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INTRODUCTION and SUMMARY

The following documentation explains the material contained in the computer program entitled, PCSAILstudnt.xls and provides instructions for its operation. The program takes, as user input, characteristic dimensions of the boat hull and sails, and predicts the sailboat speed as a function of the true wind velocity and true wind direction. It is a Velocity Prediction Program, a VPP. For a more detailed explanation of the program the user may refer to PCSAIL, a Velocity Prediction Program for a Home Computer, ( Martin and Beck 2001).

As a boat accelerates under the sail forces, its speed increases until the hydrodynamic resistance increases to a level equal to the sail driving force. The program predicts the velocity at which this balance is reached by equating the hydrodynamic resistance equations published in the 11th Chesapeake Sailing Yacht Symposium (Gerritsma et al. 1993) , to the sail force equations published in Principles of Yacht Design (Larsson and Eliasson , 1994). 

The program allows the user to evaluated several different sail arrangements: A single masted boat, (a sloop), or a two masted boat such as a yawl, ketch or schooner. There are many combinations of sails, and sail characteristics that can influence the velocity predictions. And there are various hull configurations as well; fixed keels, centerboards, and bulb keels. In order to simplify the initial use of  PCSAIL, as much as possible, the user is provided with  graphical input sheets, that allow the entrance of hull and sail dimensions directly into cells on drawings of the hull and sails.

Much of the program documentation is contained in the Excel spreadsheets in such a form as to be readily understood by anyone with an interest in using the program to predict the performance of a sailboat. As noted, the hull and sail dimensions are entered in cells that are overlaid on drawings of the hull and rigging. Hull characteristics, or parameters, such displacement, (weight) can also be entered, if they are known, in the “HULLPARAM” worksheet.  If the user does not know how to estimate such values, entrance of a zero (0 ) value, will result in a default estimate based on the hull dimensions.

  The user is given definitions for the various terms used in the program, and those familiar with conventional sailing terminology, will have no difficulty in operating the program. Output information is automatically recorded in tables and graphs for convenient user cognizance.

The elements of the program are contained in the normal Excel format, spreadsheets, each of which will be explained in turn.

The operation of the program can be accomplished with reference to only four spreadsheets; HULLINPUT, HULLPARAM, SAILINPUT, and RUNIT. Each of these will be briefly explained, with emphasis on the “RUNIT” spreadsheet, which, as the name implies, is the spreadsheet from which the Velocity Prediction Program, (VPP) is operated.

Spreadsheets immediately following the ‘RUNIT” spreadsheet, which contain the output data and data plots from the VPP, will be explained in concert with the “RUNIT” spreadsheet since they are closely interrelated.

 Finally, the additional spreadsheets that contain the computational elements of the VPP, and are not necessary to the operation of the program, will be explained. They contain information that can be useful to an understanding of the program, and they can sometimes be useful in the diagnosis of some operational problems. Additionally, a SAILPARAM spreadsheet, (hidden) into which user sail coefficients can be entered, is explained.

OPENING THE PROGRAM

This program should be run on Excel 2000.  If your Excel program does not include the ‘Solver” it must be loaded from the Excel 2000 CD. When activating the program a message will ask the user if the macros should be enabled. They should be enabled unless the user has some reason to believe the program  may have been contaminated with a virus.  The macros provide automatic operation of the program so that the user will be saved the trouble of making routine changes in inputs such as wind direction or wind strength. These will be explained in turn, but essentially the macros are programmed instructions for the operation of the “solver”.

      The “solver” is a numerical optimization tool which takes the hull and sail characteristics and finds the maximum boat speed for various wind speeds and successive wind directions. It finds this “maximum” by searching, (by successive trials, iteration) for optimum sail adjustments, and crew positions, CRARM. For example, in strong winds it will shorten sail (Reef), tighten or flatten the sail and have as many of the crew as possible out on the rail.

