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Laser 28  PERFORMANCE PREDICTION TABLES |10 SECRET

Virtuaily all of the infaormation produced by the Performance Prediction Program is presented in
these lables. A complete understanding of this tabular form of the data will ensure that you
achieve maximum utilization of this package.

Tabular values of your yacht's predicted performance as a function of true wind speed and
heading are contained in these tables. For each true wind strength, a number of standard wind
angles are computed. In addition, both upwind and downwind optimum lagking {gaybing} angles
are computed. These conditions appear boxed in the output. Specificaily, for each true wind
strength, the cutput down 1o the first boxed chAditian represents sailing your yacht with the
spinnaker set, ending with the optimum gybing angie. Next the true wind angle is backed up to
120 degrees, and the output down to the next boxed condition represents sailing with the genca
jio set, ending with the optimum upwind tacking angle. Note that for the true wing angles
wetween 120 and 60 degrees predictions are given twice. The first time each angle is run, the
spinnaker is assumed ta be flying; the second time the genca is set.

There are len variables in each line of these tables. As is the case throughout this package,
velacitias are in knots and angles in degrees. The first two columns contain the trug wind
strength and heading. Because of the assumed wind gradient and the desire 10 be able to
compare boats with dilferent height rigs, a standard height of 10 meters above the water is used
to define the true wind.

The next two columns contain the indicated apparent wind strength and direction. Here, unlike
the casa for the true wind, it is most approgpriate to present these variabies at the masthead, so as
to approximate the readings on the onboard instruments. This inveives corrections not only for
height, but also heel angle, leeway and upwash.

The two succeeding variables presented are boat speed and speed-made-good to weather. (VMG)
This lattar quantily is simply the companent of boat speed in the direction of the true wind. A
negative sign on the VMG implies downwind sailing. Notica that VMG is the gquantity that has teen
maximized {minimized) in the boxed optimum sailing conditions.

The next column contains the predicted heel angle. Two things should be noted in connection
with this variable. First, the crew is assumed ‘o all be sitting on the rail by the time ihe boat is
neeled more than 5 degrees. This agressive attitude on the part of the assumed crew, tends to
produce lower heei angles in light air than most sailors find advantageous in real world sailing.
However, the computer's math model is such that the lower heel angles produce more accurata
estimates of boat speed. The sacond point of interest involves heavy weather sailing. The
computar helmsman does not have o contend with boats that tend to broach when pressad. Thus
il your boat loses its controlability at high heel angies, clearly you should avoid broaching in an
atiempt to mateh the predicted heel angles.

Leeway is the next variable. This is the angle by which the boat’s track through the water differs
rom the heading. It is a2 natural consequence of the underbody's need for an angle of altack
through the water to produce sideforce in opposition to load on the rig.

The last two columns contain parameters that describe the sail \rim required to achieve maximum
boat speed, namely FLAT and REEF. Both variables apply to the entire rig, making precise
definitions in terms of individual sails dilficult or impossible. "FLAT™ is the fraction of the
maximum attainable lift (sideforce) that is required for optimum periormance, ie. a value less than
1 indicates a reduction in sidefarce. Onboard this might be accomplished by changing o a
shartar LP {uil-hoist jib, or by reducing drive on the mainsail by flaitening and easing the traveller
to leeward. Values of REEF less than 1, like FLAT, imply a reduction of force on the sails, but
uniika FLAT, this reduction is accompanied by a diminished height of the center of effort. Center
c! elfart neight is assumed to vary directly with REEF, while sail area is assumed to vary as REEF
sguarad, For example, a REEF value of .9 implies a sail area reduced !0 81% ol it's ariginal value,
while the center of elfor! is lowered by 10%. Note that with this interpretation of REEF, twisting

of! the top of a large mainsail is more closely approximated as "REEF"-ing than as "FLAT -tening.

