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ARAHAN KEPADA CALON:

Sila pastikan bahawa kertas soalan ini mengandungi LAPAN nrukasurat dan DUA PULUH
TUJUH halarnan lampiran sertl TUJUH soalan yang bercctak sehelum anda rnemulakan

peperiksaan.

Sila jawab LIMA soalan sahajrr.

Sekurang-kurangnya satu (l) soalan mestilah dijawub dalarn bahasa lr{alaysia. Soalan-

soalan yang lain bolehlah di jawub sama ada dalarn bahasa Malaysia atau baha.sa Irrggeri.s.

Setiap soalan mestilah dimulakan pada rnuka.surat yang baru.

Term a*suk I am piran-lam pi rirn :

l. "Working Charr and Table lbr Isentropic Flow." (2 mis)

2. "Wor*ing Chart apel Table Flow Across a Normal Shock Wave." (4 m/s)

3. "Working Char"t apcl Table Isotherrnal Flow of a Pelt'ect Gas." (2 m/s)

4. "Working Chart and T:rble tlre Flow of a Pedect Gas on the Rayleigh Line." (2 m/s)

5. "Properties of the Stanclar Atrnosphere." (l m/s)

6. "Thermotlynamic Propertics of Common Ga.ses at Standard Temperature and

Prcssurc (15"C, 101.325 kPa)" (l m/s)

7 . "Isentropic Flow of a Ped'ect Gas (k = 1.4)." (l m/s)
8. "Flow of a Perfect Ga.s Actoss a Normal Shock." (2 mis)

9. "Flow of a Perl-ect Gas on a Fanno Linc." (4 m/s)

10. "Isothermal Flow o1'a Perl'ect Gas." (3 m/s)

11. "Flow of a Perl"ect Gas on the ltuyleigh Line"" (2 mls)
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Terbitkan persamaan keselanjaran satu dimensi bagi aliran boleh

mampat tak stabil dalam bentuk kebezaan, Apakah pemudahan yang

terlibat di dalam persamaan ini jika aliran adalah :-

tiI stabil

liil tak boleh mampatan

Derive the one.-dimensional continuity equation for an unsteady

compre.ssible flow in dffirential form- Wat simplifi'cations are involved

in this equation if the flow is t-.

lil steady

liil incompressible

(40 markah)

Satu muncung menuflpu.ffi€Ircapalr mempunyai halqiu dan tekanan

seperti yang ditunjukkan di datam Rajah Sltbl. Tentukan nilai daya
yang diperlukan untuk memegang muncung pada tempatnya.

Kirakan juga nilai tuiahan bagi muncung yang ditunjukkan"

A convergent-divergent noUle has the velocitie.s and pressure shown in

Figure. a:tW. Find the force. required n hold the nozzle in place.

Calculate the thrustfor the given nozzle.

tbl

lt'l'0r'I
1._ w'V* ' (60 markah)

Pa = 90 tPo
{-

Va = 225O m/s

----l>-

Aa = 2.5,m2

tsr=

Vr=

Ar=

1500 tPo

----------l>.
150 m/s

0.75 -t

Rajah S1[b]
Fisure QI {bI

sbs
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Dengan bantuan gambaran, tuniukkan zon senyapan tidak wujud bagi

aliran subbunyi.

Show by illustration, zones of silence do not exist for a subsonic flow.

(10 markah)

Terbitkan persamaan bagi halaju elips prandtl dan tunjukkan secara

garnbarajah pelbagai rejirn bagi aliran boleh mampat seentropi'

Derive an e.quation for the Prandtl velociry Ellipse and illustrate the

various regimes of isentropic compressible flow.

(30 markah)

tcl Satu aliran udara mengalir di datam satu salur penumpuan dari
Stesen I dengan luas keratan rentas 1176 mm2 ke Stesen 2 dengan luas

keratan rentas 1057 mm2, yang mana tekanan, suhu dan halaju adalah

150 kPa, 125oC dan 304 m/s masing'masing.

ti] Tentukan properti-properti genangan bagi bendalir pada

Stesen 2. 
.

titl Tentukan properti'properti bendalir pada Stesen 1'

[iii] Tentukan kadar aliran jisim

[ivl Tunjukkan proses ini di atas gambarajah suhu-entropi.

Anggapkan aliran stabil satu dimerui seentropi.

An air stree,n flow,t in a con,verg,ing duct from a crols-sectional area of
1176 m.nf at Statiott I to a 

"rnss 
sa-ctional are.a of 1057 m'rn? at Station2

where the trtressure, ternperature and vel.ociry are 150 kPa, 125"C and

3a4 m/s respectivel.y.

