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LAMINAR FLOW IN THE ENTRANCE REGION OF HELICAL TUBES
FOR UNIFORM INLET VELOCITY CONDITIONS

Y.l Kim* and J.H. Park™

A numerical study for laminar flow in the entrance region of helical tubes for uniform inlet velocity conditions
is carried out by means of the finite volume method to investigate the effects of Reynolds number, pitch and
curvature ratio on the flow development. This results cover a curvature ratio range of 1/10 ~1/320, a pitch range of
0.0~3.2, and a Reynolds number range of 125~2000. It has been found that the curvature ratio does significantly
effect on the angle of flow development, but the pitch and Reynolds number do not. The characteristic angle

¢.(= 8/ V3),

or the non-dimensional length (=1 v/§cos(atan))/d) can be used to represent the flow

development for uniform inlet velocity conditions. In uniform inlet velocity conditions, the growth of boundary layer
delays the flow development attributed to centrifugal force, and in which conditions the amplitude of flow oscillations

is smaller than that in parabolic inlet velocity conditions.

If the pitch increases or if the curvature ratio or

Reynolds number decreases, the minimum friction factor and the fully developed average friction factor normalized
with the friction factor of a straight tube and the flow oscillations decrease.

L PH(Helical tube), =F-(Laminar), &5

EAJZKCharacteristic Angle)
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Fig. 1 Geometry, coordinate system and grid.
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Table 1 Grid sensitivity.

A 5 ~ Grid Pressure max. | f,, max.
sectionalx (axial) error [%] error [%]
0.1 1/10 4893x(715) 13 0.3
0.1 | 1/40 | 4893x(715) 1.2 0.2
0.1 |1/320| 4893x(715) 1.6 0.1
3.2 | 1/40 4893x(715) 17 0.1
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Fig. 2 Comparison of fully developed friction factor f with
experimental correlations. f,, curved tube values; f,,

straight tube values.
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Fig. 3 Effects of inlet condition on the development of average
friction factor on the circumference of a helical tube.
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(@) ¢ = 1~5 (b) ¢ = 10~40° (c) ¢ = 60~180°
Fig. 4 Development of local friction factor.
(a) plane AA
(b) plane BB
Fig. 5 Development of axial velocity at 2e=2000, A=0.1, §=1/40.
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Fig. 6 Development of velocity vector(left) and axial flow distribution(right) at Z=2000, A=0.1, §=1/40
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Fig. 7 Effects of curvature ratio on the development of average
friction factor on the circumference of a helical tube.
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Fig. 8 Effects of pitch on the development of average friction
factor on the circumference of a helical tube.
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Fig. 9 Effects of Reynolds number on the development of average
friction factor on the circumference of a helical tube.
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