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Temperature Changes of Cryogenic Fluid Flow in Pipe Bends due to
Viscous Heating Effect
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shhan85@dau.ac.kr Abstract >> Liquid hydrogen, which operates in cryogenic environments has a

density 800 times greater than gaseous hydrogen, making it advantageous for

Received 27 June, 2024 large-scale storage and transportation. However, continuous evaporation due to
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Accepted 20 August, 2024 external heat intrusion and internal heat generation poses challenges. To miti-
gate heat conduction, various insulation materials are used. In pipe systems, vis-
cous heating effects from turbulence and viscosity, especially in bends, cause
heat generation. This study employs computational fluid dynamics (CFD) to ana-
lyze the impact of fluid velocity, pressure drop, inner diameter, and curvature ra-
dius of pipe bends on viscous heating. Using liquid nitrogen at 77 K as a working
fluid, the CFD results showed that increased velocity and pressure drop along
with smaller inner diameter and curvature radius enhanced viscous heating,
raising fluid temperature.
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Fig. 1. Geometry, grid model and y* of 90° elbows in pipe
bends

Table 1. Grid convergence tests due to change of grid sizes

Grid Grid size [mm)] Elements
#1 3.0 3,123,000
#2 3.5 2,094,000
#3 4.0 1,495,000
#4 45 1,125,000
#5 5.0 863,000
Boundary layers (inflation)

Fist height [mm] 0.01

Number of layers 15
Y 69.8
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Fig. 2. Results of grid convergence test

Table 2. Material properties of liquid nitrogen

Density Viscosity

806.08 kg/mz 1.6065 10 * kg/m * s

Table 3. Load and boundary conditions for CFD analysis

Inlet Flow rate: 0.36m"/s
Outlet 5 bar
Wall No-slip adiabatic
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