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A 15m high downcomer-riser circuit operates at 16 MPa. The riser receives uniform heat
flux and saturated water. The exit quality is 50%. Calculate the pressure head developed due
to natural circulation. Take slip factor as 1.2.
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Review Questions on Steam Generators

I
I A furnace wall riser. 18m long, 76.2mm outer diameter, and 6.1mm thickness. It receives
l saturated water at 8 MPa and 1.5 m/s velocity. Assuming a circulation ratio of 12.5 and slip
' ratio of 1.2, calculate :
! 1) The pressure head developed
2) The void fraction at nser exit
3) The heat transferred to the riser per unit area.
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& cdn.fbsbx.com Done

pressurized water reactors are used when formation of low-pressure
steam is required // strong pressure vassel is required.

Non-Electric solar power system is basically used for heating and lighting
power towers are used to produce steam for solar powerplants by

using molten salt heat transfer // concentrating heat // steam generators

in parabolic trough system, the system is generated in solar field piping network

/I using reflections panels // inside the absorber tube

Among the following has high heat loss from the heat exchanger boiling water reactor plants.
Wind energy has many advantages like Supply the Power to Remote Areas

// Handle variable wind speed // Low energy density by friction

Bert conveyor and Vee bucket elevators are used for Load and loading

coat in steam power plants // Carrying the resulted ash of the cumber

// Preparation of the coal roar combustions

Mechanical stokers are used in steam power plant for Attain uniform operation
//Use solid coal//large boilers using

In pulverized coal system hot air is employed mainly for Helps in dryving the coal powder
//remove undesirable matters from the coal powder.

Belt conveyor and Vee bucket elevators are used for load and loading coal in steam
// Carrying the resulted ash of the chamber.

Horizontal AxlI Wind Turbine is Axis of rotation is parallel /More output energy //
Always face the win//More stress on base of the blades // Selection of site is easy //
Overall efficiency is more.

Vertical Axis Wind Turbine is the axis of rotation is perpendicular //

Less output energyv/Always against the wind//More stress is a center of the blades
HOverall efficiency is less

The difference between recuperative air pre-heater and generative air pre heater
Gas flow inside tube.

The dispersion is one of the stock functions where it controls the dilution rate

Of the hot gases with ambient air.




& cdn.fbsbx.com Done

Close

pump.l—

Ath =h =251.42
V =V =0.001017

pnmp,l_

H2=hl+ anmp.l
H,=251.42+14.43=265.55

pump2

H, =h =762.51, V =V =0.001127

pump.z—
H 1 l=h 10=h4
H =3476.5, P =12.5Mpa, P =5Mpa
H =3476.5-0.88(3476.5-3185.6) =3220.5
H.=3434.7+(3666.9-3434.7) x
S =S =7.1238, P,=1Mpa
H_=3550.9-0.88(3550.9-3051.1) =3111.1
T =300+(350-300) X

(1-y) (777.25-265.85) =y (3111.1-762.51)
y=0.1788

Q, =3029.7

Q, =1840.1

W =

net

W__=24(3029.7-1840.1) =28550.4




& cdn.fbsbx.com

State I: h=h @ 45 C

h = 188kj/kg

State 2: h =W +h,

h =0.9042+188=188.9042
State 3: h=h @ 180 C

h =2778

S=S @180 C

S =6.59

State 4: h=h +Xh @ T=45C
h =188+0.7920(2394) =2084.1
Isentropic Compression
W.aV@-P)
Wp=0.0010(1000-95.8) =0.9042
S=S,

6.59=0.638+X (7.515)
X=0.7920

Q_=h -h =2589.1

W =h-h =0.9042

W =h -h =693.91
W_=W -W =693.0096

Done



& cdn.fbsbx.com Done

OPEN
At 450 C and 6Mpa
H =3302.76

Specific entropy = 6.721
H =h =604.723, Hg=2738.056

$=1.776, S =6.895

$,=8,=S,+ (S-S,

X=0.966

H =h +X(h -h )
604.723+0.966(2738.05-604.723)

H =266.54, H,=251.39, H =2608.94
S, =S =at 80 C

S,=0.8319, S =7.907

S =0.831+X (7.907-0.8319)

