THERMODYNAMICS 1

By X
Abdulrhman Hazem

@gglj Family®



(HAPTER
I

INTRODUCTION AND
BASIC CONCEPTS

@ﬁl} Family®



i ‘ wu fJ

-

|

*Iﬂ 71)‘“4/“@(4%'\0\“\:(“\) We %--IMO’\A e

,-“UGCJ CQW\"l G\"\V\ed nside  -Ahe \l\k\‘.&'{t‘ g
yWe ‘\‘JVMO’VX i s %(0\1&"\ y \'\ (.\‘
Properties in cach sdode wng A i
p(G\C.e%%Q‘Q “H/QC{} t\(\[’){‘c‘ /1'4‘@ *"\“}\Q

%\\A'\'Cﬁ (n A did fereonct types
S
()

\jilj\f& &”/t'

&

RY

\((\/\\,{\‘J %O\g

P(C)Q‘C( lt e o \\ \'-\5\’ |'cm
UN + C,'\)\K/X g-\’(\ 4 €

e —

T Y ~ §c‘ P pbernal
\./ R N V—TCAW\ .@(0(‘ W \6 CCr ’ ) i

V\C\%S resSswwre ? \la\u\ﬁ\x €0« \\\,5

**\\/( R o\\gb em“\d\(tj <M\J H\l\’(\(”‘)
e ey Wi e discusied fater



resure = Leade S gy Coll Lo

(R e
33 <\L®A LL(J') ijt ¢

gpecl@%’ Vo lume Sl é\‘d > ﬁv‘fﬁ Al ﬁ-“
(m*/%q) | el B =
-\ gf\ffiﬁvlf N el et oS du

A
1 W‘l\\/\cj \wWate ¥ o N = SW\?/Mg

mJuy \ = Gallkg

_%c?ﬁ C..\Q\\ C _—

QY\QY%\/X —
(M'J/«Ag}

\XD\ 3 (é[’(j ._3\\ Cyny ‘\_JM
VMQ\

A Cj@—”"sz die.

o ARy JX g g
\O\Aj \ £/ ) o C@Uﬂ < $ ot




oy Me A9 Volum<
‘ \\ : V. '\k A 'M\g NS PJ’O{>€ ( e S car)
\iﬂ\\é\};&:‘\ ﬁ\ﬂ“ btf \ \G\\% : p(Q O( (\g \
) |
e e e e e sev e e e ,__,,,,_.W_“._._/-—’\
LS v
A, N-ten s ‘\/Q Eﬁ(‘ en Ve
T VSV Volune (W\?)
TVI el ‘ |
p L m\ . Q:r\cvrw ( \AJ)

\&’C (‘;’Q‘\C [,f_fxéfay/va\\tiﬁé] i Q 8 ( 1&?}3

/o
— C\,L@QEQA_’

e \ow ‘%}Q;\({‘gﬁ ol u(@:’.\)
et 31 alls <3
N &P
AN o) LBy g ol Cpes
f Voo o5 m?/KY
PE
v - lom’ /Kj

.



2 85 2 \oge L2,
(s

C 6 ot oL W o le
&}'\f ' adensive D\ tgﬁ‘ ) '\5‘(’&\ )
24 “Qm(e:&«tﬁ PR O=e e

_ 200 SN Gukip e




[ S— ‘)

/

Wi'es C)’&‘
SY te m g

Y Y
C \Q\St? (9 %Lﬁg"}ﬁ’(\/» ® Pen Slﬁi*em
( conty c»q MO\%%\ ( CC’V\’%WG' VO{WMG’)
>& No MaSS Q\(Cb\ay\ﬁg N- TVQN N
Magg Q’)&MQ
© xy -~ L ex—
Finid duk = ‘ - Comfressy
2 po\mp
P‘\S’lo“ = | ’ - Noz= l@
C\ﬁ\;/\aler 1 ° :‘.
1

)k{)iffemﬂoé‘ bet ween (Sol@’\LQU/
and s lashe SYStems 1~

ISo\m’\Lec)i“ bl G ) ("‘Ej
Y3 tem D01l Gt st v
bo £ CUEL

/;

1n SMQ&""Q{J - L, /ffs Jt)‘fp f\L'_j
Byt em (o heoot e%ck»@q
K in = Qo = ®
ARl SO PN AT R
.b:ﬂf (“w\ v




Oabe abd o d r (sustem Yl F
N G o clwr (Shote) alls 2

Clues (Propertios) (hlas bl Jat-
\,
(0T, v, h,s)

(Ua'ﬂ’ L@d;yic) (process) Qdac L3 A o
Lole® o n) alle 8 Al oop b

6 <D

G=e 0t e ¢ (processy ag il .
ez (C\i’:‘”’/wﬂf}iw' n’/CJ::'ZAJ(
(295 Moy ik

Qropefties

P ok sheded =5 e iE. |

"1, = Z‘?OV\

v = o m'g/%\v?i;—r—’ ( o '/\\r: gom’/uj aN'e

ctate & Dpfo es’s




T\f\efmoc}% T\OLM"Q Pfgcegggg
I 1

K‘—*—-——

. NV J T
‘.W foce gq P/\OCQSS ('\go Me”H«‘c‘\ P(ﬂ MH@(? (
Con stant Con Shant process process
Pressure Atempem?w{ con cAant Tt refers
(roces s process gpecific +
N — Volume o the
= 07, =% P7oces e re latien |~
vy =\ ey”
—= Con 8401\1’
p\ V‘r\: e.v‘:.q
[ypes of equilibrim
\ 3
v j —
TM \ v
Lo bylumy MtQMIQm.k
\) g hlen'um
The temperdhure < The pressure
coch pont onihe 24 U2 et
9%;4«% L Syne (S “’r’"t‘gqmﬁ

2gp L3t 28t \ eame: :L\ok
24T ST ’,LM\‘},% P

ey W b (i um
b

\,CCV@C\ &JA\Q C w ey o —
' juj ‘ \ e L’%) b &AA)\ = !”;S“‘L
EIC 010 L850 2N Al ﬂm;«a




PY\QS% Wre 1 —
Netmo | orce eweﬂrﬂ) bfﬁ

o 2lud Per i e

1 boay = loo UPe
L oadm = Lol 328 K
I MPa = loeo UPa

_ Admosphaie pressure (Padm)r=
Aot a0 bl o biw

Rarometey™

_ Abselute pressure ( Faph)i—
Cnee 2o bip
e Ve scure ( Ponael:-
Padm A Pabs o 52|
pg@‘jﬁ - Qqhg — Patm
o3z LUihos (PN%S’W‘Q onge) Cewd /e Hlog
Cor Aanlh o po)qgc
- VeaCuum PM%SUN'(P\/C\CB
Osby Lie Wl o
p"VJ””‘ > 590\403

PVGKC Z Qo\“’%m - po\ 433



C)\’ML"“”J (\’_&_Q_N\M\ﬁ')wgs-_)‘kj\\ﬂ/‘}
\,9-‘\@) JWK 'g f\« ﬁ ﬂ\i\ UJ&lbOQ
5D p'L > (\

(e\ed b i\g’; w il ) L:._:@
v aded B s e WLk
\Q,L“— d \ ¢l («_ & 3““ ha’d)
O \j P
- \ﬂc)é,u/ Q\}\«\ ' &L.\ @

N ﬁ%%

\)_X)L) ()AM ) ¢ \Ab '\N&\t{

. -

3

{ )1’
) M Cobgii

NI
\\ ~ 9.9\ m g ",:{\ /\P‘ p(\

2 "=



SO T
Q&o(ﬁ - p - ﬁ%%

Lo the. CDU\QIOJ Q\)MN_Z\’G(\ {Q1~

rkow?i PMW-$ﬁﬂ%

MCAH@ Me%e\[ N

ﬁrg C\OJQV\CE Hatl measures
°H/\Q pressure in o tan K

T+ congists ot U +ube
, which 13 made of Plaghic

W‘/lc/)’l CGV\"Q&/)S' ONng oy MN
neavy Lluid 11the o
/W%*W, -WYCUM\O N

b, - P,
sz = pﬁjo?j%







(HAPTER
3

PROPERTIES OF
PURE SUBSTANCES




\Mloy{‘cmceS ']Ulﬂ(f" we 3(’0(

wr‘"h A\ +'Mefmmc)u§ﬂamlcg

( —— “’““!
L
@\M“Q gm{?ﬁanCQ IJQCJ 050\@6”3
! . 1 1 J
\ l W \/
v \V
Wartey Ropsya Oz No (O e

