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Aula 5: Poder calorifico, Entalpia
da combustao e Temperatura
Teorica de combustao - Pratica
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4 Problema 5.1 A

Determinar a temperatura de combustao de um combustivel
liqguido que se queima num forno, tendo este a seguinte
composicao, dada em massa seca: Carbono 42%, Hidrogénio
16%, Nitrogénio 9%, Oxigenio 28%, Enxofre 5%, Cinzas 0%,

Humidade 2% e com 0 excesso de ar de 40%.

O ar e o combustivel sao pré-aquecidos até 200 °C e 150 °C
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respectivamente. O calor especifico do ar e do combustivel sao

wde 1.3 e 1.4 respectivamente.
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Problemab. 1 -Solucao (1)

%S; 1. A massa de trabalho do combustivel calcula-se de:
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Problema 5.1 Solucao (ll)

gjoz O volume teorico do ar e dado por

=

8]

: V'’ =0,0889(C' +0,375-5)+0,269-H' —0,0336-0" =7,087 {
23. O volume tedrico dos gases biatémicos calcula-se de:

m'N }
kgcomb

4. O volume teodrico de agua obtém-se de:

V', =0,79-V.) -a+0,008-N' = 5,669 {

Onde o é igual a 1.
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b
kgcomb

@@ VOHzO =0,1116-H'+0,0124-W" +0,0161'ch =1,889

NN

5. Volume tedrico dos gases triatdmicos:

-

R

m° N }

0, = 1,867(C' +0,375-5")/100=0,803 {
kgcomb

-

m° N

kg comb

|




4 Problema 5.1 Solucao (1)

6. O volume real dos gases biatdmicos calcula-se de:
m3N}
kgcomb

7. O volume real de agua obtém-se de:

Ve =Vy, +(@=1)-0,79-¥7,) = 7,909 {

m’N }
kgcomb

8. O volume real dos gases triatomicos calcula-se de:
3
N

VRO2 = 1,867(Ct +0,375- St) /100 =0,803 {m}

kgcomb
w O volume do oxigénio excedente obtém-se de:
3
QQ/OZ =0,21(a—1)-V* =0,595 { m N }
kgcomb
0. O volume dos gases de combustao calcula-se de:

m° N }

Vo =V +0,0161(c—1)-V2 =1,934 {
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g

kg comb

Ve =Vio, TVoa ¥ Vo Vo, =11,241 {
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Fraccao dos gases
biatdmicos

Fraccao de agua
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Fraccao dos gases
triatdmicos

VY
NN

e Fraccao de oxigénio

-

Problema 5.1 Solucao (1V)

11. As fraccoes dos gases obtém-se de:

"
= —0,704

Py,

I
=
S
I
=
S
~
ek




4 Problema 5.1 Solucao (V)

12. O Poder Calorifico Inferior calcula-se de:

kgcomb
13. A Entalpia total dos gases, devido ao pré-aquecimento do ar e do

Q;=4,187[(81-C’+300Hf—26(0f—S’)—é(W’+9H’)]=27605,73 [’d }

combustivel determina-se de:

'‘+T,-c, -a-Vy+T,
Ig _ Q ar comb Pwmb — 2704,6 l:ﬂsi|
V, m
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3
a
)

of. Dout

£ A entalpia determinada pelo poder calorifico é:

@ggl ~ _2455,731 [ﬁ}

3
m

entalpia determinada do aquecimento do ar é:

N

A
° T -¢c -aV’ kJ
-

3
m

ar

=— Lo = =230,188 [—}




4 Problema 5.1 Solucao (V)

A entalpia determinada do aquecimento do combustivel é:

T .,-c
] = come Peomb 218,681 |:ﬂ:|

g 3
g m

14. A entalpia dos gases obtém-se de:

1= 710, (CO) o, + 1, (CO) . +74 5 (CO),y o +7, (CO),, =2704,6 {
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15. A temperatura dos gases ¢ 1680,07 °C

o
N
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Appendix 111. Enthalpy of
101.3 kN/m* (760 mm Hg)

]g_ ROZ.

