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Answer All Questions:
QUESTION ONE_ (18 Points)
A rigid vessel initially contains 2 kmol of carbon and 2 kmol of oxygen at 25°C, 200
kPa. Combustion occurs, and the resulting products consist of 1 kmol of carbon

dioxide, 1 kmol of carbon monoxide, and excess oxygen at a temperature of 1000 K.
Determine:-

1-The final pressure in the vessel and the heat transfer from the vessel during the
process.

2- The irreversibility for the process
3-How do you explain the presence of CO in the product?

1=YnTS,->nTS,-Q., 5 =5r _Elng—‘mny,.

o

QUESTION TWO (5 Points)
Air (assumed to be 79% nitrogen and 21% oxygen) is heated in an SSSF process at a
constant pressure of 100 kPa, and some NO is formed. At what temperature will the
mole fraction of NO be 0.001?

QUESTION THREE (23 Points )

(a) Explain, briefly, how the Electronic Control Unit ( ECU ) calculates the precise
value of the mass flow rate of air..

(b) Explain, briefly, why the oxygen sensor ( lambda sensor ) gives erroneous data
during cold starting.

(¢) Explain, briefly, how the Electronic Control Unit ( ECU ) delivers the injected
fuel in proportion of the time during which the injector is open.

(d) Explain, briefly, how the Electronic Control Unit ( ECU ) manages the operation
of the Electronic Throttle Control ( ETC ) in Motronic Systems.

(e) A one-liter, two-stroke engine runs at 3600 rpm. The scavenging efficiency
is 0.6. Using the Perfect Displacement Assumption, calculate :

- the mass flow rate of fresh charge delivered ( kg/ min )

Then use the Perfect Mixing Model (n«= 1 - e ") to find the delivery ratio.
Assume reference conditions P, = 100 kPa T,=298 K

(f ) Prove that the residual-gas mass fraction x, in a spark ignition engine is given
by:

X, = v / Vs
where v; and vs are the specific volumes of the cylinder contents at the end of
compression and the end of blowdown, respectively.
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NOTES: - Answer all questions and assume any missing data
- Use sketches whenever suitable to illustrate your answer

PART : ONE
Question # 1 (25 points)

a. Draw a sketch representing a single riveted
double strap butt joint

p—250——

L | ]
L.ITJJ

(3 points)

]
b. State 2 advantages and 2 disadvantages of T !
. e F=20 kN
using adhesive joints (2 points) — /AL\/\\-/
¢. State 2 types of destructive and 2 types of F ! E .
nondestructive tests of weld joints (2 points) 48 B T
£ |
d. A rectangular steel cantilever bar is secured [ J_ | 60 200
by four bolts as shown in figure 1. Select a 1 — Oi = | = 6[0— —- S g
. - T |
suitable 12.9 c.lass bolt size. The 12.9 class 7 W e
proof strength is 1120 MPa and the factor of DT | ? A P
safety required for bolts is 4. (topoints)  ©| L 80——#80——{ Py I S S —

e. If the bolts are replaced by a 2 horizontal Figure 1
lines welds EF & GH select a suitable size of weld. Take the ultimate strength of weld material is

420 MPa and the required factor of safety is 4. (8 points)

Question # 2 (25 marks)

a. State the 4 types of belts (2 points)

b. How to minimize the chordal action effect in chains
(2 points)

c. What is the classification wire ropes according to

usage (state the classification only) (2 points)

d. The shaft shown in figure 2 transmits power from a
5 kW electric motor, through a leather V-belt to a fan.
The motor speed is 1200 r.p.m. The motor pulley is
200 mm diameter and the shaft pulley 2 has 400 mm
diameter. Select a suitable V-belt type and belt length.

(8 points)

e. If the belt drive is replaced by a chain drive having
25 teeth in the small sprocket, select a suitable Type A
chain size and determine the diameters of the
sprockets and chain length

(8 points)

f. What is the number of turns of a rope on a capstan needed for a person with 200 N pulling force to move
a ship with a 200 kN resistance when the friction coefficient is 0.3 (3 points)

Good Luck Dr. Ibrahim El Fahham Dr. Mustafa Elhadary !
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Stresses on bolts and welding

