuation of the exterior medium.
The searched induced pressure po(z, z,t) in the fluid interior medium (0 < z < d) is

governed by

9*p 02 o2

82; (.T, Z, t) — (U2)2 (% + %) pg(.T, Z, t) =0 (3&)
8p2(x, d7 t) _ 82

5,  — "oy W (z,t) (3.b)

The solution of eq. (1-a) and eq. (1-b) is straightforward obtained in the Fourier

domain

- _ vl(w+Uook)2 ~ w
pl(k7sz) =N { \/U%k‘Q — (w + Uook)2 } W(kv )

ea:p(—vil — \/U%k‘Q — (w4 Uxk)?)(z — d) (4)

where the deflection beam W (k,w) is explicitly given by

W(k,w) = (P(k,w) — pa(k,w,d)

-1
BE* — mw? + pr(w + Usch)'vr (5)
VUIk? — (w+ Uy - )2

At this point, we solve our problem of determining the pressure ps(k,w,z) in the
interior domain eq. (3-a), eq. (3-b) if one knows the pressure po(k, w, d) on the “fuselage”.
Let us, thus, consider the Taylor’s serie in the z-variable (0 < z < d) around z = d, namely

8p2(kawaz) (Z—d)+ . .+iakﬁ2(kawaz)
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From the boundary condition eq. (3-b), we have the explicitly expression for the

second-derivative on the depth z

Ops(k,w, 2)
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The second z-derivative of the interior pressure (and the higher ones!) are easily
obtained recursively from the wave equation (3-a) (k > 0,k € Z™)

a2+k

k,z,t)

gzl ., ®

o (o ) (Gt on)

Let us finally comment that the general turbulent pressure is assumed to be expressible

in a Stieltjes integral

P(z,t) = //+0° kT W=kt g (] 1) dG (u) 9)

where G(u) is a random function ([2]).
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