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Part 1
(Ajarn Michael)
1) Show that the total power available (P;y;) from a wind-turbine in Watts is given
by:
3
Fu=pA—

2
where p = air density in kg/m3; A is the cross-sectional area of the airstream
intercepted by the wind-turbine (m2); and ¥ is the wind velocity (m/s)

Estimate the total power available from a wind-turbine 2 metres in diameter if the air
temperature is 27 OC and the wind velocity is  a) 1 m/s; b) 10 m/s
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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”?
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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%7?
60-70%"?
70-80%?
80-90%?
90-100%?

Data: Density of air = 1.16 kg/m3 at 270C
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2) Residues from rubber factory are available for use as a fuel.

The Ultimate Analysis is: Carbon 69.7% W/
Hydrogen 8.7% W/ w
Oxygen 0% W/
Nitrogen 0% Wiy
Sulfur 0% W/y,
Ash 21.6% W/
Moisture 0% W

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

1) The approximate empirical formula of the rubber residue as (CHy)y, ;
2) The approximate molecular weight according to this empirical formula if
n=1.

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

3) The Air/Fuel Ratio on a mass basis;
4) The volume of air required per kilogram of fuel;
5) The Air/Fuel Ratio on a mole basis (moles of air per mole of fuel burned);
6) Moles of products formed per mole of fuel burned.
7) Estimate the mole fraction of
COy,
H3O,
02,

N7 in the flue gases from this combustion.

Data: Atomic weights
Carbon: 12.01115;

Hydrogen: 1.00797,
Oxygen: 15.9994;
Nitrogen: 14.0076;

Density of air = 1.16 kg/m3 at 270C
Air contains 21% of oxygen by weight
The approximate molecular weight of the air mixture is therefore 28.85

Michael Allen
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Transformer 1 Transformer 2 Transformer 3 Transformer 4
mslFFumdai o | uasarine luiivnerde | uaadn  vasiidalu | uaeade Wuiiwneds
e Tumsmdivd $ui
a: 12 hp, 5kW e: SkW j: 10 kW, Shp m: 15 kW
b: 5 hp, 4 kW f: 4kW k: 8kW, 25 hp n: 5 kW
c:15hp g: 8 kW l: 4 kW 0: 2 kW
d: 5hp, 2kW h: 15 kW p:5kW
i: 20 kW

MIN 1. Awuustiudilseaeuanudesns

(20 AZIUY)

Uszangnm Al Demand factor
Residence Lighting 1/4kW 1.00
12kW 0.60
Over 1 kW 0.50
Commercial Lighting Restaurants 0.70
Stores and offices 0.70
Theaters 0.60
Small industry 0.60
Schools, churches 0.55
Hotels 0.50
General Power Service 0-10 hp 0.75
10-20 hp 0.65
20-100 hp 0.55
Over 100 hp 0.50

A5 2. AMUURTUAIUsTROUANULANAIY

Residence Lighting Commercial Lighting General Power Service
Between consumers 3.5 1.5 1.5
Between transformer 1.3 1.3 1.3
Between feeders 1.2 1.2 1.2
Between substations 1.1 1.1 1.1
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(key words: pure reaction turbine, impulse turbine, impulse-reaction turbine, single stage, compound stage,
velocity compound, pressure compound, de Laval, Rataeu, Curtis, Parson)

(20 AZUUN)
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6. 10111 150 kg/s 109 IRAVDINIU de Laval ININAY 20 bar 400°C LAI00ANANNAY
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