F F My Tr AR (A
Of = A’ Tdirect = A’ Obending = 5 ¢! Ttorsion = T' Omax = (—) + (E) e

a\? [ :
Triax = ('2") +12 , Fsh:\/@2+sz+2Fs.Fp.cosﬁ, rmax=Jrsz+rp2+275.1p.cosa

—— 2 2 1.2
pexg A=1414hb x;E _4d . _bd ._bBd"+b7)
y > 2 773 =3 . 6
i
Belts
F, — F. d;, —d,
——1 - 2 - - I
F, _F, e, o.=pVe, 0=180-2 Xsin 50
Heb_q (da+d;) | (dz—d;)?
V Belts: Power = (Oay —0c).n. A.V. g L = Sm‘;/z =2 E4 rid—ieg o
Coefficient of Friction of leather belt on Cast iron drum = 0.35 leather belt density = 1000 kg/m3
For leather belt can=2.5 MPa V Belt angle = 40°
Section A B C D E
Nominal Cross section Area (mm?) | 80 140 | 230 |475| 680
Wire Ropes
o @ Fy - 2 -
Fe= (o +wl) (1+g) s T Am= 038 d Fo=f Fe+Fp
Er.dw. Am S 2000 Ft
= e— u=
b D dD

Chains Selection
Design Power = Application Power x Ks  Corrected Rated Power = Rated Power x K x Kz
(N, +N) p (Nz_N1)2 p’ p
L=2C+ + D= ——
2 4n* C sin (180/N)

Driving machinery |Driving source
Internal combustion engine |Electric motor or Internal combustion engine
with hydraulic drive turbine with mechanical drive
Smooth 1.00 1.00 1.20
Moderated shock |1.20 1.30 1.40
Heavy shock 1.40 1.50 1.70
N Ki N Ki N i Ki N Ki Number of strands| Ko
11 0.53 17 1.00 23 1.35 35 1.95 | 1.0
12 0.62 18 1.05 24 1.41 40 2.15 2 1.7
13 0.70 19 1.11 25 | 1.46 45 2.37 3 2.5
14 0.78 20 1.18 26 1.57 50 2.51 4 3.3

15 0.85 21 1.26 43 1.68 55 | 2.66
16 0.92 22 1.29 28 L.77 60 2.80

Good Luck Dr. Ibrahim El Fahham Dr. Mustafa Elhadary 3/4



Dinensions of single stvand American standard Bolles chain (150 Type & )
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Answer the following questions:
QUESTION ONE (20 points):

A security camera is to be mounted on a building and will be subjected to wind loads producing an
applied force of Fo cos wt, where the largest value of F, is measured to be 15 N. This is illustrated
on Figure (1). It is desired to design a mount such that the camera will experience a maximum
deflection of 0.01 m when it vibrates under this load. The wind frequency is known to be 10 Hz
and camera mass is 3 Kg. The mounting bracket is made of a solid piece of aluminum, 0.02 x 0.02
m in cross section. Compute the length of the mounting bracket that will keep the vibration
amplitude less than the desired 0.01 m (ignore torsional vibration and assume the initial conditions
are both zero). Note that the length must be at least 0.5 m in order to have a clear view.

(I for a rectangular beam = bh*/12 and E for aluminum = 7.1 x 10'° Pa)

e Wind I_—"' x(1)

. _l: i n Fycos wt l__, x(1)
: ' Mounting

! bracket \

RRRNSE =5 ko= 3-5.!. =5 ——t= [ cOS wf
oo 3EI
i
e e
Figure (1)

QUESTION TWO (20 points):

A machine weighing 2000 N rests on a support as illustrated in Figure (2). The support deflects about
5 cm as a result of the weight of the machine. The floor under the support is somewhat flexible and
moves, because of the motion of a nearby machine, harmonically near resonance (r =1) with an
amplitude of 0.2 cm. Model the floor as base motion, and assume a damping ratio of { = 0.01, and
calculate the transmitted force and the amplitude of the transmitted displacement.

Rubber mount
modeled as a

stiffness & and .

a damper ¢

“Flexible floor

Figure (2)

177



QUEBTION FIEEE (13 poiints):

Anaveelerometer is used Lo measure the oscillation of an atrplane wing caused by the plane's engine
aperating al 6000 vpin. AL (his engine speed (he wing is known, from ather measarenients, o
gxpericnee 10-g acceleration. The aveelerometer measires an aeceleration of 10 m/s® 1 the
aveelerometer has a 0.01-kg moving wass and o damped natual fequency af 100 He Use the
difference hetween the measuied and the bnown aceeleration o ealenlate the damping and shiffiiess
parainelens assaciated with the aceclerameter.

