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An eqerimental   invest igat ion w a s  made of the permeability  and sir- 
flow uniformity of wire filter c lo th  for application of t ranspirat ion 
cooling t o  afterburner conibustion-chauber warn. The permeability  coef- 
f i c i e n t s  of f i v e  meshes of wire cloth  investigated in' the  85-woven condi- 
t i o n  ranged from about 3.82~~0'~ t o  6.46X10" square  inch.  Permeability 
coef f ic ien ts   in   the   des i red  range of about t o  square inch  for  

ta ined  by  codining brazing and ro l l i ng  of the wire cloth. 

c;' 
N transpiration  cooling of afterburner conibustion-chmiber w a l l s  were ob- 
V 

Thickness var ia t ions due t o  r o l l i n g  tolerances were about *0.0003 
inch. These variations i n  thickness  in  conbination with i n i t i a l  non- 

were largely  responsible  for  localized  variations i n  air-flaw uniformity 
within a given  piece of brazed and ro l l ed  w i r e  cloth. Over a t o t a l  area 
of 37.5 equare feet of 21x70 mesh twilled Dutch weave tha t  had been 
brazed after spraying three coats of s i lver   solder  per side and  then 
r o l l e d   t o  a 35-percent  reduction i n  original  thickness, 79 percent of the 
cloth  had air flows -20 t o  +25 percent of the mean air-flow rate per   uni t  
of surface area; however, there  were localized extreme variations of 
-40 t o  +55 percent of the mean air-flow rate per unit area. Undozibtedly 
the air-flow  uniformity  can be improved sorewhat by controlled  production 
techniques. 

- uni formi t ies   in   the  air-flow passages  through the wire cloth ae woven 

. 

The effect of oxidation of the   s i lver  solder on the pressure-square 
difference per u n i t  of thickness was found t o  vary almost linearly  with 
t im of heating i n  s t i l l  air. The Increases i n  the pressure-square dif- 
ference per un i t  of thickness af'ter 7 hours a t  1260°, l46Oo, and 15W0 R 
were respectively 1, 3.5, and 7 percent  for 21x70 msh twilled Dutch 
weave wire cloth  sprayed with three coats of s i lver   solder  per side, 
brazed,and ro l l ed  to  a 35-percent  reduction i n  original  thickness.  The 

of 42.5 percent in  original  thickness  increased the ultimate t ens i l e  
strength 30,000 pounds per  square  inch above the ultimate tensile strength 
of 25,000 pounds per  square  inch  for the unrolled  cloth.  The short-time 
u l t k t e  tensile strength of m n e l  2-10 mesh twil led Dutch weave f i r e  

t ef fec t  of rolling on strength of the  same c lo th  was such that a decrease 

.. 
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cloth  sprayed with three coats of silver solder per side, brazed and 
ro l l ed   t o  a 35-percent reduction  in  original  thickness was about 23,000 
pounds per  square  inch at loOOo F (1460O R). 

An experimental  afterburner  having a porous canibustion-charher w a l l  
fabricated from brazed and ro l led  wire cloth was s t i l l  in  serviceable 
condition after 4 hours  and 10 minutes of a f te rburnhg at fuel-air r a t io s  
from &bout 0.030 to 0.050. 

lfflTRODUCTION 

Increasing  interest   in  the  application of transpiration  cooling  to 
the conibustion-chaniber w a l l e  of turbodet  afterburners has l ed  to a search 
for   su i tab le  porous materials. Sintered  porous metal compacts have  been 
constdered (ref. 1) but have the disadvantages of l o w  strength, poor 
formability, high cost, and l imi ta t ions   in  maximum sheet  sizes  available. 
These factors  led  to  the  consideration of wire filter cloth which has 
higher  tensile  strength  than the sintered porous metal compacts, has good 
formability, is re la t ive ly  cheap,  and is  avai lable   in  wide roUs.  Wire 
cloth in the as-woven condition i s  too  perreable  for  the  contemplated 
applications so that several layers would be necessary t o  obtain  the 
required  pressure drop across the porous w a l l .  A multiple-layer  porous 
wall adds weight and increases  fabrication problems. Permeabilities 
producing the  required range of pressure  drop  across a single layer of 
wire cloth have  been obtained by cold-rolling (sometimes referred t o  as . 
calendering)  brazed wire cloth (refs. 2 and 3). The investigations of 
references 2 and 3 were m e  with wire cloths 0.0169 t o  0.0307 inch  thick 
as woven, and reductions of 25 t o  45 percent in   or iginal   th tckness  were 
required  to  obtain  the ranges of permeability o r  pressure drop desired. 
However, small variat ions  in   total   th ickness  of the wire cloth due t o  
to le rances   in  rolling w e r e  found t o  produce rather  large changes in  per-  
meability (ref. 31, thus making the  attainment of uniform permabi l i ty  
i n  a large sheet of wire cloth a d i f f i c u l t  problem. Inaslrmch as the  per- 
centage  variatfon i n  thickness  for a given ro l l i ng  tolerance  decreases 
as the  total   th ickness  i s  increased, it appeared that the uniformity of 
permeability i n   r o l l e d  wire cloth might be improved by the use of thicker 
cloth. The investigation  reported  herein was made to determine  the  effect 
of thicker  cloth and, i n  addition,  the  effect  of brazing alloy deposition 
on the  magnitude and uniformity of permeability of brazed and rolled wire 
f i l t e r  cloth, and t o  make this  information  available  in a form use fu l   t o  
the  aircraft   industry.  

I 

The greater  thicknesses of the wire f i l ter  cloths of this investi-  
gation than for the wire cloths  investigated i n  references 2 and 3 are  
the result of weaving of multiple  strands of fine wires as though they 
were-single wire threads. This weaving produces a wire fi l ter  cloth of 
different  appearance and texture which has many f i n e  and  tortuous air 
passages. " ." . 
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Because of var ia t ion i n  the static-pressure drop across the porous 
material and i n  the cooling air required  along the length of afterburner 
conibustion chnmhers, 8 prescribed  distribution of permeability is usually 
necessary. Hawever, 88 a preliminary  investigation, this report  is  con- 
cerned only with the attainment of uniform permeability. 

The results of an experimntal  investigation, conducted a t  the NACA 
kwis laboratory, t o  determine the permeabilfties of f ive   th ick  meshes 
of wire f i l t e r   c l o t h  are presented  herein. The control  of permeability 
by varying the amount of brazing alloy and by rolling the brazed cloth 
is shown. The factors   affect ing uniformity of permeability, and the 
degree of uniformL%y, that has been obtained i n  pieces of wire cloth 
large enough t o  be fabricated  into an af terburner   codust ion M e r  are 
discussed. The rate of change i n  permeability due t o  oxidation of the 
brazing alloy and the ef fec t  of temperature on the ultimate strength of 
brazed and rolled wire cloth are presented. The fabrication  techniques 
and operational  experience for brazed and ro l led  wire cloth  used as the 
porous conibustion-chamber wall i n  an experimental  transpiration-cooled 
afterburner  are described. 

Description and Preparation of Wire Cloth 

Air-flow pressure-drop data were obtained  for   f ive rneshes of Kire 
f i l t e r   c l o t h ,  the specifications of which are listed i n   t a b l e  I. Wire 
cloths A, B, and C w e r e  woven from mne lwi re s ,   c lo th  D from nickel, and 
cloth E framAI8I type 304 stainless s tee l .  The cloths  investigated can 
be woven from various  alloy wires but the meshes and weaves were of prin- 
cipal i n t e r e s t  from the standpoint of permeability. The mesh of wire 
cloth is  usually designated as the number of openings per  inch between 
wires i n   t h e  w a r p  and w o o f ,  respectively. (The warp wires run p a r a l l e l  
t o  the  length of the loom and woof wires cross the warp.) In  a l l  the 
neshes of wire cloth  considered in this  investigation, groups of three 
t o  eight wires were woven col lect ively as a single   s t rand of warp or woof 
s o  that the n h e r  of openings per  inch is  considered i n  this report  t o  
equal the nmiber of groups of multiple  strands per inch. 

