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EFFECT OF SCREENS IN WIDE-ANGLE DIFFUSERS

By G. B. SCHUBAUERand ‘F. G. SPANCJEXBEEG

SUMMARY

An experimental inreatigation at low aimpeeds was made of
the jilling eject obserred when a screen or similar resistance is
placed acroas a diffuser. Thejilling e~ect ~jound to be real in
that 8creens can prewnt separation or restore separa~ed jlow in
dijuser8 eren of extreme divergence and to depend principally on
.wrecn location and pre.s8uredrop coej?cient of the 8creen.
Re.wdt8 are giren for three different diffuser8 of circular cro8s
section with a can”ety of 8creen arrangements. Efft!ct8 of single
scretn8 and multiple 8creen8 are 8hmm The mechanics of the
filling effect is explained, and pomible ejiriencies are discussed.
Rewdts of arrangements of multiple screen8 in wide-angle
diJuser8 are gicen to 8how a powible application to damping
~creew ae u8ed in un.nd tunnels to reduce turbulence.

INTRODUCTION

An inwstigat ion of cliffuser-screen combinations was under-
taken at. the A’ational Buremu of Standards under the spon-
sorship and with the fiancird assistance of the N’ational
Advisory Committee for Aeronautics in an effort to clarify
the so-called “filling effect” commonIy observed when a
screen or similar resistance is placed at the mouth of a
wide+mgle subsonic cMuser.

A wide-angle diffuser is defied herein as one in which the
cross-sect ional area increases so rapidly in the direction of
flow that separation is to be cscpected. Under ordinary condi-
t ions this wouId include all conical dfiusers with -m-ills
diverging with a total included angle greater than about 8°.

About the time that damping screens for reducing tur-
bulence were found to be of use in the larger wind tunnels, the
N.*CA adopted a rapidly expanding section just ahead of a
screen to reduce the loss through the screen. It appeam to
hat-e been this use of a w-ide-angle diffuser followed by a
screen that first aroused general curiosity and some skep-
ticism about the possibility of filing diffuse~ by this means.
Intuitively it could be seen that a screen wouId have a
tendency to spread the flow by its damming effect, but the
details of the effect were not clear. k far as is known, the
fkt quantitative study of the effect was made by MeLellan
and Nichols (reference 1), who were concerned with the
practical advantages of wide-angle diihsers just ahead of
heat exchangers. They showed that the filling effect was
real and that high diffuser efficiencies could be obtained, but
they did not study the flow phenomena in sufficient detail to
explain the effect. Later Squire and Hogg (reference 2)
investigated se-rerd ditluser-screen combinations for reducing
turbulence in wind tunnels, irduding cases when screens were
W ribut ed through a cliffuser. They demonstrated interesb
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ing and useful effects but did not explain the reason for
the observed effects.

It was the purpose of the present work to instigate the
phenomena of flow through diffuse~ containing screens in
sufEcient detail to clarify the mechanics of the process and to
show how best advantage can be taken of the Ung effect
of screens or similar resistances. From the practical stand-
point, interest is limited mainIy to screens of low solidity
where the pressure drop is of the order of the dynamic
pressure. When the pressure drop is many times the dy-
namic pressure, the flow through all pores of the screen
is determined by the pressure drop and is nearly equal
regardless of the condition of the approach flow. The instig-
ation has therefore been restricted to screens of low solidity.
Fine screens have been used to permit measurements close to
a screen, and dfiusers of circular cross section have been used
to avoid corners. The experiments were conducted with air
at relatively 10-w speeds at which compressibility can be
negkted. It is hoped that the information obtained is ade-
quate to indicate where diffuser-screen combinations can be
used to advantage. The apphcation treated in cletail involves
such combinations used with damping screens for the
reduction of wind-tunnel turbulence.

The authors wish to acknowledge the assistance of Messrs.
I. A. Kenerson and M. J. Noble, who made many of the
installations and obtained some of the data.
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SYMBOLS

distance along axis of duct or dfiuser
radial distance from axis of duct or diffuser
maximum radius of duct or diffuser
diameter of duct or diffuser
cross-sectional area of duct or diffuser
axial component of velocity
radial component of velocity
dynamic pressure
reference pressure; herein taken as pressure drop

across inlet nozzle of duct system (see fig. 1)
reference static pressure (see fig. 1)
static presure
change i-n static pressure across a screen or between

two points
total flow of potentiaI (prwmre) energy per second

across any section of duct or ditTuser
total flow of kinetic energy per second across any

section of duct or diffuser
eficiency of dMuser or difhser+creen combination
efficiency of dithser without taking into account

energy losses through screens
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k pressuredrop coefficient of screen
8 solidity of screen, defined as ratio of closed area to

total area
RN Reynolds number
a angle between flow direction and axis of duct or

difhser

f turbulence reduction factor

Subscripts:

Subscripts O, 1, 2, . . . n refer to positions along the axis
of duct or diifuser. They also designate a quantity in a
cross section normal to the axis passing through the specified
position, Position O refers to dtiuser entrance and t refers
to test section of wind tunnel.

Examples of subscripts:

Pressure pl is static pressure at section 1; El,2 is diffuser
efficiency between sections 1 and 2. SymboIe are sometimes
used without subscripts wheu the meaning is clear--on
curves, for example. Symbol E or E’ without subscripts
means cliffuser efficiency between section O and some section
at x.

DEFINITION OF TERMS

EFFICIENCY

In a cliffuser the cross section of a stream increasea and the
velocity decreases in the direction of flow. In an ef3&nt
diffuser the loss in kinetic energy appears largely as potential
energy in the form of a prewmre rise. The customary
definition of the efficiency of a diffuser, and the one used
herein, is

E=Gain in poteutial energy
Loss in-kinetic energy

There are various ways to express gain in potential energy
tind loss in kinetic energy. For example, since p and y are the
potential and kinetic energy per unit volume, respectively,
the efficiency between two points may be expressed as

(1)

where point 2 is downstream from point 1. If p ~d g me
constant over cross sections 1 and 2, the diffuser efficiency
behveen these two sections is given by equation (1), If
sect.icm 1 is at the beginning and section 2 is at the end of a
diffuser, equation (1) expresses the efficiency of the difluser.
Because of the effect of tic shape of the walls, the presence
of a boundary layer, and possibly separation of the flow,
p and q are never entirely constant over any croes section.
Consequently the efficiency between two sections of a difluser
can be expressed exactly only in terms of the flow of potential
and kinetic energy through the two sections. Thus the
exact expression for the efficiency is

(2)

where

s
P~= ~4 P,U, dA

s
P,= “p,U, dzi

o

In theoretical derivations, equation (1) is often used in
preference to equation (2) because of the simplicity attending
the use of p and g. In some cases equation (1) is a suffi-
ciently close approximation for practical purposes, espccirdly
in narrow-angle diffusers ancl in cases when the efIkiency is
high~ay, 80 percent or greater.

