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I . INTRODUCTIO?f 

The determination of the beat transfer through a flat wall 

of which one surfaee is isothermal at tc;nperature of ta and the 

other mlrface is iaother.nal at a temper ture ~ is the simple prob-

lem of heat transfer. The equation: 

Q = _kA_( ...... ta_-__ ,,...,.> 
t 

permits an easy solution of the problem where Q is .the heat transfer, 

k 1& the thermal conductivity, A is the area through whiah the heat 

is transferred, and L is the dist.a.nee betwe n the two surfaces . The 

equation is only applicable where the area A is oonsta.~t. 1'his equa• 

tion may be used without apprecinble e~ror for insulated enclosures 

such as turnaoes where the insulation thickness is very small in 

comparison with the dim.ensions <:Jf the enclosure. 

Shape facto;rs have been applied to this basic equation so the 

equation rtJJ.y be ua~d in the deternd.no.tion of heat transfer where the 

area A is not constant and tho effect oi" corners oa.n not be neglected. 

The equation then becomes 

Q ,= fkA( ta .,. tb) 
L 

where r 1a the shape factor. 

In 1947, T. s. Nickerson for a Master's thesis at v. P. I . 

determined the values of -the shape factor where the above equation 

is applied. to oylindrioal enol<>eures having flat ends and relative ly 
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thick valls of unif'orm. tbiekness. tr, Nickerson solved this problem 

analytically by the ~els.xa tion method. His solution depended upon 

the inside and Qutside surfaces of the insula.t:tcm' .ribout the enoJ.osure 

being isothermal. surfaces. the values uere eo.loulated for combina-

tions or ratios of :inoulation thieknesa to length of enolosure o.nd 

length of enclosure to dis.meter of e.nelosure. 

This inve~tigation is ·an ·e.xperim.Elntal determination or these 

values using gypsum plaster eyl!nders Qf different OOlllbinations Of 

ratios of length to dimneter. However, before tests could be con-

ducted on the oyllndrioal enclosures, the conductivity of gypsum 

plaster, the insulation a.bout tho cylindrical enclosure, hed to be 

tound. The method of determination of' the eonduetiv1ty and the values 

e.re given in Appendix A. 



Th& fitat repOl"ted attempt to evaluate the heat vaneferred 

through the 1nsulat1on surrounding a heated cylinder was made by 

Carl Heringl in 1903. Mr. leritlg oonverted formulae roi- the eleot:d.• 

cal resistance to re$istanee to heat flow through insulation erounct a 

rectangular enclosure, a ~pher1cal enclosure, and a segment ~t an 
intin!teJ.r long. cylit'ldr>ical enclosure. fthen the heat txoaneterred 

from a cyclindriceJ. enclosure was the um. of the heat flowing te.diall7 

through the eylindrical segment and the heat flowing radial.11 through 

semispber1cal ends. Mr. He:ring admitted that this eum was onl;f &P"" 

prox:ilna te. 

The$e formulae develo1$4 bl'~. Ber1n.g e.11 well es all athen 

1n this dieoussion ware tor 1uul.ation ct uniform thickness ~vtng 

isothermal interior and exterior suri'aee and under steady f'1ow con-

dition. 

J. tew yeai-s 1a~r Lal:igrmla1 AdamS and M!okl~ derived "•hApe* 

taot~r• which could be applied to :tind the he t flow thr~h th~ 

1haul&tion ot an eleetr1cally heated £umaoe. These shape factors 

were found by aaeuming a set ot iaotherms which gave less than the 

actual heat tlcw and then a set ot tsothel'!ne Vhidh gave more than 

the actual heat f'lewit The f'•tors fllo obtained proved to be vithin 

ttve per cent of the f'acto:re :f (nl.nd b7 espertment for inlulated ree--

tengular .turnacea. 3 
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In 1940 R~ B. Southwell published a. book explaining the re-

laxation method and showing its applica:tion to the engineering 

scienees.4 Thrffe years later Mr, n. w. Emmons applied tho relaxation 

method to tvo dimensional heatflov proble!7is and Mr. Fl"e.nk Loekhard 

applied the 'mOthod to three dimensional probletns, 5 These resul ta 

were tdthin four per cent of the e~'Pt:jrin,ental rel3t\lts for reetan• 

gular insulated enclosures. 

Several graphical methodl• for solving complex heat problems 

1.-· 
6 & 7 T th t ·-A Ul,t.ve been presanted. ha me ods were tedious rial wru. error. 

One of' these methods W.:s to asstnue the l(Jet;.tion of isotherms and eon-

struot heat flov lines. The flow lines must cross the isotherm.3 at 

:right angles and An equal quant.i ty ot) heat nuat flow 'through the 

path be.tYeen s.ny tvo adjacent flow lines. Also in ol:'der to obtain 

·equal temperature difference b~t,,,.$~n all.jR.cP-nt isotherms, the radio of 

the length to the Yidth of th0 eurv:i.l::tnear rectangles bound by two 

adjacent isotherms a11d by two adja~ent f'lo•,,r 1i-"les muet be a. aonstant 

for all rectangles . The total beat f'low may be computed when these 

conditions are realized. 

In 1945 G,. M. Du.sinberre gave briefly the mw.erical solu.tion 
B to beat flow problems for tv:o an.d. three 1hejsiona. Thia ws fol-

lowed by a. book e~"Plainine fully the application of the rolo.xa tion 

method to heat flow problems.9 This ws the method em.ployed by Mr. 

'l\ s. Nickerson in computing the heat tlo\1 through the insu.lation 

bout e. cylinder., This -was a tt10 dimensional problem. because of the 
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syrum.etey of tho insulation 'in any plr le passed throueh the longi-

tudinal axis or the cylinder. 

Tho heat transfer Q was com ... utod for ra.t:los of mrtside dia-

meter of insulo.tion to le11gth of ins"t:'.lc .. tion nd :for r ·~ios o_ insulation 

thickness to outside diameter of :1nm,lation.. The factor r m.e cal-

culated from the equation Q = ~ C tJ. t) whe::.."e Q is heat transfer, 
T 

A is inside a:rea or insula.tio:n, k is t.ermal conductivity of i.n~-

tion, Ll. t io tempvra.tura differcmcc l:et-ween in er and outer surfacos 

of insulet:!.on and T is t~1icmcss of :i.nsulation. T .. 1e factor f we.s 

plotted againot the ratio of inside diameter to inside length or 
insulation for rat..':.os of insulation thickness to inside dielllater of 

i:nsala tion. 

This investigation will be an e:>...-perimenta.1 determination 0£ 

tbe factor .f' m.d t.ho results will bo p:i. .. e.:;e:.1ted in the form of grr~ph . 
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The object of this investigation is to obtain exper1mentall7 

the eu.l'Ves. whieh will tacillitate the calculat.ion of heat transfer 

under stecdy flov conditions through insulation ur1iform.1.y a. ~ lied to 

cylindrical enclosures \.".ith flat cndt• or hollow cylinders of ineulation 

as these enclosures ·wi..11 be called. 
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The Jollo~ cylinders tested in thia investigation w..re onst 

of' gypsum plaster. It was neeessa.t"Y to east these cylinders in tw 

halves so the hollow :tnsid~ would be ooe$sibla. A divieion of the 

oy1:!nder in the pl.a.no n{)rmeJ. to the longitudinal utts at the midpoint 

ot that axis l'tould interfere less With the heat tra.nsfel" than any 

other division. TM.a is beee.uso the heat flow at this plane of 

division is parallel to that )lane whereas any other plane li'ould out 

the heat flov lines. 

'l'hG cylinder halv-e;a were oa.at in molds as show in Fig. lb, 

This mold consists of a wooden oenter p eoe show in i•:tg. le. eut from 

a single piece Gt wood in a lathe. The surfe.ee of the wooden form 

which is in contact "1i th the plaster uaa varnished to make a smoot.h 

surfaoa from ~ich the plaster casting vould easily aopQrete. Around 

thia woo.den. .torm WP.S titted. 16 B, ti. n. gauge sheet metal t"olled t.o 

the same dia.metor .as the larger o.yU.nder or the vooden form. 'l'his 

sheet metal was held securely to the wood.en forrd by two lengths of 

wire vrapped a.round the metal where it eovcl"s the larger 'Wooden 

cylinder. 'l'he oj.roumf'eren.ce Qf the rolled net.al was about 1/16 ineh 

less t..han th.at of the vooden e7linder., The Qllda of the tletal did not 

quite butt so the t the metal would fit ver:f snugly to th~ rom. Th.is 

1/16-ineh ga.p was sealed with seoteh tape on the outside 0£ the metal. 
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~ :ooden 
~Orm 

( a) (b) 

1'"':tg., l . FQm Used to Cast Plaster Cylinders . 

Cr- e:tir.g 
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1'he :resulting slight :ridge on the casting was easily :remO\ted b;y 

sc~aping and sanding. 

'the met«ll and woden sur.f'aces which oe.me !n contact with th& 

plaster-water mixture wel'e ccvered 'With a very thick mixture ot soap 

and water from which the veter evaporated leaving a soap film Which 

prevented the plaster trom adhering to the vood or naetal euri'e.eee. 

The mf.xtur• used in all castings waa. 70 pe.J1ts watei- tO: 100 

parts plaster~ weight. The water and plaster were tdxed unt.11 all 

plaster lUlllps had dissolved. !he mixture 'We.$. then poured into the 

torm to a. predetermined depth 1/16 inch more then the depth to give 

the ~equ.ired thielmees to the closed. end of' the cylinder. 

After the oyllnd~r halves were :retaoved from the molds; the 

ends wen planed down with a straight edge sO: that the closed end 

had the required un.Ucrm thickness and the required length was ob-

tained. 

The heat eourc-e placed inside the cylinder was a nlohrome 

resistance wire vound on e. two-.ineh hollow retra.ctoey cylinder 

cover with one layer ot asbestos paper to protect the inside cylinder 

'Wall from l'adiant energy. The elements vore h~ted by D. c .. power. 

The resiftence of' the element used in the hollow eylitlder$ having a 

12-inch interne.l length was U.5 ohms~ For the hollow cylinders 

having six inohes internal. length the resistance was 5.5 ohms• and 



13 

3. 5 ohnls for eylindei-s of three inchee internal length. ·These 

heating elements were xnade one Uich shorter than the internal length 

of the plaster cylinder in vhich they were placed. This allowed a.fr 

to circulate freely around the ends of and through the element. The 

uninsulated copper leads to these elements wet'e brought e-ut through 

the opening betveen the cylinder halves . The heating element cylinder 

vas placed coaxially with the plast&r cylinder and i:nipportod by two 

3/S-ineh x: .3/S-inch x l-inch wooden blooks placed 90° apart on the 

ciremni"erence of the &lament at ee.oh end of the element. The one--

inch length vas placed parallel to the longitudinal ax1s of the ele--

ment and in the s8llle plane "11th t.he. oorreapond.1ng suppQrt on the other 

en~ These wooden supports v$r& r1eeessary to prevent oonto.ot bet~en 

the element and plaster and to center the element.; 

'the sl,U'.face temperatures 'ltere measured iri all canes by copper-

eonetantan themooouplea- (L.eedf.! and r.forthrn.p, No., 22 BWG, #'3S cali-

bration) .. '!'be bot junction of the thermocouple-a were glued into the 

surfaces whose temperatures they ve-re l!leasuring and the oold junetions 

were kept in a crushed iee bath at 32° F. In order to permit the use 

Qt one potentiometer to measure the e. m. f . generated. in each themo-

eouple th~ copper leads tr.om. the hot junctions \.Jere connected to a 

eomrnon copper lead. This common copper 1ead was connected to the 

center tap of several eingle-pole, double-throv switches. The copper 
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l ads from th cold junction. of the thermooouples vere connected to 

the ,outside te.pa of these switches ao that b7 closing one switch at 

a. time· each thm:locouple circuit oould be eompletod. The potentio-

meter W'aB eonnectod in this common lead and measured tho e.m.r. of 

eaeh circuit separately. 

the hot junction of the thermocouples were glued in short 

&#l"'ooves 111 the inside BJ.'1.d out1dde eurfndes,. fheee grooves wr~ just 

deep ·enough to allov the ta.ete.l junction to be bur.ied completely belcv 

the surface. The junction was then covered Yi th a thin film of' glue 

to prevent the jurt..ction being in cont.a-et 'With tho air film on the 

surfaces.. This oonte.ct would result 1n the thermocouple genera~ 

an e.m.t . partially due to the plaater .surface tempeJ""a.ture b.nd par-

tially due to the air film temperature vhich clmnges considerably in the 

rev thousandths of an inch of thickness of film. The prelind.l'.1m7 ex-

periments to determine the co-nduet vity or gypsum plaster demonstrated 

very clearly this ef:f eet or allowing air film and hot thermocouple 

junct!Qn eontiaet by not settmg the tl1ermoooupl~ belov the surface. 

