LSl (5 8 duria ¢ pudl)
2023/2022 (A Ll jill Juaadl] dlgs el
45975 & Adlgih A
MEP3209 : il 33
clelw 3 oladayl )

658 1Sl ALNEY .48 3l () &l S jaa salall
O Baalg 4B g s olatayl Cladia sae 2023/6/11 ) :claia¥) g U

Jall Auabll iy (ol (yia 8] g (Sl LalS a1 22800

(4,215 ) -2 Ja¥1 Jisesd)

s'egut}aA,J;Ja,\uazjsgbdﬁyuym)uémmgﬂﬂFC,&_\ (!

.L,M\U_wlsu,?(osjihxgny)_@uxMﬂéuﬁmiwqmuﬂ\e&;wejygum)ssi (<

fblbaiall ety 4y s Jagall (5 Sl Lpapacatll cdantll Q3 o5 Selllaiall 03gs Jaseudl
' ol Ll Lo o8 (g 5581 SN (31 5a Y1 S e 5 il 0 DA (e (2

O el 5 jitaall st Jpadil) SN A (A/F A ) Japlalh il -
LAl 3 a8l da s i, gilall Jha

LAY 4 sl xie Jaruzall (58

M&,L\,uiébhyu_a}alsd}ﬂ!au)ugcﬁg!&g =

(4,225) @ A8 Jiged)

LhidaasD Laiiue a1 : Bab e Al aadl 1) 358l slaad (S 1Y) Jaall sl
;QAJS?‘J.';L.:“M:JJL_\“&S)‘AY\;qm&gﬂiﬂ\éqqsaujivcﬁj(g
KE-Jetronic b (uih s & jaa - ST g A3y S -

e Sl e 28 (2
K-Jetronic 5l b (n3u Uis & e Gli 3 (Fuel accumulator) 358 s i Jea iaia -

el o 3all (S ae e US 8 (Combustion Rate) Jai¥l Jine iaie - -

I3l o jae i el JleisY) sl dide

(420215 ) -: &) Jipu

m.h_;ls]tgj.xjsjlil_mzalejg;ésﬂ\‘,LA.A.\,.;;,JIJJJL,L}L,_&\JMPUJ};\,wg_xubyu@mx?.&%(‘
PO PEPA N KPR ) K-Jetronic adai 8 JalSll Jaall 4 slaia oA 5 el GlA clati
il e e (A il L o oT e AaY) el el s S5 (o

Sl olad) - S oSS -
f 51 SO Llad) @l e g gy Aliaall sl Cilia g1 il a1 w53 23 €0 aall s e gl il 3 (z

page No. (1/2)




(%2,420) -: il Jsud)

$ i) ki Llcas¥) 4006 33 vie g St (838l / ol sell A s sl (|

(ps 100 4o Jo sl Jsha g can 90 4lil shan) Sl ecnill phans) A 53 Lol 51 ooy ) 5180 Jlad] a0y Gl i) & jmae (2
558l 5 JaSall clal (Laatl 45 ) gall (i ga aldai padinng o jaall 13l DA L) oy Aids /481 3000 & sl o)) )53 e
A Qo Gay ks die o jaall el caalid @l g 5 515 e JalSI Jaslh pUsil o i M)

A4 (BHA Aat aic Y
il 5S40 Agda_ill 508l 5 | Aol ) S/an 280 = 285l DY Lo sl Janall | 0 =1.185 S ¢l sell Jalaa -
ALS 3 A8 aie (Ll

L_ﬁj)u‘.hcLwO.gW‘B;uSMJ’u\ﬁ70@a)ﬂ15)ﬂ‘J’a¢uQ|)§/?;320Jﬁ)&‘;ﬂi&&uy‘s&}\nd.\d‘_
2305001

0.8 Ll Gic dio ol sell G pead Jalan | 3p/a3K 730 pastiuall 358,10 28U - ¢ A
yee S Al dd e Bad et | 0.9 bl oy cla b 8ol G sl dalas
PO QW I B ER P PR P SV SR, LI R ER

