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Dear Dr.Wood,

Attached is the finakeport for our naval architecturalesign project. Our team, M.A.H.I.
Technologies, is creating an innovative hull design for a standard displacement hull called
5 Qa @ Mdhi. ®tis model will built from the ground up and tested against a control hull with
no design alterations.

We bega this project by researching the dimple effect, golf ball performance, displacement
hulls, and fluid mechanics. Our research has provided excellent assistance in understanding the
mechanics behind fluid motion and how to model a prototype vegseper set up. In
completing this project we feel as though we have gained a deep understanditigesd
subjects.

The following report contains detailed information about the background, theories, nigsig
and testing methods of our projectlt also providesnformation regardingourchases, budget,
timeline, results, and conclusionsAt this pointresults have been inconclusive but suggest
potential success arousing further investigatiomhe project is at an excellepbsition as we
continue to more forward.

If you have any questions, please do not hesitate to contact us.

Sincerely,

Kevin Donnelly Makemba McGuire Andrea McAllistdrinzy Quandt



Executive Summary

On January ", 2008, we began our senior design project. Qkiercourse of the semester,

our team has been researching and creating preliminary designs for this experiment. Our
main goal is to build working ship models from scratch. We have met with members of the
department and created design, building, and tegtimethodology. Our initial budget of
$1,250 has increased &8,800.

The scope of this project is tstudy the effects on drag, creatdoy a 191 foot coastal
carrier, through hull modification. Usirmgpth computational fluid dynamics as well as field
G6Sadasx 6S AyiuUSYyR (2 LINRPO@S (KIFIG 5Qad! &I dL
standard displacement hull

All results thus far have been inconclusive. Since construction is complete and research still
supports our theoriesfurther investigation on the subject is to be made. Conclusive data
will either validate or dismiss our concept design.
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Introduction

Motivations

As a group interested in Naval Architectureir onain goal for this project wa®
design ad construct a boat from scratch. Our intersdted primarily with the
building process required to produce a fiberglass vessel. Needing a reason,
developed a theory that states; tlfie principles that make a golf ball travel further
than a smooth balére applied to displacement hull, we could potentially redtive

drag and increasthe efficiencyof the vessel

Objectives

Our objective waso modify the hull of a 191 ft costal carrien the same way a golf
ball ismodified from a smoth ball. Utilzing CFD, we attempted tmodel multiple
concept designs and conclude which dimpling pattern best reduces drag by
reattaching flow. Both the concept and standard desigmse created into physical
models using fiberglass construction materials for in wéiedd testing. Conclusions

were made on the effects of dimpling and its relationship to drag and efficiency.

Organization

With only faur group members organization wassential. Each group member had

taken responsibility for specifareas throughouthe project Information acquired



as individuals washen passedon to the entire group. Linzy wagsponsibé for
background information,paperwork and testing. AJ wagesponsible for safety
managenent and weekly reports. Kevin wassponsible focomputer modeling and
budget. Makemba wasesponsible for CFD analysigl group membergontributed

towardsconstruction.

Background
Golf Balls

In 1456 A.D. in Scotland ehfirst game of golf was played arite all gamesgit
developed and soon its imp@nenta became improved.It is
believed that the first golf balls were made out of wood. As

3 YS RS@OSt2LISRZ (KS acCSIGKS Ay DSy

consisted of tightly packed into cow hide that was formed intq "9 1-Featherie

sphere when wet. Unfortunaty, this ball was expensive and was not affordable by

0KS Yl aasSao {2 o0& wmyny | ySg 3I2tF ol ff
completely new approach, the Guttie was created from a rubber like sap from the

Gutta tree found in the Tropics. When thebber was

heated, it could easily be miéd into a pe&fectly round

sphere with a nice, smooth surfacéhis ball was easily

produced, and easily fixed by simply reheatiAgfirst it

Fig. 2-Gutties

seemed like a great new desigdowever, golfers soon

realized that it ad not travel as far nor soar through the air as well as the Featherie.
-10-



Overtime, golfers discovered that the old, battered Gutties began to perform as the
Featherie had. Post 1880, the newly manufactured Gutties were seen with a variety
of patterns on he surface in an attempt to recreate the distance characteristics of
the Featherie.lt is during this revelationthat the first signs ofdimpled golf balls

were seen.

As the industrial revolution carried on, machines and molds were developed which
allowed for mass production of Gutties. The firsbtable pattern as called the

G . NI Y 0 fchsistetof/rétsed spheres as visibleRigure 2 As the handcrafted

ball came to an end, more and more patterns were testbd1905, the modern day
dimple patern was designed by William TayloLike the scaring on the balls, the
dimples serve to altethe surface of the ball and therefore change the directain

the air around the golf ballScientists refer to this anomaly as the dimple effect. To
understard why the dimple effecincrease the travel of the golf balls, one must

understand a bit of fluid mdwnics.

