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051~1-b. Nomenclature

Symbol Definition

A Section Area

AprNs (Area of fin centerplane) x (number of fins)
ATTC American Towing Tank Conference

Ay Ship above-water transverse area

Ay Section area at Station of Maximum Area

Ag Section area at Station O

Asqg Section area at Station 20

By, Maximum beam of waterline, at a particular draft
By Beam, at DWL, at Station of Maximum Area

BZO Beam, at DWL, at Station 20

B/T, Byx/Tx Beam~to-draft ratio

Cp Correlation-allowance cofficient

Can Air drag coefficient, based on ship frontal area
Cp Drag coefficient

CD(AP) Appendage drag coefficient

Note: The formula given herein for Pg(ap) 1s not
non—-dimensional; the values of CD(AP) given herein
and used to compute PE(AP) are applicable for
English-unit computations, only.

CD(BTD) Drag coefficient for bow thruster duct openings
CD(FIN) Drag coefficient for stabilizer fins

Cp Frictional resistance coefficient

Cp Longitudinal prismatic coefficient

Cr Residuary resistance coefficient

CRPP Controllable~reversible-pitch propeller

Cr(TSS) Residuary resistance coefficient for TSS hull forms
Cg Wetted surface coefficient [= S/(V x LWL)O‘S]
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051-1-b. Nomenclature

Symbol Definition

CS(TSS) Wetted surface coefficient for TSS hull forms

Cyp Waterplane area coefficient, at DWL

Cx Section coefficient at Station of Maximum Area

Cy Volumetric coefficient

Da1p Diameter of bow thruster duct openings

Dp Propeller diameter

DWL Design waterline

EAR Propeller expanded—-area-ratio

FPP Fixed-pitch propeller

ITTC International Towing Tank Conference

ig DWL entrance half-angle, in degrees

J Propeller advance coefficient

K Propeller thrust coefficient

Ky Constant required to convert to standard units of
power

L Ship length

Lpp Length between perpendiculars

Ly Length on waterline, at DWL

L/B, Ly/Bx Length—to-beam ratio

P/D Propeller pitch~to-diameter ratio

Pg Effective power

PE(AA) Effective power due to still-air drag

PE(AP) Effective power due to appendages

Note: The formula given herein for Pr(ap) 1s not
non—dimensional; the values of Cp(ap) given herein
and used to compute Pg(pp) are applicable for
English-unit computations, only.
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051~1-b. MNomenclature
Symbol
PE(BH)
Pr(BTD)
PE(FIN)

PE(MISC)

Prlrot)

PMF

rps

SSHIP
STsgs

s/(A x 13992

mean

Definition
Bare hull effective power
Effective power due to bow thruster duct openings
Effective power due to stabilizer fins

Effective power due to miscellaneous appendage
items, hull openings, etc.

Ship total effective power, inclusive of effective
power added by still-air drag and by power margin

Power margin factor

Shaft power

Resistance due to still air

Resistance of appendages

Bare hull resistance

Frictional resistance

Reynolds Number

Residuary resistance

Residuary resistance for a specific hull form
Residuary resistance of equivalent TSS hull form
Residuary resistance per ton of displacement
Total resistance (= Rgy + Rypp + Rap)
Revolutions per second

Wetted surface

Wetted surface of a specific ship

Wetted surface of equivalent TSS hull form

Wetted surface factor (S in ftZ, A in long tous,
L in feet)

Thrust-deduction fraction [ = (Thrust = Rq)/Thrust]

Ship mean draft
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051~1~b.

Note:

Nomenclature

Symbol
TSS

Ty

Ty,

Vy

Vg

V/(L)O.S

WCF

A/(L/100)3

VBH

Pa

Definition
Taylor Standard Series
Ship draft at Station of Maximum Area, to DWL
Ship draft to a particulaf waterline
Propeller speéd of advance
Ship speed

Speed~length ratio (speed in knots, length in
feet)

Worm curve factor

Taylor wake fraction [ = (Vg - VA)/VS]

Ship displacement

Displacement of appendages

Bare hull displacement, to DWL

Displacement of fully-appended hull, to DWL

Displacement-length ratio (A in long touns, L in
feet)

Bare hull volume, to DWL

Propulsive coefficient

Propeller open-water efficiency
Propeller relative-rotative efficiency
Ship model linear scale ratio
Kinematic viscosity of water

Mass density of water

Mass density of ailr

The above symbols which are applicable to dimensional quantities are
equally appropriate for English and metric units of measurement, unless

noted above.

As noted in Section 051-l-c, the use of English units in

the powering performance calculations (described herein) has been assumed
in this design data sheet,
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051=1=c., Introduction.

The purpose of DDS 051-1 is to establish a design practice for devel-
opment of smooth-water powering performance predictions for surface-displacement
ships. The design practice established herein is applicable to the development
of powering performance predictions prior to the availability of full-scale
trials results. When full-scale trials results are available for the ship or
class in question, a different approach is used for development of powering
performance predictions.

The basic methodology for preliminary prediction of the smooth water
powering performance of new naval surface~displacement ships is depicted in
Figure 1. The practices described in Reference (1) are generally applicable.
The manner in which these predictions are carried out, and the data on which
they are based, normally varies at successive stages of design, as is explained
below.

The nature of the supporting data base currently used for powering
performance calculations is such that it is convenient to carry out these
calculations using English units; hence, the use of these units is assumed
herein.

Sample smooth water powering performance estimates are presented in
Section 051-1-h. The first sample estimate utilizes a table, a blank copy of
which is iacluded herein as Table 1, which has been prepared to facilitate
"longhand” preparation of speed-power estimates; note that, for the reason
stated above, Table 1 is applicable only to powering calculations in English
units. The second sample estimate utilizes a computer program, called TSS 84,
for the development of the data. This program is evolutionary and is updated
on a continuing basis. The documentation of the current version of the program
(TSS 84) is presented in Reference (2).

051-1~-d. Methodology for Predictions Made Prior to Availability of Model Test
Results

During the early stages of design, powering performance predictions
must normally be made before any model test results, for the ship design in
question, are available. The inputs required for such predictions are as
follows.

