)\ Yire:
Due ! t202

Page No.

S O]

Instructor: Asst. Prof Dr, Saad M. Jalil

Reversible and Irreversible Processes for
The Ideal Gas

£. &(/”61‘6/( non.-//ow FProcesses §

a. GonStant volume Process (Iswnetenm

Lrom He non-Fow £ E. a3 : .
QA = Wy AV G &
cU:f/;;df/ , M= = g=pi N \

o W=o = Q=8U
Q=mG(E-T) | ‘

<Y

b. Constant Pressuve Process (Isobaric )

Q: V\o,-f' AU

4 o 2V o 4 (’1/

V‘f:/-%rz-.- H\j' ) 2
-

= /rzf@(ﬁ ;ZJ 4 1

AY = Cp(Te-Ti) . 77
QA = MR (R-T1)+mG (B-T) //
= Ml +Ci) (T2-T1 ) . £ L L, v

=mCp(l-T,) =AH =m(he-2)

" / Q=m@(72-7.')J
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C. Constanl tempernture rocess (Isothermal)
From NIFFEE : Q
Q=W4AU N
ww = § = ol ¢I ‘
we  hawe /;_V' =C ., Snce 7"6 FL j
: o [V, =C #P IT' N
W = f_é'. av = C h \C‘ ‘
W = PV/u Ve _m,QT/v\V 11 W)
L ; ey

el =mG(T-Ti) 7;=7: = AU=o

/o’. G,:PVA _‘% :P\//ug = mRT h .g'_

7

Za’-.’ 1 ? o/ mzrb en { Molec wday Luet_yht L) s C'on}ofes:.ed
IPVérb!bj and. ,wﬂw;fma/{y From el bar.20C to 4.2bar.
Calculnte fAe WAL clone and the heat Flow ol rmj the
orecess. 4 Sssme. ni ﬁogen Zo be a/xr/é'clL gas

Setsz. = A?,/M 83U /28 =0.29F 19 /lg K

\§2 ,QTh -02‘1?--&2‘72*)'« 2 IM-?(W)

2
Tz
4.2

Q=Wz= -124 I /kg ) B
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In fis procesSs the System r)zu.st be in
thesral insudated, 1o prevent fhe heat  tvansfer
betiveen e %Sian vl ﬁwmund/ig . A '

7o find the Relalion between PIN ;
from “the pon- fow E.E |

Q=W+ AU A\

adiabatic Process => (A =o
da = dU+d\,\J-$id?;O/L(+dw
du = m G dT] =\ duw=Csdl ipuumi‘tmss
dW= o dyi = ddw=pov

o A= dly pdv
p'z).-. IQT' =% 2= RT /v

= a/? a,d’i;fe __ —_—

-_”o —Gdf‘f ET




S oIS mm =y

N :
. 4 Lee. No.
AE.-
j Page N

e N HERMODUIIES

o B53 T G e OO S e B W 4T e SO Sy s S S Sl

= dl’ (.-/.G.I’_Q

Yy
So =,:f%7-_ + (E-Dy —o,{);()
A"T'f‘(d-/) AV:C 2 Tz%)
o (B2) 4 (5-1) =g
z‘a p,u‘,vﬁ-i s ‘ i

R

PR’UB = eC = P’J:Rec_-c

- FJV.‘: C / adiabatic pProcess

the non-Sflow energy J [I

Q=N+ AU.-;' s Q=0 Cadizbatte) F
W:’-AU |

=G (T- ) =m )y (T-Te) F/\>
i/ \N- %
(. \Af= mE(Ti=Tz2) _:.é&,.d_.\l




Instructor: Asst Prof Dr. Saad M. Jalil

T

S O SR SO .y

e B B G T OO 6 S B N ST by COWSATS - e e S

The Relation Between P,V and T in Adiabatic Process:-

Y Bt ¢
7 7z

W & =
y 3 S
E—(VI) o @
S op @ fore_ e B 8
ef@ U"?@ Where TJT:(?);)
5 ¥ ﬁﬁ" 5 3 /? &-1
sl B S ] (L)
O p By e
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belween P..'\)mw/r qor adia)oaff'c ProCess
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Exy  Riv ol 162 bars 22T int/ially occupying a ‘C‘,}l/l'ﬂdcr
el e of O-0rs” m’. +3 c’m;,orfssed reveys! b!y :a&/ aﬂ’/’izéat-
/'(b/{y {)j @ /:'ulsfan lo a pressuye of 6.8 bav. (alculate
the Final Lemprerature , the Final Volume . and the work
done on rthe ,nase of arv fn the cy//‘fzder‘. |