(See page S2} 

The the?'mocouple leads fr the inside surtaoe 'Were brought 

out through the opening between the halves . The thermocouples on 

the inside surface could be more easily attd accurately glued in ple.ce 

ba:f'ore the cylinder· was mounted. !'or testing" Tb.is meant that the 

thel."$r:>eouple leads had to be cut to get them out Of the test chamber. 

When the cut leads were eonne.oted again, the end$ were tvieted 
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together e.n.<l el.amped, between tvc wash.ere on small bolta whioh w~ 

tightened to :tneure olectriecl e·ontaot bet\wen the severed ends, . 

Six th~rmooouples ver~ glued to the inside and f ivo to the 

outside surface. The aiy· thermocouples inside vere glued to the sur-o-

faee vi.thin 1/2 inch of the six pooi tions, 1 through 61 of Fig. 2 . 

The five t ennooouples on the outelide were ~ttaahed tQ the aur~aoe 

within 1/2 inch of the positieyns, 91 10, 11, 12, Md N shown 1n J'ig .. 

2. Preliminary tests showed the greatest varla.tion on the inside 

urfaee so re thomoeouples were used on the inside than the outi-

side SUl"f ace to obtain a better average. 

The cylinder halves vere t'aotu1ted on six short wooden eontact 

lines as shown in Fig. 3.. Short contact lineo vere employed to ob-

tain :minimum interference with heat flow and air flow e.bout the 

cylinder. 

:A l/16.-inoh ootton felt gasket was placed between the two 

halves o! the cylinders to ainin:d.ae the air flow into and au t of the 

hollow inside or the cylinders. 

The cylinders vcre mounted in a 26-inch x 2 inch x 20-inch 

uooden box to obtl:lin steady flov ocnditinns. The he.at transferred 

thl"ough th.a cylinder we removed from the box by twQ copper oooling 

plates nine inch in diameter (for dese~iption of' these plates see 

page. 45 ot Appendix A and Fig. 6) . One of the two plates was 
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Fig. 3. Method of Mounths Cylinders tor Testin~. 
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snsp ,nded horlzonttllly two inchen belov tho center or the top of the 

test ehai."'lber, The other pla ~ was placed in a vertical posi ti'!)n 

tvo i..llches f o..m the "ba.c ~ ~.J.l of the toet chamber. DQth plates w1•e 

sl ielded rram radiant energy from the heated cylinder, 

Three pairs of c:y'linder halve~ were cast f ctJ.• testing., T e 

internal die.meter and internal length or the three hollow eylinders 

were tiwee inches and l':? inehos~ respectively. The plaster thickness 

of each cylinder wa.s Val'ied,, the three thicknesses being 3/4 ineb, 

1-l/2 iuehes, and a..-1/4 inches. 

1'he cylinder ot 2 .... 1/4• inch thicktH.lSS 01~aaked due to thermal 

stresses set up by en eo° F. temperature diff erenee betveen inside 

Md ¢utside $urfaee tel:npera.tu~a.. Seqause the walls era.eked, the 

data o£ this test io not included in We thoeie:. 

The :3/4-.ino:h a.'1d l.a:~-inoh thick cylinders were tested. 

'fhe.n thl"$E> inches l>tas sa:wed off the open ends Gt the two he.lvee tQ 

make cylinders haVing internal lengths of six inehes. The out ends 

vere ms.de $tllootb by scraping with a straight edge. 

After the cyl.inder13 having s.n internal length of .f:lix inches 

were tested, l-l/2 in.ehes vas eut from tho open end:. of' each half to 

tr.eke eylinders baV'ing inte~ lengths or three inc:hea \rh:t.oh vere 

also tasted. 
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111 cylinders before testing were dried beside a hot radiator 

until three successive daily weighines vere constant. The dry 

densities of the cylinders were determined trom these dry wights 

and the onlcul.ated volumes of' the cylinder. 



20 

V.. RESULTS 

Tables r through VIII inclua_ve are the data result.a ot the 

tests. 

!'he conduc bivi ty k of the plaster for ea.eh teat ws found from 

tho equation k = ko [ 1 + • 00].5 ( t .... us] , vhere ko is the eon-

duetivi ty o:C plaster at a mean t3mpe:ratu.."""G of ].48° F. found f'~om Fig. 

9, and t is the mean temperatu:re of the plaFJter of the oyliri.d~r durtng 

tl1e test. The determination of' the graph of Fig. 9 anO, the derivation 

of the preo ine f o . tl.D :for e. dvot.i"Vi t:r is given in Appendix A. 

1 ig. 4 i$ e. reproduction of the a:nalytica.1 results of Mr. S. 

T. Niekersor, •s investigs tion ot this problem. The e:o."P0r:ir'ontal results 

have been plotted on the same gl'.'aph tor eom.~S:on. The re$ults or 
the two. test.s on ea.eh cyli:mier at a.n L/D ratio ()f 4 were plotted to 

shov the Po$aible experimental error in testing these c;ylindors. 

'fbe L/D and T/D ratios ar0 the ratios of internal length to 

intel"ttlll length and ttiekness to h1tarnal die.mete~ respectively'. 

'the avarage outside temperat1ll"e W$ ta.ken e.s the avel"$ge of 

~ temperatures measured on t~e cylindric.al ou'f;aide our.faoe which 

is equidist.ant from tho innide surface. The outside temperature de-

creases 20 or 30° :f'rcm P'>i.'l'lt a to :?Qint b in Fig. 2 as indicated by 

the difference ot the average of the temperatures measured by themo-

couple-s 9,. 10_, 11, and 12, a..".ld. th.a.+.. ne.nsu.rod by tb.o:tmoeouple N at the 

outside eorner.. This avo~ge vas used be(;n:ntse the t ao obtained 

corresponded to tho eyli:ider will ":.h1ot.-noao ue.ed in calculating the 

factor f.,. The horizontal broken line across each table is dra.:wn in 

above the data used to calculate the results. 
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TABLE I 

Terrt of Rollow Cylinder 3/4° ·Thick and Ba.ving a 12n Internal Length 

Tinle Po·wer Tho?'ll2oe0u.p1-es-mv 

!nsideS'crface Ou.tside Surf aee 

Amps. Volte 1 2 3 4 5 6 9 10 ll 12 N 

7:.30 3.0 29. D 3.62 4.22 4,.00 4~-05 3.55 4 .. 18 2.10 l.etl i.eo 1~92 1.42 
7:40 2 .. 6 2?.0 3.92 4.1:;. 4.12 4 .. 12 3 .. 72 4..Je 2.42 2.10 2.10 2~22 1.60 
7:50 2.4 2t;.o 4.02 4.52 4.30 4,.30 3.92 4 .. 50 2.6; 2.JO 2._2S 2.42: 1.72 - .......... - --- '"""" .... ~ ._, ..... ........... i-· ......... - ~ - .... ... - - - - -- .. - "'*.,,.. - ~ - ~ -"4 ........ - -- - - """" ~ . - -
8:00 2 • .3 25.0 4..,02 4 .. 6-0 4. 3e 4.3e 3 .. 90 4.50 2. 70 2. 31 2. :;o 2.48 1.75 
S:lO 2..3 .25.0 4.06 4 .• 60 4-38 /i...37 4 .. 00 4.4n 2.71 2.~.3 2.)3 2.50 1.SJ Rl 
8:20 2.3 25.0 4.10 4,.62 4.38' 4.40 4.01 4.4e 2.70 2 .. 40 2.-40 2.;o l.85 
8:30 2 • .3 2~.o 4.10 4.61 4.40 4.41 4.c.c l.,.50 2.70 2.36 2.,,;7 2.52 l.85 
8:.40 2.3 25.0 4.10 4.f4 4 • .u 4 .. 44 4+02 4.;2 2.72 2.40 2 .. 40 2 .. 53 1.84 
8:50 2 .. 3 2.5.0 4.11 4--64 4.42 4.43 4.0li. 4.51 2.72 2.42 2..40 2.50 1.$6 
9:00 2.:3 25.0 i+.13 4.65 4.41 4-44 lfrl>-04 4.51 2.7) 2./J. 2 .. 41 2~;0 1.S6 

Ave-
rage 2.3 25. 0 4.l1;) 4. 62 4. 40 4.41 4.00 4. 50 2.71 2._38 2 •. 37 2. 50 1.s; 



RESut'fS OF JlA'l'A OF TABLE I 

Internal. diameter of' cylinder . ..... .. ........ .. 
Thickness of cylinder • • • • • • • • • .. • • ... • .. ., •. • • 
Inside length of cylinder • • ,, • .. • .. • • • • • .. • . • .. 
fleight <Jf' "A" halt cf cylinder ,. • ... • • .. • .. .. .. • .. • • • 
Ueight of "B" hall" cf cylinder • • • • • • • • • • • • ... • 
Difference of densities of "Att mm flJilf • "' ••••• •• •• 

(lllO -t- .1!15) .2.. 20 . . .. ········-·· _ ···--
Average dennity == 11,{x ·Z,2~ x 31Ja - i2 x.J.•22 ii J•lit :::: 

172S 1728 
Average inei.de tenparature • • .. • • • • • .. • • • • • • • • 
Range of inside tenperatures .. . .... " •• , ... .. .... . . . 
Average outside tempe-rature • • • • .. • • • • • • • • • • • 
Range of outside tenpe:ratu:re:s ... ... ... . ............ ,. 
Mean temperature oi' plaster . . .... ......... . . 
Outs-ide S'Ul"f'ace temperature at end of' cylinder • •• .•• •• 
K = 1.90 l-+ . 0015 (171! - 148} = l . 98 BW-in. /hl-rt2....°F. 
'C-ol'l"'eeted &il:pcr&ge- • • • • • • •. • .. .._ • • .. •. • •. • .. • • •. 
Corrected voltage • • • • .. .• .. • • • • • • • • • • • • • • 
. . 2,.2 gs 2'6.tO x J.QJ di 122 f= • . . . . =-i22 

J6 x 3 & 3. JA . + l~ J,2' + i .9s (214 ... 141.) • 
144 

t/D = lZ! = 4 
3• 

T/D • .t.72. = . 25 311 

3" 
3/4• 

}2ft 

1,100 ~· 
1,115 gtt.$1 

1.5% 
65. o 11/rv 

21.4° F. 
201° F. to <;a5o F. 
l.410 F. 
136° F .- to 1500 F. 
l:78° F. . 
ll20 F. 