In the present investigation equation (2) was always uacd
to calculate efficiencies from experimentally dctcrmincd
quantities. Valuw of P and Kwcre determimxl by graphical
or numerical evaluation of tlw foregoing inkgrals. It was
found necessary to sacrifice accuracy for conveniunm by
using the velocity corresponding to q in place of the axial
velocity u because of the difficulty of measuring u scpamtcly.
Obviously this procedure involves an error whcu v is noL
zero, but the error is of the same order as the cxpcrimcntaI
error in the measurement of q.

It is convenient to make use of an dficicncy E’ which dots
not include losses due to the screens themselves. If E’ is
used when screens are present, it denotes tho flow cflicicncy
of the diffuser as affected by screens. It is referred to as
“flow efficiency.”

FILLING

Filling is a term used rather loosely to denote that, either
because of diffuser design or of the eflec~ of a screen, tho fiow
takes place throughout alI availaMe volume in [hc diffuser.
In this sense it means absence of separation. Although the

presence or absence of soparat ion is an import m~L flow
criterion, still another is the velocity distribution. In
order to include both of these, a filled condition might 1-w
defined as one in which the velocity distribution at cvory
sectiou.is similar to that at the diffuser entrance. This
definition has the objection that it ignores the cffCCLof the
geometry of the diffuser on the flow pattern, The present
results are given in such form that performance may bc
judged ei~her by the separation criterion or by the similarity
criterion.

Use is made of charts called streamline dingrams, which
consist of lines indicating the radial clistanccs within which
0.1, 0.2, 0.3, and so”forth of the tottd observed flow occur.
In computing the total observed flow when separation wag
present, the reverse flow near the wail was negh+wkd, In
these cases the observed volume was generally a few pcrccnt
too high, and the lines are not accurately strrmndincs.

PRESSUEE.DROP COEFFICIENT k

By definition the pressure-drop coefficient of a scrccn is
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where q is the dynamic pressure of a uniform parallel flow
approaching normal to the plane of the screen and Ap is the
static-pressure drop across the screen. The value of k is
determined experimentally by measuring q and Ap. The
coefficient depends on the solidity S and on a Re.ynoMs
number equal to the diameter of the wire times the velocity
corresponding to q, divided by the kinematic viscosity.

The coefficient k is useful for calculating Ap when the
flow is normal to the screen. The pressure drop may be
abnormally high if the stream approaches the screen at a
considerably large angIe to the normal. In any case k is
used as a parameter for connecting a given screen with its
aerod.mamic effect-, such as its effect on t urbtience and on
the space distribution of velocity.

APPARATUS AND METHODS
GEXERAL ARRANGEMENT

The apparatus for irrestigat ing dfiuser-screen combina-
tions is shown in figure 1. It consists essentially of a dtiuser

RF--l

DIFFUSERS

Most of the measurements were made with diffusers
A and B shown in @ure 2. These were essentially wide-
angle conical difTuse~ with rounded entrances and an area
ratio of 1 to 4. They were built as separate units for
insertion between the 18-inch and the 36-inch ducts.
Difluser C, shown in figure 2, was shaped to conform ap-
proximately to the outer streamlines of a jet passing through
a screen. It was not used extensively. The manner of
installing screens is also illustrate in figure 2. Flush
mounting eliminated obstructions and prevented breaks in
the contour of the MuSer. Tension in the screens was just
sufficient to remove slack.

ISSTBUME?JTS

It was planned to measure mean velocity and pressure
throughout the entire field of flow, part iculariy as near the
waIIs and screens as was practicable. With this in mind,
the dimensions of ducts and difTusem viere made as large as

Adiusf& rod~ vines
-h rti.s Sec7w’,

m m’ ~‘n

.-
0)’. — .—. ——— -——-—.
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lu w
Twoscreens k=35 f~a4mk&] /8’ q

1

FIGL_urI.—DUKUWand ductimtem wembh n.?? to study efttxts cdIT@smeem h diEwers

with a cylindrical entrance duct 1S inches in diameter and a
cylindrical exit duct 36 inches in diameter. A centrifugal
fan, mith its intake at the end of the large duct, drew air
through the s~-stem. Airspeed was controlled by adjustable
inlet -ianes on the fan. The top speed -was somewhat in
excess of 100 feet. per second in the entrance duct? this speed
depending on the amount of resistance present. Since the
exhaust was far from the entrance and the room was large,
disturbances at the entrance were usually small. Screening
cm the entrance nozzle vias found to improve the steadiness
of the flow.

The entrance duct consisted of four 3-foot sections, so
that its length could be vmied to change the thickness of
the boundary lnyer at the Muser entrance. With the full
12-foot length, the boundary layer was about 3 inches thick
and the velocity was uniform over a central core 12 inches
in diameter. ‘Wen fuLIy de~eloped turbulent pipe flow was
desired at the diffuser entrance, the boundary layer was
artificially thickened by screens with cutout centers placed
in the duct 9 feet ahead of the diffuser. The boundary layer
-was turbulent in all cases.

possible and still permit the use of screen tidths com-
mercially available.

In practice it proved dif6cuh to make static- and dynamic-
pressure traverses near the upstream side of a screen with
instruments of con-rentionsl design. After esperimentiug
with several arrangements of pitot-static tubes, the two shown
in @ure 3 were adopted. Instrument. A was of nearly con-
ventional design and could be used where there was sufficient
room—for example, where no screens vmre present, or down-
stream from a screen. Instrument B was that used for mak-
ing measurements upstream fmrn screens and between them.
With this instrument continuous tra-rerses could be made
tithin 1 inch of the upstream side of a screen. Both instru-
ments read true static and d~mamic pr-ure to within 1 per-
cent at- zero angle of incidence. Characteristics at other
angles are given in figure 4.

Velocity and pressure distributions were determined by
traversing along an-j- chosen diameter -with one or the other
of these instruments. The support member extended com-
pletely across the stream to provide strength and side-to-
side s-ym.metry. The tubes were always sIined -with the axis
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of the duct sys~em; this meant that the flow, particularly near
a screen, often approached them at a considerably large angle.
Posible errors from this source, aa c.dculated f~orn figure+
were not significant in the over-all rfxndt, and hence no cor-
rections were applied.

