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SECTION A (Total: 40 marks)

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

Question 1

With reference to the concept concerning marine heat engines cycles.

()

(b)

An air-standard cycle is executed within a closed piston—cylinder system and consists
of THREE (3) processes as follows:

1-2 Volume constant heat addition from 100 kPa and 27°C to 850 kPa
2-3 Isothermal expansion until Vs = 7V2
3-1 Pressure constant heat rejection to the initial state

Based on your understanding of these processes, sketch and label the cycle on:
i. Pressure — specific volume (P-v) diagram.

(5 marks)
ii. Temperature — entropy (T-s) diagram.

(5 marks)

Explain the effect of energy transfer when the steam is superheated to a higher
temperature on the following: ‘

i. Pump work input, (wpu@,in).

(1 mark)
. Heat added, (g;n)-
(1 mark)
iii. Moisture content.
(1 mark)
iv.  Thermal efficiency, (:1).
(1 mark)
V. lNustrate the original and the modified cycles on the same temperature - entropy
(T-s) diagram.
(6 marks)
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Question 2

With reference to the concept concerning marine refrigeration cycles.

(a)

(b)

(c)

(d)

Explain TWO (2) reasons the reversed Carnot cycle is not commonly used as a model
for refrigeration cycles.

(4 marks)

Explain TWO (2) usages' of throttling valve instead of turbine in an ideal vapor
compression refrigeration cycle.
(4 marks)

Explain THREE (3) important properties of refrigerant that make them suitable for used
in marine refrigeration cycles.

(6 marks)

Describe THREE (3) air-source factors that cause frosting and affect the performance
of heat pump systems. '
(6 marks)
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SECTION B (Total: 60 marks)

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

Question 3
With reference to the problem-solving concerning energy in marine heat engine cycles.

As an engineer tasked with evaluating the thermodynamic efficiency of a generator engine
within a modern merchant ship’s propulsion system, you are to analyse its performance based
on the ideal Otto cycle, using air as the working fluid. The engine operates with a given
compression ratio (r) of 8, and operational data is shown in Table 1.

Table 1: Operational data of an ideal Otto cycle

" Stale | Pressure (P);, | Temperature (), |  intérmal energy (u),
- (kPa) w | ik
T | % 300 T 21407
2 1705 673 491.221
3 Py 1538.7 1241.221
4 245 7745 571.722

Using thermodynamic analysis tools and air-standard assumptions:

(a) Determine the pressure at the end of heat addition process (P;).

(4 marks)
(b) Calculate the net Wo_rk output (Wnet,out) of the cycle.

(6 marks)
(¢) Calculate the mean effective pressure (MEP) for the cycle.

(5 marks)
(d) Assess TWO (2) impact of engine cycle selection (Otto and Diesel) on fuel consumption

in marine applications.
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Question 4

With reference to the problem-solving concerning energy in marine steam turbine cycles:

As the lead engineer on a vessel powered by a reheat Rankine cycle, you are responsible for

analyzing the ship's power generation and propulsion systems. The system maximizes fuel

efficiency by expanding steam in two stages with reheating between turbines. The following

operational parameters describe the system:

(a)

(b)

(c)

High-pressure boiler supplies steam at:
e Pressure (P;) : 3 MPa
+ Temperature (T3): 300°C

The steam is reheated at an intermediate pressure of:
¢ Reheat Pressure (P,): 300 kPa
« Reheat Temperature (T5): 300°C

Steam enters the low-pressure turbine and expands to:
 Condenser Pressure (Pg): 10 kPa

Calculate the enthalpy at the exit of high-pressure turbine, ().
(5 marks)
Calculate the heat added (g;;,) to the cycle in kJ/kg unit. i
(10 marks)
Determine TWO (2) impact of the reheat Rankine cycle on emission reduction in marine
applications.
(5 marks)
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Question 5
With reference to the problem-solving concerning energy in marine refrigeration cycles.

As a junior marine engineer, you are tasked with evaluating the performance of a refrigeration
system on a refrigerated -cargo ship. The system uses refrigerant-134a (R-134a) and is
designed to handle a cooling load of 250 kW (Q'L). The system operates with an evaporator
at 400 kPa (P,), and its condenser at 800 kPa (P,).

(a) Determine the enthalpy at the condenser, (h;).

