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at A wake speed

Consequntly , The. propeder wil) expenenie a. fow Spees Less-an he dhp

SPeed - The speeds of the Ship is TELEAVE Ho-the WAKE /1 TemEd a1 4pelh

of aduace

Va = V~— Vw/ Where. Vio = wake speed

vV = ship's speed.

X The wake speed- s often expresied gi a fmcﬁm of the sWPs cpeeA

WaKe fraction (W) = V- vy

v

® The wave frattion may ve obtained approximately from Jhe expresvion

W = 05Cb 0°05 , where, Cp= Block Coeffident

—> Rear 4Up o DUL 4Up: (s the difference betweon the theontcal speed(y

and_the speede of advante. (va) 1s EXPIEIEL Ay oratio o perentage

of the theonhcal dpeed .

Real Jup speed= Vi - Va
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Thesnticak speed (V)
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<

(»»eﬂ @h've apparet UpP
>

w W | W W W W W W W W = = = - - - - —
! | |
| | |
| !
|




L L e e e e e e wse e WS WS W W W W W W

@)
T A
Differot types of power
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< Indscated power (ie) - The neoricar, poer producecd inside. engine cytnders)

caltulated from-the presiure - volume w'aﬂra/m before agy metharcaL- ||
lowes fs caued indicated. power Ur) |

« Braxe povei (bp): The alual puwer avgiabie o the WMt O 1S

les —than, the. indscatét gpeed du 10 MEChauCaL 10S(es from Ea fnch?

A d auxwaw components -

- Shaft power (Sp)° The powes audildsie at the propeds shaft aftel reduchion
/qear[/f cm//) Aaue - Frampmisgion (osé 7‘77f0%/1 the /?eargdfem |

Note - Shaft power it equat o broke poud i there is no 7edud70f2 Jear

-
« Deuvered. powex (dp): The power deuvered o the propeles-

It IS calewated by ,yuvagyvg Hu ghaft porer by fransmigsion gfﬁ'u'my

of the_propeusr shaffing Afstem:

cThowt power (tp) © The power hat the propeuss qenerd®s o produce Hruot,

whith, propels e ship forwant. It 6 caluuated by muerpyng the detiered

Fowe( Og the propeses gfﬁgwg
« (ffectie power (ep) = The powerthar s actualy used o move Hhe dhp-
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| Formula \ - |

)Sp 07 bp = lp X mechanical efficiony

o dp = Spx Trowmisson effiueny.
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3) Ap torque x 2an  where,n = RAM

4 Tp= dr x propenes effiaery

5) ep > tpX huy cffivery
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WoKe fm(fmﬂ(hlj =010

ReaL sup = Vi - Va

X100}

)

pr' K1 NUMERICAL BASED ON FUEL (ONSUMPTION/ INDICATOR DIAGRAM /PO EK
' OUTPUT/ SUP
)
: SLIP
) s, s0ss | AT 90Tev/min, a propeuer of sm pitth has an apparent 4Up of 1s/ ent
' wake Araction of 0-49 - Calcwlade the reak Jup

: So/m - Giiven - Pitch(P) = 5m

) RPM (N) = 9o Iev/rru'rt

' Appared Slp - = 15/

)

)

!

Vr

O To Afind V1 (theoritical Jpeed)

Vi = PXN X 60

(852

VT = 5X90X60

[852-

Vi = 14.579 K

(M To4ind v (speed of advarce)

Apparent stip = V1 =V 004

VT
IS = I14.579-V i
14.549 |
DS = IY.573-V
2989 = Y579V
V = 14.579-2-189
v =z (2392 {3
\\ |
S |




Wake immon (W)= V-Va

4

010 = (2392-Va

12-382

239 = 1302 -Va

Va = "12-592-1-239

Va = (1153 Hs

() ReaL sup = V-V 100
Vr
= 45991153 X100/
Y- 679
= B ion
14579

F 23.5'/1 Aaaa
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oo, | The pitohe angle of o- propeudr blade meguured: at Yodii of 4/1°5,2/ 2%
NOV 2075 3 meters Qe ﬂ.’JPewVe?f 4_2/ 32, 26,22 and 19 df’ﬁréﬁé
™" | T propetter turny at 195 vem (yd, clyived e ship Ot 22 ¥ Ofs Calculale

a) Pitth of propeutes

b) Apparent 4Up

WNhat QU interpretation of the resdt!

501" | ) Pitch of 4ne propetter

Prten(e) = 277 Ton 6

At 1m yadiuS @ 2N XKLX Ton4) = 5-657m

At 1:5m vadius - LA X4SKTan 32" = 5-889m |
At 2m Todiwy © 2F X 2X Ton 26" = 6429 m |
At 2:5m yadiwy . 2A X25XTon 22 = 6-346m |
At 3m 0din 2K X 3 KTan 19" = 6-490m ﬂ

L e e e e wr wr e W W W@ W W W W W W W W W T

Pitch of the propener = Mean value

= 5:65F+5889+6129+6:34616 490

d

- !
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b) Appaverd, sUp b
Theorticalspeed, V7 = PXNX60  _ £ ]02X10SX60 _ 99.358m I
1852 1852 g

Apparent gUp= V-V |
T ;

I

= 2075822 1 onf |

20-158

= -598]_ |
Tntepretation: i

1) Negadive Llip: The nequdive apparent AUp indicated tht he qcuat dpeed .

of he ship ic grecuer than the Fheorrtical 4peed: This Byprally ocws

when e ship travels in Afollowing current

1) vanaple pitth: The pitth intreasel prom the 100t to the ip (565710 6-yson] |

which js a (omMmon ouyicyn ‘feawre wed 1o optinvze efﬁU’e/)tﬁ. I
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FEB 2024 |I Ths pitch angles of o propetter blode: measwed gt vad of 1,1:5,2,2 Sand
3 metent e reypedvmﬁ 40,30, 26, 22° ond 19°- Calcutdte
PAPER 1 )ﬁ,@ P,qu Of the prope(w This propeuer tuimk at 400 1pm and. dives the Jh/p
at e knots - If the woke fraction i 0-30- Caluloge 1) appayent 4ip
1) 1o veay gp
So":- | ) Pitch of the propeter
Gitth(P) = 247 Ton @