A second message box will appear, noting that a circular reference exists. This circular reference was employed to record data in various tables, not in computations, and can be ignored.  The user can ignore the presence of this circular reference by clicking on the “Cancel” button. The program will then be loaded.

    After the program is loaded, a user agreement form will appear which explains use restrictions, and how to proceed if the user accepts these conditions.

Closing the agreement form allows the user to proceed with operation of the program.

OPERATIONAL SPREADSHEETS 

Most of the spreadsheets in PCSAILstudent.xls may be viewed and operated with just the upper portion of the spreadsheet in view. However many of the spreadsheets have additional information that may be viewed by scrolling down. For example the spreadsheet for hull input will not normally show input cells for centerboard boats unless the user scrolls down. And many of the spreadsheets contain explanatory information that is not necessary to view, but which can help the user understand the origin of equations or the manner in which the program operates. The user may find this information helpful, and it is color coded for user cognizance.

FIG.1-“Variables”

      This spreadsheet provides a Table of  “Named” Cells with terms or abbreviations

      such as Bwl, for  beam at the waterline, defined. Those terms requiring user input, 

      such as Bwl, are underscored  for easy identification, and as they are in the user

      input sheets.

FIG.2 “HULLINPUT.”

       This spreadsheet has provision for the user input of the necessary boat 

       dimensions such as its beam at the waterline, Bwl, and the boat draft, T. An 

       examination of this spreadsheet indicates how these dimensions are entered  right 

       on the drawing of the hull, in cells which are colored green for easy identification.

       These dimensions are the characteristic boat dimensions employed by Gerritsma 

       and co-authors (1). All dimensions are in feet, pounds and seconds and may be 

       entered directly in the cells. 

      The user should note that at the top of the sheet, there is provision to enter whether 

       the  boat has a center or dagger board. There is also provision to note whether the 

       rudder is separate from the keel. Failure to properly record this information will 

       lead to serious errors. The user will find drawings of a centerboard, and a dagger-

       board by scrolling down on this sheet. Cells for entrance of such dimensions are 

       also shown directly on these drawings.  

       NOTE also that a unique boat identification, ID, should also be entered. Failure to 

        properly identify  the boat on the  HULLINPUT, HULLPARAM, 

        SAILINPUT, and RUNIT spreadsheets will almost invariably lead to errors in 

       proper recognition of data sources, and run conditions. For example, the data 

       output  sheets record the boat name given in the RUNIT sheet. If this is in error 

       the data will be of questionable use.

       There are two “buttons” on the HULLINPUT sheet that will activate macros. 

       Macros are  written instructions for operation of the program. One button will 

       automatically “zero” old data, so that the user can readily see where data is needed. 

       This will  avoid the inadvertent retention of “old” data inputs. A second button 

       will save old  data, so that the user can easily revert to a former “design” .

       At the bottom of the HULLINPUT spreadsheet are shown certain dimension-less 

       ratios, such as Lwl/ Bwl which are used in the computational elements of the VPP. 

       If the boat dimension inputs yield ratios that fall out of the “normal” range, or 

       outside the range for which the computer output will be reliable, a warning note 

       “false”,  and “poor”, will appear. These are precautionary notes. The program will 

       still run, and  the results will not be invalid unless the departures from normal 

       practice are large.

       The magnitude of the departure can be judge by activating the respective cells and 

       looking at the “IF” statements governing the true - false advisories.

FIG.3 “HULLPARAM” Spreadsheet.

        It is necessary to enter just a few values in this spreadsheet:

a- The boat ID

b-  Whether the hull has “deadrise”, (YES/NO) A hull having deadrise has a bottom with a discernable upward slope at the keel. A hull having no deadrise will have a “U” bottom, with zero slope at center bottom.

c- The number of crew members, CREW

d- The number of movable crew, MVBLCRW, that can move close to the rail in order to reduce heel.

