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

J.A. ‘Keuniﬁg* J. Gerritsma™ P.F. van Terwisga*

December 23, 1992

.Abstract

In-addition to the well known systematic series planing hull forms with.a.deadrise angle of 12.5 degrees
as presented by Clement and Blount (DTMB), and a similar series by Keuning and Gerritsma, in this
paper the results of the tests on a 30 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 data...
Although in general the calculations show good. agreement with experiments, the need for a.ddltlona.l‘
data for a deadrise angle between 12.5 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. Regrusnon -of these data results in simple expressions to take these
effects into account.
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Nomenclature

Ap projected planing bottom area [m?]
Bpa breadth over chines [m] o
B, breadth over chines at transom [m]
By maximum breadth over chines {m]
Cap center of A, [(%L,]
Fny volumetric Froude number —2—
FAATAR
g gravity acceleration [m/s?]
LCG longitudinal center of gravity (%L,]
L. wetted length over the chines [m]
L wetted length over the keel [m]
Lp' length of the projected. planing bottom area [m]
Ry total resistance (in towing tank conditions)[N]
" RCG rise of center of gravity relative to its position at zero speed (m]
v . speed [m/s] - o
B deadrise angle [deg]
- average centerline angle from ordinate 0 to 10 with respect to the baseline
positive for a draft at ordinate 0 greater than draft at ordinate 10 [deg]
€ twist angle; i.e. deadrise at ordinate 10: minus the deadrise at ordinate 0 (deg]
A weight of displacement [N] . ‘
ARy/A difference in Ri/A of twisted bottom model and 25 deg. parent model

for equal loading coefficient. and LCG values

A8 difference in trim angle of twisted bottom model and 25 deg. parent model

‘ for equal loading coefficient and LCG values
ARCG/VY3 difference in RCG/V/3 of twisted bottom model and 25 deg. parent model
for equal loading coefficient and LCG values
] trim angle relative to its value at zero speed, positive for an upward displaced bow [deg]
v volume of displacement [m3] ‘

1 Introduction

In 1963 E.P. Clement and D.L. 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
this series 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 into 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 L,/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 deadrise 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 seriesas 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 Ly /By, variations derived herefrom are described in subsequent





sections. Experimental data on resistance, trim and rise of center of gravity are listed.

The data ranging from a Froude 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 sinkage of any arbitrary planing hull form.

The polynomial representation of the Planing Hull Form series is verified by comparison with some model
test results of the series and model test results of three arbitrary hull forms tested in the Delft University of
Technology facilities, i.e. 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 deg 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. Results of
these tests are listed. The difference in resistance, trim, and rise of center of gravity of the constant deadrise
hullform 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 ;

e the length over the chine

e the maximum breadth over the chine and the vertical projection of the chine.

- the vertical projection of the deck line

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.

B .30 [ 25 | 12.5 | degrees

L, 15 | 15 |2.436 m
Bpa 03 | 03 (0487 m
Bps 0.367 | 0.367 [ 0.596 | m
By 10.235 | 0.235 | 0.381 m
' Lp/Bpa 5.0 | 50 | 5.0 -
Ly /Bps 4.087 | 4.087 | 4.09 [ -

' Bpo/Bpa 122 | 122 | 122 | - |

' Bpt/Bpz 064 | 0.64 | 0.46 -
Capreltoord0 | 48.8 | 488 | 488 | %L,

Table 1: Main particulars of parent models

From these parent models, for each deadrise, several other models, with different L,/B,. 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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- Figure 1: Body plan of the 30 degrees deadrise parent model

(I Ly/Bpe T
30 341 (40955 [ 7.0
#25 |203.06]|4.09 55|70

’[.12;5 2.0-3.06 | 4.09 | 55| 7.0

Table 2: L,/Bp. ratios for separate series:

The model with Lp/ By 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 L,/Bp: ratio (usually small pleasure. crafts; which are propelled by either the
outboard engine on the transom, 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 Ly/B,. 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 Clement and Blount-have been used here.

Tp/Bpe 341 | 409 | 55 [ 70 | -
Ly - 1.25 1.5 1.5 1.5 m
Ap 0.3843 | 0.4499 | 0.3346 | 0.2627 | m?
Boa 03 | 03 | 0223 | 0175 | m
Bps 0.367 | 0.367 | 0.273 0.214 m
Bpi 0.26 0.235 | 0.175 0.137 m.
Ly/Bpa 417 | 50 | 6.726 | 8571 | -
Byz/Bpa | 122 | 122 | 22 | 122 | -
Bye/Bpe 071 | 064 | 0.64 | 064 | -
Capreltoord 0| 479 48.8 48.6 | 486 | %L,

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
followed 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
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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 GR:P, which enabled through-hull photography, used for the deter-
mination of the wetted surface and wetted length of the keel and chine of the craft at speed.

3 Experiment‘al setup

The tests have been carried out in the no. 1 towing tank of the Ship Hydromechanics Laboratory of the Delft
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 motion. The pivot .of the construction was located at the
intersection of the assumed centerline of the shaft and the cross section 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 each'run 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 m/s were used.

4 Measurement scheme

For the 30 deg. deadrise series, 4 L,/ By ratios have been developed including the parent model. For each
of these L,/B,; ratios each possible combination of the loading coefficients Ap/V3 (4,55, 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 Fny 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/Bps, Ap/V*3, and LCG combi-
nation -as a function of modelspeed are listed :

e the total resistance of the model Rm

the wetted length over the keel L,
e the wetted length over the chines L.

e the trim angle, positive for an upward displaced bow, relative to the position at vy = 0

the rise of the center of gravity (positive for upward displacement) relative to:its position at vy, =0

Some combinations of small values of 4,/V*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, pélynomial ‘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 Ly /Byps ratio, the loading coefficient 4,/V?/3, and the longitudinal center of gravity LCG and fitted
to separate datasets for every deadrise-Fny combination. Describing the (non-dimensional) resistance, trim .






and (non—dimensiona.l) sinkage for a number of discrete values of Fny 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/A 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 m®. 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/A
8 » = ao+ay1 Ly/Bps+az Ly/Bps’ + a3 Lp/Bps® + aq Ay /V3+
- RCG/v'/3 (1)
as A,,/VZ/32 + ag AP/Vzlas +a7 LCG+ ag LCG? + a9 LCG3+

a10 LCG Ap/V¥3 + a1y Ly/Bps Ap/V?3 + ay3 LCG Ly/ By

Appendix 2 contains 120 sets of coefficients ag ...a,,, ie. for every dqa.drise., volumetric froudenumber
combination, two sets for Rt/A for a volumes of displacement of 5 m® and 50 m® !, a set for trim angle,
and a set for RCG/V!/3

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, L,/ B,z, 4,/V?/3, and LCG parameters of these models,
based on a medium, light and heavy weight of displacement, are listed in table 4

model | B | L,/B,, | 4,/V/® | LCG
PAFL | 25 | 55 55 4
PAF2 | 25| 55 | 85 -12
PHF3 | 25| 2.0 4.0 0

Table 4: Models used to validate polynomial results

The largest discrepancies occur for the heavy model with low Lp/Bp: value. The total resistance is
underpredicted in the speed region below Fny 1.75 and overpredicted for higher speeds. Also for this model,
the trim calculation underpredicts the measured values. for speeds higher than Fny 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 Delft 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
deadrise angle 8 was used instead of a quadratic interpolation over all available data. Since many planing

'To minimize the amount of listed coefficients, the Rt/A coefficients are given for two volumes of displacement. The
complete set of coefficients for Rt/A ranging from 2.5 m? to 5000m?® are:obtainable at the Delft University of Technology, Ship
Hydromed'mm'cs rLaboratol-'y
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Figure 5: Body plan of coastal patrol vessel

L, 168 | m
‘Bor 422 | m
A, 60.5 { m?
v 237 | m®
Ca, rel toord 0 | 39.3 %L,
8 20 | deg.
Lo/ Bz 4.0 | -

A, V33 7.36 | -
LCGrelto Ca, | -39 | %L,

Table 5: Main dimenéions Patrol Vessel
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Figure 6: Body plan of motor yacht R410






Ly 192 | m
By 5.05 [ m
Ay - 84.3 | m?
\% 449 | m?
Ca, reltoord 0 | 45.8 %L,
B 21 | deg.
Ly/B,e 38 |-

Ay /U3 6.67 | -
LCGrelto C4, | -5.31 | %L,

Table 6: Main dimensions Motor Yacht R410
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Figure 7: Body plan-of coastal rescue boat

L, 121 [ m
Bpe 330 [ m
Ap | 356.3 | m?
v 0133 | m®
Ca, reltoord 0 | 36.9 | %L, .
1 26 deg.
Lp/Bps 1 3.3 |-
Ay /3 | 63 |-
LCGrelto Cy, | -48 | %L,

Table 7: Main dimensioas coastal rescue boat






vessels designed’ for operation in coastal areas hiave 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 test.an additional 19 degrees deadrise series in the Delft 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 Fny 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 cleatly influences the characteristics of a planing hull and heteby 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 ' )

[ i ] AW — ) ’.‘
=N | L T 7

1 12 13 L] 15 18 17 1

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: Ap VA3
valuesof 4.0, 5.5, 7.0, 8.5 and LCG values of 0, 4, 8, and 12 % L, aft of the Cy,.

Some combinations of heavy weight of displacement and position of the center of gravity were not tested
due to excessive trim which caused flooding of the 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 2.32 B

Model
| 232-A | 232-B
L./ Bpe T-409 | 409 |-
L, | 15| 15 |m
Ap | 0.4589 | 0.4540 | m?
Boa 0.306 | 0.303 | m
Bps 0.367 | 0.367 | m
By 032 | 031 |m
Ly/Boa 49 | 49 |-
Bya/Bpa 12 | 12 |-
Bye/Boe 0.872 | 0.844 | -
Capreltoord 0| 48.8 48.8 | %L,

11

Table 8: Main particulars of twisted bottom models





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

ARt/A

A9 5 = aov+aretary A /V 403 7 LCG +aq ¢ A,/VH3+
ARCG/V'? 2

as & LCG+-ag ¥ A,,,/Vzls2 +a7 v LCG?
Also in this case, the regression analysis has been been performed for separate datasets for each Fng.

The experimental AR;/A values have been scaled to the same weights of displacement as used in section §.
The polynomial coefficients are listed in Appendix 4 2.

8.2 Verification of the twisted bottom polynomial model

The results of the polynomial approximations are validated by a comparison of calculated and measured
values of AR:/A, A8, and ARCG/V'/3. The selected twisted bottom models for this comparison are listed
in table 9 ) ' :

[ model | 4,/V*R [ LCG"
[ 232A-1 55 | 0 |
232A-2| 55 | -8
232B-1 70 | 4

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 and its polynomial values are presented. In these figures; PHF
ezp denotes the experimental value of the 25 degree deadrise model, TB ezp denotes the experimental value
of a twisted bottom model, TB - PHF ezp denotes the difference between these two values, and TB - PHF .
polyn denotes the polynomial approximation of TB - PHF ezp. The agreement is in all cases satisfactory
for the resistance as well 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 [3].

The combined series data represented in a polynomial model provide an easy way to interpolate 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 data. 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 minimiize the amount of listed coefficients, the ARt/A coefficients are given for two volumes ofdis’placenient. The
complete set of coefficients for ARt/A ranging from 2.5 m3 to-5000m3 are. obtainable at the Delft University of Technology,
Ship Hydromechanics Laboratory

12





References

(1]

(2]

(3]

(4]

(5]

E.P. Clement, D.L. Blount
Resistance Tests of a Systematic Series of Planing Hull Forms
Transactions SNAME 1963

J.A. Keuning, J. Gerritsma
Resistance Tests of a Systematic Series of Planing Hull Forms with 25 Degrees Deadrise Angle
International Shipbuilding Progress Vol.29, No. 337, 1982

J.A. Keuning
Non Linear Heave and Pitch Motions of Fast Ships in Irregular Head Seas
Intersociety High Performance Marine Vehicle Conference and Exhibit, HPMV 1992, Arlington

J.A. Keuning
Resistance Tests of Two Planing Boats with Twisted Bottom
Report no. 731, Ship Hydromechanics Laboratory, Delft University of Technology -

A.. Versluis -
Computer "Aided Design of Shipform by Afine Transformation »
Report no: 438-P, Ship Hydromechanics Laboratory, Delft University of Technology

13





Rl/Disp

0,2
0,15
0,1
-0'05 .......... e ‘
: : : : —=RtDisp Exp
-+ RyDisp PHF
0,00 - 0,50 1,00 1,50 2,00 2,50 3,00

Fn (displ.)
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Figure 11: PHF 1 Experimental and calculated trim
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Figure 12: PHF 1 Experimental and calculated RCG/V*/3
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Figure 13: PHF 2 Experimental and calculated Rt/A
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Figure 14: PHF 2 Experimental and calculated trim
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Figure 15: PHF 2 Experimental and calculated RCG/V/?
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Figure 16: PHF 3 Experimental and calculated Rt/A
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Figure 17: PHF 3 Experimental and calculated trim
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Figure 18: PHF 3 Experimental and calculated RCG/V/3
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Figure 19: C;:astal Patrol Vessel Experimental and calculated Rt/A
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Figure 20: Coastal Patrol Vessel .Exp_erir.nenta'l and calculated trim
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Figure 21: Coastal Patrol Vessel Experimental and calculated RCG/ vif3

19





0,2

0,15}~

0.1

0,05 “'
== RY/Disp Exp

| + RuDisp PHF

0. 05 1 1.5 2 25 3
' Fn (disp)

Figure 22: Motor Yacht R410' Experimental and calculated Rt/A
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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. calculated Rt/A
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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'/2
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Figure 28: Model 232A-1 Experimental and calculated ARt/A
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Figure 29: Model 232A-1 Experimental and calculated A4
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Figure 30: Model 232A-1 Experimental and calculated ARCG/V/3
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Figure 31: Model 232A-2 Experimental and calculated ARt/A
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Figure 32: Model 232A-2 Experimental and calculated A4
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Figure 33: Model 232A-2 Experimental and calculated ARCG/V/3
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Figure 34: Model 232B-1 Experimental and calculated ARt/A
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Figure 35: Model 232B-1 Experimental and calculated A4
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Appendix 1 :Experimental results 30 degrees deadrise series






model 241 ‘mode! 231
B Depi LCG  ApN LB Depl LCG ApN
(=1 [Nl [%p] (-] (=1 Nl [%ep) (=)
341 488500 0000 4.00 341 303100 0000 550
o ym, Ffim [k L[e § Tam RCG T Vm Atm Kk Lc S Tnmm RCG
fmfs]l. [Nl  Im] [m] [m2] [deg] [mm} [ms]  (N] [m} fm] im2] [deg] jmm]
794 1425 1B210 125 125 0456 -075 —150 743 1333 10349 125 125 0456 =085 =100
795 1800 57540 125 125 0486 325 —27.0 744 1790 29053 125 125 0458 125 -200
796 2375 105930 125 125 0456 690 -200 745 2483 51729 125 125 0456 520 -180
797 2850 115.140 125 125 0456 600 —150 746 2632 54502 125 125 0456 432 -85
model 240 model 230
B Depl 'LCG AN B Depl LCG AN
-1 N [%LP] {-] (=] [N} [%tp] [~
3.41 488500 -2 400 _ 341 303100 —2.000 550
- vm Ftm: [k Lc § Tnrm HRACG o Vm Am Tk L& §  Inm RCa
_ qm/s] IN] [m] [m] ([m2] (deq] [mm} qm/s] NI [m] [m] [m2] (deg] [mm]
789 1,425 18:950 1:25. 125 0456 -035 —14.0 ‘747 1316 10.660 125 1.25. 0456 =055 =85
790 . 1.900° 56:200 1125 12§ 0456 370 —240' 746 1755 28.530 125 125 0468 170 =180
791 2375 108680 {125 125 0458 740 —170 743 2211 53850 125 125 0456 560 —130
792  2.850 115720 1125 125 0458 720 —120 750 2649 59370 125 125 0456 530 -55
793 3.344 132050 125 125 0456 760 —65 751 3070 68740 088 1.6 0402 650 1.0
753 3527 63910 081 146 0388 845 145
752 3948 65750 075 116 0373 885 310
754 4404 62880 075 1.6 0373 890 425
755 4842 61650 063 1.16 0345 840 480
756 5264 61130 059 1.16 0335 800 535
757 5702 63500 055 1.18 0325. 765 57.0
model 242 model 232
B Depl LOG ApN LB Depl LCG. ApN
(=] [Nl (%] [-] (=1 (Nl (%) (=)
3:41 488.500. —4.000 400 3.41 .303.100 —-4/000 550
e Vm Rm 1k L §  Inm RCQ mn Vm  Am [k Le S Inm RACG
Imfs] [Nl m] [m] (m2] [deq] [mm} fms] [Nl m]. [m] [m2} f{deg) [mm]
784  1.425.719.450 125 125 0456 <045 =—13.0 758 1316 10.620 125 125 0456: =035 -85
785 1900 57.070 125 125 0458 420 -220 788 1772 29.890 125 125 0456 235 —165
786 . 2375 110400 125 125 0458 780 —155 - 760 2211 58590 1.9 125 0461 8595 -115
787 2:850 121.930 125" 125 0458 840 —80 751 2632 60.480 094 119 0421 610 —35
788 3.325 144770 125 125 0458 1320 170 762 3070 65470 084 1.6 0394 740 55
763 3527 €55%0 075 1.16 0373 940 205
764 3983 63530 069 1.16 0358 G10 345
765 4388 61.780 063 113 0338 860 445
766 4825 59.85%0 056 1.09 0313 810 515
767 5264 59850 0S8 1.09 0313 745 565
768 5702 60000 056 1.09 0313 675 600
mode] 243 mode! 233
B Depl LCG- ANV LB Depl LCG ApN
(-] [Nl (%) (-] <1 NI ese] () .
341 488:500 —8.0000 4.00 341 303.100 -8.000 §50
. Vm Rtm 1k L& § Iam RCG . Vm Atm 5 Inm HCG
Jmis] [N] iml [m] [m2] [deq] [mm] fmis] [N [ml L_I_LL_eg]___LmL
780 1425 21200 125 125 0458 085 =120 769 1:316 11.640' 125 125 0456 020 <75
781  1.900. 61.850 1.25 125 0456 555 =170 770 1755 31.680 1125 125 0458 325 =140
782 2375 118010 094 1.9 0421 000 =80 771 2183 61.630 091 122 0421 700 ~100
. 763: . 2.869. 138.000 0.88 1.19 :0.409 12.10; 55 772 2632 €500 075 1.16 0373 7.5 10
773 3070 69950 069 1.13 0352 09.80 145
774 3509 70390 059 0S4 0289 0.80 295
775 3948 68.800° 053 083 0273 920 445
- 776 -4369: '65:140-:053:-0.91-:0269 830: 54.0
777 4825 62010 050 0S1 0262 730 605
778 5264 61.520 047 081 0255 645 640
779 5702 60280 .0.44 088 0243 560  67.5

I-1





model 221 model 211
LB Depl LCG ApNV LB Depl LCG ApN
-1 Nl [%p] [-] (= INL, (%l (-]
341 210800 0000 7.00 341 157 85
™ Vm Am [k L& 3§ Tnm ARG nm Vm Am k[ §  Inm  FCG
fm) NI [m] [m] [m2] f[deg] [mmj [mis] [N] [m] [m] [m2] [deg] [mm]
705 1222 6280 125 125 0456 —060 -—55 630 1180 4572 125 125 0458 —040 -55
706 1.652 17.700 125 125 0458 040 -—140 631 1.590 12310 125 125 0456 —0.10 —102
707 2084 30870 125 125 0458 365 -135 632 1999 21359 108 125 0458 260 -11.0
708 2477 35640 119 125 0461 355 =70 633 2408 25263 097 125 0440 275 —60
709 2890 42810 113 125 0462 340 55 634 2754 29413 094 125 0434 270 —45
710 3267 50.400 1.08 125 0458 4.15 00 635 3148 34500 089 122 0418 285 =05
711 3716 51730 097 122 0433 615 9.0 636 3.541 38800 083 122 0405 3.30 40
712 4120 50390 0688 1.19 0409 580 185 637 3982 41531 078 119 0388 350 100
713 4558 50020 079 1.17 0384 605 235 638 4344 42753 072 119 0372 380 120
714 4971 50140 069 1.6 0353 610 290 639 4721 43655 069 117 0361 410 170
715 5368 52000 069 1.6 0359 600 330 640 B.115 44945 063 1.16 0345 425 200
716, 5781 53700 0.69 1.16 0359 590 330 641 5508 46800 057 1.16 0330 430 240
642 5902 48:000 050 1.16 0313 440 290
made! 220 model 210
LB Depl LG ApN LB Depl LCG ApN
(-1 [Nl (%) [-] =] [Nl [(p] (-]
341 210900 -2000 7.00 341 1579 ' -20 85
w Vm  Hm Lk Le S TIom RCG A Vm Atm UK 8 inm HACG
Iml  IN] [m] [m) [m2] [deg] {mm} Jmis) . [N [m] [m] [m2] [deg] [mm]
718 1222 6670 125 125 0458 =035 -55 644 1180 5068 125 125 0456 =025 50
719 1652 17.400 125 125 0458 055 -135 645 1.500 12.055 1:25 125 0456 020 -10.0
720 2064 31730 125 125 0458 405 =120 646 11967 20609 108 125 0458 290 -11.0
721 2477 35440 1.00 125 0448 4490 =50 847 2376 23650 094 125 0434 310 -—45
722 289 40510 088 125 0422 430 -1.0 648 2723 26716 088 122 0415 3.00 -18
723 3303 44020 0581 1.19 0383 495 85 649 3148 30695 081 1.19 0383 3,15 20
724 3716 43.480 075 1,19 0379 670 155 650 3541 33613 075 119 0379 350 70
725 4129 43420 069 1.19 0385 600 ° 225 esi 3935 35000 070 147 0360 3.80 130
726 4558 43.480 063 119 0351 600 280 852 4359 35095 059 1.18 0335 405 180
727 4971 43850 059 1.6 0335 590 220 €53 4769 37.406 058 1.16 0327 425 210
728 5388 45800 056 1.16 0327 570 380 654 5115 '39:.481 053 116 0320 425 230
729 5781 47.600 053 1.16 0320 560 405 655 5508 41.000 051 1.16 0315 425 265
model 222 model 212
LB Depi LCG  ApN LB Depl LCG ApN
=l [Nl [%p] (-] (-1 NI (] (-
341 210900 -4.000 7.00 341 1579 -40 85
an Vm Am L[k L& 3 Inm Hca o Vm ABtm & LU S Inm RAcG
Ims]  IN]  [m] [m] [m2] {deg] [mm] Imfs] [Nl [m]| [m] [m2] [deq] [mm]
730 1222 6960 125 125 0456 =025 -—55 666 1180 5122 125 125 0456.-015 —40°
731 1652 17390 125 125 0458 105 =125 667 1.500 11.895 125 125 0458 050 -9.0
733 2064 31.890 1:06 122 0450 440 -11.0 688 1:967 20063 1.00 1.19. 0433 305 -100
734 2477 34330 100 122 0439 440 -35 669 2376 22606 081 1.19 0383 340 -35
735 2890 37.800 0.88 1.19 0409 480 20 670 2723 24540 075 119 0379 332 -05
736 3303 39430 069 1.19 0385 565 100 671" 3.48 27892 069 125 0378 360 50
737 3716 39270 063 1.19 0351 6.15 205 679 3573 29529 066 125 0371 400 105
738 4129 39210 063 119 0351 615 270 672 3935 30500 063 1.17 0347 420 165
739 4558 38790 059 1.46 0335 600 320 673 4297 31293 059 146 0335 425 200
740 4971 39410 058 1.16 0327 580 37.0 674 4721 32400 058 1.8 0327 430 230
741 5363 40200. 051 1.16 0315 550 405 675 5115 33635 050 1.18 0313 425 265
742 5781 43.000 0.0 1.16 0313 525 440 676 5461 35855 047 1.18 0305 4.5 200
' 677 58902 38.800 045 1.18 0300 4.00  32.0
‘model 223 mode! 213
LB Depl LCG -ApV LB Depl LOG AV
(=1 IN]  [ep}  [~] =] Nl (%] [-]
341 210900 -8000 7.00 341 157.900 -8.000 8.50
o Vm Am [k Lc Thm ACG nm Vm Rm [k L& 3
msl NI fm} [mj [rn2| Ideq]. -[mm} Ims] N1 Iml [m]  [m2l lggL_[_me
693 1239 7500 088 {25 0422 030 =50 680 1.180 5518 069 125 0378 015 —40
694 1652 17440 088 125 042 185 -11.0 681  1:500 12024 069 125 0378 120 —=80
695 2084 32850 088 1.9 0409 510 =90 682 1967 20722 081 1.6 0388 370 —87
696 2477 3380 078 1.18 0380 825 00 683 2345 21538 069 1.16 0359 375 1.0
697 2890 34850 072 118 0388 590 70. 684 2738 226056 066 1168 0352 380 30
698 3303 35650 063 1.13 0338 660 170 685 3.148 23.857 063 1.16 0345 430 95
€39 3716 36.400 056 108 0307 656 265 688 3557 25036 058 1.16 0332 450 17.0
700 4145 36750 053 1.06 0300 610 340 687 3950 25548 052 1.16 0318 445 255
‘701 4542 38700 050 1.03 0288 570 390 688 4312 28355 047 111 0285 425 260
702 4971 37240 047 103 0279 520 420 889 4721 27200 044 1.10 0285 4.10 285
703 5368 38400 044 1.00 02668 475 450 €30 8115 28859 041 109 0277 380 315
704 5781 40.000 0.44 1.00 03668 435  49.0. 691 5508 31.310 039 1.09 0272. 350 325

I-2






model 341 model 331
LB Depl LCG ApN LB Depl LCG Ap
=L INlL [l (=] -] (Nl [l [-]
409 369.900 0.000 4.00 409 229500 0000 550
. vm Atm ¢ Lc § Inm HCG . Vm RAm Lk L& S Iom FACG
Imis] [Nl [m} [m] [m2] {deg] [mm] ms] NI  [m] [m] [m2] [deg] (mm]
138 1.360 11229 150 1:50 0538 —045 90 126 1258 6.118 128 1.50 0534 —030 =-S5
139 1:814 27.874 1.50 150 0536 075 -190 127 1692 14769 113 1.50 0511 -0.05 -11.0
140 2267 52604 1.50 1:50 0536 430 -180 128 2094 27300 105 1:50 0496 230 -—14.0
141 2775 57531 1.50' 1:50° 0538 405 -110 129 2546 31:662 1.13 146 0802 275 -85
142 -3.474 65541 150 1:50 0538 365 -85 130 2948 37381 113 146 0502 284 50
131 3350 43515 1.13 046 0502 285 —14
132 3769 47938 1.0S 146 0487 355 40
133 4188 49810 101 146 0478 410 100
134 4608 49.828 098 1.43 0464 460 165
. 135 5078 49563 086 1.43 0436 500 21.0
136 5444 51.000 079 1.43 0419 520 255
model 340 model 330.
B Depl LCG ApN LB Depl LCG ApV
-] N (%] (-] = Nl [%le] [-]
409 369.900 —2.000 4.00 409 229500 -2.000. 5.50
™ vm  Rtm kLo 5 Inm RCG o vm Rtm [k (¢ S Inm RCG
[ms]. [Nl fm] [m] {mo] [deg] [mim] fmfs] N1 fm] [m] fme2] [deq] [mm}
171 1360 11175 150 150 0538 —033 -—80 114 1256 6373 120 150 0525 =045 —52
172 1.814 27457 150 1.50 0538 110 -180 115 1675 14730 116 150 0517 025 -10.5
173 2285 ‘54013 1.50 1.50 0536 440 -162 116 2084 26300 109 1.50 0503 2.60 =130
174 2739 59712 150 150 0538 435 =95 117 2529 30525 113 143 04% 298 -70
175 3.158 68247 1.35 143 0533 465 -40 118 2948 35249 143 143 0496 310 =35
176, 3648 75767 120 143 0510 605 55 119 3350 39.483 109 1.43 0488 350 20
178 4081 75000 109 143 0488 765 220 120 3769 42411 1.05 143 0480 395 80
177 4534 72,000 094 1.35 0437 800 380 121 4188 42927 098 1.43 0464 450 145
179 4988 71.000 0.88 1.31 0415 780 430 122 4606 43225 086 1.43 0438 480 190
123 5075 44624 079 1.43 0419 500 240
124 5444 48200 075 1.39 0401 510 290
model 342 ! model 332
LB Depl LCG Ap, LB Depl LCG ApV
=l Nl [%p] (=] =1 Nl fete] (=)
4,09 369900 —-4000 4.00 409 299500 -4.000 550
. Vm RBm [k Lo 5 Iam RCG mm  Vm  Rm Lk Le 3 Imm RCG
Jmss] NI [m] [m] [m2] (deq] [mm] fmis]l (NI [m) [m} [m2} [deg) fmm]
160 1:360 11282 150 1.50 0536 -045 =75 . 102 1256 6646 131 1.50 0539 000 ~48
181 1:814 27254 150 1.50 0536 135 -165 103 1692 15124 128 150 0534 055 -98
162 2267 55000 1.43 150 0535 480 =135 - 104 2094 26587 120 150 0525 288 -125
183 2775 61:816 128 1.50 0534 495 —65 105 2529 29507 1.16 146 0508 318 =55
164 3192 66974 1.13 1.43 049 - 550 00 108 2948 33353 143 146 0502 340 -15
185 3664 71485 1.09 135 0470 700 120 107 3350 36583 1.01 1.43 0471 . 370 40
166 4081 73000 098 135 0447 805 285 108 3769 38208 098 1.43 0464 425 11.0
167 4607 69.549 090 1.31 0420 800 380 109 4238 39040 0868 1.43 0438 475 180
168 5006 70247 079 120 0370 775 460 110. 4623 40162 079 1.39 0410 500 225
169_ 5558 71.693. 0.79 1.20 ‘0370 7.40° 540 111 5075 41.870 071 135 0382 500 270
112 5444 43700 071 135 0382 500 305
113 5863 44250 071 1.33 0378 505 @25
model 343 madel 333
LB Depl LCG =~ ApNV LB Depl LCG ApNV
(=] Nl %] (-] -] Nl %] (-]
408 369900 -8000 4.00 409 229500 -8.000 550
o Vm Rtm [k [c S tam ACG mn Vm Rm [k L[e 8 Inm RCG
Imis] NI fm] [m] [m3] [deg] [mm} Jmjel [N1__ fm| [m] [m2] [deg] [mm]
144 1360 12.445 150 150 0536 032 =75 88 1258 6888 1.13 150 0511 015 -45
145 1868 33331 135 1.50 0530 280 -155 89 1675 14810 113 150 0511 100 =90
146 2285 @1.430 120 1.50 0525 570 -—130 90 2094 27632 109 1.43 0488 340 -112
147 2721 64.671 1:09 1.43 0488 620 -50: 91 2513 29.900. 1:05: 1.43 0480 375 —45
148 3152 70978 101 1.38 0460 755 6.0 92 2948 31.891 098 1.43 0464 4.00 1.5
149 3700 77.471 080 128 0413 880 220 83 3367 34.068 086 143 0438 455 85
150 4045 77858 075 124 0369 865 345 94 3786 38053 083 1.39 0420 610 163
151 4571 77.305 075 124 0369 810 485 . 85. 4204 37819 075 1.35 0392 520 230
153 4988 76000 0.71 120 0351 755 580 96 4640 39316 071 1.35 0382 515 28.0
154 8441 75000 071 120 0351 650 63.0 97 5059 40452 068 135 0374 505 325
101 5444 42000: 066 1.35 0369 490 385
98 5863 44400 064 1.31 0356 480 41.§






modé! 321 model 311
Depl LCG ApN LB Depl LCG ApN
- N (%lp] (-] - N [%Llp] [-l
409 159.800 0.000 7.00 408 118500 0000 850
Vm— Am & L& & Iam FCG . Vm: Atm [k
[ms] _ (NL. [m] ([m] [m2] [deg} [mm] Imis] [Nl {m] [ml [mzl [e_g] [mml
44 1183 3997 113 150 0511 -018 —40 3 1127 2799 088 146 0471 =015 -29'
48 1577 9837 1.3 150 0511 =018 =70 4 1517 6359 088 146 0471 —028 -54
48 1987 16477 1.13 150 0511 155 -105 § 1878 10243 088 148 0471 075 -68
47 2385 19238 {.13 146 050 210 ~75 6 2254 12708 098 148 0471 185 —07
48 2775 23.308 105 148 0487 220 -45 9 2629 15612 088 148 0471 180 -—55
49 3170 27.67S 1.08 146 0487 225 -20 8 3020 19.113 094 146 0461 175 -390
§0 3580 32426 101 146 0478 225 20 1 3380 22429 088 1.48 0471 179 -10
§1 3974 35939 094 1.46 0461 246 49 2 3771 26863 098 146 0471 1.70 1.8
52 4384 40499 094 1.44 0457 270 60 7 4132 29843 098 1468 0471 175 23
53 4794 42553 080 1.44 0448 305 80 10 4807 35252 094 146 0461 1.8S 1.5
184 5125 43000 083 143 0420 335 105 200  4.883 38250 0.75 ‘143 0409 2.10 25
186 5519 44.300 075 143 0409 370 160 183 5258 40750 068 1.39 0382 250 6.0
182 5634 42.500 062 1.39 0362 ° 285 9.0
model 320 model 310
Depl LCG  ApV LB Depl LCG ApN
TS (=] Nl [elp) (-]
4.09 159.800 —2.000 7.00 409 119500 —2.000 850
™ vm Atm Lk L S Tnm RACG ‘ mn Vym Rm [k L& S Trm  RCG
[ms] [N]_Im] [m] [m2) [deg] [mm] fmis] (NI [m] [m] ([m2| [deg] [mm]
54 1183 4217 105 1:50 0493 =045 =38 11 1127 2923 105 146 0487 -008 -30
§5 1577 9390 105 150 0456 000 =70 12 1502 6270 105 148 0487 —0.01 —50
5 1.871 15649 105 150 0496 165 -105 13 1.878 10006 105 1.48 0487 0.88 -80
§7 2365 18.153 1.05 146 0487 212 -72 14 2269 12.790' 105 146 0487 175 —60
58 2775 21.457 105 146 0487 220 —42 15 . 2644 158989 105 146 0487 173 -43
59 3154 25110 1.01 148 0478 230 -50 16° 3035 17.667 1.01 146 0478 1.88 -1
60 3564 28.957 0.94 146 0461 -2.40 as 17 3410 20847 058 146 0471 1.0 14
61 3958 32,153 0.86 1.44 0438 252 70 18 3771 23972 094 146 0481 192 40
62 4337 34.500 079 144 0421 285 85 19 4132 27300 080 1468 0452 195 50
4731 35300 079 1.44 0421 320 105 200 4482 30802 086 1.48 0442 2.08 45
187 5125 33200 071 135 0382 350 130 180 4883 33200 064 131 035 225 55
188 5519 39.400 064 135 0384 375 180 191 5258 34600 060 131 0349 260 90
192 5834 35676 060 135 0354 295 110
mode] 322 model 312
LB Depl - LCG ApN LB Depl LCG
(=] INl (%tp] [-] -l N %] ()
409 159.800 —-4.000 7.00 409 118.500 —4.000
Vm ~ RAtm [k [c & 1Inm FRCG - Vm  Am Kk L 5 Ism RCG
[m/s] NI [m] [ml [m2} [d Jmm|: [més] Nl _im] [m]. [m2] (deg] [mm]
84 1183 4381 098 150 0480 000 3.4 21 . 1127 3043 105 146 0467 000 ~25
65 1593 9125 098 150 0480 0.8 -6.1 2 150 6124 105 146 0487 000 -—45
66 1987 . 15494 098 1.50 0480 185 —95 23 1678 9.837 105 1.46 0487 098 —80
67 2365 17.828 098 146 0471 230 —65 24 2254 12250 105 146 0467 174 -60
68 2760 20461 094 1.46 0481 235 -30 25 2629 14378 105 146 0487 {80 =30
3170 23557 090 1.46 0452 250 1.6 .26 3005 18821 105 148 0487 {93 —10
70 3584 28283 083 146 0435 260 5.0 27 3360 19286 080 1.46 0452 200 22
71 3942 28515 079 1.46 0425 275 90 29 3756 21.855 077 148 0420 200 58
72 4352 30522 075 143 0409 310 110 28 4132 24800 079 146 0425 200 60
73 4778 31984 071 143 0399 345 140 30 452 27388 075 148 0415 225 70
197 5125 33200 056 137 0347 385 170 31 4883 29500 075 146 0415 250 8.5
196 5518 35700 0.5 1:35 0343 370 200 193 5258 31400 054 135 0338 280 105
195 5634 32200 0.53 1.31 0327 280 130
moadel 323 model 313
LB Depl LCG. ApN LB Depl 'LCG ApN
(=] Nl [%p] [} (-] (Nl [%p] [-1
4.09 159.800 —8.000 7.00 409 119500 -—8.000
an Vm  Fm 1k S Iam HCG wm Vm Rm 1k L S Iemm RCG
Imil NI [m] [ml [m2] |d mm]’ [m/s) LN1<L]_LLL_J_[_'-’91_LE"_'I_
74 1183 4550 098 1.46 0471 017 =28 32 1127 3213 090 143 0446 0.4 =25
75 1577 9210 090 146 0452 060 =55 33 150 6300 083 {43 0429 031 -50
76 1987 16867 075 1.46 0416 225 =95 34 1878 10284 083 143 0420 140 =75
77 2365 17.842 075 146’ 04168 262 -55 35 2254 12.099 083 1.43. 0429 198 -50.
78 2760 19498 075 1.43 0409 275 -15 36 2.644 13:714 0.78 143 0419 205 -25
79 3170 21.328 079 143 0419 285 40 37 3020 15382 075 1.43 0409 210 10
80 35684 22333 079 143 0419 305 80 38 3380 17145 068 143 0391 220 54
81 3942 24404 079 139 0410 330 130 39 3758 18784 060 1.43 0370. 220 a2
82° 4368 26.373 068 1.39 0362 350 165 40 412 20639 056 {43 0359 238 100
83 4810 30220 064 .39 0372 355 190 41 452 22823 053 {43 0340 260 113
84 5125 32200 060 1.35 0354 355 21.0 42 4883 25200 053 131 0327 275 125
86 5519 34000 058 1.35 0338 355 240° 199 8258 27.320 048 135 0847 270 160
8 ° 5914 35700 053 128 0323 360 280 198 5634 20300 049 {31 0317 275 180






model 441

B Depl LCG ApV
(=] INl  [%p] [~]
55 237.400 0.000 4.00
. Vm Rtm Lk Lo §  Tam RCG
mist NI [m] [m) m2] [deg] [mmi
380 1263 5972 1.50 150 0400 -0200 -50
381 1684 12,800 1.50 1.50 0400 070 —11.0
382 2089 24520 150 150 0400 243 -130
383 2527 27858 1.50 150 0400 265 -10.0
384 2948 31.629 150 1.50 0400 263 -60
385 3869 36923 150 150 0400 215 -—45
386 3790 43796 1.50 1.50 0400 170 —6.0
model 440
LB Depl LCG ApN
(=l IN| O[] [
S5 237.400 -2.000 4.00
mn Vm Atm [k Le S Inim RCG
[mis]l. [Nl [m] {m) [m2) [d mm
387 1263 6075 150 150 0400 -0.10 —6.0
388 1684 13410 150 1.50 0400 045 -—100
389 2108 24.453 180 1.50 0400 265 -—125.
300 2527 28.363 1.43 150 04000 320 —9.0
391 2948 32604 143 146 0398 320 -40
392 3369 37.158 143 146 0398 300 00
393 3790 43.527 143 148 02398 265 20
394 4211 49.850 1.50 1.50 0.400. 260 50
395 4616 S8.412 150 1.50 0400 240 00
‘model 442
LB Depl LCG ApN
=] N [%p] (-]
55 237400 -4000 4.00
Vm Atm [k Ic § Inm HCG
fmis] NI [m] (m] [m2] {deg] [mm]
396 1247 6220 150 1.50 0400 000. -—40
397 © 1,668 13.357 1:50 150 0400 060 -—10.0
398. . 2:108 25733 1:50. 1.50 0400 290 -—11.5
399 2510 29209 1.39 1.44 0396 340 -80
4000 2914 32538 1.35 143 0333 4335 -35
401 3369 36414 1131 143 0390 345 1.0
402 3807 40832 124 143 0383 390 60
403 4228 422301 113 1.39 0362 470 11.0
404 4649 43440 101 1.33 0337 875 160
408 5053 42047 0894 129 0319 585 230
408 5475 42191 000 128 0310. 570 340
mode] 443
LB Depl LCa .ppN
(=] IN]  [p] [-]
5.5 237.400 -8.000 4.00
wn Vm  RAtm 1k & § Tnm FRCG
Imis)  [N]__ fm} [ml [m2] fdeg] [mm]
388 1247 6209 1.50 1.50 0400 020 —4.0
359 1664 14453 143 146 0398 120 -90
3700 2106 25320 128 143 0388 315 =110
371 2510 26.628, 124 137 0375 345 -60
372 2948 29.118 1.18 139 0370 380 -20
373 3869 20740 1.13 1.37 0359 3.80 4.0
374 3807 30934 1.11 1.33 0350 430 2.0
375 4228 29999 099 1.31 033 470 . 150
376 4649 27.326 088 122 0297 625 200
377 5037 28.423 083 120 0284 525 260
378 5475 31300 079 1.18 0274 510 315
379 5898 35500 0.77 1.14 0265 480 388

model. 431
LB  Depl LCG ApN
=1 INl  [%p] [-]
55 147.300 0.000 550
. Vm Rm [k [ S 1Inm HACG
Imis] [Nl fm] fm] [m2] [deq] [mm]
314 11151 3228 150 1.50 0389 -0.12 =35
NS 155 7.155 150 1.50 02389 —020 -65
316 1948 12.144 150 150 03%4 120 -100
317 2349 16085 1.50 1.50 0400 195 -65
318 2738 17.479 1:50 150 0400 1.95 —4.5,
model 432
LB Depl LCG Ap,
=1 N [%p] [-]
55 147.300 -4.000 6.50
‘o vm Hm k(e S Tam HACG
[ms) Nl [m] {m] {m2] [deg] [mml
338 1.167 3474 150 150 0400 0.00 -3.8
339 {1856 7558 1.50 1.50 0400 0.30 -6.5
340 1945 12938 135 143 0393 1.75 -82 .
341 2349 16045 124 '1.43 0383 231 -4.1
342 2738 16803 1116 141 0370 225 -20
343 3142 19228 113 139 0362 238 1.0
344 3516 21.416 109 139 0357 245 ‘5.0
345 39200 23514 1.05 139 0353 260 85
346 4278 25000 098 137 0338 275 8.5
347 4667 26354 096 1.37 0334 313 105
348 5.056 27.420 084 137 0331 325 132
350 5445 29.000 088 135 0315 335 16.0
351 5834 31.700 083 135 0308 3.80. 18.5.
model 433
LB Depl LCEG ApN
=1 [Nl (%p] [-]
65 147300 —-8000 550
nn Vm  Rtm k. L6 S Iam RGG
Imis]  IN]  [m] [m] [m2] {deq] [mm}
352 1167 4550 1.50 1:50 0.400 - 0.00 -25
353 1556 7799 135 146 0398 020 —60
354 {945 13354 120 143 0378 190 -95
355 2349 15.197 1.13 1.39: 0362 2500 -50:
356 2738 16815 105 139 0353 253 =20
357 31158 18.655 1.01 1.37 09344 260 1.0
359 3516 20033 094 137 0331 260 50
380. .3.889 :21.567..092 137 0328 260 80 -
381 4284 '22.719 0868 1.35 0315 325 11.0
382 4683 23959 083 133 0304 340 14.0
363 5040 25407 079 131 0295 3.40 16.0
386 5445 27.000 075 1,31 0289 3.35 195
‘367 5834 29000 069 129 0276 3.20 250






model 421 ’ ‘model 411

B Dept LCG ApNV LB Depl LCG ApV
[=t [Nl %lp] [~] (=1 [Nl {%Lp] (-]
§.5 102600 0.000 7.00 55 78.600 0.000 8.
Tun_ Vm ftm &k L& S Inm RCG mn Vm  Am 1k L& S TWim ACG
Jmis} [NL [ml. Im}] [m2] [deg] [mm] [m{s] IN]. Im}_ [m] [m2] [deg] (mm]
287  1.084 2158 1.50 1.50 0.383 -0.10 -25 201 1.046 1.607 1.35 150 0.357 -0.10 -1.8
288 1485 4759 150 1.50 0380 -0.13 =40 202 1395 3371 1.28 1.50 0.343 -0.08 -3.0
289 1831 7.539 150 1.50 0.380 061 <65 23 1758 5.035 1.20 150 0.340 0.25 <-4.3
20 2197 9.744 135 1.50 02394 130 -5.8 204 2107 6818 1.20 150 0.340 095 -4.8
291 2563 11.654 120 148 0378 135 -4.6 . 205 2455 7999 1.05 150 0.331 095 =35
202 2929 14.043 118 1.48 0378 1.42 -235 208 2804 9723 068 143 0318 085 =30
23 3281 18777 1.13 1.43 0389 1.42 0.0 207 3139 12000 0.88 143 0319 100 -5
294 2676 19.843 1.09 143 0384 140 1.0 208 3.488 14008 0.98 143 0.333 105 0.0
295 4.043 22.126 1.05 1.43 0359 135 1.8 209 3.836° 16.819 0.98 143 0.339 1.00, 25
206  4:336 26.609 101 143 0352 135 0.0 210 4213 20582 088 1.43 0.347° 0.90 3.0
27 4775 30032 0.98 1.43 0347 150 -1.0 211 4534 23000 088 143 0347 090 -1.0
288 5.126 33.200 094 143 0341 1.60 -0.5 212 4883 26300 0.98 1.43 0.247 0.5 =20
299 5.493 35.000 0.50 1.43 0.334 1.75. 1.0 213 5231 31200 0.88 143 0.347 080 =20

