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Response Function of Temperature Fluctuation in the Poiseulle Flows
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(Received February 6, 2002; revision received July 24, 2002)

ABSTRACT: The present study discusses the deviation from the pure dead-time model of
passive scalars such as temperature and concentration in the Poiseulle flow. Even in the case
of no thermal diffusion, there exists a substantial amount of damping and large deviation of
phase lag from that computed by the traditional dead-time model after only 10 diameter
downstream. These are caused by the phase difference of temperature in the radial direction
due to the nonuniform velocity distribution. In the presence of thermal diffusion, damping is

more pronounced.
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Fig. 1 Gain of bulk temperature along the
axial distance. G,, G,, G;: absolute value,
real part and imaginary part of transfer

function G in Eq. (5) respectively.
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Fig. 2 The phase lag of bulk temperature along

the axial distance. A: current model;

B: dead-time model.
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Fig. 3 Distribution of complex temperature
function along the radius at various
axial locations 2° =2, 6, 10, 14. when
phases of initial location are (a) 0, (b)
2x/3, (c) 4x/3 respectively.
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Fig. 4 Bode diagrams of transfer function G
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Fig. 5 Contour lines of (a) gain and (b) phase lag of bulk temperature at various dimensionless axial
distance z* and diffusion number A. Solid and dotted straight lines represent lines of A/z" =10

and A/z" =100 respectively; (a) contour values run from 099, 0.95, 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3,
0.2, 0.1, 0.05, 0.01; (b) contour values run from —45 —90, —180, —360, —540, —720, —900, —1080,

~ 1260, — 1440 degrees.
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A (A =200. 500. 1000, 10000. o) and inviscid case. Curves for A =10000 and oo are indiscernible.
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