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ABSTRACT - The present investigation deals with the study of pore me or filter 
rabrlcs .T heoretLcal expressions are derived for calcul()ting the pore equivalent dlalleter 
of woven, knitted and nonwoven fliter fabrics . Experimental results were obtained 
by uslng a new simplified apparatus,. TIUs apparatus has been designed by the author 
on the basI! or bubble-pressure method. The derived I'elations ,..ere found to be fairly 
close to tho$C observed experimenUy. 

1. ItnnOOUCnON 

The capture of solid particles by filter fabrics (.!.rIds widespread applications 
in the industrial processes "here the f.inal product must be recovered or where 
emissIons to the surroundI ng en ..... ironment need to be controiled. Also "hen study111g 
the air permcotlbillty, filtration performance, thermal conductivity and other properties 
of fabriCS, it is necessary to knolY pore dla meter and porosity. Fo r assessin9 the 
quality of filter or waterproofed fabrics, it is necessary to have a measure of the 
size of t he pores. An estimate of pore size is also generally use ful 1n the choice 
of fabrics for many purposes. 

Fabric pore diameter is com monly measured by llIeans of microscope and 
also it could be measured by the method of geometrical probabilities (1). In these 
methods, for ob~in1ng accurate results, large number of measurements of pores 
must be carded out and more time can be lost. A method which has a particular 
applIcation .!.rI the field of testing (or waterproofness has been proposed by Barte.il 
[2]. The method consists of determ11li.ng the preSSUNl IItce5S<1ry to force out of 
the pores of the fabdc a liquid which wets it completely. This pressure,the bubble 
pressure, is determIned by the shape of hole , its ~ze and the surface tension of 
the Uquld. The hydrostatic head test (3). lYNch is one of the more com monly used 
measures of waterproofness,is made by subjectln!) one face of a specime n to a steadily 
incre()sing hydros;tatlc pressure, the pressure lit whIch drops of water penetrate the 
speCImen at the third place is rec,?rded as the hydrostatic head. This result depends 
on l ile pore size and shape and the efficiency of the waterproof flnlsh applied to 
the fabric. This test is of a very similar nature to the test for bubble pressure. 
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PreviOO$ work [1-7] has concerned with deterlllnlflg rabric pore dl.l meter 
elCperl lllcntally and not theoreti.caUy especially for knitted and nonwoven fabrics. 
And very little work has been done on the eFfect of fabric construction for predicting 
pore size 0' filter fabrics. The purpose of th~ paper is to fill this gap and to design 
a ne ll' simplified apparatus to measure the pore equivalent cUameter of tilter fabrlcs. 

2. THEOREl1CAl 'OAK 

2.1 Woven Fabrics: 

K}lkln and Salaveov (8) calculated the dimensions of pore void for woven 
fabric sho wn.ln Fig.1 as follolYs: 
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T 

Fig.1. Ceomet:f1cal !Rodel of woven fabric 

a:a-d :!<IL_d ,mm 
o 1", 1 

",( 1) 

" DO 
bo = b - rJZ =' --- - d2 ,m m 

"2 
" ,(2) 

where "1. "2 - number of warp and weft yarns per 100 m m, 

d1• dZ - diameter o f warp and \left yams respectively in 111m, 

Jokhena (S) sU9gested the harmonic mean method for calculating the pore 
equIvalent diam eter (de) of woven fabric /liS follows: 

mm " ,ill 
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2..2. Knitted Fabrics: 

2..2..1 Nomenclature 

d-Yarndlameter, mm 
A - IV ale spacing" m m 
B - Course spacing, m m 

2..2..2. Calculation of pore lu'ea 

T.20 

Several knitted fa dcs: of :rib 1 X 1 are produced with different yarn 
diameters,lI'ale spacings and cotfse spacings. The planed structure of the stitch 
is shown in Fig.2.. The axis of the 1yarn in the planed condition is composed of circular 
arcs and straight lines. The stryctufe repeat of rib 1 X 1 stitch wtth height Band 
width A can be t aken into cons1.d~ration for calculating the pore equivalent diameter 
as follows: I I 

