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(i) i) (iii) i) (v)
t, = Boiling point = Volume of water

S

tup = Temperature of superheated steam

= Volume of dry & saturated steam

Veyp = Volume of superheated steam
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Use of Steam Tables  : el Jolior aldsunl 42
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Temperature T 8y 3 dxys —1

Pressure Lazll =2
P

Specific Volume of v¢ gkt Ll o5l qons- -3
Liquid

Specific Volume of Steam v, @&L\ el gc}d\ P,,J--\ -4

c,.m Fld i ot 1) Bt -5
Specific Internal energy of Liquid u¢
c,.i.&\ sl A gl A1) dBled) —6

Specific Internal energy of Steam u,

Specific Enthalpy of Liquid gt Pl gl Jud =7

h¢

Specific Enthalpy of Steam h c,..ﬁ.\ BIERURIRIIEH] -8

Specific Entropy of Liquid s ¢ &""‘L‘ Jldl st g9 5% -9

Specific Entropy of Steam s C“"‘L‘ Sl gl 497! -10
Note That:

Suffix g is used for dry saturated steam
Suffix f is used for saturated liquid
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a)

Dol el 5-2
(1-2) Jue

]Sl atis sle (IKg ) ey Lois @nd) & il (e

at 10 K Pa
b) at 0.1 M Pa

Data:
a) at10 KPa:

Req:

Vg-vg=2?

Solution:

from steam tables at 10 K Pa:
vi=0.001 m*\Kg

vy =14.67 m’\Kg

S Vg -ve =14.67-0.001 =14.669 m*\Kg

b) at 0.1 M Pa:

Red:
Vg- ve=2?

Solution:

From steam tables at P = 0.1 M Pa:
v =0.001 m*\Kg

Vg =1.6940 m*\Kg

S Vg -ve =1.694-0.001 = 1.693m*\Kg
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1(2-2) Jue
(0.2 m?) 4oz Ul & (200 C ) 8yl > drys s ( Kg2) kS sllt dyeS”
ozeg OV 515yl A JWY) cloadall 1one

Data:
m = 2Kg
T=200C
V=02m’
Red:
P,hymg,v
Solution:

2
y_ = 0.1 m3\ Kg
m-

V=

from Steam tables at T= 200 C:

P = 1.5538 MPa

v =0.001156 m3\Kg, vg =0.1274 m*\Kg

hy =85245 Kj\Kg, hy =2793.15 Kj\Kg
v< Vg

.. The steam is “ Wet Steam ¢

SV=EVE X (Vg - Vi)

X = f
vV —V
g f
0.1 — 0.001156
X = = (0.78344

0.1274 — 0.001156
“h =hg +X (hg-hg)

19




. h =852.45+0.783 (2793.15 - 852.45)

=2372 Kj\Kg

“m,= XXm

mg= 0.783 x 2 = 1.566 Kg

Vs = 0.1274 x 1.566 = 0.1995 m®

20




b)

(3-2) Jue

Jolas ool 5> 8y Ledl Blias (5 bar ) <ot baad s (3 Kg ) gk anidl slll 0 &aS”

: o (X=0.6 ) Sus!

L&) 8yl Ay (1

C o\ lariallg 81 31 gy (&

Data :
m=3Kg , Py =5bar=0.5MPa
X1,2=10.6
Req:
a)T
Ty &Py
¢)AV & AH
Solution :

a) T = saturated temp at 5 bar = (0.5 Mpa) =151.86 C

b) .. final condition is Wet steam

= Tp=151.86 C
P,= S bar

¢) from steam tables at P=5 bar =0.5 MPa :
vi =0.001093 m’\Kg , vg=0.3749 m*\Kg

hy =640.23 Kj\Kg , hg=2748.7 Kj\Kg
Vi=Vg ,hi=hg

vy =ve+ Xy (Vg-vy)
=0.001093 + 0.6 ( 0.3749 - 0.001093 = 0.2254 m*\Kg

SAv=m(vy-vy)=3(0.2254-0.001093 )
=0.6729 m*

hy = h¢+ Xy (hg -hg)