{il Dercrm.ine the. stugnation properties of the fluid at suttion 2.

tiil Determine the fluid pt'operties at Station I.

ftiil Detennine. the nmssfiow ra,te'

[ivJ Show the process on a tem.pe.rature-enffopy diagram'

Asswne steady one dinensional isentropic. flow.
(60 rnadcah)
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Tunjukkan bahawa, bagi gas-gas berkalori sempurnar proses kejutan
normal mengakibatkan suhu genangan malar.

Show that, for calorically perfect Beses, the. nonn.a.I shock process
posse,r,tes a c orlttant s ta gnation t emp e rature.

Tunjukkan bahawa aliran dengan nombor Mach
tidak akan menghasilkan kejutan normal.

Show that a flow wi.th a strearn Mach nLumber less than
anonnal, shockwape.

(20 markah)

kurang dari satu

one cannot produce

(20 markah)

Aliran udara dengan halaju 500 m/s, tekanan pegun 70 kPa dan suhu
pegun 300 K mengalami kejutan normal. Tentukan:-

li] Nombor Mach dan halaJu selepas getombang kejutan normal.

tiil Keadaan-keadaan pegun selepas gelombang kejutan normal.

tiiil Perubahan entropi di sepanjang rentasan gelombang kejutan
normal.

An nir stre.atn with a ve.locity of 5a0m/s, a static pressure of 7A kPa and a
stfltic temperature of j00 K undergoes u normal shock. Dete.rm.ine:-

til Mach number and th.e. ve.locity afte.r the normnl shttckwave..

tiil the static conditions after the nonnal shockwave.

[iii] the entropy cha.nge (tcross the. norma.l shocl<wave.

(60 markah)

Namakan EMPAT potensi memandu yang selalunya digunakan di
dalam kajian aliran lroleh mampat satu dimensi.

Name rhe FOIIR driving potentials normnlly used in the study of one'
dime.n s i ona I co mp re s s i ble ftow s.

(10 markah)

't!
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gas yang semPurna
pada ketika keadaan

lcI

Tunjukkan bahawa bagr aliran Fanno bagi
kalorinya, keadaan entropi maksimum terjadi
NomborMachrM=1.

Show that for the Fannoflow of a calorically perfect 1as, the state of
maximum entropy is the sonic state, M = l.

Gas asli dibekalkan ke Stesen Janakuasa Turbin Gas melalui paip

berdianreter 50 sm (Faktor geseran Fanning 0.004). Kirakan jarak

antara stesen-stesen pengepam apa}ila tekanan di dalam paip

berkurangan dari 500 kpa pada keluaran satu pemampat ke 150 kPa

pada masukan bagi pemampat berikutnya. Gas asli berkenaan

mengalir secara sesuhu pada 300"K. Halaju pada masukan ialah f3.59

m/s. Ambil nilai T=1,32; Cy=2223J/kgK; R = 51E.2 J/kgK'

Naturalgas is supplied to a Gas Turbine Power Station through a- 50 cm

diam.etei pipe (Finning friction factor 0.0M). Calculate distance between

the pumping statiorxs when th.e pressure in the pilte reduces from 500 kPa at

exii of iompressor to I50 kPa at inlet of next compressor- The natural gas

flows isothermally at 300"K. The velocity at inlet ds 13.59 m/s'

T = t.32; Cp = 2223 J/kgK; R = 5l8.2 J/kgK.

(70 ma*ah)

Tunjukkan bagi satu proses Rayleigh, nombor Mach pada nisbah suhu

M2 =J. Mulakan dengan persamaan
T

T 
= 

(1* tlt=y: show thnt, for a Rctyle'igh Process, theStarting from n (l + yM. ).
Mach number associated with the mntimum value of the temperature ratio

I

is give.nbl M2 =;
(20 markah)

s5. laI
maksimum diberi oleh

T (l+T)2M2
T;=11*mt'

e*i
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Dengan berbantukan gambarajah enthalpi-entropi, tunjukkan bahawa
lokus bagi keadaan.keadaan sebelum dan Selepas kejutan normal
terletak pada garisan-garisan Rayleigh dan Fanno.

Illustrate with an enthalpy-e.ntropy diagram that the locus of states before
and afte.r a norm.al shock appears on Rayleigh and Fanno lines.