, 

I , 
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Fig.2. The pI;aned structure of knitted fabric 

/ 
From triangle OAE: 

J3 = Sln- 1 [Sin (90 + 9). (A/2 - 2d)/3) I (A/4 - d/2) 

-1 
9 = tan d/B J 0:;= 2 (B + f» 

8 
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'15 = 180 - (p .. e .. 90) 

Arca of trapezoid "UP = ~. , DE S1n ~(2 (Al2 -2d)!) .. 20E coslf] 
Segment a rea EX l = 0.5 OE [irrl>l./ 180) - sin,;} 

where OE = (A/4 - d/2) 

:. Are" U '" trapezoldarea AELP -t Segment area [ Xl 
Fro m triangle eft; 

&- '" slrl-1 (s.ln(90 .. e).(Al2 - 2d )/61'[d .. (A/2 - 2d)/6) 
"t' ''' 180 - (k-t e .. 90) 
Area of sector hs .: n ... [d .. (A/2 - 2d)/6'f 1)60 

Area of triangle rtr = sln" \f (Al2 - 2d) [d -t (A/2 - 2dl/61112 

Area rts '" area its - area ~rtc 

Fro m triangle vry: 
0\1 : o~ . B/d = B( Al2 -2d) /3d 

Area of riJ)(] Elt T .: {n/180).sin- 1 OA [lYE +d )2 _ (VEl2)/VA 

where V[ = (0[2 .. Oy2 _ 2. OE:OV.cos (90 .. '6~V2 
VA : [(Ov 2 .. (0~i}1/2 

Area of trapezold Apqr = B(20A -t d) 

Area \f .: area Apgr - (a rea M + area E It T + 2{arca cst)} 
Pore a reil : area U -t area W 

2.2.3 Calculation of pore circulnfe.rcnce 

POre clccullrerence .: l ~E + 2EA + 2st + stt + it 
"here LX E = (2 nVElJ60). 2 Sin- O'A/VA 

where 

where 

EA = [(OA)2 .. (0£)2 _ 20A .OE cOSIS)1/2 

St = n (d + (All -2cU/6H180' -(O, .. e .. 90)1/180 

t t = Ve - (Vt .. rt) 

Vr =(OA .. d)2 + (8 .. OV)2) 

Vt=YE .. d 

rt .: ({d/ .. (rt)2 _ 2rf.h.cos 'I'}1/2 

rr " (A/2 ·2d)/6 , rt.: d + (A/ 2 - 2d)/6 

t't = 2 11 (YE + d)/)60 

.. . (4) 

... (5) 

Pore equivalent dJ..nlleter .: (Pore area X ft l/pore cltcvmference .. . (6) 

2.3 Nonwoven Fabrics: 

POlseolll's law (9) for laminar floll' throvgh " straight c.iruJ.ar capillary, 

1'1' hl,ch t a kes the for m 
4 

Q '" fir l>p/8 rl 

\Yhere q - rate of flow per one pore, mJ/se.c 
r - rad.l.us of the pore, m 
L - overall length of the pore, III 

r - air dyna mlc visco5ity, Kg/lll .sec 
.6P - PreSsvre drop across the length l,P a 

•.. (7) 
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Rate of flow per unit .lrea (0) can be calculated as follows: 
Q '" n.Q ,m)/m 2.sec .,,(8) 

nhere n - nu mlJer of pores per unIt area 

Equation (8) III ay be transform ed into 

" J 2 Q = n d .n. t. P/128r ,L , m 1m .Sec 

Irhere d '" pore diameter, m 

Equ<ltlon (g) can be rc\¥rltt.en ",5 follows: 

Q = C. bPlr L 

where C - Propol'Uonallty C<:Jnstant 

C = n d
4

. n/1ZB 

"; Poros:Uy(E.) '" n uZ . n/4 

By substituting in Eq uation (11) rrom Equ atiOl'l (12) 
2 

C '" d . on 
Then 

0' 

Equation (10) can be rewritten 

Q =: i. c. oP/n .{' .L 

1/2 d 0 (32 Q.r.L/ E . • P) 

as follows: 
J 2 

I m / m • Sec 

• m 

•.. (9) 

... (10) 

•.. ( 11) 

... (12) 

.•. (13) 

1. 22 

A correction to Equation (13) 15 required t o take into account the non-circular 
channels and the tortuosIty of the stream lines wtuch ma ke varying angles with the 
direction of macroscopic flo w. 
~I ence, pore equlvalent W(l me ter (de) can be calculated as follows: 

1/2 ) de = 02 Q·r ·t .K1 E .• P) ... {14 

where t - non"oven fabric thIckness, r.l 

K - correction fac tor ilnd is equal to 2.5. 

