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Introduction to Thermodynamics

(Fluid)
( ) ( )

(Joule)



Sl BU
A | Area m® ft*
a | Acceleration m/s® ft/sec.”
C | Velocity m/s ft/sec.
C | Specific heat J/kg.k Btu/lbm.
D | Diameter m ft
E | Energy J=N.m Ft.Ib,Btu
F | Force N=kg.m/s’ i_bfzslug.ft/sec
g | Local acceleration of m/s’ ft/sec’
grafity
H | Enthalby kJ Btu
h | Specific enthalby kJ/kg Btu/lbm
J | Mechanical equivalent of kcal=427kg.m | 778,2ft.Ibf/Btu
M kI\]/Ie(a)r:ecular weight kg/kg.mol Lbm/lbm.mole
m | Mass kg Slug,lbm
m Mass flow rate kals S(I:ug/sec,lbm/s
N | Mole .
n | Polytropic index
P | Pressure Pa = N/m° Lby/in=psi
P | Power W =J/s Ft.Ib/s,h.p
Q | Heat kJ Btu
('2 Heat rate kd/s = kW Btu/sec.
g | Heat per unit kJ/kg Btu/Lbm

(System International) (SI)
(English)  (British units ) (Bu)

Xl

*




R | Gas Constant kJ/.kg.K Btu/ Lb. F

B Universal Gas Constant 8.314kJ/kmol.K | 1545
ft.Ibf/mole.R

S | Entropy kJ/ K Btu /F

s | Specific Entropy kJ/Kkg .k Btu/Lbm.ft

T | Absolute Temperature K F

T | Torque N.m Lbf . Ft

U | Internal Energy kJ Btu

u | Specific Internal E . kJ / kg Btu/ Lbm

V | Volume m®, Liter Ft°

W | Work J=N.m Ft.Lb

W | Work Rate kJ/s =kW Lbf . Ft/s

w | Work per Unit mass kJ/kg Btu/ Lbm

X | Displacement. m Ft

Z | Hight m Ft

Xl




o Alpha g Function , ph

B Beta T ()

¥ Gamma, Ratio of Specific heat | d Differential,(derivative) ()
A Delta 0 Theta

n Efficiency , Etta J Integration

p Density , Rho 2 Sigma , Summation

X1




Introduction to Thermodynamics

(Fluid)
( ) ( )

(Joule)



Dimensions, Units & Symbols -(1.1)

(Properties)
(Units)
(1.1)
(1.1)
Sl ( )
S t
10° m’ L V
kg kg m
kg.m/s* N F
N/m? Pa P
N.m J E
J/s W P
N.m J W
N.m J Q
International System of Units -(1.2)
(1960)

(S

1)



(1.2)

: Units
uantit

Q Y Si English

Length meter m foot ft

Mass Kilogram kg Slug or Lbm

pound

Time second S second sec.

Electric current ampere A Ampere A

Absolute Temperature Kelvin K RanKine °R

Amount of substance kg-mole | Pound-mole Lbm-
mole

Luminous intensity candela Cd Candela Cd

( )
Plane angle radian Rad Radian Rad
Solid angle steradian Sr Steradian Sr

(2)




Dases LUinis Al ilen g a

Drerived Unit i ola gy @
Suppleméntary Linits Al ey é,
Multiplication ———————————————p i i
[Mivisian B plaali

P, ESESRNE R % LT ERE, PIFPCE LS RERUE LN SN PR O FIRE B, LT ENR JURE LR E TR,

A [l 1= daly 1 1350 adaled] gl 31y dndl i ol e U ety aalall

~(1.1)

(3)



(7)

(1.2)
(1.3) (1.1)
(N)
(N = kg.m/s?) (m/s?) (kg)
. . (N.m)
.... (Pa = N/m?) (W = J/s) (J=N.m)
.(British  Units)
(S (Lbm) (Pound — mass)
.(kg.m) (Kilogram — mass)
(N) (Sh) .(Lbf) (Pound — Force)
(1.3)
(SI)
(1.4) : (1.3) (1.2)
(1.5)

(4)



(1.3)

Quantity Dimensions Units
S English

Area A L? m? ft?
Volume \Y L® m? ft2
Velocity C L/t m/s ft/sec.
Acceleration a L/t? m/s? ft/sec?
Angular Velocity

® tt st sec™

2 kg.m/s’ slug.ft/sec?
Force F m.L/t = N (newton) | = Lb (pound)
Density p m/L? kg/m® Slug/ft®
Specific weight m/Lt? N/m? Lb/fe®
Frequency f tt st Sec!
Pressure P m/Lt’ N/ Lb/ft?
= Pa (pascal)

Energy, Work, Torque E -

W[ mLA N.m = J Ft.Lb

T (Joule)
Heat rate, Power . - s

Q mL“/t — W (watt) Btu/sec.
Mass Flux m m/t kgls Slug/sec.
Flow rate v L3t m*/s Ft®/sec.
Specific heat C L2/eT Jkg.K Btu/slug.°R

)




(1.4)

Btu | British-Thermal Unit h.p | Horse-Power
Cal | calorie n Inch -
Ft | Foot mi | Mile Statute
Ft.P | Foot-Pound NMi | Mile Nautical
Fath | Eatham %2 | Ounce
(159 L) Barel
.(35L) Bushel
Carat
.(36.4L) Chaldron
(128 ft°) Cord
Grain
.(9.092 L) PecK

(6)

PoundaL (PdL) = Lb.ft/s®



(1.5)

Quantity Units to Convert from Conversion
English (E.) Sl E.toSI | SItoE
multiply by
Area in” cm’ 6,452 | 0,1550 | m*  =1550in’
ft? m? 0,093 10,76 =10.76 ft?
acre ha 0,405 2,471 =1.2 yd?
=2.471.10" acres
=10"ha
Length In cm 2,54 0,394 _ 6
Ft m 0305 | 3281 |M L0510
Mile km 1,609 | 0,622 =5.4.10" nmi
=11yd
= 0.55 fath
yd =3ft
nmi =1.85km
Volume in’ cm® 16.387 | 0.061 |m’ =10° L=10° cm®
ft* m? 0.028 35.32 =1.31yd®
US gallon m® 0.004 264.2 = 4 barely
= L 3785 | 0264 |L =10° cm®=dem?
Br.gal. =4.546 L
Mass Lbm kg 0.454 2,205 | kg =35.274 Ounce
Slug kg 1459 | 0,069 _in3
=10
Lbm =16 Ounce
Carat =1/24kg
Grain =0.065g
Force Lbf N 4,448 0,225 | N =10° Dyn
Kip(10°Lb) N 4448 = 3.6 Ounce
Density slug/ft® kg/m® 5154 | 1,94.10° | kg/m* =0.001 g/cm®
Density Lbf/ft® N/m?® 0.064 | =0.063 Lbm/ft’
=0.008 Lbm/US gal.
WorK, ft.Lbs J 1.356 0.738 |J =0.239 Cal.
Energy, BTU kJ 1.054 0.948 =10’ dyn.cm
Heat BTU kwh 0.0003 3413 =10’ Eng.
therm kWh 29.3 0.034 =0.102 kg.m
therm =10Btu
=105.5MJ
Btu =0.252kcal
Lb.ft =0.138 kg.m
Power h.p kw 0.746 1341 | W =0.239 calls
Heat Rate ft. Lbf/sec. W 1.356 0.738 | =0,057 BTU/min.
BTU/hour W 0.293 3.414 | metric h.p. = 0,736 kw
1Tref = 3kW=12000 BTU
Flow Rate ft’/sec m?/s 0.028 35.32
= L/s 28.32 0.035
Pressure Lby/in® kPa 6.895 0.145 | kPa =10.2cm H,0
Lby/ft* kPa 0.048 20.89 =4.015in H,0
Foot of H,O kPa 2.983 0.335 =0.75 cm Hg
Inches of Hg kPa 3.374 0.296 =0.01 atm.
=10 bar

(7)




Quantity Units to Convert from Conversion
English (E.) Sl E.toSI | SItoE
multiply by
=7.5torr
Pa =10 dyn/cm?
atm. =76cmHg
=1034 cm H,0
torr =mm Hg
= 1/760 atm.
kg/cm? = 98100 Pa
= 0.1 MN/m*
Velocity ft/sec. m/s 0.305 3.281 | mis =3.6 km/h
Mile/hr m/s 0.447 2.237 =6.2.10" mils
= km/hr 1.609 0.622 = 1.944 nmi
Acceleration ft/sec’. m/s’ 0.305 3.281
Temperature F c 0% 1.8°C-32
(F-32)
F K 0.55 1.8K-460
(F-460)
Torque Lby.ft N.m 1.356 0.738
Lbz.in N.m 0.113 8.85
Viscosity, Lby.sec/ft* N.s/m* | 47.88 0.021
Kinematic, Ft*/sec. m?/s 0.093 10.76
Viscosity
C Btu/Lbm.R | kJ/kg.K Btu/Lbm.R=4.2 kJ/kg.K
u Btu/Lbm kJ/kg Btu/Lbm=2.326 kJ/kg
v m*/kg Ft3/slug m3/kg=515.384 ft/slug

(8)




(1.1)

1Lbs = 4.448N = 4.448x10°kN, 1 in ( ) =2.54 cm = 0.0254m
h.p = 550 Lbs .ft/s, 1 Lbm = 0.454 kg, 1 bar = 10° N/m?
1kW =kJ/s=kN.m/s, ,1ft( )=12in

6 — kWh = 3600 kJ = 3600 x
4.1868

bar — PSI = Lb¢/ in®
h.p —> kW = kN . m/s

KW — h.p
pHg — Lby, / in®
KW h —> kJ
kW h — kcal
N s LD 0.225Lb
1-1bar=10° . =10°x 4448 _10°% =20 _ 1451 b, /in’
m ( 1 ) in?2 15501n
0.0254
ft 3 m m
2—h.p=550xLb, x - =550x4.448x 10 kNx 12x 0.0254 2 = 0.74 kN . "
S S S
3-kw=kN. Do b yp b gy 1000, 1 og
S 4.448.10° 12x0.0254 4.448 0.3048
_7375Lb, x 1t
S
4—pyy 136009 =13600x -+ Lb, x 1
m? 0.454 1\,
— | 1IN
(0.0254
~13600x2.2Lb, x——~—_=049Lb,/in’
61023.744 In
5—kWh=gxh=gx36005=3600kJ
1
=859.845 kcal

©)



Fundamental Concepts & Definitions -(1.3)
Thermodynamic System -(1.3.1)
(envelope)

(Boundary)

(1.3)

(Surroundings)

(Surroundings)
(1.4)
Closed System ( ) -

(10)



Isolated System

Open System

(Total System)

(11)



Boundary —

[ (1). Physical

— (2) Party Physical and Party
Immaginary.

— (3) Immaginary

(12)

i1




Area -(1.3.2)

(D) (m?)
(A)
nx D?
A= g (1.1)
(Volume) -(1.3.3)
( )
.(1 Liter = 1dm® =10°m?) (m°)
(A( (L)
V)
VoAXL ceveveeeeeaeoneanns (1.2)
=m?xm=m?®
(v) (m) ( Specific Volume)
L= % .................. (1.3)
(Specific Gravity )
.Mass Density -(1.3.4)
(kg/m’) (p)
m 1
p= v — G .................. (14)
.(13600kg/m°) (1000kg/m°)

(13)



Velocity -(1.3.9)

A1
() ® (m) (L)
; (€)
C= % (?) .................. (1.5)
2
Acceleration -(1.3.6)
: (m/s?) (@) . (®
L
. % _ % _ t% .................. (1.6)
or
2 (2
wver = Cy . L (1.7)
( )
Force -(1.3.7)

)

(14)



(1)

(2)
: .(3)
.(F) . .(4)
Mass -(1.3.8)
.(kg) (m)
(m) () (F)
_F N _kemist
M T mis? . mis =k (18)
(SI) . .(Inertia)
(aridum—Platinum ) (kg)
(Severs)
(Mg) (Megagramme)
(t) (tonne)
1Mg=1t=10° kg=10°g
Acceleration du to gravity -(1.3.9)
(9)
.(9.88m/s?)
.(9.832m/s?) (9.78m/s?)  (%5)
.(9.81m/s?) .(Force Gravity)

(15)



(m)
W=mxg eeeeeeereaeenens (1 9)
Weight -(1.3.10)
(@)
: (W) (F)
F:W:mxg:kgxm/szzN .................. (110)
(80kg) .(80%9.81=784.8N) (80kg)
Momentum -(1.3.11)
¢ )
Momet.um =MXCeveeernnnnnnn.. (111)
- ~(1.3.12)
(( )
: (C)  (C) ® (m (F)
AMomentum = m((:2 — Cl) .................. (112)

(16)



AMomentum = M2 =%0) (1.13)
E m(CZt_ Co) (1.14)

.- Acceleration (a) = =2 ;Cl

FOCMIA reerernrneennnnns (1.15)
. (F)
(1kg) (N) (Sh)
(1m/s%)
1N=1kg x 1m/s
(a) (m) (F)
(m/s?)

(17)




(1.1)

(0.67mm)
2 2
A= TtX4D _ 3.14x(6.7) _ 35.9¢em?
(1.2)
: (90mm) (67mm)
2 2
A_TxD’ _314x(67)° ., o
4 4
V=AxL=352x9=2316.8cm®
(1.3)
(30) (200mm) (Sp)
sp:£: 0.2x30 _ /¢
t 1
(1.4)
(5)  (3000m/min)
o, C_3000/60 _,
t
(1.5)
(0.04kg) (0.2 m/s?)
F=mxa=0.04x0.2=0.008N
(1.6)
(9.81 m/s?) (180N)
m =w=@=18.35kg
g 981
(1.7)
(%)
(60kg)
9.81

W=mxgm00n=60xT=98N

(18)



(1.8)

(72km/h) 1)
3
Mometum =m x C = 2x10° x 229" _ 40000kg.™
S
(1.9)
(20s)  (72km/)  (27km/h) . Q
_ 72x10° _ 27x10° _
F=mxa=mxﬁ=2000xW=2000x 20-75 =1.250kN
(L) = [%)xt - (7'5; 20))( 20 = 275m
W=FxL=1.25x%x275=343.75kJ
P= ﬂ = 343.75 =17.187kW
t 20
(1.10)
.(90km/h) (1500kg)
(0.8)
(4) 3) (2) 1)

(1) F=pW=puxmxg
—0.8x1500% 9.81=11.772kN
(2) a=—  (F=ma)
m

_ 11772 _ 7.848m/s?

~ 1500
7.848

3) n=2x100= x 100 = 80%
g 9.81

@) c, = 20x1000_ 550/
3600
C,=0
a=-7.484m/s?
m(C, -C,)
t
_C,-C, 0-25
a —7.848

F=ma=

ot = 3.185s

(19)



Macroscopic & Microscopic Analysis

(20)

~(14)



Thermodynamic Properties -(1.5)
-1
W (T) (V) (P)
-2
.(Two Property Rule)
V=@ P, T)] ( )
(T) (P) (T P)
(dP)® (T) (P)
2 @)
_fdP=P2 -P, (1.17)
1
Independent & dependent Properties 151
(Independent)
(T,P)
(V) (H) (1)
(S)
( ) (dP) (2)

.(Exact or Perfect Differential)

(21)



Intensive & Extensive Properties

(Intensive)
(Extensive)
v) V)
V= v (1.18)
m
m 1 1
— e = = /e 119
PV Vim (1.19)
(A) (F)
State Diagram
.(1.5)
P
P\l
\\\\
\\‘&_E 2
P,
6‘} \Z V2 v
- -(1.5)

(22)

1.5.2

(m)



State, Path Function -(1.7)
(T V P)

. (dT dVv dP) (Exact Differential)
(V) V)

(Vfdv] .(dVv)
fdv =AV=V,-V, ... (1.20)
Q) (W)
(dW dQ) (Inexact Differential)
(dw)  (dQ)
2 2
[dQ=Q;, OR Q ¢ [dW=W,0RW....(121)
1 1

(23)



Thermodynamic Equilibrium -(1.8)

-1
-2
«C ) € B A
(©) B) (A) (1.6-a) .(1.6)
(A) (1.6-b) : B) A
B) A (C) (B)
(The Zeroth Law) ( . .)
!’ s s 4 i
1 o Jeos
e i.c ‘”f\§
| i Iﬂ -
g A B ﬂl A / B ‘ 51
: ___I_‘f
/! Sl Joy - // o
(® 30 djw/ (a)
-(1.6)

(24)



Process

(Non Flow)
(Flow)

(Steady Flow)
(Non Steady Flow)

Non-Flow
Process Steady SFEE

Flow<
Non-Steady NFEE

(25)

~(1.9)



~(2.1)
Mechanical Concept of Pressure

.(P)
(2.1-a) ()
(P = FIA) (A)
(2.1-b) (A) (F)
(P =F/A)
(A) o)) il (A) S drls
P—¥e— T
F— > F—) | L E
(a) (b)
-(2.1)
(m?) (A) (N) (F)
(Pa) (SI) (N'm?)  (P)
(Pascal)
- (MPa) (kPa)

MPa (MN/m?) = 10° kPa (kN/m?)

