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Boundary layer limit for laminar flow through a
slowly rotating straight pipe: effect of rotation ratio
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ABSTRACT

We consider fully developed steady laminar flow through a pipe that is rotating slowly
about a line perpendicular to its own axis. The solution is expanded by computer in
powers of a single combined similarity parameter introduced by [1], K = RR,., where
R is a Reynolds number based on axial velocity and R, is the Reynolds number
based on rotational velocity. The solution is expanded by computer in powers of our
similarity parameter number K and d = R,./R which is the rotating ratio. A major
difference between results in [1] and those of other analyses is in the asymptotic
behavior of the friction factor as the similarity parameter KX = RR, and hence k
increases. The prevailing opinion has been that the relationship goes as f,./fs ~ k'/4,
whereas [1] find that f,./f, ~ k/8 in this work we try to see whether the effect of the
rotating ratio changes this relation or not.

The previous work on this problem divided into four categories: First theoretical
analysis, perturbation theory by [2], [3], [4], and [1]. Second experiments for a rotating
pipe were conducted by [5], [6],[7]. Third, the boundary layer analysis is done by [8],
where they assumed that the boundary-layer thickness is constant with respect to
the angular coordinate inasmuch as the Coriolis force due to the rotation acts in a
fixed direction. Their assumption about angular independence of the thickness seems
unreasonable, in reference [7] also a boundary-layer analysis was carried out. Their
equations were solved via the Karman-Polhausen method of integration. But their
model seems to be invalid in the vicinity of the innermost ring because at that point
they predict infinite boundary-layer thickness. Fourth, as far as numerical work is
concerned [9], [10], [11] have carried out computation and they all agreed with Ito’s
experiment.

References

[1] K. MANSOUR, Laminar flow through a slowly rotating straight pipe. J. Fluid
Mech. 150, 1-24, (1985).

[2] S. N. BARUA, Secondary flow in a rotating straight pipe. Proc. R. Soc. Lond. A
227, 133-139 (1954).

[3] G.S. BENTON, Perturbation Methods in Applied Mathematics. Blaisdell, 1968.

[4] H. ITo AND T. MOTAI Secondary flow in a rotating curved pipe. Rep. Inst. High
Speed Mech. 29, 33-57 (1974).

[6] L. TREFETHEN, Fluid flow in radial rotating tubes. In Actes, 9 eme Congr. Intle
de Mec. Appl. 1, 341-350. University de Bruxelles (1957).

©Abstracts of BAIL 2010



[6] L. TREFETHEN, Flow in rotating radial ducts: report R55GL 350 on laminar
flow in rotating, heated horizontal, and bent tubes, extended into transition and
turbulent regions. Gen. Elec. Co. Rep. 55GL350-A (1957).

[7] H. ITo AND K. NANBU Flow in rotating straight pipes of circular cross-section.
Trans. ASME D: J. Basic Engng 93, 383-394 (1971).

[8] Y. Morr AND W. Nakavama, W. Convective heat transfer in rotating radial
circular pipes (1st report, laminar region). Intl. J. of Heat Mass Transfer 11,
1027-1040 (1968).

[9] U. Le1 AxD C.H. Hsu, Flow through rotating straight pipes, Phys. Fluids, Amer-
ican Institute of Physics (1990).

[10] H. ISHIGAKI, Analogy between laminar flows in curved pipes and orthogonal
rotating pipes. J. Fluid Mech. 268, 133-145 (1994).

'Department of Aerospace Engineering Amir Kabir
University of Technology Tehran

Iran, 15875-4413

Flow Research And Engineering 560 University Avenue
Los Gatos, Ca 95032

mansour@cic.aku.ac.ir