Pure Su L etance s
be.%m/(of{-

— Az M ol e hu
Pl 0342 st ol G

=) c_bﬁ)é c__:.ul
p: 10&"4“4’) }T: 2 OOC

Clb[,{ SLU Ogé:)_ Cc,’opﬂéﬂ 0,;_@5;._19@

b
1

g o - v SU!?C@O’?_Q/ ‘I‘CL'U\;O?
ra |

Aok —| oV |
Lﬁz C@mpregsec’j 1‘\%“‘4

) o Shed] i de LT oo




C_Zﬁ\?mfe\/ I Jew! (H@:{L seufc@ | Acow Lo g f? ¥

_ C}T{//j Jé’“\” v /& co s t“}?&w*
(O A TV A N Wl WO P T B A
PSS | RS ) ROV PR CRSUrt I I-Sv'S | N PRASEEY:
[(Podm St Ll ) — 2, L2 bite 3L 2 0
s Aol e bbb oioes
2 c-)/)ji)‘ QDD z;\é// Ifos ¢ ﬂCg AN A
N e i e €l M s ) 5
e oW \2h e DS cnddl e i 25 sy
co oo \& asllt adll Gl

iﬁj‘? > \g) Lo s 0 op e o0 L:,«_;‘, ¥

“10\3\9(3 gu’\ \/’" |
('omfm’?%‘e(j C*V“;utynojﬂfj )‘"%u’.J



QP/::I;IA ( (He«C\ aé)*”)@é»&d\ 2 L“/’ﬁ'w\ JIs ¥
Tl o zws ceond d W 2o,
<1a+m> N ey e d

{00

5«+u'foc‘reof
\lq}m‘d
¥ Sé\+uf&+€(J \«‘quidp— I“"/g N 1'\(\)(/\(\(;! +hcj~
(S abm\d_ +o W\\D@”ZQ

(R) O b el o costed lir ol oo
VARGY oL L,@ffzj ) o L,\,_i\ @3!51‘*’

0 18 er o D) AU colbdl cblo | b i K
Lo,s SHL Bl T Lose

Aoy 2 22 Al Bl o Moo
Shid c ok oy das, 5 2T

Qs Jodun (Meet ) ablablov, I caldl o v g
O g0, 08¢ 0,0) olbdl 5.0 o L o5 e

o//»}l



A A B o _ e, o) PlAs %
— oo e Osi} Ca2 b

‘Sofliu(o\'%’ecl \:1‘*33 VO\PQ( m\\§[4uhﬁ

Ay A (Aot o \ o Moo ¥

cogplh o) oo € Aol Vapel” 2020 o)
Ay e i st 1l s Bl )
o2 /\LEJ'\Q\/JQ@D\:) ¢ C"_ﬁ\ﬂ[{j ¢ Ao L w
K A Slgsﬁ Q,,‘,(_l\ 8)
JU}W&%C};—D—E L2 Qed oo fus ¥
o 2 g o ‘aéi9 ¢ erf’/e VWO() /\_ﬁ'

' o\ % . ) 2 PN Y
0ol :—E,( ALY S@AN O\JTQG VQ&S)MA
= \
Sspecibic P
V o ‘'uwme = ’t w{,ﬂ;’ |
e

;@g&uvﬁec} Vqééf}& )q \/a?cf *Lﬂt \ o

2 bout 4o condenge | | .
/\SM(:J“(OIIJNMB/!/J SN RPLS A0
o (Pl 0,2 Y 00 LT LU o8 L o5 %ea



a) () Db cola)) ol [ Lawl ez %
&_gﬁ /}'\ =N uu\wu Cogw [ Sqf}umlﬂf}\/“fof ._J!
%@Lf(y,gz_/wb o P //uJOQLLg_sb/}
/44\ A‘\MQ«Q’CUJJJMQC\,U Jes

S
(ts )/\_'s“b\&e_)f S\/()Of J( jfﬁ&ﬂ/g L/LJ %

S IEVAR-TSE=V S
SMPWM+€Q) \/O\QQOW

1 ot m ‘/é’ ﬁﬁ,@g

— ) )
il
< \/o\,(ﬂm’*
Cobiy procdwe 4y | g, lUdl oo 3
Purg Nade

S*cvr\ceg

\-—\V\ rded)s Muﬁwg%

\loc

?MPef“'}UN — %pecw\'c ‘\/m4uM€
df@ S'MAW\
Tt h l/ecax‘omg.




f "W\/swﬁ{ hearh J
{// ‘ Vapor

)o\”'uv’u\-(—’c]
Vapor

- Mwb \/\

* I.(\ (Ti/\/ ()’f(\%rqr"l} conston <

{)r\e 3Sure e -

L ap prw Mitdune

Ao ww(/(f)e,\

S (OQ’C’\’(()K

fsQf#V}gFF&;T“““}ﬁ5g(a4&bt~~~-»-

%;Jﬁm*k’om PreSSugre
Psat T gudt

.Sq+u(a“f\‘dﬂ 4gmpefbfm"€ = A atemp e rortupe
od which 0\'0(/\/\6 subsdance C‘Mﬂg(’9 prage
M,Q» a@\\/‘Q(\ 'PV‘QSK(A'\Q

e MRl Pressug
| ﬂ[ %




— b)) e S 2P 1 5 v ¢
siro '
_l\s cdmge( QO s\ DS I JQM\

s (fr‘“:éfJ o,
C\c;"té’f;@ ST Qionz s28 Cbll 900
Vg ~9\ g0l 5 /*&%gg&/Ewy

i) \w
\SAQM_;\CEK\,L \bep, T)\LJ\_A Lo

\;//g(é@é el s @Ji5u/ﬁ_§g e )

&WQ\ D\ WEEIS ) o) w/vﬁ L2

&lwgél /CZ«LU\/'Z
M\)L\UZ/Q UJ/‘\)‘K

=
{ i
D apys S Adad 00 My

JJQ \/\ge/“\w\w&) LC\,/JA\“;}” \}%_39
oo ) o= Con\wia oM\ 2 de sl
Lf\ A @Df& Lles o O b &F6- é%,i
Liﬂluﬂ\‘kﬁd | %“O(



2 D\l O L o2 gl eparln
NSRS a//fd Q;p/gc‘;gféj%d&hﬁ\ 1e 55
pns, W3 PR \}7(;0#9

SV EIAN /] WAL JEN
S\ P £ SPrTe

el P Fren2
e

=)/







SO\+WF0\”\‘\‘0(\ ()w s€upe | —

I _;»/ M\Q pressure og’z“ w’\,\ Q%

O\Q(A)'\Q Sb\bg+mAQ@ Cwey)aﬁnuﬁ
at o oiven Temperchue

Pmsgm — Syecﬂ}\c \/\QIMWV\Q

J\\OLCA(\O&W\ (=
A

Ot / v %

Q@y\y‘rou\”jf WQD tneg op)
P’V Jiqaﬂxm 1

- \06 Qd
e =i \o X
«

WV

X



consible hoal i T4%s tho bood hel conses
a Change jn the bem Peratdre
Lotend heat o TV fre bad Hd Joesih

Conse o Charoye M jl’)/\é."‘*emfej’%{ur{
/ bwﬁ i+ causes ackamje i e f)%a?&

Poat A1
Vatent heat &)



T bles propetyi-

.
e (A Yok el sh 2 flast ¥
(ciles e JL1 )
¥ Shate pngﬁAcﬂLQ
— (Qj\_é« (oo e dl)
¥ The o7 ciple o tote

\ Im&ww&’/"}s \\f\‘)’U\S\‘V@\“/;:QLD* c,ﬁ\ cé""i
SN oUW glos AL Gl

e ), o
1AMMMQ Properties
. VW
5 Ny VNS
¥ W oig enthapy and {4 has
}ﬂ:@xf—#u Yuwe weanings
v One S for clos S‘ﬁfjr%
which 1< V\coﬂl Coﬂ*e‘dp

The ofher 1S tor open Iyriem
* O\/A,J “)e{\w’\\ébe A\'SQQLXYQ_J

\ader .



