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SUMMARY
1, The mture of the fabric surface - its hairiness or smoothness - is shown
to influence a variety of fabric projerties associated with warmth and comfort, |
A fuzzy surface tenis to make a fabric more resistant to transfer of liquid ”
water and increases its thickness and thermal resistance. A number of methads
for quantitatively characterizing the fabric surface are in process of developa-"'/
ment, These include () 1 photographic technigue, (b) a method using the rate
of cooling of a small metal disc in contact with the fabrie and (¢) thickness-
bressure reasurerents at low pr-essures. With the firsu t-> retheds, it is

possitle to estimate the number of surfacs hiirs and their laratiiy with the

last technique, a parameter may be calculated which coicelates well with sub-

Jective jJudgements of handle, Q‘S/
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2, Wicking tests have beemrmade on a series of blended serges ﬁy a
longitudinal methi:d and by a drop absorptionr p--<z’ure, Genéralls',
the introduction of any non-wool fiber increcc:s the wicking speed
substantially. A Of ihe various blends studied, a smple containing 30%
Dacron wicked most slowly and a blend contai=ing 30% Vicara and 20% nylon
ranked second in this regard. Yarn twist is shown to exert an important
effect in wicking. Experiments with rovings »: nyion and of wool
indicated that the wicking rate increased ra;izly with increasing twist,
With viscose rovings, wicking was rapid and no" greatly 1n1‘luénced by
twist until very high twist flas introduced; tlic latter effects a marked

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

_the swelling of the fibers,

o
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3 \ A series of seven commercial tropical suitings was subjected to a
battery of latoratory tests to evaluate them for wear in hot climates,
These included a group of tests to measure: a) Comfort - weight,
thickness, thermal resistance and ajir permeability, b) Appearance -
drare, crease and muss resistance, perspiration fastness and shrinkage
and ¢) DMiscellancous 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 catesories with respect to the laboratory tests
for use in warm we'at.‘ncr areas, _Among the 7 fabrics studied, a sample
containing 907 wool and 103 nylohpnrs to rank highest in desirability
in all categories of tests; other fabrics probably quite suitable
include blends containing viscose and acetate, so t.mt the orportunity

for ccnservation of wool in this tyyre of fabrics appears to be pood,
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DETAILS

1. WiCRins .
A. Introduction,

The wicking behavior of fabrics is being studied intensively with respect
to the physiological aspects at CRL and with emphasis on the fabric property

at PO and in these laboratories., Frevious 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, thuss contiining 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 P(D and in these laboratories
is the longitudinal wicking test which measures the time f;r water to rise
in 1 vertical strip of cloth, Since many use conditions involve trans-
verse transfer of liquid, some attention was given to a2 simple method for
studying this property.

B. Transverse 'vicking,

A gimple test procedure that showed some promise, involved thc measure-
ment of the time required to absorb a smill volume of water pliaced on the ]
surface of the swmple in K horizontal position., Trial experimznts indicated
that 2 suitable volume was 0.2 ml, and that the end-point could be fairly i
sharply estimated by the disappeirance of a reflecting liquid layer of water. !
This test was thought to simulate the use condition in which an outer water
resistant garment begins to leik dropwise 1t the sewrs, the fabric underneath
being subjected to smill droplets of water, The drop absorption test was

performed on the series of NRC blended serges for which other wicking

measurements were rcported rreviously, the resilts being shown in Table 1,
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In group 4, the addition of 30 peroent of Dicron r2sults in an
appreciable d:crease in absorption time. 'ith all of the other synthetic.
blends, the drop absorption rate is extremely ripid, while differehces of
A factor of two are statistically distinguishable by this test (e.g. fabrics
W6 vs, 747 or 47 vs, T41), it is believed that in terms of the use situation
& linear scale of wicking specd is not appropriate, Adoption of this point
of view would result in classification of the group A serges into very slow
vﬂ.ckera (111 wool), moderately slow wickers (Dicron blends) and very rapid
wickers (blends containing Orlon, Viscose and Chemstrand), In group B, the
acetf\:te-nylon blend wicks very rapidly, the Dynel blend somewhat more slowly
and the Vicara ternary blend begins to approach the moder.a.tely slow wﬁ.er
absorption behavior of tﬁe Dacron blend, espéchl]y after napping, The all
nylon and 11l cotton serges in group C absorb water extremely rapidly.

The data in group 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 scrges differing quite
markedly in wicking behavior, despite the fact thot 11l test specimens were
laundered ;;rior to test with. the view to bringing them to a "standard" surface
condition, The samples grouped together in the upper part of Table 1
(groups A and B) are considered as reasonably comparable since a single lot
of wool was used for blendin~ and all the fabrics in A group were made in
the same mill,

Yhile the drop 1bsorption test was developed on the basis that it would
emphasize vdcking through the fabric surface, the results correlate well with
the longitudinal wicking tests given in the previous report, The relationship
is shown in Figure 1, using 1 log-log plot to accomodite the several cycles of
log time involved,
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C., [Factors Other Than Fiber Composition Influencing wickings

l, Yarn Twist,

In the previous report, it was shown thit of various construction factors
studied, the yarn twist appeared to affsct the wicking most markedly., It wns
decided thit some further quintitative study of this phenomenon was 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, Rovinps of roughly equal weights were then removed from the sliver
disturbing the prrallelism as little as possiblz and longitudinal wicking
tests were run after inserting varying amounts of twist into the roving.

The wicking times 1s a function of twist are shown in Tible 2.

