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Abstract

Hull form development for an AFRAMAX tanker characterized by the form parameters
of Cs~0.8, L/B=55 B/T=x35, has been carried out by the application of ‘Composite

Stern Frameline Concept’.

The viscous resistance of the new form was much smaller than that of the conve ntional
form. Form factor of the new form was only 0.18 compared to 0.30 for the conventional hull
form. Nevertheless the propulsive efficiency was slightly lower and thus the required pro-
pulsion power was smaller by 5~6% at both full load and ballast condition.

In addition, it is confirmed that introduction of the form factor method such as ITTC'78
method is highly advisable because there is a great risk of the underpredicting full scale re-
sistance of the hull form whose form the extrapolation of moel resistance to full scale is to
be based on Froude method with the correlation allowances usually applied to conventional

hull forms.

1. Introduction

In developing hull forms for slow, full ships
such as tankers and bulk carriers, it has been
known to be extremely difficult to make innov-
ative hull forms which have excellent resistance
performance and excellent propulsion perform-
ance at the same time. Hull forms adopting con-
ventional V-shaped framelines in the afterbody
generally show excellent resistance characteristic-
s but very poor propulsive efficiency. Above all,
since there is a great risk of cavitation and vi-

bration problem due to its inhomogeneous wake
field in the propeller plane, conventional V-shped
afterbodies become very rare nowadays, Hull for-
ms adopting conventional U-shaped framelines in
the afterbody frequently require less propulsion
power than the hull forms with the V-shaped
aftrbody because though the resistance is larger
but the propulsive efficiency is very much hig-
her, and moreover, it is known to have more uni-
form wake field.

The present trend in the afterbody design of
slow full forms is towards selecting moderate
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U-shaped framelines together with Hogner type
stern bulb(normally open water type stern) to im-
prove the resistance perfomance of the U-shaped
afterbody further and to secure uniform wake fiel-
d.

Barge type
‘Buttock-flow’ type framelines), which are differ-
ent from conventional framelines, have been prov-
ed to have even better resistance characteristics
than the V-shaped framelines an have lately at-
tracted considerable attention. However, it has

framelines(also  called as

reported that in spite of the amazing reduction in
resistance, the requird propulsin power of the hull
form with the Barge-shaped afterbody could har-
dly become smaller than those of the conven-
tional hull forms due to dramatic deterioration in
the propulsive efficiency(1].

A Barge-shaped afterbody is known to bring
better performance results, if it is applied to the
hull forms of shallow draguht vessels or hull for-
ms with extreme fullness in the afterbody. How-
ever, it is not considered to be generally used in
place of the moderate U-shaped frameliness.

Moderate U-shaped framelines are known to be
the best among conventional framelines and may
be regarded as a modified version of U-shaped
framelines, where the section in upper region is
made to be much more V-shaped and a bit more
V-shaped in lower region in way of skeg, compar-
ed to U-shaped frameline, to reduce the resist-
ance, specifically viscous resistance, while trying
to keep the excellent propulsive efficiency of
U-shaped afterbody.

The resistance performance of a moderate
U-shaped afterbody is generally inferior to that of
a V-or Barge-shaped afterbody. However, it is
very difficult to improve the resistance perform-
ance of a moderate U-shaped afterbody while
keeping its excellent propulsive efficiency.

A new type of afterbody, where major part of
the hull was V-or Barge-shape and the lower hull
just in front of propeller was U-or moderate
U-shaped, was proposed by the authors and the
results of its applicatin to the hull forms of a Pan-

amax bulk carrier and a VLCC have been rep-
orted already[2].

It has been confirmed through various hull
form developments until recently that the new
afterbody, or Composite afterbody, can replace
the moderate U-shaped afterbody of slow, full
hull forms.

In this study, Composite afterbody concept has
been applied to the hull form of a Aframax tanker
featured by the form parameters of Cg=0.8,
L/B=55, B/T=~35. Since a hull form with a
Composite afterbody has been developed success-
fully, it has been confirmed that the Composite
afterbody is also very suitable for hull forms of
wide, shallow draugft vessels,

To investigate the resistance and propulsion
characteristics of the new hull form in compari-
son with other conventionl hull form, a hull with
a moderate U-shaped afterbody developed by one
Japanese yard in 1990[3] has been selsected and
the performance of the two hull forms were eval-
uated both by model tests and by viscous flow cal
culations.