= Lyps Bxs Tyxs Cx, and Cp values, and estimated § and Ay values

~ Selected value of Cy

~ Worm curve factors for the speed range of interest

—~ Selected appendage—drag coefficients

~ Drag coefficients for miscellaneous items (e.g., bow thruster
openings)

- Selected value of still-air drag coefficient

— Selected value of power margin factor

- Estimated value(s) of np

The prediction methodology illustrated in Figure 1 is followed. Table 1 may be
used or the current version of the powering prediction program may be executed,
Explanations of selected elements of the prediction methodology are given
below.
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Estimate Ship Wetted Surface. If no body plan exists, an appropriate
ship wetted surface factor (i.e., SSHIP/STSS) is selected from a com~
pilation of such data, taking into account such factors as general
ship type, bow bulb or dome, transom size and skeg size. The normal
practice is to include the bow dome and skeg wetted surface in the
estimated ship wetted surface. Spgg is determined from Figure 2
(which has been reproduced from Reference (3)). An alterunate method
is to select a wetted surface factor (e.g., S/(A x L)0<3 from a com~
pilation of such data, taking into account Cp, Cy, A/(L/100)>, B/T,
general ship type, bow bulb, transom size, etc. To assess the effects
of Cy and B/T variations on wetted surface coefficient, the plot
given in Figure 3 (reproduced from Reference (4)) may be used. After
a body plan has been developed, the wetted surface can be measured;
however, if this body plan does not include the bow bulb or dome and
skeg(s) which may eventually be incorporated, then an estimate must
be made of the wetted surface added by these items. Estimates of the
wetted surface added by a skeg, bow bulb, or bow dome can be made us—
ing data from similar hull form designs.

Determine Frictional Resistance Coefficient. Unless otherwise speci-
fied, the 1957 ITIC friction formulation should be used to determine
the value of the Frictional Resistance Coefficient (Cy) at each speed;
this formulation is as follows:

Cp = 0.075/(Logyy R, = 2)?
where R, = Vg x Lyp/v

The values of the kinematic viscosity (v) of water to be used in
computing R, are given in Table 2. For preliminary speed-power esti-
mates, the normal practice 1s to use the value of v for sea water at
59 degrees. Tabulated values of Cp (ITTC) versus R, (e.g., Reference
(5)) may be used for convenience.

Determine Correlation Allowance Coefficient (CA) Value. The required
Cp value is dependent upon the type of bottom paint and the condition
of the bottom (e.g., the bottom roughness and fouling). Cs values
which are appropriate for new U.S. Navy ships having the Navy vinyl
paint system applied over sandblasted bottom plating, and having
been out of drydock for only a short time, are determined from the Cyp
formulation included in Table 3. For estimating the resistance of
such ships two years after the initial drydocking, the value of Ca
determined from the formula should be increased by 0.0007. (This
increment is based on previous practice, which was to use a Cp of
0.0005 for new, vinyl-painted ships just after initial drydocking and
a Cp of 0.0012 for such ships two years out of drydock.)

Calculate Ship Frictional Resistance. Ship frictional resistance
(Rp) is calculated, at each speed, as follows:

Ry = (p/2) x S x Vg x (Cp + Cy)
For preliminary estimates, the normal practice is to use the value

of p for sea water at 59 degrees F; values of ; for the practical
range of water temperatures are given in Table 4,
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Calculate TSS Rp/A. The first step is to obtain %R values for a

TSS hull form with the same B/T, Cp and A/(L/100)” values as the ship
in question, using Reference (6) or Reference (7), or both. Reference
(6) provides Cp values for TSS hull forms with B/T values of 2.25,
3.00, and 3.75, and Reference (7) provides Cp values for TSS hull
forms with a B/T values of 4.50. A parabolic interpolation method is
included in Table 1, such that Cr TSS) values at the desired B/T val-
ue can be obtained if 2.25 ﬁ‘B/T < 3.75. Cg Tss) data, and appropri-
ate interpolation subroutines, (for 2.25 < B§T < 3.75) have been in-
corporated into Program TSS 84. For 3.75 < B/T < 4.50, determination
of Cp values by linear interpolation between the values from Reference
(6), for B/T = 3.75, and from Reference (7), for B/T = 4.50, is also
incorporated into TSS 84. The Cp(rsgs) values are converted into TSS
RR/A values, using appropriate TSS wetted surface (Sygg) and ship
displacement values, as follows:

- 2
TSS Rp/A = p % Spgq X Vg“ x CR(TSS)/(Z x A)

Spgg values can be estimated using Figure 2. The normal practice is
to include the bow dome and skeg volume in the Agy and Cp values
used for determination of TSS RR/A.

Estimate Worm Curve Factors. Worm curve factors (WCFs) are the values
of (ShipRg/A)/(TSS Rg/A) at specific values of v/(L)0+5, The TSS Rp/A
values are those applicable to the equivalent TSS hull form (di.e.,

TSS hull form with same B/T, Cp and A/(L/100)3 values as the new

ship design). The WCF values selected for use must be synthesized
from those determined from model tests of hull forms similar to the
new hull form (for which the powering estimate is being made). Sim-
ilarities and differences in secondary characteristics (e.g., bow

bulb or dome type and size, Byn/By, A9n/Ay, and skeg configuration)
must be considered when selecting WCF values. Tabulations and plots
of WCF values for selected destroyer-type hull forms are presented in
Reference (8); WCF data for additional hull forms is included in Ref-
erence (7).

Calculate Ship Residuary Resistance. Ship residuary resistance (Rp)
is calculated, at each speed, as follows:

Rg = (TSS Ry/A) x WCF x Apy,

Calculate Bare Hull Effective Power. Ship bare hull effective
power {PE(BH)] is calculated, at each speed, as follows:

PE(BH) = (RF + RR) p:d Vs/K]_

Estimate Ship Appendage Effective Power. Ship appendage effective
power [PE(AP)] can be calculated by several related methods. The

general form of a frequently used appendage drag equation is as
follows:

= 3
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CD(AP) data for single and twin-screw, destroyer~type hull form/
appendage configurations are presented in Reference (9). Recommended
average values of CD(AP)’ for twin and single-screw, destroyer—type
ships are indicated in Figures 4 and 5 respectively. The data pre-
sented in Reference (9) is considered to be more up-~to-date than the
similar data (for a different drag coefficient formulation) presented
in Reference (10); however, the appendage drag data applicable to
quadruple-screw ships, which is presented in Reference (10), may pro-
vide guidance for the early-stage predictions to which it is applica-
ble. (Note that these CD(AP) values are not nondimensional and apply
to total effective horsepower added by appendages.) For non-destroyer
hull form/appendage configurations, PE(AP) can be proportioned from
the results of model tests of generally similar ships.

