BAB Vii
PENUTUP

e  Kesimpulan
Dari perencanaan yang telah dilakukan terhadap kapal

penumpang 5700 GT dengan ukuran kapal :

* Panjang antara garis tegak (LPP ) : 92,00 m
* Lebar kapal (B) : 18,30 m
* Tinggi kapal { H) : 9,40 m
* Saratair (T) : 43 m
* Koefisien blok (Cb ) ;0,52

* Kecepatan {Vs) - 18 Knot

* Kasifikasi : BKI

* Jarak pelayaran : 4000 mil

Maka dapat diambil kesimpulan, sebagai berikut Besarnya Daya
Continuous Rating ( MCR ) yang diperlukan agar kapal dapat mencapai
kecepatan 18 knot adalah 4839,45 KW 1 6575,355 HP.

Motor penggerak utama dipilih mesin diesel empat langkah dengan
merk : Warisila, Type 9 SW 28, daya 2420 KW dan putaran 750 rpm
jumlah 2 set dan masing — masing dipasang di belakang kapal.

Permesinan geladak dihitung berdasarkan referensidari Biro
Klasifikasi Indonesia ( BK! ), Marine Auxuliary Machinery System,
Khetagurov dan Marine engineering Society in Japan, Machinery Out
Fitting Design Manual Vol.1.

Didalam perencanaan kamar mesin, tidak terlepas dari asumsi —
asumsi yang diberikan untuk mempermudah dalam perhitungan denagn
tidakk mengabaikan tanggung jawab secara teknis, ekonomis dan
peraturan — peraturan yang ada, sehingga hasil perhitungan dapat
mendakati keadaan yang sebenamya.
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NOMINAL . WEIGHT {ko)
ol 80RE EIRERQLAIE g PUMP WITH BED
TYPE
4 R FC BC
KW rpm |SUC.| DEL.| A [ B [C* | B clg|mle|l L mMintpPls|T|w]| Y casING lcasing
SOMS-A -5 1360050 | 50 w5 14001297 | 795150:105/230)380| 760/290(320 150[125]5101 251 15 102 105
22 oo = b e 1 | 325 823 e d e | e | e o) ol o e Lo | o] o o m
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2.2 3600 | 65 65 | 105 1400|325 | 833]160}105|230:390| 760 290|320180 125[510: 25] 15 132 136
ESMS.F - 3.7 . o " wl - 1356 863| « [« 1|~ o | e o [ [ e Joe jer | . -
55 " ar . e w jargt 9220 [ =]~ [~ . " T T o “
1.5 1800 | B5 65 | 105 1490|297 89511701120[310}480 a30[360|300[1821140|650/ 401 15 174 180
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HEEN JE00 1100 | 00 1130(4881355| 976220(160{310;530; 850 330{360}176/140j570[ 40 [ 15 199 205
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75 v B " L 1Az 1073 @ b Lw [ e j oo ber | e [ [} 3L " -
15—185] 2600 L125 | 125 | 150 |403]600[1246[220(150{320(540 1080,400{4301170{160(760| 40] 18 240 24y
126MS-A 22 - " e P PP P TR 2 T R R A O v M v |} o w "
2530 | ¢ " - v v |663[1309) s [er [ oo ] e e pe g bl & -
1.5 1800 | 125 | 125 | 160 [403}452 |1096[250(195]320 570|1066|360[300|170[160]|740] 407 19 245 246
126MS-8 11 s " B e 1556]1202] e de] e | w Fe Lo bt o] - -
15 - " - o | e 1600[1246] o | s e J e} o | e e e e | ] o w B

Note: Asterisked dimensions vary somewhat with driver,
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5 Put a short p

ipe here to remove the casing cover.

Dimensicns «mm

Type Mo ERE A 8 ¢ D E F G H 1 J Kk t MN R weiht
[kw)] Suc. Del, {kg)
DSY-2E 0.75 232 32 88 73 165 315 100 550 35 100 25 200 240 23 4 15 350, 45
DSY-4D 075 32 32 90 65 172 290 100 550 35 100 25 200 240 23 4 15 450 45 ¢
DSY-AF 1.6 4o 32 96 92 165 315 100 GOO 30 100 25 200 240 23 4 15 350 50

2.2 95 92 175 325 100 620 35 100 25 240 780 23 4 15 350 50

, DSY-5J 2.2 30 37 9 95 182 325 100 620 35 100 25 240 280 23 4 15 350 60

3.7 g4 05 197 340 100 850 30 100 25 560 300 23 4 15 380 80
DSY-10E 1.8 3 £0 98 75 165 295 100 600 30 100 25 200 740 234 15 350 60
DSY-10H 22 50 50 96 . 06 175 326 100 620 35 100 25 2a0 280 23 4 15 350 55
3.7 96 96 190 2340 100 650 30 100 25 260 300 23 4 15 350 55
. . 37 110 120 100 390 125 -700 - 28 --100 -25 200 340 23 4 15 370 80

(OSYAsL 56 . 0 50 110 120 210 410 125 700 28 100 55 300 340 23 4 18 370 80

T 7.5 710 120 210 410 150 750 28 100 26 300 340 23 4 156 370 80
Osvaoe 2.2 g5 g5 105 85 176 315 100 620 35 100 25 240 2780 23 4 15 350 376

; = 37 705 95 190 330 100 650 30 100 25 260 300 23 4 15 350 7%
OsY-40F 25 100 100 T18 105 202 420 126 700 28 100 25 300 340 23 4 15 370 125

7.5 - 118 105 202 420 150 750 28 100 25 300 340 23 4 15 370 125

DSY-304 13 65 65 20 190 249 445 175 860 35 100 - 25 -360 400 723 4+ 15 425 110
15 120 120 249 445 175 900 35 100 26 360 400 23 4 15 425 110

3.7 122 115 210 390 120 700 35 100 25 300 340 23 4 15 425 160

Dsy.6or 55 100 100 122 115 210 390 150 750 30 100 25 300 340 23 4 15 425 160
7.5 127 7115 210 390 150 780 35 100 25 300 340 23 4 15 425 160
.lkpgy_GOJ 1% 190 100 120 150 235 445 175 860 35 100 25 360 400 23 4 15 425 110
S 120 120 176 900 35 100 55 360 400 23 4 15 425 110 °

235

445
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EXPLANATION ON PERFORMANCE CHART

in selecting thz siz@ of a pump pattern, if the required specified point of Q-H falls just on the boundary line in the,
perfoimance chart, please select the small size of nominal bore of the pattern from the adjoining ones.

The numerals entered between diagonal dotted lines in the performance chart show the required capacity of the driver in
KW, The driver with this capacity will never be overloaded at any point on the Q-H curve developed by the pump at the

rated speed.

Ex. In case, the specified capacity, total head and speed are 30 m*/h, 15 m and 3,450 rpm, respecitivery,
Select 50 MS-B from between the adjoining patterns of 50MS-B and B5MS-F. capacity of driver, 3.7 KW,

Id

The pump can be sapplied, if required, with automatic priming equipment including its necessary accessories such as sealing
water tank, non-raturn valve, float valve and piping.

The feature of this avtomatic priming system is as follws:-
The primer is driven from the main pump shaft through combination coupling and friction pulley. The engagement and

disengagerment of the pulley are controlled automatically by means of a mechanism which is subjected 1O the discharge
pressure developed by the main pump.

The primer ceases operation automatically onthe acco-
mplishment of the priming of the main pump and remains
idle during the main pump is in service.

If the air breaks into the main pump for some reason
resulting in going down of the discharge pressure develop
ed by the main pump, the primer begins to work auto
matically and the cycle recommences.
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e T R : B V. T " In selecting the size of pump patiern, if the required
. L) specified point of O-H falls just on the boundary lines in the
performance chart, please select the srnatler size of the
nominal bore of the pattern from the adjoining ones.
Dotted and chain lines show the limit of the required motor
: output, and additionally the tendency of the characteristic
A 1 For remavl s O-H curves of the pump. If the specified point of Q-H falls on
N moter” § . one of these lines, the numeral entered (in kw} just below that
i

Further, the applicable impellers will be different depending

upon the variation in combination of required Q and H, such

% caging cover as 2 or 3 points are specified for instance. Accordingly, the

characteristic curves will become different as shown in dotted
M or chain lines in the figures.

: .\ line shall be taken as the rated motor output.
P For temmoval of

¥

W

WOMINAL . WEIGHT {kg)
MOTOR none Ou‘fﬁENsmNﬁ fenrml | _pume
KW -pm 15UC. DEL.: A |B|C EfFIGIH |J]|K Lisltp|lalris TV nxd| Wi X CASING | CASING
126-2VCS-A |11 ~ 25 125 | 125 5381370, 320[320]180(180 11171340]190j2801630 31512551470[220120{650 6x231140{870 502 7 612
150-2VCS-A 18.5~50 150 | 150 |596[366 350]300}220)230[1109 o o Tt IR T S S T D K e 705 720
200-2vCSs-A | 30 ~ 0| s00 [ 200 j 200 &aslaiz] " 370 " 720111901|400[205 340[740|370{310]560 70|3a1780/6x27] 1620 762 ‘_772
S502VCS-A | 55125 1 2 730[465/400(430 Sa5l2a5[1298( | ” N A I T 1 it o720 902 any
e s Too1An ;250 | 259 [950[a88] " | = [1364|450]350/440]840[420[410[630]355] ” 930 Gx27|176/850 | 965 975




Total Manomelric Hexd tmi r.

® == <<kl / \L EXPLANATION ON _
) - I ~ b 3 e e ' PERFORMANCE CHART
e ™~ iff\ \\«-.. A 1255633325 ‘ﬂ: ié%a‘?c";’_‘a._.‘f: ﬁfm\m‘é‘g
© [ e S ~ N \\\ s f: ﬁ" : AL In selecting the size of a pump
" e~ N \‘;&s.iz ™~ 0 3\\ o \Q pattern, if the required specified
“—"_"‘-\\ \3/2‘:\"“- NSk Y~ \\\ \>/ point of Q-H falls just on the
I D] LSRR - = = - \"‘-" \q\ boundary line in the performance
NG \\ ~O gk NN N \ chart, please select the smaller size
25 : = S A it of the nominal bore of the pattern
~~ AN no] o~ SN SN N from the adjoining ones
165 19 M R 1800 rpm ™\ 1830 1pmt ~, 1800 rpm. N .
20 192w Cs-8 125V¢S-A N | [1SOVCS-A 200VCS-AN “The numerals entered between di-
T~ - 83 \\ T \}\ ‘5\\ ~ ;\ \ agonal dotted lines, show the requi-
T~ i >/ ZE RN / ™S YN \)/ red capacity of the driver in Kw.
w27 ™ \, noN ~ 1N The driver with this capacity will
N / ? 15 \\ : *i never be overloaded at any point on
Y i 5] > e wm “150 750 5300 350 the Q-H curve developed by the

pumgp at the rated speed.

Ex. incase, the specified capacity, total head and speed are 126m? /h, 30m and 1,750 rpm respectively,

Sefect <25 VS-A from the adjoining patterns of 125 VCS-A, 1256 VCS-E and 150 VCS-A.
Capacity of the driver, 18.5 KW

| AT T T
— T For removal

w of motor
‘::-
r“_—‘.>,§
F
“ah
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H 7 ]
\
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K L
I|\ M‘“"_J \\‘
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l 9| 2
[~
US| SUREY
votor | NOMINAL _ DIMENSIONS {mm] | WEIGHT (kg)
Type BORE PUMP
- . FC BC
Kw r,.mSJCDELABCEFGHJKLMPQRSTUnxdWXCASiNGCASING
joovese | 3.7-11 00 | 100 3571270/250/520180]180| 7901280{150[260[510]265/23514203 - 130} - Bx23[110330| 218 218
00 Ves.E | 11~22 +571290|280/260[2161z10 850] ~ [~ {1}~ 1) 1o 3L = | [4D0] 228 248
125 VCS.A | 7.5-188 125 | 125 =7alz70l25022007000200] 7e7 |~ ([~ 4 i b 17 A L "] |340| 248 251
125 VCSE (185381 1ocn S04|200/260260730(2304 8eo) ~ |~ |~ 1“4 vl “ 1 1- =T ] © |140[a20| =268 275
1B0VCSA | 11251} 1gg | 150 256130613 102700210[210] 9011340 190{28016301315[255|4701 > 1~ |-  1i10[360] 361 371
150 VCSB | 30-45 192373(za0Bookzok2ahost) 1 by R LT L =1~ hao|soe] 417 427
200 VCS-A ] 15~33 200 | 200 266l326[3z0280R30pz0 | 983~ [ [ " 4 » | ™ | | - 1220 TTesel ¢ |~ |aB0| 422 427
200 vCSB | 37-63 asslazsissopoo| © | - pozz[ < [~ Lo ln b ]yt (T o I e O E5 T T a7z
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Téchniéal data

Type

T; Sp 120-N°

S 155-MH°°

5P 204

SP 304"

‘Capacity [m3h)

‘ 1250

1650

2100

2800

Max. allowable
delivery head {m]
Molor power {kw]

H=40m
H=50m

1 Number ol pisten sirokzs/min
Cylinder bore in rem

Suction
Discharge

40

300
45

3/4”

0.25

40

0.25

300
45

34"

40

0.37

390
45

347

220

114

+ wilh 3-phase, 1-0hase Of DC-motor

* wilth 3-phase cr 1-phase motor
with 3-phase moior

Product range

Pumptype

vessel size (Her)

lhorizonial

| vadical

- vestical

hycrophore group
SP 120-N '
SP 155-N

'SP 204

52 304

assembly kil

SP 120-N

SP 155-N

SP 204

SP 304

75" - 200~
200
200 ..
200

200
200
200
200

- siandard vesse! with automaticaily air.cusion supply

Dimensions

i Hydrophcre group

Hyi riojcle e t
e Vaoae 751 | 630 9548227350130 1,25 12

‘:5131204\' 2001 A i e
135 thaw 00 Lezo 8o - 11a0] sob | a0 | 395 | 60 l:a-s:; L 1008 ! 30

n"n:ti. 1
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387t 561
Azl eig 3
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] 11755
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Desian Features ,

suitablie for media vaich do nol contain salids a
have the feast some minimal lubiicily and ase 42 -
chemicaily compatible.

in standard design SF pump models lhe sense of
rotation is clockwise, Il ¢an be changed, howaver,
simply uening the ened cover plale by 00, cven
sulsequently, Al The same lime, the direclion ol
detivery B will be chinged.

Geat puinps of the SF series are padiculaddy \

The covar gnd pHate may ba replaced by o
pressuiy relial valve.

Provided The Row cross-sacton is nge enougly,
such valvas rmay be used as salely valves o
shori-limne circulation of the enitire throughpot
within e pump.

Kounting flange and shalt and are desined 1o
allow, in addition Lo direst aliaclmant of pumns,
many assembly varianis in sysiem of Giaun
conliguration.

Optiraum ges loolh loming and eegro2men
yeilh minimues shape foenees of picioos aned
goarehenis casure exlremely quisl running,

Thanks lo iz use ol geanvheels vath teotve

leelt, delivesy flow pulsalion is greatly reducaed, =
signilicant cenlribulion lo noise abalemend.

The shali jcuenals run in composile boaning
bushes {Tellan-coaled and sleel-backed
lead-bronze Beadngs) will cndure heavy
continuous duly and gquaianice long sorvics e

Yo take up radial and axial forces pumps ol 2
ires can be supplied with an anliffction heatie:
af the dirana engh

The standasd pump models are designad tor
solational sn2eds of max. 3,000 mm al a fwessy
ol 25 bai. The maxinwn petmissible rolatipeal
speed depends on [he viscosily of lubrichy of 1
pumped madium. A

tn addilion ta the standard-design pump
madels o yreal varinly of special-desian
pumps can hemade availabie,

DaumrIT ol

I I

LR VIR N AR AR S IR Y AR S-S E-Ta LR B

rabyre g bee 1T

R R LN O
LR Nk E
hegump L7177
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POMPA-POME A

—‘ femp
capacily feessuie pin bar olational spoed n = 1450 rpmy - isplace
Powet i ment
rating 2 4 3 8 1 12 14 16 o'
fte/rnin 11 102 197 05 ¢ 105 104 102 160 7
W 1,15 15 1.5 23 . 2hH 39 33 36| 4 o0
[ 15 22 3 k] [ 4 [ 55 5
lefmin 156 [187 150 143 146 144 142 REEEER 1zt
] TAt \ 1§ 2 29 35 <0 3 501 601 13| 168
53] 22| N3 3 4 55 535 55 S -
We/min 53 151 183 186 164 101 179 174 ] 160
TR T4 75 332 ) (3 54 6.0 51 BE1T 192 s
RN 2.2 3 4 55 55 1.5 15 1 1) 15
ie/min 261 255 255 253 250 218 245 242 235 2300 .
HRYY 22 22 Ik 52 5.2 T2 3 532 1.2 37 182
i 3 4 5.5 15 75 il i 15 15 65
Teefmin 357 352 3 348 346 343 34g 138 332 324
R L S G4 7.4 0.3 0.2 10 27 15.4 67| 250
[z 55] .15 73 ik 1t i5 15 i5 I N
liedrain a5 a3 478 423 416 413 406 401 i i
TR 10 57 74 5 0.7 2.4 N A Y 104
iw 55 5 i T 15 S ST T Y
Tiefmin 522 515 50 503 05| - 408 481 a7: 159
T [ k| &0 108 28| 148 i 4 V0.4 225 364
v 15 Tl it 15 ] [ 1151 i85 EE 0
Tietmins 619 cii €02 591 506 280 578 56l
HRW 58 B.1 X 2.8 5.0 11.5 194 ) T we
501 75 T 15 15185 22 30 E0 A
Tteimin 715 TCA 534 577 661 657 B47 5]
o Tuew B6| 545 121 14.3 7.6 204 26| 254 N
W i i 18 105 22 30 i SR L i
it/ min 835 3¢5 183 200 785 0 T
o | i 68 AR B 205 738 : Lol
I Y i 5 13.5 72 3 30 i -~
Hrfmin 565 355 535 530 915 ) t
o | T B3| _£5|. 162| 18B( 235| 2l | ) w55
i - il t5 z? 34 10 37 |
ieFmin 1075 105%] 3| 16151 995 EHY
o |1 98 740 1332 720 264 3085 R )
Ty T Tis | ES 22 3. 37 7 D S T
figmnin T35 fzan|  tein] 4190 1670
o |[TIRE [0 154 HE 260 30.6 i R 5Is
[ i5 22 30 a7 37
Wetensin 440 “E20 1404 §330 1360
0 | T 132 137 2432 257 35.2 ) 1600
[ [ 32 39 7 45

- sounterclackawise rotation o los cloc

P e -
e LfernT

N, - Gy T
lesign reaiurses

Gead pumps of Ihe TF series arc suitablie 10 pur
ail media having al least some minimal Tubsic®
but nol conlaining solids.
The sense of rotalion in TF puinp models is
narmally clockwise, a5 seen hram the punp shal
The puimps can be supplie! upon request wilh
lowize and
counter clorbedne rolalinon wilh allematie
duncting ol daheery fiov,

for unchanging dativery flow dirgction wit!
allornating songg of wolakion pUMPS Wk resene
valves can ha mads avaitable,

The nominal bores of sudion and pressure por
amny dinaicned o hat with she stanand
canher of feenbitiong per angle oif spasds of
approe. 15 misee will be allained.

Al purspr can be supplied sponial order with
pressure tefich walve within the pump body. Cwin
lo targe enough flow cross-sections, such valves
are suilable a5 salely valves wilh enly ziail
prezssuee 1ise for shorldime cuculation «! the
enlire throucgput within the pump.

The pumns oparale in any sagular poziion
belemen mator diive om the lop 2ad bom bate
Base mounting or flange mounting alice, in
addilion ta direct aliachment of the pesns 1§
assembly vasranls is syslem of grou configu-
rations.

To lake up radial and axial iorces the pumps €3
Lo supphed with aa anliliclion bearing o (he
driving end.

Tha standard pump madels arc designed for
ialional spoads ol max, 2,000 rpm &t a pressy
o 25 bar. Tha maximum permissible retational
specd dopends on the viscosity o lubricity of th
pumped modiuin. In case of poor lubsicity ol you
pumping mediom please conlact (ur criginganr
departmant.

in nddilional to our ling ¢f slandard pump
madels a great variely of special-dasign
pumps can be made available. -
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. General, |
e . . Lo

- .i\r_‘f.a!su:u'vr:iug arrungement

*Each'sh ) is lo b2 provided with @ manacu-
: 'EZ_';.:angcm:r{f swhich’ will ‘guarantee sulficient
manceuveing capability.

% F The wanccuvring arrangement includes all
p.ms [font the cudder und sicering pear to Ui steenng
position nigcessary for steedng the shig.

473 7 Rudéer stock, rudder coupling, rudder bear-
ings aed the rusidar body arc dzait with in this Scction.
The sleering §eas i5 10 comply with Volune "I,

Scction 14, »

14 The steering gear compartment shalt be
" readily azcessitle and, as far as practicable, separated
.. from the machinery spact. (Sec also Chapter 111, Reg.

2913 6f SOLAS 74.)

CGuidance

Concering the use of non-magnetic material in the
Jrprgad s ] - : y
whee! house in way of @ magneric fonpass, the re-

guircwents o the narienal Admuaistraticn cot-
cerned ore to be observed,

1.3 For icc-strengthening sec Scction 15,
2 Structueal details
i

. Effective means are to be providad for sup
partizg the weight of the ruddar body without cx-
cessive bearieg pressure, €.8, by 2 sudder carricr
stiached 1o the uppsr pact of the mdder stock. The
hu}l struckure iu way of the rudder carrier is 1o be
sutably strengthenced,

)

e

Suhtable arrangements arc (o be provided 10
prevent the rudder from lifting.
IR dor o b carried thro
; v The nudder stock is to b carried throngh the
wil cither enclosed in a watertight tunk, or glands

Scetien 14 - B'x!d:‘r and _h..‘.::‘:«:\:-.*sin;‘ Arraovonen [

Section 1

cee s Wadder and Knnacurring Avrasrment

N

ar= (0 he fited above the deepett luan waterline, to

prevent weler (rom cntering the Sieenng gear com-
parment. w0 the lubricant (vom beans washzd away

{rom the rudder carrine. 1f the top ot the rudfer inmk
is Delow Lhe deepest waleriing Twd separate stuitug
boxes arc 1o be provided,

2. Size of rudder aren
I areer te achicve suflicientmangauvaig capabiiuy
Use size of the mavabls rudder area A is reccnomended

1o be not less than obtained from the {ollowing
formuia

[m?)

