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The effect of the introduction of a gauze in a field of weak axisymmetric turbulence
has been studied. Results have been compared with the experimental values obtained:
by Townsend and the theoretical results obtained by Taylor and Batchelor. The
results obtained here give a better fit to Townsend’s experimental values.

Tt is well known that the introduction of a wire gaize in a wind tunnel reduces the tur-
bulent ‘velocity fluetuations and also reduees the .spatial variations of mean velocity
It was Prandtl*, who first gave some approximate mathematical model to explain this
behaviour. Collar? also gave some other form for the same type of flow pattern. Later, Taylor
and Batchelor® investigated this problem and gave a general theory to explain this beha-
viour. In addition to the longitudinal effect, they have considered the side effect of the
variations of the velocity due to the guaze. The equations thus obtained eontain both the
resistance and deflection coefficients. They also observed that if the turbulence in the
upstream is isotropic, it becomes axisymmetric in the downstream region. But the experi-
mental evidence shows that there is mitially a great tendency towards isotropy near the
gauze just after crossing it, In the final stage the turbulence tends slowly to isotropy.
Townsend4 pointed out that the results obtained by Schubauer et. al. 5 keep a wide devi-
ation from the predictions made by Taylor and Batchelor3. In his work, he also remarked
that the theory proposed by Taylor and Batchelor gives a quite good approximate des-
cription of the flow in the upstream region of the gauze, but fails to do so in the downstream
region. . ~ :

In the present paper, to explain the difference betwéen the experiment and the theory
in the downstream region of the gauze, we have contrary to Taylor and Batchelor’s assump- -
tion of isotropy, assumed the turbulence to be homogeneous and weakly axisymmetric.
By -comparing graphically, we observe that the present model of turbulent flow gives a
better fit to the experimental findings of Townsend in both the regions.*

THEORY

‘Suppose in a field of homogeneous turbulence, a wire gauze having the aerodynamical
properties be placed such that the normal to its plane is at a small inclination to the
mean flow. Obviously, the flow pattern will change in the downstream. For simplicity,
it is assumed that the pressure-drop across the gauze is the same for all  stream-lines and
that the longitudinal velocity is continuous across the gauze. It is also assumed that there

*Recently Michio Ohji 69 has tried to explain the difference between the theoretical results obtained
by Taylor & Batchelor and the experimental observations made by Townsend. However, he assumes the
turbulance to be disotropic in the far upstream region of the gauze and axisymmetric in the downstream
region. In this paper, we have taken the whole field of turbulence to be axisymmetric.
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~ig g1o dissipation of energy in the turbulent flow due to the présence of the gauze, but there
~will be some sharing of energy between the lateral and longitudinal motion near the gauze
" in the downstream region. Therefore, to study the statlstleal characteristic of the turbu-
lence, Batchelor!® has obtained the relation between the spectral tensors for the homoge-
neous and steady turbulence for upstream and for downstream from the gauze. They are
in the Iongltudmal and transverse dlrectlons respectwely gwen as

¢11 (X) J J* 9511 (X) : (1)

and’ ¢22 (x) + ¢3a (X) = o? [?522 (x) + ¢33 (1 + B (J J*—?) ¢11 ( ) (2)
where
¢'.',- (x) = the upstream spectral function at the wave number /x,

¢,, x) = the downstream spectral function at the wave number X

such that when i = 1, they give the longitudinal components and “when =23,
~ they give the lateral components. S

= the deflection coefficient,

A 2 2 2
B = ———2—1—‘2— where. A; - Ap 4 A3 = x2
, \/ Az + A3 ‘
‘and J = a function of B.

-The reduction factors in the total energy of the longitudinal and lateral ﬂuctuatlons are
glven by )

= fJJ*¢;1 X)ax
= (3)
| ’“[2 f¢u
5 % (T —at) ;
and v = _3‘___“_.71: = o? fﬁ ( ) éu (x) dx e
P fwzz (0 + o (01 28 |

-y can be expressed ‘a8 a function of p and the d1rect10nal energy dlstnbumon in the
turbulence far upstream, vz, :
@£ e — (14 o+ KR A] =% .0
. : LUt '.

where

K = the resistance coefficient
w* = the mean square fluctuating velocity in thé ith dlrectmn.
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- L; is, therefore, just sufficient to know the value of p. But.in order to deterniine the.value
of i, one must know the spectrum of the turbulence in the upstream region
Kampé dFé’riet! has given the general spectral tensor in the case of an mcompres-
sible fluid. It is

)\a,)‘ﬁ AP
bW =0, (0 B(x)+b(aﬁ % ) . O

with ZC (x) A o ':' ' ~ (7)

k where C“ (x) = \/ 1—- —T e x), o L 7 ®)

[+4

_ and X, @ and b are orthogonal complex vectors. a and b being functions of. X
such that X, “and b formatnrec‘oangular trihedral and « E) is a vector componé?ﬁ
of & (x) in o direction. = .

