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In order to simplify this equation for easy application by
the practicing naval architect, let:

b%cos O

4 sin 2a cos 3 ¢f

1 1
RS=AAbZ§pVQCf=§pV2 (11)
The quantity A\ x b? represents the increase in effective
wetted bottom surface area that is attributed to the whisker
spray contribution to total resistance.

Solving for the quantity A,

cos ©®

A ~ 4 sin 2a cos B

(12)
This expression is plotted in Fig. 5, where the dependence of
AX on trim and deadrise is most obvious. It is seen that for
combinations of small trim angles and high deadrise angles,
which are typical for high-speed planing hulls, the added
spray resistance will be maximum. Thus, the contribution of
the spray viscous force to the total hull resistance can then be
written as:

1
Rs=§pV2A)\ b2 Cf (13)

where

A\ is obtained from Fig. 5

b = beam of the planing hull (feet)
V = planing velocity (feet/second)
Cf = discussed below.

It will be noted from Fig. 5 that for specific combinations of
7 and B, the quantity AX is equal to zero. While there will be
a noticeable whisker spray breaking away from the chines at
these conditions, the direction of its velocity is normal to the
keel. Hence, there is no longitudinal component of the viscous
force and consequently no drag component so that AA = 0.
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V Lws

RNws = (14)
Using the geometric relations previously identified, the value
of Lws is:

b/2

Luws = -5
sin 2« cos B

5 X (15)

Note that Lws will be substantially smaller than the mean
wetted length of the pressure area defined as (Lk + Le) /2.
Hence, the Reynolds number in the spray area will also be
much smaller than that of the pressure area. Further, it has
been shown by Savitsky and Breslin (1958) that the fluid in
the spray sheet consists of a thin layer of the oncoming free-
surface fluid, which is reflected from the stagnation line. It is
expected that the level of free turbulence in this layer of fluid
is quite small. These observations raise some question as to
the state of the model boundary layer in the whisker spray
area.

In 1952, Savitsky and Ross conducted a series of model
tests using a 5 in. beam, 20 deg deadrise planing hull to
determine the state of the boundary layer over a range of
Reynolds numbers. A chemical paint detection technique (de-
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scribed in Savitsky & Ross 1952) was used to define the flow
patterns over the bottom. The paint was white and was
sprayed on the hull bottom, which was painted black. Its
special characteristic was that it would dissolve from the
bottom in turbulent areas, thus exposing the black base color
of the model. It would remain white on the bottom where the
flow was laminar. In these tests, the model was removed
from the towing apparatus after each run and the hull bot-
tom was photographed to record the laminar (white) and tur-
bulent flow (black) areas.

It was found that the flow in the whisker spray area was
laminar or in a state of transition from laminar to turbulent
flow. Figure 4 shows that nearly the entire whisker spray
area was laminar (white color) for the test condition of 6 deg
trim and a speed of 13.02 feet/second. Using the above equa-
tions, the average Reynolds number of that spray sheet was
RNws = 1.5 x 10°. This relatively small Reynolds number
plus the expected low ambient turbulence level implies an
extensive area of laminar flow, thus confirming the experi-
mental observation.

At larger Reynolds numbers it is expected that some por-
tions of the spray area will become turbulent resulting in a
combination of laminar and turbulent flow. According to
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Schlichting (1960, p. 538), the boundary layer will be laminar
to begin with and will change to a turbulent one further
downstream. The position of the point of transition will de-
pend on the intensity of turbulence in the external flow field
and will be defined by the value of the critical Reynolds num-
ber, RN,,,,, which ranges between 3 x 10° and 3 x 10°. The
viscous drag coefficient, Cf, including the effects of mixed
laminar and turbulent flow, is identified by Schlichting as:

0.074 A
" \3/RN EN
where the constant A is related to the Reynolds number at
the position of initial transition from laminar to a mixed
laminar and turbulent flow. It is called the critical Reynolds
number = RN,,,. This equation is the Prandtl-Schlichting
skin friction formula for a smooth flat plate at zero incidence
(Schlichting 1960).

The transition point is determined from experimental ob-
servations. It is dependent on the intensity of the turbulence
in the external flow. A typical curve of Cf versus RN,,,, in the
transition range is shown as curve (3a) in Fig. 7 for an as-
sumed transitional RN,,;, = 5 x 10 ® (Schoenerr 1932). In this
case A = 1,700. It is seen that as RN exceeds RN,,;, Cf
initially increases from its laminar flow value of 0.00188,
attains a maximum value, and then decreases for further
increases in RN and follows the fully turbulent friction curve
at large RN.

