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HARRIS RESEARCH LABORATORIES : 1
1246 Taylor Street, MW,
Washington 11, D,C. i
Report No, 2 '
Quarter Ending December 25, 1951
THE EVALUYTICON OF EXPZRIMENTAL FABRICS AS
ALTERNTES FCR STAIDARD WOOL FABRICS
Contract Wo. Di-A4-1C9-qm-56L
Project No, 93-10-014, Nevelopmant
of Altermate Fabricito Conserve 'Jool,
% o Hermian (Bojoty wng Mavmon €5, M ctoes '
SUFMARY
1. The thiekness-pressurs relationships for a group of 21 serge constructions
and 5 coverts have been determined in the pressure rangz 0,202 to 0,1 1b/in2
both in the¢ air dry and imthe moist condition, The all-wool fabrics tend to
be thickaer than the blerids, although napping of th: blonded fabries is useful
in increasing their thickness, The Crlon, Dacron and Dynel blends (305
synthetic) are sirilar in compressional resilience to the corrcsponding
all-wool serge, while the all-cotton and all-nylon screges are lower in
compressional resilience when the measwements are madc dry. The resilience
of the all n.ylon serpa in the wet state, however, is greater than that for the
other mterials, The use of viscosc in blending with wool tends to givs a
fabric of lower resiliesnce and hisher compreszibility, espccially when wet, &
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It is emphisized that methods of manufacture as well as fiber content influence

- eompressional propertics, since a group of all-wool scrges exhibited considerabl

differences among themselves,

2, A general equation, t =a + b s in which t = thickness, p = pressure

and 3, b and ¢ are constants is :;:wn to describec the thickness-prcssure
relationships for a variety of materials over a wide range in pressures, The
constants are of potential utility in characterizing fabrics,

3, Longitudinal wicking tests have becn mide on 1 series of blended fabrics
and on a group of all wool fabrics of varying constructions, In general, the
int roduction of A non-wool component was found to decrease the wioking times,
the values for viscose and acetate blends being notably reduced as comparecd
with the allewool fabric, On the other hand, a group of nll-wool serges mde
by different manufacturers exhibited a wide range in rates of wicking, so that
fiber composition of itself is not the only factor in determining this property
Napping was found to decrease thé wicking time. The use of fine yrrns and
especiilly high y~rn twist was found to increase the wicking rate, and fabrics
with denser textures also wicked more rapidly., Preliminary results on a
transverse wicking test are prescnted,

L, Methods 3::e described for evaluating the surfacc contact of fabriés;
im?olving 1) visual examination of a folded fabric edge and 2) the rate of
cooling of 2 warm metal disc in contact with the cool fabric. The latter test
has been analyzed to determine whether a specific numcrical evaluatioi: of
surface character could be obtained, It is shown that an estimte of the

number of surface fibers miy be obtained if the thermal conductance of the
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fiber substance is lmown,

5. The thermil rosistance of a group of altermite serges and coverts. has .«
been measured at thicknessss corresponding to 0,002 and i.O lb/inz. ,dt

low pressures all of the samples were ldentical in thermal resistance per
unit thickness, At 1.0 lb/inz, however, diffcrences in therml resistance
could be noted, For the particular fabrics studied, the addition of v;.scose
and of Chemstrand to thc blend resulted in fabrics of relatively low specific
therml resistance. HMNapping was cffecetive in raising the specific resistance

of some blended scrges., The all-cotton a1nd all-nylon serges were lower in

specific thermal rcsistince than any of iii2 other fabrics studied,
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DETAILS

I. Thickness -~ Pressure Relationships

A, Introduction

It has been cleariy established thét the thickness of a fabriclis
of importance in its thermal resistance; the nature of the surface, the
height of the surface hairs and the compressibility certainly play a part
in tactile impressions of a fabric as well as in service behavior, It is
for these reasons that much attention has been given to the thickness-

pressure relationships of fabrics. While there are certain difficulties

in this problem inherent in the nature of the thickness- pressure relationship

"and in the inability to specify clearly the boundaries of a cloth, it was

e —————S e

considered desirable to studyr the compressional behavior of alternate
""j fabrics in view of its role in our subject.

| It is proposed in the next sections of this report to discuss the
unan;hg of compression measurements in the general case, to -eport some
data obtained with the Schiefer compressometer on an array of expe;imental
blended fabrics (serges and coverts) and to suggest a simple thickness-
pressure relationship descriptive of fabric behavior over a wide range
of pressures,

q B. General Considerations and Definitions

It is desirable at the outset to consider what takes place during
the course of fabric compression. As th; presser foot moves towards the
fabric, pressure against the foot begins to develop as the first long
‘surface fibers make contact. This "defines" the thickness at very low
pressures, As the pressure increases there is a relatively large decrease
in thickness as more fiber contacts are made with relatively small pressure T

increments. During this increase in pressure to slightly Higher values,

-l

_pe




JIMTEDAGE PROIHEHT

buckling and bending of the fibers océurs. “hen the pressure is of the order
of 0,1 -1,0 lb/in2 most of the surface hairs are fisttened and the thickness
changes that ensue with further increase in pressure are ﬁuch smaller: these
may be due to compression of yarns and bulk fabric and to flattening of fiber
and yarn crimp, With a view to analyzing the compression behavior of a.
fabric in terms of its fiber composition and construction, it may be fruitful
therefore to distinguish two broad pressure regions; 1) Below 0.1 lb/inz, in
which the surface fiber effects are pronounced and in which such factors

as the number of surface fibers present, their diameter, height of the surface
nap and the stiffness of the fibers enter, and 2) Above 0.5 - 1,0 1b/in?

in which the bulk fabric and yarn construction play a more important role

in resistin~ compression,

Consideration of the use condition indicates that information with
respect to the low pressure rerion is of great interest. Thus a fabric
weighing 12 oz/yd2 exerts a "self-pressure" of only -,0006 1b/in2; this
is about one-third the minimum value obtainable with the Schiefer instrument
and many times lower than the usual 1 1b/in2 test cundition. Of course,
in garment assemblies and at pressure points e.g. elbows and knees, the
pressures may increase to many times the low value. Nonetheless for a
great many conditions of use and for evaluation of the tactual character
of fabrics, studies of the low pressure region are indicated. It is not
intended to gloss over the importance of obtaining data at higher pressures
as well, .Thus a man in a sleeping bag exerts an average pressure of the
order of 1 1b/in? on the fabrics beneath him and vhen he is sitting or
kneeling, the pressures exerted are considerably greater, At this time,
however, much of the subsequent data will deal with thickness measurements

made at pressures ranging between 0,002 1b/in? and 0,1 1lb/in?,

-3-
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Before proceeding to the data on selected alternate fabrics, it

-
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may be helpful to define some of the parameters which one can obtain
from the thicicness data and to indicate what effects might bg expected
as a consequence of varying the nature of the f:;bric surface, In

. Table 1 are sketched thicitness pressure curves of two hypothetical
fabrics, compressed over a relatively small range in pressure. For
simplicity they are assumed to be equal in thickness at the lowest
pressure, the curves are drawn as straight lines over this range

and values of the compressibility may be obtained from the difference

in thickness at the two pressures. Since the work of compression is
determined by the areas under the curves projected on the t axis, it

will be seen that the work of compression is also proportional to the

N difference in thicknesd:at the two pressures, With reg.ard'to the two Nypo-

\

thetieal fabricg;:sampla-I would-exhibit low valucs of compressibility and of
work of compression; it dould be firm and hard comp').red with the soft,
comprussible ‘ample II, *

Included in this table are some of the possible surface characteristic s

which might be associated with the cnmpressional behavior of fabrics
I and II in the low pressure ranpe, Thus the firm sample I might be
made from a hich modulus fiber, of high denier, It would be closely
sheared and pressed and might be mide of long staple fiber in a hich
twist yarn so that there were few fiber ends projecting from the yirn;
another possibility for producing a fabric of this character would be
to mke a dense cut pile fabric with uniform but not too greav pile
height, Fabric II 'on the other hand might be mnufactured from low
modulus fibers of small diameter and short staple in a low twist yarn;

[ the fuzziness might be emphasized by brushing or napping.

