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(a)  Explain the influences of the fuel type in engine design and combustion
process.
(3 marks)
(b) Define the following matters with the aid of sketch:
(1) combustion chamber;
(i1) displacement volume;
(iii)  cubic capacity;
(iv)  clearance volume; and
(v) compression ratio.
( 5 marks)
(¢) A four-cylinder, four-stroke, 1.6-L. gasoline engine operates on the Otto cycle
with a compression ratio of 10. The air is at 100 kPa and 37°C at the beginning
of the compression process, and the maximum pressure in the cycle is 7.5 MPa.
The compression and expansion processes may be modeled as polytropic with a
polytropic constant of 1.3. Using constant specific heats at 850 K. the air-fuel
ratio, defined as the amount of air divided by the amount of fuel intake, is 16.
Determine:
(1) the temperature at the end of the expansion processes;
(i1) the net work output and the thermal efficiency;
(ii1) the mean effective pressure;
(iv) the engine speed for a net power output of 50 kW; and
(v) the specific fuel consumption (g/kWh).
(12 marks)
(a) State three basic engine designs and sketch their configuration.
(3 marks)
(b) Explain the working principle of four-stroke and two-stroke of internal
combustion engine.
(3 marks)
(c) A three-litre engine of six-cylinder is designed to operate on diesel combustion

with a four-stroke cycle at 4300 RPM (revolutions per minute). The
compression ratio, rc is 10.5, the length of the connecting rods, r is 14.5 cm, and
the engine is square (B=S), B = bore, S = stroke. At this speed, combustion ends
at 20° TDC (Top-Dead-Centre). Calculate:

(1) Cylinder bore, B and stroke length, S;
(i)  Average piston speed U, ;
(iii)  Clearance volume of one cylinder V, ;

(iv)  Crank offset R;
(v)  Piston speed at the end of combustion U, ;

(vi)  Distance the piston has traveled from 7DC at the end of combustion, x ;
and

(vii)  Volume in the combustion chamber at the end of combustion V.

(14 marks)
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Q3 (a)

(a)

(c)

Q4 (a)

(b)

(©)

Explain the importance of achieving stoichimetric combustion, rich combustion
and lean combustion.

(3 marks)

Diesel combustion engines prove more attractive than spark ignition engines
with referring to the fuel consumption and thermal efficiency. However, the key
clement in diesel combustion is the influences fuel-air premixing during the
ignition delay on ignition process. Explain and construct the ignition delay
period in heat release rate (dQ/dt) diagram of diesel engine combustion.
Discussion should be focused on the relation between mixture formation and
ignition process.
(4 marks)

A 4-cylinder, 2-stroke diesel engine with 11.5 c¢cm bore and 13.8 c¢m stroke
produces 98 kW of brake power at 2600 rpm. The compression ratio, rc is 17:1.
Calculate:

(1) the engine displacement (cm?);

(i1) brake mean effective pressure (kPa);

(ii1))  engine torque (Nm); and

(iv)  clearance volume of one cylinder (cm?).
e 1 (13 marks)
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Explain the flash point of Tuel oil in internal Combustion engines.
(3 marks)

Explain and compare Spark Ignition and Compression Ignition engines with
respect to
(1) Ignition process; and
(i1) Heat release.
(4 marks)

A blended gasoline comprised 17% by weight of ethanol, 65% of iso-octane and
18% of toluene, with fuel properties as in Table 1. Determine the fuel blended
gasoline anti-knock index and the blended gasoline fuel sensitivity to
combustion chamber geometry. Discuss your findings with reference to
knocking characteristics of the blended fuel.

(13 marks)

Table 1-Propeties of blended gasoline

Fuel

Motor Octane Number | Research Octane Number | Percentage (%)

Ethanol

89 107 17

[so-octane

100 100 65

Toluene

109 ; 120 18
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(a)

(b)

(c)

(a)

(b)

(¢)

(d)

(e)

®

Explain an internal combustion engine and how it is differs from an external
combustion engine. (3 marks)

Explain the Research Octane Number and state the procedure of measuring this
number.
(3 marks)

A 1300 cm?, four-stroke cycle, four cylinder compression ignition (C.I) engine,
operating at 3000 RPM, produces 50 kW of brake power. The engine
volumetric efficiency is 0.93 and with operating air-fuel ratio of 20:1.
Calculate:
(i)  the required mass air flow rate into the engine (kg/sec);
(i) brake specific fuel consumption, bsfc (g/kW.hr);
(ii1) the mass flow rate of the exhaust gas (kg/hr); and
(iv) brake power output per displacement (kW/litre).