X=0.892
H,=2213.801

S,=0.8319, T,=61.38 C, H =257.24
%m=0.144

S,=S,=1.776

T .=151.40 C, H =641.72, H =641.72
W,=1023.91, W =42.01

W =W _-W =981.89
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Q1: Choose the most correct answer for the following. If your answer is none, write the correct
answer, i
1. Diesel power plants are used:
a. For Mobile power generation

b. When the power load is in the peak state.
¢. As stand by for hyd! ctric systems w
w %

e. None
2 mfunmonoﬂheoilcoohmmmmselpowerﬂmsis:

a. Reduce t_m'fﬂct\on force over the piston.

sl yay| %0
oy dsow (@1 S

of the same size then:

fant cite needs to be selected, many factors should be considered like:

‘None

g the advantages of coal mechanical handling is &
. low transport requirements

. Capital cost Is less & !

Low power consumption
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e. None

7. Belt conveyor and Vee bucket elevators are used for:

a. Load and loading coal in steam power plants
b. Carrying the resulted ash of the ch r

¢. Preparation of the coal for combustions

@) Al

e. None

8. Mechanical stokers are used in steam power plant for:
a. Attaining uniform operation
b. Obtain higher burning rates
Large boilers using
I
e. None

In pulverized coal system, hot air is employed mainly for:
a. Cary coal powder inside the combustion chamber
Heips in drying the coal powder

¢. Remove undesirable matters from thﬁépowder
d. Al :

e. None

9.

A ste

nt operates on an ideal regenerative Rankine cycle. Steam enters

d 450°C and is condensed in the condenser at 20 kPa. Steam is__ .
ine at'0:4 MPa to heat the feedwater in an op8i Tésadwater heater.
Water heater as a saturated liquid. Show the cycle on a T-s diagram -

he net work per kilogram of steam flowing through the boiler and (b)

Q2:

10
n

y of the cycle (c) work ratio (d) TTD value

igh Pressure
urbine (T1)
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it:
1. In 4-stroke C1 engine the intercooler is recommended since

e Increases the ignition delay sign.iﬁcamly.
b) Decrease the ignition delay significantly.
Increase the mean adiabatic flame (emperiture.

¢)
d) Decreases the mean adiabatic flame temperature,

¢) None

W

a) Carbon dioxide and hydrocarbon

b) Carbon monoxide and hydrocarbon

¢) Carbon monoxide and carbon dioxide
S Carbon monoxide and nitrogen dioxide

¢) None

3. Global warming is caused DY c..ovvveeieineneaennnnnnnes emissions.

a) Ozone
amb) carbon dioxide
¢) Nitrogen
d) carbon monoxide
¢) None
Consider the following emissions of an 1C engine:

The function of automobile catalytic converter is to control emissions of:

1. CO2 2. HC 3. NOx 4. Particulates

4. Which of these emissions cause photochemical sSmog
a) | and 4
b) I and 2
e-®) 2and 3
d) 3and 4
¢) None

n
-

a) | Complete combustion of fuel takes place

b) Incomplete combustion of fuel occurs

¢) Dry products of combustion are analyzed
) Air is used for the combustion

¢) None

6. In the figure supplied, curve “C” represents ......... emissions.

a) CO2

a=b) NOx
¢) HC
d) All
None

7. Kﬁnmm in an S.1. engine reduces with increasing
' Compression ratio

b) wall temperature

€) supercharging

The presence of nitrogen in the products of combustion ensures that:

%

S T A el e

e

‘¢) None
8. Dmgé'm flame propagation in ST engines, the produced work from combustion will be:
- ~4) The minimum. e

. == The maximum.
'¢) Has no refation to the flame propagation.
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!

wld  All 0f the above.

¢) None Answer

Self-ignition temperature for any Mmhddheﬂw
The temperature at which the fuel-air mixture will have the knocking phenomenon.

a)

b) The temperature at which the fuel-alr mixture sAll ignite without sny extema) cosse.

¢) The temperature at which fuel-air mixture will reach at the end of the ignition delxy Vime.
d) All of the above.

" None. Answer . )

6. Increasing the octane number can affe m@mmw
a) Increasing the combustion peak efnpe: :

b) Decreasing the combustion peak lemperature.
Increasing the ignition delay time.