Cloths A t o  D ( f ig .  1 t o  4, respectively) were twil led Dutch weave, 
whereas c loth E (fig. 5) was  a plain twilled weave. Specifications for 
the  20x200 mesh wire cloth from  reference 2 are included  in table I f o r  
coqa ra t ive  purposes. 

It is  d i f f i c u l t  t o  i l l u s t r a t e  the interstices that &e up the 
pr incipal  air passages through the wire f i l ter   c loths   invest igated.  The 
uniformity of spacing and sizes of the air passages are indicated only 
approximately by back l igh t ing   in   par t s   (c )  of figures 1 t o  5. It should 
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be noted f irst  of a l l  that the twilled Dutch weave wire cloths  investi-  b 

gated  passed  practically no l i gh t  dfrectly through when viewed normal t o  
the  surface. Some l i g h t  could  pass  directly  through when the  cloths were 
viewed obliquely  along  the warp (horizontal wires, f ig s .  I t o  5).  All c 

t he   l i gh t   v i s ib l e   i n  part (c) of figures I t o  4 is ref lected and most of 
t he   l i gh t   i n   f i gu re   5 (c )  i s  reflected. 

Preparation of brazed wire cloth. - The i n i t i a l   s t ep   i n   t he   b raz ing  
process  consisted i n  scrubbing the wire  cloth Fn acetone t o  remove o i l  
and grease and adherent dust o r  dirt particles.  The clean grease-free 
cloth w a s  dried, tacked t o  a clean  piece.of ,plywood, ana  placed on 
the table of a metal planer ( f ig .  6). Two pieces of wire cloth up t o  
45 by 22 inches  each  could be sprayed i n  tandem a t  one time. A wire 
metalizing  spray gun was mounted i n  the clapper box of the planer and 
adjusted so that   the  fan spray from the gun t i p  was normal to   the   d i rec-  
t ion  of travel.  The following  conditions were maintained f o r  spraying 
silver  solder  onto the cloth: 
Height of spray t i p  above cloth,  in. . . . . . . . . . . . . . . . .  5 
Speed of l /B-inch-dimter wire through  methizing gun, ft/min . . .  3 
Speed of table traverse  in  both-  directions,  ft/min . . . . . . . . .  50 
Cross feed of gun per stroke of planer,  in. . . . . . . . . . . . .  1 
These conditions were chosen so that each spray  coat of .silver  solder 
would be relat ively  thin,   in   order  that the over-pping strokes from 
several  coats would result in  a uniform  deposit  ion of s i l v e r  -solder. 
After the  c loth w a s  sprayed  with  silver  solder, two coats of thinned 
s i lver   solder  flux were brushed on each side. The fluxed  cloth was dried 
and brazed  by  dipping  into a molten salt bath a t  1500' t-o 160O0 F. 
Pieces of cloth less than 1 foot   in   length were  immersed i n   t h e  salt 
bath for 30 seconds  and pieces 45 inches i n  iength were immersed a t o t a l  I 
of 45 seconds  because of the additional tie used i n  lowering and with- 
drawing the longer. pieces. T h e  brazed  cloth was quenched in   co ld  water 
and then  boi led  in  water a minimum of 3 hours t o  remove any t race of 
salt  or flux. 

. .  

" 

A brief investigation was made t o  determine the most favorable com- 
position of s i lver   solder  for u b i f o r m  >izr%a%flity of wire cloth after 
brazing. Five specimens of wire cloth B were each sprayed  four  coats 
per side w i t h  one of the f i v e  compositions of s i l ve r  solders l i s t ed  i n  
table LI. The solder composition  used on the specimen having the most 
nearly  uniform  permeability w a s  used i n  later investigations of the ef- 
f e c t s  of solder  deposition on the uniformity-and.  level of permeability. 

.. - 

. .  

Str ips  of the brazed wire cloth were rolled i n  the direction of the 
larger number of (woof) wires in a four-high rolling m i l l  having r o l l a  
8 inches wide. . . .  

. .  

v 
" 

Rolling of wire cloth. - None of the unbrazed cloth was ro l led  
because the inherent  resil iency of the weaves investigated make it  very Y 

d i f f i cu l t -   t o  maintain  close  tolerances on thickness. Thickness variations 
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tend  to  cause  large  pieces  of  unbrazed  cloth  to  ripple  or  to run askew. 
These  difficulties w e  decreased by brazing,  which  unites  the  wires  into 
a more  rigid  sheet  that can then  be  rolled  alnaost  the sare way as sheet 
steel. 

Thickness  and  Air-Flow  Measurements 

The  uniformity of thickness  over  the  area  of a given  piece of cloth 
w a s  determined  from  thickness  measurements  made  at  intervals of 2 to 6 
inches.  The  arithmetic  average of these  thickness  measurements was used 
as the  nominal  thickness  at  any  location  where  air-flow  measurements  were 
taken  within  that  piece. 

The  apparatus  (fig. 7) and  the  procedure  used  to  obtain  air-flow 
pressure-drop  data  were similar to  those used.in references 2 and 3. In 
order to perform a nondestructive  air-flow  calibration  at  several  loca- 
tions  over  the  surface of a large  piece  of  wire  cloth,  the  cloth was 
sealed  by  means  of  an  O-ring  between two steel  platens  that  were  clamped 
by a constant  force. Only one  layer  of  wire  cloth w a s  flow-tested  in 
this  investigation.  The  pressure  drop  across  several  layers of the same 
cloth  or  at  other  temperatures  and  pressure  levels  can be accurately 
determined  from  correIations  similar  to  those  in  references 2 to 5. 

Strength Measurmnts 

Strength  measurements  were  =de  of  cloth B at  room  temperature,  and 
short-time  tensile  tests  were  also  =de at equflibrium  temperatures  up 
to 1000° F. In addition,  several  specimens  from  one  large  piece of cloth 
B that  had  been  brazed  and  rolled  were  heated  for  several  hours  in  still 
air  and  pulled  at  room  temperature  to  determine  the l o s s  in  strength  for 
various  exposure  temperatures. In all the  tensile  tests,  the  load  was 
increased  continuously  at a constant  rate  in  the  direction of the  greater 
number of  wires. 

" H O D S  OF CORBELATION AWD CALCULATION 

Reduction of Air-Flm Data  to  Standard  Temperature 

The  determination of the  permeability  coefficient  and  examination 
of  the  air-flow  data for the  effects of braze  alloy  deposition  on  the 
level  and  uniformity of permeability  are  based on equation (I), given 
in  reference 4, for  the  flow  of a gas  through a plane wall of porous 
material. 
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where a i s  referred  to as the viscous resistance  coefficient  and p 
as the  inertial  resistance  coefficient. (EQMbols are  defined  in  the 
appendix. ) As noted  in  reference 5, equation (1) when  solved  for (pV) 
gives 

8 

where C1 = 3 and C2 = are constants for each  specimen so that 
2s 2BR 

Air-flow data  can  be  reduced  to  standard  temperature by the  intro- 
duction of po and po2To into  equation (3) where the subscript o 
refers  to NACA etandard  temperature of 518.4' R. When  this  is  done,  equa- 
tion (3) become8 . 

