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MILITARY SPECIFICATION

‘E+ERNALPERFORMANCE EVALUATION, AIRBORNE ELECTRONIC

EQUIPMENTAND SYSTEMS, GENERALREQUIREMENTFOR

This specification has been approved by the
Naval Air Systems Command, Department of the Navy.

1. SCOPE

1.1 * - This specificationcoversproceduresfor acquiring
thermalperformancedata and evaluatingthe thermalperformanceof airborne
electronicequipmentand systems. It shal1 be the basis for the evaluation
of thermalperformanceduringeach stage of equipment development. The
specification is considered applicable to GFE and CFE and combinationsof

e

GFE and CFE for all coolingprovisionconfigurationsincludingunits
intendedfor operationin a spacethermalenvironment.

1.2 CoolingPrevisionConfiguration- For purposesof considera-
tionin this specification,the fo1lowingtwo generalcategoriesof cooling
provisionsare defined:

AmbientCooling: The unit whichmakesuse of only.its
immediatesurroundingsas the majormeansof dissipating
its wastethermalenergyshallbe consideredan ambient
cooledunit. The surroundingsare definedas the air
aroundthe unit,and the radiantenvironmentwhichthe
unit sees. Thoseunitswhichare conductivelycooled
by a vehiclestructureor a vehiclesuppliedheat sink
shallbe consideredto be in the ambientcooledcategory.

ExternalSourceCooling: Unitswhichemploya flight
vehiclesuppliedcoolantshallbe consideredto be in
the externalsourcecooled category.

2. APPLICABLEDOCUMSNTS

2.1 Gemeral- The followingdocumentsof
the dateof inv~ for bids farma part of this
extentnutedherein:

the issue in ‘effecton
specificationto the
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SPECIFICATIONS

,Nilitary

MIL-E-S400

MIL-T-S422

MIL-R-18301

AR-35

AR-37

Standards

MIL-STO-12

MIL-STD-280

ElectronicEquipment,Aircraft,GeneralSpecificationsFor”

Environmental Testing, fircraft Electronic Equipment

Reports: Contractors’ Engineering, For Aircraft Avionics
Equipment

Procedures,ThermalDesign,AvionicSystems,General
SpecificationFor

AvionicsSystemsThermalControls,PerformanceEvaluation
Procedures,GeneralRequirementsFor

Abbreviationsfor Use 00 Drawingsand in Technicalme’
Publications

Definition of Terms for Equipment Division

2.2 Availability of Documents- When requestingspecifications,
st”=dards,drawings,handbooksand publicationsreferto both titleand q

number. ,Copiesof this specification,otherapplicablespecifications,
and”stimdardsiequiredby contractorsin connectionwith specificprocurementfunctiqsqaybeobtained-n applicationto the Comanding officer,Publi.
oetiona and Fokae C&nter, Code 1Q5’,5801 Tabor Avwim”, Philadelphia, Pa. 19120

All reportslistedas publicationsare availablethrough
the DefenseDocumentationCenterfor Scientificand TechnicalInformation
(DDC),CameronStation,Alexandria,Virginia22314.

2.3 Precedence- When the requirementsof the contractor
specificationsare in conflict,the followingprecedence’shallapply:

(a)

0 1

(c)

Contract: The contractshallhaveprecedenceover
any specification;

EquipmentSpecification:The specificationcovering
a completeequipmentshal1 haveprecedenceover this
specification and specifications referenced herein.

This Specification: This specification shall have
precedence over specificationsreferencedh6reinfor
thoseitemsconcernedwith thermalevaluation.

2
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(d) Referenced Specification: Specifications referenced
herein shall have precedence over applicable subsidiary
specifications referenced therein.

3. REQUIREMENTS

3.1 GeneralRequirements - The contractor shall establish a
comprehensivethermaldesign and evaluation .progrsmto insure satisfactory
and reliable operation of his equipment when it is exposed to extreme
temperature-altitude conditions. This specification forms the basis for
evaluating the thermal performance of the equipment by providing for
periodic acquisition and reporting of standardized thenaal performance
limit data and thermal performance evaluation data.

Ouringeach of the phasesof development,the thermal
performancelimitdata end the themal performanceevaluationdata shall
be reportedes requiredby 3.4. This dat~ shallbe generatedby analytical
methodsduringthe phaseswhichdo not terminatein a packagedunit. As
versionsof the finalequipmentconfigurateion evoIve,the data obtained.
throughcalculationsshal1 be replacedby operatingmeasurementdata.
The data requiredin section4 shal1 be obtainedfrom thermalevaluation

*

measurementsand shal1 be obtainedfrom the preproductionmodelor the
firstequipmentofferedfor acceptanceunderthe contract,whicheveris
first.

3.2 Implementationof This Specification- This specification
dealswith the thermalperformanceof electronicequipmentwhichoperates
in varioustemperature-altitudeenvironments.It shal1 be usedwhenever
a comprehensiveevaluationof a unit’sthermalperformanceis required.

3.2.1 ThermalEnvironmentalParameters- The environmentalparameters
requiredto describethe conditionsfor thermalevaluationare:

(a] Lacalsurroundingte~eratures

(b) Localsurroundingpressure

(c) Bulk coolant inlet tem~erature

(d] Coolantflow rate

3.2.2 Thermal Evaluation Requirements - Sufficient steady state
thermal evaluation steps wi11 be performed to obtain the data points
necessaryto plot the ‘sit’sthermalperformancelimitcurve(sjtypified

.0
by figure4 or figure6. Each performance limit curve shal1 consist of

3
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a curvejoiningat leastthreedata pointsobtained
unit shal1 be operatedin the mode whichwi,l1 cause

from the steps. The
maximum heat dissipation.

3.2.2.1 ThermalEvaluationRequiredby AmbientCooledUnits.- The
performancelimitcurvefor sn ambientcooledunit is a singlecurve
plottedwith ambienttemperatureas the abscissaand altitudeas the
ordinate. See figure4. Datapointsshallbe obtainedat the following
altitudeconditions:

(a) Ihe maximumaltituderequiredby the equipmentspeci-
fication

(b] The localatmosphericpressure

(c) At leastone intermediatepressurealtitude

The ambienttemperature’for each of the threepressure
conditionsshal1 be that whichwil1 causethe-mostcriticalpart to
operateat its maximumallowabletemperatureas specifiedin 4.2.3.1,

3.2.2.2 Thermal.EvaluationRequiredby ExternalSourceCooledUnits-
The performancelimitcurvesfor an externalsourcecooledunit are famines
of curvesgeneratedby varyingthe ambienttemperatureand pressureparam-
etersalongwith the additionalparametersof coolantinlettemperature o

<andflow.rate. The followingparagraphsdescribethe limitsfor these
parameters.The data pointsare thosewhichwouldtypicallybe required
in orderto obtaincompleteperformance1imitdata. Wheneveradequate
presentationof the thermalperformancelimitcurvescan be accomplished
by fewerdata points,a proposedalternatefec%ical evaluationschedule
shal1 be submittedto the centrattingagencyfor approval.

