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Quantifying pressure drop for fluids passing through woven screen meshes has been the subject of
numerous investigations. All of them rely on one of two major theories that explain the pressure losses
in terms of a conceptualized nature of the flow. This paper attempts to compare the two approaches using
a large number of new experimental measurements conducted using water flowing through circular con-
duits in which equidistant woven meshes are inserted. The work was also compared against a large num-
ber of measurements extracted from the open literature and obtained using single gauzes and/or tightly
packed gauzes.

In contrast to earlier works that focused on narrow ranges of Re and/or accurately predicting their
respective experimental measurements, this investigation considers, in total, a set of more than a thou-
sand data points. Two universal correlations, each corresponding to a different theory, were derived using
data that spans 60 different screen geometries with fraction open areas ranging between 0.21 and 0.84.
These correlations were found to predict the pressure drop over a wide range of Reynolds numbers at an
acceptable accuracy. Furthermore, it was found that both theoretical approaches render similar outputs.

© 2019 Elsevier Ltd. All rights reserved.
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1. Introduction

Woven wire meshes have been employed in a multitude of flow
operations where the control of turbulence is required. They are
used either n and either the production or reduction of large-
scale velocity or pressure nonuniformities (Pinker and Herbert,
1967; Roach, 1987; Kurian and Fransson, 2009; Groth and
Johansson, 1988). A search of the open literature shows that wire
screens have also been used in a multitude of other operations.
These range from traditional screening, filtering, noise reduction
at valves and/or aircraft landing gear, thickeners and coalescers,
to greenhouse insect repellants (Armour and Cannon, 1968;
Ehrhardt, 1983; Bailey et al., 2003; Okolo et al., 2019). In addition,
they have been employed in more sophisticated operations such as
Stirling engine regenerators (Costa et al., 2014), thermoacoustic
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refrigerators (Wakeland and Keolian, 2003), catalyst support in
oxidation chambers - catalytic wire gauzes - (Kotodziej and
Lojewska, 2009), high-efficiency heat exchangers, energy-storage
units, solar-receiving devices (Wu et al., 2005), and as static mixers
in multiphase reactors/contactors (Al Taweel et al., 2013; Azizi and
Al Taweel, 2015). Their usage is further justified by their physical
durability as well as their excellent chemical, and thermal
resistance.

In all fluid related operations, studies concerned with flow
through screens are focused on three main areas, namely, the char-
acteristics of downstream turbulence, the effect of the screen on
time-mean velocity distributions, and the pressure drop across
the screen (Roach, 1987; Laws and Livesey, 1978). When employ-
ing screens in the process industry, the latter parameter remains
however of utmost importance to the design engineer because it
is directly related to the cost of the operation.

The pressure drop across a woven mesh has been the subject of
tens of studies (including but not limited to all aforementioned
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Nomenclature

a specific surface area [m™']

B screen wire diameter [m]

c constant in correlation [-]

Dy, hydraulic diameter [m]

Ds equivalent spherical diameter [m]

f fanning friction factor [-]

F(Re) correlating function [-]

fi laminar component of friction factor [-]

fr turbulent component of friction factor [-]

G(a) correlating function [-]

K pressure loss coefficient [-]

L bed length of screen sheet thickness [m]

L hydraulic dimensionless channel length [-]

L. effective bed sheet thickness [m]

M screen mesh size [m]

Mn mesh number [m~']

Re Reynolds number [-]

Rey Reynolds number based on wire diameter [-]

Rey, Reynolds number based on hydraulic diameter [-]

Res Reynolds number based on equivalent spherical diame-
ter [-]

RMSE root mean squared error [-]

SSE sum of squared errors [-]

Uy fluid superficial velocity [m-s~']

U. effective or interstitial velocity [m-s™]
w length of a wire segment [m]

Greek symbols
fraction open area of screen [-]
Y constant in correlation
Ap pressure drop [Pa]
€ screen void volume [-]
0 angle between flow direction and bed axis [deg]
u dynamic viscosity [Pa-s]
p density [kg-m™3]
T tortuosity factor [-]

Subscripts
KL related to Kotodziej and Lojewska (2009)
Wu related to Wu et al. (2005)

references), which attempted to quantify and correlate or predict
it. This parameter, however, is highly dependent on the geometry
of the woven screen which is characterized by its type of weave,
the count of warp and weft wires and their diameters, in addition
to the free open area of the screen (Fischer and Gerstmann, 2013).
Moreover, there exist different kinds of weaves that are defined by
the arrangement of the warp and weft wires with some having an
open area in the direction of flow (plain), or in very tightly woven
weaves (dutch). The most commonly used types of screens are the
plain weave, twill weave (semi-twill, or full twill), fourdrinier
weave, and dutch weaves (plain dutch, reverse plain dutch, or
twilled dutch). This study is, however, only interested in the sim-
plest type, the plain square mesh, the geometry of which is
depicted in Fig. 1. These are geometrically similar gauzes, charac-
terized by warp and weft wires of equal diameters and placed on
a square matrix. These screens are then characterized by their wire
diameter, b, mesh size, M, and fraction open area, «. The screen
mesh size is defined as the center-to-center distance of two adja-
cent parallel wires.

(a)

[—m—|

While attempting to characterize the pressure drop of flow
through screens, and except few studies, the majority of investiga-
tors conducted experiments using air or idealized situations (e.g.,
pure fluids) to try and limit the effect of contaminations on their
findings, e.g., moisture-free air, or water with no dissolved gases.
Discrepancies between the findings still exist and no “universal”
correlation to predict the pressure drop could be found in the liter-
ature despite the numerous search efforts.

In chemical reactors/contactors, where screens have been suc-
cessfully employed to promote multiphase contacting between
phases to enhance mass transfer and/or reaction operations (Al
Taweel et al., 2013; Azizi and Al Taweel, 2015; Al Taweel et al.,
2007; Al Taweel et al., 2005), fluids can be far from ideal where
only filtered fluids are available. For this reason, it becomes essen-
tial to have a large set of measurements conducted under “real”
conditions in order to better quantify the operating cost of utilizing
screens as static mixers.

The objectives of the current work are therefore to present a new
set of experimental measurements conducted using plain-weave

b <

Fig. 1. Geometry of a plain square woven mesh showing both (a) top and (b) axonometric views.



466 F. Azizi/ Chemical Engineering Science 207 (2019) 464-478

wire mesh screens of various geometries and compare them with
existing data from the literature. Also, an attempt to correlate the
data and deduce “universal” correlations will be undertaken, and
the findings will be compared against various known correlations.
In this quest, the two-known theories for quantifying Ap will be
presented, utilized, and compared against each other.

