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ABSTRACT: A heat exchanger analysis is performed to investigate the heating characteris-
tics of cryogenic nitrogen by ambient air for the purpose of cryogenic automotive propulsion.
The heat exchanger is a concentric triple-passage for supercritical nitrogen, and the radial
fins are attached on the outermost tube for the crossflow of ambient air. The temperature
distribution is calculated for the nitrogen along the passage, including the real gas properties
of nitrogen, the fluid convections and the conductions through the tube walls and the fins.
Since the wall temperature of the outer (ambient side) tube is very low in most cases, a
heavy frost can be formed on the surface, affecting the heat exchange performance. By the
method of the similarity between the heat and the mass transfer of moist air, the frost
growth and the time-dependent effectiveness of the heat exchanger are calculated for various
operating conditions. It is concluded that the frost formation can augment the heating of
nitrogen during the initial period because of the latent heat, then gradually degrades the heat
exchange because of the increased thermal resistance. Practical design issues are discussed
for the flow rate of nitrogen, the velocity and humidity of ambient air, and the sizes of the
fin.

Key words: Heat exchanger(@x%7]), Cryogenic(342), Frost formation(&4}), Heat and
mass transfer(d %2 £3dA4), Nitrogen(24)
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Fig. 1 Open Rankine cycle and T-s diagram
for power generation system utilizing
cold energy of liquid nitrogen.
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Fig. 2 Schematic configurations of heat exchanger and approximate temperature distributions.
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Outside .
Diameter Thickness
Inner(1) | 1234 mm | 0.26 mm
Tube ™\ fiddle(2) | 1819 mm | 081 mm
Outer(3) | 2340 mm | 1.00 mm
Length(L) 1.0 m
- Length(Ly) 8.89 mm
m Thickness(t) 0.254 mm
(Type 1) -
Pitch(py) 3.0 mm
. Pressure(Pnz) 80 bar
Nitrogen -
Mass flow rate(rm) 08 g/s
Ammbi Temperature(Ty) 285 K
m .1ent Velocity (Va) 5 m/s
air
Relative humidity( ¢ ) 40%
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