As a fluid such as apontacts a sphere, the fluid bends around the sphere while
remaining in contactwith the surface However, the fluid des not remain in
contact with the entire surface of the spher@ fluid such as air or water
surrounding any object can only do so for a giaemount oftime until it separates
from that body. The location where the fluid breaks contact with the surfage i
called the point of separationFigure 3 B and GJlustrate this concept with respect

to a smooth surfaced spherical objed\lotice that the point of separation occurs at
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or near 90° from thestagnation point Figure3Aillustrates this concept witlhespect

to a rough surfaced spherical object, such as a golf ball.

Point of Separation

Fig. 1- Flow Patterns of a Fluid Around a Sphere

Asthe air travels over a smooth ball, the flow is laminar. Comparatively as it travels
over a dimpled ball it beomes turbulent. One may assume that a turbulent
boundary layer would result in more friction and hence ebb the balls flight.
However,asthe skin surface friction is increased the dimples serveestdtach the

air on to the ball for a longer timeln turn, the point of separation moves to a

location about 135° from the initial poimtf contact as shown in Figuré3

Asyou further examine Figure, Jou canactuallycompare images B and C to flow
around a displacement hullThis is because water and &oth behave similarly, and
the shape of a displacement hull is similar to the curvature of a golf liglbu look
at a moving vessel from abowes in Figure 4you will see a similgrattern creded in

the water near the stern of the vessel as you $ahind the spheres.The rough,
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bubbly water yo@ NBE 2 oGisicauNdd fofm3he eddies projected from the point of

separationas shown in FigureB3

|Eddies from Point of Separation Cause Boat Wake]

Fig. 2- Aerial View of Moving Vessel

It is for this reason that we believe tharme concept of the dimple effect used on a

golf ball can be applied to a displacement hull.

Displacement Hulls

Generally speaking, there are two distinct hull forms: planning and displacement.

Planning hull designs are used f(

high speed craft and alsgour
common recreational watercraft =
Their general hull shape has a sha

bow and box like stern. There i

Fig. 3-Displacement Vessel

really no significant curvature to th
design. Without the curvature, there is no point of separation that occurs on the
hull. The water separatdsom the vessel when the hull ends. This does not provide

us with any surface area on the hull behind the point of separation where we can
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attempt to reattach the flow. This is why we chose not to model a planning hull.
However, a displacement hull hasounded tear drop shape from bow to stern. As
previously mentioned, this apparent curvature allows use to apply the same dimple
effect that is used on a golf ball on a displacement hull mod&ldisplacement hull

is a very common hull form and is wkséor the majority of large shipping vessels
such as freighters, tankers, and cargo carriefhe design of displacement hulls
allows for the most efficient, long distance, safe travel at this present moméhg
defining characteristic of a displacememill is that the weight of water displaced is
equal to the weight of the ship.! & | NBadz (& | y'Raik deSwaierz b Sé
provides an opposing upwards thrust while traveling at varying speeds or while
resting. However, it is important not conke this with hydrodynamic lift which
means it does not lift out of the water as speed increasdse ship is actually
experiencing hydrostatic support corresponding to Archimedes principleat
supports why this hull formation is generally heavy and rasigned for high
speeds. Consequently, these vessels are very seawdrfitause they move
through the water rather than on top of.it As a displacement hull vessel moves
through the water in a plowing motion, it is the actual hull design doing mogtef t
work. The engines in displacement hull vessels are quite small compared to the size
and weight of the ship.The amount of power being provided by the engine has no
significant effect on the speed of the ship. In fact, the determining factor in the
maximum hull speed of a displacement hull vessel is determined by the square root

of the waterline length.Also the waterlines, or drafts, must indicate the ships
-14-



loading condition. This means that the weight of the ship is establishat/alently

for a gven loading condition. These are the markings that you can see on the bow
and stern of displacement hull&s you add more power to these vessels the speed
will not increase. Instead, you will only burn more fuel and cause cavitations. The
requirement foronly small engines to propel such large ships is what allows these
vessels to be ideal for traveling long distancesnother benefit of require small
engines is that it frees up interior space providing a greater capacity of material for

transport.

Howe\er they are extremely slow and as previously presented evéneatnaxmum
power the speed and efficiency leaves a lot be desired. Although they may be

the most efficient for their tasks right now, we feel there is room for improvement.
Since the hul design does most of the work for these vessels, we think that
improving the hull design in the best way to increase the efficiency. By applying the
theory of the dimple effect and actually designing a displacement hull with dimples,
we believe we can wdtach flow, reduce drag, and increase efficiendiith the
current energy crisis the world is facing, fuel efficiency is becoming thefomyg of
many innovative designers. Increasing the efficiency of one of the most used forms
of trade and transportaion could have major positive economical and
environmental effects. It is for the reason that we feel if this project yields
conclusive results we may have made a significant discovery and cutting edge

design.
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Naval Architeture

The principle of using sl models to test large ideas has been in existence for quite
some time. However, many attempts to use models have not been successful. It is
AYLRNIEFYOG G2 al aaeAldK ¢KIFIG RSINBSa 27
0SKI @A2NJ 2F ( KSThi$ quesHoS NiteralbsPthe 2nmipérthdSeaf the

