OcHoBe caropeBamba



\&;, Qa ) CaropeBatse - aepuHuyuje

m CaropeBatem ce Jobuja Hajsehun eHeprije y CBETY.

m [locToje pasnuunte gedmHuLmMje npoLieca caropeBama:

— CaropeBare npeacrasrba CroXeH Qusn4Ko-xemujcku npoLec okcuaaLmje ropusa npaheH
WHTE3MBHUM Ocriobalatem TonsnoTe,

— CaropeBatme je h13nYKo-XemujcK NpoLiec npu Yemy MOMEKYIN PasnuyMTUX cynctaHuuja
MelyCOBHO pasMeryjy eNneKTPOHe (13 COrbHE JbYCKe) Y3 YKYMHU (M3pa3nTo) NMO3UTUBHM
TOMNOTHKU epekar,

— CaropeBatbe npeacTasrba npouec bpse okcuaauuje npaheH ocnobahakem TONNOTE UMK
TOMSIOTOM W NSIaMEHOM WK CNopK NpoLec okcuaaLmje npaheH penaTmBHO Masiom
KONM4YmMHOM ocrioboheHe TonnoTe n 6e3 nnamena.

m CaropeBareM Ce Xxemujcka eHepruja BesaHa y ropusy TpaHcqopmuLLe y
TOMSOTHY €HEpPrujy, OAHOCHO MeXaHWU4Ky eHeprujy.



CaropeBatbe — npumepu npuMeHe

nehu n KOTNOBYW (YBPCTA, TEYHA N racoBMTa ropMBa)
MOTOPW Ca YHYTPaLLHUM CaropeBaHeMm

racHe TypbuHe 1 MnasH1M MOTOPY

PaKeTHN MOTOPM

OpYXje U eKCnno3unau

CMHTe3a maTepujana nnaMmeHom (HaHomaTepwujanu)
XeMW|CKK npoLiecy

obnukoBake MaTepujana

noXxapu 1 NPOTMBMOXapHa 3aLlTuTa.



CaropeBate

KapaKTepucTuKe

Mofe npoLiec

I npepsubare . caropeBakba
<«——Bepudkaumnja



CaropeBatbe — YCNTOBYM 32 3aN04nHbabe U OfBUjaHb

m Ogrosapajyhu cactas ropvee cmelle —
ogrosapajyhu ogHoc ropusa v Basgyxa y
cMeLLn.

= [10BOIbHO BICOKA TeMnepaTypa ropuse cMelle
[la ce MHWULMpA 1 ycrocTaBK ctabunaH npowec
caropeBamba.



CaropeBame

m KomnnekcaH npouec koju obyxeaTta

— Ousunuke npotece
m JMHaMKKa ryuaa, npeHoc TONnoTe U cyncraHumje

— XeMujcke npoLiece
m TEPMOANHAMUKA N XEMWU]CKa KUHETUKA
m [IpaKkTiyHa npumeHa caropesata 0byxBaTta
No3HaBakbe ¥ KapaKTepucTka ropmsa u
ogpeneHnx obnacTi MaLMHCTBA.



CaropeBame

m [epmoguHamuka
— CcTexuometpuja
— KapakTepuCTMKe racosa ¥ CMeLla racoBa
— TOMnnoTa YopMuparsa
— TONMOTHW epeKkaT XeMu|CKMX peakLimja

— paBHOTEXa (TepMOOMHaMMKa n3yyaBa cucTeme Y
PaBHOTEXW UMK Kafa cy OACTynawa of paBHOTEXe Mana,
LLTO je Y YCNOBMMa caropeBatba Hajuyellhe 3a10BOSLEHO)

— KanopuMeTapcka TemnepaTypa caropesatba.