8-l o B

olg 77: g yE o =l Z )5
Sels (,Cg) y T2 *(-%)

2

Y- 0-23
7-;- :.293—%(6_'3;).1_'1‘ =29 x8.6F ¢

(Uhere Ti=224+2723=295 , =14 )
~inal t‘am/oexa.l‘are =5 S- 273 =225 &

/?_(Vz)a oy .\/c_(ﬂ,)'/lf

RV e Vb f

Y b e
. ool S oEa = A 3
G h e e
W:(j -'az ( adlabalic pmcm)f

:’.._G/'('Z-ﬁ) ( fer kg afcgas)
=0 FBL295 -S0FS) == /52.8 :g/kg
o Wtk inpul per kg =152.8 K5 liq

m:ﬁ Vi - [oQZ*!g‘*O-Ofr = ©.olRl g
%2 7 ©'28F % 10° #2958

Total wov X done = o018l %1528 =2.%6 =5




e e i B |

e B35 Gl G BT OO 65 S BT W ST oo COpSATS A S SA oSS -

%
P =
=)
=

[. v-:mnqu.m — »
Coﬂch' : y G
FY&MMM '
l-ununr Asst. Prot. Dr, Saad M. Jalil
e. /‘%/ytmp/c Processes s \/é}’

/% Cyezzem/ @se of ea;mncvan ar compPression

o f <o Substance according to the lww PV=C, lt
s calted a ez /Z‘r/azc expansion or C@m/oﬂ?ss:on

oy o /00 /z‘m/ae
T4 /s Shoutd be rnoled fhat the ua/ae af //ve

Constant “C* will ¢ e with each c:{age of
Cond/lon. So also w!l The value of " whrch is
Cé//ﬂ// He nolex * of He Ww:on oy aampr’éss-
ron ey rhe po/yl”rop/'c exponent .
PV C ,
7he ron - //ow ernergy eqaa,?_’) oVl
(=W + AU
W f/:na’v, .fON -,va(u y v
: -n z n -n+\ et |
] =/:«~v'" ._.._._Vﬂ]:ﬁiz e w2V Ve
N4\ ; -\ %
W = ﬁ\/z— I?\/’
=N+
‘*-J‘\J | Pl vl" F2>.\/‘L
N\~

N T
v h=1




[ University of Anbar l
Callqv of Engineering
2" Year W

MBBYNQM

Instructor: Asst. Prof. Dr, Saad M. Jalil

e B2 G G Y OO R S Bt W aT e COSAY s S S S o D S S S by Wy

A= 0 CoC Iy = - waCoT, - Ty

AU = -MLR/K-O(T—I -Tz_)

2% Q;mfir’.}éﬂ—'lb "”3%-(17“72)

=mR (T-To)(— zs-l-T‘

- % B -n4) 'l
=il 7:‘)<@\-\ws-n )
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In a/ad/utro,o/c Process the value of (n)
oclpends on the a mount of heat aaé/ea/ or

veected and on the wwk, done cluying the Process
=

Uhen ;
2. 1=0 > PV°=C = o L o ( isobaric )
2.n=1 —>PV=C —» pPV=C (isothermal T=c )
S N=8 — PVB-‘-C -2 Q=0 (adiabalic )
4. Nz=0f —> qu’; G p‘f V=C = V=c ( isomeleric

av ssochoric)

- /Orocesses H - #P
154 QOII'IH at P=c
.t —> Iq\ Hﬁ&tfly a-t P =C A

1 S 3‘ Zﬁadlz‘sfaﬂ a.b 7T=C
1 g A GmPIESSfo_Yl al T =C

1_5 ¢  Adiabatic Compression (P P=c)
= Vel /v 'Zt,oma'on

1 5D Healing ab V=c

.

¢ D CoO/fv “ 4
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- Clork and the /»jpe«rbolfc [Process iv

The /ypgrbo/fc /rocess /s a Pa/rt‘l-'CU‘M case
of the po_/ytro/ofc /orocess ,(PV”:C), bel'):ly fke case Nke)\
(n=1). Thus, the law for the hyperbolic process is.

