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ABSTRACT

Speed prediction is more than just bare-hull resistance. Speed is a function of drag and thrust. This paper will
discuss propulsion relationships — and our ability to predict how power is converted into thrust for a given
application. It will illustrate some of the more common shortcomings found in propulsion analysis, and it will
provide a summary of features that must be part of reliable speed prediction software. Finally, it will offer a
calculation example where resistance and propulsion analysis are combined to demonstrate various data

requirements, decisions, and processes.

INTRODUCTION

The first step to a reliable speed prediction is a
proper prediction of resistance — but this is only the
first step. Speed is a function of both drag and thrust.

Do you want to run at a faster speed? You can
reduce drag, or you can increase thrust. Speed, drag and
thrust are tightly connected. Of course, the actual
measure of drag and thrust themselves are meaningless,
except that they are steps to the really important
measure of performance for a designer — speed and
power. We purchase power to make a desired speed.

This paper will discuss propulsion relationships —
and our ability to predict how power is converted into
thrust for a given application. It will illustrate some of
the more common shortcomings found in propulsion
analysis, and it will provide a summary of features that
must be part of reliable speed prediction software.
Finally, it will offer a calculation example where
resistance and propulsion analysis are combined to
demonstrate various data requirements, decisions, and
processes.

THE PHYSICS BEHIND THE SYSTEM
The goal of a speed prediction is to model a boat’s

performance over a range of boat speeds. Principally,
we are looking to define the hull-propulsor-engine

equilibrium (Figure 1), which will provide the structure
for our propulsion analysis.

Thrust Power
Hull Propulsor Engine
Drag Thrust
Wake fraction, etc. Power Power/RPM/Fuel

Figure 1. The hull-propulsor-engine equilibrium
Thrust-Drag equilibrium

Between the hull and its propulsor (e.g., propeller,
waterjet) is an equilibrium of forces. The delivered
thrust of the propulsor must exactly match the drag at
each analysis speed. Therefore, we need to identify the
characteristics that will provide just the right amount of
thrust.

For a propeller, this means finding the right RPM.
Let’s use your knowledge of boat operation to help you
understand this. We all know that there is one unique
throttle position for each speed. Propeller RPM is
controlled by the throttle position, and the connection
between drag and thrust is through a unique RPM.

Finding the right RPM is all about properly
modeling propeller performance on the boat. First, it is
necessary to know how the propeller performs in
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service. We need a reliable model for a propeller’s
thrust and torque. In other words, we must accurately
predict thrust and torque for each speed and RPM.

Second, it is necessary to understand that the force
equilibrium described above is a match of drag and
delivered thrust, mnot theoretical propeller thrust.
Delivered thrust takes into account the effect of the
boat on the propeller. This effect is described by two
hull-propulsor interaction coefficients known as wake
fraction and thrust deduction. (There is a third
coefficient — relative-rotative efficiency — but its effect
is quite small, so we will ignore it for this discussion.)

Wake fraction helps define the actual speed of the
water reaching the propeller as it passes by the hull and
underwater gear. Thrust deduction is a measure of the
reduction of usable thrust due to the close proximity of
the hull’s afterbody immediately ahead of the propeller.
Both affect a propeller’s ability to generate useable
delivered thrust.

Engine-propeller power equilibrium

So how do we get from propeller thrust to engine
power? Engine power is simply a function of propeller
efficiency and propulsion system mechanical efficiency.

Propeller efficiency is derived from the propeller
performance calculations. In simple terms, it is the ratio
of thrust-to-power. So, propeller thrust correlates to
propeller power via its efficiency.

It is important to remember that the required
propeller power for a particular speed is not the brake
power generated by the engine. Brake power is
somewhat greater, as we have to consider the
propulsion system mechanical efficiency by adding
shaft and bearing losses (1%-2%) and reduction gear
losses (3%-4%).

Analysis procedure

A propulsion analysis will give us speed vs power.
Before we can begin, however, we will need to know
the following:

1. Range of boat speeds to consider.
. The total in-service drag at these speeds.
3. An appropriate prediction model for wake
fraction and thrust deduction.
4. A complete and reliable model of propeller
performance.
5. An estimate of the mechanical system losses.

