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A Study of the Effects of a Specially Shaped Anchor Impeller

on the Cooling Process in a Cream Cooling Storage Tank
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b = width of the upper blade [m]

D =tank diameter [m]
d = impeller diameter [m]
H = height of liquid [m]
h = height of the upper blade [m]
L = length of the rotor [m]
N, = power number [—]
n = rotational speed [s
n, = number of impeller blade 1
P = power requirement for stirring [W]
Ra = radius of outer cylinder [m]
Re = Reynolds number 1
Ri = radius of outer cylinder [m]
r = radial direction [m]
T = shaft torque [N m]
t = time [s]
w = width of the lower blade [m]
y = shear rate [s1]
« = viscosity [Pa s]
o = density [kg/m®]
r = shear stress [Pa]
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Fig.2.1 Fat globules in cream
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Radius R [m 0.01936
Height L [m] 0.058043
Outer Cylinder (Cup)
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Fig. 2.3 Viscometer VT550
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a. agglutination— floccule

b. homogenization cluster

c. churning— clump

d. flocculation by stron
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attraction

easy redispersible

only redisperble with
considerable energy

- mostly not redispersible

does not normally occur

Two fat globules, aggregated in different ways, very schematic. Fat hatched;

membrane or surface layer gray, but not to scale. (The milk fat globule, p.103)
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b = width of the upper blade [m]
C, = specific heat at constant pressure [J/(kg-K)]
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D = tank diameter

d = impeller diameter
g = acceleration

H = height of liquid

h = height of the upper blade

k = thermal conductivity

N, = power number

n = rotational speed

n, = number of impeller blade

P = power requirement for stirring
p = pressure of liquid

g = heating value

Re = Reynolds number

r = position in radial direction

T = temperature

t =time

u = velocity

V, = velocity in radial direction

V, = velocity in axial direction

Vs = velocity in tangential direction

w = width of the lower blade
X = position coordinate
z = position in axial direction

S = coefficient of cubical expansion

v = shear rate
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4 = rate of deformation tensor &

6@ = angle in the circumferential direction [°]
0y = sweep-forward angle [°]

#, = phase difference angle [°]
u = viscosity [Pa-s]
p = density [kg/m]

t = shear stress [Pa]
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Table 3.1 The physical properties of a credike liquid

Fluid
Viscocity [Pa-s] 0.100
Density [kgfh 998.2
Specific heat [J/(kg-K)] 4183

Thermal conductivity [W/(m-K)] 0.5991
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Fig.3.3 The shape of the tank and mesh
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b = width of blade
D = tank diameter
d = impeller diameter

Itp = the average temperature profile index
Iprp = the upper/lower temperature difference profileenx

Np = power number

n rotational speed

P = power requirement for stirring

Re = Reynolds number
T, = upper temperature (measuring point P1)
T, = lower temperature (measuring point P2 )

Tsp = target temperature

t = cooling time

t' =time to a target temperature
0y = sweep-forward angle

#, = phase difference angle
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Table 4.1 Relationship between the flowirection and tr
rotational direction for the each impeller

Impeller Rotational direction 0, Lower blades Upper blades

A Normal rotation 0° Scrape up Scrape off
Reverse rotation 0° Press down Press

B Normal rotation 0° Press down Scrape off
Reverse rotation 0° Scrape up Press

C Normal rotation 90° Scrape up Scrape off
Reverse rotation 90° Press down Press

D Normal rotation 90° Press down Scrape off

Reverse rotation 90° Scrape up Press




c8

100 ¢
? —eo— A : N.R.

—— A R.R.
—A&— B : N.R.
10 } —A—B:RR
—e—C: N.R.

C:R.R.
—a—D : N.R.

D:R.R.

Np[—]

0.1

10 100 1000 10000
Re [—]
Fig. 4.3 Relationship between Power number and Reynolds
number (Normal Rotation: N.R., Reverse RotatiomR.IR.



