S
e the most correct answer(s). (10 Mark )

A ‘5"% Achieve good combustion.
Reduce engine pollution.

' lEL‘R‘B. i
Reduce amount of air tO &0

jone of the a ve.)

e is filtered by installing @ S oo~ :

To prevent blockage of the nozzle by dust particles, the gasolin =
the inlet to the float chamber. N .
chLoke-\ ﬁlslw}‘/ ngzzle irlc_l_l_l_g ?Ellle
v Inc Qors. the top of the fuel jet with reference to the level in the float chamber is kep alt1
(_same !eﬁ ) slightly higher level slightly lower level may be anywhere

nder conditions :

/ Describes how easily the CI engine fuel ignites under cyli
[ Cetane

Voo y -
Injection Quality.

Viscosity
Ignition quality. None of the above.

,/’ If a simple carburetor is used at altitudes below those at which it was calibrated, the mixture it supplies
< becomes: ’
Rich. ) Stoichicghetric. Cherajcally correct.

None of the abw;:i

7 Consider the following statements regarding knock rating of SP'engine fuels:

1. Iso-octane is assigned a rating of zero octane numbep4-

2. Normal heptane is assigned a rating of hundred octane numberA_
so-octane-is assigned a rating of hundred octane number ~—

4. Normal heptane is assigned a rating of zero octane number—

Which of the above statements arc corrg:_t:? land 2 2and 3 3angd 4 4 and 1

Consider the following statements:
#7" 1. In a carburettor the throttle valve is used to control the fuel supply<.
2. The fuel level in the float chambers is to be about 4 to 5 mm below the orifice level of main jet.C

3. An idle jet provides extra fuel during sudden acceleration.
4. A choke vah(e restricts the air supply to make the gas richer with fuele —

Whi - . . .
‘hich of the statements given above are correct? 2 andj_ 1 am 1,2 and 3 E@

v' The two reference fuels used for cetane rating are :

cetane and iso-octangn_ cetane and tetraethyl ledd ,
cetane and a -methyl naphthalené, None of the above o o
- - \ &.\\
v" Alcohols are unsuitable as diesel engine fuels because \\\L
; e cetane number of alcohol fuels :15 very lqﬁf\\'hich prevents their ignitiol by comgession: .
: ( cetane :ummbebe: ::_' :llccgll:o: fuels is very hlgli'\wlf}ich prevents their ignition\by compression ~? (> ‘r:‘\L’ o
X Nonemofthcabove ol fuels is very lm_(_lvhlgh prevents their i_gnitign bxcompressio >

N
v In a petrol engine o whi :
end \'Dlllilitygomgm. Whl::: ::nc of the following performance characteristics is affected by the front-
t start; - .
oy pﬁg foulil: o ' Engine warm-up and spark plug fouling=<_
g and hot mg Vapour lock, engine warm-up and spark plug fouling<_
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4
(valem e ASSUMING Compg,

QS] Answer the ollow g ‘I“'A‘“‘““
@ Ongine with s

3 1}__§£&-5.§ is bureed with ai i th

cembustion. -
ferniial reaction ey

Write the stoichiometric and actualy

Calgulate the ag-tuel rato &
Calculate the excess ai
For propane find the AKL FS

alions

32) A single cyknder Diesel engine funning at 1600 RPM ysed to drive generator. The engine
has cOmprass N . '} let conditions at the start of
as ression ratio 18, Average piton apeed (Up) 8.5 nve, The inlet col

compression are 50 C and 120 kPa It is desired that the combustion should start 15 degrees
BTDC using fuel with cetana numbel 45/ When should the fuel injection starts and how much ig
the ignibon delay in milliseconda Take the activation enargy for this fuel as

ycle
= 13.5:1; The

3.3) The following data relate to an\Anr--Fufi&?no\c
9 Calorific value of fuel = 42 MJ/kg. Air-Fuel ratio =
C and 100 kPa

-

ompression rgtio = 9
pressure and temperature at the start of compression stroke are 53

respectively: the polytr ytropic jndex for compression is(L30.)