[actor lor the ship type:

i

10 ingencrai

= 09 for bulk carriers and tanrkers having
displacement of more than 30.006 ior

= 1.7 forwys and trawlers

¢, = factor for the rudder ype.
= 1.0 mgeneal
= 0.0 lor semi-spade nudders
= 0.8 for double rudders {per ruddler)
= 0.7 forhigh lift rudders
¢y = f[lactor for the rudder profile:
= 1.0 for NAaCA-prafiles and plaie radder
= 0.8 lor hotlow profiles
cy 7 Caetor Tor the risdder arrzepngs

u

1.0 for rudders i the propellen et

1.5 Tor rudders outside ihe propeller Jut

. v spes ar . r
For semi-spade rudder 30% ¢! ths projecizd areat
the rudder horn may e ingluded 1010 ihe rudder A

A



e

_,..__._...-__..—_.,__.__.
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c fo: .mnn? formula

'vz'h ‘ r3 LL RIS

‘imon :

: hoffi' ﬂ‘IC"ﬂ m.pr‘ndmg 0'1 Lh:, aspc,ct ralio A

"‘f3 whe ‘c A nccc. n:)t be ml\cn eralcr
s SR

: goslfrcient, depeading on the type of ihc
ndder and ths rudder profils accerdin

(‘.::pc.nc‘.ia;‘; on tha lecation of the

0.4 for ‘T\_dbf_.' outmdc _hu propeiier y,l
1,15 fo: rudders alt of :l:c aropeiler nazzle

1,0 clsewhers, including also rudders within

“the nmncll«,. et

= cocfficient dopending on the thrust coelfi-

cieat ¢

v = P0normady

1n speciad cuscy for shiust cosf(iicients ¢ > 1.0 de-
o lerminalon of ¥, according to the FnHm‘.:ng formula
“nay be requiicad:

. = ¢ (e
! C,ic 7 .0 \

tronlc/ %2 ]

tvpa of rudilee

NACA-OD serwes

E".'JH{)'\\ ;‘i\\f-'l,;‘f;

| |
il LR
10 DE SpLniniY
paretedopesl
-nf"l i rudders 17 ("_U“"“"“[‘“‘
1 not knewn:
'. 17

following femaii:.

i

QP. = Cg("- ‘ll\-’n‘l]
c= oefe-ky) )

ad
L

JE——————

Scctioun 14 M Rquiv and M Mancy:uvrmc! ;‘\rr:\ngcrncnl L

¢« = ©,33 forahead condition

o = 0,606 for asiem cond.lt on (general)

e = 315 fc' '\sb‘rn condmon (ho‘.!ow proﬁ cf)

Tocpatscia n'ddcr b\,‘md 2 ‘i\cd o ruaun: _.ucn as
2 rudaer hom,

O,?.S {or ahcad coudition -

I\

o 0,55 for asicm condition.

For high lift rudders e is o b eprcnlly considerad. 1
not Kaown, « = 0.4 roay be used for the ahead condi-

lion

LS balance factcr as follows:

Ry, = AdA

ky, = 0,08 fer unbalanced rudders

i = G {m] for ahcad cordiuon.

i nudder ferce and torqn for vudder
Hiades with cut-ouls \sr‘r:‘.i spade rudders)

21 The total rudier Toree Oy is to be ealeutated

according to 1.1 The DICSSATE listribution over the
cudder arca, unon wiich the determination ol judder
torque and rudder biacs strength is (o be bas:d, e

Le derived as foflows:

Tha rucder arca may oo Gividad nlo two rect anelie
or prarcsoudal pants with areas Ay and A fsec Fre

el

PRI achpriiamay b bl s

- LY
d - Yo
Loy { 1" —jﬂﬂ (IR
N
A
Do
. TR [
P
> FRTT i Lorteti e el p
'}::: '..;_:'l.{s '
" <) (i_-‘:i."!\, i;.!
(i vy (10 = by a0 {11}
' - -
a3 DR
L = AN
S hogyliiia
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Secton L

e e
S
» materizls
. Far maienals Jor mudder stezh | pizties, cou-
s 1ns holls clc. sce Rules for Matenial Vo'ume V
g '_ nf malerial regurrsmenis are (o he 01 served for
i
8 1
o notaticns B85 md ES4 as well i for the arelie
m,muon:\ Arcl-Arcd,
P In peecral slerials having o nunimue

— N P A okt e e v

‘\minni unper yiele pomt R of Tess than 200

and a nuninem tensile streagh of fess than
2

cr more than Q00 N/mua shall not be

gy
nu Mimm?*

. ueed for rudder stosis, pinles, keys and bols, The

poquisCInents of this Szctizn arg based on a miicrial’s

: ,mmnusm nominal Laper vield pomt R, of 253

\’mm If material 13 used having a R el diftering
from 233 N/nvn?, the material factor k.13 o be
determined as follows

.

235 0,75

ra “ P v
L= = for R ;4™ 233 Ninw®
¢ R el

“eld

233 y. 3
R for Rjy <233 Nl

R,

cid
ﬁ"” = minimum namins! oupper wvield ponn of

. B . - . =
matenigt used I N ume] R s not 1o be
taken greater €1z 0.7 - R or 430 N/mm?,
tess. R, = tensile strength of
the matzrial vsed.

whichever 5

<3 Belore srgait zani reductions in rudder siock:

dizmetel due (o the applicaion of steels with K T
exceeding 235 Mimm? arc granted, e Scawey niay
tegiire the cveluation ol the ciastic rudder stock
deNecticus, Large delteciions shonid Le sroided in
arder (o ;.v'*u_ SNCCS3ive edge prossurss in wav of
bcwq.“_s

14 The permissvle streses given in £.1. ars
‘p[“icablc for ordinzry huli structural steel When
meher wensile seeis are uszd, highes saluss mav be

vsed which will be frxed i cach individoul cuse.

. Deftritions

Cy =+ mudder forec in 1N}

Cp = rucdes torgue in [Mas)
A =

. . 3
total mgvabis arca o the midder in (07

For nezzle rudders, A is not to be Lakien less
than 135 tmes the arojected aren of ths

A

1

Ag

2y

A

inuddes and Muacea g Acranecment

. . “
A4 arca of a rudder horn, il any, in {07

portion of rudder area located aliead of the
rudder stock axis in [m?]

mean height of rudder area in (]

mean breadih o rudder area in (] (s g

15.1)

. —
/ Ay
7.
‘jl nten
—— X)L
.‘:! N
c= - el b oe—
Z c
FIZ‘ i1l ]

aspeet ratio of rudder arca A,
2
YA,

ahcad speed of ship in [kn] as defincd
Scction 1, HLA. i this speed 15 tess than 10
ko, v 1z 10 e tidien as

= i\u 4 2(:’:]"3 {'&II;

astern speea of ship an Thn: f ihe watzm
speed v, <04 - v or 6 ki, whizhever is lags,
deicrmination of widder foree and torgue for
astern condilion is nat required. For greater
astern speads spreial evaluation of rudder
forcz and tarque asa function of the rudder
angic may be veqraired. 1 no Iimitations for
the rudder angle at astem condiion iz <tpne
fated, e Tactor =, 3

than given in Ta

1aKZH 105,
Y4 1 for astern cond.iicn.

Sezction 2, 13,

nol 10 oo

maleciat facior accordm TiQ

Ruddar rorec and Torque

Audder force and tarque for narmal rud-
ders



Section 14 - Rudder and W anceuvring Arrangemeny

i3 R4
= Az"’l

= mcan heiplts of the partial rudder arcas
A, and A. (szc Fig. 14.2).

WD e e L A LA MR Y e

The otal rudder tergus is o be deiermined
ccordmg :o the following Jormrufac;

}ER = Qg+ Qry N ‘or

Uﬂ""‘—wﬂm’h&wlm\-ﬂ e ]

. o N P

¥ ern Cfl Ft 2mis :'J”‘!‘
{ 2.1
o = 22 C0A P A )

A
i i for ahead coneition
3 r
fine greater valuce is to b 13 ken, -

Seantlings of the Rudder Stock

RQwdder stock duamecler

T s vn e TR R TR AR AL

! The diameter of e rudber siock for tranamis -
ag the lo.qmu al moament i it o L less thin
E X
} o= PN .
Y 47z VIQK k, {mm]
%mhihMBlL'l’
-
e related ysonal shioss is
:
- _ 03 , .
oo [N/
° £
?:1 A4
':1‘ .
\

rrE
—

T

The diameter of tae rudder stock detsrmined
‘0 "ding 1¢ 1.1 is decisive for the cleering gear, the
Ppufs 2nd the locking Zevice,

L

In 2ase of machanical sleering gear tae dia-
1
f0 o the rudder stock in its unner part which is
\.
) i '"1(‘41"-',‘ far transmission of the torsions! mo-
N
fr
)

LA BTt

‘c

1,

ment [rom the auxiliary steering gear may be 0.9 0
The iength of the cdge of the quadrangle for the
auxiliary tller must not be less than 0,77 D and the
hicight rot tess than 0,8 Dy,

1.4 The rudder stock is lo be sccured against

~axial stiding. The degree of the permissible axial

clearanze depends on (he construction of Lthe steering
engire and on the bearing,

'

Strengthening of rudder stock

21 [ the mudder is so arranged that additional
bending stresses occur in the rudder stock, the stock
diametar has to be suitably increased. The increased
diamater is, where applieable, decisive for the
scanthings of the coupling,

cor thz wereasea rudder stock dinmcter the equivaizag
stress of Bending snd torsion is not 1o exceed the
fotlowiny value:

e A= 2,27 L ginn. N ey 2
o, yop 3 2 Biaf, - [N/
Bending stress:
1G.2- M, . 5.
i L {N/mm-
2
-1
My o= bending moment 2t the neck bearing in [Nl
Torsional siress:
Sy-0) ,
Ca® A D" (Nfmme]
Ds
1
D= wccawdiedder stoch fameter i fun]

The morcased nndder stk dovietor man Se detee-
nungd by s fellowdng formela:

H T
! fM
ST U R

C 7}\:,.!
1 R
( o et B
i il

Guidanze
Bherea doublepision stecring pecr iy fined, cddi-
tiemal bending momenis maihe transmitied from the

stezring srear {via the rudder stock, These additicnal

Eonding woments are 1o he token info account for

dete Hne the cudder srocl dicineter,



Dl EHu. 4

A combinminn als -t cialve vihout
J_ul_n;';' meclianiam ol a shot-oI1 valve ey b
At . . - . e .
' aized 1s counalent W the Suciviys ip revin,

pipe connceiions

Ta prevent e pe cirazion of batisy aad
comtier
RUPTTIES of reverne- v SroleTin e e Loonned m
Py et :

e Trilge CUIIUCHIAES, Gite ol il s b he s screws

ato the ship traugh ihe bilpe system, nwo

1
Jown o= elurn vl

e ol sush neuns 6f pratectivic 15 10 B fmted 1
each suction .

(2 For bilge cuntectione aalside nulinery
1.0.2 g -

gpaces, d contbinztion o won-return valve withea
t-off and o reimuie-vanttolied shut-ofUvalve may

he recognized s cuivalent.

163 Thedirect bilge stuction ind the ciernteniy

injection need only have one means of ceversz-fluw
aratection as speciticd in bALL

i.6.4 Where & direel seawater contection 15
arraniged for atached bilgs pumips 1 protect them
qeainst running dry, e bilee scetion are also to be
ﬁvﬂcd witlh (w0 serew-danwi nor-relien vilves.

16,5 The discharge Jnes of wily water sepaniors
are to be fitted with o son-retur vatlve at tie ship's

side.
b Caleulation of pipe dinmeters
24 ‘I'he caleatated values according to formulac

(4) 10 (6) arc 0 be rounded up to the next higner
nominat diameter. )

ERS Dry cargo and passrnget shiips

i) main bilge pipes

d, = 1,68+ (B 53 e Lov 25 [aum] (1)
L} branch Lifpe pipes 7

G, = 2,05 + (B ¢ H) <1« 25 (o) (5)
where

dy {mm] calcuinied inskic diameter of i

ailpe pine

d, R calculated  inside dimneier of
’ branch biige pipe
L [ iengid oy shiin e lween

: .‘ucrpcmlic;:‘.:sr;:
4

B e L

ot o M g e

13 find moebied boendth o ship
I [in] degale ot sl o the bulkhead aeck
/ [in] Jength ol ke W ateaigh

coinparinuni
2.3 Tankers

e diamoter ol the s Brive e Besuna

Joucs ol tekers and bk carnaiot cpriwrs s e

s e foniulc

dl} SRV I .\»{_13 Py - 35 tneed v
e
i ai ool lepgiiv ol s pulveen

cotTerduan vr pump-reem bulzbead

and wieis tube butlhend

Orher terms as i formubas (1) and i5)

[francl bilge pioes are o be dimensioned 10
accordance witl 2.2 b Tor bilge instaliations for
spaces in the cargo ares of tankers and bulk

curgofoll carriers see Section T3
2o Minimum dinmeier

Ulue inzide dinmeter of main and branch bilue pipes
i¢ pal 1o be less than S0 nvn. For ships wndur 2im
lengih, the dizmeter miy be reduced to 40 mm.

-

.5 Alaxiunm dinmeer

The diameter of the main bilge line calenduted

according o 2.2 a) need not exceed WD 200
2.0 Deviatans

Where i individual cascs formula (5) requlLs &
preater bitae pipe diameier than that determing by
Jormule {4). a greaer pipe daaneter than that

aecording to formuda (1) 1S not necessany.

3. Bilge puiaps
3.1 Cuapucity of biige pumps

[Zach bilge pums st be capehic of delivering

where:

Q Tmiih} o minimum IHTTN
dy tmm]  caleuluted fnside dimaier ol mais

bilye pipe
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Section 6 - Fropetic!
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- — o et

Sectian 6

Propuliers

&~ Genstit : 2. atuteviaks Tor blade cotatning-loity
L. Scepe Jniess srotected apitinat cantaet iy sewater e

Blade-relainng Bolts of ageemidail uf erantrotiins
pich propetie:s eust hikewize 02 ceadde of e
which are resistant 10 goawater.

‘These ules apgly © cerew-nropeitess atd vane
wheels, Wiere 2 Jesign 18 ;woposui (o which the
(cliowing Rinds rannol be applied. special strengh
caleuistiors afs ¥ be submiticd to the Geciety. The

. - rhriate - -1 .
(ests to be carrisd outin cach casc are 10 bE agresd 3. “dld waterials
: oo e Secicty. P o englnng _ . ,
i w;tl. ihe Scoicly. .191’ tht._?u'n._nsmn: and ;.\...U.u'.'..s ' Vhate W 18 proposed Lo use aropelier paleriats
! '.z.wpropcikcrs [ar ships withi et classes, sec Sechon whost cspoiceability 18 1101 st by @ LulTicient
: - period af pr:u;i'u::t\ Cxnericnee e Suatuty e e
\ 2, Docwreuts ¢ anprovil pravided \-..filh speeial proal of W bty ol
: cuch inateriuts.
! Desigi Crawmiigs of propelers and vare wheels as
1 well as he position of the vane wheet on the stip . .
B o W AN B | 4. waterial testng
! s-¢ (o ba submited 10 he Socicty in triphcale {or
‘ . 97*?11"-:-33'-;-'3'-1 The drawings a:¢ required Lo contait The material of propellers, vane wheels anet blade-
atl fe aelaits acecssary 10 YErily complinnce with retining totts of el §s to b wsted i accnsdance
\ ‘e following Rules witls the Socicty's autes for Mawdnls.

_ C. Dinseasions and design of propelicys
B. Materials 1. Symbols and terms
1 P - - 1Al o . . -
- Approved materites A (nm?] Llfective ared o a shrini it
Y] . Shee e A re . ele . .
Propeliers :\fzd vane wheels are (¢ pe mads of » fanin] Developed plade  width €
cemwaler-resistant cast copper alloys of cast steel cylindr'-.c:; sections b vl
alloys wilt 2 minimuem iensile qrength of 440 2pp G2 R, 035 R ad 0.6 1
Nfmee?, of. Rules ‘or Materinls. For die purmpose af : T T e
e [5ifowing design Rules woverning the (hickness ¢ (] Coclfieientiot wapua o
of thic nropeiler blades, the ccquisite resistance Lo =1 0

scawater of  cast coppe 2ilay o cast steel alloy is
considered 10 be achicved if the alioy uscd can b {or cnuine and rbine
proved 2 withstend 2 fanipue est). under? (Fansmissions
Alieraating bendug SLESSEs comprising 10* load
_cycles smounting 1o 2boul 20 % of the jinimum =12
rens e steagth and carried -out in 2 3 % NaCl
solution. and if it can pe proved that the fatigue
strangth under alternating Hepding  SUICSSES in

for diredt diives

" na: < r ‘ . - Sire D T pcegisiends
aamural seawater is not less han abeut 65 % of he Co tl ‘}“"" "C“’,‘) R
values sstablished in 3 o, NaCl sotution . criata (2)
) : _ Coypn (] Dynamic (xclor in accomd
with formula %))
7._.._._.——'——-—-———»-..__-__,,__.———"‘___ —
< . . -
" - C. - Characternistic valuc
K Suliwicns {2tguc strengdy urdef Crasming bereling siresics DfOpCl'lC‘.l' IP.;\lL:fi:\'l a5 sho
rup e pfuvcd by a mediod recugmized by e Society. Sec¢ Table 6.1 (cor"tsp{‘n‘nd::
also Section 1-.2. el the Sesiety’” -pegulatians for e A el SrCnL
Nergpiation. of Dynamic  Stresses o Tropelicss - ) minimain tenstie strent,

Decemtrer 1974, “ ol the propeliet material



JE———

e

s “
T . Secti .
| _ ___Section 6 - Propelles __ 6.2
{ tvis has been shown (0 posscss lota) biade width at 0.9 R fer
~efficient  faligue strength propeliers with heavily raked
pader  alternating bending . Wades.
sicesses in accordance wilh
7 b - T3 - P -
p..rag.aplLi B.1.) fable 6.1 Chiaracleristic values C.
. : ——
e (-1 Conicily of shaft ends ‘— : —_— 1
L Material Deseription ) C. i
- T I TR A LRI T £ i e e—
- differonse i ARed ARNICLE | |
e SIIRY ) :
icngth of 1apet \ Cu | Cagt Mangancse deass | 4a0 1
“ b 1
-1 w.hals olr i] - - S . :
d (e} Bolt-hale gircle diameter of Cu?2  ]Castmanganest nicket hrass \ L4C
Wade cr cooclicr-fastenin
t
bolis { L Cu3 Cast mickel aluminium brmzc\ 59)
¢y i) oot diameier of ilade or pro \ Cu 4 Cast mangancse saminiura b 650
pc‘,\.cr-f:xslcning bolts \ |bronze N l
___-‘,______,__p—-———ﬁ_..,_d__.,——«-———-_. —
D Gl Yiameicr of propeller \ Fe \Ur‘.il”{\)’Cd east stecl 1, 180 \
=2 R \ el {ow-alloy cast stest 280 \
P - A -t 1 ‘ l .- .
Qo (mm) Mean per diameles T'e 3 l.h-tnnan:-.(-.c cast chroine stezl ! U
A i19/1-
o {1y xlade rake (o aft 113/1-6 . \ \
b Peolet- -T2 -.anc e d Mnr'.cns'zlic-auslcn'n%c cast L goo |
sieet 1774 (I
[k - Thrugt stimuiniing oy 1 - ) . l \
’ : ; .1 Pernieeausiemiie casosiect P
Jecordance with fonmula (5) re S ")i}:" TG R IL et - GO
2478 \
14,05 [-;  Tacloss in Termulae {73 {3} () 3 N . o \ i
EARE T . 3 sleniic & o RE-T ¥
and 1) ‘ ¢ 6O \1 ualenitic easl sicc 134343 | S|
b s et 2 -—-—-4----~--~-——-———-1——-—--.--——-——*———~ PRI B |
. Vs : . . . U apy
Fy e fiele load e l(;rc;.' cast iron i Al 2
| S A L = U AP Rty SRR et
1 [Hn%ﬁ, I fO;'rCllL[“l)‘.'ﬁ.dL E—\Ct "—”LC:" al l) fior the cisenmical conpoLHON ol the alivys, s8¢ she l
ral 0.25 I, 0.35 Roang 0.6 Sucicry’s hules for Matcrials and Repulations [r vhec
(3 i Arsessment o Repair of Delecis an Propelisrs.
1, el dean elicotive prapelic? aich
an biade fee fas preh varying i ERAEEE Pellonp fmagih when pwinntag
with the radnis G tler it
e YRR "o , o
R M oo nn i sl lonmhoatt o8 L.
MUSHD R i P
) . . - [ i‘:;m;)tf:m:s:-:u‘.:n'_:% pritoat
w which 1, B anu 1 arc o be e : . . e mam
S ) predl-up dengis AL BRI
suelbstituted by values -
corresponding 19 the pieh at 7 [ Prepehs peed wrevinue
(h¢ various Fadin ) N
: P R SCRET
: (-t degscet of advanis
I3 it Coeffigiont s st s bl e e ey
shianes B me i Wil
Table 6 2 )
. () Vloree L
LK 1l Zoefficren calzutatzd By Grami
* applying formuba (6) whets ) . ) , ‘ ‘ .
use 18 made of proiile ghapes 5 o UMISI\-; ol - sacty g
. - v i A [ [ H (L a
- other tin those GIvED in Table !; U'. oy slipping M0 per
"‘ 6.1 . Y]
) : Tcicit : Gl Masimom i i dnckness
K o7 ) Threst coelicient L Paimem DIEOC hickness
feveboped (‘)"u'!:'l-’:.’a\ Sl
- ~- J¥ ] FRE R
1 foum] 213 of W leading-sdae s s 025 R, ¢ s mand!
ot VAot sty I
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£
‘:.::J : A N A 1...‘;.-..«1-.- ;l;.w.n.,»
. ! Ao gmew,=n b sermms
i
!
!
Fig. 6.1 Blade seetions
T. frlm)  bmpact moment . i Factor [or the seciion moduius
y of  deveioped  cviindrcal
IR ~ = r o . . - .
v, kn’ Speed ofship section about biade pitch fie
W { Vake (acior [lOI' biade . [EI‘OI.llLZS in
. ) accordance with Tuble 6.2
W, EITE Ay Actual [zee modulus of devei- . .
oped  cylindrical section i, (-} Faclor far the section modt'z':'.l:;
referred o face blade pieh of .L‘C"U“"Pcd C)"'i”di"F“‘
S . profies about blade pitch line section about i_:]::dc 1;_uch [RERS
o ) for blade profiles othur (han
i Z . Lolal number of boks used 10 those in Table 6.2
' retain ome blade or propelier )
. ‘ £ ] Angle inciudud LY face
¢ : -+ Dumber of blades generatix and norsal
— -.__—;
PH deoar e I - . .
Pitch angle of profile at radu 0 (1 ialf-conicity of slialt cnds
0251035 Rand D.6R | '. :
= C/f2 ;
127 -1
= " H e —— —————— ~ R . . . oo -
Wpay © A1C 10 5 ‘ i, {1 Cocilicient of static {viction
y 0.91 - N =043 _
gy, = a1C AR =7 for hydrauhic o1l shrund joinis
R 0.53 - il = Odlb~
Uy 4o = ATC 1D —— for dry shrunk jonis
, . 1 {inun?l : o ostress OF
«, i-] Tightening {actor for reining l 702 (Ninun?} 0.2 “% proo.f | stress
~ bolts and studs ’ propelier materia
119 =12-16 R, [Nfmm?)  Yield strengths 2ad
: L - a a - atl ¢ omnxd wan
i depending on the method of el O ) R"l.‘lo Ulb? \llxufmun to mest
. . « L]
] tightening used. stress at blaae face
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Section G

2. Calculation of blade thickness

2.1 Al radii 0,25 Rand 0,.6'R the Blade thick-
NESSCS ol solid [}YO"J\.“CT.) MUSL a5 3 punimen re-
quircment compiy with farmula (1).