2. Methodology

Numerous works on the subject of pressure drop across a wire
gauze can be found in the literature with most of them sharing
similar objectives, namely, to experimentally investigate the pres-
sure losses for a fluid flow across a screen and attempt to correlate
it in order to better explain the reported data (Armour and Cannon,
1968; Ehrhardt, 1983; Pinker and Herbert, 1967; Roach, 1987;
Kurian and Fransson, 2009; Wakeland and Keolian, 2003;
Kotodziej and Lojewska, 2009; Wu et al., 2005; Brundrett, 1993;
de Vahl Davis, 1964; Munson, 1988; Wieghardt, 1953;
Ingmanson et al., 1961; Kotodziej et al., 2009; Grootenhuis, 1954;
Annand, 1953).

A thorough review of the various approaches used to estimate
the pressure drop across a screen was recently presented by
Kotodziej et al. (2009). In that study, the authors reviewed the most
prominent works in the field and highlighted their theoretical dif-
ferences. The reader can be referred to their work, or other inves-
tigations for more background information (Pinker and Herbert,
1967; Wakeland and Keolian, 2003). It is worth noting that two
major theoretical approaches to describing pressure drop across
a screen can be found, namely, a fluid dynamics approach and a
chemical engineering one. The former is referred to as the “flow-
around” approach because it treats the flow through a mesh by
analogy to the flow around a cylinder and is commonly used when
single screens are employed. Moreover, the latter is referred to as
the “flow-through” approach, in which the system is treated as a
bundle of tubes and pressure drop correlations follow that of flow
through porous media (Kotodziej et al., 2009). This approach is
more pronounced in cases where closely stacked gauzes are
employed.

Unlike most published works on the subject, the current inves-
tigation deals with screen meshes from a chemical reactor design
point of view. In these applications, woven meshes are used as sta-
tic mixers to repetitively superimpose an adjustable, radially-
uniform, highly-turbulent field on the near plug flow conditions
encountered in high-velocity pipe flows (Al Taweel et al., 2013;
Azizi and Al Taweel, 2015; Al Taweel et al., 2007; Al Taweel
et al., 2005; Azizi and Al Taweel, 2011). The very high energy dis-
sipation rates generated in the thin region adjacent to the screen
mixers as well as the quasi-isotropic turbulence further down-
stream proved to be very effective in processing multiphase sys-
tems and helped in intensifying the rates of mass transfer
between phases (Al Taweel et al., 2013; Azizi and Al Taweel,
2015; Al Taweel et al., 2007; Al Taweel et al., 2005; Azizi and Al
Taweel, 2011; Azizi and Al Taweel, 2007; Azizi and Al Taweel,
2011; Al Taweel and Chen, 1996). Screens were also used to study
the effect of grid-generated turbulence on the development of
chemical reactions as well as testing the applicability of micro-
mixing models (Bennani et al., 1985; Bourne and Lips, 1991).

In such processes, the use of real fluids is indisputable and
therefore knowledge of pressure drop relevant to these conditions
is of great importance. In real applications, it would be deemed too
costly to have, for example, the ideal condition of a gas-free liquid,
or a moisture-free gas, before entering the reactor.

In a previous study, Azizi and Al Taweel (2011) developed a
simulation approach for predicting the spatial variation of the

energy dissipation rate downstream of a screen in a one-
dimensional domain. In that investigation, the authors also
attempted to compare few correlations for the screen drag coeffi-
cient against pressure drop data obtained in real systems (Chen,
1996; El-Ali, 2001), as a method of validation of their model. They
found that the correlation proposed by Chen (1996), fitted best the
experimental results that were obtained using tap water flowing
through a channel equipped with a number of equidistant screens,
and over a limited set of operating conditions.

This work, however, attempts to employ the two commonly
used approaches for flow through screens (i.e., flow through, and
flow around) in order to correlate new experimental data and com-
pare the accuracy of the theories and highlight their pitfalls. This
study will only present measurements obtained using real systems
by compiling a large set of published and previously-unpublished
measurements. The findings will then be compared to a plethora
of experimental measurements and/or correlations from the open
literature that were obtained using either dehumidified gases or
degasified liquids.

2.1. Methods for correlating the data

As previously mentioned, two theoretical approaches for calcu-
lating the pressure drop across a woven wire mesh exist in the lit-
erature, namely, the “flow-around,” and the “flow-through.” The
former approach assumes similarity with the flow of fluids around
a cylinder, while the latter strikes the analogy with the flow
through porous media.

According to the “flow-around” theory and in the majority of
studies published in the open literature, pressure drop across a
wire mesh has been reported in terms of a screen pressure loss
coefficient, K;. By analogy with other pressure loss coefficients in
fluid dynamics, this coefficient is defined as the ratio of the total
pressure drop across a screen to the dynamic pressure of the
approaching flow, as highlighted in Eq. (1).

Ko=—2P 1)
(1/2)pU3

Most studies that investigated this coefficient concluded that it
is a function of both Reynolds number and screen open area, with
the dependency having the form shown in Eq. (2).

K = G(o) - F(Re) (2)

where G is a function of the fraction open area of the screen, o,
sometimes referred to as screen porosity function, and F a function
of the Reynolds number. In this context, the screen open area, ¢, is
calculated based on the orthogonal projection of the screen. What
remains inconclusive, however, is the form of the function G(«)
and the definition of the Reynolds number. Pinker and Herbert
(Pinker and Herbert, 1967) were the first to compile and delineate
these differences, and their work remained the basis to which most
future investigations refer. According to them, and based on an
extensive literature survey, the most commonly used forms of G
(o) are four and highlighted in Eq. (3).

Gi(o) = L2
Gy(o) = £ 3
Galor) = 152 )
Ga(or) = 12

In addition, the characteristic length of the Reynolds number is
often based on the wire diameter of the mesh, b, and the approach
velocity is considered to be either the empty pipe velocity, Uy, or
the velocity through the interstices of the screen, Uy/o.
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Re, = £Yob
e @)
Rejery = 575

Using the orthogonal projection of a plain weave wire mesh, the
fraction open area of the screen can be easily calculated from geo-
metric measurements according to Eq. (5).

M — b\?

o= <7M ) (5)

On the other hand, and according to the “flow-through” theory,
a friction factor, f, is defined based on a hydraulic diameter, Dy, and
void fraction of the screen, ¢ (not to be confused with the fraction
open area, o). While some of these parameters are typically mea-
sured experimentally, a method for calculating them theoretically
based on screen geometry was presented in the seminal work of
Armour and Cannon (1968).

2
I T 6)

For a plain weave square mesh, Armour and Cannon (1968)
defined these parameters according to Equation set (7). The
nomenclature was adapted to that of the current work and slightly
modified to follow the work of Kotodziej et al. (2012). In these
equations, a is the ratio of surface area to unit volume of a screen
wire, W is the length of a wire segment, and L is the screen thick-
ness (Armour and Cannon, 1968; Kotodziej et al., 2012).

