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SUMMARY 

1,   The nature of the fabric surface - its hairiness or sraoothness - is shown 

to influence a variety of fabric pro^rties associated with warmth and comfort. 

A fuzzy surface tends to rake a fabric more resistant to transfer of liquid 

water and increases its thickness and thermal resistance.    A number of methods 

for quantitatively chancterizing the fabric surface are in process of develop-«» ^ 

ment.    These include (a)   a photographic technique, (b) a method using the rate 

of cooling of a small metal disc in contact with the fabric and (c) thickness- 

pressure measurements at low pressures.    With the final tc estheds, it is 

possible to estimate the number of surface hiirs and their ler.jt!;; with the 

last technique, a parameter may b^ calculated which coi^elates well with sub- 

jective judgements of handle, C-Jhs^* 
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2, Kicking tests have beea made on a series of blended serges by a 

longitudinal method and by a drop absorption p-vr'uro.    Generally, 

the introduction of any non-wool fiber increr.2 J:< the vdcking speed 

substantially, , Of the various blends studied; a s\'np.l.e containing 30% 

Dacron wicked most slowly and a blend containing 30$ Vicara and 20^ nylon 

ranked second in this regard.   Yarn twist ir. shown to exert an important 

effect in wicking.   Experiments with rovings o: n/lon and of wool 

indicated that the wicking rate increased r&ria3.y with increasing twist. 

With viscose rovings, wickinf was rapid and no'-, greatly influenced by 

twist until very hirh twist was introduced; the litter effects a marked 

slowing of wicking and it is shown that this can be accounted for by 

the swelling of the fibers, 

3, A series of seven co-rmercial tropical suitings was subjected to a 

battery of laboratory tests to evaluate them for wear in hot climates. 

These included a group of tests to measure:    a)   Comfort - weight, 

thickness, thermal resistance and air permeability, b)   Appearance - 

drape, crease and muss resistance, perspiration fastness and shrinkage 

and c)   Miscellaneous factors - handle and stiffness.   A number of 

samples were found to be equal to or better than the standard tropical 

fabric in each of the cateeories with respect to the laboratory tests 

for use in warm weather areas. .Among the 7 fabrics studied, a sample 

containing 90,2 wool And 10^ nylon appears to rank highest in desirability 

in all categories of tests; other fabrics probably quite suitable 

include blends containing viscose and acetate, so that the opportunity 

for conservation of wool in this type of fabrics appears to be good. 
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DETAILS 

I.   Wlcklng . 

A, Introduction. 

Tho vdeking behavior of fabrics is being studied intensively with respect 

to the physiolopicil aspects \t CRL and with emphasis on the fabric property 

at RJD and in these laboratories.    Previous work with serges and coverts has 

suggested that the use of synthetics in a blend with wool tends to promote 

wicking and that of the various blends available, tnoso containing viscose 

wicked most rapidly.    In addition to the nature of the fibers involved, other 

factors such as construction and finishing may markedly alter the wicking 

behavior,   A test which has been used both at POP and in these Laboratories 

is the longitudinal wickinp test which measures the time for water to rise 

in a vertical strip of cloth.    Since many use conditions involve trans- 

verse transfer of liquid, some attention was given to a simple method for 

studying this property. 

B. Transverse "icking, 

A simple test procedure thit showed some promise, involved the measure- 

ment of the tiro required to absorb a smill volume of water placed on the 

surface of the sunple in a horizontal position.    Trial experimants indicated 

that a suitable volume was 0,2 ml. and that the end-point could be fairly 

sharply estimated by the disippeirince of a reflecting liquid liyor of water. 

This test was thought to simulate the use condition in vMch an outer water 

resistant garment begins to leak dropwise at the setuis, the fabric underneath 

being subjected to small droplets of water.    The drop absorption test was 

performed on the series of KRC blended serges for which other wicl-cing 

measurements were reported previously, the rer.ults being shov.-n in Tible 1, 
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In group \t the addition of 30 perocnt of Dicron r?sults in in 

appreciable djcreisc in absorption time.   With all of the other synthetic, 

blonds, the drop absorption rate is extremely rapide    vMle differences of 

a factor of two are statistically distinguishable by this test (e.g. fabrics 

746 vs. 747 or 747 vs. 741), it is believed thit in terms of the use situation 

a linear scale of vdckin^ speed is not appropriate,    Adoption of this point 

of view would result in classification of the group A serges into very slow 

wickers (ill wool), moderately slow wickers (Dicron blends) and very rapid 

wickers (blends containing Orion, Viscose and Chemstrand),    In group B, the 

acetate-nylon blend wicks very rapidly, the Dynel blend somewhat more slowly 

and the Vicara ternary blend begins to approach the moderately slow water 

absorption behavior of the Dacron blend, especially after napping.   The all 

nylon and all cotton serges in f roup C absorb water extremely rapidly. 

The data in ^roup D are reported to emphasize again that caution is 

required in interpreting wicking results as dependent on fiber content only. 

The four fabrics in this group are all specification scrses difforine quite 

markedly in wicking behavior, despite the fact that all tost specimens were 

laundered prior t? test with the view to bringing them to a "standard" surface 

condition.   The samples grouped together in the up^er part of Table 1 

(groups X and B) are considered as reasonably comparable since a single lot 

of wool was used for blendinr and all the fabrics in a group were made in 

the same mill, 

Vftiile the drop ibsorption test was developed on the basis that it would 

emphasize wicking through the fabric surface, the results correlate well with 

the longitudinal wicking tests given in tho previous report.    The relitionship 

is shown in Figure 1, using a log-log plot to accomodate the several cycles of 

log time involved, 
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C,   Factors Other Thnn Fiber Composition Influencing Widcing« 

1,   Y.irn Tvrist. 

In the previous report, it wis shovm thit of various construction fictors 

studied, the yarn twist appeared to affect the wicking most markedly.    It vns 

decided thit some further quantitative study of this phenomenon vns warranted. 

Slivers of top were available which were made of viscose, nylon and wool of 

both long and short staple.   These were carefully scoured by hand and water 

rinsed,   Rovinrs of rouphly equal weights were then rmovdd from the sliver 

disturbing the parallelism as little as possible and longitudinal wicking 

tests were run aft^r inserting varying amounts of twist into tho roving. 

The wicking tires as a function of twist are shovm in Table 2, 

Both nylon and wool respond to twist in tho suie sense, the wicking time 

decreasing with increasing twist.    The nylon at 5 tpi wicks considerably more 

rapidly than either of the wool samples.    The results with nylon and wool 

are readily understood in terms of the change in capillary size with twist,- 

That is, as the twist increases the dimensions of tho capillaries decrease 

which would be exj.ectrd within certain limits to increase the rate and extent 

of wieking. 

