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Abstract:-

The research includes the study of energy and its sources, both conventional and
renewable, then the sources of electrical energy production of all kinds,
traditional and renewable, the study of electrical generating stations with
traditional sources of energy, then studying the laboratory steam station at the
university, clarifying its parts, then studying making improvements by studying
the design of a flat-plate collector that works To heat the feed water in order to

increase efficiency and reduce the operational cost of the plant.
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Calculation procedure:-

A. PLANT EFFICIENCY:

Plant efficiency = (O/P power )/(1/P power) x 100
Where

Output power = VI / 1000 *(0.9) Generator efficiency

Input power = mf * C.V

Where

my (Mass of Fuel) = Q * Density of fuel

Flow rate (Q) = volume of fuel

Flow rate (Q) = volume / time .............. m?/sec
Where :

volume = area of tank x height (0.030m)

BOILER EFFICIENCY:

Boiler Efficiency = Energy of Steam / Energy from fuel x 100

Where :

Energy of Steam = m (h - hfi )

Energy from fuel = (mfx c)

Where:-

m = amount of water evaporated

h = enthalpy of steam at outlet of boiler

hfi = sensible enthalpy of feed water supplied

m; = mass of fuel (Kg/hr)

¢ = calorific valve of fuel (Kj/kg)

C. DRTNESS FRACTION :-

X=X1 X2
M
Xq =
M+m

38

- C¥aleall 4.8

(4:1)

(4:2)
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(4 :9)



Where:-
M = Quantity of steam passing through throttling calorimeter
m = Weight of Water separated in the separating calorimeter

X4 = Dryness fraction steam

_ h g2+2.01(52-T2)hf1
2 hfg

Where:-

hs, = Enthalpy of water at P1 in Kj

h, = Enthalpy of vaporization at P1

CP = Specific heat of superheated steam after throttling in KJ/Kg = 2.01
S, = Super heated steam temperature recorded by thermometer

X, = Dryness fraction

- Q‘f«bﬁ\ 4.9
-2 Jaddll Adae (A daadiiaial) 3 ) jad) cila )3 (4.1) Join

I | T, | T3 | Ty | Ts | Te |T; | Tg | T | Ty
NO r S. c|c | C’ C’ c |c|Cc | C C’
| 34 143 | 172 | 94 | 153 | 94 |38 45| 77 55
2 34 144 | 179 | 101 | 161 | 101 | 39 | 46 | &7 59
3 35145 | 185 | 118 | 177 | 118 | 42 | 48 | 115 | 64
480 ddasal) 8 daddical) Ja grudall 0 (4.2) J g2
P, P, P, P,
Kg/cm? Kg/cm? Kg/cm? Kg/cm?
5 2.25 0.35 0.186
6 2.75 0.55 0.194
7.5 3.15 0.75 0.207
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4, Adaaall ABliA) cdlaleal) ad (4.3) Jsia

Time for | Load | Turbine | Voltmeter Ammeter (H) (H)
fuel Kg speed \ AMP Water | Fuel
rpm (m)
337 Full 2000 84 3.22 0.085 | 0.005
355 Full 2000 101 5.18 0.12 0.007
368 Full 2000 138 7.04 0.14 0.005

: ikl g clileald) 4,10
-: ( plant efficiency ) : 4asall 3¢S 4,10.1
At serial .1:-
Fromequ.(4 :2):
O/P power =[(84 x 3 x 3.22 )/1000] x 0.9 =0.73 kw
Fromequ.(4 :5):
Q =[0.00125/337] = 0.0000037 m3/sec = 3.71 x 10~¢ m?3/sec
Fromequ (4 :4):
m;=3.17 x 10~° x 870 =0.0032kg/sec
Fromequ ( 4 :3):
1/P power = 0.00323 x 42000 = 135.5 kw
Fromequ (4 :1):
Plant efficiency =[ 0.73 / 135.5] x 100 = 0.54 %
At serial .2 :-
Fromequ (4 :2):
O/P power =[(101 x 3 x 5.18 )/1000] x 0.9 = 1.569 kw
Fromequ.(4 :5):

Q =[(0.25 x 0.007)/355] = 0.00000492 m?3/sec =4.92 x 10~ m3/sec
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Fromequ (4 :4):

m;=4.92 x 10° x 870 =0.004288kg/sec
Fromequ (4 :3):

I/P power = 0.004288 x 42000 = 180.1 kw
Fromequ (4 :1):

Plant efficiency = [ 1.569 / 180.096 ] x 100 = 0.871 %

At serial .3 :-

Fromequ.(4 :2)

O/P power =[(138 x 3 x 7.04 )/1000] x 0.9 = 2.9146 kw
Fromequ.(4 :5):