(26)



= 10° Pa (N/m?)

= 1N/mm?
(bar)
hectobar = 10° bar
= 10" kPa
=10’ Pa
(750mm)
(in) (Lb)
(atm.) (PSI)
_ Lb
latm.=14.7 PSI (—2)
in
Pressure due to a head of fluid
(A) (h)
(V=A xh) (m=pV)
S
ity h
p
¥ 7
-(2.2)
F mxg pxAxhxg
P=—= = = h 2.1
= A A pxgx (2.1)
kg m N
=—Xx—xM=—>=Pa
m? s2 m?

Atmospheric Pressure

(Lb/in?)

~(2.2)

(p)
(2.2)

~(2.3)

(Sh)

(27)

(bar)

*



.(Patm.)

(101.325 kN/m?)

(40 KN/m?)

:(standard)

Patm. = 760 mmHg
= 14.7 Lb/in®
=1.013 bar
= 1.01325 kg/cm?

The Barometer

) (1638)

(
Fum. P.=0
J {gm
4 P, jhmh(mﬂg)
Patm. P.tm. Patm. 3 Patm J
}:—:—:—:éj }:—i-:i—_l—“
(a) (b)
~(2.3)

(28)

~(2.4)



(1608 — 1644)

(2.3)
.(2.3-9) (Patm.)
(h)
(2.3-b) (Patm.)
(13600kg/m*® ) (h)

Patm. _ 101.3x10°

h= = =0.76 mH
g 13600x9.81 > °emHg
(10°Kg/m® ) .(101.3kN/m?)
3

h=P _1013x107 _ 16396 mH,0

PY  10°x9.81

(10.326m)
(13.6)
()
_10.326 _
h= 13 6 =0.76 m
(Ho)
(Pa) .(760 mmHg)
- (h=mm)

P = pgh = 13600 x 9.81x% ~133.4h (N/m?)

=133.4x10%h (KN/m?)
=133.4x10"® h (MN/m?)
=133.4x 107 h (bar)

(29)



The Manometer -(2.5)

(V)
.(Absolute Press.. Pa)
(50mm )
.(Inclined Manometer)
(250kPa)
.(250 kPa. Pa)
(Patm.)
Putm.
Patm.
P, =Py I‘:\] ‘ \. .:' i =Py
Pg a
A A
Pg
Patm Pa
A A
Patm Patm 7‘59 . [Patm
Pa Pa
Pg=0 Pg=Pa-Patm>0 Pg=Patm-Pa<0
-(2.4)

(30)



(2.4-a) (Pa = Patm.)
(Gauge Pressure. Pg)

Pg=0 ... (22)
(2.4-b) (Pa > Patm.)
(Pg) (+h)
Pg=Pa-Patm.>0 ... (2.3)
(2.4-¢) (Pa < Patm.)

(Pvac) (-Pg) (-h)
(Gauge Vacuum)

Pg=Patm.-Pa<0 ... (2.4)

(Pg) (Pa)

(31)

(Patm.)



(127kPa) -1

(740 mmHg)
Pa =Patm. + Pg
= (13600 x 9.81 x 0.74) x 10”° + 127 = 225.728 kPa
-2
(740 mmHg) (660 mmHg)
Pa =Patm.-Pg
= (13600 x 9.81 x 0.74 — 13600 x 9.81 x 0.66) x 10° = 10.673 kpa
-3
(740mm Hg) (150mm H,0)
Pa = Patm + Pg
=(13600 x 9.81 x 0.74 + 1000 x 9.81 x 0.15) x 10° = 100.2 kPa
.(0.85) -4
X (96kPa) (55cm)
Pa = Patm + Pg
—96kPa +0.85x10° <9 x9.81 M x 055 mx k-2
m S 10°Pa

=100.6 kPa

(32)



The Inclined Manometer -(2.6)

(50mm H,0)
(o) .(2.5)
(a=10°) (30mm)
30 _ 30 _
sin1o- 04737 —17emm

(0.8)

The Bourdon Gauge -(2.7)

(2.6)

~(2.6)

(33)



(Patm.) (Pg) (0.12 MPa)
.(Pa)

(Indicator)

Temperature -(2.8)

(34)



~(2.8.1)

Scales of Temperature -(2.8.2)

(Thermometers)

(760 mmHg)

(35)



.(Relative Temperature Scale) -1
(Celsius Scale) -
(1742) (°C) (Centigrade Scale)
(1744 - 1701)
(1948)
.(100°C) (0°C)
.(°C) () (t°C)

(Fahrenheit Scale) -
(1736 — 1686)
.(212°F) (32 °F)
.(°F) (t°F)
(180) (100)
9
t°C : A
(t°C) c
(t°F)
t °F = %t ‘C+32=18t(°C)+32(°F).....(2.5)
(2.5)
(50°C) -1
t°F=1.8t°C +32=1.8x50 + 32 = 122 °F
(176 °F) -2
om _t°F=32_176-32 _ o
tc= 1.8 1.8 =80C
( )
()

(36)



Absolute Temperature Scale

-(2)

(1954)

Kelvin Scale -
.(1907 — 1824) (1851)
(K) (M (TK)
(-273.16 °C)
(273 K) (273.16 K)
Tg=t°C+273 (K) or T=t+273[K] ... (2.6)
(AT = At)
AT=T,-T = (tg + 273) - (tl + 273) =t -t = At . (27)
°C K °F °R
(latm) 100 () 373.15 21 672
0 273.15 32 492
-273.15 0 -460 0
OO
-(2.7)

(37)



Rankine Scale -
(T°R)
(-459.67 °F) .(°R)
(492 °R) : (460 °F)
(2.7)

Celsius (Centigrade)

Relative ™~ Fahrenheit
Temperature Scale

\ <
Absolute

Kelvin

Rankine

T°R=18TK=t°F+460 ....... (2.8)
(°R °F K °QC)
.(deg. R deg.F K deg.C)

(2.6)
(-1°C)

t°F=1.8t°C+32=1.8.(-1) + 32 =30.2 (°F)

T°R=t°F +460=30.2 + 460 = 490.2 °R
TK=t°C+273=-1+273=272K

(38)



2.7)

(100mm) (7500N)
(kN/m?)

F_ 7500 7500x4 _ 956 KN/m?

A mxD? _nx(0.1)2

4 (2.8)
(2m) (0.8)
(KN/m?)
P =pgh
=0.8x9.81x2
= 15.7 kKN/m?
(2.9)
.(765mmHg)

.(MN/m?

P=pgh=13600 x 9.81 x 0.765

= 102063.24 N/m?

=0.102 MN/m?
(2.10)

_ (260 mmHgQ)
.(bar) (MN/m?) (758 mmHg)

Pa =Patm.+Pg=13600 x 9.81 x 0.758+13600 x 9.81 x 0.26

=135817.48 N/m?
=0.1358 MN/m?
= 1.358 bar

(39)



(400mm)
.(kN/m?)

(2.11)

.(763 mmHg)

Pa = Patm. — Pg = 13600 x 9.81 x 0.763 — 1000 x 9.81 x 0.4

=97872.41N/m?
= 97.87 KN/m?

(1.75 MN/m?)

Pa. = Patm. + Pg
= 13600 x 9.81 x 0.757 x 10+ 1.75

=1.851 MN/m®
(284 mmHg)
.(Pa)

Pa = Patm. - Pg

= 13600 x 9.81 (0.742 — 0.284)

= 61104.53 Pa

.(101325N/m?)
h, P 101325 _10.320m H,0

" owxg  1000x 9.81
P xhy, 1000x10.329
0,Hg 13600

h,Hg =

(40)

=0.76 m Hg

(2.12)
.(757 mmHg)
(2.13)
(742 mmHg)
(2.14)



(2.15)
Amm 750mm 760mm :
P = pgh = 13600 x 9.81 x 0.76 = 101.396 kPa
= 13600 x 9.81 x 0.75 = 100 kPa
= 13600 x 9.81 x 0.001 = 0.133 kPa

(2.16)

(200 Pa)
(PHg=13600kg/m") .
.(pac. = 800 kg/m®) (pw = 1000 kg/m®)

h= P = 200 =1.5mmHg
pxg 13600x9.81
=A=20.4mmw
1000x9.81
= _ 200 =25.5mm Alc
800x9.81
(2.17)
(757 mmHg) .(1.75 MPa)

.(mmHg) (MPa)
Pa =Patm. + Pg =1.75 + 13600 x 9.81 x 0.757
=1.851 MPa

h = 1.851x10°

= 13600x 9.81 =13.874 mHg =13874 mmHg

(41)



(2.18)

( + ) (24cm)

.(750mmHg) .(2kg)
.mmHg PSI bar kPa :
Patm Patm

Pg=£= m><g2= 2x9.81x42=434pa

A wxD° 3.14x(0.24)

T4 I
= 0.434kPa —

=0.434x 107 bar
=0.434x102 x14.7=0.063 PSI

P
hy,=—" 434 _ 3.253mmHg

M9 P, xg 13600 9.81
P, =Py + P, =13600x 9.81x 0.75 + 434 = 100496 Pa
—100.496 kPa = 1.00496 bar

hyy = Paps, 100496 =0.7532 mmHg
Pug X9 13600x9.81
(2.19)
(15 cm Ho) ()

(1.01 (10 cm Hg) ()
.bar)
.bar (2) kN/m? (1)
-1

Pa= Patm. + Pg = 1.01 x 10° + 13600 x 0.15 x 9.81

=121012.4 Pa
=121.0124 kPa = 1.21 bar

Pa = Patm. - Pg = 1.01 x 10°> — 13600 x 0.1 x 9.81

=87658.4 Pa
= 87.6524 kPa
= 0.876584 bar

(42)



(2.20)
.(740 mmHg)
.(pa=1.225 kg/m®) : . .(590 mmHg)
P=pgAh=13600 x 9.81 x (0.74 - 0.59) x 10°
=20.013 kPa

h P ~20.013x10°

= = =1665m
p,xg 1225x9.81

(2.21)
.(60kg) (0.04m?)
.(0.97 bar)

Pa =Patm.+ Pg = Patm.+E = Patm.+M
A A

2
—097bar 4 60 kg x 9.81m/s 1N (1bar)
0.04m? 1kg.m/s* \10°Pa

=1.117 bar

(43)



(2.1)

D
o _____
c (1.01bar)
q 3 .(d=2 cm) (D=20 cm) .(13.6 g/cm®)
_____ .y (3560.87 N ) :
(2.2)
(0.5 bar) ( )
.(0.8 MPa)
(760 mmHg)
(L) (13600 kg/m®)

.(0.64 cm Hg 901.3 kPa 51.3 kPa) :

(44)



()

(E)

(

(N.m)

Sources & Forms of Energy

(45)

(
.(10*))

)

X

)

Energy -(3.1)

(kJ)



Energy

/’

Stored E.

Internal E.

Internal E.

Chemical E.

Electrical E.

Nuclear E

Work
N~ Transit E. {

PE=FxZ=mxgxz

APE =mgx AZ

PE =g xZ

(46)

Potential E.
Mechanical E. {
Kinetic E.

Flow or Displacement E.

Stored Energy

Potential Energy

Heat
(PE)
(2)
(9)
(2)
...... (3.1)
..... (3.2)

(F= mxg)

~(3.2.1)



Kinetic Energy

(KE)
(a) (m) ® ©)
(dL)
—ma=mdc
F=m.a=m gt e (3.4)
W, =[FdL ....... (3.5)
—Im@ dL = jmdc dc= jmcdc
_[m 2 _ i i _ mc?
=]%40© m{zl 2
2
KE = % ........... (3.6)
2
AKE = méc .......... (3.7)
2
AKE=2C . (3.8)
2
(KE)
kJ J N.m Kgx 5 xm m?
=108 = =10 —=10—5 — =10°— ... (3.9)
kg kg kg kg s?
(3.8) (kJ/kg) (KE)
AKE = Ac® _m?/s*  kdlkg Ac? (kJ/kg) (3.10)
> > Tz = gngr (KIKD .

(47)

(©)



Internal Energy -

(Rotation) (Vibration) (Transition)

(3.0
p——t = F——0)
TTransitional Vibrational
v ¥
Ll I
O
Rotational
Potential
~(3.1)
&)
(1)
(T P)
(4.2) _
(4.2)

.(AU12:U2'U1)

(48)



Flow or Displacement Energy ( )

(Vi)
(W)

Wi, = PAV1,= P(Vo-Vy )

.(Electrical generator)

()

) (P)

(V2)

Transit Energy

The Conservation of Energy

(49)

(V2)
(V1)

~(3.2.2)

~(3.3)



Solar Power Plant (3.2-a)
Diesel Engine Power Plant (3.2-b)
Gas Turbine Power Plant (3.3-a)
Steam Power Plant (3.3-b)
Nuclear Gas Turbine Power Plant (3.4-a)
Hydraulic Power Plant (3.4-b)

(Product of Combustion)

(Rotary) (Reciprocating)
(Crank Connecting rod mechanism)
«— “— «— «—
&
d I 5 Sun rays
Air—» hﬂ!ﬂuﬁt pa— - Steam )
Fuel -——o[—g- | gases | | - —— Turbine |
[ T~Piston L¥ : :
| | ,’ | i
#+—Cylinder . vall Bailer | Generator
L , 1 M.n;;".* ,.nr ! ‘_ijgondenser
xan N 1 . (1) Pump N
g i IL‘-:.L'_:'-' T - o
Generator Water
J s da# (b) L da# (a)
~(3.2)

(50)



.(Compressor)
(Turbine) (Combustor)

Hot gases Gasous Fuel

’_T_’j “Steam | Generator
Turbine 1 Combustor

Al “"l ) .
=ib Boiler TR K T:rhmt l
Coal W 1 — =)
+——C
I_._ Oy Mpressor l Generator
F;np Cmdansar Adr Exhaust pases
iy das (b) b it (a)
- (33)
-3
(Boiler) ( )
«— «— «— «— «— «—
Roactor

Turbine & I -

e i’

l:-::'-.f. —
i, .:' L= -
/" -:_i o
R 1 _. o -+ -

o F o ar s

L5y yion dak (b) dyy it (a)

- (3.4)

(51)



(Compressor)
(Reactor)
[ «— «— «— «—
— — —
AEsystem (XEow) (2Ein)
(3.5)
Ein —> Eout
-(3.5)
2Ein = Zout + AXEgystem  oeenee (3.11)
: (AzEsystem = 0)
2Ein = 2Eout = 2 Econstant
(Isolated)
Esystem = Constant
Work and Heat -(3.4)
Historical Background -(3.4.1)
) (1)
(3)

(52)



(1798)

(1889 — 1818)

(1843)
(W/Q=J) (J=4.186 kJ/kcal)
-(Kcal) Q) () (W)
(J=N.m) ) (SI)
Relationship between Heat & Work -(3.4.2)

(53)



Sign. of Heat & Work -(3.4.3)

Q) (w=W/m) (w) (W)
-(9=Q/m) (a) (1Kg)
(Wou) (External Work)
(Win) (Internal Work)
.(3.6)
-(3.6)
(W)
Q) (V.V=W/t"KW")
((.3=Q/t"KW'j
() 3.7)
()
()

(54)



3yl my Jas (=)

Jasdi g 5yl 1 o el —=(3.7) S

(55)



I [ ] ] [ ] | !
————
i Qo Qun

Bl
l (a) (b)

Bkl JIECa e OYoLze OASE B,y Jaldl —(3.8) S5
(3.8)
(b) (@)
Q)

(m) (N)
.(J=N.m) :

(56)



Mechanical W.
(Wmech.)

