
corresponding profiles agreed within better than one percent, 
showing again that the upstream flow from our flow facility is 
axisymmetric. 

The point closest to the wall for which the velocities were 
measured is at y/D = 0.48 and z/D = 0 (with the splitter 
plate horizontal). At this point the nonlinearity in y/D is 
about 0.008 and in z/D about 0.004. At other points where the 
velocities were measured, the nonlinearity in the position 
calibration was too small to be measured. The largest con
tribution to position uncertainty is the approximately 1.5 mm 
x 0.15 mm size of the measuring volume in the 52 mm 
diameter pipe. 

We agree it would have been better to plot symbols only 
where data were actually taken. 

To determine the magnitudes of the periodic velocity 
components, we measured the area under the corresponding 
peak in the power spectrum as described on page 192. The 
level of random signal subtracted was determined by 
averaging 5 data points on each side of the 21 points and 
interpolating linearly between the two averages. 

The spectra of Fig. 9 were taken at y/D = 0.096 (y = 5mm) 
and z/D = 0 for all three values of x/D listed. The 3rd 
harmonic of the velocity signal was smaller than about 1 
percent of the larger of the 1st or 2nd harmonics at all points 
where data were taken. We chose the word "worst" only to 
express this point, not to suggest that anything was wrong. 
Harmonics higher than the third were too small to be 
measured. We agree that periodic signals in general exhibit 
higher harmonics. We would certainty have observed them in 
our experiment if they were larger than the turbulence at that 
frequency. To a good approximation, the only components 
that are there are just the mean, the fundamental, the second 
harmonic, and broadband turbulence. 

As noted on page 194, vortices passing on both sides of the 
centerline cause a maximum in the second harmonic u2 of the 
longitudinal velocity but a zero value for the second harmonic 
i>2 of the transverse velocity on the centerline. By second 
harmonic, we mean the component at twice the frequency of 
the first harmonic or fundamental. 

Interference Between Two Circular 
Cylinders of Finite Height Vertically Im
mersed in a Turbulent Layer1 

M. M. Zdravkovich.2 The authors are to be complimented 
for an excellent and detailed pressure measurement on one of 
two interferring cylinders at i?e = 1.55 x 104. The height to 
diameter ratio of both cylinders was only 3 and the 
thickness of the turbulent boundary layer along the wall on 
which the cylinders were attached was 0.86 of the cylinder 
height. At the base of the cylinders near the ground, the 
turbulent boundary layer presumably rolled down and formed 
a strong horse-shoe eddy. At the free-end, the flow was 
deflected upwards on the upstream side and pressure coef
ficient could not reach the value of one. The extent of these 
two regions probably overlapped for short h/d=2> and it 
should have resulted in a complete suppression of eddy 
shedding in the wakes of both cylinders. This inference seems 
to be supported by the measured values of the base pressure 
coefficient, Cpm being in the range -0.3 to -0.6. These are 
considerably above the values of —1.2 to —1.4 found behind 
the nominally two-dimensional cylinder at the same Reynolds 

By Taniguchi, S., Sakamoto, H., and Arie, M., published in the December 
1982 issue of the ASME JOURNAL OF FLUIDS ENGINEERING, Vol. 104, No. 4, pp. 

529-536. 
2University of Salford, Salford, U.K. Mem. ASME. 

number. The overall drag coefficient of 0.65 is almost half of 
that produced by the nominally two-dimensional cylinder. 
However, the authors did not mention eddy shedding and my 
first question is whether they found that the eddy shedding 
was suppressed for all arrangements tested. 

If my inference about the suppressed eddy shedding is 
correct then the authors demonstration of a qualitative 
similarity of the interference effects between the short finite 
cylinders and nominally two-dimensional ones gives a new 
insight into the phenomena involved. The biased jet in side-
by-side arrangements reappeared between the short cylinders 
despite the absence of eddy shedding and presence of the 
strong horse-shoe eddy and end-effects. The bistable nature of 
that phenomenon was demonstrated in Fig. 10, but single 
values for CD and CL were plotted in Figs. 13 and 14. There 
must have been intermittent occasions when the monitored 
cylinder experienced the jet-switch and produced different 
pressure distribution. My second question to the authors 
concerns the effect of bistable jet swich on the overall CL and 
CD. 

There is another flow instability in slightly staggered 
arrangements when the strong gap flow between the cylinders 
may suddenly cease and result in a discontinuous change of 
CL. This gap flow switch was a prominent feature of the 
interference between the two nominally two-dimensional 
cylinders. The authors chain-dot line CLraax in Fig. 13 is 
located in the region where the gap flow instability should be 
expected. The question is whether similar gap flow switch was 
observed by the authors. 

The tandem arrangements displayed a typical change in 
pressure distribution on the upstream side as seen in Fig. 8(a) 
for s/d=3 and 4. This always produced discontinuous jump 
in CD (reference [10]). This jump, however, is not shown in 
Fig. 14 and the authors comment's will be helpful. 