Q =[(0.25 x 0.005)/337] = 0.00000466 m3/sec = 4.66 x 10~® m3/sec
Fromequ (4 :4):

m;=4.66 x 10~° x 870 =0.0032kg/sec

Fromequ ( 4:3):

I/P power = 0.00323 x 42000 = 170.423 kw

Fromequ (4 :1):

Plant efficiency = [ 2.9146 / 170.423 ] x 100 =1.71 %
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-: ( Boiler efficiency ) : 4Dl 3£l 4,10.2

At serial .1:-

Fromequ (4 :5):

Q =[0.44 X 0.085] / 337 = 0.00011 m3/sec =1.1x 10~* m?3/sec
Fromequ.(4 :4):

ms=1.1x 10~* x 1000 =0.11kg/sec

(h - hy;) = (2750.04 — 2562.8) = 187.24 kj/kg
Fromequ (4 :8):
Es=mXI[h-hg]=0.11x 187.24 = 20.6 kw
Fromequ (4 :9):

E; =0.00323 x 42000 = 135.5kw

Fromequ (4 :7)

Boiler efficiency = [20.6/135.5] x 100 = 15.3%
At serial .2:-

Fromequ (4 :5):

Q =[0.44 X 0.12] / 355 = 0.000149 m3/sec = 1.49 x 10~* m?3/sec
Fromequ.(4 :4)

m;=1.49 x 10~* x 1000 =0.149kg/sec

(h - hy;) =(2759.5 - 2562.8) = 196.6 kj/kg
Fromequ (4 :8):

Eg=mX[h- hy;] =0.149x 196.6 = 29.29 kw
m;=4.93 x 107° x 870 = 0.004288kg/sec
Fromequ ( 4 :1):

E; = 0.00428 x 42000 = 180.12kw

Fromequ (4 :7):

Boiler efficiency = [29.29/180.26] x 100 = 16.3%

At serial .3:-
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Fromequ ( 4 :5):

Q=[0.44 X 0.14] / 268 = 0.000229 m?3/sec = 2.298 x 10~* m3/sec
Fromequ.(4 :4):

m;=2.298 x 10~* x 1000 = 0.2298kg/sec

(h- hy;) =(2775.4 - 2564.7) = 210.7 kj/kg

Fromequ (4:8):

Es=mX[h - hy;] =0.2298x 210.7 = 48.418 kw

Fromequ (4 :5):

Q =[0.25X 0.005] / 268 = 0.00000466 m?3/sec = 4.66 x 10~ m3/sec
mg=4.66 x 10~ x 870 = 0.004057kg/sec

Fromequ (4 :1):

Ef = 0.004052 x 42000 = 170.18kw

Fromequ (4 :7):

Boiler efficiency = [48.41/170.429] x 100 = 28.4%

—2 4 glaiall (culplist)) duilgdl) miliil) (4.4) Jgan

Plant Boiler Generator
Seral (NO) . . ..
efficiency Efficiency Efficiency
1 0.54% 15.3% 18.25%
2 0.87% 16.3% 35.31%
3 1.71% 1.71% 65.6%

43



- w‘ ;\.JJ\LA\ 59l g.b Ol o) ) 4.8

Jazy s el s (Flat plate collector ) g sill (x (ouadi gass ddlia) 4l s
aﬂéa&ﬂwwﬂ‘&u\g\wM\EJ\ﬂ\wzd&Y\&ﬁw%w\wa&
. (M\w%Y}c)})@M&M\&MY\

Olagaad) (B wadd) gladY) Jara (4.3) Jsd)

Legend

o cms

B utan s
Ries
s

— o

—— rtematonal

GHI (annual)

[kWhim']

| R
B 20250
-0
I 20 - 240
] 20-23%0
[ z0-2%
[ z0-22
[Jos-2m
[CJom-212
] s0-2100
] 2002050
B 0200
N 0 9%
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-1 Al claaaall )53 4.8.1

-0 AL claasall -1

(flat plate collectors ) glassall (csadll ganall -

(stationary compound parabolic collectors ) (Sl S jall aasall -
(evacuated tube collectors ) & siall 2 s3¥) pasa -