The viscose roving, on the ovher hand, exhibited a remarkably different 

pattern of behavior from thf othnr libers.   The vdekirr w.s quite rapid in 

the rmpc 1/2 to 5 tpi and in fact tho rate tended to decrease slightly in 

this range.    On introducing additional t./lst above 5 tpi however, the wicking 

time increased by an extremely large factor as shown by thf; value at 9 tpi 

in the tible.   'l\ilc the result is rather surprisiru* it may be explained in 

terms of the swelling of the fibers by tho liquid rfsullinr» in the reduction 
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of the number of clpilliry spices or of their size, such tint the iirount 

of wit er transported is small.   This is cssantlaHy the sime principle 

used in Shirley cloth for witer repellency,   Thit the swelling of the 

fibers is responsible for the phenomenon in this ciso \ns verified by 

subjecting the viscose to a typical formaldehyde cross-linking treatment. 

The latter is known to decreise the swellibility of the fibers, ind the 

wicking speed is ilso seen to be greater for the treated viscose \t high 

twists. 

In general therefore, if it is decided that slow wicking is a 

desirable characteristic of fabrics, the data suggest that this may be 

achieved through the use of low twist yarns in the case of fibers which 

do not swell excessively; with a fiber like viscose, a veiy high degree 

of twist may be used to the same end. 

2,   Previous History , 

One of the problems encountered by workers in the field of water 

repellcncy has been that the type of processin" prior to finishing or 

testing exerted <», considerable influence on thb result.   Thus even 

traces of residual wetting agents and salts from scouring and dr^inr can 

make it difficult to make a fabric adequately water resistint.    A sinilir 

effect is observed with respect to wicking, and an example was cited in 

Report I"o, 1,   Throe laundered a31 wool fabrics (\, H and K) in group D 

of Table 1 Jn.ve bo^n shown to differ widely in th«ir wicking behavior 

despite similarities in their general construction an:.i appear-'Jice.    The 

reasons for these differences v;ere sought in the possible differences in 

the residual non-fiber materials present.    Accordingly, simples of these 

fabrics wtre extracted in hot ethanol, ether and water (in this order) 

and tho wickin" determined at the same time before ind after extraction. 
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The results, riven in Tlble 3, Indicate th-xt the mpid vdeking of simple 

K miy indeed be "issociited with the presence of extract^ble miteriils 

vhich promote wotting since extraction increises the wieking time ten- 

fold.   The results with s-jnple H do not «xppeir to fit this explanation 

at ill ind efforts it determining the cruise foi the npid widtinp ire 

continuing.   One possibility lies in the yim twist since prellaimry 

measurements supgest tint the singles yrxrns of simple H ire more highly 

twisted. 

3,    Nature of the Surfice. 

Results in Tible 1 (group B) ind in the previous report suggested 

that nipping wis effective in decreislng the wicking rate of some fibrics. 

Ir. view of our interest in the fibric surf ice, meisureirents were mide of 

fibrics which hid been nipped or sheired in the libomtory to deliberately 

alter the chincter of the surf ice.   The wicking behivior wis determined 

by the longitudinal is well is the drop absorption methods, the diti 

being given in Tible 4. 

These results illustnte in importmt respect in which the two 

kinds of tests m\v provide different inforrntion.   In a number of cisos, 

e.g. nylon serge, nipping results in i fibric which wicks slightly more 

slowly is Judged by the longitudiml results wheitas the drop absorption 

test suggests i m-.ny fold decreise in wicking rite.    From the test 

conditions it is cleir thit the longitudinal test minimizes the effect 

of the surface in thit a cut edge is iviilible for penetntion of liquid 

ind the held of witer effective for forcing liquid through the surface 

is ilso greiter, 
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With respect to the drop absorption test, nipping is almost ilwiys 

effective in decreisinr; the rite of absorption substintiilly, the notable 

exceptions in the table being the all cotton serge and the Orion blend. 

Conversely shearing effects a decrease in time for absorption. 

In general, therefore, it my be concluded that vdeking is affected 

by the nature of fiber, the fabric construction and finish and the 

presence of residual extractables. The present data suggest the 

following generalizations; 

1. Blending of synthetic with wool results in more rapid wicking; 

in the series of serges currently available Lacron affects the vdeking 

of a blend less than do other synthetics. The ternary blonds containing 

Vicara and nylon tended to wick relatively slowly. 

2. For many fibers, low twist yarns will reduce the rate of 

wicking materiilJy« This is not the case for viscose, for which very 

high twist yarns may hinder wicking, 

■3» Napping tends to reduce the wicking rate transversely through 

the fabric surface for many types of fiber. 

4* Residual extractables from wet processing (probably wetting 

agents) may increase the wicking rate considerably. The contribution 

of this factor to the overill wicking may however be expected to 

diminish with use and laundering. 
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II,    Thermil Reslstince of F-.brics« 

A.    Effect of tho Nature of the Surface. 

In Report No, 2, it w\s observed th'.t serge» mide of nylon vid of 

cotton exhibited much lower values of specific thcrnnl resistance *ihen 

Reasured it thicknesses corresponding to pressures of 1,0 lb/in2 tlnn 

did other fibrics of genorilly sindlir types.    It ws suggested thit this 

could be explained either by the relative anoothncss of these fnbrics or 

by the high specific conduct-mce of these fibers.    Some experiments hive 

now been done which tend to confirm the former hypothesis. 

The thenr.il resistinces of specimens of nylon ind of cotton serge 

have bfen determinfid with i controlled pressure therml trv.smission 

appintus befory md after nipping; the results ire reported in Tible 5. 

It cm be seen thit nap pin? incroises both the thickness md the therml 

reslstmce of the f ibric but thit the resistance increases more rapidly 

thin cm be i^counted for by thickness alone; this litter effect is seen 

in the increasing specific resistance values (thermil resistance per inch 

of fabric thickness) as napping progresses.   The mechanism may be thought 

is involving more effective thermal truisfsr fur * ho smooth fabrics as 

the number of surface fibers making oont-.ct is gmter «nd the conducting 

paths are shorter. 

These results clearly illustrate the effect of the nature of the 

surface on the warmth properties of fabric.   They indicate that for 1 

given thickness of fabric better insulation is obtiined with a fuzzy 

th\n with i smooth surfice.    It Is interesting to note thit the specific 

resistmce values of these two samples begin to approach the thermil 

resistance of the blended sorges cont-.ining 70 percent wool. 
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It ippears possible, therefore, to enhance the insulating power of 

basically smooth structures by some kind of nipping process•   One of 

the idvintiges of wool-contlining fabrics may be in the inherent ease 

with which fuzzy fabrics are made with or without the intervention of a 

napping process.   This fuzziness is invariably enhanced by fulling and 

by the felting occurring in wet processes in which fibers migrate in 

% random manner out of the jnrn structure, 

B.   Wet Thernul Measurements. 

Work is in progress on the construction of  M\ apparatus v*iich will 

permit the study of the more complex situation arising vihen heat is 

transferred across a fabric from the sweating skin under varying condition. 

of wind velocity.   Certainly in respect to tests on alternate fabrics 

we are at a loss to predict their "heat with moisture" insulating 

properties without measurements of this kind.    A review of the literature 

on this subject has indicated that there are quite a number of ways in 

which measurements of this type can be carried out.    The design of the 

apparatus to be discussed has been based upon the experience of these 

investigators as well as on previous work carried cut in this laboratory. 