Pv=C

For akyperbol/c C/umge from Stale 1 to state 2.
AU, = 2 U,

An  expresslon for! the woyk olene oéc::},] @ ,Da(y_
Ggo/c process has 4/1?40_3 been deteymin

UWor K, a/ane = ﬁn\/’; BV,
Jor ﬁy/)efézé//c 2rocess s V= RV, & n=1

% UWork JDI’IF: Fvi- RVa =_0
n-i 0

do Lo Compute the work done.lt s necessary to
delermine the avea under cuvve .
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Work dene = / ,;dv
o=l = = OV
% Vv gC[anJ:t

W=C [/an- In V.]

Vi
=Ch .\-/%'- _PV!n T/-;
0% /CV:PV’"%::/

Sxlo

Agas /s compressed /y/aea’ba//ca//j From a pressure and
alume of fook Mim® and o.056m' respectively. to a Volume of
. 00F 17 Debe(mgné the final presswre and the worlk done
on the gas. |
Solie Since the gas i's comporessed /%y,oe/rbo//ca/{y, Then

- RV =5 er H—/OO*O::;G = oo I=pq
ey R done = U, Ve . /oouong-os"é 1 2:00F
S S 0056

:-'-”-55"(3'
war. done en fhe Cyas://-(s— k1
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2. Lpeversible [ocesses (Closed System)

Q. faddle work ¢ P=c )

(/(j,o:/?a/z//(’ LOOVIR |
Fr A= & ﬁr
(G =40+ W+ Wp W 1

a may be @fm/ Lo Zero
21 fhe Jorocess Is vexy. |
Sasl o insiilatod-— .

‘*)‘o

A U= iy Tz—T ), =
W= 2 Ve-V,) :mR(.T?--T') >V

UWp = - Ve . Since (£ is done on rhe Saste.m.

b. [Elle wk ¢ V=C |+1+—
a: W-I'A'U--f- Wp
M =0 v=c) » (A =0

~Wp = - Ve (clone on Hwe %ste... 1
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3. Fleversible [Focesses ( Open System )

a. Constant Pressuve [Process s ( siih < conidonger

¢ |
aan-rf-?‘U.«r\Al-r.z\—C'-r(,=821.'-PJ_VL —‘r\ktﬁ--.‘T‘_C:ﬁ- W !

P,=Pz

! - -3
A - q = (P\\J\"' P?.'VL) A (U.\- U )+ % (C;L-C;)&'wz. +g (2‘—24_) #oA0
\ 4"

i z —= e
\'A}-Q:V;/\iv\)-c‘] ! wex\s‘b('
b. Gnstant +tempemiuve process s P = Constat
T=C , V= 1BV, 5 e =4
o ﬁ' YS(?u—tz_)&-\ (Ca—-c- )3 ﬁ\\)

ey &)= f,Dolv — PV In Vl =mRT I X ‘/7'
C. Rlytwypic PmCess :
£vm ch‘:wéy Flovu &c«rgy é;yt.u\'a)oy\ SFEE .

W- 9= C/”x/ /9"/:)+(U:-Uz)+—L(C¢-Cz)%ID + -,

%log
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4. Lrreversible Processes (Open &jstem)

a. Unresisteds or Free. expansion g

Varer | ¢
Q= W+ AU y Q\s &
(l=0¢c (adiabalic) s W=o A LN NP
o AU=0 = Ua=U; _(Per 1‘33
GL=C/T,

& =235 ¢ Ivreversibley.

Sx: Avat her /s initially contained in vessel A° as shown
in the Fig above, the volume of which can be assumed to
be 1w’ The valve X is opened and the air expandls to
£l vessels Aand B . Assuming thal the vessels are of
equal wolume. Glcwlate the #imal presure of the alr.