2 2 
With  the  notation A%& for - p2 , equation (4) is  used as the 

z z 
correlation WUtiOn for air-flow data in this  report by p lo t t i ng  

'0 (,.> against (pv), for  each  specimen of wire  cloth  (the 

subscript a refers  to  cooling  air). m e  logarithm of A M  (;Y 2 
is referred  to  in  later  discussion as the  pressure-drop parmter. The 

absolute  viscosity p of air  and  the  factors po and ( g  To T are 
tabulated  as  functions of the  temperature IC in  table I of  reference 3 
and  are  presented  graphically in figure 8 of  reference 1. 

To PO 
7 

2 
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Calculation of Permeability,  Porosity, and Strength 

For  conqarison of test  results of various  porous materials, the 
permeabilities are usually stated i n  terms of a permeability  coefficient 
K tha t  was or iginal ly  based on Darcy's l a w .  Darcy's l a w  can  be  written 
as 

= 2RTp (pV) 
z K 

However, equation (1) derived by Green has  been  demonstrated  conclusively 
i n  reference 4 t o  f i t  more accurately  the  air-flow data f o r  porous mater- 
ials. The permabil i ty   coeff ic ients  IC i n  this report  are computed i n  
the same manner as for  references 2 and 3 from the  equation 

whicb was obtained  by  equating  the  right-hand sides of equations (1) and 
(5) and  solving for K. In  evaluating K from  equation (6), a and /3 
wer2 f i r s t  determined  from  equation (1) from a ser ies  of readings of 

(ref. 6) .  I n  order   to  c o m e  K from  equation ( 6 )  with the  results of 
previous  investigations  using K defined  by  equation (S), the  value of 
(pV> was taken as zero, i n  which case K i s  the  reciprocal of a. 

and mass flows f o r  each specimen using  the method of l e a s t  sqziares 
7 

The porosity is  defined as the r a t i o  of the volume of voids to   t he  
total   enclosed volume.  The equation used for  calculating  the  porosity 
of brazed wire cloth,   derived  in  reference 2, i s  

The weight of braze  alloy  per  unit  of surface area wb/A i s  taken as 
the  difference between the  weights per un i t  of surface  area after braz- 
ing  and f o r  the cloth as woven. The specif ic  weights- of monel and AIS1 
type 304 s t a in l e s s   s t ee l  w e r e  taken,  respectively, as 0.319 and 0.285 
pounds per cubic  inch,  and pb w a s  taken as 0.343 pounds per  cubic  inch. 

The ultimate t ens i l e  strength cr of wfre c lo th  was obtained  by 
dividing  the  breaking  force  per  unit of width by the  average  thickness 
of the  respective specimens.  Because of the  importance of high  strength 
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b 
per  unit of weight for   a i rc raf t   mater ia l s ,   the   ra t io  of tensile strength 
a to   the   spec i f ic  weight OP the cloth p is a more su i tab le   c r f te r ion  
f o r  comparing different  materials than the t ens i le  strength Slone. A . 
reduced tensile  strength,  proposed i n  reference 2, i s  obtained by multl- 
plying the strength to   spec i f fc  weight r a t i o  by the specffic w e i g h t  
of the alloy i n   t h e  wire cloth as woven: 

This value  can  be compared with f d l i a r  strength  values  for the 8- 
sol id   a l loys,   for  which p = pw. 

Air-Flow Calibrations fo r  Several Meshes and Weaves 

of Wire F i l t e r  Cloth as Woven 

Correlations of pressure-drop parameter loglo Am !k 5 w i t h  the 

generalized weight flaw  per unit area (pV), 5, reduced to  standard t e m -  
perature To, are  shown i n  figure 8 for -severa l  meshes and weaves of 
wire f i l t e r   c l o t h  i n  the a8-woven conditidn. For comparison, the dashed 
l ine  represents  the 20x200 mesh cloth,which was the thickest  wire cloth 4 

investigated  in  references 2 and 3. The c*es for  cloths A t o  D have 
about  the same slope. As would be  expecte.a for a given weave, a i r - f  l o w  
ra te ,  and temperature, the pressure-square  difference  per  unlt of 

thickness *e increased with the number " of groups of woof wires per  

inch inasmuch as the nuniber of w a z p  wires per inch w a s  nearly  constant. 
Cloth E had  next t o  the  lowest  permeabilit.y  coefficient as woven; the 
t h i c k e r   f i l t e r  cl'oths, however, were of greater   interest   for   brazing and 
rol l ing.  - .  

7 P T  

P - 

. . .  - 

The permeability  coefficients of the  f i l ter   c loths   invest igated 
ranged from about 3.82X1Ow7 t o  6.46>C1Oa8 square inch i n   t h e  as-woven con- 
di t ion as compared with the desired value 0€'+0'~ t o  square  inch for 
transpiration-cooled  afterburner combustion-chaniber l iners .  Thus the 
applications of these wire ~10th~ i n  the aB-woven condition would require 
several  layers 'to obtain the desired flow reelstance. The data of ref- 
erences 2 and 3 indicated that the  required  flow  resistance and the cor- 
responding  permeability  coefficient might"be obtained with one layer of 
ro l led  wire cloth; however, the  permeability  coefficient was very semi- I 

t ive   to   var ia t ions in thickness. Although no consistent  significant dif- 
ferences were found between the permeability  coefficients of brazed and 

4 
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unbrazed ro l led   c lo th   in   re fe rence  2, it was f e l t  that heavier  applica- 
t ions of braze metal than  used i n   t h e  previous  investigations might make 
it possible  to  obtain  the  desired  range of permeability  coefficients  wfth 
smaller percentage  reductions in   or iginal   th ickness  by  the  rolling  proc- 
ess. Consequently, f o r  a given  tolerance  in  thickness,  the  percentage 
var ia t ion i n  to ta l   th ickness  would be reduced  and the uniformity of per- 
meability of large  pieces of wire cloth  should be improved., Simflar 
benefi ts  might a l so  be expected  from  the  choice of initially thicker 
weaves of wire cloth. 

Choice of Si lver  Solder 

In i t ia l   a t tempts  t o  depos i t   fa i r ly  heavy coats of braze metal t o  
reduce the permeability of wire cloth,  as woven, caused irregular  spot- 
t i ng  and sometimes complete  plugging of the   c lo th  due t o  nonuniform or 
excessive  deposition of braze  metal. EIowever, it w a s  found tha t  complete 
plugging  could be eliminated by lighter depositions, and that spotting 
was dependent upon the  uniformity of the  spray  technique and upon the  
f l u i d i t y  and wet tabi l i ty  of the brazing  alloys used. Five  compositions Of 
s i lver   solder  l isted i n  table I1 were therefore chosen for a brief inves- 
t iga t ion  of the ef fec ts  of t h e i r  fluidity and wettabi l i ty  on the uniform- 
i t y  of braze  deposition. 

A severe test was chosen as a check on the  effect  of f l u i d i t y  and 
wet tab i l i ty   o i the   un i formi ty  of brazed wire cloth'. The s i l v e r  Solders 
designated A t o  E i n  table I1 were sprayed four  coats  per side on cloth 
B and, af ter   f luxing,   the   c loth was dipped in to  a molten salt bath a t  
16W0 F (2060O R ) .  Solder E was also applied i n  varying amounts as a 
th in   pas te  mixture of powdered solder  and flux. The specimen brazed 
w i t h  solder A w a s  acceptable,  but specimens brazed with solders B t o  D 
were predominately  plugged  and  the  thicknesses of their brazed  coatings 
w e r e  nonuniform. All specinens  brazed  with  solder E were plugged. 
Therefore,  silver solder A w a s  chosen for   invest igat ing  the  effects  of 
brazing  and  rolling on the  uniformity and control of permeability of 
w i r e  filter cloth. Hereafter, it w i l l  be assumed that si lver   solder  A 
is referred t o  whenever silver solder  or  brazing i s  mentioned i n   t h e  
discussion of results. 