model size and technique of tank testingor this reason, we used an existing lines

plan to create the 3D computer model of a displacement hull from which our actual
fiberglass models would be createtodels of varying sizes but identical shapes are
1y26y a4 GaaAYAfI N Y2RSt ao¢é | 26 SOSNE A
type of vessela 2 RSt Ay3 | wmpmQ [/ 2FadFt [/ FNNASNI Ay
the same shape, but rather have comparable dretical values. The important

value that we focused on for this experiment was the 18 foot water line. All of the
computer analysis we complete was focused on the 18 foot water line. In order to
have our models float at the 18 foot water line, Wwad © sink the vessels down by

using sand bags and make the boats weigh 135 pounds. Another value that we
compared was the maximum velocity that can be experienced by a displacement
hull. The standard formula is 1.33&ngth of the loaded water line. For pmodel,

this equals 5.9 feet per second.
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Procedures
Computer Models and Analysis

ProSurf3

A product of New Wave Systems, Inc., ProSurf 3 is a three dimensional surface modeling
program specific to hull rendering and fairing. Like many surfacing pragramses NURBs to
create complex surfaces. Stephen M. Hollister, founder of New Wave Systems, Inc. defines
b!w. a FyR {KSA NUnKokmg Ratididl, BplideE. Thieydre2egjuations used to
define curves or surfaces that simulate the designerdtdn in terms of stiffness and
continuity. In the early 1970's, 'B' or Basis splines were created (There are an infinite number of
splines.) as a convenient way to define smooth curves and surfaces interactively on the
computer screen. Rather than havearve pass through a set of points, like ducks on a batten,

a Bspline creates a curve which is "influenced" by the positions of defining points called
vertices (see figure below). The designer changes the shape ofuive by changing the

positions of ttf RSFTFAYAY 3 OGSNISE LRAYy(HadE

Fig. 4-NURB
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The equation used to create a NURB is as follows,

k¥l k2

2 2 W PG DB (), ()
Glst) == J;D 72

22 WL b ()b ()

=0 j=0

P(i,j) Matrix of vertices: nrows=(k1+1) ncols=(k2+1)

W(i,j) Matrix of vertex weights: one per vertex point

bi(s) Rowdirection basis or blending polynomial functions of degree M1
bj(t) Columndirection basis or blending polynomial funct®of degree M2
s Parameter array of rodirection knots

t Parameter array of columdirection knots

The use of NURBs allow for the creation of complex surfaces, like the hull of a vessel.
Understanding the function and limitations of NURB surfaces alltw end user to
create accurate models. Fairing allows the user to create models accurate enough
for use in construction. By outputting lines characterizing the second derivative of
the surface, the program locates unwanted points of inflection. In otherds, the
program highlights and magnifies any bumps or wiggles in the surface so the user

can eliminate them if so wanted. This allows for the achievement of the smoothest
- 18_



surfaces possible while maintaining the desired shape. ProSurf 3 will be used to

create the 3D model of our boat hull.

Lines Plan:

To ensure the vessel designed was truly a displacement hull, it was based on the
lines plan of a displacement hull provided in the appendix. This eliminated the

possibility of unexpected error due to imprepvessel characteristics. The vessel is a

costal carrier baring the desigiimensiongound in Table 2.

Breadth Molded 34 ft.
Draft Molded 13.5 ft. Depth Molded 20 ft.
Molded Displacement 442.5 tons Extreme 446 tons

Displacement

Table 1-Vessel Particulars

Control Design with ProSurf 3:

A three dimensional model of the vessel is to be created, using ProSunf [afdr

use in Fluent and Gantbirhis model will provide the means necessary to determine
the characteristics of the vessel (¢beients of drag, area of separation, etc.) that
can then be compared to our concept designs. Defining the standard boat hull as our
control allows us to compare the results produced by our concept designs to make

conclusions. Accuracy in the model is fmority. Any imperfections at this point in
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the design would provide a source of error for the entire project. These models will
also be used to create the tool paths required for CNC. Any imperfections here

would necessitate hand faring later when usfogm plugs to create molds.

To create a ® model from a lines plan the half ordinates must be determined. The
lines plan provided contained no scale so one was created. Since the vessel is 191 ft
between perpendiculars, this means each ordinate représdf.1 ft. The measured

distance between each ordinate was 2.85 cm. A simple ration would yield,

2.85cm=19.11t
lcm=6.701754ft

In other words, each centimeter measured on paper is equal to 6.701754 ft. This

makes 6.701754 ft/cm the scaling factor for the limdsn.