Both nylon and wool respond to tiwist iﬁ the same 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 nr"don and wool
are readily understood in terms of the changz in capillary size with twist,:
That 1s, as the tvist increases the dimensions of the ctipillaries decrease
which would be ex;ccted within certain limits to increase the rate and extent
of wicking,

The viscose roving, on the other hind, exhibited 1 remarkably different
pittern of behivior from the other tibers. The vdAckirs wis quite rapid in
the ronpe 1/2 to 5 tpi and in fact the rate t.nded to decrease slishtly in
this range, On introducing additionnl t.ist 1bove 5 tpi however, the wicking
time increased by an extremely larpe factor as shown by the value at 9 tpi
in the tible, “hile the result is rather surprisine it mayr be explained in

terms of the swelling of the fibers by the liquid resulting in the reduction




of the number of ¢apillary spices or of their size, such that the amount
of water transported is smill, This is ess:ntially the same principle
used in Shirley cloth for water repellency. That the swelling of the
fibers is responsible for the phenomenon in this case was verified by
subjecting the viscose to a typicil formaldchyde cross-linking treatment,
The latter is known to decrease the swellibility of the fibers, and the
wicking speed is 11so scen to be greater for the treated viscose at high
twists,

In general therefore, if it is decided that slow wicking is -
desirable characteristic of fabrics, the ditn suggest that this my 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 very 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
repellency has been thait the type of processine prior to finishing or
testing exerted 2 considerable influence on the r-sult, Thus even
traces of residual wetting agents and salts from scouring ana drain- can
mike it difficult to make 2 fabric adequitely w-ter resistant, A\ sinilar
effect is observed with respect to wicking, and an example was cited in
Report lio, 1, Thrze laundered 1)1 wool fabries (1, H and ¥) in group D
of Table 1 have bean shovmn to differ widely in f.heir wicking behavior
despité similarities in their general construction an. ppenr~nce, The
reasons for these di fforences vere sought in the possible differences in
the residuil non-fiber materiils rresent., accordingly, samples of thes.
fabrics were extracted in hot ethinol, ether and water (in this order)

and the wickine determinad at the same time before wnd after extractier,
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The results, eiven in T4ble 3, indicite that the rapid wicking of sample
K may indeed be nssociited with the preseﬁce of extractible materials
which promote wetting since extraction increases the wicking time ten-
fold, The results with s~mple H do not appear to fit this explanation
at 11l }nd efforts at determining the cruse foi the rapid widcing are
continuing. One possibility lies in the yarn twist since preliminary
measurements supgest thit the singles ynrns of sample H are more highly -
twisted,

3. Nature of the Surface,

Results in Table 1 (group B).xnd in the previous report suggested
that napping wis effective in decreasing the wicking rate of some fabrics,
Ir view of our interest in the fabric surface, measuremrents were mde of
fabrics which had becn napped or sheared in the laboratory to deliberately
alter the character of the surface. The wicking behavior was determined
by the longitudinnl as well s the drop absorption methods, the data
being given in Table L,

These results illustrate an important respect in which the two
kinds of tests mwy provide different infornition. In a number of cases,
e.g. nylon serge, nipping results in 1 fabric which wicks slightly more
slowly 28 judged by the longitudinnl results wheras the drop absorption
test suggests 1 m.:ny fold decrense in wicking rate, From the tecst
conditions it is cle~r that the longitudin~l test minimizes the effect
of the surf-ce in that a cut edge is available for penetration of liquid
and the head of water effective for forcing liquid through the surface

is 1lso greater,
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With respect to the drop absorption test, napping is almost always
effective in decreasing the rate of ~bsorption substantially, the notable
exceptions in the table being the 111 cotton serge and the Orlon blend,
Conversely shewring effects a decrease in time for absorption.

In generl, therefore, it miy be concluded that wicking is affected
by the mature of fiber, the fabric const~uction and finish nd the
presence of residual extractables. The present data suggest the
following generalizations:

1, Blending of synthetic with wool results in more r~pid wicking;
in the series of serpges currently 2vailable Lacron affects the wicking
of a blend less than do other synthetics. The ternary blends containing
Vicara and nylon tended to wick relatively slowly.

2, For muny fibers, low twist yrns will reduce the rate of
wicking materially. This is not the cise for viscose, for which very
high twist yarns miy hinder wicking., .

'3, Naopping tends to reduce the wicking rate trinsversely through
the fabric surface for miny types of fiber.

L. Residual extr-ctables from wet processing (probably wetting
agents) miy incrense the wicking rate considerably. The contribution
of this factor to the overill wicking mry however be expected to

diminish with use and laundering,
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II, Thermil Resistance of F brics,

A, Effect of the Nvture of the Surface,

In Report No, 2, it was observed th:t serges mide of nylon and of
cotton exhibited much lower values of spccific thermnl resistance when
reasurcd 2t thicknesses corresponding to pressures of 1.0 lblin2 than
did other fabrics of generally similar types. It was suggested thit this
could be explained either by the relative smoothncss of these fabries or
by the high specific conductance of these fibers. Some experiments hive
now been done which tend to confirm the former hypothesis,

The thermal resistances of specimens of nylon and of cotton serge
have been determined with a controlled pressure thermal transmission
apparatus before and after napping; the resnlts are reported in Table 5,
It can bs seen tint n3ppine incre~ses both the thickness and the thermil
resistrnce of the fabric but thit the resistance increises more rapidly
than c¢'n be 1:counted for by thickness 4lone; this latter effect is seen
in the increasing specific resistonce values (thermal resistance per inch
of fabric thickness) as mipping progresscs, The mechanism muy be thought
a8 involving more effective thermil truisfer fur +ke smooth fabrics 1s
the number of surf-~ce fibers making cont-ct is gr:ater ind the oonducting
prths are shorter,

_These results clearly illustrate the effect of the nature of the
surface on the warmth properties of fabric., They indicate that for a
given thickneys of fabric better insulation is obtained with ~ fuézy
thin with 2 smooth surfice., It is interesting to note that the specific
resistince vilucs of these two samples begin to auproach the thermal

resistnce of the blended sorgcs contiining 70 percent wool,
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It appears possible, therefore, to enhwnce the insulating power of
irisic:lly smooth structures by some kind of nipping process, One of
the advintages of wool-containing fabrics my be in the inherent ease
with which fuzzy fabrics are mde with or without tha intervention of a
napping process, This fuzziness is invariably enhanced by fulling and
by the felting occurrins in wet processes in which fibers migrate in

A random manner out of the yirn structure.