)
Nc) Decreasing the ignition delay.
Ans — : ~k
¢) None. wer SR o

7. Knocking can be avoided for

> Mmmwmmww'

c)
&) All of the above.
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Q2: A petrol engioe of Compression rato 6 uses a fuel of calonific valve

U | P L 3 ]—ht'!cnwotw: aod pressure of the charge a1 the end of the mm,::i& The fuel air ratio is
fespectively. Estimate the maximum presswre in the cyhinder if the index of ¢ S0 3K wud 1 by
specihic heat 2t constant volume is expressed by the relation (& =0.71420% ‘l‘;"rc&‘m is 1.32 and the
the remperature in K. Compare this valge with that of constant : 3D kg K, where T is

pevific heat ¢~0.71 kI K
CR=6 origal s Yy S o2 4o [ e L),
O i i L SR AL A ETRVERET T 58 "‘2"""
{Nr)g \5-. , = Ti‘ t 6’1’*1'5 T) 1““‘“'.‘1 K
i | }3"\ f 1 5 A " z“ gk ﬁ_
1 2 T \ ~ -
(A | U 2299 Ti T
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Cyne el s IR R N

o ) RS
Q3 ():um(CSHIS)hW‘mthdtym. The volumetric ualyn’sol‘lhpmdwsonaayh“a is, N2
83A48%, COy: 10.02%, 075,62 % and CO: 0.88 . Detennine the xir-foel ratio and e percentage of
\ theoretical air used in the process. (10 Points)
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Q5: A four stroke SI engine delivers a brake power of 4‘3;_5\‘« with a mechanical efficiency of 85 %. Tiv
measured fuel consumption is 160 kg of fuel in one hour and air consumption is 410 kg durnng one sisth
of an hour. The heating value of the fuel is 42000 ki/kg. Calculate (i) indicated power, (i) ML) s

(iv) indicated thermal efficiency and (v) brake thermal efficiency. (8 Marks)

WV e




o) None Answet
Far a 2-stroke diesel engine, an imcreasing in the Nash point of the fuel will

a1 Enhance the engine efficiency and performance
) Increase the combustion peak temperiture
¢} Reduce the combustion peak temperture
d)  Increase the combustion peak tempentise
¢) None. Answer
e tunction of the primary venturi in the carbureton system is
a)  Toenhance the volumetric efficiency
b) To enhance the fuel control
¢} To limit the AF ratio
d) All ofihe above
e) None. Answer
. The idle valve used at the end of the carburetor venturi is used:
u) Increasing the fuel content
b) Decreasing the fuel content.
¢) Control the air flow rale
d) Control the engine performance al high load.
¢) None. Answer

Q2: () It's known that the combustion products are removed from the combustion chamber in every

engine cycle. Explain how? (5 Marks)

(b) Define the knocking and the pre-ignition and misfire phenomena in 1C engines. (5 Marks)

Q3: Butane (C4H10) is burned with 150% excess air, Determine the air-fuel ratio and the equivalence

ratio. (4 marks)

pacity 2.495 liters has a bore of 94 mm and a c:mpmssxon
ith a torque arm of 0461 m,a lonfi of 62-.N was

If you know that the specific gravity of the
Jate the power, bmep, bsfc and the thermal

4 [ _stroke engine of 4 ¢a
Q4: A four cylinder, four-Strox ' )
catio of 12:1. When tested against a dynamometer l\; AP
obtained at 5000 rpm. The fuel consumgtlon was Ik Iéu
fuel is 0.735 and that its calorific value 15 44200 ki/kg, ca

efficiency of the engine at this condition (8 Marks).



d) sansiam

€) None

Magnetic pi
. c bic :
ek up coil und hall effect device are used in ignition systems in order 10:

RV >
\ \mplifly the outpat voltage of the 12V batter
))

9.

h.'”"““ the spark intensity to ensuse the Enition
€1 Control the ignition time
All of the above
e N(H'.C
10. compressive heating occurs within the combustion process in S engines due to?
a)  Increasing the compression ratio
b)  Increasing fuel-air misture temperature
¢) Increasing the ignition delay
All of the above
¢) None.
I Among ignition system types:
a)  Distnbutoriess system
b) Contact point system
<) Electronic system
W Allof the above.
¢) None
12. The speed of the Mame in the combustion chamber of S1 engine depends on:
a) The chamber geometry o
b) The fucl-air turbulence
¢) The ignition time
\) All of the above
¢) None.
13, The ignition system varies the spark timing based on the engine:
a) Load
b) Speed |

|
¢) Air fuel mtio
All of the above

¢) None
14. During a Morse test on o 4 cylinder engine, the following measurements of brake power were taken

at a constant speed.
All cylinders firing 3037 kW
Number | cylinder not firing 2102 kW
Number 2 cylinder not firing 2102 kW
Number 3 cylinder not firing 2100 kW
Number 4 cylinder not firing 2098 kW
The mechanical efficiency of the engine is ‘