214 5580 35.200 . 0.98' 1.43 0.347 090 -22

model 420 . model 410
B Dapl LCG ApN B Depl LCG ApNV
[<] [Nl (%Lp] -] (=} (N [%Lp] [=]
§.5 102600  -2.000 7.00 ‘5.5 78.600 -2000 8.50
un Vm Bm Lk L S Inm RCG run~ Vm Am L L S 1im Aca
fmis] IN} Jmj: [m] {m2] [deg] [mm]| : [m/s] [NL [m [m] [m2] [deg] [mm]
300 1099 2272 1.50 1.50° 0.380° -0.0S -3.0 215 1046 1.836 1.35 1.50 0.357 -0.05 -1.4
301 1450 4.725 150 1.50 0377 -0.02 -4.3 218 1385 3300 1.24 148 0.346 -0.05 -27
302 1831 7554 1.43 1.50 0380 0.72 -85 217 1:744  6.442 120 148 0.350 0.200 -4
303 22197 9.548 143 150 0389 140 -5.0 219 2083 6700 1.05 144 0.328 1.00 -4.8
304 2583 11.104 1.35 1.48 0392, 145 -40 220 2427 7.683 0.98 143 0330 100 -3.0
308 2929 13.040 1.28 148 0293 152 =25 2 2804 9.416 0.84 143 0.227 1.0 -28
307 2.298 15.587 118 148 04378 152 0.0 222 3139 11.282 0.94 143 0330 110 =15
‘308 3.662 18.086 1.05 143 0359 150 s . 223 3502 13348 0.94 1.43 0.333 1.10 ~1.5
309 4043 20633 0.98 1.43 0347 145 4.0 224 3850 15.804 0.94 1.43 0.341 1.00 28
310 4423 23491 0.90 143 0334 1:50 3.0 225 4180 18,407 0.94 1.43 0.341 0.85 20
A1, 4760 26.207 0.86' 1.43 0326 1.65 25 226 4.548. 21519 0.8¢ 1.43 0.334 0.80 0.0
312 5,126 29.400° 0.83 1.43 03200 170 28 227 4.897 24.665 0.83 1.43 0.320 0.80 -1.0
312 5483 30.826 0.80 1.43 0.317 180 40 0 0000 0000 000 0.00 0.000 <0.00 0.0
313 5.873 34.251 0.79 1.43 0.313 1.95 7.0 228 5580 31.400 0.79 1.43 0.313 0.85 0.0
‘model 422 : modal 412
UB  Depl LCG A B Depl LCG ApNV
(<t (NI [%Llp] [-] [=1 IN}  [%Lp] ‘[-]
5.5 102600 -4.000 7.00 55 78.600 -4.000 8.50
un. Vm Rtm. Lk Ls 'S Trim  RACG run.  Vm Atm Lk Ls 'S Trim RCG
Jmis] [N] [mj, (m} [m2] ([deg] .[mm]. {m/s]. [N] [m]. (m] .[m2) [dag] [mm]
274 1084 2340 135 1.50 0.338 0.00 ~-20 20 1046 1711 1.35 1.50. 0.354 =0.05 -1.5
‘2715 1485 4.767 1.43° 150 0.386 0.10 -3.5 21 1281 3371 1.31 150 0.388 0.0 -25
278 1.8 7.503 135 1.50 0.3%94 0.90 -8.0 232 1.744 4890 1.28 180 0371 0.05 -4:2
273 2197 9.400 135 1.50 0382 1.25 -56.0 233 2093 6546 1.20 1.43 0.358 1.05 -5.0
277 2563 10.400 1.28 1.43 0.383 150 -35 - Q24 2441 7488 1.13 143 0.355 1.05 -25
278 2929 12859 105 143 0559 160 -15 . 236 2804 9059 113 143 0358 1.05 -25
279 3298 14.650 1.01 143 0352 165 1.5 2286 2153 10750 1.05 1.43 0.358 1.10 0.0
280 . 3682 18800 1.01 143 0352 1.60 45 . - 237  a518 12820 0.98 1.43 02347 110 - 22
281 4043 18914 0.98 143 0347 1.60 5.0 238 2864 14,592 0.98' 1.43. .0.347 1.05 45. -
282 4423 21584 0.96 1.43 0344 160 40 239  4.213 17.114 0.98 1.43 0.347 098 as
283  4.780° 23800 0.94 1.43 0341 170 40 240 4682 19.852 0.98 1.43: 0.347 0.90 1.5
288 5.126 26.317° 0.90 1.43 0334 1.85 50 241 4883 22800 0.98 1.43 0347 0.90 0.5
284 5493 28.800 0.88 1.43 0.326 200 85 243 6231 25200 050 1.43 0334 1.00 15
285 5850 31.0000 0.79 1.41 0310 210 105 242 6580 28.000 0.90 1.43 0.334 1.05 25
244 5929 30.600 0.90 1:.43 0.334 1.10. 3.5
model 423 model 413
UB  Depl LCG ApN UB  Dept LCG ApN
(=1 INl  [%Lp} (-] [-1  INI (%Ll (-]
5.5 102600 -8.000 7.00 8.8 76.600 -8.000 8.50
un Vm RAim T3 le S Trim RCG run vm Atm k e S Trim __ RCG i
[mis] [N]. [m| (ml' [m2) [dag] (mm] [is} [Nl  [m] [m] [m2?] fdegl [mm|
259 1.084 2414 1.35 150 0.a74 0:10 ~-25 245 1048 1,847 1.35 150 0.354 0.05 . <15
260 1450 4774 1.28 150 0.377 0.28 -5.0 246 1395 3563 1.35 1.50 0.380 0.20 =25
201 1831 7.804 116 1.43 0353 120 ~-7.0 247 1744 5254 1.20 143 0382 070 =50
282 2197 9.481 1.05 143 0.3S53 170 -5.0 249 2107 8537 1.13 143 0.352 120 =4.5
263 2583 10.835 0.98 1.43 0347 175 -3.0 250 2441 7.517 088 143 0336 125 -20
264 2015 11961 090 1.43 0334 180 0.0 48 2780 8719 098 143 0338 125 <-1.0
265. 3.310 13564 0.83: 1.43 0320 1.80 25 251 3139 9.981 043 143 023200 130 1.0
266.  2.678 15177 0.79 141 0.310 180 6.0 . 252 d.4m8 11515 0.71 143 0300 121 as
207 4028 16.805 0.75 1.39 0.301 178 7.0 253 3.83¢ 13.118 0.71 141 0.3000 1.10 5.5
‘268 4394 18500 0.7S 1.35 0.295 1.90 7.0 254 4213 15049 0.71 141 0.298 1.058 6.5
269 47680 20.330. 0.75 1.35 0.295: 200 7.0 256 4534 17.000 -0.88 1.43 :0.201 1.08: 4.5
270 S.128 22.000 0.68 1.35 0.281: 205 25 255 4.883 19.000 0.68 1.41. 0.291 1.05 5.0
272 5493 -24.0000 0.64 1.35 0273 215 1.0 257 65.231 21.300 0.68 141 0.291 1.10 6.0
271 5:859. 25.800 0.64 1.35 0.273_ 220 13.0 258 5.580 23.500 0.68 1.41 0.291 1.20. 7.5
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‘modal 541 )
UB Depl LCG ApN
I=1 IN] [%tel (-]
7 165200 0.000 4.00
run Vm Rtm k e S Tim RCG
{m/s} [N} im m m2| de! mm
596 1173 3484 1.50 150 0324 =005 -40
597 1570 7.558 1.50. 1.80 0.324 0.00 -70
588 1.968 13.169 1.50 1.50 0.324 140 -100
599 2363 16.603 1.50 150 0.32¢ 220 -8.0
600 2759 18.884 '1.50 1.50 0.32¢ 240 <50:
601 3.04§ 20.753. 1.50 1.50' 0.324 23§ -4.0!
802 3588 25.110 1.50 1.50 0.324 215 0.0
8§03 3980 29.310° 1.50. 1.50...0.324: 1:80. 0.0
modasl 540
UB Depl LCG ApN
i<} INI (%Ll -]
7 165200 -2.000 4.00
wn Ve Rtm kL §  Trm RCG
[m/sl INL [m]! [m] [m2] i[deg] {mm] .
604 1173 3384 1500 1.50 0.324 0.00 -3.0
605 1570 7.580 1.50 1.50 0.324 0.10 ~8.0
608 1968 13536 150 1.50 0.324 150 -10.0
607 2383 16.892 150 1.50 0.324 230 -7.0
608 2775 19.277 1.50 150 0.324 250 -5.0
609 3171 22473 150 1.50 0324 250 =10
610. 3588 25.759 1.50 1.50° 0.324 240 10
611 3880 29450 150 150 0324 230 a0
612. 4361 33.773 1.50 1.50 0.324 255 3.0
model 542
UB  Depl LCG ApN
[=1 IN  I%Lp) (-]
7 185.200 =-4.000. 4.00
run Vme Atm’ kL S Tim  RCG
[mis] Nl__{m) qm] {m2] ([dag} [mm}
613 1:168 2612 150 1.50 0.324 000 -390
814 1602 6.079 150 1.50 0.324- 0.30 -7.0
815 1988 14.013 150 1.50 0324 1.80 =100
616 2379 17761 150 1.50 0324 270 70
817 2775 19.584 1.50 1.50 0.324 26§ -4.0
618 3171, 22090 150 1.50 0.324 270 -1.0
619 2588 24:780 1:50 1:50 0324 270 20
620 3.996 27.238 1.35 1.43: 0.307 295 8.0
822 4377 20.406 1.13 139 0290 370 9.0
623 4757 30.500 1.07 1.39 0283 435 120
625 S.154 31000 091 138 0257 500 16.0
824 5550 31400 0.90 133 0253 S.30 220
826 _5.946 33.000 0.88 1.30 0.247 510 27.0
modal 543
B ° Depl LCG ApV
-1 M (%) (-]
7 165.200. ~8.000 :4.00
run Vm ‘Rtm k Le 5 Trm RACG.
[m/s] INl_ [m] [m] [m2] ([deg] {mm]
684 1188 3679 150 150 0323 0.20 -4.0
585 1.588 as11 150 1.50 0323 070 -8.0
588 1.982 15.021 1.35 146 0318 215 -100
8§87 2363 10.299 1.28 143 02310 3.05 -8.0
688 2759 20.483 1.24 1.43 0.300. 305 -4.0
589 2158 22528 1.18 143 0299 3,30 0.0
5§90 3.566 24920 1.13 1.43 0.206 3.60 4.0
S91 39684 27.383 1.01 1.43 0281 4.2 9.0
S92 4377 29.278 0.94 1.35 0.261 4.85 13.0
593 4741 31.001 0.80° 1.28 0.247 550 7.0
S04 S.154 30.945 0.84 1.24 0.233 S5.45 21.5

modal’531

UB Depl LCG ApN
[<1 [Nl [%lp] ([=]
7 102400 0.000 ‘5.50
run  Vm ‘Rtm k Lo S Trim  RCG
fm/s] N. [m] [m] {m2] [deg] [mm]
530 1.084 2005 150 150 0.323 0.00 0.0
531 1484 4348 150 150 0323 -0.100 =40
532 1818 64892 150 150 0323 070 -8.0
533 2182 9088 150 150 0323 1400 -60
634 2548 10796 150 150 0323 155 =40
§35 2938, 12844 150 150 0.323 165 =35
536 3280 14846 150 150 0323 1.60 -1:8
§37 3661 18.239 150 150 0.323 .50 0.3
538 4.041_ 21.887 150 1.50 0.323 1.30 1.0
model 530
UB  Depl LCG: ApNV
<. NI [%lp) [~}
7 102400 <2000 S5.50
run Vm Rtm k Le S Trm  RCG
[m/s} NL. _[m] fm} ([m2] [deg] [mm|
§41 1084 2015 150 150 0.323 =005 =20
540 1.450 4267 150 150 0323 000 =40
542 1330 7.200 1.50 150 0323 0.80 =70
543 2198 0.523 150 150 0323 170 6.0
544 2548 10.774 150 1.50 0.323 1,75 =40
545 2928 12.481 1.35: 146 0.318 "1.80 =20
546 3294 14.248 135 146 0.318 1.75 0.0
547 3675 18.473 1.31 146 0.315 1.80 2.0
548 4,058 18.654 1:28 1.46 0.314 180 4.0
§54 4.437 209898 1.24 145 0.310 210 3.0
550 4.788 22270 1.13 1.43 0:296 240 5.0
0 0000 0.000 0.00 000 0000 000 0.0
SS51 5491 24.700 0.98 1.43 0.278  3.00 9.0
modai §32
UB Deplt LCG ApV
(=] N [%tp] [-]
7 102400 -4.000 5.50
un Vm Rtm [k Lc S Trim  ACG
[misf N] [m] ([m] (m2] [deg) (mm}]
555 1.088 2417 150 150 0323 0.00 ~-2S
858 1450 4492 1.50 150 0.323 005 =40
857 1.816 7.285 150 150 0323 1.05 7.5
‘558 2182 9.155 150 150 0323 170 <-6.0
559 2548 10436 1.28 146 0318 180 =38
560 2928 12080 1.28 1.43 0.310 185. =20
582 3280 13739 1.20 143 0.303 1.90 1.0
563 3846 15431 116 143 0200 200 40
884 4027 17038 1.13 1.43 0298 210 8.0
585 4407 18512 1.09 143 0291 230 5.8
5868 4759 20.151 105 143 0.286 260 5.7
867 5:227 21:201 0.94 1.39 0.267 290 8.0
568 5491 22.100 0.86 1.39 0.255 300 100
589  5:.001 24.641 0.83 1.39 0:251 300 12.0
model 533
B Depl LCG ApN
=1 NN [%Lel (<)
7 102400 -8.000 5.50
un Vm Rtm k Le S Trim  RACG.
_{mis)’ {N] [m] {m] [m2] (deg] [mm)
§70 1098 2318 135 148 0318 005 . =20
571 1464 4859 1.35 148 02318 004 =40
572 1.830° 8052 128 143 0310 135 <-6.0
573 2182 9541 118 143 0209 165 =50
574 2582 10530 1.09 141 0.288 200 =20
575 2928 12027 1.09 141 0:288 205 ~1.0
576 3.280 13522 1.01 141 0.278 220 1.0
5§77 3.648 15.030 098 139 0272, 230 4.0
578 4.041 18348 054 139 .0.267 250 8.0
579 4.407 17.945 0.88 139 0.255 230 70
580: 4773 18:756 0.83 1.39 0.251 a.10 9.0
681 5169 20.153 0.79 135 0240 315 120
582° :5.491 21.600 0.75 135 .0.234 320 4.5
S83 5857 23400 0.71: 1.31 0223 210 185






modal 521
B Daepl LCG ApN
(=) Nl [%lel (-]
7 71300 0.000 '7.00
mun Vm Rm Lk Le ] Trim  ACG
fm/s] [N] fm| {m} [m2] {dag] [mmj
488 1.034 1.357 128 148 0.308 -~0.05 -1.5
489 1.378 2757 1.28 1.48 0308 -0.02 =30
470 1723 4220 128 148 0308 030 -4.2
471 2088 5745 1:28 1.48 02311 0.0 =5.0
472 2399 6717 128 143 0310 1.10 =38
473 2757 - 8.133 128 1.43 02310 120 -20
474 3102 0.800 1.24 1.43 0308 120 -1.5
475 3.448 118625 1.24 1.43 0308 120 0.5
478 3.818 13.849 ‘1.24 143 0308 115 20
477 4135 15537 1.24 1.43 0306 120 20
478 4.454 17.814 1.24 1.43 0.306 1.30 0.0
479 4852 19.819 120 143 0303 140 0.0
480 5.169° 21.800 120 1.43 0303 150 0.0
482 5514 22800 1.13 140 0.292 170 25
484 5859 25.600 1.05 1.40 0.282 1.8 5.0
model 520
UB Depl LCG ApNV
(=} Nl [%lp] (-]
7 71300 -2.000 7.00
run  Vm Rim k Le S Trim 'ACG
[m/s] NI Im]. fm] {m2] ‘[deg] [mm|
485 1.034 1.448 138 1.48 0308 -0.03 -20
486 1,378 2800 1.38 148 0308 0.03 -25
487 1723 4.300 138 148 0308 0.40 -4.0
488 2088 6.661 1.31 1.44 0305 0.92 -50
489 2412 6.714 1.28 1.44 0.308 1.16 -2.2
480 27171 8070 1.26 1.43 0308 120 =20
491 3102 9.400 122 143 0308 1220 =12
492 3:.460 11.053 1i20 1.43 0303 1.30 1.8
483 3791 12482 1.18 1.43 0.299 130 4.0
494 4,204 14587 1.13 143 0296 1.30 40
485 4.508 18.331 109 1.43 0.291 1.35 1.0
498 4825 18.437 1.05 1.41 0284 1.45 20
497 5:189 19.900 1.05 1.39 0.281 1.50 20
499 5642 21.890 098 1.39 0.272 170 40
498  5.859 23:200 0.80 1.33 0.261 1.80 5.5
modael 522
UB. Depl LCG ApNV
(- INL_ I%ts] (-]
7 71.300 -4.000 7.00
run Vm Rtm k L s Trim  RCG
Imfs] (N} [m] [m] [m2] {deg] (mm]
500 1.034 1.517 128 1.48 0.303 0.00 =25
501 1.378 2600 1.28 1.48 0303 0.10 -4.0
502 1709 4:394 1.28 1.48 0303 0.60 -5.0
503 2054 §.549 1.28- 1.43 0308 1.00 =6.0
S04 2412 6519 1.20 143 0.300 - 1.20- =-3.0
§0S 2757 7.853 1.18 1.43 0301 125 -20
508 a.102 9.0000 1.18 143 0.299 ' '1.39 0.0
507 Q2.448 10328 1.09 141 0.288 135 20
508 3.791 11.888 1.09 1.41 0.288 1.35 40
500 4149 13507 1.05 1.41 -0.284 135 4.0
§10 4508 15401 1.04 139 0.280 1:38 20
511 4825 168991 1.04 139 0.280 155 3.0
S14 5.183 16808 104 1.39 0.280 169 4.0
513 6610 20:112 1:80 1.39 0.280: 1:80 8.0
maodel 523
/B Depl LCG ApN
=1 _INl  [%ip] (-]
7 71300 -8.000 7.00
mun Vm Rtm k L S Tm  RACG
Imis]_ IN)  im] (m] [m2] [dag] (mm)
§15° 1.034 1.612 128 1.43 0.299 0.08 -1.0
5816 1.378 .05 1.28 1.43 0299 0.20 -20
517 1.709 4.717 124 . 1.43 0.295 0.80 =50
518 2088 5751 116 141 0288 120 -50
819 2412 8.568 1.05 1.41 0.281 1.30 -2.2
5200 2743 7523 1.05 139 0.284 130 -20
§22 31020 9.000 058 1.39 0.272. 145 0.s
6§23 3.432 10.388. 0.50 1.39 0.261 1.50 20
821 3763 11368 0.90 1.37 0.258 1.50 57
5§24 4.122° 12.680. .0.83 1.39 0.251 -1.50 80
525 4.494. 14.186 083 1.37 0.249 1.60 4.0
520 4.839 15.634 0.70 1.35 0.240 1.80 (K]
§27 S5.169 17.000 0.7 1.35 0.234 1.90 85
5§29 5.520 18.843 079 1.35 0.240 195 8.0
528 5.850 20.600 0.75 133 0.232 200 10.5

modal 511

B Depl LCG ApV
[-1 Nl [%tp] [-]
7 53400 0.000 6.50
mun Vm Atm Lk Lo ] Trim  ACG
[mis] {N] [m] [m] [m2 Jdaq] [mm]
407 0985 1.117 1.38 150 0.299 -005 -10
409 1,340 2108 1131 150 0303 000 -20
410 1842 3101 131 150 0.297 Q.14 -3.0
411 1970 4026 1.29 150 0.304 050 =-4.0
413 2312 4926 120 143 0.295 063 =22
414 2827 5924 113 143 0.288 085 =30
412 2958 7100 120 1S0 0.301 050 -20
418 3284 8389 1.13 143 0.200 095 0.0
416  3.626 10.038 1.09 143 0.291 0.93 20
417 3954 11.804 1.05 '1.43 0.288° 0.90 2.2
418 4283 13725 101 1.43 0.281 0.5 0.0
419 46811 15532 1.01 143 0281 090 =20
420 4926 18.000 1.01 143 0.281 080 -20
422 5294 20.523 1.01 1.43 0.281 0.80 -1.0
modal 510
B Depl LCG ApN
(=1 (NI [%tp] (-]
7 53400 -2.000 8.50
un. Vm, Ritm k Le S Trim  RCG
{m/s] {N] [m__{m]_  [m2] [de mm
423 0985 1.120 138 148 0.291 000 -13
425 1327 2195 1.38 148 0.297 0.00 =20
426 1842 3.085 1.38 145 0.299 020 -20
427 1970 4105 131 143 0.298 058 -40
430 2378 6111 128 143 0.310 0.80 -30
431 2627 5825 120 143 0303 0.60 -3.0
429 2982 7.405 1.13 143 0.206 090 -15
432 2207 48558 1.05 143 0.288 0.5 0.0
433 2620 9727 1.01 143 0.281 095 20
434 3967 11:522 0.98 143 0.278 0.90 25
435 4,283 13330 0.90 1.43 0.268 0.50 10
438 4611 15.242 0.86 143 0.260 090 -0.5
437 4926 16:880' 0.84 142 0.256 1.00 0.0
439° 5255 19.000 0.34 141 0256 1.00 0.0
438 5583 21.000 0.84 1.41 0.256  1.05 1.0
model 512
/B Depl LCG ApNV
1= NI {%le] [-]
7 53400 -4.000 850
mun Vm Rtm kL § Trim RACG
(mfs] [N} [m] ([m}] {m2] ({degl [mm]
441 0885 1:131 128 143 0.262 000 -1.0
40 1314 2169 1:28 143 0282 0.10 -2.0
442 1842 2067 1.20 143 0280 032 -3S§
443 1970 3901 120 143 0.283 0.60 -4.0
444 2299 4829 113 143 0.282 085 -25
445 2840 5.892 1113 143 0282 0.85 =25
4486 2969 6.811 101 143 0.281 100 -10
447 3.284 7791 101 143 0.281 1.00 0.0
448 3613 9353 098 143 0278 1.00 1.8
449 3941 11.023 0.94 143 0.272 098 a0
450 4208 12.842 0.00 1.43 0.268 0.95 20
451 4624 14584 .0.90 141 0263 0.85 1:0
452 4826 16000 0.33 141 0.254 1.00 1.0
453 8255 17.850 0.83 1.39 0.251  1.05 2.0
modael 613
UB  Depl LCG ApN
[=1 Nl (%Lle| [-]
7 53400 -8.000 8.50
run Vm ftm Lk L S Irm ACG
misi IN]| _[m] [m] {m2] ([dag] [mm]
454 0985 1191 118 143 0.271 005 -1.0
455 1.314 2290 116 143 0279 020 ~20
458 1842 3231 113 137 0277 045 -30
457 1970 4052 0.98 137 0.262 072 ~-4.0
458 2268 4852 0.98 137 0270 085 -20
459 2827 6828 0.94 137 0.284 055 -20
460 2958 6.020 0.87 137 0.254 1.00 -10
461 2:284 7748 0.83 137 0.249 1.05 20
482 3.620 8921 0.83 137 0.249 1.02 40
463 3854 10.121 0.83. 137 0,240 '1:00 5.0
464 4:269 11477 0.83 1.37 0.249 1.00 5.0
485 4.624 13271 0.79 1.37 0.243 100 a0
466  4.926: 141688 0.75 1.37° 0.237 1.10 a0
467 5204 16508 0.71 1.37 0.230 120 4.0
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Appendix 2 :Coefficients of polynomial model






B Fneg agp ay as as a4 as ag
az as ag a1 a a2
125 | .75 | R(/A, V=5 .1120E400 | -.1289E-01 1197E-02 | -.3479E-04 | -.2297E-01 .2924E-02 | -.1347E-03
| -.7272E-03 :9765E-04 .4226E-05 .1256E-04 .2713E-03 .1774E-03
Ry/A, V=50 | :1115E400 | -.1290E-01 1199E-02 | -.3510E-04 | ..2300E-01 .2017E<02 | -.1344E-03
| -.7217E-03 .9901E-04 .4318E-05 :1130E-04 | .2728E-03 .1786E-03
: 8 |, -1129E401 | .1696E401 [ -.3130E+00 | .2169E-01 | -.2760E+01 | .4720E+400 | -.2433E-01
’; | -:3112E+400 | .1163E-01 .5206E-03 .2458E-01 | -.3180E-02 | ..3304E-01 '
RCG/VY? | ..4074E+00 | .9376E-01 -.2147E:01 '| .1515E-02 .9922E-01 -.1388E-01 | .7181E-03,
-.6410E-02 .2775E-03 | .1503E-04 | .1030E-02 | -.4586E-03 .1524E-04 '
100 | R,/A, V=5 .3996E400 | -.9231E-01 .1192E-01 | -.6086E-03 | -.4127E-01 :2720E-02 | -.5832E-04
.1094E-02 [ .3815E-03 .9987E-05 .2345E-03 .1766E-02 .5378E-04
RyfA, V=50 | .4002E400 | -.9267E-01 .1201E-01 | -.6158E-03 | -.4170E-01 .2753E-02 | -.5965E-04
.1136E-02 .3879E-03 .1025E-04 .2303E-03 1773E-02 .5835E-04
0 _-1515E402 | -.9005E400 | .1166E400 | -.4536E-02 | -:6366E401 | .3357E+00 | -:3731E-01
-.T934E400 | .1718E-01 4324E-03 5065E-01 | .9474E-01 .9864E-01
RCG/VY? -.3261E400 | .9289E-01 -.2020E-01 .1426 E-02 .2227E-01 .1384E-03 | -.3914E-04
-.1948E-01 .2537E-03 .1417E-04 .2314E-02 .3813E-03 :7281E-03 i
128 | Ry/A, V=5 | .8393E400 | -.1246E+00 | .1461E-01 | -.6615E-03 | -.1753E+00 | .2255E-01 | -.1016E-02 ||
.4165E-02 .6591E-03 .1478E-04 :8072E-03 | .1433E-02 -.7895E-03
Ry/A, V=50 | .8376E400 | -.1248E400 | .1466E-01 | -.6656E-03 | -.1748E+00. || .2243E-01 | -.1009E-02 .
' .4036E-02 .6488E-03 | .1417E-04 | .3146E-03 .1445E-02 [ -.7806E-03
6 9889E401 | -.7061E4+01 [ .9620E+4:00 | -.5360E-01 | .66572E+01 | -.1291E401 | :7367E-01
-.3946E400 | .3410E-01 .1764E-02 .1420E-01 | .2198E+00 .7282E-01
3 RcGgyv/? -.1057E401 | .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, /A, V=5 .7786E+00 | -.1016E+00 | .9022E-02 | -.2943E-03 | -.1539E+400 | .1795E-01 | -.7779E-03
.3499E-02 .1219E-02 .3137E-04 .1069E-02 .3079E-02 1622E-04 |
Ry/A, V=50 | .7830E+00 | -.1028E+00 | .9261E-02 | -.3111E-03 -.1560E400 | .1823E-01 | -.7923E-03
.3454E-02 1226 E-02 .3162E-04 | :1069E-02 | .3087E-02 | .3045E-04
] A7T86E+402 | -.9164E401 | .1350E401 | -.7826E-01 | -.9693E+01 | .1005E+01 | -.3806E-01
) | -.3616E+400 | .1714E-01 .6256E-03 .3080E-01 | .2011E+400 .3556E-01
" RCG[V? -.5638E+00 | -.2403E-01 | -.1195E-01 | .1194E-02 | .3358E400 | -.5715E-01 | .3043E-02
-.2849E-01 | -.8738E-03 | -.4271E-04 [ .2585E-02 .5695E-02 .8498E-03
1.75 | R(/A, V=5 .6817E+00 | .2683E-01 -.1742E-01 | .1476E-02 | -.1538E+00 | .1827E-01 | -.7977E-03
: .9107E-03 .1048E-02 .2831E-04 .1050E-02 .2770E-02 .1664E-03-
Ri/A, V=50 | :5824E+00 .3586 E-01 -.1725E-01 | .1466E-02 | -.1542E400 | .1826E-01 | -.7975E-03
.8446E-03 .1059E-02 .2918E-04 .1062E-02 | .2781E-02 .1844E-03
] 3161E402 | -:6006E+401 | .6319E400 | -.2905E-01 | -.2892E+401 | -.7939E-01 | .1623E-01
' -4067E-01 | .1568E-01 6076E-03 | -.I308E-02 | .1856E+00 .1581E-01 '
RCG/v/3 .7918E-01 .3672E-01 -.2361E-01 | .2115E-02 .6393E-01 -:1695E-01 [ .1139E-02
-.1168E-01 | -.1828E-03 | -.2390E-04 | :5145E-03 .3081E-02 ,1509E-02






B | Fne ap ap az as a4 as ag
| az ! as : a9 Q10 an a2
12:5 | 2:.00 | Ri/A, V=5 | 4372E+400 | .6303E-01 | -.2146E-01 | .1633E-02 [ -.1229E+00 | .1416E-01 | -.6035E-03
| .1789E-02 [ .9401E-03 .2507E-04 | .7046E-03 | .2017E-02 .3221E-03
1 ' Ri/A, V=50 4373E+400 || .6227E-01 -.2136E-01 .1627E-<02 | -.1232E4-.00 .1413E-01 | -.6023E-03 °
| f | .1758E-02 || .9548E-03 .2561E-04 .6993E-03 | .2028E-02 .3424E-03
' 1 ¢ :1322E402 || -.2002E+01 | -.1837E+00 | .2538E-01 | .3508E+01 | -.1046E+01 | .6417E-01
! ‘ 1978E400 | .3248E-02 | -.2820E-03- | -.2124E-01 | .1421E+00 | -.5899E-02
RCG/V*/® | 3061E+400 | 5434E-01 | -.2893E-01 | .2561E-02 | -.3087E-01 | -.5601E-02 | .6545E-03
: -.1355E-01 | -.8926E-03 | -.6666E-04 | .5779E-03 | .2339E-02 | .1237E-02
225 | Ry/A, 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
Ri/A, V=50 | 4695E400 | .4205E:01 | -1342E-01 | .9850E-03 | -.1423E+400 | .1773E-01 [ ..7758E-03
.9280E-03 | .1002E-02 3148E-04 | .8095E-03 [ .1326E-02 3277E-03 |
] -2005E402 | -.8873E+00 | :.2429E400 | .2151E-01 | -.1223E+01 | -.2412E400 | .2287E-01
A4608E+00 | .3414E:01 .1530E-02 | -.1894E-01 | .3043E-01 | -.3643E-01
RCG/V/2 -9376E-01 | -:7904E-02 | -.1772E-01 | .1632E-02 | .1013E400 | ..2329E-01 | .1340E-02
-.1703E-01 | -.1087E-02 | -.5905E-04 | .1185E-02 | .4634E-02 .2907E-03
2:50 | Ri/A, 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 |
Re/A, V=50 | 3278E400 | .2871E-01 | -.7447E-02 [ .4925E:03 | -.7836E-01 | .8539E-02 | -.3161E-03
1371E-02 | .7906E-03 .2369E-04 | .6169E-03 | .5856E-03 1842E-03- |
] 5497E401 | -.1505E400 | -.2074E+00 | .1448E-01 | .48383E+401 | -.1070E+01 | .6381E-01
5650E400 | .1234E-01 :2049E-03 | -.2930E-01 | .1067E-01 | -.5021E-01
. RCG{V'/3 :5347E+00 | .2676E-01 | -.2602E-01 | .2249E-02 | -.1207E400 | .1309E-01 | ..5889E-03
‘ 1 2506E-02 | .I169E-02 .5121E-04 | .4842E.03 | .4146E-02 .1570E-04
276 | R /A, V=5 | ,2864E4+00 | 2157E-01 | -.4537E-02 | .2856E-03 | -6463E-01 | .7329B-02 | -.2793E.03
.2635E-02 | .8383E-03 | .2825E-04 | .5046E-03 | .3729E-03 .1657E-03 :
Ri/A, V=50 | .2891E400' | .1934E-01 | -.4014E.02 | .2408E:03 | -.6574E-01 | .7390E-02 | -.2841E-03 '
.2672E-02 | .8536E:03 | .2874E-04 | .4875E-03 | .3523E-03 | .1661E-03
] 5251E401 | -.2136E4+00 | -.4981E-01 | -.2390E-03 | .3763E+401 | -.8703E400 | .5193E-01
7439E+400 | .3604E-01 .1649E-02 | -.2963E-01 | -.3124E-01 | -.6563E-01
RCG/V'? | 4987E#00 | -2149E:01 | -.8807E-02 | .8621E-03 | -.6185E-01 | .3117E-02 | -3261E-04
.7617E-02 | .8079E-03 .3312E-04 | -:3072E-03 | .2070E-02 | -.2094E-03
3.00 | RifA, V=5 | .2041E400 | .2262E-01 | -4611E-02 | .3277E-03 | -.3360E-01 | .3327E-02 | -.9437E-04
-2499E-02 [ .6954E-03 | .2360E-04 | .4707E-03 | .1737E-03 .8781E-04 .
Ry/A, V=50 | :2085E400 | .1942E:01 || -.3751E-02 | .2667E-03 | -3523E-01 | .3475E-02 | -.1039E-03
| .2569E:02 | .7122E-03 | .2412E-04 | .4573E-03 | .9270E-04 6T99E-04
) |_-2750E+01 | -:6138E+00 | .1493E+00 | -.1441E-01 | .4592E4+01 | -.9479E+400 | 5502E-01
| :8403E+00 (| .3900E-01 .1814E-02 | -.3527E.01 | ..7550E-01 [ -.7209E-01 '
! | RCG/v'3 | 5527E400 || -.8569E-01 .6848E-02 | -.2166E-03 | -:4469E.01 :6517E-03 | .9890E-04
: :3866E-03 | .2107E-04 | -.6350E-03 | .1068E-02 | -.7190E-03