Calculate the maximum cylinder temperature and pressure for the following two cases

Take Qv = 0.71 « 20x10° T a7
0.718 kJ/kg-K

Compare your results with constant specific hgat Cv =
State FOUR main assumptions when dealing with Fuel Air Cycle.

rol engme uses is fitted with carburetor which actually supplies 3 kg/hr
tio used is 13.5:1, The jet diameter is m and is

3.4) A single oy linder, 4-stroke. pet
ocflicient for air throat is 0.835 and that
T

of fuel with density 800 kg m ' The engine’s air fuel ra
smm below the fuel level when the engine is idling. The discharge ¢
conditions are 101,325 kPa and 21 °C. Answer the following:

o -~ ~ ) » {
OW IS it qllﬂ_mlnt from mixer

for fuel jet is .60. The amend
State the main function of carburctor” H

“Calculate the throat diameter.
\ ~
drop at the throat.
‘ ' imion. is the minimum velocity nee
How much, in your opinion, is [a¢ © "
N oo DAY
« ! "

-

ded to just lift the fuel to the jet tup.

|
‘

e
. E-ﬁ
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. (5 Marks)
Question TWO: Answer the following. \
ek

The curve below shows ﬂ\ﬁamr‘:{*{(m #______.__— " i

9
12|

Air-Fuel Ratio

15

19 Al B

22

,,/f:‘ach one of the above areas (A, B, C and D) are dealt with by certain parts in tN¢

them: ‘

A" gho ke ¥ oo

O T Ao o T2EP) e G

< Li ting the carburetor operation, \

@15; e ; miA;\——u'\b.(Tm.,p“.\é\h’&\“é,“““@ B ....oooreeenieseiinniarriassssanaast PetsRRESY
T e B Y= Rt

0
Load (%) \Bf;arburemr. State

3
& .Li f; ffecti thevc_)lumetricefﬁciencyfs oWyl e ) ‘ .
..‘.....f@?ﬁg\?ﬁ.?S‘pe:s.gg...0.5?....ev.\g.m.z_..@,;m... - ..‘r....mp\ii...gne.w.k.}:,d....tf.l.&t)..ﬂ...t.;x!
I IR I G NG W S —
-~ \QC!V\
gmf\s YMCAN

< State what happens if the exhaust valve is opened too early. Give/ghort answer. )
_ TN MG N L 5,00 QT DR S B SR e A
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UNIVERSITY OF JORDAN

FACULTY OF ENGINEERING & TECHNOLOGY
_ MECHANICAL ENGINEERING DEPARTMENT

Winter 20132014 Internal Combustion Second Exam
The Olefins is another name for:

(a) Alkanes

(b) Alkenes o~

» (c) Acetylenes ‘
.< Paraffins L\l/
Dienes are mainly characterised with the existence of:
(a) One double bond

‘< One triple hond ‘ e e TR
NI E) "Two deuble bShds” T SR B [ e

(d) Two triple bonds

The stoichiometric AFR for Benzene is:
(a) 13.27
4 (b) 10.48
N 15.21
(d) 26.55

Front-end volatility:
(a) Can cause poor cold starting characteristics
an cause vapour lock problems
(c¢) Can Increase the volumetric efficiency
- (d) None of the above
One of the following statements is true:
(a) Knocking is independent of the compression ratio
i Knocking can be reduced by increasing the flame speed
¢) Knocking becomes more frequent at lower temperatures
(d) The main problem with knocking is the noise associated with it

If iso-octane is burned with an equivalence ratio of 0.92 then one of the following gases
should not (theoretically) appear in the exhaust:
(@ co
- (b) Oz
(c) CO,
(d) N2

The cetane index of a diesel fuel is:
(a) Measured experimentally
—(b) Increased with increasing the percentage of aromatic compounds =3
<) A measure of its ignition delay

(d) Typically around 90 LA T
R e T o gy
e T — - ——-m—-—— B -
D e o ..
L LT R o suise TR
P - s o - o . ,_,“,;;,;_‘__‘

e Y 5 o
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" TEL is a fuel additive that is classified as: e o W
Octane improver
.~ (b) Cetane improver
(c) Flow improver
(d) Anti-corrosion agent

HC emissions from I.C. engines: o
(a) Reach a maximum near stoichiometry
(b) Reach a minimum near stoichiometry

(@) Increase with rich mixtures
~~ (d) Increase with slightly lean mixtures

e e o SRS e -

NO, emissions from I.C. engines:
Aa)Increase with increasing A/F ratio
“\(b) Increase with decreasing A/F ratio
(c) Increase with increasing flame temperature
(d) Increase with decreasing flame temperature

- The.rain problem associated u UBEO, 2mis a0, isins v litr o 1ye z
(a) Toxicity '
(b) Asthma
(c) Acid rain
—¢d) Global warming
Exhaust gas recirculaticn is an effective way to reduce:
(a) CO emissions
(b) HC emissions
NO, emissions
— (d) Particulate emissions

. . -

! Explain why conventional 3-way catalytic converters are not effective in reducing the
NOx emissions from diesel engines. rich (1 mark)

/f)b 'f‘gd—""l‘uﬂ /{de Om:\;‘sh'\w\k need 4,/(;1}*52’ Can\li fonwai b
“ &/"\l,e *\f\e C\ieﬁe’{ QA‘_(/} iY\.{j(: rgﬁ/v (PE/\ZI/G Q*(@OVE' '

e N Lear .
graph how CO, HC and NOx emissions are affected by the A/F

(3 marks) ¢ boichomet iy

f vegion

Explain with the aid of a
ratio.

