
Fig. 2 Variation of discharge coefficient with Reynolds number. CD versus Re data used to pre-
pare this graph were taken from Schllchting.3 Reynolds number is based on cylinder diameter and 
conditions in the interstices of the screen. 
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This fact emphasizes the point made earlier regarding the form of 
data presentation used in this paper. 

For y = 1.4, it will be found that the quantity under the square 
root sign in (7) can be written 

2Pj2 AP 
Pi2 RT 

with an error of less than 6 percent. Considering the uncertainty 
in the value of C D at M = 1, this error is acceptable. With this 
approximation, (7) becomes 

AP 
PZ 

Fig. 3 Values of AP/Pi for which sonic 
flow exists in the interstices of the 
screen. Supersonic flow may exist 
downstream of the center of the screen 
for larger values of AP/P2. 
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When — > critical, one may write 

P2 
H = /m\ f 1 + AP/Pt > " 
1 V A / critical L.U + AP/Pi) criticalJ 

(AP\ 
The dependence of I — I on s is shown in Fig. 3. For 

\ P2 /critical 
other values of Reynolds numbers, it is necessary to develop 
another approximation or use an iterative scheme with (3). 

It is to be expected that the theoretical approach suggested 
above will yield poorer agreement with experiment when the 
solidity exceeds 60-70 percent and/or the geometric spacing of 
the wires becomes highly irregular because of the influence which 
one cylinder in the array has on the others. Similarly, it is to be 
expected, as Cornell and others have shown that, when rarefaction 
effects are not encountered, the pressure drop will be greater than 
predicted by the independent cylinder theory if the Reynolds num-
ber is low enough so that the pressure field of one wire acts upon 
those of others. Nevertheless, it is gratifying that so simple an 
approach can yield such good agreement with experiment over 
such a wide range of conditions. 

D I S C U S S I O N 
W. G. Cornell5 

Mr. Smetana is to be congratulated for an excellent and worth-
while paper. The topic of screen flow has long interested the 
discusser. 

The paper shows a consistent approach to the compressible, 
viscous flow through round-wire screens, based on the flow model 
of Wieghardt [1 and the discusser [2], wherein interference 
effects among adjacent screen wires are neglected. One assump-
tion is difficult to evaluate without further analysis, viz., that the 
static pressure downstream of the screen after mixing of wakes 
and jets is equal to the static pressure in the screen interstices. 
One method of evaluation, which could lead to a second approxi-
mation, might be to calculate the ratio of the two static pressures 
from compressible mixing theory, yielding the pressure ratio as a 
function of Mach number in the screen interstices and of screen 
solidity or blocked-area fraction. 

A further step toward a second approximation might be the use 
of the discusser's correlation [2] of effective screen-wire drag co-
efficient versus Reynolds number instead of the correlation for 
single cylinders. 

The method of the paper is very useful and appears to give ex-
cellent results. However, the discusser would prefer a more 
generalized result. One approach might be to correlate in general 
on the basis of a loss coefficient referred to dynamic head down-
stream of the screen, expressed either compressibly or incom-
pressibly. In this way, downstream static pressure could be 
brought directly into the correlation. 

6 Manager—Installation Design, Large Jet Engine Department. 
General Electric Co., Evendale, Ohio. Mem. ASME. 

11 Numbers in brackets designate References at end of discussion. 
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A. H . Stenning7 

The agreement between equation (1) and experiment is excel-
lent for the case shown, and this will undoubtedly lead others to 
make use of the analysis set forth in this paper. 

However, an examination of the assumptions and the funda-
mental theory leading to equation (1) indicates that these are of 

A P 
doubtful accuracy when -z— exceeds about 0.2, and suggests that 

Pt 
caution should be used in applying this method at higher frac-
tional pressure drops. 

First, application of the momentum theorem to the mixing 
region downstream shows that there will be a static pressure rise 
in this region of the order s( l — s)PiMi2, regardless of the nature 
(laminar or turbulent) of the flow in this region. Thus the inter-
stitial density will differ significantly from the downstream density 
as Mi increases. 