&1/ 5 100 AN 8 o) sell Gl Ao s HST C8HIS 25850 Alaastl) dipall
sl

(pao) BN 3 k|

(p=) L)1 5all gm0 i 5 a8 e

() A Janl i a3 15

JASH Jaall aie 25130 o8 gl Jalaa -

ALY g

Gl el cilial) qubl aa
LAY daall e (gl [af

cabiall o pandl 5l oY) alil Aday)
Ulal) 4l S 35 jaee ciladle (gl i Y



Mechanical Power Engineering Department
- Faculty of Engineering
r2 & Tanta University
Final Exam : Course Title: 34 Year
Course Code: MEP 3214 Thermal Power Stations No of Pages: 2
Date: 18 June 2023 Full Marks: 85 Allowed time: 3 hours

Request from the Exam Committee: Students are allowed to use their steam chart and tables;
however, students are not allowed to write in or exchange these materials.

Notes for Students: Answer all questions. Neat and clear answers will be appreciated.
\_—“;' ———— '_-—_'"—-_-—-

Question No. 1 (25 Marks):

i 1.1) Give the scientific expression of the following statements:

a) The generated power from 1 kg/s of air flow in the power station.

b) The rate of fuel consumed for producing a power of 1 kw from the turbine.

¢) Itis used to describe the elemental efficiency of a differential stage in a process.

d) A method used mainly to decrease the fuel consumption in the gas turbine power station.

e) A method applied for increasing the power of the turbine through increasing the mass flow rate
expanded inside it.

1.2) An open simple gas turbine power plant is coupled to an electrical generator and uses 22.8 kg/s air.
The pressure ratio is 4.2, Maximum and minimum cycle temperatures are 714 °C and 27 °C
respectively. The compressor isentropic efficiency is 80% and the turbine polytrophic efficiency is
84.5%. Mechanical and generator efficiencies are 90% and 98% respectively.

a) Draw the layout diagram of the gas turbine considered,

b) Represent the cycle on the T-S diagram,

c) Calculate the cycle efficiency,

d) Determine the isentropic efficiency of the turbine,

e) Find the output power in kw, ‘ _

f) Calculate the S.F.C, assuming the combustion chamber efficiency to be 86.7% and the C.V of the
fuel used is 42000 kJ/kg, : -

g) What will be the cycle efficiency with 75% regenerator effectiveness. -

Question No. 2 (25 Marks): R

2.1) Assign if the statement is correct or incorrect. Give reasons for your answers: ,
a) In a simple ideal gas turbine power plant, the optimum pressure ratio for maximum output power
depends on the type of the working fluid, while the corresponding cycle efficiency is absolutely
independent of the operating medium. :
b) The specific heat ratio of monoatomic gases is lower than that for diatdm;'c gases.

2.2) A regenerator is to be designed for an open cycle gas turbine set consisting of a two-stage compressor
" with inter-cooling and a two-stage turbine with re-heating. The turbine stages are mechanically
independent. The H.P.T. drives the compressor, while the L.P.T. provides the power output.
Assuming the following data apply at the design operating conditions, estimate the required thermal
ratio of the heat exchanger and the allowable gas-side pressure loss, if the unit is to have a specific
output of 178 h.p. per kg of air per second and thermal efficiency of 30%.




- Pressure ratio in each corhpressor stage =2.5.

Isentropic efficiency of each compressor stage = 85%,

- Isentropic efficiency of each turbine stage = 85%,

- Pressure loss in the air-side of the heat exchanger and the combustion chamber = 0.275 bar.
- Pressure loss in re-heating combustion chamber = 0.136 bar.

- Pressure loss in the inter-cooling = 0.068 bar, .

- Temperature at inlet to both turbines = 1000 k.

- Temperature after Inter-cooling = 300 k.

- Ambient temperature = 286 K.

- Ambient pressure = 1 bar.

- The alternation in mass flow rate d.ue to fuel addition is to be neglected. Take for air ¢, = 1.005
kJ/kgkandy=1.4. ' ‘

-

+ Question No. 3 (19 MarkS):

- 3.1) State three benefits of the reheatfhg process in steam power stations?

329Ina regenerative plant, initial steam conditions are 28 bar and 400 °C. Exhaust pressure is 25 mm
Hg abs. And the dryness fraction is 90%. Steam is bled for heating the feed water at two points such
that the enthalpy drop is divided equally before first extraction, between bleeding points and after
second extraction. The condensate from each heater is pumped into the feed line on its boiler side.
Assuming a straight-line expansion in the turbine and ideal conditions at each heater exit, determine
the bleeding pressure, the thermal efficiency, and the turbine internal efficiency.

