15-600  Ethane gas (C;Hy) at 25°C is burned in a steady-flow
combustion chamber at a rate of 5 kg/h with the stoichiomet-
ric amount of air, which is preheated to 500 K before enter-
ing the combustion chamber. An analysis of the combustion
gases reveals that all the hydrogen in the fuel bums to H,O
but only 95 percent of the carbon burns to CO,, the remain-
ing 5 percent forming CO. If the products leave the combus-
tion chamber at 300 K, determine the rate of heat transfer
from the combustion chamber.  Answer: 200,170 kJ/h
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15-60 Ethane gas 15 bwned with stoichiometric amount of awr during a steady-flow combustion process.
The rate of heat transfer from the combustion chamber 15 to be determaned.

Assumprions 1 Steady operating conditions exist. 2 Awr and combustion gases are ideal gases. 3 Emetic and
potential energies are neghigble. 4 Fambusnun' 15 complate.
Prgpernes The molar mass of C;H, 15 30 kg'kmol (Table A-1).

Analysis The theoretical combustion equation of C.H,; 15 CH Q
C.Hy +ag |0+ 3_Tﬂ41j—}2CD: +3H,0+3 T6a,M, EE“C.. C:mbustlon Sroducts
hamber -
where ay, 15 the stoichiometric coefficient and i= determined Air 200 K.
from the O balance, — & P=lam
500K

ay =2+1.5=335
Then the actual combustion equation can be written as
C,H;+ 3.5{02 +3.?E~Tz:l—:- 1.9C0, +0.1C0O+3H,0+0050, +13.16M,

The heat transfer for this combustion process is determined from the energy balance Ey —E = AE
applied on the combustion chamber with W= 0. It reduces to

O = Y Nl 0, - > Wy £ h -7,
Assuming the air and the combustion products to be 1deal gazes, we have h = h{T). From the tables,

Subst E—; E.‘-IMII K Elﬂ K EBH K
Hhstaes kd/lmol kJ/kamol kJ/kmol kJ/kmol
C:Hs (2) -84.680 - -
0, 0 14,770 8682 24,523
N, 0 14,381 E669 23,714
H.O (g 241,820 3904 27,896
(4] -110.530 -— ZeR9 23844
co, -393,520 3364 32,179
Thus,
~Oie =(1.9)~393.520+32.179-9364) + (0.1~110.530+ 23844 -8669)
+(3)~ 241,820+ 27.896-9904)+ (0.05)(0+ 24,523 - 8682+ (13.16 0+ 23.714 - 8669)
—{1]~84.680 + hyog — hagg J—(3.500+14.770-8682) - (13.160+14.581 - 8669)
=-1201005 k] / kmol C,H,
or Qe = 1,201,005 kJ / kmol C,H,
Then the rate of heat transfer for a mass flow rate of 3 kg'h for the ethane becomes
. i ) " 3iksh \
=No_ =| ™l = j—I(Lzm,msms )= 200170 ki/h
O e D x.M,_’W | 30 kg'kmol | ool | :



15-56 Diesel fuel (C;H,;) at 25°C is bumned in a steady-
flow combustion chamber with 200 percent excess air that also
enters at 25°C. The products leave the combustion chamber
at 300 K. Assuming combustion is complete, determine the
required mass flow rate of the diesel fuel to supply heat at a
rate of 2000 kl/s.  Answer: 49.5 g/s

15-56 Dhesel fuel 1= bumed with 20 percent excess air during a steady-flow combustion process. The
required mass flow rate of the diesal fuel to supply heat at a specified rate 15 fo be determined.
Assumprions 1 Steady operating condihions exist. 2 Aw and combustion gases are 1deal gases. 3 Emetic and
potential energies are neglhigible. 4 Combustion 15 complete.