The directions of streamlines derived from velocity meas-

[a]

7
urements were checked by means of a thin metal strip rd.mut
% inch wide, coated with volatile oil and lampblack and
placed along a diameter edgewise to the flow. Air was td-
lowcd to flow until the oil had evaporated, after which the
pattern of streaks on the strip showed the average direction
of the ffQy at each point along the diameter.
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FIGURE4.—Pftot.ste.tio.tabe ~ra~fetIog.

The principal characteristic of the screens used in this in-
vestigation were a large number of meshes per inch, small wire
size, and low solidity. The first two, normally described M
the fineness, are essential if irregularities in dynamic pres-
sures close to the downstream side of a screen are to be
avoided. Present work was limited to soreens of low solidity.

Since the value of k depends on the screen Reynolds numb-
eras well as on the solidity, values of k were determined for
each screen at various wind speeds. This was done on sam-
plea placed in the 18-inch duct, and measurements were made
at the center where q was uniform and the ffow was normal
to the screen. Measured values of k are given in figure 5 as
a function of S’ at several Reynolds numbers. The theoreti-
cal curve of Eckert and Pfltiger (reference 3) is also shown.
The discrepancy between theory and experiment is the same
here as in reference 3 for screens of low solidity. Basic data
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TABLE 1

SCREENS USED IN DIFFUSERS

wyf’y~ Solidlty, s I k
atRN-!aM I

0:&b

r

0.303 0:fi
.om :% L 21
.0055 .474
.m55 .WO M

-. —-. .— —------- 2 !Wnominal
I

● The 76-mesh semen fs a dlk boltfng cloth. It wes not ~lblo tm mcnauro UMthread
.Iameter with suMcIent aewnucy to determine edfdity. All other scroene are wfm cloth.

m the screens used in the present work arc summarized in
iable 1.

It is pointed out that a precise value of k for a screen in a
Iiffuser isnot particularly significant because speed and dircc-
lon of flow vary from point to point over the area of the
nreen. Values given in connection with various arrange-
ments are those corresponding to the average velocity based
lpon the total flow and the total exposed area of the screen.
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EXPERIXIENTS WITH SINGLE SCREENS

PROCEDURE

Systematic measurements were made with single screens at
various positions in difluser A. For each screen and each
position, static- and dynamic-pressure traverses were made
across two diameters 900 apart at several stations. Repre-
sent at i-re dist ribut ions across a section were obtained by
averaging values on the two diameters. Enough locations
were selected in each case to deihe the ffow characterist ice
through the entire difluser. When preliminary tests showed
that there was no significant effect of Reynolds number,
except on the value of 1, all measurements were made at a
single wind speed of about 100 feet per second in the entrance
duct.

For the work on single screens the entrance duct was s
diameters (12 ft) long. This produced a turbulent boundary
layer about 3 inches thick. According to reference 1,
ditluser efficiency decreases with increasing Iength of the
entrance duct up to 6 diameters but changes little thereafter.
.ti entrance length equal to 8 diameters was therefore
chosen as representative of the most severe conditions
under which a diffuser -would be used in practice.

RESULTS WITH DIPIWSER A

Many measurements viere made with diffuser A because
these -ivere not complicated greatly by the inclination of the
flow to the axis. In other words, reIiable re.dts could be
obtained with pitot+tatic tubes parallel to the axis. From
a large number of results in-robing some repetition, there
have been selected for presentation representative samples
which convey all the pert inent information. These have
been condensed in the form of streamline diagrams -which
bring out the salient features.

Figure 6 pertains to ditluser A without screens. The
changes in kinetic and potential energy and the resulting
efficiency are shown by the top row of diagrams. A value
of efficiency from a curve such as this always means the
efficiency of that part of the diRuser up to the section located
at the chosen value of zf~o. In the middle row the left-
hand diagram shows the distribution of dynamic pressure
across four sections, -while the right-hand diagram shows the
streamlines and the region of flow separation, the shaded
region denoting the wake region between the 1.O-streamline
and the wall. This latter diagram is given mainly to show
where separation occurred. It is quite inaccurate because
the flow was not symmetrical and because there was a large
apparent increase in volume flow due to recirculated air
downstream from the sect ion at which separation began.
The two diagrams in the bottom row show the pressure
distribution across se-rerd sections and along the streamlines.

It -was diflicult to make any measurements in the absence
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of screens because of the whipping of the stream from side to
side. In fact the stream was so unstable and the speeds were
so variab~e in the downstream half of the difhs.er that little
meaning is attributed to the readings. The approximate dis-
tribution of q/q, is given across the downstream end, but
energy changes, eficiency, and streamlines are given only
part way through the dMuser. One of the more noticeable
effects of a screen, which cannot be shown in diagrams of
mean values, is the remarkable steady@ effect on the flow.

Figures 7, 8, and 9 give the results for screens in various
positions. Figures 7 (a), 7 (b), and i (c) give an over-aI1
picture of the energy changes, efficiencies, and streamlines
for five diflerent screens in three selected positions.

Figures 8 (a), 8 (b), and 8 (c] ahovr, on the left-hand side,
the distribution of dynamic pressure at the entrance and at
various locations within the diffuser. On the right-hand
side is shown another type of streamline diagram better
suited than that of figure 7 to show the degree of filling of
the diffuser. In this type of diagram the streamlines are ___
equaIIy spaced horizontal lines if the flow is perfectly uni-
form. If the flow is not uniform but maintains a similar
pattern throughout the diffuser, all streamlines are stilI
horizontal and straight but not equally spuced. Depar-
tures from these conditions are readily apparent and this
type of diagram shows at a glance the extent that. the difhser
is tied. It must be pointed out that. similarity of flow is
onIy a qualitative test for filhng, as the shape of the difluser
itself makes the flow pattern dissimilar to that in the entrance
duct. However, this effect is not appreciable in the present
case. If filling is regarded as simply the absence of separa-
tion, the shaded regions in the ilgures are suitable indexes.

Figures 9 {a), 9 (b), and 9 (c) show the distribution of
static pressure normal to the axis of the cltiuser at various
sections and the distribution of static pressure along stream-
lines.

Results for screens placed at the extreme downstream end
of the diflnser -mere much like those in figures 7 (c), 8 (c),
and 9 (c) sad hare therefore been omitted. Obviously this
difluser camot be fiUed throughout by means of a single
screen. When the screen is in the most forward position
(Z/110=0.67), increasing k removes separation and fills the
difYuser fairly well upstream but fails to do so downstream.
When the screen is in either the middle or rearward positions,
increasing k iills the ditluser downstream but not upstream.