Viscous resistance of the new hull form was
very much lowr than that of the conventional hull
form with a moderate U-shaped afterbody and
the propulsive efficiency of the new hull is slight-
ly worse. Thus, effective horse power is smaller
by approximately 9.6% delivered horse power is
smaller by approximately. 4.8% at full load, and
effective horse power and delivered horse power
are smaller by approximately 10.1% and 4.8% re-
spectively at ballast.

In addition, it has been confirmed that the in-
troduction of form factor is highly advisable be-
cause there is a great risk of the underpredicting
full scale resistance of the hull form whose form
factor is considerably smaller than those of con-
ventional hull forms, if the extrapolation of model
resistance to full scale is to be based on Froude
method with the correlation allowance usually ap-
plied to conventional hull froms,



2. Hull Form Characteristics

2.1 Main Particulars of the Two Hull Forms

Main particulars of the new hull form with a
Composite afterbody and the conventional hull
form with a moderate U-shaped afterbody are as
shown in Table 1.

Table 1 Principal particulars of the new hull form
and conventional hull form

| New Conventional
Full Load | Ballast | Full Load | Ballast
L(m) 2400 | 2400 | 340 | B0
B (m) 6 | & | ewn | 1
de/dalm) | 1219/1219 | 5.7/87 |1219/1219| 57/87
L/B 5.49 5.49 5.48 5.48
B /Gusan 349 59 350 5.3
Ch 088 | 071 | 08 | 074
Cw 0889 | 084 | 087 | 085
Cu 09% | 09 | 090 | 098
Cr 0M6 | 06 | 082 | 07
1cb
(% of Lpp forward 33 1.9 3.0 30
B form midship |
We;‘r‘:j:l;?ce 20 | w070 | 13S0 | 10630
 Vstknots) 150 - 15.0 -

2.2 Characteristics of the New Hull Form

The new hull form has the features of a U-shap-
ed forebody with bulbous bow, whcih is com-
monly aopted to the slow, full ships built by Daew-
00, and a Composite afterbody with Hogner type
bulb.

(1) Forebody

As the longitudinal center of buoyancy(lcb) of
the new form has been selected to be approximat-
ely. 3.26%(Lyp, forward from midship), i.e. the
forebody is made to be very full, U-type framelin-
e, which has excellent resistance characteristics
when applied to particularly full foredies, has
been applied to the forebody. Major geometrical
features of the forebody are summarized as follows;
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(a) Design load waterline is elliptic and the longi-
tudinal distribution of displacement as typi-
fied by the curve of cross-sectional areas is so
designed as to make relatively fine shoulder
and smaller entrance,

(b) To arrange the cargo tanks and the ballast
tanks in double sides economically, the for-
ebody framelines are tyically U-shaped.

(c) Bulbous bow is designed with 0-type bulb.
The waterlines of the bulb are connected to
those to the main hull with very smooth vari-
ation of curvature, i.e. the bulb is designed
not as an appendage but as a mere extension
of the main hull with protruding profile(im-
plicit-type bulb).

Large bulb area(the bulb area at F.P is approx-
imately. 13.7% of Am) is selected together with
implicit type bulb and elliptic LWL to reduct the
displacement in way of the forward shouder with-
out increasing the bluffness of the entrance to
greatly improve the slenderness.

The original forebody was modified as shown in
Fig.1 to improve the overall flow pattern in the
forebody.
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Fig.1 Forebody body plan of the new hull form

(2) Afterbody

The basic concept of a Composite afterbody is
to combine Buttock flow-type and U-type fram-
elines. Lower part of the hull in front of propel-
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ler(part S) is made to be similar to a U-shaped or
moderate U-shaped afterbody, and the remaining
part(part M), which is much bigger than part S,
is similar to a V-shaped or Barge-shaped afterbod-
y. Thus a Composite afterbody have good resist-
ance performance, which is the features of a V-or
Barge-shaped afterbody, and at the same time
good propulsive efficiency and homogeneous
wake distribution, which are the features of a
U-shaped or moderate U-shaped afterbody.
Resistance and propulsive characteristics of a
Composite afterbody may vary according to the
proportion of the size of part S to that of part M.
When part S(U-shaped) is increased in size the
propulsive efficiency will be improved but the re-
sistance performance will deteriorate. In con-
trast, when part S is decreased in size and major

portion of the afterbody is made similar to Buttoc-

k-flow type afterbody like MARAD hull form as
shown in Fig.2, resistance performance will be
mmproved but thepropulsive efficiency will de-

teriorate,
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Fig.2 Afterbody bodyplan of MARAD Sories