The spectral tensor g5 (x) can be split up into two tensors, one can be attnbuted

to isotropy and the other to axlsymmetry Thus we have
1

b0 =9y (x)+¢ﬂ X o
where ‘
¢I he isotropi 2 Y g
—] t 1 o ——
« /9()9 e isotropic tgnsor b (SG 8 7 )
and v
A . . ' - . ' ) P h -
¢a ﬁ(&) = the axisymmetric tensor =O’oc (x)*C 8 (x).
Now let us assume that the turbulence is weak axisymmetric,'such fhép ( —52— — 1) say -

8, is not zero, but is small and independent of .

~ As the total energy per unit mass of the fluid due to the ax1symmetnc part has to be
positive, we have

using the condition (8), we have

[ —mix >0 |

Thus, we find that 0is always positive. Again since the energy of the ﬁu1d in any direction
in the transverse plane is the same, we have _

[ putix = [t
I e
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Therefore, by using (8), we get
a2 —_ b
(a2 — at)dx = 0

So thaﬁ
a,? = ag? ,
u.smg relation (10) we have o® = d12 + 2a,% and equatlon (7) gives
- “agdy + @Ay + Ag) = 0. L ‘
From the above two relations between @, and a, we get
e N -
e X A+ 2002, '

and
02A12
2 .2 =
4 0y" = a3 A2+ 20 ) -
The expression for u given by equation (3) can be rewritten as

I A
[aregattn + [7758 uix

T A
[#utnia+ [$00m
Makmg use of the form given by Taylor and Batchelor3

for qS 1 x), we have

f JJ*‘ﬁ ulX dx = f i 0’“12()‘2 % %) dx

© + 7P |
B n20u,2 [g (l+a——;}aK)2-[—2<x2 (1 4+ o — aK)? —4a? i
=3y |3 GFetRPi—t T (QtatKF—d
— 2 I : \ ’ E
whe].'eL——lﬁ-T)2 ¢ = ] et

o e+l
Also, by using (6) , (7), (10) and (13), we get Y ,
42 +(L+a—oKP o (a2t

A .
f JT*(x)x = '?f Br I+t EE ~ FHAT+ 2

Applying the spherical polar transformation, we get
: 4 :
fJ J *¢'11(2(_)dx .

Cu2r%" 4a? éot2'¢ + 1+ a—aK)

(10)

— )L ]

dx

(cos 0'+ sin &)2drdpdd’ -

o et (e TR 'y
_ 3 0w | (1+a—okP—da?
=1 Ty TTFerEFI—f "

l + cos2 ' + sip 20’ sin?
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Similarly, 2
Cu2, (02, + A2)
d — f 1 3
f‘ﬁ 11(X X = X+ 2
ﬂzoazl ) :
- 2y i R
and SN
4 — ¢ sin® (cos 0"3 4 sin §)2
’ — 2 2, /
f ¢ u(x—)-d x =00y [ (" + % 1 -+ cos? ¢ + sm 20" sin2 ¢ d d¢d0
14
(1 4+ o —aK)%+ 242 (1 +a—aK)p®—44? { }
L{l—=n?+80
: F_2 I+a+Kp 4+3(1+G+K)2_4 T (14)
o 2+ 36

which gives the modified expression for p.
This reduces to the expression obtained by Taylor and Batchelor® when ¢ = 0.
Also, «? the modified relationship between p and » is obtained from (5) and (14) as
v=a?+ H(1 + o« —aK)®— (1 + a + K23 + 36] S (1)
We have plotted the graphs for p and vfor different values of K with M=2-54 cm., (Fig 1).
The dotted lines show the theoretical results obtained by Taylor and. Batchelor The

points denote the expenmental values obtalned by Townsend and our results are
depicted by the smooth curves: =

Lo

. .

Fia. 1——Graphs for p and v for different values of K with M = 2-45 om.

From Fig. 1 we find that for higher values of K, our theoretical curve (for 8 = 0-3)
for p givess better fit to the experimental valuesobtamed by Townsend and for lower
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values ofK the result obtained here is practically the same as given by Taylor and--
Batchelor. Slmllarly, it is clear from the graph that our theoretlcal curve for v gives a
better prediction for all values of K. . .

From Fig. 2, we observe that the total attenuation of ‘the turbulentr mtensuty (taking
9 = 0-3) when compared with our theoretical result gives a better * approximation
for the lower values of K. But for higher values of K it keeps hardly any distinetion {rom
the result of Taylor % Batchelor.

.0

Fre. 2 — G;aphs for m and v for ,diﬁ'eréht_a ~vamﬁ:.e,s.of 'K with M = 2:45 cm. -
. .18
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