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paper. 

Answer ANY FOUR questions. 

All questions carry equal marks. 
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Q1.   
    A.  A Horizontal axis Wind Turbine having three blades is designed and installed at 

a particular location with the following measured parameters. 

Speed of the wind - 9 miles per hour at 1 atm and 27°C. 

Diameter of Rotor – 60m 

Speed of Rotor – 40 rpm 

Air density – 1.23 kg/𝑚𝑚3 

i. Calculate the theoretical power output and power density in this wind? You hook 

your turbine up to multimeter and find that it is pumping out 10KW. Calculate 

the coefficient of power of the turbine.       

[5 marks] 

ii. Determine the tip-speed ratio for this turbine? How does this compare with the 

optimal tip-speed ratio? Also, what gear ratio is needed to match the rotor speed 

to the generator speed of this turbine, if the generator turns at 1600 rpm?                                                                                                                                                                                          

[7 marks] 

iii. Estimate the total Energy produced by the given Horizontal axis wind Turbine 

after 1 year. Assuming the turbine efficiency is 0.4                 

[3 marks] 

iv. Determine the maximum axial thrust, centrifugal force on the blade root and the 

torque coefficient of the turbine for the given HAWT specifications.      

[5 marks] 

B.   Design the rotor radius for a multiblade wind turbine that operates in a wind speed 

of 36 kmph to pump water at a rate of 6 𝑚𝑚3/ℎ with a lift of 6m. Also calculate the 

angular velocity of the rotor. Given: water density = 1000 kg/𝑚𝑚3, g= 9.8m/s, 

water pump efficiency = 50%, efficiency of rotor to pump = 80%, 𝐶𝐶𝑝𝑝= 0.3;  λ= 1 

and air density= 1.2 kg/𝑚𝑚3.                                             

[5 marks]  

Total 25 marks   
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Q2.  
NEG Micon 60-m diameter wind turbine having a rated power of 1000 kW is installed 

at a site having Rayleigh wind statistics with an average windspeed of 7 m/s at the 

hub height.  

A. Analyse the Weibull and Rayleigh statistics used for the wind data assessment.                                               

                                                                                                             [5 marks] 

B. Determine the total energy generated by this wind turbine for the given wind speed 

data in table 1. 

                                                                                                           [14 marks] 
Table 1 NEG Micon 60 specification 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
C. From the result, find the overall average efficiency of this turbine in these winds. 

                                                                                                           [4 marks] 

D. Find the productivity in terms of kWh/yr delivered per 𝑚𝑚2 of swept area.  

                                                                                                           [2 marks] 

Total 25 marks 
PLEASE TURN THE PAGE 

 

    NEG 
Manufacture  MICON 

Rated Power(KW) 1000 
Diameter(m) 60 

Avg.windspeed   
v(m/s) v(mph) KW 

0 0 0 
1 2.2 0 
2 4.5 0 
3 6.7 0 
4 8.9 33 
5 11.2 86 
6 13.4 150 
7 15.7 248 
8 17.9 385 
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Q3.  
The electrical load for a residential building situated in the UAE is given in Table 2.  

Given,  

Peak sun hours= 5.3 
system losses= 0.8   
Battery depth of discharge = 60% 
Inverter Efficiency = 85% 

Table 2 - Electrical load of appliances 
Loads Quantity Watts Hours/day 
TV 1 100 4 
Blender 1 500 0.5 
Washing machine 1 500 1 
Lamps 15 10 4 
Microwave 1 700 0.5 
Iron 1 300 0.5 
Refrigerator  1 400 10 
Vacuum cleaner 1 400 1 
Water heater 4 1200 2 
Ceiling Fan 6 120 3 
Air conditioner 3 700 8 
Desktop Computer 2 200 3 
Laptop 4 200 5 
Motor 1 750 1 

Design a Roof-top off-grid Solar PV System for the given load. The PV panel 

specification is provided in appendix 1.   
i. PV array size                                                                                

[5 marks] 
ii. Array arrangement                                                                       

[4 marks] 
iii. Charge Controller  size                                                                 

[5 marks] 
iv. Battery size & arrangements                                                        

[3 marks] 
v. Inverter sizing                                                                              

[2 marks] 
vi. Wire size                                                                                        

[3 marks] 
vii. PV System layout                                                                         

[3 marks] 
 

                                                                                                   Total 25 marks 
PLEASE TURN THE PAGE 
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Q4. 
     A. Using a schematic diagram discuss the working principle of Hydrogen fuel cell. 