Nate that FLAT applies to however much sail area is left as a result of REEF.
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TRUZ </\J APP, </\] BOAT sﬁ _____.—"""'*
HIND WIND SPEED \
TRUE APPRRENT VMG LEEWRY FLAT REEF
2,8 129.9 1.8 179.9 1,452 -1,45%2 Q.3 a.1 1.929 1.990
3.8 165.9 1.8 159.6 1.555  -1.582 9.1 Q.1 1.90 1.00
3.9 159.9 1.2 119.3 1.792 ~1.553 a.1 0,2 1.99 {,89
% 3.8 135.2 2.2 83.6 2.233 =1.533 3.4 G, 4 1.80 .88
§ 3.9 129.8 2.9 67.9 ,2.711 -1.3%& 9.8 3,7 1.88 1.99
2¢3.9 185.9 3.7 54.4 3,953 -9.799 1.2 {.» 1.99 1.99
3 ;3.3 9@.98 4.4 4S5.7 3.137 9,939 1.5 1.4 1.09 1,08
8 £3.8 £9.8 4.6 41.9 2.%45 n.512 1.5 1.5 1.08 1.99
13.0 79.9 4.7 33.7 2.604 3,398 1.3 1.6 1,09 1.08
| 3.8 60,9 4,5% 8.5 2,147 1.973 1.1 1.8 1.09 1,99
[+2.9 1. & 2.9 13,8 2,055 =1.595 D, 2 1.3 4.99 1,09 |
3.9 129.9 2.8 72.9 Z.464 =1.2%2 oo 0.7 1.9 1.39
3.9 195,92 3.5 57.1 2.3158 =9.729 D, ¢ 1.9 1.99 1,30
3.9 29,0 4.3 45.7 3. 012 3.994a 1.3 1.3 . 99 1,99
% 3.0 29.9 4.7 41,2 3.04%  D.%29 1.5 1.6 "1.99 1.93
$ 3.0 79.9 5.8 35.3 2,391 1.923 1.4 1.9 1.99 1.9
A ¥3.8 - 5.1 31.3 2,323 1,411 L.5 2.2 1.69 1,89 =
S 339 52, S.1 29.4 2.597 1.9%93 1.8 2.8 1.09 T
ga.a 44,08 5.9 24.9 2,281 1.841 1.4 3.2 1.08 1.29
¥ 2.0 35.9 4,7 21.9 1,369 1,595 1.4 4,32 1.08 1,99
(4 3.9 45.9 5.9 25.7 2,385 1,546 1.5 ENE 1. 89 f.ad |
5.2 129.9 3.3 179.9 2.552 =2,8%23 B.t @, t 1.909 1,09
5.9 165.9 2.3 1%1.2 2,048 -2.9%33 .2 9.1 1,83 1,90
£, 0 159.9 3.5 121,92 3,433 2,973 0,4 Q.2 1,08 1.4
&, 9 135.9 4.3 #4,3 3,102 =2.3993 9.7 0.4 1.80 1,99
6.8 126.9 5.5 ?73.3 4.317 ~2.493 1.2 .3 1.,9% 1.00
£.0 135.9 7.8 53.3 5,287 =1.3%4 2.3 1.1 1.90 1.90
; £.8 99.9 8.3 48.18 9,508 Q.99 3.9 1.5 1,08 1.09
| ! 23.qa 3.9 43.7 5.435 2,944 4,9 1.3 §.98 1.99
A9 79.0 9.9 39.8 34.375 1.&657 3.5 1.9 1.98 1.9G
5.0 £9.9 2.9 34,3 4,07 2.0728 2,m 2.1 1.9 1.93
| 3.8 1s4.3 3.8 111.3 .68 -2,3%9 g9 3.2 1,99 1,99 |
5.0 120.9 5.5 77.0 4,393 -2.13%3 1.5 Q.3 1.0% 1,90
£.9 105. 6 5.2 £1.5 4,950 ~1,224 2.2 1.1 1.96 1.09
5.8 50.9 8.1 Sa,2 S.2R4 L, B0 2.0 1.5 1.93 1.9
5,9 29,6 2.8 44,1 5,245 0,923 2.5 1.8 1.98 .99
£.0 78.9 2.3 2.5 5.264 1. 200 2.9 201 1.09 1,00
£.9 £3,.8 9.5 33.5 4,292 2.494% 4.2 2.5 1.39 1.0
£.0 €2.9 9,7 29.8 4,819 2,344 4,2 2.3 1.09 1,0a
5.6 44,9 3.5 25. 8 4.122 2,255 4.1 2.8 1.0 1,80
5,0 28,0 9,2 21.2 2,405 2,812 3.5 4.7 1,99 1. 09
I £.4 44,9 3,5 2%, 5 1.122 2. HES 4.1 A T 1.08 |
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TRUE APP. BOAT -

