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ABSTRACT 

The results of some experiments on turbulenoe management using 
combinations of honeycombs of different lengths and coarse and fine 
screens, oarried out in highly nonuniform and turbulent flows 
generated in a 127-mm plexiglas pipe by an upstream blower and 
diffuser, are presented. The performance of the devices as single 
manipulators and in combination was evaluated through hot-wire 
measurements of the mean and rms .values of the longitudinal 
velocities over the pipe cross section. The results show that 
relati vely short honeycombs, preceded by a coarse screen and 
followed by one or more fine screens, oan be used for effective 
management of highly nonuniform and turbulent flows. 
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1. INTRODUCTION 

Tradi tionally , screens have been widely used to remove or 
create flow nonuniformities, and to control turbulence scale and 
intensity. Because fine wire screens are not effective in removing 
swirl or large scale eddy motions, and because of "singing" 
problems in water tunnel applications, honeycombs alone or combi
nations of screens and honeycombs have also been used extensively 
as turbulence control devices. Two important uses of these turbu
lence management systems are in wind and water tunnel circuits, and 
as conditioning devices in flow metering applications. 

Low-frequency mean velocity fluctuations (unsteadiness) and 
spatial mean velocity nonuniformities are always present in the 
flow in wind and water tunnels. Spatial nonuniformities in mean ve
locity can be caused by inadequate design of corner vanes, by flow 
separations in the tunnel circuit, particularly in diffusers, or by 
poor fan or straightener vanes design. Unsteadiness refers general
ly to low-frequency fluctuations, which can be regarded as inviscid 
and irrotational, and are due for example to intermittent separa
tion phenomena. Sound is also an irrotational mode of velocity 
fluctuations, and can be caused by mechanical vibration or fluid or 
fluid-elastic resonance phenomena. Excitation by unsteadiness and 
turbulence can produce broad band noise spectra, which may be sig
nificant unless the tunnel is fitted with sound absorbent material. 

In addition to 'the irrotational fluctuation modes one has also 
the turbulent (rotational) velocity fluctuations, due to the vari
ous wakes and boundary layers 'in the tunnel circuit. Mean velocity 
nonuniformity and turbulence levels at entrance to the settling 
chamber can be reduced to acceptable levels in the tunnel working 
section by use of honeycombs, screens, and a large enough contrac
tion ratio. Honeycombs alone are used generally in water tunnel 
plenums (11). It is difficult to suppress low-frequency unsteadi
ness without large plenum total-pressure drops, and thus one must 
ensure that severe separations will not be present in the circuit. 

The use of screens and honeycombs as flow conditioning devices 
____ -----"iD __ ll\~~e_l:' .i.Jtg_C3.p:pJ.i~ati~n$ __ go~~J}ot._app~a;rj;QJl~v~_Q~~n __ eKamined ..... i""n'---___ _ 

detail, to the authors' knowledge. Combinations of honeycombs and 
screens, preferably with low overall energy' loss, can be used in 
this case to remove flow nonuniformities and control turbulence in-
tensity and scale to ensure the accuracy of the metering device. 

In the present work, the results of some experiments on turbu
lence management using combinations ,of coarse and fine screens and 
honeycombs of different lengths, are presented. The investigation 
was carried out in highly nonuniform and turbulent flows generated 
in a 127-mm plexiglas pipe by an upstream blower and diffuser. 
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2_ LITERATURE REVIEW 

2_1 Honeycombs 

A honeycomb has two effects on a stream: it reduces the level 
of the 'existing turbulence, and it creates additional turbulen,ce of 
:Lts own·. Analyses have been developed (~, 10) for prediction of 
these effects, including estimates of t)1e change in turbulence 
levels between a wind tunnel plenum and ~est section due to the 
intervening decay length and the effect of the tunnel contraction. 
Experimental verification for the analyses has been given by 
Robbins (11)" These predictions for, turbulence reduction and pro
duction by a honeycomb assume that the flow in the honeycomb cells 
is fully-developed turbulent. At'Reyn~lds numbers near turbulence 
transition in the honeycomb cells, incidentally, higher levels of 
turbulence and mean velocity nonuriiformity may result in the test 
section as a consequence of transi tion occurring nonuniformly 
across the honeycomb (11). 

The work of Loehrke and Nagib (7, 8), on the other hand, was 
carried out with laminar honeycomb cell flow, not necessarily fully 
developed, with much smaller cell sizes (plastic drinking straws 
were used to construct the honeycomb). Under these conditions, the 
thwarting of the transverse velocity components by the 'cell walls 
was particularly effective. The results suggest in fact that the 
major part of this suppression occurred within a short distance 
from the le'ading edge of the straws, and thus that much shorter 
cell lengths than required to reach fully developed laminar flow 
can be used in design (5 to 10 cell diameters). A major finding of 
this work was the suppression effect that an adequately placed 
screen had on the honeycomb wake shear layer instability 
responsible for downstream turbulence generation. The screen (wire 
diameter 0.13 mm, open area ratio 0.72) was placed upstream of the 
point where the instability started to grow rapidly, so that the 
smaller dissipative scales' of the screen replaced the larger scales 
of the honeycomb. The recommended distance is less than 5 cell 
sizes. The importance of matching the scales of coupled turbulence 
management devices has been documented by Tan-atichat et ale (16). 