(20 markah)

Satu salur dengan keluasan tetap disambungkan kepada satu tangki
bertekanan tinggi melalui sebuah muncung mencapah. Dinding bagi
salur yang berkeluasan tetap.berkenaan dipanaskan, agar udara yang
melalui saluran itu mendapat 250 kf/kg. Tekanan dan suhu bagi
tangki adalah 750 kPa dan 300 K masing.masing. Tekanan balik bagi
sistem ialah 3fi) kPa. Tentukan samada saluran itu dlcekik atau tidak.
Kirakan juga kadar aliran jisim bagi udara yang melalui saluran
berkenaan jika diameternya ialah 5 sm dan panjangnya 1.2 m.
Nyatakan anggapan-anggapan yang dibuat di dalam penyelesaian
masalah ini.

A constant.are.a duct is connected n a high pressure air rese.rvoir through
a converging noale. The walls of the constant-area duct are heated so as

to supply 250 kJ/kg tu the air passing through the duct. The. reservoir
pressure and temperoture are 750 kPa. and 300 K respe.ctively. The syste.m

back pre.ssure is 300 kPa. Determ.ine. whethe.r or not the duct is choked
Also find the mnss flow rate of air passing thrttugh the duct if the duct
diam.eter is 5 cm and ilrct length is 1.2 nt.. Mention the assumptions mnde
in the solution of the probl.e.m.

(60 markah)

Terangkan prinsip kerja bagi enjin jet turbo dengan bantuan
gambarajah skima. Tunjukkan proses-proses termodinamik yang
berlaku di atas gambaraJah suhu-entropi dan bezakan antara kitar
unggul dan kitar sebenar.

Explain the w,orking of u turbo jet engine with the help of a schenntic
diagram. and reltresent the thermodynnmic processes taking place on e,r't

temperature-entropy dittgram bringing out the dffirences between ideal
and actual cycles.

(40 markah)

lcl
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Sebuah kapalterbang berenjin jet turbo terbang pada ketinggian 11''00

meter (tekanan dari suhu ua*"n 22.6 kPa dan 216,65 K) masing'

masins pada kelai uan 222 mls. Luas bagi saluran masukan dan jet

aa*af d.e mt oan-0.4 m2 masing-masing dan halaju jet ialah 550 m/s'

Nisbah bahanapi ke udara iatah0.018 dan tekanan jet ialah 23'0 kPa'

Jika tenaga yang benar-benar dipindahkan kepada bendalir kerja

hasil dari [emUatiaran bahalapi ialah 729 k1lkg (nilai pemanasan bagi

bahanapi ialah 45,{X}0 kJ/kg). Tentukan:'

ti] Tujahan bersih tiagi enjin

tiil Kecekapan dorongan

tiiil Kecekapan terma keseluruhan

[iv] Penggunaan bahanapi tentu tujah bersih

tvl Penggunaan bahanapi tentu tujah kasar

A turbojet tlriven aircraft flies at an al.titude of 11,0A0 mete'rs (pressure

anrl temperature ere 22.-6 kPa and 216.65 K) at a qreed of 222 m/s. The

inlet and iet areas o.re 0.6 m2 and 0.4 mz re.spectivelv ond the iet velociry is

550 m/s. The fitel to air ratio is 0.018 urd the iet pressure is 23'0 kPa' If
the energy aciually transferred to the working ftuid by the combustion of
the fuetls 729 kJ/kg (wien the heating val.ue of th.e fuel. is 45000 Wkd.
[)etermine:-

{i1 net thrust of the engine

tiil ltrcpulsivee.fficiencv

liiil overctll thennal efficiencY

Iiv] net th.rust speciftc fitel consumption

tvJ gross thrust strtecific fuel consumption

(60 matkah)

..8/-
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Bezakan prinsip kerja bagi sistem kipas turbo dan prop turbo.
Tunjukkan proses-proses termodinamik yang terlibat di atas
gambarajah suhu-entropi .

Distinguish between the turboprop and mrbofan systems in terms of their
working. Represent the thermndynamic processes on temperflture-entropy
diagram.

(30 markah)

Sebuah enjin turbofan mengunakan muncung sejuk dan panas'sesrra
berasingan. Kejatuhan suhu di dalam muncung panas ialah 80 K dan
muncung sejuk 40 K. Nisbah pirau ialah 2.5 dan jumlah kadar alir
jisim udara ialah 100 kg/s. Haba tentu bagi udara dan gas ialah
1.005 kJ/kgK dan 1.15 kJ/kgK masing-masing. Tentukan tujahan-
tuJahan yang dihasilkan oleh setiap jet dan daya seretan jika kelajuan
enjin ketika berlepas ialah 100 m/s.

