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. CONFIDENTIAL

SECTION A (Total: 60 marks)
INSTRUCTION: Answer ALL questions. .
Please use the answer booklet provided.
Question 1

With reference to energy transfer in the marine heat engine cycle and ideal gases cycle:

(a) Define the following:
i External combustion

(2 marks)
ii. Stroke

(1 mark)
iii. Ideal cycle

(2 marks)

(b) Figure 1 shows the basic component of the reciprocating engine. Label all the

components completely.

@
F (i)
(iif)

(iv) |

Connecting Rod

{))

Figure 1: Reciprocating engine
(5 marks)

(c) Sketch and label the schematic diagram of each stroke for an actual four stroke spark
ignition engine by showing the position of the valves, the piston, and the direction of the

stroke.
(10 marks)
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Question 2
With reference to energy transfer in the vapor power cycle of marine steam turbine engine:

(a) Identify the steam phase change in ideal reheat Rankine cycle as shown in Table 1.

Table 1; Phases occur for each state in Reheat Rankine cycle

“Stte | Component [ Phase Occur
2 Boiler
3 High Pressure Turbine (HPT)
5 Low pressure turbine (LPT)
6 Condenser

(5 marks)

(b) A simple ideal Rankine cycle was modified by superheating the steam to a high
temperature at a turbine. Indicate its effect (decrease, increase or remains constant)
after modification on the following:

i. Pump work input (Wpmp.in)

(1 mark)
ii. Moisture content at turbine exit

(1 mark)
ii. Cycle efficiency (n¢5)

(1 mark)
iv. Turbine work output (Weyrp,out)

(1 mark)
A Heat input (g;,,)

(1 mark)
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(c) Steam power plant operates on simple ideal Rankine cycle with water as the working

fluid. Solve energy transfer as shown in Table 2 below by showing all the calculations

involved.
Table 2: Thermodynamic properties of simple ideal Rankine cycle

State Pressure (kPa) Energy transfer (kJIkg) Enthalpy, h (kJ/kg)

1 100 L 417.51

2 15000 433.05

3 15000 3310.8

4 100 2298.01
(10 marks)

Question 3

With reference to energy transfer in the marine refrigeration cycle:

(a) State FOUR (4) thermodynamics processes for ideal vapof compression refrigeration

cycle in refrigeration system.

(5 marks)

(b) lllustrate and label the Pressure - enthalpy (P-h) diagram for ideal Vapor compression

refrigeration cycle.

(5 marks)

(c) A refrigerator with refrigerant-134a (R-134a) as the working fluid operates on an ideal
vapor-compression cycle. Complete the Table 3 by showing all calculations involved.

Table 3: Properties of R-134a

State Pressure, P Enthalpy, h Entropy, s Phase
(kPa) (kJ/kg) (kJIkg K)
2 800 275389 | (|v) ™
800 | . (i) - T R
7 vy | : G
(10 marks)
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SECTION B (Total: 40 marks)

INSTRUCTION: Answer only TWO (2) questions.
Please use the answer booklet provided.

Question 4

CONFIDENTIAL

With reference to the problem solving of marine heat engine cycle and ideal gases cycle:

A gasoline engine operating on an ideal Otto cycle receives air at 12°C(Ty), 100 kPa (P,),
having a compression ratio () of 9. The heat addition at constant volume (V; = V;) by
combustion gives the highest temperature as 1500K (T3) as shown in Table 4. Assume air

standard assumptions are used for air and the internal energy is determined.

Table 4: Properties of Ideal Otto cycle

Processes/ | Pressure, | Temperature, | Relative specific | Internal energy,
State P (kPa) T (K) volume, v u (kJ/kg)
1 100 285 o Ty
3 Py 1500 Vs ug

(a) Sketch Pressure-volume (P-v) diagram for the said cycle.

(b) Calculate the following:
i. temperature at the beginning of heat addition process (73)

i. amount of heat added (g;,) to this cycle, in kJ/kg unit.
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(5 marks)

(7 marks)

(8 marks)
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Question 5
With reference to the problem solving of Rankine cycle for marine steam turbine engines:

A simple ideal Rankine cycle with water as the working fluid operated between the pressure
limits of 10MPa (P; = P,) in the boiler and 30kPa (P, = P,) in the condenser. The temperature
at the turbine inlet is 600°C (T3) .