.T751E<02 |






8 | Fne ag ay aj as a4 as ag
az ag ag - @10 a1 ay2
25 .75 R /A, V=5 .1268E+400 | -.2424E-01 .3491E-02 | -.1893E-03 | -.2136E-01 .2706E-02 | -.1283E-03
-.1462E-02 | -4897E-05 | -.4912E-06 | .3145E-05 .2632E-03 .2009E-03
Ri/A, V=50 | .1260E+00 | -.2365E-01 | .3359E-02 | -.1802E-03 | -.2152E-01 .2711E-02 | -.1285E-03
-:1457E-02 | -.5151E-05 | -.5195E-06 | .2379E-05 .2653E-03 .2007E-03
[} --2791E401 | .6060E400 | -.1479E-01 | -.8580E-03 | .4449E-01 .1737E-01 | -.3669E-03
-.3048E400 | -.2215E-02 | -.6126E-04. | .1374E-01 | -.2986E-01 .2900E-01
RCGyv/3 -.5631E:01 .1358E-01 :1978E-03 | -.9157E-04 { -.1305E-01 .3252E-02 | -.1867E-03
-.2090E-02 | :6262E-04 .5807E-05 .3741E-04 | -.5312E-03 .3008E-03
1.00 | R/A, V=5 | .3665E+00. | -.1043E+00 | .1400E-01 | -.7408E-03 | -.1955E-01 -.6496E-03 | .1031E-03
| --1763E-02 -3776E:04 | -.5533E-05 | .2222E-03 | .2048E-02 .2132E-03
R(/A, V=50 | .3659E+00 | -.1036E+00 | .1385E-0i | -.7299E-03 | -.2000E-01 | -.6113E-03 | .1012E-03
' -.1767E-02 .3638E-04 | -.5624E-05 | .2198E-03 | .2048E-02 .2160E-03'
0 | .1064E+402 | -.2476E401 | .2907E+400 | -.1443E-01 | -.1992E+401 | .9811E-01 | -.2754E-03
-.6578E400 | .2138E-03 .3172E-06 .2929E-01 .1417E4-00 .7013E-01
RCGyvY/? -.2468E+00 .5017E-01 | -.5742E-<02 | .2944E-03 .2368E-01 | -.1508E-02 4642E-04 '
 -.7365E-02 | -.3799E-04 .3699E-06 .2716E-03 | -.8045E-03 | .7947E-03
i 125 | Ry/A, V=5 | .7346E400 | -.1763E+00 | .2059E-01 | -.1003E-02 | -.6923E-01 || .3296E-02 | -.3195E-04
'l -.2975E-02 | .1928E-03 | -.4883E-05 | .7575E-03 .4465E-02 .1095E-04 '
‘ R¢/A, V=50 | .7331E400 | -.1744E+00 | .2037E-01 | -.9872E-03 | -.6949E-01 .3290E-02 | -.3134E-04
-.2984E-02 .1955E-03 | -.4780E-05 | .7530E-03 | .4459E-02 .1806E-04
‘ 8 :2407E+02 | -.6671E401 | .7093E+400 | -.3195E-01 [ -.1193E+01 | -.1873E+00 | .1544E-01
i -:3438E400 | .7800E-02 4234E-03 .1579E-01 .2244E+00 .3405E-01 | '
RCG/[v/? -.2845E-01 +.4699E-01 .7296E-02 | -.3960E-03 :2604E-01 -.5517E-02 .3090E-03
-.8058E-02 | -.1553E-03 | -.4078E-05 | .2832E-03 .2089E-02 B8162E-03 | '
150 | R(/A, V=5 8278E+400 | -:1938E+00 | .2319E-01 | -.1139E-02 | -.3753E-01 .4455E-02 | -.1599E-05
-:6563E-02 .2675E-03 | -.1677E-04 | .1527E-02 .5371E-02 .2796E-03 |
Ri/A, 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
0 .2532E402 | -.8269E4+01 | .1002E+01 [ -.4986E:01 | -.3671E+400 | -.3866E+00 .2851E-01
-.7646E400 | -.2833E-02 | -.2796E-03 | .5567E-01 :2880E400 .6108E-01
RCG/V/3 .5694E-01 | -.1061E400 | .1742E-01 { -:.9396E-03 | .4806E-01 -.8546E-02 .4183E-03
-.1034E-01 | -.1755E-03 | -.7328E-05 | .3267E-03 .2052E-02 .1164E-02
1,78 RifA, V=5 .9566E+00 | -.1196E+400 {| .7891E-02 | -.1443E-03 | -.1932E+400 | .2134E-01 | -.8377E-03
-.3208E-02 | .7299E-03 | -.3397E-06 | .1896E-02 4743E-02 -.6219E-04
R(/A, V=50 | .9550E+400 | -.1183E400 | .7563E-02 | -.1138E-03 | -.1938E+00 .2133E:01 | -.8361E-03
-.3264E-02 .7311E-03 | -.3583E-06 | .1890E-02 4738E-02 -.4953E-04
9 .3901E402 | -.6757E+401 | .5287E+00 | -.1651E-01 | -.6611E401 | .4903E+400 | -.1453E-01
-.6147E400 | -.5014E-02 | -.4529E-03 | :.4609E-01 .3434E+00 .4319E-01 ‘
RCG/V/3 .3378E+400 | -.1661E400 | .2435E-01 | -.1350E-02 | .8538E-04 -.4868E-02 .3050E-03
-.1249E-01 -.1168E-03 | -.5414E-05 | .3944E-03 .4640E-02 .1473E-02






B Fne agp ai as as [+ 71 ~as ag
| az ag ag aro ayy ajp
25 ' 2.00 | R(/A, V=5 9093E+00 | -6004E-01 | -.2084E<03 | .2698E-03 | -.2244E400 | .2790E-01 i -.1173E-02
i .1494E-02 .1223E-02 .2299E-04 | .1875E-02 | .2861E-02 | -.3119E-03
| Ri/A, 9=50 | .9074E400 | ..5868E-01 | -.5893E-03 | .3005E-03 | -.2249E300 | .2787E<01 /| -.1171E-02 .
1 | .1423E-02 .1228E-02 2317E-04 | .1868E-02 | .2843E:02 | -.2987E-03 |
] 4651E402 | -5594E+401 | .4061E+00 [ - 1428E-01 | -.1074E4-02 | .1163E+01 | -.4941E-01
I -:3024E400 | -.1047E<01 | -:6648E-03 | .2291E-01 | .2767E+00 | .4267E-02 |
| rcgyw/3 .6440E+400 | -.2007E+400 | .2825E-01 | -.1676E-02 | -.8261E-01 | .6147E-02 || -.2399E-03
‘ -.1344E-01 | -.3522E<03 | -.1875E:04 | .3414E-.03 | .5541E-02 .1394E-02
2.25 | Ri/A, V=5 .7267E400 | -.3065E-01 | -.4856E-03 | .1264E-03 | -.1832E+00 | .2340E-01 | -.9550E-03
‘ .1759E-02 | .1136E-02 .1964E-04 | .1832E-02 | .1057E-02 | -:3018E-03
R¢/A, V=50 | .7238E400 | -.2946E-01 | -.8423E-03 | .1554E-03 | -.1330E+00 | .2322E-01 | -.9432E-03 .
.1652E402 .1129E-02 .1914E-04 | .1825E-02 | .1035E<02 | -.2923E-03 | ‘
) 3930E402 | -.3838E401 | .167IE400 | -.1504E-02 | -.9002E+401 | .9844E+00 | -.4198E-01 ||
' -.5436E-01 | -:.5073E.02 | -.2881E-03 | .1382E-01 | .1938E400 | -:3012E-01 |
RCG/[vi/3 7810E+00 | -.2062E400 | .2691E-01 | -.1457E-02 | -.1133E400 | .9881E-02 | -.4012E-03
-.1288E:01 | -.2336E-03 | -.1484E-04 | .4903E-03 | .5972E-02 | .1138E-02
2.50 | R/A, V=5 5911E400 | -.1332E-02 | -.2723E-02 | .1880E-03 | -.1582E400 | .2103E-01 | -.8556E-03
.2990E-02 .1367E-02 3447E-04 | .1735E-02 | -.2485E-04 | -:8911E-04 -
Ri/A, V=50 | .5896E400 | .5678E-03 | -.3241E-02 | .2295E-03 | -.1594E+400 | .2106E-01 | -.8555E-03
7 .2934E-02 | .1372E.02 | :3467E-04 | .I722E-02 | -.6421E-04 | -:8239E-04
] 3457E402 | -.2448E401 | .3596E-01 .3139E-02 | -.3405E+01 | .9749E+00 | -.4230E.01
A4796E:01 | -.1524E-01 | .-.5626E-03 | .6950E-02 | .1132E400 | -.5600E-01 |
RcGIvY/3 9096E+00 | -.1932E400 | .2314E-01 | -.1211E-02 | -.1710E+400 | .1877E-01 | -:8567E-03
_ ' -.1322E-01 | -.1999E-03 | -.1303E-04 | .6159E-03 | .6142E-02 .9184E-03 |
2.76 | R,/A, V=5 .5063E+00 | .3047E-01 | -.7043E-02 | .4750E-03 | -.1525E400 | .2178E-01 | -.9195E-03
.5580E-02 .1404E-02 .4042E-04 .1406E-02 | -.1424E<02 | -.1939E-03 |
" R¢/A; V=50 | .5042E400 | .3293E-01 | -.7703E-02 | .5276E-03 | -.1538E+400 | .2182E-01 | -.9199E-03
| .ss26E-02 .1411E-02 .4076E-04 .1391E-02 | -.1479E-02 | -.1887E-03
0 27T18E402 | -.1949E+401 | .7036E-01 | -.2685E-02 | -.5753E+01 .| .6084E+00 | -.2452E-01
.1545E+00 | -.1498E-01 | -.5452E-03 | .5244E<02 | .6356E-01 | -.6772E-01
RCG/V/3 .1010E401 | -.i952E400 | .2321E-01 | -.1272E-02 | -:2037E+400 | .2262E-01 | -.1013E-02
-.1367E-01 | -.3822E-03 | -.2246E-04 | .6646E-03 | .6673E-02 .6786E-03
3.00 | Ry/A, V=5 4725E400 | .2993E-01 | -.7451E-02 | .5195E-03 | -.1502E+400 | .2257E-01 | -.9848E-03
.4185E-02 .1587E-02 | .5345E-04 | .1713E-02 | -.7806E-03 | -.1313E-03
Ry/A, V=50 | 4693E400 | .3367E-01 | -.8372E-02 | .5913E-03 | -,1520E+00 | .2268E-01 | -.9906E-03
' 4146E-02 .1587E-02 .5387E-04 [ .1687E-02 | -8693E-03 | -.1363E-03 '
; ] .2337E+402 | .1400E+400 | -.1392E+00 | .1559E-01 | -.5536E401 | .6424E400 | -.2701E-01
| :6203E400 | .8787E-02 | .4819E-03 | -.3054E-01 | -.6558E-01 | -.7799E-01 o
' RCG[V'/? .1152E401 i| -.1663E+00 | .1819E-01 | -.9180E-03 | -.2701E+00 | .3176E-01 | -.1428E-02
<7406E-02 | .1002E-03 [ -.2626E-05 | .2663E-03 | .5604E-02 .6099E-03






Fneg

ag ay az a3 a4 as ag
‘ arz : as ag 210 azy a12
30| .75 | R/A, V=5 .2375E400 | -.1031E400 | .1772E-01 --1041E<02 | ..5205E-02 | -.2773E-04 | .1531E-04 .
s -.1068E-02 | -.6608E<04 | -.4816E-06 | -.7651E-05 .4227E-03 .9094E-04 ;
i Ri/A, V=50 | .2441E400 | -.1069E400 | .1843E-01 | -.1084E-02 | -.5458E-02 | -.9167E-06. | .1467E-04 ||
‘ -.1061E-02 | -.6654E-04 | -.4901E-05 | -9439E-05 | .4219E-03 ~ :9157E-04 ,
) -.3308E4-01 | .2550E+401 | -.4395E400 | .2636E-01 | -.1037E+01 | .1771E+400 | -.8958E-02
, -.2613E4-00 | -.3974E-02 | -.4585E.03 .1186E-01 | -.7422E-02 .2557E-01 )
RCG/v'/3 -:3177E400 | .1208E400 | -.2063E-01 [ .1227E-02 .2717E-01 -:3003E-02 | .1355E-03
’ -.6640E-03 | .3208E-03 .2741E-04 | .5674E-05 | -.7108E-03 .2287E-03
1.00 | R,/A, V=5 .9682E+00 | -.4393E400 | .7538E-01 | -.4470E-02 | ..2704E-01 (1049E-02 | -.5175E-05 '
| -.9952E-03 | .1588E-03 .2220E-056 .2921E-03 .1925E-02 | -.4311E-04
Ry/A, V=50 | .9787TE+00 | -.4453E+400 | .7700E-01 -.4538E-02 | -.2747E-01 | .1085E-02 | -.6608E-05
-.9873E-03 | .1573E-03 .1994E-05 .2893E-03 .1921E-02 -.4144E-04
] :5441E+02 | -.2288E402 | .3988E+01 | -.2386E+00 | :.5056E+01 | .5340E400 | -.2318E-01
-.4847E400 | .9449E-02 || .5464E-03 .2527E-01 | .1910E400 | .4970E-01 f
RCG/[V'/3 -.4817E#00 | .1940E400. | -.3240E-01 .1881E-02 | .1884E-01 | -:9944E-03 | .2894E-04
' -.5076E:02 | -.1482E-03 | -.1146E-04 | .2403E-03 | -.3347E-03 .4546E-03
1.25 | R/A, V=5 :1893E+01 | -.8457E+400 | .1457E+00 | -.8577E-02 | -.6406E-01 .3342E-02 | -.7825E-04 |
-.5532E-02° 9| -.2506E-03 | -.3509E-04 .5791E-03 .3928E-02 .1844E-03
Re/A, V=50 | .1908E+01 | -.8539E+400 | .1472E+400 | -.8671E-02 | -.6466E-01 .3390E-02 | -:8027E-04
-:5526E-02 || -:2523E-03 | -.3551E-04 .5756E-03 .3924E-02 .1879E-03
) | 8265E402 | -.3612E+02 | .6187E+01 | -.3627E+00 | -4466E+01 | .3828E+00 | -.1584E-01
| | -.3732E+400 | .8297E-02 4187E-03 .2140E-01 | .1987E400 .3160E-01 |
RCG/vVi/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
160 | Ry/A, V=5 A868E+01 [ -.8280E+00 | .1431E400 | -.8422E-02 | -.5704E-01 | .2596E-02 | -.2847E-04
-.5175E-02 | -.4060E:03 | -.4045E-04 | .7328E-03 .3278E-02 | -.1106E-03
Ri/A, V=50 | .1879E401 | -.8404E+400 | .1454E+00 | .-.8563E-02 || -.5732E-01 .2571E-02 | -.2619E-04
_ -:6174E-02 | -.4062E-03 | -.4082E-04 .7281E-03 || .3271E-02 | -.1054E-03 )
] .6978E402 | -.3135E+02. | .5460E401 | -.3225E4+00 | -.2889E+01 | .1742E+00 | -:4266E:02
-.6324E400 | .1348E-02 .1646E-03 .3824E-01 | .1397E+00 .5171E-01
RCG/v*/3 | 2261E-01 | -.1064E400 | .2000E-01 | -.1204E-02 | .6209E-01 | -.9628E-02 | .5027E-03
-.66 7T0E-02 .447TE-03 .3335E-04 | .4417E-03 | -.1045E-03 .6196E-03 ]
1.76 | Ry/A, V=5 A702E401 | -.7709E+00. | .1305E4+00 | -.7681E-02 | -.6966E-02 | -.5282E-02 | .3696E-03
© -.1824E-02 | -.1237E-02 | -.i262E-03 | .6829E-03 .3235E-02 | -.6792E-03
Ri/A, V=50 | .1733E401 | -.7893E400 | .1339E+00 | -.7791E-02 | -.7524E-02 | -.5292E-02 | .3716E-03
, -.1813E-02 | -.1224E-02 | -.1256E:03 .6794E-03 .3231E-02 | -.6722E-03
[ .7224E402 | -.3582E+02 | .6161E+01 | -.3609E+00 | .3320E+00 | -.3832E+00 | .2447E-01
-.9607E400 | -.2280E-01 | -.2228E-02 .5705E-01 | .2030E+00 .7807E-01
RcG/v'/3 4322E4+00 | -.2972E400 | .5326E-01 -.3187E-02 .4307E-01 -.8474E-02. | .4483E-03
f -.1120E-01 | .1239E-04 | .5205E-05 .4265E-03 .1557E-02 .1160E-02






Fnvy

a0 a as as a4 as a6
az ag ) ag aio a a2 )
30 { 2.00 | R/A, V=5 [ .1666E+01 | -.6805E+00 | .1134E4+00 | -.6550E-02 | -.4770E-01 | .1274E-02 | .4691E-04
| .6126E-02 | -3168E-03 | -.6683E-04 | .7238E-03 | .2007E-02 | -.1289E-02
‘ R(/A, V=50 | .1694E+01 | -.7038E+00 | .1177E+00 | -.6804E-02 | -4649E-01 | .9008E-03 | .7014E-04
.5933E:02 | -.3613E-03 | -.7191E-04 | .7270E-03 | .2913E<02 | -.1273E-02
8 * .8804E+02 | -:3982E+402 | .6620E+401 | -.3810E+00 | -.2136E+401 | -.11566E+00 | .1139E-01
-.1008E40t || -.3554E-01 | -.2607E-02 | .5899E-01 | .3045E+00 | .6854E-01
RCGjVY/3 -B667TE+00 | -.4740E+400 | .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,/A, V=5 :1463E+01 || -6376E400 | .9138E-01 | -.5364E-02 | -.8717E-01 | .9157E-02 | -.3582E-03
.1024E-01 | - .2689E-03 | -.3268E-04 | .7508E-03 .1368E-02 | -.1379E-02
R¢/A, V=50 | .1506E+01 | -.5676E400 | .9695E-01 | -5702E-02 | -.8862E-01 | .9234E-02 | -.3604E-03
.1017E-01 .2831E-03 { -.3217E-04 | .7504E-03 1373E-02 | -.1365E-02
] .9557E4-02 | -.3926E+02 | .6366E+01 | -.3630E400 | -.4819E+01 | .2256E400 | -.4879E-02
-.5270E400 | .1016E-01 | .1224E-02 | .3807E-01 | .3517E+400 | .3215E-01
RcG/vt/3 1353E+01 | -.6515E400 | .1099E400 | -.6388E-02 | -.2494E-01.| -.2037E-02 | .1454E-03
_ -1627E-01 | .1617E-03 | .2885E-04 | .5353E-03 | .4753E-02 .1634E-02
2.50 | R/A, V=5 9319E400 | -.2954E+00 | .5024E-01 | -.2921E-02 | -.6361E-01 | .3261E-02 | -.3369E-03
.1184E-01 :8303E-03- [ .5622E-06 | .9069E-03 | -.7135E-03 | ..1244E-02
RifA, V=50 | .9948E+00 | -.3296E+00 | .5657E-01 | -.3304E-02 | -.6611E-01 | .8461E-02 | -.3445E-03
.1181E-01 .8371E-03 | .5183E-06 | .3959E-03 i| -.7075E-03 | -.1236E-02
* ) -9824E402 | -.3926E+02 | .6440E+01 [ -:3724E+00 || -.5970E+01 | .3969E+400 | -.1310E-01
-.4028E+00 | -.5026E-01 | -.3700E-02 | .2618E-01 ;| .3341E400 | -.4590E-02 |
RcGyv'/3 .1842E+01 | -.8079E400 | .1355E400 | -.7899E-02 | -.9085E-01 5616E-02 | -.1970E-03:
-1795E-01 | -.1024E-02 | -.7721E-04 | .4877E-03 .6345E-02 1413E-02 |
275 | R/A, V=5 :6313E400 | -.1312E+400 | .2362E-01 | -.1399E-02 | -.772LE-01 | .1184E-01 [ -.5199E-03
.1186E-01 :9825E-03 | .2873E-05 | .8766E-03 | -.1911E-02 | -.7917E-03
"Ri/A, V=50 | 7086E+400 | -.1717E+00 | .3109E<01 | -.1850E-02 | -.8123E-01 | .1225E-01 | -.5382E.03
S .1182E-01 :9787E-03 | .2031E-05 | .8611E-.03 | -,1907E-02 | -.7870E-03 ;
) 9068E+02 | -.3365E+02 | .5499E+01 | -.3163E400 | -.7182E+01 | .6379E+00 | -.2509E-01
] -4376E-01 | .5334E-02 | .1064E-02 | .1525E-01 [ .2626E+400 | -.2757E-01 I|
RcG/(v/3 -2129E401 | -.9369E+400 | .1570E400 | -.9168E-02 | -.9685E-01 | .4548E-02 | -.1089E-03
i -.1769E-01 | -.9548E-03 | -.7379E-04 | .6547E-03 .77T18E-02 .I153E-02
| 3.00 | Re¢/A, V=5 | .3244E400 | .3276E-01 | -.5660E-02 | .2629E-03 | -.8965E-01 | .1499E-01 | -.6973E-03
{ .3986E-02 .7377E-04 | -.6592E:04 | .1683E-02 | -.1222E-02 | -8664E-03
; Ri/a, V=50 | .4106E4+00 | -.1236E-01 | .2636E-02 | -.2356E-03 | -.9399E-01 | .1542E-01 | -.7167E-03
: ~ .4036E-02 :5876E-04 | -.6810E-04 | .1653E-02 | -.1243E-02 | -.8652E-03
] | .7509E402 | -.2554E402 | .4114E401 | -.2306E+00 | -.6603E+01 | .6169E+00 | -.2355E-01
1718E400 | -.1843E-01 | -.1362E-02 | -.9041E-02 | .1298E+00 | -.3701E-0t
RCG/V'/? .2406E401 | -.9778E+00 | .1612E400 | -.9288E-02 | -.1598E+400 | .1235E-01 | -.4494E-03
-.1356E-01 | -.3665E-03 | -:2769E-04 | .44756E-03 .B148E-02 .1005E-02






Appendix 3 :Experimental results of twisted bottom models





modsl.232-A.

Disp LCG ApN
(Nl (%Lp]: (=1
164.71 5} 7.0
‘run ‘vm Rtm Lk iLe S Trim RCG
I=1 {m/s] I(N] :[m] [m]_ [m~2] [deg] [mm]
225 0.795 0990 068 149 0448 00 -1.0
226 1.199 3750 1.32 151 o0.480 01 =40
227 1.888 8.490 120 151 0.480 08 -83
228 1979 14240 113 148 0487 268 -124
229 2378 16710 098 1.45 0.478 38 -49
230 2785 19.080 098 1.42: 0463 40 =11
231 3.183 21.120 080 140 0444 4.7 4.6
232 3572 23.560 087 138 0.421 85 11.1
233 3971 26480 075 1.26 0.389 8.7 209
234 4378 30270 072 1.44 0.349 7.3 295
235 4787 33820 065 1.05 03200 7.5 352
model 232-A
Disp LCG ApN
(Nl (%Lp] (=1
164.71 -4 7.0
un vm Rtm Lk Le ‘S Trim RCG
=] _ {m/s] (N)  {m] [m) ‘[Mm~2). [deg] [mm]
213 0798 1150 065 '1.48 0412 01 =18
214 1.201 3.830 079 - 1.49' 0.432 03 =44
215 1598 8600 075 1.47 0447 12 -0
216 1893 13,810 097 1:43 0454 29 -108
217 2390 18.110 091 1.41 0449 a7 -45
218 2:766. 18.110 0.89 1.36 0.434 42 -09
‘218 3.1S8 21.100 0.87 1.33 0.414 5.3 4.7
220 3.572. 24560 0.87 1.18 0.388 87 144
221 3972 20080 069 109 0435S 7.4 257
222 4371 31.400 064 1.02 0.320 7.7 323
223 4.796  84.330 059 .0.97 .0.280 7.7 378
model 232~A
Disp. LCG ApN
(Nl [%Lp] =1
164.71 -8 7.0
run vm Rtm Lk Le S Tim RCG
[=] (m/s] {N]1 (m}__ {m] [m~2] [deg] ([mm]
201 0.794 1.310 074 1.46 0.420 01 =15
202 1.198 4180 078 ~ 1.44 0424 05 =48
203 1.593 9.320 087 1.42 0426 18 -9.4
204 1:990 185.190 098 1.37 0425 a3 -108
205 2386 17310 088 132 0415 37 =43
206 2783 20280 079 1.25 0393 48 05
207 3.182 24540 078 1.12 0362 59 8.7
208 3589 28760 067 1.31 0325 7.0 .21.2
209 3.971__ 82330 062 080 0279 72 314
‘model 232-A
'Disp LcG ApN
[Nl  (%Lp) (=1
16471 =12 7.0
‘run: vm Rtm Lk ‘Lo S: Trim RCG
[=] _ [m/s] [N). {m}._[m] [m~2] [deg] [mm]
188 0794 1.830° 068 1.43 0400 02 -1&
189 1.199 4530° 088 1.41 0397 07 =48
190 1.563 11250 071 1.37 02396 21 -100
192 1978 18310 083 1.25 0395 43 =92
183 2:384 20900 0.79 1.15 0378 49 ~-19
184 2781 24:810 071 1.04 0351 6.1 5.3
195 3.180° -31:680 0.687 1.083 0.313 78 137

3-1

model 232-A
Disp LCG  ApN
(NI (%Lp] -1
1238.42 5} 5.5
run, vm Rtm LK Lc S TAim RCG
(=} [m/s] IN] fm] (m] {m~2] (deg] [mm]
238 0.847 1430 105 1.52. 0495 00 =20
237 1.273 5.600 1.26 1.54 0528 01 =56
238 1.688 14.200. 1.56 1.58 0.555 11 =112
239 2:124 25160 132 1.48 0529 40 -11.2
240 2631 28130 - 1:10° 1.47 0.493 47 =49
241 2842 80950 109 1.43 0482 53 -03
242 3381 33930 100 1.40 0.460 6.3 8.3
243 3790 Q37890 091 1.33 0.425 78 184
244 4233 41370 079 122 0382 87 0304
248 4688 45390 074 1.2 0346 91 401
247 5103 _ 48.470. 070 1.06' 0323 9.2, 48.1
model 232-A
Disp LG ApN
(N]  (%Lp], [-]
22642 . -4 5.5
un vm " Rtm Lk Le s Trim RCG
[=] [m/s} (N} [mj. _.{m] [m~2] (deg] i[mm]j
249 - 0.847 1:660. 091 1.51° 0463 01 =20
250 1.262 5940 156 154 0555 03 =80
252, 1.687 14520 132 1.56 0542 1.7 =114
253 2123 25290 1.3 144 0482 44 -11.1
254 2539 27800 102 1.29 0452 51 =45
255 2658 802200 098 . 1.37 0.434 56 1:2.
256 3377 235630 0687 128 0403 69 101
257 3788 422000 079 1.15 02387 84 272
258 4.228 46640 0.75 1.04 0332 as. 388
259 4.668 49.060 0.68 098 0307 a8 448
260 5059 50.470. 0684 0.93 0.294 8.6 501
model 232-A
Disp LCG ApN
(Nl (%Lpl,  [-]
23642 -8 5.5
run vm Rtm ‘Lk Lo s Trim RCG
[-] [mys] [N] [m] [m] [m~2] {deg] [mm]
262 0.844 2,040 087 - 148 0495 02 ~-18
263 1.289 8570 091 147 0457 06 ~=55
264 1.884 15780 1:13 1.43 0.491 23 -112
265 2:118 28:270 .099 1.35 0.446 51 -104
266 2536 20590 090 1.30 0424 58 -32
2687 2955 35430 0687 1.24 0398 67 as
268 3.374 45910 079 1.08 0.356 87 183
269 3.601 50.160 070 0898 0315 93 338
270 4.235  51.310  0.61 091 0283 9.0 444
model 232-A .
Disp LCG ApN
(N} (%tpl (-]
23842 -12 ‘55
un vm Rtm Lk Le 8 Trim' RCG
[=] {m/s] [N} [m] [m] [m~2] [deg] [mm]
274. 0.847 21420 083 1.48 0437 03 ~2:t
275 1.262° 7.090 083 1.44 .0.440 09 -6.0
'276. 1.687 19.030 095 1.38 0:437 a3t =119
277 2102 34720 090 1.25 0.410 61 =100
278 2.528 38450 063 1.13 '0.388 67 -07
280 2.938 48920 075 1.03 .0.330 88 104
279 3.384 56900 068 089 0295 100 288






model.232-A

Disp LCG: ApN
[Nl [%Lp] =1

38122 o 4.0

“run . vm Rtm Lk tc S 7nm Aca
{=)  [mfs} IN] [m] [m] [m~2] [deg] {[mm}
307 0.917 20880 1568 156 0555 0.0 =31
308 1.372 11110 156 156 0855 02 -8.8
309 1.828 28300 156 1.58 0855 2.3 —17.0
‘310 2284 S52.660 1.56 1.58 0.855 8.3 -13.1
311 2741  S8:390 1.32 1.83 0.530 69 -85
312’ 3198 64200 120 1.44. 0498 82 4.5
313 3.671 69480 1.05. 1:36_0.482 100 19.8

model-232-A

Dlgp LQG ApN

[N]  [eLp] =1

381.22. -4 4.0

un vm Rtm Lk Le ) Tim 'ACG
[=] {mis] [N] (m} _[m] (m~2] {deg) {mm]
208 0918 3.040 156 1.58 0855 01 =34
299 1370 11,760 1.58 1.56 0855 05 -8.8
300 1.693 22650 158 1.56 0.555 1.9 -139
301 1.837 31.050 156 1.58 0.855 3.4 =158
302, 2292 SB.290 1:20 1.44 0517 7.4 -12.0
‘303 2750 -58.8630 ° 1.13 1.40 0.475 79 -28
‘304 3198 67.880 1:02 1.33 0438 .97 8.1
305, 3.868  88:300 087 1.18 0382 10.0  .28.1

mode! 232-A

Disp uwca ApN

[N} [%Lp] (-]

381,22 -8 4.0

mun  vm Atm Lk Le 8 Tim RACa
[=1 [mys] N1 (m] [m] [m~2] {deg] [mm]
291 0917 ‘3540, 1,13 1.52 0508 03 =20
292 1.373, 12400 1.8 " 1.0 ,L0.580 09 -78
293 1828, 35710 1,32, 1.48 0.513 41 =148
294 21285 64280 105 1.38 0.468 7.6 —10.4
295, 2752 71.980 088 127 0.423 9.0 01
296 31200 92150 - 087 1.09 0.378 100 153

model 232-A

Disp Lca ApN

[Nl [%Lp] =1

as122 -12 4.0

nun vm Atm Lk Le 8 Trim RCG
[~]  [mis) [N} [m) _[m] ([m~2] [deg] {mm]
288 0917 4260 102 146 0475 04 -28
287 1.372 12.840 120 1.44 0.478 1.3 =78
288 1.827° 41260 109 140 0.460 49 =149
289 2293  81.550 098 1.24 .0.424  9.0. ~10.2

model 232-8
Disp LCG ApN
[N]  [%LP}  [=)
123.02 o 8.5
run vm Rtm Lk Le S Tim RCG
=1 A{mfs] [N] qm} [m] [m~2] [deq] [mm]
140 0.753 06870 060 1.48 0.396 00 -19
141 1.138 2730 132 151 0535 01 =43
142 1.510 5.460 1.58 150 0.550 05 =7.0
143 1.885 8760 128 1.47 0.523 15 =94
145 2639 13.040 089 1.43 0.444 29 =14
146 3.020 15110 087 1.42 0.437 32 2.4
147 3.405 17.080 083 1.41 0426 as 7.0
148 3.773 18580 083 1.37 0.412 39 89
149 4.156 21,440 075 1.33 0.393 44 135
150 4553 22.370.. 068 1.27 0.373 48 160
.model 232-8B
Disp LCca ApN
[N]  [%Lp] -1
123.02 -4 8.5
un vm Rtm Lk Le 8 Tim RCG
{=] [m/s] [N). [m). {m] (m~2] [deg] [mm]
151 0.754 0990 088 1.47 0.38S 01 -1.3
152 1.127 2.900' 0.60 1.48 0.396 03 =30
154  1.811 5740 143 1.50 0.504 08 =57
155 1.883 8520 1.05 1.49 0.488 19 =82
156 2268 10.550 0.90 1.42 0.444 28 =45
157 2.684 12220 079 1.40 0.418 30 =18
168 3.032 13960 079 1.38 0.413 3.2 1.4
159 3388 15820 075 1.37 0.403 a7 6.1
160 3.768 17.340 0.72 131 0.385 42 117
161 4.159 20.7800 067 1.25 0.363 48 160
182 4.548 22,700 082 1.7 0.337 48 188
‘model 232-8
Disp LCG ApN
[N]  ([%Lp] (=]
123.02 -8 8.5
un vm ‘Rtm Lk Le S Trim 'RCG.
[-1 [m{s] [N] fml [m] [m~2] [deg] [mm]
184 0752 1110 083 145 0374 01 =09
185 1.134° 3,120 085 1.44 0.378 04 -=3.
168 1.509° 6.430 072 1.44 0.411 11 =59
167 1.883 9.340 078 1:37 0.413 22 -8.0
188 22258 11.000 083 135 0.411 29 =39
189 2644 12410 . 078 1.34 0.402 30 -06
170 3.033 142860 073 129 0.386 3.4 48
179 3.391 15890 - 0.70 123 0.367 39 116
172 3777 17580 063 1.13 0.342 42 156
173 4169 19,570 059 1.05 0.315 4.4 199
174 4549  21.510. 058 1.04 0.288. 45 229
modei 232-8
Disp LCG ApNV
[N]  [%Lp] [-]
123.02 -12 8.5
un vm Atm Lk Le 8 Tim RCG
[=]  [mis] [N] [m] [m} [m~2] (deg] [mm]
176 0.754 1260 0.3 143 0382 03 -13
177 1.128 3390 060 1:.38 0359 08 =37
178 1.512 7.680 0S5 1.38 0.362 1.8 -69
179 1.687 10970 0.83 1:28. 0.400 28 =70
160 2272 12200 075 1.23 0378 33 =25
181 2,638 13,670 071 1.20 0.3S0 3.8 1.8
182 3035 15960 064 105 0324 44 8O
183 3.390 17.460 0.9 1.00 0.303 4.7 152
184 3647 18.560: 0.60 :0.97 -0.289: 4.8 204
185 3.774 19,060 0.60 0.89 0.283 47 229
186 4:158 20.870 0.6 0.88 0.263 468 286






model 2328

Disp LcG ApN
(N].  [%Lp) (=1
164:71 ¢} 7.0
nn vm Rtm Lk ‘Le S Tim RCG
[-1_ {m/s} [N] [m] [m] (m~2) [deg] [mm]
38 0.798 1.140 079 1.S0 0.445 00 =15
39" 1.189 3900 156 1.51 .0.851 01 =43
40 1.884 6.810 156, 1.49 0.850 07 =78
41 1980 13.920 1.32° 1.51 0832 23 =101
42 2377 16800 1.3  1.48 0.801 32 =49
43 2783 19.010 1.05 146 0.478 35 =16
44 3180 21.670 085 144 0.488 3.9 25
45 3.580 23430 0890 142 0.439 4.3 8.3
46 3.980 26.050 0.3 1.38 0.421 49 137
47 4383 26720 079 1.34 0.404 54 183
48 4789 29880 075 129 0388 58 225
model 232-8.
Disp LcaG ApN
[Nl [%Lp} (-]
184.71 -4 7.0
nn vm Rtm Ltk Le ‘S Tim 'RCG.
[=] [mfs] I[Nl (m [m] [m~2] (dag] {mm)
28 0.795 1310 075 148 0429 0.1 =14
27 1.189 4180 1.260 1.50 0828 0.4 =39
28 1.584 68820 1.16° 1.48 0.507 11 =78
29 1.981 13,570 1.05 148 0481 27 =98
30 20868 15980 084 141 0.457 35 =43
81 2783 17.730 090 1.40 0.439 3.7 -04
82 3.180° 20:110 0850 1.38 0.428 4.1 X
a3 3.578 22,370 083 1.35 0418 47 104
34 3980 24410 0768 1268 0.403 52 170
35 4.366 27.780 075 1.22. 0377 54 218
86 4.792 29.330 063 1.1 _0.338 54 260
model 232-8
Disp ‘LcG ApN
[Nl [%Lp] =]
18471 -8 7.0
nun vm Rtm Lk Le: S Trim- 'RCG!
[-] [m/s] IN] [m] [m] [m~2] [deg] [mm]
14 0.791 1,540 088 1468 0408 02 =10
18 1.189 4450 079 150 0438 05 =37
17 1.584 9.500 109 1.45 0.800 15 =79
25 1.828 13.520 105 142 0.468 3.0 =101
18 1.991 14830 094 143 0431 34 =-93
19 2386 18.870 0.87 1.38 '0.428 4.0 =33
20 2.792 16630 083 1.33 0409 4 0.9
21 3190 21210 079 130 0388 4.6 6.8
22 3.560 23230 075 1.7 0370 53 14.0
23 3970 251180 068 1.10° 0335 55 '22.0
24 4375 27:690 065 _1.05 0.320 5.5 271
model 232-8
Disp LCG ApN
(N]  [%Lp] =1 .
18471 =12 7.0
un vm ‘Rtm Lk Lo S Tim RCG
(=] [m/e]: AN} (m] [m] [m~2] [deg] ([mm]
3 0795 1790 068 145 0.400 01 =10
9 1.189 4910 075 142 0415 11 =40
4 1585 11.060 098 1.41 0452 1.7 -83
13 1.827 16170 080 1.37 0.437 32 =105
2 2021 17,570 087 1.35 0423 38 -8i1
5 2388 19230 079 128 0394 38 -19
10 2791 21850 075 1.17 0360 47 ae
8 31183 24620 068 1.05 0325 55 118
11 3597 26.630: 0680 097 '0.295 58 228
7 3995 28550 060 0894 0283 'S8 303
12, 4411 29190 060 090 .0.284 55 344
8 4612 29.000  0.53. 0.89 0.308 4.7 9387

modei 232-8
Disp LcG Ap/NV
[Nl [%Lp] (=]
238.42 o 5.5
nn vm ‘Rtm Lk Le S Tim RCG
[-1 {mis] [N] qm] __[m] [m~2]| (deg] [mm]
45 0794 1380 1.13 154 0512 00 =16
50 1.187 4740 156 1.85 0.552 01  -48
51 1.683 14600 1.86 1.55 0552 1.0 =114
81 1:847 19.370 145 1.53 0552 21 =137
52 2068 24630 140 152 0.847 35 -122
63 2526 28330 123 148 0.523 42 =55
64 2943 31630 1.15 145 0500 47 =05
85 3373 34520 105 1.43 0475 53 8.0
S6 3:794° 06.150 098 1.41 0.451 61 13.7
57 4234 38680 089 1.38 0428 69 2286
59 4652 40570 083 1.31 0.408 72 287
680 5094 42.300 079 1.25 0.388 73 2347
model 232-8
Disp LCG ApV
IN] [%Lp) (-]
236.42 -4 5.5
un. vm Rtm Lk Le S . Tim RcCa@
_ (=] _Ims] IN] [m) {m] [m~2] [deg] [mm]
63 0846 1970 105 150 0.490 02 =18
84 1:284 8470 149 - 151 0548 04 =54
68 1.876 14750 156 158 0552 16 =105
67 2001 23840 123 147 0516 38 -12.5
68 2121 25090 148 1.44. 0.505 40 -10.8
69 2525 27.580 1.05 1.43 0476 44 =47
70 2954 30270 098 1.40 0.452 50 - 19
71 3384 33.180 090 1:35 0428 5.8 8.9
72 3807 35930 087 1.31 0.408 85 185
73 4247 40240 079 1.23 02384 7.0 278
74 4663 39930 .075 1.5 0.384 69 34.0
75 S5.001 _ 41.510 072 1.12 0.347 6.7 381
model 232-8
Disp: LCG ApN
(N]  [%Lp} (-]
236.42 -8 5.5
nn vm Rtm Lk ‘Le ‘S Tim RCG
{-] [ms] [N] Iml [m] (m~2] [deg] [mm]
77 0845 2310 083 148 044S 02 -18
78 1.289 72200 128 149 0.521 08 -5.0
80 1.874 15370 1.13 1.46 0497 2.0 =101
81 2000 26140 105 142 0473 40 =116
82 2141 27650 102 1.40 0483 45 =97
- 83 2537 29490 084 1.37 0441 5.0 . —28
84 21968 32,810 080 1.30 0418 S.5 3.8
85 3.386 36.300 083 1.21 0.387 64- 128
88 3.805 40.110 075 1.10 0354 73 247
87 4234 41:720 072 1.05 0.3 69 344
88 4.860° 41.830. 0.68 1.02 0314 66 396
89 5.046  41.340 080 1.00 0.301 6.0 43.8
modei 232-8
Disp LCG  ApNV
N} (%Lp] (=1
23642 - -12 5.5
nn vm Atm Lk Lo ] Trim RCG
{=]1 (mss] [N] (m] [m] (m~2] [deg] [mm]
91 0.848 2,810 087 1.45 0443 03 -18
92 1262 7460 098 1.40 0.454 08 =52
102 1,677 18500 086 1.29 0.452 268 -108
97 1.888 28630 098 1.38 0.442 43 -128
93 21123 32830 091 1:28 0426 51 =93
94 2529 34970 087 1:21 0.390 57 -04
95 2948 39.820 079 1.10 0354 6.8 78
968 3.366° 47.340 072 099 0322 8.0 223
98 3.787 47.270 065 0.92° '0.298 78 357
g9 4.238 43740 064 087 0278 74 428
100 4.655 43.950 060 0.86 0269 68 498
101 5.095 _ 43.150 0.81 _'0.2684 59 53.2






model 232-8

Disp
|

Lca  ApN
[N]  [%Lp) =1
381,22 ¢] 4.0
nn vm Rtm Lk e s Tim RCG
_[=] [mis] (N} Im].___[m]. [m~2]. [deg] .[mm]
128 0915 2690 1868 1568 0555 0.1 =33
129 1:370 11.660. 158 1,56 QS55 01 -9.2
130 1.81S! 28i220 1.88 1:58 0555 1.9 -18.8
138 2,038 42120 1.58 1:.58 0555 42 179
131 2281 52,090 1.186 1.58 0!S55 58 =143
132 27280 $8.210 145 1:52 0555 68 =69
133 3.185 848000 128 147 0525 ‘7.0 2.0
134 3844 68.850 113 1.44 0.492 85 142
135 4110 70590 1.00. 134 0449 100 30.8
138 4.591 711940 085 126 0402 100 432
137 _ 5.181 71.260° 0.85. 119 0.388 . 10,0 54.0
|
|
modet 232-8
Disp Lea ApN
| (N]  [%tpl [-]
381.22 -4 4.0
n vm Rtm Lk Le: S Tim RCG
[=]___(m/s] {N] {m} [m} [m~2) (deg] (mmj
118 0917 '3210: 1.58 1.56 0555 03 -28
119 1.373 12630 1.88 1.5 0.555 07 =77
120 1:818 31180 1.6 1.56 0555 2.8 -14.0
128 ‘2021 47290 1.58 1.58 0.555 53 =-154
121 2265 55.530 1.26 147 0.524 66 =-12.0
122 2731 59.820° 113 143 0491 70 -3s3
123 3190 85390° 1.05 1.37 0.481 8.2 6.8
124 .3:648: 72580 0968 129 0432 9.5 213
125 41111 78.440: 091 124 ‘0205 {0.0 .39:5
model 232-B
Disp Lea ApN
[N] [%Lp] [-]
361.22 -8 4.0
nn vm Rtm Lk Le S Tim RCG
(=] [m/s] [N} Im] . [m} [m~2] [deg] [mm]
110 0918 3:880° 113 151 0.506 04 =28
111 1872 12720 1588 1.58 0555 1.0 =71
112 1817 34920 1.32 1.47 0528 3.8 -13.8
113 2273 62940 1.13. 139 0484 74 =103
3 114 2731 88970 1.05 1.32 0444 8.1 0.4
©115. 3:187 75990 094 1.23 .0.405 9.3 127
; 116 3.649 91,870 0.83__ 1.05. 0367 10.0 34.0
model 232-8 |
| Disp LCG@  ApN
i [N} [%Lp) [=]
‘ 38122 -12 4.0
! N
| nun vm Rtm ik Le: S Tim 'RCG
[~} [m/s] IN]: {m] [m] [m~2] (deg] (mm}
! 104 0917 4750 108 148 0485 05 =24
j 108 1363 13020 120 1.47 0514 1.3 =72
108 1.829 40620 1.13 141 0467 4.6 —14,2
! 107 2284 78,600 098 1.26 0424 83 -9.8
108 2732 88770 091 1.16 0.383 9.8 2.8
109 3201 _79.320. 091 1.3 0386 100 -0.3
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Fnye

az

\ dg ay a3 | a4 ' as
j ag az i
75 | AR(/A, V=5 | .4933E-03 | -1485E-03 | -.1233E-03 | .2533E-06 | .1277E-04 | -.1850E-04
.1597E-04 | .4245E-05 , :
“AR(/a, V=50 | .4209E-03 | -.1563E-03 | -.9512E-04 | .1984E-06 | .1364E-04 | -.1906E-04
.1309E-04 .4288E-05 . ‘ '
Y -4610E-01 | .4631E-01 | .1214E-01 | -.1037E-01 | -.3454E-02 | -;6250E-03 .
-.8404E-03 | -.6243E-03 , ¥
ARCG/V/3 .3776E-02 | -.9268E-04 | -.1424E-02 | -.1246E-03 | .9463E-05 | .1850E:06
.1331E-03 | -.3086E-05
1.00 | AR(/A, V=5 | -.7109E-02 | .4784E:03 | .2702E-02 | -.7780E-05 | -.1321E-03 | :.5580E-04
' ..2408E-03 | -.6455E-05 | ‘ j
AR(/A, V=50 | -T17T1E-02 | .4771E-03 | .2730E-02 | -.8632E-05 | -.1333E-03 | -.5657E-04.
-.2446E-03 | -.6400E-05 ‘ N _
as - TITSE400 | .9020E-01 | .2028E+00 | :1298E-03 | -.7746E-02 | .5703E-03
-:1607E-01 | -.1538E-03 :
ARCG/V/? -:3234E-02 | .5587E-03 | .1200E-02 [ .3996E-04 | -.7873E-04 | .4558E-06
-.7143E-04 | .1229E-04 ‘ ’
1.25 | AR,/A, V=5 | -.1611E-01 | .6872E-03 | .5469E-02 | -.3476E-03 | -.2235E-03 | -.3902E-04 .
-.4749E-03 | -.4774E-04 o
ARi/A, V=50 | -.1611E-01 | .6947E-03 | .5484E-02 | -.3426E-03 | -.2256E-03 | -.3927E-04"
-47T9E-03 || - 4737E-04 ‘
Al -.1492E401 | .1383E+400 | .4799E400 | -.5107E-02 | -.1694E-01 | -.3203E-04
-.4096E-01 | -.1271E-02 ' ‘ ' |
ARCG]V/? -.2576E-02 | .2884E-03 | -:6448E-04 | -.1077E-03 | .1450E-05 | -.1085E-04
.9325E-04 | .3125E-05 ]
1.50 | AR([A, V=5_ | -1156E-01 | .1010E:02 | .4347E-02 || -.7682E-04 | -.2816E-03 | -.2185E-04
-.3944E-03 | -.4035E-04 | I
AR{/A; V=50 | -,1153E-01 | .1002E-02 | .4325E-02 | -.7148E-04 | -.2304E<03 | -.2213E-04
. -.3924E-03 | -.3996E-04 ' | i
a8 -.1747TE+01 | .1264E4:00 | .5078E+400 | -:8632E-02 | -:1203E-01 | .2301E-02
-.3979E-01 | -,1961E-02
ARCG/V'? -.1266E-01 | .1279E-02 | .4050E-02 { -.3522E-03 | -.1449E-03 | .9500E-05
-.3254E-03 | -.234BE-04 S
1.75 | AR/A, V=5 | -.1781E-01 | -.2777E-02 | .3988E-02 | .1913E-02 | .3926E-03 | .1714E-03
-.4276E-04 | .6918E-05 | l
CAR(/A, V=50 | -.1781E-01 | -.2802E-02 | .3962E-02 1923E-02 | .3985E-03 | .1724E-03
‘ -.3853E-04 | .7212E-05 |
A -;2105E401 | .8404E-01 | .5106E+00 | -.1442E-01 | -.6604E-03 | .9035E-02 ||
-.3282E-01 | -.5075E-02 | , f !
ARCG V3 -.1976E-01 | -.3741E-03 | .4480E-02 | .1019E-03 | .2446E-03 | .1656E-03 ||
' -1706E-03 | -.4848E-04






