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Resistance tests of a series planing huili forms with 30 degrees
deadrise angle, and a calculation model based on this and similar


systematic series


J..A Keuning* J:. Gerri.tsrna P.F. van Terwisga*
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Abstráct
Inaddition to the well 'known.systematic series plaiting hull forms with. adeadrise itngle'of 12.5 degrees


as presented by Clement and Blount (DTMB), and a similar sertes by Kenning and Gerritsma, in this
paper the results of the tests on a 3D degrees deadrise series are presented.


The combined data of these three series are fitted to a regression model for total resistance, trim and
rise of center of gravity. This regression model is. verified by a comparison with existing model datai..
Although in general the calculations show good agreement with expenments, the need for additional
data for a' deadrise angle between I25 and 25 degrees became obvious


Additional resistance test results of two models with varying .deadrise and rising buttock lines in the
aft part of the hull are presented. Regression. 'of these data results in simple expressions to taiçe these
êffècts into account.
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Nomenclature
projected planing bottom area [m2j


B0. breadth over chines Em]
breadth over chines at transom mJ
maximum breadth over chines [m]


CA center of A [%L]
völumetric Froude number


g gravity cceleration [m/s2]
LCG longitudinal center of gravity [!%Lp]


wetted length over the chines tm],
wetted length over the keel [m]


L length of the projected. planing bottom area [m]
& total resistance (in towing tank conditions) [N]
RCG rise of center of gravity relative to its position at zero speed [m]
y speed [m/s]
/3 deadrise angle [deg]
7 average centerline angle from ordinate O to 10 with respect to the baseline


positive for a draft at ordinate O greater than draft at ordinate 10 [deg]
twist angle, i.e. deadrise at ordinate 10 minus the deadrise at ordinate O [deg]


A weight of displacement [N]
differencé in Ri/A of twisted bottom model and 25 deg. parent model
for equal loading coefficientj and LCG values


¿19 difference in trim angle of twisted bottom model and 25 deg. parent model
for equal loading, coefficient and LCG values


¿X'RCG/V'/3 difference in RCG/V'/3 of twisted bottom model and 25 deg. parent model
for equal loading coefficient and LCG values


9 trim angle relative to its value at zero speed, positive for an upward displaced bow [deg]
V volume of displacement [m3J


i Introduction
In 1963 E.P. Clement and DL. Blount presented the results of resistance tests of a systematically varied
series of planing hull forms, generally known as the TMB Series 62 or the Clement series [1]. The models in
thisseries all had a deadrise of 12.5 degrees. The need for better seakeeping characteristics lead to increasing
deadrise angles, although this also lead to an increase of the resistance of the planing ship. To give more
insight mto this trade off between resistance and seakeeping quality of a particular design, in 1982, Keuning
and Gerritsma published the results of a series of planing hull forms, similar to those of Clement and Blount,
with higher deadrise, i.e. 25 degrees [2]. These results showed that the increase in resistance is highest for
low L9/B ratios and independent of the loading coefficient, defined as the ratio of projected chine area
and the volume of displacement to the power 2/3. The loading coefficient does have a marked influence on
the hump resistance,, i.e. is highest for low loading coefficients.


Apart from the resistance data, the trim and rise of center of gravity appeared to be of great importance
for the assesment of seakeeping characteristics. In [3] Keuning shows that the still water reference position
of the craft at speed may not be neglected in the calculations of the motions of these craft in waves.


The models of the 25 deg deadrjse series were varied in their main parameters in the same way as the
Clement and Blount series to obtain a systematic experimental set of data The parent model for this series
was similar to the parent model of the 12.5 deg series as much as possible.


In addition to these tests a new parent model with a deadrise of 30 deg was developed and tested in a
similar way. This new parent model and the LP/Bpr variations derived herefrom are described in subsequent
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sections. Experimental data on resistance, trim and rise of center of gravity are listed.
The data ranging from a Fronde coefficient based on volume of displacement 0.75 to 3.0 and a deadrise


of 12.5 to 30 degrees, are represented by polynomials. These offer a quick and easy method of interpolating
the resistance, trim and iinkage of any arbitrary planing hull form.


The polynomial representation of the Plañing Hull Form series is verified by comparison withsome model
test results of the series and model test results of three arbitrary hull forms tested in the Deift University of
Technology fáciities, ie. the towing tank of the shiphydromechanics laboratory.


To account for non prismatic hull forms, two models with twisted bottoms have been derived from the 25
deg parent hull. For both models, the deadrise varied from 25 dég at ordinate 10 to 5 deg. at the transom.
The slope of the buttock lines in the aft bodies varies with respect to the 25 deg. parent hull. Rsults of
these tests are listed. The difference in resistance, trim, and rise of center of gravity o the constant deadrise
huilform and the twisted bottom hull form is expressed in simple polynomials.


2 Setup of the series
For the 25 deg and 30 deg. deadrise angle a parent model has been developed based on the parent model of
Clement and Blount. To keep the design as much the same as possible the following parameters have been
kept the same


the length over the chine


s the maximum breadth over the chine and the vertical projection of the chine


the vertical projection of the deck line


s the keel line, except from ordinate 16 forwards where the contour has been lifted upwards to obtain
the proper length over the chine.


the transom slope


the length of the prismatic part of the hull


Also, all models consisted entirely of developable surfaces, just as the Clement parent hull form. The
main particulars of the parent models are listed in table 1. The body plan of the 30 degrees deadrise parent
model is presented in fig 1.


Table i: Main particulars of parent models


From these parent models, for each deadrise, several other models, with different Lp/Bp: ratios have
been derived. For the 25 deg. deadrise and 30 deg. deadrise models this was done using the affine transfor-
mation technique as described a.o. by Versluis [5]. The total series comprised the deadrise - L/B ratio
combinations listed in table 2.
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fi 30 25 12.5 degrees


B0
1.5
0.3


1.5
0.3


2.436
0.487


m
rn


B 0.367 0.367 0.596 m
Ó.235 0.235 0.381 m


Lp/Bpa 5.0 5.0 5.0 -
LP/BPZ 4.087 i 4.087 4.09 ¡


1.22 .1.22 1.22 -
i B/B 0.64 0.64 0.46 -
CAP rel to ord 0 48.8 48.8 48.8 %L
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Figure 1: Body plan. of the 30 degrees deadrise parent model


Table 2: L/BZ ratios for separate series


The model with L/B ratio 3.41 and deadrise 30 deg. was modified in the same way as had been
done by Clement for the 12 5 deg deadrise series This was done to generate a design which is more alike
an actual craft with a low Lp/Bpr ratio (usually small pleasure crafts, which are propelled by either the
outboard engine on the transoin, or the inboard-outboard type of engine) and which needs more volume of
displacement aft than would result from the linear transformation of the parent model


The body plans of the three Lp/Bpr variants of the 30 deg. series parent model are shown in figures 2 to
4. The main particulars are listed in table 3. The shaft center lines are shown in the body plans. The same
shaft rakes and clearances as described by Clément and Blount.have been used here.


Table 3: Main particulars of L/B variations


The models had spray strips attached over the entire length of the chine. The bottom of the spray strip
fôilowed the line of bottom of the model from ordinate zero (transom) to ordinate 10 and was horizontal
from' ordinate 12 to ordinate 20 (the stem) with a transition region from ordinate 10 to ordinate 12. The


ß L/BZ
30' ' 3.41 4.09 5.5 7.0
25 20 3.06 4.09 5.5 70
.12.5 2.0 3.06 4.09 5.5 7.0


3.41 4.09 '5.5 7.0 -


L . 1.25 1.5 1.5 1.5 mn


0.3843 0.4499 0.3346 0.2627 in2


Bpa 0.3 0.3 0.223 0.175 mn


B 0.367 0.367 0.273 0.2Ï4 in
0.26 0.235 0.175 0.137 mn.


Lp/Bpa 4.17 5.0 6'.726 8.571 -


B/B4, ' 1.22 1.22 1.22 1.22 -


Bpt/Bpr 0.71 0.64 0.64 0.64 -


CAP rei to ord O 479 48.8 48.6 48.6
L


%L







1' m.______


iivii--iii&
Figure 2: Body plan for Lp/Bpr = 3.41
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Figure 3: Body pian for Lp/Bpr = 5.5


Figure 4: Body plan for Lp/Bpr = T
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width of the spray strips was aproximately 4 mm. and they had non-radiused edges.
The models have been constructed of GRP, which 'enabled through-hull photography, used for the detér-


rnnation of the wetted surface and' wetted length of the keel and' chine of the craft at speed.


'3 Experimental setup
The tests have been carried out in the no. i towing tank of 'the' Ship Hydromechanics Laboratory of the Deift
University of Technology. The dimensions of this tank are: length 142 m., breadth 4.22 m., and waterdepth
2.5 m.


The models have been connected' to the towing tank carriage in such a way that they were free to heave
and pitch but restrained in all other modes of mötion. The pivot of the construction was 'located at the
intersection of the assumed centerline of the shaft and the cross sectión at the LCG. The resistance was
measured by means' of a strain gauge dynamometer. Pitch and heave have been measured by means of 2
wire over potentiometers on the stern and the bow of the model. The values of resistance, sinkage and trim
are the integrated mean values over the duration of the test run, typically 10 sec.


During eachrun a photo has been taken through the transparant bottom of the hull, for the determination
of the wetted length and wetted area.


No turbulence stimulators have been used since the model scale and speed were considered to be large
enough to yield reliable results. No towing speeds below 1.0 rn/s were used.


4 Measurement sc'hene
For the 30 deg. deadriseseries, 4 L/BP ratios have been developed including the parent model. For each
of these Lp/Bpr ratios each possible combination of the loading coefficients A/V2'3 (4', 5.5 , 7, and 8.5)
and the longitudinal position of the center of gravity (0, 2, 4, and 8 % of Lp aft of the Centroid of Ap) were
tested in the speed range of Fn 0.75 to 3.0. The total number of test runs of the 30 deg. deadrise series
was approximately 570.


5 Results of the 30 deg.. deadrise tests
The results of the experiments are presented in Appendix 1. 'For every LP/BPD, A/V2/3, and LCG combi-
nation as a function of'modelspeed are listed


the total resistance of the model Rtm


the wetted length over the keel Lk


the wetted length over the chines L


the trim angle, positive for an upward displaced bow, relative to the position at Vm = O


the rise of the center of gravity (positive for upward displacement) relatjve to: its position at v, = O


Some combinations of small values of A/V2/3 and LCG 8% aft of Centroid Ap have been omitted due
to the fact that the aft deck was submerged at rest. These situations were considered to be impractical.


6 Polynomial model of experimental data
Based on the experimental results, polynomial 'expressions have been formulated 'to approximate the total
resistance, the trim angle and the rise of center of gravity of'the planing hull. The expressions are dependent
of the L/B ratio, the loading coefficient A/V2f3, and the longitudinal center of gravity LCG and fitted
to separate datasets for every deadrise-Fnv combination. Describing the (non-dimensional) resistance, trim
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and (non-dimensional) sinkage for a number of discrete values of Fnv proved to give a better fit than the
description of these parameters by means of one polynomial for the entire speed range.


The total resistance of the planing hull can be predicted by interpolating the Rt/. fitted to separate
datasets, each containing the total model resistance scaled to a different volume of displacement. Separating
the total model resistance into a residuary resistance coefficient and a wetted length and wetted surface would
have reduced the number of fitted coefficients, but also reduces the accuracy of the resistance prediction.
Sets of coefficients have been determined for a volume of displacement ranging'from 2.5 m3 to 5000 in3. For
the expansion of the resistance data, use has been made of the I.T.T.C. '57 friction line.


The polynomials have, the following form:


Rt/ )
O = a0 + a1 LP/Bpr + a2 L/B,2 + a3 Lp/Bpr3 + a4 A/V213+


RCG/V'13 J
a5 A/V2/32 + a6 A/v2/33 + a7 LCG + a8 LCd2 + a9 LCG3+
a10 LCG A9/V213 + a11 L/B A/V2I3 + a12 LCG LP/Bpr


Appendix 2 contains 120 sets of coefficients a0 . . a12, i.e. for every deadrise, volumetric froudenumber
combination, two sets for Rt/ 'for a volumes of displacement of 5 in3 and 50 in3 1 a set for trim angle,
and a set for RCG/V JI3


7 Verification of the polynomial model
The goodness of fit of the polynomial expressions is demonstrated in the figures 10 to 18 for three respective
models of the systematic series. The deadrise, LP/BPr, A/V2/3, and LCG parameters of these models,
based on a medium, light and heavy weight of displacement, are listed in tabLe 4


Table 4: Models used to validate polynomial results


The largest discrepancies occur for the heavy model with low LP/BPV value. The total resistance is
underpredicted in the speed region below Fn 1.75 and overpredicted for higher speeds. Also for this model,
the trim calculation underpredicts the measured values for speeds higher than Fnv 1.25. The RCG values
agree satisfactory for these three models.


To validate the polynomials for the use in predicting the resistance trim and sinkage of arbitrary planing
ships, three models tested at the Deift University of Technology Ship Hydromechanics Laboratory were used
for a comparison with the polynomial results. In figure 5 to 7 the body plans of a coastal patrol vessel, a
planing motor yacht (R410) and a coastal rescue boat are shown. The main 'dimensions of these craft are
listed in table 5 to 7


In figures 19 to 27 both measured and calculated results are presented' for these three vessels. Also in
these cases the prediction is reasonably accurate.


It appeared however that the interpolation of the 12.5 and 25 degrees deadrise for the patrol boat, as
well as for the motoryacht resulted in a better fit to experiments when a linear interpolation with respect to
dead.rise angle /3 was used instéad of a quadratic interpolation over all available data. Since many planing
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(1)


1To mjnunjze the amount of Usted coefficients, the Rt/A coefficients are given for two volumes of displacement. The
complete set of coefficients for Rt/A ranging from 2:5 m3 to 5000m3 are obtainable at the Deift University of Technology, Ship
Hydromcchaxaics Laboratory


model /3 LP/BPr A/V2"3 LaG
PHF1 25 5.5 5.5 -4
PH'F2 25 5.5 8.5 -12
PHF3 25 2.0 4.0 0







'_w_1,_ltt I


Figure 5: Body plan of coastal patrol vessel
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'ßpr
A
V
CA, rei to ord 0
ß
L/B
A/V2I3
LCG rei to CA,


16.8
4.22
60.5
23.7
39.3
20
4.0
736
-3.9


m
m


%L.
deg.


%L
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Figure 6: Body plan of motor yacht R410
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Figure 7: Body pianof coastal. rescue boat
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vessels designed for operation in coastal areas have deadrise angles close .to 20 degrees, the influence of
deadrise on resistance trim and sinkage in the range of 12.5 degrees to 25 degrees needs to be investigated
more extensively. Therefore it was decided to testan additional 19 degrees deadrise series in the Deift towing
tank facilities in the near future.


8 Twisted bottom models
Many planing hull form designs do not have the prismatic aft body of the parent models of the previously
described series, but show a variation in deadrise angle over the length and rising center line in the aft part
of the hull which allows the propeller shaft to have a lower inclination angle. To investigate the possible
influence of these effects on resistance, trim and sinkage, two models with a strong resemblance to the 25
degrees deadrise parent model have been tested in the speed range Fnv 0.75 .. '3. [4]


Both models have a twisted, bottom, i.e. a deadrise variation of 25 degrees at ordinate 10 to 5 degrees
deadrise at ordinate 0. The two models had a different center line however For model 232-A. the average
'inclination angle of the center line is 4.9 degrees, whereas this angle for model 232-B equals 2.6 degrees In
order to maintain sufficient bouyancy in the aft body, the width of the chines had to be increased. Although
this parameter clearly influences the characteristics of a planing, hull and hereby the validity of a comparison
of characteristics between the twisted bottom models 'and the prismatic hull forms, this was accepted to
obtain realistic models. The sections forward' of ordinate 10 are equal to those of the parent model of the 25
deg. deadrise series. The body plans of the. two models are shown in fig 8 and 9. Propeller clearances and
shaft inclination were equal to those used for the prismatic hull forms. The main particulars of the models
are listed in table 8


Figure 8: Body plan of twisted bottom model 232 A


The experimental setup was equal to the setup used in the 25 and 30 degrees deadrise series and described
in section 3.


The measurement scheme was equal to 'the.scheme used for the previously described series, i.e A9/V2/3
valuesof 4.0, 5.5, 7.0, 8.5 and LCG valües of 0, 4, 8:, and 12 % L aft of the CAR.


Some combinations of heavy weight of' displacement and position of' the center of gravity were not tested
due to excessive trim which caused flooding otthe model at rest..


The results of the tests are listed in appendix 3.


8.1 Polynomial model of the twisted bottom results
The effect of twist and rising center line can be described by the difference in resistance, trim and sinkage
of the twisted bottom models and the parent model of the 25 degrees deadrise series. To ease the work
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Figure 9: Body plan of twisted bottom model 232 B


Table 8: Main particulars of twisted bottom models
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Model
232-A 232-B


L9/ 4.09 4.09
1.5 1.5 m


Ä 0.4589 0.4540 in2
B,1 0.306 0.303 ni


0.367 0.367 m
0.32 0.31 ni
4.9 4.9 -


BP/BP4 1.2 1.2 -
Bp/Bpr 0.872 0.844 -
CAP rei to ord O 48.8 48.8 %L







of interpolating the experimental results, these terms are represented by polynomials, in which a linear
dependency on the centerline inclinatión angle 'f and the twist angle e, as well as coupling between these
angles and the loading coefficient and LCG is assumed. The polynomials have the following form:


IRt/A)
= a0 y ± a1 e + a2 A/V2/3 + a3 y LCG +a4 e A/V2í3-l-


RCG/V'/3 j
a5e LCG+a6 7 A./V12 +a7 7 LCG2


Also in this case, the regression analysis has been been performed for separate datasets for each Fnv.
The experimental iR/í values have been scaled to the same weights of displacement as used in section 6.
The polynomial coefficients are listed in Appendix 4 2


8.2 Verification of the twisted bottom poly'nomial model
The results of the polynomial approximations are validated by a comparison of calculated and measured
values of 9, and LRCG/V1/3. The selected twisted bottom models for this comparison are listed
in table 9


(2)


Table 9: Twisted bottom models used to validate polynomials


In figures 28 to 36 the results of the experiments of the twisted bottom.and the 25 degrees deadrise parent
model as well as the experimental difference arid its polynomial values are presented. In these uIgures PHF
exp denotes the experimenta[ value of the 25 degree deadrise model, TB exp denotes the experimental value
of a twisted bottom modèl, TB - PEP' exp denotes the difference between these two values, and TB - PHF
polyn denotes the polynomial approximation of TB - PEF exp. The agreement is in all cases satisfactory
for the resistance as weil as for the trim and rise of center of gravity.


9 Conclusions
The experimental data presented in this paper provides resistance information necessary in the design trade
off between seakeeping characteristics (high deadrise) and low resistance (small deadrise angles).


The trim and rise of center of gravity data give the still water position of the vessel at speed, which are
shown to have a significant effect on seakeeping calculations [3J.


The combined series data represented in a polynomial model provide aneasy way to interpoláte over a
wide range of planing hull forms. It appeared however that additional experimental data is needed in the
deadrise range from 12.5. to 25 degrees.


The. experimental data and polynomial representation of the twisted bottom models give insight into the.
influence of a varying deadrise. and inclined buttock lines in the aft body of the planing craft. The results
obtained with the. polynomial expressions for the difference in. resistance, trim and rise of center of gravity
due to change of deadrise and center line inclination show a good fit with the measured datai, The use of
this correction for arbitrary designs however should be considered with care. because. they are based only on
a limited amount of experimental data.


2To rniruznize the amount of listed coefficients, the 4Rt/A coefficients are given for two volumes of diSplacement. The
complete set of coefficients for iiRt/. ranging from 2.5 ni3 to 5000ni3 are obtainable at the Deift University of Technology,
Ship Hydromechanjcs Laboratory
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model A/V2I3 LCG
232A-1 5.5 0


232A-2 5.5 . -8
232B-1 7.0 -4
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Figure 19: CoastaL Patrol Vessel Experimental and calculated Rt/i
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Figure 23: Motor Yacht R410 Experimental and calculated trim-
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Figure 24: Motor Yacht R410 Experimental and calculated RCG/V'/3
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Figure 25: Coastal rescue boat Experimental. and cálculated Rt/.
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Figure 26: Coastal rescue boat Experimental and calculated, trim
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Figure 27: Coastal rescue boat Experimental and calculated RCG/ V'I3
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Figure 28: Model 232A-1 Experimental and calculated Rt/
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Figure 30: Model 232A-1 Experimental and calculated RCG/V'/3
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Figure 31: Model 232A-2 Experimental and calculated Rt/
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Figure 32: Model 232A-2 Experimental and calculated 9
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Figure 33: Model 232A-2 Experimental and calculated RCG/V"3
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Figure 34: Model 232B-1 Experimental and calculated Rt/
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Figure 35:. Model 232B-1 Experimental and calculated ¿B
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Figure 36: Modèl 232E-1 Experimental and calculated RCG/V/3
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Appendix i :Experirnental results 30 degrees deadrise series
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696 2.477 33.880 0.78 1.16 0.360 5.25 00'
697 2.890 34.950 0.72 1.16 0.366 5.90 7.0.
698 3.303 33.650 0.63. 1.13 0.338 6.60 17.0
699 3.716 36.400 0.58 .106 0.307 6.55 26.5
700 4.145 36.750 0.53 1.06 0.303 6.10 34.0
701 4.542 38.700 0.50 1.03 0266 5.70 39.0
.702 4.971 37240 0.47 1t03 0279 5.20 42.0
703 5.368 38.403 0.44 1.00 0.266 4.75 45.0
704 5.781 40.000 '0.44 1.00 0266 4.35 49.0


L/B


(-J
3.41


DepI
(N)


210.900


L
(LJ
-4.090


ApiV
(-I
7.00


tui Vm
[rn/si


Atm
[Nl


Lic


[ml
Le
[ml


S
Im21


Trim
(degl


R


[mml


730 1.222 6.960 1.25 1.25 0.456 -025 -5.5
731 1.652 17.390 25 125 0.456 1.05 -12.5
733 2.064 31.890 106. 122 0.450 4.40 -11.0
734 2.477 34.330 100 1.22 039 4.40 -3.5
735' 2.890 37.800 0.88 1.19 0409 480 2.0
736 3.303 39.430 0.69 1.19 0.385 5.65 10.0
737 3.716 39.270 0.63 1.19 0.351 6.15 20.5
738 4.129 39210 0.63 1.19 0.351 6.15 27.0
739 4.558 38.790 0.59 1.16 0.335 600 32.0
740 4.971 39.410 0.56 1i6 0.327 6.80 37.0
741 5.368 40.200. 0.51 1.16 0315. 5.50 40.5
742 5.781 43.0 0.50 1.16 0.313 5.25 44.0


LIB'


'(-J
3.41


Depi
(NJ
157.9


Loe ApN
(%LpJ (-J
' -2.0 8.5


tui Vm Atm Lic Lo .5 Titan R
frn/sJ . [Nl . [mi (ml [m21 .[deql [mml


644 1.180 5.066 125 1.25 0.458 -0.25 -5.0
645 11590 12.055. 1.25 125 0.456 0.20 -10.0
648 l967 20.699 1.06 125 0.456 2.90 -11.0
647 2.376 23.650 024 1.25 0.434 3.10 -4.5
648 2:723 26.718 0.88 1.22 0.415 3.00 1.8
649 3.148 .30.695 0.81 1:19 0.393 3.15 2.0
650 3.541 33.613 0:75 1:19 0.379 3.50 7.0
651 3.935 35. 0.70 1.17 0.360 3.80 13.0
652 4.359 38.095 0.59 1.16 0.335 4.05 18.0
653 4:769 37.406 0.58 1.16 0.327 425 21.0
654 5.115' 391481 0.53 1.16 0.320 4.25 23.0
655 5.506 41. 0.51 1.16 0.315 4.25 26.5


L/B
(-J
3.41


Depl
(NJ


157200


Loe ApN
[%l.pJ [-J
-8.090 8.50


tui Vm
Ini/sl


Attn
'INI


Tic
[ml [mi


S
[mal


Titan
fdeql


ACG
[mmi


680 1.160 '5.516 0.69 1.25 0.378 0.15 -4.0
681' 11590 12.024 0.69 1.25 0.378 120 -8.0
682 11967 20.722 0.81 1.16 0.388 3.70 -8.7
683 2.345 21.536 0.69 1.16 0.359 3.75 -1.0
684 2.738 22:606 0.66 1.16 0.352' 3190 '3.0
685 3.148 23.857 0.63 1.16 0.345 4.30 9.5
686 3.557 25.036 0.58 1.16 0.332 4.50 17.0
687 3.950 25.548 0.52 1.16 0,318 4.45 25.5
688 4.312 26.355 0.47 1.11 0.295 425 26.0
689 4.721 27.203 0.44 1.10 0.285 4.10 28.5
690 5.115 '28.959 0.41 1.09 0.277 3.80 31.5
691 5.508 31.310 0.39 1.09 0272 3.50 32.5


LIB
(-I
3.41


DepI
(NJ


210.


LCG ApIV
1"l-pi (-i
0.000 7.00


tui Vm
f!nisl.


Atm
INI


Lk Ic
fmI .1ml


S Trim RCG


Fm2J fdegl fmmj


705 1222 8260 125 1.25 0.458 -0.60 -5.5
708 1.652 17.700 125 1.25 0.456 010 -14.0
707 2.064 30.870 125 125 OE458 3.65 -13.5
708 2.477 35.640 1.19 125 0.481 3.55 -7.0
709 2.890 42.810 113 125 0.452 3.40 -5.5
710 3287 50.400 1.08 1.25 0.456 4.15 0.0
711 3.716 51.730 0.97 122 0.433 5.15 9.0
712 4.129 50.390 0.88 1.19 0.409 5.80 18.5
713 4.558 50.020 0.79 1.17 0.384 8.05 23.5
714 4.971 50.140 0.69 1.16 0.359 6.10 29.0
715 5.368 52.000 0.69 1.16 0.359 6.00 33.0
7,16. .5.781 53.700 0.69 1.16. 0.359 5.90 36.0







rnodel34I model33l


LIB Depi Loe Api
H (Nl (%LPI L_l
4.09 369.900 0.000 4.00


model 340 model 330


model 342 model 332


model343


LiB DepI L.CGApN
(-J (NJ, '(%LpJ (-J
4.09 369.900 -8.000 4.00


I-3


lui Vm Atm Uc Lo S TÑn ACG
(rn/si .INI (ml. (ml (m2Ji fdeql (mml


model 333


tui Vm Rtm Lic Lo S Thm BCO
fm/si (Ni (mi (mi 1m21 (deal firmi


LIB
(-I
4.09


DepI
(NJ


229.500


Loe.
(%L.pJ
-4.800


ApiV
i-I
5.50


lui Vm
(m/si


Rim
(NJ


Lic


(ml
Lo
(ml


S
(m2J


Trim
(degJ


RCG
(mmi


102 1.256 6.646 1.31 .1.50 0.539 0.00 -4.8
103 1.692 15.124 1.26 1.50 0.534 0.55 -9.8
104 2.094 23.587 1.20 .1.50 0.525 2.68 -12.5
105 2.529 29.507 1.16 1.46 0.508 3.18 -5.5
108 2.948 33.353 1.13 1.46 0.502 3.40 -1.5
107 3.350 36.583 1.01 1.43 0.471 . 3.70 4.0
108 3.769 38208 0.98 1.43 0.464 4.25 11.0
109 4.238 39.049 0.86 1.43 0.458 4.75 18.0
110 4.623 40.162 0.79 1.39 0.410 5.00 22.5
111 5.075 41.870 0.71 1.35 0.382 5.00 27.0
112 5.444 43.700 0.71 1.35 0.382 5.00 30.5
113 5.863 44.250 0.71 1.33 0.378 505 32.5


LIB


(-i
Depi
(N)


L
(%LJ


AP/V


(-j
4.09 369.900 -4.000 4.00


tui Vm Atm Lic Lo S' Trim RCG
(m/si (NI (ml (ml (m21. (degl (mmi


160 1.360 11282 1.50 1.50 0.536 -0.15 -7.5
161, 1.514 27.254 1.50 1.50 0.538 1.35 -16.5
162 2267 53.000 1.43 1.50 0.535 4.80 -13.5
163 2.775 61.516 128 150 0.534 4.95 -6.5
164 3.192 68.974 1.13 1.43 0.496 5.50 0.0
165 3.664 71.485 1.09 1.35 0.470 7.90 12.0
166 4.081 73.000 0.98 1.35 0.447 805 28.5
167 4.607 69.549 0.90 1.31 0.420 8.00 38.0
188 5.006 70247 0.79 120 0.370 775 48.0
169 5.568 71.693 0.79 120 0.370 7.40' 54.0


LIB DepI Loe ApiV
(-1 (NJ ('ol.pì (_J
4.09 229.500 0.080 5.50


tui Vm Atm, Lic Lo S Trim RCG
Fm/sl (NI (ml (ml (m21 [degi (mml


126 1.256 6.118 1.28 1.50 0.534 -0.30 -5.5
127 1.692 14769 .1.13 1.50 0.511 -0.05 -11.9
128 2.094 27.300 tOS 1.50 0.496 2.30 -14.0
129 2.546 31.562 1.13 1.46 0.505 2.75 -8.5
130 2.948 31.381 1.13 146 0.505 2.54 -5.0
131 3.350 3!5 1.13 0.46 0.505 2.85 -IA
132 3.769 47.936 1.05 1.46 0.487 3.55 4.0
133 4188 49.810 1.01 1.46 0.478 4.10 10.0
134 4.606 49.828 0.98 1.43 0.464 4.60' 16.5
135 5.075 49.963 0.88 1.43 0.436 5.00 21.0
136 5.444 51 0.79 1.43 0.419 5.20 25.5


LIB Depi ioe ApN
(-I (N] (%Lp (-J
4.09 '369.900 -2.000 4.00


Vm Rtm Lic Lo S Trim RCG
Fm/SI (NI: (ml (ml fm21 fdegi (mml


171 1.350 11.175 1.50 1.50 0.536 -0.33 -8.0
172 1.814 27.457 1.50 1.50 0.536 1.10 -18.0
173 2.285 54.013 1.50 1.50 0.536 4.40 -16.2
174 2.739 59.712 1.50 1.50 0.536 4.35 -9.5
175 3.158 68.247 1.35 1.43 0.533 4.65 -4.0
178 3.646 75.767 120 1.43 0.510 6.05 5.5
178 4.081 .75. 1.09 1.43 0.488 7.65 22.0
177 4.534 72.000 0.94 1.35 0.431 8.00 38.0
179 4.988 71. 0.88 1.31 0.415, 7.80 43.0


L/B


(-J
DepI


(N]


LCG Ap/V
(%LJ L-I


4.09 229.503 -8.000 5.50


am Vm Atm Lic Lo S Thin BCO
Fm/sI INI (ml (ml (m21 (deal (mmi


88 1256 6.888' 1.13 1.50 0.511 0.15 -4.5
89 1.675 14.810 1.13 1.50 0.511 1.00 -9.0
90 2.094 27.632 1.09 1.43 0.488 3.40 -11.2


.91 2.513 29.900 1.95 1.43 0.460 3.75 -4.5
92 2.948 31.891 0.98 1.43 0.464 4.00 1.5
93 3.367 34.066 0.68 1.43 0.436 4.55 8.5
94 3.786' 36.053 0.83 1.39 0.420 5.10 16.3
95 4.204 37.819 0.75 1.35. 0.392 820 23.0
96 4.640 39.316' 0.71 1.35 0.382 5.15 28.0
97 5.059 40.452 0.68 1.35 0.374 5.05 32.5


101 5.444 42.000 0.66 V.35 0.369 4.90 38.5
98 5.863 44.400 0.64 1.31 0.356 4.80 41.5


L/B


(-J
Depi
(NJ


LCGAPN
(%i-PI (-I


4.09 229.580 -2.000 550


lui Vm Rtm Lic Lo S Ttmi RCG
(misi (N] (ml (ml (m21 Ideal (mml


114 1.256 6.313 120 1.50 0.525 -0.15 -52
115 1.675 14.730 116 1.50 0.517 025 -10.5
118 2.094 26.300 t09 1.50 0.503 2.60 -13.0
117 2.529 30.525 1.13 1.43 0.496 2.98 -7.0
118 2.948 35249 113 1.43 0.496 3.10 -3.5
119 3.350 39.483 1.09 1.43 0.488 3.50 2.0
120 3.769 42.411 1.05 1.43 0.480 3.95 8.0
121 4.188 42.927 0.98 1.43 '0.464 4.50 14.5
122 4.506 43.225 0.86 1.43 0.436 4.80 19.0
123 5.075 44.624 0.79 1.43 0.419 5.00 24.0
124 5.444 46.200 0.75 1.39 0.401 5.10 29.0


144 1.369 12.445 1.50 1.50 0.538 0.32 -7.5
145 1.868 33.331 1.35 1.50 0.530 2.80 -15.5
148 2.285 61.430 120 1.50 0.525 5.70 -13.0
147 2.721 64.671. 1.99 1A3 '0.468 8.20. -5
146 3.192 70.978 1.01 1.38 0.450 7.55 8.0
149 3.700 77.471 0.90 1.28 0.413' 8.80 22.0
150 4.045 77.858 0.75' 124 0.369 8.65 345
151 4.571 77.305 0.75 124 0.369 8.10 48.5
153 4.988 76. '0.71 1.20 0.35! 7.55 58.0
154 5.441 75.000 0.71 1.20 0.351 6.90 63.0


138 1.369 11.22 1.50 1.50 0.536 -0.45 -9.0
139 1814 27.874 1.50 1.50 0.536 0.75 -19.0
140 2.261 52.694 1.50 1.50 0.536 4.30 -18.0ii 2.775 57.331 1.50 ESO 4.05 -11.0
142 3.174 65.541 ESO 1.50 0.536 3.65 -6.5







modèl32l model3ll


model 320 model 310


LIB Depi L Ap/y


model 322 model 312


model 323 model 313


I-4


L/B
f-I


Depl
[Nl


Loe Ap/y
(%LpJ. (-J


4.09 119.500 -2.000 8.50


tui Vm RIm Lk Le S Thin RC(3
Im/si (Nl [ml [ml 1m21 [deql [mml


11 1.127 2.923 1.05 1.48 0.487 -0.08 -3.0
12 1.532 6.270 LOS 146 0.487 -0.01 -5.0
13 1.878 10.098 1.05 1.46 0.487 0.88 -8.0
14 2.269 12.799 1.05' t46 0.487 1.75 -6.0
15 2.644 15.989. 1.05 1.46 0.487 1.73 -4.3
16 3.035 17.867 1.01 L48 0.478 1.88 -t5
17 3.410 20.847 0.98 1.46 0.471 1.90 1.4
18 3.771" 23.972 0.94 1.46 0.461 1.92 4.0
19 4132 27.300 0.90 1.48 0.452 1.95 5.0
20' 4.492 30.602 0.86 1.48 0.442 2.06 4.5


190 4.883 33200 0.64 1.31 0.356 2.25 5.5
191 5.258 34500 0.60 1.31. 0.349 2.60 9.0
192 5.634 36.676 0.60 1.35 0354 2.95 11.0


LIB


(-J
DepI
(NJ


Loe -
[%I_pJ


ApN
(-J


4.09 159.800 -3.090 7.00


'Mi Vm RIm LIC Le S Trim RCG
fm/sl [Nl [ml fmi 1m21 fdeql [mml'


74 1.183 4550 0.98 1.48 0.471' 0.17 -2.8
75 1.577 9.210 0.90 1.46 0.452 0.60 -55
76 1.987 15.861 0.75 1.46 0.416 2.25 -9.5
77 2.365 17.642 0.75 1.46' 0.416 2.62. -5.5
78 2.780 19.498 075 1.43 0.409 2.75 -1.5
79 3.170 21.328 0.79 1.43 0.419 2.85 4.0
80 3.564 22.903 0.79 1.43 0.419 3.05' 9.0
81 3.942 24.404 0.79 1.39 0.410 3.30 13.0
82 4368 26373 068 139 0382 350 185
83 4.810 30.220 0.64 159 0.372 3.55 19.0
64 5.125 32200 0.60 1.35 0.354 3.55 21.0
88 5.519 34. 0.56 1.35 0.338 3.55 24.0'
87 5.914 35.709 0.53 1.28 0.323 3.60 28.0


LIB


[-J
Dept
[NI


L
('LpJ


Ap/y
[-J


4.09 159.600 -4.000 7.00


n.m Vm Rtm Lk Le S Tnm RCG
(rn/SI [NI [ml [ml 1m21 fdeql [mml


64 1.183 4.381 0.98 1.50 0.480 0.00 -3.4
65 1.593 9.125 0.96 1.50 0.480 0.18 -6.1
66 1.987 15.494 0.98 1.50 0.480 155 -9.5
61 2.365 17.628 0.98 1.46 0.471 2.30 -6.5
68 2.760 20.481 0.94 1.46 0461 2.35 -3.0
59 3.170 23.557 0.90 1.46 0.452 2.50 1.6
70 3.564 26283 0.83 1.46 0.435 2.60 5.0
71 3.942 28515 0.79 1.48 0.425 2.75 9.0
72 4.352 30.522 0.75 1.43 0.409 3.10 11.0
73 4.778 31.984 0.71 1.43 0.399 3.45 14.0


197 5.125 33200 0.56 1.37 0.347 3.65 17.0
196 5.519 357O0 0.56 1.35 0.343 370 20.0


L/B


[-J
4.09


Dept
[NJ


119.500


'Loe ApN
(%LpJ (-J
-8.000 8.50


rim Vm
fm/si


Atm
INi


Lk
[ml


Le
[mi


S


[m21. [degl
Tren R


'(mml


32 1.127 3.213 0.90 .1.43 0.446 0.14 -2.5'
33 1.502 6.300 083 1.43 0.429 0.31 -5.0
34 1.878 10.284 0.83 1.43 0.429 1.40 -7.5
.35 2.254 12099 083 .1.43 0.429 1.98 -5.0
36 2.644 13.714 0.79 1.43 0.419 2.05 -2.5
37 3.020 15582 0.75 1.43 0.409 2.10 1.0
38 3.380 17145 0.68 1.43 0.391 220 5.4
39 3.756 18.784 .0.60 .1.43 0.370.. 2.20 8.2
40 4102 20639 058 143 0359 2.38 lOO
41 4.522 22.823 0.53 1.43 0.340 2.60 11.3
42 4.883 25.200 Ó.53 1.31 0.327 2.75 12.5


199 5258 27.320 0.49 1.35 0.341 2.70 16.0
198 5.634 30.300 0.49 .3I 0.317 2.75 18.0


LIB Depi L ApgV


(-J [NI [IU.PI (-I
4.09 159.800 0.000 7.00


tui Vm Run U( Le S Trim RCG
[rn/SI [NI [ml [nj [m21 [deqi FmmI


44 1.183 3.997 1.13 1.50 0.511 -0.18 -4.0
45 1.577 9.937 1.13 1.50 0.511 -0.18 -7.0
46 1.987 18.177 1.13 1.50 0.511 1.55 -10.5
47 2.365 19.238 1.13 1.46 0.532 2.10 -7.5
48 2.775 23.308 1.05 1.46 0.487 2.20 -4.5
49 3.10 27575 LOS 1.48 0.487 225 -2.0
50 3.560 32.426 1.01 1.48 0.478 225 2.0
51 3.974 38.939 0.94 1.46 0.461 2.48 4.9
52 4.384 40.499 0.94 1.44 0.457 2.70 6.0
53 4.794 42.553 0.90 1.44 0.448 3.05 8.0


164 5125 43.090' 0.83 1.43 0.429 3.35 10.5
186 5.519 44.300 0.75 L43 0.409 3.70 16.0


LIB


(-J
4.09


Depi
(NJ


1.19.500


Loe APN
(.pJ [-J
-4.000 8.50


tui Vm
fm/sl


RIm.
JNJ


Lk
[ml


Le
[ml


S


Im2l
Trim
fdeqj


RCG
[mml


21' 1.127 3.043 1.05 1.48 0.487 0.00 ' -2.5
22 1.502 '6.124 1.05 .48 0.487' 0.00 -4.5
23 1.878 '9.887 1.05 146 0.487 0.98 -8.0
24 2.254 12.250 1.05 iAe 0.481 L74 -6.0
25 2.629 14.318 .1.05 1.46 0.481 150 -3.0
28 3.005 16.821 tOS iÀ6 0.487 1.93 -1.0
27 3,380' 19.286 0.90 1.46 0.452 2.00 2.2
29 3.758 21.9SS 0.77 1.46 0.420 2.00 5.8
28 4.132 24.800 0.79 1.46 0.425 2.00 6.0
30 4.522 27.388 0.75 1.46 0.415 2.25 7.0
31 4.883 29.800 0.75 1.46 0.415 2.50 8.5


193 5.258 31.400 0.54 1.35 0.338. 2.80 10.5
195 5.634 32.200 0.53 1.31 0.327 2.9.0 ' 13.0.


