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Lecture 33 -- Example ¶
In [59]: import numpy as np

import matplotlib.pyplot as plt

from scipy.optimize import fsolve

In [60]: # constants (water)

g = 9.8 #m/s^2

rho = 1000 # kg/m^3

mu = 1e-3 # kg/m/s 

# constants for the pump

hmax = 13 # m

B = 0.05 # m/Lpm^2 

# constants for the system

dz = 4 # m

D = 1. # m

L = 200 # m

k = 0 # m (roughness)

Easy version (f is a constant)

In [84]: f = 0.002 # dimless 

def hp(Q): 

   return hmax - B*Q**2 

def hsys(Q): 

   v = 4*Q/np.pi/D**2 

   return dz + v**2/(2*g)*(4*L*f/D) 

# solve for OP (by hand)

Q_OP1 = np.sqrt((hmax - dz)/(B + 32/np.pi**2*L*f/g/D**5))

h_OP1 = hp(Q_OP1) 

print('----------------------')

print('Operating point')

print('Q_OP = ', np.round(Q_OP1,2), ' (Lpm)')

print('h_OP = ', np.round(h_OP1,2), ' (m)')

print('----------------------')

In [85]: # make a plot

Q_plt = np.linspace(1e-5, 10, 201) # Lpm 

plt.rc('font', size=14)

plt.figure(figsize=(8,6))

plt.plot(Q_plt, hp(Q_plt), '-r', label='pump performance curve')

plt.plot(Q_plt, hsys(Q_plt), '-b', label='system demand curve')

plt.plot(Q_OP1, h_OP1, 'go', label='Operating Point', markersize=10)

plt.legend()

plt.xlabel('$Q$ (Lpm)', fontsize=18)

plt.ylabel('head (m)', fontsize=18)

plt.show()

---------------------- 

Operating point 

Q_OP =  7.03  (Lpm) 

h_OP =  10.53  (m) 

---------------------- 
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Harder version (f is not a constant)

In [86]: def hp(Q): # m 

   return hmax - B*Q**2 

def hsys(Q): # m 

   v = 4*Q/np.pi/D**2 

   Re = rho*v*D/mu 

   f = ( 3.6 * np.log10(6.9/Re + (k/D*1/3.7)**(1.11)) )**(-2) 

   return dz + v**2/(2*g)*(4*L*f/D) 

def phi(Q): 

   return hp(Q) - hsys(Q) 

# solve for OP (via fsolve)

Q_guess = 7 # Lpm

Q_OP2 = fsolve(phi, Q_guess)[0]

h_OP2 = hp(Q_OP1) 

print('----------------------')

print('Operating point')

print('Q_OP = ', np.round(Q_OP2,2), ' (Lpm)')

print('h_OP = ', np.round(h_OP2,2), ' (m)')

print('----------------------')

In [87]: # make a plot

Q_plt = np.linspace(1e-5, 10, 201) # Lpm 

plt.rc('font', size=14)

plt.figure(figsize=(8,6))

plt.plot(Q_plt, hp(Q_plt), '-r', label='pump performance curve')

plt.plot(Q_plt, hsys(Q_plt), '-b', label='system demand curve')

plt.plot(Q_OP1, h_OP1, 'go', label='Operating Point', markersize=10)

plt.plot(Q_OP2, h_OP2, 'mo', label='Operating Point', markersize=10, markeredgewidth=3, fillstyle='none')

plt.legend()

plt.xlabel('$Q$ (Lpm)', fontsize=18)

plt.ylabel('head (m)', fontsize=18)

plt.show()

---------------------- 

Operating point 

Q_OP =  6.94  (Lpm) 

h_OP =  10.53  (m) 

---------------------- 