B. Wet Therm:l Measurements,

Work is in progress on the construction of wn apparetus which will
permit the study of the more complex situation arising when heat is
transferred rcross a fabric from the sweating skin under varying condition:
of wind velocity, Cez;tzinly in respect to tests on 1lternite fabrics
we are it 2 loss to prediet their "heat vwith moisture" insulating
properties without mensurements of this kind., A review of the literiture
on this subject his indicated that there are quite 1 number of ways in
which measurements of this type ¢in be carried out. The design of the
spparatus to be discussed has been based upon the experience of these
investigators as well as on previous work carried cut in this laboratory,

dAlmost 211 the methods used for studying the simultancous transfer
of heat wnd water throurh clothing materinls hive involved the simulation
of the skin of 21 sweatine mrn on which the clothing to be tested is
Placed, The "swerting" surf-ce for this apparatus is a three inch
diameter semi-cylinder of porous stainless steccl, Me~ns are provided
for attaching the f~bric to be t.es.t.ed to the curved surfacz of the
porous cylinder wnd the whole pliced in A l-minar air strewm normal
to the base of the semi-cylinder, ‘Iter, thernostatted to 33°C,, in a
reservoir nttaéhed to the base of the semi-cylinder is forced through
the crlinder's surfice 2t 1 rite sufficiznt to keep the underside of
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the fabric wets The most suit~ble temperature, rate of water efflux,
and size of curved surface have been arrived at from studying the
results of physiolosical investigations of this t;pe.

From a knowledge of the temperature and humidity of the air stream
directed at the fabric surface, thermil and moisture gradients across
the fabric m>y be defined for any wind velocity. A balance is used for
following the chonge in weight of sweating surface and attached reservoir,
Hence the loss of moistire per unit time through each fabric can be
determined, in integration of the electric power supplied to heat the
reservoir in 2 period of time with a watt-hour met:r allows onc to
calculate the heat loss through the fabric for each setting of the heat
and moisture gradient., By placing the sweating surface nd 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, Beciuse the "sweating" surface forms an integral part of the
hot water reservoir it will be possible to carry out heat trinsmission
tuns without having the fabrie wet, in the usual sense, but at high
relative humidity. This type of experiment should correlate with those
performed on the Cenco-Fitch heat transmission agparatus which has
already been described,

In summiry it misht be said that this fom of "wet-heat" testing is
designed to provide general infornntion regarding ths comparative effect-
iveness of fabric tynpes ~s insulators to he~t arnd moisture, it the same
time provision his been nude to odbtain tie information neccssary for
studying the mechanisms by which he-t ~nd! moisturs transfer takes place
and the role the varicus fabric charactoristics play in this complex

process,
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III. The Nature of tha Fabric Surf-ce,

A, Photopriphic Method,

In the 1ist report, there wis presented a method for evaluating
the nature of a frbriec surfice which consisted in enlargirg a photograph
of the cdge of 1 folded specimen, Wwhile this method involves the making
of subjective Qudgements of hairiness it has proved very useful in
rating the fuzziness of test underwear fabrics to be used in physiological
experiments at CRL; a sood deal of work along these lines has been done
indicatin~ the desirability of fulling and/or scouring for increasing
the hairiness of nylon or cotton underwear. A pair of samples
1llustr~ting the effect of scouring on cotton underwear is shown in the
photograph attached to this report, s mple 72 being unscoured and sample 66
that after scouring for 2 hours.

In an effort to arrive ~t 2 more quantitative bisis for evaluntion
of surfrce hairiness, a grid was photographed simultaneously with the
sample. In the rhotographs reproduced, the sides of each sm1ll squnre
correspond to lergths of 6 mils, It was bclieved that 1 simple counting
method misht be used to derine the surface fuzziness, After some trials,
the method tcntatively adopted was the following: |

1. A base line was druwn representing the upper limit of the
base fabric or the lower effcective limit of the fuzz fibers, Becausec of
the undulating pattern of the base structure this is not 2 simple matter;
however, it wns reasoned that the fibers in the hollows did not contritute
to the over-ll mirinzss and hence the base line was alwiys drown

tangent to the pe~ks,

-]ll-




wIMIT) e

2, 1\ series of jnrallel grid lines wa s ruled corresponding to
6 mil distences on the fabric. The number of f{bers intersecting each
grid line was counted over » horizontil distance corresponding to 240
mils on the fabric surface., A\ typical distribution for the three 11l
wool fabries (\, A-nipped and 13) reproduced in the photograph is shown
in Table 6 as well as some typical caleulations.

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 2 distince of 240 mils that are longer than 6 mils, The sum
of the product of 6 by the total number of intersections mny be used to
represent the effective tqt11 length (dist-nce betw=en ends) of all of
the surfacs fibers i,e., approxim-tely the total length of a single
fiber mide by placing 11l the fibers end to end, If the number of
intersections 1t the third grid line representsthe number of fibers 18
mils or longer, then the ritio of this number to the number at the first
grid line is 1 mexsure of the number of long fibcrs.. These crlculated
parameters for three tyges of cloth do indecd appeir to relatc to the
visunl impression givsn by the photograph, It is intended to pnrsue
this type of measurement further on A graded series of fabrics and to
relate it if possible to the other methonds of evaluitingz the surface

character of miterials,
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B, Hot. Penny Methed,

Previous reports hive described the so-called hot penny technique
for evaluating the surface character of f:brics. By determining the
rite of cooling of 1 smill metal disc (initially at an elevated
temperature) placed %n contact with a fabric at room temperature it has
been possible to describe the surface in terms of n (number of fibers
per 8q, em,), 1 (length of fuzz fibérs) and k (specific conductince of
the fiber substance), For those interested in the detailed derivation
of the equations, the theory empleoyed and the tssumptions mrde, an
appendix to this.report has b2en prepired bringing this miterial
conveniently together,

In order to test the method additional runs have been made on
samples of fabrics in which the surface choracter has been altered by
nipping or shearing, In addition to the t1/2 values 1s used’in the
provious report (time to cool the hot penny 7.5°C.), the ratios of the
number of surface fibers to their length (n/l) were caleculated sub-
stituting values of fiber conductance from the literature in the equation
(appendix to this rsport)., In addition to measurements at arproximately
0.1 1b/in,2 between fabric and dise, data were also made at the self-
pressure excrted by the welght of the specimen 2lonsy this latter pressure
corresponds to approximately 0.0021b/in 2, The results are given in
Table 7.

