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Fig. 1. Site plan in Peng-cheng electric power plant

(unit: m).
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Fig. 2. Plan of pressure measurement points and

anemometer.
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Fig. 3. Projection of measuring tower (unit: m).
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Fig. 4. (color online) Wind pressure transducer: (a) An actual transducer; (b) dimension (unit: mm); (c) a

(a) S2H; (b) R (B4 mm); (c) 3T HRIIMERLS

transducer arranged on tower surface.

6.0 1 1.00 1000

L (a) e (b)
5.0 L™ .\-\/__./I—-/.‘ w
s aof —— WUERT% 1
4% T —o W e & {
J N 6.0
}é 3.0[ 0.10 ﬁ gg 10k z
2 L 12 B
g 20 0.05 = .15
a £ 4 — U
Lop 1 s ) R
15 m/s
[0 T T U T S U T EU Y SO B 0.01 0.1 L L
0 4 8 12 16 20 24 28 1 10
M /m-s =1 Wi /Hz

Bl5  (MTREG) R RESERIE IR R (a) #ESIERE; (b) sh&MERE
Fig. 5. (color online) Wind tunnel test results for performances of wind pressure transducer: (a) Static

performance; (b) dynamic performance.
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Fig. 6. (color online) Anemometers.
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Fig. 9. (color online) Simulation of type B flow field
in TJ-3 wind tunnel: (a) Power spectral function for
along-wind component of wind speed; (b) turbulent

intensity profile; (¢c) mean wind velocity profile.
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(a) Uniform flow field; (b) type B flow field.
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Fig. 20. Fluctuating wind pressure distribution: (a) & = 0 (uniform flow field); (b) & = 0 (turbulent flow field);
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flow field); (f) k = 0.0065 (turbulent flow field).
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Abstract

Flow around a circular cylinder is a classic scenario which invariably draws the attention of the fluid mechanics
circle, because its relevant studies are of both theoretical and practical significances. However, most experiments are
conducted below transcritical Reynolds number (Re) regime (Re < 3.5 x 10°) due to the limitations of the wind tunnel
modeling technique, which makes the obtained results inapplicable to some full-scale conditions. To this end, the field
measurements for wind-induced pressures on a 167-meter high large cooling tower are conducted at Re = 6.59 x 107 to
enrich the experimental results of flow past a circular cylinder in transcritical Re regime. Besides, the wind effects at
low Re (Re = 2.1 x 10°-4.19 x 10°) are also obtained by tests on a 1 : 200 rigid cooling tower model in a wind tunnel
with considering 4 types of wind speeds, 8 types of surface roughness, and 2 flow fields. Employing the data obtained
from both field measurements and wind tunnel model tests, the variations of static/dynamic flow characteristics with Re
increasing are studied. It is found that 1) with the increase of Re, the drag coefficient for the smooth-walled tower in the
uniform flow field decreases dramatically in the critical Re regime and increases slowly in the supercritical regime, which
accord with Roshko’s and Achenbach’s results; 2) for smooth-walled tower, both the base pressure coefficient and pressure
coefficient increase significantly with the increase of Re in critical and supercritical regimes, which qualitatively accord
with Shih’s results; and 3) the finding of the Strouhal number is supportive to Shih’s result (i.e., shedding from the rough
cylinder persists throughout the Re range tested). More importantly, special attention is paid to the Re-independence
phenomenon of fluid flow, which is a typical phenomenon occurring in transcritical Re regime. Results indicate that
the Re-independence exists in an Re range from 2 x 10% to 1 x 10® for a circular cylinder with a relative roughness
greater than 0.01, and the increased free-stream turbulence can also induce Re-independence which probably exists in a
narrow low Re range. Considering the flow mechanism, a reasonable explanation can be found for the Re-independence
phenomenon, i.e., the critical and supercritical regimes narrow and move to lower Re range with the increase of surface

roughness or the increase of free-stream turbulence, so Re independence can occur at a very low Re.

Keywords: flow past a circular cylinder, transcritical Reynolds number regime, field measurement,

Reynolds number independence
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