{ a) 06.53% ’ 8107% ¢ 8407% Yd) 6822% ¢} None

Q2: A pickup truck has a five-litre, V6, SI engine operating at 2400 rpm. The engine has o
compression ratio of 10.2:1 and its volumetric efficiency is 0.91. The bore and the stroke are related

as L=0.92B. Calculate
. Stroke length (1 mark)
2. Piston bore (1 mark) r
3, Average piston speed (1 mark)
4 Clearance volume of one cylinder (1 mark)



5. Airflow rate into the engine (1 mark)
6. Heat transfer area (1 mark)

Q3: A four-cylinder petrol engine has a bore of 57 mm and a stroke of 90 mm. Its rated

speed is 2800 rev/min and it is tested at this speed against a brake which has a torque
arm of 0.356 m. The net brake load is 155 N and fuel consumption is 6.74 1/h. The
specific gravity of the petrol used is 0.735 and it has a lower calorific value, Q net, v,
of 44 200 k] /kg. A Morse test is carried out and the cylinders are cut out in the order
1.2.3.4. with corresponding brake loads of 111, 106.5, 104.2, and 111 N, respectively.
Calculate for the speed of the following;

engine torque, T (2 marks)

brake power, bp (2 marks)

brake min effective pressure, b.m.e.p (2 marks)
brake thermal efficiency, (2 marks)

specific fuel consumption, s.f.c (2 marks)
mechanical efficiency (4 marks)

oG




engine cycle. Explam How?

(3 Points)
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A WO C 14€ET, TOUr-StroKke gasoline engijne 1as
240 rpm, the torque developed was 11.86 kN.m
walfafats T - = & AF=taSrat=cal e - = O 2N
S Tour cylinger, Tour-stroke engine'of 8 CanaSiEaE.
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n 4-stroke Cl engine the intercooler
Is recommended for ?

The idle valve used at the end of
the carburetor venturi is used to ?

The function of automobile
catalytic converter is to control
emissions of

Carbon monoxide level is
maximum at which conditions

Which emissions cause
photochemical smog ?

The presence of nitrogen in the
products of combustion ensures
what ?

During the flame propagation in Si
engines, the produced work from



(@) The air-tuel ratio is determined by taking the ratio of thy
fo the mass of the tuel (Eq. 15-3), =) S

AF = (1632 X 476 kmol (29 kg/kmol)
My (BkmolX12 kg/kmol) + (9 kmol)2 ky/k
= 19.76 kg alr'kg fuel

(b) To find the percentage of thearetical air used, we need fo know if
retical amount of air, which is determined from the theoretical con
equation of the fuel,

Oy g = 8 + 4S—ay = 125



¢) None. Answer - -
K. For a 2-stroke diesel engine, an increasing in the fash Point of the fuel wils

a)  Enhance the engine efficlency and performance
b) Increase the combustion peak temperature

e Reduce the combustion peak lemperature,
d) Increase the combustion peak temperature,

¢) None. Answer ="
Y. The function of the primary venturi in the carburetor system i
@ To enhance the volumetric of ficiency,

b)  To enhance the fuel control,
¢)  To limit the AF ratio.
d) Al of the above.

¢)  None. Answer .
10. The idle valve used at the end of the carburetor venturi 15 used:
Increasing the fuel content.
b) Decreasing the fuel content.
€)  Control the air flow rate.
d) Control the engine performance at high load.
¢) None, Answer -

Q2: (a) It’s known that the combustion products are removed from the combustion chamber in every
engine cycle. Explain how? (5 Marks)
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what ?

During the flame propagation in Sl
engines, the produced work from
combustion will be ?
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Engine Cycles

Note: For problems 1-3, assume at all conditions that:
-c, = 1.000 kJ/kg.K

-c, = 0.714 kJ/kg.K

1- A 2.0 litre, 4-cylinder, gasoline engine has a
clearance volume (per cylinder) of 60 cm?. If the
induction conditions are 1 bar and 24°C, and the peak

temperature in the cylinder is 1400°C, calculate the

following on the basis of the air standard Otto cycle:
-Indicated thermal efficiency
-Peak pressure in the cylinder
- Specific compression and expansion work
-Mass of the air charge/cycle
- Indicated mep.