The following gcneralizations appear possible from thease data:

1, Napping results in an increase in the time for cooling indicative
of the smaller number of fibars cont~cting the heated dise or 6f great.r

length of fuzz; hence the n/l ratio decrcises with napping,
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2, Shearing affoets a fabric in 4n opposite minner, the hot penny
coolinr ogcurring more quickly as A result of either more fiber contacts
or shorter fuzz height; the cilculated n/l ratios are correspondiﬁgly
greater for the sheared fabrics,

3. The rate of cooling of the hot penny is lower at the lower
pressure and this is explrinible in terms of fewer fiber contacts and
longer surfice fibers: hence n/l is found to be lower it self-pressure
than at 0,1 1b/in 2, This is discussed further in the next section of
this report,

It appears that the hot penny data reflect in a sensible minner the
chinges in surface fiber coatacts produced by finishing or by compression
of the surfice. A pair of rayon fabrics othcrwise identicrl, one simple
made from filament and the other from staple fiber were testcd by the hot
penny technique, These were obviously different in surface character
(see scetion IV of this report for compression data); the hot penny
results clearly reflect this difference, the staple fabric miking poorer
contact (léwcr n/1) than the filament,

It is to be noted that since the caleulation of n/l involves the
use of fibor conductnce vilues, it is not fensible to compire fabrics
of differing fiber content duec to the consider~bls disagreement in the
published vilues of conductances., For fabrics of similar fiber composition
however, €.7. 13, A and HB in Table 7, the relative megnitudes of n/l
are comparible, In fact these values do arrange these fabrics in proper
order with regard to visunl and {acturl estimites of the number of

fiber contacts and their length,
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C. Vari:tion of Surf~ce Contacts with Pressure,

The e~rlier mensurcments with the hot penny methud given in
previous reports involved the use of 1 specimen londed to 2 pressure
of approximately O.1 lb/inz. Since many of the use situations involve
lower pressures, ~ttempts were made to carry out these measurements at
lower loads, The data in the previous section show th-t this wws‘
feasible for mwny types of fabric. A series of hot penny experiments
was performed at 1 r~nge of pressures to determine wmt the n/l relation-
ships were 1s 1 function of pressure. Thesz data are shown in Table 8
for 4 fbrics,

These results surgest tﬁat an inverse functional relationship does
exist between the rate of cooling in the hot penny method and the
pressure; that is, as the pressure descrenses, the fabric makes contact
with fewer and/or longer fuzz fibers (n/l decrenses), Graphs in which
1/n is plotted ngrinst the pressure arc shown in Figure 2 and it is
clear that the curves hive the s me form 1s the thickness-pressure
curves, In order to illustratc this more clearly, tus compression
curve for one of thc samples is inserted on the graph for comparison
using n arbitrary thickness scale. The possibility exists.tharefore
for relating hot psnny d~ta to that obtiinzd from compression measuremcnts
This should ~id considerably in interpreting the compression measurcments
in terms of the surfice piramsters,n ~nd 1, It is intended to pursue

this linc of attack further.
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IV. Thickncss - Fressurc Relationships,

A. Introduction,

The previous report hs discussecd Ui possibility of snaracterizing
fabrics in terms of a simple funetionai relationship: t = 1 + b/(p +¢),
in which t and p arc thickness and pressare, respoctivel” wid a, boand ¢
are constants, By means of this "equation of state" it -s possible to
estimate the thiclness at any pressure over the range 0,002 to 2.0 lb/in2
with good prccision, The constants aprear to be a potentially satisfictory
means for chiricterizing 1 fibrie; 2 represents the limiting thickness
of the basic f-bric struciire at higher pressurcs; b or some function
of b ind ¢ describes the compressibility charicteristic of the fabric
at lov prcssures and miy be related to the nature of the fabric surface,
its fuzziness and degree of contnct with the skin,

B. Surface Charzcter and the Thickn..ss - Pressure Function,

Some additiona]l work has bzen don2 on simpler means for estim~ting
the constants in the ~bove cquition. For the group of fabrics studied,
a my be satisfactorily estimted graphically by plotting the thickness
valucs at th: higher pressurcs eninst log pressurs and extrapolating to
p = 10 1b/in,2, It wis found that b and ¢ vary linearly for tny given
fabric if 1 v~lue of ¢ is chosen arbitrarily within reasonabls limits,
This rakes it exsier to obtain b values readily for comprrison of
mterinls, | suitable value of ¢ for the group of fbrics tested wos
found to be 0,05. Usine this vilua for ¢ wnd ~ griphicil estimate of
a, one ¢n c~leulate ~ valuc of b from the product, (p + ¢) (t=1),
for exch point in the comrression ecurve. iverages of b crlculated for
pressurzs low:r thwn 0,1 1b/in? for a numbir of fibrics obviously
different with reeard to surfac: charetzr arc shovn in Table G,
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The first group of four scrges in this table aro samples for which
the surface chiracter has been described bascd on the surface photographs
reprbduced in the previous report. The values of b, in Tible 9 are scen
to decrease in regular order as the visual impression of hairiness
decreases,

The next three pairs of serges constitute 2 homoegcneous group of
NRC fabrics for comparisonj eich prir comprises identic-l blended serges,
except that one mcmber of the pair has been nazped on one side, The
mpping would be expected to cnh-nce the fuzziness of the fabric surface
and this is reflected in e~ch cise by 1 corresponding increise in the
magnitude of b, The effect of n~pping will be discussed 2t greater
length later in this report.