Second, application of the momentum theorem to a control 
volume which contains the screen and which extends from several 
screen diameters upstream to several screen diameters down-
stream tells us that 

AAP — Screen Drag + m(u3 — ui) 

where u3 is the mixed velocity downstream and ui is the velocity 
upstream of the screen. This equation reduces to the author's 

AP 
first equation only when u3 = Ui, that is when p3 = pi, or -—- is 

Pi 
very much less than unity. 

It would be interesting to investigate the predictions of a more 
rigorous approach. Perhaps the errors induced by these two ap-
proximations are somewhat self-canceling. 

The author does not explain how equation (3) was derived. It 
seems difficult to justify this equation since it appears to predict 
an interstitial choked mass flow rate greater than isentropic even 
when Cd is equal to unity. Furthermore, some confusion ap-
parently exists between static and stagnation pressure. In the 
Nomenclature, Pi is stated to be the static pressure upstream of 
the screen whereas in equation (3) it is used as the stagnation 
pressure. 

E. W. Ungar8 

The author is to be congratulated for his straightforward ap-
proach to the correlation of data for flow through low solidity 
wire screens. A different approach has been taken in the past by 
Penner and Robertson.9 '10 These authors considered the mesh 
to act as a series of orifices and analyzed data on the basis of the 
discharge coefficient and Rej'nolds number. Obviously, as the 
solidity of the mesh increases, the flow about individual wires will 
interact and the orifice approach would appear more logical. I t 
would be interesting then to investigate the upper limit on solidity 
for which the analysis in the present paper is valid. This upper 
limit arises from strong interactions of the flow about individual 
wires. 

For the conditions of the data shown in Fig. 1 of the paper, the 
Reynolds number calculated by equation (4) varies from 2.6 to 

7 Professor of Mechanical Engineering, University of Miami, Coral 
Gables, Fla. 

8 Battelle Memorial Institute, Columbus, Ohio. Assoc. Mem. 
ASME. 

9 S. E. Penner and A. F. Robertson, "Flow Through Fabric-Like 
Structures," Textile Research Journal, vol. X X I , no. 11, November, 
1951. 

10 A. F. Robertson, "Air Porosity of Open-Weave Fabrics, Part I : 
Metallic Meshes," Textile Research Journal, vol. X X , no. 12, Decem-
ber, 1950. 

260 as the mass flow varies from 1 to 100 gr/sec. The flow is 
obviously laminar and the boundary-layer approximation is not 
completely valid at the lower Reynolds number limit. However, 
if one does a boundary-layer calculation at the 90 deg point on a 
cylinder at the lower Reynolds number limit, the boundary-layer 
thickness turns out to be 0.00096 in. or 1.36 times the wire 
radius. It appears then that at the lower Reynolds number wire-
to-wire boundary-layer interactions are being approached for the 
data in Fig. 1. If solidity were increased or Reynolds number 
were reduced much below those applicable to Fig. 1, the correla-
tion between experiment and theory should deteriorate. It would 
be interesting then to see a comparison of the correlation pre-
sented in this paper with the data of Penner and Robertson in the 
apparent region of overlap. 

It is also worthwhile to investigate the lower limit on solidity 
for which this analysis is valid. As the solidity approaches zero, 
equation (1) becomes indeterminate with AP and s approaching 
zero. If the experiment is conducted in a duct, then ordinary 
duct losses should be accounted for. If duct wall friction is in-
cluded, the equation preceding equation (1) becomes 

TO _ I 2p,AP 

where/ is the ordinary friction factor for the duct, L is the stream-
wise length of the screen, and D is the diameter of the duct con-
taining the screen. For the conditions of Fig. 1 the term contain-
ing / is several orders of magnitude less than sCD and it is valid 
to neglect that term for the experimental conditions of Fig. 1 and 
most screens. 

Author's Closure 
I would like to express my sincere appreciation to the dis-

cussers for their careful review and interesting comments. 
Professor Stenning has raised several points regarding the 

rigor of the analysis. It is true that for inviscid flow, P3 > Pi 
in the manner which he describes. Examination of a more gen-
eral expression will show, however, that if viscous losses are 
large, P3 may even be less than Pi. This condition is seen quite 
often in low density wind tunnels. The assumption here that 
Pi = P3 is quite arbitrary but stems from that experience. It 
can be justified only by the fact that it seems to lead to the cor-
rect results. 