2- An engine is assumed to be operating on the air
standard Diesel cycle with an A/F ratio equal to 22. If it
has a compression ratio of 15:1 and the intake
conditions are 1.05 bar and 35°C, calculate the cut-off

ratio and the thermal efficiency of the engine. (Assume
that the calorific value of the fuel is equal to 42000
kJ/kg)

3- A gas engine with a compression ratio of 18:1 takes
in air at 1.01 bar and 20°C. Knowing that the maximum

pressure in the engine is 69 bar, and assuming that the
engine operates on a dual cycle, calculate the thermal
efficiency of the engine. Assume that heat added at
constant volume is equal to heat added at constant
pressure.



A four-stroke SI engine delivers a brake power of 442 kW with a mechanical efficiency
of 85 %. The measured fuel consumption i1s 160 kg of fuel in one hour and air
consumption 1s 410 kg dunng one sixth of an hour. The heating value of the tuel is
42000 kJ/kg. Calculate (i) indicated power, (1) frictional power, (i) air-fuel ratio, (iv)
indicated thermal efficiency and (v) brake thermal efficiency.
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¢) Nooe, Amswyge

Increase the peessure drop for the incoming air

A8 The foaction of the secondary ventun e the carbarelor system is
a) - To epiance the volumetric efficioncy.
J& enbance the fuel control
&7 To himsit the AY ratso

6 All of the ahove

¢) Nooe z‘\ﬂ\\uﬂ

Al sdie condititas 1he Bow rate thre
6 Increpsimp...

b)  Decrediiag,

G ODrcperdiog oo the fuel Now rate

d)

iy wigh the carburctor ventuari is:

Depending of the cogine ipeed
€)  Nonc. Antwer
In 4.3troke S) eagiae the int

CICCOler Is N recommended since it 3
) Increases the ignition delay signific antly
@ Decreang the igsition delay Significantdy q
‘{?} Increase/\be mican adsadatic flame iempersiure .
d)  Decrifesibe mean adiabatic Name tEmdCIature )
€) Nooe Asswer ——)

Q2 A petrol engine of CoOmpression ratio 6 uses o
18 3 »
. 3

al

fuel of calont
(O 1 # Fhe temperature and pressure of the charge a1 the end o
v ’ 8
!\“.‘K‘\.’(I\le.

speihe

¢ value 44000 k)kg. The fuel ai ratio is

f the suction stroke are 333 K and | bar

wessure in the cylinder if the index of compression is 1.32 and the

hcat at constamt volume is expressed by the relation (¢, = 0,71 + 20 « 10-3T) kg K, where Tis
the ierperature in K. (4 wnpare this \:I.t{(‘ With that of constant P heat com0. 11k "‘kg K. (10 "0"“5)
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Q3: Octanc (CSHIS) is bumed'with dry alr. The volumetric analysis of the products on a dry basis is, N2
\“z- 18%, CO;: 1002%, 9:75.62 % and CO: 0.88 % Detenmine the xir- foel ratio and the percentage of
theoretical air used in the provess. (10 Points)
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4.

rrect answer from the following (30 Points):

i ' : cle of 2-stroke SI engine has:
rison 10 the ideal cygle, the actual cyc ‘ :
:; w:'d‘,:lay in closing the intake valves in order (o increase the thermal efficiency,

& A constant heat addition since the cycle is similar to Otto cycle.
¢) Logger power stroke in order to get more energy.
A he above.
¢) Nonc. Answer. :
The actual compression stroke in 4-stroke gasoline engine starts:

4)  Immediately aficr the fuel and air get mixed in the combustion Chmmber: s
b) Near the'BDC while the exbaust vale is open to ensure that EGR gases are getting out.

TM (he compression stroke in gasoline engines starts after the BDC where all valves should §

clpn :

d) In the case of the SI engines, the compression stroke is variable since the spark will control the
combustion process,

€) None. Answer -

In the actual 2-Stroke SI engine, the combustion is injtiated before the TDC in order 10:

8) Increase the engine thermal efliciency.

b) Reduce the unburnt fuel content.

) Ensupé the optimum power stroke.

Alrof the above.

¢) None. Answer =ee | 2

Valves overdayis introduced in the actual engine cycles, this overlap:

2) Is dongby delaying the opening of the intake valves until all of the EGR gases escaped.