The half ordinates at each waterline were measured. The results ree@ded in

Table 3on the following page
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Ordinate (ft) Water lines

2 ft 4 ft 6 ft 12 ft 18 ft

A n/a n/a n/a 0.670175 6.701754
0 n/a n/a n/a 3.685965 8.71228
0.5 0.670175 1.005263 1.34035 8.042105 12.3982
1 2.345614 3.685965 5.696491 11.39298 14.07368
1.5 4.691228 6.701754 8.712281 13.40351 14.74386
2 7.707018 10.05263 11.72807 14.60983 15.41404

3 13.40351 14.74386 15.41404 15.74912 16.08421
4 15.07895 16.08421 16.08421 16.08421 16.4193
5 15.41404 16.4193 16.4193 16.4193 16.4193

6 15.07895 16.08421 16.08421 16.4193 16.08421

7 13.06842 14.40877 14.94491 15.74912 16.08421

8 8.846316 10.72281 11.39298 13.40351 14.74386
8.5 6.031579 7.707018 8.712281 10.72281 12.73333
9 3.350877 4.691228 5.361404 7.036842 10.05263
9.5 0.804211 1.541404 2.010526 3.350877 6.031579
10 n/a n/a n/a n/a 1.340351

Table 2-Half Ordinates

First Attempt

The initial attempt in designing the-B model had each waterline and ordinate
defined as a row/column. Each waterline was fixed horizontally on tyeplane;
therefore each line representing a waterline would bare the sarmmadinate.
Each ordinate was fixed vertically on the plane; therefore each line representing
an ordinate woull bare the same -koordinate. The points created by the

-21-



intersection of the rows and columns were moved to the positions of the half

ordinates. The program then creates the symmetric counterpart.

This method yielded many errors. Ordinates A, .5, and 1@ weable to be created
because they did not cross every waterline. This can be seen by the values not
available in the chart above. The program would not allow for the creation of a fixed
vertical line that did not pass through all horizontals. This pefttions of the bow

and stern misshaped because the associated half ordinates could not besénter

This can easily be seen in Figure 7

Fig. 5- Attempt one: Rendered View

LY FTRRAGA2YSZ RdzS (KS T dagOdesigh gikhe vess@ waa T b ! v

severely deformad. This can be seen in Figures 7 an@i§ clearly. In an attempt to

correct these deformities, additional row/columns were added. By altering the Surf

-22-



around the imperfection, the user can sometimes correatisat the computer
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outputs. After many hours of alteration, success was not achieved.
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Fig. 6- Attempt one: Right View

Second Attempt

The second attempt differed from the first attempt in that it did not start with a
Surf, but rathe the Surf was createdAttempt one tried to alter amxisting Surf into

the desired specification of our coastal carrier. Here, a three dimensional model of
the boat was created using polylines. These polylines would be used to define the
surface, creatig the Surf. This is a process known as Reverse Engineering. The
program, normally used for free lance designing, is being used to create something

that is already been designed.
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To start, the keel was defined on theyplane at z=0 with its after most g at the

origin. Waterlines were then added individually. Each waterline contained the same

number of points as ordinates it did cross. The X, y, and z values for each point were
then defined as seen imable 3 These points were originally defined asukkles,

but were CurveFit for smoothness. With Snap ON activated, the ordinates were then

drawn by connecting points of common x value. Again, the program creates the

symmetric counterpart. The resultirB§D mesh can be seen in Figure 9

Fig. 7-Polyline Mesh

The next step in this process is to use the created mesh to define the surface. This
was done with the Skin/Loft Surf feature. The order and direction in which curves
are selected for skinning changes results. Originally, wagedurves were selected,
starting with the deck line and ending with the keel. This resulted in an extremely
similar outcome as attempt one, the rounded bilge of the boat being severely

deformed. This selection order was disregarded.
-24-



Next, ordinate curve were selected from bow to stern. Since some ordinate curves
shared points with other curves (A, .5 and 10), the Skin/Loft Surf tool would try to
al1Ay (GKS &alyYS LRAYG Y2NB (KIy 2yO0So® ¢KAa

turn creating holes in the efined surface. Although this was still a problem, the

rounded bilge was no longer an issue.

After technical support from New Wave Systems it was recommended that the
mesh be surfaced from bow to stern, but not including the curves creating the
problems.The next step would be similar to what a lofts man does on the loft floor,
to interpret the shape of the bow and stern based on the information at hand. The
three dimensional polyline mesh would provide a reference when isigafihne bow

and stern. Figurd0 shows where the blue surface needed to be shaped to meet
the green curves and to eliminate any imperfectiphise the ones found towards

the stern. This step was essential in developing an accurate model.

Fig. 8- Surfaced
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Addtional columns were added in the bow and the stern to allow for shaping.
Utilizing the different views in the program made it easier to shape the surface to
that of the polyline mesh. Aftemany hours of shaping, Figure &fhows how the
blue surface now vy closely matches the shape ofetlygreen mesh, unlike in Figure

10.