HIND 21\/~J WIND zz\v/\J SPEED ‘iirgtﬁ -
TRUE APPARENT VMG LEEWAY FLAT REEF
9.9 1383.9 S.1 179.9 4.126 -4,125 9.2 9.1 1.90 1.08
7.9 165.9 S.t 182,11 4.3735 -4,226 8.4 2.1 1.80 1.99
2.9 158.9 3.3 124.9 4,912 -~4.,2354 g, 3 2.2 (.99 1,293
2.2 13%5.9 5.6 - 937.7 5.755 -4.873 1.5 0.4 1.98 1.89
9.9 129.@ 2.1 79.1 6.326 -3.1€3 2.3 3.8 1.90 1.00
9.9 123.9 3.9 §5.2 £.69€ =-1,733 4.5 1.3 1.99 l.00
9.8 99.8 11.2 53.7 £.799 9.999 12.4 1.9 1.900 1.88
9.0 $0.8 11.38 46.6 §.534 1.1%2 13.3 2.2 1.99 1,99
9.8 79.d 12.5 41.9 £, 344 2.179 15.9 2.4 1.89 1.29
5.9 58.9 13.9 35.7 5.765 , 2.933 8.5 2.4 1.99 1.99
1.3.8  145.3 5.8 115.1 §.186 4,265 3.3 9.2 1.39 1.89
9.8  129.9 8.1 31.9 S.¥24  ~2.392 2.4 9.8 1.89 1,39
7.9 195.9 2.7 66.5 £.283 -1.653 3.5 1.3 1.99 1.09
9.9 9.9 11.3 4.9 5,385 9,999 $.9 1.3 .09 1.90
9.9 58.9 12.t 47.3 5.579 {.142 1.1 2.2 1,908 1.08
9.9 72.9 12.7 41.2 5,452 2.207  14.72 2.5 1.99 1.99
7.9 £9.9 13.1 34.5 £.196 3,992 19.2 3.9 1.99 1.09
9.0 52.9 13.3 29.3 $.373  3.615 1%.5 3.4 3.97 1.99
3.4 44.49 13.4 25.4 5.383 3.372 1R.4 4.9 9.36 1.99
5.8 35.9 13.4 29.7 4,604  3.725  15.% 5.3 3.93 1.99
i 9.8 42.7 13.4 24.7 S.277  3.@7%  12.@ 4.1 2.8 1,98
13.9  189.9 7.5 179.9 $.736 -5.735 9.5 9.1 1,09 1,98
13.9 155.9 7.7 1s3.2 5.995 =-5.791 9.8 9.2 1.09 1.9
13.8  1%59.9 2.4 127.7 £.427 -5.565 1.2 3.3 .99 1.99
13.0  135.9 9.7  194.3 7,045 -4.932 2.3 2.5 1.99 1.09
13.3 129,39 11.5 86.2 7.583 ~3.734 4.2 1.0 T 1.99
13.9 193.9 13.9 7l.1 7.781 -2.914 1.3 1.8 1.00 1.92
13.9 29.9 14.3 9.2 7,393 9.998 2.1 2.9 1.99 e.91
13.9 £0.9 15.3 52.9 7.99% 1.232 21.1 2,2 1.09 9.85
13.9 79.9 16,1 43,0 £.775 2.317 21.1 2.5 8.9S 9.33
132.9 $9.9 15.2 33. 4 5.224  3.192 28,1 2.% 1.99 9.36&
1 13.9 1582.5 7.6 157.% S.926 -5.73S 9.8 9.1 1,99 b.o93
13.0  129.0 11.5 7.3 7.127 -3.553 3.6 1.4 1.00 1.2
1.2 195.9 13.3 72.3 7.559 -1,354 @.2 1.5 1.09 1.09
12.9 39.0 14.3 53.9 7.417 2,993 21.5 Z2.1 1,99 9.9
13.8 9.9 15.2 St.6 2,154 .242 21,59 2,4 .99 5,32
13.9 79.4 15,2 44.5 £.563 2,847  21.%2 z.7 1.89 9. 2%
13.9 £0.9 15.9 37.3 5,542 3,271 21,5 2.1 1.00 3. 8%
13.9 52.9 17.3 32.3 £.213  2.32% 21,9 .4 9.93 9,34
13.9 44,0 17.5 2v.2 S.7VL 40181 29,8 3.9 9.3 0. 84
X 12.9 25.9 17.2 215 S.O14 9.5 1%.8 5.1 Q.30 2. 90
o [ 13.9 41,3 17.5 25, 4 S.S4%  4.17% @w. ¥ 4.2 9. %8 9. &7
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TRLE zi\/AJ ArPP ., Zi\/ﬁj BOAT ‘{irgti - '
HIND WIND SPEED ]