ﬂ/ Has s6me advantages (o the overall pecformance although; it can reduce the system efficiency,

3

¢). Control the combustion process by affecting the air fuel content within the combustion chamber.
d) All of the above,

¢) None. Answer x
Methane, Ethane and propane are examples of:
a) Alkenes S
b) Dienes
LR Cyclo-Alkanes
le)

©) H20 is not related t0 the HHV since the process is affected by the temperatus
d) H20in th  react with other compounds | 0 p

-------
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{ the <© pounds in the fuel.
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‘ PULLS Ans® T rcquimd for the fuel: '

¢ " olatitity »
N - : |
end cold stanng and acceleration characteristics

/ w ?, Tﬁb“” ,df.igni\ion remperature of the fuel,
g m e VO Smetric efficiency.
P Anofthe sbove
¢ No#e: ARYS for anvli'ucl can be defi
1l sd(.mixioﬂ ‘qxpeﬂ wch liac fuel-air mi : lmd.asz ‘
The tes0 . el-an ixture will ignite without any ext
! et hr.ch fucl-air mixture will reach at the end of the "MI cause

The! emperat ich the fuel-air mixiure will have the knockin jgnition delay time
Al of oAt & PISIOAR

) K ing €A be avoided ft?r Gasoline fueled engines by:
3) Limitiog the cgmprcssxon ratio.
' {flame speed within the combustion chamber.

/.
i number can affect the combustion process by:
==1%) |ncreasing the combustion peak temperature.

_ 3 /Drctcasing Zombustion peak remperature.
o) Increasin jgnition delay time. u
J Dec the ignition delay.
¢) Nonc. Answer__ :
14, Fora 2-stroke diesel enginc, a0 creasing in the flash point of the fuel will:

) Enhance the engine efficiency and performance.

d) Increalt the <smbustion peak (cmperature:
= 15. Engines with constant intake valve timiog affected mostly bY:
i ?WWM

¥, ed
-




16 A5 The

(AfF) = 15!
Ti233IN |
Py W/ L

rl"-"?.
('v1 L J‘

d)  Inkrease the peessure drop for the incoming air
¢) Nooo, Answer

A8 The §

vection of the secondary ventun e the carbarelor system is:
10 epiance the volumetric efficioncy.

J& enhance the fue! control

<7 To himsit the AY ratso

6 All of the ahone

¢) Nooe Answer

a)

19 A dle condititas the Dow rate through the carbaretor ventari ts:

&) Increpring..

b)  Decrediiag

¢)  Depending on the fuel fow rate

0) Depending of the cogine ipeed

€)  Nonc. Antwer
20, In 4.atroke S cagiac the intercooler is not recommended sance it 3

) Increases the ignition delay signific antly

b)  Decressq the Igsnon delay significantdy q

&) Increasethe mean adsadatic flamne sempersture .

d)  Decrifesibe mean adiabatic Name tenmdCHIture )

€) Nooe Asswer —)

Q2

A petrol engioe of SOmNESon a0 4 wses o foe] of calonfic val
ferperature and pressure of the Charge ot the end o
respectively.  Estmate the maxim

ue 44000 k)kg. The fuel air ratio is
{ the zuction stroke are 333 K and 1 bar

N pressure in the cylinder if the index of compression is 1.32 and the
spacihe heat a2 constant volume is expressed by the celation (o, = 0.71 + 0x 1057 kg K, where Tis
’

the termperature in K. Compare thi valge with that of conss oo f ‘ol oo ’
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Q3: Octance (CSHIS) is bumed'with dry alr. The volumetric analysis of the products on a dry basis is, N2
8348%. CO;: 10.02%, 0,7 S.62 % and CO: 0.88 %

Determine the air-foel ratio and the percentage. of
theoretical air usad in the provess. (10 Pounts)
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UNIVERSITY of JORDAN
FACULTY OF ENGINEERING & TECHNOLOGY
DEPARTMENT OF MECHANICAL ENGINEERING
Internal Combustion Engines (0954585)

First Semester Mid-Term Exam (2009/2010)
Date: Wednesday 9" December, 2009
Dr. Jehad A. A. Yamin Time: 90 minutes.