[1peHoc Tonnote

— KOHAyKUMja
— KOHBeKUuja
— paavjaumja

[1peHoc cyncTaHumje

- [ndysuja
— agcopnuuja

[InHamuka cpnymaa
— NaMUHApHO CTpYyjare

CaropeBame

— TYpBYNEHTHO CTpYjare

— BWCKO3HOCT

— d€epOoAnHaMKKa CaropeBakba

XeMujcKka KUHETHKa

— Dp3nHa XxeMujCKMX peakumja

— XEeMujcKka paBHOTEXa.



CaropeBatbe - 3aKOHM

m 3aKOH O opXaky mMaca — Mpu XEMUjCKUM U
OM3NYKMM NPOMEHaMa KOSM4mHa mMace
(MaTepuje) ce He Memsa.

m 3aKOH 0 ofpxaty eHepruje (I 3akoH
TEPMOAMNHaMIKe) — EHepruja ce He MoXe
VHULLTUTA HATU 0OBWTK, eHepruja npenasm u3
jeqHor y Apyro cTame.



CaropeBatbe - 3aKOHM

Hess-0B 3aKOH — KONW4KMHa TOMNMOTE Koja ce 0crnoboam Npu HeKo|
XEMW|CKO] peaKLuj1 He 3aBucK o4 MehynpoLeca Kpo3 Koje
peakLnja nponasu, Beh 3aBu1cK caMmo 0f NOYETHOT U KpajHer
cTaba

3aKOH NPOCTMX NPONopLiMja — MaceHn 04HOCK Yy Kojuma ce
eneMeHTH jeanHe ce He Merbajy. [1sa enemeHTa ce jeanHe no
3aKOHVMa BaneHTHOCTU: j[eaH aTOM jeHOr eNeMeHTa jeduHu ce
ca jeQHUM UNK BULLE aTOMa ApYror eniemMeHTa. Kako ceaku
eneMeHT 1Ma CBOjy Macy, CjeAnHaBatbe ABa ENEMEHTA je Y
ogpefeHnM 1 CTanHUM MaceHUM ogHoCUMa.

lkgC +1,867m°0, —1,867m’CO, +33,79MJ




CaropeBatbe - 3aKOHM

m 3aKOH YMHOXEHWX npornopLuja — ako ce ABa
enemMeHTa Mory |eAUHUTI Y Pasnn4nUTUM
ofHOCKMa (jedaH aToM jeHOr eNEMEHTa MOXe
Cce cnajatu ca jedHuM, ABa Unu BULLE aToma
OpYror eniemeHTa), oHaa ce jegHa ucra
KONWYMHa jedHOr efneMeHTa MoXe jeQnHNTK ca
MCTOM WNW OBa UK BULLIE NyTa BENoM

KOMWYMHOM apyror enementa (npumep CH,,
€ o)



CaropeBatbe - 3aKOHM

m Gay-Lussac-0B 3aKOH (3aKOH 0 NMoHallawy naeanHmnx
racoea) — efieMeHTN y racoBUTOM CTakby jefIMHe ce Y
NPOCTUM 3anpeMMHCKUM OAHOCUMA. 3anpemimHa
HOBOHACTanor raca cToju y NpocToM O4HOCY npemMa
3anpemMnHu racoBa of KOjuX je HOBM rac HacTao.

m Avogadro-0B 3aKOH — jeflHaKe 3anpemMuHe naeanHmx
racoea Ha UCTOj TemnepaTypu, nog UCTUM MPUTUCKOM
cagpxe uctu bpoj Monekyna

1 mol raca —» 22,4 dm® raca — 6,022x1023 monekyna raca



CaropeBatbe - 3aKOHM

m Dalton-0B 3aKOH — YKyNHW NpUTMUCaK CMELLIE racoBa jedHakK je 30upy
napLUmjantmnx nputnucaka KOMMNOHEHTU CMeLLe.

m Amagat-0B 3aKOH — YKynHa 3anpemMuHa cmellie racosa jeHaka je 30ug
3anpemMuHa Koje bu 3ay3mmara cBaka KOMNOHEHTA CMELLE NOA UCTUM
yCMoBKMMA NPUTUCKA U TeMNepaType Koju Brnagajy y CMeLLu.