A few tests were made of diffuser A with a 1}i-inch annular
space at the periphery of the screen. It was believed that
free area at the wall would be an effective means of delaying
or prevent~~ separation. However, in the cases tried the
free space had very little effect. It wae then thought that
a free space might be more effective in a diffuser of wider ____
angle.
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EE9ULTS WITH DIFFUSEIt B

Figure 10 gives the results of tests of diffuser B without
screens. This figure is of the same type as figure 6. Com-
parison of figures 6 and 10 shows the earlier separation in the
difluser with the wider angle. Separation was so definite
and ck.an-cut in diffuser B that the flow took pIace as a
free jet through the center and was relatively steady.

Tests with single screens in diffuser B were made both with
and without a free annular space between the screen and the
wall. The remdts are given in figures 11 and 12, which
give the same type of information as. figures 7, 8, and 9.
It can be noted that the annular space has scarcely any
effect on the fling but tends to increase the efficiency E,
particularly if a large drop in static pressure exists near the

Zfq

wall when the screen spans the entire diffuser. .b Shown by
figures 1~ (b) and 11 (c), the spi]] through tlw nnnuhls pro-
duces peaks in the curves of gJq,. However, this spill does
not improve the performance of the diffuser appreciably.
In fact it may iuvolve an unstable com.lition resulting in
pulsating and nonsymmetrical flow. IL was concluded that,,
inasmuch as the greatest e~ergy losses occur at tho scrccn
in the central core of the stream and diminish to zero through
the low-velocity region near the walls, an annular spncc in
the low-energy region near the walls had lithe if any value.
In these- cases higher efficiency with more uniform flow
restited from substituting a screen having a low vdllc of_k.
spanning the entire diffuser instead of providing annular
space around a screen of higher value of k.
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RBSULTS WITH DIFFUSER C

From the results with single screens in Muse= A and B,
it was thought that a single screen might be effective in
filling a properly shaped diffuser. DHuser C was con-
structed to test this hypothesis. Before designing this
diffuser, the lS-inch duct was connected to the 36-inch duct
to form a so-calkd lsOO dfiuser, and a 40-mesh screen was
placed about 24 inches downstream from the joint. 31easure-
ments were made to determine the outline of the jet ap-
proaching and lea-ring the screen in order to be able later to
shape a wall to the “natural” streamlines. A wall thought
to be of suitable shape -was then constructed, but modMca-
tions had to be made by cut-and-try methods untiI diffuser
C was tialIy obtained.

The results with diffuser C are given in figure 13, which
show-s that the diffuser remained fairly well fled. The
curves of gj’q, show com~iderabLe boundary layer and some
asymmetry in the flow at section D.

Qhl I I I I I I I I 1 I I I t I I
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NIEcEL4NICS OF DIFFUSKON AIDED BY SCREENS

With the aid of the results presented in the foregoing
sections, an attempt is made to explain the mechanim of
flow through diffuser-screen combinations. The experi-
ments show characteristic behavio~ for which possible
explanations are advanced. Previous theories (reference 2
and some informal German literature) deal with the passage
of an initially uniform stream through a screen or porous
wall. It is apparent now that such theories fail to deal
with the real problem. A diffuser problem e-sists only when
there ‘B a nonuniform stream which can become even les
uniform in an adveme pressure gradient- or when there is a
bounda~ layer which can separate. Of these two, boundary-
layer separation is the more important, and the problem
may be regarded as a combined boundary-layer and screen
problem. This kind of problem is so involved that a
theoretical approach has not been possible. Furthermore, a
complete theory can hardly be expected untiI problems of
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the turbulent boundary laye.r and turbulent separation have
been dealt with successfully.

It may be well to review the” present-day physical picture
of turbulent separation. So far as is known, separation never
occurs unless the flow is proceeding into a rqgion of higher
pressure., that is, unless an adverse pressure gradient exists,
Tlncler this condition the fluid near the wall is retarded both
by wall friction and by the pressure gradient. Separation
occurs when the resultant retarding action is sufficient. to
bring the flow to rest in the neighborhood of the WU1l,in
spite of the propelling action oLthe turbulent shearing stresses
from regions farther removed from t.~t. wall.. Turbulent
shearing stress bears no simple relation to velocity gradient
m does viscous shearing stress, but it increases .tith velocity
gradient. Quantitative relations for these processes are still
lacking, but the general picture is helpful, sincR i~ shows
that separation may be prevented by clecreasing the pressure
gradient along the surface or. by increasing the velocity
grticlient normal to the surface: The latter is often regarded
as equivalent to clecreasing boundary-layer thickness, but
in some types of velocity distribution boundary-layer thickn-
ess has little meaning. The behavior of screens is inter-
preted in terms of these two effects.

FLOW UP TO A SCREEN

It can be observed, for examplc in figure 7 (c), that a
stream diverges as it approaches a screen. To fid a reason
for this and the conditions on which .itAe.pencls, consider for
the moment a free cylindrical jet impinging against a solid
walL As the wall is approached, the streamlines bend away
from the axis and finally become nearly parallel to the wall.
Centrifugal pressure gradients accompanying the curvature
give rise to pressures which increase .Wward the axis and
toward the wall. The velocities decrease correspondingly in
accordance with Bernoulli’s law. If the wall is porous,
much the same thing happens but to. an extent which de-
creases with increasing porosity.

By thinking now in terms of solidity or parameter k
rather than of porosity, it is obvious that the stream passes
through with more and more of the original concentration
about the jet axis as k is decreased. However, not all the
jet flow passes through in a finite area unless the jet is con-
strained as it approaches the screen. .A diffuser provides
such constraint., and its size and shape are as much a part
of the problem of the resulting velocity and pressure field as
is the value of k of the screem

If the frictiou effects of a wall could be”neglected~ the design
of a diffuser would be reduced .to shaping a wall to conform to
any one of the streamlines of a. field of flow associated with a
given stream approaching a given screen. If friction is now
taken into account but regarded as significant only in con-
nection with separation, a streamline would be chosen along
which the pressure gradient is too small to cause separation.
This was attempted in the. design of dtiuser C without
success. The difficulty was that the boundary layer accom-
panying the wall modified the velocity distribution and the

pressure field, In short, a successful design was not lmssiblc
without considering the problem as a whole. A shtipc may ho
found by trial and error, as was finally done in the case of
dtiuse.r C.

Consider next a difluser which is not shaped to streamlines
along which the pressure gradients arc small enough to
prevent separation, such as diffuser A. Figure 7 shows tht~L
separation always occum unless a screen is well upst roam, 1t
is interesting that a screen does prevent upstream scptirat ion
without specially shtipecl walls, and it would be desirablc t.u
know the way in which this is accomplished.