[4 marks) 

     B. A fuel cell employs the reaction below, 
 

A + B → AB. 
 

   Given that for each molecule of AB, 2 electrons circulate in the load and relevant 

thermodynamic data at RTP 

Table 3 - Thermodynamic data 
 

 Enthalpy of formation 
∆𝒉𝒉𝒇𝒇 
MJ/kmole 

𝒔𝒔 
kJ/K mole 

A[g) 0 100 
B[g) 0 150 

AB[g) -200 200 
 

 Determine the reversible voltage generated by the fuel cell.  

[8 marks) 

    C. Consider an electrolyser in which there are 250 series connected cells each              

         one having the below characteristics,  

                                        V = 1.420 + 20 × 10−6 x I, operating at 20,000 A. 
 

               Determine the following 
 

I. The total voltage that must be applied.                                    
[5 marks] 

II. The hydrogen production rate in kg / day.                               
[3 marks] 

III. The rate of water consumption in m3 / day.                             
[3 marks] 

IV. The heat power rejected.                                                        
[2 marks] 

                          
                                                                                                              Total 25 marks 
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Q5. 

A well designed EV1 automobile has an excellent aerodynamics and overall low 

losses. With an energy supply of 15 kWh, it has a range of over 120 km and uses 

200 kW motor for better acceleration. The major issue with the use of NiMH 

batteries in EV1 automobile is charging time where it takes several hours to fully 

charge the batteries.  

 

To improve energy efficiency and refuelling time, the NiMH batteries are replaced 

by a fuel cell battery which supplies 200 kW of power. 

The V-I characteristic of the available Hydrogen/Oxygen fuel cell operating at RTP 

is 

VL= 1.1 − 550 × 10−6 I.  

The maximum internal heat dissipation capability is 350W. 

Product water exits the cell in vapour form. The fuels cells deliver the energy to a 

power conditioning unit [inverter) that changes the dc input into ac power. The 

efficiency of this unit is assumed as 100%.      

A. Calculate the voltage supplied by the fuel cell battery [at 200 kW), assuming  

  the smallest possible number of individual cells are used. 

                                                                                                        [10 marks] 

B. Determine the efficiency of the cell.  

(2 Marks] 

C. If cruising at 100 km/h require only 25 kW power, estimate in kilogram the  

  amount of hydrogen required to cover a range of 700 km.  

(11  Marks] 

D. If the hydrogen is stored at 400 atmospheres, calculate the volume it occupy at 

298 K? 

                      [2 marks] 

Total 25 marks 
END OF QUESTIONS 
PLEASE TURN THE PAGE FOR EQUATION SHEET 
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EQUATION SHEET 
Wind  
 
1 miles per hour = 

1
2.237

 𝑚𝑚/𝑠𝑠 
Wind power, P = 1

2
 ⍴𝐴𝐴 𝑉𝑉3 

Swept Area, A = 𝜋𝜋𝑟𝑟2  𝑜𝑜𝑟𝑟 𝜋𝜋𝐷𝐷
2

4
 

Power Density = 𝑃𝑃
𝐴𝐴

 

Coefficient of Power, 𝐶𝐶𝑝𝑝 =  𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑜𝑜𝑜𝑜𝑝𝑝𝑜𝑜𝑜𝑜 𝑓𝑓𝑝𝑝𝑝𝑝𝑓𝑓 𝑜𝑜𝑜𝑜𝑝𝑝𝑡𝑡𝑊𝑊𝑊𝑊𝑝𝑝 
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

 

Tip speed ratio [TSR) , 𝜆𝜆 = 𝑇𝑇𝑊𝑊𝑝𝑝 𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑊𝑊 𝑝𝑝𝑓𝑓 𝑝𝑝𝑝𝑝𝑜𝑜𝑝𝑝𝑝𝑝 𝑡𝑡𝑏𝑏𝑏𝑏𝑊𝑊𝑝𝑝
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑊𝑊

 

Tip speed of the rotor blade = 
𝑇𝑇ℎ𝑝𝑝 𝑊𝑊𝑊𝑊𝑠𝑠𝑜𝑜𝑏𝑏𝑊𝑊𝑑𝑑𝑝𝑝 𝑜𝑜𝑝𝑝𝑏𝑏𝑡𝑡𝑝𝑝𝑏𝑏𝑏𝑏𝑝𝑝𝑊𝑊 𝑡𝑡𝑏𝑏 𝑜𝑜𝑊𝑊𝑝𝑝 
𝑇𝑇𝑊𝑊𝑓𝑓𝑝𝑝 𝑜𝑜𝑏𝑏𝑡𝑡𝑝𝑝𝑊𝑊 𝑓𝑓𝑝𝑝𝑝𝑝 1 𝑝𝑝𝑝𝑝𝑡𝑡𝑝𝑝𝑏𝑏𝑜𝑜𝑜𝑜𝑊𝑊𝑝𝑝𝑊𝑊