LIB


f-J
4.09


Depi
[NJ


119.500


LCG, ApN
(1LpJ (-J
0.000 8.50


n.ri Vm
[m/si


Rtm
INI


Lk
fmi


Le
[ml


S. Trim
[m2J. Idegi


RCG
[mml


3 1.127 2.799 0.98 1.48 0.471 -0.15 -2.9
4 1.517 6.359 0.98 1.46 0.471 -0.28 -5.4
5 1.878 10.243 0.98 1.48 0.471 0.75 -8.8
8 2.254 12.108 0.98 1.48 0.471 1.55 -0.7
9 2.629 I5812 0.98 1.46 0.471 1.80 -5.5
8 3.020 19.113 0.94 1.46 0.461 1.75 -3.0
1 3.380 22.429 0.98 1.46 0.471 1.79 -1.0
2 3.771 26.889 0.98 1.46 0.471 1.70 1.8
7 4.132 29.843 0.98 1.46 0.471 1.75 2.3


10 4.507 35.252 0.94 1.46 0461 1.85 1.5
200 4.683 38.250 0.75 1.43 0.409 2.10 2.5
183 5.258 40.750 0.68 1.39 0.382 2.50 6.0
182 .634 42.500 0.62 1.39 0.362 2.85 9.0


(-J. (NJ
4.09 159.800


(%LPJ (-i
-2.000 7.00


iui Vm RUn Lk Le S Tnm RCG
[rn/si INI [ml [ml Im2l. [degl [mml


54 1.183 4217 1.05 ISO 0.498 -0.15 -3.8
55 1.577 9.390 1.05 1.50 0.496 0.00 -7.0
56 1.971 15.649 1.05 1.50 0.496 1.65 -10.5
57 2.365 18.153 1.05 1.48 0.487 2.12 -7.2
58 2.775 21.457 1.05 1.48 0.487 2.20 -42
59 3.154 .25110 1.01. 1.46 0.478 2.30 -5.0
60 3564 23.957 0.94 1.46. 0.461 2.40 3.5
81 3.958 32.153 0.88 1.44 0.438 2.52 7.0
62 4.337 34.509 0.79 1.44 0.421 2.65 6.5
63 4.731 36.300 0.79 1.44 0.421 3.20 10.5


187 5.125 38200 0.71 1.35 0.382 3.50 13.0
188 5.519 39.400 0.64 1.35 0.364 3.75 18.0







model441 model 431


model 440


model 442 model 432


3971.66613.2571301.500.4000.60-1O.O


mode1443


I-5


model 433


LIB
(-J


Depi
(NJ


Loe ApN
fapJ (-J


5.5 237400 -2.000 4.00


rui Vin Atm Lk Lo S Trun NCG
fm/sJ INi FmI fmi 1m21 fdegi ImmI


387 12 6.075 1.50 1.50 0.400 -0.10 -6.0
388 1.684 13.410 1.50 130 0.400 0.45 -10.0
389 2.108 24.453 1.50 1.50 0.400 2.85 -12.5
390 2.527 26.368 1.43 1.50 0.400 320 -9.0
391 2.948 32.604 1.43 1.46 0.398 320 -4.0
392 3.369 37.158 1.43 1.46 0.396 3.00 0.0
393 3.790 43.527 1.43 1.46 0.398 2.65 2.0
394 4.211 49.860 1.50 1.50 0.400 2.60 5.0
395 4.616 58.412 1.50 1.50 0.400 2.40 0.0


L/B
(-1


5.5


Depi
(NJ


147.300


Loe
[%1.J
-4.000


Ap/V
(-1
5.50


rui Vm Atm Lk Lo S Trim RCG
Fm/si INI fmi fmi 1m21 fdeqi fmmj


338 1.167 3.474 1.50 1.50 0.400 0.00 -3.8
339 1.556 73381301.500.400 0.30 -6.5
340 1.945 12.968 1.35 1.43 0.396 1.75 -8.2
341 2.349 15.045 124 1.43 0.383 2.31 -4.1
342 2.738 16.833 116 1.41 0.370 2.25 -2.0
343 3.142 19228 1.13 1.39 0.362 2.36 1.0
344 3.516 21.416 t09 1.39 0.357 2.45 5.0
345 3.920 23.514 1.05 1.39 0.353 2.60 8.5
346 4278 25. 0.98 1.37 0.338 2.75 9.5
347 4.667 26.364 0.96 1.37 0.334 3.13 10.5
348 5.058 27.420 0.94 1.37 0.331 3.25 13.2
350 5.445 29.000 O86 1:35 0.315 3.35 15.0
351 5.834 31.700 0.831.35 0.308 3.80 16.5


398 2.106 25.733 130. 1.50 0.400 2.90 -11.5
399 2.510 29.200 1.39 1.44 0.396 3.40 -8.0
400: 2.914 32336 1.35 1.43 0.396 3.35 -3.5
401 3.369 36.414 1.31 1.43 0.390 3.45 1.0
402 3.807 40.832 124 1.43 0.383 3.90 6.0
403 4228 . 42.301 1.13 1.39 0.362 4.70 11.0
404 4.649 43.440 1.01 1.33 0.331 8.75 18.0
405 5.053 42.047 0.94 129 0.319 5.85 23.0
406 5.475 42.191 0.90 1.28 0.310 8.70 34.0


L/B
[-..1


5.5


Depi
(Nl


147.300


LOE ApN
('olpJ (-J
-8.000 5.50


ru Vm Atm Lk Lo S Trim ACG
Fm/sl (Nl fmi 1ml 1m21 Ideqi fmmi


352 1.15? 3.550 130 130 0.400 0.00 -2.5
353 1.556 7.799 1.35 lAG 0.398 0.20 -6.0
354 1.945 1354 1.20 1.43 0.378 190 -9.5
355 2.349 13.197 1.13 1.39 0.362 2.50 -5.0:
356 2.738 16.515 1.05 1.39 0.353 2.53 -2.0
357 3.158 18.655 1.01 1.37 0.344 2.60 1.0
359 3316 20.003 0.94 1.37 0.331 2.60 5.0
360..3.88921.5570.92:l.370328 2.60. 8.0
361 4294 22.719 0.86 1.35 0.315 3.25 11.0
362 4.683 23:959 0.83 1.33 0.304 3.40 14.0
363 5.040 23.407 0.79 1.31 0295 3.40 .16.0
366 5.45 27.X) 0.75 1.31 0269 3.35 19.5
367 5.834 .29. 0.69 129 0.276 3.20 250


1/B
(-I
5.5


Depi
(NJ


237.400


Loe -sApN
(%l.pJ (-J
-8.000 4.00


ru' Vm
fm/si


Atm
INI


LIc


FmI
Lo
FmI


S


fm2l
Trim
fdeql


ROE
ImmI


388 1.247 6.200 1.50 1.50 0.400 0.20 -4.0
369 1.684 14.453 1.43 1.46 0.398 1.20 -9.0
370 2.106 25.320 1.28 1.43 0.388 3.15 -11.0
371 2.510 26336 124 .1.37 0.375 3.45 -6.0
372 2.948 29.118 1.18 1.39 0.370 3.60 -2.0
373 3.369 30.740 1i3 1.37 0.359 3.80 4.0
374 3.807 30.964 lii' 1.33 0.350 4.30 9.0
3754.22829.9990.991.310.332 4.70 -15.0
376 4.649 27.6 0.88 1.22 0.297 5.25 20.0
377 5.037 23.423 0.83 120 0.284 5.25 26.0
376 5.475 31.300 079 1.18 0274 5.10 31.5
379 5.896 35. 0.77 1.14 0.265 4.80 38.5


LiB
L-1


Depi
N


LCG ApN
L%LPI (-1


5.5 237.400 0.000 4.00


rui Vm Atm Lk L S Tflm RC
Fm/sl INI 1ml 1ml 1m21 (deqi Immi


380 1263 5.972 1.50 1.50 0.400 -0.20 -5.0
381 1.684 12.800 1.50 1.50 0.400 0.70 -11.0
382 2.089 24.520 1.50 1.50 0.400 2.43 -13.0
383 2.527 V.855 1.50 1.50 0.400 2.65 -10.0
364 2.948 31.529 1.50 1.50 0.400 2.63 -6.0
385 3.389 36.923 1.50 1.50 0.400 2.15 -45
388 3.790 43.796 1.50 1.50 0.400 t70 -6.0


L/B


(-i
Depi
INI


LOE ApiV
(%1-PI (-I


5.5 147.300 0.000 5.50


rui Vm Atm Uc Lc S Thm. ACG
Im/si 'INi Fmi fmi 1m21 fdeql. lmrnl


314 1.151 3.228 1.50 1.50 0.369 -0.12 -3.5
315 1.556 7.155 1.50 1.50 0.389 -020 -6.5
316 1.945 12.144 1.50 1.50 0.394 1.20 -10.0
317 2.349 15.085 1.50 1.50 0.400 1.95 -6.5
316 2.738 17.479 1.50 1.50 0.400 1.95 -4.5.


L/B
(-I


Depi
INI


Loe ApN
(lapi L-1


5.5 237.400 -4.000 4.00


rui Vm Ami Lk Lo S Thm ROE
(rn/si INI FmI (ml 1m21 Ideqi (mmi


396 1247 6.220 1.50 1.50 0.400 0.00. -4.0







model 421


model 420


LIB Depi LCD ApdV


1-1 IN 1%Lpl 1-I


'model 422


modal 423


L/B DepI LCD Ap/V
I-I INI i%t.pI (-I


'model 411


LIB Depi LCD Ap/V
l-I INI I%LpI I-I


model 410


LIB DepI LCD Ap/Y
(-I INI I%Lpl I-I


model 412


model 413


L/B Depl LCD Ap/Y
I-I INI (%Lpl (-I
5.5 78.800 -8.000 8.60


run Vm Rim Lic Lo S Trim AGO


fm/sl INI 1ml (ml 1m21 ldegl (mL.


L/B


I-I
5.5


Depi
INI


78.600


LCD
1%l.pl
-4.000


Ap/Y
I-I
5.50


run. Vm
Im/el


Rim
INI


Lic


[ml
Lo


(ml
'S Trim


1m21, .Idegj ,Imml
RCa


230 1.046 1.711 1.35 1.50. 0.354 -0.05 -1.5
231' 1:381 3.371 1.31 1.50 0.366 0.05 -2.5
232 1.744 4.890 1.28 1.50 0.371 0.05 -4:2
233 5.093' 6.546 1.20 1.43: 0.359 1.05 -5.0
234 2.441 7.488 1.13 1.43 0.355 1.05 -2.5
235 2.804 9.059 1.13 1.43 0.358 1.05 -2.5
236 3.153 10.760 1.05 1.43 0.359 1.10 0.0


'231 3:518 12.629 0.98 1.43 0.347 1.10 ' 2.2
238 3:664 14.592 0.98' 1.43. 0.347 1.05 4.5
239 4.213 17.114 0.98 1.43 0.347 0.91 3.5
240 4.662 19.852 0.98 1.43 0.341 0.90 1.6
241 4.883 22.800 0.98 1.43 0.347 0.90 o:s
243 5.231 25.200 0.90 1.43 0.334 1.00 1:5
242 5.550 28.000 0.90 1.43 0.334 1.05 2.5
244 5.929 30.600 0.90 1.43 0.334 1.10. 3.5


LIB


I-I
5.5 102.600


Depi
INI


LCD
I%LpI
-4.000


ApN
1-i
7.00


run Vm
im/SI


Rim
INI


Lic


1ml
'Lo
(mi


S


1m21


Trim RCG


faGgi .


214 1.684 2.340 1:35 1.50 0.388 0.00 -2.0
'775 .1.455 .4.767 1.43' 1.50 0.386 0:10 3.S
278 1:831 7.503 1.3$ 1.50 0.394 0.90 -6.0
273 2.197 9.400 1.35 1.50 0.382 1.25 -5.0
277 2.563 10.400 1.28 1.43 0.383 1.50 -3.5
278 2.929 12.559 1.05 1.43 0.659 1.60 -1:5
279 3.296 14.650 1.01 1:43 0.352 1.65 1.5
280: 3.662 16.600 1.01 1.43 0.352 1.60 4.5


4:043 18.914 0.98 .1.43 O31 1.60 5.0
282 4:423 21.594 0.96 1.43 0.344 1.60 4.0
283 4.760' 23.800 0.94 1.43 0.341 1.70 4.0
286 5.128 26.317 0.90 1.43 0.334 1.85 5.0
284 5.493 28.800 0.86 1.43 0.326 2.00 6.5
285 5.859 31.000 0.79 1.41 0.310 2.10 10.5


5.6 78.600 0.000 8.50


run Vm
Im/sI


Ritt,
INI


Lic


1ml


Lo


1ml.


S


1maI
Trim


Ideqj
RCG
Immi


201 1:046 1.807 1.35 1:60 0.351 -0:10 -1.8'
202 1.395 3.311 1.28 1.50 0.343 -0.08 -3.0
203 1:758 5.035 1.20 !.50 0.340 0.25 -4:3'
204 2.107 6.815 i.20 1:60 0.340 0.95 -4.8
205 2.455 7.999 1.05 liSO 0.331 0.95 -3.5
206 2.804 9.723 0.96 1.43 0.319 0.95 -3.0
201 3.139 12.000 0.98 1:43 0.319 1.00 -5.5
206 3.488 14.008 0.98 1:43 0.333 1.05 0.0
209 3.836 18.819 0.98 1.43 0.339 1.00 2.5
210 4.213 20.582 0.98 1.43 0.347 0.90 3.0
211 4.534 23.000 0.98 1.43 0.347 0.90 -1:0
212 4.883 28400 0.98 1.43 0.347 0.85 -2.0
215 5.231 31.200 0.98 1.43 0.347 0.90 -2.0
214. 5.580 35.200. 0.98' 1:43 0.341 0.90 2.2


5.5 102.600 -2.000 7.00


run Vm
fm/ej


Rim
INI


LIc


1ml.


Lo


(ml
S


1mal


Trum


Ideql
RCG
Immi


800 1.099 2.272 1.50 1.50 0.380 -0.05 -3.0
301 1;450 4.725' 1.50 1.50 0.377 -0.02 43
302 1.831 7.554 1.43 1.50 0.380 0.72 -85
303 2.197 9.546 1:43 i.50 0.389 1.40 -5.0
304 2.663 11.104 1.35 1.46 0.392, 1.45 -4.0
306 2.929 13.040 1.28 1.48 0.393 1:52 -2.5
301 3.298 15.557 1.16 1.46 0.318 1.52 0.0
308 3.662 18.066 1.05 1.43 0.359 1.50 3.5
309 4:043 20.633 0.98 1.43 0.347 1.45 4.0
310 4:423 23.491 0.90 1.43 0.334 1:50 3.0
31,1 4.760 26.207 0.88' 1.43 0.326 1.65 2.5
312 5.126 29.400 0.83 1.43' 0.320. 1.70 2.5
312 5:493 30.626 0.80 143 0.317 1:80 4.0
313. 5.873 34.251 0.19 1.43 0.313 1.95' 1.0


245 1.046 1.847 1.35 1.50 0.354 0.05 .. -IS
246 1.395 3.563 1.35 *50 0.380 0.20 -2.5
247 1.744 5.254 1.20 1.43 0.352 0.70 -5.0
249 2.101 6.587 1.13 1.43 0.352 1.20 -4.5
250 2.441 7.5*7 0.08 1.43 0.336 1.25 -2.0
245 2.790 6.710 0.95 1.43 0.336 1.25. -1.0
25* 3.139 9.981 0:43 1.43 0.320 1.30 1.0
252 3.488 11.5*5 0.7.1 1.43 0.300 1.21 3:5
253 3.838 13.118 0.71 1.41 0.300 1.10 5.5
254 4.213 15.049 0.71 1:41 0.298 1.05 5.5
256 '4:534 17.000 0.68 .1:43 0.29! 1:05, 4.5
255 4.883 *9.000 0.68 1.41 0.291 1.0$ 5.0
257 5.231 21.300 0.65 1.41 0.291 1.10 6.0
258 5.580 23.500 0.68 l4l 0.291 1.20 7:5


LIB


I-i
5.5


'DCPI


INI
102.600


LCD
I%Lpl
0.000


ApN
I-I
1.00


run Vm Rim Ui Lo S Trum RCG


ImlsI INI. 1ml. 1ml 1m21 Ideql. Immi


287 1.084 2.155 .1.50 1.50 0.383 -0.10 -2.5
288 1.485 4.759 1.50 1.50 0.380 -0.13 -4.0
289 1.831 7.539 i:so 1.50 0.380 0.60 -5.5
290 2.197 9.744 .i.35 1.60 0.394 1.30 -5.5
291 2.583 11.654 1.20 1.48 0.378 1.3$ -4.5
292 2.939 14.043 116 1.46 0.378 1.42 -2.5
293 3.281 10.777 1.13 1.43 0.369 1.42 0.0
294 3.616 10.843 1.09 1.43 0.364 1.40 1.0


295 4.043 23.126 1.05 1.43 0.359 ! 1.5


298 4:338 25.609 1.01 .1.43 0.352 1.3$ 0.0
297 4.775 30.032 0.98 .1.43 0.347 1.50 -1.0
298 5.128 33.200 0.94 1.43 0.341 1.60 -0.5
399 5.493 36.000 0.90 1:43 0.334 1.15. 1.0


5.5 102.600 -8.000 7.00


run' Vm
fin/sl


RIm
INI


1k
1ml


Ic
1ml


S


1m21


Trim


(degJ


RCa
(mmi


259 1:084 2.414 1.35 1.50 0.374 0.10 -2.5
260 1:450 4.774 1.25 1.50 0.377 0.28 -6.0
281 1.631 7.804 1.16 1.43 0.353 1.20 -7.0


'282 2.197 9.451 1.05' 1.43 0.353 1.70 -5.0
263 2.563 10.535 0.98 1.43 0.341 1.75 -3.0
284 2.915 11461 0.90 1.43 0.334 1.80 0.0
255. 3.310 13.584 0.83 1.43 0.320 1.80 2.5


.258. 3.676 15.177' 0.79 1.41 0.310 1.50 6.0
287 4:028 15.505 0.75 1.39 0.301 1.76 7.0
268 4494 18.500 0.75 1.35 0.295 1.90 7.0
269 4:760 20.330 0.75 1.35 O.395 2.00 7.0
270 5.128 22.000 0.68 1.35 0.281 2.05 9.5
272 5:493 24.000 0.64 1.35 0.273 2.15 11.0
271 5:859, 25.800 0.64 1.35 0.273 2.20 13.0


.5.5 76.600 -2.000 8.50


run Vm
Im/AI


Rim
INI


Ui
1ml


Lo
fmI


S


1m21


Trim
Ideal


RCO
Immi


215 1.046 1.835 1.35 1.50 0.357 -0.05 -1.4
216 1:395 3.300 1.24 1.46 0.346 -0.05 -2.7
217 1:744 5.442 1.20 1.46 0.350 0.20 -4:5
219 2.093 6.700 1.05 1.44 0.338 1.00 -4:8
220 2.427 7.683 0.98 1.43 0.330 1.00 -3.0
221 2.804 9.416 0.94 1.43 0.327 1.05 -2.6
222 3.139 11.282 0.94 1.43 0.330 1.10 -tS
223 3.502 13.348 0.94 1.43 0.333 1.10 -1:5
224 3.850 15.664 0.94 1.43 0.341 1.00 2.5
225 4:199 18.407 0.94 1.43 0.341 0.95 2.0
228 4.548. 21.519 0.90 1.43 0.334 0.80 0.0
227 4:897 24.865 0.83 1.43 0.320 0.60 -i:o


0 0.000 0.000 0.00 0.00 0.000 '0.00' 0.0
228 5.580 '31.400 0.19 1.43 0.313 0.55 0.0







mOdól 541 modal 531


LiB Dep1 LCG ApN
(-I (NI (%tPl I-1


7 155.200 0.000 4.00


run Vm Rim Lk .c S Thm RCG
(misi INI (ml (fil (m2l (dogi (olmi


model 540 model 530


LIB Depi LCD ApIV
t-I (NI (%LpI t-1


¡/B DepI LOG ApIV
(-'I INI (%LpJ t-i


model 642 model 532


model 543 model 533


I/B DepI LCD ApIV
(-i (Nl I%LpI (-I


run Vm Atm 1k Lo S Turn RCG
(miel (NJ (ml 1ml (m2l (dogi '[mml


I-7


L/B Dept LCD Apfì
:1_I (Nl (%Lpl (-1


1 102.400 -8.000 5.80


570 1.098 2.316 1.35 1.48 0.318 0.05 -2.0
571 1.484 4.859 13$ 1.46 0.318 0.04 -4.0
572 1.830 8.052 !i28 1.43 0.310 1.35 -6.0
573' 2.182 9.541 1.16 1.43 0.299 1.85 -5.0
574 2.582 10.530 1.09 1.41 0.281 2.00 -2.0
575 ' 2.928 12.021 1i09 1.41 0.288 2.05 -tO
576 3.280 13.522 1.31 1.41 0.278 2.20 1.0
577 3.648 15.030 0.98 1.39 0.212 2.30 4.0
578 4.041 18.348 0.94 1.39 0.267 2.50 8.0
570 4.407 17.945 0.86 1.39 0.255 2.80 7.0
580 4.113 18.756 0.63 1.39 0.251 3.10 9.0
681 5.159 20.153 0.79 1.35 5.240 3.15 12.0
582' 5.491 21.600 0.78 1.35 0.234 2.20 14.5
583 5.857 23:400 0.11 1.31 0.223 3:10 16.5


L/B


t-i
DepI
INI


LCD
(%LpJ


ApFV


(-i
7 185.200 -4.000. 4.00


run Vro Rim Lii Lo S Trim RCa
1mb! (NJ (ml (ml (m21 (dogi (mml


613 1.158 3.612 1.50 1.50 0.324 0.00 -3.0
614 1.602 8.019 1.50 1.50 0.324- 0.30 -7.0
615 1.368 14.013 ESO 1.50 0.324 1.60 -10.0
616 2.379 17.781 1.50 1.50 0.324 2.70 -1.0
617 2.776 19.564 1.50 1.50 0.324 2.65 -4.0
618 3.171 22.090 ESO 1.50 0.324 2.70 -1.0
619 3.588, 24790 ESO 1.50 0.324 2.70 2.0
620 3.996 27.236 1.35 1.43 0.307 2.95 60
622 4.377 29.408 1.13 1.39 0.290 3.70 9.0
623 4.751 30.500 tOT 1.39 0.283 4.35 12.0
625 5.154 31.000 Ò.91 1.38 0.251 5.00 18.0
824 5.550 31.400 0.90 1.33 0.253 5.30 22.0
826 6.948 33.000 0.88 1.30 0.241 5.10 27.0


7 102.400 -2.000 5.50


run Vm
(misi


Atm
(NI


1k
(ml


Lo


(mi
S


(m2l
Thm
(deqj


ROD
(mml


541 1.384 2.015 1.50 1.50 0.323 -0.05 -2.0
540 I450 8.287 1.50. 1.50 0.323 0.00 .40
542 1.830 7.200 1.50 1.50 0.323 0.80 -7.0
543 3.198 9.523 1.50 1.60 0.323 1.70 -6.0
544 2.548 10.774 1.30 1.50 0.323 175 -4.0
545 2.928 12.491 1.35 1.48 0.318 1.50 -2.0
546 3.294 14.248 1.35 1.48 0.318 1.15 0.0
547 3.675 18.473 1.31 1.48 0.315 1.60 2.0
548 4.056 18.654 tOS 1.48 0.314 1.30 4.0
554 4.437 20.998 1.24 1.48 0.310 2.10 3.0
550 4788 22.270 1.13 1.43 0.296 2.40 5.0


0 0.000 0.000 0.00 0.00 0.000 0.00 0.0
551 5.491 28.700 0.98 143 0.278 3.00 9.0


7 165.200 -2.000 4.00


run Vm
(midI


RIm
INI


1k
(ml


Lo
(ml


S Trim


(mOi .Idegj
RCG.


(mml


504 1.173 3.384 1.50 1.50 0.324 0.00 -3.0
605 1.570 7.560 1.50 1.50 0.324 0.10 -8.0
608 1.366 13.536 1.50 1.50 0.324 1.50 -10.0
607 2.363 16.892 1.50 1.50 0.324 2.30 -7.0
608 2.775 19.277 1.50 1.50 0.324 2.50 -5.0
609 3.17.1 22.413 1.50 1.50 0.324 2.50. -1.0
810 3.568 25.759 1.50 1.50 0.324 2.40 1.0
611 3.980 29.450 1.50 1.50 0.324 2.30 3.0
612 4.381 33.773. 1.50 1.50 0.324 2.55 3.0


L/B


I-i
7


Dept


INI
102.400


LCD
(%Lpi
-4.000


Ap/V


(-I
5.60


run Vm
(miel


RIm


(Nl
1k


(ml
to
(ml


S
(m2


Trim
(dogi


RCG
(mml


555 t098 2.411 1.50 1.50 0.323 0.00 -2.5
558 1.450 4.492 lSD 1.50 0.323 0.05 -4.0
557 1.816 7.265 1.50 1.50 0.323 .1.05 -7.5
558 2.182 9.155 1.50 1.50 0.323 1.70 -6.0
559 2.548 10.438 1.28 1.46 0.318 lieD -3.6
560 3.926 12.090 1.28 1.43 0.310 tás. -2.0
582 3.280 13.739 1.20 1.43 0.303 1.90 1.0
563 3.646 15.431 EIS 1.43 0.299 2.00 4.0
584 4.027 17.058 1.13 1.43 0.296 2.10 6.0
585 4.407 18.912 1.09 1.43 0.291 2.30 5.8
588 8.159 20.151 tOS 1.43 0.288 2.80 5.7
567 5fl1 21.201 0.94 1.39 0.257 2.90 3.0
588 5.491 22.100 0.86 1.39 0.255 3.00 10.0
589 5.901 24.641 0.83 1.29 0.251 3.00 12.0


7 165.200 -8.000 4.00


run Vm
(m/eJ


Atm


(NI
Lii


tm!
Lo
1ml


s
(mOI


Thm
(dogI


RC


Imiol


584 1.158 3.679 1.50 1.50 0.323 0.20 -4.0
585 1.588 8.611 1.50 1.50 0.323 0.70 -6.0
686 1.982 15.021 1.35 1.46 0.318 2.15 -10.0
587 2.353 19.299 1.28 1.43 0.310 3.05 -6.0
688 2.759 20.483 1.24 1.43 0.300 3.05 -4.0
589 3.158 22526 1.18 1.43 0.299 3.30 0.0
590 3.568 24.929 1.13 1.43 0.296 3.60 4.0
591 3.964 27.383 1.01 1.43 0.281 420 9.0
592 4.377 29.278 0.94 1.35 0.261 4.85 130
593 4.741 31.001 0.90 1.28 0.247 5.50 17.0
594 5.154 30.945 0.64 1.24 0.233 5.4S 21.5


1/B


(-i
DopI
(NI


LCD
(%Lpl


ApN
(-i


7 102.400 0.000 5.50


run Vm Rim 1k 1k. S Trim ACO
Im/el (NI (ml uni 1m21 idog: Jmml:


530 1.084 2.005 1.50 1.50 0.323 0.00 0.0
531 1484 4.348 1.50 .1.50 0.323 -0.10 -4.0
532 1.816 6.892 1.50 !.50 0.323 0.70 -8.0
533 2.182 9.088 .1.50 1.50 0.323 1.40: -8.0
534 2.548 10.798 1.50 1.50 0.323 1.55 -40
535 2.958 12.844 .1.50 1.50 0.323 1.66 -3.5
536 3.280 14.848 1.50 1.50 0.323 1° -liS
531 3.661 18.239 1.50 1.50 0.323 1.50 0.3
538 4.041 21.887 1.50 1.50 0.323 1.30 1.0


596 1.173 3.464 1.50 1.50 0.324 -0.05 -4.0
597 1.570 7.558 1.50 1.50 0.324 0.00 -7.0
695 1.966 13.169 1.60 1.50 0.324 1.40 -10.0
599 2.363 15.603 1.50 1.50 0.324 2.30 -8.0
600 2.759 18.984 1.50 1.50 0.324 2.40 -6.0
601 3.045 20.753 1.50 1.60 0.324 2.35 -4.0
602 3.568 25.110 1.50 1.50 0.324 2.15 0.0
503 3.980 29.310 1.50 1.50 .0.324 liSO 0.0







model 521 model 511


model 510


model 522 model 512


LIB Dopi LCD Ap/y
L-1 (Nj I%LPI t-1


modelS23 modelGI3


L/B DepI LCD ApN
I-j (NJ (%Lpl t-1


I-8


LIB Dapi LCG ApIY
-I-I (NJ I%Lpi I-1


L/B Oepl LCD Ap/y
I-1 INI f%LpI f-1


LiB'
f-1


1


Depi
INI


11.300


LCQ
I%LpI


0.000


ApN
i-1
7.00


run Vm
fm/el


Acm
INI


11c


fmi
Lo


fmi
S


Im21
Turn
Ideal


RCG
immI


488 1.034 1.351 1.28 1.48 0.306' -0.05 -1.5
489 1.378 2.757 1.28 1.48 0.306 -0.02 -3.0
470 1.723 4.320 1.28 1.48 0.308 0.30 -4.2
471 2.068 5.745 3.28 1.48 0.311 OJO -5.0
472 2.399 8.711 1.20 1.43 0.310 1.10 -3.8
473 2.757 8.133 1.28 1.43 0.310 3.20 -2.0
474 3.102 9.800 1.24 1.43 0.306 1.20 -15
475 3.4.48 11.625 1.24 1.43 0.306 1.20 0.5
476 3.816 13.649 1.24 1.43 0.306 3.15 2.0
477 4.135 15.537 1.24 1.43 0.806 1.20 2.0
478 4.494 17.614 1.24 1.43 0.306 1.30 0.0
479 4.852 19.615 3.20 1.43 0.303 3.40 0.0
480 5.169 21.600 1.20 1.43 0.303 1.50 0.0
482 5.514 23.800 1.13 3.40 0.292 1.70 2.5
484 5.859 25.600 1.05 1.40 0.282 1.85 5.0


model 520


LIB Depi L.CG Apf
t-1 (N t%I.pI (-1


7 73.300 -2.000 7.00


run Vm AIm Lic Lo S Trim RCG
fm/el INI 1ml fmi 1m21 Ideal ImmI


485 1.034 1.448 3.38 148 0.308 -0.03 -2.0
486 1.378 2.800 1.38 1.48 0.308 0.03 -2.5
487 1.723 4.300 3.38 1.48 0.308 0.40 -4.0
488 2.088 8.681 1.31 1.44 0.305 0.92 -5.0
489 2.412 6.714 1.28 144 0.308 1.15 -2.2
490 2.771 8.070 1.26 1.43 0.308 i.20 -2.0
491 3.102 9.400 1.23 1.43 0.306 1.22 -1.2
492 -3.460 11.053 3.20 1.43 0.303 1.30 1.8
493 3.791 12.482 1.18 1.43 0.299 1.30 4.0
494 4.204 14.507 1.13 1.43 0.296 1.30 4.0
405 4.508 16.331 1.09 1.43 0.291 1.35 1.0
496 4.825 18.437 1.05 1.41 0.284 2.0
491 5.169 19.300 1.05 1.39 0.281 1.50 2.0
499 5.542 21.890 0.98 1.39 -0.212 1.70 4.0
498 5859 23.200 0.90 1.39 0.261 1.80 -5.5


LIB


(-i
DopI
(Nj


LCD
I%L.pI


ApdV


f-i
7 53.400 -2.000 8.50


run Vm Rim Lic Lo S Trim RCG
tm/el fNj fmi fmi 1m21 Ideal fmml


423 0,985 1.120 1.38 1.46 0.291 0.00 -1.8
425 1.327 2.195 1.38 1.48 0.291 0.00 -2.0
426 1.842 3.085 1.38 1.46 0.299 0.20 -2.0
427 1.970 4.105 1.31 1.43 0.298 0.58 -4.0
430 2.378 5.111 1.28 1.43 0.310 0.80 -3.0
431 2.827 5.825 1.20 1.43 0.303 0.80 -3.0
429 2.982 7.405 1.13 1.43 0.296 0.90 -1.5
432 3.257 8.556 1.05 1.43 0.286 0.95 0.0
433 3.826 9.727 1.01 1.43 0.281 0.95 2.0
434 3.387 11.522 0.98 1.43 0.278 0.90 2.5
435 4.283 13.330 0.90 1.43 0.268 0.90 1.0
436 4.611 15.242 0.86 1.43 0.260 0.90 -0.5
437 4.926 16.860 0.84 1.42 0.256 1.00 0.0
439- 5.255 19.000 0.84 1.41 0256 1.00 0.0
438 5.583 21.000 0.84 1.41 0.256 1.08 1.0


7 73.300 -8.000 7.00


run Vm
fm/ej


Rim
(NJ


lic
(ml


Lo
(ml


S


fm2l
Trim
Ideal


RCG


(mmi


SIS' 1.034 1.612 1.28 1.43 0.299 0.08 -1.0
516 1.378 3.056 1.28 1.43 0.255 0.20 -2.0
517 1.709 4.717 1.24 1.43 0.296 0.80 -5.0
518 2.068 5.751 1.16 1.41 0.286 1.20 -5.0
519 2.412 6.568 1.06 1.41 0281 1.30 -2.2
520 2.743 7.523 1.05 1.39 0.284 1.30 -2.0
522 3.102 9.000 0.98 1.39 0.212- 1.45 0.5
623 3.432 10.368 0.90 1.35 0.281 1.50 2.0
821 3.763 11.366 0.90 1.3? 0.258 1.50 5.7
524 -4.122- 12.680- 0.83 1:39 0251 -1.50 6.0


525 4.404 14.186 0.83 1.37 0.249 1.60 4.0
528 4.839 15.634 0.19 1.35 0240 1.80 6.0
527 6.169 17.000 0.75 1.35 0.234 1.90 6.5
529 5.528 18.843 0:79 1.35 0.240 1.95 8.0
528 5.659 20.800 0.75 1.33 0.232 2.00 10.5


7 53.400 -8.000 0.50


run Vm
'Im/el


RIm
INI


Lic


fmi
Lo
fmi


S


(mal
Trim
(deal


ACO
ImmI


454 0.985 1.191 1.15 1:43 0.211 0.05- 1:0
455 3.314 2.290 1.16 1.43 0.279 0.20 -2.0
456 3.642 3.231 1.13 1.31 0.277 0.45 -3,0
457 1.970 4.052 0.98 1.37 0.262 0.72 -4.0
455 2.286 4:052 0.98 1.37 0.270 0.95 -2.0
459 2.621 5.826 0.94 1.37 0.264 0.95 -2.0
460 2.958 6.820 0.81 1.37 0.254 1.00 -1.0
461 3.284 7.748 0.83 1.37 0.245 1:05 2.0
482 3.826 8.921 0.83 1.37 0.249 1:02 4.0
469 3.954 10.121 0.83- 1.37 0.249 1.00 5.0
464 4:269 13.477 0.83 1.37 0.249 1.00 -5.0
465 4.624 13.271 0.79 1.37 0.243 1:00 3.0
468 4.926' 14.986 0.7S 1.37 0.237 1.10 3.0
467 5.294 16.509 0.71 1.37 0.230 1.20 4.0


7 53.400 -4.000 8.50


run Vm
fmlel


Aim
(NJ


Lic


fmI
Lo


1ml


S


(m2i
Trim
(deq(


RCG
fmmj


441 0985 1.131 3.28 1.43 0.282 0.00 -1.0
440 1.314 2.169 3.28 1.43 0.282 0.10 -2.0
442 1.642 3.087 1.20 1.43 0.280 0.32 -3.5
443 1.910 -3.901 1.20 1.43 0.283 0.60 -.0
444 2.299 4.829 3.13 3.43 0.282 0.85 -2.5
445 2.640 '5:892- 1:13 1.43 0.262 0.85 -2.5
446 2.959 6.811 3.01 1.43 0.281 1.00 -1:0
447 3.284 7.791 1.01 1.43 0.281 1.00 0.0
448 3.613 9.353 088 1.43 0.218 1.00 1.8
449 3.941- 11.023 0.94 1.43 0.272 0.98 3.0
450 4.396 12.842 0.90 1.43 0.266 0.95 2.0
451 4.624 14.584 0.90 1.41 0.263 -0.95 3.0
452 4.926 16.000 0.83 1.41 0.254 1.00 1.0
453 5.255 17.850 '0.83 3.39 0.251 1.05 2.0


LIB


(-j
7


Depi
fN


53.400


LCD
I%-pI
0.000


ApN
(-I
8.50


run Vm
Im/ei


Rim
INI


Lic


fmi
Lo


(ml
S


Im21
Trim
Idegi


RCG


Immi


407 0.985 1.117 1.88 1.50 025g -0.05 -1.0
409 1.340 2.108 1.31 1.50 0.303 0.00 -2.0
410 1.642 3.101 1.31 1.50 0.257 0.14 -3.0
411 1.910 4.026 129 1.50 0.304 0.50 -4.0
413 2.312 4.928 1.20 1.43 0.295 0.83 -2.2
414 2.627 5.924 3.13 3.43 0.288 3.85 -3.0
412 2.958 1100 1.20 1.50 0.301 0.90 -2.0
415 3.284 8.389 3.13 1.43 0.290 0.95 0.0
416 3.826 10.038 1.05 1.43 0251 0.93 2.0
417 3.954 11.804 1.05 1.43 0.286 0.90 2.2
418 4.283 13.725 1.01 143 0.281 3.85 0.0
419 4.611 15.332 1.01 1.43 0.281 0.90 -2.0
420 4.928 18.000 3.01 1.43 0.281 0.90 -2.0
422 5.294 20.523 1.01 1.43 0.281 0.90 -1.0


7 71 .300 -4.000 7.00


run Vm
fm/el


RIm
INI


Lic


1ml


Lo


(ml
S


fm2I
Trim
fdegj


ACO
tmml


500 1.034 1.517 1.28 1.46 0.303 0.00 -2.5
501 1.375 2.600 1.26 1.48 0.303 0.10 -4.0
502 1.109 4.394 1.28 3.48 0.303 0.60 -5.0
503 2.084 5.549 1.28- 1.43 0.306 1.00 -6.0
504 2.412 6.519 1.20 1.43 0.300 - 1.20 -3.0
505 2.757 7.853 1.18 1.43 0.301 1.25 -2.0
508 3.102 9.000 1.16 0.299 1.30 0.0
507 3.448 10.328 1.09 1.41 0.268 1.35 2.0


-508 3.791 11.866 1.09 1.41 0.288 1.35 4.0
509 4.149 13.507 1.05 1.41 '0.284 1.35 4.0
510 4.608 15.401 1.04 1.32 0.260 3.35 2.0
511 4.825 18.991 1.04 1.39 0.280 1.55 3.0-
514 5.183 15.806 1.04 1.39 0.280 1.65 4.0
513 6.610 20.112 3.80 1.30 0.280' 3.80 6.0







Appendix 2 :Coefficients of polynomial model







2-i


ß Pnv a0 a1 a2 a3 a4 a5 a6
£27 a8 a10 a11 a12


12.5


I


:


.75 V=5 .1120E+OO -.1289EO1 .1197E-02 -.3479E..04 -.2297E..O1 .2924E-02 -.1347E-03
-.7272E-03 .9765E-04 .4226E-05 .1256E-04 .2713E-03 .1774E-03


V=50 . .1115E+O0 -.1290E-01 .1199E-02 -.3510E-04 -2300E-01 .2917E-02 -.1344E-03
-.7217E-03 .9901E.04 .4318E-05 1130E-04 .2728E_03 .1786E-03


o .1129E-I-01 .1696E+01 -.3130E±00 .2169E-01 -.2760E+O1 4720E+00 -.2433E-01
-3112E+00 .1163E-01 .5206E03 .2458E-01 -3180E-02 . .3304E-01 I


RCG/V'13 -:4074E+00 .9876E-01 -.2147E-01 ' .1515E-02 .9922E-01 -.1388E-01 I .7181E.03,
-.6410E-02 .2775E-03 .1 503E-O4 .1030E-02 -.4586E-03 .1524E-04


1.90 R,/., V=5 .3996E+00 -9231E-01 ' .1192E-01 -.6086E-03 -.4127E-01 .2720E-02 -5832E-04
.1094E-02 .3815E-03 .9987E-05 .2345E-03 .1766E-02 .5378E-04


R1/, V=50 .4002E+00 -.9267E-01 1201E-01 -.6158E-03 -4170E-01 .2753E-02 -.5955E-04
.1136E-02 I .3879E-03 .1025E-04 .2308E-03 .1773E-02 .5885E-04


e .1515E-I-02 -.9005E+oo .1166E4-00 -.4535E-02 -6366E+01 .8357E±00 -:3731E-01
-.7934E4-00 .1718E-01 .4324E-03 .5055E-al .9474E-01 .9864E-01


RCG/V'/3 -3261E-I-00 .9289E-01 -.2020E-Oi .1426E-02 .2227E-01 .1884E-03 -.3914E-04
-.1948E-01 .2537E-03 .1417E-04 .2314E-02 .3813E-03 7281E-03


1.26 V=5 .8393E-I-00 -.1246E+00 1461E-01 -.6615E-03 -.1753E+00 .2255E-01 -.1016E-02
.4165E-02 6591E-03 .1478E-04 8072E-03 .1433E-02 -.7895E-03


V50 .8375E+00 .1248E+00 .1466E-01 -.6656E-03 .1748E+00 .2243E-01 -.1009E-02
4036E-02 .6488E-03 .1417E-04 .8146E-03 .1445E-02 -7806E-03


9 .9889E+01 -.7061E+01 .9620E+00 -.5360E-01 .5572E+01 -.1291E+01 .7367E-01
-.3946E+00 .3410E-01 .1764E-02 .1420E-01 .2198E+00 .7282E-01


RCG/V'/3 -.1057E+0i .6355E-01 -.2372E-01 .1890E-02 .4602E+00 -.7229E-01 .3700E-02
-.1873E-01 .4248E-03 .2053E-04 .2296E-02 .3490E-02 .1174E-02


1.50 R,/, V5 .7786E4-0O -.1016E-I-00 9O22E-02 -.2943E-03 -.1539E-I-00 .1795E-01 -.7779E-03
.3499E-02 .1219E-02 .3137E-04 .1069E-02 .3079E-02 .1622E-04


R/i, V=50 .7830E+00 -.1028E+00 9261E-02 -.3111E-03 -.1560E+00 .1823E-Ol -.7923E-03
.3454E-02 .1226E-02 .3162E-04 1069E-02 .3087E-02 .3045E-04


O .4786E+02 -.9164E+01 .1350E+01 -.7826E-01 -.9693E+0l .1005E-I-01 -.3806E-01
-.3616E+00 .1714E-01 .6256E-03 .3080E-01 .2011E±O0 .3556E-01


RCG/V'/3 -.5638E-I-00 -.2403E-01 -.1195E-01 .1194E-02 .3355EI-00 -.5715E-01 .3043E-02
-.2849E-01 -.8738E-03 -4271E-04 .2585E-02 .5695E-02 .8498E-03


1.75 V=5 .5817E-I-00 .2683E-01 -.1742E-01 .1476E-02 -.1538E-I-00 .1827E-01 -.7977E-03
.9107E-03 I .1048E-02 2881E-04 .1050E-02 .2770E-02 .1664E-03


R1/, V=50 5824E-I-00 .2586E-01 -.1725E-01 .1465E-02 -.1542E+00 .1826E-01 -.7975E-03
.8446E-03 .1059E-02 .2918E-04 .1052E-02 2781E-02 .1844E-03


e 3161E-I-02 -6006E+01 .6319E+00 -.2905E-01 -.2892E-I-01 -.7939E-01 .1623E-01
-.4067E-01 .1568E-01 .6076E-03 - .1308E-02 .1856E-I-00 1581E-01


RCG/V'/ .7918E-01 .3672E-01 -2361E-01 .2115E-02 .5393E-01 -.1695E-01 .1139E-02


-.1168E-01 -.1828E-03 -.2390E-04 5145E-03 3081E-02 .1509E-02







2-2


ß Fnv o al a2 a3 a4 a5 a6
a7 a8 a9 a10 a11 a2


125


¡


2OO R,/, V=5
:


.4372E+OO ' .63O3EO1 -.2146E-01 .1633E-02 -.1229E+OO .1416E-01 -6035E-03
.1789E-02 9401E-03 .2507E-04 .7046E-03 .2017E-02 3221E-03


Re/A V50
I


4373E-f-00 6227E-01 2136E-01 1627E 02 1232E+00 1413E-01 6023E-03
.1758E-02 .9548E-03 2561E-04


i .6993E-03 .2028E-02 .3424E-03


i


o .1322E+02 .2002E+01 -.1887E+00 .2538E-01 .3508E+01 -. 1046E+01 .6417E-01
.1978E+0O 3248E-02 -2820E-03 -.2124E-01 .1421E+00 ' -.5899E-02


RCG/V'/3


.