QUES TION FOUR (20 points):

The schematic diagram of a marine engine connected (0 a propeller thiough gears is shown in Figaie
(34} Phe systein consists of the fywhcel, engine, gear |, gear 2, and the propeller This sysiein van
be mudelled as a twa degree of eedom model as shown in Figure (3-h). The Aywheel can be
considered (o he stationary (Maed), stnee 1is mass moment af neriia is very large compared o that of
ather rolurs. The nnguw altel the twi gears van be replaced by a stngle patar with a MAss Momen! af
iertia §y of RS0 ke’ The propeller mass moment of inertia 1z equals 1o 8OO0 kg-m?, The shan
lstiial stiffiess of shalt | and shaft 2 can be cale wlated as fullows

wheie h; i the tarsional stiffness, & the shear modulus of the shafi and equals BO GPa, d1s the shah
digmeter and 4 is the shafi lengih
Find the natwral equencies and mode shapes of the system shown i Figure (3-b) 1 torsional

vibwation. The nital conditions are f)?‘"[l O aid f)r’-—[ll ). Findd the vesponse of the sysicin by
wsting modal analysis,

lmgﬁu#

Cigas b A destl

Prapeles

. ll'-. y
/ Figus 2,
Flywhesl ) st " )
8l
G YT R S
00000 1 ‘_(ﬁ 000
LT by
: 7
f k)

Figare (40 Marine Engine Fropeller Bystem,



QUESTION FIVE (10 points):

Obtain the coefficient matrix of the transverse vibration of the beam shown in Figure (4).

0, G, 1,1

Figure(4).

QUESTION SIX (25 points):

What are the vibration equations used is static, dynamic and Modal Analysis in Finite
Element Analysis?

Explain the function of a vibration sensor.

What are the amplitude units of vibration measurement?

What do non-contacting displacement sensors measure?

What are the frequency ranges of the vibration measures?

What happens when the sensor moves or rocks relative to the machine during measurement?
In a new machine, what controls the initial vibration levels?

What is the problem with taking vibration data on guards and covers?

What is the purpose of examining frequencies in the spectrum?

. What is the data acquisition time for a 100 Hz spectrum using 1,600 lines?

. What basic parameters govern resolution in an FFT analyzer?

. What frequency is unique in gears?

. What are the problems involved in using charts such as Dresser Clark chart for judging

machine condition by using vibration measurements?

. What is the overall peak amplitude of vibration in Figure (5)? How does this relate to the

spectrum which is in RMS units?

RANGE: & dBY STATUS: PAUSED
Ar MAG GEARBOX_8/18/93 RMS: 10
s RMS = 2.55 gs
GS
o Ao o
STARTy O Hz
_Bs STORE!
10 : :
“ : . : : ahe
i\ AVRVAVAVAIR
-10 | ' . : ’ . : : v S
START: 0 Sec : §T0P © mSeo
X: 3250 Wz Yi 2.255 GSrms

Figure (5). Acceleration Data from a 10 MW Gearbox
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CHX Spac

CHX vavtra

19. The data shown in Figure (8) are from a center mounted fan on rolling elements. What is the
general fault indicated by the data? What are the possible mechanical causes?

CHX Spec

0.10¢

Satet

0.00

ave

0.8%5

CHX Wavfrm

0.0f

0 5000 10000 .

ki

ik LAL
e {

Ay ec_aof FAN # {1 F-I-A in IPS JAnalyzer Status
0.20; Woa-nawu i5: 40
S [Stoppeal

Averages i0
IRPM = 1791.7

15000

20000 25000 30000
# 41 F-I-A i ”

,'.k- y
PHASE= 293

0.00 0.10

values and Table 1.

0.20 0.30
Time in Seconds

0.40

Figure (8).
20. What is the condition of the exciter whose data are shown in Figure (10)? Use the RMS

0.50

n.rn-rm%m# ﬁ‘ﬁ:_é: :};:t: .18 ) Aep wwm.m..nm"‘""—.ﬁgi:?; :]",:;‘F%_E
mﬁ“ Hlindbﬂ: averagus 10 4
a.z20 mum:a"':so@u @ 0.10
B
0.10 m:&i Dnggg; b :n‘;m. :?953323
RAS < 202 l -~
e 'soce  focao  4s000 20000 25000 30000 s 5000 10000  £5000  @00p0 23000 30000
0.8 Naysform of EXCITER HA HOA in 1P 2
:
0.4 E 0.2
o.offl|ffh 3 oo
il [ oo S i i
500 hica ";f-a.- in Seconds s fine P4l il > e 1n: sasoride. i i
Exciter Bearing Cap Vibration - Exciter Bearing Cap Vibration -
Horizontal Direction Axial Direction
Figure (10)
Table 1. Vibration Guidelines for Condition Evaluation
CONDITION LIMITS
rms velocity peak velocity
Acceptance of new or repaired equipment| 0.08 0.16
Unrestricted operation - normal 0.12 0.24
Surveillance 0.12-0.28 0.24-0.7
Unsuitable for operation 0.28 0.7
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Vibration Analyst Category I Equations
g = gravitational constant, 386.1 in/s2
FOR HARMONIC MOTIONS ONLY
Velocity (in/s) v=D(2nf) D = peak displacement, in f = frequency, cycles/s (CPS)
Acceleration A = V(2nf) A =acceleration, in/s> 1 g=386.1 in/s?

