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KVAZISTATI^KE (RAVNOTE@NE)

PROMENE STAWA IDEALNIH GASOVA

2/2/ Vazduh (idealan gas), 2)q2&gt;3!cbs-!w2&gt;1/5416!n40lh*!kvazistati~ki (ravnote`no) mewa stawe do

3)q3&gt;7!cbs-!w3&gt;w2!*/ Odrediti:

a) temperaturu vazduha u karakteristi~nim ta~kama procesa

b) razmewenu toplotu )r23* i zapreminski rad )x23*

c) promenu unutra{we energije )∆v*- entalpije )∆i* i entropije )∆t* vazduha

d) skicirati proces na qw!i!Ut dijagramu

a)

U2 =



q2 ⋅ w 2 3 ⋅ 21 6 ⋅ 1/5416

&gt;

&gt;411!LSh

398



U3 =



q3 ⋅ w 3

7 ⋅ 21 6 ⋅ 1/5416

&gt;

&gt;:11!L

Sh

398



b)

r23 = d w ⋅ (U3 − U2 ) &gt; 1/83 ⋅ (:11 − 411) &gt;!543!

x23!&gt;!1!



lK

lh



lK

lh



c)

lK

lh

lK

= d q ⋅ (U3 − U2 ) &gt; 2/11 ⋅ (:11 − 411) &gt;!711!

lh

q3

w3

7

lK

= g (q- w ) = d w mo

− d q mo

&gt; 1/83 ⋅ mo &gt;1/8:2!

q2

w2

3

lhL



∆v23 = d w ⋅ (U3 − U2 ) &gt; 1/83 ⋅ (:11 − 411) &gt;!543!

∆i23

∆t23



!

d)

q



U

3



3



2



2



w
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2/3/ Dva kilograma kiseonika (idealan gas) po~etnog stawa 2)q&gt;2!cbs-!U&gt;484!L*- usled interakcije sa

toplotnim ponorom stalne temperature, mewa svoje toplotno stawe kvazistati~ki (ravnote`no)

politropski )o&gt;1/9* do stawa 3)!w3&gt; 1/6 ⋅ w 2 */ Skicirati proces u qw!i!Ut koordinatnom sistemu i

odrediti:

a) mehani~ke veli~ine stawa kiseonika )q-!w-!U* u karakteristi~nim ta~kama

b) koli~inu toplote )lK* koju radno telo preda toplotnom ponoru kao i zapreminski rad koji pri tom

izvr{i nad radni telom )lK*

c) promenu entropije izolovanog termodinami~kog sistema u najpovoqnijem slu~aju



q



U

3



2

o&gt;1/9



o&gt;1/9



2



3

w



UUQ

t



a)

w2 =



S h U2

q2



=



q2  w 3 



=

q 3  w 2 

U3 =



371 ⋅ 484

2 ⋅ 21 6



o



⇒



&gt;1/:7:9!



n4

lh



w

q 3 = q2 ⋅  2

 w3



w 3 = 1/6 ⋅ 1/:7:9 &gt;1/595:!



n4

lh



o





 = 2 ⋅ 21 6 ⋅ 3 1/9 &gt; 2/85 ⋅ 21 6 Qb





q 3 ⋅ w 3 2/85 ⋅ 21 6 ⋅ 1/595:

=

&gt;435/62!L

Sh

371



b)

1/9 − 2/5

lK

o−κ

⋅ (435/62 − 484) &gt;−:5/66!

⋅ (U3 − U2 ) &gt; 1/76 ⋅

1/9 − 2

lh

o −2

= n ⋅ r23 = 3 ⋅ (− :5/66) &gt;−29:/2!lK



r23 = d w ⋅

R 23



2

2

lK

⋅ (484 − 435/62) &gt;!−74/15!

⋅ (U2 − U3 ) &gt; 1/37 ⋅

1/9 − 2

o −2

lh

= n ⋅ x 23 = 3 ⋅ (− 74/15 ) &gt;237/19!lK



x23!&gt;! S h ⋅

X23
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c)

∆Ttjtufn!&gt;!∆Tsbeop!ufmp!,!∆Tupqmpuoj!qpops!&gt;!///!&gt;!−1/65!,!1/69!&gt;!1/15!



U

q 

∆Tsbeop!ufmp!&gt;!∆T23!&gt; n ⋅  d q mo 3 − S h mo 3  &gt;!