Sel: :
o Freé lexpansion = 7 =7,

Sor & pa/ec.tﬂaf PU=mRT . AV =2V,

V?—-‘ Va4 %;-=1+1=2m3 - Vi=dm?
ooy

Zol—4*
/9/05.'.:20 x--/_../ObaY K

le
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b. %;vﬁ‘//‘nf [Focess : |
A Llow of fludd Is Said Ao be
Lhrottled whern Meve 15 som resitriction 4o ﬁ?\.ef/ow,“.
(ohern e vebcitles befeve and after }Ke yestyiction:
2yl elther epal o> /2{7//}/169 small . and ‘gz,'(,,{/n,en Hheve 1g
prd ﬂy/'j’l’/" heals loss do Hee Suzf’ou’na{/’yf;

1 pA
From SFEE o ;X _.__}
2y —~
T R } :‘\-b i
JEFRVru+ 16 +9 =gdZur R4 Ma ) I°% } —r
PR e 4+ W £
3 T

Zi=Z1 »W=0 > Q:o.,, ¢ O oCq

ov 7.—:' 7:. ( Iyveveysible)
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C. Actobatic mixing & :

"y
‘r."z

/7% #1772 = My (mass conservalion)

l’)‘?. h,.f- m&hz m,h;

/7:?, @7:_ s //32 QJ /z = ms@j‘;
ﬁr Hlo e S ga.re_s mz'aa'zcu_j;

/9:217;-4. /’)’.)27-; =/)‘337;.

(e,nevﬂj )

Q: Gnslant

//77.: y PN /752_-7; = Cr_llf.h-r M2) Tz ]
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Z-x.: 0. 085 lta of asir Is /L«td al censtasil Pressye éf'
2bay urlil The volume occupled is o.0653m'.
Gleulale The hel supplied and work done . When the
wtial temperaluve is 130t . Take Cp= 00" Igleg. K »

R=028%7 w5l .
&C.’ He non- flow cnergy fymtf)‘an \ ?
Gl= w+ AU L—ﬂ ) u
WS P-clt = peve i .
= mR(T2-T7) T
AU=CUs-U)=m CT2-T,) r__.__r‘ 2
Y = m‘; 67'2'.',;'; ) |<\[/’l
. L
Pve=mRTe = To=hRVaimR 1//{ — v
To=2 86 %0:0658 [d-05wa 287
=92k
Ti = 180 ¥ 2F3 =4oZK
A =z elogml.cos % (UL-Y4o3)
=25 6-4g
W=mR (T=-T,) = 6.0y %x0:28F2(N2-403)

| =F2 KT
QY W=pRWe-V)) >V, =mRTP = 20289 m
e WeE2%i10(o-0658-0-0289) = 738 K3
AU =2m G (72-T)) = 9.0 w(l-cos=0283)(912 - 463
=13 23 Kf
GQ-=Wsal = F.38% 18.2F =25265 15
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Sx: A cnstant pressuve adiabalic System contain o3k
of aly at I3 bar.7he Sastan vecives /Dadclle wov K.
The temperalure of aiv Yises From 29 2o 185C - Find
the total work . mechanical work., d-ugf in internal
energy and endhafpy . Take R=02387 ,¥=/4 .

Sall (= Wy AU+ Wp » (E=o (ad/&éd/é)ﬂ.
W:m@(ﬁ-f)=Oo13*0-18?v~(f35'-29)=“5'.83rg
AUz=mG C-T)

'Cv:a@‘ = 8237 =0 EI¥ES

e
:w-“’“*&
AV =03 x o 7S (185-29) =145 Iy~
QA = W+ AU + Up ‘
0 =5.82 kS up .
W,a: - 20,32 )%- ’ | |
.‘ £ /
o= SR J5it = LU%O2BF _ ois tcr kg
L FTy i
AH =i (72 - 7,) T‘ : 2
= od2 vl ool (13C-29) r 2
l
SEa g | :
| ' '
i
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ix Ay at .02 bar and ZZC. r'ruﬂc{// oaqoity cdlmder
of o-015m’, /s campfes.sed YWSnbj and ad/abatlmb
by a piston 2o a pressuve of 6-§ bar. Gleulate the
Final volume , the final Lemperatuve and the work
done on the russ of ar n e %/;nd?/r

SOL: a =0 Cadiadselic ) :
Fo M=o AU A0 0
Pl .
SRV =2V foks
Vz =(ﬁj§ V=l '60§ 5'«-0-0/5‘“
ad_, =3.F6 (03 m
__T;-:(_é%__)? => ’_‘¢ ?._&
: Vo =( "'6.:;) 1 » (22+2%3)
=So+ 25 KK