3061E+00 .5434E-01 -.2893E-01 2561E-02 -3087E-01 i -5601E-02 .6545E-03
-.1355E-01 -.8926E-03 -.6666E-04 .5779E-03 .2339E-02 .1237E-02


2.25 V=5 .4683E+00 .4320E-01 -1361E-01 .1000E-02 -.1418E+00 .1779E-01 -.7790E-03
9081E-03 .9836E-03 .3078E-04 .8248E-03 .1317E-02 .3086E-03


V=50 .4695E+00 .4205E-01 -.1342E-01 .9850E-03 -.1423E+00 .1773E-01 -.7758E-03
.9280E-03 .1002E-02 .3148E-04 .8095E-03 .1326E-02 .3277E-03


8 .2005E+02 -.8878E+00 .'.2429E'f00 2151E-01 -.1223E+01 -.2412E4-00 .2287E-01
.4608E+00 .3414E-01 .1530E-02 -.1894E-01 .8043E-01 -.3643E-01


RCG/V'/3 .9376E-01 -.7964E_02 -.1772E-01 .1632E-02 .1013E+00 -.2329E-01 .1340E-02
-.1703E-01 -.1087E-02 -.5905E-04 .1185E-02 .4634E-02 :2907E-03


2.50 V=5 .3276E+00 .2996E-01 -.7670E-02 .5118E-03 -.7863E-01 .8623E-02 -.3192E-03
.1414E-02 7821E-03 .2343E-04 .6311E-03 .5793E-03 .1716E-03


V=50 .3278E+0O 2871E-01 -.7447E-02 .4925E-03 .7886E-01 8539E-02 -3161E-03
1371E-02 .7906E-03 .2369E-04 .6169E-03 .5856E-03 .1842E-03


8 .5497E-fOl -.1505E+00 -.2074E-fOO .1448E-01 .4538E+01 -.1070E+01 6381E-01
.5650E+00 .1284E_01 .2049E-03 -.2930E-01 .1067E-01 -5021E-01


RC/ V1'3 .5347E-fOO .2676E-01 -.2602E-01 .2249E-02 -.1207E4-00 .1309E-01 -.5889E-03
.2506E-02 .1169E-02 5121E-04 .4842E-03 .4146E-02 .1570E-04


2.75 Re/A, V=5 ,2864E+00 .2157E-01 -.4537E-02 .2855E-03 -.6463E-01 .7329E-02 -.2793E-03
.2635E-02 8383E-03 .2825E-04 .5046E-03 .3729E-03 .1657E-03


V=50 .2891E+0O .1934E_01 -.4014E-02 .2408E-03 -.6574E-01 .7390E-02 -2841E-03
.2672E-02 .8536E_03 .2874E-04 .4875E-03 .3528E-03 1661E-03


o .5251E+01 -.2136E+00 -4981E-01 -.2390E-03 .3763E_4-01 -.8703E+00 5193E-01
.7439E+00 .3604E-01 .1549E-02 -.2963E-01 -.3124E-01 -.6563E-01


RcG/v',/3 .4987EH'00 -.2149E-01 -.8807E-02 8621E-03 -.6185E-01 .3117E-02 -3261E-04
.7517E-02 .8079E-03 .3312E-04 -3072E-03 .2070E-02 -.2094E-03


3.00 V=5 .2041E±00 .2262E-01 -;4611E-02 .3277E-03 -.3360E-01 .3327E-02 -.9487E-04
.2499E-02 .6954E-03 .2360E-04 .4707E-03 .1737E-03 8781E-04


V=50 2085E4-00 .1942E-01 ' -3751E-02 .2557E-03 -.3523E-01 .3475E-02 -.1039E-03
.2569E-02 .7122E-03 .2412E-04 .4573E-03 .9270E-04 .6799E-04
.2750E+01 6138E+00 .1493E+00 -. 1441E-01 .4592E-4-01 -.9479E.4-00 .5502E-01
8403E4-0O .3900E-01 .1814E-02 -.3527E-01 -.7550E-01 -.7209E-01


i RCG/V'/3 .5527E-4-00 -.8569E_01 .6848E-02 -.2166E-03 -4469E-01 .5517E-03 .9890E-04
7751E-02 3866E-03 .2107E-04 -.65ÓE-03 .1068E-02 -.7190E-03







2-3


ß Fn a0 a1 a2 a3 a4 a5 a6
a7 a8 a9 a10 a11 a2


25 .75 R1/, V=5 .1268E+OO -.2424E-01 3491E-02 ' -.1893E-03 -.2136E-01 2706E-02 -.1283EO3
-. 1462EO2 -.4897E-05 -.4912E-06 .3145E-05 . 2632E-03 .2009E-03


V=50 .1260E+00 -.2365E-01 .3359E-02 -.1802E-03 -.2152E-01 .2711E-02 -.1285E-03
-. 1457E-02 -5161E-05 -.5195E-06 .2379E-05 .2653E-03 .2007E-03


8 - .2791E+o1 .6060E+00 -.1479E-01 -.8580E-03 .4449E-01 .1737E-01 - .3669E-03
-.3048E+00 -.2215E-02 -.6126E-04 .1374E-01 -.2986E-01 .2900E-01


RCG/V" -5631E-01 .1358E-01 1978E-03 -.9157E-04 -.1305E-01 3252E-02 -.1867E-03
-.2090E-02 6262E-04 .5807E-05 3741E-04 -.5312E-03 .3005E-03


1.00 V=5 .3655E+00 -.1043E+0O .1400E-01 -.7408E-03 -.1955E-01 -.6496E-03 1031E-03
-.1763E-02 .3776E-04 .5533E-05 .2222E-03 .2048E-02 .2132E-03


Rg/a, V=50 H .3659E+0O -.1036E+oo .1386E-Oi -.7299E-03 -.2000E-01 -.6113E..03 .1012E-03
-.1767E-02 .3688E-04 -.5624E-05 .2198E-03 .2048E-02 .2160E-03


o .1064E+02 -.2476E+01 .2907E+00 -.1443E-01 -.1992E+01 .9811E-01 -.2754E-03
-.6578E-fOO .2138E-03 .3172E-05 .2929E-01 .1417E+00 .7013E-01


RCG/VLI3 -.2468E+oo .5017E-01 -.5742E-02 .2944E-03 .2368E-01 -. 1508E-02 .4642E-04
-.7365E-02 -8799E-04 .3699E-06 .2715E-03 -.8045E-03 .7947E-03


1.25 V=5 .7346E+00 -.1753E+O0 .2059E-01 -.1003E-02 -.6923E-01 .3296E-02 -.3195E-04
-.2975E-02 .1928E-03 -.4883E-05 .7575E-03 .4465E-02 .1095E-04


R,/, V=50 .7331E+00 -.1744E+00 .2037E-01 -.9872E-03 -6949E-01 .3290E-02 -.3134E-04
-.2984E-02 .1955E-03 -.4780E-05 .7530E-03 .4459E-02 .1806E-04


O 2407E+02 -.6571E+01 .7093E.4-00 -.3195E-01 -.1193E+01 -.1873E4-00 .1544E-01
-3438E+00 .7800E-02 .4234E-03 .1579E-01 .2244E4-00 .3405E-01


RCG/Vt/3 -.2845E-01 -.4699E-01 .7296E-02 -.3960E-03 .2604E-01 -.5517E-02 .3090E-03
-.8058E-02 -.1553E-03 -.4078E-05 .2832E-03 .2089E-02 .8162E-03


1.50 R/A V=5 .8278E+00 -.1938E+00 .2319E-01 -.1139E-02 -.8753E-01 .4455E-02 -.1599E-05
-6563E-02 .2575E-03 -.1677E-04 .1527E-02 .5371E-02 .2796E-03


V=50 .8263E+00 -.1927E+00 .2293E-01 -.1119E-02 -.8797E-01 .4460E-02 -.1314E-05
-6591E-02 .2606E-03 -.1666E-04 .1521E-02 .5364E-02 .2897E-03


O .2532E.4-02 -.8269E-fol .1002E+Oi -.4986E-01 -.3671'E-fOO -.3866E+00 .2851E-01


-.7646E-4-00 -.2883E-02 ..2796E-03 .5567E-01 2880E+00 .6108E-Ol
RCG/V'/ .5694E-01 -.1061E+00 .1742E-01 -9896E-03 .4806E-01 -.8546E-02 .4183E-03


-.1034E-01 -.1755E-03 -.7328E-05 .3267E-03 .2052E-02 .1164E-02
175 V=5 .9566E-4-00 -.1196E+o0 7891E-02 -.1443E-03 -.1932E-4-00 .2134E-Ol -8377E-03


-.3208E-02 .7299E-03 -3397E-06 .1896E-02 .4743E-02 -.6219E-04
R1/, V=50 .9550E+00 -.1183E-4-00 .7563E-02 -.1185E-03 -.1938E+00 .2133E-01 -8361E-03


-.3264E-02 .7311E-03 -.3583E-06 .1890E-02 .4738E-02 -.4953E-04
O 3901E-4-02 -.6757E-4-01 .5287E-4-00 -.1651E-01 -.6611E+01 .4903E-4-00 -.1453E-01


-.6147E-4-00 -.5014E-02 -.4529E-03 4609E-01 .3434E-4-00 .4319E-01
RCG/V'/ .3378E-4-00 -1661E-4-00 .2435E-01 -.1350E-02 .8538E-04 -.4868E-02 .3050E-03


-.1249E-01 -.1158E-03 -.5414E-05 .3944E-03 .4640E-02 .1473E-02







2-4


ß Pnv ao a1 a2 a3 a4 a5 a6
a7 a8 a9 a10 a11 a12


25 2.00


.


Rg/& V=5 .9093E+OO -;6004E-Ol -.2084E-03 .2698E-03 -.2244E+OO .2790E-01 -.1173E-02
.1494E-02 .1223E-02 .2299E-04 .i875E-02 2861E-02 -.3119E-03


R1/ V=50 9074E+00 5865E 01 5893E 03 3005E-03 2249E4-00 2787E-01 1171E-02


.1423E-02 .1228E-02 .2317E-04 .1868E-02 .2848E-02 -.2987E-03
8


:


.4651E+02 -.5594E+01 .4061E+00 .1428E-01 -.1074E±02 .1163E+01 ..494iE-01
-.3024E+00 -.1047E-01 .6648E-03 2291E-01 .2767E+00 .4257E-02


RCG/VL13 .6440E+O0 -.2007E+0O .2825E-01 -.1576E-02 -8261E-01 .6147E-02 -.2399E-03


-.1344E-01 -.3522E-03 -.1875E-04 .3414E-03 5541E-02 .1394E-02
2.25 R1/A, V5 .7267E+00 -.3065E-01 -.4856E-03 .1254E-03 -.1832E+00 .2340E-01 -9550E-03


1759E 02 1136E-02 1964E 04 1832E-02 1057E 02 3018E 03


R,/, V50 .7238E+00 -.2946E-01 -.8423E-03 .1554E-03 -.1830E+00 .2322E-01 -.9432E-03


.1652E-02 .1129E-02 .1914E-04 .1825E-02 .1035E-02 -.2923E-03


O .3930E+02 -.3838E+01 .1671E+0O -.1504E-02 -.9002E4-01 .9844E+0O -.4198E-01
-.5436E-01 -5073E-02 -2881E-03 .1382E-01 .1938E+00 -.3012E-01


RCG/V'13 .7810E+00 -.2062E4-00 2691E-01 -.1457E-02 -.1138E+00 9881E-02 -.4012E-03


-.1288E-01 -.2335E-03 -.1484E-04 .4903E-03 .5972E-02 .1138E-02


250 Rg/a, V=5 .5911E+00 -.1332E-02 -.2723E-02 J880E-03 -.1582E+0O .2103E-01 . -.8556E-03


.2990E-02 .1367E-02 .3447E-04 .1735E-02 -.2485E-04 -.8911E-04


V=50 .5896E+00 .5678E-03 -.3241E-02 .2295E-03 -.1594E+00 .2106E-01 -8555E-03


.2934E-02 .1372E-02 3467E-04 .1722E-02 -6421E-04-8239E-04
O .3457E4-02 - .2448E4-01 .3596E-01 .3139E-02 -.8405E+O1 .9749E+00 - .4280E-01


.4796E-01 -.1524E-01 -.5625E-03 .6950E-02 .1132E+00 -.5600E-01


RCG/V" .9096E+00 -.1932E4-00 .2314E-01 -.1211E-02 -.1710E+00 .1877E-01 -8557E-03


-.1322E-01 -.1999E-03 -.1303E-04 .6159E-03 .6142E-02 .9184E-03
2.75 V=5 .5063E+00 .3047E-01 -.7043E-02 .4750E-03 -.1525E+00 .2178E-01 -.9195E-03


.5580E-02 .1404E-02 .4042E-04 .1406E-02 -.1424E-02 -.1939E-03


R,/A, V50 .5042E+00 .3293E-01 -.7703E-02 .5276E-03 -.1538E+00 .2182E-01 -.9199E-03


.5526E-02 .1411E-02 .4076E-04 1391E-02 -.1479E-02 -.1887E-03


O .2718EI-02 -.1949E-I-01 .7036E-01 -.2685E-02 -.5753E-I-01 .6084E±00 -.2452E-01


.1545E+00 -.1495E-01 -.5452E-03 .5244E-02 .6356E-01 -.6772E-01


RCG/V" .1010E'4-01 -.1952E-I-00 2321E-01 -.1272E-02 -2037E-4-00 :2262E-01 -.1013E-02


-.1367E-01 -.3822E-03 -.2246E-04 .6646E-03 .6673E-02 .6786E-03
3.00 V5 4725Ef00 .2993E-01 -7451E-02 .5195E-03 -.1502E-I-00 .2257E-01 -.9848E-03


.4185E-02 .1587E-02 .5345E-04 .1713E-02 -7806E-03 -.1318E-03


V=50 .4693E-4-00 .3357E-01 -.8372E-02 .5913E-03 -.1520E+00 .2269E-01 -.9906E-03


.4146E-02 .1587E-02 .5357E-04 .1687E-02 -.8693E-03 -.1363E-03


O .2337E-4-02 .1400E±00 -.1892E-4-00 .1559E-01 -.5536E-4-01 .6424E-4-00 -2701E-01


6203E.4-00 .8787E-02 .4819E-03 -3054E-01 -6558E-01 -.7799E-01


RCG/Vt13 .1152E+01 -.1663E+00 .1819E-01 -.9180E-03 -2701E-4-00 .3175E-01 -.1428E-02


-.7406E-02 .1002E-03 .2626E-05 .2663E-03 .5604E-02 .6099E-03







-r Fn. a0 al a2 a3 a4 a5 a6
a7 a8 a9 a a11 a12


30 .75 R,/, V=5 2375E+oo -.1031E+OO .1772E$1 -.1041E-02 -.5205E-02 -.2773E-04 1531E-04
-. 1068E-02 -.6608E-04 -.4816E-05 -.7651E-Ô5 .4227E-03 .9094E-04


R/A, V=50 .2441E+00 -.1069EfOO .1843E-01 -1084E-02 -.5458E-02 -.9167E-05 1467E-04
-1061E-02 -.6654E-04 -4901E-05 .9439E05 .4219E-03 9157E-04


o -.3308E-fOl .2550E+01 .4395E±00 .2636E-01 .1037E+01 .1771E+00 -.895SE-02
-.2613E+00 -3974E-02 -4585E-03 . 1186E-01 -.7422E-02 .2557E-01


RCG/VLI3 -.3177E+00 .1208E-I-00 -.2063E.01 .1227E-02 .2717E-01 -.3003E-02 .1355E-03
-.6540E-03 .3208E-03 2741E-04 .5674E-05 -.7108E-03 .2287E-03


1.00 R,/, V=5 .9682E+00 -.4393E-fOO 7588E-01 -.4470E-02 -2704E-01 .1049E-02 -5175E-05
-.9952E-03 .1588E-03 .2220E-05 2921E-03 .1925E-02 -.4311E-04


Re/A, V50 .9787E+O0 -.4453E+00 .7700E-01 -.4538E-02 -.2747E-01. .1085E-02 -.6608E-05
-.9873E-03 .1573E-03 .1994E-05 .2893E-03 1921E-02 -.4144E-04


9 .5441E+02 -.2288E+02 .3988E+01 -.2386E+00 -.5056E+01 .5340E+00 -.2318E-01
-.4847E+00 .9449E-02 .5464E-03 .2527E-01 .1910E+00 .4970E-01


RaG/V'13 . -.4817E-J-00 .1940E+00 -.3240E-01 1881E-02 .1884E-01 -9944E-03 .2894E-04
-.5076E-02 -.1482E-03 I -1146E-04 .2403E-03 -.8347E-03 .4546E-03


1.25 V=5 .1893E+01 -8457E+00 .1457E+00 -.8577E-02 -.6406E-01 .3342E-02 -.7825E-04
-.5532E-02 -.2505E-03 -.3509E-04 5791E-03 .3928E-02 .1844E-03


V=50 .1908E+01 -.8539E+00 .1472E+00 -.8672E-02 -.6465E-01 .3390E-02 -8027E-04
-5525E-02 -2523E-03 -3551E-04 .5756E-03 .3924E-02 .1879E-03


9 8265E+Ó2 -.3612E-J-02 .6187E+01 -.3627E+00 -.4466E+01 .3828E+0O -1584E-01
-.3732E+00 .8297E-02 .4187E-03 .2140E-01 .1987E+00 .3160E-01


RCG/V.7'/3 .1322E+00 -9430E-01 .1822E-01 -.1159E-02 -.2056E-01 .2794E-02 -.1375E-03
-7445E-02 -.3535E-03 -.2478E-04 .3577E-03 .1312E-02 .6003E-03


1.50 V=5 .1858E+01 -.8280E+00 .1431E+00 -.8422E-02 -.5704E-01 .2596E-02 -.2847E-04
-.5175E-02 -.4050E-03 -.4045E-04 7328E-03 .3278E-02 -.1106E-03


Re/A, V50 .1879E+01 -8404E-J-00 .1464E+00 -.8563E-02 -.5732E-01 2571E-02 -.2619E-04
-5174E-02 -.4052E-03 -.4082E-04 .7281E-03 3271E-02 -.1054E-03 -


9 .6978E+02 - .3135E.f02 .5460E+01 - .3225E.4-00 -.2889E.4-01 .1742E+00 -4266E-02
-.6324E+00 .1348E-02 .1646E-03 .3824E-01 .1397E+00 .5171E-01


RCG/V1/3 2261E-01 -.1064E-J-00 .2000E-01 -.1204E-02 .6209E-01 -.9628E-02 .5027E-03
-.5670E-02 .4477E-03 .3335E-04 .4417E-03 -.1045E-03 .6196E-03


1.75 Rt/r V=5 .1702E+01 -.7709E-J-00. .1305E+00 -7581E-02 -6966E-02 -.5282E-02 .3696E-03
-.1824E-02 -.1237E-02 -.262E-03 .6829E-03 .3235E-02 -.6792E-03


R1/, V=50 .1733Ep01, -.7893E-J-00 .1339E-4,00 -.7791E-02 -.7524E-02 -.5292E-02 .3716E-03
-.1813E-02 -.1224E-02 -.1256E-03 .6794E-03 3231E-02 -.6722E-03


9 .7224E+02 -.3582E+02 .6161E+01 -.3609E+00 .3320E+00 -.3882E-4,00 .2447E-01


-.9607E+00 -.2280E-01 -.2228E-02 .5705E-01 .2030E-4,00 .7807E-01


RCG/V'/ .4322E4-00 - .2972E+00 .5325E-01 -.3187E-02 .4307E-01 -.8474E-02 .4483E-03
-.1120E-01 .1239E-04 .5205E-05 .4255E-03 .1557E-02 .1150E-02







/3 Fn, a0 a1 a2 a3 a4 a5 a6
t17 a8 a9 a10 a11 a1:2


30 2.00 V=5 .1656E-4-01 -.6805E+OO 1134E+OO -.6550E.02 -.4770E-01 .1274E-02 4691E-04
.6126E-02 -.3168E-03 -.6683E-04 .7238E-03 2907E-02 -.1289E-02


V=50 .169tE+o1 -.7038E+00 .1177E±00 -.6804E-02 -.4649E-01 .9008E-03 .7014E-04
.5933E-02 -.3613E-03 -7191E-04 .7270E-03 .2913E-02 -.1273E-02


e 8804E+02 -3982E+02 .6620E-fOl -.3810E+00 -.2136E+01 -1156E+OO .1139E-01
-.IOQ8E+01 -.3554E-01 -.2607E-02 .5899E-01 .3045E-I-00 .6854E-01


RCG/V" .866+0o -.4740E+00 .8228E-01 -.4842E-02 .1408E-01 -.5696E-02 .3229E-03
-.1656E-01 .1728E-03 .2300E-04 .7306E-03 .2799E-02 .1625E-02


2.25 R,/, V=5 .1453E+01 5376E+00 .9138E-01 -.5364E-02 -.8717E-01 .9157E-02 -.3582E-03
.1024E-01 .2689E-03 -.3268E-04 .7508E-03 .1368E-02 -.1379E-02


V=50 .1506E+01 -.5676E+O0 .9695E-01 -.5702E-02 -.8862E-01 .9234E-02 -.3604E-03
.1017E-01 2831E-03 -.3217E-04 .7504E-03 .1373E-02 -.1365E-02


9 .9557E+02 -.3926E+02 .6365E±01 -.3630E±00 -.4819E+01 .2255E+O0 -.4879E-02
-.5270E+00 .1015E-01 .1224E-02 .3807E-01 .3517E+00 .3215E-01


RCG/V'/3 .1353E+01 -:6515E.4-00 .1099E+00 -.6388E-02 -.2494E-01 . -.2037E-02 .1454E-03
-.1627E-01 .1617E-03 .2885E-04 .5353E-03 4753E-02 .i634E-02


2.50 Rt/A, V5 .9319E+00 -.2954E±00 .5024E-01 -2921E-02 -6361E-01 8261E-02 -.3369E-03
.1184E-01 :8303E-03 .5622E-06 .9069E-03 -.7135E-03 -.1244E-02


V=50 .9948E-f00 -.3296E+00 .5657E-01 -.3304E-02 -.6611E-01 8461E-02 -.3445E-03
1181E-01 8371E-03 .5183E-06 .8959E-03 H -:7075E-03 -.1236E-02


o .9824E-f02 -.3926E+02 .6440E+01 -:3724E+00 -.5970E+01 .3969E+00 -.1310E-01
-.4028E+00 -.5026E-01 -.3700E-02 .2618E-01 .3341E+00 -.4590E-02


RCG/V'/3 .1842E-f-01 -.8079E-4-00 .1355E,f-00 -.7899E-02 -.9085E-01 .5616E-02 -.1970E-03
-.1795E-01 .1024E-02 -7721E-04 .4877E-03 .6345E-02 .14i3E-02


2.75 Re/A, V5 :6313E+00 -.1312E+00 .2362E-01 -.1399E-02 -7721E-01 .1184E-01 -.5199E-03
.1186E-01 :9825E-03 .2873E-05 .8766E-03 -.1911E-02 -.7917E-03


V=50 .7086E-f-00 -.1717E-4-00 .3109E-01 -.1850E-02 -.8123E-01 .1225E-01 -.5382E-03
.1182E-01 .9787E-03 2031E-05 .8611E-03 -.1907E-02 -.7870E-03


8 :9068E-f-02 -.3365E+02 .5499E+0l .3163E±00 .7182E+O1 .6379E+0O -.2509E-01
-:4376E-01 :5334E-02 .1064E-02 .1525E-01 .2526E+00 -:2757E-01


RCG/Vt/ .2129E+01 -.9369E+00 .1570E-f-00 -:9168E-02 -.9685E-01 .4548E-02 -.1089E-03
-.1769E-01 -.9548E-03 -.7379E-04 .6547E-03 .7718E-02 .1153E-02


3.00 V=5 .3244E+0O :3275E-01 -.5660E-02 .2629E-03 -.8965E-01 .1499E-01 -.6978E-03
.3986E-02 .7377E-04 -.6592E-04 .1683E-02 -.1222E-02 -.8664E-03


V50 .4106E+00 -.1235E-01 .2636E-02 -.2355E-03 -.9399E-01 .1542E-01 -.7167E-03
.4036E-02 .5876E-04 -.6810E-04 .1653E-02 -.1243E-02 - .8652E-03


8 .7509E+02 -.2554E-4-02 .4114E-4-01 -.2306E-4-00 -.6603E-f-01 .6169E-4-00 -.2355E-01
.1718E-4-00 -.1843E-01 -.1362E-02 -9041E-02 .1298E-f-00 -3701E-01


RCG/V'I3 .2406E-4-01 -.9778E-f-00 .1612E+00 -.9288E-02 -.1598E-f-00 .1235E-01 -.4494E-03
-.1356E-01 -.3565E-03 -:2769E-04 .4475E-03 .8148E-02 .1005E-02







Appendix 3 :Experimental results of twisted bottom models







model 232-A model 232-A


Olsp l-CG ApN Dlsp l-CG APN
(NI (%Lpi (-i (NI (%l-pi (-I.


model 232-A model 232-A


Dlsp l-CG ApN
[NI ("l-pi (-i


model 232-A model 232-A


Dlsp LCG Ap/y Olsp l-CG Ap/y
(Ni ("l-pi (-] (NI (%LPI: (-1


model 232-A model 232-A


'Dlsp l-CG Ap/y
(NJ (%LpI t-J


164.7,j -12 7.0


3-i


01W l-CG Ap/y
(Ni ("l-pi, (-i


'


Olep l-CG APN
(NJ ("l-pi (-i


23842 -12 5:5


164.71 0 7.0


run
T-i


vm
(rn/si


RIm
(NI


l-k
[ml


Lo


(ml
S Trim


[m'2i1 [deqi
RCG


(mmi


225 0.795 0.990 0.88 1.49 0.446 0.0 -1.0
226 1.199 3.750 1.32 1.51 0.480 0.1 -4.0
227 1.585 8.490 1.20 1.51 0.490 0.8 -8.3
226 1.979 14.240 1.13 1.48 0.487 2.6 -12.4
229 2.378 16.710 0.98 1.45 0.478 3.6 -4.9
230 2.785 19.080 0.98 1.42 0.463 4.0 -1.1
231 3.183 21 .120 0.90 l40 0.444 4.7 4.6
232 3.572 23.580 0.87 1.36 0.421 5.5 11.1
233 3.971 26.480 0.75 1.26 0.389 8.7 20.9
234 4.378 30.270 0.72 1.14 0.349 7.3 29.5
235 4.787 33.820 0.65 1.05 0.320L 7.5 35.2


23642 0 5.5


run
(-F


Vm


(misi
Rim
'(Ni


Lk


(mi
l-c


(ml
S


(m2i
Turn
(dag


RCa
[mml.


236 0.847 1.430 1.05 1.32 0.495 0.0 -2.0
237 1.273 5.600 1.26 1.34 0.528 0.1 -5.6
238 1.888 14.200. 1.56 1.56 0.555 1.1 -11.2
239 2124 25.160 1.32 148 0.529 4.0 -11.2
240 2.531 28.130 1.10' 1.47 0.493 4.7 -4.9
241 2.942 30.990' 1.09 1.43 0.482 5.3 -0.3
242 3.361 33.930 1.00 1.40 0.460 6.3 8.3
243 3.790 37.890 0.91 1.33 0.425 7.8 16.4
244 4233 41.370 0.79 1.22 0.382 8.7 30.4
248 4.688 45.390 0.74 1.12 0.346 9.1 40.1
247 5103 48.470 0.70 1.06' 0.323 9.2 46.1


16471 -4 7.0


run Vm


(rn/si
Rtm
(NJ


um


(ml
Lo
(mi


S Trim
(m 2I. (degJ


ACO
(mmi


213 0798 1.150 0.65 1.48 0.412 0.1 -1.8
214 .1.201 3.830 079 1.49 0.432 0.3 -4.4
215 1.596 8.600 075 1.47 0.447 1.2 -9.0
216 1.993 13.610 0.97 143 0.454 2.9 -10.8
217 2.390 18.I.10 0.91 1.41 0.449 3.7 -4.5
218 2786 18.110 0.89 1.36 0.434 4.2 -0.9
219 3.158 21.100 0.87 1.33 0.414 5.3 4.7
220 3.572 24.560 0.87 1.18 0.386 6.7 14.4
221 3.972 29.080 0.69 1.09 0.355 7.4 25.7
222 4371 31.400 0.64 102 0.320 7.7 32.3
223 4.798 34.330 0.59 0.97 0.280 77 37.8


236.42 . -4 5.5


run
(-1


Vm
fm/sJ


RIm
(ÑJ


l-k
(ml


l-o


(ml
S


(m '2l
Trim


(degi
RCG
(mml


249 0.847 t660. 0.91 1.51' 0.463 0.1 -2.0
250 1.262 5.940 1.58 1.54 0.555 0.3 -6.0
252 1.687 .14.520 1.32 .56 0.542 1.7 -11.4
253 2.123 25.290 1.13 1.44 0.482 4.4 -11.1
254 2.539 27.900 1.02 1.29 0.452 51 -4.5
255 2.958 30.220 0.98 . 1.37 0.434 5.8 1.2
2S6 3.377 35.630 0.87 1.28 0.403 8.9 10.1
257 3.765 42.200 0.79 1.15 0.387 8.4 27.2
258 4.228 46.640 0.75 1.04 0.332 8.8, 36.6
259 4.668 49.060 0.88 0.96 0.307 8.8 44:6.
260 5.059 50.470 0.84 0.93 0.294 8.6 50.1


164:71 -8 7.0


run
(-1


Vm
(m/si


Atm
(Nl


Um


[ml
l-c
(ml


S Trim
(m2I (degi


RCG
(mml


201 0.794 1.310 0;74 1.46 0.420 0.1 -1.5
202 1.198 4.190 0.78 1.44 0.424 0.5 -4.6
203 1.593 9.320 0.67 1.42 0.426 1.8 -9.4
204 1.990 1S.190 0.95 1.37 0.425 3.3 -10.5
205 2386 17.310 0.86 1.32 0.415 37 -4.3
206 2.783 20.280 0.79 1.25 0.393 4:8 ' 0.5
207 3.182 24.540 0.78 1.12 0.362 5.9 8.7
208 3.569 28.760 0.67 1.31 0.325 ' 7.0 .21.2
209 3:971 32.330 0.62 0.90 0.279 7.2 31.4


238.42 -8 5.5


run
[-I


Vm


(m/si
RIm


. (NJ .


'l-k
[m)


l-o
(mi


8 Trim
(m"2i (degi


RCG
[mmi


262 0.844 2.040 0.87 1.48 '0.495 0.2 ..1.8'
263 1.269 8.570 0.91 1.47 0Á57 0.6 -65'
264 1.684 15.780 1.13 1.43 0.491 2.3 -11.2
265' 2118 28.270 .0.99 1.35 0.4.46 5.1 -10.1
266 2.538 30.590 0.90 1.30 0.424 5.6 -32
287 2.955 35.450 0.87 1.24 0.396 67 3.6
268 3.374 45.910 0.79 1.06 0.356 8.7 18.3
269 3.801 50.160 0.70 0.96 0.315 9.3 33.6
270 4235 51.310 0.61 0.91 .0.283 9,0 44.4


'run
[-i


vm
(rn/si


Rim
(NJ,


Um


(mi,
'Lo
(mi


S.


(m'2i
rum


(dog]
RCG
(mmj


188 0794 1.530 0.68 1.43 0400 0.2 -1.9.
189 1.199 4.530 0.88 1.41 0397 0.7 -4.8
190 1.583 11.250 0.71 1.37. 0.396 2.1 -10.0
192 1:978 18.310 0.83 1.25 0.395 4.3 -9.2
193 2364 20.900 0.79 1.15 0.378 4.9 -1.9
194 2.781 24.810 0.71' 1.04 0.351 6.1 5.3
195 3.190 31.380 0.67 1.03 0.313 7.3 13:7


run
(-i


Vm


[m/si
RIm
(Ni


Lic


(mi
Lo
(mJ.


