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1. Sunmiarj

A description is given of dye tests crred out with

model of

si1ing

racht to compare the effect of a nuniber of turbu1ence.tìmulator devices.

Results of the tests are given in the form of photogxaphs of the observed
flow phenomena in the boundary-layer of the model.

2. Introduction

In the past a large number of trpes of turbulence stnulating devices for
use in ship-model testing

has been

tried, the effctiyeneas çf such deyice

being mostly judged by the trend and scatter of the x'estistance coefficients
at low speeds. On the larger models these sti,uulators

have , on the whole,

been shown to perform satisfactorily at speeds over 0.6 rn/sec
At the first tests conducted at the model basin of the Deift Shipbuilding
Laboratory with a 1.IW ni LWL model of a sailing yacht (mod.

87) to determine

the value of lateral force and resistance by oblique towing, results were
produced which ind4cated inconsistenties in the characteristics of the flow

around the model. The turbulence stimulation device on this model consisted
of a

1

cm sand-strip along the forefoot and keel. To ascertain the resistance

of the sand-strip itself, the tests were repeated with a sand-strip of 2 cm.
A comparison of the results showed a considerable discrepancy in the values
of the lateral force. As the model was fitted with a keel of airfoil section
(NACA 0010), of considerable lateral area, the conclusion that the differences
in lateral force were due to breakdown of the flow-pattern along the keel.

was considered justified.

Suspicion being aroused a review of existing publcatìons on this subject
was made, the most important conclusions being

-Laminar flow is very persistent on the fore part of models with V -

sections and cut-away forefoot! A negative pressure gradient in the flow
direction tends to stabilize laminar flow in the boundary layer.

-Turbulence stimulation devices like tripping wires, closely packed sandstrips, or rows of closely placed studs, which have their largest dimension
perpendicular to the flow along the surface, tend to induce local. separation.

-Single angular protuberances of about the same height as the local boundary
layer seemed to be most effective as stimulators.

-There appeared to be no conclusive evidence that methods to increase the
degree of turbulence ahead of the model, like rods or

hterjets, had a

desirable effect. Also the practise to minimize the waiting time between
runs was advocated by some and rejected by others.Rotating rods, introduced by
Kulkarni showed some promise.

These conclusions were not decìsire,

nd jt wads decided tha.t the Visualization

of the boundary layer flow skould be .ttenptea using diferent types oÍ turbulence
stimulator on the same sailingyacht model,

b

s

3. Description of the experiments

3.1. Choice of stimulator trpes,
An important consideration was the desire that tke stLmulator could be
fitted with a minimum of delay.

The following types were chosen.

Studs

These were of the cylindrical type with a diameter of 3 um and a height of
2.5 mm. The placing of the studs is shown in figure 1.

Sandstrips
These were made of grains of carborunduni size 020, the number of grains per
sq..cm being only about four. It was thought that widely spaced grains are

fully effective as three-dimensional stimulators, and do not retard the
boundary-layer too much, which is of particular importance with respect to
the fin keel.

The sandstrips were applied after the tests with the studs. Because of the
things learned from these first tests the sandstrips were not fitted along
the stem but as shown in figure 2.

Rotatin

rods

Two rods; with a diameter of 3 mm, and set with small pieces of' wire, with a
diameter of 1 nun and about 2 uIl long, were placed 15 mm apart. They could

be rotated in opposite directions, With a high number of revolutions an
intensely turbulent field was created in the direct environment of the rods.

As the rods were placed ahead of the model it was deemed necessary to
determine the velocity in the wake of the rods, Measurements of the wake
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velocity were carried out at a distance of
The results of these measurements are shown

m downstream of the rods.

n figure 4. It is noteworthy,

that the wake-fraction proved to be practically independent of the forward
speed and the speed of rotation.

The relatively high values of the wake-fraction obtained may be considered
as a serious impediment in the use of this device.
The positioning of the rods is shown in figure 3.
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3.2. Observation of the flow.-pattern

Observation of the flow-pattern ìn the boundary.-lare' was made possible by

the injection of a potassium permanganate solution, The distribution of the
points of injection along the model are shown In figure 5. Observations of
the flow were made through a pane In the tank wall, Colour slides were made
of the observed flow phenomena.

3.3. Test conditions
The tests were carried out with the bare model and with the model fitted with
the turbulence stimulators.

The speed ranged from 0.20 mf

sec

to 1.00 mf

sec

The drift-angles at which the model was towed were zero, 3.0 and 6.0 degrees.
The sign of the drift-angle was such that the low-pressure side of the keel was
turned towards the observer.

After the first series with the rotating rods, wIthout drift angle, had been
finished, it was decided to leave off further tests with this device. The rods
scored so little effect that further experiments seemed meaningless. In addition
it was impossible to cover the obliquely towed model sufficiently with the
narrow wake of the rotating rods.

s

Discussion of the results

In all 106 slides were made. 0f these 20 were selected as being representative
for the series as a whole. Black-and-white phQtographs which are presented

on the following pages were made from ths slide

Unfortunately many

details which were shown by the colour slides could not be reproduced

satisfactorily, so the black-and-white photographs show only a part of the
picture.

The following observations may serve to interprete the flow phenomena
Laminar flow can be recognized by its long and smooth strea1s, turbulent flow

by the rapid diffusion of the dye. The most difficult patterns to interprete
proved to be those wherein the transition from laminar to turbulent took place.

It is sometimes impossible to detect where the laminar flow ends and where
turbulence begins.

When separation occurred at the after part of the hull, the dye came off
in clouds but the separation at the keel showed a different picture. At the

keel a reverse flow very close to the keel surface existed and a sheet
of nearly stagnant water was formed between the regions of reverse flow
and main flow. In this sheet the dye accumulated and sank slowly, due to
its slightly greater density than the surrounding water.
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5. Conclusions

- The flow along the fore ship ws directed donards, apprçxmate1y following
the buttock lines. ThIs flow dLrection should be taken into account when the
turbulence stimulators are fitted,

- Laminar flow resulted without fail In 1ocaL or more general separation.

- Although it is hard to say whether the artificially created

turbulence

resembles natural turbulence as regards the velocity profile in the boundary-

layer and the corresponding frictional resistnce, it is unmistakably effective
in impeding flow separation.

- The fine turbulence which is produced by the rotating rods appears to have
died out at a very short distance downstream of its source. Therefore it
seems incredible that methods to increase the turbulence of the inflowing
water can be very effective. At least for such small Reynolds numbers.

- The studs and the sandstrips on the keel both proved to be effective in
producing turbulent flow down to very low speeds. The sandstrips proved
to be slightly better in suppressing. separation.
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