Advanced Thermodynamics Page. No. / 20

\v):@w";de« Thomson Coe ;%QWL/L s
When a f/wd padses ﬂ;my ha resfrickion Such as
a porous plug, a capillapy Jubesor an ordinay
Vafve, ifs Pressure clecreases e entha Py ol e
Huid remains appraximately constond diupirg such
a Hhro /%/2@0 PIOCRAS- The Pliid may ef perence  Jasge
olvrop in i femporature as a resud}t of o 2lings

’ [‘/ ,] ! _,T\,u-- o |/ ) I3 / ’/,f g .
wwich Forms the basis o 7[) epLra Hen 4/1/ f{/@y e,w,r%. .-
g 14 L

l
i

lors and air enditioners s is 2 atoays fhe e,

| howere The. femp erodure of fhe /}%/lf/ﬁ/ My remain
Uncharged, ay /7 may ever increase oluping d #ro-
#/igﬁ process.
|
ﬁ'#/’}\‘ﬂ ( };:: G}/hJi)TLG/VuZ) /DYGL%S /S C/eés(j/éeg/ b 0y 7%6
i C GU/‘I‘E,““" ,720/*7750}7 C@@%u ez/u}/f 0/@74/;@/ als ,

i

|
|
|
i
|
s

IT Py

Yo -%%oem/we nereases

Ay = (2-) ( %) }

e ‘W“%VWK’ 0/60’6@? Seg

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed



Advanced Thermodynamlcs Page No. 12]

The M/“%mm Co eff,c;e/d 1472 /@Sf%?Ls //w Slof 60/
/ﬁ @Mézlmdt /mfs a8 -4 T /"J /[/aﬁmzm 5%(,/1 c/[{,/j/q___
ms Can be tfeLS//j (y)/lb}ﬂéé/l f:c/ 7%/07 ]{6’%7/9/%% JLWW

| Pressure. /medsu VAMA,&//;/; (T/rr}//ﬂ f’//lW/Vﬁﬁ //;n/(?#/%]n/ pr_
(ﬁ(&&&e& A f /L[,C/i Q// a /[ /Yeg/ /ﬁm/)é/m’/bcﬂf Cif/w{ Pressicke
Cm;;/ f, (7%%5 ,L/Xe;ﬁ/ C/”Lf%d//’j/ /s cf/éco/ /c* ;[}/wu
ﬂ[lcb\y}) A Porous ple; CZ/ZC/ //If /tfm/‘t’/’z,/w/ﬂj Q/Zé///@f
|

eESre- (az/d/)\}‘rm 22 - . (J/}U/ /Oé,) are /WC)LSLM”&,/7/
€/Y/>€ﬂ/7%/7/ s repea e// /Q/ A, ,é[eﬁ/ff%/ ) 2e8 o/ S arays
/“ Lég;, &w/d 96&///3/ a C///f/@/@/ 36// 0/ 7’ ano //)4 /o/a_
I #;/9 fhe %em/ﬂf'm/zwcﬁ Cyumsf he pressures 9»’@ (4

|CM A o an‘gl{vw% // Ne--Cn--a / P /)///‘j}x/’//?/! aLs P/ﬁ ‘A

| A A4 ][,VV\» 1

N e oshand 2\ ( e

}m n
| Pi /3

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed




Advanced Thermodynamics Page. No. / 22_

K eped jli/y %g expfmﬁ%/ /4)’ /%/Qf/ﬂgm// ?e/ﬁa ] / //'// f_’/ pre -
ssure andl femperature and plothng the vesndls, we con
C@M}”J,ﬁjﬁ ]:_/9 d/%gfw /-Qt///g VW/VALSJLWC‘? 4(,}///’/71 X@VWJ

b:-@m}ﬁm/ Jnes, as Shadn n /@jaw/iﬂa

. Magfmam invysion
f@n@ﬁ%ﬁ%ﬁ

—> P
|

|
l
|
’
|
i
|
5
|
|
i
|

| Seme. Grshand—enthafpy Jines on Hhe T=p digran

lﬁ«’%’& Z%Vc’“&y]? ] /Oa/M c/ ZeHo S/&f/@e oy Zero J @%/cf%
g ';/f’}fu}nj"oi‘? @«#}Uﬁf%f*% /f/jf_’ M Polsed y%;/a%;é /%@e
j ﬁffj,;é i< Cafled Hhe invwrsionine, and He Jemperatuve

fo/a i o a vl enthalpy L P
|
l

cfs the nveysion Lipe is cafled e inversiom femp gafiye.

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed



Advanced Thermodynamics Page. No. / 23

The Femperature af e ifgsection of the p=o Ve
czm;/ the Upper /)fW/ 0/) e myersion Iine /s @//@@/ e
Ayt rvesier) few gyt /{/cxf/‘(;e /f/zgc/ /é e J’A;Oeg
@/[ Hhe f= Grstand e are ,@eﬂqfﬂ/e (Myr Yo ) af
[Sfﬂfeéz fo He Mgé/ oF e hweroon Jine and postive

|

|

(Myr>0) 4o the [ of Jhe ansins Iine

IA ..... féyg/%/mﬁ /,),;@(@3,,,,.. /Q},’g*(; e@aﬁ'_ﬁ .. o[/w/y Q@m%(M € —
%a//é ' ine in Hhe direchisn o £ deweasing Presuse,

V1o tis > Hom V/]/Z// fo Jefh Therehwe, the yl@/prmﬁ/ﬁ’aﬁ
Vot Pleuid increases olcm)jg a thro f%//%g process Hat ke
p lace on fhe ”,‘//VL honid - Sicle O/ He Inversion Line,

;

! /‘f@ ﬁv)lv/ﬁ@/;{?ﬁ/n /ﬁ 2 A//u}/ ’11101/,4/3 Y4z '74//4/‘2!' rﬁ/ﬂ/?l/;é‘fﬂ(’f? g Q///Mh/ﬂ 7
«/ FF T |7 / AV [ ¥/ 4 Vbﬂf e W R e WY /j%

!