T mpof Aont note v —

y A\ +Hre (VLAA"{ Lune Aot

){é ﬁA’ () we WQTQGC%
nd ot T we bawe Psot

X Se p AT are net e//ubuﬁ\/\
Ao Jetexmine the f‘H\‘Lf
chatels properties

*?\'f\gt , we UJ:\\ dl‘SC}/ng S'{‘OL“"Q P@S({-wlg_jP\Yon
o b pure substontes (wdder 4 R-l5a)

,ﬁé FC( %JL s’re? fS'}OJe%amfne the
Shate oL “4he subsdance.

D}_’g <J>/ "—'> L 1
CSL s | ( 'S i CQI"LF"‘ESS’Q(J (.‘%id {
oab - MUY Fure 7 ey wg)ef}»eakd

(wWS’&A/&:«;gf[ o vepord )

K5

HMow does ?4 done ?
?’or wde( b \

Wwe. cary) 90 4+ “(*O»{QIQ Q-q
or HA-§
Tor R—134a \—
we coan (50 4@ Jr@«{o[e ﬁ““.

7 Aein




%if\ [H\c ¥ 'i‘C’&{G‘P-\ ) W e \\Q N € yww.,A
Yo UJ 5 @ Vke( O (\& MAUS Con 41 (1 l('/) ffl,o q €
ntensive preferdies
v An d $Bom dhese fables, we can

Unow Hhe sdate .

\/5, - spee‘va‘o ol me o ok
Sadurated (:%Mid

\/(3 _ gpecific velume o L
So\“-u/‘awled Vag o

/\/”5'31 '\/3’ \/,}
V\/f o @/\"M\O\i(pﬂ o ¥ ga%/u"cd
Uaumid
ki') S @4%{/3 . go;/ocfdalecf
\/‘o«{)@ e

(g -hnt)

A4 - ;n—’}e/(mA ertfy) ot
ga\-""v\foﬁﬁd /"q,b\.’ O{
\A % & \/\WMX W“L’)j o}
S’O\'A"\ /\/K(@(’

U\JCSC V\S.-(AJ[




-~ ajid Y=y Wm” owbg{
A Y P EA
P4

B O L_/;:,u_;
IV uu P W \ms )

GRS

)Q g' 4’0{ \)UW
W'}Q {2 »Por\ é '\?L‘}G\

Jﬁgg}\)’ﬁr&’;@ /-9949 @ M >,k_<‘.¢\'

“W
Vel 2o 88 W2 o

( <T5a,&) %403\;& u&g’

t Lot d

<T>(go¢) P g Q&\\Qcéu—@
T.T A

LY oo
sat- \iqgpid or Y dre  OY

Sat. vugor



oy, T 7200 VLY G IR CoW R Y [
duaam e %\M "

ﬁrt\— Jor U\)uO‘FQV“
n-t for R-A%H

6)50\‘2 »w&& /r—B aA,L{j

, , ‘jﬁ
p>930\+ Wg@
ComfrtS‘Kfe}.y\ _2 L)$9 P<\0§&+
erleddy) Yy .
P oy, ‘W* YT
“"J ’,09
R M (__.Ji:g

S'C\*{ (\U«C/OKM )HWE’ oy SQA /quo;/



LRwt i1 Por T s given
wh ( vV ooy W OV S oy W)

,XL 1 £ @ Iren we have 4o use
Preag e %:»JD/,Q
A - S §ar W
A - A Lor @3

A SC &e/mf@’b«‘rvf’*‘l bopla
A e Sor weoter

Ao Ror RATHE

A4 ter (Jﬁrﬁrefmfﬁfb e Mfg
M +MTO( P
kg gven LA
the queedton (—
wWe feot a4 e odho
\Ofo‘ﬂu‘rj (\A/\/Sk/ )
A For reyto\m,o{g\/\
%‘N’? A LMJl'@TorP
Aren el oume et Qompneyg»e[]
¥ i f W ladng
we are o4 mivfune

Fat uHuq
we are ot Su@d‘\uﬁéﬂ]



#

N O\_L
Some ramplesi— (aturlet )

\» ‘Q Y\"h‘\d 4~O\VL‘/< CQAA*QA«QAS' Ho /Kj (D‘@ gcg"’w"@tﬁd

Ugqud d wasker ot 20C + Had £ re S8
and volume o & e danil

1T+ g’o()f\ UCLMJQ)
Qo \VAER

~
i ; f ? S0 and P - Pstd@oe
e e T+ waker
/ . S We 0o %0+®+&(9/{’Q
fod-

.08 Bm’

CNGJe have 2 A mess of Zeoq of Q_.m

:ci;s:ei:zg weter 'Scompletely vaporize of
O i oivens ah « Congdand presswe of (eeUPa
5/\ Fiad QVM\—QQ jg- voludne M\a/
' re amouwnd od epo ¢
fansths
\ o e wadter” R ~
. Z 1—\» W o K §Q\+~ \(q}\,&:d q,ﬂ.,é \\‘4*/?
, completelty pap erize d )
— VT ¢o in 9 a-‘rqi_)?_) 34‘/3
gm+- \/O\Pof

——

S*QC_}Q 1 K
\/\1/',\/3:\ M:O@G\OMXO'Z
- veco2egl m?

ol szzﬁ_
S e = NVgom = |- 6741y

- o0+ 3788t M




>

w AV“ Vo -Wie O"??%82‘6"690208€

?
z 0-3786M

Amosit o ereyy 2 [ fentt hast

B
= ’\,Laqi))m - 0.2 X ZQS;L‘S
0’)\00\/(0%
Q\M\M'PU\S (\C L —

THs e fracfon of \apar
wﬂ,%@qﬂe,g/ ‘A e Sﬂg#gm
(it dure ) |
My S
M‘\/—%Mf(,\—/ mass @‘F

liqui d

MaSS o %wa

Y =




?O( MM Hure $ T —

h= g 4 whagg
W= W 4 &Lum
NG R
| Seme el
R e o F wster
iR gy b in e ligud e

M@Wegew s vager fada-
S Uy~ @ Vol wme o ('H‘-LML\

O
Q}ﬁg’ M@NT*‘@{E P: pg%fé@QQ/‘OC
L. beaw@ez+%
> VO S
co P- Fo.\eikls



. A n Rol \/€$Se\ QD"\J"’\:(\S'\%\A:\ oL

Q0 _uto ot o pressune o £ |boufer
&\‘rhcqtf‘

@ Tﬁr‘\‘f) 'Q(E'«‘A‘ Wi
'@ Cl,uu(:%\\j
® & nthalpy
@ volume OC.C(A();QJ @«0
the Vapoy .
F\\{\gé) M'\'\a/ve_, <:L® ‘QN %’q’f S+&$Q2~_
%X\/\e/\
PZ |£o KOQ P V' = @O'K(dq:@'o%mg
V OA@%W\J
e For K-\34a
= " L g SR 2R Nen , then we o
~ o~07 /“37"‘5 Fo go do deble A-t7

B aks 6): | 6ok P (‘—r:-1§,‘é%>
\/&7 2 0©06 -’T’Lz"ﬁ’é’ mj/[’(j
Vg = 0-1275S mf/'?«ﬁ

\/\T o .o m’ /4/\:7
\{\Jﬁ <\/\<'\/‘3
Se e ame tn N TUYX
Seo we hove o O\Pﬂ.}j%

~ eoooFH3S
4 l<c)~sz?S5‘_o.m%1L{%“ '\(\ - \r“; 'A— WV;L%

N X = 0.187
g LE P}’“}% is Jound From 4‘“{7{Q

M-t at P bo ks
. V\ = (’)L('«, MJ\/[’(ﬂ



Cor Volume oF dre veperi—

\haf-wg*fﬂ
Mma = L Miolal = WXe. |57
~ O~ X 8(/(\3

g
\}05 2 On é?@“ﬂ oJ?f;st O‘OMM

For compressed of Sibeckd

\JGL,M\‘Q/ '
I# +he 34@«%6 wWa S
C@VV‘PV‘QKS’@ \
W — —
Yol wockex” T or
etz @ R (3t
.Y ~V
A P>/ M P (5 P aMPa ;\\ffwm
we bave te w € have M3
A Se A{\'b(e + o USe é:;;e
A fable AY A%
A-0 A pob [not
A-5 1] %MQ
s o Sod
yjust A .
/@VO%?
\/2’\/(9
= N
\é\ - U-ij
S= G+