Since the pressure gradient is known to bc an impor(ant
factor in separation, examine the pressure distrilmtion along
the wall of the diffuser. Figures 6 and 9 show the distribution
of static pressure along the streamlines. Whrrc the flow lNW
not separated, the pre9sure distribution along the 1.O-strmm-
line is identical with that along the wall. ThUS in figllrr 9 (a)
the 1.O-CUYVSSfor the 40- and 50-mesh screens give the pres-
sure distribution along the wall at a distance somewhat.
beyond the screen. In figure o or figures 9 (b) and 9 (c), tlw
1.O-curve gives the pressure distribution along the wall up to
the first separation point, which is in the neighborhood of
z/~o=O.Zt. A comparison of the pressure distributions shows
that the total increase in pressure up to the ().+point is alxmt
the same. with and without separation, but the rate of rise is
much greater at the 0.4-point without separation. ‘Jhrcforc
the screeii has done nothing to the pressure along the wall
that would be expected to prevent scpnration.

On cciiiiinuing the examination of the st atic-prcssuro
variatio~along streamlines, it is noted that a scrccn always
causes the greatest rise ig pr&sure along the O-strearnlinr.
Attentiou has been called to this phenomenon in connection
with the curvature of the streamlines. In a pressure fickl o[
this sort, by Bernoulli’s law, the velocity dccreasc is grmhst
in the central part of the. stream. It follows that air must l.w
diverted toward the walls by the screen. This incrcascs thu
velocity gradient, and consequently the shctiring slrms, at
the wall.. _This seems to be a logical explanation for tlw pre-
vention Of separation when the wall is not shaped to promote
low pressure gradients.

--
FLOW DOWNSTREAM FROM A SCREEN

It can be observed. in figure 7 that separation] downstream
from a screen may be delayed or even prevented entirely by
proper choice of position and vrdue of k, One reason for [his
is apparent from figure 9, which shows an inversion of the
pressure field at the screen. To the rear of the semen the
pressure is lowest at the center and incrwwing radially. At
some diiiance downstream the radial diflwcnccs approach
zero, the equalization having occurred by the fact. that pres-

sure increased most on tha O-streamline. Tho small rise along
the wall ac.counts for the fact that the flow proceeds for a
considerable distance withoub separation.

The inversion of the pressure field at a screen is accom-
panied by a reversal in curvature of the streamlines and by a

.
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reversal of the radial velocity components. This process is
itiuencec[ somewhat by the shape of the walls. In diffuser C
the curvature of the waII was reversed at the screen, in
keeping with the re-rerwd in the curvature of the streamlines.
Since the radial velocity gradients near the wall are low for
diffuser C, the pressure gradients along the wall m~~t be kept
very small to avoid sepmat ion. C’onsequently the dill~=er
angle is wide only in the neighborhood of the screen.

.MCLTIPLE SCREEYS

The performance of single screens in difluser A sue~ests
[hut it may be possible to prevent separation throughout the
wholu of the diffuser by using more than one screen. Effects
upstream and downstream from screens are then superposed.
As far as separation and filling are concerned, it would appear
that multiple screens in a diffuser of arbitrary shape can be
as effective as a single screen in a diffuser of special shape. It
is easier to design a difFuser of simpIe shape and pro~ide for
filling it by proper choice and number of screens than to
design a diffuser of special shape.

PROBABLE EFFICIENCIES

It can be seen in figure 6 that the efficiency l?decreases with
the distance downstream. Estimates based on uncertain
metisuremeuts indicate an efficiency of about 30 percent at
the do~-nstream end. For single screens in ~arious positions,
figure 7 shows that Eat the downstream end ranges from 14
to 42 percent, the amount depending on the position and the
vnlue of k. Certainly a screen can reduce efficiency, and
apparently a screen cannot be expected to produce much of
an increase. However. the values of flovi efficienc~ E’ range
from SO to 90 percent at the downstream end; this indicates
that wscreen promotes flow efficiency even though separation
is not entirely eliminated and fibg is not complete.

F1OWefficiency depends primarily upon the absence of eddy
losses and so must increase tith the reduction of dead-air
space. This is demonstrated by the rise from 30 percent
when the dead-air space was exte~~ive to SO or 90 percent
when the dead-air space -was limited by the action of a screen
{E without. screens may be compared with E’ with screens).
It is apparent that the major gain is achieved by reducing the
dead-air space to a relatively small volume and that com-
plete 611ing could not. produce much additional gain.

It is emphasized tlmt flMng has difTerent effects on E’ and
l?. On considering first E’, both the numerator and the
denominator of equation (2) increase with filling. For Z
however, the numerator contains negative pressuredrop
terms for the screens, rind these terms are not afiected appre-
ciably by flhg. They may be large to produce filling, but.
their effect on E is lessened by an accompaq-ing increase in
the denominator, that is, by increasing the degree of falling.

It may be assumed that l? has a nearly constant value of
about 0.9 when the urangement of screens is adequate to
produce fWi.ng. Therefore it should be possible to predict
17 by taking into account the pressure drop through the

screens. Hwrrever, when not bing is known about the dis-
tribution of p and q, the crdcu!ation must be based on equa-
tion (1), which unfortunately gi-ies the correct result ordy
when p and q m-e uniform crrer each section. Nevertheless
equation (1) is a fair appro.simation when the difTuser is
fled and may be used for estimating purposes. The use of
multiple screens is amicipat ed and the efficiency rdat ion is
set up on this basis.

On referring to iigure 14 and considering the efficiency in
stages, let lI& be the efficiency from section O to the down-
stream side of screen 1.,1714be the efficiency from the down-
stream side of screen 1 to :he downstream side of screen 2,
and so on. Then, according [o equ~tion (1),

E,., =/!:./?!
!70-ql

E,2=::$

E23= P3*

%–!/3

. . . . . . . . . . .

Since the over-all efficiency is

(3)

&,z=Pa@
q,,– q.

it follows by substitutio~ and rearrangement that.

l_Q q, + k q._—_- ——

J%n=Eo,l “+-% ‘~+EM ‘:_-:+ . . . (4)
,_g.

!?0 !ZU qo

It follows from equation (3) and the definition of E’ that

(5)

. . . . . . . . . J

where Jpl, Apz, and so forth are the pressure drops across
screens 1, 2, and so forth. By neglecting effects of varying
angles of incidence at. the screeu. it follows from the d&ni-
tions that ApI =klql, ~p:=k,~, and so forth. From which

&=EL~
L*
!lI

E1,2=E’–~
~_~
!19

. . . . . . . . .