2.2 Screens 

Classical papers on the characteristics of damping screens are 
those of Dryden and Schubauer ( 4)', Schubauer et al. ( 14), and 
Taylor and Batchelor (17). A comprehensive list of other earlier 
investigations and a concise review of the problem are given by 
Loehrke and Nagib (7). The flow through a screen can be charac
teriz'ed as subcritical or supercritical depending on the fluctua
tion levels immediately downstream of the screen. In the subcri
tical regime, at small Re, no eddies are shed by the screen, and 
the levels are lower than those in the oncoming stream. For· larger 
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Re, in the supercritical regime, the levels are far above those in 
the oncoming stream, but decrease rapidly with distance and reach 
values significantly below the original free-stream turbulence 
intensity. The critical Re depends on, the screen solidity ratio 
(14). Tan-a,tichat et al. ,( 16) recommend that screens not be 
operated at subcritical Re because the performance of the screen is 
strongly dependent on the free-stream velocity. While subcritical 
screens have been used in wind tunnels with no apparent detrimental 
effects on the tunnel performance (2), the velocity dependence must 
obviously be 'kept in mind for design purposes. Near the critical 
Re, on the other hand, the damping characteristics of the screen 
can change abruptly with small changes,in'flow conditions, and this 
situation must be avoided. 

TO'characterize a flow management device, turbulence energy 
reduction factors can be defined as·the ratios of downstream to up
stream mean square values, at the position of the device. The down
stream values must be obtained by back extrapolation from a down
stream location where the local effects of the device are no longer 
felt, while the upstream values are simply those measured in the 
undisturbed stream. Alternately, ratios of mean square values at a 
given downstream section, with and ~ithout the device, can be used. 
Reduction fact.ors for spatial mean velocity variations can likewise 
be defined. Existing theories lump screen characteristics in two 
experimental coefficients: the pressure drop coefficient, K, and 
the refraction coefficient, a, the latter defined as the ratio of 
the angles that the downstream and upstream mean flow directions 
make with the normal to the screen. Various. available theories and 
experimental data show only limited agreement, and consideration of 
the detailed mechanisms of both turbulence generation and suppres
sion by the screen may be .necessary to improve the predictions (7). 

Plots of the longitudinal (~) and lateral (v) turbulence ener
gy reduction factors predicted by Taylor and Batchelor's theory 
(17) are given in corrsin (3) ahd Batchelor (1), assumin9 for the 
refraction coefficient the empirical expressions a = 1.1fV(1+K) for 
K > 0.7, and a = (S-K)/(S+K) for K < 0.7 (4). The data of Townsend 
(lS) are also shown. The theory predicts too great a degree of ani-
sotropy downstream from the screen, but the total energy reduction 
gj..Y~n J:>Y_1J"'-±~l'J_(;\pp-ea~~ __ 't_~_~}:)~pr~q.i.c::~~cl_InQ~~_ji~clJ.ri!tJ~J.y_b-y __ j..t._ A=s'------___ _ 
corrsin (3) has shown, the Taylor-Batchelor turbulence reduction 
factors ~ and v are approximately equal to the energy reduction 
factors. for spatial mean .velocity nonuniformities (also given by 
the Taylor-Batchelor theory as a. particular case of ·the Fourier 
decomposition) if use is made of the aforementioned empirical re-
lations betwe'en a nd K. Under these conditions, vv = a = 1.1,tV(1+K) 
for K > 0.7. This particular result, with 1.0 in the numerator 
instead of 1.1, was experimental·ly obtained by Schubauer et al. 
(14) and scheiman (13). Altho~gh there is then some agreement in 
the results for lateral component reduction, this is not the case 
for the data and theories for the longitudinal componen~. In regard 
to t~e Taylor-Batchelor theory, questionable assumptions (in 
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particular downstream of screens operating in the supercri tical 
regime) ,are that the wake ~urbulence produced by ,the screen wires 
can be neglected and that the turbul~nce i~ten~ities are small. 

