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Pressure Measurement in Fully Developed Turbulence
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Static pressure fluctuation is an important ingredient in turbulence, however the variation of the
pressure fluctuations inside turbulence has not been studied so far. One reason for this is the difficulty
inherent in measuring the fluctuating pressure and, consequently, a lack of published experimental
results of this quantity. In this paper, pressure fluctuation is measured in turbulence using a
condenser microphone and piezoresistive transducer. We summarize the matters to be attended to
careful measurements and present a new method to remove the effect of resonance and standing
waves. In order to check the accuracy of measured data, turbulence energy balance in a wake of
cylinder is computed. Also, the statitical quantities, such as spectra and probability density function

are compared with DNS.
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probe4 {ZAE 0.1m, probe5,6 1% 0.05mm) , F7-F
FERE (¢) b 0.15 mm £T/HhEL L. N IE#EE
ROTHY, N=8DHAITITS 7T LRlEE L7z,

T —ik~vA 77+ (d=1/4inch, Aco
HE) BLOEEA LT AT a—Y (d = 1.6
mm, Kulite-XCS062) % HV /2. ATE I 22 &)
J£H (2x1072 ~32x10% Pa) ZWETEZHD
®, 10 Hz L TOBEEEOZEIRETH 2 LN TE
e, — %5, Yl VLR O R B E TR
TELN, ZEPalFTOMNREIEZLHLAD I LN
TERVEFMNHD. ~A 707 xR0y
X, FREOMRER A2 ONREED A — T — DR
FENLTWD., LML, LEOMEMIFEBLTEZD
TETHY, MBELTHMNBHOEFEILSCTE
WrT HERHD.

Table 1  Size of static tube and pinhole diameter.

d1 P s Ly L, L3 N
probel 0.2 1.0 0.1 220 45.0 29.0 4
probe2 03 1.0 0.1 220 450 29.0 4
probe3 0.4 1.0 01 220 450 290 4
probed 04 1.0 01 220 45.0 290 8
probes 0.15 0.5 0.05 155 275 16.0 4
probe6 0.2 0.7 005 155 275 185 4

Fig. 1 Schematic view of static pressure probe.
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Fig. 2 Yaw angle effect for static pressure tubes. A:
probel, o: probe2, O: probe3, y7: probe4, o:
probe5, x: probe6.
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Fig. 3 Schematic view of calibration for pressure

probe.
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Fig. 4 Amplitude ratio (upper) and phase delay
(lower) due to Helmholz resonance as a function
of frequency. Symbols are obtained by
calibration and the dashed line is the model
given by Egs.(3)-(5).
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Fig. 5 (a)The solid line is the reference microphone
output and the dashed line is the measured
static pressure signal. When the Helmholtz
resonance is removed numerically, the static
pressure signal matches the reference probe
signal as indicated in (b).
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Fig. 6 Static pressure spectrum measured at y
20mm and in the free stream region, y
120mm. Solid line represents the power-paw
relation defined with exponent 1.5
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Fig. 7 X-probe is set at a distance of lmm from the
pressure probe.
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Fig. 8 Spectrum and probability density function are
computed. Dotted lines are measured data.
Solid lines are results when HR is removed
numericaly from the measured signal.
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Fig. 9 (a)Energy spectrum measured on the centerline
at x/d. = 42 in the wake. Each is shifted by
1/2. (b)HR is removed numerically from (a).
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y/de o:convection term, B:pressure diffusion term,
. o A:velocity diffusion term, 7:production term,
Fig. 10 (a)Root mean square (%mnbutlon in the 'wake o:dissipation term. Pressure diffusion term is
at x/d. = 42. (b)HR is removed numerically measured directly by pressure probe and energy
from (a).  O: probel, o: probe2, A: probe3, dissipation term is computed by isotropic
o: probed. condition.
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Fig. 13 Pressure diffusion term defined by Eq.(10)
Fig. 11 Probability density function of a defined by D,:x, and Eq.(11) D,:0 in the wake at z/d. =
a = tan~!'(#/@). Solid line is y/d. = 1 and 42.
dashed line is y/d. = 2.5.
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Fig. 14 Pressure spectra mesured at y™ = 200 for Ry =
5875, 7420, 8925, 10515, 12070,15205. Dashed
line is the result of DNS by Abe et al.?® for

Ry = 2070.
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Fig. 15 Probability density functions
mesured at yt = 200 for Ry =

5875, 7420, 8925,10515,12070,15205. Dashed
line is the result of DNS by Abe et al.® for
e = 2070.
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