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Flow Patterns in a Spherical Vessel with
Double-Stage Paddle Impeller
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<Abstract>

A numerical algorithm for three-dimension laminar flow in
an agitated vessel was established by using the spherical
coordinates. Flow pattern for the double-stage paddle
impeller was not dependent upon the distance of among
the impeller in the agitated vessels. The numerical
simulation of the flow pattern in spherical and cylindrical
agitated vessel agree well with the visualization results.

Keywords : Spherical agitated vessel, Spherical coordinates,
Flow pafttern, Duble-stage paddle impeller, Numerical

simulation
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Fig. 3. Flow chart for numerical analysis.
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Fig. 4. Velocity profile on »—® plane

and »— z plane in spherical vessel
(L/D=0.2, J =1).
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Fig. 5. Velocity profile on »—® plane

and »— z plane in spherical vessel
(L/D=0.2, J =9).
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Fig. 6. Velocity profile on »—® plane

and »— z plane in spherical vessel
(L/D=0.5, J =1).
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Fig. 7. Velocity profile on »—® plane
and »— z plane in spherical vessel
(L/D=0.5, J =9).
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Fig. 8. Velocity profile on »—© plane
in spherical vessel(one impeller).
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Fig. 9. Velocity profile on »—© plane
in spherical vessel(two impellers).
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[m]
b’ = apparent impeller width for double—
[m]

CvL = value of f/2+ Re in laminar flow

(-]

b = impeller width

stage impeller

Ct = coefficient (-]
Ctr = parameter for transient Reynolds
number from laminar to turbulent
flow (-]

[m]
[m]

D = vessel diameter
d = impeller diameter

D = divergence in Appendix B (-]

D. = apparent vessel diameter for
spherical vessel [m]

Ds = spherical vessel diameter

f = friction factor (-]
Fy = force at vessel bottom [N]
Fs = force at vessel side wall [N]
F R = convection term in Naviour-
Stokes Eq. (r—direction) [-]
F S = convection term in Naviour—
Stokes Eq. (©-direction) (-]
F Z = convection term in Naviour—
Stokes Eq. (z-direction) [-]

H = liquid height [m]
L = distance between two impellers for
double-stage impeller [m]
M, N, L = number of division [-]
N = rotational speed

Np = power number [-]
n, = number of impeller blade [-]
P = power input (W]
P = pressure
[N - m?
p = dimensionless pressure [-]
R = radial coordinate [m]
r = dimensionless radial coordinate (-]
Re = Reynolds number [-]
Re, = impeller Reynolds number [-]
Re = modified Reynolds number [-]
T = torque [N+ m']
T = time [s]
t = dimensionless time (-]
Ty = torque at vessel bottom [N - m]
T = torque at vessel side wall [N - m]
U, = radial velocity in spherical

coordinate (-]
TM = average dimensionless radial
velocity at center of vessel in
spherical coordinate defined Eq.(10) [-]
Use = tangential velocity in spherical

coordinate [m- s']

ue = dimensionless tangential velocity in
spherical coordinate [-]
Up = ¢-direction velocity in spherical
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coordinate [m”- s ']
Uy = dimensionless ¢-direction velocity

in spherical coordinate [-]
[m® - s ']

vy = dimensionless radial velocity [-]

Vy = radial velocity

v ,. = average dimensionless radial

velocity at center of vessel defined Eq.(8) [-]

v, = axial velocity [m®-s]
u, = dimensionless axial velocity [-]
Vo =tangential velocity [m? - s ']
Vo, = dimensionless tangential velocity [-]
7 = axial coordinate [m]
z = dimensionless axial coordinate [-]

a = ratio of torque at bottom wall to

that at side (-]
B = correction factor (-]
¥ = parameter [-]
e = perturbation in Appendix C [-]
n = correction factor [-]
O =tangential coordinate [rad]
1 = fluid viscosity [Pa - s]
v = kinematic viscosity [m? - s ']
p = fluid density kg - m ]

Tyo |w = shear stress at vessel side wall [Pal]

T_o |w = shear stress at vessel bottom [Pal

[rad]
[rad - s ']

¢ = angle in spherical coordinate
o = angular velocity

Subscripts

w = value at vessel wall
1 = value of single-stage paddle

2 = value of double-stage paddle
calc = calculated value from numerical result
equa = calculated value from experimental

equation

Superscripts
" = coordinates system fixed on vessel
* = dimensionless
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