Forms of Work -(3.5)

[ Displacement W. (Wi4is)
OR Movina Boundarv W. (W)

— Gravitational W. (W)

— Accelerational W. (W)

— Shaft W. (W)

Work, W.—
\_ Electrical W.
(We)
- » F
«— L ...Distance
(F) (3.9)

2
Winegn =F.L=[FdL ...
1

— Spring W. (Ws)

~(3.5.1)

(L)

(57)



p P
1
1 i
i \\2
4; y 4. ' 3 v
F |P.A F_P,A
dL: ar
| « Lo |« L]
-(3.10)
(P) (V)
(F) (A)
(P) .(3.10) (2) (1)
: (dL)
dW=F.dL=PAdL=PdV ........... (3.13)
Jdw=[pdv ... (3.14)
Wgis = PAV =area 1234 ... (3.15)

Displacement Work

(58)

~(35.2)



| i~ 2
LLL 4 | | | lWFﬁlz T 4 H }3

D

€

(b) (a)
~(3.11)
(P-V)
(3.11-h)
(3.11-a) (X)
(dW)

.(Inexact Differential)

dW =P dV =
Va
faw=[PdV=3PdV ... (3.16)
Vi
~W=PAVI12=areal234 ... (3.17)
2
= Weiction + Wagn +Weranic = [ (Friction + P, A+F ) dL ....(3.18)
1
Net Work -(3.5.3)
(P-V)

(59)



A | & A

L5 [ o ; ]
. o ® | G T~ 5
oy “ # ."I- 1 .{ .._.--"'_,;'__::I : .?};?I
7 0
L v A A A A A S s 3
blaaiyly siadl Jas (a) Jatli de (b)
~(3.12)
B) @A) (3.12-a)
(AV PA) (11) A (B 0,
(3.12-b) (A= l>B>11—A)
() .
(JdP=0 [dv=0 [dT=0)
. (Jdw=0) (3.12-b)
ﬁdW:AV\{FV\é —WJ [jd\,&Avn:v 2_v1)
- ( )
[i dW = le(orW)] “dQ=Q 12 (orQ)J
( ... dT dv dP)
(1)
(Zz'm) (2) (Zl,m)
@ O (Zo-21)
( ) dw,do  °

(60)



Mechanical Power -(3.5.4)

MW)  (KW) (W) (P=%)
(w=)) © )
(1814-1736) .(HP)
Mechanical Forms of Work 3.55
(3.1)
(3.1)
Work
1- Displacement W. Wi =) FdL =] PadL =] PdV = PAV,

2- Gravitational W. . 2 2
Wg =) FdZ=) mgdz=mgAZ
1 1

vertical

=1200Kgx 9.6177 % 90X M xsin 30
S

m/s KJ/Kg
=147 KW
x(3.6Km/h)x(103m2 /2

A AZ
Wg=ng=mg.C

m=1200Kg

c=90 Km P
X -
S5
2
0 Z, 7.

Reference Level

(61)




3- Accelerational W.

(t) (L) (©)
g g M=900kg
c c o Km _,go Km
F=ma=m— (ra=— S
at U2 qp) n n
dL = Cdt (-c= OI—L) \ﬁj
dt At=208

2 2 dC 2
W, = [FdL =j(ma).(c:dt)=mjcdc
1 1 1

1 2 2
==m(c; —cC
;M (cz—ci)

2
L. 900kg. (SOOOOm) 0 ( kJ/kg )
2 3600 1000m?/s®

—222.2k]
W, = Wa_2222 0w
At 20s
4- Shaft W, T
F=e (~T=Fr)
r
L =2nrN

W, =FxL= T (2rrN) = 22 NT (kJ)
r

Wan = 21 NT =
= 27 (40002 (200 N.m)(2MIMy 1K)
min 60s * "1000N.m
— 83.7kW
F ~ W=2rNT
I:I={6> r 4®ﬁT—sh.
N=4000rpm )
T=200 N.M

)

(62)




5- Spring W.

K ... Spring Constant
X ... Displacement

(=

F,=300N

F,=600N

Thermodynamic Concept of Heat

(63)

~(3.6)




Q) Q)
()

The Specific Heat Capacity

(1kg)
(kI/kg.K)
C=¢(T)
(3.13)
(800K)  (300K)
C ¥ n
f .
i’___x"f !
A ‘
l - l[ | |
| —-,,-‘-q—dT
.
5
~(3.13)

(1kg)

=(3.7)

(©)

(64)



(3500K) (3000K)
© Q) (AT) .(3.14-3)
[ '_l_"'_ I | |
¢ 2 ‘ | ’ ___!_Hrﬂi |
| /| | ] i
. | i 1% J/.
pr P
LT..| =g a:': L—1 =
l | _"::f'j‘_'ﬁ 5 } - L0 l;.”‘ -r"'&'jr
RN N L . — o |
T _'|_ | |
T
ol () it gl g1 o) (a)
-(3.14)
(T2) (T1) (Cm)
.(3456) (1234) (3.14-b)
(3.15)
( )
The Specific Heat at Constant VVolume
(1kg)
: (T) (Cv)
Cv=¢(T)
Cv= (2—#_) OR (du), =Cv(dT), ...... (3.19)

(65)



-(3.15)
The Specific Heat at Constant Pressure

(1kg)
(T) .(Cp)
Cp=¢(T)
_(ohY -
Cp = (a_T)p OR dh), =Cp(dT), ..o (3.20)
) (Cv) (Cp)
y = % ........... (3.21)
(Cv) (Cp)

Cw=42kJ/kg.K

(66)

(3.1)

(h)



(50m)

(4.2 kd/kg.K)
PE=Q
mgz=mcAT

AT = 9%2_981x50 _ ..o

3

.(100m)
(80%)
(4.2 kilkg. K)

0.8PE=0Q
0.8xmgz=mcAT

AT = 0.8x9.81x100
4.2x10°

=0.187K

(3.3)
(20°C) (3kg) (1200W)
(Cw = 4.2 k] / kg.K) .(100°C)

W _mcAT _ 3x4.2x(100-20)

PP 1.2 =840

time =

(3.4)
.(520m) (1200m)
(7kJ)
PE=mgAZ=7

7 7
m = =
gAZ 9.81(1200-520)x 1073

=1.05kg

(3.5)
.(32m) (585 kg)

(67)



PE=W=mgz=585%9.81x32=183.6J

(3.6)
(34s) (Imin.) (24.5m) (210kg)
PE=W=mgz=210%x9.81%x245=50.5J
p=W_50x5_ 4537w
t 94 (37)
(15%) . (1050 kWh)
p-W_ 1050 _ sskw
t 30x24
P18 o
(3.8)
(750kW)
(1Kg) .(2.250 . 10% kg/h)
. 3
ms = 2:250x107 =0.625kg/s
3600
w=N 2 0 _1900kg
o 0625
) (3.9)
.(1800kW) (545 km/h)
(N)
V.V =Fxa

_ W _P_1800x1000
“a a 545x1000
3600

F =11.89N

(68)



(64 km/h) (23kW)

(3.10)

P= % _Fxa_rec
_P_ 22350 9k (Exsxi)= SLELUNAVE Y
C 64x1000 S m S m
(3.11)
(1kg) (KWh) (kcal)
.(1200m)
PE=Fxz=mgz=1x9.81x 1200 = 11.772 kJ
_ALTT2 ) e19keal =272 _ 60,0033 kwh
4.1868 3600 (3.12)
.(300m/s) (1kg)
.(kcal)
2 2
KE =" 133007 _spg=— 10748 keal
2 2 4.1868 (3.13)
.(85%) (0.08 MW)
.(63 kg/min.)
n=%:>Q=nP:>mCAT=nP
_MP _ 0.85x0.08x10° _ 3
AT = e ™ a2x63xp0 ~ ox107K
(3.14)
.(496 m/min.) (30L) (82%)
.(10° kg/m®)
2
mc? 30~ (:?06)
082PE=KE=-—"=
2 2000
g 205013 ) o0 o
1640

(69)



(3.15)
(kJ)
.(Lbs . ft) .(0.75 mmHg) (0.568 m®)

Whiow = P AV = 0.75 x 13600 x 9.81 x (0.568)

=56.8 kJ
= 41800 Lbs. ft

(3.16)
.(100J) (1kg)
_ mC?

KE ="

2
100 = 1 ><2C
C=14.14m/s (3.17)

.(100m)

-(1kg)

a- PE=mgz=1x9.81 x 100 =981 J/kg
b- KE = PE =981 J/kg
c- AU=AKE =981 J/kg=mcAT

AT—&—E=O.234K

" mc 4186 (3.18)

.(900N) .(50 km/h)

p_ W _Fxa_ 900x50x10° x 10
t ot 3600

.(1000J) (1kg)
PE=mgz
1000=1x9.81x%xz
z=1019m

= 12.5kW
(3.19)

(70)



(10°C) (2kg)
(100°C)
(45kJ)
(4.2 KIlkg.K)
.(0.89 kW) :

(71)



Real or Ideal and Perfect Gases * -(4.1)

(Permanent Gas) ( )

(4.1)
.(373.15K)
T(K) e
o ~ A
i i -
s e ———— o
e e -
S
T - P
~(4.1)
.(C =Const.) -2
C=2(T)

(Perfect or Ideal Gases)

(72)



(C.P)
(4.2) (a)
(a ) ()
T -
| cCP - JE
McA
| sl TaatSH 3 i
L3 ...J -;y"" 2 Jlall Cams
| gl ‘-,Aijll FED f.*'f m.h¢g ()
i s
mcA 4 MNs”
- ] :J:.al'._,--ww
a
| E— — -— _—— v
( ) -(4.2)
(4.1)
(-10°C) (20kg)
- .(120°C)
2.1 kJ/kg.K =
336 kJ/kg =(hsL)”
1.95 kJ/kg.K =
2256 ki/kg =(hsg)”
4.2 kilkg.K =
(s) (Latent Heat of Liquidization) (hsL)
.(liquid) (L) (Solid)
() (Latent Heat of Evaporation) (h:Q)

Gas) (g) (fluid)

(73)

*



Qr = Q12+ Q2 + Qa4 + Qus + Qs
= 20%2.1x [0—(-10)]+20.336+20x4.2x (100-0)+20.2256+20%1.95x% (120-100)
=420 + 6720 + 8400 + 45120 + 780 = 62220 J
Latent Heat of Liquidization

(k/kg)

.(Const.)

i3 o dl%\e (b)

(1kg)
(1kg) . (hsL) .(kJ/kg)

Latent Heat of Evaporation

(1kg)
(h:9)
Boyle’s Law -(4.2)
.(4.3-3) (P-V)
(32 1)
P
- I't,'
-‘\x. “
o T
1/V v
iSs B (a)

Just 096 —(43) JS5

PVi=P,V,=P3V; =PV = Const. ...l (41)

(74)



(91-1627)

(4.3-b)
Charle’s Law and Absoulte Temperature
V) .(4.4-3) (V-1)
(Vo)
V=Ct+V, ... 4.2)
v=CT (4.3)
.(4.4-b)
(4.4-c)
(M (K
T=t+273 .. (4.4)

(75)

:(1660)
(P . 1/V)
.(Const.)

4.3

(®) (t)
(-273°C)
(T)
(t)



PorV # & v,
A Y L2
i il ] o~ i -
AP e
:;'-_" - L
| | f{iﬂ‘ t Ve &
[ — _I'_L 3 .
| | e b |
-273 o o0 °C
0 273 T K
Sl Lial L3 () Slali il (b) 43 b B (a)
-(4.4)
.(4.2)
(4.5) @ @
ﬁ=ﬁ=¥=Const. ....... (4.5)
1 2
(1823-1746)
(1850-1778) -
r
I — —d
| |
I |
i
-(4.5)
P =Const . .. (4.6)
T

(76)



~(4.4)

(4.1)

( )
)
(1/100)
( )
V = Const. P = Const.
T
T V=V, .— ... (4.7)
P = PO . T_o 0 To
_p 1+273 =vo.t;%2373
00273
_v (L
— P (Bt + l) = Vo . (at + 1) ..... (48)
s -
(o) (B)  .(0°C) ©)
(@) (B)
( ) (1/273)
(1/273) (
(4.1)
B a
0.00367 0.00367
0.00366 0.00366
0.00367 0.00367
0.00367 0.00367
0.00373 0.00374
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(t=-273)
1
V, =[l-a(t, —t)]=[l—2—73(0—(273)} ...... (4.9)

1o [+283) 212120 (4.10)
273

V, =V, [l+a(t; +t))] .. (4.11)

V,=V[l-a(t,-t)] ... (4.12)

The General Equation of Perfect Gas -(4.5)
.(Equation of State)

(4.6-a) @ @

le

.'\..‘ - " 3 -
q Jep 0§60 e oW

) ‘-L_.:-_\_.. 'LjJL;' ‘;l,-lu e il p.'-;
2. L _q‘-‘;-_' ﬁ '-,x_ : _ ‘m {

v ' v
Johsy Jep 390 bt (b) ULl e JUBY 342 2 1) 1 o (a)
-(4.6)
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.(4.6-D)

(T2 V2 Py) (T1 Vi Py)
(A) @ @
A) 1
P1V1=Pa Va=PyVa
V, = Py (4.13)
P2
- : @ A
Va_Va_Va
TA 2 1
V, = Volu (4.14)
T, : (4.13) (4.19)
PV, V,T
;2 L= %2 L . (4.15)
( 4 3)
RM_RV,_RV P\ =Const ..... (4.16)
L
(1Kg) (v)
—=Const. ... (4.17)
(R) (Const.)
VR 4.18
T @19 : (m)
PV=mRT  ...... (4.19)
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(p + %)(v ~b)=RT ... (4.20)

v (b) (a)
(P+0)(v-0O)=RT
Pv=RT ... (4.21)
(Gas Constant) (R)
(R) (mkg)

R=ﬂ=k—'\2'xm3xixl=k'\"m=kJ/kg.K ......... (4.22)

mT m kg K Kg.K

Enthalpy -(4.6)
(Pv) (1)
(kJ) (H)
(kJ/kg) (h)

h=p+Pv ... (4.23)
dh =dp + dPv

=du + dPv + vdP
(dP=0) (P =Const.)
dh = du + Pdv
fdh = [dp + [Pdv

Ah= Ap+PAV (4.24)
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Relationship between the Specific Heats -(4.7)
(Cv)
.(Cp)
_(ou
CV_(@T)D ........... (4.25)

or

(d p)y = Cv (dT),
or

dpu =CvdT

Ap=CvAT (4.26)

oh
Cp= (a—_l_jp ........... (4.27)

or

(dh), = Cp (dT),
or

dh=CpdT

An=CpAT (4.28)

h=p+Pv

Ah=Ap+PAv

CpAT=CvAT+RAT

R=Cp-Cv (4.29)

(Cp) Cp > Cv (R)
(Cv)

(81)



(4.2)

(1) (0.3m°) (1 bar) (0.9 m®
(1.2/1) )
1-P,= PVi _1X09 _gpar
V, 0.3
g.p, =PV To _1x09 12 4600y
vV, T, 03 1
(4.3)
(25°C) (0.1m°) (40kN/m?)
(60°C) (700kN/m?)
V, =&xlx L= 140 333 x0.1=0.0223m*
P, T, 700 " 298 (4.4)
(35°C) (0.03m?) (350kN/m?)
.(1.05 MN/m?)
R =0.29 ki/kg . K
_PV _350x0.03_ o Kg
RT 0.29x 308
T,=T,x « "2 30810 _goak =651 °C
p 03 (4.5)
(92°C) (12bar) (COy) (4.2kg)
(COy) R =0.189 ki/kg . K
MTR _ 4.2x365x 0.189
V= = R e =0.2414m?
(4.6)
R=0.26 ki/kg.K  (410°C) (15.5 bar)
2
P _155x10° 4 208 kg/m?

" TR 683x0.26
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.(15°C)

(4.7)
(1.013bar) (0.2m%)
(0.2kg)

R =296.9 J/kg. K :

m
'TORT,

_ PV, 1.013x10°x0.2

=0.237kg
0.2969 x 288

m;=m; +0.2=0.337 + 0.2 = 0.437 kg

p, m\F/%Tz _ 0.437x 0(.)22969 x288 _ 1 g7 phar
2 ' (4.8)
(7bar) (0.003m°) (0.01Kg)
.(0.02m°) (1bar) .(131°C)
2
R = PV, _ 7x10°x0.003 —052k]/Kg.K
mT,  0.01x404
7, = P2Ve 100002 40 o _11150°C
mR  0.01x0.52 (4.9)
(73.5 bar) (20°C) (CO,) (12L)
Rcoz = 0.189 kJ/kg K (COz)
2
o PiVi _735x10°x0.012 _, o, Kg
RT, 0.189x 293
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(4.1)

(b a)
(100°C) (10L) (a)
.(5 bar) (20°C) (20L) (b) (10 bar)
.R=0.25 kJ/kg.K :
(6.658 bar) :
(4.2)
.(25°C) (0.75kg) (0.5m°
(2) .(mmHg) (1) : .(1bar)
(mmHg) (15kJ)

Cp = 1.005 kJ/kg.K. Cv = 0.717 kd/kg.K. pHg = 13600 kg/m®
(305 mmHg. 215 mmHg) :

(4.3)
(A) (02)
(5.2 kg) (B) (N2) (1.5kg)
(Cp) .(60.19°C) (B) (A)
(760mmHg) )
.(Cv N, = 0.744 kJ/kg.K) (13600 kg/ms)
t=50 °C t=100 Oi:
pg:4bar éy/////////// Pg:2bar
) =)

(B)
V=0.992m?

