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INTRUDJCTION

une of tiue news trends in anome construction ass becn tne bascaent-
less, slab foundation nouse in wuicihh a concrete siab poured above grade
serves as tne ground floor. #nile tnis method ma.es possible many
e¢conoilies in production, certain essential details must not be omitted
1f satisfactory results are to be expected. For example, at least four
inches of gravel snould underlie the concrete slab, and its iower sur-
face snould be sealed with a moisture-proof membrane, This is necessary
to avoid the possibility of ground water seeping into the slab,

In addition, studies conducted by the National 3ureau of Standardsi*
and the Small Hdomes Council of the University of Illinois** have defi-
nitely proved tnat thermal insulation of tne slab 1s required to prevent
excessive heat losses during the heating season,

It was also discovered tnat the major portion of tne neat loss from
taoe slab occuﬁed tarough tne outer edges ratner than tne undersurface,
ana tnat the instailation of suitable insulation around tne slab periin-
eter reduced tane total neat ioss by as wuch as twsnty-five percent. Tne
ainimum recomamended thickness for this insulation is two inches, in
cases waere radiant heating ducts or pipes are incorporated in the slab,

the insulation snould cover tne undersurface of tue slab as well as thne

#Ditl, ficnard S., W, C. Robinson, and d. k. nobinson. .ecasurenent of
Heat lLosses from Slab Floors. United States National Bureau of btandards,
Wasnington, Building isaterials and Structures Report BJS 103, 1945,

*#Bareither, H, D., and J, T. Landrum., Concrcte Floors for Basement-
less Houses. University of I[llinois Small Houes Council, Urbana, Bulletin
F. 4,3, 1943,



perigeter. Figure 1 snows various possipide applications of perimeter
insukation., Note applicatiomn ld wnich indicates a wethod of applying
perimeter insulations to an existing structure.

An adaed denefit obtained by the use of perimeter insulation is
a reduction in temperature gradient froim tane center to the outer edges
of tne slab surface by as muci as thirty percent,

while no industry-wide standards have been estabiished to aeste, it
is fairly obvious tnat there are certain properties wuich an insulating
material selected for thnis appiication snoudd possess. First of ali,
the wmaterias snoulu nave a sufficiently low coefficient of tauermal con-
ductivity as installed and be capabie of maintaining it. it saould not
absorb nor be appreciably affected by water or water vapor. 1t snould
preferably be available in board or block form, and siould be crush-
resistant whetner damp or dry, witn a compressive strength of not less
tnan five hundred pounds per square foot. Tinally, tne material snould
be unaffected by soil cnemicals and snould not be a harboring place for
verain, molds, or mildew,

Four types of insulation--Styrofoam, Foamglas, Fiberglas and cork-
board--were selected for the investigation on tae assuanption that they
possessed all or most of tne desired prOperﬁies. The purpose of the
investigation wus to test each wmaterizl under iaentical conditions, de-
teruine to wanat degree each possessed the desired properties, and com-
pare all of tne materialis on this basis,

Tests for resistance to svil cnemicals, veruin, and fungi were
opeyond tns scope of tnis investigation, but determinations of compressive
and flexural strength, impact resistance, moisture absorption, and heat

transmission properties were undertaxen,
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Although an ideal perimeter insuletion saould zbsorb no moisture,
none of tne muterials seiected were absolutely uwoisture proof. Since
exposure to moisture 1s a possibie nazard in appiication, it was con-
sidered desirabie to discover wnat efrect (.f any) tae presence of wois-
ture nad on tie various properties considered. Tnis decision resultea
in adaed compiications in tne test procedure, es.ecially in tane deter-
mination of ne.t transmission propertics, Tne nature of tncse compli-
cations and tne apparatus and teot procedures deveioped tu overcome them

are discussed in tne folilowing caapter,
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APPAxATUS AND e THODULOGY

MOLoTURE AsSOnPTION

In tais phase of tne investigation, two lots of szumples were pre-
pared. One lot, after being oven-baked to tne bone-dry state, was weighed
and iusersed in a tank of water. The second lot, also baked dry and
weighed, was placed in a nigh-humidity chamber where seturated conditions
Aere aaintained at a temperature of approximately 115°% Fahrenheit. Detalls
of tnis cnamber are as snown in Figure Z. Bota lots were reaoved for
weigning periodically, and the test wus conciuded after the completion of
four nundred nours' exposure., Amount of moisture absorbed 1n any case was
indicated by tne difference between tae bone-ary weignts ana tne observed
welgnts, Lt was necessary to allow excess iiqusd to drain from tae saumples
before attempting to determine moisture absorption, particularly in the

case of tne cor«board and Fiberglias saanples,
DoTEituINATION of STRUCTURAL PROUPERTIES

Because of the various ways in which the perimeter insulation wmight
be stressed, it was felt that a determination of tne compressive, flexural,
and impact strength should be made for each material under investigation,
Further, it was desired that tae determination should be wade for botin
normal and saturated conditions. Thersfore, two identical lots of speci-
wens were prepared, one lot to be tested in tae normai state (iess than
0.05% moisture content, by weignt) and tae otner after iwucrsion in water

for two weeks. The cowpression and fiexurai tests were perforued on a
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standard Tinius ulsen, screw-type, wenualiy-ioaacd testing aacaine,
Compression samples ameasured 53" x 53" x <", except tnose of lkioer-
glas, waicn were 33" x 54" x 2&". Since 1t was found tnat tnese wateri-
ais had no definite yield point, merely becoming more coupact and fira
. as coumpressive load was applied, compressive strength couparisons were
bused on tne amount of load each material would support wnen compressed
to 90% of its original thickness. Tne tests were tnen carried out on
this basis, using a dial indicator to measure the amount of compacting.
For flexural strength determination, samples measuring 38" x Q" x k"
(8" x 2" x Zé" for Fiberglas) were placed on V-blocks seven incnes apart,
and a wedge-type head was utilized on tne Tinius Olsen screw-type testing
macnine as snown in Figure 3, Deflection was measured with a dial

inaacator,

Force
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For impact strengtn mewusureuents, & steel buil one inch in diameter
and weigning U.ldb pounds was dropped from a neigant of six feet upon tne
wet and dry sampies. The Fiberglas samples were tested on the edge as
well as on the face because of tneir nonhomogencous laminar structure,

Tnree samples of each naterial were tested under normal and saturated
conditions, and three drops were made on eacn sample, a total of eighteen

per material,
DiTrrtdINATION of HuAT-TRANSMISSION PrOPeRTIRS

oince heat transiuission properties of tne sciected insulating mate-
rials were to be deteruwined under bota wet and dry conditions, a departure
from the conventional testing procedure was necessary. Viith the standard
wethods of determining tnermal conductivity, accurate results from a
moisture-laden sample are probismatical, pecause a teaperature difference
is maintained betwesn the two faces of tae sample ana any moisture con-
tained tnerein migrates to the colder side,.¥*

If & wetnod were to be used in w.uicn tne opposite faces of tne sczaple
were alterﬁately tae colder, tnen it woulid be reasonabie to assuuwe taat the
absorbed moisture would not migrate to one particular face, In ail proba-
bility, most of it would remain in the interior of the sample,

In addition, any apparatus devised to produce tnis reversal of temper-
ature gradient should be of such a nature thnat tne temperature variations
would conform to proven principles for neat fiow in tne unsteady state,

Test results tnen could be appsied in existing equations for computation of

*dilkes, G, B. Heat insulation, New Yori: Jonn wiiey zna dSons, 1950,
p. 15<.



heat transfer coefficients, Taerefore, 1t was decided to assemcie
an irfinitely thick body subjected to a periodiceaily varying tewmperature

at one surface. Two equations epgplying to tnis csece are tne folliowing:

(1) r

(Ll

:_c\/_'_
2Vao—

Wneres r = tiue for tempersture of & given point within tae boay
to be infiuenced by a change in surface tcuwperature

n = numcer of complete cycles per nour
x = distance from tue surface to tne interior piane

& = tiermal ditfusivity = Coeff;gien§ qf Tnermal Conguctivitz
Specific Heat x Dencity

-x / on

() 9, = Qg€ G

©
1

Anere: ©p = maximum tewpersture veriation at am inter.or plane

[ &
/]
1

= magnitude of tempereture variation at the surfeace

X = distance from tine surface to tne interior plane
n = pnumber of comgplete cycles per hour
& = tuermal diffusivity of the material*

kquation (<) was considered to be better aicpted to tne require-
ments of tnis investigation because of tne possibidlty of messuring
ditfferences in teumperature vosriation witu greater accuracy tnan differ-
ences ir time lag.