Analysis The fuel 1= bumed completely with the excess awr, and thus the products will contain only CO-,
H.0, M, and some free 0. Conmidenng 1 kmol of C.Hs,, the combustion equation can be written as

CpaHog +1.2a5 (04 +3.76H 4 ) —— 1200, +13H,0+0.2a, 05 +(1.2)3.76ag B,

2000 ks
where ay, 15 the stoichiometnie coefficient and 1=
determined from the O, balance, CioH
—*  Combustion o
12a, =12+65+02a, —3 ag=183 3 Chamber | Dognct
Air 500 K
— P=1 atm

20%% excess air

Substituting. 25%C
CppHyy +22.2(0, + 3760, ) ——12C0, +13H,0 + 3.70, + 83 47N,
The heat transfer for this combustion process is determined from the energy balance E;, —E_, =AF_ .
applied on the combustion chamber with W= 0. It raduces to

O = S N +F - - +F ) =T N R -F ), - SN,
since all of the reactants are at 25°C. Assuming the air and the combustion products to be 1deal gaszes, we
have k= k(T}. From the tables,

L; hss hsgo
Substance k] kmal 1T Beamol 1T eamol
CyaHay =291 010 - -
0, ] 8682 14,770
M: ] 3669 14,581
H:O (g -241.820 904 16,5828
Co, -393,520 9364 17,678

Thus,
—0 o =(120-393,520+17,678 - 9364 )+ (13 -241,820 + 16,828 — 9504
+(3.7H0+14,770-8682)+ (83 47 )0 +14,581-8669) - (1)- 291,010)-0-0
= 6,869,110 kT kmol C 3 Hy

or O =6.269110k)kmol C,,Ha,,
Then the required mass flow rate of fuel for a heat transfer rate of 2000 kJ/s becomes

, (g [ 2000 kI 3 .
= WM =| Qo |_1r = - |{1m ke/kmol| = 0.0495 kg/s = 49.5 g/s
| Qo | | 6,869,110 kkamol | ’



15-55 Benzene gas (C;Hy) at 25°C is burned during a
steady-flow combustion process with 95 percent theoretical
air that enters the combustion chamber at 25°C. All the
hydrogen in the fuel burns to H,O, but part of the carbon
bumns to CO. If the products leave at 1000 K, determine
{a) the mole fraction of the CO in the products and (b) the
heat transfer from the combustion chamber during this
process.  Answers: (8) 2.1 percent, (b) 2,112,800 kJkmaol CgH,

15-55 Benzene gas i= burned with 95 percent theoretical air during a steady-flow combustion process. The
mole Faction of the CO in the products and the heat wansfer from the combustion chamber are to be
determinad.

Assumprions 1 Steady operaing conditions exist. ? Air and combustion gases are ideal gases. 3 Kinetic and
potential energies are neglizible.

Amalysis {a) The fuel is burned with insufficient amount of air, and thus the products will contain some CO
as well as COy, HyO, and N,. The theoretical combustion equation of C.H; is

C:H; +ay (0, +3.?EN;::I—>6C03 +3H,0 + 3 Thay, N, CH, ’ 2
where a,, is the stoichiometric coefficient and is 2;._{-‘ cm Prodacts
detarmined from the O, balance, i 100'?:711
2y =6+1.5-73 95% theorenical L L
Then the actual combustion equation can be written as 25°C

CoH,; +0.85x7.5(0; + 376 ——xC0; + (6 - x |CO + 3H,0+ 26,794,
O, balance: U.DS!?.E—x+I:IS—x].-"2+1.5—-x—5.25

Thus, C:H; +T.125I:L':Iz +3.?m2:|—>5.25m1 + 07500 +3H,0+ 26,781
The mole fraction of CO in the products is

N 075
[Pk - + E— -0021 or 21%
Ny 525+075+3+2679

(%) The hest wansfer for this combuston process is determined from the enerzy balance
E —-E, =AE applied on the combustion chamber with 7 = 0. It reduces to

malcm
S YO 0 A - g I 3 YA el O, 3 A ol I 35

since all of the reactants are at 25°C. Assaming the air and the combustion products to be ideal gases, we
have b = h(T). From the tables,

Subst by [ L
nhstance LeX/kmal L /kkmol LT /kzmol
AT 82,030 = -

O o B6ED 31,380
N, o 8660 30,129
B0 (g) 241,870 2004 35 887
co 110,530 8660 30,355
Co, 303,520 0364 42,760

-0, =(5.25)-303,520+ 42,760 — 0364 )+ (0.75 - 110,530+ 30,355 - B669
+(30-241,220 + 35,882 — 0004 )+ 26,780+ 30,129 — 2668 (1)82,830) -0 -0
=—2]112,779 kT / kmol C.H,

ar O, =2112,800 kXkmel € H,



15-53 Acetylene gas (C;H,) is bumed completely with
20 percent excess air during a steady-flow combustion
process. The fuel and air enter the combustion chamber at
25°C, and the products leave at 1500 K. Determine (a) the
air—fuel ratio and (b) the heat transfer for this process.