.3.2.2.2.1 ThermalEvaluationAmbientTemperatures- The ambient
temperaturedatapointssh~l1 be determinedin the followingmanner.

(a) The maximumspecifiedambienttemperature.

(b] An ambienttemperaturewhichwill causethe unit to
requireapproximately66% of the flow foundnecessary
duringthe correspondingstepwhichemployedthe maximum
specifiedambienttemperature.

(c) An ambienttemperaturewhichwill causethe unit to
requireapproximateely 33% of the flow foundnecessary
duringthe correspondingstep whichemployedthe maximum

specified ambienttemperature.

4

Downloaded from http://www.everyspec.com



MIL-T-23103A(AS)

3,2.2.2.2 Thermal Evaluation Ambient Pressures - The ambient pressure
data points shallbe the maximumspecifiedaltitude,the localatmospheric
pressure,and an intermediatealtitude.

3.2,2.2.3 ThermalEvaluationCoolantTemperatures- The coolant
temperaturedata pointsshal1 be as follows:

3.2.2.2.4
rateused for

(a) The ma@mun specifiedinletcoolanttemperature

(b) The minimumspecifiedinletcoolanttemperature

(c) ‘he most usefulintermediatecoolantinlettemperature

Thermal Evaluation Coolant Flow Rate - The coolant flow
each data Want shall be that quantity of coolant which wilI

cause the most critical part to operate at its maximum alIowable tempera-
ture se specified in 4.2.3.2.

3.2.2.3 Mditional ThermalData - Mditional thermaldata shall
includeat leastone transientcurveand a datapoint at the Thermal
DesignCondition(See6.2.S.] if not performedin 3.2.2.1and 3.2.2.2.
(SeefigureS.)

o

3.2.3 SimulatedEnvironment- In conjunctionwith the general
thermalperformanceevaluationproceduresrequiredin 3.2.2,it is recom-
mendedthatadditionalsimulatedand combinedenvironmentalthermaltests
be conducted. Thesetestsshouldduplicateas closelyas possiblethe
exactairframemunting end flightmissionenvironmentalconditions.
This typeof testingis especiallydesirablein the case of missileborne
equipmentswith specifictransientoperatingconditions.The data shal1
be obtainedfor thesesimulatedenvironmenttestsas specifiedin
section4.

- The data obtained in the evaluation
pro~~~res of -tion shall be reported on forms similar to
those presented in figures 1 through 8. The thermal evaluation setup
shal1 be adequately documented by photographs, schematics, or line
drawings in the re~rts requiredin”3.4.

‘fheeedsts shallbe eubmittedin accordancewith t~.,.
requirementsof the contraccor appncaDle detai1ed equipmentspecifica-
tions. In the absenceof such specificrequirements,the data shallbe
submittedat 3-monthintervals.The data shallbe identifiedas to the
particularflightvehicledevelopmentor productionphase it represents.

3.4
F

- Whenrequiredby the contractthe performance
limitand the per ormanceevaluationdata shall be reported at the
~~letion of each~j or phaseof the quipment developmenteffort

.
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(See MIL-E-5400.), e.g., preliminary desi~, development,and production, *
Reportswill

be preparedas specifiedin 4.3, and submittedfor reviewand approval
to the NavalAir SystemsConnnand(AIR-53355A)with a copy to the Naval
Air DevelopmentCenter (ASHT).

3 . s T h e r ma l EvaluationFacility

3.5.1 General- The apparatusused in conductingthe thermal
evaluationshallbe capableof producingend maintainingthermalend
environmentalconditionsand limitsas per the applicablerequirements
of section4 with the equipmentoperatingend non-operating.Facilities
shallhave characteristicsadequateto permitthermalevaluation of
equipmentin accordancewith the procedureslistedherein.

3.S.2 ChamberTemperatureControlProvisions- The sourcesfor
maintainingthe chember environmentshal1 be arrsngecfor suitablybaffled
so thatno surfaceat a temperatureotherthan the desiredambientis
visibleto the unit under test. The maximum allowabletemperature
differencebetweenany two pointsin the chambershallbe 10”C. The
chambercontrolprevisionsshallbe capableof maintainingthe tempera-
ture indicatedby a selectedchamberambientsensorconstantwithin
~l° C of any selectedtest temperature.The air velocitiesimmediately
surroundingthe unit sI’kllbe e@ivalent to thosdcausedby natural
sir movementdue to convectioneffects.

o
3..5.3 CoolantSupplySystem- This systemshallbe capableof.,

supplyingmeteredcoolantflowsas re@ired in section4 of this @edifi-
cation. If the coolantis sir, then,unl,es.sotheryisespecified,.it
must be dry sir. l%erefore,care must-be”takento ins~e a mifficiently
low wisture contentsuch that therewill be neithercondensationnor”
directimpingementof wateror ice dropletsin and on the equipment.
‘Ibisis accomplishedby insuringthat the dw pointof the coolantair
enteringin and on the equipmentis sufficient1y low to precludesuch
effects. Suitablemeans for moistureremovalsuch.ssair dryersand
water separatorsshallbe provided.

3.5.4 MeasurementAccuracyfor ThennelEvaluation- A21.messure-
mentsshallbe
havebeen veri When thermalevaluationis conductedat the contractor’s
plantthe accuracyof the instrumentationand test equipmentshellbe
verifiedperiodicallyby the contractorto the satisfactiono-fthe procuring
activity.

3..5.4.1 MeasurementTolerancesfor lhexmalEvaluation- The maximum
allowabletoleranceson the applicablemeasurementsshal1 be as follows:

6
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(a) Temperature

(b) Altitude

(c) Weight

(d) Coolant F1OW

(e) Pressure

(f) Power

4. pROcED~S

4.1 General

. .
MIL-T-23103A(AS)

“c 22 degrees

Ft +5%

Lb +1$

Lb/Min ~s%

PSIA,In. HZ9 :1%

watts :5$

4.1.1 Responsibilityfor ThermalEvaluationand Calculations-
Thermalevaluationshallbe accomplishedat the contractor!splantunder
supervisionof the procuringactivityor, when so statedin the contract,

at a laboratorydesignatedby the procuringactivity. Contractorsnot
havingfacilitiessatisfactoryfor meetingthe requirementshereinmay

●
engagethe servicesof a commercialtestinglaboratoryacceptsble to the
procuringactivity. The Governmentmay, at its option,repeatany or
all of the testsend calculationsperformedby the contractoror conduct ,
additionalinvestigations.Inspectionrecordsof the examinationsand
thermalevaluationshal1 be kept completeand availableto the Government.
The contractorshallnotifythe NavalAir SystemsCommand(AIR-53355A)
and we NavalAir DevelopmentCenter (AEHT)in advanceof thermalevalua-
tion.