2 •. 2 nm~. 
26. o volts: 

l\) 
\~ 



l:ABLE I I 

Test. or Hollow Cylinder 3/411 thick and Having a 12.tt Internal Length 

'rime Power 'l'harmecouple-'f!fV 

Inside Sur:fa.ce outside Surface 

Amps . Volts l 2 3 4 5 6 9 10 ll 12 If 

2:55 2.6 29.4 ; .31 4.90 5. 30 5. 28 492 ; .42 2. 99 2 .. 62 2. 65 2 . $0 2.10 
,3;05 2. 6 29.0 5.40 4.90 s.:n 5. 30 4.91 ; . 4:3 2 .98 2. 66 2. 70 2 . 81 2. 10 
3:15 2. 5 27.7 ; .42 4.90 5. 36 5. 35 4.96 5.50 2:,.99 2. 62 2 ~72 2.78 2. 10 
J:25 2. 5 27.S 5. 2$ 4. 66 5.30 5. 30 4. 76 5.30 2. 90 .2.6o 2. 66 2.73 2 .-10 - ,... .... - -- .. ..... ... """" -- '- ....... - ----- .... - .... -..... .., .. .... - ,.. .. ........ ,.. ........ ... ..., ... .. 

- ..... .... 1111 --
3i35 2. 5 27. 9 5. 30 4. 67 ; . 24 5.21 4. ao 5. 38 2.ss 2. 60 2-67 2.72 2. 04 $! 
}:45 2.5 27.9 5. 38 Lk.64 s .• 24 5. 26 4.,go 5. 1~ :2. 89 2.61 2. 61 2 . '70 2. 10 
3:55 2. 5 27.9 5.42 Li-. 64 5.28 5. 2$ 4. 00 5.44 2.ss 2. 56 2. 61 2. '70 2.04 
4:05 2. ; 27.9 5..40 4.63 5.28 5. 2'1 4. 85 ;.43 .2. SS z. 55 2. 62 a. 73 2. 04 
4;15 2. 5 27.9 5 .. 42 4.64 5. :30 5. 27 4.a5 5.1)+ 2.ss 2 • .55 2.64 2 . '"13 2. 06 
4:25 2. 5 27. 9 5.43 4 •. 66 5.32 5. 29 4 . 86 5 • .44 2. 89 2. 57 2. 64 2~·12 2. 06 
4:35 2. 5 '2!1.9 5.41 4.65 5.31 5. 30 4.$6 5. 46 2..91 2...56 2. 6.3 2. 70 2 .. 05 

-

Ave-
ra._,oe 2. 5 Zl .• 9 5-40 4.65 5. 29 'j . 2:7 4.8' 5. 43 2.89 2. 56 2. 67 2/71 2~06 



RESULTS OF DATA OF TABLE ll 

Sane cylinder as ®ed. in T~t ,Q£ Table I 

Density = 65 .. 0 I/rt? 
AvePnf:e insidi) temperature • • • • • • .. •. .. • • • .. .. ., • • 
Re.nee or inside tmn.pe:ra tures • • • ''"' • • • • .. • " ... • •· .. • 
Avemg-e outside temperature • • • • .. • • • • . • • • • • • 
Range of ou t::.1de tempera tu:re • • • • • .. .. • • .. • .. • .. • • 
P'ea.-i tampe.ro ture o~ plastor • .. • • • • • • • ... • .. ., • •. .. 
Ou.toide sur:'c.ce tenperatu::-e ttt end of ejl:inda> • • .. • • • .. 
K = 190 l + . 0015 (197 - 148) = 2 •. -04 3TU-'in/11t'-.f"t2-.·°F . ., 
Corrected o,.'lperege • • .. • • • .. .. • • • • • • 
Corrected itol tage • .. • ~ • • •. • • ., .. • •. • 

" . . .. . . .. .. ... ·~ . . . ·• 
(243- 150} = 1.13 

Jn 't?tl Liu"'.,. n 4 

'l'/l:;tl T/D ·=-~ ;;> .25 , ... 

243° F,., 
0 226. F. 

150° F •. 
144° F. 
lo/7° F. 
"""'o -.s..o;.,l$- l.' . 

to 256° F. 

to 1511° r. 

2.1+- onps. 
29. 0 volte 

1\) 
VI 



TABLE llI 
Test of Hollow Cylinder l•l/211 Thick and Having s 1211 Internal Length 

Time Power Thermoeouple-mrr 

Inside Surf ace Outside Surf ~ee 

Am.pa. Volts 1 2 3 4 5 6 9 10 1! 12 N 

2: 50 2.4 26,/7 1,. 50 4.72 4.60 4 .. 63 4. 71 4. 2s 2. f.4 2. l:.5 2-.l~O 2 . 1 ... 0 2. 10 
.3 : 00 2,.3 26. 0 4. 70 4. 98 4. 00 .l.,.90 5. 02 4. 53 2.64 2,;49 2.1;i 2. 42 2. 10 
3:10 2.3 25.0 4. $2 5. 02 4.90 4.99 5. 18 4.6s 2. 71 2.,:53 2.4@ 2.4S 2.10 
3:20 2. 1 2.3. 3 4. 77 4.99 4 . S5 4.95 5 ... 12 4. 67 2. 78 2. 5$ 2.52 2. 52 2.12 
3:1;.5 1. 56 16.o J. 85 3•98 3. ~4 4.('ll 4 .-lS 3. 85 2. 70 2. 58 2.;o 2. 50 2. 15 
3: 55 1. 54 16.~. 3.S3 3.92 3,.$4 3.94 4. 12 3.80 2. 79 2 .• 53 2~42 2.a 2 .. 16 

~ 

.... ... - ~ ............ ~~-- - - .... -• Jti' - ~ - ... .... - . ... - - ..,.-- ........ ._., .. - ...... - ,. __ _ ..,. - - - .. .... -- i... ....... I- ......... 

4 :05 1. 57 16.7 3. 80 3.90 J .83 J .90 4.10 3.75 2.62 2. 52 2. 40 2 •. 40 2.10 
4:15 1. 57 16. 7 3-. 78 3.89 3. 79 ,;.90 4.68 .3. 70 2. 62 2.48 2~40 2. 3S 2. 10 
4:25 1. 58 16. 8 J.n~ 3.00 3. 7S 3. gs 4. 06 ~ .70 2. 60 4.1/I 2 . )-8 2. 38 2..10 
4:35 1. 5S 16.S 3.77 3 •. 88 3.79 ) . SS 4. 04 3. 70 2.60 2:. 48 2.J6 2. Y/ 2. 10 
4;45 1.ss 16. 8 J. ?$ :;. 86 :3. 78 3 •. 88 4. 05 3.6S 2 .. 59 2~48 2. 36 2. 37 2.10 
4:55 1. 58 16.S 3. 78 J. 87 3. ?S 3.87 4 .. 04 3.69 2. 59 2~47 2. 37 2.37 2. 10 

Ave-
rage i.ss 16. S :3. 7S .3 .. 88 3-, 79 3.SS 4. 06 .3 .'70 2.60 2.47 2. JS 2 .. 38 2.10 



RESULTS OF DAU OF TABLE lll 

Internal. diameter of cylinder ................. .. 
Thickness of eylinder .• .. .. • • • • .. • • • .. .. • .. .. ., • 
Inside length of cylinder .. • • .. • • • • • • .. • • • • .. 
~eight of tt-A.tt half of cylinder .• • " .. .. • • • • .. • .• • ~ 
'Weight of "B" half' of cyl:lnder • • .. • .. .. • • • • ...... 
Dif'ference of" densities of "Au and ttBtt ,, • • • ... " •• " 

30 
1-l./2" 

l2tl 
2926 gtlS 
296) gms 
1.~ 

~+~2.20 . . . 
Averatre dens.tty= ~= ,f == -12 ti; 1,Xi 3.1/k ;t 66.o IJ/tt3 

172S 1728 

Averete ins:!t.e tsmpe.rature •· ;,. .• • .. • • •. " • • • .. • • • 
Bango of :i.n'5ide teflJ-erature • • • • ... • • • .. .. • • .. •• 
Avera(;e outeide temperature • .. • • • .. • • ... ·• ••. ~ • 
Range of ov.tside temperatu.r.e. • • • • ,. .. .. .. • » • • ... . 
Mean temperature of plaster ............... .. 
Outside Sl.ll'f~C& te~erature at er!d C>f cylinder • • .,.. • • • 
K = 2. 01 l + . 0015 (167 - 148) = 2.cn BTU-in/m-rt.2 ... 0p. 
Con-ected ampe.r~e • • • • • • • • • • • • • • • • 
Correeted ~;roJ. tage • • • • .. • ~ • ... • • • • • • • 

(199 - Jj9) 

L/D=~=4 
T/D = 1.5" = .;o 

"' 

• • . -·· . .. 
= l .45 

196° F . 
193° 'F . to 204° F. 
139° F. 
1366 :F.. to l46o F. 
167° F. 
125° F. 

1.56 ampa .. 
lS.O ~olte 

~ 



TADLE IV 

Test of Hollow Cylinder l • l /2" !hick and Having a 12" Internal Lenatb 

Time I I Power I Thormocouple·mv 

Inside Surf ace I Outsido Surf aee 

A.moo . I Vol ts I 1 I 2 I .3 I 4 i:, 6 9 10 11 12 I N 

9:25 2. 5 27. 4 4. 00 4. 3S 4.22 4-12 4.18 3.SO 2. 30 2,.2G 2.17 2.12 1 .90 
9:35 2.4 26. 5 4. 25 4. 62 4.50 4.42 4. 52 4. 11 2. 40 2. 32 2 . 23 2. 20 1.90 
9:45 2. 0 23. 0 4. 22 4. 52 4.40 4.40 4. 58 4 . 11 2.46 2. 43 2. 32 2. 24 1. 91 
9:55 2. 0 23. 0 4.2s 4. 55 4 . /1,0 4. 42 4.60 4.16 2. 55 2. 51 2. 3S 2 • .30 1. 

10: 05 2. 0 22. 5 4. 30 .G . 55 4. 40 '~·44 4. f;g 4. 20 2. t-0 2. 52 2.40 2 • .32 i . 97 I t\) 

10:15 2. 0 22. 5 4. 30 4. 56 4.40 4. 50 4. 68 4 . 20 2 . <-.0 2. 60 ~ .42 2. 32 2. 00 (X). 

- - - - - - "' - - ..... - - - i. - - - .... - - - - ..... " - - ---- - ---- -
10:25 1.95 22. 0 4. 32 1~ . 58 4 . 1~4 4. 55 4. ·10 4. 22 2. 62 <. 60 ~ .47 2. 35 2. 01 
10:35 1.95 21.9 4. 35 4. 5S 4.44 4. 54 4. 70 4. 2s 2.62 2 . 60 2.47 2. 3S 2. 0'.3 
10:45 1 .95 21. 7 4..37 1.- 58 1..,. 42 4. 53 4.70 4.2a 2. 70 2.62 2.4S 2. 39 2. 02 
10:55 1.95 21. 7 4. 35 1.._ 59 4. 42 4. 53 4.70 4. 28 2. 70 2.63 2.48 2. 39 2. 02 
11:05 1.95 21.7 4. 35 4. r,o 4. 42 4 . 54 4.10 4.27 2. 70 2. 6.3 2.47 2. 40 2. 02 
11:15 1.95 21. s 4. 3; 4. 59 4. 1.2 4. 55 4.'JO 4. 27 2.69 2. 6.3 2. 47 2. 40 2. 03 
11:25 1.95 21.S 4 . .38 4. 61 4.43 4. 55 4.70 4. 23 2. 69 2.64 2.47 2.39 2 . 03 

Ave-
rage 1.95 21. 8 L;. . 35 4 . 59 4.43 4. 54 4. 70 I 4. 27 I 2. :ia I 2. 62 I 2 . 47 I 2. 39 I 2. 02 



RFSUL"TS OF DATA OF TABLE IV 

Same cylinder as used :tn Teat of' Table Ill 

Densicy ;t 66. o 11/W 
Average inside temporature • • • • p • • .. ·• • • • • • • .. • 

Range of insida tempe1 .. ature .... ,. .. ,. • ~ 9 ....... . 