YA

%/mf//@g process Yal Fakes place onthe. felf-hand
lsicle of Hhe imession Jne.Itis clear frowm Hus dhiag-]
Vvam Huata @ab}fj eftect Gond be Mx‘eﬂ@/!y #-
!Va/f/f@q less Hhe Hlud s belows Je makimapm
INVEFSIan fepp ercufure- Tis p/efm%r’ a problens for
| Subsjamces whase nmagmum invason femporatnre is |
‘ well-beofons roosss /@m/) eratuyes };V/go/y&,ﬂ #1o Lo

/ﬂ ‘f%ﬂ WA A X 1 ILLI T Vi) eC i) Ao, o /1,79{;‘/0&7 / C
L/ VAR S g ' I < A A A A L A AV I ) 4V | ‘L,WVL/,/ UreygerrC o

|

1— 627 Za %g /yo)@/ojgw /’//f/fjf é»*’: (S/Cf/ﬁg/ belon/ 77’%5

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed :



Advanced Thermodynamics Page. No. | 2Y

Jem PWJM/& ) ;[ | vy ]ZZM/% oy Cools /"f /5 fo be ciéiéj‘fé%/
fzj 7’/)4@///;@@

/\/z, 0 Wﬁﬁi,/ﬁ/ ///W‘ ﬁ ”’{t/@/ﬁ“’f OYﬂP/?(v//c(/ff@/J//{/ff/)
// %P’ Jdr4//f’~ JhomSar »@@%f /%Mf’l m Fepmas 6/) /’%{
Sﬁa@/ﬁ( A»@tﬁ/ Lressuye, %ﬁuﬁ E/J/Qé/%ij; M,% 0 ¢~
vature. Jhis /s wm/j A Lomp Jished @/fm u@f/% Hhe
\enerdds zed relation /4/ eﬁ//z//ct@ cnenge E94g)}

dh=plT+[o-T(22) Jdp (20

;Q/ Q- C@MSJZJM// EM/M / py /‘)@L 288 /% =0 ‘,,,f. P Lo e ‘

1.
P
l
i
§
o =(pdT) + | {o-T(2Y) e
|
|
1
i
!
|
|

)
_ (A7) _ Jw I

7 — T [ OV

g (}f/h“’ p LT AT (/\:} (Xé/)i

1 0 j( "27;9/}/?’1 {

HoUAA f} QT
?C-/fﬂ /4'\51

For a /0/&0’&/3@& (O = /%T

Mechanical Eng ing Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed



Advanced Thermodynamics Page. No. /l 25

f2v ) _ K
DT P P

Aw/\»/ »9 E?( J2) 98-

|
|
|-~

TT7 "gf‘; [_T'—f; “V\] ‘:»Z:; [C/\w(/‘j =0

%43%’/{{/ //f an /d/ @/// gas /S j% ;/d,‘/{;[/@[; /% V%4 //Lé,% |
it e any chanige jn foraparatune

Vs a funchon of Jampaatiure onfy ti=u(T).

l&»/ufd)ﬂ 2
l]ig n/ /Z/A/pm/}zn/ ("/lg i/l:/]f) //7 %ﬂ /M //p//ﬁd/ ﬁﬁﬂﬁj d/y a

“f7 Crvy-

| jmmra/( Sm%?/e Wress/é/e SyStens s j;//é’/?é];[?(&/%)
a.s

ol = Ck/d//—f[T/ ——ch/w

I
EX\, SI’MW f%(lj ﬂbfi /ﬂ/fzf//”f%/ @Wc,j O,r 4 /C/Q/jdx J
|
|

|
|
!
_ Snce  pn=gRT )@W st Gus
1
|
|

A
ST I
( 3—/> T( »)—f F”F"“O

MechanicaIEng ring Department / College of Engin g/U ty of Anbar Prepar dbyD Mohammed Abed Ahmed



Pag. No. |2 £

cu=CordT

MLC; /:u//.wfzm cs/ %e/

Jo @kﬁ//ﬂfﬁé/e /f%a/@ we need 4o Shows fhat Co is

(/)

(Z)

CLS' = | b}] ) T (#S;Z/’T

clu="T/{ 53) A7 f—r/ 25

Sukb st (,/;_,sz!,}g\g Qbotle é”f«/zm%/mf’) o

\'r
kad
o

\:‘)Tv LY \L‘/

ID]C/54

};}QMV! 2:(’/5 ( ) (:ZA.C/ (51 w'e /Z(i(//t/

Mechanical Engineering Department / College of Engineering / University of Anbar

Prepared by Dr. Mohammed Abed Ahmed’



Advanced Thermodynamics Page. No. 1,2— 7‘

(25) _ S
Né’r 4;& T w“‘T‘ i

Subs f[/lé@%f}“j’) EGy) inds 2 9ives

| 5= (- W) o T+
|

(4)

) o{w (5)

’25 v
fﬁwm 7%( ‘7%»75/@/ /l‘/lm,;'x’w?,// /‘”kﬁé«,&/«ij(/é/?; W -/’w@/ ¢

D) (20
DT ST A

E’(f (5) /:)fl(g/']/ﬂ.JA

dim (S2)d T+ (2£) ol

N/ BT/

,’i}/\/)/g ﬂ\\ﬂ }/16 ‘Jl’@'ﬁ'}l o ][ ‘*2%6&1127[/7&2&3 o)) [45( ( L{);

» 3
M= G an U@/ A = / P />
T \ DT ]

Sinte (Béi‘ ) _ (i’?)

2

%)
2T/

.