Fig. 9-Shaped

The final and most time consuming step in creating an accurdden3odel is the
fairing of the hull. kcurves were activated for each horizontald. The kKcurves

were then faired with a ¥scale factor of 25. The vertical lines were faired next. This
was performed for all lines in both the Back and Bottom views. This process was
then repeated several times to achieve the smoothest hull possiiderd-12is a K

patch Gaussian surface of the final computer model. Shades of blue represent
smooth surfaces while shades of yellow and red represent less smooth surfaces. The
least smooth surfaces exist where the most shaping occurred. These are also the

areas where the most fairing was required.
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Fig. 10- Gaussian Surface

Pro Engineer

Pro Engineeilis in many ways the mechanical engineering equivalent of ProSurf.

Where ProSurf is capable of modeling hulls, ProE is capable of mgpderious

mechanical elements. In the Case of the Mahi mahi, one may wonder the purpose

of using Pro E? Due to its difference and greater bevy of design tools, Pro E allows us

02 FTEGOGSN) OKS{BABHEARYA 2F GRS RRNE KB, thy2ad A\
dimples on the hull. The true purpose of the final analysis is to assess the efficiency

of a dimpled hull compared to a standard displacement hull. Therefore the purpose

of Pro E is to add the dimples in various arrangements on different hutibfypes

for further analysis.

The surface created in ProSurf 3 wasprted into Pro E This allowed for
modification to create the concept hulls. These hulls would then aésexported
and run through Gambiand Fluent for fluid analysis. These resulisuld be

compared before choosing the best concept design to create a physical model.

Original thoughts had the dimple designed as a part. A hole for each dimple would

be extruded from the surface and the diregl assembled into the holes. To mimic
-27-



the desgn of a golfball, the radius of the dimple would be 7% the radius of the
round bilge. The depth of the dimple would be 7% of its own diameter. The round
bilge having a radius of approximately 6.03 ft, the radius of the dimple would then
be 42 ftwithaRSLIUK 2F &dnc Fd O6TkMNnéL® ¢ KA &

order to achieve maximum results.

A part assembly for each dimple was decided to be very time consuming and
unrealistic. After a consult with Mr. Willard, the solids modeling instnyat was
decided the dimple would be created using a revolve cut. This eliminated the need
to assemble each dimple to the hull while allowing it to maintain the same
dimensions. This revolve cut could then be patterned over the surface of the hull

makng the entire process faster and much more painless.

After defining planes in the x,y, and z directions, the surface was thickened to allow
for revolve cuts. It was made certain that the surface was thickened inward as to not
affect the geometry of the aier hull. In order for the thicken feature to work, the
iges file needed to be imported without its symmetric part. The full hull can be
created after modification by using the mirror part tool and assembling the two

together.

The Dimple

The vessel watbe dimpled from the greatest water line and below. Therefore, a

datum point was created on the surface eighteen feet above the k&edatum axis

-28-
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was then createdhrough that point andhormal to the surface. An additional plane
was createdhat traveledthrough the axis and normal teyxplane Drawing a line in

this plane and projecting it onto the surface allowed the edge of the surface to be
used in the sketcher. Now existing on this plane wasdéined edgeand an axis
normal to the surface. Thegwo items used in the sketcher allowed for the creation

of a shallow disc, baring the dimensions of the dimple, normal to the surface. This

sketch would be used to revolve cut the dimple.

Figure 13: Pro Engineer Rendering of Corept Hull

The revolve cut was made using the internal sketch above. The axis of revolution
was the normal axis created through the datum point. The remove material feature
was used to cut the dimple into the solid surface. Since a flat disc cannot bealcarve
into a curved surface, it was necessary to extend the geometry of the sketch beyond
the edge of the surface in order to ensure material would be removed in areas of

greater curvature.
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Patterning: First Attempt

This revolve cut then needed to be pattexhalong the complex surface of the hull.
To accomplish this, a curveasdrawn for the pattern tool to follow. The curve was
made by projecting a straighine, drawn on the »x plane onto the surface. The
projected line needed to be a sketch to be ugadthe pattern tool. Therefore, a
plane was defined through the projection. On this newly created plane, the use edge
tool in the sketcher then made the projection into a sketch. The earlier made
revolve cut was then fill patterned along the curve creatsdthe projection. The
results can be seen in Figuld. Please be aware that Figure d8es accurately
represent the size and depth of the dimple. It is only the outcome of trying to

achieve the proper results before doing so with the correct dimensions.

Fig. 14-Patterned Revolve Cut

It can be seen that the diameter and depth of the dimples does not remain constant.
This problem spawns from the patterning of the revolve cut. The initial revolve cut
was made normal to the stace. The axis of revolution for the patterned dimples

remain parallel to the original revolve cut. This means that as the surface changes
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shape, the revolve cuts are no longer normal to the surface like the original,

resulting in dimples with inconsistediameters and depth.

Patterning: Second Attempt

In order to create dimples of more consistent size and shape, a fill pattern was used
using an internal reference. This reference was simply a horizontal line onzhe x

plane at the eighteen foot water len The program was then told to space the
members along a curve, i.e. follow the internal reference line, at a spacing of 1.68 ft.

