
r - _ r I --611S* -u+.d.$$ll *&'ill $rit-,Y hhjl Lr;rdl
\y_oV ) t$*&lri+;rJrlr x{*,ot*:Ild &yr Jr*iYr

PEST 1HIJ TH
^ 

\>\
|tc. 

" 
b-<5('

0f O*"rijl

lj-l+ 1'^c--,y&15 (P - V) .9 (T - SFtr. ..b ,J;.lll rr;'.,11 clJ,.- iiL rul -t
1-g+ g_,1l3rill prl

lJY+.J-!.Il .3-,..- SptiS J tli&lyl &t - ily+ od-Hl d!J,.* 6ptiS e-uc aJAS-l-2
dlj=)l &1*;ltj,..biyl &t -

OZ Ouljt

a = VUVZ;b =y41V3.,$,r- ,J-!.rll 6_.r_d el.hij qrJE" jtn i.,sJl

y= 1,4 ; Pr = 1,0.10sPa i Tr :300K ; a:9 ; b =3 ;

Cv: 20,8 J/Klmol

eiLll .ttfi ,r a.tii JS $e ;JlJSJl 4++:: f+JlJ r i . ll ,.,.,.-i_1

dJ-5,JSl i;l-r*ll i#SJ Ljl"*Jl ,r*.,si-2

.r3.1Jl ,.,,,.-f-3

0S 0*.llcll

-r_ltS iilr i, 1j tCp cl:lCl prl lj_,p^ ch-i:lt+ k*-*J; 0dSjlJ ijL 6,"Jl-l

ieti$l ii)e AJlr:_!_2

t# i.-tilliptisjl ai).c E_l*l J i*i*,tll i-rlc) g^ u$l-r aiL r-;i -3



-iri*S.4 -s.. Jrbri5ljl r&il| [3l*.Y bhJl LJr.ll
i+rbiltA*Urlt tgru**tt .,i &yl .l]{riyt

pEST 4qtr L*

0f Oudjl

ljy L e --,pil3 (P - V) -l (T - S)ttr-"rbqj;.llr cl*-rr.,ll clJ,.-eiLe-;f -1
L e ur gsl5ill pal

dY+.J-!.ll ,sl_'i-c icliS J lti,:iYl &lr. iJYq 
"T, 

cl_.;.. 6ptiSlllc 6;Sr"J-2
Ol+=)l &t'-; J"li.-btYl dhl'-

oz o*,),dlt

a = VUV7;b = V4/V3 .,|,J- 
,J-i*.,11 i_.u.I C^4 sJl" jt i,frl

y= 1,4; Pr : 1,0.10s Pa i Tr = 300 K ;a:9; b:3 ;

Cv: 20,8 J/trUmol

iiLll .Llii ,,,. iJ*ii dS ric iJlJrll i+;r: f+JlJ l"i*.bll ,.,..-t-1

LJJ-: r,51 ;;l-r*ll {*"SJ &ll , . *,,,-l-2

.l-9:-pll ,. ''r'-i-3

0l Oil.ill

y;15 iiL ui*3 t<++ qljyll pl lj-p d$-itll+ k+-r^.,b OdSilJ iiL p-_ri-l

LetiSlt ii)e AJAi*l-2

l,g.; a*lJlictiSJl afls, AJi.:*l J C*i*,ill i:Lgl g" ugl-.; &L f;l -3



{S*Lltta*_lt-llrtt tl*ti*dt ,r.s &yt ;t+iyt rt+.,.a]

1-2: lsentrOpic con'!pregsiorl
2-3: corlst;nt volunre heat aclciilron
3-4i lsentropic Expansicn
4-1: Ccrlsttrnt volurne heat rejection

(j- ''*, 3 I &;Jl 7, 5.*_;Ji

s *-t

.:--l
:= (l'

Ci*

+t
6

Yt:V+ Sl:triz

- .i:r:?.ei_a':eofJire'at-

F-lJ ar:d T-5 (}i*6r*ryl *f {3tt* Cyaie

l),, lr;

f
I

P I'r

['r

1- !',r \r \'

-+ s -----+

P-trf *rr{$ ?-S *imgrem *9 *i*sc!flyclr

(t,
: (': {Ir - It}

Q, +Qr o,
t , /'-'I
tf

Q,

{t, t

f:l

).Lu..alyr &rr. {,ly+ Cr*.r,,Jr c!* irris &>rc

0r , A[it,-,r 3 {", {Ir - Ilr}

, I.1 -. 7,,
ll

Tc'*Tx
T( i l't, \'-'
r,, * t ". I

Tt,*fpx{ri*l

0,r

tl=

${ilr*{

I tl',l

Q, Q,

7-. r

T*

l-r-t- (l
I

*ffi

.. - I

{l: I

tl = fpx{})*l *Is



(e, C ) .llirYt &tr.s !ri.a'yr &rr" ily+,J.l*st .3J*. ir6s

Wnrt Qnet Qin - Qout . Qout
"''L Qin Qin Qin Qin

Qout - Cv(T+ - Tr)sqin - Cr(Ts - Tz)

cr(T+ - Tr)
-4tlthdisel - I - ^ (T+ - Tr) . ,,,

= 
r 

-- 
.:.:::j-

k(Ts - Tr)- iJ
Ce(Ts - Tz)