The test apparatus, as finally asscubled, is pictured schematicadly

o . . . . .«
in Figure 4. Construction of tne wain section of the eguipment end tne

*Jakob, Max, end G. A, Hawkins, Elewments of Heat Transfer end
insulation. New York, John Wiley and Sons, 134i. pp. 50-53.
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manner irn woicn tne test specimen 1s wounted are sunown in greater detail
on Figure 5,

Tne electric grid, indicated on Figures 4 and 5, proviaded liegt gource
for one surfece of tae test specimen, A sine-wave vuriation in the voit-
age appiied to tnis heater was produced by tne arrangement pictured in
Figure 6. Tihe opposite surface and siaes of tne specimen were lubedded
in a «4" x «4" 'x 15" mas: of Fiberglass insulation enclosed by a plywood
vOX, Surroundirg tne piywood box was & sneata of ;"Celotex, and &air at
i2u® Fanrenneit was circulated in tne &-incn space between tue two enclos-
ures. Heat was supplied to tuis enclosure by a partiaily alsmantled elec-
tric oven with fan attacned as saown in Figures 4 ana S.

ALl of tne aforecentioned eguipment wus instcised 1n an insulated
room wita tne tewmperature amaintained at 40° Faarenneit.

Tnermocouples were placed at the center of botn faces of tne
12" x 12" x 2" test specimen, at the lower edge of tne specimen, and at a
point on tne upper surfece of tne plywood inner box approximately five
inches from the front face, Teaperatures were recorded automatically by
eans of a Brown Liectronik Potentiometer wounted on tae outside of the
insulated room.

An aaaitionad chneck on the temperature of the air circudsting in tne
Space between tne two sneils of tae specimen mounting was proviaea by a
dercury tuerwoweter inserted at the resr near tue oven.

The temperzture of the azir circulating around tne equipwent in the
in""u-la't.ed room was indicated and recoraed by a Brown necording Tnerumo.eter
witn & teugerature-sensitive buib in tue air exnaust duct. A uercury

3

ts N . . .
leriiome ter suspended in tuc rooa provided a check on tuese rezaings.
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Tne iengta of tune compliete temperzture veriation cycie was tweive
nours. Tne equipaent wuao adjusted to produce & tewperature vsristion
at the exposed face of the test specimen from 30° to 160° Fenrenneit
#ith a mean of 120° Fahrenheit. Test periods tor eacnh speciumen were

twenty-four nours, or two complete cycles,

- 13 -
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DISCJUSSION GF nzSULTS

dOLSTUny, ABSONPTION

The rcsults of tne moisture absorption tests are snown in Figures 7
and 8. It should be noted tunat tune amount of moisture .resent .n ecch
sample 1s expressed as a percehtege by voiume wnile usually tne moisture
content of insulating materials is stated as a percentage by weight. A
percentege by weight comparison can be extreuwely wislezding waen materiads
of ratner greut differences in density are cowpared.*

On a percentege by weight basis, for exaupie, final moisture content
cf tne Styrofoam sample after four-asundred noucrs iimersion would be 41%
and the moisture corntent of the corkboard sairgle would oe 35%, Actually,
tne corkboard sazmpie nad absorbed over twice as much moisture, and by
indicating ;esults on & percent-by-volume basis, the true relationsaip is
snown., Tne wmoisture content by volume wes <% for Styrofoam and 5% for

corkboard,
OSTrUCTURAL PROPrtHTLES

Tne results of tne compression anc fiexural tests for tne waterials
under investigation ere as snown on Figures 9 and 10, Tne vaiues inci-
cated are the averege of tue results obtained on tarec szuiples of every

waterial for ezcn condition. Flexural strengtns were comparea on tue

*wilikes, G. b. Heit Insulation., New York: Jocan diiey wnd Sons, 1vdU,
Pp ° 09‘90.
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basis of ilodulus of Rupture expressed in pounds per square inch,

Bending iloment x Distence, Neutrali Axis to Quter Fiber
Mdoment of Inertia for Section

Modulus of Rupture =

The results of tne impact test are pictured in Figure 1l. Ilumpact
resistance, of course, varies inversely as depth of penetrztiomn, This
test was rougnly couparabie to dropping one leg of a twenty-pound-chair
on tne insulation from a heignt of turee incnes,

It snould be notcd tuat wnile tne coumpressive and flexural strengtn
of turee of tne materials tested rewained tue sswe or decreased after
saturation, tne flexural and coupressive strength of Foamglas increased,
Aiso, both oStyrofoam and Foausglas snowed an epparent increase 1n impect
resistance after saturation. It is thought tnat this was due primarily
to an increese in resilience of tne exposed surfaces, According to the
manufacturer, moisture does not penetrate beyond the suriace iayer of

cells to any great extent,

125ULTs of deAT TnAkbuiooiuN TeoT

\

The results of tue neat transmission tests are snoan in Fuigures 1<
and 13, Figure lz shows tue variation in tnermal diffusivity for toe
various sam les v¥itn moisture content by weight. A comparison is aade
witn a tanermal diffusivity cﬁrvg f'or wood fiberboard couguted froa the
resudts of sn .nvestigation by decaler, wcLaughlin, and Queer® to deter-

mine neust and vapor trunsfer cnaractezristics of tne waterizi. we uay

#Hechder, f. G., E. n. Mcaraugnlin, and n. n. Queer. Simudtaneous
reat and Vapor Transfer Cnacacteristics of au Insuiating Material.
American buciety of neating ana Ventilating wsngincers Transactions, Voi, 43,
4942, p. 512,

- k0 -



4150 coupare resudts witn tuose of an investigution ci rounary send oy
Tanasawa (i935) described in Juxob*, where it was founa tanat tne tueraas
diffusivity of tne sand first increased and tuen decreased wita increas-
ing humidity wita a meximum at & namidity of 10% by voiume. Tne reason
being tnut starting witn dry material the X first rove fast ana tuen
slowiy to about five times its originali value, wnsreas < ancreased at a
linear rate, Tanasawa employed & periodic heat flow with very high fre-
quency and a teaperature difference of less tnan one-nalf degree Fanrenheit,
It wust be noted aere tunat altaougn tune approacn to the problem of
astermining tne heat fiow cuaracteristics of tie seiected insulating mate-
rials was Dased.on tne long-establisned principies of' tewperature varia-
tion in an infiniteliy tuick nowogeneous bud, subjucted to geriodically
varying leaperuture on one surface, tue actuad experiumental conditions
departed someasnat trow tuae tucoreticed 1deal, Due to thne 1mpractioislty
of utiiizing e large mass of ewcn individuai type of insudation at tne
iaenticel saturation counditions of tae AR" x 12" x Z" sampies, a single
enclosing wass of k.10 pouna per cuocic foot Fioergiuas was euployed for alid
saapies, Tue vaziue of taermai d.ffusivity computed dirsctiy from test
data tnen is actuaily a composite of tuat of tne seuple and tue Fivergass,
However, tile test valie saouldd fail c.tdeen tie ectuai tioermal aif-
tusavoty of tue scuple and tnat of tne Ficerglas, 1In fact, for tae con-
oitions of tais investigation it appearsd tuat tue reaatiuvnsalp betiecn
tne test diffusavity, sctual diftusivity, and tue difiusavity of tue Fiber-
gias could be expressed witn sufficient accuracy &s a direct proportion--