(7 marks)
(b) Determine the refrigerant mass flow rate, (1h,.¢).
” (5 marks)
(c) CalcuI‘até*_{tﬁﬁéﬁ_féfe of heat rejection to the surrounding, (Qn)-
' (3 marks)

(d) Determine TWO (2) effects of refrigeration system performance changes on heat
rejection and overall efficiency.
(5 marks)
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Question 6
With reference to problem solving concerning energy in combustion.

As the onboard engineer of a marine vessel utilizing a two-stroke diesel engine powered by
heavy fuel oil, you are tasked with evaluating the combustion process as shown in Figure Q(6)
to enhance fuel efficiency and ensure compliance with IMO emission standards. Assume
complete combustion of carbon and hydrogen, neglecting sulfur for this calculation.

. _ kg . —_19_kg . — o kg
[Given: My, = Zg—kmol' M, = 12kmol_ ’ MHZ - kaol )-

CgHis =T o
-—).E o X 2
Pimol Combustion | (8> i: g;o
Ar | chamber w Ny
i !m&n |

Figure Q (6): Product of combustion

(a) Derive the chemical equation for the complete combustion of 1 kmol of CsHis when
reacting with 20 kmol of air.
(5 marks)
(b) Calculate the mole number of each gaseous product (x,y,zw)formed in the
combustion process.
(10 marks)
(¢) Compute the air—fuel ratio (AF) for this combustion process.
(5 marks)

END OF EXAMINATION PAPER
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THERMODYNAMICS FORMULAE

First Law of Thermodynamics

. m ) e %
Quality, x=—2—=—-

My v jz

v=v, +(x)vfg,‘ u=uy +(x)ufg; h=h, +(x)hfg

Mass total,

mtotal = mf + mg

Ideal gas equation
PV =mRT; Pv=RT

AV _ B
L T
General Energy Balance

Ein —Eout = AEsystem

AEsystem = AU + AKE + APE

Energy Balance for a closed system, constant volume process
Q-W=AU + AKE + APE
Ideal gas: Q-W =mec, (r, - Tl)

Energy Balance for a constant pressure process
Wht+ AU= AH
Q-Wotner = AH + AKE + APE
Ideal gas: Q-W = mcp(T2 -T)

Conservation of mass and energy equations for steady-flow process
z Min =z Tout
Q-W=3 ourinfh + V2I2 +gz] - Sin1ifh + V2I2 +gz]

2

2
) R

Boundary work (P = constant), W, = mP,(v, - v,)

Boundary work (T = constant), W, = PV, m[%}

1

Polytropic Process, PV =C
P1V1—P2V2
1-n

Boundary work (Polytropic), Wy, =
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Mass flow rate

v

m= pAV=pV=X

Volume flow rate

y=va=2
p

Thermal efficiency of a Heat Engine

_ Wnet,out =1 _&

0w O

Coefficient of Performance of a Refrigerator and Heat Pump

O __4d _ Q1
Wnet,in Woet,in Oy -9,
Oy __ 491 Ou
W,

net,'ih Wnet,in QH - QL

Carnot Heat Engine

T
Uth,Camot = nth,rev =1 _}j

Carnot Refrigerators and Heat Pumps

1
COPg,carnot = T,
T,

1

1
COP Hp,CarnOt = T
L

1-
TH

Isentropic Process (Cold-air standard)

]11 s=conslt. v2

I’l s=const. - 1)1

3. G
f,l s=const. V2
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(B) 53

K })l )S=COYIS’. Rl

A v )
_v_2 _vr2

v v
\ "1/ s=const. rl

Power Cycles

Voax _Vepc " % _va

Compression ratio, r =
Vioe V2 v2 Vn

min
MEP= Wnet = Wriet _ Wher
Vmax - me Vmax - ijn ( 1)
l-—
r
Otto Cycle
(qin - qout) * (win - wout) = hexit - hiﬁlet
Qin =U3 —Uy = cv(T3 _T2)
Qo =4s —th = ¢, (Ty —T1)
W,
Thermal efficiency, My, ou = Q—"“ .
_ in 4

1
Ni.one = 1 ———= cold-air standard
: ok

Diesel Cycle

Tin =Wy, 0 *¥3 ~uy) = Py(vs-vy )t (uz -uz)=hy-hy =cp(T3-T;)

Gour =Ug —t =¢, (T, - T)

Ve, v
Cutoff ratio, r, == =2
o v
k
1 re —1 )
Th, Dieset = 1~ = cold-air standard
4 1ese rk-l {k(rc _1)]

Joule-Brayton Cycle.