4.2 ThermalEvaluationand CalculationProcedures

4.2.1 Tabulationof Data for Heat Dissipatingand CriticalParts-
The equipmentmanufacturerwil1 identifyall temperaturecriticalparts
and thosepartswhoseindividualdissipationis 1% or more of the total
equipmentdissipation.This informationshallbe recordedon a form
similarto figure2, or equivalent,i.e., the use of establishedautomated
analysistechniques.

- Identificationof the part type shallbe
pre#~~”&de$_ headed,tdescriptionll;i.e.,1/2 watt composition
resistor,2N700transistor,6021 electrontube,pulsenetwork,etc. The
term “part”shal1 standas definedin MIL-STD-280and shal1 include
encapsulatedaasemblies,and solidstatedevices.

4.2.1,2
the schematic

●
SchematicIdentification-
symbolfor eachpart; L.e.,

7
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R106,Q127,V701,etc.
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4,2.1.3 Location - A generaldescriptionof the locationof the part
shal1 be tabula~il lust rated..

●

4.2.1.4
dissipatedby
as definedin
the resultof

4.2.1.s

Heat Dissipation- The value for the rate of energybeing
the part during operationat the “ThermalDesignConditionf!
6.2.5,shall be tabulated. Preferablythisvalue shouldbe
measureddata but it may be arrivedat throughcalculations.

Electrical Stress Ratio - l%e value of the electrical
stress ratio for each part shall be tabulated. In general, the stress
ratiowill comparethe actualelectricalstresson the part when operating
at the ‘~ermal Design Condition,” as definedin 6.2.S, with the rated
electricalstressat a particularratingtemperature.In al1 cases
MIL-HDBK-217shallbe consultedfor the applicabledefinitionof a
componentelectricalstress. If availablefromreliabilityanalyses,
thisneed not be repeated.

In thosecaseswherea part is an.encapsulated-assembly’
of”b&ic componentpartswhose failurerate characteristicsare known,
the stresslevelsof the componentparts shallbe tabulated.

4.2.1.6 MaximumAllowableSurface”Temperature- The maximumsurface
temperatureof a part is definedas the maximumhot spot temperaturethat
can be toleratedconsistentwith the part1s functionand systemor equip-
ment specifiedrellabzlttyrequirement.The value for this temperature
~d its’locationon the part shalI be tabulatedfor eachDart. For those
partswhichare critical-o? near critical>the basisfor ~he chosen
m&ximumallowablet&nper’atureshallbe tabulatedand reportedin detail,
Partswhichare encapsulatedassembliesof‘basiccomponentparts shall
have theirmaximumallowablesurfacetemperaturetabulated. The thermal
relationshipbetweenthe parts in the encapsulationand the encapsulated
assembly$urfaceshal1 be reportedin sufficientdetai1 to allowthe
predictionof the internalpart temperaturesfromthe ~asured encapsulated -
assemblysurfacetemperature.

4.2.2 Instrumentation- Suitableinstrumentationshallbe provided
to measurethe followingitems (asappIicable) duringthe thermalevalua-
tionptegram:

(a) Surfacetemperaturesof temperaturecriticalparts.
[See4.2.1.6and 6.2.4.)

(b) Surfacetemperatureof all partsdissipatingmere
than 1% of the unit totalpowerdissipation.Only
representativepartsneed be instrumentedwherethere
are a numberof identicalpartsdissipatingsimilar
amountsof powerin similarmaunting configurations.

8
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(c]

(d)

(e)

(f)

(g)

(h]

(i)

(j 1

(k)

(1)

(m)

(n)

(0)

(P)

(q)

(r)

(s)

MIL-T-23103A(AS)

Surfacetemperatureof the largestthemel mass item.

Unit externalsurfacetemperatures.

Test enclosurewal1 temperatures.

Air temperaturein the localvicinityof the unit.

Air temperatureat strategicpointsinsidethe unit.

Air pressurein the localvicinityof the unit.

Coolantinlettemperature.

Coolantoutlettemperature.

Coolantflowrate.

Coolantstaticand velocitypressureat unit inlet.

Coolantstaticpressureat unit outlet.

Unit power input.

Unit power output.

Coolant inlet total moisturecontent.

Coolantinletduct sizesand shapes.

Unit thermaltime constant(r)and dead time (L).

Functionaland operationalperformancecharacteristics.

4.2.2.1 TemperatureMeasurement- Thermocouplesshallbe the
standardtemper~speci fication. The thermocouples
shallbe of a size equalto or smallerthan a 30-gaugethermocouple.
Whereverthe applicationof the thermocouplemay appreciablyaffectthe
temperaturefieldon a part,particularattentionshallbe givento using
smallergaugethermocouplesand to the methodof app1icationto the part.

4.2.2.1.1 SurfaceTemperatureMeasurement- The temperaturesensor
shallbe locatedso as to make good thermalcontactwith the surfaceto
be measuredand yet minimizethe errordue to the presenceof the
sensor. Wherethe surfaceto be instrumentedis basical1y f1at, a
bead and “collectorplate”may be employed. The sensorshallbe inserted
in a smallhole in a collectorplate and stakedintoplace. The collector
platewillbe a smallplateof minimumsize. The collectorplate shall

9
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be bondedto the part by meansof an easilyremovableadhesive. Suffi-
cientpressuremust be used to producea very thin filmof adhesive.
The sensorleadswill be insulatedelectricallyfrom the collectorand
part,but shallbe held in intimatecontactwith the part and collector
for at least0.25inch.

Where’the surfaceto be instrumentedis curvedto an extent
whichwil1 prohibitthe use of the CO1lectorplate,or where the addition
of the CO1lectorplatemay greatlyinfluencethe surfacetemperature
field,the sensorwill be bondeddirectlyto the surface. The quantity
of adhesiveemployedshallbe commensuratewith the requirementsof good
thermalcontactand a minimumdisturbanceof the part’stemperature
field.

A l 1 requiredelectronicparts shal1 be instrumentedat the
pointwhichwill yieldthe maximumsurfacetemperature.The exact
locationfor any particularpart will be chosenby experienceand/or
someof the methodssuggestedin the referencesin paragraph6.4.

4.2.2.1.2 SurroundingAir Te~erature Measurement- The temperatures
o’fthe-air immediatey surroundingthe unzt shal1 be monitoredby the use
“oftemperaturesensorslocatedwithinthreeinchesof the centerof each
of the majorsurfacesof the equipment.

4.2.2.1.3 CoolantTemperatureMeasurement- Sinceboth coolantinlet
and outlet temperaturesare used directlyin the”evaluationprocedures,
everyeffortmust be ~de to ,insurethat accuratemeasuring,techniques
are used. At any stationin the coolantflow,gradientsexist. To
determinea bulk coolanttemperatureeithermechanicalmixingmust be.
suppliedor a studyof the temperatureprofiIe must be made. Suggested
methodsare presentedin 6.3.1. Wherethe applicationof thosetechniques
is not practical,publicationsin paragraph6.4 may be consultedfor
recommendations.

