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Influence of Obstacle's Cross-Sectional Shape on a Frost Formation on a Cryogenically Cooled Cylinder
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NOMENCLATURE
¢, :specific heat at constant pressure  [J/kg/K]
Cp : pressure drop coefficient [-]
m : mass flow rate of main air flow  [kg/s]
Ap : cooling tube’s pressure drop [Pa]
Q :the amount of heat transferred [W]
p :air density [kg/m?]
T :airflow temperature K]
u :main airflow speed [m/s]
Subscripts
in :inlet
out : outlet
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Fig. 2. The pictures of frost formation on cooling tubes of the
precooler.

Fig. 3. Concept of the countermeasure of frost formation.
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Fig. 5. Overhead view of test section.
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Fig. 6. Definition of the thickness of the frost on the cylinder.

Fig. 7. Overhead view of obstacles (a): with circular obstacle,
(b): with V-shaped obstacle, (c): with square obstacle, (d): with
rectangle obstacle.

Table 1. Obstacle conditions.

Obstacle Distance[mm]
V-shaped obstacle 10, 15, 20, 30
Circular obstacle 5, 10, 15, 20
Square obstacle 5, 10, 15, 20
Rectangle obstacle 40
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Fig. 8. The pictures of frost formation from downstream camera

(a): without obstacle, (b): 5 mm, (c): 20 mm.
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Fig. 9. The pictures of frost formation from side camera (a):
without obstacle, (b): 5 mm, (c): 20 mm.
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Fig. 10. Frost thickness on the side area with the circular obstacle.
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Fig. 11. Frost thickness on the downstream stagnation point with
the circular obstacle.
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Fig. 12. Effect of the obstacle distance on the pressure drop
coefficient with the circular obstacle.
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Fig. 13. Effect of the obstacle distance on the amount of heat

transferred with the circular obstacle.
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Table 2. Effect of the obstacle distance on the average amount
of heat transferred with the circular obstacle.

Distance The average amount of
[mm] heat transferred [W]
5 19.6
10 19.1
15 19.1
20 18.9
W/O 15.0
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Fig. 14. The pictures of frost formation from downstream
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Fig. 15. The pictures of frost formation from side camera (a):
without obstacle, (b): 5 mm, (c): 20 mm.
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Fig. 16. Frost thickness on the side area with the square or
rectangle obstacle.

35 T —— —
3.0 ~-5mm ]
~+-10mm I 3 ]
Ez_s ~15mm % - ]
E 20mm 3 1
§ 20 ~-Rectangle 1
= 4
= ]
=3 4
=15 /{ ]
= ]
Z ]
£10 ]
0.5

0.0 besssd : : :

0 100 200 300 400 500 600
Time [s]

Fig. 17. Frost thickness on the downstream stagnation point with
the square or rectangle obstacle.
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Fig. 18. Effect of the obstacle distance on the pressure drop
coefficient with the square or rectangle obstacle.
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Fig. 19. Effect of the obstacle distance on the amount of heat

transferred with the square or rectangle obstacle.

Table 3. Effect of the obstacle distance on the average amount
of heat transferred with the square or rectangle obstacle.

Distance The average amount of

[mm] heat transferred [W]
5 19.8
10 17.7
15 17.6
20 17.9
Rectangle 175
W/O 15.0
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Fig. 20. The pictures of frost formation from side camera (a):
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Fig. 21. Frost thickness on the upstream stagnation point with
the V-shaped obstacle.
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Fig. 22. Frost thickness on the side area with the V-shaped
obstacle.
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Fig. 23. Effect of the obstacle distance on the pressure drop
coefficient with the V-shaped obstacle.
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Fig. 24. Effect of the obstacle distance on the amount of heat
transferred with the V-shaped obstacle.
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Table 4. Effect of the obstacle distance on the average amount
of heat transferred with the V-shaped obstacle.

Distance The average amount of
[mm] heat transferred [W]
10 19.0
15 20.1
20 21.1
30 20.2
W/O 15.0
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Fig. 25. Frost thickness on the side area.
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Fig. 26. Effect of the cross-sectional shape on the pressure drop
coefficient.
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Fig. 27. Effect of the cross-sectional shape on the amount of heat
transferred.

Table 5. Effect of the cross-sectional shape on the average
amount of heat transferred.
The average amount of
heat transferred [W]

Obstacle condition

Circular 19.6
Square 19.8
Rectangle 17.5
V-shaped 19.0
W/O 15.0
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