21
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= 640.23 + 0.6 ( 2748.7 - 640.23 )
=1905.3 KjKg
AH =m (hj -hy) =3 (1905.3 - 640.23)

=3795.21 Kj

22




(4-2) Jus

Y SV @ el gy Yl el ey addl Byl By Hldl Jglir 0 8

a) 0.05 bar
b) 25 bar
¢) 90 bar

Solution :

T5(0)

a)  32.55
b)  222.87

¢ 3034

23

, X=0.9
, X=10.95

, dry Saturated steam

v (m*\Kg)

25.857
0.0775

0.02048

h (Kj\Kg)

553.5
648.4

27421

s (Kj\Kg K)

1.0808
1.4627

5.6772




(5-1) Jue
daze Ayl Ay (a8 L) A & v (13247.6 Kj\Kg ) ‘ﬁlw\j (2MP ) dero yi&

@9l ¢ sl

Solution :
from steam table at P=2 M Pa :

ho=2799.5 Kj\Kg

S h>hg

.. The steam is “ Super heated Steam *
from steam table at P =2M Pa :

h =3247.6 Kj\Kg

~T=400C ,v= 0.1512 m*\ Kg

s=7.1271 Kj\Kg K

24
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Lis Olr aivn jl8 BUIg acd sbs dam o0 (10% ) Ao 658 (1m? ) dwoon 0135 =2
© UL Jules o b ¢ er Loghdlas) o St jledly LI QB 13] (120C ) 8yl doxys

@9l (Jwily ¢ (Sadl @2 (e (500 C ) Wyl drys (2 Pa) dbiro e 418 -3

SV 3 bl oty Py el ety andd) 8yl dmyd Hdl Jglir o0 6 —4

a) P= 20 bar
b) P= 3 M Pa
¢)P=4MPa
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STEAM PROCESSES

CONSTANT VOLUME PROCESS o= &gd sl ) 1-3

1 s (1-3) S0
DAL Ao gestl Al & Ay ) Sl J9Y) Ol
Q=W+ (U, -U))

Qiz2: Kj sl ¥ ol dhixd 3yl 31 dpeS
Wiz @ Kj sl ¥ el Jodlt Jasds
AUrz 1 Kj &1l @ el
W=fPdv , V=C
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Q=U,-U

sodv=0 ..
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Wi2=0

DOl alstind G &
Ads 11 BUal) (3 il = o1 ) oLl 839 al1 o) ALl 3yl 1 AeaS (1)

o = sl o8l Jpdd Jasdt (2)




(1-3) Ju
Blid! Sy ((300Kpa ) dkie Cby ji2 4 (10.02 m?) ainw Glas slog
D] e Bl Jld) ol 3 sle sl 8y - Cdhio! (x=0.4 )
sle gl & jbedt ils'(1
Syl b (2
iBLall 3yl -1 iaS’(3

Data:

V=10.02 m?

P1=300 Kpa

Xi=04

X>=1

Req:

1) ms

2) P;

3) qi-2

solution:

from steam table at P1=300 Kpa

v =0.001073 m*\Kg , vg=0.6057 m*\Kg
ur=561.15 Kj\Kg , Ug=02543.6 Kj\Kg

vi = vt + X1 (Vg-Vy)

=0.001073 + 0.4 ( 0.6057 — 0.001073 ) = 0.243 m*\Kg
Ui = Vi + Xt (ug-uy)

=561.15 + 0.4 ( 2543.6 — 561.15 ) = 0.243 m*\Kg
SVI=V2 ~.v2=0.243 m*\Kg

=~ Xo=1 SV = Vg

from steam table at vy = 0.243 m3\Kg
- P2 =8 bar
uz = ug = 2576.8 Kj\Kg

v _Y :>m=1
I 'm A\

m= 0.02/0.243 =0.0823 - m=0.0823 Kg

28




2) P, =8 bar
I qr2=m(uz-ur)

= 0.0823 (2576.8 - 1354.13 )
- q12 = 100.63 Kj

29




(2-3) Jus
Blad! Jelaeg (10.350 MPa ) abior Cby 518 4 (0.7 m®) dinw Glas 5l

@7 o el Yl eyl a8 el 3 8yl Sl (( X=0.409 )
Dgmly (@) — laidll)

(Kg) suy1 Jo1s it kS (1

(C) &g 4 drys — ( MPa) Jlgd aaall (2

(Kj) Blali 3,4 &S (3

(Kj) Jgddt Jasdi (4

Data:

V=0.7 m?