Ficergies (&): Test (x) = Test (a): actual (o). Test vaiues were corrected

) #Jakob, dex. iHecat Trensfer, New York: Jonn wiley ena ovons, Vol. 1,
4949, pp. o<0-5<1,
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on tihis basis efter ¢ test of a seumpie ol Ficerglas laenticas to taat
used in tae bscking providea & veiue tor tne taerual diffusivity. Tue
deterwined veiue vericd less tuan taree percent frouw tue cowputed vaiue
obtained using actual apparent density ana tne manufecturer's vadiues tor
specaric neet and tnermel conductivity,

From tne curves of Figure lg, it _s seen that tac tnermal diftusivity
of corkboard caanges iittie untii meisture content exceeds firty percernt
by weignt, the rise 1n tnerawal conductivity apparently being baianced by
tue specific neat and density, Tne fiberboara, over tue rang. covered,
310ns a silgnt increese in diftusivity. Tae otiaer sateriess siacw vsrying
trends., The obvicus conclusion is that no s<t ruie for & cnange in tner-
wmal diffusivity with cnange in moisture content is re.dily formulated,
because the quantity depends upon tne tuermal conductavity, aensaty, and
specific neat, ald of wuicn are undergoing simultaneous cnanges at dif-
ferent rates as tne woisture cnanges. Tie point ¢t thirtecn percent by
weignt tor Fiberglas saoculd be disregaraed due to tns fact toat tae scaugle
hau expandea tu preacticaddy LoV percent of its original thicsness during
exposure in tae high-nuuldity cnawber ana it was necessary to rewove a
portion of tue materiai in order to rit it into tlic test apparatus. Tae
aigih vaiues of tuerual diffus.vity wiicn are exnibited by Foauigias are
ratner difficuit to account fur, Caicuiation, using actuai delsdty ond
Vaaues of specific neat and tneruas conductivity s given by tne manufeac-
turer, results in e value of approxiusateiy 0.0<0 and tne test resuit suouad
faal oetween tnis figure and uvust of tue Fiberglas backing, wialich was
0.0519, Poscibie reasons for tuae discrepancy coudd be tuat tue semples
were not truly representztive of tne average product, taat so.se uninown,

ex perimental variable wus present, or tnat tae s ,ecific neat and/or tne

-1 -



tuermal conductivity undergo great cuanges in vaiue between tne manut'ec-
turer's figures for 75° Faorenhcit end tne test mean teapereature of 1z0Y
Fanrenneit.- Nilkes* gives figures tor a temperztuve uf 11c® Fanrenneit
whicn do not differ appreciabiy frow tnose at 75 so the taira possibil-
ity does not seem very iike.y, it wouid aiso seem somewnat odd tust en
experimental er:,or snoudd occwr ondy for tue two swuwpies of tue one wate-
rial, especladly since tue two tests were not consecutuive, rrocaebuy tne
first reuson given aust oe accepted as tue wost iogicel until furtaer
investigstion 1s uncertaken to prove otuerwise.

In twe cascuastion ol tuerwad conductivity frouw tuc test resudts, vad-
ues of specific neut end aens.ty e needed as well wo tuerwai diffusivaty,
No values of specific neat tor moisture-iaden materialds were found
in tne literature, altiiougn tnere nave veen atteapts to correct x values
1or moisture content., Jzkob%# suggests tne following tectors to correct
thernad conductivities of builtuing materiais fur various percentages of

moisture content by volume:

soisture Content Correction Fuctor
1.0 1.20
<e5 1450
5.0 1,75
10.0 €l
15,0 Ke0D

Maclesn (iv4d)#, frow tests onh varicus woods, deveaoped ewpiricad

forwuaes to adjust k for moisture content, but they were of no nelp in

#nilkes, G, B. Heat insulation. New York: Joun ailey zuc oons,
4,950, pp. 171-180,
#*Jakob, uax. Hezt Transfer. New York: Joan wiley anc oons, Vol. L,
1949, p. %4.
#*4daclean, J. D. Tnermai Conductivity of dood., Heating Piping and
Air Conaitioning, 13, Sou, is4l, p. 390,
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tnis case. Tnerefore, to ,rovide vaiues of specific nezt for tue purpose
of tais investigution, tne specific newts a5 given for tne dry insudating
materials were coubined sita tnst of weter on z gercent-by-weignt busis
as inaicated in tne sesuwple couputeticns, Th¢s provioea a Aiili€er ANCrease
1n specliic neat values witn incressing noisture content., Tne resuating
csicutated vaiue was used witn tne apparent censity enc tuermal diffus-
ivity t& deteriine taer.aal conductivities for the moisture-laden sauasgples.

Tne variation in therwal conductivities witn wmwossture content is
snown on Figure 15. As expected, apperent k lncrewses witn molsture con-
teat, althougn et diifzrent rctes for tie verious materiaas, An interest-
ing corredation is ootained, in tae case of corkboara, witn uste graph-
icadiy portrayed in #il«es¥*, Tnis 1nvestigation extelced only to a mois-
ture content of approximately ssventeen percent by welgnt. Nevertaedess,
taurs agreeuwent secws to indicate that tne wetuoa of correcting s.ecitic
ueat tor umoisture content 1s a vulld one.

Tie vauaues of conductivity inaicated for Foaugdus wust be viewea
witn skepticism for tune ressons outilned in tue ailscussion of Fijure 1&,.
A1s0, trne point fur Fiverglass et tairteen percent by weignht is asswaed
to be in error,

Oileght decreases were noted in epperent densities ot uwolsture-laacn
sauples during the test, apparently due tu evaporation of a sortion of
tue incluced moisture., In order tu hold this loss to &« aminimum, tne edges
and uost of tae inner surface ol tie suaupde neQ deen cuvered witn &luainaa
fuil. Tne cuter surface abutting tne cupper plale aas Lot covered. Upon

cowpletion of a run, the foil wes rewoved and ne sau..e rewelgned, Tne

*illces, G, Bs neat Insudation, New York: Joan wiley ena Sons, ivdy
Pe vi,
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Wwelgat usea .n avtsrmining percelitage molsture content enu apparent
denoity was tne nuwericaa avercge of tue weignts at stert ana finish,
unidy traces of morsture were notea on tuce fois sna copper piste
upon re.ovad, inaicating tne apparent soundness of tne preuise concern-
ing prevention of woisture uigretion to one surfcce by applying a peri-
odicedsy astesrnating tewpereture to tue seumple,
Tiuc cowplete resusts of tue investigat.on sre suwwerizea on Tabae 11,
For couperison Tabie I lists tue propertics of trne waterizis as obtained

frow texts or manufacturers' bulietins,

- &7 -



TABLE I

VARICUS PnOFERTicS OF LNOULATING MATERIALS INVaoTIGATLD

FROW AANUFACTUKR&RS!

DATA UNLeSS OTHEmwlSc INULCATED

Property ' Units Corkboard | Fiberglas | Foamglas | Styrofoam
Density bes./th 6.9* 11,0% 9,0 1.6
Taermal <

diffusavity |Ft./ir, 0,00335% 0,0097# C.0175 0. 0598

opecific o

heat Btu/Lb./ F. | 0.39% Oocdt 0.0 Q47

Tnermal M—L 0.40

conauctivity Ft5-Hr<-°F, D.cb* O.c73# 459 0.81

Compressive 2

strength Lbs./in’ N, A, N. A. 15,0 <5

soisture

absorption |% of Vol. N. A. 1% 0.2% 6
*Nilkes, G. B, Heat Insulstion. New Yorks: Jonn Wilcy and Sons,

1950, Appendix.

