circular inlet to the rectangular exit of the draft tube is 1:5, determine the
power lost due to friction in the tube.

If the turbine output power was reduced to 1.3 MW under the same
rotational speed, estimate the vacuum gage reading.

5-

A~

b-

(15 points)

T R R

Explain briefly, aided with appropriate drawings, why a needle valve is
recommended for controifing the discharge in Pelton turbine over a
throttle valve.

Sketch the energy conservation diagram for a Francis turbine to convert a
given hydraulic power into a usetul mechanical power.

Why a Kaplan turbine is more efficient than a propeller turbine when it
operates at part output power? Support your answer with the appropriate
velocity triangular diagrams for each.

Classify the positive displacement puraps and mention three types for each
class.

Sketch the total energy line along a hydraulic power station between the
water surface of a high-level reservoir and a down-level tailrace for three
cases of (i) free falling, (if) using a constant area duct, and (iii) using a
diffuser-shaped draft tube after the turbine runner to the tailrace.

(15 points)
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Please, answer the following questions {assume any missing data):-

1- A single-acting, single-cylinder positive displacement pump, driven at 0.4
rev/s, has a bore of 200 mm and a stroke of 500 mm. The suction and
discharge pipes are both 100 mm in diameter. The suction lift is 0.4 m and the
suction pipe is 3 m long. The water is discharged at a point 20 m above the
pump level by means of a pipe 260 m long, fitted with a large air vessel 20 m
from the pump. Calculate the absolute pump cylinder pressures at the (i)

~ start, (i) end and (iii) mid stroke times for both (a) suction and (b) discharge
assuming no slip at the pump and a friction factor of 0.032 for both pipes.
Take atmospheric pressure as 16.3 m.

(15 points)

VAR R Tl A AN

2- A Pelton wheel duven by tweo Mmllar ;ets tranlsmlts 3750 kW to the shaft
when running at 375 rev./min. The head from the reservoir level to the
nozzles is 200 m and the efficiency of power transmission through the
pipelines and nozzles is 90 percent. The jets are tangential to a 1.45 m
diameter circle. The relative velocity decreases by 10 percent as the water
traverses the buckets, which are so shaped that they would, if stationary,
deflect the jet through 165°, Neglecting nozzles losses, find, the efficiency of
the runner and the diameter of each jet. Take the mechanical efficiency of
the runner as 93.3 percent.

(15 points)

e — ————

3-Tn an inward-flow reaction turbine {F rancis turbine), the supply head is 12 m
and the maximum discharge is 0.28 m’/s. The runner external diameter is
twice the internal diameter and the velecity of flow is constant and equal to
0.15 V(2gH). The runner vanes are radial at inlet (§,=90°) and the runner
rotates at 300 rpm. Determine {(a) the guide vane angles, (b) the vane angle at
exit for radial discharge, (¢) widths of the runner at inlet and exit. The vanes
occupy 10 percent of the circumference and the hydraulic efficiency is 80
percent.

(15 pmnts)

4- A Kaplan turbine develops 2.6 MW under a net head of 7.5 m, it is provided
by an elbow type draft tube with a clircular inlet of 2.5 m diameter, the inlet
is set at height of 1.5 m above the tailrace level. A vacuum gage connected to
the draft tube inlef records a reading of 3.7 m. If the efficiency of the draft
tube is 78 percent, calculate (he turbine efficiency. If the ratio of area of a



pressure = 15 MPa, N hanical efficiency = 0.85,
Volumetric efficiency = 0.9

If the pressure is increased to 22 MPa, calculate the internal
leakage rate and the volumetric efficiency.

Question no. 3

I- Draw a scheme of a swash plate axial piston pump, explain

briefly its function and give an expression for its displacement
volume. '

2- Discuss the different constructions of hydraulic cylinders.
3- A piston pump with inclined cylinder block has the following

parameters:

No. of cylinders z=7  cylinder dia. d=10mm v =22 deg.
Pitch circle dia. D = 70 mm, n=3000 rpm  mech. Efficiency = 0.9
Hydraulic efficiency =1  input pressure = - 0.03 MPa

Resistance to internal leakage R. = 258 GNs/m®,

Calcuiate:

a- The geometric volume of pump.

b- The total efficiency of the pump at exit pressure of 10

Ihe maximum pressure in the delivery line if it is
completely closed, in the absence of any relief valves.