Professor Stenning also states the complete momentum equa-
tion, pointing out that one term has been neglected in obtaining 
equation (1). It should be noted, however, that this term can 
be neglected whenever m (u3 — Ui) « screen drag, not just 
when u3 — ui. Thus, even when u3 » ui the term can be neg-
lected if m is small and the drag is large. Hence, one would 
expect the prediction of equation (1) to represent the test re-
sults better for screens of moderate solidity than for screens of 
very low solidity. 

This later difficulty can be overcome by the use of a corrected 
form of equation (3). Unfortunately, in this and the subsequent 
derivation, the denominator term 1 — (1 — S)2 (Pi/Pi)2^y 

should be under the square root sign. The purpose of this 
term is, in fact, to permit one to continue to call Pi the static 
pressure upstream of the screen. The idea behind the use of 
this equation is quite simple: It should be possible to represent 
the mass flow through a round wire screen by the one-dimensional 
nozzle relations, if these are suitably modified to account for 
the viscous effects of the nozzle walls, i.e. the wires. From the 
manner in which the cylinder drag coefficient appears in equation 
(1), it would seem reasonable to assume that the discharge 
coefficient in equation (3) can be represented by l /\/CD• If 
one carries out the permeability computation in this fashion it 
will be found that the results agree very closely with those of 
equation (1). Of course the same assumption is made—that 
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Pi = Pz- For which values of the Reynolds number this as-
sumption continues to be justified is a matter for further study. 

Mr. Ungar comments that as the flow around the wires tends 
to interact, the orifice approach would appear more logical. 
The author does not agree. When one thinks of orifice flow he 
usually thinks of the case where the radius of the wall of the flow 
channel (in this case the wire) is less than */» °f that of the 
orifice. There is a very definite pattern in the discharge coeffi-
cient associated with such a geometry. When the radius of 
the wall of the flow channel is the same as or greater than that 
of the orifice, and the Reynolds number is such that significant 
interaction between the flows about adjacent cylinders takes 
place, it seems to the author at least, that the discharge coeffi-
cient will then be similar to that of a nozzle at low Reynolds 
numbers. The author plans to investigate this possibility in the 
near future. 

The author would agree with Mr. Ungar that at large values of 
the downstream pressure, the left end of Fig. 1 probably repre-
sents the limit of the single cylinder theory. 

The lower limit of solidity for which the analysis—as repre-
sented by the corrected form of equation (3)—is valid is that 
point at which the duct friction becomes significant. Mr. Ungar, 
in mentioning the duct friction, has hit on a very interesting 
point. The author found that when he attempted to compare 

his measurements of flow through cloth samples with those of 
other investigators who tested the same materials, the results 
did not agree. His samples usually passed a higher mass flow 
for the same pressure drop. He then studied the apparatus used 
in the various tests. In most cases, the sample was mounted in 
the center of or at the end of a long straight tube. In his own 
apparatus, the sample was mounted at the throat of a con-
vergent-divergent. nozzle, the divergent section having a half 
angle of 6 deg. Since the velocity distribution in the duct ap-
proaching the sample undoubtedly has a pronounced influence 
on the mass flow passed and since the velocity distribution in 
the author's apparatus was probably more uniform than in the 
apparatus of those investigators using long straight pipes, the 
discrepancy would seem to be explained. If one calculates the 
Reynolds numbers in the tubes for the flow rates involved, this 
explanation seems quite plausible. One must exercise great care, 
therefore, to insure that his measurements reflect the charac-
teristics of the screen rather than that of the test channel. 

The author certainly concurs with Mr. Cornell's desire to see 
the results presented in a more generalized form, and Mr. Cor-
nell's suggestions for possible correlation schemes will naturally 
be investigated. For the reasons cited in the paper, however, 
the author does not hold much hope for success in this venture. 
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