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ARAHAN KEPADA CALON :

INSTRUCTION TO CANDIDATES :

Sila pastikan bahawa kertas soalan ini mengandungi ENAM BELAS (16) mukasurat

dan LIMA (5) soalan sebelum anda memulakan peperiksaan.
Please ensLtre that this paper contains SIXTEEN (10 printed pages and FIVE (5) questiotts

beJbre you begin examination.

Jawab EMPAT (4) soalan.
Answer FOUR 4l the questiorts

Soalan boleh dijawab dalam Bahasa Inggeris kecuali satu soalan mestilah dijawab

dalam Bahasa Malaysia.
The question can be answered in English but one question must be ansawered in

Bahasa Malaysia.

Setiap soalan mestilah dimulakan pada mukasurat yang baru.

Each questions must beginfrom a new page.
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Rajah 1.1 memperlihatkan soalan soalan

aliran disekitar bilah pomutar helikopter

Figure 1.1 shows a rl-pical aerodynarnics
the flow past tLtrooryh rotor blade heiicoprer
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aerodinamik yang terjadi

problems appears around

-2-

(a)l.

Transonic Flsw on
Advanctng Btade ]i1ust

Aeroelast!c
Response

\

Unsteady
Aerodynamics

Shock

Tip Vortices
Main Rotor / Tail Rotor

/ Fuselage
Flow lnterference

Blade-Tip
lnteractions 270"

Y {80 Dynamic Stallon
Retroating Blade

Rajah 1.1: Soalan aerr:dinamik disek!tar hiiah pemutar helikopter

Figure I.I: Aerodynamics problents around the rolor blade

helicopter

Terangkan mengap&:

Explain wlty:

(D persoalan aliran transonik

the transonic flow Problem

(i i) interaksi bilah vorteks

blade vorte.x interaction

...3t-
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(iit Tegrrn dinarnik

dynamics stall

(iv) Aerodinamik tak mantap debaran terjadi pada aliran melalui
bilah helikopter

flutte.r unsteady aerodynamics appeilrs in tkeflow past through
rotor blade helicopter.

(15 markah/marks)

Rajah 1.3 memperlihatkan pengagiha.n beban antara pemutar dengan
bilah memiliki piuhan dan tanpa piuhan. 'lerangkan kegunaan sudut
piuhan pada bilah pemutar helikopter tersebut.

Figure 1,3 shows load ttistribution between twist antl untnisted blade.
Explain tlte function of the twisted angle on the blade.

r,$or]il$r[s
Gl.lf]E """'.\

lo{,4((r TNrr|sf (o
lrAog
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(b)

njDrqn
8t{Aft

Rajah 1.3 : Agihan daya angkat di atas bilah perrnutar terpiuh dan tidak
terpiuh

h-igare 1.3 : Distribution of lift on twisted ancl untwisted rotor blade

(c)

(5 markah/marks)

Terangkan pengertian teknik dari sisteni pemutar bersendi dan sistem
pemutar tidak bersendi.

Explain the techntcal terms of the articulated rotor and non
articulatecl

(5 markah/marks)
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Helikopter dengan data-data berikut:

A helicopter's data is given bellows:

Jejari bilah pemutar Rn = 6 rn

\T'
Bilangan Biiah l\ e = J
Purata pekal.i geseran cuo = 0.008

Kelajuantip QRn =, 200-A
sec

Minperentasbilah c = 0.6m
Jika berat helikopter ialah 50C0 kg darr daiarn keadaan penerbangan

Pegun pada paras laut ( anggap ketumpakaan udara p =1"225!E
m'

danpecutan graviti g = 104
sec-

Rotor blade radiu,s R"

The blacle number NB

-4-

(a)

= 6m

The average drag coefficients con

The tip speed f) Rn = 200"9
sec

3

= 0.008

The mean blade cltorcl c = 0.6 rn

If the helicopter has mass weiglil 5A00 kg anr!" itt hoverflight
l((J

conditions at seu level ( assunte the. ttir densilv p --1.225:1 and the

gravitational accelerations g = l0 -:1lT)- sec'

...5t-
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Dengan menggunakan teori momentum, kirakan:

Use a momentum theory, calculate:

(i) Pembebanan cakera

Tlrc elisk louding

(3 markah/marks)

(ii) Nisbah aliran masuk teraruh

Induced inflow ratict

(3 markah/marks)

(iii) Pekali kuasa teraruh unggrrl

Ideal induced power coelficients

(4 markah/marks)

(iv) Angka merit

Figure of merit

14 markah/marks)

(v) Kesan nisbah bilah

Elfective blade ratio

(4 markahimarks\

...61-
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(D Terangkan rnengapa terjadi daya angkat tak simentri di bilah
pemutar helikopter semasa helikopter terbang ke depan.