Average ot.\teide telnperature .............. . ..... .. 
Range of nutsido te~eretnre •••• •• • • • r ••• •• 

Mean tempera.ture of plas:wr • • .. .• • • • • • • • • • • ~ 
outside tmrface ter.•perntura at etid of eyliI'loer ..... .. 

K 1:: 2. 0 J. + . 0015 (1$2 - 148) = 2.ll MU-in/ln-t1t2-"'F 

Corrcc·eed mJpcrage • • • • • • .. 
Col"?'Veted vol ta,ge; • • • • • • • 

. . . . . . . . . . . " . . .. , . .. . . . -· .... ... •: 

f - . . · ja• 9b 6 ~ 6 ., - 12 .x.3 x 2 14 + i' >;x 4'13 ~ l.2 ' . .~ .... x; 14 . .. 11.Ji, ,. ' • -
L"' = Ja!! " a.n (220 - 14"} c::: 1 . 66 

,~ •• = 4 J 

T lh ~ 1.t,.2! =- e:i'\ 
I "I 3 .. 0lt • .;v 

220° F . 
.· 0 .. 0 212 i'. to 228· F . 

143° F~ 
lJ70 F ._ to 149° F •. 
182° F. 
1220 F. 

1.94 nID?fl. 
~.6 Volta !5 



Time 

2:25 
2: 35 
2·:45 
2 : 55 
:h05 ---Jtl5 
J:25 
3:.35 
3:45 
3:55 
4:05 
4:15 

Ave-
rage 

TABIE t 

'fost of Hollow Qyli nder 3/4tt Thick and Having 1ll: 6tt, Internal Leneth 

Po,.ror Thermo~ouple-::i.v 

Inside Sttrf aee Ou tsid.e Surface 

Amps . Volts 1 2 3 4 5 6 9 10 ll J2 

2. 6 11 ... 0 4.20 .:3 . 90 ; .oo 4. 00 4. 30 4. 36 2. 50 2. 78 2.?6 2. 4$ 
2.6 14.D lt . 50 4.18 5. 23 4-. 30 4.61 4.64 2. 60 2.,90 2"'::7 2. 56 
2.4 l2..:l 4.42 4. 08 5. 02 4.22 4. 50 1+. 53 2. 62 2.99 2.96 2. 58 
2.4 12. 2 q..,4JJ 4.10 5. 08 4.2$3 4. 51 4.53 2. 62 2.99 2+95 2. 62 
2.4 12.J 4.43 4. 18 5.J.O 4.29 4. 60 4. 56 2. 66 .3. 02 2.98 2. 60 

'""'_,.. .... - - - ""'"" - - - ""' - - - - ..,.,., -· ...,. .,.. ..... ..... - ... Ir! ... . ~ - .. - - - *"'" - ... . - ~ - ....... - .. 
2.lt J2 • .'.3 4..51 4.18 5.1.~ 4. 32 4. 6.?. 4. 60 2.61 3.00 2 .o99 2.62 
2. 4 12. 3 . l+ .• 5:3 4. 20 ; ... 12 4 . )6 ;. .• 63 4 .• 60 ~ . 62 .3. 06 2.ss 2 .62 
2.4 12 • .3 4.5.3 4. 19 5.14 4.J? 4.64 4.61 z.. 62 .3 . 00 2.59 2. t:3 
2. 4 12. J 4.52 4. 20 5.16 4. 37 4.70 4.62 2 .62 ;l. 08 2. 90 9-.62 
2.4 12 • .3 4.56 4.22 5.20 4. 39 4 . ?0 J+-62 2. 6.3 3. 00 Z.92 2.-62 
2.4 12. 3 lt-.. 55 4.22 5.19 4<i38 4. ·72 4.64 2.62 3.10 2.93 2. 64 
2.4 12. ;3 4. 56 4.24 5. 21 4, 3g 4. 72 4. 64 2.62 3.os 2.93 - 2.64 

2~4 12. 3 4. 54 4.21 5.16 4.Yl 4.7S 4. 62 2. 62 3.m 2.92 2.63 

11 

2.29 
2.40 
2...4$ 
2.42 
2. 48 
~ ..... 
2.4a 
~.4s 
2 ... 46 
2. 49 
:t. 52 
2. 53 
2. 50 

2 . 49 

~ 
0 



RESULTS OF DA!A OF TABLE V 

Internal Dimn&ter of cylindei- " ••••••••••• 
Thickness or cylinder • • .. • ., • .. • •. • • • • -- ·• .. •. .• 
!nslde length 0-t eylind-er .. • • • • • • • • .. • • • • • • 
Weight 0£ 8 AYJ half of cylinder ....... ,. ....... ,. ... 
\~eight of •}ltt hill of cylinder • • .. .• ... • .. • • .. • • • • 
Percent difference of densities of "A" and ttBn • • • • • • 

3" 
'J/4tt: 

(It 
660 gms 
645 gins. 
2.5% 

. . (660 + 94.2) 1 2,20 . 
Average density ';II:' 7.~ . x 2,E2'2 x 21 14 .... 6 ;; la'/.: x laM :=. 64,,,1J/ltt3 

1728 1728 

Average insi<le temperature .. • • • • .. • • • .. .. • • .. • ., 
Range of inside te.m~tul'e .. • • •. • • • • • • • • • • ... 
Average -out.side tempers.:ture .. • .... • .. • • ., .. ... • • • •. .. 
fta.nge Qf outside temperature .... ''·.: • .. • • • • • ....... 
l~ temperature of' plaster ,. ••••••••••••• • 
Outside surf':ace tem:p&ra.tm. .. e at end of eyllnd.er •••••• 

K = l,,,SJ l + • 0015 (186 - 148) ::.. 1.94 BTU-in/m-:rt2-<>r. 
Corre.cted Qlllperagc • . ..• . .. . ... .. .. .. . . .. .. .. .... . . 
Gorrec ted vol ta.ge • • • .. • • • • • • • • ~ • • • • •. • •· 

. . 613 ,lC. 1217 X ,. 3;w/y3J .;§ ,72 
f = 9. ,x J x J.M.+ 11 .f2 x ~ x 1.94 (221 ... 151) ;;: l.2; 

611 LID =· 3i = 2 

T/l> = tg: = .25 

221° F. 
210-o F to 231° F. 
151° F. 
141° F to 164° F. 
lS60 F. 
142° F .. 

2.3 a'llpS • 

12.7 volts 

~ 



Time 

10:15 
10:25 
10:35 
10:45 
10:55 
11:05 
... -- "' 
11:15 
11:25 
ll:.35 
11:45 
11:55 
12:05 
12:15 

Ave-
rage 

TABLE VI 

Test of Rollov Cylinder 1-1/2" Thick and Having a 6" Internal Length 

Pover Thermocouples-nw 

Inside Surfaca Outside Surface 

Amps . Volte l 2 .3 4 ; 6 9 10 11 l2 

2. 7 14.1 4.68 ) . 90 4.40 3.69 4. 17 3.76 2. 08 2.11 2. 22 2.14 
2.4 13.9 4.68 3.99 4.42 3. 75 4. 22 3 .. 88 2. 10 2.18 2. 30 2. 20 
2. 2 ll. 8 4. 52 3.90 4..30 3. 70 4. 20 3. 82 2. 12 2. 21 2.42 2. 25 
2. 3 12. 0 4. 56 :;. 93 4 .. .38 3.75 4.20 J.88 2. 13 2. 21 2.41 2. 27 
2. 3 12. 0 4. 62 4. 00 4.42 >. 86 4. 2$ 3. 92 2.20 2. 30 2 .41. 2.32 
2.2 11.9 4.6e 4. 05 4. 52 .3. 90 4. 32 1.,. 00 2. 20 2. 30 2.42 2. 32 
..... - - ~ .. .. - i-. - .. - - .... 4 ................ - .... - . --- - .... - ... -- - ... - -- .... - - - - --
2. 2 ll. S 4.70 4.os 4. 51 3. 98 4. 35 4. 00 2.20 2. 30 2. 50 2. 32 
2. 2 11. s . 4. 71 4.11 4. 53 3.91 4.42 4. 04 2.2:; 2. :32 2.50 2. 32 
2. 2 ll.9 4 .• 68 4.10 4.51 3.94 4.JS 4. 02 ?. . 24 2. J2 2. 54 2. 32 
2.2 ll.9 4. 70 4.10 4 . 52 3.92 4. 39 4. 02 2.24 2. 34 2. 54 2. 31 
2. 2 11. 9 4.70 4. 12 4. 54 3.95 4.41 4. 04 2. 27 2. 33 2.3.3 2. 33 
2. 2 11.9 4. 71 4.12 4. 54 3-.95 4.42 4.06 2 . 27 2. 34 2. 3J 2.33 
2.2 11. 9 4.?2 4 .. 13 4. 56 'J. 97 4.42 4. 06 2. 28 2. 36 2. 53 2. J5 

2. 2 ll.9 4.70 4.11 4. 53 3.95 4.40 4.0.3 2.25 2. 33 2. 52 2.33 

N 

l . 9S 
2. 00 
2.02 
2. 05 
2.10 
2. 08 - - -
2. 10 
2. 10 
2. 10 
2. 11 
2.11 
2.13 
2.13 

2. 11 

\,.) 
I\) 



RESULTS CF DATA OF TABLE VI 

Internal diamete-r o:t cylind$31' •• ., ......... .... . 
Thiekness of cyl:inder • • • • • ·• ·~ ... • • • • .. • ·~ • • ~ 
Internal longth o.f' cylinder ., ••••• · ...... ~ ••• 
Weight of flA" halt of cylinder • • •• ~ • : •• ~ • ~ •• 
Veight of •B" hill of cylinder • • • .. • • • • .. • ~ • .. • 
Dif'£e~nce of demi ties of 0 Alf and •Bu • • • • .. .. • • .. ... 

' (1g39 + l~~ ~20 
Average density:: 9 tc J2 x 3.1§ _6:i i:i'. x 5;14 = 

1728 1728 

Average inside temperature • •. .. • .. .. .. • • • .. • .. • • ., 
1iange of inside temperature ~ • • .. • • .• • • • • .. • • .. 
Ave1>age outside temperature •••••••••• •••• • 
Range of outside temperature • ... • •• .. .. • • • " • .. • • • 
Mean telnperature of plaste.r • • • • .. • • • • • . • ., • • .. 
Outside surface tempere:turE;> or cylinder ......... .. 

K = z .. oe i + . 0015 (179 - l48} ... 2.1s BTU-in/m-rt2- er. 

Corrected amperage ... .. .... . . . . . . . . . - . . . . 
Corrected v.ol tage • • • .., • • • • • • • • • • • • • • • • 

. . ... 2,1 x ig.·J z 2·W x .i . 2 
f = 6 -x_'.lux-3,Ji • 1.52 i 2.JA x 2.18- (212 - 1:35) 

~ 

L/D * 2." = 2 
j:lt 

T~ = l&i'! = . SO /V _3ff 

= 1.'79 

J" 
1-1/JZ!t 

6• 
1839 gms 
1375 gm 
z.~ 

66.7 ll/£t) 

2l2°F 
199° F to 228°· F. 
135° 'I' 
l.'.JI° F to 142"° F .. 
179° F 
J.260 F 

2 .. 1 amps. 
12. > velts 

~ 



TABLE VII 

Test of Hollow Cylinder 'J/4« Thiek and Hs.ving a 3" Internal Length 

Time Pouer· Thermocouple- - mv' 

Inside Surface Outside Surtaee 

Amps . Volte l 2 3 4 5 6 9 10 ll 12 .N 

7:45 3.9 8. 8 5. 42 5. 43 5. 40 4.60 4.80 4.m 3. lS 3 . ~o 2.98 3. 36 2. 62 
7:55 4.0 9.0 5. 60 ; .62 ; . ;e 4.90 5.10 5.06 3.20 3 •. 40 3. 04 3.42 2. 75 
a:o5 3.5 s.o 5. 40 5. 40 5.43 4.so 5. 02 5. 02 . :h.20 ) . 40 3.Qt 3.42 2.76 
S:l5 3. 5 s.o 5. 41 5. 38 ; .45 4. 86 s.oo 5 .. 01 3 .. 20 3. 40 :;..cs J. 42 2.76 
... - .... ... .. ,... .. 