           There are a large number of additional input cells that are underscored with dashed 

            lines to indicate that these values should be entered if they are available. If they 

            are not available these cells must be left blank, or zero entered. If they are 

           “empty”, default estimates for these parameters will be entered. They are:

1- The total displacement of the boat, pounds. (see note below)  

2-  The prismatic coefficient, Cp   

3- The moment to heel the boat one degree, at 2 degrees heel, RM2

4- The maximum crew arm , CRARMmax: how far from midship they can move.

5- The distance of the center of buoyancy from the forward perpendicular,Lcbfpp

6- The thickness ratio of the keel at its root, THKratkrt. This is its thickness devided by its cord length at the root.

7- The thickness ratio of the keel at its tip, THKratktip

8- Rudder thickness ratio, THKratr

9- The centerboard thickness ratio, CBTHKrat

10- The dagger- board thickness ratio, DBTHKrat

11- Propeller development ratio, Ad/Ao

12- The propeller drag coefficient, Cprop

13- Water plane area, WPA. This is the horizontal area of the displaced water at 

       the waterline level.

14- The wet surface area of the hull canoe body, Sc. 

Note: If the user does not specify the displacement in pounds, as note in line 1 above, the default displacement in pounds will be based on U.S. Sailing’s North American IMS Fleet (Martin and Beck, 2001). Note, if the displacement is entered or the default displacement is used, the program returns a value for the  mid-ship coefficient, Cm  (based on DSP, Bwl, Lwl and Cp) in Cell D11. If this value is not consistent with the designer’s intent, then an alternative estimate of the displacement can be gained by entering a value for the mid-ship section, Cmi. Entering Cmi in Cell D27 yields a value for the total displacement by calculating the canoe body volumetric displacement  (from Cmi, Bwl, Lwl,and Cp) and adding the displacement of the keel and rudder. The total displacement, in pounds, is returned in Cell B9 for the user’s cognizance. If the user chooses to use it, it may be entered in Cell B8. This will return a value for Cm in Cell D11, which is equal to Cmi as entered in Cell D27.

FIG.4 SAILINPUT Spreadsheet

      This spreadsheet provides for user input of the sail dimensions, and the 

      height of the boom above the deck, BAD. Again the drawing provides for 

      easy recognition of the required dimensional input. As with the hull there is a 

      button for zeroing out old data, so as to avoid accidentally retaining data from a 

      previous boat run. This student version of the program gives the area of the 

     spinnaker in terms of the spinnaker leech, SL,  and the “J” dimension, using

     Larsson’s equation, As = 1.15 SL J. If the advanced user wishes to enter a different 

     spinnaker  area, he or she will need to open the SAILPARAM spreadsheet which is 

    “ hidden”. To unhide this sheet, go to “Format”, sheet, unhide, and click on 

    “SAILPARAM”. Cell E14 will show the above equation in an “IF” statement. If the 

    user enters a value  for the spinnaker area in Cell M6, the program will use that 

     value . Note that if no value is entered, the default value will be that from the 

    above equation.. Additional features of this spreadsheet may be examined by scrolling 

    down and reviewing the various explanations. Beginning students might wish to gain 

    experience with the program before exploring these various options.
FIG.5-“RUNIT”

      This  spreadsheet  is the heart of the VPP. Its operation is straight forward, 

      however the user is cautioned that some deliberation is appropriate because ( As 

      will become evident with further explanation of  the following):

           0-It is easy to lose data, and or identification of data if the boat identiy is 

               not  carefully noted on various sheets. (HULLINPUT, SAILINPUT etc.) 

           0-If the “ZERO” plots is set to zero inadvertently, before data are printed .

           0-If the “ZERO” plots is not reset to 1 after printing data, the automatic plotting 

              of data will be lost.

         The utilization of the program will usually involve two stages, each of which will 

          be explained in turn:

I-  The preliminary examination, and improvement  of the initial design, wherein  the program is  operated directly with the “Solver”, and 

II-  The automatic operation of the program, using the macros, to automatically 

       record the performance of a fixed design over a range of selected wind 

       speeds, and for the various wind directions , that have been pre-selected, 

       (and cannot be changed since they are referenced in macros).