TS
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C. Measurements of Fabrics

Thickness measurements at pressures rapging from 0,002 to 2,0 1b/in?
were made using the Schiefer compressometer, To encompass this range
with the same spring, two sizes of presser foot were employed; a 5-inch
diameter foot bo cover the range 0,002 to 0,1 1b/in? and a l-inch foot
covering the range 0,1 to 2.0 lb/inz. As indicated previously, most of
the discussion in this section of this report will deal with the lower
range. In passing, however, it is noted that differences among fabrics
are much smaller at the higher pressures. Tests were mide on air dry
fabrics which had been laundered and conditioned at 657 relative humidity
at 70°F, Preliminary reasurements were also made on wet fabrics con-
taining 15 percent water based on the conditioned weight. This test
condition was chosen rather arbitrarilyto simulate a moist but not
drippingbwet condition which was readily obtainable and fairly stable
for the duration of the testing period.

The results of dry and wet measurements of some blended serges and
coverts are given in tables 2 and 3, respectively. Included are data
on the compressional resilience (calculated as described by Schiefer),
the total compression between p = 0,002 and p = 0.1 1b/in? and the
thickness at the lowest pressure, In line with the discussion in

section B, it should be recalled that the total compression (or difference

in thickness between these pressure limits) is related to the compressibilit




The effect of blending 30 percent of 1 synthetic fiber with wool is
seen in comparing the serges in group A, all of these being mde by a single
minufacturer, The a1l wool fabric, 745 ~nd the blends contiining Orlon and
Dacron are similar in compressional resilience both dry and wet, The
resilience of swmples 746, 747, ind 748 tends to be lower thin the others
in the group. The lower resilience of the vi.scose olends especinlly wfxen wet
is not unexpected in view of the known wet pruperties of the viscose fiber,
It can alsc be seen that the thickness of the all wool serge 745 is greater
than any of the other group A scrges; the second t!.wickest sample is the
viscose blend, 746, It is of interest that both of thess fabrizs exhibit
the greatest amount of shrinl:ag: in laundering and it is probable that their
thickness is 1 consequence of the felting behavior of these fabrics. The
results for total compression of these two fabrics indicates that they are
softer, fuzzier and more easily compressible than the other fabrics in the
group. |

The serges in group B illustrate the effect of napping, the last three
members of the group being iden'cicn..l with the first three except that they
are napped on one side; s.mmple"i’LS is the ppropriate all wool control for
comparison, The thrce unn~pped blended fabrics ~re thinner and less compr-ss
ible than th;a all wool material although the compression resilience is
comparable, Of the three, however, the blend containing 30 psrcent Vieara
is softer in handle and the highcr value of total compression (equivalent to
greater compressibility) is in agreement with thre suhlective evaluation,
Napping incre~ses the thickness and compressibility so timt the fabrics
become more nearly like the wool control in these respects, The resilience

values, however, eSpecially dry are decreised by this operation, That the
wet resilience of the ternary blends, whether napped or unnipped is as high

13 it is m1y be due to the presence of the nylon which 1s is shown later

exhibits good wet resilience properties,




The samples in group C comprise 3 non-wool fabrics in a serge

construction. The nylon serges exhibit lower values of comjressional
resilience in the dry state than the fabrics containing substantial
amounts of wool and the resilience of the cotton serge is even lower.
This is in agreement with other data from these liboraicries comparing
similar fabrics and is consistent with experience. The rompre:sional
resilience of the wet nylon serge is, however, as good or better than
the dry and the former is larger than that for the wool blends,

A series of 11l wool serges, group D, fabricated by different mills
was also included in these tables to illustrate that methods of
minufacture and finishing could also effect the compressional behavior
appreciably. The compressional resilience of the fabrics in group D
and of 745 are similir but the thickness and total compression differ
mrkedly., Samples A and 13, for example, are quite different in
handle, the former being firm and "hard finisk;ed" even after laundering
and the latter exhibiting a fuzzy, hairy surface; these two samples are
used subsequently in this report to illustrate differences in surface
character, The data for the fabrics in group D indicate that caution
must be a;:plied in ascribing differences in fabric behavior only to
the type of fiber present., It is clear that methods of mnufacture
(the effect of mapping in group B is also a ease in point) may exert
a profound influence on thc fabric behavior irrcspective of fiber
composition, and this is especially true where products of different

minufacturers are compared,
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The samples of group E are of interest in that they provide a famiiy
of coverts of increasing viscose content, The dry measurements do not
indicate any ip:zreciable differences except that the thickness of the
all wool control, sample 26, is the largest in the group., The wet
resilience and compressibility as indicated by the to;c.1l compression
appear to correlate with the rayon content; as the .').moﬁnt of viscose
in the blend increases the wet compressional resilien;:e decrenses and
the compliance increases.

In drawing conclusions from the above data, it should be recognized
that manufacturing experience with fabrics of the type studled here are
based to a great extent on the use of wool, Furthermore time effects
on compression havec not et béen studied and thése are probably aquite
important with respect to a property like resilience, With these
reservations , d fferences between the present blended fabrics and the
corvesponding all wool controls may be summarized tentatively as follows:

1) The all wool constructions 'tend to produce thicker fabrics;
this is presumibly 1 consequence of the unique felting and frictional
properties of the wol fiber, Napping, however, may be useful in increas-~
ing the thickness of the blends,

2) The compressional resilience as determined herein is similar
for the Orlon, Dacron and Dynel blends and the all wool controls, The
resilience of the all cotton serge is lower than that for the wool blends
and the nylon serge lies intermediate in vilue when the measurements are
prde in the dry state. In the wet statc, the resilience of the all nylon
serge is greater than those of the other materitls; the use of such
hydrophob?c fibers in tcrnary blends with lover proportions of wool may

serve to increasc the wet compressional resilience,

-8~




f e e emam e g B ]

£inret\usi Aacudgy”

3) The use of viscose in Licniing with wool results in a fabric

pf lower compressionil resilience and higher compressibility especially
when wet,,

L) Method of manufacture is quite important in the compressional
behavior of fabrics and must be considered 2long with fiber composition
in making comparisons,

D. General Thickness - Pressure Relationship

It would be desirable to express the thickncss-pressure behavior
of a fabric in 1lgebraic form for a number of reasons if this could be
done simply., First, the whole thickness-pressure curve could be described -
briefly by means of the equition constants and thc thickness at any
given pressurc could be dectermined, Secondly, if the form of the equation
were chosen appropriately, a strong possibility wovrld exist for the !
constants to have 1 real physical meaning relating to the charicterization
of the cloth, the fibers composing its surface ind to other particulars
of its construction,

Some work in this direction h2s been done, especizlly for describing
the compressibility of bulk fibers (e.g. Vin viyk, J, Textile Inst. 37,
T285 (1946). For fabrics, exponential relitionships (see for example
Hoffmwn & Beste, Textile Research J. 21, 66 (1951) have been suggested,