ANSWER ALL QUESTIONS (Q1 & Q2 = 30 minutes, Q3 = 60 minutes)

Q1: Chose the most correct answer(s). (6 Marks)
1. As the cut-off ratio of diesel engine increases, its thermal efficiency :

(a) Increases. (b) Decreases.

(c) Increases then decreases. (d) Does not change.

(e) Non of the abowe.

2. Pumping work is that produced :

(a) By the engine. (b) During the expansion stroke.
(c) During the exhaust stroke. (d) On the piston.
(e) Non of the aboe.
3. In 4-stroke engines, the engine completes one cycle in ....... Rotations of the crank shaft :
(a) Three. (b) Four. (c) Two. (d) One. (e) Non of the abowe.
4. In 4-stroke CI engine, during the suction stroke :
(a) Air and Fuel is admitted. (b) Only fuel is admitted.
(c) Only Air is admitted. (d) Air, Fuel and oil is admitted.
(e) Non of the above.
5. The volumetric efficiency of 2-Stroke engines are ............. That of 4-Stroke engines:
(a) Greater than. (b) Lesser than.
(c) Same as. (d) Double.

(e) Non of the above.

6. Replacing lean mixture with stoichiometric one, the spark timing has to be :
(a) Advanced. (b) Retarded.
(c) Unchanged. (d) Decreased by 10 Degrees.
(e) Non of the above.

7. Two stroke engines :
(a) Produce double the power of 4-Stroke. (b) Hawe stroke length lesser than 4-Stroke.
(c) Widely used as the consume lesser fuel. (d) Burns the fuel better than 4-Stroke.
(e) Non of the abowe.

8. Inthe starting of an Sl engine, .......... Mixture is used :
(a) Rich . (b) Lean . (c) Stoichiometric. (d) 10% rich.
(e) Non of the abowe.



9. The device used to enrich the fuel in the carburettor when starting at cold weather is called :

(a) Carburetor. (b) Emulsion tube.
(c) Throttle valve. (d) Enrichment pump.
(e) Non of the above.
10, oo, is the parameter that indicates how effectively the engine is conwverting the
converting the chemical energy of the fuel into useful work :
(a) Volumetric Efficiency. (b) Relative Efficiency.
(c) Mechanical Efficiency. (d) Thermal Efficiency.
(e) Non of the above.
11. The curve below Shows ...
9
12
Air-Fuel Ratio i
15 i
19| A B C D
22 :

Load (%)
Each one of the aboe areas (A, B, C and D) are dealt with by certain parts in the carburetor. State
them :
A) B)
C) D)

12. The stoichiometric Air-Fuel Ratio for gasoline (C8H18) is about :
(@) 5. (b) 10. (c) 12. (d) 15. (e) Non of the abowe.

Q2: State whether true or false and correct the false statement. (4 Marks)

Ram effect is the effect of fresh charge as well as the exhaust gas momentum.

Pumping losses are those losses occurred during the discharge of exhaust gases.

Two stroke engines actually develop 30% more power than four strokes.

The thermal efficiency of Diesel cycle increases with increasing the cut-off ratio.

Cut-off ratio is the ratio between volumes, which tells how much fuel is added.

Equivalence Ratio is the ratio of stoichiometric fuel-air ratio to the actual fuel-air ratio.
Volumetric efficiency is a measure of the performance of exhaust system.

If the air quantity supplied to the engine is higher than the Stoichiometric one, then the
mixture is called lean one.

N wWNE



Q32 A 4-Stroke 4-Cylinder S.I. engine develops 50 kW at 2000 rpm with CR = 9 at sea
level where it was calibrated. A Morse test was carried out on the engine and the

following data was collected: brake torque with each cylinder cut-off is T1= 164, To= 162,

T3= 160 and T4= 163 N-m, A/F ratio = 13.5:1, brake thermal efficiency = 25%, stroke-to-
bore ratio = 0.85, volumetric efficiency = 80% and fuel calorific value = 43000 kJ/Kg,
atmospheric conditions are 101.325 kPa and 25 °C.

List FOUR main factors that affects the operation of a carburettor then calculate:
(20 Marks)

Mass flow rate of air and fuel.

Power (Indicated and Friction).

Mean Effective Pressure (Brake and Indicated)

Specific Fuel Consumption (Indicated and Brake).

Specific Air Consumption (Brake and Indicated).

Indicated Thermal Efficiency, Mechanical Efficiency & Relative Efficiency,

Output per Displacement and Specific power (kW/m?).