U |

— 7
\

'ﬁ
Q\._,

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed



Advanced Thermodynamlcs Page. No. / 2 g

F}/ an Jc éw/ (d‘q@ /D = P{/\T /%3/7

>Py — K
2=

( Y 585 ] -5 =
|

which Sfoifes Yo Cpr Hoes 1107 Charge /A \/)c:'c//u_
z/u/azme 7?;/ /5; [@RRA /L-/]L ct /é{/l(i/{/(;/7 0‘/[ S/’LL[%}L Ue. l

' jf/M/?V, 7/7# ) [ P 1 f v // ’f@ #mf/ /// //;' f/f/l //r(«’ﬁami

(CCr# bt Sy i g 5 2% Pt Y R A i A /J
N N .

C?/L an ,/{/{@JL/ gwuff /i\g a SAF ,5/’7 o) Z J¢» ,; CF e f%/’j/}’,ﬂ f'll/l:/]l

:E)( {,,u/ the Value c/ c@eﬂ/c/tn/ /Vo‘/él/ﬁﬁ pars -

5/6)7 /2 cj/u/ /Sa,f%e//W/ Cj%/’}’/ﬁ’g//)//jf] /é /0/ q l/f:?/ld,/(’,,;f
!V\,qg/g Jerg m/;:m At
:
|

V\Z.
| gcviu\, fﬂg‘(/n ‘J i /lfln Q!—@V ,Z/L/’/jr‘/ /C Cg//a /,C’i” J..S
| 7 /u\,,u 717
A
| (PT"”/)(C“~~LJ-'—“/?T

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed '



B
|
|
|
|
|
E
|
I
y
E
|
|
|
I
i
|
|
|-
|

Advanced Thermodynamics

%//7 ee C Q JL(/ é are Cé/‘"l&’%(i /i ﬁ

Page. No. /2]

/&9 € cmcﬂ—ﬁﬂfy' ‘//7 e @6/4&?{%&/@ ne an z:ifcf}//f@

(o f:» (N

Sncte  R= _' [ BV Y
a W~ ( ?)T'/;o

T C[b/e/W/ﬁe (}5(,/3 ﬂ ;. W Caz (i8¢ %( (q/// }”{/{j{/‘j@

Bu\ ) ( 5}/_ |

//t’hLé

p (2L
/Oy — AN ST e

37/ T (2F
R\’

;(nx%) The Van Aer Zk/c{q/_s @76@{%6/%

B3Py RT , 24
(“?5?:)7“ (nb)? " 03

>F
(55

|

sb Lf\

Mechanical Engineering Department / College of Engineering / University of Anbar

SMp v [ (2P

)

Prepared by Dr. Mohammed Abed Ahmed



Lﬁwi 5

A = BT 29

(n-h)* 7~

Rir® (vb)
RT 20 (i b)”

o N 0
K=——{ SF) =

| .
—RT +2ﬁ }

(in-p)z

RT3 24 (v\u-%)a

Mechanical Engineering Department / College of Engineering / University of Anbar

Prepared by Dr. Mohammed Abed Ahmed




Advanced Thermodynamics Page. No. 73

Sheet Mo. 3

@/ o CL&;@ 7/% ”M:MLL if// f€Af*f 5’7&75 o/b?zf//’ﬁ//% q !‘C/

Q}Zm)/} /‘c)/ ( A/ byT /:’L;;" a9 s hase A7 Lo
c‘j[ Sfade s

| (P—e) (v=)=FT

/ ! ; . A
.lff’/L 2 £ O < V7 / b Oweé  en s e+ «";::u;,/ Cend *‘f\fg -

/// q/!\;/a I! / J

————

| — - € | B,, B P
| <“§“ )u S

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed




i
|
|
|
l
|
|
|
E
|
s
|
1
(
i
|
|
|
|
|
|
|
r
|
I
|
|
z
|
I
1
s
l
|
|

!
|
I
|

Advanced Thermodynamlcs

Gy Steam is Hathled from 2

7lt / 2 /7/7/[)({ ZES]Z/MC{// £ ﬂ & ‘JL I‘i/”//) {//i:%,?{c%/fc” C;//z;M]e s} /~
the steam C“Zw;;y this process andl the avera Yye

Page. No. | 32

S M V&% CZ/’L@/ Yoo €

J /g._._ //’IU?”EC,V} /mpfﬁé( //;/7%

@ ”lc W ﬂl&ﬂz

LU/’l evt

a /s f/m Helmholtz funchion, and

8 J S -l/ (‘1 LL\ [) g L 11

/7 UreTi1asi—=

Mechanical Engineering Department / College of Engineering / University of Anbar

Prepared by Dr. Mohammed Abed Ahmed



Advanced Thermodynamlcs Page. No. / 3 3

IC/Cc{Z CZ/LCJ/ A)@Z/ Gﬁi&:s &

/ﬁ)}f) /c/@ﬁ//qu /S @//ﬁ/)ﬁ@/ as a ja& /ch//y/ /o }é/wg
40/ //’l%ﬂfma/ucz/m/ a#hu%/w”} 7

Zi 6 Jases WAC/{ /4//2“/
!