- 28 =



PuuPraiTico OF Tido 10SULATLILG waToodiwe LNVOTLGHToL#*

Taplie Lt

AS DeToblbheD FrGCa TeoTS

e

Property dnits Corxboerd | Fiberg.as | Foaugles btyrofoem
Lensity Lbs./l‘t.c ge (o0l 15,5 6,07 i.71
b, 17.au Y.0& .90

Toeraaa 2 a. U.,U075| U.uJU75 J.lbd C.ubg
asffusavity |Ft./kr. b, U.044 n.0:2 Ject) Ul.Lod
opecuafic o a. U.4U V.24 UecU VveT?
heat stu/Lo./ k.| b, V.74 0.50 V.5 V.56
Tnerwai S-ET—-‘LB(; e VenTl (V%) doO Ue Ui
cocauctavity | Fto-tr.- F.| be <«.13 1.26 i.l4 J,00
Coupressive ) a. 35 15 dUc 99
strengtn wbs./ln, b, 14 5 405 35
dodudus of 2 a. 04 44 ‘i oL
dupture Lbs./In. be 47 30 9 o7
doisture (Liq.)

ansorption » of Vol, 1347 k.6 2400 4,72
woisture (Vap.)

absorption % ot Vol. 5.50 4,82 1.51 .0z

#Tne "a" va.ues are for tue dry stete; "b" were actermined aiter

immersion,
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CONCLUSIONS AND toCUmmtNDATIONS

From tae results ootainsd frow tnis investigation, it wouldd appear
tuat otyrofoaan best mects tae qualiticsations sst forta for an ideal per-
wmeter insulation. Tnsz apparent nign vaiues of tuerwal conauctivity
obtainea for Foanglas, a.taougn not believed representative, cest some
doudbt upon its eftectiveness as insulation, especialiy wnere radiant
fioor heating 1is emp;oyed: Fibergias esna cor«pbocrd suouid be aaae mols-
ture ana vapor proof if tuey are to be sultzbie lor periweter insulation.

1t was evident, &s & result of tne researcn undertasen for tais
investigation, that tnsre is a distinct lack of publisned information
concerning tnz propertiss of the various insulations. Valuss of thermsl
conductivities and specific heuats over a greater range of teuperatures
ana for various moisture contents are particularly needed,

It is fedt tnat tae test procedires eapioyed cal bs of great value
in cxtending tne knowledg:s ot tue properties of insulating materials under
varying conditions of moisture content. Frurtn.r refinements in tue pro-
cedures and eyulipuent used ore necessary, nowever,

Tne eptire wass of i1nsulation cowprising tie pseudo-infinite body
suoula be of tae same material as tuec -zimple belng lusled, and have tae
swune molstufe content. This wiii necessitate tne use of a wuch larger
capacity heat sovurce if tne sauwe tewperature limits of oscidization are to
be waintained.

In addition, a metul, rataer taan a piywood box, would be .ore suit-
able tor enclosing tue wass of insulation. Tne double-wsil fcature, with

air circulating between ths walls, could be retained, and tne apparatus

- 30 =
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utilized to produce a sine-wave voltage input to the heater grid is
sutisfactory.

Consideration saould also be given to reducing tae period of tne
cycle and magnitude of tewperature osciiaation in future inveotigut.ons,
witu tue possibidity of taen utidizing a smaiier wass of insuiation to
approxliiate the tnick body.

Finaily, & simple metaod of aetermlnlng tne specafic neut of tne
wolsture-laden material snoulua be developea, so tnat exper.mentali values
can be combined witn tae therusl diffusivity test resudts tu asteruine

values of taermal conductivaty witn greatar accuracy,



Shurbe, CumrPUTaTiulio

L. Tne Deteriination of Tnermei Diffusivity () tor corxooard (6.05% woist.):

OF.

axiwwn vVariation in Teuperature uzt Interior Plane = .&,75
dagnitude of Temperature Variation at tne burface = 40.<5 OF.
Number of Complete Cycles per Hour = U.Jod4

Distance from Surface to Inter.or Piane = Q.,.915 Ft.

Tazrmal Difrusivity of Bacsing insulation = 0,0519 Hf/l{r.

/TTn
-~ X —
vy &

Av, =40, €
T
g_x‘/%--.éis

T AQ

P

0.1615 V/O.'Jd.'f)tl n
o

22,75
0.4615 /9,084 TV = 9,571
Vo o
0,0834 7T = (Q.871 )% = 3¢5
Oc 0.1615

Toermal Diffusivity =g 2903470

o = 0,0<uY th/nr.

. ) Pl
Corrected Vaiue: gﬁé—% X 0.0009 = 0.0034% Fte/iirs



1L, Deteruination ot Tnerwal Conauctavity (k) tor [orxooard (6.35% moist.):

Taermar viffusivity = U.00042 bq. Ft./dr.
Density = Lbs./Cu, Ft.

Specific Heat = 0.65¢ Btu/Lb./CF.

Coefficient of
Tnermal Conductivity, k = ¢p & @

2 00084 X 41,00 X 0,063k x 1

1

. - - -
0.702 dtu‘[n', HI‘., Ft.’ ol‘ol

III, Specific heat of Moisture-Lezden sawple (Corxvoard):

Specific reat of Corkboard in Dry otate = J.4U Btu/Lb./°F,
Specific Heat of nater at 1x® F, = 0,0997 stu/Lo./°F.
Percent of water in baample——by welight = 33,9%

Composite Specific Heat = 0,589 cw T 06l c oy

(Ved0d x 0,997) =+ (0,611 x u,40)

Cpe = 0.66¢ Btu/Lb./ F.

iV, sodulus of rupture from Flexure Test Data for otyrofovaam (baturated):
Benaing oient = 75,20 In./Lbs.

Distance from Neutrai Axis to Outer Fiber = 1,00 In.

doment of Inertia for Section = 1,5% In.4

dodulus of Rupture = Bending .doment x Dist,, Neutral Axis to Uuter Fiber

Moment of Inertia

75,40 x 1,00 - 56.7 Los./In.2

S
1,93

]
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MLIT-232

Sheet No. _ | 0 |

MECHANICAL ENGINEERING LABORATORY

MICHIGAN STATE COLLEGE

Running-Log-of ComPuraTion Loc - Pemiprter - TNsucation INVESTIGATION
Hear TRawmsmission PropemTies

o]

{

Date _/MAY 2 L1953

VARiATION

Mat'L |
| OVTER

|SURFACE SURFACE

= (k)
1 C'cgoary| 3.50
2 Foamal's| 44.15
3 Sryroe'm 41,00
4 Foamer's| 39.00
5 C'koarn 40.25
6 Fieercu's 3225
T 'knoann| 33. S0
8 Fioerav's 35.75 |
9Swao='m. 3&.75 |

10 Fiaegel's 32450 |
1 rIBERGI.'S 39.00
12 |

13 l
14

INNER

(°F)
|21.28

3115
2Py
17-So
1.78
20.25
20.00

24.00

11,75 |

29.00

26.50

| Temeerature Ratio

B¢
e

I g1z
l.41s
l.¢4sz
I 4%
l:170

l.&13

1,490
.58 |

l-615
L47(

Test Corgser'n 7>

THermaL Thermac MoisT.
Dircus. Dieevs.| Bv

]| [o] | Ve

(*e) Can)| ()

(0.0124 0.0075 | —
10.0S60 0.06| | —
0.0550 [.0SY | —
0.0554  0.060 | J,0 ¢
| 0.020q  0.00%4| &.2S
0.0/q4  D-0075] —

0.0213 | 0.014 | |5 s

0.0305 0.018| 9.39

.05 e -
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7o Aprarent Seec. Compurs THERMAL
MaorsT. Dewsiry Hear | SPec. Cownp'tiviry