 

Distance travelled by tip = 2πr 

Time taken for 1 revolution= 
60

𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑊𝑊 𝑊𝑊𝑊𝑊 𝑝𝑝𝑝𝑝𝑓𝑓 
 

Optimal tip speed, 𝜆𝜆𝑝𝑝𝑝𝑝𝑜𝑜𝑊𝑊𝑓𝑓𝑏𝑏𝑏𝑏 = 4𝜋𝜋
𝑊𝑊

  
   n- number of blades 
 

Gear ratio = 
𝐺𝐺𝑝𝑝𝑊𝑊𝑝𝑝𝑝𝑝𝑏𝑏𝑜𝑜𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑓𝑓
𝑅𝑅𝑝𝑝𝑜𝑜𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑓𝑓

  
Annual energy production = turbine efficiency x power in wind x operation hours in 1  
                                             Year. 
Maximum Axial Thrust, 𝐹𝐹𝑥𝑥(𝑓𝑓𝑏𝑏𝑥𝑥) = 𝜋𝜋

8
⍴𝐷𝐷2𝑉𝑉2 

Centrifugal Force [Torque), 𝑇𝑇𝑓𝑓𝑏𝑏𝑥𝑥 =  𝐹𝐹𝑥𝑥(𝑓𝑓𝑏𝑏𝑥𝑥) ∗ 𝑅𝑅  

Torque coefficient, 𝐶𝐶𝑇𝑇 =  𝐶𝐶𝑃𝑃
𝜆𝜆

 
λ- Tip speed ratio 
Angular velocity of rotor, ω = 𝜆𝜆𝑉𝑉𝑢𝑢

𝑅𝑅
 

Rayleigh pdf, f[v)= 𝜋𝜋𝑡𝑡
2𝑡𝑡�2

 𝑒𝑒(−𝜋𝜋4 (𝑣𝑣𝑣𝑣� )2 ) 
 
Total hours the wind blow in v m/s in 1 year = 8760x f[v) 
Energy delivered = Power x time 

Average Power, 𝑃𝑃� = 6
𝜋𝜋

 1
2

 ⍴ 𝐴𝐴 �̅�𝑣3 
PLEASE TURN THE PAGE 
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 Average Efficiency = 𝐸𝐸𝑊𝑊𝑝𝑝𝑝𝑝𝐸𝐸𝑏𝑏 𝑏𝑏𝑜𝑜 𝑏𝑏𝑡𝑡𝑝𝑝𝑝𝑝𝑏𝑏𝐸𝐸𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

𝑇𝑇𝑝𝑝𝑜𝑜𝑏𝑏𝑏𝑏 𝐸𝐸𝑊𝑊𝑝𝑝𝑝𝑝𝐸𝐸𝑏𝑏
 

Productivity = 𝑇𝑇𝑝𝑝𝑜𝑜𝑏𝑏𝑏𝑏 𝐸𝐸𝑊𝑊𝑝𝑝𝑝𝑝𝐸𝐸𝑏𝑏
𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑜𝑜 𝑏𝑏𝑝𝑝𝑝𝑝𝑏𝑏

 

 
 
PV: 
 
DC system voltage = Inverter DC input voltage [usually 12, 24 or 48 VDC)                           
 
Ampere hours = Wh 

DC system voltage
  

 
 
 
total average amp-hours per day needed=1925.3𝐴𝐴ℎ ∗ 1.2 [to compensate for battery 
charge/discharge losses.) 
 
the total solar array amps required =

total average amp−hours per day needed
average sun−hours per day

 

 
 
Sizing Solar Arrays with MPPT Charge Controllers 
 
average charging voltage.  
Use 13.5 VDC for 12 VDC systems;  
27 VDC for 24 VDC systems;  
54 VDC for 48 VDC systems. 
 
total PV array wattage required= total solar array amps required *  the average 
charging voltage  
                                                  
 

Required no. of panels =
PV array wattage 

   Rated power of selected panel 
 

 
 

 
Minimum no. of panels in series in each string =

Min. MPP voltage of Inverter (V)
 MPP voltage of PV panel (V) 