A pair of rayon lining f-brics wrs tested I this sories, one s mple
being made from filament and the other from staple fiber, The st~ple
fabric as judged by hindle ~nd visu:l inspection wis obviously fuzzicr
and the value of b is ~gnin indicitive of this subjeoctive characterizatio:
The very smooth completely non;hairy rubber sheecting exhibits compressive
behavior corresponding to very low b values,

In generil, thcrefore, the use of the thickncss-pressﬁrc relation-
ship noted above permits the caleulation of equation constants which ar:
useful for the description of fabrics and that in prrticular the constint
b (at pressurcs 0,1 1b/in2 and lower) is characteristic of the surface

hairiness of the cloth,
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In order to test the corrclation of b vilues with subjective
ratings of hindle 1 scries of 7 tropicnl weight suitings was used,
Subjcetive judgyments were mide by a pancl of observers who were asked
to rate the fabrics in order of smoothncss to fuzzincss, It was found
thit when only 2 or 3 spceimens were offered Jor judgement ~t any one
time, the obscrvers could make a decision quite rexdily and in surpris-
irgly good ~greement with onc ~nother; when more thin 3 specimens were
offered, the consistency of juigiment suffered markedly, In addition
it wns found cxtremely helpful to sprec individual judgfrents at
intervals of not less th:n one hour. It is intercsting to note th:it
when three samples were offered for evrlutition, the common practice
afpeared to be the sclection of 1 specimen ~s being "obviously" roughest
or smoothest in the group, followed by slightly msrc mature discrimination
of the rumaining closer pair. The iverage ronkings of subjective
smoothness or hairincss ire shown in Table 10 together with the b
vailues calcul~ted from the compression data,

The subjcctive r~nkings ~re scen to relrte very well with the
paramcter b ¢1leulated from the thicknoss-pressure data; the rank
coefficicnt of correclation is + 0,88, It cw ue ~oncluded thercfore
that the const~nt b cin be uscd to discrimin~te rather fine differcnces
in smoothness or hiiriness wmong fabrics ~nd such n objective method

for this purrose muy be of gencral utility in the tcxtile field,

.
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Some thought has -lso becn given to the possibility of releting
the geometry of the fabric surfice (fiber density, fuzz height, fiber
fineness) and the mechinical properties of the fibers (modulus or
stiffness) to the constants in the compressibility equition. This is
a faifly complex system for an~lysis since it involves aissumptions as
to the mechanism of deformition of the surface fibers ind with regard
to the distribution of fibers on the surface at various thicknesses,
Some preliminary experinents were mide in which fabrics were either
sheared or nipped in the 1aboritory and the valuss of b cilculated s
above; the datr are given in Table 11,

In line with the previous results, shcaring offects 1 decrease
in b and conversely nxgping results in in increase in p; and this is
of course in agreement with the subjective evAluation of hairiness,
Since each prir of faobrics in the table is identical except for the
"finishing" process, ths surfice fiber finencss ~nd stiffness are the
same ~nd the only effect due to nipping or shenring miy be in the
number of surfiacz fibers and their lengths, It is intend=d to compare
estimitrs of the surface charicter obt-ined from compression data with
those obtiinable in othcr ways (viz., hot penny ~nd visurl rethods
discussed elsewhere in this rcport) in order to find whether a

quantitative relationship muy be deducad,
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V. Evaluation of Tropic~l Fabrics,

A, Introduction.

A scries of seven commercial tropic:l weight fabrics were submitted
for physical eviluation of the fabric chrractaoristics, It is understood
that garments mde from thesc samples are undergoing field trials ~t
warm weather stitions but no results wcre avail-ble to us at this time,
The swples were given 1 commercinl dry clewning ~ftor being wet out in
water for relaxation of process:inr, tensions, The fabrics were then
subjected to 1 battery of tests which miy be groupcd into three broad
catepories: (1) Fhysie:l factors influencing comfort, (2) Factors
relating to the appearance in use 1nd (3) Fictors possibly affecting
the psychophysicil re~ctions of the we'zr.er. This division is of course
somevhat ~rbitriry and some dsgree of overlapping miy be found, Such
a groupins is howevcr convenicnt for purposes of weighting the rosults
for an over.ll evrluation, The results of measurement and the nominal
fiber contcnt of these Sabries are given in T:ible 12,

B. Comfort Fuctors,

The propertics grouped in this e~tepory inelud: weight, thickness,
thermil resistince nd alr permewbility. In contrist with the cold-
werther fabrics examincd previously, the emphnsis in this group is on
minimum warmth, weight -nd thickn:ss and miximum air pormcbility. .hile
it is obvious that thesc propcrtics show interaction among themselves
thcre is not compl-te one to onc corrcspondunce on the results shown in
the table, In this group of s-mplecs, sample D, 1 wool nylon blend is
lipghtest, thinn:st wnd shows the lowcst thermnl resistince, One of the

all wool fabries, B, is heavicst, thickest ind is th: warm:st sample

in the group. \ir permenbility which is influcnced stronely by structure
is rreatcst with the viscosc-wool blond € and lowest for two of the

111 woel samples ? ~nd H,
«20-
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In order to comp~re the siumples, the f:bries are arranged by rank
in Table 12, 2 low ronk being associated with 1 desirable mgnitude
viz, low weight, thickness and therm:l resist:nce "nd high permeability,
In order to 1void overweighting any given sample on the basis of smill
difference, the vilues for eich property were grouped into 1 relatively
smll number of clisses = 3 or 4 - 2s shown in T~ble 13. The sum of
the ranks is also piven in this table, 1 larze number (muximum possible =
13) indicatine 1n undesirable fabric ind conversely for 2 smrll number.
In this vy, thc order of prefercnce ~mong thase fabries with respect

to their "comfort" propertics would be D, C, (i, E, F, H) wd B, the

prrenthesis indicatin~ that differcnces among the fabrics enclosed
could not be ~ssessed,

C. J\ppearance Fictors,

( In this c~tegory, the tusts included measurcments of bending length
by Feirce!s hangine heart mcthod (to evlurte drape), crease recovery
at 65% R.H, with the l'onsnto tester, creasc recovery of mojst fabrics
and 1 muss resistance test develop.d in these l-boratories, The wet
ereise recovery test consisted in plrcing the folded specimen for
15 minutes under load betwcen blotters moistencd to hold 150 percent
water, after which the erease recovery in 5 minutus was detenmzined in A
standard atmosphere at 65% R.H., The warp \nd filline valuss were
significantly different in several eases wnd in order to show this they
are reported serirtely rather thwn as averages. The muss resistince
test involved tumbling of smill speeimcns in ~ rotating jar containing
rubber stoppors wid moist spongcs ~nd judging the simplcos visually

with respcct to the development of muss and ereasced rews. Fabries

were also tcested for porsgiration faistness by the \\TCC procedurc and for
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felting in ~ mild laundcring procedure, The purpose of the latter was to
determinc whether in use in hot climites, felting would occur under the
arms or in other nre~s subjected to wet mechanic:l action,