In the present study the value of A was estimated by using
data from Clement (1964a, 1964b), where the resistance of
the whisker spray was inferred by comparing model test data
with and without spray deflectors installed on the hull bot-
tom. Converting the whisker spray drag to a friction coeffi-
cient, and knowing its Reynolds number, allowed for a deter-
mination of the value of A in equation (16). The value of A
was found to be approximately 4,800. This corresponds to a
whisker spray RN, = 1.5 x 10° that is well within the
range of critical Reynolds numbers specified by Schlichting.

For RNws < 1.5 x 108 the flow is assumed to be laminar
and the viscous friction coefficient is taken to be the Blasius
formulation (Schlichting 1960).

cr (16)

1.328

\/ RNws

The importance of this discussion of the transition of the
boundary layer from laminar to turbulent flow pertains
mainly to model test results where, for commonly used model
sizes, the RNws will be small enough so that the whisker
spray boundary layer will either be fully laminar or in some
transitional state between a fully laminar and a fully turbu-
lent state. It may be noted that artificial means for stimula-
tion of turbulence in planing hull model tests are rarely used.

The full-scale craft will operate at much higher RN, ,
where it is expected that the whisker spray boundary layer
will be fully turbulent. In this case, the turbulent friction
coefficients such as defined by the Schoenherr friction line
(also referred to as the ATTC line) may be used (SNAME
1948). In summary, the following formulations for estimating
the viscous friction coefficient of the whisker spray measured
in model tests of Clement (1964a, 1964b) are expected to

apply:
For RNws < 1.5 x 10° (laminar flow):
1.328

Cf(laminar) = amn

Cf=—— 18

I RN (18
For RNws = 1.5 x 10® (transitional flow):
0.074 4,800

(19

cr= \/RNws ~ RNuws

This equation is plotted in Fig. 7, curve (5). As expected,
because of the larger value of RN, the values of Cf are less
than those given by the transition curve (3a), and the tran-
sition to fully turbulent flow occurs at relatively larger EN.
This implies a more stable boundary layer in the model bot-
tom area wetted by the fluid that comprises the whisker
spray. Because this equation is based on a limited number of
available model data, there is still some concern about its
applicability to the relatively thin layer of fluid that flows
along the hull bottom. Further analytical and experimental
studies of the viscous characteristics of this relatively thin
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layer of flow are strongly recommended. Of particular use-
fulness would be experiments that directly measure the
whisker spray drag and relate these results to model size. Of
course, full-scale tests would be invaluable.

In conclusion, transitional flow equations, such as in equa-
tions (18) and (19), should be applied to model test results
where the boundary layer is expected to be in a laminar or
transitional state. Because the value of A in equation (16) is
governed by the environmental conditions in a test facility,
the transitional flow equation may be different in different
towing tanks. For full-scale predictions, where the boundary
layer is expected to be fully turbulent, the Schoenherr or
ITTC lines should be used. In this case the pressure area and
the spray area will have different Reynolds numbers and
hence different viscous drag coefficients.

4. Validation of whisker spray drag equation

Wherever possible, the results of analytical predictions
should be verified by comparison with experimental results.
Unfortunately, there are no direct measurements of the
whisker spray drag in the published literature. However,
there are three sources of model test data that can be used
indirectly to obtain estimates of spray drag that can be com-
pared with the recommended equation for spray drag. These
are:

1. A series of model test results that demonstrated the
effectiveness of judiciously located bottom spray strips
in reducing the total resistance of high-speed planing
hulls (Clement 1964a, 1964b). The whisker spray drag
was inferred from the test data and then compared with
the computed drag.

2. A series of high-speed model tests performed by
Kapryan and Boyd (1953) on a 20 deg deadrise pris-
matic hull over a wide range of trim angles and wetted
lengths. By comparing the total model friction drag co-
efficient with the Schoenherr turbulent friction line, it
was possible to identify the whisker spray drag.

3. Model test results of a number of arbitrarily selected
planing hulls where the measured total resistance is
compared with the computed total resistance that in-
cludes hull resistance + whisker spray resistance +
aerodynamic resistance. These results provide for a
validation of the performance prediction method as
originally presented in Savitsky (1964) but now ex-
panded to include the spray drag and bare hull aerody-
namic resistance as measured in model tests. For full-
scale craft, the aerodynamic drag of the superstructure
must of course also be included.

Prior to discussing these model tests, it is important to
note that, in most test reports the model data have been
extrapolated to and are presented as full-scale values. This
raises the question as to how the model whisker spray resis-
tance has been extrapolated to the larger Reynolds numbers
of the full-scale craft. The answer is that at the present time
no separate extrapolation is made of the whisker spray re-
sistance to account for their Reynolds numbers in the full-
scale craft. The current procedure is to use only the wetted
bottom area aft of the stagnation line in calculating the
model viscous resistance and then subtract this from the to-
tal measured resistance (which is the sum of induced pres-
sure drag + viscous drag in the bottom area aft of the spray
root line + the whisker spray drag + aerodynamic drag) to
obtain the residual drag. The part of the bottom area that is
wetted by the whisker spray is customarily neglected (Clem-
ent & Blount 1963). Consequently, the model viscous spray
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drag component is, by default, contained in the calculated
model residual drag and is therefore Froude scaled.