- - - O!!!! !-'!It - -
... - .. - - - .. - - .. - -- ..... ;i, . - ..... ~--,__ ...., - -... ......... - ---- ._ ....... 

$t25 3.5 s.o 5.41 5--40 5. ?0 4 .. 90 5. 00 5.01 J . 20 3.~ ~l.00 3. 42 2. ?S 
8t35 J.5 n.o 5 .• 41 5:. 46 ; .6c 4.90 5. 00 5. 02 3. 21 .3. 32 3. o6 3. 4:3 2. ?S 

~ 

1h45 3. 5 s.o 5. 50 5. 50 5.60 4.,90 5. 00 5.D2 3 •. 21 3.30 3.c6 3~42 . 2.76 
8:55 3. 5 s.o 5. 50 5-. 50 5 .• 60 4.88 5. 00 5. 02 .3 .. 2) 3. 34 3.rn J .44 2. 77 
9:05 3.5 8.0 5. 51 5. 52 5.60 4.90 5. 01 ; . 04 3. 21 ) . 34 3. 06 3. 42 2.77 
9:15 ) . $ s.o 5. 50 s. ;2 5.61 4.90 5. 01 5. 04 3.2J .3. 33 3-. r:n 3.42 2.78 
9:25 3. 5 g.o 5. 50 5. 53 5. 60 4 •. 90 5.00 5. 03 ) . 23 3 .. 33 'J. en .3.,44 2.78 

Ave-
rege J.5 s.o 5.47 5.49 5. 59 4.90 5. 00 5. 03 '.3. 22 J .. -32 3. fJ7 3.4J 2 .. 77 



RESULTS OF DAT~~ OF TABLE VII 

Internal diameter of cylinder ............... . 
Thickness of cylinder . , • • • • • .. • • .. • .. .. • • • • • 
Internal length of cylinder ....... ,, .... ...... . 
Weight of "Att half of cylL~der • • • • • • • • • • • • • • 
Weight of "B" bs1f of cylinder • • .. .. • • • • • • • • • • 
Ditfe...""enoe of densities of ttA" and "B" ., .. • • • • .. • • • 

AverB.fte density == w, A. fic • &< 4- ,t • +tt - .. ~ * +•J .,,._. w< '+tt 

Average inside temperature ............ ..... . 
Range of inside t..e?!;tpera.tu.re .. • • • • • .. • • • • • • • • 
Average outoide tcmperatnr<) • • • • .. • • • .. • • • • • • 
Mean temperature ot: plaster •••• ,.. ........... . 
Outside surface temperature at end of cylinder ••. •••• 

K = 1 • .82 1 + .• 0015 (216 - 14S) = 2 . 01 BTU-in/rt.2-hr-°F. 
Corrected ~pere.ge .. 
Corrected voltage .. 

. . . . . . . . . . . . . . . .. . . . . . . . . . •- . 
3,3 x 8.2 x 3.4.J x • 72 .• 

f • 3. i 3 • 1.52 x 2.01 ~251 - 174) - l .Sl 
144 

L/D = .l = l 
3 

T/D ~ J/f : . 25 

. . . . . . . 

)ft 
3/4tt 

3u 
421 
430 gms 
2. 1% 

= 64.3 ll/tt2 

251° F. 
237° F to 265° F. 
174° F 
216° F 
153° F 

3.3 amps . 
~.2 volts 

\,,) 
\h 



TABLE VI:tI 

'fest of llollO'W Cylinder 1- 1/23 Thiek and Having a 3" Internal Length 

Tinle Power Thermocouple:iMttV 

Inside Surface - Outside Surfa-ee 

Amps. Volts 1 2 3 4 5 6 9 10 11 l2 li 

7:25 4.6 10. 7 5. 28 6.-30 6.?6 5. 99 5 .. 20 6. 51 2. 50 2. 50 2. 50 2. 50 2 . 20 
7:35 4 .. 6 10.7 5. 60 6.70 7. 50 6. 20 5.45 6.78 2 . 1 .. 0 2.60 2. 63 2.65 2.24 
7t45 3. 5 e.i :5. lS 6. 01 6.-00 5. 70 4. 99 6. 30 2.43 2.63 2.,70 2.-62 2 • .30 - ... - - ... - 11!!11 ... -- ... ....... ~ ~ .. " .... ---- .... - .. - - - - '!'!! 

......... ....... - ... ....... r- ........... - -- I> - -

7:55 3. 5 s.1 5.09 6.oo 6. 78 . 5.60 4. 89 6.29 2 • .43 2.7:3 2. 70 2. 60 2 • .30 
8:05 3. 5 8.1 5.D6 6.-01 6.79 5.60 4.ss 6 .-30 2. 43 2. 72 2. 72 2. 61 2 • .30 
8115 3.5 s.1 ,.06 6 ... 01 6. 79 5. 60 4.ss 6. 30 2.1+3 2.72 2. 72 2.61 2. 3<) 'ct 
S::25 3. 5 8.1 5.05 6. 02 6. 7') ; . 62 4. 89 6.Jo 2.45 2 •. 72 2 . 71., 2. 61 2. JO 
S:35 :.;. ; s.1 5. 05 6. 00 6. 7S 5.62 t. .89 6. 32 2.46 2.74 2. 73 2. 63 2. 31 
St45 3.5 8 ., .. ... ; .06 6. 01 6.78 5. 61 4.91 6 • .32 2.46 2.75 2.74 2. 6.J . 2.Jl 
Eh$5 3. 5 s.1 5. 05 6.oo 6 . 80 5.62 4.91 6.33 2.45 2.75 2.74 2. 62 2. 31 

Ave-
rage 3.6 s.1 5.06 6. 01 6.79 s.61 4.$9 6. :;1 2.44 2. 73 2.73 2. 62: 2 . :31 



RmtJL'rS OF DATA OF TABIB vnI 

Internal diameter of cylinder ..... ,.. ......... . .. 
Thickneeos of eyl:inder .. .. • .. .. • • • .. • • • • • • .. • .. 
Internal l.ength of ey1inder ... ,. ........ .. .. _. •• ,. 
Wei ght of '"A11 half ·Of cyli.'lder • • ... • • .. • • • • .. .. • .. 
Weight of' 8 B" half of cylinder ., .......... "" ... .. 
Difi'erenee of densities cf' tt,A.tt and IJB'fl ••• -. •. ••• ,.. • 

Av~rage inside temperature ...... '"'' ., .. .. ...... . . 
Range of inside temperature • • • • • • • • • • • •. • • • 
A"Verage outside t.smpere.ture •. • • • • • • • ., • • • • • ,• 
Range of inside tamper.a.tu.re • .. • • • • .. • • • .. • .... 
Mea» temperature st plaster • • • ., • • • .. • .. ,. .. • • .. 
Outside strl"faee t~mperature at end of cylir.der • • • • • • 

K = 1.90 l + . 0015 (2f17 - 148) = 2 . fJ'f BTB-iz:i/hr-.ft2-°i" ... 

Corrected amperage • • • .. • • • 
Corrected vo1 tage • • • • .. * • 

. . ·- . . ., .. e. • _.. • • • • · A .. . . . . ~ . . . . 

3tt 
1 .. 5" 

2 ... 9/16" 
1175 gms 
ll96 ems 
1.8% 

6;.o #/rt'J 

266° F 
2;;5o F to 305° F. 
U.7° F , 
l,9o F to 151° F. 
2rn° F 
134° F 

.:; • 3 amps. 
8 .. 3 volts 

.. 3,.3 ::t fl •l x 3.~U ti; 1 . i -· 
r = 2-9/16 ;: ; z 2.u ,; 1 ,5 x..:3.J.4 ~a.en {266 - U.7) = 2•5 

144 

L/f> = 8=§116 ..: . S55 

T/D = 1..2 = .50 

' 

~ 



VI. DISCUSSION Q[ fl.'F.§UL'rS 

For values of 't./n greater than tvo, the analytical and experi-

mental rosults differ by not more than eight per eent, Mr. Nickerson 

stated in his thesie that he "feels certain that the reDUlts (of his 

thesis) are ecurate to vithin t...en percent for the condition& as-

suoed~15 Where the end e.ff ects are not pronounce hi"' opinion is 

justified. 

the la.rge di ferenee between experil:.;.ental and ar..alytioal re-

aults oeeuro for '\"e.lues of T/D leas tha. twc. 'l'h:..s is to be expected 

since a 1 rgor pert of he&t transfer po.ooes through the ends vhioh 

are not i»otbem.c.1 e.s Mr. Nickerson a.ssuri.ed. 

Hovm"'o'!", there arc tw"C pots ble roaBone tl-..a.t tho experir;i.ental 

valuec differ so 'Widely fra. the ana.lJrt cal. 

One is that :t .. ee.t leakage. through the joint is not negl gible 

for tho $hort cylinders. This po&sibility wa::i discarded for tho fol-

lowing reason. iediately after each teot wo oo:np_eted, the front 

cover of the teat eh.amber was removed and the joint was ex.a.mined. 

No difference temperature of the plaster on the surf ace 1"ight at the 

joi.'lt and the outside surface temper ture could be felt by hand. 

Also, no hot air ws flowing out through. the joint that could be 

detected by hand. 

Tho o her reason is that the average surface temperatures 

are not representative. The inside surface temperatures varied tdde1y, 

particularly for the short cylinders. On the other hs.nd, if the 



average surface temperatures vere not repreoentative then it is un-

likely that the resulto tor the tvo oylindero (T/D l!:t . 25 ond T/D = 
. 50) Vould have plotte so cynD!letrically a they did in Fig. 4 . 

The vari tion of oond etivity of the plaster in the ends 

or the e linde:r at a dif£crent , enn tenpe a uro ·rill ch e less than 

0. 5% and has been neglected in tho cal.cul tions. 

en dr "1'.1.ne in the curve the maximum devi tion from tho mean 

s take_ ae eight. per cent fro tho reaul ts of the tw t...e~ts on the 

cylinder ha.Ying L/D and T/D r tio or four and 0. 50 respectively. 

Test cola not be run a hoped on cylinders :vin" T/D 

ratios or o. 75 and 1.0 bccauso t hormal stresses ca' sod the relatively 

thick wal.J s to crnck. HoYever, the position of the experimental curves 

rel tive to the ar.alytical eurves can b ssumed because of the 

similarity of the two sets of curve • 

I t should be pointed out that th "'C euTVes !>Plieci to any size 

cylinder whose T/n and L/D ratio fall llithin the ge of those of 

Fig. 4. Also these curves o n be pp11ed to the sitilatit.>n uhere the 

h t i flov.ing into hollov cylin~era . 
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VII.. OO~CWSIOJ§ 

l . The value of the fa.cl•or £ te.ltos into account the variation of 

the outside surface tenperatures at the ends of the hollow 

cylinders. 

2. The corr.cot solution to heat transfer problem by tho relaxation 

method must be worked under known conditions and not asaumptions . 

3, The curves of Fig, 4 oi'fer a convenient met.hod of ce.loulating 

the heat transfer thr-ough insu ation uniformly applied t-o cylind• 

rioal tanks having flat ends. 



Al 

VIII. 

The obvious recommendation is that tests be conducted to 

determine more poj ts of the exporimen 1 Cur"vee of Fig. 4. 