U2

q2 



435/62

2/85 

lK



&gt; 3 ⋅  1/:2 ⋅ mo

− 1/37 ⋅ mo

 &gt;−1/65!

L

484

2 



∆Tupqmpuoj!qpops!&gt;!−!



lK

L

!



R 23

−29:/2

lK

&gt;!−!

&gt;1/69!

L

435/62

UUQ



2/4/ Kiseonik (idealan gas) n&gt;21!lh, mewa stawe kvazistati~ki izobarski i pri tom se zagreva od

temperature U2&gt;411!L!do!U3&gt;:11!L. Kiseonik dobija toplotu od dva toplotna izvora stalnih

temperatura. Odrediti:

a) promenu entropije izolovanog termodinami~kog sistema ako su temperature toplotnih izvora

UUJ2&gt;711!L!i UUJ3&gt;:11

b) temperaturu toplotnog izvora 2!)UUJ2* tako da promena entropije sistema bude minimalna kao i

minimalnu promenu entropije sitema u tom slu~aju

U

3

B



UJ3

UJ2



2

t

b*

∆Ttjtufn!&gt;!∆TSU!,!∆TUJ2!,!∆TUJ2!&gt;!///!&gt;!21!−!5/66!−!4/14!&gt;!3/53!



U

q

∆TSU!&gt;! n ⋅  d qmo 3 − S hmo 3

U2

q2







:11

lK

 &gt; 21 ⋅ 1/:2 ⋅ mo

&gt;21

411

L





∆TUJ2!&gt;!!−!



R 2B

3841

lK

&gt;///&gt;!−!

&gt;−!5/66!

711

L

UUJ2



∆TUJ3!&gt;!!−!



R B3

3841

lK

&gt;///&gt;!−!

&gt;−!4/14!

L

:11

UUJ3
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lK

lh



R 2B = n ⋅ r2B = 21 ⋅ 384 &gt;3841!lK

r B3 = d q ⋅ (U3 − UB ) &gt; 1/:2 ⋅ (:11 − 711) &gt;384!



lK

lh



R B3 = n ⋅ r B3 = 21 ⋅ 384 &gt;3841!lK

b)

dq (UB − U2 ) dq (U3 − UB ) 



U

q

−

∆Ttjtufn&gt;!g!)!UB!*&gt; n ⋅ dqmo 3 − Shmo 3 −



U

q

UB

U3

2

2





U

∂)∆T tjtufn *

2 

= −n ⋅ d q  23 −





∂)UB *

 UB U3 

U2

∂)∆Ttjtufn *

2

−

=1

⇔

⇒

=1

3

∂)UB *

UB U3

UB = U2⋅U3 &gt; :11 ⋅ 411 &gt;62:/72!L



Pri temperaturi toplotnog izvora UB&gt;!62:/72!L!promena entropije sistema ima minimalnu

vrednost i ona iznosi:

d q (62:/72 − U2 ) d q (U3 − 62:/72) 



U

q

∆Tnjo&gt; n ⋅ d qmo 3 − S hmo 3 +

+



U2

q2

62:/72

U3





:11 1/:2 ⋅ (62:/72 − 411) 1/:2 ⋅ (:11 − 62:/72) 

lK



∆Tnjo&gt; 21 ⋅ 1/:2 ⋅ mo

+

+

 &gt;28/7: L

411

62:/72

:11
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2/5/!Tokom kvazistati~ke (ravnote`ne) politropske ekspanzije n&gt;3!lh idealnog gasa, do tri puta ve}e

zapremine od po~etne, temperatura gasa opadne sa U2&gt;!711!L!na!U3&gt;444!L i izvr{i se zapreminski rad

211!lK. Da bi se proces obavio na opisani na~in, radnom telu se dovodi 31!lK toplote. Skicirati promene

stawa idealnog gasa na qw!i!Ut dijagramu i odredite specifi~ne toplotne kapacitete pri stalnom

pritisku (dq*! i pri stalnoj zapremini!)dw*!datog gasa.

prvi zakon termodinamike za proces od 1 do 2

⇒



R23!&gt;!∆V23!,!X23

dw =



R 23 − X23

31 − 211

lK

!&gt;

&gt;!1/261!

lhL

n ⋅ (U3 − U2 )

3 ⋅ (444 − 711)



U2  w 3 



=

U3  w2 



U2

711

mo

U3

444

o=

+2=

+ 2 &gt;2/646

w3

mo 4

mo

w2

mo



o −2



⇒



X23&gt;!n!/!x23!&gt;! n ⋅ S h ⋅



Sh!&gt;!



