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SSummary:-
A drawing rooim model of the 10,000 ton light cruisers,

Nos. 24 - ZS, was constructed to separate on the load water

line plane. The upper section representing the parts exposed

to the wind was towed inverted in water with its center line

at various angles to the direction of motion and the flat sur-

face representing the LWL plane just above the surface of the

water.

The model was hung from a platform which was free to

move horizontally, the size and direction of the force .of the

water tending to move the model being measured by the forces

required to hold the platform in its original position.

The model was run at speeds up to two knots and with

its center line at angles varying by 50 intervals from 00 to

900 with the direction of the motion.

The forces were plotted on speed, cross faired on

angle, and the resultant vectors found by graphic solution

at three different speeds.

The ahead resistances, obtained by resolution of the

vectors on the center line of the model were plotted on

angles and cross faired on speed assuming that the resistance

varies as V , which agreed quite closely with the curves as

plotted°
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The curve of ahead res. thus obtained was plotted
VE

in fraction of its value at 00 angle, thus reading at any

angle is a coefficient by which the "head on" resistance

(sheet XI) or the specific resistance may be multiplied to

give the resistance at the desired speed and angle.

The curve of resistance for the ship at 00 angle was

computed from the model results by using the formulae

Rs = Rm x x - -  and Vs  VmC

where - Linear ratio of ship to model.

This was reduced to specific resistance by dividing by

the area of the silhouette projected on the athwartship plane

and by the square of the speed; R 2 .002
AV

The fore and aft positions of the center of pressure of the

wind on the ship were obtained from the intersections of the

vectors with the center line of the model, and were plotted

as distance from the forward perpendicular in per cent of the

length of the ship.
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Introductory: -

The increase in resistance due to wind is an effect to

be considered both in connection with the design and with the

trials of Naval vessels.

Up to the present time, very little investigation has

been done at this model basin in regard to the force exerted

on a vessel by the wind.

The present report concerns the first detailed test

of the effect of the wind at various angles with the center

line of the ship.

Such tests were made at the Win. Froude National Exper-

iment Tank, reference No 1, using models of three merchant

ships towed inverted in water. For the subject of the present

report a drawing room model of a 10,000 ton Light Cruiser was

used in the same manner.
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Methods & Apparatus:-

The drawing room model of a 10,000 ton light cruiser

(NO 24 - ZS) had been made in two sections which separated

on the load water line plane.

The linear ratio of ship to model was 96, so the model

was 72.7 inches long. The upper section, shown on sheet 1,

was mounted on a pivot and secured to a semicircle of wood

three feet in diameter, upon which the angles from 00 to 900

were laid off at intervals of 50

This model was fastened beneath a hanging platform,

as shown on sheet II, and clamped at the desired angle. The

platform was hung on four small wire ropes, the height being

adjusted so that the load water plane of the inverted model

was just above water.

The platform was towed by a wire from the carriage dy-

namometer, which thus measured longitudinal forces, and was

held in its central position by two wooden balances, upon

which the lateral forces were measured. See sheet III.

The model was run at speeds ranging from 0.6 knots

to 2.0 knots and with its center line at angles with the di-

rection of motion varying from 00 to 900 by 50 intervals.

The model was first tested at settings on the even

C tens of degrees, up to 800, with the balances pressing against

wooden blocks as shown on sheet III, but the friction between

the lower balance arias and the blocks becoming noticable at

the larger angles, the balances were rerigged to pull on cords

~I_~ ~ _ _I__ _~_ ~_ __
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instead of pressing against blocks, and the remaining settings

tested. Thus in cross fairing the spotsj the odd angles were

favored.

The readings for the forces were plotted on speed as

shown on sheets IV, V & VI, and the resulting curves cross

faired on angles at three speeds, as shown on sheet VII. The

faired values for the forces were then co:.iined and the result-

ing vector found by graphic solution for each angle and speed.

Sheet VIII shows the diagram for the 500 angle and 1.4

knot speed.

The ahead resistance is the vector resolved on the cen-

ter line of the model. This was obtained in each instance and

the results plotted on angle giving three curves for 1.0, 1.4

and 1.8 knots speed respectively. These curves, shown on

sheet IX, were cross faired on speed, assuming that resistance

varies as V2 , and the resultant non-dimensional curve, sheet X

computed for the force of the wind on the ship. This curve of

ahead resistance for the range of angles was plotted in frac-

tion of its value at Oo angle, thus a reading at any angle is

a coefficient by which the resistance at 00 angle, sheet XI,

or the specific resistance may be multiplied to give the

ahead resistance at the given angle and speed.

The curve of resistance on sheet XI represents the

wind resistance as derived from the results of the test of the

I .
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model in water by use of the formulae:

Rs - R x 3 and Vs = Vm)YI

Ssubscripts
where R - resistance w = water

= linear ratio of ship to model a - air

P= density s = ship

V - speed m - model

This disregards the effect of the viscosity, but since this is

only a small fraction of the total wind resistance, and the

wind resistance is a comparatively small part of the total-re-

sistance of the ship, its effect may safely be ignored.

The specific resistance for the ship at 00 angle was

found by dividing the resistance by the square of the speed

and by the area of the silhouette projected on an athwartship

plane. R - .0026 where R is in lbs., A is in sq.ft.
AV2

and V is in knots. (See note, page bi.

The intersection of the resultant vector with the center

line of the model (sheet VIII) is considered the position of

the center of pressure. This is plotted on sheet IX. The

curve for the lower speeds was taken to be the imore nearly

representative of the action of the wind on the ship as there

was a more even flow with less wave making at the lower speeds.

This curve was therefore used to obtain the non-dimensional

curve on sheet XII.

I ~ ~_~__ _~_~~ ~_ _____ _~ __ _~
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Results and Discussion:-

The curve of ahead resistance, sheet X, indicates

a rmaximum, at about 330, and is about 50% more than the

value at 00, It is also seen that the ahead resistance

does not fall below the value at 00 until an angle of over

620 is reached.

The position and relative amount of the maximum

agree fairly well with the test in reference No 1 but the.

curves in the English test do not continue above the value

at 00 to such a large angle.

The center of pressure moves aft as the angle of the

wind increases, reaching the greatest distance aft when the

apparent wind is broadside and is then about 23 ft. forward

of amidships.

The shape of this curve, on sheet XI, and its posi-

tion at 900 agree very well with the curve for model

No. 1086 A in the English test, but at small angles its

position is not so far forward.

C
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Conclusion:-

This experiment demonstrates that the wind has its

greatest retarding effect on the ship when it is about 300

off the bow, which must therefore be taken into account in

any attempt to lessen wind resistance by a change in design.

That this retarding effect may be considerable may

be shown by assuming a 22 knot beam wind (true) which, with

the vessel at a 33 knot speed, would become an apparent

39 knot wind at 34-' and increase the total resistance about

3 per cent.

The position of the center of pressure indicates that,

for the smaller angles at least, the vessel might carry a

lee helm,

Reference:-

Model Experiments on the Wind Resistance of Ships by

G. Hughes, Transactions of the Institution of Naval Archi-

tects, July, 1930.

NOTE:-

The area (A) of the projected silhouette is 3,100

sq.ft. This gives a smaller value for the specific resist-

ance than if the approximate area Bem2- 1,850 sq. ft.

were used.
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