A a

- N

N




The First Law of Thermodynamics -(5.1)

Joule’s Experiment -(5.2)
(5.1)
(mgz) (Win) (2) (m)

Thermometer

(85)



(Qout)

(Win)
(QOUt)
Qout @ Wi
Qout = Win
fdQ=fdw = ¥»Q=3w ... (5.1)
W
X
AN _ AW
o ...}1] J= AQ
x | AW
K |
k4 AD
— —
© ) -(5.2)
) .(5.2) Q (W)
(4.2kJ/Kkcal)
(kcal)
The First Law Statement -(5.3)

(Q=W) : -

(86)



(QeW)

fdQ=fdw = »Q=%w ... (5.2)
(5.3)

(Win)

(Qin)

Qs
Extraction Pumgp Q
L (Wi )
Feed Water Condensate
s ErIT i e ks
2Q=2W 2Q=2W
(Qi”) + (_QO) =W, + (_Win) =W, - Wi, (Qin) + (_Qo) =W, + (_Win)
Qin — Qo = W, — [(Win)1 + (Win)2] Qin— Qo =W, - W,
Qin— Qo = W, — Win
- ~(5.3)
(Qo) : (Wour)
EQ =X2W
Qin + (-Qo) = W + (-Wip)
Qin—Qo=Wo-W;, (5.3
Win = (Wp)1 + (W)

(87)



Energy Equation -(5.4)

( )
(Stored Energy)
.(AEg)
(A) 2 @)
(5.4) (C) (B) 1 @
P | I
'f-"f' ___"Ir. I'I
y 5 i
| <:‘h::__ ’_J{ C
v
~(5.4)
2Q =X3W
1A2B1
(Qu2)a + (Q)s = (Wi2)a + (Wa1)s (1)
1A2C1
+ (Qu2)a £ (Q21)c = £ (Wi2)a £ (War)c . (2)
2 @
(Q21)8 — (Q21)c = (Wa1)g — (Wa1)c
5o (War)s — (Wo1)s = (Qa1)c — (War)c ... (5.4)

(88)



(B) (Q-W)
Qw) (@ @

(Q-W) (AEs)
Q-W=AE, ... (5.5)
(Q-w)
(Q-w)
Q-W=AE=AU+AKE +APE ........... (5.6)
.(The General Energy Equation)
( )
Q-w=AU ..l (5.7)
(Non-Flow Energy Equation)
(NFEE)
dQ-dw=du ... (5.8)
: (NFEE) (AU=0)
Q=w ... (5.9)
Q W U

(89)

(©)
(A)

(Q-W)

(AEs)

.(NFEE)

~(5.5)

.(dQ dw du)

(Exact)



T, U,
[dT=T,-T,=AT and [dU=U,-U,=AU .. (5.10)

T U;
(Inexact)
[dQ=0Q and jdw=w ... (5.11)
(d)
dQ - dW. =duU
[dQ - Jdw =[dU
~Q-W=AU (5.12)
(Evaporators) (Heat Exchangers)
(Engines) (Turbines) (Compressors)
-(5.6)
-1
(V) (54)
dQ-dw=dU
[dQ -fdw = fdu
Q-W=AU or Y (dQ-dw)=AU ... (5.13)

.(Non-Flow Energy Equation)
-2

-3

(90)



Internal Energy or Joule's Law -(5.7)
[w =< (T]

-1
.(5.5)
-2
-3
. -4
(Q=0) (W =0) -5
Q-W=AU
AU =0 V/
7
-(5.5)
2 @
-6
-7
[n=9(T)]
(1 kg)
du=CvdT
Apu=CvAT ... (5.14)
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(5.1)

.(43.5KkJ) (0.5kg)
AU =—-W =-435kJ
AH=£=ﬁ=—87kJ
m 05
(5.2)

(5283 kJ/hr) .
(1672 kJ/hr)

AU = Q- W =-1672 - (-5283) = 3611 kJ/hr

(5.3)
(0.1m2)
.(17°C) (1.5bar)
P
T, =T 2 =290(3"0'1) T,=—2.T,
Vv, 1x0.1 P,
=870K =£T2=2x870=1740|<
W =P(V,-V,) Py
=150(0.3-0.1) > W =30+0=30kJ
= 30 kJ/kg
(5.4)
(100kJ) (2 @
.(80kJ) 1) (@ (150 KkJ)
1 @
XQ=XW 100 + Q,; = 150 + (-80)
Q2+ Qo =Wy + Wy Q. =-30 kJ

(92)



(700kJ) (250 kJ/kg)
(200kJ)

AU;; = Q12 — Wy, = 700 — 200 = 500 kJ
m=2Y2 50 _,)

Ap,, 250

(690kN/m?)

(0.024m®)

(6 k)

(5.5)

(5.6)

(0.003m®)

AU;; = Q-W =Q - PAVy; = (-6) —[690 (0.024 — 0.003)] = -20.49 kJ

(1055kJ)
(210kJ)
Q-W =AU
-1055-W =210= .. W =-1265 kJ
(3m°) (0.5kg)
(900kJ)
(bar)
AUy = Q12— Wy, Wi, = PAVy,
= (-900) - (-81.6)
= _818.4 kJ p_ Wi,  -316
AV,, 0.028-3
Ap,, =2Ye —8184 0.2746 b
Mo m 05 =0. ar
=-1636.8 kJ/kg

(93)

(5.7)

(5.8)

.(0.028m°)
(81.6kJ)



(5.9)

(2 kg)
.(kJ) (180 kdkkg) (120 ki/kg)

q=A p=180- 120 = 60kJ/kg
Q = mxq = 2x60 =120 kJ

(5.10)

(75 kJ/kg)
. (42 KJ/kg)

Ap=Q-w=(-42) - (-75) = 33 kd/kg

(5.11)

.(3 bar)
(0.03 m® (0.1 m’)

. (16.72k))  (4.18KJ)
W = PAV =300 (0.03 - 0.1) = -21 kJ
Q=AU +W = (16.72 — 4.18) + (-21) = -8.46 kJ

(5.12)
(2m’)
(5m°) (300K) (5 bar)
1) : . .
(4) . 3) - (2)
(1)wW=0 (2)Q=0
(3)T,=T,=300 ~.AT=0 ..Q-W=AU=0
P1V1 5 X 2
4)P, = =2X£_-143b
(4) P, v, 7 ar
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.(y=1.66) .(5kJ)

D=20cm

ay
=

2

(500kJ)
(140kJ)

.(320 000 kJ/hr)
(20)

.(10kJ)

(5.1)

(2) (1)

(757 1257KJ) :

(5.2)
(0.5kg)
.(1kg)
(1kW)
.(0.1kW)
(10%)
(20 min.)
(20cm)
.(1.01 bar)
(1177.364 kJ) :

(5.3)
1) : 3)
(2) .(320kJ)
(3) .(200kJ)
(-120kJ) :

(5.4)

.(25kW)
.(1oo0w)
(85%)
.(40 MJ/kg)
(6.553 kg/hr) :

(95)



(5.5)

(150 kPa) (25°C) (0.1m%)
.(150°C) (1MPa)
(27.8 KJ)
Cp=1.04 kd/kg . K y=14
(-12.06 kJ 0.0213 m®) :
(5.6)
(b a) (P=a+hbV)
(V=m®) (P=kN/m® (U=kJ) (U=34+3.15PV)
(0.06 m®) (400 kPa) (0.03 m®) (170 kPa)
(P-V)
(68.05 kJ 8.55kJ) :
(5.7)
(0.5kg) (0.5m°) (a)
(1kg) (0.25m°) (b) (1.35bar)
( ) (€) .(4.25 bar)
Cp=1.005kd/kg.K . Cv =0.717 kd/kg .K
(2.316 bar 402.18 K) :
(5.8)
(2kg)
: .(600K)
Cp =1.005 kJ/kg.K . Cv = 0.718 kd/kg.K

(861.6 kJ 1723.2kJ) :
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(5.9)

( ) (100g)
:(1 bar) .(50cm)
(103°C) (5.95kJ) -
.(50cm) -
(P-V)
Cp = 1.005 kJ/kg.K : Cv =0.717 kJ/kg.K

(26.96 kJ 10.829 kJ 37.79kJ 0.861 bar) :

(5.10)
(100°C) : (0.2kg)
(y=1.4) .(5.3kJ) .(19.7kJ)
(R)
(0.295 kJ/kg.K) :
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( ) -(5.8)

Non-Flow Processes (Closed System)

Q-W=AU
(1kg)
g-w=Ap . (5.15)
-1
: -2
.(PV"=C) -3

R=0.287 ki/kg.K Cv=0.718 ki/kg.K Cp = 1.005 kJ/kg.K

.(Non-Flow Processes)

(98)



-(5.9)
Application of the First Law of Thermodynamics on the Closed System

Constant Volume Process -(5.9.1)
(Iso-Choric)
(Cv)
.(5.6-a) (P-V) 2 @
(dV=0) (V1-V2)

v s v
N | -
baalt & g8 Lles (b) pml S gd Llas (a)

~(5.6)

2
Ap=Cv[dT=Cv(T,-T,)  (kJ/kg) ... (5.17)
1

q-w=Ap
q=Ap=Cv(T,-T,) (kI/Kg) .. (5.18)

S.Cv= ﬂ
AT

(99)



Constant Pressure Process -(5.9.2)
.(Iso-baric)
(Cp)
(P-V) 2 Q)
: (P1=P,) .(5.6-b)

V —Const. : -

T

2
Wy, = [Pdv=P(v, —v,) =R(T, - T;) (k/kg) ....... (5.19)

(@) -1
q=Ap+w
=Cv (T,-Ty) +R(T2—Ty)
=Cp(T.-Ty) (5.20)

dg=dp+dw ... (5.21)

=dpu+dPv
=d (u+Pv)
~.dg=dh

q=Ah
L g=Ah=CpAT (5.22)

Cp=Ah/AT ... (5.23)

(R) -3
q =Ap+w
Coat = CiattRAT
R =C,-C,

(100)



Constant Temperature Process
.(Isothermal)

(P-V) @ @

(T1=Ty)
Pv = Const. :

PV=mRT=C or P=

<|O

V, V,

w:dev jcdv cj—_CL 7 =P,V,Ln 7 = RTLn—2

1 1

Adiabatic Process

(101)

= C=PV ... (5.24)

~(5.9.3)

.(5.7-a)

ilia

~(5.9.4)



-(g=0)
(P-V) 2 @

7
.-"'.- f,f'l, & .ﬂ"-‘z'f:':'.: -:'."
;‘ff”i-f .-f'f.-;: ]
v v
sl Ldes (b) da iy T Lot ()
~(5.7)
)
v=Cp/Cv
(Cp Cv)
R=Cp_Cv=cp_SP_CPr=Cp_Cp(y—1)
Y Y Y
“Cp= % .......... (5.27)
R=Cp-Cv=yCv-Cv=Cv(y-1)
. ~,_ R
- Cv= 1 (5.28)

.(5.1)

(102)



(5.1)

o 5E 5
6| | | 52 = Y
~ Q X
Cp Cv R

Air - 29 1.293 1.01 | 0.72 | 0.287 | 14
He 1 4 0.179 519 | 311 | 2.08 | 1.67
H2 2 2 0.09 14,20 | 10.08 | 4.12 | 1.41
N2 2 28 1.253 1.04 | 0.74 |1 0297 | 14
02 2 32 1.430 092 | 066 | 0.260 | 14
CO 2 28 1.151 1.04 | 0.74 | 0.297 | 14
CO2 3 44 1.975 0.82 | 0.63 | 0.189 | 1.31
S0O2 3 61 2.90 061 | 048 | 0.13 | 1.26
CH4 5 16 0.718 223 | 171 | 052 | 131
C2H6 8 30 1.358 1.75 | 147 | 0.277 | 1.19
28.15 1.03 | 0.74 | 0.295 | 1.4

Apn=Cv[dT=Cv (T,-T))

:v) (P)

Pv' = Const.

T _(vi)" (P
Tl_VZ - P,

(23.2%0,) (76.8% N.) :
.. N

(103)



(5.31)

y =X LnE
Lny:L?]Lnx y—l= \'|/'l
== Ln-2
Lnx v,
LnL
'Y—l Tl
¥ Ln&
Pl
(Ln)*
: (Lny=Xx)
Lny=x
Ly=¢*
() ()
g—w=Ap --P=ﬂ
—w=Au v
¢ 2 R=Cv(y-1)
—dev:ijdr
1 1
2d 2
—RTI—V=Cvjdt
1 v 1

(10)
Ln=2.3log

(104)



2 2
dv _ dT
Cv(y 1){ » _0v{—T

% T.
—(y-1)Ln-2=Ln=2
(y-1) v, T,

A A

\_{< N
I
VR
N———
<
AR

VR
|

|

Il
0|
N——
|

Pivi" = Pov," = Pv' = Const.

(M

Xa
LnX?%=Lny
aLnX=Lny

Il
<

(5.32)

(5.32) (5.33)

.(C.) (Const.)
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“PVY=C = P=CV" = C=P,V, =PV, ... (5.36)

—y+1 \Z —y+1 _ —y+1
W:jpdV:jCV'YdV:C v e Ve Vi _
—y+1], -y+1
1

— P2V2YV2_Y+1 B P1V1YV1_Y+1 — Plvl B P2V2

—y+1 y—-1 : -
RO oy (5.37)
q-w=Apn
—W=Ap
_ % cv(T,-T) (5.38)
Polytropic Process -(5.9.5)
.(5.8-3) (P-v)
.(5.8-b)
(5.8-b)
.(P-V)
P PV” = Const. P L
PV° = Const. PV" = Const.
PV = Const. 5
PV" = Const.
PV" = Const.
by V @ Vv

-(5.8)

(106)



.(0-0) (v 1

PV? = Const. . P =Const.

PV® = Const. = PY®V =Const. = P°V = Const.

PV = Const.

PV' = Const.

Pv'=Const. ... (5.39)

n-1 —
(Vi) _(P)"
7 _(VJ _(Pl) ........... (5.41)

2
Ap=Cv[dT=Cv(T,-T,)  (kIkg) ...
1

(107)

:(n)

(5.8-h)
(n=0)

(n=c0)

..V =Const.

(n=1)

(n=y)

(5.42)



*PV"=C=P=CV" = C=PV =P,V

-n+1

W = [PdV = [CVdV = C[ v } 2
Vi

_PV, =PV, _R(T,-T))

AN "_P VIV

(Vz—ml _ V1—n+1

—-n+1 J -n+1

n-1

q

kJ/k
— (kJ/kg)

n-1

R R
(T T)+ (T, T)

R R
T~ (T T)

1

1

=[E—ﬁJR(T1_T2)

_|r-D-(n-1) _
‘[(n-l)(y-l)}R(Tl )

_y-n R(T,-T),)

oy

Y

-1
Y-Nn
1

w

n-1
(kJ/kg)

(108)



(5.45)

q=((§ir1‘)).R(I;__I)2) *R=Cv(y-1)
- (&:2)).@(7—1)%
~Cv g:gg (T,-T,)
g=Cn(T,-T,) ... (5.47)
Cn=Cv% .......... (5.48)

(109)

:(Cn)

.(5.2)



" (5.2)

w
W (Aw)
P q-w> =Ap P_c
| CV(TTy) 0 T
—V
R=Cp-Cv | g=Ap+w
=(up+Povy) - PAV=RAT v _ C
Cv(T,-T .
P (patPyvy) (T=T) T
q:Ah]_Z:CpAT
J v -0
q=WwW+Ap~ Pv,Ln2
\ Vi | Pv=C.
— Vv RT,Ln 2
Y=CplCv , I pvr=c
CV:R/’Y-]. y-1
Cp=Ryly-1 Pvi—Pv,| To_ ["1
P g -w=Ap Sy y-1 | " .
V - Y
\ 2V R(T,-T,) =(sz Y
-1 P,
Cn=Cv(y-n) =
o) q=Ap+w
5 _y-n ™ )
= Y- 1 Cv (Tz‘Tl) & _C
\ T )
YV

(110)




) .(2 k)
(AU)

(8 kJ)
(3kJ)

AU = Q- Wi, =8-2=6kJ
Q31=Wsz +AU3 =-3+ (-2) =-5kJ

§dQ = fdw

2 3 1 2 3 1
de+de+de=de+de+jdw
1 2 3 1 2 3

Q2+ Qo+ Q31 = Wiy + Wy + Wy
8+0+(-5) =2+ Wy +(-3)
W23 =-4 kJ

.(15°C) (275 kN/m?)