(@)  Determine the pump work input, (W)

(5 marks)
(b) Determine the turbine work output, (w,,,; ... )
(10 marks)
(©) Calculate the cycle thermal efficiency, (1:x)
(5 marks)

Question 6
With reference to the problem solving of marine refrigeration cycle:

An ideal vapor-compression refrigeration cycle which uses refrigerant-134a (R-134a) as its
working fluid maintains a condenser at 800kPa (P, = P;)and the evaporator at -20°C
(T, = To).

(a) Determine the enthalpy at the condenser, hz in kdJ/kg unit.

(5 marks)
(b) Calculate the heat absorbed (q.), from the cold space in kJ/kg unit.

(6 marks)
(c) Calculate the heat rejection (gy), to the surrounding in kJ/kg unit.

(3 marks)
(d) Determine the coefficient of performance (COPRr) of this system.

(6 marks)

END OF EXAMINATION PAPER
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THERMODYNAMICS FORMULAE

First Law of Thermodynamics

Quality, x = —% =

M0l v Jz

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

Mass total,

Motal = mf + mg

Ideal gas equation
PV =mRT; Pv=RT

BV _Bh
L o
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 = me, (T, —Tl)

Energy Balance for a constant pressure process
We+ 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 Thout

O-W=3 outinfh + V212 +gz] - Sinhfh + V22 +gz]

. . V2 . . V2
Qin = Win +m[hl +—i+g21] = Qaur + Wout +m(h2 +_§—+g22)

Boundary work (P = constant), W, = mPy(v, —v,)

1

Boundary work (T = constant), W, = BV, ln(%]

Polytropic Process, PV" = C

P1V3 =PV,
1-n

Boundary work (Polytropic), Wy =
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Mass flow rate

m=pAV = pV=—1,—

Volume flow rate

y=vA =2
o

Thermal efficiency of a Heat Engine

/4
77:}7 — net,out — 1 _ QL
On O
Coefficient of Performance of a Refrigerator and Heat Pump
CO PR — Q.L = qL — Q.L .
Wnet,in Wt in QH - QL-
Wnet,in Woetin QH - QL

Carnot Heat Engine

ﬂth,Camat = ”th,rev =

Carnot Refrigerators and Heat Pumps

1 .
COPg, carnot = Ty

1
T,

1
COP,p, carnot = T
_L

1-
TH

Isentropic Process (Cold-air standard)

s=consl.

B _(E)k
1)1 S=const. vz
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(__’iZ_.\ 1)’.2
\Pl )s=const. })rl

£ )
108 I

Vv v
1 J s=const. rl

Power Cycles

Vmax =VBDC =_I{1_=11___Vr1

Compression ratio, r =
Van Vioe V2 V2 vn

W,

net W

MEP= =——rel e
Vmax - Vmin Vimax ~ Vmin v(l - 1)

7

Otto Cycle

(qin - qout) + (Win - Wout) = hexil - hinler

g =ty —ty =C, (T3 -T1;)

Qo =Ug — W =cv(T4 _Tl)

net =1_i7£

Qi qin

Thermal efficiency, 1My, ou, =

1
Mot = 1 ——k—1= cold-air standard
s

Diesel Cycle

Tin =Wy o T3 -y )= Py(vy -vy ) ¥ (ug-uy ) =hy-hy =cp(T3 -T3)

9o = Ug — U =CV(T4 —Tl)

V. v
Cutoff ratio, 7, =~*=—>
2 V2
k_
h, Diesetl = 1- ! re =1 = cold-air standard
ph-l k(re —1)

Joule-Brayton Cycle

Tin =Wy oy T3 ~1y) = Py(vy vy )+ (uz -y )= hy-hy =cp(T3-T5)

Qo =hy =P =c, (T, -T))

P, _Prp

Pressure ratio, 1, = ==
P, Py
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1
N Brayion =1~ =i cold-air standard