If we have this, then we can run a propulsion
analysis by looking at each speed in isolation. The
following are the steps to find each unique performance
parameter:

1. Drag for a given speed.

2. Wake fraction and thrust deduction for a given
speed.

3. Delivered thrust to match the drag.

4. Theoretical propeller thrust for a delivered
thrust.

5.  Propeller RPM to provide the right theoretical
thrust.

6. Propeller efficiency at the propeller RPM.

7. Propeller power via the propeller efficiency.

8. Engine power given the mechanical losses.

WHEN TRADITIONAL MEANS FICTIONAL

Open any book on boat design and you’ll see
numerous ways to predict speed and power. Many of
these were based on observations of boat performance
from many years ago, and they no longer apply. They
are either based on obsolete technology or are just too
simplistic to be useful anymore.

Simplistic prediction of OPC

The ratio of all of the accumulated efficiencies in
relating drag to engine power is called OPC, the overall
propulsive coefficient. Many references suggest using a
single value of OPC for all propulsion systems.

The problem with this approach is that the
estimated OPC may, or may not, bear any resemblance
to the actual performance of your boat. A single
representative OPC (such as the ever-popular 0.55)
cannot possibly account for the many differences in
propeller operation that effect performance.

For example, contemporary OPC figures are often
more than 0.65. Even if your drag prediction is spot on,
this means that the power prediction is some 15% in
error! On the other hand, we periodically see poor
waterjet selections, which result in OPC of much less
than 0.55 and insufficient engine power.

Increasing engine powers, higher cavitation levels,
more cambered and cupped propellers, deeper gear
ratios and higher pitches all contribute to changing
trends in propulsor performance and OPC. It is
therefore necessary to avoid using a simplistic estimate
of OPC.

Obsolete propeller prediction models

Consider commercial fixed-pitch propellers, such
as the popular DynaJet or DynaQuad propellers from
Michigan Wheel, as well the commercial models of
many other manufacturers. Most are derived from the
Gawn series model (ogival, flat-faced). Unfortunately,
many propeller prediction tools still improperly use B-



series propellers (Troost) as the model for all propeller
performance.

These tools also do not account for the effect of
cup and cavitation, which is something we absolutely
must consider these days. As engine power densities
have risen over the years, more and more installations
are showing very high levels of cavitation.

Modeling the effect of cavitation on performance
is one correction to make. The next correction is to
determine the effect of cup [MacPherson 1997]. After
blade area, cup is probably the most frequently used
means to control cavitation breakdown on work boats
and pleasure craft. Corrections for both cavitation
breakdown and cup modification are available to obtain
a reliable model of actual propeller performance.

HOW PROPELLER SIZING DECISIONS
AFFECT PERFORMANCE

We must not assume that we will necessarily have
an optimum propeller delivering optimum efficiency
across all speeds. There are many ways in which valid
propeller sizing decisions mean we have a less than
optimum propeller. Remember, we are looking to
predict what will be, not what might be.

Potential propeller efficiency

Potential propeller efficiency is directly related to a
propeller’s pitch. Within the context of a good
propeller sizing, potential efficiency can be increased
with a higher pitch. Consider the following plot of
propeller curves (Figure 2). For a moderate change in
P/D ratio from 0.8 to 1.0, the peak potential propeller
efficiency increases by some 6%.
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Figure 2. Propeller curves

Solving dynamic problems may affect all speeds

One example of where we might select a pitch less
than optimum for top speed performance is when we
have mid-range dynamic problems. For example, some
boats have difficulty getting “over the hump” or “on
plane”. This is due to the relationship between the
steady-state speed-power curve and the engine’s power
curve. When we encounter such a situation, our only
course of action may be to use a different pitch to allow
the boat to get on plane [MacPherson 2001].

The following plot (Figure 3) illustrates how the
engine itself contributes to the ultimate selection of
pitch — and, ultimately, the propeller efficiency at all
speeds. The dashed line is the propeller’s power-RPM
curve; the other two lines are representative of an older
naturally aspirated engine (with more power at low
RPM) and a newer highly-turbocharged engine (with a
narrower power-RPM curve).

Getting over the hump is all about surplus power —
of which the new engine has very little at mid-range.
To fix this problem, you might see a compromise where
the pitch is reduced, resulting in lower mid-range
propeller power. You will also see a loss of top speed
(due to the governor’s maximum RPM limit), as well as
a loss of efficiency at all speeds due to the lower pitch.
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Figure 3. Engine-propeller power-RPM curves
PROPULSION ANALYSIS FOR WATERJETS

Techniques are available to predict thrust, power
and efficiency for waterjets [MacPherson 1999,
MacPherson 2000, MacPherson 2002]. However, it is
probably more important for waterjets than for
propellers that a proper “sizing” be conducted, as the
implications of sizing an inappropriate waterjet are far-
reaching.