Since the full-scale residual drag is taken to be equal to the
model residual drag multiplied by the cube of the scale ratio,
it consequently scales the model whisker spray drag by the
cube of the scale ratio. This implies that the friction coeffi-
cient in the spray area is the same for the model and full
scale, which of course is not correct. The published data are
nevertheless quite useful since they can be used to isolate the
resistance of the model whisker spray drag, for which the
Reynolds number is known, and then to compare these ex-
perimental results with analytical predictions using the Ccf
versus RN relations given by equations (18) and (19). This
procedure is applied in the following sections of this report.

Each of the above validation efforts is discussed in the
following sections.

4.1. Model tests with and without spray deflectors

In 1964, Clement (1964a, 1964b) conducted model tests on
two planing hulls to examine the effectiveness of adding bot-
tom spray strips to deflect the whisker spray away from the
hull and thus reduce the total hydrodynamic resistance.
Each model was tested with and without spray strips, and
the results were presented as full-scale values. The differ-
ence in measured total resistance was used to identify the
effectiveness of these strips and also, indirectly, to quantify
the magnitude of the resistance of the whisker spray to the
extent that it was deflected from the bottom.

A brief description is given of the model geometries, model
scale, loading, size and location of spray strips, test results,
and comparison between calculated and measured value of
the whisker spray drag.

4.1.1. Results from Clement (1964a). The model used for
these tests represented a 68 ft planing boat to a scale of 1/6.
The model resistance data were converted to a full-scale dis-
placement of 99,500 pounds using the Schoenherr coeffi-
cients of frictional resistance (also called the ATTC friction
line) with zero roughness allowance. The body plan for this
hull and the arrangement of the short spray deflector strips
are shown in Fig. 8. The deadrise angle is 20.5 deg, and the
equivalent full-scale beam measured between the chines is
15.6 ft (model beam = 2.6 ft). The bare hull (no bottom spray
strips) performance results for this hull are given by the solid
curves shown in Fig. 9. All results are presented in nondi-
mensional form.

Longitudinal spray strips were then attached to the hull
bottom, as shown in Fig. 8. As can be seen, they were rela-
tively short and extended from just aft of the spray root line
forward into the whisker spray area. Each strip deflects a
portion of the whisker spray from the bottom and produces a
local dry bottom area that extends from the outboard edge of
the spray strip to the chine. By judiciously locating a number
of such small spray strips (in a chevron-like pattern), as
shown in Fig. 8, it is possible to deflect a substantial area of
the whisker spray away from the bottom. The results of
model tests with these spray strips are shown by the round
symbols in Fig. 9. It is clear that the addition of spray strips
reduced the high-speed resistance by 6% without an increase
in low-speed resistance or changes in trim and heave.

The difference between the resistance of the bare hull and
the hull with spray strips can be taken to be indicative of the
whisker spray resistance. Since the plotted data also define
the running trim angle versus speed, the spray drag was
calculated for each speed using equation (13) of this report.
The details of this calculation and results are tabulated be-
low:
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Whisker Spray

= Stognation Line i

Area wetted by spray
longitudinal spray strips

Fig. 8 Huli body pian and short spray strips used in mode test:

1 o 2
Rs= 5P V= AN DB Cf
where
AN =f(7,B) given in Fig. 5
b =beam of the planing hull model =2.6 ft

V = model planing velocity (feet/second)

0.074 4,800 .
Cf= m ~ ENws (for transitional flow, RNws
= 1.5 x 10%)
1.328

Cf= (for laminar flow, RNws < 1.5 x 10°)

\/RNws

V Lws
RNws (model) =

L b/2
ws_ZXsinZacosB

The spray area used in this equation is the total wetted
spray area as given by equation (7). However, Fig. 8 shows
that the spray strips deflected only approximately 88% of the
total spray area so that the Rs was taken to be 88% of the
calculated value based on total spray area. Table 1 shows
calculated values for the deadrise angle of 20.5 deg., and a
displacement of A = 99,500 pounds.

These calculated values of spray-drag/displacement ratio
were then subtracted from the bare hull drag/displacement
ratios in Fig. 9 to obtain the hull resistance/displacement
ratio when spray strips are added to the bottom. The results
are plotted in Fig. 9 and show rather good agreement with
the experimental results, thus providing some credibility to
the proposed analytical method for estimating the drag of the
whisker spray.