2.3 Honeycomb-screen combinations 

,Measurements of the turbulence characteristics behind combina
tions of screens and honeycombs hav~ been carried out by Scheiman 
(13). The length-to-diameter ratio of the honeycombs was cho~en as 
6 or 8 on the basis of the laminar dell flow results of Loehrke and 
Nagib (7,8) cited earlier. But the cell Re of these experiments are 
in the transition range or higher (the precise values of the velo
city for the results shown in Figs. 11 through 14 of this reference 
are not given) and, furthermore, the first screen behind the honey
comb was placed so that the honeycomb turbulence was almost com
pletely decayed before encountering it. These data are essentially 
then different from those of Loehrke and Nagib. In general, the 
turbulence reduction of a screen when placed downstream of a honey
comb was found to be much better than that for the screen alone. 
There appear to be some inconsistencies in the data, however, which 
require elucidation for comparison with other results. 

Resul ts of an exploratory examination of the, mechanism of 
turbulence generation' by a hon~ycomb and a fine screen have been 
reported by Xia et al. (19). The honeycomb and screen were tested 
as single devices and in combination, with the screen at various 
separation distances behind the honeycomb. Velocity fluctuation 
spectra measured downstream of the honeycomb disclosed the presence 
of organized flow structures, which persisted for some distance and 
were particularly well defined for the smaller cell Reynolds num
bers tested. The distance at which the structures disappeared 
increased with decreasing Reynolds number and was about 11 d for 
Ud/v = 1,640 (d = cell diameter, U = average cross sectional ve
locity). No organized motion was observed for Ud/v > 3,900. For 
Ud/v < 3,900, installation of the screen'immediately downstream of 
the honeycomb was effective in thwarting the instability growth 
responsible for the organized motion. The associated spectral peaks 
either disappeared altogether or became unimportant a short 

_____ cij.~t~!19~_down~t~~~I[LM91l1_ tlt~_~g~_~_~nJ __ <iEaR~ndirrg on_the_~gynold=s,,"------___ _ 
number, with a concomitant large reduction in turbulence intensity 
and a shifting of the intensity maxima toward the screen. 
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3. INSTRUMENTATION AND EXPERIMENTAL PROCEDURE 

A plexiglas pipe with internal diameter 0 = 5 in (127,mm) was 
used to study the effe,ct of honeycombs and'screens on the air flow 
produced by an upstream blower. A 66-cm long diffuser with an 
included angle of 5 degrees connected the 70-mm-diameter fan outlet 
to the plexiglas pipe. Three honeycombs, wi th lengths 1 = 2 in 
(50.8 mm, HC2), 5 in (127 rom, HC5), and 10 in (254 rom, HC10), were 
constructed using plastic drinking straws with internal diameter d 
= 5.95 rom. The honeycomb pressure drop coefficients, K == /l.p/ (~pU2) , 
were estimated respectively as 0.90, 1.85, and 2.9 at a pipe ReD = 
UD/II = 51,300, (U = 6.1 mis, Recell= 2,730). Here U = average cross 
sectional velocity and Recell = (l/{j)Red = (1/{j) (Ud/II) = honeycomb 
cell flow Reynolds number. The pressure loss estimates were based 
on limited measurements carried out with n'onuniform honeycomb 
approach flows and may be in e~ror by ± 15 percent. The value of K 
and the accuracy of the experimental determination of the average 
velocity U depend strongly on the characteristics of the oncoming 
flow, and additional measurements will be necessary to improve the 
accuracy of the estimates. At Reo = 30,700 (U = 3.66 mis, R~e11 = 
1,640) the measured pressure drop coefficients were respectively 
1.4 (HC2), 3.1 (HC5), and 4.8 (HC10). The open-area ratio of the 
honeycombs was p = 0.88. 

One coarse screen (CS, 3 wires/in, mesh size M = 8.47 rom, wire 
diameter dw = 2.03 rom, (j = 0.578) and two fine screens (FS1, 16 
wires/in, M = 1.59 rom, dw = 0.254 rom, {j == 0'.706; and FS2, 20 
wires/in, M = 1.27 rom, dw = 0.229 mm, (j = 0.672) were used in the 
investigation. The coarse screen was installed always before the 
honeycomb. Estimated K values at pipe Reo = 51,300 (U = 6.1 m/s) 
were 0.95 for CS (wire diameter Reynolds number Rew = 820), 0.70 
for FSl (Rew = 103), and 0.85 for FS2 (Rew = 93). The corresponding 
K values for Reo = 30,700 were 1.02 (CS, Rew = 492), 0.86 (FS1, Rew 
= 62), and 1.02 (FS2, Rew = 56). On the basis of Schubauer et al.'s 
relationship (14) between critical Re and p, all screens operated 
in the supercritical regime for pipe ReD> 30,700, although FS2 at 
Rew = 56 is close to the subcritical boundary. 