AU =mCy Cla-T)
m = [2Vi/RT Lo w10" % c-ot8 [0:28F%295 = ¢. 0l 3

LAYz o-0/lF0F *o-FiF (SOF25-295) =2. 349 5

= —AU = - 244‘1 ’g
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(Sheet No. 3 )

erP Oxygen (mofecular wepht 32.) expands Ms«'blj ina
Cylindler betind a piston ot constant pressune of 3bar.
The mitial Jolume s ool m’ a.aa/fma/y js e.03ni, the
m/t/a/ temperalune is IFC . Glculale e work done by
the Oxygen and e Flow o o From the Cylinder wadls
dwyfzg,/a the expansion . Take Cp=o-F g/ £ -
Ans. [a/g 2136 kg ]

Qz;, 0.05 m' of a perfect gas ab 6.3 bar ww/aygoes a
reversible Isothermal process to-a pressuve of .08 bay-
Glculate the heal flow to ov from the gas.

Ans.| 56.4 i ]

Q32 lb of air a,t 1bar s 1SC Js wmpfessa revovsflol:’
ada,baffca//J o a pressuxe of Ybar . @lculale the Finad
temperature and Hee work done on the air.

Hns.[lss‘c , 100.5 lg/kg]

Qyio .i!eJ of air at IoZbaﬂ,Zoc s can;oresseal rewers.bij
aCCora//y to a law PV = constant, to apressune o 5-5bar
VG AR A S

cliring the compression -

Ans .[133-5 g, ~33.28 ‘%']
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m-ve’xca&ww'qvm-a:ﬁ:&.;ﬁ-

06l

Q52 M’b’ajen ( molecudlay we{gh't 23) expands feVGVS?blj
moa /aarfect{y /Aofma/ﬁ« inswlaled Cglfnder From 3-Sbay,
200C Yo a volume of 0.09nP . If the nilial volume occup-
red was o.02n7, Glculate the work dene a(zm"g the
expansion. Assuwme nitrogen to be ap&r)&at gas and
take Cu=0-F4l lglig K Ans-[ 9:3vg]) o

Instructor: Asst. Prof Dr. Saad M. Jalil

S eI

Qs .05 /g of Cavbon céaaaa(e(/\/ 44), OmuP\y;nja
Volume oF .03 abt 1025 bar, /s c:om,onessao( reVorsule
unti| #e pressuve is 6.1s bay. Glculale the final temp-
erature , 7he work dme on the @y 5 and the heal flow
to or From the %//ndtw walls -

@ When the process /s | according o a law PV Lar.,

b . ‘o . A ISOMMI

e . o | Rakes place in a pe/rfectéy fkcmoal&

nsulated Qy/mda 5=1.3
Ans.[ 270 C o SUBFIE 5 1 FIZ KT »52-6 £ »SSTKy 5 -551 1 5
219C » S25 Ky s 0lcx ]
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Q&% 225 19 /h of ay at oo enler m:’xlg chamb ey
twheye /I rmr/xes W'/ Stk Ig/h of arr a,zf’ ISC-.
lcuwlale the Lemperalure of He a/y /mug Moo N
Chawirber. -zsumag 5’é¢4/ Slow  condlitions. Assume
that e heal loss s /zg/j/ble

Ans-[?,-z-q&]

Qz: ﬁ?alnfléy ofgas occupyi ;:;7 owm?at apreSSwa of
- S atim? ancd temperalwe of 300l is. expanded
a&’ﬁdédréca/-/y o 230 < Nint . G/-O'ﬂ/ 1 g ke @ /0‘/"21/'3»
. deleyinine ¢

a. e rass ofga.s -t

b. The tempemlure of H-e gas after expansion.

C. fhe worR aoné a&o_ri/g; te expansion .
ﬂn&-[aol-wij b.33& c-18o 15 )




(LE-%1) [-u - yw u -0 Cd/ )= O=.2d

L =Cp ) Hw = T . = |
CLALOM | o) dw | WO 1- 4 /GATI-AN) Gl ACA)=C1 ) | otdoaz&Tog

Zr 1= 4 0 CEL- Dy - 0 (Cd )=
(‘1“0 Dw i s Sk e S
| : O 1-4 JEAS'A'D) | - pUAFA)=ELAL)

S—

OT3eqeTpy

CAFANT AL (UAFFANUT AL ‘A'd='A'd

(1w | (-fp)ow ('A-*A)M T L=EAS A

OTIRqOST

o=A
DTIJ2WOST

('1-SL)')Hw (‘1S Huw 0 B WA B VAT

(ny) ASxaugy
[ewidjuy

= V| SommmumonmEil] 255z




