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Rilanco di enecgio.® 7~ = %Em € e Qe

BILANCL DI ENERGIA:

@ Caleolo enlolpin:
25C 115C
_Aalm __Adlm
DA

=Digponibili. in Tobele Lermodinamiche

Q=m(D(35°C, 4om)- B (25C, 2 ofm))

A g ,Abor)- 0 , l»r) A kJ
H(msc, 4 alm) = it 2‘50 Z‘eg(m“ (448 -4m)+ 0 (400K, 4boc) = 2826, 3%g
H QSC Nlm) HC35°K3:OB°‘2‘£CAO°K /5 boc) (298 - 400)+ H(quK 5 b&f> 03,3 ';%
Q

K3
= =2826,3-40%,3=2%23,0 «q K% = 49044 Kmo.
@ Coleolo entokp'xm

DAM:

V=100 wi/win  (metono)

T=40C

P=4alm Cmd’omo} uDp. salure & A.2 boe dhe condense.
Te=80C

condizion: stozonarie

©)
® ®
@
+2 'Fu'\di. :

Of = - fiumer [(A7- 8- (A= )]
Q4= - Mol (- A% - (A" )]
a0 L= %) (0= 1%*)] = et (R A%)- (8% %))
L fichiest.
MmeL = Pmek = A00- 0,656 = 65,58 g /min
Co@40C = 36,45 «kd/kmdK .
Ce® 80T = 3%,M kI /kmd K
conuectiamo in Kl\/k%K (mas&) molare enelano = 4G g/md. = 0,016 K%/moﬂ‘
Cp.a0 = 36.45 /46 =2.2G K3 /egk
Cpso = 3%,M /16 =2, 32 K3/r<ia/l<

3G, 45% 3%, M _
Cp,medio = 2 = 36,63 kd /kmol-K
_ 36,63/46 = 2,283 KJ /kmol-K
Q= Mmek * Cp- AT = 65,58 2.28: 4o Geoo , 45 kd /min,

e )Y [l (aomzs) -l (s0-)] .
YY\H:.O'(MMQI, [(Hs sa) (H‘ Hsn Wl\-l-.o = Mumet ~AHeg =2,G@0 K%/m\t\.

He = 2683,645 KJ/K%
Hi = 439,0308 I /kg



@ Rilandg di energio. peruna sl :

A ® A 20 kg/h, ne =80 kg /h.
Ta = 80C Tea=35C
Con =42 kJ/xgK cpe=25 ki /xgK

HIX
LT e
h (R 1)+ g (G- B8 )~ [ Xa (B8 ) e (Mz*)] o =i

n"‘A(ﬁf\ - Ht)* e U:lg - \t\t ) R CPACTA&‘TW) +ne CPBCTB&'T“) =0
YLA CpATA*'VL& CeeTe A200-12-80+80-25-35

w _ .
T NaGa'lCsCos —— nzoo Mz+ge025  00-83C

AequoT “=26¢

[N .
Acqtm_‘ =30C

Aria,+ Tolvene /\

(257)
T nooc] P adm [T =

Towene \\c\u.'..d.o

Dan:
porfake ocqua. + Tolwene= 100 wmol /h
frazione molore di Towene iz, : 257 (0,25)
P=40clm -

Eq. di Anloine I (P) =A-=2¢

?=T* rioweione 20/ Tolvene

A=43,932 2=/0C . Q e
B= 3056,96 7=fuo  T1=20CFTe=Ta* /0
C=21%,65

4)ncm Yl,o,ha m(/l Xto) = 100(1-0,25) =45 kmd. /I
NToL = N Noacio. = 400-75=25 kmol/h

N = = el 0,5 = 42.5 kmd/h
w-wop  pdouel M5 ,
Lde’ B Nt + 1 o, T o5 SO0
*T yscerte:
Pra (T*) =P ymal. F=100-0,43= 1,3 P
056, A6
u’ ﬁ - = —ASBQ32 ll’\-c’ld ) -21%,65=53.5C

b EF L T R VE Par
w-liq ~gp W-WoP SR

VLomﬂ.CHA +VLT0LCHT0L H%:Q u'hq(HToL HTOL) YmeCHA Py —nu{dw(_HT¢ - j + Quin. = O
SR 4ooc P=100kba «Case ?ﬁw