‘flui dag //Mm(’ /ﬁ\/’;ﬂ# YondeS (“[ DYE€ SS(pEs (M”i/f?// -lfjw/} J
- (J L / / v 07

(f/‘fUzZﬁ‘fﬁS are Q‘MS”/U/ F//f:c*/jﬁlﬁ /r>/m / Gases: Haoweves;
i?fﬁ%/ jqft;s ff//ovd fﬁé}ﬁ ZCU&,,&. 627{ /w«v prﬁi&u/’(:ﬁ ar
h,/;,l, %emwgm/u/es or bothe This I's because Hhe fvr
ey m[ /'j'/(A*f?éC*’) betuieen 11,70 Lfes #p/w«/ fo be

ey R A A = Wy

rery sinadl at reclicced PresSsudes Cf/Le’/f/&,[/("(/’éé/jL_,
w/z/%, cc/ wres-

1 i’m///j %/;zgz//e s Jo ideal ov /)51/667[ ers. Y y }

[/;./ Pressure ane / fﬁi Very Ly »\91«} fevoers f:)[n’f’” real |

IVV‘/’

lgages ke é;J’/’j &), OX XSG >/ Fre G ¢4 heliim et |

56/ ane //;’ﬂz,/y /Zlé Satjeé éuag .k /)éi%iC]quj&v/Z’ |
eg(, thw\g aAye. G:’t//e@/ Je/;;,_-/af’/%f:(fc’} /)fw‘}ZaW/é’z«z?l

9(,{5(‘:’5 7}1} /Uf’ﬂ? Seny;— /)f///-i‘iC]L has e //74/)/ ((fgf)c/y
//"f/ —/// b L fJ/ ALL Y “}f ﬁ' Oq$el - -GYE /”7/7‘/1/// -/// v

wiy /7 C DES ¢ W7oty </ /'l,L of 't 7L

Scwm’: AS 7%51/ 0/ q /Sﬁ//fi(/jq! 77; /c//?) PG - |
t:iNl Wag é(Atc/ 7/;:; //ch 962»“’1«3 /3 earlier Céfh/S*
b s Hhought Hhat Hhese gases r/ oA 1ot (/W/W 1

f/{gz/ /\/4 ACL (1 6; wlz’/( 7/ ("vq//ﬂ/ co Ao ///// /(}

‘IlL«JL s LyC—¢ /7'l/l/C*7J

i

|

; /femce: /%ej are G»L//u/ /)u///f?c,;//)e// Gases- 7%//% 5o
!

Mechanical Engmeermg Department/ College of Englneerlng / Umvers:ty of Anbar Prepared by Dr. Mohammed Abed Ahmed



Advanced Thermodynamics Page. No. /3 Z/

Faf (/L//f’fCA /GLJ /‘74://1 G %M&/&Jﬁit’ /)%b:&ﬁﬁ/ "i//UZ/ /Z e/re 1S Ao
pe/mmﬂ//zf Gas in The real sense- [However fhese
l9ases an be ﬂ/yecj //U{cz a //C/Lz/a//)/lzzse (D/@/j /f

/jﬁlﬂ\] (,Z,/E’ .t‘(:rl‘/,[. «::/‘»/ ,f.“ d (J‘l é’ﬂ% /"ﬁ/%/—’ﬁ(fﬁ" ///? ‘/)f’// -
VJ A.ng,i_,{/‘/ L,, J/ Vi /LI’Vy./

5 &'@bfw/t’f ({%/ N EASE i /@M'Ls UrYe-
4// ﬂrﬂz‘&(_& Z’)é//laibfé ) /7{*,;7;/«/‘ //) /] S///7//55/Mf zy} &C/:)_ !
ecrally a1 /ﬁféﬂcm@ (m;s/cfem%él Jower Ty The 0i-
f /7@1/ /’W@S&:c, e, angl rftf famfwaﬂw 75 czz;»a/e /ée (‘///@
[7tf’“/i/”>€z/ct7élwé 77/6’ }CZJJ{IG///' Aéf//u ‘e ¢/) %c //M/f/){/f,?a/ﬁfﬂz |
l /ﬁmfé%//iag S Jzu./q a:$ /Weg;uwé, 5 /’1651//( Lfc/zg//](f c?’/zg/

| %em DGV /i e 74/ a /) € WZ stance Js A/ HAeoity)--as //;'g
I : C7’¢cﬁ»/’éu}? 5/ Shacte " for C-'«’/“Lf;?/)f?cfw//)g C&/Céif%é?t%/?
1/ L 11 ok hafe Aoy m»lp.»%m,f» o onteiedl

me "74’/% L AR A A= A AW €T DC &t
]4”” J&%/ Yases So /cffy AL //if 7L€"M/0 ({7@/{? are
well - befow Hey it pressere anl the z‘f/z/./’
pﬁ/czf(z,e:. are aboye e criticaf /é‘ow/oﬁ//ca/k{/”&

B()j/t E /(,ﬁ/\f

g N y
} j/{{/gj //,/zg/ Velfs 1€ m/ a ‘\9*,."{//‘7/4 Wass rx/ /;/’ié /u/C&Z«/
5\ a.l L / eg /n \/E é ;/ 18 ;{; Loy ,5(:&{ 7{" /53 yessiLye »---élﬁ%ffy 7/15?,;_,»

|
|
|
! /\€ fo/%/, GCL; £7Mﬁ// g/ \g‘j{l]%f___,
I
i
5
|

/z//@/aﬁt/é’ /S G/lb)ﬁ/b%

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed



Advanced Thermodynamlcs _Page. No. 1358

f,L P S 7‘%« aésd/éffe /D,Vfiﬁﬁ.,///f cj% 7%5 J@, a%g[ A
Js Hhe volume OCCLL/JJ&:/ by the gas, Hen

‘ i
Vo 7 ;Or  prV=-Gha Sy V,/j Se /a//lﬂ L

# }CW!/M/@N/({ /S (C/UJZLWL%

D

\

Frowpe |- : |

y 1 _ . f
/:m/ ay Hiada Dl 7/( on /7{1 P Clip,
! 7 7 ¢ f CHufs t

e =ty 7/ (i

TYE< T

~

P 4 V2 0,

P

Fe 7
(/omf/.a 2 v // \717’1/;‘( //nf ,/mw Jas /s /,mf/w

rgg e qu

|
|
|
|
|
|
1
|
I
|
|
|
l }
|
!
|
|
I
| |
|
I
|
|
|
|
#
|
j((,]j G:/H?[d/u/p/{,\"jcc/(’/ //f Vc’/lz/f//é’ C/L[//g/&:.f» DZ//{’K//y af