Almost all the methods used for studying the simultaneous transfer 

of heat and water throuph clothing materials have involvod the simulation 

of the skin of a sweatinr r.an on vhich the clothing to be tested is 

placed.   The "sweating" surface for this apparatus is a three inch 

diameter seni-cylinder of porous stainless steel.    Ke^ns are provided 

for attaching the fabric to be tested to the curved surface of the 

porous cylinder md the whole placed in a laminar air stream normal 

to the base of the semi-cylinder.   Tater, the most atted to 33*0., in a 

reservoir attached to the base of the semi-cylinder is forced through 

the cylinder's surface at a rate sufficient to keep the underside of 

-9- 

-"*'—■>- 



—ü^—~ II 

c. 

the fabric wot»   The most suitable tempcnturej rate of water efflux, 

ind size of curved surface have been arrived at from studying the 

results of physiolo<rical investigations of this type. 

From a knowledge of the temperature and humidity of the air stream 

directed at the fibric surface, thermal and moisture gradients across 

the fabric nuy be defined for any wind velocity,    A balance is used for 

following the clrnge in weight of sweating surface and attached reservoir. 

Hence the loss of moisttre per unit time through each fabric can be 

determined,    \n integration of the electric power supplied to heat the 

reservoir in T. period of time with a watt-hour meter allows one to 

calculate the heat loss through the fabric for each setting of the heat 

wd moisture gridient.    By placing the sweating surface -Jid heat reservoir 

in the throat of a wind tunnel of conventional design, studies in which 

air velocities are variable from zero to 20 miles per hour will be 

possible.    Because the "sweating" surface forms an integral part of the 

hot water resorvoir it will be possible to carry out heat tnnsmission 

runs without havinf» the fabric wet, in the usual sense, but at high 

relative humidity.   This type of experiment should correlate with those 

performed on the Ccnco-Fitch heat transmission apparatus which his 

already been described. 

In summary it mi^ht be said that this form of "wet-heat" testing is 

designed to pro/ide general information regarding the comparative effect- 

iveness of fabric types as insulators to heat and moisture.    At the same 

time provision has been made to obtain the information necessary for 

studying the mechanisms by which heat and moisture transfer takes place 

and th'3 role the various fabric characteristic^ pHy in this complex 

process, 

-10- 
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III,   The Nature of th^ Fabric Surface, 

A,    Photof;riphic Kethod. 

In the list report, there wis presonted i method for evaluating 

the nature of a fabric surface which consisted in enlarging a photograph 

of the edge of a folded specljnen.   While this method involves tho making 

of subjective Judgements of hairiness it has proved very useful in 

rating the fuzziness of test underwear fabrics to be used in physiological 

experiments at CRL; a pood deal of work along these lines has been done 

indicating the desirability of fulling and/or scouring for increasing 

the hairiness of nylon or cotton underwear.    A pair of samples 

illustrating the effect of scouring on cotton underwear is shown in the 

photograph attached to this report, sanple 72 being unscoured and sample 66 

that after scouring for 2 hours. 

In an effort to arrive at a more qu'mtitative biais for evaluation 

of surface hairiness, a grid was photographed simultaneously with the 

snmple.    In the photographs reproduced, the sides of each small square 

correspond to lengths of 6 mils.    It was believed that a simple counting 

method mi.cht be used to da'ino ths surface fuzziness.    After some trials, 

the method tentatively adopted wis the following: 

1,    A base line was drawn representing the upper limit of the 

base fabric or the lower effective limit of the fuzz fibers,    Because of 

the undulating pattern of the base structure this is not a simple matter; 

however, it was reasoned that ths fibers in tho hollows did not contribute 

to the overall hairiness and hence the base line was always drawn 

tangent to the jeaks. 

-11- 
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2, \ series of p.rillel grid linos wa s ruled corresponding to 

6 mil dist-uiccs on the fnbric. The nunib&r of fibers intersecting each 

grid line was counted ovor i Horizontil distance corresponding to 240 

mils on the fabric surface, A typical distribution for the three all 

wool fabrics (A, .\-napped and 13) reproduced in the photograph is shown 

in Table 6 as well as some typical calculations. 

It may be assumed that the number of intersections made with the 

first grid line above the base represents the total number of surface 

fibers in a distance of 240 mils that are longer than 6 mils. The sum 

of the product of 6 by the total number of intersections npy be used to 

represent the effective total length (distance between ends) of all of 

the surface fibers i,e,, approximately the total length of a single 

fiber made by placing all the fibers end to end. If the number of 

intersections at the third grid line represents the number of fibers 18 

mils or longer, then the ratio of this number to the number at the first 

grid line is a measure of the number of lonp fibers. These calculated 

parameters for three typos of cloth do indeed appear to relate to the 

visual impression giv-n by the photograph. It is intended to pv.rsue 

this type of measurement further on a graded series of fabrics and to 

relate it if possible to the othtr methods of evaluitinj? the surface 

character of materials. 

-12- 
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B,    Kot Penny Method. 

Previous reports luve described the so-cilled hot penny technique 

for eviluiting the surfice charicter of fabrics.    By determining the 

rate of cooling of a small metal disc (initially at an elevated 

tempenture) placed in contact vdth a fabric at room temperature it has 

been possible to describe the surface in terms of n (number of fibers 

per sq, cm,), 1 (length of fuzz fibers) and k (specific conductuncc of 

the fiber substance).    For those interested in the detailed derivation 

of the equations, the theory employed and the assumptions made, an 

appendix to this report has b-stn prepared bringing this material 

conveniently together. 

In order to test'the method additional runs tove been made on 

samples of fabrics in which the surface character has been altered by 

napping or shearing.    In addition to the ti/2 values as used in the 

previous report (time to cool the hot penny 1,5*0,), the ratios of the 

number of surface fibers to their length (n/l) were calculated sub- 

stituting values of fiber conductance fron the literature in the equation 

(appendix to this report).    In addition to nnjasurements at approximately 

0,1 lb/in,2 between fabric and disc, data wore also made it the self- 

pressure exerted by the weight of the specimen alone; this latter pressure 

corresponds to approximately 0.002lb/in 2,   The results are given in 

Table 7. 