At I1m YOt . 274X 1 X Tan 40" 5272 m

i}

\\

At 15m vadid - 24 XA1SX Tan30" = 5-444m

|
|
l
! At 2m Tadlws * IK K 2 KTan2 - 6129m
P At 25m Yadius = Qm X 25 X Tan 22° - 6-346m

At 3m rodis - 28 X 3 X Tan 19’ = 6-490m B
Pitth of the propaxu = Mean volue _
o - = 5272 +5440 16429+ 6346+ 64°
5
= 5936m
| i) Appavere 4Up . '
L Theoiticar fpeed, Vi = PXNKBO - _5-936XI100X60 = 19-221 kts >y
; 1852 /852
f. - HPParCL_LtAUP 5 l/T %‘{Oﬂi{ = ’925”!6 Y 100
| vi " EL TR
- ) - = 16-80f. ...".
i Retsip NN
wavefmchon W= V-Va Q 030 = )§-Va S
e
—_— i 4.8 = |6-Va - o
SIRFL RNt 0 N = e
! \/a = /- 2Zm ) -
' KeaL dUp = Vi-Va Y100/
| R
= 1923012 —
¥4-004 —_—
Wy - - .
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RPM (nN) = 90

N A
: ;%%22;;’;3’ A ship's propeuer has o pitth of 60 meteis - (hen wing at 90 1P the |
 NOVIOIR ol cpopd. Js 155 Knots ands SPeed of QdWante (S 14-.S KNOTS - If propeiey
' ej-ﬁup/)% IS F07. and. plelivered. power 1s gooo Kw - calewode f}
[ o kel fip b WaKe fracion  oJThrut povker ) Apparent dup-
) So": Griven: Pitth of he propelier(p) = 6:0m
)

sru'p;; speed (v) 1SS K

Speedof agvane (Vo) M-S I

Propener effivenyy . Fo/

Devvered powes (dp) : 9000 KW

&) Real 4Up ( VT - Vaxzow)

Theortical, speedy Vr = PXNX60

1852 i
- 6X90X60 |
(852 i
= (7495 K48 I
RM/ AU’P - VT' \/ﬂ X !OO jY_r
V7 y \__
= 1FYIS-M45 1
(#-y9s " |
= l?‘”g'/}m _J-—-
b) wWake fraction +
W= V-V > [§5-145 o 0064, il
% 155 ' |
() Thvwt power H
tp = dp X proveusr effiueny il
b 9000X 70/’09 H
e €300 KIW_ g
A Apparent SUp = VT~V inp ¥
oy o |
= (Y98 188 L, |
#4495

=1Ly
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Prop@tw has pitchv of 55 M - idhen ruﬂfufl,y at 80 RPM , the ship Speed iS gy
Bl 132 knofS, speed-of advance 15 13-0 m0ts ; propeer effiveny of 707 and 7
NOV 2024 PM| delvered POEr /S 300 KW+ CAILLLOLE - o

OCT 2022, MAY 2018
acaz | A) ReaL dup  pwake Aacidn ) ihnwst power a Thrwt ,‘
o= [ Given: provof the propeser () 55 |

| RPM (V) © 8o

| | Shph speed (V) : 13218
Speed of advone (Va) - 110K
_ Propeuer effiveny 709 Z
delvereds power (dp) : 300 KW s
0 MAU/’ (KTT’T‘/&;(/OOU -

Theorefical Speedy Vi = PXNX60 .

[§52 ) ‘

2 5:5X80X60 _ |y .255 KiS- :

Real dUP = V]’"’l/a oo

\/7_ ATFE

PN 05641 np = 90884 -

1Yy.26S )=

b) Wake fraction, W= V-Va > |3:2-110 _ 0167 p=
% 122 - 2

o Thrst pover ] o

tp = dp X propeu ef-ﬁ'u‘engll -
= 200)( ?'o/oo

TR

- ’[hrwat B Thrwt power
Vw(m/ge(,)

2i0

it X ’_8’5L
3600 o NS

3t 110 KN >
" _ )

"

\\
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AUQ 2024 Pm,
JAN 202 NOV 2024

A propeur votates at L vev/seC wHv o spedd of QAVONLE of 12 KNOTS &

a reak 4up of 030 -The torgue absorbed by"ﬂ’\ﬂ propeues s 250 KN-mM apd

+he thrwt debvered 15 300 KN caluate

()-the pitoh of the piopeues  b)-the Hut pwes

¢)Hhe deuvered power

480!”:—

Given:  RPM(n) @ 2vev/sec X¢o = 120

Speed of advane (va) © 12 Khe.

Rear qup © 0-30].

Tovque apsoybed 1 250 KN-M

Thvuot geuvered @ 2900 KN

a) Pitth of 4he propeuer-

Real glip = YT -Va

VT
0% =

¢T~Il
030V = Vr-12

%

[2 = O-FOVy

Vi = 1714k

vy = FXNASO
T = ~g5r

; X120 X 60

3)743-28 = PX 120K &

P = 4—’4' W?m;

b) Thwt power

Thwt powedfpe Thut X Va (€Y

= 300 X (*X182¢)

= |852 KW
g Devered power
dp = forque x 2
- 250X 2A(Y
- 950X 12-566
= 3145 FW

'----P'---'f--.-'-.------------—




| A propeuer 6m diometer has o pioh vatio of -9, Blade asea. ratio of o

048 ant when WN/W at 110 Ypm hap o_ VAL JUp Of 257/ QNd WAKE

FEB 2024 PAPER 2 {ra(ﬁ on of 0-30" [} the propeuer deuvered, thrut 0f 300 kKN ond pmpea&f

s

FEB 2015 | effideny s €5)- Caluutate .
) w Blade Qorea (b) Ship's Speeds (¢ Thoudt power  (d) Shaft power (€ Torgue
Soln- | Gryen - Propeler arameter (@}- 6m