Explain ytlly 6lissyntntetry l.iJi occurued on the rotor blade
helicopter at the rrutrnent heli<:opter Jiy forv,ard.

(4 markah/marks)

Terangkan mengapa di dalam analisis prestasi bilah rotor
helikopter dengan kaedah nromentum rnemberikan hasil
analisis lebih rendatr dibandingkan dengan prestasi yang
sebenamva.

Explain why on the perJbrtnance analysis by u.sing
momentum theorT' tencl to give, a lot+'er result compared to
actual perfortnance.

(3 markah/marks\

-6-

(b)

(ii)

the

the
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3. Diberikan data helikopter berikut:

The helicopter's data is give.n as bellows:

Jejari bilah pemutar Rs = 6 m

Bilangan Bilah N, = 3

Purata pekali geseran ca" = 0.008

Kelajuan tiP O R" = 200I'
sec

Min perentas bilah c = 0.6 m

Berat helikopter : 18000 Newton

Helik<rpter terbang di atas paras laut ( ketumpatan udara p =1.2254
m'

danpecutangravitasi g =10-A )
sec-

Rotor blade radius Rn = 6 m

The blade number NB = 3

The average drag cofficients coo = 0.008

The tip speed C)R, = 2009-
sec

The mean hlade chord i = 0.6 rn

Helicopterweiglil . 18000 Newtart

The helicopter fly at sea level ( uir density p

gravitational acceleratiott I = l0 4 I- sec'

lru
= I 115 i:-b-

1
iTt-

and
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Dengan menggunakan teori momentum, kira:

Using momentum theory, cslculate:

(i) Pekali tujahan

The thrust coeflicient

(2 markah/murks)

(ii) Nisbah aliran masuk tcraruh semasa terap'.rng

The induced velocitv at hover

(2 markah/marks)

(iii) Nisbah aliran masuk teraruh pada pendakian dengan halaju 20
mlsaat.

The induced velocity at clinrh,,uith speeci 20 m/sec

(2 markah/marks)

(iv) Ilalaju penurultalt semasa terjadinya keadairn gelang vorteks

Descent velocity at'vortex ring state

(2 markah/marks)

(t ) Halaju penurunail sernasa terjadinya kr:adaair permulaan gelora

Descent velocilv at turhtlent wake stste

(2 markah/murks)

(vi) Halaju penurunan semasa terjadinya keadaan pecah kitar angin

Descent velocitv at the wind mill hrake stste

(2 markah/marks)

(vii) Angka merit semasa terapung

.. 91-
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Figure of merit at hover

(2 markah/marks)

(viii) Angka merit semasa pendakian dengan halaju 25 mlsaat

Figure of nterit al climb speed 25 rnisec

(2 markah/marks)

Jika helikopter tersebut menurun pada kelajuan sama dengan halaju
teraruh, kirakan pekali kuasa teraruh unggul yang diperlukan.

If the helicopter descent with speed o.f descent equal to the induced
velocity, calculate the ideal induced power cofficient

(3 markahlmarks)

Jika laju tip menjarli 180 rnisaat pacla semasa helikopter terbang
menanjak (climb) 20 m/saat, kirakan penurunan peratus penurunan
pekali kuasa teraruh unggul bila dibandingkan laju tip 200 mlsaat

If the tip speed becontes 180 m/se.c at the time helicopterfly climb
at speed of 20 m/se, Calcwlate the percentage of the ,lecrease of
the ideal power coejficient compare,d to the. helicopter at tip speed
200 m/sec.