P:1=0.350 MPa

Xi1=0.409

X>=1

Req:

1)m

2) P2, T

3) qi-2

4) Wi

solution:

from steam table at P1= 0.350 MPa
vi=0.001079 m*\Kg , vg= 0.5243 m*\Kg

ur= 583.95 Kj\Kg , ug= 2548.9 Kj\Kg

vi = X1 vg + (1-X1) vi = 0.409(0.5243) + (1-0.409)(0.001079)
=0.215076 m*\Kg

u = X1 ug + (1-X4) ur = 0.409(2548.9) + (1-0.409)(583.95)
=1387.6 Kj\Kg
v, = X =>m= X

1 m 2
m = 0.7/0.45076 = 3.2546 S m=3.2546 Kg

2) vi = v2 = 0.215076
ve=0.215076 L&yl Joldr o0

30




w;=2580.5 Kj\Kg  ..P,=0.9 Mpa,T,=175.38 C

3)qiz2=m(uz-ur)
= 3.2546 ( 2580.5 - 1387.6)
" qr2 = 3882.488 Kjj

Wiz =0

31




CONSTANT PRESSURE PROCESS kil s ol 2-3

(P, =P,)
s To
2
Y e——
1
> . >
Realizstion, pe-v- and T-s-dbagrams
Q12=Wi2 T U2-Ul ceiveiiniiiiiiiiinninecnnnen 1))
S W=dv
W EP AV eereeeeeeeeeeeeeeeeeeeeeeeeeenaaaens Q)

L (2) & (1) slabi oo

S Qr2=P(V2-V1)+(Uz-Uy)
Q12 =P2V2-P1Vi + Uz-Us

Q12 =(U2+P2V2)-(Ui+P1 V1)
SH=U+PV

S Q2 =Hz2- Hy

- Of IE T G K
Y G gl = oY) M5 B34,k ol WLl 3y 31 GeS’(1)
el § gl x laadall = o1 oWl Joddt fasdi (2)
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1 (3-3) Jue
Sgd Ot dgend ¢ (1 Kg ) 4y ( X=0.9 ) Blix Jolasg (112 bar ) Lao L )8
L OBlr pde HIB ol (3> Janiall
o) 3 83l -1 : !
adlal) 5y 31 =2

Data :
Pi=12 bar ,X;=0.9 ,m=1Kg , X;=1
Req:
1) V.-V,
2) Q12
Solution :
from steam table at 12 bar
vi=0.0001139 m*\Kg , Vy=10.16333 m*\Kg
hr=798.65 Kj\Kg , hg=2784.8 Kj\ Kg
vi= Vi+xr(Vg-Vy)
=0.0011396+ 0.9 ( 0.16333 - 0.001139 ) = 0.147 m*\Kg

h1 = hs+ x1 (hg - ht)
=798.65 + 0.9 (2784.8 - 798.65 ) = 2586.19 Kj\Kg

.. the process is const. press
- P1=P2=12 bar

V2 =Vy=0.16333 m3\Kg

h, = hy =2784.8 Kj\Kg

1) Vi=mvi=1X 0.147 = 0.147 m*?
V=mv2=1X 0.16333 = 0.16333 m*?
s V2-V1=0.16333 -0.147
V2- Vi =0.01633 m*?