3. Mi\TERIflLS AND METHODS 

3. 1 Produced Fabrics: 

By considering the previously mentioned variables I'Ihlch are likely to Ciluse 
changes in fabric pore diameter and filtration efficiency, a total of t wenty four 
woven, knitted and nonwoven filter fabriCS IVi.!S prod uced fro rn different fibres. The 
characteristics of the various filter sa m pIes are listed in Tclbles I, n and m. 

).2 Apparatus; 

A photograph of the apparatus used is shown in Fig. 3 and the main features 
of the apparatus ilre shown in Fig. 4. The specimen holder consists essentia Uy of 
a br<'l5S cylindrical vessell over which the specimen 2 is ciil mpe<J by a cla mping 
ring J <'lnd screw 4. It is fitted with <'l rubber. 9asket 5 of SO III m internal ilia meter 
to make a seal <'lg<'linst the specimen. Circular speCim e ns are clamped betll'een rubber 
!J<'l:;kets over the odfice. Compressed air en ters the ves.scl th roug h a tubc 0, thereby 
forCing air up agillnst the specimen. Tube [3 is also connected to U _ tube manometer 
o by me<'lns ofa valve C <'lna the pressure of air against the fabdc is the pressure sho wn 
on the adjustable scale mounted on one arm of the manometer t ube. The air supply 
for the test is draw n from <'l reservoir which is itseH Fed through a flow control 
devIce from a source (hyclrostiltic head tester) which may vary be twee n 4 and 20 
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fab ric 
No. 

2 

) 

4 

5 

F abdc 
. No. 

1 

2 

3 

4 

5 

6 

7 

6 , 
10 

r abric 

No. 

1 
2 
3 

5 
6 
7 
6 , 

Table I : Chara cteristics of Woven flltel: fabrics 

Fabric F abdc Threads Per Yarn count, Cover Factor 
Weave Type we1oht, t hicknes, lAeh Ne 
design of 91 m', mm 

fibre warp weft warp weft 

twill' 2/2 wool 505 1.4 38.1 34 .3 3.467 3.99 

" " )94 1.7 )5.6 )3.0 4.83 3.45 

plain 1/1 " 513 0.6 50.8 43 .2 6.50 4,,767 

twill 2/1 " 504 1.05 36.8 34.3 3.37 3.18 

" cotton )57 0.6 94.0 51.0 8.07 1.17 

I a~ n : . C haracteristlcs of Acryllc Knitted F liter F abrlcs 

Yarn ,., 

4-x21 

" 

" 
" 

6x21 

" 
" 

" 
8x21 

" 

loop 
Le ngth, 
em 

Wale Course Tightness 
Spacing, Spacing, Factor 
em c m 

1.010 0.3 60 0.166 

1.032 0.)64 0.172 

1,069 0.3 72 0.183 

1.102 0.)80 0.19) 

1. 140 0.412 0.172 

1.178 0.428 0.18 1 

1.190 0. 430 0.1 8 5 

1.260 0.434 0,203 

1,335 0.492 0,1 97 

1,)68 0.496 0.2 08 

9.074 

8.881 

8.5 73 

8 .)17 

9,842 

9.525 

9.429 

9,107 

9.708 

9.474 

Fabric 
Weight, 
91m2 

484 

463 

469 

454 

644 

630 

616 

603 
717 

696 

Fabric 
Thickness, 

e m 

0,446 

0.1163 

0.485 

0 .494 

0.529 

0.53 1 

0.550 

0. 568 

0,604 

0.620 

I Table iIr:J CharacteristLcs of Nonwoven Filter Fabrics 

Ke 

2.5.08 

23.69 

25,63 

25.51 

26.58 

f abrlc 
density, 
g/cm J 

0.1 09 

0, 104 

0,097 

0.092 

0.122 

0 .11 9 

0.114-

0.106 

0.119 

0. 11 2 

Type of fibre Fabric 
1'1 eight, 

91m2 

Fabric 
Thickness. 