The effect of Reynolds number was not mentioned in the 
paper. The beautiful flow visualization photographs shown in 
Fig. 10 were obtained at Re about 620. The flow pattern 
should not be expected to be identical for Re = 1.55 x 104 at 
which pressure distributions were measured. The difference of 
two flows is caused not only by the laminar boundary layer 
along the wall, as stated by the authors, but also due to long 
laminar free-shear layers separated from the cylinders. The 
transition in free shear layers at Re = 1.55 x 104 is expected to 
be not further than 0.5D from the separation. The simulation 
of turbulent boundary layers on both cylinders in reference 
[11], was done with the aim of simulating post-critical flow 
regime. However, despite the strong Reynolds number effect 
an extremely valuable qualitative insight can be gained from 
Fig. 10. May I ask the authors what was the height of the 
smoke-wire relative to the height of the cylinders and could 
they show some photographis for y/h = 0.11 and y/h = 0.89? 
The first will reveal three-dimensional flow due to the horse
shoe eddy (as in reference [14]), while the second equally 
intriguing one will show three-dimensional flow around the 
free end. 

Finally the inferred double flow structure by the discusser 
along the height of the short cylinders can be proved or 
disproved by presenting equilift and equidrag lines for local 
sections. The horse-shoe flow structure will strongly affect 
local CD and CL at y/H =0.11 while the free-end effect will 
dominate local CL and CD at y/H= 0.89. The present Figs. 13 
and 14 hide these two separate effects. 

Additional Reference 
14 Taniguchi, S., Sakamoto, H., and Arie, M., "Flow Around a Circular 

Cylinder of Finite Height Placed Vertical in Turbulent Boundary Layers," 
Bull. J.S.M.E., Vol. 24, No. 187, 1981, pp. 37-44. 
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at the height of the two cylinders ylh = 0.44 and the overall
drag coefficients CD of the upstream cylinder in the tandem
arrangement. Each curve has its maximum value at
sld= 1.35-1.5 and rapidly decreases as sid increases, and then
becomes almost constant over sid= 2.0. However, we cannot
find the discontinuous jump in CD which has always occurred
in a two dimensional case.

We didn't investigate the effects of Reynolds number on the
flow around the two cylinders. Figure 10 visualized the flow
patterns around the two cylinders when the wire element was
set horizontallY at the height y 1h =0.5. The flow patterns
around a three dimensional body such as two cylinders cited
in this study are markedly different along its height.
Therefore it is very important to investigate the variation of
the flow patterns with respect to the height of the body. From
this point of view, we present some photographs at the sever~l

heights of the two cylinders in the side-by-side arrangement m
Appended Fig. 2 and the surface flow patterns in the various
arrangements in Appended Fig. 3, respectively.

The three dimensionality of the flow around the two
cylinders causes the different pressure distributions along the
height of the two cylinders, as seen in Fig. 6. We can roughly

Appended Fig. 3 (cont.) Sid = 4.0, Uo = 16 mls

Appended Fig. 3 Surface flow patterns around two cylinders in various
arrangements. sld= 1.5, Uo = 16 mls

4.03.0

-cpb (y/h=0.44l

2.0

0.0 L..__..L-__...I-__........

1.0

0.2

.D 0.4
0-

w
oe

Cl
w

0.6

sid
Appended Fig. 1 CD and cpb of the upstream cylinder

Authors' Closure

The aim of this study was to make clearer the time-averaged
fluid forces caused by the interference between the two cir
cular cylinders of finite height. At present, we leave the
measurements of the eddy shedding for the further ex
periment, so that we cannot answer correctly whether (he eddy
shedding was suppressed for all arrangements tested.

In this experiment, we got two values of the pressure on the
back surface of the monitor cylinder, which were caused by
the bistable jet switch in case of the side-by-side arrangement
when sld= 1.2. The coefficients CD and CL in Figs. 13-16
were computed by the lower pressure distributions. These
values formed the continuous curves, as seen in these figures.
The higher values of CD and CL were 0.72 and 0.22,
respectively. However, similar gap flow in the other
arrangements were not measured by Betz type manometer
used in this experiment.

Appended Fig. 1 shows the back pressure coefficients - Cpb

Appended Fig. 2 Flow patterns around two cylinders in side·by·slde
arrangement. d =10 mm, hid =3.5, sid =2.0
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Appended Fig. 4 Local drag coefficient, s/d = 2.0 

0 30 60 90 120 150 180 

0 deg. 

Appended Fig. 5 Local lift coefficient s/d = 2.0 

estimate the trend of the variations in the local coefficient C; 
and CLy from these pressure distributions. Appended Figs. 4, 
5 show the local drag coefficient CDy and the local lift 
coefficient CLy at several heights of the two cylinders in case 
of s/d =2.0. It can be noticed the whole trends of these 
coefficients are almost similar to one another. 
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