Question No. 4 (16 Marks):

4.1) For a simple and ideal Brayton cycle, draw the T-S diagram and then drive a relation of the optimum
pressure ratio for maximum output power. '

4.2) Drive a relation between the isentropic efficiency and the infinitesimal efficiency for a compressor;
support the answer with T-S drawings.

End of the questions TR
Best of Luck Dr. Farid Hammad
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TANTA UNIVERSITY

FACULTY of ENGINEERING
DEPARTMENT OF ELECTRICAL POWER AND MACHINES ENGINEERING
EXAMINATION (THIRD YEAR) STUDENTS OF MECHANICAL ENGINEERING

1-a) A 2-wire DC ring distributor is 300 m long and is fed at 240 V at point A. At point B,
150 m from A, a load of 120 A is taken and at C, 100 m in the opposite direction, a load of
80A is taken. If the resistance per 100 m of single conductor is 0.03 €, find:

(i) current in each section of distributor

(i) voltage at points B and C (10 Marks)

80 A

1-b) Cginpare between 3-wire and 2-wire DC distribution syst‘ems? (10 Marks) °

1-¢) A 2-wire DC street mains AB, 600 m long is feed from both ends at 220V. Loads of

20A, 40A, 50A and 30A are tapped at distances of 100m, 250m, 400m and 500m from the

end A respectively. If the cross-section area of distributer conductor is lem?, find the
minimum consumer voltage take. p=1-7 X 10°° Q cm. (10 Marks)

1-d) Define with writing equations Reserve power, Capacity factor, Diversity factor and Load
factor? (10 Marks)

Pagel/2
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Q2: (25 Marks)

A. Define the following:
1- Sag 2- span 3- Break down voltage.

B. A string insulator has 3 units, and each unit has a safe working voltage of 15 kV. Find the
maximum line voltage on which it can be operated safely and find the string efficiency. The
ratio between the capacitance between each unit and capacitance between each unit and earth

is 10:1.

IQ3: (20 Marks)

A. Explain using phasor diagram the Ferranti effect for representation.

B. A 30 MW and 0.95 lagging power factor balanced load receives power through 100 km long
three-phase 50 Hz transmission lines. The load terminal line voltage is 66 kV. The transmission
line parameters per phase are R = 0.2 Q/km, X1=0.5 Q/km and Y= 0.06x10* Q-!/km. Calculate

the following: Consider the nominal T-model

1) Sending end voltage

2) Voltage regulation

3) Transmission efficiency.

4) Draw phasor diagram for this load.

Good Luck

Course Examination Committee:

Assdk.'P_rg'ofi."Doaa Moktar Assoc. Prof. Samir Dawoud
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section with a constant cross sectional area of 0.8 m2. The throat and exit cross-sectional  |I- Question No. 5: (20 Marks)

. 2 2 . . o f

areas of the diffuser are 0.65 m” and 1.0 m?, respectively. Determine: A constant area combustion chamber (in the shape of a duct) is supplied by air via a

A) the maximum possible Mach number at the test section, convergent intake section from an air free stream which has velocity of 82 m/sec,

B) the minimum allowable diffuser throat cross-sectional area, | temperature of 228 K and pressure of 73 kPa, as shown in the figure. The convergent intake

C) whether or not a supersonic flow can be obtained at the test section, has an area ratio of As/A; = 0.5, and it is assumed that the configuration handles the

maximum possible amount of air, meanwhile the back pressure is very low so that it cannot

D) the back pressure for the worst operating condition,
- =) theback prgssure to choke the flow at the throat of the nozzle, . -~ - affectthe flow inside the configuration. ‘ T
F) the back pressure for the best operating condition, and , ' ' Q

G) the ranges of back pressure for the subsonic, nozzle shock and diffuser shock flow regimes. T,=228°C

P= 73 kPa

Question No. 4: (20 Marks) : V.= 82m/s

Air flows steadily from a large reservoir at To = 313 K and Po = 300 kPa, through a convergent

divergent nozzle into a friction pipe with a diameter of 0.06 m, a length of 2 m and an average Bucvitwhichinatis

friction coefficient is f = 0.005. The flow is considered to be isentropic when followed into the added

convergent divergent nozzle and reached supersonic condition at the inlet to the friction pipe. A) On an h-S diagram, draw suitable Rayleigh lines (at least two lines) to represent all possible