I -Preliminary Design Steps
    The preliminary design of the boat will provide the data input for HULLINPUT 

     and SAILINPUT  spreadsheets. The first operation of the VPP , to determine the 

     performance of this design, under a single wind condition, will be accomplished as 

     follows:

    A-Choose the true wind velocity (in knots) of first interest and enter in cell

        A7 of the RUNIT spreadsheet.

    B-Chose the true wind angle of first interest and enter this in Cell A5.

        It is not necessary, but this can be 38 degrees, the first of the angles that           

        will be run automatically by the macro in Column “L”. CAUTION, 

      do not change any values in this column ,”L”, or the macro will  be

       confused !

     C- Choose, for this initial trial, one of two of the three possible “SAILSETS” :

          For a sloop, choose Main and Jib , “MJ” and enter this in the cell labeled 

           “SAILSET”, (cell K19), which has dashed underlining. Also, in the group of cells

            labeled “SET SAILS”, after “Main and Jib” enter YES. In the cells after 

            Main,Jib/Spin, and ALL, be sure to enter NO. If more than one YES is entered

            A message will appear saying “Hold it, one YES only”.

            Also for a sloop, it is possible to run with a main and spinnaker, but only for true

            wind angles greater than 80 or 90 degrees. Thus in the initial, one wind condition

            trial, it is suggested that the sail set be for main and jib. The second SAILSET ,

            main, jib/spinnaker, (MJS) will be explained in a subsequent section in which the

            macro automatically sets first the main and jib, and then takes down the jib and 

            sets the spinnaker when the computer determines that this will increase the boat

            speed.

            For two masted vessels, the SAILSET should be “ALL”. “ALL” because a yawl

            ketch, or stay-sail schooner requires consideration of “all” five sails that such a rig

            can set, main, jib, mizzen, mizzen staysail, and spinnaker.

     D-Initial guesses must now be made and entered for the following ;

           0-Cell C25,  The boat speed in knots. This guess might be 1/3 to 2/3 of

               the “hull speed “ of the boat. ( 1.4 times the square root of the 

                waterline length)

            0-Cell D25 , the boat heel in degrees. This guess should be between 0.02

               and 25, depending on the wind speed.

0-  Cell E25, Flat.  This should be between 0.4 and 1.0, and probably about 0.9 for a first guess.

0-  Cell F25, Reef. This should be between 0.4 and 1.0 and  close to 1

       if the wind velocity is low, and about 0.6 for winds approaching 20  knots.     

            0-  Cell G25- CRARM, or Crew arm. This will be between 0.001  and

                   B/2-1.5.  a value just short of B/2-1.5 is suggested as a first guess.

0- Cell H25- T, or draft. If the boat has a center or dagger-board this value must 

       be between Tlow, and Tmax. At 38 degrees true wind direction, try Tmax.

The above suggestions are made to acquaint the user with the operation of the program. However, as noted in the following, there are macros that will automatically set the afore initial “guesses” from empirical equations, based on the  hull’s  waterline length and the wind strength. 

   E-The “Solver” is now ready for operation. It computes by an iterative method the  
      maximum boat speed , by varying the the sail reef, flat, CRARM, and  for board boats, 

      the draft, T.  It will take these initial guesses  and return a solution,  which is the 

      maximum speed that the boat can  achieve under these conditions. It also returns the 

      boat heel, Flat,  Reef , draft, T and  CRARM that yield this maximum boat speed , in 

     the same cells into which the initial guesses were entered.
               0-Click on “Tools”, then “Solver” and click on “Solve”

                  This will activate the solver’s iterative process. At the bottom of the 

                  screen you may observe that it sets the problem up and then goes 

                  through a succession of trial solutions. If your initial guesses are good 

                  the solver may find a solutions in only 10- 12 trials. In which case a 

                  dialogue box appears and says that a solution has been found that  

                  satisfies all optimality conditions, and constraints. If so click on “OK” 

                  and go on to the next desired solution.