S


(m'2l
Trim'


(degi
RCG
(mml


274. 0.647 2:420 oes 1.46 0.437 0.3 -21
275 1.262 7.090 0.83 1.44 .0.440 0.9 -8.0'
278 1.887 19.030 0.95 1.38 0:437 3:1. -11.9.
277 2.102 '34.720 0.90 1.25 0.410 6:1 -10.3
278 2.528 38.490 0.83 1.13 0.368 67 -07
280 2.936 48.920 0.75 1.03 0.330 8.8 10.4
'279 0.364 58.900 0.88 0.89 0.296 .10.0 268







model 232-A modèl 232-B


model232-A


Dlsp LCG Ap/y
(NJ (%LpJ .:_j


model 232-A model 232-B


Dlsp LCG Ap/V DIAp LCG AP/y
(N[ (%Lpj (-j (NJ (%Lpl (-I


381.22 -8 4.0


model 232-A model 232-B


Dl8p 'LCD Ap/y Diep LCD APN
[Nj (%Lpj (-j [NJ (%Lpi (-1


381.22 -12 4.9


run vm Rim Lii Lo S Trim RCG
(-1 [mfsJ (NI (ml (ml (m."2l (degi (mml


3-2


Diep LCG Ap/y
(NI (%Lpl (-I


model 232-B


run vin Rim Lic Lo S Trim RCG
[-1 (m/si (Ni (ml [ml [m."2l (deqj [mmi


DIep
(NJ


12302


LCG
(%Lpj


-4


Ap/V
(-I


8.5


run vm Atm Lii Lo S Trim RCa
(-J (miel [N) [mJ, (ml (m."21 (degl (mmJ


151 0.754 0.990 0.55 1.47 0.385 0.1 -1.3
152 1.127 2.900' 0.60 1.48 0.396 0.3 -3.0
154 1.511 5.740 1.13 1.50 0.504 0.8 -5.7
155 1.883 8.520 1.05 1.49 0.488 1.9 -8.2
156 2.266 10.550 0.90 1.42 0.444 2.8 -4.5
157 2:654 12.220 0.79 1.40 0.418 3.0 -1.8
188 3:032 13.960 0.79 1.38 0.413 3.2 1.4
1S9 3:388 15.820 0.75 1.37 0.403 3.7 6.1
160 3.768 17.340 0.72 1.31 0.385 4.2 11.7
161 4.159 20.780 0.67 1.25 0.363 4.6 1B.0
162 4.548 22.700 0.62 .1.7 0.337 4.8 18.6


381.22 -4 4.0


run
(-J


vm
[mis)


Rim
(NJ


Lii
(mJ


Lo
(m(


S
(m'2l


Trim
fdegj


RCG
(mml


298 0.916 3.040 1.56 1.56 0.655 0.1 -3.4
299 1.370 11.760 1.56 1.56 0.555 0.5 -8.8
300 1.693 22.650 1.56 1.56 0.555 1.9 -13.9
301 1.837 31.050 1.55 I .56 0.555 3.4 -15.8
302, 2.292 56.290 1.20 1.44 0.517 7.1 -12.0


'303 2.750 59.630 1.13 1,40 0.475 7.9 -2.8
'304 3:198 67.880 102 1.33 0.435 9.7 8.1
305 3666 88.300 0.87 1.15 0.392 10.0 28.1


123.02 -8 8.5


run
(-j


vm
(rn/si


Rtm
(N)


Lii
(mi


Le


[ml
'S


[m "21
Trim


(degj
RCa.
(mml


164 0:752 1.110 0.93 1.45 0.374 0.1 -0.9
165 1.134' 3.120 0.55 1.44 0.376 0.4 -3.1
168 1.509 8.430 0.72 1.44 0.411 1.1 -5.9
167 1.883 9.340 0.78 1.37 0.413 2.2 -8.0
188 2.258 11.000 0.83 1.35 0.411 2.9 -3.9
169 2.644 12.410 0.78 1.34 0.402 3.0 -0.8
170 3.033 14,280 0.73 1.29 0.388 3.4 4.8
17.1 3.391 15.890 ' 0.70 1.23 0.387 3.9 11.6
172 3.777 17.580 0.63 1.13 0.342 4.2 15.8
173 4.169 19.570 0.69 1.05' 0.315 4.4 19.9
174 4,549 21.510, 05 .1.04 0.288. 4.5 22.9


291 0.917 '3.540 1.13 1.52 0.506 0.3 -2.0
292 1.373 12:400 1.56 1.50 .0.550 0.9 -7.6
293 1828 35.710 1.32 1.48 0:513 41' -14.6
294 2.285 64:280 1.05 1.36 0:468 7.6 -10.4
295 2.752 71.980 0.96 1.27 0.423 9.0 0.1
296 3.200 92.150 .0.87 1.09 0.378 .10.0 15.3


123.02 -12 8.5


run
(-J


vm
(rn/el


Rim
(N)


Lii
[ml


Lo
(ml


S Trim
(m'2i' (dogi


RCG
[mml


176 0.754 1260 0.53 1.45 0.362 0.3 -1.3
177 1.128 3.390 0.50 1.38 0.359 0.6 -3.7
178 1.512 7,680 0.55 1.36 0.352 1.6 -6.9
179 1.087 10.970 0,83 1:28 0.400 2.8 -70
160 2.212 12.200 075 123 0.376 3.3 -2.5
181 2.638 13.670 0.71 120 0.350 3.6 1.8
182 3.035 15.980 0.64 1,05 0.324 4.4 8.0
183 3.390 17,480 0,59 1.00 0.303 4.7 15.2
184 3:647 16.56O 0.60 :0.97 0.289 4.8 20.4
185 3.774 19.080 0.60 0.89 0.263 4.7 22.9
188 4I58 20.870 0:58 0.88 0.263 4.6 26.6


123.02 0 8.5


run
[-1


vm
(m/si


Rim
(Nl


Lii
[ml


Le
(ml


S
(m2l


Trim
(degj


RCG
(mml


140 0.753 0.870 0.60 1.48 0.396 0.0 -1.9
141 1.136 2.730 1.32 1.51 0535 0.1 -4.3
142 1.510 5.480 1.56 1.50 0.550 0.5 -7.0
143 1.885 8.760 1.28 1.47 0.523 1.5 -9.4
145 2:639 13.040 0.09 1.43' 0.444 2.9 -1.4
146 3.020 15.I.10 0.87 1.42 0.437 32 2.4
147 3.405 17.090 0.83 1.41 0.426 3.5 7.0
148 3.773 18.590 0.83 1.37 0.412 3.9 8.9
149 4.156 21.440 0.75 1.33 0.393 4.4 13.5
150 4:553 .22.370.. 0.68 1.27 0.373 4.8 16.0


DIep
(NI


381.22


.LCG
,[%Lpl


0


Ap/y
(-I


4.0


run vm Atm Lii Lo S Trim RCQ
'(-J [rn/SI. (NI (ml (ml (m'2( (deg] [mml


307 0.917 2.360 1.56 1.56 0.555 0.0 -3.1
308 1.372 11.110 1.58 1.56 0.555 0.2 -6.8
309 1.826 28.300 1.58 1.56 0.555 2.3 -17.0
310 2.284 52.660 1.56 1:56 0.555 6.3 -13.1
311 2.741 56.390 1.52 1.53 0.530 6.9 -5.5
312 3199 64.200 1.20 1.44 0.498 8.2 4.5
313 3.671 69.480 1.05, 1.36 0.462 10.0 19.8


266 0.917 4.260 1.02 1.48 0.475 0.4 -2.8
287 1.372 12.540 1.20 1.44 0.478 1.3 -7.8
288 1.827 41260 1.09 1.40 0.460 4.9 -14.9
289 2.293 81.550 0.96 1.24 0.424 .9.0 -10.2







model 232-B model 232-B


Dlsp LCG ApiV Dlsp LCG APN
(NJ, (%LpJ (-J (NJ (%Lp (-J


model 232-B


Olsp LCG ApIV
(NJ (%LpJ f-J


model 232-B model 232-B


OIsp 'LCG Ap/y
(NJ f%LpI C-]


model 232=8 model 232-B


Diop LCG ApN Dlsp LCG Ap/y
(NJ (%LpJ (-j '(NJ (%LpJ (-J


3-3


model 232-B


Diop LCD Ap/y
(NJ (%Lpj (-J


Diop LCD Ap/y
(NJ (%Lp] (-J


236.42 0 5.5


run
(-1


vm
[mIs]


Rim
(NJ


Lk
(m]


Lo
(ml


S


(m"2J
Trim


(deqJ
RCG
Jmml


49 0.794 1.380 1.13 1.54 0.512 0.0 -1.6
50 1.187 4.740 1.56 1.55 0.552 0.1 -4.9
51 1.683 14.600 1.38 1.35 0.552 1.0 -11.1
61 1:847 19.370 1.45 1.53 0.552 2.1 -13.7
52 2.968 24.630 1.40 1.52 0.541 3.5 -12.2
53 2.526 28.330 1.23 1.48 0.523 4.2 -5.5
54 2.943 31.630 1.15 1.45 0.500 4,7 -0.5
55 3.373 34.520 1.05 1.43 0.475 5.3 6.0
58 3:794 38.150 0.98 1.41 0.451 6.1 13.7
57 4.234 36.680 0.89 1.38 0.428 6.9 22.6
59 4.652 40.570 0.83 1.51 0.406 7,2 28.7
60 5.094 42.300 079 1.25 0.366 7.3 34.7


164.71 -12 7.9


run
(-J


vm
(m/ej


Atm
(Nj


Lic
(ml


Lo
(ml


S


(m.2I
Trim


(dog]
RCG
(mmJ


3 0.795 1.790 0.68 1.45 0.400 0.1 -1.0
9 1.189 4.910 0.75 1.42 0:415 1.1 -4.0
4 1.585 11.080 0.98 1.41 0.452 1.7 -8.3


13 1.827 16.170 0.90 1.3? 0.437 3.2 -10.5
2 2.021 17.570 0.87 1.35 0.425 3.8 -81
5 2.388 19.230 019 1.28 0.394 3í8 -1.9


IO 2.791 21.65o 0.75 1.17 0.380 47 3.5
6 3.183 24.620 0.68 1.05 0.328 5:5 11.8


11 3.597 26.630 0.80 0.97 0.295 5.8 22.8
7 3.995 28:550 0.60 0.94 0.283 5.8 30.3


12 4411 29.190 0.60 0.90 0.284 5:5 34:1
8 4812 29.Ô00 0.53. 0.89 0.308 47 367


236.42 -4 5.5


run vm
(-J.(mIoJ


Rim
(Nl


Lic
(ml


Lo
(ml


S Trim
(m2J (degJ


RCO
(mmj


63 0:846 1.970 1.05 150 0.490 0.2 -1.9
64 1.264 6.470 1.49 1.51 0,548 0.4 -5.4
65 1.676 14,750 1.56 1.56 0.552 1,6 -10.5
67 2.001 23.840 1.23 1.47 0.516 3.6 -12.5
68 2.121 25.090 1.16 1.44 0.505 4.0 -10.8
69 2:525 27.580 1.05 1,43 0.476 4.4 -4.7
70 2.954 30.270 0.98 1.40 0.452 5.0 1.9
71 3.364 33.160 0.90 1.35 0.428 5.6 8.9
72 3:807 35.930 0.87 1.31 0.406 8.5 18.5
73 4.247 40.240 0.79 1.23 0,384 7.0 278
74 4:663 39.930 0.75 1.15 0.384 6.9 34.0
75 5,001 41.510 0.72 1.12 0.347 6.7 38.1


164:71 0 7.0


run
i-1


vm
(mFsJ


Rim
(NJ


Lk
(ml


'Lo
(ml


S Trim
'(m2J (degJ


RCG
(mml


38 0.795 1.140 0.79 1.50 0.445 0.0 -1.5
39 1.189 3.900 1.58 1.51 0.551 0.1 -4.3
40 1.584 8.810 1:56, 1.49 0.550 0.7 -7.9
41 1.980 13.920 1.32 1.51 0.532, 2.3 -I01
42 2.377 16.600 1.13 1.48 0.501 3.2 -4.9
43 2.783 19.010 1.05 1.46 0.478 3.5 -1.6
44 3.180 21.670 0.95 1.44 0.458 3.9 2.5
45 3.580 23.430 0.90 1.42 0.439 4.3 8.3
48 3.980 26.050 0.83 1.38 0.421 4.9 13.7
47 4.383 26.720 0.79 1.34 0.404 5.4 18.3
48 4.789 29.880 0.75 1.29 0.388 5,5 22,5


236.42 -8 5.5


run


(-1
Vm


fm/sj
Rim
(N]


Lic


[ml
Lo
(ml


S
(m'2J


Trim
(degi


RCC3


(mml


77 0.845 2.310 0.63 1.48 0.445 0.2 -1.6
78 1.269 7.220 1.26 1.49 0.521 0.8 -5.0
80 1.874 15.370 1.13 1.48 0,497 2.0 -10.1
81 2.900 26.140 1.08 142 0.473. 4.0 -11.6
82 2.141 27.650 1.02 140 0.463 4.5 -9.7
83 2,537 29.490 0.94 1.37 0.441 5.0 -2.8
84 2.968 32.810 0.90 1.30 0.418 5.5 3.8
85 3.388 38,300 0.53 1.21 0.387 6.4 12.6
88 3.805 40.110 075 1.10 0.354 7.3 24.7
87 4.234 41 .720 0.72 1.05 0.331 6.9 34.4
88 4.660 41.830 0.88 1,02 0.314 6.8 39.8
89 5,046 41.340 0.60 1,00 0.301 6.0 43.8


18471 -8 7.0


run
(-J


vm
(mIsj


Rim
(NJ


Lic


(ml
Lo
(mJ


S


[m'2J
Trim


(degj
RCG:
(mml


14 0.791 1.540 0.68 1.48 0.408 0.2 -1.0
18 1.189 4.490 0.79 1.50 0.438 0.5 -3.7
17 1.584 9.500 1.09 1.48 0.500 1.5 -7.9
25 1.828 13.520 1:05 1.42 0.468 3.0 -10.1
18 1.991 14830 0.94 1.43 0,451 3.4 -9.3
19 2.386 10.870 0.87 1.38 0.426 4.0 -3.3
20 2.792 18.630 0.63 1.33 0:409 41 0.9
21 3.190 21.210 0.79 1.30 0.396 4.6 6.6
22 3.560 23.230 0.75 1.17 0.370 5.3 14.0
23 3.970 25190 0.88 1.10 0.335 5.5 22.0
24 4.375 27:690 0.65 1.05 0.320 5.5 21:1


164.71 -4 7.0


run
(-J


vm
(m/sJ


Rim
(NJ


Lic
(mj


Lo
(mj


S Trim
(m"2J (degJ


RC
(mml


26 0795 1.310 0.75 1.48 0.429 0.1 -14
27 1.189 4.160 1.20 1.50 0.528 0.4 -3.9
28 1.584 8.820 1.16 1.48 0.507 1.1 -1.6
29 1.981 13.570 1.05 1.46 0.481 2.7 -'9.6
30 2.388 15.980 0.94 1.41 0.457 3.5 -4.3
31 2.783 17.730 0.90 1.40 0.439 3.7 -0.4
32 3.180 20:110 0.90 1.38 0.420 4.1 3.9
33 3.578 22.370 0.83 1.35 0.418 4.7 10.4
34 3.980 24.410 0.70 1.28 0.403 5.2 17.0
35 4.368 27.780 0.75 1.22. 0,377 5.4 21.6
38 4.792 29.330 0.63 1.11 0338 5.4 26.0


236.42 -12 5.5


run
[-]


Vm


(mio]
Rim
(NJ


Lic
(mJ


Lo
(ml


S
(m2J


Trim
(degJ


RCG
(mml


91 0.846 2.610 0.67 145 0.443 0.3 -1.8
92 1.262 7.460 0.98 1.40 0.454 0.8 -5.2


102 1.677 18.500 0.96 1.29 0.452 2.6 -10.8
97 1,886 26.830 0,98 1.38 0.442 4.3 -12.8
93 2:123 32.630 0.91 1:28 0.426 5.1 -9.3
94 2.529 34,970 0.87 121 0.390 5.7 -0.4
95 2.948 39.620 0.79 1.10 0.384 6.8 7.8
98 3.366 47.340 0.72 0.99 0.322 8.0 22.3
98 3.787 47.270 0.65 0.92 0.296 7.8 35.7
99 4:238 43,740 0.64 0.87 0.276 7.1 42.6


100 4.655 43.950 0.60 0.88 0.289 6.8 49.8
101 5.095' 43.150 0.60 0:81 0.264 5.9 53.2







model 232-B


DIsp LCG Ap/y
(NJ (%Lp) (-J


model 232-B


DIsp LCG Ap/y
[NJ (%LpJ, [-J


model 232-B


DIsp LCG Ap/y
[NJ (%LpJ [-J


381.22 -8' .40


run vm RUn Ut Lo 8 Trim ACG
(-J [rn/si [NJ (ml '(mJ (mP'.2J [deql [mmi


model 232-B,


OIsp LCQ 'Ap/y
(NI: (%LpJ (-i


381.22 -12 4.0


run vm Rim Lic Lo S Trim RCG
[-J [rn/Si (NI' (mJ (mJ (m"2J (degJ (mmJ


3,-4


381.22 0 40


run
[-i


vm
[m/s]


Atm
(NJ


Lk
[ml


Lc
[mI.


S Trim
(rn'2J, [degJ,


RCQ
(mml


128 0.915 2690 1.56 1.56 0555 0.1 -33
129 1:370 11:680 1.56 1.56 0.555 0i -9.2
ISO 1.815 28:220 1.56 158 0:555 1.9 -18.6
138 2.038 42.i2ô 1.56 1.58 0.555 4:2 179
131 2.261 52.Ô90 1.56 1.58 o:sss 5.8 -14:3
132 2728' 58.210 1.45 1'52 0:555 6:3 -69
133 3.185 84.800 1.28 1:47 0.525 7.0 2.0
134 3.644' 68.850 1.13 144 0.492 85 14.2
135 4.110 70:590 1.00, 1.34 0.449 ioo 30.8
138 4.591 71:940 0.85 1.26 0Á02 10.0 43:2
137 5.181 71.260 0.85. 1.19 0.388 100 54.0


381.22 -4 .4:o


run
(-J


vm
[rn/sJ


Atm
(NJ


Lic


(mJ
Lo
(ml


S


(m'2J
Trim


(degj
RCG
[mmj


118 0.917 '3.210: 1.58 1.56 0.555 0.3 -2.8
119 1.373 12.630 1.58 1.58 0.555 Ô.? -77
120 1818 31.180 1.58' 1.58 0.555 .2.8 -14.0
126 2:021 47.290 1.58 1.56 0.555 5.3 -15.4
121 2.265 55.530 1.26 1.47 0.524 6:6 -12.0
122 2:731 59.620 1.13 1.43 0.491 7.0
.123 '3.190' 85:390 1.05 1.37 0.461 8.2 6.8
124 '3648 72:580 0.98 1.29 0.432 '9:5 '21.3
125 4111 76.440 0.91 1.24 '0.205 10.0 39:5


110 0.916 3:860 1.13 151 0.506 0.4 -2.6Ill 1.372 12.720 1.58 1.56 0.555 LO -7:1
112 1.817 '34.920 '1.32' 1.47 0:528 3.8 -!3.6
113 2.273 62.940 1.13 1.39 0:464 7.4 -10.3
114 2.731 88.970 1.05,, 1.32 0.444' 8.1 0.4
115 3:187 75:990 0.94' 1.23 0.405 9.3 12.7
118 3.649 91.870 0.83 1.05, 0.367 10.0 34.0


104 0.917 4750 1.05 1.48 0.485 0.5 -2.4
105 1.383 13:020 1.20 '1.47 0.514 1.3 -7.2
106 1.829 40.620 1.13 1.41 0.487 4.8 -14.2
107 2.284 76.600 0.98 1.26 0:424 8.3 -9.8
108 2:732 '88770 0.91 1.16 0.393 9.5 28
'109 3:201 79:320 0.91 '1.13 0.386 10.0 -0.3







Appendix 4 :Coefficients of twisted bottom polynomial model
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Fnv a0 a1 H a2 a3 a4 a5
a a7


200 4R/, V=5 -.1896E-01 -.1133E-02 .5922E-02 .2811E-02 -.8412E-04 .9948E-05
-.3640E-03 7771E-04


4Rjí, V=50 -1891E-01 -.1142E-02 .5881E-02 .2814E-02 -.8078E-04 .1088E-04
-;3603E-03 .7762E-Ó4


48 -2695E+01 .1853E+00 .6910E4-00 -.6575E-01 -.1953E-01 .821OE-02
-.5452E-01 -.9311E-02


4RCG/V'/3 -.5989E-01 .2930E-02 .1785E-01 -.1535E-02 -3801E-03 .6120E-04
-.1412E-02 -.1650E-03


2.25 4RfA, V=5 -.3588E-01 .1388E-03 .1107E-01 3152E-02 -.3984E-03 -.1834E-04
-.8323E-03 .1092E-03


4R,/, V=50 -3725E-01 .3245E-03 1161E-01 .3158E-02 -.4257E-03 -.1554E-04
-.8867E-03 1081E-03


48 -.1525E-fOl -.1723E-01 .1660E-fOU .2115E-01 .5883E-02 .1806E-02
-.5244E-02 .3020E-03


4RCG/V'/3 -.6100E-01 9271E-03 . .1565E-01 -.2120E-03 -.1254E-03 8236E-Ó4


-1101E-02 -.1095E-03


250 4R1/, V=5 -.5260E-02 -.3146E-02 -.2567E-02 .3263E-02 .1492E-04 -.1185E-03
.4338E-03 .1739E-03


4R,/, V=50 -.5245E-02 -3185E-02 -.2639E-02 .3267E-02 2341E-04 -.1145E-03
.4400E-03 .1723E-03


-.2302E+00 .3193E-01 -.1812E+00 -.1211E-01 -.1979E-02 .2759E-03
.1277E-01 -.2276E-03


4RCG/V'13 -.1935E-01 .1547E-02 2596E-O2 - -3649E-03 -.3085E-03 .1805E-04
-2492E-03 -.8810E-04


2.75 4R,/, V=5 -.3454E-01 -.6475E-02 .1387E-02 .1848E-02 .3588E-03 -3693E-03
.3447E-03 .2075E-03


4R,/, V=50 -.3602E-01 -.6477E-02 .1490E-02 .1836E-02 .3595E-03 -.3669E-03
.3317E-03 .2062E-03


48 .4111E-01 .7345E-01 -.1804E+00 .7383E-02 -6458E-02 7109E-02
:6386E-02 -.2195E-02


4RCG/V'I -.1573E-01 .1805E-02 .8777E-03 -.2462E-03 -.3616E-03 .6562E-04
-.1874E-03 -.8928E-04


3.00 4R/, V5 1001E-01 -5544E-02 -.1342E-01 .1636E-02 ;132TE-03 -.5689E-03
.1475E-02 .3445E-03


4R1/A, V50 .8563E-02 -.5354E-02. -.1287E-01 .1634E-02 .1020E-03 -5691E-03
.1413E-02 .3475E-03


48 -d607E±01 .1098E-fOO .3775E-fOU .1483E-01 -.1283E-01 .1036E-01


-.3977E-01 -;2998E-02


4RCG/V'13 -.7659E-02 .1821E-02 -.9599E-03 -.2954E-03 -.3330E-03 .7094E-04


-.1434E-03 -.7165E-04
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Abstráct
Inaddition to the well 'known.systematic series plaiting hull forms with. adeadrise itngle'of 12.5 degrees

as presented by Clement and Blount (DTMB), and a similar sertes by Kenning and Gerritsma, in this
paper the results of the tests on a 3D degrees deadrise series are presented.

The combined data of these three series are fitted to a regression model for total resistance, trim and
rise of center of gravity. This regression model is. verified by a comparison with existing model datai..
Although in general the calculations show good agreement with expenments, the need for additional
data for a' deadrise angle between I25 and 25 degrees became obvious

Additional resistance test results of two models with varying .deadrise and rising buttock lines in the
aft part of the hull are presented. Regression. 'of these data results in simple expressions to taiçe these
êffècts into account.
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Nomenclature
projected planing bottom area [m2j

B0. breadth over chines Em]
breadth over chines at transom mJ
maximum breadth over chines [m]

CA center of A [%L]
völumetric Froude number

g gravity cceleration [m/s2]
LCG longitudinal center of gravity [!%Lp]

wetted length over the chines tm],
wetted length over the keel [m]

L length of the projected. planing bottom area [m]
& total resistance (in towing tank conditions) [N]
RCG rise of center of gravity relative to its position at zero speed [m]
y speed [m/s]
/3 deadrise angle [deg]
7 average centerline angle from ordinate O to 10 with respect to the baseline

positive for a draft at ordinate O greater than draft at ordinate 10 [deg]
twist angle, i.e. deadrise at ordinate 10 minus the deadrise at ordinate O [deg]

A weight of displacement [N]
differencé in Ri/A of twisted bottom model and 25 deg. parent model
for equal loading coefficientj and LCG values

¿19 difference in trim angle of twisted bottom model and 25 deg. parent model
for equal loading, coefficient and LCG values

¿X'RCG/V'/3 difference in RCG/V'/3 of twisted bottom model and 25 deg. parent model
for equal loading coefficient and LCG values

9 trim angle relative to its value at zero speed, positive for an upward displaced bow [deg]
V volume of displacement [m3J

i Introduction
In 1963 E.P. Clement and DL. Blount presented the results of resistance tests of a systematically varied
series of planing hull forms, generally known as the TMB Series 62 or the Clement series [1]. The models in
thisseries all had a deadrise of 12.5 degrees. The need for better seakeeping characteristics lead to increasing
deadrise angles, although this also lead to an increase of the resistance of the planing ship. To give more
insight mto this trade off between resistance and seakeeping quality of a particular design, in 1982, Keuning
and Gerritsma published the results of a series of planing hull forms, similar to those of Clement and Blount,
with higher deadrise, i.e. 25 degrees [2]. These results showed that the increase in resistance is highest for
low L9/B ratios and independent of the loading coefficient, defined as the ratio of projected chine area
and the volume of displacement to the power 2/3. The loading coefficient does have a marked influence on
the hump resistance,, i.e. is highest for low loading coefficients.

Apart from the resistance data, the trim and rise of center of gravity appeared to be of great importance
for the assesment of seakeeping characteristics. In [3] Keuning shows that the still water reference position
of the craft at speed may not be neglected in the calculations of the motions of these craft in waves.

The models of the 25 deg deadrjse series were varied in their main parameters in the same way as the
Clement and Blount series to obtain a systematic experimental set of data The parent model for this series
was similar to the parent model of the 12.5 deg series as much as possible.

In addition to these tests a new parent model with a deadrise of 30 deg was developed and tested in a
similar way. This new parent model and the LP/Bpr variations derived herefrom are described in subsequent
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sections. Experimental data on resistance, trim and rise of center of gravity are listed.
The data ranging from a Fronde coefficient based on volume of displacement 0.75 to 3.0 and a deadrise

of 12.5 to 30 degrees, are represented by polynomials. These offer a quick and easy method of interpolating
the resistance, trim and iinkage of any arbitrary planing hull form.

The polynomial representation of the Plañing Hull Form series is verified by comparison withsome model
test results of the series and model test results of three arbitrary hull forms tested in the Deift University of
Technology fáciities, ie. the towing tank of the shiphydromechanics laboratory.

To account for non prismatic hull forms, two models with twisted bottoms have been derived from the 25
deg parent hull. For both models, the deadrise varied from 25 dég at ordinate 10 to 5 deg. at the transom.
The slope of the buttock lines in the aft bodies varies with respect to the 25 deg. parent hull. Rsults of
these tests are listed. The difference in resistance, trim, and rise of center of gravity o the constant deadrise
huilform and the twisted bottom hull form is expressed in simple polynomials.

2 Setup of the series
For the 25 deg and 30 deg. deadrise angle a parent model has been developed based on the parent model of
Clement and Blount. To keep the design as much the same as possible the following parameters have been
kept the same

the length over the chine

s the maximum breadth over the chine and the vertical projection of the chine

the vertical projection of the deck line

s the keel line, except from ordinate 16 forwards where the contour has been lifted upwards to obtain
the proper length over the chine.

the transom slope

the length of the prismatic part of the hull

Also, all models consisted entirely of developable surfaces, just as the Clement parent hull form. The
main particulars of the parent models are listed in table 1. The body plan of the 30 degrees deadrise parent
model is presented in fig 1.

Table i: Main particulars of parent models

From these parent models, for each deadrise, several other models, with different Lp/Bp: ratios have
been derived. For the 25 deg. deadrise and 30 deg. deadrise models this was done using the affine transfor-
mation technique as described a.o. by Versluis [5]. The total series comprised the deadrise - L/B ratio
combinations listed in table 2.

3

fi 30 25 12.5 degrees

B0
1.5
0.3

1.5
0.3

2.436
0.487

m
rn

B 0.367 0.367 0.596 m
Ó.235 0.235 0.381 m

Lp/Bpa 5.0 5.0 5.0 -
LP/BPZ 4.087 i 4.087 4.09 ¡

1.22 .1.22 1.22 -
i B/B 0.64 0.64 0.46 -
CAP rel to ord 0 48.8 48.8 48.8 %L
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Figure 1: Body plan. of the 30 degrees deadrise parent model

Table 2: L/BZ ratios for separate series

The model with L/B ratio 3.41 and deadrise 30 deg. was modified in the same way as had been
done by Clement for the 12 5 deg deadrise series This was done to generate a design which is more alike
an actual craft with a low Lp/Bpr ratio (usually small pleasure crafts, which are propelled by either the
outboard engine on the transoin, or the inboard-outboard type of engine) and which needs more volume of
displacement aft than would result from the linear transformation of the parent model

The body plans of the three Lp/Bpr variants of the 30 deg. series parent model are shown in figures 2 to
4. The main particulars are listed in table 3. The shaft center lines are shown in the body plans. The same
shaft rakes and clearances as described by Clément and Blount.have been used here.

Table 3: Main particulars of L/B variations

The models had spray strips attached over the entire length of the chine. The bottom of the spray strip
fôilowed the line of bottom of the model from ordinate zero (transom) to ordinate 10 and was horizontal
from' ordinate 12 to ordinate 20 (the stem) with a transition region from ordinate 10 to ordinate 12. The

ß L/BZ
30' ' 3.41 4.09 5.5 7.0
25 20 3.06 4.09 5.5 70
.12.5 2.0 3.06 4.09 5.5 7.0

3.41 4.09 '5.5 7.0 -

L . 1.25 1.5 1.5 1.5 mn

0.3843 0.4499 0.3346 0.2627 in2

Bpa 0.3 0.3 0.223 0.175 mn

B 0.367 0.367 0.273 0.2Ï4 in
0.26 0.235 0.175 0.137 mn.

Lp/Bpa 4.17 5.0 6'.726 8.571 -

B/B4, ' 1.22 1.22 1.22 1.22 -

Bpt/Bpr 0.71 0.64 0.64 0.64 -

CAP rei to ord O 479 48.8 48.6 48.6
L

%L
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Figure 2: Body plan for Lp/Bpr = 3.41
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Figure 3: Body pian for Lp/Bpr = 5.5

Figure 4: Body plan for Lp/Bpr = T
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width of the spray strips was aproximately 4 mm. and they had non-radiused edges.
The models have been constructed of GRP, which 'enabled through-hull photography, used for the detér-

rnnation of the wetted surface and' wetted length of the keel and' chine of the craft at speed.

'3 Experimental setup
The tests have been carried out in the no. i towing tank of 'the' Ship Hydromechanics Laboratory of the Deift
University of Technology. The dimensions of this tank are: length 142 m., breadth 4.22 m., and waterdepth
2.5 m.

The models have been connected' to the towing tank carriage in such a way that they were free to heave
and pitch but restrained in all other modes of mötion. The pivot of the construction was 'located at the
intersection of the assumed centerline of the shaft and the cross sectión at the LCG. The resistance was
measured by means' of a strain gauge dynamometer. Pitch and heave have been measured by means of 2
wire over potentiometers on the stern and the bow of the model. The values of resistance, sinkage and trim
are the integrated mean values over the duration of the test run, typically 10 sec.

During eachrun a photo has been taken through the transparant bottom of the hull, for the determination
of the wetted length and wetted area.

No turbulence stimulators have been used since the model scale and speed were considered to be large
enough to yield reliable results. No towing speeds below 1.0 rn/s were used.

4 Measurement sc'hene
For the 30 deg. deadriseseries, 4 L/BP ratios have been developed including the parent model. For each
of these Lp/Bpr ratios each possible combination of the loading coefficients A/V2'3 (4', 5.5 , 7, and 8.5)
and the longitudinal position of the center of gravity (0, 2, 4, and 8 % of Lp aft of the Centroid of Ap) were
tested in the speed range of Fn 0.75 to 3.0. The total number of test runs of the 30 deg. deadrise series
was approximately 570.

5 Results of the 30 deg.. deadrise tests
The results of the experiments are presented in Appendix 1. 'For every LP/BPD, A/V2/3, and LCG combi-
nation as a function of'modelspeed are listed

the total resistance of the model Rtm

the wetted length over the keel Lk

the wetted length over the chines L

the trim angle, positive for an upward displaced bow, relative to the position at Vm = O

the rise of the center of gravity (positive for upward displacement) relatjve to: its position at v, = O

Some combinations of small values of A/V2/3 and LCG 8% aft of Centroid Ap have been omitted due
to the fact that the aft deck was submerged at rest. These situations were considered to be impractical.

6 Polynomial model of experimental data
Based on the experimental results, polynomial 'expressions have been formulated 'to approximate the total
resistance, the trim angle and the rise of center of gravity of'the planing hull. The expressions are dependent
of the L/B ratio, the loading coefficient A/V2f3, and the longitudinal center of gravity LCG and fitted
to separate datasets for every deadrise-Fnv combination. Describing the (non-dimensional) resistance, trim
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and (non-dimensional) sinkage for a number of discrete values of Fnv proved to give a better fit than the
description of these parameters by means of one polynomial for the entire speed range.

The total resistance of the planing hull can be predicted by interpolating the Rt/. fitted to separate
datasets, each containing the total model resistance scaled to a different volume of displacement. Separating
the total model resistance into a residuary resistance coefficient and a wetted length and wetted surface would
have reduced the number of fitted coefficients, but also reduces the accuracy of the resistance prediction.
Sets of coefficients have been determined for a volume of displacement ranging'from 2.5 m3 to 5000 in3. For
the expansion of the resistance data, use has been made of the I.T.T.C. '57 friction line.

The polynomials have, the following form:

Rt/ )
O = a0 + a1 LP/Bpr + a2 L/B,2 + a3 Lp/Bpr3 + a4 A/V213+

RCG/V'13 J
a5 A/V2/32 + a6 A/v2/33 + a7 LCG + a8 LCd2 + a9 LCG3+
a10 LCG A9/V213 + a11 L/B A/V2I3 + a12 LCG LP/Bpr

Appendix 2 contains 120 sets of coefficients a0 . . a12, i.e. for every deadrise, volumetric froudenumber
combination, two sets for Rt/ 'for a volumes of displacement of 5 in3 and 50 in3 1 a set for trim angle,
and a set for RCG/V JI3

7 Verification of the polynomial model
The goodness of fit of the polynomial expressions is demonstrated in the figures 10 to 18 for three respective
models of the systematic series. The deadrise, LP/BPr, A/V2/3, and LCG parameters of these models,
based on a medium, light and heavy weight of displacement, are listed in tabLe 4

Table 4: Models used to validate polynomial results

The largest discrepancies occur for the heavy model with low LP/BPV value. The total resistance is
underpredicted in the speed region below Fn 1.75 and overpredicted for higher speeds. Also for this model,
the trim calculation underpredicts the measured values for speeds higher than Fnv 1.25. The RCG values
agree satisfactory for these three models.

To validate the polynomials for the use in predicting the resistance trim and sinkage of arbitrary planing
ships, three models tested at the Deift University of Technology Ship Hydromechanics Laboratory were used
for a comparison with the polynomial results. In figure 5 to 7 the body plans of a coastal patrol vessel, a
planing motor yacht (R410) and a coastal rescue boat are shown. The main 'dimensions of these craft are
listed in table 5 to 7

In figures 19 to 27 both measured and calculated results are presented' for these three vessels. Also in
these cases the prediction is reasonably accurate.

It appeared however that the interpolation of the 12.5 and 25 degrees deadrise for the patrol boat, as
well as for the motoryacht resulted in a better fit to experiments when a linear interpolation with respect to
dead.rise angle /3 was used instéad of a quadratic interpolation over all available data. Since many planing

7

(1)

1To mjnunjze the amount of Usted coefficients, the Rt/A coefficients are given for two volumes of displacement. The
complete set of coefficients for Rt/A ranging from 2:5 m3 to 5000m3 are obtainable at the Deift University of Technology, Ship
Hydromcchaxaics Laboratory

model /3 LP/BPr A/V2"3 LaG
PHF1 25 5.5 5.5 -4
PH'F2 25 5.5 8.5 -12
PHF3 25 2.0 4.0 0
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Figure 5: Body plan of coastal patrol vessel

L

'ßpr
A
V
CA, rei to ord 0
ß
L/B
A/V2I3
LCG rei to CA,

16.8
4.22
60.5
23.7
39.3
20
4.0
736
-3.9

m
m

%L.
deg.

%L

Table 5: Main dimensions Patrol Vessel

Figure 6: Body plan of motor yacht R410
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Table 6: Main dimensions Motor Yacht R410

Figure 7: Body pianof coastal. rescue boat
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Table 7: Main dimensions coastal rescue boat
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vessels designed for operation in coastal areas have deadrise angles close .to 20 degrees, the influence of
deadrise on resistance trim and sinkage in the range of 12.5 degrees to 25 degrees needs to be investigated
more extensively. Therefore it was decided to testan additional 19 degrees deadrise series in the Deift towing
tank facilities in the near future.

8 Twisted bottom models
Many planing hull form designs do not have the prismatic aft body of the parent models of the previously
described series, but show a variation in deadrise angle over the length and rising center line in the aft part
of the hull which allows the propeller shaft to have a lower inclination angle. To investigate the possible
influence of these effects on resistance, trim and sinkage, two models with a strong resemblance to the 25
degrees deadrise parent model have been tested in the speed range Fnv 0.75 .. '3. [4]

Both models have a twisted, bottom, i.e. a deadrise variation of 25 degrees at ordinate 10 to 5 degrees
deadrise at ordinate 0. The two models had a different center line however For model 232-A. the average
'inclination angle of the center line is 4.9 degrees, whereas this angle for model 232-B equals 2.6 degrees In
order to maintain sufficient bouyancy in the aft body, the width of the chines had to be increased. Although
this parameter clearly influences the characteristics of a planing, hull and hereby the validity of a comparison
of characteristics between the twisted bottom models 'and the prismatic hull forms, this was accepted to
obtain realistic models. The sections forward' of ordinate 10 are equal to those of the parent model of the 25
deg. deadrise series. The body plans of the. two models are shown in fig 8 and 9. Propeller clearances and
shaft inclination were equal to those used for the prismatic hull forms. The main particulars of the models
are listed in table 8

Figure 8: Body plan of twisted bottom model 232 A

The experimental setup was equal to the setup used in the 25 and 30 degrees deadrise series and described
in section 3.

The measurement scheme was equal to 'the.scheme used for the previously described series, i.e A9/V2/3
valuesof 4.0, 5.5, 7.0, 8.5 and LCG valües of 0, 4, 8:, and 12 % L aft of the CAR.

Some combinations of heavy weight of' displacement and position of' the center of gravity were not tested
due to excessive trim which caused flooding otthe model at rest..

The results of the tests are listed in appendix 3.

8.1 Polynomial model of the twisted bottom results
The effect of twist and rising center line can be described by the difference in resistance, trim and sinkage
of the twisted bottom models and the parent model of the 25 degrees deadrise series. To ease the work
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Figure 9: Body plan of twisted bottom model 232 B

Table 8: Main particulars of twisted bottom models

11

Model
232-A 232-B

L9/ 4.09 4.09
1.5 1.5 m

Ä 0.4589 0.4540 in2
B,1 0.306 0.303 ni

0.367 0.367 m
0.32 0.31 ni
4.9 4.9 -

BP/BP4 1.2 1.2 -
Bp/Bpr 0.872 0.844 -
CAP rei to ord O 48.8 48.8 %L



of interpolating the experimental results, these terms are represented by polynomials, in which a linear
dependency on the centerline inclinatión angle 'f and the twist angle e, as well as coupling between these
angles and the loading coefficient and LCG is assumed. The polynomials have the following form:

IRt/A)
= a0 y ± a1 e + a2 A/V2/3 + a3 y LCG +a4 e A/V2í3-l-

RCG/V'/3 j
a5e LCG+a6 7 A./V12 +a7 7 LCG2

Also in this case, the regression analysis has been been performed for separate datasets for each Fnv.
The experimental iR/í values have been scaled to the same weights of displacement as used in section 6.
The polynomial coefficients are listed in Appendix 4 2

8.2 Verification of the twisted bottom poly'nomial model
The results of the polynomial approximations are validated by a comparison of calculated and measured
values of 9, and LRCG/V1/3. The selected twisted bottom models for this comparison are listed
in table 9

(2)

Table 9: Twisted bottom models used to validate polynomials

In figures 28 to 36 the results of the experiments of the twisted bottom.and the 25 degrees deadrise parent
model as well as the experimental difference arid its polynomial values are presented. In these uIgures PHF
exp denotes the experimenta[ value of the 25 degree deadrise model, TB exp denotes the experimental value
of a twisted bottom modèl, TB - PEP' exp denotes the difference between these two values, and TB - PHF
polyn denotes the polynomial approximation of TB - PEF exp. The agreement is in all cases satisfactory
for the resistance as weil as for the trim and rise of center of gravity.

9 Conclusions
The experimental data presented in this paper provides resistance information necessary in the design trade
off between seakeeping characteristics (high deadrise) and low resistance (small deadrise angles).

The trim and rise of center of gravity data give the still water position of the vessel at speed, which are
shown to have a significant effect on seakeeping calculations [3J.

The combined series data represented in a polynomial model provide aneasy way to interpoláte over a
wide range of planing hull forms. It appeared however that additional experimental data is needed in the
deadrise range from 12.5. to 25 degrees.

The. experimental data and polynomial representation of the twisted bottom models give insight into the.
influence of a varying deadrise. and inclined buttock lines in the aft body of the planing craft. The results
obtained with the. polynomial expressions for the difference in. resistance, trim and rise of center of gravity
due to change of deadrise and center line inclination show a good fit with the measured datai, The use of
this correction for arbitrary designs however should be considered with care. because. they are based only on
a limited amount of experimental data.

2To rniruznize the amount of listed coefficients, the 4Rt/A coefficients are given for two volumes of diSplacement. The
complete set of coefficients for iiRt/. ranging from 2.5 ni3 to 5000ni3 are obtainable at the Deift University of Technology,
Ship Hydromechanjcs Laboratory

12

model A/V2I3 LCG
232A-1 5.5 0

232A-2 5.5 . -8
232B-1 7.0 -4
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Figure 24: Motor Yacht R410 Experimental and calculated RCG/V'/3
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Figure 28: Model 232A-1 Experimental and calculated Rt/
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Figure 29: Model 232A-1 Experimental and calculated 9

23



RC G/V' 1/3
0,12

0,1

0,08

0,06

0,04'

0,02

OE

-0,02

-0,04

-0,06
o 0,5 1,5

Fn (disp)

2,5 3

PHF exp

HTB exp

TB-PHF exp

TB-PHF polyn.