PsVs

P+Va

Ts

\thd.iset = f -

\th,dtset - 1 -

TL([4/TL- 1)

kTz(Ts/Tz - L)

r{r4/\ - r)
kTz?, - 1)

= ry 09Pz= P,BJ g - z qri4L-r,^ll

Ts Vg

- = ' - f^+\,oqTzVzL'

. JlJi..Yl rj$_l + IIJ&-'Y! f+* a+* ?6. qr+-{ ,rU*

T4
=WaEV+= T'QJ L-4 qJaL-)"Jl

T4 P4

-=-Tt PL

: (o{p.-r;r;t) 4-3 s 2-l O$LJ^ll a*.,1-,,

Pr(vr)k = Pz(v)k:P+(v)k - Ps(v)k

Pn (V+)k P, (Vr)k (Vs\k
:- -l-t -ykP, (V)k - Pz (Vr)k - \vJ - t 6

\thd.tset - L -
T|(P4/PL - 1)

kTs(r, - 1)

Tt(rrk - 1)
-4rlthdiesel - r - kT2(r, - t) q



: UJi 2-1 iJ--,^ll .-r Q"l-l

: .r;'l ceFlla ai"_l

\thd.isel = f -

t=(?)r

+=(i)"-'

Y(r, - 1)

Y'v u
1/ -z -,iY ,* c>(.

2-1 Jr.i

1

F
,!-t

P,V,T = PuVzr soitP: = Prffl/V,)'= P,a 
1 .lr 105 

*9r'4 
= 2.167 106&.

Vrl Vz = a d'ou V: = Vrl a . avec PrVr = Rfisoit V1 = 8,31 
*300 / lgi = 0,025 m3. et V, =

RTr I (aP,) = 0,025 lg =2,71 llll $t ,

P:Vz = RT2 soit T2 = P1s 
TRTI 

/(aRP,) , Tz = ailTr= 90'+ 
*300 = 722,4K.

PrVi = RT3 d'ou T; = P:Vrl R= P1a 
'1 
Vr/8b) , Ti = 105*9r'4*0,025 I (8,3*3)=2176K.

4-3,&r

PrVrT = P+V+7 soit Pa = P.(V./ %)': P./ b v= P'(a/b) 

"5 
105 *31'1= 4.65 105 Pa.

V+/ Vr = b d'ou Vr = V4/b = Vr/b = 0,025 / 3 = 8.33 10-r ml

avecPaVa=RT+ soitT4=P+VrlR=Pr(alb)'V, lR. T4= l0ix3r'4*0,02518,31= 1402K. r

dJr: cJSl i-ll-r.lt i+ds Jt *ll

Ql- 2:Q

Wrz = P,V, - PrVr) l (y - l), Wrz = (21,67 rc5*2,71 lOi - l0s*0,025) I a,4=

]
I

l,o

{

I
i

{

i
I

i
I
I

3-2 dr-l

;P?:P2

(w23: -P2 (V3 - V2)

8756J



w23 - - 21,67 105 (8,33 - 2,77)10-3 :
-na48I

Q23: AU-W23

AU: Cv (T3 -T2 ):20,8 (2176 -722,4):30 235 I

Q23 : 30 235 - (-12 048) : 42283 J

travail . W:+ = (P+V+ - PrV,) / (y - l)
w:+ = {4,65105*25 10-3 - 21,67 105*8,33 l0-3) / 0,4 = -16 065 J

w23

o 2-3

Q 3- 4:0

w3- 4

W4l=0

Q41 :Cv(Tl-T4)

Q41 : 20,8 (300 - 1402): - 22 922 t.