HC § CO hG’\/E’, o Righer
\ @wr‘ss»’mci in Yhe
G|

Mowewey 7 i

_ . fnc{%giﬂ o /jr; Yot o
, ‘_POY 3!“) C& C@/Yl o\so Eu-c.(@ghg\\,ﬂ\k_

I " Wetean migtvg e
e o T B
l———-@‘,fés)'ov\ OF‘ H_f...l-.‘ .

' - At

»
W Tesiong

o .

-q | K 19 Y
Faddb Y l\ﬂ«S“/\\'@{TTM‘\“"“’\_;.;;-.. ) ’ (:_'_\_’ -“--)5‘ ( TN F
T o e 2 ey (S

Bkt i
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An engine is running on a-Methylnaphthalene (CyoH

« Determine the A/F ratio at this condition.

,CH,) with 20% excess air.

(4 marks)

B
\ot\ 0= 1=
et ¥V B==5

\l

. 2z 5 O L1 2

e o
g 4 #19
C’iowfc 3 *

N (Ot 5 H. O T(

_;:;;@/ FJM;F .

Ho M 2u\}%) Oz +(t 1)(%5( 3.76) V2

A > el lffo}é.szf :|g.7§

& >
7

"1)(3»?63(“.;@)}& +o.?/¥}§2

P
v

Ik oX1 % H +\1’t“‘f)

—

SR s qdun auk AU
"QWF" - —
B L
--M“‘--- oo

- S
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Tquestion One:
/questi e: Chose the most cor reTl answer(s (10 Marks)
/ chole )| AJS o ;
Achieve good combustion.
Reduce engine pollution. 4
b
v To prevent b -
. lockage of the nozzle by digt particles, the gasoline is filtered by installing a ............ at

tl;}e inlet to the float chambpe ,
choke - e
(f"d strainer ) nozzle none of the mentioned
v
. J}r_c_t is» the tap ' referencg (o evel in the float chamber is kept at
z ¢ M ' may be anywhere

.\} ........... Dcscrlb how easily the CI engine fuel ignites under cylinder conditions : .
i‘seon Injection Quality. Cetanc Number.
gnition quality. None of the above.

v" Ifa simple carburetor is used at altitudes below those at which it as calibrated, th mixture it supplies

becomes: -
" Rich. . Stmchmmetnc. ' _ Chemically correct.

None of the above.

v Consider the following statements regarding knock rating of SI engine fuels:
1. Iso-octane is assigned a rating of zero octane number. :
2. Normal heptane is assigned a rating of hundred octane number
3. Iso-octane is assigned a rating of hundred octane number
4. Normal heptane is assigned a rating of zero octane number

Which of the above statements are correct? land 2 2and3 @ ~ 4dandl ' 1

v Consider the follovéing statements: Wb Ep

1. In a carburettor the throttle valve is used to control the fuel supply.
2. The fuel level in the float chambers is to be about 4 to 5 mm below the orifice level of main jet. A

3. An idle jet provides extra fuel during sudden acceleration.
4. A choke valve restricts the air supply to make the gas richer with fuel.

.

Which of the statements given above are correct? 2 and 4 1 and 3 1,2and3

v The two reference fuels used for cetane rating are :
cetane and iso-octane cetﬁpe and tetraethyl lead cetane and n-heptane

Getane and a -methyl naphthalene) None of the above X

. Alcohois are unsuntable as diesel engme fuels because

The cetane number ofalcohol fuelsisvery
The cetane number of alcohol fuels is very low W]‘llCh prevents their ignition by compression

None of the above f
v" In a petrol engine car, which one of the following performance characteristics is affected by the front-
end volatility of the gasoline used?
ot startin anq va Engine warm-up and spark plug fouling
park plug fouling and hot starting Vapour lock, engine warm-up and spark plug fouling
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Question TWO: Answer the following.