P B

=K, k- E -'c " Cope l {1
, _'_._c~cnsa__ n
'\p =
15000
% as in Table ff\-—#’fﬁzﬁ’/’”)
D .
[p - 10*- {7. * —— v oCOSsit ! sun‘t]
¥ I
K, = & T !
A n+iHo-n-C_ cest
Ca (-1 Sizc factor
i N
CE D
‘ » 085 {2)
12.2
Do br: inserted in [(m]
f, = 7,2 Jor sotid propelices
= (,2 lor  separately  cast
blades o'f
meiable-pitch or bualt-
up propelicrs
Clayn (-1 Denaenie Gctor
E N £
(o do. -0yl
. mer’ Y Y AW
= = » 80 {3)
N :
‘J 0.y f)

,m/o can be rougl'y calculated Trown the thiusi-
stimulating facter 12,. accarding o foraw'a (5.
(For a more accurte exlevlstion ol o Jo | see the
"Regutations for e Dctcrmimtion of Dynamic
Stresses on Prapeilers 19707

2 = e Bk T owilh G
g
o,
we= ——"‘i . —Jw (5}
v, K,
Voo (l w) 3!
:4‘.'3 . [O"‘ e e e+ e —— =
T
(, = G4 - 0.6 Tor single-screw ships,

the lower value applying o slern
. shapes with a wide propeller tip
clearance and no rudder heel and
the farger value to sterns with lide
. clearance and with redder heei,
Intcrmediate  values are o Le

selected accordingly.

LI G- o
= 0.2 for twin-screw ships
[ = Q.2 Tor nraopeller materials wheh

satisfy (he requirements of BT,

2.7 The biade thicknesses ef zontrollabie piith
propeilers are (o be determined at radin 0.35 -+ &
and 0,6 + R by applying fermulz {1).

For ke controllable piteh propellers of tugs,
trawlsrs .and  special-duty  ships with sonilag
operating conditions tie gia n‘.c'cﬂ'p?'ch rasin D7
for the maxismum static botlard pull is to b2 vsed | in
forrauin (1),

For other ships (he Gtams ;vrlpuch ratio DI, ap-
plicabic to open waier navigation can be ased in
formala {1

2.3 The bindgé thickanesses calgulated by apoly-
fng fermuda (1) are srininv for the Snist-minchinud
[‘,:'Cpcltcrs.

2.0 The fiYlet radii at ic transition roes the

face and the back of the blades to the proncider

bers shoutd correspond in the case of thece and

four bladed propeilers, o about 3,5 % of the
propeller diameter. For propeilers with a larger
numer of blades the maximum (et radii allewed
by the proneier design should be atined at, aid the
radii shall not in any casc be made smailer than
(W <

1.5 For Dblades of
mechanical  sircogidt caleulstions are e be
subiniticd o #ho Seoicty s evidenes that ihe
propetier blades are adequately dimensioned.

specint shape,  speeia

For profile shapes other than those given in Tabie
6.2 the following condition applics:

iy
i
. .
¥ 7 G T s nee
. N
il
, .
1%, Convrallabie Pitel Propeiloes
i. Voctnrenys Yo approvad
LR vt

AR T Lpenvhios
crndoand aectional divngs of the enfirs
trullable piich f):\,.:-‘ Her dosialbaton
sabmitied (o the Socic b ingriplicate, Diapranes o
contrel systems and pipework are (6 be accom:
pmi ¢ by a funcliona!l description. Tof
designs and controllable pnch propeilers which 2t
1o be instalicd for the fiest Goae on ships with a BiU
class a descrigtion ~f the conirelin bic pitch oro-
seller sysiem is (o be sulmiued at ke

R

new

Saing TR



Table 6.2 Values of k Far vavions profile

shapes

s = ettt e e o i A i
e

t Vatues of &
profle shaps 7

P Bl [N SURPEEREE

DR
,_l.\

0,251 | 0,35 12 \ 0,60 1
A |-—
Segmental profiies \ i3
with circular arced

back, . \1
E_’_i_(:’..'-n J— ______‘l — ,_____11
[Sz:gmcm:xl proflas i 7 66 W7

|
with parabelic i i
hack,
p . 1

AN

1

Blade profiles w

1
f
far Wageningen i \ 80

l'
| 66
|

!
Series propellers | \
where l \
|

} oss = 0,10

Lo = 0L

v 0L == C'l‘f‘ . \ " s
Wotes:

The Sucicty reszeves (he right 1o specify an increae i the
vatues = % in e ease of special propeflees where the hlade
widih Bard2 Ris <46

e e 7 e i e T — . L0

2. Testing of waterizls

in addition (2 the waterial tests specified in 3.,
(e Socicty escozes the right 10 require component
pars ol the pitch-adjusting mechanism including in
particular Ciose which are not accessible for
shipboard repairs to be tested in pecordance with
whe Rules for Materisls, Piping subject 10 pressures
stove 10 bar is o e tested in accordance with
Section 11,

3 Hyarantic coutrel equipment

Where the pitch-control mechaniem is opeeated hy-
draulically Lwo mutually’  independent,
power-driven pump seis are (o be fited. tor
propulsion giznts up Lo 2G0 kKW one power-deiven
pump set is sufficient previded that in addition a
hand-operatzd pony is lied for centroiting e
Blade pitcl and that this enables she blades 10 be
moved feom the ahead ic the astern position in 2
short enough time.

4, Pitcl eoniroi mechanism

For tie pitch-control ncchanism proof is required
that when subjected o impact moments r,, a8 de-
fined by formula (7), the individual components

still have a safely factor of 1.5 with respect to the
yield strength of the materials used.

Seetion O - Propeiter o-5"

I e o A T e R TS S ( ')

3. Biade relaining bolts

Al The raot dimneter of e Loty or vl
qeed o auach biades o te Toodulvnmiens oy
apolying formaia (8

Dy [ o
d - “7{: - ———p— = Vs
\!_ {~:;
ﬁQO.!CG. \‘:.;; r_{'
T S )
woerc Lo C_
hd
52 The bLlade reiaining bolts ars 39 b

giehiened in a controled nunner sl way il
e tension on the bols s abowt 60 - O Gl e
yickd strength.

“The shaok of blade sctaining LoUs may e designed

with a mininus diameter equal 10 7,9 times the
root dinmetee of the thread. Blace retaining bolis
must be secured against uninentional looseaing.

G. fedicntors

Conrollable pitch oropeller sysicm are @ be:
provided with an engine room indicator showiag,
e acleal sciting of the biades. Further biwde
position indicators are o be mounted on the bridye
and in the cugine reom (see also Vohime VI and
Velae 1V Section 9).

7. Faiture ol control systein

Suitanle devices are (o be Diled 10 ensre it o
ileration of the blade seiting cannoi ovarload the
propulsion piant or cause i 1o studl

Steps must be taken to ensure that, in the eveni ef
failure of the control system the setting or the
blades

- docs nol clange of

- assumes a [inal pozition slowly engueh 10
attow the emergeney control sysizm 1o bhe
put into operatiorn.

5. fLmergency control

Controltabie pitch propelicr systems musi be
cquipped  with 1aeans of cmergency  control
enabling the controllable pich propeller (o remain
in operation should ihe repsote control syslem fail.
It is recommended that a device be fired which
locks the nropetler blades i the aliend” setang.



Section 4 - Main Shatting Al

Secetion 4

1

Main Shafting

AL Genernl
1. Scape

The following Rules apply to standard and estab-
lished types of main shalting, Novel designs requiee
the Society's special approval.

In the case of ships with ice classes, the
strengthening factors given in Section 13 are to be
complicd with. The Scciety reserves the right te call
for propelier shaft dimznsions in excess of those
specified in this Section if the propeller arrangement
results in increased bending stresses.

2. Documents for approval

General drawings of the entire shafting, from the
maip engine coupling flange (o the progelier and
datait drawinzz of the sha'ls, couplings and «tacr
component parts transmitting the propelling engine
torque, are cach to be submitied to the Secicty in
triplicate’) for appraval. The deawings must contam
211 the data neccssary to enable the siresses (@ b
evaluated,

I3 Prluterials
i, Anproved matonls

Propelicr, inicmmediaie aad theust shafts together
with flanze znd clamp couplings are to be mude of
forged steel; where approgwiale, couplings may be
made of cast steci. Relicd round stee! may be used
for plain, Nangeless shails,

In generzl, the teasile strengih of siecis used for
shalting shall be between 400 N/mm® and &GO
N/mm®. However, the value of Rm used for
caleulatisn the materiai factor Cw in accordance
with formuta (2) for propelier shafls shall aot be
greater than 600 N/mm?.

".‘y"herc in smecial cases wrought copper alloys
r2sistant to scawater are to be used for the shafting.
the consent of BKI sha!l be obtained.

1. Testitg of muterinls

All component parts of the shafting which assist in
transmitting the torque from the ship’s propulsion

plant are subject Lo thie Seciely's Rules for Materiais

" and must be tested. This requirement also covers

maial propeller shaft finess. Where prapelier shafts
running in seawater are protected against seawater

_peneteation not by a metal tiner but by plastic cuat-
ings, the coating technique used must be approved
by the Society.

C. Shaft Dimeunsions

1. Generatl

)
Al parts of the shafting are to be dimensioned inac-

cordance with the following formulac in complianze

" with the requircments relating to worsional vibratioas
sct out in Section 16, The dimensions of the skafting
chiall be based on the total rated instailed power.
Where the geometry ¢f  part is such thal it cannot
b dimensioned in accordance with these fernalaz,
special evidence of the mechamicad steenuih of the
part or parts ceneerned 15 o be furmished o thi o
ciety

2. tPlinitmum dinnicter

The minimum shaft diameier is to be Gelermued by
appiyang formula ().

3
1 U
dzF -k - z -C 24
[ [ 1 " R
Y
T
n-*Jr - tr— I
‘\J 3 ta )
b 3 J
o
d (mm]  required auiside diameter of skafl
g fam! diameter 6of shalt boig, where
preseat. {1 the bere incthe shafiio g
0.4 . &, the expression
q
<) ,
[ 1O raav be appi cd
¢
d, [mm] actual shalt dipmeter

| TW rated poser trangritied By slatt
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Section 4 - Main Shafting 4.2

rat=d shaft speed

facior for the type of propulsion
insiallation

frisrroediate and thrust shafts
=05

fo- turoine installaticns, enging
installazions with slip couplings
and clectric prooulsion insiallations

== \,‘.) i

for all cther propulsion instailations

Pravelier shaltz
=103

for all types of Instatiations

materiz] factor

560 o
R_ + 162 2
=

Tensile  strength  of the  shait

material (sae also B.1)

Facior for the svpe of shalt

=10 for intermcdiate shafts with integral

=1,10

=110

=1,10

=[,15

- =120

=122

fornsd cougpting flanges or with
shrpk-Titted keylsss coupling fanges

far intermedinie shalts where the
coupling llanges are mounted on
the ends of the shaft with the aid of
weys. At a distance of at least 0,2 .
4 from the end of the keyway, such
shafis can be reduced to a diameler
corresponding to k=10,

“ar intermediate shafts with radial
an'es whose diamneter is nol greater
then 9,3 - d.

for <hrust shaits ncar the plam
iearings on cither side or the thrust
collar, or near the axial bearings
wherz an antifriction bearing design

15 us=d,

for intermedinie shafts destgned
as multi-splined shafts where d s
the sutside aimpeter of the splined
shaft, Qutside the splined suelion,
e shafts can be reduced fo 2
dinmeter corresponding to k= L0

for intermuedinte shafts  will
Jongitudinal stots where the jength
a1d width of the siot do not eaceed

17 - dand 0,25 - d respectively.

for propelier shafts from the area
of the aft siern tube or shaft bracke

Lamarriener o b n Frn ey 1 lmnd Liaeasan

propeller is shrink fitted, without
key, on to the tapered cnd of the
nropeller shail using a mcthod
approved by the Scziety, or it the
_propeller is bolted io 2 {lange
forged on the propelier shaft, the
propelier shaft runs in otk

k =126 for propeiler shafts i the arca
specifica for k= LZZ, if the
propeller is keyed to the tapered
propedler shaft and the propeller
shaft runs in oit, and also for
water-lnbricated propeller shafts
which arc proiected against the
penetraticn  of  scawaler n
accordance with B3.2.

ke =1,40 for propeller shafis in the arcs
specified for k = 1,22, if the shult
inzide ithe stern iube is lubricated
with grease.

k 1,15 for propeller shafts forward
portion cf shafts to where they
emerge from the siern ube. The
portion of the propeller shaft
loeated forward of the stern tube
can be reduced to the size of the
line shafl

. Design
1. Geueral '

Changes in diameter are te be effected by wapering
or ample radivsing. I'or intermediate shafis, the ra-
dius at forged flanges is to be at icast 0,08 d, that =
the aft propeller shaft fange at least 0,125 -d.

P Shaft tapers and propelier nut threads
Keyways i the shalt taper for the propeller shouid
be no designed that the forward cnd of the groowe
makes a gradaal traasition 10 the fuil shaft section.
[n addition the naeward end of the keyway snoalid b
spoon-shaped. The edges of the keyway wt tha
surface of tha shalt taper for the propeller may 1ot
be sharp. The forward end of the keyway musi i
well within the scating of thz propeller bous
Threaded heles to accommaodare the securing scress
for propelier keys should be located only in the s
half or the keyway (see Fig. 4.0).

in genciat, tapers for seouring Plange couplin:
slvon'd have a conicity of between 11 10 and 1220 i
the case of shaflt tapers for propelivrs, the COnieits
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Appraxianic Caleptation of Ui Staritee Ao NEEERE

V. Assuming anoamaal pr(.sxu.': of 30 b andd o
Pressure O of @ bir in (he giarting & sir receivers. the fee
lminary caleulation of the starting air supply for zioves
sible main engine may be performed follows:

SRSV SR g i 85 )
~. : i P e
g - , “r ".\f . »
o : E/:v 1 *—'-E'l-\;‘: i[% sz A b eny, F 0,9 Vet i
[' : where
t- —
L e W J {dm?]  sotal capacity of ihe SLACHAE T TELIv

i fin) cylinder bore
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seoke The following vaiues ol "'d"" arc o be used:

Slss -

swent veiume of one cylinder (in the case do= 0 where P, = S0 Lar

of doulle-acting engines. the swept volume " -~

of the upper portion of the cylinder) ¢ e G038+ Al
: it . (il =058 - dn )

maxinum permissible working pressure of el carp

e starung ar regoIver whepe P

cand

2 3 bar, i no pressule-relucing - atve is Thied.
number of cylinders

. . . R ¢ {-] Euler's auinber (2,718,000
poan effective working pressure it eylindes

at.rated power

({ 2 pressure-reducing walve is Ded, which reduces ihe
prasgsure Peue L0 the starting pressure PaC then the

o o e LRI S]] i ~ sl . - - -
The following values nf 'a’ arc to be usad: value of 7d” shown in Fie. 312 is +n be used.

For 1wo-stroke engines: @ = 0.696

gor [our-stroke engines: & = (L6138 The follawing values of 0 are o be applied:

s NN L= 3006 - 414 hern = 1000
The following vadues of b arc to be used: 0, G,00 - n, whers 1,
. . - n, =  0.25.0,- 176 where n, > 1000
Far two-slroke eagines: b = 0,058 - ! .
- - = N B e L3RS
For four-stroke engines: h = 0,036 e finet] = rated 5
The {ollowing ezlues of ¢ are 1o he used: 2. Sgarting air sepply for planis with won-revershing
crgines

1,0 For singe-shaflt propulsion pilanis where
one enging acts on the shalt dircctiy or via

o
I

STEER

¢ =20 For single-shaflt propulsion plants where
Lo ideniical engines act on the shaft via
a gear ransmission and cannot be coupled”
and uncoupled in service!

¢ o= 1,3 For single-shalt propulsion plams where

. Lwe dentical engines act on the shalt via
a goar transmission and couplings which
can B¢ engaged and disengaged in service.

For rwe-shaft prepulsion plants where cach
cngiae acts on the correzponding shafr
directly or via gears.

Far twa-shaflt propulsion:planis where 1wo
identical cngines in each case act ¢n the
corresranding shalt via a gear (ransmission
and caaral be coupled and ancoupled
Service.

Far vwa-shali propuision plants where wo
icentical engines in each case act on the cor:
reshending shaft via a gear {ransimission
and counlings which can be enpaeed and
diseagaged in service.

e = 30 For four-shaft propulsion piants where
each enzine acts on the corresponding shafl

direciy or via gears.

Where the z2eranpzment of the main propulsion plant
differs from the n=ove, the value of 727 isto beapreed
with the Socieiv in ch individual case,

Yor installations with cleetrical propelier drive, e s
1o be given the walee specified in 2.2.

1.1 For ench non-reversing main enging which dove
4 cantrallable pich propeiler or where siaring s vos
<ible without resisting torgue, e czleulatcd sunply of
starting air may be reduced to 0.3 1, although iy
noi be less than that required {or six SIars.

14

2 Where dicsel-clectric propelier drtve is instated,

o in formula (16) s o be given the foliowing waiusx
accarding 10 the anmber of generators ne

[ —— B

i

!
¢ fosa ] 060 | ose oo
Ly | : !

Tueg uRsUINYY DIERC INNYLT, Boving e sane S ITTRE I

and ihe same numbes of cvlinders, Wheto the Jdies

e and nuimbesy of oviindas drrser, the vabes i 7

stz oo be dnierpoiated aziocdinathy.

3. Sturting air supplh Tar auxtlinry engies vh-
turbine ships

The supply of sizrting atr is (o be caloulated accordhin

Lo formula (16). The value o st o b used depend
on the aumber of auxitiary enEIng::

NS 30 o 1w e
S AT tor Daahiers o
T o= .60 Tor 3 aamliany fagines
R | [ A PR aunilinry s of over

For eagines with differentm mbers of cvhinderns U™
main dimensions the values of “e are (o b interpols

zecordingly,



Scotion 8 - Equipment

Scc

tion 18

Equipment

A Gencral

. The cquizment ¢f anchers. chain cables,
wires and rops i3 to be deteamined from Table 18.2
in accordance with the equiptnent numcral Z.

Guidnpee
L The anchoring esuipment required by this
Section is wiended of temporary mooring ¢f a vessci

within o harbour or shelisred area swhen the vessed

is awaitin g berta. tide, eic.

2 Treauipnent s, tiercfore, nof designed in
Lhald a ship of] fuils cxposed coasts (i rewgh wealhnr
o iy stap 3 ship which is maving or c/ufr.:rg In this
canduion, the fooeds on the anchoring equipnien!
sercose io such wodsgroee 1101 IS CoRripenenis may
e clmnnge‘: or lost cwing 1o the my; :_nergyfomc
ceazrated, pariicidarly in large ship
3 Tle anchoring equipment required by this
Seetion is designed 10 hold a ship in good holding
wroundin conditions such as 1o at dragging of the
gacker. la poor holding ground the holding power
af the crchars will be s rus\mﬁmm iy reduced.

4, The egpment nemeral jormn!a for an-

shorivy eyuipment required under this Section is
sasve an an assuned current speed (Jf 2.0 m/sec,
wimed yoeed of 25 mesee and a scope of chain cable
Sepsecs O oned 10 G yeone being the rotig beiveen
cenzin of chain paid ovt end water depti,

- Hoiy axsimed that uader nocmal circim-
cances o ship wili use ealy one how anclor and

creenrne o de a6 e,

2 Eaery ship is 0 be cquipped with atleast one

\i‘:sdl:l::s. -

Wingtzss and chain stopper, if ied, are to comply
cath Veleme i Section 14,0,

For the subsivaluras of windiasse
sere, see Scatien 19, BLJ.

and chals stap.