Unlike propeller curves (as illustrated in Figure 2),
waterjet efficiency is hidden in published performance
data — you are only presented with thrust and power.
This is enough, however, to select a waterjet model,
and many designers do not even consider efficiency.

Waterjet peak efficiencies are commonly 0.60 or
more — very comparable to propellers. Also like
propellers, waterjets are designed to reach their peak
efficiency over relatively narrow range of boat speeds,
but this range of peak efficiency is rarely published.
For example, in one project we were asked to evaluate,
the selected waterjet was reaching its peak efficiencies
above 35 knots, even though the boat speed was only
24 knots [MacPherson 2002]. At these lower operating
speeds, the efficiency was less than 0.45. Without a
proper waterjet propulsion analysis, we could have
significantly missed our speed-power prediction.

PROPULSION ANALYSIS REQUIREMENTS

The following is a list of features and calculation
techniques that must be part of any thorough and
proper propulsion analysis. Use this list to help insure
that your speed predictions are as reliable as possible.

[V] Prediction of wake fraction and thrust deduction

Use suitable prediction methods for these
coefficients that are appropriate to the characteristics of
your boat. You do not want to use one formula for all
boats. You need to match your boat to the collection of
available methods.

V1 Prediction of basic propeller performance

The propeller charts or software that you use must
be of the correct propeller type. Many publications and
software still rely exclusively on B-series propeller
performance, which is not correct for the Gawn-style
models that make up most of the small commercial
propellers in service.

V1 Prediction of propeller cavitation and cup

As installed engine power continues to climb, we
see more instances where boats are operating with very
high levels of cavitation. We also see increased reliance
on cupping as a means to control thrust breakdown.
Your analysis must include the ability to model these
characteristics.

M A thrust-drag solution for RPM at each speed

Efficiency will change at each speed, as the RPM
changes to suit the required propeller thrust. One
efficiency value cannot represent all speeds — each
speed must be evaluated independently.

M Prediction of waterjet efficiency
If you are considering a waterjet-driven boat, you
will need to be able to predict waterjet efficiency.

SPEED PREDICTION EXAMPLE

The following example will demonstrate how a
propulsion analysis is conducted using contemporary
software. It will also show data entry, drag prediction,
and reporting.

HydroComp’s SwiftCraftW software is used for this
illustration.

&3 SwiftCraft - R/ Ocean Inspector = -0l x|
e Tooks Help

> Ny % %
Home  FProject Vessel Added drag Propulsion Calculate Help

SwiftCraft Home Page

Step through the fallowing tasks to enter data and select options to predict resistance, size
propeller parameters and determine power. As you complete a step, your active data will be
displayed. Click on a Calculation task to begin.

Calculation task Active data

Set up your project

@ Click here to enter project information and
candition data to use far your calculation

Project: R/ Ocean Inspector
Speeds: 15 - 23 kts

Water: Fresh

Length an WL: 14.03 m
Displacement: 25.2 t
Methad: Jin 1980

Describe your vessel

Click here to enter vessel data and select the
dull il O e ot o e el e
Open saved project X
Butin & now project | Define added drag parameters
wy Click here to enter information about
appendages and wind drag

Appendages: Hoerner (detailed)
Wind: Taylor (detailed)

Common tasks
Define praject units

Propeller: Gawn AEW
Sizing: Diameter/BAR
erop/hul; Blount/Fox planing

Select your propulsion system

o Click here to setup the propulsion system
and to size the propeller.

Calculate and view results

Click here to run your calculation and view

Z
your speed/power resuits.

Hints
Check the Swiftworks user services web page far technical infarmation, reports and studies

Swiftwarks user page

SwiftCraft Home Page

Set up your project

Each project will have its own unique name and
description. In the Project page, you will enter this
information, as well as data about the range of speeds,
water type, and a measurement reference.

3 SwiftCraft - R/V Ocean Inspector S _ (o] x|
Eile Took Help
@ Y % Z
Home  Project Vessel Added drag Propulsion Calculate Help
Set up your project
Describe your project, including administrative data, range of speeds
and water type. If desired, Define project units firt. Click Home to Iy
retum to the main page. Home
Project
Name/number  [RA Ocean Inspectar
Description [Preliminary design. Final layout not confirmed
Speed [kts]
Related tasks W E— e R
Open saved project
Begin a new project 2 16 s s 8 [22
3 [i7 6 [20 o 23 .
Common tasks ‘ o ‘
Define prajectunits | elater condition
watertype e 5 \
[Longitudinal reference point |
Display LCBfrom & AftofFP € Fwd of ap ‘
Project page



