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SULBARY

The running draft and attitude of nulls under test are measured
rclative to the undisturbed watcr level, but at normel rumming sreeds
an appreciable deflection of the water surface 1s produced at the model
testing position by the asrodynamic pressure fieid of the carviage,
These deflections have been measurcd and data 1s gaven for the correc-
tion of meacured dAraft and attitude values covering the normal range of
model position: and conditions, Whern testing models screencd from alr-
flow therc 15 an 1nclination of the surface of -0.4 degrees at 10 ft/scc
and a defleotion of =0,23 inches at 12 £4/see, 1t 1z therefors recom-
mended that rlaning testis on hulls should be confined to sgesds above
16 ft/sec wherc the swface wmelination 18 small and the deflectaon
decreases steadily from =0,09 inches at 16 f¥/sec to =C,03 inches ab
36 ft/sec, When tcsving models in sarflow there 25 no appreciable
inclination of the water surface and the peak deflsction of =0,06 inches
at 12 ft/sec decreases to ~0,02 incnes at L6 £f/sec and remains at this
value up to 38 Tt/sec,
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1 Introduction

When any analysis of forces on planing hulls is requared, for the
more accurate estimation of scale effect or research on basic shapes,
the main parameters are draft and attitude. In the R.A.E, Seaplane
Tank the runming draft and attitude of a model are measured relative to
the undisturbed water level using the carrisge as a datum, The trark
was accuratelv relevelledl in Septomber, 1946 and with regular checks
and minor adjustments it is elaimed that the carriage runs parallel to
the undisturbed water surfacc to within 3 0.003 1n, However it was
suspected that at normal running cpeeds the asercdynamic pressure field
of the carriage was producing a deflection of the water surfase at the
testing position of the medel, and preliminary wetted surfane measure-
ments on hulls showsed that the deflecticn was apprecisble. This report
describes the method adopted te determine this deflection and gives data
for the correction of measured draft and attitude values.

2 Meodel testing, technigue

A sketch of the carriage arrangement is shown in Pig.l., The tank
is 9 £t wide and the carriape runs along with z elearanee of 2 £+ 9 in.
from the water surface. The carrlage is floored except for a well
10 £t x L £t in the centre in vhich the balanse is mounted., 'The model
is attached about two thirds of the way back under the earriage and it
was found that the cirflow at this position was very unsteadg and about
LO% faster than the carriage speed, A series of experiments® was made
in 1944 to improve the airflnw, and the system of flaps adopted is shown
in Fag.l, With the front flsp rsised to the horizontal position indicated
and the rear flap as shown the alr velocity at the balance suspension -
corresponding to the C.G, of the model - is equal to the carriage speed,
but there s a pressurs gradient giving a veloclity ratio of 1.1 at the
nnse of the medel and 0.9 at fhe tanrl, This arrangement - referred to
hersafter as 'enrrect airflow' condition - was used for some preliminary
tests on afterbody ventilationd but is not used for general hull feree
measurements as the aerodynamic components are falsificd by the pressure
gradient,

Hull forece measurements are usually made in the screened condiiron
with the flaps as shown an Fig,1. The front flap is lowercd to within
one inch of the water surface and thc model runs in a pocket of alr
~arried alerg with the carriage, so cnabling the measurement of almost
pured hydrodynamic forces, The rear flap in this ease does net affeet the
alrflow but 1s normally lowered to the 'correct airflow! position to pro-
tect the rails from spray throwm up from the model.

3 Measurement of water surface deflection

The water surface def'lection was determined by comparing the indicated
draft of a small wedge relative to the undisturbed water surface with the
actual draft deduced from correspcnding measurements of the keel wetted
length.,

3.1 Measurcment of wetted length

A small black wedge about 4% in. long and of 45° deadrise was
attached to the balance rise mechanism at 16° incidence as indieated in
F1g.2, One sids of the wedge was sprayed with a 5% solution of hydro-
quinone diacetate in acctone, the acetone svaporating almost immediately

# There is a slaght boundary layer airflow at the water surface which
can beccme important during tests at very low draf't values.
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leaving a thin coating of the solute on the wedge, Hydroquinone diacetate
though readily soluble in acetone is only sparingly soluble in water and
it has been foundl,> that when a thin layer of such a substance is being
dissolved off a surface, 1t dissolves more rapidly in flow regions where
there is a high pressure gradient or a turbulent boundary layer than in
laminar flow regions with small gradients. In partaculsr the stegnation
line and keel wetted length on a wedge shape are clearly shown.