4.2.2.2 CoolantFlow Rate Measurements- The coolantf1ow rate
will be measuredbath any type of metercalxbratedto the satisfaction
of the contractingagency. In lieuof a specificcalibrationprocedure,
an orificecalibratedin accordancewith ASME procedureswi11 be con-
sideredthe standard. Publicationsin paragraph6.4 may be consultedfor
assistancein specificflowmeasurementtechniques.

To insurethe accuracyof the f1ow rate measured data,
all lines which supply the coolant to the unit will be checked for leaks.
The largest acceptable leek in the coolant supply lines downstream from
and including the flow meter shal1 be O.S% of the anticipated maximum
weight flow rate. The leak rate will be measured (1) when the system is
pumped to twice the maximum pressure in the line during the test and (2)
when the systemis evacuatedto a pressureone-halfof the lowestabsolute
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pressure in the coolant Lines specified in the test schedule. Suggested
procedures for determiningthe leakrate of the coolant supplysystemare
givenin 6.3.2.

4.2.2.3 CoolantPressureMeasurement- Stepswill be taken to
insure accurate pressure measurement of the inletand the exhaustcoolant.
Suggestedcoolantpressuremeasurementtechniquesare presentedin 6.3.3.
Publicationsin paragraph6.4 may be consultedfor additionalinformation
on pressuremeasurementtechniques.

The completedpressureinstmmentationsystemshallbe
leak tested. A systemwil1 be consideredleaktightwhen the leakrate
of the systemis less than l% of the captivegas weightper day when
testedby the proceduresgivenin 6.3,2.

4.2.3 ThermalEvaluationProcedure- Duringeach thenaalevaluation
steprequiredby is mcifi catxon,the equipmentshal1 be operatedin
the mde whichwill causethe maximumsteadystatepowerdissipation.
The equipmentshallbe checkedfor satisfactoryelectricalperformance
accordingto the requirementsof the‘detailedequipmentspecification
priorto conductingthe thermalperformanceevaluation.This reference

e
lun performancecheckshal1 be made in accordancewith the approved
electricalperfonaancetestprocedure.“Arecord‘shallLiemade of all
data necessaryto determinethe completeoperationalcharacteristics.
It will thenbe instrumentedand a recheckof the electricalperformance
made. The equipmentshallthenbe installedin the environmental
chamberand a completecheckof all instrumentationcircuitsmade. The
electricalperformanceof the unit shal1 be recheckedand suchdata recorded
es necessaryto verifythat the operationalcharacteristicswere not
alteredduringchamberinstallation.when the equipmentis operating
duringthe thermalevaluationexposure,operationand performancechecks
shallbe made at appropriatetime intervalsto insurea recordof compre-
hensiveelectricalperformancedata for comparisonwith datarecorded
duringthe referencenan.

4.2.3.1 SteadyStateThermalEvaluationProcedurefor UnitsWith
AmbientCoolin~ - Each of the data points requiredby 3.2.2.1shallbe
acquiredin the followingmannerand the data recordedas requiredin
4.2.3.4, .

(a) tijust. chamber to desired pressure altitude and turn
on equipment.

(b) Adjustchamberand enclosurewall temperatureto
maintainthe criticalpart at its maximumallowable
temperature. (See4.2.1.6and 6.2.4.) The temperature
indicatedby the criticalpart sensorshal1 be maintained
within+O”C and -2° Cof the designatedmximum allowable
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temperaturefor the part. Tests shouldcontinuefor
one hour aftermonitoredpart temperatureshave stabi-
lized. (See6.2.7for the definitionof stabilization.)

4.2.3.2 SteadyStateThermalEvaluationProcedurefor UnitsWith
ExternalSourceCoolin~
and subparagraphsshal1 be acquiredin the followingmannerand data
recordedas requiredin 4.2.3,4.

(a) Mjust chamberand enclosurewall temperatureto the
desiredvalueand turnon equipment.

- (b) Adjustcoolantinlettemperatureto desiredvalue
with a minimumflowrate to allowrapidwarmup.
Mjust chamberpressureto desiredvalue. AS equip-
ment warms up, adjust coolantflow to maintainthe
criticalpart at its allowablemaximumtemperature.
(See4.2..1.6and 6.2.4.) The coolantflowrate shall
be adjustedso that the sensoron the criticalpart
indicatesa temperaturewithin+O*C and -2° Cof the
designedmaximuqallowble temperaturefor the part,
Test shouldcontinuefor one hour aftermonitored
part temperatureshave.stabilized. (See6.2.7for
the definitionof stabilization.) In the eventthat
the,criticalpart wilI not reachits limiting
temperature with zero coolant flow, then th6 chamber
qnd enclosure wal 1 temperature shouldbe adjusted
upwardsto allowthe part to reachits maximum
temperature. . . .

4.2,3.3 ThermalTransientProcedure- The transientdata required
by 3.2.2.3shallbe acquiredin the fo1lowingmannerand the data recorded
as requiredin 4.2.3.4.

(a)

(b)

(c)

Mjust chamberand equipmentto providethe specified
initialconditions.

Aftermonitoredtemperaturesstabilizeas definedin
6.2.7,immediatelyadjustunit operationto the final
test condition. ‘

Continuetestunti1 stabilizedconditionsare again
achievedor untilthe criticalpart instrumentation
indicatesthat its maximumallowabletemperaturehas
been reached,at whichtime the test shouldbe
terminated.

12
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4.2.3.4 ThermalEvaluationData Recordin& - During the steady
statethermalevaluationproceduresthe data whichresultsfromthe
instrumentationrequiredin 4.2.2shal1 be recordedat 30-minuteintervals.
The coolantmoisturecontentmeasurement shall be takenonly when the
misture contentmay becomecritical. Duringthe thermaltransient
procedurethe most criticalpartsand any othertemperaturesof interest
(i.e., the most representativecasestemperatureor a changingambient
temperature)shal1 be recordedat 2-minuteintervalsduringthe initial
portionof the test. All data shallbe recordedon formssimilarto
thoseof figure3.

4.2.4 DataReduction- The followingquantitiesshallbe calculated
from the basicsteadystatethermalevaluationdata and reportedas shown
on figure3.

4.2.4.1 AveragePart temperature- The averagepart temperature,
as calculatedbelow,shallbe used in any heat transferanalysisas the
referencethermalpotential,i.e., equivalenttemperatureof the unit.

$=, pJPn
‘P
avg =:= , Pn

4.2.4.2 AmbientTemperature- The ambienttemperaturewhicha unit
sees is composedof both radiantsurfacetemperaturesand the localair
temperature.Bothunderactualinstalledconditionsand duringthermal
evaluationconditionsgradientswil1 existwhichmay presentvariations
in the thermalambientwhich the unit sees. The averageambienttemperature
shal1 be definedby the equationbelow. This temperatureshallbe used
in all calculationsand data presentationswhichrequirethe ambient
temperatureto be representedby a singlen~ber.