4.1.2. Results from Clement (1964b). Of course, the con-
clusions from a single test may be fortuitous. Fortunately,
Clement conducted similar tests on a 1/10 scale model of hull
No. 4666 of the Series 62 family of hard chine planing hulls
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Fig. 9 Performance with no bottom strips and with short spray strips (from Clement 1964a) and comparison with spray drag calculated in present study
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report as Fig. 13. Although the drag data are somewhat scat-
tered, the following trends can nevertheless be observed.
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Fig. 10 Hull body plan and spray strips used in model tests of Clement (1964b)

contains a body plan of the specific hull, the principal full-
scale geometric dimensions, test displacement, LCG, shaft
angle, roughness allowance, frontal area of the hull above the
keel, dimensions of skeg (if one was used), and the scale of the
test model. The full-scale total resistance versus full-scale
speed is plotted on the lower part of each table.

4.3.3. Computational results. Tables 3 to 6 also contain
the calculated values of full-scale resistance versus speed.
For each hull, the following calculated components of resis-
tance are tabulated separately:

1. Bare hull resistance versus speed

2. Aerodynamic resistance versus speed
3. Whisker spray resistance versus speed
4. Total resistance versus speed.

The methods for calculating each of these resistance compo-
nents are defined in Tables 3 to 6.

Items 1 and 4 are plotted on the lower part of each table for
comparison with the model test results. Of particular inter-
est, these plots also define the speed below which the calcu-
lated wetted keel length is estimated to be greater than or
approximately equal to 0.90 LWL, thus precluding the use of
the computational method for bare hull resistance for this
speed range.

4.3.4. Comparison of computed versus experimental
results. It is seen that for all test hulls, the differences be-
tween calculated total resistance and the results from model
tests are less than 5%. This is indeed encouraging, since the
calculated total resistance is composed of the sum of three
separately computed components.

Further, as previously shown, the agreement between the
calculated whisker spray resistance and that measured di-
rectly by Clement (1964a, 1964b), and the test results of
Kapryan and Boyd (1953) provide additional credibility to
the analytical method proposed in this report. The authors
encourage additional research of this subject particularly as
regards the viscous friction coefficient of the thin sheet of
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water that constitutes the whisker spray. It has been as-
sumed that in model tests there is a mixture of laminar and
turbulent flow in the spray boundary layer and a transitional
friction coefficient is required to quantify the friction coeffi-
cient as a function of whisker spray Reynolds number. It is
believed that further experimental and analytical studies are
necessary to understand this flow regime and to develop ap-
propriate viscous coefficients that will be applicable for both
model and full-scale Reynolds numbers.

4.3.5. Discussion of results. The data in Tables 3 to 6 il-
lustrate the relative importance of the contribution of whisk-
er spray to the total resistance of a high-speed planing hull.
Using the hull shown in Table 4 as an example, the following
observations are summarized:

1. The whisker spray resistance increased approximately
as the 4.3 power of the speed and was nearly 12% of the
bare hull resistance at a maximum speed of 46 knots.
This is due mainly to the fact that the trim angle de-
creases from 9.2 deg at 20 knots to 3.53 deg at 46 knots.
Based on the earlier discussions, the lower trim angle
orients the spray velocity to a more aft direction so the
longitudinal component of its resultant viscous force is
increased, thus increasing the hull resistance. The
quantity, AA, which is a direct indicator of the impor-
tance of spray resistance, is seen to increase from a
value of 0.06 at 20 knots to a value of 0.42 at 46 knots.
This results in a seven-fold increase in resistance due
just to a decrease in trim angle. When the quadratic
effect of speed is included, the spray drag at 46 knots
will be 37 times greater than at 20 knots.

Since high-speed planing hulls are expected to have
high deadrise and will naturally run at relatively low
trim angles, Fig. 5 shows that the quantity Ax will at-
tain large values and hence these hulls are expected to
have large spray-induced resistance components. Thus,
it is imperative that these hulls be fitted with spray
deflectors mounted on the bottom. Recommendations
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Table 2 Values of whisker spray drag (88%

of calculated maximum spray area wetted)

v T Ax 20 Lws RN} Cft ERs* Rs/A*
45 29deg 0.31 394deg 0.76ft 1.6x10° 0.0013 9401bs 0.010
50 26 0.35 35.6 0.82 1.9x10° 0.0016 1,630 0.015
55 22 043 304 0.95 2.5x10° 0.0019 2,860 0.028
60 2.0 048 278 1.03 3.0x10° 0.0021 4,190 0.041

* = full-scale values.

i = model values.

A I
T~ e i
=
I g
-~ 2.000"

4.125"

Fig. 12 Sketch and cross section of Langley model 2768

for proper location and design of these deflectors are
discussed further in the following section of this paper.