Pitcn vatio (p) 09

Blade arex yotio (84%) © 0- 48

SR R R

Rem (N) . 10

=

Rear  4lup 5o Gy

|

ware fraction : 0-30

Thvwt delivered - 300KN

L&)

propeuer effvieny ¢ 65

e

Q) Blode area
- Blade area

plade orea vato(8Ak) = 1AL

Blade areq = BARX wr*

= 0 Y8X X (%)"

= 048X A X 3"

= 13572 m;%

b) Ships speed -
Pitch vatio(p) = Pitch(P)
Diameter(J)
g-ge" P
e

Piﬂhoprmpedcr/P = 54—”1,

Theovetical speed, Vo = PXNX 60

852

'y

54 X110X 60

1852

19 244 1

\\
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bR A o Real 4lip = VT -Va D A TR 2 A
A SR e >
025 = 9244 -vo
19244

4. 8 = 19 2RV
ez YK
wwid]on(k\l} \// Vo
T
030 = Y-14Y33
v

1
1

» 030V = v—1Y433

* [4-433 = v 030V

:' 1Y y33 = 07OV

' V= 20619 Hi g
y g Thvt powe/

ThYust powef Thvwt K Va(rysed -
| ' Sox ()
) 300X 7.425
' = 222F 5 KW_,,
: A Shaft powes
) i dp is not giver, dp =S¢
; tp = dp K propeues effiiony
b 220%-S = dp X “To
S dp = 34269 KW
) [e- Sp = 342 9K
| e) Torque
. dp = toVge K 2an
*L Torgue = dp/%m

= 34269
(%) E
= 297-5 N-m

Zhy s
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NOV 2023 | A propeuter of 55 diometer has pifch vodio of 08 when Uy 420k, &
the wake fachon s found 10 b€ 9-32 and veaL sip 31/ calculote e €
S dpeed speed of advance ands Gpearent 40P

Sol- Grven . propeues diameter () : s-sm

pitch vadio (b)) : 08

RPM (1) ;120

Wage fracﬁorl (w) : p-32-

ReaL glp > 27

Pitth rotio (k) = PItth (P)

Diometer(3)

0:8= P

55

Pitch of 4he propene, b = 4. 4m

Theoreticals dpeéd, Vy = PXN X 60

(852
= 44X 120X69
1852
= 17-10€ It
0) Speed of advance
Real alip = VT —Va
VT
033 = 7106 -Va
(#-i0€

€329 = |7-106-Va

Va = 0 -7¥% Kb&ﬁm

b Ship's speed

Ware fachon(w) = y-Ya

083 = v- 10777
v

0-32v = v- 10397

(0-FF7 = v-0-32V

[0-77F = 068V

q Apporerd JUP - MI\%—\—/—-)(IOO

= W’-f?f :"5'8'43)“00
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MAY 2019 | R prOpeuer hay diometer of 6m., pitth Yodio 1-42 and- works ob agparent
SUp of F{ - For ship’s speed. of 1s knots, determne the RFMOf‘f”éeﬂﬁ’—/'%
Saf- Griven © propelter didmeter (3) @ 6-0m
pittv votio (p) Ty
Apparent 4Up e

- Ships speed (v)  : 1S KH

Pittv yadio(p) = Pitth(F)

Diometes ()

iy = £

€0

Prich of the propeues, f= 6-32m

Apparert Slp = ﬁ,,;/‘/

00F = Vo= IS
VT

(5= Vi- 00FVr

(5 = 093 ./T

V= 16-129 Ys -

Theoreticar opeed, V= PXNX60

|852

16:129 = 6 F2XN X609

1852

2987F0 908 = L F2LXNK6O

ReM, N = FFRpm,,

b) If the wm,ﬂacﬁon is 0373 Find+he real 4lip

Wake fradion(w) = ‘/_:\)’ﬁ

22 = J5-Ve
p-3%5 =, 21

5-595 = |5-Va

Va = 9-40S KK

Real sup = V7-Va < 1001,

VT

= 16129~ 3995 1001

161129

L 4’[69‘//,'&4)5




MAY 201 | The pitth of the ghip's propeuer 1S 6m.- At 405 1pm, he. apparent 4up i
[0]. and re veak sup is 24 - Calcwlate ship spegd. and wake fraction
Sol" - CIvEn) POy of +he propemer (P) . bm
RPM (N) . 105 vpm
Afpaverd JUp - (o]
Real sup - 24/
Theoreticat apeedy vi= PXNX60
(52
= 6XI0SX60
{852
= 20 40 S
0JShip's speeds  Apparent sUp = Vr-v
VT

2 = 2040 -V
O 040

2 04] = 20-4j0—V

b) Wake fraction
Real AUP - \/T/ Va
VT
024 = 20°40-Va_
T
Y-894 - 20-410- va
Va= 15512 kb
WNake faction(w) = V- Va
v
= 18-369-15 512
[8-369
- 0156 .

v

NN n mnnmmwmmmm&m
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AUG 2014

A Sip of 12100+ diSplacement i< 220m (ong , 1% Sm beam agd, Hoats

O A dioft of F-SminSw-The propeser hay o fawe pitth ratio of 075

WU when Comiy at 409 Tpm producet ship Speeds Of 12 KIo1s Lo/t

O TeaL Jlip of 30) - Calculate e apparent dp , piteh and, diemeter of

the pyopeyer- The wake fradion (v 71y be Sowrd from e fraction

W/OECL =005

Soin -

Griven - p/fchmﬁo(/a} 1075

RPM (M) . 100

Reat 44p @ 39/

Ship Speed(v) @ 12k

Wake fradion(w) - 0-5 G- 005

=05/ 12000 | _ 05

\U20X17-5x7-5X)025)