General vessel parameters

A full and complete description of your hull is
necessary for a reliable analysis. Four pages within this
Vessel group are used to enter information about your
hull. The information is parametric — meaning that the
geometry is described by individual numerical values
(such as length, beam or displacement) rather than by
the three-dimensional geometry.

ifiCraft - RZY Ocean Inspector e =10l
File Tools Hep
3 > ") W L g 2|
Home  Project Vessel Added drag Propulsion Calculate Help

Enter general parameters for your vessel
Enter the princinal geometric characteristics of you vessel below

Clck Newt to tiszriba your hull e n dstail i the fallowing vessel S iy
pages. Home Next
Vessel pages General data
CEMEEIPIENCED Length between PR [14.03 m Max molded draft  [0.91 m
Displacement/semi
Bttty e WL bow pt aftFe [0 m Displacement bare  [25.2 t
RIS i) Length on WL 1403 m wetted surface B4z =[me
Maxbsamonwl  [+.66 m Chine type Hard -
Parameters
B/T 514286 Ch 0.422169
Common tasks LwlfB 2,99786 Cws 2.626599
Define project units
Hints

Since we might be seeing operation across speed
regimes, we must describe the boat as fully as possible.
The definition of the boat should include all of the
characteristics that might contribute to a boat’s drag
across its entire speed range, such as LCB, transom
immersion, deadrise, and shaft angle.

4 SwiftCraft - R/V Ocean Inspector ! : =loix|

File Took Help

& » @ Wy % %
Home  Project Vessel Addeddrag Fropulsion Caloulate Help

Enter displacement/semi-displacement data

Enter data specific to displacement or semi-displacement hull forms

4 [ 3
Click Next to cortinue o the planing vessel data page. - el
Vessel pages i-di
general parameters | . Joction area  [242 m2 Transom area T71 m2
* Displacementfsemi
i Waterplane area  [52.88 =|me Transom beam [+.26 m
Prediction method Static trim by stern [0 m Transom draft 056 m
Related tasks. LCB aft FP 7 5762 m Half ent angle 369 =|dea
Show coefficients Bulb ext fwd FP & m Bow shape [average =
Bulb area at Fp o ma Stern shape [average
Bulb ctr by BL o mz
Common tasks

Define project units
Hints

Click the 'Show cosfficients' link (under Related tasks) to display certain values as
non-dimensional coefficients.

_I Estimate buttons (as illustrated here) are used to provide estimates for data items when
you do not know actual values., Click the button to pop up an Estimate window,

Vessel parameters page

Data accuracy is essential to a reliable prediction.
In some cases, however, you may have to estimate
values for certain data items. When needed, it is
valuable to employ a collection of parametric estimates
for a variety of different vessel types.

[ Estimate wetted surface 7IX]

Highlight 3 selection from the estimate Method table. Use the

Parameters and Comment to help you select the best value Done cancel
Click Done to set the value.

Methad Hull  Details  value Parameters: Denny
=] [wene given
Cortmerssen Check Ok  d9.35
Check OK 5585
Holtrop 1984 Fail  OK 6184
in 1960 Check Check  60.78
DeGroot RE Check Check 5173
Delft 1 Check  Fail 536
Delft 2/3 Check  Fail  56.06

Comment: & widely used general purpose method.

Wetted surface estimate
Vessel details

We often place boats into the general categories of
displacement, semi-displacement or planing. While
they may be useful to help us describe the nature of the
design, they are not good hydrodynamic distinctions.

How do you describe a hard-chine boat that is
running at low speed? Is it still a planing hull or is it
operating in a semi-displacement mode? What about a
displacement hull that is over-powered and runs beyond
its “hull speed”?

Displacement and semi-displacement data page

£ SwiltCraft - R Dcean Inspector =101 x|
Tools Help
Z > 3] W @ 2y
Home  Project Wessel Added drag Propulsion Calculate Help
Enter data for planing-hull analysis
Entr ar dats that wil be neoded for planing vassel drag analyss.
Click Next to choose a resistance prediction method g:‘ﬂ "h"'e?t
vessel pages Planing
Bt i Proj chine length 145 m Deadrise midchine 2.7 deg
Displacement/semi
o Blkislris et May chine beam 4.6 m LCG fwd transom 6.46 m
Prediction method Proj bottam area E3 mz WCG ahove BL 1.23 m
Thrust line
Shaft angle to BL 14 deg LCE fwd transom 1,12 m
VCE above BL 0.37 m
Common tasks
Define project units Flap/wedge
Number of flaps o Flap deflection o deg
Flap chord length [0 m Flap location Under -
Flap span o m

Planing data page
Resistance prediction method

As we know, perhaps the most significant
contributor to good prediction reliability is the
appropriate selection of the prediction method. The
selected prediction method should be built from hulls
that share the same basic character as the vessel under
review. You cannot rely on results from a method
derived from a fundamentally different hull type.
Referring to drawings of the method’s hull forms is the
first step to selecting a suitable method.