With respcet to the test values in table 12, 11l of the fabrics
m1y be considered as similar with respect to bending lcngth, perspiration
fastness (111 cxcellent) and felting shrinkige. The blends contwining
40 percent or mors of viscose, A, C and F, exhibit poorcr cre-se
recovery thin the othor fabrics, Sample F is different from the others
in that its wet crevse recovery is good f£illingwise ~nd poorer in the
warp dircetion, This miy be due to the fict that the ncetnte content
of this fabric is cntirely in the warp yamns. While goneral agreement
between the muss test nd crease rccovery hxs been obtained in the past,
the correlition, espeeinlly with respect to the position of sample A
is not pood, This miy possibly be accounted for in terms of the
differing conditions of moisture and of the.mwgnitudes of the deforming
londs in the two test rroczdures. The sum of thc relative ronks given
in Table 12, indieate that with respect to 111 of the ~.pearance-in-use
factors, simple C (8C% viscose) is poorcst, samplc A (5C3 viscose - 56%
acctate) is intermediate 1nd the remiining samples are clisscd best in
the group, If the mussing test reclates to the use conditien more nearly
thon the sharg angle crense rocovery tists, simple & which contains no

wool would be expucted te behrve very satisfactorily in this regard,
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D. _Psychophysical imichors,

\ proup of obscrvers wts requested to jJudee these samples with
rcspc;ct to softness or harshness of hwndle and on sepirate occasions
with regard to smoothness or hiiriness. As discussed elsowhere in this
report, wh.n the number of specimcns offer-d for raking wos iept smill
(3 or less) on ech occision and the offerin~s werz soparated in time,
the judgerents were surprisingly reproducibli:. The correlation between
parameters ¢rlculated from compressicn rmoasurcrmerts and smoothness or
fuzziness is described elsewhere, It is ~lso of intercst that the
eviluition of the order of softness ~nd of smoothness were different
in many cises. The resulting rinks are given in Table 12 and are 1lso
entered in Table 13 for convenicnce. These factors are considered of
importincc in the subjoctive prejudices of obscrvers; there is a
tendency to prefer smooth fabrics for warm wetthor clothing and soft
fabric m1y have better "sales appaal", There is no consistent relation-
ship b:;tv:ccn fibor content ind these subjcctive Judpements; three of the
high wool cont~inine samples are high on the softrniess list whercas
another ill wool sample is Judged as harshcst,

With regard to flexurnl riepidity, the fibrie weight influcncesthis
considerably., It is felt that ~ stiffer fabric may be: preferred in thot
it m'y not touch the skin -nd eline so nmuch s 2 swnple with lower
flexural ripidity. This fabric property w.s civen 2 sm1ll weight in
the rankines in Table 13. The overill runlidngs of this zmour of
properties indieates that swuapla D would be nreferred, that next in
order would b swmples \, H, C "nd B and th~t the most undesirable

group wuld irclude s'rpl-s F ~nd E,
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In surming up the over:ll judgment of the suitability of these 7
fabrics for tropical dress unifoms therefore, it is concluded that the
following order may be sct down:

ll. Comfort Factors - D, C, (\,E,F,H), B.

2. Appearance Factors - (B,N,E,F,H), 4, C,

3. TIsychophysical Factors - D, (1,R,C,H), (F,E),

Sample D, 907 wool - 10;} nylon, appears to be most desirable in all
threce categories. The other fabrics are more difficult to rate since
the relative weights to be given exch of the contributary factors are
not clear. If it is assumed that comfort ~wd “ppearance factors are
equilly important then the group composed of swmples £ (wool), F
(quiternary blend cont:ining 407 mohair) and H (wool) m~y be next in
order of desirability. If the mussing test is more appropriate than
erease recovery for rating the appearance in use, sample A (50-50
viscose and acetate) would apperr hicher in rank of suit~bility,

The resilts of ficld trials and wearer ratings are belng awaited
with consider<ble interest for comparison with the laboratory tests

Just discussecd,

2L~
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Appendix to Report 3

Theory of the'liot Fenny" lethod for Determining Surface Contact in Fabrics,

. . U
Consider a copper disc of specific heat ¢, cross sectional area, A,
and miss, M, 1t a temperature T (greater thin ambient temperature, 7).
Suppose it to bc thciwiilly insulated so that no heat escapes from the sides
or bottom of the disc, Then the flow of heat H, upvards from the disc
as a1 function of time, t, will be

dhi = -l dT
dt dt (1)

If a fabric at temrerature T} and of cross .sectioml area preater than
A is placed on the copprer 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 crl/sec deg/em length), then there exists a length,
1, of these fibers over which the temperature drop (T-T3) occurs, If it be
assured that this length, 1, corresponds to the height of the fuzz on the
fabric then the rate of giin of heat by bulk fabric is

i = pk A (T-T1)
dt 1 (2)

At any instant of time the amount of heat being lost b the penny cqunls
that beins gained by the fabric, Equating (1) and (2) gives
nk A (T-Tp) = -MedT
1 dt

(3)
If the temperature difference (T-T]) corresgonds to 1 linear gilvamormoter
deflection, B of the temperature reasuring system, then
g = B(T-T1) (4)
and dg = BdT
dt dt (5)
i
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Substituting equitions (4) and (5) in (3) gives

nk Ag = -Mc dg
1 dt (6)
or dt =-1Mc dg
nki g (7)
Integratine equation (7)
t = -2303 Lic logg+1 (8)
nk \ 7

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

(full scale deflection) then I = 0 and

t = -2,303_1%c 1o g
n< A . (9)

Where a plot of ¢ vs. log g is linear with slope m, then

nk = -2,303 Ve n
1l A

(10)
The parameters descriptive ol the fabric surface 2re ~rouped on the left-
hand side of equation (10) while on tha rirht are the npparatus constants
and the experimentally detemmired slope m,

Up to this point in the analysis, the assunption hias bzen made that
21l heat losses from the copper disc occur to the surlace fibers of tie
fabric, In actu:) prictice two other types of heat loss to the environmant
affect the rate of cooline of the hot penny: 1) losses to the insulation
on which the copper disc is mounted and 2) losses to the air surrounding
the fiber contacts wmd trappad betwoon the disc and the fabric,