2) Qi2=m (h2-hy)

=1(2784.8 - 2586 .19)
Q12 =198.61 Kj
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:(4-3) Jw
bar cf agnd § (X = 0.7 ) Blix Julasy (0.8 M Pa ) deris (5 Kg ) 4k y1
L OBlr pds H8 el 3 b
o)l drysg gg Y e o slz Y a))
O
m? ) § el (1
Kj/Kg JW¥ & pdl (2
Kj suel] a3t Ja2d1 (2
Kj s\ I il 80,31 48" (4

Data :
m=5 Kg
P1=0.8 M Pa
X1 =0.7
Pi=P;
X>=1
Req:
1) AV
2) Ah
3) Wi
4) Q12
Solution :
from steam table at P1=0.8 M Pa
vi=0.001115 m*Kg , vy=0.2404 m*\Kg
he=721.11 Kj\Kg , hy=2769.1 Kj\ Kg
vi= Xivg+ (1-X¢) v¢
= 0.7 (0.2404 )+ (1-0.7) (0.001115 ) = 0.1686 m*\Kg
hi=Xi1hg+(1-X1) he
=0.7(2769.1)+(1-0.7) (721.11) = 2154.7 Kj\Kg
v2=vg= 0.2404 m*\Kg
h: = he = 2769.1 Kj\Kg

1) AV=m(vz-vi)= 5(2404-0.1686)
=0.359 m’
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2)  Ah=h;-h;=2769.1 - 2154.7
= 614.4 Kj/Kg

3)  Wiz=mP(v2-vi)=(0.8)(1000) (0.359)
= 287.2 Kj

4)Qi2=m(h2-h1)=(5)(614.4)
=3071.99 Kj
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é-ﬂ‘«iéi" ¥ 3-3
ADIABATIC OR ISENTROPIC PROCESS

Ll gl ) of 0 8yl JWE Oy @ sl Y1 1ida

Q2 =0
PV'=C
bl sz Y1 o i) dad plnat (e
w117 hY
1-2 y—1
:gﬂ\ L TR WY
:;\Jz}“ g_LJi J.i...ﬁ‘
W= PVi—hY,

}é-«.ﬁ - ;\Jz}’\ ;.\.Ji 3}3#‘ 3i Z\s\..al\ 3)\).;-\ u
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1 (5-3) Jue
(4bar) ke 3> WSilesl 548 (X=10.95 ) BUi! Jolasg (10 bar ) abre 2
C el day Sl Bl falas !

Data :

P:1 =10 bar . X1=0.95

P2 =4 bar

Req:

X2=7?

Solution :

from steam table at 10 bar :

sr=2.1387 Kj\Kg K ,8¢=6.5865 Kj\KgK
s1=sr+ X1 (Sg-sr)

=2.1387 + 0.95 ( 6.5865 - 2.1387 ) = 6.36 Kj\ Kg K

from steam table at 4 bar :

st =1.7766 kj\Kg K , g = 6.8959 Kj\Kg K
s2=st+ X2 (Sg-Sr)

S1= %2

5275 _ 636-1.7766

Sg ~S¢ 6.8959 —1.7766

X2 =10.896
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1 (6-3) Jue

bir 3 LSolasl 50l (X=0.85 ) Bl fslesg (1.75 MPa ) abre Cby i
(0.2 MPa )

i) B G el Sl ey DU Jlas 1 !

Data :
P:=1.75 MPa , X1 ==0.85
P> =0.2 MPa
Req:
1) X;=7?
2) Au=?
Solution :
from steam table at 1.75 MPa :
sr=2.3851 Kj\Kg K ,5¢=6.3896 Kj\KgK
ur=876.46 Kj\Kg ,ug=2597.8 Kj\Kg
s1=Xi18g+(1-X1) sr
=0.85(6.3896) +(1-0.85)2.3851
=5.7889 Kj\ Kg K
wm=Xrug+(1-X1) ur
=0.85(2597.8) +(1-0.85) 876.46