Therefore to determine the optimal Composite
frameline shape appropriate for the form paramet-
ers of the Aframax tanker, systematic approach,
such as varing the shape and size of part $ and M
and carring out model tests for every hull vari-

ation, should be considered. However, as it requir
es too much time and costs to carry out such com
prehensive systematic model tests, more practical
approach based on experience has been selected.
As it is empirically believed to be more import-
ant to secure better resistance performance in
developing a hull form for such an Aframax tan-
ker, the size of Part S is kept to be rather small
and the afterbody has been designed as follows:

(a) The horizonta] slope of the frameline is smal-
ler than that of VLCC hull form(Fig.3) with a
Composite afterbody. Typical Buttock-flow
type framelines are used.

{b) To improve the resistance performance, part
S is made to be as small as possible provided
there are no significant problems with regard
to the main engine and cargo pump instal-
lation,

(c) Hogner type bulb is applied to obtain uniform
wake field and to improve propulsive ef-
ficiency.

(d) To secure proper distance between the hull
and propeller, transom is lifted above DLWL.

(e) Sectional area curve(Cp-curve) is made simi-
lar to that of existing hull forms with a Com-
posite afterbody.

=}
=
-

|
!:

TN

N\

Fig.3 Composite type afterbody for a VLCC
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Body plans, profile and sectional area curve of
the new hull form are shown in Fig.4.

2.3 Characteristics of the Conventional Hull Form

The conventional hull form is composed of
V-shaped forebody with high-nose type bulb and
moderate U-shaped afterbody with stern bulb.
Body plans, aft and forward profile and sectional
area curve are shown in Fig.4. The geometrical
features of the conventional hull form are as fol-

lows:

(1) Forebody

(a) Typical V-shaped frameline, which is fre-
quently applied to container ships, is selec-
ted.

(b) High-nose type bulb, which goes well with
V-shaped forebody, is applied.

(c) Just the same as in the forebody of the new
hull form, the waterlines of the bulb are con-
nected to those of the main hull with very
smooth transition(implicit type bulb).

(2) Afterbody
(a) Typical moderate U-shaped framelines are ap-
plied.

(b) Open water tvpe stern frame is adopted.
{c) Hogner type stern bulb is applied to obtain
uniform wake distribution,

3. Performance Evaluation by Theoretical Cal-
culations and Model Tests

3.1 Theoretical Calculations

Viscous flow calculations have been carried out
by RANSTERN code[4] to investigate and com-
pare the flow phenomena and resistance char-
acteristics of the two hull forms on theoretical
basis. The rsults are summarized in Table 2 and
Fig.5

As shown in Table 2, the calculted viscous re-
sistance of the new hull form is smaller than that
of the conventional hull form by approximately.
19%. This may show that the form resistance of
the hull form with a Composite afterbody could
be very small as in the hull forms with a V-shap-
ed or Barge-shaped afterbody. The calculated
streamlines of the new hull form on body surface
shown in Fig.5 seem to smoothly follow the hull
surface along buttock-lines, while the path of the
calculated streamlines of the conventional hull
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Table 2 Resuits of calculation(full load, Vs=15.0

v
knots) 0.00 eozo 008 g 008, an
Hull F |
. y Forma New LConventional Diff.(%)
item
Reymolds No. 9600600 | 9609600 | -
(Cpy+Cr) x10° 3.034 3,162 4.8
Crox10° 2.9% 29% | -
Crux10° 3.643 4.068 10.4 z R, = S609600.000 at X = (.46]

(1HO predcrion 1.033 1276 | 101 00 ot
(1 Heormen 1183 L300 | 90 ‘ .
Rpv, Ry, Reo, Ryu
1/2 Sv Vi
Cpv : calculated viscous pressure resistance
coefficient of a model
Cr :calculated frictional resistance coefficient of a

model
Cro : frictional resistance coefficient of a plate

Cey, Cr, Cro, Cru=

A
\ R =9600600,000 at X= 0,96] ™~
SCALE :U0=0,050
\ A

Cru : measured total resistance coefficient of a model
K : form factor
Cpys Cr, (Cpy,+Cp) : calculated within the range of
0.3 Lpp—Lpp from F.P.