The heat loss to the insulation will afrear as 1 corrceticn to the

slope m so that cqguition (10) miy be written as

nk = C(n-r) (11)
1

o
(C is the apparatus constint = =2,303 13) ,
A

i1

_ >




The correction term, my, m1y be estimatcd from hot penny runs with
smooth surfaced substine:s of known conductnce, Experimental details for

obtaining my have been given in Report No. 2,

If it is desired to determine the heat losses to the fabric surface
independent of the air trapped at the fuzz, then losses to this air
must be accounted for in the equations, If the effective fractional cross-
sectionil area of the fabric surface made up of nir is & and the specific
conductwnce of 2ir is ky, then equation (11) becones
nk + @ka=C (m-my). (12)
Where my is the experime;izl slopz of log g vs. t curves for losses

to air only, the final hot penny equ:tion is
nk = C (m-mg-my) (13)

It has been shown in Repovt No., 2, that it is posasible to use a value
of ¥ = 0.9 in thc genzr:1l ¢1se for real fabries. Fer lhe particular
apparatus constructed ir these laboratories the "corrections" my and Mg
were incorrectly riven in Herort No. 2; the vrlues in proper units are
m, = 0,00100 sec~l and m, = 0.00132 sec-l,

In 1ctual use of the hot penny appairatus th: linearity of the curves
obtained by plottine log g vs. t (slope m) f1lls off 15 & bacomes large.
This means that heat losses ffcm the fabric fuzz become 2 .orecinble as the
fabric surface is heated to hot penny temperiture. It hos been obscrved
however thit the following empirical relationship holds;

log G = =Rt + §, (1)

At




where G = log g, R = k' m; k! i3 an apparatus oconstant and S is the value
of log G when t = 0, Substitutirp in equatien (1L),

m=5 - log G
F% (15)

Vilues of m calculated in this manner are identicnl with those
obtained graphically from the log g vs. t plots but permiv the use of
all of the data from 1 hot penny experiment, This method is particularly
useful when m is large (the disc cools rapidly) in which case it may be

difficult to estimte m graphically with any degres € precision,




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

Fiber Gompositiot. Drop Absorption (0.2 ml.)

Code Wool Othep Time
seconds
Group A
5 100 0 = 18,000
ml Y\ 30 0 150
72 70 30 Da 3,500
%3 70 300 180 —
(A 70 30 Da 13,000
6 70 30V 49
(N 70 2 Vv, 10N 70
ms 70 30 Ch 200
Group B
51,517 70 20 Ny 540 -
5400 38 50 3C V3, 2018 1,600
54045 50 30 A, O 60
20 N €0 Dr 6,0
21 5 306, 20§ 4,600
, 19 50 304,200 100
‘ Croup C
Ny 0 100 N 15
28 0 100 C 2
Groun D
A 100 0 > 17,000
13 100 0 > 25,000
H 100 0 150
K 100 0 2,400

¥ 0 = Orlon, MNa

= Daeron, V = Viscose, N = Nylon, Ch = Charstrand,
VC = Vicara, Uy = Dynel, \ = Acetate, T = Cotton,




Table 2, Rerort 3., \Vicking Times as a Function of Twist for Rovings
of Various Fibers.

Heipht of Time for ilater to Rise At: .
Fiber " Rise of Vater 1/2 tpi  2-1/2 tpi 2 tpi 9 tpd
' in, sec. sec, scc, se..
Nylon 1 19000 3300 90 150 '
Nylon 1.5 - 10000 200 - I
Nylon 1.75 - > 26000 110 - !
Wool 1 > 260000 6200 3500 -
Wool. 1.5 - 3300 5800 -
Wool. 1.75 - - 7900 -
Wocl, shorv starda 1 > 260000 3600 1400 -
Yocl, short zt-.l= 1.5 - 5630 2500 -
Wool, short otal: 1,75 - > 1C0CO 4000 -
Viscose 1 30 X) 50 26002
Viscose 1,5 e0 70 160 - |
Viscose 1,75 110 120 340 -
Viscose-HCHO treated 1 40 60 70 110
Viscose-HCHO treated 1,5 90 100 180 360
Viscose-!CHD treated 1,75 140 150 - 710




Table 3, Rerort 3.

Material

The Effeet of Extraction on Wicking
of All wWool Fabrics,

Condition

Unextracted

Extracted '

Unextracted

Extracted

Drop Absorpticn
Time
sec,

930

10,000

110

210
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Table 4, Report 3., Wicking of Mapred and Sheared Fabrics, \

Sample

28 - Cotton serge

" - napped

N = Nylon serge

"  « napped

A ~ Smooth ool sarge

" - aapped

7L2 ~ Blended e::2¢ (30% Dacron)

" - pigpad

746 ~ Blended s:rge (307 Viscose)
i - sheared

" - nagpped

741 -~ Blended scrge (305 Orlon)

" -~ napped

745 -~ Eairy woel scro:

] - sheared

Us

0

Longitudinal Drop Absorption
Wicking (0.2 ml,) Time
sec,/1 in, rise 83C,
16 2
16 3
35 10
170 9300
> 15000 8500
= >29000
870 3500 1‘
70 > 29000
75 30
60 1
130 1500 to 18000
= 120
- 150
- > 14CCO
- 8200
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Table 5, Gerort 3, Thermal Resistance (1.0 1b/in?) of Jerges
as Related to the Fabric Surface,

, Intrinsic
Sample Thickness Thorral Resistance  Srecifie Resistarce
mils *C sec m</cal °C sec m2/cal in.

