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ProgressReporton Investigationsat
AeronauticalEngineeringDepartment,
MassachusettsInstituteof Technology.

By C. FayetteTaylorandA. Rehbock.

summary

Theobjectof thisseriesof investigationsis to ev~uate

thefactorswhichcontroltherateofheattransferto a moving

currentof airfromfinnedmetalsurfacessimilarto thoseused

on aircraftenginecylinders.&s a resultof thiswork,it is

hopedto establishdatawhichwillenablethefinningof cooling

surfacestobe designedto suittheparticularneedsof anyspe-

cificapplication,

To datemostof theworkhas

imens6 inchessqusxe,uponwhich

withvaxiousspacings.Therange

beenfrom1/2inchto 1/12inch.

beendoneon flatcopperspec-

havebeenmountedcopperfins ___

of spacingssofarusedhas

Allfinshavebeenof copper

1 inchdeep,6 incheslong,md .020inchthickness.

Thesespecimenshavebeentestedin a smallwindtunnel, ‘

withairflow

itiesranging

specimensare

heattransfer

parallelto thebaseplateandfins,at airveloc+

from50 milesperhourto 160milesperhour. Th@

electricallyheatedto a knowntemperatureandthe

ismeasuredby theelectrioslinput.
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Theresultsof theinvestigationaregivenin theformof

curvesincludedWiththisreport.Ingeneral,ithasbeenfound

thatforspecimensof thiskindtheeffectivenessof a givenfin -J

doesnotdecreaseveryrapidlyuntilitsdistancefromadjacent

finshasbeenreducedto 1/9or 1/10of an inch. A forMulafor

theheattransferfroma flatsuxfacewithoutfinshasbeende-

veloped,andan approximateformulaforthefinnedspecimensis

alsosuggested-

Furtherworkcontemplatedincludesthecarefulmeasurement

of effectiveairvelocitiesbetweenthefinsandexperimentsto

determinetheeffectof changingthefindepth,andthefin

lengthparallelto theairstream,

Introduction

In spiteof thefactthatmuchexperimentalworkhasbeen

doneto determinetheheattrsmsfercoefficientof varioussur–

facesexposedto p.currentof air,andconsiderablemathematica-

1 workhasbeendonewithregmd to theidealshapeforcooling

fins(SeeBibliography),it appearsthatveryfewexperimental —
dataareavailablewitkregad to‘theeffectof finspacing,

shape,length,etc.,on theover-allheattransfercoefficient

of finnedsurfacessuchas.thoseusedon enginecylindersand

radiators.Thereseaxchworkwhichhasbeencmried outby the

AeronauticzilEngineeringDepartmentof theMassachusettsInsti-

tuteof Technologyon thissubject,hasbeenplannedforthe
,
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purposeof investigatingtherelationshipof thesevariablesto

theover-allcoefficient.It ishopedthatas a resultof this

investigation

andforother

as opposedto

thedesignof coolingfinsforaircraftengines

purposescanbe carriedoutupona rationalbasis.

theempiricalmethodsheretoforeemployed.

Thisresearchworkhasbeencaxriedoutundertheauspices

of theSubcommitteeonPowerPlantsforAircraftof theNational

AdvisoryCommitteeforAeronautics,whohaveactedas a steering

committeein cooperationwithmembersof thestaffof theldassa–
.