After principal hull type, the method’s range of
data set parameters must be considered. The most
critical parameter to watch is speed (typically Froude
number), then the hull form parameters. The obvious



way to avoid difficulty is to evaluate many different — EEEEEITENEED ' ' G
methods and to select one that offers a good correlation g el LT b R

?
Help
between your boat and the method. Enter detailed rudder and skeg data

Fill in the following Rudder and Skeg information. Click Next to

continue entering appendage data. n‘a:lﬂ m:t
[EA S wiftCralt - R/¥ Ocean Inspector i

i _lolx]
Fie Tools Help

Added drag pages Rudder
O = . . S & :’Tﬂ‘mu” ;“'Em’y Number of rudders  J2 Span [RE] m
] ) *Rudder and skea
Home  Project vessel addeddrag Propulsion Caleulste Help G Rudder loeation Befind prop T/ ratio o.08
Choose a resistance prediction method it ey 055 o configuration Balanced 7]
Click on & prediction Method selection from the list below and enter Tip chord 0.305 m
the Prediction options. Click Home to complete the Vessel tasks < [
Back Home
Skeg
Vessel pages Method Speed  Hul  Dstsils  Paramsters: Savitsky planing
General parameters [T HC oK OK 0K =] [Fn(Bch)  0.6..13 11 =] humber of skegs 1 Depth fwd 0.045 m
Displacement/semi g planing | O 0 OK Fnhigh  06..13 18 Common tasks Mean length 53 m Depth -mid 0152 m
Planing data Detroot HC ok  Check OK Clbdow  0..05 0.33 Define project units
0.052 - 0.488
« Prediction method simple planing oK oK OK Clb-high  0..05 017 Hesn i iess iy REEHE i
Series 62 planing oK Check oK Deadrize 0..30 217
Series 658 planing 0K Check 0k = ¥

The OK/Check/Fail notations and the Parameters table will help you select 3 method
Notes: widely used.

Common tasks prediction options
Define project units

Design marain 0 % Correlation allowance Doo0se |
Planing hump correction  [Half -

The calculations use an equilibrium-trim analysis where all forces and moments are Appendage data page
e, pp g pag

Hints

Methods are ranked and their color indicates their suitability: [l Best [l Good MFair [l Poor

Opportunities for drag reduction

Resistance prediction method page During early stages of your design, you might be

able to seek out ways to reduce the drag of your hull.
For example, you might find that a change in transom
immersion or a shift in LCG results in less drag.

Added drag from appendages and wind

The prediction of vessel drag is not complete with
just the bare-hull drag. Added appendage and wind T e . e
drag can be a significant portion of the total drag —

b W % ]
Hame  Projest  Vessel  Added draq Propulsion Calellate

?
Help
especially for planing craft. Appendages alone can Evaluate hull changes that can reduce drag
0 Select two speeds and their weighted time at speed. (You can select 100% to
: 1 evaluate only one speed.) Click Evaluate to perform the analysis.
contribute over 25% for fast craft. Poor estimates of Done
1041 Drag reduction profile
added drag can greatly reduce prediction accuracy.
Prediction method  [Bavitsky planing
Principal speed 23 =l kts Time at speed 20 %
A SwiltCratt - R/¥ Dcean Inspector (=51l secondaryspeed  [20  F] kis Time at speed 20 =] %
File Tools Help
T b np View analysis results in the table below, The Sensitivity Index is for a
=z, P,g;,i W2 A, P,D;"'m T HZD Evaluate | weighted average of the principal and secandary speeds
Select added drag prediction methods ST
Parameter To reduce drag Sensitivity index
Switch ON ar OFF the Appendage and Wind drag predictions, and
select prediction Methods. Click Next ff entering detailed appendage <m [ d Common tasks LCG fd transom Tncrease [+] .70
data, otherwise click Home to complete the added drag tasks Home Next Define projectunits | | Deadrise midshine Decreasa [ 030
Added d Shaft angle to BL Increase [+] 0.13
= :Et'“g e WMas chine beam Detrease [-] 0.01
« Prediction surmmary
Appendage drag prediction is: JoN 7] Method: [Hoerner (detailed) ¥ Praj chine length Not used
Rudder and skeg Proj bottom area Mot used
LR If Apnendage prediction is ON, enter the fallawing parameters, If 2 Detailed analysis Flap defiection Nt Used
method was selected, then additional appendage pages will follaw
Hints
Percentage vessel drag [0 % VCE above BL 0366 m A Sensitivity Index with a higher value has a greater influence on drag (based on the chosen
prediction method), Values areater than 1.0 are considered significant and are shown in blue,
Prediction multiplier Standard ¥ LCE fwd transom 1.12 m
Wind
il wind drag prediction is: [on 3] wmethod: [Taylor (detailed) ~ Drag reducl‘lon page
Define project units If wind prediction is ON, enter the following data and parameters
Fercantage vessel drag 0 % Windage section area J17.86 mz P Isi Ivsi
Wind speed S kts WCE above BL 2.32 m ropu SIon ana ySIS parameters
angle off bow m deg LCE fwd transom 9.61 m