(€O)

RO,

+ry .(CH)N

m?* of Alr and Gas

2

at Different Temperhtures and Constant

+r02.(C¢9)0

2

+70-(CO),, {

ressure

m

kJ
3

Temperatuse Cy Oy Dry alr
K b kJfm keal/m! kJim® kealfm* | kJ/m® I kealim? kJim? kealim*
V

473 100 41.08 31.08 31.51 1.30.51 3117
473 200 B6.35 62.24 63.86 261.94 62.56
673 a00 134.76 83.72 97.32 395,42 94,44
673 400 185,68 125.54 131.80 haz.oa 127.08
773 500 239.26 158.75 167.25 672.01 160.50
B73 &o0 205.38 192.20 203.40 21496 194.64
ar3 vo0 30238 224.59 240.24 960,75 229.46
1073 &0 410.52 261.44 277,60 1109.05 264.88
1173 I 471.06 207.00 316,18 126936 | 300.78
1273 1000 531.80 232,90 363.60 1411.86 | 33720
1373 110 503,56 369,27 391.93 1665.94 | 374.00
1473 1300 G562 405.96 430.56 1721.36 | ' 41112
1573 1300 718,03 443,649 469.56 1B79.27 | 448.86
1673 1400 TEZ.60 480,62 508,70 306, 2036.87 486,50
1773 1500 B46.70 018,40 548,65 i 219619 | 52465
1873 1600 911.36 556.16 588,48 : 2366.68 | OSG2.88
1973 1700 N 40871019 G76.14 593.81 628,66 : 2617.60 | &01.29
2073 1800 4360.67 | 1041.48 632,16 , G55, 55 , Z6R0.01 640,08
2173 14900 463476 | 110694 670.70 | 2871.20 709.65 i ’ Z841.43 G78.8T7
27 2000 491051 1172.80 709.40 | 3142.76 730.60 JEBG.TE 920.00 | 3006.25 T18.00
2373 2100 D1BG.E]l | 123879 748.02 | 3314.85 791.70 4121.79 98460 | 3169.77 757.05
2473 2200 5464.20 | 1305.04 g T8Y.16 | 3487.44 832,92 | 435883 1041.04 | 3338.21 T97.28
2573 2300 5746.39 | 1371.72 | 3457.20 826.70 | 3662.33 B74.69 | 4485.34 1097.79 | 3500.64 H36.05
2673 2400 G023.25 | 1438.56 | 3620.58 BE4.72 | 3B37.64 Q1656 | 472447 1154.88 | 3665.80 B75.52
2773 2500 6303.53 | 1505.50 | 37EG6.09 804.25 4014.29 058,75 | 5076.74 121250 | 383520 | 916.00




Problema 5.2

Determinar a temperatura de combustao de um combustivel
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solido que se queima num forno, tendo a seguinte composicao,
»dada em massa seca: Carbono 44%, Hidrogénio 12%,
Nitrogénio 8%, Oxigenio 23%, Enxofre 7%, Cinzas 6%,

Humidade 2% e com 0 excesso de ar de 20%.
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Problema 5.2 Solucao (/)

%3; 1. A massa de trabalho do combustivel calcula-se de:
3 ct =t 00 W 43190
£
Z it
= =g 00 60
E
Z
z 100—W"
2, N' =N —— =7.84%
5 100
L%D 100-W"
5 O =0 ————=122,54%
=
A
= it
A St =81 1()0—W = 6,86%
% -
NN o
A= g0 100 5,88%
100
w'=2,0%




Problema 5.2 Solucao (/1)

O
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o
=

m° N }

Voar =0,0889(C" +0,375-8")+0,269-H' —0,0336-0O" = 6,445 {k
gcomb
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3. O volume tedrico dos gases biatdmicos calcula-se de:

3
VON2 :0,79‘1/413'05+0,008-Nt 5,154 [m N}

kg comb

4. O volume teodrico de agua obtém-se de:
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V0H20 =0,1116-H' +0,0124-W" +0’0161.Vaor = 1,441 |:

m’N }
kgcomb

N

: §

-

. Volume teodrico dos gases triatdmicos:

m'N }
kgcomb

5

R

o, =1,867(C" +0,375-5")/100 = 0,853 {
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Problema 5.2 Solucéao (Il)

6. O volume real dos gases biatdmicos calcula-se de:
msN}
kgcomb

Va, :V]\(J)z +(a-1)-0,79-V) =6,172 {

7. O volume real de agua obtém-se de:
m3N}
kgcomb

Vio =Vio+0,0161(a—1)-V,) =1,462 {

2

8. O volume real dos gases triatomicos calcula-se de:

3
Veo, =1,867(C" +0,375-5")/100 = 0,853 {ﬂ}
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kgcomb
9. O volume do oxigénio excedente obtém-se de:
3
%@w,m(a—nm:o,zﬂ {mN}
kgcomb

ao. O volume dos gases de combustao calcula-se de:
m3N}
kgcomb

Vg = VRO2 +Vs, +VH20 +VO2 =8,758 {

-




4 Problema 5.2 Solucao (1V)

S

5 11. As fraccOoes dos gases obtém-se de:

:

7 Fraccdo dos gases Ven

= biatémicos ey, = —— =0,704

< V

£ g

=

Z

0

2, V

» Fraccdo de dgua Fop o = —22.= 0,167

53| 2 V

§ g

3

Q

NS

= Fraccdo dos gases Vo, 0,008

triatdmicos ro, = =Y
N E
v
) , r, =—2=0,031

@ Fraccdo de oxigénio Cb,

-




4 Problema 5.2 Solucao (V)

12. O Poder Calorifico Inferior calcula-se de:

O = 4,187[(81 .C'+300H"' —26(0" —S")—6(W" +9H‘)] = 24979, 64 {k’d }
gcomb

13. A Entalpia total dos gases, determina-se do poder calorifico, sendo de:

/ :222857,82 [ﬂ}

g 3
g m

14. A entalpia dos gases obtém-se de:
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S 10 €O, + 13, (€O, +11,5(CO 15, (CO),, =2857.73 {—3
NN

15. A temperatura dos gases ¢ 1743,12 °C

-
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Appendix 111. Enthalpy of
101.3 kN/m* (760 mm Hg)

= rR02.(C6’)

RO,

+rN2.(C9)N

m?* of Alr and Gas

2

at Different Temperhtures and Constant

+1,,.(CO) 2 +13.0-(CO) o {k—i}

ressure

m

Temperatuse Cy o Oy H:ﬂ'l Dry alr
K L kJjm kealim? kd/m® kealim® kJ/m? Ib:u:],-'m’ kJ/m? fcal..fm* kJim* keal/m®
!

473 100 41.08 31.08 31.51 35,87 1.30.51 3117
473 200 B6.35 62.24 63.86 7248 261.54 62.56
673 a00 134.76 83.72 97.32 110,19 395.42 94,44
673 400 185,68 125.54 131.80 148.96 532.08 127.08
T3 500 239.26 158.75 167.25 180.05 672,01 160.50
B73 BO0 205.38 192.20 203.40 230,40 814.96 194.64
073 700 30238 224.59 240.24 273.14 960.75 229.46
1073 BO0O 410.52 261.44 277,60 317.20 | 1109.05 264.88
1173 I 471.06 207.00 316,18 962,52 | 1259.36 | 300.7T8
1273 1000 531.80 232,90 363.60 409.20 | 1411.86 | 337.20
1373 110 50356 369,27 391.93 457.05 | 166594 | 37400
1473 1200 (5592 405.96 430.56 B0G.04 | 1721.36 |  411.12
1573 13030 718,03 443,649 469.56 556.01 1B79.27 | 448.86
1673 1400 TEZ.60 480,62 508,70 BOG.7D | 203687 486,50
1773 1500 B46.70 018,40 548,65 GHE.B0 | 2196.19 | 524.55
1873 1600 911.36 556.16 588,48 711,52 | 235668 | OG2.BE
1973 1700 N 40871019 G76.14 593.81 628,66 765,00 | 3617.60 | 601.29
2073 1800 436067 | 1041.48 63216 , G884 819.18 | 26B0.01 640,08
T 2173 1900 4634.76 | 1106.94 670.70 | 2871.30 T709.65 u 873.62 | 2B41.43 G78.8T7
27 2000 491051 1172.80 709.40 | 3142.76 730.60 JEBG.TE 920.00 | 3006.25 T18.00
2373 2100 D1BG.E]l | 123879 T48.02 | 3314.85 T21.70 4121.79 984.69 | 3169.77 757.05
2473 2200 5464.20 | 1305.04 g TET.1B | 3487.44 832,92 | 435883 1041.04 | 3338.21 T97.28
2573 2300 B746.3% | 1371.72 | 3457.20 826.70 | 3662.33 B74.69 | 4485.34 1097.79 | 3500.64 836.05
2673 2400 G023.25 | 1438.56 | 3620.58 BE4.72 | 3B37.64 916.56 | 472437 1154.88 | 3665.80 B75.52
2773 2500 6303.53 | 1505.50 | 37EG6.09 804.25 4014.29 058,75 | 5S076.74 1212.50 | 383520 | 916.00




4 Problema 5.3

Determinar a temperatura de combustao de um combustivel
liqguido que se queima num forno, tendo este a seguinte
composicao, dada em massa de combustivel: Carbono 47%,
Hidrogénio 12%, Nitrogenio 8%, Oxigénio 30%, Enxofre 3%,
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Cinzas 4%, Humidade 5% e com o excesso de ar de 35%.