<3S pall ) Guadd! daglial) cilaasall -2

(parabolic trough collectors ) (3Sall adadll pasa -

(frensel collectors ) Jusl % pasa -

(parabolic dish reflector) Guall aess -

(Heliostat field collectors ) <l jall Jia ana -

AAAA Lpsadd) claanal) 153 (o 458N (4.5) Ja

Motion Collector Absorber Concentration | Temperature
type type ratio Rang (°C)
Stationary Fpcs Flat 1 80-30
Stationary Etcs Flat 1 50-200
Stationary Cpcs Tubular 1-5 60— 240
Single-axis CPCS Tubular 5-15 60 —-300
tracking
Single-axis Lfrs Tubular 10-40 60— 250
tracking
Single-axis ctcs Tubular 15-50 60 —-300
tracking
Single-axis Ptcs Tubular 10-85 60-400
tracking
Tow-axis Pdrs Point 600 — 2000 100 - 1500
tracking
Tow-axis Hfcs point 300- 1500 150 - 2000
tracking
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-1 (padd) panall Clial g2 4.8.2

( SUHUCO ) 4xiaal) 4S il an -

flat plat collector : ¢ & -1

(2037 x 1137 x 80 mm) (Lx W x D ) axall -2

2.32 m? gend) mhaus -3
44.0 kg oo -4
79.9 % 5oLl -5

-: (absorber ) ualall ghaud) *

€=50% ey -1
a=94.0% dpalaial) -2
2.15 m? oabaiaY) mhu -3
ol saldl -4

- ( hydraulics ) gl sall *

1.54 Itr 5l JUil aas -1

2.50 Itr/min GV Gl aan 22

60 mbar Jarall 288 -3

3.2 mbar Juaidlll Jaza -4

120 C° L 7 samsall 335 5 51y da 53 -5

-: ( front cover ) (ala¥) Cidal) *

Alle 2485 ¢ paall addie i) gm0 -1
3 pu a ial sl -2

-1 ( Hosing ) <bua sl *

O Sk glat -1

Fxall G pall (0 40mm oAl Ul -2
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4) gaxall (4.4) s

=
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Glass Cover
Copper Tube
Absorber Plate
Thermal Insulation
Aluminium Casing

aaaall L1304 ¢) 3280 (4.5) Jsa&
-1 gaaal) Bl aay clilual) 34l 4.8.3

- éag.d\ ddad) gy Lgia daldieall PN

Q, =NxIrxA,

At :-
Il = collector Efficiency
A, = Collector Area

[ = Solar Radiation

Frome equ (4.10):-
2500

Q. =10.797x2.32] x 3600

] - 1.384

Qu

o
mxcp

AT=

Frome equ (4.11):-

1.384
p=———= 28°C
0.11x 4.18

(4.10)

(4.11)

- o) il saal 5oy sl 4 gie A 50 (2.8 ) Ay Jsaall slie (i panall Gl ixg 138
(flat plat collector ) ¢ s (e Glaans (4) 230 Ja 5 Al jo Caai -

.(1.384 x4)=5.536 kw



-: Jaa J<I Bl Gl
Fromequ (4.1):-

_o/p
I/p

Fore serial (1):-

0.731

=—————— = 056 %
135.5-5.536
For serial (2):-
- - 096%
153.55-5.536
For serial (3):-
=22 - 16%
170.4-5.536
-1 panall Al Al 3 3y e lisli(4.6) Js
Serial NO aanall dslia) a2y aenal) dilia) U8
1 0.56% 0.54
2 0.96% 0.78
3 1.6% 1.54
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o

m =2
cv
At cv = 42000

At serial 1 :-

o _135.5-5.536
T 42000

At serial 2 :-

o _153.55-5.536
T 42000

At serial 3 :-

=0.00309 kg/sec

=0.0035 kg/sec

o 170.4-5.536

7000 = 0.0039 kg/sec

-1 aanal) ABl) day 368l (3815 Jaa Gl
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ealdd) QL)
AlBlial) g il



el Gl
ALY Ziil 5.0

- il 5.1

S Jlea DU o)l AN dasal) 30 CilS daalally dlanal) dasall 4l jo i (g
(0.0032 - 0.00428 — 0.00323 kg/sec) 285l (3833 Jara s (1.54% - 0.78% - 0.54%) SV
sl e
8 liSy rhavsall & il (ha prnad pana Ailaly @lld g ddanall e Ganall Al 5o 2ay il L
a8 (2.32m?% ) @l s Aabisey L2 Y sl J dpaaall ol (il (19%79.9 )
Adasall 3618 ilS (2500 kw.h / m?) e — Jill Jed ¥ 5 A g lalY)
dnaie donad Cilaane Aoy )l 230 ddlzaly Sl ¢ AN Jaa) S8 (1.6% - 0.96% - 0.56% )
AdaaSle Lol a3y ) jall il gl Jalaiy 5 2u3al) obaa 3 ) A 383531 il e 3la s
(0.0039 — 0.0035 — 0.00309 kg/sec)> VIS 258 sll (3035 Jaxa
-: geanall ALl 2y 5 gial) AQ1SH)

oY) Jaadl aic
(0.00323-0.0039 kg/sec) = 0.00014 kg/sec
Fuel consumption Time = 337 sec
(0.00014 x 337) =0.04718 kg = 0.0548 Itr
Price per liter = 0.888 $
0.0617 § = 58 siall 4als))

