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INVESTIGATION OF THE EFFECT OF
GRIDS ON THE CHARACTERISTICS OF:

A TURBULENT FLOW

V. A. Lebiga and V. V. Chernykh

Certain structural measures, which make it possible to obtain

a uniform flow in the test section with a low degree of turbulence,

are specified during the design of wind tunnels. One of these
measures is to set up grids in the preghamber of the wind tunnel.

-Wire grids are wideiry used both toﬁequalize the fields of average
speed and to reduce the intensity of turbulent fluctuations, in
speed. Besides the dampening and equalizing effects, the. grids

show substantial influence on the turbulenre structure:

spectral

composition, scale of turbulent fluctuations, coefflcient of

anisotropy, etc.

1280 1240, 400
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Fig. 1. Diagram of the pre-
chambe: for the T=-325 wind

tunnel. 1 ~ honeycomb; 2 -
grid section; 3 - grids; 4 -
traversing gear s«ction; 5 -
traversing gear; ¢ - sensor,




A prumver of authors [1-3] have obtained, on the basis of
certain assumptioné, theoretical formulas for calculating the
reduction in turbulence intensity during the passage of flow
through a grid. However, results of measurementé are in pooys
agréement with the calculation, especially in the region of high
values of the Speéjfic resistance of the grid. A sutstantial

divergence 1s observed alsoc during cqmparisnn of the calcul.ited
and the measured values with installation of several grids in
sequence. This article gives the results of an investigation
on the effect of the specific resistance of the grid and of a

. number of grids installed in sequence on the reduction.in the

“ intersity of the turbulent fluc.uations in speed. I% gives some
results of measurements of the turbulence structuf&ygenerated
by “he grid.

TEST EQUIPMENT

The experiments were conducted in the prechamber of the T«325
(ITPM] (UTMM) [Institute of Theoretical and Applied Mechan:.cs]
wind tunnel (Fig. 1). The fundamental characteristics of the
grids used are given in the table. A 55D00 DISA hot-wire anemometer,
55A06 DISA cofrelator, and a Brule and .err 21ll-type 3-octave
spectrum analyzer were used during thé measurements.

Table.
K

Label | H, mm | d, mm Rezp: 4oo| Material
1 2.00 0.45 0.97 Brass

2 1.25 0.25 0.78 Steel

3 1.00 0.30 1.75 Steel

4 0.80 0.20 1.20 Brass

5 0.30 0.125 4.63 Brass

6 3.00 0.45 0.53 Steel

Note. d - wilre diameter; H - distance between
the wires.
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: Type 55A39 DISA X-shaped sensors with a § um'fungsten fila-
ment were used t¢ measure the components u and v of the turbulent
fluctuations in speed. Correlation measurements and measurements
of the energy spectrum of the speed fluctuations were made by
sensors with a 6 pm filament placed perpendicular to the direction
of the averaged flow. The sensors wére mounted on the traversing
gear, whose mechanism provided two-coordinate displacemént with
an accuracy of ~0.2 mm.

EXPERIMENTAL RESULTS ~

The damping effect of the grid on turbulent fluctuations
in speed is usually connectec with the magnitude of K, the grid
specific resistance. The effect of the grid specific resistance
on the reduction in the longitudinal component of the turbulent
fluctuations in speed was studled in the range of K from 0.5 to
5.5. Figure 2 1s a comparison of the results of calculation
by the theoretical formulas in [1-3] with the experimental data -
of several authors [2, 4,.5]. Significant divergence is obs:zrved
both in the calculation by the different theo:retlecal formulas
and in the calculatlion with the experiment, especlally at high
values of the specific resistance. Satlsfactory coincildence of
the calculation with the results of the measurements was obtained
with the use of the empirical relationship

Lu _yTFT3R, (1)
a
where (eu)o and e - the degree of turbulence ahead of and behind
the grid.