TRUE APPARENT vHG LEEWRY FLAT REEF
2a.@ 159.9 12.9 1792.9 7.577 -7.3¢7 1.1 g.1! 1.09 t.949
8.8 165.9 13.1 1353.9 7.334 =7.367 1.7 3.2 1.99 1.09
28.@ 159.3 13.%3 132.7 3.282 =7,155 2.5 3.4 1.98 1.99
28.9 135.98 15.5 111.3 8.334 =6.317 4.2 3.5 1,499 {.88
29.09 129.9 16.3 53.7 2,204 -4,.582 20.2 1.1 1.04 1.93
29.9 1905.8 18.4 79.8 3.517 =2.294. 22.4 1.5 1.59 a.34
29.9 28.8 29.3 56,3 7947 9,899 22.4 1.3 1.99 8.72
29.9 28.9 21.3 57.9 YR 1.314 22.4 2.3 1.69 .67
29.9 78.92 22.3 - 49.8 7.185 2.4359 22,4 2.6 1.95 Q.84
29.9 £3. 0 23.4 42.9 s5.71%9 3,359 22.2 3.1 .97 Q.54
22.9 172.4 1.9 167.7 7.875 =7 ,.R03 1.4 v, 2 {.09 1.9%
29.9 129.9 17.2 4.9 3,852 =4,331 14.1 1.3 1.8 1.99
29.8 185.9 12.2 79.7 3.2387 =-2.185° 23.1 1.7 1.99 8.99
29.8 29.9 29.2 65.1 7.3293 9,099 23.9 2.1 1.99 9.79
20.0 29.9 21.4 57.5 7.5¢ 1.313 £3.9 2.4 1.99 Q.73
29.8 79.8 22.5 49.5 7.208 2.465 22.% 2.3 1,90 " 9,867
9.2 8.9 23.4 41{.5 5.313 3.495 23.1 3.3 1.99 .67 -
2.9 32.9 24.9 35.3 5,451 3.972 22.7 3.7 1.09 8.65
29.9 44,9 S 24.3 27.2 - 5.2k7 4,293 22.4 4.9 8,98 8.58
9.9 25.9 24,2 22.5 3.10%2 4,122 21.2 5.2 3.82 8,71
3.9 41.5 24.4 27.4 5.773 4,315 21,3 4,5 &5,.949 9,57
39.9 129.9 29.7 179.3 F.IV8 T =3.%73 2.2 2.2 1.9 1.93
22.8 155,98 28.2 137.2 12,390 ~-13,3325 3.2 9.3 {.689 1,69
39.9 130,09 21.7 135.1¢ 11.190% =3,521 5.3 9.3 {.99 1.88
8.9 135.9 22.1 117.1 11.288 =32,8251 23.4 g.7 1] 1.99
29.9 129.9 2%.2 191.8 19.199% -3.183 25.2 1.9 1.2 8.81
33.9 193.9 26.9 85.3% 2,108 =-2.357 235.1 1.5 1.09 8.66
29.9 29.9 25.5 7.3 3.30! J.9993 29.2 2.9 1.99 9.36
2.2 2.4 39.9 ad. 4 v.221 1,353 25.3 2.4 1,29 9.52
9.3 79.8 31.2 3.2 7.321 2.524 25.2 2.% 1.89 2.47
23.9 AR .7 32.3 44,3 B,7873 3.3324 2%5.1 3.5 o, 23 0,42
TH. G 169.2 29.7 163.7 16,232 ~-1a.052 2.2 0,03 1. 1.5
9.9 12d9.9 24,4 193,49 F¥.304 =4.852 5.2 1.4 1,99 g.54
3.0 165.9 26.3 25.8 R.7ES5 =2.274 3.2 1.3 1,99 9.71
3I3.0 39 .9 22. 4 71.7 2,185 g, Qad 25.72 2.2 1.99 A.51
2.9 £3.6 29.3 2.2 7.772 1.3%9 5.9 2.6 1.0 0,57
29.92 73.% 3101 3.9 7323 2.94935 25.2 3.1 1.0 .54
39.9 £3.9 22.2 44.0 S£.589 .41 25.% 3.7 1,89 9.52
3.9 S2.9 2.9 37.9 £.2TY 3,722 5.7 4.2 1,99 9.51
20.9 $4,0 23.5 20,10 S,V 4,128 24,3 5.4 0,99 .51
23.0 32,8 2.2 2. 4,302 S.olwd 23.4 b 9,23 N.55
3.9 44, 7 23.3 I0.5 5.806 4.12% =5.9 | 0,97 0.5t