-9-

(ix)

(x)

(3 markah/marks)

(xi) Terangkan anggapan yang digunakan dalam analisis aeroclinamik
bilah pemutar helikopter dengan kaedah teori Momentum

Explain the assuntptions hacl been used in the aerodynamic analysis
of rotor blade helicopter with the Momentum Tkeory Method.

(3 markah/marks)

...10/-
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4. Diberikan data helikopter berikut:

The helicopter's data is given as bellows:

Jejari bilah pemutar Rs = 6 m

Bilangan Bilah N, = 4
Purata pekali geselarl cao = 0.008

Kelajuan tip O Rn = 2gg JL
se0

Minperentasbilah c = 0.6nr

Berat helikopter: i8000 Newton
Luasan plat datar setara 30 04 luasan bilah pemutar

Helikopter terbang di atas paras laut (kefumpatan udara p =1.225)
m

dan pecutan gravitasi g = l0 it ) . Bila helikopter ini sedang melakukan
se0-

terbang ke arah depan dengan haluju 30 m/sec dan sudut serang Tip Path

Plane cr.. = 50 .

Kirakan:

Rotor blade radius R* = 6 m

The blade number NB = 4
The average drag cofficients eoo = 0.008

Thetipspeed OR, = 200i1-
sec

The mean blade chord c = 0.6 m

Ilelicopter weight . I8000 Newtott
Equivalentflat plate area 30 9'o Rotor biade area

A helicopter flies at sea level ( air density p = 1.225 $ atul

gravitational acceleration g = l0* ) . When the helicopter flies
SeL

forward at velocity 3a m/sec and the Tip Path plane angle of attack,

Orpp = 50 '

Kirakan:

...11 -
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(i) Dengan menggunakan kaedah lelaran Newton (3 iterasi ). Tentukan

nisbah aliran masuk d

Using lteration Newton's lteration ntethod (ttp to 3th iterattons).

Determine the inflow ratio ),,

(6 markah/marks)

(ii) Pekali kuasa teraruh unggu! Cpi

Ideal induced potuer coe.lficients Cp,

(2 markah/marks)

(iii) Pekali kuasa seretan parasit

Parsite drag pow,er coefficients Cp,

(2 markah/marks)

(iv) Pekali kuasa seretan susuk Cpoo

Profile drag power cofficients C'poo

(2 markah/marks)

(") Bila sudut serang Tip Path Plane cr"" - t()o ' dengan kaedah ielaran

Newton (3 iterasi ). Tentukan nisbah aliranmasuk .4.,

If the angle of attack Tip Path Flane flTpp = 100 (lsing lteration

Newton's lteration method ( up to 3th iterations). Determine the

inflow ratio A,

(6 markahlmarks\

(vi) Pekali kuasa jumlah untuk nombor soalan 4 (iv)

Total power cofficientfor the probleru Number 4(iv)

(4 markah/marks)

...tzl-
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(vii) Terangkan mengapa halaju kendalian helikoter memilki kecepatan

terbang kedepan tidak dapat melebih nilai nisbah lanjutan p >0.4

Explain why the operational speed ofthe helicopter can not exceedfor
the advance ratio trt > 0.4

(3 markah/marks)

-12-
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5. Diberikan data helikopter berikut:

Jejari bilah pemutar Re = 6 m

Bilangan Bilah N" = 4
Purata pekali geseran cao = 0.008

Kelajuan tip O R" = 200 -I-
sec

Min perentas bilah c = 0.5 m

")
Agihan pic : ef=!l = 8o - 2o I ^ |'RB' \R' j
Pic terhimpun 0," = 5o

Pic lcitar 0,, = 3o

Berat helikopter: 20000 Nervton
Luasan plat datar setara 30 % luasan bilah pemutar

Helikopter terbang di atas paras laut ( ketumpatan udara p =1.2254
m

dan pecutan graviti g =10-+ ) Bila helikoter ini sedang melakukan
se0-

terbang ke arah depan (forward) dengan haluju 30 m/sec dan sudut serang

Tip Path Plane orro = 50,

Dengan anggapan kecepatan imbas seragam dapat diformulasikan variasi
sudut berkon sebagai , 

.