-l
{

I

t

\

I
l
I

I

tlfnl/2-'t/
I\_-
I

I

I

/

I
I
I

I
l

I

I
i

I

I

i

j

1+Q2 lQt -1 + (-22921)142283:l

rgsll 
. 
-

./-\
- 0,54:0,46. (,

03&J.l$lt

d"rsjlJ iilr -0
trsE:::trilil,c *{}f??pflass$(}r] *{} i} l}Li r?-1r)

l-{

q^

Pr***ss

."1i*

.1
-li',*

I'I



.sl 1:3 6-.11 '-ll i-;;: .i>:iL,: Li-..bll irL:r (,J,Jr*J) blr- 4iL.-a. 4-5 cL.).Jt 4* l

l*-r..J] .J*; .=:- (C+*- 'l-) 5 iJtsJl J] (e& .*e. .l-) 4 ;.llJl ;^ olJl J**:l

.;",.>ill Jl ^JJi"l ;r5;)dlf Jai-5le EJI:ll 
,A/'/

.lai-.-b,ll, iJlJ,-Jl i.;-2r ..:l-iu JJA*3 5- I \4

-,,1s+ (l) iJt-ll .r^ +:b-ll J:€iill .-.,'L3 €*lS-il e!'+k Jt-i.Jl :i-3,;.;----r:ijl l-2

..+J JLr+ (2) 4J1Jl lsJt e+.i,^ *iL+

'J:t- (3) aJL*Jl JJ ','h, JL=+ (2) ajlJl .-r '*.rir! rt;Jl Ji-lS si"n3 e' i"<Jl 2-3

.d;rlJt drLS-^-a^Jt al rr-.' .L (4) aJt-=ll .'{ 4i^-b 4+l^e .l+{-jj C+

Cii- .J5L* (3) ilL=Jl .r- +:b-ll u,*ijl -".rLi **lSril "!.1r.3.]+ JLi.+ll L':-' il 3-4

.'6Jril .l*l:r-: .d-i^ \r- .!t- (4) 411.=ll J

6eli(l&)--2

n, n * * zt7'+- Q: n= n *'t z-s{ -t tu' (1)

<-: c'. - i- : * .- I : O r-e- !J'i€ -;;JL*; a.eJ,*ll a-6U- .=-s ;;:lt Ji-+t22

z=g -zr-9:O i-e- i'a.* tt-rt-+J e*--:Jt a-EU- ."-s --,g,Slt *i*t!"

:.r:IJ6 (l) :.-Ut*^lt c{-::.r.+-

Q.,

: -.-.i'.< tl 6 rl ,-ll

/t, -+ Q : ltz -+ lV

+- lt. : lt . +- YV' .(2) LIsl-Il (>- :a+>.ilt

. Q.,.p1, : {2 ,, * (h, 
- 

lr.) -+ t4'

-(2or-fi.-ho o \A/ : O li t^*_

a -* y'., : 14t,,.,, -+ /2. .<2, {1.:\-*ll &^ :.'."1*-r-s:rl}

c-r#-rJilt clli -Ji-5 . w.o,r, : (/2, 
- tz.)-+- Q

3r - sz c(.=+-ls*-il .Ft-s-:i -.3-:; .Q:6 C-ri t-+-:

ar+.;uil! G2* Llii -'- r4r-,r, : r4l= : ltr - ltz

.(2> i.l-:t-Il r-e i!-I5S.^ll

(2)



i.i.-^-a,^$ . t:.-rll Jlr-S s t-r.i,,,

Si: : S-1

rln

V/p-h4-h3

. {?,..,r. : Q"-. : /7. 
- 

/t j

.(2> a-J-:L-ll

: f.{.3_t : {h" * h..)-*- e

.(..*lS,,.:t ,*;t+g.i .'. '.) .Q

- i-i---a-Jl . li-:ll Jii*:1 . W=,,

. \A/ : (} *1i !-+-:r

(i- : a.i-.-:-*ll

: 3 .-,1i t-;3

:h..-h.

-E . o3i.6.Jl qr! '-I1 . {2,..t_ : {?:-. : (h= - /r_.)-+ tf-

gA:S^It ..r-E 6 u:i; rl Q-)I .-11

,'-- -l
,r'1

/(f,l/ *-/| *
L- __-

[l',,u, 
o i p = l{'t- - lT':t .iyj:ll !+ .ii*:ljl .Jl*'

ll,,,nutp =(r, - n.)-(lt*-nr)
z >Jl -Jij ,31*

4+>ill ."f a-L*:S^Jl EJI r:.ll
tijS! tsr:r 6etiS

_(tt, * hr\-(tu - n,) *(.tr, * nr)*(r, - nr)
't*=-- 1,-4---_-: (/,/J-(/,. riJ

:s:YlS ilrlJl C*.^ ,h+ - rrr:9,.i1 
;urtt 

ii.:^ Ji.:,JALli F liJ,

rZ*:ifr

1<*;.-..Li'Jl;ptiSjl i-E)e e -&! J a*i*,,3ll 6.rLcl e^ o*$l: ail' -3

7'- -\
( {), (- ,,r

'ru '' 
/t 

--'-

WT:Whp+W1p:(h I -H2)+(H 6 -H7 ) ;

Qin:(Hl-H4) +(H6-H2),

Qout-(H7-H3);

Wnet-WT-Wq:Qin-Qout

r=Wnet/Qin = 1 - Qout/Qin

6)