CaropeBatbe - 3aKOHM

m Lavoize-Laplace-0B 3aKoH — eHepruja Kojy je
noTpebHO A0BECTM fa Ou ce MOneKynu
pa3rpagunun Ha atoMe, jeHaka je eHepruju
Koja ce nobuje kaga ce UCTK aTOMM NMOHOBO
BEXY Y UCTN MOJEKYT.



TepMoaUMHAMUYKM OCHOBM NpoLieca caropeBatba

m EKCTEH3VBHE BENMMYMHE CTamba (3aBuce of
Mace WUnu KoNmM4nHe cyrnctaHumje y cuctemy)
-V
- U

m /IHTEH31BHE BeNUYMHe cTaka (He 3aBuce of
Mace UNn KonnyKHe CyncTaHumje y cuctemy)
=)

0




\w TepMoAMHAMUYKU OCHOBM NpoLeca caropeBakba
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m 1 kmol cagpxu 6,023-102% monekyna (Avogadro-oB 6poj)
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TepMoaUMHAMUYKM OCHOBM NpoLieca caropeBatba

m JeaHaynHa cTakba naeanHor raca

pV =nRT

m [Jeje
— p - npuTUCaK
— T - Temnepartypa
— R - yHuBep3anHa racHa koHcraHta (R=8,314 J/molK)



TepMoaUMHAMUYKM OCHOBM NpoLieca caropeBatba

m | 3aKOH TepMOaMHaMUKe

o0 =dU + pdV
oQ =dH —Vdp

m Y cucTemuMma rae ce odBujajy Xemujcke peakLuje,
VHYTpaLlHa eHepruja nMa wupe 3Hayewe. YHyTpallHa
eHepruja matepuje aeduHuLLe ce Kao 301p KMHETUYKE
(TpaHcnaTopHa, poTaLoHa 1 eHepruja ocLunauuja) v
NoTeHUMjarnHe eHepruje monekyna.




14 & CaropeBatbe

CaropeBatse - cnoxeH yM3nYKo-xeMujCcKu npoLec okcuaaumje
ropusa npaheH NHTe3MBHMM ocnobalhawem TonnoTe.

* TOKOM npoueca caropesatba 4o0ujajy ce NPoayKTU Koju ce mory
oapeauT nomony jeqHOCTaBHUX XeMU|CKUX jeAHauYMHa —

CTEXMOMETPUjCKe jeAHAUYNHe.
Q

['opuBO

Mpouec [MpoaykTu
Ba3zyx caropeBawa [ caropesarba

20



[lpoayKTu caropeBatba -
Knacudukayuja no KpUutepujymy
NOTNYHOCTU caropeBatba

rOPUBO

(C,H,S,N,0,A, W)

BA30YX

_

(02 Ny)

CAIOPEBAHE

NPOOYKTWU NMOTNYHOI
CArOPEBAHA

(COZ, HZO’ SOZ, 303! (02! NZ))

NPOOYKTU HENOTMYHOI
CATOPEBAHKA

-
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[lpoayKTu caropeBatba -
Knacudukayuja no KpUutepujymy
TOKCUYHOCTH

rOPUBO

HETOKCU4YHW MPOOYKTHU
CArOPEBAHA

(C,H,S,N,0,A, W)

BA30YX

o

(COZ, HZO; (023 NZ))

TOKCUYHU NMPOAYKTWU
CATOPEBAHKA

(02 Ny)

CAIOPEBAHE

S0,, SO, NO

-

X
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CrexuomeTtpujcke jeaHaunHe aeduHuULY

