6. 1. Kesimpuian

BAB VI

KESIMPULAN

Dengan selesainya perencanaan dan perhitungan tugas merancang int,

maka penuis dapat mengambil kesimpulan yang berhubungan dengan kapal

perencanaan kapal Tanker 7. 000 DWT sebagai berikut :

Panjang kapal scluruhnya (Loa)=105 m

Panjang kapal antara garis tegak (Lpp )= 99 m

Lebar kapal ( B })=188m
Tinggi kapal ( H )= 9%5m
Sarat air kapal (T )= 60m
Koeffisien blok kapal { Cb )=0,692
Koeffisien prismatik kapal ( Cp )=10,704
Koeffisien garis air kapal { Cw)=10,784
Koeffisien tengah kapal ( Cm )=0,983

Displacement kapal

Volume kapal

{ A )=7.920,895 ton
( V )=7.576,179 m’

Jumlah anak buah kapal (ABK)= 26 orang

Mesin induk yang digunakan :

Jumlah mesin
Merk mesin
Type

Daya

Putaran mesin

Bore x Stroke

Jumlah silinder

Cycle
SFOC

: 1 ( satu ) buah

: MAN B&W

: S26MC

: 3.270 HP/ 2.400 kW
1250 rpm

: 260 mm x 980 mm

1 6

: 2 langkah

: 132 ¢/ BHP,. jam
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SLOC :1,5kg/cyl. 24 h

Kecepatan dinas @ 13 knot.

Berdasarkan perhitungan dan hasil pengamatan untuk kapal yang hampir

sama kesimpulan sebagail berikut

1. Kapal memerlukan tenaga penggerak minimum 3.270 HP. Pada
perencanaan ini dipilih motor induk dengan daya sebesar 3.270 HP pada
putaran 250 rpm.

Dengan jumiah ABK 26 orang dan route pelayaran yang ditempuh lebih

[

kurang 11.000 mil, kapasitas maksimum kebutuhan listrik untuk
mensuplai peralatan yang ada sebesar 361,962 kW. Dalam perencanaan
ini dizunakan 3 unit generator yang masing-masing sebesar 200 kW,
dimanz 2 unit generator berfungsi sebagai generator utama dan satu unit
dipaka® sebagai generator cadangan ataupun standby generator.

Berdasarkan hasil perhitungan rancangan propeller, maka spesitikasi

d

propeiler untuk penggerak kapal Tanker 7. 000 DWT ini adalah :

I. Type propeller : B.4-40
- 2. Diameter propeiler 03,247 m

3. Pitch ratio propeller ( Ho/ D) 10,568

4. Jumizh daun propeller ( Z ) . 4 buah

5. Blade area ratio ( Fa/ F ) 0,40,

6. Effisiensi propetler (np ) 052 %.
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I . GENZR&L SPECIFICATION

-1 HLELE SABS, MAPROL 73, FRIEXCEPT MEPC33), J1S
-2 SOURCE

WORER CIRCUTT AC TS0V, 60, 3

CONTROL CIRCELT CACZ20Y, 60z, 1d

=3, PANTING COLOR

INCINERATCR BoDY :S1LVER
CORTROL PANEL SMUNSELL NO. 2. 58G7/2
—4. NAHE PLATE _ :ENGLISH

2. IRC NERATGR SPECIFICATION

-~ 1.T¥PE VI-30 7
- 2 QUANTETY TTSEE, v

— 3MAX.DISPOSAL CALORIFTC VALUE:32x10" kcul/l
= 4. DISPOSAL QUANTITY
ES.WATER CONTENT 10% THE OTHER ARE COMBUSTIBLE LIQUID
cab. 50 L/h

- 5.SCLID WASTE cab. 22 kgea

- 6. CCMBUSTION METHOD WASTE GIHL ATOMIZED BURNING

= F.DEAFT SYSTIEA FORCEDR DEAFT SYSTEM

- B TENTTION SYSTIM SDIESEL 011 PRESSURE JET BURNER WITI HEcH

TENSTON DIRECT {GNITION
(IN CASE OF ASSISTED BURNING, PTLOT BURNEE IS
TO BE USED CONTINUOUS. )

S CPERATTON SYSTEM SSEMT AUTOMAT EC OPERATTON SYSTEM
PLSCLID COMBESTIRLES SSOLED COMBUSTERLES CAN ALST BE<BERNER AND

DISPOsED Gl
UL CUMLUSTION ATR TEMPERATURE  NOR.20€C . MAY, 16 C
ST ATROAND STLAM SOLRCE
ATRFOR ATOMTZING S~ D ke
POCOALST s CnnnING SYSTEM  DELUTING 81 Coub NG SYSTEN



NE L

re e e

oL O I A OF CASAKURS Q1 wATER SEPARATOR

L8 1
-1 [ — M A B

sy, - 045 N1 _'/}\Epr{':‘ct&(j__(ﬂi ":f' ‘Qﬂmﬁr‘”w‘_

_fj_y_!_L‘_‘._-'——*w R S e —
Rule : B Prepared by " @ﬁﬁ&% i dil
Mfd No. 055 —5983 Date . APR. 1987

i, Porticulars

Model SMT—9A Name plate English 1
No.of set per ship 1 set E
Copocity 5ma/h (Max.) ' Unit Metric, S|

Waorking press Mox.0.20MPa(3.0kgf /em2)

. ~onlrol ACP20YV B0Hz 1¢] Paoinling calor 7
Power source Soms ACa40v B0tz 36|, tor separolor Munsell No.2,5G 7/2

This equipmenl as o 15ppm Oily Woler Separator hos been certified by D.0.T.(U.K.) and
Joponese Government in accordance with the Requirement of the Specification contained i

the Anrex o the Recommendalion in MO resolulion MEPC.60(33).

IO R E MEPC EO(S)I BN B HRBRC LY. Sppm MG I AHEEL L TBARRAAURE

DO T ERABENLRETT .
Pump [ Fiston, Screw, or Plunger

pE]
ezt

armaoncel

(Tperf

7 Materigls .

Part _ . Malerials |
Shell Corbon sieel (inside of shell is coated with anii—corfosive poinl.; jl
Coalescer | Stainless sleel i

3. Accessorizs

Article Q'ty | Arlicle Q'ty
Qil level sensor 1 " Bilge alorm (Type : FOCAS~1500C) 1 sei
Motlor valve 1 ‘ Sefely valve 1 ]
Pressure gouge 3 Sleom heoler T
Test cock ]  Bilge feed pump 1 set
Ci droin voive 3 Stariler 1

4 Remoriks

Perlormence lesty ol shof ond cnboord ote nol to be corried out becouse lhe performonce has been

cuthorized by &0 T{U k) onc Joponese Government as sicled ebove.

TimacR B, DAL Rk DOTIRENRANGETELR . TR eRBEELI LYY
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TABLE 3. Dimecnsions of the two-bladed screws, fype B 2.30

r/R 6.2 [B] 0.4 Q.1 0.6 0.7 0.4 0. 1.0

from centre fine w0 5y (1l 1) 7| 3062 $0.3| 440t | 4697|122 <546 1487 Lengeh of blade sectian ac
craifing edye : 0.6 X =z 03313 D il
FJb w030

Length of the blade sections -
11 percenteges of the maxis | fram centre line 1o wos| s sasilsers]| ssu2l g2l anes | sons| —
mum leagih of she Vlade | Jeading edge
sections 2t 0.6 K. bl

total length TAZY 8221 2183 | 57.03 (100,00 3919 22,85 71,77 e

Blade-thicknens cadio 41 percertiger of Yhe diamerer | 4,48 Le4] 242! ol 208 1,88 1.y4) 0.82] o000 Mavimugy  thickags
centre of shafo ==
= 0055 2

Diitance ' of nssimon thicknes {ram lcn.'iin; 3100 31,00} 35,00 35.50| 3v.30| 44,20 7a0] 1000 —
edgs 11 peecentager of the length of the $€CUBRT | vaern | wnsnaiie | v e b immnts | wimsmne ALALA

O e ] -

IABL] . ’)nncus:ous of the three-bladed screws, Iypes B335, 8 3.50 ruu/ H 5 65 i

/R 0.2 6.3 0.4 0.5 0.6’ 07 | o v.2 1.0

from centre line Wl zssnfner|yéaz| 03] qaas] 1697 4022 454ed 1407 Leagth of blade serion o

. trailing edge .
Leogth af the blade sections oo J —— T e e e e e e 0.6 L . wyevi N QN

s hercenape of the puste |- lrom cewtre linc 10 | 4oyl yiag sion] sasa| srar]szaz] s |sosa] — | £t ee s
mum lengh of e blide | feading edge . )
sections at 0.6 R, |mmme=eee ) —

to1al lengih ZATIPALYEE 2Ly | 705 1000 [este| v 7rr] —

Madeshicknen ratio 11 pereentages of the diamecer | .06 599 302 2650 .11 L7} L4 ezl oo Mavunmm  thickaes  at

- — spmmtee— | ogenepe of shall o=

Dicance of muazimuoy thicknes from quinx 35.0 1330 350 bang | st | 442 _”;': F'O.D b 0 D
edge 1 prrecntages of he length of the sections 3

‘/

TABLE

> Dum’uuo.ru of- !}Jc'-four-bludcd screws, iypcs U 440, B 4.5§ mm’ 470 J

/R 02 1] 0.4 0.% 0.4 0.7 .4 0.9 1.0

; f"’,'l‘_' sende et fag s saaz|azs0 ] 4078] 4592 | 166n] 451] <700 20.14 Lengeh of Llade rection
(%4 [4}
Lengeh of the blade sections | wiok SOBF e R (e I Tt a ettt o B SUPIERS. el B WA SO SRS 2 RET 1

s percenuiges of the mual [ from eentre linc to | oo | o 1L 17.60f 1608 5140 4165|2038 — | FF = 000
mum leagth of the Lisde [udmg edge )

sections 3 0.6 F S £ L L - e T e e e e e e e e i e . s

tots] fengih 76081 43.5¢]93.62190.08}100.0 | 99.08) vo.00] 72.34 —_

Blade-thivkness zaids 1 pereentages of the diameter IRTARNE 202] lio 1983 136 1.4 0.77] o3¢ Matimum  uckoon n

e e e e s e B R e C T S R oes JUN D BN
Divanee of mazpudm thickatn  from ltadmx
nl;:z ] pcrccau;d of ti-c ]u-uh of Ilu ucnom

31.0 1350 (300 [arg | sey (463 |4z |ioo = = 0041 1)

— TABLE 4. Dnnnmwu u[ If.n /rw ul'uu’ru’ seretes, !yfu: U . 45 am/ U 5. 60

r/R 2.2 e.) 0.4 0.} 0.é 6. 0.4 0.9 1 1o

from centee line 10 TR I700 ) 4070 | 4392 46kn | 4803 | 47002014
wrailing edge

Leaguh of che blade sections | —_— - e

, =o0ves Iy oaf
a1 percencager of the mzf. from centre line to S
mum leagth of the Llade InJms edge A Rt R AU RS FIRT et R e o

l"‘:lionl i o“ R‘ N e R L T LR I TR TP PR et o s S

torad leageh TEOB AE PN L) 1030000000 90.04 | 9000 Ly -

r

Length of Llade veution ac

- o e —— 04 &

Blede-thickness ratio a8 pescenisges of the dizmewee | 0240 nar] 292] 144 L2V | 141 nedj .47 s.30 Mo ek
. BT R NI RIE] hawk ne sy 4
s centre of ol

15,00 n.ouln.no IRI0 3090 44,50 42,90 so.00] — | ¥ G040 D}

Distanee - of mazimum  thickac from  lerding
edpe is neceentegcs of the length of the scctions
SVl

D AR T LTRSS W SR S A -



b

T/\BLI‘ 3,

Dimensiom of the fwo- bladed serews, type D2, JO

Length ull' the blsde wcimns

1 peeceatsger of the puasis
mura fength of the Llak
sections 10 0.4 R,

Biade-thickaen ratie g persentagenof vhe diseneter

Ducsnce af 1hi
edgz av pereentager of e |

s imum

TABLE 4. Dimensions of the rbrcr blaa’rd serews, typer B )LD 5, U 350 and U ). 6}

/A b2 00 | e for | e | e | et | oor | 10

from cemire line vo d gy ool vy or | vaer] o] eaae] sarr]| voar] ar.ae] 1oar

trailing odye o

from cemecline ve | g gty pal seni | sarz]| sise] szl o] -

fesding edge .

tots lengih IERAREIRIER-ININE ARSI R IAR I NSNS RERIA NS —_

wxk| vl sar] rre| vl taef sa<f ve1| oo

chnese from desding |4y ol 1y 00) yr.000 31.00[ 3098 dad0] aza0] 10.08| —
m::l‘- of ﬂu -«uo:u . |

Lengrhof Lade vection 11
0.6 X oy Iy il
FJF - a0

Mavanugs dhoctoen .

censre ul Whaly
= g ofs

ThOEE A ol GEBIRLIILS S A e SRS R SRS ST Ldianeidn RN
e/R 8.1 0. 0.4 | o4 0.6 | ar | v | w2 1.6
""']" ""L" line 10 1 gy st 247 6t s0.0y] aeasf 4o anar|arnae| 1ees Lengih of Dhade secsion ot
trahin [4 t
Length of the blade sectiens ------—xu—‘------- s e e R D Bumannde BTt TR I Y S SRR TIR RIOT S o B
i pesgentage of the mwls | from comee fine 0§ or |y as | paan| sena] sranf rae| v sosn| = | A8 w v
mum lengeh of che blade | leading «dge .
ictions 3t 0.6 K, Hemm— e ——— g b -
tosal beapih (ARSERIBISEINIAR RIS IN INEIRIZR SN ER DI 5 & R
Blade-thichnen ¢aio anpercentages of che diameter } d006) 302 3a2{ 2,65 28] 171l 24d o7 038} Musimwm chickness a
= e e e o e ; o hoas cewtre wl shalt 2.
Disance of avizimum  thickness {rom Ic:r..ﬂns 10 fate fasoe {ons | ans ass |ara I'O.D - s Q08 1)
edge 31 percentager of the leapth of the wections )
Ar

Length of the blade rections
18 pereentages of the npiexls
mum length of (he Glace
tections at 6.6 R,

Made-thicknan eatds s peecentigen of the dlamcter

Distanee of nsspnim
ed;c i percestaiga cf th |

-"a-

i

Length of the blade section:
15 pereentsges of the mais
mum enpth of the Llade
sections st 6.6 R.