=feet of Solder  Application on the Magnitude 

and  Uniformity of Permeability 

The appearance of several  meshes of wire  cloth after spraying  and 
brazing i s  shown i n   t h e  photographs of f igures   9   to  12, taken at X15. 
The left photograph of each figure i s  front   l ighted and the photograph 
on the   r igh t  i s  back l ighted. Only cloth A transmitted enough ref lected 
back light t o  be photographed  under conibined f ront  and  back l igh t ing  
(fig.  9(b)) .  The deposition  of'brazing  alloy is believed  to be qui te  
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uniform  because of the  mechanical  accuracy  with which the  coats were 1. 

sprayed,  and  because of t he   f l u id i ty  of the  s i lver   solder  which produced 
an  evenly  "tinned"  coating. The  amounts of si lver  solder  applied by 
spraying were less than that required  to  cause a run-off of solder  into 
the  molten salt bath  during  the  brazing  process.-- The principal   effect  
of brazing on the  permeability of wire f i l ter  cloth is  i l l u s t r a t ed  by 
comparison of figures  9(c) and l ( c ) .  The individual   s t rands  in  each 
group of wires have been enveloped  and f i l le ted by the  si lver  solder,  
leaving the primary air-flow passages open. Heavier applications (more 
coats  sprayed  per  side) of solder produced more generous f i l le ts  (figs. 2 
10 and 11) and  reduced the  s izes  of the a i r - f l o w  passages. Any variation s 
in  the  apparent  size of the  passages i n  a given  piece of cloth, due t o  
normal weaving tolerances  and  the random twisting and crowding of indi- 
vidualwires i n  each group of wires, becomes exaggerated by each  succes- 
slve  coat of s i l ve r  solder (see f igs .  lO(b) and l l ( b ) ) .  I n  figure 1 O ( b ) ,  
one air passage  appears to be plugged  near the lower right corner (dark 
spot where l i gh t  should indicate an a i r  passage) w h i l e  several  large 
passages are evident,  along  the l e f t  side, by the  large  areas of ref lected 
light. An occasional dark spot is not serious and the absence of l i gh t  
does not always mean the  passage is  plugged. The passage may be open 
but the light  obstructed by 8 '%ridge"  such as appears t o  the let of 
center   in  figure Il(a).  The spotted  appearance of figure ~ ( b b )  indicates 
that four coats  per  side of cloth B i s  past  the optimum  amount of solder 
deposition  for  air-flow  uniformity on a microscopic  scale. Over a larger 
area, however, t h i s  material may be  considered fairly uniform. 

The denser weaves of f i l t e r  cloth plugged more readily because of 
i n i t i a l l y  smaller  air-flow  passages and greater  srqface area for  solder 
retention.  Cloth C was almost completely  plugged by three  coats of 
silver  solder  sprayed on only one side (fig.  12) .  The tendency for   the 
solder t o  form a uniform  coating was substantiated by the   fac t  that the 
specimen in   f igure  12 was w e l l  "tinned" on the back, which had  not  been 
sprayed with silver  solder.  

The uniformity of a i r  flow  through cloth B sprayed  with  three and 
four coats of s i lver   solder  per side is  s h m  i n  figure 13. For a con- 
stant  temperature and pressure drop across  the  cloth,  the weight flow 
of air per  unit area varied up t o  -16 and +23 percent from the  arithmetic 
mean flow for   the sample sprayed  with  three  coats of si lver  solder  per 
side  (fig.   13(a)),  and up t o  -10 and +16 percent  for  the sample given 
four  coats per side (fig.  13 (b) ) . The closer  air-flow  tolerapce  obtained 
with the latter sample is a t t r iba ted   to   the  smaller area  with  half  as 
mny  flow  determinations as for   the  sample given  three  coats  per  side. 

EXfect of Rol l ing  on Pressure-Drop  Parameter,  Permeability 

Coefficient,  Porosity, and Specific  Ueight 

The effect  of a 35-percent  reduction i n  clriginal  thickness of c la th  
B sprayea  with  three  coata of s i lver   so l tkr  per side is  visually indicated - 
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s 
by  comparison of figures 14(c) and 10 (b) . 

IC It should  be  noted  that  uniform  reductions in thickness  by  rolling 
produce  the same effect  as  successive uniform coats of silver  solder, 
that  is,  to  exaggerate  the  extremes  in  the  normal  random  variation  in 
flow areas of individual  air  passages.  For  example,  compare  figures  15(c) 
and 5(d).  One  coat of silver  solder  per  side of cloth E reduced 48 per- 
cent  in  original  thickness  appears  to  have  practically  closed 40 percent 
of  the  air  passages,  and  the  ratio of meximum to minimum flaw areas  for 

important  that the interstitial  openings  in a wire  cloth  as  woven  should 
be as uniform  as  possible. 

w 
8 
P individual  unplugged  passages  is seater than 50 to 1. Hence,  it  is 

n 
0 B 
(u 

I 
N 

Pressure-drop  parameter. - The  quantitative  effects  of  rolling  on 
the  pressure-drop  parameter of brazed  wire  cloth  are shown in  the  corre- 
lation  of  air-flow data reduced  to  standard  temperature  (fig. 16) for 
cloth B. The  spread  between  curves  having  the same nominal  reduction  in 
thickness is believed to be  the  combined  result of local  inftial  variation 
in  thickness  from  the  average  original  thickness  and  the  previously a s -  
cussed  exaggeration of air-passage  flow-area  distribution  by  brazing  and 
rolling. The latter  effects are especially  noticeable  for  high  reductions 
in  original  thickness  (fig. 16(a)). Reductions  in  original  thickness of 
40 percent or less  produced  total  variations of about 10 percent  in  air 
f l o w  per  unit  area for a given  reduction  in  thickness  in  figures  l6(a) 
and 16(b). 

The  effects of rolling  are mre obvious  when  the  curves  of  figures 
16(a) and  16(b)  are  cross-plotted  against  reduction  in  original  thickness 
(fig. 17). The  trends  were  similar  for  three and four  coats of silver 
solder  per  side  of  the  wire  cloth.  The  first l5 or 20 percent  reduction 
in  original  thickness  produced a slight  increase in the pressure-drop 
parameter,  because most of the  initial  reduction  in  thickness  Just  tended 
to  flatten  and  smooth  the  surface.  Greater  reductions in thickness 
caused  deformation  within  the  cloth  and  progressively  reduced  the flow 
areas  of  the  air  passages,  thereby  causing a more  rapid  increase  in 
pressure-drop  parameter. 

Permeability  coefficient. - The  decrease i n  permeability  coefficient. 
K with  -reduction  in  original  thickness  and  with  the  deposition of silver 
solder  is  shown  in  figure 18. The solid curves  are  for  cloth B sprayed 
with  three  and  four  coats of silver  solder  per  side.  The  dashed e w e s  
are  from  references 2 and 3, for brazed  20x200,  20x250, 20x350, and 
28x500 mesh  cloth.  The pemability coefficient was about 2.0~10'~ 
(log K = -6.7) -for  unrolled  cloth A with  two  coats of silver  Solder 
per  side  and  about 7.94~10'~ (log K = -7.1) and 2.88~lO'~ 
(log K = -7.541, respectively, for unrolled  cloth B with  three  and four 
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coats of s i lver   solder   per  side. The permeabili ty  coefficients for the 
latter two materials decreased  gradually  with  reduction in   o r ig ina l   t h i ck -  
ness up t o  about 40 pe rcen t , - a t  which point the permeabili ty  coefficient 
K was about   3 .98~0'9 (log K a -8.4)  and 10-9 (log K = -9.0) 
square  inches,   respectively,   for three and four coats of s i lver   so lder  
per side. The 1ower"rate change of permeabili ty  coefficient-   for  cloth 
B with  reduct ion  in   or iginal   thickness   than  for   the 20x200, 20x250, 
20x350, and 28x350 mesh c lo ths  i s  probably because the  irregularly  shaped 
air passages between the  surfaces  of adJacent  or  crossing  groups of wires l-l 

d id  not  deform i n   t h e  8- manner as the more regular ly  ehaped air pass- 
ages i n  the latter mesh cloths .  It is noteworthy that  the  increase  from 8 
three to   four   coa ts  of solder  per side of c lo th  B decreased the  permea- 
b i l i ty   coef f ic ien t   about  64 percent and  75 percent ,   respect ively,   for  0 
and 40 percent  reduction in   o r ig ina l   t h i ckness .  