As was described in the introduction of this paper,
a speed prediction is not complete without a systematic
propulsion analysis. The definition of a suitable
prediction method for wake fraction and thrust
deduction is the first of the Propulsion tasks.

In the same way that the vessel drag prediction
methods were ranked, so too are the methods for the
prediction wake fraction and thrust deduction. Do not
forget any characteristics that affect the coefficients,
such as whether the propellers are in tunnels (pockets).

Added drag prediction page

In addition to summary estimates of appendage and
wind drag, you can also define and evaluate the

collection of individual appendages as part of the
Added drag group.



B35 wiftCraft - R/V Ocean Inspector B = =lolx|

Fie Tools Help

2w ®
Hae  Project  Ustzel Added drag Propulsion Caleulats Help

Set up propulsion analysis parameters

Set the analysis ON or OFF. If ON, select a Method for the prediction
of wake fraction, thrust deduction and relative-rotative efficien

cy 4 [ 3
Enter additional data and dick Next to continue the Propulsion tasks, __Home Next

Propulsion

Propulsion analysisis [oM 7

Propulsion pages

« Analysis parameters
Engine and sizing

Gear and propeller Mumber of propellers |2 Max propeller diam 853 mm
Method Speed  Hull  Details Parameters; Blount/Fox planing
2] [Fr-low 1.4 1.44 ]
Fy-high i 2.21
Props 2.2 2
Holtrop 1084 Check  Check
Simple displ/semi  Fail OK oK » -
Common tasks

—————————— | Tha OK/Chedk/Fail natations and the Parameters table will help you sslect 2 method
Define project units

Motes: Twin screws conventional propellers only.

Propulsive coef prediction options

correct for small differences in performance that we
might find with a commercial propeller.

A suitable propeller can be sized prior to a final
analysis. The propeller BAR, diameter and pitch — as
well as the reduction ratio — are found for the described
design conditions.

A SwiftCraft - R/V Ocean Inspector

—ioix|

2

Back cavitation limit  [10% cav line ¥

Tunnel stern carr OFF hd

Effective tunnel diam |7
i m

Tunnel depth

Propulsion analysis methods page
Engine data

As described above, the engine can affect propeller
sizing decisions — particularly when the design point
for the sizing results in reduced pitch. You will need to
describe information about the engine and power
delivery, as well as the propeller sizing objectives.

WS wiltCraft - RV Dcean Inspestor e 2 =10l

File Tools Help

2 > ) U % | ?
Home  Project  Vessel  Added drag Propulsion Calculate Help

Define an engine and propulsion sizing conditions

Enter data about your engine and the propulsion sizing condition.
o g pron) 9 <mm [ 3
Back Next

(Sizing data iz not needed if you already have your gear and
propeller.) Click Next to set up your gear and prapeller,

Propulsion pages Engine and power delivery

&nalysis parameters

Engine model Model ;BC & Fuel rate at rated 1102 Ifhr
« Engine and sizing
e Rated brake power  [447 Kty Parasitic loss o et
Rated RPM 2100 RPM shaft efficiency 0.58 2|

Related tasks The values for Rated brake power, Fuel rate at rated and Parasitic loss are per engine.

£dd ta my engines

Sizing condition

Power i3

Load design point  [100 %

Load identity

e

Design speed

Common tasks
Define praject units

The program uses the follow default conditions for the selection of diamster, pitch, BAR, and
gear ratio:

* Design power = Laoad design pt * (Rated power - Parasitic loss)
* Design RPM = Rated RPM

Hints

| When you see the file directory button (illustrated here) next to a field, dick it to open a
directary and import data (such as specifications for a particular Engine model,

Engine and sizing conditions page
Reduction gear and propeller data

The reduction gear is defined by its ratio and gear
efficiency. In advanced software, the reduction ratio
will be integral to the propeller sizing process.