I‘ABL"

Blede-thickness ratio a9 perze

D:mcmrou: o[ 1he jaur-bluded’ serews, iypr: L 4.40, B 4. 55 um/ i 470

Distance of mititmum

¢d's: i p:r;mlngcr ol the hagth of the sectjons

t/R 0.2 { o ] o4 | os ] o ez | o] o9 10
frums centre fine to
E::‘i'“n‘ ‘:d“ ‘ A 32 70  d0.ru] 43,92 1668 f 48,38 42000 20.14 :{TF;(I‘ u“,,,‘,;l,:;ﬁg“l;
. TR A -y TR LA ey 0F R NS b e e s s s et . == U, 1
from ecatre line 10 | ggy {yaq] 1692 s7.40] 1600] staa0 ] args | 2a1| — | FUF = 040
leading edge
tuta} lengch 7é.00 3006l sa62 | snseit00.0 {vn0n! vo.00l il
e6y 524 | 2az] 240) L] Lrel| a4l 02l euo Matimurn  shicknuss ot
_....;. ..._.{a..,.._l_.t}.. bl et LD Lo PPRpRRR PRSI RS DS I centre of shiafy
ctnens from  leading — = 0.041 .0}
cngih of the sccrion: 1E 1300 1050 (35 LI P44 |47y so.oJ
D:mcmwm uf the [.rw u!anl sereivs, !y[)r's U 5. 45 and B 5 60
r/R 0.1 ] 8.3 | 0.4 B} 0.} o | o oy e
frum centre line ie ) . [T
wrailing edge UL 3N 137001 40.78] 42,92 46.60] 48,35 | 47.00] 20,14 Length of Liade vection 1t
-r———-—-—-[~-~— — - 6.4 K = oo0.0y8t D if
tom centre bine 1o FON T O
beodms e ML RENCY RIREY REALY ISTXTY EIRL) FYNTE BYRYY R By OV FOREARY
it T S PURRYI SPPROR DS IVSUVE FNUUN SRS SN N
total lengeh zéerivnrebvi gl v 1eoo0f reot| s0.00] 7200 —
L L DU WU SUT NEN NN S
niagerof the diamerer Lidp Lay{ 1,113 1.t4 LZe| 4] 104 -0.67] o0 Masimun ahicknen st
i '"{ -l-;——~ pre e e ——e e e e centre of ahal ’
POt eeding Fy g eelan.00 30,00 | snael sne| 4400 47,90 fe.00] — | = 000 D

:,..' =. .,‘

s
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ting Compressor (Water-cooted)

\gbé’Prieumatic Machinery Co., Ld.

—_—— T _-—#_"[_3;:\}! 3
Model Na. Spaed - 25kgflcrn. - — 9" cmj“ -
{r.p.m.} Capacity Powaer required Motor Capacitly Power required Motor
mfir (FA] PS (kW) m ' fhr (FA) PS (kW)
1,200 85 16.5 15 60 17 15
H63 1,500 80 20 18.5 7% 2 18.5
1,800 95 25 22 90 26.5 22
1,200 90 23 18.5 85 24 18.5
H-64 1,500 110 28 25 | 105 30 25
1,800 135 36.5 30 130 37.5 30
1,200 175 45.5 17 170 48 a7
H-264 1,500 215 57 45 a0 60 50
1,800 260 70.5 55 255 135 | 60
1,200 110 28 26 105 T 25
H.73 1,500 135 35 30 130 36 E 30
1.800 160 a6 37 es . a1 , 37
1.200 140 35 30 135 T 36 | 30
H-74 1,500 175 45 a7 170 ' 46 ! a7
1,800 205 i 58 45 200 ' 60 50
1.200 220 ! 55 a5 TThs T 58 : a5
H-273 1.500 275 = 59 55 FTT ST T Ty T e
1800 | 325 T 65 e S AT I 70
1200 | 275 0 55 270 : 3 % 55
H-274 1560 | 34D j 88 70 T a3s Ty T 3
1800 | 105 i o8 85 ; a0 ETI 90
1200 | 130 ' 83 85 T T T T -
H.373 1.500 410 TToa T 85 E'“W 300 N wmrty T
1,800 485 ' 128 100 " as 132 110
1,200 a5 106 B5 405 ' 1o 30
H-374 1,500 515 130 t10 505 T Tazs 110
1,300 610 162 125 ' eo0 YT 132
N Copacity (free air) relerred 1o inlet conditicr, measured sccarding 1o vessed chatging test rmethod
-gency Compressor (Vertical 2-stage Air-cooled)
Model No. (f"’:f;’) *( i ibkgfem? —— 25 30kwemt L ~
B m'/h FA I PS L m’ihe EA PS
SHC.208 £00 f 47 EN T s
1¢00 | 52 15 LG V.7
SHC-30A £00 I 133 a8 . - oH . 5}_
1000 : 14.8 5.3 B [ s
SHC40A 200 | 204 7.2 _ 1y 4 ___ 80
1000 223 7.9 2 8.9
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Taiko Kikai Industries Co., Lid.

Screw. Pump#

Single Rotor Screw Pump

Features:

1. Can handie both high and low viscosity liquids
and semi-so id materials, thus providing a wide
range of applications.

2. Has a strong vacuum cadacity (8.5 mAg) so
that it requires no priming.

3. Can handle slurry liquids,

4. Can achieve a fixed rate of transfer without
pulsive fluctuation. |t gznerates neither excess
fiow nor turbulence.

5. Can operate both forwards and backwards, sO
+hat the }icuid flow direction can be changed
easily.

6. Has a simple structure and a small number of
parts, mak'ng its hancling and maintenance
gasy.

7. Can achieve a large volume of outlet, about 1.5
to 1.6 times as large as the capacity achieved
by competitor pumps of the same rotor dia-
meter.

Application: Fuel oil trans. pump, bilge & sludge

pump, waste oil pump, sewage
pump, fish pump

{1) HNP-/HNP-CS, HNF-/HNF-B Series
{Horizontal external bearing type)
Capacity : 0.3—80 m*/hr
Head . Max. 24 kgf/fem?

H. Power : 0.4—55kW

{2) HNV-Series :

{Vertical submerged type)
Capacity : 0.3--80 m3/hr
Head :© Max, 24 kgf/err?
H. Power : 0.4—55 kW

Two Rotor Screw Pump

Two sets of screws, one lett-handed and one right-
nanded are housed in the pump casing. The
tiquid entering from the intake branches into two
directions is transferred to the center outlet
from both sides of the casing. Therefore, com-
plete shaft balance is maintained and there is no
thrust load applied to the bearing. Since the in-
take is also the shaft accommodation hole, no
leakage of liquid occurs. Thus, this pump is
suitable for the handling cf dangerous liquids.
Application: 7.0, Trans pump, L.O. pump,

Cargo pump, stripping pump :

(1) FSE-/FSH-Series
(Horizontal, external bearing type with
timing gear)
Capacity : 3—1500 m?/hr
Head . Max. 16 kgf/fcm?
H.Power : 1.5-1000 kW
(2) FSU-/FSF-/FSG-Series
{Horizonzal, internal bearing type with

(3}

timing gear)
Capacity : 60—600 M?/hr
Head : max. 10 kgf/fcm?

H. Power : 18.5—250 kW
FST-/FSV-Series
(Vertical, external bearing type with timing

gear)
Capacity : 30—1500 m?®/hr
Head : Max. 16 kgf/fcm?

H. Power : 111000 kW

ke

I\;.!_‘:-—.r-—::rm; Y S e :;;_:’ T

Bl it bR Dl

HNP-Series

A T

Rotor Seraw

FSU-/FSF-/£3G-Series T



Taiko Kikai Industries Co., Lid.

Vierits of TAIKO-Type Gear Pump
'Segmental Gear)

1", The gears are one pcin: contact type originally
designed for gear pump application, therefore,
neither cavitation nor noise will occur.

_Smooth rotation and slip ratio of only 1/10
against the ordinary gear pump result in less
wearing of gear teeth.

. Compact size with large capacity.

. Longer life of bearings.

. Constant suction and delivery volume.

_Suitable even for fluid of high viscosity.

_Changing the delivery oressure and capacity is
almaost nil.

3, Migh efficiency and less power consumption.

N

R A

nternal Bearing Type

\pplication: L.O. Pump, L.O. Trans. Pump, F.O.
Trans. Pump, £.0. Booster Pump
1) NHG-Series
(Horizonta! Low press. small capacity type)

Capacity : 0.1-30m3/hr
Head : Max. 6 kgf/em?
H. Power : 0.2—15 kW

2} NHGH-Series
{Horizontal High press. small capacity type)

Capacity : 0.5--20 m?3/hr
Head : Max. 16 kgf/cm?
H. Power : 0.4-18.5 kW

3) HG-Series

(Horizontal Low press, Medium capacity type)

Capacity : 30—200m3/h-
Head . Max. 7 kagf/fcm?
H. Power : 55-—75 kW

1) VG-Series

{Vertical Low press, Mecium capacity type)
Capacity: : 20-200 m?/hr

Head : Max, 7 kaf/em?

H. Power : 5.5-75 kW

xternal Bearing Type

ppiication: Low grade F.Q, pump, bilge pump,
cargo pump, stripping pump, waste
oil pump
1} WL-, WA-, SL-, Series
{Horizontal, Low prass, small capacity type)

Capacity 1100 m?3 /hr
Head : Max. 15 kgf/cm?
H, Power : 0.75--55 kW

) CGL/CWL Series
(Horizontal, medium press, large capacity
type)
Capacity :-60-1500 m?/hr
Head ¢ Max, 12 kgffem?
H. Power : 15—-500 kW

Other Used Pump

Engine Fixed Pump
Application: Main L.O. Pump, F.O. supply pump
OL/F Series (Engine driven bracket type)

Capacity : 0.3—300 m?/nr
Head - 8 kgf/cm?®
Segmek\k \ .

NHG, NHGH,
HG-Series

- ‘ ¢
1 \ * .
N fffi
~. " »
~ e
o 24
OL/F Series
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Appendix to Section 2

Part C:

Approximate Calculation of the Starting Air
Supply

L. Starting air for installations with re-
versib.e engines

Assuming an initial pressure of 30 bar and a final
pressure of 9 bar ir the starting air receivers, the
preliminary calculation of the starting air supply for
a reversible main engine may be performed as
follows:

[ ’
a v ﬁ_n(z +;':~'p:'n‘_*0.9)‘\'“c
D : LR

J =

where (13)

J [dm’] totat capacity of the starting air
raceivers

;

D [mm] cylirder bore

H {mm] stroxe

Vi (dm’] swept volume of one eylinder (in
the case of double-acting engines,
tse swept volume of the upper
port-on of the cylinder)

P  [bar} maxmum  permissible working
pressure of the starting air recciver

z (<} runmsber of cylinders

P. fbar] mezn effective working pressure in

cyiinder at rated pawer

B

The fc\nirlowing values of "a" are to be used:
- for two-stroke engines: a = 0,4714
- for four-stroke engines: a =0,4190
The following values of "b" are to be used:
- for two-stroke engines: b = 0,059
. for four-stroke engines: b = 0,056

The following values of "c" are to be used:

¢ =1, where P, = 30 bar

0,0584
c(n,ll 005 1 s p )

[od =

1 -
Where P, e # 30 bar, if no pressure-reducing valve
is fitted.

e (-] Euler's number (2,718....}

If a pressuce-reducing valve is fitted, which reduces
the pressure p, ... to the starting pressure B, then
the value of “c" shown in Fig. 2.14 is to be used.

The following values of n, are to be applied:
n,=0,06-n,+14
n, = 0,25 < n,- 176

whe,ﬁ_’: n, £ 1000
where n, > 1000
n [(Rpm] =rated speed

(J

Z. Starting air for installations with noo
reversible engines

For each non-reversible main engine driving a con-
trollable pitch propeller or where starting without
torque resistanse is-possible the calculated starting
air supply may be reduced to 0,5 . J though not less
than that needed for six start-up operations.
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A combination of a ron-return valve without B [m] moulded breadth of ship
t-of hani d a shut-off va
shut-off mechanism and a shut off valve may be H (m] _depth of ship to the bulkhcead deck
recognized as equivalent with the Society's approval. -
' ! {m] “length  of  the watertight

1.6 Pipe connections

1.6.1 To prevent the penetrat.on of ballast and
seawater into the ship through the bilge system, two
means of reverse-flow protection are to0 be fitted in
the bilge connegtions, one of which is to be a screw-
down non-return valve.

One of such means of protection is 10 be fitted in
cach suction fine.

1.6.2 For bilge connections outside machinery
spaces, a combination of a non-return valve without

shut-off and a remote-controfled shut-off valve may-

be recognized as equivalent.

1.6.3 The direct bilge suction and the emergency
injection need only have one means of reverse-flow
protection as specified in 1.5.1+

1.6.4 Where a direct seawaler connection is
arranged for attached bilge pumps to protect them
against ruaning dry, the bilge suctior are’also 10 be
fited with two scréw-down nan-return valves.

1.6.5 The discharge lines of otly water separators
are 1o be fitted with a nen-retem valve at the ship's
side.

2. Calculation of pipe diameters

2.1 The calculated values according to formulae
(4) to (6) are to be rounded up to the next higher
nominal diameter.’

2.2 Dry cargo and passenger ships
ay - mainbilge pipes
d, = 1,68 ° JB + HY « L +25 mm] (4)

; . or .
5} braonch bilge nipes

6, m 215 « (B s H) + 1 =25 [mm] (),

where
d, [mm] calculated-inside diameler of main
' bilge pipe
d, [mm] calculated inside diameter of
branch bi:ge pipe
L fm} length of  ship betweaen

perpendiculars

L e YT T TR PR T A T A T P T e T S N U A AT Gt e T = RIS G - .

compartment
2.3 Tankers

The diameter of the main bilge pipe in the engine
rooms of tankers and bulk cargo/oil carriers i3 cal-
culated using the formula:

d, =30 (B = H){ +35 [mm] (6)

where:

I [m] total length of spaces between
cofferdam or pump-room bulkhead
and stern tube bulkhead

Other terms as in formulae (4) and (5).

Branch bilge pipes are to be dimensioned in
accordance with 2.2 b). For bilge installations for
spaces in the cargo area of tankers and bulk
cargo/oil carriers see Section 15.

2.4 Minimum diameter

The inside diameter of main and branch bilge pipes
is not to be fess than 50 mm. For ships under 25 m
fength, the diameter may be reduced to 40 mm.

- 2.5 Maximum diameter

The diameter of the main bilge line calculated
according to 2.2 a) need not exceed ND 200.

2.6 Deviations

Where in individual cases formula (5) requires a
greater bilge pipe diameter than that determined oy
formula (4), a greater pipe diameter than that
according to formula {(4) is not necessary.

3. . DBilge pumps
3.1 Capacity of bilge pumps

Each bilge pump must be capable of dehivering:

Q =575+10 - & (7}
where:
Q [m*Nh] minimum capacity

calculated inside diameter of main
bilge pipe

dy [mm]
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3.2 4 Where centrifugal pumps are used for bilge
pumping, they must be self-priming or connected to
an air extracting device.