E\Camp e »—

De teymine the 1'/\%9%4(1{ e ”e’oj
&f watey on <t S MPa and @aq

Tiest) We bave fo fiy {he
S4G<~f &

we Can x Y
So we M+°‘*3<

table Q-4
. R

Psad - 444 ) & K Pon
pBF“SOJ&

fc a2 t‘FCS C}W’Eﬁ?&cf
\- 9/)/\
S P - Sufa
Se Wwe Can 1Se %g!@ 74“
N4 < mfa and Dce |
A2 35T 8/

-‘.,




1T E de state |3 g U\Pgﬁpwa,~

We have to tvansfer 405’

Table A- & Loy wade
“Tuble A3 for (54 a

E Xample \—

Detexrmine the ‘vaef/)aJ
e o f water N
VOO \/QPO\ O\V\A P00 €

Cirst’, we have to
£yt the gtate

we can oy P~ 200Ut

(/\’7
‘ﬂﬂf{/&
' N

- =3 e
«PF@M fa»eggwﬁ RMG T l
( p-5") .
Peoot = 1206.20C j
At 2ocihfe. /
t\\““>“Tg’0\{: T

o Pre water (S gu‘pd[&%ﬂ/ vglﬂ);r
S wWe hove o mole to e

A -8
U@ tocufe 0t - 1.803-8 \/\J/V(ﬁ :




I Or€&( %0\3 L —

C/\ij,ﬂ[) &9459%}& Q)2 QI 00 ( s
MU&Q/&“&@‘\Q} 0N,
Aol g luf 1P Qs E,Jj\)wcé

Wl

e <~ 355Y)
reduced O v
Pre Sueg T p(\ —

—

iaf
s T =

| S

lcy

Peor 4 Ter are M{e @‘i
Ser” ML forenst 9r3el

— 230 Al e
- P 2|

L-"Tv >
i ﬂ\-@fmodgf\am;‘cg _{JWQ
%gyc:;§ € thad e Ons i<
Ldeal i ol problems
and QMES Lion§ -







\ 2o *-.“‘ 1 OF
LOSED SYSTEMS




W\ov\/\g bounc}oxf\\j woy K\ —

I* S ’Hﬂe ol &336Q1u+ﬁcs w Hh

ﬂ\e ymv/\(j bpr P’MLDA L7 p«s%n
(‘,\6\&\3@( Jdevice .

el A~ ) ok K \
e L (conpression ) dww % <W““B
wuf«.é o b g

( WorKk don¢ on 8 g +em )b:j swrfound A%)

hev(é)cms n)&w il | C\/‘(ﬁg »* L:_;]l |
colb) SUl bl G (‘\/\/N\Té
Ut gt = (wWet)

5 ¢, \/ﬁ c,\,b?)j
8 = ég\jd Q,J,U

(wWerk done T \ﬁg&m on gwmmdﬂx

Mb\f\/\% boundaf\@ Wor A (WM -

Vi

\/\Jb — Anea undex PJ\/ c)(mi\]mm.



n

&\\(Ww“\ ‘)N\!‘ 30»\3 Woy Lo Yo

L

a%vfr[?ri i "MM(SIC‘S il

\ - Qe cheric (igome*fﬂ processi—

\F\ \ A
" V3
Qe
W - B P&:v — 0
}. -
l‘ Jo WQ - O ‘c‘( I‘SQ»(\\LKC
> Y (‘u»c«»*s? (PiSLCﬂ ' S {\‘\ltd)

D~ 1 So bqr«'c (Dfoc.e?@ i
Yz

W - ch\\f
¥

ws, P Mv\ . P (v

SC‘ \’\/b . P m\/\ ’{‘OY‘ !S(Lt"\.(\ Prc‘(es-“



W\o«/;ng

BOV\(\ éO\V ‘\3 Wo V 1/< ¥o( d*‘[‘(?r@ﬂ'{” ()’VOLC“Sfc’g -

\ — ' Qo CI/\OV\AC ({ggmg‘%(:cx P{‘oqeggﬂtr

) =Nz
Co Ve
Wy- | pdv = o
N
e M = © Yor f%tbd\ib%tc
procesd (P‘\S'Lm N J(x‘kd}

2z, ~ {Sobgm‘c Pﬁb@asg V-
V2

W - gPd\f
P Pg_ C_Q)AS‘\GJ\%
" 4% 47 _
wi. f 1 - P L)
'

% Wy - PRV for iscbarit process



3~ 1%0*\'\6’0"'\0? P/QDCGSY o-@ o (JGO\J %OKS""
Lor tded o3 whan T s CMHMLJC -
g)\ Ny = \Oz N2

X O

) /P '\/\ 2 C ( Cong’\‘qn‘{:‘)
E {)t V) U(R v,

Ve
W = gpd\f
K
p.
Y G
Wy - g,_@__.ow,QS«w
L O Y.

oo Wt C = BV oR C- P

\—4\:‘* v PO[S{‘WOP\‘C_ Pro Q€X§ (\ o
P v - Q®A§+Mt

)P\ \G/\ - P’LN\’L’/\
w,, PR MR
| = N L—

4
Ly

¢
el
i
%




F{r %J[ law ot +'herm«ao'\(jmmfc%1*‘

“% ‘Eﬂeftys Co Lje C@W\/‘ev’"!‘ed qﬂmm o g
form +o another , buf Hhe dotal
AN O “ﬂ“f o eﬂ%ﬂ N moan S C@ﬂ%ﬂl&ﬂ%‘

V\:OFW\ g o ’Q QY\QFSV) l‘(\—MaQ‘*\\M\ €

r —1 — 3
A
Hﬁ(—‘k ‘{: WOY M MG«%%
\ _ Heo\—tt/
\ &‘@m o Wr€
%\ \on there 18 atampe
%%M;C};krm d.f tevence be dween The Sy e
0 {energyy ang The 3ufroun ‘)"““:) J The re
and R i M Ae \(moﬁ% dvans fey from
Ve ff*’&“ﬂ"ff’ﬂ/ - ‘H\(L Ir\o‘t medium Fo the cold one

/’Q 7 - N o _ }
Cli ¥ T the system i At ulated
s 50 dhere wil| wot be heat

transfer (=0



'l/ - “—WW#,)\—/"»QJ
Q2 oundolt) woy K oher<
Just ¥ e - E‘QIQ*’WC we A
% Sygtem s piston (1ike haadev)
%\Mde}f - 31‘\&"{)'}\/\/0/4’«
Qé \ 81 Q'&f’dw\&foﬂ - %O\d(’)lewaﬂ/(
i‘.‘)-(g Wau}f} )@) WQU() e
o L5 compressien oM Win
L= Wi LT the
SYstem
'S C 0880}

\J\/\eleoh:c —-—_:.j[ :\/ ”t

—

* \/\/\‘f\ "? '1'1"€ \,OOVM (s d@V\(’ &N
SYstem

¥ W ouds \*@ the wor’MrﬁdowQ
(0‘3 8\394'6% :




3 - Masg

% When an omourct 6+ Mass Franglers
+o oy -7Cf0m O\ Q«»‘ﬁgi\eyh/e‘nﬂmow\t
O¥Q“W%“) Wil be tran ferred 47@1

of Sreym the SYstem

1L +Hhe %ta?+€m N Q[Mec)

[ So No MmalS can Jr\fam?@ef’R’
o £rom Yt Se ne energy
will e addedbor remored

*QFoM +he S\Ag%@m ‘btj
oSS

_—

Ev\efgm b olance thn‘en (42{(8%{&“}3

f ormula <

Eﬂizf _%E, N — E@Wﬂt — [& Eikﬁsjfﬁm

e

%%g#em T\ /Y
ﬂnerskﬁ
\60\\/&3 rTl‘\e Chqnge
h .
Jrs«ges«(em tn the
QY\eftbls CQ,\f‘g,\‘}‘
0§ the

’ 3"3§+em
>€" IJ; [XESBS"RM EOREN €D Gout

S Meang eriryy Okdd@d e the
SMgtem



w T BEagstem &5 & o S Lo
= Meang Hrat <reryy 1€ lost .