,

chusettsInstituteof Technology.Theapparatuswasconstructed

Canalpreliminaryresultswereobtainedby A.R. RogowskijS*JL..
1928,andmostof theexperimentaldatawereobtainedby F, W

e- Bondor,“s.M.1929,tobothof whommuchof thecreditforthe

workup to dateis due-

Considerablethoughtwasgivento thequestionof theform

of specimenwhichshouldbe used. A cylindricalspecimenwas

suggestedbutwasdisca”dedbecauseof theenormousvariation

in airvelocityandturbulencewhichexistsaxoundtheperiphery

of a cylinder with its ~is at right angles to theairstre~. .—

Theflatspecimenparallelto theairstreamwasfinallydecided

uponasbeingmostnearlyrepresentativeof thegenerclcaseof*
heattransferfroma surfaceexposedto a streamof air. With

thistypeof specimenthevelocityof airpastthesurfacecan

be easilymeasuredad turbulencereducedto a minimum.
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Copperwas selectedas theinatericl.forthespecimenssince

it is obtainableintheapproximatelypurestateandit-sconduc-

tivityis accuratelyknown. Furthermore,it is easilysoldered

andrelativelynoncorrosive.It isbelievedthatif thecharac-

teristicsof copperspecimensareaccuratelydetermined,the

resultscn be aathe~aticallyconvertedto ripplyto otherznate-

zial.son a basisof theirrelativeconductivity.

Descriptionof Apparatus

A specialwindtunnel~a~ constructedto furnishtheair
.

strew forcoolingthespecimen(SeeFigs.1 and2). Thistun-

nel is about10 feetlongover-all,ofVenturi.shape,octagonal..
in sectioniTheworkingsectionor Ilthroatllof thetunneliS

*. pmallel for2 feetandis 12 inchesacrossflats. Air is&awn

intothetuiinelby a 35hp $turtevantcentrifugalfandrivenby ,

a constantspeedelectricmotor. Variationsin airvelocityare

obtainedby throttlingthefanoutlet.Thetunnelis divided

longitudinallyby a plywoodpartition~ inchthick,theentering

edgeof thispartitionextendinga considerabledistanceahead

of thetunnelentrancein orderto eliminateturbulencefrom

thissource.Theheattransferspecimensarefittedintothis

partitionandexposedto thecoolingairon bothsides. They ..
areso installedthattheoutersurfacesof thebaseplatesare

flushwiththetwosidesof thepartition.ThespecimenSSXe

locatedat thecenterof thethroatof thetunnelandareinsu-

4,

,
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latedfromthewoodenpartitionby hardasbestosboard.

Eachspecimenconsistsessentiallyof twocopperplates

1/8 inchthickand6-3/4inchessquare,clampedon eitherside

of an electricalheatingelementconsistingofnichromeribbon

woundon an asbestosslab. Theworkingportionof eachplate

is6 inchessquare,whichleavesa maxginof 3/8inchoutside

theheaterandthefins,intowhichmachinescrewsaresetat

frequentintervalstoholdthetwosidesof thespecimentogeth=

er andto clampthemfirmlyagainsttheheatingelement.A thin

sheetofmicais interposedbetweenthenichromeribbonand

eachcopperplateto furnishelectrica3insulation.Detailsof

constructionof thespecimensareshowninFigures2, 3, 4 and

6.

Thecoolingfins,6 incheslongand1 inchdeepin every

case,weresolderedintoshallowgroovesin thespecimen.Pure

tinwasused

highmelting

coppersheet

forthesolderingoperationin orderto secuxea

temperature.Allfinsusedto datehavebeenof

.020inchthick.

Theheatdissipatedby the specimenwasmeasuredby the

electricalinputto theheaterwithsuitablecorrectionsfoz

theheatlostaroundthe3/8marginof thespecimen.Forde-

tailsof themethodof determiningthemarginalheatloss,see

AppendixI. Directcurrentwas suppliedto theheaterthrough

a variablerheostat.

.

4
.
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Thebasetemperatureof thespecimenwasmeasuredby four

copperconstantanthermocouples,locatedas showninFigure4.

Theleadsfromthesethermocoupleswerecarriedoutthrough

grooveson theinsideof eachcopperbaseplateas illustrated.

A singleconst=tanwireonlywasnecessary,sincetheplate

actedas thecopper.elementof thecouple.Thelocationof these

thermocoupleswas suchas to giveasnearlyaspossibletheaver-

agetemperatureof theplate,an explorationby a contactther– .—

mocou.plehavingbeenmadeto establishthesepositions.