For the location ol windiasses on tankers, sce Scilinn
SR

3, For ships havieg the savigation notaiicn
"L (Swall Ceasting Servics) affived to their char
acter of classification, the compment may be de-
tenvined as for one nuneral range tower than required
i accordance wiih the cquipment numeral Z,

4. Vel ol

[ TalT

fve the cquipmend for shins
having the navivation toiston T (Shatlow VWata
Serviee) pMived 1o therr charaate of classihcation, the
provisions of Secieen 3008 are to be obsarvad,

5. When dolerninng e cquipient for g,
Seciion 27, C. is te be observed,

Whens detenmiming the equipmaent for Nishing vessels,
Scesion 28 D s o be ebsenved.

2

Whea dutermining the cqupment of barges and

pontoans, Scetion 310 Glis 1o be abserved.

6. Ships buitd uader survey of BKI and winch
are 1o have the mark stated in theie Certilicate and i
e Register Book must be equipped with anchors and
chain cables complying with the Rules [or Matcriz!s
and having been tesied on approved machinas i the
DICITICE OF Survovar

;. For snmiog by mu three 0 more Prog yilers, 2
reduciion of the weisht of the bower anchors and i
cham eables ou l vonsidered,

i, Equipment numeral

The cquipmenl nameralis (o be ealevisted as ful-

LTSRN
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oulded displaccaient i fron] {in soa wates
. - - e, 1

Liaving 1 Cengity O 1,025 Um") to the sum-

mer iead wateeling

k]
b

B offective height from the suumess lpagd wa-
rectine (o tire top of the uppermast house
AN . -
h ™ rs, 3k
frecboard in [m], (rom
waterling amidsinps

the sunmumer load

==
It

= arca {:'\21! in orofilz view of the hull.
suparstructures and houses, having a bezadih
greater then B/4, above Lhc sunumcr load
“waterline within the length L and up o the
licight b

sum of height in [m] of superstryetures and
decikhouses, ca the centreling of sach tier
having a breadih greates than B4, Deck
shegr, il any, is to be ignored. For the lowest
tier, "h™ is to be mcasurcd ai centreling from
the apper deck or from a antional deck line

3

=

whire there is tocal discontinuity in the uppes

deck.
Where a desihousehaving 3 breadth grealer than Bfs
e ioeated above & deckbouse having 2 preadih of B/4
or fess, the wide house is ta be insteded and the

paresy house 'gnored.

Ceroons of bulwarks 13 mor more in height arc (o be
oyarded oS parts ol houses when determining b oand
A.c.g. Uie ares shown i1 Fig, 1Y as Ay is o be
icluded in AL The height ol the hatch coamings and
thai of any oK Carco. such as Conlzinzrs, ay b
disreparded when geicmining b ané A,

P

s
2R
& ///%/’% é’/ Z

‘E.—'——_::“:;:; aZ//j i :’/f/"f;///':

Ton ob the ruls bower

Seation 15 - Dguipmet

apehon s g W

connected 1o their chain cables and positoned on
i column 3 ol Lable 15.2

board ceady for use, Where
{iwree Lower ancharg are requiired the third anchar is
intended as a spare howss anchor, Ingiztiation ol the
spare bower anehor on board 13 not requitied, Upen
agreement by the owner s snyarc anchar pray even e

dispensed with.

Guldauce

Narional regilaneny concerning e pravision of o

spare anchor may need (0 b ohserved,

2, Anchors must be of appioved donign, The
mass of the Lieads of patent (ordinary stockless) an-
chors, including puss and (ittings, is nol to be iess
han 60 pereent of the 1otal mass of (he anchor.

3. For stock anchors, the (otai mass ¢l the an-
-her, including the stack, shall comply with the values
in Table 18.2. The mass of the stock shall be 20
parcent of this Lotal mass.

4, The mass of cach individual bower anchor
may vary by up o 7 per ceni above ef brlow the
required adivideal mass providad that tha letal mass
of all the bower anchers 18 6ok texs than the suraofihe
required individial niasses.

3. Where special anchors approved as “iiigh
Holding Powsr Anciors’ arm used, the anckor mass
may be 75 poocant of ez anchor mass G5 e Toble
8.2

Hich Boldime Poa anchors T nee anchots which me

sutlable for siiprs ass 2t any s and which donst
Fequire DFIOE AGJUSTLIET O special plocesient on the

sea L.

Fgr approvad o5 @ “Ihiga Holding Power Anshe!”,
catizfaciun iests ars i b nade an vanows tpes of
Dottom i e aariar s o have Liokhing power at

foand feren thal et o et e b TAGdnn e Hian

dard pobinsh e Laneg 1ons, The woights o

anchoon t0 Do Wl Ll be ropioseetatys ol b
fall ranpe of sl acndud 1 b maiwfactored. The
teals are o be carind our on al lopst we cimes G
sachers 10 anmeciatan with the chinn cables a9
nrepriate i the el The machors 10 e wosicd o

o mehars snouhl e al gt
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= finisi ini adalah periengaban antara kedua paris (cgak

¢

'bnj"“f‘ perhitungan wienarut delimsi tadi. Denpan
gc—miki““ maka penampang tengah kapal menurst

atu (auxuliary perpeadiculars), AP~ 1P Landing-

'i}""kan di Gb. 5.5.17. Lutuk beatuk normai, AP - 1P,
v . .

P i akan sama denpan keduil garts fogadt yangy umam
B '

*. gidelinisikan, AP = 1P,

JENTUK BADAN KAI'AL (BENTUK PENAMP ANG

ELINTANG DAN TTALUAR)

scbagaii“a“f‘ disebutkan sebelumuya, kurva tahanaa
(yans diperoleh  bercdasarkan Gh. 5.5.5-5.5.13)
dianggap herlaku uvntuk yang mempuayai beatuk
rgrandar”, yailu peuzmpangnya bukan vang benar-
penar perbentuk U ataapun V. Karena Hu. dalam
menghitung daya cfckilfl uuntuk perancangan awal

- gmumunya {idak dipariukan korcksi untuk bentuk
penampang badan kapal. Jika penampang terszbut

. merupakan penampang U atau V oyang cksirem maka
 parga 10°Cr dapat dikoreksi scbagai berikut = Koreksi

. 40°Cp unatuk bentuk dari penampang

ckstrem V
4+ 0,1

cketrem U
-1

padan depan

ckatreim V
- 0.1

crstrem U
+ 0,1

padan belakang

(3.5.21

Korcksi ini berlaku untak kecepatan M7V gl dalam
rentang 9,20 = 0,25, Sclain itu, bentuk "standar” harus
dipandang schagai bectak yang mempunyai garis yang
dirancang dengan baik. Hixa garis perancangan tersebut
harus diubah untuk oenycsuaikan kebutaban
operasional kapal, atau besarnya daya harus diberikan
kclongparan, wmaks disacankan agar ' dinaikkan
sebesar [0% dan, untuk garis perancangan yang tidak
optimal, mungkin sctesar Z0% atau lebih.

Mengenal haluan, heatuk standar tersebul harus
dipandang scbagai berul haiuan kuno tanpa gemburg.
Uatuk kapa! dengas haluan gembung yacg meinpunyal
harga Agr/Ay z .10 {(Ap adalah luas penampang
haluan gembung di garis tegak depan dan A adalah
luas penampang teagab kapal) maka disarankan agar
10°Cp, diberikan korcksi schagai berikut

CGambar 5.5.17.  Delinisi L dan LCB. (2} Bentuk normal, Panjang
Buritan packe garis aic winumnya 3%/, (0) Badan kapal tanpa linggl
buritan (steraposty. AT umumnya diletakkan di vjung belakang WL
Uniuk korcksi LOCR dipakai AP 2% 1 di depzn ujung belakang
gadis air, () Badan kapal dengan panjang buritan yang ckstrem. Untuk
koreksi LCB dipakai A7, 3o £ di depin wjung aklir gaeis aie. £
addalah batas depan displaxcmen,

Jikao A/ Ay = 0,10 maka bentuk hatuan gembung
akan tampak lebih menyvolok. Korckst untuk
0 < Apgp/Ay < 0,10 dianggap becbanding burus
dengan ukuran pombung.

Korcksi ini hanya berlaku untek kapal dalam konodis
sermuatan san Uniek kandisi balas maka koreha
Larena adanya haduan gembung akan membetikon
cambaran yeug schaliknya. Bentuk penub (¢ > 0,70}
alkan menunjukkan ponurenan tabanan yanyg menyoiok,
harga koreksinva dua hingga tiga kali harga koreksi
tersebut, sedangkan mhanan aotul beatuk aopog
(.~ < 0607 wmuemnyvn akan cenderung nnik.

Fp =015 627 018 021 .24 0.27 0,30 033 0,26 -
—% —t [ U - - i e s o S o AR et e 1 T £
0,2 3 -2 NI (. 0. i 0,5
+0,2 0 ~ {12 -0 03 060
' =0.2 0 .2 03 0 i 0,70
+Q,1 0 - 0.2 l 01,30
+

(3.5
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ANGGOTA BADAN KAVAL
Tidak zda knreksi benink
standar sudah mencakup
daun kemuadi.

Lunas pilga Tidak ade sorcks!

{lunas sayap)

Untuk kapal penuh Cr
dinaik ke sehesar 3 — 507y

pos {5.3.22)
bnling—bnling
Untuk kepal ramping Ca
dinaikkan schesar 5 - 840

geaket dan
poros baling-
paling

TAHANAN TAMBAHAN

nemberian koreksi pada {pg untak kapal merunakan
cara yang umuin ditakukan datam praktek dan suclah
pertahun-tahun lamanyn diterapran untuk memper-
hitungkan pengarul  kekasaran perntukain kapal
mengingal bahwa permusan kapal tidak akan pernal
semulus pcrnmkaan'motc:?, scka'ipun kapal itu benar-
bepar baruy dan ca.ysputt masih scpar. Koclisien
penambahan taltanzn untuk korclasi model — kapad
amumnya ditentukan seivesar Ca = 00,0004, Namun
demikian, pengataman beiil banjrt menunikkan Barhiwa
cara demikian ity Gdnk sclulu benar, Karera i,

dinsulkan korckst antus pengaruh kekasaran chan
nengaruh sebagal aerixal etk kondisi pelayaran
percobaan
Untuk kapal dengan L= 100 . 100, = O
= 150 m . = 0.2
= 200 = A
= 250 m 2 =LA
= 100 m R VIR
(3.3.23)

Beberapa pihak aerpendapat bahwa koreksi yang
diverikan di Rab 5, §.2.4 lebin sesuai, vailu,

Displaseinen
1.000 t Cq = 0,6 %10 !
10.000 ¢ = g4 x 10 YRl
100.000 1 = 0

1.000.000 1 SN

Perlu disebuikia &F g3 bt karcksi untuk kuelisicn
fahanan gesek 1 masih agak meragukan.

ANGGOTA BADAN KAPAL

Kaorcksi Cpountuk anggotd padan kapal hanya
diinkukan dengan jalan menaikkan Cy scbanding
dengan fuas permnkain basah anggota baaan bepitu

suje. Jadi,

{5.5.2%)

§ adalah luas permukaen hasah badan kapal dan S
adalah permukaan basai hadan dan anggota badan
kapal. -

TAMANAN UDAKA DIAN FALTANAN Kiniuig

Tahanat wdara dapat ditentokan dengan mewakai dats
piensenai strukiur ying beracln di alas air dan date
udar:
warpninga lidak terlalu penting, dan upaya yang haru-

adarn. Namun demikian, hesarnya  tahanan
dilakukan uniuk mendanatkai hasil perhitungan yan:
fepat mungkin Gdak  memadai dengan pentingny
pengasuh adara tersehut, Karena it Jika cata mengeny
angin dalam perancangan kapal tidak diketahui mak
disarankan untuk menpurcksi 10'Cp sehagni berikut

1{3‘(‘_1,-1 = (]_07 . (5,_:.25
Koerehsi untuk  fahanan Lemudi mungkin sekil
10y = 0,04 (5.5.2

Letapi Lenia siaja untuk kapal yang stabil datam kond:
vany wagay Lorekst tersehut dapat dialatkan,

Torliliag bahwa kedun koreksi tersehut kel &
dalam perancangan awal Loreksi ind vanneva ausd
Lererhup datam tahaoon fambathan.

LN HNEL PELAYVARARN DMNAS

Tahsnan dan dayi clektif vang dihitung ders
memakat dingram yane diberikan di sind bertitku un
Lapal datam koadisi pelayaran percabaaa, yoitu, ub
Lonedis ideal dari seei angin, gelombang, kednlamin
iy wentusan badan kapal. Uitk kondigh rain-s
pelavasan dinas harus diberikan kelonggarar iwmta
prdi tahanan dan dada clektif yang disehabkan «

angin, lant, crosi, dan fouling pada badan ko
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thar 5.5.15. LGB standar, Lztak longitudinal titik benam yang
ndang terbaik.

Salam hal ini, LCE staendar terscbut didefinisikan
agai fungst linier angka Froude F.. Karena tidak
nya ketergantungan yang pasti pada parameter lain-
yang tercatat maka LCB standay terscbut disajikan
1gai garis tunggal. Dacrah yang diberi warna gelap
ekitar garis ini menunjukkan lingkup materi yang,
i
‘ehagaimana disckulkan sebelumeya. karzna letak
3 standar dianggap merupakan fetah yang
sherikan tahanan yang paling keeil maka letak yang
pada prinsipnya akas memberikan ahanan yang
1 besar, Penambahian cahanan terscbut harus dicari
san jalan mengalikan penyimprngan LCB dari
dar, yaitu

LCD =LCB — LCEuear(LC3 dalum Y l)
(5.5.18)

an faktor 310 Cr/sa .CB. Flarga fakior ini dapat
roleh dari GU. 5.5.15, dan ini hanya berizku untuk
yang berada di depan LC3 ganqae- Mengenal LCB
berada di belakang LCB gandar, SCmua sumber
; ada mempunya. peadapit yang saling
ntangan. Namun demikian, karena kecenderningan
dinya letak demikian savpal kecil maka
abaian koreksi dadam hal itu tidek akan memberi-
kesalahan yang berarti.
sngan demikian maka kocfisien tahanan sisa
an korcksi tersebut untuk kapal yang mempunyai
Ji depan LCYB standar adalah

[

.
v

, ‘ a10'Cp
R = io'c}l(sl;:ml:u‘) +o . lL\!’cI”

{(5.3.19)
JLCB

fentuk  badan kapal vang dilingkup dalam Stip
Rosistance adalah bentuk hadan yang amurm wituk jents
kapal niaga di sekitar tahun 1960 an, Faitu smnpad
denaan waktu diterhitkannyi publikusi Guldbamnrer
dun Harvald (1974, Bentuk badan kapa tersebul
mempunyai buritan yang diletakkan tegak lurus di
(berimpit dengan) sumbu tongkat kemmdi (rudder
stock) dan haluan yang tegak lurus di ujung depan garis
aic perancangan. Sejak tahun 1960 bentuk badan kapal
telah mengalami pepgembangan lebil lanjut, dan lebib
bervariasi, misalnya berbagai bentuk haluan gembung
yang teiah .dipakai secara luas. Rumus perhitungan
tahanan yang diberikan di zini dapat dipakai baik untuk
Lentuk gembung modern atau yang fehih bervarins
- maupun untuk bentuk tradisional, tetapi L dan LCB
harus mengikuti definisi yang lebib sesuai berikut ini.

_ Panjang perhitungan L didefinisikan schagal panjang

antara batas depan dan batas belakang displasemen,
yaitu panjang terbesar dari bagian badan kapal yang
berada di datam air, dan ini adalah Lpg menurut
standar ITTC. Untuk kapal dengan bentuk tradisional
tanpa gembung, panjang tersebul adalah paniang garis
air.

LCB didefinisikan sebagai letak longitudinal titik
benam, yaitu jarak antara titik ini dengan penampang
tengah kapal, dan positif- di belakang penampang
tersebut. Midship section (penampang melintang tengah
kapal, atau penmmnang tengah kapal, atag bidang
tengah kapal, ataw bidany fengah kapal) didelinisikan
selragai penampang melinlang yang terietak s¢jauh
48,5% L dari batas depan displasemen. L adaiah

210'C,
Jica
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ool 85016,
stanehie, Dlenpan demibion wnkd borgksi i atlalah
(et Cp/arcmla LT & LOH sdalah jarak lonziindinal anuis
LCH vang sebaunnya dengan LOB sandar daliun persen 1. Tidak

Rarehai boeliticn teleaan st ootk DB PG
depitn

ada keweki untuk LOB sang qedeish & helikaege stamding, Forekst
tersebut seladi posith),
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dﬂlgh perubaban ternann dan :ncrunak:na'i:_:‘.i:ak:cr-
‘ gcomCUi a.‘;ir.an. G ‘ch'r.c‘lmt :fa'tgka k‘a.\wsz.lsn 1'.::1.9.
f’iam angka ini amu:m: tci\.m:i;n siatis, }.:u.tu
;‘;-' lah‘dari rekanan hidrestatis dan tekanan :}1.:ttosf|r.
4 ckﬂnzm nap o, tidak tcrganiuug p.:ld':: suh}:. Tekanan
g' aasi ¢ tergantung Ca Massa jenis {laida dan pa-
%, kecepatan alirai. o

. pgak reriatu optimisuk‘ktrauya menganggap bnh\va‘
i ditasi mulai timbul kotika tekanan turun mencapal

o yanan uap 21 Air laus mengandung banyak udara .

Yang terikut (terbawa; d:l}l larut d'id.alzﬁrm‘wa., dan

engandung vanyak _s;kah berbagai jenis inti yang
dapat mempengarul pembentukan awal rongga
:}avimsi. Karena itu :-:chrtiknya angka kavitast Fiidcfinisi-
Yan ccbagal rasio antar «clizil ickanan sckeliling yang
qpsolut £ dan tekanan ronggi kavitast pe dcnga_n
[ckana dinatnis aliran Lebas (frec siream dynamic
pressure)

Es

i -

g o= 220 (6.6.10)
Y

E ’

‘Dengan demikian maka o adalal karakterisiik sistera
';:miran-gas. .

% Tekanan rongga avizasi adalah tekanan sebenarnya
‘dalam kavitasi tunak atau kuasi tunak (quasisteady).
Tekanan rongga lavitasi kira-kira sama dengan juralah
semua tekanan partial Zdasi uap dan gas lainnya yang
terbawa dan tercampus {(diffused) di daiam rongga.
Dalam sistem prakiis definisi o umumayz didasarkan
pada tekanan uap.

Harga angka kavitasi v pada saat mulal terjadinya
kavitasi di dalamn suata sistem aliran discbut angka
kavitasi kritis 0. Kavitasi akan mulai timbul di sualu
fempat bila intd yang ada ditempat itu mencapai ukuran
kritisnya akibat turunnya {ekanan disckelilingnya.
Dalam [ase awal riwayat kelsidupan gelembung kaviias
ini, di dalam tekanan yang turun iti geieibung terscbut
akan menjadi tidak stabil dar sclaniutnya akan tumbuh
dengan cepat (kavitasi uap) atau turabuh di dalam
kondisi yang wuasi-serimbang (quasiequilibrium} karena
difusi gas (kavitasi gas). Kandungan gas di dalam fluida
dapat berupa kandungan gas larut atau (ak farut.
Kandungan gas selurthnya sama dengan gas yang larut
dan-tak larut terscbut. Kandungan gas “bebas” {free)
AMau “terbawa” (entrained) merupakan sitlah yang
dipakai untuk kandungan gas yang tak farut.
Gelembung yang sedaug mengembang permukaaniya
stabil.

Ketika suatu geiemoung kavitasi transien (yang
berlangsung sesaat) nemascki medan tekaran yang
semakin tinggi maka tibalah fasc terakhir riwayal
gelembung tersebut. Permukaannya menjadi tidak

Py

W+

siabit, Geoiomibung tersebut akan mengempis dag,
kecuali jika mengandung gas asing dalam jumtah yang
cukup, fenyap. Penggelembungan kembali (bubbie
rebound) adalah menggelembungnya kembali suaiu
kavitasi transien yang mengandung gas permancn dalam
juealah yang cukup sctelah pertama kali mengempis. Ini
karena adanya cnergi yang ditimbun di dalam gas yang
mengalami - pemampatan terscbut. Beberapa  dauc
{cycles) pertumbuhan dan penggelembungan kemball
kadang-kadang dapat diamati. Tckanan kempis
gelembung (cotlapsc pressure) adalah tekanan yang
Gmbul di dalam medan gelembung kavitasi yang sadang
dalam proscs mengempis. Tekanan kempis int dinyala-
kan dalam ribuan atmosfic dan divkur pada jari-jasi
minimum yang dicapai sebelun proses tersebut bethenti
atau scbelum penggelembungan kembali teriadi.

Dalam uji model, alitan yang berada di sisi hisap
daun baling-baling dapat berupa sepertl yang ditunjuk-
kan pada Gh. 6.6.2 (C:. Kuiper (ITTC, 19738, bapan 2,
halaman 148)]. Di dacrah AD terdapat gelembung
pemisahan laminar yang pendek yang kemudian ditkuti
dengan lapisan batas turbulen. Garis BC membedakan
dengan jelas antara dacrah turbulen setelah pemisahan
dan dacrah aliran laminar. Transisi alami (natural)
berlangsung di dacrah CD, sementara itu di dekat hub
di suatu jarak dari tepi depan daun baling-baling dapat
teriadi pemisaban laminar. Dalam hal ini semua
penampang daun paling-baling datam keadaan berhenti.

GELEMBUNG
PeMISARHAN
LAMINAR

OACIAN
TRANSISI

s

SARY-JATL .
KRITIS

|
!

