
Exercise 7

Solved in python , the code is attached on the last pages
The critical values were found in the table provided in the lectures :

Both a) and b) was solved in python, see attached code



a)

• The fugacities are not equal ⇒ We do not have Psat ⇒ one stable phase

Its feiguid Lfgas ,
Ps Psat ⇒ The stable phase is the liquid phase

b) At Ps
"

, ftp.uid-fgas , using iteration :

psat✗ 0,498 MPa



import numpy as np

# ------ Problem 1 a) and b) ------

# Defining the given data and the gas constant

Pc = 5.032 # [MPa]

Tc = 282.4 # [K]

omega = 0.085 # [-] Accentric factor

R = 8.314 # [J/mol*K] or [MPa*cm3/mol*K]

Psat = 3.035# [MPa]

T = 260 # [K]

Tr = T/Tc
vL = 0.0713 * 10**3 # [cm3]

vG = 0.456 * 10**3 # [cm3]

# Defining the constants in the van der Waals EOS

a_vW = 27 / 64 * (R * Tc)**2/Pc
b_vW = R * Tc / (8 * Pc)
A_vW = a_vW*Psat/(R*T)**2
B_vW = b_vW*Psat/(R*T)

# Defining the constants in the Peng-Robinson EOS

kappa_pr = 0.377464 + 1.54226 * omega - 0.26992*omega**2
b_pr = 0.07780 * R * Tc / Pc
alpha_pr = (1 + kappa_pr*(1 - np.sqrt(Tr))) ** 2
ac_pr = 0.45724 * (R * Tc)**2 / Pc
a_pr = ac_pr * alpha_pr
A_pr = a_pr*Psat/(R*T)**2
B_pr = b_pr*Psat/(R*T)

# Defining the constants in the Soave-Redlich-Kwong EOS

kappa_srk = 0.480 + 1.574 * omega - 0.176 * omega ** 2
b_srk = 0.08664 * R * Tc / Pc
alpha_srk = (1 + kappa_srk * (1 - np.sqrt(Tr))) ** 2
ac_srk = 0.42748 * (R * Tc) ** 2 / Pc
a_srk = ac_srk * alpha_srk
A_srk = a_srk*Psat/(R*T)**2
B_srk = b_srk*Psat/(R*T)

# Defining the parameters for the equations

alfa_vW = - (B_vW + 1)
beta_vW = A_vW
gamma_vW = - A_vW*B_vW

alfa_pr = B_pr - 1
beta_pr = A_pr - 3*B_pr**2 - 2*B_pr
gamma_pr = - A_pr*B_pr + B_pr**3 + B_pr**2

alfa_srk = -1
beta_srk = A_srk - B_srk - B_srk**2
gamma_srk = - A_srk*B_srk

# Solving the equations

# van der Waals

p_vW = [1, alfa_vW, beta_vW, gamma_vW]
r_vW = np.roots(p_vW)
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index_vW = np.imag(r_vW) == 0
Z_list_vW = np.real(r_vW[index_vW])
v_liquid_vW = min(Z_list_vW)*R*T/Psat
v_gas_vW = max(Z_list_vW)*R*T/Psat
err_vL_vW = abs((v_liquid_vW - vL)/vL * 100)
err_vG_vW = abs((v_gas_vW - vG)/vG * 100)

# Peng Robinson

p_pr = [1, alfa_pr, beta_pr, gamma_pr]
r_pr = np.roots(p_pr)
index_pr = np.imag(r_pr) == 0
Z_list_pr = np.real(r_pr[index_pr])
v_liquid_pr = min(Z_list_pr)*R*T/Psat
v_gas_pr = max(Z_list_pr)*R*T/Psat
err_vL_pr = abs((v_liquid_pr - vL)/vL * 100)
err_vG_pr = abs((v_gas_pr - vG)/vG * 100)

# Soave-Redlich-Kwang

p_srk = [1, alfa_srk, beta_srk, gamma_srk]
r_srk = np.roots(p_srk)
index_srk = np.imag(r_srk) == 0
Z_list_srk = np.real(r_srk[index_srk])
v_liquid_srk = min(Z_list_srk)*R*T/Psat
v_gas_srk = max(Z_list_srk)*R*T/Psat
err_vL_srk = abs((v_liquid_srk - vL)/vL * 100)
err_vG_srk = abs((v_gas_srk - vG)/vG * 100)