The dampening effect on the flow of several grids placed in
succession 1s accumulative, i.e., for N grids the following
correlation holds true:

(¢u)o = el (&)
(fu)n .'Bn [(;—),T;] * (2)
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Type 55A39 DISA X-shaped sensors with a 5 um tungsten fila-
ment were used to measure the components u and v of thelturbulent
fluctuations 1in speed. Correlation measurements and measurements
of the energy spectrﬁm of the spe=d fluctuations were made by
seﬁsors with a 6 um filament placed perpendicular to the direction
of‘the averaged flow. The sensors were mounted on the traversing
gear, whose mechanism provided two-coordinate displacement with
an accuracy of ~0.2 mm. '

EXPERIMENTAL RESULTS

The damping effect of the grid on turbulent fluctuations’
in speed is usually connected with the magnitude of K, the grid
specific resistance. The effect of the grid specific resistance
on the reductior in the longitudinal component of the turbule:t
fluctuations in speed was studled in the range of K from 0.5 to
5.5. Figure 2 1s a comparison of the results of calculation
by the theoretical formulas in [1-3] with the experimental data
of several authors [2, 4, 5]. Significant divergence is observed
both in the calculation by the different theoretical formulas
and in the calculation with the experiment, especlally at high
values of the specific resistance. Satisfactory coincidence of
the calculation with the results of the measurements was obtained
with the use of the empirical relationship

b —yTF 23R, ()

'}
where (su)o and €, - the degree of turbulence ahead of and behind
the grid.

The dampening effect on the flow of ceveral grids placed in
succession is accumulative, i.e., for N grids the following
correlation holds true:

(*u)o - ==t (o) %)
(rI)N .‘Eo [(E.‘:)H»l ] ! ( )

-
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where (e ), and (e ), - turbulence ahead of and behind N grids;
,N and (au)i and (Eu)1+l - turbulence ahead of and behind the
i-th grid. ’

Fig. 2. The effect of the
specific resistance of the grid.
1l - this article; 2 - [4]; 3 -
[5); b~¢e 2] 5-E [2]; I~
{1]; IT - [3]: IITI - [2]; IV -
using formula (1).

As is evident from formula (2), in the prechamter of the
wind tunnel it is possible obtain a low level of turbulence by
setting up a sufficiently large quantity of grids. However,
it must be kept in mind that besides the filtered turbulence
behind the grid there 1s also turbulence generated by the grid
itself, i.e., grid turbulence. In the final calculation the
turbulence generated by the last grid determines that minimum
level of turbulence that can be reached in the prechamber of
the wind tunnel. Flgure 3 gives the results of the measurement
of the longitudinal component of the degree of turbulence
generated by the last gr'd at different values of the Reynolds
number Red, which depends on the diameter of the grid wi:es.
Six grids (No. 1, No. 4, and 4 No. 2 grids) were set up in the
prechamber, and the intensity of the longitudinal compcaent (r.u)O
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of the degree of turbulence ahead of the grids did not exceed 1.5%.

It is apparent from Fig. 3 that in the Reynolds number range

. Red from 60 to 90 an increase in the level of turbulence is

observed with an increase in Red. When Red >~90,only the grid
turbulence was present in practice in this case. The magnitude
of grid turbulence can be calculated with sufficient accuracy
by the formula proposed by Batchelor and Townsend [6],

(s o

where ¢ = 106; (%) = 103 x - distance from the grid.
0
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Fig. 3. Grild turbulence as a function of
Red number. Experiment: z = 100 mm

(1), 150 (2), 200 mm (3); I - using
formula (3); II - using formula (4).

When Red < 60 the grid turbulence can be disregarded, and
acoustical noise contributes the most to the overall turbulence.
Curve I was computed by the formula

ea =12} + (e¥ s (b

where e,==7%7-100% - turbulence equivalent to pressure fluctua-

tions; P' - measured root-mean-square value of tic pressure

.
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fluctuations in the prechamber; p - density, a - speed offsoupd;
U - average flov rate; (eu)N - turbulence filtered by the grids.

These resuits make it possible to explain the deviation from
the principle of cumulation which usually is observed during
comparison of the ressults of calculation and measurements of
the dampening effect of several grids placed in succession.

The measurement results presented in semilog coordinates (Fig. 4)

'show the deviation from the linear dependence. The solid horizqntal

line corresponds %o the level of turbulence behind 10 grids, i.e., .
when there 1is préctically no turbulence passed by the gridsf “
Calculation of the magnitude of turbulence generated by the last
grid (broken . line V) using formula (3) is in good agreement

with these measurements. However, if it 1is assumed that the

passed and grid turbulence do not correlate, it is possible to
compute the magnitude of turbulence passed by the grids using

the results of the measurements of overall turbulence (eu)z’