2. The aerodynamic resistance of the bare hull at 46 knots
is nearly 6% of the tabulated bare hull resistance. When
combined with the whisker spray resistance, their sum
will increase the bare hull resistance by nearly 18%.
Hence, when using the computational method of
Savitsky (1964), it is essential that at high speed the
whisker-spray and aerodynamic resistances be added to
the results of that computation.

3. The computational method of this paper will allow simi-
lar evaluations to be made for other hulls given their
geometry, loading, and speed. In some cases it may be
that while there is visual evidence of whisker spray
emanating from the chines, the combination of running
trim and hull deadrise will be such as to direct the spray
perpendicular to the keel so that AX = 0 and there is no
spray contribution to hull resistance.

In summary, these studies indicate that the suggested ap-
proach to estimating the whisker-spray resistance appears to
be viable. While there is reasonable agreement between the
calculated and inferred values of spray resistance (based on
three separate series of model tests), the suggested values of
model viscous drag coefficient, Cf, in the transition area of
the whisker spray must still be verified. It is recommended
that additional studies, both experimental and analytical, be
made to further quantify Cf in the whisker spray area.

5. Location and design of whisker
spray deflectors

5.1. Location and area of whisker spray

The boundaries of the whisker spray flow along the bottom
are readily defined by applying the results of calculations
such as presented in Tables 3 to 6. Specifically, again using
the hull in Table 4 as an example, the following procedure is
suggested:

JANUARY 2007

1. The bare hull resistance calculations (item 1) provide
the running wetted keel length, Lk, and wetted chine
length, Lc, as a function of speed. The line connecting
Lk and Le along the bottom defines the aft boundary of
the whisker spray and makes an angle, ¢, with the keel
measured in a plane perpendicular to the hull longitu-
dinal centerplane. This is illustrated in Fig.1.

2. The whisker spray resistance calculations (item 3) de-
fine the angle 6 = 2. This is the angle between the
forward edge of the spray and the keel, measured in a
plane perpendicular to the hull longitudinal center-
plane. This is also illustrated in Fig. 1.

3. The bottom area wetted by the whisker spray is thus
that bounded by the forward and aft edges of the spray
and the chines, as shown by the shaded area in Fig. 1.

5.2. Placement and size of spray deflectors

Clement (1964a, 1964b) demonstrated that three relatively
short, longitudinally staggered deflectors whose aft ends are
Jjust aft of the stagnation line and are mounted on each side
of the bottom will effectively deflect approximately 88% of the
spray away from the bottom. As shown in Fig. 8, the trans-
verse locations of the spray strips are approximately Vi, V%,
and % of the half beam outboard of the keel. The longitudinal
location is such that the aft ends of each strip extend some-
what aft of the stagnation line at each transverse location of
the strips. Since the spray location and orientation are fanc-
tions of speed and loading, the designer should decide the
most favorable location of the deflectors to accommodate the
high-speed range of operation. Calculated results such as
those given in Tables 3 to 6 will provide the necessary guid-
ance for locating and sizing the spray deflectors.

The results of Clement and the present study clearly dem-
onstrate that spray deflectors should be relatively short. If
they are so long that they extend aft into the pressure area
where the fluid flow is essentially in a longitudinal direction,
this extra length will have no effect on the spray but will only
add to the total resistance of the hull.

5.3. Cross-section shape of spray deflectors

Muller-Graf (1991) presents the results of an extensive se-
ries of model tests to develop a so-called “advanced spray rail
system” for semidisplacement hulls. Of particular interest to
the planing hull community is the suggested triangular
cross-sectional shape of the deflector, as shown in Fig. 14.
The sharp outer edge is necessary to facilitate the separation
of spray from the hull. Other features are:

{ = break-off angle of spray deflector >90 deg
3 = bottom angle of spray deflector = 8 deg

b, = width of spray deflector = 0.005 LWL.

sr

Of course, other naval architects may have different pref-
erences for spray deflector geometries that are based on their
own experiences with planing hulls. These hulls are usually
shorter than the semidisplacement hulls studied by Muller-
Graf.
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Calculated Friction Coefficient
Including Whisker Spray Drag
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Fig. 13 Friction drag coefficient versus Reynolds number for test model shown in Fig. 12 (from Kapryan & Boyd 1953)
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Table 3 Computed versus measured total resistance

(Model scale = 12) Geometry and test conditions (full-scale values)

A = 115,000 pounds

LCG = 28.4 ft forward of transom
Beam @LCG = 182 ft
Deadrise @ LCG = 14 deg
Shaft angle = 12 deg