The definition of propeller performance conforms
to the advice noted earlier — in that it allows for the
correct basic propeller style (Gawn), as well as any
needed correction for cup and cavitation. It also
provides a means to correlate theoretical performance
to what is deliverable.

Thrust (T) and power (P) factors are correlation
multipliers that we use to better match real on-the-
water performance for the propellers. The factors

Tools Help
@ U kA =t
Home Project Vessel Added drag Propulsion Calculate Help
Set up your reduction gear and propeller
Enter data here to describe your reduction gear and propeller. Follow
the instructions below for the sizing of diameter, pitch, BAR and/or bt i
gear ratio. Click Home to complete the Propulsion tasks. Bacl Home
pulsion pages Gear

Analysis parameters
Engine and sizing
e Gear and propeller

Gear model

Model DEF 125
0965

Gearratio  [Keep z2.54

Gear efficiency

Propeller

Related tasks

o |l Model GHI = BAR size ¥|0.9854
o my gears
Add to my propeliers Propeller series Gawn AEW 7 Diameter size >[853 mm
Number of blades S = Pitch Size ¥|l1015.786 mm

Common tasks Thrust factar 1 =] Cup (TE drop) o mm
BB iR Power factor 103 =] Immersion below WL [0.975 m
Sizing

Chaoose which values to Keep or Size. Then click Size to caloulate values for
diameter, pitch, BAR and/or gear ratio

Reduction gear and propeller page
Analysis results

All data has been entered and intermediate
calculations (such as propeller sizing) are completed.
The only thing left is to Calculate the full resistance
and propulsion results for your vessel.

[ SwitCraft - RV Ocean Inspector =10l x]
Fie Tools Help
@ Y +* %
Home  Project Vesssl Added drag Propulsion Calculate Help
Resistance results
Here are your Resistance results. Click Next to view your Fropulsion
results. Click on the Show results report task (found to the left) to < [
save or print the repart. Home ext
Result pages Speed Trim il AvgPress
e o I m A g BSOS At A
* Resistance results
i i 150 0.658 1439 361 Stable 3.27 0.0968
hppipi 16.0 0.702 1535 3.76 stable 3.35 0.1024
Graphs 17.0 0.746 1631 3.92 Stable 3.48 0.1073
18,0 0.789 1727 4.08 Stable 357 01117
190 0,833 1623 4.20 stable 368 0.1156
Related tasks 200 0.877 1918 4.32 Stable 380 0.1189
e 210 0.921 2014 4.43 stable 391 0.1718
- 22,0 0.965 2.110 450 Stable 402 014542
230 1.009 2.206 454 Stable 4.13 01563
Speed Rbare Rapp Rwind Rmargin Rtotal PEtotal
Common tasks [kts] N [NI[%]  [N][%]  [N][%] [N} [kw]
Define project urits 150 23918 737 [3] 1231 (5] ) 25886 200
sl 160 25303 830 [3] 1370 (5] o[ 27502 226
e 170 26523 920 [4] 1516 [6] oo 28988 253
i 180 27606 1033[4] | 167076] oo 20309 281
190 29550 1142[4] | 1831[6] oo 31531 308
200 29384 1955 [4] | 1099071 oo 32638 336
210 30098 1374[5] | 2175[7] o0 33647 364
220 30699 1408 [5] | 2350(8] a[o] 24556 301
230 31211 1697[5] | 2540(8] o[ 35388 419

Tabular resistance results page

It is always useful to review the results in graphical
form. This is the easiest way to check that the curve
shape is reasonable. Does the shape of the drag curve
correspond to what is expected as the boat approaches
its principal drag hump? Do the drag coefficients
follow a smooth curve, and if not, does this suggest
potential error in the equations?



3 SwiltCraft - RV Ocean Inspector i _1oix]
Fie ook Help
@ Yy +* Z-
Horme  Project  Vessel  Added drag Propulsion Calculate Help
Result graph
Select from the X & ¥ axis options below to build and view a Graph
Click on Shows graph report to create a report that you can print or < Iy
Pty Back Home
Result pages Graph o000
Resistance results X axis
Propulsion results Speed 31000 3/’{
o Graphs e /
Pil
Rbae =t P /
Related tasks Spline 23000 e
Show graph report On A =
ailmnl I | Z 28000 A
° /(
5
£ 7um 7
Common tasks 25000 /
Define praject units /
Save your project oA
Save project as new
24000
23000,
51 7 1 22 s
Speed [kts]

Graphical resistance results page

The propulsion analysis follows the equilibrium
RPM thrust-drag solution at each speed. The results
include various propulsion analysis figures — wake
fraction and thrust deduction, RPM, thrust, torque,
power, efficiency, cavitation, and even fuel rate.