(6]



572 REPORT 949—NATIONAL ADVLSORYCOMMITTEEFOR AERONAUTICS

If theq’s areuniform over each section, their ratios may
reexpressed in terms of area ratios, and equations (4) and
(6) become, respectively,

‘2,3 . . . (7)

(8)

. . . . . . . . . . . J

IrJ order to use these equations, it is necwsary @ make
some guess about the value of E’, say 0,9. The number of
screens, the vrdue of k, and &me desired efficiency are then
chosen, and the positions for the screens are calculated by
equations (7) and (8). The proper choice of screens to
produce filling cannot be determined in advance; if it is
found by test that the difTuser is not filled, more screens
having a lower value of k may be substituted to maintain
the estimated efficiency.

In connection with efficiencies to ba expected, it is we~ to
point out a few obvious facts. The highest eillciency always
is obtained in a narrow-angle difluser without screens.
According to Patterson (refer~ce 4) ,.the hh@ eficienc!es
are obtained in conical diffusers of area ratios up to 4 to 1
when the total included angle is about 8°, and then the
highest efficiency to be expected is around 90 percent. The
efficiency decreases with ticreasing .fitial boundary-layer
thickness, so 90 percent is only a nominal vaIue. Also the
optimum angle is less for great+r area ratios. It is con-
venient, however, to think in terms of an 8° ~gle ~d a
90-percent efficiency in connection with narrow-angle
difhsers; it should be remembered, of course, that there is
nothing very exact about ei~her the angle or the etliciency.
As the angle increases the efficiency decreaaes, S1OW1Yat
first, and sepamtion of the flow soon becomes imminent.
If the angle is increased and screens are introduced to
prevent separation, the efficiency must again drop because
E’ cannot be expected to exceed 90 percent and E must be
km than E’. Obviously there is no lower limit to ‘.

If a screen of given wdue of k is to be introduced, the loss
in efficiency is a rninimu-m when the.~creen is placed at the
extreme downstream end of a narrow-angle cliffuser. It
then becomes poesible to widen the angle just ahead of the. . .

screen and increase the area ratio. In order to tako full
advantage of the screen, the widening should k continued
as far as possible to the rear of the screen. This means
that the. area ratio is increased first without additional
length by the flare in fronb of the screen and second wiLh
additional length by the wide-angle extension to the rear of
the screen. For a given area ratio and a given value of k
the most efficient diffuser employing a screen is a narro_w-. __
angle dither terminating in a wide angle like diffuser C.

Next consider a screen placed not near the end bu~ at
some position farther upstream where the cross scclion is
smaller, and again consider the walls formed into a short
section of wide-angle cliffuser in the vici!lity of the screen.
If the value of k is the same as in the previous example, tlw
stream” patterns are similar and the increase in area in the
wide-angle section is in each case proportional to the area
of the screen. Therefore bhe upstream screen producm the
smaller area increment. Furthermore the 10SSk efficiency
is greater because of the greater prwure drop at the screen.
If the hsdalhng of screens is continued, each with its widc-
angle portion, the origina~ narrow-angle cliffuser is effectively
converted into a wide-angle difluser. This process can
result in an increased area ratio or a shortened diffuser with
the original area ratio. Obviously a continuous widening
may be substituted for the stepwise widening if thero is a
sufficient number of screens. Each addition of a screen has
decreased the efficiency, and the efficiency has therefore
decreased with widening of the angle.

By using the foregoing example, the efficiency may be
examined in a different light ti ge~ some idea of the probable
upper Iirnit of ~ciency. It can bc observed in figtw& 9
and 13 that in no case do= the over-all increaac in static
presmmin the central part of the stream cxcoed that along
the walls. The only way then for the efficiency to be greater
than zero is to have a net gain in pressuro along the walls,
The foregoing example is convenient for the- reasoning thal
follows, for, just as in diffuser C, each scrccn is assumed tO
reduce .tlM pressure gradient sufficiently to prevcn~ scpmw-
tion. The maximum permissible pressure gradient along
the walls is not known, but it is reasonable b suppose that
it could not be materially different from that along the
walls of an 8° difluser with the same area ratio as some widc-
angle cliffuser in question. If it is the same, the ratio of tbo
efficiency of a wide-angle dif7user to that of an 8° difluscr
with the same area ratio is equal to the ratio of their respec-
tive wall lengths. By taking this ratio and assuming the
efficiency of an 8° difher to be 90 percent, the predicted
maximum efficiencies of diffusers A, B, and C are:

DIffw Maximum cSlcIoncY(percent)

Predicted

.h

Observed

A--------------------------- f -. . . . . . ----
B- . . . . . . . . . . . . . . . ..__ -.-..-... -.. .. ——-.
c (wh-aog19 P3rtht onlY) ----- 30 24
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According to the foregoing reasoning the upper Ii.mit of
efficiency is determined by the wall length. N’othing in the
experiment is in conflict with this conclusion. In one case
the efficiency of difTuser ~ was found to be 42 percent, but
in this case the diffuser was far from being filled. When
a wide-angle difher is filled in the sense that the nlocity
is relatively high near the walls, the adverse pressure
gradient may be higher along the walls than it could be in
an 8° dilluser; but in all such cases there will be an abrupt
drop in the pressure on the wall at. a screen. These drops
can reduce the efficiency without limit, the reduction depend-
ing on the number and the value of k of the screens. It
should be borne in mind that the present argument concerns
the probable upper limit of efficiency.

Obviously screens are not the proper devices to obtain
high efficiency. Screens are generalIy considered in appli-
cations when efficiency is not of primary importance, such
as the wind-tunnel application taken up in the foIlowing
section.
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Even if screens are not used, it. is always desirable to make
the contraction ratio across the entrance cone as large as
possible, and this is usually accomplished in return-circuit
tunnels by composing the return circuit of narrow-angle
diffusers. As mentioned in the “Introduction,” it was found
that when damping screens were used, the cent raction
ratio could be further increased without lengthening the
tunnel by terminating the mu-row-angle diffuser with a short
section of viide-angle difher. This is illustrated schemat-
ically in figure 14, where for the present purpose multiple
screens are shown. Without the wid~angle difhser the
contraction ratio would be AdAt. With the wide-angle
difhser the contraction ratio is A~A,.

When screens are used solely for the reduction of turbu-
lence, the aim is to use as many screens as possible or as
high a value of k as is consistent with the alIovrable reduction
in energy ratio of the tunnel. Obviously the power con-
sumed in pressure drop across screens always is reduced by
the addition of the wide-angle dtiuser. It is just as obvious

FIGURE l.i.—schema tic dkgmm showing pc@ble sppIicatbn of a dlffu59r+cmen smnbhtkm to a wind tmmeL

EXPER1llENTS WTE 31ULTIPLE SCREENS
REMASKS ON APPLICATION TO DAMPLVG SC13EEXS

Experiments with multiple screens in difkers A and B
were carried out with a particular application in mind,
namely, the use of damping screens in wind tunnels to
reduce turbulence. One of the objects was to confirm the
conclusion that even a very wide-angle dii7user (diffuser B)
could be filled by using screens. The reasons for the screen
arrangements are given in the following paragraphs.