The procedure used in the present tests was, after spraying, to hold
the wedge clear of the water $ill the carriage reached its steady speed
and then immerse the wedge quickly to a preset draft value., After sbout
200 '+ at tHe steady speed the wedge was quickly lifted clear of the water
again and on return to dock was dried with an air jet. Fig.3 shows a
typlcal result., The thickness of the solute was chosen to show the keel
wetted length accurately rather than the vwhole stagnation line whichiwas
not required for these tests.

3.2 Msasurement of indicated draflt

The balance rise mechanism carrles a direct reading scale indieating
the draft of a model relative to a datum vwhich for these tests was set at
rero with the point of the wedge keel Just touching the undisturbed watcr
surface, Before each run a stop was set to determine the approximate
depth to which the wedge could be lowered, and during the test run the
indicated draft was read off the scale while the wetted length was belng
recorded as described in the previous paragraph. At each carriage speed
about three runs were made with the stop set to give a range of welted
lengths between 0,2 in. and 1.5 in,

3.3  Deduction of water surface deflection .

Fig.2 shows the quantities involved. The wedge is set at an angle
7 to the undisturbed water surface and makes an angle T 4+ &7 to the
water surface behind the sereen., Duc to pile up of the water at the
wedge the wetted length £ 18 greater than the projscted intersection
of the wedge with the water surface +¢'. The water surface deflection
6d; measured negative downwards 1s obtedined as the difference between
the indicated draft & and the actual draft 4' as follows

' = & sin (v + &7)
8¢ = &' sin (v + &) ~a (1)

The only quantities known are 4,¢ and <. Equation (1) can be re-
written as: -~

Hd Lsin t = A4 - 4sinT 4+ 4! sin t cos &7 + &' cost sin Ot

od

il

(¢ sint = @) - (& = €' cos O1) sin =z + &' cost sin Ot (2)

Writing the quantity (£ sin ¥ - d), in which all the quantities are kmown,
as Odt, -’

64 =06d' = (£ - < cos &) sint 4+ £ costT sin Ov {3)



As £ tends to 0, £!' tends to 0O and =0 64d' tends to 6d. The value
of &4 can therefore be obtainnd by plotting 8d' against £ for several
values of & and extrapolating the curve to ¢ = 0. This method is shown
in fig.4 for one longitudinal position mf the wedge in the screened
condition. The results of thie s.ries of tests and preliminsry tests 1n
a second longitudinal position showed that the method cf determining &d
could be samplified as follows:

(a) Except for a small apeed range in the screened condition the water
surface inclination 6+ was small enough to be neglected and esquation (3)
reduced to

6d = A - (¢~ £') sin< (&)

(b)  As shown in Fig.h the measured points can be satisfied with a series
of straight lines of equal glofes This means that £' 1s proportional

to &. If ¢' do wratlen as (1/k).¢ and 54! as (4 sin ¢ ~ d) equation
{4) becomes,

5d = (LK) £ sin v = 4 (5)

The value® of k deduced from Fig.h is 1.091 and sinece for these
tests T was 16° equation (5) becomes

5d = 0,2525 £ =4 (6)

Apart from tests at about 8 f£t/see in the screened condition where
a elight correction for &t had to be applied, the whole of the tests
were colculated using equatien (6}, an arithmetical mean being taken of
the values of 84 obtained at any one condition.