The foll,owing deta.ils re.fer to a turbofan engine in wh.ich separate hot and
col.d nozzles are used. Temlte.rature drop in the hot naule is 80 K and in
cold nozzle it is 40 K. The by pass ratio is 2.5 and the. total air mass tlow
rate is 100 kg/s. The specffic heats of a.ir and gas are. 1.005 H/kgK and
1.15 H/kgK respective.Iy. Dete.rtnine. the. thrusts produced by individual jets
anrl the drag force if the tnke off speed of the engin.e is 100 m/s.

(50 markah)

Tuliskan sedikit nota ringkas tentang imbuhan tujahan di dalam enjin
jet.

Write a brief note on thrust augmentation in jet engines.
(20 markah)

oooOooo
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woRK|NGCHARTANDwoRK|NGTABLEFoF
ISENTHOPIC FLOW

Fornrulas deived thus far introduce quite ted'ious numeic"t :"t:1i:T,'^T1f UI:lIuI.rJ !.ur^ v

solurions often involve a rial-and-erroi proced'ur? TT-1r11t:::l-:1t*::"f'ff,::
SUtllLIUIID Lrrtr..^

facilitated bf inroducing a working tt'*n an$ i 111lT,'ll1t:.IT-'1]:T::IagluLiltgt-t L.,-l '^brv$b'--3 .^- f^_ t-he crenrl
equadons are the propenv radot {o: 'l::t:11i:.t::::::l:"*
of a perteci g3s rhar were derivec in the prel'rous secuons.

lrft + 1'/lL4
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WOFKING CHAFT AND WOHKING TABLE FOF FLOW

ACFOSS A NOFMAL SHOCK WAVE

The iorn:uias |.je:il'eti thus irr introduce quite es:ersive nuEle:lcgi cglcuiadons' and

:heir soludons or:er inr.olr.e r rrid-and-e:ror procedure. The nun:ericel cori':,puradons

ne1. be tec*irarei u1. inrrocucing a rvorking chart and a working rable. The following"

:qu:rdons are the propert.' ratios for florv across a nortnal shock lvave:
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equadons are the non.ciimensional prope*ies for the Fanao ;:-::r* o: a perfecr gasthar were derived in the prcvious secrion:

p I ll fr+tf=rt4(ffi
T &+tT=@

p_l llztt+i(e-t,tt:-f,=rt^l(ffi)
#='J(#

?o - | l2tl + |(e - t)ff:l\(^'-t) lr(A'- r,!
-.-=-l-- -e;-M\T)

I
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l+kMz
M,lz(h+ I) [ I + !([ - r;Fil
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".)J 

*-rr r3/:-,;,]-1

4fL^,^ l-M2 h+1.
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woRK|NGCHARTANDWoRKINGTABLEFoHTHE
ISOTHERMAL FLOW OF A PERFECT GAS

Formulas deived rhus far inuoduce quirc redious numerical calcuiarions and their

soludons ofren invoiye a rial-and-error procedure. The numericai calcuiarions can be

faciiirared b-v inrroducing a working chan and a working table. The foilov.'ing

equarions ari rhe oorr-didrosional propenies for rhe isothermal flou' of a peri'e'Jt gas

that were derived in the previous section:
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woHKlNG CHART AND woRKlNg IABLE FOF THE FLOW

oFAPE;;dAfeasor'rrr'TERAYLEIGHLINE

The fonnuras that were derived in *re previous section introduce tedious n'neicar

carculations, *a'o"i, solution- on.. involves a trial'and'eror procedure' The

n'merical .rr.ur"tiTi, .*-u. r*i[i*.a by inuoducing a working chan and a

working tabie. Dlrliog th. pr.prr.til;;arht working cban and working nble' it is

convesienr .o oor-dle these oqoJo* b1r senigg tni t'tacir nuraber equd to 
'niry

ar one of the sections. Fo1 thi.s *;;, ,b;Mach.number may be chosen to be unir'v

;;;;;;;1*dffi;;{:tf :'il::**';il"nil:':H:::tril:h'ffi :

f::$r.,nf:1"H"ilT:ffFfi il;:h. 1Ju"*i"s 
eq-uations are the non'

dimensional properties for rhe 
""- 

-'ilrgit ri"e flow of a perfecr gas thar were derived

in the Prcvious iecdon'

n l+fr
7=ffit'
T M:(l + h)z

T=n*Tuf
P 1 + F.lldz7=6,
V (1 + ft)M:
7=ffi

rrn l+fr lz+G- ffi/(R-L)#=ffi\\Ti
#=W

(7.3j)

(7.34)

(7.35)

(7.36).