FREQUENCIES
Bearing Frequencies .
FTE=(7)[1 - (2) cos CA] BPFL=(T)a [1 +(3) cos CA]
’ 2
BPFO = (Yt - (2)cos ca BSF= ()0 [1 -(%) CDS'ZCA}
FTF = fundamental train frequency CA = contact angle
BPFI = ball pass frequency, inner race {2 = machine speed
BPFO = ball pass frequency, outer race N = number of rolling elements
BSF = ball spin frequency P = pitch diameter, in
RPM = shaft speed B = ball or roller diameter, in
General Guideline Bearing Frequencies (for use in Fmax selection ONLY)
BPFO =041 x RPM x N BPFI=0.59 x RPM x N
FTF =0.41 x RPM BSF=0.22xRPM x N
Roll Frequency
v

f= e V = web velocity, ft/min D = roll diameter, in f = frequency, Hz

SIGNAL PROCESSING

RMS peak = 1.414 rms

Resolution

Resolution = (frequency span x window noise factor x 2)/ number of FFT lines

window noise factor = 1.0 for uniform window, 1.5 for Hanning window, 3.8 for flat top window
Data Acquisition Time (DAT) DAT = Number of FFT lines/frequency span

Default Frequency Spans '

Operating Speed =10 xRPM

Rolling Element Bearings =10 x BPFI

Fluid Film Bearings =10 xRPM

Valle/Blade Pass =3 X # Vanes/Blades x RPM
Electrical =3 x 2 x Line Frequency
Gear Mesh =3 x Gear Mesh Frequency
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Question One

a) Explain very briefly how a pressure sustaining valve in a pumping station can maintain pump operation
at its optimum operating point.

b) What is the function of air vents in underground tanks, and what is the criteria of selecting the number
and size of these vents?

¢) Explain very briefly what is meant by water network quality simulation?

d) Explain briefly what is meant by ‘Rigid Water Column Theory’

e) A horizontal pipe is supplied from a constant head tank and discharging to the atmosphere. If the valve at
the end of the pipe is suddenly opened, draw_clearly the pressure-time relationship that would be
recorded at the following three locations: (Assume Ideal Flow)

i. Immediately upstream of the valve
ii. Ata mid-point in the pipe.
iii. Near the tank.
f) What is meant by sudden valve closure? Explain your answer.

Question Two

Given the network shown in Fig. 1, representing a pump that delivers water from tank ‘A’ to the customers at
‘C’ and ‘D’ and to fill the tank ‘F’. The flow into tank “F” is controlled by valve “V” at the beginning of
branch EF, as shown in Fig. 1, where ‘r’ of the valve equals 2. The total heads in tanks A and F are 40m, and
50 m., respectively, measured from the same datum. The diameters and lengths of the branches are as
follows,

Branch | Diameter | Length
of pipe of pipe om,
(mm.) (m.) F 5,
BC 400 100 7 miisec
CD 300 50 5 méisec 5 //
DE 400 100 o
BE 300 50 @
EF 300 50 @
E A
The coefficient of friction ‘f* for all e
branches is 0.0‘0'3, and the resistance o R s
of branch ‘AB’ is neglected. = n—
The pump flow rate in branch ‘AB’
can be represented by the quadratic A
equation H = r Q* where, r =1 and H
is the difference in head before and after the pump.
Fig.1

a- Assume the initial flow rate in the branches is given as shown in Fig. 1 Find the flow raie in each branch
after one trial only, and then find the pressure head at point ‘D’ if the pressure head before the pump

immediately is 10m.
b- For the calculated flow rates, if tank F started to be full, valve ‘V” is closed suddenly, estimate the
minimum pressure in the branch ‘EF’ and predict if column separation would occur, if vapor pressure

