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A Study of A Flow through Small Apertures
(1st Report, Experiments on The Excess Pressure Drop)

Tomiichi HASEGAWA, Kiyoshi FUKUTOM]I, and Takatsune NARUMI

Excess pressure drops in a flow through small apertures are experimentally investigated for
various kinds of liquid and the following three types are found according to the kind of liquid : non
—dimensionalized excess pressure drops at Reynolds numbers of magnitudes about 10 have

(1) nearly the same values as the theoretical ones of Stokes flow (liquid paraffin and butanol) ,
(2) higher values than the theoretical ones of Stokes flow, but they are correlated with Reynolds

numbers regardless of the dimension of orifices u

sed (ethanol and carbon tetrachloride) , and

(3) higher values than the theoretical ones of Stoke flow, and they do not correlate with Reynolds
aumbers (water) , increasing with increase in orifice diameter at the same Reynolds number.

It is shown that the non-dimensionalized excess pressure drops of water have some correlation with
a dimensionless number V (A/v)"?, where V is the mean velocity through an aperture, A is the
relaxation time of water and v is the kinematic viscosity.

Key Words: Flow through Small Apertures, Low Reynolds Number, Excess pressure Drop,
Extensional Flow, Viscoelastic Fluid, Relaxation Time
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Reference Type of Study K K' Note

Kim-E. et al (7) Num, Sol. 2.54 18.6 Re=0-100

Duda et al (8) Num. Sol. 2.8 le.6 Re=1-100
Durst and Loy (9) Num. Sol. 1.73 186 Re=20

Exp. 5.48 795
Exp. 2.4 295

Astarita et al (10)
Sylvester et al (11)

Pipe flow, Re=10-2000, Water Solution of Glycerin
Pipe flow, Re=6-2000, Water Solution of Glycerin

(b) 4P E LTRARMBHBOSH s W RBEN AL > b0

Reference Type of Study K K* Note
Roscoe (2) Theory - 37.7 Creeping orifice flow
Happel et al (3) Theory - 37.7 ibid.
Weissberg (4) Theory - 37.7-43.6 Creeping pipe flow
Caswell et al (12) Num. Sol. - 25.6 ibid.
Nickell et al (13) Num, Sol. - 27.3 ibid.
Boger et al (14) Num. Sol. - 26.7 ibid.
Bond et al (5) Exp. - 40.320.6 Orifice flow, Water Solution of Glycerin
Johansen (6) Exp. - 37.6 Orifice flow, Caster oil
La Nieve et al (15) Exp. - 36.8 Pipe flow, 0il
Hasegawa et al (16) Exp. 1.7-2.3 200 Orifice flow, Water, Re=10-2000
Choplin et al (17) Exp. - 25.6-38.4 Slot flow, Corn syrup
Boger et al (18) Exp. - 23.7 Pipe flow, Maltose syrup
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Density Viscosity Kinematic Surface
viscosity tension
(g/cm3) (g/cm-sec) (cm2/sec) (dyn/cm)

Distilled water 0.998 0.010 0.0110 72.8
Ethanol 0.789 0.0120 0.0152 22.3
Carbon tetrachloride 1.595 0.00972 0.00609 27.6
1-Butanol 0.806 0.0295 0.0365 28.2
Liquid paraffin 0.847 0.290 0.343 26.4
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