In the course of this work, the possibility for expressing the
relationship between thickness, t, \nd pressure, p, as a hyperbolic

function wis considered. Examination of 1 typicil t, p, curve suggested

the form:
2
(1) t=a *p+c?
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where 1, b and ¢ are constants, Calculation of the constants for 2
variety of test miteriils, including serge, cove;'t; blanket; flannel,
velvet and rubber, indicated thit the value of b was 1 constant up to p
values of approximately 0.1 lb/in2 'ma that in the case of miny fabrics;
this value suddenly increased to 2 new constant value 1bout twice as
great at hisher pressures; this will be discussed at 1 later point in
this report. However, it will be noted that as p increases in equation

(1), the value of the fraction _b  approaches zero ~nd t approaches

ptc
the value 2, Becruse of the form of this equition and the relative

megnitude of the constants, 'therefore, it is possible to employ equation
(1) to predict the thicknéss, L, with good precision at ~ny pressure, g.
using the vilue of the constant, b, obt~ined from the low pressure region,
Comparisons of the observed ind calculited thickness for three widely
different types of fabric - an 1ll wool se'rge, an 211 cotton "serge",

and 1 chlorinated wool blinket with 1 long brushed nap - are shown in
Tible 4, The ngroemant between the observed 2nd crleculrted values of
thickness is scen to be very good over the entire range despite the
"inconstancy" of b 1nd this indicates the usefulness of such wn equation
for descriptive purposes,

For purposes of record, the method of calculating the const-nts
were 18 follows: 2 and ¢ were determined from the values of ¢ observed
at p = 0,004, ,O4, .02 and 1.0 1b/in?, The constant, a, wis avcraged
for the lroding nd recovery cycle, The value of b wis taken as the
mean vilue crlculated from the equ-tion ~t thickncss observed 1t each
station below p = 0,1 1b/in2. The results given in Table 4 and other
similar calculrtions not here reported indicate that 2 function of the
form of equation (1) miy be used to describe the thickness-pressure

relationship of ~ wide variety of materiils,

-10-
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Some thought has been given to the significince of the constants in
equation (1), In figure 1 1 graph of equation (1) has been drawn which
illustrates, geometrically, the m ~ning of th2> constants, The constant,

a, can be seen to be the vilue of t when 2 becomes very large; that is

b
p+ec

With rcgard to a fabric thercfore, a represcnts the thickness of the base

becomes vanishingly sm1ll 2t higher pressures,

when the fraction

fabric plus c&mpressed fuzz, 2 kind of limiting thickness at high
pressures. ‘%hen p = 0, the thickness is given by a + % and hence %
represcnts the totnl compression possible. If equation (1) is re-arranged
algebraicilly in the form: |
(2) (p +c) (t-2) = b,
a number of new interpretations are evident,

Equation (2) is in the same form 18 van der Waals! equation for
the pressurc-volume rclition of gises. In brief, the vin der Vaals
equation of state ~pplies corrections to the pressure ind volume of
an idenl gas to account for the attractive forces between the molecules
ard for the volume 1cturlly occupied by the molecules, respectively,
The analogy to the fabric casc is quitc intercsting, The constant, a,
is a correction to the thickness (or volume) ot thx~ fabric which corrects
the thickness at any pressure for the space occupied by comjressed yarns
and fuzz, The constant, ¢, is a correction to the mressure, which
accounts for the fact that the fabric does not become thicker without
limit as thc pressure decreases; this may be thought of as analogous

to a type of force of attraction betwcen the fibers and varns wiich

holds them together when there is no external pressure presert,

-]l]l-
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In the case of a gao, the product of corrected pressure and volume
is related to the cnergy of the gas., That the constant, b = (p + ¢)

(t - a), for the fabric is equivalent 1lso to An energy or work can be
seen in that it corresponds geometrically to an area under the t, p
curve, shown shaded in figure 1,

The importance of the constants in some of the derived parameters
useful for characterizing fabrics was considered, For éxample, the
compressibility may be calculated from equation (1) a;:

(3) $ = -b/(p + 0)?
and for very low pressures, this reduccs to -b/c2 and for larger
pressures to -b/p2. .

It was noted abov. that the value of b lor fabrics rises as the
pressure incfems:s above 0.1 lb/in2 to about twice that at low pressures,
While the significance of this 1s not clear as yet, it suggests that
two distinct mecchanisms opurate during compr:ssion 1s has been suggested
by Finch and by Hoffman and Beste, It seems reasonable thnt the view of
compression sct forth in ssetion B ig consistint with this r. sult, and
it miy be that further anilysis of the compression process may make
possiblc a more specific interprctation of the constants., The incrense
in the value of b is furthcrmore reminiscent of the obscrvations of
Hoffmin and Beste; these workers noted in their formulation for the
thickness-pressure function, p = f (t)k, th~t the exponent k, "showcd
the curious feature of increasing suddenly frem a value of about 5/4
at low pressur:s to 2 vilu: of 1bout 3 at mcdium and high pressurcs',
Hoffman et 3l also sugrest that this chonge in constant reflects a
change in the comprossion proccss from bending of suporficial hairs

to 1 real compression of bulk fabrie,
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In order to give some idea as to the magnitude of the constants

and to determine whether even empirically, the constants would reflect
obvious differences among materials which were different tactually,
visually and construction-wise, measurerents of thickness over a pressure
range p = 0,002 to 2,0 lb/:|’.n2 were made on a number of materials and the
constints calculated to fit equation (1). These are sw[umrized in
Table 5; in this table are included the values calculated for a, ¢
for loading and recovery cycle (subscript 1 and r respectively) and the
value of b for the loading cycle calculated frem the data obtained at
high pressure (above 0,1 1b/in2) and 1t lower precsures,

Examination of the data indicatcs that the constants indced reflect
differences among the fabrics., Thus, in the first group of scrges, the

hairy wool serge, sample 13, exhibits a higher value of b than do the

firmmer serges A and 28, The hard cotton serge, 28, exhibits a lower

value of b than the swmple A, The softer, fuzzicr covert, sample 25

has an even higher value of b, Sample CF, a thin cotton flannel has

a soft, compressible surface compared with the firm serge, sample A,

and this is reflected in the value of b, when a thick easily compressed
fabric like the wool blankct, HB, is considered, the magnitude of b

i3 seen to be miny fold greater, In comparing the simple of sponge

rubber with the wool blanket, the constant b for the former is considerably
larger and this mterinl acts like a very thick, soft fabric, The thinner,
incompressible rubber shert on the other hand exhibits 3 very low value

of b, It is noteworthy that thc constants obtiined for the rubber
materials are virtually the same for the londing and recovery crecles,
indicatine the completencss of recovery from compression, The nase

of the rayon velvet is of some interest., It might be suppssed that a

-13~




JIMIRED ATPE BOCYIENT~

pile fabric of this type would give constants similar to the hairy or
fuzzy fabrics, whereas in fact the values of b are more nearly similar
to the smoother firmer fabrics. Actually the tactual sensation given
by this cloth corresponds more closely to the firm, hard fabrics so
that the consf‘mts appear to represent this fact truthfully., It is
quite likely that a pile fabric with many strairht projecting surface
fibers, presents 3 uniform, smooth incompressible surface to the
presser foot or the fingers such that it is similar in behavior to a
truly smooth, hard surfice. This would be more probably so if the pile
‘ were not too long (and hence not eisily collapsed), and if the pile
were dense ind uniform in height; this is the case for sample RV,
Tests wcre also mde using two families of fabriecs differing in
certain fiber characteristics s:diameter and crimp, 1\ series of blended
Jerseys were avillable, containing 604 wool and 4OF Viéam , in which the
denier of the Vicara was varied betv.veen 3 and 7, as well as a pair
of lightweight dress fabrics containing 57% viscose and 33% wool in
which crimped fiber was used in one case and not in the other. The
comparable fabrics were ot herwise manufactured to be as similar as
possible, Eximmirition of the calculnted constants reveals considerable
differences, «speciilly in b, and particularly for the jerseys. In
both cases, subjective judgments of handle correspond to the magnitude
of the constant b, the fabrics increising in "loftiness" and hairiness

with increasing b,
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The data presented in tables 2 and 3, and the discussion above
suggest that characterization of 1 fabric by means of the constants
in an equation of the type of ecuition (1) my indeed be feasible., It
is tempting to spaculate that the constant b (at low pressures) and
perhaps ¢ may be interpreted in terms of the height of the surface
fibers, and their number, stiffness and diameter, This can be pursued
by examination of fabrics appropriately designed with these variables
in mind, by the dcvelopment of improved techniques for the measurement
of low precssure compressibility and by comparison with other moans for

evaluating the nnture of the fabric surface,

11, Wicking

. A, Effect of Construction Factors

While the role of the wicking bshavior of fabrics in comfort
aspocts of clothing his not bezn established, it is clezf that fiber
blending nd fabric construction 1ffect the wicking characteristics
sipnificantly. It is expected that experiments under way at the
Climitic Research Laboratorics will provide ruides to our understinding
of this problem with respect to use conditions,