equals —10 m.
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Valve closes linearly in 10 sec. and the elevalion of "E"™ 1s Zera
Oueatinn hiiee |
An ool Hanspuit ppe e aystein canststa al g pumping stalin (Pepisaeiibied by daiih ' 4 fablvwed by a nop
return valve ' ), an tsnlation valve '€ al a river crossing and tank 1Y representing the ik Fapi dl the eid of

fie line as showi i g | |
Pl pipe line is 300 fum digmeter, 10 ki, long and the coefhicient aF et 1= (05, The danlation valve '€

is loeated 0 the middle af the pipe lie

BT BT
4’ b]'-i P Y
) -
u‘mﬂ.we“.--' ‘f‘l o wu..,?“x tj,‘ Akl g
" ' i, | =i
‘_‘j\‘-"m W, "
Y. 2 V. ‘
JIP" Bl 00w
H big ?

If, for emergency isasons, you have o stup ihe How, which ol the Wllawing 1w accnarive willld you
choose

= boshiit dowii the planping stativi |u|linbuulc11 by clastng the monretuin valve B hnearly i 40 seconds
(I

ii- T elose the isolation valve 'C linearly 1n 300 sec, and ai a laier e shit dowiy the pump

Giiven the vapor pressige 1y = -6 m. ail al the working temperatire, neglecting all sseandary lusses dind
assuiming (he gravilational geceleratinn g L0 m/see? and the mastmum allawable head = 200 0, ml

Ouestion Vuus

g, 3 shows the croas section ol a parallel dise viseameter, which consists of twa elreular iorzonial disks,
gach ol radius 1 spaced by d vertical distance HE the gap s filled by a hguid of canstait viscosity | anid
canstant density . The upper disk is stationary, and the lower disk i fotated i a sicady angulal velodity won
the O divection. There is anly one nonzer velacily campaneit, vy, s the Bguid every where moves i eiieles

Y O aie la“il]m] [1%]

i Stmphily the general contingity equation in eylindiicdl coundinales ol ows dadioetha usandinaies
(i, 0, 2) an wlideh vy may "‘”l'ﬁlitl.
it Consider the O-momentinn souation, and simphify 1 by eliminating all zern wiy
i Substitute vy = wrfi2) o the bl!l‘iiilmuni et \:meli;m and detenmine the tal Ty of 14),
using the boundary conditiona al the upper aind lower disks.
1y fonplain biiefly the logie of assuming tiat the velueity the 6 direction is of the foin vy - wilté)
,i,_
i
! Creidar sk
i (Sfaltiuligiy )
I : |
[
g iI "
!
o e e ik
! I j (R eaipg with ai
ol ! 4;.E|l|.gl Vi ety )
=

i
“« R Paged of 3



Fig. 3

Question Five

The velocity profile of a steady incompressible laminar flat plate boundary layer of boundary layer thickness
3 is approximated by the following parabolic polynomial approximation

U [2 (%) s (g)z] fory<éd

U foryz &

It is required to:

(a) Derive expressions for displacement thickness and momentum thickness as functions of boundary layer
thickness.

(b) Compare the values of §*/8 and 6/3 obtained from part (a) with those of the Blasius solution.

(c) Is the parabolic velocity profile a good approximation for the laminar flat plate boundary layer or not?
Explain.

Question Six

(a) Explain what is meant by the Magnus effect.

(b) Explain why the surface of golf balls is deliberately dimpled.

(c) Wind at standard conditions (p=1.2 kg/m’) is blowing past a chimney 30 m high and 80 cin in diameter.
If the chimney fractures at a base bending moment of 486 kN.m, and its drag coefficient based on frontal
area is 0.5, what is the maximum allowable wind velocity to avoid fracture?

(d) Consider an aircraft that takes off at 190 km/h when it is fully loaded. If the weight of the aircraft is
increased by 20%, determine the speed at which the overloaded aircraft will take off.

1 v: Ladv
Integrated Form of Euler’s equation: — — (P, — F) = (Z,~2y) = e
w 2gd g dt
n-1
=
Hardy Cross method: AQ = ——Z——Q-‘-'-—Qﬂ;_—]—
. n!Qu
Boundary layer definitions: 6" = fo's (1 — %) dy ; 6= -;— J': (1 - 5) dy
ov, v, lov, O0v,
Lty —==
or r rof oz
Ovy OV Vo OV VYo . D 1op, vy 19v, vy 17v 20V, SC__e)

p(§t+v, or ! r 06 " r TV oz =pg,;—;0,,g+#( ar* r or r2+r7‘552-+r2 §H+ az*

== Good Luck Dr. Hassan A, Warda

Dr. Essam M. Wahba
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