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Cleaning-in—place (CIP) of food processing equipment usually requires a huge amount of water.
For reduction of water required in its final rinsing step, performance of air-water two—phase flow as
a rinsing medium was studied. Horizontal and vertical straight pipes of 23 mm inner diameter were
artificially soiled with millet jelly and rinsed with air-water two-phase flow at flow rates of 400, 600,
and 800 L/min for air and 2, 3, and 4 L/min for water. At the lowest flow rate of air, the two—phase flow
was not completely annular and rinsing efficiency was quite low. At higher air flow rates, however, the
two—phase flow was shown to save about 90% of rinsing water with no or slight extension of rinsing
time, compared with water flow rinsing at 40 L/min. For non-straight piping parts (tees, elbows, and
a diaphragm valve), the air-water two-phase flow was shown to save about 80% of rinsing water but to
take twice as much rinsing time as 40 L/min water flow.
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Fig. 1 Schematic diagram of apparatus for rinsing experiments.
Direction of flow was switched from @ to @ by valve
operation to start rinsing experiment.
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Fig. 2 Various types of pipe assembly employed for the test
section.
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Fig. 3 Flow conditions employed in this study. The flow
conditions are shown in two categories on the basis of
appearance of flow observed through the transparent

tube: (@) annular, (X) non-annular. (a) Flow pattern map

estimated for air-water flow in horizontal straight pipe of
23 mm inner diameter at 10°C on the basis of Taitel-Dukler
model [4] is also shown. The broken line indicates the
minimum air velocity of upward annular flow in vertical

tubes. (b) Flow pattern map observed by Sekoguchi et

al. [5] for air-water flow in horizontal straight pipe of 26
mm inner diameter at 9.1-17.3°C is shown for comparison.
Boundary between annular and stratified flows is indicated
as the hatched area because flow history affects flow pattern
transition.
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Fig. 4 Results of rinsing experiments for horizontal straight pipe
with air-water flow. Air flow rate was 400, 600, or 800 L/min
for each water flow rate: (a) 2 L/min, (b) 3 L/min, and (c) 4
L/min. Results of rinsing with water alone at a flow rate of 40
L/min are also shown for comparison.
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Table 1 Time and water required for rinsing horizontal straight pipe with air-water flow to give the same

degree of cleanliness as after 90 s water rinsing.

Flow Water (L/min) Air (L/min) Rinsing time (s) Water consumed (L)
Water alone 40 0 90 60

2 400 >150 —

2 600 150 5.0

2 800 135 4.5

3 400 >150 —

Horizontal

) 3 600 135 6.8
air-water 3 800 90 45
4 400 >150 —

4 600 110 7.3

4 800 105 7.0




130 KA,

SRR, ey o, FRIRIER, BSRIV, Y650 2E,

VEZ, WLEY

100 4 T T T T T T
r (a) Air/Water 1
- - ®- -400/3 (VD)
80 --m--600/3 (VD) |
- -4+~ 800/3 (VD)
X r —o0— 0/40 (H) ]
[
s i
2
(1] 4
o
©
=) —
o
(%]
[0] 4
2

b Air/Water 1
(b) -~ e -600/2 (VD)
--m--600/3 (VD) |
-4~ 600/4 (VD)
r —o— 0/40 (H) 1

80 -

Residual carbon (%)

0 90

100 110 120 130 140 150 160
Time (s)

Fig. 5 Results of rinsing experiments for vertical straight pipe
with downward air-water flow. Flow conditions: (a) 3 L/
min for water, (b) 600 L/min for air. Results of rinsing with
water alone at a flow rate of 40 L/min are also shown for
comparison.
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Fig. 6 Results of rinsing experiments for vertical straight pipe
with upward air-water flow. Flow conditions: (a) 3 L/min
for water, (b) 600 L/min for air. Results of rinsing with
water alone at a flow rate of 40 L/min are also shown for
comparison.
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Table 2 Time and water required for rinsing vertical straight pipe with air-water flow to give the same degree of

cleanliness as after 90 s water rinsing.

Flow Water (L/min) Air (L/min) Rinsing time (s) Water consumed (L)
Water alone 40 0 90 60
2 600 140 4.7
3 400 >150 -
Downward
3 600 100 5.0
air-water 3 800 90 45
4 600 90 6.0
2 600 >150 —
U q 3 400 140 7.0
pwar 3 600 115 5.8
air-water 3 800 90 45
4 600 90 6.0

Table 3 Time and water required for removing alkaline residue from non-straight piping parts with air-water flow.

Piping parts Water (L/min) Air (L/min) Rinsing time ? (s) Water consumed (L)
40 0 10 6.7
Tee

3 600 20 1.0

40 0 10 6.7
Elbow

3 600 20 1.0

40 0 20 13.3
Diaphragm valve
3 600 40 2.0

“Rinsing experiments were performed for 10, 20, and 40 s under each condition. The minimum duration of rinsing

which gave residual pH less than 8 was listed as rinsing time.
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