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Introduction

AVAL amphibious assault vessels transport personnel to and

from operational areas. This is normally accomplished by op-
erating some type of aircraft, forexample, helicopters, from the deck
of personnel transport ships. The ship topside structures produce an
air wake over the deck in the operating region of the aircraft. The air
wake is inherently unsteady due to vortex shedding from the top-
side structures. To understand the air wake and its possible effecton
aircraft operations, it is necessary to quantify its main features. This
Note presents time-averaged results of an unsteady computational
simulation over a naval transport vessel. Experimental data are used
to assess the accuracy of the computationalresults.

Previous researchers have computed the steady-state air wake
over ships using various methods. For example, Tai and Carico' use
a thin-layerNavier-Stokes method to compute the steady-statesolu-
tion for the air wake over a landing helicopter deck (LHD) ship con-
figuration. However, thereis debate as to how to interpretresults pro-
ducedby a steady-statemodel when comparingto experimentaldata
that was collected in a flowfield exhibiting global unsteadiness and
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then time averaged. Dolling? addresses this topic within the context
of the supersonic compression ramp problem. Reynolds-averaged
Navier—Stokes (RANS) computational fluid dynamics (CFD) mod-
els of supersonic compression ramps for large ramp angles where
flow separation and reattachment occurs have historically shown
poor agreement with experimental data for quantities such as mean
surface pressuredistributionand mean velocity profiles downstream
of reattachment3~> Dolling? asserts that the experimental flowfield
exhibits global unsteadiness that is not captured by the steady-state
solutions produced by RANS codes. He presents evidence indi-
cating that better agreement with time-averaged experimental data
might be obtained by a CFD computation that includes the global
unsteadiness in the flowfield and then time averaged in the same
manner as the experimental data.

In this effort, an unsteady computational simulationis performed
on the topside airflow over a naval transport vessel. The results are
time averaged, and the mean flow is compared to unsteady exper-
imental data collected at the same frequency and time averaged in
the same manner. Results are presented at selected points in the air
wake over the aft deck of the vessel.

Experimental Study

In conjunction with the computational study, an experimental
investigationinto the air wake over a naval transport vessel was per-
formed on a 1/94 subscale model in the 8 x 10 Foot Subsonic Wind
Tunnel at the Naval Surface Warfare Center, Carderoc Division. The
details of the experimental setup, procedures, data reduction, and
results are reported by Guillot and Walker.® Data were collected at
500 Hz for 4.096 s.

The experimental accuracy is determined postexperimentby ex-
amining the mean square error in each probe’s calibration curve,
combined with an analysis of data taken at a freestream reference
point during each run. The freestream reference point analysis is
meant to account for individual probe response, which can change
due to dirt accumulation on the sensor, plus any residual effects
from ambient temperature variations. The expected confidence in
the experimental data is £5%.

Computational Simulatons

The ship geometry and coordinate system used in the computa-
tions are shown in Fig. 1. There are two helicopter landing pads
on the aft deck, located at x =153.5 and 188.0 m. The results pre-
sented here focus on the aft landing pad, x =188.0 m and on the
ship centerline.

The computational analysis was performed using FAST3D.”
FAST3D, developed at the U.S. Naval Research Laboratory, is ca-
pable of solving the three-dimensionalunsteady compressible Euler
equations on parallel architectures using Cartesian meshes. It em-
ploys the flux-corrected transport method with virtual cell embed-
ding to resolve internal boundaries in the flowfield.

Wind angles of 0 and 30 deg with respect to the ship centerline
were studied with a nominal incoming velocity of 30 kn (15.34 m/s).
To complete the description of the computational model, appropri-
ate boundary conditions were prescribed. The locations of lateral
boundaries were chosen to match the dimensions of the wind tun-
nel. The forward boundary was chosen to be one ship length ahead
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Fig.1 Ship geometry and coordinate system.
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of the forwardmost point of the ship so that freestream incoming
boundary conditions could be imposed. The aft boundary was cho-
sen to be far enough downstream so that it could be assumed that
gradientsin the x direction were zero. Zero normal flow is imposed
at the ship surface and all lateral boundaries. The freestream veloc-
ity is specified at the inlet. Downstream, an extrapolationboundary
condition is imposed. The compressible Euler equations also re-
quire specification of ambient pressure and density. The pressure
and density were specified to be standard atmospheric conditions at
sea level. For the 30-deg case, the ship is rotated counterclockwise
about the ship centerline at x = 153.5 m.

For the computational simulations, the 0-deg grid con-
tained 416 x 96 x 128 volumes, and the 30-deg case contained
416 x 96 x 256 volumes. A detailed error analysis of the flux-
corrected transport method is provided by Boris and Book.® To
establish numerical solution convergence, grid and time-step inde-
pendencestudies were performed for the 0-deg case. The 0-deg case

was run with a time step of one-halfinitial runs, and the number of
volumes in the x direction was doubled. The results were compared
totheinitialruns, and the solutions were observedto changeless than
1% at the consideredlocations. From these results, it was concluded
that the computed solution was grid and time-step independent.

Data Reduction

The results of the computational and experimental analysis con-
sist of velocity time histories (u, v, w) at 279 data locations above
the aft deck. Experimentally and computationally, data were col-
lected at 500 Hz, that is, every 0.002 s, for a total of 4.094 s, giv-
ing a total of 2048 data samples at each data location. The CFD
simulations were run for 4.594 s, and the first 0.5 s of computa-
tional data were discarded to eliminate the effect of the transient
startup. From the time histories, the average velocity at each data
location is computed by summing the velocity samples and divid-
ing by the total number of samples. The time-averaged velocities
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are nondimensionalized by the incoming freestream velocity for
presentation.