Porosity. - The e f f e c t  of reduct ion  in   or iginal   th ickness  and of the 
deposit ion of s i lver   solder  on the porosi ty  of c lo th  B is  shown i n   f i g -  
ure 19.  Porosity decreased approximately  linearly with reduct ion   in  
or iginal   thickness  up t o  about 40 percent. The increase  from three t o  
four  coats of s i lver   so lder  per side lowered the  porosi ty  about 2.5 
points  over  the ~ a m e  range of  thicknesses. 

Specif ic  w e i g h t .  - The spec i f i c  weight of brazed wire cloth i s  of 
design  interest   and it  a l so   en te r s   i n to  the equation (8) for reduced  ten- 
s i l e  strength.   Figure 20 shows the effect of r o l l i n g  on the   spec i f ic  
weight of monel c lo th  B sprayed with three and four  coats of s i l v e r  sol- 
der A per side and brazed. The spec i f ic  weilght increased  almost  l inearly 
with  percentage  reduction in   o r ig ina l   th ickness ,   and   the   ac tua l   va lues  V 

are intermediate  between the values 0.130 f o r  moue1 c lo th  B as woven and 
0.3194 pounds per cubic  inch for solid monel. 

. 

Correlation of permeability coefficient and porosity.  - Inasmuch as 
the  permeability coefficient  and  porosity are both  functions of t he  
reduct ion  in   or iginal   thickness ,   cross-   plot  of f igures  18 and. 19 yields 
a character is t ic   curve  ( f ig .   21)   re la t ing  porosi ty  and the permeability 
coe f f i c i en t   fo r  each wire cloth.  Such character is t ic   curves  are use fu l  
f o r  comparing the  range of appl icat ion of various  porous materials. 
Characterist ic  curves  from  other  investigations of brazed wire c lo th  and 
for sintered  porous  atainless-steel   cowacts have been  included i n   f i g -  
ure 2 1  with the curves of this investigation. The trends of brazed w i r e  
cloth B are similar t o   t h o s e  for brazed 20x250 and 20x200 mesh wire c lo th  
(refs. 2 and 3).  For the same permeabi l i ty   coeff ic ients ,   the   porosi t ies  
of brazed  cloth B are higher than f o r  the 20~250 and 20x200 mesh cloths.  
For the same range of porosit ies,   brazed wire c lo th  had a greater range 
of  permeability  coefficient  than the s in te red  metal colqpacts invest igated 
in   r e f e rences  7, 8,  and  9. It i s  of i n t e r e s t   t o   n o t e  that fo r   t he  sa?ne 
l e v e l  of porosity, the permeabi l i ty   coeff ic ients   for   the  brazed  wire  
c loth were about one order of magnitude larger than f o r  the s in te red  
metal  compacts. 

9 
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Uniformity  and  Reproducibility of Brazed and Rolled Wire Cloth 

w 
0 cn 
P 

Twenty pieces of wire c lo th  B ( t o t a l  area,, 37.5 sq f t  ) w e r e  brazed 
and ro l led  under the same conditions,   for  fabrication  into  the porous 
cofiustion-chamber wall of an  experimental  afterburner..  Typical  results 
of tests for  thickness  uniformity  and  for  air-flow  uniformity  for one 
of these  pieces are presented  in  the  following  sections.  

Thickness  unifornrity. - The uniformity of thickness and of air-flow 
data with a 6- by  42-inch  piece of wire c lo th  €3 sprayed  with three coats 
of si lver   solder  per side and  reduced 35 percent in   or iginal   th ickness  
is shown i n  figure 22. The maximum varfation  in  thickness  (fig.  22 (a) ) 
across the width w a s  0.0003 inch,  and in   t he   d i r ec t ion  of ro l l ing  
j9.0003 inch  from  the arithmetic mean tuckness .  

Air-flow  uniformity. - With a constant temperature and  pressure 
drop across  the wire cloth,  the  weight  flow of air per unit   area  varied 
-25 t o  +18 percent  from  the  arithmetic mean air flow  per  unit of surface 
area (fig.  22(b)). 

A check on the  reproducibil i ty of several  pieces was determined 
from  surveys of the  pressure-drop  parameter  for  constant air  flow  along 
the longitudinal  center  l ines of the 20 s t r i p s  of brazed and ro l l ea  
c loth B. The pressure-drop  pazameter  corresponding to (pV), - PO of 

P 
0.001 pound per  second  per  square  inch i s  plot ted  against   d is tance  in  
f igure  23. The spread i n  preesure-drop  parameter shown can  generally 
be traced back t o  var ia t ions  in   thickness .  

The  number of occurrences of each  value  of the pressure-drop param- 
eter (rounded off t o  the  nearest  tenth) w a s  plotted  against  the respec- 
t ive  values of the  pressure-drop  parameter  (fig. 24) st a generalized 
w e i g h t  flow of 0.001 pounds per second per  square  inch, to   obtain  the 
normal distribution  curve of the  pressure-drop  parameter for   the  20 
pieces  of  cloth B, The pressure-bop  pmameter for 79 percent of proc- 
essed c lo th  was 3.25 k0.15. The corresponding mean air-flow  calibration 
curve is  shown i n  figure 25  bracketed  by  dashed l ines  representing the 
extremes for the material and the tolerances  for  79 percent of the  proc- 
essed material. From the curves  of figure 25, it can be seen that the 
extremes in  the.pressure-drop  paraneter, and  hence in  the  uniformity of 
permeabili ty  for  this material, can  produce loca l  extremes i n  flow rate 
from -40 t o  +55 percent of the mean weight flow per  unit  of surface 
area; however, 79 percent of the surface area had loca l  w e i g h t  flows 
within -20 t o  +25 percent of the mea11 flow  per  unit area. Undoubtedly, 
the  air-flow  uniformity can be improved somewhat by controlled  production 
techniques. One method of improving the  air-flow  uniformity would be 
t o  use  fewer  coats of s i l ve r  solder and l a w e r  reduct ions  in   or iginal  
thickness fo r  applications that can u t i l i z e  a permeability  coefficient 
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higher than  l X 1 0 ' 8  square  inch. In those  applications  requiring a high 
pressure  drop  across  the  porous w a l l ,  together  with high air-flow uni- 
formity, it might be preferable   to  use several  layers of wire cloth  with .. 
l ighter  applications of s i lver   solder  and  lower reductions in   thickness  
than to   obtain  the s8me pressure drop with one layer of lese  permeable 
wire  cloth. Close tolerances  in  air-flow  uniformity  can also be  obtained 
by selection where small pieces are required. 