= 0-5(0-%5) -0-05

= ' 5¥5-0'05

= 0325

wate frachon(w)= V- Ya

0-325 = |2-Vg

|2

3-897 - 12-Va

Va = 8103 ks

W/AUPS Vr - Va

Vr

05 = VT/8I03

VT

037 = Vy — 8103

8-103= V¢ -0:3V;

8103 = 0-FVy

Viz |1 5F6




T A
Theovehcal speddy V= PXNX 60
I85L
1-S76 = PXI00X60
185 2
21437 968= PX[00X60
¥ = ‘3-57'”\/_
Ans
Pittn vatio(k) = Pitun(r)
Diomerer ()
0fS = 357
D
D= 46
Ao
Apparent sup= V1-V
VT
= [1.5F6- ,2'/2( 150
(1S

/,,3. + -/,,
70

V'-R-ivv'——v—'vv"vvvv'vv-vvvvvv'—v-vv-'vavvvl
| ‘ |

| |

; ‘ i
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INDICATOR DIAGRAM

3 ) 4
7 I

Aiea of indicator diagiam = a

Avexoge neighe of diagram = & i

Avesage or meon indicated pYeswe,) = &y par

L : I

wheve 'K' 1< sprig cotiL b i

~

* WoTK done i one cycie = Mean indicated piesure X e of piston X Length ofshoke

= B XAXL I

« Powex )s the vate of doing Work WL

e muttiply work done by ndmbed of pones stroke per sewnd

* In A 2- stoKe engine, there is L power SProke in erexy vevouion

In a 4. shoke er)ginc, there 1S 1 power stroke jn every D2 revoludion.

¢ FOr 2- $hoke engine, N = Enging vev- per sec |

Fov 4. stroke enging N = Enging Tex: pel gec-

2

Indicated. powei(ip) = Fn X AX LXN

Where, Pum 1S 11 N/m* |

A 150 m?

L 1 1n m

N 15 in power styoke per sec




FEB 2023
FEB 2016

A

¥l

The area of indicator dm}g_mm 1aKen of one ciurader Of @ sk yundey,

four stroke intemat, combustion, engine is 378 sq.mm, tne (@1gth is 7o mm

and. the indicator §p7Y ¢ Scate (« Lmm = 4-5 bAl- The diameter of Hhe
(#(mdgr IS 205mm,, 57‘701@ 300mm af)d, mta:hooa{, dpeeds 360 vevolution

LSl S

| ﬁfﬁaﬁ)?f i« 95 //P’OPWBMUM%/ is 97{ andhauefﬁam%u 93/ ﬁ/)dﬂw

: t o indicated. power of the e’ﬁ_f’@" b) devveral power

| 0) Thrwt powes ) Effedive power

i l;l.

state oy assumption taken in youv catouladion.

| Gliven . Engine = 4 - Shoke engine

Avea. of ndicator djogram(4)=378 mm>
Length of diagram (Y = FO mm

- I[N 0LoY SPW%JC@(L(K/ = Amm=15bar.
Dimeter of e ofunder(9) = = 20Smm = 0-205m

StroKe g (Y = 300mm - 0-30m

RotationaL 4peeds = 360 rev/mirv
Pricionac o) = 2:S KW -

T a/lAmuJ;o(L Q—fﬁo@ﬂ% 95,

pYopeuts effidenty = 97/

Huu effradenyy = ggif

; NO- of cyuader = D6

Q) INCMLd power of the engines.

ez PmpARLAN
Mean indicated. pressuie,fn = A g,

L
PVYI/ 378 ,X,g
7o
Pm - 81 bar -

- 81K 10° n/m*

:TJ/,/L

:@—L

|
|
1'
|
1|
| Area of gﬂnow(!\) = Ty
i
|

l.(



W

B
= ‘7[X(?'205)2 - p'033mM*
4—
Stoke (ength(y = 0-30m
NO - Of powe’ SHoke per séc(n) - 36060 =g
z
Hence, indicated. power(ie) pey (ylinder = 81X 0033 X030 X3 X 10° watt

g = 24051 watt

- 24057 KW

Remarks : Total indicated powex of -the engine (il be calaudated by

ASsuming UL Gylnden develop Similay indiCaioy diagram

and. hente §ome powes-

\\

Total ndicated power of the engine = Ip per cytinderx No- Of Gyunder

z 24.05FX6

© 14t 342 KL,

b) Deljvered. power

Shaft power (Sp) = Lp - frictionaL (0

r——v—‘r-v-‘P--------.-.--‘
| [ | |

= 144 342 -2-5 P

= 141892 VW |

Delivered. power (dp) = SpX trammission effiieny W

= 14842 X095 1

= 13475 Kl |

¢) Thrwt powey
Thrt power(te) = dp X propewer effiuenty |

= 13475 X097 |

= (30. 708 K |

d) Effettive power I
Effective power(ep) = 1o X hutk efficency I

= 130 08X 098 |

= 124093 K |

n

L

] |




S

Wiy 20 | The areas of an indicotor diagram taren of one gunderof a 4- cylinder;
) four SiroKke engine 1S 38 sq-mm ancl gt IS F0mm.- 11 dicator spring
- Scate is 4mm = 100 Knjsgm - DIameter of glinder 15 250 mm, STYoKe of
cgmowr 3lomr and. 1ototionay, 4peeds ¢ revs per second. - Cal.culate indicated
pouses of e/gine-
Sol":- Giiven . Engine/no- of Ofinder : 4-stroke engme/ 4

Are of indicator diagram(a) = 37§ mm*

Hogn of dfagram (Y = F0mm

[nicator Spng scale () = Lmm= 400 kn/m*

Didmetes of -he oyt (y = 250mm - 0-25m

Stroke length (4 = 310mm = 9-34m

\) |

RotadionaL 4Apeld 6 rev pex Setond.