4- i the system shown below. Calculate the missing eperationat
parameters and the total system efficiency.
r v
. o . i f = 2000Ns/m v = 0.1 m/s
S g g = [
; |l i Piston dia, =65 mm Rod dia, =25 mm
R | 21 = [ Gz No internal leakage
j PSR Pi=9 P2=7, Ql=7 Q2=2
Il e — e — s et
S =
!_fk _I g__‘ D EaRY Q=6X 107" (ap)#
L, P3I=7
| Brae power losses in DCV = 9
S - Z
N el
)_/’f“‘-._ e
P i w IJ'IL'J = ,,-,
bl Power lass in FCV =2
.,';._1_ lL“_ﬁ" Cracking pressur =6 MPa
! = i
! il [
i i . - -
P - Vp =25 cmifrer
7 '.‘3:&"‘-.‘ n = 1000 rpm
i j Volumetric efficiency = 0.95
N/ -+ Mechanical efficiency = 0.93
I’ Hr : Pump flow rate = 2 motor power = ?

Good Luck
Prof. Dr. Khaled M. Saadeldin
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Remarks: (answer the following questions... assume any missing data... answers should be supported by
sketches. ..etc)

Question no. 1:
I- Compare between three different types of spool lands (over , zero and under
lapping) with respect to effective stroke, area, power loss, response,
characteristics and sealing.

2- Discus briefly the effect of the saturated vapor pressure on the function of
hydraulic systems.

3- Calculate the pressure at outlet of the pump of the following system, given:
Pump flow Q =20 L/min, oil density # = 850 kg/nt" , dynamic viscosityM =
0.0085 Pas, area of the throttling valve As=25 mnf , discharge coefficient =

0.611, dimension of lines : Di=15 mm | D2=10 mm D3 =12 mm
Lil=15m L2=3 m IL3=2m
el % | L2 I S—
/ ' i : ; §
/ | S L‘f 7
= g = | ey
i N ! r,l:::l-.....-, L 3 -

i " / i ar
' ' i s | W
L] I TJ Ll

Lol )
4- Caleulate the size of accumulator necessary to deliver 5 liters of
oil between pressures of 200 and 100 bar (gauge pressure),
charging pressure is 90 bars.

Question no. 2

t- Discus in detail the modeling of the hydraulic transmission
lines assuming lumped parameters. Derive the transfer
function matrix relating the input and output pressures and
flow rates.

- Explain the mechanical locking in hydraulic cylinders.

5~ Discuss the different mounting methods of hydraulic cylinders.

+ Caleulate: the  displacement volume, delivery pulsation
coefticiont, the max. speed of rotation, leakage flow rate,
resistance to internal leakage, input power and driving torque
of 4 pear pump of the following parameters: n= 1450 rpm,
Number of teeth = 12, module =3.5 mm, tooth width = 20 mim,
Pressure angle = 20 deg., Inlet pressure = 0.2 MPa, Exit

e




Continued

Question 3 [20 Marks]

A. Discuss how to draw the rotor and étator biade shape in an axial flow COmpressor.

B. Define the free vortex condition in an axial flow 'Compresfsor;

C. Airat 101.3 kPa and 288 K enters an axial flow compressor stage with a velocity of 150 m/s. There
are no inlet guide vanes. The rotor has a tip diameter of 61 cm, a hub diameter of 50.8 ¢m and rotates
at 6000 rpm. The air enters the rotor and leaves the stator in the axial direction with no change in
velocity and radius. The air is turned through 30° as it passes through the rotor.

(1) Construct the velocity diagrams at the mean diameter for this stage.
(it) Draw the shape of the rotor and stator blades.

(iii) Calculate the mass flow rate.

(iv) Calculate the required power.

(v) Calculate the pressure ratio of this stage.

Question 4 [15 Marks]

A. What are the differences between turbojet, turbofan, and turboprop engine? Why some turbojets

are equipped with an afterburner?

B. A turbo-jet engine travels at 216 m/s in air at 0.78 bar and — 7.2°C. Air first enters diffuser in which it
is brought to rest relative to the unit and it is then compressed in a compressor through a pressure ratio
of 5.8 and fed to a turbine at 1110°C. The gases expand through the turbine and then through the
nozzle to atmospheric pressure (i.e., 0.78 bér). The efficienctes of diffuser, nozzle and compressor are
each 90%. The efficiency of turbine is 80%. Pressure drop in the combustion chamber is 0.168 bar.
Assume calorific value of fuel as 44150 kJ /kg of fuel. Determine:

- 1) Air/fuel ratio.
ii) Specific thrust of the unit.

iii) Total thrust, if the inlet cross-section of diffuser is 0.12m?2.