mm 

Fabric Density, 

g/cm ) 

Packing 
Density, 

80~ polyester/20' rThran 

" 
33% 1Y0ol/3)% cotton/34 ~ 
acrylic 
40 '" acryllc/44~ polyest! 
6% c otton/5~ nylon/ 5 ' wool 
80% polyester/20 '.Hlbran 

" 
100 % polyester 
88" polyester/ 12 " wool 
70% polyester/30 % cotton 

)46 
1034 
461 

354 

700 
525 
l25 
477 
172 

6.6 
6.2 
5.25 

5.4 

6.2 
5.4 
4. 75 
4.4 
).0 

0.0509 
0.1261 

. 0,0878 

0, 06 56 

0. 1129 
0.0972 
0.0684 
0. 1084 
0. 0575 

0.0382 
0.0947 
0.0665 

0.0513 

0.0848 
0.07)0 
0.0496 
0 .0791 
0.0432 
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I b/in Z, The flow control devIce is de!.igned to give the required rate of in~rease 
of pressure of 10 em of water per mInute, the rate of loading will be within the 
limits of 10 ±. 0,5 e m/ min up to thc limit of the apparawrs, The maximu m head 
attainable is 150 em of \later, 

a 
3 
5 

Fig. 3. Photograph of the appa rab..ls 

Compccsacd. o..ir ~C 

Il'"Il 

~ 
".." 

'1 
~ 

18 

~ 
Fi9. 4, Sehellliltic iliaqrall or the apparatus 

D 

'---' 

lest Procedure: • A ci.rcul.n specimen 6 em in diameter, is conditioned 
at 65 per cent r ,h. and 20 C , and then completely im me(sed and soaked for three 
flllI\utes in white <llehoJ. After SOi>king,lt 1.<; III ounted on the testing hea1 of the appari>tus 
and tht'! upper surface 13 covered lTith \yhite alc hol The air pressure is raised on the 
under surf<1ce. at a r .::Jtt'! of increase of pressure of 10 em head of water pe r minute, 
until streams of bubbles appear at three places in the specimen, this pressure, Pb, 
in e m of water is then noted. Ten speci mens are tested and the t'!quivalent diametct," 
of the thlrd largest pore in the specimen, de, is calculated for each speci oen from 
the formula [6]. 

microns .' .(15) 

\l'here S is the surface tCn$lon of the white alchol in (Iynes per em at the ' te t:l perature 
at wh.l.rt the t e!>t is carrie'" out and g, the acceleration of gra vity, is taken as 981 
em/sec, The mean equivalent pore diaJlleter is then ca lculated for the fa bric. 
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4. RESULTS AND DISCUSSION 

Pore equivalent diameter (de) of woven, knitted and nonwoven filter fabrics 
could be calculated using Equations (3), (6) and (14) respectively . Also it could be 
measured by means of bubble-pressure method. The results "are listed In Tables 
IV, V and VL 

When using both harmonic mean method (H) and specific surt'ace method 
(Dl for calculating pore equivalent diameter in woven fabrics i t could be noticed 
that the dcvlation between calcula ted and measured villues is minI mum. Thus i t 
is preferable to use harmonic mean method and specific surracemethod for calculating 
pore equivalent diameter of '/I'oven and knitted fabrics respectively. In lI'oven fabrics, 
the harmonic mean method selected roc calculating pore diameter agrees wit h t he 
findings of a previous investigator. (5). 

