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Numerical Analysis of an Increase in Gas Temperature by an Adiabatic
Compression and Evaluation of the Analysis Results
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To quantify an increase in gas temperature arising from an adiabatic compression,
fluid flow in high-pressure tube with closed end was studied using computational
fluid dynamics (CFD). As a result, the maximum gas temperature reaches 733 °C
with the initial pressure at high-pressure side being 10 MPa and 895 °C with the
pressure being 25 MPa. Concurrently, the maximum gas pressures are found to be
higher than the initial pressures at high-pressure side. The measurement of fluid
flow with the experimental apparatus was also carried out to evaluate the simulated
results mentioned above. Though gas pressure profiles between the simulated and
experimental results are almost equivalent, gas temperatures of experimental re-
sults are much lower than those of simulated results. To indirectly evaluate gas tem-
perature, ignition tests were conducted with placing a polymeric sample at the end
of the tube. It has been concluded that the simulated temperature is more realistic
than the measured temperature since the results of ignition tests can be generally
explained from the simulated ones.
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Fig. 1 A schematic diagram of the experimental apparatus: a) Overall diagram, b) Close-up diagram of the

valve, ¢) Close-up diagram of the end of the tube.
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Fig. 2 A schematic diagram of the polymericlsample
placed close to the end of the tube for the ignition tests.
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Fig. 3 A schematic diagram of the finite grid:
a) Complete diagram; b) Close-up diagram near the
valve; ¢) Close-up diagram close the end of the tube.
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Fig. 4 A schematic diagram of the valve operation: a) at
the initial condition; b) at 0.001 s; ¢) at 0.014 s ; d) at 0.028
s (completely open).
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Fig. 5 Maximum of gas temperature profiles at a func-
tion of time: a) profiles to 0.08 s at the initial pressure of
10 MPa and 25 MPa; b) profiles to 15 s at the initial pres-
sure of 10 MPa.
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Fig. 6 Gas temperature profiles close to the end of the
tube and close to the valve; the flow field from the tank
to the valve is initially filled at 10 MPa: a) at 0.005 s; b) at
0.015s;c)at0.0155;d)at0.02s;e)at0.1s;f)at1s;g)at 10s.
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Fig. 8 Gas pressure profiles at a distance of 20 mm from
the end of the tube at a function of time.
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Fig. 9 Gas pressure and temperature profiles at a dis-
tance of 2 mm (temperature) and 20 mm (pressure) from
the end of the tube at a function of time'?; the flow field
from the tank to the valve is initially filled at 25 MPa.
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Table 1 Results of the ignition tests'.

Initial pressure of  Initial pressure of

Material 10 MPa 25 MPa
Tests  Ignitions  Tests  Ignitions
PTFE 25 0 25 1
Nylon 6,6 25 0 26 13

*Tests represent number of tests and ignitions
represent number of ignitions.
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Fig. 10 Effect of oxygen pressure on the autogenous
ignition temperature (AIT) of polymeric materials'”.
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Table 2 The simulation results in ignition tests'”; sample
material is Nylon6,6.

. Maximum temperature
Initial pressure

Sample (C) Gas (C)
10 MPa 113 703
25 MPa 184 908
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A area (m?)
Co specific heat capacity ~ (J kg'K™")
E total energy Jkgh
ij orthogonal unit vector (-
p pressure (Pa)
q heat flux (Wm?)
T temperature ¢9)
t time (s)
1% volume (m®)
v overall velocity vector ~ (ms™)
y specific heat ratio ©)
b} thermal conductivity (Wm'K"
o) density (kg m®)
T shear stress (Pa)
f final condition
i initial condition
X,y Cartesian coordinates
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