“New hull form™

0.00 0.02 , 0. 04 0.06 0.08

R,=9609600.000 at X= 0,961
R.=9609600.000 at X=0.961

0.06 0.08 0.10

N -
= —
‘Conventjoal’ \\\ ~ ~ h
N\ ~ ~
Fig.5 Calculated streamlines on the surface of the N N ~

o hull forms .
R.=9609600.000 at X= 0.96)
\ SCALE : Ub=0.050

form seem to be more complicated.
Calculated wake distributions in propeller plane “Conventional hull form™
are shown in Fig.6 Much more strong bilge vorti-

. . . Fig.6 Nominal wake distributions and transverse
ces are found in the conventional hull form with a g @ strib !

velocity vectors at the propelier plane



moderate U-shaped afterbody of very high turn of
bilge.

It is concluded from the viscous flow calcula-
tions that the flow pattern in the afterbody of the
new hull form is typical buttock-flow pattern: bil-
ge vortices are not strong: an above all viscous
resistance is comparatively small.

3.2 Model Tests

The new hull form with a Composite afterbody
was tested at Korea Research Institute of Ships
and Ocean Engineering(KRISO). Form factor of
the final hull from turned out to be only 0,183, so
it was confirmed that the viscous resistance,
which predominates in total resistance of slow,
full ship forms, was far smaller than that of con-
ventional hull forms. The quasi-propulsive coef-
ficient was approximately. (.75, thus propulsion
performance of the new hull form was also proved
to be verv good.

The conventinal hull form with a moderate
U-shaped afterbody, whose model tests were car-
ried out in Akashi Model Basin(ASMB) in Japan
n 1990 and whose powering performance was
praved to be good, was tested again in KRISO to
keep consistency in model prediction,

Full scale performances of the two hull forms
were predicted by both KRISO Standard Predic-
tion Method, which is similar to ITTC'78 Method
except resistance extrapolation, and ITTC'78 Per-
formance Prediction Method.

In KRISO Method, mode] resistance is extrapo-
lated to full scale based on Froude method, The
correlation allowance coefficient{Ca), which is
regarded as a function of ship length only, is
used, In our study, Ca for both hull forms should
be approximaltely same when KRISO Method is
applied, which may lead to erroneous assessment
of the performance of the two hull forms whose
form factors are considerably different with each
other. Thus ITTC'78 method is also applied, wher-
e Cp and Cy are fixed to 1.0.
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(1) Analysis of the Test Results at Full Load

Model tests for both hull forms were carried
out during August, 1990 and the full scale perfor-
mances were predicted by both KRISO method
and I'TTC'78 mothod. The results are summarized
in Table 3 and Fig.7. In general, the new hull
form showed excellent resistance performance
and its propulsive efficiency was not bad either,
while the conventional hull form revealed excel-
lent propulsive efficiency.

(a) Form factor of the conventional hull form is
0.300, while the form factor of the new hull
form is 0.183. It is proved that the
buttock-flow type framelines applied in part
M of the Composite afterbody to reduce the
viscous resistance. Especially the form resist-
ance is actually effective as expected.

(b) The observed overall wave patterns seemed
to be good for both hull forms. Wave resist-

Table 3 Results of modei tests(full load, Vs =15.0,

knots)
. Method | ITTCT8 KRISO
 New Conventional New  |Conventional
Item Hull Form { Hull Form | Hull Form | Hull Form
Crex10° 2.153 2.401 1.967 2.396
Cwx 10’ 0.105 0,187 - -
ACeX 10 0.263 0.959 - -

k 0.183 2300 - -
Cex10° - - 0.652 1.083
Cax10’ - ~ ~0.200 ~0.200

W 0320 0.34 0.305 0.314

t 0.221 0.178 0.221 0.178

™ 1146 1.253 LA |y

- 0755 | 07% 0.754 0.776
EHP(PS) | 9263 | 1052 | 8463 | Lo
DHP(PS) [ 12273 J 12,886 11,231 13,182

Table 4 Stock propeller characteristics

| Ao
[

Diameter(M) Z
8.2 4

(P /B)mean | Scale ratio
ot | s




72

ance of the new hull form with a U-shaped for-

ebody was smaller than that of the conven-
tional hull form with a V-shaped forebody.