33 One bilge pump with a smaller capacity than
that require¢ accord:ng to formula (7) is acceptable
provided that the other pump is designed for a
correspondingly lasger capacity. However, the
capacity of the smaller bilge purnp shall not be less
than 85 % of the calculated capacity.

34 Use of ather putaps for bilge pumping

3.4.1  Bsaltast pumps, stand-by seawater cooling
oumps and genera® service puinps may also be used
as independent bilge pumps provided they are self-
priming and of the required capacity according to
formula (7).

3.4.2  Intke event of failure of one of the required

bilge pumps, ore pump each must be available for
fire fighting and bilge pumping.

3.4.3  Fueiand cil pumps may not be connected Lo

the bilge system.

344  Bilge cjectors are acceptable as bilge
pumping arrangements provided that there is an
independent supnhy of driving water.

3.5 Numiber of bilge pumps for cargo ships

Cargo sh'ps are to be provided with two
independent. power bi.ge pumps. On ships up to
2000 tons zross, cne of these pumps may be
attached o the main engine. \ '

On ships of less than 100 tons gross, one engine
driven bilge pump is sufficient. The second
independent bilge pump may be a permanently
installed manual bilge pump. The engine-driven
bilge pump may be coupled to the main propulsion
plant. :

3.6 Nuimber of bilge pumps for:_ passenger
‘ ships

At least threz bilge pumps are o be provided. One
plmp may 2e coupled to the main propuision plant.
Where the criterion numerzal is 30" ‘or more, a
further bilge pumg i5 to be provided.

4. Bilge pumping for various spaces

4.1 Machinery spaces

") See SOLAS 1974, Chapler 11, part-A, regulations §
and 13

wir

4.1.1  On ships of mare than 100 tons gross, the
bilges of every main machinery space must be
capable of being pumped as foliows:

a) Through the bilge suction connected to Lhe
main bilge system,

b) through ons direct suction connected (o the
largest independent bilge pump and

c) through an emergency bilge suction
connected to the cooling waterpump of the
main propulsion plant or through another
suitable emergency bilge system.

4.1.2  If the ship's propulsicn plant is Jocaied in
szveral spaces, a direct suction in accordance with
4.1.1 b) is to be provided in each watertight
compartment in addition to branch bilge suction in
accordance with 4,11 a).

When the direct suction are in use, it musi be
possible to pump simultancously from the main
bilge line by means of alf the other bilge pumps.

The diameter of the direct suction may not be less
than that of tha main bilge pipe.

4.1.3  The diameter of the emergency bilge suc-
tion on steam ships in accordance with 4.1.1 ¢} is to
be at least 2/3 of the diameter and on motor ships
equal to the diameter of the cooling water pump
suction line. Exceptions to this Rule require the
approval of the Society. The emergency bilge
suction must be connected to the cooling water
pump suction line by means of a screw-down
non-return valve.

This valve is to be provided with a plate with the
notice :

Emergency bilge valve! -
To be opened in an emergency only!

Emergency bilge valves and cooling water inlet
valves must be capable of being operated from
above the floor plates.

4.1.4  Engine control rooms and similar spaces as
well as decks in engine rooms are to be provided
with drains to the engine room bilge. A drain pipe
which passes through a watertight butkhead is to be
fitted with a self-closing valve.

4.2 Shaft tunnel

A bilge suction is to be arranged at the after end of
the shaft sunnel. Where the shape of the bottom or |

LDy b A 1
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6.3.2  Bilge lines

Valves and controi lines are o be located as far as
possible from the kot:om and sides of the ship.

(.3.3 Ballast pipes

The requirements s ated in 6.3.2 also apply here (o
the location of valves and controf fines,

Where remote contrallad valves are arranged inside
the baliast tanks, e valves should alwavs be
located in the tank adjoining that to which they
relate.

6.3.4  Fuel pHpes

Remote controiled vatves riounted on fuel tanks Jo-
cated above the double bottom must be capable of
being closed from outside the compartment in which
they are installed.

6.3.5  Cargo pipes

Where remole controlled valves are arranged inside
cargo tanks, valves siouid always be fitted in the
(ank adjoining that (o which they relate.

Adirectarrangement o7 (he remote controtled valves
in the tanks concerned is allowed only if cach tank
is fitted with two suztion Janes each of which is pro-
vided with a remolc controlled vatve,

0. Control srands

6.4.1  The conirol devices of ~emote controlled
valves are (o be aranged togetier in one controj
stand,

6.2  The control devices are ‘g be clearly and
permanently identified ane marked.

543 1t must be recognized ai ¢ control stand
weather the vajves are open or closed,

[n the case of bilge vaives and valves for changeabln
anks, the closed position is to be indisated by limit
POS:Lion indicators approved by the Socicty as well
2s by visual indicators at the contrel stand.

644 Theconirol devices of valves for changeable
lanss are to be interlocked 0 ensure that only the
vaive relating 1o the tank cancemed ean be operated. -
The same aiso applies to the valves of cargo holds
and tanks in which dry cargo and ballast watsr are
carricd alternately.

6.4.5  On passenger ships, the control stand for
remaote controlied bitge vaives is to be located out-
side the machineny spaces and above the bulkhead
deck.

E otk T

S Ao
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6.5 Power units

6.5.1  Power units are (o be equipped with al feast
two independent sets for supplying power for remole
contralled valves,

6.5.2  The cnergy required for the closing of
valves which are not closed by spring power is (o be
supplicd by a pressure accumulator.

6.5.3 Prneumatically operated valves can be sup-
plied with air (rom (he general compressed air 5y8e
tem.

Where the quick-ciosing valves of fuel lanks arc
closed pneumatically, a separate pressure accumula-
tor is to be provided. This is to be of adequate ca-
pacity and is to be located outside the engine roon.
Filling of this accumulator by a direct connection to
the general compressed air system is aliowed. A
non-return valve is to be arranged in the filling
connection of the pressure accumulator,

The accumulator s to be provided either with a pres-
sure control device with a visual ang acoustic alarm
or with a hand-compressor as a sccond filling app!i.
ance,

The hand-compressor is (o be foeated outside the en-
gine room.

6.6 Alteriastallation on board, the entire System
is to be subjected 10 an operational test,

7. Pumps

7.1 Formaterials and construction requirements
the "Regulations for Construction and Testing of
Pumps" of BK{ are io be 5 lied,

i pp

7.2 ror the pumps listed below, a performance
testis to be carried ouy inthe manufacturer's works
uader tiie Socinty's supervision .

Bilge pumps/bilge ejectors
Ballast pumps

Sea cooling water pumps
Fresh cooling water pumps
Fire extinguishing pumps

Emergency fire extinguishing pumps in-
cluding drive unis

Cendensate phumps

Botler feedwater pumps

Ty T T T 2. fart AT R ey
e
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drained to the shalt tunrrzi or machinery space, pro-
vided that the drain line ‘s fited with a self-closing
shutoff valve at a clearly visibie and casily
accessible position. The drain pines shall have an
inside diameter of ot least 40 mm.

4,10 Colferdars. pipe tunnels and vaid spaces

Cofferdams, pipe tunacks and voic spaces adjoining
the ship's shell are Lo be connected o the bilge sys-
ten.

4.11 Chinin lockers

Chain lockers are to bz drained by means of
appropriate arrangamen:s. They may not be drained
to the fore peak. ’

3. Additional Ruies for passenger vesscis
S.0.0  The arrargermer: of bilge pipes

. within 0,2 B of the ship's side measured at
the level of the subdivisicn load ling,

- in the double Bottom lower than 460 mm
above the base finc or

- below the Forzontal level specified in
Ruies for Huall Jonstruction, Volume I,
Section 29.F. '

is permitted enly if 2 nov-returs valve is fited in the
compartmeni in whick the corresponding bilge
suction 1s located.

.52 Valve boses anc valves of the bilge system
are 1o be ‘nstalled i such a way that each
.compartment can he emptied by at least ene pumpiin
the event of ingress of water.

Where parts of the blige arrangement (pump with
suction conreclions) arg situated less than 0,2 B
from the ship's sueli, damage o one par of the
arrangement musi nat result in the rest of the bilge

arrangement being rendered inoperable,

5.1.3  Where only ¢nc common siping svsiem is
provided for  all the shutlofi and
changeover valves necessary for bilge pumping
must be arranged for anerating from above the
~ bulkhead deck. Where 2 cmergency bilge pumping
" system is provided in addition ta the main biige

puns,  all

system, this s to be incependent of the latier and
must be so arranged as 1o permit pumping of any
flooded compartment. [ this case, only the shuteff
and change owver valves of the emergency system
need be capable of being operated fram abave the
bulkhead deck.

5.1.4  ShutofTand change-over vibves which must
be capable of being operated lrom above the
bulkhead deck should be clearly marked, accessibie
and fitted with a position indicator.

5.2 Bilge suctions

Bilge pumps in the machmery spaces must be pro-
vided with direct bilge suction in these spaces, but
not more than two dircet suction need be provided
any one space,

Bilge pumps located in other spaces arc 1o have
direct suction to the space in which they are
installed.

5.3 Arrangement of bilge pumps

5.3.1  Bilec pumps must be instalied in separate
watertight compartments which are lo be so
arranged that they are unlikely to be simultancously
flooded in the event of damage to the ship.

Ships with a leagth of 91.5 m or over or having a
criterion numeral of 30") or more are Lo have al least
one bilge pump available in emerpency cases, This
requirement is satisfied if

a) one of the required pumps is a submersthle
cmergency bilge pump cennectedd (0 18 own
bilge system and powered from a source
lncated above the bulkhead ceck or

)| the pumps and their sources of power are
distributed over the entire lenati of the ship
or the bucyancy of which in damaged
condition is ascertained by caleulation for
each individua! compartment or groug of
cormpartinents. al least one pump being
available in an vndamaged compariment or

) bilge pumns are instalied above the bulk-
head deck.

5.3.2 The bifge pumps specified in 3.6 and therr
encrgy soureas may net be located forward of the
catiision bulkhead.

5.4 Passenger vessels for limited range of
service -

The runge of bilge pumping for nassenger vessels
with limited range of szrvice, e.g. navigation on
shallow water service. can be agreed with BRI

1 — oy g
) See SOLAS 1954, Chapter Hel, parts A, Reguelation 3 and
I}
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sdditional Rules for tankers
. .

. c p
o Section 15, B.a.
- Bilee fosting
L pilee arrangements are ta be tested under the
L R i

«cpeid s sUPCrVISION.

Lquipment for the Treatment and Stor-

(R
age of Bilge Waler anc Fuel and Of -
Residues?)

! Oitw water separsting equipment

L1 Ships of 400 tons gross and above shall be

- wod with an oily water separator er a filter plant for
o ~eparation of oi'/water mixturas.

P2 Ships of 10.000 tons gross and above shall
- tied. i addition to the equipment required in
< wapraph 11, with ar oil cischarge monitoring and

arrol wvstem or with a * 5 ppm alarm system.

P A sampling deviee is (o be arranged in the
Jurpe ne of oily waier separating cquip-
~utfiliering systems,

P tiv-pass lines are net pernitied for oilywater
ceratoring equipmen /liening systems.

Discharge of fuel and oil residues

N A siudge tank i3 12 be provided. For the Tit-
~and mountings of s Lcge tanks, see Section 19,

M .

i A self-pritaing pamp s ic be provided for
~fue discharge to reception facilities. The capacity
Ve pump shall be such batshe studge tank can Le
“itwd inoareascratle time. '

\ scparate discharge line i5 1o be provided
tawinirge of fuel asd ¢if residues 1o reception fa-

“oregard 19 the instaliztion on ships of aily waier

Hers, fler pliais, ol collecting tanks, il
: : “arpe bines and 5 menioring and contral system ar
2 pemoaiares dovice i the water outle! of oily watsr

=0rs. conpliznee is required with the provisions
" Intemziiona’ Coavention e the Prevention of
son from Ships, 1975, (MARPOL) and the
wbol 1578,

S P36 i3 10 subm ted far appreval

2.4 Where incinerating plants are used for fucl
and oil residues, compliance is required with Seetion
9 and with the Regulations for the Design and Test-
ing of Waste Incinerating Plants on Seagoing Ships

P, Ballast Systems
L. Ballast lines
1.1 Arrangement of piping - general

1.1.1  Suction in ballast water tanks are o be so
arranged that the tanks can be cmpiied despite
unfavorable conditions of trim and list.

1.1.2  Ships having very wide double botiom tanks
are also to be provided with suction at the outer
sides of the tanks. Where the length of the ballast
water tanks exceeds 30 m, the Society may require
suction to be pravided in the forward part of the
tanks. \

1.2 Pipes passing through tunks

Rallast water pines may nol pass thireueh donning
water, feedwater, thermal oil or lubricating o1l lanks

t.3 Piping systems

1.3.¢  Where a tank is used aliernately for ballast
water and fuel (change-over tank). the suetion i tus
tank is (o be connected o the respective svsiem by
ihree-way cocks with L-type piugs, cocks with open
botiom er change-over piston valves. These must be
arranged so thai there is no connection between the
baltast waler und the fuel systems when the valve or
cock is-in an intermediale pesition. Change-over
pipe connections may be used insiead of (he above
mentioned valves. Each change-over tank 15 10 ve
individually conniceted Lo its respective system For
remolely contratfed valves see 1206

1.3.2 Where ballast water tanks may be used ex-
ceptionally as dry cargo helds, such tanks are also to
be connected to the bilge system The requirements
specified in N.4.5 are applicable

i.3.3
through the collision bulkhead below the frecboard
deck, a shutoff valve is 1o be fitted diecty o the
collision hulkhead inside the fere peak

Where, on cargo ships, pipelmes nare led
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Section |

4 - Rudder and Manocuvring Arrangement

General N

Manceuvring srrangement

[.1 - Each ship is to be provided with a manceu-
vring arrangement which will guarantee sufficicat
manocuvnng capab lity.

iz The manoeuvring arrangement includes all
‘parts fron® the rudder and steering gear to the steering
'posmon recessary for steering the ship.

L3 Fudder stock, ruddcr coupling, rudder bear-
ings and the rudder body are dealt with in this Section.
The steering gear is to comply with Volume i,

‘ : Seclion §4.

The sleering gear compartment shali be
readily aceessible and, as far ag practicable, scparated
from the machinery space. (See also Chapler 11-1, Reg.
2913 of SOLAS 74)

Cridance

Concerning he use of non-magnetic material in the
wheel house in way of a magnetic compass. the re-
quircmeris of the national Administzation con-
ceried are Lo be observed.