As described in reference 5, damping screens are effective
devices for reducing wind-tunneI turbulence when they are
placed upstream of the test section of a tunnel. For reasons
of power economy the screens are placed ahead of the en-
trance cone where the velocity of the stream is a minimum.

that the use of screens always entails some expemlit ure of
power. The question now is the amount of power to be
expended in the screens. In order to fid a reasonable
answer to this question, it. is assumed that in most modern
wind tunnels the ratio .-io/At is 4 or more. If so, qo/qt is j{6

or less, and it is assumed that the complete loss of go is not
too great 8 price in power consumption to pay for the privi-
lege of using screens. It is reasonable therefore to require
only that there shall be no drop in static pressure across a
difluser-screen combination. This means that the ratio
A./A. may be as Iarge as desired and that the over-till
efficiency of the wide-angle diffuser is to be zero.

Since the purpose of damping screens is to reduce turbu-
len~ it. is of paramount importance that there be no flow
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separation’in ihe wide-angle difluser. It is also importanb
to have the mean velocity uniform at the exit of the wide-
angle diffuser. Since tho proper design of a clifluser to
prevent separation with a single screen is n difficult matter,
multiple screens in a simple diffuser were believed to be the
practical ‘answer tQ the separation problem. Various num-
bers of screens were therefore tried in diffusers A and B,

The original intention when the screens were inst ailed was
to aim for an over-all efficiency of zero. This work was done
before the significance of E’ viiis realized. and it was assumed
t.htit it would be permissible to attribute all losses to the
screens, Accordingly a zero efficiency for each stage (each
screen) was calculated by use of equation (8) by assuming
E’= 1. This gave the following relations for the cross-sec-
tional areas in which the screens were to be placed:

’41 ~,+ ~)1/2
-&=(

j:=(k,+l)”~

. . . . . . . .

For the over-all aren ratio,

+=(kl+l)’’’(k,+ l”’” . . . (kn+l)’2
.0

(9)

(lo)

And if the k’s for all screens are identical, equation (10)
reduces to .-

which st,atw that, since the area ratio of the diffuser k
specified, the number of screens necessary to attain zero
efficiency is fixed by k. Insofar as this relation is concerned,
a single screen having a high vah.m of k would give the same
result as several screens, each with a low value of k. However,
separation of flow within the diffuser is determined not ordy
by the flow pattern of the stream, area ratio, value of k of Lhe
screen, and nurnber.of screens, but RIso by the screen spacing.
The tests showed that the first screen, even a screen having n
high vaIue of k, must be placed well upstream in the diffuser
to prevent separation. It is therefore apparent that, if a
given efficiency is to be maintained without flow separation,
not only must equation (9) be satisfied, but also the diffuser
length up to the first screen, or between successive screens,
must be limited, This effectively limits the upper value of k
for the screens in any particular diffuser.

An interesting result follows from equation (10) and the
relations for damping screens given in reference 5. According
to reference 5, the turbulent fluctuations are reduced on
passing through a screen in the ratio

&

nnd if sc~eral screens are used in tandem with a spacing of
several inches or more between th~tm, the fractional reduction
over the group is

‘=(k,+l) ’’’(k,+ 1)!’ . . . (l”n+l)’~ (11)

It follows from equations (10) and (11) that

f= <1” (12)
fin

Equation (12) states that the reduction of turbulence is

independent. of the number of screens and the value of k;
that is, it depends only on the at en rn t.io of the widwmglc
diffuser. The physicnl csplanat ion of cquntio[l (12) is that,
when screens are positioned hy th~ ru[ations given by
equation (9), the faI1 in mean velocity from screen (0 e,crmm
is the same as the reduction in t,urbulcncc across cuch
screen. For the diffuser as a whole the nm~~] vclrwity is
recluceci in the same ratio as the fluctunt.io~~; t.hia results in
a decrease in absolute t.urbulemw, bllt. tl]c pmwnttigc
turbulence in section n after the last screen is W same w
in section O. If the absolute turbulence remnins conshmt
as the stream is accelerated in passing through the CN[rnncc
cone, the ratio of the absolute turbulence to tlw mean speed,
or percent.~~e turbulence, must dccreasc with the incrcaec il}
speed. Any reduction in percentage turbulcncc in thu Lest
section must result either from addit iond screens plnccd in
or at the exit of the diffuser or from tlw larger contraction
ratio made possible by the cliffuser. In this trmtmrnt a
possible effecL of expansion nnd cent ract ion on the fluctua-
tions has been neglcctecl. Some discussion of [his subjecl
can be found in reference 5,

RESULTS FOR M ULT[PLE SCREF:NS

The main results for multiple scrccns nrc given in figures
15 (a), 15 (b), and 15 (c) for diffuser A t-ml in figures Id (a)
and 16 (b) for diffuser B. Inapcction of these figures shows
that there is alight separation only with thu tmo 54-nmsh
and one 30-mesh combination in difluser B. Separn[io[iwas
not prevented with this cornbina.tion because the lengtlw
ahead of the first screen mnd between succcssiw scrccns
were too great. The value of ii of the w-mesh scrccn is
obviously too high to sutisfy cqunLion (9) when it k plticcd
in a position sufficiently far ups[rcnm to prevent scpnmlion.
In general the filling aheud of the firsL scrccn improves with
the number of screens because the first screen is then p]accd
farther upstream in accordance with the relations of equa-
tion (9), but beyond the. first screen the number of scrrcns
has little effect on the filling. The dynamic pre~ure is

remarkably uniform at the downstream end of diffwwr ii,
as shown in figure 15 (b). For diffuser 13, as shown in
figure 16 (b), it is ouly slightly less uniform.