AE%&HM = KU.L APE+B'M‘Z

L/ﬂ
C)’\.ﬁfhﬁ ey N

Uinetec and
A”QJNZM"WJ
32 encrqieg .

E\'r\ - %owt 2 AU"’ APE-&AM{E
¥ T n Ahremoduranics, we alwau c’JQﬂU{

wi dh ghationary sydem s (<lradl
j So APE 4+ AVE = o

\

\n - ol,:t ,&U (ﬁtcn

(Win + Qin + 4 (Erermy bymasd);, ) —
I ( Woul + Qm\ff 4+ é(gner“w by M?f)oqt)

Ny
e%fj




4+ the §kﬂ?ﬂLQM '3 closed —
%/(Enefgxﬁ by naass }x\n ’4“2{&4%%,1@57#

o
—
—

o the eneryy [ olon ce @MM
ol closed SY stfem be come Si—

\\ (@{f\ -\»\/\/C/\) - (ng\'tJr '\/\/ou%) :AUB

Spealic He,oc(j R @

gpecl@ic M«Cl%r T s the aﬂmow\{tcﬁl
‘y\eat y\e/@,e’ed Lo vaige the +empeyn$vm
' Cltil/\% o £ Hhe su b 4ance bLA A Welvan

crpegs gt oMo Y ol ayR awll
,-’J@\ﬁcfo/) C\:e_) o> UJAQ'9 esf‘?)“:ﬁ

e ) aw W L Wk |
X We have + wo 'JF\SQQS' oqﬁ S(Jec.&'Q

S — _’__)\_—/\
Na

A

Cp e




”CP _ 1+ m@feg@'\‘fs the  oment of

i\ Wq‘e 44\&% we have —Fe mdc/ e»:lr C@MJWML/
| K"‘e'ﬁguk\e 4o intrease +He T b’?‘j i 2

(")m C/}J{‘Q:é( W [ = cmnwluv“é

/‘_g\g —g \3;9\'## > bo cante
&) .l bap Potm and
QDLCI %/Jp QI D the WCJ(Bh"‘
a_ o) , o4 4
s S PIS’%:\\Q&M
C@V\S“ﬂudg*wf-

S

Cune T4 vepresents the ament

ol kst Hrat we have +e add at
C@ngf*&k{ \/mW-M bo- jnarenge the

[CP and Q\/]—; \/\3/1/\3.(/\
¥ Cp and Cy apre Lunction o‘P e
ou\J “Hve/‘jc"v\ be —?cmnd Q) 40\47
A -7 b oot 4 Plerent 4emperafues
Loy different o o o fe ¢

O\I’ld WAl + O«b A-—"l " Juf[;
O\# Yool «



EY’\J(»\O\RD% o\qf\o" IV\'}EW\O\{ eﬂeﬁﬁyj O ,(\
PrrY Qage S

* Fl‘FS+/ we howve 4o U w 4’)\0@4
QJ/\’H\lefj and Internal Qngpcyj ap<
- tunchen o4 +emperadupe on%
\C@:Q%\/ for vdeol gasey

\% g_p__j h=h(T) u=u(T)

»PQ r fd Q_QJ Qj@\gex A

\CQ>C\7} h = CW U= Cy |
~_7

for (deal gaseg
&M: CpﬁT AU:C\/&T*

which Cuy 4 Cp 4’l«a7‘Z' we have
Yo wuse in 4hese e@m{&n???
T+ depends on Yhe quesdion
o M2 A dsnSo
(:.A\_ﬂ/ﬁ,\;,C’.CJ\:A‘/LO C\/ 9 Cp :_)\ (J\pjo c b s o4
(T;B ®°\H§w <2 o /L]

Jd Ll o\




Zeobl s \glhs ally M Cod o5

P U

Clurgs’ VAl ol ¥y ey <85

‘/T;\\/efo\gg - ”“rf,\i_—\”z

e

2
e \oie Cy osep "D o f\?
A P
TV s 0 VoS CPp sV 2o g
e
f\n CV\—\'C\Q
C M average = ~

C'\@ overage 2 @\4 Pz

U
—_—

R VRPN SRS B SRS IS G\su/b)’
=D Dsd s o @0,/ <}
n_14 To A-22
e Mol csot dalagdl oxed
NUIY:
Naz 2O P8 e LN a4y
g kol 292 s U wobie






IASS AND ENERGY
ANALYSIS OF
ONTROL VOLUMES




\
- 7 €
M eSS OY\d \/(S\IAM

flow vote 3i-

Q)W Yo R’( T1’\€ umm\M'\t ("Q ma 3%

/\/\o\%i “L

‘HDW“"ﬂ "V‘f\f{@u@)% o C1063S ge ction per
V‘Vh%' AF\MQ’.
= 'Ql“ 1,5

'éu\“/{p(”ytb/ Cw;o/u))wc)g—)

cm);,c«\,—.}\w@ o gl Lo ) LD g

\90/‘) /0 QQL( \) L\’ k)\ &) \J\{g ¢ QC (/\_‘,45.—)
\/cwﬁ = oan CAS ua) O/ g u\ P \5\/(»

) (s o AU Vo 32t Pl Skl o Ly

MmosSs A " m jO \/0’\/ Hc
Y«‘f‘?)e / T /\ 5

™
\/45/,\,\3 M/g
[K‘;\N]: MCB/’
Oul:lffw \/\3 f(

=

T4 we howe o cirovky Cfoss Secton:

Dl@:—: 'qct :(L{—-D’Z“



\Jolume £low rte—

e
—

£ h(;d ﬂowiﬂj

™€

T 4/s the velume ot the
"\"\/\fouf)i«\ a Cross geQ“P\'m/\ per w\.«‘i—Jr

e o) Pl holl |3 a2 m f<
3
W\/S ‘%\./: \/cxva H
N
/MIS

Lo M= [ @\
. ¥y
m= Y

ConServadion oF Ma s pmupte N —

{

=
N m2

Miﬂ S mO\A+ T Am3%§+€m
YV\o\d' )



MO\%% (OO\\M\QG Q)J\l §1Lecx3!j «E(@

de yvicer -

Swteodg Ylow devices i~

AQ\) fu?\“ L_S\’\ 3 CONM’ Vo umc’S'__l\ L,‘ A>{ a_:sél
~ U\ UDLQQ‘ s

Sm o= $ow

J ) Ou'b

MII\: r’V\ou—"/{: A (\;\g‘sg{\u\f\ — 4

@2)9 s \Lﬁ M OJ@D‘Q\ o1 22 ¥
o&/\g\}g}\ 91_\; VAL AL @?fﬁ/\ﬁg}\ e

rm |
S i = S oot ® . e
T
/ Min = r\'/\o& | S
fovh =B Y i
;m’j\)‘pp . :Lk\/\ﬂjg
Chyeam (»9‘9@&9

V) Q) 4 20 vz'ﬂi

/F\'\/\.\Q\ 4‘/01 Q\/'L‘b\g’l*fé "vjﬁ] MFNV‘: (ﬁ +~,—L‘,.
LAY

L



?P@“&\ GESNC Clﬂc@mpre%si(ﬂe 1C10W>

ble Flad s 1{Ke
dies

Y The inCompress
\“(LW\CJ% y ha¥/e ce,ng»lw\{ den st

f) NN Coﬂ\@i&r\f

co L0 an inconpressible
flud Plows Ahrovgh o
S“'TLVQO\[H (C[Q)w dQ\/‘\'CQ}/—

My =Me
ﬁ\/\ Q\:A\/z Hkpl
fref

\/\ ‘A\”-\/’L ‘41
G -

é_\/"/\ . é\‘v/o“jl:



5L Qr\erlosﬁ colled
flow ﬁvxeq\j

'T‘A-Lo\ enercM Cox(eq by any -(tgu}/\j

mc\qx - W“ow + U+\/< t_+

(£ lwd)
| T
EIE\QQQ B P\/_%U-\—T'NV%W\%\’\
*“\Aid -
) NEAVE (3 }]

3

Emmg \/\+\/<%$06{




E‘Mugq :V\;\<\/\+@E v
: | 1

Cate
of everyy reaferred gy
Lo or from ogyshes )

o oy M oSS K‘D"“’Qﬂ
(K3] 2 = uw)

OPen SyYstems
((contol volunes)