—n“—‘r""‘(H“ ) - VLNmCHA P ) - e Hm)+Q ) |

"Y\/T (Cp o u,hq \ A ) 1 aion Cuno‘CT ‘TA) Y\:\'o\. Cp ‘\Po\.C_r ‘Té:)'*Qo.ﬁo.:O

Qoce~ 42.5(/\@4 (53,5 -400) - 33420) + 35-29-(53,5-400 )+ 42,5 M3 (53,5-100) = — 636894 = -6, % - A0 KI/



3) oorrente ocqup. oli m@?reddnmento
nar.qunHow‘m - oc.qu,o.H Nquo."'QoM =0
[ I(L w.'qm Y\, owQqua. = =0
Qw:qwor - Qavio.

Y\/ocq\mCHacqm Hm) Qana*o
o Cp- -a(Ta-Ta)-Qosa =0

Qeris =6t 10>
Nowqua™ ZF anfre TE) ~ 75 (z0-30)~ 02 kmol /b

%%:a 02— do 40C a53,5C
4. rofEceddnre aria.

Rona = Nosa ‘Co-omia AT =%5'29. (100-53, %)= A01131,5 w3/
2 fofkieddace b\vﬁne C\U.x‘)ow. e \iquido )

Qtot, uop = am <~f Co AT = 42,5 M3 - (100-535) = 65906, 255/ h.

Qo ug = % Cotvo AT =/2.5- 464" (100-53,5) = 95242.5 < /h
3. condensatione Touene

Qcond.= n tuLue.ne_ wnd. " A\-\W:"Q.% 3A180 ":444?50 r<:>/h
i d&% del Tolwene
Qror = = ¢,3% 10° «J/h
@Entokpia di rengione e colore di reoxione:

(D) 1) CHq* 2H0 — (0x * 4Ha

Z) Hz+— Oz — H.0 He= - 244814 «J/kmol
3) €+ Sh. —> Cla HE = - 34520 «3/Kmo,
4) C+ 0= CO: He= -393540 K3 /kmol

Hicon+ (C2 He “l°> ¥ C‘H!?cm) =

Me= 4B + Hecoa = 2Heno - Hecus = 164638 «J/kmal,

@ /l) CHq"l\'\zO - C,Oz*'é“—\z

2) Ho~ 20. = 1O He=-241314 «d/kmol
3} (Ha+20, — (O~ 21,0 He=-€0260m K3/KW\0L

—4HCHZ HCC\.\4
Me= -4 HCI—\1+ HC(H“ A4G00 kd /KW\O\.



@Enbipiadrwekom e calore di ceotione

?"T\Cumk 7- coblemt condense

: P
,&@ 400 kmol /. = melano
€ =0,0%
ﬂ 4500 kmol /. — vapore
® ONPN

» U—U*—
@% *

1) meforo  25°C 4 dkm S

cp (keal/kmol/K)
2) arie 56C A okm T o
3)fomi  T=? 4 ofm T
4) acquo.  25C A ofm lig. I
5) oque.  400C 4 ol uap.

@ CHq+ 20, — (0D2*2H.0

fLcias > AC0 kol /h,

ﬂ?sz‘%f~ 100 A+e) =240 knd /I

“uoz,s =th_)z,'z 2~A09,J =40 kmol /h

.2 = Wi, 5= 28 Nos,2 =190 kmd/h

Aro.3 27100 = 200 kmol / b

Neoz.s = Aoo Kmol /l'l,

Vt‘ﬁ;o,,q = Vl‘vhzo,s = 1500 kmol /b

S®.=25C 1 i VT AN SR\ _ . Sey_ -9 ¢

a1+ 02 (e Ha ) * g fleHa ) - s (Ha-AS ) - fis(He-Hs )= eu Hew = ©
b\\p.n(HuD ?—{\ée;mssu'- ﬂz(\—\z‘ui)@*)f\fk"(Hq‘Hs)'hz(Hs-H?)‘VL&MHS&.\ =0
na(Hs-Hz) = NaCps(Tz-T

= VLS(XN; C;h + XOsz ot XHZO C:-‘)mo * X(.Dz Cpﬂ.ozB (E'T‘SD‘)
Ty TR D (M) e ) - il WA
N L3 Co-3

+ > wene heovolo Tdlo

B 6 x o fuatk = A0 +F40+200+ 400 =M00 kmol /o Fumi i vsale (CO2r MO x N s oz)

o, 100 0.091 gg

(p-3=0,118-1,2 +0,009-F + 0,182 8,13 +0,04-9.6 = 1,59 keal /xmol K
H,0 200 018 gi7 .