O ar é pré-aquecido até 100 °C, sendo o calor especifico do ar

@

(\[~g do combustivel de 1.29 e 1.4 respectivamente.

- /




Problema 5.3 Solucao (/)

1. A massa de trabalho do combustivel calcula-se de:

_ t t
¢ =< 10 (1f)o+ ") _ 42.77%

_ e 1004 1)

Prof. Doutor Eng® Jorge Nhambiu ¢ Sistemas Energéticos

H' =10,92%
100
_ t t
N = N 10O e,
100
t t
Y, e AV B
100
t t
s = ge 00 AW ) ooy,
100
A =4,0%
W' =5,0%

R
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Problema 5.3 Solucao (/)

2. O volume tedrico do ar € dado por:

m’ N

Voar =0,0889(C' +0,375-5)+0,269-H' —0,0336-0' = 5,892 {k
gcomb

3. O volume tedrico dos gases biatdmicos calcula-se de:

3
7o . =0,79-V° o +0,008-N' = 4,713 {M}
kgcomb

: 4, O volume teodrico de agua obtém-se de:
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3
V0 =0,1116-H'+0,0124-W" +0,0161-¥. =1,376 L:”N}
gcomb

Volume tedrico dos gases triatdmicos:

3
Vo, =1,867(C' +0,375-5")/100 = 0,818 L;" N}
gcomb

%

%

o
\

|




e Problema 5.3 Solugéo (Ill)

6. O volume real dos gases biatdmicos calcula-se de:

3
Ve =V +(@=1)-0,79-¥2 =6,34 { m N }
kgcomb

7. O volume real de agua obtém-se de:

m3N}

kgcomb

8. O volume real dos gases triatomicos calcula-se de:

Vo =V o +0,0161(c 1)V =1,4 {

3
Vo, =1,867(C* +0,375-5") /100 = 0,818 {:N}
gcomb
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9. O volume do oxigénio excedente obtém-se de:

R o

NN Vo, =0.21(@=1)-7,) =0,43

0. O volume dos gases de combustao calcula-se de:

kg comb

m’ N
Vg = VROZ + Ve, + VHZO + V02 =9,001 [
kgcomb

-




Fraccao dos gases
biatdmicos

Fraccao de agua
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Fraccao dos gases
triatdmicos

VY
NN

e Fraccao de oxigénio

-

Problema 5.3 Solucao (1V)

11. As fraccoes dos gases obtém-se de:

Viw,

= =(,705

Fry,
g

”
=0 — 0156

Fru,0

RO,
Vg
"

r, =—2=0,048
%




4 Problema 5.3 Solucao (V)

12. O Poder Calorifico Inferior calcula-se de:

O/ =4,187[ (81-C' +300H" —26(0' —S") 6" +9H") | =22952,59 {kk‘] }
gcomb

13. A Entalpia total dos gases, devido ao pré-agquecimento do ar determina-se

r Eng® Jorge Nhambiu ¢ Sistemas Energéticos

"+T ¢ -a-V°
Lt gy ]

@)
-
Q
)

f. Douto

£ A entalpia determinada pelo poder calorifico é:

% I,= 0’ _ 540,14 {%}
N

. m

entalpia determinada do agquecimento do ar é:

(A
)

;o lal 'a'V“3=114,53 {k‘]}
\

3

m




4 Problema 5.3 Solucao (V)

14. A entalpia dos gases obtém-se de:

1= 720, (CO) o, + 7. (CO) . 47, 5(CO), o + 75 (CO),, =2654,58 [

Jorge Nhambiu € Sistemas Energéticos

%»15. A temperatura dos gases ¢ 1711,19 °C
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Appendix 111. Enthalpy of
101.3 kN/m* (760 mm Hg)

= rR02.(C6’)

RO,

+rN2.(C9)N

m?* of Alr and Gas

2

at Different Temperhtures and Constant

+1,,.(CO) 2 +13.0-(CO) o {k—i}

ressure

m

Temperatuse Cy o Oy H:ﬂ'l Dry alr
K L kJjm kealim? kd/m® kealim® kJ/m? Ib:u:],-'m’ kJ/m? fcal..fm* kJim* keal/m®
!