The interesting quest:ton is vhy the fe.otor tor ro:perimental 

results for L/D ratios of less than 2 are greater than the analytically 

values. The a.uthor feels that tho explanation of this ean be given 

atte:r a more thoroi1gh investigation cf the inside and outside sur-

face tenperatures pa~tieularly at the corner -

?lore uniform inside surface temperature could be obtained by 

easting the plaster cylinders around a metal cylinder in which etee.m 

fs condensed e.s a ciourc'c of heat. If copper cylinders were used and 

oonsta.ntan leads rere Goldere to the outside surface of the cyli.."tder, 

the thermocouple hot junctions ao formGd could be used to measure the 

temperature of the inside surface of the ir.sulation. 



' 
APPENPJX ! 

PJtTEljUJ:!ATION .QI CO®UQTIVIll Q! GYftlUM PLASm 
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I lTRODtiCTION 

~h& elttndtw gua.rdo• ring r11othod \18..S used to deton'line the 

conduct vity of gyps plaster. Thia appa.ratuo -was asaer:tblad at V. 

P. I. as st.er ' s thesia in 1939 and is praetica111 ide ticml v.1.th 

that usod * ... he u. s. Dure..'1U or Standards for 1:f'.(l.ny yea.re: . 

Eacentially the apparatus consist· of one hot plate or heat 

source and ""wo hollov cooling plates through w:1ieh eoo i.J'l..g ~.rater is 

circulated. The toct specimens are discs about -.1/2 inches in 

di etor nd 1/2 inch in height. Tho accv.raay or test res tl ts de nd 

upon using fa aped!- n o. equal h ht nd density or each test. 

he a.ppar tus and spacimens are aa embled in the following oonnor. 

On~ or th coolinr.; p'.:'.a tes is supported or: t.~e bottom surf'aoe in a 

hori?.on pos tion. A t st spec n is laced on the top surta.c 

of this coo ing pl tc, th hot plate is plac~d on this specimen, the 

seoond specimen ie plaaed o tho hot p!at.E:> and the scoond cool plate 

is pleced on the second specimen (seo Flg. 7) . All lates and spoci-

1-:ient" a1"e laced conce trically on e ch othe and the veight of the 

top cooling plate pl"esses the contact surfaces together to insure 

good therr.JAl contact. 

D. C. power is allowd to flow through the three narallel 

resistance c.1reu1ts in the hot pl te. One of these eircui ts , the main 

* For a more complete description of this apparatus see "The As§mn.blage 
!Ud Qe)ibration .9f [\.p:i;mtatH& tJj£ ~ Det-er:roinat±qn .Qt The~ Oon-
gw:;tiviUga sat InsuJ.n!:!M Material; by R. 1. Johnston, V. P. I. 
Library, 1939. 



heating element, extends over the illside area of the plate and is en-

closed. by the other two circuits which a.re lmoVn as guard riJ18S. 

Vaci.able re11istors in series 'With each (:ireu.it permits the power input 

to each circu1 t to be varied. 1rherni00aup1es in the surface of the 

eooling pl.t.ates, vhich are in conteet with the test speci.raant and in 

the surface~ o:f' the hot plate are used to detGnnine the temperature 

of those surfe.aes . By Mjustin~ tho 'ifar1abla resistot's, the heat 

released tn each of the three circuits i~ varied U1tt11 the ,surta.ee 

~mperature(l of' the hot plate.as measured by the thermocouples are 

equal. The water in the c.ooling pJ.ates maintains the temperature 

uniform at all point$ in both cooling eur£aoes. 

Woon thi$ equilibrium eondi t:ton is obtainer.l., the bee. t flowing 

fr001 the ma.in heating element is f'lo141.ng na..~ to th& hot plate sur-

faces throut?h the two specimens to the eoo1:ing e.u.rraoes. The heat 

leakage ac1·oss the e:cposed vertical aurfaees of the ple.tos and speci-

mens is heat released by the guaro ring. So the 111.easurod input to the 

:main b.eatlng el&ment is the ~erred heat 'Which is uoed: to calcu-

late tbt) cQnductivity or the specimen as td.ll be explained :1n detail 

in the following sections. 
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APPARATQS 

The alundum hot plate used in this investigation was purchased 

from the Mellon Institute, Pittsburgh, Pennsylvania. The following 

is a description of the plate by Heilman10 and is illustrated by Fig. 

It consists essentially •••• of a circular heating plate, 
~/8" thick and 9-1/2 in. in diameter. ••••••• The plate 
has a spiral erooVe cut in its face to a depth or slightly 
more than 3/16 in. 'l'he groove has a width of approxi-
mately l/16 in. and stsl'ting from the center of the plate 
continues to the outer edge at the rate of 10 turns per 
1noh. 'l'he he ting elements consist of o. 22 (B & S) gage 
Nichrome Ill resistance \lire. The center heating element 
extends over the center 7 in. of the plate. 

Two guard ring heating elements each 1/2 in. wide cover the 
remainder of the plate. The heating elements are c ented 
into the center of the heating plate with alundum cement. 

Embedded in one surface of the plate are 4 Chromel-Alumel 
thermocouples 1. 75 in., 3.25 in., 3.75 in., and 4.25 in., 
respectively, from the center of the plate ••••••••• 

The three heating elements are connected in parallel across a 

D. c. potential. Variable resistors in series with each heating element 

permits the current and therefore the power in each element to be 

varied. 

The two hollow cooling plates were bull t in the V. P. I. 

machine shop according to specifications of Fig. 6, The two holes 

tapped for 1/8 inch standard pipe are the cooling water inlet end out-

let. The four l/32 .inch x 1/32 inch :t".illed slots accommodate the 

eopper-eonstantan used to measure the surf ace temper ture of the 
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cooling plate. 

Two specimens or the same thiokne~s or height are. plac~d as 

indicated in Fig. 7 between the heating plate and cooling plates. 

D. c. power is allowed to flow to the parallel oirouits. The surface 

temperatures of the heating and cooling plates are measured by the 

thermocouples in the surfaces. Adjustments are made on the thr$e 

variable resistors until the temperatUl"ee across the ht>t plate eut"'-

faces a.re equal. The tempera. tures of both the cooling surfaces are 

maintained uniform and equal by the flow of cooling water through the 

hollov plates. Where this condition is obtained. the heat lost through 

the sides is heat lost f'rom the two guard rings as indicated by wavy 

heat flow arrQWs in Fig. 7,. The power input to the heating elements 

is measured as the current in the main hes.ting element and the voltage 

drop across the element from the center out to a three-inch radius. 

The voltage lead at the three-inoh :rad:i.us is so labeled in Fig. 5. 

So the area of measured heat transfer is a oirole six inches in Clie.--

meter. 

If the conduotivi ty of the specimen is less than l Btu- in/:rt2• 
0 F-br, then the surface temperatures of the eooling and heating plates 

is taken as the cold end hot surf'aoe temperatures of the specimen. tf 

the conductivity is greater than l, then thermocouples must be placed 

in the SUJ"f'aces of the specimen to measure thoee surface tempel'atures . 

The eonduotivi ty K of the tw specimens is found from the 

equation Q = KALA t, where Q is the electrical power input .in Bta to 
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6" Di meter ot the 
Circle through which 

eA eured He t ie 
T~nsterred 

Cross Section of' Apparatus .Assembled f'or Test.ing. 
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the center s~inch cirele of heating element, 6- t is the difference 

1n degrees Fa:rexiliei.t in surre.ce temper.aturea, L is the thickness in 

inches of the Sar!iples, a.nd A is the sum of the two 6-inch circular 

areas in square feet through Yhieh the heat is transferred from th$ 

heating plate to the specimens. 
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PrepSDJ.:tion sY: Spgstme;rm 

tn order to obtain the same dens! ty in each member of t.'3e 

pairs or specimens, ea.eh pair was cast fro:.e the same plaster-water 

mixture. The spech.lens were ca.st in circular molds 9. 1 inches in 

diameter and va~ing in height from l / 2 inob to )/4 inch. !t vas 

neoessar.r to plane dow the top and bottom aurf aees of ea.eh specimen 

with a straight ·edge to make smooth surfe:oes 8l'.l.d get uniform thiok-

ness in both specimens ot each pair. 

The plaster used in all tests was •1Pottery Plaster" a form 0£ 

gypsum plaster sold by the United States Gypswn Company. 

'l'he 'bM.ekness of the speeinene vere measured with outside 

calipers and rePQrte(i to the nearest 1/64 1neh. 

Moy.rr\ftpp; of sms im0JJIJ 

Deeause of varping of the heating and cooling plate surfaces 

of the testing apparatus, it va.a im.pos$ible to get complete thermal 

contact between the surfaces <:>f the plate and of the spee:t.mens . Cotton 

felt 1/16 inch thfok was placed between theee surfaces to minimize the 

effects of air films due to surface irregUlarities. 

M~sy,relllAAt 2f Surr.~e Tempe:rntu.:reg 

Because the eonductivi 1zy- of gypsum plaster is more than 1 

Btu- in/rt2-hr-°F and felt had been placed betveen the surfaces as 

explained above, the surface temperptures of the specimens must be 



measured. 'l'M.s was aocompliahed by making small grooves just large 

enough to aocommodat.e the therm.ocouple wire across the whole length 

of the surf'aoe of the specimens, le.ying the thermocouple wire in 

·the groove and gl.u.e:i.ng the bimetal Junction to the plaster to insure 

thermal eontaot betveen the plaster ari..d junction. 

The conducti'V'ity of the acetate glue used at the thermocouple 

in/: 2 o...16 . . 3oints is l - 2 Btu- ft - h:r- -1'· which is very nearly that of 

gypsum plaster. Because the conductivities of the glue and plaster 

are practical e ual, the isothenns in the glue were assumed to be 

coplanar with those in the plaster . ., A thermocouple measured the 

temperature of the isothenn A, Fig. 8, passing through the midplane 

of the th..e1~oeouple Junction• This isotherm vae taken as .015 inoh 

below the surface for reasons given in the .following paragraph. 

The thePmOCouples were carefully placed below the surface 

far .enough that. the exposed aide of the thermocouples cQuld be covered 

by a thin layer of glue so the air films above the surfaces vere not 

in contact with the tbemooouple ju.netion. i'reliminary testa in 

vhieh the thert1oeouple junctions were partially embedded. in plaster 

so thnt pa.rt of the metal waa exposed to the air film yielded values 

of conductivities of 1 - 1. 5 Dtu-in/br-ft2-°lt'. The same specimen 

tested with the thermocouples eompletely embedded were found to have 

eonductivitie~ of 2. 0 - 2, 9 which more nearly agrees vith reference 

values of :3 . (l11 Several of the thermocouple junctions with the 

hardened glue surrounding them were pulled away from th& specimens 
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Thermocou le 

, 

le 

Fig. 8. Cross Section of Tost Specimen Showing tho Pasi tion 
of the T ormocoupJ.es . 
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sf ter the specimens had been tested. The average thickness of tne 

glue and 1oint measured with a micrometer was . 025 inch. The mes.s-

ured average thickness of the soldered junction was . 02 inoh. There-

ore, the average distance from the middle of the junction to the 

surface of the glue exposed to the air film is . 015 inch. So the 

taicknoss L 1n the .formula Q ::: kA L h. it was taken as the thickness 

of one speci en minus twice . 015 inoh· or . OJ inch. 

Densities gf SP§Cimenu 

The free moisture was removed from all specimens by heat 

from the radiator in the room in which the testing equipment was set 

up. The specimens vere placed on a cable so that they were ·within 

one root of the hot steam rad;iator and left for several days. Each 

day the specimens were weighed and when the weight was constant for 

three successive days, the specimens were assumed to be dry. The 

denoities were calculated from these dry weights . 
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The reSUlts of tests conducted as described above are given 

in Tables l through 5, inclusive. Graphically the reeuJ.ts of the 

tests are sho'W'n 1n Fig. 9 whioh gives the variation of conductivity 

or the plaster with density \.lhere the conductivities are determined 

at a ean temperature of 14g° F tt0 • 

In the following tables, the thermocouples B, C, D and E are 

those in the hot plate surfaces and thermocouples 2 and 3 and 6 and 7 

are in the top and bottom oooling surfaces, :respectively. The hori-

zontal broken line across each table is drawn in above the data used 

to celeulate the results. The data above th& line was ta.ken while 

tbe test was coming to equilibrium.. 