Fintiptemperatureswereobtainedon thecentralfinof

eachspecimenat fivepointsspacedat variousdistancesfrom

theenteringendof thefin. Theseconsistedof constants

wirespeenedintotheedgeof thefin. Theelectricalconnec-

tionsusedforthethermocouplesandheateraxeshowninFiogure5.—

Thevelocityof theairstreamwasmeasued~J a pitottube

locatedoppositethecenterof thespecimenand3 inchesdistant

fromthe~latesurface.ConsiderablecareWasexercisedto in-

surethenearestpracticableapproachto nontmrbulentaixflow

in thetunnel.In orderto

causedby theenteringedge

to a knife-edgeat oneend.

reduceto a minimumtheturbulence

of thefins,theseweresharpened

Theotherendwasleftsqusxe.

Whenthesharpenededgefacedupstream,thiswascalledthe

Ilstremlinedl!conditionad whentheothere~e facedupstre~i,

thiswasdenotedas thellunstrea.mlined”condition.Testswere

madeunderbothconditionsto determinetheeffectof theturbu-
..
.
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lencecausedby thell~streained’1entering.edge.

Elevendouble-facedspecimenswereused. Oneof thesewas

a specimenwithoutfinni~.g,6-3/4inchessquare,usedforthe

purposeof determiningtheheatloss

Thesecondspecimen(SeeFig.6) was

was6-3/4inchesparallelto theair

rightanglesto theairstream.The

fron,thebasesurface.

alsowithoutfinning,but .-
streamby 2-13/16inchesat

purposeof thissmallspec-

.

4

inenwasto assistin determiningthemarginallosses.Thefact .=

thattheratioof coolingsurfacetomarginwasdifferentin the

caseof thetwoplates,furnishedmeansforcalculatingthemar–

ginallosses,forthedetailsof whichAppendixI shouldbe con-

sulted.Ninefinnedspecimenswereprovided,whosepitchfrom

centerto centerof adjacentfinswas1/2 in.,1/3 in.,1/4in.,

1/6 in.,1/7 in.,1/8in,,1/9 in;,1/10in.,and1/12in.re-

spectively.

Allspecimenswerecarefullycleanedwithacidbeforetest

to insu~ea uniformcolorandconditionof thesurface.

In additionto thethermocouplesalreadymentioned,couples .—
wereprovidedat a numberof pointsaroundtheperipheryof the

specimen,thetemperaturereadingsof whichwereusedin the

.computationof marginallosses.Theusualmethodof providing

formarginallossesinheattransfertestsis to supplywhatis
.

knownas a I[=wardring,*Iwhichconsistsof an electricallyheat–

ed metallicringaroundthemarginof thespecimenwhichiskept

at thesametemperatureas the specimen.Sincethe ‘tguardringll

.—
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andtheperipheryof thespecimenareheldat thesametempera-

ture,therecouldhe no transferof heatbetweenthe tmoj and

marginallosseswouldbe eliminated.Aftercarefulconsulta-

tionwithphysi~istshavin~considerableexperiencewithappa-

ratusof thiskind,theIlguardringi[wasrejectedon accountof

thedifficultyof holdingit at thesametemperataireas the

speci-menforitsentireperipheryad alsobecauseitwouldcom–

plicatethemechanicalset–upto anunreasonableextent.The

methodpreviouslyreferredto,ofineasuringandcorrectingfor

thelosses,is believedto be justas accurateas theuseof a

?. “guardring”wouldhavebeen,underthepracticsllimitations

of thelatterin thisparticularcase.
. .