Air-Fuel

N

(5 Marks)

,‘ayronl{— Van<i :mi—andsfa«)y

The curve below shows 5”@ }Hﬂ@?ﬁl@ﬁ ﬁc
? RVt oV
12
Ratio
—

15 e e
9 Al B C D
22 5 lhoyymal pocjey ]

VV v 1 /
Load (%)

Each one
them:

of the above areas (A, lf, C and D) are dealt with by certain parts in the carburetor. Statc

A) cAav” S‘ézﬂ/f!‘ﬂg

&)

factors affectmg

el Coviem

....................................

a?hmgc Nubionfrom 0=
>’%/‘\” é’ acy” ( /l/\ﬁ/l/nmw)m

rbu etor operation.

......................................................................................................................................................

% List 2 fac a.ffgctmg the volu etnc efﬁcxe
.................... = Pm
oA a £ ‘. ;Z’

...................

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------

+» State what happens if the exhaust valve is opened 30

................ =X

nN=io.d. FHESIMKE.,
So.. ﬁXPﬁVlSIC?V' C«/c?/

rl . Give short answer, \

fASES. ... M k.
dele/‘&?Sﬁ.
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Q3) Answer the following questions :

Methavce | .
31) }(ld}l‘f}}/is burned with air in the engine with equivalence ratio 0.85. Assuming COmplgy
combustion, Y

Write the stoichiometric and actual chemical reaction equations. k.

Calculate the air-fuel ratio
Calculate the excess air

For propane find the AKI, Fs. \

3.2) A single cylinder Diesel engine running at 1500 RPM used to drive generator. The engine
has compression ratio 16, Average piton speed (Up) 8.5 m/s, The inlet conditions at the start of
Compression are 50 C ang 120 kPa. It is desired that the combustion should start 15 degrees
bTDC using fuel with cetane number 45. When should the fuel injection starts and how much is
the ignition delay in milliseconds. Take the activation energy for this fuel as

3.3) The following data relate to an Air-Fuel Otto cycle

Compression ratio = 9: Calorific value of fuel = 42 MJ/kg; Air-Fuel ratio = 13.5:1; The
pressure and temperature at the stqrt of compression stroke are 55 C and 100 kPa
respectively; the polytropic index for compression is 1.30.

Calculate the maximum cylinder temperature and pressure for the following two cases:

Take Cv = 0.71 + 20x10° T dT
Compare your results with constant specific heat Cv = 0.718 kJ /kg-K.

State FOUR main assumptions when dealing with Fuel Air Cycle.

3.4) A single cylinder, 4-stroke, petrol engine uses is fitted with carburetor which actually supplies 5 kg/hr
of fuel with density 800 kg/m’. The enginc’s air fuel ratio used is 13.5:1. The jet diameter is 1.1mm and is
5mm below the fuel level when the engine is idling. The discharge coefficient for air throat is 0.85 and that

for fuel jet is 0.66. The ambient conditions are 101.325 kPa and 21 °C. Answer the following:
State the main function of a carburctor? How is it different from mixer?

Calculate the throat diameter.

Pressure drop at the throat. . . o .
How much, in your opinion, is the minimum velocity needed to just lift the fuel to the jet tip.
]
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4 ade Lq.\_\‘ L _,}au; 30 452 J g 13 =

Ot O Coneept Questions. \O

The time needed by the ._ i
(a) Delay Period.

(c) Ignition Quality.
Antioxidant are added to Gasoline to -
(a) Prevent deposit formation.

; _ ()M Vg npcrauon ition easy.

(c) Change chemical properties of fuel deposits. d) Prcvenl ox:dauoﬂ

To help in cold starting in Spark Ignition Engines, fuel volatility must be :

e})ﬁ’gh (b) Low. (c) Moderate. (d) Eliminated.
The Choke system of the carburetor controls the fuel feed for ..................... operation

(a) Idling ull throttle @Cold Starting (d) Low speed
As the temperature of the fresh air increases, the knocking ity in Sl engine ...JN¢rAsS ... and
that for Cl engine .... decrgastenonnenne e,

The knoc}cing tendency in petrol engines for specified conditions of fuel rating, compression ratio, speed ...
elc, may increase by having ............ il cylinder diameter
(a) Smaller

(c) Medium

(d) Oversquare

An Sl engine fuel will produce less knock if it has
Higher self*ignw

(b) Lower self-ignition temperature
Higher activation Energy

(d) Lower activation energy

Ignition quality of diesel fuel oil is expressed by an value given by
(a) ON (b) FS (c) AKI W

Maximum dissociation is for
(a) Lean

(c) Stoichiometric (d) No effect

Time loss factor in Actual Cycle is due to :
(a) Friction (b) Valve timing (c) Gas exchange