                  If your guesses are not so good, you may get a message that  the 

                  solver allotted time (150 seconds) or trials has been exceeded. It will ask you 

                  if  you wish to continue. Say yes. You will most likely get a solution.,

                  but sometimes you will get a message that a feasible solution could not 

                   be found.  In that case, close the “Solver”  modify initial guesses , and 

                   go to the “Solver” and try again. 

              0-For the next solution, at say a different wind speed or direction, the

                  returned values from the previous solution are usually excellent initial             

                  guesses for the above parameters. 

 FIG.6-“VPP DATA”

       This spreadsheet shows data from successive Solver outputs. The true 

       wind angles , (beta,tru)  will always be the same as they are built into the data 

       recording equations and the macro. But here the table will show the last Solver 

       output for those angles, and it will record the wind velocity in knots for which that 

       output was computed. Note that the boat speed, in knots, heel, Flat, Reef, effective

       wind velocity (felt by the sails), apparent wind angle, and velocity made good

       to windward  are recorded.

       This table is useful in exploring the influence of various changes in the preliminary 

       design. For example, a change in the waterline beam, Bwl, may be examined as a 

       means of  improving the boat speed or velocity made good to windward. Or a failure 

       to reef in high wind speeds may suggest an increase in sail dimensions.

       Caution must be exercised because this table does not record the sail and boat 

       dimensions for which the solver was exercised. In that regard it must be considered 

       as  a preliminary tool.

 FIG.7-“ DATA PLOT”

        This spreadsheet plots the data from the VPP DATA  spreadsheet , and 

        will have little merit if the true wind speed is not the same for all true wind  angles.

II- Automatic Operation of Program
    If  preliminary design iterations have led to a design for which a comprehensive

     evaluation is desired , use of the macros will be most helpful.

   Return  now to the “RUNIT” spreadsheet, to address the utilization of the macros for

    the automatic operation of the Solver, and automatic recording  and plotting of  solver 

    output for a fixed boat design.

 FIG.5-“RUNIT” Spreadsheet

0-  Enter up to five wind speeds, (in knots) in the five Cells underscored and 

     identified as Tru Wind, 1 through Tru wind 5 for which boat performance data 

     is desired. If you wish to run fewer than five wind speeds, say three, simply   

     enter zero (0) for Tru wind 4. The program will simply stop when it fails to find 

     a valid solution for a zero wind speed at a true wind direction of 38 degrees. 

     Note however that it will indicate some boat velocity, but there will not be a 

     balance of  sail driving force with resistance: DLTdrive will not be less than 

                 the constraint, 0.0005. Note also that a determination of a “time allowance”  

                 as discussed below, (see FIG.9) will not be valid if Tru wind winds 2, 3 and 5 

                 are not always the same: here suggested as 9, 12, and 20 knots respectively.

    Assure that the boat is properly identified in the various spreadsheets.

0-After printing any data that is needed, enter zero, ( 0 ) in the underscored cell 

     identified as ZERO/1 This will zero out all the velocity cells in the BOAT 

     PERFORM, (performance)  spreadsheet , and make it easier to know which 

     data is new, and to progress through the evaluations at different wind speeds 

      without error.

0-  Re-enter  “1” into “ZERO/1 in order that the automatic recording and plotting 

      of data can proceed.

0- Enter (first) in CellA7 the first of the five true wind speeds, ie Tru Wind1.

0- Check to be sure that you have the proper “SAILSET”

For a trial at true wind direction of 38 degrees.
    Click on the button under the cell in column “A” labeled “Run @ Beta tru, ONE WIND”. This will activate a macro that will automatically estimate the initial “guesses”, enter them in cells for boat speed , heel etc, and start the solver. The solver will find the optimum solution and return best values for heel, flat etc. Having this initial solution, the user can use additional “buttons” to obtain

solutions for all wind angles and wind speeds.

            For solutions at all angles and one wind speed.