E38 S wiftCraft - R/¥ Dcean Inspector 3 i =10l x|
Eile Iools Help
[~ > & W % 2|
Home  Project  Uessel  Added drag Propulsion Calculate Help
Propulsion results
Here are your Propulsion results. click Next to view Graphs of the
results. To save ar print the report, dick on Shovs results report. < [
Back Next
Result pages S[ﬁ:]" wWakeFr  ThrDed  RelRot  EngRPM T/["N'i"" E“[!"\‘Tf’r:l'}”“ "?ﬁﬁ"’
Resistance results
15.0 0.0426 | 00800 | 1.0000 | 16341 | 14067 1058 161.0
S pionente 16.0 0.0336 | 00800 | 10000 | 17074 | 14946 1128 201.8
Graphs 17.0 -0.0244 | 00800 | 10000 | 17788 | 15742 1194 2221
18.0 00152 | 00800 | 10000 | 18433 | 16474 1255 2422
19.0 -0.0064 | 00800 | 10000 | 19073 | 17138 1312 262.0
Related tasks 20.0 00018 | 00800 | L0000 | 19692 | 17737 1364 2814
RO e 21.0 00091 | 00800 | 10000 | 20301 | 18268 1414 3007
e 22,0 00156 | 00800 | 10000 | 20900 | 18784 1461 319.8
23.0 00210 | 00800 | 10000 | 21495 | 19931 1505 3387
Common tasks fiteeti aeeet R Cne A Tl PVt et e e
Define project units 15.0 06611 0.5717 48,3 28.7 2.1 25.0 0.5089
S 16.0 06664 [ 05813 53.8 30.0 232 26,5 0.5358
Save project as new 17.0 06714 0.5909 h Gh e | 280 0.5597
180 0.6761 0.6004 64.6 B2 2 295 0.5812
19.0 0.6805 0.6086 69.9 335 ety Ll 0.6002
200 D0.6846 06154 75.0 346 26 215 0.6169
i 0.6885 0.6265 80.2 35,7 28 ey 0.6318
220 0.6921 06339 85.3 36.7 2 i 0.6447
it 0.6954 0.6404 803 37.8 ok 342 0.6559

Tabular propulsion analysis page
Summary

This example has illustrated a number of important
features that are necessary for a reliable propulsion
analysis and speed prediction. Below is a list of “fen
commandments  of reliable speed  prediction”
[MacPherson 1996] that will provide a solid basis for
anyone conducting speed-power predictions and
propulsion analyses:

1. Use representations of real physical systems
Do not use simplistic calculations, such as a single
OPC for all boats.

2. Use contemporary techniques

Follow the current calculation recommendations of
the international hydrodynamic societies. For example,
be sure to use recommended propeller scale correction
and model expansion methodologies.

3. Use the right kind of prediction method

Some prediction methods are strong for design,
others for analysis. Learn how the method’s test data
was developed into the numerical method.

4. Use a method that contains a suitable data set

Know what hulls were used to develop the
methods you wish to use. Consider the speed range and
hull parameters.

5. Correlate predictions to real test data

Compare your predictions to boat tests. In fact, we
recommend instituting a rigorous sea trial program to
analyze boat tests and compare them to predictions
[MacPherson 1995, MacPherson 2003].

6. Remember all speed prediction components

Speed prediction is more than just bare-hull
resistance. Don’t forget appendage and wind drag, and
the propulsion analysis.

7. Use a proper propulsor model

Make sure that the propeller definition uses the
correct basic propeller style (e.g., Gawn), as well as any
needed correction for cup and cavitation.

8. Test the results against established criteria

Compare your prediction against other predictions
using non-dimensional measures, such as transport
efficiency. View results graphically across a range of
speeds to see that the curve shapes are sensible.

9. Use validated methods, algorithms and techniques
Simply plugging data through an equation is no
guarantee of success. Publication and coding errors are
all too common — especially with in-house software. Be
careful to validate the code, not only with data from the
original method hull forms, but with other hulls.

10. Follow a consistent prediction strategy

Remember your objective — to get reliable answers.
If you have experience with a particular method that
gives you a consistent trend, you are better off than
with a method that is perfect sometimes and poor at
others. Establish a process and then stick with it.
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