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The Residence of Materials in the Cavity Containing an Eddy
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Abstract—The mean residence time of a material in the system containing an eddy was calculated with the ex-
perimental results. The relation between the system mean time which was obtained by the first moment of the sti-
mulus-response curve and the mean residence time which was the ratio of the system volume to the fluid flow rate was
investigated. [f there was no eddy in the system, the system mean time equaled to the mean residence time. For the
system containing an eddy, the system mean time was greater than the mean residence time. And the numerical
value of the discrepancy between them increased with the aspect ratio, AR and inversely with the Reynolds number.
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Fig. 3. Conductivity meter calibration used in de-
termining KCl concentration.
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Fig. 5. Concentration profile in the tail region of
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Fig. 6. Streamline and concentration distribution
in the cavity system(AR = 1, RE = 100).
a) Streamline distribution
b) Concentration distribution at T = 18 sec.
¢) Concentration distribution at T = 72 sec.
d) Concentration distribution at T = 3502 sec.
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Table 1. Comparison between system mean time
and mean residence time in the presence
of tail region of C curve.

RE (sec) RE= RE= RE= RE=
AR 100 75 50 25

38.54 63.47 84.81 197.34

40.00 53.30 80.00 160.00

AR =1 sys.meantime 97.37 112.19 140.00 287.77
mean res. time 44.00 58.70 84.20 176.00

AR sys. mean time 183.94

=1.75 mean res. time 47.00

AR sys. mean time 202.19

=2.25 meanres. time 49.00

AR sys. mean time 132.76

=3.25 meanres. time 53.00

AR =0 sys. meantime
mean res. time
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Table 2. Comparison between system mean time
and mean residence time in the abhsence
of tail region of C curve.

AR RE (sec) RE =100 RE =50 RE =25
AR=0 sys.meantime 39.80 8242 166.70
mean res. time 40.00  80.00 160.00
AR=1 sys.meantime 45.20 75.62
mean res. time  44.00 84.20
AR = 3.25 sys. mean time  44.43
mean res. time  53.00
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Fig. 7. Streamline and concentration distribution in the cavity system(AR = 3, RE = 100).

a) Streamline distribution
b) Concentration distribution at T = 72 sec.
¢) Concentration distribution at T = 1001 sec.
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NOMENCLATURE

AR : Aspect ratio of the cavity(H/D)

26 X2 1988L1 43

sEss

: Concentration

: Initial concentration of the tracer

: Width of the cavity

. Diffusivity

: Distribution function for residence time t

1 Depth of the cavity

: Height of the channel

: Peclet number (U,h/De)

: Volumetric flow rate

: Reynolds number (hU,/ v )

: Time

: Characteristic time (h/U,)

: Mean residence time

. Average velocity in the channel
x-directional dimensionless velocity (u’/U,)

: System volume

: y-directional dimensionless velocity (v’ /U,)

: Dimensionless x coordinate (x’/h)

: Dimensionless y coordinate (y*/h)

VDT TmOOO0
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Greek Letters

¢ : Dimensionless time (T/T,)
v : Kinematic viscosity

¢ : Stream function

w : Vorticity
Superscript

s

: Dimensional quantity of given variable
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