Sy (gSﬂmm»s) (ory) HeaT (k]
WT. — E-L PPN\EN'a

(@) (%Y%) (“/3

7-81 | 0.40 | % S
= | 2€7] dta = G LES A
— 711 0%y — | 03T n)
.22 952 | bro |0 28] 1.7%

1 3%.9 | /)00 | 040 0.63 0.70

T O - % A el P 2 |

| §6.5 | 17.10| 0.%0 | 074 | 2.1¥
0.0504 0.049 | 2.6l

0.042¢ 0.03( | /.90

.8 | 12.73] 0.24 | 5,34 | 2.5
34.7 2.9 027 | 0.s¢ | o0.¢3
34.0 ]$. i1t 024 | 0.5 | |.96
s B R o, ) BN



MLIT-232

Sheet No. __ | oF |

MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE

Running Log of SAMPLES To BE [Estep Far HeaT TRANsMission — DRY

Perimerear TansvtAaTion TuveEsTlGATIION

Dare

s
[

1 Conxz'pirh‘s;
2 Sampri
3

4 STrRon{ 3-23-53
O Smme [4-3-53

6 “*3

7 Famacbr 3-39-53
8 Samere L4 5-53

9 %I

'S

1L s pmpie (4-16-53
12 *I
13
14
15
16
17

18

19

20

21

-

23
o

o

ﬁemirki:

WEicuT GAaIn or

4-7-s3 e8¢ (0.033)

. 0.2¥%8 (o,oo‘L)
[.443 (v.002)

10 Figereuag] 3-23-53
2.245 (0.003)

Date Myr- APR ,19.53

Dewnsiry Moisture ConTenT

(Las/er) (7.av W) (% Bv Vo)

7494 C2.0v . 027 As Rec'p p.
7. 74 " D.0O . 0.00 Bowe Dry ,y

| 2)

.72 0.70 0.19 As Rec'p
.71 0.90 ~ 0.00 DBowe DryY
£.69 0. 14 0.0Z As Rac'd
% 66 D.00 . 0.90 TPowe Dry

1350 0.13 0.53 As Rec'd.
3.4y 0.00 0.00 Bone Dry



MLIT-232 Sheet No. J OF l

MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE

Running Log of CORKBOARD Sampees — Moisturs ABssRPTION TEST
PPE'El METER INSHEQI[QN quzsfncf")?lou
° {_MML-IE.EJ&_MB._J&._ { Date Mar-Apra. , 19 83

Tare Time Time

. - Evapsco Weicnt G(Z‘_:;“)“ Moisture Cowrewr

(]

£ (Hrs) (Les) (ss) (‘7— By Wt) (2 bv Vo)

184,4»;4’2 3-14-83 J1:z10 . — | ].267 - . 130 0.z3 As Rec'p.
2 L 3-23-83 jg¢i2zo, T ).243 (0.014)‘ o000 . 0,00 <— Bone Jxvy
3 (31553 113> 440 2,084 0.¥4¢ 4o.5 sz (Tameases)
4 . 3-2¢-5% oS0 6%:35 z.i¥s 0490% 4z.0 $.é5

5 3-27-S3 311§ Q1SS 2.1e5 0.962 - 4%.¢ c 9.y

6 3-30-83 Jo:1y )G4:05 2407 L 1é4 4¢.3 Il

1 4-1-53 WIS 242:85 2.477 [.134 49. 9 1.9
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13| yo:30 | 1200 102.5 920 | he.o 920 | dvo 3y | 350 | 785 084
14| )i.30]13.00 | 12¢.0 | 114.0] (100 1085 | 4.5 | 340 | 36.5 | loz | o.50
15 5:30 ] I5.00  Isvs| 30 148 1240 4i0 340 | 365 Izo | 0o
16 l#:00| 1S.50 | lé2.0 |45y | |w.o  131.5| 0.0 130 35.0 e b.5S
17| jg:30 | 1600 | let.5 | M%0| N4.0 | 1340 | 410 | 34.0 35y | ok b.s0
18| )s:%0| [7.00| Is2.0 | 1455 | HAE  )Lo 4.5 .0 3720 | 82 | o4
19| j¢i30| jg.00 | 1340 (360 | l20.0| j21.5 | 415 4.0 370 | ¢S5 0.30
20| )x.00| 19.50  Jog4.5 | 1150 Jz0.5 | [e3.0 | 4.0 3.5 | 3.5 | 55 b.23
21| 1g:30| 2000 | 99.0| Ji0.5| 120.5| 44.0 |08 | 290 | 32.0| 20 | —
22| 14:30| 2100 %0 loo.o]| l20.5| qo0.5 | 345 | 38.0 | 35.0| |7 g
23' 20.30 | LL.00 Fo.0 43.5| 120.5;, %B5.0| 34.0 3%.0 34.5| 3o —
24| 21:30] 2300 | B2.5| 91.5| l205| $50| 39.5 | 340 | 355| 42 | 0.20

: 25| 22:30| 24.00 475 450 | 1210 41.5 | 4oo 2¢a | &S5 | L% 0.30 |
SRS WT. AT STAaRY — 0.285 7
e 8

Wr. av Finish ~— p s o™
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MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE

Runaing Log of JE&T 4 - Heat TRansmissien Propanriss = Fosmeccas (65 % Morsr.)
Perimerer Tnsveation INVEsTIGAT (0N

om{ ez R { Date Ape 24-35 , 19 53
o= 'T' Evapsen OuterR  Twwae Sverace Lowse Room TReem | HeaTer
Ao 1_'_:‘__‘ SU_FWM-( Surcace Teme. Epce AR Tone. TNPUT
emr. | Tem?. (Twwsr Teme s
GAM_P_M )(Sar_r'u) Box) (Sa meLz) tr"fi"')
S B e ¥ Ts
e | (Has) | CE) [ (CE) | (°E) [ CEY [ (R [ CE) [Vorrs ) (Aur)
12400 | -0~ I1z.0 | 86.5  1l14.5 9z.0 34.5 3%.0 0 | o.4s
\ 2/p109 || 200 | 275 (1110 | N4.5 | 102.5| MR nr. | M | MR,
310205 | z.00 | )45.0 |12¢.0 | 120.0 | l200
4| 0300 | 3.00 | IS5 | 1300 | 1205 I8
5. 0400 4.0 157.5  ]45.0 Iz1-0 137.2
6' LEXL) S.00 149.0 144&.5 |zl.0 134.5 |
T| 0gos | 600 | (33.0| 1380 (rr0| lze.s
8| 4700 795 li®.s he.s lzas IS0
9 bgoo  £oo | 990 14.0 119.5 Io4.S
10| 9400 | 900 | $7.0| jo3.0] 119.0 G4.5| 41.0 | 34.0 | 2o o
11‘ /oy 10,09 Fi.0 45.5 119.0 ¥4.0 40.5 | 39.0 3o —
12| fjea | sros | ge.5| 3.6 1to| 90.5| 40.5 | 390 | 50 | 0.30
13 /36 ~N.so 93.0 95.9 /188 940 | 41.0 | 395 | ér 0.3
14] j330 | 13.50 | 133.0 | He.6| HA5| 121.0| 390 | 3x0 | 104 | o.50
15| 43¢ | I4so | |So.0 133.5 | (0.0 |3¢.& 39.0 3¢.0 W 22 0.55
16 /1500 |sos | IS6.0 4.0 [20.5 J40.5| .0 S8 liz 0.55
17‘ 1540 IS.61 1595 |40 J)ie.5 |44.0 40.0 38 | lio 0.5%"
18‘ léoo le.oo | ISx&  |4%.0 l2zo.s l4s5.0 40.5 349.0 iog 0.50
19 1700 | I2.00 IS1.0 | /475 |z1.0 1942.9| 405 34.a r3 0.4°
20| 1900 | /400 )50 1280 lzos NIgo| 39.0 3keo | 37 0. 20
21| zooo | 20.00| 94.5| MG 0| [20.9| teko| 40.0| 35.5| 20 | —
22| 2100 | 2100 885 19€0| [20.0! Q6.5 39.5| 39.0| /6 s
23] 2200 | 2:1.00 P2.0| 475 j200| 9i.% v | 3TO| 2¢ | —
24. 2300 | 23 00| 540 | 9406 | |20.8 | Goo | 34.5 | 380 42 ©0.3o0
2| 2330 23.50| %4.0 | 9¢.5| I20.5 92.5| 40.5| 3p0 | 55 | 0.3 ]
RO WT. AT STaeavy — /- 6o ™ i
Wr, ot Fintan — [.5¢3%57 - A—Y—f' s
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MECHANICAL ENGINEERING LABORATORY

