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1. Please read CAREFULLY the instructions given in the question paper.

2. This question paper consists of TWO {2) sections, Section A and Section B.

3. Answer ALL questions in Section A. For Section B, answer THREE (3) question ONLY.
4, Please write vour answers on the answer booklet provided.

5. Answer all FIVE (5) questions in English language ONLY.

6. The formula and charts have been appended to use.
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SECTION A (Total: 40 marks)

INSTRUCTION: Answer ALL questions.
Please use the answer booklet provided.

Question 1
With reference to introduction to design and flow phenomena and motion of ship:

a) In dealing with ship design concept by Evans (1959), illustrate the process through a
simplified sketch of 'Design Spiral’ and label at least SIX (6) distinct stages/considerations
in its iterative process. —

(8 marks)

b) In dealing with 'Boundary Layer (BL)' concept defined by Prandtl, explain THREE (3)
characteristics identified around a solid body moving through a fluid based on the following
distinct flow areas:

i. Inside the BL

(6 marks)
ii. Outside the BL

(6 marks)

Question 2

With reference to ship resistance and model testing:

a) llustrate with a simple sketch, a typical towing tank setup for resistance model
experiments, labelling at least FOUR (4) key features (towing tank, towing carriage,
model, dynamometer).

(12 marks)

b) In dealing with ship model testing,

i.  Explain the term ‘blockage effects’
(4 marks)
i. Describe TWO (2) criteria considered to avoid 'blockage effects’ (tank wall
interference) when selecting a ship model for testing in a towing tank.
(4 marks)
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SECTION B (Total: 60 marks)

INSTRUCTION: Answer ONLY THREE (3) questions.
Please use the answer booklet provided.

Question 3

With referenceé to marine propeller and propulsion:

a) In dealing with the blade element theory, apply the following elements of vector sum:
i. Velocity components -

(2 marks)
i.  Hydrodynamic pitch angle

(2 marks)
iii.  Geometric pitch angle

(2 marks)
iv.  Angle of Attack (AoA)

(2 marks)

b) Explain SIX (6) reasons the geometric angle of a propeller blade section (relative to

the plane of rotation) must change with increasing radius from the hub in maintaining

a relatively constant angle of attack (AoA), assuming constant pitch (P) and uniform
inflow velocity (Va).

(12 marks)

Question 4

With reference to propeller design using charts and polynomials:

A containership is to be designed to travel at 20 knots. The total resistance of the ship at full
scale is 2015kN. The propeller with 4.2m diameter, comprise of five blades and having a blade
area ratio of 0.85. Using the B-series k-J chart provided for this blade area ratio, calculate the
required pitch to diameter ratio of these screws, the propeller RPM, and the efficiency at which
they will operate. To calculate this, you must tabulate J and Kq values using the Kq — J?
relationship of Ko = 0.528J°, assuming the wake fraction value to be 0.22.

(20 marks)
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Question 5
With reference to propeller design using charts and polynomials (Bp - § chart):

A product tanker, designed for a Port Kuantan - Shanghai route is to have a vessel speed of
15 knots. Early resistance prediction reveals that the vessel will be instalied with a 12600 kW
diesel propulsion motor. The propeller is set to 90 RPM. Using the Bp+-8 chart for propeller
Wageningen B4.100 and assuming the shafting efficiency to be 0.985, calculate the improved
propeller diameter, pitch-diameter ratio, and the resulting open water efficiency of propeller.
Assume the following values: w = 0.23.

(20 marks)

Question 6

With reference to Propeller Cavitation considerations:

A 16 knots (advance velocity) regular gas tanker with Pp = 10010 kW is to be equipped with
propeller diameter of 5 m and shaft revolution of 105 rpm, with propeller shaft axis immersion
of 5 m and the developed area of the propeller blade is 11.5m?. Using Burrill's cavitation
diagram, determine its cavitation status. Assume the following values for thrust deduction
factor of 0.18, wake fraction of 0.21, pitch-diameter ratio of 0.9, open water efficiency of 0.59
and relative rotative efficiency of 0.97.

