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DAVID TAYLOR MODEL BASIN
UNITED STATES NAVY
WASHINGTON, D. C.
WIND-TUNNEL TESTS TO DETERMINE
AERODYNAMIC FORCES AND MOMENTS ON

SHIPS HEELED IN BEAM WINDS
by
M. E. Long and C. L. Benedum

INTRODUCTION .

At the request of the Bureau of Ships (Reference 1),
wind-tunnel tests were conducted on models of DD692 Class de-
stroyers heeled in beam winds. The purpose of the tests was to
determine the serodynamic effects so that a more satisfactory
criterion for stability ocould be set up for this class of ves-
sel. The Bureau of Ships symbol for this project is SRD 1040/‘
47. These tests were conduoted during the period from 24’&anu-

ary to 18 Pebruary 1947.

lOblLS AND APPARATUS

The scale of the nerla was 1:73.8. Since only the
wind loeds on the éboviw-tor parts were to be measured in the
wind tunnel, the hulls were cut off at the waterline of the
models when they were heeled. Figure 1 shows these planes for
the different angles of heel tested. The displacement was kept
constant, corresponding to 2900 tons for the full-scale ship.
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Figure 2 shows five models, with angles of hesl of 0, 30, 45,

' 60, and 80 degrees.

Most of the deok fittings, such as rigging and radio
. antennas, the 20 mm guns, all radar antennasexcept the large
fire control radar entenna, and all,t;e lights exoept‘the 24-
and 36-inch searchlights w;ro omitted on the models as being of
minor importance.

A false floor or ground board was built up above the
floor of the wind-tunnel test section to provide space for in-
stalling the special six-component balance used to measure the
forces and moments on the models. At the upstreem end, a
rounded sheet-metal leading edge extended down to the floor of
the tunnel, whereas the trailing edge tapered down at a slope
of 1:8. The central level section between the leading and
trailing edges was used to represent the water surface, and
this consiruction gave a uniform, steady air flow over this
gsection. Figure 3 shows a model set up on the ground board,

In order to determine wind loeads for different angles
of yaw, a ciroular section or turntable was provided in the
level ;urtaco‘or the ground board. A rectenguler seotion .
slightly larger than the models was cut out of the turntable ::%;:::

a
O

and a special six-component balance was installed below the

| level of the ground board. The rectangular cut-out in the

turntable was fitted with separate plywood filler pieces for

oioh particular -oddl. and sections corresponding to the out-

codes
ijor

1ine of the test waterlines of the various models were sawed

out of these pieces and inserted between the balance and the

W :
| - UNANNOUNCED (A1f2s |
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models. The outer plywood sections were fastened to the turn-
table, becoming part of the ground board surfece. The saw slot
provided a clearance of approximately 1/16 inch between the
section of plywood directly beneath the model and th{lsurround-
ing outer plywood sections.

To provide a convenient electrical fouling indicator,
thin sheet-metal plates were cut out and festened on top of the
plywood filler pieces. The gap between these metal pileces was
1/32 inch. The plywood and metal pieces fixed the waterline of
the models at the level of the ad jacent surface of the ground
board.

. Figure 4 shows a model set up on the speciel electri-

cal strain-gage balance outside of the wind tunnel.

TEST CONDITIONS

The tests were made in the David Taylor Model Basin
8- by 10-foot closed-throat atmospheric Wind Tunnel 1. The
models were tested at dynamic pressures of 51.0, 32.6, 18.4,
end 8.20 pounds per square foot, corresponding to average wind—
speeds of about 124, 98.6, 73.8, and 49.5 knots, and average
test Reynolds numbers of 6,630,000; 5,380,000; 4,050,000; and
2,700,000 respectively, based on the overall model length of
5.10 feet.

Télta were oconducted with angles of heel of 0, 10,
20, 30, 45, 60, and 80 degrees with the wind, aﬂd 10 end 30 de-
grees into the wind..with the wind directly abeam. Additional
t@ltn'woro made at 16,“}0, and 60 degrees angle of heel with the
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wind end at 10 and 30 degrees angle of heel into the wind, with
the wind 30 degrees ahead and 36 degrees abaft the beam.

The reference test windspeed was measured 8 1n6hes
above the ground board, approximately at the level of the tops
of the staciks of the upright model. The windspeed profile o
tween the unobstruoted ground board and this reference point
was determined by a total-head survey, the static pressure
being assumed constant from the reference point down to the
ground board.

Figure 5 shows the average windspeed profiles meas-
ured at the center of the turntable (whioh point is on the cen-
ter line of the tunnel) and at 2 feet on either side. This
survey covered a distance equal te 80 percent of the model
langph. FPigure 6 shows these windspeed profiles scaled up in
the ratio of 73.8 to 1, together with aotual measured wind
gradients (Refcrences 2 and 3).