(e)y = 1/ (e)E—€2. | (5

(.}, — ! |1
il
~t—
) !
08 - Fig. 4. Effect of the number
& of grids. Grid No. 2: K =
T . 8 -1
cé Tﬁ x = 450 ;1 - measured with
; S Red = 175; 2 -~ using formula
| o (5); 3 -at Rey = 15-22; I - [1];
0s “f . ITI - [3]; TII - using formula
. ;wf {(1); IV - [2]; V - using for
i * formula (3).
o2 : -
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The c:lculation of (s \ using formula (5) agrees well with
the “calculatlon using xormula ("), which utilizes empirical

relationship (1).° The resuits of calculation by the . theoretical

formulas of Batchelcr, Dryden—Schubauer, and,Taylor-Batchelor
are given here for: comparison. When Red < 60, i.e., when there
is practically nc ¢ c? tl.2 results of the direct measurement of
the- magnituue of turbulenne passed by the grids are in good.

~ agreement with the calculated value.;

aé

02 - | .
0 20 40 B0 60  JO00 120 140 160 180 200  Z,mM

. Fig. 5. Coefficient of longitudinal correlation fo:
different grids. I -~ without the grids; II - grid
Ne. 6 (K = 0.53); III - grid No. 5 (K 5.54).,
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Fig. 6. Effect of the number of grids on
the coefficient of longitudinal correla-
tion. I - without the grids; II - one
grid No. 2; IIT - two grids No. 2.
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It is known that the dampening effect of the grids is based
ch a reduction in the scale of turbulent fluctuations. Very
small-scale turbulence dampens faster than large-scale turbulence.
This leads to the fact éha; at a sufficiently large distance
from the grid there isla reducticii in the incensity of turbulence.
Figures 5 and 6 give the results of the measurements of longitudinal
carrelation coefficient £ for the fluctuations in speed iﬁ thé
prechamber with different types and number of grids. The grids
do hotghave 4n identical effect on the components of turbulent

p . Tluctuationg ihmgpeed. ~This leads to the subscantial anisotropy
" of the flow in the immediate vicinity of the grid. However, as

is evident from Fig. 7, there is a strong tendency for the
anisotropic flow to go to isotropy. As has been shown, with a
sufficient number of grids in the prechambér of the T-325 wind
tunnel there is practically only turbulence generéfed by the

last grid, which at large distances from the grid is close to
isotropic turbulenceg‘ This makes it possible to use the theoreti-
cal formulas for the.calculation of certain turbulence charac-
teristices. Thus, if the results of the measurements of the
function of the longitudinal correlation coefficlent are used,

it 1s vossible to calculate the function of the lateral correlat .on
and the energy spectrum of the fluctuations. As an illustration,
in Fig. 8 the results of calculation using the theorctical

forrula f{see [6]) and of direct measurements are compared with

the results of calculation and measurements made by A. Favor.
Theoretical spectral distribution Eu(n) is constructed using the
formula

G
g

where A. - fhe turbulence macroscale; n - frequency.
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3 - grid No. 6.

above:

(grid turbulence).

wires. .

grids in a case where the filtered

grid (less than ~0.5 ec).
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Fig. 7. Coefficient of turbuience anisotropy
behind grids. 1 - grid No. 5; 2 - grid No. 2;_

It is possible to draw the following conclusions from the

1. During the calculation of the dampening effect of the
grlds on the turbulent fluctuatlons in speed, it 1is necessary
to take into account the turbulence generated by the last grid

2. .The magnitude of the grid turbulence depends upon tha
Reynolds number, which depends upon the diameter of the grid

3. Only grid turbulence takes place when sufficiently’
large number of grids are installed in the prechamber of the
wind tunnel. Thus, in the prechamber of the wind tunnel the
lower level of turbulence is determined by the magnitude of
turbulence generzted by the last grid. In connection with
this, 1t 1s not advantageous to further increase the number of

turbulence becomes rather

low in comparison with the turbulence generated by the last

B e R S e——




turbulence using the ,theoreti
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b, ﬁGrid turtulence becomes practically isopropié when §=a hoo.
This makes it possible to calculate certain characteristics of -

¢al fcrmulas for isotropic turbulence.

4

Without grids: 4 -
£(x), 5 - measured;
respect to f(x), 7 -
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Fig. 8. Energy spectrum of turbulence. Data of
[6]: 1 - computed with respect to f(x), 2 -
measuredi, 3 - theoretical curve. This article.

computed with respect to
grid No. 2; 6 - computed with
measured; two No.
- computed with respect to f(x).

2 grids;
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