A
AV

\\[
Steady Flow
b s wi&«fg&ﬂfg |

| — %%“Q&Q)\ﬁ 'F\OW %\1594~em%v\~‘

My = s Vs 10
P\ V) A, = ]01 N Az (N\’ —_ Enefﬁ&j:(ienfﬁ
* E{HC\S’S’) f"\"k%:anﬁ'
= O in —3
| fass

ANE cystem =
OEW\' E'o(/\.{-::O (::t
’t::\‘./\ . Cout E‘*‘Ti’y
( @{ﬂ 4 \,;/m + éénggm) = ( @cajc—‘r\;\/@¢£+£%> l
, 8 oud



éémo&c - m (‘/\\,\\,\AE(/H«PQ”’)

g

Q;{\ 4 \/'V\‘,\ ﬁfr\\(%m L KEin+0E m\

B
pu— Qou“: * W&N+ éy\ (\"\il%é:f:j*()
\\/ﬂ‘r’\’\’\ﬂ\ (Qwiﬁ Wowt = (AM4AP%+AV9
fov
g+ecdj . L d}
How Sﬂ%zz‘/:gle M@ d

/r%peg @i Qy\c&meertﬂj
§4€QO)\3 +{ow deyy ‘Ce]

\V/ \1/ i/ < Naizse D\NM??( "}E{d’”ﬁ% \() ()e
—’KAMD{V\Z (Jump Compresser i 0

-(- D \n Q'iL
M\\\:M% Shamber M&c*“‘f)e:




\-—Nozz\ﬁ and D ELuser

WNeoezzle ' —
I)r./g’ SN qu@c}tj {EIG\JJ clek/ ce u%ed

+o (nereose the ve oclJr\j o L
the Lluid b\j deertas 9 e

\(DY‘QSQUAM .
R, L

. — Sz V>V
\/" Mo P ¥y
: M=
}0\ V) h ':flvl‘ql
et e

(G + W)~ (o it} ¢ A APE )

CL)L/\ = @blu-(::@
MO\'\Y\M \1\;1%’\ _ Wouk = ©
= NP-E o
(bt DWCE)
{V\(h?/‘\’\’\ﬁ - m( /\/(%2 MQ\
’W\»\’L‘\-y\/\t\] :W\MGQ‘MM%

T
(\;\ ( k]/’\ '\' '1: VW\) M (ho@é‘{'"“" x&\é,



Q>*—r(\ \/\ Qe Y '{ g

[—

Irlr,% o ?4*3@«3\3 @’ow Je\/\'ce
f}»\mf{ ‘n e oo Qe Ahe pregiure

o { 4he Ll d "O‘j C}quxeo\gnr/w)
SN Ve [ocity )

‘fV\l = YW

0,4

\ V’L 4‘\/,
2t f\'q\\/q = f“{ﬂz\/’a
Tirst law 2m
w \mw
‘ / t\‘{\ 2 E"Q\A-ii o~ y '
(%~ n Y W\ podom (h, Ay WE L+ ()’/p@n z (\“}/‘(“ ( i \)\/V u'

/ *+ f;\ ( ['\ou.'/(,

) . . i +W.E c»u‘
M hoip em K€ = ol 4 g TS0ty

o ' A \ L . .
A4 )\m a3 palid Wi '\’__'.'.'Ml’lo(ﬂe . 'lf M \/;'\&t



\Z”T(A‘( ‘L);/\e ' —
I”’l”/y 2N %*ematﬁ ’F‘{GBLU JQ}\/JCQ ‘H/\Of%

Cor\\/erﬁrg the emeﬂm o £ +he £l
. M/\’&'o o Qi’\&@+ U\?UVK
Py

J,

I Wov:(',
e %«"f@'f \ aw o«nc«'{g&‘;a:—

. . c

Q/ +%+m(\/\%\+\«w\+\0%m\
~wd¢®/ﬂf’“m &;/ewewué
\ d U\m\ \Wouh JrV"‘O”’W%)J

My = Mo = m

7 \;\/eh\/mwe M"Mj*t)feg od Furbices

v J N N
heer” lotube  Mydde oo
S
+ \A’(\b\\f\Q ’(- Lk(":n . r} .

1on *&w/moJ‘jMMQs;, we J\U\Q'?(
s4udy  steam omd gag
Lurbmes-




\: = Com % re $SoY G\V\(’S (’ Lm «P

C@WWN€%§O(§~
I*\'\ ON Q&é’\/\'&“@ _H" Wl VS USec
CUWPNSS (\/\&N‘&S@ (L\Q ()fc\,\mt)
ng %age\ L%Qoﬂyﬂmﬂ%va

\(, My
\f\ O\IE

éyzn}k-NO)A~¥ W\(ﬁyé }%é *k% \MDQ

— Q/«Jg y&&vxf\(/éwﬂ%/gmw

\/\/f/\ ‘AT m\’\ﬁr\: W\ L\Q‘Jé_

QMmP
i"f% o d?VlCQ “wa‘[ 5 U’?(Q] 1o

coMfress Lm(rea&e XANY

e
QE@ ()% q{\,\»c!% 6«{) Ccmvumm?
M INECIAN

Wi & l’\"\i\\\n = “:‘1’“’%

J Y6

pVWQSSWB




" Thyottling valve

D,

I+/% o dey.ce qu{#

=0
-'D@‘W dﬁCV‘Q,O\QQS %\/\e \ONQSWFQ
‘ ol dne {luid
W\d Conded n Q a (on SM;&

Q,r\'&)"\ml@ﬁ ()Vec@%
E neraw analbysis
é’:.\/\ = é" */\Jé
N
(% yy/,\+Mth+P/ ot Wi

- @/dt v \\7/% m\hod%?%*wj@ad)

K THE maaly hia = hout
wied in i - c®n§4&n+
60/(\61\'4‘301\‘\’\‘3 €0
@fﬁ'\%@ﬂ(oyxﬂ T—T—:Z— <(I_\
Tome ’MPG‘( ﬁi;\"m}é‘;}‘ ﬂ
v “w—*——*\g =, A4 1—
W \osha ble Cagllar
?\)c:\ve ()cwous *H\bg) \(\ (T’S
S (A8 Wy = e

S o

—F :
=LY




[";"’ \/\A\\(\(\a C’ %QW“'/()(

—————

I’;\F% O\KJ(*\/ Ce 'ﬂ/\(y(
\)\({@d +O Y “ud\' .

¥ An '\mporfkmn‘lr QWQ’Q

v < gt\gmﬂf/
éw‘\/\~ EWOWfi

W\IJFWQ m5 f‘;\\ 2

.___-——,

: | %m i . ~
(95* \‘\/ N *@é@(hm*%{ “/%/\ m -

Qb wltegrd | R eBuh

( host +£- Q/euf ay %wﬂ

g/ Vv\l/\ 1’\,/\ = 24"(\0@%0‘&6

— V‘;‘@
m/»\ ’J‘"M’LL\’L -'_Lm("f‘mm\)\g



é-—“HCo\JV Q*CMO!‘%EY’ T

I,\Jg o CEN.CE 'H"”L‘t ’
BQ/A +Q ’{‘{01’\‘}6( w

Le‘é\»ée)‘\ /('*(NC ’U ‘s

'ﬁ;\]_ ’Y‘\CU\} in +wa ‘D'H"éfaﬂ E\
V-7
N E"“"Q;‘l ié_———rv.”
._60 ~ i -
ke L P hl ZOC
\, .
\/M'L )
Ty=35 ¢
YE\\;;V\'\
Mo 2 A
) &\/\ = E l«\j: ~ e
ng(u/vm,\wgﬂ\ (;wi*\«,c
W S (KR guih
. ond

2(5/\ (Mm} _ ij{;\ (.mk{yﬂn )
1N o vt

Ml »\; —\—W‘\z&\z = ’;\I}‘\g %fvxi%q

Q o hween Two Séreom
— A (hg-h) = ™o (he—h)




F PR and duet
yﬂ\e«ﬁ ane kaeQ’ er 4«(0\“'%{”%
\/\~<5%~

*‘/ﬁxe Ji e rence beotween
dhem s Yot dhe pipe

o g o cireulay cress
Se@‘H@V\ / WUVALS du <
nWa s V\QC_:XLOU’\%V\{OU(

E m 2 CYosS seltfon
— Q D - ﬂez) Can) Conatodn

O\)«Uﬁ +\MOQ o“@
eney %ﬂ Inderadfions
| E(/\ = Qou%\
(int Win + T hiny KRB )