Preliminary tests were made to determine the effect
of the air flow through the clearance gap between the filler
pleces and the surrounding ground board. Tests were nqdo with
the gap sealed with a thin grease. The variations noted with
this gap sealed and with it unsealed were negligidble and there-

fore most of the tests were made with the gap unsealed,

RESULTS
The forces end moments measured are given difootly in
pounds and ‘pound-feet for the models. The sign conventions em-

Ployed correspond to the axes shown in Figure 7. The symbols
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"Eupod are defined as follews:

longitudinel foroe in pounds

lateral force in pounds

normel foroce in pounds

heeling (rolling) moment in pound-feet )
pitching moment in peund-feet

yawing moment in pound-feet

angle of heel (roll) in degrees, positive to
starbeard

angle of yaw in degrees, positive to starboard
windspeed in toot_por second

windspeed in knoti |

area of abovewater profile, model upright, in square
feot (approximately 1.80 for models tested)
distance from center of area of sbovewater
profile to center of srea of underwater
profile, model upright, in feet

distance from center of area of abovewater
pg&tilo‘to wntbrlino plene, model upright, in
feet (approximately 0.25 for model tested)

dynamio pressure (pv*/2) 1n'poundo per ‘square foet

donlity of air in slugs per oubic feot

test Reynolds number pvl4u

overall length in feet (5.10 for models tested)
absolute viscosity of air in pound-seconds per

square foet
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The X-axis of the models was always chosen as the
:f;orsection of the plene of symmetry of the complete ship with
_ﬁ; waterline plane. The origin for moments was taken at the

A dpeint between perpendiculars, which is 189.7 feet aft of the

b

3

J.w on the prototype ship.

. The normal force was corrected for the effect of the
e 1

-iirdund board static pressure by making tare tests with the mod-

1 removed, and subtracting the tare forces from those measured
.dﬁring the force tests.

; The principal results of this investigation are given
in Figure 8, which shows the veriation of the aserodynemic
forces and moments with angle of heel et a windspeed of approx-
imately 124 knoets, with the wind dircotly from the beam, and 30
degrees ahead and abaft the beam. Although only the lateral and
normal forces and the heeling moment are neoesséry for this in-
vestigation, the other components are included as being of pos-
sible genersl interest. Figures 9 through 12 give the lateral
and normal forces and the heeling and yawing moments as funoc-
'tionqﬂor the dynemic pressure, for 10, 30, 60, and 80 degrees
angle of heel.
| Tho results ere believed to be accurate within 1.0
pound for the lateral and normal forces, 0.5 pound for the
longitudinal force, 1.0 foot-pound for the pitching and yawing
monghtl and 0;5 foot-pound for the heeling moment. It is be-
lieved that this uncertainty is due primerily to the unsteady

ocharscter of the aerodynamic forces.
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, A relation that has been used by the Burseeu of Ships
f'J"“‘ororonoo 1) for computing the heeling moment due to the aero-
?;.mio effects of beam winds is
| & - 0.004 Vi "Ayh cos® ¢
If h' is substituted for h in this expression, the
fpling moment computed can be compared with the heeling moment
’?nsurodo Conversely, using the experimental results, the con-
F&nnt in the expr;ssion can be re-evaluated. Thus from Figure
Iitor a zero angle of heel,
ol « 10.2 = X x (124)® x 1.80 x 0.25, from which
h; e 0.00147, or for convenience and to a sufficient degree of
:h;oéuraoy, K = 0.0015.
In Figure 13, the experimental results for the differ-
. ent angles of heel, with the wind from the beam, are plotted
{ with the results from this equation, using K = 0.0015 rether
"ﬁ than 0.004. The two curves are seen to be in reasoneble agree-
ﬁg ment over the angles of heel inclinei with the wind, For the
jﬁg opposite angle, the experimental curve meintains the meximum
4 value, rather then decreasing. However, the effect of the
g;:'lolont for these angles is to restore the model to the upright
'pOIitipn, 8o that the only important part of the curve'is that
which does follow the coa’ relation.

" 1In Figures 9 through 12, the ldteral and normal
forces and the heeling and yewing moments are shown as functions

‘0f the ‘dynamic pressure for several angles of heel. In general,

e
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these pPlots are straight lines passing through the origin, in-

\f;ogtlng that the different forces and moments are proportional
i the square of the windspeed, 1rroapect1io of angle of heel.

: The heeling moments on full-scale vessels of this
;olall_abqut an axis in the waterline plane due to 6;aﬁ winds
:;.y u&oordingly be estimated by using the expression

- kv, *A b ocos’d ,

b where the value of X is taken
ff as .0015 and the values A, and h' are teken from the full-scale
‘ship. It may be emphasized agein that h' is the distance from
; 'tho onnto: of area of the abovewater profile to the waterline

plane, with the vessel upright.
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(3) "The Air Resistance of Ship Hulls with Various
Types and Distributions of Suporstruotufo," b} G. Bu;ho-,
Transactions of the Institute of lnginéor-..nd Shipbuilders
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