A) If the flow finally reaches a sonic condition exactly at the exit section of the pipe without flow conditions when different amounts of heat (Q) are added. On the diagram show the

. . . ot ; ;
any shock waves either inside or outside the pipe, determine the throat diameter of the gtatyses jat sections, 1, 2,3, 4 @s ‘well as cheking condltions and give Apprapriate

explanations.
convergent divergent nozzle as well as the inlet and exit flow conditions of the pipe and g

the back pressure. If the heat is added in the combustion process at a rate of 90 kl/kg, determine the exit

conditions.
B) If the pipe length is reduced to 1.75 m while all operating conditions are maintained same

as in case (a), including the back pressure, what will be the exit flow conditions. etermine the maximum rate of heat that can be added without changing conditions at

the entrance to the duct?

C) Forthe 1.75 m pipe what should be the back pressure to create normal shock wave in the i _
: ) ) ) o Suppose that sufficient heat can be used to raise the outlet stagnation temperature from
midway of the pipe. Determine the exit flow condition in this case.

the chamber to a required temperature limit of 1600 K. If, also, the back pressure is very
D) Sketch the pressure distribution along the configuration for the above three cases and also | low so that it cannot affect the flow inside the configuration, determine the parameters

represent all of them on a Fanno line. which characterizing the flow in this case.

END OF QUESTIONS With best wishes, Or. Kf. Kfodary.
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Notes: & E) Demonstrate why supersonic diffusers are commonly used in air breéthing engines as the

o Students are allowed to use their Gas Dynamics Tables “turbojet and the ramjet. What are the shortcomings of the supersonic fixed geometry

i P when used as supersonic intake diffusers in jet engines? (3 Marks)
pé Laldd 455\ Salisal) 3aba Jghan aladiudy coUall manss @

For variable geometry supersonic diffuser used in a jet engine, if the design flight Mach

 Answering question number 01 is compulsory, while you can choose to answer number M-=3.5, determine the required inlet to throat area ratios and the limiting Mach

only 3 questions from 2 to 5 to get the Maximum grade of 83. , 1. numbers values for starting up the jet engine. (4 Marks)

T SR ST 2 e ki Al 3 o LlaY) LI iy Ly « q..usole.m\,..n‘,ssqum .
(4)ul.\.u?\uuuhhaé&-QJJSS@J@M\QJ&“

Question No. 2: (20 Marks)

Air flows steadily from a large reservoir at To = 37 °C and Po = 100 kPa into a supersonic

Question No. 1: (25 Marks) | convergent-divergent nozzle. The nozzle is designed to have an exit area of Ae = 0.2 m? and
A) Briefly define the following (use appropriate sketches if any): stagnation condition, design flow rate of 15 kg/s.

maximum speed, critical speed of sound and steady flow adiabatic ellipse. (4 Marks) | A) Assuming steady one dimensional isentropic flow, determine:

An aircraft is flying horizontally at an altitude of 5 km at a constant velocity of 750 m/s.
The atmospheric air is assumed to be isothermal with a temperature of 20 °C. The aircraft
passes directly over an observer who is stationary on the ground. Do you suggest that the
observer will hear the sound of the aircraft before or after it passes directly over him?
Determine the time period from the overhead position of the observer before or after the

sound of the aircraft can be heard by the observer? (5 Marks)

Using suitable diagrams, demonstrate the operational performances of a convergent

divergent nozzle for a fixed inlet stagnation condition and various values of pack pressure.

I 1/RT
4 —— versus Pv/Po)
AP

o

(Hint; required diagrams include: P/Po versus X, Pe/Po versus Pv/Po and

{6 Marks)

For a subsonic flow entering a convergent duct will the exit Mach number may exceed
more than unity, and/or, for a supersonic flow entering a convergent duct will the exit
Mach number may decrease less than unity? Proof your answer. (3 Marks)

2/ A

A.1) Exit Mach number, back pressure, exit velocity, exit pressure and exit temperature
at design condition;

A.2) The lowest back pressure for which there will be no supersonic flow on the nozzle;

A.3) The back pressure which cause a normal shock wave at the nozzle exit section;

A.4) The back pressure which causes a normal shock wave at the mean average section
between the throat and exit area of the nozzle. If this back pressure is applied,

determine the values of exit flow velocity, Mach number and temperature.