£8

Temperaturel [°C]

0 300 600 900 1200 1500
Cooling timet [s]

Fig. 4.4 Comparison of rotational directions for impelle
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= width of blade

= tank diameter

impeller diameter

rotational speed

Heat transfer coefficient

= power requirement for stirring

= position in radial direction

= upper temperature (measuring point P1)
= lower temperature (measuring point P2)
= cooling time

= velocity in radial direction

= velocity in axial direction

= velocity in tangential direction

= position in axial direction

= rate of deformation tensor

angle in the circumferential direction

sweep-forward angle
= phase difference angle

= average shear stress
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Table 5.1 The physical properties of analysis objects

. Impeller
Fluid ang tank
Viscocity [Pa-s] 0.100 -
Density [kgfh 998.2 7920
Specific heat [J/(kg-K)] 4183 499

Thermal conductivity [W/(m-K)] 0.5991 16
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Fig. 5.3 Velocity vector distributions af-6 plane and-z plane
(Impeller A Normal rotation)



60T

Vo [M/s]

| CENENENERRRREERE
-0.18 0.18

z=0.14m 6 =0°

Fig. 5.4 V, distributions ofr-8 plane and-z plane(Impeller A
Normal rotation)
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Fig. 5.5V, distributions ofr-0 plane and-z plane(Impeller A
Normal rotation)
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Fig. 5.6 V, distributions ofr-0 plane and-z plane(Impeller A
Normal rotation)
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Fig. 5.7 Velocity vector distributions af-6 plane anda-z plane
(Impeller A Reverse rotation)
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Fig. 5.8 V; distributions ofr-@ plane and-z plane(Impeller A
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Fig. 5.9 V, distributions ofr-6 plane and-z plane(Impeller A
Reverse rotation)
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Fig. 5.10 V, distributions ofr-0 plane and-z plane(Impelle
A Reverse rotation)
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Fig. 5.11V, distribution: of r-z planes
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Fig. 5.12 V, distribution: of r-z planes
(Impeller A)
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Fig. 5.13 V, distribution: of r-6 planes
(Impeller A)
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Fig. 5.14 V, distribution: of r-6 planes
(Impeller A)
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Fig. 5.15V, distribution: of r-z planes
(Impeller A)
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Fig. 5.16 V, distribution: of r-z planes
(Impeller A)
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Fig. 5.17 V, distribution: of r-6 planes
(Impeller A)

122



Norma Revers Norma Revers
rotation rotation rotation rotation

-0.04 0.04

Fig. 5.18 V, distribution: of r-6 planes
(Impeller A)
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Fig. 519 Temperature distributions ofr-z
(Impeller A, 6 = 0°,t=600s)

plane:
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Fig. 520 Heat flux distributions of the wi
surfaces (Impeller A=600s)
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Fig. 5.21 Heat flux distributions of # wall surfaces al
temperature distributions otéd planes (Impeller Az =
0.14m,t=600s)
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Fig. 5.22 Heat flux distributions of the wall surfaces ak@
distributions of r-6 planes (Impeller A,z = 0.14m
t=600s)
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Fig. 5.23 Heat flux distributions of the wall surfaces
temperature distributions of catting plan@speller A
t=600s
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Fig. 5.24 V, distribution: of r-6 planes
(Impeller B)
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Fig. 5.25 V, distrikutions of r-6 planes
(Impeller B)
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Fig. 5.26 V, distribution: of r-6 planes
(Impeller B)
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Fig. 5.27 V, distribution: of r-6 planes
(Impeller B)
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Fig. 5.28 V, distributions ofr-6 planes
(Impeller B,z=0.04, 0.07n
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Fig. 5.29 Heat flux distributions of the wall surfac
(Impeller B,t=600s)
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Fig. 5.30 Heat flux distributions of the wall surfaces
temperature distributions of cattipganes(Impeller B
t=600s
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Fig. 5.31 Temperature distributions ofz plane:
(Impeller B,6 = 0°,t=600s)
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Fig. 5.32 V, distributions ofr-0 plane £¢= 0.07m)
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Fig. 5.33 V, distribution: of r-6 planes
(Impeller B and D, Reverse rotatjpn
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z=0.07m