TestProcedure

Thetestof eachspecimenwascommencedwiththe ‘lstream–

linedl~edgeas theleadingedge. Theblowerwasstartedand

thethrottleat theexitendof thetunnelopenedto itsfull .

openposition.In thispositionthevelocitypastthe specimen

.
was themximum. Thecurrentwasthenallowedto flowthrough

theheateruntilthedesiredtemperaturewasreached.Afterthe

platehadreachedthedesiredtemperature,fifteenminuteswere

allowedfortheasbestossurroundingthespecimento cometo an

equilibriumcondition.As soonas equilibriumhadbeenreached,
B:

readin”gsweretakenof theammeter,voltmeter,roomtemperature,.
humidity,Pitottube,manometer,barometer,platetemperatureat&

.
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fourpoints,marginaltemperatureatfourpoints,andthefin

tipte-fiperatureat fivepoints. At eachvelocitya checkrun

wasmade. Duringeveryrunprecautionsweretakento insue a

practicallyconstantroomtemperature,am.da constantflowof

current.Whena runwascompletedfora specimenwiththe

streaiilinededgeas thelea,dingedgeit wastakenoutof the

tunnel,turnedaroundsothattheunstreamlinededgebecamethe

leadingedgeandputbackintothetunnel,andthereadingstak-

en on thesamedayas thestreamlinedreadingsweretaken. The

wattinputto thespecimenwiththeunstreamlinededgeas the

leadingedgewasthesameas thewattinputto thespecimen
..

withthestreamlinededgeas theleadingedge,thetemperature
-.

-. thereforebeingslightlydifferentinthetwopositions.Since

thisdifferencewassmall,however,it didnotaffecttheheat

transfercoefficientappreciably.

Afterallthespecimenswererunat several

the smallplainplate,thestandardplainplate,

and1/7pitchspecimenswererunwitha constant

airvelocities,

and.the1/4

velocitysnda

varyingtemperature,to determinewhethertheabsolutevalueof

thetemperaturehadanyeffecton theheattransfercoefficient.

Inorderto determinetheeffecton heattransferof enam-

elingthesurface,the1/4pitchspeciinenwascoveredwithan

extremelythincoatingof blackenamelad bakedat a tempera-

& tureof 400degreesFahrenheit.Itwasrunfirstat severs3.
. velocitiesandconstanttemperature,thenwithconstantvelocity
--
.



t,

. .

N.A.g.A. TechnicalNoteNo, 331 10

. .

-.

at differenttemperatures.

In thecaseof therunsatvarioustemperaturesandtheruns

on theenameledspecimen,only.
theleadingedge!

Methodof

thestreamlinededgewasusedas

Computation

Thechieffactorof interestin almosteverycaseis the

heattransfercoefficientof thespecimenperunitofbase

area. Thecoefficientusedto denotethisistheletter‘[a’~

in thefollowingformula:

: =a PAT (Seetableof symbols)

Thecoefficientofheattransferperunitof totalarea,

includingbothbaseandfin surfaceis denotedby a’ in the

followingformula:

$1 = a’p AT.

‘ TheIIfintiptemperaturedifference,llplottedin Figures

7 to 16,is thedifferencebetweenthetemperatureof thefin

tip andthetemperatureof theairin thetunnel.

In allof theaboveformulasthesymbolsusedaxeas fol-

lows:

Q = b.t.u.transferperhour

A= thebaseareain squareinches(exceptmargin).

At = totalarea,squareinches(exceptmargin).

*.
.
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= b.t.u. perhourper squareinchbaseareaperdegree
FahrenheitdifferencebetweenbaeetemperatureaDri
air.

= b.t.u.perhourper squareincht~ta,lareaperdegree
Fahrenheitdifferencebetweenbas~-temperatureand
air.

= airdensityrelativeto thedensityat 29.92inches
of mercuccybarometerad ~O°F. Thisreferenceden-
sity= 0.0749poundspercubicfoot.

= temperatureofbaseplatedegreesFahrenheitabsolute.

= temperaturedifferencebetweenbaseand@r, degrees
Fahrenheit.

= temperaturedifferencebetweenfintipandair,de-
greesFahrenheit.