[ Ferice-sirengthening see Sectron 15

Structural detatls

[ 3

2 Effective means are to be provided fer sup
porung e weight of the rudder bedy without ox-
cessive beanng prassure, c.i by a rueder carrier
stiaeied to the upper paii of the rudder stock. The
hull struciure in way of the rudder carrier is to be
sudably strenpthened.

il Suitable anmangesments are Lo be provided 1o
prevent the rudder from lifting

1.3 ~ . < : . .
. The rudder stock is to be earried Guough the

Bl cther mielaend )
Wt cither enclosed 1 a walertight trunk. or glands

Section 14

arc o be fitted above the despest kaal “aterling”
prevent water from enterzy the siemig »zcarcq-%
partment and the lubrices: Trom tv'*' +15hed aw

{rom the rudder carmier, 1 the wp of T midder m;{
is below the deepest weleriang Twe st slu(ﬁq
boxes arc Lo be provided

3. Size of rudder area

the size of the movable ruddes arzz 2 —=:pmmendd
lo be nol less than obiumed Som e i'ollowi:}:
formuia :

FoEL-T (o
//\ £Qp Ty Gy 0L e fn]
¢, = factor for tha stap pe |
= 1.0 ingengral

= (09 for bulk camers and e navingll
displacement of more o 10000 m!

H

= |7 fortugsand vawlers i

sl

¢, = flactor for the rudder npe !
I

= | {0 angenzral
= 0.4 fursemi-snade rudders

= (1.§ for doubls rudezis fper medder)

= 07 for high Wt rudders
¢y = factar lor the rudder prefile

= 1.0 for NACA profiles and pizic ruddd

= uh tor hollaw gialtles

¢, = facior for the ruguer armangenizni
= 1,0 for rudders in the propeller jot |

= 1.5 Tor rudders outside the propai i

For seimanade tudder SO0% of the propecicd ares
the rudder horn mav be included 10 the cudde ™

A




~

rad walerling, 3|,

cring gear cog r—mai upper vield po‘nt
g washed awgy ) o 'md a mirimun

Section 14

- Rudder and Manocuviing Arrangement

Materials

For matenals Tor rudder stock, pintles, cou-

# polis et sec Rules for Malerial Velume v,

,31 material cquirements are Lo be observed for
‘._.nolnuons 253 ane ES4 aswell as for the aretic

| ations Are 1- Are 4

In geoeral milenals having a minimum
Ry of less than 200
ensile streagth of less than

the rudder tnyf |N,’mm or nrore than 900 N/mei shall nol be

cparate stuffiy

Jfor redder stocks, pntfes, keys and bolls. The

Lcements of this Scetien are based on a material's
mm nominzl uppar vield point R o« of 235
2 Il materal is used having a R, dlffcrmg

mu:a N/mmi®, the material Tactor k is to be

Jring capabiliy L xmined as follaws

3 recommendsd ™
X S lars
the foHlowing[£- 123517 . -
LI far R, = 233 Nimng?
R:If
T
|,
Yo oAnc
430 . .
= o for Ry, < 235 Nimm?
el

kers havingi|
n £0.000 10

1}

minimum nom al upper vield peoint of
material used 1 | N/mm®” R.i, 18 not to be
taken greaier than 0.7 - RN or 450 N/mm?,
whichever is lzss. R = tensile strenpth of
the materal used

-y

ider)

3

'—Fr---vv—”_-"ﬂr-—-—-—“

wier due o the app

Before sigrificant reductions in rudder stock
scaiton of steels with Rep

wding 2235 Niram? ass granted, the Socicty ray

e the evaluation of the clastic rudder stock

Slions, L arge deilzencns should be aveoided in
o avord exczssive edge nressures in way ol

ii'|€"‘

) The pernussible stresées given in E.1. are
te pudder

e bic fer ordinary 'ull structural stee!. When
< znsile sieels are sed, mgher values may be
«-\ludm will be ixed 1 cach individeal case,

_-—.....y_..-‘....“.,_,‘,.._

t:
. Pefinitians
jet

(>

eller jet rudder forcs in {M]

=

L
D,

1]

muader torque in fiva)
ted arcad s

P tatal movabic arez of the rudder in [m? ]
UCACT

For nozzle rudders, A is not (0 be taken less
than 1,35 times he projected arca of the
nozzic;

\’n

1.1

A 4 arca of a rudder horn, if any, in [m?)

“portion of rudder arca located ahcad of the

Lo -
rudder stock axis in [m~]
mean heipll of nidder arca in [m]

mean breadth of rudder area in fm] (see Fig
14,1}

Fig, 14.1

aspeet ratio of rudder arca A,
b2/A,

ahead speed of ship in [kn) as defined in
Sceuor |, H.50 il this speed is less than 10
kn, vy is Lo be taken as

Vo = (¥g % 2003 (kn]

nin

asiern spzed of shup in [kn], o the astem
speed v £ 04 vy or 6 kn, whichever is less,
determination of rudder (oree and torguc lor
astern condition 15 not “cquircd For greate
asten. :;pc\,ds special evatuation of rudder
force and toique as a function of the rudder
angle may be required. i no litnitations for
the rudder angle at astern condition is stipu-
lated, tie factor x5 is not lo be taken less
than given o Table 14,5 {or astern candition.

1

material faclor aceording to'Section 2, B2,

Rudder Farce and Torque

Rudder farce and tarque far nar mal cud-
durs

The rudder fores is 1o be determingd d6-




iy
Tz Lo

',‘_/,.--7 ".'.:- .
- -é&ding (o Uhe fol owing formula:
132 A vP R R K TR [N

e '
=y for ahead condition
"= v, [orasiem condition

ant, depending on he aspect ratio A

K= coeflicl

X = (A +2)3, where A nced not be laken greater
than 2

K, = cocfficient, depending on the type of the
rudder and the rudder profile according to
Tabiz 14.1,

'K3 = coelTicient, depending on the location of the

e ruddzr

= 0.8 for rudders outside the p-ropc:llcrjct

5

Section 14 - Rudder and Manocuvting Arran remend

x5 =
: 3:3 = .15 for rudders aft of the propeller nozzle
: %y = 10 clsewhere, including also rudders within
E ' the proneller jet
x, = cocliicient depending on the thrust cocih-
cient ¢,
K x, = 1.0normaliy
[ )
?.g In special cases for thoust ceelficients ¢, > 1,0 de-
B termination of x, accarding Lo the foliowing formula
—_— may e reanired:
A
1 fpve ;!
W e i Cy (2)
I T T o
;‘: - CR (C; S I‘G)
I
S Table 14.1
A
g '
: | Profiles * -
. |
1 Poove of nudder
y ahead asiern
I- PNACA-OC sernics 1 |
I Gotiinger profiles | l | 2
1 1 v .
l Hot side n-olles l L | 4
P ‘ -
Lo | helicss peafiles |13 14
Lo | _
Co : 1o be spectadly
; o high Tt ondders | 17 ~ccnszdcrcd;
o l ' if nol known:
oo L 1 17
[ -
oo : - .
A .2 The rudder torque is to be determined by the
i~ ) rO“O‘\\'!i(‘\_; formula
ji %——’—P Op = Cuor N
N -
; i C":'E"‘!.] En]i
i

0,33 for ahcad condition

(I =1
« = 0,06 foraslern condilion (gczicral}
@ = 0,75 for astem condition (hoilow ;)roﬁlcsj:

For parts of a rudder behind a fixed struclure such a ':

a rudder hor

o

« = 0,55 forastem condition.

For high i rudders « is Lo ke specially considered, I

not known, @ = 0,4 may be used for the ahcad condid

tion .
k, = balance lactor as follows:
k, = AdA %
ky, = 0,08 for unbalanced rudders ?
e = 1€ () for ahcad condition. 7%
4

. Rudder force and torque for rudder
blades with cut-outs (semi-spade rudders)

2.1 The total rudder foree Cy 15 10 be caiculaed

according to 1.1 The prossure distribution over te
rudder arca, upon wiich the determination of rudds
torque and rudder blage strength 15 Lo be based, sto

be derived as follows B

The rudder arca may be divided into two rectangula
or trapezoidal parts with arcas Ay and Ay (see Fie

14.2).

The resulimg foree of cach part may be taken as:

. Ay
Car = Cn 20 [N
. /\‘, 1
Cpp = Ui = 1Y
2.2 The resulting torque of cacl part may 4

{aken as
Qui = G

Orz = Cuz

ory N

NI HIH

rooE e {eRy) “fmj
ry  ® Cylle- by3) im}
Ry = AdAy

Ko = Aalds

Aqp Agp seC Fig 1472

< Ay,




Section 14 - Ruddérand MaroeuvrinpArrangement . - #

.
. mean heigits of the partial rudder arcas
b A, and An (sce Fig. 14.2).

Qr =Qpy N3] or -
= CR ’ rI.Emm p\h“‘]'
ulat
cri i = ﬂ ECI }‘11 JA”C-: '1\2) [”]]
udder A )

for al'ead condition

CyTeater valuc i€ o be taken,

Seantlings of the Rudder Stock
Rudder stock diameter

o) he dameter of the ruzdder stock for transmit-
Chr Tk R .
PO INTsIon ! memant s rod 1o be less Uain:

1 -
T 620k, )

2B {2andB 22.21 -

related torsional stress (s

£, 68 .

b T )

; Y . e
kﬁ%w:\.-ﬁ.g

: mn The diaineter of the = dder stock determined
A P10 L1 is decisive for the steering gear, the
4 P and the lecking deviee,

Inc
51 of the
HEY Itende,

asc of mechanical steering goar ihe dia-
rudder stocx in its upper part which is
! lor transmission of the torsional mo-

e o P

R L S S A T 2w o ot B P

ment from the auxiliary steering gear may be 0,9 D,
The length™of the edge of the quadrangle for the
auxiliary tilicr must not be less than 0,77 D, and the
Leight not less than C.8 D,

.4 The rudder stock 1s o be sccured agamnst
axial sliding The degree of the permissible axial
clearance depends an the censtruction of the steering
cngine and on the bearing.

Py Strengthening of rudder stock

2.1 {f the rudder is so arranged that additional
bending stresses occur in the rudder stock, the stock
diamcter has to be suitably increased. The increased
diameter is, where applicable, decisive for the
scantlings of the coupling,

For the increased rudder stock diameter the equivalent
stress of bending and lorsion is not (o exceed the
following value’

o, = o te37 o LISk, [N/mm?)
Bending stress
10,2 - M, ,
Oy = e [N/mm~)
D
M, = bending moment at the neek bearing in [Nm]
Taorsional strcss:
50-Q
o= — % R [N/mmz}
D >
!
D, = increased rudder stock fiameter in [em)

The increased rudder stock diamzter may be deter-
mined by the foilowing formula

’ M, !
D, =D |12
N 31

Guidance

Where a double-piston sicering gear iy fitted, addi-
tonal bending moments maj'be transmitied from the
steering gear into the nudder stock. These additional
bendr’ng moments are (o be taken into accozmrfo{ .
actermining the rudder stock digmerer.
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Secectionn

[8

Equipment

A Geaneral

i The equipment of anchiers. chain cables,
wires and reges s to be delermined from Table 18,2
in accardance with the cquipment aumeral Z,

Guidence

IR The uncharing equipment requived by this
Scerion is inieaded af temporary mooring of a vessel
within a harbour or skeliered area when the vessel
is awaiting derth, tide, erc.

2 The equipment is._ therefore. not designed 1o
nold a ship off filiy cxposed coasts 1n rough weather
Or 10 Stop a siip which s moving or drifting. I ths
condiiion the loady on the anchoring equipment
merease o such a degree thai its components may
de daniaged or lost ewing 1o the high energy forces
Lenerated, particidarly in large ships.

S The anchoring equipment required by ihis
Seetior s designed 10 hold a ship in good holding
Qround in conditions such as o ar dragging of the
onchor. In poor holding ground the holding power
of the anchors will be significantly reduced,

4. The eaupment numeral formula for an-
charing equipment required under this Section is
hascd on an assumed current specd of 2.5 mivec,
wind speed of 25 mdsee and a scope of chain cable
hctween § and 10, the scope being the ratio between
fengith of chain paid our and swater depih,

A 1005 assumed that under normal ¢, ciom-
slances @ ship will use only one bow anchor and
chain cable ai ¢ time.

Ry Zvery shup s to be cquipped with at least one
tochor windlass

Windlass and chain stopper, if fitted. are to conmply
with Volume 11, Section 14, [,

For the substructures of windiasses and chai.\slgF
pers, see Section 10, B3,

Foc the location of windlasses on lankers, sec Seety
A9

3. For ships having the navigalion notatiy
“L (Smali Coasting Service) affixed 10 their chy
acter of classification, the cquipment may b¢ g
lermined as for one numeral range lower than requyed

0 accordance with the equipment aumera Z,

4, When determining the equipment for shirs
having the navigation notation "T* (Shallow Wae
Service) aflixed to their characier of classification, &
arovisions of Scetien 30, £. arc to be obsenved.

5. When determining the equipmient for tug,

Section 27, G is (0 be observed

When determining the equipment for fishing vessdy
Scetion 28, D.8. is 1o be observed

When determining the cquipment of “barges af

pontoons, Seclion 31, G. is Lo be observed. -
6. Ships build under survey of BKI and whid

ar¢ to have the mark stated in their Certificate and ¥
the Regisicr Book must be equipped with anchors ad
chaim cables complying with the Rules for Materis
and having been tested on approved machines in 0%
presence of Surveyor, -

7, For snips having three or more propellers?

reduction of the weight of the bower anchors w_j &
cham cables may be considered.

13 Equipment nuneral

The equipment numeral is (o be calculated a8 {‘z{ 3

lowsy

o
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. a
AR
Lo pw.a2np e D
L . 0]
D = moulded disnlacement i [lon] (in sca water
ving a decsity of 1,625 ¢/m?) to the sum-
having 3
mer lond waerine
y = effective hewght from the summer load wa-
erline 1o thie ton of the uppermost house
- Hh S S
1ch ke b !
0 P frechoard 1w [m], from the summer load
t

waterling annidships
. n - .