ThegeneraJ.-arrangement-of- scree'ns and-honey-combs is shown-i-n- --- --- -
Fig. 1. For the experiments with honeycombs HC5 and HC10, the input 
and output sections where, the velocity distributions were'measured 
are shown in Figs. 1 b) and 1 c). These sections were located be-
fore and after the honeycomb-fine screen combinations, 23 in (584.2 
mm) apart, except when HC10 was tested, in which case the distance 
was increased to 27 1/16 in (687.4 mm). For the experiments without 
screen CS, the input and output sections were at the same posi-
tions, with the end of the diffuser brought 206.4 rom closer. Velo-
city distributions with honeycomb HC2 in the pipe were measured at 
several'distances X from the flange section where the coarse screen 
was installed. The origin for the distance x = X - 279.4 rom was at 
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the end of the honeycomb •. Figures 2 and ~ show photographs qf the 
experimental arrangement, one of the honeycombs, and screen.FS1. 

Long! tudinal veloci ties were' measured across several pipe 
cross sections using a TSI model 105'4~ hot-wire anemometer. The mis 
values of the fluotuations were obtained by means of a Fluke 
digital multimeter ,model 8520A~ using an averaging time of 30 
seconds~ In the experiments with honeycomb HC2 in the new faoility 
a Hewlett-Pac~ard digital multimeter, model 3457A, was used, with 
a 40-second averaging time. other equipment included a manometer 
with a resolution of 0.025 mIn of gage fluid, an oscilloscope for 
signal monitoring, and a Hewlett-Packard digital signal analyzer, 
model 356~OA. Additional descriptions and photographs of the 
experimental setup can be found in Refs. 12 and 15. 
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4. PRESENTATION OF RESULTS 

Selected representative profiles of dimensionless mean velo
cities, ulU, and rms turbulence intensities, u'/li, are shown in 
Figs. 4 through 14. In addition to the notation introduced for hon
eycombs and screens, the following has also been used for brevity: 
E, empty pipe; W, combination of coarse screen CS, honeycomb HC5, 
and fine screen FSli W2, combination of CS, HC2, FS1, and FS2i V, 
vertical and H, horizontal, traverses; I, input and 0, output, 
sections. only results for the larger Reynolds number investigated 
(ReD ;::: 51, 300, Recell ;::: 2, 730) are presented here. Some results for 
laminar honeycomb cell flow (ReD ;::: 30,700, Recell ;::: 1,640) are 
reported in Refs. 12 and 19. 

4.1 Experiments with honeycombs HC5 and HC10 

For the pipe without manipulators (see Figs. 4 and 5, E) the 
profiles were rather nonuniform and asymmetric. A longitudinal 
swirling motion appeared to be present. output turbulence intensi
ties were of the order of 9 to 10 percent near the pipe centerline, 
while input intensities were much higher, around 16' percent. Com
parison of the input pr.ofiles shown in Fig. 4 with input profiles 
measured after installation of other manipulators (e.g., profile 
CS,V,I in Fig. 4 and the vertical input profiles CS+HC5 in Fig. 7, 
and W in Fig. 9i other comparisons, including empty pipe profiles, 
in Ref. 12) showed differences in mean velocities and turbulence 
intensities of at most 5 and 10 percent, respectively, with smaller 
differences near the pipe centerline. Given the high turbulence le
vels, the strong cross-sectional nonuniformity of the flow, and the 
inherent errors in hot-wire measurements under these conditions 
(see e.g. Ref. 5) it was concluded that the presence of the mani
pulators affected only slightly, if at all, the oncoming flow as 
produced by the blower. 

Figure 4 presents also 'the vertical velocity distributions in 
the pipe with screen CS installed. The comparable vertical and 
horizontal input profiles for combinations CS+HC5 and Ware shown 
respectively in Figs. 7 and 9. (The input measurement sect~on was 
downstream from screen CS in all cases.) All E and CS profiles 
showed significant asymmetry. There was considerable difference in 
the input section mean velocity profiles with and without the 
coarse screen. This is not the case for the output vertical mean 
profiles shown in Fig. 4, but one would expect the output horizon
tal profile with CS installed, not measured, to be quite different 
from the corresponding empty pipe profile. The CS results suggested 
again the presence of longitudinal swirl in the pipe. The input 
turbulence intensities showed a marked decrease after installation 
of the screen. The change in output section intensities was less 
but still significant. 
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The ·performance of honeycombs HC5 and HC10 as single manipu
lators is dep·icted in Figs. 5· and 6. The empty' pipe output profiles 
are shown in Fig~ 5 for comparison. As discussed earlier, the E in-' 
put profiles of Fig. 4 can be taken to depict the input profiles to 
HC5 and HC10. comparison of. input and output 'profiles suggested 
that the swirling motion. in the pipe was reduced by both honey
combs. (Measurements at a few points at other longitudinal loca
tions supported also this conclusion.) 'On the other hand, Figs. 5 
and 6 show no significant improvement in the uniformity of the mean 
velocity profiles over the empty pipe profiles: for example, the 
momentum defect .in the vertical input profile (for negative y) is 
still present in both the HC5 and HCla output profiles. The output 
turbulence intensities were lower, however, with the honeycombs in 
the pipe. The ~agnitude was about the ·same for both, with HC10 
showing somewhat better uniformity (see Fig. 6). 