Gawmbne 6.6.2.  Skema aliran lapizan batas pada sisi hisap daun
haling-baling.
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" masing-masing (itik, A - £ pada daun baling-
i entil saja tergantung paca geomelil, beban, dan
it Reynolds baling-baling. Terutama titik B, titik
ﬁ;jﬂm—iasi dari ujung daun Mingga hl;;h, tergantung
an paling-baling: sementara itu tilik D dapat
% riasi dari C hingga 7. Ditinjau menurut letak gans
et dacrah transisi CD gungct lergantung pada angka
= olds., dan akan bergeser menuju ke 1epi depan daun
Q]ing-bﬂ““g jika angka Reynoldsnya naik. Untuk
fugkﬁ Reynolds yang dipaxa c‘.:,:.lam praxtek pelaksana-
Qxl!ji medel (hingga cekitar 187) garis D aan khusus-
% litik C tidak akan ‘pernah sampai dekad ke tepi
&iﬁ““ daun baling-bwming.

g
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(6. Jeuis kavitasi Bafing-haling
S

T

¥

alau

T

73 . . -

poratoriuui UM kawitasl zpcmbuat sketsa
gg‘émotmt pola kavitasi. Laboratorium demikian itu
,é};ng pula memberikan senjelasan mengenai hasil yang
-’&idapat verdasarkan perglihatan mata, yaitu mengenal
Eévitasi vap (ctoud}, busa (fo:u.nf, kabut (mist),
;}émbaran (sheet), gc[-_:mbung, builh (freth), bcrcak‘
“(spot), dan garis (streak), dan scbagainya. Dari segl
E'Ffjsika mengenai proscs Lavitasi, pembedaan kavitasi
-;n{cnurut jenisnyd ticak perlu. Mamun demikian
f'facmbcda.an itu dalam praktick akan ada gunanyd. Tidakz
“ada standar nyata yanp dapat dipakai untuk menerang:
"tan jenis kavitasi. Tetapi dapat dikatakan bahwa
;‘pcnjc!asan mcngcr:zii Eentvk kavitast harus mencakup
'fk'cicrangan mengenai baik ietak, ukuran, struktur, dan
dinamika kavitasi, mauput dinamika aliran yang diacu
sccara benar. ‘

Letak kavitasi dapat diterangkan scbagai perikut
Ujung daun Cantci Kavitasi (tip
covitation), yaitu per-
vakann (surince cavitafion) yangd
terfadi i dekat ujung duun baling-
baling: vavitasi pusaran (vorlex
cavitotion), yaitu kavitusi yang
1zejeci di dalam inti tekanan rendah
pusaran ujung {tipy vortex) baling-
baling. -

WJurg
kavitasi

Pangkal daun Cornroh

(root fillet)

Kavitasi pangkal daun
{rool cavitation), yailu Lavitast di
dolwm daerals tekanan readah i
sangkai daun baiing-baling

Celah angarz daun Gon tatime bating-haling
Contoh @ Kavitasi hub ata Lavitasi

pusaran hub {hub vorrex
i IRILHER

Hub atau konis

{cone) . cavita-

vajiu  kavitasi i dalam

AURILCUD Y ditimbulkan  cleh
daun baling-baling pada hub. Jika
paling-baling tersebul  dianggap
schagai suyip maka akan diketahul
hahwa di sebelah dulam atau di
ujung hub pasti  jugd rimbul
pusaran. Tetap! karena rendahinya
kecepatan penampang, hub maka
cemakin dekat dengan pangkal,
daun’ sirkulasinya akan semakin
berkurang dan pusarannyd akan
myenjadi tebih lemah. Tetapi dalam
Londisi beban yang tinggi pusaran
demikian Hu akan timbul pusaran
hub yang Menyusus ke belaukang.
Bentuknya sepert iali yang dipuntir
dengan jumlah pilin yang samd
dengan jumlah daun baling-baling.

Menurut letak penampang daun baling-baling tertenty,
misalnya penampang di tengah {midchord).

“Tepi depan

Topi ikt

Alas

Sisi hisap
(punggung)

isi tckanan

{muka)

Antua baling-
Bialing dan badan
Fapal

Dafam kaitan ini, kavilasi pusaran
ikut (trailing vortex cavitation)
farus pula discbutkan. Kavitasi ini
adalah kavitasi yang lerus-mencrus
ada di dalam inti tckanan rendah
pusaran ikul di datam aliran vang
meninggalkan bating-haling.

Contol : Kavitasi punggung (back
aide cavitation) adalah Lavitasi yang
erjadi pada punggung (sisi hasan)
dann Leting-hading.

Cantob Fovitasi muka (Iace
cavilatian) adalah kavitasi pada sisd
rekanan {(muka) daun baling-baling.
Foavitasi ing winumnya ditmbultkan
akibat xerja peling-baling  yang
demitizn rupa hingga sudus pukul
jekal daun haling-baling ito sanal

pewnit.

Foaviizsl st anlas Pabing
haling Jan hadan kapal (prapetler
dimtika

cehipad kivitasi pusarin ujung ik

full torles caviiation)

balise-bading yang dadum inpe Vit

teriein mwreplang hingy:

et TR Yacdan hagub



ada kavitast yong mefuas (ceveloped) maka
asi dapat dinyatakan daiam ukuran beada,
meavatakannyd menurut luas dann

imuti olch suatu jonis kavitasi

~ - -
gran kavil
ya, dengat
haling yang disc’
geruktur kavitasi dapal dinyatakan schagai berikat

lembarate (uuumnya tipis, balus, rembus
umumoyz stabit, (idak stabil hanya di
atau di dalam alitan vang

Kavilasi
:f pﬂndﬁng. i
. dalam medan arts kul

iring}
'Kavithsi hercak (beatuk khusus kavitasi lmmbaran;
melckat pada permukaan, timbul pada
Tbcrcak kekasaran yang erpencil atau pada bagian
_ pcrmukaan yang, cacat)
_ i{avitaSi garis {beniux khusus Lavilast bereak; sempil,
_grumnya gejajar safu sama lain dan timbul pada
percak kekasaran vanyg terpenet! atau pacda bagian
tept depan daun yaing cacat)
Kavitasi awan (di bagian belakang ataw ujung patah
: kavitasi lembaran vang tak stabil di dalam medan
arys ikut, massa Gari rongga transicn, wiruninya
. teckait dengan eresi)
.+ Kavitasi gelembunig (terpencit,

e
-ih

zrgerak)

< ‘

: irjukkan contoh dari berbaga jenis
4 -_kavitas': dapat dilihat di kepustakaan? lihat, misainya,
1TTC (1978, halaman Jo).
Dinamika ronggs feavitasi
sebagai :

dapal dikaiegorikan

Tunak (atau lebil baik, kuasi-tunak)
Tak tunak
Tidak menetap

IKAVETAST
LEMBARAN

- PANDANGAN KE BELAKANG

° Coambar 6.0.3.

ot kemas,

Teanaicn atat bergerak

Menempel {secara tetap atau berlangsung dalam
frerval waktu, dalam  bentuk kavetasi  yang
mengembang sebagian atan sepenuhnya atau sebagai
sejusmlaly pusaran)

Bergerak mengikul {myisalnya, kavitasi pusaran)
Karakterisiik dinamis alivan yang mcapaluni
kavitasi dapat dinvagakan dengan memaka nolast

Borikut 1

Lapisan batas faminar

Lapisan baias furbulen

“Adiran tunak

Adiran tak taonak

Alivan yang menealiom pennsiaban
Prusiaan bebas

Lapisai gescr {shear fayers)

Allcan arus tkut {seragds, tak seragany)

lika dipakai cara pengamatan yang tidak berdasa
kan laggsung dari penglihatan mata (misalnya, fatogra
Lerkecepatan  tinggl, holografi, penycharan 514
metode Schlicren, metode akustik) maka jenis kavita
dapat dinyatakan anemakai istifall khusus, Conte
penjelasan gambar Lavilasi pada baling-baling berda
enam unluk kapal pengangkut pett kernas berkecepats
tingal diberikan di G 6.6.3. Sering baluwa sketsa dada
Bontuk denkian it diberikan oleh pihak kiborator i
kepada pihak pemiiik kapal atau pihak galango
Fenyajian pola kavitash secara skematis seperth Hu mas
sepenubinyo, tetapt bany.

Belum  distandarkan

palangan yang memakai no asi yang ditunjukxan di
G664,

PUSALIAN
LRGN

¢Captob hasil oii kavitsi desgan sk al nsodet Dalingedatiog bl pengngkat



'.Bnﬂ}’?‘k DC:’CO‘JI\:IH yuag- [(:'l.';-i;. dilnkukaa untuk
mcmbaudingkan tahanan rcl:}lil ;l:tl't Lerbagal bahao
Jengan kerusakan akibat crost. Dvr.«crkcun[km‘l Emnscp
okuatdn crosi (crosion strength). Konsep ini elah
bcrhasn dipakai sckalipun cara penvaluran cnergi ke
‘;11an sangat berancka ragam. Zukup banyak pula
; u‘ aya yang telah dilakukan untuk mencari h'.}buugan
S gntara beberapa sifat mekanis bahan baling-baling yang
"dapat langsung dinkur dengan kemampuan bahan
rersebut dalam menahan kerusakan akibat erosi, dengdn
#crcobaan kavitasi, tubrukan {mpingament), atau
+#1zinnya. Dalam pelaksanaan pengujian, erosi pada
- penda uji di dalam fiuida dapat ditimbulkan dengan
"jalan menggetarkan benda tersebut, misalaya, seperti
Siyang diajukan dalam "S:andard Mcthod of Vibratory
icavitation Erosion Test“. (Me:ode Standar uniuk
‘Pengujian Kavitasi dengan Gerakan) (ASTM, 1972).
" pengujian demikian itu dapat dilakukan di tempat
y'ang mempunyai fasiiitas untuk foil yang berputar, di
Ftempal yang mempueyai aparatus untuk diskus yang
erputar {Dashnaw dan kawan-kawan, 1580), atau di
erusan aliran air deegan sirkulast tertutup (Hansson
ddan Mdrch, 1977). Bagian pengujian dari fasilitas ter-
scbut mempunyai alat pemegang benda uji (specimen
; holder}. Di alat ini benda akan diuj: disisipkan demikian
“rupa sehingga merupzkan bagian dari dinding induk
- (central walt) yang mulus. Gambar 6.6.6 menunjukkan
Yschuah alat pemegang benda uji. Adiran mclewati ke dua
sisi dinding tersebut secara simetris. Scbuah tubang ai
dalarm dinding terscbu: akan menimbulkan ronggs
kavitasi di cekat berda di dajam aliran yang menuju
< ke benda (upstrcam). Pengan mengalur {ckanan datam
; rentang tekanan kempis dan kecepatan aliran maka
%, rongga tersebut akan meengempis di dekat permukaan
benda uji. Salah satu cara untuk mengalibrasi berbagai
keadaan kerusakan akibat kavitasi adalah dengan me-
makai aloi nikel yang kekuatan dan kekerasnnnya
ditentukan Jebih duin scbhagai bahaa standar. Secara
umuin dapat diperhatikan bahwa scmakin kevas, kuat,
dan kzku (rnodulusnya Lesar) material itu semakin
tahan terhadap keruszkan akiba: erosi.
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Uniuk dapat suemperkisnkan crose balgebalug
dengan carn yang  dapar disndatkan maka lelab
dikembangkan suatu cuwra yang  discbut tckaik
“permukaan lunak” (sall sarface). Karena erosi kavitasi
menjadi cepat ketika meneapai intensitas Kritis make
pemakaian tapisan permukaan {coating} yang lunak
yang intensitasaya pada maodel yang dipakai disesuaikan
dengan skala model itu akan dapa memberikan kriteria
yung memuaaskan. Permukaan yang dipakai untok
model baling-baling dapat bervariasi dari ado:
afuminium anoda dan timal lunak murnt hingga tinte
yang dipakai dalam rekayasa untuk membuat cetaka
biru, tinta stensil, dan tinta bolpoin. Proses erosi pads

. permukaan yang dibuat dari bahan metal dapa:

niemakan waktu beberapa hari, sedangkan pengujian
dengan memakai lapisan dari tinta stensil akan dirpa
diselesaikan  dalam  waktu 5 mienit saje. Metode
permukaan lunak deagan waktu uji yang tepat teclbukt
memberikan petunjui mengenal crosi puda skals penul
(benda yang scbenarnya) yang dapat dipercaya, da
memberikan perkiraan letak crosi yang lebih tepa
daripacda yang diperkirakan berdasarkan metode visual

Radan kapal mendapatkan cksitasi dari baling-bahn
(erutama dalam dua cara : (1) Beban daun baling-balin
yang tidak tunak dapat disalurkan ke badan kap:
melalui poros (zaya bantatan = bearing forces) dan {0
medan tekanan yang menaikuti kisavan daun Huling
baling diszlurkan melalui aic ke badan bapn
mienvebabkan timbulnva tekanan getar pada pels
badan kapal (gaya permukaan = surface forces). fhe
percobaan menunjuikkan bahwa dalam kondisi tida
ada kavitasi kedua jenis gaya terscbut mempuny.
besaran yate hampir siuna. Karena adanya fravitasi
tunak vang ckstensil pada baling-baling sebagian bes:
kapal niaga maka gayva permukaan amuranya beberiy
kali febih besar daripada gava bantalan, Dengy
Camikian maka besarns s gnva perimubaan sebass
besar direntukan oleh ponlany kavitast vang adu pue
baling-baling yang berswngkutan,  dika o ad:
menentukan gaya ini dengan percobaan model mal
percobaan tersebut harus dilakukan di tempat ym
mempunyai fasilitas demikian rupa sehingga moc
baling-baling tersebnt akan bekerja dae mengaine
kavitasi di dabiant medan arus kot dengan kongisi vir
sedapat mungkin sivra dengan koandis yang sebevann
Senis Msilitas besiked ind dapat dipakai untub pengun
demivian o s

| lerowongan  havitasi konvensional  (liba (.
3.1/ medar aras kot ditimbalkan deny
memaknt heberapa model badan belakang (o
iuan drminy bl v dikambinasy
damuy jaki



PROPULSE KATAL

T'crowongan Lavitasi yang tempot {ruang) ujinva
"incmpuuyai panjang dan luas yang dapat
4cnampung mode! vang leagkap yang diperlukan
uniuk menimbulkar medan arus ikut {1ihat
Gbh. 1.3.1CN.

: Fasilitas yang dapat dipakai uniuk  melakukan
tpcngujian di permukaan aj- bebas {lihat Gb. 3.5.1 D
i dan Gb 3.3.5(}).

I
i

sktuasi tekanan dapat diukur dengan transduser
ﬁkanan yang dipasang rata dengan permukaan badan
ipal. Transduser tersebut dituat dalam bentuk silinder
engan garis tengah sekitar 20 mm dan tiogal sekitar
5 mm. Perpindahan reiatif antara inti ferit (ferrite core)
inp dipasang pada membran dengan kumpaian yang
pasang di dalam termpat t-ansduser diukur dengan
A makai jembatan clekiris.

s bukan getaran iefap bunyi akibal kavitasi yang
merupakan cbyek yang dikchendaki maka transduscr
kanan terscbut diganti dengan hidropon (hydro-
hone). Dalam ftal ini skala merupakan masalah yang
ngat rumit, dan hatus dipakal beberapa anggapan.
epagai anggapan dasor adaluh pola kavitesi pada
odel dan pola kavitasi dalam skzln penuly keduanya
#memenuhi  Kesamaan geometris.  Anggapan ini
fempunyai pengertian bakwa jari-iari ma sing-masing
gelembung berbanding -urus dengan faktor skata. Sclain
%’éilu, lingkap daerah meluasrya pelembung kavilast dan
3i'gé‘:c‘.‘istribusi ukuran relaifava vang timbul pada model
dianggap sama dengarn yang yimbul pada skala peauh.
& Dari angganan itu nizka banyaknya gelembung yang
timbul pada daun mo:lx! paking-baling paca sualu osist
2 sudut dianggap suma dengan banyaknya pelembung
'.;,_?(r‘?')'ang timbu! pada daun baling-baling vang schenarnyi
“Tpada posisi itu. Berikul s akan dibuhas lebin lanjut
? mengenai masalah .

oL
e

.t
3N

6.6.5. Prosedur Up Madel di dalam Terowongan
Havitasi,

Beberapa fasilitas vang dapat dipakai untuk melakukan
uji kavitasi dengan memakal model dibahas i Bab 3,
31.3. Pengujian kavitasi harus dilskukan demikian rupa
sehingga semua gaya spesifik (seperli misatnya gaya
dorong dan gaya Lorsi) yang vekerja pada model mirip
dengan yané‘, bekeriz pada cbyek dalarn skala penuh.
Karena itu syarat bevikut ini harus diperuhi -

1. Kesamaan geomclris.

2, Kesamaan kincwalis.

3. Kesamaan dinamiis.

e i i s Tt e e e o A A R TR RIS i ST

Menurat butic 1 maka model tersebut harus merupakan
obyck vang scbenarny? yang diperkecil dalam suau
skala. Secara umuwy model buling-bating hampic
merupakan jiplakar dari balinp-baling yang sebenarnya.
Begitu pula halnya dengan badan kapal, tetapt karcna
terbatasnya ukuran terowongan kavilasi «tau fasilitas
maka kondisi lingkungan di sekeliling model skala fidak
dapat sama seperti kondisi lingkungan schenarnya yang
diperkecil dalam skaim itu. Pasti akan aaa masalah
mengenai permukaan bebas dan akan ada pengarui
dinding terowongan. Contohinya. gclombaang texanan
vang ditimbulkan oleh masing-masing rongga kavitasi
akan dipantulkan dari dinding terowongan, Dengan
Jdemikian maka sinyal yang dicatat oleh transduser pada
wadan model adalab jumiah dari sinyal dari gelombang
sekanan yang ditimbulkan innpsung ofch rongea kavitasi
dengan sinyal dari gelombang tckanan yanug dipantul-
Lan dari dinding terowongan. Agar sinyal dar
geiombang tckanan yang dipantuikan dari dinding
demikian itu dapat dizontrob maka kondisi penantulan
dari dinding terowongan hacus diperhitunpkan dalam
prosedur kulibrasi.

Kesmmaan kinematis (butir 2) akan teepenuhi jika
kecepatan pada sisi madel dan keeepatun pada aisi
obyck yang scbenarnya scmuanya mempunyai arah
yang sama. Maka

!Am V,".s (s . ][)
P L 1.0
1 2 n g :

o = Jy {6,610
a, Vs
Vo e 6.6

i 4 adalah kecepatan maju baling-baling, # T
kisaran, D garis tengah baling-baling, J angke malu
dan rasio skala, Hurufl m dan s yang ditulis di hawat
masing-masing menupjukkan hahwa kuantilas tersebu
berlaku untuk modei dan untuk kapal. tni juga berac
bahwa distribusi arus ikut pada madel skala haru
seperti distribusi arus ikul di belakany buritan baling
baling pada kapal yang sebenarnya. Medan arus ik
dapat ditimbuikan dengan memakai model kanpal yan
Jengkap yang diletakkan di dalam tempat i ¢
ferowoagan kavilasi atau dengan memakai scjumit
model badan belakang yang dikombinasikan deng
memakal jala.
Untuk kesimaan dinamis (butir 3) hokum Frow

JQan hukum Reynelds harus dipenuhi ¢



1y - . I3 5
. drekom Froude) (6.6.19)
A

Vpm = Vs h Jhukam Reyreolds; (6.6.15)

A jalam percobaan model erjadi kavitass maka
:E'i'l? yaan dinamis tersebid tuga mensyaratkan agar (a)
E’vf;:m kesamaan angga kaviiasi, (b). h.ukmn ?Vcbcr,
i‘-"ﬁ?'n © pcngﬂwi“ kandungan uda-ra dm.oalnm air pada
‘f:f@om““a kavitast, lmr.us pula diparhitungkan.

?{; 3 gntuk butic (a) diperlukan, antara model dan
Ai‘%falp |. fenomena kavitzsi yang sama dan resiko kavitast

f
Japals
g‘&f“

gtine sama. Fenomenz kavitesi yang sama berarti

e p T

sl . .
popey (P In (6.6.16)°
\hpU /™ %hoU?
Ap. Ap,
o= (6.6.17)
A s

resiko kavitast yang sama berar:i

- . . N
_ -"“") Rl "’*’) (5.6.18)
G b N 2

Edan

Oy = Ous (6.6.19)

dan ini menunjukkan bahwa angka kavitasi uctuk
model harus sama dengan angka kavitasi uniuk skala
penuh. Simbol vang dipakai dalam Cers. (6.6.16)
(6.6.19) tclah dijelaskan  scbelumnya; juga lihat
penjclasan mengenai Pers. (5.6.1) — (6.6.9). Selanjulnya
diperlukan kesamaan dalam tegangan perroukaan
gelembung kavitasi. Ini memeriukan kesamaan dalam
angka Weber ¥ untuk rongga yang serupa

2
W= Eg—i {6.6.20)
T

Tadalah tegangan permukaan, p massa jenis fluida, U
kecepatan, { panjang Karaxicristik. dapat berupa gavis
tengah gelembung. Lengan memakal yang dischui
kapitaritas kinematis (kincmatic capilarity)

(6.0.21)

" dipenuhi.

matea berdaziorkan hoknm Webes

[Fa
U = 'u{\ Vowee o v A

K g

U, adalal kecepatio air i daliay tompat )i 6
jerowongan kuavitasi.
felas baltwa kelima syarat yang disebutien tadi ¢

6.6.13) 1 Uy = UN (U, = 4 (6623
6614): U, = c;Us N (Frouda)

(6.6.15) 1 Uy = cyly A (Reynolds)

6.6.19) 1 U,y = ¢alis (T um = Tus)
6.6.22) 1 Uy = ¢ Us e (Weber)

dalam pclaksanaan pengujian di terowongan kavitas:,
sidak dapat dipenuin sceara serentak, U adalah
kecepatan aliran pada pro fil baling-baling, A rasio skala,
dan ¢,—¢; merupakan koeflisicn yang berbeda.
Persamaan (6.6.13), kesamaan angka inaju, harus sclalu
Persamaan (6.6.19), kesamaan angka
tavitasi, harus juga dipenuhi untuk menjamin adanya
kesamaan datam fenomena kavitasi. Umumnya hukum
Eroude diabaikan seperti halnya datam uji baling-baling
terbuka yang biasa.