This spacing was chosen because it left one diameter of space between features. By
aSt SOGAYy3a (GKS aT72 infin2he oplicisNdienOafd saléclingdde 2 L0
imported surface as the reference, the program then patterned the revolve cut

along the defined line while maintaining normality on the sketching plane. This

created normalized dimples of consistent size and shape.

In order to dimple the entire vessel, this revolve cut and patterning process was to
be repeated from the eighteen foot water line to the keel. This process came to a
halt at the ninth row of dimples when one member behaved abnormally. This
particular feaure was revolved as a shell, eliminating the option to remove

material. Being a patterned feature, not an original, this member was unalterable.
After changing every option available to resolve this problem with no success, this

method had to be aborted.
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Figure 15: Dimples in Concept Hull

Patterning: Third Attempt

In a third attempt to dimple the hull of the vessel, the revolve cut was to be fill
patterned using a closed figure as an internal reference and to space the members
in the shape of a diamah The internal reverence was simply a box enclosing the
entire surface. Again the follow surface shape option was used to maintain
normality. The members were spaced two feet apart. This successfully patterned the
revolve cut over the entire surfacélthough a 1.68 foot spacing (one diameter

apart) was desired, two feet was the closest spacing that did not create errors.

To create dimples of more consistent size and shape, three pattern areas were
created; one along the-x plane for the side of the vedsene along the-y plane

for the bottom of the vessel, and an additional plane intersecting the two others for
the round bilge. Overlapping features were turned off for a nearly seamless final

product.
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Figure 16: Whole Concept Hull Dimpled

Modification of this design is a simple edit definition. Turning off any unwanted
features allows for the creation of multiple pattern layouts and multiple concept
designs. The design yielding the best analysis results will be chosen for the creation

of the physicamodel.

Fluent

Before any fabrication is done in a production process a fundamental step must first
be completed. This step is known as analysis; according to definition, analysis is the
examination and evaluation of relevant information to obtain thesbeourse of
action in various alternatives. An analysis is both initial and compulsory for the
creation of a prototype the MAHI mahi is no different. Within the parameters of the

M.A.H.l. mahi, analysis is done with the use of CFD (computational fluamilys)

-33-



a2F061 NS GaCtdzSyd FyR DI YoAdishan etr&mely / C5T
LJ2 ¢ S NJF dzt a2F061 NS AYRddzAIONRIFITEE (1y26y a
simulates a body as it travels through a fluid, practically, this can be viewed as a

mathemati@l recreation of a wind tunnel.

Marine Advancement by Hydrodynamic starts with the development of the M.A.H.I

line. This line or boundary is the point at which the dimples are placed so as to trip

the boundary layer from laminar to turbulent. As one cafer the positioning of the

M.A.H.I line is imperative for the success of the experiment; Fluent allows us the
ability to insert an imaginary M.A.H.l. line, and then simulate the passage of the

water up to the 18 ft water line within a set control volunee.Cf dzSy G ¢ OF y &aA
most fluids; based on the principle that a fluid is defined by its density. In the case of

this experiment, we simulate sea water across the hull of the vessel so we set the

fluid density as that of water 1000 g/m”3.

Processing usintlpis software requires us first to design a control; the M.A.H.I mahi

is modeled after a 191 ft bp by 18 foot beam displacement hull vessel. There is no

need to expatiate on the modeling of the control since it was covered under the
previous chapter of tis report. Never the less it is important to note that the

control to be built is in fact one tenth of the original vessel, however the model
0SAy3a +tylFLte@T SR Ay aCfdsSyidé Aa GKS o0SAy3a F
the analyses will take lger it does give a better practical picture of a real life

displacement hull vessel. There was actually a large delay before this CFD could be
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used, since there was a problem with the schools license; a lesson was quickly learnt

this software is very expaive and so, well protected by its license agreements.
However, when the software was finally up and kicking there was an immediate
guestion raised; one was inclined to wonder, judging from the actual name of the
software (Fluent and Gambit) where exadllyes the Gambit fall in, and exactly how

it is related to the Fluent? One may also assume that since the program is commonly
NEFSNNBR (2 +ta CfdzSyidx GKS DIFYoAdG aARS A
while being a logical deduction, is actuadlycase of a logical progression being

entirely misleading and as a result iterating to an inaccurate response. With this
knowledge much time must be spent explaining the purpose of each of these

software pieces as they are used with regards to the M.AndHi.