= airvelocityin tunnel,3 inchesfrombase,miles
perhour.

= pitchof fins,centerto center,inches.

= b.t.u.perhourelectricalinput.

Results

Theheattrensfercoefficient(a)perunitofbasearea,is
1

showninFigure1? plottedagainstthetotalareaof thespeci-
—

men. Thedottedlinesareforthe‘Iunstreamlined!rcondition,

the solidlinesforthe ‘{streamlined.rlIn Figur*el? thestraight

lineindicatestheheattransfercoefficientat158milesper

hour,if thefinnedspecimenshadhadthesamecoefficientas

theplainplate. Thedepartureof the158milesperhourcurve“

fromthestraightlineindicatesthedropin effectivenessof

J. a thecoolingsurface,dueto (1)thedecreasein temperatureof
.

.-

.
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thefinsfromrootto tip, (2)thedecreasein airvelocitybe-

tweenthefinsas comparedto theairvelocityoverthesurface

of theplainplateatthe sametunnelvelocity,(3)thegreater .

risein temperatureof theairas itpassesthroughthechannels

betweenthefinsthantheriseoverthesurfaceof theplain:

plate,and (4)mutual.radiationbetweenthefins..
Fi~e 18 shows a plottedagainstairvelocity.

Figure19 showsfin ‘~efficiencyllplottedagainstpitch,

takingtheefficiencyof the~–inchpitchspecimenas 100$.‘

Finefficiencyis definedas theratioof heattransfercoeffi-
.

.. cient al per totalareaof the$-inchspecimenat thesameair

velocity.It is noticeablethatthedecreasein finefficiency
-.

withdecreasingpitchbeco-mesmorerapidbelow1/9pitch. In

thisconnectionit is interestingtonotethat1/9pitchisthe
.---

largest

maxi-mum

at some

An

—

pitchwherethefintiptemperaturedoesnotreacha

nesxthedownstreamendof thespecimen(SeeFig.13) ‘

airspeed.

atteinpthasbeenmadeto breakdownthecoefficient,ca),.

intoitsvariouscomponents,assumingthat,b~ is a function~f

T, V, andP. In orderto do this,IS.)wasplottedagainstveloc-

ityon logsxithmicpaperforthestreamlinedspecimens,as shown

.inFibgure.20.It willbe seenfromthisplotthat <a)variesas

sn exponentialfunctionof thevelocity,andthatthisfunction

r ispracticallythe sameforallofthe’streamlinedfinnedspeci-.
mens. Theaverageexponentfor V forthestreamlinedfinned+.

.
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spec~ilens, as “measuredby the slopeof theselines,is 0.747,

Fortheunfinnedspecimensthe slopeappearstobe 0.662,although

thepointsin thiscaseareso fardisbursedfroma straightline

thatthiscanonlybe

the sameplotforthe

thatin thiscasethe

strictlyexponential,

a veryapproximatevalue, Figure21 shows

~!unstreamlined”specimens,whichindicates

variationof a withvelocityisnot

sincethecurvesarenotstraight.InFig- -.

ure 22,(a)isplottedas a functionof T onlogarithmicpaper

forthe1/4inchad 1/7inchpitchspecimens,andin Figure23,

&or theplainplate. Theresultson theplateappearagainto —
be opentoquestion.Theseplotsshowthecoefficientto vary

as the-0.105powerof T forthel/~pitchfinnedspecimen,

as the-.070powerforthel/4–inchpitchfinnedspecimen,and

veryroughlyas the-0.220povverof T fortheplainplate.

It is notconclusivelydemonstrated,however,thatia]is an

exponentialfunctionof T, so thattheseresultscanbe con–

sideredonlyveryapproximate.Thefactthattheviscosityof

airincreaseswithincreasingtemperature,mayaccountforthe

negativesig~of theeqonent. —
[a) was alsoplottedagainstP on log~ithinicpaperfor

the streamlinedspecimensas shownin Figure24. Herethepoints

appearto

thisline

“Asa

of T, V,
Jr
.