The effect of adding screen CS·on the performance of honeycomb 
HC5 is shown in Fig. 7. Both input and output profiles are shown, 
together with the output profiles fbr·HC5 alone. The performance of 
the honeycomb was improved by the addition of the coarse screen. 
This was also true for honeycomb HC10, but there was no advantage 
in using the longer over the shorter honeycomb, and the remainder 
of the tests was carried out with HC5. 

The output profiles obtained with screen FSl placed downstream 
of honeycomb HC5 a distance equal to 5 times the honeycomb cell in
ternal diameter are shown in Fig. 8, together with the profiles for 
HC5 alone. Addition of this screen resulted in somewhat better uni
formity in the output profiles, .and lower turbulence intensities. 
The'effect of adding screen CS to HC5 and FSl to form combination 
W is shown in Figs. 9 and 10. Input and output profiles are shown 
in Fig.9, and a comparison with output profiles for HC5 and HC5+FSl 
is shown in Fig.10. There was a distinct· improvement'in the uni
formity of the ulU and u'lu profiles for combination W, and the 
turbulence intensities became significantly lower. 

with individual loss coefficients of 1.85 for HC5, 0.95 for 
CS, and 0.70 for FS1, the overall loss coefficient of the W combi
nation was K = 3.50. The output mean velocities at distances y, z 
less than 80 percent of the p~e radius were within ±5 percent from 
their mean value, while the turbulence levels were between 2.5 
percent (near the pipe centerline) and 3.5 percent. Under these 
conditions, it would be possible to achieve further improvement in 
uniformity and reduction in turbulence levels through addition of 
more fine screens, at the' expense of a larger pressure loss. On the 
other hand, comparison of the HC5 and HC10 results showed that, at 
least under the conditions of the experiments, there was no advan
tage to be 'gained by using the longer honeycomb. It was then de
cided to investigate the performa·nce of the even shorter honeycomb 
HC2 (lId = 8.53) which, with a lower K = 0.95, would. allow the use 
of one additional screen for about the same overall K. 

8 



4.2 Experiment·s using honeycomb HC2 

The .. centrifuga1. b1c;>wer used to produce the flow had to be 
replaced when the facility was moved to 'another building, midway 
through the experiments with honeycomb HC2. Figure 11 shows mean 
velocity profiles measured in the'old facility at X = 19 in (482.6 
mm) for combination W2 (CS+HC2+FS1+FS2,' overall K = 3.40), together 
with the' empty pipe profiles. The corresponding rms fluctuations 
are not'shown because of .possib1e instrument errors in the measure
ments involving the HC2 honeycomb in the old facility, which were 
corrected at the time the blower was replaced. The W2 profiles in 
Fig. 11 show significant improvement in uniformity in comparison 
with the profiles for combination W (C'S+HC5+FS1, overall K = 3.50) 
in Fig. 10 •. The mean velocity values in Fig:. 11 at distances y, z 
less than 80 percent of the pipe' radius are within ±1.5 percent 
from their average over th:is portion of the pipe cross section. 

Replacement of the blower changed the oncoming flow condi
tions. Velocity profiles for the. pipe without manipulators, meas
ured in the new installation, are given in Figs. 12 to 14 at five 
cross sections, from X = 4 in (101.6 mm) to X = 35 in (889 rom). As 
the E,resu1ts in ~hese figures show, the nonuniformity and asymme
try of the empty pipe flow were much more pronounced in the new 
installation. The mean velocity profiles suggest also that a longi
tudinal swirling motion was present in the pipe without manipula
tors. Turbulence intensities near the pipe centerline were around 
17 percent at X = 4 in (101.6 mm), 12 percent at X = 19 in (482.6 
mm), and 10 percent at X = 35 in (889 mm). Comparison of E profiles 
measured at a given cross section, with profiles measured at the 
same 10dation after installation of an additional length of pipe 
downstream from it, showed differences in mean velocities and tur
bulence intensities of at most 2 and 4 percent, respectively, con
firming the earlier conclusion that the presence of manipulators 
(or of an additional pipe length) affected only slightly if at all 
the oncoming flow as produced by the blower. Figure 12 shows also 
for reference the profiles with screen CS only in the pipe, at X = 
4 in (101.6 rom) and X = 9 in (228 .. 6 mm). 