It was hoped that the plaster of the cylinders tested as de-

scribed in the main body of this thesis could be kept at a mean tem-

pera ture of 148° F plus or minus aevere.l degrees . The mean tempera-

tures of the cylinder walla actually fell in a range of from 175° F 

to ;woo F. So :i. t, became neQessary to find some method f o:r finding 

the conductivity of gypsum plaster for mean temperatures other than 

148° F. 

For small temperature ranges and constant density the conducti-

vities of most materials vary with temperature according to the 

straight line relation kt :::: k 0 [l. + a ( t ... t 0] where kt is the eon-

ductiv1 ty at temperature. t, k0 is the conductivity at some datum te 

perature to 12- Time did not permit :finding by the hot plate method 



values of the conductivity of gypsum plaster at ean temperatures 

other than 148° F. However, two values of conductivity for gypsum 

plaster, olded and dry, were obtained from published d ta and em-

ployed to find a in the above equation. These two values are: 

k = 1.41 Btu-1n/hr-ft2-°F at a mean temperature of 70° F and a den-

si ty or 62.8 lb/rt3 l3 and k equals 3.0 at a mean temper ture of 

6S° F and a density of '78 lb/rt3.l2 Substituting in the equation 

kt = k0 [1 + a (t-t{) , kt = 1.41 at 70° F and density of 62. lb/ft 3 

1.41 = 1.64 [ 1 + a (70 - 14@ 

were k0 = 1.64 from Fig. 9, the conductivity of gypsum plaster at a 

mean temperature of 14B° F e.nd density of 62.8 lb/ft3. 

Solving this equation, 

a = .0018 

Also from Fig. 9, k = 3.3 for a density or 70 lb/tt3 at a mean tempera-

ture of 148° F and according to published data k • 3.0 at this same 
0 density but for a mean temperature of 68 F. Substituting the values 

in the above e uation 

3.0 = 3.3 ~+ (68 - wTI 
end solving, 

a = .0012 
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The difference between tho v luos is due to experimental. in-

ccuracios and the difficulty or re ding the graph of Fie. 9 accurately 

to the third place. The v lue of substituted in the equation is 

the vere.go 

a = , 0018 + ·0012 = . 0015 
2 

and tho equation becomes 

kt = ko[ l •• 0015 (t - toD 
and using this equation with Fig. 9 

kt = k0 [ 1 + , 0015 (t - 148)] 

This eciuation can bo used for eny don ity of plaster which 

lies 1:-etveen the values 62. 8 and 78 lbo/rt3• 





Time 

9:30 
9:45 

10:00 
10:15 - - - -
10:30 
10tl~5 
11:00 
1-1:15 

Average 

TABLE 1 

TFST 2f IJ.&" SPBCI MEM 

.Power Thermocouples-mv 

Amp. 

1. 52 
1. 52 
1. 51 
1. 51 - - -
1. 51 
l . 51 
1.51 
1.51 

1 .- 51 

Control s 

Volts B c D E 

26. 2 4.99 4. 90 4.95 4.-95 
26. l 4.96 4.90 4.90 4. 90 
26.1 4.91 4. 89 4.90 4. 90 
26 •. l 4-.-90 4. 89 4-..-89 4.89 

'----- ;... - - - ..... - - -... .... - -- ... - - ... 
26.1 4.89 4. 85 4.a; 4. 85 
26. l 4-~ 4.-85 4. 85 /+,. 64 
26. 1 4.85 4. 85 4.84 4. S5 
26.1 4oS-5 4.s4 4.84 4.SJ 

26. l 

Voight of specimen = 1.465 lb. 
Diameter of specimen = 9.1" 
ThieJr..ness of specimen = 37/64" 

2 

. 61 
"9 61 
. 61 
_. 60 

i.. - - -

. 60 

. 61 

. 61 

. 61 

1. 465 
Density= 37/64 x j . 14 x 9 . 12 = 67.-5 lb/tt3 

1728 x 4 

3 6 

. 60 . 62 

.60 . 6.3 

.h l . 61 

.60 .60 - ....... - - - .. 

. 60 . 61 

. 61 . 61 

. 61 . 62 

.-61 . 61 

7 

. 62 

. 63 

.. 61 

. 60 --. 61 

. 61 
~2 
. 61 

"' '° 



Tilne 

9:30 
9:45 

10:00 
10:15 ... ~ - ... 
10:30 
10:45 
11:00 
lltl5 

Average 

TA.BU!! 1 (Continued) 

Thermocouples --mv 

Hot Surfaces Clold Surf aces 

M 10 11 12 L 13 

3. 91 3.So 4. 05 4 . J.O 1. so 1 . 72 
J. 89 3. So 4. 02 4.rn 1.so 1. 70 
.3. 8S .3 . 76 4 . 01 4. 05 1. 78 1. 69 
3.e2 3. 73 3.9S 4. 02 1. 74 l .. 67 

~ ... ~ ... """ - - .. """' - - - -----· ..... .... - - - - - -
3.S2 3. 72 3.98 4. 02 
.3. Sl 3. 72 '.3-98 4.01 
3.81 3.72 3. 99 1-i-. Ol 
3.81 3. 72 3. 98 4+02 

'.3. Sl 3.72 3.98 4. 01 

Average h<>t surface temperature 
Average oold surf ace temperature 
Mean temperature 
Corrected amperage 
Cotteeted voltage 

1. 72 1.. 61 
1. 71 1. 60 
1. 71 l .6o 
1..72 1. 60 

1•72 1 . 60 

= 196. s° F = 104.8° F = 150.8° F = 1.49 amps = '2:7.0 volts 

N 9 

1. 76 1. 71 
1. 78 1. 60 
1 . 70 1.58 
1. 70 1 . 52 - - - - .... """" -
1. 69 1.;o 
1.66 1 .50 
1. 66 1.51 
1. 66 1. 51 

1.67 1. 51 

k = i..~2 x 2?.t o x J.413 <rzsM - .ro2 = 2.10 Btu in/rt2-m-<>r 
. 393 196.S - 104.8 

Thermocm:ples on bottom specimen 11, 12, 13 and L 
Thermocouples on top specimen M, 10, N and 9 

C"> 
0 



Time 

10:00 
10:15 
10:30 
10:45 ...... -- -
11:00 
11:15 
11:30 
11:45 
12:00 

Average 

TABLE ! I 

!E§! £[ 2fl.*' SPECIMEN 

Powr 'l'hermoeouples - It\ ~ 

Amp. 

1. 50 
1.50 
1. 50 
1.50 

~ - - -
1.50 
1. 50 
1 . 50 
1. 50 
1. 50 

1. 50 

Controls 

Volts B c D E 

26.0 4.90 4.90 4.90 4.90 
26. 0 L.,. 86 4.86 4 .:90 4. 90 
26. 0 4. 85 4.s5 4.so 4.75 
26. 0 4. 80 4.80 4.75 4.75 

to- .......... - - - ... -- - - ~ - - <l!i9' .. - - -
26.0 4 .• 80 4. 80 4. 78 
26. 0 4. 00 4. 80 4.?a 
26. 0 4.so 4.so 4.00 
26. 0 4. 00 4 .. 80 4.18 
26. 0 4.00 4. 80 1~.80 

26. 0 

Ueight of speoim.en = 2. 08 lb. 
Diameter of speeimen = 9. 1 ° 
Thickness of specimen = 3/49 

4.7$ 
4.?8 
4.80 
4. 78 
4.so 

2 

.54 

. 53 
•53 
. 54 - - -
. 54 
. 53 
. 53 
. 53 
. 53 

~----2.._QS 
Densitiy = 3/4 il~l4 .x 91~ = 73.S lb/ft3 

1728 x 4 

3 6 

. 54 .54 

. 53 .53 

.53 . 5.3 

.. 51+ .54 - - - - - -

.54 . 53 

. 53 . 53 

. ;3 . 53 

. 53 • 5.3 

.53 .;3 

7 

. 54 

. 53 

. 53 

.54 
.. --

. 53 

. 53 

. 53 

. 53 

. 53 

O'< 
I-' 



Time 

10:00 
10:15 
10:30 
10:45 .... - -
11:00 
11:15 
llt30 
11:45 
12:00 

Average 

TABIE 2 (Continued) 

Thermocouples mv 

Hot Surfaces Cold Surf aces 

M 10 ll 12 . L l3 

3.58 3.50 3.90 3.70 1.62 1~62 
:;.;a 3.4$ 3.82 3.70 L6o 1.60 
3.55 3.4S 3.83 3.65 1.60 l .5S 
3.52 J.45 3.80 3.62 1.58 1.58 --- - - - - ... - ... - - - - -- - ... - - - - - .. 
3.50 3.44 .3.80 3.62 1.57 1.57 
3.50 3.42 3.80 3.62 1.56 1.56 
3.52 .3.42 J.80 J.62 1.58 ,l.5S 
3.52 3.42 3.81 3.62 1.56 1.56 
J.52 J.42 . 3.80 J.62 1.54 ,l.54 

3.51 3~42 .>.so 3.62 1.56 1.56 

Average hot t3urface temperature = 185.2°F 
Average cold surface temperature = 96.S°F 
Mean temperature -= J..40.5°F 
Corrected amperage = 1.48 amps 
Correc.ted voltage c 26. 9 vol ts 

N 9 

1.44 1.30 
1.42 1.25 
1.44 1.25 
1.40 l.2S - --- - --
1.L .. O 1.25 
1.40 1.25 
1.40 1.25 
2.40 1.23 
1.40 1.25 

1.40 1.25 

k = l.48 x 26l9 i 31 413 (Jf4 - .. o3i ;s -') ~ Bt· ... .tn/:a:r--.... t2-°F .393 185.2 - 96.S ~.os:: ~ • ~ 

Thermocouples on bottom specimen = 13, L, M and tl 
Themocouples on top specimen = 9, 10, 11 and 12 

O' 
l\) 



Time 

9:20 
9:35 
9:50 

10t05 - - -· -
10.:20 
10:35 
10:50 
ll:05 

Average 

TABIL 3 

TEST .Qf 37 /64" Sl?ECD-1EN 

Pover Th:ermocouples ·mv 

Amps . 

1. 5). 
1. 51 
L51 
1. 50 - - - -
1. 50 
1. ;o 
1. 50 
1. 50 

1. 50 

Controls 

Volts B c D E 

26. 0 11-. 86 4. 86 4. 86 4. 89 
26.o 4. ss. 4.nz 4. 80 4. ss 
26.o 4.80 4.so 4. 80 4. S2 
26. 0 4.so 4 . f!O 4.eo 4. 82 

~ - -. - ..... - ....... -.......... ... .... - - - ......... -
26. 0 l.i-.80 4.so 4.80 4 .. Sl 
26. 0 4.so 4.so 4.so 4. Sl 
26. o 4.so 4.78 4.so 4. 80 
26. 0 4.SO 4. 78 4. 80 4.so 

26. 0 

Weight of' specimen = 1 . 51 lb. 
Diameter of specimen ·: 9 , ltt 
Thickness of specimen = 37/64" 

2 

. 60 

.60 

. 60 

. 60 . - - ... 

. 60 

.60 

. 60 

. 60 

. i.a 3 
Density= YJ./f:!4 x j .14 x 9tl~ = 6S. 6 lb/ft 

1?2S x 4 

3 6 

. 60 .. 60 

. 60 .60 

. 56 .60 

. 55 . 60 - - - - - -

. 56 . 60 

. 54 . 60 
~ !55 . 60 
. 56 . 60 

7 

. 60 

.ho 

. 60 

. 6-o .. ,_; -

. 60 

. 60 

. 60 

. 60 

'' 

Ci' 
\.,.) 