*MelycobHe ofHOCe Y KojuMa Cce jeauHe YITbeHWK, BOJOHMK U
CYMIMOP Ca KNCEOHWNKOM

*KONMMYMHY Ba3ayxa Koja je noTpebHa 3a NoTnyHO caropeBakbe
*KONYMHY NpoayKaTa caropeBara Koja HacTaje y npoLecy
*KONMMYMHY TONJIOTE KOja Cce TOKOM npoLieca ocnobana.
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CtexuomeTpujcka jeaHauMHa NOTNYHOr caropeBarba
yribeHuKa

C+0, >CO,
1kmolC+1kmolQ, — 1kmolCQ, +406,08MJ
12kgC+32kgQ, — 44kgCQ, +406,08MJ

1kgC+§kgOz —>%kgCOZ +33,79MJ



CtexuomeTpujcka jeaHauMHa NOTNYHOr caropeBarba
yribeHuKa

C+0, »CO,

1kmolC+1kmolQ, —1kmolCQ, +406,08MJ

12kgC+22,4m°0, — 22,4m°CO, + 406,08 MJ

1kgC+1,867 m°0, — 1,867 mCO, +33,79MJ



CrexuomeTpujcka jeaHauMHa caropeBarba BOAOHUKA

2H, +0, - 2H.,0

1kmolH, +0,5kmolQ, — 1kmolH,0 +241,87MJ
2kgH, +16kgQ, —18kgH,O +241,87MJ

1kgH, +8kgQ, — 9kgH,0 +119,95MJ



CrexuomeTpujcka jeaHauMHa caropeBarba BOAOHUKA

2H, +0, - 2H.,0

1kmolH, +0,5kmolQ, — 1kmolH,0 +241,87MJ
2kgH, +11,2m°0, — 22,4m°H, O + 241,87MJ

1kgH, +5,6m°0, —11,2m°H,0 +119,95MJ



CrexuomeTpujcka jeaHauMHa caropeBarba BOAOHUKA

2H, +0, —> 2H,0

1kmolH, +0,5kmolQ, — 1kmolH,0 +241,87MJ
22,4m°H, +11,2m°0, — 22,4m°H,0 + 241,87MJ

1Im°H, +0,5m°0, —1m°H,0 +10,8MJ



CrexuomeTpujcKka jeaHauMHa caropeBaka cymnopa

S+0, — SO,

1kmolS+1kmolQ, —1kmolSQG, +296,84MJ

32kgS+32kgQ, —> 64KgSQ, +296,84MJ

1kgS +1kgQ, — 2kgSQ, +9,295MJ



CrexuomeTpujcKka jeaHauMHa caropeBaka cymnopa

S+0, — SO,

1kmolS+1kmolQ, — 1kmolSQO, +296,84MJ

1kgS+0,7m°0, — 0,7m*S0, +9,295MJ



CtexuomeTpujcka jeaHauMHa NOTNYHOr caropeBarba
yribeHuKa

C+0, >CO,
1kmolC+1kmolQ, — 1kmolCQ +406,08MJ
12kgC+22,4m°0, — 22,4m°CO, + 406,08 MJ

1kgC+1,867m°0, — 1,867 m°CO, +33,79MJ
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CrexuomeTpujcka jeaHa4YMHa caropeBamba
YITbeHUKa Y YrIbeH MOHOKCUL

2C +0, —2CO

1kmolC+0,5kmolQ, — 1kmolCO+12305MJ

12kgC+16kgQ, — 28kgCO+12305MJ
1kgC+%kgO2 > %kgCO+10,26MJ

1kgC+0,933m°0, — 1,867 m°CO +10,26 MJ



CrexuomeTpujcka jegHa4YMHa caropeBamba
YyITbeH MOHOKCUA Y YIIbeH AUoKCUA

2CO+0, — 2CO,

1kmolCO+0,5kmolQ, —1kmolCQ +282,99MJ

1kgCO+0,571kgQ, —>1,572kgCQ, +10,09MJ
1kgCO+0,4m°0, — 0,8m°CO, +10,09MJ

1m3CO +0,5m30, — 1m3CO, +12,64MJ
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« KonunynHa TonnoTe Koja ce Jobuje unm yTpoLun TOKOM ogpeneHe
TepMOXeMu|CKe peakLuje He 3aB1CK Of NMyTa OABUjakba peakuuje, Beh camo oa
MOYETHOT 1 KpajHEer CTamba.