!q



R23!&gt;!n!/!dw!/!)!U3!−!U2!*!,!X23



2

⋅ (U3 − U2 ) ⇒

o −2



− 211 ⋅ (2/646 − 2)

lK

= 1/211!

lhL

3 ⋅ (444 − 711)



⇒



!U



!2



o&gt;2/646



Sh =



X23 ⋅ (o − 2)

=

n ⋅ (U3 − U2 )



dq!&gt;!dw!,!Sh!&gt;!1/361!



lK

lhL



!2



o&gt;2/646



!3



!3

!w
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2/6/!Dvoatomni idealan gas )o&gt;3!lnpm* ekspandira kvazistati~ki adijabatski od U2&gt;711!L!do!U3&gt;411!L a

zatim se od wega izobarski odvodi toplota dok mu temperatura ne dostigne U4&gt;361!L. Odrediti koliko se

zapreminskog rada dobije za vreme ekspazije )lK* i kolika se toplota odvede od gasa za vreme izobarskog

hla|ewa )lK*/

X23 = n ⋅ x 23 = n ⋅ d w (U2 − U3 ) = o ⋅ )Nd w * ⋅ (U3 − U2 )

X23 = 3 ⋅ 31/9 ⋅ (411 − 711) &gt;−23591!lK

R 34 = n ⋅ r34 = n ⋅ dq (U4 − U3 ) = o ⋅ )Ndq * ⋅ (U4 − U3 )

R 34 = 3 ⋅ 3:/2 ⋅ (361 − 411) &gt;!−3:21!lK

2/7/!Termodinami~ki sistem ~ine 21!lh kiseonika (idealan gas) kao radna materija i okolina stalne

temperature Up&gt;1pD kao toplotni ponor. Kiseonik mewa svoje stawe od 2)q&gt;2!NQb-!U&gt;561pD* do 3)q&gt;2

NQb-!U&gt;38pD* na povratan na~in (povratnim promenama stawa).Skicirati promene stawa idealnog gasa u

Ut koordinatnom sistemu i odrediti razmewenu toplotu izvr{eni zapreminski rad.



!2



U

!3



Up

!C



!B



!t

drugi zakon termodinamike za proces 1−2:

∆Ttjtufn!&gt;!∆Tsbeop!ufmp!,!∆Tplpmjob



⇒



∆Tsbeop!ufmp!&gt;!−∆Tplpmjob!





U

q

n ⋅  d qmo 3 − S hmo 3

U2

q2





⇒



R23!&gt;Up/! n ⋅  dqmo





R

 = ! 23

UP











U3

q 

− Shmo 3 

U2

q2 



411

R23!&gt;!384! ⋅ 21 ⋅ 1/:2 ⋅ mo

&gt;!−!3296/37!lK

834
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prvi zakon termodinamike za proces 1−2

⇒



R23!&gt;!∆V23!,!X23!



X23!&gt;!R23!−!n!/!dw!/)U3!.U2*



X23!&gt;! −3296/37 − 21 ⋅ 1/76 ⋅ (411 − 834 ) &gt;676/35!lK

2/8/ Sedam kilograma azota (idealan gas) mewa svoje stawe, na povratan na~in, od stawa 2)q&gt;6!cbs-!u&gt;2pD*

do stawa 3, pri ~emu se dobija zapreminski rad X&gt;2257!lK. Od okoline (toplotnog izvora) stalne

temperature Up&gt;32pD, azotu se dovodi R&gt;2511!lK toplote. Odrediti temperaturu i pritisak radne

materije (azot) na kraju procesa i skicirati promene stawa radnog tela na U−t dijagramu

prvi zakon termodinamike za proces od 1 do 2



U3 = 385 +



U3 = U2 +



⇒



R23!&gt;!∆V23!,!X23



R 23 − X23

n ⋅ dw



2511 − 2257

&gt;!434/14!L

8 ⋅ 1/85



drugi zakon termodinamike za proces od 1 do 2

∆Ttj!&gt;!∆Tsu!,!∆Tp

 2

q 3 = q2 ⋅ fyq

 S h



⇒!