There is, however, little quantitative informition as to how
blending or construction viriables influence the wicking behivior,
A number of fabrics werc available from other work in these liboratories
in which construction factors were varied, These samplcs were 111 wool
and the construction viribles includcod texture, yim number, weavé,
twist and ply. The opportunity wis taken to test these fabrics using
the simple longitudinal wicking test discusscd in the previous quarterly

report in order to obtain some iden as to which construction factors

~1%.a-
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influenced the wicking behavior. The time required to wick to a height
of 1 inch is given in table 6, together with the construction variable

in question, It is to be noted thit these fabries were all unfinished

"(in the loom stite) and wished gently by hand to remove spinning oil.

The samples are grouped in the table so that the fabrics in a1 given
group miy be considered as otherwise identical vxcept for the construction
variations noted, )

The texture of the fabric can be seen to influcnce the wicking
time appreciably, For these fabrics, those with denser weaving appear
to wick more rapidly, It is interesting to observe that this effect
is noticeable in the warp direction 1s well e(ren thouegh texture chinges
were accomplished by varying the filling thread count,

" The next prirs of fabrics listed in the table were identical
except for the yarn size, Pair b and 1 had a thread count of 31 x 16
and the use of the larger yarns effected only 2 minor increase in
wicking time, The second pair, a and k, had 1 thread count of 31 x 22,
and in this group the fabric woven with the coarser yarn exhibited
slower Wi cking also,

The final pair in table 6 was examined by testing of yarns
removed from the cloth; this procedure miy be of interest for the
study of fabrics in general since it isolites tie rarn structure
physically from the finished cloth, The twist in the sinrles yxm
exerts 1 profound effect on the rate of wicking in the yam. The
transport of witer through the high twist yarn is many fold more

rapid than through the low twist yarn,

-15p -
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The results obtained for the effect of yam number and of yam
twist are in agreement with the data of Baxter and Cassie (J. Text Inst,
36, T67 (1945)); these workers indicate that the wetting time decreases
as the yarn is finer, and as the twist is higher,

The texture effect miy be visuilized iay assuming that water 1s
transported not only in the capillary space between fibers but between
yarns 18 well, Hence with open structures not only is the yarn spacing
greater but there are fewer totad piths available to the liquid., It is
noteworthy that tests of wicking time with ;arns t-ken from fabrics a,
b and ¢ gave identichl results,

It is hoped by further testing of additional comprrable fabrics
and of yarns that 1 quantitative basis for separating the effects of
yam and fabric construction, fiber composition ind finishing can be
obtained,

B. Wicking of Alternate Fabrics,

As part of the mogram of the evaluition of 1lternate fabrics,
the series of serges and coverts discussed in section I of this report
(tebles 2 and 3), were tested by the longitudinil wicking procedure,
The results are given in table 7, comparable fabrics being grouped
together for convenience,

In group A, the 11l wool serge was not wet in 4 hours, whereas all

of the blends wicked in 15 minutes or less, In this group of blends,

the Dacron blends, 742 and 744, exhibit slowest wicking whereas those
blends conteininp viscose, 746 wnd 747 wick most rapidly, The effect
of viscose in producing 1 rapidly wicking fibric is also seen in group E

in which progressive 1dditions of viscose in the blend r¢duce the

wicking to 2 very low level,

=16
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In group B, the Dynel blend and the ternary blend containing

Vicara 1nd nylon are seen to show relatively large wicking times for
blended f1bries while the serge containing .acetate wicks quite rapidly,
The napping process can be seen to increase the wicking time considerably
by comparing the first three members in group B with the corresponding
napped fabrics, the last three samples in this group,

Group D is 1 series of 211 woel serges made by different manufacturers
included as before to illustrate that finish and/or construction may
affect a fabric property 2s much as the use of another fiber type in
minor proportion. Sawmples A, 13 and TL5 1re wetted by the yat.er during
test with great di fficulty; samples X wnd particularly H wet out and
wick with great ease, It is not possible as yet to assign the reason
for these results, It should be observed in passing, however, that 11l
of these measurements were made using samples laundered three times
with Igepon T as detergent in order to smooth out any gross effect
due to residuil oil, wetting agent and the like,

C, Transverse .Jicking

The normal use of fabrics in apparel lends to moisture transfer
normal to the cloth surface. while the methods for evaluating longitudinal
wicking of the type discussed in previous sections of this report are
instrumentally simple, it is possible tht they may be misleading in
minimizing the role of the fabric surface in impeding or n.cceleratiﬁg

wetting,
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An attempt was mde to estimite the rate at which water is trans-
ported trinsversely through a fabric using as the detecting hechanism,
the rate of chinge of clectrical ecapacity, It was hoped that in this
way differences in ithe wicking rate as between surface and bulk f~bric
might be investigitad, It was found, however, that the equipment
available was insufficiently sensitive for this purpose. Nonetheless,
it was possible tc determine 2 total transverse wetting time which
corresponded to recnetration through the fabric and it was thought
desirable to present comparative dita for transverse and longitudinal
wicking at this time, .

A circuit involving the tuning of two high frequency oscillators
wis used to measure capmcity. The cell consisted of a guarded electrode
plate on which the fabric specimen was plaiced; the irea of the inner
electrode was C,80 em?, A smll flat bottomed brass cup was placed
on @he specimen; the are of the bottom of the cup was 0,50 em? and
through it wis drilled ~ hole 9.50 em in diameter. At the beginning
of a run, 0,6 ml of ﬁxter was added to the cup 1nd 2 #18 platinum wire
lowered.ingo the liquid to complete the electrical circuit, The time
required for the cell crpacity (14.00 micromicrofarads) to increase 100
percent was chosen 18 the transverse wetting time, This correspondea
to penetration of water to within 0,03 mm of the bottom electrode.

The results for wicking tests on scveral blendnd shirtings
after laundering are given in t:bli 8. Individual values for the
transverse wicking did not vary by more thon 9 percent for any one
fabric and in general agreed within 5 percent. Included for comparison
are data for longitudinil wicking on the sime fabrics, the time required

to rise one inch up the fibric,
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Now, it is possible to assume threec phises in the transverse wicking
pfocess. First the waiter must wet the fiber, secondly the liquid must
penetrate the rather diffuse surface fiber region and finally the water
must penctrate tho bulk fabric, The wickinz results for sample 6 are
expldained by the fact that wetting of the fiber did not ocecur at 111 in
the times noted.