[ndscated power, jp = PmX AXLXN

MeaL indicateds pressuie, fm = &

.L//

- 31800
:f'o)(’

= 540 KNfm*

Mea of cylndes (A) = nd’

4
= 7‘)(@'?{21

L)

0049 m*

4-

Store Length (L) = 0-3Lm

NO Of power ShOKL per Seq(n = For 4 shoke engines

Rotafonal Peed/,
s 6/2 = B

Nente, indicafed power per c,q(mcw = Pm XAXLXN

= 540X0°04Y9 X031 X3

- 24652 kW

Indicated. pwer of engine = [ndicated power per cytimux no of cytmder

- 24 6524

- 98 609 KW,

e
RI'U"




|

PN .

MARCH 202
NOV 20/

Avea of /r)d/"CMOthfQ,yf am- token off one cy(/'?der of O 4ix %O‘Ms/ four stroke

Qﬂﬂm{i was 500 ?7”'2/' LeNGth of —the dyagram (S 400mm- <The /ndicator 5,977'4?

onstont i« Lmm = 2bax. The ameter of the. cyinder i 300mm, ytroke

1S 620mm and. YotgtfinaL 4peéa is 10 Ter/Sec - calcutede the indicated.

power of the engie asuwnig that ar Ggaer devewp equar poves:

S0 -

- el . Engme [ KO- of cﬂa‘nde{{ - 4store ) 6
ATeR of INAICOTO! dsagrom(®):500 mm*

FNgth of the iggram (4. 100 mm

Indicator spnag wnstonk (K) © dmm= 26ar

Drameter of- e oylmnder (D) - 300mm =0 30m

Store engn (4 > 620mm = 062m

RotationaL speeda . rovev/sec

0

MEOA (i COLRL pYRIUIE, foy = &

L

-~ 500
al: X2

= 40 b&¥

= 10X 10° N/m*

Avea of cylnder (4 = Td*

4—

= k(030 = o 0Hm*

4—

Shoke (engh (U = 0-62m

NO- pf POWes stroke per sec(w)= FOY4-sP*ees ™ _—

2% -5

HeN indj ot power per cyunder = fm XAKLAN

= [DXD-OF X0-62XS5 XI0°

= 22000 watt

= 2204 KW

Indicated power of engint= ip per gindes x No of (ytinder

= 22016 3

r-r-q--.-‘--‘--,-'-'----'.'-'-."""'

= 13206 KW?AM



The area. of indscator djagrom. 1aKeL on one cgtinder of @ 9 gylindter

NOV 2018 |

| 2. Stole é/)glfl& s 400 mm* L@/}ﬂ—m of d;aﬁram jj 6Smm . Wﬁ/ﬁ State 14
Lmm= 1-5 Qs g/cmw diameter i 700mrn SHoKe, [§ 1650 mm }f it i r(mm?y
at 120 vpm - Calcutate fhe indicOted puwer developed.- Stote e gsiumpfion %

made - If -the mechanicals efficenty i 9si, the frammiltion (008 ae 4,

propeder effiventy 15 9si. - deteimine the thrwt powes
Soln-- Giiven © Engine [ cylinder : 2- storeengine | 9
Area_ of indicator diagram(d): 400 mm*
Kngtn of diagram (4 : 65mm
fndicator sprng ScaLefy: Amm = 45 bay
Diometer of the ¢ylinder (3) : F00m= p.F0m
Stroke Length (Y @ L650mm= |-6Sm
RPN 140 ypm '
Mechanical effidenty : gs:|:
Trammission effiersy - 100-41 = 96
Propeues effiueny 954,
@) Inoicated power
p= P XAXLXN
Mean indicatPd prenure (fa) = 0y, par
L
= %Xf's
- 9.23| bay
= 9231 X 10° N/m”
Area of Cylinder(a) = A p°
7—
= (019*
4-
= 0:385m*
Stioke Oy = 116S™ ‘
( 2- Stvoke eng%f)e/ 19 neef fo divide by y .

1o
60 N
1-833 Tps

NO- of power Shroke per SE(N) =

—




(29
[ ]

IndUcated. powes pey ylinder= g-231 X 0-38SXK16S X |1 832X 10°

\W

(074869 87 walt

\

|[0oFY 8F KW

ReMAS K - Total mdicatede powes of the engine will b€ Cotiatld by

gssuming Al cylinder devetop Similiax indiCato¥ aragiam ands

herne same. popier

Toto indicateal power of the engine = p per ylindes xn-of cytoder

= 10FY-§7NI

= 967383 ki,

b) Thrunt power

\

Shapt power(Se) = lp X mechanicaL effidency

A}

967382 X 9-95

= 9190 |4 Kw

Dewvered. power(dp) = Sp X Blwmigsion effivensy

= 919014 X 096

- 8822 55 KW

Thvust powed (p) = dp x propeuer efficiency

- §822:53x 095

= 838/ 41 1

— _}Vvi-—'v‘v"vvv--v-'v--'-'---vv---
| 1 |




(N
(2

FUEL EgﬂMﬂwau IR
7*4 Ff}d[rura% weﬁ%feﬁ /l& i OOG%CIW 7/3 a, mejhod/ 10 Obtam 7a/z = ‘1
L ~ appyoximation 0 he powef 07"& ship wHpowt gesfonng modeb -
I .
] Admivasty coefficient APV e
Sp 1

L The Wf% COGfﬁUWf may be @grdect w ntant - fr smivar

1 whefe/ A dﬁp:awnent in ’10"’7& .
v, Shp speed in moﬁ
| R Shaf‘r powezr in kW

Shps at therr correg,oor)d/ﬂ Me&( ,,,,,

j:?j j@'z ;he a)mpamon of +he e%r/w powé; ofsrm/((ai {{xupi we CM wnieh
TR Mdi\f " ol A" i I .
B R S o
,,,,, Nomayy  volug of ndmiray oeffioe vuies bepsen 550 arL ¢ oo foV
| dfferet s fonmart.: ¢ il

o z&@%@a&w powes n gln /e apy of fuel owumed per hotl

| Bawenv ad, s SFC may be Tegarded &ncomta/lt T

I R 2 Comwnpﬁoy wut Hme- 0( pover wappgx

|- SPRHG Furt, onmimpTon (5 SfC it e ety of fuel orsumed |

1 gt — R GID paitl

b umf power oceuaopecc in ke ol

I +he ship spead v oty berween these. unifs, h

of Sp e I
%EWMC%XAfE< | . i
Fuetconowwnovwa fire o( A’/} Ji




’

o FweL;co/meﬁ@Mﬂéf e i
| Fue weffic ent
|

o nne

1 (f the displacement anc(—ﬁw(_, colffivent vemauy) Coastant e bfw i &V

ﬂ)aﬂﬁ N,

S
%)

