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Flow Boiling Heat Transfer Characteristics of Liquid Nitrogen in Plain
and Wire Coil Inserted Tubes

Jee-Sang Hwang, Rin Yun, Jin Taek Chung and Yongchan Kim
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Abstract

Boiling heat transfer characteristics of liquid nitrogen in a stainless steel plain tube and wire coil inserted
tubes were investigated. The test tubes, which had an inner diameter of 10.6 mm and a length of 1.65 m,
were horizontally located. Five wire coils having different pitch and thickness were inserted into the plain
tube. The pitches of the wire coils were 18.4, 27.6, and 36.8 mm, and the thickness was 1.5, 2.0, and 2.5
mm, respectively. Tests were conducted at a saturation temperature of -191°C, mass fluxes from 58 to 105
kg/m’s, and heat fluxes from 22.5 to 32.7 kW/m’. A direct heating method was used to apply heat to the test
section. The boiling heat transfer coefficients of liquid nitrogen were represented as a function of vapor
quality, which showed significant drop at the dryout vapor quality. The maximum heat transfer enhancement
using the wire coil inserted tubes over the plain tube was 174% for 'Wire 3' having a thickness of 2.5 mm
and a pitch of 18.4 mm.
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Fig. 3 Geometry of a wire coil insert

Table 1 Specifications of wire coils

Wire
coil

Tube
I.D.

(D)

Coil
D.
(Dw)

Wire
D.
®

Coil
pitch
®)

t/D,,

p/D.,

Wire 1

10.6 mm

10.0 mm

1.5 mm

18.4 mm

0.15

1.84

Wire 2

10.6 mm

10.0 mm

2.0 mm

18.4 mm

0.20

1.84

Wire 3

10.6 mm

10.0 mm

2.5 mm

18.4 mm

0.25

1.84

Wire 4

10.6 mm

10.0 mm

2.0 mm

27.6 mm

0.20

2.76

Wire §

10.6 mm

10.0 mm

2.0 mm

36.8 mm

0.20

3.68
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Fig. 5 Temperature profiles on the plain tube wall
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Table 2 Heat transfer enhancement with respect to ¢

Wire
coil
No.

Wire 1 [ 21.9% 24.5% 351% | 422%

G=58.0 | G=70.6 | G=88.0 | G=104.9
(kg/m’s) | (kg/m’s) | (kg/m’s) | (kg/m’s)

Wire 2 48.5% 63.5% 92.7% 126.1%
Wire 3 66.6% 85.1% 170.0% | 173.9%
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Fig. 9 Comparison of the heat transfer coefficients
between the plain tube and the wire coil
insert tubes having different pitch

Table 3 Heat transfer enhancement with respect to p

Wire

. G=58.0 | G=70.6 | G=88.0 | G=104.9
coil

No. (kg/m’s) | (kg/m’s) (kg/mzs) (kg/m’s)
Wire 2| 48.5% | 63.5% | 92.7% | 126.1%
Wire 4] 293% | 393% | 54.7% | 72.6%
Wire 5| 7.3% | 149% | 32.7% | 36.0%
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Fig. 10 Temperature profiles on the enhanced
tube wall
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