GDFYoAUZE GK2dzZZK NI NBfeé YSyuAazySR: Aa (K
FNBIljdzSyd YSyaGAz2y AdG Aa Ay FFOOG Sldztte A
The mesh is that piece of the program in which the mesh or control is actually
manipulated. The M.A.H.l. mahi was saved as an IGS file in Pro Surf or Pro E then
dzaAy3 (GKS AYLERNI O2YYIFYR AlG gl a GNIFyaFSND
software supports many varying file types and like the IGS, it reads them all like a

group of coadinate, data points and then compiles them to the Gambit screen as an
AYF3ASo LyAGALFfEfte&s Ay Fy FGaGaSYLG G2 GNIXya
selected from the file menu, but this method failed and so the method

aforementioned was employed. Oacthe image is successfully uploaded into

-35-



7 A

GDFYOoOA(GZE GKS (NHzS LI2ogSNI 2F (K a2Fa otk NB
in a particular way so as to allow proper simulation, in this case fluid is expected to
flow like as the vessel would travel in wgtbow to stern. As such a left to right bow

to sturn orientation was attained by simply clicking, holding and turning the vessel in
the desired direction. The image was then seen broadside, portside with symmetry
as usual created along its longitudinahter line. A control volume is the area that
one sets for the system to analyze within, if a control volume is not set, there would
be no true area at which point analysis would start and stop this could over load the
computer, as well as make results ingstly or inaccurate. It is however important

to choose a control volume, that allows for laminar, well developed flow before the
fluid actually experiences its initial boundary condition. The CV for the M.A.H.I mahi
was set at a position of 300 feet forwhand aft; this gave a total of over one
hundred feet of unaffected data before the fluid actually met the fluigkssel
boundary. The creation of the control volume is the most important step in analysis
of the vessel, and it is also the most time congugn The mesh area can be thought

of like an infinitely graduated Cartesian plane; as such the two initial points created
are used as reference points at (+300,0,0) a0®8@0,0,0). From these points a
series of points representing the vertices of a culsaface are created. This is
easily done, however the points running across the vessel are a challenge. If we
were required to analyze the entire vessel we would build a control volume; a cube
around the entire vessel. However the M.A.H.I line and theatpof separation in

turn, can only really occur on the part of the hull that is estimated to be in the water
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at any given point in time. The 18ft vessel water mark is the highest point to which
water is expected to rise on the vessel; therefore the Garhit must be built so

that it only considers from keel to the 18ft waterline. One may assume that it would
make life simple if we were to draw a line from the front 300ft mark to the back
300ft mark on the Xaxis at a position of 18ft Z axis across thertpside
superstructure. However the first problem started with definitions of the initial
points at (300, 0, 0) either way. To make corrections for this oversight a function
known as split line was used to create a new point at 18ft up the vertical litteeof
026® DIFYoAGQa AYyF2NXIOGA2Yy (22f Fft206a
points on any area on the vessel; 18ft was easy to find, and then a new point was
created as previously mentioned. The point was set on the vessel because the actual
andysis is of the vessel area itself; hence the hull must be a part of the control
volume. With this new point acquired, lines weredeawn with the same x distance

but a different Y reference. Points located on the Z axis were placed spatially at a

distane of fourteen feet below the keel, again to allow for a well developed region.

Development of a CV is like the progression of a baby learning to walk; first the baby
learns to role, then to creep then finally and as a youngster how to walk. In gambit
we first set points and vertices as described above, then connect these points to
make lines into a cube; and last but most importantly give this cube solid faces. It is
in completing this last step that the most unique of problems arise. The broadside

area ofthe vessel is the reason for the entire exercise of analysis; it is the point at
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which the dimples are located and the area we would need to analyze. It is
therefore necessary to make the broadside of the vessel a face for analysis. This may
sound simpléut if the model is set as it is, fluent analysis would view the broadside
of the vessel as just the face of the cube. It is hence necessary to make the
broadside of the vessel a face in the CV; this implies that where the control volume
may have been comgsed of the six faces of a cube it should now be increased to
AaSOSYd 1 26SOSNE AYyaSNIAy3 I FFOS AayQi
the broadside of the vessel exists in two dimensions; both on the z and x plains,
consequently instead dhe initial guess of seven faces the new CV would have eight
faces. Splitting a face is similar to splitting a line, we select the face to be split and
then using the faces icon we select the split face command. The program requires us
to split the face ortwo axes as previously mentioned; so once the face is split the
new CV now comprises the rounded contours of the vessel. Gambit displays the
splitting of a face, by merging the curved line following the contours of the vessel,
with the straight line repreenting the rest of the control volume. It is important to
note that only one side of the CV either port or starboard could be modeled at any
given time. However Gambit allows us to circumnavigate this problem, and reduce
the work load of repeating the lanexercise described above, by the reflection
command. We however do not need this fantastic command because; a vessel is
symmetric along its center line, thus data analyzed on one side of the vessel is
exactly the same as that on the opposite side. Assult of the lacking computer

power available, it is important that we reduce the amount of area that the system
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must analyze. In keeping with this principle of reduction forced upon is by computer
constraints; when a face is split, an excess face is byithe line above the new,
split 18 ft waterline forward and aft as well as the top line created by the vessels
split face. To further clean the mesh therefore, this face must be deleted by
selecting the lines that make up its area, taking care not te@tdelhat gambit
refers to as leading edges; lines that make the top of one face while making the
bottom of another. When this process is complete the remaining hull design is
displayed as half of a vessel cut along the bow and stern forward to aft alA§ it