It should be noted that the effective power added by sea chest open-
ings aund other small hull openings is normally considered to be in-
cluded in the appendage effective power as determined by the method
noted above [e.g., use of CD(AP) values from Reference (9)]. When
hull openings become significant, such as is the case for large wells
and for tunnel~type bow thrusters (without covers), then the drag of
these items should be accounted for separately. The general form of
an equation for estimating the effective power increment due to a bow
thruster duct, with openings port and starboard, is as follows:

Pacprpy = (P/2) x (vg3/k)) x ("Dppp2/4) x Co(BTD)

A CD(BTD) value of 0.08 has been used within NAVSEA for development of
preliminary estimates of Pg(BTD).

It should also be noted that the CD(AP) values in Figures 4 and 5 are
considered to apply only to appendage sets which do not include roll
stabilizer fins. A limited amount of experimental data on the drag

of stabilizer fins is available. 1In Reference (9), for instance,
PE(FIN) = 0.025 Pr(pu) was found to approximate the effective power
added by actual fins on certain destroyer-type ships, based on limited
data. The general formula for estimating the effective power incre-
ment due to stabilizer fins is as follows:

Peeprny = (P/2) x (Vg3 /X)) x Agpyg x Ch(rINg)

Estimate Effective Power Due to Still—Air Drag. The following general
form of an equation for calculating effective power due still-air

drag [PE(AA)] is:

PE(AA) = (pa/2) x Ay x V83 x CAA/Kl

0.45 for aircraft carriers

where CAA

]

0.70 for destroyer—type ships

fi

0.75 for naval auxiliaries

The still-air drag prediction method given in Reference (11) may also
be used.
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Select Power Margin Factor. Unless specified otherwise, select Power
Margin Factor (PMF) in accordance with the NAVSEA speed-power margin
policy. The policy is given in Table 3.

Calculate Ship Total Effective Power. Ship total effective horse-
power is calculated as follows:

Pr(ror) = PMF x [Pg(pn) * Pg(ap) * Pr(aa)l

Estimate Propulsive Coefficient. Ship propulsive coefficient (nD) is
defined as follows:

Np = [(l "t)/(l —W)] XT]R XT]O

During the early stages of design, n, values derived, at least in
part, from model tests of similar hull/appendage/propulsor configu-
rations should be used. The effects of anticipated differences in
hull and propeller characteristics (e.g., differences in Dp/T values
between the new design and the data base ships) on n_ should be esti-
mated. As soon as the hull form dimensions, Cp, Cx, and are defined,
the n,, at one or more speeds, can be estimated by estimating values
for 1 - t, 1 - w, Ng > and Nge It is sometimes possible to estimate

1 -t, 1 -—w, and n, values using results of model tests of similar
hull form/appendage?propulsor configurations. The general formulae
for estimating 1 - t and 1 - w which are given in Reference (11) may
be of use in certain cases; other general information which can be
used for predictions of these values is given in References (1) and
(12). Hull-propeller interaction coefficients derived from model
tests have been analyzed statistically. Typical results, applicable
primarily to commercial ships, are presented in References (13), (1l4),
(15), (16), and (17). Statistically-derived relationships have also
been developed for predictions of 1 - t and 1 - w for twin-screw
naval ships; these relationships, based primarily on results of model
tests of U.S. Navy ships, are presented in Reference (18). It must
be noted, however, that statistically-derived relationships for hull/
propeller interaction coefficients may not be completely appropriate
for use with the relatively larger, slower—turning propellers being
considered for some naval ship designs; hence, these statistically-
derived relationships or data should be used only for basic estimates
which can then be corrected to reflect deviations caused by differ-
ences in propeller characteristics. Using estimated values of total
Pp (including effects of still-air drag and power margin), 1 - t,

1 = w, and np, an estimate of n, values can be made from propeller
series data %such as Reference (19)], lifting line calculations, or
open water test data for a propeller which has approximately correct
physical characteristics.

If series data or open-water data of an existing propeller is used, a
useful method of finding the rps_and ng at which such a propeller
would operate 1s to compute /J¢ for the ship, using estimated val-
ues of 1 - t and 1 - w, for a specific speed; note that:

Ko/ J2

(Thrust per propeller)/(p x Dpz X VAZ)

= Rp/[p X DP2 X VS2 x (1 - t) x (1 -~ w)2 ¥ (no of propellers)]
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051-1~-e,

and J values which give the KT/J2 value computed for the ship,
when plotted (Kyp versus J), represent the trace of conditions at
which a propeller must operate for the ship in question. The inter—
section of this "ship Ky versus J" trace and an actual propeller Ky
versus J plot (determined from open-water tests) represents the K,
J point at which such a propeller would operate and yields the asso-
ciated rps and ng values. To minimize the possibility of incompati-
bility between the initial estimate and the final-design estimate of
propeller characteristics and performance, the lifting~line method of
predicting propeller characteristics and performance should be util-
ized as early as possible in the design process; further, propeller
characteristics must be matched to machinery characteristics, as
early as possible, for the same reason. Finally, it should be noted
that propeller noise and cavitation requirements must be taken into
consideration when selecting propeller characteristics for a new
design.

Calculate Shaft Power. For selected speeds, over the speed range of

interest, shaft horsepower is calculated as follows:

Pg = Pg(ror)/ D

Prepare Speed-Power Plot. Prepare a speed power plot, similar to the

sample depicted in Figure 6. The plot may consist solely of a shaft
power versus speed curve or may include curves of ship total effec-
tive power versus speed, and of propulsive coefficient versus speed.
In all cases, it is advisable to include the ship characteristics and
data source information, either on the plot page or attached as a sup-
plementary information page, such that the plot is self-explanatory;
to this end, the use of the standard form, attached hereto as Figure
7, is recommended.

Predict Achievable Speeds. Using the curve of shaft power versus

speed, the achievable speed at 100 percent installed shaft power is
the predicted Trial Speed. Similarly, the current practice is that
the achievable speed at 80 percent installed shaft power is considered
to be the Sustained Speed. These speed capabilities are normally
determined for the ship in the clean—bottom, full load displacement
condition.