- Fny G ay a2 as a4 as
‘ ae az .
2:00 | AR(/A, V=5 | -1896E-01 | -.1133E-02 | .5922E-02 | .2811E-02 | -.3412E-04 | .9948E-05
-:3640E-03 | .7771E-04 '
AR[A, V=50 | -.1891E-01 | -.1142E-02 | .5881E-02 | .2814E-02 | -.8078E-04 | .1083E-04
-:3603E-03 | .7762E-04 ‘
a8 -12695E+01 | .1863E+00 | .6910E+00 | -.6575E-01 | -.1953E-01 | .8210E-02
-.5452E-01 | -.9311E-02. ’
_ARCG/V!/3 -.5989E-01 | .2030E-02 | .1785E-01 | -.1535E-02 | -.3801E-03 | .6120E.04
-.1412E-02 | -.1650E-03
. 2.25° | ARy/A, V=5 | -.3588E-01 | .1388E-03.| .1107E-01 | .3152E-02 | -.3984E-03 | -.1834E-04 ||
-.8323E-03 | .1092E-03. , ' '
AR,/A, V=50 | -.3725E-01 | .3245E-03 | .1161E-01 | .3158E-02 [ -.4257E-03 | -.1554E-04 .
-.8867E-03 | .108LE-03 )
a8 -.1526E+01 | -.1723E-01 | .1660E400 | .2115E-0¢ | .5333E-02 | .1806E-02
3 -/5244E-02 | .3020E-03
ARCG[v/3 -.6100E-01 | .9271E-03 |. .1565E-01 | -.2120E-03 | -.1254E-03 | .3236E-04
-.1101E-02 | -.1095E:03 _ '
250 | 4R /A, V=5 | -5260E-02 | -.3146E-02 | -2567E-02 | .3263E-02 | .1492E-04 | -.1135E-03
.4338E-03 | .1739E-03 . ' )
AR./A, V=50 | -5245E-02 | -.3185E-02 | -.2639E-02 [ .3267E-02 | :2341E-04 | -.1145E-03
:4400E-03 | .1723E-03
| ae -.2302E+00 | .3193E-01 | -.1812E400 | -.1211E-01 | -.1979E-02 | .2759E-03
| .1277E-01 | -.2276E-03
| .arcG w3 -.1935E-01 | .1547E-02 | .2596E-02 | -.3649E-03 | -.3085E-03 | .1805E-04 |
-2492E-03 | - 8810E-04
275 | AR(/A, V=5 | -3454E-01 | -6475E-02 | .1387E-02 | .1848E-02 | .3588E-03 | -.3693E-03
' .3447E-03 | .2075E-03 _
AR,/A, V=50 | -.3502E-0i | -.6477E-02 | .1490E-02 | ,1836E-02 | .3595E-03 [ -.3669E-03
.3317E-03 | .2062E-03 | ' o
a¢ .4I11E-01 | .7245E-01 | -.1804E+400 | .7383E-02 | -.6463E-02 | .7109E-02 |
.6386E-02 | -.2195E-02 |
ARCG/V/? -.1573E-01 | .1805E-02 .8T7TTE-03- | -.2462E-03 | -.3616E-03 | .6562E-04
-1874E-03 | -.8928E-04 | 4 ’
3.00 | AR(/A, V=5 :1001E-01 | -:6544E-02 | -.1342E-01 | .1636E-02 [ :1327E-03 [ -.5689E-03
.1475E-02 [ .3446E-03 ‘
AR,/A, V=50 | .8563E-02 | -.5354E-02. | :.1287E-01 | .1634E-02 [ .1020E-03 | -.5691E-03
“ | .1413E-02 | .3475E-03 » ]
, a8 | -:1607E-401 | .1098E400 | .3775E+400 | .1483E-01 | -.1283E-01 | .1036E-01
f | -.3977E-01 | -.2998E-02 ‘ .
! ARCG/VY3 | _7659E-02 | .1821E-02 | -.9599E-03 [ -.2954E:03 | -.3330E-03 | .7094E-04
i i -.1434E-03 | -.7165E-04 | i 1 '
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In addition to the well-known systematic series planing hull forms with a deadrise
anglo of 12° as presented by Clement and Blount (DTMB), and  similar seties by
Keuning and Gerritsma, in this paper the results of the tests on a 30° deadrise serie
are presented,

e combined data of these threa series are fitted to a regression model for total
resistance, trim and rise of centre of gravity. This regression model s verified by
« comparison with existing model data. Although in general the calculations show
good agreement with experiments, the need for additional data for a deadrise angle
between 12.5 and 25° became obvious.

Additional resistance fest results of two models with varying deadrise and rising
buttock fines in the aft part of the hull are presented. Regression of these data results
in simple expressions to take these effects into account.

Nomenclature

ap projected planing bottom area (m?]
Bpa breadth over chines [m]

Byt breadth over chines at Lransom [m]
Byr ‘maximum breadth over chines [m]
Cap centre of Ap (% Lp]

Fny volumetric Froude number v

g gravity aceeleration m/s?]

LCG longitudinal centre of gravity [%Lp]





Le wetted length over the chines [m]

L wettend fength over the keel [m]

Iy length of the projected planing bottom area [m]

Ry total resistance (in towing tank conditions) [N]

RCG rise of centre of gravity relative to its position at zero speed (m]

v speed [m/s]

8 deadrise angle {deg]

b average centreline angle from ordinate 0 to 10 with respect to the
baseline positive for a draft at ordinate 0 greater than draft at ordinate
10 [deg)

¢ twist angle, i.e., deadrise at ordinate 10 minus the deadrise at ordinate
0 [dey

A weight of displacement (N]

ARy/A difference in Re/A of twisted bottom model and 25° parent model for
equal loading coefficient and LCG values

a0 difference in trim angle of twisted bottom model and 25° parent model

for equal loading coefficient and LCG values
ARCG/V/3 difference in RCG/VY/3 of twisted bottom model and 257 parent
model for equal loading coefficient and LCG values

[ trim angle relative to its value at zero speed, positive for an upward
displaced bow [deg)
v volume of displacement [m?]

1. Introduction

In 1963 E.P. Clement and D.L. 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 this series all had a deadrise
of 12.5°. 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 into 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,
iie., 257 [2]. These results showed that the increase in resistance s highest for low
Lp/Bpa 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
Tow loading coefficients.

Apart from the resistance data, the trim and rise of centre of gravity appeared
to be of great importance for the assessment of seakeeping characteristics. In [3]
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be neglected in the calculations of the motions of these crafl in waves.

T mdels of the 25° deadrise series were varied in their main parameters in
he same way a5 the Cloment and Blount series to obtaiu a systematic experimental
et of data. The parent model for this series was similar to the parent ‘model of the
12,50 sories as much as possible.

T addition £o hese tests a new parent model with a deadrise of 30° was devel-
oped and tested in a similar way. This new pasent model and the Lp/ By variations
Sorived herefrom are described in subsequent sections. Experimental data on resis
{ance, trim and rise of centre of gravity are listed-

e data ranging from a Froude coeficient based on volume of displacement 0.5
10 3.0 and a deadrise of 12,5 to 307, are represented by polynomials. These offer
a quick and easy method of interpolating the resistance, (rim and sinkage of any
arbitrary planing hull form.

"The polynomial representation of the Planing JHull Form series is verified by
comparison with some model test results of the series aud model test results of three
“rbitrary hull forms tested in the Delft University of Technology facilities, i.e., the
towing tank of the Ship Hydromechanics Laboratory.

T secount for non-prismatic hull forms, two models with isted bottoms have
been derived from the 25° parent hull. For both modsls, the deadrise varied from 25°
ot andimate 10 to 59 at the transom. The slope of the buttock lines in the aft bodies
O e with respect to the 259 parent hull. Results of these tests are listed: The
iffonanee in resistance, trim, and rise of centre of gravity of the constant deadrise
Al form and the wisted bottom bl form is expressed in simple polynomials.

2. SET-UP OF THE SERIES

For the 250 and 30° deadrise angle a parent model has been developed based on
the parent model of Clement and Blount. To keep the desiga as fuck the same 25
possible the following parameters have been kept the same:

~ the length over the chine

the maximum breadth over the chine and the vertical proj
_ the vertical projection of the deck line

the eel ine. except from ordinate 16 forwards where the contour has been lifted
upwards to obtain the proper length over the chine

the transom slope

the lenggh of the prismatic part of the hull

tion of the chine

Also, all models consisted entirely of developable surfaces, just as the Clement
parent hul form. The main particulars of the parent models are listed in Table 1.
The body plan of the 30° deadrise parent model is presented in Figure 1.





Table 1. Main particulars of parent models

B 30 25 125 degrees
I 15 15 2.436 m

Bpa 03 03 0487 m

Bps 0.367 0367 0.596 m

Byt 0235 0.235 0.381 m
Lp/Bpa 5.0 50 50 -
Lp/Bpz 4.087 4.087 4.09 -
Bps/Bpa 1.22 122 1.22 -

By/ Bpz 0.64 064 046 -

C, 1ol to 0rd 0 8.8 4858 858 %Ly

Figure 1. Body plan of the 30° deadrise parent model.

From these parent models, for each deadrise, several other models, with different
Lp/Bpz ratios have been derived. For the 25° deadrise and 30° dead:
was done using the affine transformation technique as described a.0. by Versluis (3]
The total series comprised the deadrise — Lp/ By ratio combinations listed in Table

2.

Table 2. Ly/ Bps ratios for separate series.

s Lp/Bpz
-

30 341 4.09

2 20 3.06 4.09

125 2.0 3.06 4.00

55
55
55

models this

7.0

7.0
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to generate a design which is more alike an actual craft with a low Lp/Bpa ratio
(usually small pleasure crafts, which are propelled by either the outboard engine on
the transom or the inboard-outboard type of engine) and which needs more vohime
of displacement aft than would result from the linear transformation of the parent
model.

The body plans of the three Lp/Bpy variants of the 30° series parent model are
shown in Figures 2 to 4. The main particulars are listed in Table 3.

[ R T Y

Figure 2. Body plan for Lp/Bpz = 3.41

Figure 3. Body plan for Lp/ Bpz = 5.5.





Figure 4. Body plan for Ly/Bps = 7.

Table 3. Main particulars of Lp/ Bpx variations.
Gk 1,467

Lp/Bpz 341 409 55 70 -
Ly 125 15 15 m
Ap 0.3843 0.3346 02627  m?
Bpa 03 0.223 0175 m
Bpz 0.367 02 0214 m
Byt 026 0175 0137 m
Lp/Bpa 417 6.726 8571 -
Bpz/Bpa 1.22 122 122 "
Bpt/ Bpz 071 0.64 0.64
Cppreltoord 0 479 48.6 48.6

TE I,

The shaft centrelines are shown in the body plans. The same shaft rakes and
clearances as described by Clement and Blount have been used here.

The models had spray strips attached over the entire length of the chine. The
bottom of the spray strip followed the line of bottom of the model from ordinate zero
(transom) 1o ordinate 10 and was horizontal from ordinate 12 to ordinate 20 (the
stern) with a transition region from ordinate 10 to ordinate 12. The width of the
spray strips are i 4 mm and they had diused edges.

The models have been constructed of GRP, which enabled through-hull photo-
graphy, used for the determination of the wetted surface and wetted length of the
keel and chine of the craft at speed.
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3. BXPERIMENTAL SET.UP

‘The tests have been carried out in the no. 1 towing tank of Ahe i T
Laboratory of the Delft 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 motion. The
pivot of the construction was located at the intersection of the assumed centreline of
the shaft and the cross-section 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 each run a photo has been taken through the transparent 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
cousidered to be large enough to yield reliable results. No towing speeds below 1.0
m/s were used.

4. Measurement scheme

For the 30° deadrise series, 4 Lp/Bp; ratios have been developed including the
parent model. For each of these Lp/ By ratios each possible combination of the
loading coefficients Ap/V?/3 (4, 5.5, 7, and 8.5) and the longitudinal position of the
centre of gravity (0,2, 4, and 8% of Ly aft of the Centroid of Ap) were tested in the
speed range of Pig 0.75 10 3.0. The total number of test runs of the 30° deadrise
series was approximately 570.

5. Results of the 30° deadrise tests

The results of the experiments are presented in Appendix 1. For every Lp/Bpz.
Ap/V/3, and LCG combination as a function of model speed are listed:

- the total resistance of the model Ry

~ the wetted length over the keel L,

~ the wetted length over the chines Lo

~ the trim angle, positive for an upward displaced bow, relative to the position at

~ the rise of the centre of gravity (positive for upward displacement) relative to its
position at vm = 0.





Mo Wonlobanes 150 mr 8T LG 0 e

Some combinations of small values of Ap/V4/* and LCG 8% aft of Centroid Ay
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 centre of gravity of
the planing hull. The expressions are dependent of the Ly/Bys ratio, the loading
coefficient Ap/V2/3, and the longitudinal centre of gravity LCG and fitted to sepa-
rate datasets for every deadrise Py combination. Describing the (non-dimensional)
resistance, trim and (non-dimensional) sinkage for a number of discrete values of

'y 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
RufA fitted to separate datasets, each containing the total model resistance scaled
to a different volume of displacement. Separating the total model resistance into a
residual resistance coefficient and a wetted length and wetted surface would have re-
duced 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 m? to 5000 m?. For the expansion of the resistance data, use has
been made of the ITTC '57 fricti

The polynomials have the following form:

ion line.

ay+ a1 Lp/Bpz +ay Ly/ Blx +ay Ly/ Bl +ag Ap/ V23 +
RijA X ;

as Ap/VY t ag Ap/VH¥ + a7 LCG + ag LOG? + "
3 G Ay 3 271
RCGV'/ ag LCGS +ayg LOG Apj9%/3 +ayy Lp/Bye Ap/V?3 +

a1y LCG Lp/Bps
Appendix 2 contains 120 sets of coeficients ag...ary, i.e., for every deadrise,

volumetric Froude number combination, two sets for Ry/A for a volumes of displace
ment of 5 m3 and 50 m3 1), a set for trim angle, and a set for RCG/V1/3.

T minimize the amount of listed coeficients, the Ri/a corffcients are given for two volumes
of displacement. The complte set of coeficients for Ri/A ranging from 2.5 m® to 5000 m are
obtainable at the Delft University of Technalogy, Ship Hydramechanics Laboratory.
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7. Verificatlon of the polynomial model

The goodness of fit of the polynomial expressions is demonstrated in the Figures 10
t0 18 for three respective models of the systematic series. The deadriso, Lp/Bpz,
Ap/V?/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.

model s Lp/Bps Ap/ VPP

PHF1 25 5.5 5.5 -4
PHF2 25 5.5 85 -12
PHF3 25 2.0 4.0 o

The largest discrepancies occur for the heavy model with low Ly/ By value. The
total resistance is underpredicted in the speed region below Fny 1.75 and overpre-
dicted for higher speeds. Also for this model, the trim calculation underpredicts the
measured values for specds higher than Fay 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 Delft University of
Technology, Ship Hydromechanics Laboratory, were used for a comparison with the
polynomial results. In Figures 5 to 7 the body plans of a constal patrol vessel, a plan-
ing motor yacht (R410) and a coastal rescue boat are shown. The main dimensions
of these craft are listed in Tables 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

Tt appeared, however, that the interpolation of the 12.5 and 25¢ deadrise for the
patrol boat, as well as for the motor yacht resulted in a better fit to experiments
when a linear interpolation with respect to deadrise angle 3 was used instead of a
quadratic interpolation over all available data. Since many planing vessels designed
for operation in coastal areas have deadrise angles close to 20°, the influence of
deadrise on resistance trim and sinkage in the range of 12,5 to 23° needs to be
investigated more extensively. Therefore, it was decided to test an additional 19°
deadrise series in the Delft towing tank facilities in the near future,






Figure 7. Body plan of coastal rescue boat.





Tuble 8. Maln dimensions patrol vessel, & G039

Iy 168 m
Bpe 422 m
Ap 605 m?
v 27 23,563 md
Cpp rel to 0rd 0 303 %Ly
8 20 deg.
Lp/ Bpz 40 -
Ap/ V3 736 -
LOG rel to Cy, -39 %Ly

Table 6. Main dimensions motor yacht R410.

Ly 192

B, 546
pe
Ap m?
v w?
Capy 1él to0rd 0 %Ly
7 deg.
Lp/ Bz
Ap/ V3 -
LOG rel to Cy, %Ly
Table 7. Main dimensions coastal rescue boat. £ 9 //
Lp 121 m
Bpz 3.30 m
Ap 353 m?
v 133 m?
Ca, el o 0rd 0 369 Ly
il deg.
Lp/Bpz
Ap/ V2

LCG el to Cy,
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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 centreline 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° deadrise parent model have been tested in the speed range Fng 0.75...3 [4].

Both models have a twisted bottom, ie.,  deadrise variation of 25 at ordinate
10 to 5° deadrise at ordinate 0. The two models had a different centreline, however.
For model 232-A the average inclination angle of the centreline is -4.9°, whereas
this angle for model 232-B equals -2.67. In order to maintain sufficient buoyancy 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° deadrise series. The
body plans of the two models are shown in Figures 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 &

Table 8. Main particulars of twisted bottom models.

Model

232-A 2328
Lp/ Bps 4.09 409 -
Lp 15 15 m
Ap 0.4589 04540 m?
Bya 0.306 0.303 m
By 0.367 0367 m
By 0.32 0.31 m
Lp/Bpa 49 49 -
Bpz/Bpa 12 12
Bpt/Bpz 0.872 0.844 -
Cpy rel 0 01d 0 483 188 %Lp

P
(U=





] I 8
= N\
I==

Figure 9. Body plan of twisted bottom model 232-B.

The experimental set-up was equal to the set-up used in the 25 and 30° deadrise
series and described in Section 3.

The measurement scheme was equal Lo the scheme used for the previously de-
scribed series, i.e., Ap/V%/% values of 4.0, 5.5, 7.0, 8.5 and LCG values of 0, 4, 8,
and 12% Lp aft of the Centroid of Aj.

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

The results of the tests are listed in Appendix

8.1. Polynomial model of the twisted bottom results

The effect of twist and rising centreline can be described by the difference in resis-
tance, trim and sinkage of the twisted bottom models and the parent model of the
25° deadrise series. To ease the work of interpolating the experimental results, these
terms are represented by polynomials, in which a linear dependency on the centreline
inclination angle 7 and the twist angle «, as well as coupling between these angles
and the loading coefficient and LCG is assumed. The polynomials have the following






Rowinbuin

Toska ot & avarre cieanig Holl Feams
form: q°
P 29
ARJAY  agy+arCtagy Ap/VH by y ICG +
2
A8 0= a4 ¢ Ap/TH3 4 a5 € LOG +ag 7 Ap/V/ + @)
1/3

ARCG/V/ a7y LCG2.

Also iin this case, the regression analysis has been performed for separate data.
sets for each Fny. The experimental ARy/A 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 polynomial model

The results of the polynomial approximations are validated by a comparison of calcu-
lated and measured values of AR,/A, A6, and ARCG/V1/3. The selected twisted
bottom models for this comparion are listed in Table 9.

Table 9. Twisted bottom models used to validate polynomials.

model Ap/v3 LCG
232A-1 55 0
232A-2 55 -8

232B-1 70 -4

In Figures 28 to 36 the results of the experiments of the twisted bottom and the
25 deadrise parent model as well as the experimental difference and its polynomial
values are presented. In these figures, PH F ezp denotes the experimental value of
the 25 deadrise model, T8 ezp denotes the experimental value of a twisted bottom
model, TB-PHF exp denotes the difference between these two values, and T B~
PHF polyn denotes the polynomial approximation of T B-P H F exp. The agreement
is in all cases satisfactory for the resistance as well as for the trim and rise of centre
of gravity.

o minimize the amount of listed coeflicients, the Ri/A coefficients are given for two volumes
of displacement. The complete set of coofficients for AR/A ranging from 2.5 m? 10 5000 m? are
obtainable at the Delft University of Technology, Ship Hydromechanics Laboratory.





[N R R T PEE s

AUDIsp
2
[
|
015
01 ’
005
— RuDisp Exp
| + Aupisp pre
o
000 os0 100 1s0 200 250 om0

Fn (displ)

Figure 10. PHF 1 Experimental and calculated Ry/A.
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Figure 11. PHF 1 Experimental and calculated trim.
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Figure 12. PHF 1 Experimental and calculated RCG[V1/3.
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Figure 13. PHF 2 Experimental and calculated Ry/A.
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Figure 14. PHF 2 Experimental and calculated trim.
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Figure 15. PHF 2 Experimental and calculated RCG/V/3.





RUDisp
[EE] H
| 025 \
T
| o

01

- / ~ Auisp Exp

+ RuDisp PHE |
Jo0 0% 10 1m0 200 25 a0
o (dispi)

Figure 16. PHF 3 Experimental and calculated Ry/&.
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Figure 17. PHF 3 Experimental and calculated trim.
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Figure 18. PHF 3 Experimental and calculated RCG//3
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Figure 19. Coastal Patrol Vessel Experimental and calculated Ry/A.
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Figure 20. Coastal Patrol Vessel Experimental and calculated trim.
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Figure 21. Coastal Patrol Vessel Experimental and calculated RCG/V1/3.
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Figure 22. Motor Yacht R410 Experimental and calculated Ry jA.
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Figure 23. Motor Yacht R410 Experimental and calculated trim.
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Figure 25. Coastal Rescue Boat Experimental and calculated Ry/A.
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Figure 26. Coastal Rescue Boat Experimental and calculated trim

—

Reavria
o
0,12] - 1
oo P
o 2
0g4
s
002
4 ~RCGIVA 11 Exm
= + reaia o
0,
o o5 1 15 2 25 @
Fn (disp)

Figure 27. Coastal Rescue Boat Experimental and calculated RCG[V1/3
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Figure 28. Model 232A-1 Experimental and calculated ARy/A.
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Figure 30. Model 232A-1 Experimental and calculated ARCG/V'/3.
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Figure 31. Model 232A-2 Experimental and calculated ARy/A.
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Figure 32. Model 232A-2 Experimental and calculated A8.
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Figure 33. Model 232A-2 Experimental and calculated ARCG, JvL3,
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Figure 34. Model 232B-1 Experimental and calculated ARy/A.
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Figure 35. Model 232B-1 Experimental and calculated Af.
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Figure 36. Model 232B-1 Experimental and calculated ARCG/V/3
9. Conclusions

The experimental data presented in this paper provides.resistance information neces-
sary in the design trade off betucen seakeeping characteristics (high deadrise) and
low resistance (small deadrise angles).

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

The combined series data represented in a polynomial model provide an easy way
to interpolate over a wide range of planing hull forms. It appeared, however, that
additional experimental data is needed in the deadrise range from 125 to 25°.

The experimental data and polynomial representation of the twisted bottom mod-
els 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 expres
sions for the difference in resistance, trim and rise of centre of gravity due to change
of deadrise and centreline inclination show a good fit with the measured data. The
wse of this correction for arbitrary designs, however, should be considered wi
because they are based only on a limited amount of experimental data.
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Appendix 11 Bxperimental resulis 80° deadrisn
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Appendix 31 Goefficlents of polynomial mod

RS [ a

a
W] | R ve | e

[ vese |

T
e

s |

T

E e T

[Rearem | RN






[Reare | ouaon |

P

[Foravem |

Frearer

e

[T vasm |

TReseT

s |

o






[T v

[ e |

T

T

ey

e e

[ ovea |~ |
o1 ror | s |
i o

T
T

[t [ meor |
s
[t [ oo |-
[~ iseters g |

s |
[eeres |

e
oy

e |






[Rearm

7o
[ e ]

ez

ey

e

T

oo | o | e |
I TN EEIT T

[ |- e |
[-seor |- |
Do






u

iz

@ ewa

Ty

[Fravam | e | ke

s | e | e | semee | e |
g Thasar| el fary e
ACare [ TewEvo0 | 2

ey

[Fearem |

[N T Ty

[aooes — oave | mes
[“amwies T Gape |
ot saogeor |
i | vk o0 [ ia0sE oo |

T e |

s

[Feare |

|| =






L e e = Py o 0 B L)
B | ’

[Fora vasa |

o ks | ko | e |
A i

i e | e |
yrorey -a\u«m e e e
S

e =

E

Eapa s

[Fora e | e | e | smee | ES

Y ey

TR

ez - e
[ nzm:lm!

= EE T T
T T T

B T T e
s e e |
.mnm T

mmm

e T
e | o | e |
s

3

N T B
e
“Toor e

s e oo | e
e sea | |
A e e
e e | | e
T L T W L ST
TR e

e e e s
R
e e e “'- o
e s s | s | | mer |
[swesnss | ateoeon | wmies | maeeor | sosess |

[Reare |

o [RTa e

e






peranesas [






= T

Basrzazasiss
















n 4 Casfe

oty

ES a5 a . o w
= i | e T
ErE e | e | e
GReaT T | T | e | e
o [ana v | ot | e | e | |
ErE L T T Yy
W oo | e | e | e | e
SeaTeT ooET | s | e | e
e o | e | e e |
T | ania e e | e | e |
ET e | e | |
TReaTT R P T T
T [aRE T I N T
ErS St | e | wEe | e
e SioeEr | T | | e
g N T T T W






e sonn | savien | cuisor | e

EroE FT N T T T

TReEe T o | wwew | FRER | e | e | e
Tumee mee T

Ta v | sweeer | e | noe | e | e | e

e | onE o

e e oo | nages | TeEs | IR
Cewrees | g |

e T | e | e |
FT ToEe e | e | e
i s | e | e | e
e e e F T N AT
e e | e | e | e

R I B TR T

EE T T TS

e e | s | | e

e i | e | s | wmea |

Ty v e | v | e | e | e | s
FTEC o

e T T T R T
Towoy [ rmEs i






Administrator
Delft-ISP-40-424-30.pdf


DELFT

Model

341-343

330-333

320-323

310-313

Planning Model
Lpx Lwl Bpx Dep Bx Bty Centroid Leg aft Lcg from
369,90 N of Centroid Transom
4,922 « 4,800 «« 1,003 n 83,153 w 30,50 30,00 48,800 0,0 2,402
1,500 m 1,463 m 0,306 m 37,718 kg 0,732
4,922 « 4,800 «« 1,003 n 83,153 w 30,50 30,00 48,800 -2,0 2,303
1,500 m 1,463 m 0,306 m 37,718 kg 0,702
4,922 « 4,800 «« 1,003 n 83,153 w 30,50 30,00 48,800 -4,0 2,205
1,500 m 1,463 m 0,306 m 37,718 kg 0,672
4,922 « 4,800 «« 1,003 n 83,153 w 30,50 30,00 48,800 -8,0 2,008
1,500 m 1,463 m 0,306 m 37,718 kg 0,612
4,922 « 4,800 « 1,003 r 51,591 w 30,50 30,00 48,800 0,0 2,402
1,500 m 1,463 m 0,306 m 23,402 kg 0,732
4,922 « 4,800 « 1,003 r 51,591 w 30,50 30,00 48,800 2,0 2,303
1,500 m 1,463 m 0,306 m 23,402 kg 0,702
4,922 « 4,800 « 1,003 r 51,591 w 30,50 30,00 48,800 4,0 2,205
1,500 m 1,463 m 0,306 m 23,402 kg 0,672
4,922 « 4,800 « 1,003 r 51,591 w 30,50 30,00 48,800 8,0 2,008
1,500 m 1,463 m 0,306 m 23,402 kg 0,612
4,922 « 4,800 «« 1,003 n 35,923 w 30,50 30,00 48,800 0,0 2,402
1,500 m 1,463 m 0,306 m 16,295 K¢ 0,732
4,922 « 4,800 «« 1,003 n 35,923 w 30,50 30,00 48,800 -2,0 2,303
1,500 m 1,463 m 0,306 m 16,295 kg 0,702
4,922 « 4,800 «« 1,003 n 35,923 w 30,50 30,00 48,800 -4,0 2,205
1,500 m 1,463 m 0,306 m 16,295 kg 0,672
4,922 « 4,800 «« 1,003 n 35,923 w 30,50 30,00 48,800 -8,0 2,008
1,500 m 1,463 m 0,306 m 16,295 K¢ 0,612
4,922 « 4,800 « 1,003 n 26,863 » 30,50 30,00 48,800 0,0 2,402
1,500 m 1,463 m 0,306 m 12,185 kg 0,732
4,922 « 4,800 «« 1,003 n 26,863 w 30,50 30,00 48,800 -2,0 2,303
1,500 m 1,463 m 0,306 m 12,185 kg 0,702
4,922 « 4,800 «« 1,003 n 26,863 w 30,50 30,00 48,800 -4,0 2,205
1,500 m 1,463 m 0,306 m 12,185 kg 0,672
4,922 « 4,800 «« 1,003 n 26,863 w 30,50 30,00 48,800 -8,0 2,008
1,500 m 1,463 m 0,306 m 12,185 kg 0,612

e e e e NI I N e )
.' Ll | il L~

Lcg/Lpx

0,488
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0,488
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0,408

0,488

0,468

0,448

0,408

Centerline Ap Twisted Lpx/Bpx Ap/Vol Lp}Ap Lpx/Vol cv Veg/Lpx

angle angle

0,00 4,763 n~2 0,50 4,09 4,000 5,085 4,521 1,288 oo
0,442 mn2

0,00 4,763 n~2 0,50 4,09 4,000 5,085 4,521 1,288 oo
0,442 mn2

0,00 4,763 n~2 0,50 4,09 4,000 5,085 4,521 1,288 oo
0,442 mn2

0,00 4,763 n~2 0,50 4,09 4,000 5,085 4,521 1,288 oo
0,442 mn2

0,00 4,763 12 0,50 4,09 5,500 5,085 5,300 [ 7. J———
0,443 mn2

0,00 4,763 12 0,50 4,09 5,500 5,085 5,300 0,799
0,443 mn2

0,00 4,763 12 0,50 4,09 5,500 5,085 5,300 [ 7. J———
0,443 mn2

0,00 4,763 12 0,50 4,09 5,500 5,085 5,300 [ 7. J———
0,443 mn2

0,00 4,763 n~2 0,50 4,09 7,000 5,085 5,980 0,556  eeeem
0,443 mn2

0,00 4,763 n~2 0,50 4,09 7,000 5,085 5,980 0,556  eeeem
0,443 mn2

0,00 4,763 n~2 0,50 4,09 7,000 5,085 5,980 0,556  eeeem
0,443 mn2

0,00 4,763 n~2 0,50 4,09 7,000 5,085 5,980 0,556  eeeem
0,443 mn2

0,00 4,763 nr2 0,50 4,00 8,500 5,085 6,588 [[ YL TS ——
0,443 mn2

0,00 4,763 w2 0,50 4,09 8,500 5,085 6,588 0,416
0,443 mn2

0,00 4,763 nr2 0,50 4,00 8,500 5,085 6,588 [[ YL TS ——
0,443 mn2

0,00 4,763 nr2 0,50 4,00 8,500 5,085 6,588 [[ YL TS ——
0,443 mn2
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DELFT

Model

430-433

420-423

410-413

Planning Model
Lpx Lwl Bpx Dep Bx Bty Centroid Leg aft Lcg from
237,40 N of Centroid Transom
4,922 « 4,837 « 0,746 1 53,367 w 30,50 30,00 48,600 0,0 2,392
1,500 m 1474 m 0,227 m 24,207 «g 0,729
4,922 « 4,837 « 0,746 1 53,367 w 30,50 30,00 48,600 2,0 2,293
1,500 m 1474 m 0,227 m 24,207 «g 0,699
4,922 « 4,837 « 0,746 1 53,367 w 30,50 30,00 48,600 4,0 2,195
1,500 m 1474 m 0,227 m 24,207 «g 0,669
4,922 « 4,880 « 0,746 1 53,367 » 30,50 30,00 48,600 8,0 1,998
1,500 m 1487 m 0,227 m 24,207 «g 0,609
4,922 « 4,837 « 0,746 n 33,113 w 30,50 30,00 48,600 0,0 2,392
1,500 m 1,474 m 0,227 m 15,020 kg 0,729
4,922 « 4,837 « 0,746 n 33,113 w 30,50 30,00 48,600 4,0 2,195
1,500 m 1,474 m 0,227 m 15,020 kg 0,669
4,922 « 4,837 « 0,746 n 33,113 w 30,50 30,00 48,600 8,0 1,998
1,500 m 1,474 m 0,227 m 15,020 kg 0,609
4,922 « 4,837 « 0,746 1 23,064 . 30,50 30,00 48,600 0,0 2,392
1,500 m 1474 m 0,227 m 10,462 «g 0,729
4,922 « 4,837 « 0,746 1 23,064 ., 30,50 30,00 48,600 2,0 2,293
1,500 m 1474 m 0,227 m 10,462 «g 0,699
4,922 « 4,837 « 0,746 1 23,064 ., 30,50 30,00 48,600 4,0 2,195
1,500 m 1474 m 0,227 m 10,462 «g 0,669
4,922 « 4,837 « 0,746 1 23,064 . 30,50 30,00 48,600 8,0 1,998
1,500 m 1474 m 0,227 m 10,462 «g 0,609
4,922 « 4,837 1« 0,746 n 17,220 w» 30,50 30,00 48,600 0,0 2,392
1,500 m 1474 m 0,227 m 7,811 kg 0,729
4,922 « 4,837 « 0,746 n 17,220 w» 30,50 30,00 48,600 2,0 2,293
1,500 m 1474 m 0,227 m 7,811 kg 0,699
4,922 « 4,837 « 0,746 1 17,220 w» 30,50 30,00 48,600 4,0 2,195
1,500 m 1474 m 0,227 m 7,811 kg 0,669
4,922 « 4,837 « 0,746 n 17,220 w» 30,50 30,00 48,600 8,0 1,998
1,500 m 1474 m 0,227 m 7,811 kg 0,609
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0,00
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0,00

0,00
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0,00

0,00
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Ap

3,544
0,329
3,544
0,329
3,544
0,329
3,544
0,329
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0,329
3,544
0,329
3,544
0,329
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0,329
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0,329
3,544
0,329
3,544
0,329
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0,329
3,544
0,329
3,544
0,329
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0,329

ftr2
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mh2
ftr2
mh2
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ftr2
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DELFT Planning Model

Model Lpx Lwl Bpx Dep Bx B‘Ex Centroid Lcg aft Lcgfrom Lecg/Lpx centerine Ap Twisted Lpx/Bpx Ap/Vol Lp}/Ap Lpx/Vol cv Veg/Lpx Shaft Lce
165,20 N of Centroid Transom angle angle Angle Transom
541-543 4,922 « 4,880 « 0,586 1 37,137 . 30,50 30,00 48,600 0,0 2,392 i« 0,486 0,00 2,783 12 0,50 7,00 4,000 8,703 5,914 [ X1.7 S— 5,75 0,000
1,500 m 1,487 m 0179 m 16,845 ig 0,729 m 0,259 mn2 0,0000
4,922 « 4,880 «« 0,586 n 37,137 » 30,50 30,00 48,600 -2,0 2,293 1« 0,466 0,00 2,783 12 0,50 7,00 4,000 8,703 5,914 [ X1.7 S— 5,75 0,000
1,500 m 1,487 m 0179 m 16,845 ig 0,699 m 0,259 mn2 0,0000
4,922 « 4,880 «« 0,586 n 37,137 » 30,50 30,00 48,600 -4,0 2,195 1« 0,446 0,00 2,783 12 0,50 7,00 4,000 8,703 5,914 1.7 S— 5,75 0,000
1,500 m 1,487 m 0179 m 16,845 ig 0,669 m 0,259 mn2 0,0000
4,922 « 4,880 «« 0,586 n 37,137 » 30,50 30,00 48,600 -8,0 1,998 « 0,406 0,00 2,783 12 0,50 7,00 4,000 8,703 5,914 [ X1.7 S— 5,75 0,000
1,500 m 1,487 m 0179 m 16,845 ig 0,609 m 0,259 mn2 0,0000
530-533 4,922 « 4,880 « 0,586 n 23,019 u» 30,50 30,00 48,600 0,0 2,392 « 0,486 0,00 2,783 mns2 0,50 7,00 5,500 8,703 6,936 1,788 e 5,75 0,000
1,500 m 1487 m 0179 m 10,442 g 0,729 m 0,259 mn2 0,0000
4,922 « 4,880 » 0,586 n 23,019 o 30,50 30,00 48,600 -2,0 2,293 n 0,466 0,00 2,783 mns2 0,50 7,00 5,500 8,703 6,936 1,788 e 5,75 0,000
1,500 m 1,487 m 0179 m 10,442 i 0,699 m 0,259 mn2 0,0000
4,922 « 4,880 n 0,586 n 23,019 w» 30,50 30,00 48,600 -4,0 2,195 n 0,446 0,00 2,783 mns2 0,50 7,00 5,500 8,703 6,936 1,788 5,75 0,000
1,500 m 1487 m 0179 m 10,442 g 0,669 m 0,259 mn2 0,0000
4,922 « 4,880 » 0,586 n 23,019 o 30,50 30,00 48,600 -8,0 1,998 « 0,406 0,00 2,783 mns2 0,50 7,00 5,500 8,703 6,936 1,788 e 5,75 0,000
1,500 m 1487 m 0179 m 10,442 g 0,609 m 0,259 mn2 0,0000
520-523 4,922 « 4,880 0,586 1 16,028 .» 30,50 30,00 48,600 0,0 2,392 i« 0,486 0,00 2,783 12 0,50 7,00 7,000 8,703 7,826 1,245 5,75 0,000
1500 m 1487 m 0179 m 7,270 «g 0,729 m 0,259 mn2 0,0000
4,922 « 4,880 «« 0,586 n 16,028 » 30,50 30,00 48,600 -2,0 2,293 1« 0,466 0,00 2,783 12 0,50 7,00 7,000 8,703 7,826 [ 17 T — 5,75 0,000
1500 m 1487 m 0179 m 7,270 «g 0,699 m 0,259 mn2 0,0000
4,922 « 4,880 «« 0,586 n 16,028 » 30,50 30,00 48,600 -4,0 2,195 « 0,446 0,00 2,783 12 0,50 7,00 7,000 8,703 7,826 1,245 e 5,75 0,000
1500 m 1487 m 0179 m 7,270 «g 0,669 m 0,259 mn2 0,0000
4,922 « 4,880 «« 0,586 n 16,028 L» 30,50 30,00 48,600 -8,0 1,998 « 0,406 0,00 2,783 12 0,50 7,00 7,000 8,703 7,826 1,245 e 5,75 0,000
1500 m 1487 m 0179 m 7,270 «g 0,609 m 0,259 mn2 0,0000
510-513 4,922 « 4,880 n 0,586 n 12,004 .» 30,50 30,00 48,600 0,0 2,392 1« 0,486 0,00 2,783 12 0,50 7,00 8,500 8,703 8,617 [ X: 7 S — 5,75 0,000
1500 m 1487 m 0179 m 5,445 g 0,729 m 0,259 mn2 0,0000
4,922 « 4,880 « 0,586 n 12,004 .» 30,50 30,00 48,600 -2,0 2,293 1« 0,466 0,00 2,783 12 0,50 7,00 8,500 8,703 8,617 [ X: 7 S —— 5,75 0,000
1500 m 1487 m 0179 m 5,445 g 0,699 m 0,259 mn2 0,0000
4,922 « 4,880 « 0,586 n 12,004 .» 30,50 30,00 48,600 -4,0 2,195 « 0,446 0,00 2,783 12 0,50 7,00 8,500 8,703 8,617 0,932 5,75 0,000
1500 m 1487 m 0179 m 5,445 g 0,669 m 0,259 mn2 0,0000
4,922 « 4,880 «« 0,586 n 12,004 .» 30,50 30,00 48,600 -8,0 1,998 n 0,406 0,00 2,783 12 0,50 7,00 8,500 8,703 8,617 [ X: 7 S — 5,75 0,000
1500 m 1487 m 0179 m 5,445 g 0,609 m 0,259 mn2 0,0000

i o Fresh Water
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Resistance tests of a series planing hull forms with 30 degrees
deadrise angle, and a calculation model based on this and similar
systematm serles

J.A. ‘Keuniﬁg* J. Gerritsma™ P.F. van Terwisga*

December 23, 1992

.Abstract

In-addition to the well known systematic series planing hull forms with.a.deadrise angle of 12.5 degrees
as presented by Clement and Blount (DTMB), and a similar series by Keuning and Gerritsma, in this
paper the results of the tests on a 30 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 data...
Although in general the calculations show good. agreement with experiments, the need for a.ddltlona.l‘
data for a deadrise angle between 12.5 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. Regrusnon -of these data results in simple expressions to take these
effects into account.