On co-midering the efficiencies shown in figuroa 15 (a) and
16 (b), it can be observed thtit over-all cfiicicncies were less
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than zero and not all values w-ere the same. There me
several reasons for this. On considering diffuser A first, it
is seen in figure 15 (a] th~t the over-alI efficiencies range
from –5 to nearly --15 percent. This is pmtly accounted
for by the fmt thtit l?’ is between 90 and 95 percent instead
of 100 percent as assumed. Jlost of the remainder and the
dispersion in wJues are caused by failure of the position of
the final screen to come at the downstream end of the
diffuser. This meant put ting in too marry 30-mesh screens
and too few 40-mesh screens. The sk 22-mesh screens were
about right, but these screens were d shifted dowm~trearn
slightly in an effort to bri~m the over-all efficiency nearer
to zero. It is remarked that the efficiency may always be
improved by moving screens to larger cross sections, and
this is permissible as long as 611ing is not impaired. With
the si~ 22-mesh screens it is believed that the filling ahead
of the first screen would have been satisfactory even if the
screens had been shifted far enough to give an efficiency
slightly ahm-e zero.

For diffuser B, five 30-mesh screens are too many and three

o 40mesh screws
~;
c I,.

t I I

40-mesh screens are too few, M in difluser .l The two 54-
mesh and one 3t)-mesh combination is about right. Fwre
16 (b) shows that the over-all ef%ciency with the right num-
ber of screens is about –25 percent. Appro.xi.mately – 10
percent can be accounted for by an E’ of 90 percent, but – 15
percent must be accounted for in some other way. In these
cases the pressure drop through the screens is greater thtiu
the calculated drop because of the angle at which the flow
passed through some port ions of the screens. Figge 16 (a) _
shows angles to the normal as much as 45°.

The abnormality high pressure drop through screens in
cliffuser B is illustrated in figure 17, where a comparison is
shown between cliffusers A and B for the 30- and 40-mesh
screens. The values of ii for the screens are labeled the same
in each difluser bemuse they wouId be the same for normal _.
Bow incidence. However, in diffuser B the effective vaIue
of k is seen to be about doubled for all but the first screen
because of the angle of flow. For diffuser .- the departure
from normal incidence is not sufficient to produce a siggifimnt
effect.
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F~elS shows the results of a test indiffuser Bto find
the effect of initial velocity distribution. The curves of
q/qr, labeled “A” in figure 18 (a) show the usual distribution
in the left-hand diagram, called “flow pattern I,” and a simu-
lated fully developed turbulent pipe-flow distribution in the
right-hand diagram, caIled “flow pattern II.” For this test
an attempt was made to compensate for the abnormally high
pressure drop through screens by shifting all screens dovin-
strearn and u&ng one less screen than vrould have been used
by following the relations of equation (9). It can be seen in
figures 1S (a) and 18 (b) that transition from pattern I to
pattern H resulted in slightly lower final efficiency, a little
less uniformity in the final distribution of g~g,, and slight~y
poorer filling. However, the over-all effect was small.

The effect of transition to a very thin initial boundqr
layer visa tested in diffuser A with all the multiple+creen
combinations. For this experiment a large section of the
entrance duct was omitted and the entrance nozzle was con-
nected with only 3 feet of duct to the diffuser. In these cases
no effect could be found. It maybe concluded that when as
many screens are wed as in the present experiments with
multiple screens, the initial velocity distribution has no
substantial effect on performance.

It maybe considered that in a flovi system with no pressure
rise there should be no flow separation. .by diffuser, re-
gardless of the width of the angIe, approaches such a system
when screem~ are positioned by the relations of equation (9),
and the number of screens increases without limit. This
serves to emphasize the importance of number of screens and
of the minor role played by initial velocity distribution and
diffuser shape and angle when the number of screens is large.

Diffuser B was selected as an extreme case, and it was not
e.xpectecl at the outset that the results would compare as
favorably with those of diEfuser A as they actually did. On
considering the question of the selection of a diffuser to be
used with damping screens, it appears that about the only
drawback to extreme angles is a reduction in efficiency bm
the abnormal pressure drop through screens. Some addi-
tional reduction in turbulence might be realized because of an
apparently higher effective value of k, but it still remaim to
be shown that this would actually be the case.

As pointed out in reference 5, seams in screens produce
turbulent wakes in which the turbulence is much above the
general Ievel. Other irregularities such as patches or dirt may
have similar effects.. ‘With a diffuser such- effects may be
magnified because wakes may grow rather than diminish
because of the adverse pressure gradient. There was some
evidence of this obtained in diiluser A, where in one of the
tests the wake of a small patch on the second screen could be
detected in the velocity distribution after having passed
through the remaining four screens. Although the evidence
on this point is meager, it is well to be aware of the possibility
that seams, patches, or large particles of dirt may produce
some unwanted results.

CONCLUSIONS

The following conclusions may be drawn from the results
of a low-speed experimental investigation of the filing effect
obser-red when a screen or simiIar resistance is placed across
a diffuser:

1. There is a spreding effect on a stream that flows
through a screeu when the stream is unbounded or is bounded
by a region of low velocity. The spreading action depends on
the iuitial velocity distribution, on conditions at the stream
boundaries, and on the pressuredrop coefficient of the screen.

2. A screen can prevent separation or restore separated
flow in a clifhser. The mechanics of the process ia intimately
connected with the mechanics of turbulent boundary-layer
separation. The screen may prevent separation either by
increasing the normrd velocity gradient near the dfiuser wall,
by decreasing the pressure gradient along the walI, or by a
combination of these two effects.

3. Separation may be prevented and a Med condition
obtained throughout a properly shaped diffuser by a single
screen or throughout a dfiuser of arbitrary shape by using a
sufficient number of appropriate screens properly spaced.

4. .1 filled condition and uniform ~elocity distribution may
be attained downstream from a single screen in a diffuser of
arbitrary shape even in the presence of sepamted flow up-
stream from the screen. Such screens hare a stabilizing effect
on the flow so that speed fluctuations normaIIy resulting from
such separation are greatly diminished.

5. h.mlar space around the screen near the difiuaer walls
had little beneficial effect- upon the diffusion process. Such a
space may actually be detrimental by destroying the sym-
metry of flow.

6. For the same energy loss, a fiI1ed condition upstream
from a screen is maintained better viith a screen of low
pressure-drop coefficient near the natural separation point
than with a screen of higher coefficient downstream from
that. point.

7. DMuser efficiency generally is low- when the prevention
of separation dependa on the action of one or more screens.
The principal 10SSSSare due to the pressure drop through
screens. Rough estimates of efficiency may be made in any
given case.

8. The use of wide-angle diHusers in wind t unneIs in com-
bination with damping screens.is showm to be one application
to which clifher~creen combinations are well suited. When
screens are properly distributed through the diffuser there is
no danger of separation and the flow has a high degree of
uniformity. The performance is not critical to the diffuser
shape or to the initial velocity distribution. When the total
included angle of a diffuser is not greater than about 30°,
there is only a negligible pressure drop across three screens
having an average value k= 1.25, five screens ha-ring an
average value k= 0.76, and six screens having an average
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