Methodology for Prediction Made After Availability of Bare Hull

Effective Horsepower Model Tests

After bare hull effective power model test data for the new ship

design is available, and assuming that the test data was extrapolated to full-
scale values using ITTC frictional resistance ccefficients and the specified Cp
value, for the correct values of ship displacement, the powering performance
predictions should be carried out as follows:

Calculate Ship Bare Hull Effective Power. Full scale Pr(BH) values

should be used. If model resistance values were not extrapolated to
full-scale using ITTC frictional resistance coefficients, or if a
powering performance prediction based on a Cp value other than that
used for extrapolation of the model data is desired, then corrections
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051~1-f.

must be made. Corrections to the full scale PE(BH) values, for each
0.0001 change in the Cp value, can be made at each speed as follows:

Pypy) increment = (p/2) x S x V> x 0.0001/K,

Corrections to the extrapolated model test Pr(gy) values occasioned
by the use of different frictional resistance coefficients (e.g., the
Schoenerr coefficients) must be made to the actual model test data
and then this corrected data must be extrapolated to full scale. If
PE(BH) values are required for a ship displacement which is different
from that represented in the existing model tests results, then the
data must be corrected. In general, the use of the methodology pre-
sented in Section 051-1-d is appropriate; however, it should be pos-
sible to use the model S/(4 x L)O' value for reestimating wetted
surface and Ry, and the worm curve factors derived from the tests

for reestimating Ry.

Estimate Ship Appendage Effective Power. Use methodology in Section

051-1-d.

Estimate Effective Power Due to Still-Air Drag. Use methodology in

Section 051-1-d; update Ay value, if possible.

Select Power Margin Factor. Unless otherwise specified, select the

power margin factor in accordance with the NAVSEA policy. The policy
is given in Table 4.

Calculate Ship Total Effective Power. Use methodology in Section

051~1-d.

Estimate Propulsive Coefficient. Use methodology in Section 051~1-d.

Calculate Shaft Power. Use methodology in Section 051-1-d.

Prepare Speed-Power Plot. Use methodology in Section 051-1-d.

Predict Achievable Speeds. Use methodology in Section 051-1-d.

Methodology for Predictions Made After Availability of Self-Propulsion

Model Tests, Using Stock Propeller(s) or Initial-Design Propellers

After the data from self-propulsion model tests, in which the stock

(or initial-design) propeller was used, are available, and assuming that the
effective power tests were extrapolated using ITTC frictional resistance coef-
ficients and the desired C4 value, that the self propulsion tests were carried
out accordingly, and that the displacement(s) represented by the tests was
(were) equal to the displacement(s) for which predictions are to be made, the
powering performance predictions should be carried out as follows:

Calculate Fully-Appended Ship Effective Power. FExtrapolated model
test values of fully-appended ship effective power should be used.
Corrections for the use of a different Cj than that used for extrap-
olation of the model tests can be made as noted in Section 051-l-e.
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(Corrections for the use of different frictional resistance coeffi-
cients or a different displacement than represented by the test data
can be made in a manner similar to that noted in Section 051-l-e;
however, in the case of appended ship effective power, the residuary
resistance can be considered to include the non-frictional portion
of the appendage resistance, and the faired model test data extrapo-
lated accordingly.)

Estimate Effective Power Due to Still-Air Drag. Use methodology in
Section 051-1-d; update Ay value if possible.

Select Power Margin Factor. Unless otherwise specified, select the
power margin factor in accordance with the NAVSEA policy. The policy
is given in Table 4.

Calculate Ship Total Effective Power. Use methodology in Section
051-1~d.

Estimate Propulsive Coefficient. The I - t, 1 - w and np values
determined from the self-propelled model tests with stock propellers
can be used. Normally, the stock (or initial-design) propeller ng,
values should not be used. Instead, ny values anticipated to be
achievable with the final design propeller should be used. In addi-
tion to the 1 - t, 1 - w and ng values determined from the model
tests, the ship total effective power values, including effects of
power margin, still-alr resistance, and all corrections should be
included in the propeller loading used for determining the achievable
ng values and the ny values. Normally, the anticipated performance of
the final propeller is predicted using a lifting-line program; the
ship design requirements with respect to propeller noise and cavita-
tion must also be considered at this time. Even if the final propel-
ler design cannot be completely defined before a new powerlng estimate
is required, 1t is usually possible to estimate the achievable ng
values using the above means. It should also be noted that powering
tests with the final design model propellers sometimes result in
different measurements of 1 - t, 1 - w and ng than do tests with
stock propellers; in particular, this has been noticed when a highly-
skewed final propeller design is used. If such differences are
anticipated, an attempt must be made to estimate the effects these
differences will have on the final propeller design and on the n
estimate. Finally, it can be noted that, when a new ship design is
very similar to a previous design, it is likely that the design
propeller of the previous ship would be used as the stock propeller
for the model tests of the new ship; in this case, it will be possi-
ble to use the open~water data of the final propeller of the previous
ship design for making any Ng adjustments at this stage of design.
(See note under "Estimate Propulsive Coefficlent”, Section 051-1-d,
regarding the use of ship KT/J2 data.)

Calculate Shaft Power. Use methodology in Section 051~1-d.

Prepare Speed-Power Plot. Use methodology in Section 051l~-l-d.

Predict Achievable Speeds. Use methodology in Section 051~1-d.
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051-1-g. Methodology for Predictions Made After Availability of Self-Propulsion
Model Tests, Using Final Design Propeller(s)

After the data from self-propulsion model tests, in which the final-
design propeller was used, are available, and assuming that the effective power
tests were extrapolated using ITTC frictional resistance coefficlents and the
desired C, value that the self-propulsion tests were carried out accordingly,

and that the displacement(s) represented by the tests was (were) equal to the
displacement(s) for which predictions are to be made, the powering performance

predictions should be carried out as follows:

Calculate Fully-Appended-Ship Effective Power. Use methodology in
Section 051~1-f.

Estimate Effective Power Due to Still-Air Drag. Use methodology in
Section 051-1-d; update Ay value.

Select Power Margin Policy. Unless otherwise specified, select the
power margin factor in accordance with the NAVSEA policy. The policy
is given in Table 4. At this stage of design, when using the smallest
PMF values from the NAVSEA policy, it must be clear that the perfor-
mance of the final-design propeller has been demonstrated to be accep-
table, based on analyses of the propeller open-water, the propeller
cavitation, and the final self-propulsion model tests.

Calculate Ship Total Effective Power. Use methodology in Section
051-1-d.

Estimate Propulsive Coefficient. Using values of ship total effective
power (with effects of still-air drag and power margin included) at
successive speed values, plots of ship KT versus J (using /J2 values
determined from the model tests results) are overlaid on the open-
water Ky versus J plot of the final propeller design at each speed.
(See note under "Estimate Propulsive Coefficient", Section 051-1~d,
regarding the use of /J“ data.) These n, values, together with the
I - t, 1 ~wand n, values, at each speed which were determined from
the model tests with the final propeller, are used to develop the

ship propulsive coefficient estimates.

Calculate Shaft Power. Use methodology in Section 051-1-d.

