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University of Cambridge
Department of Engineering

3D5: Environmental Engineering 1
Exam Solution 2007

By the use of variable speed motors the discharge of a single pump can be varied to suit the
operating requirements of the systems.

Use Qy=Qi(N/Ny)
And  H,=H; (No/N;)*

Plot the system and pump curves to find the duty point

Discharge and Head at the duty point are:

Q=171/sand H=25.6 m and = 80%

So input power P=pg HQ /1 = 1000x 9.806 x 25.6 x0.017 /0.8 = 533kW @

b) At the new duty point on the revised system curve the head is 28.6 m (at the same

discharge of 17 I/s)

Need to find a curve that connects all corresponding points through the new duty point
at different speeds.

Combining Q;/Q, =N; /N, and H/H, =N /N;?

So: N2/ Ny = (Hy/ Hy)*?

Thus: Q/Qi = (Hz/ H)*?

So Q= Q; (Hz/ Hy)*® =17 (H,/28.6)*° =3.18 VH,.

Use this to plot a curve: B

Qs 0 5 95 14 185 23

H=(Q/3.18) 0 247 892 1938 3384 5230

Intersection of this curve with the original pump characteristic gives the equivalent-operating
point of the pump at 750 rpm to the desired new duty point on the incrustated pipeline.

SousingQi/Q:=N; /N, 0r Np= NyxQJQ;= 750 x 17/16.4 =777 1pm
(Similarly N, =N; (Hy/H;)0.5 = 750 (28.6/26.7)"% = 776 rpm

So the pump needs to be run at a speed of 777 rpm to maintain a discharge of 17 lI/sonthe 3
encrusted pipeline
The new Power in is:
0.0\% 166 A
Power i, = pgQH/m = 1000 x 9.806 x 17 x 00286/ 0.8 5.96kW
This means an extra power requirement of 5.96 -5.33 =0.63 kW -

-So extra cost each day of running the pump =0.63 x24x 6p=91p _ @
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Answers
1.a) 1,4,5,5,7,8,10,10,9,7,7,6,5,5,4,3,4,0 and 8.33 m>/s

2 174 seconds

3a) 0.82m/s
b) 2.46 kg/s per metre width
¢) Dunes (Albertson, Simons, Richardson)

Ripple-dunes (Garde and Albertson)

4 a) 17 litres/sec and  5.33 kW
b) 777 rpm and  9lp per day