1) :

Qin=8kJ
Win=2kJ
u="2

AUy = Qu3 — Wy3 = 0-4 = -4 KkJ

(5.14)
(0.85 m°)
(1.6kg)
(15°C)
(0°C)

Cv =0.715 kJ/kg. K Cp = 1.005 kJ/kg.K

R =Cp - Cv = 1.005 - 0.715
= 0.29 kJ/kg.K

PV, 275x0.85
m — — J—

'" RT, 0.29x288
m, =28+ 1.7=45kg

2.8kg

P

P, _ m,RT,/V, m,
P, -

m,RT,/V, m,

P, = p{ﬂ} _ 2752 _ 440kN/m?
m, 2.8
Ah=Cp (T,-Ty)

=1.005(288 - 273)

= 15.075 kJ/kg

(111)



(5.15)
.(3 bar) (20°C) (5 kg)
(). () .(500 kJ)

R=0.29 kJ/kg.K Cv=0.715 kJ/kg.K

( ) o _ P, _ 300x432.86
PV, T, S 293
= 443.2 kN/m?
500 Cp=R+Cv=029+0.715
AT=-9 - ~139.86K p

mCv _ 5x0.715 = 1.005 kJ/kg.K
T,=AT + T, = 139.86 + 20

=159.86 °C Q23 =m Cp (T5-Ty)

_MRT, 5x0.29x293 _ 3 = 5x1.005 (20-159.86)
Vi=Tp =T gp - L42m = - 702.796 kJ

(5.16)
(15°C) (0.7m%) (2kg)

.(135°C)
Cv=0.72kJ/kg.K R =0.29 kd/kg.K
Q=mCv(T,-T;)=2x0.72 (135-15) =172.8 kJ

_MRT, 2x0.29x288
V, 0.7

P, =P, % = 238.6;%2 = 338.1kN/m’

1

P, = 238.6 KN/m?
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(5.17)
(30°C) (0.9m°) (2bar)
; .(180°C)
R =0.29 kd/kg.K Cp =1.005kJ / kg.K

m = = =211k _ Vit _ UIX _ 3
RT, 0.29x 293 A T a

Q2=mCp AT Wi, =P (V2 - V)

= 2.11 x 1.005 (180-20) =2(1.39-0.9)

= 339.29 kJ =98.2 kJ

(5.18)
.(18.5°C) (0.09 m®) (275 kKN/m?)
.(15°C)

R =0.29 kd/kg.K Cv =1.005 kJ/kg.K

m= PV 275x0.09 o a0y | W= P(V, - Vy) = 275 (0.0566 - 0.09)
RT, 0.29x458 =-0.19 kJ
Q =m Cp (TZ - Tl) T 288 3
=0.186 x 1.005 (288 — 458) Vp =V, =0.097-0=00566m
1
=-31.78 kJ
(5.19)
(7har) (0.1m%) (2.25 kg)
(0.2 m?) _
.(280kJ/kg) (210kJ/kg)
(). ()

Q=AH=m (h,-h,)
= 2.25 (280 — 210)
= 157.5 kJ
AU = Q - PAV
= 157.5 — [700 (0.2 — 0.1)]
= 87.5 kJ
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(5.20)

.(y =1.66) (5 kJ)
(2) 1) :
Q=mCpAT
—m R AT-pav_Y —w-_T
y-1 v-1 y-1
. Q=5x 166 15 575k3
1.66 -
AU=Q-W =12575-5=7.575kJ
(5.21)
.(3000L) (14°C) (0.4 MN/m?
() () O:
R =0.26 kJ/kg.K Cp = 1.005 kd/kg.K
m, = PV, _ 4003 = 16.08Kkg =m=&59=4.86kg/m3
RT, 0.26x287 - VC A
v=Cp-
m, = F2Va _ 2x400x3 _ 4, eey = 1.005 — 0.26 = 0.745 kJ/kg.K
RT, 0.26x287 Qi =mCV AT
Am=m,—m; = 14.59 x 0.745 (28-14)
=30.66 — 16.08 =152.17 kJ
=14.59 kg Q12 = AUlz =152.17 kJ
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(60°C)  (700kN/m?)

Cp = 0.88 ki/kg.K Cv = 0.67 kd/kg.K

gq=Ap-w
=Cv (T2 - T]_) -RT,
=Cv(T,-T)-(Cp-Cv) T,
= 0.67%(333-358)—(0.88 — 0.67) 358
=-91.93 kJ/kg

Q=qxm
=91.93 %27
=248.2 kJ

(2.25 kg)

(0.2 m®

() ():

Q=AH=m (h,-h,)
=2.25 (280 - 210)
=1575kJ

(5.22)

(85°C) (1.4 MN/m?)
(2.7kQ)

(280 kJ/kg)

P1V1 = RTl
Tl
v, =(Cp-Cv)—
Pl
_ 3
_(0.88-0.67)358 _ 00537™
1400 kg
V= v, xm = 0.0537x2.7 = 0.145m°
v, - PT, v, = 1400x 333 x 0.145
P, T 700x 358
=0.27m?
(5.23)
(0.1 m® (7 bar)

(210 kJ/kg)

W =P (Vo- V)
=700 (0.2 - 0.1)
=70 kJ

AU=Q-W

=157.5-70
= 87.5 kJ
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(R) .(1.855 kg/m®)
(250°C) (15

(5.24)
(15°C) (1 bar)

°C) (0.9 kg)

(Cv) (Cp) (175 kJ)

_ PV 100x1 AU=mCv (T,-T))
" mT  1.875x278 = 0.9 x 0.643 (250 — 15)
=0.185kJ/kg.K =136 kJ
cp=— 2 115 W=Q-AU
m(T,-T,) 0.9(250-15) =175-136
=39 kJ
=0.828 kJ/kg . K
Cv=Cp-R
=0.828 - 0.185
= 0.643 kJ/kg.K
(5.25)
(15.5°C) (100mm)
.(15N)
(150mm) (150mm)

(1.013 bar)
Cp=1kJkg.K R=0.287 kl/kg.K

(2) 1) :
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R

1

2

Ao n.D? _TX (0.1)°
4

V1:AXL1

=0.007854 x 0.15=0.00118m®

V2 = AXLZ

=0.007854 x 0.3 = 0.00236 m®

Pg — K
Pabs = Patm + Pg

_ 5 15
=1.013x10° + 0007854

=0.007854m?

=1.03bar
o PV _1032x 10% x 0.00118

RT 0.287x 288.5
= 0.00147 kg

(3.1MN/m?)

y=1.4

PV 0.101325x10° x1

mT 1.429x 273
= 0.26 kJ/kg.K
A 3.1x10°% x 300x107*
RT, 0.26 x 291
=12.3kg
P,V, 1.7x10°x300x107
T RT,  0.26x288
=6.8kg

(1.429kg/m®)

T, =

V
T, .2
lVl

0.0236
0.00118

Q=mCp(T2-T1)
=0.00147 x 1 x (577 — 288.15)
=0.425 kJ

= 288.15x =577K

W =P (V2 -V1)
= 1.032x10? (0.00236-0.06118)
=0.122kJ
AU=Q-W
=0.424-0.122
=0.3021 kJ
(5.26)
(300L.itre)
.(18°C)
.(15°C) (1.7MN/m?)
(0.101325MN/m?) (0°C)

12.3-6.8 =5.5Kkg

R 026

Cv , =065kI/kg K

vy-1

Q=AU=m CV(Tg—T]_)
=55.0.65 (291 — 288)
=10.725 kJ
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(5.27)

(0.8856 m°/kg) (2 bar) (0.05 kg)
.(0.0658 m®)
.(300°C) 0
(130°C) ()
(2707 ki/kg.K) (2 bar)
.(307 kJ/kg.K)  (300°C)
() (b)
v. = Yo 00658 T _ P2V, _ 200 x 0.0658
2" m ~ 005 27 mR ~ 0.05x0.287
=1.316m?* / kg =917 K
Q=mCpAT
Qin =m (hy - hy) =0.05 x 1.005 (917 — 403)
= 0.05 (3072 — 2707) =25.83 kJ
=18.25 kJ
w=R (T2 - T]_)
W =PAv =P (v;-vy) =0.287 (917 - 403)
=200 (1.316 — 0.8856) = 147.52 kJ/kg
= 86.08 kJ/kg
W =m xw

W = mx w = 0.05 x 86.08
= 4.304 kg

=0.05 x 147.52 = 7.38 kJ

(118)



(23.7 L)
(16°C)

(1)

(5 bar)

(5.28)

.(1.013 bar) (16°C)

AH AU (2)

Cp=0.293 kJ/kg.K Cv=0.21 kJ/kg.K

(1) 2)
V, =V, Pt o237k loazaL T,=T,[ "2 | = 289 5) = 1445k
2. 1 P, 5 2= N P_l = 1)~
Vv 4.74
T,=T,| -2 |=2892:2 578K
2 1(v1) 237 Qin =Ap2=CV.AT
=0.21 (1445 — 289)
Go = Ah = CpAT =24.3kJ
= 0.293 (57.8 — 289)
= - 6.774 kJ/Kg Go =Ah=Cp AT
=0.293(289-1445)
A].,llg = Ah - PAV =-33.87 kJ
PO 4.74-23.7
=—6.774~ | 10L.3% 706 ﬂ Sq = 2427 - 33871
= - 4.855 kJ/kg =-9.611 kJ
Auzg =din= Cv AT Al.,lzg = Ah - PAV

=0.21 (289-578)

= 4.855 kJ/kg
Zq = (ot din
=—6.774 + 4.855
- _1.92 kJ/kg

2Ap = Apgn + Apgs
=—-4.855+4.855=0

wW=0g-Aun
=-1919-0
—-1.919 kJ/kg

W

(119)

_ [ean4.74-23.1
=-33.871 [500 1000 }

=24.27KJ

Sp=24.27-2427=0

q-Ap
~9.611-0
-9.601 kJ



(5.29)

(1.0133 bar) .(1023.67 kJ/kg)
.Ah Ap : (1.67mkg)  (0.00104 m®kg)
Ap=q-w=0q-PAv
=1023.67 —[101.33 (1.67 —0.00104)]

= 854.55 kJ/Kg

g =Ah =1023.67 kd/kg
(5.30)

. (290K) (1kg)
(0.2m*/kg) (0.8m%kg)
(bar) (P) (PV#=0.75) (500K)
; (m%kg) (v)

Cp=0.287 kJ/kg.K

v, v, dv V,
W=ijdV=ij—=mjc.v-de
VY
" A Vi

0.2
e V—'Y+l e VZ—'Y+1 _ Vl—y+l
-v+1 -v+1

0.8

0'2—1.5+1 _ 0'8—1.5+1 )

=1x0.75
-15+1

-05 _ ) q-05 _
=0.75 0.2 08 = 0.75(—2 )
-0.5 v0.2-+/0.8

= —2x 0.75(% - %}

=-15 1 1 =-1.5(2.237-1.12)
0.447 0.894

=15x1.12=-1.68bar.m*=168kJ
Ap=mCv AT =1x0.718 (580 - 290) = 208.2 kJ
Q=AU+ W =208.2-168=40.2 kJ
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(5.31)

.(0.02m°) (1 bar) (20°C)
.(5 bar)
R=0.287 kJ/kg.K Cp =1.01 kJ/kg.K
Cv=Cp-R V3=V2.%
=1.01-0.287 2
_ 293 _ 3
=0.723kJ/kg.K —0.02><1405 =0.004 m
m = P1V1 _ 100x 0.02 W23 = P3 (V3'V2)
RT, 0.287x298 =500(0.004 - 0.02) = -8 kJ
=0.0238 k
: Q23=m Cp (T5-T2)
T -1 .2 =0.0238x1.01 (20 - 1465)
2 1
P, = - 34.7kJ
5
= 293I =1465K >W=0 + (-8) = -8kJ

Q,, =mCv(T,-T,)
— 0.0238x 0.723 x (1465 - 293)
=19.9kJ

Q=20+ (-34.7) = - 14.7 kJ

(5.32)
.(0.007m°) (0.056m%) (100 kN/m?)

Vv
Py =Pyt

2

=100x 0.056 _ 800 kN/m?
0.007

W.D=P,V,Ln1
Vv

2

0.007

=100x0.056 Ln =-11.65kJ
0.056
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(5.33)
(427°C) (2 bar) (1kg)
(1) . .(5 bar)
: : (2) .
R=0.287 kJ/kg.K Cv=0.72 kJ/kg.K

P
le =W12 = mMRT 1|_n P_l Q23=mCV(T3_T2)
2 =1x0.72(280-427) =-302.4 kJ

1x 0.287 x 700 Ln%

ZW =-184.1+0=-184.1kJ

= -184.1 kJ
I:>3T2
T, = : > Q=-184.1+(-302.4) = —486.5kJ
2
_ 200 x 700 _ g4
500
(5.34)
.(300°C) (1kg)

Cp=1.01 kJ/kg.K R=0.287 kd/kg.K

Vv Q23 =mCv (T3-Ty)
Qp =mRT,Ln* =1 x 1.01 (286.5 — 573)
. v =-289.37 kJ
=1x0.287x573Ln—2
\ >Q =114 + (-289.37)
=114 kJ =-175.4 kJ

T, :T2><£:573><ﬁ
V V.

2 1

=286.5K
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(90 kN/m?

1
vl(ﬂjy ~0.112 (%

Cp=1.005 kJ/kg.K

Cp = 1.005 kJ/kg.K
V, 1400

=6.36

V, 220

149 _ (6.36) = Ln1a =y
100

~y=1425

(0.112 m®

1

)“ —0.0348 m®
(360°C)

()

Cv
Y
P,

P3
AU = Uz' U1

T, =

Ln 6.36 5

-55.9 kJ

(123)

_Cp _ 1005

1.425

_ 100 x633=288K
20

(5.35)
(138 kN/m?)
.(PV**=C)

(5.36)

(1.4 MN/m?
(100kN/m?)
.(200kN/m?)

0] (P-v)

= 0.705 kJ/kg.K

=mCv (Tg-Tl)
= 0.23 x 0.705 (288-633)



(5.37)

.(1 bar) (300 K)
.(200W)
(y=1.4) .
o\t mR < Wr-1)
Tz = T1 P_2 Tz _Tl
1
04 _02x04 _ ) 9177x10°
- 300(3) 4 2365.7K
1 v _ MRT
w = MR(T; - T,) =
-1
Y _ 0.0012x365.7 _ ) 0r0 3
200
(5.38)
(6.7bar) (0.45kg)
(138 kN/m?) (185°C)
.(Cv) (Cp) (53 kJ) .(165K)
Tt -1
To= AT+, L{ﬂ] :4_58(@)
= (-165) + 458 = 293 K T, \P, 293 \138
vy—-1
Wi, = - AUpp = - m Cv (T-T)) Ln1.565 =T Ln1.58
53 = - 0.45 Cv (293-458)
vy=14
Cv = 0.714 kJ/kg.K Cp=Cv.y=0.74x1.4
=0.999 kJ/kg.K
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(5.39)

(538°C) (8.3bar) (0.225kg)
: .(149°C)
R=0.287 kJ/kg.K  Cp=1.005 kJ/kg.K
Cv=Cp-R v, - MRT, _ 0.225x0.287x 422
—1.005-0.287 PR, 80.3
=0.718kJ/kg.K =0.33m?®
Cp 1.005 mR(T, - T,)
= = le =
Cv 0718 y—1
Y 14 -
TV . _ 0.225%0.287x (811- 422)
P=P 7| =830 a1 1.4-1
! =62.799kJ
=80.3kPa
(5.40)
®)
(y) (Cp) .(R=0.3 kJ/kg.K) (1.5)
y-1
L_(P)" cp=""
T, | P, y-1
nT_y-1, P, =%=1.193k\]/kg.|<
T1 Y I:)1 1 '
T =~ =1336
Ln-2 |1 Y1 0252
Y — 1 — Tl — 15 =0.252
Y P, 1
an—1 Ln 5
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(5.41)

(15°C) (0.2kg) (Ny)
.(33kJ) .(237°C)
(R)

v-1
L_[Ya) 288 (0.25)"*
T, V; 510
Ln(0.5647)=(y—1) Ln (0.25)
vy=1412

MmR(T, - T.

le — ( 1 2) —

vy—-1
_33= 0.2xR (15-273)

1.412-1

R =0.2634 kd/kg.K

(5.42)
.(140 kN/m?)  (0.015 m®) (700kN/m?)

Cp = 1.046 kJ/kg.K Cv =0.752 kJ/kg.K

y=Cp/Cv
_1.046 139

0752

P
v=vi{2]
2

1
—0.015 790+ _ g 048 m?
140

=< [

_ P1V1 B P2V2
-

_ 700x0.015-140x 0.048
- 1.39-1

AU = -W = -9.69 kJ

W

=9.69kJ
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(20°C)
()
Cp=1kJkgK y=14
V, =v1i =030 _505m?
P, 500

Q=W=PVLn L=

2

~100x03Ln29% _ _483KJ
500

Y 14
P3 = Pz [%} =500 x [—06036j
3 .

=52.6 KN/m?