4 = arca n {m~], ‘n profile view of the hull,
superstructurss and houses, having a breadth
greater then B/4, above the summer load
waterhine within the length L and up to the
height h

vht = sum of height in [m] of superstructures and

B deckhouses, on the centreline of cach tier

havieg a braadth greater than B/4. Deck

sheer. il any, is to be ignored, For the lowest
tigr. "I 1s 1o ke measured at centreline from

for ships

ow Water the wpper df:cx or {from a notional deck line
“alion, (e where there 1s local discontinuity in the upper
~ed deck

Where a deckiouse having a breadth greater than B/4
siocated nhove a deckheuse having a breadth of B/
or less, the wide hoase v 10 2e included and the

for tugs,»

! .
vessels.S axTow touse 1gnored

at

2 Serans of bulwarks 1.5 moor more in height are to be
s andl.u cg rded as parts of houses when defermining b and

-e.g the arcs shown in Fiy 131 as A, isto be

"d“dCd m A The he'ght of the hatch coamings and
Cudiich B Chat of zay deek cargo, such as containers, may be
and i d‘“cbardcj when determining hand A,
srs and
denple
10 ine
‘ore, 3 ‘g
d 1ns E
H ! /_
S l
Fie 181
{ol-

Anchors

Two of the ruic bower anchors arc to be

connected Lo their chan cables and positioned on
boqrd rcady for use. Where in cofumn 3 of table 8

three bower anchars arc required the third nmhor i3
intended as a spare bower anchor, [nstallanon of the
spare bower anchor on board is not requered  Upan
agreement by the owner the spare anchor may cven be

dispensed with
(Guidance

National regudations concermng the provision af @
spare anchor may need (o b abserveed,

2. Anchors must be of approved design. The
mass of the heads of patent (ordinan stockless) an-
chors, including puns and fittings, is not (0 be less

than 60 percent of the total mass of the anchor.

3. For stock anchors, the total mass of the an-
chor, inclhding the stock, shall comply with the values
in Table 18.2. The mass of the stock shall be 20
pereent of this total mass

4. The mass of cach individual bower anchor
may vary by tp fu 7 per cent ‘above or below the
required individual mass provided that the total mass
of all the bewer anchors 1s net less thai the suin of the
required individual masses

5. Where snceial anchors approved as "High
Holding Power Anchars” arc used, the ancher mass
may be 73 par cent of the anchor mass as per Table

18.2.

“High Holding Pewer Anchors” are anchors which are
suilable for ship's use at any time and whicl do noi
require prior adiusiment or special placement oii the
sca bed.

For aporovai as a "High Holding Power Anchor®,

satisfactory tests are ta bz made on various tyvpes of
bottom and the anchor is to have a holding power at
lrast twice that ol a patent anchor ("Admiralty Stan-
dard Stockless”) of the sanc mass, The weights of
anchors to be lested should be representative of the
full range of sizes intended tp be manufactured. The
tests are to be carried out on al least two sizes of
anchors in association with the chain cnhlc_s ap-
propriate to the weight The anchaers (o be tesied and
(he standad stockless anchors should be of approx

the same mass

The chain length used in the tests should be approx
G 1 10 times the depth el water.
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sniwa Pump Mfg. Co., Lid. -
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Viarine Pumps
sentrifugal Pumps

Janiwa centrifugal pumps ars available as single- The materials of the principal parts of Naniwa
or double suctions, single- or dounle volutes, centrifugal pumps are standardized as follows:
iertical- or horizontal ins:allations. single- or Casing:  Bronze for sea water
nulti stages, etc, to ideally suit any specification Cast iron for fresh water
equirement. Stainless steel for chemicals
Impeller: Phosphor bronze for sea water: and
fresh water
Stainless steel for sea water and

chemicals
Shaft: Stainless steel for sea water and fresh
water .

fertical type’

FEV TOM
§
FE“V Applications:
Applications: Lublicating ail
Qil service

Cuoling water
Water sarvice

Baliast Specifications:

Vertical multistage

single suction

Centrifugal

Capacity 30--1,000m*/h
Head 2--15 kgfem?

Specifizations:

Vertical single stage
dacbhle volute

Centrilugal

Capacity 30-3000 m’/h
Head 13-50 "

FEWV-300 TGM-200
FBV - \Slpec.i.‘;.:iat_ioqs: FDDV Specifications:
ertical single stage Vertical 1--2 stage
FBSV single sugtion 2FDDV single ([double) *
Applications: Centrifugal N uction
Cooling water Capacity 30~500m’/h Applications: Centrifugal
Water service Head 1075 m gon‘denute Capacity 2—110m’/h
:::.i‘i general r3in Head 50110 m
FBWV Speci‘izations:
FCDV Vertical single stoge
T double suction
Applications: Centrifugal
8ooijmg water Capacity 200-—-15,000 m*/h
ondensar Head 5-50m i
circulating FB2V Specifications:
g allast Vertical two slage
Water service FBCV ingle suction
FEZV Cenzrifugal
o Appticat : Capacity 40800 m’/n
EVPM Speci‘ications: Fi‘:‘: ;:;;:::r‘u Head 25—-170m
Applications: Vertical mulli-stags service
Product cargo single saction Bilgs & ballast
Chemical cargo CentrifJgal Water 1orvice

Capacity 50—-1820m’/h
HMead 50—-150m

17
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Applications:
Cooling waier
Water service
Fresh water
Sanitary

BT-150

Specifications:
Horizontal single stage
single suction
Centrifugal

Capacity 2~700m’/h
Head 9—-130m

EBH
EBZH
EB4H

Applications:
Boiler feed
Water service

Specifications:
Horizontal multi stage
single suction
Centrifugal

Capacity 1—80 m’/h
Hoad 80-310m

FBW

Applications:
Cooling water
Condenser circulating
Ballast

Water service

FEW-450

Specifications:

Horizontal s'ngle stage
double suction

Centrifugal

Capacity 260—3.500 m?/n
Head 12-50m

BHF
Applicstions:
Fire
Ermnergency lire

BRFR-150-2

Specilications:
Horizontal single stage
self priming

Centrifugal

Capacity 25-200 m’/n
Head 40-80 m

SGH

SH

Appligations:

Ballast

Water service

Fire & general service

Bpecifications:
Herizontal s ngle stage
setf priming
Cenirifugal

Capacity 2-=700m'/h
Head 1C—65 m

BBH-L

BBH-S
Agpplications:

Boiler water circulating
Head transfer

Liquids circulating

Specifications.
Herizontal single stage
single suction
Centrifugal

Capacity 2-B0m'/h
Head 15-65m

FB2H
Applications:
Fire
Emargency fire

Specifications:
Horzonial 2 stage

Single suction

Centrifugsl

Capacity 100-500m’/h
Head 50 ~150 m

EBHU
Applications:
Fire

Salvage

Specificatwons
Horizontal 2—3 stage
nngle suction
Centrilugal

Capacity 2-80 m’/h
Head BO~210m
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Put a short pipe here to remove the CasINg cover.

Pu

Type ’f;;‘;f—fs;f?%—ar A B € D E F G H I 4 K L M N wak{éle)np:
S ois 75 125 125 (13 165 207 460 150 780 30 100 25 300 390 23 4 15 420 160
T3 175 Te5 327 485 175 860 30 100 25 360 400 234 15 420 160

BKGGF 535 735 180 180 231 505 175 600 33 100 25 360 400 23 4 15 423 210
o oe; 185 e 125 156 205 200 580 150 960 35 120 30 390 440 25 4 19 ¢80 240
27 TE6 208 960 580 175 1000 35 120 30 370 410 25 4 19 480 240
a1l eo 1s0 160160 225 485 175 860 38° 100 25 360 400 23 4 15 428 160
15 160 160 225 485 175 000 38 100 25 360 400 23 4 15 428 160

— oos 185 150 150 160200 275 590 1751000 65 120 30 400 450 25 4 19 548 25
- 22 160 200 275 500 200 1050 53 120 30 400 450 25 4 19 548 250
s 15 700 200 178190 246 690 150 950 40 120 30 350 400 25 & 19 485 780
18.5 178 150 267 610 150 960 40 120 30 390 440 25 4 19 485 250

72 175 330 277 640 200 1050 65 120 30 400 450 25 4 19 560 320

DK.200H ~ 30 200 200 175 230 297 660 200 110065 120 30 450 500 25 4 18 560 320
37 176 530 357 685 200 1150 65 120 30 490 540 25 4 19 560 320

T8.5 TR 535 255 640 1751000 70 120 30 400 450 25 4 19 560 305

5K.3000 22 250 250 185 235 255 40 2001050 65 120 30 400 450 25 4 19 560 305
: 30 185 235 275 660 200 1100 65 120 .30 450 500 25 4 19 560 305
37 185 235 300 685 200 1150 65 120 30 490 540 25 4 19 560 305
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more exclusive money-saving features than any

Ceni'[!fugal_ﬁ’ump other models on the market today. They are
TAIKO, a pioneer in the manufacture of centri- manufactured under strict quality control,
fugal pumps, continues to offer the iatest tech. assuring long, trouble-free life under tough
nological advances with its new family of centri- operating conditions.

fugal pumps. Various designs are offered, each TAIKO centrifugal PUMpPs are recognized as the
having its advantages and prefarred uses for which leader in centrifugal pumps, They are designed
it is most suited, Unique in design and construc- and manufactured according to ISO and other
tion, TAIKO centrifugal pumps are packed with government and industrial standards,

Horizontal Pump

Suction Stage Model &:f}:}:w ’ H::d Application
Single Suction Single Stage HC-Saries Cooling §.W, Pump
EHC-Series Cocling F.W, Pump
EHS-Sarigs 2=2000 10-85 Bilge & Ballast Pump
TMC-Series General Service Purmp
SP.Serias F.W. Pump

Fire & G.S. Pump
Emergency Fire Pump
Sawage Pump

H

j Boiler Water Cirg. Pump
Sanitary Purmp

I

Sand Pump
Deubtle Stage f 2MS-Series { Fire Pump
Mulii Stage AMT Series 10-300 15300 Bofler Feed Water Pump
nMS-Saries Tank Cleaning Pump
Doubls Suction i Single Stage HOD-Series Cargo Pump
8allast Pump
200--4000 10-170 Cooling S.W, Pump
Cooling F.w, Pump
Sea Water Service Pump
Vertical Pump
Single Suction l Singie Stage VC-Series Ballast Pump ,
EVC-Series Sea Water Service Pump
EMC-Saries J0-500 10-65 Cooling S.W, Purmp
| ESC.Series Cooling F.W. Pump
[ ! Hydrophor Unir
Double Stage | vS.Series Bilge & Ballast Pump
V55-Serigs Fire & G.5. Pump
EMS-Series 30600 20100 Cooling 3.W, Pump
CVS-Series Coaling F.W, Pump
| i Condensate Pump
Oouble Suction Single Siage VD-Seriag ‘ Cargo Pump
ESD-Serivs Baliast Pump
200—4000 10-i70 | Cooling 5.W, Pump
l Cooling F.W. Pump
) Sea Water Service Purnp
Tank Mounting Pump
Single Suction Single Siage ClT-Senw‘l - - L.a.—Pumo
DVC-Searves 30750 20-100 Pitton Cooling F.w. Pump
SVC-Series F.¥. Cooling F.W, Pump
Multi Stage C2T-Saries 100-300 I 40-179 Cargo Pump
AVC-Series i Tank Cleaning Pump

Self Priming System: EHS-Series nasits own function {bwilt in type)
Qther sories of Pumps should install 2 vazuum PUMp or an air ejector,
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hree Rotor Screw Pump

igtures:

simplified construction

Radically new design using onz drive screw and
two driven screws,

Ease of handling

Easy to handle as all mecharisms are rationally
designed and engineered.

Simple and straight forward operation

The rotating section is at a minimum and each
screw rotates by liquid pressure to ensure free-
dom from vibration and noise.

Pulsating and agitation frez .
Pulsating and agitation are totally absent to
offer continuous pumping and supply liquid.
Long service life

Liguid pressure exerted on the rotating section
is properly balanced to reduce minimum. Also
driven screw pressure is minimal for minimized
wear,

High pumping efficiency

Such screw pump charzcteristics as force trans- MSH-Sariss
mission loss, friction [css, and leakage loss are
minimized to achieve unusually high pumping
efficiency.

Small starting torque

Small inertia on the rotating section means
small starting torque.

Compact design but large capacity

High-speed operation and relatively compact
Jesign,

plication: F.O. trans pump, main L.O. pump,
‘ hydraulic oil pump, cross head L.O.

pump, burning pump,
F.0. booster pump,

MSH-/MSH-X Series : MSH-X Series
(Horizontal, internal bea-ing type} ‘ '
Capacity : 0.5—150 m?/hr

Head + Max. 80 kgf/cm?

H. Power : 0.4-500 kW
MSV/MST Series

(Vertical, internal bearing tyfe)
Capacity : 30—600 m? /hr

Head . Max. 16 kgf/em?

H. Power : 11-—-150 kW

MSY-Series MST Series

7nt
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wage Treatment Unit

1KO SHIP CLEAN “SBT Series” are compacl
'd sewage treatment system with superior per-
mance capabilities, designec exclus'vely for
“ine installations, and which were developed
TAIKO with high technology of many years
eriences for Marine Public Nuisance These
ice thereby more enables to be installed in ail
sels of 200 or more gross tons, or accommo-
ing 10 or more peoples as described in the
sex 1V of MARPOL TREAT™ 73/78.

tures:

High Capabilities

The use of a “Submerged Bio-Filter System”
and the transposition of the sterilization com-
partment to the center of the device enable it
1o be more compact. These state of art de-
vices are thereby more stable under condition
of pitch and roil,

Comply with MARPOL TREATY 73/78

[n accordance with the MO recommended
MEPC2 (V1) test standarg, the certified
suthorization for USCG ancd/or UK/DOT has
aeen obtained.

Zully automatic integrated tvpe

A pump and a blower are mounted on the
jevice. Therefore, piping anc wiring works are
implified. These device are fully automatic
xcept few maintenance and control, such as
emoval of sludge and/or fil-ing disinfectant,
tc,

‘he instailation can be mads at the offshore
40rKs,

t is ultra small, accordingly the installation is
agsible without requiring the works in docks,
ithers .

he stability period is shorten. (3 days)

ification
Madal ‘

SET.15 SUTIS SHT-20 SBT55
of periong -
perianifday: 15 i 0 65

of 1ewage
e T etdave 200 1520 3400 3900
4 amount al
_C__'htnull\cv 2 ] 158 v 25010 A6 )
WA dave
unt  gidavt | 202.5 ars | g 8175
Ait Towe
mt minures o2 I 037 ; 060 098
Presture
kgitem? 0.2
Moior power
J npur Yy 0.4 ' [ ! 0.7% .75
¢ Capszity :
17 i fnawn TIEO He ! 6150 Hal
. Head m 20160 H:) i 17 (50 M
Mater power
input L +5

ting Tank Model; SCT-200

i on vessels are scattered, When pipings can-

» made to collect sewage from every toilet

sewage treatment device (BFT-40) please
this sewage collecting tark. The sewage

ed in this tank is transferred automatically
sewage treatment device by an attached
transfer pump.

SBT - Series
S PHOBE
I T AT whostl JEH
Lt AN CY OVERS L O
KT IVE IS B :
RO \ K
LR 1,0
SCHEEN | : :f ] £
T ¥ — Y e
T’i s W& - : ALHATION BLOWEH
T=lald ) :; N D il R
! : +
PACKING MEDIA [ 1 gL
e 0
M. | ! Ld M
STERILIZATION 2 r i . ,
CSOMPARTHENT .-~ 7 . ' HIDFILTER TANK
] = T —
f . g
. \
9 I
DISCHARGE : ,/ h
H i - 1
[¥ [P ys | S S v T
.____....l iy !
.