(Xcm Mo >
0, 10 0009 7 e
N, 790 0718 7, cs
ARAA-

12 (M =) = 1 Cpoe (T =T = 2 Xtz Cpmniat Xow Cpooa ) (T2 “T %) = A000 -, 46-(50-25) = 4,39 0% keol /b,
AcQua - Nl (Ha -Hs) =g [ (f%0(Ta-Ts) - AHuop = 4500 - [ 48 - (25-100) = 40800/4,48%] = = 4,66 - 40" Kol /b,
METAND & 1, dus Tk = —"‘ﬁffg;’f“” =-4,9210" keal /b (o (A% )) -

A39-40% 1,66 407 4,42-40°* )
4 Tz=25+ 100-%,59 =358°C

(D UERIFICA (ORDENSE
Ph.0 (‘l‘u)= A0* T = 439674 mm H Tensione di uo.pore

Pluo =Pl 24600, 182 = 38,2 mmig Fressione parziole < eunpors e non conglensn
(alore ol rengeone.

(3 Hua - 244814 3/ xmd,
He-cn=-4520 kd/emdl = rengente ()
He-co2 = =393540 kd/kmol
Ae = +2(241814) * 4 63%540) =1 (‘ 44520) = -802618 KJ /kmol



O_‘_Qm ecolura. adisbofics,
n- Cﬁ\-\/\c"' M0 —> F(0= + 8H.0
ARe=(~44.9+%-94+8-5,8) = - 10%5,5 Kcal/mol

— M
ATm* o ZoNtor =2000K

Cnlolpia di engione

i 11 -Decono 207 in peso
e -Esedecono 20/ in peso

p_S @Q il O B «p-Ciosono 50/ in, peso
@

® Q ©

W,

(>

T =25¢C
wopore saluro 0. 50 ber
0 2850 bar e 25°C

3)T=25C

€ =0,0%
6)T=450C = porlola e composizione fumi in yscifo. i kg/h
4) A000 Kg/ h 7= ca\ore reso disponibile dal combustibile

Y y
oty )0, = 0.0

nDecuno CyoH,, 142.285 24946

B R e e 4 Coollear (10-5)0. ~ #0(0: - - H:0
mm v ossen o a4 CacHagt (e S 02 — %6 (02 = 2H.0
€O, 4401 -393.51 406 + Conqz ~ (20... _—)Oz — 20(,01 _?_ H,_O

| Acqua |

H,0 18.015 -241.814 342

Riland ok mossa: e 200
N — ‘e = 2 = = =
m Cio = MaWew =A00-0,2=200 Kg/h — => 0™ Mew 2295~ A4t kol /h
M6 = Ma Were = A000-0,3 = 360 KA/ =2 e = 432 kmol/h
Mecao=MaWao =4000° 0,5 = 500 K%/l'\. => N0 =4,%F kmol/h

; 42\ _
VLOz Teorico = ncwC’\O*' ) + V\l(,q‘ (M’ 4 N0 (20“’ 2\—) =/08,2
VLo= noa,t%onw(/l*&) =M3,63 kol /h
NWNa = Noa 21 = 424,46 Kmol /b

Bilanc di mossa-uvsita

W W -0 _ N .

i =RTe =N'c0=0  >uengono elimnokl

1L 0a fomi =N 02~ Nos,Cearco = 5,41 Kol /I

N c0a foms = AONLae ¥ A6 1 Ca *201%c20= 10, 64 kmol /b

YL 120, fomi FA Rc a0 * ABNC a6 @ANECa0 = 35,44 Kol /b

Ao fomi = A =424, 46 KMol /b

L fomi = “:0; Lomi + “JLOL,P\)m L H20,4mi * nM: Homi = 5*8 66 KW\O\ /h.