_ —(PV, P V,)
y—-1

_ -(500%0.06-52.6x0.3)

- 14-1

=-35.5kJ

AU =-W

()

()

(127)

(5.43)

(100 kN/m?) (0.3 m®)
.(500 kN/m?
() ()
R CPr-1)
Y
_MA=D _6o8ekaikg K
m = Plvl
RT,
_ _100x03 ) 358g
0.286 x 293



(5.44)

(0.3m°) .(20°C) (5bar)
.(Cp=1kJkg.K) (y=14) .(1bar)
() () 0
R CPy=1) W,, = mRT Lnt
Y P
_ A=Y 6 ogekakgK | Wi =1.79x0.286x 293 Ln%
PV, = 241.41kJ
RT, V, = Pll:)V1 =5XO'3=1.5m3
_ 500x03 _ 1.79Kg 2
0.286 x 293
(5.45)
.(0.014m?) .(1.38 bar) (0.056m%)
R=0.287 kJ/kg.K y=1.4
Vo P,V,-P,V
W=P,V,Ln—= We=-1Y1"T2V2
Vi y-1
0.014 138x 0.056 x 964 x 0.014
=138x0.056 Ln =10.7kJ _ : :
0.056 - ;
1.4-1
=-14.42kJ

V Y
e ()
2

1.4
=138x @ = 9.64 bar
0.014
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(30°C)

.(5 bar)

R = 0.787 kJ/kg.K . Cp = 1.005 kJ/kg.K

)

Cv=Cp-R
=1.005-0287
=0.718kJ/kg.K

y=Cp/Cv

=1.005/0.718 =1.399
¥
V,
14
= 300)((%) =400K
0.1
PV,
m =

RT,

_ 500x 0.2 ~1.15kg
0.787x 300

W = -AU = -mCVAT
= —1.15x0.718 (400 - 303)
~-80.1kJ

(5.46)

(5 bar) (0.2m°)
(0.1m°)
()
(2) ,
VZ
1.4
=500 x (%) = 1320 kN/m?
0.1
T — T2P3
3 P2
_ 400x500 _ 1055 K
1320

Wy, =P(V, - V;)
=500(0.2-0.1) =50kJ

Qo =mv(T;-T,)
=1.15x0.718(151.5-400)
= —205kJ

Q3 =mCpAT
=1.15%1.005 (151.2)
=175kJ

W; =(-80)+0+50
=-30kJ

Q; =0+ (-205)+175
=-30KJ

AU =Q1-Ws

=-30-(-30)=0kJ
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(5.47)
(0.45kg)
(v) .(130°C)  (220°C) (27KJ)
(R)

-1
T, (P 11
LB 898 o)
T, P, 403

Ln1.223=Y"11n2
Y

y=141
R-_W(y-1)
m(T, —T,)
27(1.41-1)

- = 0.273kJ/kg.K
0.45(220 — 130)

(5.48)
.(1.48 bar) (6 bar)

(R) .(2.21 bar)
Cp=1.005 kJ/kg.K

y-1
T P, Y
152=>-2=|-2 (1
— :>_|_1 (Plj (@D

2—)3:>L=& ...(2)
T, " P,
_LnP,-1nP,
T Lnp,—LnP,
=Ln6—Ln1.48=1.47
Ln6—Ln2.21
cv=CP L1005 4 q0
y 147
R=Cp-Cv
~1.005-0.68

= 0.325kJ/kg.K

@ (@)

(130)



.(2.0133 bar)
()

Cp =1.005 kJ/kg.K .
R=Cp-Cv

=1.005-0.715=0.287kJ/ kg.K

M= PV 101.33x0.12

= = =0.144 kg
RT 0.287x293
y=Cp/Cv=14
Y 1.4
P, =P, ﬁ =1.0133x( 0.12 )
V, 0.024
=9.64 bar
.(27°C)
3)
R=03kJkgK .y=14
V. = mRT, _1.8x0.3x300
! P, 200
=0.81m°
P 1 1
_ Py Yo l 14
V, = Vl(sz =0.81x (3.5)
=0.543m?

vV v-1 081 1.4-1

=352K

(5.49)
(20°C)
()

(0.12m°)
() .(0.024m?)

Cv=0.718 kJ/kg.K

_ T1P2V2

- Plvl

_ 293x 964 % 0.024
~101.33x0.12

=557.7K

_101.33x0.12- 964 x 0.024
- 14-1

= -85.283 kJ

T,

w

(5.50)
(2 bar)

(2)

(1.8 kg)

(1) (3.5 bar)

(4)

mR(T, - T.
W, = (yil 2)

~ 1.8x0.3x(200- 352)
B 14-1
W,, =—70.2kJ

~W,, =AU, =70.2k]
AU, = -70.2kJ
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.(2.4 bar)
1—)2:>—2=& ..(1)
1 Pl
y-1
2—>3:>£=[§J ! (2)
3 P3
T, =T,
-1
Py [P
h I:)1 P3
.(450L) (PV**=C.)
Wy, =Wy
mR(T, - T.
—(yil 2) =mR(T; - T,)
44-t,
04~k

(5.51)
(320 kN/m?)
(700 kN/m?)
.(R=0.262 kJ/kg.K)

-
24 (20.4Y+
(%)

y=1.37

_ Ry 0.262x1.37
Ty-1 137-1
=0.97kJ/kg.K

Cp

(5.52)
(44°C)
.(35°C)
(m°)
t, =50°C=323K
V, :ﬁng :ﬂx308
T, 323
=429L =0.429m?®
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.(0.225 kg)

R=0.287 ki/kg.K Cp = 1.005 kJ/kg.K

T, ) 422 Tid
_ 12 Y- _ 1.4-1
P, = Pl(Tl) 8'3(811)

=0.839 bar
v. = MRT, _ 0.255x0.287 x 811
R 8.3x 10
=0.0631m?

1 1
-1 _
V, = V{LJY - 0.063(%)“ !

T2
=0.324m?

(8.3 bar)

(5.53)

(538°C)
.(149°C)

W=-AU=mCv (T, -T,)
=0.225x0.718(811-422)

=62.9kJ
(5.54)
(0.4 m® (1.2 bar) (0.5 kg)
.(200°C)

Cp=1.005 kJ/kg.K Cv=0.718 kJ/kg.K

_ PV,  120x0.4
""'mR  05x0.287

=3345K
W12 = W23
mRT, Ln 1 = MR{T2 = Ts)
P, y—1

P 334.5-473

n—t=
P, (1-1.4)(334.5)
=-1.0377

Lnﬂ
P, _ ,-1.0377

e =€

P _ 12 _
p, =0:354 = 5==0354

P, = 3.389 bar

_ P1V1 _ 1.2x0.4 _ 3
Vo= p =T33 —0-141M

1
T, \»-1
“v{z)

1
_ 334 5 )1.399-1
—0.141(—473 )

=0.06 m?®

(133)



(2 bar)
=14 :

y-1 0.4
T, = T{E—i) =300 (%)

=365.7K

(m*/s)

.(15°C)

(5.55)
(1 bar)
(200 W)

(300 K)

mR =1.2177

mRT _ 1.2177x365.7

V="F 200

3
- o.oozzmT

(5.56)
(0.2 kg)
(222K)

(2)Cp.Cv (D)

W = MRAT
v-1
_ mR(365.7 — 300)
200= 04
(1/4)
.(33kJ)
1-52:
T, =AT,, + T, =222+ 288
=510K
- W12 =—-AU 12 = _mCV(TZ - Tl)
Cv= —W = — 33
m(T,-T,) 0.2(15-237)
=0.74 kJ/kg.K
T (V) 288 _ (1)
T, V, 510 \4
=y=141

_ Wo,(y-1)  —33(1.41-1)
m(T,-T,) 0.2(15—237)
= 0.304kJ/kg.K

Cp=R+Cv=0.304+0.74
=1.044kJ/kg.K
2—>3:
Qg =mCp(T; - T,)
=0.2x1.044 (15- 237)
=-46.356 kJ
AU, =mCv(T; -T,)
=0.2x0.74 (15- 273)
=-32.856 kJ
W3 =—(AU 5 = Q)
= -[- 32.856 - (-46.356)]
= -(-32.856 + 46.356)
=-13.5kJ

(134)



(3.5m°)

v=1.4
Q,, =PVLn P 100x0.5Ln 100
P, 600
=—-89.6 kJ
V, = vl.ﬂ = 0.5@
P, 600
=0.083m?
Y 1.4
py=p[ Ve | <o 2059)
V, 0.5
= 48.84 kN/m?

.(100 kJ)

y=14 Cv=0.72 kd/kg.K

R =Cv(y-1)=0.72(L.4-1)
=0.288kJ/kg.K
W,, = mR(T, - T,)
y-1
3x0.288(293-T,)
14-1
T, =339.4K

Wy =mR(T,; -T,)
100 = 3x 0.288(T, — 339.4)
T, = 455K

100 =

(5.57)
(27°C) (1 bar)

.(600kN/m?)

_ 600x0.083-48.84x0.5
- 14-1
=63.95kJ

AU, = —W,, =—63.95kJ

(5.58)

(3 kg)
(100kJ)

(20°C)

()

AU, =mCv(T, —T,)
= 3x 0.72(455 - 339.3)
= 250 kJ
Q,; =AU, + W,; = 250 +100
= 350 kJ

(135)



(38 °C)

R=0.287 ki/kg.K Cv=0.718 kJ/kg.K

1)

P
“=vp)
2

1
- 0338 122 )" ~0.0396m?
16.5
1 _TixVaP,
PlVl
_ 311x0.0396x16.5
0.336x 1.03
PV, P,V
W, = 21" T2Vs
n-1
_ 103x0.336- 1650 0.0396
13-1

< |k

=588 K

=-103kJ
A
RT,
~ 103x0.336
©0.287x 311
AU, =mCv(T, -T,)
=0.387x0.718 (588 - 311)
=77kJ
Qp =AU, +W,,
=77 +(-103) = —26 kJ

= 0.387kg

(136)

(5.59)
(.03 bar)

.(Pv*3=C)
1) :

(0.336 m®)
(16.5 bar)

(2)

(2)

Y
V2
oaf 0:336
0.0396
T, = Ve,
PV,
_ 311x0.0396x20.4 _

103x 0.336

W, = P,V -P,V,

1.4
) = 20.4 bar

7K

vy—1
_103x0.336-20.4x0.0396
14-1

=-115kJ

-1
V Y
E T{v_lj
2
0.336

311
0.0396

—) = 725K
A
RT,
 103x0.336 _
0.287x311
AU, =mCv(T,-T,)
=0.387x 0.718 (414)
=115kJ = -W

0.387 kg



(1.2m%) (0.3m°)
()

v=1.4

Vl 1.25
P2 = Pl V—Z

1.25
=1x(%) =0.177 MN/m?

_ PV =RV,

- n-1

_1x03-0.177x1.2
1.25-1

_0.088 _
=025 =0.352MJ

w

(15°C)

Cp=0.293 kJ/kg.K Cv=0.21 kd/kg.K

(5.60)

(IMN/m?)
() (PV*?=C))
AU = -W
_—0.088 _
==5a =-022MJ
Q=AU+W

=-0.22+0.352=0.132 MJ

(5.61)
(10.7 m®) (1 bar)
.(15°C) (5 bar)
(1)
(2)
3)
0
()
()



1)
152
R=Cp-Cv=0.083kJ/kg.K
m = PV,
RT,
_ 200x10.7 _ 14 76 kg
0.083 x 288
TZ — PZVZ
mR
_ 500x%x10.7 _ 1440 K
44.7x0.083

Qy, =AU, =mCv(T, - T,)
=44.76x0.21 (1440 - 288)
=10847.1kJ
AH, =mCp(T, - T,)
=44.76x 0.293 (1440 - 288)
=15108.1kJ

2—3

_ mMRT,
= P,
_44.76x0.083 x 288
B 500
Wy =P, (V3 = V,)
=500(2.14-10.7) = -4280kJ
Q3 =mCp(T; - T,)
=44.76x0.293 (288 - 1440)
=-15134.34kJ
AU 3 =Qy5 — Wy
=-15134-(-4280)
=-10854.34kJ
AH 3 =mCp(T; = T,) =Qy4
=-15134.34kJ

Vs

=2.14m?

(138)

)

AU, =0
AH,, =0
Qp—Wp, =0

Qp=W, = mRTan%
2

= 44.76x 0.083 x 288 Ln%
=-1722kJ
3
y=Cp/Cv=1.395
P3 _ T3 _ Tl
P, T, T,
y-1

T,=T, [iJ =5435K
Ps
Wy, = mR(YTi T2) =—-2403

AU, =-W,, = 2403 kJ
AH, =mCp(T, -T,)

= 3350.8 kJ
Qa3 =AU, =mCv(T,; - T,)
=-2401.6 kJ
AH ,; =mCp(T; - T,)
=-3350.8 kJ



(5.62)
(25°C) (300 kN/m?)
.(180°C)

(PV**=C)

14

n
o 14
P, = {LJH = 300(4—33 " Z1299 kN/m? =1.299 MN/m”?

1

(5.63)

(PV*=C) (0.04 m® (2070 kN/m?)
.(207 kN/m?)

1 1
V, = V{%}n = 0.014(%)1'35 =0.077m?

2

_PiV, =PV, _2070x0.014-207x0077 _ o 4 |

w

n-1 1.35-1
(5.64)
(200 k/kg) 007 kg)  (0.06 mY) (1 bar)
(0.0111 m®) (9 bar)
() (): (370 kJ/kg)
n n Q-W=m (- )
Lic R T N [gj - (ﬂ) Q — (-13.2) = 0.07 (370 — 200)
P, (V, 1) (00111 O=-13K]
Ln9=nLn54
n=1.302
W = PV, -P,V,
n-1
_100x0.06-9x0.0111
1.302-1
=-13.2kJ

(139)



(5.65)

(PV*=C) .(28.5°C) (0.015 m®)
. .(0.09 m®
A 0.015)"** o
T, = T{V—J = 558( 509 ) =298.4K =25.4"C
(5.66)
(280°C) (1.4 MN/m?) (0.675 kg)
(1) . (PV**=C)
() ()
R=0.278 kJ/kg.K
v, = mRT, _0.675x0. 2873x 553 _ 4 0675 m?
P, 1.4x10
x 0.0765=0.306 m®
V 2 2
= (V—] =1. 4 =0.231 MN/m? = 231 kN/m
T, = P Ve g T, = @ x4x553=365K =92°"C
P, V, 1.4
(5.67)
(4MN/m?) (0.15 m® (140 kN/m?) (0.25 kg)
() () (1) (PV*=C)
Cv=0.718 kJ/kg.K Cp =1.005 kJ/kg.K
R =Cp-Cv=1.005-0.718 = 0.287 kJ/kg.K
7, = PVy 140x015 o, 5 mR(T, - T,)
mR  0.25x0.287 W=—1——%
12 a2 )
P.\n 14x10% 125 0.25x0.287(292.7 - 463.9
T,=T —ZJ = 292.7( ] =
2 1( . 10 49.1kJ e
=463.9K B
AU = mCVAT Q=aU+W
=0.25x0.718 (463.9- 292.7) =30.73-49.1=-1837 k]
=30.73kJ

(140)



(5.68)

(PV-¥=C)) (7 bar) (0.75 kg)
(33 KJ) (0.25 m*/kg) .(1.4 bar)
; AU=Q-W
V, =v, m=0.25x0.75=0.1875m
1 1 - 33-140.778
n 137 = -107.778 KJ
VASIVAReq 0.25(lj137 ~0.66m°
P, 1.4 AU —107.778
AIJ_ = =
W — PV, -P,V, m 0.75
2= 7 = -143.7kJ
_ 700%0.1875—140x0.66
1.37-1
—140.778kJ
(5.69)
3) (2 kg)
.20 KJ) (100 kJ) (60°C)  (300°C)
Cp(2) Cv(1)
AU=Q-W w = MR(T, —T)
=20-100 = -80kJ n-1
o AU 80 100 2R(573-333)
m(T,-T,) 2(333-573) ~ 010 ;;‘j’/i —f(
_ 0.166 kd/kg.K = g
1 Cp=R+Cv
T (ﬁ} ~0.13+0.166
T, M — 0.27 kJ/kg.K

573 (3v, )"
(V)
Lnl.72=(n-1)Ln3
n =1.494

(141)



(5.70)

.(100°C) (12L) (1.4 Dbar)
) (n) (1) (1.2 L) (28 bar)
: . (4) 3)
R=0.287 ki/kg.K y=1.4
Py _ ﬁn:H_(EJ” cv= R _ 02
P, (V, 28 (12 y=1 104-1
Ln0.05=nLno0.1 =0.718kJ/kg.K
n=1.3 Cn=Cv u
v n-1 n-1
T, = Tl(—lj 13-1.4
=0.718
v 13-1 13-1
_ 373( 12 j 44K = -0.2393kJ/kg.K
1.2 Q=mCn(T,-T,)
W, = P,V —P,V, =0.0157 x (-0.2393)(744 - 373)
1 n-1 =-1.4
_ 140x12x107° -2800x1.2x10~° | OR
13-1 o=w?="
=-5.6kJ v-1
— _56x 1i4‘1'3 = _1.4KJ
AU=Q-W
=-1.4-(-5.6)=4.2kJ
(5.71)
(160L) (200L) (470L)
.(n)
T, T, T, V, T, V, 016