Frontal area of hull
above keel = 216 ft2
LOA =8151t
Roughness allowance = 0.0004
Skeg @keel: L = 36 fi: Area = 65 ft% Thickness = 0.40 ft

(1) Bare hull resistance (use method described in Savitsky 1964) + skeg resistance

VEk V (feet/second) 7 (deg) LE (feet) Lc (feet) RBARE HULL + SKEG (pounds)
28 47.3 3.94 63.0 42.0 13,060
34 57.4 3.84 60.9 39.9 14,590
38 64.1 3.59 . 58.1 36.2 15,410
42 70.9 3.30 56.8 33.3 16,310
44 74.3 3.16 56.4 30.8 16,820

(2) Aerodynamic resistance = Ra (use equation 20)
VEk 28 34 38 42 44
Ra (pounds) 400 580 730 890 980

pair = 0.00234 slugs/ft®.

(3) Whisker spray resistance (use equation 13 and associated example)

VEk 7 (deg) AX 2a (deg) Luwst (feet) RNuwst Cft Rws* (pounds)
28 3.9 0.27 43.4 0.57 7.23E+05 0.0016 300
34 3.8 0.28 42.4 0.58 8.95E+05 0.0014 410
38 3.6 0.30 39.9 0.61 1.06E+06 0.0013 520
42 3.3 0.34 36.9 0.65 1.24E+06 0.0012 650
44 3.2 0.36 35.4 0.68 1.35E+06 0.0011 720
* = full scale.
T = model scale.

0.00001078 ft¥sec (model tests).

(4) Total resistance Rt = RBARE HULL + SKEG + Ra + Rws

Vi 28 34 38 42 44
Rt (pounds) 13,760 15,5680 16,660 17,850 18,5620

28000

R d Experiment
-- O - - Bare Hull+Skeg (Method ref. 1)

— & — Bare Hult+Skeg + Aero + Whisker Spray

20000
i s ) . F.
. H
10000

Maethod invalid below this velocity
(Lk > 0.90 x LWL)

15000

Resistance (ibs)

5000
18.0 23.0 28.0 33.0 38.0 43.0
Vs {kts)
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Table 4 Computed versus experimental total resistance

(Model scale = 8)

Geometry and test conditions (full-scale values)

A = 38,750 pounds
LCG = 13.13 ft forward of transom

Beam @ LCG = 13.1 1t
Deadrise @ LCG = 19 deg

Shaft angle = 0.0 deg

Frontal area of
hull above keel = 65 ft2

LOA = 411t

Roughness allowance = 0.0004

(1) Bare hull resistance (use method described in Savitsky 1964)

Vi V (feet/second) 7 (deg) Lk (feet) Le (feet) RBARE HULL (pounds)
20 33.8 9.2 25.1 16.3 6,970
25 42.2 7.53 24.9 14.0 6,270
30 50.6 6.12 25.5 12.1 5,810
35 59.1 5.05 26.6 104 5,630
40 67.5 4.25 28.0 8.6 5,710
46 77.6 3.53 29.8 6.5 6,070
(2) Aerodynamic resistance = Ra (use equation 20)
VEk 20 25 30 35 40 46
Ra (pounds) 60 90 140 190 240 320
pair = 0.00234 slugs/ft®.
(3) Whisker spray resistance (use equation 13 and associated example)
Vk 7 (deg) AX 2a (deg) LwsT (feet) RNwst Cft ~ Rws* (pounds)
20 9.2 0.06 72.9 0.45 5.01E+05 0.0019 20
25 7.5 0.12 62.2 0.49 6.77E+05 0.0016 60
30 6.1 0.19 52.1 0.55 9.10E+05 0.0014 110
35 5.1 0.26 43.9 0.62 1.21E+06 0.0012 180
40 4.3 0.33 37.5 0.71 1.58E+06 0.0012 310
48 3.5 0.42 31.4 0.83 2.11E+06 0.0017 740
* = full scale.
+ = model scale.
v = 0.00001078 ft¥sec (model tests).
(4) Total resistance Rt = RBARE HULL + Ra + Rws
Vk 20 25 30 35 40 46
Rt (pounds) 7,050 6,420 6,060 6,000 6,260 7,130

Resistance (ibs)

9000

8000

7000

8000

5000

4000

Mathod (nvalid below this velocity
Lk > 0.80.x LWL

‘ * Experiment

3000

-~ © --Bare Huil (Method ref. 1)

- &~ Bare Hull + Aero + Whisker Spray :

0.0

100

20.0 30.0 40.0 50.0

Vs (kts)

JANUARY 2007

MARINE TECHNOLOGY



Table 5 Computed versus experimental total resistance

(Model scale = 16) Geometry and test conditions (full-scale values)