Rilondo oli ene
o BV o LA F) 262, w RO o

Q=NeCp(Te~T*)+ YLCW M s + N ARE NS0 ARG

Al—\ﬁ,t
HR =t Yo ~F R - ~ - Kl
DARcany = XAHeo. * 7 Ao ~AHcany ™ AHcw =10 A ot MATE 0~ ADS.. = -G345594 ol 5
~e ~ ~ ~ K
Micu = 46 AltEon® 4% Ao - Mk re = - 10032828 ol
o~ ~ ~ ~ 3
Moo= 2001 80: 4 24 Ao - VIS A2494834 Kol



M= 1,41 Kmd /k 1
. (R 3 KJ
Neae= A32 kKol /b => A =-4,4340 "W
Ne2o= 4,3 kmol/h

R ‘d
Q=1°cf (Te-T%*) *AlTa = 2,264~ 44310 = -42440 3
N 2 %i-a Cpu (Te =T )= 5% 8,66 - 34,32+ (150-25) =2,26- A"

Polere calorifero :

m PCle= S PO\ = -2 B AR

nDecano CioH,, 142.285
CigHay 226446

CooMyy  282.553

~R _ KJ
Ao = — 6345584 Kmo\

A6 = — 10032828 KW\O\
Aieae = — 12421834 Gl

- 0,26:34°40°  0,3-4,00-40"  0,5-4,25 A0}

PCle= Z /_\.ﬂ‘t = T i4z2,285 ' 226,446 ' 282,553 443"6 %
PCs= FC\*— PRGT (za8 k)
iMwi
PCOtek = ZWPC?). w.‘:FClL W\t.om\; "AH (ZqS K)] PCItot"'Asz"(\“wmb\.
—PC\W + AR vat\n‘:-m =
My - AHw

=PIt * Meomb-tt
_ Mw-tot Mw ARGT
-FC\H * Mcomb - tob

. gmol
NH0, foms =35,44 1 R
AR (2a8K) = 2441.8 g
Mw =18,015 ol

48,045-2441.9 35 A4 Ky
PLS s = 44346 7000 = 43622 kg
@?Ot&re lorifero
watg | 0000k /h.olio combustibsle
elementare massa
Carbonio 87.26 F(.l =42 300 K:‘ /Kg
Idrogeno 10.84
Zolfo 0.94
Azoto 0.28
Ossi 0.64
Ceneri 0.04
Cp (200-25)
m, c;l(/moI/K)
co, 44 9.701
H,0 18 8.177
S0, 64 10.25
N. 28 6.996
0, 32 7.181

’|>POR.TATA D'ARIA EFFETTIVA:
Biland oli masso.
(¢):Mc = A0w0 Kg /h. - 0, 8326 = 8426 Kkg/h
nfc= 8126,/42 =32%,2 kmol /h
(H): WlH 4100000, 1084 = 1084 Kg/h,
Vi = 1084 /2 = 542 Kmol/h
(S) YY\s A0000-0,0094 = 44 Kg/h
N = a4/32=24 kmol /h
(1) M= 00 0,0028 = 28 kg /h
=28/28 = A xmol /h



(0): W\oz'/IOOOO 0,0064 =64 Kg/h,
n0.=64 /32 = 2 kmol /h

. e 4. . R
o2, beorico =Ml *5 Mot N~ ox =929, Akmol/h  C + O = COa

Wor =fios, ggrien -1+ = A0ad.4 ol /h Ha*+ 30: — H.0
M =25 =4134.4 kmol /h S +0. — SO.

N No. = 5233, 4 kmol /b,

z)PoRTATA € COHPOS\flONE FOML:

e = A'%. = YLcs o Kmo\ oz fomi
V\,Oz,km- = Dot Nos- no; tearico — 29,9 Th X0a domi =~ haum - O0-048
1C0z, Pumi = N =$24,2 “w mo\ X 0z, fomi = 0, 432

MM, fomi = W, = 542 XHe, Aumi =0,088
VLSO;,FUrm YLS 2, q KMOl wmol X302z, fumi = 0,0005

Mz B = RS N0 = 4135,4 _ ol Xz, domi = 0,354

Nbums =1, 02, Lomi * 1L coa, Bomi + 1L Hz0, fomi * LNz fomi = 550% ,4

Bilondi di mosse. - fomi secchu <ol
M fomi = 02, fomt * NLcoa, foms * Nz & =4965,4 1
X02,8omi = 0, 020
Xeoz, fomi =0, 146
X420, fomi =0
Xuz,fami =0, 833
X502, £umi = 0,000G