;Lf'lﬂ\ Jaall aie
(0.00428-0.0035 kg/sec) = 0.00078 kg/sec
Fuel consumption Time = 355 sec
(0.00078 x 355) = 0.2769 kg = 0.3219 Itr
Price per liter = 0.888 $
0.3625 § = 5 siall 4alsl)

: A3 gala

G Jaall vie 3585l & jigian g Y *
-; A&l 5.2

Ol ka8 el g Lt AL Ay <l ) Leade cpanil) o) ja) a5 gal) 30 S o Jaa Sl (4
el 5o A LAl 5 ) gall Jae 40880 GOl (i jai 5l JLd¥) 5 o jladll o) jaY Alara )50l
Gla )3 2 41 31 (Flat plate collector ) zdavall g sill (e Cpeaill o) 2 addiiall  wadd)
LAY Gl anall gl sl (e 35 (815 (80 —30 )°C L addi byl ja
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Siua g1l 9 4ailad) 6.0
-r daildl) 6.1
¢ Lee ) 5l Jpaii g paoaiall 5 Apadiil) Lpe i Lo ol 5 48U Al )0 sl g 5 pdiall 18 8 o3
s Ay Ll cildanall a5 (e s Aol eI ABU 2 5 cildana 5 Al 5eSU) A8 &Ll Ay
cJeall lanas o) a1 das 48y sk 5 Lelae 43 5l 5 gl S mpin 51
A8y yha g Aliade Lae) dad dul 3 g daalally 4 LAl Alamall 5y gal) (st doa) 5o Coad Gl any
B3 Jama 5 e LSl Cua (o il 8l el 38 jaa g le ) jall 34 5 Lelin & o5 (e 5 Leia o IS e
5ol a da o ad ) Ao Jand mhaiss el gane Al 5 dsaddl 28U aladiind Al 50 a3 ¢ 258 4l
caat Uil saxata 5 Ao A8Ua LY Al all oda 8 Lpusatl) 48U A0 23 ¢ 00N 4,080 oy

a5 gealial) A8l el Al all by ¢ (25850 Gy ) Al A JulEs 5 30l a8 o
686l (381 Jana Jales 5 3. 16KT) 300

OS5 e A8 jaiae y i LY Lagae Baaaiadl cll Bl ) aeal Alladl aa 5
Al el yaal Ll G Ty dula 35 44085 ) 7 Liad Y 5 Jo 8 4l day) 44K 8 L gl
byl g L YL Ll 4t Sl all A Ll o) g all o oy s8I a5 8l ol Cam (4w
Al el 8 5 €15 ) saay el g e ) e Bl ) Sy LaS ¢ Apal Y
MR e 2 aiey AaiDle yadl Al gy dall 8133 St 4 gama g el all el yall 8 (a1
Al Gy lal) (e L e g Jlaallg o gl g lallS Al Cag a6 Ll 5 40K 5 5 gy
c oY G el gl sl i) QS g aa e Jant
-1 Clbuasill 6.2
Aadl) A8 aladiuly 4y Al s ) sall e Saall ¢ 5 pdall 4l el -]
Clranall (a5 al g1l aladiuly a g J8) 0985 (3803 Jamas el 3.LiS e Jguaall D
(S pdaill rane — Salall pene) Jie dpnadl)
gLy & LY At Apunail) 28U (e 3aldin) AlSa) 5 iliil) e bl Llee Al jall 3ok -3
. Ashidly el
Jduadl elal e J seand daaall Joaii plee 4 dpsadill ALl 5 5 Al Cile L (e 32ELY) -3
s e Jganll panall Joals gball sl (s adll sl dlaal A3 e Slasi il 4
NESESI BN
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-1 iladl) 6.3

L sa2atal)l cidUal) (ool -1

i — gzl deal (s deal ¢ aelue Jiul - (5 ) deal Jild jee 2/ Calls
(:2010) ple Aagsall/ ) sgad

L(2016) — LSS 5 o shell ()3 god) Fraln — s ans aanad / A3 iny 22

A sl Ay jall ASladl) aSaill da o) Jadie Ganadd (8 2 6l Class -3

) Jhalall e 3 A LAl ddasdll 4

(2 1978) sl — (ubie gy 3 gr 3 — Al A8} L SIS -5

6 - Solar Energy Engineering processes and systems Soteris A.kalogirou (2009).
7- hhttps://www.aosmithme.com .

8- Electric Power Generation — R.K.Garg , Kkama Publishes , Delhi .

53