Fig. 5.34 V, distributions of r-6 planes
(Impeller B and D, Reverse rotatjpn
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z=0.17m

Fig. 5.35V, distribution: of r-6 planes
(Impeller B and D, Reverse rotatjpn
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Fig. 5.36 V, distributiors of r-6 planes
(Impeller B and D, Reverse rotatjpn
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Fig. 5.37 V, distribution ofr-6 plane
(Impeller B and D, Reverse rotatiay: 0.07m)
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Fig. 5.38 Heat flux distributions of the wall surfa
(Impeller B and Impeller O, = 600s)
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Fig. 5.39 Shear stresdistributions of the wall surfaces
r-6 planes (Impeller B and Impeller D)
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Table 5.2 The comparison of the heat transfer coefficiabou
each impeller and rotational directioft = 900s)

. .. Heat transfer coefficient
Impeller Rotational direction )
h [W/(m~-K)]

A Normal rotation 271
A Reverse rotation 302
B Reverse rotation 30¢
D Reverse rotation 30¢
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6.6 EFHEE

b = width of blade

D = tank diameter

d = impeller diameter

n = rotational speed

h = Heat transfer coefficient

I+p = the average temperature profile index

P
r
LE

T2

= power requirement for stirring

radial direction
upper temperature (measuring point P3)
lower temperature (measuring point P4)

cooling time

= Velocity in radial direction

= Velocity in axial direction
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1) |

2)

3)

Velocity in tangential direction [m/s]

= axial direction [m]

= rate of deformation tensor [5']

= tangential direction [°]
= sweep-forward angle [°]
= phase difference angle [°]
= mean shear stress [Pa]
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=> Tank diameter

H 1 p3 D =1.4m
j:%:f Sweep-forward angle
C 6y =60°

Width of blade
b=0.20m

??:E% Impeller diameter
C
\

d=1.32m

Fig. 6.1 Schematic diagramf the new industri
cooling storage tank (2n



59T

Fig. 6.2 The shape of the new industrial tank and-mesh
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Fig. 6.3 Photograph of the new industrial tank (}ranc
the temperature data logger
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z=0.14m

Fig. 6.5 V, distributions ofr-@ plane andr-z plane (the nev
Industrial tank, Normal rotation)
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Fig. 6.6 V, distributions ofr-6 plane and-z plane (the nev
Industrial tank, Normal rotation)
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Fig. 6.7 Velocity vector distributions af-6 plane and-z plane

(the new industrial tank, Reverse rotation)
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Fig. 6.8 V, distributions ofr-@ plane andr-z plane the nev
Industrial tank, Reverse rotation)
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z=0.14m

Fig. 6.9 V, distributions ofr-60 plane and-z plane (the nev
iIndustrial tank, Reverse rotation)
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V, distribution:
Normal Reverse
rotation el rotation
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Fig. 6.10 V,anc V, distribution: of r-0 planes
(the new industrial tanl/;: z=1.10m,V, : z= 0.55m)
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Table 6.1 The comparison oV,, V,, = and P about rotation:
direction (The new industrial tank)

Normal rotation Reverse rotation

Root mean square b, [m/s] 9.01x10° 10.5x10°
Root mean square o, [m/s] 8.86x10’ 10.4x10°
Mean shear stress, . [Pa] 49.6x10 52.8x10°

Power requirement for stirring [W] 0.140 0.153
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Fig. 6.11 Result of the cooling simulation about the neaustria

tank (Normal rotation: N.R., Reverse rotation: R.R.)
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Fig. 6.12 Heat flux distributions of the wall surfaces an@mipeature
distributions ofr-@ planes (The new industrial tarks 1.05mt = 3h)
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storage tanks (Normal rotation: N.R., Reverse ratafidR.)
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Table 6.2 Effect ofrotational directions for industrial store
tanks on cream physical property

Reverse rotationNormal rotaion
products products

Viscosity [mPas] (B-type
viscometer, rotor No.2)
Whipping time[s] 105 94-102

Cream temperature at end
point of whipping[C]

55 60~80

9.4 9.1~10.7
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