Rilando ecergio.:

M fomms C Reome = HEmi ) + mcBOL+ Q=0 x Cp (200-25) Cal/mol/K

Q 1L gy C (Tooms =T 5*) = e PCL 0, | 0132 9.701
Cp™=9.301-0, 132 +8 A% 0,048+ 10.25°5- D'+ 6,996 0,#51+%,484- 0,018 |20 | 0098 217
3 —1 1 2B Kt SO, | 0.0005 10.25
=+,434 -kmol N. 0.751 6.996
: 410000 - 42300 Kok .
Q=550%,4 %,4%4(200-25) " g zcs — =-9.4%8 40 & o | oous 7181
. Kmo\ = . Kq
YL(,O:,&mu n.(. :"2:" 2 - Meoz , fumi — YL(_O:.,%M'\ Hcor. = 5'\'4‘\5 Tl,-
Rs0afom "M% =2,3 " =7 (M50, fums = 1L5Os,fomi Mson =488 3
34995
EFcoz-olio = 20000 = 3.2 KgC,Oz/K%oho
A
EFsoz -olio = 7o_<§g‘o 18,8 KSSO: /tono\\a
. . ne kmol .
Neoz, domi =Nc =21, %( OY\' => Moz, &omi = nCDz formi Mo, =31995 K /k,
m .
N0z, omi N5 =2,9 " =2 Ms0x, Aomi =N50x, fmi Mso. = 188 kg/h

3
ERor T4 5™ '44_868—80,6 kg/61
EFs0.= 9,428 107 '44358 0.4%4 «g/G]

42700- 10000
PN=mcPCl = 36001000 = M8,6 HW g

M 502, omi = IL50s , fomi Msos =188 = 4,88 -10° T

Nbomi =4265.4- 22,414 =41,113-40° Nm*/h,
024 -0z -rif
Corm = Cm.sumra 0,24 -Ou-misursto
_1.8 108 0.21-0,03
~A1,M3-405 0,24-0,02

=/4600 W\g/khm3



Bilondo’ di ‘enecgpn

Una corrente d’aria contenente composti organici volatili assimilabili ad acetone (C3H60) in quantita
pari la 1% volumetrico viene mandata ad un combustore. Al fine di ottenere la completa distruzione
dei VOC la temperatura di uscita dei fumi deve essere di almeno 900°C. Considerando che per la
combustione viene utilizzato gas naturale, si chiede la quantita minima di combustibile, necessario a
garantire la termodistruzione degli inquinanti.

Si consideri che il combustibile sia disponibile a 25°C, cosi come la corrente d’aria inquinata. La
pressione di entrambe le correnti & quella atmosferica.

Nei calcoli si trascuri il calore generato dall’ossidazione degli inquinanti.

cp (keal/kmol/K)
o2 9.6 Aria + COV
H20 817
02 7
N2 7.2
Combustibile
AH,, -802600  ki/kmol a 25°C

'c-metano

STt Earfindera-p
mmmmﬂa s (Hom - K ) e e =0

o =pno: * I’\o; fos - 2N° CHgq
V‘: Nz VL Nz" n,Nz
- w e 9 _ e e
Neor=N o2t N0 =N o™ VLmq
Vl"-l—\zo WLHZO +VL%|-\10 = naeHzO"' ZY-L%\-M
> n,Nz CPN;.(:T&M‘ -T* ) CVLO; 20 cm)ﬁpo; Cﬂm«\ -T° ) (V\, (,oz Vl.cl-\Acycoz(T&’om\ -T* ) CVL Hz0 "ZVl,a-u)Cpuzo (TJ:L)M\ -T ) M cra A 3
Y\aNLCpNz'\' YLO;CPQ: = 2M,ua Cpo~ 20t Cotao ~ M cua Cocon = . cua m)

nN;CPNd’ VLo; Cpoz _ 19-1.2+213

Vewa™ Zepos P = 3% -2.847-9,6- 2B = 3 46 km
Ncva 2Cpos -2 CpH0-Cpeos 2} -2-811-96 28 (900-25) 3.46 kmol

AHe
(mmi -Tst)