If the convergent divergent nozzle has an efficiency of 90%, determine the actual values
of mass flow rate, exit Mach number, back pressure, exit velocity, exit pressure and exit

temperature.

Question No. 3: (20 Marks)

In a fixed-geometry wind tunnel, air is drawn in by means of a fan. The stagnation
temperature and the stagnation pressure of the supply air are 300 K and 100 kPa,

respectively. The nozzle has a throat cross-sectional area of 0.4 m? and discharges into a test
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Remarks: Request from the Exam Committee:

Kindly allow students to use their Refrigeration and Air-Conditioning Tables and Charts; however
students are not allowed to write in or exchange these materials.

Notes for Students: Neat and clear answers will be appreciated. Assume any missing data.

Question Number (1)

[16 points]
a) Show with details the theory of operation of the two types of desiccant materials. List the benefits

- of desicgmt Sygtems. Also, explain the methods of dehumidification capacity control in®
desiccant Systems. -

[06 points]
b) Sketch a winter air conditioning system consisting of air preheater, air washer and air reheater.
Part of the recirculated air is admitted (4142 A1) as return air before the air washer and the rest is
by- passed after the air washer. Now if given inside air conditions 26°C db & 50% RH. Outside
air conditions 4°C db & 70% RH. Fresh air 1700 m’/hr, temperature of air leaving air preheater
10°C, relative humidity of air leaving air washer 95%, temperature difference between supply
air and circulated (return & by-pass) air 7°C. Equal masses of fresh air, return air and by-pass air
are used. Calculate: 1- Capacity of air preheater. 2- Capacity of air reheater. 3- Internal heating

load. 4- Make-up water in L/h. [10 points]

Question Number (2) [16 points]

a) What is meant by the heat storage effect? Illustrate with detailed sketch the concept of the heat
storage effect. [04 points]

b) The sensible heat gain of a hall is 24 kW, and the latent heat gain of which hall is 6 kW, that
hall is to be maintained at 26 °C dry-bulb temp. and 50% relative humidity. 1000 L/s of outdoor
air at 36 °C dry-bulb temp. and 24 °C wet-bulb temp. is to be mixed with 2000 L/s of return air.
Part of the air mixture passes through a cooling coil and the rest to be by-passed around the
cooling coil. Assuming that the air leaves the cooling coil at 90% RH. Find the capacity of the

cooling coil. [12 points]

Page 1 of 2

Mechanical Power Engineering Department
Mechanical Power Engineering Program Students

Tanta University
Question Number (3) [28 points]

a) Explain the theory of operation of the cooling tower and explain the meaning of the other
operational Aspects such as (Makeup Water, Blow down, Control, and Limit). [06 points]

Faculty of Engineering

b) A 600 m* rectangular theatre hall lies in the top floor of a building is to be conditioned. The one

side (20 m long) is facing north and separates the hall from unconditioned spaces, while other
sides are outside walls. Space height is 5 m. The hall has ten windows (with 0.8 m x 2.5 m
height and 6 mm single glass having dark colour, medium weave shading) on each of the
outside walls. All walls are constructed from IOQ mm face brick + air space or insulation + 100
mm block. Ceiling is constructed from 100 mm heavy weight concrete + 50 mm insulg.tion has
susp,en(fed ceiling and assume mass inside the insulation. The hall could be occupied by 500
pers;)ns (Assume Seated — very light work). Lighting is unvented and unsuspended fluorescent
lamps 20 W/m’ and works from 10:00 AM till 10:00 PM and equipment load could be assumed 10
W/m?. Indoor air is at 24°C and 50% relative humidity (RH) and outdoor air is assumed to be
40°C and 50% RH. Calculate the space total cooling load assuming ventilation rate of 2.5 L/s

per person. Base your calculations on 21 August, 15:00 O'clock and 32° north latitude.

