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Turbulence Generated in Active-Grid Mode
Using a Multi-Fan Wind Tunnel
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The wind tunnel used is equipped with an array of fans, each of which is independently controlled
via a personal computer. To establish an efficient driving mode for generating high-Reynolds
number isotropic turbulence, a new driving mode (“active grid mode”) is attempted where the active
and inactive fans are grid-like arranged. The characteristics of turbulence are investigated for two
kinds of external fluctuated signals. A flow structure of the turbulence generated by the active grid
mode is proposed.
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Fig. 1 Side view and driving mechanism of the multi-
fan type wind tunnel.
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Fig. 2 (a) Uniformly active mode. (b) Quasi-grid
mode. (c) Active-grid mode. (d) A sketch of
the inlet of the test section with dimensions.
Grey, active fans; white, inactive fans.

BELZRAEHREU = Uy, ELNAF—NV L, =
Lin, ELNBREE I(= w//U) = I, £ ERZRAL, B
BT —ART PV S (f) 2RD, TEET7—)
T UBRIINEREISND. NT -2 MTIK
PAEBRARFELTVBDOT, KM [-n, 7] OFEHET
BLESEZRESRINEMMERSTE LTER, KR
FIRWET B, T OMRIIZ—BROBEIESNT
ERANES Uin(t) ~EHT 5.

INFETOERNS, BEFRIGEEEZRTORE
WY P T OEBBEEERICEBONE Z L, B 3(a) i
MAANREND & O ICHIBE2IRIZE > THRERS
MWERT ST L7 PR TNBO),

222 BEWEFE  Kob) X “BLURTIE" &
AT, K77 VIIMSICHBEENSDT, BRE - R
877 xE2d) DL ICRTFRICEEBTE 5. BB
77 VIR DERIEE Un(=—&) EANTS. ®
3(b) KT RENB L 512, BIERmichEHIn
TEZOEABMAEEIZL > TERBER SN, O
BRFEIIHWFTH LI RO FILRFEROME L
RTZ &R TNBE),

223 FPOT4THFE  K2(c) 3ARITH
BIZLT T T 4 TRAE 277, BEKTIELR
B, FE) - BT 7R 2d) DL D REBTFRIZ
EE L7,

ERE) 7 7 L ~DANEBIZ—RET 7 T 4 TIERERIC
BRIZERTEDN, TI/TA7TBRHETR T
TATED LD ICREIZFA L TANMEREEDEE
BRLLILEKLTCHAOTIRARW. BRIZERX
NAENPATEILIC L > THEIBEN D Z L EZEBEXKL
T3,

Flg 3 Conjectured structures of the turbulent flow
generated in previously studied modes.
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Fig. 4 Downstream development of mean velocity
profile measured vertically. (a) Active-grid
mode, O, X/M, = 12.2; A, X/M, = 30.5; X,
X/M. =61.0. Uip = 8.0m/s, Iin = 10%, Lin =
5.0m. (b) Quasi-grid mode, U;, = 8.0m/s.
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Fig. 5 Downstream development of turbulence charac-

. teristics. O, quasi-grid mode: Uin = 8.0m/s;
A, A, active-grid mode: A, downstream of an
active fan; A, donwstream of an inactive fan.
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Fig. 6 (a) Downstream development of anisotropy. A,
active-grid mode; [J, uniformly active mode(®:
Uin = 80m/s; Lin = 10%, Lin = 3.0m;
O, quasi-grid model®: Ui, = 8.0 m/s. (b)
Variation of spatial correaltion coefficient with
the streamwise separation. The symbols are the
same as in (a). Data were collected downstream
of an active fan in both (a) and (b).
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Fig. 7 Comparison of u and w spectra. (a) Active-grid
mode. (b) Quasi-grid mode: Uin = 8.0m/s.
(c) Uniformly active mode: Uin = 8.0m/s,
Iin = 10%, Lin = 5.0m. All data were
collected at X/M. = 30.5. The straight lines
indicate a slope of —5/3.
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Fig. 8 Streamwise development of u spectrum.
(2) Active-grid mode.  (b) Quasi-grid mode:
Uin = 8.0m/s. The straight lines indicate a
slope of —5/3.
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Fig. 9 Streamwise development of u’. X, quasi-grid
mode: Uin = 8.0m/s; O, A, O, active-
grid mode; @, uniformly active mode: Usip =
80m/s, Iin = 10%, Lin = 5.0m. As for
the quasi- and active-grid modes, data were
collected downstream of an active fan.
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Fig. 10 Downstream development of anisotropy. O,
A, downstream of an active fan; @, A,
downstream of an inactive fan.
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Fig. 11 Variation of spatial correlation coefficient
with the streamwise separation. O, A, [J,
downstream of an active fan; @, A,
downstream of an inactive fan. X, quasi-grid
mode: Uin = 8.0m/s.
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Fig. 12

(a) v and w spectra of the turbulent flow
generated in the quasi-grid mode. Uin =
80m/s. (b) u spectra for various input
frequencies in the active-grid mode. Each of
the curves is succesively shifted by two decades.
Data were collected at X/M, = 42.7 in both (a)
and (b).
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Fig. 13  Conjectured spatial structure of the turbulent
flow generated in the active-grid mode.
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