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed



Advanced Thermodynamlcs Page.No. |34

¥S C’Asc/ﬂft ]LC”/#L/%/CUZM,
In ther &mwﬂ )

|

ar,_ 4,(’:; e g /tg}(zwyl So . /a /0 ] a-4 %D,,‘.u'.g’&gz;é,;eg_ /S

! Congbant-
'ij ¢ e chany el //S Z/d/éi//}c” /hwi L/ 1o lg ﬁ‘z/@f/
J@éw/wc / Cn it f{t/c’ ////1// // / o éﬁ{,&%ma/ G’ﬁj

i CJ'{{H\J«J f)-[ //)1// ((///y/ '/71* 1]

1 17/

/ /
i — SR
i /i 2
VT
f |
Iz
|
, |
|
|
|-27345¢ Ligure 2.
i
! LIy P \ /3
| V l
i |
|

7; (%{;;/}% %t @7{; ] f‘L 74/;71# 1{; j //’“/Qé/jgl\g
}/}c«/z US K»}M//-/.p/ q ////// 44 f/ /Zf //"’/P"’/ /’7 7.5 '7[0 f/{l

D A A e

jclie /;l_@ stafe Vi //z ///wu;y Fio SUCLess Ve Pro —

Mechanical Engineering Department/ College of Englneerlng / Unlversny of Anbar Prepared by Dr. Mohammed Abed Ahmed



Advanced Thermodynamics Page. No. /‘3 ?

(eSSeg!

(@) process |—2" %2 P= Gns fandt
| (b) process 22 T= Gnslud

7

|

A p=c

):9%/6 3
E}/ The process |-2', Cl//’[yﬂj Charle’s law

l

|

|

|

|

|

|

I

!

i

i

i

l

|

; |

| Foy //’i ¢ process oL Z; él(/s‘/“/-”j/’ gé«f_”y/ Je’s /@W’
| \ '

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed



Advanced Thermodynamics Page. No. /3 g

P =P 5 and e p'=p

S

" D an

1) ¢, N — A
fi

Substiutivg the value of Yy :
UWhs f//m /W the Value o £ st prem =93 )47

pY]

(

f
l SR
|
|

(3)

W __ R4

———

A i Tz

J

Ay _ P

P

I iE

|

i

v,., €5 p“/“bﬂ — Constand (Y)
I

|
|
l

i | Jhe /Ww,ff,’f’/zw/ ¢ o / /%3 Con§ fzzzz,/ /h—EG () ol €/ e/mé {,
Vipon fhe cz;///ca/aﬂ - 9as thM/ /‘//3’ cleno ‘/ﬁ’é/ by K
|« r /J , 7 N7
whee R 15 fled The Spedifrc gas Consjaut /ey

5
|

|

1 P 5
ST

% (37“‘%/ ah U//Zt’ SJZYL/K j[é// %f /C/ué/ﬁﬁ,f /S J%L,J

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahméd



Advanced Thermodynamics Page. No. / 3 7

given by e equation
pin=-R T (5)

7%@ C%Z[,¢%,¢%5M /iy be %////// 74744

/ %4’/1/{’

P23 /%cﬁ/ll/ ’V’“d/%/ﬁf
/L/ — /I/Zc'/eué/zé// Zzueiﬂ/q/ cs;l //1{ gas

\(\‘ /U
9‘%}@5@ r}*/** #a € Saplé //U/w\(/ Yl Y / ;ZWM/%‘«,/ A —éh ¢ Q’f’@/
//w@%a/e J} may be Sees; //m/‘
M/%L Cnstant = Ky and Hus
PVo= o [ S7

ﬁo JS Cﬂc//»&/ f/ ¢ /}70/62/ o)y U Mc/ NAARE /z,ffzzﬁz/
i'/w/m/ //( I/f///u(/f e Y- ?,/1/3 /ZT/I/,%O/ /< [/ %f/fg(z |

i S AL / v 5
! 7 54/74;/1’( I‘\ // 1_/ /} ' /’Zﬂ l;\f“//?;’/ ey nd @y//‘z’oéﬁfm Vwrare
TN e - tfCf} S 7 e / ety /ey ) be

; L be wirttenas:
|

Mechanlcal Englneermg Department/ College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed



Advanced Thermodynamics Page. No. /o

| pv=nkT (q)
\wbore v s the vilume occupied b >y /) 7aleS
| ‘,

|

|

af pressuve poand  fempeatire -

’, s question Cannot be ansivered with a simple
lyes ar ro. The epvor invo fred iy }/@%ﬁy Wafer Vapous

!J&S
- T.°C

10.85.0 2.4

600 s

500

400

300

200

166 100 kPa
l 10 kPa
! 0.8 kPa
0 , ‘ t
0.001 0.01 0.1 1

|
i
|
|
I
I
|
i
{
|
i
|
|
i

Fgure 4-

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed



Advanced Thermodynamlcs Page No. / Z/ /

as an /(/atc/jcu JS G?L/le/c{/a/ c’//”ui’//3/&»’%/“357//”7 #9-
Urer. H /S Clear /fffm 7.5 / 19U pe %/{/ fé/ Sredsaies

below s kpa, woder Vo polr CGan he Frested @S
//v‘z/{;,«f/ Y Eea s //ﬂ((f[) / '/49 yﬁﬂlfyz/f// /1/ /ﬁﬁ"‘"

/vv\% ez qu,/L o=
;j%j//%/f {f///f}/( /g5 //MM Of//%”/éé%/// ﬁ?l ///‘;f//e’/

TESWAY howlevers fhe /cz/&c/ 9.8 453%/%/0/’/4/7 j/e/ Zﬁ L/ﬁ..,
!CLLL(, }c(%?/é’ Eyya)s ﬁfffwzz/i///4% N /ﬁ@ [/C/W/{j //Z("