(14 marks)

Figure Q6 (a) shows the influences of turbocharger that increasing the air
density in combustion chamber. As seen in Figure Q6 (a), it clearly illustrate the
histories of combustion pressure pr and heat release rate dQ/dt together with
nozzle needle lift NL against time, t from start of injection. Explain the
influences of the changes of ambient density on combustion process.
(4 marks)
Figure Q6 (b) shows combustion characteristics with changed ambient pressure
and density. Ignition delay 7, which is the amount of heat absorption Qab
during ignition delay period, combustion duration AQp, total heat release Qq,
and maximum heat release rate (dQ/dt)max are shown as combustion
characteristics including NOx emission per injected amount of fuel. Explain
the relation influences of ambient density on combustion characteristics
especially the NOx production and heat release.
(4 marks)
Describe the main exhaust emissions from the following engine types and
suggest the suitable after-treatment system for ;
(1) spark-ignition engine; and
(i1) compression-ignition engine.
(3 marks)
Explain the term dynamometers and test facilities in order to observe the internal
combustion engine performance.
(3 marks)
The main issue in diesel engine using natural gas as an alternative fuel is
ignitibility process. Based on this reason, explain natural gas as alternative fuel
for internal combustion (IC) engines bringing out their merits and demerits.
(3 marks)
Explain the operation of catalytic converters and how are they helpful in
reducing HC, Carbon Monoxide (CO) and NOx emissions. Construct the
catalytic converters configuration.

(3 marks)
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Power output motor (watt) = Power output engine (watt) = volts x amps

Piston speed, U, =2SN ambient density (air), p, =1.181kg/m’

Compression ratio, "eis defined as - r, = V,,,% , 7, = (v, + V%
DC

¢

- Ut : 0 _ _S
Instantaneous piston speed; /U—p = (%)sm 9[1 + (cos / mﬂ R= % @ = /2

Piston position or the distance between the crank axis and wrist pin axis or piston is given by, s:
s=acos@++r>—a’sin’ 0

Where a = crankshaft offset, r = connecting rod length and ¢ = crank angle, measure from the
centerline and it is zero when the piston is at TDC

Distance from TDC ,x =r +a—=s

—V—=1+%(rc —1)[R+1—cos<9~\/R2—sin26]

Instantaneous volume, V at any crank angle, 0. V.
V¢ = clearance volume, R =r/a

For an engine with N _cylinders, displacement volume , N, :

I/d :Nc'

V, =V —V. (EJBZS
d = "spC T TDC 4 Where B = cylinder bore, S = stroke, S=2a

2
V=VC+[—7Z%](r+a—s)

The cylinder volume at any crank angle is given by: , Where 7, = clearance

volume

W . V;I (bmep)

. W, W, =2aT; bT T .
Brake work of one revolution, : b n , Where T = engine
torque, bmep = brake mean effective pressure, n = number of revolutions percycle

Wn
mep =
Mean effective pressure; ValN
_Vy(bmep) V., (bmep)
2-stroke Y d-sroke — 4
Engine torque, T, for 2-stroke and 4-stroke cycles: 27 : 4
. - WN - _ .
Engine power, W =—— , W =27zNT, N = engine speed
n
Specific fuel consumption  ¢f = m_f gﬂ TEDRITIC A
W ; L RVER DU B8 A

6 CONFIDENTIAL




BDE40603

CONFIDENTIAL

FINAL EXAM / PEPERIKSAAN AKHIR

BDD

PROGRAMME

2016/2017

SEM I

SEMESTER / SESSION

COURSE

INTERNAL COMBUSTION ENGINE

SUBJECT CODE: BDE 40603

06 620°0 S¥E 000021  008T¥T 14 H uoa301pAy
A8 0zl 601 vLO'0 Sel 0090% 00ST 26 8HLD Juan|o)
€11 6 9900 1St 0Ty 06SLY wl oy 2UEBI3POSI
887 (AR 101 990°0 4y (014247 0S6LY 001 THLO sueidin
06€ 66 08 890'0 g¥1 112084 0128Y 9 8HYD 1-ouaing
LS00 ST 008€EE 008€€ 41 o) (uoqres) feod
SO0 ST 00101 00101 8z 0D apIXOuOW UOqIed
0 9L0°0 1€l Wl 52 1} susreyigdeuidyiow-o
S1 €900 6'ST 8L1 1432 (0] suruoujAyoweday
001 44 9900 0'ST 086€Y 08TLY 972 1432 ¢le) aue)20
9T¢ 0 0 990°0 TS1 09SH¥ 0LOSY 001 ML) suejday
€29 8850 LT 07601 00021 19 ZONEHD Sueyjowonu
9ZY AN L6 $90°0 L'ST 0619% 08105 b BSCe) suedoxd
60S 0zt 0zl 8500 Ll OLL6Y 09ZSS 91 YHD sueylow
€L8 L0T 68 1110 06 05692 01L6Z 9 HOSHD Jouey}e
LY1T 901 6 SST'0 $9 05002 0pSTT 143 HOfHD [oueyowW
062 001 00T 990°0 16T 00€YY 018LY v11 818D 3UBIO008]
0S-S¢ 0€7 6900 Syl 001407 008EY 002 LS Ed'e) [9831p Aaeoy
SS—0v 0LT 6900 SPI 00SZP 008¥ 0Ll UYL [osa1p 143y
LOE 66-76 1608 890°0 9'%1 000€Y 00ELY ITr STH3D aurjose3
(By/r3) NOY NOW Gy Gy
Joquny  uonezuodep ToquINN (va)  Sd@v) AHT AHH 1Srm
Oﬁmuoo wO umom oﬁmwuo otuoEOMQQMOuw Oﬁﬂm > wcﬁﬂom .Hﬂﬂuoﬁoz ~®Snm

S73N4 40 S31143d08d 2V 318Vl

CONFIDENTIAL