Dy = 4&
2
e=1-[F &) W]
a:n-% (7)
W= vb + M?
L=2-b

However, in both theoretical approaches (i.e. “flow-through” and
“flow-around”) most investigators correlated the pressure losses as a
summation of two terms. The first term describes the viscous effects
(i.e., laminar flow contribution) and the second term the inertial
effects (i.e., turbulent flow contribution). Consequently, as Re
becomes large, friction losses, defined as either the friction factor, f,
or the ratio [Ks/G(«)], become independent of the flow and assume
a constant value. Correlating these losses as a function of Re seems
to be the most commonly used approach (Thakur et al., 2003).

friction losses = {f or F(Re)} oc;;—le

Variants of this form have also been used to describe pressure
drop in other types of static mixers (Thakur et al., 2003) and will
also be used in the current study for completeness. This form
assumes any exponent of Re, typically, <1.

+6 (8)

friction losses = {f or F(Re)} o Rce—3"'1+ C4 (9)

Recently, a new equation type to correlate the pressure loss
coefficient, K;, was introduced by Brundrett (1993). Through trial
and error, the author found that the screen porosity function,
Go(a) was the best to correlate the data along with a new three-
component function. F(Re) was based on the wire Reynolds num-
ber and had the form shown in Eq. (10).

_oL s
" Re, ' log;o(Rey +1.25)
Brundrett (1993) claimed that the first term on the right-hand

side of the equation is dominant at Re, < 1, while the second term
which was dubbed as a “blending function” plays a role in the

F(Rey) + Cologo(Rep) (10)

range 0.1 < Re, < 100. The third term, however, helps reaching a
pseudo-constant value for F(Re,) at large Re;, (>200). Furthermore,
the author proved the function to be successful at matching vari-
ous published experimental data points, the validity of which
was later challenged by various authors (Wakeland and Keolian,
2003). This form of dependency on the Reynolds number also
became popular in studies investigating pressure drop across
screens when used as an insect repellant in greenhouses or
screen-houses (Bailey et al, 2003; Teitel et al, 2009; Teitel,
2010; Castellano et al., 2016; Valera et al., 2005).

Other correlations relating the Reynolds number to friction
losses also exist in the literature, and these can assume an Ergun
equation form. The first to suggest such form were Ingmanson
et al. (1961) who proposed the use of the form shown in Eq. (11).

Ce
Re"r'z
This approach was based on the flow-through theory and was
later followed by several investigators, like Wu et al. (2005), and
Kotodziej and Lojewska (2009), Kotodziej et al. (2009), Kotodziej
et al. (2012), though the authors have slightly modified some
parameters or employed a different version of Re. It should also
be noted that the Ergun equation approach is somewhat more pop-
ular in studies where stacks of gauzes were used (Wakeland and
Keolian, 2003) where the path of flow is modified and is not as
straightforward as it is with single sheets of screens.

f:%+ (11)

2.2. Experimental determination of pressure drop

Most investigators who studied the pressure drop of single-
phase flow through plain weave wire meshes did so using gases
(e.g., air, Ny, etc...) or mostly “pure” fluids, (e.g., dehumidified
gases or gas-free liquids). These situations remain, however, of lit-
tle importance for the chemical process industry where most fluids
are typically untreated (Azizi and Al Taweel, 2011). The effect of
flow velocity on the pressure drop using “real” situations, were
previously measured by Chen (1996), El-Ali (2001), Al Taweel
et al. (2007), Azizi and Al Taweel (2015), and Abou Hweij and
Azizi (2015). In most of these studies and for the new data that
is reported here, the effect of flow velocity on the pressure drop
was investigated through a tubular reactor/contactor in which sev-
eral equidistant screens were placed. Depending on the study, the
number of screens varied between 6 and 16 and were placed at dis-
tances ranging between 10 and 120 mm. This has several advan-
tages over most of the reported data where the experiments
were conducted either using one mesh element (Pinker and
Herbert, 1967; Kurian and Fransson, 2009; Armour and Cannon,
1968; Ehrhardt, 1983; Bailey et al., 2003), or a large number of
tightly packed screens (Kotodziej and tojewska, 2009; Wu et al.,
2005). The current configuration allows a large enough inter-
screen distance to ensure that no interaction occurred between
the screens, and their large number allows the minimization of
the errors that might arise from slight variations in the screen con-
struction. The latter parameter was found by several investigators
to give rise to deviations in flow characteristics (Roach, 1987).

All the data used here to correlate the pressure drop with the
flow velocity were experimentally obtained using a similar reac-
tor/contactor configuration as schematically depicted in Fig. 2.
The inner pipe diameter typically ranged between 21 and
25.4 mm, through which water was metered and pumped to a mix-
ing section equipped with the woven gauzes and the pressure drop
across the system was measured using pressure transducers and,
in specific studies, using water on mercury manometers. For a
more specific description of each experimental setup, the reader
is referred to the references mentioned earlier in this section. Fur-
thermore, it should be noted that out of the 212 experimental data
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F.M. = Flow Meter

Fig. 2. Schematic representation of the setup used to study the pressure drop
through screens.

points used here, 97 measurements (from screens 8 to 13 in
Table 1) are reported for the first time and were obtained using
the same setup of Abou Hweij and Azizi (2015). In these new stud-
ies, and regardless of the screen geometry used, eight woven
meshes were placed 60 mm apart in a 25 mm ID pipe, and the
pressure drop was measured both at the inlet and outlet of the
“reactor/mixer” chamber by means of two pressure transducers
(Omega Engineering model PX302-015G). The flow rate was mea-
sured by means of a digital flow meter (Omega model: FP7002A)
and the overall experimental error was estimated at =~ +10%. The
geometry of the various screens that were used is summarized in
Table 1.

In summary, the measurements covered screens with open
areas ranging between 27 and 73.1% over a Re, range between 8
and 1683.

2.3. Literature data

To further validate the current experimental results and the
methodology, a large set of experimental data was extracted from
the open literature. In a similar fashion to various other works, the
author relied on transcribing the data from published manuscripts
with the aid of a data extraction software. WebPlotDigitizer® was
used in this case, a software that was proven to be very reliable
at extracting data points by digitizing plots (Drevon et al., 2017).

In total more than 800 data points were extracted from the var-
ious studies listed in Table 2. The data points considered here all

met the condition of Rej, > 1, so the data remains in the same order
of magnitude as the experimentally available measurements. In
addition, the screen open area in these investigations spanned
between 0.21 and 0.84. The estimated error created in the process
of data transcription, which was determined by extracting the data
more than once, is estimated to be lesser than +3%.

In transcribing the data, the following conditions were always
followed:

1. Studies where more than one screen type was employed, only
the data for plain-weave square meshes was utilized.

2. Studies where the effect of approach angle was studied, only
the experiments where the flow is normal to the screen were
considered.

3. Studies that did not consider a dependency on G(«), they either
employed the flow-through method, or the data was reported
as merely K; vs. Rey,.