[22 points]

Question Number (4) [15 points]

a) What are the steps required to design the air duct system? Explain the static regain method that
used to air duct system design. [06 points]

b) An air duct supplies outdoor air from a fan section to a place with dimensions of 42 m by 15 m. The
duct is to be designed as a low velocity system (maximum 7.5 m/s). The duct starts at the midpoint
of the short side of the place and travels in a false ceiling along the place centreline to the opposite
side. There are 10 ceiling grilles with 4 m spacing and each has airflow of 0.8 m’/s and the first
grille starts 1 m inside the space. Make a complete design of the rectangular duct system and find
the fan static and total pressures required. Sketch the duct system and show all dimensions of each

section, velocities, and the points of changes of area. [09 points]

End of questions............

Best of Luck Dr. Ahmed Mostafa Khaira
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B) Find the amount of daily solar energy received on a square meter of a horizontal surface at the top of
the atmosphere, where the Latitude is 30° N on December 21. (Hsc = 1353 W/m?) [5]

(aps VA) 5 A8 J)sud)
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Adasdl 5 ) el da - g..m..ﬁ\ &la.&Y\ Bad rdawadll LAY el e :\._ﬁi){\ Jal 52l _)55{.3 ?;.USLJ i.ga.'mm Ty -
(Ql@).\ i)

C) The architect who designed a compound (Fig. Q.2C) in the New Administrative Capital (30° N and 31.7° E)
claims that ratio of separation distance (d) to building height (H) of 2.8 would assure no shading all over the year
between 8 am and 4 pm. Examine whether this claim is valid or not. [9]

* For no shading between 8 amand 4 pm, d/H22.8?
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C) To meet the growing energy demand using clean energy technologies, a solar chimney power plant (SCPP) is
proposed to be established in Port Safaga on the red sea coast (26.73° N and 33.94° E) at a mountainous site.
The solar collector of the SCPP consists of two isosceles trapezoidal surface areas with a chimney at its apex as
indicated in the figure (Fig. Q.3C) having two slope angles S1 and S2 of 30° and 45°, respectively. The base
sides of trapezoid are 315 m and 105 m and the chimney width is 28 m. Due to the topography of the site, the
SCPP collector is facing east. For site and project evaluation, estimate the following: .

i. The sunrise, sunset, and day length times.

ii. The direct beam solar radiation normal to the sun's rays

iii. The beam and total incident radiation on the collector at 11:00 am on 21st. July (ground

reflectance 0.3).
iv. The power output, if the overall efficiency of the SCPP is 0.05%.

-

Airflow outlet

i
i Airflow outlet

WYY
i

;
Chimney —| T ;
¢ East
direction
Turbine
generator
Solar collector

with transparent cover

/ ,[ Nm(conector
315m '

Si‘e Y
Airflow inlet  Mountain ;| = -
ground | Airflow inlet
i
Left-side view ¢ =+ == - e -> Front view

Fig. Q.3C Schematic of the solar chimney power system on sloped surface.
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C) A single-glazed 2 m? flat-plate collector faces south, tilted 30° from horizontal. The collector is located
at 31°N latitude, and on June 21 from 2:00 to 3:00 pm. the average horizontal beam radiation intensity is
820 W/m2, the ratio of diffused radiation is 10%, and the ambient temperature is 25°C. Design data for
collector are:
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Overall heat loss coefficient, U,

‘ , =6 W/m2°C LepEE |4VOE 1+ELZ |4EVZ 14ZTZ 14181 I4TST 140TT 1406 1469 1+1¢ U ﬂqﬂ;‘nu

Water inlet temperature =35 °C. (for water cp, = 4187 | /kg.K) . ' ;

Mass flow rate through the collector =0.02 kg/s e T D B ... . e R =

Tube inside convection heat transfer coefficient =1500 W/m2.K

Single glazing with transmissivity t =09

Absorber plate is selective with absorptivity a =0.85 H 3 V'H_, [(OOI - g%] RCRE
and thickness § =0.8 mm {( Ea !jl)‘Th-— i 0 -t >

Copper (k=385 W/m. K) tubes are used for risers, with 10 mm inside diameter, 10.8 mm outside

£5Ud1013J9 J0333[[0D
diameter, and distance between risers W= 10 cm.
(4 /
Calculate the following: - 7  yBus|suy
i. The useful energy (Qu) of the collector. 1oy
ii. The corresponding efficiency of the collector. as T
iii. Maximum plate temperature. _ -
N % w
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