The comparison between bothcaJcuJatedan(rl1easured values has been possible. 
The 900d agreemen t shown by TabJes rv,v and VI support the validity of the derived 
Equdtions 0),(6) and (1~) at least Idthln the range of material and fabl-ic character ­
istics used. 
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fig- S. Co mparison between measured a nd calculated pore 
equivalent diameter of IYOVCn, knitted and nonwoven 
Fabrics. 
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Table VI : Typical Results of Woven Filter Fabtics 

F abdc Warp Spacing, Weft Spac1ng Por e Equivalent Dia meter, microns 

No. 30, ITr!I b.,mrn Calrulated By 

MethOd Method Met h od Me thod 
A C ( H) E 

0.1607 0.2687 2 1!j.,7 207.8 201.1 214.7 

2 0.2843 0.2622 273.) 273.0 272.8 271.5 

J 0.1300 0.1546 1!t2.J 141.8 l lt l .2 141.4 

" 0. 176 5 0.2100 193.3 192.5 191.8 192.1 

5 0.0466 0.1061 76.4 70.3 64.8 76.3 

A ::; ( 3 0+ ~) I 2 ) G ::; (ao. bo) °.5 H ,. 2/(1/i)o + l/bo) , 

E ::; In ( O.S(ea. + eb" n o ::; 4(<10 . b~) 12 (030 +00 ) 

.... ---. -.. - . . 

Method 
(D) 

201.1 

272.8 

Hl.2 

191, i3 

64:8 

Measured 

176.0 

234.7 

117 .3 

1625 

62 . 1 

'" • , 
• o 
c 

" ~ o 
~ 
~. 

o 
o 

3. 
o 
~ 

u 
o 
c 
" o 
~ 

'" ~ 
u 
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~ 
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~ 

~ 

N 
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Table V : Typical Results of Knitted Filter- Fabrics 

Fabdc F auric 'Pore Area, Pore '. Pore Equivalent Ola meter , 
No. Porosity Clrcltm ference, mlcrons 

cm l 
~I!' Calculated . Heasured 

1 0.9068 0.010858 O.i!B84-S8 889.2 845 
2 0.9111 0.011617 0.4 69902 988.9 961 

3 0.917 1 0.014060 0.526761 1067.7 111) 

4 0.9214 0.015588 0. 550334 1132.9 1149 

5 0.8957 0,012644 0.5441 28 929.5 96 1 

6 0.8983 0.01 )909 0.55 11 88 1009.4 1057 

7 0.902:6 0.015686 0.559293 10)8.6 1078 

8 0.9094 0.017101 0.560680 1220.0 1174 

9 0.8983 0.020325 0.738949 , 100.2 1149 

10 0.90«1) 0 .020951 0.726973 1152.8 1201 

Tallle VI : Typical R~ts of non ll oven filter FabrIcs 

Fclbdc Porosity, Air Per llleabillty Pore Equivalent Olamete r, mic rons 

No. C Q J/mlSec ",p ,P a Calculated Measured , m • 

1 0.96 18 0. 18146 14.7 372.09 365.8 
2 0.9053 0. 18146 19.il 364.74 354.7 
3 0.93)5 0.10f4,8 49. 0 140.54 19J.3 

" 0.9487 0.18935 245 264. 17 252.4 
5 0.9152 0."17751 39.2 220.60 265 .6 
6 0 .9270 0. 19724 7.35 498.00 4l!9.9 
7 0 .9504 0. 19329 9.80 395.40 4 19.5 
8 0.9209 0. 15779 9.80 349.34 368.8 
9 0.9568 0.17751 2.45 600.)0 542.9 
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F1gure 5 sholTS both measured and calculated values for the tested filter 
fa.brics. It can be seen tha t the theoretical relations obtained in t he work discussed 
in thi.s paper can be therefore considered 1:0 agree fairly close with the obtained 
cxperlm ental results. 

5. CONCLUSION S 

From t he above analysis the following conclusions can be drall'n : 
1. In thIs paper a new sLm ple and still e fficient apparatus was established by the 

author for measuriflg pore equivalent dia meter of filter fabdcs u5i.ng bubble­
pressure method. 

2. The theoretical r elations of pore d.lameter for woven, knit ted and nonwoven 
fUter fabdcs abtained in the work d1scvssed .in thLs paper can be therefore 
cons.1dered to agree fairly close witp the ob tained experi me ntal results. 
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