Best Wishes.
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Question 1: (25 Marks)

A. In an axial flow gas turbine, obtain all the gas angles in terms of degree of reaction, flow
coefficient and blade loading coefficient.

B. Draw h-s diagram for impulse turbine and reaction turbine with degree of reaction 0%, 50%
and 100%. Show the difference between the rotor blade shape of impulse and reaction
turbine. |

C. Show by a neat sketch the variation of pressure and velocity through an impulse turbine and
reaction turbine. |

D.-In a single-stage axial flow gas turbine gas enters at stagnation temperature of 1100 K and
stagnation pressure of 5 bar. Axial velocity is constant through the stage and equal to 250
m/s. Mean blade speed is 350 m/s. Mass flow rate of gas is 15 kg/s and assume equal inlet
and outlet velocities. Nozzle efflux angle is 63°, stage exit swirl angle equal to 9° Determine

- the rotor-blade gas angles, degree of reaction, and power output.

Question 2: (15 Marks)
" A. Consider a two-stage turbine operating at steady state with reheat at constant pressure between the

stages. Show that the maximum work is developed when the pressure ratio is the same across each
stage. Assume that the inlet state and the exit pressure.are specified, each expansion process is
isentropic, and the temperature at the inlet to each turbine stage is the same.
B. Airis taken in a gas turbine plant at 1.1 bar 20°C. The plant comprises of L.P. and H. P. compressors
" and L.P. and H.P. turbines. The compression in L.P. stage is up to 3.3 bar followed by intercooling to
2.7°C. The pressure of air after H.P. compressor is 9.45 bar. Loss in pressure during intercooling is
0.15 bar. Air from H.P. compressor is transferred to heat exchanger of effectiveness 0.65 where it is
heated by the gases from L.P. turbine. After heat exchanger the Air passes through combustion
chamber. The temperature of gases supplied to H.P. turbine is 700°c. The gases expand in H.P.
turbine to 3.62 bar and air then reheated to 670°C before expanding in L.P. turbine. The loss of
pressure in reheater is 0.12bar. Assume: Isentropic efficiency of compression in both stages= 0.82.
Isentropic efficiency of expansion in turbines=0.85. For air: cp=1.005 kl/kg K, y=1.4. For gases: ¢p =
1.15 kl/kg K, y=1.33. Neglect the mass of fuel. Determine:
i) The overall efficiency

ii) The back work ratio

iii) Mass flow rate when the power generated is 6000k W.

Please Turn Over

Page 1/2




£

e T /
S A e

)
S LWF AW R 0 R W I‘MUI L4
S

U

[Fie. 3

4: (21 marks)
For the spherical manipulator shown in Fig. 4:
ay Given x,, y,, z, and d,, solve the inverse position kinematics to find 4,, &, , and «, .
b) What would be the value of &, if x_, and y, are zero?
¢) Ifthe wrist center does not intersect z,, how many solutions to the inverse position
Kinematics are available?
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5: (21 marks)
Consider the three-link cylindrical robot represented symbolically by Fig. 5. The frames are
attached as shown. Find:

a) The table of links” parameters.

b) The homogeneous transformation matrices, 4,, 4, and A,

¢) The transformation matrix representing the kinematics 7.,° .

Best wishes, Dr. Zakarya ZYADA
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¢
Please answer the following questions

Q1 (12 marks)

a) The veetor v with coordinales v = (0, _i,]_)?' is rotated about y, by Z— Find the
coordinates of the resuiling vector. .

b) Suppose that a rotation about the current z -axis followed by a rotation about the current y -
axis, [ind the resulting rotation matrix.

¢) Uind the homogeneous transformation matrix 7 that represents a rotation of ¢ degrees
about the current x - axis, followed by a translation of b units along the current x - axis,
followed by a translation of d units along the current z - axis, followed by a rotation of @
degrees about the current z - axis.

Q2: (10 marks)
a) Consider a three-link planar arm as shown
(o D-IT convention.
b) Consider the two-link planar arm of Fig. 2
D-1 convention. [ind the link parameters
malrix.

in I'ig. 2-a. Assign coordinate frames according

~b, wittx coordinate frames assigned according to
3and the forward kinematics Transformation

20021 marks)
Higure 3 shows a fixed universe frame, {U ;. aframe attached to a train travelling at 100 km/hr;

e } , and a frame attached (o a car travelling at 30 koi/br {C} . Both vehicles are heading in the

AN divection of {U/}. Therotation matrices Y R and 0 are known and constant. What is;
. f.l'(?:r -
) o Mg
clf '
y & Ol 3\
h) L 4 }“r,‘-.-'m)

