


NOTATION

Positive directions of axes, forces, moments, and angular
displacements are shown by arrowvws
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UNITED STATES NAVY
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wIND-TUNNEL TESTS TO DETERMINE AERODYNAMIC FORCES AND

MOMENTS ON SHIPS AT ZEHO HEEL
by
G. R, Mutimer

INTRODUCTION
In connection with certain studies in ship stability-

design criteria, currently being undertaken by the Bureau of
Ships, it is necessary that wind heel effects upon surface

ships be analyzed.

At the request of the Bureau of Ships (Reference 1),
this report presents a scompilation of data on nine ship
models tested at 0° heel in the Taylor Model Basin, 8- by 10-
foot wind tunnels during different periods from 1948 through
1953. Ship names are listed in Pigure 1, and all test results

are given in the form of forces in pounds and moments in

pound=-feet.

MODELS AND INSTALLATION

The model scale was varied for the different types
of vessels s0 that the models of each type were as large as
practiocable in the 8- by 10-foot wind tunnels. Since only the
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wind loads could be measured in these tests, the model hulls
were cut off at tre water line. Figure 1 gives pertinent
information on model scale and location with respeot to the
center of rotation. The photographs in Figures 2 through 9
show the amount of detall in the construction of the different
models. The USS SALEM (CAl139) is not shown.

The water surface was represented by a false floor
built adbove the floor of the wind-tunnel, referred to hereafter
as the ground board. The models were mounted directly on the
wind-tunnel 6-component-balance system by means of a shielded
strut extending downward through the ground board and wind=
tunnel floor. Thus, the models were maintained in proximity
to the ground board with approximately a 1/16-inch gap between
the ground-dboard surface and the water-line plane of the model,
as shown in Figure 1. An electric potential was imposed
between the model and a metal fouling plate on the surface of
the ground board to indicate if fouling should occur.

TESTS AND PROCEDURE
The toaés were made in the 8= by 10=-foot TMB closed-
throat, atmospheric wind tunnels. Dynamic pressures, q, and
approximate corresponding airspeeds, V, peculiar to each ship
are listed in FPigure 1. Most tests were made for a yaw range
of 0° to 360°, All tests were made with a heel angle of 0°,
In testing the SS PENNSYLVANIA, the fouling plate

was raised to determine the effect of the boundary layer across
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the ground board, PFigure 1 shows the location of the fouling

plate and Figure 9 is a photograph of the ground=board
installation and the SS PENNSYLVANIA with fouling plate raised.

RESULTS

All data were plotted against angle of yaw with
forces in pounds and the moments in pound-feet and are pre-
sented in Figures 10 through 18. The data have been transe~
ferred to the model moment center shown in the notation. The
moment center was always coincident with the center of rota-
tion. There were no tare or interference corrections because
of the method of mounting the model on the balance.

Methods for scaling model forces and moments to the
full-size ship can be found in Reference 2, and a relation for
computing the heeling moment due to the aerodynamic effects of
beam winds is outlined in Reference 3. In order to have a
basis for comparing forces on different types of ships, it
may be desirable to reduce some of the data to dimensionless
coefficient form as outlined in Reference 2.

It may be noted that the results of the tests on the
DD692 model in this report compare favorably with test results
of the same model given in References 2 and 3 even though the
balance systems and model installations were different.
Aerodynamics Laboratory
David Taylor Model Basin

Washington, D.C.
March 1955
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Center of Rotation —/

Section A-A (at Water Plane)

Approximately 1/16"
gap for all models

Pouling plate raised 1"

|

on S8 P SYLVANIA

:ﬁﬂﬂﬂ5ﬁEﬁﬁﬁﬁﬂﬁﬁﬂﬁﬂﬁﬁﬁﬁﬁﬁﬂﬂ!ﬁﬂﬁ’

Ground Board

A B q v

Name Scale in in in in
feot feet |1b/rt® | imots

SS UNITED STATES 1:150 6.10 3.05 10 .0 108
SS OLD COLONY MARINER | 1:105 5.0l 2.52 0.0 o
SS OLD COLONY MARINER | 1:105 5.0l 2.52 40 .0 108
LST1156 1:73.6 4.98 2.49 3.0 9
IST1156 1:73.6 L.98 2.49 40 .0 108
SS PENNSYLVANIA 1:120 489 2.4 60,0 132
DD692 1:73.8 5.00 2.50 53.0 125
USS ROANOKE (CL1US) 1:132.8 | 4.88 2,44 53.0 125
USS SALEM (CAl39) 1:140 4.93 2.46 53.0 125
CV9 (ESSEX Class) 1:136.,6 | 5.93 2.96 3349 100
CV9 (ESSEX Class) 1:136.6 | 5.93 2.96 5340 125
YTBS00 (Tugboat) 1: 20 L.48 2.24 3349 100
YTBS00 (Tugboat) 1:20 L.48 2.2, 53.0 125

Figure 1 - Individual Model Scale and Location of Center

of Rotation for Nine Ships on Ground Board

LWR 11 Mar '55

FIGURE 1
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