Contents
"1 Introduction 2
2 Setup of the series , ' ' 3
3 Experimental setup _ o N 6.
4 Measurement scheme ‘ | : : . : 6
5 Results of the 30 deg. deadrise tests : 6
6 Polynomial model of experimental data , | 3 6
7 Vefiﬁcétion of the polynomial model 7
'8 Twisted;bot.tom ‘models ' 10
8.1 Polynomial model of the twisted bottom results . . . . . - . ... .. ... ... .. ...... 10
8.2 Verification of the twisted bottom polynomial model . . . .. .. .. ... ........... 12
9 Conclusions ‘ _ 12

*Delft University of Technology, Ship Hydromechanics Laboratory
**Professor, emeritis, Delft University of Technology, Ship Hydromechanics Laboratory



Nomenclature

Ap projected planing bottom area [m?]
Bpa breadth over chines [m] o
B, breadth over chines at transom [m]
By maximum breadth over chines {m]
Cap center of A, [(%L,]
Fny volumetric Froude number —2—
FAATAR
g gravity acceleration [m/s?]
LCG longitudinal center of gravity (%L,]
L. wetted length over the chines [m]
L wetted length over the keel [m]
Lp' length of the projected. planing bottom area [m]
Ry total resistance (in towing tank conditions)[N]
" RCG rise of center of gravity relative to its position at zero speed (m]
v . speed [m/s] - o
B deadrise angle [deg]
- average centerline angle from ordinate 0 to 10 with respect to the baseline
positive for a draft at ordinate 0 greater than draft at ordinate 10 [deg]
€ twist angle; i.e. deadrise at ordinate 10: minus the deadrise at ordinate 0 (deg]
A weight of displacement [N] . ‘
ARy/A difference in Ri/A of twisted bottom model and 25 deg. parent model

for equal loading coefficient. and LCG values

A8 difference in trim angle of twisted bottom model and 25 deg. parent model

‘ for equal loading coefficient and LCG values
ARCG/VY3 difference in RCG/V/3 of twisted bottom model and 25 deg. parent model
for equal loading coefficient and LCG values
] trim angle relative to its value at zero speed, positive for an upward displaced bow [deg]
v volume of displacement [m3] ‘

1 Introduction

In 1963 E.P. Clement and D.L. 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
this series 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 into 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 L,/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 deadrise 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 seriesas 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 Ly /By, variations derived herefrom are described in subsequent



sections. Experimental data on resistance, trim and rise of center of gravity are listed.

The data ranging from a Froude 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 sinkage of any arbitrary planing hull form.

The polynomial representation of the Planing Hull Form series is verified by comparison with some model
test results of the series and model test results of three arbitrary hull forms tested in the Delft University of
Technology facilities, i.e. 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 deg 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. Results of
these tests are listed. The difference in resistance, trim, and rise of center of gravity of the constant deadrise
hullform 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 ;

e the length over the chine

e the maximum breadth over the chine and the vertical projection of the chine.

- the vertical projection of the deck line

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.

B .30 [ 25 | 12.5 | degrees

L, 15 | 15 |2.436 m
Bpa 03 | 03 (0487 m
Bps 0.367 | 0.367 [ 0.596 | m
By 10.235 | 0.235 | 0.381 m
' Lp/Bpa 5.0 | 50 | 5.0 -
Ly /Bps 4.087 | 4.087 | 4.09 [ -

' Bpo/Bpa 122 | 122 | 122 | - |

' Bpt/Bpz 064 | 0.64 | 0.46 -
Capreltoord0 | 48.8 | 488 | 488 | %L,

Table 1: Main particulars of parent models

From these parent models, for each deadrise, several other models, with different L,/B,. 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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- Figure 1: Body plan of the 30 degrees deadrise parent model

(I Ly/Bpe T
30 341 (40955 [ 7.0
#25 |203.06]|4.09 55|70

’[.12;5 2.0-3.06 | 4.09 | 55| 7.0

Table 2: L,/Bp. ratios for separate series:

The model with Lp/ By 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 L,/Bp: ratio (usually small pleasure. crafts; which are propelled by either the
outboard engine on the transom, 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 Ly/B,. 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 Clement and Blount-have been used here.

Tp/Bpe 341 | 409 | 55 [ 70 | -
Ly - 1.25 1.5 1.5 1.5 m
Ap 0.3843 | 0.4499 | 0.3346 | 0.2627 | m?
Boa 03 | 03 | 0223 | 0175 | m
Bps 0.367 | 0.367 | 0.273 0.214 m
Bpi 0.26 0.235 | 0.175 0.137 m.
Ly/Bpa 417 | 50 | 6.726 | 8571 | -
Byz/Bpa | 122 | 122 | 22 | 122 | -
Bye/Bpe 071 | 064 | 0.64 | 064 | -
Capreltoord 0| 479 48.8 48.6 | 486 | %L,

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
followed 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
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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 GR:P, which enabled through-hull photography, used for the deter-
mination of the wetted surface and wetted length of the keel and chine of the craft at speed.

3 Experiment‘al setup

The tests have been carried out in the no. 1 towing tank of the Ship Hydromechanics Laboratory of the Delft
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 motion. The pivot .of the construction was located at the
intersection of the assumed centerline of the shaft and the cross section 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 each'run 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 m/s were used.

4 Measurement scheme

For the 30 deg. deadrise series, 4 L,/ By ratios have been developed including the parent model. For each
of these L,/B,; ratios each possible combination of the loading coefficients Ap/V3 (4,55, 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 Fny 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/Bps, Ap/V*3, and LCG combi-
nation -as a function of modelspeed are listed :

e the total resistance of the model Rm

the wetted length over the keel L,
e the wetted length over the chines L.

e the trim angle, positive for an upward displaced bow, relative to the position at vy = 0

the rise of the center of gravity (positive for upward displacement) relative to:its position at vy, =0

Some combinations of small values of 4,/V*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, pélynomial ‘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 Ly /Byps ratio, the loading coefficient 4,/V?/3, and the longitudinal center of gravity LCG and fitted
to separate datasets for every deadrise-Fny combination. Describing the (non-dimensional) resistance, trim .




and (non—dimensiona.l) sinkage for a number of discrete values of Fny 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/A 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 m®. 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/A
8 » = ao+ay1 Ly/Bps+az Ly/Bps’ + a3 Lp/Bps® + aq Ay /V3+
- RCG/v'/3 (1)
as A,,/VZ/32 + ag AP/Vzlas +a7 LCG+ ag LCG? + a9 LCG3+

a10 LCG Ap/V¥3 + a1y Ly/Bps Ap/V?3 + ay3 LCG Ly/ By

Appendix 2 contains 120 sets of coefficients ag ...a,,, ie. for every dqa.drise., volumetric froudenumber
combination, two sets for Rt/A for a volumes of displacement of 5 m® and 50 m® !, a set for trim angle,
and a set for RCG/V!/3

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, L,/ B,z, 4,/V?/3, and LCG parameters of these models,
based on a medium, light and heavy weight of displacement, are listed in table 4

model | B | L,/B,, | 4,/V/® | LCG
PAFL | 25 | 55 55 4
PAF2 | 25| 55 | 85 -12
PHF3 | 25| 2.0 4.0 0

Table 4: Models used to validate polynomial results

The largest discrepancies occur for the heavy model with low Lp/Bp: value. The total resistance is
underpredicted in the speed region below Fny 1.75 and overpredicted for higher speeds. Also for this model,
the trim calculation underpredicts the measured values. for speeds higher than Fny 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 Delft 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
deadrise angle 8 was used instead of a quadratic interpolation over all available data. Since many planing

'To minimize the amount of listed coefficients, the Rt/A coefficients are given for two volumes of displacement. The
complete set of coefficients for Rt/A ranging from 2.5 m? to 5000m?® are:obtainable at the Delft University of Technology, Ship
Hydromed'mm'cs rLaboratol-'y
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Figure 5: Body plan of coastal patrol vessel

L, 168 | m
‘Bor 422 | m
A, 60.5 { m?
v 237 | m®
Ca, rel toord 0 | 39.3 %L,
8 20 | deg.
Lo/ Bz 4.0 | -

A, V33 7.36 | -
LCGrelto Ca, | -39 | %L,

Table 5: Main dimenéions Patrol Vessel
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Figure 6: Body plan of motor yacht R410




Ly 192 | m
By 5.05 [ m
Ay - 84.3 | m?
\% 449 | m?
Ca, reltoord 0 | 45.8 %L,
B 21 | deg.
Ly/B,e 38 |-

Ay /U3 6.67 | -
LCGrelto C4, | -5.31 | %L,

Table 6: Main dimensions Motor Yacht R410
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Figure 7: Body plan-of coastal rescue boat

L, 121 [ m
Bpe 330 [ m
Ap | 356.3 | m?
v 0133 | m®
Ca, reltoord 0 | 36.9 | %L, .
1 26 deg.
Lp/Bps 1 3.3 |-
Ay /3 | 63 |-
LCGrelto Cy, | -48 | %L,

Table 7: Main dimensioas coastal rescue boat




vessels designed’ for operation in coastal areas hiave 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 test.an additional 19 degrees deadrise series in the Delft 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 Fny 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 cleatly influences the characteristics of a planing hull and heteby 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 ' )

[ i ] AW — ) ’.‘
=N | L T 7

1 12 13 L] 15 18 17 1

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: Ap VA3
valuesof 4.0, 5.5, 7.0, 8.5 and LCG values of 0, 4, 8, and 12 % L, aft of the Cy,.

Some combinations of heavy weight of displacement and position of the center of gravity were not tested
due to excessive trim which caused flooding of the 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

10
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Figure 9: Body plan of twisted bottom model 2.32 B

Model
| 232-A | 232-B
L./ Bpe T-409 | 409 |-
L, | 15| 15 |m
Ap | 0.4589 | 0.4540 | m?
Boa 0.306 | 0.303 | m
Bps 0.367 | 0.367 | m
By 032 | 031 |m
Ly/Boa 49 | 49 |-
Bya/Bpa 12 | 12 |-
Bye/Boe 0.872 | 0.844 | -
Capreltoord 0| 48.8 48.8 | %L,

11

Table 8: Main particulars of twisted bottom models



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

ARt/A

A9 5 = aov+aretary A /V 403 7 LCG +aq ¢ A,/VH3+
ARCG/V'? 2

as & LCG+-ag ¥ A,,,/Vzls2 +a7 v LCG?
Also in this case, the regression analysis has been been performed for separate datasets for each Fng.

The experimental AR;/A values have been scaled to the same weights of displacement as used in section §.
The polynomial coefficients are listed in Appendix 4 2.

8.2 Verification of the twisted bottom polynomial model

The results of the polynomial approximations are validated by a comparison of calculated and measured
values of AR:/A, A8, and ARCG/V'/3. The selected twisted bottom models for this comparison are listed
in table 9 ) ' :

[ model | 4,/V*R [ LCG"
[ 232A-1 55 | 0 |
232A-2| 55 | -8
232B-1 70 | 4

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 and its polynomial values are presented. In these figures; PHF
ezp denotes the experimental value of the 25 degree deadrise model, TB ezp denotes the experimental value
of a twisted bottom model, TB - PHF ezp denotes the difference between these two values, and TB - PHF .
polyn denotes the polynomial approximation of TB - PHF ezp. The agreement is in all cases satisfactory
for the resistance as well 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 [3].

The combined series data represented in a polynomial model provide an easy way to interpolate 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 data. 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 minimiize the amount of listed coefficients, the ARt/A coefficients are given for two volumes ofdis’placenient. The
complete set of coefficients for ARt/A ranging from 2.5 m3 to-5000m3 are. obtainable at the Delft University of Technology,
Ship Hydromechanics Laboratory

12
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Figure 11: PHF 1 Experimental and calculated trim
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Figure 14: PHF 2 Experimental and calculated trim
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Figure 16: PHF 3 Experimental and calculated Rt/A
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Figure 18: PHF 3 Experimental and calculated RCG/V/3
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Figure 25: Coastal rescue boat Experimental and. calculated Rt/A
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22




- 0,25

Rt/Disp

— PHF exp
| +TBexp
& TB-PHF exp
=~ TB-PHF polyn.

Fn (disp) -
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Figure 31: Model 232A-2 Experimental and calculated ARt/A
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Figure 34: Model 232B-1 Experimental and calculated ARt/A
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Appendix 1 :Experimental results 30 degrees deadrise series




model 241 ‘mode! 231
B Depi LCG  ApN LB Depl LCG ApN
(=1 [Nl [%p] (-] (=1 Nl [%ep) (=)
341 488500 0000 4.00 341 303100 0000 550
o ym, Ffim [k L[e § Tam RCG T Vm Atm Kk Lc S Tnmm RCG
fmfs]l. [Nl  Im] [m] [m2] [deg] [mm} [ms]  (N] [m} fm] im2] [deg] jmm]
794 1425 1B210 125 125 0456 -075 —150 743 1333 10349 125 125 0456 =085 =100
795 1800 57540 125 125 0486 325 —27.0 744 1790 29053 125 125 0458 125 -200
796 2375 105930 125 125 0456 690 -200 745 2483 51729 125 125 0456 520 -180
797 2850 115.140 125 125 0456 600 —150 746 2632 54502 125 125 0456 432 -85
model 240 model 230
B Depl 'LCG AN B Depl LCG AN
-1 N [%LP] {-] (=] [N} [%tp] [~
3.41 488500 -2 400 _ 341 303100 —2.000 550
- vm Ftm: [k Lc § Tnrm HRACG o Vm Am Tk L& §  Inm RCa
_ qm/s] IN] [m] [m] ([m2] (deq] [mm} qm/s] NI [m] [m] [m2] (deg] [mm]
789 1,425 18:950 1:25. 125 0456 -035 —14.0 ‘747 1316 10.660 125 1.25. 0456 =055 =85
790 . 1.900° 56:200 1125 12§ 0456 370 —240' 746 1755 28.530 125 125 0468 170 =180
791 2375 108680 {125 125 0458 740 —170 743 2211 53850 125 125 0456 560 —130
792  2.850 115720 1125 125 0458 720 —120 750 2649 59370 125 125 0456 530 -55
793 3.344 132050 125 125 0456 760 —65 751 3070 68740 088 1.6 0402 650 1.0
753 3527 63910 081 146 0388 845 145
752 3948 65750 075 116 0373 885 310
754 4404 62880 075 1.6 0373 890 425
755 4842 61650 063 1.16 0345 840 480
756 5264 61130 059 1.16 0335 800 535
757 5702 63500 055 1.18 0325. 765 57.0
model 242 model 232
B Depl LOG ApN LB Depl LCG. ApN
(=] [Nl (%] [-] (=1 (Nl (%) (=)
3:41 488.500. —4.000 400 3.41 .303.100 —-4/000 550
e Vm Rm 1k L §  Inm RCQ mn Vm  Am [k Le S Inm RACG
Imfs] [Nl m] [m] (m2] [deq] [mm} fms] [Nl m]. [m] [m2} f{deg) [mm]
784  1.425.719.450 125 125 0456 <045 =—13.0 758 1316 10.620 125 125 0456: =035 -85
785 1900 57.070 125 125 0458 420 -220 788 1772 29.890 125 125 0456 235 —165
786 . 2375 110400 125 125 0458 780 —155 - 760 2211 58590 1.9 125 0461 8595 -115
787 2:850 121.930 125" 125 0458 840 —80 751 2632 60.480 094 119 0421 610 —35
788 3.325 144770 125 125 0458 1320 170 762 3070 65470 084 1.6 0394 740 55
763 3527 €55%0 075 1.16 0373 940 205
764 3983 63530 069 1.16 0358 G10 345
765 4388 61.780 063 113 0338 860 445
766 4825 59.85%0 056 1.09 0313 810 515
767 5264 59850 0S8 1.09 0313 745 565
768 5702 60000 056 1.09 0313 675 600
mode] 243 mode! 233
B Depl LCG- ANV LB Depl LCG ApN
(-] [Nl (%) (-] <1 NI ese] () .
341 488:500 —8.0000 4.00 341 303.100 -8.000 §50
. Vm Rtm 1k L& § Iam RCG . Vm Atm 5 Inm HCG
Jmis] [N] iml [m] [m2] [deq] [mm] fmis] [N [ml L_I_LL_eg]___LmL
780 1425 21200 125 125 0458 085 =120 769 1:316 11.640' 125 125 0456 020 <75
781  1.900. 61.850 1.25 125 0456 555 =170 770 1755 31.680 1125 125 0458 325 =140
782 2375 118010 094 1.9 0421 000 =80 771 2183 61.630 091 122 0421 700 ~100
. 763: . 2.869. 138.000 0.88 1.19 :0.409 12.10; 55 772 2632 €500 075 1.16 0373 7.5 10
773 3070 69950 069 1.13 0352 09.80 145
774 3509 70390 059 0S4 0289 0.80 295
775 3948 68.800° 053 083 0273 920 445
- 776 -4369: '65:140-:053:-0.91-:0269 830: 54.0
777 4825 62010 050 0S1 0262 730 605
778 5264 61.520 047 081 0255 645 640
779 5702 60280 .0.44 088 0243 560  67.5
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model 221 model 211
LB Depl LCG ApNV LB Depl LCG ApN
-1 Nl [%p] [-] (= INL, (%l (-]
341 210800 0000 7.00 341 157 85
™ Vm Am [k L& 3§ Tnm ARG nm Vm Am k[ §  Inm  FCG
fm) NI [m] [m] [m2] f[deg] [mmj [mis] [N] [m] [m] [m2] [deg] [mm]
705 1222 6280 125 125 0456 —060 -—55 630 1180 4572 125 125 0458 —040 -55
706 1.652 17.700 125 125 0458 040 -—140 631 1.590 12310 125 125 0456 —0.10 —102
707 2084 30870 125 125 0458 365 -135 632 1999 21359 108 125 0458 260 -11.0
708 2477 35640 119 125 0461 355 =70 633 2408 25263 097 125 0440 275 —60
709 2890 42810 113 125 0462 340 55 634 2754 29413 094 125 0434 270 —45
710 3267 50.400 1.08 125 0458 4.15 00 635 3148 34500 089 122 0418 285 =05
711 3716 51730 097 122 0433 615 9.0 636 3.541 38800 083 122 0405 3.30 40
712 4120 50390 0688 1.19 0409 580 185 637 3982 41531 078 119 0388 350 100
713 4558 50020 079 1.17 0384 605 235 638 4344 42753 072 119 0372 380 120
714 4971 50140 069 1.6 0353 610 290 639 4721 43655 069 117 0361 410 170
715 5368 52000 069 1.6 0359 600 330 640 B.115 44945 063 1.16 0345 425 200
716, 5781 53700 0.69 1.16 0359 590 330 641 5508 46800 057 1.16 0330 430 240
642 5902 48:000 050 1.16 0313 440 290
made! 220 model 210
LB Depl LG ApN LB Depl LCG ApN
(-1 [Nl (%) [-] =] [Nl [(p] (-]
341 210900 -2000 7.00 341 1579 ' -20 85
w Vm  Hm Lk Le S TIom RCG A Vm Atm UK 8 inm HACG
Iml  IN] [m] [m) [m2] [deg] {mm} Jmis) . [N [m] [m] [m2] [deg] [mm]
718 1222 6670 125 125 0458 =035 -55 644 1180 5068 125 125 0456 =025 50
719 1652 17.400 125 125 0458 055 -135 645 1.500 12.055 1:25 125 0456 020 -10.0
720 2064 31730 125 125 0458 405 =120 646 11967 20609 108 125 0458 290 -11.0
721 2477 35440 1.00 125 0448 4490 =50 847 2376 23650 094 125 0434 310 -—45
722 289 40510 088 125 0422 430 -1.0 648 2723 26716 088 122 0415 3.00 -18
723 3303 44020 0581 1.19 0383 495 85 649 3148 30695 081 1.19 0383 3,15 20
724 3716 43.480 075 1,19 0379 670 155 650 3541 33613 075 119 0379 350 70
725 4129 43420 069 1.19 0385 600 ° 225 esi 3935 35000 070 147 0360 3.80 130
726 4558 43.480 063 119 0351 600 280 852 4359 35095 059 1.18 0335 405 180
727 4971 43850 059 1.6 0335 590 220 €53 4769 37.406 058 1.16 0327 425 210
728 5388 45800 056 1.16 0327 570 380 654 5115 '39:.481 053 116 0320 425 230
729 5781 47.600 053 1.16 0320 560 405 655 5508 41.000 051 1.16 0315 425 265
model 222 model 212
LB Depi LCG  ApN LB Depl LCG ApN
=l [Nl [%p] (-] (-1 NI (] (-
341 210900 -4.000 7.00 341 1579 -40 85
an Vm Am L[k L& 3 Inm Hca o Vm ABtm & LU S Inm RAcG
Ims]  IN]  [m] [m] [m2] {deg] [mm] Imfs] [Nl [m]| [m] [m2] [deq] [mm]
730 1222 6960 125 125 0456 =025 -—55 666 1180 5122 125 125 0456.-015 —40°
731 1652 17390 125 125 0458 105 =125 667 1.500 11.895 125 125 0458 050 -9.0
733 2064 31.890 1:06 122 0450 440 -11.0 688 1:967 20063 1.00 1.19. 0433 305 -100
734 2477 34330 100 122 0439 440 -35 669 2376 22606 081 1.19 0383 340 -35
735 2890 37.800 0.88 1.19 0409 480 20 670 2723 24540 075 119 0379 332 -05
736 3303 39430 069 1.19 0385 565 100 671" 3.48 27892 069 125 0378 360 50
737 3716 39270 063 1.19 0351 6.15 205 679 3573 29529 066 125 0371 400 105
738 4129 39210 063 119 0351 615 270 672 3935 30500 063 1.17 0347 420 165
739 4558 38790 059 1.46 0335 600 320 673 4297 31293 059 146 0335 425 200
740 4971 39410 058 1.16 0327 580 37.0 674 4721 32400 058 1.8 0327 430 230
741 5363 40200. 051 1.16 0315 550 405 675 5115 33635 050 1.18 0313 425 265
742 5781 43.000 0.0 1.16 0313 525 440 676 5461 35855 047 1.18 0305 4.5 200
' 677 58902 38.800 045 1.18 0300 4.00  32.0
‘model 223 mode! 213
LB Depl LCG -ApV LB Depl LOG AV
(=1 IN]  [ep}  [~] =] Nl (%] [-]
341 210900 -8000 7.00 341 157.900 -8.000 8.50
o Vm Am [k Lc Thm ACG nm Vm Rm [k L& 3
msl NI fm} [mj [rn2| Ideq]. -[mm} Ims] N1 Iml [m]  [m2l lggL_[_me
693 1239 7500 088 {25 0422 030 =50 680 1.180 5518 069 125 0378 015 —40
694 1652 17440 088 125 042 185 -11.0 681  1:500 12024 069 125 0378 120 —=80
695 2084 32850 088 1.9 0409 510 =90 682 1967 20722 081 1.6 0388 370 —87
696 2477 3380 078 1.18 0380 825 00 683 2345 21538 069 1.16 0359 375 1.0
697 2890 34850 072 118 0388 590 70. 684 2738 226056 066 1168 0352 380 30
698 3303 35650 063 1.13 0338 660 170 685 3.148 23.857 063 1.16 0345 430 95
€39 3716 36.400 056 108 0307 656 265 688 3557 25036 058 1.16 0332 450 17.0
700 4145 36750 053 1.06 0300 610 340 687 3950 25548 052 1.16 0318 445 255
‘701 4542 38700 050 1.03 0288 570 390 688 4312 28355 047 111 0285 425 260
702 4971 37240 047 103 0279 520 420 889 4721 27200 044 1.10 0285 4.10 285
703 5368 38400 044 1.00 02668 475 450 €30 8115 28859 041 109 0277 380 315
704 5781 40.000 0.44 1.00 03668 435  49.0. 691 5508 31.310 039 1.09 0272. 350 325
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model 341 model 331
LB Depl LCG ApN LB Depl LCG Ap
=L INlL [l (=] -] (Nl [l [-]
409 369.900 0.000 4.00 409 229500 0000 550
. vm Atm ¢ Lc § Inm HCG . Vm RAm Lk L& S Iom FACG
Imis] [Nl [m} [m] [m2] {deg] [mm] ms] NI  [m] [m] [m2] [deg] (mm]
138 1.360 11229 150 1:50 0538 —045 90 126 1258 6.118 128 1.50 0534 —030 =-S5
139 1:814 27.874 1.50 150 0536 075 -190 127 1692 14769 113 1.50 0511 -0.05 -11.0
140 2267 52604 1.50 1:50 0536 430 -180 128 2094 27300 105 1:50 0496 230 -—14.0
141 2775 57531 1.50' 1:50° 0538 405 -110 129 2546 31:662 1.13 146 0802 275 -85
142 -3.474 65541 150 1:50 0538 365 -85 130 2948 37381 113 146 0502 284 50
131 3350 43515 1.13 046 0502 285 —14
132 3769 47938 1.0S 146 0487 355 40
133 4188 49810 101 146 0478 410 100
134 4608 49.828 098 1.43 0464 460 165
. 135 5078 49563 086 1.43 0436 500 21.0
136 5444 51.000 079 1.43 0419 520 255
model 340 model 330.
B Depl LCG ApN LB Depl LCG ApV
-] N (%] (-] = Nl [%le] [-]
409 369.900 —2.000 4.00 409 229500 -2.000. 5.50
™ vm  Rtm kLo 5 Inm RCG o vm Rtm [k (¢ S Inm RCG
[ms]. [Nl fm] [m] {mo] [deg] [mim] fmfs] N1 fm] [m] fme2] [deq] [mm}
171 1360 11175 150 150 0538 —033 -—80 114 1256 6373 120 150 0525 =045 —52
172 1.814 27457 150 1.50 0538 110 -180 115 1675 14730 116 150 0517 025 -10.5
173 2285 ‘54013 1.50 1.50 0536 440 -162 116 2084 26300 109 1.50 0503 2.60 =130
174 2739 59712 150 150 0538 435 =95 117 2529 30525 113 143 04% 298 -70
175 3.158 68247 1.35 143 0533 465 -40 118 2948 35249 143 143 0496 310 =35
176, 3648 75767 120 143 0510 605 55 119 3350 39.483 109 1.43 0488 350 20
178 4081 75000 109 143 0488 765 220 120 3769 42411 1.05 143 0480 395 80
177 4534 72,000 094 1.35 0437 800 380 121 4188 42927 098 1.43 0464 450 145
179 4988 71.000 0.88 1.31 0415 780 430 122 4606 43225 086 1.43 0438 480 190
123 5075 44624 079 1.43 0419 500 240
124 5444 48200 075 1.39 0401 510 290
model 342 ! model 332
LB Depl LCG Ap, LB Depl LCG ApV
=l Nl [%p] (=] =1 Nl fete] (=)
4,09 369900 —-4000 4.00 409 299500 -4.000 550
. Vm RBm [k Lo 5 Iam RCG mm  Vm  Rm Lk Le 3 Imm RCG
Jmss] NI [m] [m] [m2] (deq] [mm] fmis]l (NI [m) [m} [m2} [deg) fmm]
160 1:360 11282 150 1.50 0536 -045 =75 . 102 1256 6646 131 1.50 0539 000 ~48
181 1:814 27254 150 1.50 0536 135 -165 103 1692 15124 128 150 0534 055 -98
162 2267 55000 1.43 150 0535 480 =135 - 104 2094 26587 120 150 0525 288 -125
183 2775 61:816 128 1.50 0534 495 —65 105 2529 29507 1.16 146 0508 318 =55
164 3192 66974 1.13 1.43 049 - 550 00 108 2948 33353 143 146 0502 340 -15
185 3664 71485 1.09 135 0470 700 120 107 3350 36583 1.01 1.43 0471 . 370 40
166 4081 73000 098 135 0447 805 285 108 3769 38208 098 1.43 0464 425 11.0
167 4607 69.549 090 1.31 0420 800 380 109 4238 39040 0868 1.43 0438 475 180
168 5006 70247 079 120 0370 775 460 110. 4623 40162 079 1.39 0410 500 225
169_ 5558 71.693. 0.79 1.20 ‘0370 7.40° 540 111 5075 41.870 071 135 0382 500 270
112 5444 43700 071 135 0382 500 305
113 5863 44250 071 1.33 0378 505 @25
model 343 madel 333
LB Depl LCG =~ ApNV LB Depl LCG ApNV
(=] Nl %] (-] -] Nl %] (-]
408 369900 -8000 4.00 409 229500 -8.000 550
o Vm Rtm [k [c S tam ACG mn Vm Rm [k L[e 8 Inm RCG
Imis] NI fm] [m] [m3] [deg] [mm} Jmjel [N1__ fm| [m] [m2] [deg] [mm]
144 1360 12.445 150 150 0536 032 =75 88 1258 6888 1.13 150 0511 015 -45
145 1868 33331 135 1.50 0530 280 -155 89 1675 14810 113 150 0511 100 =90
146 2285 @1.430 120 1.50 0525 570 -—130 90 2094 27632 109 1.43 0488 340 -112
147 2721 64.671 1:09 1.43 0488 620 -50: 91 2513 29.900. 1:05: 1.43 0480 375 —45
148 3152 70978 101 1.38 0460 755 6.0 92 2948 31.891 098 1.43 0464 4.00 1.5
149 3700 77.471 080 128 0413 880 220 83 3367 34.068 086 143 0438 455 85
150 4045 77858 075 124 0369 865 345 94 3786 38053 083 1.39 0420 610 163
151 4571 77.305 075 124 0369 810 485 . 85. 4204 37819 075 1.35 0392 520 230
153 4988 76000 0.71 120 0351 755 580 96 4640 39316 071 1.35 0382 515 28.0
154 8441 75000 071 120 0351 650 63.0 97 5059 40452 068 135 0374 505 325
101 5444 42000: 066 1.35 0369 490 385
98 5863 44400 064 1.31 0356 480 41.§




modé! 321 model 311
Depl LCG ApN LB Depl LCG ApN
- N (%lp] (-] - N [%Llp] [-l
409 159.800 0.000 7.00 408 118500 0000 850
Vm— Am & L& & Iam FCG . Vm: Atm [k
[ms] _ (NL. [m] ([m] [m2] [deg} [mm] Imis] [Nl {m] [ml [mzl [e_g] [mml
44 1183 3997 113 150 0511 -018 —40 3 1127 2799 088 146 0471 =015 -29'
48 1577 9837 1.3 150 0511 =018 =70 4 1517 6359 088 146 0471 —028 -54
48 1987 16477 1.13 150 0511 155 -105 § 1878 10243 088 148 0471 075 -68
47 2385 19238 {.13 146 050 210 ~75 6 2254 12708 098 148 0471 185 —07
48 2775 23.308 105 148 0487 220 -45 9 2629 15612 088 148 0471 180 -—55
49 3170 27.67S 1.08 146 0487 225 -20 8 3020 19.113 094 146 0461 175 -390
§0 3580 32426 101 146 0478 225 20 1 3380 22429 088 1.48 0471 179 -10
§1 3974 35939 094 1.46 0461 246 49 2 3771 26863 098 146 0471 1.70 1.8
52 4384 40499 094 1.44 0457 270 60 7 4132 29843 098 1468 0471 175 23
53 4794 42553 080 1.44 0448 305 80 10 4807 35252 094 146 0461 1.8S 1.5
184 5125 43000 083 143 0420 335 105 200  4.883 38250 0.75 ‘143 0409 2.10 25
186 5519 44.300 075 143 0409 370 160 183 5258 40750 068 1.39 0382 250 6.0
182 5634 42.500 062 1.39 0362 ° 285 9.0
model 320 model 310
Depl LCG  ApV LB Depl LCG ApN
TS (=] Nl [elp) (-]
4.09 159.800 —2.000 7.00 409 119500 —2.000 850
™ vm Atm Lk L S Tnm RACG ‘ mn Vym Rm [k L& S Trm  RCG
[ms] [N]_Im] [m] [m2) [deg] [mm] fmis] (NI [m] [m] ([m2| [deg] [mm]
54 1183 4217 105 1:50 0493 =045 =38 11 1127 2923 105 146 0487 -008 -30
§5 1577 9390 105 150 0456 000 =70 12 1502 6270 105 148 0487 —0.01 —50
5 1.871 15649 105 150 0496 165 -105 13 1.878 10006 105 1.48 0487 0.88 -80
§7 2365 18.153 1.05 146 0487 212 -72 14 2269 12.790' 105 146 0487 175 —60
58 2775 21.457 105 146 0487 220 —42 15 . 2644 158989 105 146 0487 173 -43
59 3154 25110 1.01 148 0478 230 -50 16° 3035 17.667 1.01 146 0478 1.88 -1
60 3564 28.957 0.94 146 0461 -2.40 as 17 3410 20847 058 146 0471 1.0 14
61 3958 32,153 0.86 1.44 0438 252 70 18 3771 23972 094 146 0481 192 40
62 4337 34.500 079 144 0421 285 85 19 4132 27300 080 1468 0452 195 50
4731 35300 079 1.44 0421 320 105 200 4482 30802 086 1.48 0442 2.08 45
187 5125 33200 071 135 0382 350 130 180 4883 33200 064 131 035 225 55
188 5519 39.400 064 135 0384 375 180 191 5258 34600 060 131 0349 260 90
192 5834 35676 060 135 0354 295 110
mode] 322 model 312
LB Depl - LCG ApN LB Depl LCG
(=] INl (%tp] [-] -l N %] ()
409 159.800 —-4.000 7.00 409 118.500 —4.000
Vm ~ RAtm [k [c & 1Inm FRCG - Vm  Am Kk L 5 Ism RCG
[m/s] NI [m] [ml [m2} [d Jmm|: [més] Nl _im] [m]. [m2] (deg] [mm]
84 1183 4381 098 150 0480 000 3.4 21 . 1127 3043 105 146 0467 000 ~25
65 1593 9125 098 150 0480 0.8 -6.1 2 150 6124 105 146 0487 000 -—45
66 1987 . 15494 098 1.50 0480 185 —95 23 1678 9.837 105 1.46 0487 098 —80
67 2365 17.828 098 146 0471 230 —65 24 2254 12250 105 146 0467 174 -60
68 2760 20461 094 1.46 0481 235 -30 25 2629 14378 105 146 0487 {80 =30
3170 23557 090 1.46 0452 250 1.6 .26 3005 18821 105 148 0487 {93 —10
70 3584 28283 083 146 0435 260 5.0 27 3360 19286 080 1.46 0452 200 22
71 3942 28515 079 1.46 0425 275 90 29 3756 21.855 077 148 0420 200 58
72 4352 30522 075 143 0409 310 110 28 4132 24800 079 146 0425 200 60
73 4778 31984 071 143 0399 345 140 30 452 27388 075 148 0415 225 70
197 5125 33200 056 137 0347 385 170 31 4883 29500 075 146 0415 250 8.5
196 5518 35700 0.5 1:35 0343 370 200 193 5258 31400 054 135 0338 280 105
195 5634 32200 0.53 1.31 0327 280 130
moadel 323 model 313
LB Depl LCG. ApN LB Depl 'LCG ApN
(=] Nl [%p] [} (-] (Nl [%p] [-1
4.09 159.800 —8.000 7.00 409 119500 -—8.000
an Vm  Fm 1k S Iam HCG wm Vm Rm 1k L S Iemm RCG
Imil NI [m] [ml [m2] |d mm]’ [m/s) LN1<L]_LLL_J_[_'-’91_LE"_'I_
74 1183 4550 098 1.46 0471 017 =28 32 1127 3213 090 143 0446 0.4 =25
75 1577 9210 090 146 0452 060 =55 33 150 6300 083 {43 0429 031 -50
76 1987 16867 075 1.46 0416 225 =95 34 1878 10284 083 143 0420 140 =75
77 2365 17.842 075 146’ 04168 262 -55 35 2254 12.099 083 1.43. 0429 198 -50.
78 2760 19498 075 1.43 0409 275 -15 36 2.644 13:714 0.78 143 0419 205 -25
79 3170 21.328 079 143 0419 285 40 37 3020 15382 075 1.43 0409 210 10
80 35684 22333 079 143 0419 305 80 38 3380 17145 068 143 0391 220 54
81 3942 24404 079 139 0410 330 130 39 3758 18784 060 1.43 0370. 220 a2
82° 4368 26.373 068 1.39 0362 350 165 40 412 20639 056 {43 0359 238 100
83 4810 30220 064 .39 0372 355 190 41 452 22823 053 {43 0340 260 113
84 5125 32200 060 1.35 0354 355 21.0 42 4883 25200 053 131 0327 275 125
86 5519 34000 058 1.35 0338 355 240° 199 8258 27.320 048 135 0847 270 160
8 ° 5914 35700 053 128 0323 360 280 198 5634 20300 049 {31 0317 275 180