A = 95,000 pounds
LCG = 27.3 ft forward of transom
Beam @ LCG = 16 ft
Deadrise @ LCG = 19 deg
Shaft angle = 14.4 deg
Frontal area of hull
above keel = 150 ft2
LOA =693 1t
Roughness allowance = 0.0000

(1) Bare hull resistance (use method described in Savitsky 1964)

Vk V (feet/second) 7 (deg) Lk (feet) Le (feet) RBARE HULL (pounds)
30 50.7 4.09 614 36.9 10,570
32 54.1 4.06 59.7 35.0 10,890
34 57.5 3.99 58.5 33.3 11,160
36 60.8 3.89 - 57.6 31.8 11,410

(2) Aerodynamic resistance = Ra (use equation 20)

Vi 30 32 34 36
Ra (pounds) 320 360 400 450

pair = 0.00234 slugs/ft®.

(3) Whisker spray resistance (use equation 13 and associated example)

Vk 7 (deg) AX 20 (deg) Lwst (feet) RNuwst Cft Rws* (pounds)
30 4.1 0.36 36.1 0.45 5.27E+05 0.0018 410
32 4.1 0.37 35.9 0.45 5.65E+05 0.0018 450
34 4.0 0.37 35.3 0.46 6.09E+05 0.0017 510
36 3.9 0.39 34.5 0.47 6.58E+05 0.0016 560

* = full scale.
T = model scale.
v = 0.00001078 ft¥sec (model tests).

(4) Total resistance Rt = RBARE HULL + Ra + Rws

Vk 30 32 34 36

Rt (pounds) 11,300 11,700 12,070 12,420

13000

* Experiment

i -- o --Bare Hull (Msthod ref. 1)
12000

~ 8 — Bare Hull + Aero + Whisker Spray oo

11000 -

10000 -

Resistance (Ibs)

[=ToTe 7o [ ENSHURUIRIRDNS SIS S S

. Method invalid below this velocity:
soeo : T Lk>0.90 x LWL

7000

Vs (kts)

JANUARY 2007 MARINE TECHNOLOGY 53




54

Table 6 Computed versus experimental total resistance

(Model scale = 12) Geometry and test conditions (full-scale values)

A = 115,000 pounds
LCG = 27.5 ft forward of transom
Beam @ LCG = 16.2 ft
Deadrise @ LCG = 18.5 deg
Shaft angle = 10 deg
Frontal area of hull
above keel = 164 ft?
LOA = 7451t
Roughness allowance = 0.0004

(1) Bare hull resistance (use method described in Savitsky 1964)

Vk V (feet/second) 7 (deg) Lk (feet) Le (feet) RBARE HULL (pounds)
30 50.6 4.82 58.6 38.2 14,230
32 54.0 4.77 57.0 36.4 14,580
34 574 4.67 55.8 34.8 14,860
36 60.8 4.54 55.0 33.3 15,120
38 64.1 4.39 54.4 32.0 15,360
40 67.5 4.22 54.0 30.7 15,620

(2) Aerodynamic resistance = Ra (use equation 20)

Vk 30 32 34 36 38

40

Ra (pounds) 340 390 440 500 550

610

paie = 0.00234 slugs/ft®,

(8) Whisker spray resistance (use equation 13 and associated example)

Vk 7 (deg) AX 2a (deg) Lwst (feet) RNwsT Cft Rws* (pounds)
30 4.8 0.27 43.2 0.52 7.03E+05 0.0016 280
32 4.8 0.27 42.8 0.52 7.56E+05 0.0015 310
34 4.7 0.28 42.0 0.53 8.15E+05 0.0015 350
36 4.5 0.29 40.9 0.54 8.82E+05 0.0014 390
38 4.4 0.31 39.6 0.56 9.55E+05 0.0014 430
40 4.2 0.33 38.2 0.57 1.04E+06 0.0013 490
* = full scale.
1 = model scale.
v = 0.00001078 ft*sec (model tests).
(4) Total resistance Rf = RBARE HULL + Ra + Rws
VEk 30 32 34 36 38 40
Rt (pounds) 14,850 15,280 15,650 16,010 16,340 16,720

18000

g Experiment

- - © - :Bare Hull (Method ref. 1)

17000

: — -8 — Bare Hull + Aero + Whisker Spray

16000

FResistance (Ibs)

15000

= _,9"‘
o

Method invalid below this velocity :
.. Lk>0.980xIWL | :
13000

14000

20.0 25.0 30.0 35.0 40.0
Vs (kts)
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Hull Bottom

Fig. 14 Suggested spray rail geometry

The recommended sharpness of the outer edge of the de-
flector cannot be overemphasized. Even a slight rounding of
this edge may cause the flow to remain attached to the de-
flector and thus reduce its ability to deflect the spray sheet;
Clement (1964a) shows that a rounded edge (approximately
Y4 in., full scale) nearly negated the effectiveness of the de-
flector. This may present a problem for hulls that are con-
structed in molds where the spray deflectors are an integral
part of the bottom and thus may be difficult to manufacture
with a sharp outer edge.