=2339.599 Kj\ Kg

from steam table at 0.2 MPa :

sr=1.5301 Kj\Kg K , 8¢ =7.1271 Kj\Kg K
S, —S _

X< 2 "5 _ 5.7889 —1.5301
sg —S; 7.2171-1.5301

ur = 504.49Kj\Kg ,ug =2529.5 Kj\Kg

X2 =0.7609

Qw=Xu+(1-Xz2) ur
=0.7609 (2529.5) +(1-0.7609 ) 504.49
=2045.3 Kj\ Kg

Au = uz— us = 2045.3 — 2339.599
=-294.28 Kj/Kg
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THROTTLING PROCESS & sl 4-3

ol 1a By daaall i ol s eldfy B donsd IS5 ol n S 30 58 G 171

.3.534.54.4 ji Blas oyl dor g ’ﬂj Jj.u J.’.:a o g Y

S Wie=0
Qi2=0
o gl A gt Al 3 81 31 Sl Jg¥) Ol

5 Q12 =W +he-Ig
S hi=h

:GY pabis e
S = sl el Jadbt Jaadt -1
o = sl ) I el 31,1 —2
Cal = sl Yl sl JuwY) -3
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(7-3) Jw
bao Q) adis ¢ (X=0.9 ) Slix Jslasy (14 bar ) i W (2Kg ) WS judl (0 S

¢ (X2) yoell Al D1 cwt ¢ (1.5 bar )

Data :
m=2Kg , Pi=14bar , X;=09 , P, =1.5bar
Req:
X2=7?
Solution :
from steam table at P = 14 bar :
hs=83.03 Kj\Kg ,h;=2790 Kj\Kg
hi1 =hs+ X1 (hg - hr)
=830.3+0.9 (2790 - 830.3 ) =2594 Kj\Kg

from steam table at P = 1.5 bar :
hs=467.11 Kj\Kg , hg =2693.6 Kj\Kg

2 h, —hg 2693.6— 467.11

X _hy—=h, 2594 467.11

X2=10.955
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(8-3) Ju
bap 3> ais ¢ (X =0.6) 4 QU 1.5y (2 MPa ) dero

?(Xz)&g-\.wd\.ﬁr\‘_}.ahfaw\ (O,SMpa)

Data :
Pi=2Mpa ,Xi1=0.6 ,P, =0.5Mpa
Req:
X2=7?
Solution :
from steam table at P=2 MPa:
hs=908.79 Kj\Kg ,h;=2799.5 Kj\Kg
hi1 =hs+ X1 (hg - hr)
=908.79 + 0.6 (2799.5 — 908.79 ) = 2043.2 Kj\Kg

from steam table at P = 0.5 MPa:
hs=640.23 Kj\Kg , hg =2748.7 Kj\Kg
h:=h:=2043.2 Kj/Kg

h, =hs+ X2 (hg - hy)

X h, —hy _2043.2-640.23
h, —h;  2748.7-640.23

X2=0.665
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sl — Cold) loadall sl pr) — ol e sl ) s e AV Sslz Y el (1
L e (ST
&> s e Wy & (1350 Kpa ) daid il OUH judl (00 (10.5m ) axnw $las £00 (2
. ! (200 Kpa ) leao

s & edl ST

el Sl Bl feles —o

el s Al 8y > deS 7
B> b Jao dis 8yl ad) Cdel (X= 0.9 ) ABlir Jwlaeg (5 Mpa ) daicsr j1% (3
- 8Ll 8yl 1 S ol ¢ (400 C ) Wyl - drys Cleoy
o Jx4 (X=0.9 ) QU folasg (2 Mpa ) Lao wis bl o 45 (4
(0.7 Mpa ) kao () Jwog 3> (PVIB=C ) @l Wb siex (0.25m?)

oW
Jd) als” i
Joddt Jaddl —o
L1 Blall § el ¢
LAE) Lo ol 1 IO dlilll 3y 31 deS =
Bkl s (10.85 Mpa ) ki s (2 Kg ) akS ylsedl e 405 (5
LY Uslaell Wb 9 0.17 Mpa ) bl g LSColesl wisud (X=0.95)
P V1.13 — C

: wi
Sl Ay jedd Bl fales —1
a1 BBl (3 padt =2
bap () ais ¢ (X=0.7 ) Slir Jolasy (1.4 Mpa ) kaw & 412 (6
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