D R ——————

Give the function of the following addﬂwes for fuel

D}'CZ F“‘ 3'M._ Colour te f‘w..fs , Se i can be l-(ﬂn A
i o e.Ig_rﬂ:n-t}'t J"..J._;J‘
Antirust : Fo decrzase an

Lead : ockm Mo bcpsiinj ., increascs echan Nunber ‘-ra]

' L '
Metal Deactivators : prevent Clemical  reachons SE bl ik en gind

State Two pmhlcw
1- Cnr’l’;ufﬂ!’ﬁf | CJ

Wikt du.v-eu:u’ ‘l_’}

7_ He Aren of air
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TR R .

s b v antages and Two disadvantages ol gaseous fuel. (2 M k)

WL ( Hixirg }ine is_/l{\

' vl 19 [LTTTR Y \ti\“. AL ’ _’_.—"'

g Flay I'I'»nul ‘ lf.lll -lrlolll ,”H‘ / /2 \
Disadvantapes ; /
l ! l ‘l "

Fi Ay o Sl
X, Hay Fany be handle N \
’/

i

Vit vl e L

l\.'“ W the ettect of Residual Gas on the volumetric efficiency of IC Engines. (5 Mai ks)
‘ ‘ o . ar ks
VL answer should include using proper equations and graphs between residual gas and volumf:lnc

cthceney,
pace in He Ejlingltr*y\/.._

Also R!S;clual qugs inCreases

tead be C.Ipan(l -‘H}A oCLu
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Tr—
I bemprabie o He fresh Char : deaconse iHe Jc.ns Ca H-:j
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b Aol ma b cfbie I'en:J
m

Y e Cc},uc:'l‘.- on
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S as sen
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Question TWO: This question consists of THREE parts (15 Marks)
Notes:
v Undefined answers are not accepted.

v Answers should follow this pattern (Voltage (V) = 1* R) then apply values and find answer,
else, the answer WILL NOT BE ACCEPTED.

d.lL-"" L:..L.L'. -!_!‘-\' j_\f' }" b.-,_.ll }ﬁ- !{ EJ..“'-.. b u-‘"_;“' o :_:._ 1

\ E— o T, =
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Aggllalt Lo ol gatsaat L el e N SR e s
Part (A) : Fuel and combustion

(S Marks)

A mixture of 85% Iso-Octane and 15% Ethanol o, oo are used as fuel for S1 engine with equivalence
raiog = 1.

(Take molecular weight for C = 12 kg/kmol, H = 1 kg/kmol, N = 14 ke/kmol, O = 16 kg/kmol)

Write the stoichiometric combustion equation and find the stoichiometric A/F ratio.
Find the ON, AKI and FS for this fuel blend.
L Y I TS T ST T

A Cl engine with a 3.2-inch bore and 3.9-inch stroke operates at 1850 RPM. In cach cycle. fuel mjection starts

at 16°bTDC and lasts for 0.0019 second. Combustion starts at 85 bTDC. Due to the higher temperature, the
ignition delay of any fuel injected after combustion starts is reduced by a factor of two from the original ID.
Calculate:

(a) ID of first fuel injected. [sec]

(b) ID of first fuel injected in degrees of engine rotation [deg].

(¢) Crank angle position when combustion starts on last fuel droplets injected.
Hint : 1 inch =2.54 cm.

Part (B) : Fuel-Air Cycle

3 Marks)
The compression ratio of an engine working on an Otto cycle is 9 and the air/fuel ratio is 15: 1. the prossure
and temperature at the beginning of a compression stroke being 1 bar and 60°C respectively. The calonfic
value of the fuel is 44,000 kJ/kg.
Determine the maximum temperature and pressure in the cylinder, if the index of compression 18 1.32 and the
specific heat at constant volume of the products of combustion is given by C, = (0.678 + 0.00013T W kg K\

where T is the temperature in kelvin. Compare this value with that of constant specific heat C
K).

B

.= 0717 Kk

---------------------------- e o . . e .

Part (C) : Fuel Supply System Design (4 Marks)
An engine having a single jet carburetor consumes 6.0 kg/h of fuel. The density of fuel is 730 kg'm®. The fu)
is at 5 mm height below the throat. Ambient conditions are 1.013 bar and 20°C. The jet diameter s 1.3 mm
and its discharge coefficient is 0.65. The discharge coefficient of air is 0.80. The auw/fuel ratio is 1531, Neslat
the compressibility of air. Determine

a) The critical air velocity for this carburetor

b) The pressure depression at the throat in mm of H:O
¢) The effective throat diameter.

d) The air/Fuel ratio supplied by this carburetor.
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