Effect-of  Oxidation on Permeability of 
I 4  Ln 
0 
M 

Brazed  and  Rolled Wire C l o t h  

The limiting  service  temperature  for  brazed and rol led wire cloth 
is  determined by the  strength  at  elevated  temperatures and by the  tend- 
ency of oxides of the  brazing  alloy to  partly  plug  the air passages 
through the  cloth.  The effect of oxide formation i s  shown in  f igure 26 
fo r  specimens of cloth B sprayed  with  three  coats of silver  solder A 
per side, brazed and reduced 35 percent  in  original  thickness. These 
specimens were heated up t o  7 hours i n  s t i l l  air at temperatures from 
1060' t o  1560° R ( 7  hours of afterburning  operation is approximately 
equivalent t o  about 75 t o  150,hours of f lying time at subsonic  speeds). 
The r a t i o  of the pressure-drop p a r e t e r  after heating  to i t s  i n i t i a l  
value  increased  almost  linearly w i t h  time of heating. After 7 hours, 
the  pressure-drop  paramter had increased  about 1.5, 1.0, 3.5, and 7 per- 
cent,  respectively,  for specimen temperatures of 1060°, 1260°, 1460°, 
and 1560° R. It i s  believed  that   with  further  research  si lver  solder 
could be replaced by an  alumfnizing  process  or by a ceramic coating = 
that would practically  eliminate  oxidation problems  from the considera- 
t ion  of maximum service  temperature  for  coated  wire  cloth. 

* 

Tensile  Strength 

Figure 27 shows the  effect  of rolling on the ultimate t ens i l e  
strength, at room temperature, fo r  moue1 cloth B sprayed with three 
coats of s i l ve r  solder A per side and brazed. The ult imate  tensile 
strength u was about 25,000 pounds per  square  inch of as-woven area. 
Rolling t o  a 42.5-percent  reduction in  thickness  increased the ultimate 
tensile  s-trength 30,000 pounds per s q w e  inch. The reduced  ultimate 
tensile  strengths a* were about 49,000, 64,000, and 74,000 pounds per 
square inch,  respectively, f o r  reductions of 0, 35> and 42.5 percent i n  
original  thickness. These tensile  strengths  could be increased 15 t o  
20 percent by using .. AIS1 type-304 s ta inless  steel. 

" 

The ultimate  tensile  strengths for specimens of monel wire  cloth B 
a t  equilibrium  temperatures up t o  1 0 O o  F (1460' R )  a r e  shown i n   f i g -  
ure 28. The coating of silver  solder  contributed-only  slightly t o  the 
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t ens i l e  strength of the wire cloth. Cold work, caused by ro l l ing  
t o  a 35-percent  reduction in   o r ig ina l   t h i ckness ,   app rox j t e ly  doubled 
the ultimate t ens i l e  strength over the as-woven condition up t o  tempera- 
tures of about 7500 F (1210° R ) .  For higher temperatures, the strength 
of the brazed  and ro l l ed  sample decreased  rapidly so  t ha t  at a temperature 
of 1000° F it was only  1.23 times as strong as the  woven sample. The 
reduced ultimate t ens i l e  strength of the  brazed  and r o l l e d  c loth was 
s l igh t ly  greater than  for  the gs-woven condition up t o  about ?So0 F 
(1210° R), at which point the reduced t ens i l e  strength of the  brazed and 
rol led  c loth started t o  decrease more rapidly  than that fo r   t he  as-woven 
cloth.  For  the as-woven, brazed, and  brazed-and-rolled wire cloth, the 
reduced tensi le   s t rengths  at 10oOo F (1460' R) were, respectively,  about 
43,000, 31,000, and 31,000 pounds per  square  inch. The corresponding 
reduced tensi le   s t rengths  at room temperature were about 56,000, 49,500, 
and 64,000 pounds per  square  inch. 

Several specimens from one piece of m n e l  wire cloth B were sprayed 
with three coats of si lver  solder  per side, brazed,  and  reduced 42.5 
percent  in  original  thickness;  they were then  heated 7 hours i n  s t i l l  
air. The ultimate tensi le   s t rengths  a t  room temperature, after heating 
at elevated temperatures, are shown i n  the following table: 

Temperature 
strength, of specimen 

U l t i m a t e  t ens i l e  

"-1 ps i  Q, 

75 54,750 535 

800 

1000 

52 100 1260 

47,050 1560 ll00 

42,900 1460 

Reduced ultimate t ens i  
strength, 

psi 
Q',  

74,100 

70, 500 

58,050 

63,700 

The annealing  resulting  from  the 7-hour exposure at 1000° and llOOo F 
caused  corresponding  reductions of about 22 and 14 percent i n   t h e  ultimate 
tensue   s t rength .  

Fabrication Techniques  and Operational  Experience 

The twenty 6- by  45-inch  pieces of monel c loth B sprayed wtth three 
coats of silver solder A per side that were brazed  and  reduced 35 percent 
in   or iginal   th ickness  were fabr ica ted   in to   the  porous conbust ion-chder  
w a l l  of an  experimental  transpiration-cooled  afterburner  (fig. 29). 
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Each piece  of-cloth was trimmed and formed into  tapered  longitudinal 
channels 3.5 t o  4 inches i n  width  by 41 inches i n  length. The channels 
were at tached  to   the  s t ructural  cooling shroud by means of stainless- 
steel angle  str ips  (f ig. '50) that were spot-welded t o   t h e  wire cloth 
channels. I n  operation,  the  pressure drop across the wire cloth caused 
the channels t o  bulge  inward i n  a catenary curve. This construction 
successfully withstood pressure differences  across the cloth as high as 
I1 Inches of mercury st cloth teqeratures up t o  lo000 F (1460' R). The 
porous w a l l  of wire cloth  vlthstood  repeated  engine and afterburner 
starts and the usual pressure  amplitudes  and  frequencies of %orma1 
steady-state"  eXterburning.  Figure 31 shows the appearance of' the   c lo th  8 
channels a t  the  conclusion of an  investigation of the cooling  performance, 
during which 4 hours and 10 minuses of afterburning time was accumulated 
a t  fue l -a i r   ra t ios  between approxim&ely 0.030 and 0.050, The wire-cloth 
conibustion-chaniber w a l l  was s t i l l  in  serviceable  condition. The Ughter- 
colored areas of wlre cloth were almost l i k e  new, and the  darker  patches 
showed the ef fec ts  of gradual oxidation of the s i lve r  solder. 

rl 
LD 

Cold working, caused by rol l ing t o  a 35-percent-  reduction i n  orig- 
inal thickness and by  the  1/8-inch-inside-rads bend along  each side 
of the channels,  caused some of the warp wires t o  crack st the bend. 
These cracks were discovered after the first 15 mfnutes of afterburning 
and were successfulu  repaired by silver  soldering. 

An experimental  investigation was made of the  permeability and 
air-flow uniformity of wire f i l t e r   c lo th   fo r   app l i ca t ion  of transpiration 
cooling to  afterburner cortibustion-chamber walls. The permeability coep- 
f i c i en t s  f o r  f i v e  meshes of wire f i l ter  c lo th   i n   t he  as-woven condition 
and f o r  one mesh after brazing and ro l l ing  were a s  follows: 

Cloth 
hsignation 

Mesh 

20x57 
21x70 
2 1x81 
20x85 
36x38 
21x70 

21x70 

21x70 

21x70 

Condition of cloth Reduction i n  
or iginal  

thickness, 
percent 

As woven 

0 As woven 
0 A s  woven 
0 As woven 
0 A s  woven 
0 

Brazed, 3 coats of s i lver  0 

Brazed, 3 coats of s i lve r  40 

Brazed, 4 coats of s i l ve r  0 

Brazed, 4 coats of s i l ve r  40 

solder  per  side 

solder per side 

solder per side 

solder  per side - 

Permeabilit: 
coefficient 

sq in .  