1kgC +1,867 m°0, =1,867m°CO, +33,8MJ

1kgC+0,933m°0, =1,867 m°CO +10,26 MJ
1Im*CO +0,5m°0, =1m°CO, +12,64MJ
10,26 +1,867 -12,64 = 33,8MJ



TeopujcKa KONMYMHA KUCEOHMKA 3a NOTNYHO
caropeBatbe

m.n(kglkg)——gc +80,, +gs — 9

O,,,(m*/kg)=1867 -9, +56-9,, +0,7-g5 —0,7-,



OppehiuBame Teopujcke KonuyuHe Basayxa

Omin (kg/kg)

Loin (kg /kg)= = =0

C)min (m3 / kg)

I—min (mglkg): 021

0 (m3/m3)

L (m3/m3): mino =

min
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- CTBapHa KOIMM41Ha Ba3gyxa
L — ﬂ; * Lmn

 Koe(puLMjeHT BULLKA Ba3dyxa
* \>1 cupoMallHa cmella
* \<1 boraTa cmella

?}
//S & TBAPHA KOJNTIMYUHA Ba3AyXa U KOG(bVILIMjeHT BULUKa Ba3flyXa

37



KonuuuHa npoaykara caropeBatba

Veo, (M*/kg ) =1,867- g,
Vso, (M*/kg)=0,7-g;
Vo (m*/kg)=112-9,, +1,24(g, + 9y, )
Vo, (M*/kg)=0,21(A-1) L,
Vy, (m*/kg)=0,8-g, +0,79L

V, (M? 7Kg ) =Veo, +Vso, +Vi0 +Vo, +Vy,

V, (M 7kg ) =V, =Vyy.0 =Veo, +Vso, +Vo, +Vy,



CacrtaB npoaykara caropeBatba

V.
CO,, (%v/v)= \‘;02 100

\'

Vv
SO,, (%v/v)= \5/02 100

Vv

Vv
H,0, (%v/v)= \”/20 100

Vv

V.
0,, (%v/v)=—=100

Y

Vv
N,, (%v/v)= \;'2 100

Vv

CO,, (%v/v)=

SO, (%v/v) =

O, (%v/v) =

N, (%v/v)=

V
€% 100
V

S

V
% 100
V

S

V
%100

VN
2100
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TeMmnepaTtypa caropeBamba

 Temnepartypa kojy umajy racoBut NPoayKTH, Kao pesynTar 3arpeBama

TOMMOTOM KOja Je HacTarna caropeBakemM ropvea
» [IponopunoHanHa je TonI0THOj MOhK ropuea

 OBPHYTO NPOMOPLIMOHASHA 3anNPEMUHI NpodyKaTa caropeBarba 1 hUXOBOM

TOMJIOTHOM KalaunTeTy.
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/ /’ég’ KanopumeTtapcka Temneparypa caropeBatba

 TemnepaTypa caropeBaa Kojy umajy NpoAyKTH caropesarba Npu NoTnyHOM
caropeBatby, NMpu YeMy He [0ra3sun 4o TOMMNOTHUX rybuTaka HacTanmx
aucoumjaumnjom npogykarta caropeBsaka Ha NoBULLEHUM TemnepaTypama v ycnen

Pa3MeHE TOMnsioTe ca OKOJITIMHOM

- Hy+L-h, +hg

Zvi ' Cpmi ;S
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(\% Il g’? Teopujcka Temnepatypa caropeBama

 TemnepaTypa caropeBara Kojy “majy NPoAYyKT caropeBak-a npu NoTNyHOM CaropeBamy,
npu Yemy ce y3umajy y 063up TonNOTHM ryoum Hactanu gucoumjaumnjom npoaykara