It is probable that in the longitudin~l wicking test the rate of
liquid penetration through the surface fibers is not as important 1s in
transverse wicking, once wetting occurs, since fabric edges are freely
exposed to the liquid in the former. Since ﬁhe longitudinal wicking
times for samples 1, 4 and 12 are similar it miy be supposed thag these
fabrics wet similarly and are alike with respect to rate of wicking
through bulk fabric, The transverse wicking times on the other hand are
quite different, sample 12 for example being much slower in this regard.
This result suggests that the rate of liquid transfer through the surface
is slower in sample 12, 2lthourh perhaps much of the difference miy be
accounted for by the greater thickness and fuzziness of this fabric,

Sample 2, however, which is similar in thickness to a number of
other samples 1ppears to wet rapidly ind be rapidly pcnetrated by the
water,

It is felt that transverse wicking, especially under low load
conditions, is 1 desirable means for evialuiting fabrics since this
corresponds to use behavior., It would 21so be of interest to attempt a
separation of the components of the wicking time:wetting, penetration of
the surface ind wicking through bulk fah+iec, It is intended to pursue

this line of investigation further,
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One further fact miy be noted from the data in table 8. The
transverse wicking result dcpends in no obvious way on the fiber éompositi
as such, It scems likely that construction ind finishing effects especia’

with blcnds rich in wool 1re of greanter significance to this mroperty.

III, The Surface Contact of Fabrics

A, Visual Eviluation

In the previous quarterly report, same 2tteition was given to the
determinaition of the surface contact of the fabrics, The importance of
the type and number of fiber contacts between 1 fabric surface and its
environment is easily rccognized in terms of the transfer of heat and
moisture, and of certain other psycho-physical characteristics such as
handle, Most of the instrumental techniques previously described have
suffered to some extent in requiring the fabric to be tested under some
pressure and frequently in beiﬁg less sensitive than subjective
Judgmentsr

Visual examination of the fabric surface his becn found to be a
very useful means of judging the relative hairiness of fabrics, Since
some use his been mnde of this technique in enabling decisions to be
reiched with respect to the equivalence of the surface character of
fabrics, the procedurc employed is recorded here, The fabrie to be
exunined is folded diagonilly to the principle directions of the cloth
and placed betwcan two gliss plates, 3-1/4 x 4 iz, projection slide
plates have buen found suitable., In the case of twills, the fold has
generally been mide perpenddcular to the twill line, Care is taken to
avoid disturbance of the fibers at the folded edge. The assembly is )
then placed in 1 photographic enlarger ind the imige focused on a film
at a distance sufficicent to give enlargement of 1pproximately 7 i.
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A phrtograph is mde on the film and then enlarged when printing to
give 1n overill magnification of 14 X, Some photographs taken 4n this
wiy are attached to this report. The fabrics include sample 13 (hairy
wool serge), sample A (smooth wool serge), sample 28 (cotton serge),
sample N1 (worsted spun, 3 in, staple, nylon serge) and sample N2
(cotton spun, 1-1/2 inch stiple, nylon serge). The contrast in hairiness
between sample A and 13, both 11l wool serges is quite mrked. The
cotton serge is 1lso moderitely hriry., The difference in fuzziness in
the 2 nylon serges illustrating the effect of staple length ind method
of spinnine is of considerable interest, in that the short staple cotton
spun sample N2, is visibly more "wool-like" with respect to surfice
charicter,

B. Therm:l Conductivity Method

The 1ast report described a2 method for evaluation of surface
contact which involved mensurement of the cooling of a "hot penny"
at 37°C, in contact with the fabric 2t room temperature. Some minor
modificitions of the apparatus and technique have been made in order
to improve reproducibility and to facilitate analyses of the data,
While further improvements are being contemplated, measurements of a
nurber of blended serges were mide, The data summarized in table 9 glve
the time, tl/2» for the metal surface to reach half way to the equilibriwr
temperature (1 decrease of 7.5°C). It is believed that differcnces of
3 seconds in t'l/2 are significant in this tost, It should be noted
that a low value of t3/> indicates 1 smooth fabric miking good contact
with the heated metal surface and that this corresponds to 1 relatively

* large rate of cooling,
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Comparison of the 11l wool serges A and 13 indicates that sample 13
is hairy and sample A smooth 1nd this is in good agreecment with the
visual (see photographs) and tictile impressions of these two fabrics,
In fact it was found that with smples similar in type, e.g. those
cont iiring substantial amounts of wool,~ sam;.les which differed in t1/2
by as little as 3 seconds could with 1 little practise be readily dis-
tinguished with respect to handle,

WHthin the "700" (NRC) series of serges, sample 746 containing
viscose was most nearly similar to 745, the 211 wool control. The
others in the group were slightly smosther ind were much altke with the
exception of sample 744; this latter sample containing 30% Dacron was
apprecitbly smoother by this criterion ind by the subjective judgment
of handle than the other NRC fabrics, It is inicresting that this fabric
showed the least shrink~ge in laundering of wny of this group (made by
a single minufacturer) although 21l of the shrinkige values were quite
low, It is also worthy of notice thait of these blended fabrics,
sample 746, contining viscose exhibits shrinkige in laundering compirabl.
with the all wool control, the other blends felting less; this result
is consistent with other work in these laboratories which indicates that
the 1ddition of mwny synthetics, especiilly of the hydrophobic types,
will decrease the feltability of a blend, whereas viscose-wool blends
miy exhibit an equal or even gr:aater tenduncy to felt in laundering
when compircd with in 211 wool fabric, It is gquite probable in any
event that felting whcther during mnufacture or lhundering does exert

2 significnt effect on the fuzziness of the fabric surface.
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The effect of nipping cin be secn ip the next group of fabrics,
Samples 20, 21 and 19 correspond to samples 5&0&7; 54,048 and 5L0L9,
respectively, the former group being lightly napped during manul-~cture. .
The mappynp process is scen to produce an obvious decrease in the extent
of surfice contact, 1s would be expected.

The 111 cotton 1nd‘111 nylon serges are scen to be very smooth in
terms of thié test. This result is in agreement with subjective
Judgrents of handle but seems to be inconsistent with the visual impressior
obtained from the attached photographs, This can be expliined in the
light of the fact that finer fibers compose the surface of samples 28,

N1 and N2 compired with the wool blended scrges., Thus, under the test
conditions, thc fabrics being loaded under a pressure of 0,1 lb/inz,
the surface fuzz is compressed and the fabrics behave as if they were
smoother, It should be ecmphasized that in addition to the number and
height of the surface fibers, this test is necessarily affected by the
specific thermal conductaince of the fibers, The avmilable data from
the literature indicates that cotton has 1 consilcrably greater con-
ductance than wool and on this account fabrics made from cotton might
be expected to exhibit more rapid cooling in this kind of test,

In summary, this simple technique is seen to give 2 useful
quantitative measure for estimting the sirface hairiness of fabrics
vhich in general appears to correclate with visual ~nd tactile impressions,
In view of its utility, an effort was mide to 1nalyze this method further,
to determine whether the results could be interpreted to give specific
estimites of the number of fibers on the surface or of the surface fiber

height s ot hor uaeful data descriptive of the fabric surface,
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C. The Estimtion of Number of 3Surface Fibers

In order to obt~in 1 more specific estimate of the hxture of the
surface, 2 theoreticnl anlysis wns mide of the flow of heat in 1 hot
penny experiment. The assumptions mnde ~nd the detailed derivation
of equations will be given in the next reﬁort. Tt ¢an be shown, how-

ever, thit the fcllowing relationship should hold:

(L) %F =C(m-m -m),

in vwhich n = number of fiber contacts per unit areay
k = specific conductince of the fiber in e1l/scc/deg/cm length;
1 = me~n fiber length assumed to be equrl to the hcight of the f