model 441

B Depl LCG ApV
(=] INl  [%p] [~]
55 237.400 0.000 4.00
. Vm Rtm Lk Lo §  Tam RCG
mist NI [m] [m) m2] [deg] [mmi
380 1263 5972 1.50 150 0400 -0200 -50
381 1684 12,800 1.50 1.50 0400 070 —11.0
382 2089 24520 150 150 0400 243 -130
383 2527 27858 1.50 150 0400 265 -10.0
384 2948 31.629 150 1.50 0400 263 -60
385 3869 36923 150 150 0400 215 -—45
386 3790 43796 1.50 1.50 0400 170 —6.0
model 440
LB Depl LCG ApN
(=l IN| O[] [
S5 237.400 -2.000 4.00
mn Vm Atm [k Le S Inim RCG
[mis]l. [Nl [m] {m) [m2) [d mm
387 1263 6075 150 150 0400 -0.10 —6.0
388 1684 13410 150 1.50 0400 045 -—100
389 2108 24.453 180 1.50 0400 265 -—125.
300 2527 28.363 1.43 150 04000 320 —9.0
391 2948 32604 143 146 0398 320 -40
392 3369 37.158 143 146 0398 300 00
393 3790 43.527 143 148 02398 265 20
394 4211 49.850 1.50 1.50 0.400. 260 50
395 4616 S8.412 150 1.50 0400 240 00
‘model 442
LB Depl LCG ApN
=] N [%p] (-]
55 237400 -4000 4.00
Vm Atm [k Ic § Inm HCG
fmis] NI [m] (m] [m2] {deg] [mm]
396 1247 6220 150 1.50 0400 000. -—40
397 © 1,668 13.357 1:50 150 0400 060 -—10.0
398. . 2:108 25733 1:50. 1.50 0400 290 -—11.5
399 2510 29209 1.39 1.44 0396 340 -80
4000 2914 32538 1.35 143 0333 4335 -35
401 3369 36414 1131 143 0390 345 1.0
402 3807 40832 124 143 0383 390 60
403 4228 422301 113 1.39 0362 470 11.0
404 4649 43440 101 1.33 0337 875 160
408 5053 42047 0894 129 0319 585 230
408 5475 42191 000 128 0310. 570 340
mode] 443
LB Depl LCa .ppN
(=] IN]  [p] [-]
5.5 237.400 -8.000 4.00
wn Vm  RAtm 1k & § Tnm FRCG
Imis)  [N]__ fm} [ml [m2] fdeg] [mm]
388 1247 6209 1.50 1.50 0400 020 —4.0
359 1664 14453 143 146 0398 120 -90
3700 2106 25320 128 143 0388 315 =110
371 2510 26.628, 124 137 0375 345 -60
372 2948 29.118 1.18 139 0370 380 -20
373 3869 20740 1.13 1.37 0359 3.80 4.0
374 3807 30934 1.11 1.33 0350 430 2.0
375 4228 29999 099 1.31 033 470 . 150
376 4649 27.326 088 122 0297 625 200
377 5037 28.423 083 120 0284 525 260
378 5475 31300 079 1.18 0274 510 315
379 5898 35500 0.77 1.14 0265 480 388

model. 431
LB  Depl LCG ApN
=1 INl  [%p] [-]
55 147.300 0.000 550
. Vm Rm [k [ S 1Inm HACG
Imis] [Nl fm] fm] [m2] [deq] [mm]
314 11151 3228 150 1.50 0389 -0.12 =35
NS 155 7.155 150 1.50 02389 —020 -65
316 1948 12.144 150 150 03%4 120 -100
317 2349 16085 1.50 1.50 0400 195 -65
318 2738 17.479 1:50 150 0400 1.95 —4.5,
model 432
LB Depl LCG Ap,
=1 N [%p] [-]
55 147.300 -4.000 6.50
‘o vm Hm k(e S Tam HACG
[ms) Nl [m] {m] {m2] [deg] [mml
338 1.167 3474 150 150 0400 0.00 -3.8
339 {1856 7558 1.50 1.50 0400 0.30 -6.5
340 1945 12938 135 143 0393 1.75 -82 .
341 2349 16045 124 '1.43 0383 231 -4.1
342 2738 16803 1116 141 0370 225 -20
343 3142 19228 113 139 0362 238 1.0
344 3516 21.416 109 139 0357 245 ‘5.0
345 39200 23514 1.05 139 0353 260 85
346 4278 25000 098 137 0338 275 8.5
347 4667 26354 096 1.37 0334 313 105
348 5.056 27.420 084 137 0331 325 132
350 5445 29.000 088 135 0315 335 16.0
351 5834 31.700 083 135 0308 3.80. 18.5.
model 433
LB Depl LCEG ApN
=1 [Nl (%p] [-]
65 147300 —-8000 550
nn Vm  Rtm k. L6 S Iam RGG
Imis]  IN]  [m] [m] [m2] {deq] [mm}
352 1167 4550 1.50 1:50 0.400 - 0.00 -25
353 1556 7799 135 146 0398 020 —60
354 {945 13354 120 143 0378 190 -95
355 2349 15.197 1.13 1.39: 0362 2500 -50:
356 2738 16815 105 139 0353 253 =20
357 31158 18.655 1.01 1.37 09344 260 1.0
359 3516 20033 094 137 0331 260 50
380. .3.889 :21.567..092 137 0328 260 80 -
381 4284 '22.719 0868 1.35 0315 325 11.0
382 4683 23959 083 133 0304 340 14.0
363 5040 25407 079 131 0295 3.40 16.0
386 5445 27.000 075 1,31 0289 3.35 195
‘367 5834 29000 069 129 0276 3.20 250




model 421 ’ ‘model 411

B Dept LCG ApNV LB Depl LCG ApV
[=t [Nl %lp] [~] (=1 [Nl {%Lp] (-]
§.5 102600 0.000 7.00 55 78.600 0.000 8.
Tun_ Vm ftm &k L& S Inm RCG mn Vm  Am 1k L& S TWim ACG
Jmis} [NL [ml. Im}] [m2] [deg] [mm] [m{s] IN]. Im}_ [m] [m2] [deg] (mm]
287  1.084 2158 1.50 1.50 0.383 -0.10 -25 201 1.046 1.607 1.35 150 0.357 -0.10 -1.8
288 1485 4759 150 1.50 0380 -0.13 =40 202 1395 3371 1.28 1.50 0.343 -0.08 -3.0
289 1831 7.539 150 1.50 0.380 061 <65 23 1758 5.035 1.20 150 0.340 0.25 <-4.3
20 2197 9.744 135 1.50 02394 130 -5.8 204 2107 6818 1.20 150 0.340 095 -4.8
291 2563 11.654 120 148 0378 135 -4.6 . 205 2455 7999 1.05 150 0.331 095 =35
202 2929 14.043 118 1.48 0378 1.42 -235 208 2804 9723 068 143 0318 085 =30
23 3281 18777 1.13 1.43 0389 1.42 0.0 207 3139 12000 0.88 143 0319 100 -5
294 2676 19.843 1.09 143 0384 140 1.0 208 3.488 14008 0.98 143 0.333 105 0.0
295 4.043 22.126 1.05 1.43 0359 135 1.8 209 3.836° 16.819 0.98 143 0.339 1.00, 25
206  4:336 26.609 101 143 0352 135 0.0 210 4213 20582 088 1.43 0.347° 0.90 3.0
27 4775 30032 0.98 1.43 0347 150 -1.0 211 4534 23000 088 143 0347 090 -1.0
288 5.126 33.200 094 143 0341 1.60 -0.5 212 4883 26300 0.98 1.43 0.247 0.5 =20
299 5.493 35.000 0.50 1.43 0.334 1.75. 1.0 213 5231 31200 0.88 143 0.347 080 =20

214 5580 35.200 . 0.98' 1.43 0.347 090 -22

model 420 . model 410
B Dapl LCG ApN B Depl LCG ApNV
[<] [Nl (%Lp] -] (=} (N [%Lp] [=]
§.5 102600  -2.000 7.00 ‘5.5 78.600 -2000 8.50
un Vm Bm Lk L S Inm RCG run~ Vm Am L L S 1im Aca
fmis] IN} Jmj: [m] {m2] [deg] [mm]| : [m/s] [NL [m [m] [m2] [deg] [mm]
300 1099 2272 1.50 1.50° 0.380° -0.0S -3.0 215 1046 1.836 1.35 1.50 0.357 -0.05 -1.4
301 1450 4.725 150 1.50 0377 -0.02 -4.3 218 1385 3300 1.24 148 0.346 -0.05 -27
302 1831 7554 1.43 1.50 0380 0.72 -85 217 1:744  6.442 120 148 0.350 0.200 -4
303 22197 9.548 143 150 0389 140 -5.0 219 2083 6700 1.05 144 0.328 1.00 -4.8
304 2583 11.104 1.35 1.48 0392, 145 -40 220 2427 7.683 0.98 143 0330 100 -3.0
308 2929 13.040 1.28 148 0293 152 =25 2 2804 9.416 0.84 143 0.227 1.0 -28
307 2.298 15.587 118 148 04378 152 0.0 222 3139 11.282 0.94 143 0330 110 =15
‘308 3.662 18.086 1.05 143 0359 150 s . 223 3502 13348 0.94 1.43 0.333 1.10 ~1.5
309 4043 20633 0.98 1.43 0347 145 4.0 224 3850 15.804 0.94 1.43 0.341 1.00 28
310 4423 23491 0.90 143 0334 1:50 3.0 225 4180 18,407 0.94 1.43 0.341 0.85 20
A1, 4760 26.207 0.86' 1.43 0326 1.65 25 226 4.548. 21519 0.8¢ 1.43 0.334 0.80 0.0
312 5,126 29.400° 0.83 1.43 03200 170 28 227 4.897 24.665 0.83 1.43 0.320 0.80 -1.0
312 5483 30.826 0.80 1.43 0.317 180 40 0 0000 0000 000 0.00 0.000 <0.00 0.0
313 5.873 34.251 0.79 1.43 0.313 1.95 7.0 228 5580 31.400 0.79 1.43 0.313 0.85 0.0
‘model 422 : modal 412
UB  Depl LCG A B Depl LCG ApNV
(<t (NI [%Llp] [-] [=1 IN}  [%Lp] ‘[-]
5.5 102600 -4.000 7.00 55 78.600 -4.000 8.50
un. Vm Rtm. Lk Ls 'S Trim  RACG run.  Vm Atm Lk Ls 'S Trim RCG
Jmis] [N] [mj, (m} [m2] ([deg] .[mm]. {m/s]. [N] [m]. (m] .[m2) [dag] [mm]
274 1084 2340 135 1.50 0.338 0.00 ~-20 20 1046 1711 1.35 1.50. 0.354 =0.05 -1.5
‘2715 1485 4.767 1.43° 150 0.386 0.10 -3.5 21 1281 3371 1.31 150 0.388 0.0 -25
278 1.8 7.503 135 1.50 0.3%94 0.90 -8.0 232 1.744 4890 1.28 180 0371 0.05 -4:2
273 2197 9.400 135 1.50 0382 1.25 -56.0 233 2093 6546 1.20 1.43 0.358 1.05 -5.0
277 2563 10.400 1.28 1.43 0.383 150 -35 - Q24 2441 7488 1.13 143 0.355 1.05 -25
278 2929 12859 105 143 0559 160 -15 . 236 2804 9059 113 143 0358 1.05 -25
279 3298 14.650 1.01 143 0352 165 1.5 2286 2153 10750 1.05 1.43 0.358 1.10 0.0
280 . 3682 18800 1.01 143 0352 1.60 45 . - 237  a518 12820 0.98 1.43 02347 110 - 22
281 4043 18914 0.98 143 0347 1.60 5.0 238 2864 14,592 0.98' 1.43. .0.347 1.05 45. -
282 4423 21584 0.96 1.43 0344 160 40 239  4.213 17.114 0.98 1.43 0.347 098 as
283  4.780° 23800 0.94 1.43 0341 170 40 240 4682 19.852 0.98 1.43: 0.347 0.90 1.5
288 5.126 26.317° 0.90 1.43 0334 1.85 50 241 4883 22800 0.98 1.43 0347 0.90 0.5
284 5493 28.800 0.88 1.43 0.326 200 85 243 6231 25200 050 1.43 0334 1.00 15
285 5850 31.0000 0.79 1.41 0310 210 105 242 6580 28.000 0.90 1.43 0.334 1.05 25
244 5929 30.600 0.90 1:.43 0.334 1.10. 3.5
model 423 model 413
UB  Depl LCG ApN UB  Dept LCG ApN
(=1 INl  [%Lp} (-] [-1  INI (%Ll (-]
5.5 102600 -8.000 7.00 8.8 76.600 -8.000 8.50
un Vm RAim T3 le S Trim RCG run vm Atm k e S Trim __ RCG i
[mis] [N]. [m| (ml' [m2) [dag] (mm] [is} [Nl  [m] [m] [m2?] fdegl [mm|
259 1.084 2414 1.35 150 0.a74 0:10 ~-25 245 1048 1,847 1.35 150 0.354 0.05 . <15
260 1450 4774 1.28 150 0.377 0.28 -5.0 246 1395 3563 1.35 1.50 0.380 0.20 =25
201 1831 7.804 116 1.43 0353 120 ~-7.0 247 1744 5254 1.20 143 0382 070 =50
282 2197 9.481 1.05 143 0.3S53 170 -5.0 249 2107 8537 1.13 143 0.352 120 =4.5
263 2583 10.835 0.98 1.43 0347 175 -3.0 250 2441 7.517 088 143 0336 125 -20
264 2015 11961 090 1.43 0334 180 0.0 48 2780 8719 098 143 0338 125 <-1.0
265. 3.310 13564 0.83: 1.43 0320 1.80 25 251 3139 9.981 043 143 023200 130 1.0
266.  2.678 15177 0.79 141 0.310 180 6.0 . 252 d.4m8 11515 0.71 143 0300 121 as
207 4028 16.805 0.75 1.39 0.301 178 7.0 253 3.83¢ 13.118 0.71 141 0.3000 1.10 5.5
‘268 4394 18500 0.7S 1.35 0.295 1.90 7.0 254 4213 15049 0.71 141 0.298 1.058 6.5
269 47680 20.330. 0.75 1.35 0.295: 200 7.0 256 4534 17.000 -0.88 1.43 :0.201 1.08: 4.5
270 S.128 22.000 0.68 1.35 0.281: 205 25 255 4.883 19.000 0.68 1.41. 0.291 1.05 5.0
272 5493 -24.0000 0.64 1.35 0273 215 1.0 257 65.231 21.300 0.68 141 0.291 1.10 6.0
271 5:859. 25.800 0.64 1.35 0.273_ 220 13.0 258 5.580 23.500 0.68 1.41 0.291 1.20. 7.5

I-6




-

‘modal 541 )
UB Depl LCG ApN
I=1 IN] [%tel (-]
7 165200 0.000 4.00
run Vm Rtm k e S Tim RCG
{m/s} [N} im m m2| de! mm
596 1173 3484 1.50 150 0324 =005 -40
597 1570 7.558 1.50. 1.80 0.324 0.00 -70
588 1.968 13.169 1.50 1.50 0.324 140 -100
599 2363 16.603 1.50 150 0.32¢ 220 -8.0
600 2759 18.884 '1.50 1.50 0.32¢ 240 <50:
601 3.04§ 20.753. 1.50 1.50' 0.324 23§ -4.0!
802 3588 25.110 1.50 1.50 0.324 215 0.0
8§03 3980 29.310° 1.50. 1.50...0.324: 1:80. 0.0
modasl 540
UB Depl LCG ApN
i<} INI (%Ll -]
7 165200 -2.000 4.00
wn Ve Rtm kL §  Trm RCG
[m/sl INL [m]! [m] [m2] i[deg] {mm] .
604 1173 3384 1500 1.50 0.324 0.00 -3.0
605 1570 7.580 1.50 1.50 0.324 0.10 ~8.0
608 1968 13536 150 1.50 0.324 150 -10.0
607 2383 16.892 150 1.50 0.324 230 -7.0
608 2775 19.277 1.50 150 0.324 250 -5.0
609 3171 22473 150 1.50 0324 250 =10
610. 3588 25.759 1.50 1.50° 0.324 240 10
611 3880 29450 150 150 0324 230 a0
612. 4361 33.773 1.50 1.50 0.324 255 3.0
model 542
UB  Depl LCG ApN
[=1 IN  I%Lp) (-]
7 185.200 =-4.000. 4.00
run Vme Atm’ kL S Tim  RCG
[mis] Nl__{m) qm] {m2] ([dag} [mm}
613 1:168 2612 150 1.50 0.324 000 -390
814 1602 6.079 150 1.50 0.324- 0.30 -7.0
815 1988 14.013 150 1.50 0324 1.80 =100
616 2379 17761 150 1.50 0324 270 70
817 2775 19.584 1.50 1.50 0.324 26§ -4.0
618 3171, 22090 150 1.50 0.324 270 -1.0
619 2588 24:780 1:50 1:50 0324 270 20
620 3.996 27.238 1.35 1.43: 0.307 295 8.0
822 4377 20.406 1.13 139 0290 370 9.0
623 4757 30.500 1.07 1.39 0283 435 120
625 S.154 31000 091 138 0257 500 16.0
824 5550 31400 0.90 133 0253 S.30 220
826 _5.946 33.000 0.88 1.30 0.247 510 27.0
modal 543
B ° Depl LCG ApV
-1 M (%) (-]
7 165.200. ~8.000 :4.00
run Vm ‘Rtm k Le 5 Trm RACG.
[m/s] INl_ [m] [m] [m2] ([deg] {mm]
684 1188 3679 150 150 0323 0.20 -4.0
585 1.588 as11 150 1.50 0323 070 -8.0
588 1.982 15.021 1.35 146 0318 215 -100
8§87 2363 10.299 1.28 143 02310 3.05 -8.0
688 2759 20.483 1.24 1.43 0.300. 305 -4.0
589 2158 22528 1.18 143 0299 3,30 0.0
5§90 3.566 24920 1.13 1.43 0.206 3.60 4.0
S91 39684 27.383 1.01 1.43 0281 4.2 9.0
S92 4377 29.278 0.94 1.35 0.261 4.85 13.0
593 4741 31.001 0.80° 1.28 0.247 550 7.0
S04 S.154 30.945 0.84 1.24 0.233 S5.45 21.5

modal’531

UB Depl LCG ApN
[<1 [Nl [%lp] ([=]
7 102400 0.000 ‘5.50
run  Vm ‘Rtm k Lo S Trim  RCG
fm/s] N. [m] [m] {m2] [deg] [mm]
530 1.084 2005 150 150 0.323 0.00 0.0
531 1484 4348 150 150 0323 -0.100 =40
532 1818 64892 150 150 0323 070 -8.0
533 2182 9088 150 150 0323 1400 -60
634 2548 10796 150 150 0323 155 =40
§35 2938, 12844 150 150 0.323 165 =35
536 3280 14846 150 150 0323 1.60 -1:8
§37 3661 18.239 150 150 0.323 .50 0.3
538 4.041_ 21.887 150 1.50 0.323 1.30 1.0
model 530
UB  Depl LCG: ApNV
<. NI [%lp) [~}
7 102400 <2000 S5.50
run Vm Rtm k Le S Trm  RCG
[m/s} NL. _[m] fm} ([m2] [deg] [mm|
§41 1084 2015 150 150 0.323 =005 =20
540 1.450 4267 150 150 0323 000 =40
542 1330 7.200 1.50 150 0323 0.80 =70
543 2198 0.523 150 150 0323 170 6.0
544 2548 10.774 150 1.50 0.323 1,75 =40
545 2928 12.481 1.35: 146 0.318 "1.80 =20
546 3294 14.248 135 146 0.318 1.75 0.0
547 3675 18.473 1.31 146 0.315 1.80 2.0
548 4,058 18.654 1:28 1.46 0.314 180 4.0
§54 4.437 209898 1.24 145 0.310 210 3.0
550 4.788 22270 1.13 1.43 0:296 240 5.0
0 0000 0.000 0.00 000 0000 000 0.0
SS51 5491 24.700 0.98 1.43 0.278  3.00 9.0
modai §32
UB Deplt LCG ApV
(=] N [%tp] [-]
7 102400 -4.000 5.50
un Vm Rtm [k Lc S Trim  ACG
[misf N] [m] ([m] (m2] [deg) (mm}]
555 1.088 2417 150 150 0323 0.00 ~-2S
858 1450 4492 1.50 150 0.323 005 =40
857 1.816 7.285 150 150 0323 1.05 7.5
‘558 2182 9.155 150 150 0323 170 <-6.0
559 2548 10436 1.28 146 0318 180 =38
560 2928 12080 1.28 1.43 0.310 185. =20
582 3280 13739 1.20 143 0.303 1.90 1.0
563 3846 15431 116 143 0200 200 40
884 4027 17038 1.13 1.43 0298 210 8.0
585 4407 18512 1.09 143 0291 230 5.8
5868 4759 20.151 105 143 0.286 260 5.7
867 5:227 21:201 0.94 1.39 0.267 290 8.0
568 5491 22.100 0.86 1.39 0.255 300 100
589  5:.001 24.641 0.83 1.39 0:251 300 12.0
model 533
B Depl LCG ApN
=1 NN [%Lel (<)
7 102400 -8.000 5.50
un Vm Rtm k Le S Trim  RACG.
_{mis)’ {N] [m] {m] [m2] (deg] [mm)
§70 1098 2318 135 148 0318 005 . =20
571 1464 4859 1.35 148 02318 004 =40
572 1.830° 8052 128 143 0310 135 <-6.0
573 2182 9541 118 143 0209 165 =50
574 2582 10530 1.09 141 0.288 200 =20
575 2928 12027 1.09 141 0:288 205 ~1.0
576 3.280 13522 1.01 141 0.278 220 1.0
5§77 3.648 15.030 098 139 0272, 230 4.0
578 4.041 18348 054 139 .0.267 250 8.0
579 4.407 17.945 0.88 139 0.255 230 70
580: 4773 18:756 0.83 1.39 0.251 a.10 9.0
681 5169 20.153 0.79 135 0240 315 120
582° :5.491 21.600 0.75 135 .0.234 320 4.5
S83 5857 23400 0.71: 1.31 0223 210 185




modal 521
B Daepl LCG ApN
(=) Nl [%lel (-]
7 71300 0.000 '7.00
mun Vm Rm Lk Le ] Trim  ACG
fm/s] [N] fm| {m} [m2] {dag] [mmj
488 1.034 1.357 128 148 0.308 -~0.05 -1.5
489 1.378 2757 1.28 1.48 0308 -0.02 =30
470 1723 4220 128 148 0308 030 -4.2
471 2088 5745 1:28 1.48 02311 0.0 =5.0
472 2399 6717 128 143 0310 1.10 =38
473 2757 - 8.133 128 1.43 02310 120 -20
474 3102 0.800 1.24 1.43 0308 120 -1.5
475 3.448 118625 1.24 1.43 0308 120 0.5
478 3.818 13.849 ‘1.24 143 0308 115 20
477 4135 15537 1.24 1.43 0306 120 20
478 4.454 17.814 1.24 1.43 0.306 1.30 0.0
479 4852 19.819 120 143 0303 140 0.0
480 5.169° 21.800 120 1.43 0303 150 0.0
482 5514 22800 1.13 140 0.292 170 25
484 5859 25.600 1.05 1.40 0.282 1.8 5.0
model 520
UB Depl LCG ApNV
(=} Nl [%lp] (-]
7 71300 -2.000 7.00
run  Vm Rim k Le S Trim 'ACG
[m/s] NI Im]. fm] {m2] ‘[deg] [mm|
485 1.034 1.448 138 1.48 0308 -0.03 -20
486 1,378 2800 1.38 148 0308 0.03 -25
487 1723 4.300 138 148 0308 0.40 -4.0
488 2088 6.661 1.31 1.44 0305 0.92 -50
489 2412 6.714 1.28 1.44 0.308 1.16 -2.2
480 27171 8070 1.26 1.43 0308 120 =20
491 3102 9.400 122 143 0308 1220 =12
492 3:.460 11.053 1i20 1.43 0303 1.30 1.8
483 3791 12482 1.18 1.43 0.299 130 4.0
494 4,204 14587 1.13 143 0296 1.30 40
485 4.508 18.331 109 1.43 0.291 1.35 1.0
498 4825 18.437 1.05 1.41 0284 1.45 20
497 5:189 19.900 1.05 1.39 0.281 1.50 20
499 5642 21.890 098 1.39 0.272 170 40
498  5.859 23:200 0.80 1.33 0.261 1.80 5.5
modael 522
UB. Depl LCG ApNV
(- INL_ I%ts] (-]
7 71.300 -4.000 7.00
run Vm Rtm k L s Trim  RCG
Imfs] (N} [m] [m] [m2] {deg] (mm]
500 1.034 1.517 128 1.48 0.303 0.00 =25
501 1.378 2600 1.28 1.48 0303 0.10 -4.0
502 1709 4:394 1.28 1.48 0303 0.60 -5.0
503 2054 §.549 1.28- 1.43 0308 1.00 =6.0
S04 2412 6519 1.20 143 0.300 - 1.20- =-3.0
§0S 2757 7.853 1.18 1.43 0301 125 -20
508 a.102 9.0000 1.18 143 0.299 ' '1.39 0.0
507 Q2.448 10328 1.09 141 0.288 135 20
508 3.791 11.888 1.09 1.41 0.288 1.35 40
500 4149 13507 1.05 1.41 -0.284 135 4.0
§10 4508 15401 1.04 139 0.280 1:38 20
511 4825 168991 1.04 139 0.280 155 3.0
S14 5.183 16808 104 1.39 0.280 169 4.0
513 6610 20:112 1:80 1.39 0.280: 1:80 8.0
maodel 523
/B Depl LCG ApN
=1 _INl  [%ip] (-]
7 71300 -8.000 7.00
mun Vm Rtm k L S Tm  RACG
Imis]_ IN)  im] (m] [m2] [dag] (mm)
§15° 1.034 1.612 128 1.43 0.299 0.08 -1.0
5816 1.378 .05 1.28 1.43 0299 0.20 -20
517 1.709 4.717 124 . 1.43 0.295 0.80 =50
518 2088 5751 116 141 0288 120 -50
819 2412 8.568 1.05 1.41 0.281 1.30 -2.2
5200 2743 7523 1.05 139 0.284 130 -20
§22 31020 9.000 058 1.39 0.272. 145 0.s
6§23 3.432 10.388. 0.50 1.39 0.261 1.50 20
821 3763 11368 0.90 1.37 0.258 1.50 57
5§24 4.122° 12.680. .0.83 1.39 0.251 -1.50 80
525 4.494. 14.186 083 1.37 0.249 1.60 4.0
520 4.839 15.634 0.70 1.35 0.240 1.80 (K]
§27 S5.169 17.000 0.7 1.35 0.234 1.90 85
5§29 5.520 18.843 079 1.35 0.240 195 8.0
528 5.850 20.600 0.75 133 0.232 200 10.5

modal 511

B Depl LCG ApV
[-1 Nl [%tp] [-]
7 53400 0.000 6.50
mun Vm Atm Lk Lo ] Trim  ACG
[mis] {N] [m] [m] [m2 Jdaq] [mm]
407 0985 1.117 1.38 150 0.299 -005 -10
409 1,340 2108 1131 150 0303 000 -20
410 1842 3101 131 150 0.297 Q.14 -3.0
411 1970 4026 1.29 150 0.304 050 =-4.0
413 2312 4926 120 143 0.295 063 =22
414 2827 5924 113 143 0.288 085 =30
412 2958 7100 120 1S0 0.301 050 -20
418 3284 8389 1.13 143 0.200 095 0.0
416  3.626 10.038 1.09 143 0.291 0.93 20
417 3954 11.804 1.05 '1.43 0.288° 0.90 2.2
418 4283 13725 101 1.43 0.281 0.5 0.0
419 46811 15532 1.01 143 0281 090 =20
420 4926 18.000 1.01 143 0.281 080 -20
422 5294 20.523 1.01 1.43 0.281 0.80 -1.0
modal 510
B Depl LCG ApN
(=1 (NI [%tp] (-]
7 53400 -2.000 8.50
un. Vm, Ritm k Le S Trim  RCG
{m/s] {N] [m__{m]_  [m2] [de mm
423 0985 1.120 138 148 0.291 000 -13
425 1327 2195 1.38 148 0.297 0.00 =20
426 1842 3.085 1.38 145 0.299 020 -20
427 1970 4105 131 143 0.298 058 -40
430 2378 6111 128 143 0.310 0.80 -30
431 2627 5825 120 143 0303 0.60 -3.0
429 2982 7.405 1.13 143 0.206 090 -15
432 2207 48558 1.05 143 0.288 0.5 0.0
433 2620 9727 1.01 143 0.281 095 20
434 3967 11:522 0.98 143 0.278 0.90 25
435 4,283 13330 0.90 1.43 0.268 0.50 10
438 4611 15.242 0.86 143 0.260 090 -0.5
437 4926 16:880' 0.84 142 0.256 1.00 0.0
439° 5255 19.000 0.34 141 0256 1.00 0.0
438 5583 21.000 0.84 1.41 0.256  1.05 1.0
model 512
/B Depl LCG ApNV
1= NI {%le] [-]
7 53400 -4.000 850
mun Vm Rtm kL § Trim RACG
(mfs] [N} [m] ([m}] {m2] ({degl [mm]
441 0885 1:131 128 143 0.262 000 -1.0
40 1314 2169 1:28 143 0282 0.10 -2.0
442 1842 2067 1.20 143 0280 032 -3S§
443 1970 3901 120 143 0.283 0.60 -4.0
444 2299 4829 113 143 0.282 085 -25
445 2840 5.892 1113 143 0282 0.85 =25
4486 2969 6.811 101 143 0.281 100 -10
447 3.284 7791 101 143 0.281 1.00 0.0
448 3613 9353 098 143 0278 1.00 1.8
449 3941 11.023 0.94 143 0.272 098 a0
450 4208 12.842 0.00 1.43 0.268 0.95 20
451 4624 14584 .0.90 141 0263 0.85 1:0
452 4826 16000 0.33 141 0.254 1.00 1.0
453 8255 17.850 0.83 1.39 0.251  1.05 2.0
modael 613
UB  Depl LCG ApN
[=1 Nl (%Lle| [-]
7 53400 -8.000 8.50
run Vm ftm Lk L S Irm ACG
misi IN]| _[m] [m] {m2] ([dag] [mm]
454 0985 1191 118 143 0.271 005 -1.0
455 1.314 2290 116 143 0279 020 ~20
458 1842 3231 113 137 0277 045 -30
457 1970 4052 0.98 137 0.262 072 ~-4.0
458 2268 4852 0.98 137 0270 085 -20
459 2827 6828 0.94 137 0.284 055 -20
460 2958 6.020 0.87 137 0.254 1.00 -10
461 2:284 7748 0.83 137 0.249 1.05 20
482 3.620 8921 0.83 137 0.249 1.02 40
463 3854 10.121 0.83. 137 0,240 '1:00 5.0
464 4:269 11477 0.83 1.37 0.249 1.00 5.0
485 4.624 13271 0.79 1.37 0.243 100 a0
466  4.926: 141688 0.75 1.37° 0.237 1.10 a0
467 5204 16508 0.71 1.37 0.230 120 4.0

I-8



Appendix 2 :Coefficients of polynomial model




B Fneg agp ay as as a4 as ag
az as ag a1 a a2
125 | .75 | R(/A, V=5 .1120E400 | -.1289E-01 1197E-02 | -.3479E-04 | -.2297E-01 .2924E-02 | -.1347E-03
| -.7272E-03 :9765E-04 .4226E-05 .1256E-04 .2713E-03 .1774E-03
Ry/A, V=50 | :1115E400 | -.1290E-01 1199E-02 | -.3510E-04 | ..2300E-01 .2017E<02 | -.1344E-03
| -.7217E-03 .9901E-04 .4318E-05 :1130E-04 | .2728E-03 .1786E-03
: 8 |, -1129E401 | .1696E401 [ -.3130E+00 | .2169E-01 | -.2760E+01 | .4720E+400 | -.2433E-01
’; | -:3112E+400 | .1163E-01 .5206E-03 .2458E-01 | -.3180E-02 | ..3304E-01 '
RCG/VY? | ..4074E+00 | .9376E-01 -.2147E:01 '| .1515E-02 .9922E-01 -.1388E-01 | .7181E-03,
-.6410E-02 .2775E-03 | .1503E-04 | .1030E-02 | -.4586E-03 .1524E-04 '
100 | R,/A, V=5 .3996E400 | -.9231E-01 .1192E-01 | -.6086E-03 | -.4127E-01 :2720E-02 | -.5832E-04
.1094E-02 [ .3815E-03 .9987E-05 .2345E-03 .1766E-02 .5378E-04
RyfA, V=50 | .4002E400 | -.9267E-01 .1201E-01 | -.6158E-03 | -.4170E-01 .2753E-02 | -.5965E-04
.1136E-02 .3879E-03 .1025E-04 .2303E-03 1773E-02 .5835E-04
0 _-1515E402 | -.9005E400 | .1166E400 | -.4536E-02 | -:6366E401 | .3357E+00 | -:3731E-01
-.T934E400 | .1718E-01 4324E-03 5065E-01 | .9474E-01 .9864E-01
RCG/VY? -.3261E400 | .9289E-01 -.2020E-01 .1426 E-02 .2227E-01 .1384E-03 | -.3914E-04
-.1948E-01 .2537E-03 .1417E-04 .2314E-02 .3813E-03 :7281E-03 i
128 | Ry/A, V=5 | .8393E400 | -.1246E+00 | .1461E-01 | -.6615E-03 | -.1753E+00 | .2255E-01 | -.1016E-02 ||
.4165E-02 .6591E-03 .1478E-04 :8072E-03 | .1433E-02 -.7895E-03
Ry/A, V=50 | .8376E400 | -.1248E400 | .1466E-01 | -.6656E-03 | -.1748E+00. || .2243E-01 | -.1009E-02 .
' .4036E-02 .6488E-03 | .1417E-04 | .3146E-03 .1445E-02 [ -.7806E-03
6 9889E401 | -.7061E4+01 [ .9620E+4:00 | -.5360E-01 | .66572E+01 | -.1291E401 | :7367E-01
-.3946E400 | .3410E-01 .1764E-02 .1420E-01 | .2198E+00 .7282E-01
3 RcGgyv/? -.1057E401 | .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, /A, V=5 .7786E+00 | -.1016E+00 | .9022E-02 | -.2943E-03 | -.1539E+400 | .1795E-01 | -.7779E-03
.3499E-02 .1219E-02 .3137E-04 .1069E-02 .3079E-02 1622E-04 |
Ry/A, V=50 | .7830E+00 | -.1028E+00 | .9261E-02 | -.3111E-03 -.1560E400 | .1823E-01 | -.7923E-03
.3454E-02 1226 E-02 .3162E-04 | :1069E-02 | .3087E-02 | .3045E-04
] A7T86E+402 | -.9164E401 | .1350E401 | -.7826E-01 | -.9693E+01 | .1005E+01 | -.3806E-01
) | -.3616E+400 | .1714E-01 .6256E-03 .3080E-01 | .2011E+400 .3556E-01
" RCG[V? -.5638E+00 | -.2403E-01 | -.1195E-01 | .1194E-02 | .3358E400 | -.5715E-01 | .3043E-02
-.2849E-01 | -.8738E-03 | -.4271E-04 [ .2585E-02 .5695E-02 .8498E-03
1.75 | R(/A, V=5 .6817E+00 | .2683E-01 -.1742E-01 | .1476E-02 | -.1538E+00 | .1827E-01 | -.7977E-03
: .9107E-03 .1048E-02 .2831E-04 .1050E-02 .2770E-02 .1664E-03-
Ri/A, V=50 | :5824E+00 .3586 E-01 -.1725E-01 | .1466E-02 | -.1542E400 | .1826E-01 | -.7975E-03
.8446E-03 .1059E-02 .2918E-04 .1062E-02 | .2781E-02 .1844E-03
] 3161E402 | -:6006E+401 | .6319E400 | -.2905E-01 | -.2892E+401 | -.7939E-01 | .1623E-01
' -4067E-01 | .1568E-01 6076E-03 | -.I308E-02 | .1856E+00 .1581E-01 '
RCG/v/3 .7918E-01 .3672E-01 -.2361E-01 | .2115E-02 .6393E-01 -:1695E-01 [ .1139E-02
-.1168E-01 | -.1828E-03 | -.2390E-04 | :5145E-03 .3081E-02 ,1509E-02




B | Fne ap ap az as a4 as ag
| az ! as : a9 Q10 an a2
12:5 | 2:.00 | Ri/A, V=5 | 4372E+400 | .6303E-01 | -.2146E-01 | .1633E-02 [ -.1229E+00 | .1416E-01 | -.6035E-03
| .1789E-02 [ .9401E-03 .2507E-04 | .7046E-03 | .2017E-02 .3221E-03
1 ' Ri/A, V=50 4373E+400 || .6227E-01 -.2136E-01 .1627E-<02 | -.1232E4-.00 .1413E-01 | -.6023E-03 °
| f | .1758E-02 || .9548E-03 .2561E-04 .6993E-03 | .2028E-02 .3424E-03
' 1 ¢ :1322E402 || -.2002E+01 | -.1837E+00 | .2538E-01 | .3508E+01 | -.1046E+01 | .6417E-01
! ‘ 1978E400 | .3248E-02 | -.2820E-03- | -.2124E-01 | .1421E+00 | -.5899E-02
RCG/V*/® | 3061E+400 | 5434E-01 | -.2893E-01 | .2561E-02 | -.3087E-01 | -.5601E-02 | .6545E-03
: -.1355E-01 | -.8926E-03 | -.6666E-04 | .5779E-03 | .2339E-02 | .1237E-02
225 | Ry/A, 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
Ri/A, V=50 | 4695E400 | .4205E:01 | -1342E-01 | .9850E-03 | -.1423E+400 | .1773E-01 [ ..7758E-03
.9280E-03 | .1002E-02 3148E-04 | .8095E-03 [ .1326E-02 3277E-03 |
] -2005E402 | -.8873E+00 | :.2429E400 | .2151E-01 | -.1223E+01 | -.2412E400 | .2287E-01
A4608E+00 | .3414E:01 .1530E-02 | -.1894E-01 | .3043E-01 | -.3643E-01
RCG/V/2 -9376E-01 | -:7904E-02 | -.1772E-01 | .1632E-02 | .1013E400 | ..2329E-01 | .1340E-02
-.1703E-01 | -.1087E-02 | -.5905E-04 | .1185E-02 | .4634E-02 .2907E-03
2:50 | Ri/A, 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 |
Re/A, V=50 | 3278E400 | .2871E-01 | -.7447E-02 [ .4925E:03 | -.7836E-01 | .8539E-02 | -.3161E-03
1371E-02 | .7906E-03 .2369E-04 | .6169E-03 | .5856E-03 1842E-03- |
] 5497E401 | -.1505E400 | -.2074E+00 | .1448E-01 | .48383E+401 | -.1070E+01 | .6381E-01
5650E400 | .1234E-01 :2049E-03 | -.2930E-01 | .1067E-01 | -.5021E-01
. RCG{V'/3 :5347E+00 | .2676E-01 | -.2602E-01 | .2249E-02 | -.1207E400 | .1309E-01 | ..5889E-03
‘ 1 2506E-02 | .I169E-02 .5121E-04 | .4842E.03 | .4146E-02 .1570E-04
276 | R /A, V=5 | ,2864E4+00 | 2157E-01 | -.4537E-02 | .2856E-03 | -6463E-01 | .7329B-02 | -.2793E.03
.2635E-02 | .8383E-03 | .2825E-04 | .5046E-03 | .3729E-03 .1657E-03 :
Ri/A, V=50 | .2891E400' | .1934E-01 | -.4014E.02 | .2408E:03 | -.6574E-01 | .7390E-02 | -.2841E-03 '
.2672E-02 | .8536E:03 | .2874E-04 | .4875E-03 | .3523E-03 | .1661E-03
] 5251E401 | -.2136E4+00 | -.4981E-01 | -.2390E-03 | .3763E+401 | -.8703E400 | .5193E-01
7439E+400 | .3604E-01 .1649E-02 | -.2963E-01 | -.3124E-01 | -.6563E-01
RCG/V'? | 4987E#00 | -2149E:01 | -.8807E-02 | .8621E-03 | -.6185E-01 | .3117E-02 | -3261E-04
.7617E-02 | .8079E-03 .3312E-04 | -:3072E-03 | .2070E-02 | -.2094E-03
3.00 | RifA, V=5 | .2041E400 | .2262E-01 | -4611E-02 | .3277E-03 | -.3360E-01 | .3327E-02 | -.9437E-04
-2499E-02 [ .6954E-03 | .2360E-04 | .4707E-03 | .1737E-03 .8781E-04 .
Ry/A, V=50 | :2085E400 | .1942E:01 || -.3751E-02 | .2667E-03 | -3523E-01 | .3475E-02 | -.1039E-03
| .2569E:02 | .7122E-03 | .2412E-04 | .4573E-03 | .9270E-04 6T99E-04
) |_-2750E+01 | -:6138E+00 | .1493E+00 | -.1441E-01 | .4592E4+01 | -.9479E+400 | 5502E-01
| :8403E+00 (| .3900E-01 .1814E-02 | -.3527E.01 | ..7550E-01 [ -.7209E-01 '
! | RCG/v'3 | 5527E400 || -.8569E-01 .6848E-02 | -.2166E-03 | -:4469E.01 :6517E-03 | .9890E-04
: :3866E-03 | .2107E-04 | -.6350E-03 | .1068E-02 | -.7190E-03