MICHIGAN STATE COLLEGE

Running Log of IEST #5.“ HEAT TRAMSMLS:MM RQEEQI]E.; —_ ang ROARD ‘3[3 z, Mmﬂ‘.)
Perimerer TasovaTion InvesTicaTion

e

Time
E
1 IFoo
2 400
3 2000
4 2100 ”
5 |2200 |
6 2305
T| 2400 |
8 | 0100 |
9 | 0woo
10 03%v2
11 04oo
12 Dsoo
13 | o0Goo
14 o700
15 - 0R0e
16 | 0900 |
17 | Joeo |
18  liooe
19 | Jeoo |
20 (200
21 400 |
22 | )8po
23 Jioo |
24 700 |
25 | ) gov
Remarks:

W W, TrewHLER JR. {

Ecapsep Outer | InNER Surrace Evce
SURFACE Surfrace TemP. Teme.

Time
— | Teme. | Tame
(‘S"f‘_': Le) (Sﬂos)
T, 5
((Hrs) () (°E) |
=0~ [ ])zto | I0o2.0
| oo | 455 | 7.0
| 2.00 | /Sgo | I130.0
300 | oS | .S |
Qo0 | |SS.S5 | |48.8
S.o0 | 13%.0 | 4o
G.oo ]09.0 | I130.5
.00 4o | )1K.0 |
8,00 6.0 | loq.0
| Qoo (.0 | lo3.0
| 10,00 | @425 | oo §
| lt.oo | o). © | Joro
1209 | [24.0 | bOV. §
3.0 | [S0.0 | [%e.0
| 400 | 1S9.5 | [32.0
IS o0 | /60.0 | |¢4o.§
| 1600 | I54s | |43.0
| 1790 | 1320 | )34.0
J$.00 | /100 | (30.0
40 | 945 | ]19.0
200 | ¥6.0 | Jo7o |
| Ao .o | Jele |
22.00 S5 | s |
13.00 9% i¢. 5
| 24.00 | /IS0 | l0S.§ |

WT. AT STARY —

Wr, AT

Finisw — . ‘57—.’53-

(Inner (Sameus) (Tieam.)

Eox)

T T
Ce) | e
lzl-o | /]o.0
121.8 | |21.0
J20.5 | [30.0
NS | s
l14.¢6 1%3.0

| 119.0 | J23.0
1i4-0 113.0 |

J20.0 | 103.5
IZi:e) %%
v | 92.8
lze.8 | 4S.0
(20.5| /[oB0
{210 l13.0
lu.e lus

[21.0 0 130.0

lrie | (33,8
l20.5 | [340
l2eo.s" | (3). 8
.5 | lu.s
h4.s  )n.o
hq.0  lat.o
119.5 | 43.0
120.0 | 90.0
i20.0  93.%
/.5 | 1%.0
2.009 %

=

Room
Temp,

(°r.)
0.5
4v0.9

4.5

 4l.S

&l-5
N e

4l.0
4v.0
4.5
40.0
Gv.5
4o0.0
4.0
41.0
40.5
4(.0

Date May /-2 , 1953

Koom HEA'[F.[
Mg InpuT

—

Cr) (Vorrs)(Amps) | o
39.0 g5 | 0.50
34.9 | iz | O0.5%
3.0 lze | 0D.Go

- 34.0 )28 | 0.Go

4v.0 H7 | 0.5 |
NR. | NiR. | MR,

—

4v.0 lea | 0.60

39.0 | Jzz | 0.60
349.8 1S 0.5
irs 9y 0.5
39.0 67 0.4
ey 38T | 038
34.0 | 27 | —
3.5 22 | —

3. 40 | 0.0

| 340 | 91 | 0.5
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MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE

Runsing Log of _TEST 6 — Hear TRansmission ProperTIEs — Figergias (bry)
?ERIM;?TEB, INSME&IIC’N ‘qugsrL(jﬂTJoN
°m{ﬂm¢m { Date_IVlAy 5 1953
Ecarseo Outer Tnwse Room Surrace Edce HeaTer
Time. TIME Surrae Sueras Wie Temp. Taup, InpoT
- Teme Tevwe Tewe, (Twwee -
_ (Sameee)
(54:}‘)(&--1_#»5) @ -
s T, T, T, T, Ts
z (Hrs) Cr) (F)  (rY  Cr) (k) {(Vours) (3mes)
1 1230 0 /3.5 €40 4o.5 /4.5 470  §b 0. 45
2, 1330  Jioo )30.0 480  4v.0  Jxo.0 Joz0o  9¢ 0-So
3 Jg30 209 [43.0 ))].o do.o lze.s NSo 1)) 0.5Y
4 )s30 390 Isao Jzzo 345  Juo |zz.s N3 pss
5_ J6oo 3.50 |S56.0 [27.0 490  Jia.0 )zs.o o4  0.S%
6 j035 4.0p 1SS.5 1310 345  jeze  Iz7.0 (03 D59
T 1735 S0 1475 1345 400  Jzzo (220 fz 0.4
8 Jaz0  7.00 13,0 lio.s 345 lzz.0o Me.o 36 bz
9 230 %00 480 2.5 4o.5  Jus leto 7 —
10. 2130 400 %725 )Jiz.o 40.0  Jz4.0 joz.O 1?7 = —
ll‘ziso 1000 §r.0 Jos.a o0 Ju.S§ g4f0 20 —
12.2,330 ~hoed %45 9495 Gos  lex. b 470 41 0.z
13 2400 150 %4.5  4g.5 do.5 1220 Jor.S  NR MR
4 5100 juso 1065 Ga.5 doo  Jzzo 1130
15'02,03 1350 )220 1060 QoS leed )10
165 0300 _ |4.S0  |4s.0 )ié.o 4o0.0  Jzzo iss
17 0400 Isiso )Seo Jeo 400 Jiz.s Jq.s
18 o500 Jos0  ist.o 1350 40 f2as  [aa.€
19 o400 )2.50  Jsvo (240 345 jus lzss ,
20 o700  Jpgo 1340 I3%9 Gv.o  jez.s 1130
21,033o . w00 ., J0s.5 1o 4oy lw.5 Joao 17 = —
22; 0930 2100 . 40 7.5 4S5 .S 126 1 —
23 jo30 aawe 3.0 IoES. 405 Ju.D 450 3| —
24

l1do Z3.00  <R(.s Jol.0 40,0 205 970 4o 01§
25 1230 1 2400 4z.0 950 do.§ 1S 445 NR NR.
" Remarks: t5.00 ](d. 0 4.5

WT AT STarr — Z.Z.So#_ 59 -
#*

g— . e p—
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MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE

Running Log of 125 ~7 = Hear TRAnsMission Proeearies =~ Grusonrn ($6.8osr.)