The following generalizations appear possible from those dita: 

1,    Napping results in an increase in the time for cooling indicative 

of the smaller number of fibers contacting the heated disc or of great.r 

length of fuzz; hsnee the n/l ratio decreases with napping. 
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2,    Shearing nffocts -i f'.bric in  in opposite minner, the hot penny 

coolin.T oocurrinp more quickly as i rosult of either more fiber contacts 

or shorter fuzz height; the cilculated n/l r-itios are correspondingly 

greater for the sheared fabrics, 

3»    The rate of cooling of the hot penny is lower at the lower 

pressure "ind this is expliimble in terms of fewer fiber contacts and 

longer surface fibers* hence n/l is found to be lower at self-pressure 

thin %t 0.1 lb/in 2,    This is discussed further in the next section of 

this report. 

It ippeirs that the hot penny data reflect in a sensible manner the 

changes in surface fiber contacts produced by finishing or by compression 

of the surface,    \ pair of rayon fabrics otherwise identical, one sample 

made from filament and the other from staple fiber were tested by the hot 

penny technique.    These were obviously different in surface character 

(see section IV of this report for compression data); the hot penny 

results clearly reflect this difference, the staple fabric making poorer 

contact (lower n/l) than the filament. 

It is to be noted thit since the calculation of n/l involves the 

use of fibar conductance values, it is not fe-.sible to compare fabrics 

of differing fib^r content due to the considerabls disagreement in the 

published values of coniuctances.    For fabrics of similar fiber composition 

however, e.r. 13, A and HB in Table 7, the relative magnitudes of n/l 

are comparable,    In fact these values do arrange thase fabrics in proper 

order with regard to visuil and factual estimates of the number of 

fiber contacts and their length. 
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C,   Viriition of Surface Contacts vdth Pressure, 

The earlier measurements with the hot penny method siven in 

previous reports involved the use of i specimen loaded to i pressure 

of ipproximitely 0,1 Ib/in^,    Since imny of the use situations involve 

lower pressures, ittempts were mide to cirry out these measurements it 

lower Ic.ds.    The dita in the previous section show thit this vns 

feasible for miny types of fabric.    A series of hot penny experiments 

wis performed at i r-.ngo of pressures to determine what the n/l relition- 

ships were is i function of pressure.   These dita are shown in Table 8 

for 4 fabrics. 

These results suggest that an inverse functional relationship does 

exist between the rate of cooling in the hot penny method and the 

pressure; that is, as the pressure decreises, the fabric makes contact 

\^ with fewer and/or longer fuzz fibers (n/l decreases).    Graphs in which 

l/n is plotted against the pressure are shown in Figure 2 and it is 

clear that the curves hive the same form as the thickness-pressure 

curves.    In order to illustrate this more clearly, tut compression 

curve for one of the samples is inserted on the graph for comparison 

using an arbitrary thickness scale.    The possibility exists therefore 

for relating hot p^nny d-rta to that obtained from compression measurements 

This should aid considerably in interpreting the compression measurements 

in terms of the surface parameterb, n and 1.    It is intended to pursue 

this line of attack further. 
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IV.   Thickncas - Fresaur» Relationships, 

.\,    Introduction, 

The previous report Ins discussed t'.\c possibility oi* ^h^r^cterizing 

fabrics in terms of i simple function^ relitionship:    t - a + b/(p + c), 

in which t ind £ ire thickness ^nd prcssire, respoctivel;- "Uid n, b «nd c 

are constints,    By raeins of this "equition of stite" it -s possible to 

estimUo the thiclcness -xt «ny pressure over the ringe 0.002 to 2.0 lb/in2 

with good precision.   The constints ippeir to be a potentiilly sitisfictory 

meins for chiricterizing i fihric; i represents the limiting thickness 

of the bisic f-.bric struebvre it hifhtr pressures; b or some function 

of b ind c describes the c. mpre^sibility chiricteristic of the fibric 

it low pressures -rnd m\y bo rolited to the niture of the fibric surf ice, 

its fuzzlness ind degree of contact with the skin. 

B.    Surfico Cjnricter ind the Thickn- ss - Pressure Function. 

Some idditionil work his been dons on simpler ncins for estinr.ting 

the constints in the ibove equition.    For the group of fibrics studied, 

a miy be sitisfictorily estimited gnphicilly by plotting tho thickness 

vilucs it tho higher pressures ininst log pressure ind extnpoliting to 

p = 10 lb/in,2. It wis found thit b ind c varj1, lineirly for my given 

fibric if i vlue of c is chosen irbitnrily within reisomblo limits. 

This r.ikes it eisier to obtiin b vilu3s rcidilj' for compirison of 

miteriils.     I suitiblo vilue of c for the group of fibrics tested w-\s 

found to be 0.05.    Using this vilue for c ind i gnphicil estimite of 

1, one cm cilculito i vilue of b from the product,  (p + c) (t-i), 

for eich point in the conrression curve.    Averages of *> cilculited for 

pressure's low^r thin 0.1 lb/in2 for i number of fibrics obviously 

different with regird to surfice ehincter ire shown in Tiblc 9. 

-16- 



 1-1     ..   ..ilJ ■L.J....   ..  ,      „u-y..,. 

The first group of four serges in this tible iro simples for which 

the suffice chiricter his been described b?.sod on the surface photogriphs 

reproduced in the previous report.    The values of b, in Tible 9 ire seen 

to dtcrense in regular order is tho visuil impression of hiiriness 

decreises. 

The next three piirs of serges constitute i homogeneous group of 

NRC fibrics for cempirisonj eich piir comprises identicil bltnded serges, 

except thit one member of the piir his been na?ped on one side.    The 

nipping would be expected to enhance the fuzziness of the fibric surfico 

and this is reflected in eich eise by a corresponding increise in the 

mignitudo of b.   The effect of nipping will be discussed it greiter 

length liter in this report. 

A pair of nyon lining fibrics wis tested lr. this sories, one sample 

being mide from filiment md the other from stiple fiber.   The stiple 

fibric is judged by hmdle md visuil inspection was obviously fuzzier 

and the vilue of b is iciin indicitive of this subjective chinctcrizitio: 

The very snooth completely non-hiiry rubber sheeting exhibits compressive 

behavior correspondinp; to very low b vilues. 

In genenl, therefore, tht use of the thickness-pressure relation- 

ship noted ibove permits the cilculition of equition constmts which ire 

useful for the description of fibrics md that in particular the constint 

b (at pressures 0.1 lb/in2 md lower) is characteristic of the surface 

hairiness of the cloth. 

-17- 
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In order to test the correlation of b viluts with subjective 

rvtings of handle i sc-.riea of 7 tropic-vl weight suitings vns used. 