SBT-Serias Sectional Drawing

Collaction Tank SCT-200
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1ST-Series

ertificate No.

Modal "fn",‘f,’rf H.K. Cert. No. USCG Cert, No,
UST-01 | 0.15 | 820S-p No. 1016 162.050/1056/0
UST-03 | 0.25 | GOTK No. 108664 | 162.650/1056/0
UST-05 | 0.5 | BOTK-h No. J0B5EB | 162.C50/1058/0
UST-10 | 1.0 | BOTK-h No. 108586 | 162.C50/1059/0
UST-20N | 2.0 | 8OTK-h No. 108557 | 162.050/1060/0
UST-30N | 3.0 | 80TK.h No. 108558 | 162.050/1061/0
UST-50N | 5.0 | BOTK-h No. 108559 | 162.050/1062/0

ther Approvals

12 UK DOT, The NASASN {Sweden), The
eek Government, The Norwegian Maritime
rectorate, The Republic of Panama, Republic
Korea.

ston Pump

atures:

strong “Self-Priming’’, no need for initial feed

»f water or liquid,

dinimum number of parts to facilitate mainte-

1ance and for reduced parts stock,

dlication: Bilge pump, cily water separator
pump F.Q. trans pump

Horizontal Type

1) PD-03
Capacity : 0.25 m3/hr
Head : 2 kgffem?
H. Power : 0.4 kW

2} LD-Series
Capacity : 0.5-5 m?/hr
Head 2—3 kgf/cm?
H. Power : 0.4-—1.5 kW

PO/L O-Series

ertical Type

2.8eries

pacity : 2—60 m3/hr
:ad i 2—4 kgf/em?®
Power : 0.75-15 kW

VAP-Series

Transmission
Shaft Generator

Due to the increase in oil prices in recent years,
the problem of “SAVING ENERGY' has to be
solved, Especiafly, the “FUEL QIL CONSUMP-
TION RATIO for vessels and such equipment as
the engine, propellers, generator, etc., required
improvement.

As a result, we have succeeded in developing
new, compact, high-speed models of our SHAFT
GENERATOR.

Features:

1) Conventional auxiliary engines use type A-
Heavy Fuel Oil. The main engine uses type
C-Heavy F.O. except when entering or leaving
port. Therefore, since the fuel oil consumption
ratio of the main engine, SHAFT GENERA-
TOR reduces both the amount of fuel con-
sumed and the unit price of that fuel. Thus the
system allows a dual economy regarding fuel,

2} Maintenance requirements for the aux. engine
are eliminated, and engine changes are reduced.

3} Generator, cargo pumps, hydraulic pumps, etc.,
are driven by a compact transmission system,
thus reducing the engine room space reguired
by aux. engines,

Capacity: Up to 3000 HP

Revolution: 200~2000 RPM

"‘\-..'"

Shaft Generator
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SENERAL FEATURE

iore and More Economy

major factor in their remarkable reduction of fuel consumpticn is a cooling

stem which circulates fresh water al a censtant high temperature, 1o

eatly raise combustion efficiency.

=zan and Light Design

e compact dimensions of the series o

fle-s space-saving' features that are

at designer's dream. They allow more effective use of engine room
ace, more spacious cabin/locker areas, or larger fish holds.

ECIFICATIONS

Less Wear, More Work

Anolher benefit of the efficient constant tc
reduction in thermal load in the combusti

wear on the piston liners increases engin
frequency of major overhauls.

Speed Options

All three maodels are available wilh 1800r
generators, and 1500rpm for 50Hz, 4-pol

odel 4CHL-N T 4CHL-TN | ECHL-N [ BCHL-TN | BCHL-HT
b
ymbustion type
imber of cylinders In-line 4 { in-ling 6
e Xsiroke mm(in} - 105125 (4.13X4.92)
splacement lit. in%} 4.330 (264) 5.494 (396)
intinuous rated engine speed -om | 15C0 1800 1500 1800 1500 | 1800 1500 1800 1600 1
intinuous raled oulput hp 38 50 50 62 g2 | 74 74 100 100 1
plicable generalor capacity KVA (kW) 324) 40{3z2) 40432) 5040 040 | 60B) s048) | 80D BO{54) 1€
quency Hz 50 60 50 &0 50 , 80 50 60 50 [
arling system A El
oling system Type _ o - Conslant lugh lemperature fresh vaater lorced clreula
Fresh waler capacily Ait{gat) 16.8 {4.4) N 24 {6.3)
Type Forged lubrication with gear pump, waler co
arication system | Qil filter ~ s
Gil capacity 16,5 (4.4) A 32885
Injection pump lype i T TPERD T
o sysiem Governor lyoe Y _ - Cenmntugal specd ool
injection valve |
Feed pump/Fuel liller Ry (S, A T U e T ™
bocharging system __|Naturally aspiraled| ‘1 ~INatratly aspirated] "1 T 2
Slarier moicr 24V-KW a2 el B .
zirical system Allernalor 24V-W N\ “Teoc T T T T T B
Ballery V-AHXQly - T aviiedaR s T
o Direction of rotation ny .
- Flywheel housing ] \ Yanmar onginal
cific Juel consumplion 1500rpmV1600rpm __ g/kw-nr 231 227 2w 1T "8 208
ine gry weight (Engine anly) ka(ws) 500 (1100) | 520 (1145) | 625(1380) | 645 (1420) 675 (149:
EN_S_I_Q'NS {Unilzmm)
HL=N /4CHL-TN
S 3 ‘
UV ... N ' y . ‘. 3
) 40 440 3 1089 . v fo
Exhaust gas plps L : Y ’ ' '1")
' \{P ol g 2onoue boe 12 rten g s i
i : oMl pepe 't Lapged A | ot
ript A | g - MG 13 05 e .
w . # B Lapied
. [ &4 o !2‘ L MiG v 15 152] cweg

bccllng saa water ouliol pipe -
. A24 gas pipa
e Coaling s¢a wale! inlet pipe
a8 pipe

[Fi .

E-Section

he=3
94

T T
—_—
L [:M {Hin. height tor

YL e
1

) -
Fuel Inlat pipe

M18 fouriation boits 3
aLoa L AT

.t

3 ,J'.“-‘.\_,' POl e

ol
(\..;,JJPCDM4

=" .‘ &:- PRIEN 4
ool 5t
b ? Ao -".'w." ' "y
Model Exhausl gas pipe -
L el 4CHL-N 2201 232 G5A i
T ‘{‘.'f:i" -T 5 gas plpe L
et 4CHL-TH 196 G0Apaspine

et
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Versatile Technical Services

sraiore cooling systermis a
\amber area. This reduces
span, and reduces ite

You can avail yourself of Yanmar’s extensive experience in couphing
technology, to create the most applicable system for your purposes, For
generator coupling, multiple gen/compressor coupling, or for any other
coupling combination, Yanmar can provide expert engingenng services.

These inciuded, beside fabrication of a common bed, the use 0! special
cooling systems, installation work, and special requirement such as a

necifications fo- 60Hz, 4-pols

specified lubrication system, remote control devices, elc.

yerators.
*1: Exhaust turbocharger *2: Exhausl tutbocharger wih inlercooler
T GHAL2-M | GHAL2-TN | 6HAL2-HTN | 6HAL2-DTN BLAAL-DTN | BLAAL-UTN | 12LAAL-DTN
dicat 4-cycle, water coo ed diess] engine
i xial % . Direg injection
in-line & In-line & I Vee 12
IR 1301865 (5.12XB6.50) 148 X165 (5.83X6.50)
A 13.14 (802) - 17.03 (1039) 34.06 (2078)
120011500 [ 1800 | 120011500 18001200 [ 1500 [ 1800 {1200 |1500 { 180011200 — — | 12001500 | 1800 | 1200 | 1500 | 1800
122 1156 | 183 | 163 | 204 | 244 | 217 | 209 | 360 | 271 | 346 | 414 1330 | — — | 360 | 420 | 480 | 600 | 720 | 840
100(80) § 1250100} 15001201 1130010:4}170¢1362| 20001603 1 $0(144) | 250{200){300(240) | 225{180)| 260(232}| 350(280){275(220)| = —  |300cz40) {3%0(280)1100(320) |500(400) [5C0(480)| FO0;5E0)
B0 j 50 60 60 £0 &0 60 50 &0 60 50 60 E 60 — e 60 5C 60 | 60 50 60
{compressed air starling is avaitable as option)
& wilh cenlrifuga sea and fresk water pumps (CHL series ; rubber impeller type sea water pump)
58 (17.4) 76 (20.1) | 150 (39.6)
dtiple tube oil cocler, cyiirdrical oil pressure regulating vaive with exterior adjusting screw
Wik Pager fille~ .
90 (23.8) 64 (16.9) I 145(38.3)
- D-SSS | P-57C YPE-1411
Cenlriiugal speed control Centrifugal speed control [Hydraulic governor
Sami-long hole nozzle
type, allached on injeclion purmp / paper filter
laturaily aspiraled] "1 i 2 2 :
6.0 8.0X2 7.0X2
. 600 600 840
! 2V-120AH X 2 12V-120AH X4 12V-150AH X4
interclockwise viewed from ‘lywhesl side )
S SAE No.1 SAE No.0
518 | 224 | 231 | 213 | 218224 [ 207 | 211 | 220 ] 204 [ 207 [ 213 [204 [ — | — ] 2i3 ] 215 [ 216 [ 211 213 | 220
- 1380 {3042) 1385 (3075} 1410 {3109) 1420 {3131) 1990 (4390) 2050 (4525) 3500 (7718}
L=N/B6CH_-TN/B6CHL-HTN
g;: : N 240 3
SiA : = . 3
%{g}? A i3 Py _§ : 3
3 ~r £ Breatna ¥
5%'«.‘#‘: e W é oo B
¥ Emergoncy e water 8 -.‘ ) W . :i
i;hﬂelp:p_c;g%cnsn:pa k] P {512 hdles tappad 3
‘f—?’!%!zfm"?:-'-.‘q E MG = 1.5, 20027 deap f,
HH:Cocling sea water 2 8 hotea lapped g
,}‘m' PlPa 324 g3 pipe o -E M1 % 1.5, 1322 deap . ;f
g i ’ 3
] W E B
4 j
Fual Intal pioe, i ..
©-D 10 #loel 3 E
O COPPAT e i
e /, '
— - [ 5 80 14.5 bolaa M1s lngation boita ;
] A AR i v
Co1 & g A R
- Mogel ATB[c ol e ] F {bvausigsppe
= S BCHL-N 284 1232 8] — 110220495 | — | 80A gas poe
[ yee gl Bl 6CHLTH | 461 230 | 866G [ 12411 750 [ 110 [160A gas pee
1% GCHL-HTN | 4831 230 | 866G | 1241] 750 | 11G | 1GCA gas mpe
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ngisapaﬁ) dari pompe; ini dlukur frtan oo o0, Tenasiin Ve

diputubkan dapet dinitung daril rumur

G’H iy P _ - C:-II — 1:.'-,[,;
W= "BﬁxﬁéxTBXJV T o0x6Ux10¥x 7/

-

] . NV 3] o e
E O, H uop o ,ﬁka.'1: —— n.M
N = —Zovb0r ox 71 - elorhlrlougx ?’

¢ = Output delam n®/jem
E = Hgad dalac n E,O
¥ - Beret senis cairan dalsm kg/i

1
l,__f
(@)
J
&
=%
n
o~
2

|
'Yair tewar
¥air lsut = 1,025 - 1,03
Eg‘mel 0il = ¢,825 - 0,95

7' = EPficiensi total darl pompa, yang bervariasi an
tara 0,5 - 0,9 tergantung darl wiurpn dan {iype
poimpa .

i
i

B. 2. f{l;asifikasi Fampa sesuai dng. Tujuan,

i1

Sesuns denger tujuannya, pompa distas kapsl dapat

dibagd m%ﬁj&di tigs golongan.

1. Genmeral gervice pumps yang funfeinys adalah untuy-
meyhleinkar ke-~layak lautan sebuah kapal dan untuk
neayediakan kebutuhan sehari-hari dari awak kapal
den genumpang den juge keperluan sanitary diates
1?):9& ) '

Termasuk general service pumps

g. pouvs bilga

bs poups saniter

gy pompa pemadam kebakeran
%; pompa darurat

2, Deompa-pompa yang direncaenakan untuk melayani sigd-
tim deri mesin utama dan mesin-mesin bantu migal
nya pompe pendingin, pomps behan bakar, pompa pe-

lugas dan sebagainya,

I N
3. Pempa-pomps yang bertujuan khusus didalam tenier,
trawlers, kapal pemecah es, kapal penyelamat dan
k@pal kerul,

B. 3. Qﬂ*

Tex | an pompa
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PR

of gravity are not yet exactly known in Lhe early project
the model does not accomplish the requlred speed
hull. Thisg

stagye. 1£

the designer hags to alter the alteration, how-

ever, 1s possible in the early project stage only. If the

tvlal speed in Lallast condition corresponds to the model

it can be asgumed that service
AL g

attained,

trifal speed In ballast,

apeced in loaded condition (g Loo.
sevvice speed of a4 ship 1s smaller than trial apeed becausce

of:

oy

- increase of resistance by wind more than Beaufort 2

- increase of resistance by seaway
- increase of resistance by fouling on shell clating.
in generail

Y('{T} T B S LY (Lhis corresponds to & power

service

/

e propeller fy

Dower, at 100w

vonsumables ~and -ankas

Thave ars sonme more spocial roguiremonts Ln ghip

Capacities of

-~ consumables
- proviasions

- ballaor.

deaiagned for 85% ., ..

margin of about 20 - 25%).

90% cf the driving

roevoiutions.

) TIE

dealgng

{(depending on type of engine plant, time for

a) consumables are
T one round trip, number of crew wembers):
- fTuel oll
oy —— -G
Y 1 ool [t} - PBme me * pae bae ’ —— 0
o : _!
e serv
‘[%.3 . 1 Sj
last brackets for resorve:
- {uecl rests In tanks
-G away
- wind
- owatttng time
L= wvgordiesg ta owner's desirel .

-11-




? = Lreak horsepower of the main engine [kwj

e §

b= sy lie fuel oll consumplion main cogine ['(J/KH‘I

r bl peowier ol aaxtliary vngines fi(‘vf]

otpecnbie Tuel ol l consumptlon auxtllacy ongines [;;/}'i‘ri-h__]
z ooperating rdange [s,uj

v s Apoed fkq}

sk bbb AR tatel i
Y2 g
]
L
!

foRw @746 P (DHe) .