( )1
>= } ~to)n + ‘o

sn
t_ =
‘avg 2 A5

4.2.4.3 CoolantDensity- lhe inletdensityof the coolant is
requiredin the calculationsspecifiedherein. When an incompressible
fluidis used as the coolant,the densitywill be taken from published
data. When a compressiblefluidis used,the densitywil1 be calculated
in the followingmanner:

13
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5.2P,+ 144p.

‘I-R ~ (1.8t + .492]
c1

4.2.4.4 StaticPressureDro~ - The unit1s flowresistancecharac-
teristic staticpressuredrop, shal1 be presentedin the staiidardized
mannergivenbelow. This procedureshallapplywheneverthe coolant
behavesas an incompressiblefluid. For gases,this equationis appli-
cablewhen (p~ - PZ) is less than 10% of the absoluteinletpressure.
For thoseunitswhosedesignprecludesoperationin the incompressible
flow region,the standardizationprocedureshallbe omitted. The flow
resistancecharacteristicis used to matchthe uiiitwith the flight
vehicleIs coolantsupply,(Seefigure7.)

4.2.4.4.1

4.2.4.5
is calculated

*1ahp = —
‘std

(Pl - P2)

VelocityPressureat InletDuct - (Seefigure7.]

01
OPvi “—P.~std vx

CoolantHeat Gsin (qc).- The heat absorbedby the’coolant
es follows:

q= = 31.6 WCp (tc - t )
2 c1

4.2.4.6 Sxternal Heat Transfer - The external heat transfer from
the unit is calculated as shown below:

.
qo”pe-flc

4.2.4.7 Heat TransferFactorm) - The heat trsnsfer factor
representsthe overal1 heat transfercoe~ficientbetweenthe heat
dissipatingparts and the externalambient. This factoris ~aningfil
for ambientcooledunitsonly and shallbe calculatedfrom the Thermal
DesignConditionTest Data. (See3.2.2.3.) The HTF is definedas follows:

HTF. l

44(tp‘e-‘“avg) ‘savg

14
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.

4.2.4.8 CoolantUtilizationFactor (CUF),- The coolantutilization
factorrepresentsa measureof the coolantheat exchangeeffectiveness
in termsof the utilizationof availabletemperaturecotential. Usine
the test data from the ThermalDesign

shallbe calculatedas follows:

4,2.S
itemsshallbe
applicable.

ConditionTest ~See 3.2.2.3.) ~e

Weight,Volume,and PowerDetermination- The fo1lowing
obtainedby physicalmeasurementor calculationas most

All calculationsand inherentassumptionsfor the deter-
minationof theseitemsmust be documentedas part of the reportsrequired
in paragraph4.3. The finalresultswil1 be recordedon the form shown
in figure3.

(a)

0 )

(c)

(d)

TotalWeightof the Unit

CoolingProvisionWeight- This shallincludethe
totalweightof al1 blowers,pumps,heat exchangers,
cold plates,conductivetube shields,thermoelectric
modules,etc., whichare onlypresentfor thermal
protection. lhoseitemswhichperforma structural
or other functionas wel1 as beingpart of the cooling
designmust have a portionof theirweightallocated
to the coolingprovisionweight. This allocation
shouldbe made on the basisof engineeringjudgment
of the additionalweightaddedby the coolingfunction
of the item over and abovewhat the item’stypical
weightwouldbe if no coolingprovisionswere required.

TotalEquipmentVolume

CoolingProvisionVolume- This shallincludethe
totalvolumeof al1 blowers,pumps,heat exchangers,
cold plates,conductivetube shields,thermoelectric
modules,etc.which are onlypresentfor thermal
protection. Thoseitemswhichperforma structural
or otherfunction&s we11 as beingpart of the cooling
designmust have a portionof theirvolumeallocated
to the equipmentcoolingprovisionvolume. This
allocationshallbe made on the basisof engineering
judgmentof the additionalvolumeaddedby the cooling
functionover and abovewhat thisitem’stypical
volumewouldbe if no coolingprovisionswere required.

1s
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(e) TotalElectricalPowerInputto Unit - This shallbe
the powerrequiredfor operationunder the Thermal
DesignCondition.

(f] CoolingProvisionElectricalPower Input

4.2.6 Performance Limit Data Presentation

4.2.6.1 Ambient Coolin& - The data recorded in figure 3 for this
type unit shall be presented on graphs similar to figures 4 and 5,

4.2.6.1.1 SteadyStateData - A graphsimilarto figure4 of limiting
pressurealtitudeand surroundingambienttemperatureshall,be produced
fromthe steadystatethermalevaluationdata by the followingsteps:

(a) The correspondingvaluesof limitingchamberpressure
altitudeand temperaturefor the variousdata points
will be plottedas shown.

(b) The graph shall be clearly titled, as shown, with unit
name and other descriptive information. me particular
governing critical part and its limiting temperature
should be.indicated. The Thermal Design Condition
should be indicated on the graph. a

This figurewill show the maximumte@erature-altitude
combinationsin whicha unit with ambientcoolingwi11 operatewithout
the criticalpart temperaturesbeing exceeded. (See4.2.1.6and 6.2.4.]. ....

4.2.6 .1.2 TransientPerformanceDats - A graphsimilarto figureS
of part temperatureversustime shal1 be producedfrom the data,of any
transienttestof interest,by the fo1lowingsteps:

(a) Thosecriticalpart temperaturesof majorconcern
(See6.2.4.) shallbe plottedversustime for each’
data recordpoint. ‘lhethermaltimeconstantand
dead time of the partsshallbe clearlyindicated.

(b) Horizontallinescorrespondingto the maximumallowable.
surfacetemperature(See4.2.1.6.) for the most
critical partsshallbe placedon the graph.

(c] ‘lhegraphshallbe clearlytitledwith the unit name
and otherdescriptiveinformationas shown.

4.2.6.2 SxternalSourceCooling - The data recordedin figure3
for sucha unit shallbe presentedon graphssimilarto figures5 and 6.

16
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4.2.6.2.1 SteadyStateData - A graphsimilarto figure6 of limiting
coolantinlett~’t weightflows,pressurealtitude,and ,
ambienttemperatureshallbe producedfromthe steadystatethermal
evaluation‘&ta by

(a)

the followingsteps:

Plotthe correspondingvalueof coolantweightflow
for each of the coolantinlettemperaturesfor each
combinationof externaltemperatureand pressure.

The graphshallbe clearlytitled,as showo,with
unit name and otherdescriptiveinformation.l%e
particulargovermingcriticalpart and its limiting
temperatureshouldbe indicated.The ThermalDesign
Conditionshouldbe indicatedon the plot.