CaropeBaka Ha NnosBueHnM TeMnepaTtypamMa , a He y3|/||\/|ajy cey O63|/|p ry6|/|L|||/| ycnena

Zvi ' Cpmi

pa3MeHEe TOMnsoTe Cca OKOJITIMHOM

t

S

tS
0
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\Q ‘/ 5 ’? CtBapHa Temnepartypa caropeBatba
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 TemnepaTypa caropeBata Kojy Umajy NpoAyKTY caropeBakba Npu NOTNyHOM
caropeBatby, npu Yemy ce y3umajy y 003mp TOMMNOTHM ryduLm HacTanu amcoumjaumjom

I'IpO,EI,YKaTa CarOpeBaH:a Ha NOBULLEHNM TeMnepaTypama U YCJ'Ie,D, pa3M6He TOMNNOTEe Ca
B Hd T L°hv+hG _Qd _th
_ -

Zvi “Comi

0

OKOJIMHOM
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OapehjuBake Temnepatype caropeBatba
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OapehjuBake Temnepatype caropeBatba

A}<A2<Aj<ﬁg

Ts(A;)

4‘1F
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TemnepaTypa caropeBadma
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7)) ¢Teopujcka konM4MHa KMCEOHMKa 3 NOTNYHO CaropeBakse

n aToMa BOAOHUKa— n/2 MOJ1EKYJ1a BOJOHUKA

CmHn 1 kmol H, — 1/2 kmol O, CmHnOo

i

n O
Omm(kmollkmol)zm+E Omin(kmollkmol):m+———
4 B2
22,4(m+”j 22,4(m+2—2}
o 4 _ 3/k s
O/ k)= 12m+n O g) 12m+n+160

Sz(mnj sz(mz_gj
4

O . (ka/kag)=
(kg/kg)= B nin (k07 k9) 12m+n+160

mln
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(& (1) ﬁ KonuuuHa npoaykarta caropeBarwba

\ % N N )

3a ropusa npukasaHa y 0b6amky: \V (m3 / kg): 22.4m
CH 6 HO e 12m+n
11,2n
V, ,im’/kg)=—
Hzo( g) 12m+n
3a racoeuTa ropvsa: VCOZ (m3 / m3 ) =leo T rCO2 + Z I -m

VHZO(m3/m3)= L +%Zri N



OapehuBame KoeduumjeHTa BULIKA Ba3gyXa
U3 cacTaBa npoaykKara caropeBamba

oy W
O

CHPOMALIHA cMmetna

\ " P \\ e s — WNCANHA (MeIA
L )

%Vou

0]

Q) Mawak Basuyxa 9, BMUIAK Ra3AyXa )

oorata cmeLua CTeXVIOMeTpI/IjCKa CpoOMallHa CMeLla
CMELLa

" Cauka 3.4: Cacitias itieopujckux u ciiléaprux Upooykaiia cazopesarea



EdukacHOCT npoLeca caropeBamba
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Excess Fuel
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&y ﬁ /? KoedhuumjeHT BuILKa Ba3ayXa
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[onasnmo og aeduHuumje koedpuumjeHTa BULLKa Basayxa:
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A& ) VS KoeduuujeHT BULLIKA Ba3ayxa

VO _& S
> 100
Vo, =0,2(2-1L,,;, =0,21(AL,, — L) =0,21(L - L) = 0,21- AL
1
aL_ Oy 1000, S
100 21 21 I—min LAl 1_A_L



S Al ) _
(\\%l/ ;,'/ /3;//? KoedmumjeHT BULIKa Basayxa
&
i
> 100
VS e
> 100
N 100 N A=
L — —ZVS e —2VS
100 ~ 79 79
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I—mln I—min 1_AL
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OapehuBame KoeduumjeHTa BULIKA Ba3gyXa
U3 cacTaBa npoaykKara caropeBamba
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