5 Lol

- precit o el of ]l congumption:

i .

L o Lwae-stroke englnes b o= 20% ... 211 [@/KH-UJ

4 v tour st roke englnes with cytinder power more than 300 Fw
3

) b = 196 ... 209 [g/¥w 1]

far o sull o power: addlition 5%

Tr——Cy

tor diesedl focld: redoction 5% {dependent on heatlng value
ol diescl fuel)

_irl_!i

e taliied:

Sihaiare circulatton withicut furnace gas rebeat

ivesteam: 64 ... 82 bar at 512 ... 538°C

b = 278 ... 286 [q/Kv.n ]

with [(u:rsace gas roheat

Jivesteam: &0 ... 110 bar al 513 ... 5337°¢C

o
li
(x4
L
LN

265 [g/KW 1]

Pv

dabn arbines:

st bane amd Tight crude ol

7]

L= 299 ... 312 {g/KkN-14]

Spod i welght of heavy fuel ol l: Qfé 0.95 t/mj.

oot vo b volume of storage tanks

anl ; N§T [“HJ




TIHATNR I R A g T T

< 12 -
At s to the volume-
REN fory dJoulil e bot tom Lanks
oo M ton top tanks and deep Canbos

o Uher b espraniton, ool gl D E T e Oy,

Pt oo

veesh cen ausilbary engines and for the main cnyine during

celuary tradiing,

W -~ 0, PR . .
dhened ] QT}) wheavy fucl oil
L o 3

pero b Do et ., U5
‘l ! rabt Yﬁiuscl gy L/m
w -
AEF R BT ETEE v | = mﬂi&i&é /1n57
[ R I T -~ -

LS
3c1105{~l

Aehdt T i el oof bt

Tl et o ey

Pnoacteral o snbog have about 3O ... 50 L lubricatlon oLl,
becasse otihviwlise the tanks wilil get too small. {(Accordling

L L S (RN et S A I

' S .
w - DY s 4+ addition
Pule: RS mo vV -
BarV

(RN A T R [@/KW-h] dliescl c¢naline two streke
D=l oL 6 [g/EW-nh] diesel ¢ngine four stroke

[N I : [ﬁ/ﬁﬂ'h] turblneys and gearboxcs

i i i ie o waighit

- 3 I O
>luhr 0.9%0 t/m ; Vo= ¥ (! )

Fresh waton

- rivking water 10 ... 20 kg/pers - day

=l water 00 kg/pers - day without bathing room
wpr Lo 200 kg/pers 0 day with vatinlag roain

et ber teed water 0014 kg/KW-h plus First £§11ling

bhivtrons to the tank volume: 3 .00 4% {or speclal coalings

in case of fresh waloer

Proesh wales tanks have Lo be soparated from all other tanks

Yoot pdanes

AP ey - - i RN
= IR et PFTCI il




carro Ly uscd for ,

it (tmaevsion of propeller; reslstance)

- r‘nvldluq ol =muflftclent arablility (L Lhe ond of the
\'.‘\".l‘l")
ahips,

ferer T (hievansy 1ty wvessels; noilo-vessels; contalner

Lo nsie o cuntelner guldes)
Jang s wdinal strength {bulker, tankor)

Lumersccn of ahip {tanker, to avold heavy motiong in sca-

way: therefore light or heavy ballast) .

lHallast gapacity to be provided depending on shlp type and
o Jdeniren of the owner: hotween 10% and 50% of deadweldaht.
Alditions Lo Teguired Lallagt tank veolumina are larger at

Ll indn of  the ghip.

i loweyr foro poak tank
- 3w oapper fore peak tank
S Jdeuaie bottom tank.

,-(?ZPI;L'«-.Z
The new 1MCO-rules recommend segregated ballast tanks to

avosd pellution. Cargo olld tanks are separated from the

ballast tank system. The cconcemy decreases and snoxe teank
capacily is reedad .’

/I)—w'ﬁ" ;a..:,,»f
Sciunding/uliage tables gelivered by yard.

uviEXSns/p:fSOnﬂ/luqoagc

Werghit of provisions 1 ... 5 kg/pers - day
ighit =0 o persons 75 kg (crew and passengers)
ot o Tugage 20 kg/oers (shorkh distance)

(0 kqg/pers [iong distance passenger

3

and crew).

Sl Pacatlan Of_ Hain ['Z_h_fliﬂ(_’

A e pard ol the contract influencing ship design.

woelaint, volume, fuecl conaumpticnd.

vv T b termined by thae choice ot the main englne Lypa, al:




Section 15 - Special Rules for Tankers 15-4

4.1.3 For spaces for independent tanks on tankers
according 1@ A.1.2. b) the diameters of the main
and branch bilge lines are calculated as follows:

168 o \/{B « HYy L = (b + ) 7: + 25 [mm)

g, *
g, = 2.5t JIRCHY Lo (- ) dp e 25w
where

dy (min]  Inside d’ameter of main bilge hne
d, (mmi] Inside diameter of branch bilge line
B [m] Breadth of ship

H [n] Mouided denth of ship

, fim]  Total length ¢ cargo arca

/ (m] Length of;wa(er[ié;ht compariment
b fm]  Maximum breadth of cargo tanks
h (m) Maximun;z depth of cargo tanks

I [m] Total lcngt’h of all cargo tanks

I {m] Length of tanxs in the watertight

compariment.

The capacity of each bilge pump is to be calculated
according to Section 11, N.3.i. At lzast two bilge
pumps are (0 be provided.

4.1.4  When separate tilge pumps, e.g. ¢jectors
are provided for compartments with watertight
butkheads the pump capacity is to be evaluated as
specified in 4.1.3 and is to be divided according the
length of the individual compartments, For each

compartment two bilge pumps zare (o be fitted of a

capacity of not less than 5 m*/h each.

4.1.5. Spaces for independent tanks are (0 be pro-
vided with soundiag arrangements.

When baliast or cooling water lines are fitted in
spaces for independent tanks bilge level alarms are
to be provided.

L2 Bilge pumping of cargo pump rooms
and cofferdams in the carge area

£2.1 Bilge pumping equipment is to be located in
he cargo area to serve the cargo pump rooms and
offerdams. A cargo pump may also be used as a
ilge pump. On oil tankers used exclusively for the
arriage of flammable liquids with flash paints
bove 60 °C, cargo pump rocms and cofferdams
1y be connected to the engine room bilge system.

4.2.2  Where a cargo pump is used as bilge pump,
measures are o be taken, e.g. by fitting
screw-down non-return valves, o ensure that cargo
cannot enter the bilge system. Where the biige line
can be pressurized {rom the cargo syslem, an
additional non-return valve is to be fiited,

4,2.3  Means must be provided for pumping the
bilaes when special circumstances render the pump
room inaccessible, The aquicmem necessary nr
this is to be capabie of being opcrated from outside
the: pump room or from the pump room casing
above the tank deck (freeboard deck).

4.3 Lallast systems in the cargo area

4.3.1 Means for ballasting cargo tanks ¢r perma-
nent dallust tanks within the cargo area must be io-
cated in the cargo area and must be indcpendent of
piping systems forward and aft of the cofferdams.

4,3.2 Bailast water pipes shall not pass through
cargo oil tanks. Exemptions for short length of pipe
may be approved -by BKI on condition that the
fotlowing is complied with :

a) Mimmum wall thicknesses
up to DN 50 mn 6,3 mm
DN 100 mm 8,6 mm
DN 125 mm 9.5 mm
PN 150 mm 11,0 mm
DN 200 mm and over 12,5 mm
b) Only completely welded pipes or equivalent
are permitted '
c) Where cargoes other than ¢il products are

carried, relaxation from these Rules may be
approved BKI.

4.3.3 Ballast tank sounding and air pipes routed
through cargo oil tanks are subject to para. 4.3.2
- anzlogously. .
5. Ventilation and gas-frecing
5.1 Ventilation of cargo and ballast pump
rooms in the cargo area
5.1.1 Pump rooms are 0 be provided with

-efficient means of ventilation. These systems may

not be connected to the ventitation systems of other
spaces in the ship. i .

5.1.2 Pump rooms are to be ventilated by
mechanically driven fans of the extraction type.
Fresh air is to be induced into the pump room from
above,

The exhaust duct is to be so instailed that its suction
opening is close 1o (he bottom of the pump room.,

—
LY

,,_-.
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zhn'qualiLy of the crew {malntenance). The degree of

Hie antomallon depends on the personal quality as well.

comeLimes the cholce of the engine depends on the route Lo -

cause of malntenance and engine maker.

-

Crew Momizers
1t depends en route, type of ship and on national rulecsa.

1t is possille that the number of crew merbers of two equal

“

because one has

ahlips |

completely different,

an Eurcpean

crow and

the other has an. Aslan crew.

The rooms

are devided

The

in furfictiong of the crew:

Outfit and Equipment

- Cargo gecar, winchecs
- hatchway covers
Promdims oy | P o horr

shifting tgulpment

- anchor wirches.,

Clas

sification, Rules

have Lo be cbserved.

Hestrloctlions

deck worker,

englne worker

of Dimrenalonsa
"‘l’g“
- Drauqlht {hecause of port depth, estuary tradlng, canals)
S sl
- wreadth (canals, locke)
- . . £ S i,
length  (locks, length of bexrth) /ﬁfﬁ(=ﬁszfiwfifﬁ£2}“/

stabi ity vegulrements,

Tounage of Shuips
Lte.

1936G.
l(’(/—wf'

Hansa 1969, p.

S [}

ire of ships is

e dependoent on

T e pnoim
officlally confirmed by tonnage. Charge

Wesults of the International Tounnage Conference

tonnage, for ecxampla in ports,

London

Tt

canals, fo;

llots Most of the ahlpbullding staziastics are bascd ¢
Laninaege,

Tonnage unil: gross ton

| gri = 100 ¢bf = 2.83 m>.
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pow LG bannage rules contaln 7 oruleg belng much easler

(e ferewer rules. The most lmportant rules are no. 3

s Laoanage) and no. 4 (net tonnage) .

o bonnd.e

[ IPRPLRE S I R U B [(HJ]O - V) Y

317
ool vdome ol all clesed rooms Xny/

Lot dgg

.7_‘)? s 84{:40560, Y
2 SO e -V -V, 3 - SNty >
(e P ()gTO' h) 1 (étfgh (42; 40 o0dg )/ﬁ{,f ~o

tetal cedlume of ail holds in émjj

Cdravaht In [mj‘ (midshipa)

depth in [lg : "

et pannengers in cabing with not nore than 3 beds

LR TR R A N I AN & passcengoers,

classiiicaticon and notation of ship types according to thelr
spetrst reclv e, frocboard and tonnage

el i o frevhoard:

st pencral ly means the mintmum distance from the water

[ SHLrace e 5o highest continuous deck mezasured at L D/2.
R I )

Ijveracional Freeboard Conventicen 1966,

v A\ Dol
v Fek

|

l.
J

l

|

[
i

I

{reloail oy B o0 ’

.

o o Supersiructueres:
“tiuctaros are crections on maln deck the side walls of

hoave b atance of now more than 0,049 - 0 from the

_16_.
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18 . Refrigerasi dan Penykondisian Udsrs

Dayz untuk sciiap kilowatt refrigerasi merupakan kebalikan dari koelisizn prestasi,
dan suatu sistem moirigerasi yang clisica akan memiliki nilai daya per-kilowats refrigerasi
yvang rendah, tetzpi mempunyai koelisien presiasi yang tinpgi.

Contoh beriku: ind menggamburken perbitungan untuk mensntuk-n prestasi dau,

kompresi nap standar,

Conteh 10-1 Suatu davy Xompresi-uap standar menphadikan 50 kW refngeras
dengan menggunzkan refrigeran 22, bskega pada svhu pengemhunan 35°C aan
suhu penguagan —:0°C, Hitunglah (e) dampak refrigerasi dalam kilgjoule per-
tilosrmm, (b) aju pendauran retrigeran dalam kifogram per-detik, (¢) daya yang
divutuh¥en oich kompresur dalam kilowatt, (¢) koefisicn prestasi, (¢) laju olir
volunie yang Ziukur pada pipa hisap kompresor, (/) dzya per kilowalt refrigerasi
dan (g)rohy buang pada hompresor.

Penyelesaian Langlan pertama penyelesaian adafah menggambar diagram tekanan-
entatpi (Gambar 10-12) dun menentukan can Tabel A-6, Tabel A-7, dan Gambar
A-4, entalpi-entalpi pada titik-titik penting. Nilai 4; adalah entalpi vap jenuh pada
~10°C, yaitu 401 £ kI /kg. '

Unick mzaemukan i, mélalui gards entropi letap geser titik | hingga mencapai
tekanan jenub vang sesual dengzn suhu 35°C, Tekanan pengzmbunan ini adalzh
1354 kPa, dan sifal Ay = 435,2 kI/kg.

Nilar &; dan Ay identik, dan sama dengan entalpi cairanm jenuh pada 35°C,
yaitu 2431 ¥I/zg, Seningpa )
hi =401,6 kl/kg hy = 43572 YJikg

izj =fr_1 =243,1 kifkg

(¢) Dampax refrigerasi:

}11 ";’4 =401,6 -243,1 = 158,5 kl/kg

T35°C -
2
o
% /
/
g —10°C

[
LS
—

Tw
\_\ )

243,1 ki/kg '435,2 kl/ig

/. Y

Entalpi, k)/kg

— .

Gambar 1612 Diagram tekanan-entalpi untuk sistem dalam Contoh 10-1.
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“{b) Laju pendauran reflrigeran dapat d:lulung dcngan menibagl kapasilas refri
geresi dengan dampak refrigerasi

S50 kW -0315; ;
Laju slir = we———o—— =10, cpfdet
e 158.5 klfks

(¢) Daya yang dibutubkan olel kompresor adalah kerja kompresi per-kilogram
dikzikan dengan laju alican refrigeran
Daya kompreser = (0,315 kpfdet) {4352 ~ 401,6 k) /kg}
= 10,6 kW

(f) Koeflisien presiasi adalah laju pendinginan dibagi dengan dayz kompresor

S0 kW
10,6 kW

{¢) Laju aliran pada seksi masuk kompresor memerlukan dala volume spesifik
sefrigeran pada titik 1. Dari Tabel A-6 atau Gambar A-4 nilaiine 0,0654 m? kg, se-

ninzga

Wocfisicn prestasi =

Laju aliran volume = {0,215 kgfdet) {0,0654 m*fkg)
=0,0206 m>/det = 20,6 Lfdst

if3 Daya kompresor per kilowatt refrigerasi (yang merupakan kebalikan dar
kocfisien prestasi) adalah,
. 10,6 kW
Daya refrigerasi = s = (0,212 kW/kW
S0 kW
{g> Suhu buang kempresor .idaiah suhu uap panas-lanjut pada titik 2, yang da-
-i Gambar A-8 didapztkan scbesar S7°C.