¢ = an apparitus constant = 2,303 Mc ,
A

where the hot penny has 1 miss M, surface arch 1 and specific heat ¢;

m = slope of the linaar curve relating log temperature chwnge to time
in"hot penny" expcriment;

m, = correction used to account for losscs to the insulation

surrounding th: punny; -and

my = Cika, = corrcction used to 1ccount for the losscs to the air
intermingled with the surface fibers, where 3 is the effective fractional

area of the surface of the test mriterinl which is ir ~nd k% is the

specific conductince of air,

This equation relates certain fabric propertics - numbar of surf~ce
fibers and their length ind conductivity - to data obtainable from
experiments using the hot renny appiratus, The value for the correction
term mg, wis obtained by miking hot penny runs with 1 wide variety of
substnances of known conductnce: air, paraffin, glass, Lucite and poly-
styrens, Plotting the logarithm of the temperature chwge 1gainst time
yieclded lincar curves from which slope, m, could be obtiined,

D=
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A.gr;xpﬁ in which this observed value of m is plotted agrinst the values
for the specific conductince of these mterinls (obtnrined from the |
1iterature) is shown in figure 2. Extrapolation of this curve to zero
conductivity gives n estimite of.the vilue of m, = 0.00215 secfl The
linearity of the relationship in figure 2, provides a1 test of the vilidity
of the theory concerning losses to the insulation for mrterinls ranging
300 fold in condustivity,

To verify this correction in another wy, 3 synthotic "pile" fobrics
were prepared hy cementing 1 numbcr of l-yers of cpen mesh polyethylene
monofil fabrics together, By raveling the fabric pieces to 21 greater or

smrller degree prior to lomination, =2ssembiles with longer or shorter

pile heights (1) were obt~ined and by using fbrics of grenter or lowcr

thread count, f~brics of gre~ter pile density (n) were obtained, Tests
of these simulrted pile fabrics of varyine but knowvn n/1 were mde with
the hot penny ~pparitus, Plotting m -1, as 1 function of n/l and
extrapoliting to zecro n/l yielded 1 vilue of my = 0,00208, in excellent
agreement with that obtained from figure 2, so that in the sub§cquent
wrk an ~veriee value of my = 00212 was used,

In the case of these simulated pile fabrics, the true value of T and
of my could be obtrined from mersurements of the monofil diamcter ind the
pile density. The possibility of using ~n cstim.ted vilue of & = 0,9
in the general fabric cise was tested for these three polycthylene fabrics
by performing the test wnd chleul~ting the volues of n/l from equ~tion (4).
The comparison betwecn chlculated and observed vilues of n/l is given in
the upper portion of table 10 1nd thc agrecment is seen to be quite
satisfrctory. This is 1 good tcst of the general apyroach 2nd 2lso
demonstrates thnt the assumption th~t the fobric surface is effectively 90
percent 1ir may be. adequate for most purposecs in the cise of real fabrics,
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Tests were Also conducted with 3 serges - swmple 13, a hairy vlool
serge, swmple A, 2 smooth wool serge and sample 28, a cotton serge.
These £abrics were judged to be quite different in appenrance (see
attached photographs) with respect to the fuzz height, 1,and with
respect to the degrce of surf.ce contact,

The hot penny teste were mide, the slope m pf the log temperature
vs, time curves obtained ~nd nk wis calculited from equation(L), Vilues of
k from the litcrature for cottgn and for wool (1 x 10-3 and 5 x 10~4 cgs
units respectively) wefe availible nd :cnce n/l conld be estimated,
the results beinz shown in the lower part of table 10,

Now wn estimite of 1, the fuzz height ,is possible from the
compressibility moasurcments, If the fabric thickness At 0,1 1b/in?,
the pressurc in the thermal test, is ~ssumed to give the height of the
surface fibers plus bulk fabric and the thickness of the f1abric at 2,0
lb/:i.r't2 is 2 measurc of the thickness of the bulk fabric, then onc-half
the differcnce betwien these thicknesses gives an estimite of the hcight
of the fuzz (1) on one side of the fabric, Accordingly from the value
of n/1 and the estimted lcngth of the surfrce hiirs from compressional
dath, 2 numirical estimate of the numbor of contacts miy be mide which
appears to be corrcct within an order of magnitude 1t least. The results
given in thc lower portion of table 10 surg.st that the number of
contacts for simpla \ and 13 my be similir but that they differ
chiefly in the length of the surfrce fib.rs, Swmple 28 and A are
gdmilar from the point of view of hcight of the fuzz (under conditions
of thc test, 0,1 ll)/in2 prissure) but th. etton f2bric his 1 greater

density of surface fib:rs,
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It is possible that the prramcter n/l of itself miy be 1 useful
eriterion for characterizing fabrics, Thus in the group of 3 serges,
the calculated n/l velues rate the fabrics in proper order with regard
to the "hardness" of finish, a lirge n/l being associated with a hard,
smooth hindle,

In summary it may be stated that wnalysis of data fromexperiments
with the hot penny 1pparatus yields useful estimtes of nk/l, If vrlues
of k, the conductivity of the fiber are known or cwn\be mexsured and 1if
&, the height of the fuzz ctn be estimated from thickness data, then n,
the number of surfacec fibers may be eilculated,

For future work, ~ddition~l verification of the theory can be
attempted using velvets or carpets of kmovn pile height and density.,
Since datn on  various fibers differing in thcrm1l conductivity will
be of intercst, it is intended to consider wrys of detemmininc k on
single fibers, Finilly it is intended to eviluate 2 number of the
blended fabrics with respeet to surfice contact by mexns of the thermnl
conductivity technique ns compared with results from other methods of
estimiting surf~ce contact, e,g, visual means or the electrical con-
ductivity technique discussed in the prcvious report,

IV. Thermal Resist-nce of Alternate Fabrics

In report No. 1, data were presented for the thermal properties
of some blended fabrics using a modified Cenco-Fitch conductivity
apparatus. This work has now becn extended to cover a series of blended
serges and coverts, measurcments being made on air dry laundered fabrics
at thicknesses corrcsponding to 0,002 1b/in® and to 1.0 1b/in?, The

results are given in table 11,
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At thc low pressurc, the thermal properties are scen to be
governed largely by the thickncss of the fabric ind associated air
layers, The specific thermil _resistance for all the fabries irrespective
of fiber comrosition or construction is 2,00 + 0,15 so that consistent
with the results reported previously the various fabrics are not
distinpuishable with respect to thermal behavior at low pressures,

At a pressure of 1 lb/in2 on the other h~nd, the thermal cénductwnce
of the fiber substance itself makes a bigeer contribution to the thermal
resistance of the fabric, since the bulk density is greater than at a
pressure of 0,002 lb/inz. That is, the velume fraction of the fabric
vhich is fiber is greatcr and the overall conductance of the fabric
(fiber + air) is composcd in larger part of the larger fiber conductance,

The data in table 11 indieates that the spreific resistonce at
1.0 lb,’in2 is generally lower than at 0,002 lb/in?'. The low specific
resistance of the all nylon scrges, swmples 1) ind N2 and of the 11l
cotton serpe, 28, my be associated with 1 very smooth surface, as
suggestcd by the resvlts in section III of this report, The high
specific conductince of the cotton fibers th.omselves may ~ccount for
the thermal bchavior of stmple 28; this is sugecsted by the data in the
literature (Baxter, Proc, Phys, Soc,, london 58, 105 (1946) which
indicates that thc cotton fiber may conduct heat several times more
rapidly th-n wool,

Of the scrges in group A, the fabrics contiining viscose and Chem-
strand, 746, 747 wnd 748 tond to exhibit lower specific thermal resistance
than the other blends, The wool control, 745, exhibits the highest

resistance ind the Dacren and Crlon blends are high with respect to the
therm1l resistunce; of the group of Crlon or Dicron blends, sumple 744
shows thc low.st thormal resistance, possibly due to the relative

smoothness of this {=bric as notcd previously,
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The dath for group B indicates that napping produces a surface
which traps air more cffectively cven at hirher pressures, the nipped
fabrics 20, 21, and 19 showing: better therm:l mroperties per unit
thickness thin the corresponding unnapped s mples 54047, SLOL8 and 5404L9.
The results for group D and sample 745, varlous 11l wool serges,
are consistert with the view that smoothness or fuzziness of surf-ce
influences the thermal behavior at 1,0 lb/inz. The fuzzier fabrics

tend to exhibit hicher valucs of spccific resistance and conversely

for the smoother, harder finished cloth.