Subjective judgements were raide by .1 p-uiel of observers who were asked 

to rite the fabrics in order of smoothness to fuzzincss.    It wis found 

that when only 2 or 3 specimens were offered for judgement at any one 

tine, the observers could make a decision quite readily and in surpris- 

ingly good agreement with one another; when more than 3 specimens were 

offered, the consistency of judptment suffered markedly.    In addition 

it was found extremely helpful to space individual judgements at 

intervals of not less th'.n one hour.    It is interesting to note tint 

when three samples were offered for evaluation, the common practice* 

irpe'ired to be the selection of 1 specimen as being "obviously" rougjiest 

or smoothest in the group, followed by slightly more mature discrimination 

of the romainine closer pair.    The average rankings of subjective 

smoothness or hairiness are shown in Tible 10 together with the b 

values calculated from the compression data. 

The subjective rankings are sern to relite very well with the 

parameter b calculatud from the thickness-pressure data; the rank 

coefficient of correlation is + 0.88,    It ein be concluded therefore 

that the conrätant b can be used to discriminate rather fine differences 

in smoothness or hairiness among fabrics and such an objective method 

for this purpose may be of general utility in the textile field. 

-18- 
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Some thoufht has also bocn given to the possibility of relating 

the geometry of the fabric surf ice (fiber density, fuzz height, fiber 

fineness) and tho mechanical properties of the fibers (modulus or 

stiffness) to the constants in the compressibility equation.   This is 

ft fairly complex system for analysis since it involves assumptions as 

to the mechanism of deformation of the surface fibers ind with regard 

to the distribution of fibers on the sarface at various thicknesses. 

Some preliminary experirccnts were made in which fabrics were either 

sheared or napped in the laboratory and the values of b calculated as 

.above; the data are given in Table 11, 

In line with the previous results,  shearing effects a dccreise 

in b and conversely napping results in an increase in b, and this is 

of course in agrooment with the subjective evaluation of hairiness. 

Since each p-dr of fabrics in tho table is identical except for the 

"finishing" process, the surface fiber fineness and stiffness are the 

same and the only effect due to napping or shtnrinp my be in the 

number of surface fibers and their lengths.    It is intended to compare 

estimatrs of the surface character obtained from compression data with 

those obtainable in other ways (viz, hot penny and visual methods 

discussed elsewhere in this roport) in order to find whether a 

quantitative relationship my he deduced. 
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V,    Evdintion of Tropic.l F'ibrics,   • 

A, Introduction. 

A series of seven commercial tropical weight fibrics wore submitted 

for physicil evilm.tion of the fibric ch^r^ctoristics.    It is understood 

thit garments mirte from these samples "».re undergoing field trials ^.t 

vnrm weather stations but no results wore avdl'blu to us it this time. 

The sTraplt-s were given a coitmercial dry cleuiinp after being wet out in 

water for relaxation of processinn tensions.   The fabrics were then 

subjected to a battery of tests which may be grouped into three broad 

categories:    (1) Fhysicil factors influencing comfort, (2) Factors 

relating to the appearance in use and (3) Factors possibly affecting 

the psychophysic\l reactions of the wearer.   This division is of course 

somewhat arbitriry and sone degree of overlapping may be found.   Such 

^ grouping is however convenient for purposes of weighting the results 

for an over-;!! evaluation.    The results of measurement and the nominal 

fiber content of these fabrics are given in Tible 12, 

B. Comfort Factors, 

The properties grouped in this category induri? weight, thickness, 

thermal resistance -.nd air permeability.    In contr'.si with the cold- 

we-'thfr fabrics examined previously, the emphasis in this group is on 

minimun warmth, weight -md thi^kn^ss and maximum air permeability,    flhile 

it is obvious that these propertios show interaction ?unong themselves 

there is not cornpl-to one to one correspondence on the results shown in 

the tablo.    In this group of samples, sample D, a wool nylon blend is 

liphtest, thinnst and shows the lowest thermal resistance.    One of the 

all wool fabrics, B, is heaviest, thickest and is the warmest sample 

in the group,    \ir permeability which is influenced stronrly by structure 

is greatest with tfv viscose-wool blend C and lowest for two of the 

all wool samples I? and H, 
-20- 



In ordor to conp-M'e the sin^s, the f-.brics "».rö trringed by rink 

in Tible 1?, i low vwk being issoci-vted with "i desirable magnitude 

viz, lovf weight, thickness ■wid thermal resist'.nee "md high permeability. 

In order to avoid overwoi/;hting any given sample on the basis of small 

difference, the values for each property were grouped into \ relatively 

small number of classes - 3 or 4 - as shown in Table 13.   The sum of 

the ranks is also piveu in this table, a largo number (miximura possible «= 

13) indicatinfi; an undesirable fabric and conversely for a small number. 

In this wiy, the order of preference among those fabrics with respect 

to their "comfort" properties would be D, C, (A, E, P, H) and B, the 

parenthesis indicating that differences among the fabrics enclosed 

could not be assessed. 

C.    .Vppearance F ;ctors. 

In this category, the tests included measurements of bonding length 

by Feirce's hanginp heart method (to evaluate drape), crcise recovery 

^t (>5% R.H, with the 1'onsanto tester, crease recover;- of moist fabrics 

and a muss resistance test dcwlop^d in these lato raterios.   The wet 

cre».se recovery test consisted in placinp the folded specimen for 

15 minutes under load between blotters moistened to hold 150 percent 

water, after which the crease recovery in 5 minutos was determined in a 

standard atmosphere at 65^ H.H.   The warp and filling values were 

significantIj' different in several cases and in order to show this they 

are reported separately rather than as averages.   The muss resistance 

test involved tumbling of small spociirons in a rotating jar containing 

rubber stoppers and moist sponges and judging the samples visually 

with respect to the development of muss and creased are-is.    Fabrics 

w^re also tested for perspiration fastness by the  VVTCC procodurc and for 
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felting in i mild liundofing procedure.   The purpose of the litter vas to 

determine whether in use in hot climites, feltin» would occur under the 

arms or in other are^.s subjected to wet mechanic ».I action, 

With respect to the test values in tible 12, all of ths fabrics 

may be considered as similar with respect to bonrling length, perspiration 

fastness (all excellent) and felting shrinkage.    The blends cont'dning 

40 percent or mor3 of viscose, A, C and P, exhibit poorer crease 

recovery than the othar fabrics.    Simple F is different from the others 

in that its wet crense recovery is good fillingwise ".nd poorer in the 

warp direction.   This tmy be due to the f;ct that the acetate content 

of this fabric is entirely in the warp yams.    While general «greement 

between the muss test and crease recovery h.'.s been obtained in the past, 

the correlation, especially with respect to tho position of sample A 

is not good.    This may possibly bo accounted for in terms of the 

differing conditions of moisture and of the magnitudes of the deforming 

loads in the two test frocedures.    The sum of the relative ranks given 

in Table 13, indicate that with respect to all of the a..poaranco-in-use 

factors, simple C (SCJo viscose) is poorest, sample A (50^ viscose - 50^ 

acetate) is intermediate and the remaining samples are clissed best in 

the group.    If thü mussing test relates to the use condition more nearly 

thin the sharp ingle crease recovery tjsts, sample A which contains no 

wool would be expected tc behave very satisfactorily in this regard« 

-22- 
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^•    Psychophyslcnl Ftciora. 