L

b= : rr ]
<) { Cid
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- Brine blow down temperature = 35 °C

- Top brine temperature = 80 °C

- Terminal temperature difference in the condenser = 3 °C
- Thermodynamic losses = 2 °C

- The overall heat transfer coefficient for both the evaporator and condenser , U= 2 kw/m>.°C
Where;

M, A, = My Cp (AT +AT 0, +TTD,)

My A= M, Cp AT, = (Mf+Mcw) Cp (T ATy~ ATyoy-TTD - T,)
(LMTD), = (AT, AT 05t TTD J/In((TTD, AT, +A T i FTTDY/( TTD,))
(LMTD)¢ = (AT )/ In((AT,+TTDY/(TTD,))

PR = (ls )( ATS!)«" (( ATst +AT|',,,+TTD¢) (M)}

Table B.1: Varation in scawater boiling pont elevation (0} ax o [unction of

temperature ) upd selinity (o3t

e
Appendiz & Thermodynanic Peopertios 39 tempernture 0 1 2 3 4 5 [} T
10 U085 TOATE D258 DA D.ded OhAE 0659
15 0087 DATE D2GA  DAZD 0456 OLER 0562
13 DOHS IR0 D2TE 07D 0470 OBTE  0st
Table A.7: Variation in lntent heat of water evaporation in (kJ7kg) as u function 25 0.681 0086 D281 0381 DeEY 0593 0706
af temperature &0) a0 0094 0.12’6 0.000 0403 o.sng 0612 Mzz
S T T T M e o ot aie
Hent kdfkg) Steam Tabbes (/) Erpor 45 001 D207 A DAST 0BG OGBG 0.789
bl 24585 8 248958 DA 50 0I04  O2I% 0326 0443 0662 OGE4 0809
0 247193 247176 DooTIEH % D08 OFR0 G096 0456 0578 0T0H  08m
14 466,006 256597 VBBUTS 0 O.I}I um: 33’353' g.g g.:ilg g:;; 33%
; y p [ 0.5 02 55 0. . . )
2 be1s 2t Py epaosis 0 DHB 0241 0085 04 0827 676 08
a0 243007 243048 DD06178 5 OF2 025 HIFV OHIL LG 05T oo
; 5 ; 80 G124 0257 0381 04625 0660 0792 o8n
b 241843 28,02 0.007845 3 OHED 0265 0403 ORD DETT LD D438
10 24083007 2408.72 0.008854 50 0186 0274 0416 0555 D604 OBZE 0985
44 PEHEHE] 230477 0.000273 s 0.03% QU8 0427 OATI AT 084h 08T
i1 R3HZ 548 BAKETE DODRTAG 00 Bidd s g:;g &x g;ﬁg :E illgz‘af
55 70, Y ¥ s 0149 G800 4B . . ;
F) ﬁﬁgﬂg iﬁ;ﬁfﬁ glommﬁ;g: 110 0154 0811 RAST D619 0964 (LB 1LOIM
G5 236,119 T34, 21 2 0.00068
T 2333804 438384 (LAEL
" 2521.381 232137 BO00488
RO 20 B 2308.78 G026
a5 2208, 168 229605 0.005166
o0 2283.354 334300 0007102
%% BUTIRG 227019 OSBGOS
1o 22525 LERT A8 0.008%43
108 243,936 20437 DOIDHEH
10 2230.442 2230.2 0.010415
115 226,926 2218.9 00208
Tz 202 806 220261 (LONESOS
125 2188.66 2168.5 0.007316
130 2174278 7417 0.004889
135 2159643 2159.60 0.002441
140 2144.748 2144.76 0,000
145 L189.578 212066 000334
140 214,025 2114.26 0.006395
Lat 2098474 208807 QO0EIES
160 FORZ.313 2082 58 OO1187
166 2008931 G2 L 0018459
(4] HH.210 20085 0.013838
1 2032457 203342 Q01495
160 200474 201495 00402
145 1885955 198707 0005742
T4 1897879 17876 PREG R
195 R0 252 1960 0011812
200 1941, 260 1840.75 0026741

Good luck
TALAL
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1-a) For desalination by reverse osmotic (RO) define the following terms; Osmotic pressure,
Operating pressure, Salt rejection (SR) and permeate recovery.
b ) Design a single stage RO desalination system by calculating the permeate salinity, the
brine salinity, the brine flow rate and the membrane area,
Water permeability is 2.05x10°° m’/m’.s.Kpa, salt permeability is 2.03x10"° m*/m%s.Kpa.,
feed salinity is 34000 ppm, feed water rate = 2.5 kg/s, permeate flow rate = lkg/s, feed
pressure = 5000kpa, reject pressure = 4800 kpa and permeate pressure = 101kpa.