- The values s of fuel coeffrdeﬂ&/ vay between 9 000 ond 1,20,000.

i CDa/lﬁ Cnda

+ TOtA voyoge cmumption = Dailyfuel comumpton X Ko of day b complete

i D i he distane troveed at v Knotl, fhen e TG

NO of days X D

v

But diuj Coryumpfion Av3

" JotaL vgqa,qt omumption X VA 2

%
X VEXD o
. Soy Voycomst _ [t 'x
Voy cons 2 N, Dz

New \/Oé' on- _ /MewatlSP(a(ﬁnw ,2/" /Mew gpee:LJ /ueu dm‘dnw’

Dld Voy - Cons- Kotc( dpﬂOCer’J\y kﬁld speed )" korc(auua/)ce//

Note ' All the aboT colowtetions are baied on e auampmru that
he shp speed Ues between va Ve

| ”/ﬂm Jp@éotb fedulﬁct)ioVJ/ “he SFC m%b@ Inereased - o ‘/M

da/g/ oowarrﬂ?on Or voyoge Coroumption if] QO 17 edse Ly -

‘--_------------vvv--"!-!"-'-"-‘

B




NOV 2025 PM
MAY 2024 PAPER

FEB2020 — — .

So1".-

e effective power of SHIP IS 1400 KW at 42 kN0t , The proputsive eﬁf,oe/) L

D)
AV

65/ ands e fubl omsumpton 0:3 Kg/Kwh , bsed o1 dhaft powes
Cdicluate he fLeL reguired o 1ravel 10,00 navdhical mies at 10 K0Fs.

Civen.-  Effechve power (ep) = 4400 KW

Vi = 12k

 Propubive effluery = 65/ =065
SPeuﬁo f(Lel/w/uwfuf)(SFC/ = 03 K/ Kah

. Qistone Ao trawel(3) = 10,000 vm
z Speed. vequired (Vs) - 1D Knots.

Ep = Sp X propulive effiuendyy

1400 = Sp X 06S

Sp = ;4'0%65

Sp = 2/53-§5 kn

Fuel consumption/hour at vy speed,:cy = SFCXSp

=0 3x5385
L B = 646154 kg /hon
mwmwn,oﬂm/howatlfz Speed. CZ S
_/v®
CL (%)
| 64614 = [p®
Co \'O/ e
646:1SY _ .728

Cr

Co = 333-932 Kg/how

Time to trovel 19,000 NM at 10 gnofs = IOODQ _ !000 ho(,us

10

0, fuer sequived fo Havel 10,000 NM at 40 K0T = €5 X1000

- 373-932X000
=373932 kg

= 373-932 tonnes

2|



B s

TAUG 2025 PM,

i
]
oo a0ps, | ThE datly fuel comumption of 1he dhip at & speeds of 16 KNOR 15 48-onel-
0| She has taken bwikt v Vgyage of 4200 il At the above speat and

: extra fuel forﬁve Aoy - She s 10 be progeeded o auport 1300 MVt sy
Ot O 4pesds Of 455 KNotS - Cartutate.

a) Buwer Wma/'/wg on board, at +he end of he voy e

b Time faken in hourt 4o comptétﬂm AbOVE. QUStA) .-

Sol” - FueL consumption/houy ot Vy (16 mofS/ speeq L Cr = 48 _ Lﬁma
29

Punker taken on-boaidl .
O Time it will take B froveL 1200 mijes @ ekt = 1200 _ F5 hn
6
+ |
© exta fuet for sday = 5 K24 = 420hM |

195 hrs

)
)
.
J
)
)
|
|

Singy BUKLT toen o fuel wni/hr ot 16 Knots speed - So fuel cons /hour ot l6 K
gpeed is 2donnes-
So, Buwwer taken = 195X2 = 390 tonned:

(et w Aaﬁ -fuebcom/hour at VL(/ISSU)OH) speed - @

()

* —5
2 =y |
o (159

Cy = 1-82 onnes. |
Henty fuew cors- per hour at vz (155 Knott) = 1 -82 Honnes. I
(0 Time 10ken 4o cover 1300 milep ot 156 knok = 3756 = 839 boux A,J
@ Fuel consumed, : FueL wny/hr X Aime take I
= 482X 839 |

= 15261
S0, bunker rema:runﬁ on-boards at eNd of voy ot -

TotoL bunky F0ken - bunker coruwnc;d/
= 390-1526

~ A -




The Speeds of - ship s increamsed 1o 20 bove normak Ao 80 hous,
[ anduthen reduced 1o 101 betow Normal fo¥ 10 hours- The spéeds iK then @
AUG 2025 AM Tedulced for the yemuinder of he day S0 that Hhe consumption fov the day
FEB 2019 | K Hhe noImal amount - Findhe pevtentage difference between the

SIMILAR QUES:

MAY 2022 dﬂfa/)(f/ trowveed, in that dﬂ;{ and_the. noymal distance, tyoweued pel
Soln- | et w quume, Ships vormat speed 1s 'V Kookt e Vy
Ships noymaw .fae&wm/d%/s X tory 16 Cy

O Shipls speed is increased o 209,
Now, Spls Speed = V4 20)ofv
= V+0-2v

)ot w Say fuel wns/doy at shipls speed 12V 18 Cp

Cp - [ Vo)®
¢, (%)

G = [12y*
x L v )
C, = 7281

S0, fuel cons/hY at Ship's speek 1-2v = AR L
fuet wn&{orghrat shif'c Speed 1-2V = é‘_%.&’ixfg
= 0-5F6 X 1o

() ship's speeds 1< veduced o 407
Now Shipls  Speed = v - 10fof v
= ¥Y-0 )Y
= gy e vy
let w 44y fuel ons:[day at shipls speed V3 (0-9v) is (g

Ly vyt
TEER LY

Cy; - [o9v|’
AR Wi

€3~ 0-729%




T -

S0, fuel (ns/hr ab Ships speea0-9V = s

74/€me~/vfiohﬂ at Shps speed 09V = 0-?7%49’5,(,0

= 0-304% fons.