A comparison of the profiles produced at X = 19 in (482.6 rom) 
f------ by_lltCiD). pl!:l.C!"t:Qr __ c_OJl\1:?:iJ1Ci 1:.;i..9Jl~tGS±liC~_JiJ1d_'W~ _(GS±ltC~ + F§ l.±lfS 21_i s shown 

in Fig. 13. The W2 mean velocities in this figure, at distances y=-=-=.,-----
z less than 80 percent of the pipe radius, are within 3.8 percent 
from their average. For y I Z less than 40 percent of the pipe 
radius, the velocities are within 2.1 percent from their average. 
The deviations are larger than those measured for the same combina-
tion in the old installation, but the nonuniformity and asymmetry 
of the oncoming flow were much more pronounced in the new facility 
(cf~ Figs. 4, 1i and 12, 13). 
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S. DISCUSSION 

S.l Mean velocity profiles 

,The large,momentum defect present in the flow in the pipe 
without manipulators for y < 0 (Fig. 4) was still present in the 
output profiles for honeycombs HCS and HC10 (Figs. Sand 6), which 
produced only a slight improvement in flow uniformity. The perfor
mance of HC10 was just slightly better than that of HCS. One can 
see in Fig. S that HCS actually preserved 'to a considerable extent 
the shape of the input u profiles'(E, Fig. 4). The honeycombs, on 
the other hand, were effective as expected in reducing the pipe 
swirl. The output profiles without manipulators (0, Fig. S) show 
the evolution of the pipe flow itself. The u profiles in the empty 
pipe became less nonuniform and the rms turbulence intensities u' 
decreased with distance downstream. 

These resui ts suggest that 'the energy losses in the honeycombs 
cells were not large enough to produce significant flow uniformiza
tion through redistribution of the oncoming flow. On the other 
hand, the channeling of the flow by the cells prevented the momen
tum exchange that would otherwise result from the dynamics of the 
energy containing, large eddies'of the approach flow. The scale of 
these eddies, of the order of, say, the pipe radius, is the rele
vant length scale in dealing with the interaction of the turbulence 
with the mean flow. The large oncoming flow eddies are responsible 
for the relative decrease in the nonuniformity of the u profiles as 
the flow proceeds along the empty pipe, while the reduction in 
turbulence energy results from the cascade process of generation of 
smaller eddy scales and the subsequent dissipation of energy toward 
the small scale end of the spectrum. 

Installation of screen CS in the pipe resulted in a modifica
tion of the eddy structure and a considerable reduction in flow 
nonuniformity and turbulence levels (cf. Fig. 4, profiles E,I and 
CS,1, and Fig. 9, profiles W,1). The mesh size of screen CS (8.47 
mm) was sufficiently large to enhance, via the large-scale eddy 
structure it produced, the interaction of the turbulence with the 
incoming mean flow inhomogeneities. (We note here for the purpose 
of this comparison that the input section with screen CS in the 
pipe was 206.4 mm downstream of the, input section in the empty 
pipe, where CS was actually installed). comparison of data taken in 
the new facility at X = 4 in (101.6 mm), with and without screen CS 
at X = 0, confirmed the significant effect of this screen on the 
flow (cf. Fig. 12). The choice of screen mesh size and diame,ter is 
critical to ensure the correct performance of a screen. A screen 
may actually be very inefficient in reducing mean flow nonuni
formity and turbulence levels if the oncoming flow contains gross 
inhomogeneities 'and large scale turbulence and the screen 
dimensions are much smaller than the size of the oncoming flow 
features (16). On the other hand, screens are generally not 
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effective in reducing large scale swirling, and indeed longitudinal 
swirl was still detected in the pipe with screen CS installed. 

The preceding discussion suggests that in order to use a rela
tively short honeycomb to reduce large scale swirling motions and 
turbulence levels, it is best to install a coarse screen upstream 
from it so that the flow reaching the honeycomb cells is as uniform 
as possible. The u data for honeycomb HC5 (Fig. 7, curves HC5 and 
CS+HC5; Fig. 10, curves HC5+FS and W) show the improvement in per
formance when CS is added to the system. The performance of CS+HG10 
(resul ts not shown) was very close to that of CS+HC5. For the 
shorter honeycomb HC2, under the rather nonuniform approach flow 
conditions in the new facility, there was only a small reduction on 
u nonuniformity due to the honeycomb itself, as illustrated by a 
comparison of the coarse screen profiles in Fig. 12 at X = 9 in 
(228.6 rom), corresponding to the position of the honeycomb inlet, 
and profiles CS+HC2 in Fig. 13 at X = 19 in (482.6 rom). On the 
other hand, the reduction in turbulence intensity due to honeycomb 
HC2 and the intervening length of pipe between the two positions 
was considerable, from about 7 to 4 percent. 

