Heat Transfer and Combustion 	Student Code: Q5392275	Tutor Marked Assignment 

[bookmark: OLE_LINK2][bookmark: OLE_LINK3]1. A fuel gas consists of 75% butane (C4H10), 10% propane (C3H8) and 15% butene (C4H8) by volume.

It is to be fed to the combustion chamber in 10% excess air at 25ºC, where it is completely burnt to carbon dioxide and water. The flue gases produced are to be used to generate 5 bar steam from water at 90ºC. 

With the aid of the data at the end of the question, steam tables and the enthalpy table given in the Appendix of lesson HTC - 4 - 2:

(a) Write balanced equations for the combustion of each component of the fuel gas.


Don’t write C 4 + H 10 – see how equations are written in chemistry textbook




 INCORRECT, Check and see the mistake


 (b) Explain the need for excess air.

Stable combustion conditions require right amount of fuels and Oxygen. The combustion products are heat energy, carbon dioxide, water vapour, nitrogen, and other gases (excluding oxygen). 
It is a theoretical value as, in practice; we require more air than that required by theory. This is due to the fact that for complete combustion all the fuel must be in intimate contact with the oxygen required to burn it. As air is only 21% oxygen, it is possible, unless we have perfect mixing, that some of the fuel and oxygen may not contact each other. Thus, we almost always use an excess amount of air to ensure that the fuel has enough oxygen to give complete combustion. This amount does vary according to the type of fuel. Gaseous fuels require less excess air than liquid fuels, whilst solid fuels require, in general, much more than liquid fuels. 
If less than necessary air is provided than the combustion will be incomplete even though it will still produce water. It will also produce carbon monoxide and carbon (soot). Carbon monoxide is a poisonous gas, which is one reason why complete combustion is preferred to incomplete combustion. Gas fires and boilers must be serviced regularly to ensure they do not produce carbon monoxide.

(c) Determine the actual fuel: air ratio 

Carbon
 
Hydrogen:

Oxygen:

Nitrogen: 

Stoichiometric condition: (100% air)


10% Excess air 



Fuel: air ratio (mass) 
 WRONG
(i) by mass. Seems Ok.


(d) Calculate: 
Gross calorific value:
(i) the net calorific value (CV) per m3 of the fuel/air mix at 25ºC 
1 bar of fuel 
0.75 moles of butane 
0.1 moles of propane 
0.15 moles of butane 
6.3moles of oxygen 
10% excess air = 6.3*0.10= 0.63 
6.3+0.63= 6.93
Nitro gen = 6.93x3.76= 26.0568 mol
Total number of mol = 26.0568+6.93+1= 33.98 (34 mol) 

You already got 34 mole; why are you calculating again, and getting 40 mole?
Why?Butane = 0.75/0.83= 0.903 mol
Propane = 0.10/0.83= 0120 mol
Butane = 0.15/0.83= 0.180 mol
Oxygen = 6.9025/0.80= 8.16 mol
Nitrogen = 25.95/0.83= 31.26 mol

V=(n*RT)/P
Butane = 0.903*(8.314*298)/101325 = 0.022 MJ/M^3
Propane = 0.120*(8.314*298)/101325 = 0.00294 (0.003) MJ/M^3
Butane = 0.180*(8.314*298)/101325 =0.00401 MJ /M^3

Net Calorific value 
Butane = 0.022*111.7= 2.45 MJ m^3
Propane = 0.00294* 85.5= 0.2522 MJ m^3 
Butane = 0.0040 * 105.2= 0.4208MJ m^3 
Check the earlier part…. 
(ii) The net calorific value (CV) per kmol of the fuel/air mix at 25ºC.

WRONG, you need to calculate Calorific Value per kmol of fuel + air mix.
(e) Determine the composition of the flue gases by volume (assuming the inlet air is dry): 

Give a proper mole fraction of each component…. Check calculations also, some errors in one place.

(f) Determine the maximum flame temperature.
 Butane

 Propane



 Butene 








	Fuel
Material 
	Mole
	
Used
	Flue Gases

	
	
	
	 Produced 
	 produced 
	
	

	
	0.75
	4.875
	3
	3.75
	
	

	
	0.10
	0.5
	0.3
	0.4
	
	

	
	0.15
	0.9
	0.6
	0.6
	
	

	Oxygen
	6.9025
	-6.9025
	
	
	
	0.6275

	Nitrogen
	26.02
	0
	
	
	26.02
	

	Total 
	35.29
	-0.6275
	3.90
	4.75
	26.02
	0.6275




	Heat content enthalpy (kJ mol^-1) *no. of moles 
	
	
	

	1800C℃
	
	
	
	
	
	

	Nitrogen
	26.02
	58.89
	1532.32
	
	
	

	carbon dioxide
	3.9
	96.16
	375.024
	
	
	

	oxygen
	0.6275
	62.05
	38.93
	
	
	

	Hydrogen
	4.75
	76.1
	316.475
	
	
	

	
	
	
	2262.749
	
	
	

	the heat produced here too low compared to what is available from over combustion.

	so that estimated temperature is too low. At 1800 C
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	1900℃
	
	
	
	
	
	

	Nitrogen
	26.02
	62.46
	1625.20
	
	
	

	carbon dioxide
	3.9
	102.13
	398.307
	
	
	

	oxygen
	0.6275
	65.81
	41.2957
	
	
	