(1) Condstion says, speed is reduted 80 that the Consunphon fov +he

A%y s nmormal amount

Fuel cons: i g hs + Fuel cons- 11 4ok Jrfua,wa can nsume in6h normfac(com

05Tt O-304%+ C%éhj; y &

= 012%
- fueL cons- o1 6 hour at ship's speed vy = D-A2X
p! - O'12Zx
fuel s i ak Shifh speeds vg = ST
fuel, cons/day at shpl speed Vg = ZIxor
-0 48%x j.e. Cq_
Co = [Ve)® |
o
0-48% - /VHB
* v/
- el
v/
5 B
g~ =048 |
y= 078
SO/ Vg = 0 F8V
re v-022v

e v— 22 0f v

Thot means, speed 1§ yedued by 22{. for 6 10 make —he comsumphion

some Qy the normal aumount il

>To-findsthe |- diff b/ Aist0ne ATow eues in hat dgy k nomal djftmw;rerp%b‘k

Nomal dutone tavededs per day = Normak speed X 24 hm

- VK24
= 24V

Distone traveued +hat dgy 2 For § hm ab speed Vz jerav = 9.6vY

Foy lohw at speed vz je-09v = 9v

Fov 6 at speed Vg 16 078V = 4.68V

2328V




L R

b differene= 23087 —24v | -

24V .

= 3|y distone travened o

i a8 e .

A Ships spead i ncreared, by 20°]- above noymat for 8 hs, reduced. by 40} betow e
R "0 OV 40 hourt Qnclhen 18 maindained. gt e normat vauefor the Temainder G
FEB 2025 AM ()f +the. Aay - Caluuote +he pém’/lt% vanation in —fw&(/co/wwn/ﬂﬂon«ﬁy that day, a4
VAP om pared o the. daily conswmption at normay, speed -
Sot- | Some upb Step () 4 step(l)
(1) Condition says, speed i1 maintamed. ag nOYmat vatue for Temander
of the ddy e 6 hns
S0, fuels consumed. will also be the noxmatk value
e fuel wnfday (s 1 Aoy
fuel /b 15 ons

«ﬁwt o for 6T 1S z%/‘é = 025X fons

|

.

R R

n

So, totaL fuel consumed +hat day =
FUeL, cons- for 8 b for spegd vy 16 4-2v = 0 SHBXONS
FULL (oS- foY 10 3 for speed V3 (-€- 0-9v = 0-304-1 o
FUEL i for 6 1Py for Speed vy J-€- V= 0 25X fons
» 1422 fony

LN A0

A d

NOYMaL fuel condumption [day 15 % ons
! U

A = aa5d

1
13- more fuet 18 comumed. that day




) N
.

.

) K

F k) .

) Noay s0z0 | A Ahip of 18,000 ome Asplacement Camey soo tomes of fuel - i the

fuel coeffiienc 1S 47250 10hen+he 4hp' peea s 12 KNOTS - COLCULOTe.

0)77)(5 10098 of Operadion of the dnp, Ly

b) The perantage differnte in e sonpe. of +he Jhpd opeIation f the speeds

Of the dhip it inCrediea; by st

Su? =

Fuel comurption/day = A5V

Faa/weﬁ‘m'm

Fuel consumpfiv/day at 1245 = 8000 x 12°

47250

= 689 0FSX [ 728

47250

= 259 «on

0 Ronge of opeiehion of shp

> TotaL fuel - 500

= 1984 day<

fuslom[dgy 252

b) Ship's speed. is incregsed by -

NOW, shipls cpeed = 12+ S of 12

= (2106
< (26 KIS
FueL consumphion/agy at 126 Hs = (8000 Bx 12 ¢
#7250
= 68905 X 2000- 3
47250
= 292 tons

Range of opexadion of Ship = 50%,,, = 1742 days

--_,..ﬂ,---T—‘-;vq—--‘-rv-‘va-;-.---

/ d}ﬁ@rmc&: 19 84 ——l? J2. X 100
19 (S‘f'

- - - -

= 137/ decreae n vonge of operaon
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s - N

NV 2024 AT,
NOV 2049

The nermar, fuel Consumphon of G ved1el ak (s Knolt S 45 b per day. o

It WA decided 10 TunHhe vesel ot a lower speed. +o vedute the fuel

Comunphon. to 204014 "per ddyt - Find,the dpedl: ot whith +ne. Velel dhouwd &

be operated 10 achieve the apove fuel comumption - Agume +hat fuets

Consumption per unit power per hour at (DWer speeg is A0} Wgher than o

“hat at (S Kok -

Sol" -

Griven : NormaL speed (V1) = IS Knott: -

Normabconsl/dﬂ# (C1) = 4S5

Reauced. cony-/doy = 20t n

tet w asiume, Reduted speed = Vo ’

WM@M/A%MSP%VL” &3 w7)

If SFC ot Vi (1s mots) cpeed i1 f

Co,sFC ok V2 speed I8 F+10]-of F- =
= 41-4F =)

C’ ¥ /\/l l3 -
Cyr k\/j/}
45 .. 18 -
ARy =
Cg = 4’5)(/'&13 :
s/ -

11 X G = 14X 45X [ Ve )3 3
202 1 4X45x [V )’ a
ity

20 = Y9-5X(V,)°

2375 (

(\/))3 - 1363-636

Ve = |- 089 Knots:

Speed. at whth vesseL should be operot@l 4o ackeve fuel

Consfday 20100 = 11089 K15

{
(w
i 3
ANSwer - X
‘ At
(
{

AN




MAY 2023,

A

AVG 2015

A VeIseL Left /ort Wih 560 tonng of fiel in bwwers coven':% a j'oum%z of

5000 NN CAL miles OL A Speed. of 1+ KIOI, aﬂ?'w% n port with Q reserne

of 0 tonnes- CoLoulode

|)The. gpeed hat would, have enabled, +he ship 1o arnve at her destination

WHN the same sexve of fuel if she started off from port with S1o

tONME) ap bunkes-

1) Daily comumption of fuel at 4his new speed.