A proup of observers vr.s requested to Judpe these simples with 

respect to softness or harshness of handle vid on »opxmte occasions 

with re^rd to smootliness or hiiriness.    As discussed elsowhcre in this 

report, wh.n the number of specimens offer-d for rinkinj? w.s Icei-t smll 

(3 or less) on c.ch occision and the offerin^s wore sop^.nted in tir.e, 

the judgtrrents v/ere surprisingly reproduciblti.    Th«; ccrclvtlon between 

piramctors calculated from comi-rcssion rrjasuri.-or.ts and snoothioss or 

fuzziness is described elsewhere.    It is also of interest thit the 

evalu;tion o^" the order of softness and of smoothness v/ere different 

in many cases.    The re suiting rinks are fiven in Table 12 and are also 

entered in Table 13 for convenience.    These factors are considered of 

importance In the subjective prejudices of observers; there is a 

tendency to prefer smooth fabrics for warm weather clothing and soft 

fabric may have better "sales appaal".    There is no consistent relation- 

ship bütvreen fiber content ind these subjective Judpcnents; three of the 

hiph wool containin» samples are high on the softness list whereas 

another \ll wool sample is judged as harshest. 

With repard to flexural rigidity, the f'.brie v/cipht inHuenccrthis 

considerably.    It is felt that •>. stifftr fabric may ha preferred in thH 

it my not touch the skin and clinp s.-) much as a simple vdth lower 

flexural ripidity.    This fabric property u".s "iven a smll w*jipht in 

the rankinps in Table 13.    The over\ll ruilcinps of this j;rout of 

properties indicates that sample D would be prefürre-i, that next in 

ardor would b? simples \l H, C and B and that the most undesirable 

group would include samples F vid E, 
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In summing up the ovcr-.ll judgment of the suit^.bility of these 7 

fibrics for tropicil dross unifoms therefore, it is concluded tint the 

followin/» order nny be set down: 

1. Comfort Factors - D, C, (VJEJFJH), B. 

2. Appeirince Factors - (B^E^H), A, C, 

3. Fsychophysic-il Factors - D, (IJEJCJH), (F,E), 

Simple D, 90,o wool - 10^ nylon, ippears to be most desirable in all 

three categories«    The other fabrics arc more difficult to rate since 

the relative weights to be given cch of the contributary factors are 

not clear.    If it is assumed that comfort and appearance factors are 

equally important then the group composed of simples £ (wool), F 

(quaternary blend cont lining kO'/j mohair) and H (wool) may be next in 

order of dosirahility.    If the mussing test is more appropriate than 

crease recovery for rating the appearance in use, sample .» (50-50 

viscose and acetate) would appear higher in rank of suitability. 

The results of field trials and wearer ratings are being awaited 

with considerable interest for comparison with the laboratory tests 

Just discussed. 
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Appendix to Report 3 

Theory of the"t!ot Fenny" ^ethod fcr Potennining: Surface Contact in Fabrics. 

Consider i copper disc of specific heat c, cross sectional area, A, 

and miss, M, it a temperature T (greater thin ambient temperature, Tj^). 

Suppose it to be thcii.ully insulated so that no heat escapes from the sides 

or bottom of the disc. Then the flow of heat H, upwards from the disc 

as a function of time, t» will be 

dK = -Itc dT 
dt     dt (1) 

If a fabric at temperature Ti and of cross sectional area greater than 

A is placed on the copper disc and if there are n fiber contacts per unit 

area with the  surface of the copper disc and each fiber has specific 

conductance k (units are cal/sec deg/cm length), then there exists a length, 

1, of these fibers over which the temperature drop (T-T]_) occurs.    If it be 

assumed that this length, 1, corresponds to the height of the fuzz on the 

fabric then the rate of gain of heat by bulk fabric is 

dH   =   nk.A    (T-Ti) 
dt 1 " (2) 

At any instant of time the amount of heat bein^ lost by the penny equals 

that beinr gained by the fabric,    F.quating (1) and (2) gives 

nk A    (T-TO «- -McdT 
T dt (3) 

If the temperature difference (T-Ti) corresponds to a linear galvamorr.^ter 

deflection, g, of the temperature reasuring system, then 

g    =   B (T-Tx) (4) 

and     d£   =   B dT 
dt dt (5) 
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Substituting eqintions (i+) 'ind (5) in (3) gives 

nk Ag   =   -Kc dg 

or 

Integntinp, equation (7) 

1                  dt 

dt    = -1 Mc   dg 
nkA       g 

t    =   -3303 11-lc 
nk .\ 

log g + I 

(6) 

(7) 

(8) 

where I is the constant of integration.    If at tine t = 0, g = 1 

(full scale deflection) then 1=0 ind 

*• * -2,^03 1 Kclorg. 
"      rv« A"        ' • (9) 

Whore a plot of t vs. lop g is lineir with slope ir, then 

nk   "   -2,303 He n 
"1 A (10) 

The parameters descriptive of the fibric surface are .nouped on the loft- 

hand side of equation (10) whi3e on the rlpht are t)ie apparatus constants 

and the experimentally determined slope m. 

Up to this point in the analysis, the assumption has bsen made that 

ill heat losses from the copper disc occur to the surface fibers of the 

fabric.    In actuO practice two other types of heat lors to the environxont 

affect the rate of cooling of the hot penny:    1) losses to the insulation 

on which the coppor disc is mounted and 2) lo-ses to the air surrounding 

the fiber contacts v\d trapped between the disc and the f'ibric. 

The heat loss to the insulation will appear as a correction to the 

slope m so that equation (10) my be written as 

nk   =   C (m - r.0) (11) 

e 

(C is the apparatus constant = r?.303,1:0) , 
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The  correction term, m0, rrny be cstim-'.tcd from hot penny runs with 

smooth surf.icod substinc:s of knovm conduct «nee.    Experimental details for 

obtaining mo have been given in Report No. 2, 

If it is desired to determine the heat losses to the fabric surface 

Independent of the air tripped at the ilizz, then losses to this air 

must be accounted for in the equations.    If the effective fractional cross- 

sectional area of the fabric surface made up of air is a and the specific 

conductince of air is kn, then equation (11) becomes 

nk   +   aka = C (m - m0). (12) 

Where ma is the experimental slope of log g vs. t curves for losses 

to air only, the final hot penny equ '.tion is 

nk  «= C (m-ino-ma) (13) 
1 

It has been shown in Report Mo» 2, that it is posoible to use a value 

of 5   ■ 0.9 in the gensf-l case for real fabrics.    For Vie particular 

apparatus constructed in these laboratories the "corrections" m0 and mn 

were incorrectly riven in Report Ko. 2; the values in proper units are 

m0 
e 0,00100 sec-1 and n^ = 0-00132 sec-3-. 