= Q W \/\/OL%—(»W\(MQJ‘FMQO 4
A E ok




v\(\SJ&mO/ﬁ Llow  system —

1 + i\ N grj( Co }’\”er\[« 4 % eﬂ MMU[

MASSin OF M ass gok




CHAPTER
6

THE SECOND LAW OF
THERMODYNAMICS







&e Ser Woy Q) —

“They ave Syetems thed Yave verd

\ af e “Hv%ww{ @/\Q/MH Co\(\mﬁ.ff(r\kj
( ma RS * (;gﬁec&*e ’\r\eacw oV ’V\eak%‘
Cop o Cib ™ . Kl

Qs o X Qv )m S\ sl <€

et aubd AR AR L
o o;%Q HfS eu2ls S0ro \-%5//7 N
el oS ol 09 £ T~
T e Leds e
Co yy\e QMG\MP/'QY 0'{2
(egerviofs i~

\ N At mo sphere

Q{\/Ej/ Ocean

1 pee Ul 4

//(/g} gl B¢ =2

’



S@C@AOJ {cwd O'Q W {—

ce W occuy LU O Ce[f“aw\
d not in +he revelse

A - Ay e
Jirection N
directoy - n

g Heof tron $fors £7or" the

\ 'JVQ) »
Wottes megd  um
Q@o}e}ef one , RoT e
@mﬁcﬁ%%e -

7 - H‘\ghef %\A&h”'n ({% Ke UDoVL(> eneqay
con be converded Jm%aw 4o
Lower Quality) (iKe heat)
/ budb poartad of lewer q/uﬂ«mj
can be Converted 4o h}vl)w

2-No hoit O\/Mi%ﬂ“
enyine with B

- \@OO/G Electric '\{AZW ’
v‘l (in‘aujg _ electric wortd

obpdput = fheot
co i+b edPdarenc

A [ oeok)
Cay ernquine
( o‘f\(«uﬁ 2 ng

owbfut = elepdrit werk
So VAN efltieney

< \003"/03

44;*



Cwele

P”f@(’,egyeg

1+ vepre sentq @ et ok

done that the First @ote
= xiﬁ&‘ %46\4{

o

LR A 0D ok CMes e

=V PN
0. =
&y
|
L >\

> SN
\
| S ‘M\]mnzoi
hoxmoduar C E/\%Qﬂe ‘
C%les |
The WV iy | /FFQQ[ joat/:j N
’ ' AN ’ jeute
Llud (S vezﬂc\z o
end o4 e
N eooh Qxﬁc,\g C)i) RN
( Same fluid) a&iwaf‘i,ij
YUl Gipen

AN CUCle Syag




Heo\"% - Y\C\’j‘t e, =

i["\'}S o d#efoQ H«w} N Cleve S
heat Drom o heat Kewree and
convert s fwir ok A ako
Wor and the other pc\M“
V< WQ_'SQ Q*Qd +o a\(\@d’

s A %HQA; er\ﬂb?M

wey LS ©

<vw£cgﬁ5ﬂf“QU33°wk’d?%é)Es? eWMm¥lk
\59’9 fﬂ\“k\)\s 0/’f Qo> g0 o Con CAOC‘!Q
Fo o s il 2 U Sl et sy

- O (el
i B
Mo Aemf-
Sewr e ¥ Car engin®
B {2 pot
Q;/\ o oot
€ na ing
\’\’r\e'ﬁ,oﬂé be ?ng
QO\J& L moﬂ/\\
\ow \ oONn & WU‘M{’

% Sheam p®erfﬂUﬁJ

13 an examPle oL
\/mmg fj\%\f\é’ Q.



SJre&m pow WPW# "
e S T
1 gt die 2 de Yoo LS
S\ ?/U"\ \g5.8 (LFfr@Ce.%SQg)




Processes (—

(' —2), Com presion of o \;%wJ
oy o punp (wia)
(2-3) 1 Hed oddition in
o boiler (Q(/\}

(g “_u() * The %Jregm do oaueviK
ta Qide e Aulbing

( Wost)
&%’\r\ \ H@H (< PGBQML@J 17%

= N C@d%ger .
+he C\QCE < considered
SN (’J\C@Se(ﬁ : §‘33+em‘
[ Qun +Win) - (Qocb £ Mkid)= AU
/Wwowﬂ\ A C@M‘O@LQ
cyeler= (=
&\/\ A Won -~ A ouk - Woldr — O
N Qo ‘Jé \/\/e)m% \/\p

Y/i;-—61d; \N”’W




PTT\e(\MOA { Q'H} 1‘Ci€ﬂc»j =

™) \l'% () M’i_ e r\:é-ﬁj
N\ = T et
Ml - Whet
"* in
in- Olo Qlf

| Qin
@o@t
AN =

o//}{ O C\:JL f< WES f‘“J ‘/L’(T\V] k-
World 2 8 32 s P <)
@{y\ = C))H

& cj— ’TH | ohs - Q
0 ay Glodh = S

e '{S\o .
\-\E\)g\f\/lﬂf / CA Whe t,odﬁ‘ = ®M~ @ L

o leng: _ 4 Qo
CD) T




Hest Puimp $ 1
Re QY\‘O\\Q(CA’OFS ch\A H

| ¥
™
CSQQS A& W

¥ "The cgc)é corttains 1=

¥R ”S‘b 0 Evaperter

5 used @ CompreS§ar
as

O\ oA ®| Condenter

tud 7o) T atting Ve




(1-2) Rbsorbire hak comthe
Y\Q@{s‘gemjed STUINCS (Q@

(2-0) compred®ing-tha flid
\O\i\ c@nwmmﬂ et Y
(win)
( 7 - Lﬂ N\)QQWQ"/\:@ e o berbed
o do e %w(‘/ou«o?‘vi’
( Q)

(GX) Expongion by
 Hhterttle e,

( Q N *\'W'{/ﬂ“’ C&/Z:Cé + C&@“f) Q
Gy A Win — QW = o

NNV (- Gl

- Tne efficiency of preayele
< ovpressed by CoePficieit oF

T \/\/“\/\




U Hﬁeai (\
o eat
CO@HP - —\/\/7 QWM\O

W \_J%w\
¥ Punpiny deach From low Tempery,

e fium (”{T,B’ro Wi Femperstue
wedium (T4




\

A ) \
COtw
‘ eve Q“Hi Ay eveysibilites -
-~ A iwmﬂ
Al Bl

\
\ \ f
K\ ever S, j?f ~

ProcedN—

T e ——
,1‘*\ C\\"*t\ CesN ,{ { d\\;i
con ‘3:1-1.\‘ all U! u\\ﬂ‘\'; S \\&
S lae \gos cal Alae
- O .
T oveversblities
\ .
X { 3
. . u / aQ S{‘
1oL \qu Q&-é \\1‘(\(3 gﬁ'\
étj C\ﬂQ\Rﬁ \
we 4o
. ,{.rm"‘gl‘wiwt d\(‘&et\

\\( Nt \\ &7‘!4(\3
e
Lndern ““\ T \derrally

never Sible e \'c‘l‘\“;{\{k
Q. @i (VIS \‘L
No frchen g L
Clow proes Hrem 3
& g\\kiﬁ\'.k ( '\ ,**‘ o

(= oot s



CQ)@HP = C@@Q—%’\
e OP.p > CobR

@e\/e\mkue ong (Ne\/emlalh’%g“r—
— N

L‘"@z’iub o]

)Qevef Sliale P%Qﬁﬁi‘r——
T4'% O\/\(:)fécégg’ —M\o:f% dOQQ;/{JY‘
Con -eln omj rreyerib e

Iloe e ol aleo

<7

Treversibilidie s

\ \ —,
¥ " Vew Fact
Trction Weat % S
A fonsler S
we +o
+emp efuture i Herence
Re versib) iy
3 = \
In#erml/g Eq{dna(/\y
e SiIe reVerQiblo
Q/ - Hea
o rictier Hans bor
Slow Proces ¥ there (4
” preich branele 1 ol i)

s \‘_,7\}"
A= the grecers) b



—

E%Jrema“ﬂﬁkzmjrew\a”ﬁ == )@erhj

ro versible oversible — e @

d‘;ﬁ ‘\ffeuefs\la‘ﬂfei&\ L;;\_£ \_;}\(%3
QA)\»QAM 65\5’1{ C,)’))f/ L;)\X
CO\(V\@"{— C%CIQ z/_
(\Q)//\Jk‘/: %3\59 C}JIL S/ 9> C:@
wePvl
(Ta4ally resersible