Serrua sifat-sifat di dalam Contoh 10-1 dapat dianil dari Tabel A-6, kecuali &y
dan 7y yang berada di dalam dazreh panas-lanjut. Sifat-sifot pada titik 2 dapzt ditentne
ka1 =aik dari diagram tekanan-entalpi, Gambar A-4, atau dari Tabel A-7. Tabel yang
leih “engkap lentang sifat uap panas-Janjut juga tersedia,' dan juga untuk sclrigeran lain-
vy, dapet ditemukan. Silatsifat refrigeran pada titik 2 ditentukan dengan melakukan
intarpolad pada Tabel A-7, pada tekanan dan entropi yang cocok,

1015 Penukar kalor fheat exchangers) Beberapa sistem reftigerasi dilcnghapi dengan
perskar kalor jalur cairlke-hisap (liquid-to-suction), yang nenurunkan suhu (sub-
zowis) criran dari kondenscr dengan wap isap (suction vagor) yang duiang dari evapora-
o1 Susvnannyz diperlihatkan dalam Gambar 10-13a, dan disgram tekanan-ertals] yang
bemsanghutan dalam Gainbar 10- 155

Cairan ienth pada titik 3 yang berasal dan kondensor ¢ dinginkan hinpga titik 4
dergan carz berlukar kalor dengan uap pada titik 6 vang dipanaskan hingga mencapai
titik 1, LDari keseimbangean kalor, A — /iy =k, - ke Dampak rafrigeraginva danat
Lerbentuk Ag — kg atau &y — ha. Gambar 1CG-14 menunjukian penampang terpotong
penukar kalor jalur cair-hisap (liouid-to-suction heal exchanger).

Cibandingkan dengan dasur ~ompres! uap standar, sistem vang menggunakan peau-
kar walor nampaknya lebih memiliki keuntungan yang jelas karena naikova dampak
refzacras), Fapasitas dan koeflisien pizstasi (ampalaya dapstditiugnatkar, Tetapi bal
ini tifak sspenchnyz benar. Walaupun dampak reldgerasi dapat ditingkatkan, tetapi
korgresi te:dorong jauh musuk ke dalam dacrah panas-lanjut, sehingsa kerja kompresi
«ban ‘ebih besar dibandingkan dengan yang deka! dengen garis uapojenuh. Dari hal
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dr mana, Q.1 Volume gas yang.dihasitkan, pada kondisi tckapan dan Icmpcralur zsap

Cap

(m¥min)
. Perpindaban torak (m’fmm)
esarnya chisiensi volumeltris ini dapat dshlltmg sccara teoritis bcrdasarinn volume

pas vang dapat diisap secara efektil oleh kompres pada tangkah isapnya, seperti telah
sdiaraiken diatas, Dart perhitungan ersebut diperoleh rumus yang dapat ditulis shb:

s - C{C_)' - l} | ' C(2.19)

di mana e M /V,, volume sisa {clearance) relatip,
2y Tekanana keluar dari silinder tingkat pertama (kgifem? abs),
#; Tekanan isap durissilinder tingkat pertama (kplffem?® abs).
: Koclisien ckspunsi gas yang tertinggal di dalam volume sisa; untuk udara,
. =12 )
Tandax berarti “kiru-kira sama dengan”, karena rumus (2,19) diperoleh dari perhitenpgan
teeritis. Adapun harga 5, yang sesungguhays adafuh sedikit lebih kecil dari harga yung
diperolen dari rumus di atas karcna adanya k{:bccomn melalui cmcm loraL dan katup-
katup, serta tahanan pada katup-katup,
Dalam Gb. 2.11 diperlihatkan pengaruh ¢ dan PP, pada clisiensi volumetris T
Szhubungan dengan hal-hal di atas dapat dimengerti jika clisiensi voiumetris juga
tergdntung pada fakter-faktor rancangan kampresor scpcru bcnluk dan ukuran silinder,
scr'a bentuk, ukuran, dan susunuan katup- l\'ltup

.

= [T
& ™ ““—_\r\__\ B
= 5\3*\ > \ : G,05
< M 5 ___"'\'\ | -
s S P ~ ¢ = 0,08
g L ] ~J \c::OICI
5 2%

Wr—.=1-1¢ (—) — 1 x 100

ﬂU ' nt»—!"

- néj,zj E N 0,04

/ |
t 23 4 5 [ T g g 10

Perbandiogan tekdnan £ /P,

Gb. 2,11 Hisiensi voluineiris dun perbandingan tekanan,

4

2,42 Efisicnsi adiabatik Keselurulan

Efisiensi Lompn.sor dzlumlL i oleh berbagai faktor seperti tahanan accodinamik
di dalun katup-katup, suluran-suluran, pipa- pipa, kerugian mekanis, efckiivitas pen-
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divpnze, dll. Namun, menentukan secara tepat pengarub masing-masipg faktor lersebut
adaial sangat sulit. Karena itu faktor-faktor ini digabungkan dalanicfisicnsi adiabatik

Leseluruhan,

‘=fisicnsi adiabatik kescluruhan didefinisikan scbagai daya yang diperlukan untuk’

' memampatkan gas dengan siklus adiabatik (menurut perhitunpsan Teoriis), dibayi dengan
cayld vang sesunppulinya diperlukan olelr kompresor pada porosnya, Dalam rumus,
2 , D4

clisicnst tni dapat ditalis shb: - T
_'___—.—___,,,_“_,,_-—t——'_"-—'-—_—. -
L
= ' (2.20)
L,

di manz s, Efisicnsi adiabatik kesckuruban (binsanya dinyatakan dalam 24,

Lyt Daya adiabutk reoris (kW)

L, Daya yang masuk pada poros kompresor (kW)

Besarnya daya adiabatik teoritis dapat dihitung dengan rumus

! 3\ (L= [)fmik
nik /”’,Q,[(h) _ I}, (kW) ' (2.210)

e = T G\ B

Foo Tekanan isap tingkat pertama (kgl/m™ abs)
.1 Tekanan keluar dari tngkat terakhir (kplfm? abs)
Q.1 Juminh volume gus yang keluar dari tingkat terakhic (m*fmin) dinyatakan
_ pada kondisi tekan dan temperatur isap
wiele, . .
Ses Jumbah tingkat kompresi; lihat keterangan padu Pers. (2.16).
Jrka dafim rwnus ini dipakai satuan tekanan Pa maka Pers. (2.21) ditulis schagpal

kPO, [ (PN ; '
L, = Ii)—j_«_l 602}({:)0[(F€) 1 1], (kW) (2.21v)

Dalum Tabel 2.7 diberikan harga-harga daya adiabatik teoritis yang diperfukan
uiniuk menpkompresihan I m?/min udara dengan kondisi standar scbugai hasil per-
Bitunges berdasarkin cumus di atas., Dari tabel erlibut balwy daya yang diperlukan

unak rampresi 2 tingkat harpanyacfebil keeil dari pada kompresi | tingRut, Flarga yang.

lebih rencah ini diperclel pada Kompresor 2 tingkat yang nienpgunakan pendinginantara
(in‘er-esaier) dioantara tingkat perlama dan tngkal ke dua. Penzgunaan pendingin
st akan memperkectl keru kompresi. Jika tidak digunakan pendingio antara, mika
daya yaag diperluban untok Kompresi 2 tugkat adulah sama besachyn dengan daya
untuk §ottnpkad, pada perbendingan whanan yang sama,

Sebugai contah, dari Tabel 2.7 terbaca bahwa uniuk kompresi T tagkat sampai
7 haffent® (@) atau 8,033 hulfen abs, diperlukan dayat sebesur 47074 kW, Int diperoleh
dar’ Pers. (2.21) denpan mengambil Jarga & o= b dan i = |, Diya sebesurd, 7074 5 W
tersebut jugtakan diperfukan eniak kompresi 2 tingkat tenpa pendingin antira, Namun
Jiks dfgarakan pendingin anties maka daya yaeg diperlukan menjudi subesar 4,0227
WS Hacgn ind dopat dipdrofeh dari Pers. (2.2%a} jika diwmbil & = L4 danm = 2,

Selonjutnyy efisiensi adiubatik keseluruhan dipat dibitung menurul contoh sebupai
berihut. Scunditinga untuk sebuah hompressor 2 tinghat yang memampatkan udirs
menjadi 7 kgffem? (g} diperlukan duyu poros scbesar 3,4 kW, maka dengan daya adia-
butik teer fs sebesar 4,022 kW, homipresi ini mempunyai clisicnst adinbatik keselurdhgn

sehesar
_ Loy _ 4,022 kw 0 '745 74 50,
e = L - 5.4 I\_\\}— = Y = 2 e
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Tabel 2.7 Daya yung diperfukan unfok k(;mprcsi adiabatis leoritis.

| “ckanan = Kompresi '-Knmp'rcsi Tckanan Kd{aprds‘ - /
! (kglfen?® (G)) F-tingkat - Zetingkat (kgffem? (G)) ©2tingkat
kW) (kW) . . (kW)
I o5 .| s J 3 3 ’ 49639 ]
| i I 1.2608 I ! 12 i S5,1563 J
L.5 , 1,7256 ! I - 13 ! 5.3365 !
x ’ 2,1288 14 , 5,5060
2.5 ! 24809 [ s J 5.6661
3 , 281035 I 14 ' 58178
1.5 , 3.1065 I 17 ’ 5.9621
E 4 , 31,3801 2,9994 18 ! .6,0997 —‘
l 4,5 l 1.6348 3,2012 i9 ’ 6,231
{ 4 3 , 18736 3387 ’ 20 ’ 63573
[ L5 ’ 1,0987 , J.5618 RE I . 64783
, & ’ 43118 , 3.71247 J 22 , 6,5947
| 6.5 ’ 4,5143 , 18779 ” 23 I 6,706_3
7 ] 47074 ’ 4.0227 ” "2 ' 6,8150
B 7.5 } 4.8922 ! 4.4599 ” 25 ’ 69195
¥ , 50691 l 4,2904 r 2.6 ! 7,0215-
| 8.5 ! ) 5.2396 I 44148 ]‘ 27 J 70195
P ? F 54036 | asae ” 28 ‘I 70246
9.5 l 55619 ] AT ” 29 { 7.3069
10 ’ 5,714y ' [ 47572 ” 30 l 1.3965
Cwintun: Daya yangdinyutaban Jdi atas gdalah diyu kompeesi sdiabuiis (eoritis vntek setap mfmenit adary

bebus t kpffem? = Q090665 My, G Berurti tehanun lebil (guge)

Semakin tinggi efisicens adiabatik keseluruhan sebual kompresor, beracti semakin
kecil daya poros yang diperlukan untik perbundingan Kompresi dun kapasitas ying
sama, Namun setinggi-tinpgi efisiens] ini, harganya tidak nkan mencepei 1009,

Szianjutaya, karena harga daya adiabatis teoritis untukf Kompresor | tingkat ber.
bedu’ denpan harga untuk kompresor 2 tingkat, maka m&mpcrbundingkan efisiensi
Kempresor harus dilzkukan di antars yang sama jumiah tingkatnyz.

Schapai kcsimpulan.dapat dikemukakun bahwa clisicnsi diabagik keseluryhan
merupasan pelunjuk bagi baik buruknya perlormansi dan ckonomi scbuah kompresor.
Adupun cfisiens voluineiris hanya meruppkan seagy koelisien yang diperiukan olel
petencara kompresor dan tidak pcn'u'ng artinyn bagi pemakai,
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Kowpresor 203

si volumetrik yang mempengaruhi laju alir massa, yang menunivkkan suatu peaveunan
JARbat eaiknyy suliy kosdensor. Caumbar 11-10 mcxuzn;'ui:k;:n"-]}dll'Ulmaz|r1 teeschut
yang progresic. Kapasizao relvigerasi adulah hasil kali antine dwnpak relrigerasi dan laju
aliran massg,yarg keduanyz akan turun bila suhu kondensor naik. fadi kapasitas refri-
Ferasi turun agak iehih cepai kareny naiknys suhu kondenan

Kuarakteristiv yeng po ting lagi adalah daya - vang diperlihatkan datam Gambar
LI-T1 Daya kompresor adalzh hasil perkalian antara kera kompresi yang bersatuan
Kilojoule per-kilogran dan laju alic massa. Bila sulu kondensor naik, maka kerjz kom-
presi daa laju alir massa menurun, sehingga daya naik mencapai puncak dan kemudian
mulai twun, Sifel yaag samz dengan daya ini, yany sehagai Tungsi dari suhu evaporalor,
ditunjukkan dzlarm Ganibar 1146,

Beberapa perjelasas tevtang arti dan sifat-sifag yang terdapat di datam Gambar |19
hingga 11-11 adalah scbagai berikur: pencapaian puncak-puncak daya dapat terjadi
dalam Kempresor-kempraser AYAts seperti Juga pada kompresor ideal, tetapi hanya ter.
Jadi bila dilskukan penoripaan dari sulw Suhi remdalt evaporator, Komypresi s2iu
tingkat dari subw pensuapan —20°C hingga suliu pengenibunan 60°C yang menghasitkan
puacak seperil pada Gamibar | 1.1 V,otidaktah e, Iengane perbedaan suhy yang lelih
sedikit antary keswdensor Jdan evapurator, diperkizakan bila suhuy kandensor naik, akan
ada kenaikan daya pada Zompresor, walaupun kenaikan tersebut iungkin haaya sedikit,
Kapasitas refrigerasi selalu turun bily sahw kondensor naik, Karakteristik fain yang pen-
ting, tdak diganbackun dalam gravik, adaias kocfisicn prisiasi (coelticient ol perfor-
MARCC) yang tirun secars manoton bila suhe kondensor ngik

f11 AT .
4 -
2
- o
el L e
= Dlamnpak reitiperass =
“w . . =3
P TA s .
s X i
N S
.s‘? A3 i- 100 =3
o,
Kapasitas refripera ‘r,:,:
[
. )
U g e S S TN T
=0 0 20 40 [} 80

o
Suhu kuadensay, O

b 1Y Davpak felipenai dan Kapasilis reluvdiasi unrgk kompresor wead detgan rofrigeran

22, volume sisz 4.5 persear, L valume langlkah SO t/der dun sulle evaporator —JOCC,-

‘ HBerdinik otk Jarn vy g elistenst, dunginkan suhy Kandensar Yoy rendyn,
At Rondensor tersehur jarge menggunakan udary ytay air yang terdingin yung tersedia,
ﬂ.icnguh’r sevats maksimeg ckanoemis, seriy permukaannyy horus dijupa tetap ber.
silt Udara g1y Basg#s yang wk dupat mengembun di dajam kandensor juga wengakibat
Kan ngginya tekanan kandersor terselor,

4
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