Figure 30: Model 232A-1 Experimental and calculated RCG/V'/3
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Figure 31: Model 232A-2 Experimental and calculated Rt/
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Figure 32: Model 232A-2 Experimental and calculated 9
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Figure 33: Model 232A-2 Experimental and calculated RCG/V"3
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Figure 34: Model 232B-1 Experimental and calculated Rt/
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Figure 35:. Model 232B-1 Experimental and calculated ¿B
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Figure 36: Modèl 232E-1 Experimental and calculated RCG/V/3
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Appendix i :Experirnental results 30 degrees deadrise series



model 241 model 231

model 240 model 230

model242 model 232

model 243' model'233

L/B Depi LCG' ApN
H (N) (%ILpj [-J
'3.41 303.100 -2.000 5.50

Vin Atm Lic' Lo 5. Tnm 'RCG
:(rñIsl (NI (ml (ml .(m2i (degi (mmJ

747 1.316 10.660 1.25 125 0.456 -0.55 -6.5
748 1755 28.530 125 125' 0.456 1.70 -18.0
749 2.211 53.850 125 1.25. 0.456 5.60 -13.0
750 2.849 59.370 125 1.25 0.458 5.30 -5.5
751 3.070 68.740 0.88 .1.16 0.402 6.50 10
753 3.527 68.910 0.81' 1.16 0.388 8.45 14.5
752 3.948 65.750 0.75 1.18 0.373 8.85 31.0
754 4.404 62.880 0.75 hG 0.373 8.90 42.5
755 4.842 81.660 0.63 1.16 0.345 8.40 48.0.
756 5.264 81.130 '0.59 1i6 0.335 8.00 53.5
757 5.702 63.500 0.55. .1.18 0.325. 7.65 57.0

LIB

(-1
Depi
[NJ'

LCG ApN
f%LpJ [-J

3.41 488.500 -2.000 4.00

'tn Vm Rim. Lic Le S Thm RCG
(misi (Ni [ml Fmi 1m21 (deql (mml

789 1.425 15.950 125' 125 0.456 -0.35 '-14.0
790 1.900' 58.200 125' 125 0.456 3.70 -24.0'
791 2.375 !08.680 125 125 0.458 7.40 -17.0
792 2.850 1.15.720 1.25 125 0.458 7.20 -12.0
793 3.344 132.050 1.25 1.25 0.458 7.60 -6.5

L/B
(-I
341

Dept
(NJ

303.100

Loe ApP!
['U-pi (-J
-4.000 5.50

ni, Vm
fm/si

Rim
'(NJ

Lic

(ml.
Lo
(ml,

S Trim
(m2i .fdegl

RCG
(mml

758 1.316 10.620 1.25 125 0.456 -0.35 -8.5'
759 1.772 29.890 125 125 0.458 2.35 -16.5
760 2.211 56.590 1.19 125 0.461 5.95 -11.5
781 2.632 oe.48o o.4 1.19 0.421 .5.10 -3.5
762 3.070. 65;470 0.84 1.16 0.394. 7.40 5.5
763 3.527 65.590 0.75 1.16 0.373 '9.10 20.5
764 3.983 63.530 0.69 1.16 0.359 9.10 38.5
765 4.386 61780 0.63 1.13 0.338 '8.60 44.5
766 4.825 59.850 0.58 1.09 0.313 5.10 51.5
767 5.264 59.650 .0.58 1.09 0.313 7.45 56.5
768 5.702 60.000 0.58 1.09 0.313 5.75 60.0

'L/B Dept LG ApP!
[-J (N) '(SU-p) (-J
5.41 488.500 -4.000 4.00

tui Vin Atm Lic Lo S mm RCG
(rn/si [NJ (mi (ml (m21 (degJ (mml,

784 L425..t9.430 125 125 0.456 -OiS -13.0
785 57.070 125 1.25 0.456 4.20 -v.0
786 2.375 110.400 1.25 1.25 0.456 7.90 -15.5
787 2.850 121.930 125 125' 0.456 8.40 -8.0
788 3.325 144770 1.25 125 0.456 13.20 17.0

LIB Dept L ApP!i-i (NJ (5U-pJ (-J
3.41 303.100 -8.000 5.50

tui Vm Aim Lic Le S Tnm RCG
fm/si (Ni (ml [mi (m21 (deqi (mml.

769 1.316 11.840' 125' 1.25 0.458 020 -7.5
770 t755 31.680 125' 125 0.456 '325 -14.0
771 2.193 61.630 0.91 1.22 0.421' 7.00 -10.0
772 2.632 65.000' '0.75 LIS '0.373 7.85 tO
773 3.070 89.950 0.69 1.13 0.352 9.80 14.5
774 3.509 70.390 0.59 0.94 0269 9.80 .29.5
775 3.948 68.800' 0.53' 0.93 0.273 9.20 44.5
776' '4.369.65.140. 0.53 0.9l 0.269; 8.30 54.0
777 4.825 620h0 0.50 0.91 0.262 7.30 60.5
778 5264 61.520 .0.47 0.91 0255 6.45 64.0
779 5.702 60280 .0.44 0.88 0243 5.60 67.5

LIB
(-1

Depi
(NI

LCG
(apJ

ApIV
I-i

3.41 488.500 0.000 4.00

tui Vm,
Fm/sl

Atm
(Nl

Lic

(mi
Lo
(ml

'S
[m21

Tnm
(deg]

RCG
(mml.

794 1.425 18210 1.25 125 0.456' -0.75 -15.0
795 1.900 57.540 1.25 125 0.456 325 -27.0
798 2.375 105.930 125 125 0.456 8.90 -20.0
797 2.550 115.140 125 1.25 0.456. 6.00 -15.0

L/B :Depl. Loe ApP!
(-J (N [%LI '(-J
3.41 305.100 0.000 5.50

'tm Vm Atm Lic Lo S Tnm RC
fm/si IN) Fmi (mi 1m21 (deqi [mmi

743, 1.333 10.349 125 125 0.456 -0.85 -10.0
744 1.790 29.05.5 125 125 0.456 1.25' -20.0
745 2193 51.729 1.25 125 0.456 5.20 -16.0'

.748 2.632 54.902 1.25 1.25 0.456 4.32 -85

LIB Dept
(-J (Ni

LCG- ApN'
(S'oLpJ. (-J

5.41 488.500 -8.000' 4.00

itri Vm Rim 1J S 7pm RCG
(m/si [NI (ml (ml [m21 (deqi (mml'

780 1.425 21200 125 125 0.456 0.65 -12.0
781 1.900 61.660 125 1.25 0.458 5.55 -17.0
782 2.375 115.010 0.94 1.19 0.421 9.00 -8.0

.,783. 2.889. 139.900 0.88 '1.19 0409 .1210 5.5



model 221

model 220

model 222

'model 223

E-2

model 211

model 210

model 212

model 213

L/B
(-J
3.41

Depl
(NJ

157.9

Loe PpN
(IGIIpJ I-J

-4.0' 8.5

tui Vm
(rn/si

Atm
INI

Lic

[ml
Lo
[ml

S
fm2l

Trim
IdeqJ

ACG
[mml

666 1.180 5.122 125 125 0.456.-0.15 -4.Ó
667 11590 11.695 1125 125 0.456 0.50 -9.0
668 1.967 20.069 1100 1.19 0.433 3.05 -10.0
669 2.378 22.606 0.81 1.19 0.393 3.40 -3.5
670 2.723 24.940 0.75 1.19 0.379 3.32 -0.5
671' 3.148 271892 0.69 125 0.378 3.60 .5.0
679 3.573 29.529 0.66 125 0.371 4.00 10.5
672 3.935 30.900 0.63 1.17 0.347 420 16.5
673 4.297 31293 0.59 1.16 0.335 425 20.0
674 4.721 32.409 0.56' 1.16 0.327 4.30 23.0
675 5.115 33.695 0.50 1.16 0.313 425 26.5
676 5.461 35255 0.47 1.18 0.305 4.15 29.0
677 5.902 38:609 0.45 1.16 0.303 4.00 32.0

LIB
(-J

Depi
[N)

Loe ApN
(Q.P1 (-J

3.41 210.900 -2.000 7.00

tui Vm Atm Lic Lo S Titan RCG
(misi. (NJ [ml [mi [m21 [degi (mml

718 1222 8.670 125 125 0.456 -0.35 -5.5
719 1.652 17.400 125 1.25 0.456 0.55 -13.5
720 2.064 31.730 1.25 125 0.456 4.05 -12.0
721 2.477 35.440 1:00 125 0.446 4.10 -5.0
722 .2.690 40.510 0.88 125 0.422 4.30 -10
723 3.303 44.020 0.81 1.19 0.393 4.95 6.5
724 3.716 43.480 0.75 1.19 0.379 5.70 15.5
725 4:129 43.420 0.69 119 0.365 6.00 ' 2215
726 4.558 43.480 0.63 1.19 0.351 6.00 28.0
727 4.971 43.850 0.59 1.16 0.335 5.90 32.0
728 5.368 45.800 0.56 1.16 0.327 5.70 36.0
729 .5.781 47.600 0.53 1.16 0.320 5.60 40.5

LIB

(-J'
3.41

DepI
(N).
157.9

Loe
(%LpJ

0.0

Ap/V
(-J
8.5

ru Vm
[misi

Atm
INI

Lk
(ml

Lo
[ml

S

fm2l
Trim

[deqi
p

[mml

630 1.160 4.572 125 125 0.456 -0.40 -5.5
631 1.590 12.310 125 1.25 0.456 -0.10 -102
6.32 1.999 21.399 1.06 1.25 0.456 2.60 -11.0
633 2.408 25263 0.97 1.25 0.440 2.75 -60
634 2.754 29.413 0.94 125 0434 2.70 -4.5
635 3.148 34.503 0.89 122 0.418 2.85 -0.5'
656 3.541 38.809 0.83 1.22 0406 3.30 4.0
6.37 3.952 41.531 0.78 1.19 0.386 3.50 10.0
638 4.344 42.758 0.72 1.19 0.372 3.80 12.0
6.39 4.721 43.655 0.69 1.17 0.361 4.10 17.0
640 5.115 44.945 0.63 1.16 0.345 425 20.0
641 5.508 46.809 0.57 1.18 0.330 4.30 24.0
642 5.902 48: 0.50 1.16 0.313 4.40 29.0

LIB

(-i
Depi
[N)

Loe -A4/V
(%Lpj (-J

3.41 210200 -8.000 7.00

sui Vm Atm Lk Lo S Tnm RCG
(misi INI (mi (ml 111,21 'fdegl . [mml

693 1239 7.500 0.88 .125 0.422 0.30 -5.0
694 1.652 17.440 0.88 .25 0.422 1.85 -11.0
695 2.064 32.660 0.88 1.19 0.409 5.10 -9.0
696 2.477 33.880 0.78 1.16 0.360 5.25 00'
697 2.890 34.950 0.72 1.16 0.366 5.90 7.0.
698 3.303 33.650 0.63. 1.13 0.338 6.60 17.0
699 3.716 36.400 0.58 .106 0.307 6.55 26.5
700 4.145 36.750 0.53 1.06 0.303 6.10 34.0
701 4.542 38.700 0.50 1.03 0266 5.70 39.0
.702 4.971 37240 0.47 1t03 0279 5.20 42.0
703 5.368 38.403 0.44 1.00 0.266 4.75 45.0
704 5.781 40.000 '0.44 1.00 0266 4.35 49.0

L/B

(-J
3.41

DepI
(N)

210.900

L
(LJ
-4.090

ApiV
(-I
7.00

tui Vm
[rn/si

Atm
[Nl

Lic

[ml
Le
[ml

S
Im21

Trim
(degl

R

[mml

730 1.222 6.960 1.25 1.25 0.456 -025 -5.5
731 1.652 17.390 25 125 0.456 1.05 -12.5
733 2.064 31.890 106. 122 0.450 4.40 -11.0
734 2.477 34.330 100 1.22 039 4.40 -3.5
735' 2.890 37.800 0.88 1.19 0409 480 2.0
736 3.303 39.430 0.69 1.19 0.385 5.65 10.0
737 3.716 39.270 0.63 1.19 0.351 6.15 20.5
738 4.129 39210 0.63 1.19 0.351 6.15 27.0
739 4.558 38.790 0.59 1.16 0.335 600 32.0
740 4.971 39.410 0.56 1i6 0.327 6.80 37.0
741 5.368 40.200. 0.51 1.16 0315. 5.50 40.5
742 5.781 43.0 0.50 1.16 0.313 5.25 44.0

LIB'

'(-J
3.41

Depi
(NJ
157.9

Loe ApN
(%LpJ (-J
' -2.0 8.5

tui Vm Atm Lic Lo .5 Titan R
frn/sJ . [Nl . [mi (ml [m21 .[deql [mml

644 1.180 5.066 125 1.25 0.458 -0.25 -5.0
645 11590 12.055. 1.25 125 0.456 0.20 -10.0
648 l967 20.699 1.06 125 0.456 2.90 -11.0
647 2.376 23.650 024 1.25 0.434 3.10 -4.5
648 2:723 26.718 0.88 1.22 0.415 3.00 1.8
649 3.148 .30.695 0.81 1:19 0.393 3.15 2.0
650 3.541 33.613 0:75 1:19 0.379 3.50 7.0
651 3.935 35. 0.70 1.17 0.360 3.80 13.0
652 4.359 38.095 0.59 1.16 0.335 4.05 18.0
653 4:769 37.406 0.58 1.16 0.327 425 21.0
654 5.115' 391481 0.53 1.16 0.320 4.25 23.0
655 5.506 41. 0.51 1.16 0.315 4.25 26.5

L/B
(-J
3.41

Depl
(NJ

157200

Loe ApN
[%l.pJ [-J
-8.090 8.50

tui Vm
Ini/sl

Attn
'INI

Tic
[ml [mi

S
[mal

Titan
fdeql

ACG
[mmi

680 1.160 '5.516 0.69 1.25 0.378 0.15 -4.0
681' 11590 12.024 0.69 1.25 0.378 120 -8.0
682 11967 20.722 0.81 1.16 0.388 3.70 -8.7
683 2.345 21.536 0.69 1.16 0.359 3.75 -1.0
684 2.738 22:606 0.66 1.16 0.352' 3190 '3.0
685 3.148 23.857 0.63 1.16 0.345 4.30 9.5
686 3.557 25.036 0.58 1.16 0.332 4.50 17.0
687 3.950 25.548 0.52 1.16 0,318 4.45 25.5
688 4.312 26.355 0.47 1.11 0.295 425 26.0
689 4.721 27.203 0.44 1.10 0.285 4.10 28.5
690 5.115 '28.959 0.41 1.09 0.277 3.80 31.5
691 5.508 31.310 0.39 1.09 0272 3.50 32.5

LIB
(-I
3.41

DepI
(NJ

210.

LCG ApIV
1"l-pi (-i
0.000 7.00

tui Vm
f!nisl.

Atm
INI

Lk Ic
fmI .1ml

S Trim RCG

Fm2J fdegl fmmj

705 1222 8260 125 1.25 0.458 -0.60 -5.5
708 1.652 17.700 125 1.25 0.456 010 -14.0
707 2.064 30.870 125 125 OE458 3.65 -13.5
708 2.477 35.640 1.19 125 0.481 3.55 -7.0
709 2.890 42.810 113 125 0.452 3.40 -5.5
710 3287 50.400 1.08 1.25 0.456 4.15 0.0
711 3.716 51.730 0.97 122 0.433 5.15 9.0
712 4.129 50.390 0.88 1.19 0.409 5.80 18.5
713 4.558 50.020 0.79 1.17 0.384 8.05 23.5
714 4.971 50.140 0.69 1.16 0.359 6.10 29.0
715 5.368 52.000 0.69 1.16 0.359 6.00 33.0
7,16. .5.781 53.700 0.69 1.16. 0.359 5.90 36.0



rnodel34I model33l

LIB Depi Loe Api
H (Nl (%LPI L_l
4.09 369.900 0.000 4.00

model 340 model 330

model 342 model 332

model343

LiB DepI L.CGApN
(-J (NJ, '(%LpJ (-J
4.09 369.900 -8.000 4.00

I-3

lui Vm Atm Uc Lo S TÑn ACG
(rn/si .INI (ml. (ml (m2Ji fdeql (mml

model 333

tui Vm Rtm Lic Lo S Thm BCO
fm/si (Ni (mi (mi 1m21 (deal firmi

LIB
(-I
4.09

DepI
(NJ

229.500

Loe.
(%L.pJ
-4.800

ApiV
i-I
5.50

lui Vm
(m/si

Rim
(NJ

Lic

(ml
Lo
(ml

S
(m2J

Trim
(degJ

RCG
(mmi

102 1.256 6.646 1.31 .1.50 0.539 0.00 -4.8
103 1.692 15.124 1.26 1.50 0.534 0.55 -9.8
104 2.094 23.587 1.20 .1.50 0.525 2.68 -12.5
105 2.529 29.507 1.16 1.46 0.508 3.18 -5.5
108 2.948 33.353 1.13 1.46 0.502 3.40 -1.5
107 3.350 36.583 1.01 1.43 0.471 . 3.70 4.0
108 3.769 38208 0.98 1.43 0.464 4.25 11.0
109 4.238 39.049 0.86 1.43 0.458 4.75 18.0
110 4.623 40.162 0.79 1.39 0.410 5.00 22.5
111 5.075 41.870 0.71 1.35 0.382 5.00 27.0
112 5.444 43.700 0.71 1.35 0.382 5.00 30.5
113 5.863 44.250 0.71 1.33 0.378 505 32.5

LIB

(-i
Depi
(N)

L
(%LJ

AP/V

(-j
4.09 369.900 -4.000 4.00

tui Vm Atm Lic Lo S' Trim RCG
(m/si (NI (ml (ml (m21. (degl (mmi

160 1.360 11282 1.50 1.50 0.536 -0.15 -7.5
161, 1.514 27.254 1.50 1.50 0.538 1.35 -16.5
162 2267 53.000 1.43 1.50 0.535 4.80 -13.5
163 2.775 61.516 128 150 0.534 4.95 -6.5
164 3.192 68.974 1.13 1.43 0.496 5.50 0.0
165 3.664 71.485 1.09 1.35 0.470 7.90 12.0
166 4.081 73.000 0.98 1.35 0.447 805 28.5
167 4.607 69.549 0.90 1.31 0.420 8.00 38.0
188 5.006 70247 0.79 120 0.370 775 48.0
169 5.568 71.693 0.79 120 0.370 7.40' 54.0

LIB DepI Loe ApiV
(-1 (NJ ('ol.pì (_J
4.09 229.500 0.080 5.50

tui Vm Atm, Lic Lo S Trim RCG
Fm/sl (NI (ml (ml (m21 [degi (mml

126 1.256 6.118 1.28 1.50 0.534 -0.30 -5.5
127 1.692 14769 .1.13 1.50 0.511 -0.05 -11.9
128 2.094 27.300 tOS 1.50 0.496 2.30 -14.0
129 2.546 31.562 1.13 1.46 0.505 2.75 -8.5
130 2.948 31.381 1.13 146 0.505 2.54 -5.0
131 3.350 3!5 1.13 0.46 0.505 2.85 -IA
132 3.769 47.936 1.05 1.46 0.487 3.55 4.0
133 4188 49.810 1.01 1.46 0.478 4.10 10.0
134 4.606 49.828 0.98 1.43 0.464 4.60' 16.5
135 5.075 49.963 0.88 1.43 0.436 5.00 21.0
136 5.444 51 0.79 1.43 0.419 5.20 25.5

LIB Depi ioe ApN
(-I (N] (%Lp (-J
4.09 '369.900 -2.000 4.00

Vm Rtm Lic Lo S Trim RCG
Fm/SI (NI: (ml (ml fm21 fdegi (mml

171 1.350 11.175 1.50 1.50 0.536 -0.33 -8.0
172 1.814 27.457 1.50 1.50 0.536 1.10 -18.0
173 2.285 54.013 1.50 1.50 0.536 4.40 -16.2
174 2.739 59.712 1.50 1.50 0.536 4.35 -9.5
175 3.158 68.247 1.35 1.43 0.533 4.65 -4.0
178 3.646 75.767 120 1.43 0.510 6.05 5.5
178 4.081 .75. 1.09 1.43 0.488 7.65 22.0
177 4.534 72.000 0.94 1.35 0.431 8.00 38.0
179 4.988 71. 0.88 1.31 0.415, 7.80 43.0

L/B

(-J
DepI

(N]

LCG Ap/V
(%LJ L-I

4.09 229.503 -8.000 5.50

am Vm Atm Lic Lo S Thin BCO
Fm/sI INI (ml (ml (m21 (deal (mmi

88 1256 6.888' 1.13 1.50 0.511 0.15 -4.5
89 1.675 14.810 1.13 1.50 0.511 1.00 -9.0
90 2.094 27.632 1.09 1.43 0.488 3.40 -11.2

.91 2.513 29.900 1.95 1.43 0.460 3.75 -4.5
92 2.948 31.891 0.98 1.43 0.464 4.00 1.5
93 3.367 34.066 0.68 1.43 0.436 4.55 8.5
94 3.786' 36.053 0.83 1.39 0.420 5.10 16.3
95 4.204 37.819 0.75 1.35. 0.392 820 23.0
96 4.640 39.316' 0.71 1.35 0.382 5.15 28.0
97 5.059 40.452 0.68 1.35 0.374 5.05 32.5

101 5.444 42.000 0.66 V.35 0.369 4.90 38.5
98 5.863 44.400 0.64 1.31 0.356 4.80 41.5

L/B

(-J
Depi
(NJ

LCGAPN
(%i-PI (-I

4.09 229.580 -2.000 550

lui Vm Rtm Lic Lo S Ttmi RCG
(misi (N] (ml (ml (m21 Ideal (mml

114 1.256 6.313 120 1.50 0.525 -0.15 -52
115 1.675 14.730 116 1.50 0.517 025 -10.5
118 2.094 26.300 t09 1.50 0.503 2.60 -13.0
117 2.529 30.525 1.13 1.43 0.496 2.98 -7.0
118 2.948 35249 113 1.43 0.496 3.10 -3.5
119 3.350 39.483 1.09 1.43 0.488 3.50 2.0
120 3.769 42.411 1.05 1.43 0.480 3.95 8.0
121 4.188 42.927 0.98 1.43 '0.464 4.50 14.5
122 4.506 43.225 0.86 1.43 0.436 4.80 19.0
123 5.075 44.624 0.79 1.43 0.419 5.00 24.0
124 5.444 46.200 0.75 1.39 0.401 5.10 29.0

144 1.369 12.445 1.50 1.50 0.538 0.32 -7.5
145 1.868 33.331 1.35 1.50 0.530 2.80 -15.5
148 2.285 61.430 120 1.50 0.525 5.70 -13.0
147 2.721 64.671. 1.99 1A3 '0.468 8.20. -5
146 3.192 70.978 1.01 1.38 0.450 7.55 8.0
149 3.700 77.471 0.90 1.28 0.413' 8.80 22.0
150 4.045 77.858 0.75' 124 0.369 8.65 345
151 4.571 77.305 0.75 124 0.369 8.10 48.5
153 4.988 76. '0.71 1.20 0.35! 7.55 58.0
154 5.441 75.000 0.71 1.20 0.351 6.90 63.0

138 1.369 11.22 1.50 1.50 0.536 -0.45 -9.0
139 1814 27.874 1.50 1.50 0.536 0.75 -19.0
140 2.261 52.694 1.50 1.50 0.536 4.30 -18.0ii 2.775 57.331 1.50 ESO 4.05 -11.0
142 3.174 65.541 ESO 1.50 0.536 3.65 -6.5



modèl32l model3ll

model 320 model 310

LIB Depi L Ap/y

model 322 model 312

model 323 model 313

I-4

L/B
f-I

Depl
[Nl

Loe Ap/y
(%LpJ. (-J

4.09 119.500 -2.000 8.50

tui Vm RIm Lk Le S Thin RC(3
Im/si (Nl [ml [ml 1m21 [deql [mml

11 1.127 2.923 1.05 1.48 0.487 -0.08 -3.0
12 1.532 6.270 LOS 146 0.487 -0.01 -5.0
13 1.878 10.098 1.05 1.46 0.487 0.88 -8.0
14 2.269 12.799 1.05' t46 0.487 1.75 -6.0
15 2.644 15.989. 1.05 1.46 0.487 1.73 -4.3
16 3.035 17.867 1.01 L48 0.478 1.88 -t5
17 3.410 20.847 0.98 1.46 0.471 1.90 1.4
18 3.771" 23.972 0.94 1.46 0.461 1.92 4.0
19 4132 27.300 0.90 1.48 0.452 1.95 5.0
20' 4.492 30.602 0.86 1.48 0.442 2.06 4.5

190 4.883 33200 0.64 1.31 0.356 2.25 5.5
191 5.258 34500 0.60 1.31. 0.349 2.60 9.0
192 5.634 36.676 0.60 1.35 0354 2.95 11.0

LIB

(-J
DepI
(NJ

Loe -
[%I_pJ

ApN
(-J

4.09 159.800 -3.090 7.00

'Mi Vm RIm LIC Le S Trim RCG
fm/sl [Nl [ml fmi 1m21 fdeql [mml'

74 1.183 4550 0.98 1.48 0.471' 0.17 -2.8
75 1.577 9.210 0.90 1.46 0.452 0.60 -55
76 1.987 15.861 0.75 1.46 0.416 2.25 -9.5
77 2.365 17.642 0.75 1.46' 0.416 2.62. -5.5
78 2.780 19.498 075 1.43 0.409 2.75 -1.5
79 3.170 21.328 0.79 1.43 0.419 2.85 4.0
80 3.564 22.903 0.79 1.43 0.419 3.05' 9.0
81 3.942 24.404 0.79 1.39 0.410 3.30 13.0
82 4368 26373 068 139 0382 350 185
83 4.810 30.220 0.64 159 0.372 3.55 19.0
64 5.125 32200 0.60 1.35 0.354 3.55 21.0
88 5.519 34. 0.56 1.35 0.338 3.55 24.0'
87 5.914 35.709 0.53 1.28 0.323 3.60 28.0

LIB

[-J
Dept
[NI

L
('LpJ

Ap/y
[-J

4.09 159.600 -4.000 7.00

n.m Vm Rtm Lk Le S Tnm RCG
(rn/SI [NI [ml [ml 1m21 fdeql [mml

64 1.183 4.381 0.98 1.50 0.480 0.00 -3.4
65 1.593 9.125 0.96 1.50 0.480 0.18 -6.1
66 1.987 15.494 0.98 1.50 0.480 155 -9.5
61 2.365 17.628 0.98 1.46 0.471 2.30 -6.5
68 2.760 20.481 0.94 1.46 0461 2.35 -3.0
59 3.170 23.557 0.90 1.46 0.452 2.50 1.6
70 3.564 26283 0.83 1.46 0.435 2.60 5.0
71 3.942 28515 0.79 1.48 0.425 2.75 9.0
72 4.352 30.522 0.75 1.43 0.409 3.10 11.0
73 4.778 31.984 0.71 1.43 0.399 3.45 14.0

197 5.125 33200 0.56 1.37 0.347 3.65 17.0
196 5.519 357O0 0.56 1.35 0.343 370 20.0

L/B

[-J
4.09

Dept
[NJ

119.500

'Loe ApN
(%LpJ (-J
-8.000 8.50

rim Vm
fm/si

Atm
INi

Lk
[ml

Le
[mi

S

[m21. [degl
Tren R

'(mml

32 1.127 3.213 0.90 .1.43 0.446 0.14 -2.5'
33 1.502 6.300 083 1.43 0.429 0.31 -5.0
34 1.878 10.284 0.83 1.43 0.429 1.40 -7.5
.35 2.254 12099 083 .1.43 0.429 1.98 -5.0
36 2.644 13.714 0.79 1.43 0.419 2.05 -2.5
37 3.020 15582 0.75 1.43 0.409 2.10 1.0
38 3.380 17145 0.68 1.43 0.391 220 5.4
39 3.756 18.784 .0.60 .1.43 0.370.. 2.20 8.2
40 4102 20639 058 143 0359 2.38 lOO
41 4.522 22.823 0.53 1.43 0.340 2.60 11.3
42 4.883 25.200 Ó.53 1.31 0.327 2.75 12.5

199 5258 27.320 0.49 1.35 0.341 2.70 16.0
198 5.634 30.300 0.49 .3I 0.317 2.75 18.0

LIB Depi L ApgV

(-J [NI [IU.PI (-I
4.09 159.800 0.000 7.00

tui Vm Run U( Le S Trim RCG
[rn/SI [NI [ml [nj [m21 [deqi FmmI

44 1.183 3.997 1.13 1.50 0.511 -0.18 -4.0
45 1.577 9.937 1.13 1.50 0.511 -0.18 -7.0
46 1.987 18.177 1.13 1.50 0.511 1.55 -10.5
47 2.365 19.238 1.13 1.46 0.532 2.10 -7.5
48 2.775 23.308 1.05 1.46 0.487 2.20 -4.5
49 3.10 27575 LOS 1.48 0.487 225 -2.0
50 3.560 32.426 1.01 1.48 0.478 225 2.0
51 3.974 38.939 0.94 1.46 0.461 2.48 4.9
52 4.384 40.499 0.94 1.44 0.457 2.70 6.0
53 4.794 42.553 0.90 1.44 0.448 3.05 8.0

164 5125 43.090' 0.83 1.43 0.429 3.35 10.5
186 5.519 44.300 0.75 L43 0.409 3.70 16.0

LIB

(-J
4.09

Depi
(NJ

1.19.500

Loe APN
(.pJ [-J
-4.000 8.50

tui Vm
fm/sl

RIm.
JNJ

Lk
[ml

Le
[ml

S

Im2l
Trim
fdeqj

RCG
[mml

21' 1.127 3.043 1.05 1.48 0.487 0.00 ' -2.5
22 1.502 '6.124 1.05 .48 0.487' 0.00 -4.5
23 1.878 '9.887 1.05 146 0.487 0.98 -8.0
24 2.254 12.250 1.05 iAe 0.481 L74 -6.0
25 2.629 14.318 .1.05 1.46 0.481 150 -3.0
28 3.005 16.821 tOS iÀ6 0.487 1.93 -1.0
27 3,380' 19.286 0.90 1.46 0.452 2.00 2.2
29 3.758 21.9SS 0.77 1.46 0.420 2.00 5.8
28 4.132 24.800 0.79 1.46 0.425 2.00 6.0
30 4.522 27.388 0.75 1.46 0.415 2.25 7.0
31 4.883 29.800 0.75 1.46 0.415 2.50 8.5

193 5.258 31.400 0.54 1.35 0.338. 2.80 10.5
195 5.634 32.200 0.53 1.31 0.327 2.9.0 ' 13.0.

LIB

f-J
4.09

Depi
[NJ

119.500

LCG, ApN
(1LpJ (-J
0.000 8.50

n.ri Vm
[m/si

Rtm
INI

Lk
fmi

Le
[ml

S. Trim
[m2J. Idegi

RCG
[mml

3 1.127 2.799 0.98 1.48 0.471 -0.15 -2.9
4 1.517 6.359 0.98 1.46 0.471 -0.28 -5.4
5 1.878 10.243 0.98 1.48 0.471 0.75 -8.8
8 2.254 12.108 0.98 1.48 0.471 1.55 -0.7
9 2.629 I5812 0.98 1.46 0.471 1.80 -5.5
8 3.020 19.113 0.94 1.46 0.461 1.75 -3.0
1 3.380 22.429 0.98 1.46 0.471 1.79 -1.0
2 3.771 26.889 0.98 1.46 0.471 1.70 1.8
7 4.132 29.843 0.98 1.46 0.471 1.75 2.3

10 4.507 35.252 0.94 1.46 0461 1.85 1.5
200 4.683 38.250 0.75 1.43 0.409 2.10 2.5
183 5.258 40.750 0.68 1.39 0.382 2.50 6.0
182 .634 42.500 0.62 1.39 0.362 2.85 9.0

(-J. (NJ
4.09 159.800

(%LPJ (-i
-2.000 7.00

iui Vm RUn Lk Le S Tnm RCG
[rn/si INI [ml [ml Im2l. [degl [mml

54 1.183 4217 1.05 ISO 0.498 -0.15 -3.8
55 1.577 9.390 1.05 1.50 0.496 0.00 -7.0
56 1.971 15.649 1.05 1.50 0.496 1.65 -10.5
57 2.365 18.153 1.05 1.48 0.487 2.12 -7.2
58 2.775 21.457 1.05 1.48 0.487 2.20 -42
59 3.154 .25110 1.01. 1.46 0.478 2.30 -5.0
60 3564 23.957 0.94 1.46. 0.461 2.40 3.5
81 3.958 32.153 0.88 1.44 0.438 2.52 7.0
62 4.337 34.509 0.79 1.44 0.421 2.65 6.5
63 4.731 36.300 0.79 1.44 0.421 3.20 10.5

187 5.125 38200 0.71 1.35 0.382 3.50 13.0
188 5.519 39.400 0.64 1.35 0.364 3.75 18.0



model441 model 431

model 440

model 442 model 432

3971.66613.2571301.500.4000.60-1O.O

mode1443

I-5

model 433

LIB
(-J

Depi
(NJ

Loe ApN
fapJ (-J

5.5 237400 -2.000 4.00

rui Vin Atm Lk Lo S Trun NCG
fm/sJ INi FmI fmi 1m21 fdegi ImmI

387 12 6.075 1.50 1.50 0.400 -0.10 -6.0
388 1.684 13.410 1.50 130 0.400 0.45 -10.0
389 2.108 24.453 1.50 1.50 0.400 2.85 -12.5
390 2.527 26.368 1.43 1.50 0.400 320 -9.0
391 2.948 32.604 1.43 1.46 0.398 320 -4.0
392 3.369 37.158 1.43 1.46 0.396 3.00 0.0
393 3.790 43.527 1.43 1.46 0.398 2.65 2.0
394 4.211 49.860 1.50 1.50 0.400 2.60 5.0
395 4.616 58.412 1.50 1.50 0.400 2.40 0.0

L/B
(-1

5.5

Depi
(NJ

147.300

Loe
[%1.J
-4.000

Ap/V
(-1
5.50

rui Vm Atm Lk Lo S Trim RCG
Fm/si INI fmi fmi 1m21 fdeqi fmmj

338 1.167 3.474 1.50 1.50 0.400 0.00 -3.8
339 1.556 73381301.500.400 0.30 -6.5
340 1.945 12.968 1.35 1.43 0.396 1.75 -8.2
341 2.349 15.045 124 1.43 0.383 2.31 -4.1
342 2.738 16.833 116 1.41 0.370 2.25 -2.0
343 3.142 19228 1.13 1.39 0.362 2.36 1.0
344 3.516 21.416 t09 1.39 0.357 2.45 5.0
345 3.920 23.514 1.05 1.39 0.353 2.60 8.5
346 4278 25. 0.98 1.37 0.338 2.75 9.5
347 4.667 26.364 0.96 1.37 0.334 3.13 10.5
348 5.058 27.420 0.94 1.37 0.331 3.25 13.2
350 5.445 29.000 O86 1:35 0.315 3.35 15.0
351 5.834 31.700 0.831.35 0.308 3.80 16.5

398 2.106 25.733 130. 1.50 0.400 2.90 -11.5
399 2.510 29.200 1.39 1.44 0.396 3.40 -8.0
400: 2.914 32336 1.35 1.43 0.396 3.35 -3.5
401 3.369 36.414 1.31 1.43 0.390 3.45 1.0
402 3.807 40.832 124 1.43 0.383 3.90 6.0
403 4228 . 42.301 1.13 1.39 0.362 4.70 11.0
404 4.649 43.440 1.01 1.33 0.331 8.75 18.0
405 5.053 42.047 0.94 129 0.319 5.85 23.0
406 5.475 42.191 0.90 1.28 0.310 8.70 34.0

L/B
[-..1

5.5

Depi
(Nl

147.300

LOE ApN
('olpJ (-J
-8.000 5.50

ru Vm Atm Lk Lo S Trim ACG
Fm/sl (Nl fmi 1ml 1m21 Ideqi fmmi

352 1.15? 3.550 130 130 0.400 0.00 -2.5
353 1.556 7.799 1.35 lAG 0.398 0.20 -6.0
354 1.945 1354 1.20 1.43 0.378 190 -9.5
355 2.349 13.197 1.13 1.39 0.362 2.50 -5.0:
356 2.738 16.515 1.05 1.39 0.353 2.53 -2.0
357 3.158 18.655 1.01 1.37 0.344 2.60 1.0
359 3316 20.003 0.94 1.37 0.331 2.60 5.0
360..3.88921.5570.92:l.370328 2.60. 8.0
361 4294 22.719 0.86 1.35 0.315 3.25 11.0
362 4.683 23:959 0.83 1.33 0.304 3.40 14.0
363 5.040 23.407 0.79 1.31 0295 3.40 .16.0
366 5.45 27.X) 0.75 1.31 0269 3.35 19.5
367 5.834 .29. 0.69 129 0.276 3.20 250

1/B
(-I
5.5

Depi
(NJ

237.400

Loe -sApN
(%l.pJ (-J
-8.000 4.00

ru' Vm
fm/si

Atm
INI

LIc

FmI
Lo
FmI

S

fm2l
Trim
fdeql

ROE
ImmI

388 1.247 6.200 1.50 1.50 0.400 0.20 -4.0
369 1.684 14.453 1.43 1.46 0.398 1.20 -9.0
370 2.106 25.320 1.28 1.43 0.388 3.15 -11.0
371 2.510 26336 124 .1.37 0.375 3.45 -6.0
372 2.948 29.118 1.18 1.39 0.370 3.60 -2.0
373 3.369 30.740 1i3 1.37 0.359 3.80 4.0
374 3.807 30.964 lii' 1.33 0.350 4.30 9.0
3754.22829.9990.991.310.332 4.70 -15.0
376 4.649 27.6 0.88 1.22 0.297 5.25 20.0
377 5.037 23.423 0.83 120 0.284 5.25 26.0
376 5.475 31.300 079 1.18 0274 5.10 31.5
379 5.896 35. 0.77 1.14 0.265 4.80 38.5

LiB
L-1

Depi
N

LCG ApN
L%LPI (-1

5.5 237.400 0.000 4.00

rui Vm Atm Lk L S Tflm RC
Fm/sl INI 1ml 1ml 1m21 (deqi Immi

380 1263 5.972 1.50 1.50 0.400 -0.20 -5.0
381 1.684 12.800 1.50 1.50 0.400 0.70 -11.0
382 2.089 24.520 1.50 1.50 0.400 2.43 -13.0
383 2.527 V.855 1.50 1.50 0.400 2.65 -10.0
364 2.948 31.529 1.50 1.50 0.400 2.63 -6.0
385 3.389 36.923 1.50 1.50 0.400 2.15 -45
388 3.790 43.796 1.50 1.50 0.400 t70 -6.0

L/B

(-i
Depi
INI

LOE ApiV
(%1-PI (-I

5.5 147.300 0.000 5.50

rui Vm Atm Uc Lc S Thm. ACG
Im/si 'INi Fmi fmi 1m21 fdeql. lmrnl

314 1.151 3.228 1.50 1.50 0.369 -0.12 -3.5
315 1.556 7.155 1.50 1.50 0.389 -020 -6.5
316 1.945 12.144 1.50 1.50 0.394 1.20 -10.0
317 2.349 15.085 1.50 1.50 0.400 1.95 -6.5
316 2.738 17.479 1.50 1.50 0.400 1.95 -4.5.

L/B
(-I

Depi
INI

Loe ApN
(lapi L-1

5.5 237.400 -4.000 4.00

rui Vm Ami Lk Lo S Thm ROE
(rn/si INI FmI (ml 1m21 Ideqi (mmi

396 1247 6.220 1.50 1.50 0.400 0.00. -4.0



model 421

model 420

LIB Depi LCD ApdV

1-1 IN 1%Lpl 1-I

'model 422

modal 423

L/B DepI LCD Ap/V
I-I INI i%t.pI (-I

'model 411

LIB Depi LCD Ap/V
l-I INI I%LpI I-I

model 410

LIB DepI LCD Ap/Y
(-I INI I%Lpl I-I

model 412

model 413

L/B Depl LCD Ap/Y
I-I INI (%Lpl (-I
5.5 78.800 -8.000 8.60

run Vm Rim Lic Lo S Trim AGO

fm/sl INI 1ml (ml 1m21 ldegl (mL.

L/B

I-I
5.5

Depi
INI

78.600

LCD
1%l.pl
-4.000

Ap/Y
I-I
5.50

run. Vm
Im/el

Rim
INI

Lic

[ml
Lo

(ml
'S Trim

1m21, .Idegj ,Imml
RCa

230 1.046 1.711 1.35 1.50. 0.354 -0.05 -1.5
231' 1:381 3.371 1.31 1.50 0.366 0.05 -2.5
232 1.744 4.890 1.28 1.50 0.371 0.05 -4:2
233 5.093' 6.546 1.20 1.43: 0.359 1.05 -5.0
234 2.441 7.488 1.13 1.43 0.355 1.05 -2.5
235 2.804 9.059 1.13 1.43 0.358 1.05 -2.5
236 3.153 10.760 1.05 1.43 0.359 1.10 0.0

'231 3:518 12.629 0.98 1.43 0.347 1.10 ' 2.2
238 3:664 14.592 0.98' 1.43. 0.347 1.05 4.5
239 4.213 17.114 0.98 1.43 0.347 0.91 3.5
240 4.662 19.852 0.98 1.43 0.341 0.90 1.6
241 4.883 22.800 0.98 1.43 0.347 0.90 o:s
243 5.231 25.200 0.90 1.43 0.334 1.00 1:5
242 5.550 28.000 0.90 1.43 0.334 1.05 2.5
244 5.929 30.600 0.90 1.43 0.334 1.10. 3.5

LIB

I-I
5.5 102.600

Depi
INI

LCD
I%LpI
-4.000

ApN
1-i
7.00

run Vm
im/SI

Rim
INI

Lic

1ml
'Lo
(mi

S

1m21

Trim RCG

faGgi .