6. Relation between calculated and measured
trim angle

The computational method of Savitsky (1964) is based on
the hydrodynamics of prismatic surfaces where the buttock
lines are straight and parallel. Thus, the calculated trim
angle, relative to the level water surface, is the same for
every buttock line. This angle is referred to as the “hydrody-
namic” trim angle.

The reference for the trim angle recorded by towing tanks
during tests of conventional warped (nonprismatic) hulls
may vary according to the preferences of the test facility or
the designer. For example, the trim angle may be the angle
between the keel and the level water line, the angle between
the lower edge of the skeg and the level water line, the angle
of the design water line relative to the level waterline, and so
forth. Consequently, a direct comparison of the calculated
trim with the trim angle reported by the towing tank may not
be meaningful.

A brief attempt was made to correlate the computed trim
angle with the geometry of the tested nonprismatic hulls.
Some of the tested hulls had a small amount of warp (dead-
rise increasing with increasing distance forward of the tran-
som) so that some of the buttock lines were at a positive trim
angle relative to the level water surface even in the static
condition. Other hulls had a shallow transom draft so that
the aft length of the keel was at a negative trim relative to
the level water line in the static condition. Consequently,
when planing, the angle of attack (relative to the level water
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surface) at any point on the bottom varies according to its
longitudinal and transverse location. It would be useful to
establish both an effective trim and deadrise for warped sur-
faces. This will require additional systematic model tests
supported by analytical studies. Unfortunately, presently
there is no apparent sponsor for such a study.

In the interim, the present limited study suggests that the
effective deadrise and beam for a warped surface can be
taken as that at the LCG. Relative to the effective trim angle,
the results of this study suggest that the effective trim can be
taken as the geometric trim angle (relative to the level water
surface) of the 1/4 buttock line measured at the forward edge
of the stagnation line.

7. Conclusions

An analytical procedure is developed for calculating the
resistance of the leading edge whisker spray associated with
planing craft. It is shown that the magnitude of this resis-
tance component is dependent on the running trim and hull
deadrise. It is largest for high deadrise hulls operating at
relatively low trim angles, a combination that is typical for
very high-speed hulls. In fact, the whisker spray resistance
can be as large as 15% of the bare hull resistance and must
be included when estimating the total resistance of high-
speed hulls. The present report applies the computation
method to estimate the total resistance of four arbitrarily
selected planing hulls that were model tested at the David-
son Laboratory and shows rather good agreement with ex-
perimental data.

1t is shown that the whisker spray can be deflected from
the hull bottom (with a consequent reduction in hull resis-
tance) by installing relative short longitudinal spray strips
mounted on the bottom. Guidance is provided for the proper
location, size, and geometric shape of these strips.

In model tests, the whisker spray flow along the bottom is
shown to be in a transitional state between laminar and tur-
bulent flows. An equation for its friction coefficient as a func-
tion of local Reynolds number is developed. However, it is
recommended that additional experimental and analytical
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studies be undertaken to further define the viscous drag co-
efficient for model and full-scale planing craft.
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Appendix 1

Aerodynamic resistance of planing hull models

The performance prediction method in Savitsky=(1964) does not
include the aerodynamic drag of the hull cross-sectional area above
the waterline. This is of importance during model tests where the
design naval architect may be comparing tank data (using a hull
model without superstructure) with computer estimates. Because
this aerodynamic drag increases as the square of the towing speed, it
becomes a significant component of the total resistance at maximum
speed.

In order to quantify this drag component, the Davidson Laboratory
measured the drag of many models of planing monohulls towed over
a wide speed range with the hulls set at a trim angle of 0 deg and
raised just above the level waterline. (There was no hull wetting.) It
was found that for typical bow plan forms, the drag coefficient, based
on the frontal area of the hull, was approximately equal to 0.70.

Thus, the aerodynamic drag of the hull can be estimated by the
following simple equation:

1
RAir=-2—pAirV2Ah><Cd (A1)

where
Ry, = aerodynamic resistance of hull
V = velocity, (towing speed * wind speed) (feet/second)
Ah = frontal area of hull (square feet)
Pair = air density (Ib-sec?/fth)

Cd = aerodynamic drag coefficient based on frontal
area of the hull = 0.70

Of course, the naval architect will include both the hull frontal area
and the above deck structure when estimating the total aerodynamic
resistance of the craft. These resistance components must be in-
cluded when estimating the powering requirements of planing craft
at high speed.
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