Carnot heat enqing \~

c;;Q ostud 2 g Q\ﬁvﬂ Z?gc«”
/ \@Efeu%MQ

- 18 %.(\'c'“d){\
_ No hempendue did-Herence
Cidh e low')

g'\ow QVQQGQSG S’

he. el



‘ roceskeq ) —
L\@i’ 6\(\%'/1@ P
C cx(ﬂcj’

m\/erg?ble ‘sothemma 7
| =2

esd o ddiHon “&@#P‘V’g’@”>
n

rever S!ble aé)\‘alm:(ﬂg
-2 ver il

L rever S bLe\ ;’l 1 f}z‘j\?ﬁmﬁw@%@
. ot e

l \ rver ble adiabudic compess
Ly

ot (reversiol) s
T car

IV

M ——

%“jw\/ - T
‘ T

TS -4
L - /T%/Qii’f qi:ﬁ 3 Kﬁ‘{’mjﬂ

o<t L\@L{
rm ijfemﬂﬁf@éw“’\ Y{'

SowcQ



Mot s} v 0
| en@m N

I W T e )X
gleam YL lLJo) e &

&bwé U\)ef
MQ ~ _—ch\ﬁngLQ 3\~«,§”

a5 G IPs G Al 4
6, pc\ﬂ/% @Tﬂ O\/Jf{/“@ oyt
WD (o gt oﬂf@ )b

QCa/mf > 1~ ~ .

&M\ BURYSYS c})AJJU"L
Y @Aguw LA ¢ cairit)

@

Q_)\)



' /"—M =~ Con S\’F‘
L

Uﬁ 3/11 = Cen 94.

¥ We have <o \Aﬂm

wWe ynerexnSe ™ g (demp. ok KML
SGMCQB ) f‘r\’\rQ VL\&\/\ ' 0rla Qe 9



posoible of ot “Q“C“WM
Cuyele .
o+ T r@_pr@,ye«’ﬁ
N Jhe bogt

per Loyman (L

End od chogfer 6

I




(HAPTER
1

ENTROPY




E f\i’fopﬂ ==

e~V

co ]
I’VS o meodule ofg m&ecu\a‘( axio(ue,(

or Mo\em\w «(qncf@mr\egg.
Ao o bt of eRltlles s
VoRRR
(
W o) @ Yetiopy ) UL bk
//\f\)'\ﬁ JS\Q@C &k’;‘\ Q:Le_:-“ 9& ;\%_ga 05[‘«&&
s gzt

How Joes eﬁ‘(f 0@3 QWQ (e qx(%é(\?
A .

—

L \— |
¥ Sy
Ry heot BS\/ | Ry
< 4 \sf(e,r\/e;(S«"o?\‘{r "Qg Mok {
LHthr‘Of'B
¥ The worlkd oesnlf Pf@at&e
N+ PAA ,
\ S‘f\ T RC)CKJE A gcbcn - Agggz‘fem
g ,,-y»//-/’*—’”"j"‘” -

%Y\’jffoxoﬁ bed ance @ngon



B 85%246\% - %2 B g\
J AN

e Endref
a4
Ahe o
end o lge Tore
Ahe plocess Ao
(firal Stade) (recess
Starts

E’Y\Mé\fﬂ
%fvms‘fef)fe
\ ) v O\S’\

gcbex\ — Gndre ¢ eaenewﬁec/
6 v fQCfO47®7ﬁ



ic,f\ ‘\”«Fo()«(\ ¢ on \c u\\crhof\i :-

—

| - 4(\\0(’ C,@S’ﬁ’d SUSQ”*@M@\"

A

Q{{\ @Dw't

T T

B%S\jﬁ‘e}”\ = g’)_" g(

K S ot wny stote Yor ouy pure
cubstance (Qﬁ\%%afﬂA,mler}
Con be Jémmc} Lrom dhely
Lableg .

+ Saen = hgg“ﬁ’ﬁe”«

S -S4 Fc»( (deaﬂ C{)O\@'ES‘\/

A%%%J\QM = C\/ ‘Sf\——rl J‘__&{n\_{%

K Vi
OR
[l gg%giem - CP "/\7?——&“ s Q /\'{\ _%_
: A

?of COAS’JL@\V‘% SP?CQ-Q{
heatt < |



//«' /L % , Q l K
/ %_,\G?"‘QJH el g — ;D\ . (P \ﬂ
! T\__,,

fo
a Bl

Vaflolle
B e L0
€ o Q' | g Can LJ&’ QQ)\U’LJ

ot :
Flom \decxl NS
tables (ﬂ,\q ~ = >

M <o ()
E‘o( %Jreckd\ﬁ flow \\:)g lom \\ o

~——
e e
I —————

Sy
ou.% —%S%GV\ < C/S/O’J[

/LV\ %4‘€.O\O€
, \3 Mw S
, Ahere 1R no g\f:m
anye

| A endoe
@(vf\ P\S‘
TH____._ A M gi«\) (G)Od- J¢W\§o~«7(7>
A g%éﬂ — O
9/;\_” - QOLJLL
Uk TL J(‘M(SN%M/)



e

% gl/\ "A(— S@xi: (QQ}«(“ {‘)\,\fQ
wa% A an e Can 1Q€ Qow\d
Srom  Ahelr La ble 3 .

?ov”" (C)GQ\ %C’\SQ 5
{Vq\/\ — QGM’{; S \Zuﬁw\@\‘\]i;i/{\

\/o\'( 1(\6)0 \(Qi\z(ii

g ) \”"“’"’ “'\”R ﬂ‘u
Sf/\ _ %au]ﬁ C v \v o Vi

ISQ\GA‘F@QQ cheg@ —

—
e

']:'Jr’ﬁ o ConStait er\"hopj
Precess .-

%“: Q—;\

il S; we  have O\Nfe\fe(%'~(;/€
&d\a%oﬂnc proce SR 5 Hhen we
have 4o Wnow thot 7

o\ sentyopC process
r@\/ergikie = Jaen = 0
c\c}\”o\bmlx‘C »:_—;\/. Siheotz O

[QQHJ‘W/OQ){Q% /\q {b\)?‘{’("m = O



\/\k\mmizimﬁ -Cmnpf@%i or'< WoriA 1—

\/\/We\/)\«/\'; gfdp Q%ﬁ?{
S N < D K
T seatrepie (— (Fv .C ) Jlaqron )

, KR (T%——T\) KRT, [ &(\Wl\/m]
|

Wrg 0 ren

WA~ WK —A

QOW‘()(Q{G(P;C\(’“ (@,\/f\:g'} -

: AR T
\(\/COW\?):V\ - Y\/\

% ’ n-\ /o
- {\R\\ K&%—B _//\]

AT

R4

cy 5V e
\ 1’\? (31/1'1&”0%+ O oy {S ’\YO{’ \36/;‘@ MJ
) S AWin ok (S other w\-GL( ¢S the

V’\i/\;”lbl M eNne




T centropic officencies
Q\Q R%eoﬂ«ﬁ NNQHAJ %uj%lemi\ g
a8l \w(c.xp\;ﬁw M ocnd e aa
- Al
PrC*Wok { J—urlai/\e woel K
/LTQ(L‘.M,;S. - o epi T &wk*«v@?"

gentro
_ wo v W

e
R |
e v-"""\:'\"\ 7’0\ j Qouj()

- "2 S
— -
T qenrepic compresser
QCcm@mSCOf,RE e P\CJTW"( Comfﬂ?mr o 1K

\f\'z% «M\
Ny =Wt

N4

\C\mtucx( %8 Q "\+’“”?M’ |
\/\.NC\7 ‘é M% —— o ‘V<\C o\‘f {“«\e %

ng (\{oo |
\/’LL’\ i mde \/\ ‘/\20\ +V Q
\/l\ ‘ \’\\ -hes + \’\%g

% Y\J O f C\r\mp Wf i

-