 R 23

U3

−

 n ⋅ U + d q mo U

P

2







U

q  R

1!&gt;! n ⋅  dqmo 3 − Shmo 3  − 23

U2

q2  UP





 =







 2  2511

434/19 

q 3 = 6 ⋅ 21 6 ⋅ fyq

+ 2/15 ⋅ mo

−

 = !1/:!cbs

385 

 1/3:8  8 ⋅ 3:5



U

!3



!B

!C



!Up



!2

t
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)2/9/!−!2/21/*



2/9/ 3 mola troatomnog idealnog gasa stawa )q&gt;:!cbs-!U&gt;484!L*!kvazistati~ki (ravnote`no) politropski

ekspandira do stawa )w3&gt;5/!w2-!q&gt;2/:!cbs*/!Skicirati proces na qw!j!Ut dijagramu i odrediti:

a) eksponent politrope, o

b) promene unutra{nje energije )lK*- entalipje )lK* i entropije radnog tela )lK0L*

c) koli~inu toplote koja se preda radnom telu )lK*-!u ovom procesu

a) o&gt;2/23

b) ∆V23&gt;.6!lK-!∆I23&gt;.7/5!lK-!∆T23&gt;31/23!K0L

c) R23!&gt;!7/75!LK

2/:/ Idealan gas (helijum) mase n&gt;3/6!lh izobarski (ravnote`no) mewa svoje toplotno stawe pri ~emu

mu se entropija smawi za 7/6!lK0L. Po~etna temperatura gasa iznosi 311pD. Temperatura toplotnog

rezervoara koji u~estvuje u ovom procesu je konstantna i jednaka je ili po~etnoj ili krajwoj

temperaturi radnog tela. Odrediti promenu entropije toplotnog rezervoara.

∆TUS!&gt;9/54!lK0L

2/21/ Termodinami~ki sistem ~ine 4!lh vazduha (idealan gas) kao radna materija i okolina stalne

temperature Up&gt;36pD kao toplotni ponor. Radna materija mewa svoje toplotno stawe od stawa 2)q&gt;1/2

NQb-!u&gt;61pD* do stawa 3)u&gt;6pD* na povratan na~in (povratnim promenama stawa). Pri tome se okolini

predaje 661!lK toplote. Odrediti:

a) pritisak radne materije na kraju procesa

b) utro{eni zapreminski rad )lK* u procesu 1−2

c) skicirati promene stawa radnog tela na Ut dijagramu

a) q3&gt;6/16!cbs

b) X23&gt;−!563/9!LK
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2/22/ Idealan gas )n&gt;2!lh* mewa svoje toplotno stawe od 2)q&gt;:!cbs-!w&gt;1/2!n40lh*!do 3)q&gt;2!cbs*/ Prvi put

promena se obavwa kvazistati~ki po liniji 2B3 (vidi sliku) pri ~emu je zavisnost pritiska od zapremine

linearna. Drugi put promena se obavqa kvazistati~ki linijom 2C3 po zakonu qw3&gt;dpotu, pri ~emu se

radnom telu dovodi 31!lK!toplote. Odrediti:

a) dobijeni zapreminski rad )X23* du` promena 2B3!i!2C3

b) koli~inu toplote )R23* dovedenu gasu du` promena 2B3

q

2



B

C

3

w

a)

q

w 3 = w 2 ⋅  2

 q3



3



3





n4

:

 = 1/2 ⋅   &gt;!1/4!

lh

 2



w3



)X23 * B = n ⋅



∫



q)w*ew = n ⋅



q2 + q 3

⋅ (w 3 − w 2 )

3



w2



)X23 * B = 2 ⋅



: ⋅ 21 6 + 2 ⋅ 21 6

⋅ )1/4 − 1/2* &gt;211!/214!lK

3

w3



)X23 *C = n ⋅



∫



q)w*ew =n ⋅



w2



∫



L ⋅ w −3 ew = −n ⋅ L ⋅ w −2



w3

w2



 2

2 



= −n ⋅ L ⋅ 

−

w

w

2

 3



2 

 2

)X23 *C = −2 ⋅ : ⋅ 21 4 ⋅ 

−

 &gt;71!/214!lK

1/4

1/2





napomena:!



L = q2 ⋅ w 23 = : ⋅ 21 6 ⋅ 1/23 &gt;:!/214!!
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