(c) The effective horse power of the new hull
form is smaller by approximately 9.6% at 15
knots at full load condition due to the drastic
improvement in resistance performance.

(d) Hull efficiency of the conventional hull form
is 1.253, which is attributed to extremely low
thrust deduction fraction of 0.178.

(e) Propulsive efficiency of the conventional hull
form is better than that of the new hull form
by approximately 5.4%.

To sum up, though the propulsive efficiency of
the conventional hull form is somewhat better,
the required propulsion power of the new hull
form is smaller by approximately 4.8% at 15 knot-
s due to significant improvement in the resistance

performance. As shown in Fig.7, the effective hor-

se power and delivered horse power of the new

Effective Horse Power

Full Load : ‘New’
------------ : ‘Conventionall
POWER ISR P
(PS)
15000. -
/]
10000 -1 —_
| _ v/z SN DR G DR G
s pd i S (O B
5000 | —1——1

12 13 14 15 16 17
V(KNOT)

hull form are much smaller over whole speed ran-
ge.

(2) Analysis of the Test Results at Ballast

As shown in Table 5, the test results at ballast
1s similar in pattern to those at full load. The new
hull form has excellent resistance performance,
while the conventional hull form has excellent
propulsive efficiency.

(a) Form resistance of the conventional hull form
is very big. The form factor is 0.36, which is
much bigger than the form factor of 0.300 at
full load. The form factor of the new hull
form is 0.190, which is slightly bigger than
the form factor at full load, so the form re-
sistance of the new hull form still very small,

(b) Wave resistance of the new hull form is smal-
ler.

{c) Conventional hull form have relatively high
effective wake fraction and very small thrust

Delivered Horse Power

Full Load - New
------------ : ‘Conventionall’
POWER L e T j

(PS) /

15000 f === | = |} — A~

10000 . [ 11—~ {1 —1 {1

5000- |1~ |11 =]~

12 13 1. 15 17
V(KNOT)

Fig.7 Speed —power curves



deduction fraction, thus hull efficiency is
very high(zy=1.295).

To sum up, the results at ballast show similar
trends as in full load, conventional hull form with
a moderate U-shaped afterbody have excellent
propulsive efficiency. Nevertheless the effective
horse power and delivered horse power of the
new hull form are smaller by approximately 10.
1% and by approximately 5.8% respectively due
to remarkable improvement in resistance per-
formance,

Table 5 Resuits of mode! tests(ballast, Vs=16.0,

knots)
Method ITTC'78 KRISO
New Conventional New Conventional
item Hull Form | Hull Form | Hull Form | Hull Form
Crsx10° 2436 2.759 2.3% 2.931
Cwx16® 0.346 0.411 - -
ACrx10° | 0268 0270 - -
k 0.190 0.360 - -
Cax1¢° - - 0.910 1480
Cax10° - - -0.100 -0.100
Ws 0.357 0.377 0.340 0.351
t 0.231 0.193 0.231 0.193
™ L9512 1165 1.243
™ 09 | 0816 0772 0.787
EHP(PS) | 10,159 11,306 9,810 12,011
DHP(PS) | B8 | 1BsS | % | 15

(3) Comparison of Measured Wake Field

1SO-axial velocity contours in the propeller
plane are as shown in Fig.8,

The conventional hull form shows a typical
wake distribution of U-shaped afterbodies, where
strong bilge vortices are found as usual and wake
distribution is quite homogeneous.

The wake distribution of the new hull form
seems to be quite different from those of V-or
Barge-shaped afterbodies, Bilge vortices are also
generated due to the special features in the shape
of part S{U-shaped and bulbous). The bilge vorti-
ces seem to be not strong as to increase the vis-
cous resistance significantly but effective enough
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s, {1y

.
. .
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New hull form : W,=0.434

Conventional hull form : W,=0,482

Fig.8 Iso—axial velocity contours(v,/ V) on propelier
plane

to make homogeneous wake distribution, There-
fore it is concluded that favorable wake fields can
be obtained by shaping a hull form as depicted in
the example of the Composite afterbody.