3.82 >cLO'7 

1. 26X10'7 
6.46 KLO'8 
9. 88X10'8 
7. 94X10'8 

1.64~10'~ 

3 . 9 8 ~ 1 0 - ~  

2. 88x1Om8 

10-9 

.. 
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The table indicates   that   permeabi l i ty   coeff ic ients   in   the  desired 
range of about t o  square  inch  for  transpiration  cooling of 
afterburner conibustion-c-r walls can be obtained by coniblned brazing 
and  rolling.  Increases from 64 t o  75 percent fn the permeability  coef- 
f i c i e n t  of c loth B were obtained by an  increase  from three to  four   coats  
of si lver  solder  per side. 

The following  results w e r e  obtained  from monel wire cloth B tha t  
w a s  brazed after having  been  sprayed  with three coats of s i lver   solder  
per side: 

Thickness variations due t o  rol l ing  tolerances w e r e  about *0.0003 
inch. These var ia t ions   in   th ickness ,   in   conhina t ion   wi th   in i t ia l  non- 
uniformities in  the  air-flow  passages  through  the wire c lo th  as woven, 
were largely  responsible  for  localized  variations  in  air-flow  uniformity 
within a given  piece of brazed  and  rolled wire cloth. Over a t o t a l  area 
of 37.5 square feet of c lo th   ro l l ed   t o  a 35-percent  reduction in   o r ig ina l  
thickness, 79 percent of the   c lo th  had air flows -20 t o  +25 percent of 
the mean air flow per  unit  area; however, there were localized extreme 
variations of -40 t o  +55 percent of the mean air flow  per  unit area. 

The  e f fec t  of oxidation of the  s i lver   solder  on the  pressure-square 
difference per unit   thickness  A(p2)/~,  was found to   vary almost l inear ly  
with time of heating i n  s t i l l  air. The increases   in   A(p2}b after 
7 hours at 1260°, 1460' and 1560' R w e r e  lJ 3.5, and 7 percent, 
respectively. 

The e f f ec t  of ro l l ing  on strength was such t h a t  a decrease of 42.5 
percent in  original  thickness  increased the ultimate tensi le   s t rength 
30,000 pounds per  square  inch above the ultimate tensi le   s t rength of 
25,000 pounds per  square  inch  for the unrolled  cloth. The short-time 
ultimate tensi le   s t rength a t  a temperature of looOo F (1460° R) ,  f o r  
c l o t h   r o l l e d   t o  a 35-percent  reduction in   or iginal   th ickness ,  w a s  about 
23,000 pounds per  square  inch. 

An experimental  afterburner  having a poroua conibustion-chantber w a l l  
fabr icated  f rom-5razedand  rol led wire cloth was s t i l l  in   serviceable  
condition after 4 hours  and 10 minutes of afterburner  operation at fue l -  
air r a t io s  from about 0.030 t o  0.050. 

L e w i s  Flight  Propulsion  Laboratory 
National  Advisory C o d t t e e   f o r  Aeronautics 

Cleveland, Ohio, August 27J 1953 



18 NACA RM E53H24 

A 

a 

c1 

c2 

F 

f 

f 1 9  

g 

K 

L 

P 

APPEWDM - mMBoLs 
The  following Bymibols are used in this report: 

f2 

N P 2  1 
R 

T 

V 

W 

X 

Y 

U 

P 
CI 

P 

surface area, sq in. 

cross-sectional  area, sq in. 

ag/2p, sec-2 

porosity,  dimensionless 

functions 

gravitational constant, in./sec 2 

permeability  coefficient, sq in. 

length,  in. 

static  pressure, lb/sq in. &E 

gas  constant  for  air,  in. /si 
static  temperature o m r ,  OR 

velocity,  in./sec 

weight, 1% 

direction  perpendicular to r o l l i n g  o r  direction of warp wires 

direction  parallel to rolling,  or  direction of woof wire 

viscous  resistance  coefficient,  -in.-’ . .  . 

inertlal  resistance  coefficient, in. -1 

absolute  viscosity of air,  (lb)(sec)/sq  in. 

weight  density of xtz or specsic weight of specimen, III/CU in. 

l-i 
u3 
0 m 
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w 

P 
8 

a tensile strength, psi  

a t  reduced tensile s t rength,   ps i  

7 thickness of porous material, in .  

Subscripts: 

a cooling air 

b braze a l loy  

C c loth as woven 

W a l loy  i n  wire cloth as woven 

0 a t  RACA standard  temperature, 518.4' R 

M 
0 

t t o t a l  
B 
E? 

1 high-pressure  side of porous material 
r i  u 2 low-pressure side of porous material 

. 
REFERENCES 

1. Koffel, William K.: Preliminary  Experimental  Investigation of Trans- 
p i ra t ion  Cooling for  an  Afterburner  with a Sintered, Porous Stain- 
less Steel-Codustion Chaniber-Wall. NACA RM E53D08,  1953. 

2. Eckert, E. R. G., Kinsler,  Martin R., and Cochran, Reeve8  P.: Wire 
Cloth as Porous h t e r i a l  for Transpiration-Cooled Walls. NACA 
RM E5lH23,  1951. 

3. Donoughe, Patr ick L., and McKinnon, Roy A.: Experimental  InvestFga- 
t i on  of Air-Flow Uniformity and Pressure  Level on Wire Cloth f o r  
Transpiration-Cooling  Applications. NACA RM E52E16,  1952. 

4. Green, Leon, Jr.: Fluid Flow Through Porous Metals. B o g .  Rep. 
No. 4 - U ,  Jet Prop. Lab., C.I.T.,  Aug. 19,  1949. (Ordnance Dept. 
Contract No. W-04-200-ORD-455.) 

5. Bartoo, Edward R., Schafer, Louis J., Jr., and  Richards,  Ehdley T.: 
Experimental  Investigation of Coolant-Flow Characteristics of a 
Sintered  Porous Whine Blade. NACA RM ESlK02,  1952. 



20 - NACA RM E53H24 

6. Marks, Uonel  S.: Mechanical Engineers' Eand Book. Fourth ea., 
McGraw-Hill Book. Co., Inc., 1941, p. 122. 

7. Reen, 0. W., and Iknel, F. V.: Production of Porous Metal Compacts. 
Bi-Monthly Prog. Rep.  No. 8, period ending Aug. 6, 1951, Powder 
Metallurgy Lab., Rensselaer  Polytechnfc  Inet., Troy (R.Y.). (Navy 
Res .  Contpct  Noa(s 1 ll.022. 

8 .  Grinthal,  Robert D., Bradbury, John C., Mott, Lambert H., and Cometock, 
Gregory J.: Navy Project  for  Investigation of Porous Material from 
Spherical Metal Powders. Bi-Monthly Prog. Rep. Bo. 6, Aug. I, 1951 - 
Sept. 30, 1951, Ind. Fellowship Div., Powder Metallurgy Lab., Stevens 
Ins t .  Tech., Hoboken (N. J.).. (BuAer Contract ROas-51-185-c.) 

9- H i l l ,  M., Reen, 0. W., Vermilyea, D. A., and h n e l ,  F. v.: Production 
of Porous Metal Compacts. Bi-Monthly Prog. Rep. No. 3, Powder 
Metallurgy Lab., Rensselaer  Polytechnic  Inst., Troy (N. Y.), kt. 6, 
1950. (Navy Hes. Contract  Noa(s) 11022.) 

. 



.. . 