 

 
 
 

Maximum no. of panels in series in each string =
Max. MPP voltage of Inverter
 O. C. voltage of PV panel (V)  
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Max. no. of strings per Inverter =
Max. dc input current of Inverter (A)

S. C. current of PV paanel (A)  
 

 
 
 
 

Battery size  
 
 
 

Battery Capacity (Ah)    =
Total Dailly Watt hours per day  x Days of autonomy

Battery Efficiency x Depth of Discharge x nominal battery voltage  

 
 
 

 
 

No of batteries = Total Ampere hours 
 
                                                                             Ampere hours of single battery 
Inverter size                                                                                  

Inverter size =
Peak Power 

Inverter Efficiency
    

 
Wire size                                                                                       
 
Maximum Design current= S.C. Current of PV Panel× No. of string× Safety Factor 
 
 

S =
0.3 L Im
∆V  

 
 
 

d = √4S/π
  

 
 

Maximum no. of panels in series in each string =
Max. MPP voltage of Inverter
 O. C. voltage of PV panel (V)  

 

 
Max. no. of strings per Inverter =

Max. dc input current of Inverter (A)
S. C. current of PV paanel (A)  

 

 
PLEASE TURN THE PAGE 
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FUEL CELL: 
 
STP [Standard Temperature Pressure): 1 atmosphere, 273.15K 
 
RTP [Reference Temperature Pressure): 1 atmosphere, 298.15K 
 
Heat generation [Second law of thermodynamics): 
 

𝑞𝑞 � = 𝑇𝑇∆�̅�𝑠 
 
Free Energy: 
 
 

𝐺𝐺 = 𝐻𝐻 − 𝑇𝑇𝑇𝑇 
 
∆𝐺𝐺 = ∆𝐻𝐻 − 𝑇𝑇∆𝑇𝑇  Where ∆𝐻𝐻 is enthalpy of formation,∆𝑇𝑇 is Entropy is temperature 
 
Reversible Voltage: 
 

𝑉𝑉 =
∆𝐺𝐺

𝑛𝑛𝑝𝑝𝑞𝑞𝑁𝑁𝑂𝑂
 

 
q=1.6 x 10-19 

 

N0=6.023 x 1026 

 

𝜕𝜕𝑉𝑉
𝜕𝜕𝑇𝑇

=
𝑉𝑉 + ∆𝐻𝐻

𝑛𝑛𝑝𝑝𝑞𝑞𝑁𝑁𝑝𝑝
𝑇𝑇

 
 

 

Enthalpy of Hydrogen   ∆h= 241.8 x 106  
 
Hydrogen production rate: 
  

�̇�𝑁𝐻𝐻2 =
𝐼𝐼

2𝑞𝑞𝑁𝑁0
 

 
𝑃𝑃𝑊𝑊𝑊𝑊= | ∆ℎ� | �̇�𝑁𝐻𝐻2 
 

PL = I x VL 
 

𝑃𝑃ℎ𝑝𝑝𝑏𝑏𝑜𝑜 = 𝑃𝑃𝑊𝑊𝑊𝑊 − 𝑃𝑃𝐿𝐿 
PLEASE TURN THE PAGE 
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ƞ =
𝑃𝑃𝐿𝐿
𝑃𝑃𝑊𝑊𝑊𝑊

 

 

𝑉𝑉 = µ
𝑅𝑅𝑇𝑇
𝑝𝑝

 

µ=2.6 
 
R=8314 

𝑊𝑊𝑑𝑑𝑝𝑝𝑓𝑓𝑝𝑝𝑝𝑝 = 2𝑅𝑅𝑇𝑇 𝑙𝑙𝑊𝑊
𝑃𝑃
𝑃𝑃0

 

𝑉𝑉𝑑𝑑𝑝𝑝𝑓𝑓𝑝𝑝𝑝𝑝 =
𝑊𝑊𝑑𝑑𝑝𝑝𝑓𝑓𝑝𝑝𝑝𝑝

𝑛𝑛𝑝𝑝𝑞𝑞𝑁𝑁𝑝𝑝
 

 

𝐼𝐼𝐿𝐿 +
𝑉𝑉𝑝𝑝𝑝𝑝𝑡𝑡

𝑅𝑅𝐿𝐿 + 𝑅𝑅𝑊𝑊𝑊𝑊𝑜𝑜
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Appendix 1 
 
Panel specification  
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Inverter specifications 
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Battery specification 
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