(,L/f/@(/ oy //:/ any //// m/uw /ﬁ/ ///7,9,7”4 Zw,c (ciey}
[60 /”’/"ZC”W// %/«éf;’}/@ jn Aly— Cgh@//al/()f’/'//ﬂ 0//}//,@/,_
ohs, fhe ke vapoiy inthe arr can be ///sfét/gﬂ/ as |

| (€ /C“//QJ/ ch éfff//% *6&564/}/4{/[///7 o oy Sjhle %6
//)z/m SUNE. o [ // WA, /f’%/ i///tﬂﬁfm/ /5 Vg/’/j /5%/ Zyj/,

qures ///)%9/&’75’&/ are L(JCQZ//& V‘c’f/kj /7///;, /ﬁ/ €/Z“//E’/; /C‘/
’E@L/ 96’{ yé ‘exl/é{f?éc{nj S /](/LU/C/ Ao /‘“ /;/,ﬁ LLFe0 ,,//; ,

eqw) //) SinJeyr I"!//’f//]/ /:"ﬁﬂ/ (oL J»//f//z(" /»w /e ﬂi} %ﬂ/ﬁ/ 58~

/( /)r//({,ﬂ%(j,yg r«,j[ 7)Y ,//ﬂl/f’//f’ ........... (o é(j C;ZL/CZ/-_—

Ir Jy,,é/w-f"/“/f/@/ 1v |

p—

X
o)
Q

vLﬁ%/V

|
|
i
|
f
|
|
!
|
I
i
|

Mechanical Engineering Department/ College of Englneermg vE Umvers:ty of Anbar Prepared by Dr. Mohammed Abed Ahmed



Advanced Thermodynamlcs Page NO / 92

Ca?ﬂ/)/e S;/Zf]a // %y ][ac/c‘ /4 /17 EASLy ¥ Q/Z @e/zﬁ/ LUZ/'M
From Idea)- Gas Behayjors—
Jhe ideal— gas equation is Very simple andl #-

[LQ l/fg/'ki /—u/i?/ﬂ//?/ﬁn?[ 7[O fi(f’ /Jr‘rhr‘/?a/ # A4 f/? //7//7,
frouve %, ases deviate pam /c/m/ L gas behay-
lor S/aphicandly af states hear He satwation re-|

310/7 @/u// //78 Cry f/&/l/ /Ju/w/ /1/ < O/ evra. //@/7 //7]/}/)
C//&j/_—vgq 4 jau 1r}’/////1/ dlé//f Q/H//’//] /f’%%/)///ﬂ A///ﬂ /¥ //

/3/‘@S’$LL}/€ Cam Ll {716\/} 'ée a C(C/’(»!/Z/f@/ f]ﬁ/"’ éj/

Vhe npocluchon of a Corecdion Fueky called %5
COWL/?VC,&S//”)////j #&67[0/ Z clé///?@p as

ya

KT ,
LL Can d/sa /mi QV(/?VEJJ@/CZ(

= _ Vaetuad _, (1)
U}éf// eal
wh 744
INA Y, R— /l\) T
Yol Q&L/ T P

|
|
5
i
l
|
|
i
i
|
|
%
|
|
|
i
!
i

Mechanlcal Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed



Advanced Thermodynamics Page. No. / ¢ 3

J* > Real gases
s = Ic/ t’éﬁ[ Yas
{* ] e CL&L/ Gases

_/i

Y

Sases  behave 0///5/ Wm c{/ a.9,v¢/) 74@44/0 aatwe ol
Pressiye,; Acif //tﬁj Z}E/L%VK’ 2/64")’ /%i(,g/é /%e Sa/) € CZ/ZZ

|

B

';Z?M/W;VCL/M//& TN /ﬁw/?w SeL /%mmv/ ’L//}/ é//// Vd/nw/
|

|

J—f //1 MV cly /;/w/ 7@/4/7/1/} o %’/f/g(‘ Q//%}?/ /}V.gx ) LAY 27;

//)6/////%// ?cc/édﬁ /S C?Zc/ﬁf al

|
l
E [
| = od =~
|
|
i

f\“ 4 \ 7;/

/jf}/zﬁ //)K” /( /‘ // / 7‘/{; ,Va/%(ﬂ/ /n,p SCLHE /Z,/(u/;i/%

e //(?@/uwﬁ/ /fﬂ /f/u’l/[&//( /éé’ e /&E efor ﬁ{//” @// GJases]
! L /< Q/;f’/@X//é’ﬁqfc%/ /%g Same 67/ //{ Same¢ )@Uc/v[(té/

/D}/emwe czm/ %ﬁm/ﬁtffét/iwﬁ /72 A5 C%//@////é/?//ﬁcw
} ///)/e C;Z /nrz/l/ﬂ )Qfln //’mfi ?‘Z /{9(

LJ/ J L

e (5) shaws Had He empress, g//ﬁu/y woa

; /7, S ,/e,@/ Jases~
/ / il S 4 A , P P P v il
/f,;C ]c'/;/ﬁ"vb,i‘yv" déﬁ{-ﬁﬁa{,/ As— ] Z?t’ //ZJ/A’? Jrar)-7he Gerr=

/ /C’/'
| el / Zeg/ Ompressy, 7//1

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed )



Advanced Thermodynamics Page. No. / 4/ é/

l. AfF very Jow pressures ( f/% VT /) Jases behave
as an joleal 9as Ieg ard Jess of /efwzﬁ;/q/éé%
|2- A/ ég/) femnp ovadues Te->2) joleaf- 9a.s be-