I , 3051 ’ 

15 180 ,007 

I eo ,011 

T 

I I I I I v 



Solder 

A 

B 

C 

D 

E - 

T I Silver Copper 

49-51 14.5-16.5 

49-51 14.5-16 5 

59-61 24-26 

64-66 19-21 

71-73 27-29 

percent 
zinc 

14.5-10.5 

13.5-17.5 

13-17 

13-17 

-"""" 

Other8 

3admium, 
17-19 

hdmLm, 
15-17 

Kickel, 
2.5-3.5 

"""" 

"""" 

"""" 

l- 

u.qulau, 
OF 

ll75 

1270 

1325 

1325 

1435 

ll75-1400 

1270-1500 

1325-1550 

1325-1550 

1435-1800 

specific 
weight, 
lb/cu in. 

0.343 

-"" 

""_ 
""- 
""- 

vs-7 

N 
N 

I 

.I 

! 
3051 



. . . . .. . . . . . .  . . . .  

L e 

I 

3051 I L 

i 

N w 



... . .  

TSOS ’ 
.. .  .... . 



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

cz-4 

_. .. . .. . . .  . . . I 

3051 I x 

. .  . 



N m 

. .  



- .. . 

I 

.. .. . . . .. 

3051 

P 
F 

I 



28 NACA RM E53H24 

Figure 6. - Setlap used for spraying wlre nloth w3th silver solder. 

1 

w 
0 
VI 



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

I I 

. . . . . . . . . . . ... . . . .. . .. 
- 1  

3051. I 

. .  
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Cloth 
designation 

0 
0 

E 

0 
A 
B 

A C 
V D 
” 

4 -  

3 

2 

/ 
1- 

O.oo04 .a 

wlre cloth 
Mesh of 

36x38 
m 7  
2w70 
21x81 
20x85 
2oxzoO 
(ref. 3) 

Origiral thickness 
of cloth as wven, 

‘c, in. 
0.0340 

,0363 
A405 
.a45 
.a35 
.0307 

PermeabiUty 
coefficient, 

sq in. 
9.88)(10-8 
3.82XlO-7 
1. -0-7 
1 . 2 ~ 0 - 7  

5.01x10-~ 
6.46X10-8 

w 
0 

Generalize& weight flow per unit area, (pV), ”. lb/(sec)(sq in.) 

Figure 8. - Correlation of a i r - f l o w  data reduced to standard tempemtun for sever81 

v ’  

weaves and nreahee of wire cloth aB %oven. 
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B i g w e  12. - m t  view of 010th C w i t h  three ooata of silver aolder A on one 
aide and brazed. Average thiolmsae brazed, 0.045 Inoh3 Xl.5. 
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Generalized weight flow per unit area, (pV), T, lb/(sec)(sq in.) 

(b) Sprayed with f o u r  coats of ai1ve.r solder A per. aide. 

PO 

Figure 13. - Concluded. Uniformity of a i r  f l o w  through brazed 
cloth B. Unrolled. 
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knera l i zed  veight f l o w  per unit area, (pv), f, lb/(sec)(sq in.)  P 

(b) Sprayed with four  coats of s i l v a  solder A per side. 

Figure 16. - Concluded.  Correlation of air-flov data reduced to standard temperature for cloth B brazed a d  rolled. 
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Reduction in original thickness, percent 

Figure 17. - EFfect of ro l l i ng  on preseure-dmp parameter of wire cloth B sprayed 
vikh several coats of silver  solder A and brazed. Original thickness m e r  
brazing, 0.042 to  0.043 inch. 9 P 
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c 

Figure 18. - E f f e c t  of rolling and deposition of brazing alloy on 
permeability  coefficients of several meehes of xire cloth. 
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Reduction in original  thickness,   percent 

Figure 19. - Effect  of r o l l i n g  and deposition of e i lve r  solder A 
on porosi ty  of wire c lo th  B. 

Reduction in original thickness,  percent 

Figure 20. - Effect of r o l l i n g  on spec i f ic  weight of m n e l   c l o t h  B 
sprayed  nLth silver solder A and brazed. 

43 
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1 Unexcelled powder, ATSI type SOZ (ref. 9) 

3 -100+200 mesh, Bardy, AISI type 302, sintered metal compact (ref. 9 
2 -am25 mesh, Hardy, AISI type 302,  sintered metal compact (ref. 9 

4 -100+200 mesh, VA, AISI type 316 CB (ref. 7) 
5 -150+200 mesb,(colne8), AISI m e  301 (ref. 8 )  
6 Cloth E, 4 coats of silver aolk pm side, hraxed 
7 Cloth By 3 coats of silver solder per side, bre,8ed 
8 2CDc250 mesh, b r a r d  (ref. 2) 
9 x l ~ 2 0 0  meah, brazed (ref. 3) 

PermeabiUty coefficient, R, sa In. 

Flgure 21. - Coqm-ison of poroeity and permaabillty coefFlclent for b m e d  v l r e  cloth and Boma elntered metal 
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. 

1 
I 

.029 

.027 

.029 

-027 

.029 

.027 

e 
.029 

P 
4 m 
m 
-$ .027 

m 

' .029 
-027 

.029 

.027 

- Distance in direction  perpindiculsr to rolling; x, in. 
(a) Thickness measurements. 

F i g u r e  22. - Wckness meanurements  and  air-flow  data of wire  cloth B 
sprayed  with three c a t s  of silver solder A per side, brazed, and 
rolled. Reduction in original thickness, 35 percent. 
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I- 1.5" 

1 
, 0 0 4  

. 

. 
Figure 22. - Concluded. Thicknees measurements and air-flow data of wire cloth B 

sprayed with three c m t s  of silver.solder A per side,  brazed, and rolled. Reduc-. 
tion in original thicknese, 35 percent. 
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3.6 

2.8 

3.6 

2.8 

3.6 

2.8 

3.6 

2.8 

3.0 

2.8 
Distance from l e f t  selvage, in.  

Figure 23. - Longitudinal  variation of pressure-drop parameter along 
center line of twenty 6- by 45-inch piecee of b r a z d  and rolled Kfre 
cloth B. Number of coats of s i lver  mlder per side, three;  original 
thickness, 0.042 inch; reduction in original  thickness, 35 percent; 
generallzed w e i g h t  f l o w  per unit area, 0.001 pound per second 
per  square inch. 
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Figure 25. - Mean air-flow calibration f o r  wire filter cloth B sprayed with three 
coats of silver solder A per side and brazed. Reduction in origlnal  thickness, 
35 percent. 
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1.1 

1.0 
0 1 2 3 4 5 6 7 

Accumulated time, hr 
Figure 26. - EWect of duratlon a t  several temperatures i n  an oxidizing atmosphere on 

pressure-drop  parameter of brazed and rolled wire cloth B. Number of coats of sil- 
ver solder A per  side,  three;  reduction in original thickness, 5.5 percent;  generalized 
weight flow per unit area, 0.001 pound per eecond per square inch. 
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Reduction in origfnal  thickness,  percent 

Figure 27. - Effect of rolling on ultimate tensile strength of 
monel wire cloth B sprayed wtth three coats of s i lver   solder  A 
per side and  brazed.  Original  thickness of brazed  cloth, 
0.0421 inch. Specimens pulled parallel to   weake r  number of 
wires a t  room temperature. 
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Conditfon of wire  cloth  Thickness, z, heduction i n  
in.  thickness, 

percent 
As woven 0.0#5 0 
Sprayed wfth three ,0421 0 
coats of solder A per 
side and  brazed 

coata of s i l v e r  801- 
der A per side, brazed, 
and ro l led  . .  

Sprayed with three .0274 35 

1200 
Temperature, ?F 

1 I I I I I 1 I I 
500 1000 - . 1500 

Temperature, %" 

Figure 28. - E f f e c t  of temperattjre and treatment on ult imate  tensile  strength 
of monel wire  cloth B. Specimens pulled parallel t o  greater number ofwires.  
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