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Academic Year 2003

Time: 9:00-12:00

Subject: 216-434 Power Plant Engineering Room: R300
Part II
(Prof. Michael Allen)

1. Residues from rubber factory are available for use as a fuel.

The Ultimate Analysis is: Carbon 69.7% “/y
Hydrogen 8.7% "/,
Oxygen 0% "/
Nitrogen 0% "/
Sulfur 1.6% “/,,
Ash 20% "y
Moisture 0% Y/

Calculate the following on an “ash-free” basis:

1)
2)

If the fuel is burned with 7% excess air, calculate the following:

3)
4)
5)
6)

7)

The approximate empirical formula of the rubber residue as (C,Hy,S), ;
The approximate molecular weight according to this empirical formula if n=1.

The Air/Fuel Ratio on a mass basis;
The volume of air required per kilogram of fuel,;
The Air/Fuel Ratio on a mole basis (moles of air per mole of fuel burned);

Moles of products formed per mole of fuel burned.

Estimate the mole fraction of

CO,,
H,O0,
0.,
N,

SO, in the flue gases from this combustion.

Data: Atomic weights

Carbon: 12.01115;
Hydrogen: 1.00797;
Oxygen: 15.9994;
Nitrogen: 14.0076;
Sulfur: 32.064

Density of air = 1.16 kg/m’ at 27°C

Power Plant Engineering 10
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(answer)
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2. Show that the total power available (P, from a wind-turbine in Watts is given by:

3
P,=p4 7
where p = air density in kg/m’
A is the cross-sectional area of the airstream intercepted by the wind-turbine (m®);
and V is the wind velocity (m/sec)

Estimate the total power available from a wind-turbine 2 metres in diameter if the wind
velocity is
a) 2 m/s;
b) 4 m/s

How does this affect wind-turbine design?
What does the term “cut-in” velocity mean?
What does the term “cut-out” velocity mean?
What is ‘flat rating”?

What is the maximum theoretical efficiency of a wind-turbine?
10%?
20%?
40%?
60%?
80%?
100% ?

What is the usual range of practical wind-turbine efficiencies
5 to 80%?
10 to 60%?
15 to 40%?
20 to 30%?

What does the term “Plant capacity factor” mean?

What is the value of the plant-capacity factor for a typical modern wind-turbine?
10-20%?
20-30%?
30-40%?
40-50%"?
50-60%?
60-70%?
70-80%?
80-90%?
90-100%?

Data: Density of air = 1.16 kg/m’ at 27°C

Michael Allen
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(answer)
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(answer)
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1-2: reversible adibatic compression

2-3: reversible constant pressure heat addition

3-4: reversible adibatic expansion

4-1: reversible constant pressure heat rejection
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1-2: reversible adibatic compression
2-3: reversible constant pressure heat addition

3-4: reversible adibatic expansion
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4-1: reversible constant pressure heat rejection
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_ 06228, _0.622x2.9722

' P-P 98.2278
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Worked solutions
1. Residues from rubber factory are available for use as a fuel.
The Ultimate Analysis is: Carbon 69.7% "/
Hydrogen 8.7% "/
Oxygen 0% “/y
Nitrogen 0% “/y
Sulfur 1.6% “/y
Ash 20% "y
Moisture 0% “/y
Calculate the following on an “ash-free” basis:
1) The approximate empirical formula of the rubber residue as (C,H,S); ;
(Cl 16.2876Hl 72. 9694S)n
Atomic 12.0115 1.0079715.999 14.0067 32.064
weight 4
C H (@) N S Ash
'Weight % 69.7 8.7 0 0 1.6 20 100 Total
wt%
Ash Free 0.87125 0.10875 0 0 0.02 80 Less
basis ash
Ash Free/ 0.07253 0.10789 0 00.00062
Atomic Wt 5 4
Normalised 116.287 172.969 0 0 1
6 4
Empirical
formula (Cii62876 Hi72.9694 S)n
1396.78 174.348 0 0 32.064 1603.2 MW
8
Moles - - 160.5299 mols O2 needed
formed
CO2  H20 SO2 160.5299 mols O2 to be
supplied
(stoichiometric
amount)
Excess air = 7 % so 1.07 x160.53 actual mols O,

0.07 x 160.5299 = XS O, =

=171.767 supplied per mol
171.767x1/0.21 =

817.9381x%

28.85/1603.2

171.767

3 6
H20

48
02

CcO2

N2

0.13503 0.10042 0.0130 0.75033 0.00116

2 1

SO2

= N, from air
= 0.79/0.21 x

Sum =1

=14.72 kg/kg
CO2 + H20 + 02 + N2 +
SO2
= 861.1805

CO,/861.18, H,O/ 861.18
0,/861.18, N,/ 861.18

SO, /816.18
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The approximate molecular weight according to this empirical formula if n=1.