The family of coverts, group E, includes fabries of incrzising
viscose content, while therc is not complete corrcspondence between
fiber content and specific them~l resistance, the swmples oor_ﬁm.ining
1arger nmounts of rayon are less resistant to the transfer of heat,

It is possiblc thit this result is a consequonce of the fiber conductivity

The se results indieate that for miny conditions of use in which the
fabric is subjected to little compressiony the thcr:ml resistance is
given by the thicknoss and the effective fabric component is ~ir., Under

conditions of use involving highcr pressures not only are the compress-

ibility and surface character of the cloth involvcd but trhe fiber
conductrnce my be of some importance, Much of the data in the
literaturc on this 1attor point is conflicting and there is virtually
no information on thc newer synthetics. In view of our interest in
this subject with respeet to thermal bchavior and to the surface
contact work discussed previously, it may be worthwhile to measure

single fibcr thermal properticsy this is beinr considerad,
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In addition plans are in progrcss to measura the thermal behivior under
moist conditions since it is possible that éiffercnces between blends

will be more pronounced when this procedure is used. Construction of

an apparatus with which thermil measurements 1re possible under "sweating

mn" conditions is underwny. It is hoped that prcliminary details will
be available for the next quarterly report,
V. Erratum

It has been found that the densities in Table 4, Report Mo, 1,
were incorrcctly cilculated, The density of the fabries reported was
too high by 2 fictor of 0,696, Multiplicaition of the values reported
by this constant facter will give the correct value for density, The
conclusions drivn from thcse results remnin vnlid, however, since the

relative ord:r of the density was corrcct in the table,
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' Table 1, Repcrt 2,

The Compressional Behavior of
2 Hypothetical Fakrics and the
Characteristics of the Surface

Pibers Associated with it,
e
;]
o
E I
[$]
o
£
= II
— I 2
Pl P2 Pressure

Property

Fabric Propertics
Compressibility

Viork of Ccmpressinn

Surface Fiber Preperties
Modulus
Denier
Fuzz height

Number cf Surface Fibers

General Fabric Character

Magnitude of Freperty

of unifcrm
short length

Firm, Hard,
Springy,
Eristly

Fabric I Fabric 1I
|

Low High

Lew High

High Low

High Low

Short Long

Few or many Many

Soft, Dead,
Corpressible
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Table 2, Report 2,

Sample  Fiber Content Compressionsal
No. Wool Other™ Resilience Loading
% % Cyele:
mils
Group A Seryes
745 100 — 52 92
41 70 300 51 79
742 70 30 Da 52 81
743 70 300 53 75
Thl 70 30 Da 52 76
746 70 30V L8 88
w7 70 20V, 10N 46 81
748 70 30 Ch L8 76
Group B Serges
5LOL7 70 30 Dy 53 6L
54,048 50 30 Ve, 20N 51 73
54LCLY 50 3C A, 20N 53 64
20 70 30 Dy 49 80
2l 5¢ 30 VG, 20 N L9 87
19 50 30 A, 20N 47 84
Group C 3erpes
Nl ~— 100N 42 67
N2 —— 100 N 38 67
28 O-= 100 C 2L 78
Group D All "log¢l Sersos
A 100 -— 54 77
13 1C0 -— 53 114
H 100 -— 54 86
¢ 100 -— 50 79
Group E Coverts
26 100 - 51 1,1
22 70 2V,10N 51 33
23 60 30V, I N 51 113
2 50 o v, 10N 50 112
25 L0 50V, 10N 51 123
#* 9 = Oflen Dacren, Ch = Chemstrand, Dy = Dynel,
C= chafa, A = Acz taie, V = Viscuse, € = Cotten

Compression Measurements of Air Dry
Blended Fabrics in the Pressure

Range 0,002 to 0,1 1b/in2,

Thickness at 0,002 lb/in2

N =

Hecovery
Cycle

mils

80
69
73

66

76~ 1,

71
65

55
6L,
57
67
Th
71

126
116
98
97
107

Hylen

Total
Compression
,002 to 2
0.1 1b/in
Loadinz Cyc!

mils

35
29
24 S &
26
28
31
28
28

25
26
22
33
33
34

2L,
3
33

£
L5
29
29
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Table 3, Repor

VA

t 2. Compression Measurgrncnte ef ‘et
Blended Fabrics in the Pressure
Range 0,002 te 0,1 1lb/in<,

' Total
Sample Fiber Content Compressional Thickness at 0,002 ltyin2 Compressio
No, Wool Other™ Resilience Loading Recovery .002 to 2
4 % % Cycle _ Cyele » 0,1 1b/in",
mils mils Loading Cyc
mils
Group A Serges
45 100 -— 33 85 69 s! 33
01 70 300 33 72 58 v 27
02 70 30 Da 36 79 65 I 29
743 70 300 35 7 60 27
Thly 70 30 Da 34 7 56 28
746 70 30V 31 8l 65 32
w1 70 2V, 10N 29 79 59 29
748 70 30 Ch 32 73 56 31
Group B Serges
54047 70 30 Dy 36 62 L9 23
54,048 50 30 VC, 20 N 35 72 55 29
5L04L9 50 30 A, 20N 35 61 48 23
20 70 30 Dy 36 77 58 )
21 50 30 VC, 20 N 33 83 63 34
19 50 30 A, 20 N 33 76 56 32
Group C Serges
N1l — 100 N 48 60 50 §v 22
N2 ——— 100 N L 61 51 19
28 e 100 C 22 59 Ly Y 20
Group D All %Wocl Serp
A 100 —_— 34 66 51 26
13 100 — 30 105 77 L5
H 100 -— 32 83 (A 32
K 100 — 36 76 58 30
Group E Coverts
26 100 — 32 124 167 4 38
22 70 20V, 10N 39 117 91 s L3
23 60 30V, 19N 29 102 76 L0
2L 50 Lo Vv, 10N 28 106 7 15 L3
25 40 50V, 10 N 26 114 85 s L6

#*
0882 goda in footncte to Table 2,
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Table 4, Report 2, Comparison of Observed Values of
Thickness at Various Pressures
with those Calculated frcm
Equation (1) : t = a +_P

p+¢
Pressure ool Serge 13 Cotton Serge 28 Wool Blanket.*

1b/in< OQObs, Calec Diff  Obs, Calc Diff Obs, Calc Diff
mils mils % mils mils 4 mils mils %

0,002 120 118 -2 85 86 +1 263 262 -0
004 113 114 +1 179 8l +3 256 259 +1
007 104 109 +5 72 75 + 247 254 +3
01 99 100 +1 67 71 +6 243 250 +3
.02 90 9L +4 59 61 +3 232 237 +2
OL 80 80 0 52 52 0 220 28 -1
.07 73 69 -5 L8 L6 -4 22 196 -
& 67 63 -6 L5 L3 -4 189 181 A
o2 59 5h -8 41 39 -5 152 153 +1
35 54 L9 -9 39 38 -3 137 133 -3
o5 51 L7 -8 38 37 =3 127 123 -3
75 48 L5 -6 37 36 -3 116 115 -1
1.0 L6 Li -4 37 36 -3 110 110 0
1.5 Ll L3 -2 36 36 0 103 105 +2
2,0 42 43 -2 35 35 0 101 102 +1
Mean Diffzarence: h}?} —3_2 Z