Results

Figures 2 and 3 show mean velocities across the ship deck from
port to starboard for the 0- and 30-deg cases, respectively. Four
values of z are shown in Figs. 2 and 3. Figures 2 and 3 clearly
show the velocity deficit behind the topside structures. In each of
the cases, the velocities approach approximately 1.05u ., toward the
edges of the ship. This is expected because the presence of the ship
in the wind tunnel causes a slight acceleration of the freestream
above the ship. The 0-deg case displays a more symmetrical profile
with respect to the centerline, whereas the 30-deg case shows the
velocity deficit shifted to the port side.

Figures 4 and 5 show the mean centerline velocity profiles at sev-
eral elevations above the deck for the 0- and 30-deg cases, respec-
tively. Figures 4 and 5 generally indicate a recovery of the velocity

toward freestream values as the flow proceeds over the aft portion
of the deck to the rear of the ship.

Conclusions

It is concluded that the CFD computations of the ship air wake
provide a reasonably accurate description of the time-averaged flow
for the cases considered. Generally, the trend is that there is bet-
ter agreement between computations and experimental data for the
higher elevations, away from the surface of the deck. For both wind
angles, many of the computed results lie within the experimental
error of £5%. For the 0-deg case, all computational results agree
to within 20% of the experimental data. The largest disagreement
occurs for the 30-deg case at z=19 m.
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Introduction

ODERN sandwich structures consist of stiff faces, often un-
symmetrical, and plastic foam as core, which is flexible in
nature. To analyze such a structure, a theory is needed that can ac-
countfor the transverseflexibility of the core and shear deformation.
Traditionally, sandwich structures are analyzed using Timoshenko
theory, in which the shear stress distribution is assumed to be con-
stant across the thickness and the core is assumed to be rigid in
transverse direction (see Ref. 1). A refinement to such a theory is
a higher-order displacement field, where shear stress distribution is
not assumed constant. Such refinements can account for shear de-
formation very easily, but transverse flexibility is not accounted for.
A further refinement is to enhance the core analysis where trans-
verse flexibility can be accounted for. Frostig et al.> developed a
sandwich beam theory that accounts for core flexibility. This the-
ory is extended by Swanson® for multiple supports and overhang.
Recently, Pai* and Perel and Palazotto® developed finite element
for flexible core sandwich structures. A good review on sandwich
structures is given in Ref. 6.
In the present work, a simply supported sandwich beam of
isotropic layers is considered. The two thin stiff faces are connected
to a flexible core. The thin faces are analyzed using classical beam
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theory, where the assumptions of the plane section remaining plane
and constant thickness are applicable. The thick core is analyzed
using a more involved solution, that is, two-dimensional elasticity
theory under plane stress conditions.” This two-dimensional solu-
tion, being general in nature, will account for transverse flexibility
of the core, as well as shear deformation. This technique reduces
the complexity of the solution as compared to if all of the layers are
analyzed a using two-dimensional solution for such a problem.

In the present formulation, in-plane and transverse displacement
boundary conditions are satisfied at the interface. The shear stress
at the interface is modeled as moment and an in-plane force in the
face.

For comparison, results of a solution is also obtained for the
sandwich beam when all of the three layers are analyzed using two-
dimensional elasticity under plane stress conditions. Present results
are also compared with a conventional higher-order theory and a
layer-by-layer theory referred to as trigonometric shear deforma-
tion theory-equivalentsingle layer (TSDT-ESL) and TSDT-zig zag
(TSDT-ZZ). The displacement field and governing equations for
these refined theories are given in Ref. 8.

Formulation of the Problem

A schematic diagram of the sandwich beam is shown in Fig. 1a.
Let Young’s modulii of the top face be E,, the core be E ., the bottom
face be E,, and Poisson’s ratio of the core be v.. The thickness of
the top face is 1, that of the core is /., and that of the bottom face
is t,. The beam width is b.

The top and bottom faces are taken as a beam connected to an
elastic core. The various stresses acting on the skins and core are
shown in Fig. 1b. The shear stress at the interface is modeled as an
in-plane load and a moment in the skin for the analysis as shown in
Fig. 1c.

Let the lateral loading at the top of the top face be g and

o0
q = E E, sinax,

m=1

2 [
E, = 7/ g sinax dx (D)
0

The stresses acting on the core are representedin series form, at the
top of the core

00

o0
oy = E —B,, sinax, Ty = E C,, cosax )

m=1 m=1

and at the bottom of the core

00

o0
oy = E —A, sinax, Ty = E D,, cosax 3)

m=1 m=1

where « =m /[ and [ is the length of the beam and E,, is constant
and depends on loading on the top face. 4,,, B,,, C,,, and D,, are
unknowns.

Solution for the Top Face

Figure 1c shows the loads acting on the top face. The lateral
deflection v, of the top face is assumed in terms of unknown constant
S, as

o0
v = Z S,, sinax 4)
m=1

From Fig. 1c, note that lateral loading and distributed moment in
the top face is

bt, &
qy = Z SiIlCHC(Em - me)v T,\' = 71 Z Cm cosax (5)
m=1

m=1