(116.2876 x 12.0115 + 174.348 x 1.00797 + 1 x 32.064) x n = 1603.2 X n

If the fuel is burned with 7% excess air, calculate the following:

3)
4)
5)

6)

7)

The Air/Fuel Ratio on a mass basis; /4.72 kg/kg

The volume of air required per kilogram of fuel; /4.72/1.16 = 12.7 m’/kg of fuel
The Air/Fuel Ratio on a mole basis (moles of air per mole of fuel burned);
817.9381 mols/mol of fuel burned

Moles of products formed per mole of fuel burned.
861.1805 total mols of products per mol of fuel burned

Estimate the mole fraction of
CO,:=116.2876/861.1805= 0.1350
H,0: = 86.48472/861.1805= 0.1004
0,:=11.23709/861.1805= 0.0130
N, :=646.1711/861.1805=0.7503
SO, :=1/861.1805= 0.0012

in the flue gases from this combustion.

Data: Atomic weights

Carbon: 12.01115;
Hydrogen: 1.00797;
Oxygen: 15.9994;
Nitrogen: 14.0076;
Sulfur: 32.064

Density of air = 1.16 kg/m® at 27°C
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2. Show that the total power available (P, from a wind-turbine in Watts is given by:
v
Po=pd=—
where p = air density in kg/m’
A is the cross-sectional area of the airstream intercepted by the wind-turbine (m®);
and V is the wind velocity (m/sec)

Stream kinetic energy = % mv’ where m is the mass of air moving at velocity v.
But the rate at which the mass flows = pAv where p is the density of the air, A is the cross-
sectional area of the airstream intercepted by the wind turbine and v is the air velocity.

Therefore rate of kinetic energy or total power available
3

—
Prot = I)A

Estimate the total power available from a wind-turbine 2
metres in diameter if the wind velocity is
a) 2 m/s; YpAV = 1.16 kg/m’ x p (2)’ /4 m’ x 2° m’/sec’ = 14.56 W
b) 5 m/s VoAV’ =116 kg/m’ x p (2)* /4 m’ x 4 m’/sec’ =116.62 W

How does this affect wind-turbine design?
1t means that if the wind speed doubles, the total power available rises by a factor of
2% = 8. The wind-turbine must be designed for sudden changes of wind velocity or it
will be destroyed. It also means that if it is designed to work efficiently at low wind
velocities, it may have to be stopped at high wind velocities because the power being
developed cannot be safely handled.

What does the term “cut-in” velocity mean?
The minimum velocity at which the windmill comes into operation is called the cut- in
velocity.

What does the term “cut-out” velocity mean?

This is the wind velocity at which the wind-turbine must cut out if it is not to be damaged

What is ‘flat rating”?
Power generating windmills are designed to produce their full power at a design
velocity less than the maximum prevailing wind velocity. So power is rejected above
the design velocity. This is flat rating.

What is the maximum theoretical efficiency of a wind-turbine?
10%?
20%?
40%?
60%?
80%?
100% ?

What is the usual range of practical wind-turbine efficiencies
5 to 80%?
10 to 60%?
15 t0 40%?
20 to 30%?

What does the term “Plant capacity factor” mean?
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The ratio of the total energy generated per unit time to the total generation capacity is called
the plant capacity factor. It is about 30 to 40% so installed capacity must be higher than
what is needed

What is the value of the plant-capacity factor for a typical modern wind-turbine?
10-20%?
20-30%?
30-40%?
40-50%7?
50-60%?
60-70%?
70-80%7?
80-90%?
90-100%?

Data: Density of air = 1.16 kg/m’ at 27°C

Michael Allen
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