(142)



(5.72)

(0.0135m°)
.(Pv***=C) .(215°C) (27 bar)
ORC)y() 0 (11.9 kJ) (49 KJ)
Cp=1.03 kJ/kg.K oy
PV PV by, =P, 22 MR =——
T, T, T, 1
_py 2 _ 2100x0.0135 _ 1 h746 3k
PV, =PV, 488
PV, -P,V T
W=_1"17"2Y2 1
1 — 37.1 _0.0746
T, 190 y-1
PV 1_?1 y=1.38
W =
n-1 cv="CP 19 6 aa7kakg K
T, y  0.38
2700 x 0.0135(1 - 488j R =Cp-Cv
49= 1291 =1.03-0.747 = 0.283 kJ/kg.K
T, =298K =R =o.0746=0_246kg
AU=Q-W =11.9-49=-37.1kJ R 0283
mCv = AU
1} _'11
=371 371 mR
298-488 190 vy-1 (5.73)

.(38°C) (0.085 m?) (1.032 bar)
; (5.5bar) (Pv'*=C)
Cv=0715 kl/kg.K R=0.287 ki/kg.K

1.3-1

=T 2| =311(—5'5 j 7 - 458K
P, 1.032

- _ PV, _1035x0.085
RT, 0.287x3l1
AU = mCVAT = 0.0985x 0.715 (458 - 311) = 10.35 kJ

w o MR(T,~T,) _0.0985x0.287(311-458) _ .o
n—1 13-1

Q=AU+W =10.35+(-13.85) =-3.5kJ

=0.0985K

(143)



(1.2MN/m?) (25°C)

()

R=0.285 kJ/kg.K Cv=0.72 kJ/kg.K

1

= 1
v, v[;’_] SEEA
2

(5.74)

(120 kN/m?) (0.1m%)

=0.0147m?
w o PVi—PoV,
n-1
_ 10°(120x0.1-1200x 0.0147)
0.2
=28.2kJ
- _PV,Ty _1200x0.0147x 298
AV 120x 0.01
= 438K

(144)

.(PV*?*=C,)
() (:

PV, 120x0.1
m= =

RT, 0.285x298
AU =mCv(T, - T,)

= 0.141x 0.72(438 — 298)

=14.2kJ
Q=AU+W

=14.2-28.2=-14kJ

=0.141kg




(5.75)

(27°C) (1.1 bar) (1kg)
; (6.6bar)  (PV*3=C))
Cp=1.75 ki/kg.K  (M=30) (0

Cp=0.515 kJ/kg.K :  (M=40) ()

=0.277kJ/kg.K
Cv=Cp-R
=1.75-0.277
=1.473kJ/kg.K
1.75

=Cp/Cv=—"——-—
r=+P 1.473

—1.188
_ R(T, - T,)

B n-1
_0.277(300 - 453.6)
B 1.3-1

= —-141.3 kJ/kg

w

Q=wi=
y-1
__14181.188—1.3

" 1.188-1

- 84.5kJ/kg

()

()

R_ %34 — 0.208 kJ/kg.K

M
Cv=Cp-R=0515-0.208
= 0.307kJ/kg.K

y=Cp/Cv = % =1.678
0.307

W — R(Tl - T2)
n-1
B 0.208(300—453.6)
1.3-1
=-106.5kJ/kg
Q= WM
v-1
1.678-1.3

=-106.58————— =-59.4kJ/kg
1.678-1

(145)



(0.95 bar)
.(8000 cm®)

.(121°C)
(n @

(5.76)

(45000cm?®)
(9bar)  (PV"=C))
3) (2)

Cp=1.005 ki/kg.K R=0.287 kJ/kg.K

P, (V) :g_[o.045j”
P, V,) 1 (0008

Ln(9)=nLn(5.6)

n=1319
- _PVoT,
SRV
_900x0.008x304 _ o o\
95x 0.045

Cv=Cp-R =1.005-0.287
=0.718 kJ/kg.K

L _PiVy _ 95x0.045
RT, 0.287x394

AU =mCv(T, -T,)
=0.0378x0.718 (678.6 - 394)
=7.73kJ
_ Plvl - P2V2
 n-1

~ 95x0.045-900x 0.008

- 1.319-1

= -9.695kJ

Q=AU +W =7.73+(-9.695)
=-1.971kJ

= 0.0378kg

w

(146)



(49°C)
(PV*?¥'=C)

(0.28 m®)

@) .

Cp=1.0 kJ/kg.K Cv=0.71 ki/kg.K

n 1.27
P, = P{%} = 110(%)
2

= 31.163 kN/m?

n-1 1.27-1
T, = T{%J = 322(?)
2

=668.96 K
M= P,V, _110x0.28
RT, 0.29x322
R=Cp-Cv=1-0.71
=0.29 kJ/kg.K

W

Q

= 0.33kg

(1/4) (20°C)

() ()

Cp=1kJ/kg.K Cv=0.71 kd/kg.K
R=Cp-Cv
=1-0.71=0.29 kJ/kg.K
()

_ mMRT,;

=5

_ 1x0.29x 293
~ 100
V, 085

\

=0.85m?

=0.2124m?

274
_ mRT,

-V,

1% 0.29x 293
02124

P,

= 400kN /m?

’Y:

(5.77)

(110kN/m?)
(1)

.(15/1)

_MR(T, -T,)

T n-1

~0.33x0.29 (49 - 395.96)

- 1.27-1

=-122.92kJ

Cp/Cv=1/0.71=1.41

1.41-1.27
1.41-1

—wY M- _19002
-1
— -41.973kJ

(5.78)

(1 bar) (1 kg)

.(n=1.25)

1
AL
V2

1

= 203(4)1%51 = 414.427 K

n
V
-3
2

=100(4)"* =565.7 KN/m?

1
T. \n-1
vz

T2 :Tl[

2

=0.8497 293
414.43

)0'25 =0.2123m?3

(147)



(5.79)

.(0.06 m® (1000 kN/m?) (0.8 kg)
Cv=0.65 kJ/kg.K (0.14 md (305 kN/m?)
(). () () .R=0.26 kJ/kg.K
(0.197m°) (305 kN/m?)
n ’ n
P V
P, (V.Y B =[ 1,]
T _ [ M L v
Pl VZ 2
n 305 ( 0.06 )"
_, 305 _(0.06 = 1000 ‘(0.197) _
1000 \0.14 :
=n=1
=n=14 P\
R+Cv 0.26+0.65 T, =11
"=7cv T 065 mR
i | _ 1000x0.06
I 0.8x0.26
W, = PiVy = 288.46 K
-1
Y le' = W12'
1000% 0.06 - 305x 0.14
= V2’
1.4-1 =mRT1LnV—
= 43.25kJ 2 0197
=0 =0.8x0.26x288 Ln———
Q1 0.06
=71.33kJ

(148)



(5.80)

(PV*3=C) (0.003 m°®) (IMN/m?)
.(0.IMN/m?)
y=14 Cv=0.718 kJ/kg.K
1 1
V,=vy[ 1| - o.oos(i)l'3 ~0.0176m?
P, 0.1
Q= y—n W = y-n_ PV,-P,V,
vy-1 y—1 n-1
_14-13 1x0.003-01x0.0176 _, .
14-1 1.3-1
cn=cvi’ 2) ~0.718 1'143_ 1i3 — 0.239 kJ/kg.K
(n-1) o (5.81)
(0.085 m®) (600 mm)
(90kg) (IMN/m?)
(1.2m)
(PV**=C))

2
v2=A.L+vl=%.|_+v1

_TX 0.62

x1.2+0.085=0.424m?

o _p(Va =1(m)
2 VA 0.424

=0.114 MN/m?

_PV, =PV, _

R

_1x0.085-0.114x0.424
1.35-1

=0.1049 MJ

APE=mgz=90x9.81x1.2=1060J

W

.(0.103 MN/m?)

W=P, V=P, AL
n.D?

atm * 4

=P

L

2
=0.103 %06 15

4
= 0.0343 MJ
2
mC” _[0.1049 - 0.0343 — 1060 }1 08 5
2 10°

=69540J

. ~_ |2.69540
~C= 90

=+/1545 =39.3m/s

(149)



(5.82)

(38°C) (1.032 bar) (0.085 m°)
(5.5bar) (PV*3=C)
Cv=0.75 kJ/kg.K R=0.287 kJ/kg.K
n-1
o mR(T,-T,)
P, |n w=—->1 27
T, = Tl(P_ZJ n-1
! o _0.0985x 0.287 (311 - 458)
55 ) 13 - 1.3-1
= 311[—1.032j = 458 K _ 13.85Kk]
- PiVi _1035x0.085 Q=AU+W
RT, 0.287x311 =10.35+(-13.85)
=0.0985 kg =-3.5kJ
AU =mCv(T, -T))
=0.0985x 0.715 (458 - 311)
=10.35kJ
(5.83)
(100°C) (14/1) (0.013 kg)
(PV**=C)
R=0.28 kJ/kg.K Cp=0.72 kd/kg.K
Cv=Cp-R=0.72-0.28 o—w¥=n
= 0.44 kJ/kg.K y-1
y =Cp/Cv =0.72/0.44 = 1.636 _ (-5.463)x 1.636-1.3
vy 1.636—1
T, = Tl(—lJ =373(14)*° =-2.886 kJ
V2
=823.28K
W = mR(T, - T,)
n-1
_ 0.013x0.28(373-823.28)
1.3-1
=-5.463kJ

(150)



(38°C)
(2)

y=1.4 R=0.264 kd/kg.K

1

1
Vz = V1 [%)” = 0.14(%) he
2

=0.0358m?
W, = P,V —P,V,
n-1
_138x0.14-870x 0.0358
B 1.35-1
=-33.788kJ

(0.06 m®)

(0.0111 (9 bar)

P (V) :1_(0.0111j”
P, \V\,) 9 (006

Ln1 =nLn —O'Olll
9 0.06

n=1.302
PV, -P,V,

n-1
~100x0.06-900x 0.011
- 1.302-1
=-13.2kJ

W =

(1 bar)

(5.84)

(1.38 bar) (0.14m°)
(1) (8.7har)  (PV**=C)
-Nn
Qpp =Wy, x =
v—1
= 33.788—1:" —135
= -4.223kJ
AU=Q-W
= -4.223+33.788
= 29.564 kJ
(5.85)
(0.07 kg)
(PV"=C.) .(200 kJ/kg)
.(370 kJ/kg) m®)
AU = mAp
=0.07(370 - 200)
=11.9kJ
Q=AU+W
=11.9+ (-13.2)
=-1.3kJ

(151)



(5.86)

_Cp
q-w=Ap y-1=R
—w=Ap Cv
R Cp-Cv
R(T,-T =ov ==y
(y_2_1 1) =Cv(T,-T,) ¥ Cv+1 Cv 1
. _Cp-Cv+Cv
S1=Cv - Cv
Y _cp
T=¢Cv
(5.87)
(Cp=Cp) .(H, —H; =yU)
H,-H; =yU
Cp
(U, +P,V,) = (U; + P V) = amCV(TZ -Th)
AU +mR(T,_T,)=mCp(T,_T,)
MCVAT + mMRAT = mCpAT
Cv+Cp—-Cv=Cp
~Cp=Cp
(5.88)
(R=Cp-Cv)
Q_W=AU R:CV('Y—].)
-W=AU =Cv(@_1)
PZVZ - Plvl —_ AU CV
—y—l _ CV(CpC—VCv)
MRAT
'Y_l =mCVAT R:Cp—CV

(152)



(5.11)
(1) (20°C) (1 bar) (1 kg)
()
.(1.25) ()
(P-V)
Cp=1kJ/kg.K  Cv=0.71 kd/kg.K
(-140.78 kJ 41436 K 5.657 bar -117.8kJ 4bar 0.2124m*® 0.85m?):

(5.12)
(0.1 m°) (1 kg)
(50°C)
.(1.01 bar) .(20 cmHg)

8Hg = 13600 kg/m*  Cv=0.7 kJ/kg.K
(12.77kJ 37 kJ):

(5.13)
.(100°C) (14L) (0.95 bar)
(1)
3) (2) 1)

n=1.3 Cp=0.72 kJ/kg.K R=0.28 kJ/kg.K
(-2.818 kJ 2516 kJ -5.352 kJ) :
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(5.14)
(20°C)) (1.2 bar)
.(35°C)) (0.4 m®)
.Cp=1.005 kJ/kg.K  Cv=0.717 kJ/kg.K :
3) (2) 1) :

(-3.77kJ 9.42kJ 13.2kJ 0.368m°) :

(5.15)
.(17°C)) (1.5 bar) (0.2 kg)
(PV+*=C.)
(2) (1) .(0.13 m%)
(4) )

Cv=0.717 kJ/kg.K  Cp = 1.005 kJ/kg.K
(13.64kJ 1.47bar -371kJ -99kJ 331K):

(5.16)
(5 bar) . (0.5 kg)
(1.89 bar) (100°C)
.(Cv=0.71 kJ/kg.K) .(1 bar)
(2) 1) (T-S) (P-V)
. (3)
(0 -32.33kJ 25.63kJ 3257kJ 0213m°® 0.107md :
(5.17)
) (15°C) (1 bar) (0.03 m°)
.(15°C) .
(T-S) (P-V) (y=1.4) .(1 bar)
) (1)

-4, . m . .
475kJ 0.01723m° 165.4 K
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(5.18)
1(27°C)) (1 bar)

. 3)
(3) B ()

3) (2) 1) :
Cv=0.744 ki/kg.K R =0.297 kJ/kg.K

) 1472.4kJ/kg  356.4kJ/kg 1116kJ/Kg 1294.2kJ/k.g, 178.2kd/kg 1116 kJ/Kg (

(5.19)
(0.4 md (1.2 bar) (0.5 kg)
(200°C)

R=0.287 kJ/kg.K
(0.06 m* 0.142m°) :

(5.20)
.(1bar) (20°C) (0.3m°)
.(100°C)
(y=1.4)
(T-S) (P-V)

(-29.37kJ 0.277m® 3443K):
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(15°C) (1 bar)
(2) (PV'=Cy)
(1) (6.6°C)

y=14 R=0.29 ki/kg.K

(1kg)

(1) ()
(0.0095 kJ/K  -159.3 kJ -154.5kJ) :
(5.22)
.(280L) (1.5 bar) (0.5 kg)
(PV?=C)) (100L)

(T-S) (P-V)

(2) (1)

Cv =0.724 ki/kg.K Cp =1.02 kd/kg.K

(54.99 kJ

1) :

(40°C)

(PV*-3=

1) (T-S)

-57.054 kJ 1.84 bar 360.88 K 5.16 bar) :

(5.23)
()
(PV*3=C.) (2)
(0.425 10.85 0.634):
(5.24)
(2 bar) (2L)
C)
(P-V) .
(2)

Cv=0.62 kJ/kg.K Cp =0.92 ki/kg.K

(-0.389kJ 0 1.04kJ 0.0945kJ -0534kJ 1.44kJ 0.482kJ 0.4kJ)
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(5.25)

( )
.(1.48 bar) (6 bar)
(P-V) (R) .(2.21 bar)
Cp =1.005 kJ/kg.K
(0.287 kJ/kg.K) :

(5.26)
.(17)
(PV**=C))

(0.425 0.634) :

(5.27)

(PV**=C)

y=14 R=0.293kJ/kg.K

(100°C) (0.106m°)
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(5.30)

(100bar)
(1.31 L) .(600°C)
(n=1.3) .(28.65kJ)
(46 L 0.978 bar 27°C):
(5.31)
.(268 °C) (1.02 bar)
.(1000°C) (0.032 m®) (51 bar)

2) . 1) : (P-V)

R =0.287 kl/kg.K y=1.4
(-157.5kJ -63.72kJ 0.272m® 0.681m° :

(5.32)
.(18°C) (3.1 MN/m? (300 L)
(1.7 MN/m?)
.(15°C)
(Cp=0.91 ki/kg.K) (y=1.4)
() 0
: ()
(1.72 MN/m*  10.725kJ 5.5Kg) :
(5.33)
(20°C) (1 bar) (0.75 kg)
(P- _ (PV**=C))
.(Cp=1kJ/kg.K) (Cv=0.718 kl/kg.K : V)

(36.46 kJ 11.3kJ 47.73kJ -43kJ 360.7K G5bar 2bar 0.1549m3 0.3098m3 0.6197m°)
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(P-V)

(Qin)

.(7 bar) (2 bar)

(159)

(5.34)

1)
)
3)
(Qo)
.(0.5) :



The Open Systems -(6.1)

Non-Flow

(NFEE)

Process Non-Steac (NSFEE)
\ Flow /
T Steady (SFEE)
(Non-Flow)
(Flow Process) -(NFEE)
.(Steady) (Non-Steady)
(SFEE)
(m) -1
-2
-3
(v TP -4
(6.3-b)
Net Work -(6.2)

(160)



Shaft Work -(6.2.1)

(W) (Ws)
.(Ws)
(External Work Done)
(6.1-a) (6.1)
.(6.1-b)
IELLEITILI TS LLTLENEL L,
f A::‘{;,:;ﬂi
=7/
i Fluid—=7////// g
i W
v

LA A

Y
&35 7 (b) dhase (a)
(W) -(6.1)
Flow Work -(6.2.2)
(Flow Work)
-(WF|0W)
(6.2-a)
(V,) (P1) (m)
(VZ ! PZ)

(161)



(A) @ @

. n .
.: I 4—mn
L | e =
2
i it (a) UJ-LJnJ.u (b)
~(6.2)
' :(WFlow)in -1
(Ly) (M)
(Weiow)in =F1Ly =P /AL = P1V1 =Pvim (6.1)
(1kals) v)
(Weiow )in =Pv, .. (6.2)
-(FZ) : (WFlow)out -2
L, ()
(Weiow Jout = oLy =P,ALL, = szz =P,v,m ... (6.3)
Weiow )yt = P2V coeeee (6.4)
AWFIow = (WFIow)out - (WFIow)in ------- (65)
AWriow = Povo -Povo=APY (66)

(162)



(w)

(Whet)
Wphet = WS + AWrow = WS+ APV . (6.7)
or
Wnet = WS + APV ........... (6.8)
(Wdis.) (6.2-b)
AWpet = AWDisp. =Pyv,-Pivo=APY (69)
or
Wpee=APYV (6.10)
Energy Equation for Open System -(6.3)
(m in # rhout)
.(USFEE) .(Unsteady Flow Energy Equation)
.(6.3-3)

(Steady Flow)
(Steady Flow Energy Equation)

.(6.3-b) (SFEE)

(Flow Rate) (m) 1

(163)



o, Vi Woobd detl Al

L - s Mz |'
R T 2 Cs r .