214 1.684 2.340 1:35 1.50 0.388 0.00 -2.0
'775 .1.455 .4.767 1.43' 1.50 0.386 0:10 3.S
278 1:831 7.503 1.3$ 1.50 0.394 0.90 -6.0
273 2.197 9.400 1.35 1.50 0.382 1.25 -5.0
277 2.563 10.400 1.28 1.43 0.383 1.50 -3.5
278 2.929 12.559 1.05 1.43 0.659 1.60 -1:5
279 3.296 14.650 1.01 1:43 0.352 1.65 1.5
280: 3.662 16.600 1.01 1.43 0.352 1.60 4.5

4:043 18.914 0.98 .1.43 O31 1.60 5.0
282 4:423 21.594 0.96 1.43 0.344 1.60 4.0
283 4.760' 23.800 0.94 1.43 0.341 1.70 4.0
286 5.128 26.317 0.90 1.43 0.334 1.85 5.0
284 5.493 28.800 0.86 1.43 0.326 2.00 6.5
285 5.859 31.000 0.79 1.41 0.310 2.10 10.5

5.6 78.600 0.000 8.50

run Vm
Im/sI

Ritt,
INI

Lic

1ml

Lo

1ml.

S

1maI
Trim

Ideqj
RCG
Immi

201 1:046 1.807 1.35 1:60 0.351 -0:10 -1.8'
202 1.395 3.311 1.28 1.50 0.343 -0.08 -3.0
203 1:758 5.035 1.20 !.50 0.340 0.25 -4:3'
204 2.107 6.815 i.20 1:60 0.340 0.95 -4.8
205 2.455 7.999 1.05 liSO 0.331 0.95 -3.5
206 2.804 9.723 0.96 1.43 0.319 0.95 -3.0
201 3.139 12.000 0.98 1:43 0.319 1.00 -5.5
206 3.488 14.008 0.98 1:43 0.333 1.05 0.0
209 3.836 18.819 0.98 1.43 0.339 1.00 2.5
210 4.213 20.582 0.98 1.43 0.347 0.90 3.0
211 4.534 23.000 0.98 1.43 0.347 0.90 -1:0
212 4.883 28400 0.98 1.43 0.347 0.85 -2.0
215 5.231 31.200 0.98 1.43 0.347 0.90 -2.0
214. 5.580 35.200. 0.98' 1:43 0.341 0.90 2.2

5.5 102.600 -2.000 7.00

run Vm
fm/ej

Rim
INI

LIc

1ml.

Lo

(ml
S

1mal

Trum

Ideql
RCG
Immi

800 1.099 2.272 1.50 1.50 0.380 -0.05 -3.0
301 1;450 4.725' 1.50 1.50 0.377 -0.02 43
302 1.831 7.554 1.43 1.50 0.380 0.72 -85
303 2.197 9.546 1:43 i.50 0.389 1.40 -5.0
304 2.663 11.104 1.35 1.46 0.392, 1.45 -4.0
306 2.929 13.040 1.28 1.48 0.393 1:52 -2.5
301 3.298 15.557 1.16 1.46 0.318 1.52 0.0
308 3.662 18.066 1.05 1.43 0.359 1.50 3.5
309 4:043 20.633 0.98 1.43 0.347 1.45 4.0
310 4:423 23.491 0.90 1.43 0.334 1:50 3.0
31,1 4.760 26.207 0.88' 1.43 0.326 1.65 2.5
312 5.126 29.400 0.83 1.43' 0.320. 1.70 2.5
312 5:493 30.626 0.80 143 0.317 1:80 4.0
313. 5.873 34.251 0.19 1.43 0.313 1.95' 1.0

245 1.046 1.847 1.35 1.50 0.354 0.05 .. -IS
246 1.395 3.563 1.35 *50 0.380 0.20 -2.5
247 1.744 5.254 1.20 1.43 0.352 0.70 -5.0
249 2.101 6.587 1.13 1.43 0.352 1.20 -4.5
250 2.441 7.5*7 0.08 1.43 0.336 1.25 -2.0
245 2.790 6.710 0.95 1.43 0.336 1.25. -1.0
25* 3.139 9.981 0:43 1.43 0.320 1.30 1.0
252 3.488 11.5*5 0.7.1 1.43 0.300 1.21 3:5
253 3.838 13.118 0.71 1.41 0.300 1.10 5.5
254 4.213 15.049 0.71 1:41 0.298 1.05 5.5
256 '4:534 17.000 0.68 .1:43 0.29! 1:05, 4.5
255 4.883 *9.000 0.68 1.41 0.291 1.0$ 5.0
257 5.231 21.300 0.65 1.41 0.291 1.10 6.0
258 5.580 23.500 0.68 l4l 0.291 1.20 7:5

LIB

I-i
5.5

'DCPI

INI
102.600

LCD
I%Lpl
0.000

ApN
I-I
1.00

run Vm Rim Ui Lo S Trum RCG

ImlsI INI. 1ml. 1ml 1m21 Ideql. Immi

287 1.084 2.155 .1.50 1.50 0.383 -0.10 -2.5
288 1.485 4.759 1.50 1.50 0.380 -0.13 -4.0
289 1.831 7.539 i:so 1.50 0.380 0.60 -5.5
290 2.197 9.744 .i.35 1.60 0.394 1.30 -5.5
291 2.583 11.654 1.20 1.48 0.378 1.3$ -4.5
292 2.939 14.043 116 1.46 0.378 1.42 -2.5
293 3.281 10.777 1.13 1.43 0.369 1.42 0.0
294 3.616 10.843 1.09 1.43 0.364 1.40 1.0

295 4.043 23.126 1.05 1.43 0.359 ! 1.5

298 4:338 25.609 1.01 .1.43 0.352 1.3$ 0.0
297 4.775 30.032 0.98 .1.43 0.347 1.50 -1.0
298 5.128 33.200 0.94 1.43 0.341 1.60 -0.5
399 5.493 36.000 0.90 1:43 0.334 1.15. 1.0

5.5 102.600 -8.000 7.00

run' Vm
fin/sl

RIm
INI

1k
1ml

Ic
1ml

S

1m21

Trim

(degJ

RCa
(mmi

259 1:084 2.414 1.35 1.50 0.374 0.10 -2.5
260 1:450 4.774 1.25 1.50 0.377 0.28 -6.0
281 1.631 7.804 1.16 1.43 0.353 1.20 -7.0

'282 2.197 9.451 1.05' 1.43 0.353 1.70 -5.0
263 2.563 10.535 0.98 1.43 0.341 1.75 -3.0
284 2.915 11461 0.90 1.43 0.334 1.80 0.0
255. 3.310 13.584 0.83 1.43 0.320 1.80 2.5

.258. 3.676 15.177' 0.79 1.41 0.310 1.50 6.0
287 4:028 15.505 0.75 1.39 0.301 1.76 7.0
268 4494 18.500 0.75 1.35 0.295 1.90 7.0
269 4:760 20.330 0.75 1.35 O.395 2.00 7.0
270 5.128 22.000 0.68 1.35 0.281 2.05 9.5
272 5:493 24.000 0.64 1.35 0.273 2.15 11.0
271 5:859, 25.800 0.64 1.35 0.273 2.20 13.0

.5.5 76.600 -2.000 8.50

run Vm
Im/AI

Rim
INI

Ui
1ml

Lo
fmI

S

1m21

Trim
Ideal

RCO
Immi

215 1.046 1.835 1.35 1.50 0.357 -0.05 -1.4
216 1:395 3.300 1.24 1.46 0.346 -0.05 -2.7
217 1:744 5.442 1.20 1.46 0.350 0.20 -4:5
219 2.093 6.700 1.05 1.44 0.338 1.00 -4:8
220 2.427 7.683 0.98 1.43 0.330 1.00 -3.0
221 2.804 9.416 0.94 1.43 0.327 1.05 -2.6
222 3.139 11.282 0.94 1.43 0.330 1.10 -tS
223 3.502 13.348 0.94 1.43 0.333 1.10 -1:5
224 3.850 15.664 0.94 1.43 0.341 1.00 2.5
225 4:199 18.407 0.94 1.43 0.341 0.95 2.0
228 4.548. 21.519 0.90 1.43 0.334 0.80 0.0
227 4:897 24.865 0.83 1.43 0.320 0.60 -i:o

0 0.000 0.000 0.00 0.00 0.000 '0.00' 0.0
228 5.580 '31.400 0.19 1.43 0.313 0.55 0.0



mOdól 541 modal 531

LiB Dep1 LCG ApN
(-I (NI (%tPl I-1

7 155.200 0.000 4.00

run Vm Rim Lk .c S Thm RCG
(misi INI (ml (fil (m2l (dogi (olmi

model 540 model 530

LIB Depi LCD ApIV
t-I (NI (%LpI t-1

¡/B DepI LOG ApIV
(-'I INI (%LpJ t-i

model 642 model 532

model 543 model 533

I/B DepI LCD ApIV
(-i (Nl I%LpI (-I

run Vm Atm 1k Lo S Turn RCG
(miel (NJ (ml 1ml (m2l (dogi '[mml

I-7

L/B Dept LCD Apfì
:1_I (Nl (%Lpl (-1

1 102.400 -8.000 5.80

570 1.098 2.316 1.35 1.48 0.318 0.05 -2.0
571 1.484 4.859 13$ 1.46 0.318 0.04 -4.0
572 1.830 8.052 !i28 1.43 0.310 1.35 -6.0
573' 2.182 9.541 1.16 1.43 0.299 1.85 -5.0
574 2.582 10.530 1.09 1.41 0.281 2.00 -2.0
575 ' 2.928 12.021 1i09 1.41 0.288 2.05 -tO
576 3.280 13.522 1.31 1.41 0.278 2.20 1.0
577 3.648 15.030 0.98 1.39 0.212 2.30 4.0
578 4.041 18.348 0.94 1.39 0.267 2.50 8.0
570 4.407 17.945 0.86 1.39 0.255 2.80 7.0
580 4.113 18.756 0.63 1.39 0.251 3.10 9.0
681 5.159 20.153 0.79 1.35 5.240 3.15 12.0
582' 5.491 21.600 0.78 1.35 0.234 2.20 14.5
583 5.857 23:400 0.11 1.31 0.223 3:10 16.5

L/B

t-i
DepI
INI

LCD
(%LpJ

ApFV

(-i
7 185.200 -4.000. 4.00

run Vro Rim Lii Lo S Trim RCa
1mb! (NJ (ml (ml (m21 (dogi (mml

613 1.158 3.612 1.50 1.50 0.324 0.00 -3.0
614 1.602 8.019 1.50 1.50 0.324- 0.30 -7.0
615 1.368 14.013 ESO 1.50 0.324 1.60 -10.0
616 2.379 17.781 1.50 1.50 0.324 2.70 -1.0
617 2.776 19.564 1.50 1.50 0.324 2.65 -4.0
618 3.171 22.090 ESO 1.50 0.324 2.70 -1.0
619 3.588, 24790 ESO 1.50 0.324 2.70 2.0
620 3.996 27.236 1.35 1.43 0.307 2.95 60
622 4.377 29.408 1.13 1.39 0.290 3.70 9.0
623 4.751 30.500 tOT 1.39 0.283 4.35 12.0
625 5.154 31.000 Ò.91 1.38 0.251 5.00 18.0
824 5.550 31.400 0.90 1.33 0.253 5.30 22.0
826 6.948 33.000 0.88 1.30 0.241 5.10 27.0

7 102.400 -2.000 5.50

run Vm
(misi

Atm
(NI

1k
(ml

Lo

(mi
S

(m2l
Thm
(deqj

ROD
(mml

541 1.384 2.015 1.50 1.50 0.323 -0.05 -2.0
540 I450 8.287 1.50. 1.50 0.323 0.00 .40
542 1.830 7.200 1.50 1.50 0.323 0.80 -7.0
543 3.198 9.523 1.50 1.60 0.323 1.70 -6.0
544 2.548 10.774 1.30 1.50 0.323 175 -4.0
545 2.928 12.491 1.35 1.48 0.318 1.50 -2.0
546 3.294 14.248 1.35 1.48 0.318 1.15 0.0
547 3.675 18.473 1.31 1.48 0.315 1.60 2.0
548 4.056 18.654 tOS 1.48 0.314 1.30 4.0
554 4.437 20.998 1.24 1.48 0.310 2.10 3.0
550 4788 22.270 1.13 1.43 0.296 2.40 5.0

0 0.000 0.000 0.00 0.00 0.000 0.00 0.0
551 5.491 28.700 0.98 143 0.278 3.00 9.0

7 165.200 -2.000 4.00

run Vm
(midI

RIm
INI

1k
(ml

Lo
(ml

S Trim

(mOi .Idegj
RCG.

(mml

504 1.173 3.384 1.50 1.50 0.324 0.00 -3.0
605 1.570 7.560 1.50 1.50 0.324 0.10 -8.0
608 1.366 13.536 1.50 1.50 0.324 1.50 -10.0
607 2.363 16.892 1.50 1.50 0.324 2.30 -7.0
608 2.775 19.277 1.50 1.50 0.324 2.50 -5.0
609 3.17.1 22.413 1.50 1.50 0.324 2.50. -1.0
810 3.568 25.759 1.50 1.50 0.324 2.40 1.0
611 3.980 29.450 1.50 1.50 0.324 2.30 3.0
612 4.381 33.773. 1.50 1.50 0.324 2.55 3.0

L/B

I-i
7

Dept

INI
102.400

LCD
(%Lpi
-4.000

Ap/V

(-I
5.60

run Vm
(miel

RIm

(Nl
1k

(ml
to
(ml

S
(m2

Trim
(dogi

RCG
(mml

555 t098 2.411 1.50 1.50 0.323 0.00 -2.5
558 1.450 4.492 lSD 1.50 0.323 0.05 -4.0
557 1.816 7.265 1.50 1.50 0.323 .1.05 -7.5
558 2.182 9.155 1.50 1.50 0.323 1.70 -6.0
559 2.548 10.438 1.28 1.46 0.318 lieD -3.6
560 3.926 12.090 1.28 1.43 0.310 tás. -2.0
582 3.280 13.739 1.20 1.43 0.303 1.90 1.0
563 3.646 15.431 EIS 1.43 0.299 2.00 4.0
584 4.027 17.058 1.13 1.43 0.296 2.10 6.0
585 4.407 18.912 1.09 1.43 0.291 2.30 5.8
588 8.159 20.151 tOS 1.43 0.288 2.80 5.7
567 5fl1 21.201 0.94 1.39 0.257 2.90 3.0
588 5.491 22.100 0.86 1.39 0.255 3.00 10.0
589 5.901 24.641 0.83 1.29 0.251 3.00 12.0

7 165.200 -8.000 4.00

run Vm
(m/eJ

Atm

(NI
Lii

tm!
Lo
1ml

s
(mOI

Thm
(dogI

RC

Imiol

584 1.158 3.679 1.50 1.50 0.323 0.20 -4.0
585 1.588 8.611 1.50 1.50 0.323 0.70 -6.0
686 1.982 15.021 1.35 1.46 0.318 2.15 -10.0
587 2.353 19.299 1.28 1.43 0.310 3.05 -6.0
688 2.759 20.483 1.24 1.43 0.300 3.05 -4.0
589 3.158 22526 1.18 1.43 0.299 3.30 0.0
590 3.568 24.929 1.13 1.43 0.296 3.60 4.0
591 3.964 27.383 1.01 1.43 0.281 420 9.0
592 4.377 29.278 0.94 1.35 0.261 4.85 130
593 4.741 31.001 0.90 1.28 0.247 5.50 17.0
594 5.154 30.945 0.64 1.24 0.233 5.4S 21.5

1/B

(-i
DopI
(NI

LCD
(%Lpl

ApN
(-i

7 102.400 0.000 5.50

run Vm Rim 1k 1k. S Trim ACO
Im/el (NI (ml uni 1m21 idog: Jmml:

530 1.084 2.005 1.50 1.50 0.323 0.00 0.0
531 1484 4.348 1.50 .1.50 0.323 -0.10 -4.0
532 1.816 6.892 1.50 !.50 0.323 0.70 -8.0
533 2.182 9.088 .1.50 1.50 0.323 1.40: -8.0
534 2.548 10.798 1.50 1.50 0.323 1.55 -40
535 2.958 12.844 .1.50 1.50 0.323 1.66 -3.5
536 3.280 14.848 1.50 1.50 0.323 1° -liS
531 3.661 18.239 1.50 1.50 0.323 1.50 0.3
538 4.041 21.887 1.50 1.50 0.323 1.30 1.0

596 1.173 3.464 1.50 1.50 0.324 -0.05 -4.0
597 1.570 7.558 1.50 1.50 0.324 0.00 -7.0
695 1.966 13.169 1.60 1.50 0.324 1.40 -10.0
599 2.363 15.603 1.50 1.50 0.324 2.30 -8.0
600 2.759 18.984 1.50 1.50 0.324 2.40 -6.0
601 3.045 20.753 1.50 1.60 0.324 2.35 -4.0
602 3.568 25.110 1.50 1.50 0.324 2.15 0.0
503 3.980 29.310 1.50 1.50 .0.324 liSO 0.0



model 521 model 511

model 510

model 522 model 512

LIB Dopi LCD Ap/y
L-1 (Nj I%LPI t-1

modelS23 modelGI3

L/B DepI LCD ApN
I-j (NJ (%Lpl t-1

I-8

LIB Dapi LCG ApIY
-I-I (NJ I%Lpi I-1

L/B Oepl LCD Ap/y
I-1 INI f%LpI f-1

LiB'
f-1

1

Depi
INI

11.300

LCQ
I%LpI

0.000

ApN
i-1
7.00

run Vm
fm/el

Acm
INI

11c

fmi
Lo

fmi
S

Im21
Turn
Ideal

RCG
immI

488 1.034 1.351 1.28 1.48 0.306' -0.05 -1.5
489 1.378 2.757 1.28 1.48 0.306 -0.02 -3.0
470 1.723 4.320 1.28 1.48 0.308 0.30 -4.2
471 2.068 5.745 3.28 1.48 0.311 OJO -5.0
472 2.399 8.711 1.20 1.43 0.310 1.10 -3.8
473 2.757 8.133 1.28 1.43 0.310 3.20 -2.0
474 3.102 9.800 1.24 1.43 0.306 1.20 -15
475 3.4.48 11.625 1.24 1.43 0.306 1.20 0.5
476 3.816 13.649 1.24 1.43 0.306 3.15 2.0
477 4.135 15.537 1.24 1.43 0.806 1.20 2.0
478 4.494 17.614 1.24 1.43 0.306 1.30 0.0
479 4.852 19.615 3.20 1.43 0.303 3.40 0.0
480 5.169 21.600 1.20 1.43 0.303 1.50 0.0
482 5.514 23.800 1.13 3.40 0.292 1.70 2.5
484 5.859 25.600 1.05 1.40 0.282 1.85 5.0

model 520

LIB Depi L.CG Apf
t-1 (N t%I.pI (-1

7 73.300 -2.000 7.00

run Vm AIm Lic Lo S Trim RCG
fm/el INI 1ml fmi 1m21 Ideal ImmI

485 1.034 1.448 3.38 148 0.308 -0.03 -2.0
486 1.378 2.800 1.38 1.48 0.308 0.03 -2.5
487 1.723 4.300 3.38 1.48 0.308 0.40 -4.0
488 2.088 8.681 1.31 1.44 0.305 0.92 -5.0
489 2.412 6.714 1.28 144 0.308 1.15 -2.2
490 2.771 8.070 1.26 1.43 0.308 i.20 -2.0
491 3.102 9.400 1.23 1.43 0.306 1.22 -1.2
492 -3.460 11.053 3.20 1.43 0.303 1.30 1.8
493 3.791 12.482 1.18 1.43 0.299 1.30 4.0
494 4.204 14.507 1.13 1.43 0.296 1.30 4.0
405 4.508 16.331 1.09 1.43 0.291 1.35 1.0
496 4.825 18.437 1.05 1.41 0.284 2.0
491 5.169 19.300 1.05 1.39 0.281 1.50 2.0
499 5.542 21.890 0.98 1.39 -0.212 1.70 4.0
498 5859 23.200 0.90 1.39 0.261 1.80 -5.5

LIB

(-i
DopI
(Nj

LCD
I%L.pI

ApdV

f-i
7 53.400 -2.000 8.50

run Vm Rim Lic Lo S Trim RCG
tm/el fNj fmi fmi 1m21 Ideal fmml

423 0,985 1.120 1.38 1.46 0.291 0.00 -1.8
425 1.327 2.195 1.38 1.48 0.291 0.00 -2.0
426 1.842 3.085 1.38 1.46 0.299 0.20 -2.0
427 1.970 4.105 1.31 1.43 0.298 0.58 -4.0
430 2.378 5.111 1.28 1.43 0.310 0.80 -3.0
431 2.827 5.825 1.20 1.43 0.303 0.80 -3.0
429 2.982 7.405 1.13 1.43 0.296 0.90 -1.5
432 3.257 8.556 1.05 1.43 0.286 0.95 0.0
433 3.826 9.727 1.01 1.43 0.281 0.95 2.0
434 3.387 11.522 0.98 1.43 0.278 0.90 2.5
435 4.283 13.330 0.90 1.43 0.268 0.90 1.0
436 4.611 15.242 0.86 1.43 0.260 0.90 -0.5
437 4.926 16.860 0.84 1.42 0.256 1.00 0.0
439- 5.255 19.000 0.84 1.41 0256 1.00 0.0
438 5.583 21.000 0.84 1.41 0.256 1.08 1.0

7 73.300 -8.000 7.00

run Vm
fm/ej

Rim
(NJ

lic
(ml

Lo
(ml

S

fm2l
Trim
Ideal

RCG

(mmi

SIS' 1.034 1.612 1.28 1.43 0.299 0.08 -1.0
516 1.378 3.056 1.28 1.43 0.255 0.20 -2.0
517 1.709 4.717 1.24 1.43 0.296 0.80 -5.0
518 2.068 5.751 1.16 1.41 0.286 1.20 -5.0
519 2.412 6.568 1.06 1.41 0281 1.30 -2.2
520 2.743 7.523 1.05 1.39 0.284 1.30 -2.0
522 3.102 9.000 0.98 1.39 0.212- 1.45 0.5
623 3.432 10.368 0.90 1.35 0.281 1.50 2.0
821 3.763 11.366 0.90 1.3? 0.258 1.50 5.7
524 -4.122- 12.680- 0.83 1:39 0251 -1.50 6.0

525 4.404 14.186 0.83 1.37 0.249 1.60 4.0
528 4.839 15.634 0.19 1.35 0240 1.80 6.0
527 6.169 17.000 0.75 1.35 0.234 1.90 6.5
529 5.528 18.843 0:79 1.35 0.240 1.95 8.0
528 5.659 20.800 0.75 1.33 0.232 2.00 10.5

7 53.400 -8.000 0.50

run Vm
'Im/el

RIm
INI

Lic

fmi
Lo
fmi

S

(mal
Trim
(deal

ACO
ImmI

454 0.985 1.191 1.15 1:43 0.211 0.05- 1:0
455 3.314 2.290 1.16 1.43 0.279 0.20 -2.0
456 3.642 3.231 1.13 1.31 0.277 0.45 -3,0
457 1.970 4.052 0.98 1.37 0.262 0.72 -4.0
455 2.286 4:052 0.98 1.37 0.270 0.95 -2.0
459 2.621 5.826 0.94 1.37 0.264 0.95 -2.0
460 2.958 6.820 0.81 1.37 0.254 1.00 -1.0
461 3.284 7.748 0.83 1.37 0.245 1:05 2.0
482 3.826 8.921 0.83 1.37 0.249 1:02 4.0
469 3.954 10.121 0.83- 1.37 0.249 1.00 5.0
464 4:269 13.477 0.83 1.37 0.249 1.00 -5.0
465 4.624 13.271 0.79 1.37 0.243 1:00 3.0
468 4.926' 14.986 0.7S 1.37 0.237 1.10 3.0
467 5.294 16.509 0.71 1.37 0.230 1.20 4.0

7 53.400 -4.000 8.50

run Vm
fmlel

Aim
(NJ

Lic

fmI
Lo

1ml

S

(m2i
Trim
(deq(

RCG
fmmj

441 0985 1.131 3.28 1.43 0.282 0.00 -1.0
440 1.314 2.169 3.28 1.43 0.282 0.10 -2.0
442 1.642 3.087 1.20 1.43 0.280 0.32 -3.5
443 1.910 -3.901 1.20 1.43 0.283 0.60 -.0
444 2.299 4.829 3.13 3.43 0.282 0.85 -2.5
445 2.640 '5:892- 1:13 1.43 0.262 0.85 -2.5
446 2.959 6.811 3.01 1.43 0.281 1.00 -1:0
447 3.284 7.791 1.01 1.43 0.281 1.00 0.0
448 3.613 9.353 088 1.43 0.218 1.00 1.8
449 3.941- 11.023 0.94 1.43 0.272 0.98 3.0
450 4.396 12.842 0.90 1.43 0.266 0.95 2.0
451 4.624 14.584 0.90 1.41 0.263 -0.95 3.0
452 4.926 16.000 0.83 1.41 0.254 1.00 1.0
453 5.255 17.850 '0.83 3.39 0.251 1.05 2.0

LIB

(-j
7

Depi
fN

53.400

LCD
I%-pI
0.000

ApN
(-I
8.50

run Vm
Im/ei

Rim
INI

Lic

fmi
Lo

(ml
S

Im21
Trim
Idegi

RCG

Immi

407 0.985 1.117 1.88 1.50 025g -0.05 -1.0
409 1.340 2.108 1.31 1.50 0.303 0.00 -2.0
410 1.642 3.101 1.31 1.50 0.257 0.14 -3.0
411 1.910 4.026 129 1.50 0.304 0.50 -4.0
413 2.312 4.928 1.20 1.43 0.295 0.83 -2.2
414 2.627 5.924 3.13 3.43 0.288 3.85 -3.0
412 2.958 1100 1.20 1.50 0.301 0.90 -2.0
415 3.284 8.389 3.13 1.43 0.290 0.95 0.0
416 3.826 10.038 1.05 1.43 0251 0.93 2.0
417 3.954 11.804 1.05 1.43 0.286 0.90 2.2
418 4.283 13.725 1.01 143 0.281 3.85 0.0
419 4.611 15.332 1.01 1.43 0.281 0.90 -2.0
420 4.928 18.000 3.01 1.43 0.281 0.90 -2.0
422 5.294 20.523 1.01 1.43 0.281 0.90 -1.0

7 71 .300 -4.000 7.00

run Vm
fm/el

RIm
INI

Lic

1ml

Lo

(ml
S

fm2I
Trim
fdegj

ACO
tmml

500 1.034 1.517 1.28 1.46 0.303 0.00 -2.5
501 1.375 2.600 1.26 1.48 0.303 0.10 -4.0
502 1.109 4.394 1.28 3.48 0.303 0.60 -5.0
503 2.084 5.549 1.28- 1.43 0.306 1.00 -6.0
504 2.412 6.519 1.20 1.43 0.300 - 1.20 -3.0
505 2.757 7.853 1.18 1.43 0.301 1.25 -2.0
508 3.102 9.000 1.16 0.299 1.30 0.0
507 3.448 10.328 1.09 1.41 0.268 1.35 2.0

-508 3.791 11.866 1.09 1.41 0.288 1.35 4.0
509 4.149 13.507 1.05 1.41 '0.284 1.35 4.0
510 4.608 15.401 1.04 1.32 0.260 3.35 2.0
511 4.825 18.991 1.04 1.39 0.280 1.55 3.0-
514 5.183 15.806 1.04 1.39 0.280 1.65 4.0
513 6.610 20.112 3.80 1.30 0.280' 3.80 6.0



Appendix 2 :Coefficients of polynomial model



2-i

ß Pnv a0 a1 a2 a3 a4 a5 a6
£27 a8 a10 a11 a12

12.5

I

:

.75 V=5 .1120E+OO -.1289EO1 .1197E-02 -.3479E..04 -.2297E..O1 .2924E-02 -.1347E-03
-.7272E-03 .9765E-04 .4226E-05 .1256E-04 .2713E-03 .1774E-03

V=50 . .1115E+O0 -.1290E-01 .1199E-02 -.3510E-04 -2300E-01 .2917E-02 -.1344E-03
-.7217E-03 .9901E.04 .4318E-05 1130E-04 .2728E_03 .1786E-03

o .1129E-I-01 .1696E+01 -.3130E±00 .2169E-01 -.2760E+O1 4720E+00 -.2433E-01
-3112E+00 .1163E-01 .5206E03 .2458E-01 -3180E-02 . .3304E-01 I

RCG/V'13 -:4074E+00 .9876E-01 -.2147E-01 ' .1515E-02 .9922E-01 -.1388E-01 I .7181E.03,
-.6410E-02 .2775E-03 .1 503E-O4 .1030E-02 -.4586E-03 .1524E-04

1.90 R,/., V=5 .3996E+00 -9231E-01 ' .1192E-01 -.6086E-03 -.4127E-01 .2720E-02 -5832E-04
.1094E-02 .3815E-03 .9987E-05 .2345E-03 .1766E-02 .5378E-04

R1/, V=50 .4002E+00 -.9267E-01 1201E-01 -.6158E-03 -4170E-01 .2753E-02 -.5955E-04
.1136E-02 I .3879E-03 .1025E-04 .2308E-03 .1773E-02 .5885E-04

e .1515E-I-02 -.9005E+oo .1166E4-00 -.4535E-02 -6366E+01 .8357E±00 -:3731E-01
-.7934E4-00 .1718E-01 .4324E-03 .5055E-al .9474E-01 .9864E-01

RCG/V'/3 -3261E-I-00 .9289E-01 -.2020E-Oi .1426E-02 .2227E-01 .1884E-03 -.3914E-04
-.1948E-01 .2537E-03 .1417E-04 .2314E-02 .3813E-03 7281E-03

1.26 V=5 .8393E-I-00 -.1246E+00 1461E-01 -.6615E-03 -.1753E+00 .2255E-01 -.1016E-02
.4165E-02 6591E-03 .1478E-04 8072E-03 .1433E-02 -.7895E-03

V50 .8375E+00 .1248E+00 .1466E-01 -.6656E-03 .1748E+00 .2243E-01 -.1009E-02
4036E-02 .6488E-03 .1417E-04 .8146E-03 .1445E-02 -7806E-03

9 .9889E+01 -.7061E+01 .9620E+00 -.5360E-01 .5572E+01 -.1291E+01 .7367E-01
-.3946E+00 .3410E-01 .1764E-02 .1420E-01 .2198E+00 .7282E-01

RCG/V'/3 -.1057E+0i .6355E-01 -.2372E-01 .1890E-02 .4602E+00 -.7229E-01 .3700E-02
-.1873E-01 .4248E-03 .2053E-04 .2296E-02 .3490E-02 .1174E-02

1.50 R,/, V5 .7786E4-0O -.1016E-I-00 9O22E-02 -.2943E-03 -.1539E-I-00 .1795E-01 -.7779E-03
.3499E-02 .1219E-02 .3137E-04 .1069E-02 .3079E-02 .1622E-04

R/i, V=50 .7830E+00 -.1028E+00 9261E-02 -.3111E-03 -.1560E+00 .1823E-Ol -.7923E-03
.3454E-02 .1226E-02 .3162E-04 1069E-02 .3087E-02 .3045E-04

O .4786E+02 -.9164E+01 .1350E+01 -.7826E-01 -.9693E+0l .1005E-I-01 -.3806E-01
-.3616E+00 .1714E-01 .6256E-03 .3080E-01 .2011E±O0 .3556E-01

RCG/V'/3 -.5638E-I-00 -.2403E-01 -.1195E-01 .1194E-02 .3355EI-00 -.5715E-01 .3043E-02
-.2849E-01 -.8738E-03 -4271E-04 .2585E-02 .5695E-02 .8498E-03

1.75 V=5 .5817E-I-00 .2683E-01 -.1742E-01 .1476E-02 -.1538E-I-00 .1827E-01 -.7977E-03
.9107E-03 I .1048E-02 2881E-04 .1050E-02 .2770E-02 .1664E-03

R1/, V=50 5824E-I-00 .2586E-01 -.1725E-01 .1465E-02 -.1542E+00 .1826E-01 -.7975E-03
.8446E-03 .1059E-02 .2918E-04 .1052E-02 2781E-02 .1844E-03

e 3161E-I-02 -6006E+01 .6319E+00 -.2905E-01 -.2892E-I-01 -.7939E-01 .1623E-01
-.4067E-01 .1568E-01 .6076E-03 - .1308E-02 .1856E-I-00 1581E-01

RCG/V'/ .7918E-01 .3672E-01 -2361E-01 .2115E-02 .5393E-01 -.1695E-01 .1139E-02

-.1168E-01 -.1828E-03 -.2390E-04 5145E-03 3081E-02 .1509E-02



2-2

ß Fnv o al a2 a3 a4 a5 a6
a7 a8 a9 a10 a11 a2

125

¡

2OO R,/, V=5
:

.4372E+OO ' .63O3EO1 -.2146E-01 .1633E-02 -.1229E+OO .1416E-01 -6035E-03
.1789E-02 9401E-03 .2507E-04 .7046E-03 .2017E-02 3221E-03

Re/A V50
I

4373E-f-00 6227E-01 2136E-01 1627E 02 1232E+00 1413E-01 6023E-03
.1758E-02 .9548E-03 2561E-04

i .6993E-03 .2028E-02 .3424E-03

i

o .1322E+02 .2002E+01 -.1887E+00 .2538E-01 .3508E+01 -. 1046E+01 .6417E-01
.1978E+0O 3248E-02 -2820E-03 -.2124E-01 .1421E+00 ' -.5899E-02

RCG/V'/3

.

3061E+00 .5434E-01 -.2893E-01 2561E-02 -3087E-01 i -5601E-02 .6545E-03
-.1355E-01 -.8926E-03 -.6666E-04 .5779E-03 .2339E-02 .1237E-02

2.25 V=5 .4683E+00 .4320E-01 -1361E-01 .1000E-02 -.1418E+00 .1779E-01 -.7790E-03
9081E-03 .9836E-03 .3078E-04 .8248E-03 .1317E-02 .3086E-03

V=50 .4695E+00 .4205E-01 -.1342E-01 .9850E-03 -.1423E+00 .1773E-01 -.7758E-03
.9280E-03 .1002E-02 .3148E-04 .8095E-03 .1326E-02 .3277E-03

8 .2005E+02 -.8878E+00 .'.2429E'f00 2151E-01 -.1223E+01 -.2412E4-00 .2287E-01
.4608E+00 .3414E-01 .1530E-02 -.1894E-01 .8043E-01 -.3643E-01

RCG/V'/3 .9376E-01 -.7964E_02 -.1772E-01 .1632E-02 .1013E+00 -.2329E-01 .1340E-02
-.1703E-01 -.1087E-02 -.5905E-04 .1185E-02 .4634E-02 :2907E-03

2.50 V=5 .3276E+00 .2996E-01 -.7670E-02 .5118E-03 -.7863E-01 .8623E-02 -.3192E-03
.1414E-02 7821E-03 .2343E-04 .6311E-03 .5793E-03 .1716E-03

V=50 .3278E+0O 2871E-01 -.7447E-02 .4925E-03 .7886E-01 8539E-02 -3161E-03
1371E-02 .7906E-03 .2369E-04 .6169E-03 .5856E-03 .1842E-03

8 .5497E-fOl -.1505E+00 -.2074E-fOO .1448E-01 .4538E+01 -.1070E+01 6381E-01
.5650E+00 .1284E_01 .2049E-03 -.2930E-01 .1067E-01 -5021E-01

RC/ V1'3 .5347E-fOO .2676E-01 -.2602E-01 .2249E-02 -.1207E4-00 .1309E-01 -.5889E-03
.2506E-02 .1169E-02 5121E-04 .4842E-03 .4146E-02 .1570E-04

2.75 Re/A, V=5 ,2864E+00 .2157E-01 -.4537E-02 .2855E-03 -.6463E-01 .7329E-02 -.2793E-03
.2635E-02 8383E-03 .2825E-04 .5046E-03 .3729E-03 .1657E-03

V=50 .2891E+0O .1934E_01 -.4014E-02 .2408E-03 -.6574E-01 .7390E-02 -2841E-03
.2672E-02 .8536E_03 .2874E-04 .4875E-03 .3528E-03 1661E-03

o .5251E+01 -.2136E+00 -4981E-01 -.2390E-03 .3763E_4-01 -.8703E+00 5193E-01
.7439E+00 .3604E-01 .1549E-02 -.2963E-01 -.3124E-01 -.6563E-01

RcG/v',/3 .4987EH'00 -.2149E-01 -.8807E-02 8621E-03 -.6185E-01 .3117E-02 -3261E-04
.7517E-02 .8079E-03 .3312E-04 -3072E-03 .2070E-02 -.2094E-03

3.00 V=5 .2041E±00 .2262E-01 -;4611E-02 .3277E-03 -.3360E-01 .3327E-02 -.9487E-04
.2499E-02 .6954E-03 .2360E-04 .4707E-03 .1737E-03 8781E-04

V=50 2085E4-00 .1942E-01 ' -3751E-02 .2557E-03 -.3523E-01 .3475E-02 -.1039E-03
.2569E-02 .7122E-03 .2412E-04 .4573E-03 .9270E-04 .6799E-04
.2750E+01 6138E+00 .1493E+00 -. 1441E-01 .4592E-4-01 -.9479E.4-00 .5502E-01
8403E4-0O .3900E-01 .1814E-02 -.3527E-01 -.7550E-01 -.7209E-01

i RCG/V'/3 .5527E-4-00 -.8569E_01 .6848E-02 -.2166E-03 -4469E-01 .5517E-03 .9890E-04
7751E-02 3866E-03 .2107E-04 -.65ÓE-03 .1068E-02 -.7190E-03



2-3

ß Fn a0 a1 a2 a3 a4 a5 a6
a7 a8 a9 a10 a11 a2

25 .75 R1/, V=5 .1268E+OO -.2424E-01 3491E-02 ' -.1893E-03 -.2136E-01 2706E-02 -.1283EO3
-. 1462EO2 -.4897E-05 -.4912E-06 .3145E-05 . 2632E-03 .2009E-03

V=50 .1260E+00 -.2365E-01 .3359E-02 -.1802E-03 -.2152E-01 .2711E-02 -.1285E-03
-. 1457E-02 -5161E-05 -.5195E-06 .2379E-05 .2653E-03 .2007E-03

8 - .2791E+o1 .6060E+00 -.1479E-01 -.8580E-03 .4449E-01 .1737E-01 - .3669E-03
-.3048E+00 -.2215E-02 -.6126E-04 .1374E-01 -.2986E-01 .2900E-01

RCG/V" -5631E-01 .1358E-01 1978E-03 -.9157E-04 -.1305E-01 3252E-02 -.1867E-03
-.2090E-02 6262E-04 .5807E-05 3741E-04 -.5312E-03 .3005E-03

1.00 V=5 .3655E+00 -.1043E+0O .1400E-01 -.7408E-03 -.1955E-01 -.6496E-03 1031E-03
-.1763E-02 .3776E-04 .5533E-05 .2222E-03 .2048E-02 .2132E-03

Rg/a, V=50 H .3659E+0O -.1036E+oo .1386E-Oi -.7299E-03 -.2000E-01 -.6113E..03 .1012E-03
-.1767E-02 .3688E-04 -.5624E-05 .2198E-03 .2048E-02 .2160E-03

o .1064E+02 -.2476E+01 .2907E+00 -.1443E-01 -.1992E+01 .9811E-01 -.2754E-03
-.6578E-fOO .2138E-03 .3172E-05 .2929E-01 .1417E+00 .7013E-01

RCG/VLI3 -.2468E+oo .5017E-01 -.5742E-02 .2944E-03 .2368E-01 -. 1508E-02 .4642E-04
-.7365E-02 -8799E-04 .3699E-06 .2715E-03 -.8045E-03 .7947E-03

1.25 V=5 .7346E+00 -.1753E+O0 .2059E-01 -.1003E-02 -.6923E-01 .3296E-02 -.3195E-04
-.2975E-02 .1928E-03 -.4883E-05 .7575E-03 .4465E-02 .1095E-04

R,/, V=50 .7331E+00 -.1744E+00 .2037E-01 -.9872E-03 -6949E-01 .3290E-02 -.3134E-04
-.2984E-02 .1955E-03 -.4780E-05 .7530E-03 .4459E-02 .1806E-04

O 2407E+02 -.6571E+01 .7093E.4-00 -.3195E-01 -.1193E+01 -.1873E4-00 .1544E-01
-3438E+00 .7800E-02 .4234E-03 .1579E-01 .2244E4-00 .3405E-01

RCG/Vt/3 -.2845E-01 -.4699E-01 .7296E-02 -.3960E-03 .2604E-01 -.5517E-02 .3090E-03
-.8058E-02 -.1553E-03 -.4078E-05 .2832E-03 .2089E-02 .8162E-03

1.50 R/A V=5 .8278E+00 -.1938E+00 .2319E-01 -.1139E-02 -.8753E-01 .4455E-02 -.1599E-05
-6563E-02 .2575E-03 -.1677E-04 .1527E-02 .5371E-02 .2796E-03

V=50 .8263E+00 -.1927E+00 .2293E-01 -.1119E-02 -.8797E-01 .4460E-02 -.1314E-05
-6591E-02 .2606E-03 -.1666E-04 .1521E-02 .5364E-02 .2897E-03

O .2532E.4-02 -.8269E-fol .1002E+Oi -.4986E-01 -.3671'E-fOO -.3866E+00 .2851E-01

-.7646E-4-00 -.2883E-02 ..2796E-03 .5567E-01 2880E+00 .6108E-Ol
RCG/V'/ .5694E-01 -.1061E+00 .1742E-01 -9896E-03 .4806E-01 -.8546E-02 .4183E-03

-.1034E-01 -.1755E-03 -.7328E-05 .3267E-03 .2052E-02 .1164E-02
175 V=5 .9566E-4-00 -.1196E+o0 7891E-02 -.1443E-03 -.1932E-4-00 .2134E-Ol -8377E-03

-.3208E-02 .7299E-03 -3397E-06 .1896E-02 .4743E-02 -.6219E-04
R1/, V=50 .9550E+00 -.1183E-4-00 .7563E-02 -.1185E-03 -.1938E+00 .2133E-01 -8361E-03

-.3264E-02 .7311E-03 -.3583E-06 .1890E-02 .4738E-02 -.4953E-04
O 3901E-4-02 -.6757E-4-01 .5287E-4-00 -.1651E-01 -.6611E+01 .4903E-4-00 -.1453E-01

-.6147E-4-00 -.5014E-02 -.4529E-03 4609E-01 .3434E-4-00 .4319E-01
RCG/V'/ .3378E-4-00 -1661E-4-00 .2435E-01 -.1350E-02 .8538E-04 -.4868E-02 .3050E-03

-.1249E-01 -.1158E-03 -.5414E-05 .3944E-03 .4640E-02 .1473E-02



2-4

ß Pnv ao a1 a2 a3 a4 a5 a6
a7 a8 a9 a10 a11 a12

25 2.00

.