.T751E<02 |




8 | Fne ag ay aj as a4 as ag
az ag ag - @10 a1 ay2
25 .75 R /A, V=5 .1268E+400 | -.2424E-01 .3491E-02 | -.1893E-03 | -.2136E-01 .2706E-02 | -.1283E-03
-.1462E-02 | -4897E-05 | -.4912E-06 | .3145E-05 .2632E-03 .2009E-03
Ri/A, V=50 | .1260E+00 | -.2365E-01 | .3359E-02 | -.1802E-03 | -.2152E-01 .2711E-02 | -.1285E-03
-:1457E-02 | -.5151E-05 | -.5195E-06 | .2379E-05 .2653E-03 .2007E-03
[} --2791E401 | .6060E400 | -.1479E-01 | -.8580E-03 | .4449E-01 .1737E-01 | -.3669E-03
-.3048E400 | -.2215E-02 | -.6126E-04. | .1374E-01 | -.2986E-01 .2900E-01
RCGyv/3 -.5631E:01 .1358E-01 :1978E-03 | -.9157E-04 { -.1305E-01 .3252E-02 | -.1867E-03
-.2090E-02 | :6262E-04 .5807E-05 .3741E-04 | -.5312E-03 .3008E-03
1.00 | R/A, V=5 | .3665E+00. | -.1043E+00 | .1400E-01 | -.7408E-03 | -.1955E-01 -.6496E-03 | .1031E-03
| --1763E-02 -3776E:04 | -.5533E-05 | .2222E-03 | .2048E-02 .2132E-03
R(/A, V=50 | .3659E+00 | -.1036E+00 | .1385E-0i | -.7299E-03 | -.2000E-01 | -.6113E-03 | .1012E-03
' -.1767E-02 .3638E-04 | -.5624E-05 | .2198E-03 | .2048E-02 .2160E-03'
0 | .1064E+402 | -.2476E401 | .2907E+400 | -.1443E-01 | -.1992E+401 | .9811E-01 | -.2754E-03
-.6578E400 | .2138E-03 .3172E-06 .2929E-01 .1417E4-00 .7013E-01
RCGyvY/? -.2468E+00 .5017E-01 | -.5742E-<02 | .2944E-03 .2368E-01 | -.1508E-02 4642E-04 '
 -.7365E-02 | -.3799E-04 .3699E-06 .2716E-03 | -.8045E-03 | .7947E-03
i 125 | Ry/A, V=5 | .7346E400 | -.1763E+00 | .2059E-01 | -.1003E-02 | -.6923E-01 || .3296E-02 | -.3195E-04
'l -.2975E-02 | .1928E-03 | -.4883E-05 | .7575E-03 .4465E-02 .1095E-04 '
‘ R¢/A, V=50 | .7331E400 | -.1744E+00 | .2037E-01 | -.9872E-03 | -.6949E-01 .3290E-02 | -.3134E-04
-.2984E-02 .1955E-03 | -.4780E-05 | .7530E-03 | .4459E-02 .1806E-04
‘ 8 :2407E+02 | -.6671E401 | .7093E+400 | -.3195E-01 [ -.1193E+01 | -.1873E+00 | .1544E-01
i -:3438E400 | .7800E-02 4234E-03 .1579E-01 .2244E+00 .3405E-01 | '
RCG/[v/? -.2845E-01 +.4699E-01 .7296E-02 | -.3960E-03 :2604E-01 -.5517E-02 .3090E-03
-.8058E-02 | -.1553E-03 | -.4078E-05 | .2832E-03 .2089E-02 B8162E-03 | '
150 | R(/A, V=5 8278E+400 | -:1938E+00 | .2319E-01 | -.1139E-02 | -.3753E-01 .4455E-02 | -.1599E-05
-:6563E-02 .2675E-03 | -.1677E-04 | .1527E-02 .5371E-02 .2796E-03 |
Ri/A, 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
0 .2532E402 | -.8269E4+01 | .1002E+01 [ -.4986E:01 | -.3671E+400 | -.3866E+00 .2851E-01
-.7646E400 | -.2833E-02 | -.2796E-03 | .5567E-01 :2880E400 .6108E-01
RCG/V/3 .5694E-01 | -.1061E400 | .1742E-01 { -:.9396E-03 | .4806E-01 -.8546E-02 .4183E-03
-.1034E-01 | -.1755E-03 | -.7328E-05 | .3267E-03 .2052E-02 .1164E-02
1,78 RifA, V=5 .9566E+00 | -.1196E+400 {| .7891E-02 | -.1443E-03 | -.1932E+400 | .2134E-01 | -.8377E-03
-.3208E-02 | .7299E-03 | -.3397E-06 | .1896E-02 4743E-02 -.6219E-04
R(/A, V=50 | .9550E+400 | -.1183E400 | .7563E-02 | -.1138E-03 | -.1938E+00 .2133E:01 | -.8361E-03
-.3264E-02 .7311E-03 | -.3583E-06 | .1890E-02 4738E-02 -.4953E-04
9 .3901E402 | -.6757E+401 | .5287E+00 | -.1651E-01 | -.6611E401 | .4903E+400 | -.1453E-01
-.6147E400 | -.5014E-02 | -.4529E-03 | :.4609E-01 .3434E+00 .4319E-01 ‘
RCG/V/3 .3378E+400 | -.1661E400 | .2435E-01 | -.1350E-02 | .8538E-04 -.4868E-02 .3050E-03
-.1249E-01 -.1168E-03 | -.5414E-05 | .3944E-03 .4640E-02 .1473E-02




B Fne agp ai as as [+ 71 ~as ag
| az ag ag aro ayy ajp
25 ' 2.00 | R(/A, V=5 9093E+00 | -6004E-01 | -.2084E<03 | .2698E-03 | -.2244E400 | .2790E-01 i -.1173E-02
i .1494E-02 .1223E-02 .2299E-04 | .1875E-02 | .2861E-02 | -.3119E-03
| Ri/A, 9=50 | .9074E400 | ..5868E-01 | -.5893E-03 | .3005E-03 | -.2249E300 | .2787E<01 /| -.1171E-02 .
1 | .1423E-02 .1228E-02 2317E-04 | .1868E-02 | .2843E:02 | -.2987E-03 |
] 4651E402 | -5594E+401 | .4061E+00 [ - 1428E-01 | -.1074E4-02 | .1163E+01 | -.4941E-01
I -:3024E400 | -.1047E<01 | -:6648E-03 | .2291E-01 | .2767E+00 | .4267E-02 |
| rcgyw/3 .6440E+400 | -.2007E+400 | .2825E-01 | -.1676E-02 | -.8261E-01 | .6147E-02 || -.2399E-03
‘ -.1344E-01 | -.3522E<03 | -.1875E:04 | .3414E-.03 | .5541E-02 .1394E-02
2.25 | Ri/A, V=5 .7267E400 | -.3065E-01 | -.4856E-03 | .1264E-03 | -.1832E+00 | .2340E-01 | -.9550E-03
‘ .1759E-02 | .1136E-02 .1964E-04 | .1832E-02 | .1057E-02 | -:3018E-03
R¢/A, V=50 | .7238E400 | -.2946E-01 | -.8423E-03 | .1554E-03 | -.1330E+00 | .2322E-01 | -.9432E-03 .
.1652E402 .1129E-02 .1914E-04 | .1825E-02 | .1035E<02 | -.2923E-03 | ‘
) 3930E402 | -.3838E401 | .167IE400 | -.1504E-02 | -.9002E+401 | .9844E+00 | -.4198E-01 ||
' -.5436E-01 | -:.5073E.02 | -.2881E-03 | .1382E-01 | .1938E400 | -:3012E-01 |
RCG/[vi/3 7810E+00 | -.2062E400 | .2691E-01 | -.1457E-02 | -.1133E400 | .9881E-02 | -.4012E-03
-.1288E:01 | -.2336E-03 | -.1484E-04 | .4903E-03 | .5972E-02 | .1138E-02
2.50 | R/A, V=5 5911E400 | -.1332E-02 | -.2723E-02 | .1880E-03 | -.1582E400 | .2103E-01 | -.8556E-03
.2990E-02 .1367E-02 3447E-04 | .1735E-02 | -.2485E-04 | -:8911E-04 -
Ri/A, V=50 | .5896E400 | .5678E-03 | -.3241E-02 | .2295E-03 | -.1594E+400 | .2106E-01 | -.8555E-03
7 .2934E-02 | .1372E.02 | :3467E-04 | .I722E-02 | -.6421E-04 | -:8239E-04
] 3457E402 | -.2448E401 | .3596E-01 .3139E-02 | -.3405E+01 | .9749E+00 | -.4230E.01
A4796E:01 | -.1524E-01 | .-.5626E-03 | .6950E-02 | .1132E400 | -.5600E-01 |
RcGIvY/3 9096E+00 | -.1932E400 | .2314E-01 | -.1211E-02 | -.1710E+400 | .1877E-01 | -:8567E-03
_ ' -.1322E-01 | -.1999E-03 | -.1303E-04 | .6159E-03 | .6142E-02 .9184E-03 |
2.76 | R,/A, V=5 .5063E+00 | .3047E-01 | -.7043E-02 | .4750E-03 | -.1525E400 | .2178E-01 | -.9195E-03
.5580E-02 .1404E-02 .4042E-04 .1406E-02 | -.1424E<02 | -.1939E-03 |
" R¢/A; V=50 | .5042E400 | .3293E-01 | -.7703E-02 | .5276E-03 | -.1538E+400 | .2182E-01 | -.9199E-03
| .ss26E-02 .1411E-02 .4076E-04 .1391E-02 | -.1479E-02 | -.1887E-03
0 27T18E402 | -.1949E+401 | .7036E-01 | -.2685E-02 | -.5753E+01 .| .6084E+00 | -.2452E-01
.1545E+00 | -.1498E-01 | -.5452E-03 | .5244E<02 | .6356E-01 | -.6772E-01
RCG/V/3 .1010E401 | -.i952E400 | .2321E-01 | -.1272E-02 | -:2037E+400 | .2262E-01 | -.1013E-02
-.1367E-01 | -.3822E-03 | -.2246E-04 | .6646E-03 | .6673E-02 .6786E-03
3.00 | Ry/A, V=5 4725E400 | .2993E-01 | -.7451E-02 | .5195E-03 | -.1502E+400 | .2257E-01 | -.9848E-03
.4185E-02 .1587E-02 | .5345E-04 | .1713E-02 | -.7806E-03 | -.1313E-03
Ry/A, V=50 | 4693E400 | .3367E-01 | -.8372E-02 | .5913E-03 | -,1520E+00 | .2268E-01 | -.9906E-03
' 4146E-02 .1587E-02 .5387E-04 [ .1687E-02 | -8693E-03 | -.1363E-03 '
; ] .2337E+402 | .1400E+400 | -.1392E+00 | .1559E-01 | -.5536E401 | .6424E400 | -.2701E-01
| :6203E400 | .8787E-02 | .4819E-03 | -.3054E-01 | -.6558E-01 | -.7799E-01 o
' RCG[V'/? .1152E401 i| -.1663E+00 | .1819E-01 | -.9180E-03 | -.2701E+00 | .3176E-01 | -.1428E-02
<7406E-02 | .1002E-03 [ -.2626E-05 | .2663E-03 | .5604E-02 .6099E-03




Fneg

ag ay az a3 a4 as ag
‘ arz : as ag 210 azy a12
30| .75 | R/A, V=5 .2375E400 | -.1031E400 | .1772E-01 --1041E<02 | ..5205E-02 | -.2773E-04 | .1531E-04 .
s -.1068E-02 | -.6608E<04 | -.4816E-06 | -.7651E-05 .4227E-03 .9094E-04 ;
i Ri/A, V=50 | .2441E400 | -.1069E400 | .1843E-01 | -.1084E-02 | -.5458E-02 | -.9167E-06. | .1467E-04 ||
‘ -.1061E-02 | -.6654E-04 | -.4901E-05 | -9439E-05 | .4219E-03 ~ :9157E-04 ,
) -.3308E4-01 | .2550E+401 | -.4395E400 | .2636E-01 | -.1037E+01 | .1771E+400 | -.8958E-02
, -.2613E4-00 | -.3974E-02 | -.4585E.03 .1186E-01 | -.7422E-02 .2557E-01 )
RCG/v'/3 -:3177E400 | .1208E400 | -.2063E-01 [ .1227E-02 .2717E-01 -:3003E-02 | .1355E-03
’ -.6640E-03 | .3208E-03 .2741E-04 | .5674E-05 | -.7108E-03 .2287E-03
1.00 | R,/A, V=5 .9682E+00 | -.4393E400 | .7538E-01 | -.4470E-02 | ..2704E-01 (1049E-02 | -.5175E-05 '
| -.9952E-03 | .1588E-03 .2220E-056 .2921E-03 .1925E-02 | -.4311E-04
Ry/A, V=50 | .9787TE+00 | -.4453E+400 | .7700E-01 -.4538E-02 | -.2747E-01 | .1085E-02 | -.6608E-05
-.9873E-03 | .1573E-03 .1994E-05 .2893E-03 .1921E-02 -.4144E-04
] :5441E+02 | -.2288E402 | .3988E+01 | -.2386E+00 | :.5056E+01 | .5340E400 | -.2318E-01
-.4847E400 | .9449E-02 || .5464E-03 .2527E-01 | .1910E400 | .4970E-01 f
RCG/[V'/3 -.4817E#00 | .1940E400. | -.3240E-01 .1881E-02 | .1884E-01 | -:9944E-03 | .2894E-04
' -.5076E:02 | -.1482E-03 | -.1146E-04 | .2403E-03 | -.3347E-03 .4546E-03
1.25 | R/A, V=5 :1893E+01 | -.8457E+400 | .1457E+00 | -.8577E-02 | -.6406E-01 .3342E-02 | -.7825E-04 |
-.5532E-02° 9| -.2506E-03 | -.3509E-04 .5791E-03 .3928E-02 .1844E-03
Re/A, V=50 | .1908E+01 | -.8539E+400 | .1472E+400 | -.8671E-02 | -.6466E-01 .3390E-02 | -:8027E-04
-:5526E-02 || -:2523E-03 | -.3551E-04 .5756E-03 .3924E-02 .1879E-03
) | 8265E402 | -.3612E+02 | .6187E+01 | -.3627E+00 | -4466E+01 | .3828E+00 | -.1584E-01
| | -.3732E+400 | .8297E-02 4187E-03 .2140E-01 | .1987E400 .3160E-01 |
RCG/vVi/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
160 | Ry/A, V=5 A868E+01 [ -.8280E+00 | .1431E400 | -.8422E-02 | -.5704E-01 | .2596E-02 | -.2847E-04
-.5175E-02 | -.4060E:03 | -.4045E-04 | .7328E-03 .3278E-02 | -.1106E-03
Ri/A, V=50 | .1879E401 | -.8404E+400 | .1454E+00 | .-.8563E-02 || -.5732E-01 .2571E-02 | -.2619E-04
_ -:6174E-02 | -.4062E-03 | -.4082E-04 .7281E-03 || .3271E-02 | -.1054E-03 )
] .6978E402 | -.3135E+02. | .5460E401 | -.3225E4+00 | -.2889E+01 | .1742E+00 | -:4266E:02
-.6324E400 | .1348E-02 .1646E-03 .3824E-01 | .1397E+00 .5171E-01
RCG/v*/3 | 2261E-01 | -.1064E400 | .2000E-01 | -.1204E-02 | .6209E-01 | -.9628E-02 | .5027E-03
-.66 7T0E-02 .447TE-03 .3335E-04 | .4417E-03 | -.1045E-03 .6196E-03 ]
1.76 | Ry/A, V=5 A702E401 | -.7709E+00. | .1305E4+00 | -.7681E-02 | -.6966E-02 | -.5282E-02 | .3696E-03
© -.1824E-02 | -.1237E-02 | -.i262E-03 | .6829E-03 .3235E-02 | -.6792E-03
Ri/A, V=50 | .1733E401 | -.7893E400 | .1339E+00 | -.7791E-02 | -.7524E-02 | -.5292E-02 | .3716E-03
, -.1813E-02 | -.1224E-02 | -.1256E:03 .6794E-03 .3231E-02 | -.6722E-03
[ .7224E402 | -.3582E+02 | .6161E+01 | -.3609E+00 | .3320E+00 | -.3832E+00 | .2447E-01
-.9607E400 | -.2280E-01 | -.2228E-02 .5705E-01 | .2030E+00 .7807E-01
RcG/v'/3 4322E4+00 | -.2972E400 | .5326E-01 -.3187E-02 .4307E-01 -.8474E-02. | .4483E-03
f -.1120E-01 | .1239E-04 | .5205E-05 .4265E-03 .1557E-02 .1160E-02




Fnvy

a0 a as as a4 as a6
az ag ) ag aio a a2 )
30 { 2.00 | R/A, V=5 [ .1666E+01 | -.6805E+00 | .1134E4+00 | -.6550E-02 | -.4770E-01 | .1274E-02 | .4691E-04
| .6126E-02 | -3168E-03 | -.6683E-04 | .7238E-03 | .2007E-02 | -.1289E-02
‘ R(/A, V=50 | .1694E+01 | -.7038E+00 | .1177E+00 | -.6804E-02 | -4649E-01 | .9008E-03 | .7014E-04
.5933E:02 | -.3613E-03 | -.7191E-04 | .7270E-03 | .2913E<02 | -.1273E-02
8 * .8804E+02 | -:3982E+402 | .6620E+401 | -.3810E+00 | -.2136E+401 | -.11566E+00 | .1139E-01
-.1008E40t || -.3554E-01 | -.2607E-02 | .5899E-01 | .3045E+00 | .6854E-01
RCGjVY/3 -B667TE+00 | -.4740E+400 | .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,/A, V=5 :1463E+01 || -6376E400 | .9138E-01 | -.5364E-02 | -.8717E-01 | .9157E-02 | -.3582E-03
.1024E-01 | - .2689E-03 | -.3268E-04 | .7508E-03 .1368E-02 | -.1379E-02
R¢/A, V=50 | .1506E+01 | -.5676E400 | .9695E-01 | -5702E-02 | -.8862E-01 | .9234E-02 | -.3604E-03
.1017E-01 .2831E-03 { -.3217E-04 | .7504E-03 1373E-02 | -.1365E-02
] .9557E4-02 | -.3926E+02 | .6366E+01 | -.3630E400 | -.4819E+01 | .2256E400 | -.4879E-02
-.5270E400 | .1016E-01 | .1224E-02 | .3807E-01 | .3517E+400 | .3215E-01
RcG/vt/3 1353E+01 | -.6515E400 | .1099E400 | -.6388E-02 | -.2494E-01.| -.2037E-02 | .1454E-03
_ -1627E-01 | .1617E-03 | .2885E-04 | .5353E-03 | .4753E-02 .1634E-02
2.50 | R/A, V=5 9319E400 | -.2954E+00 | .5024E-01 | -.2921E-02 | -.6361E-01 | .3261E-02 | -.3369E-03
.1184E-01 :8303E-03- [ .5622E-06 | .9069E-03 | -.7135E-03 | ..1244E-02
RifA, V=50 | .9948E+00 | -.3296E+00 | .5657E-01 | -.3304E-02 | -.6611E-01 | .8461E-02 | -.3445E-03
.1181E-01 .8371E-03 | .5183E-06 | .3959E-03 i| -.7075E-03 | -.1236E-02
* ) -9824E402 | -.3926E+02 | .6440E+01 [ -:3724E+00 || -.5970E+01 | .3969E+400 | -.1310E-01
-.4028E+00 | -.5026E-01 | -.3700E-02 | .2618E-01 ;| .3341E400 | -.4590E-02 |
RcGyv'/3 .1842E+01 | -.8079E400 | .1355E400 | -.7899E-02 | -.9085E-01 5616E-02 | -.1970E-03:
-1795E-01 | -.1024E-02 | -.7721E-04 | .4877E-03 .6345E-02 1413E-02 |
275 | R/A, V=5 :6313E400 | -.1312E+400 | .2362E-01 | -.1399E-02 | -.772LE-01 | .1184E-01 [ -.5199E-03
.1186E-01 :9825E-03 | .2873E-05 | .8766E-03 | -.1911E-02 | -.7917E-03
"Ri/A, V=50 | 7086E+400 | -.1717E+00 | .3109E<01 | -.1850E-02 | -.8123E-01 | .1225E-01 | -.5382E.03
S .1182E-01 :9787E-03 | .2031E-05 | .8611E-.03 | -,1907E-02 | -.7870E-03 ;
) 9068E+02 | -.3365E+02 | .5499E+01 | -.3163E400 | -.7182E+01 | .6379E+00 | -.2509E-01
] -4376E-01 | .5334E-02 | .1064E-02 | .1525E-01 [ .2626E+400 | -.2757E-01 I|
RcG/(v/3 -2129E401 | -.9369E+400 | .1570E400 | -.9168E-02 | -.9685E-01 | .4548E-02 | -.1089E-03
i -.1769E-01 | -.9548E-03 | -.7379E-04 | .6547E-03 .77T18E-02 .I153E-02
| 3.00 | Re¢/A, V=5 | .3244E400 | .3276E-01 | -.5660E-02 | .2629E-03 | -.8965E-01 | .1499E-01 | -.6973E-03
{ .3986E-02 .7377E-04 | -.6592E:04 | .1683E-02 | -.1222E-02 | -8664E-03
; Ri/a, V=50 | .4106E4+00 | -.1236E-01 | .2636E-02 | -.2356E-03 | -.9399E-01 | .1542E-01 | -.7167E-03
: ~ .4036E-02 :5876E-04 | -.6810E-04 | .1653E-02 | -.1243E-02 | -.8652E-03
] | .7509E402 | -.2554E402 | .4114E401 | -.2306E+00 | -.6603E+01 | .6169E+00 | -.2355E-01
1718E400 | -.1843E-01 | -.1362E-02 | -.9041E-02 | .1298E+00 | -.3701E-0t
RCG/V'/? .2406E401 | -.9778E+00 | .1612E400 | -.9288E-02 | -.1598E+400 | .1235E-01 | -.4494E-03
-.1356E-01 | -.3665E-03 | -:2769E-04 | .44756E-03 .B148E-02 .1005E-02




Appendix 3 :Experimental results of twisted bottom models



modsl.232-A.

Disp LCG ApN
(Nl (%Lp]: (=1
164.71 5} 7.0
‘run ‘vm Rtm Lk iLe S Trim RCG
I=1 {m/s] I(N] :[m] [m]_ [m~2] [deg] [mm]
225 0.795 0990 068 149 0448 00 -1.0
226 1.199 3750 1.32 151 o0.480 01 =40
227 1.888 8.490 120 151 0.480 08 -83
228 1979 14240 113 148 0487 268 -124
229 2378 16710 098 1.45 0.478 38 -49
230 2785 19.080 098 1.42: 0463 40 =11
231 3.183 21.120 080 140 0444 4.7 4.6
232 3572 23.560 087 138 0.421 85 11.1
233 3971 26480 075 1.26 0.389 8.7 209
234 4378 30270 072 1.44 0.349 7.3 295
235 4787 33820 065 1.05 03200 7.5 352
model 232-A
Disp LCG ApN
(Nl (%Lp] (=1
164.71 -4 7.0
un vm Rtm Lk Le ‘S Trim RCG
=] _ {m/s] (N)  {m] [m) ‘[Mm~2). [deg] [mm]
213 0798 1150 065 '1.48 0412 01 =18
214 1.201 3.830 079 - 1.49' 0.432 03 =44
215 1598 8600 075 1.47 0447 12 -0
216 1893 13,810 097 1:43 0454 29 -108
217 2390 18.110 091 1.41 0449 a7 -45
218 2:766. 18.110 0.89 1.36 0.434 42 -09
‘218 3.1S8 21.100 0.87 1.33 0.414 5.3 4.7
220 3.572. 24560 0.87 1.18 0.388 87 144
221 3972 20080 069 109 0435S 7.4 257
222 4371 31.400 064 1.02 0.320 7.7 323
223 4.796  84.330 059 .0.97 .0.280 7.7 378
model 232~A
Disp. LCG ApN
(Nl [%Lp] =1
164.71 -8 7.0
run vm Rtm Lk Le S Tim RCG
[=] (m/s] {N]1 (m}__ {m] [m~2] [deg] ([mm]
201 0.794 1.310 074 1.46 0.420 01 =15
202 1.198 4180 078 ~ 1.44 0424 05 =48
203 1.593 9.320 087 1.42 0426 18 -9.4
204 1:990 185.190 098 1.37 0425 a3 -108
205 2386 17310 088 132 0415 37 =43
206 2783 20280 079 1.25 0393 48 05
207 3.182 24540 078 1.12 0362 59 8.7
208 3589 28760 067 1.31 0325 7.0 .21.2
209 3.971__ 82330 062 080 0279 72 314
‘model 232-A
'Disp LcG ApN
[Nl  (%Lp) (=1
16471 =12 7.0
‘run: vm Rtm Lk ‘Lo S: Trim RCG
[=] _ [m/s] [N). {m}._[m] [m~2] [deg] [mm]
188 0794 1.830° 068 1.43 0400 02 -1&
189 1.199 4530° 088 1.41 0397 07 =48
190 1.563 11250 071 1.37 02396 21 -100
192 1978 18310 083 1.25 0395 43 =92
183 2:384 20900 0.79 1.15 0378 49 ~-19
184 2781 24:810 071 1.04 0351 6.1 5.3
195 3.180° -31:680 0.687 1.083 0.313 78 137

3-1

model 232-A
Disp LCG  ApN
(NI (%Lp] -1
1238.42 5} 5.5
run, vm Rtm LK Lc S TAim RCG
(=} [m/s] IN] fm] (m] {m~2] (deg] [mm]
238 0.847 1430 105 1.52. 0495 00 =20
237 1.273 5.600 1.26 1.54 0528 01 =56
238 1.688 14.200. 1.56 1.58 0.555 11 =112
239 2:124 25160 132 1.48 0529 40 -11.2
240 2631 28130 - 1:10° 1.47 0.493 47 =49
241 2842 80950 109 1.43 0482 53 -03
242 3381 33930 100 1.40 0.460 6.3 8.3
243 3790 Q37890 091 1.33 0.425 78 184
244 4233 41370 079 122 0382 87 0304
248 4688 45390 074 1.2 0346 91 401
247 5103 _ 48.470. 070 1.06' 0323 9.2, 48.1
model 232-A
Disp LG ApN
(N]  (%Lp], [-]
22642 . -4 5.5
un vm " Rtm Lk Le s Trim RCG
[=] [m/s} (N} [mj. _.{m] [m~2] (deg] i[mm]j
249 - 0.847 1:660. 091 1.51° 0463 01 =20
250 1.262 5940 156 154 0555 03 =80
252, 1.687 14520 132 1.56 0542 1.7 =114
253 2123 25290 1.3 144 0482 44 -11.1
254 2539 27800 102 1.29 0452 51 =45
255 2658 802200 098 . 1.37 0.434 56 1:2.
256 3377 235630 0687 128 0403 69 101
257 3788 422000 079 1.15 02387 84 272
258 4.228 46640 0.75 1.04 0332 as. 388
259 4.668 49.060 0.68 098 0307 a8 448
260 5059 50.470. 0684 0.93 0.294 8.6 501
model 232-A
Disp LCG ApN
(Nl (%Lpl,  [-]
23642 -8 5.5
run vm Rtm ‘Lk Lo s Trim RCG
[-] [mys] [N] [m] [m] [m~2] {deg] [mm]
262 0.844 2,040 087 - 148 0495 02 ~-18
263 1.289 8570 091 147 0457 06 ~=55
264 1.884 15780 1:13 1.43 0.491 23 -112
265 2:118 28:270 .099 1.35 0.446 51 -104
266 2536 20590 090 1.30 0424 58 -32
2687 2955 35430 0687 1.24 0398 67 as
268 3.374 45910 079 1.08 0.356 87 183
269 3.601 50.160 070 0898 0315 93 338
270 4.235  51.310  0.61 091 0283 9.0 444
model 232-A .
Disp LCG ApN
(N} (%tpl (-]
23842 -12 ‘55
un vm Rtm Lk Le 8 Trim' RCG
[=] {m/s] [N} [m] [m] [m~2] [deg] [mm]
274. 0.847 21420 083 1.48 0437 03 ~2:t
275 1.262° 7.090 083 1.44 .0.440 09 -6.0
'276. 1.687 19.030 095 1.38 0:437 a3t =119
277 2102 34720 090 1.25 0.410 61 =100
278 2.528 38450 063 1.13 '0.388 67 -07
280 2.938 48920 075 1.03 .0.330 88 104
279 3.384 56900 068 089 0295 100 288




model.232-A

Disp LCG: ApN
[Nl [%Lp] =1

38122 o 4.0

“run . vm Rtm Lk tc S 7nm Aca
{=)  [mfs} IN] [m] [m] [m~2] [deg] {[mm}
307 0.917 20880 1568 156 0555 0.0 =31
308 1.372 11110 156 156 0855 02 -8.8
309 1.828 28300 156 1.58 0855 2.3 —17.0
‘310 2284 S52.660 1.56 1.58 0.855 8.3 -13.1
311 2741  S8:390 1.32 1.83 0.530 69 -85
312’ 3198 64200 120 1.44. 0498 82 4.5
313 3.671 69480 1.05. 1:36_0.482 100 19.8

model-232-A

Dlgp LQG ApN

[N]  [eLp] =1

381.22. -4 4.0

un vm Rtm Lk Le ) Tim 'ACG
[=] {mis] [N] (m} _[m] (m~2] {deg) {mm]
208 0918 3.040 156 1.58 0855 01 =34
299 1370 11,760 1.58 1.56 0855 05 -8.8
300 1.693 22650 158 1.56 0.555 1.9 -139
301 1.837 31.050 156 1.58 0.855 3.4 =158
302, 2292 SB.290 1:20 1.44 0517 7.4 -12.0
‘303 2750 -58.8630 ° 1.13 1.40 0.475 79 -28
‘304 3198 67.880 1:02 1.33 0438 .97 8.1
305, 3.868  88:300 087 1.18 0382 10.0  .28.1

mode! 232-A

Disp uwca ApN

[N} [%Lp] (-]

381,22 -8 4.0

mun  vm Atm Lk Le 8 Tim RACa
[=1 [mys] N1 (m] [m] [m~2] {deg] [mm]
291 0917 ‘3540, 1,13 1.52 0508 03 =20
292 1.373, 12400 1.8 " 1.0 ,L0.580 09 -78
293 1828, 35710 1,32, 1.48 0.513 41 =148
294 21285 64280 105 1.38 0.468 7.6 —10.4
295, 2752 71.980 088 127 0.423 9.0 01
296 31200 92150 - 087 1.09 0.378 100 153

model 232-A

Disp Lca ApN

[Nl [%Lp] =1

as122 -12 4.0

nun vm Atm Lk Le 8 Trim RCG
[~]  [mis) [N} [m) _[m] ([m~2] [deg] {mm]
288 0917 4260 102 146 0475 04 -28
287 1.372 12.840 120 1.44 0.478 1.3 =78
288 1.827° 41260 109 140 0.460 49 =149
289 2293  81.550 098 1.24 .0.424  9.0. ~10.2

model 232-8
Disp LCG ApN
[N]  [%LP}  [=)
123.02 o 8.5
run vm Rtm Lk Le S Tim RCG
=1 A{mfs] [N] qm} [m] [m~2] [deq] [mm]
140 0.753 06870 060 1.48 0.396 00 -19
141 1.138 2730 132 151 0535 01 =43
142 1.510 5.460 1.58 150 0.550 05 =7.0
143 1.885 8760 128 1.47 0.523 15 =94
145 2639 13.040 089 1.43 0.444 29 =14
146 3.020 15110 087 1.42 0.437 32 2.4
147 3.405 17.080 083 1.41 0426 as 7.0
148 3.773 18580 083 1.37 0.412 39 89
149 4.156 21,440 075 1.33 0.393 44 135
150 4553 22.370.. 068 1.27 0.373 48 160
.model 232-8B
Disp LCca ApN
[N]  [%Lp] -1
123.02 -4 8.5
un vm Rtm Lk Le 8 Tim RCG
{=] [m/s] [N). [m). {m] (m~2] [deg] [mm]
151 0.754 0990 088 1.47 0.38S 01 -1.3
152 1.127 2.900' 0.60 1.48 0.396 03 =30
154  1.811 5740 143 1.50 0.504 08 =57
155 1.883 8520 1.05 1.49 0.488 19 =82
156 2268 10.550 0.90 1.42 0.444 28 =45
157 2.684 12220 079 1.40 0.418 30 =18
168 3.032 13960 079 1.38 0.413 3.2 1.4
159 3388 15820 075 1.37 0.403 a7 6.1
160 3.768 17.340 0.72 131 0.385 42 117
161 4.159 20.7800 067 1.25 0.363 48 160
182 4.548 22,700 082 1.7 0.337 48 188
‘model 232-8
Disp LCG ApN
[N]  ([%Lp] (=]
123.02 -8 8.5
un vm ‘Rtm Lk Le S Trim 'RCG.
[-1 [m{s] [N] fml [m] [m~2] [deg] [mm]
184 0752 1110 083 145 0374 01 =09
185 1.134° 3,120 085 1.44 0.378 04 -=3.
168 1.509° 6.430 072 1.44 0.411 11 =59
167 1.883 9.340 078 1:37 0.413 22 -8.0
188 22258 11.000 083 135 0.411 29 =39
189 2644 12410 . 078 1.34 0.402 30 -06
170 3.033 142860 073 129 0.386 3.4 48
179 3.391 15890 - 0.70 123 0.367 39 116
172 3777 17580 063 1.13 0.342 42 156
173 4169 19,570 059 1.05 0.315 4.4 199
174 4549  21.510. 058 1.04 0.288. 45 229
modei 232-8
Disp LCG ApNV
[N]  [%Lp] [-]
123.02 -12 8.5
un vm Atm Lk Le 8 Tim RCG
[=]  [mis] [N] [m] [m} [m~2] (deg] [mm]
176 0.754 1260 0.3 143 0382 03 -13
177 1.128 3390 060 1:.38 0359 08 =37
178 1.512 7.680 0S5 1.38 0.362 1.8 -69
179 1.687 10970 0.83 1:28. 0.400 28 =70
160 2272 12200 075 1.23 0378 33 =25
181 2,638 13,670 071 1.20 0.3S0 3.8 1.8
182 3035 15960 064 105 0324 44 8O
183 3.390 17.460 0.9 1.00 0.303 4.7 152
184 3647 18.560: 0.60 :0.97 -0.289: 4.8 204
185 3.774 19,060 0.60 0.89 0.283 47 229
186 4:158 20.870 0.6 0.88 0.263 468 286




model 2328

Disp LcG ApN
(N].  [%Lp) (=1
164:71 ¢} 7.0
nn vm Rtm Lk ‘Le S Tim RCG
[-1_ {m/s} [N] [m] [m] (m~2) [deg] [mm]
38 0.798 1.140 079 1.S0 0.445 00 =15
39" 1.189 3900 156 1.51 .0.851 01 =43
40 1.884 6.810 156, 1.49 0.850 07 =78
41 1980 13.920 1.32° 1.51 0832 23 =101
42 2377 16800 1.3  1.48 0.801 32 =49
43 2783 19.010 1.05 146 0.478 35 =16
44 3180 21.670 085 144 0.488 3.9 25
45 3.580 23430 0890 142 0.439 4.3 8.3
46 3.980 26.050 0.3 1.38 0.421 49 137
47 4383 26720 079 1.34 0.404 54 183
48 4789 29880 075 129 0388 58 225
model 232-8.
Disp LcaG ApN
[Nl [%Lp} (-]
184.71 -4 7.0
nn vm Rtm Ltk Le ‘S Tim 'RCG.
[=] [mfs] I[Nl (m [m] [m~2] (dag] {mm)
28 0.795 1310 075 148 0429 0.1 =14
27 1.189 4180 1.260 1.50 0828 0.4 =39
28 1.584 68820 1.16° 1.48 0.507 11 =78
29 1.981 13,570 1.05 148 0481 27 =98
30 20868 15980 084 141 0.457 35 =43
81 2783 17.730 090 1.40 0.439 3.7 -04
82 3.180° 20:110 0850 1.38 0.428 4.1 X
a3 3.578 22,370 083 1.35 0418 47 104
34 3980 24410 0768 1268 0.403 52 170
35 4.366 27.780 075 1.22. 0377 54 218
86 4.792 29.330 063 1.1 _0.338 54 260
model 232-8
Disp ‘LcG ApN
[Nl [%Lp] =]
18471 -8 7.0
nun vm Rtm Lk Le: S Trim- 'RCG!
[-] [m/s] IN] [m] [m] [m~2] [deg] [mm]
14 0.791 1,540 088 1468 0408 02 =10
18 1.189 4450 079 150 0438 05 =37
17 1.584 9.500 109 1.45 0.800 15 =79
25 1.828 13.520 105 142 0.468 3.0 =101
18 1.991 14830 094 143 0431 34 =-93
19 2386 18.870 0.87 1.38 '0.428 4.0 =33
20 2.792 16630 083 1.33 0409 4 0.9
21 3190 21210 079 130 0388 4.6 6.8
22 3.560 23230 075 1.7 0370 53 14.0
23 3970 251180 068 1.10° 0335 55 '22.0
24 4375 27:690 065 _1.05 0.320 5.5 271
model 232-8
Disp LCG ApN
(N]  [%Lp] =1 .
18471 =12 7.0
un vm ‘Rtm Lk Lo S Tim RCG
(=] [m/e]: AN} (m] [m] [m~2] [deg] ([mm]
3 0795 1790 068 145 0.400 01 =10
9 1.189 4910 075 142 0415 11 =40
4 1585 11.060 098 1.41 0452 1.7 -83
13 1.827 16170 080 1.37 0.437 32 =105
2 2021 17,570 087 1.35 0423 38 -8i1
5 2388 19230 079 128 0394 38 -19
10 2791 21850 075 1.17 0360 47 ae
8 31183 24620 068 1.05 0325 55 118
11 3597 26.630: 0680 097 '0.295 58 228
7 3995 28550 060 0894 0283 'S8 303
12, 4411 29190 060 090 .0.284 55 344
8 4612 29.000  0.53. 0.89 0.308 4.7 9387

modei 232-8
Disp LcG Ap/NV
[Nl [%Lp] (=]
238.42 o 5.5
nn vm ‘Rtm Lk Le S Tim RCG
[-1 {mis] [N] qm] __[m] [m~2]| (deg] [mm]
45 0794 1380 1.13 154 0512 00 =16
50 1.187 4740 156 1.85 0.552 01  -48
51 1.683 14600 1.86 1.55 0552 1.0 =114
81 1:847 19.370 145 1.53 0552 21 =137
52 2068 24630 140 152 0.847 35 -122
63 2526 28330 123 148 0.523 42 =55
64 2943 31630 1.15 145 0500 47 =05
85 3373 34520 105 1.43 0475 53 8.0
S6 3:794° 06.150 098 1.41 0.451 61 13.7
57 4234 38680 089 1.38 0428 69 2286
59 4652 40570 083 1.31 0.408 72 287
680 5094 42.300 079 1.25 0.388 73 2347
model 232-8
Disp LCG ApV
IN] [%Lp) (-]
236.42 -4 5.5
un. vm Rtm Lk Le S . Tim RcCa@
_ (=] _Ims] IN] [m) {m] [m~2] [deg] [mm]
63 0846 1970 105 150 0.490 02 =18
84 1:284 8470 149 - 151 0548 04 =54
68 1.876 14750 156 158 0552 16 =105
67 2001 23840 123 147 0516 38 -12.5
68 2121 25090 148 1.44. 0.505 40 -10.8
69 2525 27.580 1.05 1.43 0476 44 =47
70 2954 30270 098 1.40 0.452 50 - 19
71 3384 33.180 090 1:35 0428 5.8 8.9
72 3807 35930 087 1.31 0.408 85 185
73 4247 40240 079 1.23 02384 7.0 278
74 4663 39930 .075 1.5 0.384 69 34.0
75 S5.001 _ 41.510 072 1.12 0.347 6.7 381
model 232-8
Disp: LCG ApN
(N]  [%Lp} (-]
236.42 -8 5.5
nn vm Rtm Lk ‘Le ‘S Tim RCG
{-] [ms] [N] Iml [m] (m~2] [deg] [mm]
77 0845 2310 083 148 044S 02 -18
78 1.289 72200 128 149 0.521 08 -5.0
80 1.874 15370 1.13 1.46 0497 2.0 =101
81 2000 26140 105 142 0473 40 =116
82 2141 27650 102 1.40 0483 45 =97
- 83 2537 29490 084 1.37 0441 5.0 . —28
84 21968 32,810 080 1.30 0418 S.5 3.8
85 3.386 36.300 083 1.21 0.387 64- 128
88 3.805 40.110 075 1.10 0354 73 247
87 4234 41:720 072 1.05 0.3 69 344
88 4.860° 41.830. 0.68 1.02 0314 66 396
89 5.046  41.340 080 1.00 0.301 6.0 43.8
modei 232-8
Disp LCG  ApNV
N} (%Lp] (=1
23642 - -12 5.5
nn vm Atm Lk Lo ] Trim RCG
{=]1 (mss] [N] (m] [m] (m~2] [deg] [mm]
91 0.848 2,810 087 1.45 0443 03 -18
92 1262 7460 098 1.40 0.454 08 =52
102 1,677 18500 086 1.29 0.452 268 -108
97 1.888 28630 098 1.38 0.442 43 -128
93 21123 32830 091 1:28 0426 51 =93
94 2529 34970 087 1:21 0.390 57 -04
95 2948 39.820 079 1.10 0354 6.8 78
968 3.366° 47.340 072 099 0322 8.0 223
98 3.787 47.270 065 0.92° '0.298 78 357
g9 4.238 43740 064 087 0278 74 428
100 4.655 43.950 060 0.86 0269 68 498
101 5.095 _ 43.150 0.81 _'0.2684 59 53.2




model 232-8

Disp
|

Lca  ApN
[N]  [%Lp) =1
381,22 ¢] 4.0
nn vm Rtm Lk e s Tim RCG
_[=] [mis] (N} Im].___[m]. [m~2]. [deg] .[mm]
128 0915 2690 1868 1568 0555 0.1 =33
129 1:370 11.660. 158 1,56 QS55 01 -9.2
130 1.81S! 28i220 1.88 1:58 0555 1.9 -18.8
138 2,038 42120 1.58 1:.58 0555 42 179
131 2281 52,090 1.186 1.58 0!S55 58 =143
132 27280 $8.210 145 1:52 0555 68 =69
133 3.185 848000 128 147 0525 ‘7.0 2.0
134 3844 68.850 113 1.44 0.492 85 142
135 4110 70590 1.00. 134 0449 100 30.8
138 4.591 711940 085 126 0402 100 432
137 _ 5.181 71.260° 0.85. 119 0.388 . 10,0 54.0
|
|
modet 232-8
Disp Lea ApN
| (N]  [%tpl [-]
381.22 -4 4.0
n vm Rtm Lk Le: S Tim RCG
[=]___(m/s] {N] {m} [m} [m~2) (deg] (mmj
118 0917 '3210: 1.58 1.56 0555 03 -28
119 1.373 12630 1.88 1.5 0.555 07 =77
120 1:818 31180 1.6 1.56 0555 2.8 -14.0
128 ‘2021 47290 1.58 1.58 0.555 53 =-154
121 2265 55.530 1.26 147 0.524 66 =-12.0
122 2731 59.820° 113 143 0491 70 -3s3
123 3190 85390° 1.05 1.37 0.481 8.2 6.8
124 .3:648: 72580 0968 129 0432 9.5 213
125 41111 78.440: 091 124 ‘0205 {0.0 .39:5
model 232-B
Disp Lea ApN
[N] [%Lp] [-]
361.22 -8 4.0
nn vm Rtm Lk Le S Tim RCG
(=] [m/s] [N} Im] . [m} [m~2] [deg] [mm]
110 0918 3:880° 113 151 0.506 04 =28
111 1872 12720 1588 1.58 0555 1.0 =71
112 1817 34920 1.32 1.47 0528 3.8 -13.8
113 2273 62940 1.13. 139 0484 74 =103
3 114 2731 88970 1.05 1.32 0444 8.1 0.4
©115. 3:187 75990 094 1.23 .0.405 9.3 127
; 116 3.649 91,870 0.83__ 1.05. 0367 10.0 34.0
model 232-8 |
| Disp LCG@  ApN
i [N} [%Lp) [=]
‘ 38122 -12 4.0
! N
| nun vm Rtm ik Le: S Tim 'RCG
[~} [m/s] IN]: {m] [m] [m~2] (deg] (mm}
! 104 0917 4750 108 148 0485 05 =24
j 108 1363 13020 120 1.47 0514 1.3 =72
108 1.829 40620 1.13 141 0467 4.6 —14,2
! 107 2284 78,600 098 1.26 0424 83 -9.8
108 2732 88770 091 1.16 0.383 9.8 2.8
109 3201 _79.320. 091 1.3 0386 100 -0.3