15-53 Acetylene gas is bomed with 20 percent excess air during a steady-flow combustion process. The AF
ratio and the heat wansfer are to be determinad

Assumpifons 1 Steady operating conditons exist. 2 Air and combustion gases are ideal gazes. 3 Finetic and
potental energies are negligible. 4 Combustion is complete.

Properties The molar masses of C;H: and air are 26 kp/kmol and 29 kg kmol, respectively (Table A-1).
Analysis The fuel is barned completely with the excess air, and thus the products will contain enly CO.,
H,O, N, and some free O.. Considering 1 kmeol of C,H,, the combustion equation can be written as

CoHa + 1.2, (0 +3.76M, | — 200, +H:0 +0.2a,,0; + [1.2)(3.76a, 1N,

wheare a,, is the stoichiomeiric coefficient and is Q

determined from the 0, balance, C:H; ’
™ Combustion

128y =2+05+033, —s @g=25 0 chamber | PO
Air 1500K
Thus, - —» F=lam
C,H, +3(0, +3.764, )—+ 200, + H,0+050, +11.284, =
" 34.76 kmol 20 kg/kmol)

i) AF .= __ -
Mg 12 Emolll? kzkmal)+ (] kmol {2 kekmol |

(& The heat tansfer for this combustion process is determined from the energy balance
E,—E g =AE o applied on the combustion chamber with = 0. It reducsas to

N YAy I JEA TR W A AR
since all of the reactants are at 25°C. Assaming the air and the combustion products to be ideal gases, we
hawe h = h(T). From the tables,

=150 kg air/ks fuel

Sabst EF EM K El.'HlII K
uhstance LI /lomol LI /lmol LI/ kmol
C:H; 126,730 - —
0, 0 8682 40,7072
M, 0 8660 47073
H:O (=) -241,820 o004 57,000
co, 303,520 0364 71,078
Thus,
O =(20-393,520+ 71078 - 9364 ) + (1241820 + 57,900 — 2004 )+ (0.5 |0 + 45,292 — 3682
+[11.28) 0+ 47,073 - 8669 ) - (1]226,730)-0-0
- —630,565 kTkmel C,H,
ar

0, = 630,565 kI / kmol C H,



15-51 Liguid propane is bumed with 150 percent excess air during a steady-flow combustion process. The
mass flow rate of air and the rate of heat wansfer from the combustion chamber are to be determined

Assumpifons 1 Steady operating conditons exist. 2 Air and combustion gases are ideal gases. 3 Finefic and
potental energies are negligible. 4 Combustion is complete.

Properties The molar masses of propane and air are 44 kg/kmol and 29 kz'kmol, respectavely (Table A-1).
Amnalysis The fuel is bumed completely with excess air, and thos the products will contain enly €0, H O,
H,, and some free O,. Considering 1 kmol of C,H;, the combustion equation can be written as

C:Half)+ 250, (07 + 3760, |——3C0, +4H,0 +1.50,0, + (2503 T6ay, N,
where a,, is the stoichiometric coefficient and is

determined from the O, balance, O
25y =342 4150y —3 @y =3 CHy o o
—_ ustion
Thus. 25°C ; Products
. Telhs 13 i) —n - - Afr 120K
CH(£)+12.510, + 376N, |——=3C0, +4H,0+7.50, +4TH, = FP=lam
12=C
(@) The air-fuel ratie for this combuston process is
(12.5%4.76 kmol)(29 kg kol
AF- M i )29 kg/komol) - 3927 kg airks fusl

m |3 kmal)12 kg/kmal)+ (4 kmol) 2 kzkmol)
Thus, g =(AF gy |=(39.22 kg airkg fuel 1.2 kg foelimin| - 47.1 kg airfmin

(%) The hest wansfer for this combuston process is defermined from the energy balance
E, —E.y =AE, .. applied on the combustion chamber with 7= 0. It reduces to