4. Studies shown in Table 2 that considered the flow-through
method and still showed a dependency on G(a), they have used
both theories to compare their findings,

It should be noted that the data points of Simmons and
Cowdrey (1945), Eckert and Pfluger (1942), and Taylor and
Davies (1944), were extracted from the work of Annand (1953).
The accuracy of this set of data was checked by comparing the data
of Schubauer et al. (1950), which were reported by Annand (1953),
against the data transcribed from the original report of Schubauer
et al. (1950). The match was found to be very good. Also, the data
set of Kurian and Fransson (2009) was extracted directly from the
graph showing the values of Ks/Gx(o) vs. Re, because it was not
possible to replicate it from the data presented as K; vs. Rep. This
is because Kurian and Fransson (2000) recalculated the porosity
of the screens based on parameters of their experimental setup
and no information was presented in their manuscript that would
allow rechecking the values.

Furthermore, Annand (1953) and Roach (1987) only presented
correlations in their works. That of Annand (1953) was derived
by considering 178 data points from previously published data
on 22 different gauzes, while Roach (1987) considered data
obtained from 17 different studies spanning a broad range of Rey-
nolds numbers.

Other correlations for the “flow-around” approach were found
in the literature. These are mainly the result of individual investi-
gators correlating their experimental findings. A list of these corre-
lations that will be used in this work to study the “flow-around”
approach along with their expressions is given in Table 3. These
correlations are all in terms of Fy(Rey)=Ky/G>(a) and applicable
for Re,>10. It should be mentioned that the correlation of
Annand (1953) was not explicitly given in his work, but rather

Table 1

Characteristics of the investigated plain weave wire meshes.
Screen Nb. Mn (=) M (mm) b (mm) o (=) Rep (<) Source
1 24 1.058 0.508 0.27 153-1336 Chen (1996), EI-Ali (2001))
2 70 0.362 0.152 0.336 32-293 Al Taweel et al. (2013), Al Taweel et al. (2007), Chen (1996), EI-Ali (2001)
3 30 0.845 0.305 0.408 91-588 El-Ali (2001)
4 12 2117 0.64 0.487 422-1683 Chen (1996)
5 16 1.588 0.23 0.731 152-605 Chen (1996)
6 70 0.363 0.165 0.297 58-370 Azizi and Al (2015), Al Taweel et al. (2007)
7 70 0.364 0.094 0.55 35-81 Al Taweel et al. (2007)
8 20 1.27 0.406 0.462 25-480 New data set and data from (Abou Hweij and Azizi, 2015)
9 20 1.27 0.584 0.291 153-691 New data set
10 30 0.8382 0.3048 0.405 18-550 New data set and data from (Abou Hweij and Azizi, 2015)
11 50 0.508 0.2286 0.3025 14-411 New data set and data from (Abou Hweij and Azizi, 2015)
12 80 0.3175 0.1397 0.3136 8-250 New data set and data from (Abou Hweij and Azizi, 2015)
13 100 0.254 0.1143 0.3025 30-205 New data set
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Table 2
Source of the data extracted from the literature.

Source Extracted Points G(o) Method
Groth and Johansson (1988) 60 Gy(ar) Flow-around
Pinker and Herbert (1967) 49 Go(ar) Flow-around
Eckert and Pfluger (1942) 11 - -

Taylor and Davies (1944) 14 - -

Simmons and Cowdrey (1945) 15 - -

Annand (1953) - Gy(ar) Flow-around
Roach (1987) - Gy(ar) Flow-around
Brundrett (1993) - Gy(ar) Flow-around
Schubauer et al. (1950) 74 - Flow-around
Ehrhardt (1983) 52 Gq(a) Flow-around
de Vahl Davis (1964) 20 - Flow-around
Bailey et al. (2003) 52 Ga(o) Flow-around
Wakeland and Keolian (2003) 150 Gq(a) and Gy(at) Flow-around
Kurian and Fransson (2009) 53 Gy(o) Flow-around
Kotodziej et al. (2009) 260 Gq(a) Flow-through
Armour and Cannon (1968) - - Flow-through
Wau et al. (2005) 53 - Flow-through

Ingmanson et al. (1961) -

- Flow-through

Table 3
Various correlations found in the literature.

Authors

Fa(Rep) = Ky/Gy(ar)

Annand (1953)
Roach (1987)

Groth and Johansson (1988)

Wakeland and Keolian (2003)
Kurian and Fransson (2009)
Brundrett (1993)

Bailey et al. (2003)

0.484 + (8.665 x Re,07847)
0.52 + (66 x Re, **)
0.4+ (8.4 x Re,*”)

0.4+ (11.5 x Rej!)
0.5+ (26 x Rey1)

(7 x Re;1) + (0.9 x (logyo(Rep + 1.25))’1) +(0.05 x logyo(Rey))
(18 x Rey!) + (0‘75 x (logyo(Rep + 1,25))*1) +(0.055 x logyo(Rep))

tabulated data for F»(Rep) vs. Re, was provided for 20 < Re;, < 500.
The data was then used to create the best fit (R?=0.9982,
SSE =0.001413, RMSE =0.0108) shown in Table 3. In addition,
Groth and Johansson (1988) did not correlate their data, rather
their correlation was provided by Kurian and Fransson (2009)
who fitted the measurements of Groth and Johansson (1988). This
correlation was also checked against transcribed data from the
original manuscript and found to be a true representation.

3. Results and discussion

In this paper, the two approaches of “flow-around” and “flow-
through” will be studied and compared. Therefore, this section
was divided into two subsections, each of which deals with a dif-
ferent approach. However, the current experimental data measure-
ments will be first presented.

All experimental measurements of pressure drop variation with
empty pipe velocity were first plotted in Fig. 3a. It can be discerned
that the highest pressure drop corresponded to the screen with the
lowest open area (i.e., screen #1), whereas the lowest recorded
pressure drop was for the flow through the screen with the largest
open area (i.e., screen #5). The rest of the data showed no specific
trend with Ap falling between these two limits and no clear dis-
tinction based on mesh geometry could be derived. However, when
plotted against the wire Reynolds number (cf. Fig. 3b), the pressure
drop data became more stratified, and groups of screens became
distinguishable. It was interesting to note that five different groups
could be differentiated. The first group is formed of screens num-
ber 2, 6, 7, 12, and 13, the second is made of screen number 11,
the third includes screens number 1, 3, and 10, the fourth com-

prises of screens number 5, 8, and 9, while screen number 4 consti-
tuted the fifth group. What is to note is that while the pressure
drop data is plotted against the wire Reynolds number, it is the
screen mesh size, M, that was found to play the major role in strat-
ifying the results. No other common denominator was found (e.g.,
o, b, M-b). The first group has the lowest values of M
(M < 0.365 mm), while the second had an intermediate mesh size,
M=0.508. The third group showed average mesh sizes with
0.83 <M <1.06, followed by the fourth where 1.27 <M< 1.59.
Finally, the fifth group had the largest value of M =2.117 mm.