' POLAR SPEED PLOT

The polar speed piot is drawn ta a scale of 1 knot per ¢cm. For each lrue wind speed, thers are 2
pair of overlapping qurves (the small number embedded in each curve identifies the wind
velacity). The reason [or the pairs of overiapping curves is that the downwind portion has the
spinnaker set, while the upwind portion has the genaa set. Clearly where the wo curves croas
one should change from genaca to spinnaker or vice versa. An axcaption to this ruie is in very
light air where the two curves intersect in a “dimple”. One shouid never sail in the dimple. It the
course dasired is through this portion of the palar, one should tack across wind by first sailing
high with genoa and then bearing off under spinnaker, or vice versa as the lactics of lhe situation
dictate, The small boxes on the extrems upwind and downwind portions of the curve reprasent
the aptimum VMG sailing conditiens to windward and leeward respeclively,
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UPWIND OPTIMUMS PLOT 6.

This page is-a cross.plot of the optimum ypwind sailing conditions. The lower graph plots
optimum compass tacking angle and indicated apparent wind angie versus true wind strangth.
Note that the campass tacking angle is nof the same as two limes the true wind angie lor
optimum upwind sailing. Compass tacking angle is this latter quantity less two times the leeway

angle. This is the angle that must be added or subtracted from your compass course 10 yieid the B

campass course on the opposita lack.