Figure6 wil1 show the requiredcoolantweightflow for any
combinationof coolantinlettemperature,externalambienttemperature,
and pressurefor a unit with forcedexternalcooling. The required
weightflow is basedon maintainingthe most criticalpart at its allowable
maximumtemperature. (See4,2.1.6and 6.2,4.) Interpolationand extrapo-
lationwill allowpredictionof unit thermaloperationundera varietyof
environmentalconditions.

4.2.6.2.2 TransientPerformanceData - As in 4.2.6.1.2.

● 4.2.6.2,3 StaticPressureDrop”and VelocityPressureGraph- The
correctedstaticpressure~ e plotted
againstthe correspondingcoolant weightflowsas shownin figure7. The
graphshallbe made On log-logpaper.

4.2.7 ThermalPerformanceEvaluation

4.2.7.1 ThermalPerformanceIndexCalculationand Presentation-
The requ”iredterms:omprisingthe ‘IhermalPerformanceIndexshal1 be
calculatedas followsand reportedon a formsimilarto figure8.

4,2.7.1.1 EquivalentWeightPenaltyRatio- When a specificaircraft
is involvedthe relativepenaltyto the flightvehicleimposedby the
equipmentcoolingprovisionsshal1 be expressedas the ratioof the
equivalentweightpenaltiesdue to the coolingprovisions(Wce)to the

tOtal equivalentweightof the unit (Wte). The ~tio shallalways

be shownas assunsimplifiedfractionwithnumeratorand denominatorin
theiroriginalform. For thoseitemswhichvary with environmentalcon-
ditions,the valuesobtainedin the Thermal Design Condition Test shall be
used in the calculations K indicated above. In squation form:

17
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w=

Equivalentweightpenaltyratio #-
te

where:

Wc =
e + [%+. (*)+’C(++”C(+9e

Wt
e

=+ [Wt+w(+)+pe(+)+wt(+)1

we. wl-wc~-wp-waf

Wl”=w. w
~ -f

This ratiowill be an indicationof the relativepenalty
to the flightvehicleimposedby the equipmentcoolingprovisions. It iS
expressedas a ratioof the coolingprovisionweightpenaltyto the weight
penaltyfor the entireunit. Theseequivalentweightpenaltiesprovidethe
meansfor grossly weighingthe effectsof the variouscoolingprovisionsin
any specifi. flightvehicleapplication.The informationwi11 be used to
make intelligentdecisionsas to the most efficient “trade offs”in the
equipmentthermaldesign. AIIycomparisonbetweenequipmentsmust, therefore,
be basedon the same flightvehicledata. The weightpenaltycalculations

are baseden the following assumptions:

(a) At the particular time of calculation, the flight
vehicle data is assumed fixed with no alteration due
to installation or a design change of a particular
piece of equipment.
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(b) Eachpoundof the flightvehicleon-boardequipment(We)
is equallyresponsib1. for the fuel consumption.

In the eventthat the flightvehicleprovidesmultiple
coolantsto the on-boardequipment,the (Wcs)termshal1 apply t. the
specificcoolantsystemunder considerationend the (WJ term shal1 refer
to the correspondingavailablecoolant. If more thanone coolantis used
in an equipment,the coolantpenaltyterm shall be the sum of the individual
coolantsystempenalties,

When a unit is designedfor use in a varietyof flight
vehiclesend no specificvehicleweightdata is available,the calculations
of this paragraphshal1 be omitted. In sucha case the supplementary
factorsof 4.2.7.2shallbecomethe primaryevaluationratiosfor the
ThermalPerformanceIndex.

4.2.7,2 SupPIementary ThermalEvaluationFactors- me following
~pplementarythe~al evaluationfactorsshallbe calculatedas applicabIe
and reportedon a form similarto figure 8. These factorsare to be used
to evaluatethe variousfeaturesof the equipmentthermaldesignwithout
regardto anyspecificair vehicle.

o 4.2.7.2.1 CoolingProvisionWeightRatio- Thisfactor shallbe
calculatedas the ratioof the equipmentcoolingprovisionweight (Wc)to
the totalequipmentweight (Wt).

4.2.7.2.2 CoolingProvisionVolumeRatio- This factorshallbe
calculatedas the ratioof the equipmentcoolingprovisionv.lume (Vc)to
the totalequipmentvolume (Vt).

4.2.7.2.3 CoolingProvisionElectricalPowerRequirementRatio - This
factorshallbe calculatedas the ratioof thecoolingprovisionelectrical
power (Pc)to the totalequipmentelectricalpower dissipation(Pe).

4.3 Reporta- When requiredby the contract,reportsshall
be p~pared ax submittedin accordancewith this Specification.All
the data CO1Iected end all calculations generated as a result of this
specification shall be a part of th6 periodic report. The detai1s of the
test setups and thermal evaluation procedures shal1 also be included.
Each successive report shal1 include progressively refined calculated
estimates of the required parameters. A report shall .beis,suedat 3-month
intervals, unless otherwise specified in the.c.nt.racte

19
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5. PREPARATIONFOR DELIVZRY

5.1 Packaging and Packing - Reportsrequiredby this specifica-
tion shal1 be packedand packagedfor deliveryin accordancewith the
contractor’sbest commercialpracticefor domesticshipments,exceptthat
conformancewith securityre~lations is requiredwhere applicable.

5.2 Markingof Shipments- All shipmentsof reportsshallbe
markedas statedin the contractor as otherwiseinstructedby the procuring
agency.

6. NOTES

6.1 Intended Use - This specification is intended to provide
standard procedures to be followedin subjectingairbone electronicequip-
ment to simulatedthermalenvironments for the purpose of evaluating the
thermal performance. For variations of thermal evaluation procedures or
interpretation of portions of this specification the contractor wil1
contact the”Naval Air Development Center (AEHT).

6.1.1 Goals - In orderto completethe evaluationof the thermal
performanceof ~mit, it will be necessaryto determinewhetherthe
valuesobtainedfor the ~e~l PerformanceIndextermsand the Supple-
mentaryEvaluationFactorswere poor.or ‘excellent.The determinationof @
the excellenceof thesefactorsmust be basedon referencestandards or
goals. It is anticipatedthat thesegoalsmay va~ for the different”types
of vehiclesbut neitherthe valuesof the goalsnor the amountof variation
of thesegoalsbetween vehicles is presently known. Valuesfor the goals
can be detefined only afterthisspecificationhas been appliedto the
equipmentdesignedfor the varioustypesof vehicles. Unti1 such time as
sufficientdata has been compiledto providethe goalsfor evaluation,the
procuring agencymay establish tentative values for these goals.

6.2 Definitions

6.2.1 MilitaryStandardDefinitions- Definitionscontained“in
MIL-STD-280shallapply.

6.2.2 MilitarySpecificationDefinitions- Definitionscontained
in MIL-E-S400and MIL-T-5422shallapply,exceptwhen otherwisestated ~
herein.