(20 marks)

END OF QUESTION PAPER
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USEFUL FORMULA & DATA
Density Hughes’s approach
=R, +
Fresh water = 1000 kg/m?® By v+ Ry
Sea water = 1025 kg/m? Cr=C,+Cy
Airat 15°C £ 1.225 kg/m? - CF(I + k)-i— C,
Kinematie viscosity

Fresh water at 15°C = 1.139 x 10° m3s
Sea waterat 15°C = 1.183 x 10 m¥s
Fresh water at 24°C = 9.131 x 107 m®/s

Granville Line Formulation

_ 0.0776 + 60
(log,Re-1.88)" Re

FO

Hughes Line Formulation

_ 0.066
(log,, Re—2.03)

Fo

ATTC Line Formulation

0242
JCr

ITTC 1957 Mode! Ship Correlation
Formulation

=log,,(Re.C;)

0075
’ (log, Re- 2y

Non-dimensionat coefficient for total
resistance

R
Cr - T

1 N

Z oSY

5 pS
Froude’s approach

R, = R, + Ry
Cr=Cp+Cy

ITTC 1978 Resistance Prediction — Updated
2014

The total ship resistance coefficient without
bilge keels is given by;

Cre = Crg{l+ k) +Cp +AC +C +C pps
where;
Cs = frictional coefficient of ship according to
the ITTC 1957 ship model correlation line
C . = residual resistance calculated from the
total and viscous resistance of the model

=Cpy - (1 +k )Cm
Bilge keels can be allowed for by muitiplying the
Crs and Caterms by the ratio

s +S§_B_.K , Sex = surface area of the bilge keels

The correlation allowance is calculated from

C,=(5.68-06logRe)x10™

The roughness allowance is calculated from
1

3 A
AC, =0.04 [k—] —10.Re ? |+0.000125
Ly,

ks can be taken as 150 x 10 m.

Alr resistance is calculated from

P a-Ays
Cus =C
a5 =0T, g

A,, = transverse projected area of ship above
the waterline



Propeller scale effect correction

KTOS:KM“AKT
Koos =KQO—AKQ_

AK, = -AC, x03L £
D'D

AK, = AC, x 0.25%

AC, =Cpy —Cps

1y 0.044
CDM =2(1+2;]|:——R 76 —E—iﬁ

nco neo

Cpe = 2(1 - 2£][1 89+1.62log,, 'i:—
c

p

k,=30x10"m
R = N (271:1*11’):4
neco )

Emerson Blockage correction

AV res— T
V 1—m3 nh
m,=£’l’-

A
v
27T Ax L
m;-m’+m2

2
‘Fnh=L

Aw : midship sectional area f model

A : tank cross sectional area

V:mode! volume displacement

|
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L : model length
V : model speed before correction

Schuster Blockage correction

M_=___._in.L__,_+ }_&_ ..%.F 10
V 1-m-F2 { R )3 "

4

my = —

A4,

where Ayis the maximum séctional area of the
madel and Aris the maximum sectional area of
the full scale vessel.

Ship Flow of Transmission of Power

B =RV
P =TV,
T
K =—ry
Q

K. =
e szs
s=2a

nbD
K T
° K, 2mw

P RIS
Iy =15 F

P TV,

Pp
775='P_B'

B
UB“PD

P, 1—¢

np =0QPC=-% 1-1)

P, =My = '(T__w)na

Propelier Torque O = _Z.PL
m
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P.
Torque identity; .F;) =-PDO; i =_}—T—
TO

P _
P, .ﬂsﬂknony

e

Apparent Slip =[ P )

. Y,
True Propeller Slip =|1—-—*
Pn

Propelier Design using Charts and
Polynomials

Known power, RPM and advance velocity

K, 0 (nD]s _or

T atD\V, ) eV}

Known power, diameter and advance velocity

K, 0 (nDY __oOn
7 D\ v, ) pD?

Known thrust, diameter and advance velocity

K __T (D) __T
J: o pn’D\V, ) pViD?

Known thrust, RPM and advance velocity

4 4 2
K, T (nDJ_Tn

Iy, o

VA

Cavitation Considerations

Burrill’s Method
1
Ve =[07mDF +7,2

Py=P,+peh
Atmospheric pressure
P, =101300N/m*

Vapour pressure of waler

P, =1700 N /m? at1sc

oolo=H
qr
2

g, =0.50V;
Ap _ [1 067 — 0.2295}
4 D

T
Te =7 -

E PAP VR(OJ)

Keller's method

4, (1.3+032Z)

LNl LK
Ao (PO_PV)DZ *

2npD*V