In actual use of the hot penny apparatus ths linearity of. the curves 

obtained by plotting log g vs. t (slope m) falls off as t becomes large. 

This means that heat losses from the fabric fusz become a. preciable as the 

fabric surface is heated to hot penny temi:er\ture.    It has Leon observed 

however that the following empirical relationship holds; 

log G = -Rt + S, (14) 

iil 
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>*iere G e log g, R = k' m^ k' is in ippiritus oonstmt r».nd S is the vilue 

of log G when t = 0.    Substituting in eqm.ticn (l/>); 

m = S - loß G 
—:* (15) 

Vilues of m calculited in this manner ire identical vith those 

obtiincd gnphicilly from the log g vs. t plots but pcirmix, the use of 

all of the diti fror, i hot penny cxperimc-nt.   This method is pirftculirly 

useful ^en m is lirge (the disc cools ripidly) in which eise it miy be 

difficult to estimate m graphicilly with any degree    f precision. 

iv 
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Table 1, Report 3,   Drop Absorption Tests of Laundered Serges, 

Fiber Oornrositioi. Drop Absorption (0,2 ml.) 
Code Wool Other-- Time 

seconds 

Group .\ 

7A5 100 0 ^18,000 
741 70 30 0 330 
742 70 30 Da 3,500 
743 70 30 0 180 - 
74/; 70 30 Da 13■COO 
746 70 30 V 40 
747 70 20 V, 20 N 70 
743 70 30 Ch 

Group D 

200 

54047 70 ?0 Py 5'40 - 
540/. 3 50 3C VC, 20 i; 1,600 
540^,5 50 30 A. r.o i: 60 
20 ?o 50 Cy 640 
21 50 30 vo. 20 II 4,600 
19 50 30 *, 20 M 

Group C 

100 

Nv 0 100 N 15 
28 0 100 C 

Grour D 

2 

A 100 0 > 17,000 
13 100 0 ^ 25,000 
H 100 0 160 
K 100 0 2,400 

0 " Orion, Pa = Picron, V = Viscose, II = Nylon, Ch = Chorrstrind, 
VC e Vieira, Dy = Dynel,  \ = Acetate, C - Cotton. 
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Table 2, Report 3,   Vftcking Times as a Function of Twist for Covings 
of Various Fibers, 

Fiber 

Kylon 

Nylon 

Nylon 

Heipht of 
Rise of T..rater 

in. 

1 

1.5 

1.75 

1/2 tri 
sec. 

19000 

Time for Vfoter to Rise At: 
2^172 tpi 

sec. 

3300 

10000 

i26000 

sec, se. 

90 

200 

ao 

150 

Wool 

Wool 

Woo?. 

1 

1.5 

1.75 

260000 6200 

3^00 

3500 

5800 

7900 

Wool; shoru stiT-1,3 i 

Vfocl, short st-.O-? 1.5 

Wool, short i,tvl3 1,75 

"> 26G00Ü 3600 

5900 

1C0G0 

1400 

2900 

4000 

Viscose 

Viscose 

Viscooe 

1 

1.5 

1.75 

30 

80 

110 

40 

70 

120 

50 

160 

340 

•■2900C 

Viscose-HCHO treated     1 

Viscose-HCHD treated     1,5 

Viscose-HCHO treated     1.75 

40 

90 

140 

60 

100 

150 

70 

180 

110 

360 

710 
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Table 3, Report 3,    The Effect of Extraction on kicking 
of All kVool Fabrics, 

Drop Absorption 
Material Condition Time 

sec. 

Unextracted 930 

Extracted 10,000 

H Unextracted 110 

Extracted 210 
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Table U,  Report 3. Wicking of Napped and Sheared Fabrics, 

^i 

Sanplo 

28 - Cotton serge 

"     - nipped 

N   - Nylon serge 

"   - nipped 

A   - Smooth Wool sqrgo 

" - nipped 

7L2 - Blended s?-?e (305^ Dicrcn) 

"       - nop 3d 

746 - Blended scige (30^ Viscose) 

"       - sheared 

"       - nipped 

7A1 - Blended serge (30j Orion) 

"       - nipped 

745 - Hiiiy V.-DOI serge 

" - sho?.red 

Longitudinil 
V/ickir.g 

sec,/I in. rise 

Drop Absorption 
(0.2 ml,) Time 

sec« 

16 2 

16 3 

35 10 

170 9300 

>15000 8500 

- >29000 

870 3500 

870 >29000 

75 30 

60 14 

130 1500 to 18000 

- 120 

- 150 

- >14000 

w. 8200 
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Table 5, Ttcj-ort 3.    Thermal Resistinoe (1.0 lb/in2) of oerges 
as Related to the Fabric Surface. 

Sample 

Cotton serge 

Thickness 
mils 

36 

Intrinsic 
Thonral Resistance 

,C sec m^/cal 

0,0^8 

§12.cific Rf- s is tar cc 
0C sec m^Tcal in. 

1.34 

"   - light nap 37 .052 l.Ul 

"    - heavy mp U2 .064 1.53 

Nylon serge 36 

"   - light nip 40 

- heavj' nip 43 

.050 

.060 

.071 

1.39 

1.52 

1.65 
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Table 6, Report 3.    Tho Evaluation of Hairiness from 
Surfice Ihülc^raphs, 

Height of Grid 
Line Above Base 

mils 

6 

12 

18 

24 

30 

36 

42 

48 

56 or greater 

Number of fibers 6 mils or longer in 
240 mil section 

Total length of fiber in 240 nil section 

Fraction of fibers IB mils or longer 

Number of Jntersectior.s por 2h0 mils 
Smooth 
Serpe A 

Serge H 
Napped 

Hairy '„bol 
Serge 13 

45 99 68 

17 67 31 

7 35 20 

5 21 12 

2 12 k 

0 5 2 

0 2 2 

0 2 1 

0 4 3 

45 99 68 

456 1432 858 

0.16 0.35 0.29 
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Table 7, Report 3.   The Effect of Napping and Shearing on the Fabric 
Surface as Shown by Hot Penny Measurements. 

Sample Time to C< 
At self 
pressure 

sec. 