3.1. Flow-around approach

Following the “flow-around” approach, all measurements were
analyzed in terms of the pressure loss coefficient which was plot-
ted against the wire Reynolds number in Fig. 4. In a similar fashion
to all published data, the pressure loss coefficient decreased with
an increase in the flow velocity until it assumed a constant value
at large Re,,. It can be clearly discerned that the highest and lowest
values of the loss coefficient also corresponded to the screens with
the lowest and largest fraction open areas (i.e., o« = 0.27 and 0.73 or
screens # 1 and 5), respectively. Another observation was noted,
whereas, with the exception of screen #3, all meshes with open
areas between 0.29 and 0.34 showed a similar behavior with their
loss coefficients being very close to each other and fell in the same
region on the plot. Also, Screen #6 shows an apparent increase in
the value of K; at higher Re,. This is an erroneous trend that can
be attributed to experimental errors since these changes in the
value of K correspond to ~ +4% relative error in its value over
the last five measurements.



470 F. Azizi/ Chemical Engineering Science 207 (2019) 464-478

3.1.1. Effect of G(a)
In the study of pressure drop of flows across a woven wire
mesh, a major contradiction that can be found in the literature is
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scr#1 x scr#8
scr#2 4 scr#9
A scr#3 B scr#10
scr#4 O scr#i11
scr#s A scr#12
1 scr#6 O scr#13
107 scr#7 ]
o) ove
1]
b4
100+ A-bana 7
*""w--i
gk
10° 10 103
Reb (=)

Fig. 4. Variation of the screen pressure loss coefficient, K;, with the wire Reynolds
number, Re,, for all screens listed in Table 1.

the form of G(a). As can be seen from Table 2, no agreement exists
on that matter. For this purpose, the current experimental data
were first analyzed in terms of varying G(«) to check for its effect.
The variation of K;/G(x) with the wire Reynolds number for the
various forms of G(«) is plotted in Fig. 5 against the respective best
fit line. This line was selected in the form of Eq. (9). As such, it was
interesting to note that while the best R? value was obtained for K/
Gs(a), the function Gx(o) showed a better global fit with lower SSE
and RMSE values where lesser overall scatter was observed. The fit
was also conducted using the form shown in Eq. (8), and similar
trends were also detected. Consequently, the analysis of the cur-
rent data will continue using only Gx(o).

For a clearer perspective, the variation of, Fx(Rep)= Ks/Gx(at),
with changes in the wire Reynolds number, Re,, were plotted in
Fig. 6. The data depicts the known trend of decreasing F»(Re;,) with
an increase in Re, and that all points collapse on the same curve.
Only a few outliers, notably Screen #7 and some measurements
of Screen #3, can be observed to fall outside the general trend.

3.1.2. Comparison with literature data

The data points extracted from the literature were all normal-
ized and recomputed based on the reported screen geometry
parameters to convert their values to the form F,(a) = K/Go(). This
data was then plotted against the corresponding wire Reynolds
number, Rey, in Fig. 7a. All the data exhibited the same trend of
decreasing F>(o) with an increase in Rep,, however, a decent spread
could be observed. It should be noted that, except the data set of
Pinker and Herbert (1967), most of the data points fell in the range
of Re, <900 and their general trend seemed to decrease continu-
ously and start to plateau at or slightly beyond Re;, = 300.

The constant value of F,(a) at high Re, was also fluctuating
between the various literature sources. While it is not readily dis-
cernable from Fig. 7, this data fluctuated between 0.4 and 0.63.
Only the data of Kotodziej et al. (2009) seems to plateau at the
highest value of ~1. However, it was only Pinker and Herbert
(1967) who measured the pressure losses at Re, > 1000, with the
rest of the experiments conducted at Re;, < 900.
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Fig. 5. Variation of K;/G(x)with Re,, for the various forms of G(a).
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This behavior becomes more evident when one compares the
experimental data sets with the literature correlations as plotted
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Fig. 6. Variation of Fx(Rep) vs. Rey, for all screens listed in Table 1.
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in Fig. 7b. The correlations were plotted for a Reynolds number
in the range 10 < Re;, < 5,000. Even though this might fall outside
the developed limits for some, it was regarded as an extrapolation
to check the overall tendency of the equations.

It is clear from Fig. 7b that the correlations span the entire
width of the literature data scatter. However, no single correlation
showed an above average trend, with most of them showing a good
fit in a particular region, but weaker in another. Only the correla-
tion of Wakeland and Keolian (2003) predicted values that are con-
sistently lower than the majority of the experimental data. It
should be noted that Wakeland and Keolian (2003), who provided
their own correlation shown in Table 3, argued that in order to
obtain a good fit for the data, the pressure loss coefficient, Kj,
should be normalized using the function G;(o) rather than Gy(a).
Furthermore, the correlation of Roach (1987), which seems to
describe fairly well the data for Re, > 40 fails to be extrapolated
to smaller values. In fact, Roach (1987) presented two correlations,
one for Rep, < 10 and the second for Rey, > 40, but only the latter was
adopted here. This is because the former expression follows a lin-
ear relationship that correlates with Re~! and its extrapolation
would render a straight line with values that are very small. Simi-
larly, the correlations of Brundrett (1993) and Bailey et al. (2003)
predicted much smaller values for Re, > 1000 than those measured
mainly by Pinker and Herbert (1967). As a matter of fact, for large
values of Re, (>1000), the seven correlations segregated into two
distinct groups differing by the value at which they plateau. The
first group formed by the correlations of Annand, Kurian and Frans-
son, and Roach, predicted constant values of F,() that are closer to
(albeit slightly lower than) those measured by Pinker and Herbert
(1967) and in the range of 0.5, whereas the second group that was
formed by the other investigators, predicted a constant value of
around 0.4 for Re, > 1000.

Finally, the current experimental measurements were com-
pared with the data extracted from the literature. This set was
plotted in Fig. 8 as Fx(a) vs. Re,. It can be discerned that the current
measurements do not deviate a lot from the data reported in the
literature and it is very close to it. With the exception of two
screens (i.e., screens # 7 and 9), all the data fell within the upper
and lower envelopes of the literature data (i.e., dashed lines in
Fig. 8). It can also be observed that some experimental measure-
ments decrease at a slightly steeper slope when compared to the
data from literature. This could be attributed to the fact that “real”
working fluids were used in these experiments whereby filtered
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Fig. 8. Variation of the experimental data in terms of F»() vs. Re;, for both literature
data (grayed out) and current experimental results. The dashed lines are the upper
and lower envelopes of the literature data.
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tap water was employed. This is in contrast with all the literate
data reported here where air was used as the working fluid. Simi-
larly to Ehrhardt (1983), the formation of microbubbles was
observed at lower velocities in various experiments. This is
because water was not degasified prior to the experiment. The for-
mation of these bubbles increases the pressure drop across the
screen and causes the slope of F,(Rep) vs. Re, to become slightly
steeper. Furthermore, the presence of air bubbles affects the wetta-
bility of the stainless-steel woven mesh because the latter has a
higher affinity to air than water. Because of their low volume frac-
tion, this contributes to a slight increase in the pressure drop. How-
ever, the wettability effect was deemed negligible because the
capillary number was always much larger than the minimum value
of 107 (by at least two orders of magnitude) and the volume frac-
tion of these bubbles is very small. It should also be added that
similarly to the observations of Ehrhardt (1983), these bubbles
detach from the screen after a certain minimum flow velocity
has been reached, beyond which no bubbles would be retained.
The value of this threshold velocity is however dependent on the
screen geometry and its determination would require a detailed
analysis that is beyond the scope of the current work.