 There are three buttons that will accomplish this for:

               1- Main and Jib, MJ, labeled   “Main & Jib ONE WIND”

               2- Main and Jib then Main and Spinnaker, labeled “ Main,Jib/Spin ONE WIND”

               3- ALL five Sails,   Labeled “ALL Sails, ONE WIND”

0- For sloops the user should click on the button for “Main & Jib ONE WIND”

unless there is no interest in the performance for wind angles greater than 90

degrees with the main and jib. In that case the user can go directly to MJS, and

click on the button that will run all wind angles starting with the main and jib

and then with the main and spinnaker.

0- For two masted vessels, the user should click on the button for “ALL SAILS

ONE WIND”

                  Either button will automatically run through all the wind angles shown in 

column “L”, that is, from run through the successive angles from 38 to 178 degrees. This will take about ten minutes. In order to be assured that valid results are being gained the final difference between the sail driving force , and the total hydrodynamic resistance, DeltDrive, is recorded in column “M” for each wind angle. If this value is less than 0.0005 it confirms that the sail driving force is in balance with the total hydrodynamic drag. Column “N”

shows DeltaMom.- the difference between the sail heeling moment and the 

hull’s righting moment. Again all values should be less than 0.0005 in order

to confirm the equilibrium in the roll moments.

0-  After the macro goes through all angles to 178 degrees for the first wind speed, the above process can be repeated for the remaining four wind speeds

one at a time. But do not set “ZERO/1” to zero until all five speeds are run

so that the resulting data will be automatically recorded in spreadsheets. These will be described in a following paragraph, applicable to all of these various 

automatic operations.

                It is generally a good idea to run the program at one wind speed before running

                at all wind speeds, to assure that the program is running properly and with the 

                correct input. However, if the user is satisfied that his or her preliminary

                work, it is not necessary to run all angles at only one wind speed before going

                to the next step and running all angles at all wind speeds. This is easily 

                accomplished as follows.

              For solutions at all angles and all wind speeds.

                There are three additional buttons that are companions to the above 

                three, labeled as the above, except with “All Winds” instead of “ONE WIND”.

                If the user clicks on the appropriate button, the macros will instruct the 

                program to run through all twenty three wind directions, for all five selected

                wind speeds. As noted the program provides for the automatic recording of 

                all of the output data, for all wind directions, for the last wind speed , in the 

                VPPDATA spreadsheet. Summary velocity data for all wind speeds, and all 

                 wind directions are recorded in the BOATPERF spreadsheet. 

  FIG.8-“BOATPERF”   (BOAT PERFORMANCE)

         This spreadsheet shows the data developed from successive runs of the macro

          at the five selected true wind speeds. It includes both the boat speed and 

          velocity made good to windward, and leeward. At the bottom of the spreadsheet , 

          the boat geometry and sail dimensions are recorded. Note that these velocity data 

          will all be lost if  “ZERO/1” on the “RUNIT” spreadsheet is set to zero. Record 

          them  before advancing to the evaluation of another boat. This is accomplished by 

          clicking on the button at the upper right of this spreadsheet, which will copy the 

          values in the “BOATPERF” spreadsheet to the “BESTBOAT” spreadsheet. This 

          spreadsheet provides additional information, and will be discussed in more detail 

          under FIG.10.

          NOTE that there are still additional data to be recorded before zeroing data.

FIG.9 “BESTBOAT”  This is the spreadsheet into which values from the  “BOATPERF” 

             Spreadsheet were copied. Note that it contains an additional array of information. 

            The  program has taken the summary  boat speed, and velocity made good, and

             selected the best velocity made good to windward, and to leeward, by a table

             lookup function. The program also determines the wind angles at which the best 

             values occur, and calculates the average time, in seconds, that it takes to sail one

             mile on a “circular” ten mile course. The course is really a ten sided closed 

             course, each leg of  which is one mile. The average time is based on three selected 

             wind  speeds, 9, 12, and 20 knots. An examination of the TIMEALLOWANCE 

             sheet  will provide addition detail.