B, =ri ef"(t+p')- *r* -9nr,fuoo-"]'L g \ ' , 60 ,w 6 6 J

F1. * 0,, = a

7 + 1-u'
2'

4^

F,,-0,.=-ilot
l+1u'

2'

Dan sudut serang efektif diberikan sebagai :

u,0-u, I
Gellective= 

Ua 
=U,

or{on * (0,. -B,,)cosv+(0,, +B,.)sin'./}

U-00 sin v + tT- (e," - B,, ) cos ry sin r.p

+U- (0,, r p," 
) sin? r4r - tI*Bo cos ry

-Vctroo - v
Kirakan :

..14/-
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The helicopter's data is given as bellows;

Rotor blade radius Re = 6 m

The blade number Ns = 4
The werage drag cofficients coo = 0.008

The tip speed Cl Ru = 200 -g-
sec

The mean blade chord c = 0.6 m

" /.1
Pitch distribution: e(--) = 80 - 2o | -- i"'Ru' 

I n, J

Collective pitch 0," = 5"

Cyclic pitch 0,, = 3o

Helicopter weight ' 20000 Ne*-ton
Ecpivalent.flat plate area 3A ol Rotor blode area

The helicopterfly at sea level (air dertsity p -1.225) and gravitational
m'

acceleration g = l0 lr) When the helicapter flies /anvcu'cl al vclocity 30
sec-

m/sec and the Tip Path Plane angle of anacl orr,, = 5c.

VTtith assumption that the induced velocily is uniform the confutg angle can be

formulated as :
f ^ t -

n^ =ul 
Orozn 11+,rr\-ll'-g- *.Lo*uF't*-?lt Ivo-I[ g \''Pl 60"* 6'r 6 J

8 [^ 3^ I- ,ltl Ur:zn -;Arnn 
I

F,. f 0,, _i--+
1.+;tL'

4^
- ; Irpr,

F,. -0," = J

r+lr,
L

and the ffictive angle of attack as given:

' u.e-u" 1
0eoective=--ll-=i-

vT vT

Calculate:

or {0, n (0,. - l.},, )cos,4r + (er, + 8,. )sin y}

{J-00 sin \y + U- (0,. - 0,, ) cos ,4r sin 'y

+U* (0,, + B,.)sin2 ry - U-Bo cosry

-Vt),r', - \,

...t5t-
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(i) Dengan menggunakan kaedah lelaran Newton (3 iterasi). Tentukan

nisbah aliran masuk Z

lJsing lteration Newton's Iteration method (up to 3th iterations).

Determine the inflow ratio 1,

(5 markah/marks)

(ii) Anggarkanpekalitsudutberkon: sudut Be ,0r. danOtc

Estimate the coning angle cofficients: angle ps , f t, and 0t

(5 markah/marks)

(iii) Perkirakan sudut serang efektif pada titik kawalan yang berjarak t =
0.5^Rn terhadap paksi putar bila bilah terletak pada sudut azimuth ty

= oo, 900 dan 1800.

Estimate the effective angle of attack at a cotntrol point on the blade

which located at r = 0.5 Rswith-respect to the rotational axisfor the

bladeazimuthpositionat ,/ :00, 9d and 18d.

(5 markah/marks)

(iv) Jika ciri-ciri aerodinamik keratan keranjang udara bilah pemutar

diberikan sebagai:

", 
(o) :0.108 (u + 1.2) and

.o (") : 0.008 + 0.01o + 0.005cr2

cr in degree

If the aerodynamic characteristics for the airfoil section of the rotor
blade are given as :

., (") = 0.108 (o + 1.2 ) and

to (o) = 0.008 + 0'01cr + 0'0o5cr2

cr in degree

...r6t-
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Tentukan pekali daya angkat dan daya seret untuk soalan 5.4 di atas.

Determine the cofficient lift and dragfor the problem as given in 5.4.

(5 markahlmarks)

(v) Tentukan pekali daya lateral Cv dan Daya horizontal Cs untuk

helikoter yang sedang terbang ke hadapan ini.

Determine the coefficient lateralforces and horizontal forces for the

helicopter in this forward flight.

(5 markah/marks)

ooo000ooo
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