6.2.3 Abbreviations- Abbreviationsdefinedin MIL-STD-12 shall
apply.

20
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6.2.4 CriticalParts- Partswhosesurfacetemperaturesare most
likelyto approachtheirmaximumallowabletemperature.The maximum
allowabletemperature(See4.2.1.6.) for theseparts cannotbe exceeded
for reliableequipmentperformanceduringnormaloperationand during
performanceof thermalevaluation.

6.2.4.1 InstalledOpcratingTemperatureCheckPoint(s) - Point(s)
accessibleon ~~ng and
measuringthe temperaturesof the most temperaturecriticalpart(s)
inside.

6.2.S ThermalDesign Condition(TDC)- The thermalenvironment
and eIectricaloperatingmode set forthin the equipmentspecification
as the basic thermaldesigncriteriafor the unit. If thereis no
thermaldesignconditionspecifiedas such,then the most severethermal
environmentconsistent with the detailspecificationsaircraftmission,
and the electricaloperatingmodewhichwi11 causethe maximumsteady
state powerdissipationmay be consideredthe ThermalDesignCondition.

6.2.6 AveragePartTemperature- The averagepart temperature,
computedas specifiedin 4.2.4.2,is definedes that temperaturewhich
representsthe thermalpotentialfor heat transferfrom the unit.

6.2.7 Stabilization- A stabilizedthermalconditionhas been
attainedwhen the indicatedtemperaturesof a majorityof the parts
(includinglargethermalmass items)have variedno more than2° C over
a periodof 1 hour.

6.2.8 Surface Area - In general, the total unit surface area
will be found by summing the individual side projected areas. It is
intended that the surface area be based on outline dimensions of the
major portions of the package. Areas associated with the vertical -sides
of fins, for example, are not to be included.

6.3 SuggestedTest and Instrumentation Techniques- The methods
and techniquesdescribedin thissectionare guidesto accuratedata
collection.It is suggestedthat theybe used wheneverpracticable.

6 . 3 . 1 Co o l a n t T emp e r a t u r e Me a s u r eme n t - A bulk coolanttempera-
ture is r e q u i r e d for calculationpurposes. When adequatemixingof the
coolantis employed,one temperaturesensorin the coolantwouldbe a
sufficientindicationof the specificbulk temperature.

However,when the coolantflowsin a duct with the inherent
thermaland velocity gradients,the bulk temperaturesmust be calculated.
One methodof arrivingat the bulk temperatureinvolvesmeasuringthe
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coolant temperature at the center line of the duct and the duct tempera-
ture at the same station. The duct should be sized to yield a Reynolds
Number (Rn) in the neighborhood of 10,000when the flow rate is in the
expectedrange. The followingequationwill give the bulk coolanttempera-
tureat the station where the measurementswere made.

tc s IJ081tcl + 0.19 t
,d

The duct shouldbe well insulatedin orderto minimizethe
temperaturedifferencebetweenthe coolantand the duct. The center1ine
thermocoupleshouldbe located”at a pointof well developedflow and as
near to the unit as is consistentwith the requirementof well developed
flow.

The exhaustcoolantmay be monitoredi? a similar,manner,

When the inletor the exhaustparts from the unit are multipleopenings,
a manifoldfittingshouldbe employedto faciIitatethe measurement
wheneverso doingwil1 not significantIy altercoolant,flow patte~s,the
performanceof the unit,or its pressuredrop. In thoseiistticeswhere
alterationof the coolantflowpath may significantlyaffectthe unitts
thermal.orpresr.uredropperformance,multiplethermocoup~esmay be used
at the coolantparts,in orderto obtaina bulk coo1ant temperaturefor a
station.

6.3.2. Test for Leaks- To insurethe accuracyof the.data;all
lineswhichwil~s will be checkd.for leaks. (See4.2.2.2.)
When the flbidis a gas, the leakratemay be measuredby the pressure
decaymethodes follows:

After the test set up is completed,the lineswhichwill
transmita pressurepotentialwill be closed. Compressedair wi11 be
introducedto raisethe pressureto doublethe valueof the maximum
expectedtest pressure. By monitoringboth the temperatureand pressure
in the lines,the changeof densityfor a giventime intervalmay be used
to calculatethe leak flowrate. In a similarmannerthe leekflow rate
willbe calculatedwhen the pressurein the linesis reducedto one-half
of the lowestexpectedtestpressureby the use of a vacuumpump.

6.3.3 CoolantStaticend VelocityPressureMeasurement- The
coolant may be suppliedto the unit and removedfrom the unit throughducts.
Staticand velocitypressureat the inletand exhaustof the unit may be
measuredby suitablein~trumentationsuchas piezostaticendjorpitot
tubes. The openingof holes intothe coolantduct shallbe free’ofburrs
and flushwith the ductwal1.

22-
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Time Constant (T) - The time periodfor a “firstorder lag”
to reach63.2 percentof its finalvalue for a stepchange

an inputsigns?-lting changein outputsignal.
- The periodof delaybetweenthe changeof

6.4 UsefulPublications- Listedbeloware a numberof government
publicationswhichmaY be used as referencefor design,evaluation,and
Instrumentationtechniques.See 2.2
publications.

DDC-AD38369

DDC-AD210948

DDC-ATI180190

DDC-23894

● SpecificationAR-45

MIL-HDBK-217

Proposed
SpecificationAR-35

Proposed
SpecificationAR-37

6,5 Glossary

Term Definition

for information-onhow to obtainthese

Manual of Standard Temperature Measuring
Techniques, Units and Terminology for
Miniaturized Electronic Equipment.

DesignManualof Metho& of ForcedAir
CoolingElectronicEquipment.

The ThermalEvaluationof Air-Cooled
ElectronicEquipment.

The ThezmalEvaluationof Air-Cooled
ElectronicEquipment- Supplement1.

AirborneElectronic.EquipmentandSystemsThermalDesignand Analysis
Procedures.

ReliabilityStressand FailureRate
Data for ElectronicEquipment.

Procedures,ThermalDesign,Avionic
Systems,GeneralSpecificationfor

AvionicsSystemsThermalControls,
PerformanceEvaluationProcedures,
GeneralRequirementsfor

Units

A - Externalsurfacearea ft2

As - Unit totalexternalsurfacearea (See6.2.8.) ft2

23
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Term

CUF

CP

HTF

L

W1’BF

m

n

P

Pa

Pc

Pe

P.

Pt

P

P.

PI

Plo

P2

.

Definition

Coolant Utilization Factor (See 4.2.4.8.)

Coolant specific heat

Heat

Dead

Mean

TransferFactor (See4.2.4.7.)