	Hydrogen
	4.75
	81.17
	385.5575
	
	
	

	
	
	
	2450.38
	
	
	

	the heat produced here too low compared to what is available from over combustion.

	so that estimated temperature is too low at 1900C
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	2000℃
	
	
	
	
	
	

	Nitrogen
	26.02
	66.1
	1719.922
	
	
	

	carbon dioxide
	3.9
	108.32
	422.449
	
	
	

	oxygen
	0.6275
	69.65
	43.705
	
	
	

	Hydrogen
	4.75
	86.24
	409.64
	
	
	

	
	
	
	2595.716
	
	
	

	the heat produced is slightly over the heat produced in our combustion
	

	[bookmark: OLE_LINK1]this proves that over temperature is some where between 1900 and 2000C

	


 
 
this gives the flame temperature of 1962C Approx OK…. Procedure is correct.


(g) State how varying the amount of excess air may affect the flame temperature.

Flame temperature is the temperature of the flame at the point of combustion, i.e. the burner. It is the highest temperature attained in a furnace under theoretical conditions for a given fuel/air combination. Its value is dependent on complete combustion and thus on the amount of excess air. Too much air and the temperature will be lowered due to the excess air taking away heat from the burner. Too little air and the fuel may be starved of oxygen and not be completely burnt to carbon dioxide and water and thus will release less energy (lower heat of combustion). This in turn will reduce the flame temperature. The flame temperature may also be reduced further by any heat losses from the flame to its surroundings (our calculations assumed no heat loss).
OK


(h) Determine the ‘furnace efficiency’ if the flue gases leave the boiler at 300ºC. 

gas leaving the furnace at 300C the heating value are 

	Flue gases
	Moles of material 
	Enthalpy at 300C
	

	Carbon Dioxide
	3.90
	11.64
	45.396

	Oxygen
	0.6275
	8.40
	5.271

	H2O
	4.75
	9.46
	44.935

	N2
	25.9543
	8.10
	210.22983

	TOTAL
	
	
	305.83183


the notes suggest that I do the efficiency by  Yes
; got to use Kelvin….

Full energy balance needed.
 
(j) Determine the dew point temperature assuming that the flue gas pressure is 1.00 bar and the inlet air: 
(i) is dry 

total mole of fuel is 35.30.

Using these formulae, we can determine the composition of the flue gases as mole % and mole fraction.
 

partial pressure of gas = mole fraction of gas * total pressure within the system 
so the partial pressure of water  within the flue gas can be determined.

As the pressure is 1 bar 

 
Hence from the charts, the dew points of water vapour in the gas = 53°C

(ii) contains 0.8 kg water per kmol of air at the temperature of the inlet air.

Actual air intake = 32.945 kg mole 
Hence water present = 26.356 kg
 Hence the actual kg-mole of water will be increased by this content proportionately 26.356 kg = 1.46 kg-mole
Hence total H2O vapour = 1.46+4.75 = 6.21 kg mole 
=(6.21/ 3.9+4.75+0.645+26.03 ) +1.46 
= 16.88% by volume
 From charts corresponding dew point = 58°C
OK, these 2 are correct.

(k) If the flue gases exiting the boiler are used to preheat the water fed to the boiler from a temperature of 28ºC to 90ºC and assuming: 

• a mean specific heat capacity for water over this temperature range to be 4.2 kJ kg–1 K–1

• a mean molar heat capacity for the flue gases up to 300ºC to be 31 kJ kmol–1 K–1 

• 10% of the heat required to heat the water is lost in the heat exchanger 

• all water entering the system is converted to steam determine the final outlet temperature of the flue gas and state if the dew point will be reached in both of the cases given in part (j). In progress??

(l) Give two advantages of preheating the water in this way and one disadvantage.  OK

As the temperature of the gases reduces, the water vapour (moisture) within the flue gases may condense. This is not necessarily a problem and can be a good thing – the latent heat of vaporisation within the water vapour is recovered and this will increase the overall efficiency of heat recovery
Using this method, the need for fuel will be reduced and therefore the cost will be lower.
Air pollution is reduced as less gasses are released into the atmosphere.
Disadvantages 
Could cause corrosion to pipes due to the sulphur in the flue gases.

(m) Give two reasons why the presence of any sulphur in the fuel mix would be undesirable. OK
Sulphur present in a fuel when combusted forms SO2. If the temperature is high enough and there is sufficient excess oxygen present, this can be converted into SO3 which can combine with the water to form sulphuric acid (H2SO4). 

The presence of sulphur trioxide (SO3) in the flue gas has a dramatic effect on the dew point, causing it to rise significantly. 
It also increases the risk of corrosion as it combines with moisture to form sulphuric acid.


Data: 
Net calorific value (MJ m–3) at 25ºC of: 
Butane (C4H10) = 111.7 MJ m–3 
Butene (C4H8) = 105.2 MJ m–3 
Propane (C3H8) = 85.8 MJ m–3 
Air is 21% oxygen, 79% nitrogen by volume and 23.3% oxygen and 76.7% nitrogen by mass. Atomic mass of C = 12, O = 16, N=14 and H = 1.

[bookmark: _GoBack]
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