# Printing the results

print('{:<20} {:>25} {:>25} {:>15} {:>15}'.format("Equation used",
"Calculated vL [cm3/mol]", "Calculated vV [cm3/mol]", "Error vL [%]", "Error vG [%]"))

print(104*'-')
print('{:<20} {:>25} {:>25} {:>15} {:>15}'

.format("van der Waals", f"{v_liquid_vW:.2f}",
f"{v_gas_vW:.2f}", f"{err_vL_vW:.2f}", f"{err_vG_vW:.2f}"))

print('{:<20} {:>25} {:>25} {:>15} {:>15}'.
format("Peng-Robinson", f"{v_liquid_pr:.2f}",

f"{v_gas_pr:.2f}", f"{err_vL_pr:.2f}", f"{err_vG_pr:.2f}"))
print('{:<20} {:>25} {:>25} {:>15} {:>15}'

.format("Soave-Redlich-Kwang", f"{v_liquid_srk:.2f}",
f"{v_gas_srk:.2f}", f"{err_vL_srk:.2f}", f"{err_vG_srk:.2f}"))



import numpy as np

# ------ Problem 2 a) ------

# Defining given data
Pc = 7.382 # [MPa]
Tc = 304.2 # [K]
omega = 0.228 # [-] Accentric factor
R = 8.314 # [J/mol*K] or [MPa*cm3/mol*K]

# The conditions in the assignment (except pressure because of 2b)
T = 216.1 # [K]

# Defining the constants in the Peng-Robinson expression
Tr = T/Tc
kappa = 0.377464 + 1.54226 * omega - 0.26992*omega**2
b = 0.07779607 * R * Tc / Pc
alpha = (1 + kappa*(1 - np.sqrt(Tr))) ** 2
ac = 0.45723553 * (R * Tc)**2 / Pc
a = ac * alpha

def find_Z_roots(P):
A = a*P/(R*T)**2
B = b*P/(R*T)

# Using the method from the appendix of the last exercise,
# the polynomial is rewritten to Z^3 + alfa*Z^2 + beta*Z + gamma
alfa = B - 1
beta = A - 3*B**2 - 2*B
gamma = - A*B + B**3 + B**2

# Solving
p = [1, alfa, beta, gamma]
r = np.roots(p)
index = np.imag(r) == 0
Z_list = np.real(r[index])
return Z_list

def fugacity(Z, P):
A = a * P / (R * T) ** 2
B = b * P / (R * T)
ln_expr = (Z + (1 + np.sqrt(2))*B) / (Z + (1 - np.sqrt(2))*B)
exp_expr = Z - 1 - np.log(Z - B) - (A/(2*np.sqrt(2)*B))*np.log(ln_expr)
f = P * np.exp(exp_expr)
return f

def print_answers(Z_list, P):
print(f"For P = {P} MPa:\n")
for i in range(len(Z_list)):

print(f"Z{i+1} = {Z_list[i]}")

print("\n-----The molar volumes-----")
v_liquid = min(Z_list)*R*T/P
v_gas = max(Z_list)*R*T/P
print(f"v_liquid = {v_liquid} cm3/mol")
print(f"v_gas = {v_gas} cm3/mol")

f_l = fugacity(min(Z_list), P)
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f_v = fugacity(max(Z_list), P)
print("\n-----The fugacities-----")
print(f"f_liquid = {f_l} MPa")
print(f"f_gas = {f_v} MPa")

Z_roots = find_Z_roots(1.5)
print_answers(Z_roots, 1.5)

# ------ Problem 2 b) ------
Psat = 0
f_vap = 0
f_liq = 0

pressures = np.linspace(0.0001, 7, 5000)
for pressure in pressures:

Z_values = find_Z_roots(pressure)
f_l = fugacity(min(Z_values), pressure)
f_v = fugacity(max(Z_values), pressure)
if (f_l - f_v) < 0:

Psat = pressure - ((7 - 0.0001)/5000)/2
Z_values = find_Z_roots(Psat)
f_l = fugacity(min(Z_values), Psat)
f_v = fugacity(max(Z_values), Psat)
f_vap = f_v
f_liq = f_l
break

print("\n------ Problem 2 b) ------")
print(f"Psat = {Psat}")
print(f"f_liq = {f_liq}")
print(f"f_vap = {f_vap}")