3.1.3. Correlating the results

An attempt to correlate the data was undertaken. To overcome
the pitfall whereby a correlation based on the current experimen-
tal data only would have limited applicability and validity, it was
decided to use the complete set of data obtained from current
experiments and literature data (cf. Table 2). In total, 957 data
points corresponding to Re, ranging between 2 and 14,000 were
used. In addition, the various correlation forms presented earlier
were employed, and the best fit was obtained using Eq. (12)
(R? =0.9318), with the fit shown in Fig. 9a.

Fa(Rey) :}:eoi+o.4537 (12)

0.8213
b

It can be clearly seen that the correlation line appears to be an
excellent representation of the data as shown in Fig. 9a where most
of the data fall within +30% of its predictions. The slight under-
prediction that it shows against the data of Pinker and Herbert
(1967) at large Rep, however, is still in line with other findings in
the literature which report a “plateau” at values ranging between
0.4 and 0.52 (Groth and Johansson, 1988; Wakeland and Keolian,
2003). For example, Groth and Johansson reported a value of 0.45
at Rep, ~ 820.

Furthermore, when compared to the correlations from the liter-
ature in Fig. 9b, the proposed correlation falls inside the upper and
lower bounds formed by the various correlations. Fig. 10a shows
the pressure drop predictions using Eq. (12) plotted against the
experimentally measured data (of the current work). It can be seen
from the parity plot that all predictions fall within +30% of the
measured values with a mean relative error of 20.8%.

A multi-linear regression was also performed on the pressure
drop data to correlate it against the major screen geometric char-
acteristics (i.e., b, M, o) as well as the flow velocity, U. This would
serve as an attempt to check the comprehensiveness of the flow
approach whereby the pressure drop coefficient, K;, that has been
normalized by the fraction open area of the screen, is correlated
using only the wire Reynolds number, Re,. The best fit of the cur-
rent experimental data was obtained using the form presented in
Eq. (13) with R>=0.971.

Ap = 817.63 - 0590 . pf096 . 51155 (1576 (13)

The pressure drop predictions obtained using this multi-linear
regression approach (Eq. (13)) are compared together with the pre-
dictions obtained using the flow-around approach against the
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Fig. 9. Best fit of all data points using the correlation presented in Eq. (2); (a)
correlation versus experimental measurements, (b) correlation versus literature
correlations.

experimental measurements in Fig. 10b. It is clear that both
approaches predict relatively close results with those obtained
using the multi-linear regression showing relatively less scatter.
To better compare these two approaches, their predictions were
plotted against each other in Fig. 10c. While the predictions appear
to be very close, a mean relative error of 13% was calculated with
the multi-linear regression model underpredicting the values cal-
culated using the flow-around correlation for lower Ap, but over-
predicting them towards the higher end of pressure drop.

It should be noted that the use of Re,, in lieu of the flow velocity,
U, would have resulted in the same correlation with the only differ-
ence being the exponent of the wire diameter, b.

3.2. Flow-through approach

As previously mentioned, the “flow-through” approach consid-
ers the flow of fluids through a woven mesh as being analogous to
flow through a packed bed. Similarly, to the discrepancies between
the various approaches to calculate the pressure drop using the
“flow-around” theory (i.e., various forms of G(«)), there exist two
major approaches to calculating Ap using the “flow-through”
model. The first relies on treating the woven mesh as a bundle of
tangled tubes, while the second assumes the mesh to be equivalent
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to a number of submerged spherical particles (Wu et al., 2005;
Kotodziej et al., 2009; Kotodziej et al., 2012). Consequently, the
pressure drop would become the summation of resistances in
either one of these methods, and calculating it would, therefore,
rely on applying a variant of the Ergun equation (Ergun, 1952) to
the system.

In this paper, only the first approach that considers the screen
as a bundle of tubes will be considered. However, a reference to
some other works which used a different methodology will be
given, highlighted, and compared to this work.

In this approach, the Fanning friction factor is defined according
to Eq. (6), and the Reynolds number also depends on the theoreti-
cal approach because the utilized characteristic length follows the
assumed geometric model. Following the bundle of tubes
approach, the Reynolds number is typically calculated based on
the hydraulic diameter, Dj,, whereas it would rely on the equivalent
sphere diameter, D, if the model of submerged spheres was
selected. It should be noted, however, that these diameters, and
consequently their corresponding Re, remain related to each other.
Eq. (14) shows the values of the various diameters and their corre-
sponding Re following the works of Kotodziej et al. (2012) and Wu
et al. (2005).

D, = 4% — Re, = —pUE:?hT
D 6 1-¢ p-Ug-Ds-(1-¢) (14)
s =6(15") — Reg=F2Ts
where 7 is a tortuosity factor (t=1+[(1 —¢)/2]) following the
work of Carman (1956) and utilized by Kotodziej and Lojewska
(2009) who employed the hydraulic diameter approach. However,
the two Reynolds numbers can be related to each other through
the mesh geometric parameters, whereby after some mathematical
manipulation the relationship between the two can be derived.

Re;
(3/2)(1-¢)’

Following the definition of the Fanning friction factor and Rey-
nolds number based on the bundle of tubes approach, the current
experimental data was converted and plotted in Fig. 11. This figure
shows a decreasing friction factor with an increase in Rej. This
trend is in line with all reported data in the literature. Furthermore,
it can be discerned that except Screen #7 all the data almost fall on
the same curve which reaches an asymptotic value for 0.2 < f< 0.3.

It should be noted that in order to perform these calculations,
the various required geometric parameters were calculated

Re, = (15)
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Fig. 11. Fanning friction factor derived from current experiments plotted against
the Reynolds number.
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following the theoretical equations presented by Armour and Can-
non (Armour and Cannon, 1968) and listed in Equation set (7).