Prepare Speed-Power Plot. Use methodology in Section 051-1-d.

Predict Achievable Speeds. Use methodology in Section 051-1-d.

051~1-h. Sample Smooth-Water Powering Performance Estimates for a Surface-
Displacement Ship

Sample Estimate, Using Table 1. A sample smooth-water powering per-—
formance estimate for a twin-screw, naval surface-displacement ship,
using the format presented in Table 1, is presented in Table 5. The
Pg versus Vg and n, versus Vg data presented in Table 5 is depicted

in plot form in Figure 6.
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Sample Estimate, Using Program TSS 84. A sample smooth-water powering
performance estimate for a twin-screw, naval surface-displacement
ship, which was carried out using Program TSS 84, is presented in
Table 6. The input used for the estimate presented in Table 6 is the
same as the input for the estimate presented in Table 5; the plots
depicted in Figure 6 are also applicable to the estimate presented in
Table 6.
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For a given hull, appendage, and propeller configuration, at specific values of ship speed:

I
! 1 \ \ 1
Estimate Calculate Select Calculate Estimate
S Cp Ca TSS RR/A WCF
A
Calculate Calculate
RF Ry N
Y v
Calculate Estimate -
RBH Rap & Rpa o
! ¥
Calculate Select »
RT PMF N
[

Calculate Estimate
Pr(TOT) np -
|

Calculate

Pg
FIGURE 1. Methodology for Prediction of Smooth-Water Powering

Performance for Surface-Displacement Ships
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FIGURE 4. Appendage Drag Coefficients for Twin-Screw

Naval Ships With Strut—Supported Shafts
Sheet 1: Plot



Notes:
1. CD(AP) values based on PE data calculated with ITTC friction line and C, = 0.0005, except as noted.
2. When selecting the recommended curves for FPP ships, the "X" points were ignored.

3. When selecting the recommended curve for CRPP ships, the CD(AP) values for PCG and PGG were given more
"weight” than Cp(ap) values for WHEC and WMEC.

4, The two CSGN points represent model test data for two difference hull forms.

5. Compared to the typical Dp/Tyx value of ships represented on this plot, the Dp/Tyx value of the AOE 1
is small.

FIGURE 4. Sheet 2: Notes
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Notes:

1. CD(AP) values based on Pp data calculated with ITTC friction line and Cp = 0.0005, except as noted.

2. Cp(ap) value for the SCS is based on only three Pr(ap) values at closely spaced speeds.
3. Cp(aP) value for the DE 1006 may include the effect on appendage resistance of two small sound domes.

4, CD(AP) value for the FFG 7 includes the effect on appendage resistance of a skeg and a small, keel-
mounted sound dome.

5. Compared to the typical Dp/Ty value of ships represented on this plot, the Dp/Tx value of the AE 26
is small.

FIGURE 5. Sheet 2: Notes



Ship Condition

b (M) 8500

T (f1) 20.0]

Trim ( ) (by bow/stern)

2 * &
Total § (£1°) 31849

Basis for Pg Estimate

— Frictional resistance based on

ITTC _3 C4 = 0.0004 -

- Residuary resistance based on 1465

AND WwWCFs FROM FIG. 24 OF

NAVSEA RPT C32i3-80-27

~ Appendage resistance based on FI1G.4-

—70

OF DDS 05 ]

- Still-air drag based on Cyy = .70

and Ay = 4030 (£

&
)

)

- 8 % power margin included in total

effective power =

\Ji
Q

Basis for Ny Estimate

AS DETERMINED BY NAVSEA 56X

,5-
=

Power ( HPx 10~

.70

SHAFT

12 14 7 8 20 22 24 26
Ship Speed (KTS)

FIGURE . FRELIMINARY Speed-Power Curve(s) for
(Design Stage)
EXAMPLE su4IP s _FULL LoAD
(Ship, or Ship Design) (Ship Condition)

PERTINENT HULL FORM, APPENDAGE, AND PROPELLER DATA

Bare Hull Characteristics, to DWL:

Ly (f1) 465.88
By (£1) 62.00
Ty (f1) 20.01
cx 0.825
Cp 060
gy (LT) 8400

s (51 31849
Ag/Ax ' _ 0
Ago/Ax _0:-040
ip ( )

Byo/Bx 0-540
Cyp 0-780
FB/Lpp “ I
Lpp/Bx 7.5

By /Ty 3.098
8/(0.01Lpp)3 84.54
Cg 2.71

Bow Bulb or Bow-Mounted Sonar Dome

Description:
SQS5 53 SONAR DOME

Skeg:

Included in bare hull A and Cp?
Yes (V) No ( )

Fore and Aft Extent: Sta. to Sta.

Type: Appended ( )

Hull Model Description:

Model No.
A

Lines and/or Body Plan Drawing No.:

Integral (+)

Prepared by:

Date:

Appendage Description:

Rudders
Number 2.
Wetted Area (each) ( )

Bilge Keels:

Depth (Maximum) (1) 4.00
Extent Sta. to Sta.

Stabilizer Fins:
Number NONE
Wetted Area (each) ( )

Main Shaft Strut Arms:

Type RADIAL,VEE

Section .

Chord « )

Thickness )

Length ¢ )
Intermediate Shaft Strut Arms:

Type NONE

Section

Chord « )

Thickness (¢ )

Length )
Keel-Mounted Dome:

Type NONE

Location Sta.

Description of Estimated Final
Propeller(s):

Number of Propellers 2
Diameter 1) {100

Type: FP () CRP (i)
Nominal Ahead P/D

E.A.R.

Direction of Ahead Rotation:
Outboard ( v Inboard ( )

Miscellaneous Data:

Propeller tip~to-hull
clearance (£1) 5,443

Other:

FIGURE 6. Sample Speed-Power Curve



Ship Condition

App «
T « )
Trim ( ) (by bow/stern)

Total S ( )

Basis for Pp Estimate

- Frictional resistance based on

; C4 = 0.00

- Residuary resistance based on

~ Appendage resistance based on

- Still-air drag based on Cpap =

and Ay = «C )

- % power margin included in total

effective power

Basis for Np Estimate

FIGURE

Ship Speed (

(Design Stage)

)

.
3

Speed-Power Curve(s) for

(Ship, or Ship Design)

(Ship Condition)

)

x 10~

Power (

PERTINENT HULL FORM, APPENDAGE, AND PROPELLER DATA

Bare Hull Characteristics, to DWL:

Appendage Description:

Ly (

Bx

(
(

)
)

Rudders
Number
Wetted Area (each) ( )

Bilge Keels:

N

gy (
s C )
AO/AX
Axo/Ax

ig ( )
By0/Bx

Cup

FB/Lpp
Lpp/Bx

By/Tx
A/(0.01Lpp)>
Cs

Bow Bulb or Bow-Mounted Sonar Dome

Description:

Depth (Maximum)

(

Extent

Stabilizer Fins:
Number
Wetted Area (each) (

Main Shaft Strut Arms:
Type
Section
Chord (
Thickness (
(

)

Sta. to Sta.