Harga angka Reynolds 1idak boich terlalu rendah.
Jika harga angka Reynolds rendah maka akan ada
Lesiko bahwit scbagian besar dart paling-baling modci
vang bersangkutan akan mempunyai aliran laminar,
cedangkan yang skala penuh akan mempunyat aliran
wrbulen. Harga angka Reynolds terendah vang dapal
dipakaj tidak dapat digunakan untuk mendapatkun
suatu kriteria. Harga angka Reynolds yang diperlukan
saugal tergantung pada jenis dan ukuran profii taling:
haling dan juga paca medan arus ikt Secara kasas
danat dikatakan bahwa baling-baling yang mempunya
garis tengah 200 — 250 min sebaiknya dioperasikan pad:
taju kisaran yang tidak kuvang dari 25 - 30 kisaran p2
detik, dan ini berarii angka Reynolds scbesar sekila
1G5, Dalam hal ini amgka Reynolds didefinisika;

sebagal

6.6 20

oo adatall febar dim baling-baling pada 075/
furi-jari baling-baling, 22 gasis tengah, o leiu kisara
14 kecepatan maju baking-bahng, dan +» koefisi
Liskositas kinemans.
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Ug“}:a Reynoids juga dapat didelinisikan sebagai

Agldy nD?

R, = 53 —=— ——

= " {6.6.25)

r maal ini memberikun Farga angka Peynoids yang
s cama dengan yang diberikan olch Pers. {6.6.24).
i gdatah luas bentang daun baling-haling, A, fuas
s, 7 banyaknya daun beling-baling, dow nr, [, serta
- crti dalam Pers. (6.6.24).

Fingenai hukum Weber, sekalipun harga kriris
taReynolds dilampaui kecepatandalam pelaksanaan
= haan umumnya tidak akan cukup untuk dapal
s uhi hukum Weber tersebul. Sclain itu,
e yngan gas di dalan: ir yang berada i terowongan

rasi juga merupakan hal yang penting. Untuk
Sdapatkan hasil pengamatan yang tepat maengenai

Ll
% nena kavitasi air tersebut harus mempunyai

i

£1ungan gas yang sesui’.

pida bagian atas terowaongan terdapat kubah (dome)
g berisi air yang mempunyai permukaan hebas (lihat

sbut dapat dipompa keluar dengan memakai pompa
fum hingga dicapai tekanan statis di tengah maodel
3 Siai dengan yang dikchierdaki. Sctelal beberapa saat
s dian kandungan gas di dalam air (ersebut juga
,f:tis akan tetap. Sehagai ukuran kandungan gas
¥fipakai rasio kandungan gas, vaily rasio ariard gas
fﬂiful dan tak tarut) di dakem cairan yang diuji dengan

e - . .
ikndungan gas di dalam cairan jenub {saturated) pada,

igghu dan tekanan stander

(5.6.24)

-
41 - -
Handungan gas di dalam caivan dapat dalum keadaan

Jarut atau tak farut, Scbrgaimana discbuthan di 6.6.1,
awal terjadinya kavitasi diduga ada kaltanuyn dengan
pas dalzm kcadaan tak iarul yang dikandung di dalam

inti. Agar di datam aic te-dapal infi dalain nlah yang

tukup untuk dapat mengawali terjadinya kavitasi dan
menycbabkan kavitasi dapat tumbuh, kandungau gas
didalam air tersebut harus mmelebihi harga batas tertentu
fmisalnya a; = 0,3). Jika kandungan gas menjadi icbily
fendah daripada harga bastas terscbut maka aertembuh-
i dan tebal rongpa kavitasi vang terjadi akan
berkurang dan fluktue.i tckanan pada badan modei
Effalengkali akan terlalu rendah,

* Jika percobaan dilakutan di fecrowongan Lavitast
fang tempat ujinya mempunyai panjang dav huas yang
i?PM menampling mode! yang lengkap maka dapat
i‘harapkaﬁ bahwa harga Nuktuasi tekanan yang dicatat
ari hasil percobaan terscbut akan lebib tepat daripada

'3.3.2) dan udara di atas permukaan air di bawah

tiasil yvang dicatat dari terowongan yang lebih kecit.
Selain itu, jika medan arus ikut scluruhiya hanya
ditimbulkan olch Ladan model saja tanpa koutribusi
dari jala maka dapat diharapkan bahwa interferens!
aniara baling-baling dan badan Kapal vang penting yane
dihasitkan dengan cara itu adalah benar.

Fasilitas yang mempunyai permukaan bebas sepert
icrowongan jenis D dan G (Gb. 3.3.1) dapat diharapkan
memberikan keuntungan tambahan schagai berikut ¢

L. Distribusi arus ikui yang dihasilkan agak fcbih baik
daripada yang dihasitkan di [agilitas tanpa
permukaan bebas.

5 Percobpan denpan kondisi balas, yaitu taling-baling
perada didekat perimukaan air, dapat dlakukaen,

0 lain pihak pemakaian fasilitas dengan permukaan
hebas terscbut juga memberikan kerugian :

i Karena adanya permukaan bebas maka ‘kcccpalan
model harus sesuai dengan hukum Froude. s
berarti bahwa kecepalan aliran akan agak rendah
(1 =3 m/detik). Agar dapat membual angka kavitasi
yang benac diperiukan lekanan stally yang sangat
cendall di dalam terowongan kavitasi. Tckanan
rendah ini dapat menyulitkan pengadaan inti dalar
jumlah yang cukup atau speklrum inti yang szsuai
untuk dapat menghasilkan bentuk kavitasi yang
“benac.” Untuk mengatasi kesulitan ini maka ind
harus dindakan secura rekaan, misalnya Jengan
memasukkan udara ke dalam air atau dzngan card
cletrokiisa.

7. Keterbatasan kecepatan berarli rendahnyn angka
Rcyno'lc‘.s. ini akan menyebabkan tidak sesuainya
polfa kavitasi yang dihasilkan di terowongan dengau
nola kavitasi dalam skala peauh. aMasalai ini dapai
dintasi sebagian dengan memakai model Lipal vane
Iebin besar canipada vang umuinnya dipakal ditimgk:
percobmn (12 m dibandingkan dengan b £ om).

Datam  hal tertentu terowongan  Kavitasi harus
dikalibrasi. Melalui the International Towing Tank

“Conterence (ITTC) telah dilakukan pembandingon hast

pereabaan dari berbagat (ecrowongan, Dergan begilu
inaka masing-masing inboratorium dapt mernerihes
ketepatan  lasifuasnya, Beberapa labraratarivm
membandingkan foto vang diambil dari vtk asgtus
denean foto crosi haling-baling kapal yana dianad
salen pengedokian, i merupakan cara yang bk eetials
notuk mengatibrasi rerowangan Lavitngi, Pomotretin
kavitasi pada skala peneh dan pada model yang bt
denpan kecepatan trggl juga dapat merghasiikan
inlormast vang berguns,
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un masih harsak masalah yanz behum dapat
caltkan scpenufinya mengenai pelaksanaan uji
-1e] di terowongan Lavitasi, percobaan demikian itu
\berikan baryak informasi dan petunjuk

berbagai peagaruh yang merusak dari

c'}iﬂiip

d
Sat men
ngcﬂai
cvitast.

5'5.6- ¥riteria untuk Pencegahan Eavitast
ofam menyiapkan praposal awal untuk kapal baru had
g ingin diketahui olch pihak arsiiek lfapal dalam
“hap dini adatah ukuran utama dan karakteristik
ling-baﬁ“g- Baling-taling harus demilkian rupa hingga
iaak terjadi kavitasi vang merusak; karena itu, perlu
sederhana untuk memprakirakan
erjadiny? kavitasi. Kriteria demikian itu dapat
Ayidasarkan pada gays doroug baling-baling rata-rata
fap satuan fuas proyeksi permukaan daun dalam
fubunganuya dengan angka kavitast, kadang-kadang
‘angka kavitasi sctempat. Burill (1943) memakat
ocfisien yang 7c yang didelinisikan sebagai

=
[=9

Hdanya kriteria

/A,

T/ A,
vo(VR)?

(6.6.27)

Jor

gayy doroug paling-baling

. o
i

- luas proycxsi daun

Fes
i
X
-
9

Cinassa jemis

= kecepatan relatil aic pada 0,7 jari-jari ujung
R ’

= tekanan dirnamis pada 0,7 jari-jari ujung

v
¢ ]

s
i

TR .V\_

Qoir

“ Dalam diagram yang diberikan oleh Burill 7. digambar
berdasarkan angka ©avitast setempat pada 0,7 jaci-jari

) Po — Pu g
" Cormr & (6.6.28)
= Taan
po—p, = tekanan pada garis pusat baling-baling
po = tekanan sekeliling yang absolut (absolutc
ambient pressure)
p, = tckanan uap air

Tekanan absolut sckizar (sckeliling) nya pada garis pusat
baling-baling adalah tekanan atmosfiv ditambaly dengan
tekanan dari kolom air di atas poros baling-baling; ind
Lerarti

v

by = atm e0g(T = E + {0 (6.0.29)

;o adatah meassa jenis, g pereepalan pravitast, § s
E tinggl letak poros dari garis dasar, dan {u

cpal,
U dapal clanggap

adalah amplitudo gelombang.
scliitar 0,00750L atau dapal perkirakan dengan menR
diagram di Gb. 6.4.12 atau 6.4.13. i adalah panjasy
kapal.

Tika tekanan aguos(ir smua dengan 1C1.3 EN/m?
(atau kPa) (tekanan atmosfir standar pada peimukaan
Jaut)y maka po— o pada 15°C menjad:

po = 99,6 - 10.05(T - E b {0 (k1’a)
(6.6.30)

Po —

P, pada 15°C adalal sckitar 1,7 kPa. Variasi p,
terhadap subu ditun] ukkao di G, 6.6.7. Kurva {ersebut
dinnggap berlaky baik untuk air awar maupun untik
aie laut.

Kecepatan relatif air pada 0,7 jai-jan ujung adalah

Va7 =D

Vg =
V4 = kecepatan maju baling-baling
D = garis tengah baling-baliug
n = laju kisaran
Luas proycksi daun haling-baling hampir sama
dengan
Ay~ Ap(1,067 = 0,2291/D) {6.6.31
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4 TEICANAN r ‘ I] / ‘
N UI\P AlR ] ‘
(OR Poll '| i ,
p { 1
joaly - , l ; /I
: { ! :
|
2000 . A . H .
e
. yd .

1000 /
i
L
0\ : ; i | —
0 9 10 15 20 25 o A0

SUHU A8

Gambar 6.6.7. Kurva tekanas uap air Lerhadap subn
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Gambar 6.6.9. Diagram Lavitasi untuk seei maodet Laling-biting

. berdaun empat untuk kapal aiae.

. Unu:k merancang baling-baling dengan memakat
igror( sirkulasi (lihat Bab 6, 6.7.5) perlu febih dulu
memilih garis tengah baling-baling, wnumaya di-
‘gemiukzn gari diagram rancang (misalaya, Gb. 6.3.14).
fzrenz LU untuk menghindard kavitasi diperiukan suatu
yeeriz y2ng agak umum dalam pemilihan tuas daun,
pDizgram di GD. 6.6.8 dapat dipakai scbagai pedoman

L aemikian itu. Jika bentuk penampang caun telab
; maka distribusi tekanan di sekeliling

;;jggpmampa,ng terscbut akan dapat dihiteng (libat Bab 2,

£ dzn 2.6), atau menzukuinya i terowongan angin
2u di tercwvongan air. JJengan memakai teori sithulasi
mzka sudut insiden {uuge of incidence) yanp scbhenarnya
berikul pengurangan yang maksimum nntuk tckanan
ung penampang dapat dicar. Tekanan yang
sersebut kemudian dapat dibandingkan dengan
statis po— e vang ada. Sudut insiden yang
2 tergantung pada pola arus tkut di tompat
-u bating-Laling dan dalam satu kisaran iling-

Aut tersebut akan berubah-ubalh, Pechitungan
o5 marus dilakokan dengan memakas harga aros

o

pada pungg
. @hiung

o
nsn

tev2

52

itut mengcliling raia-rain pada sctiap jari-jart ferresntu.
o demikian maka kavitasi akan teriadi pada
sen vang agak “cbil: rendai daripada yang dibitung,
nacus diberikae kelonggaran uniuk it Sering

- = adel baling-hHelingnya dan dilakubkan pesLuian

e
e

xengan kaviiast eotuk memastikan tidak toyjaci-

6.7. TrOW PERANCANGAN BALING-BALING
6.7.1. Pendabuluan

Telah banyak tcori yang diajukan untek menjciaska
cara sebuah baling-baling menghasilkan gaya dovong
Semua teori tersebut dikembangkan melalui pekerjaa:
yang sangat hanyak, bziik. sceara leorilis aupu
memakai percobaan, yaog dilakukan ralam caban
dmu acrodinamika. Sckatipun demikian belum ada teo:
yang diajukan yang memperhitungkan sermd faku

yang terlibat dabun aksi babing-baling. Sclain it
sekalipun konsep dart schagian besar eodi ersehy
cukup scderhana matematiknyn culinp - unit selangy
harus  dipakai scjumlab angpapan terienty untlt
menvederhanakan masaiahoya. Teos tersebat dugyn
diterapkan datn prakick dengas mentakal Kompute

{etapi pemakaian teori vang akan diberilan beritand

dan prograam koeputa bepitu o trns ne

w1

SMBANEH

[ RCH STL

nya kadang-Ladang dipat wicmbuat maln va
iarena ilu, petancangan prakus baliap tatine Loy
yang cocok untuk kondisi yang diberikon sassh 2
tergantung pada hasil percobaan yang dilahukin see
cistematik  dengan wemakai moded vadine baty
pemakaian periimbangan _\':m_s‘z Duik mcinpaban |
hakiks I

mengetal cira ke hating-baliy merupas

VI fin pihak, pengelinien SUes

i

RITINA!

peoting Ll pilak arsttek Bapal untue gt

Basilhan aneins Baegan balise balins
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Boiley oy . N
e
G | e Lumidity ol @ 50 pet cent end densily
o T80 e b { the fan :223:5: for airina
o The v __,:.__< of lhe
;e 107 g oper tu B i o .:::o
o ¢ i GIesSure iy, alume @, and iempel al oL
gt e e stand I air ;._s gily by us«ng mo:.::g (276} which
Soaveried (o the sta adard air capac

13
* .
ved [roni the eguasion

whencn :

(e
.

NI _ J.:.:

—

..,_nm Ex]
_t.:# w”.

A
il o}

.&Wﬂ:

theorelica! huad developed by the fun i cxprossed in mm 128
waler column:

1 1,000 Y,/
Moy o2t == {0y, tla — €, SN (e g Oy ) 2
T .W.h “n h_ J._I.t..ﬂ Fariry i wv
=2 (e, iy — €y, 00,3 mm L0 (277

were v, =densily of air, kg per cu m
Yous = 1,000== dersity o waler, ki aer
oty dengily .: ._:._ leg-see® per ot
Upun radial eniry ol the aiv anlo the fan im:

o = oea, vmlLO

Taking into account the =flect ol having u [
peller vanes on the developed head by the ?23
of head in he fan Ly lhe _{ frevhic efficiency i, »

head

H H\.: « M, =G0 1y, a1y, 02 G

=GP, = papiion

where @,= +=cddy current faclor .

:..

iy, = o.ﬁ.é.!:nn__ [nclor . Laken equal lo: oo to £ lor lorward-
curved vanes; 0.6 [0 0.8 v rac ,___ or slratght, vanes;
0.5 to 0.7 for hackward-cury2d vaaes

—L P EA1
Tlo fan head requived lo-accommeilale a grven venliiati

te.a depends upon the re ssislapee and charac leristic surves
ler

e permissible maximum peripheral speeds {(1ip speeds Vool oan
impelier, bosed upon fan cesign and sirengln cons _omaro:m are lis-
ted in Table 43, The table also lists lne most widely used inlet and
ontlet angles of lhe vancs.

= Tavle 43

Ty el fan apeed,
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faarened 10 provide

FRa i

slore carriers
JEoviIsion
plant fans, dosion 0

+

i
g upon Lhe way ey ore instalied
o fans in which (L2 fan discharge

soerved; ! ._
{ans, designed Lo produce atr maves enlin_ the spaces

ng exchonge. vy [
o pressure they develep, fans e divided inlo:

i
As regards Ul
K 2 head wp lo 109 mamHLO:

W pre
(1} low-pressure fans developing iam
{2) medium-pressure fans developing a head up lo oow. immi,0;
- .. N . . . . . i ' P .t v
{3) nigh-pressure | develaping a neau up io _L_o_r E.::_wm_
Acecrding o the mechaiical composition of the gas they pancis,

(1} ians ior delivering pure gases; LN N

(2) cust fais designed for delivening gases poitule ¢ Dy mecnanical
impurities. ' L N Yy

Tho speciiic veloeity, g, GF 5 i s & value relating the air dis-
.e. i -

ner hour, Tuil nead H mmi.O, stonenna alnics-
. ’ : 1.

whee! spoed, noepne, 2l the highest

N, mn e 1
AE

afficiency: _ |

(ias vmmw:..ﬁ Uhrough Ahe fan is compressed to 9._:%.:6
degree snd i iereforn poswmed 10 be an Eno“,_.?.nmm‘_&n L
this case all the main princigles in the theory and opesation cl
fugal numps are vatld for ans ﬁ.iﬁ,. o .

The capacity of a fan for, venlilating definile service quarters
:Z:mnym::nino_._éom._:o:_ humidity

must be sufficient to mainlajn t g on,
anc¢ temperalure of ihe air within the requirements of sanilary regu-

tations. o o
The unwholesomeness, of contamination, o the air in a room of
tHy estimaied by

compartment due lo {he presence of people is usua)

3
n
3]

I U O Bl e s

2-1. Cepacity ane Haad of Un

A%

e

required o maiolain » slipulated chamicit

NOf CoMnaTLent

The fan

Lumpesihon

")

[

)
2
<
i

cre /s volume of carban gioxide produced pos cwmol tae uives

rowmy, dilres ped cioin
¥V = woluime ol ihe rouny, cuoan

Lol o= the maximwin carboa gioxide conteni ped <u
the given roonr, Hires perocuon

=0.3 = cerbon dioxide confent pur cu i of sea
room, lilres per < il

Tha volume of air required to mal

Lure in 2 rocia is

¥

£

d legnpare-

3 = Oh....!i.!l..l !...Illlrlmvrl..i = M..alw...l\...-I[ s ....__,..uw
~ ! —_ v A - e 11 R
Cy :.. a\_Lu\a £y :s...I.N_._..u I..L..-! Col, :....L
. ‘ a1,
wiere ¢, =2 0,24 = mean heal capacily of air, kaal per &g ’C
©(, = given lemperaiuice ol the rooat, °C
V._ == {enperature of Uiz fresh air aniering the roon, °C
g, == amount of heat enteving the room,

density of lhe fresh air
per cir i
=+ densily of dey it o
mimbl3, ky per cuom
1 - , . o
4 = g = cotfficient of volumelrie expansion of air.

The amount of external sir seauired lo maiatsin Lie relative hu-

midity in 2 room is

1

@ pieszure of 7E0

oD i
Q= ‘._..lﬁhlxﬂlm,w..“_ﬂb um per Lour {275}

where 2, == amouant of roisture eutering lhe roony, g per hoirr
doandd,, = absoiule humicity of saturated aiv al lie room lam:-
perature, {,, and al ihe lemperature, £, of the

. entering air, ¢ per cu m {see Takl 38) -
w9, and g, == relative huntidily of (e aiv o the room annd of dhe
anlering air, per canl,

Data on the relative humnidity snd temperature of tie oulside oi
depepding upon the focalily in which the ship is operating, and th

r
<




Crrbon
dioxide,
Jitrasth

wnparr,

Faeh adull proJduces
nin

~er hour

i

At hard physical work . 130
At quiet work .o 75
Algest 0w e 70
Al sleep o o o e e 49
Each chitd up e 12 vyears of

3

produges . .o oo

1t should be noied that the amount of vapour produced ina room
by the operaiion of sieam engines and steam lines is approximately

egual {o 1 or 2 pef cent of the steam consumplion of tie gngines or

lines.

Tne heat generated by various souices and iniroduce into

{he premises they occupy can be delermined from the formuias list-

ed in Table 41.
in caleul
roame it is necessary o
required tar the operation oi internal combuslion
hoilers.

The appro
ternal compustion
iollowing formulas:

Vo =60,V n cum o per hour

ei

©ogice

where V.. =

- ' Dn B
Vo= 1150, (1 4aul)/ Tooo €U m per hour

ating the fan capacity required for engine and boiler
take inlo consideration the amount of air

engines and

ximate volumes of air required for the operation of in-
engines, ¥ ., and boilers, V,, are found from the

otal displacement oi the cylinders, cu
i

where a, &= 1.2 tc 1.0 == @XCEsS air coefficient
o = coefficient of volumetric expansion ol air
3 = luel consumplion, kg per hour
0, = iower cajorific value of ihe fuel, keal per kg.

The required fen capacilies calcilated from for

inuias (273},

(274).and (275) will not be ihe same and therefore the highest value

should be taken for any given compartment.
Teéntative values ol the required capacity can be

estimated on

{he basis of the number of air renewzls per pour n,. as established

by experience for various accammodetions (Table 42).

A LAt T TLINE

Source cf 70-»..;!.