X
o

Rankine Cycle

Wpump,in = hz - hl = vl(PZ - Pl)

An = hy —h,

Wb, out = h3 - h4

Gour =hy =Py
wn . Ul
7y = —re =1_Qa t
9in Din

Weoetr =Gin —Gour = wturb,in - wpump,in

Reheat Rankine Cycle

Total heat ianIt: 9in = q'p_rimary + 9 reneat =‘(h3 —'h2) + (hs _h4)

qout = h6 - hl

Wiwrbout = Wearb,1 ¥ Warsi = (hy —h,)+ (hs — h)

Refrigeration Cycle

Wnet,out = QH _QL

Wnet,aut = 1_ QL

77rh =

On Oy
h —h
COP, = O _ 4 _ o _ hl h4
Wnet,in W, et.in QH -QL 2~
. h, —h
COPHP — QH . qH = QH = h2 h3
Weetin ~ Wnet,in Oy -0, h —

Combustion

Myir - (NM)air
mfuel (NM)C + (NM)HZ

Air Fuel Ratio (AF) =
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'(;gmersion Factors o

DIMENSION
#;:'ce-ieraihn'
i Arga ’

Density

Energy, heat, work,

irternal energy,
enthalpy

Force

Heat Tlux

Heat transfer
coefficient

Length

Mass

Power,
heat transfer rate

Pressyre

Specific heat

1 mis® = 100 crs?

1m? = 10% em? = 108 mm? = 1076 km?

1 gicm? = 1 kgfL = 1000 kg/m®

1k =1000)=1000N-m=1kPa.m?®
1 kJikg = 1000 m2fs?

1KWH=3000k) -

1calt = 4,184 )

1I1Tcal'=4.1868)

1Cal'= 4.1868 ki

1 N = 1kg-mi? = 109 dyne
1 hgf ~ 9.80665 N

1 Wiem? = 10* Wm?
1Wime . °C = 1 Wim?-K

1m = 100 cm = 1000 mm = 10% pm
1km= 1000m

1kg = 1000 ¢
1 metric ton = 1000 kg

IwW=1IJs
1 kW = 1000 W = 1.341 hp
L hpt = 7457 W

1 Pa=1Nm?

1 kPa = 10% Pa = 10-3 MPa

1 atm = 101.325 kPa = 1.01325 bars
=760 mm Hg at 0°C
= 1,03323 kgfiem?

1L mm Hg = 0.1333 kP2

lkjrkgiot::lk_”kg,}i = l.J’lg‘wC

'METRIC/ENGLISH

L m/s? = 3.2B08 §ifs?
L ft/s? = 0.3048* m/s®

L m2 = 1550in® = 10.764 ft2
1 it2 = 144 in? = 0.09280304* m?

1 glom® = 62,428 Ibmift® = 0.036127 Ibmfin®
1 bmfin? = 1728 bR
1 ke'm?® = 0,062428 Ibmsft3

1 k1 =0294782 Btu
1 Btu = 1.055056 ki
= 5.40395 psia « ft = 778.169 Ibf . it
1 Btu/lbm = 25,037 ft2/s? = 2.326" kg
1 k&g = 0.430 Bluflbm
1 kWh = 3412.14 Btu
1 therm = 10% Btu = 1.055 » 10° k)
{natural gas)

1 N = 0.22481 b
1 tbf = 32.174 bm - ft/s? = 4.44822 N

1 Wim? = 0.3171 Btum - ft?
1 Wim2 . °C = 0.17612 Bturh - 12 - °F

1m=38370in=3.2808f = 1.0926wd
1ft=12in=0.3048* m

1 mile = 5280 f = 1.6093 km
lin=254*cm

1 kg =« 2,2046226 lbm

1 Ibm = 045359237 kg

1 ounce = 28,3495 ¢

1 slug = 32.174 |lbm = 14,5939 kg,

1 short bon = 2000 lbm = 907.1847 kg

1 KW = 3412.14 Btu/h
= ¥37.56 Ibf - fifs

1 hp = 850 Ibf - fi's = 0.7068 Biuls
= 42.41 Btu/min = 2544.5 Btu/h
= 074670 kW

1 baoiler hp = 33,475 Btuh

1 Btu/h = 1.055056 kJh

1 ton of refrigeration = 200 Btu/min

1 Pa = 1.4504 X 102 psia
. = 0020886 iiL2
1 psi = 144 IbiM® = 6.894757 kPa
1 atm = 14,696 psia = 29.92 in Hg at 30°F
1inHg = 3.387 kPa