)Ol ' 

At 0.1 lb/in2 

Calculatec 
Number of 
Fibers to 
At self 
pressure 

cm--3 

i Ratios of 
Surface 
Length (n/l) 

At 0.1 lb/in2 

sec. cm-3 

Hairy viool serge (13) 93 77.5 16 x ICA 26 x ICA 

"   - sheared 86 68.5 20 33 

Smooth wool serpe (A) 74 51 31 54 

w     - napped 93 65 15 34 

Blanket (HB) 111 108 4.4 5.6 

w     - sheared 95 90.5 7.0 9.5 

Nylon serge 70.5 41 53 106 

n   - napped 77.5 45.5 37 90 

Rayon tvdll - filairent 61.5 31 94 200 

«       - staple 78 37 50.5 165 
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Table 8, Report 3.    Hot Penny Measurements at Various Pressures. 

Sample 
Added 
Weight 
gms. 

Pressure 
lb/in? sec. 

Calculated 
n/1 
cm-3 

13 - Hairy wool sergo 5 0.088 77.5 44 x 104 

2 .037 76.5 38 

. 1 .020 84 36 

0 .0028 93 27 

A - Smooth wool scrre 5 .087 63.5 64 

2 .036 71 45 

1 .019 82.5 42 

0 .0023 90.5 30 

N - Nylcn serge 5 .037 50.5 82 

2 .036 59 64 

1 .019 64.5 59 

0 .0018 81.5 37 

28 - Cotton serge 5 .088 47 100 

2 .036 52 91 

1 .019 56 80 

0 .002 A 76 46 



Table 9, Report 3.    The Surface Character of Liundered Fabrics 
as Evaluated by the Constmt b = (p + 0,05) (t-a). 

Code 

13 

A 

28 

Kl 

Fabric Description 

Hairy wool aerge 

Smooth wool serge 

Cotton serge 

Kylon serge 

5^047 Blended v.ool serge (30 Dynel) 

20 " - napped one side 

54048 Blended vrjol sergo (30 Vicara, 20 hylon) 

21 " - naiped one sirie 

54049 Blended wocl serge (30 'estate, 20 I'ylcn) 

19 " - nvped one si.e 

RL-f Pilar.ant rr'.yon tv/ill 

RL-s Crimped staple rayon twill 

Iquaticn Constants *• 
a 

mils 
b 

lb/in 

42 3.47 x IC? 

34 1.94 

33 1.85 

35 1.21 

28 1.59 

28 2,47 

28 2.33 

29 2.99 

29 1.70 

29 2.74 

16 0.23 

16 0.71 

RS Rubber sheet.in«' 34 0.21 

«Calculated from t'.c   Lrvjinr cr/ele only and in the cv:e of b for ^recsure 
values to 0.1 lb/in2. 
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Table 10, Report 3. Correlation of Subjective Handle of Tropicals 
with b Value Calculated from Compression Data. 

Sample 
Subjective Handle, 

Smooth to Fuzzy 
Value of b from 
ucmpression Data 

lb/in 

0.57 x 103 

D 

C 

H 

E 

F 

B 

3 

4 

5 

6 

7 

,51 

.69 

.56 

.73 

.74 

.90 
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Table 11, Report 3.    The Effect of Shearing or Napping on the 
Surface Character of Fabrics. 

additional 

Sample 
Finishing 
Process 

Thicknesr. (t) 
at „002 lb/in2 

mils 
b* 

lb'/Tn. 

Nylon serge (pres3ed)-M2 None 40 0.A9 x 103 

Nylon serge (prt'Ssed)-N2 Napped 71 1.5Ö 

Blanket-NB None 296 11.9 

Blanket-NB Sheared 22 S 8.7 

Hairy wool serge-13 None 115 3.47 

Haixy vfool serge-13 Sheared 79 2.25 

Smooth wool serge (pr3S3ed)-A None k7 0.90 

Smooth wool serge (pressed)-.\ tJap^ed 86 2.69 

Blended serge - 54C47 Lone 64 1.59 

Elen'fcd serge - 20 Napped 30 2.47 

■^From loading cycle in the pressure rar.^e 0,C02 to 0,1 lb/in2 
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Table 1?, Report 3.    Results of Tests of Dry Cleaned Tropical Fabrics. 

 Sample Code  
Test A B C D E           F           H 

Approx, Fiber Composition, % 
Wool - 100 20 90 100         -         100 
Mohair - « - - - 40 
Viscose 50 - 80 - - UO 
Nylon - _ • _ 10 -         5 
Acetate 50 - - - - 15            - 

Weight per sq. yd., oz. 6.8 7.2 5.8 5.4 6.0     7.0        6.8 

Thickness, mils 
At 0.002 lb/in?- 28 38 29 25 3.1 33          29 
At 1.0 lb/in2 18 22 16 17 19 19          19 

Thermal Resistance at 
0.002 lb/in2,0C m2 soc/cal. 0.070 .094 .074 .063 .076      .075     .072 

Air Permeability,  ft3/ft2/min. 71 31 140 77 62 73           29 

Mean Bending Length, cm. 1.65 1.8 1.7 1.75 1.75      1.85     1.75 
Mean Crease Recovery, Dry,,? 73 84 71 88 86 76           84 

Crease Recover^, Wet, % 
^arp 40 54 30 50 53 37          55 
Filling 28 51        31       51 48       62 5i t 

Muss Resistance, Rank 1 3 4 3 3 2 3 
Perspiration Fastnoss Clnss 5 5 5 5 5 5 5 

Area Felting in laundering, % 3 544 54 5 

Handle, Rank 
Soft to harsh 5 3 4 1 7 6 2 
Smooth to Fuzsy 1 7 3 2 5 6 4 

Mean Flexural Rigidity, g.  en, 0,10 .16 .10 .10          .11 .15          .1: 
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Table 13, Report 3.    Ranking of Characteristics of Tropical Fabrics. 

Test A B 
Sample 

C       D 
Code 

E "•■•"•;, H 
No. of 
Classes 

Weight 3 3 2 1 2 3 3 3 

Thickness 2 4 2 1 3 3 2 4 

Thermal Resistance ?. 3 2 1 2 2 2 3 

Air Permeability 2 ß 1 2 JL _2_ JL -i- 
Suras of Rink a 9 13 7 5 9 10 10 13 

Crease Recovery, Hry 3 1 3 1 1 i 3 

Crease Recovery, r.o:j::/.7 2 1 3 1 1 2 i 3 

F 3 2 3 2 2 1 2 3 

Muss Resistance 1 3 JL. J- ? 2 JL JL 

Suns of Ranks 9 7 13 7 7 7 7 13 

Handle 

Soft to Harsh 5 3 k 1 7 6 2 7 

Smooth to  Fuszy 1 7 3 2 5 6 A 7 

Flexural Rifric'ity 2 1 2 2 2 _1_ 2 2 

Sum of Ranks. 8 11 9 5 14 13 8 16 
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