             NOTE, this data sheet now contains all of the summary velocity data, the 

             tacking angles and the time allowance, and, the input data, and can be copied to a 

             boat data file by clicking on the button COPY to BOATFILE.xls You must create 

             a file with that name.

   FIG.10- “BOAT SPEED”

           This sheet plots the boat speed versus True wind angle from the “BOAT 

PERFORM” spreadsheet. This plot will go to zero for all five wind 

speeds if the “ZERO/1”  is set to zero. Record this plot by printing before 

advancing to the evaluation of another boat.

    FIG.11-“BOAT VMDGD”

This sheet plots the velocity made good versus true wind angle from the 

‘BOAT PERFORM” spreadsheet. All the above comments for ‘BOAT 

 SPEED” apply.

THE SOLVER, and CONSTRAINTS

    The operation of the solver has already been discussed. The constraints set into the 

     solver have been documented , far down on the “RUNIT” spreadsheet. For example 

     the boat speed must be greater than 0.2 times the “hull speed” and less than 1.6 times 

     the “hull speed” . The “hull speed” is taken as 1.4 times the square root of the water-

     line length, an estimate of the hull’s maximum achievable speed. 

     It is believed that it will not be necessary to change the constraints that have been 

     selected, however a user might find it desireable to use different constraints. 

     Should this be the case, open the solver, go to the  

     constraints , click on the appropriate constraint, click on “change” . Change the 

     constraint as necessary, and click on “OK’. The user is urged to be cautious, make 

     changes only as necessary and keep notes as to the changes made.

     The solver options should also be treated with caution. Any changes should be made 

     only as necessary, and with careful notes being taken.

ADDITIONAL SPREADSHEETS : There are additional spreadsheets that the user can view in the program. Some are hidden, and can be examined by going to “Format” and ‘sheet’ and unhide. Caution is urged, as inadvertent changing of cells can cripple the program.

    - SAILPARAM (hidden)  This spreadsheet is hidden but if the user has different sail 

     coefficients they can be entered in this sheet. Also there is provision for a change in the 

     hull and mast “windage” formulation.

    - TIMEALLOWANCE” This figure shows the details used in calculating the 

           average time around the “circular” ten mile course, including the actual courses 

            of the ten one mile legs.

    - “VPP” Spreadsheet. This sheet shows the various computational elements used 

            by the “solver” in finding the maximum boat speed at each of the selected wind 

            speeds, and directions. 

This spreadsheet contains the equations that must be satisfied by the “Solver”

but it is not directly applied by the user since the VPP calls up data input from 

the ‘RUNIT’ spreadsheet. The VPP requires that the hydrodynamic resistance is in balance, with the sail driving force (Delt Drive<=0.001) and the heeling moment is in balance with the restoring moment, (DeltMom<=0.001).

   - “CALC.”   This spreadsheet is not needed in the operation of the program. It shows 

  a number of the dimension-less ratios used in the computations. And it shows 

   the magnitude of the various  hydrodynamic resistance  elements , and their 

   total. This is the total that must equilibrate with sail driving force. 

   Information on this spreadsheet is sometimes useful in diagnosing any 

   computational problems.

Attachments
FIGS. 1-11, The spreadsheets. 
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Area of Spinnaker
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FIG. 1 A PORTION of the ‘VARIABLES”  Spreadsheet
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FIG.2 “HULLINPUT” Spreadsheet
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FIG.3 “HULLPARAM” Spreadsheet
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FIG.4 “SAILINPUT” Spreadsheet
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FIG.5 “RUNIT” Spreadsheet
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FIG.6 “VPPDATA” Spreadsheet
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FIG.7 “DATA PLOT” Spreadsheet
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“FIG.8 BOATPERF” Spreadsheet
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FIG.9 “BESTBOAT” Spreadsheet
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FIG.10 “BOATSPEED” Spreadsheet
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FIG.11 “VMDGD” Spreadsheet

NOTE- Only Three Wind Speeds were run for the above figure, 6,12 and 20 knots
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