& Results

The measured values of wetted length and indicated draft with the
corresponding deduced valucs or the water surface deflection are given
in Tebles T and II., The deflection was measured in twe longitudinal
positions to cover the normal range of model locations and to determine
the local water surface inclinataon,

4,1 BSecreencd condition

The variation of water surfacc deflection with carriage speed is
shewn in Fig.5a. There is a pesk deflection of =0,23 in, at 12 ft/sce
which is the resonant opeed for long waves in the tank®™* | deoreasing
to =0.09 in, at 16 ft/sco and -0,05 in, at 30 £t/sec. Above 12 ft/sec
the meastrements at the two longitudanal positions agree in general te
within 0,02 an. which moeans that the surface inclination is less than

®  7ests on hulls and large wedges using webtbed lengths up to 3 £t
confirm that there is a forward =splash factor k which is independent
of forward speed and depends only on the attitude and deadrise of the

planing bottom,

¥% The velocity of propagation of long waves is v/g x depth of water
and the depth of water is 4 ft & in,



-0,05%, Below 12 ft/sec however the two sets of measurements differ con-
s1derably, the maximum difference being 0,17 in. at 10 ft/sec correspond-
ing to an effective increase in model attitude of 0,4°, The variation

of water surface inclination with carriege speed is shown in Fig.6.

L,2 tQorrect alrflow' condition

In the fcorrect airflow' condition there was no measurablc inclina~
tion of the water surface and a single curve showing the variation of
surface deflection with carriage speed for both longitudinal positions
has been drawn in Fig.5b, The curve is the same gensral shape as for the
sereened condition but the peak value at 12 ft/sec 1s reduced to =0.0¢ 1n.
while sbove 20 ft/sec the deflection is nearly constant ot -0.02 in,

5 Conclusions
The water surface deflections produced by the aerodynamic pressure
field of the carriage are apprecisble, espeecially when testing models

sorecned from alrflow,

5.1 Screened condition

The surface deflection reaches =~0,23 in at 12 ft/sec, the worst
carriage speed which is the resonant speed for long waves in the tank,
while at 10 ft/sec a surface inclination of nearly -0.4° is present at
the model testing position. It is therefore recommended that planing
tests on hulls should only be made at speeds above 16 ft/sec, where the
surface inclination is small and the surface deflection is not varying
sharply with carriage speed but decreases steadily from -0,05 in. at
16 ft/sec to =0,03 in, at 36 ft/sec, The interpolated values of the
water surface defleetion and inelination at the normal model step
position, 2.1 in, behind the GG, attachment, are given in Table IIL
at 1 ft/sec intervals from L ft/sec to 40 ft/sec, The surface defleo-
tion and inclination at alternative positions can be interpolated from
the results in Table I and the curves of Rigs.5a and 6.

5.2 tCorrect airflow' condition

There is no appreciable inclination of the water surface and the
peak deflection is =0,06 in, at 12 ft/sec, decreasing to ~0.02 in. ab
16 £t/sec and remaining at this velue up to 38 ft/sec, The interpolated
values of water surface deflection are given in Teble IIT at 1 ft/sec
intervals from L ft/sec to 4O ft/sec and the correspending curve is

shown in Fig.5b,
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TABLE T

VWater surface deflection measurements, screened condition

Carrlagéﬁ Wedge 2.1 in, af't of Wedge 26,7 in, aft of
Speed balance attachment balance attachment
(£t/sec)
£ d 5d Mean 8d < d 6d | Mean 6d
5 o 0.8 ] 0,10 | +0.02 B
0.85| 0,20 | 40,015] +0.01°
0.69 0020 "'00025 O-']-I-j 0.0l +0,10 +0 095
8 0,80{ 0,21 { -0,01 | =0.018 1,021 0,17 | 40,09 ’
1,30 0,35 & =0,02
-8 Oo 2 = =i, - . '] -
1.91] 0,42 | 40,06 '
0.45| 0.35 =-0,235 0,72 0.40 | ~0,22 -0,02
12 0.90 | 0.435] -0,21 -0.235 1,49 0,595 -0,22
1,15 .55 -0.26
1, 0.25 0.19 -0,125 0,125
0,h0 1 0,21 -(,085 0.52 | 0,20 | ~0,07
16 0,82 % 0.29 \ «0,085} -0.092 Q.88 1% 0,31 | «0,09 -(Q,08
1.28 | 0,43 ~0,105 1.25 0,395 -C,08
0.15 0,11 | -0,07 0,55 0.19 ~(,05
20 0.48 0,20 | -0,08 ~0,075 0,61 0.20 | =0,045| «0,051
0.75 0,27 ~0.08 ' 1.59 1 0.5 ~0,05
0.881 0.29 -0,07 1.67 0.48 | -0,06
0.35 .15 ~0,06 Q.65 | 0,205 ~0,04
o8 0,60 O.215j -0.065| -0,053 1.35 0.0 i -0,06 ~0,05
0.69 | 0.21 , ~0,035 1.38 | 0,40 | =0,05
0099 0-50 "0005
0.31 | 0.105! -0,03 0.57 | 0,18 | -0,035
36 0.72 | 0,21 | ~0.03 -0.027 1.25 1 C,35 -G,035] -0,033
1.50 | 0,40 | =0.02 1.36 | 0.375 | -0,03