Rg/& V=5 .9093E+OO -;6004E-Ol -.2084E-03 .2698E-03 -.2244E+OO .2790E-01 -.1173E-02
.1494E-02 .1223E-02 .2299E-04 .i875E-02 2861E-02 -.3119E-03

R1/ V=50 9074E+00 5865E 01 5893E 03 3005E-03 2249E4-00 2787E-01 1171E-02

.1423E-02 .1228E-02 .2317E-04 .1868E-02 .2848E-02 -.2987E-03
8

:

.4651E+02 -.5594E+01 .4061E+00 .1428E-01 -.1074E±02 .1163E+01 ..494iE-01
-.3024E+00 -.1047E-01 .6648E-03 2291E-01 .2767E+00 .4257E-02

RCG/VL13 .6440E+O0 -.2007E+0O .2825E-01 -.1576E-02 -8261E-01 .6147E-02 -.2399E-03

-.1344E-01 -.3522E-03 -.1875E-04 .3414E-03 5541E-02 .1394E-02
2.25 R1/A, V5 .7267E+00 -.3065E-01 -.4856E-03 .1254E-03 -.1832E+00 .2340E-01 -9550E-03

1759E 02 1136E-02 1964E 04 1832E-02 1057E 02 3018E 03

R,/, V50 .7238E+00 -.2946E-01 -.8423E-03 .1554E-03 -.1830E+00 .2322E-01 -.9432E-03

.1652E-02 .1129E-02 .1914E-04 .1825E-02 .1035E-02 -.2923E-03

O .3930E+02 -.3838E+01 .1671E+0O -.1504E-02 -.9002E4-01 .9844E+0O -.4198E-01
-.5436E-01 -5073E-02 -2881E-03 .1382E-01 .1938E+00 -.3012E-01

RCG/V'13 .7810E+00 -.2062E4-00 2691E-01 -.1457E-02 -.1138E+00 9881E-02 -.4012E-03

-.1288E-01 -.2335E-03 -.1484E-04 .4903E-03 .5972E-02 .1138E-02

250 Rg/a, V=5 .5911E+00 -.1332E-02 -.2723E-02 J880E-03 -.1582E+0O .2103E-01 . -.8556E-03

.2990E-02 .1367E-02 .3447E-04 .1735E-02 -.2485E-04 -.8911E-04

V=50 .5896E+00 .5678E-03 -.3241E-02 .2295E-03 -.1594E+00 .2106E-01 -8555E-03

.2934E-02 .1372E-02 3467E-04 .1722E-02 -6421E-04-8239E-04
O .3457E4-02 - .2448E4-01 .3596E-01 .3139E-02 -.8405E+O1 .9749E+00 - .4280E-01

.4796E-01 -.1524E-01 -.5625E-03 .6950E-02 .1132E+00 -.5600E-01

RCG/V" .9096E+00 -.1932E4-00 .2314E-01 -.1211E-02 -.1710E+00 .1877E-01 -8557E-03

-.1322E-01 -.1999E-03 -.1303E-04 .6159E-03 .6142E-02 .9184E-03
2.75 V=5 .5063E+00 .3047E-01 -.7043E-02 .4750E-03 -.1525E+00 .2178E-01 -.9195E-03

.5580E-02 .1404E-02 .4042E-04 .1406E-02 -.1424E-02 -.1939E-03

R,/A, V50 .5042E+00 .3293E-01 -.7703E-02 .5276E-03 -.1538E+00 .2182E-01 -.9199E-03

.5526E-02 .1411E-02 .4076E-04 1391E-02 -.1479E-02 -.1887E-03

O .2718EI-02 -.1949E-I-01 .7036E-01 -.2685E-02 -.5753E-I-01 .6084E±00 -.2452E-01

.1545E+00 -.1495E-01 -.5452E-03 .5244E-02 .6356E-01 -.6772E-01

RCG/V" .1010E'4-01 -.1952E-I-00 2321E-01 -.1272E-02 -2037E-4-00 :2262E-01 -.1013E-02

-.1367E-01 -.3822E-03 -.2246E-04 .6646E-03 .6673E-02 .6786E-03
3.00 V5 4725Ef00 .2993E-01 -7451E-02 .5195E-03 -.1502E-I-00 .2257E-01 -.9848E-03

.4185E-02 .1587E-02 .5345E-04 .1713E-02 -7806E-03 -.1318E-03

V=50 .4693E-4-00 .3357E-01 -.8372E-02 .5913E-03 -.1520E+00 .2269E-01 -.9906E-03

.4146E-02 .1587E-02 .5357E-04 .1687E-02 -.8693E-03 -.1363E-03

O .2337E-4-02 .1400E±00 -.1892E-4-00 .1559E-01 -.5536E-4-01 .6424E-4-00 -2701E-01

6203E.4-00 .8787E-02 .4819E-03 -3054E-01 -6558E-01 -.7799E-01

RCG/Vt13 .1152E+01 -.1663E+00 .1819E-01 -.9180E-03 -2701E-4-00 .3175E-01 -.1428E-02

-.7406E-02 .1002E-03 .2626E-05 .2663E-03 .5604E-02 .6099E-03



-r Fn. a0 al a2 a3 a4 a5 a6
a7 a8 a9 a a11 a12

30 .75 R,/, V=5 2375E+oo -.1031E+OO .1772E$1 -.1041E-02 -.5205E-02 -.2773E-04 1531E-04
-. 1068E-02 -.6608E-04 -.4816E-05 -.7651E-Ô5 .4227E-03 .9094E-04

R/A, V=50 .2441E+00 -.1069EfOO .1843E-01 -1084E-02 -.5458E-02 -.9167E-05 1467E-04
-1061E-02 -.6654E-04 -4901E-05 .9439E05 .4219E-03 9157E-04

o -.3308E-fOl .2550E+01 .4395E±00 .2636E-01 .1037E+01 .1771E+00 -.895SE-02
-.2613E+00 -3974E-02 -4585E-03 . 1186E-01 -.7422E-02 .2557E-01

RCG/VLI3 -.3177E+00 .1208E-I-00 -.2063E.01 .1227E-02 .2717E-01 -.3003E-02 .1355E-03
-.6540E-03 .3208E-03 2741E-04 .5674E-05 -.7108E-03 .2287E-03

1.00 R,/, V=5 .9682E+00 -.4393E-fOO 7588E-01 -.4470E-02 -2704E-01 .1049E-02 -5175E-05
-.9952E-03 .1588E-03 .2220E-05 2921E-03 .1925E-02 -.4311E-04

Re/A, V50 .9787E+O0 -.4453E+00 .7700E-01 -.4538E-02 -.2747E-01. .1085E-02 -.6608E-05
-.9873E-03 .1573E-03 .1994E-05 .2893E-03 1921E-02 -.4144E-04

9 .5441E+02 -.2288E+02 .3988E+01 -.2386E+00 -.5056E+01 .5340E+00 -.2318E-01
-.4847E+00 .9449E-02 .5464E-03 .2527E-01 .1910E+00 .4970E-01

RaG/V'13 . -.4817E-J-00 .1940E+00 -.3240E-01 1881E-02 .1884E-01 -9944E-03 .2894E-04
-.5076E-02 -.1482E-03 I -1146E-04 .2403E-03 -.8347E-03 .4546E-03

1.25 V=5 .1893E+01 -8457E+00 .1457E+00 -.8577E-02 -.6406E-01 .3342E-02 -.7825E-04
-.5532E-02 -.2505E-03 -.3509E-04 5791E-03 .3928E-02 .1844E-03

V=50 .1908E+01 -.8539E+00 .1472E+00 -.8672E-02 -.6465E-01 .3390E-02 -8027E-04
-5525E-02 -2523E-03 -3551E-04 .5756E-03 .3924E-02 .1879E-03

9 8265E+Ó2 -.3612E-J-02 .6187E+01 -.3627E+00 -.4466E+01 .3828E+0O -1584E-01
-.3732E+00 .8297E-02 .4187E-03 .2140E-01 .1987E+00 .3160E-01

RCG/V.7'/3 .1322E+00 -9430E-01 .1822E-01 -.1159E-02 -.2056E-01 .2794E-02 -.1375E-03
-7445E-02 -.3535E-03 -.2478E-04 .3577E-03 .1312E-02 .6003E-03

1.50 V=5 .1858E+01 -.8280E+00 .1431E+00 -.8422E-02 -.5704E-01 .2596E-02 -.2847E-04
-.5175E-02 -.4050E-03 -.4045E-04 7328E-03 .3278E-02 -.1106E-03

Re/A, V50 .1879E+01 -8404E-J-00 .1464E+00 -.8563E-02 -.5732E-01 2571E-02 -.2619E-04
-5174E-02 -.4052E-03 -.4082E-04 .7281E-03 3271E-02 -.1054E-03 -

9 .6978E+02 - .3135E.f02 .5460E+01 - .3225E.4-00 -.2889E.4-01 .1742E+00 -4266E-02
-.6324E+00 .1348E-02 .1646E-03 .3824E-01 .1397E+00 .5171E-01

RCG/V1/3 2261E-01 -.1064E-J-00 .2000E-01 -.1204E-02 .6209E-01 -.9628E-02 .5027E-03
-.5670E-02 .4477E-03 .3335E-04 .4417E-03 -.1045E-03 .6196E-03

1.75 Rt/r V=5 .1702E+01 -.7709E-J-00. .1305E+00 -7581E-02 -6966E-02 -.5282E-02 .3696E-03
-.1824E-02 -.1237E-02 -.262E-03 .6829E-03 .3235E-02 -.6792E-03

R1/, V=50 .1733Ep01, -.7893E-J-00 .1339E-4,00 -.7791E-02 -.7524E-02 -.5292E-02 .3716E-03
-.1813E-02 -.1224E-02 -.1256E-03 .6794E-03 3231E-02 -.6722E-03

9 .7224E+02 -.3582E+02 .6161E+01 -.3609E+00 .3320E+00 -.3882E-4,00 .2447E-01

-.9607E+00 -.2280E-01 -.2228E-02 .5705E-01 .2030E-4,00 .7807E-01

RCG/V'/ .4322E4-00 - .2972E+00 .5325E-01 -.3187E-02 .4307E-01 -.8474E-02 .4483E-03
-.1120E-01 .1239E-04 .5205E-05 .4255E-03 .1557E-02 .1150E-02



/3 Fn, a0 a1 a2 a3 a4 a5 a6
t17 a8 a9 a10 a11 a1:2

30 2.00 V=5 .1656E-4-01 -.6805E+OO 1134E+OO -.6550E.02 -.4770E-01 .1274E-02 4691E-04
.6126E-02 -.3168E-03 -.6683E-04 .7238E-03 2907E-02 -.1289E-02

V=50 .169tE+o1 -.7038E+00 .1177E±00 -.6804E-02 -.4649E-01 .9008E-03 .7014E-04
.5933E-02 -.3613E-03 -7191E-04 .7270E-03 .2913E-02 -.1273E-02

e 8804E+02 -3982E+02 .6620E-fOl -.3810E+00 -.2136E+01 -1156E+OO .1139E-01
-.IOQ8E+01 -.3554E-01 -.2607E-02 .5899E-01 .3045E-I-00 .6854E-01

RCG/V" .866+0o -.4740E+00 .8228E-01 -.4842E-02 .1408E-01 -.5696E-02 .3229E-03
-.1656E-01 .1728E-03 .2300E-04 .7306E-03 .2799E-02 .1625E-02

2.25 R,/, V=5 .1453E+01 5376E+00 .9138E-01 -.5364E-02 -.8717E-01 .9157E-02 -.3582E-03
.1024E-01 .2689E-03 -.3268E-04 .7508E-03 .1368E-02 -.1379E-02

V=50 .1506E+01 -.5676E+O0 .9695E-01 -.5702E-02 -.8862E-01 .9234E-02 -.3604E-03
.1017E-01 2831E-03 -.3217E-04 .7504E-03 .1373E-02 -.1365E-02

9 .9557E+02 -.3926E+02 .6365E±01 -.3630E±00 -.4819E+01 .2255E+O0 -.4879E-02
-.5270E+00 .1015E-01 .1224E-02 .3807E-01 .3517E+00 .3215E-01

RCG/V'/3 .1353E+01 -:6515E.4-00 .1099E+00 -.6388E-02 -.2494E-01 . -.2037E-02 .1454E-03
-.1627E-01 .1617E-03 .2885E-04 .5353E-03 4753E-02 .i634E-02

2.50 Rt/A, V5 .9319E+00 -.2954E±00 .5024E-01 -2921E-02 -6361E-01 8261E-02 -.3369E-03
.1184E-01 :8303E-03 .5622E-06 .9069E-03 -.7135E-03 -.1244E-02

V=50 .9948E-f00 -.3296E+00 .5657E-01 -.3304E-02 -.6611E-01 8461E-02 -.3445E-03
1181E-01 8371E-03 .5183E-06 .8959E-03 H -:7075E-03 -.1236E-02

o .9824E-f02 -.3926E+02 .6440E+01 -:3724E+00 -.5970E+01 .3969E+00 -.1310E-01
-.4028E+00 -.5026E-01 -.3700E-02 .2618E-01 .3341E+00 -.4590E-02

RCG/V'/3 .1842E-f-01 -.8079E-4-00 .1355E,f-00 -.7899E-02 -.9085E-01 .5616E-02 -.1970E-03
-.1795E-01 .1024E-02 -7721E-04 .4877E-03 .6345E-02 .14i3E-02

2.75 Re/A, V5 :6313E+00 -.1312E+00 .2362E-01 -.1399E-02 -7721E-01 .1184E-01 -.5199E-03
.1186E-01 :9825E-03 .2873E-05 .8766E-03 -.1911E-02 -.7917E-03

V=50 .7086E-f-00 -.1717E-4-00 .3109E-01 -.1850E-02 -.8123E-01 .1225E-01 -.5382E-03
.1182E-01 .9787E-03 2031E-05 .8611E-03 -.1907E-02 -.7870E-03

8 :9068E-f-02 -.3365E+02 .5499E+0l .3163E±00 .7182E+O1 .6379E+0O -.2509E-01
-:4376E-01 :5334E-02 .1064E-02 .1525E-01 .2526E+00 -:2757E-01

RCG/Vt/ .2129E+01 -.9369E+00 .1570E-f-00 -:9168E-02 -.9685E-01 .4548E-02 -.1089E-03
-.1769E-01 -.9548E-03 -.7379E-04 .6547E-03 .7718E-02 .1153E-02

3.00 V=5 .3244E+0O :3275E-01 -.5660E-02 .2629E-03 -.8965E-01 .1499E-01 -.6978E-03
.3986E-02 .7377E-04 -.6592E-04 .1683E-02 -.1222E-02 -.8664E-03

V50 .4106E+00 -.1235E-01 .2636E-02 -.2355E-03 -.9399E-01 .1542E-01 -.7167E-03
.4036E-02 .5876E-04 -.6810E-04 .1653E-02 -.1243E-02 - .8652E-03

8 .7509E+02 -.2554E-4-02 .4114E-4-01 -.2306E-4-00 -.6603E-f-01 .6169E-4-00 -.2355E-01
.1718E-4-00 -.1843E-01 -.1362E-02 -9041E-02 .1298E-f-00 -3701E-01

RCG/V'I3 .2406E-4-01 -.9778E-f-00 .1612E+00 -.9288E-02 -.1598E-f-00 .1235E-01 -.4494E-03
-.1356E-01 -.3565E-03 -:2769E-04 .4475E-03 .8148E-02 .1005E-02



Appendix 3 :Experimental results of twisted bottom models



model 232-A model 232-A

Olsp l-CG ApN Dlsp l-CG APN
(NI (%Lpi (-i (NI (%l-pi (-I.

model 232-A model 232-A

Dlsp l-CG ApN
[NI ("l-pi (-i

model 232-A model 232-A

Dlsp LCG Ap/y Olsp l-CG Ap/y
(Ni ("l-pi (-] (NI (%LPI: (-1

model 232-A model 232-A

'Dlsp l-CG Ap/y
(NJ (%LpI t-J

164.7,j -12 7.0

3-i

01W l-CG Ap/y
(Ni ("l-pi, (-i

'

Olep l-CG APN
(NJ ("l-pi (-i

23842 -12 5:5

164.71 0 7.0

run
T-i

vm
(rn/si

RIm
(NI

l-k
[ml

Lo

(ml
S Trim

[m'2i1 [deqi
RCG

(mmi

225 0.795 0.990 0.88 1.49 0.446 0.0 -1.0
226 1.199 3.750 1.32 1.51 0.480 0.1 -4.0
227 1.585 8.490 1.20 1.51 0.490 0.8 -8.3
226 1.979 14.240 1.13 1.48 0.487 2.6 -12.4
229 2.378 16.710 0.98 1.45 0.478 3.6 -4.9
230 2.785 19.080 0.98 1.42 0.463 4.0 -1.1
231 3.183 21 .120 0.90 l40 0.444 4.7 4.6
232 3.572 23.580 0.87 1.36 0.421 5.5 11.1
233 3.971 26.480 0.75 1.26 0.389 8.7 20.9
234 4.378 30.270 0.72 1.14 0.349 7.3 29.5
235 4.787 33.820 0.65 1.05 0.320L 7.5 35.2

23642 0 5.5

run
(-F

Vm

(misi
Rim
'(Ni

Lk

(mi
l-c

(ml
S

(m2i
Turn
(dag

RCa
[mml.

236 0.847 1.430 1.05 1.32 0.495 0.0 -2.0
237 1.273 5.600 1.26 1.34 0.528 0.1 -5.6
238 1.888 14.200. 1.56 1.56 0.555 1.1 -11.2
239 2124 25.160 1.32 148 0.529 4.0 -11.2
240 2.531 28.130 1.10' 1.47 0.493 4.7 -4.9
241 2.942 30.990' 1.09 1.43 0.482 5.3 -0.3
242 3.361 33.930 1.00 1.40 0.460 6.3 8.3
243 3.790 37.890 0.91 1.33 0.425 7.8 16.4
244 4233 41.370 0.79 1.22 0.382 8.7 30.4
248 4.688 45.390 0.74 1.12 0.346 9.1 40.1
247 5103 48.470 0.70 1.06' 0.323 9.2 46.1

16471 -4 7.0

run Vm

(rn/si
Rtm
(NJ

um

(ml
Lo
(mi

S Trim
(m 2I. (degJ

ACO
(mmi

213 0798 1.150 0.65 1.48 0.412 0.1 -1.8
214 .1.201 3.830 079 1.49 0.432 0.3 -4.4
215 1.596 8.600 075 1.47 0.447 1.2 -9.0
216 1.993 13.610 0.97 143 0.454 2.9 -10.8
217 2.390 18.I.10 0.91 1.41 0.449 3.7 -4.5
218 2786 18.110 0.89 1.36 0.434 4.2 -0.9
219 3.158 21.100 0.87 1.33 0.414 5.3 4.7
220 3.572 24.560 0.87 1.18 0.386 6.7 14.4
221 3.972 29.080 0.69 1.09 0.355 7.4 25.7
222 4371 31.400 0.64 102 0.320 7.7 32.3
223 4.798 34.330 0.59 0.97 0.280 77 37.8

236.42 . -4 5.5

run
(-1

Vm
fm/sJ

RIm
(ÑJ

l-k
(ml

l-o

(ml
S

(m '2l
Trim

(degi
RCG
(mml

249 0.847 t660. 0.91 1.51' 0.463 0.1 -2.0
250 1.262 5.940 1.58 1.54 0.555 0.3 -6.0
252 1.687 .14.520 1.32 .56 0.542 1.7 -11.4
253 2.123 25.290 1.13 1.44 0.482 4.4 -11.1
254 2.539 27.900 1.02 1.29 0.452 51 -4.5
255 2.958 30.220 0.98 . 1.37 0.434 5.8 1.2
2S6 3.377 35.630 0.87 1.28 0.403 8.9 10.1
257 3.765 42.200 0.79 1.15 0.387 8.4 27.2
258 4.228 46.640 0.75 1.04 0.332 8.8, 36.6
259 4.668 49.060 0.88 0.96 0.307 8.8 44:6.
260 5.059 50.470 0.84 0.93 0.294 8.6 50.1

164:71 -8 7.0

run
(-1

Vm
(m/si

Atm
(Nl

Um

[ml
l-c
(ml

S Trim
(m2I (degi

RCG
(mml

201 0.794 1.310 0;74 1.46 0.420 0.1 -1.5
202 1.198 4.190 0.78 1.44 0.424 0.5 -4.6
203 1.593 9.320 0.67 1.42 0.426 1.8 -9.4
204 1.990 1S.190 0.95 1.37 0.425 3.3 -10.5
205 2386 17.310 0.86 1.32 0.415 37 -4.3
206 2.783 20.280 0.79 1.25 0.393 4:8 ' 0.5
207 3.182 24.540 0.78 1.12 0.362 5.9 8.7
208 3.569 28.760 0.67 1.31 0.325 ' 7.0 .21.2
209 3:971 32.330 0.62 0.90 0.279 7.2 31.4

238.42 -8 5.5

run
[-I

Vm

(m/si
RIm

. (NJ .

'l-k
[m)

l-o
(mi

8 Trim
(m"2i (degi

RCG
[mmi

262 0.844 2.040 0.87 1.48 '0.495 0.2 ..1.8'
263 1.269 8.570 0.91 1.47 0Á57 0.6 -65'
264 1.684 15.780 1.13 1.43 0.491 2.3 -11.2
265' 2118 28.270 .0.99 1.35 0.4.46 5.1 -10.1
266 2.538 30.590 0.90 1.30 0.424 5.6 -32
287 2.955 35.450 0.87 1.24 0.396 67 3.6
268 3.374 45.910 0.79 1.06 0.356 8.7 18.3
269 3.801 50.160 0.70 0.96 0.315 9.3 33.6
270 4235 51.310 0.61 0.91 .0.283 9,0 44.4

'run
[-i

vm
(rn/si

Rim
(NJ,

Um

(mi,
'Lo
(mi

S.

(m'2i
rum

(dog]
RCG
(mmj

188 0794 1.530 0.68 1.43 0400 0.2 -1.9.
189 1.199 4.530 0.88 1.41 0397 0.7 -4.8
190 1.583 11.250 0.71 1.37. 0.396 2.1 -10.0
192 1:978 18.310 0.83 1.25 0.395 4.3 -9.2
193 2364 20.900 0.79 1.15 0.378 4.9 -1.9
194 2.781 24.810 0.71' 1.04 0.351 6.1 5.3
195 3.190 31.380 0.67 1.03 0.313 7.3 13:7

run
(-i

Vm

[m/si
RIm
(Ni

Lic

(mi
Lo
(mJ.

S

(m'2l
Trim'

(degi
RCG
(mml

274. 0.647 2:420 oes 1.46 0.437 0.3 -21
275 1.262 7.090 0.83 1.44 .0.440 0.9 -8.0'
278 1.887 19.030 0.95 1.38 0:437 3:1. -11.9.
277 2.102 '34.720 0.90 1.25 0.410 6:1 -10.3
278 2.528 38.490 0.83 1.13 0.368 67 -07
280 2.936 48.920 0.75 1.03 0.330 8.8 10.4
'279 0.364 58.900 0.88 0.89 0.296 .10.0 268



model 232-A modèl 232-B

model232-A

Dlsp LCG Ap/y
(NJ (%LpJ .:_j

model 232-A model 232-B

Dlsp LCG Ap/V DIAp LCG AP/y
(N[ (%Lpj (-j (NJ (%Lpl (-I

381.22 -8 4.0

model 232-A model 232-B

Dl8p 'LCD Ap/y Diep LCD APN
[Nj (%Lpj (-j [NJ (%Lpi (-1

381.22 -12 4.9

run vm Rim Lii Lo S Trim RCG
(-1 [mfsJ (NI (ml (ml (m."2l (degi (mml

3-2

Diep LCG Ap/y
(NI (%Lpl (-I

model 232-B

run vin Rim Lic Lo S Trim RCG
[-1 (m/si (Ni (ml [ml [m."2l (deqj [mmi

DIep
(NJ

12302

LCG
(%Lpj

-4

Ap/V
(-I

8.5

run vm Atm Lii Lo S Trim RCa
(-J (miel [N) [mJ, (ml (m."21 (degl (mmJ

151 0.754 0.990 0.55 1.47 0.385 0.1 -1.3
152 1.127 2.900' 0.60 1.48 0.396 0.3 -3.0
154 1.511 5.740 1.13 1.50 0.504 0.8 -5.7
155 1.883 8.520 1.05 1.49 0.488 1.9 -8.2
156 2.266 10.550 0.90 1.42 0.444 2.8 -4.5
157 2:654 12.220 0.79 1.40 0.418 3.0 -1.8
188 3:032 13.960 0.79 1.38 0.413 3.2 1.4
1S9 3:388 15.820 0.75 1.37 0.403 3.7 6.1
160 3.768 17.340 0.72 1.31 0.385 4.2 11.7
161 4.159 20.780 0.67 1.25 0.363 4.6 1B.0
162 4.548 22.700 0.62 .1.7 0.337 4.8 18.6

381.22 -4 4.0

run
(-J

vm
[mis)

Rim
(NJ

Lii
(mJ

Lo
(m(

S
(m'2l

Trim
fdegj

RCG
(mml

298 0.916 3.040 1.56 1.56 0.655 0.1 -3.4
299 1.370 11.760 1.56 1.56 0.555 0.5 -8.8
300 1.693 22.650 1.56 1.56 0.555 1.9 -13.9
301 1.837 31.050 1.55 I .56 0.555 3.4 -15.8
302, 2.292 56.290 1.20 1.44 0.517 7.1 -12.0

'303 2.750 59.630 1.13 1,40 0.475 7.9 -2.8
'304 3:198 67.880 102 1.33 0.435 9.7 8.1
305 3666 88.300 0.87 1.15 0.392 10.0 28.1

123.02 -8 8.5

run
(-j

vm
(rn/si

Rtm
(N)

Lii
(mi

Le

[ml
'S

[m "21
Trim

(degj
RCa.
(mml

164 0:752 1.110 0.93 1.45 0.374 0.1 -0.9
165 1.134' 3.120 0.55 1.44 0.376 0.4 -3.1
168 1.509 8.430 0.72 1.44 0.411 1.1 -5.9
167 1.883 9.340 0.78 1.37 0.413 2.2 -8.0
188 2.258 11.000 0.83 1.35 0.411 2.9 -3.9
169 2.644 12.410 0.78 1.34 0.402 3.0 -0.8
170 3.033 14,280 0.73 1.29 0.388 3.4 4.8
17.1 3.391 15.890 ' 0.70 1.23 0.387 3.9 11.6
172 3.777 17.580 0.63 1.13 0.342 4.2 15.8
173 4.169 19.570 0.69 1.05' 0.315 4.4 19.9
174 4,549 21.510, 05 .1.04 0.288. 4.5 22.9

291 0.917 '3.540 1.13 1.52 0.506 0.3 -2.0
292 1.373 12:400 1.56 1.50 .0.550 0.9 -7.6
293 1828 35.710 1.32 1.48 0:513 41' -14.6
294 2.285 64:280 1.05 1.36 0:468 7.6 -10.4
295 2.752 71.980 0.96 1.27 0.423 9.0 0.1
296 3.200 92.150 .0.87 1.09 0.378 .10.0 15.3

123.02 -12 8.5

run
(-J

vm
(rn/el

Rim
(N)

Lii
[ml

Lo
(ml

S Trim
(m'2i' (dogi

RCG
[mml

176 0.754 1260 0.53 1.45 0.362 0.3 -1.3
177 1.128 3.390 0.50 1.38 0.359 0.6 -3.7
178 1.512 7,680 0.55 1.36 0.352 1.6 -6.9
179 1.087 10.970 0,83 1:28 0.400 2.8 -70
160 2.212 12.200 075 123 0.376 3.3 -2.5
181 2.638 13.670 0.71 120 0.350 3.6 1.8
182 3.035 15.980 0.64 1,05 0.324 4.4 8.0
183 3.390 17,480 0,59 1.00 0.303 4.7 15.2
184 3:647 16.56O 0.60 :0.97 0.289 4.8 20.4
185 3.774 19.080 0.60 0.89 0.263 4.7 22.9
188 4I58 20.870 0:58 0.88 0.263 4.6 26.6

123.02 0 8.5

run
[-1

vm
(m/si

Rim
(Nl

Lii
[ml

Le
(ml

S
(m2l

Trim
(degj

RCG
(mml

140 0.753 0.870 0.60 1.48 0.396 0.0 -1.9
141 1.136 2.730 1.32 1.51 0535 0.1 -4.3
142 1.510 5.480 1.56 1.50 0.550 0.5 -7.0
143 1.885 8.760 1.28 1.47 0.523 1.5 -9.4
145 2:639 13.040 0.09 1.43' 0.444 2.9 -1.4
146 3.020 15.I.10 0.87 1.42 0.437 32 2.4
147 3.405 17.090 0.83 1.41 0.426 3.5 7.0
148 3.773 18.590 0.83 1.37 0.412 3.9 8.9
149 4.156 21.440 0.75 1.33 0.393 4.4 13.5
150 4:553 .22.370.. 0.68 1.27 0.373 4.8 16.0

DIep
(NI

381.22

.LCG
,[%Lpl

0

Ap/y
(-I

4.0

run vm Atm Lii Lo S Trim RCQ
'(-J [rn/SI. (NI (ml (ml (m'2( (deg] [mml

307 0.917 2.360 1.56 1.56 0.555 0.0 -3.1
308 1.372 11.110 1.58 1.56 0.555 0.2 -6.8
309 1.826 28.300 1.58 1.56 0.555 2.3 -17.0
310 2.284 52.660 1.56 1:56 0.555 6.3 -13.1
311 2.741 56.390 1.52 1.53 0.530 6.9 -5.5
312 3199 64.200 1.20 1.44 0.498 8.2 4.5
313 3.671 69.480 1.05, 1.36 0.462 10.0 19.8

266 0.917 4.260 1.02 1.48 0.475 0.4 -2.8
287 1.372 12.540 1.20 1.44 0.478 1.3 -7.8
288 1.827 41260 1.09 1.40 0.460 4.9 -14.9
289 2.293 81.550 0.96 1.24 0.424 .9.0 -10.2



model 232-B model 232-B

Dlsp LCG ApiV Dlsp LCG APN
(NJ, (%LpJ (-J (NJ (%Lp (-J

model 232-B

Olsp LCG ApIV
(NJ (%LpJ f-J

model 232-B model 232-B

OIsp 'LCG Ap/y
(NJ f%LpI C-]

model 232=8 model 232-B

Diop LCG ApN Dlsp LCG Ap/y
(NJ (%LpJ (-j '(NJ (%LpJ (-J

3-3

model 232-B

Diop LCD Ap/y
(NJ (%Lpj (-J

Diop LCD Ap/y
(NJ (%Lp] (-J

236.42 0 5.5

run
(-1

vm
[mIs]

Rim
(NJ

Lk
(m]

Lo
(ml

S

(m"2J
Trim

(deqJ
RCG
Jmml

49 0.794 1.380 1.13 1.54 0.512 0.0 -1.6
50 1.187 4.740 1.56 1.55 0.552 0.1 -4.9
51 1.683 14.600 1.38 1.35 0.552 1.0 -11.1
61 1:847 19.370 1.45 1.53 0.552 2.1 -13.7
52 2.968 24.630 1.40 1.52 0.541 3.5 -12.2
53 2.526 28.330 1.23 1.48 0.523 4.2 -5.5
54 2.943 31.630 1.15 1.45 0.500 4,7 -0.5
55 3.373 34.520 1.05 1.43 0.475 5.3 6.0
58 3:794 38.150 0.98 1.41 0.451 6.1 13.7
57 4.234 36.680 0.89 1.38 0.428 6.9 22.6
59 4.652 40.570 0.83 1.51 0.406 7,2 28.7
60 5.094 42.300 079 1.25 0.366 7.3 34.7

164.71 -12 7.9

run
(-J

vm
(m/ej

Atm
(Nj

Lic
(ml

Lo
(ml

S

(m.2I
Trim

(dog]
RCG
(mmJ

3 0.795 1.790 0.68 1.45 0.400 0.1 -1.0
9 1.189 4.910 0.75 1.42 0:415 1.1 -4.0
4 1.585 11.080 0.98 1.41 0.452 1.7 -8.3

13 1.827 16.170 0.90 1.3? 0.437 3.2 -10.5
2 2.021 17.570 0.87 1.35 0.425 3.8 -81
5 2.388 19.230 019 1.28 0.394 3í8 -1.9

IO 2.791 21.65o 0.75 1.17 0.380 47 3.5
6 3.183 24.620 0.68 1.05 0.328 5:5 11.8

11 3.597 26.630 0.80 0.97 0.295 5.8 22.8
7 3.995 28:550 0.60 0.94 0.283 5.8 30.3

12 4411 29.190 0.60 0.90 0.284 5:5 34:1
8 4812 29.Ô00 0.53. 0.89 0.308 47 367

236.42 -4 5.5

run vm
(-J.(mIoJ

Rim
(Nl

Lic
(ml

Lo
(ml

S Trim
(m2J (degJ

RCO
(mmj

63 0:846 1.970 1.05 150 0.490 0.2 -1.9
64 1.264 6.470 1.49 1.51 0,548 0.4 -5.4
65 1.676 14,750 1.56 1.56 0.552 1,6 -10.5
67 2.001 23.840 1.23 1.47 0.516 3.6 -12.5
68 2.121 25.090 1.16 1.44 0.505 4.0 -10.8
69 2:525 27.580 1.05 1,43 0.476 4.4 -4.7
70 2.954 30.270 0.98 1.40 0.452 5.0 1.9
71 3.364 33.160 0.90 1.35 0.428 5.6 8.9
72 3:807 35.930 0.87 1.31 0.406 8.5 18.5
73 4.247 40.240 0.79 1.23 0,384 7.0 278
74 4:663 39.930 0.75 1.15 0.384 6.9 34.0
75 5,001 41.510 0.72 1.12 0.347 6.7 38.1

164:71 0 7.0

run
i-1

vm
(mFsJ

Rim
(NJ

Lk
(ml

'Lo
(ml

S Trim
'(m2J (degJ

RCG
(mml

38 0.795 1.140 0.79 1.50 0.445 0.0 -1.5
39 1.189 3.900 1.58 1.51 0.551 0.1 -4.3
40 1.584 8.810 1:56, 1.49 0.550 0.7 -7.9
41 1.980 13.920 1.32 1.51 0.532, 2.3 -I01
42 2.377 16.600 1.13 1.48 0.501 3.2 -4.9
43 2.783 19.010 1.05 1.46 0.478 3.5 -1.6
44 3.180 21.670 0.95 1.44 0.458 3.9 2.5
45 3.580 23.430 0.90 1.42 0.439 4.3 8.3
48 3.980 26.050 0.83 1.38 0.421 4.9 13.7
47 4.383 26.720 0.79 1.34 0.404 5.4 18.3
48 4.789 29.880 0.75 1.29 0.388 5,5 22,5

236.42 -8 5.5

run

(-1
Vm

fm/sj
Rim
(N]

Lic

[ml
Lo
(ml

S
(m'2J

Trim
(degi

RCC3

(mml

77 0.845 2.310 0.63 1.48 0.445 0.2 -1.6
78 1.269 7.220 1.26 1.49 0.521 0.8 -5.0
80 1.874 15.370 1.13 1.48 0,497 2.0 -10.1
81 2.900 26.140 1.08 142 0.473. 4.0 -11.6
82 2.141 27.650 1.02 140 0.463 4.5 -9.7
83 2,537 29.490 0.94 1.37 0.441 5.0 -2.8
84 2.968 32.810 0.90 1.30 0.418 5.5 3.8
85 3.388 38,300 0.53 1.21 0.387 6.4 12.6
88 3.805 40.110 075 1.10 0.354 7.3 24.7
87 4.234 41 .720 0.72 1.05 0.331 6.9 34.4
88 4.660 41.830 0.88 1,02 0.314 6.8 39.8
89 5,046 41.340 0.60 1,00 0.301 6.0 43.8

18471 -8 7.0

run
(-J

vm
(mIsj

Rim
(NJ

Lic

(ml
Lo
(mJ

S

[m'2J
Trim

(degj
RCG:
(mml

14 0.791 1.540 0.68 1.48 0.408 0.2 -1.0
18 1.189 4.490 0.79 1.50 0.438 0.5 -3.7
17 1.584 9.500 1.09 1.48 0.500 1.5 -7.9
25 1.828 13.520 1:05 1.42 0.468 3.0 -10.1
18 1.991 14830 0.94 1.43 0,451 3.4 -9.3
19 2.386 10.870 0.87 1.38 0.426 4.0 -3.3
20 2.792 18.630 0.63 1.33 0:409 41 0.9
21 3.190 21.210 0.79 1.30 0.396 4.6 6.6
22 3.560 23.230 0.75 1.17 0.370 5.3 14.0
23 3.970 25190 0.88 1.10 0.335 5.5 22.0
24 4.375 27:690 0.65 1.05 0.320 5.5 21:1

164.71 -4 7.0

run
(-J

vm
(m/sJ

Rim
(NJ

Lic
(mj

Lo
(mj

S Trim
(m"2J (degJ

RC
(mml

26 0795 1.310 0.75 1.48 0.429 0.1 -14
27 1.189 4.160 1.20 1.50 0.528 0.4 -3.9
28 1.584 8.820 1.16 1.48 0.507 1.1 -1.6
29 1.981 13.570 1.05 1.46 0.481 2.7 -'9.6
30 2.388 15.980 0.94 1.41 0.457 3.5 -4.3
31 2.783 17.730 0.90 1.40 0.439 3.7 -0.4
32 3.180 20:110 0.90 1.38 0.420 4.1 3.9
33 3.578 22.370 0.83 1.35 0.418 4.7 10.4
34 3.980 24.410 0.70 1.28 0.403 5.2 17.0
35 4.368 27.780 0.75 1.22. 0,377 5.4 21.6
38 4.792 29.330 0.63 1.11 0338 5.4 26.0

236.42 -12 5.5

run
[-]

Vm

(mio]
Rim
(NJ

Lic
(mJ

Lo
(ml

S
(m2J

Trim
(degJ

RCG
(mml

91 0.846 2.610 0.67 145 0.443 0.3 -1.8
92 1.262 7.460 0.98 1.40 0.454 0.8 -5.2

102 1.677 18.500 0.96 1.29 0.452 2.6 -10.8
97 1,886 26.830 0,98 1.38 0.442 4.3 -12.8
93 2:123 32.630 0.91 1:28 0.426 5.1 -9.3
94 2.529 34,970 0.87 121 0.390 5.7 -0.4
95 2.948 39.620 0.79 1.10 0.384 6.8 7.8
98 3.366 47.340 0.72 0.99 0.322 8.0 22.3
98 3.787 47.270 0.65 0.92 0.296 7.8 35.7
99 4:238 43,740 0.64 0.87 0.276 7.1 42.6

100 4.655 43.950 0.60 0.88 0.289 6.8 49.8
101 5.095' 43.150 0.60 0:81 0.264 5.9 53.2



model 232-B

DIsp LCG Ap/y
(NJ (%Lp) (-J

model 232-B

DIsp LCG Ap/y
[NJ (%LpJ, [-J

model 232-B

DIsp LCG Ap/y
[NJ (%LpJ [-J

381.22 -8' .40

run vm RUn Ut Lo 8 Trim ACG
(-J [rn/si [NJ (ml '(mJ (mP'.2J [deql [mmi

model 232-B,

OIsp LCQ 'Ap/y
(NI: (%LpJ (-i

381.22 -12 4.0

run vm Rim Lic Lo S Trim RCG
[-J [rn/Si (NI' (mJ (mJ (m"2J (degJ (mmJ

3,-4

381.22 0 40

run
[-i

vm
[m/s]

Atm
(NJ

Lk
[ml

Lc
[mI.