Tin =Wy o *¥3 -uy) = Py(v3 vy )+ (uz -uy )=y -y =, (T3 -T3)

o =Py — Iy =Cp(T4 -1

P2 _Prz

Pressure ratio, 1, = — =
PP Pn
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1
N Brayion =1~ = cold-air standard
k

T

Rankine Cycle

Woump,in = h, —hy =v,(P; — P1)

9in = h3 —h2

Wb, out . h3 - h4

Qow = h4 _hl

wnet = 1 _ qout

T =
qin qin

Wiet =Din —Dout = Warb,im — wpump;in

Reheat Rankine Cycle

Total heat input, q,, = 4 primary + Trenea = (B3 = hy) + (hs — )

Goue = M6 —Hy

Worbout = Wearb g T Warbyt = (hy—hy)+(hs — k)

Refrigeration Cycle

Wnet,ou‘t = QH - QL ’

77 = Wnet,out = 1 _ _Qi
’ QH QH'
h —h
COPR — QL = qL = QL - hl h4
Wnet,in Whet,in Oy -0, b —
QH hz - h3

COPyp = OQu _ 9n _ =
Wnet,in Wet in 0y-0Q, h-h

COP,, = COP, +1

Combustion

Mair _ (NM) gir

Air Fuel Ratio (AF) =

Myyel - (NM)¢ + (NM)HZ
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Conversion Factors

DIMENSION METRIC METRIC/ENGLISH
ﬁﬁéeieration 1 més? = 100 cmfs? 1 mfs2 = 3.2808 ftss?
' : 1 52 = 0.3048* m/s?

Area 1m? = 104 em? = 106 mm? = 10°5 km? 1 m?m 1550 in® = 10.764 {12
" 1 #2 = 144 in? = 0,09290304" m?

Density 1 gfem? = 1 kg/L = 1000 kg/m* 1 glom3 = 62.428 1bmit* = 0036127 Ibm/in®
L 1 thmfin® = 1728 Ibm/ft®
1 kg/m? = 0.062428 |bmft?

Ensgrgy, heat, work, 1%)=1000)=1000N-m = 1 kPa.m® 1 ki = 0.94782 Btu
intermal energy, 1 kMg = 1000 m?s? 1 Btu = 1.055056 kJ
enthalpy 1 kWh = 3600 &J = B.40305 psia - ft3 = 778,169 ibf . ft
leal'=4.184 1 1 Biwlbhm = 25,037 ft%/s? = 2.326" kifkg
11Tcal'=4,1868) 1 ki%g = 0.430 Btuflbm
1 Gal*=4.1868 kJ 1 kWh = 3412.14 Btu
. 1 therm = 105 Btu = 1.055 x 10% k)
. {natural gas)
Force 1N = 1kg.mis? = 103 dyne 1 N = 022481 ibf
: 1 kgf « 9.80665 N ' 1 fbf w 32,174 1bm - ft/s? = 4,4822 N
Heat flux 1 Wiem? = 102 Wim? - 1 Wim# = 0.3171 Btuh - 12
Heat transter 1Wim.°C=1Wm?-K ' 1 WimZ . °C = D0.17612 Btu/h - ftf - °F
coetficient ) -
Length 1m = 100 em = 1000 men = 10% um 1m=33370in= 3.2808 ft = 1.0926 %d
o 1 km = 1000 m l1ft=12in=0.3048*m
1 mite = 5280 it = 1.6093 km
lin=254"cm
Mass ' 1kp«= 1000 ¢ 1 kg = 2,2046228 |bm
1 metric ton = 1000 kg 1 lbtm = 0,45359237~ kg

1ounce = 28,3495 ¢
1sleg = 32,174 [bm = 14.5939 kg
1 short bon = 2000 (bm = 907.1847 kg

Power, IWw=13s 1 kW = 3412.14 Btuth
heat transter rate 1 kW =1000W = 1.341hp = 737.56 Ibf - fifs
Lhpt=7457 W 1 hp = BB Ibf - fi/s = 0.7068 Btuls
= 42.41 Btuw/min = 2544.5 Btu/h
= 0.74570 kW

1 boiler hp = 33,475 Biu/h
1 Btwh = 1.0550586 kJ/h
1 ton of refrigeration = 200 Btu/min