Time

Time BetweenFailures

Represents al1 iterns considered in a series

A particular item in a series

Electrical power dissipation

Flight vehicle net electrical power capacity
avaiIable to iternswhich compose We

Unit cooling provision power requirements

Unit total

Unit total

Unit total

Pressure

electricalpower

output power

electrical power

dissipation

input

Ambientpressure(chamberpressure)

Coolantinletstaticpressurerise over the
ambientpressure

Inletpressureto flowmeter

Coolant outlet static pressureriseover the
smbient pressure

Units

dimensionless

BTU
lb-”F

Watts
mc

hr, rein,as
applicable

hr

dimensionless

dimensionless

watts

watts

watts

watts

watts

watts

in: H20,
PSFA

PSIA

in. H20

PSIA

in. H20

PSIA,

24
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Term

Pvi

Ap

aAp

R
g

‘R

Rn

TDc

T

t

t=

t
c1

t
C2

tcl

‘d

to

to
avg

to
s

Definition

- CoolantInletVelocityPressure

- Staticpressuredifferencebetweeninletand
outletcoolant

- Correctedpressuredrop

Coolant heat gain

External heat transfer

Gas constant (53.3 for air)

Absolute Temperature (“F + 460)

ReynoldsNumber

ThermalDesignCondition

Time

Temperature

Bulk coolant

Bulk coolant

Bulk COOhlt

temperature

inlettemperature

out1et temperature

Coolantcenterlinetemperature

- Duct wal1 temperature

- Ambient air temperature

- Average ambient temperature

- Temperature of the enclosure surface

Units

in. H20

in. H20

in. H20

watts

watts

‘R

dimensionless

dimensionless

hr, rein,as
applicable

“c

“c

“ c

“c

“c

“c

“c

“c

“c
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Term

‘P

‘Pavg

t~

Vc

Vt

w

‘1

waf

w=

WC
e

wCs

we

‘f

w
g

w
P

‘t

Wt
e

w

.

Definition

Hot spot surfacetemperatureof a part

A v e r a g e p a r t t emp e r a t u r e

Un i t e t i , e r n a l surfacetemperature

Volumeof coolingprovisions

Volumeof unit

Weight

Dry weightof flightvehicle

Weightof basicairframestructureand
propulsiongroup

Weightof unit coolingprovisions

Coolingprovisionequivalentweightpenalty
at takeoff

Weight of flight vehicle coolant supply
system at takeoff

Weight of al1 on-board equipment excluding
cooIant and eIectricalpowersystems

Flightvehiclefuelweightat takeoff

Flightvehiclegrossweightat takeoff

Totalweightof flightvehicleelectrical
powerplant includingdistributionsystem

Totalweightof unit

Totalequivalentweightpemlty for unit
at takeoff

CooIamt flowrate

Units

‘c

“c

‘c .

ft3

ft3

lb

lb

lb

lb

lb

lb

lb

lb

lb

lb

lb

lb

lb
z

26
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Term Definition Units

wa - Flightvehicleavailablecoolantsupply lb
capacityat flightconditionscorresponding z
to ThermalDesignCondition

a “J_- Density ratio ~etd dimensionless

T - Time constant hr, rein,as
applicable

PStd - Standardcoolantdensityat 29.92IN. Hg lb
and S9F (O.0765 for air) ~

PI - Coolant inlet density lb
g

z - Indicates sunmiationof a series dimensionless

~oj e c t No . Misc.N795

27
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SHEST 1 OF 3

Item
No. Item Units

m

A ENV I RONMENTAL
OATA

1 Ch amb e r a i r
n e a r u n i t
top,to “c

2 Bo t t om , t o “ c
I

3 Front, to “c

4 Back, t o “ c

5 Ri@t , to “c

6 Left, to “c

7 Chamber wall
directlyoppo-
siteunittop
tos “c

8 Bottom,tos “c

9 Front,to~ “c

10 B a c k , t o ~ ’ “ c ‘
3

11 / Right, tos 1.“c ] ]

2 E%E i l i
B I COOLANT DATA I \ I

Item
No.

a
Item Units

16

17

18

19

20

21

-
22

23

c

24

2s

26

27

28

Temperature a t
flow meter “ c H

Flowmeter
indication

Coolant temper-
atureat inlet
centerline, tell

in.H20

“ c
I I

Ouct wal1 tem- 1
perature at
inlet, tdl “ c

Coolant inlet’
staticandvel- PSIA
ocity pressures or
P1a Pvl in.H20

Coolant temper-
ature at eahaust
Centerline,tc12. 0!

Duct wal1 tem-
perature at
exhaust, td2 “c

Coolantexhaust
staticpressure,
P2 in.H20

Unitexternal I II

=H
case temp
top, t~ ‘c

Bottom, ts “ c

Front, ts “ c

Back, ts “c

Right, ts “c

FIGURS3 - Thermal Performanceand EvaluationData for (EquipmentName)
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SHEST 2 of 3

. .

● I t em
No.

29

D

30

31

32

E

33

34

3s

F

G

Item Units
Item
No. Item Units

CR I T I CAL PARTS
SURF ACE T EMPERA -
TURE ( I N ORDER ) ,
t p

1

“ c

“ c
1

“ c i

dM “ c

OTHER I NSTRL I -
MENT ED PO I NTS ,
I NCLUD I NG I NSTAL L ED

OPERAT I NG T EMPERATURE
& CHECK PO I NT ( S ) A I R
T EMPERATURE I NS I DE
UN I T

1

M I “ c I
UN I T I NT ERNAL
PRESSURE

REDUCEO OATA

PSIA

Ambient II

dtemperature‘Oavg “c

Average part
temperature,
‘Pavg “c

Bulk inlet cool

-t

ant temperature,
tcl “c

Bulk outlet
coolanttemper-
ature, tcz “c

coolantflow
rate,w lb/rein

Coolantspecific
heat~ BITJ/lb“F

Coolantheat
gain, qc watts

Inlet density,

P1 lb/ft3

PI - p2 = Ap in.H.#

coolant

utilization
factor,~,= I dimensionless

I
Timeconstssst(~)
Deadtime(L) I hr,min ,sec II

H E L ECTR I CAL
MEASUREMENTS
a c - d c - p u l s e .

Total electri-
cal power input,
Pt Watts

Output power
Po watts

Electrical
power dissipa-
tion, pe = pt - P. watts”

Cooling provi-
sion electrical
power, pc watts

FIGURE 3 - Thermal Performanceand EvaluationData for [EquipmEntN_e)
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SHSET 3 of 3

Item
No. Item Units

WI OTHER E L ECTR I CAL
PARAME T ERS

J UNIT‘S PHYSICAL
PROPERTIES

Totalequip-
ment weight,Wt lb

t-E%k-H
Coolingprovi-
sion vol-.tme,V= ft3

.

FIGURS 3 - Thermal Performanceand EvaluationData for (EquipmentName)
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THERMAL PERFORMANCEINDEX

w
c

EQUIVALENTWEIGHTRATIO=4 = :=( )Wt
e

SUPPLEMENTARYEVALUATIONFACTORS

FLIGHT VEHICLE OATA OATA OATS

MANUFACTURER

DESIGNATION DEVELOFI!ENTPNASE

Pa w= w=f
“ ——————l

WP Wcs we
‘g ~

FIGuRE 8 - Thermal Design EvaluationSheet for (EquipmentName)
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