S Trim
(rn'2J, [degJ,

RCQ
(mml

128 0.915 2690 1.56 1.56 0555 0.1 -33
129 1:370 11:680 1.56 1.56 0.555 0i -9.2
ISO 1.815 28:220 1.56 158 0:555 1.9 -18.6
138 2.038 42.i2ô 1.56 1.58 0.555 4:2 179
131 2.261 52.Ô90 1.56 1.58 o:sss 5.8 -14:3
132 2728' 58.210 1.45 1'52 0:555 6:3 -69
133 3.185 84.800 1.28 1:47 0.525 7.0 2.0
134 3.644' 68.850 1.13 144 0.492 85 14.2
135 4.110 70:590 1.00, 1.34 0.449 ioo 30.8
138 4.591 71:940 0.85 1.26 0Á02 10.0 43:2
137 5.181 71.260 0.85. 1.19 0.388 100 54.0

381.22 -4 .4:o

run
(-J

vm
[rn/sJ

Atm
(NJ

Lic

(mJ
Lo
(ml

S

(m'2J
Trim

(degj
RCG
[mmj

118 0.917 '3.210: 1.58 1.56 0.555 0.3 -2.8
119 1.373 12.630 1.58 1.58 0.555 Ô.? -77
120 1818 31.180 1.58' 1.58 0.555 .2.8 -14.0
126 2:021 47.290 1.58 1.56 0.555 5.3 -15.4
121 2.265 55.530 1.26 1.47 0.524 6:6 -12.0
122 2:731 59.620 1.13 1.43 0.491 7.0
.123 '3.190' 85:390 1.05 1.37 0.461 8.2 6.8
124 '3648 72:580 0.98 1.29 0.432 '9:5 '21.3
125 4111 76.440 0.91 1.24 '0.205 10.0 39:5

110 0.916 3:860 1.13 151 0.506 0.4 -2.6Ill 1.372 12.720 1.58 1.56 0.555 LO -7:1
112 1.817 '34.920 '1.32' 1.47 0:528 3.8 -!3.6
113 2.273 62.940 1.13 1.39 0:464 7.4 -10.3
114 2.731 88.970 1.05,, 1.32 0.444' 8.1 0.4
115 3:187 75:990 0.94' 1.23 0.405 9.3 12.7
118 3.649 91.870 0.83 1.05, 0.367 10.0 34.0

104 0.917 4750 1.05 1.48 0.485 0.5 -2.4
105 1.383 13:020 1.20 '1.47 0.514 1.3 -7.2
106 1.829 40.620 1.13 1.41 0.487 4.8 -14.2
107 2.284 76.600 0.98 1.26 0:424 8.3 -9.8
108 2:732 '88770 0.91 1.16 0.393 9.5 28
'109 3:201 79:320 0.91 '1.13 0.386 10.0 -0.3



Appendix 4 :Coefficients of twisted bottom polynomial model
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Fnv a0 a1 H a2 a3 a4 a5
a a7

200 4R/, V=5 -.1896E-01 -.1133E-02 .5922E-02 .2811E-02 -.8412E-04 .9948E-05
-.3640E-03 7771E-04

4Rjí, V=50 -1891E-01 -.1142E-02 .5881E-02 .2814E-02 -.8078E-04 .1088E-04
-;3603E-03 .7762E-Ó4

48 -2695E+01 .1853E+00 .6910E4-00 -.6575E-01 -.1953E-01 .821OE-02
-.5452E-01 -.9311E-02

4RCG/V'/3 -.5989E-01 .2930E-02 .1785E-01 -.1535E-02 -3801E-03 .6120E-04
-.1412E-02 -.1650E-03

2.25 4RfA, V=5 -.3588E-01 .1388E-03 .1107E-01 3152E-02 -.3984E-03 -.1834E-04
-.8323E-03 .1092E-03

4R,/, V=50 -3725E-01 .3245E-03 1161E-01 .3158E-02 -.4257E-03 -.1554E-04
-.8867E-03 1081E-03

48 -.1525E-fOl -.1723E-01 .1660E-fOU .2115E-01 .5883E-02 .1806E-02
-.5244E-02 .3020E-03

4RCG/V'/3 -.6100E-01 9271E-03 . .1565E-01 -.2120E-03 -.1254E-03 8236E-Ó4

-1101E-02 -.1095E-03

250 4R1/, V=5 -.5260E-02 -.3146E-02 -.2567E-02 .3263E-02 .1492E-04 -.1185E-03
.4338E-03 .1739E-03

4R,/, V=50 -.5245E-02 -3185E-02 -.2639E-02 .3267E-02 2341E-04 -.1145E-03
.4400E-03 .1723E-03

-.2302E+00 .3193E-01 -.1812E+00 -.1211E-01 -.1979E-02 .2759E-03
.1277E-01 -.2276E-03

4RCG/V'13 -.1935E-01 .1547E-02 2596E-O2 - -3649E-03 -.3085E-03 .1805E-04
-2492E-03 -.8810E-04

2.75 4R,/, V=5 -.3454E-01 -.6475E-02 .1387E-02 .1848E-02 .3588E-03 -3693E-03
.3447E-03 .2075E-03

4R,/, V=50 -.3602E-01 -.6477E-02 .1490E-02 .1836E-02 .3595E-03 -.3669E-03
.3317E-03 .2062E-03

48 .4111E-01 .7345E-01 -.1804E+00 .7383E-02 -6458E-02 7109E-02
:6386E-02 -.2195E-02

4RCG/V'I -.1573E-01 .1805E-02 .8777E-03 -.2462E-03 -.3616E-03 .6562E-04
-.1874E-03 -.8928E-04

3.00 4R/, V5 1001E-01 -5544E-02 -.1342E-01 .1636E-02 ;132TE-03 -.5689E-03
.1475E-02 .3445E-03

4R1/A, V50 .8563E-02 -.5354E-02. -.1287E-01 .1634E-02 .1020E-03 -5691E-03
.1413E-02 .3475E-03

48 -d607E±01 .1098E-fOO .3775E-fOU .1483E-01 -.1283E-01 .1036E-01

-.3977E-01 -;2998E-02

4RCG/V'13 -.7659E-02 .1821E-02 -.9599E-03 -.2954E-03 -.3330E-03 .7094E-04

-.1434E-03 -.7165E-04
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Summary

In this report experiments with two models derived from the
parent model of the Keuning-Gerritsma series with a twisted
planing bottom in the after body are described.
The results of the test are presented and compared with those
of the Clement-Blount and the Keuning-Gerritsma series with
prismatic after bodies.

From the comparison it is concluded that not so much the de-
crease in deadrise angle but the slope of the buttock lines
in the after body is important.

The twisted bottom yields favourable results under certain
circumstances.
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I Introduction

For the calculation of the resistance of a planing boat a
number of well known methods based on experimental results
derived from modeltests with systhematic series are avail-
able, for instance Clement and Blount Ref. El) and Keuning and
Gerritsma Ref. 12]. However the models used for these series all
had prismatic after bodies, i.e. the deadrise of the planing
hull bottom remained constant from the midships section aft
to the transom.

In the actual design practice however designers often prefer
a change in deadrise angle towards the transom in order to
improve the position of the propellers in such a way that they
do notprotrude to much under the keel of the vessel. This
change in deadrise results in a "twisted" bottom of the
planing hull. As a result of this also the immersed area of
the transom may be reduced, which is believed to be advan-
tageous for the resistance at relatively low speeds.
To investigate the influence of the twisted bottom on the
resistance of the vessel in the whole speed range two models
have been tested, each with a twisted bottom in the aft ship
but with different aft buttock inclination and immersed transom
area. These models have been tested using the same parameter
variations as used in the original Clement and Blount series.
The results of these tests are presented in this report and
due to the similarity with the parent models of Clement and
Keuning the influence of a twisted bottom may be reduced from
these data.

2



II The models

Two models have been used during the experiments. The models

have been developed from the lines of the parent model of the

Keuning-Gerritsma series with a 250 degrees deadrise angle.

The fore bodies of the newly developed models were identical

to this parent model, i.e. from(midship) section to the stem.

In the aft body the deadrise angle has been gradually decreased

from 25° degrees at ordinate 10 midship to 5° degrees at

ordinate 0 (the transom).

In order to maintain sufficient buoyancy in the aft body the

chine area, i.e. the width over the chines, had to be increased

significantly.

This is however a important factor influencing the behaviour of

the craft with respect to resistance and trim. So by doing this

the validity of a comparison with the prismatic after bodied

models is limited.

In order to produce realistic models however it was never-the-

less decided to do so.

The difference between the two models used i.e. 233 A and

233 B, is the immersed transom area and the inclination of the

buttock lines in the after body.

Model 233 A has less immersed transom area and the centre-line

is more tilted upwards. As a result of this the chine and the

buttock lines of model 233 A are more of less curved while of

model 233-B the chine and the half-width buttock are straight

lines, sloping downwards and horizontal respectively.

The filosophy behind the lines of model 233-A was to determine

how far the centre line may be raised in order to gain room

for the propellors and minimising immersed transom area before

severe penalties in resistance and trim have to be paid.

Both models are composed of developable surfaces which has its

effect on the sectionshape in particular in the aft body due

to the rotation of the bottom plating. The sections become

convex there.

The lines of both models are presented in the figure 1 for

model 233-A and 233-B respectively. The main particulars

are presented in Table 1.

3



For reference the lines of the parent models of the Clement-

Blount series and the Keuning-Gerritsma series are presented
in figure 2.

The shaft centre line is shown for each model in the body plans.

The same values as used in the previous series for shaft rake

and propellor clearance have been used for these models.

All models had spray strips attached over the full length of

the chine. The bottom of the spray lines followed the line of

the bottom of the model from ordinate 0 (transom) to ordinate 10

(midship) and was horizontal from ordinate 12 to ordinate 20

(the stem) with a transition in the region from ordinate 10 to

ordinate 12. The width of the spray strips was approximately
4 mm and they had non radiused edges.

The models have been constructed of glass fibre reinforced
polyester.

Tabel 1

model

232-A

model

232-B

deadrise ord 10 0
25 025

ord 20 50 50

1.500 m 1.500 m

BPA 0.306 m 0.303 m

Bp 0.367 m 0.367 m

BPT 0.320 m 0.310 m

Ap 0.4589 m2 0.4540 m2

Lp/BpA 4.90 4.90

Lp/Bp 4.09 4.09

BPX/BPA 1.20 1.20

BPT/BPX 0.872 0.844

CAP from ord 0

in % 48.8 48.8



III Experimental set up

The tests have been carried out in the no 1 towing tank of
the Ships Hydromechanics Laboratory of the Delft University
of Technology. Dimensions of the tank are: length 150 m width
4.50 m and depth 2.5 m.

The models have been connected to the towing carriage in such
a way that they were free to pitch and heave but the models
were restrained in all other modes of motion. The pivoting
point of this suspension frame was located in the intersection
of the assumed shaft line with the transverse plane through
the centre of gravity of the model.

A strain gauge type dynamometer has been placed on the hinge
to measure the resistance force. The vertical displacement
of the centre of gravity and the trim have been measured
using wire over potentiometer type displacement meters.
During each run a photo has been taken through the transparent
bottom of the hull of the model at the given speed to determine
the wetted surface of the hull after wards.

No turbulence stimulators have been used on the models since
model scale and towing speeds were considered to be large
enough to yield reliable results. No towing speed below
1.0 m/sec has been used.

5
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IV Measurement scheme

The test program consisted of variations in displacement and
position of the centre of gravity, i.e. all combinations of
the following parameters:

L/B = 4.09

A/V = 4.0, 5.5, 7.0, 8.5

LCG = 0, 4, 8, 12 % L aft of centroid A

The test were conducted in the speedrange

of Fn =
V

0.75 < Ffl < 3.00

corresponding with model speeds between

1.0 rn/s < Vm < 5.0 rn/sec

Some combinations of heavy displacement and position of the
centre of gravity were not feasable due to excessive trim of
the model, causing flooding of the model at rest.
The range of parameters investigated corresponds to the range
used in the Keuning-Gerritsma series with 25 degrees
deadrise and the Clement and Blount series with 12.5 degrees
deadrise, although the later used a higher speed range.

6



V The Results

The results of the experiment are presented partly as tabu-
lated data for each run in the Appendix to this report and
partly in a number of figures.

The tabulated data present all relevant model data, such as

speed, resistance, sinkage, trim and wetted area.
The later refer to the area of the bottom of the model in

contact with solid water only and have been derived from the
photographs.

The relatively small parts of the sides of the models in
contact with the solid water at the lowest speeds only have
been omitted.The figures contain data expanded from these
model data for actual ships with a displacement of 45 kN and
450 kN respectively, being the same procedure as used by
Clement and Blount originally.

For the expansion of the resistance data use has been made of
the Schoenherr friction coefficients with zero roughness
allowance.

The Schoenherr coefficients has been used rather than the usual
ITTC 57 friction line because of the conformity with the
Clement and Blount data.

The resistance/weight of displacement ratio for the 45 kN boat
are presented in the figures 3 to 9 and for the 450 kN boat
in the figures 10 to 16.

The figures are arranged in order of increasing loading factor2j
Ar/V for first model 232 A and thereafter model 232 B.



VI Discussion of the results

From the figures it may be concluded that there is a marked
influence on resistance from both the loading factor and the
position of the centre of gravity with respect to the centroid
of A.

Due to the larger "rocker" in the aft body of model 232 A
when compared with model 232 B the resistance of model A is
consistently higher. This difference diminishes with increasing
loading factor (i.e. lighter ships), with a more forward
position of the centre of gravity and with increasing speed.
The trim angles of both models are generally high, sometimes
higher than 10 degrees.

The difference between model 232-A and 232-B is evident from
these results. It should be noted that the twist in the planing
bottom of the two hulls is identical, i.e. 25° degrees at
section 10 (midship) and 5° at section 20 (transom). From this
it may be concluded that the inclination of the buttock lines
is much more important, this being the actual difference
between the two models. The resulting considerably larger
submerged transom area of the model 232-B causes hardly an
increase in resistance in the lower speed range.
This is also clearly demonstrated in the figures 17 to 21 in
which the results of the models 232-A and B are compared with
the according data of the parent model of the Clement-Blount
and the Keuning-Gerritsma series.

These figures are compiled for three loading factors, i.e.2/3
Ar/v = 4.0, 5.5 and 7.0, and two longitudinal positions
of the centre of gravity, i.e. LCG = 4% and 8%.

From these figures it may be concluded that the resistance in
the lower speed range (l<Fn<2.0) of the model 232-B with
the straight half width buttock and the twisted bottom is
generally lower than the others, with exception of the l2
deadrise angle model of Clement and Blount.
This is in particular so in the 4% LCG situation. The difference

increases with decreasing weight of the models.



The trim angle of the models 232-A and B is consitently higher

than those of the models with the prismatic after body.

It may be so that the "rocker" in the buttock lines of the

models with the twisted bottoms is responsable for this as

can be concluded from the difference between model 232-A and B.

Decreasing the deadrise angle in the aft body whilst keeping

the centre line straight (horizontal) and sloping the buttocks

slightly down from the horizontal might even yield better

results. The resistance increase due to the higher immersed

transom area in the lowest speed range (Fn <1.0) may be

rather small as shown by the comparison of model 232-A and B

in this speed region.

9
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v v

length over chine

LK wetted length chine

LC wetted length keel

RTM resistance total of the model

Vm model speed

z vertical displacement centre of gravity
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A weight of displacement

U trim angle
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Figure 5. Model 232-A, A = 45kN.
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MODEL 233 A

RUN VII

M/S N

LN

11

LC

M

S

M2

TFiET1

GRPDEN MM

225 .795 .99 .675 1.405 .14138 +.0 -1.0
226 1.199 3.75 1.315 1.505 .1480 +.1 -14.0

227 1.585 8.149 1.200 1.510 .1490 +3 -8.3
228 1.979 114.214 1.125 1.475 .1487 +2.6 -12.4

229 2.378 16.71 .980 1.445 .478 +3.6 -149

230 2.785 19.08 .975 1.420 .1463 +14.0 -1.1
231 3.183 21.12 .900 1.395 L4L414 +14.7 +4.6

232 3.572 23.56 .865 1.360 .1421 +55 +11.1

233 3.971 26.148 .750 1.255, .389 +.7 +20.9

234 14.378 30.27 .715 1.1130 3149 +7.3 +29.5

235 14.787 33.82 .650 1.050 .320 +7.5 +35.2

LiD DEPL LCG

N M

4.08 1613.71 +. 000
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L/B DEPL LCG

4.08 164.71 -.120

tIODEL 233 1A

RUN VM

M/S

RTM

N

LK

M

LC

M

S

M2

THETA

GRADEU

Z

t*1

201 7914 1.31 .7140 1.460 .120 +.1 -1.5

202 1.198 14.19 .780 1.1440 .14211 +5 -4.6

203 1.593 9.32 .670 1.420 .1426 +1.6 -9.4

2014 1.990 15.19 .950 1.365 .1425 +3.3 -10.5

205 2.306 17.31 .860 1.315 .1415 +3.7 -4.3

206 2.783 20.28 .785 1.2145 .393 +4.6

207 3.182 214.54 .750 1.120 .362 +5.9 +6.7

208 3.569 28.76 .670 1.305 .325 +7.0 +21.2

209 3.971 32.33 .620 .900' .279 +7.2 +31.4



L/B DEPL LCG

N H

14.08 1614.71 -.180

MODEL 233 A

RU N

H/S N

LK

ii

LC

H

S

H 2

TIIETA

CR AD EU

Z

HH

188 .7914 1.53 .675 1.1425 .1400 +.2 -1.5

189 1.199 14.53 .675 1.1410 .397 +..7 -14.6

190 1.583 11.25 .713 1.365 .396 +2.1 -10.0

192 1.978 18.31 .825 1.250 .395 +L4.3 -9.2

193 2.3814 20.90 .785 1.1145 .378 +149 -1.9

1914 2.781 214.81 .710 1.0140 .351 +6.1 +53

195 3.190 31.68 .670 1.025 .313 +7.8 +13.7



L/3 DEPL

N

Il (\Q Ii

MODEL 233 A

+.000

S

RUN VM

M/S

RTM

U

LE LC

M

S ThET1

CRADE

Z

MM

236 .8147 1.43 1.050 1.520 ,1495 +.0 -2.0

237 1.273 5.60 1.260 1.5140 .523 '-.1 -5.6

238 1.688 14.20 1.560 1.560 .555 +1.1 -11.2

239 2.124 25.16 1.315 1.475 .529 +14.0 -11.2

240 2.531 28.13 1.100 1.465 .1493 +14,7 -4.9

241 2.9142 30.99 1.038 1.430 .432 '5.3 -.3

2142 3.361 33.93 1.000 1.395 .1460 +6.3 +8.3

2143 3.790 37.89 .905 1.325 .1425 +7.8 +18.14

21414 4.233 41.37 .790 1.220 .382 +37 +30.4

2148 4.688 145.39 .740 1.115 .3146 +9.1 +40.1

2147 5.103 148.147 .700 1.055 .323 +9.2 +146.1
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MODEL 233 A

L/D DEPL LCG

N

t.Q8 236.142 -.120

RUN VII

MIS

RTM

N

LK

M

LC

M

S

M2

ThIETPt

G1DEU

I

MM

262 .31413 2.013 .865 1.1480 .1495 +.2 -1.8

263 1.269 6.57 .910 1.1470 .1457 +5 -5.5

2613 1.6814 15.78 1.130 1.1430 .1491 +2.3 -11.2

265 2.118 28.27 .985 1.3145 .14146 +5.1 -10.1

266 2.536 30.59 .900 1.295 .13214 +5.6 -3.2

267 2.955 35.143 .870 1.235 .396 +6.7 +3.6

268 3.3714 145.91 .785 1.055 .356 +8.7 +18.3

269 3.801 50.16 .700 .960 .315 +9.3 33.6

270 14.235 51.31 .10 .905 .283 +9.0 +14L4.L1



MODEL 233 A

L/B DEPL LCG

N M

236.L2 -.180

I

RUN VM

M/S

RT1 LK LC

M

S

Li i.

THETA

CRADEN

2

MM

274 .847 2.132 .825 1.1355 .437 +.3 -2.1
275 1.262 7.09 .825 1.435 .1340 +.9 -6.0

276 1.687 19.03 .950 1.375 .1437 +3.1 -11.9

277 2.102 313.72 .900 1.250 .1410 +6.1 -10.0

278 2.528 38.49 .325 1.130 .368 +6.7 -.7
280 2.936 138.92 .750 1.025 .330 +8.8 +10.4

279 3.364 56.90 .675 .890 .295 +10.0 +28.8



L/D DEPL LCG

N M

MODLL 233 A

1.1.08 381.22 +.000

RU N VM RTM LX LC S ThETA Z

M/S N M 11 GRADEN MM

307 .917 2.36 1.560 1.560 .555 +.0 -3.1
308 1.372 11.11 1.560 1.560 .555 +.2 -8.8

309 1.628 28.30 1.560 1.560 .555 +2.3 -17.0

310 2.28L4 52.66 1.560 1.560 .555 +6.3 -13.1

311 2.7141 56.39 1.320 1.530 .530 +6.9 -55
312 3.199 614.20 1.200 1.1335 .1498 +8.2

313 3.671 69.148 1.050 1.360 .1462 +10.0 19.8



S

t'IODEL 233 A

L/B DEPL LCG

N H

14.08 381.22 -.000

RU N WI

ti/S

RTtI

t'3

LK LC

H

S

t12

TUETt

CRPIDEU

Z

MM

298 .916 3.014 1.i60 1.560 .555 +.1 -3.14

299 1.370 11.76 1.560 1.560 .555 '.5 -8.8

300 1.693 22.65 1.560 1.560 .555 +1.9 -13.9

301 1.837 31.05 1.560 1.560 .555 +3.14 -15.8

302 2.292 56.29 1.200 1.1435 .517 +7.1 -12.0

303 2.750 59.83 1.125 1.1400 .1475 +7.9 -2.8

3014 3.198 67.88 1.015 1.330 .1435 +9,7 +8.1

305 3.666 88.30 .870 1.150 .392 +10.0 +28.1
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MODEL 233 A

L/B DEPL LCG

N M

14.08 301.22 -.120

RUN VM

N

LK LC

M

S

M2

L-ICTA

CRDEU

Z

NM

291 .917 3.54 1.125 1.515 .508 +.3 -2.0

292 1.373 12.140 1.560 1.495 .550 '.9 -7.6

293 1.828 35.71 1.320 1.1455 .513 +14.1 -114.6

2914 2.285 64.28 1.050 1.360 .1460 +7.6 -10.14

295 2.752 71.98 .975 1.270 .423 +9.0

296 3.200 92.15 .865 1.090 .378 +10.0 +15.3



I

MODEL 233 A

L/B DEPL LCG

N

ti.O8 381.22 -.180

RUN Vti RTM LK LC S THETi\ Z

t/S N [1 M2 GR1DEN MM

286 .917 LL26 1.015 1.L6O t475 +.L4 -2.8
287 1.372 12.5L 1.200 1.LL40 .L478 +1.3 -7.8
286 1.827 41.26 1.090 1.395 .460 +L49 -14.9

289 2.293 81.55 .980 1.235 .42(4 +9.0 -10.2



$

I

MODEL 233

LiD DEPL LCG

N M

4.08 123.02 +,000

RUN

MIS

RTM

N

LK

M

LC

ti

S

M 2

THETA

GR AD EN MM

140 .753 .87 .600 1.475 .396 +.0 -1.9

141 1.136 2.73 1.315 1.510 .535 +.1 -4.3

142 1.510 5.14.8 1.560 1.500 .550 +.5 -7.0

143 1.885 8.76 1.260 1.470 .523 +1.5 -9.14

145 2.639 13.04 .890 1.430 L4L114 +2.9 -1.14

146 3.020 15.11 .865 1.1420 .1437 +3.2 +2.4

1147 3.1405 17.09 .825 1.405 .426 +3.5 +7.0

148 3.773 1.59 .825 1.370 .1412 +3.9 18.9

1149 14.156 21.44 .750 1.330 .393 +4.4 +13.5

150 14,553 22.37 .675 1.270 .373 +11.8 +16.0



I

$

MODEL 233 b

LID DEPL LCG

N M

14.08 123.02 -.060

RUN VM

M/ S

RTM

N

LK LC

M

S

M 2

THETA

R AD ELI

Z

MM

151 .7514 .99 .550 1.470 .385 +.1 -1.3

152 1.127 2.90 .600 1.480 .396 +.3 -3.0

154 1.511 5.714 1.125 1.500 .5014 e-.8 -5.7

155 1.883 8.52 1.050 1.490 .'488 +1.9 -8.2

156 2.268 10.55 .900 1.1415 .14414 +2.8 -14.5

157 2.6514 12.22 .785 1.395 .418 +3.0 -1.6

158 3.032 13.96 .785 1.380 .413 +3.2 +1.14

159 3.388 15.82 .750 1.365 .1403 +3.7

160 3.768 17.314 .720 1.305 .385 +14.2 +11.7

161 14.159 20.78 .670 1.245 .363 +14.6

162 14.5148 22.70 .20 1.165 .337 +L4 18.6
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J

)

i0DEL 233 1

L/B DEPL LCG

N H

14.08 123.02 -.120

RUN VM

M/S

RTM

N

LK LC

H

S

M 2

THETA

GR P DEN

Z

MM

1614 .752 1.11 .525 1.14145 .374 '-.1

165 1.1314 3.12 55Q 1.14140 .378 +L4 -3.1

166 1.509 6.143 .715 1.14140 .1411 +1.1 -5.9

167 1.883 9.314 .780 1.365 .413 +2.2 -8.0

168 2.258 11.00 .825 1.350 .1411 +2.9 -3.9

169 2.6144 12.141 .780 1.3140 .402 +3.0 -.6

170 3.033 114.28 .730 1.285 .386 +3L4 +14.8

171 3.391 15.89 .700 1.225 .367 +3,9 +11.6

172 3.777 17.58 .630 1.125 .3142 +14.2 +15.6

173 14.169 19.57 .590 1.050 .315 +t44 +19.9

174 14.5149 21.51 .555 1.035 .286 +4.5 +22.9



I

41

MODEL 233

L/D DEPL LCG

N

4.08 123.02 -.180

RUN VM

M/S

RTI'1

U

LK

M

LC

H

S

M2

TFIETA

GRTDEU

Z

MM

176 75L4 1.26 .525 1.430 .362 +.3 -1.3

177 1.128 3.39 .500 1.300 .359 +.6 -3.7

178 1.512 7.68 .550 1.360 .362 +1.6 -6.9

179 1.887 10.97 .825 1.275 .400 +2.8 -7.0

180 2.272 12.20 .750 1.225 .376 +3.3 -2.5

181 2.638 13.67 .713 1.195 .350 +3.6 +1.8

183 3.035 15.98 .638 1.050 .3214 +4.4 +3.0

1814 3.390 17.48 .590 .995 .303 +147 -15.2

182 3.6147 18.56 .600 .965 .289 +4.8 +20.4

185 3.7714 19.08 .600 .885 .283 +L47 +22.9

186 14.158 20.87 .555 .875 .263 +14.6 +26.6



$

MODEL 233, -

L/D DEPL LCG

N M

L1.08 164.71

RU N VM RTM LK LC S THETA Z

M/S N N N 142 GR AD El MM

38 .795 1.114 .785 1.500 .445 +.0 -1.5
39 1.189 3.90 1.560 1.505 .551 +.1 -14.3

40 1.584 8.81 1.560 1.490 .550 +.7 -7.9
141 1.980 13.92 1.315 1.505 .532 +2.3 -10.2
142 2.377 16.60 1.125 1.1480 .501 +3.2 -14.9

143 2.783 19.01 1.050 1.460 .478 +3.5 -1.6
1414 3.180 21.67 .9115 1.1435 .1158 +3.9

45 3.580 23.43 .900 1.420 .1439 +143 8.3

46 3.980 26.05 .825 1.300 .1421 +4.9 +13.7

47 4.383 26.72 .785 1.3130 .4014 +513 +18.3

148 14.789 29.86 .750 1.290 .380 +5.6 +22.5



I

)

L/B DEPL LCG

N M

4.08 164.71 -.060

MODEL 233 1B

HUN VM

M/S

RTM

N

LK

U

LC

U

S

U 2

THETA

CR AD EN

Z

MM

26 .795 1.31 .750 1.1480 .429 4.1 -1.14

27 1.89 14.16 1.260 1.500 .526 -3.9

28 1.5814 8.8 1.160 1.1475 .507 +1.1 -7.6

29 1.981 13.57 1.050 1.1455 .1481 +2.7 -9.6

30 2.386 15.98 .9110 1.410 .1457 +3,5 -143

31 2.783 17.73 .900 1.395 .'439 +3,7 -.4

32 3.180 20.11 .900 1.380 .1426 +14.1 +3.9

33 3.578 22.37 .825 1.3145 .418 +4.7 +10.4

34 3.980 214.141 .760 1.275 .1403 +5.2 +17.0

35 4.366 27.78 .750 1.220 .377 +5.4 +21.6

36 14.792 29.33 .630 1.110 .338 +5,14 +26.0



I

11

I

L/B DEPL LCG

N

4.08 164.71 -.120

MODEL 233 -

)

RU N VM

M/S

RTM

N

LK LC S

M2

THETA

CRPDEN

Z

MM

14 .791 1.514 .675 1.1155 .406 +.2 -1.0

15 1.189 4.49 .785 1.495 .1436 s.5 -3.7

17 1.5811 9.50 1.090 1.1450 .500 +1.5 -7.9

25 1.828 13.52 1.050 1.420 .468 3.0 -10.1

18 1.991 14.83 .940 1.425 .1451 +3.4 -9.3

19 2.386 16.87 .865 1.380 .426 +14.0 -3.3

20 2.792 18.63 .825 1.330 .1109 +4.1

21 3.190 21.21 .785 1.295 .396 +4.6 +6.6

22 3.560 23.23 .750 1.170 .370 +5.3 +14.0

23 3.970 25.19 .675 1.100 .335 +5.5 +22.0

24 '4.375 27.69 .650 1.050 .320 +55 +27.1



L'9E+ L'ti+ 90E' 

T'tiE+ S'S+ ti8Z' 

£'oE O'c £OZ 

u'Z+ i'+ S6Z' 

911+ cc+ czc' 

L'tiø 09C' 

6't- Q'E+ ti6E' 

¶J'E EZti' 

c'ot- ZE+ LEIi' 

L'T'- Z51i 

ctt 

OOh 

NW UQJUJ ZN 

£EZ 11aoN 

IL'ti9I 90'ti 

N 

ld3U 

069' SZS 0O'G? Z10'ti 9 

c6e' 009' 61'GZ Tttj'ti 

9C6' 009' S66'E L 

0L6' 009' E99Z L6cE It 
OSO'I SL9' 9'tiZ C8TE 9 

S91't OSL S9'IZ 16L'Z 01 

LZ'I £Z61 98C'Z S 

StiE'T 0L8 LSLT IZ0'Z 

59E'I 006' Lt'91 LZ?'T £1 

LOti'T 5L6' 90'IT S0S't Ii 

SIli't OSL' t6'ti 691'T 6 

ShtT 5L9' 6L1 S6L £ 

N S/N 

Z VI1HI S 31 NIH NA 



)

MODEL 233. -

4.08
N

236.142 +.000

RU N VM RTM LX LC S THETA Z

ti/S N M M 112 CR A DEN tM

49 .794 1.38 1.125 1.535 .512 .-.0 -1.6
50 1.187 4.74 1.560 1.550 .552 +.1 -14.9

51 1.683 14.60 1.560 1.550 .552 1.0 -11.1
61 1.0147 19.37 1.1450 1.525 .552 +2.1 -13.7
52 2.060 24.63 1.400 1.520 .5147 +35 -12.2
53 2.526 28.33 1.230 1.455 .523 +4.2 -5.5
54 2.943 31.63 1.150 1.450 .500 +4.7 -.5
55 3.373 34.52 1.050 1.425 .1475 +5.3 '6.0
56 3.794 36.15 .975 1.410 .1451 +6.1 +13.7

57 L4,3L4 38.68 .890 1.355 .428 +6.9 +22.6

59 4.652 40.57 .825 1.305 .406 #7.2 +28.7

60 5.094 L42.30 .785 1.2145 .386 +7,3 +313,7

L/B DEPL LCG



)

NODEL 233 B

L/B DEPL LCG

14.08

N

236.142

M

-.060

RUN WI RTM LK LC ThETA Z

H/S N M H M2 GRADEN MM

63 .846 1.97 1.050 1.500 .490 f.2 -1.9
614 1.2611 6.47 1.1490 1.510 .5143 +.4 -5.14

65 1.676 114.75 1.560 1.560 .552 +1.6 -10.5
67 2.001 23.84 1.230 1.1470 .516 +3.6 -12.5
68 2.121 25.09 1.160 1.4140 .505 +14.O -10.6

69 2.525 27.58 1.050 1.1430 .476 +4,14 -11.7

70 2.9514 30.27 .975 1.400 .52 +5.0 +1.9

71 3.304 33.16 .900 1.350 .423 +5.8 +8.9

72 3.807 35.93 .865 1.305 .406 +6.5 +18.5

73 14.247 40.214 .785 1.225 .384 +7.0 +27.6

74 '4.663 39.93 .750 1.150 .364 +6.9 +34.0

75 5.001 41.51 .715 1.120 .3L47 +6.7 38.1



)

1ODEL 233 lB

RUN

M/S

RT1

N

LK

M

LC

M

S

M 2

ThETA

C ADEN

Z

MM

77 .845 2.31 .825 1.480 .445 +.2 -1.6

78 1.269 7.22 1.260 1.1485 .521 +.6 -5.0

80 1.6714 15.37 1.125 1.460 .1197 +2.0 -10.1

81 2.000 26.14 1.050 1.1415 1473 +L4Ø -11.6

82 2.141 27.65 1.015 1.1400 .1463 +145 -9,7

83 2.537 29.49 .940 1.370 .4141 +5.0 -2.8

84 2.966 32.81 .900 1.300 .1416 +5,,5 +3.6

85 3.386 36.30 .825 1.210 .387 +,L4 +12.6

86 3.805 140.11 .750 1.095 .35'4 +7.3 +214.7

87 14.2314 41.72 .715 1.050 .331 +6.9 +314.14

88 14.660 41.83 .675 1.020 .3114 +6.6 +39.6

89 5.0146 41.314 .600 .995 .301 +0 43.8

L/ B DEPL LCG

U I-I

14.08 236.142 -.120



MODEL 233

L/5 DEPL Lc(

N N

4.08 236.142 -.180

RUN

N/S

F(TM

N

LK

N

LC

N

S

N 2

TFIET

CR P DEN

Z

NM

.91 .8146 2.61 .865 1.1450 .14143 -'-.3 -1.8
92 1.262 7.146 .975 1.395 14514 '-.8 -5.2

102 1.677 18.50 .955 1.290 .1452 -'2.6 -10.8
97 1.886 28.63 .975 1.355 .4142 +14,3 -12.6
93 2.123 32.63 .905 1.275 .1426 +5.1 -9.3
914 2.529 314.97 .865 1.205 .390 +57 -4
95 2.9148 39.62 .785 1.100 .354 +6.6 +7.8

96 3.366 147,314 .715 .985 .322 +8.0 +22.3

98 3.767 147.27 .650 .920 .298 +7.8 +35.7

99 14.236 143.74 .640 .870 .278 +7.1 -1142,6

100 4.655 43.95 .600 .855 .269 +f.6 +49.6

101 5.095 143.15 .600 .805 .2614 +5.9 +53.2



tIODEL 233 'B

)

RUN VM

ti/S

RTM

N

LK LC S

M2

THETA

CR AD EN

Z

MM

128 .915 2.69 1.560 1.555 .555 +.1 -3.3
129 1.370 11.66 1.560 1.560 .555 +.1 -9.2
130 1.815 28.22 1.560 1.555 .555 +1.9 -16.8

136 2.038 42.12 1.560 1.555 .555 +L4 -17.9

131 2.281 52.09 1.560 1.555 .555 +5.8 -114.3

132 2.728 58.21 1.450 1.515 .555 +6.3 -6.9

133 3.185 613.80 1.280 1.1170 .525 +7.0 2.0

1314 3.6114 68.85 1.130 1.4140 .492 +8.5 +114.2

135 14.110 70.59 1.000 1.3110 .4119 +10.0 30.8
138 14.591 71.914 .50 1.260 .02 +10.0 +143.2

137 5.161 71.26 .850 1.190 .388 +10.0 54.0

L/B DEPL LCG

N

q .08 381.22 +.000



tIODEL 233

L/L3 DEPL LCG

N K

381.22 -.060

RUN VM

LI/S

RTtI

N

LX

fri

LC

K

S THETA

CRADEN

Z

KM

118 .917 3.21 1.560 1.555 .555 -2.8

119 1.373 12.63 1.560 1.555 .555 +7 -7.7

120 1.818 31.18 1.560 1.555 .555 +2.8 -114.0

126 2.021 147.29 1.560 1.555 .555 +5.3 -15.4

121 2.265 55.53 1.260 1.470 .523 +6.6 -12.0

122 2.731 59.62 1.125 1.430 .1491 +7.0 -3.3

123 3.190 65.39 1.050 1.370 .1461 +8.2 '6.8

1214 3.6148 72.50 .975 1.290 .1432 +9.5 21.3

125 4.111 78.414 .910 1.235 .205 10.0 +39.5



L/F3 DEPL LCG

N

t5.08 381.22 -.120

1ODEL 233

RUN VM

M/S

RTM

N

LK

M

LC

H

S

N 2

TF1ETT

CR T DEN

Z

MM

110 .916 3.86 1.125 1.505 .506 +.L -2.6
111 1.372 12.72 1.560 1.555 .555 +1.0 -7.1
112 1.817 34.92 1.315 1.1470 .528 +3.8 -13.6
113 2.273 62.94 1.125 1.390 .14814. +7,13 -10.3
1114 2.731 66.97 1.050 1.315 14414 +8.1 +,14

115 3.187 75.99 .9140 1.225 .1405 +9,3 +12.7

116 3.6149 91.87 .825 1.050 .367 410.0 +314.0



)

MODEL 233

L/b DEPL LCG

N tl

381.22 -.180

RUN VM LK LC S THETA Z

M/S N M M2 GRADEN MM

10L .917 4.75 1.050 1.475 .485 +.5 -2.14

105 1.363 13.02 1.200 1.1470 .514 +1.3 -7.2

106 1.829 40.62 1.125 1.1410 .1487 +14.6 -14.2

107 2.2814 76.60 .975 1.260 .L42L1 +8.3 -9.8

108 2.732 88.77 .905 1.155 .393 +9.5

109 3.201 79.32 .905 1.125 .386 +10.0 -.3










































































































































































































































































































































































































	Delft Planing Model 2
	          Model 210-243
	          Model 310-343
	          Model 410-443
	          Model 510-543
	          Model 232 A/B

	Reports
	Delft Report No:959 1993
	ISP 40 No:424 1993
	Resistance tests of two planing boats with twisted bottom
	Nonlinear Behaviour of Fast Monohulls in Head Waves