TABIE I1

Water surface deflection measurements, 'correct airflow! conditicn

Carriage Wedge 2.1 in, aft of Wedge 26,7 in., aft of
Speed balance attachment balance attachment
(£t fec) ]
£ d &a Mecan &d £ a 3d Mean 6d
5 0.80 0.20 | 0.00 | o.00 | 022|030 =001 o
* . . | . 0.79 0.21 -0.01 .
——] — I
0.70| 0.19 | =0.015; _
8 0.95| 0.25 | -0,01 | "0+
10 0,99 | 0,28 | =0,03 | =0,03 1.47 | 0,40 | -0,03| «0.03
12 Ou96 Onjo —0.06 "0.063
1.307 0.395[ ~C.065
0.80| 0.22 | -0.02
16 0.91] 0,26 | -0.05 | -0,028
1.00.| 0.31 | -0,035
0,32] 0.105{ -0,025 0.8% { 0,22 | -0.01
20 0.70| 0.20 | -0.02 | =0+023 | 100 | 0.27 | -0.02| =0.017
1.58 | 0.42 | -0,02
0.6 0,20 | «0.04
28 0.80 0.22 ‘O-OE -*0.025
1,12| 0.28 | -0.00
1-19 On}ll- -Onoh‘
36 0771 0.205] =0.0L 1 5 35 | 0.83 | 6,23 | -0.02! -0,02
1.26| 0,34 | -0,02
l
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TABLE IIT

Water surface deflection and inclination calibration standard model position 2.1 in. behind balance attachment

Carriage 'Correct 'Correct
Speed Sereened Condition Alrflow! Carriage Sereened Condition Adrflow!
(ft/sec) Condi tion® Speed Condi tion®*
Water Surface Water Surface Water surface (ft/bec) water surface Water Surface Water Surfacs
Deflection Inclination Deflection D flection Inclinaticn Deflection

(in.) (degrees) (in.) (in.) (degrees) (in.)

L +0.,01 +0,03 0.00 25 -0,06 -0,02 -=0,02

5 +0,01 -0.03 0.00 26 ~0,06 =0,02 -0,02

[ +0,01 -0,09 -0,01 27 -0,06 -0,01 =0,02

7 G.0Q =-Q0.17 -0,01 28 ~0,05 ~0,01 0,02

8 ~0,02 ~0.26 -0.01 29 ~0.05 -0.,01 =0.02

9 -0,06 ~0.34 ~0,02 30 0,05 0,00 -0,02

10 -0,11 ~0,38 =0.03 31 0,05 0,00 -0,02

11 -0.20 -0.18 ~0,05 32 0,04 0,00 -0,02

12 -0.23 -0, 0h -0,06 3% 0,04 0,00 ~0.02

13 -0,20 -0,02 ~0,05 3l -0,0k +0,01 -0,02

11, -0,13 -0.02 ~0.0L 35 -0,03 +0,01 -0,02

15 =0.10 ~(3,03 -0,03 36 -0,03 +0,01 =0.02

16 =-0,09 ~0,03 -0.,03 37 =0.03 +0,02 -0,02

17 -{3,09 =0 0Ol 0,02 38 «0,02 +0.02 -0.02

18 -0,08 0,08 =0,02 39 -, 02 +0,02 ~0,01

19 =-0.08 -0,06 -0,02 L0 =0,02 +0,02 -{,01
20 ~0,08 ~0,06 ~0,02
21 ~0,07 «{),05 -0,02
22 ~0,07 =(,05 ~0,02
23 ~0,07 =, 0l -0,02
2L ~0,07 -0,03 -0.02

# There was no measurable water surface inclination in the 'correct airflow® condition.
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FIG. 5.(as b) & 6.
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