*.
.

followa straightlineup to 1/9pitch,theslopeof

being ---0.773.

resultof thelogaxithmioplottingof a as a function

andP, thefollowingapproximateformulafor a is
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suggested: .

a = 0.0202T*”og VO”V47P-6’V73

Theexponentsfor V and P (upto 1/9pitch)s@ believed

reasonablyaccurate,as shownby Figures20 and24,butthe T

exponentisconsideredopento question.Consideringa as a

functionof V and P only,thefollowingfo.rmul,aisprobably

sufficientlyaccurateforallengineeringpurposes:.
.

a = 0.01312V0”7

Thisexpression,of course,

casesof theseparticul.~finned

47P-0”773

appliesonlyto thespecial

specimens.Increasingthefin

thickness,forinstance,wouldmakethe specimensapproachmorei,:
nearlytheplainplateandwouldthereforereducethevalueof

i
the V exponent,as well-aschangethecoefficientandthe P .—
expon6nt.Changingthedepth,length,andmaterialof thefins

wouldalsochangethenumericalvaluesof coefficientandex-

ponents.

Inviewof thescatteringof thepointsfortheplainplate

as shownon Figure20,itwas decidedto mdcean investigation

of theavailableliteratureon heattransferfroma smoothmetal-

lic surface,in order.to checktheresultsof thesetestswith

theworkof otherinvestigators.a wasplottedagainstV on

bothlog~ithmicandCartesimcoordinatesas shownin Figures

25 and26. Thevariouspointson thecurveinFigure25 maybe

identified“oyreferenceto thekeyandbibliography.Inviewof

.

a
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thetechnicaldifficultiesinvolvedinmakinginvestigationsof

thischaracter,theagreementshownbetweentheM.1.T.workand

thatof theotherinvestigatorsis surprisinglygood. Thefor-

mulaforthiscurveis as follows:

a = 0.00577V*”72S

It isbelievedthatthisformulais accuratewithinlimitssuffi-

cientlycloseforengineeringpurposes,andmaybe appliedto

smoothsurface~of sizenot

mensused.

Effectof

too fsxfromthatof theflatspeci-

EnameledSurface

1

Figure27 showstheeffectof enamelingthe1/4inchspeci-

“. menwithblackenamel.Thisappearsto reducethecoefficient

a, especiallyat thehighervelocities.Thisreductionis on

theorderof 5* at150milesperhour.

Effectof AspectRatio

It is evidentthat,withspecimensof thiskind,thelength

of thespecimenparallelto theairstreamwillhavea profound

effectuponthe,heattransfer,dueto thefactthattheveloc-

ityof airbetweenthefinsprobablydecreasesandthetempera- ‘

tureof theairincreasesas theairpassesfromtheentering

edgetowardthedownstreamendof thespacesbetweenfins,

Thisshouldcausea reductionin theheattrsnsfer.atthedown–

streamendof thefinsas comparedto theupstreamend. This
●✍

✎
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. .

reductioninheattransfershouldbe indicated’byan increasein

fintiptemperatureinpassingfromtheupstreamto thedown-

streamendof thefin. In orderto detectthis,thermocouples

wereplacedon thetipof thecentralfinof eachspecimenat

variousdists+cesfromenteringedge,as csnbe seenin Figure6.

FiWes 7 to 16 inclusive,show At (differencebetween

fintiptemperatureandair)plottedagainst“aspectratio,fl

whichforpurposesof theseexperimentsis definedas theratio 3

of thedistanceof thethermocouplefromthe

thefinto thedepthof the

1 inch.