Cotton serge 36 0.048 1.34

" « light nap 37 0052 1.41

" ~ heavy np L2 064 1453
Nylon serge 36 .050 1,39

n o light nap 40 060 1,52

" ~ heavy nap L3 .071 1.65




Table 6, Report 3. The Lvaluation of Hairiness from

Height of Grid
Line Above Hase
mils

6
12

18
2l
30
36
L2
L8
56 or greater

Number of fibers 6 mils or lorcer in
2,0 mil section

Totd length of fiber in 240 nil section

Fraction of fibhers 12 rils or longer

Surfice iholcrraphs,

Number of Intersections per 240 mils

Smooth Serge a Hairy ool

Serge .\ Napved _ Serge 13

L5 99 68
17 67 3
4 35 20
5 21 12
2 22 L
0 9 2
0 2 2
0 2 1
0 4 3
L5 99 68

456 1,22 858
0.16 0.35 0.29
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Table 7, Report 3. The Bffect of Napping and Shearing on the Fabric
Surface as Shown by Eot Penny Measurements,

Calculated Ratios of
Number of Surface

Sample Time to Cool 7.5°C.(t1/2) Fibers to_lLength (n/1)
At self At self
pressure At 0,1 1b/in2 pressure At 0.1 1b/in?
sec, sec, cm-3 em=3
Hairy wool serge (13) 93 775 16 x 104 26 x 104
" _ sheared 86 68.5 20 33
Smooth wool serge (A) y/A 51 31 5.
" = napped 93 65 15 34
Blanket (HB) 111 108 L 5.6
W = sheared 95 90,5 7.0 9.5
Nylon serge 70.5 41 59 106
" - napped 77.5 45.5 37 90
Rayon twill - filament 61.5 31 9L 200

" . staple 78 37 50.5 165
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Table 8, Report 3. Hot Penny lieasurements at Various Fressures,

Acded Calculated
13 - Hairy wool serge 5 0.0¢8 a5 L, x 10k ;
2 037 75,5 38 |
1 .020 el 36 i
0 0028 - 93 27
|
A - Smooth wool serre b .087 é3.5 éL '
2 036 71 L5
1 019 82,5 42
0 .0023 90,5 30
N - Nylen serge 5 037 50.5 82 !
2 036 59 64
1 019 6L.5 59
0 0018 81,5 37
28 - Cotton serge 5 .038 L7 100
2 036 52 91
1 019 56 80
0 0024, 7% L6




Code

28
Nl

54047
20

540148
21

54049
19

RL-f
RL-s

RS

#Calculated fron t'e leatin: crele

Table 9, Report 3,

Fabric Description

Hairy wool serge
Smooth wool serge
Cotton serge

Kylon seree

Blended w>nl serge (30 Dynel)

i - mapped one side

Blended wool serp~ (20 Vieara, 20 wylon)

0 - mayzed ore site

Blended wocd. serpe (30 *cetate, 20 i'ylen)

" - nayped one sie

Filament ravon twill

Crimred stagle rayon twill

kubber shecting

values to 0.1 1b/in2,

The Surface Craracter of Laundered Fabrics
as Evaluated by the Constunt b = (p + 0.05) (t-a).

Equaticn Constants *

a

mils

42
34
33
35

28
28

28
29

29

16
16

34

'ib't}i'ﬁ
3.47 x 10°
1.94

1.85

1.2

1.59
2,47

2,33
2.99

1.70
2.74

0.23
0.71

0.21

only ani in the cite of b for jre:ssure
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Table 10, Report 3. Correlation of Subjective Handle of Tropicals
with b Value Caleulated from Compression Data,

Sub jective Handle,

Sample Smooth to Fuzzy
A 1
D 2
c 3
n L
E 5
F 6
B 7

Value of b from
vempression Data
1b/in

0.57 x 103
»51
69
56
o3
o

90




Table 11, ideport 3,

Sample

Nylon serge (pressed)-N2

Nylon serge (pressed)-h2

Blanket-NB

Blanket-NB

Heiry wool serge-13

Hairy wool serge-13

Smooth wool serge (pressed)-i

Smooth wool serge (pressed)-1

Blended serge -~ 54CL7

Blen'ed serge - 20

Surface Character of PFabrics,

Additional :
Finishing Thickness (t)
Process at ,002 1b/in?
rils
None 40
Mapped 71
None 294
Sheared 228
None 15
Sheared 79
None N
Napped g6
l.ore 6L
Napped 80

The Effect of Shearing or Napping on the

i
1b/in,

0.49 x 103
1,58

11.9
8.7

347
2.25

0.90
2.69

1.59
2,47

#From loadins cycle in the pressurs rance 0,802 to 0,1 1b/in2




Table 12, 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 - - 40 -

Nylon = = e 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 1b/in* 28 38 29 25 31 33 29

At 1,0 1b/in? 18 22 16 17 19 19 19

Thermal Resistance at
0.002 1b/in?,°C m? sec/cal. 0,070 .09, .O74 .063 .,076 .,075 .072

Air Fermeability, ft3/ft2/min. 71 31 140 77 62 73 29
lean Bending Length, cm, 1.65 1.8 1.7 1.75 175 185 1.7
Mean Crease Recovery, Nry,J% 73 84 71 88 86 76 8l
Crease Necovery, Wet, 3

WVarp L0 . 154 30 50 53 37 55

Filling 28 51 3 51 L8 62 50
Muss Resistance, Rank 1 3 4 3 3 2 3
Perspiration Fastn~ss %lass 5 5. 5 5 5 5 5
Area Felting in Taunderine, 3 3 5 IA A 5 A 5
Handle, Rank

Soft to Harsh 5 3 4 1 7 6 2

3mooth to Tuzry 1 7 3 2 5 6 4
Mean Flexural Rigidity, z. cm, 0,10 .16 .10 .10 5 B AR 12
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Table 13, Report 3,

Test
Weight
Thickness
Thermal Resistance
Air Fermeability

Sums of Rinks

Crease Reccevery, My
Crease Recovery, lolsh W

F
Muss Hesistance

Suns of anks

Handle
Soft to Harsh

Smooth to Fuzzy

‘Flexural Riridity

Sum of Rinks.

Ranking of Characteristics of Tropical Fabrics.

Sample Cnde = No. of
A B € b B2 O E O H  Classes
3 3 2 1 2 3 3 3
2 4 2 1 3 3 2 A
2 3 2 1 2 2 2 3
2 3.1 2 2 2. 3 2
9 13 7 5 9 1 10 13
3 X 3 1 1 2 d 3
2 i 3 1 1 2 1 3
3 2 3 2 1 2 3
A3 4. 3 03 2 3. 4
s 7 13 7 7 7 7 13
5 3 4 1 7 6 2 7
1 7 3 2 5 6 4 7
2 1 2 2 2 1 2 2
8 1 9 5 1 13 8 16
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