5.2 Velocity fluctuation profiles 

, To suromarize the rms velocity fluctuation data included in 
Figs. 4 through 13, the average and the standard deviation of the 
u'/u values in the 55-rom-diameter center portion of the pipe have 
been calculated for each manipulator combination and are presented 
in Fig. 15. The results are plotted for convenience along four ver
tical lines. The first and second lines contain the output section 
averages and standard deviations for the experiments in the old 
facility, respectively without and with screen CS, with honeycombs 
HC5 or HC10 as one of the manipulators. The third and fourth lines 
contain the averages and standard devia'tions at X = 19 in (482.6 
mm, x = 203.2 rom) and X = 4 in (101.6 rom) for experiments in the 
new facility related to the use of honeycomb HC2 as a manipulator. 

Both with and without the upstream screen CS, the performance 
of honeycombs HC5 and HC10 was about the same. The turbulence 
intensity was reduced by a factor between 1.7 and 1.8 relative to 
the intensity at the same section without the honeycomb. without 
the coarse screen, the cross section profiles were slightly more 
uniform and the reduction factor slightly larger for HC10 (see Fig. 
15 b). The results of Lumley and McMahon (10) can be applied to 
honeycomb HC10 since the cell flow is fully developed turbulent as 
defined in their Fig. 2. Assuming an integral length scale L ~ 75 
mm for the incoming turbulence, we have L/I ~ 0.30, and the rms 
turbulence reduction factor obtained from Fig. 1 of Ref. (10) is v", 
~ 0.16 ('I", varies between about 0.165 for K = 2.2 and 0'.15 for K = 
2.9) . Adding the contributions from the residual turbulence and the 
turbulence generated by the honeycom~ (330.2 mm downstream from it) 
one gets u'/u ~ 0.03 for HC10 in the empty pipe (input section 
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turbulence intensity u'/u ~ 0.16, see Fig. 4), and u'/u ~ 0.02 for 
HC10 downstream of CS (input u'/u ~ 0.09, see Fig. 7). The measured 
values (about the same as the values for HCS) are about 80', percent 
larger. One can conjecture that the rather nonuniform nature of the 
flow may be responsible for this difference, resulting perhaps in 
nonnegligible turbulence production by the mean flow. Elucidation 
of these results requires however further investigation. 

The results for the shorter honeycomb HC2 showed a large de
crease in turbulence intensity at X = 19 in (482.6 rom, x = 8 in = 
203.2 rom) due to installation of CS+HC2 in the pipe, from u'/u ~ 
0.12 to u'/u ~ 0.04 (see Fig. 13). (Measurements with HC2 alone in 
the pipe were not carried out in view of the results for the longer 
honeycombs.) The empty pipe flow in the new installation contained 
gross inhomogeneities (still present to a considerable extent at x 
= 203.2 rom after installation of CS+HC2, see Fig. 13) and large 
scale turbulence and swirl. The addition of fine screens downstream 
of honeycomb HC2 served then not only to reduce further the turbu
lence intensities but also, through improvement in the flow uni
formity, to prevent the generation of additional turbulence through 
nonzero mean flow gradients. 

The turbulence energy reduction factors of screen CS relative 
to the empty pipe flow, of screen FS1 downstream of HCS and CS+HCS, 
and of screens FS1 and FS2 downstream of CS+HC2, can be compared 
with the existing theories and measurements reviewed briefly in 
section 2.2. For this comparison, values of the turbulence energy 
reduction factors J.L and p were obtained by three methods: the 
expressionsVJ.L = 1/(1+K) andVp = 1~(1+K) (method 1), Taylor and 
Batchelor's theory (method 2), and the data of Townsend plotted in 
Ref. (1) together with Taylor and Batchelor's theoretical results 
(method 3). The reduction in total energy given by (J.L+2p) and the 
reduction factor R =V(J.L+2p) were then calculated. Inspite of the 
differences in the predicted individual values of J.L and P, the 
estimates for total energy reduction provided by the three methods 
were actually fairly close. The estimates Re were, respectively for 
methods 1, 2, and 3: for CS, 0.66, 0.68, and 0.63 (average ~ ~ 0.66 
± 0.03); for FS1, 0.71, 0.72, and 0.69' (average ~ ~ 0.71 ± 0.02); 
and for FS2, 0.68, 0.70, and 0.66 (average ~ ~ 0.68 ± 0.02). These 
estimates can be correlated with the measurements depicted in Fig. 
1S as follows. 

For screen CS, comparison of the relative intensity values 
with and without the screen at the input and output sections in the 
old.installation gave a measured reduction factor Rm between 0.70 
and 0.7S. This estimate is subject to some error, firstly because 
the longitudinal positions of.t~e output and input sections are 
different in both cases and the comparison required interpolation, 
secondly because only vertical profiles were measured at the output 
section with CS installed, and both the u/U and u'/u distributions 
were rather nonuniform. In the new installation, the reduction 
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factors at X = 4 in (101.6 rom) and X = 9 in (228.6 mm), obtained by 
di vision of the relative intensity values with and without the 
screen, were about the same, approximately equal to 0.53. This 
large reduction is likely due to the rather disturbed nature of the 
approach flow and the direct effect that screen CS,.placed at the 
exit section of the diffuser, had on the diffuser flow. 