473 100 41.08 31.08 31.51 35,87 1.30.51 3117
473 200 B6.35 62.24 63.86 7248 261.54 62.56
673 a00 134.76 83.72 97.32 110,19 395.42 94,44
673 400 185,68 125.54 131.80 148.96 532.08 127.08
T3 500 239.26 158.75 167.25 180.05 672,01 160.50
B73 BO0 205.38 192.20 203.40 230,40 814.96 194.64
073 700 30238 224.59 240.24 273.14 960.75 229.46
1073 BO0O 410.52 261.44 277,60 317.20 | 1109.05 264.88
1173 I 471.06 207.00 316,18 962,52 | 1259.36 | 300.7T8
1273 1000 531.80 232,90 363.60 409.20 | 1411.86 | 337.20
1373 110 50356 369,27 391.93 457.05 | 166594 | 37400
1473 1200 (5592 405.96 430.56 B0G.04 | 1721.36 |  411.12
1573 13030 718,03 443,649 469.56 556.01 1B79.27 | 448.86
1673 1400 TEZ.60 480,62 508,70 BOG.7D | 203687 486,50
1773 1500 B46.70 018,40 548,65 GHE.B0 | 2196.19 | 524.55
1873 1600 911.36 556.16 588,48 711,52 | 235668 | OG2.BE
1973 1700 N 40871019 G76.14 593.81 628,66 765,00 | 3617.60 | 601.29
2073 1800 436067 | 1041.48 63216 , G884 819.18 | 26B0.01 640,08
T 2173 1900 4634.76 | 1106.94 670.70 | 2871.30 T709.65 u 873.62 | 2B41.43 G78.8T7
27 2000 491051 1172.80 709.40 | 3142.76 730.60 JEBG.TE 920.00 | 3006.25 T18.00
2373 2100 D1BG.E]l | 123879 T48.02 | 3314.85 T21.70 4121.79 984.69 | 3169.77 757.05
2473 2200 5464.20 | 1305.04 g TET.1B | 3487.44 832,92 | 435883 1041.04 | 3338.21 T97.28
2573 2300 B746.3% | 1371.72 | 3457.20 826.70 | 3662.33 B74.69 | 4485.34 1097.79 | 3500.64 836.05
2673 2400 G023.25 | 1438.56 | 3620.58 BE4.72 | 3B37.64 916.56 | 472437 1154.88 | 3665.80 B75.52
2773 2500 6303.53 | 1505.50 | 37EG6.09 804.25 4014.29 058,75 | 5S076.74 1212.50 | 383520 | 916.00
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O

Entalpia (kJ/m3) de 1m2 de Gases atemperatura. dada e pressado de 1bar

Temp.cc | co, | N, | HO | 0, |ArsSeco]| Cinzas |
100 174 130,19 150,19 13199  130,5]  si0q
200 361,67 260 303474 26734 261,94 169,80
300 564,24 392411 4613 40749 39542 264,09
400 777,44 52689 62369 551,89 53204 360,00
500 1001,79 66458 791559 700,14 672,00 458,00
600 1236,77] 805,08 96468 851,64 81499 560,004
700 147541 9403 11434 100524 960,79 662,504
800 1718,9¢ 109465 1328, 1162,3] 1109,05 768,004
900 1972,43 124359  1517,9 131967 1259,3 825,004
1000 2226,79  1393,8]  1713,3 1480,11] 141189 985,00
1100 2485,34] 1546,14  1913,7] 1641,0 156594 1092,09
1200 2746,440]  1699,7d 2118, 1802,7d 17213 1212,04
1300 3010,54 1857,74 2329 1966,05 1879,27] 1360,00§
1400 3276,79 20123  2540,3 212993 2036,87] 1585,0q
1500 354534 217055 27584 2296,74 2196,19 1758,00
1600 3815,8 232865 2979, 2463,97 2356,64 1880,00
1700 2087, 248629  3203,1] 263209 2517, 206500
1800 4360,67] 2646,740 34299 280049 2680,01] 2182,0q
1900 4634,760 2808220 36579  2971,3 2841,43 238509
2000 4910511 297025 3889, 3142,7d 3006,24d  2514,00
2100 5186,811 3131,94 4121, 3314,89 3169,74 2640,00
2200 5464, 3295841 43589 348744 3338211 2762,09
2300 574639 3457, 44853 3662,33] 350054 @ -
2400 602325 362059 47244 3837640 36659 -
2500 6303,53 3786,00 5076, 4014,29 383529 -
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