Time 

9:20 
9:.35 
9:50 

10:05 ..... ~ -
10:20 
10:35 
10:50 
11:05 

Average 

T!l3LI 3 (Continued) 

Thermoeouples-m.v 

Hot Surfaces Cold Surf aces 

M 10 11 12 t J3 

J.?S J.70 3.82 :,3.75 l.Sl l.7Et 
3.70 :3.6? :3.78 3.74 1.'re l.7S 
'.3.70 J.64 3.72 3.70 1.71 1.72 
3.68 3.60 J.70 3.69 1.68 1.72 

~ - .. - -- - - -- - .. -- - - ... .... .. -- - - - - .... 

3.65 3.56 3.69 3.67 1.67 1.71 
3.61 ,3.55 J.69 3.67 1.61 1.68 
;.60 3.55 3-.6S 'J.67 1.60 1.70 
3.60 3.56 3.68 3.66 1.60 1.69 

3.62 3.55 J.69 3.67 1.62 1.69 

Ave-rage hot surface temperature = 1S6. So F 
Ave-rage eold surface temperature == ltfl.00- F 
Mean ten~peratur& # J.4.6.9° F 
Corrected amperage = 1.48 amps 
Corrected voltage = 26.9 volts 

N 9 

1.78 1.80 
1.78 1.80 
1.72 1.78 
1.72 1.75 - - - ..,. -- -
1.70 1.72 
1.70 1.72 
l.7Q 1.72 
1~69 1.70 

1.70 1.71 

k = !_174S x 66•{ x 3.413 .:e {~/64- ,OJ)= 2.36 Btu-infm.-rt2-0p 
.J9.3 i86.s - 101.0 _ 

Thermocouples on bottom specimen = 10, ll, T3, and L 
Thermocouples on . top speci.rnen = 9, 12, M and N 

~ 



Time 

11:10 
llt25 
11:40 
11:55 ...... - ~ 

12:10 
12t25 
12:40 
12:55 

Average 

TABIE 4 
Im! 5lf UJ.tt SPECIMEN 

Power Thermocouples" mv 

Amps. 

1.51 
l.50 
1.50 
l.49 

"" - ~ -
1.49 
1.-49 
1.49 
1.49 

1.49 

Controls 

Volts B c D - E 

26.0 5.30 5.22 s.2s 5.'.30 
25.9 5.?:l 5.21 5. 21 5.26 
25 .. 9 5 .. 22 5.16 5 .. 20 5 .. 20 
25.8 5.11 ; . 11 5.13 5 .. 18 

.......... - -· - ..., ... - - - - - - ...... - - - -
2?.9 5. 13 5. 10 5.13 5.,16 
25.9 5. 10 5 •. 10 ; .10 5.04 
25.9 5.10 s . 10 5.11 5.l.3 
25.9 5.10 5.10 5.22 5.12. 

25.9 

Weight of specimen = 1. 99 lb. 
Diameter- of speeimen = 9.l " 
Thickness of specimen = 3/4tt -

1.99. 

2 

. 6/l-

. 65 

. 66 

.66 --· - .... 

. 68 
• .68 
. 67 
. 67 

Density= J/4 x J.14 x 9:j2 ,,. 70.5 lb/rt3 
1728 : 4 

J 

. 6t. 

.65 

.66 

.. Af> -- ·-

.. 68 

.. 68 
. 67 
. 6? 

6 

.64 

. 65 

. 66 

. 66 
- - --. 68 
. 68 
.. 67 
•. 67 

7 

. 64 

. 65 

. 66 

. 66 - -

.68 

. 68 

.67 

.67 
°' Ul 



Time 

11:10 
11:25 
11:40 
11:55 .......... -
l2tl0 
12:25 
l2t40 
12:55 

Average 

'!ABU: 4 (Continued) 

'l'hermoeouples-mv 

Hot Surfaces Cold Surf aces 

M 10 ll 12 L lJ 

4.16 4.26 1 .... 29 1~.29 1.80 l.57 
4.11 4.20 4.2$ 4.20 1.73 1. 52 
4.10 4.17 4.20 4.,2-0 L?O 1.45 
4. 02 4. ll 4.1s 4-11 1.67 1 .. 42 -... - -- - - - ... -- ... - -· - - - I. - - - - - - ... -
4.00 4.03 4.12 4 .. 11 
-3.99 t,..Ol~ 4 .• 10 4.10 
3.96 4.04 4.10 4.0.3 
3.98 4.02 4.10 4.03 

'.3.98 4. 03 4. ll 4.r!7 

Average hot surface temperature 
Avers.go cold surface temperature 
Mean temperatul"e 
Corrected a.riperage 
Corrected voltage 

1.61 1.42 
1.60 1.42 
l..60 1.40 
1..59 1.40 

1. 60 1.41• 

= 203 •. 2° F = 10:3. 2° F 
= l5J.2° F 
: 1.46 amps 
= 26.9 volts 

N 

1. 80 
. 1.7$ 
1.70 
1. 6S - - - -
1.. 60 
1.58 
1.48 
1. 4.s 

1.56 

9 

1. 82 
1.80 
l . ?5 
1.73 

- --
1. 6S 

' 1.62 
1.62 
1.62 

1.. 64 

k = 1. 46 x ?M x ,l.£~.'.J/4 - .o3l = _ . • .· . 393 (203.2 - 103.2~ 2.46 Btu-1u./hr-rt2- 0F 

'fhermoeouples on bottom specimen = 9, 10, ll, and 12 
Thet"l!l.ooouple.s on top specimen =- 13, L, M. and N 

* .After the test this thermocouple ws found to be exposed to 
air film on surface of' specimen. Results were neglected. 

~ 



Time 

10:05 
10:20 
10:35 
10:50 - ...... ...., .... 
11:05 
11:20 
11:.35 
11:50 
12:05 

Average 

TABLE 5 

'l'mT OF 46/M" SPEC II:@! ,.._..,..., -- ' .... 

Power Tbem.oeouplea--mv 

.Amos .. 

1. 51 
1 . 51 
1. 51 
1 • . 51 

~ - - .... 
1.51 
1 . 51 
1 . 51 
l -.51 
l . 51 

1.51 

Controls 

Vn1~ B 0 D E 

26. 0 5.10 5. 04 5.ll 5~11 
26. 0 5. 10 5.10 5.10 5.10 
26. 0 5. 10 5. 10 5. 10 5. 10 
26.o 5. 10 5.10 5. 10 5 .. 10 

ii-- - - - . .. - "".'° - .. - - - - ... - ... "'-' - - ... 
26. 0 5. 01~ 5.04 5. 10 
26 .. 0 5.-0S 5. 0S 5. 10 
26. 0 5. 10 5. 10 5. 10 
26.-o 5. 0S 5. 00 5.,10 
26.0 5. 10 5. 00 5.:t.O 

2-6.0 

Weicht of speci~.en = 1.94 lb. 
Diameter of specic1~m = 9. 111 
Thiclrness of specimen = 47/64" 

5. 10 
5.10 
5.10 s.:w 
5_.:w 

2 

.62 
.. 62 
,68 
.r:n-- - -
. -67 
.6A 
,. 66 
.65 
. 65 

;i.94 - -
Density = 41/64 x l14 x ~.J.2 = 70.3 lb/rt3 

1728 x 4 

~ 

.6s 

.67 
.54 
. 61r - ..... -
. 66 
.65 
. 66 
.65 
.h5 

6 7 

.5S .62 

.. 6S . 68 

.67 .67 

.64 .64 
"" .. - - -

.64 .64 

.66 .66 $ 
"6; .65 
.6-5 .65 
. 65 . 65 



-
Time 

10:05 
10:20 
10:35 
10: 50 ... - - -
11:05 
11:20 
11:.35 
11: 50 
12:05 

Average 

TABLE 5 {Continued) 

Thet'Illocouples-mv 

Hot Surf aces Cold $1\rfaces 

H 10 11 12 L 13 

4. 20 4.0S 3.82 4.20 1.62 l . 80 
4 . 20 4. 15 .3. 7S 4.20 1.70 1.so 
4. 20 4 .11 3. 72 4. :A.l 1.65 1.78 
4. 20 4 .10 3.73 4.10 1.65 1..77 

- - - - - - - - - ~ .. - """ - ..... - - -- -- - -
4. 20 4. 10 3.75 4. 10 1. 60 1 .. 78 
4.20 4. 10 3,.75 4 .. 10 1.60 l.78 
4. 20 4.10 J . 75 4. 10 1.60 1.7S 
4. 20 1~. 10 3. 75 4. 10 1 . 60 J.78 
4. 20 4. 10 3. 75 4. 10 1 .60 1.60 

4. 20 4.10 .3.75* 4. 10 1. 60 1. 78 

Average hot surface temperature = 2<:1::>.4° F 
Average cold surf ace tem:pero. ture = 108. cP F 
Mean trnr.perature = 157.2° F 
Corrected amperage = 1.49 anps 
Correeted voltage = 26.9 volts 

N 

1. 80 
l.?9 

· 1 . 7S 
l.?O 

- -- -
1 .• 70 
1.70 
1."69 
1.69 
1. 70 

1. 70 

9 

1. 80 
1.79 
1.78 
1 .. ?0 - - -
1. 70 
1.70 
1.70 
1.68 
1.72 

1.70 

k = 1. 49 x 26, 9 x 1,413 (47/64 - , 03) = 2.57 Btu in/hr-ft2-°F 
.39.3 (2064 - lOS.o) 

Thermocouples on bottom specimen = 9, 10, ll, and 12 
Thermocouples on top specimen = 13, L, M, and N 

• Thermocouple was embedded too deeply in plaster. 
Results neglected. 

8) 
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A eompa.r son of results wi:th published data .is impossible 

because adequate data is not available other than the two ref'erences 

given in the section RESULTS. 

There being no indieat:l.on t..o the contrary, gypsum plaster wns 

aeeumed to be one of the materials ~hose oonduotivi~r va~ies di~eetly 

with temper ture.. The final criter:lon1 or o:ourse, is an expe:r±mental 

determination of this relation. However, the conductivity of abestos 
0 varies 1.3 er oent as the mean t..emperature ehangea from 100 F to 

2.00° F, that of loose infuaorial earth varies l . l per cent i'or the 

Sar.le temperature diff"erenoe, and fo't' pulverized cork the variation is 

2.2 per cent. 'l'b.e o:onduct.1vi ty of gypsum plaster ohanges 1. 5 ~ cent 

in lad' tempe:ra.ture difference vhioh is within the lilllits ot the thl-ee 

teria.ls listed above. 

Compared to the published data cited :tn the section RESULi'S, 

the reimlts plotted .i:n Fig, 9 are reasonable. "l'he oneial measurements 

employed :1.n calculating the condl:l6tivity are thicknesJ of s eeimen 

and the temperature differenc.e between surfaces of the specimens. 

The only available check on surface temperature easuremenw 

1s to plot the results as in Fig. 9. Large deviations of the meastll"ed 

averag.e tempeni.ture difference from the actual average temperature d1t~ 

ferenee ·would :resu1t in wide spread po1ntEI. 'the results plotted on 

Fig. 9 are witbin three per cent. o:t' the mean. 
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"'rhe enlotU.ation of the t,~.n.pern tu.re gradients .... •. must be 

J.c:tt to the judgl!1G:Jnt of the op£irator'' in the case in which the themo--
1J. couples are nt · ehed to the surf ace of the specimen.· The : ethod used 

by "t.!1e opera.tor in conducting these tests is that deso ibed under 

Measurement o:t Sur acf% Te71pera tm·~ra· 

. The effeet of using an erroneous method of determining this 

gradient is a..n error in one dil:'eotion only and l'esnl ·s in :moVi."lg the 

mean curve o "'ig. 9 either up or down on the ordinate depending on 
t e error. 
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