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Fundamental study on turbulent fluid mixing characteristics in piping systems

— Fundamental study on fluid mixing mechanism in T-junction areas —
Saburo TODA*, Kazuhisa YUKI*, Toshiharu MURAMATSU**

ABSTRACT

In a region where two fluids with different temperatures are mixed
together, unsteady temperature fluctuation, i.e. thermal striping, occurs in
going through the unstable mixing process of the fluids, and structural
materials in the surrounding area may be damaged by high-cycle thermal
fatigue. In this report, in order to clarify the relation between the thermal
striping and temperature fluctuation of structural wall, PIV measuring
system is applied to visualize the fluid mixing state in a T-junction area in
which important parameters for the fluid mixing are the flow velocity and
aperture ratios of a main pipe to a small pipe and an incidence angle of the
small pipe to the main pipe as well as temperature difference of the two flows.

As a result of visualization experiments in a isothermal field, it is
‘confirmed that a jet-axis, which is a stream line flowing out from the center of
the small pipe, vibrates unsteadily and that its behavior is strongly affected
by circulating flow, Karman vortex formed behind the jet axis, and especially
fiow-fluctuation which exists as a background-flow in the main pipe.
Especially, the frequency band of the flow- fluctuation in the main pipe almost
corresponds to that of the vibration of the jet-axis where the ratio of flow rate
is low. Furthermore, in order to estimate the vibration state of the jet-axis
and to find out the conditions for preventing the thermal fatigue, the
penetration depth of the jet-axis is generalized.

From measurements of temperature fluctuation of wall, it is shown that
a high power fluctuation area exists universally behind the junction point of
the small pipe where the flow rate of the small pipe flow is relatively lower
than that of the main pipe flow. The band of dominant frequency of the
temperature fluctuation is almost the same as the flow-fluctuation and the
jet-axis vibration mentioned above. In addition, visualization experiments
of secondary flow formed in a 90-degree bend, which is installed upstream on
the main pipe side, clarifies that its flow pattern changes unsteadily and
intensely and that its frequency band is nearly equal to that of the
temperature fluctuation. It is concluded that the fluid mixing and the
temperature fluctuation of wall may be dominated by the unsteadiness of the
secondary flow.

* Department of Quantum Science and Energy Engineering, Graduate School of Engineering,
Tohoku University
** Advanced Technology Division, O-arai Engineering Center, JNC
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fz[gii] g{g frequeTCY[Hz] powEr[ ] Table 2 Velocity fluctuation
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-15.95 0.43 1.64 14.2 y
—-8.13 0.43 1.64 21.4
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3.13 0.43 1.64 31.9 ' AN
15.95 0.43 —~ -
23.20 0.43 1.64 20.6
29.74 0.43 1.64 10.4
-14.04 0.49 — -~
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0.00 0.49 1.64 217
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14.04 0.49 1.64 24.2
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Fig. 24 Measuring points of temperature fluctuation of wall
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Fig. 25 Effect of temperature difference A7 on wall temperature fluctuation
(U=0.9m/s, Ui=0.4m/s, DId=7.20)
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Fig. 26 Effect of velocity ratio on wall temperature fluctuation
(Un=0.9m/s, AT=40.0K, D/d=7.20)
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Fig. 27 Effect of aperture ratio on wall temperature fluctuation
(Un=0.9m/s, TE=0.4m/s, AT=40.0K)
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Fig. 28 Effect of velocity ratio on wall temperature fluctuation
(Ua=0.9m/s, AT=40.0K, D/d=7.20)
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Fig. 29 Effect of aperture ratio on wall temperature fluctuation
(Ua=0.9m/s, U:=0.4m/s, AT=40.0K)
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Fig. 30 Effect of velocity ratio on temperature fluctuation power
(Uh=0.9m/s, AT=40.0K, DId=7.20)
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