)

)
)
)

Length

Intermediate Shaft Strut Arms:
Type
Section
Chord
Thickness
Length

o~
N N N

Keel-Mounted Dome:

Type
Location Sta.

Description of Estimated Final
Propeller(s):

Number of Propellers
Diameter (G
Type: FP () CRP ( )
Nominal Ahead P/D

E.A.R.
Direction of Ahead Rotation:
Outboard ( ) Inboard ( )

Skeg:

Included in bare hull A and Cp?

Yes () No ( )

Fore and Aft Extent: Sta. ___ to Sta. ____
7 Type: Appended ( ) Integral (

Hull Model Description:

Model No.
A

Lines and/or Body Plan Drawing No.:

Prepared by:

Date:

Miscellaneous Data:

Propeller tip-to-hull
clearance ( )

Other:

FIGURE 7. NAVSEA Design Data Sheet 051-1
Standard Form for Speed Power
Curves



TABLE 1

NAVSEA FORM FOR SMOOTH-WATER SPEED-POWER ESTIMATES FOR SURFACE DISPLACEMENT SHIPS

Ship « Lines or Body Plan Drawing No. - Estimate Date __/“nf_g. Estimator
SHIP CHARACTERISTICS CONSTkAINTS, RATIOS, AND FACTORS COMPUTATIONS
@ Ly (ft) = @ Seawater Temperature (°F) - @ S(1ss) (£¢%) = [ x ( x @)0'5] = @ 4/3[@ - (3.00)] =
(@) sy (£0) = p (b » sec? » fi4) - @6 S(snipy (F£2) = (@) x (9) - GD  Ry(pssy (16) = (1.4264 x « @ x @« @
(per Table 3, DDS 051-1) P —
@ Tx (ft) = or = x @2 * )
(:) v (£t2 « gec~l) - 3
(&) ap (1. tons) - (per Table 2, DDS 051-1) [@x (&) x (105 - @) rpapy 3 = (D x @ «x &P x @) - x (@)
(O tppp (v tons) = Ca - @) = =689 < (D« /@) °r
(&) gy (1. ctons) = CS(SHIP)] g = [0.075 / (Log;u @) - 2)?) Explain derivatfon of Pg(apy values (mote if keel domes included):
@ « . Cs(1ss) @ =r (1b) = [1.4264 x x 29 x (32 x (@ + @9)1
*)
Cp Q. = [ (@2 x (o. + 28))
C
T - D 3
® sy = (ggrsgis- 2, DDS 051-1) Cr(TSS) @9 Pgany @ = (@ x @ x @/ 96,500 =« ® |
3 (per Reference (6), DDS 051-1) ;
Tou (£69) - @ ] (£¢1+5 + tons=0-5) G9 Prwrscy (EP) - |
C:) cV(BH) = (§§ x L“L)O.S Explain derivation of Pr(MISC) values or formulae:
12 Dp (£t) =
O @ CD(AP; (8P « ££72 « knote™3 -
<:> No./Type of Props. = /[ (per Fig. 4 or 5, DDS 051~1, or
@ 2 source: ) =
Ay (ft5) = n
v (:) Caa - Egplain derivation of Ny values
(source: ) -
@) mr -

(per Table 4, DDS 051~1)

* Determine from data for similar hull forms; data
in Ref. (7), DDS 051-1 can be used.

@ ® ® ® ®

E(BH) E(AP) Pr(aa) | Prouisc) L LPg PE(TQ‘T) p Pq

CHcion:) ®/@

® ® © @

v/ )0 R c

12 1o o oo @]lo]le e lo] e

) (B/T = 2.25B/T = 3.00[8/T = 3.75| (n)-(2) @+@_ “Rerssy | Rrerss) Rp (ship)

©
(knoks) (T,0D05 @ @ ) 2 ECE IR OLOLOIN®) e | 0@ one @ 69 )

7@
©)

3 - - - -
x10 x10 x 1072 107 x 1073 < 1073 107 x 1073 x 1077 x 1077

8 TABLE 1. NAVSEA Form for Smooth-Water Speed-Power
%% Indicate Appropriate Power of 10, e.g. 10 Estimates for Surface Displacement Ships



TABLE 2. Kinematic Viscosity of Water

(Values Adopted by ATTC in 1942)

Kinematic Kinematic Kinematic Kinematic
Viscosity of Viscosity of Viscosity of Viscosity of
Fresh Water Sea Water Fresh Water Sea Water

v x 102 Temperature v x 10° v x 10° Temperature v x 10°

(ftz/sec) (degree F) (ftz/sec) (ftz/sec) (degree F) (ftz/sec)

1.9291 32 1.1937 61 1.2470
1.9822 33 1.1769 62 1.2303
1.8565 34 1.1605 63 1.2139
1.8219 35 1.1444 64 1.1979
1.7883 36 1.1287 65 1.1822
1.7558 37 1.1133 66 1.1669
1.7242 38 1.0983 67 1.1519
1.6935 39 1.0836 68 1.1372
1.6638 40 1.0692 69 1.1229
1.6349 4] 1.6846 1.0552 70 1.1088
1.6068 42 1.6568 1.0414 71 1.0951
1.5795 43 1.6298 1.0279 72 1.0816
1.5530 44 1.6035 1.0147 73 1.0684
1.5272 45 1.5780 1.0018 74 1.0554
1.5021 46 1.5531 0.98918 75 1.0427
1.4776 47 1.5289 0.97680 76 1.0303
1.4538 48 1.5053 0.96466 77 1.0181
1.4306 49 1.4823 0.95276 78 1.0062
1.4080 50 1.4599 0.94111 79 0.99447
1.3860 51 1.4381 0.92969 80 0.98299
1.3646 52 1.4168 0.91850 81 0.97172
1.3437 53 1.3961 0.90752 82 0.96067
1.3233 54 1.3758 0.89676 ’ 83 0.94982
1.3034 55 1.3561 0.88621 84 0.93917
1.2840 56 1.3368 0.87586 85 0.92873
1.2651 57 1.3180 0.86570 86 0.91847
1.2466 58 1.2996

1.2285 59 1.2817

1.2109 60 1.2641



TABLE 3. Speed-Power Margin Policy for Surface Ship Design

The NAVSEA speed-power margin policy for surface ship design is as follows:

o)

(1)

(2)

(3)

The power margin a%Ylicable during each stage of the design shall be applied
to effective power ), over the entire speed range.