PressuTe - Pa=1Nm— T Pa= 14504 X 10 % psim -
1 kPa = 10° Pa = 1073 MP3 = (,020886 ipiifi2
1 atm = 101.225 kPa = 1,01325 bars 1 psi = 144 if12 = 6,.894757 kPa
= 760 mm Hg 8t O°C 1 atms = 14,696 psia = 29.82 in Hg at 30°F
= 1,03323 kgflem? 1inHg = 3.387 kPa
1 mm Mg = 0.1332 kPa
Specific heat lkikg-"C=1kdkg-K =1lg-°C 1 Btu/lbm - °F = 4.,1868 kJkg - °C

1 Btwlbmol - R = 4.1868 klikmol - K
1 kl/kg - °C = 0.23885 Btuflbm - °F
= .23885 Bltuibm - K

*Exact conversian factor tetween metric and English units.

1Cakorie s arigusally defloed s the arsount of deal newded o raiss U tempersturg of 1 g of water by 1°C, bul it varies will termperature. The intermational
steamn tabie (1T} catorie (peneratly prefemmed by engineers} is exactly 4.1868 J by definition and correspands to the specific heat of water at 15°C. Tre
thermachemical ealarie lgenerally preferrad by phys-ciste) is exactly 4. 184 J by defnition and eorrespands to the specilic heat of water at soomm Jemparstyre.
‘!‘h;giﬂ}@r&ﬂc& Bebwean the two is about 0,06 parsant, which is negligibte. The capitatizad Calorie used by nutritionists is actually a kilozalorie {1000 IF
caleries}.
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METRIC k2
1 mikg = 1000 kg = 1000 cm¥fg

DIMENSION

Specific wlume

Temperature TIK) = 71°C) + 273.15
ATIK) = ATC)
Tharmal ITWm.-*C=1Wm-K
conductivity
Yelocity 1 mis = 3.60 km/h
Volume 1 m?® = 1000 L = 10% con® (co)

Volume flow rate. 1 m3s = 60,000 Umin = 10° cit¥s

METRIC/ENGLISH

1 m¥kg = 16.02 ft¥llbm
1 #¥/bm = 0.062428 mi/kg

TR) = T°F) + 459.67 = 1.BRK}
T°F) = 1.8 A°C) + 32
ATF) = AT(R) = 1.B ATK)

1Wm.°C=0.577828Btwh - ft . °F

1 mis = 3.2B08 ft's = 2.237 milh
1 mith = 1.46667 fifs
1 mi/h = 16093 knvh

1m? =6.1024 x 104 ind = 35.315 13
= 264,17 gat (U.5.)
1 U.8. galion = 231 in® = 3.7854 L
1 fl ounce = 29,5735 ¢mf = 0,0295735 L
1 .5, galion-= 128 fl punces

1 m¥s = 16,850 galfmin (gom} = 35.315 ft¥s
= 2118,9 ft¥min (cfm)

Mechenical horsepower. The eiecirical hotsepower is takan to be exactly 7aGW.

Some Physical Constants

Universal gas constant R,

Standard acceleration of gravity

Standard atmpspheric pressure

Stefan—Boltzmann constant

Boltzmann's constant

Speed of light in vacuum

Speed of sound in dry air at 0°C and 1 atm
Heat of fusion of water at 1 atm

Enthalpy of vaporization of water af 1 atm

hfs

= 8.31447 kikmol - K

= 8,31447 kPa - m¥amol - K
= 0.0831447 bar - m¥kmol - K
= 82,08 L~ atrnfmiol s K

= 1.8858 Btufibmo! - R

= 1545.37 ft » I6#ibmol - R

= 10.73 psia + ft¥bmel - R

g = 980665 m/is?
C o= 32,174 ts?

1 atm = 101.32% kPa

= 1.01325 bar

= 14.696 psia

= T60 mm Hg {0°C)

= 29,9213 in Mg (32°F)
= 10,3323 m H:0 (4°C}

o = 56704 X 10-5 Wim?2 . K¢
=0.1714 x 1078 Btuh - ft2 . RS

k ='1.380650 x 10-2 JiK
g, = 29979 x 108 m/s

=9.836 x 108 {t/s
¢=331.36m'’s

= 1089 fis
by = 333.7 kirkg

= 143.5 8ufibm
= 2256.5 kifkg
" =970.12 Btw/lbm
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