Carburetor throat and jet diameters for Cda =0.75, Cdf = 0.575, fuel specific

gravity = 0.745 and pressure depression at the throat = 140 mm of water and that

at jet tip = 80% of that at the throat.

9. If this carburetor is used at an altitude of 5000m above calibrated conditions given
in the question above. How much will be the change in the A/F ratio delivered by
the engine and its enrichment percentage.

10. Make an energy balance for this engine if during this test the following
temperatures were recorded : jacket water temperature rise 26 °C, jacket water
flow rate = 65 kg/min. The exhaust was fitted with air-type heat exchanger and
gave the follwing data : air outlet temperature 55 °C, air inlet temperature = 25 °C,
cooling air flow rate = 15 kg/min.
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VQ‘\‘. Give short answers to the following.

. : i d state hQw.
@ State TWO factors affecting the volumetric efficiency anG > ER_y N on..
Factor (1) : .. T densiky .. ot Sosen. aharglee

ifect 6. Y Qe S | S
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: : d state how. {_\
@ State TWO factors affecting the operation of Carburettors an ; sont b able® O
Fact:r 1) : .o ..A.&‘m.mt,phm}/,‘......Cm.é.”\;\o,n.s.‘... (. oNee. a{:'}\:,b 2al.. I c-uwﬂ‘b‘)

Effect : acc"‘)”“\/ éL“S"Woﬁle
Factor (2) : ’\’ugpa(aa(: ...... . W
TP 4 o8 ’cl»%x{)m‘)

@ State TWO problems that caused carburetors to be eliminated
T RS =S L o Y. Abamos.h)

2...1..{51,.....(lmbl_cm,...o.ﬁl. 3 -gw%dﬁ} ........................
. XY

® Give TWO disadvantages of using Hydrogen as fuel fof S} engines

T I L T X o y. .............
3. Rl Y 2R 0. G ‘:f‘.!m().hy .........................................
® Give TWO additives to gasoline their effect. A 9‘ B ;

Additive (1) : ... Ankiox dandg

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

Effect - .'.Tm...mhox‘\c}.an}.s,.ykc‘....C.htmj.aﬁ!s,....?s().&éa k.. Su
Additive 2) : ...\ubDL canls

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

® Dissociation has the greatest effect during Lordrus, % ... process. d/

@ For the case of easiness in cold starting, the volatility temperature should be H/
= o

® To avoid the vapor lock in Spark Ignition engines, fuel volatility must be ...... \0.

@ If the carburetor is used at altitude§ HIGHER than that at which it was calibrated, it will give m /
mixture. > JLL
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62 (ABET Question): Answer the following. (20 Marks)J

—

2-1) A flexible-fuel four-gylinder SI engine running on a mixture of methanol and gasoline at an equivalence

ratio of 0.90. The mixture consists of 1 %_mithgnoland 90% gasoling byl@ :
R : (10 Marks)
A) Write the stoichiometric equation for this mixture. Find it's A/F ratio.
g) Write the actual equation and find its actual A/F ratio.
c) The ON of this mixture. e \ ], Py
p) The AKI and FS. Comment on FS value what it means. {\/\ O
flead to the mixture.
| ML | |n

E) What happens to part (C) if we add 0.4ml o
&, Y

F) What are the advantages of adding methanol to Gasoline? State v
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2) A d-stroke gasoline engine has engme displacement of 1600 ¢.c. The volumetric efticiency if75% dm\\
the air/fue! ratio is 13:1 at 3500 RPM. At this speed the theoretical air speed at throat is 100 m/s. ‘The
coefficient of discharge for the throat is 0.85 and that of the main petrol is 0.65. An allowance should
be made for the emulsion tube, the diameter of which can be taken as (1/3) of the throat diameter. The
petrol surface is 6mm below the throat at this engine condition. Take the specific gravity of fuel as f 150}
The atmospheric conditions as 1.013 bar and 20 °C, Rair = 0.287 kJ/kg-K, Fake compre lbl [Tex
into calculations. / (10 arks)
Calculate:
1) The pressure drop at the throat. v’
| -2) The fuel velocity and bi
3) Design suitable throat, fuel jet and emulsion tube dimensions.
l 4) The A/F ratio supplied by this carburetor ate 5000m above sea level. Take ¢ 1brated XIF =
5) The amounmifuelxn:,mhmentlenleanment at this height. Comment ortyour res
W= 2
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