The effects of still-air drag shall be included in the estimates of effective
power.,

The following margins(z) shall be applied to effective power<3):

104 - During Feasibility and Preliminary Design, prior to development of a
preliminary body plan, appendage configuration, etc.

8% ~ During Preliminary and Contract Design, prior to conduct of self-—pro-
pelled model tests.

6% - During Preliminary and Contract Design, after self-propelled model
tests with the stock propeller have been conducted. This margin is to
be used with model test data which has been corrected for the differ-—
ence between the anticipated performance of the final design propeller
and the measured performance of the stock propeller.

47% - During the final stages of Contract Design, after self-propelled model
tests with the design propeller have been conducted.

Although the power margins are applied to effective power estimates, they
are intended to cover all the uncertainties in the resistance, hull-pro-
peller interaction, and propeller efficiency estimates.

The margins are given as percentages; however, they are frequently applied
by means of a Power Margin Factor (PMF). Note that PMF = [l + (margin, in
percent)/100)]

The estimates of effective power to which this policy applies are those
which are appropriate for the condition of clean hull and propeller(s) and
which are based on use of Cp values derived from the following formula for
ship lengths between 190 feet and 960 feet:

c, = [0.008289/L/3] - 0.00064
where L is ship length in feet. For ship lengths less than 190 feet, Cp

has the value 0.0008; and for ship lengths greater than 960 feet, Cp has
the value 0.0002.



TABLE 4. Density of Water

(Values Adopted by ATTC in 1942)

Density of Density of Density of Density of

Fresh Water Sea Water Fresh Water Sea Water

(1b i sec?/ Temperature (1b i sec?/ (1b i secl/ Temperature (1b i sec/
frb) (degree F) fr4) frh) (degrees F) £t4)
1.9399 32 1.9947 1.9381 61 1.9901
1.9399 33 1.9946 1.9379 62 1.9898
1.9400 34 1.9946 1.9377 63 1.9895
1.9400 35 1.9945 1.9375 64 1.9893
1.9401 36 1.9944 1.9373 65 1.9890
1.9401 37 1.9943 1.9371 66 1.9888
1.9401 38 1.9942 1.9369 67 1.9885
1.9401 39 1.9941 1.9367 68 1.9882
1.9401 40 1.9940 1.9365 69 1.9879
1.9401 41 1.9939 1.9362 70 1.9876
1.9401 42 1.9937 1.9360 71 1.9873
1.9401 43 1.9936 1.9358 72 1.9870
1.9400 44 1.9934 1.9355 73 1.9867
1.9400 45 1.9933 1.9352 74 1.9864
1.9399 46 1.9931 1.9350 75 1.9861
1.9398 47 1.9930 1.9347 76 1.9858
1.9398 48 1.9928 1.9344 17 1.9854
1.9397 49 1.9926 1.9342 78 1.9851
1.9396 50 1.9924 1.9339 79 1.9848
1.9395 51 1.9923 1.9336 80 1.9844
1.9394 52 1.9921 1.9333 81 1.9841
1.9393 53 1.9919 1.9330 82 1.9837
1.9392 54 1.9917 1.9327 83 1.9834
1.9390 55 1.9914 1.9324 84 1.9830
1.9389 56 1,9912 1.9321 85 1.9827
1.9387 57 1.9910 1.9317 86 1.9823
1.9386 58 1.9908
1.9384 59 1.9905

1.9383 60 1.9903




NAVSEA FORM FOR SMOOTH-WATEE SPEED-POWER ESTIMATRS FOR SURFACE DISPLACEMENT SHIPS

Lines or Body Plan Drawing Ne.