3.2.1. Comparison with literature data

In order to test the validity of the experimental measurements
in the “flow-through” approach, the measurements were com-
pared against data reported in the literature. It should be noted
that many investigators employed the “flow-through” approach
to studying the pressure drop across a woven mesh (cf. Table 2).
However, almost each one of them has employed a different defi-
nition for Re and f. Our current approach closely follows the works
of Kotodziej and Lojewska (2009) and Kotodziej et al. (2012), and
therefore it was easiest first to compare the measurements to their
original data set reported in (Kotodziej et al., 2009). In that work,
original measurements for the pressure drop across woven and
knitted meshes were reported, and therefore only the woven mesh
data was extracted for this purpose. Fig. 12a shows this compar-
ison where it is clear that the data appear to fall on the same curve.
However, the current measurements appear to have a lower fric-
tion factor than that reported by Kotodziej et al. (2009). As previ-
ously mentioned, the current data set plateaus at 0.2 <f<0.3,
whereas that in (Kotodziej et al., 2009) reaches an asymptotic value
of 0.56 < f< 0.62. It is worth mentioning that these asymptotic val-
ues of Kotodziej et al. (2009) were obtained from extrapolation of
data measured at low Rey, (<300). This is in contrast with the cur-
rent data set that was measured at values of Rej, ranging between
27 and 7600.

In an attempt to better explain these observations, other sets of
data reported in the literature were also used. For this purpose,
various literature data that were published under the “flow-
around” approach were recalculated and converted to the “flow-
through” approach. Namely, the data sets of Groth and Johansson
(1988), de Vahl Davis (1964), Schubauer et al. (1950), Kurian and
Fransson (2009), Wakeland and Keolian (2003), Ehrhardt (1983),
Wu et al. (2005), and Armour and Cannon (1968), were used. In
total 462 data points were converted from their original values
to fit the approach adopted in this section.

With the exception of the data of Armour and Cannon (1968)
and Wu et al. (2005), the data sets were converted to the flow-
through approach by performing all necessary calculations based
on screen geometry parameters reported in the manuscripts (i.e.
a, b, M, etc...) and using Eq. (7) and the transcribed data. The data
set of Armour and Cannon (1968) proved tricky to extract from the
original work since differentiating between the various plain
woven screens was not possible in their original manuscript, and
therefore the 22 data points used here and attributed to them were
extracted from their correlation as presented by Kotodziej and
tojewska (2009) who converted it to fit the current bundle-of-
tubes model. These data points spanned the Re, range between 2
and 220. Wu et al. (2005) also measured the pressure drop of flow
through woven screens. However, they reported the data following
the submerged spherical particles approach. For this reason, their
data had to be converted to the bundle-of-tubes approach. While
the Reynolds number conversion was previously presented in Eq.
(14), their friction factor also had to be converted following a
mathematical manipulation, the result of which is shown in Eq.
(16).

f _Ap D, &
WL pU2 1-6

3f (16)

Fig. 12b clearly shows how the various data from the literature
compare against each other. It can be easily discerned that all data
points fall on the same curve and that the asymptotic value at high
Re is much closer to the current experimental measurements as
opposed to that of Kotodziej et al. (2009). One outlier is the data

10" F 1
3
S~
100F 1
O Current Work
o Kolodziej et al.
-1 L L L
10
10° 10 102 103 104
Re, ()
(@)
+ + O Current Work % Kurian and Fransson
+4 + ¢ Groth and Johansson ¥ Wakeland and Keolian
0 Kolodziej et al. + Ehrhardt
= de Vahl Davis < Armour and Cannon
*

B
101" s

Schubauer et al.

<
100
FEmmL
':*w:,&:tftam
9005k
Oc0
10
10° 10 102 10° 10
Ref(-)
Current Work * Wuetal.
o Kolodziej et al. - ---original Wu et al. correlation
P —<—Armour and Cannon ——modified Wu et al. correlation
10° | 1
<
100,
10° 10° 102 108 104 10°
Re, ()

(©)

Fig. 12. Comparison of the current measurements to data from the literature. (a)
comparison with the data of Kotodziej et al. (2009), only; (b) comparison with data
extracted from various sources; (c) highlighting Wu et al. (2005) data and
correlation.

set of Wu et al. (2005) that shows values of the friction factor that
are much higher than most of the reported data. This observation is
in line with that of Kotodziej et al. (2009) who, in an attempt to
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compare their experimental measurements with literature data,
reported that the correlation of Wu et al. (2005) rendered higher
predictions than their observed values. To better explain their data,
Kotodziej et al. (2009) modified the correlation of Wu et al. (2005)
and proposed a new form for it. This correlation is plotted in
Fig. 12c, for Re, > 100 with many other data points removed from
the plot to reduce the clutter, and it highlights the danger of
extrapolating results based on a small Re range. It should also be
mentioned that while the data of Wu et al. (2005) reached values
of Re, = 100,000, Fig. 12b focused only on a reduced range of Rey,
up to 20,000. The full range of data is shown; however, in
Fig. 12c along with the original correlation that they proposed.

3.2.2. Comparison with analytical models

Because the “flow-through” approach is based on the Ergun
equation (Ergun, 1952), several models that adapted this equation
to flow through woven meshes are available in the literature
(Armour and Cannon, 1968; Kotodziej and Lojewska, 2009; Wu
et al,, 2005; Ingmanson et al., 1961). Notably, the model developed
by Kotodziej and tojewska (2009) appears to have been thoroughly
refined where theories from flow through porous media were used
to calculate the effective flow length and the effective velocity
(Bussiére et al., 2017).

According to Kotodziej and tojewska (2009), the pressure drop
across a woven wire mesh results from the contribution of both the
laminar and turbulent components which follow a Darcy-
Weisbach type equation (Kotodziej et al., 2012; Kotodziej and
Lojewska, 2009) as shown in Eq. (17).

2
Ap = Ap, + Apr = 4(f, +fr)‘p;]e g—i

where U, is the effective flow velocity, and L. is the effective length
of the bed. However, by analogy with the flow through porous
media, Kotodziej and fLojewska (2009) also considered that the flow
would be deflected by a certain angle, 0, and would follow a tortu-
ous path defined by a tortuosity, 7. The deflection angle is that
formed between the direction of the flow inside the porous medium
and the direction given by the thickness of the crossed porous med-
ium (Bussiére et al., 2017). Accordingly, the various parameters can
be calculated following the set of equations presented as Eq. (18).

(17)

Ue __Upt
B
L= cos(()) (18)
__b
tand = D)

Furthermore, the laminar component was considered by anal-
ogy to a laminar flow developing in a very short channel. Accord-
ingly it can be calculated following Eq. (19).

fi-Ren===+ . (19)
' VLT 1+ [0.00021/ (L)’

where L* is the hydraulic dimensionless channel length
(L* =b/(Dy - Re.)). Similarly, the turbulent component followed
the Blasius equation for smooth pipes and is described in Eq. (20).

00791

fr= RedS (20)

Accordingly, the pressure drop across a woven mesh can be cal-
culated using Eq. (21).