¥*
~ Recovery cycle
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Table 5, Report 2. Comparison of the Constants in Equation (1)
Calculated for Various Materials in the
Loading Cycle (subscript 1) and in the
Recovery Cycle (subscript r).

by at b at
Sample No. Material 4. & ¢ Llow p high p
13 Hairy Yool Serge AN 0.037 0.046 3,00 4.8
A Smooth Wool Serge 34 024 .028 1.01 2,1
28 Cotton Serge 36 .026 ,031 .81 —
25 Blended Covert 49 .0L6 075 3.68 6.2
CF Cotton Flannel 23 .0&3 0085 1.68 3-3
HB Wool Blankt, brushed
nap 9h 0085 0123 1703 30.
RV Rayon Velvet 53 «208 .039 0.59 1.7
SR Sponge Kubber Mat 1c0 .70 .61 421, 410,
R Gum Rubber Sheet 34,5 L0286 026 297 .291
J3 Blended Jersey,a)B den 26 .031 052 .96 1.8
Js Blended Jersey 5 den 24 0L2 066 1.69 2.8
J7 Blended Jersey 7 den 33 .038 054 2,30 T
P1-R Blended Plaid ,b)regular 2L 027 .0L0 .0 1.1
Pi-C Blended Plaid crimped 2, .030 OLL .98 1.4

2) 6o wool, 4O% Vicara of the denier shown,

b) 33% wool, 67% viscos2, regular or crimped as shown,
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Table 6, Report 2.

Construction Variable ‘

The Effect of Construction Variables
on Longitudinal Wicking Time,

Sample Material Tested Wicking Time
seconds '
a Thread count - 31 x 22 Fabric, filling 125
b " n L. 31 b’ 16 n n 205
c " " - 30 x 14 " " 275
a Thread count - 31 x 22 Fabric, warp 285
n n = 31 x 16 n 1 lt05
c " " ~-30x 1, fn " 505
b Filling yarn No. - 2/11 worsted  Fabric, filling 205
1 n " " 2/[‘ n " 235
a Filling yarn no. - 2/11 worsted  Fabric, filling 125
k n " n 2/7 " " 24,0
i Singles twist - 5,9 tpl Yarn 5000
4 " " 15,0 tpi " 310




Table 7, Report 2,

Comparison of !ficking Times of \lternate
Fabrics, Longitudinal T-st, Wrrp Direction,

Wicking Time

seconds

greater than 15,000
180
870
250
630

75
140
300

\

1150
1610
85
1710
3660
170

35
65
16

Great.r than 15,000
Grenter th:n 25,000
160
1710

Great.:r than 10,000
115

17

20

gample No, Fiber Content
Wool Other#
Group A - Serges
ws 100 —
1 70 300
2 70 30 Da
L3 70 300
L4 70 30 Da
W6 70 30V
L7 70 20V, 10N
L8 70 30 Ch
Group B - S:rpgus
54047 70 30 Dy
540,8 50 30 vC, 20 N
54049 50 304, 20 N
20 70 30 Dy
21 50 30 VC, 20 N
19 50 30 A‘l, 20 N
Group C - Scrges
N1 -— 100 N
N2 - 100 N
28 e 100 C
Group D - All Vol 3cre.s
A 100 ——
13 100 S
H 100 -
K 100 —
Group E - Coverts
26 160 —_—
22 70 20V, 10 N
23 60 30V, 10 N
2L 50 LoV, 10 N
25 L0 50 v, 10N

# Sece code in fontnote of Tible 2,

15
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Table 8, Report 2, Comparison of lLongitudinal and Transverse
Wicking on Blended Shirtings,

Sample No, Fiber Content Thickness 5 "ficking Time
Wool Nylcn at 0,002 1b/in Longitudinal  Tronsverse

% 4 mils min sec

2 85 15 138 10 17

4 75 25 122 80 L60

1 85 15 138 100 640

12 100 0 178 95 3400
) 85 15 123 greater than greater thar

2L0 10,000
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Tablc 9, Report 2, Surface Contrct as Estirnted by Thermnal
Conductivity (Hot Penny) hethod

%
See code in footnote to Table 2,

Sample Fiber Content Time to Cool
No. Wool uther™ . Hot Penny 7.5° C. (t1/2)

' sec
A 100 -— 61l
13 100 — 5
5 100 -— (¥
741 70 300 70
02 70 30 Da (&)
L3 70 300 3
L4 70 30 Da 66
746 70 0V 78
(Y 70 20V, 10N YN
w8 70 30 Ch o

S40OL7 70 30 Dy 60
54,048 50 30 VC, 20 N 69
54049 50 30 A, 20N 63

20 70 30 Dy 66 -
21 50 30 VC, 20 N 75
19 50 30 A, 20N 77
28 -— 100 C L6
N1 -— 100 N 55
N2 - 100 N 53
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Table 11, Report 2., Thermil Resistance of \ltermite Fabrics,

At 1,0 1b/in? At 0,002 1b/in?
Intrinsic Intrinsic
Sample Fiber Content  Thermal Specific Thermal Specific
No, Wool Other”™ Resist'lnc% Resistinece Reslstance Resistance
2 4 *C sec m°/cal *C sec m</ °C sec m</cal °C sec m</cal
cal inch inch
Group A - 3Scrges
45 100 —— 0,077 1,90 . 0,197 2.1,
%1 70 300 .066 1,77 o152 1,92
u2 70 30 Da ,069 1,77 162 2,00
743 70 300 064 1.85 <157 2,09
L6 70 30V .070 1,66 .167 1,90
(¥ 70 20V,
10N ,064 1,62 171 2.11
e 70 30 Ch .05 1.59 0155 2,04
Group B - Serges
54048 50 30 vC,
54049 50 30 A,
20 N ,056 1.69 132 2,06
20 70 30 Dy 064 1,80 .168 2,10
21 50 30 Ve, .
20 N 068 1.7 173 . 1,99
19 50 304, /
20 N ,068 1,88 .178 2,12
Group C- Serges .
/)
Nl -— 100N 046 4% 1,35 a3 b 1.99
N2 —— 100 N .052 1.42 131 1,96
28 -— 100 C .039 1,07 154 1.97
Group D - All Wool Scrges
A 100 ==, 0062 1073 oM? 1.91
13 100 -— .088 1,88 «215 1.89
H 100 — 007lb 1075 0156 1.81
K 100 L — .066 1.78 0150 1.90
Group E - Coverts
26 100 -—— 0123 1.84 .260 1,84
22 70 20V,
10 N .109 1,84 246 . 1,85
23 60 30V
10N o83 1,66 ,220 1.95
24 50 LoV,
10N .088 1.7 216 1,93
25 L0 50V,
10N ,093 1,70 o257 2,09

# Sece code in footnote to Table 2,

-~
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Slope of lLog Temp. — Time Curves, sec-1
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Figure

2, Report 2, The Relationship Between m, the Slope of
the Log Temperature Chinge - Time Curve in
a "Hot Penny" Experiment and k, the Thermal

Conductance,

(Sizes of Circles Indicate the Range of Literature
Values for k)

Glass

Paraffin

Polystyrene

i | i

O

0.4 0.8 1,2 1.6
k, lol‘cgs units
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