3.3 Review of the Resistance Extrapolation Met-
hods
The form factors of the two hull forms, anal-
ysed on the basis of the measured model resist-
ance, are shown in Table 6,
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Table 6 Measured from factors(k)

Condition Full Load Ballast

Hull form
New 0.183 0.19
Conventional 0.300 0.360

The effective horse power and delivered horse
power of the two hull forms predicted by both
ITTC 78 method and KRISO standard method are
summarized in Table 7.

Table 7 Comparison of the predicted results

Condition Full Load{15knots) Ballast{16knots)
¥ EHP(PS) | DHP(PS) | EHPIPS) | DHP(PS)
Method
\ KRISO | 848 | LB | g8l | 1276
unew men | e | owem | owi | one
Hll F ——
™ ToRRG) | s 85 34 25
KRISO Wz | B | ROl | 15
Conventional — )
TR | WE | s | 1 | 158
Hull Form
| DR |02 -23 -6 | -2
DIFF. (24) ~(ITTCT8—KRISO) 00

ITTC'78

According to the above Table 7, significant dif-
ference is found between the resistance predicted
by ITTC'78 method and the one by KRISO met-
hod, especially when the form factor is much
smaller or bigger than average.

As pointed out by the authors in [5], above
trends i1s caused by the differences in the
model-ship correlation methods. In KRISO met-
hod, model resistance is extrapolated to full scale
by Froude method, where flat plate friction line
(ITTC'57 model-ship correlation line) is used as
extrapolator, and full scale resistance is finally
adjusted by the amount of correlation allowance,
which is obtained from the analysis of statistical
data and normally regarded as a function of ship
length only. The correlation allowances in Froude
method should not be only a function of ship len-

gth. But because it is impossible to formulate Ca
taking other form parameters into consideration,
Ca is regarded as a function of ship length or ship
length and fullness parameter such as Cg.

Therefore there is a great risk of too optimistic
prediction by Froude method when the measured
form factor is much smaller than average. How-
ever, this 1s significantly improved by the appli-
cation of Hughes method.

When the geometrical charcteristics of the hull
forms are so much differnt as exemplified in this
study, it is believed to be more reliable to predict
the full scale resistance by form factor method
than by Froude method,

4. Conclusion

By the application of Composite afterbody con-
cept, which was evolved through the hull form
development of a Panamax class bulk carrier and
a VLCC, to an Aframax tanker characterized by
the form parameter of Cg=0.8, L /B~5.5, B/T=~
3.5, a successful hull form, which has both good
resistance and good propulsive performance at
the same time, has been developed, thus proving
the concept is also suitable for wide, shallow draft
vessel.

To investigate the resistance and propulsion
characteristics of the new hull form with a Com-
posite afterbody, a conventional hull formm with a
moderate U-shaped afterbody, whose perform-
ance was proved by model tests, had been selec-
ted and the performances of the two hull forms
were evaluated both by model tests and by theor-
ectical calculations. It is clearly confirmed that
the performance of the new hull form is excel-
lent,

In addition, problems with regard to the resist-
ance extrapolation methods have also been inves-
tigated. The results of this study are summarized
as follows;

{1) In developing a hull form for a Aframax tan-
ker, Buttock-flow type framelines as in MARAD
series hull forms together with small, slender



skeg give better resistance performance than
moderate U-shaped frameline at both full load
and ballast condition. Form factor of the Com-
posite afterbody is much smaller than that of a
well-developed moderate U-shaped afterbody,
thus improving resistance performance by around
10%. And by shaping the skeg part properly pro-
pulsive efficiency may be kept to be not much
worse than that of a moderate U-shaped afterbod-
Y.

(2) Relatively homogeneous wake distribution
which will not cause any problems with regard to
propeller cavitation and ship hull vibration can be
obtained by selecting Hogner type stern bulb and
careful shaping of part S.

(3) As the form factors of the hull forms of
nearly same form parameters may differ signifi-
cantly depending on the shape of the afterbody,
there is a great risk of too much optimistic pre-

diction of full scale resistance of a hull form whos-

e form factor is much smaller than average if full
scale resistance is predicted by Froude method
and correlation allowance, Ca, without taking geo-
metrical features into account.

Since it is impossible to derive Ca in Froude
method where the geometric features are con-
sidered, the extrapolation method adopting form
factor such as ITTC'78 method is highly recom-
mended. It is confirmed that the problem of the
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too much optimistic prediction can be avoided by
using I'TTC’78 performance prediction method.
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