For screen' FS1 (placed 27 rom downstream from honeycomb HC5) 
the measured reduction factor, ~, can be obtained by direct 
division of the results in Fig. 15, since these represent 
measurements at the same cross 'section (179.4 rom downstream from 
the screen), with and without FS1. One gets ~ = 0.79 with screen 
CS in the system and ~ = 0.73 with screen CS removed. While the 
last value is close to the average estimate of 0.71, the reason for 
the smaller turbulence reduction in the case of the more uniform 
flow with screen CS in the pipe is not clear. 

Finally, for screens FS1 and FS2 together, the measurements in 
the new installation give ~ ~ 0.51 at a cross section 76.2 rom (60 
M) downstream of the position of FS2 (179.4 mm downstream of FS1) , 
about 6 percent larger than the product of the average estimates 
(0.71) (0.68) ~ 0.48. Multiplying on the other hand ~ ~ 0.79 for 
screen FS1 by the'estimate 0.68 for FS2 yields about 0.54, somewhat 
larger than the measured ~ ~ 0.51. It is noted here also that 
measurements in the old facility appeared to show that the 
turbulence reduction due to both screens FS1 and FS2 was unchanged 
by a 127 mm downstream shift of both screens. This last result 
would imply that the separation between honeycomb and first screen 
is not critical in the case of turbulent honeycomb cell flow, 
contrary to the case of laminar cell flow (7, 8; see also Ref. 19). 
Some of these questions are the. object of a current investigation, 
with the results to be reported separately. 
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6. CONCLUSIONS 

The performance of combination W2 (the shorter honeycomb HC2 
and sc~eens CS, FS1, and FS2i total K ~ 3.4) may be satisfactory 
for many applications, in particular given the disturbed nature of 
the oncoming .flow in the new facility. The u values measured in the 
old and new facilities over the central core of the pipe cross 
section, at distances y, z less than 80 percent of the pipe radius, 
were within 1.5 and 3.8 percent, respectively, from their central 
core averages. The smallness of these deviations allows for further 
improvement in flow uniformity, if necessary, through addition of 
one or more fine screens, at the expense of an increase in K of 
about 0.75 per screen. Relative turbulence intensities were reduced 
from about 12 to 2 percent by this combination. Questions remain 
regarding optimum honeycomb length, screen sizes, and manipulator 
spacings, all likely dependent on the quality of the oncoming flow. 
The effect of approach .flow characteristics on manipulator 
performance requires in particular further investigation. 

Both with and without the upstream screen CS, the performance 
of honeycombs HC5 and HC10 as single manipulators was about equal. 
The large momentum defect present in the flow in the empty pipe was 
still present in the output profiles for both honeycombs, which 
produced only a slight improvement in flow uniformity. The honey
combs, on the other hand, were effective in reducing pipe swirl. 
The turbulence intensity was reduced by a factor between 1.7 and 
1. 8 relative to the intensity at the same section without either 
honeycomb. Application of Lumley and McMahon's (6) theory to honey
comb HC10 resulted in much smaller turbulence intensities than the 
measured values. 

Screen energy reduction factors e$timated by existing theories 
and data showed some differences with the measured values, of the 
order of 10 percent, due likely to the dependence of a screen 
performance on approach flow conditions. The estimates reviewed can 
be used as a first approximation for screen selection. Finally, the· 
results and analysis suggest that in order to use a relatively 
short honeycomb to reduce large scale swirling motions and 
turbulence levels, it is best to install an upstream coarse screen 
so that the flow reaching the honeycomb is as uniform as possible. 
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Fig. 12 a) Mean velocity and b) Velocity nuctuation profiles in new facility 
in empty pipe (E) and in pipe with coarse screen (CS), at distances X = 
4 in (101.6 mm) and X = 9 in (228.6 mm). Other symbols as in figure 4. 
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Fig. 13 a) Mean velocity and b) Velocity fluctuation profiles in new facility 
in empty pipe (E), in pipe with coarse screen and honeycomb HC2 
(CS+ HC2), and in pipe with CS, HC2, and screens FSI and FS2 (W2), at 
distance X = 19 in (482.6 mm). Other symbols as in figure 4. 
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Fig. 14 a) Mean velocity and b) Velocity fluctuation profiles in new facility 
in empty pipe (E) at distances X = 12 in (304.8 mm), X = 27 in (685.8 
mm) and X = 35 in (889 mm). Other symbols as in figure 4. 
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Fig. 15 a) Average and b) Standard deviation of u'/ii values over 55~mm· 
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