6.76 The small turbine in Fig. P6.76 extracts 400 W of power from the water flow. Both
pipes are wrought iron. Compute the flow rate Q m*/h. Why are there two solutions?

Which is better?
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Assume the Velocity at the Top of the water tank is small enough to be assumed as Zero : V; = 0.

Also, the pressure at the Top of the water tank and Exit is same as atmospheric Pressure : py = Pz

2
So, the Energy Equation to be 2y = !2% + 25 + hyy + Rz + Rewrpine

VZ
2y —Z3 = 5?5+ hfl 4 hn + hmrmne

P
Also, h[ = f"’— and hmﬂ,me = ;J?Q-

vi

v Ly Lvi, P
So, z, ~ 2 —5;4-[1;;2

1
9+f2dzag p9Q

Furthermore, we can represent Vy, V; as a flow rate Q as shown in below.

4
Q=§d¥"1 Vi = Q

= "dzvz V=

ud‘
Then, the Energy Equation can be written as shown in below.
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—2)Q =

Then, plug in all variables as shown in below, and rearranging it

- 16Q3 16 x 10 x Q* & 16 % 30 x Q*? % 400
(20)Q= 2 % 9.81m20.044 s 2 % 9.81m20.065 22 % 9.81m20.04° 998 x9.81

400 " 1603 16 x 10 x Q? 16 x30 % Q3
998 X 9.81 Q 7% 08172004 ’12 x9.81720.06° %2 x 9.81n20.04°

400 8Q? 8 x 10 x Q3 8x30xQ3
998 x 981 200 ~ 5 8Tn2004* 1 981n20.06° '29.81720.04°

Finally, we can get a Cubic equation as shown in below.

03(1062588.184f; + 24207087.07f, + 32276.11609) — 20Q + 0.040856432 = 0



To solve this Equation, we need to assume f; and f.

To do that, let’s find out f—, <
y dz

We have dy = 0.06m, d;=0.04m, € =0.046mm = 0.000046m
So, 3‘- = 0.000766666, — = 0.00115
1 dy

First, assume Re=>co to get f; and f,. Then, at below chart, we can find the /| and [,
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So, f,=0.0181 and f,=0.0205

Q3(1062588.184 x 0.0181 + 24207087.07 X 0.0205 + 32276.11609) — 20Q + 0.040856432 = 0
Q3(547754.2472) — 20Q -+ 0.040856432 = 0

Use MATLAB to solve above Cubic equation as shown in below.
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Q, = —0.00688 The flow rate can’t be negative

Q2 = 0.00444 m*/s
Qs = 0.00244 m?/s

[The negative (meaningless) solution is O = - 0.0069 m*/hr.] Both solutions (a) and (b)
are valid mathematically. Solution (b) is preferred — the same power for 43¢ less water
flow-. and the turbine captures 16.3 m of the available 20 m head. Solution (a) 1s also
unsealistic, because a real turbine's power increases with water flow rate. Turbine (a)

would generate more than {00 W



Use Q3 = 0.00244 m?/s
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Then we can repeat previous procedure by using new fufa
So, f,=0.0232 and f,=0.0232

03(1062588.184 x 0.0232 + 24207087.07 X 0.0232 + 32276.11609) — 20Q + 0.040856432 = 0

03(618532.582) — 20Q + 0.040856432 = 0
Use MATLAB to solve above Cubic equation again as shown in below.
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Q, = —0.00652 The flow rate can’t be negative.
= 000395 m?/s = 14.22m*/h
Q, = 0.00256 m*/s = 9.22m’/h
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