CVG 3116 : Hydraulics

Problem 1.
Given:

Q=400L/s=0.400 m3/s
h=12m

r1=0.25m
r;=0.50 m
n=1200 RPM
Vwater = 4 m/S
n=90%
{=85%
Vr2=4m/s
Solution:

Professor : Dr. Rozalina Dimitrova

Tutorial #3 Solutions

a) Calculate the ideal pump head (Hidea):

Pump must meet design head requirement and overcome efficiency losses:

h 12m
——=13.33m

Hideal = 7 = 0.90

b) Calculate the tangential velocity of the fluid (Vw)

Vwis the tangential component of the fluid velocity V.

Higeqr =

Since

Power = pQVy2Viz — ViwiVi1)

And

Power
pgQ

Higear =

Then

Power Vi,V = Vy1Viy
pgQ 9
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In a radial pump = Vw1 =0, and Viz = 2mrzn

0.50 m\ 1200 RPM
) =31.42m/s

Vi, = 2mryn = 211( >

60 sec/min

Vw2Viz Vo = Higear * 9

Higear = - Vw2
g Via

— 13.33m * 9.81 m/s?
wz 31.42m/s

Vw2 = 416 m/s

c) Calculate the required impeller outer vane angle (az):

The outlet vane angle is a function of the difference between the impeller and whirl
velocities, and the radial component of the water velocity:

VIZ - VWZ

cot(ay) = 7
F2

3142 _ 4160
S S

cot(ay) = L
s

cot(a,) = 6.815 = tan(ay)

1
P |
% = tan (6.815)

a, = 8.3°
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d) Calculate the total input power that must be provided to the pump (Pintotal):

Power = pgQH;geq

3

kg m m
9.81—*0.40—*13.33m
s s

Power = 1000—3 *
m

Power = 52,30690 W = 52.3 kW

Correct for mechanical efficiency losses:

P —523kW—523kW—615kW
ower = 52, 7 = 223585~ oL

Problem 2.
Given:

Qrequired =60 L/S
D =200 mm
L=150m
Hs=2m
A=0.028

N =1385 RPM

Pump No. 1 Performance Data

Head (m) 8.6 835 756 635 495 37 2.3
Discharge (L/s) 0 18 39 60 75 88 100
Efficiency (%) 0 52 72 79 75 63 48

Pump No. 2 Performance Data

Head (m) 9.0 8.8 8.1 7.0 6.0 4.5 3.3
Discharge (L/s) 0 18 a9 60 75 88 100
Efficiency (%) 0 52 75 76 67 58 46
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Solution:

Develop system curve equation:

ALV 2
2gD

HSH = Hs+

Assume values of Q and calculate the system head Hsu:

Assumption #1 2 Q=0L/s=0m3/s

V=0m/s
AW
f=%gp "™

Hey = Hs+hf =20m+0m=20m

Assumption #2 2> Q=20L/s =0.02 m3/s

3

o.ozmT

=— S —0637m/s
7 (02m)>2

N R

V=

_ALV?  0.028 * 150 m * (0.637 m/s)?

- — 0.43m
7~ 2gD 298170+ 0.2m

Hsy = Hs+hy =2.0m+043m =243 m
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Repeat these steps for Q = 40, 60, 80, & 100 L/s to make system curve:

System Curve
Q Q v A h¢ H, Hsy
(L/s) | (m®/s) | (m/s) | () (m) (m) (m)
0.00 0.00 | 0.000 | 0.0280 | 0.00 2.00 2.00
10.00 | 0.01 0.318 | 0.0280 | 0.11 2.00 2.11

20.00 | 0.02 0.637 | 0.0280 | 0.43 2.00 2.43

40.00 | 0.04 1.273 | 0.0280 | 1.74 2.00 3.74
60.00 | 0.06 1.910 | 0.0280 | 3.90 2.00 5.90
80.00 | 0.08 2.546 | 0.0280 | 6.94 2.00 8.94
100.00 | 0.10 3.183 | 0.0280 | 10.84 2.00 12.84

Plot the system curve with the given pump and efficiency curves:
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Obtain the coordinates for the duty point of each pump as the point of intersection
between the pump curve and system curve:

Pump #1 2 Q=63L/s, Hr=6.15m, n =79%
Pump #2 2 Q=66 L/s, Hr=6.60m, n =73%
Choose Pump #1 because it will deliver the required discharge at a higher efficiency:

Pout
n

Py, =

kg m m3
P _ pgQH, _ 1000898135+ 0.063" + 615 m

n Ui 0.79

P, = 481 kW

1/2
m3
_ NQu2 1385RPM» (0.063 T)

H;j’“ - 6.153/4

N

N, = 89

Choose Mixed Flow Pump (70 < Ns =89 < 165)
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Problem 3.
Given:

N =1000 RPM
Hp=14m
Q=150L/s=0.15m3/s
Pam = 101.3 kPa
p=1000 kg/m3
T=20°C

D=0.20m
hL+hfr=0.3m

Solution:

Calculate specific speed of pump:

N[ =

m3
_ NQuz 1000 RPM (0-15T)

N. = =
T (14 m)3/

= 54
Since 10 < Ns < 70, a centrifugal pump would be the best choice.

Estimate the critical cavitation parameter (Ocrit):

N, 4/3 54 4/3
crit = ( ) = 0.19

191) 191

Estimate the net positive suction head (NPSH):

NPSHepiy = HyOeriy = 14m + 0.19 = 2.66 m
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Set up equation for maximum pump height (z):

2
< Patm - Pvap Vinlet

Pg 2g

— (hy + hy) = NPSH_ .y

Where:

Pyap = 2300 Pa (from given table)

3

0.15 7%
S

m
——— = 4.77 — (from continuity)
T

—+(0.2m)? S

7 (

Vintet =

(hL + hf) = 0.3m (from given data)

Thus:

m 2
101300 Pa — 2300 Pa (4-77 ;)
o m
s2

—03m-—2.66m

7z <

100059 «981™  2x9.81
m S
z< 597m =6.0m

Therefore:

The pump can be located up to 6.0 m above the reservoir, or 106.0 meters above sea
level (masl).



