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η = 75%

𝑄𝑄 = 120 𝑚𝑚3/𝑚𝑚𝑚𝑚𝑚𝑚
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(a) Daytime: Flow is from 1 to 2; Energy is extracted by the turbine

• General Energy Equation (All terms in energy per unit weight, 𝐽𝐽
𝑁𝑁

= 𝑁𝑁𝑁𝑁
𝑁𝑁

= 𝑚𝑚)

𝑝𝑝1
γ

+ 𝑉𝑉12

2𝑔𝑔
+ 𝑧𝑧1 − ℎ𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 − ℎ𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = 𝑝𝑝2

γ
+ 𝑉𝑉22

2𝑔𝑔
+ 𝑧𝑧2

• Solve for the head of the turbine, ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

• ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑧𝑧1 − 𝑧𝑧2 − ℎ𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

η = 75%

Total fluid energy per unit
weight at point (1)

Total fluid energy per unit
weight at point (2)

𝑉𝑉1 ≈ 0 𝑉𝑉2 ≈ 0

= 150 𝑚𝑚− 25 𝑚𝑚− 15 𝑚𝑚 = 110 𝑚𝑚 (Energy extracted per unit weight from the fluid)

𝑄𝑄 = 120
𝑚𝑚3

𝑚𝑚𝑚𝑚𝑚𝑚

𝑝𝑝1 = 𝑝𝑝2= 𝑝𝑝𝑎𝑎𝑎𝑎𝑎𝑎
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• Energy per unit weight extracted from the fluid:     ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 110 𝑚𝑚

• The power output from the turbine is:

𝑃𝑃𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = η γ ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑄𝑄

• Volume flow rate 𝑄𝑄 = 120 𝑚𝑚3

𝑚𝑚𝑚𝑚𝑚𝑚
𝑚𝑚𝑚𝑚𝑚𝑚
60𝑠𝑠

= 2.0 𝑚𝑚3/𝑠𝑠

• Specific weight of water:  γ = ρ𝑔𝑔 = 998 𝑘𝑘𝑘𝑘
𝑚𝑚3 9.81 𝑚𝑚

𝑠𝑠2
= 9790 𝑁𝑁

𝑚𝑚3

𝑃𝑃𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = η γ ℎ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑄𝑄 = 0.75 9790
𝑁𝑁
𝑚𝑚3 110𝑚𝑚 2.0

𝑚𝑚3

𝑠𝑠
= 1615,300 𝑊𝑊 = 1620 𝑘𝑘𝑘𝑘

η = 75%

𝑄𝑄 = 120
𝑚𝑚3

𝑚𝑚𝑚𝑚𝑚𝑚

Ans.

(Only 75% of the fluid power gets converted
into useful power by the turbine)
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(b) Night: Flow is from 2 to 1; Energy added by the pump

• General Energy Equation (All terms in energy per unit weight, 𝐽𝐽
𝑁𝑁

= 𝑁𝑁𝑁𝑁
𝑁𝑁

= 𝑚𝑚)

𝑝𝑝2
γ

+ 𝑉𝑉22

2𝑔𝑔
+ 𝑧𝑧2 + ℎ𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 − ℎ𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = 𝑝𝑝1

γ
+ 𝑉𝑉12

2𝑔𝑔
+ 𝑧𝑧1

• Solve for the head of the pump, ℎ𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

• ℎ𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑧𝑧1 − 𝑧𝑧2 + ℎ𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

η = 75%

Total fluid energy per unit
weight at point (2)

Total fluid energy per unit
weight at point (1)

𝑉𝑉2 ≈ 0 𝑉𝑉1 ≈ 0

= 150 𝑚𝑚− 25 𝑚𝑚 + 15 𝑚𝑚 = 140 𝑚𝑚 (Energy added per unit weight to the fluid)

𝑄𝑄 = 120
𝑚𝑚3

𝑚𝑚𝑚𝑚𝑚𝑚

𝑝𝑝1 = 𝑝𝑝2= 𝑝𝑝𝑎𝑎𝑎𝑎𝑎𝑎
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• Energy per unit weight added to the fluid:      ℎ𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 140 𝑚𝑚

• The power input to the pump shaft is:

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 =
γ ℎ𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑄𝑄

η

𝑃𝑃𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =
γ ℎ𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑄𝑄

η
=

9790 𝑁𝑁
𝑚𝑚3 140𝑚𝑚 2.0𝑚𝑚

3

𝑠𝑠
0.75

= 3655000 𝑊𝑊 = 3655 𝑘𝑘𝑘𝑘

η = 75%

𝑄𝑄 = 120
𝑚𝑚3

𝑚𝑚𝑚𝑚𝑚𝑚
= 2

𝑚𝑚3

𝑠𝑠

Ans.

(Pump is 75% efficient at adding power 
to the fluid. Pump requires MORE power 
input the energy added to the fluid.)
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