PerimETER JMNsvraTIiON LINVESTIGCATION

Obcervm{ I RE&ELC { Date [MAY é-7 , 1953
ELarsen Ovter  Inwir Room Surrace| Evce | HeaTer
Mime Time SorFace Surraca Wawe Teme. [ Temp, p P

T Tem?. | Teme. | Temp, (Twwee (Sanne) ——

(&”:‘ﬂ'ﬁxs":_"“) i Bi’j) oy
i > i Ta T Te

2. |(Hrs.) | (°F.) Ce) | (°B) | (CF) (°r.) ‘(Vows) (Ames) |
1,!73o |— 0~ 12e.0 | 90,0 | 4t.0 [14:8 | Jon ol R¢.5 1D %5 |
Z‘M 30 | 2.00 | |41 | [94.5 | 4v.S | |21.© | 123.0 [20.0 0.65 |
3l2035> | 3.90 | 149.0 |Itd.0 | 40.5 | 121.5 | [24.0 | |28.0 | 0.65
42135 | 4.05 | /so.5 | 1o | 1.0 | Jza0 | 1305 | l1g.0 | O-§%
9/2230 | & 00 | 146.5 | /3.5 | ¢1.0 | 205 | 130.0 | Q3.0 | 0.4x |
6_ 2330 | 6.v0 \31.0 | 13¢5 | &41.0 (20.5| 1240 | N.R. | M-I,
7.2433 I 200 | 1.0 | I3).0| 41.0 | )19.5 | [c4.0 ]

8, 0132 || 3.00 | /o035 | I23.0| 4t.o0 [19.0 | l00o.0| ||

9| orso | Q.00 | 9.0 | 13.% 40.§ )19.0 | joo.0 | ‘ f’
10| p330 | lo.0o | %7.0 | Ivé.0| 40.5 | 9.0 | 49.p |

11 0430 || Il.oo | 93.0 | [v0.9| 4.5 | )19 2 | 98.0 | g

12, 0530 | 12.00 | /o3.0 | 97.5| 410 | [19.0 | lo4,0 | ,‘

13 063> | V3.00 | [14.0 | i0OZ.0 40.5 }49-0 | Joq.0 |

14| 05930 | (400 136.0 | Jog.0| 405 | H9.€| N7.5 | | ,
15, Oof30 | 1Sov | |&2.8 | NRO | 410 | |20.0| [25.0| A VW ‘ _ I
16| 0430 | Je.o0 | 1520 | [27.0 | 408 | h%. S| 1310 | | | . !
17| Jozo | |2.09 | 146.5| 1330 | 4.0 | li4-5 | I30.0 | 120,02 | 0G0
18| yj3v | 1%.00 | 134.0 | 1372.0 | do.5 120.§ | 1239 | N.R. | MR
19 jase | 1400 | [17.0 | 133.0 | 440 | j24.0 | Nz

20| 1332 | 2000 | Jos. 0] 124.5| 410 | j21.0 | lea.v |

21| Jgso | 21,00 94.5| 5. S| 0.8 | \u.0 | 965

22| |g30 | 22.00| %70 | Jo20| 405 | 210 | Gso | 3n | —
23, 1630 | i3.00| 5.0 | 101.® | Qo5 | |21.0 | 950 | 27 ey
24| 730 | 00| a1.0| 47.5| 410 | |20 | 460 | €8 | 0.30
25| )%00 | 24.50| 9%.0 | 47.0| 405 | |1u.0 | G809 | Mr. | Mg
Remarks: *5°° Je7.0 q8. 9

' e B0 s
WT. 4 STaer 2.164-“} Ave. - 2, §57"

Nhes A  Cakisish 5 e e A
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MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE

Running Log of |EST #8— Heat TRANsmissian FhorerTies — FiBERGLAS (/z-?zﬂoas'r,)
’PERIME_‘[eg IasviaTioN l—AIVEST‘IGATIOM
om{_kl‘_u&ﬁ_&_J_- HLER IR { Date /04 7-8 1953
o :EU-\Psr.:; Outer | Inwir Room ‘Suau(_,;! TuwERr HEA'};’ER ‘ }
Time. | T_‘_‘_"_“—-‘S_‘;.::‘;" g_]‘f““‘"- Wace Tewme. fwm‘—*} INRUT | “
Bl | ENE | TemP Temr (rynee (Saned) o |
| | (Sn::ue)(&q:q:u‘) aha Box) | — | | | ‘ ‘:
- | | | “
I ool i e TR . |
L 2 lHr) [ CR) () | (6 | (R) | (E) (Vorrs MAmes) | S

t 1 2200 |—=0— | &0 | 46.0 | 41.0 |i2l0 9.5 | 24 | 0.4y | , |
212300 | hoo | 130 | N30 | 410 | 120:5 1 113.5 | N.R- | MiR. ;l
312400 |2.09 |/43.5 | 170 |4le |15 | 270 | | 1[
410100 | 3.00 |Is1S | 137.0| 4l.0 | jr0.5 | 1370 | | ‘\
5ioz.oo | 4.00 | IS)0 | Mfl.sf G(.0 | /zo-Sl 410 | { ;
6;0300 | 5.00 | l4z.0 lac.s‘i 41,0 | j20.0 1 13¢.0 | | _ |
7io4oo | 600 | Il2&. o | )220 ‘ 4.0 | )w.oi lt72.9 | ; ‘ , L!
8‘0500 | 700 | |Og. D | Mé.0 | 4o | 114.5| 116.9 : | ' _ I
9.0600 %.00 | q4-,5’i log.0 | 40.5 | /|§.0 i Joz.0 | i 5 , 'l
10‘ 079° | 4.00 | ¥S.0 | 1000 | 40.5 | Hi’-s‘j foo.0 | i | ‘\
11 5500 | se.00 ; $2.5 | 94.5| 4o.5 | g 0| 4.5 | | | i]
1215400 | los | 355 | 43.5| 410 | lito | 4z | | | | 11
13| jo00 | p.oo | 103.0 | 97.0 | 0.5 | )(7-0; 97-0 | , 1 . '.
14; (100 | (3.00 | 1215 |loé.o | &4lo | )iG.0||oS.0 | : ; ‘ :
15112,00 | I%00 | 1370 | N70 | 4f0 | MéoO e | ‘ 1 . IJ
161 1300 || (S.00 | |44.0 | [28.5| 4o0.5 | lik.0 I (22.5 | ‘ . , I
17' 400 | [6.0d ’ [54.0 i 1320 | 410 | JI4.0 ‘ 13¢.57| [13.0 ; 2.éo ' ‘ l;
18| |00 | |00 | 14657 14157 410 | 440 | g0.5 | 420 | 0.50 | |
190 tgoo | ig.oo | 1310 1380 | 410 | )45 | 132.0| Me | MeE. . it
20_ [7ee | oo | (2.0 | l24.0| 4.0 | ji4.5| I23.0| l T l . ' !
21ﬁ %00 || 2006 | 47.0 | oi s | |z Dl .o | ‘ | “
22 Qo0 | 21.00[ '87-0“ lo) 5’1 410 | lvo.o | lol.s” | 3e ‘ o ‘ . IJ‘
23& W00 | 272.00 | %3.0 | 4520 | 40y | /ne | 950 | 30 | — ‘ 1
24 210 23.90 §6.0 ; 43.5 : .5 | J20.0]| 940 | 4 |0.20 fl

_ Bl | woo| aeol ges| o | jolace | 72 Joss| | |

Remarks: ¥ Ao+ Pr. aepeox. (uNew FRom T

Wr. a% Srarr — 2.315 7 ,-61 -
5 Ave.