AU et natited tats
surroundings, Qi1 ®ialth

FULIENNAR AT
Molallen

Sieam boilers

(0.03 to 0.03) G,Q,

Q= loiat juzl 26

Sleam lurbines G.005 Coi lion in toi
. per hour
m,nm.a._. engines (0.005 to 0.01) GAf Q, = lower catosifi
Auxiliary machinery (0.02 lo 0.03) G of the [uel
per kg

Steam lines
Inicrnal combugiicn

engines
Eleclrical machinery:

0.08 Goai

0.02 N.5.Q

G, = sleam cansuti
kg per hour
Af == uszfulb hent
keal per ka

{a) with recircutaling 6e A >>ﬂ,u (liective 0"
: i AN = power, KW
noom_um system | i, = mean currar
(b) s.:.w_o:_ n.wo::m 864 N ....mnm,l..d sily per E..
Lighting. fixtures 864 A ‘ ceaductor ¢
Wires, bus bars, cables 2,160 i} tion, A per
and filtings n = efficiency  ©
Heat! ‘infroduced from S kF Al A Iricol masii
outside by lransmis. ge = fuel  consur
sion through ship's kg per hp-n
buh k = coelficienl ¢
{ransmissian

reom walls,

hour per &

ceg C

F o= area of liv

walls, 5q i

. i

r peratures ¢

wall  suelig
exfernal sur
ship's hull,

In this case, il V,on i3 the voluma ol the comparlment in
{he required hourly capacily of the fan will be

Q,=n,Ycom cum perhour

I
The lan capacily necded is seleéted on the basis of whal is
standard air. This means air at 2 lempersiure 1, =20°C, o



o

The power requived ¢ drive a ian is found from

The overalt efficioncy

ey inle considor

007 o D85
i,
fan.

ciency which lales ilo eceounl lhe

ipeller shrouds 2ga tha luid being
: i oDl i} :
= N

where A

., =nower lost in overconung fuid [riclion
f=(5 to 15) (I

pited by @

rics
boe=widlh of the impetter ol air ouliel

D, == imipelier: digmeter al it outlel

For hackward-cuived ,.:F,l::u..o 5 to 0.75
Tor forward-curver vanes—1, 2:0.75 lo C.9.

3. Maochanical clficiency which
o mechanicat friction

5yt = coeificient oblained from dalz com-
Q;:S_ Institute of Aero- and ydrodyna-

l4

Y, —_ay i -
2z .||.l!1._/.m||...”wu|..| o 0.95 o O.CC
s Yu )

cehanicn clicn. The

A
in overeoming i

/f:n_.r P.._.f. ..u.n (L
s ihus

averall ...:: e

1 mn gl e to 0.75 {2749)
e oversil oy fah ot oamay reach =0 8t

' oot Design aned Setectlion of Fans

seanseal cealeulations o fanr design do nol, as @
¢ 'l
sufe resulig in subsequent iests that comply wills the :::i
_..:

.-p-da .

seceraie mesutls may Le o

wieved by designing a fan simiiar

s 2.0, Detinn anid Helection of Fans AV

Fing lype of fan design s carsied oul by rmaosimilacity pacihod

¢ acrodynamic diagrams and dimensionless Jharaeierls tics which
we will consider in the iclowing. :

The iniliai dola for ijan design comprise: e toli 1 head,
sisting of the slatie, M, and dynanic M., teads, capacily
and the rolutionad speea, a4, at max ieacy. Thus

e
e

were ues e nou:cn:,:
On 1he bo ,..,_u of the dischargz por second, Q,
we _éi delermine :,o ,.,. cuilic velogily o_ the
he specifiz velocily of 4 fan is 3 vame iha
el a. Q. cum per see the lolal head, M onan :

i
speed, n, ab maxiamn eificiency:

letes Lhe air : is-
s_:_ the Tinpeii

.rww simitac ans of
m._e_._m.umn. di .r.wz_.mc.no_w_.:n_m:_ x:.

T.o..m_‘o:w

uom pEosee

wheie oo
11, = oulside dizmnter of thz iirpeller, .
The _,o:c:a A %Pa ¢ outiel cirumicense of the tmpelter
is found frem fhe farmuiz

_oabn -
- ol 1 _m. [

{
B

Ml pressure descloped by o serizg
can we characlariacd by b prassvre ool

trizaliy similar lans
sient, :...

- 0
Hywm e = for (he 102l avid
ta
. - 1. .
Iy oo T e stalic .
Lo

Whance, if we know /7, :o:. the n: ract feristics of pilal mndeis, we
can Jelermine .- -

t ar O ? LY




55 Stecring  Gear  tlechanisms

L

pressures in dhe o ambers wiil

canse the vanes {o !

difference in

clockwise.
As soon as the helmsmar slops turning th

suslein drops, valve 41 is 3: hed Lo

\.;__ and the judder comus Lo resk
cases when the rudder is operi aled by emergency slegsing
1ts, ruddes lecile, ele.), compre ssion of Lhe liquid
is prevenied by opening the L:._.EJ 55 valve
Ly ils w.w._:ﬁ:: 3.

The ::.. iom of tie nacls of Lhis sieening geal for counler-
ﬁon“?.:mm 85: 5 ol the rudder can be followed out in Fig. 156,

¢ wheel the pressure
s cendreal positien by

fac _::mm EE:_..E
in the chambers

ect in the
aarss

1cipal Dala Heq
cam and Eleclric Steering

ia required lo determine the peincipal dimen-
the rudder characleristic, %,, the torque,

51018 o_ slee read .:
.:w_“:_ il i mo: the rudder head and ihe time, T. requires
o pul over
The lime ¢ .,._Sa _o put lhe tudder from barc-over hard-over,
_E cc_.- of the ship and used in sl eering gear

denending upan the
design,

is tisted in le
Cs r.cm; wed by ine U S0 S ; w:__::: Regisler.
hejore t:_ sloering engine feaches ils rated

ing must bz laken into con-
pulling the rudder from ha
cconds

rudder siock and
cof he sleering
er ctocw lurns,

Leiween e
¢ overall efficiency
at  which the rudd

Telle 7

re. 4
Letred Toogmi Dodeprsec, dar rudear
trun m.ll..l.l.nlil
I

1 oyt
_ tar harelenven,

et

J55 Lo 2010

1t should not exceed the slandards.

. Steam and Elecicic Kreering Genr

cxniessed in rpny,

P AL
i as n,,, bk the
eangine shaftl and ils soced, o, rpm, e
. Ny .
P, = et g
gy
£, == MLy TR

wherg :.., == |00 to 350 rpm [or stezm n_._a_.::-

== 300 (o 1,80C rpm for ¢lrelric mo”

The .::::E velocily of rolalion v, of m.:_,.

r.._n.r__z..DL

Srom the foilowing lormulas

where «® = maximum rudder angle from e

it follows

Cormbining cqualions {318) and

Comninit

__m
develeped

e sh

ing eaualioas (318) and {(317) we

from formulz (314) ha
d0w,,

i, smr——=

rs — rpm

FMO.,_ we wlv

F T e _mu:_

equilions 3_,: ard (515) into consiide

e the rudder stosk i3

,

«._.;_a...: stock o !

1

3
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5.2, Dimensiont ol Anctoring find

the Deipgipit
RERES

Anctgrig aend

data wsed Lo deterniie nw principel dinenson ol

v LY
I

:
m pinery are e pull ol alide It aod b
| i HIULY ¢ depii,

~ -

5 !

i H

§ !

i !

i

' 1 0 ]

3 g 30 cach :

n GO (he anchor wei

i ihe anthor woig
The foilowing notalion willt e
celernining the pull on fiz cobie
weight of lhe ancaor, ko

weight per rutining metre
tength of the suspended
density of fhe mal

o
(]

of the chain cable. Ky
zabley, m
2

gl of lhe zuchor, kg per cdii

7,780 = 7
o 1,025 = densily ol sua waler, kg per ocu o
B = 1.8 lg 1,35 = ¢ fuclor laking o account e friction
- ; 1psses in Lhe hawse hole and slopper. .
(' . the rsquired puli of the cable liftar lo hnist byo anchors 13
4 w » _ ool FANE
d : Fer = \.:AQ: -} ?:PLA ....:.__.Qc Aribiteal _ Iqu.w.l._m.,ou -
! M : ‘ by ky (334
i : . .
w : in hcisting ona ancher
) _”ﬁ..._. = 1,178 ‘.h..: - .C:.P_L _,qu_
: Ule following empiricel forrulis et be derived frem 2 cotnpi-
3 : o 1he weights of aiezhors and the siza of their chains as stipu-
‘ : ! W by the VUSSR, Shipping Regisler, a3 well ai the U.5.5.F.
: ! ) Shippiag Res
! Stapoard on anchoy Ciain:
. * o
e e “ bt st g} B0 . The waig e runming melr
S O m,4ﬂj/}n i | ,:n._wﬁ_ww ,m_,,.mﬂ,m:_ .v_.ﬂ size d.2s) G, mm, T W il por runping melre of
T =~ Y AN f N 3 N an .
i ..777 J,v ﬁﬁﬁ/u_ “ _ “ (0) p 002542 Ky for open-link chain
<N | A | . pay== QNFsde kg for ohed Ay (38)
iR ) | ’ i {6y p,, =0.0218de g for stud-link n_;__.;
o ./;ﬂmz. T | According to the USSR, Shipping Regisio the ail anchoring
' BR b 525 : arranzement, usually consizling of a capsian, must break away, the
- C NS M - : A
b £ —— " anchor a1d heave it in at a speed 9f at teast 9 mper min*
. . e k

AP i

et T
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If a windliass serves b handiing {he anchor and for warp.

: pYCeed

= B

ing, the pull of the war;

. (385)
iere Ry, = EN the whrping |
The speed a 1 barrel heaves in & hawser
can be taken jrom Table 23 which ias been compiled manu-
facturing specifications fov sentrnt
Marine Research Instituia

Liselui powe

;
| s

of the capstaz _ Hawser reaving-
i

Barrel, spevd, ny oper sec ky-m/see
1,200 _ 0.2 360
3,000 ! G.25 750 )
1,500 ] 0.2 a60
7,003 | 3,167 1,163
12,000 W_ G.150 [, 800

The speed 2f whicit 2 warping hawser is heaved in by a windlass
it not limited by [he values Table 58, and usualiy is cqual lo
aboul 0.4 m per sec.,

It has been staled prediously that (e same machinery s cm-
nloyed both for snchering roing purpsses. il follaws [hat
windiasses and capslens musl be~designed so as lo ensure noninal
operation of both {he anchoring and warping arranges enis,

As a rule, anchoring and warping capsfans and windiasses are
designed o cnsure lhe proper operation of lhe anchoring arrange-
ment, and then a check is made {o sec whether they provide for the
required puil and heaving-in speed of e warping hawsers,

The number of anchors, their weighti, lhe size ol the anchor
chain cabies, the circumierence of warping hawsers and iowing ropes,
and iheir i &

o=
o
2
.

iengtiy are delermined fram ine lables of the periineil
reguiations of Lhe Shipping Regislér. To find (hese values il is nec-
essary Lo calculate he- rigging characlerislic of the anchoring and
warping arrangement:

Xo== L(B A M) 27y (380)

where £ = length of the ship al the summer doac line, m
:_:.._.i_::_::_.c..:::_:.T...,_n:::.3:_3.2_._._;.13_:.:. =hjp's

o,

5.3. Dimensfons o] Anchoring aaid Warpenp Atachineru A

Pt SELAAS, —_ e —

a neigint f; and lengih {; consist of:
{
Al

F o= leight of e side aniduhips, m
adoe of the kel lo the 1ower e
siringer, :

vy, == correclion faclor lawing into accuunt the sail

ihe supersiructares,

Correclion faclors for the sail eflect of the 3 serstruclures

Az

lew

]
a) correction faciors for the stpessiruclures of the
g a lengthof,, and heig

- —

"o

cop and midships, caci |

s ™ It it H.,.:.J::h..

12 tolal leagih of the su

i
rojaax dhan 05 L

= 1.5 <2 il lhe total tenglh of the superslruciuse

0S L :
(b} correction faciors for the deck liouses, eacl having a height /y
and length {4

i P »
L= Ranlanlian

whern by, = 0.5 il the deck housu as ¢ lenglh [, equal to o7 luis
than 0.3 L

tan -
kg, =240 the lenglh, Ly, of the dech house exceed

i (e breadlh, by, of the deck house eheends s dent

thep (hie nroduct b0, 18 sehstituted inlu the equalion
o7 gty Thus

" T f

Mn._: o _r_A.:......n. .:_».-r:...

o) cnerection lacier for the quarler deck having @ length /. enu

v-d

neight Ay

Data on the anchoring and warping arrangenienls are |
Tebles 59 and 60. The weight of esch aichor is found by ¢
thair tafal weighf by the nurab2¢ of anchors. The sapar
miay be lighter than the spocifind values hy 7.5 per cent.
of (he anchor chain cables are given in lie luh!z on Lhe assul
thal the average length of esch vhet ig 25 m. The cable lengih dves
not include the Jenglhs ef the chain slip, joining shackles, connaeling
links and short pisces of shots wilk swivels, i the tzbular cabtle
Jength comprises an odd nuntber of shotls, ten the length of the
slacboard anchor ehzin cahle is faken one £idi longer than the porl
calbic.

A seclion Liken throueds e corleal ninme of Hwo neeal fve<onn

ot sy
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[er.,

a1

pentapon. i he vE size of 1he u:n: i chain cabie is denoled a3
o mm, then the chat ?_n_, squal Lodd s Lo Linar S:S.om_m:.g along
one m_%. AC of the _ entagon. Thus, m_: ol \._mhbnl.:r, il is wvi-
dent from iriangle GG thal ihh2 ofieclive diameter of the cabie
fifter is

= 4d, _8de 1354, mm= 0.0134, m {587)

. sind’ sin J8v°
’ 1)

Yieaved in in one revolution of the

-

m o (383)

1 of anchor chain cable
is .

S 3d. = 40 mm=0.04d,
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(a) for windlasses and capstans of bowar anchofrs:
G0 v, 5004 300

iSRS v
.N

et ™ GyTa, oA, de

(b) for lhe slern anchoring capstan:
9 s
Na=goid. 4 pm
The officiency of the anchoring arrangement is a,=0.7 lo 0.85
far mechanisms with spur gearing and n,, =0.65 16 0.73 icr mechanisms

with worm geafing. 1t is the product of the efficiencies of the trans-
missions and shafl bearings the gear train (Fig. 171):

LAt
) M, = TeMsh MogWeg
where  Tus Mg Npgr T T efficiencies of the ca
hearings, pairs of spui
, gearing
a and c= number of shalt bearings and pairs
of spur gears.
The lorque on fhe cahle lifter is
. TuDet

..H[lxl_..
My == cg-m

o lifter, shaft
d

bl
gears and worm

_run:m:_:m VRS WIIgGINIS asins
mechanisim (Table 61) It

Voot v - ..

shalt

HMand-operaied cipsia
Steam capsluns
Electric capsians .
Mard-powered windia
Sleam windlzsses
Cieciric windlasses .

720 to _“._m:_ 103 1o 00
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o lhe ohait of the metive unil is
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G38 Winches  and  Crangs

? embpa
ately 73 ko Ah

all persons A
Y ope RO hCVﬁG 1
L a ;c.,: mzy _r._n 78, _é

ht of the boal's falls, kg
3_ :c_,r.s:..: distrib wlion of
ohl nf ihe :.._,,mom,.m in

= weight of the |
: _
_

Mine

viter ruie

KSR A&

Teieney of (he poat's fzlls

eson the raio of .rm bloci diam-
fatl dipmeter {g=1.1 for & hemp
T 0% for a sieel wire rope)

of the davil guide roller
of the sna ..nr-c_onr

acks beiween the davit auide

.: ] ﬂ.c:o fyat Nas run vt Lhe miniieas

. vr._..e |- b, o.&....w .m. C\

auyy A, :M

ﬂﬁ_ ,:.noa_:a lo the break-

*
tion of e boal lendlh

ing
trom Registe ?. .
al .
realing

stremgeih, __._«

5,100
5,40C

§-4., Boti VWinchas A

witich  head -digsnzier s

The speed, v, wilih which lhe
is assigned so that i1 e ship is rol
be carried out during lac soiling m,.
it the heaving-in speed iy drealer
crest speed of waves running alo
been established (hal :F ro..: haishi
= 015 m por soe under iheet i
ihe tackie fall when m_:?? seave block:
be w, = 0.5 m nev see.
ihe 3:::.2_ winch lead speed

the s

aND, - d )i, =060z,

50u B
Hnl...l-ﬁllnn §9.] .Il.ll. i
BT Dy - dy) Ly ity i

Assigning a motive unit s speed L4, =
tric molors apd 21, = %00 lo 388 fam o
find he gearing ralin ol winch,

in ol the bous

on e worm whee

force on lhe winci
the lackle fails:

aser, 1he terque deveinped on the winch

Disregarding friction
shafl will De

11 the winch has an elticieney el My lhe tarque and power Oy
motive unil shaft witl be

. dy 7D
..E..i.].lln.pl. __||. == h
i e
m_._ﬁ_ ' -

meiric hp



The moan shafl power OF tRE wrrve sy mem e

. Voo Mmfe o pefric hp
M= ey MO

The mean indicaied power 1S

The cylinder diameier of the sleam enging, according lo [s-
dyunin's formula which is pased on the conditions for slariing from
a dead stop, is )

gunt
_,.L.L.u\

EE— ]

D, =131 Y e

Py n AQ._..:%T.[ _c_“.L

where M, = lorgue devel ped on the m;mz.o“ the .a:mm:o. kg-cm

W, = 0.85 1o 1.7 = cylinder ratio, 1.C., S .._02. ;

The value of {@fip; — ) 18 approximately from {0 to 15 per

: 5 a steering engine. due to longer dis-

fence jrom the anchori hanism o the sleam supply, 82.._:_,nm

in higher condensation losses in (he pipelines. ke “o_.:e. values in ihe

formula arc o be wilhin the same Timits as for steam sleering &€n-
gines. . ) _

The indicaled power A, required 0 5:2
and ihe coeflicient of resecve power are

ceni lower than that
-
i

rl the engine from rest

N ey, — )
: «__mq..b.“.u r\\r__.ﬁ.__chl.m.nl. T...w.?. .:_:. _—_.ﬁ.Fﬂ.r_D M;J "“_MCD._
§ e e v e T T H )
fu 13, 004
Nig

Pree™ Nim

The steam consumplion of lhe engine driving lhe anchoring
arrangement 15 .

™ . F M
G = iu N yar hout

M
i o

1
wheie g = specific sicaiil consumption, kg nef E.u._:. A:.E 581115
yalues are taken as for a steam sleering engine).
if need arises to determine the .c.:: on the cable lifter from data
‘measured on the anchoring mechanisi, formula (390) can be used.
Solving Dosdyunin’s o0 .
the shaft of the steam engine we cab write

b _\U\.A/u I T P noh Yo,

isrmuia (389) for lhe torque developed o

141 ALIC A5RCHONIng  necianssi,

sl Lwa cquations we obicin

At

u.:___.—_: [

D

.t K

The diamneier of the

{a) D

we

where d, = dizmeler of (he warping lawser,

Varp end diwmeiets delermined from ihe diameicr of hemp
ropes will be suitable for slecl ropes as wedl. :
- Dencling ihe flwser horving-in sneed as v, M per seT We La@n
fing the spend o the warping shall frem the lerigth of hawser hraved

in per minule. Thus . o

wheve v, = Lawser beavirg. iir speed, 1

. rosce, is in he assigned
secotding lo lhe pu arp end {Table G8).
toend ke shait o

v
ihie molive unit is

. t
EYHRE L

(304}

wheee M. = lorque developed cn lhe warp end
. m, = elficiency of 1hv lransmission telween the wavping
and molive unit shalis. -
1f ny, mam is the speed of the motive unil shait, the speed at
which ihe hawsar is heaved in will be :
ey MMADENITQ-EH 3.5

S M osre fan fdalal=a]

i}
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the amounl of

air in e air cushion cu e wiitien as

i/ [ I T. .u sy f..

Tty s

Ve prnioaaine and maXismant volumes of ke abr ure

Ly i
e vt L ,._,.w..i..lhl
G U (pp=—p
Dang ::: by the volume cf fgnid reamaining in the ta ihe
lawesl tevel, we fud Dal ihe volume of (he pazumalic lang is
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(1) SANITARY AN SCUPPER SYSTE

The 3_1;3 and scupper sysic TS serve o remove wala
he deck and alto lo d¢ispose of used waler from baths, law
refreshment bars, galleys, storerommns, cie. Waler s traine
ihe decks Uhrough scuppers and their pipes which renge Lo
W00 mm in diameter,

The gram in iTig now waler n:o_.?_ !
cenppel i samparfm : {
cach dechk iower deck (hra

&

. 8

P TN I druiay
_;w [y e Ry

ﬂ.u.'.“.n I__./l
ey _

R B

Herrr =i

S M aw i, Mp ML SR

i

i

w
w
|
,(../L:____.L.‘ -

ipes unlil il reaches the fast open deck albove the load wi

from where it is discharged overboard thiough deck sa

"

doeks through freein

large wimounis of wiier drain from open
i Tnsiabled in the iudwa

Waler g ab jrou sdee _ swor Shan the lond
line thiough pipas f uuisks o or inic gith
tanks arranged in (he n_oc..:o hotlen side spaces from w

is discharged overboard by pumips

Mn:_u_ao? 7 wilh mrimm 6, cowls & and sumps 3 ayoid clog
(e scupper pives. S-iraps @ are provided in 3 scupper pipes
draiv waler [rom 283 S_:?;::zé to prevenl tae odous
sewage spaces from gelling info lhe comparlinenls,

Shipside outlets of scupper pipes serving closed compal
gre fitted wilh swing-check valves exclude sea waler in
wealher: :
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312

The power required to drive a fan is found from the formula

Qi
= o, 3,600 P

The overatl efficiency of a fan is made up of the following efficies.
cies:

1. Hydraulic efficiency, which takes info consideration [he loss
of head in the fan '

where & H=1loss of head in the fan.