Referringto Figures~

fin,whichdepth

to 16 inclusive,

to notethatat thelowerspeedsandforthe

—-

enteringedgeof

in eachcaseis

it is interesting

lsxgervsluesof

P, thefintiptemperatureappearsto attaina maximum.value

beforereachingthehighestaspectratio. Thisindicatesthat.
a conditionof equilibriumhasbeenreachedwhichwouldprobably

carryalongindefinitelyas thelengthof thefinsparallelto

theairstresmis increased.An explanationof thisis offered

by thesuppositionthatat a certaindistancefromtheentering

edgeof thefinstheairreaches= equilibri~velocitY?dePend-

ingon thetunnelvelocity,andreachesalsoan equilibriumtem-

perature,dueto thefactthattheairbetweenthefinsisre-

placedby freshairthroughturbulence.Itwouldnatursllybe

4 expectedthatthesmallerthe spacing
.

higherthevelocity,thelongerwould
v.
●

betweenthefinsandthe

be thedistancereq~red

.-—



● ☛

✎✎

N.A.C.A.TechnicalNoteNo. 331 l?

to attainsuchequilibriumconditions.It isquiteobviousthat

equilibriumconditionshavenotbeenattained,in thelengthof

finningavailable,at thehighervelocitiesandsmallerpitches.

It wouldbe interestingto findtheequilibriumaspectratio

for allpitchesby usingspecimensofgreaterlength,fidit is

plannedto do thisat a laterdate. .

Futuze Work

It isplannedto continueworkin thisgeneralfield. To

date,onlythevariableofpitchhasbeeninvestigatedto snY

considerableextent.Furtherinvestigationwillbe madeof the
A effectsof aspectratio,fin

It is alsoplannedtomakea~.

depth,fin shape,andfinmaterial.

carefulexplorationof theair

velocitiesbetweenthefinsof thepresentspecimensin order

develop,ifposs,ible$a relationbetweenairvelocitybetween

thefinsandtheheattransfercoefficientof thespecimen.

to

Eventticllyit ishopedto do someworkon cylindricalspecimens.

This,however,mustawaitthecompletionof theworkon theflat

speciinens,whichis consideredfundamental.

w

.
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Appendix I

Calculationof MarginalHeatLosses

18

To determinetheheatlossfromthe-marginof thespecimens

thefollowingmethodwasused; Runsweremade,forvarying

velocitieswithtwoplainplatesof differentsize. The l’stand–

ardplate[’(6-3/4inchx 6-3/4inch)andthe‘lsmQ1plate”(6-3/4._

inchx 2-13/16inch).Forbothplatesthehorizontalmargins

had thesamearea,buttheverticalmarginwasshorterandthe

ratioof tot~ n~gin to heated~ea wasmuchgreaterforthe

smallplate. Bothplatesweremountedin asbestosin thessne

way. Thetotalheatinputto eitherplatemustequaltheheat .-

10SSfromthesurfaceof theheatedsectionplustheheatloss

fromthemarginintotheairstreamandt~easbestos.Expressed -.

as an equation

H= A (ap AT)+ Am(w,o ATm)

H = b.t.u.perho& electricalinput’tospecimen.

Afi= areaof marginin squareinches.

AT; = teinperaturedifferencebetweenmaxginandair.

am = margincoefficient,b.t;u./sq.in./Ohrhr.

Theshoveequationholdsgoodforboththel~ge andsmsll

plates. H, AT, p, and ATm havingbeendeterminedforboth

platesby test,and A andAm by measurement,twosimultaneous
,

equationsar,eavailablefromwhichthevaluesof theunknowns%

a and + maybe calculatedforanygivenairvelocity.The
●m
.
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valuesof ~ so determinedareplottedinFigure28,andmaybe

usedto determinethemarginslheatlossforanyspecimenlassum-

ingthat ~ is constantfor

Foranyfinnedspecimen
.

H-

anygivenairvelocity.

Am (~ P ATm)a =
A (pAT) 9

where ~ is obtainedfromthemaxgincorrectioncurve.

MassachusettsInstituteof Technology,

Cambridge,Mass.,
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