2- For a single effect evaporator, prove that

2’.!‘

PE= e 5

A, +eplT, - T, ))E—fX_ #il upi BEE

b f b f

A single-effect evaporator generates a distillate product at a flow rate of 1kg/s. The system
operating temperatures are as follows: The boiling temperature, Ty, is 90 °C, The feed
temperature, Ty is 85 °C and The steam temperature, Ty, is 102 °C . Determine the heat
transfer areas in the evaporator and the condenser, the thermal performance ratio, the flow
rates of feed seawater and reject brine, and the flow rate of cooling seawater. Assume that the
specific heat of seawater is constant and equal to 4.2 kl/kg °C. Assume that, the overall heat

transfer coefficient for both the evaporator and condenser , 2.55 and 2 kw/m2.°C respectively.

3- For a single effect Mechanical vapour compression, describe the operation procedure, write
the mass balance equations, evaporator thermal balance, heat exchangers energy balance,
specific power consumption and draw the temperature profiles in evaporator and feed heaters

Non-Candengable
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4-  Calculate the performance ratio, specific heat transfer area, specific flow rate of cooling water,
conversion ratio, and salinity of brine blow down for a single stage flash desalination unit operating at
the following conditions:

- Feed salinity = 45000 ppm

- Feed temperature = 25 °C

- Heating steam temperature = 90 °C

- Production capacity = 1 kg/s



_QS: (20 mar:i{s)
a) Explain and sketched the open and closed cycle of cooling water used in condenser.

b) Load curve can be supplied either by hydro station or steam station. The following data
is available:

| Hydro Steamn

| Capital cost kW Rs 2100 Rs 1200

| Rupning cost kWh Rs 0.032 Rs 0.05
Interest and depreciation | 7:5% 9%
Reserve capacity 33% 25%

Find:
(a) At what load factor would the overall cost be the same in both cases?
(b) What would be the cost of generating 40x10° kWh at this load factor?

04: (25 marks)

a) Explain and sketched the forced and induced-draft systems, why the balanced draft
system is preferred over the forced and induced-draft systems.

b) A power plant supplies the loads as tabulated below:

Time hr 6-8 8-9 9-12 12-2 2-6 6-9 9-1 1-6
|Load kW 1000 | 2000 | 3000 | 2000 | 2500 | 20006 | 1000 | 500

a) Draw the load curve and find the load, capacity and use factors for power plant

If the load curve is supplied by numbers of power plant are available capacity 1000 kW
and 500 k'W.

a) Choose the number and capacity of the plants to supply this load

b) Find the operating time and use factor of the plants selected and show the
results in table

Best wishes, Dr. elsayed elagouz
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Try all the following questions

Allow to use the table and chart of steam

Q1: (20 marks)
a) What the sources of air leakage into condenser, briefly state the effects the air leakage

on the performance of a condenser.

b)A steam power plant operates regenerative Rankine cycle with two open feed water
heaters. Steam enters the high-pressure turbine at 10 MPa and 400°C and the low-
pressure turbine at 5 MPa. The condenser pressure is 5 kPa. The efficiency of the high-
pressure turbine is 90 % and the efficiency of the low-pressure turbine is 85 %. Feed
water leaves both heaters as a saturated liquid.

Show the cycle-on a T-s diagram with respect to saturation lines and find the

condition of heaters

02: (20 marks)
The following data is available from a trial of a steam boiler.
Feed water temperature = 70°C
Feed water supplied = 4150 kg/hr
Steam pressure = 12 bar, dryness fraction of steam = 0.98
Coal fired = 460 kg/hr
C.V. ot dry coal = 42000 kJ/kg
Moisture in coal = 4%.
Temperature of the flue gases = 2850°C.,
Temperature of boiler house = 25°C.
Barometric pressure = 1 bar.
The ultimate analysis of coal is C = 86%, H, = 4%, Ash = 5% and other mailer = 5%.
The analysis of dry flue gas is, CO, = 10.4%, CO= 1.2%, O2 = 9.1% and N, = 79.3%.
Determiner:
{a) The capacity of the f-d fan, in kg/m if atmospheric conditions are 25C, 1.01
bar, and a relative humidity of 60 percent
{(b) The capacity of the i-d fan, in kg/m, if the exhaust gas is at 290 °C and 0.912
bar

{¢} Draw the heat balance sheet on 1 kg of coal used basis dry.
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