2. Hydraulic friction efficiecncy which takes inlo account (he
losses due fo the [riction of the impelter shrouds against the fluid being
iransferred

q f}'_ff _ [':ll.}_':'_p[)';_' s

Mo = F =

where & =power lost in overcoming fiuid Iriction

h=(> o 1) (1—:—5;—‘):(‘_ocfﬁcient obiained [rom data com-
piled by the Central Institute of Acro- and Hydrodyna.
mics
“bae=widlh of the impeller at air oullel
D,==impeller diamcier al air outlel
For backward-curved vanes—n,, 2=0.6 to 0.75
For forward-curved vanes-—y, 20.75 1o 0.9.
3. Mechanical efficiency which fakes inlo account Lhé losses due
fo mecnanical {riction
Ny—b8H .
1, == —— 1\’1 £ 0.95 to 0.99

where AN _,=power lost in overcoming incchanical friction. Tha
gverall efficiency of a fan is thus
A e AR EF B T
1, == 0 = (4 o 075 (4
The overall efficiency of an axial fun may reach w, 22055,

i f

2-2. Design and Selection of Fans

Stricily aerodynamical calculations in fan design de nol, as o
tule, ensure resulis in subsequent tests thal comply with the initizl
design data.

Meore accurate resulls may be achicves by designing a fan simuiar
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2.4 Head

LARMPIRAN

2 3pesifisasi

v T y
= ] - ;
= L
= /. AL o } ]
4 ph i T 1 H 21
-~ 1t 7 N I
7 y/5 L y
s o, 1 Z [
by F/dvA L Iy

Pt l

: Propan

+ Asam subfuf
: Dutag

Tebanan vap (kglem? ubselut)

: Bler

: Harbon sulfida

: Ascton

- Meul abfkokol

: Kurbon tetrakhlorida

WOt T A B L) —

: Beosol -

10: Alkohol

11: Formic zcid
12: Acctic acid

11: Toluen
14: Terpentin

H—7 / e o 15 Anilin
7 ! | 16: Phencl
Al I l : 17: Air
+° 0 +350 + 100 + 150

Temperatver (°C)

(b) Tehannn usp berbagni zac cuir

2.4.1 Head Total Pompa |

(Cararn: 1 kafferm® = 0,1 M Pa}
Sifut-sifut fisik berbagai st cuir.

Head total pompa yang harus disediakan untuk mengalirkan jumlah air seperti
direncanzkan, dapat ditentukan dari kondisi instelasi yang akan diluyuni cleh pompa.
Seperti d’pedlihatkan dalam Go. 2.2, heud totai pompa dapat ditelis sehagai berikut:

1

1
!

———— e e 2 T

Ho= by + Ay o+ By + 2

P

g

i
S

o

di mana H: Head total pompa ()

h,: Head statis total (m)

(2.6)

Head ini adalah perbedaan tinggi antara muka air di sisi keluar dan di sist
isap; tanda positip (+) dipakai apabila muka air i sisi ke luar fchbib tingpi

dari pada sisi isap.

Ah, = h, - &

&4,: Perbedazn head tekasan yang bekerja pada kedua permukaan air {(m},

P

h,: Berbagai kerugian head di pipa, katup, belokan, sambungan, dil {m),
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di mana 4, Head tckanan (m)
p: Tekanan (kgifem?®)
1 Beiat per satzan volume zot coir yang dipompa (kgfl/i)
Apabiia ickaran diberikan dotam FPa, dapat dipakzsi rumus bariiel:
o 7 =
b= 55 5 (2.9)
3
di mana p": Tekanan (Pa)
£ Rapat masa (kgfl)
Menurut I1SO, =nergi enesifik ¥ (Jrkg) kadang-kadung dipakai scbagai pengganti
Scad M {0y adapun hubungannye sdadah sebagai beritot:

Y=yl 1 : (2.10)

i
Schagaimana diutarakan di atas, untuk menentuhan head wotal yang harus disedin-
kin pampa, perlu dihitung lebih dahulu head kerugian A, D1 bawah ini akan divraikan
cara menghitung kerugiun head tersebut,

2.4.2 Head Kerugian

Head kerugian (vaitu head untuk mengatasi Kerugian-kerugian) terdicl acs head
Yerugian gesek di dalam pipa-pipa, dan head kerugian di dalam belokan-belokan,
reduser, katup-katup, dsb. Di bawah inf akan diberikan cara menghitungaya, sotu per
STl

1} Head kerugian acsek dalam pipa
Untuk menghitung keruaian pesck di dalam pipa dapat dipakai salah sati dan dua
rumus berikut ini: '

o= CRISY ' (2.11).
i, - ,
E = 8 (2.12
,?- iy A5 a0 Y, : ( )

4i mana v: Kecepatan rata-rate alirzn di dalam pipa (nyfs)
. p, q: Koefisien-koslisien
K Jari-jant hidrolik (m)
R = Luas‘ peaanipang pipa, teaak hlrus_aiiran- {m?)
Keliling pipa ateu saluran yang dibasabi (m)
St Gradien hidrolik

ol
L
hyotHead kerugian gesek dalam pipa (m) -
A: Koefisicn kerugian sesek
g: Percepatan gravitasi (9,8 m/s”)
L: Panjanyg pipa {mn}
O Diameter dalam pipa {m) i
Selanjutnya, untuk aliran yang laminer dan yang turbulen, terdapat rumus yang
berbeda. Sebagail patokan apakah suatu aliran ftu laminer atau turbulen, dipakai
bilangan Reynolds: -

T oD
= . 2
Re=-— § (2.13)
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4i maga Re: Bilangan Reynolds (tak berdimensi)
v: Kecepalan rata-rata aliran di daiam pipa (my/s)
D Diameter dalam pipa {m) )
. v Viskositas kinemalik zat cair (m'/s}
Pada Fe < 2300, aliran bersifat laminer.
Pada Fe > 4000, aliran bersifat turbulen.”;
“Pada fe = 230074000 terdapal dacrah transisi, di mana .
alitan dapat bersifut laminer atauw wrbulen terganiung pada kondisi pipa dan aliran.
{1y Aliran laminer
Datam bal aliran faminer, koclisien kerugian gesck untuk pipa (4) dalam pers. (212
dapat dinyatakan dengan
64 .
. * (2.14)

Re

(1) Aliran turbulen

Untuk menghitung kerugiun gesck dalam pipa pada aliran turbulen erdapat
berbagai rumus empiris. Di bawah ini akan diberikan cara perhitungan dengan rumus
Darcy dan Hazen-Williams.
Iy Fornuda Darcy : e

Dengan cara Darcy, koefisien kerugian gesek 4 dari Pers. (2.12) dihitung menurut
FUmus Yy
* 0,0605
11 =0,020 + 7 _ (2.13)

s

di reara D adalah diameter dalam pipa (m). Rumus ini beclakit uatuk pipa baru dar

besi cor. Jika pipa telah dipakai scluma beriabun-tahun, harge 4 2kan menjacdi 1,5

Diameser pipa (mm)

SR8 PRI pIRL P 2 ¢
T

4,0
3.8 /]
3.6 5 Y
34 4 !
3.2 3
20
2.1}
:W: 2,fl N
E 2.
& .12
Y
=
k!
S
[y
€«
3
w

keragian head (per 100 m panjang pipa lurus), {m}

Kocugizn gesek pada pioa lurus
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Kompresor 203

si volumetrik yang mempengaruhi laju alir massa, yang menunjukkan suatu penurunan
akibat naiknya suhu kondensor. Gambar 11-10 menunjukkan penurunan tersebut
yang progresiZ. Kapasitas refrigerasi adalah hasil kali antara dampak refrigerasl dan laju
aliran massa, yang keduanya akan turun bila suhu kondensor naik. Jadi kapasitas refri-
gerasi turun agak lebih cepat karena naiflkknya suhu kondensor.

Karakteristik yang penting lagi adalah daya — yang diperlihatkan dalam Gambar
i1-11. Daya kompresor adalah hasil perkalian antara kerja kompresi yang bersatuan
kilojoule per-kilogram dan laju alir massz. Bila suhu kondensor naik, maka kerja kom-
presi dan laju alir massa menucun, sehingga daya naik mencapai puncak dan kemudian
mulai turun. Sifat yang sama dengan daya ini, yaitu sebagai fungsi dari suhu evaporator,
ditunjukkan catam Gambar 11-6.

Beberapa penjelasan tentang arti dan sifat-sifat yang terdapat di dalam Gambar 119
hingga 11-11 adalah sebagai berikut: pencapaian puncak-puncak daya dapat tegjadi
dalam komoresor-kompresor nyata seperti juga pada kompresor ideal, tetapi hanya ter-
jadi bila dilzkukan pemompaan dari suhu-suhu rendah evaporator. Kompresi satu
tingkat dari suhu penguapan —20°C hingga suhu pengembunan 60°C yang menghasilkan
puncak seperii pada Gambar 11-11, tidaklah umum. Dengan perbedaan subw yang lebih
sedikit antsrz kondensor dan evaporator, diperkirakan bila suhu kondensor naik, akan
1da kenaikan daya pada kompresor, walaupun kenaikan tersebut mu ngkin hanya sedikit.
Kapasitas refrigerasi sefalu turun bila suhu kondensor naik. Karakteristik lain yang pen-
ting, tidak digambarkan dalam gralik, adalah koefisien prestasi (coefficient of perfor-
mance). yang turun secara inonoton bila suhu kondensor naik.

125 250
e - 200
=
I
3 [
6 . y v,
2 Dampak refrigerasi =
- 15¢ -
= 5
E o
- o
g b=
° S
< -
o 100 %
> 2.
Kapasitas refrigerasi g
o
G5 50
c I ! 1 J . 1 1 1 | )
—20 o 20 40 60 80

o
Suhu kondensor, T

Gambar 11-10 Dampak refrigerasi dan kapasitas refrigerasi untuk kemprcsor ideal dengan rafrigeran
22, volume sisa 4,5 persen, kju volume langkah 50 L/det, dan suhu evaperator ~20°C,

Bertitik tolak dari dave dan efisiensi, diinginkan suhu kondensor yang rendaii,
iadh kondensor tersebut harus menggunakan udara atau air yang terdingin yang tersedia,
mengalir secara maksimum dan ekonomis, serta permukaannya harus dijaga tetap ber-
sik, Udara atau gasgas yang tak dapat mengembun di dalam kondensor juga mengakibat
kaa tinggirya tekanan kondensor tersebut.
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dunginen, dil Nemuon,menentukon seeara lepal pengaroh masing-masing fakior tersebu

Juladr saneat solit, Karena iie faktor-fuktor inn ¢igabonpkan Jalum efisiensi adiabatit
ceseluruhan

Efisiensi adiabatik h.%[urtimm dmdm sikon Qct'm;,_:;u daya yarg oo p:..ruka'lq_t;rltil:

Lug 1iis), 4 d:ims.,l (l('ilg.l.l

dayd )"-nr' ':Lw!llll',ulllu“nl r!:m.rlumn oiu. Lomnn".v pada Nmanv Dal m rumus,

L e e
Cilr e i d.ls“:t[ driuiis shi:
A

L.

Hoa == 5 (2.2
L

£
di moad g, Dhoienst adiznbatik kesciurnbian {Bissnya dinyitakan dalam 0,
iy~ Uiy adiabuiik tenritis (8W)
L0 Daya ying masek pada poros kompresor (WY
r.w.-rn\:z daya adiabatik teorits dapat dihiiuny dengan runius

ik P00

= g Wi

Y ST E LIRS

£ {I,»-()h-..
1.;

r ¥

[y

WY (2.21a)

?

.
i
']
G o & . o { - 2 .
FooTekanan sap tingkat pertama (kulfm= abs)
o Teknnon Fobuze dort tingkat terakhin

¢, Junsiah volume gas yuna keluar dari i': wkat terabhic (m?/min) dinyatakan

lerapeeatur o

Ll i i)

rada koadisi tekan da
kuede, ]
g Jumbah singkat kemprosi; lilat Retern
Hia dadum ramus ing dipafal sniesn tekenan Paomaka Pers, (2221 Jitudis sebagai

\ (& = 1}mk "1
, mik /P) ] ww

ingan pade Pers, (216).

Ly = ¥ &) *6{;66"6! \\‘P, KW} (2.21h)
Diawm Tabel 2.7 diberikan berga-harga daya adiabatik teoritis yang diperlukan
wnivk rengkempresiken Tm¥min wdasa dengan kondisi standar sebagai hasil per-
}:iu:nu:.::; berdasarkun rumas di atas, Duri tabel terlihat bahwa daya yang diperiukan
untuk kompresi 2 tingkat harganya lebil kecil dari padu kompresi § i"l'.:kul Harga yaug
h o *cl.xil ini diperoleh prda kompresor 2 tingkat yang siengrunakan pendinginantar
coler) di antara l‘idel pertama dan tngkat ke Jun Penggumuan pendingin

fed=}

anturi akan memperkecil kerja kompresi. Jika tidak digunakan pendingin antura, maka
3

daya vang diperhukant untek kompresi 2 dnghkat adalah sama bes .un\u dengan daya
unduk 1 tingkat, pada perbundingan whkanan yane sama.

fSchu- ai contuh, dard Tabel 2.7 terbaca bahwa untak howmpresi §otingkat simpal
Fhplice® () atiu 8,033 kelfem? abs, diperlukan daya sebesir L7070 KWL i diperoleh
cart Pers, (2,21} dengan mengambil ! nrgan & o= L dunor = L Dava sebesar 4, 7078 kW
tersehui juga wkan diperlukun ented kompresi 2 togkat tinpa pe cndingin anira, Namun
Ika digunakan pendingin antura maka daya yung diperlukan menjadi sehesar 4,0227
KN, Harga ind dapat dipereleh duri Pers, (2.21a) jika Jiambil & = 12 dan g = 2,

Selanjutnyy efisiensi adinbatik keseluruhan dapat dihis ung menurul contoh sebagai
Berikut, Scandid n).t watuk scbual Xompressor 2 togkat yang menuwunpatkan udara
menjidi 7 kpficm? (g diperlukan duya poros sehesar 3,4 KW, maka dengan daya adia-
batik teeritis sebesar 4,022 kW, !\o.ut rest ind mempunyad efistensi adiabatik keseluruhan
sehesar '

L, 4022 kW
ot = 7 = S inw

3

= 0,745 = 74,5%
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Dulam Tabel 2.7 ds.)c.n\nn harga-harga days adiabatik teorilis yang diperit
untuk niengkomopresikan Fm 3imiin udisra dengan kondisi standar sebagsi hasil
hitungen berdusurkian rumus di atas. Dari tbel terlihat bahwa duya yang diperh
untuk kompeesi 2 tingkat hargnyl lebih Lecil dart pada kompresi | lingxal, Farga
lebis rendzh ini diperoleh puda kampresar 2 Gngkut ying muoggunakan peidingin
(inter-cooler) di antara tinghat periama dan tingkat ke dux, Penggunian petist:
anters akan memperkect! kerja kompiesic Jika tidek dipunnian pendingin antr o
daya yung diperiukan entus kompresi 2 tingkat adalah sama besaenyns dengan

- =

untak §tingkat, pada perbendingin wehanun yane st
.>le".u conloh, dur u.md 2.7 (erbaea bubevn untuk bowpresi | qr

7 haffon” (o) aiau 8,033 Kyffom™ abs, diperlukan diya sebonr 1 TOT W Lo dipe

dari Pers, (2.21) Llc::u.m mengaithil harga ko= LA dan = L Baya schesar 4,707
sersebet juga akan diperiukan untuk kampresi 3 Ungkat tinga pc:.d:’nnin anpar.
jika di-'lex::L.\n pendingin antire maka duaya yaug dipeilukun menjidi scbesar o
LW, Harga tal dapat diperoteh dari Pers. (2.21a) jike dinmbil A = 1.+ danar = 2,

Selanjulnyy clisicnsi adinbatik toselurehan dapat difiitung meausut contoh &
perkel, Scandaingys untuk sctuah hompressor 2 tingkat yang mumusmpitkan s
menjadi 7 koljem? (g} diperlukan dayi poros sebesar 3,4 kW, muaks dengen daya
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Kompresor

si volumetrik vang mempengaruhi laju alis massa, yang menuninkkan suaty penurupan
akibat naiknys suhu kondenser. Gambar 11-10 menunjukkan penurunan tersebut
yang progresif. Kapasitas refrigerasi adalah hasil kali antara dampak refrigerasi dan faju
aliran massa, yang keduanya akan tumun bila suhu kondensor naik, Jadi kapasitas refri-
gerasi turun agek lebih cepat karena naiknya suhu kondensor.

Karakteris:ik yang penting lagi adalah daya — yang diperiihatkan dalam Gambar
11-11. Daya kompresor adalah hasil perkalian antara keija kompresi yang bersatuan
kilojoule per-kilogram dan laju alir massa. Bila suhu kondensor naik, maka Kerja Kon-
presi dan lzju alir massa menurun, schingga daya naik mencapai puncak dun kemudian
mulai turun, Sifal yang sama dengan daya ini, yaiw scbagai fungsi dari subu evapuiator,
ditanjukkan dzlam Gambar 11-6.

B=perapa penjelasan tentang arti dan sifat-sifat yang terdapat di dalam Gambar 1 19
hirgga 11-11 adaiah scbagai berikul: pencapaian puncak-puncak daya dapat terjadi
dalam kompresor-kompresor nyata seperti juga pada kompresor ideal, tetapi hanya tei-
‘adi bita dilakukan pemompaan daci suhu-suhu rendah evaporator. Kompresi s2lu
tingkat darl suhu penguapan —20°C hingga suhu pengembunan 60°C yang menghasilkas
puncas sepert. pada Gambar | 1-11, tidaklah wmunm, Dengan perbedaan suhu yang lebih
sediki: antara kondensor Jan evapodator, diperkirakan bila sud Londensor naik, akan
ada kenatkan days pada kompreser, wakiepun keamkan terszbut iunekin hanvs sediku
Hupasitas relr aerasi selaly turun bila suhu kondensor matk, Kuara

PR el vang peie
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. 2.1 Rapasitas aliran 8%

sAob-muola perio dieatukan juemlah dorpasan kescluruban das aic hujan di tanah
pertaninn dengan rumues '

Q w2 lf\fn“ b0 ( 2d)

di mana @ Limpasae Resclucoian {m?)

R Ceral hujus siandar (mm)

£7 Koedision Impas

A Leas wilavah drainage (0
Dasi Sl dimpasae vang dilitong deegan eara di ams Semudian dopat diperkirakan
kupasits pomne dininase yung diperieian dengan romus

0
Q,. T ARG « D (2.2.0)
di mueny Q0 Wapasits pompa deainase sy
D. Lapinyn gennngan ying u;pg_rlmiu; kan (hari)
Foclizicn iiapas yang dipakai untsk menentukan Impasan total dipengacubi oleh
curah huins toal sepertd diberikan Jdi o talwm Tabel 2.7,
Jumilzk baed Lmpas Barus dibitung secura coba-coba dengun inemperiatibun bahwa

Tnupasan totad shane rerdistriboziban sepert dalsmy Tabe! 2.8,
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Stork-Wirtsila SW28

This heavy-duty, medium-speed engine offers high
availability through reliable performance combined with
low maincenance requiremencs. The compact design results
in easy installation and requires relatively shors and iow
engine room spaces. Designed for the use of heavy fuel the
engine is also suitable for marine diesel oil operation. Such

mmnm,mnmsoa make the SW28 versarile and suitable for mm‘on_wo A _ R _ c _ N _ e _ P _ " _Eo_ns_
main propulsion on 2 wide variecy of ship types and for :

I §SW28 4002 2353 1780 1260 480 770 3710 160
auxilary power onboard. 8SW28 5180 2470 1700 1260 480 770 4700 205

FroSWas 5650 2470 1780 1260 490 710 5170 228

| 4037 2135 2814 1260 850 4405 26.0
p 6030 2334 234 [ 5385 24.0
S b

Cylinder bora

200 mm 6500 25334 2334 570 850 5056 36.0
Plsion atroko 300 min
Spoed . T20-1000 pm -
Mean effoctlve pressure Output at
HFQ 23.4-18.5 nar Output
MDO 24,3-21,0 bar 720 rpew/GO Hz 750 rpm/50 Hz 900 rpaviB0 Hz 1000 rpmy/50 Hz
Platon speed 7.2-10.0 mie Englne Eng. Gen. Eng. Gen. Eng. Gen,  Eng, Gel.
FUEL SPECIFICATION: typs kW W W kW KW KW KW KW
Fuel ofl 730 eSUS0°C GSW28 1580 1505 1620 163 1800 1737 1800 1737
7200 GRIICU'F BEW2R 2060 ugm 180 - mmwm Mw% WM_ m w“% wm%
1808217, ol G §8W2a28 234D 225 2430 4
150 8217, clans Py AMH 55 128W28 3120 301 3240 3127 3600 474 Jp0D 474
. 165W28 4160 4014 4320 4169 4800 4632 4800 4632

188W28 4680 4516 4860 4690 5400 5211 5400 san

‘Rated power: : Propilston énatnes:
Oulpul in KXW/BHP at

Qutput .
_ 750 rpm _ 990 rpm _ 1000 rpm . Engine type  Longth | Breadh |  Helgh | Mass,dry
Englna ¥ SR A
. Ctyne kW BHP kW o BHP kW BHe 6 5W 28 6220 2220 3590 P .
< v TS 3swWas 7560 2220 700 a5 -
ﬁ.wébw‘v T 1820 ﬁmug\v 1800 wiwb 1809 2445 95w 2a 8660 2220 e - 41
Bswan 2160 - 29 2400 & 2400 3260 125w 28 4303 2600 3750 43
™) & 2700 3670 2700 3670 158w 28 5380 2600 . A5 . B0
a0 3600 mmoo 4890 18 8w 28 9850 2600 4015 62
. Mwmm mwwm mem Amwm mmmm wwww Tho dimenslons A, B, G and the tolal mass are dependent on the generator

used. Inciudes a commen bed plate.

20 ) 21 :