ft keel loaded waterline

Gambit command tools are set up so as to guide our thoughts through every step of
creating a control volume; hence the last step is actually creating a solid mesh.
Meshing is the actual process by which the program createslsiodules or shapes
inside the faces of the cube. The easiest shapes are simple squares but it is more
accurate to use tetrahedral, octahedral or polygon figures. The nodules further
divide the CV into smaller shapes for analyses; at every one of $heges added in

by Gambit, Fluent analyses and calculates the required information. The more
populated the figure is with accurately defined nodules, the more precise the
calculations made by the software will be. It also goes to reason that the more
tightly spaced these nodules are, the less chance of error one will have in evaluating
the contours of the vessel. Logically though the more nodules that a present and the

greater the intricacy of the nodule designs, the longer it will take for Fluent to do its
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analyses. Nodules are hence, generally selected to maintain high levels of accuracy,
as well as to produce the fastest result from fluent. The MAHI control volume as it is
uses tetrahedral shapes in its design, however these shapes are not graded; this
means they are all equally spaced through out. This design though highly accurate
takes a bit more time to analyze, so alternatively the CV could be graded with larger
spacing on the outer partitions and tighter spacing within the boundaries of the
vessel. ® achieve this grading, and so circumvent the problem of limited computer
power, it is required that the lines created earlier be readjusted vertex by vertex.
Every time a mesh is built whether its nodes are of tetrahedral or square in nature,
or its mappng is wire meshed, paved or mapped/ paved every line must join at
some point. Node vertices are the points at which more than one of these lines
meets. It is because of this fact that grading becomes a tad bit tedious; picture one
face of the vessel thasitetrahedral and spaced at a distance of 5 cm apart for
accuracy, meeting the leading line of another area that is easier spaced with
guadrilaterals at a distance of 10 cm apart. As the name implies a vertex indicates
the meeting of lines, we must positiadhe lines manually so as to get them as close
as possible to meeting each other at the most populated leading edge vertices. In
some cases, as in this case where there is a different nodal geometry, we are
required to adjust only the faces that can bejusted while leaving the faces with

leading edge conflicts between tetrahedral and quadrilaterals alone.
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When the CV is properly meshed about the vessel, the next step, as the Gambit tool

box cycle suggests, is the creation of boundary values. Boundaeesreated so

that Fluent can have given parameters in which to perform its calculations. Not only

do these parameters have to be set, but it is of extreme importance that these
parameters be set at given points. To set the parameters the orientatiothef

MAHI mahi must first be observed; bow to sturn orientation left to right on the
matrix. If the MAHI mabhi is set at this angle the CV must thus be labeled and
parameterized with similar coordinates in mind. The left side of the CV acquires the
labelofa Ay Ff2¢¢ YR GKS 02dzyRFNEBE Aa asSa I a
1y2s GKIFIG GKS @St20AadGe 4G GKAA LRAYyG Aa
point, in essence the velocity is fixed. The right most portion of the CV is set as a
presaire outlet; here we must recall that we are testing for changes in velocity so

the outlet is one of pressure. The rest of the control volume except that defined by

the curve of the vessel, is also set as a pressure domain; since the area surrounding
the MAHI mahi is always governed by both Dynamic and Hydrostatic pressure. The
FNBF 2F Y2adG AYLR2NIFYyOS Aa asStSOGSR I'yR
hull. Fluent like most CFD programs considers any object set in a control volume a
wall. Inother FzSy i R2Say Qi 4SS (KS @SaasSt Ay AdGa
with dimples or without dimples. The control that is modeled initially is without
dimples, and the area, not yet defined from above, is set as its own pressure

boundary or domain. Flug, hence still analyzes this area as a wall, but a wall with

fAYAGSR (2 y2 aSG o02dzyRFNAS&az 6S | NB dzyl
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hull so this pressure field command allows us to cheat by defining a member of the
CV without sufficient informabn. The process described above is repeated for both
the meshing of the control as well as the varying dimple design and a final meshed

surface should look similar to the following figure
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Figure 17: Fluent Screen Shot 1

N.B. only the yellow half is bej considered as actually present as the CV

hy O2YLX SGA2y 2F GKS DFYOoAOl YSakK g2N]
and then exported into Fluent at which point the numbers connected to the analysis

are compiled and calculated. Before startifguent running, parameters of
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operation similar to those set up in Gambit earlier must be applied and ensured
congruent. In addition other options like initial velocity of the fluid in the control
volume and the Reynolds number of the fluid medium mustoabe included.
Fluent can display in many different formats, however one of the most powerful
Fluent displays is that of colour contours as illustrated in Fig# bellow the color

profile for an aerospike engine.

Figure 2: Fluent Screen Shot 2
Figure3#: Aerospike temperature contours

Fluent uses a variation in color to articulate the changes in pressure, velocity,
Reynolds numbers and coefficient of drag in the system. A good example of color
imagery is e display given as a result of temperature changes above; the softer
colors like blues are used to represent colder temperatures while the brighter colors
like green are used to display hotter conditions. Fluent, like many other analysis

software, also uss the imagery described above to display changes in force; the
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