O =T N[ +F T ) TN [ - F T,
Assuming the air and the combustion products to be ideal zases, we have k = &{T). From the tables,

h; By i B By i
Substance
L} kmol EJkmol kI kmol kI kamol

CiHz () -118.210 - - -
0, 0 82065 682 38,447
N, 0 81865 55450 36,777
HO (2) 241,870 — D904 44380
T -393 520 -— 0354 53,848

The ;I of liqnid propsne is obtzined by adding k_.-g of propane =t 25°C to k_f of gas propans.
Substnrting,
-0, =(3)-392,520 + 53,848 - 9364 )+ (4241820 + 44380 - 9904 |+ (7.5 0 + 38.447 3582
+[4700+ 35:???-3&59}—111—113,911:-+km — Ry |- (125 )0+ 820658582
- (47)0+8286.5 26469
= —180,464 kTkmol C;Hy

or 0., =190,464 kTkmel C, 5,
Then the rate of heat transfer for a mass flow rate of 1.2 kg/'min for the propane becomes

o r P ) .
(Rl [12hzmm |I_IEHZI,4-64 kTkmol) = 5194 kT/min
\ ¥ | 44 kg/kmol :

A

th = ',;r—owl =



15-51 Liquid propane (C;Hg) enters a combustion chamber
at 25°C at a rate of 1.2 kg/min where it is mixed and burned
with 150 percent excess air that enters the combustion
chamber at 12°C. If the combustion is complete and the exit

, Qﬂ-lll:
C;HS —
25°C Combustion | Products
AIR chamber | 1200 K
12°C
FIGURE P15-51

temperature of the combustion gases is 1200 K, determine
(a) the mass flow rate of air and (&) the rate of heat transfer
from the combustion chamber. Answers: (a) 47.1 kg/min,
(b) 5194 kKJmin

15-51 Liguid propane is bumed with 150 percent excess air during a steady-flow combustion process. The
mass flow rate of air and the rate of heat ransfer from the combustion chamber are to be determined.

Assumperons 1 Steady operating conditions exist. 2 Air and combustion gases are ideal gases. 3 Einetic and
potental energies are neglizible. 4 Combustion is complate.

Properties The molar masses of propane and air are 44 kg'kmol and 29 kz/kmol, respectively (Table A-1).
Amnalysis The finel is bumed completely with excess air, and thos the products will contain enly €0, HyO,
N, and some free O, Considering 1 kmol of C,H;, the combustion equation can be written as

C3Hy )+ 250, (0, + 3760, |— 300, + 4H,0+1.50,0, +(2.503 760, I,
where a,, is the stoichiometric coefficient and is

determined from the 0, balance, Q

25ay, =3+2+1 50, —s a@g =5 C.H, o o

- usnon
Thus, 2550 P Products
. r ‘ s o Afr 12 E
CJH“|‘.-E_:|+]2.5|‘D!+3..'ﬂ12]—}3|:01 +4H,0+7.50, +4TN, — | P=lam
12=C
(@) The air-fuel ratio for this combustion process is
[12.52%4.76 kmol 29 kg /krmol
ap_ Me LoI" 129 kg/komol) —39.77 ke airfks foel

My, |3 kmol)12 kgkmol |+ (4 kmel |2 kgkmol)
Thus, g =(AF g |=(39.22 kg aivkg fuel)1.2 kg fuel'min) = 47.1 kg air‘min

(%) The hest wansfer for this combuston process is defermined from the energy balance
Ey, —E.y =AF, oo Applied on the combustion chamber with FF= (. It reduces to

I S R B A RS S
Aszssuming the air and the combmstion products to be ideal gases, we have & = &{T). From the tablas,

b B P by
Substance
LI kmol kT lmol LI omal LI omial

CiH: () -118,9210 -— - -
oy 0 B2065 B582 38447
N, o B2B65 E669 36,777
H:Oig) -241.820 -— (elin) 44 380
o, -393 520 -— 0344 53,848

The Ef of liquid propene is obtaimed by adding k_% of propane at 25°C to k_ﬁ of gas propane.
Substmting,

-0, =13)-393.520+ 53,845 — 0364 )+ (4] 241820 + 44,380 - 9904 |+ (7.5 )0 + 38,447 —2682)
+[470+36,777 —mp}—ql_{—lls,ﬁm + Mgy = Ragg |- (1250 + 829658682
—{47)0+8286.5 - 8659

= 190,464 klkmol C;H,
or 0., —100464 kTkmal C,H,
Then the rate of heat ransfier for a mass flow rate of 1.2 kg/'min for the propane becomes

- - pe Y i
(2l o|ifkzmm ||_w|:|,4-54 k7kmol) - 5194 LI /min
¥ | 44 kg/kmel :

.