Sof"-

O FULL consumed, 10 Covey 5000 NM ok 14 Knots > 560-80 = 480 tonk

Distance covered/day = A4 IS X 242 = 336 NM

TotaL days 4o cover 5000 wm > 2935 = 14-88 days

FueL consumption/day at speed. Vy (14knot) = ¢y

= 89 5= 322610m

() FueL C(onsumed 4p cover 5000 NM at (X kaots 2 510-80 = 4301fon)

Distane covered [day 2 ‘X f@s x 24 = 241 NM

TotaL daysfo cover 5000 NM > 50Y - 2088

Fuel consumptionfday ot speel Ve (1 knety) : Ca = 430

208'33/x

Cp=206Yyr

3226~ [19)?

2064 (%)

32:26 _ 27FYY

2-064 X 2>

32212 = 5€63 616X

1 = (75.562

L = {325 Kooﬂ//w

1) DOl congumption of fuel & i new speed

Fueld co//sumpﬁon/cu@ at Speed Va (1328 kaokt) 1 C, = 2-044 X

= 2-064YX13-25

= 27398 tons




.

A Ship of 11500 fome displacement travels Ot o Speeds of 44-4 Knofs
when developng 3200k shaft power. Caliuate :
| d)The value of admivalty weffiverd

b) The. pesLONAgE. inreme in. shaft power required 4o mcrease the Speed. by

SEP 2022

1-5 Knots:

Q) The percentoge mcreate. in Speed of tne srip if Hhe shaft power i
Nueased o 3800 Kw.

Guven : Displacement (4) = 41, 5000n
Speed (V) = 144 Knots

Shaft powes(Sp) = 3200 Ku
aQ Admirally weffiient = A% v3

Salt.

Se
= I1S007 % 1447
3200
= SII0F6X 2985 I8F
3200
= 1526064 - #59
3200
= 476-89S
b New speed = 144 +)S
= |59 Knot&
Admirasty cefficent = A% v?
Sp
476-895 = 115007 x159°
Se
476895 Sp = SI-0F6 X 4019 §F9

476 895 Sp= 20593 6] S
Sp= 4307 -F86 Kw

| increqse = 4307786 — 3200
2200

= 346 Increase
=i

>

0

|




L

() NEw Shoft powel = 3800 KiW

Admiralty wefficent= A v

 — r—
X

Sp

476-89S = [1S007 x

23800

181220] = 511076 X3

V3 = 3545 854

v = [5:25 K%

o[ increme = 1525 < 14f

X100
14 .4

=3 5-9'/.

~ A




SEP 2021

NOV 2016

= plont re@ww 21@/!»6 per day . Twt befort 40iUng, the: vesel il oram ‘

-

.

man engine. Comwnes 50 1ons pes ddy at thi Spedd,, he auxibary

A vesiew Loads puert for & \ Vogage of 4500 nvles @t 16 0TS The

7‘0 proteed on vogage b 44 enots- After #S day of sailing, ordens are |

qedeved, 1 proceed. for he 1est of the voyage at 162 Knofs- calautate:

MAY 2014
SIMILAR QUES: |
L Ers U

_ 50’0:/

| ) The Aime o complete the. vayage-

mu

b) The, unr” yemaining on 4

ME FULL wnAcwy?ﬁon/dﬂg at Speed/ Vi(ﬂé Kf)OIJ) (4 = 5D tond

Sinte vegeL loads puncer for o vogage 0f 450014

TotaL No- of days +0 complete vogqqg@ 16 s = 4200 = 28)-25 howr

= 1172 days.

M- Eftwt consumption, . 50K 1 F& = 586t

S

AE fuel conswmption o 2XII7FL = (2344

Total bwiker (paded on-boad = €09 441

After sQiling °

() For 5 ddys, vessel proceed at S KK

chtcoru/da# at speeds Vo (14 )" Co

493
33st +2t(A€)

(R

35-s1

TotaL fuel covumeds whie pw(ﬁ&d/nﬂ ot 14 fs for 75 doys
- 2355 XTFS

26625t

—

TOHOL ditone daileds while: proveeding at 14 s o 75 day¢
_ 14X(7SK24)

- 2520 NM

() Rest of he voyage, proceed at 462 Knofe

Distance o g0 = 45002520

- = 1980 MM



S N .
i NO- of days vequireLto complete the voage @162 k1= 193%,
= [22-2.hM
£ 00 g 18 = 509 days
3 TR
50 / 16 IJ
Cs \ 162
5%, = 0962
Cz 25438 + 2.5 (AE)
= 52-9%
TotaL fuel o umed white pmceedj?j at 162 B fo¥ 509 days
= 53-.9X509
= I B0

Q) The ime. to ompLete he voyage

15+ 509

= 259 da}',(/m

b) The bunker Terna/'/v?\/] on ArnvaLs

“TotaL buwwer t0ke) on -bogrd — (FueL coni - at W fos F-Sdays -+ Fuel wmumel at
16 K41 {ov 509 day)

= 60944~ (266-25% 214.29)

0944 - 540-6

w | W

68 34t

A




	1. Page 1
	2. Pages 2 to 5
	3. Pages 6 to 26
	4. Pages 27 to 28
	5. Pages 29 to 40