1 Btu/ibm - °F = 4,1868 kJfkg - °C

1 Btw/Ibmol « R = 4. 1868 kl/kmal « K

1 kl/kg - °C = 0.23885 Btuflbm - °F
= U.Z2388S Btullbm - B

*Exact conversion factor between metric and English units.

1Gakrie is ofiginglly defined 35 the srocunl of heat needed o raise e temperatua of 1 2 of woler by 1°C, Dut it varies with temperature. The intemational
stearn table {IT} cakorie (generally prefemrad by engineers) is exacily 4.1868 J by definition and correspands to the specific heat of water at 15°C. The
thermacharmical ealerie Igenerally preferrad by physstists) Is exantly 4. 184 1 by defnition and carrespands 1o the specilic heat of wales al room lemperaiwre.
The ditterence batwean the Bwo is aboul 0.06 percent, which is negligibke. The capitalized Calarie used by nulritionists is actually a ki logalarie {1000 1F

caleries).
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DIMENSION =+ METRICS

Specific wolume

Temperature TIK) = T¢C) + 273.15
ATIK) = AT°C}
Thermal IWm.-*C=1Wm-.K
conductivity
Velocity 1 m/s = 3.60 kmth
Volume 1 m3=1000L = 10%cm? {cc)

Yolurme flow rate

1 mifkg = 1000 Wkg = 1000 cm®g

1 m¥s = 60,000 Umin = 10% cm¥s

* METRIC/ENGLISH

1 mixg = 16.02 ft3/bm

1 fE¥1bm = 0,062428 m/kg

RR) = T°F) + 459.67 = L.8TK)
T°F) = 1.8 TI°C) + 32

CATCF) = ATR) = 1.8 ATIK)

1Wim . °C = 0.57782 Btw/h - ft - °F

1 m/s = 3.2808 ft/s = 2.237 mith
1 mifh = 1.46667 fifs
1 mi/h = 1.6093 km/h

1md® =6.1024 x 10%in? = 35315113
=264.17 gal (U.5.)
1.5, gallon = 231 in® = 3.7854 L
1 fl ounce = 29.5735 ¢m?® = 0.0295735 L
1 U.8, palion = 128 {l ounces

1 m3s = 15,850 galfmin (gpm) = 35.315 ft3/s
= 2118.9 fi¥min {cfm)

thtechenical horsepower, Tie ateciticat horsepower 1 taken to be exzclly 746 W.

Some Physical Constanis
Universal gas constant

Standard acceleration of gravity

Standard atmospheric pressurs

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 at 1 atm

R, = 8.31447 k)kmol - K
~ 831447 KPa - m¥kmol - K
= 0.0831447 bar - m¥kmol - K
= 82,05 L - atmfkmol « K
= ],9858 Btafibmaol - R
= 1545.37 ft - Ibf/ibmopl - R
= 10.73 psia + ft¥ibmot + R

g = 9.80665 m/s®
= 32,174 fi/s?

1 atm = 101.325 kPa
= 1,01326 bar
= 14,696 psia
= 760 mm Hg (0°C)
= 29.9213 in Hg (32°F)
= 10,3323 m H;0 (4°C}

o = B.6704 % 105 Wim? . K¢
=0.1714 x 10-% Btu/h » ftZ . R*

k= 1.380650 x 1023 J/K

£, = 2.9979 X 108 mis
= 9,836 x 108 ftis
¢=33136mis
= 1089 it/s
hif: 333.7 kifkg
= 143.5 Blu/lbm

fig, = 2256.5 klikg
= 970,12 Btw/lbm
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