Appendix 4 :Coeflicients of twisted bottom .polynomia‘l model



Fnye

az

\ dg ay a3 | a4 ' as
j ag az i
75 | AR(/A, V=5 | .4933E-03 | -1485E-03 | -.1233E-03 | .2533E-06 | .1277E-04 | -.1850E-04
.1597E-04 | .4245E-05 , :
“AR(/a, V=50 | .4209E-03 | -.1563E-03 | -.9512E-04 | .1984E-06 | .1364E-04 | -.1906E-04
.1309E-04 .4288E-05 . ‘ '
Y -4610E-01 | .4631E-01 | .1214E-01 | -.1037E-01 | -.3454E-02 | -;6250E-03 .
-.8404E-03 | -.6243E-03 , ¥
ARCG/V/3 .3776E-02 | -.9268E-04 | -.1424E-02 | -.1246E-03 | .9463E-05 | .1850E:06
.1331E-03 | -.3086E-05
1.00 | AR(/A, V=5 | -.7109E-02 | .4784E:03 | .2702E-02 | -.7780E-05 | -.1321E-03 | :.5580E-04
' ..2408E-03 | -.6455E-05 | ‘ j
AR(/A, V=50 | -T17T1E-02 | .4771E-03 | .2730E-02 | -.8632E-05 | -.1333E-03 | -.5657E-04.
-.2446E-03 | -.6400E-05 ‘ N _
as - TITSE400 | .9020E-01 | .2028E+00 | :1298E-03 | -.7746E-02 | .5703E-03
-:1607E-01 | -.1538E-03 :
ARCG/V/? -:3234E-02 | .5587E-03 | .1200E-02 [ .3996E-04 | -.7873E-04 | .4558E-06
-.7143E-04 | .1229E-04 ‘ ’
1.25 | AR,/A, V=5 | -.1611E-01 | .6872E-03 | .5469E-02 | -.3476E-03 | -.2235E-03 | -.3902E-04 .
-.4749E-03 | -.4774E-04 o
ARi/A, V=50 | -.1611E-01 | .6947E-03 | .5484E-02 | -.3426E-03 | -.2256E-03 | -.3927E-04"
-47T9E-03 || - 4737E-04 ‘
Al -.1492E401 | .1383E+400 | .4799E400 | -.5107E-02 | -.1694E-01 | -.3203E-04
-.4096E-01 | -.1271E-02 ' ‘ ' |
ARCG]V/? -.2576E-02 | .2884E-03 | -:6448E-04 | -.1077E-03 | .1450E-05 | -.1085E-04
.9325E-04 | .3125E-05 ]
1.50 | AR([A, V=5_ | -1156E-01 | .1010E:02 | .4347E-02 || -.7682E-04 | -.2816E-03 | -.2185E-04
-.3944E-03 | -.4035E-04 | I
AR{/A; V=50 | -,1153E-01 | .1002E-02 | .4325E-02 | -.7148E-04 | -.2304E<03 | -.2213E-04
. -.3924E-03 | -.3996E-04 ' | i
a8 -.1747TE+01 | .1264E4:00 | .5078E+400 | -:8632E-02 | -:1203E-01 | .2301E-02
-.3979E-01 | -,1961E-02
ARCG/V'? -.1266E-01 | .1279E-02 | .4050E-02 { -.3522E-03 | -.1449E-03 | .9500E-05
-.3254E-03 | -.234BE-04 S
1.75 | AR/A, V=5 | -.1781E-01 | -.2777E-02 | .3988E-02 | .1913E-02 | .3926E-03 | .1714E-03
-.4276E-04 | .6918E-05 | l
CAR(/A, V=50 | -.1781E-01 | -.2802E-02 | .3962E-02 1923E-02 | .3985E-03 | .1724E-03
‘ -.3853E-04 | .7212E-05 |
A -;2105E401 | .8404E-01 | .5106E+00 | -.1442E-01 | -.6604E-03 | .9035E-02 ||
-.3282E-01 | -.5075E-02 | , f !
ARCG V3 -.1976E-01 | -.3741E-03 | .4480E-02 | .1019E-03 | .2446E-03 | .1656E-03 ||
' -1706E-03 | -.4848E-04




- Fny G ay a2 as a4 as
‘ ae az .
2:00 | AR(/A, V=5 | -1896E-01 | -.1133E-02 | .5922E-02 | .2811E-02 | -.3412E-04 | .9948E-05
-:3640E-03 | .7771E-04 '
AR[A, V=50 | -.1891E-01 | -.1142E-02 | .5881E-02 | .2814E-02 | -.8078E-04 | .1083E-04
-:3603E-03 | .7762E-04 ‘
a8 -12695E+01 | .1863E+00 | .6910E+00 | -.6575E-01 | -.1953E-01 | .8210E-02
-.5452E-01 | -.9311E-02. ’
_ARCG/V!/3 -.5989E-01 | .2030E-02 | .1785E-01 | -.1535E-02 | -.3801E-03 | .6120E.04
-.1412E-02 | -.1650E-03
. 2.25° | ARy/A, V=5 | -.3588E-01 | .1388E-03.| .1107E-01 | .3152E-02 | -.3984E-03 | -.1834E-04 ||
-.8323E-03 | .1092E-03. , ' '
AR,/A, V=50 | -.3725E-01 | .3245E-03 | .1161E-01 | .3158E-02 [ -.4257E-03 | -.1554E-04 .
-.8867E-03 | .108LE-03 )
a8 -.1526E+01 | -.1723E-01 | .1660E400 | .2115E-0¢ | .5333E-02 | .1806E-02
3 -/5244E-02 | .3020E-03
ARCG[v/3 -.6100E-01 | .9271E-03 |. .1565E-01 | -.2120E-03 | -.1254E-03 | .3236E-04
-.1101E-02 | -.1095E:03 _ '
250 | 4R /A, V=5 | -5260E-02 | -.3146E-02 | -2567E-02 | .3263E-02 | .1492E-04 | -.1135E-03
.4338E-03 | .1739E-03 . ' )
AR./A, V=50 | -5245E-02 | -.3185E-02 | -.2639E-02 [ .3267E-02 | :2341E-04 | -.1145E-03
:4400E-03 | .1723E-03
| ae -.2302E+00 | .3193E-01 | -.1812E400 | -.1211E-01 | -.1979E-02 | .2759E-03
| .1277E-01 | -.2276E-03
| .arcG w3 -.1935E-01 | .1547E-02 | .2596E-02 | -.3649E-03 | -.3085E-03 | .1805E-04 |
-2492E-03 | - 8810E-04
275 | AR(/A, V=5 | -3454E-01 | -6475E-02 | .1387E-02 | .1848E-02 | .3588E-03 | -.3693E-03
' .3447E-03 | .2075E-03 _
AR,/A, V=50 | -.3502E-0i | -.6477E-02 | .1490E-02 | ,1836E-02 | .3595E-03 [ -.3669E-03
.3317E-03 | .2062E-03 | ' o
a¢ .4I11E-01 | .7245E-01 | -.1804E+400 | .7383E-02 | -.6463E-02 | .7109E-02 |
.6386E-02 | -.2195E-02 |
ARCG/V/? -.1573E-01 | .1805E-02 .8T7TTE-03- | -.2462E-03 | -.3616E-03 | .6562E-04
-1874E-03 | -.8928E-04 | 4 ’
3.00 | AR(/A, V=5 :1001E-01 | -:6544E-02 | -.1342E-01 | .1636E-02 [ :1327E-03 [ -.5689E-03
.1475E-02 [ .3446E-03 ‘
AR,/A, V=50 | .8563E-02 | -.5354E-02. | :.1287E-01 | .1634E-02 [ .1020E-03 | -.5691E-03
“ | .1413E-02 | .3475E-03 » ]
, a8 | -:1607E-401 | .1098E400 | .3775E+400 | .1483E-01 | -.1283E-01 | .1036E-01
f | -.3977E-01 | -.2998E-02 ‘ .
! ARCG/VY3 | _7659E-02 | .1821E-02 | -.9599E-03 [ -.2954E:03 | -.3330E-03 | .7094E-04
i i -.1434E-03 | -.7165E-04 | i 1 '
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In addition to the well-known systematic series planing hull forms with a deadrise
anglo of 12° as presented by Clement and Blount (DTMB), and  similar seties by
Keuning and Gerritsma, in this paper the results of the tests on a 30° deadrise serie
are presented,

e combined data of these threa series are fitted to a regression model for total
resistance, trim and rise of centre of gravity. This regression model s verified by
« comparison with existing model data. Although in general the calculations show
good agreement with experiments, the need for additional data for a deadrise angle
between 12.5 and 25° became obvious.

Additional resistance fest results of two models with varying deadrise and rising
buttock fines in the aft part of the hull are presented. Regression of these data results
in simple expressions to take these effects into account.

Nomenclature

ap projected planing bottom area (m?]
Bpa breadth over chines [m]

Byt breadth over chines at Lransom [m]
Byr ‘maximum breadth over chines [m]
Cap centre of Ap (% Lp]

Fny volumetric Froude number v

g gravity aceeleration m/s?]

LCG longitudinal centre of gravity [%Lp]



Le wetted length over the chines [m]

L wettend fength over the keel [m]

Iy length of the projected planing bottom area [m]

Ry total resistance (in towing tank conditions) [N]

RCG rise of centre of gravity relative to its position at zero speed (m]

v speed [m/s]

8 deadrise angle {deg]

b average centreline angle from ordinate 0 to 10 with respect to the
baseline positive for a draft at ordinate 0 greater than draft at ordinate
10 [deg)

¢ twist angle, i.e., deadrise at ordinate 10 minus the deadrise at ordinate
0 [dey

A weight of displacement (N]

ARy/A difference in Re/A of twisted bottom model and 25° parent model for
equal loading coefficient and LCG values

a0 difference in trim angle of twisted bottom model and 25° parent model

for equal loading coefficient and LCG values
ARCG/V/3 difference in RCG/VY/3 of twisted bottom model and 257 parent
model for equal loading coefficient and LCG values

[ trim angle relative to its value at zero speed, positive for an upward
displaced bow [deg)
v volume of displacement [m?]

1. Introduction

In 1963 E.P. Clement and D.L. 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 this series all had a deadrise
of 12.5°. 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 into 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,
iie., 257 [2]. These results showed that the increase in resistance s highest for low
Lp/Bpa 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
Tow loading coefficients.

Apart from the resistance data, the trim and rise of centre of gravity appeared
to be of great importance for the assessment of seakeeping characteristics. In [3]




Keuning shows thal the sl WATSY Faisteise o owien cowe one
be neglected in the calculations of the motions of these crafl in waves.

T mdels of the 25° deadrise series were varied in their main parameters in
he same way a5 the Cloment and Blount series to obtaiu a systematic experimental
et of data. The parent model for this series was similar to the parent ‘model of the
12,50 sories as much as possible.

T addition £o hese tests a new parent model with a deadrise of 30° was devel-
oped and tested in a similar way. This new pasent model and the Lp/ By variations
Sorived herefrom are described in subsequent sections. Experimental data on resis
{ance, trim and rise of centre of gravity are listed-

e data ranging from a Froude coeficient based on volume of displacement 0.5
10 3.0 and a deadrise of 12,5 to 307, are represented by polynomials. These offer
a quick and easy method of interpolating the resistance, (rim and sinkage of any
arbitrary planing hull form.

"The polynomial representation of the Planing JHull Form series is verified by
comparison with some model test results of the series aud model test results of three
“rbitrary hull forms tested in the Delft University of Technology facilities, i.e., the
towing tank of the Ship Hydromechanics Laboratory.

T secount for non-prismatic hull forms, two models with isted bottoms have
been derived from the 25° parent hull. For both modsls, the deadrise varied from 25°
ot andimate 10 to 59 at the transom. The slope of the buttock lines in the aft bodies
O e with respect to the 259 parent hull. Results of these tests are listed: The
iffonanee in resistance, trim, and rise of centre of gravity of the constant deadrise
Al form and the wisted bottom bl form is expressed in simple polynomials.

2. SET-UP OF THE SERIES

For the 250 and 30° deadrise angle a parent model has been developed based on
the parent model of Clement and Blount. To keep the desiga as fuck the same 25
possible the following parameters have been kept the same:

~ the length over the chine

the maximum breadth over the chine and the vertical proj
_ the vertical projection of the deck line

the eel ine. except from ordinate 16 forwards where the contour has been lifted
upwards to obtain the proper length over the chine

the transom slope

the lenggh of the prismatic part of the hull

tion of the chine

Also, all models consisted entirely of developable surfaces, just as the Clement
parent hul form. The main particulars of the parent models are listed in Table 1.
The body plan of the 30° deadrise parent model is presented in Figure 1.



Table 1. Main particulars of parent models

B 30 25 125 degrees
I 15 15 2.436 m

Bpa 03 03 0487 m

Bps 0.367 0367 0.596 m

Byt 0235 0.235 0.381 m
Lp/Bpa 5.0 50 50 -
Lp/Bpz 4.087 4.087 4.09 -
Bps/Bpa 1.22 122 1.22 -

By/ Bpz 0.64 064 046 -

C, 1ol to 0rd 0 8.8 4858 858 %Ly

Figure 1. Body plan of the 30° deadrise parent model.

From these parent models, for each deadrise, several other models, with different
Lp/Bpz ratios have been derived. For the 25° deadrise and 30° dead:
was done using the affine transformation technique as described a.0. by Versluis (3]
The total series comprised the deadrise — Lp/ By ratio combinations listed in Table

2.

Table 2. Ly/ Bps ratios for separate series.

s Lp/Bpz
-

30 341 4.09

2 20 3.06 4.09

125 2.0 3.06 4.00

55
55
55

models this

7.0

7.0
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way an had beon done by Gfement Tor a1 it
to generate a design which is more alike an actual craft with a low Lp/Bpa ratio
(usually small pleasure crafts, which are propelled by either the outboard engine on
the transom or the inboard-outboard type of engine) and which needs more vohime
of displacement aft than would result from the linear transformation of the parent
model.

The body plans of the three Lp/Bpy variants of the 30° series parent model are
shown in Figures 2 to 4. The main particulars are listed in Table 3.

[ R T Y

Figure 2. Body plan for Lp/Bpz = 3.41

Figure 3. Body plan for Lp/ Bpz = 5.5.



Figure 4. Body plan for Ly/Bps = 7.

Table 3. Main particulars of Lp/ Bpx variations.
Gk 1,467

Lp/Bpz 341 409 55 70 -
Ly 125 15 15 m
Ap 0.3843 0.3346 02627  m?
Bpa 03 0.223 0175 m
Bpz 0.367 02 0214 m
Byt 026 0175 0137 m
Lp/Bpa 417 6.726 8571 -
Bpz/Bpa 1.22 122 122 "
Bpt/ Bpz 071 0.64 0.64
Cppreltoord 0 479 48.6 48.6

TE I,

The shaft centrelines are shown in the body plans. The same shaft rakes and
clearances as described by Clement and Blount have been used here.

The models had spray strips attached over the entire length of the chine. The
bottom of the spray strip followed the line of bottom of the model from ordinate zero
(transom) 1o ordinate 10 and was horizontal from ordinate 12 to ordinate 20 (the
stern) with a transition region from ordinate 10 to ordinate 12. The width of the
spray strips are i 4 mm and they had diused edges.

The models have been constructed of GRP, which enabled through-hull photo-
graphy, used for the determination of the wetted surface and wetted length of the
keel and chine of the craft at speed.
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3. BXPERIMENTAL SET.UP

‘The tests have been carried out in the no. 1 towing tank of Ahe i T
Laboratory of the Delft 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 motion. The
pivot of the construction was located at the intersection of the assumed centreline of
the shaft and the cross-section 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 each run a photo has been taken through the transparent 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
cousidered to be large enough to yield reliable results. No towing speeds below 1.0
m/s were used.

4. Measurement scheme

For the 30° deadrise series, 4 Lp/Bp; ratios have been developed including the
parent model. For each of these Lp/ By ratios each possible combination of the
loading coefficients Ap/V?/3 (4, 5.5, 7, and 8.5) and the longitudinal position of the
centre of gravity (0,2, 4, and 8% of Ly aft of the Centroid of Ap) were tested in the
speed range of Pig 0.75 10 3.0. The total number of test runs of the 30° deadrise
series was approximately 570.

5. Results of the 30° deadrise tests

The results of the experiments are presented in Appendix 1. For every Lp/Bpz.
Ap/V/3, and LCG combination as a function of model speed are listed:

- the total resistance of the model Ry

~ the wetted length over the keel L,

~ the wetted length over the chines Lo

~ the trim angle, positive for an upward displaced bow, relative to the position at

~ the rise of the centre of gravity (positive for upward displacement) relative to its
position at vm = 0.
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Some combinations of small values of Ap/V4/* and LCG 8% aft of Centroid Ay
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 centre of gravity of
the planing hull. The expressions are dependent of the Ly/Bys ratio, the loading
coefficient Ap/V2/3, and the longitudinal centre of gravity LCG and fitted to sepa-
rate datasets for every deadrise Py combination. Describing the (non-dimensional)
resistance, trim and (non-dimensional) sinkage for a number of discrete values of

'y 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
RufA fitted to separate datasets, each containing the total model resistance scaled
to a different volume of displacement. Separating the total model resistance into a
residual resistance coefficient and a wetted length and wetted surface would have re-
duced 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 m? to 5000 m?. For the expansion of the resistance data, use has
been made of the ITTC '57 fricti

The polynomials have the following form:

ion line.

ay+ a1 Lp/Bpz +ay Ly/ Blx +ay Ly/ Bl +ag Ap/ V23 +
RijA X ;

as Ap/VY t ag Ap/VH¥ + a7 LCG + ag LOG? + "
3 G Ay 3 271
RCGV'/ ag LCGS +ayg LOG Apj9%/3 +ayy Lp/Bye Ap/V?3 +

a1y LCG Lp/Bps
Appendix 2 contains 120 sets of coeficients ag...ary, i.e., for every deadrise,

volumetric Froude number combination, two sets for Ry/A for a volumes of displace
ment of 5 m3 and 50 m3 1), a set for trim angle, and a set for RCG/V1/3.

T minimize the amount of listed coeficients, the Ri/a corffcients are given for two volumes
of displacement. The complte set of coeficients for Ri/A ranging from 2.5 m® to 5000 m are
obtainable at the Delft University of Technalogy, Ship Hydramechanics Laboratory.
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7. Verificatlon of the polynomial model

The goodness of fit of the polynomial expressions is demonstrated in the Figures 10
t0 18 for three respective models of the systematic series. The deadriso, Lp/Bpz,
Ap/V?/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.

model s Lp/Bps Ap/ VPP

PHF1 25 5.5 5.5 -4
PHF2 25 5.5 85 -12
PHF3 25 2.0 4.0 o

The largest discrepancies occur for the heavy model with low Ly/ By value. The
total resistance is underpredicted in the speed region below Fny 1.75 and overpre-
dicted for higher speeds. Also for this model, the trim calculation underpredicts the
measured values for specds higher than Fay 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 Delft University of
Technology, Ship Hydromechanics Laboratory, were used for a comparison with the
polynomial results. In Figures 5 to 7 the body plans of a constal patrol vessel, a plan-
ing motor yacht (R410) and a coastal rescue boat are shown. The main dimensions
of these craft are listed in Tables 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

Tt appeared, however, that the interpolation of the 12.5 and 25¢ deadrise for the
patrol boat, as well as for the motor yacht resulted in a better fit to experiments
when a linear interpolation with respect to deadrise angle 3 was used instead of a
quadratic interpolation over all available data. Since many planing vessels designed
for operation in coastal areas have deadrise angles close to 20°, the influence of
deadrise on resistance trim and sinkage in the range of 12,5 to 23° needs to be
investigated more extensively. Therefore, it was decided to test an additional 19°
deadrise series in the Delft towing tank facilities in the near future,




Figure 7. Body plan of coastal rescue boat.



Tuble 8. Maln dimensions patrol vessel, & G039

Iy 168 m
Bpe 422 m
Ap 605 m?
v 27 23,563 md
Cpp rel to 0rd 0 303 %Ly
8 20 deg.
Lp/ Bpz 40 -
Ap/ V3 736 -
LOG rel to Cy, -39 %Ly

Table 6. Main dimensions motor yacht R410.

Ly 192

B, 546
pe
Ap m?
v w?
Capy 1él to0rd 0 %Ly
7 deg.
Lp/ Bz
Ap/ V3 -
LOG rel to Cy, %Ly
Table 7. Main dimensions coastal rescue boat. £ 9 //
Lp 121 m
Bpz 3.30 m
Ap 353 m?
v 133 m?
Ca, el o 0rd 0 369 Ly
il deg.
Lp/Bpz
Ap/ V2

LCG el to Cy,
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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 centreline 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° deadrise parent model have been tested in the speed range Fng 0.75...3 [4].

Both models have a twisted bottom, ie.,  deadrise variation of 25 at ordinate
10 to 5° deadrise at ordinate 0. The two models had a different centreline, however.
For model 232-A the average inclination angle of the centreline is -4.9°, whereas
this angle for model 232-B equals -2.67. In order to maintain sufficient buoyancy 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° deadrise series. The
body plans of the two models are shown in Figures 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 &

Table 8. Main particulars of twisted bottom models.

Model

232-A 2328
Lp/ Bps 4.09 409 -
Lp 15 15 m
Ap 0.4589 04540 m?
Bya 0.306 0.303 m
By 0.367 0367 m
By 0.32 0.31 m
Lp/Bpa 49 49 -
Bpz/Bpa 12 12
Bpt/Bpz 0.872 0.844 -
Cpy rel 0 01d 0 483 188 %Lp

P
(U=



] I 8
= N\
I==

Figure 9. Body plan of twisted bottom model 232-B.

The experimental set-up was equal to the set-up used in the 25 and 30° deadrise
series and described in Section 3.

The measurement scheme was equal Lo the scheme used for the previously de-
scribed series, i.e., Ap/V%/% values of 4.0, 5.5, 7.0, 8.5 and LCG values of 0, 4, 8,
and 12% Lp aft of the Centroid of Aj.

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

The results of the tests are listed in Appendix

8.1. Polynomial model of the twisted bottom results

The effect of twist and rising centreline can be described by the difference in resis-
tance, trim and sinkage of the twisted bottom models and the parent model of the
25° deadrise series. To ease the work of interpolating the experimental results, these
terms are represented by polynomials, in which a linear dependency on the centreline
inclination angle 7 and the twist angle «, as well as coupling between these angles
and the loading coefficient and LCG is assumed. The polynomials have the following
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Toska ot & avarre cieanig Holl Feams
form: q°
P 29
ARJAY  agy+arCtagy Ap/VH by y ICG +
2
A8 0= a4 ¢ Ap/TH3 4 a5 € LOG +ag 7 Ap/V/ + @)
1/3

ARCG/V/ a7y LCG2.

Also iin this case, the regression analysis has been performed for separate data.
sets for each Fny. The experimental ARy/A 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 polynomial model

The results of the polynomial approximations are validated by a comparison of calcu-
lated and measured values of AR,/A, A6, and ARCG/V1/3. The selected twisted
bottom models for this comparion are listed in Table 9.

Table 9. Twisted bottom models used to validate polynomials.

model Ap/v3 LCG
232A-1 55 0
232A-2 55 -8

232B-1 70 -4

In Figures 28 to 36 the results of the experiments of the twisted bottom and the
25 deadrise parent model as well as the experimental difference and its polynomial
values are presented. In these figures, PH F ezp denotes the experimental value of
the 25 deadrise model, T8 ezp denotes the experimental value of a twisted bottom
model, TB-PHF exp denotes the difference between these two values, and T B~
PHF polyn denotes the polynomial approximation of T B-P H F exp. The agreement
is in all cases satisfactory for the resistance as well as for the trim and rise of centre
of gravity.

o minimize the amount of listed coeflicients, the Ri/A coefficients are given for two volumes
of displacement. The complete set of coofficients for AR/A ranging from 2.5 m? 10 5000 m? are
obtainable at the Delft University of Technology, Ship Hydromechanics Laboratory.
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Figure 10. PHF 1 Experimental and calculated Ry/A.
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Figure 11. PHF 1 Experimental and calculated trim.
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Figure 12. PHF 1 Experimental and calculated RCG[V1/3.
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Figure 13. PHF 2 Experimental and calculated Ry/A.
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Figure 14. PHF 2 Experimental and calculated trim.
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Figure 15. PHF 2 Experimental and calculated RCG/V/3.
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Figure 16. PHF 3 Experimental and calculated Ry/&.
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Figure 17. PHF 3 Experimental and calculated trim.
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Figure 18. PHF 3 Experimental and calculated RCG//3
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Figure 19. Coastal Patrol Vessel Experimental and calculated Ry/A.
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Figure 20. Coastal Patrol Vessel Experimental and calculated trim.
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Figure 21. Coastal Patrol Vessel Experimental and calculated RCG/V1/3.
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Figure 22. Motor Yacht R410 Experimental and calculated Ry jA.
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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 calculated Ry/A.
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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[V1/3
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Figure 28. Model 232A-1 Experimental and calculated ARy/A.
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Figure 30. Model 232A-1 Experimental and calculated ARCG/V'/3.
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Figure 31. Model 232A-2 Experimental and calculated ARy/A.
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Figure 32. Model 232A-2 Experimental and calculated A8.
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Figure 33. Model 232A-2 Experimental and calculated ARCG, JvL3,
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Figure 34. Model 232B-1 Experimental and calculated ARy/A.
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Figure 35. Model 232B-1 Experimental and calculated Af.
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Figure 36. Model 232B-1 Experimental and calculated ARCG/V/3
9. Conclusions

The experimental data presented in this paper provides.resistance information neces-
sary in the design trade off betucen seakeeping characteristics (high deadrise) and
low resistance (small deadrise angles).

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

The combined series data represented in a polynomial model provide an easy way
to interpolate over a wide range of planing hull forms. It appeared, however, that
additional experimental data is needed in the deadrise range from 125 to 25°.

The experimental data and polynomial representation of the twisted bottom mod-
els 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 expres
sions for the difference in resistance, trim and rise of centre of gravity due to change
of deadrise and centreline inclination show a good fit with the measured data. The
wse of this correction for arbitrary designs, however, should be considered wi
because they are based only on a limited amount of experimental data.
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Appendix 31 Goefficlents of polynomial mod
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Summarz

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.



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.[l]and Keuning and
Gerritsma Ref.[2L 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 nidships section aft

to the transom.

In the actual design practice however designers aften 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 not protrude 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 3 twisted bottom may be reduced from
these data.



ITI 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 25° 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 fiqure 1 for
model 233-A and 233-B respectively. The main particulars

are presented in Table 1.



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 hawve been constructed of glass fibre reinforced

polyester.
Tabel 1
model model
232-A 232-B
deadrise ord 10 25° 259
ord 20 59 5°
Lp 1.500 m 1.500 m
Bpa 0.306 m 0.303 m
Bpy 0.367 m 0.367 m
Bpp 0.320 m 0.310 m
Ap 0.4589 m? 0.4540 m?
Lp/BpA 4.90 4.90
Lp/Bpx 4.09 4.09
Bpx/BpA 1.20 1.20
BPT/Bpx 0.872 0.844
Cap from ord O
in % Lp 48.8 48.8




IIT 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.



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
2

A/ /3 _ 4.0, 5.5, 7.0, 8.5

LCG =0, 4, 8, 12 $ L. aft of centroid Ap

The test were conducted in the speedrange

\

of Fny =
§ v gVRG

0.75 < Fny; < 3.00
corresponding with model speeds between

1.0 m/s < Vm < 5.0 m/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 1215 degrees

deadrise, although the later used a higher speed range.



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 factor
Ap/vz/3 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 Ap.

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 1lines
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.
Ap/vz/3 = 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<Fny<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 12°
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 (Fny <1.0) may be
rather small as shown by the comparison of model 232-A and B

in this speed region.
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gv /3

Lp length over chine
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A weight of displacement
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L/B

RUN

225
226
227
228
229
230
231
232
233
234

235

MODEL 233 A

l64.71

vi4

M/S

«795
1.199
1.585
1.979
2.378
2.785
3.183
3.572
3.971
4.378

4.787

RTH

19.08
21.12
23.56
26.48
30.27

33.82

LCG

14

+.000

LK

«975
«900
«865

<750

«650

LC

M

1.485
1.505
1.510
1.475
1.445
1.420
1.395
1.360
1.255,
1.140

1.050

M2

448
.480
«490
487
<478
<463
<444
2421
«389
« 349

«320

THETA

GRADEN

+2.6
+3.6
+4,0
+4.7
+5.5
+6.7
+7.3

+7.

(%]

-

L

MM

-1.1
+4.6
+11.1
+20.9
+29.5

+35.2



L/B

RUN

213
214

215

219
220
221
222

223

MODEL 233 A

164.71

M

M/S

«796
1.201
1.596
1.993
2.390
2.786
3.158
3.572
3.972
4.371

4.798

RTM

N

1.15

3.83

13.61
16,13
18.11
21.10
24,56
29.08
31.40

34,33

e 060

LK

M

«+650
785
«750
«370
305
<890
«865
«870
«690
«638

«590

LC

1.475
1.490
1.465
1.430
1.405
1.355
1.330
1.180
1.085-
1.015

«965

<412
432
L4447
<454
-449
<434
<014
386
«355
«320

« 280

THETA

GRADEN

+1.2
+2.9
+3.7
+4,2
+5.3
+6.7
+7.4
+7.7

+7.7

Z

MM

-10.8
-4.5
-9
+4.7
+14.4
+25.7
+32.3

+37.86



L/B

RUN

201
202
203
204
205
206
207
208

209

MODEL 233 A

N

164.71

VM

M/S

<794
1.198
1.593
1.990
2.386
2.783
3.182
3.569

3.971

20.28
24.54
28.76

32.33

LCG

M

"0120

LK

M

«740
«780
«670
«950
«860
785
«750
«670

«620

LC

1.460
le8i40
1.420
1.365
1.315
1.245
1.120
1.305

«300°

M2

<420
424
426
425
415
.393
.362
«325

«279

GRADEN

+.1

+.5
+1.6
+3.3
+3.7
+4.6
+5.9
+7.0

+7.2

MM

+.5
+8.7
+21.2

+31.4



MODEL 233 A

L/B DEPL LCG
N M
4.08 164.71 -+«180
RUN VH RTM LK LC S THETA 2
M/Ss N M M M2 GRADEN MM
188 « 794 1.53 675 1.425 <400 +e2 =15
189 1.199 4.53 «675 1.410 «397 +.7 -4.6
190 1.583 11.25 713 1.365 <396 +2.1 -10.0
192 1.978 18.31 825 1.250 «395 +4.3 =9 o2
193 2.384 20.90 «785 1.145 «378 +4.9 =1.9
194 2.781 24.81 «710 1.040 «351 +6.1 +5.3

195 3.190 31.68 .670 1.025 «313 +7.8 +13.7



L/3

RUN

236
237
238
239
240
241
242
243
244
248

247

MODEL 233 A

236.42

VM

M/S

.847
1.273
1.688
2.128
2.531
2.942
3.361
3.790
4,233
4.688

5.103

RTH

H

l1.43

5.60
14.20
25.16
28.13
30.99
33.93
37.89
41.37
45.39

48.47

LCG
M

+.000

LK

1.050
1.260
1.560
1.315
1.100
1.088
1.000

«905

«790

«740

«700

LC

1.520
1.540
1.560
1.475
1.465
1.430
1.395
1.325
1.220
1.115

1.055

[ %]

M2

<495
«528
«555
«529
493
482
460
~425
«382
346

«323

THETA

GRADET

+1l.1
+4,0
+4,7
+5.3
+6.3
+7.8
+8.7
+9.1

+9.2

Z

MM

-3
+8.3
+18.4
+30.4
+40.1

+46.1



L/B

RUN

249
250
252
253
254
255
256
257
258
259

260

MODEL 233 A

N

236.42

kY|

M/S

847
1.262
1.687
2.123
2.539
2.958
3.377
3.785
4.228
4.666

5.059

RTM

N

1.66

5.94
14.52
25.29
27.90
30.22
35.63
42.20
46.64
43%.06

50.47

LCG

M

—.060

LK

« 905

1.560

1.315

1.125

1.015

«975

«865

«785

«750

«675

640

LC

1.505
1.535
1.560
l.440
1.290
1.370
1.280
1.150
1.035

«960

«930

%]

M2

«463

«555

«5U2

+482

<452

« 434

+U03

«367

THETA

GRADEN

+.1

+.3

+8.8

+8.8

+8.6

Z

MM

=20
-6.0
-11.4
-11.1
-4.5
+1.2
+10.1
+27.2
+36.6
+44,.6

+50.1



L/B

4.08

RUN

262
263
264
265
266
267
268
269

270

MODEL 233 A

236.42

Vi

M/S

844
1.269
l.684
2.118
2.536
2.955
3.374
3.801

4,235

=====

RTH

N

2.04

6.57
15.78
28.27
30.59
35.43
45.91
50.16

51.31

LCG

“0120

LK

M

«865
910
1.130
985
«900
870
785
<700

«610

LC

1.480
1.470
1.430
1.345
1.295
1.235
1.055

«960

«905

M2

495
457
J491
LUU6
424
<396
.356
.315

283

THETA YA

GRADEN MM

+t.2 -1.8
+.6 ~5e5
+2.3 -11.2
+5.1 ~-10.1
+5.6 =32
+6.7 +3.6

+8.7 +18.3
+3.3 +33.6

+9.0  +4l4.4



MODEL 233 A

==Z=======

L/B DEPL LCG
N M
4.08 236.42 -.180
RUN VM RTM LK LC S THETA yA
M/S N M M M2 GRADEN MM
274 847 2.42 .825 1.455 <437 +.3 -2.1
275 1.262 7.09 .825 1.435 440 +.9 -6.0
276 1.687 19.03 .950 1.375 <437 +3.1  -11.9
2717 2.102 34,72 <900 1.250 410  +6.1  -10.0
278 2.528 38.49 .825 1.130 .368  +6.7 -7
280 2.936 48.92 «750 1025 <330  +8.8  +10.4

279 3.364 56.90 «675 «890 «295 +10.0 +28.8



L/B

RUN

307
308
309
310
311
312

313

MODEL 233 A

381.22

VM

M/S

« 917
1.372
1.628
2.284
2.741
3.199
3.671

RTM

N

11.11
28.30
52.66
56.39
64.20

69.48

LCG
M

+.000

LK

M

1.560
1.560
1.560
1.560
1.320
1.200

1.050

LC

1.560
1.560
1.560
1.560
1.530
1.435

1.360

M2

«555
«555
«555
«555
«530
.498

<462

THETA

GRADEHN

+.0
+e2
+2.3
+6.3
+6.9
+8.2

+10.0

Z

MM

-17.0
~-13.1
=55
+4.5

+19.8



MODEL 233 A

L/B DEPL
N
4.08 381.22
RUN VM
M/s
298 «916
299 1.370
300 1.693
301 1.837
302 2.292
303 2.750
304 3.198

305 3.666

RTM

N

11.76
22.65
31.05
56.29
59.83
67.88

88.30

LCG

LK

1.560

1.560
1.560
1.200
1.125
1.015

«870

LC

1.560
1.560
1.5690
1.560
l.435
1.400
1330

1.150

«555
«555
«555
«555
«517
«475
435

«392

THETA

GRADEN

+1.9
+3.4
+7.1
+7.9
+9.7

+10.0

YA

MM

’1309

-15.8

+8.1

+28.1



MODEL 233 A

L/B DEPL LCG
N M
4.08 381.22 -.120
RUN vy RTH LK LC 5 THETA z
M/5 N b M M2 GRADEN MM
291 O 3.54 1.125 1.515 .508 +.3 -2.0
292 1.373 12.40 1.560 1.495 .550 +.9 -7.6
293 1.828 35.71 1.320 1.455 .513 +4.1  -14.6
294 2.285 64.28 1.050 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>