The top graph relates boat speed, VMG, leeway and heel angle (scale for heel angie is on the
right) to true wind stength lor optimum upwind performance. The actual computed points are
indicated by the smail boxes. The interpoiation is done with cubic splina curves,
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DOWNWIND OPTIMUMS PLOT

This page presents the same.sort of information as on the previous page, except that the point of
sail is now optimum downwind sailing. The only significant differences between the farmat of this
page and the previous one is the omission of lgeway and heet angle from the top figure, since
these variablas lose their importance on this point of sail. In addition, since compass tacking
{gybing) angle and indicaled apparent wind angle ars at opposite ends of the scale, each has
been given its own figure,
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TRUE TQ APPARENT WIND PLOT

This plot is intended to allow your navigator to determine the apparent wind speed and angle as a
function of the true wind angle and strength. There is one graph for each refationship. Nots that
each graph has the same number of curves on it as there are true wind strengths in the tables.
Like the speed polar, the true wind strength for each curve is indicated by the number imbedded
in the curve. The overiapping portions are where the predictions with spinnakar and genoa cross.
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TRUE/APPARENT WIND TRIANGLE

As you have no doubt noticed by now, true wind stength and direction are used as the variables
against which nearly everything is piotted. This is unfortunately necessary as apparent wind angle
and strength are insufficient information zlone to determine the sailing condition of the yacht.
This ligure is included to allow the navigator/tactician te compute the true wind angle and
speed il he knows the hoat speed, apparent wind speed and angle and the heel angle. A
oorrection lor ASEF and FLAT is also inciuded 1o improve the accuracy of the approximating
formulae. The eight squations at the bottom of the page can be executed by hand 0n 3 pockat
calculator, or even baiter on a programmable calculator. Either way, the equations have been
“ecustom taifored™ to your baat $0 as 1o produce the best possible approximation of the true wind
conditions. Nota that the first aquation produces an estimate of leeway angle, while the second
gquation computes the approximate upwash angle at the masthead, Tha final equation accounts
lar the wind gradient, sinca al! of the tabulated values of lrue wind speed are takan to be at a 10
meter height above the water, while the instruments are taking measurements at the masthead.

TRUE WIND SPEED = VT -
APPARENT WIND SPEED = VA
BORT SPEED = VB

TRUE WIND ANGLE = G
APPRARENT WIND ANGLE = B
LEEHWRY ANGLE =~ L

UPWARSH ANGLE = E

HEEL ANGLE = H

THE SYMBOL ~ INDICRTES EXPONENTIATION.

THE SYMBOL » INBICATES MULTIPLICATION.

THE LETTER m INDICATES A MERSURED QUANTITY.

THE LETTERS mh INODICATE A VALUE TRAKEN AT THE HASTHERD,

L = 38.37 * Hs/LVB1~3

E = 2.868 % SINC(188-Bm)-/1.8671~2.3 # REEF~2 #» FLAT
BE= Ba+ L - &

VEARUG = COS(B) * VAm

VTHMCG = VBRUG - VB

G 3 AreTAN (TAN(B) # VBAUG/CCOS{H) »* VTMCGI)
Vimh = VYTMCG/COS(G) - ’
VT = YTmh-s¢. 15855 #* COS(H) + 9.873)
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UPWIND

Target Apparent Talking
Speed Wind Angle
2.37 26 3s
3.25 28 84
1.62 26 a3
1.142 28 8L
4.57 25 79
4.97 23 78
5.28 25 77
5.44 25 78
5.54 23 75
5.56 25 74
5.57 25 74
5.60 26 74
5.63 26 74
5.66 26 74
5.69 27 74
5.72 27 74
5.7% 27 74
5.78 27 74
5.79 28 74
5.8¢ 28 75
5.81 28 7
.81 29 75
5.81 29 76
DOWVIWIND
Target Apparent Sailing
Speed wind angle off
Gead Downwind
2.37 10g° jo-*
.76 105° 17
1.15 110 16"
1.686 1i2° i5°
4.21 113" is°
4.76 114° 3s*
5.19 115* 3s*
5.50 124° j1*
5.69 . 134° 25"
5.80 146° 18"
5.94 158° 13
§.22 164~ 9°
6.30 166* ar
5.55 1667 ar
§.81 167° ar
7.28 167* 8-
7.38 167° as
7.68 168~ g
7.89 168° 3¢
§.28 167* 3°
8.43 166° 8"
a.68 166" 9
. 9.00 165° iQ-®