(7.37)

(7.38)

(7.3e)

+ =, | (a$) 
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"1/( 
k-" (il"i'- 

t)J
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Appendix B
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gases at standard
temperature and
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Appendix C
tdentropic flow of a
b"*"cf gas (k = 1'4)

PlPo
IfIo plPo AIA' t1t fi{nlo}lAPo

M.

0.00 0 000 00

o.ol 0 010 95

o.o2 0.021 91

0,03 0.032 86

0.04 0.043 8l
0.05 0.054 76

0.06 0.065 70

0.0? 0.076 64

0.08 0.087 58

0.09 0.098 5l
0.10 0.t094
0.ll 0.1204

0.12 0.1313

0.13 0.1422
0.r4 0.1531

0,15 0.1639

0.16 0.1?48
o.r7 0.1857

0.10 0.1965

0.lg 0.2074
0.20 0.2182
0.2t 0.2290

a,22 0.2398

0.23 0.2506

0.24 0.26t4
0.25 a.2722
0.26 0.2829
a.27 0.2936
0.28 0.3043
0.29 0.3150
0.30 0.3257
0.3r 0.3:164

1.0000

0.9!199

0.9{197

0.9s94
0.9989
0.9983
0.9975
0.9968
0.9s55
0.9944
0.9930
0.9916
0.9900
0.9083
0.9864
0.9644
0.9823
0.9800
0.s776
0,9751
o.9725
0.9697
0.9668
0.9638

0.9607
0.9575
0.9541

0.9506
0.9470
0.9433
0.9395
0.9355

1.d!0
1.000
0.9999
0.9998
0.9997
0.91t95

0.9S93
0.9990
0.9907
0.9sE4
0.9980
0.9976

0.9971
0.9988
0.9901
0.9955
0.9949
0.9s43
0.9936
0.9928
0.9921
0.9s13
0.9904
0.9895

0.9886
0,9877
0.9E67
0.9856
0.9846
0,983s
0.9823
0.9011

1.000
0.s999
0.9998
0,9996
0.9992
0.9988
0.s982
0.9978
0.9968
0.9960
0.s950
0.9940
0.992E
0,9s16
0.9s03
0.s888
0.9873
0.9857
0,9840
0.9822
0.9803
0.9783
0.9764
0.9740
0.9718
0.96S4
0.9670
0.9645
0.9619
0.9592
0.9564
0.953s

0.m000
0.011 E3

0.m3 6E

0.035 48

0.u7 28

0.059 07

0.0?0 84

0.62 58
0.094 29

0.1060
'0.1 

170

0.1292
0.r40E
0.r6at
0.tdl7
0.t751
0.1864

0Jgn
0.2089
0,2200
0.2311

a.um
0.2529
0.2037
0.2714
0.2850
0.2955

0.3$9
0.3162
0.3264
0.31165

0,3{64

catffiurd

57.E7 a5.65

28.04 u.gs
r9.3{t t5.23
14.48 | 1.43

il.59 s.158

9.686 7.043

8.82 6.562
7.262 9.753

0.181 5.125

5.822 . +a21
5.290 {.215
1.804 3.E75

.,497 3.58E

4.182 3.343

0.010 3.132

3.673 2.9a7

3.164 2.780
9.218 zilz
3.fie 2.515
2.064 2.4$
2.828 2.290

2.708 2,205
2.597 2.120
2.496 2.1t43

2.{Xl 1.973

2.317 1.90S

2.238 1.850

a!66 1.795
2.(B8 1.7f5
2,035 r.698
r.s77 t.655
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Appendix D
Fiow of a Perfe"' 

,fl31nacross a nbrmal s

wave (k = 1.4)
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Pt"
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gv V,
>=-

gr Vr

p..{
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3v-tr
F

I00 1@00
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1.r | 0.9041
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t8 0 0519

0.000 000 000 0

0.{100 000 8{i2 2

0.000 010 05

0.000 0& 9l
0.000 076 12

0.0001{7 |
0.0s?100
0.0m 3EE 5

0.000 500 3
0.000 706 e
0.00t 072
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0.001 788

0.0maF
0.002 7{3
0.003 316
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0.006 300
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APPENDIX D tO5
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1.@
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1.25 0.E126
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1.271
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