S s o ¥ R g W R - o A -
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Running Log of TEST

Sheet No._/ ©F [

MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE

’q__

e

HEAT TrANsmission ProPerTIES — oF 47
Perimerer InguearTion TITnvEsTIGATION
= L d {

ELarsen | Outer I wwnsR

Time Sureace Sureace

T_!_':‘-F' =
é
= (H&s)
1 llzoo |—0-
2| 1300 | oo
3 1400 | 2.09
4| 1592 | 3,00
9 leoa | 4.00
6| 1100 | 5.00
7| 1g00 - G.ov
8 1900 | 7-00
9. 2000 2.0
10. 2100 | 4.00
11 100 Jo.0o |
12_ 2300 || )1.o0
13 2400 | |2.00
141 500 | jz.00
15) beeo | [4u00 |
16| b0 | Is.00
17T o400 | g.00
18_ 0500 | |7.00
19. 0600 | |[%.00
20 o700 | )40
21, O¥vo | 20.00
22‘ 0400 . 21.09
23| Jovo | 2140
24| ltoo | 23.00

25| 200 | 24.00
Remarks: . ,r

Wr. ar

Room Sumreace Evéec

Date 14y l2-1% , 19 53

HeATew

Teme, Temp | Temer. e
X %/: :)a (S?:bé) il
_T¢ | —rg

Teme. | Teme.
(Sm:_m_e) (sA:_-PuS)
T TL TZ
B G SME S
12]-0-| 1070 | .S
1360 | lig.o | 4o.5
43.0 | 1280 | 4o0.5
1530 [44.5| 405
' 144.5 | 136.5 | 4o.S
1380 | 133.0 | 40,5
| 1220 | 1245 | 40.5
| jose | 114.0| 4.0
2.5 | Jos.0 | &41.0
36.9 | 475 | 4v.§
%4.0 | 43.5 | 4o
' 92.0  9a.5 40
| /04.0 | hz.0 | 419
1A | 114.5 | 4v.5
|46.5" 127.0 | &l.0
1655.6 | J32.06 | 41.0
Iss.o | 1410 | 4.0
45,0 | 13.5 | 4.0
130.0 | 1320 | 40.5
lHz.o | 210 | 40.§
4g.0 | 1105 | 4o S
90.5  193.0 | 4o.5
$¢.5 9%.0 | 4do.5
Q0.0 | 96.0 | 4.0
lor.0 | 98.5 | 4o.5
START— 0. 518 s

Finvish — 0. 476#

() | (e | (Vouts) ((Ames) |

121.0 | 11r.s | 94 | 0.Seo
[21.0 | 123.0 | ALR. | M.R.
Iz0.0 | |1321.§5
Jzo. b 1372.0

l290.0 | 13¢.0 |
[20.5 | l2%.5 |
Y5y 10|

l2o.0 | Jog.5
I2e0| 5.0 17 | —

lz0.5 | §72.0 4o 0.15

lz1.0| 92.5 | MR | MR. |

};q.s’; /4.5

l21.5| )19.S |
I23.0 | 1328 ;
(24.¢ | l40.0 |

Ii&.0 | |41.5

124.0| 13¢.0

[e&.0| [L5.0

240 | |ILS

1t3.5 | Joo.o ’
121.5’: 43.5 |

1.5 Qo.0 |

.0 | 415 | 5.0 | 530
1140 | 97.5 | 6.0 | 0.3%
AVE: = LA

EAR (e

sr-/v...)
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2
Running Log of 1EST /0 — HEAT TRANSM1sSion PPRoPERTIES - Finerccas (9.9 % Nols*r./y“__)

PerIMeETE o InvEsSTIecATION

————= = —— — -

‘ ‘Ex.nseu Ourer  Innver| Room Surraee| Fpee 'flEA;flER
;rlME ;!TIME SURFace SURFAce Temp Teme | Teme Inpor
e Temr Temwe (Tmwer
Sanpie) (Sameee) Box) Brurie)
) _rl T?. : TS -E} Ts 1
] 3
= |(Hrs) | (°r.) [ (°F) | (°Fr) . (°B) | (*F) (VOLT.S) (Ames).
111335 |-0- | /12,5 | 45.5 | 41.0 |121.0 |10r.0 | 249 0.50 |
2| 1430 | 1.00 | 125.0 | Io7.0 | 40.5 | l20.5 | Hizoo | 010 0.5% |
3 IS30 | 200 | 13¢.5| [l9.0 | 4I.0 (20.5 | 122.0 | 23 0.é0 |
4| )¢30 | V.00 46,0 | 13).0 | 4.0 l2z1.0 | 133.5 | 12§ D.60
5| 730 | 4.00 | I1S0.5 400 440 I2z.0 | /409.0 | MR. | NE. |
6| 1330 | S00 | 1#s0| 1205| Gos | izz0 | 1320| | k2
7; 1930 | 6.00 | 34,0 I34.0| 40.5 | )22.0 | iza.0, ¢3 0.40 |
8; 2030 | 7.00 [16.5 1240| 41.0 lzo.5 | 1S5 ALR. N. R.
9 2130 | T.0° Joz.o| l13.0| 4i(.0° 119.5 | 1030 ‘
101 2230| 405 | 94.5| Joso| 4io | /2.5 | Go|
11_ 2330 Jo.00 | Gl.0 j00.0/ 4o & Iz0.5 | 44.0 [
12, 2430 | |j.0o | 46,0 1000 4.0 | l20.0 | ASS \,
13_ 0130 | (2.00 | JOo2.S | [06.5| &1.0 l[zao0 | Joz.0 /
14, 0230 | 13.99| 230 | lis.s| 40,8 12,0 | li4 & .’
15.‘ 0330 | [4.9° | j4o.5 1260 | Go.5 122.0 | I2%.0 !,' ["
16| p43o | is.oo | I51.0| 13520| 405 | fazeo| Iz0s| | )
17‘ 0530 | (600 | IS3.s| 140.0| 410 I2Zi.0 | 1430 / f\
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1. |ooo |
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9 14vo
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71 l6oo |
81 1700 |
9| 1g0o
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12y 2)9
l3f 1120
14i 130>
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16 0loo |
17| oo
18 0300
19| 400 |
20 oSve |
21| o4 |
221 077vo
23 Divo
24| 0900
25i ~Joed
Remarks:

°"""‘“{MM {

|
Time Sureace Sureace TRMP,

BT N ¢ T AR T
(SA_M_N.&) (Sﬂu)
g7 g O R T
I(Hrs) (&) | (eF) | (°r.)
~-o— | |I1q.0 .lol.of 4s.0
].oe | |2s5.0 |]09.0 | 4z.0
2.00 | 1260 |120. 5| 41. S
3.00 | |43.5  l29.0 | 4z2.0
| 4.00 | )4§5.0  134.5| 41.0
Soo | |42.5 | 135.0 | 41.5
6.oo | (280 | |245| 415
700 [og.0 ng.o  4l.0
%.00 9.8 o725 | &4l.0
q.00 ¥3.0 92.5 | 9v.5
|o.oo | ¥D.S 2.5 410
| 1t.00 | 82.5 | 9435.5| 4v.0
| 100 | lots | [30.0]| 405
| 1809 | 1260 | NS0 40§
400 | 196.0 | 31,0 405
I6.00 | 156.0 | I41.5 Qo5
Je.oo | 157.0| [4.0! 90.0
| 1700 | (44.0 [|44.0| “o0.0
Ig.ov | 1340 350 408
4.0 | (/6.0 | |40 0.5
w.00| 94.5 liz.5| 40.5
z2\.00 | £eé.5 Ioz.oi 40.5 |
22.00| Y0.0 | 95.0| 4o.5
| 2300 | R0 | 930 | Go.¥
| 2400 | Q7.0 985 | 0.5 |
WrA'r START — 2.16 %

WT AT Fiwvisn — 2167

Teme. |

(INNEQ
Box)

Ta

(*F) L(VovTS\(AMPs) |

&0

 lgo
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114.0 |

| na.s |
[20.0 |
[20:S |
Iz1.0 |
2.5 |
119.0 |
119.0 |
I/Q.Fl
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lz0.0 |
lzo.0 |
120.5 |
Jzo.0 ;
le.0
h4.5 |
9.5 |
/14.5
|20.0 |
|20.0 |
[20. 0

!

-

l20.5 |

7

ELapsen OuTer | Tnwer| Room Sureace, HeaTawr
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——

| &/.0 | 0.45 |
| AR | AR
|
7 =
17 =3
i P
5§ | 0,30
N-r  NR.
los 0.50
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