Trials of a semi-Kaplan towboat propeller
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i~y the 1950-1960°s ducted propellers

agammst  the  rner cuirent. taking
ied higher powered diesel towboats be- (EBM/g) we obtuned 2.7 gallons/
an toooperate on LS nland water- B3N for the semi-Kaplan propeliers,

:

wavs, Phis was the standard until the
oot decade when the high cost of fuel
:1_.HE[|TL'E! in towboats fitted with heavy
el engines.
Actual towboat performance is difti-
qto gquantuty using scale model tests.
Copscyuenthve many developments in
et towboats evolve from operational
ccdback, analvses of logbooks and de-
gener mntuition in addition to prelimi-
dory tow tank studies. This s the main
cason for making extended measure-
nents of the towboat fuct consumption,
Recently the authors developed a
emi-Kaplan ducted  propeller  for
cepowerine a 700 hp towboat. The seni-
f«;:;;':];m propeller s shown i e, 1.
This new propeller design resulted
nom the necessity of repowering a tri-
cle serew towboat with 3 x 2400 bhp
GO0 rpm heavy fuel diesel engines.
The ortginal towboat engines turned 5
Slhaded ducted propellers which absorb-
oo 2800 shp at 215 rpm. Since the 3:136
o1 reduction gears were 1o be retain-
~adlthe new propellers would be turning
&oslower 190 rpm. This desien re-
quitement s summarized in Table 1.

Powhoat propeller design

Lhe towboat propeller desian is based
on the methods developed in Ref [ 1]
121 The propellers were matched for
00 hp towboat pushing a 3 X 6 barge
‘owan deep water. In order to insure
oo correct thrust, an unconventional
cech distribution was adopted  which
aded the blade tips of the semi-

The semi-Kaplan towboat propeller in-

stal

led.

calculated mdex Lquivalent Barge Mile
per gallon of fuel was adopted.
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number of foaded barges
m = number of empty barges

trip distance o nules

o = ogllons ol fuel consumed

Table 2 summanizes a comparison for
15 towboat trips going north bound

The corresponding value 15 30125 gal-
lons/EBN was obtaimed tor the conven-
tional 3 bladed propeller. This indicates
a 135" improvement trom fitting the
semi-Kaplan propeiler.

The higher speed when the towboat
s fitted with the semi-Kaphan propellers
translates into 3 additional trps (Catro,
Hinois to Baton Rouge. Louistana) cor-
responding to an nereased vearly rev-
cnue of USS 100,000, The reduced (2.7
versus 301235 aallons) enaine tucel costs
represents i ;;n'ingh of S200.000/vear.
Conscequently, fitung the semi-Kaplan
propellers eenerates a total trom tucl
savings and increased  revenue  of
S300.000/vear.

Vibration levels

In order to document the vibration
levels, vibration signature analysis was
performed i the engine room. The
mcasurements  with  the semi-Kaplan
propellers were made on two trips with
different tow arrangements and differ-
ing barge numbers.

Experience with propellers with dif-
ferent blade numbers has shown that
the blade number affects the unsteady
force levels. In several cases 1t has been
demonstrated that increasing the blade
number from 4 to 3 reduced the meas-
ured hull vibration levels. Howas ex-
pected that the four bladed design with
large blade arca and no skew would en-
counter the abrupt axial wake changes
and transmit high vibraton loads mto

heaphan l.‘!l'i;}pt."lhl'l'ﬁ. Table 2. Comrparison of towboat trip data with semi-Kaplan and conventional propellers.
Northbound against river current
Frial resuits _ _ - _
Lo verity the performance improve- Towboat Fitted with with Semi-Kaplan Towboat Fitted with Conventional
oy - : Design 4-Blade Propeller 5-Blade Propeller
Hents extended  towboat  trials were (11/83 - 9/84) (9/84 - 2/85)
conducted over HO-13 trips to establish Trip | EBM EBM/g Beied EBM EBM/g  Speed
“wboat speed and fuel consumption. Barge- Barge-Mile  V mph Barge- Barge-Mile ¥V mph
Che mital tests were done with the . Mile  Gal Ivtile _Gal, _——
~u kaplan propellers installed. The ; ;gg glggg‘ il o Dkgzg g.gg
oot Bt i sloikueid o S Bl i A 407 4.27 22.8 0.31 85
0 LR S LIOSRRG i S Biakiad. i 3 15.4 0.365 5.83 24.0 0.357 4.02
Sosvis of conventional desien were fit- % 15.0 0.347 5.83 24 0’ 0.228' 2.83'
b These tests provided the basis for ? gé'ﬁﬁ 0.530 5.92° 22 ) igg
Mher st b i 3 0.4 0.343 4 55 18.4 0.338 |
RN hult_ _»L(:rmpm =011, 7 27.0 1347 3.;;; 990 0.253 3. 78
Losdentify the advantages a readily 8 20.0 0.383 4.67 20.8 0.302 2.56
J 20.0 0.344 5.44 22.0 0.369 4.04
: 10 26.6 0.505 4.54 16.6 0.312 529
1 22.0 0.415 9.06 20.4 (132b 4.60
S ; 12 6.8 0.394 3.50 18.2 0.288 4.58
;. : 3 216 0.337 2.86 18.4 0.341 4.60
Iat | : 8 ,
el ?fggc'?fiﬁﬂfﬁm SRELH 14 21.0 0.303 3:90 25.6 0.395 3.657
T - i5 200 0.325 4,71 24.2 0.345 3.50
vt 44.2 m Avg 22.13 0.370 4.49 20.7 0.320 4.04
27am | | MGain  68%  135%  10%  BASE  BASE  BASE
":li"'l g Speed V 8.2 mph Notes:
Crhuat Push 617 833 N ' Disregarded as low value of EBM/g
rl”'-h “haft 205 967 N ‘_?Disregﬁrdl::d as high value of EBM/g
Soneller Diameter 2.79m * Avg. of remaining 13 trips
.'“.-n Al SRR 140 FEMT S Value-Base
1 pm 193 rpm TBASE 100%
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the propulsion svstem. [t was quite
pleasant to tind that the engine room
measurements  showed  the  4-bladed
semi-Kaplan  vibration  levels  were
equivalent or shightly higher than those
measured when the S-bladed conven-
tional propellers were fitted [3].

Siice these vibration levels are quute
sensitive to small chanees in the propel-
ler patch especially at the up. there as
a possibility to “tune™ the semi-Kaplan
propeller design by shight adjustment to
the piteh distribution. This was outside
the scope of the repowering project. but
should be considered when using a
semi-Kaplan towboat propeller.

Discussion and conclusions

The extended trials of the semi-Kaplan
propeller shown in Table 2 idicate im-
provements in both speed and ethi-
ciency. This is equivalent to a 10% 1im-
provement. when compared with con-
ventional towboat propellers. The semit-
Kaplan design s also simpler to manu-
facture.

This project demonstrated a possible
cconomic gamn from carctul propeller
design. [ts annapated there will be fu-
ture developments using  this  semi-
Kaplan design 1in riveg towboats.
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