Ap _ pUs 1 T
L =452 by s

1)

The description of the model of Kotodziej and Lojewska (2009)
presented here followed the nomenclature presented by Kotodziej
et al. (2012). It should be noted that according to Eq. (18), the angle
0 would be constant for all plain square woven meshes. However,
another definition was originally proposed by Kotodziej and
Lojewska (2009) in which it was defined as tan0 = b/M.

Accordingly, this model was solved and the pressure drop pre-
dictions were compared to the current experimental measure-
ments in Fig. 13a. It can be clearly seen that the majority of the
experimental measurements fall within +30% of the model predic-
tions. The average relative error was found to be 24% with the
majority of the data being underpredicted by the model. The good-
ness of fit was calculated as R? = 0.7186. While the experimental
measurements were conducted under non-ideal conditions, and a
measurement error of ~10% is expected, it is believed that the
large discrepancy between the model and experimental data could
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Fig. 13. Parity plot showing the fit between the experimental measurements and
the predictions of (a) the model of Kotodziej and tojewska (2009), and; (b) the
modified model using Eq. (22).
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also be attributed to the oversimplification of the turbulent com-
ponent. While the use of a Blasius-type equation has been
employed to describe the turbulent component of the pressure
drop across various static mixers (different than woven meshes)
(Theron and Le Sauze, 2011; Li et al., 1997), it is proposed that this
component be modified to fit the experimental observations bet-
ter. Consequently, it was found that Eq. (20) needed to be multi-
plied by a factor of 6.44 in order to better fit the current
experimental data (R?=0.916) at a much lower relative error of
9.37%, without altering the dependency on the Reynolds number.
The form of the modified turbulent component of friction is shown
in Eq. (22) and the fit in Fig. 13b. This is expected to apply when the
measurements are conducted at higher Re, where the turbulent
component plays a significant role.

0.509
fT = Re025 (22)

3.2.3. Correlating the results

An attempt to correlate the data was also undertaken for the
“flow-through” approach. Following the same methodology
applied for the “flow-around” approach, all literature data was
employed in generating the best fit correlation. All the data points
presented in Fig. 12b were used with the exception of the data of
Wau et al. (2005) since it appeared to show larger values of f com-
pared to the other data sets. In total 865 data points corresponding
to Rej, ranging between 2 and 7630 were employed. Similarly to the
previous approach, the best fit (R*> = 0.9537) was obtained using
the form presented in Eq. (9), with the various parameters shown
in Eq. (23).

f= % +0.3079 (23)

Fig. 14a clearly shows that this correlation line is a good fit to all
the data points, where it cuts them through the center with most of
the data falling within +30% from it. It is interesting to note that
this fit line is capable of closely predicting the measurements of
Wu et al. (2005) for the very high Re;, (>20,000). Fig. 14b also shows
how the fit compares with various correlations from the literature.
The correlations of Armour and Cannon (1968), Wieghardt (1953),
and Ingmanson et al. (1961) were extracted from Kotodziej et al.
(2012) and extrapolated to fit the more extended range of
Rej, < 20,000. Except the correlation of Wieghardt (1953) that is
clearly out of range for Re, > 1000, the best fit line predicts lower
f values than all other correlations. However, that of Wu et al.
(2005) seems to overlap with the current fit line at Rey, > 20,000.

Using this proposed correlation, the predicted pressure drop
was plotted against the experimentally measured points in
Fig. 15. This parity plot clearly shows that the majority of the data
fall within +30% of the predictions with a mean relative error of
21%.

3.3. Comparing the two approaches

The two approaches of “flow-around” and ‘flow-through” were
then compared against each other. For this reason, the pressure
drop predictions of the current experimental measurements
obtained from both correlations (cf. Egs. (12) and (23)) were plot-
ted together on a parity plot. Fig. 16a shows how the two predic-
tions compare against each other where it is clear that both
correlations render similar results. This is further confirmed in
Fig. 16b where the predictions of both correlations were plotted
against each other, and the graph shows an almost perfect fit with
the parity line (R? = 0.9998) and an average relative error of 3.4%. It
should be noted that both correlations showed a similar depen-
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Fig. 14. Best fit of all data points using the correlation presented in Eq. (23). (a) fit
vs. experimental data from literature; (b) fit vs. various correlations from literature.
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dency on the Reynolds number (~—0.8) while they were derived
using slightly different data sets.

Because the two models, flow-around and flow-through, ren-
dered similar predictions, comparing the flow-through approach
to the multi-linear regression (Eq. (13)) was omitted as it would
render results similar to those presented in Section 3.1.3.

4. Conclusion

The pressure drop of fluids across plain woven wire screen
meshes in circular tubes was investigated in this work. In total,
212 experimental data points obtained under “real” conditions,
were examined. This is in contrast to most of the experiments
reported in the literature where mostly “ideal” fluids and/or condi-
tions were employed (e.g., moisture-free gases, degasified liquids,

flat velocity profiles, etc...). To further the analysis, >800 data
points were extracted from the literature and compared to the cur-
rent data set.

Furthermore, the analysis was conducted according to the two
main theories in the field, namely, the flow-around and the flow-
through approaches. It was found that the current measurements
match the literature data obtained using “ideal” conditions,
although certain minor deviations appear. However, one should
note that analyzing more than 1000 data points showed that
regardless of the approach, the measurements will always fall on
the same curve, the scatter of which is wide and can reach +50%.
One should note that due to the delicate nature of finely woven
meshes, any slight modification to the screen geometry (e.g., a
tweaked wire, wire roughness, etc...) can have a significant effect
on the measured pressure drop.

All the collected and measured data were then used to develop
general correlations for predicting the pressure loss coefficient, K,
and the Fanning friction factor, f. It was shown that no matter
which approach is used, both theories will lead to similar
predictions.

The trendlines that were developed in the current work were
found to better describe the various measurements than all corre-
lations available in the literature because of the large number of
data points used to derive them. Unlike previous studies where
investigators looked at their own specific data over a limited range
of Reynolds numbers using a small number of screens, the current
analysis covered more than 60 different plain square woven
meshes, with data obtained over a large spectrum of Re. However,
one should always expect a deviation of about +30% from predic-
tions. Such deviations between measurements and predictions
should therefore be expected. This is consistent with most findings
in the literature and can be attributed to experimental errors and/
or “precision manufacturing errors” (Brundrett, 1993) since han-
dling screens is very delicate and any alteration in the location of
weft or warp wires can have subsequent effects on the results.
To be able to reduce such error, one should revert to meticulously
measure all screen geometric parameters and conduct their exper-
iments using “ideal” conditions.

Furthermore, this work also showed that several geometric
parameters of the screens (e.g. porosity, hydraulic diameter, etc. . .)
can be calculated using analytical equations (from general data
provided by the manufacturer), and directly used in calculating
the pressure drop without the need to experimentally measure
them.
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