Qm -',;rguul =



15500 Hydrogen (H,) is burned completely with the stoi-
chiometric amount of air during a steady-flow combustion
process. If both the reactants and the products are maintained
at 25°C and 1 atm and the water in the products exists in the
liquid form, determine the heat transfer from the combustion
chamber during this process. What would your answer be if
combustion were achieved with 50 percent excess air?

15-50 Hydrogen is burned completely during a steady-flow combustion process. The beat transfer from the
combustion chamber is to be determined for two cases.

Assumprions 1 Steady operating conditions exist. 2 Air and combustion gases are ideal gases_ 3 Einetic and
potental energies are negligible. 4 Combustion is complete.

Amnalysis The H: is burned completely with the stoichiometric amount of air, and thus the products will
contain enly HyO and M., but no free O, Considering 1 kmol of H,, the theoretical combustion equation
can be written as

Hy+8y (0, +3.760; —H, 0+ 3. 768, N, o
whears a,, is determined from the O, balance to be H, c )
ay, = 0.5, Substituting, 15°C “’1’] USROD | oo
o o\ ber -
H, +0.5(0; +3.76N, —H,0+ 188N, Air 155C
: : — | P=lam

The heat ransfer for this combustion process is determined 1007 thearetical
from the energy balance E,, —E,y = AE, ., applied on
the combustion chamber with 7= 0. It reduces to

I 3 A i g R 3 VA I ) 3
since both the reactants and the products are at 25°C and both the air and the combustion gases can be
reated as idesl gases. From the tables,

Substance
H, [i]
Oy 1]
Na [i]
H.O ) -285,830

Substuting,
— Oy = (1) 285.830)+ 0 -0 - 0—0 = —285,830 T/ kmol H,

Oy = 285,830 KT/ lomel H,

If combustion is achieved with 50% excess air, the answer would still be the same since it would enter and
leave at 25°C, and absorh no enargy.



1549 Methane (CHy) is burned completely with the stoi-
chiometric amount of air during a steady-flow combustion
process. If both the reactants and the products are maintained
at 25°C and 1| atm and the water in the products exists in the
liquid form, determine the heat transfer from the combustion
chamber during this process. What would your answer be if
combustion were achieved with 100 percent excess air?
Answer: 890,330 kJ/kmo

15-49 Methane is burned completely during a steady-flow combustion process. The hest ransfer fom the
combustion chamber is to be determined for two casas.

Assumpiions 1 Steady operating condiions exist. 2 Air and combustion gases are ideal zases. 3 Kinetic and
potental energies are neglizible. 4 Combustion is complete.

Amglysts The foel is bumed completely with the stoichicmeiric amount of air, and thos the products will
contain only H,0, ©0; and M, but no free O,. Considering 1 kmol of fuel, the theoretical combustion
equation can be written as

¢ \ a
CHy +ay, |0y + 3,768, ——C0; + 25,0+ 3 Ta, M, o, ’ =
where a,, is determined from the O, balance, —  Comibuston
15C hamher Products
o =1+1=2 -
Air 25=C
Substiting, — | FP=lam
100 theoretical

CH, +2(0; + 376N, |—=C0, + H,0+ 5.64N,
The heat ransfer for this combustion process is determined from the energy balance E_ -E  =AE__
applied on the combustion chamber with = 0. It reduces to
0 = T N T - T NGl <R = 3N, - TN
since both the reactants and the products are at 25°C and both the air and the combustion gases can be
treated as ideal gases. From the tables,

R

Substance kT emal

CH, 73,850
o, 0
N, 0
H,O (1) -285,830
Co, -303,520
Thus,
-0, =(1)-393520)+(2)-2835.830)+ 0~ (1)~ 74,850}~ 0 - 0 = —B90,330 kT /kmol CH,
o

O, = 590,330 L/ kmol CH,

If combmstion is achieved with 10/®: excess air, the answer would still be the same since it would enter and
leave at 25°C, and absorb no energy.