Eetimate Date {{_/_/_&_—7/_8_3 Estimator

SHIP CHARACTERISTICS CONSTRAINTS, RATIOS, AND FPACTORS COMPUTATIONS
’\)y Ly, (ft) - _/fé588 @ Seswater Temparature (°F) L] 5?0 @ S(1s8) (fcz) = [ x ( x @)0'5) « 29720 @ 5/3[@ - (3.003] - Q/—‘;——-W
@ By (ft) = @& 00 ? (1b » sec? « fi4) , o /[, 9905 S(ship) (£e2) = (@x ) - @ Rp(rssy (1b) = (1.4264 x X @ x ‘2 X )
per Table 3, DDS 051~}
D e e @ v te? - aactd 1.2817x10°° o ‘ | G#F72.5 (@ =@
v (£ts + gac™l) w/. .
@ ap (1. tons) = 8500. (per Table 2, DDS 051-~1) [@x (@ x @)0‘5] - B/84Q @ Ppoapy (HE) = (® x @ x @3 x @) =.22/8 x @3
B tpp (L. tons) = /00 ca - . 0004 @ =, = (1689 x (U x @)/ @) or
@ dgy (1. tons) - G400, Cs(su1p) Cp = {0.075 / (Logm@ - 2% Explain derivation of Pg(ap) values (note if keel domes included):
rr———— - /,0
D - .825 cs(rss)] oL By (1b) = [1.4264 x x x (@D x (® + @)
*)
cp - @l0 2o ~ I F04R7.3 (D x (0.000%+ @)
C - 50
OR% - 2078 (éﬂsﬂg. 2, DDS 051~1) EE— @9 Cr(Tss) @9 Pecany ) = (1) x @ = @* 1 96,500) = 0222 x @
3 (per Reference (6), DDS 05L-1)
o (£ el : ——1] (£e!+3 ¢ tons™0:5) = /&./0 G Pequisc) (u) -
@ CV(BH) - ,2____.908)(/0—3 (& x LVL)O.S Explain derivation of PE(MISC) values or formulae:
’ (%)
12 (ft) - /700 ~
O ’ @ Coap) (8P » £ft72 « knote™3 = 2.80x/0 5
@ No./Type of Props. = Z/CrE (per gig. 4 or 5, DDS 051-1, or
2 LO30 source: ) =
££4) - n .
Ay (ft @ Can - O.70 zgplun derivation of Ny values %0 Vd/ac %ﬁc/erm”kec/
(source: ) v
by NAVSER B X
PF - 108 v
(per Table 4, DDS 051-1)
¢ Datermine from data for similar hull forus; data
io Ref. (7), DDS 051-1 can be used.
@ ® © @ ® ® ® @ ® @ (@ ® ® ® @ o @ © © ® ® ©)
v |V R ‘e Ry |M/T - 2.258/T = 3.00m/1 = 3.75] (1)-() @*@C D0 |@F <@ rerss) | Mrerssy "= (ship) By Pew) | “eap) | e |Peeusey | TPE | PE(TOD) | %y Py
S g X X ) WCF + +
(kaote) [05,()05] @ @ q) &) ) ) 2 2 DH0+Q| @ O | O® | (e & ® 8&3 @O«® @/®
12.95 | 0.60 [135cx10° [ispx 107 | 2995, |.3¢5 107 427% 107 590x 107|098 107 06 x 10-0r3x 1072] O « 107440« 1000228 | 3.45 |2/486 |5/#37 |zo4e | 482 @3 259/ | 2798 | .680 |4//5
/5.7 0.70 9276 - | /,532 - |39887 |.355 - AHEE L5555 - | /00 0 .0/ 3 o .48 v L yor8 3.22 (29037 |6BYL24 | 3198 765 70/ - LYOLH | 4387 680 |6¥55
(727 | 080 0602~ |/.5/9 - |5/75¢ | . 475~ |.655" |.660 - |.093 ~ |-088 - |.orz2 + |- 005" |00t * 7% |2.20 |3c2e3|sse3q 470/ 11942 | 15/ 5994 | 47% | 080 | 9520
(943 | 090 |1.929- |1 497 - o470/ |.825 « |1.0/5 | 10/ LO93 |- 098+ |.0/Z -~ 00/7" 4025 " |BRGSY | 1.54 [50295 [115057 | 68606 | 1627 | 214 - 8707 | 9404 | .LBO |/3829
2158 | 00 13.248- |/ 478 » |79086 |/.575 « |1.635 - |/.00 LO0/3 0 |- 048 [Lo0IT " |-.0008" |1.636 v (64302 .09 70089 [149175] 9887 2229 294 1 2410 [ 13403 .680 19710
374 | /.10 |I14.574 |46/ » |94843 [16R0 - |1, 940~ |2.03 « | 205 " |-. ;y5 " |.0268" |-.c020" |/ 905 « |93408 | 0.92 85950 |/80833| 13/84 | 2968 | 39/ - 16543 | 17806 61D 26469
R540 | 1,20 18,901 | /. 466~ INTF77 |2 NO " |2.520 |2.680 |.285 " |-./256 « |.0372" -.002/)" |2.555 " /44654 | ©.83 /20063 |232040| /8458 | R854 508 - 22820 (24640 | - LTO | 3784
2800 | 1130 17227 | 1432 /304373570 |3710" |4.000 |.215 ~ |.075 |.028/ |.00r3+ |3737" |24832,| ©0.80 /98657 |327094| 2836/ | 4900 | 0~C - 33907 |32 665 |S5067
TABLE 5. Sample Speed-Power Estimate




TABLE 6. Example of Speed-Power Estimate Using Program TSS 84
Sheet 1

Length, W.L. (ft) = 465,88 Cg = 0.5087
Beam at Sta. X (ft) = 62.00 Cp = 0.6100
Draft at Sta. X (ft) = 20.01 Cx = 0.8250
Displacement, B.H. (l.t.) = 8,400 Cy = 2.908
Wetted Surface (ft2) = 31,849 B/T = 3.098
Density (1b - secz/ft4) = 1.9905

Viscosity (ft2/sec) x 102 1.2791%
Correlation Allowance = 0.0004%%*

1

Taylor Wetted Surface (ft2) = 29,719
Ship Speed/ TSS Rg/ Worm  Residuary Cp Frictional Total Bare
Speed Length Displ Curve Resistance (ITTC) Resistance Resistance Hull
(knots) Ratio (lb/ton) Factor (1b) x 1000 (1b) (1b) EHP
12.95 0.60 0.74 3.45 21,468 1.575 29,944 51,412 2,045
15.11 0.70 1.07 3.22 28,960 1.545 40,136 69,096 3,206
17.27 0.80 2.00 2.20 36,913 1.519 51,738 88,651 4,701
19.43 0.90 3.88 1.54 50,216 1.497 64,734 114,950 6,857
21.58 1.00 7.66 1.09 70,157 1.478 79,111 149,268 9,893
23.74 1.10 11.15 0.92 86,129 1.461 94,856 180,985 13,195

25.90 1.20 17.25 0.83 120,298 1.446 111,959 232,257 18,472
28.06 1.30 29.60 0.80 198,914 1.432 130,410 329,324 28,375

30,22 1.40 49.54 0.80 332,882 1.419 150,200 483,082 44,825

* TSS 84 default value for kinematic viscosity.

*% For this example, C, value was rounded off from 0.00043 to 0.0004; the recom—
mended practice is to use Cj values rounded to two significant figures.



TABLE 6. Sheet 2

Length, W.L. (ft) = 465.88 Cy = 0.5087
Beam at Sta. X (ft) = 62.00 Cp = 0.6100
Draft at Sta. ¥ (ft) = 20.01 Cy = 0.8250
Displacement, B.H. = 8,400 Cy = 2.908
Wetted Surface (ft2) = 31,849 B/T = 3.098
Power Margin (percent) = 8.0
Still~Air Drag Coefficient = 0.700
Frontal Area (ftz) = 4,030
Appendage Drag Coefficient = 2.800
Propeller Diameter (ft) = 17.00
Ship Speed/ Bare  Still- Total Total
Speed Length Hull Air Appendage EHP EHP
(knots) Ratio EHP EHP ERP (no margin) (w/margin) P.C. SHP
12.95 0.60 2,045 63 482 2,590 2,797 0.680 4,113
15.11 0.70 3,206 101 765 4,071 4,397 0.680 6,466
17.27 0.80 4,701 151 1,142 5,993 6,472 0.680 9,518
19.43 0.90 6,857 214 1,626 8,697 9,393 0.680 13,815
21.58 1.00 9,893 294 2,230 12,417 13,411 0.680 19,721
23.74 1.10 13,195 391 2,968 16,554 17,879 0.675 26,487
25,90 1.20 18,472 508 3,853 22,834 24,660 0.670 36,807
28.06 1.30 28,375 646 4,899 33,920 36,634 0.665 55,089
30.22 1.40 44,825 807 6,119 51,751 55,891 0.665 84,047