!/mm‘mf Can be assuried éa/% jc*crc/ Qe aly €9 —

i
]C’Wc//zgs o /4 presswye fx’Y’Cc’pf Lher /;g’ >0 ).
53 '7//}; dﬁ) L"l/j\d’// dﬁ C‘/C’{ :jzf{_,g' : %}){/77‘] /C// 6’5{,/?1 /‘7}5@};’ 4(9/7 aqrioy
Vs 9rea fest in The LO‘CM@ o / e chtical pont,see

’ Figure (4)

L

1.0

|

|

f

BA S
| AN
|

i

|

I

|

|

AN

T =|1.50 @ p

s
"M

r=

0.7

ELYS N,
N ) %

Nevi
\&z S

AT

2.0
X
[e)
L |
[e)
Til=1.10 Ymg‘/‘
A ®
U

0.4 W.,AE‘!‘ = Legend —
b
[ /‘/D X Methane ¥ [so-pentane
0.3 . Tr=|1.00 Wl I O Ethylene € n-Heptane |
¢ AQ/U X A Ethane A Nitrogen
l 9’/ L] O Propane © Carbon dioxide
0.2 '2-'3‘ D n-Butane ® Water —
Averag e based on dat
hydrocarb
0.1 l | l ‘
0 0.5 1.0 1.5 2.0 2:5 3.0 3.5 4.0 4.5 5.0 595 6.0 6.5 7.0

Reduced pressure Py

5
|
|
|
; Fj we (5)

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed



WA’\ &/LL g a3e8%—
The icleal - Gaq s G wation of stake /s very S
! /)Z €s Zﬁmf //ZS range-o // asp //Cﬁ(})/// /L - /S /)/77/f€£/ -
| [ s o/é(j‘,}/cgi/i/é' to fave S0 b m/ St fe 7%;771
! g fi/’l/‘éfﬁ end e /CL T b ehavicr o / Stbsimces |
’CMC c{,ma“@é ovey A /m@@// regjon 4‘4,/'7///7 No Ly /mm
! Suel, eg?éwc/fam aye /M/z(m/év Hove Gz/zf%p// Cat fedl.)
I Several fwaéééam have bees WAy ARS ecl S s |

Pt pase.

!

'R . . ) A

Won der Waals  Fquator of State i —

=f_ The Van de MC/M',/S G”(///,{U//d/l 0/ ' Jeuhe wias Pre
| Pos I:%;/ n-1873 ) qmu(/ /7 has o CGnstants 7%4/&%

! ave oleternun eé/ 7%%14 /Zg behavioy o / a ‘fz:g,%&s:/._
lance af e crifical pomt. Itis gives by |

12 ) ¢
o

/m% A \//‘/\L.)_‘ T 4

Van der Waals indended 4o jm preve He ideal |

Qal - eqUItdN CJ‘/)[} j/‘ﬂvézf’ /)/\-/ , //‘\ C/i{/:&///\ﬁ 171 n/o G“I/ v‘

L gl P A A S 4

e reds —/dl—opsioleyed 71 -né
Y AN i
//VUJ'(»[ 6{//,

!
|
4
|
|
%
|
a
|
!
|
I
|
|
I
|
|

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed



Advanced Thermodynamics Page. No. / 44

,, the infermol m/zw' atraction forces and He vo-
VJume o (“‘CL/)/“@@/ Aj the miofecifes hemselves- |
The ferm alv? acounts for he mtermalecy- |
l / ar- J@%‘f L5 C%//’Lé%/ b allounts 7%;/ e Mz/z;m?f oC
CUp; ‘éﬁ/ /5 0 he Yas pigleciites. I A room at al- ;
mw‘/)/ﬂaﬁif/b Pressue czzw/ e ya erafies Hhe voltme
ae ﬁm/@ occ %/J/w/ by e Cicles /s w@ hoiy
|

, ; n
Ne — Hhousaroly o L e vslume of fhe yoop.

=

AS '%1@ pressipe n (féases, /%L(: Vo [Kiwg O CCC(/:? /‘e@/
D e /W/€£L{/€§ heGomes an 11creas /ﬁ\g{y S/
1 }/C@/zf [ azﬁ o / 7% £ /wzﬂb/ Vol €. \/xm 0/ - /4/({4[3* ;-,

S~

i
é

i’DVj@ /«J Sesy 74) C}_’;»/V/’{E][ ./’/,777/;5 Z:)J ,?e/@,/Q.C./-}{% (ﬁ//z/z‘f’
Veleal—gas relakion it the Wa%#/j b5}
VWheve | represeds the Valume o ccepjey/ @ {

|
|

the  Gas ,/4,@/ {f,[‘%/ﬁf /> e/ M/’// Lo LS

|

i

ﬁg 0//5,3 // eLIVINA ’yé/%/'j) rs//ﬁ 7%5» fub @’7/15/2072% /g/n/ o}
cia//‘”/)y //1 //1 P¥'s 67%@1///2/’//7 /5 ng&f@/ on He c:*é;gg,;/,_
1V ation that #e C/O'\/é cad Jsa hern] on q -
g/ﬂ{ﬂ vam ,,/1/35 q Aug/] Zoyta / /}2/4/5 ﬂ/f/ﬁy; o2y, /

=l S )T S A S (7%

aind t o v/ T

; p R W /jC/(f/// a C‘/)’ //’Z'L’Q"j JTE v
-v 7p’ r S} Off/t(;/ S EJQ?}/LC/ CJ@"%’ / V(Z%/I/@\/? 0/ /) Z/U//'% el f’6 C?Z

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed

|
|
|

e/ 7Z /ﬂ/j £ /,&7//7 (4;/{ j /ﬂ

|
|
i
: =& V4%
|
|



Advanced Thermodynamlcs Page No. / 4/?

