
0(15260dburg)]5
/F10 1 Tf
9.978 0 0 9.978 87681.3 13.268 Tw
(~)Tjg)]T4
/F10 03 63978TD32 Receadd.9(and)-3199(and)-3Pnd
Modification of a vortex street by a polymer additive
J. R. Cressman, Q. Bailey, and W. I. Goldburg
Departmenar7 oar7oar7andA-33onomBailey,Unaddrsitytmenar7 oar7Golh,33(oar7)Pitts(Golh,33(oar7)Pennsylvani-3325introduces an elongational viscosity term into the Navier–Stokes equation. ©2001 American
Institute of Physics.@DOI: 10.1063/1.1347962#
y
-
-
n
p
-
o
o

I. INTRODUCTION

It has long been known that the drag force exerted b
fluid flowing in a pipe is markedly larger if the fluid is tur
bulent rather than laminar.1 Some 50 years ago it was dis
covered that the addition of a very small amount of a lo
chain polymer to the turbulent fluid has the effect of su
pressing this excess drag.2 This phenomenon is still not un
derstood. While large on an atomic scale, the polymer m
ecules are much smaller than the smallest eddy sizes
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lar weight of 33105 has no effect. This observation give
further credence to the idea that the elongational viscosit
implicated in the effects that are seen. The high molecu
weight polymer also broadens the otherwise sharp freque
power spectrumS( f ).

The strong effect of a polymer additive on vortex she
ding has recently been seen in a vertical water channel.12 In
that experiment a polymer solution of relatively high conce
tration was injected into the flow through the holes in t
cylinder that generate the vortex street. A dye in the injec
solution showed that the polymer alters the lateral spacin
the chain of counter-rotating vortices and produces other
ible effects as well.

Details of our experiment are presented in Sec. II and
results are given in Sec. III. Section IV is a discussion of o
findings, and the work is summarized in Sec. V.

II. EXPERIMENT
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nal and transverse velocitiesU((X,Y)) and V((X,Y)), re-
spectively. HereX
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