Q T «—L _

Datum Level
et Ul = (b) Sl pb Ol (a)
~(6.3)
(6.3-b)
(1kg) (Co p2 va Py) (Ci ma vi Py)
.(Pv) -1
(W) -2
. [CJ -3
2
.(92) -4
(a)
(Ein) = (Eow)
q+ = (ws) +
C? C2
q+Pv,+1, +71+gzl =W, +P,v, + L, +72+gz2
Cc:-c?
q:(U2 _U1)+ 2 5 L+ gAZ;, + APV +w
g=Ap+AKE + APE + APv + w,
: (NFEE)
q-(APv+wg)=Ap (6.11)
g =Weee=Ap (6.12)



(SFEE)

q-ws=Ap +APv=A(Qu+Pv) ... (6.13)
L gQ-ws=Ah (6.14)
: (SFEE) (NFEE)
(W) -(9)
@ (w) w=2 (©)
W=m.w, ... (6.15)
Q=m.qg (6.16)
(w)  (s) (Ws) . (kg/s) (m)
-(6.4)
Application of the First Law of Thermodynamics on the Open System
(Energy Equation
(Unsteady X for Open System)
.(Steady Flow Process) Flow Process)
Boiler & Steam Condenser -(6.4.1)

.(6.4)
F
- ] \ k'aEnr
| ==d= ’ Steam oyt
| x 1 i — — -
} / : l—} Water a- boundary
Laguid System .
— — a
| = T : Jf i
!Qu QI:I

~(6.4)
(165)



Qi =AHn =ms(h, —h,)=m.Cp (T,-T,)

_Qy _my(h,—hy)

=4 = m, .LCV

Condensate

(kgls)

-2
-3
-4
............. (6.17)
(Q in )
Q1)
............. (6.18)
1;1, Control Surface
hs., KE,
me *— Condenser mwhm
hun
I;:z, KE,
~(6.5)
(m¢) (kals) (my)
. (kd/kg) (LCV)

(166)



(6.5)

Qpu=AH,=m,(h,=h;) =m,.Cp,(T,-T,) s (6.19)
hy>h;
Compressor & Turbine -(6.4.2)
2
~————h
X T | ound
——— Compressor . |KB "
Wi — % - :
L ftﬁf_ _
Qu
-1

~(6.6)

.(6.6)

(6.7)

(167)



-~ W, =AH,, =m(h, —h,)=m.Cp.(T, - T,)

Theoretical Sequence of Processes

.(6.8-3)

2
W=‘[Pdv

(168)




P P
?1I ar—— I
N ‘-.,\.
N : W=[vdr W
5 e - b !..q._ g
| w=[pdv “
| v
(e il (a) g #is pllai (b)
Ll § 13Y Jazh —(6.8) S
() 1) b)) (@ n @
(dP) .(6.8-b)
Wt :fde: Pdv+vdP ... (6.21)
(6.9) 3)
1 @
(Va=0)
W, =PAVv=P/(v;-Vv,)=Pv, ... (6.22)
@ Q)
a7 —w=Ap=p, -,
W=l —H, e (6.23)
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b e 2 PV*® = Constant
LY
T__T—;iﬁ—ﬁffﬂi_swhn—wup
? +ap | ~_
(Vp=0)

Wy, = PAV = P, (Vb - Vz) =-Pyv,

W = P]_Vl + (Hl - HZ) + ('PZ VZ)
= (Povy + pa) = (Pava + o)
= hl - h2

.(6.10)

(170)

P2, va, Ty, Ca
Wia %: Cmprcssm:]

+1

T Py, v1, T, €

~(6.9)
b)) @
........ (6.24)
(6.25)
____2___ Py, V3, Ty, Ca
e o
—__— I |
; P, Vi, T, G
~(6.10)



1- Adiabatic Process

Wy, = —ivdP ........
1

Y b, Y

_ Y(Pv, —Pvy) _ _YR(Tz -T)

y-1 y-1

2- Isothermal Process

W, =—.|%vdP
1

(171)



Gas Turbines -(6.4.4)
Prodocts of combastion
—HT - 3 -3
| | — _‘__..-" | \ '\
| Compressar Torbine s Y
: ic___.-"i- i ::-3‘"-‘ | b k-. \‘
| b f ] “ 4
L_____T!_'_____.___' !
Combustion” i k: , v
Chamber 3. System boundary
ey py Jablis 3 () Silaalt s (b)
-(6.11)
.(6.11-3)
(6.11-b)
.(1-2) -1
(2—>3) -2
(Wou) (3—4) -3
(4-1) -4

(172)



(6.1)

.(27°C) (101 kPa)
(5/1)
(1050°C)
(). (): (1kg)
Cp=1,004 kJ/kg.K v=1,4:
(6.11) -
y-1
P, |~ 04
T,=T,. —j =300 (5)14 =475.4K Gin=Cp (Ts—T)
-1 0.4
P, )" 1\14 =1.004 (1323-475.37)
3
_ Woe 31375 _ 0 o0
wr = C, (Ts-T,) = 1.004 (1323-835.4) ~q,, 85117
= 489.67 kJ/kg
W, =Cp (T1=Ty)
= 1.004 (300-475.4) = -175.92 kJ/kg
Whet = Wt + W,
= 489.67 + (-175.92) = 313.75 kJ/kg
Nozzle & Diffuser () ( ) 6.4.5
(6.12-a)
(6.12-b)
1
P x P.I T SIS
— 1 b4
_r: | T; ] .I | | .I H]
1'r"1 Va |
(a) Nozzle (h) Diffuser
() -(6.3)

(173)



.(w=0) .(0=0)

(Cy) .(APE=0)
: (C2)
0=Ah,+AKE,, ... (6.30)
C;-C?

= Ahy, + 2 ; L

.C5=C{-2An, (6.31)
(kJ/kg=10°m?/s?)
(6.31) (kd/kg) (Ah)
2 32 2 2 2
C2=C2-28hy, =™ 2ky/kg. /ST Mo 8™
S kJ/kg S S
. Ci=C2-2x10%Ah;, ... (6.32)
(M C
) (®)
(6.2)
.(10°C) (0.7m/s) (35°C) -1
Cp=1.005kJ/kg . K
Ah,, =C (T, —T,)=1.005(10-35) = -25 125K
12 = %pli2 1=+ = . kg t,=35°C
—_ (o}
C, =+/C? — 2000Ah,, té;lg ¢

=/(0.7)> — 2000 x (-25.125) = ,/0.49 + (50250) C,=0.7m/s

= 224166
S

C, =+/0—2000Ah,, = /0 - 2000(-25.125) =

= /50250 = 224.165%
(174)



(Ah)

(PV'=C.)
Convergent Nozzle
O
Divergent Nozzle
Nozzle —|
(Diffuser) ()
=
Convergent - Divergent ""-.._/ e
K Nozzle Subsrnic Plow E | Supersonic
(Diffuser) () ’ : :
Air Craft Propulsion ( ) -(6.4.6)
(800Km/h)
(6.13-b) .(6.13-a)
-1
(2—3) (1-2)
Miffuser Nm:.r_l-:ﬁ P
I} - I - L '.-H 3 ..4
S
L. —— & = *® .tlﬁ
S A B
o TV
Sad 82 6l (a) bl ded (b)
() -(6.13)
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.(3—4)

(200m/s)

(a)

F=m.a="1(C;~C,)=m(C; -C,)

(Ps=Py)
.(4—5)

(5—6)
(4—5—6)

(200m/s)

(F) (6.13-a)

....... (6.33)

........... (6.34)

(176)

(C)



(6.3)

(-24,6°C) .(800Km/h)
.(280kPa) .(46.6kPa)
.(1090°C)
.(95 kg/s)
(2) . (1)
Cp =1.004 kJ/kg.K
y=14
(6.13)
Cf =M=222.2 m/s wr =Cp (T, —Ts) = 142.36
3600 =1.004 (1336 - T;)
C1 =2000Ah;, =2000Cp Aty, T, =1221.36K
C? (222,2)° o 14
At = 1 = ! _
272000Cp ~ 2000 1.004 P, = p{TsJV t_ 280[1221136)0-4
T, 1336
=246°C=t,—t,

t,=At, +t, =24.6+(-24.6)=0"C

4

v 1.
p, = p,| 2| g 273 ¢
S 248.6

=64.8kPa
= 04
T;=T, (P3] - 273( 280 ) H
P, 64.8
=41494K

Wr=we=Cp(T;-T,)

=1.004 (414.94—-273) =142.36 :i‘]
g

(177)

=190.64 kPa

Y
-1
Te = Ts[Pljy - 1221.36(
P

5

=816.52K

C¢ =+/2000Cp (T, - T;)
= ,/2000x 1.004 (816.52 - 1221.36)
=901.6 m/s

04

46.6

14
190.64

(Cl CG)
F=m(C,-C,)
=95 (901.6- 222.2) = 64.54 N



(-33°C)
9
(558K)

(4)
Cp =1.004 kJd/kg.K
y=14

. P
m; =p,AC, = ﬁ xACy
1

50

= x0.6x200
0.287x 240
_g7.11%¢
S
> . P6
M, =M =87.11=—2-xA,C,
RT,
= 0 x0.4xCq
0.287x 558
C, =697.5m/s
C: 200" _

t12

T 2000Cp 2008
t, = At,, +t=19.9+(=33)
=-13C= T =260K
v
e
PZ

= 260(9)*?%® = 487 K

(6.4)

.(200 m/s)

.(0.6m?

(0.4m°)

(3) ()

(6.13)

W =W =Cp (T, -T,)
kJ

=1.004 (487 - 260) = 227.9 —
kg
CG’C].
F =r(C, —C,)=87.11(697.5- 200)
=433N
p=2-FcC
t

P=43.3x200=8.66x10°W

Qlﬁ = W16 + m|:Cp(T6 -T))+

= 87.11[1.004(558 — 240) +

=4.8x10*kW

_ 8.66x10°

= aBx10f 8%

Nth

(178)

Ce-Ci
2000

697.5% — 2002
2000

|

1)

|



Continuity Equation -(6.4.7)

-1
(Mass Flow Rate) (M) -2
(A) : (kg/s) gm) .(6.12)
© () ©) (M) (A=TE-
(kg/m?) (p) (mis)
m,=m,=Const. .. (6.35)
Alclpl == A2C2p2 = ACp = ConSt ........... (6.36)
-(6.4.8)
Throttle Valve (Throttling) ( ) -1
(6.15-a)
(6.15-b)
-(9=0)
(Ca) (Cy) -(w=0)
b et e i 2
T 'é-.(::'1 : 1 === ;:—_-ﬁ_.‘—-jr!?‘-; W 2
= rf' '_ﬂ"-.- ) i R . TN
U}rcfb;mm} dids i (a)



(30 m/s)
(2500 kJ/kg)

h1:h2

(Cp=Const.)

(h=CpT)

Internal Combustion Engine

(Open Circuit)
(Steady Flow)

.(Silencers)

(6.16-a)

QF=Qin =W0+Q0+AH

Qin _(Wo +Qo)=AH

(quasi-steady Flow)

(Air Filters)

1 2

(0.5 ki/kg)

Aird Fuel $—p—t L fp Erhaust Gases

I g
i

.

;ﬁ wﬂ

12 Ol 8,2 (a)

~(6.16)

(180)



Pump -3

(6.16-b)
wW=AaH . (6.40)
Heat Exchanger -4
B) A
.(6.17)
Fluid B,
Fluid A, I " ‘: _: _:j Fluid A; Fhuid A, = __/ i____ — Fluid A
g _—- 'll_—l \\Cuntml surface
Fluid B
{a) (b)
-(6.17)
Q12 = AHy,
(A)
(Q12)a = (AH12)A
(B)
(Q12)8 = (AH12)s
(-) : B) A
(Q2)a=-(Qu)s
Mpa CA (T2 - Tl) = Mg CB (T]_ - TZ) .......... (641)

(181)



(25°C) .
.(40°C) (80°C) .(40°C)

Cw =4.2 kd/kg.K
Cpa =1.005 kJ/kg.K

m, Cu,(T,-T,). _ 4.2(80-40)

m, ~ Co. (T, ~T.),  1.005(40—25) +14

w

.(6.2)

Summary of Open Systems

(6.1)

(182)

(6.5)

.(6.2)



(6.1)

System Energy
1. Boiler Q=AH=m(h2—h1)
Q _my(h, —h,)
. 7 Mo = m; .CV
m > >
1
2. Compressor or Pump
2 ~W=AH=m(h,—h,)
1
m

3. Turbine

1
2

W=m(h1 —h,)

4. Nozzle
C,

/

5. Throttle Valve

(183)




(6.2)

Process PV"=C

W Q
Closed = Pdv Open = -fvdP Closed=W+AU | Open=W+AH
V=C.n=w Zero =-v(P2-P1) =Cv dt =Cv dt
) T2 =V (Pl-Pz)
== =R (To-T
P, T, (To-T2)
p=C.n=0 =R (T2-T1) Zero =Cpdt =Cpdt
=P (V2-Vl1
v, T, ( )
Vi T
T=C.n=1 v v Q=W Q=W
=P,V,Ln—%| =P, V,Ln—2
P, V Vi Vi
VA vV Vv
Pr 'V, =RT,Ln—2 | =RT,Ln—2
1 1
=-AU =-AH Zero Zero
S=C.,n=y= % =Cv (T1-Ty) =Cp (T1-T2)
-1
T, (V)" (P, 0
Tl - V2 - Pl
PV" =C.
R nR
- R g = T, -T - _
T, (v1]”‘1 (PZ)T ST Faot (T Te) ) gnory, =cviLat
=g = _ n(P,V, - P,V - -
T V, P = 7&\/; _I:ZVZ = (P, nl 1 2V2) =Cndt =Cndt

(184)




(6.6)
(1350 kg)
.(28m/s)
(30m)
( ) -
Q=AKE + APE

2 2 2 52
=m[C2 1 —Zl)}=1350x[(0 = ]+9.81(0—30)}

=-926367 J=-926.367 kJ

)

(6.7)
(6.096 m/s) (60.96m)
.(148.9°C)
Cv=0.6741 kJ/kg.K :
Q = AU + AKE + APE = mCVAT + mC® mgz
—1x 0.6741 (148 — 0) + w +1x9.81x 60.96 = 100.99 kJ/kg
6.8)
.(678KJ)
(50kJ)
Q-W=AU,;, + AKE + APE
150 = AUy, + (0 — 678)
AU, =628 kJ
6.9)
(1164m/s)
(50k/kg)
di, —Wi, =Apy, +AKE, + APE, 0— (1164)>
c;-c? T0=Ake 000

O, =Apg, +
TR 2000 Apy, = 628 kJ/kg

(185)