710 v af e Ci//ﬁ@t/ /“cwt,?[ /uzcm;‘ be Zero Jha is|

) —_ o (3)
5 B V' L ,

:;.:

]

i

|

e

= ley= @}Lj‘}fl%l}/’

(2L) —o (/4)

\ / 3% LJIQLA

|
VAN

> (N

Faure (6)

‘- (/\>ﬂ /:/Vifpf.d,«vﬁi ’:‘\/\OL GQ/[ ]7 ) . C’l) /fﬂf
| W rth '\J I A 7/ J

| &

l
|
|
l
|
|
l
|
,:,
|
|
|
|
|
|
l

P q _
— - (/5
P h e 2

Mechanical Engln ring Department/ College of Engmeerlng/ University of Anbar Prepared by Dr. Mohammed Abed Ahmed



Advanced Thermodynamlcs | Page NO / 4/5

c)/ /%‘: Ven c/[@/ [1/&0/3 f’%{w(///@/? CL/ 7%& U’V///—~
Cﬁf// /130,)/{,,7/{

D — KT— 1 (1<) R
e Z.) %»L.. 16 ]

A/‘ﬁ mj EC{S % mw/ (/é/} W//%? fhe MMC/P/

M, Lmﬂ é’? UA 4%77 9i1es

(2P) o _RT._  ea e ()]

D — ((/Z#b)é—f ()2
/B 2R I, c€a_ _, (/ZI) ‘

H/ o o(p=b)p g .

sc/%a Egs U6, (17)and (1g) for a,b and |

VU s fums o f Hhe bl yessure ancl o

Cﬂv/ Je op 6;1/231,;// WJE

€4 A !
A — R Tc / |
g pPe .

Q=

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahme d



Advanced Thermodynamics Page. No. / Z/j

g fe

fe Gnstant a and b can be olefernay 6@/ Fo any
subs ][LZ;V)Ct /)/@,}4/7 the c/y/y@;/ | /Jcm}[c/@{q e ]
| (Table A-1)-
746 acCUja fj o / | %e ch/] (/ ty ﬂ/azqié 6"‘7[(4/4&77 o /4/7
&SJ‘CM[&‘E /S Gf;zti/ﬂ //7 E(Q/ @7" @%/é; é 4{// // (&M‘ /7/59 /‘)@/WML
: J Aj ) ({&WLQ@/A;[@S cs"/({ | (7/1&/ b ;/Z/Eg/ lefjﬂJ@Q/
on //26 QQ%MZ// Zﬁﬁ%cu//‘é}/ 7 //7/5 9(/13 aveyr a wioles |
m@f ¢ s /{@W/ o / y a § m:zy e pdi%)[ o Déis/\/ e //{ /)}77_ !
_ j fa fions, fhe Vapy dey Waads 6?4‘44{%1&77 O/[J}‘thz/f fas]
,: Q /7/"sfa...yy‘“@/ %{/LM h /fuc/ // - z/c/cﬁ OpE 0/”//'4/ ¢ //-
5 } = /?foz 1 7/&‘ fo Wf./ ,,9// e behapey fg/ yea/ g-J
! aseS. Jre Van der Weaals @7’[(.475/{‘21)7 o / ‘hate can
| e expres ecl on q wi't msle basis by vepla -
L cing The 1 by 0 and The K by Rs-

:: /@ wj//t//)w /i WO@& Eé/éw/?é\cw @/ d ‘/Zcz/é b

|
i
|
|
|
!
I
|

e /9@/ J, CA-— Je W"C"/’fl;’ 9~4/'étci,éz/é>7/) o% S /q/l e IS 95ven 5 'y

| O — /\)/ a (2]
/ tZ£4/

b (b)) T2

|
|
|
|
|
1
|
|
|

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed '



Advanced Thermodynamics Page. No. / 5 le)

7/;5 G%&M%M , Propas ao/ /0194 9, /S Mq/}zx@ (Jm/:»g/j‘%//
in /L//L/ e A / //)Outff/]/) /fﬁﬁ - A’eg/ /)ch _k ;’«/a}tj @7/4@(,;/40/} /.
somewhad mae cffcultF s manjpulate math -
E ema %/m//j than — the Van cles M,m[g Pﬁzauzﬁﬂ, /L/
N/s rwie @C%mzfe Y /%rWé'C [L/mj]y at /jw/z; /7 e /M%SLW&Q - |

Tre Gnslants @ and b in EY (22) @n be evaluated |
| LSing £9s (15) ardl (14) as for- Ut Aoy Wads <

\wodion. The  result Js

I
i
17
1

5/,2

2
q=ouy2743 K L

(23) |
i [~ |
i
i

jg,:-__, 0.0 K664 Rsz (24//)
1 ¢

Ma /l ¢ f/Le @M’/@w}é{ a czf}w/ b /\/L ]L/; ¢ /@@/ A L/yt ya Wwong

! 2‘:[ L@%)l/czf//) aye (’[/#féﬁ:’/}’dl ][}[:K/M //Laff’ /% ¥ /%ﬁ ?/(5/7 dey //UE,ZQ / < |
| Cnslanfs and  Gnnd? be ,/}z,/seﬂ%fmj@zf

i

|

: Gm?%&a /3/70{9@/;4@;7 Ex;zwfﬁw o / J/q,/f s _ l

,Z,Z.g /fém#ﬁﬁ - /{,-/-,‘( demd) e Uatior], PraPo S’ew///é;i?s? '
t Y IV (4dvd /e LN A4 / JEls

VVVV (& /

|
|
|
|
|
|
|

5 ; ~ s 7 4 1 / / / ,) 4
w G g / (B MV Aaall 2 A S 7/ 7 « 'L/ Cr777vTrey,

' /
| Y . 74 -
i /’CMZ&/ c;/ e}&’/ﬂw/jee/ @/ /lcyv/s o L f/s (Mf’;f?ﬁ @;;/ as

Mechanical Engineering Department / College of Engineering / University of Anbar Prepared by Dr. Mohammed Abed Ahmed



